Published in: Biotechnology Letters (1999), vol, . 629-633.
Status: Postprint (Author’s version)

Conversion of green note aldehydes into alcohols by yeast alcohol
dehydrogenase

M.-L. Fauconniel, A. Mpambarg J. Delcarts P. JacquésP. Thonaft& M. Marlier*

1 Unité de Chimie Générale et Organique, Faculté @rsitaire des Sciences Agronomiques, 2 passageédpestés, B-5030 Gembloux,
Belgium

2 Unité de Bio-Industries, Faculté Universitaire ddsiences Agronomiques, 2 passage des déporté SB&@mbloux, Belgium

Abstract

'Green note' aldehydes were successfully redu¢edhrir corresponding alcohol by commercial yedsbdhol
dehydrogenase. Among different yeasts tested &r #ility to convertZ)-3-hexenal into4)-3-hexenol,
Pichia anomalagave the best results. Conversion yields highar 826 were also obtained by directly
conducting the reaction in the medium whefe3 -hexenal is produced by the action of lipoxyasmand
hydroperoxide lyase on linolenic acid.
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Introduction

'‘Green note' aldehydes and alcohols (C-6 and CeHigh value molecules widely used in the arondaistry.
The natural compounds are extracted from plantsevtiey are present at very low concentration. diheof
our research is to study the biosynthesis of nkiyir@en note compounds' and particularly the petidn of 2)-
3-hexenol so called 'leaf alcohol', a key compoireatomas destined to the food industry. In plagteen note
compounds' are produced by a cascade of enzymaatitions: lipoxygenase transforms polyunsaturagty f
acids (linoleic and linolenic acid) into fatty asilydroperoxides which are cleaved by hydroperolyidee into
aldehydes. Aldehydes can further be reduced irhalsdy alcohol dehydrogenase (ADH) (Hatanaka 1993)
previous researches, we studied the productioattyf &cid hydroperoxides using soybean lipoxygenase
(Fauconnier & Marlier 1996) and the cleavage ofrbpéroxides by an hydroperoxide lyase extracteohfro
tomato leaves (Fauconniet al. 1997). This paper is dedicated to the study ofakestep of the reaction: the
conversion of the aldehydes in alcohols. The reaatias first conducted using commercial ADH frorkdra
yeast and pure 'green note' aldehydes (hexdf)a2-bexenal, Z)-3-hexenal, E)-2-nonenal, E)-2, (2)-6-
nonadienal). We particularly focussed on the sysithef ¢)-3-hexenol by determining optimum synthesis
parameters. To avoid the costly use of co-fact@xIN), commercial ADH was replaced by yeast cells.
Different species were tested for their efficiemtyeducing Z)-3-hexenal inZ)-3-hexenol. Among the tested
yeastsPichia anomalagave the best reaction yields. The experimentsatedesubstrate inhibition but no
product inhibition. Finally, the reduction reactiasas directly conducted in the reaction medium \@hgy-3-
hexenal is produced by the action of lipoxygenastheydroperoxide lyase on linolenic acid. Two methavere
considered: conducting the reduction reaction aft¢ion of the hydroperoxide lyase or at the same.t

Materials and methods
Materials

ADH (alcohol dehydrogenase E.C. 1.1.1.1. from bafearst, 90% protein, 300-500 units frygrotein) was
obtained from Sigma. The enzyme activity was syataally tested in standardised conditions befe® ©®ne
unit of activity is defined as the amount of enzytimat convert 1.Qumol of ethanol to acetaldehyde per minute
at pH 8.8 at 25 °C. NADH was obtained from Sigmexdnal, E)-2-hexenal, [£)-2-nonenal, )-2, (2)-3-
nonadienal were obtained from Aldrich, the purifyl® aldehydes was checked by GC analysis anchighsr
than 99%. Z)-3-Hexenal was obtained from Fontaréme (Franc&D&t (V/V) in glyceryl triacetate Zj)-3-
Hexenal in glyceryl triacetate was distilled undacuum just before use in order to obtain a GCtyphigher
than 99%. All other reagents were of analyticatlgtarhe different species of yeasts were obtaired the
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'Centre Wallon de Biologie Industrielle' (Prof Tlaot). Tested specie¥arrowia lipolyticaCBS 6303 (diploid),
Pichia anomalasolated from apple (diploidgaccharomyces cerevisia&78b (haploid and diploid).

Reduction reaction using commercial ADH and NADH

The reduction reaction was directly conducted ml3juartz cuvettes. A typical reaction consiste@.@B ml of
sodium phosphate buffer (0.1 M, pH 7.0), 105 mM NADH, 100ul commercial ADH (85 units rif) and 20
ul 0.1 M aldehyde in acetonitrile. The reaction wasnitored by following the decrease of absorban@ia
nm (oxydation of NADH in NAD+). All experiments werrealised at 20 °C in triplicate using a blankatce
into account spontaneous oxidation of NADH. Initiale was systematically determin&g in umol I min™).
Optimum reaction conditions of th&)¢3-hexenal reduction was determined in the sam@eravarying the
reaction temperature, the reaction pH by addingteld HC1 or NaOH (the final pH of the reaction wasefully
controlled in each experiment), the enzyme, thetsate or the cofactor concentration.

Reduction reaction using living yeast cells and smrcial (Z)-3-hexenal

Yeasts were cultivated at 30 °C in 250 ml flaskéh w50 ml medium (1% W/V yeast extract, 2% W/V gise
and 1% W/V caseinate peptone). The growth ratedetermined every 2 h; when the yeast dry weightertn
reached 1.5 mg mlof culture medium, the medium was centrifuged@8,g, 15 min at 4 °C), the residue was
rinsed two times with 10 ml of peptonised water eeglispended in 25 ml medium (0.175% W/V yeasbgén
base (Difco), 0.5% W/V (NH430,, 2% glucose in sodium acetate buffer (0.05 M, pb).5The cells were
transferred in 50 ml flasks. The reaction reduct@nducted in triplicate at 30 °C under agitativas initiated
by introducing variable amounts of substrate ofM.({7)-3-hexenal in acetonitrile. Reduction reaction was
monitored by measuring th&)¢3-hexenol formed by GC after extraction by did#tyer according to
Fauconnieet al.(1997) The identification of4)-3-hexenal and4)-3-hexenol was performed by injecting the
pure compounds in the same conditions (GC) and®@yM% analysis.

Reduction reaction using living yeast cells and3#)exenal produced enzymatically

13-hydroperoxide of linolenic acid was synthesigsithg lipoxygenase extracted from soybean seedsdiog
to Fauconnier & Marlier (1996).

(a) Reduction reaction after action of hydroperoxidasky

Hydroperoxide lyase extracted from tomato leaveainbd according to Fauconnigtral. (1997) was added to
the previous reaction medium (linolenic acid 13+mymbroxide solution). The cleavage reaction waslooted
during 10 min at 15 °C. The amount d){3-hexenal formed, was determined by GC analyités axtraction
with diethyl ether. This reaction medium containthg ¢)-3-hexenal (for a final concentration of 0.68 m i
aldehyde) was directly added thehia anomalacells obtained as described before. The reactienoagied
out at 30 °C during 2 h. Aliquots were regularligen to determine the concentration #)-8-hexenol by GC
analysis.

(b) Reduction concomitant with hydroperoxide lyase tieac

The reaction medium containing the 13-hydroperoxifiénolenic acid (for a final concentration of36. mM in
hydroperoxide) was directly added to fiehia anomalacells obtained as described above. Hydroperoxide
lyase extracted from tomato leaves obtained acagriti Fauconnieet al. (1997) was added to initiate the
synthesis ofZ)-3-hexenal. The reaction was carried out at 3@ddfhg 2 h. Aliquots were regularly taken to
determine the concentration if){3-hexenol by GC analysis. The decrease in lirolaoid 13-hydroperoxide
was followed by measuring the absorbance at 234aften dilution in ethanol.

Table 1. Initial rates of reduction of different aldehyd@67 mM) by commercial ADH (8.5 units ml of reawti
medium) in presence of NADH (0.5 mM ) at pH 7.0 an20°C.

Substrate Vo (umol mi* min™)
Hexanal 0.105 £ 0.011
(E)-2-hexenal 0.072 + 0.007
(2)-3-hexenal 0.057 + 0.005
(E)-2-nonenal 0.131+0.014

(B)-2, ©)-6-nonadienal 0.108 + 0.011
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Fig. 1. Conversion yields of (2)-3-hexenal in (2)-3-hexdnyodifferent species of living yeast cells at’80
(initial substrate concentration: 0.067 mM#)(P. anomala,f) S. cerevisiae diploid, (x) S. cerevisiae haploid,
(#) Y. lipolytica.
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Resultsand discussion
Reduction reaction using commercial ADH and NADH

The initial rates of reduction of different greeste aldehydes were determined using commercial ADH
NADH. The results, average of the three repetitammd the standard deviation are presented in Table

As shown in Table 1, enzymatic activity decreaB®@sa same number of carbons, with aldehydes inaiidun:
hexanal is converted more efficiently th&f)-2-hexenal orZ)-3-hexenal; ADH activity is higher withej-2-
nonenal than witlE)-2, (2)-6-nonadienal. Enzymatic activity increases wita kength of the hydrocarbon
chain: ADH activity is higher for C-9 aldehydesithfar C-6 ones. Finally, thé&g] form is preferred than the)
form. Those results are in agreement with restdtained by Pietruzket al. (1973) and Alexandest al. (1982)
with other aldehydes.

Optimum synthesis parameters were determined (&R§-hexenal as substrate. Enzymatic activityigghh
between pH 5 and 7 while maximal activity is obserat pH 5.5. Between 30 °C and 50°C, ADH activity
increases gradually. For higher temperature, tigraa undergoes a rapid denaturation. At pH 5.5zamd °C,
we determined the yield of transformation 8f-8-hexenal into4)-3-hexenol. After 20 min, maximum
transformation yield is reached and 82% of thaahéldehyde are reduced in alcohol. We also che:the
potentially inhibitory effect of the reaction praztwon the reduction reaction by adding increasimgcentrations
of (2)-3-hexenol in the reaction medium at the beginmifithe reaction. We could not notice any inhibjtor
effect in the range of the tested concentratior{Z)#8-hexenol (0.04 mM to 4.0 mM).

Reduction reaction using living yeast cells and smrctial (Z)-3-hexenal

To avoid the use of the costly cofactor NADH, wplaeed commercial ADH by living yeast cells. Diet
species were tested to determine their abilityandform Z)-3-hexenal into4)-3-hexenol. The reaction was
monitored by determining the amount of alcohol fedhby GC because the UV determination used befsed
on the oxidation of NADH is not applicable withilig cells. Figure 1 presents the results obtainithl tive
different species tested. The initial substrateceairation was 0.067 mM. The results presentetharaverage
of three replicates.

All the tested species are able to redu)e3thexenal into4)-3-hexenol buPichia anomalds the most
efficient strain furnishing the highest initial esind conversion yield.

Further experiments were undertaken vidtbhia anomalecells. Kinetic parameter& andVp,,y) were
determined by measuring initial rates for differanitial substrate concentrations (Figure 2).

From Figure 2, it can be deduced tKatandVpaxvalues are respectively 0u@nol mi* and 1.7umol mr* min™.
The curve pattern is typical of an enzymatic remctnhibited by its substrate becadgedecreases for high
substrate concentrations. As observed with commalefdH, the reduction reaction realised with livipgast
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cells is not inhibited by the reaction product.ded, reactions conducted with initial addition 8F8-hexenol
for concentrations ranging from 1 to fifhol mi™* of reaction medium revealed no inhibitory effect.

Table 2. Conversion yields of (Z)-3-hexenal (A) or of lexk acid 13-hydroperoxide (B) into (Z)-3-hexengl b
P. anomala.

Test Reduction yields (%) for different reaction timesii()

0.5 1 5 10 30 120
A 34+11 60+15 73+08 84+1.486+1.690+1.4
B 14+08 28+09 41+1.1 44+1347+2.048+1.0

Fig. 2. Initial rate of reduction of (Z)-3-hexenal into)¢2-hexenol for different initial substrate conaetions.
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Reduction reaction using living yeast cells and3#)exenal produced enzymatically

The last experiments were realised to integratedtiaction reaction in the complete production svhef
green note compounds. Two different procedures weed. In the first one (A), the substrate contajrihe 7)-
3-hexenal was added to the reaction medium reguitinm action of lipoxygenase and hydroperoxideséyan
linolenic acid. This last substrate was used wittiotther extraction or purification o#Zf-3-hexenal. In the
second experiment (B), tie anomalacells were introduced at the same time as the Ipgioxide lyase in the
reaction medium containing the linolenic acid hymrmoxides (obtained by the enzymatic reaction of
lipoxygenase on linolenic acid). In the two caseqeriments were carried out in triplicate, theuhssare
presented in Table 2. The reduction yields arg#reentages of initialZ)-3-hexenal transformed iZ)-3-
hexenol (case A) or the percentages of linolenid 48-hydroperoxide transformed id)¢3-hexenol (case B). In
the case B, it is impossible to determine the arhofi(Z)-3-hexenal formed by the hydroperoxide lyase beeau
this last compound is rapidly reduced in the cqroesling alcohol. Moreover, it is possible to follte
decrease in hydroperoxide concentration by UV nremsents. The reduction reaction is very rapid aathes
its maximum almost in 10 min. In the case A, tmalfitransformation yield is very high meaning ttiegt
reaction is not inhibited by the complex compositaf the reaction medium in which lipoxygenase &otied
from soybean, hydroperoxide lyase extracted fromato leaves and linolenic acid 13-hydroperoxideikvh
have not reacted are present. In the case B, #otioe yields seem to be smaller but they are tatlied from the
amount of initial linolenic acid 13 -hydroperoxittansformed. The UV measurements revealed thatcfate
initial hydroperoxides were not transformed aft20 nin of hydroperoxide lyase reaction. If the fir@action
yield of formation of £)-3-hexenol is calculated taking into account tray 55% of the hydroperoxides are
transformed in aldehyde, the final yield reache® &8 substrate transformed. Therefore, reductiastien
conducted in the same time that the hydroperoxidsd one is not inhibited by the reaction condgidrhe low
transformation yield of hydroperoxide by hydropéadaxlyase indicated here are due to two reasoagetction
pH which is not optimal for the hydroperoxide lyasel mainly because of the irreversible inhibitidrhe
enzyme by its substrate previously demonstratedo@aieret al. 1997, Matsuet al. 1992). As ADH reduces
different green note aldehydes, the procedure ihestfor the biosynthesis af)-3-hexenol can adapted to the
production of other green note alcohols by usingtlaer source of fatty acid (linoleic acid) and/apther source
of lipoxygenase and hydroperoxide lyase.
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