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Abstract

Immunosuppressants are chemical or biological agents purposefully used to reduce or
suppress the immune system. These drugs have an array of uses from preventing the body
from the rejection of organ transplant to treating various autoimmune disorders and various
non-autoimmune inflammatory diseases. In recent years, microbial metabolites have become
a hotspot of scientific research. Secondary metabolites mainly isolated from a microbial
source. Pharmaceutical industries commonly use several fungal fermentation processes for
the large-scale production of drugs. Mycophenolic acid (6-(4-hydroxy-6-methoxy methyl
3oxophthalanyl)-4-methyl-4-hexenoic acid, C;7Hy00s, MPA) is a fungal secondary
metabolite. MPA has been produced by many Penicillium species as well as other fungi.
Mycophenolic Acid and derivatives of mycophenolic acid, such as mycophenolate mofetil
and sodium mycophenolate, are used in the treatment of patients with organ transplantation
and autoimmune disease by inhibiting the enzyme inosine monophosphate dehydrogenase
(IMPDH). MPA and its derivatives are commercially used as frontline immunosuppressive
agents to prevent the rejection of transplant organs. Commercial immunosuppressants based
on MPA include CellCept (Mycophenolate mofetil; Roche) and Myfortic (mycophenolate
sodium; Novartis). B and T lymphocytes entirely depend on IMPDH for the synthesis of
nucleotides, while other human cells use different pathways for this synthesis, and are less
affected by the anti-proliferative effect of MPA. Due to this reason, MPA is highly selective
and have fewer side effects as compared to other immunosuppressants drug. Mycophenolic
acid also exhibits several therapeutic roles and is useful in the treatment of various
autoimmune, cancers, fungal, and viral diseases. This study is an attempt to optimize the

MPA production through fermentation process using Penicillium brevicompactum. One



variable at a time (OVAT) approach was used to optimize media components for production
of mycophenolic acid. In the presence of glucose and peptone production of MPA was
enhanced. The highest MPA concentration was observed at 200 rpm and 2 vvm, which were
about 1.73 g/ and 1.76 g/L respectively. The viscosity of fermentation broth reached a
maximum of 55.12 cp at 144 h. It was found that the consistency index increased from 0.019
to 0.067 Pa.s", while the flow behavior index decreased from 0.71 to 0.45 during MPA
production. Volumetric oxygen transfer coefficient (K; a) value was 66.08 h™ and 51.50 h™' at
2 vvm and 1 vvm respectively. In fed-batch fermentation, the MPA concentration obtained
was 1.91 g/L higher than the value obtained in batch culture, 1.55 g/L, while in continuous
fermentation, 1.67 g/l was obtained. The mycophenolic acid productivity obtained in
continuous fermentation process was 0.025 g/L/h, which was maximum MPA productivity.
Purification of crude mycophenolic acid produced from batch fermentation process was done
by using column chromatography. Response surface methodology (RSM) using central
composite design (CCD) was employed as a statistical tool to investigate the MPA
purification process in column chromatography. Under optimum conditions, the experimental
yield was observed to be 84.12%, which matched well with the predictive yield of 84.42%.
High-performance liquid chromatography (HPLC) and Fourier-transform infrared

spectroscopy (FTIR) analysis was carried out to confirm the presence of mycophenolic acid.

Keywords: Immunosuppressant; Mycophenolic acid; Bioreactor; Response surface

methodology; Central composite design; Flow behaviour index; Consistency index.
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PREFACE

“A scientist is happy, not in resting on his attainments but in the steady

acquisition of fresh knowledge.”

- Max Planck

A therapeutic compound known as mycophenolic acid drew my attention as it was reported
to have several functions including immunosuppression. Patients suffer a significant impact
as a result of expensive transplants followed by lifelong immunosuppression. Thus, I choose
this study to find some options for increasing mycophenolic acid production using a
Penicillium brevicompactum fungal strain. Different process characteristics that could affect

the fermentation system were used to develop the strategies.

Firstly, I tried to optimize the medium composition for mycophenolic acid production. The
optimized medium was then used for further studies in shake flask and bioreactor. The
kinetic analysis of mycophenolic acid production was carried out in stirred tank bioreactor.
Once the kinetic behaviour of fermentation process was analyzed, then different strategies

were employed to study their effect on mycophenolic acid production.

Then the production in stirred tank bioreactor was studied by using different dissolved

oxygen concentrations.

Another strategy which compared the effect of different fermentation process was done for

mycophenolic acid production.
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In order to validate the production of mycophenolic acid, purification was carried out. The

purified sample was then characterized using different analytical techniques.

Thus, with immense support and guidance of my Ph.D. supervisor, Prof. Pradeep Srivastava,
I have compiled my efforts in the form of this thesis. The thesis has been divided into five

chapters:

1. Introduction: Details the importance of mycophenolic acid as a therapeutic agent

2. Review of Literature: Describes the studied done so far in the area of bioprocess
development of mycophenolic acid and other antibiotics.

3. Materials and Methods: Provide the information about the chemical reagents and
other aids utilized during the study. It also describes the methodologies which have
been adopted for the study.

4. Results and Discussion: Gives an insight into the findings of this study and their
implications.

5. Conclusion: Summarizes the work as well as provides the future scope of this work.

List of publications have been attached at the end.

I hope this research report would be interesting for the researchers working in the area of

Biochemical and Bioprocess Engineering.
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