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Abstract

The reusability and influence of three supports (calcium alginate, chitosan and polyurethane foam) in the biotransformation
of cinnamyl alcohol by the spores and whole cells from the Colombian native fungus Colletotrichum acutatum was
evaluated. The metabolic products cinnamaldehyde, 3-phenylpropanal, 3-phenyl-1-propanol, 1-phenylpropane-1,3-
diol, 3-hydroxy-1-phenyl-1-propanone, hydrocinnamic acid, 2-phenylethanol, 1-phenylethane-1,2-diol, cinnamyl acetate,
cinnamic acid and 3-phenyl propyl acetate were detected by GC-MS. The concentration of these products was clearly
dependent on support. Thus, the bioprocesses with immobilized spores or whole cells into polyurethane foam were more
efficient to obtain 1-phenylpropane-1,3-diol, and allowed reusing the support at least 3 or 4 times without significant loss
of activity. However, under the same conditions, alginate and chitosan were inadequate supports for this purpose, and
instead, 3-phenyl-1-propanol and cinnamic acid were the major metabolic compounds. Therefore, the biotransformation
of cinnamyl alcohol using immobilized C. acutatum cells in polyurethane foam can potentially offer a simple and efficient
way to obtain 1-phenylpropane-1,3-diol.

Keywords: phytopathogenic fungus, metabolic pathway, immobilization, reuse, 1-phenylpropane-1,3-diol.

Resumen

Se evalud la reutilizacién e influencia de tres soportes (alginato de calcio, quitosano, y espuma de poliuretano) en la
biotransformacién de alcohol cinamilico por esporas y células completas del hongo nativo colombiano Colletotrichum
acutatum. Se detectaron por CG-EM los productos metabdlicos cinamaldehido, 3-fenilpropanal, 3-fenil-1-propanol, 1-
fenil-1,3-propanodiol, 3-hidroxi-1-fenil-1-propanona, dcido hidrocindmico, 2-feniletanol, 1-fenil-1,2-etanodiol, acetato de
cinamilo, dcido cindmico y acetato de 3-fenilpropanol. La concentracion de estos productos fue claramente dependiente
del soporte. Asf, los bioprocesos con esporas o células completas inmovilizadas en la espuma de poliuretano fueron méas
eficientes para obtener 1-fenil-1,3-propanodiol, y permitieron su reutilizacién al menos 3 o 4 veces sin pérdida significativa
de la actividad. Sin embargo, bajo las mismas condiciones, alginato y quitosano no fueron soportes adecuados para este
proposito, y en su lugar, 3-fenil-1-propanol y dcido cindmico fueron los compuestos metabdlicos mayoritarios. Por lo tanto,
la biotransformacion de alcohol cinamilico usando células de C. acutatum inmovilizadas en espuma de poliuretano puede
ofrecer potencialmente una via simple y eficiente para obtener 1-fenil-1,3-propanodiol.

Palabras clave: hongo fitopatdgeno, ruta metabdlica, inmovilizacidn, reutilizacién, 1-fenil-1,3-propanodiol.

1 Introduction

Phytopathogen fungi of the genus Colletotrichum free whole cells of Colletotrichum acutatum as
are known for their abilities to transform natural biocatalyst (Velasco et al., 2010). The substrate

compounds. In a previous report, we have described
the biotransformation of cinnamyl alcohol (A) using
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was mainly converted to 3-phenyl-1-propanol (B), 3-
phenyl propyl acetate (C), hydrocinnamic acid (D),
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2-phenylethanol (E), 1-phenyl-1,2-ethanediol (F), and
1-phenylpropane-1,3-diol (G). We have also shown
that the relative abundance of metabolic compounds
was dependent not only on the biotransformation
time, but also on the type of culture medium used.
Interestingly, some of the metabolic compounds from
the biotransformation of cinnamyl alcohol by C.
acutatum have been widely used in the food, beverage,
cosmetic, chemical and pharmaceutical sector as
flavor and fragrance (Sun et al., 2016; Tian et al.,
2015; Velasco et al., 2015; Behan et al., 1996; Savina
et al., 1999; Sendovski et al., 2010). Furthermore, the
compound 1-phenylpropane-1,3-diol is an important
intermediate in the synthesis of therapeutic agents
for the treatment of psychiatric disorders (depression,
anxiety, alcoholism) and metabolic problems (obesity
and bulimia), such as fluoxetine and norfluoxetina
(Kumar et al., 2004). Also 1-phenylpropane-1,3-
diol has been suggested as starting material to obtain
tolterodine, a drug for the treatment of urinary
incontinence (De Castro and Rhee, 2008). Here we
describe the biotransformation of cinnamyl alcohol by
immobilized spores and whole cells of Colletotrichum
acutatum, and the reusability of some supports (i.e.,
calcium alginate, chitosan and polyurethane foam)
under repeated batch biotransformation conditions as
well. A special attention was paid to the production of
1-phenylpropane-1,3-diol.

2 Materials and methods

2.1 Analytical methods

Gas chromatography was developed on a
Hewlett-Packard 6890 (Agilent Technologies) gas
chromatograph coupled with a mass selective detector-
quadrupole type (HP 5973 MSD). A HP-5 fused silica
capillary column (30 m x 0.25 mm, 0.25 um film
thickness) was used. The chromatographic conditions
were: column temperature, 50-250°C at 10°C/min,
keeping it for five minutes; injector temperature,
150°C; detector temperature, 280°C; carrier gas,
N, at 1 mL/min. The relative composition of each
constituent was determined from the average area
of the peaks. Metabolic products were identified
by comparison of their mass spectra with those
of reference substances and by comparison with
the NIST 2002 Mass Spectral Library. The cells
incorporation and morphology of beads was examined
using a stereoscopic microscope Nikon SMZ1000.
The spores count was achieved by using a microscope

Leica CME 1349521X.

2.2 Biological and chemical materials

Dr. Afanador-Kafuri (Afanador-Kafuri et al., 2003)
kindly donated the strain of C. acutatum. The
microorganism was conserved and freshly subcultured
on PDA before use. Fungal spores were stored
in 20% (w/v) glycerol at -20°C. Cinnamyl alcohol
(A) of analytical grade and chitosan were purchased
from Sigma-Aldrich Co. (St. Louis, MO, USA).
Bacto Agar was obtained from Becton, Dickinson
and Co. (Franklin Lakes, NJ, USA). Calcium
chloride dihydrate and anhydrous alpha-D(+)-glucose
were acquired from Merck KGaA (Darmstadt,
Germany) and Acros Organics (Fair Lawn, NJ, USA),
respectively. Alginic acid (sodium salt) of very low
viscosity was from Alfa Aesar (Ward Hill, MA, USA).
The polyurethane foam (PUF) employed was Scotch-
Brite 3M.

2.3 Isolation of C. acutatum spores

Petri dishes cultivated with the fungus for 8 days
on Potato Dextrose Agar (PDA) were washed with
distilled water (2x2 mL). The suspension was filtered
on Whatman No. 1 filter paper. Then, the filtrate was
centrifuged at 10000 rpm for 5 min and the supernatant
was eliminated; this procedure was repeated two
times. The spores (precipitate) were recollected,
suspended in 20% (w/v) glycerol, and stored at —20°C
until used; the colony-forming units (CFU) were
counted in a Neubauer chamber by microscopy after
staining with lactophenol blue. The solution was
homogenized at room temperature and used in the
immobilization and biotransformation processes.

2.4 Immobilization of fungal aggregated
mycelium and spores into PUF

The whole microorganism and the spores (1 x 10°
CFU/mL) of C. acutatum were inoculated in PUF with
density of 82 mg/cm?® according to the manufacturer.
The foam was cut in parallelepipeds (1.0 x 1.0 X
0.7 cm?®), washed threefold with abundant distilled
water under heating and agitation, and sterilized in
separate flasks (Wanga et al., 2013; Mulla et al., 2012;
Siddiqui et al., 2009). Each 100 mL Erlenmeyer
flask was supplied with five cubes of PUF in 25.0
mL of Potato Dextrose Broth (PDB). Then, the fungus
(spores or whole microorganism) was added into the
medium. It was grown and fixed to the support during
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7 days (preculture). All immobilization processes
were carried out under sterile conditions. A control
without inoculums was performed.

2.4.1 Immobilization of spores into PUF

The spore solution was added in the medium with the
support (5 mLcpy/250 mLy,,). The foam with the
fungus attached was removed by filtration, and the
cubes were washed with sufficient water.

2.4.2 Immobilization of whole microorganism into
PUF

The fungus previously cultivated on PDA (1 month of
age) was added as inoculums. Thus, the content of a
Petri dish (15 cm in diameter) was employed for each
1 L of culture medium. Similarly, the foams with the
fungus were removed by filtration, and the cubes were
washed with sufficient water. Erlenmeyer flasks were
shaken at 120 rpm and room temperature for 168 h.

2.5 Immobilization within calcium alginate
beads

The immobilization was done as described earlier
by Romano et al. (2006) with some modifications.
Briefly, sodium alginate was dissolved in distilled
water at 50°C under constant agitation. Solutions
of sodium alginate and CaCl, 0.1 M were sterilized
before use, and then allowed to reach room
temperature. 5 mL of spore solution (1 x 10°
CFU/mL) was suspended into the alginate up to 60
mL of solution 3.0% w/w alginate concentration.
The resulting suspension was degassed and dripped
through a needle into 10 mL of iced CaCl, solution.
After hardening at 4°C for 3 h, the beads were
separated from the CaCl, solution by vacuum
filtration. They were washed on a filter with abundant
water to remove excess of calcium ions and un-
entrapped cells, and the beads were used directly in the
biotransformation, or stored at 4°C in sterile distilled
water.

2.6 Immobilization within chitosan beads

The immobilization was carried out as described
previously by Barreto et al. (2010) with some
modifications.  Briefly, chitosan was dissolved in
acetic acid 1.0%, and the solution was adjusted to
pH 6.0. Solutions of chitosan and 8.0% NaOH were
sterilized before use. 5 mL of spore suspension (1x10°

CFU/mL) was transferred to 60 mL of 4.0% w/w
chitosan solution. Then, the mixture was degassed and
extruded dropwise through a sterilized syringe into an
8.0% NaOH solution for coagulation and formation of
the beads. After 3 min at room temperature, the beads
were filtered, washed with water and used directly
in the biotransformation, or stored at 4°C in sterile
distilled water.

2.7 Biotransformation process

Previous studies have shown that C. acutatum
efficiently transformed cinnamyl alcohol (A) at
40 mg/L after 15 days (Velasco et al., 2010).
Accordingly, the supports containing the immobilized
fungus were washed with distilled water, filtered
and used to inoculate 250 mL. PDB culture medium
containing the substrate at the same concentration
described above. The cultivation was carried out
by stirring (reciprocating shaker, 120 rpm) at room
temperature.  The calcium alginate and chitosan
beads prepared previously were distributed uniformly
into five Erlenmeyer flasks. In the immobilization
with foam, 10 cubes of PUF were added into each
flask. After incubation, the broth was filtered and
the supports were removed, washed with abundant
water, and reused for another reaction cycle (15
days) employing identical experimental conditions as
described above. In order to test the reusability of
immobilized C. acutatum, the supports were used
repeatedly in six consecutive batches.

2.8 Extraction and
products

identification  of

The culture medium from every cycle was saturated
with NaCl, refrigerated, filtered and extracted with
CH,Cl, (3 x 2 L). The organic extract was dried over
anhydrous Na;SO,4 and concentrated in vacuum, and
the crude extract was chromatographed by GC-MS.
The metabolic compounds 3-phenyl-1-propanol (B),
3-phenyl propyl acetate (C), hydrocinnamic acid (D),
2-phenylethanol (E), 1-phenylethane-1,2-diol (F), 1-
phenylpropane-1,3-diol (G), cinnamaldehyde (H), 3-
phenylpropanal (I), 3-hydroxy-1-phenyl-1-propanone
(J), cinnamyl acetate (K), and cinnamic acid (L)
were detected and identified by comparison of mass
spectra and GC retention times with those of authentic
references standards, and by comparison with the
NIST 2002 Mass Spectral Library (Velasco et al.,
2010; Velasco et al., 2012).
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3 Results and discussion

The use of immobilized whole cells as a catalyst offers
different advantages compared to free whole cells. The
immobilization may extend the life of biocatalyst and
facilitate its recovery and reuse. Also, the separation
of products from immobilized cells is easier than that
from suspended cells (Arroyo et al., 2017). In a
previous work, we found that free whole cells of C.
acutatum was able to transform cinnamyl alcohol (A)
to 3-phenyl-1-propanol (B), 3-phenyl propyl acetate
(©), hydrocinnamic acid (D), 2-phenylethanol (E), 1-
phenylethane-1,2-diol (F), and 1-phenylpropane-1,3-
diol (G) (Velasco et al., 2010). In addition, it was
found that the culture medium causes differences in the
chemical yield; thus, the diol (G) reached maximum
levels of almost 90, 20, and 8% when media PDB,
Czapek-Dox, and Sabouraud were used, respectively.
In view of these results, PDB was chosen as culture
medium to be used on the biotransformation of
cinnamyl alcohol by immobilized cells of C. acutatum.

As immobilization matrixes, two natural polymers
(alginate and chitosan), and one synthetic polymer
(polyurethane) were employed. Under these
experimental conditions, in addition to the products
(A) and (G), five other products were observed by
GC-MS. Their mass spectra and retention times were
similar to those of authentic samples or those reported
by the NIST library, for cinnamaldehyde (H), 3-
phenylpropanal (I), 3-hydroxy-1-phenyl-1-propanone
(J), cinnamyl acetate (K), and cinnamic acid (L). Also,
in order to evaluate the reusability of immobilized
whole cells in these matrixes, a repeated batch
system (six cycles) was studied. Each cycle of batch
production was of 15 days duration. It is important
to mention that (B), (C), (E), (I) and (K) have been
recognized as important aromas. On the other hand,
(F) and (G) have been used as building blocks for
organic synthesis, and their functionality are found in
a number of pharmaceutically important compounds.
It is noteworthy to mention that most of previous
reports about the synthesis of 1-penylpropane-1,3-
diol from the corresponding epoxy alcohol or allylic
alcohol, or even allylbenzene required a reaction
highly regioselective that use expensive raw materials
(Klein et al., 1971; Fronza et al., 1991). Due to
the increasing stringent environmental constraint,
nowadays a new synthetic method is necessary.

3.1 Repeated biotransformation of (A) with

immobilized whole microorganism in
PUF

C. acutatum was found to grow abundantly on
PUF cubes after seven days of incubation. Visual
observations showed that the surface of PUF was
completely covered by fungal mycelia. A thin biofilm
of mycelia around the foam with a dark orange-pink
pigmentation was observed. According to stereoscope
observations, the biomass was detected inside of the
foam after preculture, and simultaneously covered
practically all the surface of the cube, which imply
that biomass growth occurred during the bioprocess.
Usually, PUF has been considered an adequate support
for the immobilization of fungi due to its porosity,
which enhances the available surface area and protects
the microorganism against the detrimental effect of
shear forces (Asther et al., 1990). However, visual
observations showed that the mycelia outside of each
cube increases progressively along the six batches
and the presence of free mycelial mass adhered to
flask surface after five days, indicating that some
hyphal fragments were broken off. Despite the
amount of hyphal fragments was negligible, these cells
could enhanced the amount of enzymes available to
transform the substrate. Unfortunately, free cells were
not quantified.

The GC analysis of the biotransformation of (A)
by the immobilized whole microorganism showed the
formation of eight metabolites. As can be seen in
Figure 1, the substrate was transformed in more than
75% for each cycle. The major metabolites detected
in the process were (G) and (B); both were found in
each one of the cycles performed. In the case of (G),
the higher levels were observed during the first four
batches (59, 81, 49 and 70%, respectively), whereas
(B) was the major metabolite in the fifth and sixth
batch (68 and 38%). In the latter two cycles, (G)
achieved only a 20% relative abundance. It was also
found that the increase in the relative abundance of
(B) coincides with the decline of (G). According to the
metabolic pathway for the biotransformation of (A)
by C. acutatum, the metabolite (G) could be obtained
from the hydroxylation of the benzylic carbon in (B)
(Velasco et al., 2010). The reduction in the level of
(G) along with the increase of (B) during the fifth and
sixth batch could suggest a reduction in the ability
to oxidize the side chain. The loss of activity of
immobilized cells in the repeated batch production of
(G) was probably due to the excessive aggregation of
mycelia in multiple layers around the cubes.
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Fig. 1. Time-course experiments for the biotransformation of (A) by whole cells of C. acutatum supported in PUF.
Cinnamyl alcohol (A); 3-phenyl-1-propanol (B); hydrocinnamic acid (D); 1-phenylpropane-1,3-diol (G); others (3-
phenyl propyl acetate (C), 1-phenylethane-1,2-diol (F), cinnamaldehyde (H), 3-hydroxy-1-phenyl-1-propanone (J),

cinnamyl acetate (K)).

This affects the mass transfer and generates
restrictions to the interaction between mycelium and
culture medium, limiting it to the periphery of the
aggregate mycelia, and reducing the contact surface.
In addition, the successive agglomeration of layers
retards the transport of mass into the support, avoiding
the diffusion of oxygen and other nutrients, which
causes loss of activity (Prasad et al., 2006).

It is noteworthy that some minor metabolites
absent in the biotransformation using free whole cells
(Velasco et al., 2010), such as (H) and (J), were
detected with immobilized C. acutatum under similar
conditions (room temperature, 120 rpm). In latter, the
accumulation of aldehyde (H) in the culture medium
is probably due to the mass transfer limitations
resulting from the immobilization on PUF cubes. Low
accumulation of aldehydes in the biotransformation
process has been associated with the high cellular
toxicity of these compounds (Sanroman et al., 1995).
However, the immobilization and mass transfer
limitations could protect the microorganism from the
direct interaction with (H), allowing its accumulation
in the culture medium.

3.2 Repeated biotransformation of (A) with
immobilized spores in PUF

The spore suspension of the fungal strain C. acutatum
was successfully absorbed on the PUF. The effect of
different amounts of spores on the biotransformation
of (A) was studied (data not shown). It was found
that 1 x 10° CFU/mL is sufficient to produce the
initial biomass to carry out the process with the fungus
immobilized. Also, although no more cells were

attached in the PUF after 5 days (almost constant
weight), we decided to consider 7 days of fungal
growth to perform the inoculums (Velasco et al.,
2010). Figure 2 shows that the use of spores in
PUF proved to be an appropriate technique to obtain
(G), at least during the first three batches (75, 49
and 71%, respectively). Then, its abundance was
rapidly diminished so that after the third batch (G)
was not detected anymore. Under these conditions,
the relative abundance of (G) reached levels lower
than immobilized whole cells in PUF (81% during
the second bath) and free cells (about 90%) (Velasco
et al., 2010). Again, some minor metabolites, (e.g.
cinnamyl acetate (K)) were detected, which was not
the case when using free cells (Velasco et al., 2010).
Metabolite (K) appeared in all the cycles under the
conditions used in the present experiment. It had been
only found when the substrate of the fungus was (L)
(Velasco et al., 2012).

It is remarkable that although the chemical profiles
during the six batches were different, the fungus never
lost its ability to modify (A). The strong variation
between the third and fourth batches could indicate
a reaccommodation of the fungus to new reaction
conditions, where diffusion into the support was not
as accessible as it was at the beginning (Mahmoud
and Rehm, 1987; Carballeira et al., 2009), and quite
possibly the amount of biomass was not suitable for
the bioprocess (Carballeira et al., 2009; Sanroman et
al., 1995; Mahmoud and Rehm, 1987). Similar to
the previous case (whole microorganism and PUF),
the amount of cells attached to the foam increased
considerably during the experiments, which enlarged
noticeably the size of the cube.
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Fig. 2. Time-course experiments for the biotransformation of (A) by spores of C. acutatum supported in PUF.
Cinnamyl alcohol (A); 3-phenyl-1-propanol (B); hydrocinnamic acid (D); 1-phenylpropane-1,3-diol (G); cinnamic
acid (L); others (3-phenyl propyl acetate (C), 1-phenylethane-1,2-diol (F), cinnamaldehyde (H), 3-hydroxy-1-

phenyl-1-propanone (J), cinnamyl acetate (K)).

According to the stereoscope observations (data
not shown), the fungus showed affinity for the PUF
at all assessments (spores and whole microorganism).
Variations in the chemical profiles of immobilized
whole cells and spores in PUF, and free cells may also
result from differences in morphology, which seriously
modifies the productivity, enzyme availability, or both
(Sanroman et al., 1995; Orozco-Santos et al., 2004).
Unlike processes of immobilization, the free fungus
grows as dispersed cells and filaments (hyphae) in a
dense mass of interwoven mycelium (Sanromén et al.,
1995). Therefore, in the biomass aggregation, cell-
to-cell interactions and the signaling are qualitatively
dissimilar. Taking in account the metabolites found
in the immobilization processes (H, J, K, L), a
metabolic pathway for the biotransformation of (A) by
C. acutatum was proposed (Figure 3).

According to Figure 3, (A) was converted to
metabolite (K) through acetylation. The metabolite
(K) had been obtained through the biotransformation
of (L) by C. acutatum (Velasco et al., 2012). It had
been found that free cells of this fungus were able
to reduce (L) to (H), then to the alcohol (A) and
subsequently to the acetyl ester (K) (Velasco et al.,
2012). The reduction reactions have been suggested
to occur sequentially involving at least three separate
enzymes; an aryl-aldehyde oxidoreductase carboxylic
acid reductase that converts (L) into (H), an alcohol
dehydrogenase aldehyde reductase ADH that converts
(H) into the alcohol (A), and an acyl transferase that
catalyzes the formation of acetyl ester (K) from the

alcohol product (Chen and Rosazza, 1994). However,
(K) has not been obtained using free cells of the C.
acutatum as biocatalyst.

3.3 Biotransformation  of (A) with
immobilized spores within calcium
alginate and chitosan beads

The immobilization with alginate and chitosan beads
has been preferred over other materials due to several
advantages, like biodegradability, hydrophilicity,
natural origin, low density, mechanical resistance and
stability over an experimental pH range (Arica et al.,
2004). The present study showed that formed beads
with calcium alginate and chitosan were in spherical
shape, being those from alginate the more regular
(Figure 4). The beads diameter obtained was almost
5 mm. Visual observations scarcely showed free
cells; it means that under these conditions almost no
cells were detached due to the complete entrapment
of fungal spores inside the beads. In contrast to
PUF experiments, in this case the amount of cells
apparently was kept constant along the assays, since
no evidence of growth was detected inside of the
beads. Thereby, the lifetime and quality of the cells to
transform the substrate could play an important role in
this bioprocess (the stationary and death phases of the
fungus probably altered the enzymatic pool available).
In this sense, results showed that the immobilization
of spores within calcium alginate and chitosan beads
were not satisfactory to obtain (G).
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Fig. 3. Possible metabolic pathway of (A) by C. acutatum.
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Fig. 4. Calcium alginate (left) and chitosan (right) beads
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Fig. 5. Time course for the biotransformation of (A) by C. acutatum supported within calcium alginate (top)
and chitosan beads (bottom). Cinnamyl alcohol (A); 3-phenyl-1-propanol (B); hydrocinnamic acid (D); cinnamic
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As shown in Figure 5 (top), (A) was weakly
metabolized by C. acutatum using alginate as matrix
during 15 days and in the course of six batches.
However, under these conditions the main products
were (B) and (L), with maximum relative abundance
of 36.6% and 32.1%, respectively. These results were
unexpected in comparison with those obtained with
free cells (Velasco et al., 2010), where the conversion
of (A) into (L) was not detected. The transformation
of (A) to (L) and (L) to (A) (Velasco et al., 2012)
with the same fungus supports the reversibility of the
interconversion (A) = (H) = (L).

According to Figure 5 (bottom), (A) was poorly
metabolized using C. acutatum entrapped within
chitosan beads, especially in the first and fourth cycle.
Under these conditions, the conversion of (A) was
lesser than using the free cells system (Velasco et al.,
2010) but it was slightly higher than using C. acutatum
immobilized in alginate beads. It is strange that
during the second cycle, (A) was almost completely
transformed, being (L) the major metabolic product.
This behavior was possibly due to the conditioning
of the fungus into the support, the aging of the cells
and the new environment. However, there further
studies are necessary with the aim to clarify this
unexpected performance in the second batch. Then,
it was seen a major transformation of (A) into (B),
and its concentration increases with the progress of
the process until reaching a relative abundance of
50.4%. Visual observation of C. acutatum entrapped
in chitosan and alginate did not show the presence
of free cell mass, indicating less leakage of cells.
Thus, the viscosity of the culture broth is reduced
considerably, helping the oxygen transference and
causing less operational problems.

Overall, the amount of (B) using free whole cells
of C. acutatum (Velasco et al., 2010) was higher
than that of the immobilized cells. In addition, it
was noticed that maximum conversion of (A) to (B)
took place with the attachment of the cells in the
PUF during the fifth cycle, 69%. Previous studies
have estimated that the effective diffusion coefficient
in foams is at least 10*-fold those expected in gel
beads, and in turn are similar among alginate and
chitosan (Prociak et al., 1999; Falk et al., 2004; Holte
et al., 2005;). The low activity of entrapment cells
compared to the attachment on PUF might be due to
diffusional restriction imposed by the gels: the lower
the porosity, the more hindered the mass transfers,
and the amount and quality of cells available to carry
out the biotransformation of the substrate. While the
spores entrapped in gels probably do not increase the

amount of cells in the assay and they aged after each
batch, the fungus on PUF added new cells to the
experiment. Additionally, in entrapment methods the
substrate has to diffuse through not one, but two semi-
permeable barriers (gel matrix and cell membrane)
which can affect the performance of biotransformation
(Peart et al., 2012).

Finally, although during PUF assays were
employed spores and whole cells of C. acutatum, the
assays performed in bead supports did not employed
whole microorganism as starting biomass due to the
difficult to guaranty the homogeneous distribution of
the cells in all the beads. Also, while cell growth was
detected during PUF evaluations, no evidence of spore
germination was observed within the beads. This
fact should be considered in further studies, since a
previous report suggests the biotechnological potential
use of spores as promising biocatalyst (Murata, 1993).
Thereby, it is important to consider the cell features
in order to express specific genes that codify for those
enzymes involved in each bioconversion. Likewise,
further studies are necessary in order to understand
the stereochemistry of the process to obtain this
compound.

Conclusions

The biotransformation of cinnamyl alcohol through
the immobilization of Colletotrichum acutatum
on three different solid supports (attachment on
polyurethane foam and entrapment in calcium alginate
and chitosan beads) showed marked variances in the
chemical profile. Polyurethane foam proved to be
a good support in terms of the amount of cinnamyl
alcohol transformed and the relative abundance of 1-
phenylpropane-1,3-diol produced. This diol was the
major metabolic product during the first 3 (spores) or
4 (whole cells) batches. However, visual observation
showed the presence of free cells, indicating cell
leakage. The decreased yield in the production of
the diol after the third or fourth cycle can be due to the
excessive aggregation of mycelia in multiple layers
around the cubes, which affects the mass transfer. On
the other hand, although the method of entrapment
in calcium alginate and chitosan showed less amount
of cell free leakage, both supports were not adequate
to obtain 1-phenylpropane-1,3-diol in the course of
this biotransformation. The above can be attributed to
the diffusivity of substances is dramatically reduced
compared to what can be observed in free cells or in
polyurethane foam. Likewise, the amount and quality
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of the cells available to carry out the biotransformation
after each batch certainly hinder the comparison
between these supports. Interestingly, some minor
metabolites, which have not been found using free
cells, were detected using C. acutatum attached to
polyurethane cubes.
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