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Abbreviations

Amino acids have been described throughout the text, figures and tables using

the three and one letter code. Mutations are denoted as follows: wild type amino acid,

residue number, mutant residue, as in Y39F. A residue that has been deleted is

signified with a A symbol after the residue number as in G4A.

Abbreviations used throughout the text, figures and tables:

AXXX

bp

BSA
cfu
CG15¢
Cyt bsen
DTT
dNTP
EDTA
EGFP
EGFPA
GdmCl
GGS
GFP
IPTG

K
MALDI-MS
MCS
NCS
NEB
NMR
ODXXX
PAGE
RMSD
SDM
SDS
TAE
TEMED
TLS
TND
TNG
Tris

\/A%

wt

w/v

X

Absorbance at xxx nm

base pair

Bovine serum albumin

Colony forming units

CG15 double cysteine mutants

Cytochrome bse;

Dithiothreitol

Equimolar mixture of the four deoxyribonuctleotide triphosphates
Ethylenediaminetetraacetic acid

Enhanced Green fluorescent protein

Single amino acid deletion variants of EGFP
Guanidinium Hydrochloride
Glycine-Glycine-Serine linker

Green fluorescent protein

Isopropyl B-D-1-thiogalactopyranoside
Kelvin

Matrix-assisted laser desorption ionization mass spectrometry
Multiple cloning site

Non-crystallographic symmetry

New England Biolabs

Nuclear magnetic resonance

Optical density at xxx nm

Polyacrylamide gel electrophoresis

Root mean square deviation

Site directed mutagenesis

Sodium dodecyl sulphate
Tris-acetate-EDTA
Tetraethylethylenediamine

Translation, libration, screw

Triplet nucleotide deletion
Tris-NaCl-Glycerol
2-Amino-2-hydroxymethyl-propane-1,3-diol
Volume per volume

Wild type

Weight per volume

Single random amino acid linker
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Abstract

With an ever-expanding protein engineering toolbox different mutational
techniques can be used to engineer new or altered function into protein scaffolds
without the restriction of sampling just simple substitution mutagenesis. These
include approaches that target backbone as well as side chain changes, such as single
amino acid deletions or whole domain insertion. The problem with utilizing these
mutational approaches is the difficulty in predicting both local and global structural
changes on changing the backbone conformation. The aim of this thesis is to
demonstrate the tolerance and beneficial influence of backbone targeted mutations
using a mutant library-based screening approach, and to provide an understanding of
their mechanism of action.

A directed evolution transposon-based approach was used to generate libraries of
single amino acid deletion and whole domain insertions into enhanced green
fluorescent protein (EGFP). The later involved the insertion of cyt bse; as the donating
insert domain. Library analysis revealed a wide range of sites were sampled across the
backbone of EGFP.

Library screening revealed widespread tolerance of EGFP to single amino acid
deletions. Using the crystal structure of EGFP determined here, it was found that that
loop regions where particularly tolerant. Two variants with residues G4 or A227
deleted conferred increased protein fluorescence to cell cultures with respect to
EGFP. Spectral characterization and unfolding experiments identified that rather than
altering the fluorescent properties of EGFP the mutations elicited their effects through
altered protein folding and stability.

Screening of the domain insert library revealed that sites spread along the
backbone of EGFP were tolerant to cyt bse; insertion. Particularly tolerant were loops
and the C-terminal end of B-strand 7, with the linker sequences playing a key role.
One integral domain fusion scaffold, termed CG6, was identified in which the
functions of the two individual domains were highly coupled. CG6 exhibited almost
100% fluorescence quenching upon the binding of haem to the cyt bss; domain. CG6
was also shown to potentially act as a sensor for redox state and reactive oxygen
species such as H,O, via a haem-dissociation dependent mechanism. The structure of
CG6, determined by X-ray crystallography, provided the molecular basis for the
functional coupling of the two domains. Critical was the side-by-side domain
arrangement caused by differential linker lengths at the pivot position re-enforced by
a domain-domain interface that placed the chromophores within 17-18A of each
other.

Further rational design of a cyt bse-EGFP integral fusion scaffold (CG15) was
performed to create novel ratiometric fluorescent redox sensors, termed CG15¢
variants. The CG15C variants have been shown to have the most reducing redox
midpoint potentials of any protein based redox sensor studied to date. One of the
CG15 variants also has the fastest redox kinetics observed to date.

The survey of the tolerance and influence of single amino acid deletions in EGFP
conducted here has highlighted the potential beneficial nature of deletion mutagenesis
and has helped provide a molecular understanding of their effect. Through domain
insertion mutagenesis and retrospective structure analysis the mechanism behind the
functional coupling of two domains has been described and will also help guide future
work in the development of novel biomolecular switches.
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Chapter 1: Introduction

1.1 Protein structure and function relationship

Proteins are the most functionally diverse of all the macromolecules found in
Nature. They are comprised from 20 naturally occurring amino acids [1], and in some
rare instances pyrolysine [2] or selenocysteine [3]. The central dogma in molecular
biology is that DNA via mRNA encodes the order and composition of amino acids in
a given polypeptide chain. The amino acid sequence in turn determines the structure
and thus function of a protein; the 3D arrangement of the amino acids brings together
amino acids from different regions of amino acid sequence required for the functional
conformation of a protein.

The natural protein repertoire displays extraordinary plasticity in terms of both
their structure and function. Proteins can take on many different folds (topologies)
and have a wide range of functions such as enzymes catalyzing biological reactions,
structural cellular components, cellular signaling and in immune response.

The central relationship between protein sequence and structure/function give
proteins the inherent characteristic of “programmability”. Over the last 20-30 years,
protein sequence, structural and functional diversity has been increased in the lab
through the use of protein engineering to introduce changes to a target protein. This
has proved critical to our molecular understanding of proteins as we can now directly
interact and influence a protein rather than being simply passive observers. It has also

allowed proteins to be adapted and optimized for a particular application.

1.2 Protein Engineering
1.2.1 General

In 1978 an oligonucleotide mutational method was first demonstrated for
altering specific bases in a target gene [4]. This discovery allowed point mutations to
be introduced leading to the specific substitution of one target residue to another. This
in turn was used as a tool to study the molecular basis of catalysis, substrate
specificity, stability and folding of enzymes [5]. One of the first enzymes to be
targeted for protein mutagenesis was P-lactamase [6], which confers B-lactam
antibiotic resistance to bacteria. Further site directed mutagenesis identified numerous

variants of B-lactamase with altered catalytic activity [7, 8], substrate specificity [7, 9,



10] and resistance to inhibitors [7, 10], as well as elucidating the catalytic mechanism
[11,12].

Since its establishment, site directed mutagenesis (SDM) normally b