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Abstract Findings show 21 fungal isolates belonging to

eight genera recovered from Egyptian soils that have the

potential to attack L-methionine under submerged condi-

tions. Aspergillus flavipes had the most methioninolytic

activity, giving the highest yield of L-methioninase (10.78

U/mg protein), rate of methionine uptake (93.0%), and

growth rate (5.0 g/l), followed by Scopulariopsis brevi-

caulis and A. carneus. The maximum L-methioninase

productivity (11.60 U/mg protein) by A. flavipes was

observed using L-methionine (0.8%) as an enzyme-induc-

tive agent and glucose (1%) as a co-dissimilated carbon

source. A significant reduction in L-methioninase biosyn-

thesis by A. flavipes was detected using carbon-free

medium, suggesting the lack of ability to use L-methionine

as a carbon and nitrogen source. Potassium dihydrogen

phosphate (0.25%), the best source of phosphorus, favors

enzyme biosynthesis and enhances the level of methionine

uptake by A. flavipes. The maximum L-methioninase pro-

ductivity (12.58 U/mg protein) and substrate uptake

(95.6%) were measured at an initial pH of 7.0.

Introduction

L-methioninase (L-methionine-a-deamino-c-mercaptome-

thane-lyase, E.C 4.4.1.11) is a pyridoxal-L-phosphate-

dependent enzyme that catalyze the conversion of L-

methionine to methanethiol, a-ketobutyrate and ammonia

via oxidative deamination and demethiolation processes

[40] as follows:
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Much attention has been paid to L-methionine-lyase

since it was reported extensively as an antitumor agent

against numerous malignant cell lines (breast, lung, colon,

kidney, and glioblastoma) [9, 17, 25, 45, 46]. The antitu-

mor activity of L-methioninase elaborates from the absence

of tumor cells to methionine-synthase [17]. Consequently,

these cells are auxotrophic for L-methionine, depending

absolutely on the exogenous supply of L-methionine for

their survival and proliferation [26], whereas normal cells

are relatively resistant to exogenous L-methionine restric-

tion because it contains active methionine synthase [4].

Moreover, L-methioninase has a major role in food indus-

tries by imparting a distinctive aroma to many traditional

fermented foods including cheeses via degradation of L-

methionine that releases volatile sulphur compounds [12].
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L-methioninase was recovered from the culture filtrates

of some rumen bacteria [30] including Clostridium sp.

[51], Escherichia coli [34] and Aeromonas sp. [33].

Furthermore, properties of Pseudomonas putida and

P. ovalis L-methioninase were studied extensively [20,

21]. Unfortunately, the therapeutic efficiency of bacterial

L-methioninase has rarely occurred without some evidence

of toxicity and immunogenic reactions, especially with

regard to multiple doses, which may restrict their clinical

utility [47]. Various attempts have been made to over-

come the high immunogenicity and rapid clearance of

L-methioninase from plasma including immobilization

with biocompatible polymers such as polyethylene glycol

(pegylation) that one of the most applicable techniques

for providing L-methioninase with less immunogenic

properties [24].

On the other hand, the production of L-methioninase by

eukaryotes including fungi is the most promising biotech-

nological process. This results in therapeutic enzymes with

fewer immunogenic and allergic reactions, which may be

attributed to the higher specificity to their substrates com-

pared with the substrate analogues, displaying a less

troublesome during the course of tumor therapy [18]. It is

noteworthy that reports describe L-methioninase in the

culture filtrates of a few yeasts including Geotrichum

candidum, Debaromyces hansenii and Saccharomyces

cerevisiae [7]. As it appeared from the documented liter-

ature, a few isolates of filamentous fungi are reported to be

methionine decomposers including Shizophyllum commune

[11], Microsporum gypseum, Scopulariopsis brevicaulis

[44], Aspergillus niger, and Aspergillus sp. RS-1a [40].

Practically no comprehensive publications have docu-

mented the potential of filamentous fungi for L-methioninase

production and the culture conditions regulating L-methio-

ninase productivity. Therefore, in this context, the methio-

ninolytic potentials of soil fungi were screened. The nutri-

tional culture conditions were optimized to maximize the

enzyme yield by the experimental fungal isolate under

submerged conditions.

Materials and Methods

Materials

L-methionine, L-glycine, L-asparagine, L-glutamine, L-

glutamic acid, trichloroacetic acid, sodium nitroprusside,

and Nessler reagent (HgCl2, KI and NaOH) were pur-

chased from Sigma Chemical (St. Louis. MO, USA).

Folin reagent was obtained from LOBA Chemie (Mum-

bai, India). All the other chemicals were of analytical

grade.

Isolation and Identification of Methioninolytic Fungi

Using the protocol of Johnson et al. [23], L-methionine-

decomposing fungi were isolated from different soils from

Sharkia province, Egypt. Methionine-glucose medium [40]

contains methionine (5 g/l), glucose (10 g/l), K2HPO4 (1 g/

l), KH2PO4 (1 g/l), MgCl2. 6H2O (0.5 g/l), CaCl2. 2H2O

(0.1 g/l), FeCl3. 6H2O (0.02 g/l), ZnCl2 (0.02 g/l), and

agar-agar (20 g/l), all dissolved in 1 l of distilled water and

used as an isolation medium. The pH of the medium was

adjusted to 7.0. The fungal plates were incubated at

28 ± 1�C for 10 days, and the developed fungal isolates

were purified on the same basal medium. The purified

fungal isolates were identified according to the universally

accepted keys adopted by Rifai [38], Ellis [15], Raper and

Fennell [37], Booth [8], Pitt [36], Domsch et al. [13], Lund

[29], Abarca et al. [1], and Samson et al. [42].

The fungal cultures were included in the Mycological

Culture Collection, Faculty of Science, Zagazig University,

Egypt. These cultures were maintained on potato-dextrose

agar slants [5].

Fermentation Media and Culture Conditions

The conidial suspension was prepared by injecting 10 ml

of sterilized saline solution (0.85%) into a 7-day-old slant

of each fungus [16]. The fungal isolates were screened for

their L-methioninase productivities using methionine-glu-

cose liquid medium [40]. This involved dispensing 50 ml

of fermentation media in 250-ml Erlenmeyer conical flasks

and inoculating the media with a 1-ml spore suspension of

each fungal isolate. The submerged cultures were incu-

bated at 28 ± 1�C for 8 days in a shaker incubator (New

Brunswich Scientific, Edison, NJ, USA) at 130 rpm.

Optimization of Some Nutritional Parameters for

Enzyme Production Using Submerged Fermentation

Processes

To maximize the L-methioninase productivity by the

selected fungal isolate, various chemical parameters were

optimized. Several carbon sources, namely, xylose, glu-

cose, arabinose, mannitol, sorbitol, citric acid, potassium

oxalate, and sodium benzoate (1% w/v), sucrose, lactose,

and maltose (0.5%w/v), and cellulose and starch (0.25% w/

v) were supplemented to the basal medium as cometabolic

agents for L-methionine dissimilation. The L-methionine

free medium was supplemented with various nitrogen

sources, namely, L-asparagine, L-glutamine, L-glutamic

acid, arginine, tyrosine, glycine, urea, beef extract, yeast

extract, malt extract, ammonium oxalate, ammonium

chloride, peptone, sodium nitrate, ammonium sulphate, and

ammonium molybdate according to their equivalent
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molecular weights to evaluate their effect on L-methio-

ninase induction by the fungal isolate. Also, the effect of

various phosphorus sources (e.g., K2HPO4, KH2PO4,

NaH2PO4, Na2HPO4) with different concentrations on the

enzyme biosynthesis was investigated. In addition, the

effect of the initial pH value (2–9) of production medium

on methionine uptake and the productivity of L-methio-

ninase by the experimental organism was investigated.

After the fermentation period, the culture was centrifuged

at 5,000 rpm for 10 min at 4�C, and the supernatants were

used as a crude enzyme.

Methioninase Assay

Routinely, L-methioninase activity was assayed by direct

Nesslerization according to the method of Thompson and

Morrison [50] with some modifications. The standard

reaction system contains 1 ml of 1% L-methionine in cit-

rate phosphate buffer (pH 7.0), 0.1 ml of pyridoxal

phosphate, and 1 ml of crude enzyme. The reaction system

was incubated at 30�C for 1 h. The enzymatic activity was

stopped by adding 0.5 ml of 1.5 mol/l trichloroacetic acid.

The system was centrifuged at 5,000 rpm for 5 min to

remove the precipitated protein. The released ammonia

was determined using 0.5 ml of Nessler reagent, and the

developed colored compound was measured at 480 nm

using the Spekol-spectrocolorimeter. Enzyme and substrate

blanks were used as controls. One unit of L-methioninase

was defined as the amount of enzyme that liberates

ammonia at 1 lmol/h under optimal assay conditions. The

specific activity of L-methioninase was expressed as the

activity of enzyme in terms of units per milligram of

protein.

Determination of Extracellular Protein

The protein concentration of the crude enzyme preparation

was estimated by Folin reagent according to the protocol of

Lowry et al. [28] using bovine serum albumin as the

standard. The enzyme concentration was expressed in

terms of milligrams per milliliter of crude extract.

Determination of Methionine

The residual methionine of culture filtrate was determined

on the basis of the thioether group according to the method

of Hess and Sullivan [19] with some modifications. Using

this method, 1 ml of the supernatant was mixed with

0.5 ml of 3% glycine, 1 ml of 2% sodium nitroprusside,

and 0.5 ml of 1 N NaOH. The mixture was incubated in a

water bath at 40�C for 15 min., then chilled in an ice bath

for 5 min. Next, 1 ml of a 1:9 (v/v) mixture of HCl:H3PO4

was added with vigorous shaking for 5 min. The developed

color was measured spectrophotometrically at 530 nm. The

methionine concentration was determined from the stan-

dard curve of methionine prepared under the same

conditions. The rate of methionine uptake was expressed as

the amount of consumed methionine/initial methionine

concentration 9100.

Biomass Determination

After the fermentation process, the cultures were centri-

fuged at 5,000 rpm for 10 min at 4�C followed by filtration

through Whatman no. 1 filter paper. The cell pellets were

washed with distilled water and dried at 80�C until a

constant weight was achieved. The dry biomass was

expressed as grams per liter of fermentation medium.

Statistical Analysis

All the bioprocesses were performed in triplicate, and a

one-way ANOVA test was used to estimate the data mean

and standard deviation [43].

Results and Discussion

Methioninolytic Potentiality of Some Soil Fungi

Using L-methionine-glucose agar medium, 21 fungal iso-

lates were recovered from soil samples and identified using

the universally accepted keys (materials and methods).

These species belonged to eight fungal genera, namely,

Aspergillus, Penicillium, Fusarium, Cladosporium, Scop-

ulariopsis, Humicola, Trichoderma, and Mucor. The genus

Aspergillus had the most frequencies, representing nine

species belonging to five groups according to Raper and

Fennel [37] as follows: A. flavus group (A. flavus, A. ory-

zae, A. subolivaceous, A. tamarii and A. parasiticus), A.

candidus group (A. carneus), A. flavipes group (A. flavi-

pes), A. ochraceous group (A. ochraceous), and A. niger

group (A. niger). The genus Penicillium was represented by

four species belonging to the section Asymmetrica,

according to Pitt [36], one belonging to the subsection

Divaricata (P. egyptiacum), and the other three belonging

to Volutina (P. digitatum, P. notatum, P. citrinum). The

genus Fusarium also was represented by three species of

the following three sections: Martiella (F. solani), Elegans

(F. oxysporum), and Arachnites (F. nivale), whereas the

other five genera were represented by one species each as

follows: Cladosporium oxysporum, Scopulariopsis brevi-

caulis, Humicola fuscoatra, Trichoderma koningii, and

Mucor racemosus.

The screening profile (Table 1) shows the variability of

L-methioninase production among the different fungal
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isolates. The maximum L-methioninase productivity (10.78

U/mg protein), the L-methionine uptake (93%), and the

biomass (5 g/l) were obtained by Aspergillus flavipes fol-

lowed by Scopulariopsis brevicaulis, A. carneus,

Penicillium notatum, Fusarium solani, F. nivale, and F.

oxysporum. The lowest enzyme productivity and uptake of

methionine were detected in the culture filtrates of A.

parasiticus followed by A. ochraceous, A. tamarii, A. su-

bolivaceous, A. oryzae, and Cladosporium oxysporum.

These results clearly elucidate the productivity of L-me-

thioninase by different fungal isolates directly proportional

to the rate of L-methionine uptake but may not to the

biomass of the microorganism. No published reports have

described this screening system for L-methioninase pro-

duction by fungi. Many microorganisms, including fungi,

attack methionine but do not grow on it, perhaps because of

their inability to methabolize the deaminated (a-ketome-

thionine) and demethiolated (a-keto-butyric acid and

methanthiol) residues of L-methionine. The inability of

filamentous fungi to grow on L-methionine may be partially

overcome by the use of a growth-supporting organic

compound such as glucose or an equivalent carbohydrate

designated as a co-dissimilator [40]. In connection with our

results, several fungal species including Aspergillus sp. RS-

1a [40], Microsporum gypseum, Scopulariopsis brevicau-

lis, A. niger [44], and Shizophyllum commune [11] have the

ability to hydrolyze L-methionine under co-metabolic

conditions.

From this preliminary screening experiment, it appeared

that Aspergillus flavipes was the most promising fungal

isolate for the production of L-methioninase. Therefore, it

was selected for subsequent experimentation to increase its

enzyme productivity.

Table 1 Screening for L-methioninase production by soil fungi

Fungal isolate L-methioninase

activity (U/ml)

Specific activity

(U/mg protein)

Methionine

uptake (%)

Dry wt.

(g/l)

1 Aspergillus flavipes (Bain and Sart) Thom and Church 280.1 ± 3.8 10.78 93.0 5.30 ± 0.28

2 A. flavus Link var. columnaris 115.2 ± 4.2 5.74 93.1 4.75 ± 0.35

3 A. niger Van Tieghem 138.4 ± 5.7 6.93 90.5 4.90 ± 0.40

4 A. ochraceous Wilhelm 164.8 ± 1.9 4.91 50.4 3.60 ± 0.84

5 A. oryzae (Ahlb.) Cohn 205.1 ± 6.2 5.50 69.2 4.40 ± 0.00

6 A. parasiticus Speare 163.4 ± 9.7 4.55 33.9 2.45 ± 0.78

7 A. subolivaceus 260.7 ± 7.7 5.30 64.2 4.10 ± 0.57

8 A. tamarii Kita 135.7 ± 9.8 5.10 55.07 4.15 ± 0.49

9 A. carneus (V. Tiegh) 299.6 ± 6.4 9.96 88.4 4.00 ± 0.00

10 Cladosporium oxysporum Berk and Curt 252.3 ± 8.2 5.56 69.25 4.6 ± 0.92

11 Fusarium nivale (Fr.) Ces., Rabenh 219.1 ± 7.5 7.57 82.4 4.65 ± .92

12 F. oxysporum Schlecht 224.6 ± 1.6 7.25 80.23 4.45 ± 0.78

13 F. solani (Matt) 213.5 ± 3.1 8.31 83.8 4.25 ± 0.35

14 Humicola fuscoatra Traaen 196.8 ± 1.6 7.23 68.1 4.05 ± 0.78

15 Mucor racemosus Fresenius 202.3 ± 3.2 6.0 72.2 4.25 ± 0.35

16 Penicillium digitatum Saccardo 169.1 ± 3.2 6.09 77.1 4.35 ± 0.49

17 P. egyptiacum Van Beyma 307.9 ± 8.9 6.97 32.2 4.20 ± 0.28

18 P. citrinum Thom 188.4 ± 1.4 5.20 85.1 4.10 ± 0.42

19 P. notatum Westling 288.4 ± 7.1 9.34 84.6 4.00 ± 0.14

20 Scopulariopsis brevicaulis (Sacc.) Bainier 405.1 ± 3.5 10.0 90.8 4.10 ± 0.14

21 Trichoderma koningii Oud 232.9 ± 7.8 7.10 76.6 4.20 ± 1.13
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Fig. 1 Effect of different nitrogenous compounds on L-methioninase

induction by A. flavipes
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Induction of L-Methioninase by Aspergillus flavipes

Using Various Nitrogen Sources

The influence of different nitrogen sources on the induction

of L-methioninase by A. flavipes was evaluated (Fig. 1).

Among the different nitrogen sources, L-methionine was

observed to be the optimum inducer of L-methioninase

biosynthesis (10.78 U/mg protein) by A. flavipes, followed

by L-glutamine (4.8 U/mg protein). The other tested

nitrogenous compounds had a negligible inductive effect

on enzyme biosynthesis by the experimental fungus.

Moreover, the growth rate of A. flavipes was relatively

varied with regard to the nature of the tested nitrogen

source. The maximum growth rate was associated with L-

asparagine (6.8 g/l) followed by ammonium oxalate

(6.70 g/l), glutamine (6.05 g/l), and beef extract (5.7 g/l) as

nitrogen sources. It could be concluded from these results

that the induction of L-methioninase by A. flavipes is not

only nitrogen regulated but also L-methionine dependent

(inducible enzyme).

The L-methionine dependency of enzyme production by

A. flavipes is similar to that reported for L-methioninase

production by Aspergillus sp. RS-1a and Achromobacter

starkeyi [39, 40], Pseudomonas ovalis [48], and Yarrwia

lipolytica [6]. In contrast, L-methioninase biosynthesis by

Pseudomonas putida [47] and Geotrichum candidum [7]

were found to be L-methionine independent.

The effect of various L-methionine concentrations on

enzyme productivity by A. flavipes was considered (Fig. 2).

The initial concentration of fermentation medium

L-methionine exerts a significant effect on the uptake of

L-methionine and consequently on enzyme productivity by

A. flavipes. The highest yield of L-methioninase (11.6 U/mg

protein) and methionine uptake (94.0%) by A. flavipes

was recorded using 0.8% L-methionine. Higher levels of

L-methionine (3.2%) repress the enzyme yield by about

42.5% compared with the control. It could be concluded

that the productivity of L-methioninase by the fungal iso-

late is L-methionine concentration dependent. Furthermore,

the growth rate of A. flavipes was gradually increased with

the level of L-methionine, reaching its highest value (6.0 g/

l) at 0.8% L-methionine, followed by a gradual decrease to

about 41.7% at 3.2% L-methionine. The lower enzyme

yield with higher concentrations of L-methionine may be

attributed to the downregulation of GATA gene transcrip-

tion that hindered the gene expression of methioninase [10,

31], methionine catabolic repression, or the transinhibition

phenomenon [35].

Effect of Different Phosphorus Sources

on L-Methioninase Production

Phosphorus is one of the crucial elements controlling the

integral structure, signal transduction, cellular reactions,

and viability of microbial cells. The current data presented

in Table 2 shows the significant effect of phosphorus

sources on L-methioninase productivity and methionine

uptake by A. flavipes. The maximum enzyme productivity

(12.58 U/mg protein) and rate of methionine uptake

(95.6%) by A. flavipes were obtained using 0.32% KH2PO4

as the sole phosphorus source, followed by 0.24%

K2HPO4. In contrast, these parameters were relatively

decreased with NaH2PO4 and Na2HPO4. However, a con-

siderable reduction in A. flavipes biomass was determined

using phosphorus free fermentation media, which increased

by about 53.2% compared with the control. The preferen-

tial use of potassium dihydrogen phosphate could be

attributed to the lower monovalent cations (K?) that may

enhance cellular transport and membrane depolarization of

fungal cells [22]. Similar results were obtained for L-me-

thioninase production by Yarrowia lipolytica [6]. In partial

connection with these results, both 0.1% KH2PO4 and 0.1%

K2HPO4 (collectively) were used for maximum L-methio-

ninase production in fermentation media of Aspergillus sp.

RS-1a [40] and Pseudomonas ovalis TFO 3738 [48]. In

contrast, Amarita et al. [2] showed that methioninase pro-

duction by Brevibacterium linens was optimally recovered

using 0.33% K2HPO4.

The Influence of Different Carbon Sources

on L-Methioninase Production by A. flavipes

The use of different carbon sources as co-metabolic agents

for L-methioninase production by A. flavipes was studied

(Fig. 3). Among the different carbon sources, glucose was

the optimum compound for L-methioninase production

(12.58U/mg protein), uptake of methionine (95.6%), and

growth of A. flavipes (6.0 g/l), followed by mannitol.

Whereas a fairly stimulatory effect on the productivity of L-

methioninase by the fungus was observed using other

carbon sources, the lowest value was reached with citric

acid (0.98 U/mg protein), cellulose (1.31 U/g protein), and
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Fig. 2 Effect of methionine concentration on L-methioninase pro-

ductivity and growth of A. flavipes
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potassium oxalate (1.37 U/mg protein). Interestingly, with

the use of carbon-free medium, the three parameters of

enzyme yield, methionine uptake, and biomass by A.

flavipes were significantly reduced by about 97.4%,

68.61%, and 85%, respectively, compared with glucose-

containing medium.

From these results, it can be deduced that in the absence

of carbon compounds as co-dissimlators, A. flavipes seem

to be metabolically grow on L-methionine. This may be due

to its inability to metabolize the catabolized products of L-

methionine such as a-keto-butyric acid and methanethiol.

These results are supported by reports that glucose was the

most favored co-dissimilating agent for L-methioninase

production by filamentous fungi [41, 44, 49] including

Acromobacter starkeyi [39] and Brevibacterium linens [2].

In contrast, Tanaka et al. [48] and Lockwood and Coombs

[27] reported that glycerol and sucrose were the favored

carbon sources for L-methioninase production by Pseudo-

monas ovalis and Trichomonas vaginalis, respectively.

Moreover, the influence of different concentrations of

fermentation media glucose on the biosynthesis of L-

Table 2 Effect of different phosphorus sources on L-methioninase production by A. flavipes

Phosphorus Source Concentration (mg/ml) Activity (U/ml) Specific activity (U/mg protein) Methionine uptake (%) Dry wt. (g/l)

KH2PO4 0.0 145.3 ± 0.9 6.30 50.1 3.8 ± 0.6

0.8 120.1 ± 1.8 8.20 76.2 4.0 ± 1.0

1.0 188.2 ± 2.9 9.80 86.0 4.5 ± 0.8

1.6 212.8 ± 3.4 10.10 90.0 5.3 ± 0.2

2.4 306.2 ± 0.51 11.60 93.7 5.9 ± 0.2

3.2 348.9 ± 3.0 12.58 95.6 6.3 ± 0.9

4.0 209.5 ± 4.9 10.80 62.9 6.3 ± 0.1

K2HPO4 0.0 145.3 ± 2.9 6.38 50.1 3.8 ± 0.6

0.8 223.0 ± 2.1 7.50 84.5 3.9 ± 0.4

1.0 250.2 ± 2.6 9.10 90.1 4.5 ± 0.2

1.6 286.4 ± 3.3 9.80 93.2 5.8 ± 0.3

2.4 333.9 ± 4.7 10.10 94.0 6.0 ± 0.8

3.2 375.6 ± 4.6 11.20 85.5 6.1 ± 0.1

4.0 301.0 ± 1.4 8.50 59.5 5.8 ± 0.1

NaH2PO4 0.0 145.3 ± 6.9 6.30 50.1 3.8 ± 0.6

0.8 189.2 ± 3.1 10.50 80.7 4.3 ± 0.2

1.0 228.2 ± 1.8 11.40 88.0 5.8 ± 0.1

1.6 248.6 ± 4.4 10.10 90.6 6.2 ± 0.3

2.4 208.9 ± 5.8 6.62 90.5 6.2 ± 0.8

3.2 194.1 ± 3.3 5.73 76.1 5.4 ± 0.6

4.0 158.1 ± 6.8 4.11 73.5 4.3 ± 0.2

Na2HPO4 0.0 145.3 ± 7.9 6.30 50.1 3.8 ± 0.6

0.8 204.6 ± 3.2 8.94 56.5 3.9 ± 0.4

1.0 260.3 ± 1.3 9.00 81.8 4.5 ± 0.2

1.6 290.9 ± 3.1 9.10 84.8 5.6 ± 0.8

2.4 300.1 ± 8.2 8.50 82.8 6.1 ± 0. 2

3.2 257.4 ± 9.2 7.15 89.4 6.1 ± 0.9

4.0 231.1 ± 1.5 6.97 83.0 6.0 ± 0.1

Control 294.5 ± 0.7 11.60 94.0 6.0 ± 0.8
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methioninase by A. flavipes was investigated (Fig. 4). The

results showed that the highest yield of L-methioninase

(12.62 U/mg protein) and amino acid uptake (95.3%) by

the experimental fungal isolate were detected using 1%

glucose. Also, the L-methionine consumption profile clar-

ified that the rate of amino acid uptake was reduced by

about 68.5% using glucose-free medium compared with the

optimum glucose level. Compared with the control, L-me-

thioninase productivity and methionine uptake by A.

flavipes were reduced about 9.6% and 8.8%, respectively,

by 2% glucose-containing medium. The biomass was not

correlated to the productivity of enzyme by A. flavipes. The

maximum growth yield (8 g/l) of A. flavipes was obtained

using 2% glucose.

It noteworthy that the induction and release of L-me-

thioninase by A. flavipes is glucose regulated. This may be

attributable to their role in the activation of plasma mem-

brane H?-adenosine triphosphatase (ATPase) (i.e., cyclic

adenosine monophosphate [cAMP] signaling and protein

phosphorylation) [14] in contrast to the higher glucose

concentration, which may interfere with the amino acid

transports systems for L-methionine and thus block the

inductive signals for the release of L-methioninase by the

fungal cell. The optimum level of glucose for enzyme

production by A. flavipes was similar to that reported for L-

methioninase production by Aspergillus sp. RS-1a and

Achromobacter sterkeyi [39, 40].

Effect of Initial pH of the Medium

The obtained data (Fig. 5) clearly show the dependence of

enzyme production and amino acid uptake on the initial pH

of the production medium. The optimum yield of L-me-

thioninase (12.58 U/mg protein), the uptake of L-

methionine (95.6%), and the biomass (6.0 ± 3.0 g/L) of A.

flavipes were obtained at initial pH of 7.0. It is obvious

from the results that the reduction of the three parameters is

greater in the acidic medium (pH 2.0). The enzyme pro-

ductivity, methionine uptake, and biomass yield of A.

flavipes were decreased by 30%, 21.1% and 45%,

respectively, comparing to the optimum pH value. Like-

wise, the methionine uptake profile showed a slight

variation in the rate of amino acid uptake in the pH range

of 5.0 to 7.0. The highest fungal productivity for L-me-

thioninase at a neutral pH may be attributed to the balance

of the ionic strength of plasma membrane, the maximum

activity of H?-pumping ATPase, and the optimum fluxing

of ions that influence the activities of calmodulin and

adenylate cyclase [32]. Similar results were obtained for L-

methioninase production by Aspergillus sp. RS-1a and

Achromobacter sterkeyi [39, 41], Pseudemonas ovalis [48],

and Brevibacterium linens [3].

Conclusion

This report focuses on screening for L-methioninase pro-

duction from fungi isolated from Egyptian soil samples. A

total of 21 fungal isolates were isolated as L-methionine

decomposers, in which Aspergillus flavipes seems to be the

most active fungal isolate for L-methioninase production.

With regard to the biotechnological importance of L-me-

thioninase, the selected fungal isolates were sustained for

their enzyme yield by cultural optimization experiments to

fulfill their enzyme productivity under submerged condi-

tions. To the best of our knowledge, this is first report

involving a screening system for L-methioninase produc-

tion from soil fungi.
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