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Abstract

The kinetics of cyclosporin A (Cy A) production by F. oxysporum NRC were studied in both
shaking flask and bioreactor (5L capacity) cultures. Both the volumetric and specific production
values of Cy A were higher by about 73.5% and 57.1% in case of adopting the bioreactor culture
technique, respectively. In addition, more vigorous fungus growth was observed with the bioreactor
culture. On glucose limitation, the fungal biomass yield nearly remained almost constant, while Cy
A production was stimulated under the same conditions, wherein maximum Cy A yield (349.2 mg/l)
was obtained after 10 days incubation.
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Introduction

Cyclosporin A is a cyclic undecapeptide with anti-inflammatory, immunosuppressive,
antifungal, and antiparasitic properties (Borel, 1986). It is used in transplantation surgery and in
the treatment of some autoimmune diseases (Povlsen et al., 1989).

Cy A was produced by the fungus Beauveria nivea (previously designated Trichoderma
polysporum, Tolypocladium inflatum and T. niveum) as the main components of 25 naturally
occurring cyclosporins which have substitutions of amino acids in positions 1, 2, 4, 5, 7 and 11
and/or contain unmethylated peptide bonds in positions 1, 4, 6, 9, 10 or 11. Beside these
naturally occurring cyclosporins, some cyclosporins differing in positions 1, 2 and 8 from Cy A
could be produced by feeding amino acid precursors to the fungus culture (Traber et al., 1989).

The biosynthesis of Cy A is also likely to proceed by non ribosomal process as indicated by the
cyclic structure and the presence of several unusual amino acids in this compound. Cy A is a
secondary metabolite obtained mainly during the stationary phase ard at the start of the decline
phase of growth (Agathos ez al., 1986 and Abd-Elsalam, 2000).

Cy A productivity depends mainly on the constitution of the fermentation medium specially the
nature and the level of carbon and nitrogen sources (Agathos et al., 1986). The role of some
physiological parameters on Cy A by Aspergillus terreus was also investigated by Sallam er al.
(2003).

The present investigation aims to describe a kinetic model for Cy A production in relation to the
fungus biomass yield adopting both the culture flask and bench top bioreactor techniques.
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Materials and Methods

Chemicals
The authentic Cy A was provided by Sigma Company. All chemicals used in the current work
were analytical grade which obtained from Merck. The solvents used are HPLC grade except

butylacetate.

Microorganism

The local culture of Fusarium oxysporum NRC was obtained from the Natural and Microbial
Products Chemistry Department, National Research Center (NRC), it was selected according to
previously done screening experiments.

Maintenance of the microorganism

The experimental fungus was maintained on the malt-yeast extract medium (MY medium)
showed by Agathos et al. (1986) which consists of (g/l): malt extract 20, yeast extract 4, agar
20, pH 5.3.

Production medium
The medium used for cultivation was composed of g/l: glucose 50; peptone 10; KH,PO, 5; KCI
2.5, pH 5.3. .

Inoculum preparation

Erlenmeyer flasks (250 ml) each contains 100 ml of MY medium was inoculated by pure
culture of F. oxysporum and inoculated at 200 rpm, 27 °C for 72 h (Koble and Traber, 1982).
Specific volume of the obtained growth was used as standard inoculum.

Cultivation conditions

Using flasks: According to the method described by Agathos et al. (1986), Erlenmeyer flasks
(250 ml) containing 100 ml portions of the production medium were inoculated by 2 ml of the
previously prepared inoculum and incubated in rotary shaker at 200 rpm, at 27 °C for 10 days.
Using bioreactor: The fermentation process was performed in Biflo fermentor (NW Brunswick
Scientific, Edison, N.J., USA) which adopted for bench-scale cultivation, under the following
conditions: liquid volume, 3 liter, inoculum level 2% (v/v), agitation rate 300 rpm, aeration 1
v/v/min. the temperature was controlled at 27 °C and the pH value of the medium was
automatically controlled at 5.3 by the addition of NaOH (0.1 N) or HCI (0.1 N). Under these
conditions, growth was found to be filamentous with no apparent clumping. Samples (25 ml)
were daily collected for analysis.

Analysis

Glucose estimation: The residual glucose content was estimated by glucose oxidase method
described by Dahlguist (1961).

Growth estimation: At the end of the incubation period the fungal growth was separated, by
filtration, washed and air dried, then oven dried till constant weight at 90 °C and the average of

the obtained weights was recorded.

Extraction of Cy A: Equal volume of butyl acetate (100 ml) was added to the fermentation
medium and shaked at 200 rpm, at 27 °C for 24 h. The organic layer was separated and dried
under vacuum (test material), then dissolved in methanol and undergo the necessary
chromatographic analysis.
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Cy A analysis

Qualitative estimation: Cy A content was qualitatively identified by the TLC technique. Silica
gel plate was prepared and the test sample was resolved by the solvent system (acetone : n-
hexane, 1 : 1 v/v). The developed plates were subjected to iodine vapour as colour reagent,
wherein the Cy A acquired a faint brown colour as compared with the authentic (Agathos et al.,
1986).

Quantitative estimation: High pressure liquid chromatography (HPLC) was adopted to
determine Cy A. A Water Pye HPLC system (Waters, Milford, MA, USA) equipped with a
reversed phase Cs NOVA-PAK column (150 x 3.9 mm, 10 pm packing, Waters) was used. The
procedure described by Agathos et al. (1986) was followed ; 5 pl of Cy A solution firstly
injected for determination of its Rt, then another 5 pl sample was injected for analysis. The
mobile phase consists of acetonitrile: methanol: water (42.5 : 20 : 37.5), flow rate 1 ml/min and
Cg column was maintained at 72 °C with operating pressure of 1200 Ib/in’>. Cy A was
_ determined using detector (Waters, 486) at 210 nm wave length. The concentration of Cy A
calculated by this procedure is referred to be as volumetric production. The specific Cy A
production was also calculated by dividing the volumetric production by the biomass yield.
Results presentation

All results given in this work were arithmetic means of at least three different replicates. The
experimental values of the same treatment showed difference exceed 5% were routinely
discarded and the treatment were repeated again. All data in this work were statistically
analyzed by ANOVA test.

Results

Growth and Cy A productivities using the shaked flask culture technique

The cultivation of F. oxysporum NRC was carried out in shaking flasks to investigate the.
kinetics of Cy A production in relation to the fungus growth.

As shown in Fig. 1, the fungus growth could be differentiated into three phases. During phase I
(the first 10 days) which represents the accelerating phase of growth, the biomass yields were

steadily enhanced and the most vigorous growth was maintained after 10 days. Similarly,

increasing amounts of glucose were consumed during the same period which was also

accompanied by the formation of elevating amounts of Cy A.

The stationary phase of growth (Phase II, 10-12 days) was characterized by achieving more or

less similar growth yields, with consumption of more amounts of glucose and formation of the

highest Cy A yield.

During the third phase (12-15 days) of growth, glucose was completely depleted from the

fermentation medium wherein both the fungus biomass yield and Cy A productivity were

clearly retarded.

In accordance with our results, Koble and Traber (1982) and Agathos et al. (1986) had reported

that Cy A obtained its maximum volume at the stationary phase of growth.

The relation between the fungus growth (biomass yield) and the amount of consumed glucose

[Yys] was studied. The data illustrated in Fig. 2 revealed that the maximum [Y,] value was

obtained at the end of phase I (the time of glucose limitation). This value remained more or less

constant during the second phase of growth, and started to decrease during the decline phase of
growth due to cell lysis.

On the other hand, the value of [Y,/] which represents the amount of Cy A produced per 1 g of
the consumed glucose reached maximum after 12 day fermentation. Obviously, this good Cy A
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output was obtained after glucose limitation. This indicates that the biosynthesis of Cy A was
not terminated by glucose limitation.

Growth and Cy A production relations using laboratory fermentor

The kinetic of the fungus growth and Cy A production was studied adopting batch cultivation of
F. oxysporum in a laboratory fermentor. The results illustrated in Fig. 3, assessed the existence
of the three different growth phases previously shown on using the shaking flask technique. At
the end of the first phase (7 days) biomass yield reached maximal value. Thereafter (7-10 days)
the fungus growth yields remained constant (stationary phase). The elongation of the
fermentation period to 12 days was accompanied by a marked decrease of the fungus growth
yield (decline phase).

On the other hand, Cy A reached its maximal value (349.2 mg/l) at the 10" day of incubation
then it started to decrease gradually.

The yield coefficients [Yys], [Ypx] and [Yps] were calculated during the different growth
phases. The results given in fig 4 clearly show that the biomass yield, based on the consumed
glucose [Yys), reached its maximal value during the stationary phase. Thereafter, the growth
yield was gradually decreased. Further consumption of glucose seems to be correlated to Cy A
biosynthesis rather than for fungal cell proliferation. The values of the Cy A yield coefficient
[Ypx], were increased gradually during the cultivation process and reached maximal value after
10 days fermentation.

Comparison of the fungus growth and Cy A productivities of F. oxysporum grown on shaking
flasks and lab fermentor

The differences between the results recorded with shaking flask and the bioreactor techniques
were summarized in Table 1. Obviously, more vigorous growth yield was achieved upon using
the laboratory fermentor. Thus 38% increase in the fungus dry weight was recorded with the
fermentor treatment. This may be due to the agitation and aeration facilities which permit
higher oxygen transfer rate as compared to the flask culture technique. Similarly Taguchi
(1971), Schump and Dectwer (1979) reported that an adequate amount of dissolved oxygen
must be always available in the medium to achieve good fungus growth yields. Moreover this
was also accompanied by the formation of relatively high Cy A yield.

On the other hand, complete consumption of glucose was correlated by a significant decrease in
Cy A productivity in both cultivation techniques.
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Table 1. Kinetic parameters of cell growth and Cy A production by F. oxysporum adopting
both shaking flask and bioreactor fermentation techniques.
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Type of fermentation
Parameter
Shaking flask Fermentor
Komax [1] 34 5.5
Poax [2/1] 92.75 349.2
u [mg/g dry wt.] 27.26 63.49
Yys [¢/g] 0.074 0.2
Y [&/g] 27.27 63.49
Ypss [g/g] 1.85 6.98
Kinax : maximal biomass dry weight
Prax : maximum cyclosporin A production
u : Specific cyclosporin A production
Yxs : g fungal dry weight / g consumed glucose
Yprx : g cyclosporin A production / g fungal dry weight
Ypss : mg cyclosporin A production / g consumed glucose
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Fig 1. The biomass yield and Cy A production by Fusarium oxysporum, NRC in shaked flasks.
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Fig 2. Different yield coefficients of F. oxysporum grown in shaked flasks.
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Fig 3. Growth and Cy A production by F. oxysporum grown in laboratory fermentor
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Fig 4. Different yield coefficients of F. oxysporum grown in laboratory fermentor.
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