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ABSTRACT

Parameters for a more efficient biotransformation of diterpene-like compounds by the fungus Cephalosporium
aphidicola were established by carrying out microscale feedings at several conditions. Experiments were
guided by thin layer chromatography and gas chromatography analysis. It was observed that the substrate
should be added in ethanol at concentrations between 15 to 30 mg per 100 ml of medium. The extraction of
the product showed to be more efficient when carried out from both mycelia and broth and using ethylacetate
as the extracting solvent. The experiment should be stopped six days after feeding the substrate to the fungus
for the best product yield.
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INTRODUCTION

The problems associated with the use of racemic drugs, like
thalidomide in the 1960s, led pharmaceutical and foodstuffs
industries to look for new approaches to the synthesis of
enantiomeric pure compounds. That fact, associated to the report
of a number of well succeeded microbial transformations of
substances with commercial value (2) has called attention of
chemists for this kind of reactions. Microorganisms and enzymes
are efficient chiral catalysts and their use as part of a strategy
for enantiospecific syntheses have significantly increased
nowadays (6).

Disadvantages related to the use of microbial transformations
is mainly associated to low yield, need of specific laboratory
equipments associated with the requirement of previous training
on microbial techniques before starting a bioconversion
experiment (3). Previous determination of conditions for the
overall biotransformation process enable this kind of
experiments to become more useful and faster, avoiding
degradation and/or over metabolization of a specific product.

In this context, it was carried out a study on the incubation
conditions for feeding the diterpenoid methyl trachylobanoate

to the fungus Cephalosporium aphidicola. Several experiments
were carried out to evaluate maximum amount of substrate to
be added per flask, solvent for substrate addition, best incubation
time for single product formation and methodology for product
recovery. The results can be useful as a guide for feeding of
similar compounds to the same fungus species.

MATERIALS AND METHODS

Gas Chromatography (GPC) : Experiments were carried
out on a GC 3400 (Varian) FID equipment using flow rate of 1
mLmin-1, capillary column SE54 (0.25 x 30 m) operating at 80°C
(3 min); 80-210°C (10° min-1); 210-300° (5° min-1).

Thin Layer Chromatography (TLC): silica gel pre-coated
plates were eluted with the solvent system: hexane:etilacetate
(9.5.:0.5) and spots were observed after spraying with ceric
sulphate/H

2
SO

4
 followed by heating.

Preculture of C. aphidicola. C. aphidicola (provided by Dr.
James R. Hanson, University of Sussex - U.K.) maintained in potato
dextrose agar (PDA) was inoculated into a conical flask containing
sterilised culture medium (1) and shaken at room temperature (28°C)
for 3 days. The broth was then transferred on to ten 250 ml conical



84

J.A. Takahashi et al.

flasks containing 100 ml of the same media each.
Feeding experiments. The substrate (methyl trachylobanoate)

was added (5 to 50 mg/100 ml) after three days. Two control
experiments named C1 (consisted of media plus fungus without
addition of substrate) and C2 (consisted of media plus substrate
only) were performed simultaneously. The bioconversion
process was followed by TLC and GC for ten days. Two
experiment flasks and one of each C1 and C2 flasks were filtered
each 48 hours and the aqueous layers were submitted to analysis.
Extraction was carried out with chloroform or ethyl acetate (1).
Organic layers were evaporated down and the residues were
analysed by TLC and GC. The best solvent for dissolving the
substrate was determined carrying out experiments with
dimethylsulphoxide (DMSO), dimethylformamide (DMF) and
ethanol (0.1 ml per mg of substrate). Optimal substrate
concentration to be added to 100 ml of culture medium was
evaluated by an experiment using a set of ten flasks with
increasing amounts of substrate per flask.

RESULTS AND DISCUSSION

DMSO, DMF and ethanol were tested as solvents for methyl
trachylobanoate addition in feeding experiments to the fungus
C. aphidicola. DMSO was inadequate, as it promotes the
formation of a self-derivative in the media. DMF remained in
the organic layer at the end of the experiments. The use of DMSO
and DMF is, therefore, discouraged but they may be the only
options for the feeding of compounds not soluble in ethanol.
This later proved to be the best addition solvent, showing to be
completely evaporated after 24 hours of incubation. It also did
not leave any residues in the media. In addition, no ethanol
derivatives were detected in the control flasks. This solvent has
proved to be the best choice also for use in bioconversion process
with the fungus Glomerella cingulata (4).

In order to choose the best solvent for product recovery,
extractions were carried out with chloroform and ethyl acetate.
Chloroform extraction (CE) led to a difficult work up due to the
formation of a persistent emulsion while ethyl acetate extraction
(EAE) showed no work up problems. TLC comparison of
residues from CE, EAE and respective control experiments
showed that chloroform promotes the extraction of a greater
number of cellular components leading to a less productive
chromatographic purification of the desired product. Exhaustive
extraction of mycelia sometimes led to the detection, by TLC,
of bioconversion products and therefore this step should be
included in the process, in order to obtain better yields of
microbial transformation products.

Adequate amount of substrate to be added per flask was
evaluated by feeding a set of ten flasks with increasing
concentrations of methyl trachylobanoate. After incubation time,
each reaction flask was worked out and the extracts were
analysed by TLC and GC (Table 1).

Table 1. Effect of substrate concentration in the feeding of methyl
trachylobanoate (1) to Cephalosporium aphidicola for 8 days.

Flask Substrate added Number of unaltered
number (mg/100 ml)  major spotsa  substrate (%)

1 5 0 0
2 10 0 0
3 15 1 0
4 20 1 0
5 25 2 0
6 30 2 10
7 35 1 50
8 40 0 50
9 45 0 60

10 50 0 95

a TLC = Thin Layer Chromatography

Figure 1. Chemical structure of methyl trachylobanoate used in the
bioconversion experiments.

The results indicate that the maximal concentration of
substrate to be added per 100 ml of media is 30 mg, since
concentrations higher than this significantly decrease the
bioconversion efficiency. Addition of lower amounts of substrate
(5-10 mg/100 ml) led to difficulties for detection, by TLC, of
the products in microscale experiments. However larger scale
experiments using this range of concentration can be carried
out. (5). Addition of 15 and 20 mg of substrate per flask led to
the detection (TLC) of only one major product, while with 25
and 30 mg/flask, two major compounds were observed.

The incubation time is one of the most important parameters
to be considered in order to have a high yield of a
biotransformation product. To evaluate this parameter, the
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substrate (20 mg/100 ml of medium) was fed to six conical flasks
containing a grown culture of C. aphidicola. Controls C1 and
C2 were carried out simultaneously. Extractions were carried
out each 48 hours and samples were analysed by TLC and GC.
No bioconversion of the substrate was observed in C2 during
the whole period of reaction.

Comparison of the GC chromatograms and TLC profiles
obtained from metabolization of the substrate by the fungus and
C1 led to the following conclusions (Table 2 and Fig. 2):

i- The fungus metabolism towards the exogenous substrate
starts before the initial 48 hours of reaction, with
formation of a more polar compound (RT 20.37, min,
2.1 % yield);

ii- The substrate concentration decreases until 10th day from
which the concentration remains almost constant,
indicating no further reactions, in consequence of the
metabolization rate decrease. This fact can be a result of
the nutrients low levels in the medium, but enzymes
inhibition could also have occurred due to the formation
of new compounds in the medium.

iii- The yield of the major product increases up to 7.5%,
after 6 days of reaction, decreasing to low levels 48 hours
later, probably due to a further metabolization of this
compound.

iv. After ten days, several other compounds (RT > 22.16
min. 7.7 % yield) can be detected indicating that substrate
and products degradation is taking place.

Table 2. Concentration and retention time of the major products detected by
Gas Cromatography.

Incubation time RTa Products formation
(days) (min) (%)

2 20.37 2.1

4 20.37 3.3

6 20.86 7.5

8 20.91 1.2

10 23.17 1.1
23.78 1.6
30.44 1.9

a Retention Time
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RESUMO

Otimização do processo de bioconversão de compostos
diterpênicos pelo fungo Cephalosporium aphidicola

Condições otimizadas para a biotransformação de compostos
diterpênicos pelo fungo Cephalosporium aphidicola foram
determinadas, realizando-se incubações em microescala nas
quais variaram-se parâmetros como o tempo de incubação e a
quantidade de substrato adicionado. A velocidade (índice) de
bioconversão foi monitorada analisando-se os extratos de cultivo
através de cromatografia em camada delgada e cromatografia
gasosa. Os resultados obtidos mostraram que, para melhores
rendimentos, o substrato deve ser adicionado em solução
etanólica, na concentração de 15-30 mg por 100 mL de meio de
cultura. A extração de produtos deve ser realizada com acetato
de etila, a partir da fase aquosa e do micélio, no sexto dia após
a adição do substrato. Estes resultados podem ser utilizados
como um roteiro para incubações de compostos estruturalmente
semelhantes com o fungo Cephalosporium aphidicola.

Palavras-chave: Cephalosporium aphidicola, biotransformação,
diterpenos

Figure 2. Variation of substrate and products relative concentrations in the
biotransformation of methyl trachylobanoate by C. aphidicola by GC analysis.
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