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Asymmetric synthesis of atorvastatin intermediate
by Pichia pastoris X-33
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Abstract: Ethyl (R)-3-hydroxy-5-(1,3-dioxoisoindolin-2-yl)-pentanoate is a potential intermediate for the synthesis of
HMG-CoA reductase inhibitor (atorvastatin) that can lower the cholesterol level in human blood. In this study, in order to
synthesize ethyl (R)-3-hydroxy-5-(1,3-dioxoisoindolin-2-yl)-pentanoate by bioreduction, the yeast strains in our lab were
screened. Ethyl (R)-3-hydroxy-5-(1,3-dioxoisoindolin-2-yl)-pentanoate was found to be produced efficiently from ethyl
5-(1,3-dioxoisoindolin-2-yl)-3-oxopentanoate by Pichia pastoris X-33. The effects of initial substrate concentration, reaction
time, co-substrate, amount of yeast cells, pH, as well as the temperature on the yield and enantiomeric excesses (e.e. value) of
product were examined in mono-phase system. The optimal reaction conditions are as fallows: substrate concentration 7 g/L, cell
concentration 120 g/L, glucose concentration 120 g/L, pH 6.5, temperature 35 °C, reaction time 12 h, and the yield 93.12% with
the high e.e. value of 98.55%.

Keywords: Pichia pastoris X-33, asymmetric reduction, ethyl 5-(1,3-dioxoisoindolin-2-yl)-3-oxopentanoate, ethyl
(R)-3-hydroxy-5-(1,3-dioxoisoindolin-2-yl)- pentanoate
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Fig. 1 Bioreduction of ethyl 5-(1,3-dioxoisoindolin-2-yl)-3-oxo-
pentanoate to ethyl (R)-3-hydroxy-5-(1,3-dioxoisoindolin-2-yl)-
pentanoate.
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Table 1 Multiple isolation of the strains

Type of Yeast Yield (%) e.e. (%) Conformation
Baker’s yeast 1 76.70 1.80 S/R
Baker’s yeast 2 79.28 30.11 S/R
Saccharomyces cerevisiae 87.68 21.16 S/R
Pichia pastoris Gs115 74.20 96.10 R

Pichia pastoris X-33 81.71 97.52 R
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Fig. 2 Effect of substrate concentration on yield and enantio-

meric excesses of product.
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Fig. 3 Effect of reaction time on yield and enantiomeric
excesses of product.
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Fig. 4 Effect of yeast concentration on yield and enantiomeric
excesses of product.
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Table 2 Effect of co-substrates on yield and enantiomeric
excesses of product

Co-substrate Yield (%) e.e. (%)
Blank 16.54 81.65
Sucrose 14.42 84.17
Glucose 86.23 97.69
Glycerol 47.42 96.53
Methanol 38.02 96.14
Isopropanol 6.62 91.70
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Fig. 5 Effect of glucose concentration on yield and
enantiomeric excesses of product.
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Fig. 6 Effect of pH on yield and enantiomeric excesses of
product.
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Table 3 Effect of reaction temperature on yield and
enantioneric excesses of product

Temperature (°C) Yield (%) e.e. (%)
25 84.37 97.89
30 86.23 97.69
35 93.12 97.07
40 75.21 96.52
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