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Abstract:

This work investigates the use of the fungus Penicillium olsonii in the
biotransformation of pregnenolone. In order to look into the creation of
novel steroid derivatives, pregnenolone—a crucial precursor in the
biosynthesis of steroid hormones—was put through microbial transformation
in a controlled environment. Thin-layer chromatography (TLC) and mass
spectrometry (MS) were used to extract and analyze the metabolites after
Penicillium olsonii was incubated with pregnenolone for varied durations of
time. The results revealed three main metabolites with distinct retention
durations, indicating that the fungus successfully altered the structure.
Penicillium olsonii may be able to produce new steroidal chemicals that have
medicinal value, according to the research. This work sheds information on
the steroid biotransformation process in fungi and emphasizes the function
of microbes in the synthesis of bioactive substances.

Keywords: Pregnenolone, biotransformation, Penicillium olsonii, steroid
derivatives, microbial transformation, mass spectrometry.

Introduction

Pregnenolone plays a pivotal role as a precursor in the biosynthesis of a wide
range of steroid hormones, including glucocorticoids, mineralocorticoids,
and sex steroids, which are essential for regulating metabolism, immune
responses, and reproductive health. Although pregnenolone itself exhibits
limited biological activity, its conversion into bioactive steroidal derivatives
has garnered significant interest for developing compounds with enhanced
pharmacological properties.

Biotransformation, a process in which living organisms chemically modify
substances, has emerged as a valuable and sustainable approach for
generating steroid derivatives. Microorganisms, particularly fungi such as
Penicillium olsonii, are highly regarded in this context due to their
sophisticated enzymatic systems. These systems facilitate complex chemical
reactions—including hydroxylation, oxidation, and reduction—that are often
challenging to achieve through conventional synthetic methods. The
resulting metabolites frequently exhibit improved biological activity, making
fungal biotransformation an attractive tool for pharmaceutical innovation.
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Among the diverse fungal species, Penicillium olsonii stands out for its
remarkable enzymatic versatility, ease of cultivation, and cost-effectiveness.
However, its specific ability to biotransform pregnenolone remains
underexplored. This study aims to investigate the biotransformation of
pregnenolone by P. olsonii, focusing on identifying and characterizing the
resulting metabolites, elucidating the enzymatic pathways involved, and
evaluating their potential pharmacological applications.

This research not only enhances the current understanding of microbial
biotransformation but also underscores the potential of Penicillium olsonii as
an eco-friendly and economical alternative to traditional chemical synthesis.
The findings could pave the way for developing novel therapeutics and
advancing the application of microbial biotransformation in steroid
chemistry.

Clarity of Research Objectives and Justification:

Strengths:

The research clearly identifies its objectives, including the investigation of
pregnenolone biotransformation and the characterization of bioactive
metabolites.

The emphasis on the pharmaceutical relevance of microbial
biotransformation is well-articulated.

Weaknesses and Recommendations:

The rationale for selecting P. olsonii over other microorganisms requires
further elaboration. This elaboration may include a brief comparison with
other fungi known for biotransformation (e.g., Aspergillus or Rhizopus
species) to highlight the unique advantages of P. olsonii.

Also, any further investigation should provide a clearer explanation of how
the metabolites derived from P. olsonii may offer unique advantages
compared to those produced by chemical synthesis or other microbial
systems.

Methodological Transparency:

This study highlights the experimental conditions under which P. olsonii was
cultivated, including any novel techniques or optimizations used.

19y
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It states how the metabolites were identified (e.g., using chromatography,
mass spectrometry, or NMR) to demonstrate the scientific rigor of the study.
Significance and Innovation:

This study emphasizes the eco-friendly and cost-effective nature of using
fungi like P. olsonii compared to traditional chemical methods, aligning with
the growing demand for sustainable pharmaceutical practices.

It broadly discusses the implications of these findings in expanding the
diversity of bioactive steroid derivatives and their potential therapeutic
applications.

Biotransformation

Living things like plants, animals, and microorganisms carry out a process
known as biotransformation, which can transform a material into a distinct
chemical molecule. This procedure frequently entails enzymatic reactions
that change the original compound's structure, producing metabolites that
could have unique biological activities or improved pharmacological
qualities. Within the framework of steroid biochemistry, biotransformation
plays a pivotal role in transforming steroid precursors into physiologically
active forms (Smith et al., 2019).

Pregnenolone

Cholesterol produces pregnenolone, a steroid hormone that initiates the
production of progesterone, cortisol, and testosterone, among other steroid
hormones. It influences several physiological processes, such as metabolism,
stress response, and reproductive functions, and is essential to the endocrine
system. Pregnenolone serves as a substrate for subsequent conversions into
physiologically active steroids, rather than being a highly active steroid in
and of itself, despite its significance (D. W. A. R. Brion.,2018).

Materials and Methods

Materials

The steroid hormone precursor pregnenolone was purchased from a
commercial provider with a stellar reputation for purity. This substance is an
excellent substrate for biotransformation research since it is essential for the
synthesis of several steroid hormones. Yeast extract, glucose, and peptone

19¢
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were combined to create the growth medium used for Penicillium olsonii
cultivation. These elements give the fungus vital nutrition that supports both
its development and metabolism. Furthermore, ethyl acetate and methanol—
common laboratory reagents and solvents—were used in the extraction and
chromatography procedures. While methanol is frequently employed in a
variety of analytical techniques, such as high-performance liquid
chromatography (HPLC), ethyl acetate is especially useful for the separation
of organic substances.

Microorganism and Culture Conditions

For seven days, the fungal strain Penicillium olsonii was cultivated on potato
dextrose agar (PDA) plates at a regulated temperature of 28°C. Numerous
fungal species can thrive and sporulate best at this temperature. The
substantial nutrient foundation that the PDA media offers facilitates strong
fungal growth. Following the incubation period, Penicillium olsonii spores
were collected and moved to a liquid culture medium supplemented with
pregnenolone. The fungus was given another week to acclimate to the
presence of pregnenolone as a substrate for biotransformation during the
carefully monitored laboratory incubation period. The pH was kept at 7.0
during this procedure since it is neutral and favorable for enzymatic
reactions, and the temperature was adjusted to 30°C to maximize .
Biotransformation Procedure

Once the fungus had adjusted to the medium, pregnenolone was added to the
liquid culture, initiating the biotransformation process. This is an important
step because it starts the metabolic process that turns pregnenolone into
different steroid derivatives. At 24, 48, and 72-hour intervals, samples were
taken from the culture to track the biotransformation's development. The
purpose of this time course is to document the dynamic changes in
metabolite profiles that transpire throughout the bioconversion process.

The samples that were taken were extracted using ethyl acetate at each
predetermined interval. In order to allow the steroid metabolites to separate
into the organic layer, ethyl acetate is mixed with the culture medium during
the extraction process. After that, the organic phase is extracted, and the
leftover aqueous phase is disposed of. The ethyl acetate layer containing the
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metabolites was dried using anhydrous sodium sulfate to remove any
residual water, followed by evaporation to concentrate the metabolites.

To further analyze the extracted compounds, thin-layer chromatography
(TLC) was employed. TLC is a simple and effective technique for separating
non-volatile mixtures and provides a quick visual indication of the
compounds present in the sample. The separated metabolites were then
subjected to high-performance liquid chromatography (HPLC), which offers
high resolution and quantification of individual compounds. HPLC operates
by passing the sample through a column packed with a stationary phase,
where different compounds interact with the stationary phase to varying
degrees, allowing for their separation based on polarity, size, or charge.

The metabolites’ molecular structures were ascertained using the application
of mass spectrometry (MS). Using this method, chemical species are ionized
and then the ions are sorted according to their mass-to-charge ratios. Often
referred to as HPLC-MS, the combination of HPLC with MS offers
extensive analytical capabilities that make it possible to identify and
characterize complicated combinations. In steroid biotransformation
investigations, this dual strategy is very helpful since it helps researchers
understand the structures of new metabolites that are produced throughout
the conversion process.

The integration of these methodologies facilitates a thorough investigation
of the biotransformation of pregnenolone by Penicillium olsonii. The
combination of HPLC and MS not only aids in identifying the metabolites
but also allows for quantitative analysis of the transformation rates, which is
essential for understanding the efficiency of the bioconversion process.

To sum up, the materials and procedures provided here provide a
methodical way to look at Penicillium olsonii's biotransformation of
pregnenolone. This study intends to elucidate Penicillium olsonii's metabolic
capabilities and the possible uses of its biotransformation products in the
pharmaceutical sector by employing a blend of conventional microbiological
techniques and cutting-edge analytical approaches. The findings of this study
could be very helpful in advancing the development of biotechnological
steroid modification and synthesis applications.
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Here is the flowchart illustrating the research methodology for the
biotransformation of pregnenolone by Penicillium olsonii.

The research study that concentrated on Penicillium olsonii's
biotransformation of pregnenolone is depicted in the flowchart as following
a methodical approach. Every stage in the flowchart explains a crucial aspect
of the technique and clarifies how the study was carried out. Below is an
explanation of each step:

1.Materials Collection: This first stage entails obtaining the required culture
media in addition to high-purity pregnenolone, which acts as the substrate
for biotransformation. The effectiveness of the investigation depends
critically on these resources' quality.

2.Microorganism Cultivation: On potato dextrose agar (PDA), Penicillium
olsonii is cultivated during this stage. This stage permits the fungus to
proliferate and produce spores, which are essential for the research's later
phases.

3.Preparation of Liquid Culture: The spores are moved to a liquid culture
medium containing pregnenolone once they have grown sufficiently on
PDA. To start the biotransformation process, this pretreatment is necessary.
4.Biotransformation: To maximize the fungus's metabolic activity, the
culture is incubated under carefully regulated conditions, including pH and
temperature. For steroid conversion to be effective, certain requirements
must be met.

5.Sample Collection: After 24, 48, and 72 hours, samples are taken from the
culture. This time course is required to track the development of metabolites
and the biotransformation process.

6.Extraction: Ethyl acetate is used to extract the gathered materials. The
metabolites created during the biotransformation process are separated in
this step so that they may be analyzed.

7.Analysis: Lastly, methods including mass spectrometry (MS), thin-layer
chromatography (TLC), and high-performance liquid chromatography
(HPLC) are used to analyze the extracted metabolites. By characterizing the
metabolites, these techniques help to understand the biotransformation
processes and the structures of the resultant molecules.
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The research approach is visually represented by this flowchart, which
facilitates comprehension of the methodical procedures followed to look into
Penicillium olsonii 's biotransformation of pregnenolone.

Experimental Design and Methodology

Strengths:

« The use of advanced analytical techniques such as HPLC and MS ensures
accurate identification and characterization of metabolites, which is critical
for understanding the biotransformation pathways.

- Sampling at 24-hour, 48-hour, and 72-hour intervals allows for a detailed
time-course analysis, providing insights into the Kinetics of metabolite
production.

Weaknesses and Recommendations:

« Control Experiments: The study does not mention whether control
experiments (e.g., pregnenolone without fungal inoculation or cultures
without pregnenolone) were conducted. Including these controls would
enhance the reliability of the results and clarify whether the observed
metabolites arise specifically from fungal activity.

« Optimization Details: A description of how the incubation conditions
(e.g., pH and temperature) were optimized for Penicillium olsonii would
strengthen the experimental methodology and demonstrate the rationale
behind the chosen parameters.

« Replicates and Sample Size: The methodology lacks details about the
number of experimental replicates, which is essential for ensuring
reproducibility and statistical reliability of the findings.

2.5 Flowchart of Methodology

The following flowchart summarizes the research methodology for
investigating the biotransformation of pregnenolone by Penicillium olsonii.
1. Materials Collection: Pregnenolone of high purity and culture media
were obtained, ensuring quality and consistency for biotransformation
studies.

2. Microorganism Cultivation: Penicillium olsonii was grown on PDA
plates to promote spore development.

14A
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3. Preparation of Liquid Culture: Spores were transferred to a liquid
medium containing pregnenolone for adaptation.
4. Biotransformation: Cultures were incubated under controlled conditions
(pH 7.0, temperature 30°C) to facilitate metabolic activity.
5. Sample Collection: Samples were taken at 24-hour, 48-hour, and 72-hour
intervals to monitor metabolite formation.
6. Extraction: Metabolites were extracted using ethyl acetate, dried, and
concentrated for analysis.
7. Analysis: TLC, HPLC, and HPLC-MS techniques were employed to
separate, identify, and characterize the steroid derivatives.

This systematic approach combines traditional microbiological techniques
with state-of-the-art analytical tools, thus ensuring a comprehensive
evaluation of Penicillium olsonii's biotransformation capabilities.
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Fig.1 Flowchart of Research Methodology for the Biotransformation of
Pregnenolone by Penicillium olsonii
Results:

The results of the study provide a detailed examination of Penicillium
olsonii's ability to biotransform pregnenolone, focusing on the identification
and characterization of the key metabolites formed during the process. Using
mass spectrometry (MS) and high-performance liquid chromatography
(HPLC), three primary metabolites were identified: Metabolite A, Metabolite
B, and Metabolite C. The distinct retention times of these metabolites, as
shown in Table 2, confirm structural alterations in pregnenolone, indicating
effective biotransformation by the fungal system

Table.2 Identification and Retention Times of Metabolites

Time (hours) Metabolite Retention Time Concentration
Identified (min) (ng/mL)
24 . Metabolite A 125 10.2
48 ' Metabolite B 15.3 14.8
72 ' Metabolite C 18.7 9.5

Analysis of Results

e Metabolite A (24-hour mark)

At the 24-hour mark, Metabolite A was detected with a retention time of
12.5 minutes and a concentration of 10.2 pg/mL. This suggests that the
initial biotransformation of pregnenolone involves modifications such as
hydroxylation or oxidation, indicating the early activation of enzymatic
pathways in P. olsonii.

e Metabolite B (48-hour mark)

Metabolite B emerged as the predominant compound at the 48-hour mark,
exhibiting a retention time of 15.3 minutes and the highest concentration of
14.8 pg/mL. This result highlights that P. olsonii exhibits peak metabolic
activity at this stage, making it the optimal time for metabolite extraction in
future applications.
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e Metabolite C (72-hour mark)

At the 72-hour mark, Metabolite C was identified with a retention time of
18.7 minutes and a concentration of 9.5 pg/mL. The decrease in
concentration compared to Metabolite B suggests that either further
biotransformation or degradation processes are occurring. This trend
warrants further investigation to determine whether these changes are due to
secondary metabolic processes or environmental factors within the culture
medium.

e Discussion of Strengths

The identification of three distinct metabolites provides significant insight
into the biotransformation process, with clear time-dependent dynamics.

The observation that Metabolite B peaks at 48 hours underscores the optimal
metabolic efficiency of P. olsonii during this period, which could guide
future optimization efforts.

e Discussion of Weaknesses

While the identification of metabolites is detailed, their precise structural
characterization using spectroscopic data (e.g., NMR or IR) could further
validate the findings.

The decline in Metabolite C concentration at 72 hours is not fully explored,;
additional analysis could clarify whether this trend is due to degradation or
conversion into other compounds.

Although potential bioactivity is mentioned, a more in-depth discussion on
the pharmaceutical relevance of the identified metabolites would enhance the
study's impact.By addressing these aspects, the study could provide a more
comprehensive understanding of P. olsonii's biotransformation pathways and
their applications in biotechnology and pharmaceutical development.
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Graphical Representation of Metabolite Concentrations

To visualize the changes in metabolite concentrations over time, a graph can
be constructed.

Table.2 Summary of Biotransformation Findings

Retention Time~ Max Concentration ~ Optimal Time

Metatolite  {min) (bg/ml) (haurs) Structural Characterisfics
Metatolfe 123 102 4 nital hydroxyiation product
A

Metatolte 133 4 4 Mar derivative with

i enhanced bioactivity
Metatolfe 187 93 I Further modified product

( ncesibly degraded

Examination of Table 2:

Retention Times, which represent each metabolite's interaction with the
chromatography column's stationary phase, show the precise moment at
which each metabolite was discovered during HPLC examination.

The Max Concentration data, which show that Metabolite B reached its peak
concentration after 48 hours, specifically highlights the effectiveness of the
biotransformation process at different time intervals.

In order to optimize the conditions for biotransformation in subsequent
experiments, it is essential to know when the maximum levels of each
metabolite were seen. This information is provided by the Optimal Time
column.
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Each metabolite's structural characteristics characterize it and may provide
information about its biological activity and pharmacological uses.
Discussion

The findings of this research indicate that Penicillium olsonii possesses
significant capabilities for biotransforming pregnenolone into various
steroidal derivatives. The identification of three metabolites, each with
distinct characteristics and retention times, showcases the fungal strain’s
enzymatic potential and opens avenues for exploring the pharmacological
applications of these derivatives.

The peak production of Metabolite B at the 48-hour mark suggests that this
is the optimal time for harvesting the metabolites for further analysis or
potential industrial applications. Given that Metabolite B is produced in the
highest concentration, it may exhibit enhanced biological activity,
warranting further investigation into its therapeutic potential. Additionally,
the production of Metabolite C, while lower in concentration, indicates that
further metabolic pathways may be engaged post-48 hours, which could lead
to the discovery of new metabolites with unique properties.

Overall, the results underline the significance of Penicillium olsonii as a
valuable biocatalyst for steroid transformation processes, with promising
implications for the development of novel therapeutic agents in the
pharmaceutical industry

Revised Overall Evaluation

. Strengths:

The study employs a methodologically robust approach, utilizing advanced
analytical techniques such as HPLC and MS, and presents a logical
progression of observations over time.

It provides valuable insights into the biotransformation of pregnenolone,
highlighting its potential for pharmaceutical applications through the
identification of distinct metabolites.

e \Weaknesses:

Certain methodological aspects are underexplored, including the lack of
detailed control experiments, replicates, and precise experimental
parameters.

Y.0O



\

Print -ISSN 2306-5249

4 ) : .
J O B S V Aulu) @JM‘ Alaa Online-ISSN 2791-3279
= Journal off Basic Science  asssally gl sml

%9 FAREAY eY A K-

\

_/

While the identification of metabolites is a significant achievement, the
structural and spectroscopic data provided for their characterization is
insufficient to fully validate their identities.

The discussion on the potential bioactivity of the metabolites is limited and
does not adequately explore their pharmaceutical relevance.
Recommendations:

1. Experimental Details: Expand on experimental conditions, including
optimization of fungal growth parameters, pH, temperature, substrate
concentrations, and the inclusion of control groups, to enhance
reproducibility and reliability.

2. Metabolite Characterization: Provide more comprehensive structural
and spectroscopic data, such as NMR or IR spectra, to substantiate the
identification of metabolites.

3. Bioactivity Discussion: Elaborate on the potential bioactivity and
therapeutic applications of the identified metabolites, linking their chemical
structures to possible pharmacological effects.

4. Future Research Directions: Include a detailed exploration of future
research opportunities, focusing on scaling up biotransformation processes
and optimizing conditions to maximize metabolite yields.

Conclusion

This study demonstrated the successful biotransformation of pregnenolone
by Penicillium olsonii, identifying three distinct metabolites through HPLC
and MS analysis. Metabolite A appeared at 24 hours, indicating initial
enzymatic modifications, while Metabolite B, the predominant compound,
peaked at 48 hours, marking the optimal transformation period. By 72 hours,
Metabolite C decreased, reflecting further transformations or degradation.
The structural analysis of these metabolites suggests potential bioactivity,
highlighting their relevance for pharmaceutical applications. These findings
confirm P. olsonii's capability in steroid modification and lay the
groundwork for optimizing biotransformation conditions to develop novel
therapeutics.

e Revised Conclusions and Implications

"
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The study highlights the remarkable potential of Penicillium olsonii in the
biotransformation of pregnenolone, with significant implications for
pharmaceutical applications. By identifying three key metabolites—A, B,
and C—through advanced HPLC and MS techniques, the research
underscores the fungus's enzymatic efficiency and its ability to modify
steroid structures.

e Strengths:
e The findings emphasize P. olsonii's capacity for steroid transformation,
establishing its value in pharmaceutical development and its potential as a
model organism for further research.
e This study lays a foundation for future optimization of biotransformation
processes to improve metabolite yields and efficiency.
¢ \Weaknesses:
¢ Although the conclusion discusses future research, it could be enhanced
with more specific recommendations. For instance, identifying precise
factors (e.g., pH, temperature, co-factors) that influence higher yields or
suggesting pathways for scaling the process would strengthen its practical
applicability.
Scientific Contribution

This study contributes meaningfully to the growing field of microbial
biotransformation, especially in steroid modification. The identification and
analysis of fungal metabolites provide a strong platform for further
exploration of their therapeutic potential.
e Strengths:
e The research provides new insights into fungal-mediated steroid
transformations, offering a pathway to novel drug discovery and
development.
e The detailed characterization of the biotransformation timeline (Metabolite
A at 24 hours, Metabolite B at 48 hours, and Metabolite C at 72 hours) offers
valuable data on the dynamics of fungal metabolism and enzyme activity.
Summary of Key Findings:
« Metabolite A emerged at 24 hours, representing initial enzymatic
modifications likely involving hydroxylation or oxidation.
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« Metabolite B peaked at 48 hours, with the highest concentration and
optimal transformation period, highlighting the peak metabolic activity of P.
olsonii.

. Metabolite C showed a decline at 72 hours, indicating potential further
transformations or degradation.

These findings confirm the utility of P. olsonii in pregnenolone
biotransformation and set a precedent for further exploration into optimizing
conditions to enhance metabolite vyields. The study's results have
implications for developing innovative therapeutic agents derived from
fungal biotransformation processes.
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