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Preface

Plant proteomics is a relatively new research field focused on the large-scale
functional analysis of proteins extracted from intact plants, particular plant organs,
tissues, individual cells, subcellular organelles and/or separated suborganellar struc-
tures. Rapidly increasing numbers of excellent publications on plant proteomics,
both in primary and applied research, demonstrate the imense potential and impor-
tance of this research field for current and future plant science. One of the main aims
of plant proteomics is to study the assembly and functional interactions of plant
proteins. Proteins often function as molecular machines organized into multiprotein
complexes localized within specialized subcellular compartments. Enormous meth-
odological and technical developments have moved recent proteomics towards the
large-scale study of post-translational modifications of proteins involved in cellular
signalling (regulated by reversible phosphorylation), protein turnover (ubiquitinyla-
tion) and membrane association (palmitoylation and myristylation).

This book highlights this rapid progress in plant proteomics with emphasis on
model species, subcellular organelles as well as specific aspects such as signalling,
plant reproduction, stress biology and/or pathogen/symbiotic interactions between
plants and microorganisms. Additionally, brief historical overviews on plant pro-
teomics and two-dimensional gel electrophoresis as well as an introduction to bio-
infomatics are provided here. Thus, this monograph represents a synthesis of the
most current knowledge in this field, including the most important biological
aspects as well as new methodological approaches such as high-resolution two-
dimensional electrophoresis, protein microchips, MudPIT (multidimensional pro-
tein identification technology), fluorescent DIGE (difference gel electrophoresis)
alone and/or in combination with stable isotope reagents such as ICAT (isotope-
coded affinity tag) and iTRAQ (isobaric tag for relative and absolute quantitation),
which allow relative protein quantification. The reader is provided with an up-to
date view on plant proteomes in carefully selected model plant species such as
Arabidopsis, cereals, legumes and oil seed plants. One chapter focuses on the cell
division model represented by suspension cultured tobacco BY-2 cells. Several
chapters are devoted to the proteomics of plant organelles and compartments.
Among the latter, special attention is paid to the cell wall, plasma membrane, plas-
tids, mitochondria and nucleolus. Two chapters focus on proteomic approaches
used to study plant reproduction, namely pollen proteomics and the proteomics of

Xvii



Xviii Preface

seed development in oilseed crops. Finally, four chapters describe proteomes dur-
ing pathogenic and symbiotic interactions between plants and microrganisms, and
during plant stress responses. Regarding future perspectives, it is very important
that diverse integrated approaches including advanced proteomic techniques com-
bined with functional genomics, bioinformatics, metabolomics and/or with
advanced molecular cell biology are nicely presented in several chapters. Thus, this
book not only covers the rapid progress in the field of plant proteomics but also
delivers this recent knowledge to a broad spectrum of readers including advanced
students, teachers and researchers.

At this point I would like to thank my co-editor Jay Thelen and all the authors
for their great job and excellent contributions to this book. Last but not least, my
special thanks goes to my family, my wife Olinka and sons Matejko and Tomasko,
for their encouragement and patience with me during this book project.

Bonn, April 2007 Jozef Samaj
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Chapter 1
Introduction to Proteomics: a Brief Historical
Perspective on Contemporary Approaches

Jay J. Thelen

Abstract The field of proteomics has experienced numerous milestones over the
course of the past 35-40 years. As an introductory chapter to this larger review
text on plant proteomics, this article provides a cursory historical perspective on
protein separation and identification techniques widely used in plant biochemistry
laboratories today. In the past 10 years alone, advancements in techniques such as
two-dimensional gel electrophoresis, mass spectrometry, and mass spectral data
mining have made previously intractable proteomics problems almost routine by
today’s standards. In analyzing these various proteomics approaches I also discuss
and project their utility for the next generation of proteomics research.

1.1 Introduction

Proteomics, or the high-throughput identification and analysis of proteins, is an
emerging field of research facilitated by numerous advancements over the past 3540
years in protein separation, mass spectrometry, genome sequencing/annotation, and
protein search algorithms. Recognizing this trend in the physical and life sciences,
the term “proteome” was first used by Wilkins et al. (1995) to describe the protein
complement to the genome. Since the first use of this term its meaning and scope
have narrowed. The host of post-translational modifications, alternative splice
products, and proteins intractable to conventional separation techniques has each
presented a challenge towards the achievement of the classic definition of the word
(Chapman 2000; Westermeier and Naven 2002; Wilkins and Gooley 1998). The
broad dynamic range of protein expression has also contributed to difficulties in
efforts towards identifying every protein expressed in the life cycle of any given
organism (Corthals et al. 2000). For example, identification of every protein
expressed in plant leaves would never reveal proteins that are specifically expressed
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in roots. Despite these limitations, hundreds if not thousands of proteins can be
resolved, profiled and identified using the latest methods — a remarkable achieve-
ment given the recent genesis of this discipline.

The purpose of this chapter is to briefly introduce and provide a historical perspec-
tive on established proteomics concepts and methods that are being used in many
plant biology laboratories today to comparatively profile protein expression and iden-
tify proteins. I will also attempt to provide a perspective on the future outlook of each
of these approaches. This introduction will hopefully be useful for non-experts in the
field of proteomics as an aid to comprehension of most of the terminology and jargon
used in this highly technical field of life sciences research. The varied approaches to
proteomics research can be generally classified as having one of two major objec-
tives: (1) protein or peptide separation, and (2) identification and characterization of
resolved proteins or peptides, typically by mass spectrometry. I will address these two
aspects of proteomics research in the first two sections in this introductory chapter
and then discuss general strategies for quantitative protein profiling.

1.2 Protein Separation and Detection
for Proteome Investigations

Currently, there are three preferred methods for separation of complex protein or pep-
tide samples: (1) denaturing polyacrylamide gel electrophoresis (PAGE) also referred
to as sodium dodecyl sulfate polyacrylamide (SDS-PAGE); (2) two-dimensional (2-D)
gel electrophoresis; and (3) liquid chromatography (LC) a general term that includes
all forms of ion exchange, affinity, and reversed-phase chromatography (Hunter et al.
2002). There are of course other forms of protein separation, including preparative
isoelectric focusing (protein separation according to native charge) and native or blue-
native PAGE, to name but a few alternative techniques. Due to space constraints how-
ever, only SDS-PAGE and 2-D gel electrophoresis will be discussed here.

1.2.1 Sodium Dodecyl Sulfate—Polyacrylamide Gel
Electrophoresis

No protein separation technique is more widely used than SDS-PAGE, first reported
by Laemmli in 1970. It would not be an exaggeration to state that nearly all contem-
porary laboratories performing life sciences research employ this technique. The
widespread use of SDS-PAGE to separate proteins according to size can be attrib-
uted to its ease, reproducibility, and modest consumable and instrument expenses.
Although an easy technique to perform, the resolving power of SDS-PAGE is some-
what limited. Mass spectrometry (MS) analysis of any single discreet SDS-PAGE
protein band from a complex protein sample consistently reveals multiple proteins,
frequently greater than ten (Phinney and Thelen 2005). However, for highly enriched
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samples of low complexity (<10 unique proteins) SDS-PAGE may be suitable. In
general, accurate quantitative analysis of SDS-PAGE protein bands from a complex
sample is not feasible as the volume of any band is the collective composition of
each unique protein in that band. However, as a pre-fractionation technique for
alternative quantification strategies including chemical labeling (using stable isotope
conjugates; Ramus et al. 2006) and perhaps label-free quantification using recently
developed software tools (SIEVE, DeCyder MS), SDS-PAGE may find a new niche
as a rapid, reproducible separation technique prior to MS quantification.

1.2.2 Two-Dimensional Gel Electrophoresis

Around the time at which SDS-PAGE was introduced, O’Farrell applied isoelectric
focusing (IEF) to protein samples prior to SDS-PAGE to pioneer the concept of two-
dimensional (2-D) gel electrophoresis (O’Farrell 1975). Although extremely powerful in
its resolving capabilities, this method suffered from reproducibility issues owing to the
casting, focusing, and extrusion of the fragile tube gels used for IEF. Over the years this
procedure has been improved through the introduction in 1978 (Gorg et al. 1978) and
recent commercialization (Gorg et al. 2000) of the immobilized pH gradient (IPG) strip,
to replace IEF tube gels, which has resulted in a major resurgence in this technique.

Reproducibility, sample loading and resolution for 2-D gel electrophoresis have sig-
nificantly improved with the introduction of the IPG strip in conjunction with commer-
cial Peltier-cooled programmable focusing units for IEF (Gorg et al. 2000). These
advancements have made 2-D electrophoresis an attractive method for the separation of
complex protein samples. Besides the impressive separation capabilities, another reason
2-DE is frequently preferred to LC-based approaches for protein separation is that a
reproducible 2-DE proteome reference map is a static, visual entity. A fully annotated
2-DE reference map for a specific organ, tissue, cell, or organelle of interest is a valuable
tool that can save time and money when ‘landmarking’ differentially expressed proteins
in response to a treatment, mutation, or transgene introduction. Although 2-D electro-
phoresis suffers from well-publicized limitations, such as under-representation of mem-
brane proteins (Wilkins et al. 1998; Santoni et al. 2000), this time-honored method is
presently one of the preferred approaches for quantitative characterization of complex
protein samples. The popularity of 2-DE will no doubt continue with recent technical
developments such as sensitive and quantitative pre- and post-electrophoretic stains for
total proteins, as well as phospho- and glycoproteins, as discussed herein.

1.2.3 Extracting Proteins From Plant Samples

Performing 2-D electrophoresis with plant samples can be a challenging endeavor,
in part due to the high carbohydrate:protein ratio in most plant tissues. Direct grind-
ing of samples in IEF extraction media, while generally sufficient for non-plant



