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ABSTRACT

The thesis entitled “A comprehensive study of Transforming growth factor beta (TGFp) 3:
towards improved solubility, refolding modulation and binding interactions” presents a

detailed and systematic study of the expression, purification, refolding and interaction.

Chapter 1 (Introduction) introduces the TGF family of cytokines with main focus on TGF(3,
structural and functional aspects of this protein and its potential as a biotherapeutic agent. It
provides a brief description on the molecular and chemical chaperones, polyphenols as folding

modulators and thermodynamics of protein-protein interactions.

Chapter 2 (Materials and Methods) describes procurement of chemicals and reagents, along with
techniques used during the investigation specifically, AKTA based chromatography, SDS
(reducing and non-reducing) and Native PAGE, Isothermal Titration Calorimetry (ITC), UV-VIS

spectroscopy, Circular Dichroism (CD).

Chapter 3 [Expression, purification and characterization of TGF3 and its two receptors;
Type II (TBRII) &Type I (TPRI)] presents in detail the multistep schemes of expression and
purification of TGFB3 and its two receptors (Type II and Type I), problems associated with them

and certain optimization and characterization of the proteins.

In Chapter 4 (Exploiting the folding modulators for a switch from misfolded to folded TGFB3
during over-expression in Escherichia coli) we carried out co-expression experiments of TGF33
with chaperones and demonstrated that by coordinated action of a combination of DnaK-Dnal-
GrpE and GroESL, it is possible to achieve native soluble conformation of TGFB3 during over-

expression in E coli. In addition, we have shown that presence of osmolytes in the form of sorbitol



or trehalose in the growth media had an appreciable impact on the solubility of TGFB3. A
synergistic approach of both molecular and chemical chaperones were also taken. The
functionality of soluble TGFB3 was confirmed by performing binding interactions with its cognate
receptor TPRIL. Our study delineates the fact that an effective combination of chaperones or
optimum concentration of compatible osmolyte, can efficiently abrogate competing aggregation

pathways and help attain the native conformation of a cysteine rich cytokine in a facile manner.

In Chapter 5 (Natural polyphenols in combination with B-cyclodextrin can be effectively used
to increase the yield of native TGFB3 during refolding) we have exploited polyphenols beyond
their conventional roles of being aggregation alleviators. Several polyphenols (EGCG, baicalein,
myricetin) either alone or in combination with the pseudo-chaperone beta cyclodextrin were added
in the refolding buffer of TGFB3 in an attempt to increase its refolding yield. With the help of
non-reducing SDS PAGE and size exclusion chromatography, we showed that the presence of
baicalein or EGCG along with B-CD indeed increase the relative yield of the native protein in a
time dependent manner in comparison to the control with no additives. EGCG expedites the
refolding process giving a maximum increase within twenty four hours while baicalein takes as
long as forty eight hours to provide an optimum amount of refolded protein. Thus these small
molecules provide a promising alternate route in increasing the yield of aggregation prone proteins

during refolding.

Chapter 6 (Effect of synthetic membranes on refolding of TGFB3) presents a study of the effects
of membanes on refolding of TGFB3. Surfaces (provided by AMT Inc; USA) with varying
chemical and physical properties were tested to understand the effect of smooth or rough polymeric

surfaces on protein folding. We demonstrated that presence of an uncoated or aminated hollow

Vi



fiber membranes (HFM) with open pores can greatly increase the relative yield of the native
TGF3 after refolding in a dose dependent manner while coating the surfaces with polymers of
siloxane having a closed pore structure could do so only to a marginal level (in comparison to

control with no membrane).

In Chapter 7 (Interaction of TGFB3 with its receptors, TBRII and TBRI: a unique mechanism
for protein-protein association) we present an in-depth profiling of the binding mechanisms of
TGF3 ligand with its type II and type I receptors (TPRII and TPRI) using isothermal titration
calorimetry (ITC). Studies were carried out in acidic pH as it has great physiological relevance in
terms of TGF[3 activity. Our findings reveal an unusual entropy-driven binary complex formation
between TGFB3 and TBRIIL. Recruitment of TPRI to the aforementioned complex leading to a
ternary unit, however is associated with a distinct shift towards enthalpy dominated
thermodynamics. Binding studies of TGFB3 and TPRII are also carried out at different
temperature, pH, salt concentration to gain further insight on the thermodynamics of the

interaction.

Vii
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