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Preface

WITH THE SUCCESSES OF THE MYRIAD GENOME SEQUENCING PROJECTS—more than 150 pub-
lished completed projects, including the human genome—the attention of the international
bioscientific community is now focusing more on the structure and function of the encoded
proteins in the various genomes, i.e., trying to establish what genes really do! In response to
the growing interest in this field, Proteins and Proteomics: A Laboratory Manual (Cold Spring
Harbor Laboratory Press 2003) was published, providing researchers with a comprehensive
introduction to proteomic methods, including those for isolating proteins, especially from
one- and two-dimensional gels (2D gels), as well as classical “pull-down” procedures, using
affinity tags, for isolating proteins and their interacting partners. Procedures for identifying
proteins isolated by these means (and their posttranslational modifications, especially phos-
phorylation sites) using classical amino- and carboxy-terminal sequence analysis, as well as
mass-spectrometry-based methods, were well covered.

Now that the field of proteomics is beginning to mature, it is clear that separation tools,
other than the traditional one- and two-dimensional gels, are required for proteome
research, especially if we aim to see beyond the tip of the iceberg where the vast majority of
precious and rare proteins are still hidden, awaiting discovery. This is especially the case for
low-abundance biomarkers of disease and certain classes of proteins that are essentially
refractory to 2D gels, such as membrane proteins. For instance, for the majority of protein
expression profiling experiments using 2D gels, only the most abundant proteins in a cell or
tissue (i.e., the general “housekeeping” and structural proteins) are observed. This is not
unexpected for the simple reason that the dynamic range of protein abundances in a cell is
on the order of 10° to 10°. As an example, actin—one of the most abundant proteins in a
cell—has a concentration of 10® molecules per cell, whereas some cellular receptors or tran-
scription factors are present at only 10? to 10° molecules per cell. This problem can be exac-
erbated when studying biological specimens such as blood, where albumin is present at ~40
mg/ml and cytokines at low pg/ml, a dynamic range of protein abundances of ~10°. Because
the dynamic range for detection of proteins in 2D gels is ~10%, clearly, some prefractionation
techniques, preferably in combination with abundant protein depletion methods, must be
invoked to move low-abundance proteins of interest onto the “radar screen.”

The aim of this book, Purifying Proteins for Proteomics: A Laboratory Manual, which is a
companton to Proteins and Proteomics: A Laboratory Manual, is to provide the researcher
with important purification strategies (Section I) and prefractionation approaches, both
chromatographic (Section II) and electrophoretic (Section 11)), to circumvent the dynamic
range impasse. Along with these prefractionation approaches, a variety of classical protein
separation methods are covered. These are methods designed to facilitate the high-through-
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put production of purified proteins for the purpose of high-resolution threc-dimensional
structure analysis, i.e., “structural genomics” (also referred to as structural proteomics) and
protein microarray (protein chip) analysis. In addition, Section 1V describes methods for
determining the functional integrity of purified proteins (e.g., measurement of conforma-
tional stability, accurate molecular weight, aggregation state, and binding characteristics
using surface plasmon resonance). Included in Section IV is a chapter devoted to the analy-
sis of carbohydrate from glycoproteins; protocols are provided that detail the removal of gly-
cans from glycoproteins and the preparation of monosaccharides for identification by gas
chromatography coupled to mass spectrometry.

Purifying Proteins for Proteomics: A Laboratory Manual is aimed at those investigators
who wish to isolate proteins and peptides for subsequent proteomic analysis. It is written for
an audience ranging from early graduate students to experienced investigators studying
problems in a broad range of disciplines, from clinical to basic sciences, and applicd to a vast
array of proteomic problems. I felt that a single author would be unable to do justice to the
entire panoply of currently available methods. Accordingly, the book contains contributions
from some of the experts in each of the specific fields that are covered.

In addition to the authors of the various contributions included in this book, 1 am great-
ly indebted to a number of people who have made significant contributions to bring this pro-
ject to fruition. First, I thank the editorial and production staff at Cold Spring Harbor
Laboratory Press for their dedication and tireless efforts in checking references, facts, and
faulty constructions, and for keeping the book (and myself) on schedule. A special debt of
gratitude goes to Inez Sialiano for coordinating the project, Dorothy Brown for editorial
assistance, Susan Schaefer for page layout, Denise Weiss for her elegant design ot the book,
and most of all, Michael Zierler for his unstinting support as Project Manager in steering the
book to completion. 1 also acknowledge the generous support of Jan Argentine, my
Managing Editor, and John Inglis, the Director of Cold Spring Harbor Laboratory Press, for
overseeing the project. I am indebted to a number of my colleagues in the “Parkville Strip”
(especially, Tom Garret, Ray Norton, Geoff Howlett, Heung-Chin Cheng, Lindsay Sparrow,
and Herbert Treutlein) for their critical reading of various chapters of the book. In addition,
[ wish to express my gratitude to Professor Joe Sambrook, senior author of the extraordinary
manual Molecular Cloning, whose practical editorial guidance, interest, and encouragement
throughout the writing of both of the Proteomics Laboratory Manuals have been invaluable.
I must also thank Mary Whitham for her secretarial help in the early stages of this book and,
more recently, my personal assistant, Simone Pakin, for her secretarial excellence and superb
informatics skills. Finally, I would like to thank my partner, Donna Dorow, for her never-fail-
ing support during this endeavor.

Richard J. Simpson



Purifying Proteins for Profeomics
Companion Web Site

THIS VOLUME PURIFYING PROTEINS FOR PROTEOMICS: A LABORATORY MANUAL will share a Web Site
(www.proteinsandproteomics.org) with its companion volume, Proteins and Proteomics: A
Laboratory Manual. In addition to the on-line information already supplementing the latter
volume, the Web Site will contain:

o All references from this volume linked to Medline.
¢ Expanded set of reference tables.
e Link to www.biosupplynet.com for suppliers mentioned in this volume.

o Further links to useful databases and Web Sites.

Additional information will be added after the book is published. To access the Web Site:
1. Open the home page of the site.

2. Follow the simple registration procedure that begins on that page (no unique access code
is required).

3. Your e-mail address becomes your log-in information for subsequent visits to the site.

The FAQ section of the site contains answers about the registration procedure. For addi-
tional assistance with registration, to inform us of other Web address changes, and for all
other inquiries about the proteinsandproteomics.org Web Site, please e-mail support@pro-
teinsandproteomics.org or call 1-800-843-4388 (in the continental U.S. and Canada) or 1-
516-422-4100 (all other locations) between 8:00 A.M. and 5:00 p.M. Eastern U.S. time.

Vii
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FIGURE 16.4. Difference gel electrophoresis of high-pressure inducible Lactobacillus sanfranciscensis pro-
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or down-regulated proteins) between the samples.
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B-Linked Protein and Inclusion

Syndrome

Familial encephalopathy with neuroserpin inclusion bodies, Neuroserpin PR Collins body
progressive myoclonic epilepsy, atypical myoclonic 4 g b
disease L
Familial Parkinson's disease, dementia with Lewy bodies, a-Synuclein Lewy body
Lewy-body variant of Alzheimer's disease .
Creutzfeldt-Jakob disease, bovine spongiform encephalo- Prion protein Variant
Creutzfeldt-Jakob

pathy, variant Creutzfeldt-Jakob disease, Gerstmann-

Straussler-Scheinker disease, fatal familial insomnia, kuru disease amyloid

Alzheimer's disease, Down’s syndrome, familial Alzheimer's B-Amyloid peptide B-Amyloid plague
disease 2

Frontotemporal dementia (Pick's disease) Tau protein Pick body

Huntington’s disease, dentatorubral—pallidoluysian atrophy Glutamine Huntingtin
(Haw-River syndrome), spinocerebellar ataxia types 1, 2, repeats inclusion

and 3 (Machado-Joseph disease) (huntingtin)

FIGURE 20.1. Classification of the dementias and neurodegenerative diseases on the basis of underlying
protein abnormality. The typical endpoint formation of cellular inclusions or pericellular deposits of each
protein illustrates the shared mechanism of disease resulting from the cross-bonding (B-linkage) aggrega-
tion of the conformationally unstable proteins. The glutamine-repeat disorders arise from a variety of pro-
teins containing aberrant expansions of glutamine repeats; a prime example is the protein huntingtin in
Huntington’s disease. Only some forms of familial Parkinson’s disease are due to t-synuclein (Lewy-body)
aggregation (inclusion bodies, X400 to x600; amyloid deposits, x100; huntingtin inclusion, x800).
(Reproduced, with permission, from Carrell and Lomas 2002b.)
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FIGURE 21.15. Mass spectra of the m/z region 1450-2500 of the ribosome EF-G complex in the presence
of fusidic acid (a) and thiostrepton (b). The two spectra are markedly different. The low-m/z region of the
mass spectrum recorded in the presence of fusidic acid is similar to that observed for ribosomes in the
absence of EF-G under these solution and MS conditions. In contrast, the complex inhibited by thiostrep-
ton demonstrates the absence of L7/L12 and the presence of additional proteins L5, L6, and L18. The struc-
tures of the 50S ribosomal subunit and EF-G are shown in the insets to each figure and the proteins colored
in the two structures are those released from the two complexes. (Reproduced, with permission, from
Hanson et al. 2003.)
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"Structured" water

FIGURE A1.5. Solubilization of nonpolar solutes in water. Nonpolar solutes are surrounded by ordered
shells of water molecules. The association of two nonpolar solute molecules allows some water molecules
to return to a less ordered and “thermodynamically favorable” state, thereby facilitating their solubility. (Gray
or green balls) Hydrophilic amino acids; (blue balls) hydrophobic amino acids; (pink balls) water molecules.
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FIGURE A1.6. Distribution of hydrophobic and hydrophilic amino acids observed in myoglobin. Shown is
a slice of myoglobin (PDB codel A6M) through its center, allowing a view of the distribution of amino acids
in the interior and on the surface of the protein (insert: the slice taken is the area between the white lines).
(Red) Highly hydrophilic residues; (blue) highly hydrophobic residues. Residues with intermediate charac

ter are color-coded according to the Engelman-Steitz-Goldman hydrophobicity scale (Engelman et al. 1986)
shown in the right panel. (Yellow) The prosthetic haem group observed in myoglobin spans a distance
almost from the center of the protein to its surface. The hydrophobic core of the protein (composed of main-
ly red amino acids) is clearly visible, as is the hydrophilic (blue) surface layer. (This figure was kindly pro

vided by Herbert Treutlein.)
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Role of Separation Science in
Proteomics

Richard J. Simpson

Joint ProteomicS Laboratory (JPSL ) of the Ludwig Institute for Cancer Research
and the Walter and Eliza Hall Institute of Medical Research, Melbourne, Australia

P ROTEOMICS—THE SYSTEMATIC ANALYSIS OF PROTEINS—is a branch of “post-genome” discov-
ery science that aims to unravel the biological complexity encoded by the genome at the pro-
tein level. There are two main facets of proteomics:

o Expression proteomics aims to catalog the proteome, i.e., the full complement of all the
proteins expressed by the genome in any given cell or tissue at a given time.

» Targeted proteomics attempts to determine the cellular functions of genes directly at the

protein level (Figure 1.1).
The former approach may be regarded as an exercise in obtaining a protein atlas (or data-
base) for a given genome that should be viewed as a static entity. Targeted proteomics, in con-
trast, aims to detect the dynamic expression of all proteins in a cell, including all protein iso-
forms and their posttranslational modifications (PTMs) (for a review of posttranslational
modifications, see Mann and Jensen 2003), protein-protein interactions and their cellular
localization (Golemis 2002; Phizicky et al. 2003; Simpson 2003a), organelle composition, and
the structural description of proteins both individually and in their higher-order complexes
(Sali et al. 2003; Simpson 2003a). For an overview of the impact that proteomics has made to
the biological sciences in the past decade, and future challenges for the technique, see
Patterson and Aebersold (2003).
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Proteomics: The physical mapping of cellular proteins
and their interacting partners.

Expression proteomics: Study of global changes in protein
expression in disease.

Targeted proteomics: Systematic study of protein-protein
interactions through the isolation of
protein compiexes.

Objectives:

® Expression proteomics: Define the proteome, i.e., create an atlas of
proteins in a given cell/tissue at a given time.

» Targeted proteomics: Use proteomics as a biological too! or assay
to define physiological function of a gene.

FIGURE 1.1. The two major facets of proteomics: Expression proteomics and targeted proteomics.

Proteomics is a multifaceted, rapidly evolving, and open-ended endeavor. Today, pro-
teomics embraces several technical disciplines (also called platform technologies), all of
which are of equal importance for a successful outcome and which face significant technical
challenges. The major platform technologies include:

o Sample preparation. One-dimensional (1D) or two-dimensional (2D) slab gel elec-
trophoresis, liquid-based isoelectric focusing (IEF), chromatography, affinity capture
methods, and various multidimensional combinations of these methods are being
employed in the service of proteomics (for an overview of sample preparation methodolo-
gies, see Simpson 2003a, and Sections II and III of this volume). Indeed, success in pro-
teomics very much depends on careful study design and the availability of high-quality bio-
logical samples. Fundamental issues, such as biological variability, preanalytical factors, and
analytical reproducibility—issues that beset genomics and gene expression (microarray)
studies—are also of paramount importance in proteomics (for a review of biomedical
study design and sample quality, see Boguski and McIntosh 2003).

* Mass spectrometry (MS). This has become the method of choice for the analysis of com-
plex protein mixtures, largely as a result of the discovery and development of soft ioniza-
tion methods for proteins, which were recognized with the 2002 Nobel Prize in chemistry.
For a review of general MS-based proteomics, see Aebersold and Goodlett (2001) and
Aebersold and Mann (2003), and for a “hands-on” description of current MS-based pro-
teomics methods, see the proteomics laboratory manual of Simpson (2003a).

e Informatics. With the advent of rapid, high-throughput MS-based methods for analyzing
complex protein mixtures, our ability to generate data now clearly outstrips our ability to
analyze it. In fact, data analysis is considered by many researchers to be “the Achilles heel of
proteomics” (Patterson 2003). (For MS-derived data, sample documentation, and annota-
tion of gene function, see Ashburner et al. [2000]; Camon et al. [2003]; see also http://www.
geneontology.org.) This dilemma has prompted a systematic approach to modeling, cap-
turing, and disseminating proteomics experimental data, using agreed-upon early-stage
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documentation, XML-based definitions, and controlled vocabularies that allow different
tools to exchange primary data sets (Taylor et al. 2003; Tyers and Mann 2003).

Other powerful proteomic approaches for defining the biological complexity of proteins
include the following:

e Cell imaging by light and electron microscopy, confocal microscopy using fluorescently
tagged proteins, and FRET (fluorescence resonance energy transfer) technology for defin-
ing intracellular localization of proteins and their binding partners (Phizicky et al. 2003;
Simpson 2003a).

e Surface plasmon resonance (SPR) studies (Chapter 24), array- and chip-based proteomics,

and genetic readout experiments (e.g., yeast two-hybrid assay) for defining protein-protein
interactions (Phizicky et al. 2003).

e Protein, microarray technologies, which have recently emerged (Zhu and Synder 2001),
offer the potential for high-throughput genomic-scale analysis of protein expression, inter-
action, and function (for a current state-of-the-art assessment of protein arrays, see Cutler
2003).

PRODUCTION OF PURIFIED PROTEINS: A BOTTLENECK FOR PROTEIN
MICROARRAYS AND STRUCTURAL PROTEOMICS

Today, one of the bottlenecks to several proteomics approaches, especially protein microar-
rays (Houseman et al. 2002; Mitchell 2002; Templin et al. 2002) and structural proteomics
(Chance etal. 2002), is the production of large arrays of highly purified, correctly folded pro-

- teins. This has been largely due to the limited availability of validated genome-wide comple-
mentary DNA and to the production of correctly folded recombinant proteins. The FlexGene
consortium between academic institutes and industry, described by LaBaer (Braun et al.
2002), has been established to develop a comprehensive cDNA collection in recombination-
based cloning formats for the biomedical community (see http://www.hip.Harvard.edu). A
comparison of commonly used tagging methods for the rapid purification of recombinant
proteins for the purpose of array-based proteomics and structural proteomics purposes is
described in Chapter 5.
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MASS-SPECTROMETRY-BASED PROTEIN IDENTIFICATION

MS is now firmly entrenched as the method of choice for identifying proteins and their post-
translational modifications. In general, MS-based methods identify proteins, and to some
extent their posttranslational modifications, not by analyzing the intact proteins directly, but
by identifying their constituent peptides (Figure 1.2). Thus, the task of identifying a protein
by MS is reduced to one of identifying peptides. First, proteins are proteolytically cleaved
(typically, with trypsin) into smaller peptides. Resultant peptides are then separated and ana-
lyzed in a mass spectrometer. MS data acquired using this approach are processed through a
series of computer algorithms that determine the identity of a protein on the basis of the
masses of the constituent peptides (peptide mass fingerprinting), correlation of collision-
induced fragmentation (CID) spectra of peptides obtained by tandem mass spectrometry
(MS/MS), and/or combinations of these approaches (Simpson 2003a).

These approaches introduce several advantages. First, small peptides are more easily elut-
ed from acrylamide gels than are proteins. (During the early days of proteomics, and until
relatively recently, two-dimensional polyacrylamide gel electrophoresis [2D-PAGE] in com-
bination with MS has been the mainstay of protein identification.) Second, MS has greater
sensitivity for small molecules, and, finally, small peptides yield better CID fragmentation
data than large intact proteins. Ii should be emphasized that only a small subset of peptides,
not the entire sequence of a protein, is typically determined using this MS approach.
Sequence coverage typically is in the 30-80% range. Indeed, using MS/MS, a protein in a
complex mixture in many cases can be identified after the identification of only a few pep-
tides. Note also that protein identification by MS-based peptide sequencing relies on obtain-
ing experimentally derived data and the use of these data to search peptide data deposited in
sequence databases. (Of course, this approach does not work if the genome sequence is not
in the databases. In these situations, the peptide sequence can be determined from MS/MS
spectra by manual “de novo” sequence approaches followed by conventional informatics
approaches [Verhagen et al. 2000; see also Simpson 2003a].)

Promising MS methods are currently being developed that allow fragmentation of intact
proteins in the mass spectrometer, followed by identification of the protein using MS/MS of
the generated protein fragments. This approach is referred to as “top-down sequencing” as
compared to the present “bottom-up” sequencing (Simpson 2003b).

A KEY TECHNICAL CHALLENGE CONFRONTING PROTEOMICS:
REDUCING SAMPLE COMPLEXITY

Many of the proteomics methods mentioned thus far pose technical challenges owing to the
high degree of complexity of cellular proteomes and the large dynamic-range considerations
of cellular proteins (~10°-10¢-fold for protein abundance alone). In fact, high-throughput
proteomic analysis of complex protein (or peptide) mixtures remains an apparently insuper-
able technical challenge, at least for the foreseeable future. In recent years, there have been
two main strategies for overcoming this problem: MS-based strategies for dealing with com-
plex peptide mixtures and sample prefractionation prior to MS-based analysis. Given the
enormity of the problem in understanding the complexity of cellular and tissue proteomes,
a combination of these two approaches, undoubtedly, will be required.
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FIGURE 1.2. A strategy for mass spectrometric identification of proteins and posttranslational modifications. (a) Affinity capture using
a bait protein to isolate protein-binding partners from a cell lysate. A GST fusion protein containing the SOCS-1 SOCS box sequence
(Zhang et al. 1999) is used to illustrate the principle of affinity capture. SDS-PAGE analysis of affinity column eluates from GST-con-
trol (), and GST-SOCS-1-SOCS-box glutathione (+) are shown. After 1D gel electrophoresis, the gel was stained with Coomassie and
the protein bands of interest excised and subjected to trypsin digestion (see Simpson 2003). (b) Analysis of an aliquot of the tryptic
peptide mixture using a MALDI quadrupole/orthogonal acceleration TOF mass spectrometer (see Chapter 8 in Simpson 2003). The
resultant spectrum represents a peptide mass fingerprint (PMF) of a protein. The peptide masses can be entered into an algorithm,
which matches them against theoretically predicted peptides of proteins in publicly available databases (see Chapter 8 in Simpson
2003). (c) Analysis of another aliquot of the peptide mixture using an electrospray ion-trap mass spectrometer, which is coupled on-
line to a capillary RP-HPLC. (Top panel) Peptide masses at a given time. A typical experiment entails isolating the most intense ion in
the spectrum (i.e., m/z 765.6), and performing collision-induced dissociation to generate sequence ions. (Bottomn panel) From the resul-
tant MS/MS spectrum, amino acid sequence information can be derived via manual interpretation or by using an algorithm that cor-
relates the experimental spectrum with those in a database. (d) For phosphopeptide analysis, peptide-containing fractions from a cap-
illary RP-HPLC separation are subjected to MALDI-TOF analysis operated in “linear mode” (top panel) and also in “reflectron mode”
(bottom panel). It can be seen that the major peptide ion detected in “linear mode” (m/z 1881.8) is metastable, resulting in a major ion
loss of 98 daltons (—~H,PO,) and a lesser ion loss of 80 daltons (-HPO,) that are observable in “reflectron mode.” Ion losses of 98 and
80 daltons, or multiples thereof, indicate that a parent ion is phosphorylated (see Chapter 9 in Simpson 2003) (Zugaro et al. 1998).



