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INTRODUCTION 
Biocatalysts are being employed as an 
alternative tool in the field of synthetic 
chemistry and this is mainly due to the fact 
that they exhibit enantioselectivity and 
regioselectivity under benign conditions 
1,2,3.  Enantiomerically pure secondary chiral 
alcohols are important chiral building 
blocks and are useful starting materials for 
the synthesis of various biologically active 
compounds and therefore there is a great  
demand for chiral alcohols.4 There are 
number of reports of various chiral  
alcohols synthesized by biocatalytic 
methods  using whole cell systems 5,6,7. The  

reduction of prochiral ketones are brought 
about by any  of the dehydrogenases  
present in the  microbial cell 8. 
It is well known that variations in media 
components in a culture media has a very 
important role in influencing microbial cell 
growth and thereby enzyme production 9.  
Hence the amount of a particular enzyme 
expressed by a specific microorganism is 
directly dependent on the nutrients 
available in the culture media. Carbonyl 
reductases are enzymes which are involved 
in the reduction of ketones.  The production 
of these enzymes are affected by several 
internal (media composition) and external 
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ABSTRACT 
There has been various research activities directed towards evaluating the effect of 
different carbon and nitrogen sources as well as presence of various divalent metal 
ions in the media on the yield of enzymes. Each organism or strain has its own special 
conditions for maximum enzyme production. The aim of the present study was to 
evaluate the effect of nutritional media components on reductase activity of 
Saccharomyces cerevisiae after cultivating the organism in various media composition. 
Several carbon sources were investigated for their capacity to support enzyme 
production.  Among the different carbohydrates tried, glucose yielded maximum 
enzyme productivity.  Different nitrogen sources like yeast extract, peptone, tryptone, 
beef extract and malt extract were considered for the study.  The results indicated that 
the peptone as a source of nitrogen had maximum effect on enzyme expression. While 
investigating the effect of several metal ions on enzyme production, it was observed 
that the enzyme expression was maximum when copper was added to the media.  
During the course of study on the effect of initial pH of the growth media and 
temperature, pH of 7.0 and temperature of 30 C was found to have significant effect 
on enzyme production. 
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(growth conditions) factors. Among them, 
the composition of the culture media plays a 
significant role in the expression of 
enzymes 10. To achieve high product yields, 
it is a prerequisite to design an efficient 
reaction medium that help in rendering the 
process more economical. The different 
sources of carbon (glucose, sucrose, 
maltose, lactose etc.), nitrogen (peptone, 
tryptone, malt extract etc.) and addition of 
metal ions (copper, zinc, magnesium, 
manganese, iron) can significantly affect the 
production of microbial enzymes. Enzyme 
activity can also be varied by changing the 
media pH and incubation temperature, 
which ultimately affect the yield.  
 
MATERIALS AND METHODS 
Chemicals 
3-[5-[(4-fluorophenyl)-1,5- dioxopentol]-yl] 
–4-(S) phenyl  oxazolidin-2-one  was used 
as the substrate for media optimization for 
production of reductase enzyme.  
NADH and growth media components were 
procured from HiMedia Laboratories Pvt. 
Ltd (Mumbai, India).  All other chemicals 
used were of analytical grade and obtained 
from standard companies.  
 
Microorganism 
Saccharomyces cerevisiae MTCC 174 was 
selected for the optimization experiment as 
it gave considerable conversion of the 
substrate in preliminary screening. The 
organism was obtained from MTCC 
Chandigarh. 
Saccharomyces cerevisiae MTCC 174 was 
maintained on YEPD media containing yeast 
extract 3.0 g, peptone 10.0 g, dextrose 20 g , 
agar 20.0 g and distilled water 1000 ml. 
The project work was carried out at 
Dayananda Sagar college of pharmacy, 
Bangalore in 2011. 
 
 Methodology 
 Inoculum preparation 
The organism from the slant culture was 
subcultured into 200 ml sterile YEPD liquid 
medium and incubated at 30 ºC, 160 rev 
min-1 for 24 h. 
 
Shake flask experiment 
The effect of various carbon source, 
nitrogen source, metal ions, temperature 

and pH on enzyme activity was studied by 
inoculating 2 ml of the inoculum to each of 
20 ml of different media as mentioned in 
Table 1. The flasks were incubated at the 
mentioned temperature and kept at 160 rev 
min-1 for 48 h. 
 
Crude enzyme extract 
The cells were harvested by centrifugation 
at 10,000 rpm for 20 min. The pellet was 
washed with phosphate buffer pH 7.0 and 
centrifuged at 12000 rpm for 10 min. The 
pellet was resuspended in the same buffer 
and disintegrated using ultra sonicator. The 
cell debris was removed by centrifugation 
at 20000 rpm for 1 hr at 4 ºC. The 
supernatant was used for activity 
measurement. Reductase activity was 
determined spectrophotometricaly by 
measuring the decrease in the absorbance 
of NADH at 340 nm.  The reaction mixture 
contained 4 ml of cell free extract, 20 l of 
NADH (4.5 mM) and 20 l of the ketone (10 
mM in DMSO). Ketone reduction was 
followed over a time period of 5 min.  One 
unit of enzyme activity is defined as the 
amount of enzyme required to oxidize 1 l 
of NADH to NAD per minute.  
 
RESULTS AND DISCUSSION 
Effect of media condition on production 
of enzyme  
Effect of Carbon Source:  Five different 
carbohydrates (glucose, mannitol, maltose, 
sucrose and lactose) were used in five 
different media and the results are 
tabulated in Table No 2. Soni et.al 11 have 
evaluated the effect of several carbon 
sources on carbonyl reductase activity of 
C.vishwanathii. They have found maximum 
activity when mannitol was used as the 
carbon source where as Singh et.al 12   
reported that glucose was the most suitable 
carbon source for maximum production of 
carbonyl reductase by  M. koreensis.  The 
results of the present study agree with  both 
the reports  that glucose is the preferred 
carbon source by the organism for the 
production of the enzyme, followed by 
mannitol, which are simple sugars. 
Disaccharides had comparatively less effect 
on enzyme production. 
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Effect of Nitrogen source 
Source of nitrogen is one of the important 
factor that affect the growth and 
metabolites of microorganisms. Variation in 
the nitrogen source can affect the metabolic 
processes of the cell significantly. The effect 
of five different organic source of nitrogen 
was considered for the study (Table No 3). 
The data collected during the study 
indicated that the addition of organic 
nitrogen did not have positive effect on the 
enzyme production. Similar results has 
been observed by Singh et. al 13 in their 
study on the effect of different nitrogen 
sources on carbonyl reductase activity of 
M.koreenis. The species of B.cenocepacia 
also exhibited similar results when 3-[5-[(4-
fluorophenyl)-1,5, dioxopentol]-yl] –4-(S) 
phenyl  oxazolidin-2-one was used as the 
ketone in the study 12. Among the different 
nitrogen sources used, peptone showed 
maximum effect compared to other 
nitrogenous compounds. 
 
Effect of Metal ions 
The presence of metal ions in the culture 
media greatly affects the metabolic activity 
of the microbial cell. The metal ions act as 
co-factors in various enzymatic reactions.  
They are important regulators of enzyme 
production, therefore the effect of some 
divalent ions was considered  for the study 
(Table No 4).  Among the various metal salts 
used, addition of copper sulphate to the 
media had a moderate effect on enzyme 
activity, whereas addition of ferric ion had 
the least effect. Carbonyl reductase activity 
of C.vishwanathii 11 has been reported to 
have increased when Ca2+ was added to the 
growth media and considerably decreased 
when Fe2+ and Zn2+   were included 
individually to the medium.  On the 
contrary the reductase activity of 
B.cenocepacia12 has been reported to have 
been enhanced on addition of Fe3+++ salt to 
the media and addition of Ca2+ and Mg2+ had 
mild effect.  Zn2+ was found to be the metal 
ion which promoted enzyme activity in case 
of M. koreensis 13.  These findings clearly 
indicate that the effect of metal ions on 
reductase activity depend on the type of 
microbial cell used as biocatalyst in 
bioconversion reactions. 
 

Effect of pH 
The optimum pH for growth of fungi usually 
falls in the acidic range. The effect of 
medium pH ranging from 6 to 8 on the 
enzyme induction was studied. The 
maximum enzymatic activity was found at 
pH 7 and there was no significant difference 
in enzyme activity in acidic pH but there 
was marked decrease when the pH was 
maintained at 8 (Table No 5). The study on 
the effect of media pH on the activity of 
carbonyl reductase of C. vishwanathii  
revealed sufficient enzyme activity over a 
broad range of pH which the authors 
attribute to the presence of multiple 
carbonyl reducases acting on the substrate 
11. In case of carbonyl reductase of M. 
korneesis used in the reduction of 4-
fluroacetophenone, the optimum pH was 
7.0 13, which is in accordance with the result 
obtained in the present study.         
                 
Effect of Temperature 
The incubation temperatures of the 
microbial cells affect some of its metabolic 
activities. The cells grown at different 
temperatures did not show any marked 
difference in the activity of the enzyme 
involved.  The maximum effect was 
observed at   30 C and the least was found 
at 40 C (Table No 6).  The optimum 
temperature for the production of enzyme 
involved in the reduction of the same 
molecule by B.cenocepacia12 has been 
reported to be in the range of 35-37 C  
which is comparable to the result obtained 
in the present study for the reduction  using 
S. cerevisiae. 
 
CONCLUSION 
Biocatalytic synthesis of chiral compounds 
has been found to be an important 
alternative route in the synthesis of several 
enantiopure drug intermediates.  The 
biocatalysis can be made more productive 
and efficient by enhancing the enzyme 
activity in the selected microbial system by 
varying media components and growth 
conditions. The present study supports the 
fact that the variation in growth media in 
terms of composition and condition does 
affect the enzyme productivity. 
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Table 1:  Composition of nutrient media 
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Maltose 

 
Malt 
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ct 

 
Beef 

Extract 

 
Tryp
tone 

 

 
ZnSO4 

 

CuS
o4 

FeC
l3 

C
a
C
l
2 

   

1 3 10 20 -           1 30 7.0 
2 3 10  20           1 30 7.0 

3 3 10   2
0          1 30 7.0 

4 3 10    2
0         1 30 7.0 

5 3 10     20        1 30 7.0 

6 13  20            1 30 7.0 

7  13 20            1 30 7.0 

8   20     13       1 30 7.0 

9   20      13      1 30 7.0 

10   20       13     1 30 7.0 

11 3 10 20        1    1 30 7.0 

12 3 10 20         1   1 30 7.0 

13 3 10 20          1  1 30 7.0 

14 3 10 20           1 1 30 7.0 

15 3 10 20            1 25 7.0 

16 3 10 20            1 35 7.0 

17 3 10 20            1 40 7.0 

18 3 10 20            1 30 6.0 

19 3 10 20            1 30 6.5 

20 3 10 20            1 30 7.5 

21 3 10 20            1 30 8.0 
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    Table 2: Effect of  
Carbon source on enzyme activity 

 
 
 
 
 
 

 
 

Table 3: Effect of nitrogen source  
on enzyme activity 

S. No Nitrogen Source Enzyme activity 
1x 10-2 m/min 

1 Beef Extract 0.15 
2 Peptone 0.17 
3 Yeast Extract 0.14 
4 Tryptone 0.12 
5 Malt Extract 0.08 

 
 
 

Table 4: Effect of metal ions on  
enzyme activity 

 
 
 
 
 
 

 
 

 

 Table 5: Effect of pH on enzyme activity 
 
 
 
 
 
 
 

 
Table 6: Effect of incubation temperature 

 on enzyme activity 
 

 

 

 

 
S. No Carbon source Enzyme activity 

1x 10-2 m/min 
1 Glucose 0.302 
2 Mannitol 0.250 
3 Sucrose 0.100 
4 Lactose 0.180 
5 Maltose 0.120 

S.No Metal salt Enzyme activity 
1x 10-2 m/min 

1 Zinc Sulphate 0.24 
2 Copper Sulphate 0.36 
3 Calcium Chloride 0.18 
4 Ferric Chloride 0.16 
5 Magnesium Sulphate 0.26 

S. No pH Enzyme activity 
1x 10-2 m/min 

1 6.0 0.257 
2 6.5 0.280 
3 7.0 0.302 
4 7.5 0.160 
5 8.0 0.096 

S. No Temperature in C Enzyme activity 
1x 10-2 m/min 

1 25 0.240 
2 30 0.302 
3 35 0.280 
4 40 0.170 
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