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Abstract. Procyanidins, also commonly known as condensed tannins (CT) are found in numerous
agro-industrial products, including fruit. Fungi isolated from coffee by-products were screened and
Aspergillus fumigatus MC8 was selected for its ability to grow and degrade apple-purified procyanidins
with a mean degree of polymerization (DP) of 8. Extracellular enzymes produced by I spergillus fumigatus
were tested at a pH between 6 and 8, were found to be able to degrade two procyanidin dimers,
procyanidin B 1 (PB 1) and procyanidin 82 (PB2). From these studies, it was deduced that the terminal unit
of procyanidin 82 dimer was modified by an oxygenase from Aspergillus fumigatus leaving the extension
unit intact. Recent findings indicate that the crude enzyme extract is also able to modify the catechol ring
ofboth terminal and extension units ofPB2, but also the extension unit alone. The fungal extract was
characterized and subjected to various purification steps in order to determine the specificity and the
properties of the enzyme(s) present in the fungal extracellular medium when cultured on oligomers of
apple procyanidin.

Introduction. Many plant species contain relatively high concentrations of tannins, which are thought to
reduce dietary quality by reducing protein and carbohydrate digestibility, with direct physiological effects
on herbivores. When absorbed, condensed tannins can be toxic to some species of mammals [1,2].
Procyanidins (condensed tannins) are a class ofoligomeric flavan-3-ol units with pronounced biological ac-
tivities found in many plants, foods, and beverages. They are known to have powerful free radical
scavenging activity, antioxidant activity, and anti-tumor-promoting effect [3,4]. Recently, proanthocyanidins
have attracted interest because oftheir antioxidant properties [5,6], also increasing evidence for oligomers
in a wide range of active assays has attracted attention to their structural elucidation. Owing to the complexity
of the oligomers, most studies have focused on specific dimeric procyanidins. Procyanidins are known to
inhibit microbial growth. Howeveq certain microorganisms are able to grow on procyanidins as sole carbon
source. Little is known about the enzymes involved in the degradation pathway of oligomeric procyanidins.

Materials and Methods. Solid-state fermentation was carried out using polyurethane foam as solid support
with oligomeric procyanidins from apple as inducer and cultured with spores from Aspergillus fumigatus
MC8. Enzyme activity was estimated by the ability of the crude extracellular enzyme extract to degrade the
specific substrate procyanidin 82, [(-)-epicatechin-(4B-8)-(-)-epicatechin]. Degraded products were
analyzed on a HPLC using a C1s columl (Waters) under gradient flow. The HPLC apparatus used was with
an HP quatemary gradient pump I 100 series (Agilent Technologies), an autosampler and a photo diode array
detector. Data were processed by using Chemstation@ 2D software. A binary gradient was applied (eluent A
(%): Acetic acid (2), Water (98); eluent B (%): Acetonitrile (100); initial,1Yo B; 0-15 min,45%o B linear;
15-20 min, 50% B linear;20-40 min, 100% B linear, at a flow rate of 1.0 ml min-l, followed by
reconditioning and calibration of the column. Fifty pLof filtered (0.22 pm, Millipore, PTFE) samples
(standard solutions, blank and reaction mixtures) injected onto the column at 30"C. The profiles of
procyanidin B2 degradation by the enzyme(s) were analysed at 280 nm, since the absorption spectrum
of PB2 had maximum absorption at this wavelength. The products formed after the enzymatic treatment of
PB2 were analyzed by liquid chromatography followed by mass spectrometry. The MS apparatus used was
an LCQ Deca ion trap (Thermofinnigan, San Jose, CA, USA) equipped with an electrospray ionization
source. Ali MS experiments were carried out in the negative mode [M-H] '. Nitrogen was used as
nebulizing gas and helium was used as dampening gas. For LC-MS, the source parameters were: spray
voltage 3.7 kV; sheath gas 65 arbitrary units; auxiliary gas 10 arbitrary units; capillary temperature 250"C.
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Enzyme purification studitis were carried out using a combination of analytical methods including anion
exchange chromatography (Unosphere, BioRad) and gel filtration. An attempt has been made to concentrate
and separate the proteins from the crude extract to isolate and purify the dioxygenase (enzyme of our
interest) based on its iso-electric point using Rotofor IPreparative Iso-Electric Focusing cell (IEF); BioRad].

Results and Discussion. Growth of the filamentous fingi Aspergillus Jumigattts when cultured on oligomers
ofapple procyanidin resulted in the degradation ofpolyphen8ls. F and fungal extract from the extracellular
medium was found to be able to degrade a procyanidin dimer, procyanidin 82 resulting in various
degradation products. The enzyme was identified asto be an oxygenase and the various degraded products
were characterizedby mass spectroscopy. Nine different peaks were identified as the different degradation
products of the enzymatic treatment of PB2. The major product formed was identified (peak 3) and
characterized as PB2X; the MS spectrum of this compound showed an ion at m/z 609 that corresponded to
the pseudo molecular ion of PB2X. The pseudo molecular ion of PB2 hadam/z 577 in negative mode
Detailed MS analysis following thiolysis experiments as well as IR spectroscopy resulted in the conclusion
that a dioxygenase was present in the extracellular medium, cleaving the terminal catechol unit of PB2 [7].
The increase in mass well suggested that oxygenase did act on PB2. It has been reported that in the
presence of oxygenase enzymes the o-cleavage or m-cleavage of aromatic rings by the incorporation of
oxygen molecule follows oxidative process [8]. From the report [7], it has been made clear that the
extension unit (of PB2X) was not modified instead; it was the terminal unit that was modified by the enzyme
extract from the A. fumigatus culture filtrate. It has been interesting to note that the same profile of mass
spectral data was obtained after the enzymatic action of the purified protein. Among the nine peaks
obtained; peak 3 was found to be the major product and the m/z's oblarned goes well with that of reported
ones. This indicates that the different degraded products are due to the action of a single enzyme and also
the isoforms of this enzyme does exist because the more than single degraded products were observed with
HPLC profiles obtained after the treatment of PB2 with the purified enzyme sample. Minor degradation
products were also analyzed by LC-MS. One of the products results from the oxidation of both the
terminal and extension units of PB2. In addition the oxidation of the extension unit aione was also observed.
A purification scheme was set up and the enzyme(s) responsible for product formation was purified to
homogeneity. The isoelectric point of the enzyme was determined by isoelectric focusing (Rotofor,
BioRad) and found to be around pH 3.5. Attempt was made to puriff the identified oxygenase enzyme using
the technique of iso-electirc focusing and the pI of the enzyme was determined to be 3.5. A sequential
strategy to purify the enzyme involving anion exchange chromatography followed by gel-filtration was
devised and performed. Interesting results were observed; eventually the enzyme is being purified and
molecular weight determined. Subsequently, SDS-PAGE analysis would be carried out to characterize the
protein at the molecular level. The puri{ied dioxygenase enzyme has a molecular weight of 158 K Daltons
in non denaturing conditions and is present as a single band on SDS-PAGE. The purified enzyme gives the
same degradation products as the crude extract when PB2 is used as a substrate indicating that the enzyme
is non specific and able to oxidize the catechol rings of procyanidins. Interestingly, the enzyme has no
activity on the catechin and epicatechin monomers.e results would be discussed in detail in poster with
supporting figures and data as obtained.
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lntroduction
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Materiab and Methods
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the enzyme.
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