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ABSTRACT 

Biomolecule adsorption at liquid/solid interfaces is ubiquitous in nature. The 

phenomenon also arises in a diverse range of traditional scientific and engineering 

applications; such as the physiological response to medical implants or the bio-fouling of 

process equipment. The same behaviour may also hold the key to the creation of self-

assembling hierarchical materials for applications in the emerging field of 

bionanotechnology. A detailed understanding of biomolecule adsorption is essential to 

elucidating the behaviour of natural systems and realizing the technological potential of the 

process. Due to the difficulty in investigating the adsorption process experimentally 

molecular simulation is finding increasing application in the study of this phenomenon on a 

molecular scale. Molecular dynamics (MD) is a simulation protocol that is widely employed 

in study of biomolecules. This thesis reports the application of MD simulations to the 

adsorption of experimentally identified solid binding peptides at their targeted liquid/solid 

interfaces. In the first body of work reported here, the adsorption of gold and platinum 

binding peptides at their respective water/solid interfaces is elucidated in detail at the 

molecular level to propose an adsorption mechanism for peptide adsorption at strongly 

interacting liquid/solid interfaces. In a second study, the mechanism is extended to 

moderately interacting interfaces by considering adsorption of a graphite binding peptide at 

the water/graphite interface and a generalised model of peptide adsorption at liquid/solid 

interfaces. Attention is then given to quantifying the adsorption propensity through two 

routes. The first is via the free energy of adsorption, where it is demonstrated that a non-

equilibrium MD method is able to predict the experimentally observed adsorption 

propensity for a series of graphite binding peptides. Finally, a more computationally 

efficient method for predicting the relative adsorption propensity of peptides based on the 

peptide-surface interaction energy is described. The parameter is shown to correlate well 

with the free energy of adsorption and is capable of ranking peptides in terms of binding 

propensity in line with experimental results.  
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