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Saravanan. J, Suneetha. V 

 
Abstract:Microbial asymmetric reduction of ketone is an efficient tool for the synthesis of chiral alcohols. Many reports are available for the bio-reduction 
of acetophenone and its derivatives, since it is widely used model substrate. This research focus on exploring the soil fungal isolates for their ability 
towards the reduction of acetophenone and its derivatives to their corresponding chiral alcohols using growing cells instead of resting cells. Bio-reduction 
of acetophenone, 4-fluoro acetophenone, and 4-chloro acetophenone were carried out using different fungal cultures isolated from soil. All the isolates 
exhibited a good reduction capability when grown in an optimal condition. Among the screened fungal cultures, Penicillium sp. and Aspergillus sp. 
showed significant bioconversion with varying enantio-selectivity. However, the Penicillium sp. has showed maximum ability of bio-reduction. The best 
performing isolate was characterized using internal transcribed spacer (ITS) region and found to be Penicillium rubens VIT SS1, which showed higher 
conversion and selectivity more than 90% towards acetophenone and its derivatives. The reaction conditions such as pH, temperature and media were 
evaluated for the bio-reduction of acetophenone using Penicillium rubens VIT SS1. The substrate loading was increased from 0.5g/L to 6g/L at shake 
flask level using the optimized condition pH 5±0.5 and temperature 25±2°C. This study revealed huge potential of fungal cultures for the synthesis of 
many aromatic chiral alcohols in a simpler, novel and cost effective manner. 
Index Terms:Bio-reduction, Acetophenone, Penicillium sp., Aspergillus sp., Biotransformation. 

———————————————————— 

1 INTRODUCTION  
The asymmetric reduction of ketone to their corresponding 
chiral alcohol is an important step in the synthesis of many 
active pharmaceutical ingredients.  It is known that 
microorganisms and enzymes are highly chemo-, regio-, and 
enantio-selective in nature. Now-a-days, the chiral 
intermediates are in high demand from Pharma, agro and fine 
chemical industries (Borges et al. 2009) [1]. The enantio-
selective reduction of aromatic ketones to obtain chiral 
alcohols, are important for the synthesis of many intermediates 
as well as building blocks, for the production of 
pharmaceuticals. As a result of highly controlled instructions 
by the US Food and Drug Administration, the production of 
chiral pure drugs and drug intermediates is gaining high 
momentum (Goswami et al. 2000) [2].

 
Many blockbuster drugs 

such as Lipitor, Crestor, Reyataz, Cymbalta, Mantoleukast etc. 
are containing chiral alcohol group  (Kuncham et al. 2013) [3]. 
Similarly, there is an increase in the number of enzyme players 
in the market to support the Pharmaceutical industries. Many 
enzymes are currently used in the pharmaceutical companies 
at commercial scale production. The advantages of 
biocatalysts over chemical synthesis are mainly due to; the 
reactions can be carried out at ambient temperature, 
atmospheric pressure and majority in aqueous system, which 
avoids the use of hazardous chemicals and solvents which 
could reduce the land and water pollution. Also, the use of 
extreme conditions probably causes molecule isomerization, 
recemization and rearrangement, which eventually lead to 
poor yields and adverse effect.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The enzyme reactions are the safest & greener process than 
the existing chemical processes. The keto-reduction using 
microbial whole cells as biocatalyst are highly advantageous 
than the pure enzymes, since they contain multiple keto-
reductases and they can accept a wide variety of unnatural 
substrates and synthesis in-situ necessary co-factor needed 
for bio-transformation (Patel et al. 2004b; Goldberg et al. 
2007) [4] , [5]. The microbial mediated bio-reduction are cost 
effective than pure enzymes in many cases. However, there 
are many studies on asymmetric reduction of acetophenone 
and its derivatives reported using free enzymes, resting cells 
and not in fermentation mode (Nakamura et al. 2003; 
Kurbanoglu et al. 2007a) [6] , [7]. The whole cell reduction 
during fermentation is considered better than resting cells and 
isolated enzymes, which require external addition of expensive 
co-factors, co-substrates and its recycling enzymes (Rocha et 
al. 2009; Kurbanoglu et al. 2010) [8] , [9]. Among the whole 
cell fermentative reduction, the fungal isolates were not 
extensively studied for the asymmetric ketone reduction 
(Kurbanoglu et al. 2007b; Saravanan and Suneetha 2017). 
[10], [11]. Hence, this study focuses on isolation of novel 
fungal cultures from soil and screening them for stereo-
selective reduction of acetophenone, 4-fluoro acetophenone 
and 4-methyl acetophenone in fermentation mode. These 
ketones are widely accepted model substrates and also used 
in the synthesis of many chiral intermediates for the 
pharmaceutical production (Patel et al. 2004a) [12]. In the 
present work, we are aiming to explore the bio-reduction 
potential of soil fungal isolates towards aromatic ketones and 
as well as the screening methodology which can be effectively 
reproduced to screen various microbes for the bio-reduction of  
aromatic ketones for the synthesis of chiral alcohols in the  
pharmaceutical, agro and fine chemical industry. The reaction 
conditions such as pH, temperature and media will be 
optimized for the bio-reduction of acetophenone using the 
potential fungal isolate. 
 

2 MATERIALS AND METHOD 
 
2.1 Chemicals 
The substrates used in this study were acetophenone (1), 4-
fluoroacetophenone (4) and 4-chloroacetophenone (7). The 
substrates were purchased from Sigma-Aldrich and Sisco 
research laboratories. All racemic alcohols (2, 3, 5, 6, 8&9) 
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were prepared by reducing the corresponding ketones with 
sodium borohydride in methanol. 
 
2.2 Isolation of fungal cultures 
Soil samples were collected from various locations in 
Tamilnadu, India. The soil samples were processed using the 
soil dilution plate technique in the laboratory (Parkinson and 
Williams 1960; Farid Toma and Nareen Abdulla 2012) [13], 
[14]. Serial dilutions were prepared using saline solution. 1ml 
of the diluted sample was applied to potato dextrose agar 
(PDA) before the organic matter and soil particles settles 
(Warcup 1955) [15]. The PDA plates were incubated at 25°C 
for 5-10 days. The bacterial growth was suppressed by using 
antibiotics such as streptomycin at 30mg/L concentration 
(Martin 1950) [16].The individual colonies were picked and 
transferred to liquid medium for identification. The 
morphological identification of isolated cultures was carried out 
using microscopy. The cultures with different morphology were 
sub-cultured and purified using standard techniques (Elad et 
al. 1981) [17]. The purified cultures were streaked in PDA 
plates for the screening reaction.  
 
2.3 Cultivation media 
The fungal cultures were revived in a complex media. The 
complex media components are mentioned in the table 1, 
individual components except sucrose weighed and dissolved 
in distilled water, pH adjusted to 6.0 using 10% ortho-
phosphoric acid  and autoclaved for 45 min at 121°C. Sucrose 
was prepared as a 50% stock separately and autoclaved for 
45 min at 121°C. During inoculation the sucrose stock was 
added to the media flask aseptically. 
 

Table 1. Cultivation media used for growth 
 

Components Concentration (g/L) 

Dextrose 50 

Soya flour  20 

Soya peptone 10 

Magnesium sulphate 2 

Sodium Nitrate 1 

Potassium dihydrogen phosphate  2.5 

 
2.4 Fermentation condition 
The seed flask was prepared using the above mentioned 
complex media. About 20ml of media was prepared using 
distilled water in a 100ml conical flask and autoclaved for 45 
min at 121°C. After cooling, the seed flasks were inoculated 
with two wet loops of well grown spores from potato dextrose 
agar plate. After inoculation, the seed flasks were incubated at 
28°C and 200 rpm for 48h in an incubatory shaker. The 
production flask was prepared in the same complex media as 
mentioned in table-1. About 50ml of media was prepared using 
distilled water in a 250ml conical flask and autoclaved for 45 
min at 121°C. After cooling, the production flasks were 
inoculated with 10% v/v well grown culture from seed flask and 
incubated at 28°C, 200 rpm for 24h in an incubatory shaker. 

 
2.5 Screening reaction condition 
The substrate stocks of the keto intermediates were prepared 
as 10% solution in dimethyl sulfoxide (DMSO) and used for 
the biotransformation reaction (Saravanan and Suneetha 

2017) [11]. The bio-reduction reaction was conducted using 
the 24h well grown production flask. The substrate stock was 
added aseptically to the flask at a concentration of 0.5-1g/L. 
After addition of keto compound, the flasks were incubated 
again at 28°C, 200 rpm in an incubatory shaker for 3 days. 
The compounds were extracted from the reaction mass by 
adding 30ml of ethyl acetate to the fungal biomass directly and 
allowed to mix for an hour. The ethyl acetate was separated by 
centrifugation and concentrated using a rotary evaporator 
under vacuum. The concentrated syrup was diluted with 
suitable diluents for the analysis. The diluent for reverse phase 
analysis to check the percentage conversion was acetonitrile 
and isopropyl alcohol for normal phase analysis to check the 
chiral purity 

 
2.6 Analytical technique details 
The percentage conversion of the product was analyzed by 
Reverse Phase - High Performance Liquid Chromatography 
(HPLC) on a C-18 column (250 X 4.6mm, 5 micron size) using 
0.1% Triflouro acetic acid in water and acetonitrile as the 
eluent in a gradient mode. The flow rate was 1ml/min, 
detection at UV 254 nm and column temperature was set at 
25°C. The chiral purity of the product was determined by 
Normal Phase - HPLC on Chiralcel OD-H chiral column (250 X 
4.6mm, 5 micron size) using Hexane and Isopropyl alcohol as 
the eluent (More et al. 2015) [18]. The flow rate was 0.5ml/min, 
detection at UV 254 nm and column temperature was set at 
25°C. 
 
2.7 Molecular Taxonomy of the potent isolates 
Genomic DNA extraction

 
: Genomic DNA was extracted from 

the best performing cultures following the widely accepted 
protocol (Lee et al. 1988; Wu et al. 2013). [19], [20]. About 
100mg of the cell wall of fungal mycelia was grinded using 
glass rod in order to break them in the presence of liquid 
nitrogen. Further, 500 µl of Cetyl trimethyl ammonium bromide 
(CTAB) extraction buffer (10% in water), 5 M Sodium chloride, 
0.5 M Ethylene diamine tetra acetic acid (EDTA) (pH 8.0), 1 M 
Tris-HCl (pH 8.0) was added.  The homogenate was incubated 
in 60°C bath for 30 minutes and it was centrifuged for 5 
minutes at 14,000 x g. The supernatant was collected after the 
centrifugation and 5 µl of RNase A solution was added to the 
supernatant and incubated at 32°C for 20 minutes. Further, it 
was purified using phenol: chloroform: isoamyl alcohol mixture 
(25:24:1) until the upper phase became clear. The DNA was 
precipitated by adding 0.7 volume of cold isopropanol and 
incubated at -20°C for 15 minutes. Then, the DNA was eluted 
using 50 µl TE buffer (10 mM Tris, pH 8, 1 mM EDTA) 
(Tendulkar et al. 2003) [21]. Nuclear ribosomal ITS region, a 
universal DNA barcode marker was used for culture 
identification. The sequence of the primers was ITS2 Forward 
(5-GCTGCGTTCTTCATCGATGC-3 and ITS4 Reverse (5- 
TCCTCCGCTTATTGATATGC-3).  Polymerase chain reaction 
(PCR) was conducted using 25 µL contained 1 U Taq 
polymerase, 250 µM of each deoxy-nucleotide triphosphate, 
1X PCR buffer (including 1.5 mM MgCl2), 10 pmol of each 
oligo-nucleotide primer and 25ng of template DNA. Thermal 
cycling was carried out in Eppendorf thermal cycler 
(Eppendorf, USA) for 35 cycles for duration of 30s at 94°C, 
annealing performed for 30s at 56°C, and extension at 72°C 
for 1 min, with a final 8 min extension at 72°C. About, 2 µl of 
each PCR product was visualized by agarose gel 
electrophoresis. 
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2.8 Sequencing procedure 
The amplified ITS gene region was sequenced in ABI 3500 
sequencer using Big Dye terminator method. Both the forward 
and reverse primer sequencing results were clubbed together 
to obtain the full length DNA sequence. The result was further 
used in NCBI blast for its recognition. 
 
2.9 Effect of pH 
The effect of pH on the growth and bio-reduction of 
acetophenone using Penicillium rubens VIT SS1 was 
evaluated. The study was carried out at various pH 4,5,6,7 and 
8. The pH was adjusted using the buffers disodium hydrogen 
phosphate (pH 7-8) and sodium di-hydrogen phosphate (pH 4-
6).  
 
2.10 Effect of Temperature 
The temperature plays an important role in the fungal growth 
and its enzyme activity. The optimum temperature for the best 
isolate was carried out at temperatures varying from 20, 25, 
30, 35 & 40°C. 
 
2.11 Effect of Substrate dosing 
The bio-reduction efficiency of Penicillium rubens VIT SS1 was 
studied by dosing substrate in the rate of 1g/L shot every 12h 
and continued till 6g/L. It is reported that acetophenone at 
2.5g/L was inhibitory to the cellular activity due to the substrate 
toxicity (Soni and Banerjee, 2006) [22].  
 

3 RESULTS AND DISCUSSION 
 
3.1 Isolation and identification of microbe 
More than 100 fungal cultures were isolated from the soil. By 
referring the taxonomic guides and standard microbiology 
procedures, the fungal species were identified and 
characterized based on their morphological characters and 
microscopic analysis. The morphological characteristics 
evaluated were as follows: colony growth (length and width), 
aerial mycelium presence or absence, color of the colony, 
presence of wrinkles and furrows, pigment production. About 
40 fungal cultures were found to have different morphological 
and microscopically characteristics. Those cultures were sub-
cultured and purified. The purified fungal isolated were further 
grown in PDA medium for bioreduction studies.  The fungal 
spore vials were prepared from PDA plates and preserved at -
80°C freezer. 
  
3.2 Characterization of best fungal isolates 
The best fungal isolate out of 30 cultures was chosen based 
on the keto-reduction efficiency. Based on the morphological 
and genetics analysis the potential isolated was found to be 
Penicillium rubens VIT SS1. The genome was submitted to 
Gen back with accession number MK063869.1. The 
evolutionary history was inferred using the Neighbor-Joining 
method (Saitou N. and Nei M.1987) [23]. The optimal tree with 
the sum of branch length = 0.02825431 is shown.  The 
percentage of replicate trees in which the associated taxa 
clustered together in the bootstrap test (500 replicates) are 
shown next to the branches (Felsenstein J. 1985) [24]. The 
tree is drawn to scale, with branch lengths in the same units as 
those of the evolutionary distances used to infer the 
phylogenetic tree. The evolutionary distances were computed 
using the Maximum Composite Likelihood method (Tamura K., 
Nei M., and Kumar S, 2004) [25] and are in the units of the 

number of base substitutions per site. This analysis involved 
11 nucleotide sequences. Codon positions included were 
1st+2nd+3rd. All ambiguous positions were removed for each 
sequence pair (pairwise deletion option). There were a total of 
649 positions in the final dataset. Evolutionary analyses were 
conducted in MEGA X (Kumar S. et al. 2018) [26]. 
 

 
Fig 1: Phylogenetic tree of Penicillium rubens VIT SS1 
 

3.3 Cultivation of fungal isolates 
 The cultivation of fungi plays a vital role in biotransformation 
reaction. The media selection is state of art technique for 
achieving a good mycelia growth and induces the culture to 
produce the enzyme of interest. The simpler media primarily 
used for the growth of fungi such as potato dextrose broth, 
malt extract broth and Sabouraud dextrose broth  will tend to 
provide pelletal / bead morphology, which is not preferred for 
biotransformation. The pelletal/bead shaped morphology 
provides lesser conversion; hence converting the pelletal to 
mycelia will be the better choice to increase the cell mass and 
microbial surface area The type of enzyme produced will 
depends upon the type of feed used for the growth. Hence, 
identifying the optimum media components for 
biotransformation became more crucial. For instance, having 
an abundant carbon source will increase the production of 
carbonyl reductase enzymes. Many carbon sources such as 
soluble starch, raw starch, dextrose, sucrose, sugar alcohols 
like glycerol and mannitol; Nitrogen sources such as soya 
peptone, soya flour, yeast extract, corn steak liquor and cotton 
seed flour are studied. The carbon source sucrose and 
dextrose provided good mycelial growth when used with soya 
flour than other nitrogen sources. Finally the media 
components mentioned in the table 1, was identified as the 
best media for the attaining a thick mycelial growth, with 
packed cell volume of about 30-40%. The same complex 
media was used for all the fungal cultures, which majorly 
provided mycelia, in some cases the soya flour concentration 
increased by 10-50% to obtain a mycelia growth. 

 
3.4 Screening of fungal isolates for the bio-reduction 
reaction 
The forty morphologically different cultures were chosen for 
the study. Each culture was tested for its ability towards the 
keto-reduction of acetophenone to phenyl ethanol, 4-fluoro 
acetophenone to 4-fluoro phenyl ethanol and 4-chloro 
acetophenone to 4-chloro phenyl l ethanol. The keto 
substrates were found to inhibit the growth of few fungal 
cultures as it is noticed by thinning of the fungal biomass. But 
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no such effects observed in some cultures especially in 
Penicillium sp.  
 
 

 
 

Fig 2: 

Bioreduction of Acetophenone to Phenylethanol 
 

Table.2. HPLC result for the bio-reduction of 
Acetophenone 

 

S. 
No. 

Fungal isolates 

Acetophenone  to 
Phenylethanol  

% conversion (S)-Isomer (R)-Isomer 

1 
Penicillium rubens 
VIT SS1 

86% 91% 9% 

2 Penicillium sp. 02 65% 36% 64% 

3 Penicillium sp. 03 62% 17% 83% 

4 Aspergillus sp. 01 33% 26% 74% 

5 Aspergillus sp. 02 72% 14% 86% 

6 Aspergillus sp. 03 50% 70% 30% 

7 Trichoderma sp. 01 41% 75% 25% 

8 Trichoderma sp. 02 17% 16% 84% 

9 Trichoderma sp. 03 24% 35% 65% 

 
The conversion of keto substrate to hydroxyl product is 
expressed in percentage (%) area of the product peak 
appeared in the reverse phase HPLC analysis. Similarly, the 
chiral purity is expressed in % area of both the enantiomers 
analyzed in a normal phase HPLC. Interestingly, all the 
isolates have shown conversion towards the aromatic alcohols 
with fluoro and chloro insertion in the aromatic ring. The 
substitution of halogen (4-Fluoro) has shown a higher 
conversion than the acetophenone and 4-chloro 
acetophenone. It indicated that the presence of halogen in the 
aromatic ring facilitates easy availability of substrate to the 
microbes for the reduction reaction. Out of 40 fungal cultures, 
the results of the best three isolates of each genus Penicillium, 
Aspergillus and Trichoderma are presented in the table-2, 3 & 
4. The Penicillium rubens VIT SS1 has selectively converted 
the acetophenone, 4fluoro and 4-chloro substituted 
acetophenone to its corresponding (S)-alcohol in accord with 
Prelog rule at chiral purities of 91%, 97% and 90% 
respectively. Similarly, the Penicillium sp. 003 was selectively 
produced (R)-alcohol in accord with the anti-Prelog rule at 
chiral purities of 83%, 88% and 77% respectively.  In general, 
microbes with anti-Prelog configuration are quite unusual. The 
results denoted that the genus Penicillium was found to be 
best and out-performing than the other two fungal genera for 
the molecules which were tested in a similar condition. 
Moreover, it was interesting to note that the fungal species 
especially Penicillium species provided both the enantiomers 
of the corresponding chiral alcohols such as Phenyl ethanol, 
4-fluoro phenyl ethanol, and 4-chloro phenyl ethanol at 
reasonably high chiral purity. The percentage conversion of 

the alcohols was found to be in the range of 17-90%.  The 
conversion can be increased to complete by optimization of 
the process parameter. 

 
   
 
 

 
 

Fig 3: Bioreduction of 4-fluoro acetophenone to 4- 
fluoro phenylethanol 

 
Table.3. HPLC result for the bio-reduction of 4- fluoro 

acetophenone 
 

S. 
No. 

Fungal isolates 

4-Fluoro acetophenone  to 
4-Fluoro phenylethanol  

% conversion (S)-Isomer (R)-Isomer 

1 
Penicillium rubens 
VIT SS1 

90% 97% 3% 

2 Penicillium sp. 02 68% 31% 69% 

3 Penicillium sp. 03 78% 22% 88% 

4 Aspergillus sp. 01 70% 20% 80% 

5 Aspergillus sp. 02 83% 16% 84% 

6 Aspergillus sp. 03 33% 60% 40% 

7 Trichoderma sp. 01 40% 68% 32% 

8 Trichoderma sp. 02 18% 24% 76% 

9 Trichoderma sp. 03 25% 30% 70% 

 
 
 
 

 
 

 
 
 

 
Fig 4: Bioreduction of 4-chloro acetophenone to 4-

chloro phenylethanol 
 
Table.4. HPLC result for the bio-reduction of 4- chloro 

acetophenone 
 

S. 
No. 

Fungal isolates 

4-Chloro acetophenone  to 
4-Chloro phenylethanol  

% conversion (S)-Isomer (R)-Isomer 

1 
Penicillium rubens 
VIT SS1 

79% 90% 10% 

2 Penicillium sp. 02 68% 32% 68% 

3 Penicillium sp. 03 58% 23% 77% 

4 Aspergillus sp. 01 70% 27% 73% 
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5 Aspergillus sp. 02 63% 12% 88% 

6 Aspergillus sp. 03 45% 77% 23% 

7 Trichoderma sp. 01 40% 78% 22% 

8 Trichoderma sp. 02 25% 40% 60% 

9 Trichoderma sp. 03 30% 32% 68% 

 
The probable reason could be due to toxicity of the ketone, 
inhibition of product or substrate, exhaustion of media 
components, which could be attributed to the ineffective co-
factor recycling. The dextrose is one of the cheapest carbon 
source, which helps the culture growth as well as in the 
recycling of co-factors NAD & NADP, which potentially is 
involved in the transfer of proton to keto group coupled by co-
factor recycling enzyme Glucose dehydrogenase (GDH), as 
shown in the fig. 5.  

 
Fig 5. Keto-reduction and co-factor recycling using 

KRED & GDH system 
 
The inhibition/toxicity of substrate can be handled by the 
controlled addition of ketone to the reaction. The product 
inhibition/toxicity can be addressed by the addition of resins 
which selectively absorbs product from the reaction mass and 
in-situ product removal techniques can be evaluated. Nutrient 
depletion can be addressed by optimization of dextrose 
addition and media and subsequently, the titer can also be 
increased beyond 0.5g/L. The fungal isolates from soil were 
shown significant bio-reduction of aromatic keto compound 
acetophenone as well as its halogenated derivatives.  Most of 
the literatures mentioned were performed using resting cells in 
the buffer, which cannot be scaled up to production process, 
whereas the fermentative bioconversions were proven to be 
scalable and running successfully in many pharmaceutical 
industries. The molecules tested in the study are key building 
blocks for various API such as Ezetimibe, Sitagliptin, Statins, 
Rivastigmine, and Azole intermediates, etc.
 

 
 

3.5 Effect of pH  
 The pH plays a vital role in the growth as well as in the 
conversion and stereo-selectivity of enzymes.  The pH of the 
medium can alter the ionic state of the substrate and also it 
can affect the enzymes active site (Li et al. 2016) [27]. Hence, 
the effect of pH was evaluated for the growth, percentage 
conversion and impact on the chiral purity for the best fungal 
isolate Penicillium rubens VIT SS1. The substrate 
acetophenone was selected since it is predominantly used 

model as well as used as a substrate in the activity assay of 
ketoreductase. The different pH 4,5,6,7 and 8 were selected 
for the study. The optimization study was conducted as per the 
screening protocol and analyzed as per the section: 2.6. The 
results are displayed in the fig. 6. The results indicated that the 
culture showed good growth at pH 4-6 with a maximum 
packed cell volume of >30%.  The higher pH >6 was not 
favorable for the growth of the culture. The substrate 
conversion and product formation are found to be higher at pH 
4, 5 & 6, after that, it showed a drop of conversion to <50% at 
pH 7.0.  The optimal pH for the bio-reduction was found to be 
4-6, more specifically pH 5±0.5. 

 

 
Fig 6. Effects of pH 

 
3.6 Effect of Temperature 
As pH, the temperature is a critical factor for the growth as well 
as in the conversion, selectivity, and stability of 
microorganism/enzymes (Nakamura and Matsuda 2006) [28]. 
Each microbial genus has its optimal temperature which will 
favor the metabolic activities of the microorganism. The effect 
of temperature on the bio-reduction of acetophenone using the 
isolate Penicillium rubens VIT SS1 was studied. The 
temperature from 20, 25, 30, 35 & 40°C were selected for the 
study. The optimization study was conducted as per the 
screening protocol and analyzed as per the section: 2.6. Fig. 7 
indicated that the culture showed good growth at a 
temperature from 20-30°C with a maximum packed cell 
volume of >30%.  The higher temperature >35°C was not 
favorable for the growth of the culture. The substrate 
conversion and product formation are found to be higher at 20-
30°C, after that it showed a notable drop of conversion to 
<50% at higher temperature >30°C. These results suggested 
that the most optimal temperature was 25±5°C for the bio-
reduction process, with higher conversion and stereo-
selectivity.  
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Fig 7. Effects of Temperature 

  
There was a reduction of chiral purity observed with an 
increase in pH and temperature, which indicates that there 
was a conformational change happening to the enzyme at 
higher pH and temperature. Also, it could be possible that, at 
the elevated physiological conditions, the culture produces 
different enzymes which may act on the substrate resulting in 
lesser conversion and with lower chiral purity for 4-fluoro 
phenyl ethanol. The substrate conversion and/or product 
formation is directly proportional to the amount of biomass that 
is, more the cells, more the enzyme produced. Hence, 
maintaining optimum condition is highly preferred for the 
biotransformation reactions using wild microbial cultures to 
obtain higher conversions. The best condition for the reduction 
is found to be pH 5±0.5 and temperature 25±2°C for 
Penicillium rubens VIT SS1, which could be true for all fungi 
broadly as a starting point. 

 
3.7 Effect of Substrate dosing 
The gram-scale reaction was conducted using the optimal 
condition with 400ml of complex media in a 2L conical flask. 
After 24 h of growth, the substrate stock in DMSO was fed to 
the culture at 1g/L shots every 12h. Similarly, the glucose feed 
also added to the culture at the rate of 2g/L every 6h, which 
will help in the recycling of necessary co-factors. The substrate 
was added up to 6g/L in 3 days.  The isolate Penicillium 
rubens VIT SS1 has provided more than 98% conversion and 
96% chiral purity for 1- phenyl ethanol at 6g/L substrate 
concentration after 5days of reaction. It is expected that the 
substrate dosing can go multiple folds in Fermenter level with 
an optimum substrate dosing strategy.  
 

4 CONCLUSION 
More than 100 fungal cultures were isolated from soil, out of 
them three genus Penicillium, Aspergillus and Trichoderma 
found to be majority in the study area. About 40 fungal cultures 
were screened for the bioreduction of acetophenone, 4-
fluoroacetophenone, and 4-chloro acetophenone. All the 
fungal cultures showed unexpected bio-reduction capability 
and provided both the chiral alcohols (R) as well as (S)-
Isomers with high chiral purities. The study revealed the 
potency of fungal cultures for the synthesis of many aromatic 
chiral alcohols with both the stereo-isomers. Among the 
screened fungal cultures, the Penicillium sp. and Aspergillus 
sp. showed significant bioconversion with high enantio-
selectivity towards with aromatic ketones. The Penicillium 

rubens VIT SS1 showed maximum ability of bio-reduction by 
providing higher conversion at 6g/L loading of keto compound 
and chiral purity as high as 96% for acetophenone and 97% 
for 4-fluoro acetophenone at optimum condition. The study 
disclosed the huge potential of fungal cultures for the 
synthesis of many aromatic chiral alcohols in simpler, novel 
and cost effective manner. The condition mentioned in the 
study can be widely used for the screening reactions using 
microbial cultures in fermentation.  
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