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ABSTRACT

Proteomics has become an important contributaneédknhowledge of plant cell wall structure
and function by allowing the identification of peats present in cell walls. This chapter will
give an overview on recent development in the weelll proteomic field. Results from
proteomics show some discrepancies when companme$udts from transcriptomics obtained
on the same organ. It suggests that post-transsrgltregulatory steps involve an important
proportion of genes encoding cell wall proteins (B8} Proteomics thus complements
transcriptomic. The cell wall proteome @frabidopsis thalianais the most completely
described at the moment with about one third ofeetgd CWPs identified. CWPs were
grouped in functional classes according to the gmes of predicted functional domains to
allow a better understanding of main functions @l walls. The second best-described cell
wall proteome is that oDryza sativa Same functional classes were found, with differen
compositions reflecting the differences in polyserae structure between dicot and
monocot cell walls. All these proteomic data weddlected in a new publicly accessible
database called WallProtDB (http://www.polebio.scsv.ups-tlse.fr/WallProtDB/). In

conclusion, some perspectives in plant cell waltgomics are discussed.
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INTRODUCTION

Several years after the launching of systematignarms of genome sequencing, the
challenge of gene function discovery is still enous, especially in the case of genes
encoding cell wall proteins (CWPs). To date, ontypat 10% of them have a characterized
function. Plant cell walls are mainly composed atworks of polysaccharides which
represent up to 95% of cell wall mass. After cortipteof growth, secondary walls reinforce
primary walls around cells. Models of primary osHll structure describe the arrangement of
their components into two structurally independeuit interacting networks, embedded in a
pectin matrix [9, 16]. Cellulose microfibrils anerhicelluloses constitute the first network;
the second one is formed by structural proteinsgmehich extensins [38]. CWPs only
represent 5 to 10% of the cell wall mass [10], thaty are playing many roles especially in
polysaccharide network remodelling during plant elegment and in response to

environmental stresses [25].

Many experimental approaches were developed to rstaohel cell wall structure and
function. Transcriptomics has greatly contributedite understanding of gene regulation and
to the identification of candidate genes for biagga of cell walls, especially secondary walls
[19, 39, 55, 73]. Biochemistry of cell wall polysd@arides and proteins has been particularly
studied, allowing a good knowledge of the cell watucture [25]. Proteomics has recently
been a newcomer in the field with the first sigrafit results obtained since 2002. Since then,
a large number of studies were performed, espgcall Arabidopsis thalianathe dicot
model plant which genome was the first to be coteplesequenced [1]. They led to the
identification of about 500 CWPs, representing dhed of the expected CWPs [31].

Moreover, improvement of proteomic tools allowedngarative and quantitative studies
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between different physiological stages or in resgoto stresses [13, 68, 75]. Bioinformatics
strongly helped in prediction of gene structure d@maction and allowed the building of
sophisticated databases collecting all this infdioma (http://www.ncbi.nlm.nih.gov/;
http://www.arabidopsis.org/). In this chapter, thopiestions will be addressed: (i) What is the
interest of proteomics as compared to transcriptet(ii) What is the current picture Af
thaliana cell wall proteome? (iii) What is expected frome thnowledge of a monocot cell

wall proteome?

Is proteomics redundant with regard to transcriptomics?

Transcript profiling is one of the most widespreaethods to identify genes involved in a
developmental process or in response to envirorahertanges. Although it is widely
accepted that the rate of synthesis and degradagbermines transcript abundance, the
majority of studies only measure steady state trgvislevels, largely due to the technical
simplicity with which they are determined [48].i#t generally assumed that a high level of
transcripts at a particular physiological stage msethat the genes play an important role in
the process studied, allowing their selection fedéepth studies. However, gene expression
can be regulated at different levels: transcriptiost-transcription, translation, post-

translation, biological activity of the encoded tgia, and its degradation.

The proteome is the full complement of proteinsregped by a genome at a specific time
[70]. The development of proteomics during the 136t years allowed the large scale
identification of the working end of the cell: theotein machinery [52]. However, proteomics

encounters great difficulties:
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(i) All proteins cannot be extracted by a simpletime because they can have different
properties like pl ranging from 2 to 12, and hydrobicity/hydrophilicity.

(i) The dynamic range of proteins in the cell nisyorders of magnitude different since one
protein can be expressed as 10.000 copies andesra®li0 copies only. Thus, since there
is no polymerase chain reaction (PCR) equivalentréplicating proteins, for the vast
majority of proteomic analyses, it is only the mastundant 10% to 20% of proteins
which are monitored.

(i) The proteome of each living cell is dynamaidfering in response to the individual cell
metabolic state and perception of intracellular exiacellular signal molecules.

(iv) Many proteins undergo post-translational mmdifions (PTMs) which can interfere with
their separation prior to mass spectrometry (MSAlyans, and/or their identification

through standard MS protocols.

In this part, we will present results of transasipic and proteomic studies performed on
the sameA. thaliana organs to show that both approaches are not redgn@ut rather
complementary. Mature stems and dark-grown hypdsatere studied [29, 33, 45, 46]. In
the transcriptomic studies, around 3.000 geneshgofdir proteins predicted to be targeted to
the secretory pathway (SPGs, for secretory pathyeames) were selected. Fifty-eight percent
of them showed detectable level of transcripts,dmly genes with high and moderate level of
transcriptsice. 4- to 64-fold the background level) were comparethe proteomic data. The
rationale for this choice was that given the restins of proteomics, only the more abundant
proteins were identified. If the idea that highlpeessed genes produce the most abundant
proteins is correct, the results should fit. Onendred ninety-three and 433 SPGs were
selected on the basis on their transcript levelsnature stems and etiolated hypocotyls

respectively. Among those genes, only 23 (11.9%) 4t (11%) were also identified in the
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respective proteomic studies [29, 45]. This issiltated in Figure 1A in the case of etiolated
hypocotyls. This means that many CWPs escape pniteanalyses, but these results are in
the low end of the normal results for proteomic®][5In addition to the difficulties
encountered by proteomics mentioned above, twouffeat are specific to cell wall
proteomics: (i) extraction of CWPs from the polyd@aride matrix of the wall can be difficult
because they can be insolubilized within the maigiseveral types of linkages [6, 62]; (ii)
heavily glycosylated proteins are not easily idegdi The latter case is illustrated in Table 1
with the arabinogalactan protein (AGP) gene familgese proteins are hydroxyproline-rich
glycoproteins (HRGPs) which undergo many PTMs: nkust residues are hydroxylated and
O-glycosylated [61], thus preventing their ident@fion by classical methods. Their
identification requires a specific deglycosylatijpmocedure using hydrogen fluoride (HF) [64,
74]. Indeed, no AGP has been identified althougtesn AGP genes show significant levels
of transcripts inA. thalianaetiolated hypocotyls. However, there are some athees where
none of the proposed explanation is valid. As ilated in Table 1, this is the case of the
xyloglucan endotransglucosylase/hydrolase (XTH) egen family
(http://labs.plantbio.cornell.edu/xth/). Five XTheere identified in the cell wall proteomic
study performed or\. thalianaetiolated hypocotyls. There is one case whereptb&ein is
detected when the level of transcripts of the genbelow background (AtXTH33), and
twelve cases where transcript levels are abovegoaokd with no protein identified. One has

to assume that post-transcriptional events corgibuthe regulation of such genes.
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Figure 1. Transcriptomics vs proteomics

A. Distribution of SPGs having moderate or high levels of transcripts in A. thaliana etiolated
hypocotyls: comparison between results of transcriptomics and proteomics [29, 33]. B. Levels of
transcripts of A. thaliana genes encoding CWPs identified by proteomics in stems [45] and in 5- (5-d)
and 11-day-old (11-d) etiolated hypocotyls [29]. Percentages of genes falling in the three following
categories are represented: high: corresponds to log, values of the mean signal intensity higher than
10; moderate: values between 9 and 10; low: values between background and 9; values under the
background level [33, 46].
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Table 1. Comparison of transcriptomic and proteomic data obtained with etiolated

hypocotyls of A. thaliana for two gene families: XTHs and AGPs.

Transcriptomic data were obtained on CATMA microarrays with 5- and 11-day-old etiolated hypocotyls
[33]. They are expressed as log, of mean signal intensity. The background of the experiment was
estimated to 6.83. Cell wall proteomic data are from [29]: + means that the protein has been identified;
- means that the protein has not been found. Transcriptomic results which are consistent between
transcriptomic and proteomic studies are in bold characters.

XTH family transcriptomics proteomics AGP family transcriptomics
5 days 11 days 5 days 11 days 5 days 11 days

AtXTH4 13.27 12.62 + + AtAGP9 12.43 12.55
AtXTH31 10.10 8.76 + - AtAGP15 12.04 12.70
AtXTH5 9.02 8.63 + - AtAGP31 11.98 11.89
AtXTH32 8.82 7.91 - + AtAGP12 11.93 12.97
AtXTHS33 6.47 6.47 + + AtAGP4 11.76 11.86
AtXTH15 13.61 12.31 - - AtAGP22 9.98 10.94
AtXTH19 12.37 12.15 - - AtAGP1 9.62 9.86
AtXTH30 11.24 11.17 - - AtAGP26 9.07 9.62
AtXTHS 10.48 10.34 - - AtAGP25 8.68 8.80
AtXTH27 10.42 10.34 - - AtAGP18 8.64 8.41
AtXTH7 9.89 8.65 - - AtAGP10 8.18 8.88
AtXTH24 9.88 10.14 - - AtAGP19 7.94 7.93
AtXTH28 9.72 9.73 - - AtAGP5 7.34 7.49
AtXTH16 8.17 7.89 - - AtAGP30 6.95 6.57
AtXTH20 7.93 8.12 - - AtAGP17 6.94 6.84
AtXTH14 7.47 7.43 - - AtAGP41 6.84 6.93
AtXTH10 7.07 7.08 - -
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Conversely, we looked at the level of transcriptsgenes encoding CWPs identified
through proteomics in etiolated hypocotyls (137t@irts) [29] and mature stems (87 proteins)
[45]. The level of transcripts of some of the gemesre not found in the microarray
experiments (about 20%) since some have no gerwispags (GSTs) or were eliminated
because of poor signals of hybridization to the RpiAbe. The results in Figure 1B are
normalized plotting the percentage of genes fohéaeel of transcripts. The big surprise was
that most of the CWPs identified by proteomics ioatge from genes which level of
transcripts was low (between 37 and 58%) or belwvidackground (between 18 and 25%).
Considering the limitations of proteomics, the itlged proteins were expected to be the
products of most abundant transcripts, but it waghe case. It suggests that transcripts could
have short half-lives and/or that CWPs could havéowa turnover. Post-transcriptional
regulation seems to be important for more than %% WPs in mature stems and etiolated
hypocotyls. Only 16 to 44 % of the identified CWé&e the product of genes with moderate
or high expression level, suggesting that trantonpis the main regulatory step for that

group of proteins.

These results are in agreement with previous ob&sned in yeast [28, 40p. thaliana
[34], andBrassica napu$75], showing that the quantification of transtsigloes not always
reflect the actual level of protein. We should edasthat most of the genes encoding CWPs
have a post-transcriptional regulation. This metnat transcriptomics and proteomics are

complementary, and not redundant [41].
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A summary of present proteomic results obtained on Arabidopsis thaliana

Nearly 500A. thalianaCWPs were identified in seventeen studies on mffeorgans using
various strategies. A new databa¥éa(lProtDB) collecting all this information was set up
(http://www.polebio.scsv.ups-tlse.fr/WallProtDBAVallProtDB allows searching for CWPs
identified in the seventeen cell wall proteomeseadly published, and looking for the
presence of proteins or protein families of intenes several proteomes. An exportation
format is offered to download results of queriestie Microsoft Office Excel format
(http://www.microsoft.com/france/office/2007/progra/excel/overview.mspx). Each
proteomic study is described through a simplifiedvEhart showing its different steps from
plant material to protein identification. For eaphoteomic study, the used strategy is
highlighted in color. As illustrated in Figure 2vd types of methods can be used to prepare a
CWP fraction. Non-destructive methods leave thés @ive and allow elution of CWPs from
cell walls using different buffered solutiors.d.[4, 5]). Destructive methods start with tissue
grinding thus mixing CWPs and intracellular proteig.g. [2, 14, 21]). The CWP fraction
needs to be fractionated to allow identification pybteins by mass spectrometry (MS).
Proteins can be directly submitted to enzymatiestign with appropriate proteases such as
trypsin or to chemical treatment to get peptideapgropriate mass (usually between 750 and
4000 Da). Alternatively, proteins are separatedrptdo cleavage into peptides. Since most
CWPs are basic glycoproteins poorly resolved bgitmensional electrophoresis (2D-E), the
most efficient ways to separate them are mono dsioeal electrophoresis (1D-E¢.§.[5])
or cationic exchange chromatography followed byBE.Df protein fractions eluted with a salt
gradient [29]. Identification of proteins can bendceither by peptide sequencing by liquid-
chromatography (LC) coupled to MS (LC-MS/MS) orgmptide mass mapping using matrix-

assisted laser desorption/ionization-time of fligitALDI-TOF) MS. Bioinformatic analysis

10
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of results is required both for protein identifioat, prediction of sub-cellular localization, and
presence of functional domains [57]. To facilitdte interpretation of data, a database called
ProtAnnDB dedicated to structural and functional annotatdnA. thaliana proteins was
recently built up [57].ProtAnnDB also provides a link to the NCBI reference protein
sequences (RefSeq) containing curated sequencgs//{hww.ncbi.nlm.nih.gov/RefSeq/)

[54]. Proteins present WallProtDB were linked to their annotation ProtAnnDB
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Figure 2. A strategy for cell wall proteomics as illustrated in WallProtDB
(http://www.polebio.scsv.ups-tise.fr/iWallProtDB/index.php).
For each experimental work, a description of thecpdure is provided as a simplified flowchart shuyvits
main steps for the preparation of the CWP samplke separation of CWPs, and their identificatiomgdiS.
All strategies were put on the same scheme thais®mized for each experiment. The example shewakien
from [21], with the used strategy highlighted inaro
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The ArabidopsisCWPs were classified in nine groups on the basigheir predicted
functional domains or known function [31]. The malass is represented by proteins acting
on cell wall carbohydrates (26.1%) such as expanittp://www.bio.psu.edu/expansins/),
and glycoside hydrolases (GHs) among which xylaghyendotransglucosylases/hydrolases
(XTHs) [56], polygalacturonases (http://cellwallngenics.purdue.edu/families/4-3-3.html),
and [(-1,4-glucanases (http://cellwall.genomics.purdug/faeilies/4-3-2-1.html). These
proteins are assumed to modify polysaccharide m&svan muro during growth and
development or in response to environmental comgstaAs the second most important group
of CWPs (13.9%), oxido-reductases comprise pereesig51], multicopper oxidases [30],
blue copper binding proteins [49] and berberineddpi oxido-reductases. Proteases
(http://merops.sanger.ac.uk/) represent 11.6% @fGWVPs. They can play roles in protein
degradation, protein maturation and peptide siggdb9]. CWPs having interacting domains
with polysaccharides and/or with proteins (11.1%nprise proteins homologous to lectins,
proteins with leucine-rich repeats (LRRs) domaiasd enzyme inhibitors [17, 35, 67].
Proteins involved in signaling (6.7%) are arabidag&n proteins (AGPs) [61] and receptor
protein kinases which have transmembrane domaidsirdracellular kinase domains [63].
Considering the high number of CWPs (5.9%) relatetipid metabolism identified in cell
wall proteomic studies, this group of proteins wesently introduced in our classification.
They are thought to be involved in cuticle synthefgl2, 53]. Proteins of yet unknown
function represent 12.2% of CWPs, and can haveeteed structural domains or domains
common to many proteins called domains of unknowmction (DUFs). Such proteins or
protein families are also called uncharacterizatseoved proteins (UCPSs) or uncharacterized
protein families (UPFs). Finally, miscellaneoustpmos are diverse proteins which cannot be
assigned to any of the previous group of CWPs.driqular, they comprise pathogenesis-

related proteins (PR-proteins) [18], purple acidgghatases [37], proteins homologous to

12
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strictosidine synthases [66], and proteins homalsgto phosphate induced proteins like
EXORDIUM [59]. Although we have now an overview G¥WPs present in plant cell walls,

the exact function of most of these protamsnurois still unknown.

Why investigating additional cell wall proteomes?

As discussed above, plant cell wall proteomic &sidiave encountered several limitations.
The choice of a strategy for a cell wall proteorsiady leads to the selection of sub-
proteomes. Elution of proteins around living cdlmsits the use of drastic treatments to
extract CWPs that would be more tightly interactmgh cell walls [4]. Conversely,
purification of cell walls prior to extraction of \ZPs leads to the loss of proteins weakly
interacting with cell wall polysaccharides [21]. A thaliang two thirds of the predicted
CWPs remain to be identified. Additional physioloa)i stages can be studied, as well as
interactions with environmental factors. Proteorstcategies can also be customized for
specific protein families, e.g. [60]. Cell wall®m monocots have only recently started to be
analyzed with first papers published in 2008Q@nyza sativaand the identification of about
300 CWPs [12, 15, 36]. Among monoco®, sativais the model plant for cereals, whereas
Brachypodium distachyowill probably become the model plant for herbasegrasses [26].
WallProtDB was extended tO®. sativa thus collecting nearly 800 CWPs from twenty stsdi
Due to differences in cell wall composition andusture, there is interest in characterizing
monocot cell wall proteomes. Differences betweeailable A. thalianaand O. sativacell

wall proteomes will be discussed mainly for proseaicting on cell wall polysaccharides.

13



Table 2. CAZy GH gene families and their putative substrates in plant cell walls.

GH families are named according to the CAZy nomenclature (http://www.cazy.org/) [8]. Putative
substrates in muro are given according to [47].
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GH family Putative substrates in muro
GH1 glucan/cellulose
xyloglucan
GH3 xylan
arabinan
arabinoxylan
GH5 glucan/cellulose
mannan
GH9 glucan/cellulose
GH10 xylan
GH13 1,4-a-glucosidic linkages
GH16 xyloglucan
GH17 1,3-B-glucan
(1,3)(1,4)-B-glucan
GH18 GIcNAc linkages
GH19 GIcNAc linkages
GH27 galactomannan
GH28 homogalacturonan
GH31 xyloglucan
GH35 galactan
glycoproteins (AGPSs)
GH43 xylan
GH51 arabinoxylan
xylan
arabinan
GH79 glycoproteins (AGPs)

14
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In a recently published review [47], the familigs@Hs involved in the modification and
/or degradation of cell wall polysaccharidesfofthalianaandO. sativawere selected on the
basis of their classification using the CAZY (httpww.cazy.org/) and TAIR
(http://www.arabidopsis.org/) databases, prediateliular localization and experimentally-
determined substrate specificities in various [@artd microorganisms. A total of 200 genes
were selected in th&. thalianagenome. They belong to thirteen different famili@& 1, 3,
5,9, 10, 16, 17, 27, 28, 31, 35, 43, and 51). [&@nhg; 174 genes were selected in esativa
genome. Putative substraiasmurofor these enzymes are listed in Table 2. The coispa
between thé\. thalianaandO. sativaGH genes shows differences in the number of genes
some GH families. For example, the number of GH@8eg differs significantly betweek
thalianaandO. sativa particularly for the genes encoding polygalaatases [44, 72]. This
is in agreement with the different amounts of pexcipresent in the cell walls of these two
species. The cell walls of commelinoid monocotghsasO. sativa have a low content in
pectins in contrast to those @i thaliang a dicot, which are rich in this constituent. In
addition, dicots contain higher levels of xyloglasathan monocots [20, 24]. The total
number of genes encoding GH16 and GH31 which awelvad in the hydrolysis of
xyloglucans is slightly higher if\. thalianathan in O. sativa In contrast, theD. sativa
genome contains more genes in the GH3 and GH17iéamlhese GH families are known to
be involved in hydrolysis of (1,3)(1,$D-glucans [23] which are, in addition to

glucuronoarabinoxylans, major polysaccharides imaocot cell walls.

15
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Figure 3. Comparison of A. thaliana and O. sativa GHs identified by proteomics.

GH families were identified by cell wall proteomics either in leaves (A) or in cell suspension cultures
and culture medium of cell suspension cultures (B). GHs families are numbered according to the CAZy
database (http://www.cazy.org/). The list of proteins was obtained from WallProtDB
(http://lwww.polebio.scsv.ups-tise.fr/\WallProtDBY/).
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Comparison of the cell wall proteomic analyseofsativa[12, 15, 36] andA. thaliana
[31] leads to the conclusion that proteins actimg pmlysaccharides constitute the major
functional class in both plants. Inside this cl&3Bls represent the largest number of proteins.
Figure 3 presents a comparison between the nunfb@Hofamilies identified by cell wall
proteomics inA. thalianaand O. sativafrom leaves, cell suspension culture and culture
medium of cell suspension cultures. Although thenpimaterials and the strategies used for
proteomic analyses if. thalianaandO. sativawere not wholly the same, these analyses give
useful information on the relative abundance of fahiilies in the cell walls of both plants.
For example, two GH5 enzymes were identified in ¢ed wall of rice. They might be
involved in modification of mixed glycan polymemly found in monocot cell walls [44]. In
contrast, a higher number of GH16 enzymes, whiehxarHs involved in the modification of
the structure of xyloglucans [56], were identifiedcell walls of A. thaliana Similarly, a
higher number of GH28 and GH35 enzymes were foundell walls of A. thaliana As
mentioned above, such enzymes are assumed to bladvin modification of pectins. In
addition, a higher number of carbohydrate ester@SE8 and CE13) were identified in cell
walls of A. thalianacell suspension cultures and leaves respectiVélgse families comprise

respectively pectin methylesterases and pectireawases which modify pectins [43, 71].

Most of the identifiedD. sativaGH families are also found . thaliana However, GH13
enzymes, which are predicted to db@amylases, were only found . sativacell walls.a-
amylases are endo-amylolytic enzymes which hydeolifze 1,4a-glucosidic linkages of
starch. They are found in most storage tissuesxgyeriods of starch mobilization [3, 22].
Eight of them were predicted to be extracellularot@ns (http://psort.ims.u-
tokyo.ac.jp/form.html). Subcellular localization afamylasesn O. sativacell suspension

cultures revealethat these enzymes are localized in cell walls el as in starclyranules

17



hal-00485293, version 1 - 20 May 2010

within amyloplasts [11]. The dual localizatioha-amylases in rice is in agreement with the
mobilization of starch in the endosperm by secrededylases, and the mobilization of

chloroplastic starch in leaves during the darkqusiby chloroplastia-amylases [65].

Important difference in the number of identifiedzgmes betweeA. thalianaandO. sativa
were found for the GH18 and GH19 families. The nandf proteins identified i®. sativais
much higher than irA. thaliang especially in cell suspension cultures which stressed
cells. GH18 and GH19 are predicted to be chitinkseenzymes. Chitinases catalyze the
hydrolysis of N-acetypB-D-glucosaminide 1,4-linkages in chitins and chéwitins which are
not found in plants [58]. Thus, they are assumebtédanvolved in the protection of plants
against pathogens [7, 58]. Hence, chitinases caibiinfungal growth and Kkill fungi
presumably by degradation of their cell walls maxfechitin. Phylogenetic analysis of
identified chitinases by proteomic analyses revdas many of them are predicted to belong
to class Ill, according to their primary structuf@g]. Although precise functions of class llI
chitinases cannot be predicted, it is known thal&Enzymes of class Il also have lysozyme
activity. These lysozymes/chitinases show highettiviag on bacterial cell walls
peptidoglycan (murein) [7]. On the other hand, sanass Il chitinases, of the TAXI-type
(Triticum aestivunxylanase inhibitor), were found to be inhibitorsfongal and bacterial
xylanases (GH11) in cereals [27]. However, chitazagere shown to be induced in response
to abiotic stress and during development. It wagyssted that class Il chitinases could act
on GIcNAc-containing glycolipids or glycoproteinsnd be involved in signal transduction

[58].

In conclusion, comparative genomic and proteomalyaes between th&. thalianadicot

plant, and thé. sativamonocot plant, show some similarity in number eif wall enzymes
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involved in cell wall polysaccharide modificatiortsyt also some differences with regard to
the presence/absence of some GH families. Thet@rdsacould be related with variations in

their cell wall compositions, stages of developmantl environmental factors.

Conclusion

Plant cell wall proteomics has brought a new visoKWPs and cell wall functions. New
guestions now need to be addressed. A comprehensiderstanding of gene regulation
requires all steps from gene transcription to pnotkegradation to be taken into account.
Indeed, comparisons of transcriptomics and protesmdiata show that the amount of an
MRNA is not always strictly correlated with that tbie translated protein. Major biological
roles for proteolytic activities were only recendgmonstrated in maturation of enzymes or
production of extracellular peptide signals [69UtBhere is still no information about CWP
turnover which might be of critical importance hetregulation of extracellular functions. We
are still far from the exhaustive description off e&ll proteomes. Additional information on
CWPs could be obtained using specific methods xtnaeting CWPs strongly bound to cell
wall components. Efforts should be made to ext€tPs that are physically-linked to cell
wall components, such as polysaccharides or ligf88% On the other hand, the cell wall
proteomes of monocots are only begun to be destridany new CWPs having predicted
enzymatic activities toward cell wall polysacchasdspecific to monocots should be found
[44]. A complete description of CWP biological fuions will require complementary
approaches including genetics, biochemistry, amdstindy of patterns of gene expression.
Special attention should be drawn on the numeroWP€ (12.2%) with yet unknown
predictable function. Unexpected cell wall funcsoduring plant development and response

to environmental factors will certainly arise frauch studies.
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