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ABSTRACT 

 

A suitable chemically defined culture medium was selected and some optimal conditions for the 

production of the highly immunosuppressive compound, cyclosporin A (Cyc A) are reported. Medium of 

the following composition was favorable for the production of Cyc A by Fusarium roseum: glucose, 30; 

NaNO3, 2; KH2PO4, 1; MgSO4.7H2O, 0.5 and KCL, 0.5 (g/l). Maximum productivity of Cyc A was 

achieved at pH 6.0 when 50 ml of the fermentation medium/250 ml flask, inoculated with five fungal agar 

discs (6 mm, diameter) of 7-days old F. roseum culture after incubation at 30 ºC at 120 rpm for 7 days.  
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INTRODUCTION 

 

Cyclosporins are a family of neutral, highly lipophilic, 

cyclic undecapeptides containing unusual amino acids (36, 37). 

They can be produced in a fungal fermentation process by 

aerobic filamentous fungi which were originally classified as 

Trichoderma polysporum (Link ex Pers.) Rifai (12) and more 

recently as Tolypocladium inflatum W. Gams (16) or Beauveria 

nivea Von Arx (35).  

 Cyclosporin A (Cyc A, Figure 1), the main representative 

of the series, is a potent antifungal and immunosuppressive 

compound (7, 17) that has been widely used to diminish 

transplant rejection (6) and control some autoimmune diseases 

(33). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Corresponding Author. Mailing address: Botany Depart., Faculty of Science, Zagazig University, Zagazig, Egypt..; E-mail: microbiologist_80@yahoo.com  

Figure 1. Structure of cyclosporin A 

as established by Dreyfuss et al. (12) 
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Cyc A biosynthesis is catalyzed by a single multienzyme 

polypeptide (20), the so-called cyclosporin synthetase which 

has a molecular mass of about 1400 KDa (30). This enzyme 

synthesizes Cyc A by a thiotemplate mechanism starting from 

the precursor amino acids in their unmethylated form (20). 

Many attempts have been made to optimize Cyc A 

production, including immobilization (32) and solid state 

fermentation (26). However, even though the enzymatic 

production of cyclosporin has already been established and 

proven (5), submerged fermentation production is normally 

used, owing to the complexity involved in enzymatic synthesis. 

The organisms that are known to produce Cyc A include 

Tolypocladium inflatum (14), Fusarium solani (29) 

Neocosmospora varinfecta (24) and Aspergillus terreus (28). In 

this paper, we briefly describe the optimum fermentation 

conditions and medium requirements necessary for Cyc A 

production by Fusarium roseum, a microorganism that has not 

yet been studied for this target. 

 

MATERIALS AND METHODS 

 

Microorganism  

Fusarium roseum CZ1 was locally isolated from a soil 

sample cultivated with clover (Trifolium alexanderinum) and 

identified to the species level according to Booth (8) and 

Domsch et al. (13). Potato dextrose agar (PDA) was used for 

isolation and maintenance of the experimental fungus. 

 

Cultivation Conditions 

To select the proper fermentation medium which supports 

successful Cyc A production, a total of six types of media 

(Table 2) differing in the composition of their constituents were 

tested. A fungal agar disc (6 mm, diameter) of 7-days old 

culture was introduced into a 250 ml flask containing 50 ml of 

the autoclaved broth medium. The culture flasks were 

incubated at 30 ºC for 7 days. In the effort to increase Cyc A 

yields, several experimental conditions were tried. The effect of 

physical factors including agitation rates of incubation at 120 

and 200 rpm, different fermentation periods varied from 2 to 16 

days, a range of initial pH values of the medium varied from 

2.0 to 9.0, different numbers of inoculated fungal agar discs 

varied from 1.0 to 5.0 and different volumes of the cultivation 

medium at 25 to 100 ml in 250 ml capacity flask, were 

investigated. 

In the experimental series, ten different compounds were 

tried individually as carbon sources. These compounds were 

arabinose, glucose, galactose, glycerol, mannitol, maltose, 

lactose, sucrose, cellulose, and starch. All were used at 3% 

concentration, the same as that of sucrose in the original yeast 

extract-supplemented Czapek-Dox's medium. Different 

concentrations of the most productive carbon sources varied 

from 2% to 6% (w/v) were tested. Eight different nitrogen 

sources including organic and inorganic ones were added 

individually to the medium as substitutes for yeast extract. 

Substitution of yeast extract by nitrogenous sources was done 

in an equal nitrogen basis. These nitrogen sources were 

peptone, casein, soybean meal, yeast extract, ammonium 

chloride, ammonium sulfate, sodium nitrate, and potassium 

nitrate. Different concentrations of the most productive 

nitrogen source were also investigated. 

 

Table 2.  Suitability of different fermentation media for the 

production of Cyc A by F. roseum.  

Medium Dry  cell  
weights (gl-1) 

 Cyc A levels 
(mgl-1) 

I- Czapek-Dox's 
II- Czapek-Dox's supp. with 
0.5 % yeast extract 
III- Malt-yeast 
IV- Yeast-sucrose 
V- Glucose-Czapek-Dox's 
supp. with 1% bactopeptone 
VI- Sabouraud's-glucose 

2.86 ± 0.4 
4.16 ± 0.2 
 
4.10 ± 0.6 
7.58 ± 0.2 
5.34 ± 0. 6 
 
3.40 ±0.4 

7.72 ± 1.16 
11.45 ± 0.54 
 
10.38 ± 1.14 
9.01 ± 1.31 
8.55 ± 1.43 
 
8.16 ±1.20 

I-Czapek-Dox's (g/l): Sucrose 30, NaNO3 3, KH2PO4 0.5, KCL 0.5, 
MgSO4.7H2O 0.5, FeSO4 7H2O 0.01.  
II-Czapek-Dox's supp. with 0.5 % yeast extract: Medium I with 5 g yeast 
extract instead of NaNO3.  
III- Malt-yeast (g/l): Malt extract 20, yeast extract 4.  
IV- Yeast-sucrose (g/l): Sucrose 50, yeast extract 20.  
V- Glucose-Czapek-Dox's supp. with 1% bactopeptone (g/l): Glucose 50, 
KH2PO4 5, bactopeptone 10, KCL 2.5.  
VI- Sabouraud's-glucose (g/l): Bactopeptone 10, glucose 20, MgSO4.7H2O 1.0, 
KH2PO4  1.0 . Initial pH value: 6.0. 
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Analytical Methods  

Determination of Dry Cell Weight: Culture broth (50 ml) 

was filtered through preweighted Whatman No.1 filter papers. 

The cells were then dried at 80 ºC to a constant weight prior to 

measuring dry weight. 

Extraction of Cyc A from F. roseum Culture: The 

methods of extraction and analysis were adopted according to 

Sawai et al. (29), which can be summarized, as follows: the 

culture filtrate was extracted three times with equal volumes of 

ethyl acetate, shaked for about 30 minutes and allowed to stand 

for 30 minutes. The ethyl acetate layer washed three times with 

5 % sodium bicarbonate solution and then twice with water. 

The solvent layer was taken and dried over anhydrous Na2SO4, 

then evaporated under vaccum till dryness. The resultant dried 

crud extract was dissolved in methanol and undergone the 

necessary chromatographic analysis. 

Qualitative and Quantitative Determination of CycA: 

Cyc A was determined qualitatively and quantitatively 

according to the method described by Dreyfuss et al. (12) using 

precoated thin layer chromatographic (TLC) plates with silica 

gel GF-254. The methanol extract samples and authentic Cyc A 

(Sandimmun, Novartis Pharma AG, Basle, Switzerland) were 

spotted on the chromatograms and developed in n-hexane 

solution then redeveloped in the solvent system of benzene–

isopropanol (9:1). Cyc A spots (Rf = 0.37) give violet 

influorescence under short wave length ultraviolet rays. 

Detection of spots was more clearly after staining with iodine 

vapour. The sopts were scraped and then dissolved in a known 

volume of methanol and the absorption was then measured 

using an ultraviolet spectrophotometer (Spectronic 21 D-

Molton Roy) at 230 nm. Amounts of Cyc A were then 

estimated from a standard curve. The identity of Cyc A was 

also confirmed by 1H NMR spectroscopic analysis which was 

kindly performed in the Microanalytical Unit of the Cairo 

University, Giza, Egypt. The spectra were recorded in CDCL3 

at 25 ºC with a Varian Gemini-200 spectrometer (Varian, UK) 

at 200 MHz using tetramethylsilane as an internal reference. 

Chemical shifts are expressed in ppm (�) units. 

All experemints were conducted in triplicates and the mean 

± standard deviation (SD) of these triplicates was calculated. 

 

RESULTS 

 
1H NMR Spectra 

        In the present study, the resultant crystalline Cyc A from 

F. roseum cultures was subjected to 1H NMR analysis after 

submerged cultivation of the experimental fungus, followed by 

extraction of the filtrate with ethyl acetate and chromatographic 

separation. The chemical shifts are expressed in ppm (�) units, 

recorded in Table 1. The 1H NMR spectrum of Cyc A in 

CDCL3 showed four N–H amide protons as doublets at 7.26 

ppm, seven N–methyl signals (two are singlets at 3.47 and 3.37 

ppm and five are doublets between 2.98 and 3.29 ppm) and one 

formed O–H group as doublet at 3.647 ppm. The aliphatic �-

protons resonate between 3.60 to 3.70 ppm, the �-protons in the 

range of 1.12 to 3.68 ppm, while �- and �- protons resonate in 

the range of 0.841 to 3.66 ppm.  

 

Optimization of Cultural Conditions      

Suitability of the Cultivation Medium: The results given 

in Table 2 indicate that Czapek-Dox's broth medium 

supplemented with 0.5 % yeast extract proved to be the most 

suitable and conductive medium for the production process 

where it yeilded 11.45 mg Cyc A/ l. However, the maximum 

mycelium growth (7.58 g/ l) was recorded on yeast-sucrose 

broth medium. Therefore, yeast extract supplemented Czapek-

Dox's medium was used as a working medium throughout the 

present study. 

Our results indicated that high concentration of the 

synthesized Cyc A by the experimental organism was produced 

in the culture filtrate (11.45 mg/ l) and a lower level was 

produced in the fungal mycelia (1.51 mg/g biomass) after 

cultivation of the fungus in yeast extract supplemented Czapek-

Dox's medium for 7 days at 30 ºC. Hence, the present study 

was directed to optimize the production of Cyc A from the 

culture filtrate of the experimental organism.   
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Table 1. 1H-NMR (200 MHz) data of Cyc A (CDCL 3, 25 ºC). 

Atom  �H  Multi.  

N-CH3  
1� 
1� 
1� 
1�- CH3 
1� 
1�-OH 
2-NH 
2� 
2� 
N-CH3 

3� 
N-CH3 

4� 
4� 
 
4� 
4�1 
4�2 

5-NH 
5� 
5� 
5�1 

5�2 
N-CH3 

6� 
6� 
6� 
6�1 
6�2 
7-NH 
7� 
7� 
8-NH 
8� 
8� 
N-CH3 

9� 
9� 

9� 
9�1 
9�2 
N-CH3 

10� 
10� 

10� 
10�1 
10�2 
N-CH3 

11� 
11� 

11�1 

11�2 

3.472 
3.704 
3.687 
3.662 
0.841 
1.168 
3.647 
7.264 
3.662 
1.163 
3.378 
3.604 
3.222 
3.444 
1.134 
2.982 
1.168 
0.841 
1.098 
7.264 
3.70 

2.982 
1.098 
1.134 
3.296 
3.704 
1.134 
1.06 

0.841 
0.841 
7.264 
3.687 
1.168 
7.268 
3.70 

1.168 
3.164 
3.704 
1.134 
1.168 
0.841 
0.841 
2.982 
3.70 

1.123 
1.168 
0.841 
0.841 
2.982 
3.704 
1.168 
0.841 
0.841 
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Effects of Static and Agitation Conditions of 

Incubation: With regard to the nature of the fungus growth, it 

was observed that the agitation rate at 200 rpm showed an 

increase in fungal pellets more than those recorded in case of 

the agitation rate at 120 rpm. The results showed that the dry 

cell weights produced either at the agitation rate 120 rpm or 

200 rpm were higher than those produced at static conditions 

(data not shown). The best Cyc A yield (18.15 mg/ l) was 

obtained at 120 rpm, however no detectable amount of Cyc A 

was determined at 200 rpm. The static conditions produced 

approximately 59 % of the concentration of Cyc A produced at 

120 rpm.  

Time Course of Cyc A Production: F. roseum was 

cultured in Czapek-Dox's broth medium supplemented with 0.5 

% yeast extract and incubated at 30 ºC in a shaking incubator at 

120 rpm. The time course profile of Cyc A production is shown 

in Figure 2. Any increase in the growth period was 

accompanied with a clear increase in the values of both dry cell 

weights and Cyc A till maximum values (11.16 g dry cell 

weight / l and 18.43 mg Cyc A / l) were obtained at 14 and 7 

days, respectively; then a decline was obtained in both 

parameters with increasing of the growth periods. So that, the 

experimental fungus was grown for 7 days in the subsequent 

experiments throughout the present work. 

 
 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

 

 

 

Figure 2. Effects of different fermentation periods on the production of Cyc A using F. roseum. 
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Effects of Incubation Temperature: The results given in 

Figure 3 show that the optimum incubation temperature for 

maximum values of dry cell growth (8.54 g/ l) and Cyc A 

(18.94 mg/ l) was 30 ºC, afterwhich a gradual decreases were 

obtained in both parameters with the increase of incubation 

temperature to 35 and 40 ºC. 

Effects of Initial pH: The initial pH of the medium was 

adjusted to a range of 2.0 – 9.0 by adding varying amounts of 1 

N HCL and 1 N NaOH. In most cases, final pH values were 

between 3.4 and 4.6. It is obvious that the values of dry cell 

weights and Cyc A increased with the increase of initial pH 

values, reaching a maximum for both parameters at pH 6.0 and 

then decreased at the higher pH values, (Figure 4). Culture 

medium of pH 6.0 was selected for further investigation 

throughout this work. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Cyc A production by F. roseum grown under different incubation temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.  Effects of initial pH on the production of Cyc A by F. roseum. 
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Numbers of Inoculum Culture Discs: Agar discs (6 mm, 

diameter) of 7 days old F. roseum culture were inoculated in 

different numbers varied from 1 to 6 into yeast extract 

supplemented Czapek-Dox's broth. In particular, the results 

showed that the increases in the numbers of inoculum discs 

were associated with increases in the productivity of Cyc A 

(data not shown). The maximum concentration of Cyc A 

obtained  was 21.7 mg/l ~ 1.09 mg/50 ml when the medium 

was inoculated with 5 fungal agar discs, after which the Cyc A 

productivity began to decrease when the medium was 

inoculated with 6 fungal agar discs. The highest dry cell 

weights (10.46 g/l ~ 0.523 mg/50 ml) were obtained when the 

medium was inoculated with single fungal agar disc after 

which, the values were decreased gradually with the increase of 

numbers of inoculum discs.    

Effects of the Medium Volume: It is evident from Figure 

5 that the dry cell weights increased with the increase in culture 

volume till maximum values (9.54 g/ l) when a 250 ml-flask 

containing 75 ml fermentation medium was used. The highest 

Cyc A level (22.46 mg/ l) was obtained by using 250 ml-flask 

containing production medium equal to 50 ml, afterwhich; the 

further increase in the size of the fermentation medium to 75 ml 

or 100 ml /250 ml flask is accompanied with a decrease in the 

Cyc A concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Cyc A production by F. roseum grown under different volumes of cultivation medium. 

 

 

Effects of Carbon Sources: The effects of various carbon 

sources on the production of Cyc A were investigated (Table 

3). Glucose  was found to be the most effective substrate 

among the carbon sources used, and the highest Cyc A 

concentration obtained was 22.90 mg/ l. Sucrose produced also 

a satisfactory amounts of Cyc A (22.5 mg/ l) followed by 

galactose which gave a concentration of Cyc A, approximately 

twice that obtained with cellulose. Although the experimental 

fungus produced a low level of Cyc A when arabinose was used 

as a carbon substrate, but it gave a maximal cell mass (10.88 g/ 

l) on the same substrate. Maltose was also a good substrate for 

growth of the fungus and produced 98 % of the dry cell weight 

produced by arabinose.  

Effects of Glucose Concentrations: Different 
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concentrations of glucose (2.0 – 6.0 %, w/v) were added to 

medium containing 0.5 % (w/v) yeast extract. The maximum 

concentration of Cyc A (23.38 mg/ l) was recorded at 3.0 % of 

glucose, which was followed by a sharp decrease (16.26 and 

16.22 mg/ l) at higher glucose concentrations (5.0 and 6.0 %, 

respectively). Dry cell weights increased as glucose 

concentrations increased till a maximum value (13.44 g/ l) at 

5.0 % glucose concentration. Dry cell weights obtained at 6.0 

% glucose represented, approximately 95.5 % of that produced 

at 5.0 %. However, dry cell weights recorded at 2.0 % was 

approximately, 62.5 % of that produced at 5.0 % (Figure 6). 

Effects of Nitrogen Sources: Various organic and 

inorganic nitrogen sources were added (as equivalent to 5.0 g/ l 

of yeast extract) separately to the modified medium containing 

3.0 % (w/v) glucose. The highest Cyc A level (25.41 mg/ l) was 

obtained on sodium nitrate compared with that produced on the 

tested nitrogen sources (Table 3). It is shown that the growth of 

F. roseum is not associated with Cyc A production because 

when soybean meal was used as a nitrogen source, the cell 

mass was maximum (12.2 g /l), however Cyc A production was 

minimum (12.01 mg/ l). Sodium nitrate as a substrate for 

growth produced 92 % of the dry cell weights produced by 

potassium nitrate, while the concentration of Cyc A produced 

in the presence of potassium nitrate was 93 % of that produced 

in the presence of sodium nitrate, although both of them are 

nitrate nitrogen sources. With respect to the effect of organic 

nitrogenous sources on F. roseum growth, yeast extract 

produced approximately 74 % of the cell mass produced by 

soybean meal, while the concentration of Cyc A produced by 

yeast extract was approximately twice of that obtained with 

soybean meal. Yeast extract as an organic nitrogenous substrate 

for growth and Cyc A production by F. roseum was more 

favorable than peptone and casein. With regard to the effect of 

ammonium nitrogen sources on growth and Cyc A production 

by F. roseum, ammonium sulphate gave a higher cell mass than 

that obtained with ammonium chloride, while the contrary took 

place in case of Cyc A production because the fungus produced 

higher concentration of Cyc A in presence of ammonium 

chloride than that produced in the presence of ammonium 

sulfate. 

 

Table 3.  Effects of carbon and nitrogen sources on cell mass and Cyc A production. 

Carbon and nitrogen sources Dry  cell weights (gl-1) Cyc A levels (mgl-1) 

Arabinose 
Glucose 
Galactose 
Glycerol 
Mannitol 
Maltose 
Lactose 
Sucrose  
Cellulose 
Starch  
Yeast extract (control) 
Peptone 
Casein 
Soy bean meal 
Ammonium chloride 
Ammonium sulfate 
Sodium nitrate 
Potassium nitrate 

10.88 ± 0.60 
9.00 ± 0.60 

10.08 ± 0.80 
9.84 ± 0.60 
9.14 ± 0.40 

10.66 ± 0.40 
9.08 ± 0.20 
8.86 ± 0.60 
8.84 ± 0.40 
10.1 ± 0. 40 
9.02 ± 0.20 
8.10 ± 0. 20 
7.46 ± 0.20 
12.2 ± 1.80 
9.66 ± 1.00 
10.6 ± 0.60 
8.52 ± 0.40 
9.24 ± 1.40 

10.07 ± 1.19 
22.91 ± 1.13 
19.53 ± 1.04 
12.88 ± 1.55 
12.11 ± 1.56 
14.52 ± 0.38 
13.93 ± 3.36 
22.50 ± 0.39 
9.620 ± 0.86 
10.88 ± 1.56 
23.54 ±1.24 
15.06 ± 1.12 
12.36 ± 0.70 
12.01 ± 0.46 
17.33 ± 1.92 
12.19 ± 1.77 
25.41 ± 1.61 
23.67 ± 1.41 
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Figure 6. Effects of glucose concentrations on cell growth and Cyc A production. The media contained 0.5 % (w/v) of yeast 

extract as a nitrogen source.  

 

 

Effects of Sodium Nitrate Concentrations: Various 

concentrations of sodium nitrate (0.05, 0.1, 0.2, 0.3 and 0.4%, 

w/v) were added to media containing 3.0 % (w/v) glucose. 

When 0.2% sodium nitrate was used, maximum values of dry 

cell weight (~ 8.64 g/ l) and Cyc A (~ 27.43 mg/ l) were 

obtained, afterwhich a decrease was observed in both 

parameters on increasing the sodium nitrate concentration 

(Figure 7). These results showed that the optimum carbon/ 

nitrogen ratio (C/ N) of the broth medium should be equivalent 

to 15: 1 for achieving the highest production of Cyc A by F. 

roseum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Effects of NaNO3 concentrations on cell growth and Cyc A production. The media contained 3.0 % (w/v) of glucose as a 

carbon source.  
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DISCUSSION 

 

Results of different experiments to determine suitable and 

chemically defined broth medium for the production of Cyc A, 

reported to be immunosuppressive compound that has been 

widely used to diminish transplant rejection, reveal that a 

medium of the following composition was suitable for this 

purpose: glucose, 30; NaNO3, 2; KH2PO4, 1; MgSO4.7H2O, 

0.5; KCL, 0.5 (g/ l) and pH adjusted to 6.0. The size of the 

fermentation medium up to 50 ml/250ml flask inoculated with 

5 fungal agar discs (6 mm, diameter) of 7 days old of F. roseum 

culture and the incubation at 30 ºC at 120 rpm for  7 days were 

the optimum conditions for the production of  Cyc A. Some 

Fusarium species were reported to produce Cyc A, as F. solani 

(28, 29), F. oxysporum (28), however no reports have not yet 

been studied on the production of Cyc A by F. roseum. 

The main spectral features are typical for Cyc A: seven N-

methyls, four N-H and one O-H were observed in 1H NMR 

analysis. Similar results were obtained by Ramana Murthy et 

al. (26). The data in Table 1 agree with that reported by Buchta 

et al. (9) on [Ala2, val11] cyclosporin, is analogous derivative of 

Cyc A from Mycelium sterilae. 

A number of broth media have been used for production of 

Cyc A. Isaac et al. (18) used medium consisted of sorbose (2 

%), vitamin assay Casamino acids (1 %), KH2PO4 (1 %) and 

KCL (0.5 %) for maximum production of Cyc A from T. 

inflatum, however, Balaraman and Mathew (4) used medium 

containing: glucose (8 %), casein acid hydrolysate (3 %), malt 

extract (2 %), peptone (1 %) and DL-α amino butyric acid (0.5 

%) for maximum production of Cyc A by Tolypocladium 

species. Formulation of the medium composed of glucose (5 

%), bactopeptone (1 %), KH2PO4 (0.5 %), KCL (0.25 %) 

proved to be suitable for production of Cyc A (2, 28). 

Most reports have been made of the production of Cyc A 

in the culture filtrates (1, 12, 14, 18, 21, 29). However we 

found two papers reported the extraction of Cyc A from the 

culture filtrates and mycelia of both Tolypocladium species (4) 

and Aspergillus terreus (28). Our results showed that high 

concentration of the synthesized Cyc A by F. roseum was 

produced in the fungal culture filtrate and a lower level was 

produced in the fungal mycelia.  

In the present study, it was observed that the  agitation rate 

at 200 rpm showed an  increase in fungal pellets  more than 

those  recorded in case  of the agitation rate at 120 rpm. This 

result agrees with that stated by Sallam et al. (28). The 

maximum Cyc A yield was obtained at 120 rpm. The same 

agitation rate was used by Moussaïf et al. (23) for maximum 

production of cyclosporin by Acremonium   luzulae. The 

production of Cyc A is mainly carried out by submerged 

fermentation (3, 25). Zocher et al. (38) used 115 rpm for Cyc A 

biosynthesis from T. inflatum. Kobel and Traber (19) used 180 

rpm for the maximum production of Cyc A, while Evers et al. 

(15) used 200 rpm for maximum cyclosporin production. 

Our results showed that Cyc A was produced by F. roseum 

in maximum yields at pH 6 of the broth medium and after 

incubation at 30 ºC for 7 days. Abdel-Fattah et al. (1) adjusted 

the cultivation medium to pH 5.9 for maximum production of 

Cyc A from T. inflatum after incubation at 27 ºC. Additionally, 

Kobel and Traber (19), Chun and Agathos (10) and Manuela et 

al. (22) showed that the best yield of Cyc A was obtained at pH 

5.7. Some reports used the incubation temperature at 27 ºC for 

production of Cyc A (18, 28, 38). The maximum Cyc A 

production has been reported to vary with respect to the 

fermentation time course, where Sakamoto et al. (27) found 

that the best time span for Cyc A production was 10 days, Isaac 

et al. (18) found that 12 days of growth is a good period for 

Cyc A production from T. inflatum UAMH 2472. On the other 

hand, Traber et al. (34) found that 14 days is the best period for 

maximal production of Cyc A from T. inflatum NRRL 8044. 

Our data revealed that maximum production of Cyc A was 

obtained after 7 and 9 days, respectively; then decreased after 9 

days and gave the same relative levels at the fermentation 

period (10–14 days) then decreased after 16 days of incubation. 

Cyc A is not generally produced during the vegetative 

mycelial growth stage, but is generated only in the later pellet 

production stage (19). Our study showed that Cyc A production 

is affected by the number of inoculated fungal agar discs and 

medium size. A 250 ml flask containing production medium 
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equal to 50 ml afforded the highest relative yield of Cyc A. In 

accordance with this result Abdel-Fattah et al. (1) and Lee et 

al. (21) used the same volume of the production medium. 

However, Zocher et al. (38) and Agathos et al. (2) found that 

250 ml flask containing 100 ml production medium gave the 

highest Cyc A yield. The optimum size of the inoculum for the 

highest Cyc A production was varied in the previous studies, 

where some reports showed that 3 % of spore inoculum 

generated the highest level of Cyc A productivity (21). 

However Chun and Agathos (11) and Abdel-Fattah et al. (1) 

used 5 % inoculum size for Cyc A production, others reports 

showed that the best yields of Cyc A were obtained at 10 % 

inoculum size (2, 19). In our study we found that the maximum 

concentration of Cyc A was obtained on inoculating 50 ml 

production medium with 5 fungal agar discs (6 mm, diameter) 

of 7-days old F. roseum culture. 

With regard to the effect of different carbon substrates on 

Cyc A productivity by F. roseum, glucose (3 %, w/v) was 

found to be the most favourable source for production of the 

highest concentration of Cyc A. These results were found to be 

parallel to those of many reports which showed that glucose as 

a carbon source (2–3 %) is the most suitable source for the 

highest production of Cyc A (3, 4, 11, 26, 31), however, Isaac 

et al. (18) found that sorbose (2 %) followed by glucose (2 %) 

were the most favorable carbon sources for maximum 

production of Cyc A by T. niveum UAMH 2472.  

Most previous studies showed that peptone (1%, w/v) was 

the most optimum nitrogen source for production of the best 

yield of Cyc A from Tolypocladium species (3, 4, 11, 31, 32), 

however Isaac et al. (18) found that 1 % vitamin assay 

Casamino acids was the optimum nitrogen source for 

maximum productivity of Cyc A by T. niveum UAMH 2472, 

although casitone or peptone gave good yields. In our study we 

found that the highest Cyc A productivity (ranged from 25.41 

to 27.43 mg/ l) was obtained from F. roseum by using sodium 

nitrate (0.2 %, w/v) and the Cyc A concentration produced in 

the presence of peptone was approximately, 59.3 % of that 

produced in the presence of sodium nitrate, as nitrogen sources. 

A previous study (29) reported that Cyc A concentration of 2.5 

mg/ l was produced by F. solani in potato dextrose broth and 

lower yields were obtained in Richard broth. 

In conclusion, the present study investigated the selection 

of cultivation medium that resulted in enhancing the production 

of Cyc A by F. roseum, a new Cyc A-producing isolate. In 

addition, some optimal nutritional and physicochemical 

conditions for the production of Cyc A were also described. It 

was observed that the highest productivity of Cyc A was 

maintained when the fermentation process was carried out 

using a medium formulation composed of (g/ l): glucose, 30; 

NaNO3, 2; KH2PO4, 1; MgSO4.7H2O, 0.5; KCL, 0.5, pH 6.0, in 

a size up to 50ml/250ml capacity flask, inoculated with five 

agar discs (6 mm, diameter) of 7 days old F. roseum culture, 

and incubated at 120 rpm for 7 days. 
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