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Abstract
As many genome sequencing efforts today are completed, we are now provided
with the genetic maps for several organisms, including man. With these maps at
hand, the scientific focus is now shifting towards investigations of the
functionality of proteins. This task is even more challenging than the genomic
field since proteins, in contrast to DNA, do not allow themselves to be specifically
probed or amplified by easy and generic methods. However, to achieve
knowledge regarding protein function, useful information includes where, when
and how much of certain proteins are expressed in an organism. Such information
can be obtained if protein-specific binding molecules are available as tools. One
such class of target specific binders are the antibody molecules, traditionally have
been employed in a broad variety of biotechnical applications, including protein
localization studies on both cellular and sub cellular levels.

In a first series of studies, new methodology for recombinant production and
purification of antigens for generation of antibodies via immunization routes were
investigated. Parallel affinity gene fusion-based expression systems were used for
evaluation of different concepts for production of antigen and post-immunization
antibody purification. Carefully designed protein antigens from different
organisms were produced and used to raise antisera which were affinity purified
on their respective antigens to obtain highly specific polyclonal antibodies
(monospecific antibodies). One of the constructed expression systems includes an
affinity handle, ZSPA-1, previously selected from a combinatorial protein library for
its capacity to selectively bind protein A. This allows for convenient, non IgG-
dependent, affinity purification of proteins on conventional protein A resins.

A strategy where highly target specific antibody preparations could be affinity
purified in a more streamlined setup is also presented. By this strategy it was
possible to fractionate antibodies showing reactivity to different parts of the
antigen into separate fractions. This resulted in affinity purified antibodies
showing monospecific but still multi-epitope reactivity. Purified monospecific
antibodies were used in different studies including Western blot
immunofluorescence and recovery applications. For affinity purification of
endogenous target from its native surrounding a selective elution strategy where
the recombinant antigen was used to competitively elute the captured target was
developed.

Key words: Antibody generation, dual expression, affinity purification, E. coli
expression, Affibody, polyclonal antibody, monospecific antibody, proteomics
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INTRODUCTION

With the completion of the human genome sequence project (HUGO) during recent

years (Consortium, 2004; Lander et al., 2001; Venter et al., 2001), the focus has now

turned to function of the genes. How, where and when do the functional players, the
proteins, perform their actions? Searching comprehensive answers to these questions

is even more complex than to sequence the genomes. While the set of genes in a cell,
its genome, is fixed over time, the composition and levels of mRNAs and proteins is

fluctuating as the cell adapts to environmental and life cycle situations at every single

time point. In addition, to get a wider picture, it is important to understand cellular
pathways and how they are connected via interactions between proteins, and between

proteins and other molecules present. A driving force in genomics and proteomics is
the opportunity to bring light on the events decisive for organisms or cells fate. If a

gene or protein is shown to be involved in a pathway or mechanism responsible for a

diseased cell fate, it may be a good target for diagnosis, treatment or even prevention
of that fate. Today, more than 80% of all drugs act on the proteins in our body

(Drews, 2000). This makes information about protein localization, abundance and

function valuable, not only for the biological understanding, but also, development of
new drugs are likely to be focused on protein targets. To achieve knowledge on how,

where and when proteins perform their actions, protein localization studies provide
valuable information helpful when trying to state if a protein is involved in a function

or pathway responsible for a disease. Such information could be obtained in several

ways. Different means for this will be described in this thesis, some in more detail
and some more briefly. In particular, generation of antibodies and their use in

proteomics applications as protein localization and protein pullouts are described.

The central dogma

The fundamental process where the information about every organisms specific
characteristics, carried in the DNA, is converted into proteins is carried out via a

series of steps out-lined by what is termed “the central dogma”. The concept was
introduced in 1957 by Francis Crick (Crick et al., 1957). The central dogma describes

the key events of information flow taking place in the living cell.
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Deoxyribonucleic acid (DNA), are built of four different nucleotides, adenine (A),

guanine (G), cytosine (C) and thymine (T), which are linked together to form the
double-helical DNA coding for the proteins. Upon cell division, DNA is duplicated,

in an event known as replication, so that one DNA copy ends up in each new cell.

When a gene is to be converted into a protein it must first be transcribed into a
messenger molecule, the mRNA. Every transcribed mRNA is a complementary copy

of the DNA sequence necessary to produce the corresponding protein. In contrast to
the only four components of DNA and RNA, proteins are built from 20 different

amino acids, all with their own properties. As a consequence, the mRNA sequence

has to be translated into an amino acid sequence. In the translation, every triplet of
bases, a codon, is matched with its corresponding amino acid.

Schematic picture of the main events in the central dogma.

To complete the picture of how the corner stones, DNA, RNA and proteins, in a cell

or organism are involved in certain cell fates many different approaches are used
(Engle et al., 2006; Hoheisel, 2006; Tyers and Mann, 2003). Thanks to recently

developed techniques and improved methods it is today possible to do such studies in

a true high-throughput manner and on a genome-wide scale for DNA and RNA. In
global studies of an organism, a common strategy is to look for small differences in

the DNA sequence between two populations (abnormal compared to normal). This
field, often termed genomics, also includes DNA-sequencing projects, mapping and

annotation of genes to examine the organization of the genomic DNA. When a

majority of the genes for an organism is known it is possible to investigate under
which circumstances and to what extent different genes are transcribed. Transcript

profiling can be done by monitoring the relative abundance of mRNA molecules in a
cell or tissue type and can be performed for a impressive amount of genes in parallel

by microarray technology (Ferea and Brown, 1999; Schena et al., 1995). In analogy

to the genome and transcriptome concept, the full set of proteins in a cell constitutes
its complete proteome and as a consequence, proteomics is a term used for global

protein analysis. Even if techniques for genome and transcriptome analysis today

DNA mRNA Protein

Replication

Transcription Translation
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allows for high throughput screening of large sets of genes this is not yet true for

proteome wide analysis in higher eukaryotes.

1. Function of genes and gene products

DNA sequencing is nowadays done by routine technologies and more or less every

week, newly sequenced species are made available to the scientific community. The
first complete bacterial genome (Haemophilus influenzae) was reported in 1995

(Fleischmann et al., 1995) and in 2001 a first draft version of the human genome was
published (Lander et al., 2001; Venter et al., 2001). To date, the genomes of more

than 360 organisms, representing all branches of life, archaeal (26), bacterial (294)

and eukaryal (41), are completed. Furthermore, over 1600 genomes are currently
being sequenced in ongoing projects (Liolios et al. ,  2006),

(www.genomesonline.org). In addition, more than 1100 viral genomes are publicly

available (www.ebi.ac.uk/genomes/virus). This avalanche of information flow has
become possible thanks to some key events during the last 65 years. In 1944 Avery

and co-workers (Avery et al., 1979) connected DNA to our heredity characteristics
and their work was followed by Watson and Cricks publication of the alpha-helical

structure of the DNA molecule in 1953 (Watson and Crick, 1953). DNA-sequencing

techniques were developed and published in the seventies (Maxam and Gilbert, 1977;
Sanger et al., 1977) but at that time it was tedious to sequence even shorter fragments

of DNA. With the invent of the polymerase chain reaction (PCR) (Mullis and
Faloona, 1987; Saiki et al., 1985), an amplification method for DNA, it became

possible to do DNA-sequencing from minor sources of starting material in the more

streamlined setups that are today available in many biotechnical laboratories.

Among the most frequently addressed issues in the scientific community is which
gene or genes are responsible for certain events, as development, degeneration,

proliferation or signaling in the organism. With all DNA sequence information

published, a whole arena of approaches to investigate the impact of certain genes on
cellular fates has become possible. These methods are used to monitor up and down

regulations of gene expressions by comparison of mRNA levels in different
biological samples such as pathological verses healthy tissues. In other cases,

alternation of a single position in the DNA sequence, single nucleotide polymorphism

(SNP), could be connected to a disease. By looking at known hotspots in the genome,
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prevalence for diseases could be foreseen (Engle et al., 2006). Genomes contain

naturally occurring variations, and SNPs are responsible for many of the phenotypic
differences between individuals in a species. If a genetic variation in a position of a

genome should be considered as a SNP it must occur with a frequency > 1% within a

population (Engle et al., 2006). By development of high throughput sequencing and
microarray techniques, genome wide screenings of SNPs and mRNA levels have

become very powerful and important tools to increase the understanding of the
information hidden in the DNA sequence which may lead to improved tools for

diagnosis and prognosis of patients.

1.1 DNA sequences constitute the genomes

Since the completion of the first sequenced genome, Epstein-Barr virus in 1984 (Baer

et al., 1984), methods to perform DNA-sequencing have improved in an impressive

way. Today very accurate sequences are generated, for example the human genome is
completed to 99% and the predicted error rate is about 1 event per 100 000 bases

(Consortium, 2004). Alltogether, there are 3 433 077 231 bases included in the
human genome (Ensembl version 38 – apri, 2006, www.ensembl.org). Ensembl is a

database were genome sequences from many species, including man, are organized.

Interestingly, the predicted number of protein-coding genes in the human genome is
today only 23 341 (Ensembl) as compared to the earlier estimated number of 80 000

(Orchard et al., 2005). The protein-coding genes represent only a fraction of all
genetic material in the human genome, as is the case for many other organisms as

well. Today, most proteomics efforts identify proteins in a sample by comparing

generated mass spectrometric (MS) data to protein sequences in databases as
Ensembl and similar. This makes gene annotation very important, not only to identify

every protein-coding region in the genome but also, to map different protein
isoforms. However, in most genomes only a fraction of the DNA is protein-coding

material. There is also extra information, i.e. DNA that is not transcribed into mRNA.

Much of the non-protein coding genetic material has other important functions, such
as regulation of replication and transcription in the cell. In human and other large

genomes, the complete functionality present in the DNA-sequence is still to be
understood.
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Genome projects

Even if the man generally is the major focus for most research applications, many of
the ongoing genomics, transcriptomics and proteomics efforts are made in model

organisms. Model organisms are of course much more convenient to work with and

allows for more controlled experimental setups. For example, effects of a drug or
environmental factor could be monitored in a way that would not be possible in man.

However, the building blocks of DNA are universal and even between distantly
related species there are many highly conserved protein-encoding genes (orthologs).

And even if the gene similarity is lower, the gene function may be conserved during

the evolution. In table 1, some examples of completed genomes are listed.

Table 1. Some organisms with completed genome sequences frequently used in genomics and
proteomics studies.

Species Size (Mb) Reference
Homo sapiens 3080 (Consortium, 2004)
Chimpanzee 3020 (Mikkelsen et al., 2005)
Mus musculus 2670 (www.ncbi.nlm.nih.gov)
Drosophila melanigaster 144 (www.flybase.org)
Chendorhabditis elegans 100 (www.wormbase.org)
Saccharomyces cereviseae 12 (www.yeastgenome.org)
Escherichia coli 4,6 (Blattner et al., 1997)
Haemophilus influenzae 1,8 (Fleischmann et al., 1995)

1.2 Transcription

While the genome sequence in an organism is more or less permanent over time, gene

expression and transcriptional levels are rigorously regulated by mechanisms

dependent on a broad range of intra- and extra-cellular factors as; tissue type, cell
age, temperature, energy source, neighboring cells, signals, etc. Thanks to this

regulation of transcription, every cell and tissue type only have to produce the
proteins necessary at a given time point and as a consequence, the transcriptome

(mRNA-set) is cell and tissue specific. One approach to identify the mRNAs in a cell

takes advantage of the fact that all transcribed mammalian mRNAs contains a polyA-
tail. This makes it possible to isolate all mRNA-molecules in a sample by aid of

complementary polyT as bait in a capturing procedure. By RT-PCR, a PCR setup
where the enzyme reversed transcriptase (RT) is utilized, the captured mRNAs is

converted to the complementary DNA molecules or cDNAs. By introducing the

generated cDNAs into a cloning vector, all cDNAs from a certain cell or tissue type
are used to create so-called cDNA libraries. In such a library, all mRNAs transcribed
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in the cell or tissue, at the time point of collection, are represented. This procedure

allows for subsequent sequencing of the cDNA clones. If the gene sequences are not
available it is possible to identify and verify the expressed gene sequences, i.e. so-

called expression sequence tags (EST), corresponding to the proteins, in a high

throughput manner (Adams et al., 1992; Adams et al., 1993).

Transcriptional profiling

Several methods, including in situ hybridisation (Dagerlind et al., 1992) and

differential display (Liang and Pardee, 1992), have been developed to study cell or

tissue specific gene transcription from small amounts of starting material. Today, the
far most commonly used technique to do transcriptional analysis is the DNA

microarray platform, which allows for global transcriptional profiling in parallel
samples.

Organisms and cells are specialized to perform different tasks depending on
environmental circumstances. Transcriptional responses in a tissue or cell upon

alternation of intra- or extracellular factors are highly complex events reflected in
gene regulation, both in parallel and by cascade mechanisms. This response, in terms

of up and down regulation of genes, could be monitored by aid of the DNA

microarray technology that takes advantage of the specific interaction between cDNA
and its corresponding mRNA. Initially the technique was developed for use in large-

scale DNA-mapping and sequencing applications, but later it was successfully used
for transcript-level analysis (Ferea and Brown, 1999; Schena et al., 1995). Two

alternative micoarray platforms are today frequently used, containing either cDNA or

oligonucleotide probes spotted on a solid support, usually glass or filters, in a high-
density and well-organized manner. The high density of spotted probes makes it

possible to screen an enormous set (genome wide) of molecules in parallel. In a

typical transcript profiling experiment, mRNA are collected, from a cell or tissue
source of interest, reversely transcribed to cDNA, fluorescently labeled and

subsequently allowed to hybridize to their complementary probes on the chip surface.
To the same chip, mRNA collected from a reference sample (untreated/normal) is

also hybridized. Prior to hybridization, the reference sample is labeled with a

fluorophore that fluoresce at an alternative wavelength. After hybridization, the
fluorescence from the two pools is monitored and thereby the relative quantity of all

hybridized molecules could be determined. Such comparative analysis could detect
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genes that are up or down regulated in the treated/diseased samples, respectively.

Efforts aiming for transcriptional analysis studies in eukaryotes have to consider the
fact that more than one mRNA-form often are processed from every individual gene

locus. The event known as alternative splicing magnifies the complexity of proteomes

compared to the corresponding genomes. By alternative splicing, one gene could give
rise to several forms of mRNAs and thereby different protein isoforms are generated

(Graveley, 2001). This issue is discussed in more detail in the section about proteins
in the living cell.

1.3 Protein levels in relation to mRNA levels

The mRNA level and its up or down regulation as a response on factors affecting
gene expression can be monitored on genome-wide scale by microarray techniques in

transcriptional profiling. However, the mRNA levels are far from always concordant

to the abundance of the corresponding protein in the cell. Beside the actual number of
mRNA molecules, the abundance of an active protein form is dependent on many

factors, including translational and post-translational mechanisms (Cox et al., 2005).
Gene regulation on transcriptional level is complex and might depend on DNA

sequences up and downstream of the actual transcription site. Beside regulation of

gene transcription the mRNA level also depends on turnover rate which is regulated
by RNA-binding proteins, small interfering RNAs (RNAi) and micro RNAs by

complex and not yet fully understood mechanisms (Mata et al., 2005). Furthermore,
protein abundance in a cell is also regulated in several post-transcriptional processes

including translation frequency, protein degradation and localization. As the

transcriptional analysis methods have matured and become routine for gene
expression analysis, comparative studies of the abundance of the corresponding

protein is of most interest. Several reports where transcription and protein levels are
compared have been published during recent years. In a gene versus protein study in

yeast Gygi and co-workers made quantification of mRNA levels in cells grown in

[35S]methionine media for protein labeling. For 156 genes they observed a modest

correlation of mRNA and protein abundance. They concluded that mRNA levels is
insufficient to predict protein abundance (Gygi et al., 1999). By looking at two yeast

populations grown on different carbon sources Griffin and co-workers aimed to find

how changes in expression correlate at transcript and protein levels. They compared
abundance-ratios of mRNAs and proteins from the two populations and found that a
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majority of genes involved in carbohydrate metabolic pathways showed expected

changes in abundance but, for many genes, the magnitude of responses differ a lot
between transcript and protein levels (Griffin et al., 2002). More recently, the

comparison presence/absence of mitochondrial mRNAs and proteins in several

mouse tissues were used to test concordance. By this approach it was found that 426
out of 569 pairwise comparisons were concordant (Mootha et al., 2003). According to

these studies, it is likely that the composition of mRNA and protein fluctuate in a
concordant way even if the number of mRNA copies does not necessarily reflect the

corresponding protein level.

1.4 Data handling

Every day the scientific community publishes novel data covering different levels of

the information flow in cellular mechanisms and pathways. To make all this

information available and arrange it in a useful manner, a field of its own,
bioinformatics, has developed. Construction of databases, for storage and cataloguing

of generated experimental data in an standardized way is important to assist potential
users, interested in some specific issue (Orchard et al., 2005). By mining published

data, catalogued in databases, it is possible to make important conclusions from

already existing information. For example, in a recent study, 40000 protein-protein
interactions in human are predicted by a probabilistic analysis, integrating public data

available from known protein interactions in model organisms, protein domain data,
gene expression studies and functional annotations into a predictive model (Rhodes et

al., 2005). Another public source, where information about protein expression in

human are published, is the human protein atlas for which the fist release was
recently made available at the web site www.proteinatlas.org (Uhlen et al., 2005).

With publicly available databases it is possible to make gene and protein information
relatively well-structured for the users since different data sources can be linked via

internet.

2. Production of recombinant proteins

In most cases when a protein is to be investigated for research purposes the required

amount and purity might be difficult or even impossible to obtain from its natural

source. Thanks to the recombinant DNA techniques, it is today a straightforward
procedure to introduce genes or gene fragments from various sources into a suitable
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host organism. Recombinant expression systems are used to produce proteins to a

broad range of applications, including the production of therapeutic proteins, for
example human insulin and coagulation factor VIII. Other examples where

recombinant techniques are utilized are for screening of specific protein properties as

stability, solubility, binding etc in various protein engineering efforts.

Different types of vectors mediate transformation of foreign genetic material into host
organisms. Depending on factors as host organism, amount of DNA to be introduced

and expression strategy, different kinds of vectors are used. For recombinant gene

expression in bacterial systems a plasmid vector is commonly used. Plasmid vectors
normally introduces the genetic material as a self-regulating DNA molecule

independent of the host organisms chromosomal DNA.

Recombinant proteins are often produced as a fusion to a tag that facilitates the

expression and/or the subsequent purification steps to obtain high levels of pure
protein in the end. Some fusions serve as signal peptides that are introduced to enable

secretion of the produced product to the cell media. Furthermore, fusion tags can add
valuable characteristics as solubility, stability, charge or hydrophobicity to the target

protein. Also, introduction of fusion partners with affinity to certain molecules are

often used for downstream purification (Hedhammar et al., 2005). An alternative
option is to use the fusion partner to detect clones expressing high levels of target

protein. One example of instant protein detection via protein tagging is the use of
green fluorescent protein (GFP) (Simpson et al., 2000; Waldo et al., 1999). GFP is

often used as fusion partner because of its ability to be visually detected in UV light.

This feature makes GFP suitable for example in screening for solubility as described
by Hedhammar et al., (2005b). Combinations of two or more fusion partners are a

commonly used strategy to introduce several desired characteristics to the produced

target protein. This is an attractive approach for high throughput efforts where
proteins with a broad range of properties should be produced in a streamlined setup.

Even if not further discussed, it should be mentioned that several fusion strategies
also introduce a protease-specific cleavage site that offers an option to cleave the

fusion tag away at a desired stage of the protein recovery process.
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Host for recombinant protein expression

The expression of a recombinant protein requires a host organism. There are many
different systems to choose from, all with their own strengths and weaknesses. Main

differences between the systems, in terms of protein recovery, are cost, cultivation

setup, expression levels, possibilities to generate post-translational modified proteins
and also, the number of downstream unit operations needed in the subsequent

purification. If possible, a prokaryotic bacterial host system is often the first choice as
bacteria normally are relatively easy to cultivate and provide high production

efficiency. The by far most commonly utilized prokaryotic host is the gram-negative

bacterium Escherichia coli (E. coli) (Markides 1996).

In eukaryotic cells the proteins are post translationally modified to a greater extent
compared to prokaryotes. The modifications may be essential for the protein activity,

and then, a eukaryotic expression system is required. Bakers yeast, Saccharomyces

cerevisiae, is a fast growing, single cell, eukaryote organism that is commonly used
as host for recombinant protein expression. Another commonly utilized yeast

eukaryote is Pichia pastoris. Which also provide a convenient system for
recombinant protein production. Often recruited multicellular hosts are plant or insect

cells. Of course recombinant techniques could theoretically be used for any organism

and cell type. Indeed, even if more time consuming and thus costly, many animal cell
lines are used when their specific machinery and pathways are required.

In all projects in this thesis, recombinant protein expression has been used for

production of protein fragments derived from both vertebrates and insects by aid of

the gram-negative bacterium E. coli.

2.1 Expression

Almost every protein is unique in its biochemical characteristics and as a

consequence there is no generic way to obtain high level of a desired recombinant
protein. Common problems are impurities, degradation, truncation, mis-folding, low

expression and lack of post-translational modifications required to obtain an active
target protein. In some cases, the produced protein could be toxic to the utilized host.

To overcome these problems, or at least improve the final recovery, one needs to

optimize a number of parameters or even try alternative hosts for expression. Of
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course, different problems are tackled in different ways but generally, temperature is

a parameter that are easy to change and it could often help to some degree if
solubility or degradation are the major issues.

Control of protein expression

Also important for overexpression of proteins is the choice of system for regulation

of transcription since this makes it possible to control when to initiate transcription
and thus, protein expression. A controlled induction makes it possible to cultivate

cells to a high density prior to induction and thereby, it is possible to produce proteins

that are hard to express or even lethal for the host. On the other hand, if too strong
expression is induced it may cause formation of inclusion bodies and then a less

efficient expression could be preferred (Galloway et al., 2003).

As mentioned above, genetic material is introduced into the host by aid of a DNA-

carrying vector. The design of expression vectors for prokaryotic systems contains
some essential features with direct or indirect impact on the outcome of protein

expression. By including a gene providing resistance for a suitable antibiotic, only
host cells picking up the vector will survive in antibiotic-supplemented growth media.

Another element included in plasmids is an origin of replication (Ori) determining the

copy number of the plasmid (Baneyx, 1999; Makrides, 1996). By including
transcription-regulating sequences, promoters, on the plasmid, protein expression

could be controlled and induced by addition of a factor needed for initiation of
transcription leading to protein expression. As the characteristics for almost every

single target protein is unique, no vector system is perfect in all cases. And as a

consequence, it may be necessary to test different expression vectors to achieve a
desired protein production and recovery.

An “operon” is the generic term for all DNA fragments involved in the expression of
a gene or even several related genes in an organism. In analogy, the DNA included in

an expression plasmid provides a number of different DNA-fragments involved in
recombinant gene expression. Some important features are the promoter, regulating

how transcription of the target gene is initiated and a sequence causing the

transcription to terminate. In bacterial expression systems, including E. coli, several
different promoters are used. The choice of promoter has effect on expression rate

and promoters are often discussed in terms of weak or strong according to the
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transcription rate. Also important for protein expression is how the transcription from

the promoter is induced. Promoter induction is regulated either by thermal or
chemical signals. The most common inducer is the sugar isopropyl-beta-D-

thiogalactopyranoside (IPTG) a lactose analogue which inhibits binding of the lac

repressor (Hannig and Makrides, 1998). A frequently used regulation system in
laboratory scale is the pET-vector system (Studier and Moffatt, 1986) that offers

tightly regulated transcription induced by IPTG. The pET vector has a T7 promoter
that is transcribed only by the T7 RNA polymerase. The IPTG inducible lac promoter

regulates transcription of the T7 RNA polymerase. This system requires that the host

harbors the T7 RNA polymerase gene (Studier and Moffatt, 1986).

2.2 Affinity purification tags

For most applications the produced protein must be purified from the endogenous

host proteins, which may interfere with the final purpose for the target. The
purification method to employ is dependent on different factors and more than one

purification step is normally required. Of course the degree of purity needed depends
on the intended use. For pharmaceutical products the required purity are often very

close to absolute homogeneity but for most application some level of contaminants

could be accepted. Cost, time and scale are other factors that have to be considered
when a purification strategy is chosen. Protein purification is dependent on the ability

to separate the target protein from contaminants, mainly other proteins expressed by
the host organism. Separation is done according to biochemical and physical

differences between the protein molecules in a sample. Size, pI, hydrofobicity, charge

and affinity are protein characteristics typically utilized for protein purification.

By expression of a target protein genetically linked to a fusion partner that provides
special characteristics to the protein, it could be recovered by selective

chromatographic methods and very pure target is often obtained after a single

purification step. The acceptance of fusion tags also depends on the final use. For an
injectable replacement drug of proteinaceous nature, no tags would be acceptable, but

for example if the purpose would be to generate target-reactive antibodies, tags would
be acceptable, or even advisable. Today, a broad range of protein fusion systems,

representing peptides, proteins or protein domains, are available to facilitate protein
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purification by taking advantage of interactions as charge, protein-protein or enzyme-

substrate (Hedhammar et al., 2005).

A frequently used purification strategy introduced by Porath and co-workers (Porath,

1992; Porath et al., 1975) is Immobilized Metal-ion Affinity Chromatography
(IMAC). In IMAC, negatively charged histidine or, even if weaker, charged cysteine

residues exposed on the protein surface interact with metal ions (Zn2+, Co2+, Ni 2+,
Cu2+) immobilized, through chelation, on a solid support used as affinity matrix. Due

to the relative rareness of histidine clusters in naturally occurring polypeptides, the

use of a polyhistidine peptide (His6-tag) as fusion to target proteins makes IMAC a
fairly selective purification approach. In many cases, when a protein is

overexpressed, inclusion bodies are formed and the protein must then be recovered
under fully denaturing conditions. IMAC, together with the biotin - streptavidin

interaction, has a unique advantage in that it can be used under such conditions. After

purification, in native or denaturing conditions, the bound target protein can be
released, either by lowering the pH or by addition of immidazole. The small size of

the His6-tag makes it easy to introduce by recombinant techniques and the tag is
sometimes used in combination with a second fusion partner in order to offer an

alternative or sequential purification strategy (Agaton et al., 2004; Graslund et al.,

2002a).

The utilization of protein domains from naturally occurring protein-protein
interactions as fusion partners, often gives very selective purification systems and

thereby very pure target proteins. Two commonly used proteins executing strong

affinity for other proteins are the staphylycoccal protein A (SPA) and the
streptococcus protein G (SPG). Both are bacterial surface proteins binding to IgG and

serum albumin. SPA contains five IgG-binding domains, denoted E, D, A, B and C,

all independently binding to the Fc part on the antibody molecule (Lofdahl et al.,
1983; Moks et al., 1986; Uhlen et al., 1984). The B-domain itself has been modified

to generate an improved affinity tag named Z (Nilsson et al., 1987). Later, the Z
domain itself has been even further engineered to generate purification tags with

novel, individual, characteristics (Graslund et al., 2002b; Graslund et al., 2000;

Gulich et al., 2000; Gunneriusson et al., 1999; Hedhammar et al., 2004; Nord et al.,
1995; Nord et al., 2001). By randomisation of 13 surface-exposed residues, the Z-

domain has been used as scaffold to generate libraries of binding molecules
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(Affibody molecules) (Gunneriusson et al., 1999; Nord et al., 1995; Nord et al.,

2001). Among several selected target-specific binders, the ZSPA-1 (Eklund et al., 2002)
used as affinity tag in papers II & III, is one. Affibody molecules and other binding

molecules are further discussed in the section covering alternative scaffolds. Next

example of bacterial surface proteins used as affinity tags, SPG, is capable to bind
both IgG and serum albumin through individual regions (Bjorck et al., 1987; Nygren

et al., 1988). The IgG-binding property is commonly used in applications where
antibodies are captured. Moreover, in the SPG sequence, there are three domains, all

capable of independently binding albumin (Akerstrom et al., 1987; Nygren et al.,

1988). Different combinations of these domains have been used as affinity tags in
various fusion systems (Liljeqvist and Stahl, 1999). In addition, ABP has been

suggested to have immunopotentiating effects in adjuvanted context, on its own and
as a fusion to antigens (Libon et al., 1999; Sjolander et al., 1997). This stimulating

effect in immunized animals is utilized in the studies included in this thesis. In

addition to the fusion tags mentioned in the text, the scientific community frequently
uses several other fusion systems. Some of the most common are listed in table 2.
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Table 2. Frequently used protein purification tags.

Fusion-tag Size ligand Reference
His6 6 aa Me2+chelator (Porath et al., 1975)
FLAG 8 aa mAb (M1, M2) (Hopp et al., 1988)
CBP 3 kDa Calmodulin (Stofko-Hahn et al., 1992)
ABP, ABD 5-25 kDa HSA (Nygren et al., 1988)
Z 7 kDa IgG (Nilsson et al., 1987)
Protein A 31 kDa IgG (Nilsson and Abrahmsen, 1990;

Uhlen et al., 1983)
GST 26 kDa Glutathion (Smith and Johnson, 1988)
MBP 40 kDa Amylose (di Guan et al., 1988)
Abreviations: Calmodulin binding peptide (CBP); Albumin binding peptide/domain (ABP/ABD);

Glutathion S transferase (GST); Maltose binding protein (MBP); Monoclonal antibody (mAb); Human

serum albumin (HSA); Immunoglobulin G (IgG).

3. Proteins in the organism – identification, localization

and functional annotation

Even today, with many complete genome sequences at hand, it is clear that we cannot

easily determine or predict the molecular or cellular functions of the encoded gene-

products. Actually, a significant portion of all sequenced genomes today encodes
proteins remaining to be characterized (Saghatelian and Cravatt, 2005). Typically,

some functional annotation might be predicted by homology, while no or very little
information is available concerning which cell type the protein is active in.

Monitoring the cellular mechanisms and pathways, on protein level, in a totally native

living cell is a task we today cannot fulfill. Instead we have to obtain information by
methods where the cellular system is more or less influenced by the used analysis

method. Already the fact that proteins are built from 20 amino acids, compared to the
four bases in DNA and RNA, makes them more complex to characterize. In addition,

the primary structure in the amino acid sequence forms secondary structures.

Furthermore, to be active, proteins need to be folded to form a tertiary structure and
also, in many cases, a quaternary structure that consists of more than one polypeptide

chain is formed (Campbell, 1995). The true picture of the proteome in higher
eukaryotes is even more complex since alternative promoter usage, RNA processing,

alternative splicing and also post translational modifications of the proteins are

common (Godovac-Zimmermann et al., 2005). An additional factor to deal with in
proteomics is the huge dynamic range, spanning 10 orders of magnitude, in relative

abundance of different proteins in a biological sample (Anderson and Anderson,

2002). The three-dimensional structure, the range of physiological and chemical
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characteristics and the big span in abundance between different polypeptides, make

the proteins very unsuitable to analyze with one single method and indeed, today
many different approaches are used in proteomics.

3.1. Mass spectrometry – applications in proteome analysis

Identification of isolated proteins or peptides is a corner stone in many proteomic

applications. Thanks to high accuracy in mass measurement, sensitive detection and
fairly high throughput, mass spectrometric (MS) methods have proven to be a

powerful tool for identification of proteins and peptides present in a sample. Even if

the methods to obtain protein-isolation/separation in proteomics approaches differ,
several of them rely on MS-techniques for the subsequent protein identification.

Protein identification by MS depends on high accuracy in mass measurement and
comparison of the obtained masses to a protein database (Tyers and Mann, 2003;

Yates et al., 2005). Due to the number of genome sequence efforts this is today

possible for many different species, including man. Briefly, figure 1 shows a
conventional outline of a proteomics approach were MS is used for identification of

proteins isolated from a complex biological sample. The biological sample is first
fractionated or separated in order to generate a less complex protein mixture for the

subsequent MS analysis. Separation techniques commonly employed are one or two-

dimensional gel electrophoresis. Often, fractionation of the sample by centrifugation
or directed capture of certain target proteins, are performed prior the gel separation

procedure. Some of the most commonly used separation and fractionation methods in
proteomics will be discussed and exemplified below. After protein isolation, site-

specific proteolytic digestion is normally done. In this way every digested protein

will generate an individual peptide fingerprint according to the obtained peptide-
masses. This allows for subsequent comparison of the MS-detected peptide masses

with the theoretical masses obtained from protein databases. Many protein databases
i n c l u d i n g ,  P r o f o u n d  ( h t t p : / / p r o w l . r o c k e f e l l e r . e d u ) ,  M a s c o t

(www.matrixscience.com), etc, are publicly available.
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Figure 1. General outline of gel-based MS proteomics.

3.2 A defined protein set constitute a proteome

Facing the complexity of a global proteome a commonly used strategy is to deal with
subsets of an organism’s proteome by focus on certain tissues, organelles or defined

protein complexes. Another strategy is to investigate post-translational modified
proteins of defined categories. But even sub–proteomes are highly complex and

several analysis methods are often required to be able to pick as many protein species

as possible in a sample.

Protein isoforms – alternative splicing

The old way of thinking, one gene – one protein, is now known to be far from true,

especially in higher eukaryotes were the final gene products commonly exists in a

vast number of variants as an outcome of alternative transcriptional and post-
translational processing of expressed genes (Mann and Jensen, 2003). In eukaryotes

genes are commonly organized in DNA-fragments, exons and introns, where only the

exones are processed into final mRNA for subsequent translation. By alternative
splicing, different mRNA molecules are generated from one single gene locus

(Godovac-Zimmermann et al., 2005). Alternative splicing, in higher eukaryotes, is a
frequently used strategy to alter the protein product from one gene in different tissues

and/or during certain developmental stages (Stamm et al., 2005). DNA array

experiments indicate that 74% of all human genes are alternatively spliced (Johnson
et al., 2003). On average, two to three transcripts are generated from a human gene

(Nakao et al., 2005; Stamm et al., 2005).
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Protein isoforms - Post Translational Modifications (PTMs)

After translation, addition and/or removal of molecules are common events,
especially in eukaryotes. Post translational modifications are used for several reasons

including, protein localization, turnover rate, protein-protein interactions, cell

signaling and initiation of protein activity (Mann and Jensen, 2003). Examples of
common modifications are phosphorylation, acteylation, methylation and

glycosylation at one or more residues (modification sites) in polypeptide chains
(Mann and Jensen, 2003). This contributes to making the protein isoform issue even

more complex. Because of their importance in regulation and signaling in cellular

pathways, PTM-identification has become a field of its own in proteomics.
Knowledge about the modifying state of proteins in a cell allows for advanced

speculations on how certain cellular pathways are regulated. Among the different
modifications, phosphorylation is one of the most abundant. Over 50% of the human

proteins are supposed to be phosphorylated and to date, phosphorylation are the

mostly investigated PTM (Reinders and Sickmann, 2005).

Figure 2. The basic steps giving rise to different protein isoforms.
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3.2.1Fractionation and 2D-gels

MS, in combination with two-dimensional gel electrophoresis (2DGE), is a frequently

recruited approach to identify the proteins present in more or less complex protein
samples. In brief, the strategy is to collect cells or tissue from a defined biological

sample and extract the proteins. Soluble proteins are then applied to a polyacryl

amide gel for subsequent separation according to isoelectric point (pI) in the first
dimension and according to size in a second step. Separated protein spots are stained

for visualization, spots of interest are excised from the gel and proteolytic digested
for subsequent identification by MS (Tyers and Mann, 2003; Yates et al., 2005).

More stringent fractionation prior to 2DGE is a way to localize the identified proteins
to certain organelles or large cellular structures (Yates et al., 2005). The fractionation

of cell lysate is done by traditional cell-biological methods including centrifugation

and affinity capturing of the organelles of interest. For example, Oh and co-workers
used silica-coated-bead method to isolate plasma membrane from lung endothelia

cells in rat. The subsequent 2DGE and MS analysis resulted in identification of 2000
proteins and two of them were shown to be surface proteins specific for lung-

endothelial cells (Oh et al., 2004). Next, they compared these findings to plasma-

membrane proteins isolated from rats with breast adenocarcinomas and 12 proteins
were highlighted as enriched in tumor endothelium plasma membranes.

3.3 Target-specific binding molecules as tools in

functional genomics

Target-specific detection of proteins in biological materials could add valuable
information about presence/absence, localization, size and quantity. Today, several

immunoassays for various purposes, including pregnancy test and diagnostics of

diverse cancers, rely on detection of differences in abundance of marker molecules.
In addition, target-specific binding enables isolation of the target from a complex

background like a biological sample. Reliable detection of targets in cell or tissue
samples requires high-quality binding molecules with low cross-reactivity to other

proteins present. In particular, if the target protein is previously uncharacterized and

no other information than gene sequence is available, the selectivity of the binder is
important so that right conclusions can be drawn. There are several ways to obtain

binding molecules directed towards a desired target, all with their individual strengths
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and weaknesses. Below, some of the most commonly used affinity proteins are

discussed.

3.3.1 Antibodies

High specificity and affinity to target molecules are reasons for the broad spectra of

applications for antibodies. Antibodies are molecules produced by the immune
system of vertebrates to specifically target invading molecules (antigens) that enter

the individual. The huge diversity of possible targets that may invade an animal is
met by an enormous number of combinations in the DNA sequences encoding for the

antigen binding domains of antibodies. The gene fragments encoding for the antigen

recognition, termed complementary determining regions (CDRs), are included in both
the heavy and the light chain and by combinations of variable heavy (VH) and light

(VL) chains in the final antibody molecule even higher variability is obtained. In

vertebrates, B-cells are the cells responsible for antibody production. Every clone of
B-cells is unique in the meaning that it expresses its own, individual, combination of

CDRs in the antigen-binding part of the antibody molecule, indicated as fragment
variable, FV in figure 3. (Goldsby et al., 2000).

Polyclonal antibodies

Because antibodies produced by B cells are secreted into the blood stream they could

be harvested from an immunized animal and this is how polyclonal antisera are
obtained. In a polyclonal serum the antigen-specific antibodies derives from several

B-cell clones (polyclonal), all producing their own individual IgG molecules binding

to the same target molecule, but not necessarily to the same recognition site (epitope).
This ability to recognize different parts of an antigen is one of the strengths of

polyclonal antibodies since some members in the pool may bind even if parts of the
target no longer are available due to blocking, degrading, partial misfolding,

denaturation or other modifications. In biotechnological applications such as Western

blot and immunohistochemistry (IHC), purification or enrichment of target-specific
antibodies can improve the experimental outcome. In particular, if the polyclonal

serum is to be used in studies of previously uncharacterized targets, purification of
only target-specific antibodies are important in order to minimize unspecific staining

caused by antibodies binding to irrelevant targets. Different strategies for purification

of antibodies are described in section 4. If the target protein used to generate the
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antibodies would contain a fraction of unfolded protein, the polyclonal sera would

contain antibodies recognizing both native and unfolded proteins. This features
makes polyclonal antibodies very attractive as reagents in assays such as Western blot

and IHC in which the target proteins are at least partially unfolded.

Monoclonal antibodies

In 1975 the hybridoma technique was introduced (Kohler and Milstein, 1975). This
strategy utilizes a hybrid cell line to produce an antibody clone with desired binding

properties. Hybridomas are obtained by fusion of a selected antibody-producing B-

cell with an immortal myeloma cell (a cancerous plasma cell). Thereby, an infinite
source of antibody molecules is obtained. In many applications, including diagnostics

or therapeutic applications, monoclonal antibodies are preferred (Borrebaeck, 2000).
This is because of the renewable source and the fact that monoclonal antibodies

recognize one single epitope on the target. Assaying by detection of this epitope is

then assumed to give reliable information about the target protein. On the other hand,
in applications were multi-epitope recognition is desired more than one monoclonal

antibody or a polyclonal serum is required.

Recombinant antibody molecules

On-demand production of selective binding molecules towards every desired target is
of course the dream for the biomolecular community. But even after careful selection,

production and purification of antigens there is no guarantee that an immunized
animal will generate antibodies with desired characteristics. In such cases iterative

procedures were immunization of alternative species, usage of alternative antigen

regions or forms may be used to succeed. An additional approach is offered by
libraries of binders, constructed by recombinant antibodies and/or alternative

scaffolds allowing for in vitro selection methods. Full-size antibodies are not suitable

for library constructions and they cannot be easily displayed by available selection
systems. Instead, alternative strategies, suitable for expression and selection, are used

in production of engineered antibody fragments (Skerra, 2003). Figure 3 include
some of the most commonly used recombinant antibody fragments, single-chain Fv

(scFv) and the antigen binding fragments (Fab), were the diversity from the antibody

CDRs are utilized to obtain diversity of binding specificity (Hust and Dubel, 2004;
Hust and Dubel, 2005; Konthur et al., 2005).
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Figure 3. The basic structure of an antibody (IgG) and some examples of the most common

recombinant antibody fragments, Fab and scFv used. Antibodies are glycoproteins consisting of four

polypeptide chains, two identical heavy chains (H) and two identical light chains (L). One heavy and

one light chain are hold together by a disulphide bond. In the Y-shaped antibody molecule, disulphide

bonds also link two such pairs. Both heavy and light chain contain variable (V) and constant (C)

domains. The heavy chains constant regions (Fc) are important for signaling and effector functions in

the immune system. Fc is also alternated between the different antibody classes (IgA, IgD, IgE, IgG

and IgM). The variable regions from both heavy and light chain combines to form two identical

variable fragments (Fv). On each of the variable regions three complementary determining regions

(CDRs) are included. It has been shown that the Fv region is responsible for antigen binding. Some

sub fragments, Fab, scFv and single-domain antibodies (VH and VL) commonly used in recombinant

antibody production are also shown.

3.3.2 Alternative scaffolds

The idea of combinatorial engineering has been adapted from the variability in the

repertoire of antibodies to generate binding molecules. Thereby scaffolds originating

from naturally occurring proteins, protein domains, peptides and nucleic acids have
been used for the creation of libraries. In contrast to recombinant antibodies, where

entire CDR regions in antibodies may be utilized, diversity of possible binders in
alternative scaffold-derived libraries are generated by artificial methods (Nygren and

Skerra, 2004). Alternative scaffolds should preferably offer easily produced, small

and stable frameworks that allow for substitutions at a number of positions in the
primary structure. Different protein domains have been successfully used as scaffolds

for alternative binding molecules. One example of a protein domain scaffold used is
the Z-domain (Nilsson et al., 1987). The Z-domain is an engineered from of one of



23

five IgG-binding domains present on the Staphylococcal protein A. The 58 amino

acids included in Z forms a stable three-helix bundle that has been shown useful in
library construction. Randomization of 13 residues in Z generated a library (Nord et

al., 1995) from which several binding molecules, termed “affibody molecules”, have

been selected (Eklund et al., 2002; Gunneriusson et al., 1999; Nord et al., 2001). One
of the selected affibody molecules, ZSPA-1 (Eklund et al., 2002), is used as affinity tag

in articles II and III in this thesis.

Similar to recombinant antibodies, alternative scaffolds offer an attractive supplement

to traditional immunization strategies in cases where immunization strategies have
drawbacks. For example, many human antigens are highly conserved in other species

and may as a result escape the immune response in an immunized animal (Konthur et
al., 2005).

3.4 Affinity

Specific and selective binding characteristics in terms of low cross reactivity are not
the only desired properties of a binder. Affinity, the strength of interaction between

receptor and ligand together with avidity, the ability to establish multivalent

interactions with a target, are other factors that have impact on the result in many
applications for binding molecules. Furthermore the accessibility of target and in

particular the binding site (epitope) is important for staining or signal intensity
detected in various biotechnological applications. The antibody – antigen (Ag-Ab)

interaction is dependent on a number of non-covalent interactions including charged

interactions, hydrogen bonds, hydrophobic ineractions and van der Waals interactions
(Goldsby et al., 2000). All mentioned interactions need a close fit between the

antibody and the antigen in order to form a stable Ag-Ab complex. The strength of a
monovalent binding (binding in one a single binding site) is the affinity to that

specific epitope. The association between an antibody (Ab) and its antigen (Ag) can

be described by the equilibrium equation

Where k1 and k- 1 is the association and dissociation rate constants, respectively. The

equilibrum constant, Ka (Ka = k 1/k-1), of this reaction is dependent on the molar

k1
Ag + Ab Ag-Ab

k-1
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concentrations of free antibody, free antigen and the concentration of Ab-Ag

complexes. Ka can be calculated from the ratio of free and bound molecules as
follows:

Bearing this relation in mind, one can imagine that strong or weak detection signals
in biotechnical applications doesn’t nessecary mean high amount of target protein.

The signal is also dependent on affinity, adivity and accessibility of antigen epitopes

in the sample.

3.5 Protein localization

The proteome of a living cell is fluctuating over time and different cellular fates

initiate different gene expression and thereby different proteomes. Investigations of
protein functions, cellular signalling and mechanisms, protein localization in time and

space give information about what cellular pathways a certain protein may be
involved in (Kumar et al., 2002). In addition, information about localization of a

certain protein in a tissue, on a cellular and subcellular levels is also informative

about how pathogenic mechanisms are involved in different diseases (Uhlen and
Ponten, 2005). Over the years, biotechnological methods have been used for protein

localization studies in vitro and in situ as well as in vivo. Protein localization
obtained by Western blot could tell if a target protein is present or not in a tissue or

cell sample. Protein extracts from defined tissue or cell types are separated by SDS-

PAGE and transferred to a membrane. Detection of target protein on the membrane is
obtained after incubation with a target specific antibody. Even if the primary antibody

could be directly labelled a more common approach is to use a secondary antibody
specific to the primary one. The secondary antibody is conjugated to an agent that

allows for protein detection by an enzymatic, fluorescent or radioactive event. To

obtain subcellular localization in situ antibodies are used in a similar way as for
Western blot but, instead of protein extracts, proteins are detected in cells or tissue

sections of frozen or fixated samples by a method termed “immunohistochemistry”
(IHC). In IHC, microscopic analysis of the stained tissue gives information on

cellular and subcellular protein localization. Today IHC has developed into a high

throughput method were tissues could be stained in parallel in so-called tissue

[Ag-Ab]
[Ag][Ab]Ka =
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microarray (TMA) (Kononen et al., 1998). Staining of a TMA with a target–specific

antibody has made protein expression screening more comparable on a tissue-to-
tissue basis and species-wide screenings possible (Agaton et al., 2003; Ek et al.,

2006; Uhlen et al., 2005; Warford et al., 2004).

Other reporter systems allowing for detection of expressed proteins have developed

by expression of tagged proteins and subsequent protein detection by aid of
antibodies directed towards the fusion tag. Alternatively, the fusion tag itself could

provide direct protein localization information. For example green fluorescent protein

(GFP) has been used as in vivo reporter of chimerically expressed GFP-fusion
proteins in human cells (Simpson et al., 2000). In a proteome-wide study in yeast,

Huh and co-workers constructed a GFP-tagged library enabling endogenous
expression of 6029 ORFs. Of these, 4156 showed GFP signals above background and

allowed for subcellular localization into 22 distinct categories (Huh et al., 2003). In

another study on yeast proteins, Kumar et al used two parallel expression systems for
localization of reporter-tagged proteins. One system expressed HA-tagged proteins

from their native genomic loci. In the other system the V5-tag were used as reporter
by introduction in an expression vector for expression under control of the GAL1

promoter. Expressed fusion proteins were immunolocalized with anti-HA antibodies

or anti-V5 antibodies respectively. They found that both tagging strategies gave
staining patterns comparable to previously published localization data (Kumar et al.,

2002).

3.6 Protein-protein interactions

Most proteins mediate their function as part of protein complexes or upon interaction

with other proteins in the cellular network (Cusick et al., 2005). Information about
protein-protein interaction networks is important for understanding of biological

mechanisms and cell signaling pathways (Gavin et al., 2002; Krogan et al., 2006).

Protein function may also be addressed to uncharacterized proteins if they are shown
to interact with players with known function (Lewis et al., 2000). For experimental

investigation of protein-protein interactions, yeast-two hybrid (YTH) or affinity
purification of protein complexes followed by identification by mass spectrometry are

the most commonly used (Cusick et al., 2005; Fields, 2005).
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Yeast two-hybrid systems

YTH is a system for identification of binary protein-protein interactions (Chien et al.,
1991; Fields and Song, 1989). The system takes advantage of two separable

transcription factor domains, one DNA-binding domain (DB) and one transcriptional

activation domain (AD). Fusion of the DB and AD to putative interacting proteins, X
and Y, generates X-DB and Y-AD respectively. Co-expression of X and Y result in a

functional transcription factor if X and Y interacts and thereby a reporter gene is
expressed for the detection of interaction.

Two large-scale YTH studies on yeast screened all 6000 ORFs for binary protein-
protein interactions. They found 841 and 692 interactions respectively but less than

15% of the detected interactions overlap between the two different studies (Ito et al.,
2001; Uetz et al., 2000). Later, protein-protein interactions in the worm

Caenorhabditis elegans (Li et al., 2004) and human (Rual et al., 2005) have been

studied by high throughput YTH systems using more stringent criteria before and
during the screens. All detected interactions were retested for elimination of false

positives. In addition, detected interaction pairs were verified by affinity purification
of tagged proteins expressed in mammalian cells. The co-affinity purification strategy

used the available ORF-collections for C. elegens (Reboul et al., 2003) and human

(Rual et al., 2005) respectively. Expression of tagged, ORF-encoded, proteins was
followed by a subsequent immunodetection of co-purified interaction partners. In

both studies, about 80% of the interaction pairs detected with YTH could be verified
by affinity co-purification and immunodetection. Furthermore, the data showed high

correlation to previously known protein-protein interactions.
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Figure 4. Schematic outline of the yeast two-hybrid (YTH) system in (A) and the tandem affinity

purification (TAP) system in (B).

Tandem affinity purification

An alternative approach to find novel or to verify conceivable interacting partners is

affinity capturing of a target together with its potential interaction partners. Tandem
affinity purification (TAP) is a system where affinity-tagged proteins are expressed in

the organism of which a protein network is to be studied. The system was originally
developed and tested in haploid yeast cells (Rigaut et al., 1999). TAP-tagging of

proteins introduces a dual affinity handle in frame with the target protein that allows

for a two-step capturing and washing procedure prior to MS-analysis for
identification of co-purified proteins. The original TAP-tag cassette consists of a

protein A unit, a protease cleavage site and calmodulin-binding peptide (CBP) unit
(Rigaut et al., 1999). Highly pure protein complexes are obtained after the dual

purification procedure where IgG-matrix is used for binding of protein A-tagged

target together with its interacting molecules in the first step. After washing, the
captured protein are released by proteolytic cleavage for mild elution and then

rebound on calmodulin beads in the second step. Isolated proteins are then eluted by
addition of EGTA and separated on SDS gel prior MS-analysis. The TAP system has

become very popular and is frequently used in protein interaction studies. For

example Krogan and co-worker used it in a recent study on the global yeast
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interactome (Krogan et al., 2006). They processed 4562 TAP-tagged yeast proteins

and found more than 7100 protein-protein interactions involving 2708 different
proteins. They detected 4087 proteins as preys, interaction partners to a tagged

protein, which corresponds to 72 % of all predicted yeast proteins. By use of a

clustering algorithm they were able to cluster the detected interactions into 547
complexes. This indicates that a major part of all proteins are involved in more or less

stable protein complexes.

Immunoaffinity capture

If a binding molecule, specific for a certain target, is available it may be used to
specifically fish out the target. Techniques for antibody-mediated purification of

targets and target associated is well establiched (Harlow and Lane, 1988). If protein
capture is done in conditions were proteins that physical interacts with the target

remain bound, this provides an attractive approach to investigate protein-protein

interactions, as proteins in complex with the target then can be co-purified.
Identification of complex bound interaction partners essentially relies on affinity-

mediated isolation (Monti et al 2005). In addition to the TAP and YTH systems,
approaches including various anti-tag systems such as the FLAG-tag (Brizzard et al.,

1994), are frequently used. In epitobe-tagging systems, a target protein is expressed

as fusion to a tag towards which an antibody reagent is available. Some drawbacks
with the anti-tag systems are that not all proteins allow themselves to be produced as

fusion proteins, or, when tagged targets are expressed in the cells from which the
proteins are to be purified, the cellular network may be disturbed resulting in non-

natural interactions as well. Furthermore, far from all organisms, including man, are

easily transfected with genetically engineered proteins. Even then, the tagged protein
has to compete with the endogenous, non-tagged target protein (Forker et a., 2003).

A more attractive approach would be to use target specific binding molecules, for
example antibodies, which specifically recognizes the target proteins. However, this

of course requires that a binder exist and for the wide majority of targets this is not
the case. This issue is more extensively discussed in section 5.

Protein arrays

Today, a promising approach to perform interaction analysis is offered by the various

protein and peptide array methods (Kingsmore, 2006). Similar to DNA arrays,
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printing of other biomolecules as proteins or peptides can serve as a tool to study

many interactions in a parallel fashion. The broad variety in physical and chemical
properties of proteins and peptides makes printing and immobilization of in a useful

way, far more complicated compared to DNA arrays. To meet this, some important

factors have to be considered when protein arrays are constructed including, binding
capacity, activity of ligands, accessibility of ligands and low degree of unspecific

binding (Cretich et al., 2006). In addition, the wide span in abundance among
different protein species in biological samples and the fact that polypeptides cannot

be amplified make arraying and detection of proteins even more challenging. Despite

these obstacles, recent studies using different approaches have shown that protein
arrays are functional in protein analysis. One example is a study where 184 antibodies

were arrayed for detection of multiple proteins in sera of prostate cancer patients and
controls (Miller et al., 2003). Sera from the two groups were fluorescently labeled

with Cy3 and Cy5 respectively and incubated with the antibody array. For five serum

proteins a significant different in abundance were observed indicating that this screen
could be useful in prostate cancer diagnostics. Another approach is to array the

analyte and use target-specific binding molecules for screening of many samples in
parallel. Such a setup are referred to as reverse phase and were used by Janzi et al

(Janzi et al., 2005) to screen the IgA levels in 2009 spotted human serum samples.

They used a sandwich procedure including an IgA-specific primary antibody and a
fluorescently labeled secondary antibody for IgA-detection. By comparisons of

fluorescence intensities they could rank IgA concentrations that where in
concordance whit IgA levels determined by an alternative method. This method

should be useful in parallel screening of many samples for abnormal levels of a

certain analyte.
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PRESENT INVESTIGATION

This thesis is based on articles covering, E. coli-production and affinity purification

of recombinant protein fragments, use of the protein fragments as antigens and
affinity ligands in order to obtain highly target-specific antibody reagents. The

acquired antibodies are used to localize target proteins on cellular as well as sub-

cellular level. Furthermore strategies to isolate and detect targets in native conditions
are presented.

4. Antibody generation and purification

As discussed above there are different categories of antibodies normally used in

laboratorial applications. The focus in my studies has been on rabbit IgG antibodies,
as the articles included herein aims for generation, purification and use of polyclonal

antibodies, raised against protein-fragment antigens. The fragments represent their

corresponding full-length counterparts. The main reasons to use protein fragments as
antigens are that they enable high throughput bacterial expression of a broad range of

proteins originating from higher organisms. And, also important, a well-designed
protein fragment can induce an immune response that generates antibodies specific to

the corresponding full-length protein. In order to generate antibodies against specific

proteins, an antigen source of certain amount and purity is needed. In most cases
isolation and purification of antigens from their native sources are not an option since

it would be to laborious, if even possible, to achieve high enough amounts of pure

target protein. Instead, cDNA-clones, RNA-pools and knowledge about the DNA
encoding the proteins represent more attractive starting points. An alternative

approach to generate antigens is to produce them as synthetic peptides. The major
problem with synthetic peptides is that they are limited in length and their flexibility

would result in antibodies that in many cases recognize the native protein quite

poorly. However, to develop strategies for high throughput generation of affinity
reagents, to be used in proteomics efforts, recombinant expression of protein antigens

offers a robust and often successful strategy. Antigens in form of protein fragments
make it possible to generate multi-epitope polyclonal antisera.

4.1 Accessing the target genes

The articles in this thesis describe how gene products, originating from various
organisms, are produced in the gram-negative bacterium E. coli ,purified and

subsequently used to generate target-specific antibodies. The sources, from which the
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genes derive, also vary. In article I, selected proteins originate from a mouse testis

cDNA library. In an earlier work the mouse genes were cloned, expressed and
purified in order to generated antisera (Larsson et al., 2000). Larsson and co-workers

used a PCR strategy to clone 55 cDNA-encoded open reading frames (ORFs) into an

expression vector. The ORFs were of sizes between 500 – 1600 base pairs (bp), and
as 49 out of 55 proteins were recovered at high enough yield and purity, it was

demonstrated that the system was suitable for streamlined production of mammalian
proteins. From the recovered mouse proteins, five were selected for subsequent

immunizations of rabbits in order to test the ability to induce target-specific immune

responses. Indeed, antibodies from all five raised antisera clearly showed reactivity to
proteins in different cell and tissue homogenates (figure 7).

In paper III, again, antisera were raised against cDNA-encoded protein fragments.

This time, fragments of approximately 900 base pairs, from four cDNA clones
encoding proteins with putative nuclear localizations in the midge Chironomus

tentans, were isolated by a PCR approach.

In paper IV, antibodies are enriched from antisera previously raised against protein

fragments representing human proteins whose gene locus are on chromosome 21

(Agaton et al., 2003). They much employed more stringent criteria for selection of
gene fragments representing the corresponding full-length proteins. The selected

protein fragments where denoted “Protein Epitope Signature Tags” (PrESTs). By
bioinformatic methods (BLAST search), regions with lowest possible homology

towards other all human proteins were chosen. Furthermore, trans-membrane regions

were avoided in the selected gene fragments. Agaton and co-workers isolated the
selected gene fragments, preferably of size 300-450 base pairs, from a RNA pool by a

RT-PCR approach.

4.2 Fusion tags

Many systems used for recombinant protein production takes advantage of the
possibility to introduce a fusion tag in order to facilitate recovery of target proteins.

All expression plasmids described here include the His6-tag. This allows for protein

recovery in either native or under fully denaturing conditions (8 M urea or 6 M
guanidinium chloride). In addition, all recombinant gene products used as antigens

are provided with the albumin binding protein (ABP). Fusion to ABP offers an
additional purification option, as ABP-fused proteins can be recovered on HSA-
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supports. Furthermore, ABB-fusion proteins can be detected by Western blotting

techniques using biotinylated HSA and streptavidin-conjugated alkaline phosphate.
This means, that expression screening can be performed with out the need of specific

antibodies. More importantly, ABP has been suggested to provide

immunopotentiating carrier properties (Libon et al., 1999; Sjolander et al., 1997).
This effect is very desirable since the target antigen itself may benefit from a strong

immune response and thus, result in higher titers of target-specific antibodies
(Goldsby et al., 2000; Harlow and Lane, 1988).

In paper II, a novel affinity tag, ZSPA-1, is included in the expression vector denoted
pAff11c. As shown in (figure 5.), the vector also includes the His6-tag and a multi-

cloning site for convenient insertion of desired gene fragments. The tightly regulated

promoter, pT7, is also included. In an earlier work by Eklund and co-workers (Eklund
et al., 2002), ZSPA-1 was selected from a phage library (Nord et al., 1995), in a

biopanning procedure. ZSPA-1 was selected using the IgG-binding domains (E, D, A, B
and C) from the Staphylycoccal protein A (SPA) as target. And indeed, Eklund and

co-workers found that ZSPA-1 is capable to bind any of the IgG-binding domains on

protein A. Thus, expression of proteins as ZSPA-1–tagged, enables affinity purification
on proteinA sepharose.

Figure 5. Schematic overview of the expression vector, pAff11c.

The pAff11c system was used for production of the same five, cDNA-encoded,

mouse proteins as used in article I. All five proteins could be recovered at high yield,
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either after, IMAC-purification using the His6-tag, or after affinity purification on

protein A sepharose taking advantage of the ZSPA-1-tag. Furthermore, it was possible
to recover ZSPA-1-tagged proteins in semi-denaturing conditions (0.5 M urea) by use of

the protein A/ ZSPA-1-interaction. The ZSPA-1-tag also provides the possibility to

perform protein expression screens of E. coli-cultures expressing ZSPA-1-tagged target
proteins. Two alternative detection procedures are made avaliable. First, a two-step

staining, where Western blot of E. coli cell extracts were performed by incubation
with protein A, followed by a second incubation with a peroxidase-anti-peroxidase

(PAP) antibody. ZSPA-1-tagged proteins are detected after addition of the peroxidase

substrate. Secondly, a single-step detection procedure was shown to work in a similar
expression screen of E. coli cultures as demonstrated in paper II. The single-step

screen utilizes an in-house produced Protein A-fused Alkaline Phosphatase (PAAP)-
reagent that targets ZSPA-1-tagged proteins. PAAP also allows for protein detection

after addition of a substrate to alkaline phosphatase.

4.3 Enrichment of target-specific antibodies

The use of antibodies in various laborative applications is typically improved with

higher purity of the affinity reagent (articles I and IV). One side effect when

immunizations are done with antigens as fusions to a tag, is that the obtained
antiserum will contain, not only target-specific antibodies, but also, antibodies

directed towards the fusion handle. Furthermore, the harvested antiserum also
contains antibodies for other immunogens that the animal’s immune system has

encountered. Such antibodies, with specificity for unrelated targets, may result in

cross-reactivity in various applications, if antibodies of unsatisfied purity are used.
Therefore, in most applications, it is desired to have highly pure target-specific

antibodies.

As mentioned in section 3.3.1, a well-established strategy for enrichment of IgG

antibodies from several species, including rabbit, is to pass the antiserum over a
protein A or protein G support. Even if this is a high capacity and straightforward

approach it does not discriminate between antibodies of desired specificity and others
present in the antiserum. Instead, target-specific antibodies should preferably be

recovered by use of the antigen as ligands to affinity purify antigen-binding

antibodies (Agaton et al., 2003; Larsson et al., 2000).
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Dual vector concept, artices I & III

Enrichment of target-specific antibodies on immobilized antigen supports is a

commonly used strategy to obtain highly specific antibodies from polyclonal antisera.

However, in strategies presented here, the bi-functional fusion tag, His6-ABP (~19
kDa), constitute a significant part of the protein used for immunization. IgGs reactive

to that part of the antigen will also be enriched in such an approach. Strategies to
avoid tag-binding antibodies in the affinity purified antibodies have earlier been

described (Hey et al., 1994; Larsson et al., 1996; Stahl et al., 1989). An approach,

employing parallel expression systems was earlier presented (Larsson et al., 1996). In
this earlier system, cDNA was expressed as fusions to two alternative tags, the

staphylococcal protein A (ZZ)-tag and also, in a parallel system, to ABP. The ZZ-
fusion was used for immunization in order to generate antiserum and the ABP-fusion

was used in an immobilized fashion to purify the target specific antibodies. As it later

was shown that it was advantageous to use the ABP tag in immunizations, there was a
need for an alternative expression vector, since ZZ fusion proteins not could be used

in antibody enrichments, as Z binds to the Fc-part of rabbit IgG.

In articles I and III, two novel parallel expression vector systems are used in order to

obtain pure antibodies, monospecific for their target proteins. First, in paper I, a
parallel concept, outlined in figure 6, was tested in purifications of antibodies from

rabbit sera, previously raised against five cDNA-encoded mouse proteins produced as
fusions to the His6ABP-tag described above (Agaton et al., 2003; Larsson et al.,

2000). A novel expression vector, denoted pAff10c, were constructed from the same

framework as the parallel plasmid, pAff8c (Larsson et al., 2000). Protein expression
in E. coli from pAff10c generated His6-tagged proteins at high levels for all five

clones. IMAC-purified proteins were separated on an SDS-PAGE and transferred to a

nitrocellulouse membrane by electroblot. The membrane-bound His6-tagged proteins
were excised and used as affinity ligands in a purification procedure.
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Figure 6. A schematic picture of the parallel expression concept is shown. In order to generate two

alternative fusions of the target proteins, selected cDNA-encoded target proteins are subcloned into

two parallel expression vectors. After E. coli expression and IMAC purification, the His6ABP-fused

proteins were used for immunizations to raise antisera. The second, His6-tagged, proteins were

immobilized and used in an affinity purification procedure to obtain target-specific antibodies.

One advantage with the presented dual-expression method is that it is possible to

validate the affinity-enriched antibodies in Western blot for their reactivities to the

corresponding His6-tagged proteins. In such ‘validation blots’ it was found that the
five antibody preparations indeed gave a target-specific staining. Furthermore, the

purified antibodies did not stain an unrelated His6-tagged protein. These results
indicate that the validation blots show antibody-reactivity for the cDNA-encoded

proteins.

To test the enriched antibodies, in a more biological related setting, they were used in

Western blots to analyze protein extracts from five relevant cell and tissue types.

Protein extracts from the same cell and tissues types, were earlier stained with
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antibodies obtained by the single vector approach used by Larsson et al. (Larsson et

al., 2000). It was clear from a tissue screen that the parallel strategy provides a highly
stringent purification method. As sown in figure 7, protein bands earlier detected by

the anti-29 and anti-54 antibodies, were not stained by antibodies purified by the

more stringent parallel concept. Also recognized in the earlier work by Larsson and
co-workers was that these two antibodies did not work in protein localization studies

by immunofluorescence microscopy.

Figure 7. Western blot analyses of five cell and tissue preparations are shown. cDNA clone-numbers

are indicated as 8, 18, 29, 30 and 54 and size-markers 97 and 66 kDa are specified in both panels. In

(A), detected protein bands were stained with antibodies, enriched in an affinity purification procedure

using the same His6ABP-fusion proteins as ligands as used for immunzations. In the right (B)-panel,

proteins were detected with highly target-specific antibodies, obtained after a more stringent

purification procedure using His6-tagged cDNA-encoded proteins. In both cases, antibodies were

purified from same antisera, raised against His6ABP-tagged target proteins.

In article III, an even more improved, parallel expression system, outlined in figure 8,

was used to generate antibodies specific for four cDNA-encoded proteins from C.

tentans. The employed vectors generate target proteins as fusions to two different
tags. First, His6ABP-fusions that after IMAC purification are used as immunogens
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and secondly, HisZSPA-1-fusions are IMAC-purified and used to affinity purify target-

specific antibodies from the raised antisera. In high throughput protein expression
efforts it can be advantageous to be able to identify high-level expressing E. coli

cultures prior protein purification. The vectors used here provide convenient

screening methods of cell cultures in order to find high expression clones. In order to
test these screens, cell lysates from His6ABP-fused clones were incubated with

biotinylated HSA and expressed target proteins were detected after addition of
streptavidin-conjugated alkaline phosphatase and developed by alkaline phosphate

substrate. For the HisZSPA-1-fused proteins, the one-step PAAP-staining procedure,

described above was employed to detect high level expressing cell-cultures.
Furthermore, the described parallel system allows for validation Western blots so that

the enriched antibodies can be tested for their reactivity towards the fusion proteins
used to elicit antisera. Moreover, the antibodies were used in Western blot to detect

corresponding full-length target proteins in protein extracts from C. tentans cells. The

affinity-enriched antibodies could selectively detect three out of four target proteins.
In localization assays of target proteins, two of the antibodies, anti-H7c and anti-Y38,

were successfully used to confirm nuclear expression of the target proteins by
immunofluorescence staining of C. tentans tissue-culture cells and duct cells from the

salivary gland respectively.
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Figure 8. A schematic outline of an improved, dual expression concept, used to obtain monospecific
antibodies, reactive to the cDNA-encoded part of recombinant proteins used as immunogens.

A dual purification procedure, article IV

In paper IV, an alternative high-stringency affinity purification strategy is described.
In this approach, one single expression vector is employed. Yet, monospecific

antibodies could be obtained, as the antibodies were affinity purified in a two-step
purification procedure. The procedure included a depletion step, in which antibodies

reactive to the fusion tag were trapped. After depletion, the target specific antibodies

were captured and eluted in the second, affinity purification step. To test the
purification procedure, two antisera, earlier produced by immunizations of PrEST-

fragments representing the human proteins SOD1 and CCT8 were used. SOD1 and
CCT8 were selected from a pilot project aiming to produce antibodies for all proteins

on the human chromosome 21 (Agaton et al., 2003). In that study, E. coli was used

for protein production and IMAC for protein purification of the PrESTs as fusions to
the earlier described His6ABP-tag.
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Several purification strategies, described in figure 9, were evaluated.The most

stringent procedure, shown as strategy 3 in figure 9, includes two consecutive
purification steps in which tag-reactive antibodies were depleted from the antisera, as

they could be trapped on immobilized His6ABP-tag in the first step. In the second

step, antigen-specific antibodies were captured on a column with immobilized target-
antigen. As antibodies with different binding specificities were captured on separate

columns it was possible to divide them into fractions of antibodies showing fraction-
specific staining characteristics.

Figure 9. Overview of the investigated purification procedures. The colors, yellow, green, pink and

black, represent different parts of the produced fusion proteins. In the same way, antibodies are colors

coded to indicate their specificity. Black antibodies represent antibodies that do not recognize any part

of the immunized antigen. In all strategies, fusion proteins consisting of, His6 (pink), ABP (green) and

PrEST (yellow), were used for immunization. In strategy (1), the antibodies were affinity purified on a

column with immobilized His6ABP-PrEST, used as ligand. In (1a) and (1b), the immobilized antigen

were purified on one or two affinity media, respectively. In strategy (2), antiserum was passed over a

column coupled with PrEST fragment only fused to the His6-tag. In the most stringent strategy (3), the

antiserum is first depleted from His6ABP-binding antibodies (pink and green), as they are trapped on

the first column. In the second step, antibodies binding to the PrEST-fragment (yellow) are captured.

To investigate the efficiency of the different purification strategies, a tissue Western

analysis was performed. Protein extracts from three human tissues, colon, kidney and
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liver were used. In figure 10, analysis results of purified anti-CCT8 antibodies are

shown. CCT8 is a 59 kDa chaperone expressed in all three tissues tested. Antibodies
purified by strategy 1 and 2 detected an additional protein at 45 kDa, which was not

stained when antibodies purified according to strategy 3 were used. This indicated

that the 45 kDa band was detected by antibodies binding to the fusion tag. And
indeed, antibodies recovered from the depletion column, immobilized with His6ABP

alone (strategy 3 elute 1 in figure), stained this 45 kDa protein but not the 59 kDa
CCT8. As antibodies eluted both from the column immobilized with His6-PrEST and

from the column immobilized with His6ABP sowed reactivity to the 45 kDa protein,

it is likely that the antibodies were reactive to the His6-part of the fusion tag or, to
some part of the linker region common in both fusion tags.

Figure 10. Staining of CCT8 by Western blots of three human tissue extracts. Lanes in all panels are

1, colon; 2, kidney; 3, liver.

To further investigate the quality of antibodies purified by the two-step procedure,
validation blots were performed. In figure 11 is the SOD1 case is shown. By

comparison of the purified antibodies with unpurified antiserum, it was concluded
that antibodies binding to the His6ABP-tag was efficiently depleted and, in addition,

according to staining intensity, the affinity-purified antibodies were highly enriched

during the purification procedure.
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Figure 11. A validation Western blot using unpurified SOD1 antiserum (left) and monospecific anti-

SOD1 antibodies purified according to strategy 3 (right). Lanes in both panels are; 1, IMAC purified

His6ABP-PrEST; 2, IMAC and HSA purified His6ABP-PrEST; 3, IMAC purified His6-PrEST and 4,

IMAC purified His6ABP-tag alone. Molecular weight markers are indicated at 31 and 19 kDa.

As a final stringent quality control of the purified antibodies, dot-blot arrays were

constructed. Duplicates of various proteins were immobilized on nitrocellulose

membranes. After incubation of the membranes with anti-SOD1 antibodies, purified
against the His6ABP-PrEST with or without the depletion step, it was clear that all

reactivity towards the fusion tag were absent in the antibody preparation recovered by
the two-step purification strategy.

Figure 12. A dot-blot screen, showing target specificity of the affinity purified anti SOD1 antibody.

The left array (A) was stained with an antibody purified according to strategy 1. On the right side (B),

the array was stained with antibodies purified with strategy 3. On both panels, duplicates of the

proteins were immobilized; row 1: SOD1-PrESTs in squares 1 and 2, CCT8-PrESTs in 3 an 4,

His6ABP-tag, bovine serum abumin; rows 2-5: His6ABP-PrESTs from 24 unreated genes; row 6: six

full-length proteins, five unrelated and also, in the rightmost square, full-length, untagged, SOD1.
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5. Protein capture and identification

In the studies discussed so far, the main focus have been on making antibody

generation more suitable for high throughput applications. High stringency in the
purification steps has been shown to be of outmost importance. But, even after

careful purification, an antibody that is known to work in curtain applications do not

necessary work equally well under other circumstances. Therefore, we wanted to test
the PrEST-generated antibodies in applications other than Western blot, protein array

and IHC.

Immunoaffinity capture, article V

If a binding molecule specific for a certain protein target is available, this offers an
attractive way to specifically fish out the protein in so-called pullout or pull-down

experiments. In article V, we evaluated the use specific rabbit antibodies in such

pullout procedures.

As a first proof of concept, a known target protein was spiked into a complex
biological sample consisting of a liver protein extract. The used model protein was a

recombinantly produced and affinity purified dimer of the albumin binding domain

(ABD-di) originally derived from streptococcal protein G. Since the protein ABD-di
is from a bacterial source it is not abundant in human tissues. Therefore it cloud be

added in controllable and known concentrations. Moreover, the antibodies recovered
in the depletion step (article IV) could be used for pullout experiments since ABD is

a subdomain of ABP (Nygren et al., 1988).

The procedure in brief, approximately 2 µg of ABD-di was spiked into 1 ml of a

protein extract, prepared in a native buffer (1% NP40) from 334 mg liver tissue. To

capture ABD-di, the spiked liver extract was incubated with a protein A matrix with

cross-linked anti-His6ABP antibodies on the surface. After binding of ABD-di to the
affinity resin it was washed and the captured proteins were released from the resin in

a low pH buffer. As a negative control experiment, a parallel pullout procedure was
performed from a non-spiked liver extract in a similar way. The eluted proteins were

separated by SDS-PAGE, shown in figure 13, and it was obvious from the gel that a

protein of a size corresponding to ABD-di (~13 kDa) was isolated from the spiked
sample (figure 13, lane 3) but not from non-spiked sample (Figure 13, lane 4).
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Furthermore, a protein of approximately 70 kDa was eluted from the resin incubated

with ABD-di spiked sample (figure 13, lane 3) but not from the non-spiked extract
(figure 13, lane 4). As ABD-di is known to bind human serum albumin (HSA), it was

assumed that HSA was co-purified by interaction to ABD-di. Indeed, from a

subsequent mass spectrometry analysis, the 70 kDa band could, by peptide mass
fingerprinting, be identified as HSA.

As protein identification by peptide mass fingerprint relies on the ability to match

detected peptides to theoretical peptide masses in database searches, it is

advantageous if the number of unrelated proteins could be reduced in the final protein
isolate. In the ABD-di pullout, we detected several proteins both in the spiked and

also in the non-spiked sample. To investigate if we could reduce the number of
unrelated proteins in the final elute, we employed the PrEST-protein, previously used

to raise the antiserum, to obtain a more selective release of the captured target by a

competitive elution procedure. Again, we turned to the ABD-di model system. The
target was spiked into liver extract and captured by aid of anti-His6ABP antibodies

and proteinA resin. After washing, the target was released from the antibodies by
addition of His6ABP (which could be seen as a model for a PrEST-mediated elution)

in a 10 to 1 molar excess. After elution, the His6ABP were depleted by incubation on

an IMAC matrix. In figure 13B, the competitively released proteins were separated
by SDS-PAGE and Coomassie stained. A faint protein band, of a size corresponding

ABD-di (~13 kDa) was detected. This band was excised, and after in-gel tryptic
digestion followed by a MS run, the protein was identified as ABD-di with high

confidence.
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Figure 13. Coomassie stained gels from different steps in the pull-out of ABD-dimer by use of an anti-

His6ABP antibody. Lanes in (A) are; 1, spiked protein extract from liver; 2, Flow through from spiked

protein extract; 3, proteins eluted from ABD-di spiked liver extract; 4, proteins eluted from non-spiked

liver extract; 5, pure ABD-di, used as size-reference of ABD-di present in other fractions and 6, MW-

marker. In (B), proteins that were competitively eluted by His6ABP-PrEST. Protein bands that are

marked by arrows could, after tryptic digestion and MS analysis, be identified as HSA (1) and ABD-di

(2) respectively. In (C), Results for matching of peptides detected by MS. The bars represent peptides

matching the target peptides.

Next, we wanted to investigate if PrEST-generated antibodies also could be used in
pullout-procedures to isolate endogenous full-length target proteins from a tissue

where the target is expressed at normal level. On the basis of data available at

www.proteinatlas.org (Uhlen et al., 2005), showing IHC-staining of proteins in tissue
sections, we selected a number of target-specific antibodies for further use in

pullouts. The target proteins were, Splicing factor 3 subunit 1 (SF3A1), Coagulation
factor IX precursor (FIX), Cutaneous T-cell lymphoma-associated antigen 5

(cTAGE5) and Methylenetetrahydrofolate dehydrogenase (MTHFD1). The pullout

procedure included incubation of liver extracts with target-specific antibodies,
followed by a subsequent collection of antibody-target complexes on protein A

sepharose. After washing, proteins were eluted in a low pH buffer. In parallel, as

negative control to two of the targets, the liver extracts were incubated, in the same
way, with an unrelated rabbit antibody. Western blot was used as detection method to

analyze if the target proteins were enriched from the protein extracts. It was evident
from the Western blot analysis, shown in figure 14, that the four target proteins were

enriched. And, for none of the analyzed proteins, target was detected in the fractions

eluted from unrelated antibody-resins (figure 14, lanes 2 in (C) and (D).
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Figure 14. Western blot analysis of capture of four human target proteins, expressed in normal liver.

Loaded protein samples in (A) and (B) are: 1, liver tissue protein extract (inlet); 2, unbound proteins

(flow through); 3, eluate. Loaded protein samples in (C) and (D) are: 1, inlet; 2, proteins eluted from

an unrelated antibody affinity resin; 3, unbound proteins (flow through); 4, proteins eluted from

antigen-specific antibody affinity resins. In the figure, the theoretical protein weights are shown

(ensembl data).

From these experiments, it was concluded that antibodies raised against PrEST-
fragments also could recognize the full-length proteins in pullout applications.

However, the Western blot analyses was performed with the same antibodies as used

for target capture. Thus, we wanted to investigate whether the isolated proteins could
be competitively eluted and identified by peptide fingerprint matching in addition to

Western blot. For this study, approximately 300 µg anti-cTAGE5 antibodies were

cross-linked to protein A sepharose. To capture cTAGE5, the anti-cTAGE resin was

incubated with 4 ml protein extract, prepared from 2 g liver tissue. After washing the
sepharose was divided in two equal fractions. From one fraction, the captured

proteins were eluted in a low pH buffer. To the other fraction, 10 times molar excess
of cTAGE5-PrEST was added, in order to specifically release antibody-bound

proteins in a competitive manner. Since the PrEST proteins are fused to His6ABP, an
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IMAC resin could be used to deplete cTAGE5-PrEST from the eluate. In order to

release proteins remaining on the anti-cTAGE5 resin after competitive elution the
sepharose was washed and incubated in a low pH elution buffer. The different eluates

were separated on a SDS-PAGE gel and Coomassie stained (Figure 15A). Protein

bands were excised from the lane containing competitively eluted proteins. After
tryptic in-gel digestion, MS analysis identified three of the isolated proteins cTAGE5

proteins. The detected peptides covered more than 30% of the full-length target
protein. It is known that the cTAGE5 gene generates at least four isoforms (Comtesse

et al., 2002; Usener et al., 2003) with theoretical molecular weights of 87-91 kDa.

The isoforms have a very high sequence similarity and we were not able to identify
which isoforms the detected proteins correspond to.

Figure 15. In (A), Coomassie stained gel with proteins from cTAGE5 pullout experiments using an

anti-cTAGE5 antibody. Lanes are; 1, captured proteins eluted by low pH; 2, captured proteins

competitively eluted; 3, proteins eluted by low pH from the affinity resin previously subjected to

competitive elution; 4, cTAGE5-PrEST protein; 5, MW marker. Proteinbands marked with arrows (1,2

and 3) were excised analyzed by MS. In (B), a graphical overview of cTAGE5 peptides that were

detected in MS analysis of the arrowed proteins (1, 2 and 3).

From these pioneering investigations, the model protein ABD-di and cTAGE5, it

could be concluded that competitive elution of immunocaptired target proteins

generate a less complicated input to the downstream MS analyze. This approach
should be useful in cases where previously uncharacterized proteins and protein

complexes are to be investigated. There, it would be a great advantage if identified
proteins could be classed as true interaction partners, even if there exist no other
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knowledge about the target proteins cellular function. The major drawback with the

competitive elution strategy is that only a fraction of the captured proteins are
released and thus, low abundant proteins would be less suitable to study with this

method. But, since proteins that are co-purified by binding unspecifically to the

affinity resin will remain bound also after competitive elution, the proteins detected
by this approach should reflect the proportional abundance also within the living cell.
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CONCLUTIONS AND FUTURE PERSPECTIVES

In the field of functional proteomics, there is a great interest to find binding reagents
that specifically interact to the individual protein species in the proteomes of various

organisms. It is recognized that different types of binding molecules, such as

antibodies, recombinant antibody fragments or binders selected from libraries
generated by combinatorial design of various alternative scaffolds, are used to obtain

target-specific affinity reagents. The different types of molecules all have their
individual strengths and drawbacks and thus, they may complement each other in a

useful fashion. For any of these binding molecules, there must exist a source of target

molecules in order to succeed with the generation of target-specific binders. For the
herein presented studies we have used, and improved strategies where fragments

target proteins are successfully produced in E.coli by recombinant techniques. Such

protein fragments are then employed to obtain highly target specific (monospecific)
antibodies after immunization and careful affinity purification strategies. This

approach to obtain affinity reagents is currently used in a Swedish project termed,
Human Protein Atlas (HPA, www.proteinatlas.org), which intends to generate

antibodies towards protein members in the human proteome. In that project, they use

monospecific antibody preparations to stain tissue micro arrays (TMA) in order to
localize the target proteins in normal and pathological tissue sections. It is likely that

functional proteomics, in the sense of looking for differences in protein abundance in
various biological samples, are a useful strategy to find novel drug candidates for

diseases. For example, in a recent publication (Ek et al., 2006), the researchers were

guided by information about protein localization, obtained from TMA strainings, to
point out a number of possible drug targets for a aggressive cancer form.

Even if antibodies are the traditional affinity reagent used in many applications, there

are applications where alternative binding molecules are even more promising to

succeed. In addition to the traditional staining techniques of various preparations of
biological samples, binding molecules are a possible way to target specific proteins in

vivo as well. In this fashion, binders might be useful to selectively deliver
pharmaceuticals only to the tissues or even only the cells that express the target

protein in an abnormal way. In a similar approach, it may become routine to label the
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binders in a fashion so that we can monitor the progress of various events in the

living organism.
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