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Abstract: The oxidation of racemi c 2-methyl-1-butanol by the soluble alcohol oxidase from Candida 
boidinii produced an enantiomeric excess of (I?)-2-methyl-1-butanol (E = 1.65) as the reaction 
progressed. This degree of enantioselectivity was not observed with alcohol oxidase isolated from 
either Hansen&a sp. or Pichia pastoris. 

Introduction 

Methylotrophic yeasts of the genera Candida. Pi&a, Hansenula, and Torulopsis each produce an alcohol 

oxidase (AOX) (oxygen oxidoreductase, EC 1.1.3.13) and catalase as major peroxisomal enzymes when grown 

on methanoL* AOX catalyzes the oxidation of alcohols by oxygen to the corresponding aldehyde and hydrogen 

peroxide. Catalase decomposes the coproduct hydrogen peroxide, which is detrimental to AOX activity3 and 

product stability. Substrate specificity in aqueous solution is limited to Cl - C5 primary alkanol~ and aromatic 

primary alcohols such as benzyl alcohol.* AOX activity is usually inhibited by accumulating aldehyde, therefore 

reactions are often performed in aqueous solutions of amine buffers. 6 The substrate specificity of AOX has 

been extended to Q - CL1 primary aliphatic alkanols by using aqueous-organic solvents.7 

We have now examined the enantioselcctivity of AOX from several methylotmphic yeasts using 2-methyl-l- 

butanol (Scheme 1). which has previously been shown to be a substrate of AOX from Pichiu sp.@and Pichia 

pastoris. Chiral 2-methyl-alkanols are useful as synthons in organic synthesis, and have been prepared 

enzymatically using lipases, or by chiral reduction of the corresponding aldehyde using baker’s yeast.9 The 

only prior report of enantioselective alcohol oxidation by an AOX from rnethylotmphic yeast is for the oxidation 

of (I& and Q- ( 1-3H)ethanol with AOX from Cundjda boidirrii ,I0 where a 5: 1 preference for the removal of 

the pro- 1-R hydrogen was observed. The chiral center of 2methyl- 1-butanol is a to the site of oxidation, and 

the influence of this a-chiral center on the enantioselectivity of the oxidation remained to be determined. 
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Results and Discussion 

The oxidation of racemic 2-methyl- 1-butanol (0.15 M) in Tris buffer (0.25 M, pH 8.0) at 27 “C and under 70 

psig of oxygen was examined using as catalysts the soluble AOX from C. boidinii, P. pastoris or H. sp., and 

soluble Aspergillus niger catalase. The ratio of enzyme activities of alcohol oxidase to catalase employed was 

ca. 1:220. Table 1 summarizes the results of three reactions run to ca. 50 % conversion with the different 

sources of soluble AOX. The selectivity to 2-methylbutyraldehyde was high for all three reactions (aldehyde ee 

was not determined). The reaction time varied considerably with the different sources of AOX, even though the 

reactions employed similar initial concentrations of AOX activity. Reactions using soluble C. boidinii AOX 

afforded reaction mixtures enriched in (R)-2-methyl-1-butanol, indicating a preference for oxidation of the S- 

enantiomer. P. pastoris and H. sp. AOX each showed only a slight preference for oxidation of the S- 

enantiomer (< 3 8 eere,maiina suhsuate at 50 % conversion). Reactions run using permeabilized whole cells of 

P. pastoris as catalyst resulted in enantioselectivity identical to that observed with the soluble P. pastoris AOX 

(data not shown). 

Table 1 

source of reactton nme 2-methyl-l-butanol 2methylbutymldehyde (R)-2-methyl-1-butanol 
alcohol oxidase (h) conversion (%) selectivity (%) ee(%) 
Candidaboidinii 52 99 16.6 
Pichiapasmis 1 47 I 51 I 97 I 1.6 
Hansenulasp. I 95 54 100 2.4 

A time course for the oxidation of racemic 2-methyl-1-butanol to 2-methylbutyraldehyde using soluble C. 

boidinii AOX is depicted in Figure 1. The dependence of eerem~ag aumtrate for (R)-2-methyl-1-butanol on 

conversion of racemic 2-methyl-1-butanol is illustrated by Figure 2, where oxidations were performed using 

AOX from C. boidinii (three separate reactions), Hansenula. sp., and P. pastoris. Reactions utilizing C. 

boidinii AOX clearly show an enantioselectivity over a range of conversion of 2-methyl-I-butanol which was 

not observed with either of the other sources of AOX. At 82 8 conversion of substrate, a 47.6 % eerem&aing 

sutxrtrate was obtained with C. boidinii AOX. A calculated enantiomeric ratio (E) of 1.65, generated using 

equations developed by Sih and coworkers l l for quantitative treatment of enzyme-catalyzed kinetic resolution 

data, provided the best fit for the three sets of data for reactions run with C. boidinii AOX (Figure 2). 

To our knowledge, this is the first report of the preparation of an enantiomerically-enriched a-substituted 

primary alkanol using a methylotrophic yeast alcohol oxidase. Although an E of 1.65 is relatively low for an 

enantioselective reaction, and the eeron~hiua substrate does not exceed 95 % at some practical conversion of 2- 

methyl-1-butanol, the fact that C. boidinii AOX can catalyze an enantioselective oxidation may make possible 

the development of a new route for the preparation of chiral alcohols or their derivatives. Screening a selection 

of chiral primary alcohols with C. boidinii AOX may result in higher ee than that obtained for 2-methyl-l- 

butanol, as may the screening of sources of AOX other than methylotrophic yeasts, Using AOX for the 

preparation of chiral alcohols is a simple reaction to perform, and would not require enzyme cofactors (as in the 

case of alcohol dehydrogenase) or the preparation and hydrolysis of esters (as when using lipases). Screening 

of additional chiral alcohols with C. boidinii AOX is underway, and a determination of the ee of the resulting 

aldehydes will also be performed. 
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Figure 1. Time course for oxidation of 2-methyl- 
1-butanol(O.15 M) in Tris buffer (0.25 M, pH 8.0) 

Figure 2. Enantiomeric excess (remaining substrate) 

using C. boidinii alcohol oxidase (29.3 IU/mL) and 
versus conversion of 2-methyl-1-butanol using C. 

A. niger catalase (6,478 IU/mL); 2-methyl-1-butanol 
boidinii (29.3 IUhL) (n, 0, A; three separate runs), 
P. purforis (30.0 IU/mL) (A), H. sp. (28.0 lU/mL) 

(A), 2methylbutyraldehyde (0 ), mass balance (0). (0). and calculated E = 1.65 (line). 
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Experimental Section 

Materials. Q-(-)-Zmethyl-1-butanol (99 %J) was obtained from Kodak, (I?)-(+)-2-methyl-1-butanol was 

not commercially available. All other chemicals were obtained from commercial sources and used as received. 

Canidida boidinii, Pichia pastoris and Hansenula sp. alcohol oxidase (EC 1.1.3.13), Aspergillus niger catalase 

(EC 1.11.1.6). and Equine Liver alcohol dehydrogenase (EC 1.1.1.1) were purchased from Sigma and used 

without further purification. Pichia pustoris GTS 115 (hi&) was obtained from Phillips Petroleum Co. (NKKL 

Y-15851), and grown according to a published procedure. 12 P. pastoris whole cells required permeabilization 

prior to use as catalyst; cells were permeabilized by mixing a suspension of 10 wt % wet cells in 0.2 % (w/v) 

benzalkonium chloride (50 mM phosphate buffer, pH 7.0) at 27 ‘C for 60 min, then washing the permeabilized 

cells with phosphate. buffer (50 mM, pH 7.0).13 

Assays. Alcohol oxidases were initially assayed for activity using a coupled enzyme assay procedure. A 3- 

mL quartz cuvette containing 2.45 mL of phosphate buffer (0.1 M, pH 7.5) and 90 pL of 11.28 mM p- 

nicotinamide adenine dinucleotide (reduced form) in water was capped with a rubber septum, and the solution 

bubbled with oxygen for three minutes. To the cuvette was then added 300 p.L of a solution of 3.4 units 

alcohol dehydrogenase/mL phosphate buffer (0.1 M, pH 7.5), and 100 pL of a solution containing ca. 0.17 IU 

of alcohol ox&se in this same buffer. The assay solution was briefly mixed and 60 pl of 2.5 M ethanol (in 

same phosphate. buffer) was added. The rate of decomposition of P-NADH was measured by the change in 

absorbance at 340 nm (a = 6.22 L ma-1 cm-t) for 180 s at 27 l C. Catalase activity was measured using a 

reported enzyme assay which measures the decomposition of hydrogen peroxide.14 

Oxidations. Into a 3 oz. Fischer-Porter glass reaction vessel equipped with magnetic stir bar was placed 10 

mL of an aqueous solution containing racemic 2-methyl-1-butanol(O.15 M), Tris buffer (0.25 M. pH 8.0). and 

as catalyst either soluble alcohol oxidase (ca. 300 IU) and A. niger catalase (ca. 65,000 ID), or 0.34 g of 

permeabilized P. pustoris whole cells. The vessel was sealed and flushed with oxygen, then pressurized with 
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oxygen at 70 psig (483 kPa) and stirred at 27 ‘C. 

Determination of conversion and enantiomeric excess. The conversions and enantiomeric excess of 

remaining substrate in oxidation reactions were determined using a Hewlett Packard 589OA gas chmmatograph 

equipped with an ASTEK ChiraldexTM G-TA (y-cyclodextrin, trifluoroacetyl) capillary column (30 m x 0.25 

mm), carrier gas He (25 mL / min) with a split ratio of 100: 1 at 30 “C; baseline separation of (S)- and (R)-2- 

methyl-I-butanol (24.5 and 25.3 mitt, respectively) was obtained. Conversions were calculated from the total 

area of the alcohol peaks relative to the peak area for octane internal standard, and enantiomeric excessnmal,uag 

sututnua were obtained from the ratio of peak areas of(s)- and (R)-Zmethyl-l-butanol. Analytical samples were 

prepared in the following manner: 150 pL of MES [2-(N-morpholino)ethanesulfonic acid] buffer (0.25 M, pH 

5.2) was added to 150 pL of reaction mixture (final pH 6.0, liberating the aldehyde from its imine with Tris), 

then the resulting solution was extracted with 150 pL of 0.05 M octane in methylene chloride and then 150 pL 

of methylene chloride. The combined organic extracts were analyzed by chiral GC for (s)- and (R)-2-methyl-l- 

butanol and 2-methylbutyraldehyde. 
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