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Computerization is necessary to build the database of chromatography coupled mass spectrometric
analytical data. On the basis of this proteomic data we can identify the proteins as biomarkers which
are expressing dissimilarity between healthy and disease condition. Affinity chromatography is one of
the fastest liquid chromatographic methods for the separation and purification of biomolecules due to
its high molecular specificity. Proteomics and the tools used to identify and understand the
biochemistry of proteins and pathways are in a new stage of development and evaluation. This article
briefly reviews the computation of chromatography coupled mass spectrometric data and highlighting

the role of affinity chromatography
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Human genome project and proteomics

The draft version of the human genome (approximately
95% complete) was announced as a joint statement in
June 2000 from both the publicly funded Human Genome
Project (HGP) and a commercial venture led by Celera
genomics. The popular press would have us believe that
the HGP was a slow lumbering giant and that Celera, led
by the ,charismatic* Craig Venter was the efficient private
company that nearly beat HGP to finishing the project in a
fraction of the time due to its innovative approach to
genome sequencing. Recently Andrade et al. (2007)
reviewed the recent progress in studies of neuroproteo-
mics, and highlights the strengths and limitations of
current proteomic profiling technologies used in studies of
neuronal protein expression.

Genomics is the study of organisms genome and the
use of genes. However, the post genomic era of molecu-
lar medicine is rapidly moving beyond “transcriptomics”
gene lists and functional genomics to the new era of
proteomics. “Proteomics” is sometimes defined as the
analysis of part or all of the protein complement of a
complex biological system at any given moment. With the
elucidation of the human genome sequence, attention
has focused on gaining an understanding of the gene
products themselves, the proteins. However, the under-
standing of the diverse structural characteristics and

interactions of proteins represents a significantly greater
analytical challenge than that posed by nucleic acid
sequence analysis required for acquisition of the genome
sequence. Proteomic technologies will play an important
role in drug discovery, diagnostics and molecular medi-
cine because it is the link between genes, proteins and
disease. To understand characterize disease type, status,
progression and response to therapy, there is need to
discover biological markers have the proteins to be used
as diagnostic and prognostic measure in clinical
medicine.

Computation of protein analytical data

Computational tools were becoming wide spread, and the
improvement in performance, in speed, and in reduction
in the cost of computers made ubiquitous the “desktop”
PC. Communication changed dramatically as email be-
came the primary method of communication in scientific
circles. The World Wide Web provided initially, wide-
spread access to collection of information and data, and
soon thereafter, access to many tools and programs.
Search engines for protein identification could be acces-
sed on the web, with early site including protein prospec-
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tor, profound, mascot and others.

Virtually every field of biology has recently undergone
truly revolutionary changes in the way biological data is
acquired, processed, stored, and accessed. The use of
information technologies has become indispensable.
However, the increased volume and complexity of
biological information has been only slowly translated into
a detailed understanding of biological systems and
processes, an understanding that can be expressed as
comprehensive, experimentally verified mathematical and
computational models with substantial predictive power.
Integrative computational modeling poses an additional
challenge, this one related to how complex models are
managed and analyzed. In dealing with complex compu-
tational problems there is still a need for better alogorithm
development. For example detailed stochastic simulation
of lysis-lysogeny decision in infection of bacterial cells by
-phase (Arkin and Ross, 1998; Gibson and Bruck, 2000)
the power of super computer has to be analyzed.

Chromatography in proteomics

It is well known that the basic analytical requirements in
proteome analysis are high sensitivity, high resolution,
and high throughput along with high-confidence protein
identification. Proteins must also be quantified and post-
translational modifications identified (James, 2001). To
reduce sample complexity prior to mass spectrometry,
one of two approaches is usually taken prior to protein
identification: (1) proteins are first separated, then
digested (this may be characterized as “top-down”
proteomics (Kettman, 2001) (2) in “shotgun” proteomics,
a complex protein mixture is first digested. Peptides are
then chromatographically resolved (characterized as
“bottom-up” proteomics Wolters, 2001). In both cases,
separation technologies play a critical role in protein
identification and analysis. With due respect to sample
preparation, data analysis is rapidly becoming a major
obstacle to the conversion of experimental knowledge
into valid conclusions. It is interesting to note that many
problems related to chromatographic techniques can be
solved using techniques from computer science.

Over the last century, chromatographic techniques
have become a powerful tool for understanding various
aspects of chemical entities. It has helped us to enrich
our understanding of complicated life processes, compre-
hension of which presents the greatest challenges to
contemporary bioscience. It is important to stress that
many problems associated with mass spectrometry can
be solved using techniques derived from computer
sciences, graph theory and discrete mathematics. In
principle, the exploitation of informatics can be regarded
as an advanced data analysis step which allows more
information to be obtained than could otherwise be
deduced from traditional data inspection. Not surprisingly
then, mathematics is often called “the modern micro-
scope of biology”.

High performance liquid chromatography (HPLC) using
protein-based stationary phases have traditionally been
proposed and successfully applied to chiral resolution of
compounds (Millot, 2003) . In the last years, capillary elec-
trophoresis has become in a powerful analytical techni-que
for enantiomeric separations due to its intrinsic cha-
racteristics: high separation efficiencies, short analy-sis
times, low reagent consumption and small sample reqg-
uirements, compared to HPLC (Rogan and Altria, 1993;
Haginaka, 2000). In capillary electrophoresis proteins can be
used as additives to the running buffer (affinity electro-
kinetic, chromatography, AEKC) or as immobilized selec-tors
(affinity capillary electrochromatography, ACEC). AEKC is
the most frequently methodology used because it has
indeed several advantages over ACEC such as: (i) higher
peak efficiency, (ii) easier methodological develop-ments
since protein immobilization is not necessary and

(iii) the structure and protein binding properties are not
altered. In AEKC technique, the analyte and the analyte-
protein complex have different mobility, the interaction of
the compound with the protein results in a change in the
net mobility of the analyte (Tanaka and Terabe, 1995).
Novel affinity-based purification strategies are under
consideration for genetically engineered antibodies and
related molecules (Roque, 2004). The Areas of affinity
chromatography and affinity electrophoresis, aptamers
have been used in mobile phases, stationary phases and
microbeads in applications such as analyte detection
(German, 1998; Pavski and Le, 2001; Buchanan, 2003;
Deng, 2003; Cho, 2004) purification (Romig, 1999;
Chung, 2005; Deng, 2001) chemical and chiral separa-
tions (Michaud, 2003; Michaud, 2004; Berezovski, 2003)
and studies of binding interactions (Huang, 2004; Cuatre-
cases, 1968) . Affinity chromatography can safely guide
protein manufactures to successfully cope with the afore-
mentioned challenges. Important technological advances
related to affinity ligand design and selection lead affinity
chromatography to maturity. Now the technique stands a
realistic chance of dominating the protein pharmaceutical
industry.

Affinity chromatography

Affinity chromatography (AC) is one of the most selective
and rapid tools for the separation and purification of bio-
molecules such as antibodies, enzymes, antigens, hor-
mones, receptors, etc (Porath, 1975; Wilchek, 1974; Clo-
nis, 1987; Vijayalakshmi, 1989). The success of affinity
chromatography is essentially due to its high efficiency,
which originates from the “specific” or “pseudo-specific”
recognition between a solid phase-immobilized ligand
and the molecule to be purified.

Affinity purification technology can be separated into
two categories depending on whether the interaction
mechanism of specific protein/ligand recognition is either
biospecific or pseudo-biospecific (Scopes, 1978). Gene-



rally, proteins bind to biospecific ligands with high affinity

in the range of 107 10 107° M. Consequently, protein
desorption in the case of biospecific ligand affinity
chromatography needs more drastic elution conditions
which can elution cause ligand and/or protein denature-
tion. On the other hand, pseudo-biospecific ligand affinity
chromatography leads to medium affinity interaction
(Riggs, 2001) and methods have been devised to provide
a fairly high selectivity allowing gentle methods for the
purification of a large number of therapeutic proteins
(Vijayalakshmi, 2002). A large amount of coupling che-
mistries have been proposed and used in affinity chroma-
tography for linking protein affinity ligands to solid sup-
ports. The coupling reaction is known to affect the orient-
tation of the polypeptide at the surface and hence, can
influence the interactions with the target molecule. Des-
pite this, the utilization of biospecific ligand for affinity
separations can be counted as the most prefered way,
considering the high cost of natural biomolecules, such
as monoclonal antibodies, requiring purification. Recently
Zhang et al. (2007) reported the phenylboronate affinity
chromatography in a two-step enrichment scheme to
selectively isolate first glycated proteins and then glyca-
ted tryptic peptides from human serum glycated in vitro.
Enriched peptides were subsequently analyzed by alter-
nating electron-transfer dissociation (ETD) and collision
induced dissociation (CID) tandem mass spectrometry.
ETD fragmentation mode permitted identification of a
significantly higher number of glycated peptides (87.6%
of all identified peptides) versus CID mode (17.0% of all
identified peptides), when utilizing enrichment on first the
protein and then the peptide level. This study illustrates
that phenylboronate affinity chromatography coupled with
LC -MS/MS and using ETD as the fragmentation mode is
an efficient approach for analysis of glycated proteins and
may have broad application in studies of diabetes melli-
tus.

IMAC is based on the interaction between molecules in
solution and metal ions immobilized on a solid support.
The molecules are separated according to their affinity for
chelated metal ions, which depends on the coordination
between the chelated metal ion and electron donor gro-
ups forming the ligand. Two characteristics of the metal-
ligand bonds can be used for the successful separation of
different ligands. Firstly, the strength of the metal-ligand
bond varies from ligand to ligand and secondly, binding
between the immobilized metal ions and the ligand is
reversible. Hence, elution can be carried out by changing
the conditions thereby breaking the metal-ligand bonds.
Three different elution principles are used in IMAC, such
as a competitive elution, stripping information to be obtai-
ned than elution and pH adjustment. Low cost of station-
ary phase, high binding capacity and relative high speci-
ficity of protein and metal interaction are the key advan-
tages of IMAC. IMAC has been widely used in the puri-
fication of peptides (and the application of IMAC has
been extended to the purification of viral vectors for use
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in gene therapy application (Kenig, 2006; Ye, 2004) Rec-
ently Jiang (2004) applied this technique for the puri-
fication of herpes simplex virus type 1 (HSV-1) gene the-
rapy vectors.

Computational aspects of chromatography coupled
mass spectrometric data

Liquid chromatographic mass spectral identification of the
amino acid sequences of peptides and proteins is one of
the most important and common issues encountered in
biological and medical research. The most common app-
roaches rely on available databases to match experi-
mental MS/MS data. On the other hand, the de novo
peptide sequencing problem is to derive the sequences of
the peptides directly from experimental measurements of
fragment ion masses. Over the years, various algori-thms
have been developed to address the de novo seq-
uencing problem. One naive approach is to list all possi-
ble candidate peptides that match the observed mole-
cular ion (exhaustive listing), and then compare all of the
candidate peptides with the experi-mental tandem mass
spectrum to find out the best match. The computing com-
plexity of such approach grows exponentially with the
peptide length (20n), and was impractical for long time
until the recent development of computationally efficient
branching techniques made it possible to tackle the
heavy computational time required (Sakurai, 1984). Rec-
ently Srinubabu et al. (2007) outlined the different chro-
matographic strategies that have been employed for
analysis of complex mixtures of proteins/peptides, high-
lighting the role of liquid chromatography coupled to mass
spectrometry.

To identify these peptides, spectra are scanned against
protein sequence databases using a search algorithm.
Several algorithms have been developed for this purpose
(Bruni, 2005). The most commonly used algorithms are
Sequest (Nesvizhskii and Aebersold, 2004) Mascot (Eng,
1994) and MS-Tag (Perkins, 1999) Sequest adopts a
cross-correlation approach, in which peptide amino acid
sequences from a protein database are used to construct
theoretical mass spectra, and the degree of overlap, or
cross-correlation, between the theoretical and experi-
mental mass spectra determines the best match.

The Mascot method employs probability based match-
ing: the MS/MS fragment masses calculated from peptide
sequences in the database are compared with the experi-

mentally observed peaks, and a score is calculated that
reflects the statistical significance of the match between

the experimental and theoretical spectra. The MS-Tag
approach involves extracting a short, unambiguous sec-

tion of the amino acid sequence of the peptide from the
experimental data, which is used along with the measu-
red mass of the peptide to determine the protein of origin.

Currently available de novo sequencing algorithms are
computationally intensive and require high-quality data
(Bruni, 2005). Therefore, for high-throughput proteomics
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studies, protein identifications are restricted to those
proteins whose sequences appear in the searched data-
base; many post-translationally modified or mutated pro-
teins will be overlooked.

However, different researchers often use their own
preferred filtering criteria, making it difficult to compare
results between (or even within) research groups. Soft-
ware tools such as DTASelect (Clauser, 1999), INTE-
RACT (Tabb, 2002) and CHOMPER (Eddes, 2002 ),
compatible with Sequest and Mascot, are available to
facilitate the filtering of data. Yet to allow the comparison
of proteomic data between groups, peptide assignments
should be validated using statistical programs developed
to be compatible with existing database search tools
(Bruni, 2005). The development and application of robust,
transparent tools for the statistical analysis of proteomic
data is essential. Several computational methods have
recently become available (Eddes, 2002; Nesvizhskii,
2002; Keller, 2002; MacCoss, 2002)

Only when these programs have become standardized
and widely used can one of the long-term aims of
proteomics begin to be realized: the combined results
from many different research groups could then be mer-
ged and applied to the whole genome, validating expres-
sed genes at the protein level, and enabling the elucida-
tion of patterns of protein expression that would be mis-
sed in individual experiments.

Information at the level of the proteome is critical for
understanding a cellular phenotype and its implications
for normal and disease conditions. Proteome alterations
in disease processes occur in many different ways and
some of these are not predictable from genomic analysis.
It is clear that a better understanding of these alterations
and their consequences within the biological context will
have a substantial impact in medicine. The identification
and development of biomarkers for diagnostics and early
detection of disease is of high interest for the pharma-
ceutical industry. Moreover, the understanding of biolo-
gical networks increasingly provides the rational basis for
(preliminary) decisions on drug targets and target suita-
bility (Kislinger, 2003)

Nano proteomics

Unlike DNA samples, proteins cannot be amplified easily
and low concentration protein samples are very hard to
detect from their original concentrations. Especially on
microchip systems where the sample volumes are very
low, protein concentration is essential. Many efforts have
been made to improve the sensitivity of detection on mic-
rochips. To improve the detection limit, one may concen-
trate the protein sample in the microchannel before
separation or just before detection. This technique is kno-
wn as preconcentration, and recent research has applied
newly developed nanodevices to protein preconcentration
on microchips (Song et al., 2004). Hanash (2003) introdu-

duced a laser-patterned nanoporous membrane in micro-
chips for protein concentration. At the junction of a cross
channel in a microchip, nanoporous membranes with a
molecular weight cutoff of >5.7 kDa were used to achieve
protein concentration. New applications will demonstrate
the abilities and limitations of nanodevices and will lead
engineers to adopt such nanodevices for the analysis of
real samples in the near future.

On-chip separations are mostly performed under an
electrical field (Song et al., 2004); electro-based pumping
systems are easier to implement on a microchip format
since no valve is required. Nonetheless, these latter imply
the addition of salts in the solution, which are detrimental
for the analysis in ESI-MS (Kutter, 2000). Only a few
compositions of the mobile phase are acceptable for both
the electrochromatography and the nanoelectrospray
ionization, leading to a non- satisfying compromise for
real analytical work (Wilm and Mann, 1996; Vrouwe,
2000; Varesio E, 2002; Ivonov, 2003). Here, the flow
relies on a hydraulic pumping system, which excludes
any electro-driven separation. Recently Yue et al. (2006)
reported an integrated glass microdevice for proteomics,
which directly couples proteolysis with affinity selection.

In our previous theoretical studies using bioinformatic
tools for diabetes and its complications we have reported
some of the proteins for diabetic nephropathy (Rao et al.,
2007), diabetic retinopathy (Divakar et al., 2007), serum
butylerylcholinesterase in type 2 diabetes (Sridhar et al.,
2005) and cholinesterase connection between type 2 dia-
betes and alzimers disease (Rao et al., 2006). The sche-
matic representation of the diabetic micro vascular com-
plications with reference to bioinformatic and proteo-mic
approaches for therapeutic drug target identification and /
or biomarker identification is presented in Figure 1. Rep-
orted proteins using bioinformatic are expected to be use-
ful as biomarkers and further experimental studies for the
use of the above chromatographic techniques will be
useful.

Conclusion

This paper has reviewed recent development of affinity
chromatography coupled with tandem mass spectrometry
and pertinent techniques in proteome research. In its
near future it is highly probable that affinity chromato-
graphy coupled with mass spectrometric data will become
accepted as diagnostic and prognostic tool in the future of
clinical medicine. As the technologies of proteo-mics
develop and more studies are carried out, new proteins
and protein associations will inevitably identified but this
should not exclude us from moving forward. Applying a
rigorous computational approach will ensure the validity
of our interpretations and the result is likely to be a step
forward in our scientific understanding.
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Figure 1. Schematic representation of the diabetic micro vascular complications with reference to bioinformatic and proteomic approaches for therapeutic drug target
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