TRAN SACTIONS https://transactions.nast.ph

ISSN 0115-8848 (print) Vol. 28 Issue No. 2 (2006)
ISSN 2815-2042 (online) doi.org/10.57043/transnastphl.2006.4602

Transactions NAST PHL, is the official journal of the National Academy of Science and Technology Philippines. It has traditionally
publishedpaperspresentedduringthe Academy’s AnnualScientificMeetingsince1979topromotescience-basedpolicydiscussions
of and recommendations on timely and relevant national issues as part of its functions as a national science academy. Starting
in 2021, this journal has been open to contributions from the global scientific community in all fields of science and technology.

Proteomics:

TRANSACTIONS
of the

Weighing the Evidence

Philippines

28" NAST Annual Scientific Meeting Leopoldo Ln Ilag

Associate Professor, Department of Analytical Chemistry, Stockholm
University and Director, Stockholm University Proteomics Facility,
Stockholm, Sweden

Citation
llag LL. 2006. Proteomics: weighing the evidence.
Transactions NAST PHL 28(2): 295-299. doi.org/10.57043/transnastphl.2006.4602

Copyright
© 2006 llag LL

OPEN This article is licensed under a Creative Commons Attribution 4.0 International License, which allows for the use, sharing, and adaptation of
ACCESS the work, as long as the original author is properly credited. The article can be freely accessed and used for any non-commercial purpose,
provided that the original work is properly cited. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/.


https://transactions.nast.ph
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.57043/transnastphl.2006.4602
https://doi.org/10.57043/transnastphl.2006.4602

Trans. Natl. Acad. Sci. Tech. Philippines 28:295-2  (2006)
ISSN 0115-8848

PROTEOMICS: WEIGHING TI 'EVIDENCE

Leopold L. Ilag
Associate Professor, Department of Analytic Chemistry, Stockholm
University and Director, Stockholm Univer: / Proteomics Facility
Stockholm, Sweden; email: leopold.ilag@anchem.su.se

Sequencing of the human genome was completed in 2001, a few years ahead
of schedule, one of the implicit aims of which was to identify disease markers.
However, to date, we still grapple with the elusive causes of many diseases and the
hunt for biomarkers is still on. This is rooted in the 1damental problem that the
genome is a mere blueprint for a vastly complex network of interactions orchestrated
principally by proteins. The protein complement of the genome is what we refer to
as the protcome and the variety of disciplines aim : to survey and understand
the proteome fall under the umbrella of proteomics. 1  ais talk I wish to explore the
state of the field and the variqus applications of mas  sectrometry in-this actively
growing area.

The complexity of studying the proteome arit  from the fact that proteins
encoded by genes can undergo a number of process:ug events that are regulated
in space and time. Although a particular organismis¢  owed with a single genome,
there are several corresponding proteomes for eac :ell population at a certain
time and under specific environmental influences. # he molecular level, a single
gene encoding a protein yields a product that is then  icessed (e.g. glycosylation,
phosphorylation) amplifying the variants. Considering mature forms, degradation
products and processed forms, numbers could ez y reach 10,000. Complex
biotogical fluids like plasma? not only contain resident proteins but may be invaded
by extraneous proteins through tissue leakage. This can represent all the products
of the genome, which can increase the 500 or so plasma proteins to about 500,000
products. Because the plasma reflects acquired im1  nity, the 10, 000, 000 or so
immunoglobulins present further increases the com  :xity we have to deal with.

Given the above numbers, it seems dauntinga  almost impossible to make
sense of the proteome. Fortunately, the methoc used to address issues in
proteomics simplifies the existing variation into magnitudes more manageable
because the techniques offer the possibility for efficient protiling. There is no
immediate need to account for all minor differences allowing a survey of relevant
protein groups the levels of which change, for example as a reflection of a disease
state.
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The techniques involved in proteomics include those which can be used for
protein separation, identification and quantification. More advanced applications
allow for structural analysis, mapping modifications, defining complex interactions
and even tracking protein regulation in the cellular context. One of the most common
strategies include, 1D and 2D gel electrophoresis; various types of chromatography
and mass spectrometry (MS). The latter is powerful as a stand-alone technique in
proteomics research but maximal effectiveness is achieved when it is coupled to
the above-mentioned separation techniques.

Mass spectrometry (MS) as its name implies basically measures the
“weight” of molecules. It is amazing to realise how much information one can get
by merely weighing things. However, when one realises that MS offers resolution
enough to distinguish a mass difference of a single proton (1 Da) and in some
cases even as much as resolving a mass difference in the millidalton range then it
is not surprising why this technique is so powerful.

Most of the variations we try to track as indicators of abnormal physiology
can be related to a mass change. When two molecules interact or are wransformed,
there is a corresponding change in mass (except rearrangement reactions). When
peptides or preteins are modified chemically, there would 2lso be a change in mass
seen as an increase attributed to the moiety added. Because MS allows directed
fragmentation, even isomers can be distingaished based on the different fragments
generated as a function of structure hence products of different masses are obtained
giving insight into chemical structure.

Analytes or samples to be studied by MS can be solid, liquid or gas as
starting materials as long as charged analytes can be generated from them because
MS depends on gas-phase mass separation and detection of. ions {(charged
molecules). Early methods of ionization were limited to analysis of small molecules.
With the introduction of fast atom bombardment (FABY it became possible to
ionize intact peptides. However, it was not until soft-ionization methods namely
electrospray ionization (ESI)** and matrix-assisted laser desorption ionization
(MALDI)® were developed, that rapid and facile applications to large biomolecules
was made routinely possible. These developments in MS were so important it lead
to its recognition with a Nobel Prize in Chemistry in 20027,

MALDI coupled to the time of flight (ToF) analyzer has been a workhorse
for the strategy called peptide mass fingerprinting (PMF)®. This is based on the
fact that proteins having unique sequences also often have distinct patterns of
cleavage sites for a given enzyme. The cleaved protein therefore yield peptides
that reflect this unique distribution (distinct sequence) allowing the matching of
the experimental digest with a theoretical digest stored in databases, thus, aiding
the identification of a protein. However, this is not a very high-resolution method
which often fails when you are looking at related proteins or isoforms. Therefore it
is still important to get actual sequence information which can be obtained through
de novo sequencing'.

De novo sequencing can be achieved when powerful mass analyzers for
example the quadrupole time of flight (Q-ToF) is used (Figure 1). The Q-ToF is
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Figure 2. Most common fragments produced by MS/MS are those along the peptide
backbone as shown above. To be visible in the mass spectrometer, the fragments
must carty at least a single charge. Fragment ions are referred to as a,b,c or their
complement Xx,y,z ions according to convention. The mass differences between
fragments should correspond to a particular aminoacid defined by its unique R
group or its modified form allowing for sequence information to be derived.
(Adapted with permission from Matrix Science)
http://www.matrixscience.com/help/fragmentation_help.html

also set the stage for comparing relative binding strengths of complexes opening
avenues for screening of drug binding for example'*'¢. One should bear in mind
however that in any MS analysis, the interactions being studied are gas-phase
interactions. Though interactions existing in solution may still be reflected in the
gas phase, one should not assume that one is still looking at native solution
structures or interactions.

In recent times, the application of MS has moved into the realm of MS-
imaging"”. This principally uses MALDI-ToF instrumentation wherein the laser is
used to raster over a whole tissue sample {usually mounted on conductive glass).
Each spectrum collected over time not only encodes the chemical entities present
but also the spatial distribution of those entities over the tissue sample. Through
a simple algorithm it becomes possible to display the distribution of specific
biomolecules e.g. peptides (at a particular m/z) of choice thus monitoring
fluctuations that may be correlated with disease or any abnormal physiology. This
is an excellent approach for obtaining global difference maps without previous
knowledge of what exact chemical species is of interest.

Mass spectrometry indeed is a powerful technique not limited to mere
mass measurements for small molecules but could be powerfully employed for the
identification, characterization and structural analysis of any biomolecule
particularly proteins. By weighing molecules and their fragments we could weigh
the evidences for potential biomarkers related to disease and understanding
molecular and celtular networks.
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