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Biotransformation is a reliable method for steroid development, with fungi serving 

as practical tools in this process. Fungal biocatalysts are known for their regio- and 

stereo-specificity, making them superior to chemical synthesis methods for steroid 

biotransformation. This work reported the biotransformation of 

dehydroepiandrosterone 1 with Penicillium olsonii MRC500780. A 5-day 

biotransformation study with the relevant microorganism resulted in 5 different 

products. Structure determinations using spectroscopic methods revealed that 

biotransformation of 1 by Penicillium olsonii MRC500780 afforded 5 metabolites as 

androst-4-ene-3,17-dione 2, 15α-hydroxyandrost-4-ene-3,17-dione 3, 3β,7β-

dihydroxyandrost-5-en-17-one 4, 3β,7α-dihydroxyandrost-5-en-17-one 5, and 

15α,17β-dihydroxyandrost-4-en-3-one 6. This fungus primarily isomerized the 

starting material in terms of the double bond and the hydroxyl group at 3β oxidised, 

then hydroxylated it at the C-15α position and reduced it at the C-17 position; also, 

hydroxylations at the C-7α position and C-7β position were observed.  

 

1. Introduction 

 

It would not be easy to create a molecule with 

higher polarity and chemically distinct products 

while retaining the original carbon backbone. 

This problem could be solved via 

biotransformation, which is a structural change in 

a chemical substance in living cells catalyzed by 

microorganisms or their enzymes. [1]. Because 

of their extraordinary regio- and stereo-

selectivity, fungus-mediated biotransformations 

of steroids have been extensively used for years 

to obtain and generate essential steroids [2]. 

Biotransformation converts readily available 

components that cannot be efficiently 

transformed by chemical processes into more 

valuable products in a microbial way, which is 

inexpensive. It also carries out the production of 

food metabolites, fine chemicals, and 

pharmaceuticals [3]. 

 

Natural steroid analogues could now be produced 

on a large scale via biotransformation. Because 

of their microbial conversion, these modified 

steroid analogues have several therapeutic 

benefits over their native equivalents, including 

greater potency, longer half-lives in the 

bloodstream, easier distribution, and fewer 

adverse effects [4].  

 

Dehydroepiandrosterone (DHEA) is a hormone 

in mammals that is converted in vivo into 

androgens and estrogens [5]. Previous 

biotransformation investigations on DHEA by 

Penicillium species generate a diverse spectrum 

of metabolites due to microbial hydroxylation, 

hydrogenation, dehydrogenation, and, most 

notably, Baeyer-Villiger oxidation. [6-13]. 

 

There is no published research on DHEA 

biotransformation by P. olsonii MRC500780. 

The present research reported on the findings of 
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a 5-day DHEA biotransformation with P. olsonii 

MRC500780. 

 

2. General Methods 

 

2.1. Instrumentation 

 

Varian brand, Mercury 300 model spectrometer 

using TMS (Merck) as an internal standard 

reference was used to record 1H NMR spectra at 

300 MHz and 13C NMR spectra at 75 MHz in 

CDCl3 (Merck). Chemical shifts are given in 

ppm (δ scale) and Hz for coupling constants (J). 

The Perkin Elmer brand, Spectrum Two model 

spectrometer was used to record infrared spectra. 

IA 9200 model of Electrothermal brand melting 

point device was used to determine the melting 

points. For thin layer chromatography (TLC), 0.2 

mm thick plates (Merck Kieselgel 60 F254) were 

used, and the eluent was ethyl acetate/n-hexane 

(1:1). The plates were immersed into a p-

anisaldehyde (Sigma-Aldrich)/H2SO4 (Merck) 

reagent then heated to 120 oC for 3 min to see the 

spots. 

 

2.2. Chemicals 

 

Sigma-Aldrich was the source of 

Dehydroepiandrosterone 1 (C19H28O2). Merck 

provided analytical quality solvents as well as 

chemicals for solid and liquid media. 

 

2.3. Culture of the fungi 

 

Penicillium olsonii MRC500780 was obtained 

from TUBITAK, Marmara Research Center. 

Stock cultures of the fungi were kept on potato 

dextrose agar (PDA) slopes at 4 oC. A liquid 

media was made by dissolving peptone (10 g) 

and glucose (30 g) in 1 L of distilled water. The 

medium was evenly distributed among 5 culture 

flasks of 250 mL capacity and autoclaved at 121 
oC, 20 minutes. In a bio-safety (class II) cabinet, 

spores of the mould, recently collected from 

PDA slopes, were separated into five flasks 

containing sterilized medium. After cultivating 

each mould at 25 oC on a rotary shaker (150 rpm) 

for 3 days, dehydroepiandrosterone 1 (0.5 g) was 

dissolved in 5 ml dimethylformamide and 

divided equally into flasks aseptically. The 

fungus biotransformed the substrate in 5 flasks 

under identical circumstances for 5 days. For the 

biotransformation experiment, a control flask 

with non-inoculated sterile media and the 

relevant substrate was utilized. Each control was 

taken out after five days of incubation and 

subjected to TLC analysis. The controls showed 

no signs of metabolites. 

 

2.4. Isolation of metabolites 

 

After biotransformation, the mycelium of the 

mould was filtered, and the broth was eliminated 

using a vacuum and washed using ethyl acetate 

(500 mL). The broth was then extracted thrice 

with 1 L of ethyl acetate. After being dried over 

anhydrous Na2SO4, the organic extracts from the 

incubation evaporated in a vacuum, resulting in 

an oily substance. The steroids in the gum were 

separately chromatographed on silica gel 60 

(Merck 107734), eluting with increasing 

concentrations of ethyl acetate in n-hexane. The 

purified substances underwent crystallisation 

using suitable solvents and then were identified 

through NMR and IR in conjunction with melting 

points. Metabolite quantification was expressed 

as conversion rate.  

 

2.5. Biotransformation of DHEA with 

Penicillium olsonii MRC500780 

 

After 5 days of the biotransformation of 1 with P. 

olsonii MRC500780 generated a brown gummy 

mixture (1017 mg), which was subsequently 

subjected to chromatography on silica gel, 

yielding the unchanged substrate (87 mg), 

androst-4-ene-3,17-dione 2, 15α-

hydroxyandrost-4-ene-3,17-dione 3, 3β,7β-

dihydroxyandrost-5-en-17-one 4, 3β,7α-

dihydroxyandrost-5-en-17-one 5 and 15α,17β-

dihydroxyandrost-4-en-3-one 6 (Figure 1).  
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Figure 1. Biotransformation of dehydroepiandrosterone 1 by P. olsonii MRC500780

 

First product androst-4-ene-3,17–dione 2 (8%, 

40 mg); m.p. 163-164 °C, lit., 158-161 °C [14]. 

 

Second product 15α-Hydroxyandrost-4-ene-

3,17–dione 3 (21%, 110 mg); m.p. 185-186 °C, 

lit., 178-180 °C [15]. 

 

Thirth product 3β,7β–Dihydroxyandrost-5-en-

17-one 4 (8%, 42 mg); m.p. 211-212 °C, lit., 207 

°C [16]. 

 

Fourth product 3β,7α–Dihydroxyandrost-5-en-

17-one 5 (29%, 153 mg); m.p. 201-202 °C, lit., 

177 °C [16]. 

 

Product 2-6’s 13C NMR data was given in Table 

1; for FT-IR data and 1H NMR data, see Table 2. 

and Table 3. 

 
Table 2. FT-IR data for 2-6 

Product (Vmax/cm-1) 

2 1735 and 1670 

3 3435, 1730 and 1670 

4 3250 and 1740 

5 3360 and 1735 

6 3390, 1655 and 1645 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. 13C NMR data for 1 and its metabolites 
C 

atom 
1 2 3 4 5 6 

1 37.12 35.61 35.37 36.82 36.86 35.65 

2 31.48 33.75 33.60 31.40 30.96 33.85 

3 71.47 199.25 199.72 71.19 70.98 199.75 

4 42.11 123.98 123.42 41.57 47.46 123.67 

5 140.97 170.36 171.26 143.64 146.34 171.35 

6 120.83 32.44 32.51 125.44 123.43 32.75 

7 31.35 31.17 35.05 72.79 64.14 32.13 

8 31.42 35.03 35.17 40.38 37.40 35.28 

9 50.13 53.70 53.50 48.16 41.81 53.84 

10 36.57 38.53 38.49 36.61 37.09 38.63 

11 20.29 20.19 19.97 20.34 19.97 20.49 

12 30.71 30.78 31.61 31.16 31.10 36.57 

13 47.49 47.38 50.16 47.75 47.06 44.25 

14 51.67 50.72 56.91 51.12 44.83 58.36 

15 21.82 21.61 69.69 24.16 21.81 72.38 

16 35.80 35.72 46.05 35.96 35.73 42.48 

17 221.25 220.26 216.59 221.33 221.43 78.62 

18 13.49 13.58 15.06 13.55 13.19 12.54 

19 19.38 17.25 17.24 19.14 18.18 17.46 

 
Table 3. 1H NMR data for 2-6 

Proton 2 3 4 5 6 

3α-H   1H, m, 

3.53 

1H, m, 

3.54 

 

4-H 1H, s, 

5.75 

1H, s, 

5.75 

  1H, s, 5.75 

6-H   1H, bs, 

5.30 

1H, bs, 

5.61 

 

7α-H   1H, m, 

3.92 

  

7β-H    1H, m, 

3.95 

 

15β-H  1H, 

m, 

4.41 

  1H, m, 4.12 

17α-H     1H, t, J=8.5Hz, 

3.90 

18-H 3H, s, 

0.91 

3H, s, 

0.96 

3H, s, 

0.88 

3H, s, 

0.87 

3H, s, 0.81 

19-H 3H, s, 

1.21 

3H, s, 

1.23 

3H, s, 

1.06 

3H, s, 

0.99 

3H, s, 1.22 
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3. Result and Discussion 

 

Incubating 1 with P. olsonii MRC500780 for a 

total of 5 days produced five products as 

metabolites, see (Figure 1). 

 

androst-4-ene-3,17- dione 2 came out as the first 

metabolite. The multiplet peak at δH 3.45 ppm 

belonging to 3α-H was observed in the starting 

material 1; however, this peak disappeared in the 

spectra of 2, and the olefinic proton signal (δH 

0.41 ppm) shifted downfield, and the signal of 

the methyl group at C-19 (δH 0.21 ppm) of 2, 

indicates that the portion of 1 isomerized in terms 

of the double bond and hydroxyl group at 3β 

oxidized.   

 

15α-hydroxyandrost-4-ene-3,17-dione, 3 was 

found as the second metabolite. The 1H NMR 

spectra of 1 missed the 3α-H, that a multiplet for 

1 H resonance at δH 3.45 ppm of DHEA. A 

double bond signal at 0.41 ppm and the signal of 

the 19-methyl group (δH  0.23  ppm) 

considerably shifted downfield, and this signs the 

oxidation of the hydroxyl group at 3β. A 

multiplet peak at δH  4.41 ppm and δC 69.69 ppm 

confirmed that the 15α-hydroxyl group formed at 

3 [17, 18]. The 13C NMR spectrum of 3 had 

downfield shifts (Table 1.) for C-14, (ΔδC 5.24 

ppm) and C-16 (ΔδC 10.25 ppm), further signs 

the 15α-hydroxyl group. 

 

3β,7β–dihydroxyandrost–5-en-17-one 4 was 

defined as third product. The NMR spectra of 4 

had distinctive signals; a multiplet peak for 1H at 

δH 3.92 ppm and a peak at δC 72.79 ppm showed 

the formation of a 7β-hydroxyl group [17, 18]. 

When looking at 13C NMR spectra of 4, C-8 

shifted downfields at ΔδC 8.96 ppm while C-9 

exhibited an upfield  shift (ΔδC 1.97 ppm); thus, 

7β-hydroxyl group formation was confirmed. 

 

3β,7α-dihydroxyandrost-5-en-17-one, 5 was 

identified as the fourth metabolite. The NMR 

spectra of 5 revealed different features. [17, 18]; 

7α-hydroxyl group formation was verified 

through a multiplet peak for 1H at δH 3.95 ppm 

and a peak at δC 64.14 ppm. When the 13C NMR 

spectra of 5 was analyzed, it was seen that C-8 

shifted downfield, and a peak was observed at 

ΔδC 5.98 ppm; thus, 7α-hydroxyl group 

formation was approved.  

 

15α,17β-dihydroxyandrost-4-en-3-one 6 was 

recognized as the fifth metabolite. When the 1H 

NMR spectra were examined, it was seen that the 

multiplet peak at δH 3.45, ppm belonging to 3α-

H of 1, disappeared at 6. A signal at δH 0.41 

ppm belonging to olefinic proton shifted 

downfield. The signal of the methyl group at C-

19 (δH 0.22 ppm) belonging 1, designating the 

isomerisation in terms of the double bond and 

oxidation of hydroxyl group at 3β. Compound 

6’s NMR spectra revealed two distinct signals: a 

triplet signal for 1H at δH 3.90 ppm (J = 8.5 Hz) 

and a multiplet signal for 1H at δH 4.12 ppm 

showing respectively the presence of 17β- and 

15α-hydroxyl groups [14]. The 13C NMR spectra 

of 6 contained two novel signals: a signal at δC 

72.38 ppm and another signal at δC 78.62 ppm, 

further showing respectively the presence of 15α- 

and 17β-hydroxyl groups [15]. 

 

4. Conclusion 

 

Penicillium olsonii MRC500780 primarily 

oxidized the hydroxyl group at the 3β position, 

besides shifting the double bound to 4-en. The 

majority of the starting material is hydroxylated 

at the position of C-15α, with small reduction at 

C-17, besides some of 1 hydroxylated at C-7α 

position and C-7β position by P. olsonii 

MRC500780.    

 

Penicillium species have previously converted 

the hydroxyl group at 3β of  the starting 

substance to a carbonyl group while shifting the 

double bond at 5-en, followed by hydroxylation 

at C-15α [6-13].  P. olsonii MRC500780 was the 

first to carry out C-7α and C-7β hydroxylations, 

as well as a C-17 reduction on 1. Our research on 

the biotransformation of additional steroids by 

Penicillium olsonii MRC500780 and other fungi 

is ongoing. 
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