Novel ketoreductases from yeasts for stereoselective
bioreductions of ketones
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Introduction
In this study, we examined yeasts indicating ketoreductase activity for biocatalysts in order to
determine their usability in practice. In this project (KMOP-1.1.4-11/a-2012-0007) more than 300
different bacterias and yeasts were isolated. After preliminary activity tests 10 candidates were
selected for more detailed investigations and for selectivity screenings. Herein, we report the results
of the screening of 10 lyophilized ketoreductase enzymes for the stereoselective bioreduction of a
set of 7 structurally different ketones. Three yeast have outstanding good ketoreductase activity,
which could serve as a basis for further experiments. Screening with a wide range of different
ketones provides us the possibility to understand the behaviour of the selected enzymes. After
further developments (e.g. whole cell immobilizations) these KREDs could be suitable even for
industrial application.

Ketoreductases (KREDs) or carbonyl reductases are ubiquitous in nature and new members of this
family are identified in the growing number of genome sequences that are becoming available. At
the same time, advanced enzyme engineering technologies have provided many KREDs with
improved and expanded performance characteristics. Scientists from the fine chemical and the
pharmaceutical industry have provided review articles exulting the virtues of biocatalysis in general
and KREDs in particular as tools for synthesizing compounds of pharmaceutical interest. KRED
enzymes can be produced economically in large quantities scale using microbial fermentations.
Enzymatic reductions of ketones are thus an important addition to the synthetic chemists toolbox,
complementing and expanding the established stereoselective chemical reductions.

Results
Bioreduction of Acetophenone
to 1-Phenylethanol

Bioreduction of Phenylacetone
to 1-Phenylethanol

Conditions of bioreductions
o

o
o
o
o
o
o

16 mmol substrate (~20 mg)
5 ml reaction volume
4 hour reaction time
30°C reaction temperature, 350 rpm
300 mg lyophilized cells
solvent: 1 w/v% Na2HPO4 buffer (5ml)
cosubstrate: 2 w/v% 2-propanol

The conversion and the enantiomeric excess of the product were
determined by chiral GC analysis.

Effect of cell types in bioreduction of
Acetophenone
Strain
FFC 969 Candida
famata

Type of cells Conversion (%)
Fresh
17.6
Ice-cooled
12.3
Lyophilized
0.6
cells

ee (%)
72.5 R-OH
64.7 R-OH
68.5 R-OH

Bioreduction of 2-Heptanone
to 2-Heptanol

ID FCC Number
950
965
968
969
981
985
1101
2001
2002
911

Candida guillermond
Lodderomyces elongisporus
Pichia carsoni
Debaryomyces hansenii
Candida parapsilosis

2

3

4

5

reductase

Another examined substrates

We tested other ketones and diketones in substrate screen method. We
found promising results for the three substrates, but the conversion and
enantiomeric excess couldn't be determined yet. These reactions were
followed by TLC. The development of GC-method and the other diketones
examinations are in progress.

Effect of cell types in bioreduction of
Acetophenone

Cryptococcus curvatus

Strain

Candida norvegica

FFC 969 Candida
parapsilosis

Wickerhamomyces subpelliculosus

Type of cells Conversion (%) ee (%)
Fresh

80.7

83.2

S-OH

Ice-cooled
Lyophilized
cells

34.5

74.4

S-OH

45.0

93.0

S-OH

Wickerhamomyces subpelliculosus
Rhodotorula sp.

Cloning of the ketoreductase gene
1

Cell mass of Wickerhamomyces subpelliculosus

Strain name

1.

RNA isolation from W. subpelliculosus

2.

cDNA synthesis with reverse
transcriptase

3.

PCR amplification of the gene

4.

Cloning into pbluescript IISK+ plasmid

5.

Cloning into pET28a expression vector

6.

Expression in E. coli BL21

Bioreduction of 2-Acethyltiophene
to Hydroxyethylthiophene

Detection of the expressed ketoreductase
by acrylamide gelelectrophoresis:
1: molecular weigth standard; 2, 4: E. coli BL21
cell lysate after induction the production of the
recombinant protein with IPTG; 3, 5: E. coli BL21
cell lysate without IPTG induction

Conclusions and future plans
Our results have shown that these lyophilized KREDs can be efficiently used in
stereoselective bioreduction. In most of the cases good KRED activities were
found. Surprisingly, we found strains the bioreductions of Acetophenone and
2-Heptanone, which are able to prepare both enantiomers. In additon,
Candida parapsilosis and Pichia carsoni showed in each case extremly high
enantiomer excesses with great conversions. Candida norvegica showed very
good activity in bioreduction of Phenylacethone.
In conclusion, long-term goals: research of effect on cosubstrate,
temperature, substrate concentration, immobilization of whole cells strain
and further studies will be investigated.
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