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Abstract. Knowledge of cellular compartmentation is critical to an understanding of many aspects of biological
function in plant cells but it remains an under-emphasised concept in the use of and investment in plant functional
genomic tools. The emerging effort in plant subcellular proteomics is discussed, and the current datasets that
are available for a series of organelles and cellular membranes isolated from a range of plant species are noted.
The benefit of knowing subcellular location in determining the role of proteins of unknown function is considered
alongside the challenges faced in this endeavour. These include clear problems in dealing with contamination during
the isolation of subcellular compartments, the meaningful integration of these datasets once completed to assemble
a jigsaw of the cellular proteome as a whole, and the use of the wider literature in supplementing this proteomic

discovery effort.
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Functional genomics and cell biology

Wide-scale genomic analysis of plants has greatly aided
the scope and potential of discovering and exploiting
novel capabilities in these organisms for the betterment
of humans and the environment. The sequencing of the
Arabidopsis genome (The Arabidopsis genome initiative
2000) as a model plant related to crops such as canola,
and the rice genome (Goff er al. 2002) as a model grass
related to the grain crops, have provided a foundation
for this research activity. Clearly both models represent
special value to Australia with its agricultural commitment
to wheat, barley and oil seeds. However, many of the
post-genomic experimental approaches applied today
significantly neglect the cellular compartmentation of plant
cells that fundamentally differentiates them from their
bacterial, prokaryotic counterparts. That is, genomics,
transcript analysis, metabolomics and much of proteomics
fundamentally neglect a central tenant in cell biology — the
separation of proteins and molecular functions by membrane
barriers (Jung et al. 2000; Dreger 2003; Huber et al. 2003).
Thus, while the current drive in proteomics to visualise more
and more proteins in single cell homogenates is technically
admirable, the approach neglects the cellular architecture

that underlies the actual working environment of each gene
product in a cell. Central metabolism and gas exchange,
biosynthesis of high quality and high quantity products, and
cellular signaling pathways in defense from the physical
environment and invading pathogens, are all inextricably
compartmented processes in plant cells. If we consider the
cellular contents as the real estate market and proteins as
the individual properties, then the three ‘Is’ of real estate,
‘location location location’, become a critical driver of a
protein’s significance and function.

In mammals, the genomic revolution occurred on the
backdrop of a relative wealth of biochemistry and cell
fractionation studies undertaken for a century by a very large
research community. There is a large array of reductionist
studies that have localised gene products at the protein
level to a large number of sub-cellular locations and many
antibodies are available to track individual proteins or
groups of proteins. In contrast, the availability of well
annotated genomic information in plants; which has been
comparable and often ahead of what is available for
mammals; sits against a backdrop of a relatively small
set of data on proteins and protein location. While some
comparative genomics can be used to predict location by

Abbreviations used: AGI, Arabidopsis genome initiative; ER, endoplasmic reticulum; GFP, green fluorescent protein.
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comparison to yeast and mammalian systems (Simpson
and Pepperkok 2003), the divergence of plant genomic
sequence means there are very large numbers of plant-specific
proteins for which location cannot be sensibly predicted
by cross-kingdom comparisons (The Arabidopsis genome
initiative 2000).

Location as a key determinant of function

The products of the thousands of genes in plants are efficiently
targeted to particular parts of the cell by elaborate targeting
machinery. This uses targeting information within the amino
acid sequence of the proteins (Emanuelsson and von Heijne
2001). Gene families of closely related products abound in
plants, with over 50% of genes existing in families of at
least two members (The Arabidopsis genome initiative 2000).
There is much discussion about what level of redundancy
exists within the coding regions of model plant genomes.
Knockout studies in model plants target single genes and
lack of phenotype is often explained by redundancy in gene
families. However, while the protein products themselves
appear to have redundant functions when tested in vitro, they
can be non-redundant in vivo due to differences in cellular
destination of the individual proteins in gene families. Often
there is little idea of where to look for phenotype changes at
the molecular level in these plant lines, because the location
of the predicted protein product and its presence in time and
space within the cell is not known at all, or is not known with
accuracy. The subset of proteins found in a particular location
is suited to this environment and facilitates the compartment’s
function(s). Identifying these protein subsets is thus an initial
step towards understanding cellular function as a whole, and
provides a vital piece of the jigsaw puzzle in identifying
the role of the many proteins currently designated as of
unknown function in genome databases. We now need to work
towards re-emphasising the compartmentation perspective
and to integrating it into a functional genomic network in
model plants as an essential tool for interpretation of genome
function.

Targeting prediction tools in defining subcellular
proteomes

Given these clear needs, several possible routes can be taken
to place a cell biology perspective on plant genomic data.
The simplest, cheapest and quickest, is to use bioinformatic
targeting algorithms to predict where protein products will
be located. An array of such programs exists including Psort
[http://hypothesiscreator.net/iPSORT/ (validated 4 May
2004)], TargetP [http://www.cbs.dtu.dk/services/TargetP/
(validated 4 May 2004)], SubLoc [http://www.bioinfo.
tsinghua.edu.cn/SubLoc/ (validated 4 May 2004)] and
Predotar [http://www.inra.fr/Internet/Produits/Predotar/
(validated 4 May 2004)] reviewed by Emanuelsson and von
Heijne (2001). Using a variety of these programs, proteins can
be predicted to be localised to the nucleus, mitochondrion,
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plastid, peroxisome and endoplasmic reticulum (ER) based
on primary sequence of the protein. A significant limitation
of this approach is the lack of prediction capabilities to other
membrane compartments such as the Golgi, vacuole and
plasma membrane. Further, comparing the output of such
programs across whole protein sets predicted from genome
sequencing programs shows that such programs often
disagree widely on the final location, leaving very small
consensus sets that are generally predicted to be located
in a given compartment (Richly er al. 2003; Heazlewood
et al. 2004; Tanaka et al. 2004). A major reason for this
inaccuracy is the lack of verified location data to train
targeting algorithms in the first place (Emanuelsson 2002).
In addition, when new experimental datasets are compared
to the consensus prediction sets from the bioinformatic
analyses, often the overlap between these sets is less than
50% (Sickmann et al. 2003; Heazlewood et al. 2004; Tanaka
et al. 2004).

Experimentally defining subcellular proteomes

The clear alternative to these bioinformatic approaches is to
undertake direct experimental analysis to locate proteins in
cells. To do this one-by-one in the traditional manner adopted
by mammalian researchers is clearly inappropriate today, and
neglects to use the clear advantage we have in plants of having
the genome sequence before knowing the location of its
products. Post-genomic approaches to systematically locate
proteins fall into two classes. Protein-centred approaches
target individual products of unknown location to add to
existing studies. While organelle-centred approaches would
broadly identify proteins in a particular location to build a
directory of protein location for both known and unknown
proteins.

Genome sequence availability allows the synthesis of
proteins with affinity or visual tags that allow transgene
products to be located in vivo. This is a classical protein
centred targeted approach. The use of green fluorescent
protein (GFP) attached to proteins of interest is the
best known of these technologies. High-throughput GFP
screening of protein location on a genome scale is currently
underway in model organisms (Huh et al. 2003) including
model plants (Cutler et al. 2000; Escobar et al. 2003).
However, as the amount of GFP location data increases,
limitations of this approach are becoming apparent. By
attaching a tag to a protein and expressing it from a
non-physiological promoter, proteins can be targeted to
non-physiological locations (Sickmann et al. 2003). Addition
of large proteins like GFP or even small peptides such as a
histidine (His) tag can result in non-physiological location
because the native targeting information in the protein
sequence is masked by the addition, or the tag itself has
targeting capabilities which overcome the weak targeting of
the protein (Zhou and Weiner 2001; Rial ez al. 2002; Chew
et al. 2003).
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Fig. 1. A pathway from location to function using subcellular proteomics. (4) Plant cells are made up
of organelles and membranes that can be isolated to high degrees of purity by subcellular fractionation.
(B) Analysis of these subproteomes by mass spectrometry provides an inventory of proteins. These may be
unique to each structure, or found in multiple compartments due to either contamination of fractions during
isolation or to in vivo multi-targeting, as shown by complex overlapping set using a 5-way Venn diagram
(C) Coupling of co-localisation information with co-expression delivers clusters that represent the building
blocks of molecular machinery and biochemical pathways that perform cellular functions. The question
mark indicates a protein of unknown function being localised and placed in a set of co-expressed genes
to aid functional determination. The mass spectrometer pictured is the Applied Biosystems Q TRAP™
LC/MS/MS system [http://www.appliedbiosystems.com (validated 4 May 2004)].
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Alternatively, rather than introducing a transgene at all,
the endogenous protein products can be identified in aliquots
of compartments purified by subcellular fractionation
studies (Fig. 14). This is now commonly referred to as
‘subcellular proteomics’ and it aims to define the protein set
(or subproteome) of a particular location inside cells (Jung
et al. 2000; Dreger 2003). This is a organelle-centred
approach, building up subcellular protein sets which can
ultimately provide a picture of the spatial location of proteins
in cells (Fig. 1B). Proteomics uses mass spectrometry and
the genome sequence of an organism to link peptides
identified in a sample back to protein sequences and the genes
that encode them. The general principles and technologies
have been well outlined by Jonsson (2001), and plant-
specific issues previously discussed by Heazlewood and
Millar (2003).

Subcellular proteomics in plants to date

Sub-cellular proteomic discovery projects are typically
undertaken by researchers with a long history of studying
a particular function within a particular compartment of
interest. For example researchers interested in photosynthesis
analyse the chloroplast proteome to identify new proteins
involved in this process. Such studies have been undertaken
mainly in Arabidopsis and rice to date (Table 1). However, a
variety of targeted studies in other plants have also appeared
in the literature.

Plastids have been a favourite subcellular compartment
for study in plants. This is no doubt because they are
abundant, easy to purify and because chloroplasts house the
reactions of photosynthesis in green tissues. However, it is
also because plastids (present throughout plant tissues as
proplastids, amyloplasts, etioplasts or chloroplasts) represent
uniquely plant organelles with a variety of cellular functions.

Table 1. Non-redundant sets of proteins identified in subcellular
locations in rice and Arabidopsis
Arabidopsis Rice
Chloroplast 5748 664
Mitochondrion 409¢ 1214
Nucleus 185P -
Peroxisome 35E -
Glyoxysome 198 -
Endoplasmic reticulum - -
Plasma membrane 248F 904
Golgi - 447
Tonoplast - 434
Cell wall 699 1114

A(Heazlewood et al. 2003b; Komatsu et al. 2004; Tanaka et al. 2004),
B(Peltier ef al. 2002; Schubert et al. 2002; Ferro et al. 2003; Froehlich
et al. 2003; Friso et al. 2004), ¢(Heazlewood et al. 2004), P(Bae et al.
2003; Calikowski et al. 2003), E(Fukao et al. 2003; Fukao et al. 2002),
F(Prime et al. 2000; Borner et al. 2003; Elortza et al. 2003; Nuhse ef al.
2003; Santoni et al. 2003), ¢(Chivasa et al. 2002).
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While targeted studies on particular proteins in chloroplasts
have been undertaken for decades, the first major effort in
defining its proteome by mass spectrometry was published
in 2000, with a study in pea dedicated to the lumenal
and peripheral thylakoid proteins (Peltier et al. 2000). This
study identified 66 proteins; some 30% of which were
previously unstudied in plants and showed decisively the
value of subfractionation to yield both depth and biological
location in proteome analysis. Subsequently, the focus has
shifted to Arabidopsis, with a series of five reports providing
in-depth analysis of the lumen (Peltier ef al. 2002; Schubert
et al. 2002), thylakoid membrane (Friso et al. 2004) and
mixed envelope membranes (Ferro et al. 2003; Froehlich et al.
2003) of the chloroplast. In total, the Arabidopsis chloroplast
set represents the localisation of the products from some
570 non-redundant genes. The proteome of amyloplasts has
also been examined in wheat, identifying some 170 proteins
(Andon et al. 2002).

Mitochondria have been next in line for subcellular
proteomics. The relative ease of purifying these dense
organelles from plant cells and their robustness to
cell homogenisation has aided their analysis. A history
of mitochondrial isolation for respiratory measurements
and electron transport analysis in plants has provided
assays for purity and integrity of these organelles.
Again, while mitochondrial proteins have been isolated
and displayed on gels for many years, two studies on
Arabidopsis published in 2001 provided the foundation
of this activity in the age of mass spectrometry based
protein identification. Both studies identified some 50—
100 proteins, giving a set of products from 92 non-
redundant genes (Kruft er al. 2001; Millar et al
2001). A variety of more targeted studies have since
provided both techniques for further subdividing the
mitochondrial proteome (Werhahn and Braun 2002; Herald
et al. 2003; Millar and Heazlewood 2003) and detailed
insights into the protein components of complexes -V
of the respiratory chain (Eubel et al. 2003; Heazlewood
etal.2003a, c). More recently, a larger analysis using non-gel
proteomic approaches based on liquid chromatography and
tandem mass spectrometry has provided a set of over
400 non-redundant proteins from Arabidopsis mitochondrial
samples (Heazlewood et al. 2004). In other plants, some
120—150 proteins have been identified in rice mitochondria
(Heazlewood et al. 2003h; Komatsu et al. 2004) and
approximately 60 each in maize and pea mitochondria
(Bardel et al. 2002; Hochholdinger et al. 2004). Several
differential analyses of mitochondrial proteomes have been
performed; in Arabidopsis during oxidative stress (Sweetlove
et al. 2002), in maize comparing wild type and CMS lines
(Hochholdinger et al. 2004) and in pea between different
tissue types (Bardel et al. 2002).

The proteome of nuclei has received attention recently
with two papers identifying a combined set of 185
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non-redundant gene products from Arabidopsis (Bae
et al. 2003; Calikowski et al. 2003). The study of Bae
et al. (2003) further showed the changes in abundance
of a set of over 50 of these proteins in response to
cold treatment. A rice nuclei analysis is also underway,
but is yet to be published (Komatsu et al. 2004). The
peroxisome, has been less studied to date, with only two
preliminary analyses identifying 30 proteins in greening
Arabidopsis cotyledons (Fukao et al. 2002) and 19 proteins
from this organelle in etiolated cotyledons (Fukao et al.
2003).

A series of studies has also identified proteins amongst
the other intracellular membrane systems in plants. These
included analysis of fairly crude fractions containing plasma
membrane, Golgi and ER from Arabidopsis (Prime et al.
2000), and more purified plasma membrane fractions from
Arabidopsis (Santoni et al. 1999) and an ER fraction from
castor bean (Maltman et al. 2002). More focussed studies
on glycosylphosphatidylinositol-anchored proteins (Borner
etal.2003; Elortza et al. 2003) and aquaporins (Santoni et al.
2003) and phosphoproteins (Nuhse ef al. 2003) from plasma
membranes in Arabidopsis have also been published. In total
this represents a non-redundant set of 248 plasma membrane
proteins. The systematic analysis of plasma membrane, Golgi
and tonoplast in rice has yielded approximately 180 protein
identifications (Komatsu et al. 2004). During the nitrogen
fixing symbiosis between plants and Rhizobium bacteria,
proliferation and budding of the plant plasma membrane
occurs in specialised root nodule cells. Analysis of this
peribacteroid membrane by proteomics has been undertaken
in Lotus (Wienkoop and Saalbach 2003) and pea (Saalbach
et al. 2002), revealing several proteins that may be
important in transport of organic and inorganic ions
between the plant and bacteria. However, the use of
classical 2-dimensional gels for many of these studies
still means that many hydrophobic protein classes
await display and identification from these membrane
systems.

A series of studies have also analysed the proteomes of
the cell wall and of extracellular spaces. In Arabidopsis, rice
and soybean, the cell wall proteome has been investigated
resulting in the identification of 69, 111 and 4 proteins
respectively (Chivasa ef al. 2002; Mithoefer et al. 2002;
Komatsu et al. 2004). Major constituents of the apoplastic
proteome have been investigated in rice and Arabidopsis
(Haslam et al. 2003) and in cowpea (Fecht-Christoffers et al.
2003). One study has also considered the protein content
of the phloem in lupin (Hoffmann-Benning et al.
2002).

While at face value these studies represent an invaluable
effort towards the goal of location determination, the details
of their lists and the current state of accessing these
data still leaves much to be desired. Three key problems
exist which need to be tackled. These are noted below as
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the contamination, the integration and the wider literature
problems.

The contamination problem

Probably the major and most pressing problem in
subproteome analysis is the ever-increasing sensitivity of
mass spectrometry. It is now capable of identifying the
low level contaminants in compartment preparations that
at one time were considered ‘pure’ or at least ‘pure
enough’ for study. Thus contaminating proteins from
other cellular locations are being erroneously allocated to
particular subcellular structures. The first step in alleviating
this problem is employing fractionation procedures to
further improve purity in order to minimise cross-
contaminants. A variety of density centrifugation techniques
coupled to differential centrifugation sedimentations have
traditionally been used to separate many of the organelles
in plants. Increasingly these gradients need to be
repeated and refined in order to more thoroughly
reduce contamination during density band aspiration. The
sensitivity of mass spectrometry also means that less
and less material is required for final identification,
and hence quality rather than quantity should be in
the minds of researchers as they prepare subcellular
fractions. However, often density and size either alone or
together cannot reasonably be expected to cleanly separate
membrane systems and organelle structures from each other.
Techniques such as free flow electrophoresis separation of
membranes and organelles on the basis of charge (Bardy
et al. 1998), phase partitioning of membranes (Rochester
et al. 1987, Faraday et al. 1996) or isolation on
the basis of immuno-affinity (Burgess and Thompson
2002) are required. Combining these density, size, charge
and affinity techniques will inevitably reduce the yield
of subcellular fractions considerably, but may substantially
increase purity for subproteome analysis.

Putative lists of contaminants between subproteomes
are also complicated by the small but significant number
of dual or multi-targeted proteins that are legitimately
in more than one location in plant cells (Peeters and
Small 2001). For example, we recently identified a range
of ascorbate-glutathione cycle proteins in mitochondrial
samples by subcellular proteomics (Heazlewood et al.
2004). These were generally considered to be chloroplast
stromal proteins. Further analysis to determine if they
were contaminants in mitochondrial fractions revealed they
were dual-targeted to both compartments in plants (Chew
et al. 2003). Also, the products of small gene families that
encode major and minor isoforms or very similar proteins
are generally considered to be co-located. However, when
analysing the gene family for the chloroplast outer membrane
receptor (TOC64) we found the major form is a chloroplast
protein and a minor form is clearly a mitochondrial protein
(Chew et al. 2004).



568 Functional Plant Biology

Another critical issue in solving the contamination
problem is to remember that subproteomes are part of a
whole cellular proteome. Hence, while defining the set of
proteins in single locations is clearly the starting point, to
fully appreciate contaminants we need to assemble all the
subproteomes of a cell so that the primary and potentially
secondary locations of proteins can be determined in a
whole cell context. Currently these meta-datasets are rarely
available, but increasing this integration will be vital in
subproteome interpretation. In this context, a suite of new
quantification techniques is being introduced, ostensibly for
differential proteomics across treatments and development
(Hamdan and Righetti 2002), however, several of these could
also be adapted to quantify proteins between potentially
contaminating structures in order to assess levels of
contamination.

The data integration problem

As noted above, the integration of subproteome data will
certainly have benefits for the contamination problem.
However, integration also has scientific merit in its own
right in understanding biology as it is played out in cellular
locations. It is very difficult to see how this can be done
properly by different researchers, using varying techniques
and plant tissues, looking at their compartment of interest.
Thus there is a significant need for a systematic analysis
of sub-cellular proteomes in single model systems by
the same techniques in a way that the raw data can be
compared and queried to best define the primary location
of each protein in the whole cell. In plants this has yet to
be done fully, but is best exemplified to date by the work
of Komatsu et al. (2004) as a part of the rice proteome
database [http://gene64.dna.affrc.go.jp/RPD/ (validated
4 May 2004)]. A large series of subcellular locations is
being investigated by these workers and a detailed database
of subcellular location on gels, protein identifications and
raw mass spectra has been developed. Further analysis
of this dataset in rice is currently complicated by the
still rather draft-like genome sequence. The open reading
frames have yet to be fully annotated in rice, and only a
preliminary non-redundant key for loci position and gene
sequence has been released. In contrast, the Arabidopsis
database provides a mature annotation, a primary key
in the form of Arabidopsis genome initiative (AGI)
numbers, and a wealth of integrated genomic resources
for whole genome expression analysis and genetically
manipulated plant lines [http://www.arabidopsis.org/
(validated 4 May 2004)]. However, an integrated subcellular
proteomic dataset in Arabidopsis is not currently available.
Several websites seek to highlight individual experimental
or predicted subproteome sets in Arabidopsis, and
some place these in a wider genomic context. The
plastid proteome database at Cornell University, USA
[http://cbsusrv01.tc.cornell.edu/users/ppdb/ (validated
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4 May 2004)] provides data on experimental and
predicted chloroplast proteins. Similarly, the Arabidopsis
mitochondrial proteome project, Universitdit Hannover,
Germany [http://www.gartenbau.uni-hannover.de/genetik/
AMPP (validated 4 May 2004)] and our Arabidopsis
Mitochondrial Protein Database, University of Western
Australia, Australia  [http://www.mitoz.bcs.uwa.edu.au
(validated 4 May 2004)] provide such data for mitochondrial
location. In addition, we have sought to add published
experimental sets from other researchers into our
database to build a broader subcellular location database
for plastids, mitochondria, nuclei and peroxisomes
[http://www.mitoz.bcs.uwa.edu.au (validated 4 May 2004)].
The Aramemnon database of membrane proteins, University
of Cologne, Germany [http://aramemnon.botanik.uni-
koeln.de/ (validated 4 May 2004)] seeks to classify and
characterise membrane protein families and includes
subcellular location predictions. The Max Plank Institute in
Cologne, has released a dataset dedicated to the evolutionary
diversification of mitochondrial and plastid proteomes
[http://www.mpiz-koeln.mpg.de/ leister/ (validated 4 May
2004)]. Finally, valuable resources relating to protein—
GFP fusions can be searched at the Carnegie Institute of
Washington [http://deepgreen.stanford.edu (validated 4 May
2004)].

The wider literature problem

Proteomics is often accused of re-inventing the wheel
in protein identification by only considering recent
high-throughput protein location analyses, while a significant
set of data that deals with protein locations in plants
determined on a one-by-one basis already exists in the
literature. This latter set was compiled using traditional
and novel approaches in subcellular fractionation, activity
assay, protein purification, immunological detection, protein
microsequencing and targeting prediction. Combining
complementary approaches in this manner often provides a
strong argument for location. Incorporation of these data in
assessing mass spectrometry analysis of subproteomes would
be greatly beneficial. It can provide independently confirmed
location and larger subproteomes including proteins that
are too low in abundance for current mass spectrometry
detection. Additionally, proteins that have physicochemical
properties that prevent their display by typical proteomic
techniques can be identified by these alternative approaches.
However, building such datasets from the literature, even for
Arabidopsis, is not easy, given that many of these studies
were conducted before AGI numbers were introduced and
still today only a small number of researchers use the AGI
number in publications. Several bioinformatic attempts to
build subcellular proteomes from the literature have been
published; notably, Guo et al. (2004) have recently released
DBSubLoc [http://www.bioinfo.tsinghua.edu.cn/dbsubloc.
html (validated 4 May 2004)]. This is a database containing
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over 60000 proteins from a range of organisms that
are allocated to subcellular locations based on annotation
in primary sequence databases, model organism genome
projects and literature texts. For plants, nearly 5500 entries
exist, which represent nearly 1400 non-redundant gene
products that are allocated to one of eight subcellular
locations. Building more species specific datasets of this
type will be valuable to supplement current proteome
projects.

How will location data actually help determine
function of unknown proteins?

Scepticism about the value of location data alone in the
apparently large jump from location to function may well
turn out to have significant basis; however, its likely additive
value is often overlooked. Initially it will clearly give a
spatial home in the cell to a gene product (Fig. 1B). For
a significant number of gene products this will simply be
confirmatory, especially for proteins widely considered to
be present in a given location with long traditions of study
of both molecular function and localisation. But for many
other gene products, these location data may be the only
piece of experimental information available apart from,
for some, the suggestion of functional group assigned by
comparative sequence analysis. In these cases, location is
the first step towards defining function by providing a handle
to enthuse focused researchers to further investigate the
protein and a starting point for looking for a phenotype in
genetically altered plant lines lacking or over-expressing
the gene encoding it. Once larger datasets are available,
then subproteomes can be built to reveal the array of
protein in the particular subcellular fraction, which is
effectively providing a roll call of the workforce in a location
(Fig. 1B). Coupled to large-scale expression analyses of
these genes in response to treatments and development,
provided through microarray datasets, these subproteomes
can be grouped into co-expression clusters (Fig. 1C). Tight
co-location, co-expression sets form the basis of putative
molecular machinery and biochemical pathways and as
such, are indicators of cellular functionality. The grouping
of unknown proteins together in this way provide discrete
biological problems that can be probed with immunological
and other protein—protein interaction techniques to link
unknown-function proteins with known-function proteins.
Subproteomes are not static, they change through
gene expression in different tissues, in the same tissue
during development, and they even change through protein
translocation from one compartment to another. Such
translocation events have been shown to underlie a
range of signaling events in eukaryotic cells. Defining
subproteomes under different conditions and in different
tissues can therefore also give a differential analysis of these
translocations and a broader view of the potential proteomes
in different subcellular compartments. For example, these
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analyses could reveal proteins that move from the cytosol
to the nucleus, and also the changing lists of proteins that
may exist in a given organelle across embryos, pollen, leaves
and roots. Finally, as eukaryotic cells provide a breadth of
genetic and functional divergence, subcellular proteomes
will allow the comparison of these protein populations on
a location basis between species. This can be used to cast
light on evolutionary processes (Richly et al. 2003), but
also represents a very practical tool for biotechnology and
pharmacology that seek to move intervention treatments
from model species to target species. In the pharmaceutical
industry the value of rats, mice or monkeys as models for
humans can be assessed not just on the basis of genetic
similarity but also on the basis of similarity in molecular
architecture at the level of protein location. This target
location information is very valuable as most drugs operate on
proteins and have restricted access and half-lives in different
cellular compartments due to chemistry and degradation
pathways. The agrochemical industry can also use this
approach in a similar manner to assess model plant suitability
in targeting disease tolerance and novel product formation in
crops of interest.
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