
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Biocatalytic conversions by white-rot funghi: exploting teh reductive enzyme
system

Hage, A.

Publication date
2001

Link to publication

Citation for published version (APA):
Hage, A. (2001). Biocatalytic conversions by white-rot funghi: exploting teh reductive enzyme
system. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/biocatalytic-conversions-by-whiterot-funghi-exploting-teh-reductive-enzyme-system(11bb708a-9235-4029-8272-8a84fc349283).html


ChapterChapter 5 

OptimizationOptimization of stereoselective ketone reduction 

byby the white-rot fungus 

Meruliuss tremellosus ono991 

Annemariee Hagea, Hans E. Schoemakerb and Jim A. Fieldc 

"Divisionn of Industrial Microbiology, Wageningen University and Research Centre, The Netherlands 
bDSMM Research, Life Science Products, Geleen, The Netherlands 

'Departmentt of Chemical and Environmental Engineering, University of Arizona, 

Tucson,, Arizona, USA 

SitSit bin ittedfor publication 



ChapterChapter 5 

Abstract t 

AA recently isolated white-rot fungal strain, Merulius tremellosus ono991 displays high 

stereoselectivityy during the reduction of aryl ketones. In order to increase the 

productivityy and specific yield of the optically active alcohols, the culture conditions 

forr the reduction of the model ketone compound l'-acetonaphtone to a-methyl-1-

naphtalenemethanoll  were optimized in this study with respect to oxygen supply, 

choicee of primary substrate and aryl ketone concentration. Alternative electron 

acceptorss were also used to elucidate the role of reduction equivalents in the reduction 

process.. The optimal yields of ct-methyl-1-naphtalenemethanol were obtained in N2-

flushedd incubations with glycerol as primary substrate. The specific yield was 

increasedd from 57% to 98% compared to incubations under air with glucose. Most of 

thee yield increase was due to N2-flushing and could be attributed to two factors. First 

ann increased stability of the product, a-methyl-1 -naphtalenemethanol, in anaerobic 

comparedd to aerobic atmosphere was demonstrated. Second fermentative metabolism 

increasedd reduced enzyme cofactors available for the reduction. Diverting reducing 

equivalentss away from fermentation with alternative electron acceptors correlated 

withh a decreased yield of a-methyl-1-naphtalenemethanol. Furthermore the 

dependencyy of ketone reductase for common occurring metabolic reducing 

equivalents,, NAD(P)H, was demonstrated by the reduction of r-acetonaphlone in cell 

extractss of M. tremellosus ono991. 
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Introduction n 

Thee enantioselective synthesis of optically active secondary aryl alcohols, which form 

ann important class of intermediates for fine chemicals and pharmaceuticals, has been 

studiedd extensively (Noyori, 1994; Ojima, 1994, Simon et al. 1985). As conventional 

systemss mostly involve hazardous reagents and, starting from racemic mixtures, form 

50%% of the undesired enantiomer, alternative production routes are required. 

Reduction,, starting from prochiral arylketones is a far more efficient method for the 

synthesiss of chiral alcohols. The use of a biocatalytic system, employing either whole 

cellss or isolated enzymes, has emerged as an efficient and environmentally friendly 

tooll  due to high selectivity and mild reaction conditions. 

White-rott fungi proved to have outstanding reductive enzymes for biocatalytic 

productionn of aryl aldehydes and alcohols from their corresponding carboxylic acids 

(Hagee et al. 1999). Recently, we also studied the biocatalytic properties of white-rot 

fungii  in enantioselective reduction of abroad spectrum of ketones (Hage et al. chapter 

4).. Bernardi et al. (1990) described the enantioselective reduction of substituted fluoro 

butenoll  by the white-rot fungus Phanerochaete chrysosporium to its corresponding 

(R)(R) alcohol (95% ee). The question why white-rot fungi reduce aryl ketones remains 

too be answered. White-rot fungi are lignin degrading basidiomycetes. During lignin 

degradation,, compounds containing ketonic structures are released (Kirk and Farrell 

1987).. Ketone reduction during lignin degradation has been suggested (Schoemaker 

1990).. Katayama et al. (1986) reported the stereoselective reduction of an a-ketone 

derivativee of guaiacylglycerol-p-vanillin ether, a lignin substructure model, by the 

funguss Fusarium soleni M-13-1. Enoki and Gold (1982) have suggested that 

ligninolyticc cultures of P. chrysosporium first reduced the ketone 2-hydroxy-l-(4'-

methoxyphenyl)-l-oxoethanee to the corresponding glycol, and subsequently oxidized 

itt to a substituted benzaldehyde. Presumably ketone reductases are necessary to 

enablee continued lignin degradation. 

Furthermore,, ketones can be produced by white-rot fungi as a side product of the de 

novonovo synthesis of secondary metabolites. The aryl ketone acetophenone is generated 

ass a side product of the biosynthetic pathway of L-phenylalanine to aryl metabolites 

(Lapadatescuu et al, 2000). Toxic effects of ketones like acetophenone on the 

metabolismm of white-rot fungi have been reported (Hage et al. 2001). Additionally, it 

wass shown that the corresponding reduced derivatives are less toxic to the fungi. 
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Therefore,, detoxification of ketone containing compounds is also a plausible role for 

ketonee reductases present in white-rot fungi. Up to now, no ketone reductases have 

beenn purified from white-rot fungi. 

Inn our previous study several white-rot fungi were screened for the enantioselective 

reductionn of prochiral ketones for the production of chiral alcohols (Hage et a/.chapter 

4).. Thereby, the strain Merulius tremellosus ono991 performed the best and was able 

too selectively reduce a wide variety of ketones such as a-aryl, dialkyl and chloro-

substitutedd functionalised ketones with high enantioselectivities (up to 98%). 

However,, yields still need to be increased to permit the commercial application of this 

biocatalyticc reduction for the production of optically active compounds. Also the 

processs needs to be understood more thoroughly. 

Inn this study, ketone reduction by white-rot fungi was further explored and the yield 

wass optimized. The strain Merulius tremellosus ono991 was used as model organism 

forr its broad substrate spectrum, high selectivity and because it was isolated in our 

ownn laboratory. The prochiral ketone 1 '-acetonaphtone was used as a model substrate, 

sincee it is fast and selectively reduced by M. tremellosus ono991 and both the 

substratee and the product (a-methyl-2-naphtalenemethanol) are commercially 

available. . 

Reductionn efficiency under a nitrogen atmosphere was compared with that under an 

airr atmosphere. Furthermore alternative electron acceptors were added to elucidate the 

rolee of diverting reduction equivalents from enzymatic reduction of the ketone. 

Ethanoll  production was quantified as an indicator of fermentative metabolism. 

Severall  different primary substrates providing carbon and energy were compared. A 

concentrationn range of the target compound, 1'-acetonaphtone was determined. 

Reductionn of l'-acetonaphtone by cell extract of M tremellosus ono991 was also 

evaluated. . 
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Materiall and Methods 

OrganismsOrganisms and culture conditions 

Thee fungal strain Merulius tremellosus ono991 was obtained from the Culture 

Collectionn of Industrial Microbiology Wageningen, Wageningen University and 

Researchh Center, The Netherlands, and was maintained at 4°C on agar slants. The 

agarr medium contained (l~l) 20 g glucose, 5 g mycological peptone (Oxoid Ltd., 

Basingstoke,, Hampshire, UK), 2 g yeast extract (Gibco BRL, Life Technol. Ltd., 

Paisley,, Scotland, UK), lg KH2P04, 0.5 g MgS04-7H20, 15 g agar. The fungal strain 

wass grown in a high-nitrogen peptone medium according to Kimura et al. (1990), 

containingg (l"1) 20 g glucose, 5 g mycological peptone, 2 g yeast extract, 1 g KH2P04, 

0.55 g MgS04H20, with the addition of 0.058 g NaCl. 

Serumm bottles (100 ml), containing 10 ml medium, were inoculated with a cylindrical 

agarr plug (diameter 4mm), which was taken from the outer periphery of an agar 

mediumm plate covered with the mycelium of the fungal strain. Fungal cultures were 

incubatedd statically in the dark with loosely capped bottles. Control cultures 

containingg no addition of l'-acetonaphtone and were incubated and treated like 

ketone-containingg cultures to monitor for de novo production of metabolites. Sterile 

abioticc controls in presence of l'-acetonaphtone were also monitored to check for 

chemicall  reduction of the ketone. The product yield is defined as the amount of 

producedd alcohol in relation to converted ketone. Conversion is defined as the amount 

off  produced alcohol in relation to ketone added. Unless indicated otherwise, the 

experimentss were carried out in triplicate. 

ReductionReduction of 1 '-acetonaphtone under nitrogen atmosphere 

Too 4-day-old cultures, 1 mM l'-acetonaphtone was added as a concentrated solution 

inn acetone, to a concentration of 1 mM to the culture. The final concentration of 

acetonee in cultures was 0.5% v/v which was shown to be not toxic to the mycelium of 

white-rott fungi (Field et al. 1995b). Immediately after addition of the ketone, the 

culturee medium and headspace were flushed with nitrogen (N2) for 20 minutes. 

Controll  batches were flushed with air. The closed bottles were incubated in the dark at 

30°C.. Reduction of l'-acetonaphtone to a-methyl-1-naphtalenemethanol was 

followedd in time. Samples of 150 \i\ extracellular fluid were centrifuged and analyzed 

byy HPLC. 
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DeterminationDetermination of the product stability under nitrogen and air 

11 mM a-methyl-1-naphtalenemethanol was added to 4-day-old cultures as described 

abovee for l'-acetonaphtone. Also these cultures were flushed with nitrogen for 20 

minutes.. Control batches were flushed with air. The closed bottles were incubated in 

thee dark at 30°C. Oxidation of a-methyl-1-naphtalenemethanol to its corresponding 

ketonee was followed in time. Samples of 150 ul extracellular fluid were centrifuged 

andd analyzed by HPLC. 

EthanolEthanol production by Merulius tremellosus ono991 

Ethanoll  production was followed in time in cultures supplemented with 1 mM l ' -

acetonaphtonee and flushed with nitrogen. Control batches were flushed with air. The 

closedd bottles were incubated in the dark at 30°C. Samples of 150 u.1 extracellular 

fluidd were taken and analyzed by GC. 

InfluenceInfluence of alternative electron acceptors on ethanol production 

Too 4-day-old cultures, incubated with 1 mM 1 '-acetonaphtone, either fumaric acid, 

Na2SC»4,, NaN03 or anthraquinone-2,6-disulfonate (AQDS) were added as alternative 

electronn acceptor to a concentration of 5mM. Immediately after incubation the culture 

mediumm and headspace were flushed with nitrogen. The closed bottles were incubated 

inn the dark at 30°C. Reduction of l'-acetonaphtone was followed by HPLC. 

Productionn of ethanol was followed by GC. Control batches containing no addition of 

alternativee electron acceptors were monitored for 1 '-acetonaphtone reduction. 

DifferentDifferent carbon and energy sources as substrates for M. tremellosus ono991 

Ethanol,, glycerol, 2-propanol and D-cellobiose were tested as alternative carbon and 

energyy providing primary substrates for the fungus. Their influence on the ketone 

reductionn was determined. Concentrations added to the medium corresponded to the 

electronn equivalents of 10 g/1 glucose (5.11, 8.76, 4.44 and 9.50 g/1 for ethanol, 

glycerol,, 2-propanol and D-cellobiose, respectively). 4-day old cultures were 

incubatedd with ImM l'-acetonaphtone and flushed with nitrogen as described above. 

Reductionn of 1 '-acetonaphtone to its corresponding alcohol was monitored. 
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SubstrateSubstrate concentration range 

Concentrationss of 1,2,5,10 and 15 mM l'-acetonaphtone were added to 4-day old 

cultures.. The cultures were flushed with nitrogen. After incubation, each culture was 

completelyy utilized for extraction. Teflon liners were added to prevent adsorption onto 

thee septa. 10 ml acetonitrile was added to the whole cultures. The bottles were placed 

inn a 5200 sonicator (Branson, Danburry, Conn) for 15 minutes and afterwards shaken 

byy 300 2-cm- long strokes min"1 for lh on a shaking table (Janke & Kunkel, Staufen, 

Germany).. Analysis of ketone and corresponding alcohol was carried out by HPLC. 

PreparationPreparation of crude extracts 

Cellss were harvested by filtration, washed in ice-cold distilled water and stored at -80 

°C.. All subsequent steps were carried out at 4 °C. 5 ml of frozen cells initially were 

brokenn using an X-press. Subsequently an equal volume of glass pearls (d = 0.5 to 

0.755 mm) was added to the cells, and cells were transferred to a Retsch model MM 

20000 bead mill (15 min, 1.580 rpm, 4°C). 2 ml 50mM potassiumphosphate buffer was 

addedd and the cell debris was removed by centrifugation at 13.000 g for 10 min at 

4°C.. The supernatant was used for activity measurements. 

EnzymeEnzyme assay 

Thee reduction of ketone to secondary alcohol was measured by the ketone reduction 

andd product formation, (HPLC, vide infra). The reaction mixtures in 1 ml consisted of 

Tris/HCLL buffer (25 mM, pH 5.5), cofactor (either NADPH (0.2 ^mol), NADH (0.2 

umoll  or a mixture of 0.1 umol of both), ketone (0.15 umol) and an appropriate 

amountt of enzyme solution. Ketone reduction was followed in time. The enzyme 

activityy is defined as the amount of ketone reduced/min/mg protein at room 

temperature.. Protein content was determined using BCA Protein Assay Reagent 

(Pierce,, Illinois, USA). 

DeterminationDetermination of the dry weight of mycelium 

Myceliall  mats were separated from the culture fluids by filtration. Mycelia were 

rinsedd with distilled water and filtered through dried and tared glass fiber filters 

(Schleicherr & Schuell GF 50) (Dassel, Germany). Mycelial dry weights were 

determinedd after drying overnight at 105°C. 
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HPLCHPLC analysis 

Culturee supernatants were centrifuged for 10 minutes (1,200 x g), and 50jal samples 

weree analyzed on a Hewlett Packard HPLC Chemstation (Pascal Series) (Waldbronn, 

Germany)) equipped with a HP 1100 pumping station, series diode array, a HP 1100 

detectorr and HP 1100 data processor. The column (200 mm x 3 mm) used for analysis 

off  the substrate l'-acetonaphtone and its corresponding product alcohol a-methyl-1-

naphtalenemethanoll  was filled with ChromSpher C18-PAH (5um particles) and was 

fromfrom Chrompack (Middelburg, The Netherlands). The ketone and alcohol were 

analyzedd with the following gradient: 90:10, 0:100 and 90:10 H20:acetonitri!e at 0, 15 

andd 25 minutes respectively. The flow rate was 0.4 ml min"1 and the column 

temperaturee 30°C. The UV absorbance was monitored at wavelengths of 230, 265 and 

2800 nm, The column (460 mm x 150 mm) used for analysis of aryl acids was filled 

withh Intersil ODS-3 (5um particles) and was from Phase Sep (Deeside, UK). 

Enantiomerr analysis of the a-methyl-1-naphtalenemethanol was performed with a 

chiralcell  OB-H column (460mm x 150mm), filled with a cellulose derivate coated on 

55 urn silica-gel from Mallinckrodt Baker BV (Deventer, NL). The secondary alcohols 

weree analyzed under isocratic conditions with 90% hexane and 10% 2-propanol (0.5 

mll  min"1, 30 °C). 

Compoundd identifications were based on matching retention times and UV spectra 

withh those of standards. 

GCGC analysis 

Culturee supernatants were centrifuged for 10 minutes (1,200 x g), and samples were 

dilutedd (1:1) with 3% formic acid. Using a flame ionization gas chromatograph model 

438/SS (Packard/Becker, Delft the Netherlands), ethanol and methanol production were 

determined.. The gas chromatograph was equipped with a glass column (2m x 2mm) 

packedd with 10% Fluorad FC-431 on Sulpelcoport 100-120 mesh. The temperatures 

off  the column, injector port and the flame ionozation detector were 70, 200 and 130 

°CC respectively. Nitrogen was used as carrier, at flow rate of 30 ml/min saturated with 

formicc acid, and the sample injection volume was 100 ul 
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Results s 

Conductingg the fungal incubation under a nitrogen atmosphere increased both the total 

molarr yield and the specific yield of the conversion of l'-acetonaphtone to its 

correspondingg alcohol (figure 5.1). After 72 hours of incubation, the specific yield of 

thee nitrogen flushed batches was 91%, whereas under air a yield of 57% was obtained. 

Thee total recovery of ketone and alcohol concentrations were found in high total 

molarr yields, up to 95%, for reduction under nitrogen. 

Too elucidate the effects responsible for increased yield under a nitrogen atmosphere, 

thee product stability was tested in the presence of the fungal mycelium. M. 

tremellosustremellosus was incubated with 1 mM a-methyl-1-naphthalenemethanol and the 

batchess were flushed with either air or nitrogen. 

00 20 40 60 80 100 

timee (h) 

Figuree 5.1 Reduction of 1 mM l'-acetonaphtone by Merulius tremellosus ono991 under various 
conditions.. : recovered l'-acetonaphtone under nitrogen (mM), D: produced a-methyl-1-
naphthalenemethanoll  under nitrogen (mM), : recovered l'-acetonaphtone under air (mM), O: 
producedd a-methyl-1-naphthalenemethanol under air (mM). 

Ass shown in figure 5.2, the alcohol in the air-flushed batches was oxidized to its 

correspondingg ketone. After 88 hours of incubation, only 0.73 mM of the alcohol 

couldd be recovered, while 0.21 mM of the corresponding ketone was produced. Under 

aa nitrogen atmosphere, the alcohol was stable. Less than 1% was converted to the 

ketone.. In both the aerobic and anaerobic abiotic controls no ketone was formed. 
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Anotherr reason for the increased yield under nitrogen conditions might be the role of 

thee extra availability of reducing equivalents in the form of reduced enzyme cofactors 

duringg fermentation. Ethanol production was monitored under nitrogen and air as an 

indicationn for the fermentative metabolism of primary substrate. Under a nitrogen 

atmosphere,, 750 mg/l ethanol was produced after 72 hours of incubation. Under 

aerobicc conditions, ethanol was not detectable. 

400 60 

timee (h) 

80 0 100 100 

Figuree 5.2 Stability of ImM a-methyl-1-naphthalenemethanol under nitrogen and air. : produced P-
acetonaphtonee under nitrogen (mM), D: produced a-methyl-1-naphthalenemethanol under nitrogen 
(mM),, : produced l'-acetonaphtone under air (mM), O: recovered a-methyl-1-naphthalenemethanol 
underr air (mM). 

Furthermore,, alternative electron acceptors were added and their influence on the 

ethanoll  formation was studied. Nitrogen flushed batches containing either 

anthraquinone-2,6-disulfonatee (AQDS), fumaric acid, Na2S04 or NaN03 were 

monitoredd for ethanol production and ketone reduction during 96 hours of incubation. 

Inn all batches ethanol was produced. The batches containing AQDS, fumaric acid and 

Na2S044 showed an decrease in the production of ethanol (figure 5.3a). The greatest 

effectt was shown for AQDS, which decreased the ethanol production with 75%. 

Too a lesser extent the presence of fumaric acid and Na2S04 reduced the ethanol 

formationn (25% and 61% respectively). No significant effect was shown for addition 

off  as INaNCH electron acceptor. 
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Figuree 5.3A-B Influence of alternative electron acceptors on ethanol production and ketone reduction. 
A:: production of ethanol (mg/1), B: production of a-methyl-1-naphthalenemethanol (mM). : no 
addedd electron donor, : NaN03, C: fumaric acid, : AQDS, : Na2S04 
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Figuree 5.3b shows the effect of the alternative electron acceptors on the 1'-

acetonaphtonee reduction by the fungus after 72 hours of incubation. In all batches the 

ketonee was reduced to the corresponding alcohol. However, the electron acceptors 

thatt diverted reducing equivalents away from fermentation inhibited the yield of oc-

methyl-1-naphtalenemethanol.. In presence of AQDS the production of a-methyl-1-

naphthalenemethanoll  showed a decrease of 24%. Also the addition of fumaric acid 

andd Na2S04 leads to a decrease ofketone reduction (18% and 15% respectively). The 

presencee of NaNC>3 did not have an effect on the reduction yield. The effectiveness of 

thee electron acceptors in diverting electrons away from ethanol production was 

directlyy correlated to their effectiveness in lowering the ketone reduction. Possible 

delayedd fungal growth as an effect of the added of electron acceptors was studied by 

addingg the electron acceptors to fungal cells directly after inoculation and measuring 

thee dry weights after 4 days of incubation. No effect of electron acceptors on growth 

ratee of the fungi was found (results not shown). 

11 | 
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Figuree 5.4 Production of a-methyl-1-naphthalenemethanol (mM) by reduction of ImM 1'-
acetonaphtonee by merulius tTemellosus ono991 grown on various co-substrates. • : glucose, • : 
glycerol,, • : D-cellobiose, • : ethanol, Z: 2-propanol 
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Carbonn and energy providing primary substrates laden with hydroxyl functional 

groupss were tested for their influence on the cometabolic reduction of 1'-

acetonaphtonee under nitrogen atmosphere (figure 5.4). Glycerol increased the ct-

methyl-1-naphtalenemethanoll production by 17% and 12% after 36 and 72 hours, 

respectivelyy compared to glucose. With this, the total specific yield after 72 hours was 

increasedd to 98%. The fungus showed similar growth yields on both glucose and on 

glycerol.. Ethanol did not effect the reduction of the ketone, whereas, D-cellobiose and 

2-propanoll decreased the alcohol production (15% and 25% respectively) compared 

too glucose. 

Neitherr of the changes of culture conditions had an effect on absolute configuration of 

thee formed stereoisomer. In all cases, the enantiomeric excess remained unchanged 

(90%). . 

Too determine the highest concentration at which the reduction can still be efficiently 

proceeded,, a range of l'-acetophenone concentrations (2, 5, 10 and 15 mM) was tested 

andd compared to batches containing 1 mM of the ketone. The product yield decreased 

dramaticallyy when concentrations of above 5mM were added. A decrease of 32% and 

52%% was found for batches containing 10 mM and 15 mM respectively. As can be 

seenn in table 5.1, the highest amount of alcohol was produced when 5mM was added 

(3.88 mM). Both the conversion and the product yield were highest for the batches with 

22 mM added ketone (85% and 92% respectively). 

Tablee 5.1 Molar yields of the conversion of various concentrations of 1 '-acetonaphtone to the 
correspondingg alcohol by Merulius tremellosus ono991 after 72 hours of incubation. 

Concentrationn Produced alcohol Recovered Ketone Production Yield" Conversion 

Ketonee (mM) (mM) (mM) (%) (%) 

1 1 

2 2 

5 5 

10 0 

15 5 

0.74 4 

1.71 1 

3.84 4 

2.14 4 

2.54 4 

0.17 7 

0.14 4 

0.22 2 

6.3 3 

8.27 7 

0.98 8 

0.92 2 

0.80 0 

0.57 7 

0.37 7 

0.74 4 

0.85 5 

0.76 6 

0.21 1 

0.17 7 

producedd alcohol in relation to converted ketone 
Producedd alcohol in relation to ketone added 
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Thee activity of the ketone reductase and its dependency for reduced enzyme cofactors 

inn cell extract was determined. Activity based on HPLC-measured formation of the 

alcoholl products was observed in the presence of NADH, NADPH or a mixture of the 

two.. No activity was observed in the absence of these reduced cofactors or if cell 

extractt was omitted from the mixture. The maximum specific ketone reductase 

activityy in cell free extract, was 7.8 nmol min'mg"1 of protein when a mixture of both 

cofactorss was used. 

Discussion n 

Inn this study several strategies were investigated to increase the stereoselective 

reductionn of 1 '-acetonaphtone by the fungus, M. tremellosus ono991. The yield of the 

opticallyy active product, a-methyl-1-naphtalenemethanol, was increased considerably 

byy incubating the fungus under a nitrogen compared to air atmosphere. Two factors 

weree shown to be responsible for this observation. First, the instability of alcohol a-

methyl-2-naphtalenemethanoll was demonstrated under aerobic conditions, whereby 

thee compound is (re)oxidized by the fungus to the corresponding ketone, 1'-

acetonaphtone.. Presumably, an equilibrium between oxidizing and reductive enzymes 

iss established. Combinations of oxidation and reduction have been described for many 

typess of oligonols (Katayama et al. 1980, 1981, 1982). The reduction of the a-ketone 

derivativee of 4-ethoxy-3-methoxyphenylglycerol-(3-ether and its reversed oxidative 

conversionn both occurred in the Basidiomycete, Phanerochaete chrysosporium (Fenn 

andd Kirk, 1984; Katayama and Sogo, 1986). 

Thee second factor that was shown to influence the yield of a-methyl-1-

naphtalenemethanoll under anaerobic conditions was the additional availability of 

reducedd enzyme cofactors (e.g. reducing equivalents) when the fungus switches to 

fermentativee metabolism. The production of ethanol in incubations carried out under a 

nitrogenn atmosphere confirmed that the fungus was actively fermenting. We clearly 

demonstratedd in cell free extracts that the ketone reductase uses NAD(P)H as its 

electronn donor and these reduced enzyme cofactors are common electron carriers that 

aree slowly regenerated during fermentative metabolism. While 1'-acetonaphtone is 

beingg reduced it can plausibly utilize NAD(P)H generated from fermentation. This 

suggestionn was supported by the finding that alternative electron acceptors AQDS, 

fumaricc acid and Na2S04 diverted reducing equivalents away from fermentation (as 

evidencedd by significantly decreased the ethanol production) in parallel with 
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decreasedd ketone reducing activity. The strongest effect was found for AQDS. AQDS 

hass an analogous structure to natural 1,4-benzoquinones which are released from 

ligninn degradation by white rot fungi (Buswell and Odier, 1987). These fungi are 

knownn to possess benzoquinone reductases which utilize NAD(P)H as an electron 

donorr (Brock et al. 1995). Thus the reduction of quinones by known enzymes in white 

rott fungi would be expected to divert NAD(P)H away from ketone reduction. 

Primaryy carbon and energy providing substrates were compared to determine if 

hydroxyll rich substrates could stimulate the reduction of the ketone. Glycerol did 

providee a small stimulation compared to glucose. However, it is uncertain whether 

thiss stimulation can be attributed to additional dehydrogenases induced for glycerol 

degradationn or if glycerol induces ligninolytic metabolism as has been described 

before.. Cultures of Phanerochaete chrysosporium grown on glycerol exhibited 

stimulatedd peroxidase activity (Roch et al. 1989). 

Thee white-rot strain M. tremellosus ono991 displayed high tolerance to high 

concentrationss of aryl ketones. Concentrations of up to 5mM ketone were still 

convertedd to the corresponding alcohol. At concentrations of 10 mM and 15 mM 1'-

acetonaphtonee the yield of the optically active alcohol decreased dramatically. The 

50%% growth inhibiting concentration of the aryl ketone, acetophenone, to the white-

rott fungus P. chrysosporium was 3.3 mM (Hage et al. 2001). 

Forr biotransformations at concentrations higher than 5 mM, immobilized cells are a 

possiblee solution. Increased tolerance of cells by immobilization has been described 

(Heipieperr et al. 1991). M. tremellosus has been cultivated immobilized for the 

productionn of lignin peroxidase. The strain was grown on polypropene carriers (Vares 

etet al. 1994). Immobilization of the white-rot fungus P. chrysosporium in bioreactor 

systemss has also been reported (Feijoo et al. 1994). 

Inn this study, ketone reduction by cell free extract of M. tremellosus ono991 was 

demonstrated.. To our knowledge this is the first time that ketone reductase activity 

hass been reported in a cell free extract from a white rot fungus. Purification of the 

ketonee reductase would enlarge the prospects for biocatalytic applications of white-rot 

fungi. . 

Thiss study demonstrates that the white-rot fungus M tremellosus ono991 has very 

goodd biocatalytic potential for the reduction of prochiral ketones and that high yields 
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(upp to 98%) of optically active alcohols can be obtained. Enantioselectivity is stable 

underr various culture conditions. Further research should be focussed on the 

characterizationn and purification of the ketone reductase present in white-rot fungi. 
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