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ASPECTS Of PROTEIN 
DESIGN & ENGINEERING

Due to the complex nature of the protein-folding 
problem, the numerous attempts of de novo protein 

design have not lead to a major success. Therefore, 
more ‘realistic’ approaches have become accepted 
towards protein engineering, in order to acquire 
novel functions (DeGrado W.F., 1997; Desjarlais 
J.R. and Mayo S. L, 2002)

Indeed there is no need to design a protein se-
quence from scratch to do protein engineering. A 
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general strategy is rational design, in which the 
scientist uses detailed knowledge of the struc-
ture and function of the protein to make desired 
changes. In this sense and in the context of this 
chapter, we will focus on the concept of scaffolds 
that can be equipped with artificial binding sites, 
an approach that has gained recent interest. The 
term ‘scaffold’ is being used to describe some 
kind of natural protein architecture onto which 
unrelated structural elements can be incorporated 
and thus new biochemical activities created (Sk-
erra A., 2000).

A few types of protein folds have been ex-
amined for this purpose. For example single im-
munoglobulin (Ig) domains and helical bundles, 
have been found to be useful for the generation of 
biomolecules with the ability of binding to other 
proteins. These scaffolds, however, are hardly 
capable of complexing small ligands (Skerra A., 
2000).

In this respect, the lipocalin protein family ap-
pears to be a promising model system. Lipocalins 
constitute a family of small, robust proteins that 
typically transport or store biological compounds, 
which are either of low solubility or are chemically 
sensitive, including vitamins, steroid hormones, 
odorants and various secondary metabolites. The 
artificial lipocalins recognizing specific ligands, 
termed “anticalins”, could provide an alternative to 
recombinant antibody fragments, with interesting 
applications in biotechnology and medicine.

Computational approaches offer significant 
potential for engineering protein structure and 
function, and can be combined with experimental 
testing to gain new insights into the fundamental 
properties of proteins, in rational structure based 
design. These methods offer the potential to drive 
structure and function manipulations for imple-
menting in silico protein engineering experiments. 
In this respect, the number of experiments neces-
sary to better understand a protein’s function can 
be significantly reduced.

In this chapter, we present and discuss a par-
ticular cascade of computational steps in order to 

build a workflow for in silico protein engineering. 
In this respect, all available information, in order 
to choose and implement in silico mutations, is 
described, employed and monitored. Some of the 
prerequisites of in silico protein engineering are 
access to various sequence and structure molecular 
biology databases, software tools for three dimen-
sional molecular visualization and manipulation, 
sequence and structure alignment and comparison, 
molecular modelling and molecular docking.

An in-depth description of key terms and con-
cepts related to the above mentioned procedure is 
being described. Additionally the implementation 
of these steps is demonstrated in the context of 
performing mutations of particular residues on the 
ligand pocket of a lipocalin protein family member, 
to derive the desired ligand binding properties. 
The example chosen for inclusion introduces the 
reader to all of the essentials of computational 
protein engineering experiments. More impor-
tantly, it provides insight into understanding and 
properly interpreting the data produced by these 
methods.

PROTEIN SCAffOLDS

As mentioned above, rather than attempting to 
design from scratch, one can utilize a number 
of nature provided templates to improve on. At 
the very least, these templates already fulfill the 
criteria for stably folding proteins.

Therefore, the idea is to utilize structurally 
well-defined polypeptide frameworks for the in-
troduction of novel functions, by locally reshaping 
a part of the protein surface that is thought to be 
less important for the protein folding process or 
its stability (Skerra A., 2000).

Hence an ideal protein scaffold should provide 
a rigid folding unit, which spatially brings together 
several exposed loops (Ku J, Schultz PG. 1995). 
Since protein folding is a highly cooperative event, 
a critical issue is how it can be assessed whether 
a certain number of amino acid mutations can be 
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