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Abstract Large-scale protein quantification has become
a major proteomics application in many areas of biological
and medical research. During the past years, different
techniques have been developed, including gel-based such
as differential in-gel electrophoresis (DIGE) and liquid
chromatography-based such as isotope labeling and label-
free quantification. These quantitative proteomics tools
hold significant promise for biomarker discovery, diag-
nostic and therapeutic applications. They are also impor-
tant for research in functional genomics and systems
biology towards basic understanding of molecular net-
works and pathway interactions. In this review, we
summarize current technologies in quantitative proteomics
and discuss recent applications of the technologies.

Keywords two dimensional gel, liquid chromatography-
mass spectrometry (LC-MS), stable isotope, quantification,
application

1 Introduction

Biological processes are defined by dynamic changes in
protein composition, localization, modification and
protein—protein interaction. To fully understand these
dynamic processes, it is essential to identify and quantify
the differences of protein components in a cell, tissue and
organism at different metabolic states or in response to
different environmental stimuli. Recently, quantitative
proteomics has become a powerful tool to directly and
accurately detect protein changes in different biological
and medical samples. With continuous improvement in
mass spectrometry, quantitative proteomics has realized
analyzing complex biological and molecular processes in a
single experiment (Chen and Harmon, 2006; Cravatt et al.,
2007). Now more than ever, different quantitative
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proteomics strategies can be utilized to study complex
functional properties of proteins and their involvement in
particular biological processes (Ong and Mann, 2006;
Thelen and Peck, 2007; Zhu et al., 2010).

To date, quantitative proteomics approaches can be
classified into four general categories (Table 1). The first
and most common approach is gel based quantitative
proteomics, which includes two dimensional gel electro-
phoresis (2-DE) and differential in-gel electrophoresis
(DIGE). The second approach is based on stable isotope
labeling, which includes metabolic labeling and chemical
labeling. The third approach is label-free quantitative
proteomics, such as spectral counting and liquid chroma-
tography peak alignment. The last approach is targeted
quantitative proteomics, including multiple reaction mon-
itoring (MRM) and protein array. The task of quantitative
proteomics can be very challenging given the complexity
and dynamic range of proteins in biological extracts. Rapid
technical advancement in this area is expected to overcome
the problems and to drive basic and applied science to a
higher level. In this review, we will discuss current
quantitative proteomics technologies and summarize
recent advances in applications.

2 Current quantitative proteomics
technologies

2.1 Gel electrophoresis: 2-DE and DIGE (minimal and
saturation)

Although 2-DE has been around for decades, it is still
commonly used in modern proteomics (Gorg et al., 2004;
Chen and Harmon 2006; Fu et al., 2008). In the first
dimension, proteins are separated by isoelectric focusing
(IEF) according to their different isoelectric points (pls). In
the second dimension, they are separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) according to their molecular weights (MWs).
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Table 1 Comparison of commonly used quantitative proteomics approaches
approach gel-based LC-based protein array
2-DE DIGE SILAC cICAT iTRAQ spectral counting MRM
targeted no no no no no no yes yes
labeling no Cy2, Cy3 heavy R or K light and 4or8 no no no
and Cy5 in cell cultures heavy tags iTRAQ tags
quantification gel stain fluorescence MS MS MS/MS MS/MS MS/MS fluorescence
advantages clear spot high easy sample samples multiplex with  No labeling, high specificity clear expression
pattern, MW reproducibility  prep, high simplified, 4/8 tags, high  low cost and sensitivity, pattern, high
and pl info, and sensitivity — accuracy, cysteine confident ID low cost sensitivity
low cost medium cost specific
disadvantages limit in same as 2-DE, mostly very few not all IDed fast-scanning optimization only a few
reproducibility, except high applicable to peptides proteins MS needed, of every arrays avail-
membrane cost of Cy cell cultures identified per  quantified, not good for transition able,
proteins and dyes protein, expensive low abundant needed, > 2 relatively high
proteins with proteins in large proteins peptides to be  cost
extreme pl and without experiments monitored.
MW excluded cysteines
missed

LC: liquid chromatography; 2-DE: two dimensional gel electrophoresis; DIGE: differential in-gel electrophoresis; SILAC: stable-isotope labeling with amino acids in
cell culture; cICAT: cleavable isotope-coded affinity tags; iTRAQ: isobaric tags for relative and absolute quantification; MRM: multiple reaction monitoring; MS: mass

spectrometry; MW: molecular weight; pl: isoelectric point.

Proteins exhibiting differences in abundance between
samples are revealed by comparing patterns and densito-
metry intensities of spots in different gels following
Coomassie Blue, silver or Sypro Ruby staining. Protein
spots of interest can be excised for mass spectrometry
(MS) identification. Although 2-DE is a powerful
technique that can simultaneously separate thousands of
protein species in complex mixtures, it shows limitation in
reproducibility, dynamic range and sensitivity (Gygi et al.,
2000). In addition, membrane proteins, very acidic or basic
proteins, extremely large or small proteins are often
excluded in the 2D gels (Shevchenko et al., 1996).

DIGE was invented to circumvent some of the
limitations commonly associated with 2D gels including
analytical (gel-to-gel) variation and limited dynamic range
(Unlii et al., 1997). This is accomplished by multiplexing
equal amounts of different samples that have been pre-
labeled with spectrally resolvable fluorescent dyes (Cy2,
Cy3 and Cy5), followed by separating the pooled protein
samples in the same 2D gel. Protein spots associated with
different samples are detected by different fluorescence
signals and quantified using spot volumes. Differentially
expressed protein spots can be excised for MS analysis.
Synthetic N-hydroxysuccinimidyl (NHS) ester derivatives
of the cyanine dyes Cy2, Cy3 and Cy5 are commonly used
fluorescent protein labeling for DIGE (Unli et al., 1997).
The reagents react with the e-amine of lysine, which is
prevalent in proteins. In minimal DIGE experiments, the
fluorescent dyes are used at a low stoichiometry relative to
protein quantities. Usually the samples are labeled with
Cy3 or Cy5. The Cy2 dye can be used to label an internal
standard, which consists of an equal aliquot of each test
sample (Alban et al., 2003; Karp et al., 2005). The internal
standard not only serves as a loading control, but also

allows for normalization of Cy3:Cy2 and Cy5:Cy2 ratios
for each protein across all the gels in a large experiment.
Since minimal dye only labels 1%—3% of the proteins,
post-staining of the proteins (e.g., using Sypro Ruby) is
required for spot picking. Saturation dye labeling utilizes
maleimide reagents for high stoichiometry labeling of
cysteine sulfthydyls (Shaw et al., 2003). Reagents for
saturation labeling include Cy3 and Cy5 maleimide
derivatives (Cy3m and Cy5m). Cy2m was not stable, so
it is not commercially available. Saturation dye greatly
increases sensitivity due to high stoichiometric labeling.
Samples containing as low as 10 pug protein can be sepa-
rated on a 2D gel to reveal thousands of spots (Fu et al.,
2008). Thus, saturation DIGE is useful for profiling rare
samples, such as those obtained by laser capture micro-
dissection (Greengauz-Roberts et al., 2005). However, the
protein amount in the gel spot is often not adequate for MS
analysis, so a preparative gel is needed. Because of
simultaneous separation of different samples in one gel,
DIGE has greatly enhanced 2D gel reproducibility. In
addition, DIGE for expression profiling has been shown to
provide superior sensitivity and dynamic range afforded by
fluorescence detection (Gharbi et al., 2002; Tonge et al.,
2001). Despite the advantages of DIGE, it still suffers from
some of the traditional 2D gel problems, such as
domination of abundant proteins and underrepresentation
of hydrophobic and extreme proteins (Chen and Harmon,
2006).

2.2 Isotope labeling: Metabolic labeling and chemical
labeling

Metabolic labeling exploits in vivo incorporation of stable
isotopes during protein synthesis in cells growing in media
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supplemented with the isotopes. Depending on the
introduced isotope spacer and the resolving power of
mass spectrometer, isotope envelopes of light and heavy-
labeled peptides are used for quantification. In the case of
N'* metabolic labeling, two populations of cells are grown
in isotopically distinct media, one with N'* and the other
with N'*. The two samples are then mixed, processed and
subjected to MS analysis and comparison of MS peak
intensities between the two samples (Oda et al., 1999).
However, incomplete incorporation and high cost of pure
isotopes have rendered this method less useful (Thelen and
Peck, 2007). In addition, each nitrogen atom in each amino
acid will be replaced by "°N, resulting in varying mass
shifts that depend on the length and amino acid composi-
tion of the peptide. This makes result interpretation
difficult (Gevaert et al., 2008). An alternative approach
that overcomes the problem is known as stable-isotope
labeling with amino acids in cell culture (SILAC) (Ong et
al., 2002). SILAC is a straightforward procedure in which
natural variants of essential amino acids are left out of
culture media and replaced by *C, '°N, or *H variants. The
heavy amino acids are readily incorporated into proteins,
and after a few rounds of cell duplication, the proteome can
be fully labeled. Several essential amino acids are com-
monly chosen to achieve efficient labeling, e.g., leucine,
lysine, and methionine (Ong et al., 2002; Gu et al., 2003;
Ong et al., 2004). The most commonly used amino acids
are lysine and arginine. The labeled proteins can be
digested with trypsin to generate a single isotopic label in
each peptide for MS identification and quantitation (Ong et
al., 2003). Thus, SILAC offers simpler analysis than "N
metabolic labeling. Because of near 100% incorporation of
the isotope labels, SILAC reduces the number of manip-
ulations and increases the accuracy of quantitation.
However, SILAC still displays some shortcomings. First,
metabolic conversion of arginine to proline can occur, and
the arginine isotope label can thus be diluted into heavy
proline. This will complicate data interpretation and
quantification. Second, the incorporation level may not
be efficient for certain cell lines and tissues (Iliuk et al.,
2009). The recent success of generating SILAC mouse has
shown the power of SILAC application in large tissues and
animals (Kriiger et al., 2008).

To overcome the problem of protein quantitation in
samples not amenable to metabolic labeling, several
chemical labeling approaches have been developed.
Chemical labeling makes use of protein functional groups,
which can react covalently with chemically identical but
mass-differentiated stable isotope tags in different samples.
The combined mixtures are then processed and analyzed
by MS and/or MS/MS. The isotope peaks corresponding to
the same peptide are identified. The peak intensities of the
peptides or the isotope tags correlate directly with the
relative abundance of the protein in different samples. The
prototypical stable-isotope labeling for quantitative pro-
teomics was isotope-coded affinity tag (ICAT) technology

(Gygi et al., 1999). The ICAT reagents consist of a
cysteine-reactive group, a linker containing eight or zero
deuterium atoms and a biotin affinity tag enabling the
isolation of tagged cysteine-containing peptides to reduce
sample complexity prior to MS analysis. The linker region
of heavy ICAT reagent contains eight deuteriums (dg
ICAT), thus providing sufficient m/z spacing in mass
spectra. However, it was reported that the dg (light) and dg
(heavy) ICAT tagged peptides exhibited different retention
on reverse phase high performance liquid chromatography
(HPLC) columns (Zhang and Regnier, 2002). In addition,
the retention of the biotin group complicates interpretation
of MS/MS spectra. To solve the problems, an advanced
version ICAT (cleavable ICAT, cICAT) or solid-phase tags
with cleavable linkers was introduced. Carbon-13 instead
of deuterium was used for the linker, and an acid cleavable
moiety was introduced before the biotin group (Zhou et al.,
2002; Hansen et al., 2003). The ICAT method simplifies
sample complexity because of biotin affinity purification of
cysteine-containing peptides, but is limited to proteins
containing cysteine residues. In contrast, quantitative
labeling of amine groups allows the quantification of all
peptides derived from proteolytic digestion. One of the
recently introduced methods is iTRAQ (isobaric tags for
relative and absolute quantification) (Ross et al., 2004; Zhu
etal., 2010). iTRAQ contains an isobaric tag composing of
a balancer group, a reporter group and an amine reactive
group. The reporter group is a tag of varying masses, and
the balance group also varies in mass to ensure that the
total mass of these two groups for different tags is the
same. As such, peptides labeled with different iTRAQ tags
are isobaric in MS. The reporter groups are released during
MS/MS and are detected in the low mass region of peptide
MS/MS spectra. They are used to quantify the protein
levels in a sample. The iTRAQ kit started with four tags,
and now eight tags are commercially available from AB
Sciex Inc. So, as many as eight samples can be labeled and
analyzed simultaneously (Ow et al., 2008; Zhu et al.,
2010). To validate iTRAQ results in a high-throughput
manner, mMTRAQ reagents were recently introduced by AB
Sciex. The mTRAQ tags are chemically identical to those
of iTRAQ tags, but differ in their isotopic contents and are
not isobaric. The mTRAQ reagent is available in two
versions: the “heavy” version has a monoisotopic mass of
145, and the “light” version is 141 (DeSouza et al., 2008).
By virtue of this mass difference, MRM transitions can be
generated for any given peptide that is labeled with the
mTRAQ tags. Therefore, combining with MRM, mTRAQ
can be used for absolute quantification of target peptides
and validation of iTRAQ discovery results (DeSouza et al.,
2008).

Tandem mass tag (TMT) from Thermo Scientific Inc. is
another amine-specific chemical tag. Conceptually similar
to iTRAQ, TMT tags are also isobaric, and are identified
and quantitated by MS/MS. The isobaric TMT reagents
contain a TMT fragment, a mass normalization group and a
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reactive group. Second generation TMT Tags are designed
with a fragmentation-enhancing group, which is proline in
some cases. Fragmentation-enhancing group makes that
TMT fragment accurately reflects the levels of the tagged
peptides (Thompson et al., 2003). This technology was
designed to allow multiplexing of up to six samples
(Dayon et al., 2008).

2.3 Label free quantification: LC-MS peak alignment,
spectral counting and Synapt

Almost all the isotope labeling-based quantitative
approaches have limitations: complicated sample prepara-
tion procedures, expensive isotope tags, limited number of
experiments that can be compared, and variation in
labeling efficiency. To overcome these limitations, there
has been great advancement in the development of label-
free approaches (Patel et al., 2009).

LC-MS peak alignment is based on the observation that
MS peak height or area is linearly proportional to the
corresponding peptide concentration (America and Cor-
dewener, 2008). In an LC-MS experiment, peaks are
determined for quantification using the MS signal summed
over the elution time of the peptide. To compare across
different samples, highly reproducible LC-MS and careful
chromatographic peak alignment are critical in this
comparative approach. Some automated methods and
software can reduce the data complexity by extracting
and comparing spectral or chromatographic peaks from
LC-MS data (Li et al., 2005; Letarte et al., 2008). However,
some peptides are not equally detectable in different
samples with LC-MS methods because of dynamic-range
limitation, instrument sensitivity and matrix ion suppres-
sion (Zhang et al., 2006). Another label-free method,
known as spectral counting, may circumvent the above
problems. It is based on the correlation between protein
abundance and the number of MS/MS spectra of the
peptides derived from the protein (Liu et al., 2004). Fast
scanning mass spectrometers such as the Thermo LTQ and
LTQ-Orbitrap MS have shown utility and advantage in this
application (Zybailov et al., 2009). Spectral counting
exhibits good technical reproducibility and dynamic range
(OId et al., 2005; Asara et al., 2008). Therefore, it can be
used as a simple and reliable way for relative protein
quantification. Recently, Waters Company has introduced
another label-free quantification system, the Synapt MS.
This system is composed of ultra performance LC and
quadrupole orthogonal acceleration time-of-flight MS.
Protein identification and quantification data were col-
lected in data independent LC-Ion mobility-MS* acquisi-
tion by alternating the energy applied to the gas cell
between a low energy state and an elevated energy state.
The low energy scan mode is used to obtain accurate
precursor ion mass and intensity data for quantification,
while the elevated collision energy mode generates
multiplex peptide fragments of all peptide precursors for

identification (Silva et al., 2006; Cheng et al., 2009). The
Synapt system provides unique capabilities to analyze
samples differentiated by size, shape and charge, as well as
mass, ultimately enabling quantitative analysis of protein
changes in complex biologic mixtures.

2.4 Targeted quantitative proteomics

Targeted proteomics represents a different approach from
global discovery proteomics, and it is powerful in hypoth-
esis driven research. MRM has been widely used for small
molecule quantification in pharmaceutical companies. It is
only through the introduction of triple quadrupole (QqQ)
and quadrupole ion-trap (QTRAP) instruments with
extended mass ranges that MRM has become well suited
for proteomic applications, allowing for the detection of
target peptides in complex mixtures (Anderson and Hunter,
2006). To carry out MRM experiments, appropriate pep-
tide precursor and its product ion pairs (called transitions)
need to be selected, and fragmentation conditions need to
be optimized for each transition. Because the tandem mass
analyzers are set to monitor unique signals from targets
specified, this method offers exquisite selectivity and
sensitivity. However, with the increase of sample complex-
ity, the chance of false positive transitions being registered
during the analysis becomes high. It is essential to confirm
the identity of the precursor ion giving rise to a specific
transition. This is accomplished by MRM-initiated detec-
tion and sequencing (MIDAS), in which detection of a
specific MRM transition automatically triggers a subse-
quent product ion scan to verify precursor identification
(Unwin et al., 2005). Recently, scheduled MRM workflow
has been introduced to increase the number of transitions
that can be monitored without compromising sensitivity.
At least two or more peptides per protein are often mon-
itored so that the peptide quantities can accurately reflect
original protein abundance (Kitteringham et al., 2009).
Protein array enables the global observation of bio-
chemical activities on an unprecedented scale, where
thousands of proteins can be simultaneously screened for
protein—protein interactions, protein—phospholipid interac-
tions and small molecule targets (Bertone and Synder,
2005; Ramachandran et al., 2005). Here is a general pro-
cedure of a typical protein array experiment. A large set of
capture ligands (proteins or peptides) is arrayed on a solid
support. The array is then probed with a protein sample. If
an interaction occurs, a signal is revealed on the surface by
a variety of detection techniques including fluorescence,
chemiluminescence and radioactivity. Three types of
protein arrays are available, i.e., analytical array, functional
array and reverse phase array. For protein analytical array,
a library of antibodies is arrayed on a glass slide. The array
is used to monitor protein expression on a large scale
(Hamelinck et al., 2005). Functional arrays contain a large
set of purified proteins and peptides. This array can be used
to study numerous protein interactions (Blackburn and
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Hart, 2005). For reverse phase arrays, tissues, cell lysates
or serum samples are spotted on the surface and probed
with antibodies against the target protein of interest
(Cretich et al., 2006). Invitrogen Company has recently
commercialized the ProtoArray® technology. The Proto-
Array® Human array contains thousands of purified
proteins printed in duplicate on a glass slide (http://www.
invitrogen.com/protoarray). It enables many high-through-
put analyses including protein interaction, kinase substrate
identification, small molecule-protein interaction profiling,
immune response biomarker profiling, ubiquitin ligase
profiling and antibody specificity profiling.

3 Recent application examples

As shown in Table 1, each quantitative method has
advantages and disadvantages. There is no one single
method that will solve all the analytical challenges
associated with large-scale protein quantification. The
choice of methods is dependent on research questions to be
addressed, experimental materials (e.g., culture cells
versus tissues), expectation of results (e.g., absolute
quantification versus relative quantification), and project
budget. Because of the complementary nature of most
quantitative methods, application of more than one will
likely lead to high proteome coverage and accuracy of
quantification (Chen and Harmon, 2006).

Since its introduction over a decade ago, DIGE has been
widely used to address important questions in many
research areas of life sciences and medicine, such as cell
signaling, development and disease biomarker discovery
(Orenes-Piiiero et al., 2007; Lucitt et al., 2008; Tang et al.,
2008). Many studies have found the technology highly
appropriate for comparative protein profiling of knockout,
transgenic or stress/hormone induced responses (Casati et
al., 2005; Hjerng et al., 2006; Tang et al., 2008). In addition
to large-scale protein expression profiling, saturation DIGE
with cysteine-labeling reagents has been used to monitor
changes in protein redox status (Hurd et al., 2007, Fu et al.,
2008). For example, DIGE was used to discover redox-
sensitive proteins in mouse heart tissues (Fu et al., 2008).
Cy3m was used to label both the control and H,O, treated
heart tissue samples. In parallel, Cy5Sm was used to label
internal standards composed of pooled aliquots of control
and treated samples. Each Cy3m-labeled sample was then
mixed pairwise with one Cy5Sm-labeled internal standard
and used for 2-DE analysis. Because CyDye labeling was
performed directly on protein samples without reduction
and alkylation, only free thiols but not oxidized thiols
could be labeled. Protein spots with at least a 50% Cy3
signal decrease in H,0, treated samples were subjected to
MS identification. In this analysis, NF-kB-repressing
protein and epoxide hydrolase were discovered to subject
to redox regulation.

SILAC has the advantage of introducing the mass labels

early in sample preparation and thus displaying excellent
quantification accuracy and reproducibility. Recent studies
have shown the efficiency of SILAC method in labeling all
proteins without discrimination. Graumann et al. (2008)
have quantified 5111 proteins in mouse embryonic stem
cells using SILAC. It has also been used to study
differential protein phosphorylation in yeast pheromone
signaling (Griihler et al., 2005). Kruger et al. (2008)
labeled mice with SILAC diet of '*Cg-substituted version
of lysine. The F2 generation was completely labeled in all
organs tested. Interestingly, after over four generations of
labeling with the heavy diet, mouse development, growth
and behavior were not affected. Thus, organs derived from
the SILAC mice were served as invaluable materials for a
large number of subsequent experiments, in which
proteomes of wild-type and knockout mice were com-
pared, and important findings were obtained.

iTRAQ is currently the most widely used chemical
labeling method for quantitative proteomics. Shui et al.
(2009) employed both iTRAQ and SILAC to study
changes in macrophage protein expression in response to
exposure to Mycobacterium tuberculosis lipids. From a
total of 1286 proteins identified, 463 were discovered by
both methods, and the rest of proteins were detected by
only one of the two methods, highlighting the comple-
mentary nature of iTRAQ and SILAC. The differentially
expressed macrophage proteins are involved in immune
response, oxidation and reduction, vesicle transport, as
well as other cellular processes. Using iTRAQ combined
with two-dimensional LC and MALDI-TOF/TOF MS,
Rajcevic et al. (2009) were able to identify several
thousand proteins in membrane-enriched fractions, of
which 1460 proteins were quantified and some novel
candidate proteins were characterized to involve in the
switch from a non-angiogenic to a highly angiogenic
phenotype. In a study by Zhou et al. (2007), iTRAQ
reagents were also applied to measure quantitative changes
in phosphorylation-dependent peptide-protein interactions.
Combination of iTRAQ with protein posttranslational
modification (PTM) and protein interaction analysis allows
quantitative definition of the dynamics in protein PTM and
interaction processes.

With the improvement in data analysis workflow, label-
free proteomics has shown great potential in large-scale
biomarker discovery and validation. Letarte et al. (2008)
used a mouse skin cancer model, which has a mutation in
the p19ARF gene. LC-MS experiments were performed to
identify proteins differentially expressed in control and
mutated mice. A significant number of proteins directly
associated with cancer development were identified using a
peak alignment method. Neubert et al. (2008) demon-
strated the utility of LC/MALDI MS and spectral counting
in quantification of protein expression differences in
Escherichia coli growing on different media containing
arabinose, fructose or glucose as sole carbon source. As
another example, Wang et al. (2008) analyzed breast tumor
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cells with distinct malignant phenotypes. Membrane
glycoproteins of the tumor cells were identified and
quantified by spectral counting. The approach enabled
the identification of several distinct glycoproteins with
expression indexes correlated with either a precancerous or
a malignant, metastatic cellular phenotype. Relative
quantification by spectral counting has recently been
widely applied in addressing many biological questions.
More examples include comparison of protein expression
in Methylobacterium extorquens AM1 under single carbon
(methanol) or multi-carbon (succinate) growth conditions
(Bosch et al., 2008), discovery of biomarkers in human
saliva proteome in type-2 diabetes (Rao et al., 2009), and
large-scale profiling of chloroplast clp protease mutant
(Zybailov et al., 2009).

MRM has been used as a quantitative method for
analyzing small molecules for decades. It has been
increasingly applied to the measurement of targeted
peptides in complex samples. Langenfeld et al. (2009)
described absolute quantification of a low abundant human
cytochrome P450 2D6 in a set of 30 liver samples from
different genotypes using MRM LC-MS. Results were
validated using quantitative Western blotting and activity
assay. The MRM technique turned out to be an efficient
and true assay of CYP2D6 in human liver samples. As
another example, Whiteaker et al. (2007) have identified
up- and down-expressed proteins in cancer tissues. The
altered levels of expression of candidate biomarkers were
confirmed by MRM-MS in the cancer tissues, followed by
detecting the potential biomarkers in serum by affinity
enrichment and MRM-MS. This study led to the proposal
of fibulin-2 as a true biomarker for breast cancer.

Proteome chips have been used to screen patients’ sera
for the presence of auto-antibodies. Anderson et al. (2008)
selected over 1700 antigen clones from the PlasmID
repository to build a custom high density antigen array. To
demonstrate that the programmable protein arrays can be
used for serologic screening, they provided a direct
comparison with a recombinant protein p53 autoantibody
ELISA. The array was used for rapid identification of
immune response signatures for breast cancer diagnosis
and monitoring. Ptacek et al. (2005) studied protein
phosphorylation in yeast using protein array. They
incubated 87 different protein kinases or kinase complexes
separately with radiolabeled ATP on a yeast protein array
containing 4400 unique proteins. About 4200 phosphor-
ylation events were identified to affect 1325 different
proteins. Clearly, protein array has emerged to follow DNA
chips as a powerful tool for miniaturized functional
analysis as well as for rapid screening of biomolecules.

4 Future perspectives

Although the quantitative approaches reviewed here
provide us with unprecedented opportunities for relative

Front. Biol. 2010, 5(3): 195-203

and absolute protein quantification, many challenges still
remain. The first challenge is that it is currently very
difficult to identify and quantify all protein components in
a proteome. This is directly related to protein extraction
efficiency, biological variation, proteome complexity and
dynamic range limitations of instruments. New methods of
sample preparation and introduction of multidimensional
LC, high resolution mass spectrometer and MRM in
quantitative proteomics will greatly enhance proteome
coverage. When genome sequences are available, MRM
based targeted proteomics offers a highly sensitive and
definitive MS quantification of proteins in a proteome.
With scheduled MRM and fast scanning mass spectro-
meters, high throughput MRM has great potential to
achieve full proteome quantification in the foreseeable
future. Another challenge for quantitative proteomics is the
limitation of standardized software in analyzing large
amounts of raw data. Dedicate computational and
statistical tools for quantitative data analysis and data
sharing are essential. It should be noted that many
quantitative proteomics methods are complementary. A
good example is iTRAQ MS screening followed by
mTRAQ validation of specific iTRAQ data (DeSouza
et al., 2008). Therefore, careful and proper experimental
design employing complementary approaches to enhance
protein quantification coverage, accuracy and fidelity is an
important prerequisite for success. Despite the challenges,
the recent developments in quantitative proteomic techni-
ques and applications hold big promise for the future.
Quantitative proteomics is currently experiencing rapid
advancement and has become an indispensable tool in
functional genomics, systems biology, biomarker discov-
ery and disease diagnostics.

Acknowledgements The proteomics work in our collaborative group was
supported by funding from the University of Florida, the National Science
Foundation (MCB 0818051, CAREER 0845162), and the National Institute
of Health (1S1I0RR025418-01) of the USA to S CHEN, and the National
Science Foundation of China (No. 30871566) and the Natural Science
Foundation of Heilongjiang Province (No. C2007-37) to H LI.

References

Alban A, David S O, Bjorkesten L, Andersson C, Sloge E, Lewis S,
Currie 1 (2003). A novel experimental design for comparative two-
dimensional gel analysis: two-dimensional difference gel electro-
phoresis incorporating a pooled internal standard. Proteomics, 3(1):
36-44

America A H, Cordewener J H (2008). Comparative LC-MS: a
landscape of peaks and valleys. Proteomics, 8(4): 731-749

Anderson K S, Ramachandran N, Wong J, Raphael J V, Hainsworth E,
Demirkan G, Cramer D, Aronzon D, Hodi F S, Harris L, Logvinenko
T, LaBaer J (2008). Application of protein microarrays for
multiplexed detection of antibodies to tumor antigens in breast
cancer. J Proteome Res, 7(4): 1490-1499

Anderson L, Hunter C L (2006). Quantitative mass spectrometric



Yuguang WANG et al. Advances in quantitative proteomics 201

multiple reaction monitoring assays for major plasma proteins. Mol
Cell Proteomics, 5(4): 573588

Asara J M, Christofk H R, Freimark L M, Cantley L C (2008). A label-
free quantification method by MS/MS TIC compared to SILAC and
spectral counting in a proteomics screen. Proteomics, 8(5): 994-999

Bertone P, Snyder M (2005). Advances in functional protein microarray
technology. FEBS J, 272(21): 54005411

Blackburn J M, Hart D J (2005). Fabrication of protein function
microarrays for systems-oriented proteomic analysis. Methods Mol
Biol, 310: 197-216

Bosch G, Skovran E, Xia Q, Wang T, Taub F, Miller J A, Lidstrom M E,
Hackett M (2008). Comprehensive proteomics of Methylobacterium
extorquens AM1 metabolism under single carbon and nonmethylo-
trophic conditions. Proteomics, 8(17): 3494-3505

Casati P, Zhang X, Burlingame A L, Walbot V (2005). Analysis of leaf
proteome after UV-B irradiation in maize lines differing in sensitivity.
Mol Cell Proteomics, 4(11): 16731685

Chen S, Harmon A (2006). Advances in plant proteomics. Proteomics,
6(20): 5504-5516

Cheng F Y, Blackburn K, Lin Y M, Goshe M B, Williamson J D (2009).
Absolute protein quantification by LC/MS(E) for global analysis of
salicylic acid-induced plant protein secretion responses. J Proteome
Res, 8(1): 82-93

Cravatt B F, Simon G M, Yates J R 3rd (2007). The biological impact of
mass-spectrometry-based proteomics. Nature, 450(7172): 991-1000

Cretich M, Damin F, Pirri G, Chiari M (2006). Protein and peptide
arrays: recent trends and new directions. Biomol Eng, 23(2-3): 77—
88

Dayon L, Hainard A, Licker V, Turck N, Kuhn K, Hochstrasser D F,
Burkhard P R, Sanchez J C (2008). Relative quantification of proteins
in human cerebrospinal fluids by MS/MS using 6-plex isobaric tags.
Anal Chem, 80(8): 2921-2931

DeSouza L V, Taylor A M, Li W, Minkoff M S, Romaschin A D, Colgan
T J, Siu K W (2008). Multiple reaction monitoring of mTRAQ-
labeled peptides enables absolute quantification of endogenous levels
of a potential cancer marker in cancerous and normal endometrial
tissues. J Proteome Res, 7(8): 3525-3534

Fu C, Hu J, Liu T, Ago T, Sadoshima J, Li H (2008). Quantitative
analysis of redox-sensitive proteome with DIGE and ICAT. J
Proteome Res, 7(9): 3789-3802

Gevaert K, Impens F, Ghesquiére B, Van Damme P, Lambrechts A,
Vandekerckhove J (2008). Stable isotopic labeling in proteomics.
Proteomics, 8(23—24): 48734885

Gharbi S, Gaffney P, Yang A, Zvelebil M J, Cramer R, Waterfield M D,
Timms J F (2002). Evaluation of two-dimensional differential gel
electrophoresis for proteomic expression analysis of a model breast
cancer cell system. Mol Cell Proteomics, 1(2): 91-98

Gorg A, Weiss W, Dunn M J (2004). Current two-dimensional
electrophoresis technology for proteomics. Proteomics, 4(12):
3665-3685

Graumann J, Hubner N C, Kim J B, Ko K, Moser M, Kumar C, Cox J,
Scholer H, Mann M (2008). Stable isotope labeling by amino acids in
cell culture (SILAC) and proteome quantitation of mouse embryonic
stem cells to a depth of 5,111 proteins. Mol Cell Proteomics, 7(4):
672683

Greengauz-Roberts O, Stoppler H, Nomura S, Yamaguchi H, Goldenring

J R, Podolsky R H, Lee J R, Dynan W S (2005). Saturation labeling
with cysteine-reactive cyanine fluorescent dyes provides increased
sensitivity for protein expression profiling of laser-microdissected
clinical specimens. Proteomics, 5(7): 1746—1757

Gruhler A, Olsen J V, Mohammed S, Mortensen P, Faergeman N J,
Mann M, Jensen O N (2005). Quantitative phosphoproteomics
applied to the yeast pheromone signaling pathway. Mol Cell
Proteomics, 4: 310-327

Gu S, Pan S, Bradbury E M, Chen X (2003). Precise peptide sequencing
and protein quantification in the human proteome through in vivo
lysine-specific mass tagging. ] Am Soc Mass Spectrom, 14(1): 1-7

Gygi S P, Rist B, Gerber S A, Turecek F, Gelb M H, Aebersold R (1999).
Quantitative analysis of complex protein mixtures using isotope-
coded affinity tags. Nat Biotechnol, 17(10): 994-999

Gygi S P, Corthals G L, Zhang Y, Rochon Y, Aebersold R (2000).
Evaluation of two-dimensional gel electrophoresis-based proteome
analysis technology. Proc Natl Acad Sci U S A, 97(17): 9390-9395

Hamelinck D, Zhou H, Li L, Verweij C, Dillon D, Feng Z, Costa J, Haab
B B (2005). Optimized normalization for antibody microarrays and
application to serum-protein profiling. Mol Cell Proteomics, 4(6):
773-784

Hansen K C, Schmitt-Ulms G, Chalkley R J, Hirsch J, Baldwin M A,
Burlingame A L (2003). Mass spectrometric analysis of protein
mixtures at low levels using cleavable 13C-isotope-coded affinity tag
and multidimensional chromatography. Mol Cell Proteomics, 2(5):
299-314

Hjerne K, Alm R, Canbéck B, Matthiesen R, Trajkovski K, Bjork L,
Roepstorff P, Emanuelsson C (2006). Down-regulation of the
strawberry Bet v 1-homologous allergen in concert with the flavonoid
biosynthesis pathway in colorless strawberry mutant. Proteomics, 6
(5): 1574-1587

Hurd T R, Prime T A, Harbour M E, Lilley K S, Murphy M P (2007).
Detection of reactive oxygen species-sensitive thiol proteins by redox
difference gel electrophoresis: implications for mitochondrial redox
signaling. J Biol Chem, 282(30): 2204022051

Iliuk A, Galan J, Tao W A (2009). Playing tag with quantitative
proteomics. Anal Bioanal Chem, 393(2): 503-513

Karp N A, Spencer M, Lindsay H, O’Dell K, Lilley K S (2005). Impact
of replicate types on proteomic expression analysis. J Proteome Res,
4(5): 1867-1871

Kitteringham N R, Jenkins R E, Lane C S, Elliott V L, Park B K (2009).
Multiple reaction monitoring for quantitative biomarker analysis in
proteomics and metabolomics. J Chromatogr B Analyt Technol
Biomed Life Sci, 877(13): 1229-1239

Kriiger M, Moser M, Ussar S, Thievessen I, Luber C A, Forner F,
Schmidt S, Zanivan S, Féssler R, Mann M (2008). SILAC mouse for
quantitative proteomics uncovers kindlin-3 as an essential factor for
red blood cell function. Cell, 134(2): 353-364

Langenfeld E, Zanger U M, Jung K, Meyer H E, Marcus K (2009). Mass
spectrometry-based absolute quantification of microsomal cyto-
chrome P450 2D6 in human liver. Proteomics, 9(9): 2313-2323

Letarte S, Brusniak M Y, Campbell D, Eddes J, Kemp C J, Lau H,
Mueller L, Schmidt A, Shannon P, Kelly-Spratt K S, Vitek O, Zhang
H, Aebersold R, Watts J] D (2008). Differential plasma glycopro-
teome of p19ARF skin cancer mouse model using the corra label-free
LC-MS proteomics platform. Clin Proteomics, 4(3—4): 105-116



202

Li X J, Yi E C, Kemp C J, Zhang H, Aebersold R (2005). A software
suite for the generation and comparison of peptide arrays from sets of
data collected by liquid chromatography-mass spectrometry. Mol
Cell Proteomics, 4(9): 1328-1340

Liu H, Sadygov R G, Yates J R 3rd (2004). A model for random
sampling and estimation of relative protein abundance in shotgun
proteomics. Anal Chem, 76(14): 4193-4201

Lucitt M B, Price T S, Pizarro A, Wu W, Yocum A K, Seiler C, Pack M
A, Blair I A, Fitzgerald G A, Grosser T (2008). Analysis of the
zebrafish proteome during embryonic development. Mol Cell
Proteomics, 7(5): 981-994

Neubert H, Bonnert T P, Rumpel K, Hunt B T, Henle E S, James I T
(2008). Label-free detection of differential protein expression by LC/
MALDI mass spectrometry. J Proteome Res, 7(6): 22702279

Oda Y, Huang K, Cross F R, Cowburn D, Chait B T (1999). Accurate
quantitation of protein expression and site-specific phosphorylation.
Proc Natl Acad Sci U S A, 96(12): 65916596

Old W M, Meyer-Arendt K, Aveline-Wolf L, Pierce K G, Mendoza A,
Sevinsky J R, Resing K A, Ahn N G (2005). Comparison of label-
free methods for quantifying human proteins by shotgun proteomics.
Mol Cell Proteomics, 4(10): 1487-1502

Ong S E, Blagoev B, Kratchmarova I, Kristensen D B, Steen H, Pandey
A, Mann M (2002). Stable isotope labeling by amino acids in cell
culture, SILAC, as a simple and accurate approach to expression
proteomics. Mol Cell Proteomics, 1(5): 376-386

Ong S E, Kratchmarova I, Mann M (2003). Properties of 13C-substituted
arginine in stable isotope labeling by amino acids in cell culture
(SILAC). J Proteome Res, 2(2): 173-181

Ong S E, Mann M (2006). A practical recipe for stable isotope labeling
by amino acids in cell culture (SILAC). Nat Protoc, 1(6): 2650-2660

Ong S E, Mittler G, Mann M (2004). Identitying and quantifying in vivo
methylation sites by heavy methyl SILAC. Nat Methods, 1(2): 119—
126

Orenes-Pifiero E, Corton M, Gonzalez-Peramato P, Algaba F, Casal I,
Serrano A, Sanchez-Carbayo M (2007). Searching urinary tumor
markers for bladder cancer using a two-dimensional differential gel
electrophoresis (2D-DIGE) approach. J Proteome Res, 6(11): 4440—
4448

Ow S Y, Cardona T, Taton A, Magnuson A, Lindblad P, Stensjo K,
Wright P C (2008). Quantitative shotgun proteomics of enriched
heterocysts from Nostoc sp. PCC 7120 using 8-plex isobaric peptide
tags. J Proteome Res, 7(4): 1615-1628

Patel V J, Thalassinos K, Slade S E, Connolly J B, Crombie A, Murrell J
C, Scrivens J H (2009). A comparison of labeling and label-free mass
spectrometry-based proteomics approaches. J Proteome Res, 8(7):
3752-3759

Ptacek J, Devgan G, Michaud G, Zhu H, Zhu X, Fasolo J, Guo H, Jona
G, Breitkreutz A, Sopko R, McCartney R R, Schmidt M C, Rachidi
N, Lee S J, Mah A S, Meng L, Stark M J, Stern D F, De Virgilio C,
Tyers M, Andrews B, Gerstein M, Schweitzer B, Predki P F, Snyder
M (2005). Global analysis of protein phosphorylation in yeast.
Nature, 438(7068): 679—-684

Rajcevic U, Petersen K, Knol J C, Loos M, Bougnaud S, Klychnikov O,
Li K W, Pham T V, Wang J, Miletic H, Peng Z, Bjerkvig R, Jimenez
C R, Niclou S P (2009). iTRAQ-based proteomics profiling reveals
increased metabolic activity and cellular cross-talk in angiogenic

Front. Biol. 2010, 5(3): 195-203

compared with invasive glioblastoma phenotype. Mol Cell Proteo-
mics, 8(11): 2595-2612

Ramachandran N, Larson D N, Stark P R, Hainsworth E, LaBaer J
(2005). Emerging tools for real-time label-free detection of
interactions on functional protein microarrays. FEBS J, 272(21):
5412-5425

Rao P V,Reddy A P, Lu X, Dasari S, Krishnaprasad A, Biggs E, Roberts
C T, Nagalla S R (2009). Proteomic identification of salivary
biomarkers of type-2 diabetes. J Proteome Res, 8(1): 239-245

Ross P L, Huang Y N, Marchese J N, Williamson B, Parker K, Hattan S,
Khainovski N, Pillai S, Dey S, Daniels S, Purkayastha S, Juhasz P,
Martin S, Bartlet-Jones M, He F, Jacobson A, Pappin D J (2004).
Multiplexed protein quantitation in Saccharomyces cerevisiae using
amine-reactive isobaric tagging reagents. Mol Cell Proteomics, 3
(12): 1154-1169

Shaw J, Rowlinson R, Nickson J, Stone T, Sweet A, Williams K, Tonge
R (2003). Evaluation of saturation labelling two-dimensional
difference gel electrophoresis fluorescent dyes. Proteomics, 3(7):
1181-1195

Shevchenko A, Jensen O N, Podtelejnikov A V, Sagliocco F, Wilm M,
Vorm O, Mortensen P, Shevchenko A, Boucherie H, Mann M (1996).
Linking genome and proteome by mass spectrometry: large-scale
identification of yeast proteins from two dimensional gels. Proc Natl
Acad Sci U S A, 93(25): 1444014445

Shui W, Gilmore S A, Sheu L, Liu J, Keasling J D, Bertozzi C R (2009).
Quantitative proteomic profiling of host-pathogen interactions: the
macrophage response to Mycobacterium tuberculosis lipids. J
Proteome Res, 8(1): 282-289

SilvaJ C, Denny R, Dorschel C, Gorenstein M V, Li G Z, Richardson K,
Wall D, Geromanos S J (2006). Simultaneous qualitative and
quantitative analysis of the Escherichia coli proteome: a sweet tale.
Mol Cell Proteomics, 5(4): 589—607

Tang W, Deng Z, Oses-Pricto J A, Suzuki N, Zhu S, Zhang X,
Burlingame A L, Wang Z Y (2008). Proteomics studies of
brassinosteroid signal transduction using prefractionation and two-
dimensional DIGE. Mol Cell Proteomics, 7(4): 728-738

Thelen J J, Peck S C (2007). Quantitative proteomics in plants: choices
in abundance. Plant Cell, 19(11): 3339-3346

Thompson A, Schifer J, Kuhn K, Kienle S, Schwarz J, Schmidt G,
Neumann T, Johnstone R, Mohammed A K, Hamon C (2003).
Tandem mass tags: a novel quantification strategy for comparative
analysis of complex protein mixtures by MS/MS. Anal Chem, 75(8):
1895-1904

Tonge R, Shaw J, Middleton B, Rowlinson R, Rayner S, Young J,
Pognan F, Hawkins E, Currie I, Davison M (2001). Validation and
development of fluorescence two-dimensional differential gel
electrophoresis proteomics technology. Proteomics, 1(3): 377-396

Unlii M, Morgan M E, Minden J S (1997). Difference gel electrophor-
esis: a single gel method for detecting changes in protein extracts.
Electrophoresis, 18(11): 2071-2077

Unwin R D, Griffiths J R, Leverentz M K, Grallert A, Hagan 1 M,
Whetton A D (2005). Multiple reaction monitoring to identify sites of
protein phosphorylation with high sensitivity. Mol Cell Proteomics, 4
(8): 1134-1144

Wang Y, Ao X, Vuong H, Konanur M, Miller F R, Goodison S, Lubman
D M (2008). Membrane glycoproteins associated with breast tumor



Yuguang WANG et al. Advances in quantitative proteomics 203

cell progression identified by a lectin affinity approach. J Proteome
Res, 7(10): 4313-4325

Whiteaker J R, Zhang H, Zhao L, Wang P, Kelly-Spratt K S, Ivey R G,
Piening B D, Feng L C, Kasarda E, Gurley K E, Eng J K, Chodosh L
A, Kemp C J, McIntosh M W, Paulovich A G (2007). Integrated
pipeline for mass spectrometry-based discovery and confirmation of
biomarkers demonstrated in a mouse model of breast cancer. J
Proteome Res, 6(10): 3962-3975

Zhang R, Regnier F E (2002). Minimizing resolution of isotopically
coded peptides in comparative proteomics. J Proteome Res, 1(2):
139-147

Zhang B, VerBerkmoes N C, Langston M A, Uberbacher E, Hettich R L,
Samatova N F (2006). Detecting differential and correlated protein
expression in label-free shotgun proteomics. J Proteome Res, 5:
2909-2918

Zhou F, Galan J, Geahlen R L, Tao W A (2007). A novel quantitative
proteomics strategy to study phosphorylation-dependent peptide-
protein interactions. J Proteome Res, 6(1): 133—-140

Zhou H, Ranish J A, Watts J D, Aebersold R (2002). Quantitative
proteome analysis by solid-phase isotope tagging and mass spectro-
metry. Nat Biotechnol, 20(5): 512-515

Zhu M, Simons B, Zhu N, Oppenheimer D G, Chen S (2010).
Analysis of abscisic acid responsive proteins in Brassica napus
guard cells by multiplexed isobaric tagging. J Proteomics, 73(4):
790-805

Zybailov B, Friso G, Kim J, Rudella A, Rodriguez V R, Asakura Y, Sun
Q, van Wijk K J (2009). Large scale comparative proteomics of a
chloroplast Clp protease mutant reveals folding stress, altered protein
homeostasis, and feedback regulation of metabolism. Mol Cell
Proteomics, 8(8): 1789-1810



	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit4
	bmkcit3
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22
	bmkcit23
	bmkcit24
	bmkcit25
	bmkcit26
	bmkcit27
	bmkcit28
	bmkcit29
	bmkcit30
	bmkcit31
	bmkcit32
	bmkcit33
	bmkcit34
	bmkcit35
	bmkcit36
	bmkcit37
	bmkcit38
	bmkcit39
	bmkcit40
	bmkcit42
	bmkcit43
	bmkcit41
	bmkcit44
	bmkcit45
	bmkcit46
	bmkcit47
	bmkcit48
	bmkcit49
	bmkcit50
	bmkcit51
	bmkcit52
	bmkcit53
	bmkcit54
	bmkcit55
	bmkcit56
	bmkcit57
	bmkcit58
	bmkcit59
	bmkcit60
	bmkcit61
	bmkcit62
	bmkcit63
	bmkcit64
	bmkcit65
	bmkcit66
	bmkcit68
	bmkcit67
	bmkcit69
	bmkcit70



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


