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The Fungal Cell Wall

While work remains, we have now largely reached the end of the “Age of
Identification” for both cell wall structure and the underlying biosynthetic
components - at least for a few model ascomycetes! Work is now well
advanced at coming to grips with the biochemistry of polysaccharide
biosynthesis and its regulated integration with broader cell biology in
defining surface morphogenesis. Where do we go from here? A perusal of
talk titles at this meeting points the way.

Cell walls are dynamic structures, responding to external cues and stresses as
well as to internal growth, cell cycle and morphogenetic cues. We are
beginning to know how all this is achieved at a molecular level. Further,
attempts are being made to take a systems approach to the building of global
cellular networks that capture both cell wall synthesis and cell wall function.
Genomics also offers us the prospect of extending cell wall studies in a
comparative way to a wider set of organisms within the fungal kingdom.
Prominent amongst these are the human pathogens, where the cell wall
continues to be a target for specific antifungal drugs.
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The Plant Cell Wall

Plant cell walls are a complex composite of polysaccharides, proteins and
lignin. Wall composition and organization varies greatly depending upon
the plant species as well as the particular tissue and cell type. Growing cells
have primary cell walls while differentiated cells normally have more rigid
secondary walls. The structure of various primary wall components as well
as their organization within the wall matrix will be reviewed. Cellulose is an
abundant component found in both primary and secondary walls. Its
biosynthesis is a complex process that involves synthesis of microfibrils at
the plasma membrane. Other wall polyaccharides are synthesized in the
Golgi apparatus and delivered to the cell surface for assembly into the wall
matrix. In recent years, our lab has focused on the synthesis of xyloglucan
(XyGQ), a major hemicellulose found in the primary cell walls of many plant
species. It forms cross-links between adjacent cellulose microfibrils to form
a three dimensional cellulose-xyloglucan network that functions as the
principal load-bearing structure of the primary cell wall. Formation of XyG
requires the action of a glucan synthase and xylosyltransferases. 1 will
briefly describe our recent studies aimed at identifying these enzymes as
well as efforts to disrupt the biosynthesis of XyG via reverse genetics.
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The fungal cell wall polysaccharidome

Fungal cell walls are mainly composed of polysaccharides. Two of them, 1-
3 glucan and chitin are common to all species in the fungal kingdom and
constitute the skeleton of the cell wall. The three dimensional organisation of
the fungal cell wall has been however studied in very few fungal species. A
comparison of the chemical composition of cell walls from different fungi
demonstrates that a common skeletal core structure exists in almost all fungi.
This core skeleton is similar for both yeasts and moulds. It is composed of a
branched B1-3 glucan to which chitin is linked through a f1-4 linkage to a
non reducing end of the lateral B1-3 glucan chains. This fibrillar core is
further decorated with amorphous polysaccharides that are alkali-soluble. In
contrast to the strutural polysaccharides, the composition of these
polysaccharides varies with the species studied and has some taxonomical
foundations. Among the most important amorphous polysaccharides, we can
cite 1,6 glucans, a 1,3 glucans and mannans. Proteins of the cell wall do
not play a role of linker in the structural organisation of the cell wall. Most
cell wall proteins are in transit towards the external milieu. Some of the
proteins that were originally anchored to the plasma membrane by a
glycosylphosphatidylinositol (GPI) anchor play a role in remodeling cell
wall polysaccharides whereas other GPI-proteins can become covalently
bound to the cell wall polysaccharides; this latter class of proteins remaining
at the surface of the cell wall to fullfil their biological function ( in cell to
cell interaction for example). This conclusion was confirmed by a chemo-
genomic comparative analysis between yeasts and moulds.

In my talk, I will review our current understanding of the structural
organisation of the cell wall with special emphasis on the two models that
have been extensively studied, viz the yeast Saccharomyces cerevisiae and
the mold Aspergillus fumigatus. This analysis will take into account recent
genomic data from the comparison of yeast and mould genome sequences as
well as chemical data on the cell wall of these fungi to identify general
structural rules in fungal cell wall ontogeny.
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Structural and immunological studies of pectins and
hemicelluloses in plant cell walls

The cell walls of plants play a prominent role in determining the structure
and shape of individual cells, and ultimately the morphology of the plant as a
whole. The plant cell wall consists of several macromolecular networks that
are composed primarily of polysaccharides. Chemical studies have provided
an overall picture of the structure and organization of the major wall
polymers [1]. A brief overview will be presented of the major structural
features of two prominent classes of polysaccharides present in plant cell
walls, the pectins and hemicelluloses. Pectins include linear homogalact-
uronans (consisting of a 1—>4aGalA backbone with varying degrees of
methyl esterification), thamnogalacturonan I (consisting of a backbone of
disaccharide 2aRhal—40GalAl— repeats with diverse Ara and/or Gal
containing side-chains attached to the 2-position of Rha), and the highly
branched rhamnogalacturonan II. Hemicelluloses include xyloglucans
(consisting of a 1>4PBGlc backbone carrying a regular pattern of Xyl side-
chains attached at O6, some of which are further extended with Gal and Fuc
residues) and xylans (consisting of a 1>4pXyl backbone with Ara, GIcA
and/or MeGIcA side-chains). These chemical studies, while informative
about structural features of the polysaccharides, do not provide complete
information about wall structure and dynamics at the cellular and sub-
cellular levels.

Antibodies provide highly specific and sensitive tools to monitor the
composition and dynamics of cell walls at the cellular level [2]. An
overview will be provided of new monoclonal antibodies that have been
generated against pectic and hemicellulosic polysaccharides from plant cell
walls. These antibodies recognize diverse epitopes present in these
polysaccharides, as demonstrated by direct enzyme-linked immunosorbent
assays (ELISAs) against a range of plant cell wall polysaccharide
preprarations from diverse plants and by competitive ELISAs using purified
oligo- and polysaccharides. Very few of these antibodies are specific for
individual polysaccharides, suggesting sharing of carbohydrate epitope
structures amongst different wall polysaccharides. Nonetheless, these
antibodies have proven to be useful tools for localizing such epitopes in
plant tissues and cell walls, and for following changes in wall polysaccharide
structure as plant cells grow and differentiate. Examples of such uses of
these antibodies will be presented describing the distribution of fucosylated
and non-fucosylated xyloglucans in germinating seeds of tropical legumes
[3] and the analysis of the irx8 mutant of Arabidopsis thaliana [4,5].

[Supported by grants from DOE (DE-FG02-96ER20220 and DE-FGO02-
93ER20097) and NSF (DBI-0421683 and RCN-0090281).]

O’Neill & York (2003), in The Plant Cell Wall (JK Rose, ed.), pp. 1-54.
Knox (1997) Int.Rev.Cytol. 171: 79-120.

Buckeridge et al. (2000) Plant Physiol. Biochem. 38: 141-156.

Persson et al. (2007) The Plant Cell (in press).

Pena et al. (2007) The Plant Cell (in press).
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Dynamics of the fungal cell wall proteome

The budding yeast Saccharomyces cerevisiae has a highly elastic wall.
Consequently, the cell shrinks when challenged with hypertonic conditions
and swells when transferred to a hypotonic medium. This process is
reversible. Fixed cells, which cannot sustain turgor pressure any more, are
generally also significantly smaller than living cells. This elasticity is due to
the presence of a continuous inner wall layer, which consists of moderately
branched [3-1,3-glucan molecules that laterally associate through the
formation of multiple hydrogen bonds. The B-1,3-glucan network may be
fortified by the covalent attachment of chitin chains to non-reducing ends of
the B-1,3-glucan chains. This happens predominantly at the inside of the [3-
1,3-glucan network. The network seems to be further strengthened by so-
called Pir-proteins, which are assumed to cross-link B-1,3-glucan chains
through a recently described ester linkage. The skeletal inner layer is
surrounded by an external protein layer, which mainly consists of
glycosylated, GPI-dependent cell wall proteins (GPI-CWPs) emanating into
the environment. GPI-CWPs are covalently linked to a strongly branched
and thus water-soluble 3-1,6-glucan molecule, which in turn is linked to a -
1,3-glucan chain, forming the protein-polysaccharide complex CWP-GPI, —
B-1,6-glucan — B-1,3-glucan. This complex has also been identified in the
cell wall of the dimorphic fungus Candida albicans, an important human
pathogen. Evidence is emerging that this protein-polysaccharide complex is
further present in the lateral walls of the fission yeast Schizosaccharomyces
pombe, the mycelial fungus Aspergillus niger, and many other ascomycetous
species (1).

A powerful tool to analyze the composition and dynamics of the
fungal cell wall proteome is mass spectrometry. Intriguingly, many
ascomycetous fungi incorporate a wide variety of GPI-CWPs and other
CWPs in their walls (2). For example, wild-type cells of S. cerevisiae and C.
albicans growing in rich medium express at least 20 different CWPs. The
composition of the cell wall proteome depends on environmental conditions
and even depends on the phase of the cell cycle. This leads to the question
what the functions of CWPs are. To illustrate this, we will discuss the
changes in the cell wall proteome of C. albicans when grown in a vagina-
simulative medium under micro-aerobic conditions. As the high-affinity iron
uptake system of C. albicans requires molecular oxygen, low oxygen levels
will probably cause iron deficiency. This is consistent with our observation
that the cell wall becomes enriched with two GPI-proteins (Rbt5p and
presumably also PgalOp) that are involved in binding heme/hemoglobin,
which are known to function as iron sources. We propose that our approach
is widely valid for studying the cell wall proteome of fungi, algae, and
higher plants.

Acknowledgements. Frans Klis wishes to acknowledge the financial support
from the European Commission (STREP FungWall grant, contract LSHB —
CT —2004 —511952).

Literature

1. Klis FM, Boorsma A, De Groot PWJ 2006. Cell wall construction in
Saccharomyces cerevisiae. Yeast 23: 185-202

2. De Groot PWJ, Ram AF, Klis FM 2005. Features and functions of
covalently linked proteins in fungal cell walls. Fungal Gen Biol 42: 657-675
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Dynamics and diversity of plant cell wall glycans

Cell walls form the structural component of plant organs imparting
mechanical properties, tissue cohesion and capacities for extension growth.
Plant cell walls can develop into a range of forms and shapes that underpin
the diversities of organ anatomies and cell functions. The major
macromolecular and functional components of plant cell walls are glycans
and a cell wall is viewed as a composite of cellulose microfibrils,
hemicelluloses or cross-linking glycans and pectic polysaccharides. These
broad groups can contain a great range of structural diversity both in terms
of glycosyl linkages, polymer association, domain arrangements and also
sugar substitutions and modifications. Understanding the occurrence and
organization of cell wall polymers in relation to cell wall construction and
function requires appropriate means of detecting glycan structural features in
situ. Currently, one of the best methods for glycan detection and the
molecular imaging of cell wall architectures involves the use of defined
monoclonal antibodies and carbohydrate-binding modules capable of the
specific recognition of glycan structural features. Sets of probes are now
available for the detection of structural features of all three major groups of
glycans. The use of these sets of probes are indicating a considerable
diversity of cell wall architectures and glycans, in short — that plant cell
walls are highly diverse and dynamic both within organs and between
species. The talk will focus on recent work on the development of probes for
xylan polysaccharides and their use indicating that xylans may have distinct
roles in primary and secondary cell walls.
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Structure-function studies of pectins

All plant cells are encapsulated in a cell wall, whose most prominent
components are polysaccharides: cellulose, hemicelluloses and pectins.
When soluble polysaccharides are secreted into the wall, they are associated
with newly synthesised cellulose microfibrils to form a strong and extensible
network, so that polymers collectively determine cell wall shape and
mechanical properties. Network formation implies the setting up of
interactions between the wall polysaccharides.

Pectin is an extremely complex polysaccharide that can be viewed as a
multiblock biopolymer. The simplest, and the most abundant of these blocks
is homogalacturonan (HG), an unbranched polymer of (1,4)-linked
galacturonic acid residues that are partly methyl-esterified and sometimes
partly acetyl-esterified. A second major block, rhamnogalacturonan I (RG-I)
is composed of a repeating disaccharide wunit [2)-rhamnose-(1,4)-
galacturonic acid-(1], decorated primarily with arabinan and galactan side-
chains. Finally, substituted galacturonans such as rhamnogalacturonan II
(RG-II), apiogalacturonan, xylogalacturonan, are also present. All those
blocks exhibit various interaction properties: HG/HG, HG/extensin, RG-I
side-chains/RG-I side-chains, RG-I side-chains/cellulose, RG-II/RG-II.
Pectic blocks can be specifically isolated by chemical or enzymatic means.
For example, HG blocks were isolated by exploiting the differences in the
susceptibility to acid hydrolysis of the glycosidic linkages. Indeed, under
mild acid conditions, the linkages between galacturonic acid and rhamnose
in RG-I blocks are much more labile than the linkages between adjacent
non-methylated galacturonic acid residues in HG blocks. Isolated HG were
then chemically highly remethylated prior to partial random or blockwise
demethylation by chemical or enzymatic means, respectively. Series of
partly methyl-esterified HG were thereby generated and studied for their
interaction properties (HG/HG, HG/extensin). RG-I side-chains can be
specifically isolated by enzymatic means. The ability of isolated arabinan
and galactan chains to bind to cellulose was studied.

The impact of fine structural variability onto interaction properties will be
discussed.

L7

Marie-Christine Ralet
Agata Zykwinska
Marie-Jeanne Crépeau
Romain Valentin
Bernard Cathala
Jean-Francois Thibault

Marie-Christine Ralet

INRA, UR1268 Biopolyméres
Interactions Assemblages

Rue de la Géraudie¢re BP 71627
44316 Nantes Cedex 03, France
ralet@nantes.inra.fr

15



Cell wall remodelling in Saccharomyces cerevisiae
stressed cells

The Saccharomyces cerevisiae cell wall is a very dynamic structure
that needs to be remodelled during cell growth as well as in those
conditions in which cells are challenged with cell wall interfering
compounds. Under these circumstances, up-regulation of a particular
set of genes is triggered, leading to the remodelling of the cell wall
structure, a process necessary to ensure cell integrity. This response is
mainly regulated by the MAPK Slt2p/Mpklp, although we have
evidences that other MAPK, like the HOG pathway are also involved,
particularly under specific cell wall damage conditions.

One of the genes up-regulated in most of the cell wall stress
conditions so far studied is CRHI. This gene encodes for a
glycosyltransferase involved, together with its homolog CRH?2 in the
crosslinking between chitin and B-1,6 glucan as deduced from the fact
that chitin bound to B-1,6 glucan is completely absent in a double
mutant crhl crh2. Interestingly, stress conditions like a temperature
shift from 30°C to 38°C lead to an increase of the proportion of chitin
attached B-1,6 glucan. This process is dependent both on an increase
in the amount of Crhl synthesized by the cell and also on an
enhacement of the localization of these proteins to the cell surface.
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Ultrastructure of the yeast cell wall revealed by electron
microscopy

Electron microscope studies have revealed the structure of the yeast cell wall
and the processes involved in its formation. Thin sections of the yeast cell
wall show a three-layer structure with each layer having a different electron
density. The structure is composed of an inner network of glucans and an
outer fibrillar layer composed of mannoproteins. Ultra-high resolution and
low-voltage scanning electron microscopy (LVSEM) show that o-
galactomannan particles, which entirely cover the cell surface, prevent
visualization of the glucan network structure.

The fission yeast, Schizosacharomyces pombe, has B-1,3-, B-1,6-, and a-1,3-
glucans. An analysis of glucan synthase mutants has indicated that the -1,3-
and o-1,3-glucans are essential for the formation of the cell wall layered
structure and that each glucan plays a different role in this process. a-glucan
possibly acts in packing the inner network [1]. Immunoelectron microscopic
studies revealed that glucan localization differs in the septum [2-3]. During
septum formation, an electron-transparent, primary septum develops into the
cell membrane invagination, which is concentrically formed through the
construction of a contractile ring. After about two-thirds of the way through
this process, a secondary septum appears adjacent to the cell membrane on
both sides of the primary septum. Both B-1,3- and a-1,3-glucans affected
secondary septum formation; however, only the [-1,3-glucan synthase
mutant was defective in the early stage of the septum formation. The
materials for secondary septum formation were found to have already
accumulated before two-thirds of the process was complete. The shut-off
experiments with the B-1,3-glucan synthase encoded gene, bhgsl”, showed
that the shut-off cell had a delay in primary septum formation and no
detectable levels of linear B-1,3-glucan, which is located exclusively in the
primary septum. These results indicate that only B-1,3-glucan plays a vital
role in primary septum formation, and suggest that its synthesis is essential
for the progression of septum formation.

We succeeded in applying high-pressure freezing fixation and in developing
ultra-low temperature LVSEM and immunoelectron microscopy for the
molecular anatomic analysis of yeast [4-5]. Ultra-low temperature LVSEM
provided a three-dimensional view of the process of septum formation.
SDS-digested freeze fracture replica labeling showed that a-glucan synthase
is located on the cell membrane of the septum region during septum
formation. These results indicate that the cell membrane during new cell
wall synthesis is smooth and excludes the long invagination peculiar to
fission yeast. The novel immunoelectron microscopy method makes it
possible to visualize the ultrastructure of the cell and simultaneously detect
an antigen in one thin section. This method confirmed that Bgsl is in fact
located on the cell membrane of the septum and that it accumulates in the
electron dense area beneath the cell membrane, where the future site of
invagination first appears. These findings strongly suggest that $-1,3-glucan
is required for the initiation and progression of the septum. These analyses
allow us to propose an ultrastructure for the fission yeast cell wall during
septum formation.

[1] Konomi M, et al: Yeast 20 (2003) 427-438

[2] Humbel BM, Konomi M, et al: Yeast 18 (2001) 433-444

[3] Osumi M: Plant Morphol., 14 (2002) 54-67

[4] Osumi M, Konomi M, et al: J Electron Microsc., 55 (2006) 75-88

[5] Konomi M, et al: Plant Morphol., 12 (2000) 20-31
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Atomic force microscopy of the structure of plant cell
walls and plant cell wall polysaccharides.

Atomic Force Microscopy (AFM) provides a method for visualising
biopolymers and their interactions [http://www.ifr.ac.uk/spm/]. The
technique can be used to image wet plant cell walls and isolated plant cell
wall polysaccharides. The use of AFM allows visualisation of the cellulose
networks within the plant cell wall. The dynamic motion of the non-cellulose
components make them difficult to visualise directly and it is only possible
to infer their role from their effects on the cellulose network. However, after
extraction from the cell wall it is possible to visualise and characterise cell
wall components such as carrageenans, arabinoxylans and pectin. Direct
visualisation of molecules allows characterisation of the heterogeneity of the
polysaccharides. For extracts such as arabinoxylans and pectin the use of
AFM has revealed unexpected branching of the polysaccharides. AFM also
provides a means of visualising and characterising protein-carbohydrate
interactions. This approach can be adapted to probe the chemical
heterogeneity of polysaccharides or, through characterising the nature of
protein-carbohydrate interactions, to explain functional behaviour of the
polysaccharides.
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Carbohydrate-active enzymes in fungal and plant
genomes

We have named Carbohydrate-active enzymes (CAZymes) the enzymes that
built (glycosyltransferases) and cleave (glycoside hydrolases, polysaccharide
lyases) glycosidic bonds. As such these enzymes play a pivotal role in the
biosynthesis and expansion of the plant and fungal cell walls and the
degradation of plant polysaccharides by fungal enzymes represents a
promising route for the production of second generation biofuels.

The functional annotation of CAZymes in genomes is challenging for non-
specialist, due to the varying modularity of these enzymes and the grouping
of enzymes with different substrate specificity in the same sequence-based
families. Many errors are therefore created by automated functional
annotation pipelines with their consequent accumulation and propagation in
public databases. Over the last 15 years we have developed the
Carbohydrate-active enzymes database (CAZy;
http://www.cazy.org/CAZY/), a dedicated family classification system that
correlate with the structure and molecular mechanism of CAZymes. Over
280 families of catalytic and ancillary modules are presented online and
correspond to more than 60,000 non-redundant entries (February 2007).
Although the CAZy classification is widely used by the scientific
community, it is more rarely by genome consortia. To improve the situation,
we develop tools for unambiguous and high-throughput modular and
functional annotation of CAZymes in sequences issued from genomic
efforts. We then use these improved and uniformly annotated data sets for
comparative genomics. We will present our recent results during our search
for CAZyme-encoding genes in the genomes of plants and in fungi.

L 11

Bernard Henrissat

Bernard Henrissat

Architecture et Fonction des
Macromolécules Biologiques,
UMRG6098, Centre National de la
Recherche Scientifique, Université
de la Méditerranée, Université de
Provence, Case 932, 163 Avenue
de Luminy, 13288 Marseille,
France
bernard.henrissat@afmb.univ-
mrs.fr

19



Cellulose and (1—3)--D-Glucan Biosynthesis in Plants
and Oomycetes

Cellulose biosynthesis is one of the most important biochemical processes in
plant biology. Callose ((1—3)-B-D-glucan) synthesis is also of great
importance as it is essential for normal plant development and plays a major
role in the plant defence response to various stresses. These processes are
however not well understood despite the identification in several plants of
genes that code for the catalytic subunits of the cellulose and callose
synthases and for other proteins potentially associated to the enzyme
complexes. Cellulose and (1—3)-B-D-glucan synthases also play a central
role in such vital processes as the morphogenesis and growth of Oomycetes,
which comprise pathogenic species responsible for severe environmental and
economical damages. As for the plant enzymes, the proteins associated to the
Oomycete glucan synthase complexes and their corresponding mechanisms
are not well characterized.

This presentation will compare our latest results on the cellulose and (1—3)-
B-D-glucan synthases from poplar cell suspension cultures and the Oomycete
Saprolegnia monoica. In particular, the significance of our recent discovery
that cellulose and (1—3)-B-D-glucan synthases of both organisms are located
in so-called plasma membrane microdomains or lipid rafts will be discussed.
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Biosynthesis and regulation of cell wall B-glucans in
plants

Plant cell walls are of fundamental importance in both plant growth and
development and in biotechnology. Understanding the biosynthesis,
interactions and regulation of the major wall components, the
polysaccharides (>90% w/w), has been a major goal of plant biologists.
B-glucan homopolymers are a major group of wall polysaccharides and
include (1,3)-B-glucans (callose), (1,4)-B-glucans (cellulose) and (1,3;1,4)-B-
glucans (mixed linkage glucans; MLGs). Cellulose is the ubiquitous
microfibrillar component of all higher plant walls; callose is only a
component of walls of certain specialised tissues and of plasmodesmatal
plugs but is most often associated with wounding responses; the MLGs are a
characteristic feature of the commelinoid monocotyledon group of land
plants (eg. grasses).

A number of genes putatively encoding processive polysaccharide synthases
have been identified based on their similarity to microbial and fungal genes.
These include the Ces4 (CESA) genes known to encode cellulose synthases,
the cellulose synthase-like (CSL) genes suggested to encode both cellulose
synthases and the synthases that make the backbones of various non-
cellulosic polysaccharides and the glucan synthase-like (GSL) genes
proposed to be involved in callose biosynthesis (for a review see Farrokhi et
al., 2006, PBJ 4, 145-167). The latter group, the GSL genes, were identified
on the basis of similarities to the fungal FKS genes. We will report on (1) the
molecular and biochemical characterisation of a callose synthase from pollen
tubes and its relatedness to the fungal FKS genes, and (2) the molecular
evidence for participation of the Cs/F genes in MLG synthesis in the grasses
(Burton et al., 2006, Science 311, 1940-1942).
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Essential functions in septum and cell wall construction
of the Bgs family of (1,3)B-D-glucan synthase catalytic
subunits from Schizosaccharomyces pombe.

In fungal cells, cytokinesis requires coordinated contraction of an
actomyosin ring and synthesis of plasmatic membrane, both processes
common to animal cells, and synthesis of a septum structure that will
constitute the cell wall of the new end. The (1,3)B-D-glucan is the main
structural polysaccharide of the fission yeast cell wall. Schizosaccharomyces
pombe contains four putative (1,3)B-D-glucan synthase (GS) -catalytic
subunits, Bgs1p-4p that share high identity among them and with fungi and
plant Fks homologues. All four Bgs proteins are essential for the cell; Bgs2p
for a sporulation-specific GS activity whilst Bgslp, Bgs3p and Bgsdp are
needed for vegetative cells. Our group is interested in the study of Bgs1lp and
Bgs4p, the two main subunits involved in the synthesis of the different cell
wall (1,3)B-D-glucans.

Bgslp and Bgsd4p localize to every place of cell wall synthesis and
remodelling, either during the vegetative cycle or during sexual
differentiation. hgs4  shut-off produces a dramatic GS reduction, which is
accompanied by cell lysis at poles and mainly at the septum. TEM analysis
of bgs4" shut-off cells shows absence of secondary septum and an excess of
lateral cell wall degradation before cell separation, which will eventually
lead to cell lysis. These data show that Bgs4p is the main subunit involved in
GS activity, in secondary septum synthesis and in cell integrity maintenance
during both cytokinesis and polarized growth.

bgsl” was identified from mutants defective in cytokinesis, suggesting its
involvement in septum synthesis. We have found the Bgslp function by
analyzing the lethal phenotype of bgsl” shut-off and bgsIA cells. bgsl"
shut-off produces multiseptated and branched cells that ultimately will die.
TEM and IEM analyses show strong defects on primary septum and linear
(1,3)B-D-glucan (LBG) synthesis. Bgslp is essential but the bgs/A spores
can germinate, and the bgs/A cells are able to make complete septa in which
Calcofluor white staining, primary septum and LBG are absent. These data
demonstrate that Bgslp and primary septum are not necessary for medial
ring constriction and septum formation but are needed for cell separation and
viability. We show that Bgslp is the only subunit responsible for the LBG
synthesis which in turn is the polysaccharide responsible for the primary
septum structure. This presents strong similarities with plant cytokinesis,
both using a Bgs homologue (callose synthase) to synthesize a similar
primary septum (cell plate) of LBG (callose) by two different septation
mechanisms. In addition, these results reveal an evolutionarily convergent
strategy in yeast cells by which a different single synthase has specialized in
the primary septum chitin (Chs2p, budding yeast) or LBG (Bgslp, fission
yeast) synthesis, thus separating it from the rest of cell wall synthesis and
ensuring that cell integrity will be preserved during cell separation.
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Identification and characterization of plant cell wall
mutants using a hydrolase screen

In the cell walls of higher plants crystalline cellulose microfibrils are linked
non-covalently by hemicelluloses forming a network that is responsible for
the structural integrity of the cell and whose metabolism plays a major role
in cell elongation. The major hemicellulose in those walls is xyloglucan, a
beta-1,4 linked glucan that is substituted with xylosyl-residues and
dependent on the plant species and tissue contains additional galactosyl-,
fucosyl- and/or arabinosyl substituents.

Forward and reverse genetic approaches have been instrumental in the
discovery of numerous enzymes involved in the biosynthesis of xyloglucan.
However, many more factors influencing the metabolism of xyloglucan
remain to be discovered. Therefore, a mutagenized Arabidopsis population
was screened for mutants with altered xyloglucan structures. For this
purpose two methods involving xyloglucanases were employed.

For the first method, wall material was subjected to oligosaccharide mass
profiling (OLIMP), a method based on enzymatic release of oligosaccharides
facilitating the xyloglucanase and subsequent analysis of resulting
solubilized oligosaccharide mixture with MALDI-TOF mass spectrometry.
OLIMP attributes include high sensitivity and short analysis time. Analysis
of ~16,000 Arabidopsis mutants with OLIMP yielded 62 altered xyloglucan
(axy) mutants that could be classified into 11 groups (axyl-axyll) based on
distinct structural features.

For the second method Arabidopsis mutant seedlings were grown in liquid
culture in the presence of exogenously added recombinant xyloglucanase.
Wildtype plants exhibit a distinct morphological growth phenotype, i.e.
dwarfed plants with crippled cotyledons. However, the identified (xeg)
mutants were selected due to their alteration in the visual growth phenotype.
Wall analysis of these mutants confirmed that they are indeed xyloglucan
mutants.

Taken together axy and xeg mutants exhibit a whole range of defined
structural xyloglucan alterations presenting the unique opportunity to
connect metabolic pathways to structural features to functional properties.
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Glycoside hydrolases and glucanosyl transferases in
Schizosaccharomyces pombe

The S. pombe cell wall is composed of a-1,3-glucan, B-glucan (linear p-1,3-
glucan, B-1,6-glucan and PB-1,6-glucan-branched p-1,3-glucan) and a-
galactomannans. The nascent [B-1,3-glucan chains remain soluble until
covalent linkages to other components of the cell wall are created by
different transglycosidase enzymes. We have analyzed the role of proteins
from GH families 5 and 72 during the life cycle of fission yeasts.

In S. cerevisiae, C. albicans and Aspergillus proteins from family GH72
(Gas, Phr and Gel) have been shown to have B-1,3-glucanosyl transferase
activity and all of them are attached to the membrane trough a glycosil-
phosphatydilinositol (GPI). A search of the S. pombe genome for proteins
with sequence similarity to S. cerevisiae Gasl indicated the existence of four
proteins from this family. Three of them (gasl, gas? and gas5) are
periodically expressed during the cell cycle, while expression of the fourth
(gas4) is strongly induced during sporulation. gas4A mutants undergo
normal meiosis but they fail to form mature spores. Gas4 localizes to the
forespore membrane and it is essential for the formation of the sporulation-
specific cell wall and for germination of the spores. During vegetative
growth gas] seems to be an essential gene, while mutants lacking gas2 had
no apparent phenotype and gas5A mutants showed thicker cell walls during
growth at high temperatures. Using GFP fusions, the proteins have localized
to the plasma membrane. The proteins have been expressed in Pichia and the
activity has been analyzed in vitro. They also have [-1,3-glucanosyl
transferase activity, but the main products of the reaction are different.

S. pombe contains also three proteins from family GHS, named Exgl, Exg2
and Exg3. These genes are differentially expressed during the vegetative
cycle, since exgl expression periodically oscillates while exg2 and exg3 do
not show any variations. In addition, exg? is induced during the sporulation
process. We have found that these proteins have a different fate in the cell,
since Exgl is secreted to the cell wall and culture medium, Exg2 is a
transmembrane protein and Exg3 remains in the cytoplasm. In contrast to
other members of this family in S. cerevisiae, the S. pombe Exg proteins are
only active against -1,6-glucans. Detailed characterization of the activity of
Exgl expressed and purified in Pichia indicated that this protein is an endo-
B-1,6-glucanase.
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Discrete functional roles for cellulose synthase A (CESA)
genes during pollen maturation and root development

Cellulose production during primary cell wall formation in plants is
mediated through a cellulose synthase rosette complex, localized to the
plasma membrane. This complex is constituted by three individual cellulose
synthase subunits which correspond to CESA1, 3 and 6 in Arabidopsis
thaliana. Mutations in genes corresponding to two cellulose synthase
subunits, CESA1 and 6, result in embryo lethality and in aberrant cell shapes
and tissue swelling, respectively. We show that mutation in the third CESA
gene, CESA3, cause pollen deformation and sterility. Expression and
phylogenetic analyses further reveal that CESA2 is likely to execute
CESAG6-like functions in the cesa6 mutants. Double mutant analyses
between cesa2-1 and prcl-1 show that CESA2 and 6 are indeed functionally
redundant.

In addition, disruption of CESA6-like functions by cesa2 cesa6 cesa9 triple
mutant analyses result in pollen deformation and male sterility, suggesting
that the primary cellulose synthase complex is necessary for pollen
maturation. Complementation of the prcl-1 mutant using a CESA2 cDNA
under the control of the CESA6 promoter further reveal that the functional
redundancy between the two subunits is not absolute.
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Pectin Synthesis

The complex family of plant polysaccharides known as pectin comprises
between 10-30% of plant primary walls and roughly 2-5% of secondary
walls. The pectic polysaccharides, identified as polymers containing 1,4-
linked alpha-D-galacturonic  acid (GalA), consist largely of
homogalacturonan (HG), rhamnogalacturonan I (RG-I) and the substituted
galacturonan RG-II. Arabidopsis galacturonosyltransferase 1 (GAUT1) is a
Golgi-localized pectin biosynthetic alpha-1,4-galacturonosyltransferase
(GalAT) that catalyzes the transfer of GalA from UDP-GalA onto HG (1). It
is the only functionally proven HG:GalAT identified to date. GAUT]1 is part
of a 25 member gene superfamily, the GAUT1-related gene family, which
consists of three evolutionarily-related clades of 15 GAUT genes and 10
GAUT-like (GATL) genes. Although some family members show
preferential  transcript expression in specific tissues, suggesting
developmental regulation of particular family members, most family
members are expressed in most tissues, suggesting either redundant function
within a given tissue or specific function in the synthesis of unique wall
polymers. Multiple family members have been localized to the Golgi,
consistent with sequence analyses indicating that 11 GAUT genes encode
proteins with single predicted transmembrane domains near their N-termini
and with predicted type II membrane protein topology. However, the GATL
genes and 3 GAUT genes have only signal peptides, leading us to propose
that at least some GAUT/GATLs without transmembrane domains may
reside in the Golgi by association with Golgi-localized protein complexes
that contain at least one membrane-bound subunit. Our recent biochemical
studies indicate that GAUT1 can associate in a protein complex with at least
one other GAUT in Arabidopsis detergent-solubilized protein extracts (2).
Analyses of cell walls from multiple GAUT and GATL mutants reveals
changes in the amounts of diverse wall polymers including pectin and xylan
(3,4). In summary, based on the proven function of GAUTI, the highly
conserved sequence similarity of the proposed catalytic domains of the
Arabidopsis GAUT1-related gene family members, the available cell wall
composition data on diverse family mutants, and knowledge of fine scale
wall polymer structure (5), we propose that the GAUT1-related gene family
encodes GalATs involved in the synthesis of pectin, xylan and other GalA-
containing wall polymers.

1. Sterling et al. (2006) Proc. Natl. Acad. Sci. USA 103: 5236-5241
2. Atmodjo and Mohnen, unpublished.

3. Persson et al. (2007) The Plant Cell (in press).

4. Caffall et al. (in preparation)

5. Pena et al., (2007) The Plant Cell (in press)
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Carbohydrate synthesis in the Arabidopsis secondary
cell wall

The secondary cell wall is deposited once plant cells have commenced
growing and usually involves the synthesis of a thick wall composed of a
high proportion of cellulose, lignin and other matrix polysaccharides. It is
responsible for the mechanical properties associated with woody material.
Mutants in the secondary cell wall are characterised by a collapse of the
water conducting, xylem vessels. These mutants, named irx (irregular
xylem) have allowed use to identify several genes involved in cellulose
synthesis. This is included three putative catalytic subunits IRX1, IRX3 and
IRX5 (AtCesA4, 7, 8). These genes have been used in epitope tagging
experiments to probe the structure and organisation of the cellulose synthase
complex and also in microarray experiments to identify new genes involved
in secondary cell wall biosynthesis. This approach has yielded an additional
7 irx mutants. At least five of these mutants appear to be involved in
synthesising xylan, the major matrix polysaccharide of the secondary cell
wall. The talk will present progress in understanding the structure of the
cellulose synthase complex and identifying function of genes expressed
during secondary cell wall biosynthesis.

L 19

Simon Turner
David Brown
Raymond Wightman

Simon Turner

University of Manchester, Faculty
of Life Science, 3.614 Stopford
Building, Oxford Road,
Manchester, UK
Simon.turner@manchester.ac.uk

27



Molecular analysis of chitin metabolism in Candida
albicans

Chitin represents a minor component of the fungal cell wall but is essential
for viability especially under conditions of cell wall damage. In the human
fungal pathogen C. albicans chitin is synthesised by four chitin synthases
Chsl, 2, 3 & 8. We have studied the role and the regulation of each Chs.
We have shown using promoter-LacZ fusions that each chitin synthase gene
has a distinct pattern of transcriptional regulation and that each CHS
promoter responds to exogenous calcium and treatment with the
echinocandin class of antifungal drugs. Increased expression under these
conditions resulted in increased chitin synthase activity in vitro, elevated cell
wall chitin and consequently some level of protection from echinocandins.
The spatial regulation of Chs has been examined by generating YFP-tagged
versions. Chs3p and Chs8p are localised at the mother-bud neck prior to
septation and cytokinesis and Chs3p is targeted to growing tips of hyphae
and sites of bud growth. In agreement with distinct localisation patterns for
the Chs we have demonstrated by shadow-cast TEM that chitin synthase
isoenzymes generate fibrils that differ in appearance. Chs3p synthesises
short stubby rodlets in the yeast and hyphal lateral wall, and Chs8p generates
longer interlaced fibrils in the cell wall. Although there have been advances
in our understanding of chitin synthesis at the molecular level little is known
about how chitin is assembled in the wall and how it is modified after
synthesis. For example, chitin chains may be modulated by the controlled
action of chitinases and by deactylation to chitosan. A potential chitin
deacetylase gene, CDA2, has been identified in the C. albicans genome and
is expressed under laboratory conditions. The role of CDA?2 in the cell wall
structure, morphology and virulence of Candida albicans is under
investigation. The transcriptome of chitin synthase mutants has been
analysed using DNA microarrays. In contrast to inhibition of glucan
synthesis or deletion of a number of other important cell wall synthesising
genes disruption of chitin synthase genes does not activate the cell wall
salvage signalling pathways. Therefore chitin is essential in C. albicans and
this fungus apparently cannot compensate for loss of chitin in the cell wall.
Therefore chitin synthesis remains an attractive yet undeveloped antifungal
target.
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Chitin synthase III requires Chs4p-dependent
translocation of Chs3p into the plasma membrane

Chitin is a minor but essential polymer in the cell wall of most fungi. It acts
as a sort of scaffold for the rest of components of this structure. Chitin is
made by a family of enzymes called generically Chitin synthases, whose
members varied significantly between fungal species. In yeast, most chitin is
formed by Chitin synthase III (CSIII), an enzymatic activity whose catalytic
subunit is Chs3p, a Class IV enzyme.

Chs3p is a polytopic protein that becomes active at the Plasma membrane
(PM). During vegetative growth it accumulates at the neck region
synthesizing the chitin ring that support septum formation during cell
division. The characterization of mutants lacking the chitin ring allowed the
identification of several proteins required for CSIII activity in yeast. Most of
these proteins are required for proper intracellular traffic of Chs3p to the
PM, although the final steps of this traffic are poorly unknown.

In this work we will present the characterization of Chs4p, a protein
originally described as an activator of CSIII, but whose molecular function is
unknown. We will show that in the absence of Chs4p, Chs3p fails to localize
in the PM, accumulating in intracellular vesicles. Such accumulation is
dependent on endocytosis since a blockade in endocytosis maintains Chs3p
in the PM independently of Chsdp. Clearly, Chs4p is required for Chs3p
stabilization at the PM, rather than for its delivery. Interestingly, CSIII is not
functional in the chs4A mutant even after the endocytosis blockade,
indicating that in the absence of Chs4p, Chs3p does not achieve a functional
state albeit its insertion in the PM.

Endocytosis appears to be a major way of regulating CSIII activity in yeast.
A blockade in this process triggers a significant increase in CSIII and chitin
levels. This increase is linked to a redistribution of Chs3p along the PM that
promotes chitin synthesis along the cell surface. Immediately after
endocytosis blockade, Chs3p redistribute from the neck, a clear indication
that the endocytic turnover of Chs3p is a key element in maintaining Chs3p
localization at the neck for the formation of the chitin ring. The
characterization of several Chs4p mutants during the endocytic blockade
suggests that once CSIII becomes activated upon Chs3p/Chs4p interaction, it
remains active independently of Chs4p.

These data, taken together, support a model in which Chs4p interaction to
Chs3p promotes a posttranslational modification of the later that activates its
catalytic site, stabilizating also the protein at the PM. We will analyze the
most plausible model for this modification while we will also discuss its
hypothetical role in the regulation of other related Chitin synthases.
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A novel dual-radiolabelling approach to studying the
competing pathways of NDP-sugar biosynthesis in vivo

Cell wall polysaccharide biosynthesis often represents the plant’s principal
anabolic activity. Astonishingly, however, the metabolic pathways involved
remain controversial. Wall polysaccharide biosynthesis is catalysed by
membrane-bound glycosyltransferases using cytosolic sugar-nucleotides
such as UDP-glucose — where necessary transported into, and further
metabolised within, the Golgi lumen. Proposed routes of sugar-nucleotide
production include several ‘competing’ pathways. For example, UDP-GIcA
could be produced either by UDP-Glc dehydrogenation or from Glc-6-P via
the myo-inositol pathway. Patterns of gene expression suggest when and
where the enzymes of these pathways may be present; and immunological or
enzymic assays sometimes support such suggestions. However, an enzyme’s
mere presence (let alone its mRNA’s presence) does not guarantee that it
actually fulfils any metabolic role in vivo.

Mutational studies may fail to distinguish between competing pathways
because plants often circumvent genetic blocks by shunting substrates
through ‘reserve’ pathways. Likewise, in-vivo feeding of pathway-specific
radiolabelled intermediates does not reliably identify the predominating
pathway. For example, feeding of exogenous myo-[*H]Jinositol causes radio-
labelling of GalA, Ara and Xyl residues. However, this establishes only that
the myo-inositol pathway can operate (perhaps opportunistically, scavenging
any occasionally surplus inositol), not that it normally does operate.

We are exploring a dual-radiolabelling methodology with cultured Arabid-
opsis cells to which two pathway-nonspecific radiolabelled intermediates are
simultaneously fed: [1-’H]galactose and [U-'*C]fructose. The two radio-
isotopes thereby infiltrate the metabolic landscape from opposite ends of the
following reversible, cytosolic ‘core pathway’ of intermediates:

Fru-6-P & Glc-6-P <> Glc-1-P <> UDP-Glc <> UDP-Gal < Gal-1-P.
Each cytosolic ‘core metabolite’ gets a unique *H:'*C ratio. Products stem-
ming from a given core metabolite will inherit the same *H:'*C ratio as that
core metabolite (if downstream reactions do not cause loss of *H or '*C).

By this method, we found that the ‘core metabolite’ giving rise to polymer-
bound GalA residues was UDP-Glc, not Glc-6-P or UDP-Gal. Therefore,
postulated pathways involving myo-inositol oxidation or UDP-Gal
dehydrogenation were not predominant in these cells. The in-vivo favoured
pathway is thus UDP-Glc — UDP-GlcA — UDP-GalA.

The core metabolite from which polymer-bound Man and Fuc residues arose
was Fru-6-P, not Glc-1-P. Therefore, a proposed pathway involving GDP-
Glc —» GDP-Man epimerisation was not predominant in these cells. The in-
vivo favoured pathway is thus Fru-6-P — Man-6-P — Man-1-P —» GDP-
Man — GDP-Fuc.

Our approach should be generally applicable to diverse cell-types and to
additional pathways.

Funded by the European Union ‘COPOL’ project.
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Functional Dissection of the Chitin Synthase System for
the Growth and Morphogenesis of Aspergillus nidulans

Chitin is one of the major cell wall components in most filamentous
fungi.Chitin synthases catalyze the polymerization of N-acetyl-D -
glucosamine (GIcNAc) using UDP-GIcNAc as a substrate. Recent analyses
of genome sequences in many filamentous fungi demonstrate that there are
several genes that encode chitin synthases (c/s genes) in each fungus.
Aspergillus nidulans is ascomycete filamentous fungus and is used as one of
the model organism in many filamentous fungi. We have cloned six chs
genes from A. nidulans and analyzed their roles in hyphal tip growth and
morphogenesis (reviewed in references 1 and 2). These are, chsd, chsB,
chsC, chsD, csmA, and csmB, and their gene products belong to classes 1,
IIL I, IV, V, and VI, respectively.

chsB-deletion mutants formed very small colonies with many hyphal
branches, suggesting that cisB plays an important role in hyphal tip growth.
Deletions of chsC and/or chsD did not cause any defects. Deletion of chsA
caused slight reduction of conidiation efficiency. In contrast, chsA and chsC
double deletion mutants showed pleiotropic defects in asexual and sexual
developments and growth sensitivity to various reagents. These results
suggest that chsA4 and chsC have overlapping functions in these processes.
csmA and csmB encode the proteins consisting of a myosin-motor like
domain at their N-termini and a chitin synthase domain at their C-termini.
csmA deletion mutants showed growth sensitivity to hypo-osmotic stress and
formed swollen hyphae and intrahyphal hyphae. These phenotypic defects
were also observed in csmB deletion mutants. Deletions of both csmA and
csmB caused synthetic lethality. Overexpression of csmA could not suppress
the defects of the csmB deletion mutant and overexpression of csmB could
not suppress those of the csmA deletion mutant. These results suggest that
although csmA and csmB have some overlapping functions, they have
different functions in hyphal growth.

The localizations of chs gene products were investigated by using epitope-
tagged chitin synthases. HA-ChsA mainly localized at forming septa, while
FLAG-ChsB, FLAG-ChsC, CsmA-HA, and CsmB-FLAG localized
primarily at hyphal tips and forming septa. To investigate the movement of
chitin synthase in living hyphae, we analyzed it using EGFP-ChsB and
found that it moved from the outer rim to the center of septation sites during
septum development.

These results suggest that chitin synthesis in hyphal growth and septum
formation is a complex process and several chitin synthases function in it

References

1) Ichinomiya, M., Ohta, A., and Horiuchi, H. (2005). Curr. Genet. 48: 171-
183.

2) Takeshita, N., Yamashita, S., Ohta, A., and Horiuchi, H. (2006). Mol.
Microbiol. 59:1380-1394.
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Characterization of yeast mutants with a defect in cell L 24
surface structure and their application to various fields

- Saccharomyces cerevisiae Mutant Displaying p-Glucans

on Cell Surface

Understanding the structure and the biosynthesis of the fungal cell wall —Masayuki Azuma

should contribute to developments in various fields, such as development of
medicine and food, environmental improvement. To be concrete, the cell

wall of Saccharomyces cerevisiae attracts attention at next points. Masayuki Azuma
1. Screening of new antifungal agents that target the cell wall Dept. of Applied Chemistry and
2. Applicat.ion of the cell wall B-glucans that have the ability to stimulate gﬁiﬁféesezfo%l of Engineering,
the human immune systen} . _ Osaka City University,
3. Cell-surface engineering (cell-surface display of a new catalytic  Sugimoto 3-3-138, Sumiyoshi-ku,
function for the use as a Osaka 558-8585, Japan
biocatalyst) azuma(@bioa.eng.osaka-cu.ac.jp

4. Separation of cells from culture broth using cell flocculation in the

brewing industry

5. Application of the cell wall components as a food coating agent
It is thought that there are suitable cell wall mutants in each field mentioned
above, and our group pushes forward examination to apply S. cerevisiae cell
wall mutants to those fields. Here I will introduce a mutant displaying f-
glucans on cell surface.

The S. cerevisiae cell wall is composed of mannoproteins, -1,3-glucan, p-
1,6-glucan, and chitin. Normally cells have the most outer layer consisting
of mannoproteins, and an exposure of B-glucans on cell surface is not
observed. Glycosylphosphatidylinositol ~ (GPI) anchor connects
mannoproteins to B-glucans and chitin.  Most proteins involved in the
synthesis of the GPI core structure are essential for growth. Before we
screened deletion mutants in genes involved in GPI synthesis for osmotic
remedial growth to explore the relationship between the GPI anchor structure
and B-1,6-glucan synthesis. Heterozygous diploid strains were dissected on
medium with osmotic support, and slow growth of the mcd4 deletion mutant
(mcd4A) was observed (1). It is known that Mcd4p (morphogenesis
checkpoint dependent) are involved in adding phosphoethanolamine (EtN-P)
to the mannose chain of the GPI core structure, and recently Zhu et al.
reported that the EtN-P is required for the transport of GPI proteins from ER
to Golgi. We examined characterization of mcd4A. mcd4A showed
abnormal morphology and cell aggregation, and was hypersensitive to SDS,
hygromycin B and K1 killer toxin. The mutation also caused a decrease in
mannan levels and an increase in alkali-insoluble B-1,6-glucan and chitin
levels in the cell wall. Cell surface of mcd4A was clearly different from that
of WT from SEM images. These results suggested that mcd4A displays B-
glucans on cell surface without a mannan cover.

There have been several reports on the physiological function
(immunomodulating effects) of B-glucans extracted from S. cerevisiae.
Zymosan, which is a cell wall preparation containing -glucans and mannan,
activates macrophages and stimulates the secretion of inflammatory
products, such as tumor necrosis factor-a (TNF-a)). B-Glucan particles also
induce the production of TNF-a and interleukin-1f via the stimulation of
human monocyte pB-glucan receptors. Therefore, we expected that mcd4A
cells displaying B-glucans on cell surface activate macrophage and examined
the effect of contact in vitro between mcd4A cells and mouse macrophages.
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As a result mcd4A cells strongly activated macrophages and stimulated the
TNF-a secretion compared with WT cells. We further examined the effect
of intraperitoneal ethanol-fixed mcd4A cells on the survival period of mice
infected with Candida albicans. mcd4A cells tended to prolong the survival
period compared with WT cells, implying that mcd4A cells may enhance the
immune function of mice via macrophage activation (2). Moreover, we
examined the structures of B-glucans extracted from mcd4A with NMR. The
structures of the B-glucans from mcd4A differed from those of WT; however,
there was no difference in TNF-a secretion level from macrophages between
B-glucans from mcd4A and those from WT. mcd4A may be a superior strain
for the preparation of B-glucans because the yield of purified B-glucans
obtained from dry cells of mcd4A was higher than that obtained from dry
cells of WT (2). However, the growth rate of mcd4A cells is very slow. By
solving the problem of the growth rate, in the future, the day intact yeasts
displaying B-glucans on cell surface are available in the food industry could
come.

(1) Maneesri et al., J. Biosci. Bioeng., 99, pp. 354-360 (2005)
(2) Sakai et al., J. Biosci. Bioeng., 103, in press (2007)
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Golgi apparatus proteomics to study enzymes of
polysaccharide synthesis.

The plant Golgi apparatus is specialized for glycosylation reactions. Many
plant cell wall polysaccharides and proteoglycans are synthesized here by a
largely unknown set of enzymes. These cell wall components are then
trafficked in vesicles to the cell surface. To discover proteins involved in the
synthesis of these glycans and in their sorting to the plasma membrane, we
are analyzing the protein composition of the Golgi apparatus. The premise is
that the major Golgi proteins will carry out the synthesis of the most
abundant cell wall polysaccharides. We have developed LOPIT
(Localization of Organelle Proteins by Isotope Tagging), a new proteomic
tool for high-throughput membrane protein localization. Organelles are
partially separated using centrifugation. Proteins from the same organelle co-
fractionate and therefore exhibit similar distributions in density gradients.
Protein distributions can be determined through use of isotope-coded affinity
tags to enable relative quantitation of protein levels by mass spectrometry.
Novel proteins are then localized by using multivariate data analysis
techniques to match their distributions to those of proteins that are known to
reside in specific organelles. Using LOPIT we have identified putative
glycosyltransferases, transporters and other novel proteins in the Golgi
apparatus in Arabidopsis. We are studying mutants in these enzymes using
the enzymatic polysaccharide profiling technique PACE, which reveals
structure and quantity of oligosaccharides released by cell wall digestion. To
gain further knowledge on the pathways of synthesis, we developing further
proteomic approaches to identify protein complexes, called ProCoDeS. We
believe that understanding both localization and complex formation will help
in prioritization of experiments to study enzyme function.

Goubet F, P Jackson, M Deery and P Dupree (2002) Polysaccharide
Analysis using Carbohydrate gel Electrophoresis (PACE): a method to study
plant cell wall polysaccharides and polysaccharide hydrolases. Analytical
Biochemistry, 300, 53-68

Dunkley TP, Hester S, Shadforth IP, Runions J, Weimar T, Hanton SL,
Griffin JL, Bessant C, Brandizzi F, Hawes C, Watson RB, Dupree P, Lilley
KS. (2006) Mapping the Arabidopsis organelle proteome. PNAS 103, 6518-
652

Hartman NT, Sicilia F, Lilley KS and P Dupree (2007) Proteomic Complex
Detection using Sedimentation (ProCoDeS). Analytical. Chemistry, in press
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Structure-Function Studies of Xyloglucan
Transglycosylases/Hydrolases

In higher plants, molecular interactions between wall polysaccharides,
including cellulose and non-cellulosic polysaccharides such as xyloglucans
and (1,3;1,4)B-D-glucans, are fundamental to wall properties.  The
interactions have been generally assumed to be non-covalent in nature. We
have purified a barley xyloglucan xyloglucosyl transferase HvXETS (EC
2.4.1.207), a member of the GH16 group of glycoside hydrolases, which
catalyses the formation of covalent linkages between xyloglucans and
cellulosic substrates, and between xyloglucans and (1,3;1,4)pB-D-glucans.
The rate of covalent bond formation catalyzed by HvXETS with
hydroxyethylcellulose (HEC)D-glucan is slower.  Mass spectrometric
analyses show that oligosaccharides released from a fluorescent
HEC:xyloglucan conjugate -D-glucan endohydrolase consist of xyloglucan
substrate with glucosyl residues attached.  Ancillary peaks contain
hydroxyethyl substituents and confirm that the parent material consisted of
HEC covalently linked with xyloglucan. Similarly, pD-glucan:xyloglucan
conjugate -D-glucan endohydrolase reveals the presence of a series of
fluorescent oligosaccharides that consist of the fluorescent xyloglucan
acceptor substrate linked covalently with glucosyl residues. These findings
raise the possibility that XETs might link different polysaccharides in vivo,
and hence influence cell wall strength, flexibility and porosity.
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Cell wall integrity checkpoint that monitors cell wall

remodeling in Saccharomyces cerevisiae

Cell wall remodeling and cell morphogenesis are
tightly coordinated with progression of the cell cycle in many
organisms. In the budding yeast, Saccharomyces cerevisiae, a
major cell wall component, 1,3p3-glucan is synthesized at the
budding site in the early stage of the cell cycle, and constructed
in the primary septum before cytokinesis. Yeast possesses both
forward and feedback system to achieve temporal and spatial
regulation of cell wall construction, Forward system is
composed of a cell cycle dependent morphological pathway that
is regulated by small GTPase, Rholp (1,2). In addition, the
feedback regulatory system, called cell wall integrity
checkpoint was recently studied and characterized in our
laboratory (3).

We found that yeast cells stop growing at the
specific stage of the cell cycle after perturbation of 1,33-glucan
synthesis. These cells arrest with post-replicative DNA but
quite low level of Clb2p, and without forming bipolar spindles.
wacl (wall-checkpoint defective) mutation that abolishes this
arrest causes the accumulation of Clb2p and CLB2 mRNA and
leads to formation of bipolar spindles despite 1,3--glucan-
synthesis perturbation. Cell wall defects caused by the
temperature-sensitive mutation of a putative mannosidase
(dfg5) also cause the cells to arrest in the cell cycle before the
separation of the spindle pole bodies and the formation of a
spindle (4). These results indicate the existence of a novel cell
cycle checkpoint to coordinate entry into mitosis, and suggest
that Waclp is required to achieve this checkpoint function
through a transcriptional regulation of CLB2. We revealed that
WACI is identical with ARPI (actin-related protein). Arplp,
Nip100p and Jnmlp, which are components of the dynactin
complex, are all required to achieve the G2 arrest while keeping
cells highly viable. These results imply that the dynactin
complex has a regulatory role in the novel checkpoint to
monitor cell wall remodeling. In this meeting we report our
recent findings on the mechanism of the cell wall integrity
checkpoint and discuss about implication of cell wall integrity
checkpoint in yeast cell cycle regulation.

References:

1) Sekiya, -K. M., Abe, M., Saka, A., Watanabe, D., Kono, K.,
Minemura, M., Watanabe, T., Ohya, Y. Genetics 162:663-76
(2002)

2) Yoshida, S., Kono, K., Lowery, D.M., Bartolini, S., Yaffe,
M., Ohya, Y., Pellman, D. Science 313:108-111 (2006)

3) Suzuki, M., Igarashi, R., Sekiya, M., Utsugi, T., Morishita,
S., Yukawa, M. Ohya, Y Nat. Cell Biol. 6:861-71 (2004)

4) Kitagaki H, Ito K, Shimoi H. Eukaryot Cell 3: 1297-1306
(2004)
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Global Mapping of Synthetic Genetic Interactions in
Yeast

We are applying synthetic genetic array (SGA) analysis to the large-scale
mapping of genetic interaction networks in yeast. A network containing
~1000 genes and ~4000 interactions was mapped by crossing mutations in
132 different query genes into a set of ~5000 viable gene deletion mutants
and scoring the resultant double mutant progeny for a fitness defect. The
average query gene showed ~30 synthetic genetic interactions, indicating
that the resulting genetic network is complex and may contain as many as
~100,000 interactions. Connectivity of a gene in the network is predictive of
function because query genes tend to interact with genes of related function.
Moreover, subsets of genes displaying similar patterns of genetic
interactions often encode components of the same pathway or complex. To
investigate networks of essential genes, we have taken advantage to
temperature sensitive and promoter shut-off alleles for essential yeast genes.
In an application of the genetic network analysis, we showed that clustering
chemical-genetic profiles and genetic interaction profiles identifies target
pathways or proteins, providing a powerful means of inferring mechanism of
drug action.
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Tools and identification of cell wall proteins - cell wall
polysaccharides interactomics

The assembly of yeast cells wall components, namely B-1, 3 and B-1,6
glucan, mannans and chitin is a highly complex and regulated process
involving structural enzymes under the control of several regulatory
pathways, among which the PKC1-MAPK kinase module seems to be the
most important. Our major goal is at two levels (1) within the European
project “Fungwall”, we wish to characterize how and what the so-called
‘carbohydrate modifying enzymes (e.g. transglycosidase,
glucanosyltransferase, glycosidases , etc) recognize the polysaccharides
moieties at the cell surface to catalyse the remodelling of the cell wall
structure and (2) to identify regulatory proteins involved in cell wall
remodelling that might be potential antifungal targets.

With respect to the first aim, we considered the ‘protein chips’ and other
analytical tools for measuring the binding/ interaction between purified cell
wall proteins and specific cell wall polysaccharide . As a proof of principle,
we expressed and purified from E. coli, 5 yeast cell wall proteins, namely
Bgl2, Ctsl, Engl, Crrl and Gas2 and one protein, ChiB, from Aspergillus
niger. These proteins were bound on CMS5 sensor chips from BlAcore. Using
the Surface plasmon Resonance technique, we were able to detect relative
specific interaction of these proteins with either short B-1,3 glucan,
laminarine, chitopentaose and mannans. Meanwhile, the same proteins were
expressed at the cell surface of yeast cells using the Yeast Surface Display
method from [In vitrogen (construction were made by Dr. E. Ragni in Dr.
Strahl’ lab and kindly given to us). Yeast expressing these proteins as well as
DTT-released proteins were spotted on epoxy-activated glass slides to
produce cell wall protein chips. In contrast to the first technique, these
protein chips required labelled oligosaccharides to detect potential
interaction. We will report on the first results using these chips.

With respect to the second aspect of our project, we will summarize the
work on a very curious regulatory protein, encoded by KNR4/ SMII that is
implicated in cell wall synthesis and seems to connect this process to cell
growth. To quickly identify genes and proteins interactions on a global scale,
we have developed a WEB-interface navigation and visualization tool called
“MAPyeast”. This system allows us to easily visualize the Knr4
interactomics from all publicly available data. In addition to our work
showing a physical interaction of Knr4 with components of the cell wall
integrity PKC1-MAP kinase signalling cascade, this tool illustrates that
KNR4 is synthetic lethal with > 80 genes, and in particular with genes
implicated in cell wall, polarisome and cell division. Quite surprisingly,
search for suppressors of synthetic lethal between knr4 mutant and mutant in
genes of the MAP kinase pathway (BCKI, SLT2, RLMI) has failed,
suggesting that there is no compensatory mechanism when this signalling
pathway together with the Knr4 pathway were defective. These results
together with the fact that Knr4 is specific to the fungal kingdom may pose
this protein as a potential antifungal target.
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The Chklp histidine kinase of Candida albicans and cell
wall biosynthesis

Virulence of Candida albicans is associated with several factors including
secreted proteases, the ability to undergo a reversible morphogenic shift
from yeast to hypha, and cell wall adherence glycoproteins. Previously, we
have investigated the functional role of two-component signal proteins in
growth, cell wall biosynthesis, oxidant adaptation, and virulence of this
yeast. Two-component signal proteins are unique to bacteria as well as fungi
such as C. albicans and are not found in human cells which make them ideal
targets for antifungal development. We have focused much of our work on
the hybrid-histidine kinase Chklp. A strain lacking this gene has been
shown to have a number of defects in the cell wall, including alterations of
glucan structure and N-linked mannan which may contribute to its reduced
ability to adhere to human esophageal cells. In this current investigation, we
show that the chkl mutant is highly resistant to the cell wall perturbing
compound, Congo red. A series of other deletion mutants has been
constructed to determine the role of specific protein domains in Congo red
sensitivity. We found that deletion of a partial MAP kinase domain resulted
in increased sensitivity to Congo red. Phenotypes of other domain mutants
will be discussed. We have also completed an analysis of the mannan
structure among a matched set of strains. For these experiments, all strains
were grown overnight in YPD, washed, and cells bead-disrupted.
Subsequently, mannan was isolated by precipitation with Fehling solution,
washed with methanol, and the resulting precipitate was subjected to
GPC/MALLS and GC/MS analysis. Our data indicate that the mannan in
both CAF2-1 and CHK23 (the reconstituted CHK/ heterozygote) assumed a
trimodal polymer distribution suggesting a more heterogeneous mannan
structure, representing a mixture of high, moderate, and lower molecular
weight polymers . While the chkl null strain does appear to have some high
and moderately sized mannan, the majority of the polymer (90%) was
present in a lower molecular weight form. These data support our
observation that Chklp provides important functions in the assembly and
composition of the C. albicans cell wall that are reflected in the virulence of
this organism.
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Wall integrity sensing in growing cells in Arabidopsis

Plant cells are surrounded by a strong polysaccharide-rich wall. A major
challenge is to understand how cell walls are correctly assembled and
remodeled at the surface of expanding cells often while being challenged by
wall-degrading pathogens. Plant cells, like yeast, can react to cell wall
perturbations as shown by changes in gene expression, accumulation of
ectopic lignin and growth arrest caused by the inhibition of cellulose
synthesis. We have identified a plasma membrane-bound receptor-like
kinase (THESEUSI1), which is expressed in elongating cells and vascular
tissue. Mutations in THE1 and overexpression of a functional THE1-GFP
fusion protein did not cause a phenotype in a wild type background but
respectively attenuated and enhanced growth inhibition and ectopic
lignification in seedlings mutated in cellulose synthase CESA6 without
rescuing the cellulose deficiency. In addition, a T-DNA insertion mutant for
THE] attenuated the growth defect and ectopic lignin production in other but
not all cellulose-deficient mutants and not in a dwarf cytoskeleton mutant. A
subset of the genes that were deregulated in ces46 mutants were shown to be
regulated by THEI. Some of these genes potentially play a role in the
defense against pathogens, in cross-linking the cell wall and in protecting the
cell against reactive oxygen species. Together, these results demonstrate a
role for THEI in the surveillance of the wall integrity of growing plant cells.
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Microtubule organization and the mechanical properties
of cellulose

Cortical microtubules have long been recognized as important regulators of
the mechanical properties of the plant cell wall. Until recently, this function
has been thought to be mediated through microtubules regulating the
orientation of cellulose microfibrils, and thereby restricting expansion in the
direction in which they are aligned. Studies in my lab, however, have shown
that disrupting the cortical microtubule array, through mutation or drug
treatment, has surprisingly little effect on microfibril orientation. To account
for this, I recently postulated that microtubules interact with the cellulose
synthase machinery to ensure that long and mechanically sound cellulose
microfibrils are generated. In this talk, I will present work that investigates
the relationship between microtubule organization and cellulose crystallinity.
For this work, we measured the degree of cellulose crystallinity by X-ray
diffraction, comparing wall material from wild-type and the temperature-
sensitive mutant morI-1, whose microtubule arrays become disorganized at
29°C. To obtain enough primary wall material, we harvested the growing
regions of the inflorescence stem. Just as previously described for other
tissues of the mori-1 mutant, microtubules became disrupted and short,
while microfibril orientation remained highly ordered in spite of the loss of
growth anisotropy at the restrictive temperature. X-ray diffraction analysis
demonstrated that the degree of cellulose crystallinity increased significantly
in the mutant at restrictive temperature. This result indicates that microtubule
organization helps to regulate cellulose crystallinity, and that cellulose
crystallinity helps to define the mechanical properties of the primary cell
wall.
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Xylogens; Arabinogalactan proteins that act as
intercellular signaling molecules in cell walls

The plasma membranes of two adjacent plant cells are separated by
thick cell walls. Therefore the cell walls play a crucial role as the
place of intercellular signaling. To wunderstand intercellular
signaling machinery through cell walls, we have tried to find out
intercellular signaling molecules resident in cell walls, in particular,
in plant vascular tissues. For this purpose we have used a Zinnia
elegans xylogenic culture in which isolated single mesophyll cells
transdifferentiate into xylem cells.

Using the culture, we isolated an extracellular protein, designated
xylogen, which promotes xylem cell differentiation. Interestingly,
xylogen derived from the dicot Zinnia could promote TE
differentiation from mesophyll cells of the monocot Asparagus
officinalis L., suggesting that xylogen is not species-specific but
common to diverse angiosperms. Isolation of xylogen gene and its
structural analysis revealed that xylogen is a non-classical
arabinogalactan protein with non-specific lipid transfer protein-like
sequence and a putative GPI anchor domain. Xylogen transcript and
protein predominantly accumulated in the meristem, procambium,
and xylem. Interestingly, in the xylem, xylogen was polarly
localized in the cell walls of very immature tracheary elements.
Together with the fact that double-knockouts of Arabidopsis
lacking both AtXYPI and AtXYP2, which are two Arabidopsis
homologous genes and expressed in vascular tissues, exhibited
discontinuous veins, we present a hypothesis that polarly secreted
xylogen draws neighboring cells into the pathway of vascular
differentiation to direct continuous vascular development.

We will also present results about the secretion of xylogen with a
GFP-fusion protein and the expression of other xylogen-like genes.
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Cell wall salvage pathway: novel regulatory mechanisms
of the cell integrity MAPK SIt2/Mpk1l

Environmental factors, such as high temperature or cell wall-perturbing
agents can impair the stability of the yeast cell wall. Yeast cells respond to
cell wall stress by activating salvage mechanisms that guarantee cell survival
through remodelling of this essential extracellular structure (Popolo, ). In
Saccharomyces cerevisiae, cell wall construction and remodelling is
monitored and regulated by the cell wall integrity (CWI) signalling pathway
(Levin, 2005). Stimulation of signalling through this pathway results in
activation of the SIt2/Mpkl MAP kinase, which triggers a transcriptional
response by phophorylating different transcription factors, being Rlm1 the
one mainly involved in the compensatory mechanism against cell wall
damage. However, recent findings revealed that MAPKs may play a
structural role by binding to transcription complexes at target genes in
addition to phosphorylating transcription factors and co-regulatory proteins
(Edmunds and Mahadevan, 2006). Therefore, regulation of gene expression
by MAPKSs seems to have several alternative mechanisms that are only
starting to be understood. Interestingly, SIt2 and its mammalian ortholog
ERKS are unusual among MAP kinases in that they possess the ability to
activate transcription of a GALI-lacZ reporter when fused to the DNA-
binding domain of the Gal4 transcription factor. The transcriptional
activation domain of ERKS5 has been shown to be required for coactivating
the MEF2 family of transcription factors (Kasler et a/, 2000), to which the
Slt2-target RIm1 belongs.

We have demonstrated that transcriptional activation of a Gal4-SIt2 fusion is
responsive to cell wall stress and requires phosphorylation of SIt2. We have
identified two neighboring, but separable transcription activation domains
within the C-terminal half of Slt2. Our data suggest that intramolecular
interactions controlled by phosphorylation of SIt2 regulate the function of
these domains, which are masked by the N-terminal catalytic domain under
inactive conditions. Finally, we have demonstrated that SIt2 self-associates,
likely through a glutamine-rich region within the C-terminal half of the
protein. Therefore, we propose that, like ERKS, both intra- and inter-
molecular interactions are operating in this yeast MAPK.

Edmunds JW and Mahadevan LC. 2006. Science. 313:449-51.

Kasler HG, Victoria J, Duramad O and Winoto A. 2000. Mol Cell Biol.
20:8382-9.

Levin DE. 2005. Microbiol Mol Biol Rev. 69:262-91.

Popolo L, Gualtieri T and Ragni E. 2001. Med Mycol.;39 Suppl 1:111-21.
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Bacterial cell wall biosynthesis

Most bacteria are surrounded by peptidoglycan (PG) cell wall, a net-like
polymer consisting of glycan strands made of alternating [-1,4-linked N-
acetylglucosamine (GlcNAc) and N-acetylmuramic acid (MurNAc) residues
cross-linked by peptides. PG metabolism is linked to cell cycle and function
to confer shape and osmotic stability to the cell. Its assembly is complex and
requires the contribution of several proteins (polymerases, hydrolases and
scaffolding proteins) which are believed to form a multienzyme complex
machinery specialized in cell elongation or division.

Multimodular penicillin-binding proteins (PBPs) are the main enzymes
responsible for PG polymerization. They are essentially two-domains
proteins that belong either to class A or class B, depending on the structure
and the catalytic activity of their N-terminal domain. The C-terminal
penicillin-binding domain of both classes has a transpeptidase (TP) activity
catalyzing peptide cross-linking between two adjacent glycan chains. In
class A, the N-terminal domain is responsible for their glycosyltransferase
(GT) activity, catalyzing the polymerization of uncross linked glycan chains
of the PG. In class B the N-terminal domain play role in cell morphogenesis.
Monofunctional enzymes similar to the GT domain of class A PBPs also
exist in some bacteria but their exact role is still unknown. They both belong
to GT51 family, characterized by five conserved motifs and uses lipid II
(undecaprenyl-P-P-GlcNAc-MurNAc-pentapeptide) as substrate.

Amino acid sequences alignment of the GTs reveals four highly conserved
acidic residues (E233, D234, E290 and D298, in E. coli PBP1b). Their
analysis by site directed mutagenesis and biochemical characterization
showed that Glu233 of the first motif ( E*’DxxFxxHxG) is the essential
element of the active site. From substrate specificity study of the PBP1b it
seems that the lipid chain is required on the acceptor but not on the donor,
that the peptide moiety play role in the recognition of the substrate and that
growing chain could serve as donor. Metal ions stimulate the activity of most
characterized proteins but, their exact role still need to be determined. A
single basic residue was titrated, with a pKa of 7.0. Taken together, these
data suggest a mechanism for PBP1b where direct attack of the growing
polysaccharide chain by Lipid II is catalyzed by deprotonation of the 4-OH
hydroxylic nucleophile of GIcNAc by an active site base (Glu233),
concomitant with stabilization of the leaving group by a divalent metal.

The biosynthesis of the bacterial PG wall has been and remains an attractive
target for antibacterial interventions. Penicillins, glycopeptides and
moenomycin (not used in human therapy) are the best studied antibiotics
known to interfere with PG polymerization. However, bacterial resistance
limits their effectiveness causing a major public health problem. The first
step of PG polymerization catalyzed by the GTs is validated target which is
still underexplored. Recently, glycopeptides and moenomycin derivatives
were found to be effective against resistant pathogens such as MRSA.
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Chitin synthesis in insects: lessons from the midgut of
the tobacco hornworm

The ability to form chitin is strictly tied to the presence of chitin synthase, a
family II glycosyltransferase, whose biochemical properties are largely
unknown due to the lack of heterogeneous expression systems and sufficient
purification procedures (1). Previously, we have demonstrated that the chitin
portion of the peritrophic matrix in the midgut of the tobacco hornworm,
Manduca sexta, is produced by chitin synthase 2 (CHS2), one of two
isoforms encoded by different CHS genes (2). Immunological studies
revealed that CHS?2 is located at the apical tips of the brush border microvilli
formed by columnar cells (3). Here we report the purification of the chitin
synthase from the Manduca midgut. Several lines of experiments suggest
that the chitin synthase exists as a trimeric complex of which the monomers
are proteolytically processed. Moreover, screening for midgut proteins
interacting with different soluble CHS2 domains in the yeast two-hybrid
system yielded a novel chymotrypsin-like protease (CTLP1), which binds to
the extracellular C-terminal domain of CHS2. This binding was
independently confirmed by co-immunoprecipitation. CTLP1 is a secretory
protease, which is expressed in the same midgut region as CHS2 and
activated by trypsin. As we could previously show that trypsin stimulates
chitin synthase activity without affecting chitin synthase directly, CTLP1
might be required to process and activate CHS2.

(1) Merzendorfer, H. (2006) Insect chitin synthases: a review. J. Comp.
Physiol. B 176, 1-15

(2) Zimoch L, Hogenkamp D.G., Kramer, K. Muthukrishnan K.,
Merzendorfer, H. (2005) Regulation of chitin synthesis in the larval midgut
of Manduca sexta. Insect Biochem. Mol. Biol. 35, 515-527

(3) Zimoch L. und Merzendorfer H. (2002) Immunolocalization of chitin
synthase in the tobacco hornworm. Cell Tissue Res. 308, 287-297
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Structure-function studies of enzymes and accessory
proteins involved in chitin turnover

Serratia marcescens produces three family 18 chitinases and a chitin-binding
protein, CBP21, that convert the recalcitrant insoluble polysaccharide chitin
to chitobiose. Using the unique experimental possibilities provided by the
soluble chitin-derivative chitosan (partially deacetylated chitin), we have
studied the properties of the three chitinases. ChiC is a non-processive endo-
acting enzyme, whereas ChiA and ChiB act in a processive fashion after
initial endo-binding, presumably in opposite directions [1,2]. Mutation of
aromatic residues in sugar-binding sites close to the catalytic centre of ChiB
revealed that some of these residues are essential for processivity [3]. ChiB
variants displaying reduced processivity were less effective in degrading
solid chitin, presumably because detached single polymer chains are no
longer kept from re-associating with the solid material in between catalytic
events. Most remarkably, these same mutants showed a large increase in the
degradation rate for non-solid substrates, such as the single soluble polymer
chains of chitosan. Thus, processivity comes at a cost in terms of enzyme
speed [3]. The non-catalytic CBP21 adds to chitin degradation by increasing
the accessibility of the substrate for chitinases [4,5]. Whereas many
carbohydrate-binding modules have aromatic surfaces, binding of CBP21 to
chitin involves a patch of conserved, mostly polar surface residues [4].
Individual mutations of these surface residues only moderately reduced
chitin-binding but abolished the accessory function in chitin-degradation [5].
Accessory proteins such as CBP21 are a potentially valuable tool for
biomass turnover and may provide an alternative for processivity as a
mechanism for improving substrate disruption and accessibility.

[1] Horn SJ et al., 2006, FEBS J. 273:491-503.

[2] Sikorski P et al., 2006, Biochemistry 45:9566-9574.

[3] Horn SJ et al., 2006, Proc. Natl. Acad. Sci. USA 103:18089-18094.
[4] Vaaje-Kolstad G et al., 2005, J. Biol. Chem. 280:11313-11319.

[5] Vaaje-Kolstad G et al., 2005, J. Biol. Chem. 280:28492-28497.
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Contribution of Dectin-1 on Immunomodulating Effect
of Soluble B-Glucan SCG in Mice

SCG is a major 6-branched 1,3-B-D-glucan in Sparassis crispa Fr. SCG
shows antitumor activity and also enhances the hematopoietic response in
cyclophosphamide (CY)-treated mice. Splenocytes from naive DBA/1 and
DBA/2 mice are potently induced by SCG to produce IFN-gamma, TNF-
alpha, GM-CSF, and IL-12p70, and that GM-CSF plays a key biologic role
among these cytokines. Cell-cell contact involving ICAM-1 and LFA-1 was
an essential step for the induction of GM-CSF and IFN-gamma by SCG but
not for the induction of TNF-alpha or IL-12p70 by SCG. SCG directly
induced adherent splenocytes to produce TNF-alpha and IL-12p70. GM-CSF
was required for the induction of TNF-alpha by SCG, and in turn, TNF-
alpha enhanced the release of GM-CSF and thereby augmented the induction
of IL-12p70 and IFN-gamma by SCG. Neutralization of IL-12 significantly
inhibited the induction of IFN-gamma by SCG. We concluded that induction
of GM-CSF production by SCG was mediated through ICAM-1 and LFA-1
interaction, GM-CSF subsequently contributed to further cytokine induction
by SCG, and reciprocal actions of the cytokines were essential for
enhancement of the overall response to SCG in DBA/2 mice. In bone
marrow derived dendritic cells from dectin-1 KO mice, almost all of the
cytokine productivity and induction of the co-stimulatory molecules were
disappeared, strongly indicated contribution of dectin-1 on major SCG
mediated signalling.

In CY-treated mice, the levels of IFN-gamma, TNF-alpha, GM-CSF,
IL-6 and IL-12p70 were significantly increased by SCG. GM-CSF
production in the splenocytes from the CY-treated mice was higher than that
in normal mice regardless of SCG stimulation. Neutralizing GM-CSF
significantly inhibited the induction of IFN-y, TNF-a and IL-12p70 by SCG.
The level of cytokine induction by SCG was regulated by the amount of
endogenous GM-CSF produced in response to CY treatment in a dose-
dependent manner. The expression of B-glucan receptors, such as CR3 and
dectin-1, was up-regulated by CY treatment. Blocking dectin-1 significantly
inhibited the induction of TNF-a and IL-12p70 production by SCG. Taken
together, these results suggest that the key factors in the cytokine induction
in CY-treated mice were the enhanced levels of both endogenous GM-CSF
production and dectin-1 expression.
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Structure/biological activity of -1,2 mannoses, their
association to different carrier molecules are under the
control of a new family of mannosyl transferases.

The pathogenic yeast C. albicans shares with some other pathogenic and non
pathogenic microbes the ability to build mannose blocks bound through an
unusual type of linkage: the -1,2 oligomannosides (B-Mans). In C. albicans
B-Mans are prominently expressed at the cell wall surface. An important
body of clinical and experimental evidences suggests that this phenotypic
character contributes to C. albicans virulence. Indeed, the unique spacial
conformation of B-Mans is specifically detected by mammals innate and
adaptative immune systems. -Mans act as adhesins for host cells, induce
specific response through binding to galectin-3, and TLR2 dependent
pathways; generation of anti- B-Man antibodies are important factors
contributing to animal protection against both systemic and mucosal
candidosis. These evidences were gained by using B-Mans either chemically
released from the cell wall or chemically synthesized.

With regard to these advances concerning the biological activities of -
Mans, present knowledge concerning their biogenesis and their mode of
expression at the C. albicans cell wall is limited. Definitive chemical
demonstration (NMR) for the presence of B-Mans in C. albicans cell wall
molecules was only gained for two of them. Both are non-covalently linked
to the cell wall and consist in the phosphopeptidomannan (PPM) acid labile
and acid stable fractions (serotypes A and B and serotype A respectively)
and the phospholipomannan (differing between serotypes A and B). By
contrast two important gaps remain in our knowledge: i) a large number of
immulogical observations consistently suggest the presence of [(-Man
epitopes in the glycan moiety of other cell wall molecules among which are
mannoproteins ii)identification of the genes responsible for p-Mans
biogenesis which could help to dissect this process are unknown.

These two questions have been addressed jointly. First a proteomic-glycomic
analysis of C.albicans cell wall mannoproteins demonstrated that f-
mannosylation was part of the O-mannosylation process for representative
members of the so called PIR proteins, linked to -1,3 glucans and GPI
anchored proteins, linked to B-1,6 glucans. Second we have identified the
family of genes involved in beta mannose transfer (BMT) in C. albicans.
The construction of individual deletion mutants combined with
immunochemical and structural analysis showed that each of the 9 C.
albicans genes encodes for Bmtps that are involved in the sequential steps of
B-mannosylation of structurally diverse glycoconjugates which are PPM,
PLM and mannoproteins. Interestingly individual deletions had only limited
impact on global surface expression and virulence. This is coherent with
previous studies having evidenced a complex expression mechanism and
suggested a possible global regulation. As far as all the genes and all the
potential carrier molecules have been identified, it can be anticipated that the
questions of B-Mans functions in C. albicans and its hosts can now be more
rationally addressed.
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A cell wall protein involved in cell surface
hydrophobicity and foam formation of sake yeast

Sake is a Japanese traditional alcohol beverage made from steamed rice,
using Aspergillus oryzae, which is a source of saccharification enzymes, and
sake yeast classified as Saccharomyces cerevisiae, which produces ethanol
from glucose. Almost all sake yeasts form a thick foam layer on sake mash
during vigorous fermentation. This foam formation has been used as an
indicator of fermentation progress: the foam rises when fermentation
becomes strong and it disappears when fermentation becomes weak.
However, this characteristic sometimes reduces the efficiency of sake
fermentation because a large part of the fermentation tank is occupied by a
thick foam layer. Thus, an absence of foam formation during fermentation is
a preferable property. Nonfoaming mutants were screened from foaming
industrial sake yeast strains using cell affinity for bubbles, and they are now
widely used in commercial sake brewing. Comparison of the nonfoaming
mutant with its parent revealed that the cell surface of the former is less
hydrophobic than that of the latter, suggesting that cell surface
hydrophobicity is related to foaming ability. However, the detailed
molecular mechanism of foaming ability of sake yeast was unknown.

We have cloned a gene from a foam-forming sake yeast that confers foaming
ability to a nonfoaming mutant. This gene was named AWA1I and structures
of the gene and its product were analyzed. The N- and C-terminal regions of
Awalp have the characteristic sequences of a glycosyl-phosphatidylinositol
anchor protein. The entire protein is rich in serine and threonine residues and
has a lot of repetitive sequences. These results suggest that Awalp is
localized in the cell wall. This was confirmed by immunofluorescence
microscopy and Western blotting analysis using hemagglutinin-tagged
Awalp. Moreover, an awal disruptant of sake yeast was hydrophilic and
showed a nonfoaming phenotype in sake mash. We conclude that Awalp is a
cell wall protein and is required for the foam-forming phenotype and the cell
surface hydrophobicity of sake yeast.

Although Awalp is homologous to YOL155C of S. cerevisiae S288C, the N-
terminal region of Awalp is also similar to a part of YJR151C of S288C. To
elucidate the relationship between structure and function of Awalp, we
constructed four kinds of deletion mutants of 4WAI and analyzed their
phenotypes. The mutants lacking the N-terminal region that is homologous
to YJR151C and a GPI-anchor signal had less hydrophobic cell surfaces and
did not make foam in sake mash, suggesting that these regions are important
for cell surface hydrophobicity and foam formation.

We next analyzed the AWAI gene of a nonfoaming mutant strain K701
derived from a parental foam-forming strain K7. K701-4WA1 was cloned in
a cosmid and its sequence was compared with that of K7-AWAI. Although
the 5’ half of K701-4WAI was identical to that of K7-AWAI, the 3° half of
K701-AWA1 was different from that of K7-AWA1I, resulting in a loss of the
C-terminal hydrophobic sequence of Awalp. Since this sequence is required
for the anchoring of Awalp to the cell wall, K7-Awalp can not confer both
cell surface hydrophobicity and foam-forming ability to strain K701 cells.
We further analyzed K701-AWAI by pulsed-field gel electrophoresis
Southern blot analyses. The results suggest that the left subtelomeric region
of chromosome IX in strain K7 was translocated to the AWAI gene in
chromosome XV by a nonreciprocal recombination, resulting in the loss of
3’ half of K701-AWAI in chromosome XV.
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Antifungals blocking cell wall polysaccharide
biosynthesis

The echinocandin antifungal drugs are the first new class compounds that
target the fungal cell wall by blocking p-1,3-D-glucan synthase (GS). These
compounds act largely with non-competitive inhibition kinetics. Membrane-
bound GS is 10-fold less sensitive to drug relative to detergent-extracted and
highly enriched product entrapped enzyme. Resistance to echinocandin
drugs among clinical isolates is associated with amino acid substitutions in
two “hot-spot” regions of Fksl, the major subunit of glucan synthase. The
mutations, yielding highly elevated MIC values, are genetically dominant
and confer cross-resistance to all echinocandin drugs. Prominent Fksl
mutations decrease the sensitivity of glucan synthase for drug by one
thousand-fold or more. Resistant glucan synthase enzymes show normal K,
(0.16 mM) values further supporting the notion that the site of action of
echinocandins is independent of substrate binding. The Fksl-mediated
resistance mechanism is conserved in a wide variety of Candida spp. and can
account for intrinsic reduced susceptibility of certain species. Fksl
mutations confer resistance in both yeasts and moulds suggesting that this
mechanism is pervasive in the fungal kingdom.

L 41

Steven Park
Guillermo Garcia-Effron
David S. Perlin

David S. Perlin

Public Health Research Institute,

New Jersey medical School-
UMDNIJ, 225Warren Street,
Newark, NJ 07103 USA

50



Varied functional roles for arabinans in plant cell walls

Arabinans are believed to form part of the pectic network in plant cells, most
notably as side chains on rhamnogalacturonan I. Using specific hydrolytic
enzymes, we have shown that arabinans play an essential role in the opening
and closing of plant stomatal pores and may help endow the cell walls of
stomatal guard cells with their unusual elastic properties. To investigate the
role of arabinans in living plants we have adopted a reverse genetic approach
in Arabidopsis thaliana targeting genes potentially involved in arabinan
metabolism. T-DNA insertion mutations in two putative endo arabinanase
genes both gave a similar phenotype of very poor seedling establishment.
This observation and subsequent studies strongly suggest that cell wall
arabinan may serve as a storage reserve in Arabidopsis embryos.
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Biomass Conversion and Plant Cell Walls

The fungus, Trichoderma reesei, secretes numerous enzymes involved in the
metabolism of plant polysaccharides such as xylan, starch, pectin, and
cellulose. These enzymes play a critical role in the conversion of cellulosic
waste into fuels, by breaking down polymeric sugars to fermentable
monomers. Recently, there has been a significant effort to reduce the cost of
enzymes required for biofuels production. New enzymes have been
identified, the efficiency of enzymes has been improved, and new enzyme
mixes are being created based on substrate type. This presentation will
discuss recent advances in enzyme technology for conversion of biomass to
fermentable sugars.
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Heterogeneous phase biodegradation of cell wall
polysaccharides: Example of the carrageenan /
carrageenase systems

Carrageenans are the main components of the red algae
(Rhodophyta) cell wall wherein they are laid out as a tri-dimensional
network of semi-crystalline fibres. Carrageenans are made up of linear
chains of D-galactose (G), with alternating a-(1—3) and -(1—4) linkages.
They are classified according to the number and the position of sulphated
ester (S) and by the occurrence of 3,6 anhydro-bridges in the a-linked
residues (DA unit) found in gelling carrageenans. The three most industrially
exploited carrageenans, namely, kappa- (k, DA-G4S), iota- (1, DA2S-G4S),
and lambda- (A, D2S6S-G2S) carrageenans, are distinguished by the
presence of one, two, and three ester-sulphate groups per repeating
disaccharide unit, respectively. At the laboratory, these polysaccharides can
be prepared under various physico-chemical states (coil, helix and gel)
simply by adjusting the nature and the concentration of the salt in the
medium. Carrageenases are enzymes produced by marine bacterium
involved in the bioconversion of algal biomass. Pseudoalteromonas
carageenovora K-carrageenase and Alteromonas fortis 1-carrageenase of
have been cloned, overexpressed and crystallised. We have undertaken the
characterisation of the mode of action of these two enzymes using
chromatography and transmission electron microscopy. These experiments
were performed using carrageenan substrates under various physico-
chemical states (i.e. gel, amorphous powder, coil and helix). We have found
that when enzymatic degradation is achieved in heterogeneous phase
conditions (solid substrate: gel, powder), the k- and 1-carrageenase feature an
endo-processive mode of action which are corroborated by the tunnel
topology of their actives sites. Results recorded when degradation occurred
in homogenous phase (soluble substrate : coil, helix) suggest the random
degradation of the polysaccharides by endo-acting enzymes. In conclusion,
the mode of action of the carrageenases is modulated by the physical state of
the substrate: solid or soluble, but don’t seems to be affected by their
conformational state coil or helix.
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Improved reactivity of cotton fiber through
accumulation of cationic polymers in the fiber cell wall

The cotton fiber is globally the most commonly used natural fiber in the
textile industry. So far, cotton seed companies have focused on improving
the yield, length and strength of the cotton fiber but have spent little effort on
improving the value of the fiber for the downstream processing. The
hydroxyl groups of the cotton fiber cellulose have only limited reactivity and
most of them are involved in hydrogen bonds that are important for the fiber
structure. These attributes lead to an inefficient application of chemicals
during the cotton processing in the mill. One approach that has been
described to overcome this limitation is to graft the cotton fiber with a
cationic polymer, such as chitin. This has resulted in a fiber that reacts more
easily with commercial dyes. Using a biotechnological approach we have
now produced a cationic fiber on the cotton plant. We show that expression
of enzymes that produce B-1,4 linked N-acetyl glucosamine polymers, such
as NodC or chitin synthase, in the Golgi results in the formation of cationic
cell walls. Production of the chitin-like polymer in the cotton fiber allows a
more efficient application of dyes to the fiber
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Structure and function of chitin deacetylases

Chitinases are enzymes that catalyze the hydrolysis of the (3(1,4)-glycosidic
bonds between the {\sl N}-acetyl-D-glucosamine (GlcNAc) monomers of
chitin. Within the family 18 chitinases two subfamilies exist, the extensively
studied bacterial-type chitinases and the less well studied plant-type
chitinases with as prototype hevamine from {\sl Hevea brasiliensis}. Both
classes of enzymes are found in the genomes of yeast and fungi. Whereas the
bacterial-type family 18 chitinases are non-essential, genetic data on the
plant-type family 18 chitinases points to a role in cell wall morphology. For
example, disruption of Aspergillus nidulans chiA leads to a defect in
germination and hyphal growth, whereas the Saccharomyces cerevisiae
chitinase 1 CTSI1 plays a key role in separation of mother and daughter cells
at the end of cell division. Specific inhibitors of these enzymes would be
useful as tools to study their role in cell wall morphogenesis and could
possess anti-fungal properties. Progress towards understanding the
structure/mechanism of these chitinases will be described, together with
screening-based discovery of inhibitors.
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Protein O-Mannosylation is Crucial for Cell Wall
Integrity, Septation and Viability of the Fission Yeast
Schizosaccharomyces pombe

Protein O-mannosyltransferases (PMTs) initiate the assembly of O-mannosyl
glycans. The evolutionarily conserved PMT family is classified into PMTI,
PMT?2 and PMT4 subfamilies. In higher eukaryotes only one member of the
PMT?2 and the PMT4 subfamily, respectively, is present, whereas in budding
yeast the PMT family is highly redundant. In Saccharomyces cerevisiae the
simultaneous deletion of one member of each PMT subfamily causes
lethality. In humans, mutations of the PMT4 subfamily member cause
congenital muscular dystrophies that are associated with brain abnormalities,
proofing that O-mannosylation is of fundamental importance for lower and
higher eukaryotes.

We identified and characterized the PMT family of the archiascomycete
Schizosaccharomyces pombe which is in many respects more similar to
higher eukaryotes than to budding yeast. Different S. cerevisiae, in S. pombe
only one member of each PMT subfamily is present namely pmtl”,
pmt2 and pmt4”. They all act as protein O-mannosyltransferases in vivo.
pmtl” and pmt2" form heteromeric protein complexes and recognize
different protein substrates compared to pmit4’, suggesting that similar
principles underlie mannosyltransfer reaction of S. pombe and budding yeast.
Characterization of the viable pmtIA and pmt4A single mutants showed in
that protein O-mannosylation is of special importance for cell wall structure
and septation. Deletion of pmt2” is lethal. S. pombe pmt2" is the first single
fungal PMT family member which is essential for vegetative cell growth.

Willer et al. (2005) Mol. Microbiol. 57, 156-79
Lehle et al. (2006) Angew Chem Int Ed Engl. 45, 6802-18
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Echinocandin antifungals and other ways to inhibit
1,3 glucan synthesis

The echinocandin class of antifungals (caspofungin, micafungin, and
anidulafungin) are the first completely novel approved class of antifungals in
years. They have unique antifungal properties as they display fungicidal
activity against Candida species, yet fungistatic activity against Aspergillus
species. Against Aspergillus species, the echinocandins selectively inhibit
the growing hyphal tip as shown through cellular staining. The class of
agents may have a role in combination antifungal therapy against invasive
aspergillosis, whereby the cell wall mechanism could be paired with cell
membrane inhibition to exert synergistic effects. The echinocandins also
stand as a powerful laboratory tool where the cell wall can be
pharmacologically inhibited more easily to mimic genetic inhibition and
therefore allow further characterization. Our laboratory has also explored
additional methodologies of cell wall activity by inhibiting the calcineurin
pathway, both pharmacologically as well as genetically. Inhibition of
calcineurin yields effects on hyphal elongation, akin to the echinocandin
activity on hyphal tips, and the combination of calcineurin inhibition and
echinocandin use shows additive effects with real clinical implications.
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Transcriptional response to different cell wall damage is
regulated by different membrane proteins

The cell wall of S.cerevisiae is a dinamic structure responsible of
morphology and cell integrity. It is basically composed of manoproteins, [3-
1,3-glucan, B-1,6-glucan and quitin. Stress situations that damage the cell
wall activate a survival response. This response has been called
compensatory mechanism which includes an increase in quitin synthesis and
manoproteins production together with certain changes in crosstalk of
different polymers to strengthen this structure.

Using DNA microarrays, characterization of the transcriptional response to
different cell wall damage stimulation (congo red that binds quitin,
zymolyase that degrades the B-1,3-glucan network and pneumocandin that
inhibits synthesis of (-1,3-glucan) was carried out in wild type strains of
S.cerevisiae. Then, using bioinformatics tools we compared these responses
in detail. Although there is a common response to those different damages
involving the induction of genes related to cell wall construction and its
repair, there is also a specific response in each treatment.

In order to analyze if these responses are regulated in a similar manner, the
transcriptional response to these three different drugs was studied in strains
deleted in Mid2p, Wscl (sensors of integrity pathway controlled by Slt2p
MAPK) and Sholp (transmembrane protein from HOG pathway mediated
by Hoglp MAPK). While the response to zymolyase is dependent on Sholp,
the response to pneumocandin is completely dependent on Wsclp and the
response to congo red is mainly regulated by Mid2p. These results indicate
that responses are differentially regulated depending on the nature of
damage.

In addition, cells deleted in Mid2p and treated with congo red unleash a new
transcriptional response, different from the wild type, involving transcription
and metabolism genes. This kind of mutant specific response to the drug is
reduced in SHOIA mutants treated with zymolyase and it does not exist in
WSC1A mutants treated with pneumocandin.
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Comparative and Evolutionary Analysis of Fungal
repertoires of Carbohydrate-Active enZymes
(CAZymes).

Carbohydrate-Active enZymes (CAZymes) are crucial in many aspects of
the biology of fungal and other species having close relationships with
carbohydrates (like plants). In fungi, CAZymes are, for example, involved in
key aspects such as biosynthesis, plasticity and remodelling of fungal cell
wall, N/O-glycosylation and interaction with the environment. The fungal
kingdom features many lifestyles lifeforms and ecological niches. Most
fungi studied thus far are saprophytes and / or plant pathogens. Fungi
directly secrete enzymes in the environment to degrade bio-polymers. An
important proportion of these secreted enzymes are CAZymes which
degrade plant cell wall polysaccharides. Here we studied variations in the
distribution, composition and relative abundance of fungal CAZymes
repertoires as a function of the species’ evolutionary and adaptive history.
We analyzed whether correlations can be found between a species’ CAZyme
repertoire’s composition and its ecology. We studied a dataset composed of
16 fungal genomes (including sapropbes, parasites, pathogens and
symbionts) from which we extracted and annotated the encoded CAZymes’
sets. The results of our analysis showed that composition of CAZyme sets in
fungi follows both the phylogeny and the lifestyle. For example, in the
phylum Sordariomycotina the two plant pathogens included in our analysis
(M.grisea and G.zea) appeared to have the closest relative sets of CAZymes
while they are in fact the most evolutionary distant species from this lineage.
In this case similarities in the repertoires of CAZymes seem to reflect a
convergent adaptation to plant pathogenicity. In contrast, in Aspergilli,
variations in CAZymes repertoires exactly follow the phylogeny and seem to
only reveal divergence due to evolutionary distance.

When classifying CAZyme families according to their phylogenetic pattern
(pattern of relative abundance between species), we showed that resulting
clusters led to groups of enzymes involved in a common process (ie
degradation of cellulose, degradation of pectins...). Interestingly, several
families of yet unknown function clustered inside those groups. Those
families may represent good candidate for the discovery of new enzymes
important in biological processes of biological or industrial interest.

Analysis of the evolutionary behaviour of CAZyme families also revealed
that sets of secreted CAZymes presented significantly higher rates of
evolution (in terms of expansions / reductions of family size) throughout the
fungal biodiversity compared to intracellular CAZymes. This is consistent
with the idea that repertoires of secreted CAZymes reflect the ecology and
lifestyles of fungal species.
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Molecular characterisation of Geld4p, a member of the
Gelp family, involved in cell wall morphogenesis of
Aspergillus fumigatus

The cell wall of the human opportunistic pathogen is a complex structure
mainly composed of polysaccharides, [B(1-3) glucan being the most
abundant. In a way similar to other fungi, B(1-3) glucan of A. fumigatus
serve as a skeleton on which the other polysaccharides of the cell wall (chitin
and galactomannan) become anchored.

A new B(1-3) glucanosyltransferase (Gellp) isolated from the cell wall of A4.
fumigatus has been discovered and characterised. This enzyme splits
internally a B(1-3) glucan molecule and transfers the newly generated
reducing end to the non reducing end of another (1-3) glucan molecule. The
creation of a new B(1-3) glucan resulted in the elongation of B(1-3) glucan
chains. Gellp belongs to a family of seven members, which are GPI
anchored protein. Only Gellp, Gel2p and Gel4p are expressed in normal
growth conditions. An analysis of these 3 proteins using biochemical and
molecular method is presented here. GELI deletion has no phenotype but
disruption of GEL2 gene results in alteration of polar growth, reduced
growth, abnormal conidiophores and a decrease in virulence.

All attempt to disrupt GEL4 have been unsuccessful to date this results
suggest that GEL4 is essential for A. fumigatus. The enzymatic activity of
Geldp is being investigated using a recombinant protein produced in Pichia
pastoris.
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Cell wall construction and the interaction of RIM101
and PKC signal transduction pathways.

The fungal cell wall is a structure that confers cell shape as well as
protection from the extracellular environment. There are several signal
transduction pathways that allow the cells to respond to cell wall damage.
One of them is the cell integrity or protein kinase C (PKC) pathway, that
coordinates the morphogenesis and the cell cycle. In addition, it controls
directly the compensatory response through the transcription factor RImlp.
There are several plasma membrane proteins that can act as sensors for this
route, but the most important members are Wsclp and Mid2p. When they
sense a damage, the signal goes through a MAP kinase cascade, and the
MAPK SIt2p activates the transcription factor RIm1p by phosphorylation. It
can occur under several stressful conditions including direct damage of the
cell wall.

Recent studies in our group show how another route, RIM101, is involved in
yeast cell wall assembly. It responds to alkaline pH and differs from PKC
pathway in its activation form, because its transcription factor, Rim101p,
suffers a proteolytic process. The signalling machinery seems to be
conserved in most fungi, although it is not well understood.

These two routes do not seem to share components, but there are some
evidences that have encourage us to study the possible relation between them
and their rule in the cell wall formation. The rim21/A mutant, defective in the
putative sensor of the RIM101 pathway, was identified in our laboratory as
moderately resistant to calcofluor. It also shows a low sensibility to SDS,
caffeine and zymoliase. Moreover, this mutant presents a reduced
compensatory response after a direct damage on the cell wall. Both, rim21A
and rim101A, are synthetic lethal with s/¢2A. This defect is partially restored
when the media was supplemented with an osmotic stabilizer. The double
mutants s/t£2Arim101A have a thicker cell wall and show extremely
hypersensitive to zymoliase. Taken together, these results suggest that the
RIM101 pathway acts in parallel with the PKC cascade in the assembly of
the yeast cell wall. This relation is independent of the compensatory
response mediated by Rlm1p.

We are trying to obtain suppressors of s/t2Arim101A. That could indicate us
intracellular targets of Slt2p to explain the role of the RIM101 pathway in
the Saccharomyces cerevisiae cell wall construction.

We have isolated multicopy suppresors of the synthetic slt2Arimi101A
lethality. They include genes involved in metabolism or cell cycle and their
function in cell wall assembly is currently under scrutiny.
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Enzymes of the UDP-GIcNAc biosynthetic pathway as
potential targets for drug discovery against Aspergillus
fumigatus

Aspergillus  fumigatus is the most common mould causing infection
worldwide in immunocompromised patients. Because of the increased
number of infections caused by this filamentous fungi and the inefficacy of
the available drugs, there is an urgent need for better drugs. The fungal cell
wall is essential for the viability of Aspergillus fumigatus and is composed
mainly of a fibrillar branched [ 1,3-glucan core bound to chitin,
galactomannan and f3 1,3-1,4-glucan, embedded in an amorphous cement
composed of a 1,3-glucan, galactomannan and polygalactosamine. Chitin is
a 1,4 B linked polymer of N-acetyl-D-glucosamine (GlcNAc) synthesised by
chitin synthase and it is essential for cell viability and mother-daughter cell
separation. Thus, the synthesis of UDP-GIcNAc, which is the substrate of
chitin synthase, is also essential. Four different enzymes carry out the
biosynthesis of UDP-GIcNAc. We describe the crystal structures of two of
them: the  Aspergillus  fumigatus  glucosamine-6-phosphate  N-
acetyltransferase (4fGNA1), in complex with glucose-6P, and the
phosphorylated form of GlcNAc-phosphomutase (AfAGM1), in complex
with GlcNAc-6P and magnesium. In addition we also show the native
human GNA1 crystal structure in complex with GIcNAc-6P and CoA, in
order to compare the active sites. Inferred by mutagenesis studies and the
different environment around the sugar compared to the human crystal
structure, we suggest AfGNAT1 as an attractive drug target. We also discuss
the catalytic mechanism based on kinetic and structural studies of
Tyr174Phe from AfGNA1. With regard to the AfAGM1 crystal structure, we
discuss the trapping of a catalytic intermediate.

K5

Ramon Hurtado-Guerrero,
Wale Raimi, Laura Vallius,
Sharon Shepard, Adel Ibrahim,
Structural Genomics
Consortium (Toronto, Ca) and
Daan MF van Aalten.

Hurtado-Guerrero Ramon
School of Chemistry & Molecular
Microbiology,

School of Life Sciences,
University of

Dundee, Dundee DD1 5EH,
Scotland, UK
r.hurtadoguerrero@dundee.ac.uk

63



Chitosanolytic activity of hemicellulase from Aspergillus
niger — A non-specific activity

Hemicellulase from Aspergillus niger caused depolymerization of chitosan
obtained after partial de-N-acetylation of shrimp chitin, a polysaccharide
made up of N-acetylaglucosamine residues linked by 1-4 glycosidic linkage.
Optimum depolymerisation occurred at pH 3.0 and ambient temerature with
K., and V.« values of 7.86 mg mL" and 1270 nmoles min™ mg'1 protein,
respectively. Chitosanolysis by hemicellulase resulted in low molecular
weight chitosans (LMWC) of My, in the range of 18-22 kDA (as determined
by HPSEC) and GlcNAc/GIcN (HPLC analysis), indicating the exo-action of
the enzyme that was further confirmed by a slow decrease in the viscosity of
chitosan solution. The LMWC obtained showed a degree of acetylation
(DA) of 15-19% in comparison with 26% for native chitosan, as determined
by FTIR and solid state C-NMR analyses. The LMWCs also showed
better antibacterial activity towards B cereus and E coli compared to native
chitosan. Use of hemicellulase in place of expensive chitosanase is of
commercial importance as the products could be tailor-made that could be
used as antibacterial agent.
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CdlC Genes from Arabidopsis and Nasturtium Encode a
Glucan Synthase Activity Involved in Xyloglucan
Biosynthesis.

The hemicellulosic polysaccharide xyloglucan (XyGQG) is a key polymer in
primary plant cell walls, imparting both strength and dynamic features by
cross-linking cellulose microfibrils and by being modified during cell
expansion. Despite its central role in plant cell wall dynamics XyG
biosynthesis is not fully understood. The major gap, as for almost all plant
polysaccharides, is the identification of the enzymes that synthesize the
polysaccharide backbone. In the case of XyG example, with a 8,1-4 Glc
backbone this requires the activity of a glucan synthase (GS) activity.

In an effort to identify XyG GS, we have taken a genomic approach by
exploiting the ability of Nasturtium (7ropaeolum majus) to synthesize huge
quantities of storage XyG during seed development. A Nasturtium cDNA
library was produced, and the sequence of 10,000 ESTs was determined.
This analysis revealed several ESTs with sequence similarity to Arabidopsis
genes involved in XyG biosynthesis. Interestingly, a Nasturtium homolog to
Cellulose synthase-like (Csl) C4 from Arabidopsis thaliana was identified
several times in this Nasturtium cDNA library.

Therefore heterologous expression of A¢tCsiC4, and the TmCs/C gene
identified in the Nasturtium cDNA library, were carried out in Pichia
pastoris. Despite several attempts, we were unable to identify an in-vitro GS
activity using a radioactive assay and microsomal membranes. However, we
successfully overcame this difficulty by using an alternative strategy that
looked for a B-1,4- glucan product specifically synthesized in the cells
expressing the Cs/C genes. In short, Pichia cells were broken and separated
into two fractions: a fraction called “soluble” corresponding to the cellular
content (cytosol and intracellular membranes) and an “insoluble” fraction
mainly corresponding to the Pichia cell wall. Using a combination of
methods, including Biogel-P2, HPAEC-PAD, GC/MS, enzymatic
degradation, IT-MALDI MS and '"H-NMR, we have been able to
characterize the presence of B-1,4-glucan oligosaccharides (DP = 4 to 7) in
the cells expressing the CslC genes.

Finally, a Pichia line co-expressing AtCsiC4 and AtXTI (XyG
xylosyltransferase) was created in an effort to enhance the XyG GS activity
by expressing its putative partner. Remarkably, this line accumulates
significant quantities of 3-1,4- glucan in the insoluble fraction, whereas lines
containing only Cs/C genes do not accumulate this polymer. Taken together,
these results support our conclusion that Cs/C genes encode a [-1,4-glucan
synthase activity that is involved in creating the backbone of XyG.
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A cysteine-rich domain related to the plant CBM43 is
essential for the B(1,3)-glucanosyltransferase activity of
Gas family of proteins of Saccharomyces cerevisiae

The GAS multigene family is constituted by 5 genes (GASI to GASS). GAS1
is the best characterized gene to date. It encodes the major GPI-anchored
plasma membrane protein in the yeast Saccharomyces cerevisiae. Gaslp is
endowed of a B(1,3)-glucanosyltransferase activity that is essential for the
proper assembly of the glucan network of the cell wall during vegetative
growth. The absence of this activity causes a weakening of the cell wall that
activates a salvage pathway. GAS2 and GAS4 are expressed during
sporulation and are essential for the assembly of the spore wall. Gas proteins
belong to a broader family of extracellular enzymes from fungal and yeast
species that includes also Phrl and Phr2 from Candida albicans and Gel
proteins from Aspergillus fumigatus. At the moment 70 protein sequences
similar to Gaslp were identified and constitute Family 72 of the Glycoside
Hydrolase database. In this work we focused on the Gas family of proteins
as representative of the GH72 family. Gas proteins share an N-terminal
domain of about 330-350 amino acids, where two catalytic residues are
located, whereas they are dissimilar in the C-terminal portion. Out of the five
Gas proteins, only Gasl and Gas?2 proteins share a cysteine-enriched domain
of about 100 amino acids in their C-terminal region. This module, named
Cys-box is similar to a novel Carbohydrate Binding Module (CBM), namely
CBM43, an independent module that tightly binds laminarin in some plant
B(1,3)-glucanases. Family GH72 appears to be divided into two subfamilies:
one comprehends proteins with the Cys-box (GH72") and the other one
includes proteins without the Cys-box (GH72"). First we tested the activity
of all the Gas proteins. Recombinant forms were produced in soluble form
and purified from P. pastoris medium. Gas2 protein exhibited in vitro a
B(1,3)-glucan-transferase activity identical to that of Gaslp whereas Gas4
and Gas5 proteins an activity similar to Gaslp. In order to study the role of
the Cys-box we carried out a truncation analysis from the C-terminal end of
Gasl and Gas2 proteins. The removal of the Cys-box did not affect the
folding of the proteins, as assessed by different spectroscopic analysis, but
totally abolished the activity and also slightly reduced the thermal stability of
the proteins. More extensive truncations greatly affected folding of the
recombinant proteins and the putative catalytic N-terminal domain could not
be produced in a proper conformation indicating that it does not constitute a
structurally and functionally independent module. The results obtained
suggest a possible interdependent relation of the N-terminal and C-terminal
region in the GH72" enzymes indicating a different role of the Cys-box in
the fungal glucan transferases with respect to the CBM43 of plant
glucanases. The analysis of a phylogenetic tree of the N-terminal domains of
Family GH72 revealed a distinct molecular evolution of the GH72" and
GH72" subfamilies providing support to the hypothesis that the type of C-
terminal region imposed constraints to the evolution of the N-terminal
portion.
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Tandem Repeat Containing Genes Generate Genetic
Diversity in Aspergillus fumigatus

Genes containing multiple coding tandem repeats are highly dynamic
components of genomes. In humans, expansion of coding repeats is
associated with various diseases, including Huntington’s Disease and Fragile
X Syndrome. In fungi, many repeat-containing genes encode for cell-wall
proteins containing a leader sequence and glycophosphatidylinositol (GPI)-
anchor. Several encode for known adhesins (ie. Saccharomyces cerevisiae
FLOI11, Candida albicans ALSI1, ALS5, ALS7 and ALS9, Candida glabrata
EPAI). They undergo frequent recombination-dependent expansion or
contraction in size, creating size-variability between different yeast isolates
and alterations in adhesion. This variation provides the functional diversity
in cell-surface antigens which allows rapid adaptation to the environment.
Aspergillus fumigatus is the most common mold pathogen in man, causing
both deadly invasive diseases in immunocompromised patients and allergic
diseases in patients with atopic immune systems. We analyzed the entire
genome of A. fumigatus for open-reading frames (ORFs) containing putative
repeats, using the ETANDEM software program, a numerical score for
tandem repeats in a nucleotide sequence. Fourteen of 30 top-ETANDEM-
scoring genes analyzed showed strain-specific size variation of repeat
containing-regions. Four of these, (Afi3g08990, Aful2g05150 (MP-2),
Afu4g09600, and Afu6gi14090) are putative cell-wall proteins containing a
leader sequence and GPI-anchor motif. All four are expressed genes and
produce size-variable mRNA encoding a discrete number of repeat amino-
acid units. Their expression during development and in response to cell-wall
disrupting agents was analyzed.

Our findings suggest that a subset of the 4. fumigatus cell-surface proteins
may be hyper-variable due to recombination events in their internal tandem
repeats. We have created knock out strains in A.fumigatus 293 for two
putative cell-wall coding genes (Afu3g08990 and Afu6gi4090). We are
currently studying the effect of the deletion of these genes on the phenotype.
Preliminary results indicate that compared to the wild type strain,
Afu3g08990-deleted strain exhibits early germination rates and reduced
adhesion to ECM (extra cellular matrix) of alveolar lung cells (A549 cells).
In addition, we are analyzing Afu3g08990 and Afu6g14090 cellular location
by tagging the genes with a myc epitope.

F9

Jacob Romano
Emma Levdansky
Kevin J. Verstrepen
Gerald R. Fink

Nir Osherov

Romano Jacob
Department of Human

Microbiology,Sackler School of

Medicine, Tel-Aviv University,
Tel-Aviv ,Israel. E-mail:
cobby@post.tau.ac.il

67



The chitinolytic enzyme machinery of filamentous fungi

The recent advances in the sequencing and analysis of fungal genomes
showed that fungi have a large number of different chitinolytic enzymes. In a
phylogenetic analysis of GH 18 chitinases we could identify three different
subgroups of fungal chitinases. Proteins in group A do not have any
carbohydrate binding domains and contain the chitinases that have been
described as class V (fungal/bacterial) chitinases. Most group B chitinases
(class III, fungal/plant chitinases) have a cellulose binding domain. Group C
is a novel group of fungal chitinases that have not been characterized so far.
They are predicted to be large proteins (140 — 170 kDa), are targeted to the
secretory pathway, have a chitin binding domain and two LysM domains and
show similarity to yeast killer toxins. We cloned recently the first of those
chitinases (chil8-10) from the mycoparasitic fungus Hypocrea atroviridis
and could show that its transcription is not induced by chitin, but is
specifically triggered upon growth on cell walls of the plant pathogen
Rhizoctonia solani which can be antagonized by H. atroviridis.

Selected species of Hypocrea/Trichoderma, e.g. H. atroviridis
(anamorph: Trichoderma atroviride) and H. lixii (T. harzianum) are potent
producers of chitinases, which has been related to their mycoparasitic
abilities since lysis of the host cell wall has been shown to be an important
step during mycoparasitism. The genome of H. atroviridis, which is used in
agriculture as a biocontrol agent, is currently being sequenced. A
preliminary analysis of group C chitinases showed that out of the 4 proteins
of this group that can be found in the H. jecorina genome, only one is
strongly conserved in the H. atroviridis genome and other group C members
seem to have strongly different aa-sequences. This suggests that some of
these chitinases might have specialized functions such as involvement in the
mycoparasitic attack.

Many fungal chitinases that can be identified in the Hypocrea-
genomes have homologues in non-pathogenic species such as Neurospora
crassa and might therefore be relevant for morphological processes such as
localized cell wall breakdown during hyphal fusion events and hyphal
branching or autolysis. One of the aims of the Neurospora genome project
(http://www.dartmouth.edu/~neurosporagenome/index.html) is the
generation of knockout mutants of all annotated genes, which can be
obtained from the FGSC. We are using this strain collection to compare M.
crassa chitinase knockouts with respect to their phenotype and autolysis
behaviour to obtain information about the possible roles of some of those
chitinases.

Besides chitinases N-acetylglucosaminidases (NAGases, GH 20) are
involved in chitin degradation. Interestingly, fungal genomes contain ca.
between 11-20 chitinases, but only 2 NAGases. We could recently show that
the Nagl enzyme of H. atroviridis is expressed under all growth conditions
but that its expression level is dependent on the carbon source and we could
identify carbohydrates with certain features such as alpha-glucans and
galactose-containing oligosaccharides that especially enhanced Nagl
expression. We are investigating the inducibility of those enzymes by N-
acetylglucosamine among different fungal species and we are studying the
localization of NAGases with fluorescence-imaging techniques.
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Role of the SYN Domain of Agslp in Cell Wall alpha-
Glucan Biosynthesis in Fission Yeast

The cell wall is important for the maintenance of structural integrity and
morphology of fungal cells. Besides beta-glucan and chitin, alpha-glucan is a
major polysaccharide in the cell wall of many fungi. In the fission yeast
Schizosaccharomyces pombe, the alpha-glucan synthase Agslp was
identified using a temperature-sensitive (£s) mutant strain, ags/-1*, whose
cells lyse at the restrictive temperature due to a weakened cell wall unable to
withstand internal osmotic pressure. These observations showed that cell
wall alpha-glucan is an essential component of the S. pombe cell wall.
Recent observations showed that this cell wall alpha-glucan consists mainly
of (1,3)-alpha-glucan with some ten percent (1,4)-linked alpha-glucose
residues. Agslp is a multidomain protein with two probable catalytic
domains predicted to reside at opposite sides of the plasma membrane, as
well as a multipass transmembrane domain. This overall domain structure of
Agslp is conserved among the four Agslp homologs of S. pombe, Mok11p,
Mok12p, Mok13p, and (partly) Mokl14p, whose genes are expressed during
sporulation. Importantly, this domain structure is also well conserved among
Agslp homologs in other cell wall alpha-glucan-containing fungi, such as
several human fungal pathogens like C. neoformans and A. fumigatus. In the
present study, we focus on the role of the putative intracellular domain of the
S. pombe Agslp, denoted here as the SYN domain. This domain shares
amino acid sequence similarities with (1,4)-alpha-glucan synthases such as
bacterial glycogen synthases and plant starch synthases, suggesting that
Agslp may be involved in the synthesis of the (1,4)-alpha-glucan constituent
of cell wall alpha-glucan. Our data indicate that the Agsl1-SYN domain is
involved in the production of (1,4)-alpha-glucan for the biosynthesis of cell
wall alpha-glucan.
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Habituation of bean (Phaseolus vulgarisL.) cells to
dichlobenil is linked to an increase in Xyloglucan
endotransglucosylase (XET) activity

The habituation of cell cultures to the specific inhibitor of cellulose
biosynthesis dichlobenil (DCB) constitutes a suitable system to expand our
knowledge about xyloglucan endotransglucosylase (XET; EC 2.4.1.207)
activity, since these habituated cells possess a modified cell wall (with lower
amounts of cellulose and xyloglucan) as well as a growth rate similar to non-
habituated cells.

In this work, we cultivated non-habituated callus bean cells in the absence
and presence of lethal concentrations of DCB or isoxaben (another cellulose
inhibitor) for one week. In addition, we also used bean cells that have been
habituated to grow in lethal concentrations of DCB by stepwise subcultures
in increasing DCB concentrations up to 2 uM.

The 2 pM DCB habituated cells were impoverished in cellulose and
xyloglucan, they had a markedly increased XET activity, along with an
increased growth rate and a decreased molecular size of xyloglucan.
However, the XET activity of non-habituated cells was not affected by
the presence of DCB or isoxaben, and little effects on xyloglucan
molecular size distribution were noted.

We propose that the weakening of plant cell wall provoked by a decrease in
the cellulose content might promote the xyloglucan tethers and increase the
ability of xyloglucan to bind to cellulose in order to give rigidity to the wall.

P1

Ana Alonso-Simén
Penélope Garcia-Angulo
Antonio Encina

Jesiis M. Alvarez
Takahisa Hayashi

José Luis Acebes

Acebes José Luis

Area de Fisiologia Vegetal
Facultad de CC. Bioldgicas y
Ambientales

Universidad de Leén
E-24071 Leon, Spain
jl.acebes@unileon.es

71



alphal,3 glucan is a cell wall polysaccharide with
multiple functions in Aspergillus fumigatus

A major cell wall component : alphal,3 glucans represent 40 % of the cell
wall polysaccharides in Aspergillus fumigatus. They are recovered in the
alkali-soluble fraction of the cell wall. Chemical analysis have shown that
cell wall alphal,3 glucans are composed of linear chains with episodic intra-
chains of alphal,4 linked glucose. The cell wall of the mycelium developped
in static aerial (StA) or shaken immerged (Shl) conditions, differs in
composition and localization of some polysaccharides. alphal,3 glucans are
present in similar amount in StA or ShI cell wall but they are localized
exclusively in a thick layer at the surface of the StA cell wall whereas a thin
layer of alphal,3 glucans and an intermediate layer were observed in the Shl
cell wall.

A glue sticking together A. fumigatus aerial hyphae in a biofilm
structure : an hydrophobic strong, non-dissociable network of hyphae is
formed in the StA condition whereas the Shl condition allow the
development of dispersed hydrophilic hyphae. The aerial network of hyphae
(StA) was fused by an extracellular amorphous matrix which also covers the
mycelial mat like in bacterial or yeast biofilms. The analysis of the
extracellular matrix shows that one major component of this extracellular
matrix is the alphal,3glucans.

An anchor for melanin : alphal,3glucans are also present in the cell wall of
the conidia of 4. fumigatus. They are mostly localized at the cell wall surface
where they colocalize with the melanin layer.

Three putative alphal,3glucans synthase genes AGSI, AGS2 and AGS3 have
been identified. The gene deletion of AGS! only results in a partial reduction
of the alphal,3 glucan concentration in the cell wall. Deletion in AGS! or
AGS?2 are not defective in virulence. In contrast, AGS3 can modulate the
virulence of A. fumigatus. An AGS3 deletion strain was found to produce
conidia more resistant to H,O, than the parental strain. The ags3 mutant
causes more rapid and progressive disease in a mice model than the wild
type. The apparent hyper-virulence was correlated with an increased melanin
content of the conidial cell wall.
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Structure-function studies of fungal family 11 xylanases

Phytopathogenic fungi can degrade xylan, an abundant hemicellulose in
plant cell walls, by the coordinate action of a group of extracellular enzymes.
Among these, endo-(1,4)-B-xylanases (xylanases; EC 3.2.1.8) carry out the
initial breakdown by cleaving internal bonds in the xylan polymer backbone
to produce short xylo-oligosaccharides. In addition microbial xylanases have
been studied for their role in several industrial food processes, mainly in
baking, wheat processing and as supplements in animal feed production.

In our Laboratory, we have produced and characterized fungal xylanases
from Botrytis cinerea (XynBcl), Penicillium griseofulvum (PgXynA) and
Penicillium funiculosum (PfXynC), all belonging to family 11 of glycoside
hydrolases (http://afmb.cnrs-mrs.fr/CAZY/).

The enzymes were heterologously expressed in Escherichia coli or Pichia
pastoris, purified and enzymatically characterised. The recombinant proteins
demonstrated high catalytic activity and efficiently degraded low viscosity
xylan. Although both Penicillium enzymes showed the predominant
production of xylotriose and xylobiose as end products, the enzymes differed
by their rate and pattern of hydrolysis on wheat soluble arabinoxylan and
xylo-oligosaccharides. In addition XynBcl and PfXynC but not PgXynA
were found sensitive to the wheat inhibitor XIP-I, recently identified as a
pathogenesis-related (PR) protein. We also showed that B. cinerea produced
xylanase during plant tissue infection, reinforcing a role for this type of
enzyme in the plant attack.

In the light of the recently available PfXynC crystal structure, free and in
complex with XIP-I, we have identified potential determinants responsible
for the variations in substrate and inhibitor specificity. The importance of the
interaction between fungal xylanases and protein inhibitors remains to be
investigated in planta. The reported differences in xylanase specificities
have fundamental biological and industrial implications.

P3

Jean-Guy Berrin
Alexandre Brutus
El Hassan Ajandouz
Jacques Georis
Filip Arnaut
Daniela Bellincampi
Thierry Giardina
Nathalie Juge

Berrin Jean-Guy
Laboratoire BiosCiences
Université Paul Cézanne Aix
Marseille 111

13397 Marseille Cedex 20
France

jean-guy.berrin@univ-cezanne.fr

73



Amorphous chitin is a structural component of the cell
wall of the phytopathogenic oomycete Aphanomyces
euteiches

The oomycetes is a group of diploid eukaryotes that include the most
numerous, most important and earliest known water molds. For many years
they were classified within the fungi because of their similar ecological and
morphological traits, but recent studies showed that they are phylogenically
closer to diatoms, chromophyte algae and other heterokont protists. A
feature that is often mentioned when distinguishing oomycetes from true
fungi is the presence of cellulose and the absence of chitin in their cell walls.
However, chitin was detected and chitin synthase genes were recently
identified in a few oomycete species. Here we present evidence that chitin is
a structural component of the cell wall of Aphanomyces euteiches, an
oomycete parasite of legume plants belonging to the Saprolegniales.
Presence of chitin was shown by the following : (i) biochemical analysis of
the cell walls indicated the presence of hexosamines, (ii) treatment of the cell
walls with a chitinase released N-acétylglucosamine (NAG), and (iii) a
Wheat-Germ-Agglutinin-FITC conjugate stained intensely the cell walls.
This data was strengthened by the identification of chitin synthase (CHS)
sequences within A. euteiches ESTs generated at the laboratory, and the
observation that 4. euteiches growth was inhibited in presence of the CHS
inhibitor Nikkomycine Z. When the cell wall amorphous material was
extracted by mild hydrochloric acid treatment, most of the NAG-containing
material was extracted and X-ray analysis of the residue failed to detect
significant amounts of crystalline chitin. This suggests that chitin is involved
in cell wall function in A. euteiches by acting as an amorphous polymer,
possibly crosslinking the other glucans, and not as a crystalline scaffold.
Taken together, our data show that chitin synthases could be considered as
potential targets in the search for antioomycete compounds.
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Compartmentalization analysis of cell wall-synthesizing
enzymes within the endomembrane system

A major function of the Golgi apparatus (GA) in higher plants is the
synthesis of cell wall matrix polysaccharides, such as pectins and
xyloglucan. These complex polysaccharides are assembled in the GA and are
shuttled by GA-derived secretory vesicles to the cell wall. The synthesis of
these glycomolecules requires the action of a set of Golgi
glycosyltransferases, in addition to nucleotide sugar transporters and
nucleotide sugar interconversion enzymes.

In an attempt to learn more on the functional organization of pectin-
synthesizing enzymes, we have undertaken a study aiming at mapping an o-
1,5 arabinosyltransferase (ARAD1) and an UDP-D-Xylose-4-epimerase
(MUR4) within the endomembrane system. As a first step towards this goal,
transgenic tobacco plants expressing fusion proteins (MUR4:GFP or
ARADI1:GFP) were produced. These were then subjected to microscopical
and immunocytochemical analyses to determine the localization patterns of
the enzymes using direct GFP imaging as well as anti-GFP antibody-
immunogold labeling. Our preliminary data show that while ARAD1:GFP is
localized exclusively within Golgi cisternae, MUR4:GFP is found associated
with both Golgi stacks and endoplasmic reticulum.
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The structure and enzymatic properties of a
Streptomyces family 19 chitinase reveal differences with
plant enzymes

We describe the cloning, over-expression, purification, characterization and
crystal structure of ChiG, a single domain family 19 chitinase from the
Gram-positive bacterium Streptomyces coelicolor A3(2). Studies of the
enzymatic properties of ChiG revealed that the enzyme is active towards a
variety of soluble chitinous substrates at rates similar to those observed for
other chitinases, but has a very limited ability to degrade crystalline chitin
[1]. The crystal structures of ChiG [1] and a related Streptomyces chitinase,
ChiC [2], showed that bacterial family 19 chitinases lack several loops that
extend the substrate-binding grooves in family 19 chitinases from plants. In
all cases, the grooves are shallow, suggesting endo-activity and lack of
processivity. In accordance with the structurally observed shortening of the
substrate-binding groove, detailed analysis of the degradation of chito-
oligosaccharides by ChiG showed that the enzyme has only four subsites (as
opposed to six for plant enzymes [3,4]). This finding, in combination with
the fact that ChiG has a very open active site, may explain the low activity
towards crystalline substrates. The most prominent structural difference
causing a reduced size of the substrate-binding groove is the deletion of a
13-residue loop in between the two putatively catalytic glutamates. The
importance of these latter two residues for catalysis was confirmed by a site-
directed mutagenesis study.

[1] Hoell, IA et al., 2006, FEBS J., 273, 4889-4900.

[2] Kezuka, Y et al., 2006, J. Mol. Biol. 358, 472-484.

[3] Honda, Y & Fukamizo, T, 1998, Biochem. Biophys. Acta 1388, 53-65.
[4] Hollis, T et al., 1997, Arch. Biochem. Biophys. 344, 335-342.
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Expression of Plant Cell Wall Glycosyltransferases in
Pichia, Tobacco and Pea

A main challange in the post genomic is the assignment of function to the
ORFs with unknown or predicted function. In the Carbohydrate EnZyme
(CAZy) database 448 putative Arabidopsis glycosyltransferase (GT)
encoding sequences are classified into 40 GT famlies. The plant cell wall
consists of numerous complex carbohydrate polymer structures, many
unique to the plant kingdom. Although the fine structure (sugar composition)
of the various plant CW components are known to some detail, very little is
know with respect to the biosynthetic machinery responsible for their
synthesis. Activity from heterologously expressed plant CW GTs have been
obtained in very few cases. We have previously presented data on two highly
homologous plant-specific CW xyosyltransferases, designated RGXT1 and 2,
which adopt a typical type Il membrane protein structure. We expressed the
soluble secreted forms of RGXT1 & 2 in the Baculo virus system and
showed that both proteins were active in “the free sugar assay”, transferring
xylose from UDP-xylose on to fucose. Partly based on these data, RGXT1
and RGXT?2 were demonstrated to function in the biosynthesis of the A-chain
of pectic rhamnogalacturonan II (RG-II).In the present study, a Flag-Tag
(MDYKDDDD) was fused to either the N- or the C-terminus of the soluble
part of RGXT1 and/or & -2 and expressed in Pichia pastoris as secreted
tagged soluble proteins or in Pissum savitum (using the Pea Early Browning
Virus (PEBV) as expression vector) as tagged soluble intra-cellular protein
(P. savitum). In addition, full length RGXT2 with a Flag-Tag fused to the C-
terminus, was expressed as a membrane bound golgi localized protein in
Nicotiana tabaccum. The amount of expressed protein were estimated using
anti Flag Ab (Invitrogen) and activity were demonstrated using the free
sugar assay or modifications hereof. Pros and cons of using the Baculo virus
system, Pichia pastoris, N. tabaccum or PEBV mediated expression, are
discussed.
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Secondary cell wall formation as a unique rescue PS8
mechanism during acid-induced autolysis in the yeast
Cryptococccus neoformans

The yeast Cryptococcus neoformans is an opportunistic pathogen causing  vjadimir Farkas'™
severe diseases in immunocompromised persons. The surface of its cells is  Danka Macekova'
covered by a thick capsule composed of polysaccharides and proteins. A Kanji Takeo’ ,
number of ecto-glycanases (glycosyl hydrolases) associated with the g/f)liscil?\(gshhl;:::’l
capsules and/or the cell walls have been identified. The enzyme activities — ypoco o~ oy W o
included a-mannosidase, a-, and (-glucosidase, a-, and B-galactosidase, -
xylosidase, B-glucuronidase, endo-p-1,3-glucanase and chitinase. The cell-
wall associated endo-B-1,3-glucanases exhibited highest activity in the acidic .12
. ] .. Farkas Vladimir
range between pH 2.5 and 5.0 while the pH optimum for chitinase was at pH  iy,gitute of Chemistry, Slovak
5.0 - 5.5. The main products of cell wall autolysis were glucose and B-1,3-  Academy of Sciences, Centre of
linked glucooligosaccharides. In spite of the presence of the whole array of  Excellence GLYCOBIOS, Dubravska
glycanase activities on the cell surfaces, capsular polysaccharides released — cesta 9, 84538 Bratislava, Slovakia,
from C. neoformans cells into the growth medium were essentially and ‘“Research Centre for Pathogenic
: . o . . Fungi and Microbial Toxicoses,
metabolically stable. During transition from late exponential to stationary  Chiba University, 1-8-1, Inohana,
phase of growth, pH of the medium decreased from 6.5 to 2.6 and many cells  Chuo-ku, Chiba 260-8673, Japan
showed morphological aberrations and signs of autolysis of their walls. chemvfar@savba.sk
Some cells died but in a large population of the cells a new, ‘secondary’ cell
wall was formed underneath the original one in places where the old cell
wall was eroded by autolysis. The remnants of the old cell walls remained
attached to the cell surfaces as ‘caps’ and were gradually digested or shed
into the medium. Freeze-fracture electron microscopy revealed that the
newly formed, secondary cell walls were incomplete, exposing bundles of
polysaccharide microfibrils only partially masked by amorphous cell wall
matrix. The transition from exponential to early stationary phase of growth
was accompanied by an increase in cell-associated autolytic enzyme
activities (B-1,3-glucanase and chitinase). The cell wall lysis and the
formation of secondary cell walls could be suppressed by buffering the
medium to pH 6-7. Cells from the stationary phase of growth contained three
to five times higher contents of principal cell wall polysaccharides B-1,3-
glucan and chitin than the log-phase cells. The chitin/glucan ratio was about
two times higher in the cells having secondary cell walls than in those with
normal cell walls indicating that, similarly as in other yeasts, increased
synthesis of chitin plays the principal role in the cell wall repair. The
formation of secondary cell walls represents a unique rescue mechanism to
compensate the cell wall damage in yeast.

Acknowledgment: The work was supported by grant from the Ministry of
Education, Culture, Sports, Science and Technology of the Japanese
Government in 2001. Partial support was obtained from the Slovak Grant
Agency for Science VEGA (grant no. 2/6133/06).
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Structural and functional aspects of
glycosyltransferases : the gt8 family as a case study

Glycosyltransferases (GTs) constitute a large family of enzymes that are
involved in the biosynthesis of oligosaccharides, polysaccharides and
glycoconjugates. These enzymes transfer a sugar residue from an activated
donor substrate, usually a nucleotide sugar donor, to an acceptor that may be
a protein, a lipid or a growing oligosaccharide. GTs generally displays
exquisite specificity for both the glycosyl donor and the acceptor substrates.

GTs have been classified into families on the basis of amino acid sequence
similarities in the CAZy database (http://afmb.cnrs-mrs.frt/CAZY). To date,
the database comprises more than 20,000 known and putative GT sequences
that have been divided into 85 families. Large differences are observed
among GT families. Some of them are polyspecific and comprise a huge
number of sequences from various sources and whose functions are
widespread whereas others are monospecific and contain only a few
sequences. For the many putative GT genes, which arose from the systematic
sequencing programmes of various genomes, and which fall within these
polyspecific families, it is often difficult to assign a precise function to these
genes on the basis of sequence similarities. For those families, we are
wondering if the knowledge of the 3D-structure could help to decipher the
substrate specificities of the many putative GT sequences.

The large polyspecific GT8 family was considered as an interesting case

study because (i) it comprises two 3D-representatives catalyzing very
different reactions (LgtC, an 4-GalT from Neisseria meningitidis, and the

rabbit glycogenin, a self-a-glucosylating protein), (ii) it includes sequences

from prokaryotic and eukaryotic species which exhibit very different
enzyme functions, and (iii) it also comprises a high number (approx. 40) of
non-annotated Arabidopsis thaliana ORFs. We took advantage of the

structural data, to further explore the sequence determinants along the

polypeptide chains that confer substrate specificities and to tentatively
assign a function for the many Arabidopsis hypothetical proteins.
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Conditional inactivation of SUN genes in Candida
albicans reveals an essential and conserved cell-wall
related function required at a late step of cell separation.

SUN genes are ascomycete-specific genes. Conserved features of the Sun
proteins include an amino-terminal signal peptide and a highly homologous
carboxy-terminal domain containing a four cysteines motif predicted to bind
iron. The function of SUN genes remains unclear. They have been mis-
annoted as having a beta-glucosidase activity and analysis of S. cerevisiae
strains with null mutations in the SUN genes uncovered pleotropic
phenotypes linking these genes to several cellular processes : aging, DNA
replication, mitochondrial biogenesis and septation. In C. albicans, three
SUN genes have been identified : SUN41 (orf19.3642), SUN42 (0rf19.5032)
and a third member with significant divergence at the protein sequence level
(orf19.5896). Here, we report the characterization of the C. albicans SUN41
and SUN42 genes.

C. albicans strains with null mutations in the SUN41 or SUN42 genes were
constructed. Phenotypic analysis of these deletion mutants revealed that
SUN41 is necessary for cell separation, hyphal elongation and biofilm
formation while inactivation of SUN42 results in minor phenotypic
alterations. Repeated attempts to obtain C. albicans sun4IAA sun42AA
mutants were unsuccessful. Thus, conditional mutants with one SUN gene
inactivated and the second placed under the control of the repressible METS3
promoter were generated. Under repressible conditions, the conditional
double mutants showed a osmo-remediable lethal phenotype mainly due to
mother cell lysis following septation (both in yeat and hyphal conditions).
These data indicate that the C. albicans Sun41 and Sun4?2 proteins share a
common essential cell wall related function required at a late step of the cell
separation process. The conserved carboxy-terminal cysteine residues were
shown to be critical for SUN activity. Additional data suggest that the
C. albicans SUN genes perform identical function but are differentially
regulated at the transcriptional level. The essential function of the
C. albicans SUN genes is conserved among yeasts since ectopic integration
of §. cerevisiae orthologues in C. albicans conditional sun mutants can
suppress the lethal phenotype associated to the inactivation of C. albicans
SUN genes. We are currently investigating a probable enzymatic activity of
the Sun proteins towards cell wall polymers that is suggested by our data and
those obtained by others in S. cerevisiae.
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Glycosyl-Inositolphosphatidyl-ceramide-anchored
molecules and Aspergillus fumigatus cell wall

Fungal plasma membrane is an active interface between the cell wall
and the cytoplasm and is the site of synthesis of most structural
polysaccharides.  Accordingly, lipid-anchored molecules putatively
associated to plasma membrane are expected to be involved in the cell wall
organisation and maturation. Several glycosylphosphatidylinositol (GPI)-
anchored-proteins with B1-3glucanosyl-transferase or putative glucanase
activities take part in the cell wall remodeling. The galactomannan, a cell
wall polysaccharide, is also membrane-bound through a GPI-anchor. Using
different specific methodologies, we have found that the GPI structures from
4 proteins and from the lipogalactomannan in A. fumigatus mycelium were
identical and characterized by the presence of 5 mannose residues linked to a
glucosaminyl-inositol-phosphoceramide. Glycosphingolipids have been also
characterized. Besides mannosylated inositol-phosphoceramide already
described, new galactofuranose containing glycosphingolipids and GPI like
structures have been identified. An in vitro assay with mycelium lysate has
allowed to observe two mannosylation pathways in GPI biosynthesis in A.
fumigatus. All these data have indicated that the galactomannan is an unique
fungal polysaccharide which it is found under 3 different forms: free in the
culture medium; cross-linked to the f1-3glucan chains into the cell wall; and
bound to cellular membrane through a GPI-anchor.
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Identification of the first Oomycete glycosyltransferase
gene encoding a putative cellulose synthase catalytic
subunit

Oomycetes are classified in the Stramenopile eukaryotic kingdom, among
heterokont algae and water moulds. Many plant and animal pathogens as
well as saprophytes belong to the Oomycete family. Phytophthora infestans,
responsible for potato blight, is the most economically important example of
an Oomycete pathogen. The order Saprolegniales includes fish pathogens
among which Saprolegnia parasitica causes the most severe economical
losses. Even though the Oomycete cell walls consist essentially of
carbohydrates, so far none of the enzymes responsible for the synthesis of
the major cell wall polysaccharides have been identified and characterized.
Here we report the identification of the first putative cellulose synthase gene
(CesA) from the Oomycete Saprolegnia monoica.

An EST sequence from S. parasitica, containing the conserved processive
glycosyltransferase motif QXXRW, was used to design degenerated primers
and identify a putative CesA4 fragment from S. monoica by rapid elongation
of cDNA ends (RACE). Primers corresponding to the fragment identified by
RACE were used to amplify the full gene, which was subsequently cloned
and sequenced. The gene is approximately 3,500 bp long and the translated
product contains the D,D,D, QXXRW motif conserved among processive
glycosyltransferases in family 2 in the CAZY-database (http://afmb.cnrs-
mrs.fi/CAZY/). The gene product is a putative transmembrane protein with
two predicted soluble domains. The C-terminal soluble part shows
significant similarity to cellulose synthases from the cyanobacteria Nostoc
sp. PCC 7120 and Anabaena variabilis ATCC 29413, as well as from the
slime mould Dictyostelium discoideum. The N-terminal part is less
conserved. This is the first Oomycete glycosyltransferase identified and
more characterization is needed to firmly demonstrate its role as a cellulose
synthase catalytic subunit, and reveal its phylogenetic relationship to the
other glycosyltransferases from the same family.
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Characterization of Novel A. thaliana Xyloglucan
Mutants Identified by a Hydrolase Screen

Hemicelluloses are complex polysaccharides present in plant cell walls that
bind to cellulose microfibrils, thereby forming the loadbearing network of
plant cell walls. Xyloglucan (XyG) is the quantitatively most abundant
hemicellulosic polysaccharide in the primary wall of dicots and non-
graminaceous monocots, consisting of a highly substituted glucan backbone.
In an attempt to gain further insights into the function of XyG we tried to
identify plant mutants with altered XyG structures. Mutants were identified
using a liquid culture mutant screen where mutagenized Arabidopsis thaliana
seed populations were subjected to growth in an exogenous fungal XyG-
specific endoglucanase (XEG) solution. To date we were able to identify
about 40 mutants, displaying an altered morphological phenotype, when
grown in presence of XEG. Some mutated genes were identified by either
TAIL- or I-PCR and include genes encoding for proteins with unknown
functions, transcription factors as well as one gene encoding for a putative
protein with carbohydrate catabolism activity. For one of these lines
(xegl00) we were able to detect significant changes in the XyG
oligosaccharide composition. In another mutant (xeg5) we could observe a
significant increase in glycosyl residues of the XyG, when compared to the
wild type. These data confirm that the screening method is capable of
identifying XyG mutants.

Additional data on the wall structure of many of the mutants will be
presented as well as the nature of the identified genes highlighting their
involvement in establishing and maintaining the XyG network.
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Light control of primary cell wall cellulose synthases
redundancy

Cellulose microfibrils are synthesized by large complexes called rosettes
located at the plasma membrane and containing several distinct cellulose
synthase subunits (CESA). In Arabidopsis, the CESA gene family comprises
10 members, some of which are expressed during primary cell wall synthesis
whereas others are expressed throughout the secondary cell wall deposition.
Mutants AtCESA4, 7 and 8 lack the secondary thickening in xylem cells
which cause the collapse of the xylem whereas mutants of AtCESAI,
AtCESA3 and AtCESA6 genes show all a reduced cellulose content and a
growth defect in roots and dark-grown hypocotyls indicating that these three
isoforms are required for normal cellulose synthesis in primary cell walls
(for a review, Hofte et al, 2007). The function of the remaining four isoforms
still has to be determined. AtCESA2, 5 and 9 are encoded by recently
duplicated genes and are most closely related to AtCESA6. Xie et al,
recently have shown that knockout of the 4tCESA2 gene affects microtubule
orientation and causes abnormal cell expansion in A. thaliana Landsberg
ecotype.

In this work, we investigate the roles of AtCESA2 and AtCESAS in cell
elongation. Mutants in these genes do not show a clear cell wall or growth
phenotype. The double and triple mutant combinations cesd2/cesAS,
cesaA2/cesA6 and cesAS5/cesA6 have been realized and reveal the partial
redundancy of CESA2, 5 and 6.

Interestingly, the hypocotyl growth defect in Arcesad6”'" is reverted in the
presence of light. 4tCESAS is expressed in the light and not in dark-grown
hypocotyls. We will describe the control by light of AtCESA functionality
during cell elongation and also the role of the various AtCESA isoforms in
the resistance to the herbicide isoxaben.

- Hofte H, Gonneau M, and Vernhettes S (2007) Plant Polysaccharides: biosynthesis of
cellulose. In “Comprehensive Glycoscience, from Chemistry to Systems Biology”, Voragen
AGJ and Kamerling JP, eds. in press

- Chu Z, Chen H, Zhang Y, Zhang Z, Zheng N, YinB, Yan Y, Zhu L, Zhao X, Yuan M,
Zhang X, Xie Q (2007) Plant Physiol. 143: 213-224.
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Deposition of hemicelluloses in cell walls during wheat
endosperm development. FT-IR study

Cereal grains are an important crop in Europe as cereal food represents a
main component of our diet. The cell walls from wheat grain have a strong
impact on cereal technology and its derived products. Therefore it is
important to control their content and properties.

In wheat grain, arabinoxylans (AX) and (1->3),(1->4)-B-Glucans are the
major components of cell walls. Heterogeneity in cell wall composition has
been demonstrated on samples recovered from wheat grain fractionation
processes. Immunolabelling experiments (Guillon et al. 2004) and FT-IR
microspectroscopy have suggested (Barron et al., 2004) that some local
changes in cell wall composition occur, as a function of the wheat
endosperm regions (aleurone layer, peripheral and central starchy
endosperm).

Recently, FTIR assignments of AX, B-(1->3)(1->4) glucans and AGPs
spectra were performed (Robert et al. 2005). These assignments are useful to
further explore the cell wall composition within the grain endosperm.

Using FT-IR microspectrocopy, local heterogeneiy in cell wall composition
of wheat grain in development was investigated. Attention was paid to:

- the time course of synthesis and distribution of AX and (1->3),(1->4)-p-
Glucans,

- changes in the AX substitution.

While a globar (thermal) source was found appropriate to study cell walls of
the starchy endosperm, synchrotron radiation, thanks to its intrinsic
brightness properties, was used, to explore the aleurone layer, due the layer
thickness.

3 stages of development were considered: cell division and differentiation
(11-12 day after anthesis (DAA)), accumulation of storage products (26
DAA), mature stage.

AX are detected at the beginning of endosperm cell differentiation, when the
grain has reached its final length. Changes of AX structural features are
observed depending on either the developmental stage or localization in
grain. As a matter of fact, the degree of substitution of AX by arabinose is
higher in cell wall of peripheral cells than in central cells at the beginning of
cell differentiation. In the mature grain, AX are less substituted. In addition,
no difference in AX substitution is observed within the starchy endosperm.
In the walls of aleurone layer, AX appears to be little substituted whatever
the stage of development. Changes in cell wall composition seem to occur
between periclinal and anticlinal aleurone cell walls.

These results indicate a fine spatial and temporal tuning of the biosynthesis
of cell wall polymers. The knowledge of these events gives new research
direction to unravel the genes involved in the biosynthesis of cell wall
polymers.

Barron, C.; Parker, M. L.; Mills, E. N. C.; Rouau, X.; Wilson, R. H. (2005),
Planta, 220, 667-677.

Guillon F., Tranquet O., Quillien L., Utille J.-P., Ordaz-Ortiz J.J., Saulnier
L. (2004), Journal of Cereal Science, 40, 167-182.

Robert P., Marquis M., Barron C., GuillonF., Saulnier L. (2005), Journal of
Agricultural and Food Chemistry, 53 7014-7018.
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Determination of glycosyltransferase specificities using a
carbochip approach

Glycosyltransferases (GTs) play an essential role in the synthesis of cell wall
polysaccharides of plants. Despite the fact that most of the cell wall
polysaccharides are characterised to a high extend, the knowledge about
their synthesis at a molecular level is limited. The genome of Arabidopsis
thaliana contains over 400 GTs of which only a few are biochemically
characterized. The complicating factor in the research of GTs is that many
acceptor and donor substrates have to be tested.

In our lab a method has been developed that is amenable to high throughput
analysis of GT substrate specificities. Acceptor substrates (such as a
polysaccharide) and a donor-substrate (such as a nucleotide sugar) are
incubated with a recombinant GT. The reaction product is then spotted on a
PVDF membrane covered target plate, where it can be washed, fragmented
with appropriate hydrolases and analysed by MALDI TOF (matrix assisted
laser desorption/ionisation time of flight) mass spectrometry. The activity
and specificity of two well characterised plant derived carbohydrate active
enzymes, fucosyltransferase and a pectin methyl esterase, has already been
successfully tested on the carbochip.
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Immunomodulating, antioxidant, and antimutagenic
properties of yeast cell wall polysaccharides

Polysaccharides constitute the major part of the dry weight of the yeast cell
wall and build the skeletal carcass defining cell wall stability and cell
morphology (D-glucans) orD-glucans reveal immunomodulating properties,
which allows for their application in antiinfective and antitumor D-glucan
isolated from the cell wall of baker’s yeast Saccharomyces serevisiae, and
isolated glucomannan from the industrial yeast Candida utilisD-glucan
demonstrated potent inhibitory effect on lipid peroxidation comparable to
that of the known antioxidants and exerted DNA protection from oxidative
damage. The antioxidant activity of D-glucan derivatives was corroborated
by spin-trap ESR technique. Antimutagenic and antigenotoxic activity of the
yeast polysaccharides was demonstrated using yeast, bacterial, and algal
models as well as in the model of inhibition of DNA oxidative damage using
comet assay. The presented results indicate significant protective
antioxidant, antimutagenic, and antigenotoxic activities of the yeast
polysaccharides and imply their potential application in anticancer
prevention/therapy.

Financial support of the Grant Agency for Science of Slovak Academy of
Sciences and Ministry of Education of Slovak Republic, grants VEGA
2/3143/26, 1/2337/05, 2/4056/24, and 2/3093/23, as well as by the Agency
for Research and Development, grants APVV-51-017905 and APVV-20-
002604.
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Phenotyping of cell wall in relation with tomato fruit
texture

Plant cell wall polysaccharides structure, interactions and organization allow
cell to withstand turgor pressure and mechanical stresses and are responsible
for tissue cohesion by contributing to cell adhesion. At the tissue level, the
wall chemical heterogeneity and distribution seen with regard to cell shape,
cell size, and cell distribution are thought to contribute to the overall
mechanical properties of plant tissues and organs. In order to define the
relationships between the cell wall construction at these different scales with
plant mechanical properties, we develop two cell wall phenotyping methods.
One is based on enzymatic degradation of wall polysaccharides and analysis
of products (enzymatic fingerprinting) and the other is based on video image
acquisition and image texture analysis of tissue sections. We applied these
methods to the study of cell walls in a collection of texture contrasted tomato
lines hosting genetic markers related to texture (QTLs). Fruit cell walls are
predominant factors expected to control the mechanical properties perceived
as texture. At the molecular level, enzymatic fingerprinting revealed strong
correlations between QTLs on chromosomes 1, 2, 4 and 9 related to firmness
and the content of heteroxylan and arabinan side chains on pectins in cell
wall of pericarp tissue, and between a QTL on chromosome 9 for mealiness
with the content in galactan side chains in pectins. At the tissue scale, image
texture analysis revealed correlations between firmness and a heterogeneous
cell distribution in the pericarp, skin toughness and the presence of small
cells under the cuticle, and between mealiness and thick pericarps composed
of elongated cells. The results demonstrate that these methods allowed
discrimination of genetically close fruits with contrasted texture on the basis
of wall construction. The methods will be applied to larger fruit collections
to validate these correlations and to test for relationships between histology,
wall chemistry and texture.
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Characterization of null mutants for the Arabidopsis 3-
deoxy-d-manno-2-octulosonic acid-8-phosphate (Kdo-8-
P) synthase AtkdsAl and AtkdsA2 genes and a CMP-Kdo
synthase gene.

Despite a very complex structure, the sugar composition of the
rhamnogalacturonan II (RG-II) pectic fraction is extremely conserved.
Among its constituting monosaccharides is the seldom eight carbon sugar 3-
deoxy-d-manno-octulosonic acid (Kdo). Kdo is first synthesized by Kdo-8-P
synthase (KDSA) as a phosphorylated precursor. After dephosphorylation,
Kdo is then activated by coupling to CMP prior to its incorporation into the
RG-II in a reaction catalyzed by CMP-Kdo synthetase (KDSB). As an
attempt to alter specifically the RG-II structure in its sugar composition and
assess the consequences on the function of RG-II in cell wall and its
relationship with growth, we looked for Arabidopsis null mutants in the
genes encoding KDSA and KDSB. We here describe the isolation and
characterization of one null mutant for the isoform 1 (Atkds41-S) and two
distinct null mutants for the isoform 2 of Arabidopsis Kdo-8-P synthase
(AtkdsA2-V and AtkdsA2-S). We provide evidence that AtkdsA2 gene
expression is preferentially associated with plantlet organs displaying a
meristematic activity, and that it accounts for 75% of the mRNAs to be
translated into KDSA. Furthermore, quantification of cytosolic Kdo content
in the various mutants confirmed this predominant expression of AtKDSA2.
We could never obtain any homozygous AtkdsAI-/- AtkdsA2-/- double
mutant, suggesting embryo-lethality from the complete knock-out of KDSA
function. Interestingly our attemps to obtain a homozygous AtkdsB mutant
for CMP-Kdo synthase was similarly unsuccessful. Self-crossed plants from
the original T-DNA tagged AtkdsB mutant gave rise to siliques harbouring
23.9% of empty seeds or seeds containing severely affected embryos.
Altogether these data suggest an important role for the Kdo synthesis
pathway in embryogenesis.
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Isolation of cDNA sequences encoding the MAP kinase
HOGT1 and the MAP kinase kinase PBS2 of Alternaria
tenuissima through a genetic approach

Alternaria tenuissima is a fungus widely present in the environment and
causes diseases in plants and humans in the world. In this study, we
constructed an A. tenuissima cDNA expression library in a centromeric yeast
vector that allows the isolation of functional cDNA sequences from this
environmental and pathogenic fungus. Through a genetic approach we have
isolated and functionally characterized the cDNA sequences encoding the
MAP kinase (MAPK) Hoglp and the MAPK kinase Pbs2p of 4. tenuissima.
AtHOG1 cDNA encodes a protein of 355 amino acids, while AtPBS2 cDNA
encodes a protein of 683 amino acids. Further studies on the regulation of
cell wall synthesis by AtHOG1 and AtPBS2 are being undertaken.
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Chemo-enzymatic synthesis of xylogluco-
oligosaccharides and study of their affinity with cellulose

Cellulose microfibrils and xyloglucans (XG) are the main
polysaccharides forming the load bearing network of the non commelinoids
primary plant cell wall.

Xyloglucan consists of (1,4)-B-linked D-glucopyranosyl backbone,
where three out of every four glucose units carry a a-(1,6) linked D-xylosyl
substituent, either as a single sugar or as a B-D-Gal-(1,2)-a-D-Xyl or o-L-
Fuc-(1,2)-B-D-Gal-(1,2)-a-D-Xyl side chains.

Some studies of their interaction with cellulose were carried out and
possible structure property relationships have been put forward 2. However
the apparent statistical distribution of substituents and the impact of
molecular weight such as a minimal cooperative’ sequence for efficient
binding still need to be clarified.

The first aim of the present work is to synthesize xylogluco-
oligosaccharides (XGO) with a controlled structure from tamarin
seed xyloglucans, applying a chemo-enzymatic strategy based on
the glucoside-hydrolases and glycosynthases activities. For
instance, an oligosaccharide containing twelve glucosyl residus is
obtained by recoupling of three so called XXLG motif. These XGO
chemo-enzymatically synthesized have well defined chain length
and side chains composition. The study of their interaction with
cellulose enables to evaluate the influence of the substitution.

In a second step, interactions are studied in vitro by Isothermal
Titration Calorimetry (ITC) and determination of adsorption
isotherms. These thermodynamic analyses are made using different
XG as native XG or synthesized and purified XGO and several
celluloses as bacterial microcrystalline cellulose or cellulose
whiskers, a colloidal dispersion of pulp sulphated microcrystals.
The main adsorption event appears to be endothermal as shown by
the temperature effect on isotherms or the ITC thermograms.
However an initial exothermal effect requires further investigation
and suggests a dual mode or heterogeneous mechanism.

! Pena et al. Plant Physiol. 2004, 134(1), 443-451
? Vanzin et al. Proc.Natl. Acad. Sci. USA 2002, 99, 3340-3345
3 Vincken et al. Plant Physiol. 1995, 108, 1579-1585
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Heterologous expression of Chitin Synthase 2 from
Saccharomyces cerevisiae

Chitin is a structural polysaccharide that is an essential component of the
fungal cell wall. As chitin synthase is essential for the fungus and is not
present in humans, it is a good target for antifungal drugs, and knowledge of
its three-dimensional structure could be crucial in designing these drugs.
Therefore, we have cloned the gene of the essential chitin synthase from
Saccharomyces cerevisiae. The enzyme consists of a single polypeptide
chain, which forms a 25 kDa N-terminal domain of unknown function, a 48
kDa central catalytic domain and a 37 kDa membrane-bound C-terminal
domain. To obtain the amount of protein needed for structural and functional
investigations, we are working on developing a suitable expression system
for both the entire protein, and a mutant lacking the N-terminal domain. We
are testing expression in E. coli and in the yeast Pichia pastoris, as well as
cell-free expression.
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Differential regulation of two —D-xylosidase genes
during tomato fruit development and their relation to
firmness.

Softening that occurs during fruit ripening is known to be associated with
characteristic changes of cell wall polysaccharides, mostly mediated by the
action of hydrolases that affect selective glycosidic bonds of the different
cell wall compounds. Several studies reported on the ripening-specific
regulation of genes encoding cell-wall hydrolases (Polygalacturonase,
Pectinesterases, Glucanases...) but transgenic experiments leading to the
suppression of corresponding enzyme activity did not reveal significant
effect on fruit firmness. These data suggested that softening and textural
changes in fruits involved coordinated and interdependent activities of a
large range of cell-wall modifying proteins. Within the scope of identifying
the gene network involved in tomato softening, we screened a large number
of cell-wall hydrolase genes (referred in TIGR) in two nearly isogenic lines
that differ in firmness : Levovil (Lev) a large fruited line with rapid ripening
and softening and LCx, a firm line with Levovil genetic background and
several texture-related QTL alleles from a cherry tomato (referred as Cervil).
From this screening, two 3-D-xylosidases (Xylosidase 1 and 2, homologous
to 90%) among seven analyzed, showed a differential gene expression
between these two lines. The regulation of the iso-genes was analyzed with
respect to genetic control, fruit firmness, fruit and plant development and
fruit compartment location. Gene expression profiles were also compared to
the corresponding protein data obtained by Western-blot. Results showed
that the two xylosidases have drastic spatio-temporal differences in gene
expression : (i) Xylol is predominantly expressed in fruits compared to
Xylo2 that is also strongly expressed in other plant organs as flowers, young
leaves and stems (ii) Xylol is ripening regulated while Xylo2 is early
expressed and associated to cell expansion process, (iii) Xylol expression is
predominantly localised in radial pericarp while Xylo2 is localised in
external and radial pericarp as in skin tissues. These differences in gene
expression suggest that the biochemical role of B-xylosidase would be
accomplished at different developmental or ripening stage of fruits and also
in different plant organs. Although the expression of a ripening-regulated
xylosidase gene has been correlated with firmness in strawberry (Bustamante
et al., Plant Sc., 2006), no relation was established in this study between the
tomato lines hosting firmness-related QTLs. Transgenic tomatoes with
suppressed xylol and xylo2 activities are in progress and would inform
about their in vivo role on fruit firmness

P23

Marty Isabelle
Adeline Moise
Guillaume Quinonero
Line Tichit

Fabienne Guillon
Mathilde Causse
Marc Lahaye

Marty Isabelle

INRA SQPOV
Domaine Saint-Paul
Sitae Agroparc

84914 Avignon Cedex 9
marty@avignon.inra.fr

93



PROTEOME AND TRANSCRIPTOME VARIATIONS RELATED
TO QTL CONTROLLING TOMATO FRUIT TEXTURE

Tomato texture is one of the critical components for the consumer’s
perception of fruit quality. Texture is a complex character composed of
several attributes (firmness, mealiness, skin toughness and juiciness) that are
difficult to evaluate and which change during fruit ripening. The objective of
this work is to identify candidate genes related to QTL controlling texture
variations of tomato fruit using proteomic and transcriptomic approaches.
Five chromosome regions carrying QTLs for quality traits, previously
mapped in a RILs population, were transferred following a marked-assisted
backcross scheme from a cherry tomato line into two modern lines. Two of
these regions located on chromosomes 4 and 9 correspond to QTLs with a
strong effect on fruit firmness and mealiness. Two types of genotypes were
used: QTL-NILs which differed from the recipient line only for the region of
the chromosome 4 or of the chromosome 9 and lines cumulating the five
chromosome fragments.

The research of candidate genes with a function or an expression level
related to texture variations was performed using proteomic (two-
dimensional electrophoresis) and transcriptomic (microarrays) approaches.
Expression profiles of the parental lines were respectively compared to those
of the corresponding line cumulating the five regions. Several candidate
genes were identified essentially related to cell wall-modifying enzymes,
such as endo-polygalacturonase, B-D-xylosidase, glucan endo-1,3-beta-D-
glucosidase, a-mannosidase. The level of expression of these genes was then
assessed by quantitative RT-PCR (i) on a kinetic of fruit development
composed of seven stages distributed from early stages to over-ripe (ii) on
the same lines firstly used but also on the QTL-NIL described above. The
results obtained confirmed the involvement of these genes in fruit texture
variations but also suggest that several complementary cell wall
modifications contributed to texture change. At the same time, the candidate
genes identified were mapped and a few co-localisations with texture related
QTL were observed.
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Analysis of a tomato orthologous QUASIMODO gene
predominantly expressed in tomato fruit development

Pectins are major components of primary cell wall and contribute to the
physical and biochemical properties of tissues. An allelic mutant of
Arabidopsis thaliana (Quasimodo-1) has been identified that leads to a
dwarf plant phenotype and a reduction in cell adhesion, particularly of
epidermal cells in seedlings and young leaves. In addition, it presents a
reduced homogalacturonan content in isolated cell walls (Bouton et al., Plant
Cell, 2002). Such results support that QUAI gene encodes a putative
glycosyltransferase of the multigenic family 8 implicated in pectin and
hemicellulose cell wall synthesis (Orfila et al., Planta, 2005). Despite their
potentially crucial contribution to fruit texture properties, these
glycosyltransferase activities have not yet been identified in fruits. Our work
consisted in finding orthologous genes of QUA! in tomato. Their expression
pattern was investigated with respect to fruit and plant development and to
fruit texture. Gene expression profiles were compared to the corresponding
protein accumulation followed by Western-blot. The role of these genes on
texture elaboration during fruit development and maturation is also
investigated by the creation of RNAI silencing and surexpression lines.
Results showed that only one tomato gene is strongly homologous to
A.thaliana Qual (QUA A) and that (i) is mainly expressed in early stages of
fruit development (ii) its expression is predominantly in the fruit than in
other plant tissues like flower, young leaves and stems and that (iii) is more
strongly localized in pericarp than in skin, gel and seeds. Western-blot
analysis showed a similar accumulation pattern of a 63-kDa protein
corresponding to the theoretical molecular weight of the QUA A protein. Up
to now, gene expression and protein accumulation profiles suggest that QUA
A is involved in the establishment of the cell wall through pectin synthesis
during cell expansion phase of the fruits. The first RNAI transgenic plants
were obtained and analysis are in progress in order to better understand their
role in fruit firmness.
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Molecular characterization of the mannosyltransferase
PMT4 of Aspergillus fumigatusinvolved in cell wall
morphogenesis.

O-glycosylation is a major post-translational modification of proteins. O-
glycosylated proteins play major roles in eukaryotic cells from fungi to
humans. The initial reaction of mannose transfer to serine and threonine
residues is catalysed by protein O-mannosyltransferase in the endoplasmic
reticulum. Seven PMT (1-7) has been characterized in S. cerevisiae.
Phylogenetic analysis showed that protein O-mannosyltransferases can be
divided into three subfamilies, the PMTI, PMT2 and PMT4 subfamilies.
Disruption of three different types of PMT genes resulted in death of the
yeast cells. In the filamentous fungus Aspergillus fumigatus, 3 orthologs are
present in the genome and are called PMT1, PMT2 and PMT4 since every of
them belong to a different subfamily. All these proteins showed hydropathy
profiles typical of protein O-mannosyltransferase of the PMT family with
several transmembranes domains. The role of PMT4 has been now
investigated in A. fumigatus and for the first time in filamentous fungi. This
gene encoded for a transmembrane protein of 780 amino acids. APMT4 of A.
fumigatus has been constructed by gene replacement. The mutant show
severe morphological defects : reduced growth, altered mycelium, higher
sensitivity to antifungal drugs, reduced conidiation.
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Cell Wall Integrity Checkpoint regulates G2/M phase
Cell Cycle Arrest through Dynactin Complex and its
Interacting Proteins.

Cell cycle events in Saccharomyces cerevisiae are strictly monitored and
regulated by checkpoint mechanisms, which ensure the correct cell division
and regulate the necessary arrest or delay in cell cycle in response to cell
perturbation. We have established the concept of a novel checkpoint
mechanism termed cell wall integrity checkpoint, which couples the cell wall
synthesis and mitosis. Temperature sensitive mutant of 1,3-beta-glucan
synthase, fksi-1154, shows cell cycle arrest with post-replicative DNA
content in G2 phase exhibiting tiny bud projection with duplicated but
unseparated SPBs when incubated at the restrictive temperature. Random
mutagenesis analysis lead us to find that Arplp, the main component of
yeast dynactin complex, is required for the proper function of the
checkpoint. Mutation in Arplp (wacl, P268L) in fksi-1154 background
elicits defect in the checkpoint function when incubated at the restrictive
temperature resulting in the accumulation of small budded cells with
elongated nuclear spindle. In search for other components contributing to the
cell wall integrity checkpoint, proteins physically interacting with the
dynactin complex were systematically examined for their involvements in
the checkpoint. Among the proteins examined, we found that mutations in
Bzzlp and Srplp, two-hybrid interacting proteins of dynactin components
(Nip100p and Arplp, respectively), in fksI-1154 background cells show the
accumulation of small budded cells with elongated spindle at the restrictive
temperature. The phenotype observed by fluorescence microcopy is
considered to characterize at least a partial loss of the checkpoint function
and Bzzlp and Srplp are suggested to have roles in the checkpoint. In
addition, dynactin complex shows different localization pattern in
checkpoint defective cells compared to the checkpoint intact cells. The
proper localization of dynactin complex may be responsible for the function
of the cell wall integrity checkpoint. These data imply that dynactin complex
potentially has a major role in the checkpoint mechanism. This study will
help us farther our understanding of the relationship between cell wall
biogenesis and cell cycle in Saccharomyces cerevisiae.
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Homologous subunits of yeast 1,3-beta-glucan synthase P 28
are important for spore wall assembly in Saccharomyces
cerevisiae

During sporulation in Saccharomyces cerevisiae, the four haploid nuclei are  Satoru Ishihara
encapsulated within multilayered spore walls. Glucan, the major constituent  Satoru Nogami
of the spore wall, is synthesized by 1,3-beta-glucan synthase, which is Aiko Hirata
composed of a putative catalytic subunit encoded by FKSI and FKS2. ?;::El?::lul‘:zlsge
Although another homolog, encoded by FKS3, was identified by homology vy oshikazu Ohya
searching, its function is unknown. In this report, we show that FKS2 and
FKS3 are required for spore wall assembly. The ascospores of fks2 and fks3
mutants were enveloped by an abnormal spore wall with reduced resistance .
. . Nogami Satoru
to diethyl ether, elevated temperatures, and ethanol. However, deletion of Department of Integrated Biosciences
the FKSI gene did not result in a defective spore wall. The construction of  Graduate School of Frontier Sciences
fusion genes that expressed Fkslp and Fks2p under the control of the FKS2  University of Tokyo
promoter revealed that asci transformed with FKS2p-driven Fkslp and Bldg FSB-101, 5-1-5 Kashiwanoha,
Fks2p were resistant to elevated temperatures, which suggests that the [ashiwa, Chiba277-8562, Japan
p 3 - P . g8 knogami@mail.ecc.u-tokyo.ac jp
expression of FKS2 plays an important role in spore wall assembly. The
expression of FKSIp-driven Fks3p during vegetative growth effectively
suppressed the growth defect of the temperature-sensitive fks/ mutant.
Quantitative analysis of cell morphology and glucan content of mutant cells
revealed that morphological abnormality and reduced glucan content of the
temperature-sensitive fks/ mutant was suppressed. Whereas FKSIp-driven
Fks3p did not affect 1,3-beta-glucan synthase activity in vitro, the amount of
active form of Rholp, which is a reguraltory subunit of 1,3-beta-glucan
synthase, was increased in vivo, suggesting that it suppressed the growth
defect of the fks/ mutant by stabilizing active-Rholp in vivo. Based on these
results, we propose that FKS2 encodes the primary 1,3-beta-glucan synthase
in sporulation and that FKS3 is required for normal spore wall formation
because it affects the upstream regulation of 1,3-beta-glucan synthase.
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Carbohydrate microarrays: analysis of enzyme activity
by epitope deletion

As a tool for the high-throughput screening of enzymatic activities
carbohydrate microarrays were constructed by high density spotting of a
range of plant polysaccharides onto nitrocellulose membranes. Different
polysaccharide degrading enzymes were subsequently tested for their
activity against samples present on the array. Monoclonal antibodies were
used to measure decrease in epitope in each sample thus indicating the action
patterns of the enzymes tested. Our analysis indicates that this type of
carbohydrate microarray can be used for screening of individual enzyme
activities against many different carbohydrates simultaneous. Additionally, a
reverse approach was tested where nitrocellulose membranes were coated
with a single polysaccharide sample and several enzymes spotted onto these
coated membranes using a microarrayer. This second approach provides a
rapid screening technique for testing numerous enzymes against a single
target carbohydrate.
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Analysis of Coronary arteritis induced by C. albicans
extracellular mannoprotein in various strains of mice

CAWS is a water-soluble extracellular polysaccharide fraction obtained
from the culture supernatant of Candida albicans NBRC1385. CAWS
induced toxic reactions, such as acute anaphylactoid reaction, by intravenous
administration and coronary arteritis by intraperitoneal administration.
CAWS-vasculitis is similar to that induced in Kawasaki disease.

We analyzed differences in the occurrence of coronary arteritis among
mouse strains, inbred strains, hybrids and mutants. CAWS vasculitis was
induced in almost all of the inbred strains tested, except for CBA/j mice.
CAWS vasculitis was induced also in hybrids, CDF1 and BDF1. In mutant
strains of various immunological defects, such as C57BL/6J Ham Slc-bg,
Balb/c nu/nu, C.B.17/Icr-scid/scid, WBB6F1-W/Wv mice, they all induced
CAWS vasculitis but relatively weak. It is already postulated that CAWS
vasculitis was regulated by various genes related to acute as well as chronic
inflammation.

To clarify the structure responsible for these toxic reactions, C. albicans was
cultured in pH- and temperature-controlled conditions and prepared with
CAWS with or without the beta-1,2-linked mannosyl segment (BM). The
structure of CAWS was assessed by immunochemical and spectroscopic
methodologies, and we found that CAWS prepared under the natural culture
conditions contained only small amounts of BM and CAWS prepared at
neutral conditions at 27 degrees C contained a significantly higher
percentage of BM. Both the acute lethal toxicity and coronary arteritis
induction was significantly more severe in the absence of BM. Activation of
a complement pathway, the lectin pathway, by CAWS was significantly
stronger in the absence of BM. These facts strongly suggest that BM
linkages in CAWS negatively modulate acute and chronic toxicity of
CAWS, and may be strongly related to the lectin pathway of the complement
activation. Considering these characteristics, CAWS vasculitis might
respond to various types of therapeutic strategies.
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Functional analysis of Arabidopsisthaliana
RHM2/MUM4, a multidomain protein involved in UDP-
D-glucose to UDP-L-rhamnose conversion

UDP-L-thamnose is required for the biosynthesis of cell wall
rhamnogalacturonan-1, rhamnogalacturonan-II and natural compounds in
plants. It has been suggested that the RHM2/MUM4 gene is involved in
conversion of UDP-D-glucose to UDP-L-rhamnose on the basis of its effect
on rhamnogalacturonan-I-directed development in Arabidopsis thaliana.
RHM2/MUMA4 related genes, RHMI and RHM3, can be found in the A.
thaliana genome. Here we present direct evidence that all three RHM
proteins have UDP-D-glucose 4,6-dehydratase, UDP-4-keto-6-deoxy-D-
glucose 3,5-epimerase and UDP-4-keto-L-rthamnose 4-keto-reductase
activities in the cytoplasm when expressed in the yeast Saccharomyces
cerevisiae. Functional domain analysis revealed that the N-terminal region of
RHM2 (RHM2-N; amino acids 1-370) has the first activity and the C-
terminal region of RHM2 (RHM2-C; amino acids 371-667) has the two
following activities. This suggests that the RHM2 converts UDP-D-glucose
to UDP-L-rhamnose via an UDP-4-keto-6-deoxy-D-glucose intermediate.
Site-directed mutagenesis of RHM?2 revealed that mucilage defects in
MUM4-1 and MUM4-2 mutant seeds of A. thaliana are caused by
abolishment of RHM2 enzymatic activity in the mutant strains and further,
that the GxxGxx(G/A) and YxxxK motifs are important for enzymatic
activity. Moreover, a kinetic analysis of purified 6 x HIS tagged RHM2-N
protein revealed 5.9-fold higher affinity of RHM2 for UDP-D-glucose than
for dTDP-D-glucose, the preferred substrate for dTDP-D-glucose 4,6-
dehydratase from bacteria. RHM2-N activity is strongly inhibited by UDP-
L-rhamnose, UDP-D-xylose and UDP but not by other sugar nucleotides,
suggesting that RHM?2 maintains cytoplasmic levels of UDP-D-glucose and
UDP-L-rhamnose via feedback inhibition by UDP-L-rhamnose and UDP-D-
xylose.
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Impact of storage conditions on the yield and
physiochemical properties of ulvans extracted from the
cell wall of Ulva armoricana (Chlorophyta)

The polysaccharides contained in the cell wall of marine green algae
belonging to Ulvales (Chlorophyta, Ulva and Enteromorpha sp.) are
currently drawing increasing interest as potential sources of new functional
biopolymers. Green algae are very abundant and frequently involved in
proliferations such as the “green-tides” that occur seasonally in
eutrophicated coastal and lagoon waters. Cell wall polysaccharides in green
algae are essentially represented by ulvans, which are mainly composed of
rhamnose 3-sulfate and glucuronic acid or iduronic acid. These sugars occur
as repeating sulphated aldobiuronic acids named ulvanobiuronic acid 3-
sulphate A or B, respectively. Ulvans were shown to have many potential
uses in pharmaceutical and agronomical applications due to their biological
properties, in food and feed conception as dietary fibers and in applications
were metal chelation, gelling ability or nanostructuration of composite
materials is required.

In spite of this strong application potential, little is known about quantitative
and qualitative consistency of the cell wall polysaccharides among Ulva
biomass. When “green tides” occur, seaweeds are usually collected upon
stranding on beaches and need to be processed rapidly due to their high
fermentability. In the work reported here, we have assessed the impact of
stabilisation methods of Ulva armoricana on the yield and physiochemical
characteristics of ulvans. The effect of drying, freezing, brining and dry-
salting conditions will be presented. Our results indicate that depending on
stabilisation method, different ulvan qualities and properties are obtained.
Highest ulvan yield was from brined algae. Purer ulvans were obtained from
heat-dried algae. The highest ulvan viscosities were obtained from frozen
algae. Stabilisation methods can therefore be selected with respect to cost-
effectiveness and in accordance with ulvan characteristics needed to meet
specific application criteria.
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Bio-integrative approach to study the biosynthesis of
wheat endosperm cell walls.

Plant and fungi cell wall are made of a complex network of polysaccharides
whose biosynthesis is not fully understood. Even though, most of the
glycosyltransferases, the enzyme responsible for the synthesis of glycosidic
linkages, are identified in sequenced genomes (http://afmb.cnrs-
mrs.fi/CAZY/). However their precise biochemical functions have been
assigned for only a very small number of these glycosyltransferases.

In our model, the wheat endosperm, the cell wall is made of arabinoxylan
(70%), P-glucan mixed (20%), glucomannan (2-7%) and cellulose (2-4%).
The biosynthesis of the main polysaccharide is unknown, whereas the
synthesis of the other three is known (B-glucan mixed by GT2-CslF, mannan
by GT2-CslA and cellulose by GT2-CesA). A bioinformatic approach was
set up to identify candidate genes for the biosynthesis of the arabinoxylan,
their deposition in the wall, their modifications, and their cross linking by
ferulic acid. Based on our knowledge of the cellular localisation and the time
course of appearance of arabinoxylan during the grain development (see F.
Guillon's abstract or '), we used an extensive approach to identify and
classified most of the wheat glycosyltransferases present in public library
(TGI). A local core data base was constructed with arabidopsis and rice
glycosyltransferases (using CAZY, TAIR, IRGSP and TIGR). After
validation of the core data base, the wheat contigs were compared
individually with the local data base (with BLASTX algorithm). Thus, most
of the wheat contigs sharing sequence similarity (at the amino acid level)
with a glycosyltransferase from either arabidopsis or rice were identified and
grouped by family (according to CAZY).

A second round of validation both automatic and manual, finally led to the
following results:

36 GT families were identified in wheat with 524 contigs (41 GT families
for 470 genes and 39 GT families for 470 genes, in arabidopsis and rice
respectively). The origin of the ESTs composing the contigs, show that 83 of
these contigs are expressed in the endosperm (although not exclusively). A
selection of candidate genes was made based on the expression in the
endosperm tissue, the implication of GT-families in cell wall biosynthesis in
other plant model, and sub-family grouping using multiple alignments and
guide trees.

Molecular validation of these candidate genes is in progress (using RT-PCR,
hybridisation in situ). More than 20 genes have already been confirmed to be
expressed in the endosperm during the period of active arabinoxylan
biosynthesis. A functional validation for some of these genes has been
initiated (using RNAI, and ecotype screening). The aim of this project is to
understand the whole biosynthesis process in detail in order to exploit and
control the genetic bio-diversity.

! Philippe, S., L. Saulnier, et al. (2006). "Arabinoxylan and (1-->3),(1-->4)-
beta-glucan deposition in cell walls during wheat endosperm development."
Planta: 1-13.
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Molecular Characterization of the PMT Protein O-
Mannosyltransferase Family in Yeast

It is initiated at the endoplasmic reticulum by the transfer of mannose from
dolichyl phosphate-activated mannose to serine or threonine residues of
secretory proteins. This reaction is catalyzed by a family of protein O-
mannosyltransferases (PMTs) that is studied best to date in the yeast
S. cerevisiae. The PMT family is divided into the PMT1, PMT2 and PMT4
subfamilies. In yeast, members of the PMT1 and PMT2 subfamilies show
marked similarities and distinctions from PMT4 subfamily members. For
example, the PMT1/PMT2 and PMT4 subfamilies use different acceptor
protein substrates in vivo. Further, members of the PMT1 subfamily interact
in pairs with members of the PMT2 subfamily, whereas the unique
representative of the PMT4 subfamily forms homomeric complexes.

We proposed a seven-transmembrane structural model for ScPmtlp. A large,
hydrophilic, endoplasmic reticulum-oriented segment is flanked by five
aminoterminal and two carboxyl-terminal membrane-spanning domains.
Based on this model, structure-function analysis was performed which will
be discussed.

Girrbach V. and Strahl S. (2003) J. Biol. Chem. 278, 12554
Lehle et al. (2006) Angew Chem Int Ed Engl. 45, 6802-18
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Reduction of Peptidase Activity in the Yeast Cell Wall
Fraction as a Carrier of Immobilized Enzymes.

Large-scale supply of variety of glycosyltransferase is required for
producing functional oligosaccharides and glycoproteins. We, therefore, are
constructing an immobilized human glycosyltransferase library using Pir cell
wall proteins as an anchor to bind recombinant enzymes at the yeast cell
wall. Cell wall immobilized enzymes have several merits, such as easy
preparation of enzyme source, repeated use of enzymes, increas of enzyme
stability, etc. However, yeast cell wall fraction, which was prepared by
homogenized with glass-beads, showed significant degradation of substrate
Mucl peptides, when immobilized enzymes were used for the glycopeptide
synthesis.

In order to remove peptidase activity that was contaminated in the host cell
wall fraction, some protease inhibitors were treated. Inhibitors for serine
proteases such as PMSF decreased the peptidase activity, and the cell wall
fraction washed with detergents showed the decreased peptidase activity.
Peptidase assay of EUROSCARF gene deletants of several protease genes
revealed that pep4, kex2, and rbd2 showed the decreased peptidase activity.
It is suggested that membrane bound serine proteases, which would be
activated by yapsin (YPS1, MKC7, YPS3, etc.) or vacuole proteases (PEP4,
PRBI, etc.), were involved. Multi-gene disruptants were constructed and the
peptidase activity was measured. The peptidase activity of pep4 gene
disruptant was about 50% of wild type, while that of pep4 mkc7 double
disruptant showed higher activity than pep4 single disruptant. But pep4
ypsl mke7 yps3 quadruple disruptant showed the same level of peptidase
activity with pep4 single disruptant, suggesting that disruption of mkc7 may
induce the YPS1 and YPS3 activity. The pep4 prbl ypsl mkc7 yps3 rbd2
disruptant cells showed residual peptidase activity against Mucl peptide, but
no activities were detected for casein hydrolysis.

The immobilized glycosyltransferases were successfully expressed at the cell
wall of these peptidase deficient cells and the stability of these enzymatic
activities were examined.
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Cell wall mutants of Botrytis cinerea and role of chitin
synthases in plant infection.

Epidemics caused by Botrytis cinerea can be severe and economically
damaging to many agricultural and horticultural crops and these losses
continue to occur despite availability of new botryticides. Indeed, the
extensive use of fungicides, including systemic compounds has caused
serious problems of resistance. An effective control of B. cinerea, a
necrotrophic fungus which causes the grey mould disease on grapevine,
relies on the development of new strategies. Chitin, an essential
ultrastructural constituent of fungal cell walls, could be a suitable target
for fongicides.

Chitin, a b-1,4 N-acetylglucosamine polymer, is biosynthesized by a
family of chitin synthases. Actually, five chitin synthase genes belonging
to class I, III, IV and VI have been sequenced in Botrytis. Moreover,
genes of class II, V and VII have been identified and the recent
sequencing of the fungus (Broad Institute USA and Genoplante France)
will allow us to know the full gene sequence (1). Three mutants disrupted
in class I, IIla or IV chitin synthase genes were obtained and characterized
(2,3) and class VI and VII mutants are under investigation. Interestingly,
the three mutants show different aggressiveness phenotypes on Vitis
vinifera or Arabidopsis thaliana: DBcchslV displays a slight delay in
infection whereas DBcchsl and DBcchs3a show a reduction of
aggressiveness of 25 and 70% respectively. The drastically reduced
aggressiveness of DBcchs3a might be due to the altered cell wall structure
causing increased plant defence induction. To examine this hypothesis we
tested it on different Arabidopsis thaliana mutants. First results obtained
will be discuss on the poster. Moreover, the Bcchs3a mutant displays a
specific phenotype in vitro: the radial growth rate is severely reduced, the
hyphal tips are surrounded by an extracellular matrix and the mycelium
produced numerous branched hyphae (microscopic studies). These results
suggested that this enzyme BcCHS3a functions at the apical tips of the
hyphae. Altogether, we propose that chs3a gene product is a good
antifungal target in phytopathogenic fungi as previously demonstrated for
human pathogens.

Choquer, M., Boccara, M., Gongalves, 1., Soulié, M-C. and Vidal-Cros, A.
2004. Eur. J. Biochem. 271 : 2153-2164.

Soulie, M-C, Piffeteau, A., Choquer, M., Boccara, M. and Vidal-Cros A.
2003. Fungal genet. Biol. 40 (1): 38-46.

Soulie, M-C, Perino C., Piffeteau A., Choquer M., Malfatti P., Cimerman
A., Kunz C., Boccara M. and Vidal-Cros A. 2006. Cell Microbiol, 8
(8): 1310-1321.
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Endo- versus exo-mechanism and the role of processivity
in chitin degradation by family 18 chitinases

The Gram-negative soil bacterium Serratia marcescens produces three
family 18 chitinases and a chitin-binding protein, CBP21 [1], that together
effectively convert chitin to chitobiose. Using the unique experimental
possibilities provided by the soluble chitin-derivative chitosan (partially
deacetylated chitin), we have studied the properties of the three chitinases in
detail. ChiC is an endo-acting enzyme with a shallow active site cleft. ChiA
and ChiB have deep active site clefts and degrade chitosan in a processive
fashion after initial endo-binding, presumably in opposite directions [2-5].
The initial endo-binding suggests that the exo-activity observed with
crystalline chitin [6] may be due to the accessibility of the chain ends rather
than to intrinsic properties of the enzymes. Studies on the contributions of
aromatic residues to the functionality of ChiB revealed that two tryptophans
close to the catalytic center are crucial for processivity and for effective
degradation of crystalline material. Most remarkably, the loss of processivity
in the mutants was accompanied by a large increase in the degradation rate
for non-crystalline material such as the single soluble polymer chains of
chitosan [7]. Processivity is thought to contribute to the degradation of
crystalline polysaccharides because detached single polymer chains are kept
from re-associating with the solid material. The results of the mutagenesis
study show that this processivity comes at a large cost in terms of enzyme
speed.

[1] Vaaje-Kolstad G et al., 2005, J. Biol. Chem. 280, 28492-28497.
[2] Serbotten, A et al., 2005, FEBS J. 272, 538-549.

[3] Horn SJ et al., 2006, FEBS J. 273, 491-503.

[4] Horn SJ et al., 2006, Biocatalysis & Biotransformation 24, 39-53.
[5] Sikorski P et al., 2006, Biochemistry 45, 9566-9574.

[6] Hult, EL et al., 2005, Biochem. J. 388, 851-856.

[7] Horn SJ et al., 2006, PNAS 103, 18089-18094.
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Structure and function of CBP21, a non-catalytic chitin-
binding protein promoting chitin degradation

The Gram-negative soil bacterium Serratia marcescens produces three
family 18 chitinases [1,2] that enable the bacterium to efficiently degrade
chitin, an abundant insoluble carbohydrate polymer composed of B(1,4)-
linked units of MN-acetylglucosamine. During chitin degradation, S.
marcescens also secrets a non-catalytic chitin-binding protein, CBP21,
which binds to the crystalline substrate [2,3]. The structure of CBP21 was
determined at 1.55 A resolution and showed a budded fibronectin type-III
fold with a patch of conserved, mainly hydrophilic, residues on the surface
[3]. Site-directed mutagenesis was used to construct single point mutants of
selected residues on the conserved surface patch. Analysis of these mutants
showed that CBP21 binds its substrate through specific, mostly polar
interactions that disrupt the chitin structure. Chitin degradation assays using
combinations of the S. marcescens chitinases and CBP21 showed that the
chitin-binding protein strongly promoted hydrolysis of crystalline B-chitin
by chitinases A and C, while it was essential for the complete degradation of
chitin by chitinase B [4]. Interestingly, homologues of CBP21 occur in most
chitin-degrading microorganisms, suggesting a general mechanism by which
chitin-binding proteins enhance chitinolytic activity. Homologues also occur
in chitinase-containing insect viruses, whose infectiousness is known to
depend on chitinase efficiency.

[1] Horn SJ et al., 2006, FEBS J. 273, 491-503.

[2] Suzuki K et al., 1998, Biosci. Biotechnol. Biochem. 62, 128-135.
[3] Vaaje-Kolstad G et al., 2005, J. Biol. Chem. 280, 11313-11319.
[4] Vaaje-Kolstad G et al., 2005, J. Biol. Chem. 280, 28492 - 28497.
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Cytoskeleton and cell wall changes during the biphasic
growth of dark-grown Arabidopsis thaliana Col-0
hypocotyls

Previous studies revealed that the dark-grown hypocotyls of Arabidopsis
thaliana (Col-0) elongate in two phases. At the onset of the first phase (at
24h after imbibition), cell elongation was initiated in all cells of the
hypocotyls. Between 24h and 48h, both cell 3 (at the base) and cell 13 (at the
top) showed a comparable slow growth rate of approximately 1 um/h. Both
cells reached a similar length of about 38 pum at 48h. In the second phase
(between 48 and 50h), the growth of cell 3 accelerated, and at 60h it had
reached a length of about 225 pum. By contrast, cell 13 maintained at the
slow elongation rate, reaching a length of only 45 um at 60h (Refrégier et
al., 2004). During the next hours the growth acceleration propagated,
following an acropetal gradient. By 60h the lower two-thirds of the hypcotyl
had entered the rapid elongation phase (Gendreau et al, 1997).

The aim of this project is to study changes in the cytoskeleton and the cell
wall during slow elongation and the transition to the fast elongation phase.
MAP4-GFP, a transgenic line bearing GFP fused to a microtubule binding
domain (MBD), was used to visualize cortical microtubules (CMTs). The
cell wall has been studied by Field Emission Scanning Electron Microscopy
(FESEM) and by the analysis of transgenic plants bearing functional GFP-
fusions with cellulose synthase catalytic subunits CESA3 and CESA6
(Desprez et al., unpublished results). Here we show that the orientation of
CMTs and the deposition of cortical microfibrils (CMFs) mirror each other.
At the beginning of the slow elongation phase, CMTs and CMFs showed a
random orientation. During the slow elongation phase and the transition to
the fast elongation phase the CMTs and CMFs remained predominantly
perpendicular to the elongation axis. When cell elongation ceased, a
reorganization occurred from a transverse to an oblique and eventually to a
longitudinal orientation. As shown before (Paredez et al., 2006), CMFs are
most likely being deposited according to the orientation of microtubules.

To study the actin cytoskeleton, we used transgenic plants with GFP fused to
a fimbrin actin-binding domain (FABD2) (Voigt et al., 2005). Using these
we found that the actin cytoskeleton changed in three steps: 1) at the start of
the slow elongation, thick actin cables were found, especially around the
nucleus; 2) just before the start of the fast elongation, there was a fine
network of actin cables throughout the whole cytoplasm; 3) at the beginning
of and during fast elongation thick longitudinal cables were detected
together with a fine network of actin cables throughout the cell. A similar
actin reorientation pattern has been showed before in Arabidopsis roots and
in maize (Voigt et al., 2005; Baskin et al., 2001).
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Novel monoclonal antibodies to pectic polysaccharides of
plant cell walls

Plant cell walls are key cellular components underpinning plant growth and
development. They are also major components of the terrestrial biomass and
are used in fuel, food, paper, textiles, plastics and pharmaceutical industries.
It is clear that plant cell walls are highly complex structures with a great
diversity of components and architectures across species and methodologies
are required to assay and understand this diversity. Plant cell wall
polysaccharides occur in three major classes: cellulose, cross-linking glycans
(or hemicelluloses) and pectins. Pectins are a highly structurally diverse
class with distinct domains such as homogalacturonans (HG),
rhamnogalacturonans (RG), xylogalacturonans (XGs), arabinans and
arabinogalactans. Although recent studies have indicated roles for pectins in
growth, cell adhesion, cell-cell signalling, defence and cell differentiation it
is still unclear how these complex cell wall components function in vivo.
Monoclonal antibodies are powerful tools to determine the regulation of the
structural features of pectic polysaccharides and to study how they are
integrated into diverse cell wall architectures and modulated in response to
genetic and environmental impacts. Monoclonal antibodies can thus provide
insight into biological roles. A range of new monoclonal antibodies have
been generated subsequent to immunisation of rats with distinct isolates of
RGs and XGs. We will present current knowledge of these new monoclonal
antibodies in terms of epitope characterization and their recognition of plant
materials using immunocytochemical methods.
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Evolution of cell wall in grape skins during ripening.

Given that most of the aromatic and phenolic compounds are in grape skins,
the quality of wine is directly correlated with the optimal maturity of that
outlying tissue.

Even though fruit ripening is frequently accompanied by changes in cell wall
material, studies performed on mesocarp (pulp) suggested there was no
dramatic change in polysaccharide composition, but rather a sum of
moderate modifications of specific components. Investigating the evolution
and the extractability of polysaccharides from exocarp (skin) may be
important for the determination of the optimal grape maturity.

Skin cell wall material was isolated from Shiraz grape berries from one to
ten weeks after “véraison”. Total amounts in cell wall polysaccharides were
constant during ripening, about 4 mg/berry. Extractions by a HEPES/phenol
buffered method enables the isolation of a soluble and an insoluble water
fractions. During ripening, we could note a slight decrease in galactose
content and also a significant de-esterification of methoxylated uronic acids.
Concerning the soluble fraction, even though it represented a small fraction
of the whole polysaccharides, its amounts increased more than two fold
between the first and the last sample. Isolated walls were also analysed for
their composition in amino acid.

The different modifications observed during ripening will be presented.
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Production, purification and characterization of 10
Arabidopsis xyloglucan endotransglycosylases/hydrolases
(XTHs).

Xyloglucan endotransglucosylase/hydrolases (XTHs) are a class of enzymes
that have the ability to cleave and rejoin xyloglucan chains and are
considered to play a key role in both the construction and disassembly of the
cell wall architecture.

The Arabidopsis genome encodes an XTH-family of 33 members that are
highly similar. They share a conserved motif that is predicted to be necessary
for their activity, as well as N-linked glycosylation sites and a putative signal
sequence for translocation to the cell wall. The high degree of sequence
similarity between these 33 XTH genes indicates that their proteins are likely
to have analogous biochemical properties. However, the evolution of a large
collection of related enzymes suggests the potential for diverse physiological
functions.

Analysis has revealed that many members of the XTH gene family exhibit
distinct organ- or tissue-specific expression profiles, but their exact functions
remain largely unclear. To gain insight into their functional diversity we
started the heterologous production in the yeast Pichia pastoris of 10
isozymes that are known to be predominantly expressed in roots.

The pPICZa-expression vectors are constructed in a way so that the yeast
cells secrete the XTH proteins into the medium. Media are analyzed by
means of SDS-PAGE, western blotting and a specific fluorescent xyloglucan
endotransglycosylase (XET) activity assay. When the protein mix contains
the active heterologous XTH protein, the sample is subjected to ion
exchange chromatography, followed by a size exclusion column for final
purification. Once a proper purification level is reached, the proteins are
tested on their enzymatic characteristics.
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Functional characterization of a recombinant Selaginella
xyloglucan endotransglucosylase/hydrolase and its effect
on cell wall mechanics

The plant cell wall is a solid, yet dynamic structure with a fibrous skeleton
composed of cellulose microfibrils that are coated and tethered by
xyloglucans. During cell elongation the cooperation of a set of enzyme
families enables the wall to grow without loosing its strength. Xyloglucan
endotransglucosylase/hydrolases (XTHs) are believed to be involved in this
‘wall loosening’. They break and rejoin xyloglucan chains, allowing the
cellulose microfibrils to move apart driven by protoplasmic pressure.

Using a fluorescent in vivo assay we have located
endotransglucosylase (XET)-action in the elongation zone of different
vascular plants, down to the primitive spore plant Selaginella. With diverse
PCR techniques based on conserved domains known in higher plant XTH-
genes, a Selaginella-specific XTH-sequence has been isolated. /n silico
analysis revealed several features that are characteristic for XTH proteins,
identifying the sequence as SkXTHI. The protein was heterologously
expressed in Pichia pastoris to allow its functional analysis. SkKXTH1 was
found to be an XTH displaying XET activity over a broad pH and
temperature range. XEH activity was not detected. The N-linked
glycosylation and the presence of disulfide bridges seemed necessary for its
3-dimensional structure as interference resulted in the loss or strong
reduction of XET activity. From results obtained by isoelectric focusing of
Selaginella protein extracts combined with the fluorescent XET assay,
SkXTHI seems to be a member of a protein family in Selaginella of at least
4 XTH proteins displaying the endotransglucosylase (XET) activity.

We have studied the effect of SKXTH1 on the mechanical properties
of the epidermis of growing onion bulb scales in constant-load experiments.
The epidermis of onion bulb scales is an adequate model to study anisotropic
extension. Its thick outer periclinal wall defines the tissue’s mechanical
strength and has a clearly defined mean or net cellulose microfibril
orientation. Addition of SkKXTH1 to heat-inactivated onion epidermal cell
walls restored on average more than 70% of the protein-dependent creep
transverse to the cellulose microfibrils that was lost during boiling. Parallel
to the net cellulose orientation, no changes in extensibility was measured.
These results suggest that XTH can act as a cell wall-loosening enzyme.
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Xyloglucan-cellulose network and cell wall properties

Primary plant cell walls are a complex structure composed of various
polysaccharides, phenolics and structural proteins. They are built by two
polysaccharide networks, cellulose microfibers cross-linked by xyloglucan
chains, and pectins, both networks contributing to their functional properties.
The xyloglucan-cellulose complex has being considered as the load-bearing
structure of the primary walls, and thus the responsible for controlling the
extension capacity of primary cell walls. Xyloglucan binds with high
specificity and affinity to cellulose microfibrils, thereby producing a cell
shape-determining cellulose-xyloglucan network and being responsible for
controlling the rate of cell expansion. It consists of a linear p-(1-4)-linked D-
glucan backbone that carries o-D-xylosyl, p-D-galactosyl-(1-2)-a-D-
xylosyl, and a-L-fucosyl-(1-2)-B-D-galactosyl-(1-2)-a-D-xylosyl side
chains attached to the OH-6 of B-glucosyl residues. Molecular modelling of
the binding of xyloglucan to the surface of cellulose microfibrils suggested
that a binding site is initiated by the trisaccharide sidechain (i.e.,
fucosylated) that flattens out an adjacent region of the xyloglucan backbone.
Upon contacting a cellulose microfibril this region spreads by step-wise
flattening of successive segments of the backbone. Changes in the structure
of the side-chains of xyloglucan may modulate its interaction with
microfibrils and then its functionality in cell walls.

Several exo-glycosidases are able to modify xyloglucan and have been found
in Arabidopsis plant cell walls. An a-fucosidase gene (AtFXGI), whose
product can hydrolyse fucosylated xyloglucan, and an a-xylosidase
(AtXYLI) that cleave t-xylosyl residues attached to the glucosyl residue
farthest from the reducing end of xyloglucan oligosaccharides have already
been cloned by our group. Although numerous B-D-galactosidases have been
reported in plants, few have been shown to be active against xyloglucan and
not any gene responsible for this activity has been cloned. The Arabidopsis
genome contains 12 genes whose products are predicted to be family 35 B-
galactosidases and to be secreted to the wall. Several of these proteins may
be involved in xyloglucan degradation. Finally, we used a B -glucosidase
from Tropaeolum able to remove unsubstituted B-glucosyl residues at the
non-reducing end of xyloglucan as a reference to search for its Arabidopsis
functional homologs. Four putative B-glucosidases from family 3 closest to
the one from Tropaeolum were selected as the best candidates to act on
xyloglucan or its oligosaccharides.

Since the cellulose-xyloglucan network is the key determinant of wall
extensibility and at some extent of the wall digestibility, the role of the
above mentioned glycosidases on the functional properties of the walls is
currently under study in our lab. Arabidopsis thaliana was used as
experimental material. A preliminary screening on the glycosidases
putatively involved in the xyloglucan metabolism was carried out studying
the phenotype as well as the xyloglucan structure from the knockout mutants
of each gene of interest. Those mutants with interesting characteristics in
relation with xyloglucan metabolism were further studied at the biochemical
and molecular level.

The significance of the four glycosidases acting on the xyloglucan side
chains and how all these activities they are coordinated as well as their effect
on the functionality of plant cell walls will be presented.
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