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Abstract

The adsorption of protein at the solid surfaces is the fundamental issue in designing the bio-
materials, development of biosensors, purification, and storage of therapeutic proteins, etc. Despite
many studies, the understanding of adsorption of protein over a surface and their subsequent
behavior are far from complete due to the inherently complex nature of an adsorbate protein and
the enumerable possibility of an adsorbent surface. There is a possibility of the huge different
number of configurations of protein at different external factors such as pH, salt concentration,
buffer type, temperature, mechanical stress, etc. Also, the surface can be smooth, rough,
hydrophobic, hydrophilic, etc. Even a smooth surface can have molecularly roughness with spikes,
which can also control the adsorption of protein.

To understand the effect of surfaces, it is customary to see the adsorption behavior of a
protein on a self-assembled monolayer (SAMs) of desired chemical functionality over a substrate.
Due to an enumerable number of factors, such as reaction condition, chemical nature of SAMs
forming reactants, a number of physical and chemical heterogeneity appears on the surface. The
surface energy, which is macroscopic property, depends on the microscopic properties of the
surface. The dependence of micro and macroscopic roughness and surface energy of the adsorbing
surface on the surface energy of the adsorbed proteins has been studied. Surfaces of three different
chemical functionalities namely, amine, hydroxyl, and octyl, were obtained through self-
assembled monolayer on silica surfaces and were tested for responses towards adsorption of
lysozyme and bovine serum albumin (BSA).

Many times, these SAMs are made with the appropriate reactants at a reaction condition,
which is not optimized. We have tested three silane coupling agents (SCA) containing propyl

amine with varying groups linked to Si present on it. In addition, we have used a silane coupling



agent to prepare SAM for methyl head group. The approach of these molecules towards the surface
depends on the head group and groups linked to Si of the SCA. The morphology of the surfaces is
analyzed using power spectral density distribution (PSD), skewness, ellipsometry thickness, and
surface energy. It is found from the morphology of the adsorbed insulin over various substrates
that a low number of aggregates of big size are formed on the surfaces obtained from a low
concentration of SAMs, while a higher number, but of a smaller grain size of aggregates are formed
over surfaces obtained from 1% concentration of SAMs modifiers.

We have explored the interrelation among characteristics of substrates with characteristics
of adsorbed proteins, namely adsorption isotherm, adsorption Kinetics, viscoelastic, properties of
the adsorbed proteins and desorption of the adsorbed protein by a surfactant. Quartz crystal
microbalance is used to determine the change in mass due to adsorption and the elasticity of the
adsorbed proteins. The parameters required to fit the adsorption isotherm, given by the BET
equation for a finite number of layers, can be used to explain the elasticity of four proteins of
different molecular weights, can be used to explain their elasticity on the surfaces. In addition, the
parameters can be used to explain desorption behavior of proteins by using sodium-do-decyl
sulfate.

We have investigated the effect of temperature, mechanical stress on the aggregates of BSA
in solution and their viscosity. The mechanism of the association of BSA molecules leading to the
formation of aggregates is proposed from the analysis of secondary structures of proteins, particle
size, and viscosity. We have shown the difference of the continuous shear and interrupted shear
on the particle size distribution, secondary structures and viscosity of protein in solution. The

interruption of shear gives particles to relax to form a bigger aggregated structure.



Subsequently, we have investigated the effect of surface and mechanical stress on the
aggregation of the Insulin in solution at 40°C. The interrupted shear leads to the formation of
bigger particle size of HI with a more proportion of intermolecular B-sheet in solution. There is
evidence of desorption of adsorbed insulin from the surface to the solution during the shaking
period in its folded state. The deformed proteins lead to subsequent aggregation process. The
particle size of insulin in the presence of surfaces is independent of the surfaces used, with an
exception for PTMS surface. The unstructured PTMS surface leads to the higher particle size with

more random coils in its secondary structure.
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