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Introduction

P. Vera and K. Roberts



Plant cells have evolved and retained at every stage of the cell cycle a complex extracellular
matrix (ECM). The acquisition of this distinct ECM compartment is central to an explanation of the
differences between plant and animal cell development. Because of its presence, plants have
evolved a distinctly different mode of multicellular construction characterized by incomplete cell
cleavage, continuous cytoplasmic connections, and absence of cell motility during morphogenesis.
Therefore, the ECM of a differentiating plant cell is specifically adapted to the particular function
of that cell type. Moreover, developmental events and exposure to any of a number of abiotic and
biotic stresses further increase the compositional and structural variation of the ECM.

The plant ECM also plays important roles during pathogenesis because it is the place where
the first host-pathogen interaction and recognition events take place, and where rapid cellular
responses are executed in the form of local modification and signal transmission that set in motion
subsequent transcriptional activation of defense-related genes.

The cell wall, by far the major component of the plant ECM, is also very dynamic and helps
confer unique and distinctive features to plant cells. The construction and architecture of the cell
wall varies in an orderly manner in accordance with the developmental stages of cells. This pliable
character of cell walls is a direct consequence of changes in the proportion and degree of assembly
of various structural polysaccharides, including cellulose microfibrils, pectin, and hemicellulose
polymers. Also, differences between cell walls of defined cell types originate as a consequence of
deposition of more specific polymers with defined functions (e.g., lignin, which serves to harden
and stiffen the walls of tracheary elements).

Plant cell walls also contain structural proteins that participate in the flexible integration of
environmental responses within plastic developmental programs. The genes encoding these
structural proteins are tightly regulated, and their expression shows cell type specificity and
developmental regulation. Collectively, it seems that plants have evolved regulatory mechanisms
allowing genes encoding structural cell wall proteins to be expressed specifically and in accord with
the different functions exerted by the different tissues. The expression of genes encoding some of
these cell wall proteins can be altered by different cues (e.g., wounding, elicitor treatment, or
pathogen attack), and the deposition of the encoded proteins in the cell wall results in alterations of

the functional properties of this compartment.

Since it is increasingly apparent that cell-cell and cell-matrix interactions exert important
influences upon gene expression and the development of cellular phenotypes in plants, the
characterization of new molecules and signalling events in the plant ECM that could eventually
participate in certain critical features of the plant lifestyle, either under normal or pathogenesis-
related situations, are relevant to gain understanding of the importance of this extracellular cell
compartment in plants.

This workshop brought together scientists actively engaged in the characterization and
understanding of the plant ECM using different systems and with physiological, biochemical,
molecular and cellular biology as well as genetic approaches. The workshop provided a unique
opportunity for the participants to exchange and share information, to review and discuss new
approaches, and to propose directions for future research.

Pablo Vera and Keith Roberts
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Signaling at the pollen-stigma interface
June B. Nasrallah, Ram Dixit, Christel R. Schopfer, and Mikhail E. Nasrallah

Members of the crucifer family (the Brassicaceae) have evolved an elaborate genetic self-
incompatibility system that controls mating in natural populations of nearly half the species
belonging to this family. This system acts within minutes after the initial contact between
pollen and stigma epidermal cell and inhibits hydration and germination of genetically related
pollen. Specificity in this self-incompatibility is governed by a molecularly complex
Mendelian locus, the S locus. The highly specific nature of pollen-pistil interactions
underlying the self-incompatibility (SI) response and the importance of genetic self-
incompatibility systems to flowering plant evolution have made SI systems attractive models
for the study of intercellular recognition in plants. More specifically, the SI system of
crucifers, and that of Brassica in particular, which is now known to be based on the activity of
an § locus encoded transmembrane receptor protein kinase, has emerged as an excellent
model system for investigating transmembrane receptor-mediated cell-to-cell signaling in
plants. Indeed, the fact that molecular investigations into the basis of SI in Brassica are
strongly rooted in the well-characterized genetic basis of SI have made the § locus receptor
kinase (SRK) one of only a few plant receptor kinases with a known biological function.

Molecular studies of the Brassica SI system carried out in the early 1980's identified a
highly polymorphic § locus gene, the S-locus gycoprotein (SLG) gene (Nasrallah et al., 1985;
1987) which encodes a secreted glycoprotein that accumulates specifically in the wall of cells
of the stigma epidermis. This SLG gene provided a molecular marker for the Brassica S locus
and a starting point for the detailed structural and functional characterization of the locus.
Furthermore, the SLG gene, with its 10-12 cysteine residues arrayed in a precise order, has
become the canonical member of a plant superfamily of genes, known as the S gene family, all
members of which contain an SLG-like or § domain. This gene family includes another §
locus-encoded and highly polymorphic gene, SRK (Stein et al., 1991), as well as a number of
transmembrane protein kinases [such as Zmpkl which is expressed in maize roots (Walker and
Zhang, 1990), the Arabidopsis ARK genes which are expressed in a variety of plant tissues
(Tobias et al., 1992; Dwyer et al, 1994) and RLK genes (Walker, 1993)] and secreted
glycoproteins [such as the Brassica SLR/ gene (Lalonde et al., 1989), the Arabidopsis AzS/
gene (Dwyer et al., 1992; 1994), the carrot EP/ gene (van Engelen et al., 1993)]. Except for
SRK, the biological functions of these S family genes are not known. However, because of
their SLG-like domains, they are assumed to function in intercellular communication in
different phases of plant development.

Based on molecular and genetic studies, the Brassica SI response is now known to
require the activity of molecules encoded by the S locus and embedded in the extracellular
matrices of the stigma epidermis and pollen grain. Accumulating evidence from genetic and
transgenic studies implicates the highly polymorphic SLG/SRK gene pair as the stigmatic
determinants of specificity in the SI response. Whereas the transmembrane SRK receptor
kinase is thought to be the primary stigmatic determinant of specificity in SI, SLG appears to
function, at least in part, by stabilizing SRK and allowing it to accumulate to wild type levels
in the stigma, possibly by facilitating its proper folding (R. Dixit, M.E. Nasraltah, and J.B.
Nasrallah, submitted for publication). Our working model of SI is that the SRK protein kinase
is activated by contact between a stigma epidermal cell and self pollen (Nasrallah et al., 1994).
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By phosphorylating intracellular substrates, the SRK protein would couple the initial molecular
recognition events at the papillar cell-pollen interface to the signal transduction chain that leads
ultimately to pollen rejection. This model postulates the existence of a pollen-borne ligand for
SRK, which would be highly polymorphic and also encoded within the S locus complex. This
extracellular ligand would activate the receptor in an S haplotype-specific manner, thus
providing the specificity inherent in “self” recognition.

Until recently, this postulated pollen determinant of SI has remained elusive. However,
we have now identified a highly polymorphic, anther-expressed, S-locus linked gene
designated SCR (S locus cysteine-rich protein gene), which fulfills the requirements for the
pollen determinant (Schopfer et al., 1999). Loss-of-function and gain-of-function studies will
be described which demonstrate that the SCR gene product is necessary and sufficient for
determining pollen self-incompatibility specificity, possibly by acting as a ligand for the
stigmatic receptor.
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Remodeling the extracellular matrix during plant development: the role of
receptor protein kinases in floral abscission

John C. Walker, Tsung-Luo Jinn, Julie M. Stone*

Division of Biological Sciences, University of Missouri, Columbia, MO 65211, *Department of
Molecular Biology, Massachusetts General Hospital and Department of Genetics, Harvard Medical
School, Boston, MA 02114

All organisms must respond to intrinsic developmental as well as externally generated cues to
persist.  One predominant mechanism of signal transduction involves reversible protein
phosphorylation to accomplish both innate and adaptive responses to these signals. In animals,
receptor protein kinases (RPKs), characterized by large extracellular domains that function in ligand
recognition, a single membrane-spanning segment, and a cytoplasmic protein kinase catalytic
domain, are known to play diverse roles in development and stress responses (van der Geer et al.,
1994). While less is known about these types of molecules in plants, plant receptor-like kinases
(RLKs), so denoted because no ligands have been definitively identified yet, constitute a large
percentage of the Arabidopsis genome, with current estimates of 1 to 2 % of genes encoding RLKs
(JCW, unpublished data). In contrast to the majority of animal RPKs, which are tyrosine-specific
protein kinases (with the notable exception of the TGFpB family), the plant RLK genes appear to
encode serine/threonine-specific kinases. Despite the prevalence of RLKSs in plants, the functions of
only a few have been clearly established (reviewed in (Becraft, 1998; Lease et al., 1998). RLKs have
been implicated in prevention of self-pollination, pathogen response, hormone perception and
signaling, and plant development. The first RLK identified in plants, maize ZmPKI, displays
homology in its putative ligand-binding extracellular domains to the S-locus glycoproteins (SLGs)
required for sporophytic self-incompatibility in Brassica species (Walker and Zhang, 1990). A few
of these so-called S-domain RLKs (SRKs) from Brassica were subsequently demonstrated to be
required, in conjunction with their cognate SLGs, to prevent self-pollination (Nasrallah et al., 1994).
The expression patterns of other S-domain RLKs, however, suggest that these proteins are involved
in other processes as well (Tobias et al., 1992). The majority of RLKs with established functions
revealed genetically by mutant phenotypes are involved in plant developmental processes. In maize,
mutations in an RLK that exhibits some homology to tumor necrosis factor in its extracellular
domain, CRINKLY4, causes a dramatic phenotype in which epidermal cells fail to differentiate
properly (Becraft et al., 1996). Another class of RLKs designated by the presence of tandemly
repeated leucine rich domains in their extracellular domains, the leucine rich repeat (LRR) RLKSs, are
also important in plant development. CLAVATAI, has been shown to control maintenance of the
balance between cell proliferation and differentiation at the shoot apical meristem (Clark et al,,
1997), whereas ERECTA controls organ shape (Torii et al., 1996). Perception and signal
transduction of newly discovered plant hormones, brassinosteroids, is dependent on yet another LRR-
RLK, Bril (Altmann, 1998; Li and Chory, 1997). LRR-RLKSs are also important in other pathways
unrelated to development. For example, the Xa2] gene from rice functions as a plant disease
resistance gene (Song et al., 1995). WAKI, a cell wall-associated receptor kinase with epidermal
growth factor (EGF) repeats in its extracellular domain may mediate cell wall to cytoplasm signaling,
is transcriptionally induced by pathogen infection (thereby designated a pathogenesis-related (PR)
gene), and may be required for plant survival during the pathogen response (He et al., 1998). This
diversity in function of plant RLKSs is likely to extend to the myriad of RLKs whose function remain
elusive.
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An integral element of plant development is the abscission of organ systems to accomplish
shedding of senescing tissues, damaged organs and release of ripened fruits. Abscission zones are
characterized by discrete bands of cytoplasmically dense cells, which undergo cell enlargement,
disintegration of the middle lamella between cells, and subsequent differentiation into scar tissue.
The abscission process is accompanied by the induction of genes encoding cell wall and pectin
degrading enzymes (Bleecker and Patterson, 1997; Gonzalez-Carranza et al., 1998)

Our current studies have provided evidence that the Arabidopsis leucine rich repeat receptor
kinase Haesa (formerly named RLKS) controls floral organ abscission. Native Haesa protein was
detected it in the plasma membrane-enriched fraction and shown to possess serine/threonine protein
kinase activity. Haesa is expressed at the base of the petioles and pedicels as well as in abscission
zones of the floral organs, as assessed by both a Haesa promoter::B-glucuronidase reporter gene in
transgenic plants and by in situ RNA hybridization. To assign a function for Haesa in abscission
zones, transgenic plants expressing a constitutive antisense Haesa construct were generated, and
abscission of floral organs were scored. Antisense-suppressed lines showed varying levels of
suppression of the Haesa. The level of Haesa protein is inversely correlated with the degree of delay
of floral organ abscission. This phenotype is due to the presence of the transgene, as individuals
from segregating populations which had lost the transgene exhibit normal floral organ abscission.
These results clearly demonstrate a role for Haesa receptor kinase in floral organ abscission, and
afford new avenues for further analysis of the abscission process in plants.
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CELL WALL ASSOCIATED, RECEPTOR PROTEIN KINASES

Tanya Wagner, Cathy Anderson, and Bruce D. Kohorn.
DCMB/Botany, Duke University, Durham, NC USA 27708. kohom@duke.edu

The plant cell wall is a dynamic structure that provides strength at the same time as flexibility
to allow cell growth and response to external and internal stimuli. Physical connections
between higher plant cell walls and the plasma membrane have been identified visually, but the
molecules involved in the contact and signaling have only recently been suggested. We
describe a family of 5 Arabidopsis thaliana protein kinases, designated WAKs for Wall
Associated Kinases, that possibly provide a physical and a signaling continuum between the
cell wall and the cytoplasm. All five WAKs contain a cytoplasmic protein kinase domain and
span the plasma membrane to extend into the cell wall a domain that contains cysteine rich
repeats. WAKs are tightly associated with the cell wall as they fractionate with insoluble
material when plant tissue is ground in a variety of buffers and detergents, although WAKs
can be released from the cell wall into a microsomal fraction by digestion of cells with
pectinase. Immunocytochemistry confirms that WAKSs are associated with both the cell wall
and plasma membrane.

The five WAKs diverge significantly in the sequences of the extracellular domain, and thus
may be functionally distinct. We wished to determine if Waks are expressed in the same or
different cell type to predict if WAKSs could possibly associate with each other. Based on Wak
promoter — GUS fusions expressed in Arabidopsis, on in situ hybridization to sections of
Arabidopsis and on Northern blots, we determined that each Wak gene is expressed in distinct
but sometimes similar organs. Wakl and Wak 2 are transcribed in a distinctive
developmentaly regulated pattern at junctions of organs, the root apical meristem, and the
cotyledon and leaf margins, somewhat reminiscent of ABA regulated genes. Wakl and 2
expression are also induced by wounding and INA treatment, and this is consistent with our
previously published work showing a requirement for WAK expression during the pathogen
response. Thus WAKI1 and WAK2 function may be associated with tissues or cells
undergoing compression or expansion. Wak 3 expression is different in that it is restricted to
apparently randomly spaced small clumps of cells in leaves and petioles and this expression is
enhanced by INA. Wak4 appears to be restricted to very early seedlings and siliques. Wak$5
expression is minimal relative to the other Waks and is barely detectable in leaves. Thus we
conclude that there is overlapping expression and the Wak isoforms could bind to each other
within one cell. Their expression patterns are suggestive of events related to cell expansion,
and in addition with a role in the cellular response to pathogens.

We have generated a number of Arabidopsis lines that express antisense Wak alleles, and
ones that separately have T-DNA insertions into the locus on chromosome 1 that contains the
tandemly repeated Wak genes. These experiments provide results that are also consistent with
a role of the WAKs in both cell expansion and separately pathogenesis.

While WAKSs are tightly bound to the cell wall and can be released by pectinase treatment, it
is possible that the extracytoplasmic domains bind protein ligands. Two hybrid analysis in
yeast has identified a number of candidates for these ligands, and preliminary evidence suggests
that each WAK may have interactions with different proteins in the cell wall, perhaps
consistent with their sometimes cell type specific expression. The WAK1 cell wall domain
appears to bind one class of Glycine Rich Protein (GRP) long thought to be a structural
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component of cell walls. Evidence suggests that this binding is activating. WAK2, on the other
hand, has one extracellular domain that can bind a protein involved in carbohydrate synthesis,
and another domain that binds an enzyme associated with the lignin biosynthesis pathway. We
are in the process of testing these interactions genetically and biochemically.

Thus we find that WAK expression is distributed throughout the plant but each family
member may have a distinct function. Genetic analysis implicates WAKSs in some role during
cell expansion, and in the maintenance of cell viability during a response to pathogens. How
these two roles are related remains to be determined, and how the potential ligands for the
various WAKSs mediate these events is an obvious future direction.

WAKs continue to serve as candidates for a physical continuum between the cell wall and
the cytoplasm and do indeed play a vital role in plant growth and development.
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Cell surface events in disease resistance signalling
Chris Lamb

John Innes Centre, Norwich NR4 7UH, UK

The extracellular matrix is the location for a complex array of signalling events
associated with the perception of pathogen attack and activation of disease resistance
mechanisms. The products of a number of disease resistance genes, e.g. Cf9 and
Xa2l, are located at the plasma membrane with putative ligand binding domains
involved in perception of pathogen avirulence signals projecting into the extracellular
matrix. In addition, emerging evidence indicates that the extracellular matrix is the
site of several key events in downstream signalling pathways as well as the site of
action of many effector defence mechanisms such as those involving some PR
proteins, deposition and cross-linking of cell wall structural proteins and elaboration
of lignin and lignin-like polymers. Novel signalling events include:

¢ Generation of reactive oxygen intermediates at the cell surface, mediated at least
in part by a plasma membrane NADPH oxidase. These reactive oxygen
intermediates drive wall cross-linking and signal gene activation, the
hypersensitive response and induction of systemic immunity.

e By screening for a mutant that retains the ability to mount a local hypersensitive
resistance response but is defective in the induction of systemic induced immunity
we have cloned DIRI encoding a small cysteine-rich apoplastic lipid transfer
protein. The DIR1 lipid transfer protein appears to function in the perception or
transduction of the mobile signal for systemic acquired resistance.

e Using an activation tagging approach we have identified two related genes, CDR/
and CDS] which when overexpressed lead respectively to constitutive disease
resistance to normally virulent bacterial pathogens, and constitutive disease
susceptibility reflected in a loss of gene-for-gene mediated resistance to normally
avirulent pathogens as well as enhanced susceptibility to virulent pathogens.
CDRI and CDSI encode related apoplastic aspartate proteinases and induced
expression of CDR/ apparently leads to the generation of a small, mobile signal
peptide for systemic induction of PR protein genes and systemic acquired
resistance.

These new data indicate that the extracellular matrix plays a key role in the signal
networks involved in transducing pathogen perception into the concerted activation of
disease resistance mechanisms for local defence against the invading pathogen and
systemic induction of immunity to subsequent attack.
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PGIPs: LRR cell wall proteins involved in defense and development

G. De Lorenzo, F. Cervone, D. Bellincampi, C. Capodicasa, C. Caprari, S. Ferrari, P. Giuli, M.
Laurenzi , B. Mattei, A. Raiola, G. Salvi, F. Sicilia, D. Vairo, O. Zabotina

Dipartimento di Biologia Vegetale, Universita di Roma “La Sapienza”, Rome, Italy

Leucine-rich repeat (LRR) proteins represent a large family of molecules with different functions
and cellular locations present in bacteria, fungi, animals and plants (Kobe, 1996).
Polygalacturonase-inhibiting proteins (PGIPs), present in the cell wall of many plants, belong to the
LRR protein family and show a close structural relationship to several resistance (R) gene products
(Hammond-Kosack and Jones, 1997). PGIPs interact with endopolygalacturonases from
phytopathogenic fungi with subsequent formation of elicitor-active oligogalacturonides, and play a
role in defense (De Lorenzo et al. 1997; Leckie et al. 1999). To learn more about the function of
PGIP, we have obtained tomato plants expressing a PGIP-1 from Phaseolus vulgaris. The
transgenic plants exhibit interesting features in terms of morphological and physiological
characteristics. Composition analysis of the cell walls of the transgenic plants shows that they
contain a pectin fraction with a methylation degree much higher than the corresponding fractions
isolated from the untransformed plants. This finding is consistent with results showing that PGIP in
vitro interacts with methylated pectins better than with non methylated homogalacturonans. /n vivo,
PGIP binding to methylated pectins is likely to protect from demethylation, thus affecting the cell
wall extensibility and ultimately the growth of the plant. Our results show that in plants, like in
animals (Lemaitre et al. 1996), a single LRR protein plays a role in both defense and development,
and support the notion that the dinamics of the extracellular matrix strongly influence the growth
and development of plants.
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Extracellular Plant Subtilisin-like Proteases
Pablo Vera, Lucia Jorda

IBMCP. Universidad Politécnica-CSIC. Camino de Vera s/n.
46022-Valencia. Spain. vera@ibmcp.upv.es

Serine proteinases are of extremely widespread occurrence in living organisms. One of the
largest families of this type of enzymes is that represented by the subtilisin-like (subtilase)
family (EC 3.4.21.14). This clan represent an ancient family of proteins with homologues
in such diverse organisms as Archae, bacteria, fungi, yeast, and higher eukaryotes

and are classified into five families: subtilisin, thermitase, kexin, pyrolysin, proteinase K
and lantibiotic peptidases (Siezen and Leunissen, 1997). Although more than 200 subtilisin-
like enzymes are presently known, our information on the existence and role of this type of
protease in plants is still scant.

We will report here the structure and genomic organization of six transcriptionally active
genes encoding extracellular subtilisin-like proteases from tomato plants. The six members,
named as P69A to P69F, are organized in clusters and are arranged in a tandem form.
mRNA expression analysis as well as studies of transgenic plants transformed with
promoter-reporter gene fusions for each of these genes revealed that they are tightly
regulated by developmental and pathogenic signals, and in a tissue specific manner. From a
comparison of all the P69 amino acid sequences, gene structure, expression profiles, and
clustered organization a working model for P69 gene family evolution will be discussed.

Furthermore, since the P69-like enzymes are actively secreted outside the cell where they
accumulate, we suggest that this type of proteinases may play critical roles in the
remodeling or reprogramming of the extracellular matrix (ECM) during normal cell growth
or during processes characteristic of pathogen-afflicted plants, and we will present
approaches for the identification of function and isolation of proteolytic substrates.

References:
Siezen, R.J. and Leunissen, J.A.M. (1997) Subtilases: the subtilisin-like serine proteases.

Protein Science 6,501-523.
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A NEW FAMILY OF ARABIDOPSIS PLASMA MEMBRANE RECEPTORS

Valerie Laval, Matthicu Chabannes, Marguerite Carricre, Jean-Philippe Galaud, and Rafaél
Pont-Lezica

Wall to membrane attachments have been observed in plant cells and thesc cells
adhesions may play a role in perception of mechanical signals. The involvement of extracellular
matrix-plasmalemma-cytoskeleton (ECM-PM-CTK) continuum as mechanochemical transducer
in animals is now well established (Eldelman et al 1993). Recent evidences suggest that plant
cells may also have an ECM-PM-CTK continuum that functionally parallels that of animal
system (Wyatt and Carpita, 1993). In Arabidopsis thaliana, wall to membrane attachments are
arg-glv-asp (RGD) peptide sequence dependent. Scveral experiments clearly show that RGD
sequence play a role in gravity sensing (Wayne et al, 1992) and cell multiplication (Schindler et
al, 1989). In our laboratory, purified plasma membrane from Arabidopsis cells exhibits specific
binding sites for RGD peptide. In addition, the binding was strongly inhibited by trypsin
treatment, suggesting the protein nature of the RGD receptor. In animal system, the best
characterized membrane receptors that recognize the RGD motif are integrins.

In order to clone an Arabidopsis cDNA, encoding an integrin like protein, an__
oligoscreening was performed. The oligonucleotide used was defined from a well conserved
cytoplasmic domain of integrin beta subnit. One clonc (AZELP-1) was isolated. It encodes a
protein of 70 KDa prescnting a single transmembrane domain, a short Cter region, a long Nter
region and several structural analogies with integrin beta subnit.

Southemn blot experiments and databank searches were performed and showed that
AtELP:] is  member of a multigenic family containing at least scven members (AtELP-1, 2a,
2b, 3, 4,5 and 6) located on chromosomes [, II and IV.

Northem blot analysis were performed on severals organs and after differents biotic and
abiotic stresses with specific probes corresponding to AtELP-1, 2 and 3. The three mRNAs are
accumuilated in roots, fruits, stem and leaves and genes are over-expressed in response to water
and osmotic stresses.

The localization of the AtELP-1 protein was carried-out. Two immunogencs regions were
defined on AtELP-1 in the long N-ter region. The corresponding peptides were synthetized and
used to rabbits immunization. Antibodics were tested on purifild membrane fractions
(plasmalemma, reticulum and tonoplast). AtELP-1 protein was mainly found in plasmalemma
fractiod. In vivo localization was also performed on sunflower protoplast and the
immundéflorescent labelling was observed on plasmalemma indicating that the protein is a type I
integral plasmamembrane protein.

Condusions : A new family of membrane protein receptors localized on plasmalemma and
showing structural analogics with animal integrin was found in Arabidopsis. For the moment,
neither a biological nor a physiological function was clearly established for the protein. In this
way, sense and antisensc transgenic plants were obtained and the search for ligands is actually in
course.

Eldelmap GM.(1993). Cell Adhes. Commun 1:1-7.

Schindler M., Meiners S. and Cheresh D.A. (1989). J Cell. Biol., 108, 1955-1965.
Wayne R, Staves M. and Leopold A. (1992). J. Cell. Sci, 101, 611-623.

Wyan S E. and Carpita N.C. (1993). Trends Cell. Biol., 3, 413-417.
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Arabinogalactan-proteins : key signalling molecule at the cell surface?
Bacic A'? Oxley D', Gilson P', Qu, Y', Gaspar Y', Schultz C2

1. Plant Cell Biology Research Centre, School of Botany, University of Melbourne,
Parkville 3052 Australia
2. CRC for Bioproducts, School of Botany, University of Melboumne,
Parkville 3052 Australia

Arabinogalactan-proteins (AGPs), a class of hydroxyproline-rich proteoglycans, have been
implicated in a number of key processes critical to plant growth and development including
markers of cell fate, induction of somatic embryogenesis and cell proliferation/expansion.
The dilemma is to explain how this structurally complex family of molecules can regulate
such a diversity of cellular processes. The cloning of the genes encoding AGP protein
backbones (for reviews see Nothnagel, 1997. Int. Rev. Cytol. 174:195; Schultz ef al, 1998,
Trends in Plant Sci. 3:426) and the discovery of GPI anchors on “classical* AGPs (Youl ef al,
1998. PN.A.S., USA. 95:7921; Svetek et al, 1999. J. Biol. Chem. 274:14724; Sherrier ef al,
1999. Electrophoresis 20:2027, Oxley and Bacic, 1999. PNAS [submitted]) have provided
avenues to examine their mode of action at the molecular level. The functions of
glycosylphosphatidylinositol (GPI)-anchored molecules and of cell surface proteoglycans are
well documented in other eukaryotic systems and offer a framework to begin to design
experimental approaches to establish the mode of action of AGPs. Three groups of genes
involved in AGP synthesis/processing offer potential targets to disrupt AGP function, namely
genes encoding (1) protein backbones (“classical'/*non-classical"), (2) GPIl-anchor
biosynthetic/processing enzymes and (3) glycosyltransferases responsible for elaborating the
AG structures. Furthermore, identification of molecules interacting with AGPs at the cell
surface will also contribute to our understanding of their mode of action as potential
signalling molecules. We will discuss recent progress in each of these areas.
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AGPs as signalling molecules in plant embryogenesis
Arjon J. van Hengel*, Zewdie Tadesse, Ab van Kammen and Sacco C. de Vries

Laboratory of Molecular Biology, Agricultural University Wageningen, Dreijenlaan 3,
6703 HA Wageningen, The Netherlands

* Present address: Department of Cell Biology, John Innes Centre,
Colney Lane Norwich NR4 7UH, UK

Zygotic plant embryos pass through characteristic globular, heart and torpedo shaped stages
before being desiccated in the mature seed. Somatic embryos pass through the same stages, but
lack a desiccation phase and develop directly into plantlets. The carrot cell line ts// is a
temperature sensitive variant in which somatic embryogenesis is arrested in the globular stage
at non-permissive temperatures (Lo Schiavo et al., 1990). The phenotype of #s// is pleiotropic
and may result from a secretory defect (Baldan et al., 1997). Remarkably, addition of a carrot
class IV endochitinase (designated EP3) allows further development of the embryos into
plantlets (De Jong et al., 1992; Kragh et al. 1996). Endochitinases hydrolyse 8 (1-4) linkages
between at least three adjacent N-acetyl-D-glucosaminyl (GIcNAc) residues in chitin polymers
(Molano et al., 1979; Usui et al., 1990). Plant cell walls are devoid of chitin polymers,
suggesting that plants contain other, uncharacterised targets for chitinase activity.

AGPs are proteoglycans that can occurattached to membranes or in cell walls or are secreted
into the culture medium, from which they can be selectively precipitated with 1,3,5-tri-(p-
glycosyloxyphenylazo)-2,4,6-trihydroxybenzenes or Yariv reagent (Kreuger and Van Holst,
1993). One approach used to study the role of AGPs is the direct addition of these molecules to
suspension cultures. The addition of mature carrot seed AGPs to a weakly embryogenic cell
line has been shown to cause reinitiation of embryogenic cell formation (Kreuger and Van
Holst, 1993) . This resulted in the presence of clusters of small cytoplasmic rapidly dividing
cells, in line with the opposite effects reported for the addition of Yariv reagent to rose cells
(Serpe and Nothnagel, 1994) . More recently, compounds were isolated from carrot cell
conditioned medium, based on the ability to bind to JIM8, a monoclonal antibody that
recognizes AGP epitopes. Addition of these JIM8 epitope containing compounds, to a JIM8(-)
cell population, that was found to be unable to form somatic embryos, allowed the formation of
somatic embryos (McCabe et al., 1997) . Therefore, a role for the JIM8 epitope containing
AGPs in cell-cell communication during somatic embryogenesis was proposed.

AGPs consist of more than 90% carbohydrate with arabinosyl and galactosyl residues as the
major sugar constituents (Nothnagel, 1997). In AGPs the polysaccharides that are attached to
the protein core have many highly complex side chains with different terminal residues, while
the monosaccharides in AGPs can be linked in different fashions (Mollard and Joseleau, 1994).
The occurrence of oligomers of GIcNAc has not been reported (Baldwin et al, 1993;
Komalavilas et al., 1991; Mollard and Joseleau, 1994; Serpe and Nothnagel, 1994; Serpe and
Nothnagel, 1996; Smallwood et al., 1996; Van Holst et al., 1981), implying that it is neither a
common nor an abundant constituent of AGPs. Because endochitinases (Van Hengel et al,,
1998) and AGPs are found in immature seeds as well as in the culture mediurh, and both are
active in embryogenesis, we investigated whether AGPs contain cleavage sites for
endochitinases. We developed a new bioassay for demonstrating the effect of EP3
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endochitinases on wild type carrot cells, phenocopying the endochitinase-mediated increase in
embryogenic cell clusters as observed in the £s// variant (De Jong et al., 1993). This bioassay
was subsequently used to identifiy GlcNac-containing immature carrot seed AGPs as potent
inducers of somatic embryogenesis (van Hengel et al., manuscript submitted)
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The Cell Wall and Cell-cell interactions
Professor Keith Roberts

John Innes Centre, Norwich Research Park, Colney, Norwich NR4 7UH, UK

(email: keith.roberts@bbsrc.ac.uk)

Individual plant cells are firmly cemented to their neighbours on all sides, connected
in most cases only by plasmodesmata that come and go. Somehow, each cell knows who its
neighbours are and can use this positional information to make key decisions about its future
fate. Downstream, continuing cell-cell interactions help direct features of cell differentiation
including cell shaping, polarity and local wall deposition. Later still, similar signalling at a
local level will influence cell death. In plants, sadly, we know relatively little about the nature
of the cell signalling events which underlie these issues of positional information, cell fate
determination and size determination. I want to use this talk to explore some of the problems
that the plant extracellular matrix creates for cell-cell communication, and to set this against
emerging paradigms in the animal field. I will illustrate some of the issues with examples
from my lab as well as others. These examples will include thoughts on the dynamic nature
of plasmodesmata and their role in local signalling. I shall talk about the range of cell surface
molecules that we know about, that could be involved in signalling, and the ways in which
the activity inside one cell can be mirrored in its neighbour, for example through cytoskeletal
activity. Cell death, either as a random natural event or artificially induced by laser ablation,
has dramatic consequences on the subsequent behaviour of neighbouring cells. The activity
of cells to grow into, and occupy, the spaces left by corpses is an intriguing insight into cell-
cell signalling, and some thoughts on the role of the cell wall in these events will be
presented. An important feature of cellular interactions is the degree to which they selectively
let go and create intercellular spaces. This will be discussed in the context of local controls on
cell growth.

Lastly I shall consider the possible role of arabinogalactan-proteins in local cell-cell
interactions, and will describe some of our recent work to understand the molecular nature of

the complex glycoproteins.
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Epidermal Cell Morphogenesis in the Maize Leaf:
the Roles of Brick Genes

Laurie G. Smith, Mary Frank and Challe Woosley

Plant cells acquire a wide variety of shapes during development that are tailored to their
specialized functions. In both monocots and dicots, leaf epidermal cells become lobed as they
expand to create an interlocking network that forms the interface between shoot organs and the
surrounding environment. We have identified 3 “Brick” genes in maize that are required for
epidermal cell lobing without being required for cell expansion per se. We are studying how the
cytoskeleton and cell wall contribute to the lobing of epidermal cells, and what features of this
process are affected by brk mutations. As previously described for other species (1), we-have
found that banding of cortical microtubules is associated with the initiation of cell lobing,
suggesting that non-uniform deposition of cellulose microfibrils contributes to lobe formation, but
this feature of cell lobing is not affected in brk mutants. However, deposition patterns of certain
cell wall components are altered in brk mutants, suggesting important roles for these components
in the formation of specialized cell shapes. Although mutations in all three Brk genes produce
essentially the same phenotypes, analysis of genetic mosaics demonstrates that these genes do not
have equivalent functions: Brk2 acts cell autonomously, while Brk/ acts non cell-autonomously.
These results suggest a role for intercellular signalling in the control of cell wall assembly as it

relates to cell morphogenesis.

(1) Panteris, E, Apostolakis, P., and Galatis, B. (1994). Sinuous ordinary epidermal cells behind
several patterns of waviness, a common morphogenetic mechanism. New Phytologist 127: 771-

780.
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A role for expansins in leaf abscission

Simon McQueen-Mason

Dept. of Biology. The Plant Laboratory, The University of York,
P.0O. Box No. 373, York YO10 5YW (U.K.).

Expansins were first characterised by their ability to induce cell wall extension in-vitro,
and appear to play a key role in the growth of plant cell walls (1, 2). The means by which
expansins induce extension appears to involve the disruption of hydrogen bonds between
cellulose microfibrils and the hemicelluloses that bind them to one another in the walls.
Expansins have more recently been shown to be expressed in large quantities during fruit
softening a process that does not involve wall elongation (3). During softening walls are
being disassembled, and it is thought that expansins may play a role in this process by
making wall polymers more accessible to hydrolytic enzymes. In this presentation, we
show that expansin activity is induced during ethylene-induced leaf abscission. Several
expansins have been cloned from leaf abscission zones and we will present data on their
expression during this process. The role of expansins in leaf abscission will be discussed.

1. M®Queen-Mason, S. J., Durachko, D. M. and Cosgrove, D. J. 1992 Two Endogenous
Proteins that Induce Cell Wall Extension in Plants. Plant Cell 4, 1425-1433

2. McQueen-Mason, SJ. and Rochange, F, 1999 Expansins in plant growth and
development: an update on an emerging topic. Plant Biology 1: 19-25

3. Rose, JK.C,, Lee, H.H. and Bennett, A.B. (1997) Expression of a divergent expansin
gene is fruit-specific and ripening-regulated. Proc. Natl. Acad. Sci. USA. .94, 5955-

5960
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Cytoskeletal and Cell Wall Interactions During the Establishment of Cell
Polarity in the Fucus Zygote

Ralph S. Quatrano
Dept. Biology, Washington University, St. Louis, MO 63130-4899, USA

Zygotes of the brown alga Fucus provide a model system to study the basic mechanisms
involved in the generation of cellular asymmetry and morphogenesis. A localized cortical
domain, composed of F-actin, ion channels and free Ca, is the first asymmetry established in

the zygote.

Stabilization of this polarity requires an actin-dependent polar secretion of Golgi vesicles into
the cell wall at this site. Microfilaments also appear to provide "tracks" for vesicle targeting to
this site of polar growth and are required for the polar redistribution of mRNA at the time of
polar axis stabilization. Recent evidence indicates that the asymmetry in the cell wall at this
cortical site provides signals to the underlying cytoplasm that orient the first asymmetric
division plane perpendicular to the polar growth axis. Treatment with brefeldin A reversibly
and selectively blocks polar secretion and results in the mis-orientation of the first division
plane with respect to the light gradient. These results suggest that localized cell wall
components may provide positional information for orienting the plane of cell division.
Localized cortical complexes in the zygote, composed of actin and cell wall components, play
key roles in the generation and stabilization of cellular asymmetries and_in providing signals
for proper orientation of the first cell division.
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New Genes, New Roles for Expansins
Daniel Cosgrove

Department of Biology, Penn State University, University Park, PA 16802

Expansins were first identified as mediators of the “acid growth” response. These
proteins bind to cell walls and catalyze wall extension in a pH-dependent manner.
They do not exhibit hydrolytic activity against cell wall components, and indeed we
have not been able to detect significant enzymatic activity in expansin preparations.
Nevertheless, they act catalytically, not stoichiometrically, to induce wall expansion in
vitro. They also have been shown to be capable of stimulating cell expansion in living
cells when applied exogenously to Arabidopsis thaliana hypocotyls, cucumber root
hairs, tomato meristems, and tobacco cell cultures.

We now recognize two families of expansins, called a-expansins and B-expansins.
o-Expansins comprise the first-discovered family of expansins and have been studied
in greatest detail. B-Expansins were more recently recognized when it was found that -
Zea ml, a member of a group of grass pollen allergens, has significant expansin
activity. These grass pollen expansins probably function in loosening the cell walls of
the stigma to aid pollen tube penetration. A number of related sequences that are
present in GenBank have now been classified as B—expansins on the basis of sequence
homology to Zea m1 and are presumed to have related wall loosening functions.

Between the a— and B- families there is relatively little sequence conservation,
consisting most notably of a series of conserved cysteines in the N-terminal half of the
protein, an HFD motif and an FRRV motif in the middle of the protein, and a series of
tryptophans (W) near the carboxy-terminus. Despite the low sequence identity, the two
groups of proteins have similar rheological effects on cell walls, namely induction of
cell wall extension and stress relaxation). There are three likely domains in the
expansin protein. The first ~22 amino acids encodes a classical signal peptide that
directs the protein into the secretory pathway and is cleaved off to form the mature
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protein. A putative binding domain (~10 kDa) at the carboxy-terminus of the protein
contains a series of conserved tryptophans (W) with spacing that resembles that of
cellulose-binding domains of cellulases. The 15-kDa piece of the polypeptide between
the signal peptide and the putative binding domain has distant, but significant,
sequence similarity to the catalytic domain of family-45 glycosyl hydrolases [19]. The
“HFD” motif and a second conserved aspartate (D) residue near the carboxy terminus
make up the key residues for the catalytic site of the family-45 hydrolase, and these
residues can be found in corresponding places in both a— and —expansins.
a-Expansins make up a large multigene family, with at least 22 members in A.
thaliana [see the expansin web site (http://www.bio.psu.edu/expansins/) for up-to-date
listings of known expansin genes in A. thaliana, rice, tomato and other species].
Expression analysis indicates that expansin genes are selectively expressed in specific
cell types and at specific developmental stages. I will present our latest results on
expression analysis and the likely roles of specific members of this gene family.
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Regulation of genes coding for proline-rich proteins in maize.
Pere Puigdoménech.
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Spain

The genes or cDNAs coding for three different proline-rich proteins have been cloned
from maize in our laboratory. They correspond to HRGP, a protein that appears to be
one of the main components of the maize primary cell wall, HyPRP an embryo-specific
protein that has a domain partially rich in proline and ZmPRP, a protein whose mRNA
is accumulating in tissues where secondary cell wall is formed. Other genes related to
maize cell wall have been cloned in our group, including genes coding for enzymes of
the lignin biosynthesis pathway and other wall-related proteins such as expansins or
XET.

The proteins encoded by the three genes have distinct features. They have in all cases
signal peptides and the proline-rich domains are highly repetitive, although HyPRP has
also a hydrophobic domain in its C-terminal half. The HRGP and HyPRP genes have a
complementary pattern of expression in the maize embryo, the HRGP mRNA being
accumulated in meristematic tissues and HyPRP mRNA in cells differentiating to
parenchyma cells. The promoters of the two genes are active in transient expression
assays by microbomabrding. The mRNA of the ZmPRP gene has a pattern of
distribution similar to the one observed-in genes coding for enzymes of the lignin
biosynthesis pathway. The genes are controlled during development but also by
hormone action. HRGP is induced by wounding, ethylene and fungal elicitors, while
HyPRP is repressed by the action of ABA and ZmPRP is also induced by wounding as
is the case of othe lignin-related genes.
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The wall is an important component of the plant cell with a central role in plant biology. It provides
strength and shape to the cell and rigidity to the whole plant, controls the growth of the cell, participates
in cell-cell communication and also participates in the protection from attack by pathogens and other
environmental stresses. This great variety of roles suggests that the cell wall architecture must be tightly
controlled.

Cell wall composition varies according to the developmental stage and the specialisation of each cell
type. Proteins are part of the components of the plant cell wall and different classes of structural
proteins have been characterised, some of them are the hydroxyproline-rich glycoproteins (HRGPs), the
proline-rich proteins (PRPs), and the glycine-rich proteins (GRPs). The genes encoding these structural
proteins are tightly regulated, and their expression pattens show cell type specificity and
developmental regulation (Cassab, 1998). Also, the expression of genes encoding some of these cell
wall proteins can be altered by different cues (e.g. wounding or pathogen attack) with the deposition of
the encoded proteins in the cell wall resulting in alterations of the functional properties of this
compartment (Showalter, 1993; Cassab, 1998). For a long time they have been considered as simple
structural molecules, but now there are emerging data confirming that their role is more dynamic being
involved in a variety of processes such as remodelling, stiffening and repair of cell walls.

A common characteristic of plant cell wall structural proteins is their ability to remain insolubilized in
the cell walls in a durable fashion. For example, the extensins are basic proteins with ability to form an
insoluble network that remains ionically bond to the cell wall pectins (Qi et al., 1995). The GRPs form
a further group of wall-associated proteins associated with walls at the onset of lignification and they
have been proposed to participate as nucleation sites for lignin formation as well as in wall repair
processes (McDougall et al., 1996; Ryser et al., 1997). It has been reported a very rapid oxidative cross-
linking mechanism for insolubilization of pre-existing cell wall structural proteins that seems to be
under developmental control and mediated by the action of extracellular peroxidases (Bradley et al.,
1992). However, the mechanism mediating the crosslinking of cell wall proteins as well as the
structural requirements involved in this process remain poorly understood.

NtTLRP is a recently described tobacco cell wall protein that represents a member for a novel class of
cell wall proteins associated with secondary cell walls. These proteins have in common the presence of
a peptide motif rich in cystein and tyrosine amino acid residues. The NtTLRP gene is expressed at all
stages of plant development and the amount of the corresponding mRNA is particularly high in
developing seedlings. By using an specific antibody, it has been shown that NtTLRP is a cross-linked
protein that localises in the developing protoxylem cells, following the pattern of lignin deposition in
these cells, thus favouring the interpretation that this protein, as seems to be the case for the tomato
TLRP (Domingo et al., 1994), is intimately and/or co-ordinately expressed during the process of
lignification characteristic of tracheary element differentiation.

NtTLRP and its homologes share striking similarities at both the N-terminal signal peptide sequence
and the C-terminal region. In the C-terminal region a highly conserved structural domain rich in cystein
amino acid residues, and named cystein-domain (CD), can be identified. The CD domain appears to be
a common signature in different cell wall structural proteins and consist of an arrangement of cysteine
midmsbdwemwﬁchtymmmdposiﬁwlychugedaminowidmﬁdu&smhmdigitated
following the consensus sequence CXYXCC(X)sC(X),.3CCSY. The conserved arrangement of cystein
residues within the CD suggests that these residues (through the formation of intermolecular cystine
bridges) may stabilisc an appropriate conformation in the domain so that the side chains of the
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interdigitated residues (including tyrosine) will be exposed to facilitate interactions with other
components of the cell wall.

By using a functional test in transgenic plants expressing a secreted and soluble protein (e.g., PRI
protein) to which the CD domain was translationally fused to the C-terminus (PR1-CD protein) we
have demonstrated that the presence of the CD domain is per se sufficient to anchor this previous
soluble protein into the cell walls. Although we still do not know what amino acids in the CD domain
are responsible for the observed insolubilization, both cystein and tyrosine are likely candidates
implicated in the crosslinking process.

High cysteine content is common to many cell wall proteins, and this amino acid residue has been
proposed to be implicated in the insolubilization of different cell wall proteins due to their capability to
form disulphide bonds under the proper redox conditions of the plant extracellular matrix, and thus may
participate in major intermolecular interactions with other components of the cell wall. Clusters of
cystein residues seem to be responsible also for the interaction of proteins with cell wall polymers as
proposed for the chitin binding motifs present in potato lectins (Kieliszewski et al. 1994). Tyrosine is
another amino acid residue proposed to participate in the cross-linking of proteins to cell walls through
oxidative coupling of tyrosine residues mediated by a peroxidase'H,0,-catalized reaction. Such
tyrosine-derived products has been reported to exist in plant cell walls in the form of isodityrosine (a
dimmer of tyrosine which may form both intra-polypeptide loops and inter-polypeptide linkages), di-
isodityrosine (a tetramer of tyrosine), and pulcherosine (a trimmer of nyrosine which could act as the
natural intermediary between isodityrosine and di-isodityrosine) (Epstein and Lamport, 1984; Fry,
1986; Brady et al, 1996, 1998). In addition, tyrosine residues can also be linked to the aromatic side
chains of lignin and thus facilitate the interaction of proteins with other components of the cell wall.

Both structural proteins and lignin are essential components for the differentiation and function of
xylem vessels and their synthesis and deposition must be tightly co-ordinated in order to reinforce
secondary cell walls to withstand the negative pressures that are gencrated in the xylem during the
course of water transport. In this regard, the xylem-associated NtTLRP protein as a new component of
xylem cells and the identification of a minimal structural domain in the protein that mediates the
crosslinking to cell walls, will help increase our understanding of the molecular components and
mechanisms mediating in the paradigmatic process of xylem differentiation. Furthermore, the CD motif
can now be entertained as a minimal structural domain to approach biochemically and genetically the
isolubilization process of cell wall proteins which is intimately associated to the differentiation of
xylem.
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Interactions of structural proteins in the plant cell wall
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GRP1.8 of bean (Phascolus vulgaris) is a member of the class of glycine-rich structural cell wall
proteins and is deposited in large amounts into the modified primary cell wall of protoxylem
elements (Keller et al., 1988; Ryser and Keller, 1992). Modification of the primary cell wall of
protoxylem elements includes the hydrolysis of the tension-bearing hemicelluloses that interconnect
the cellulose microfibrills. This hydrolysis allows the passive stretching of the cell wall and thus
enables the mature protoxylem to remain functional despite continuous growth of the plant. The
deposition of GRP1.8 might be part of a repair mechanism leading to a modified cell wall with
particular mechanical and chemical properties (Ryser et al., 1997). To get a better view on possible
functions of GRP1.8, we have studied the biochemical properties of GRP1.8. in particular the
chemical nature of non-covalent interactions established between GRP1.8 and components of the
extracellular matrix. A reporter protein was expressed in transgenic tobacco either as wild-type
protein or as a fusion protein with different domains of GRP1.8 and the solubility of these proteins
in the extracellular matrix was studied. A chitinase originally isolated from the extracellular fluid of
cucumber was used as the reporter protein (Boller and Métraux, 1988). A clear change in solubility
was observed between the chitinase and the chitinase/GRP1.8 fusion proteins. While a low salt
buffer was sufficient to extract the chitinase from tobacco cell wall preparations, an extraction
buffer with a hydrophobic component such as SDS or Triton X-100 was required for the complete
extraction of soluble chitinase/GRP1.8 fusion proteins. Thus, the GRP1.8 domains in the fusion
proteins are involved in a hydrophobic interaction within the extracellular matrix. The same
experiments with purified cell wall fractions of bean hypocotyl confirmed the observed
hydrophobic property of GRP1.8. From these experiments, a model can be suggested in which,
through self aggregation, GRP1.8 forms a hydrophobic layer in the modified primary cell wall to
stabilize the protoxylem and to prevent water loss through diffusion.

We are studying a second class of structural proteins which is likely to have different interactions
within the extracellular compartment. The studied proteins are chimeric extensins containing LRR
(lwane—nch repeat) domains. Extensins form a specific class of cell wall hydroxyproline-rich
glycoproteins in plants which is characterized by the presence of numerous Ser(Pro)4 repeats. They
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are considered to be structural proteins because of their repetitive amino acid sequence and the lack
of enzymatic activity. It has been postulated that their main function could be to fix the definitive
shape of the cell at the cessation of growth and to increase resistance to tensile forces. This is
consistent with the accumulation of certain extensins in vascular tissue when cell elongation stops.
Furthermore, a strong binding to the extracellular matrix is clearly demonstrated since they are
frequently recalcitrant to extraction, although the nature of this linkage is still a matter of
considerable debate. An increasing number of proteins containing extensin motifs associated with
various unrelated domains have been described recently. Their specific expression pattern, the
identity of their additional domains (AGP-like, lectin-like, LRRs), and the resemblance of these
chimeric extensins with algal cell adhesion molecules (algal- CAM) suggest that these proteins
might play an important role in cell-cell recognition and adhesion during plant development.

We are currently investigating a new family of 8 Arabidopsis genes encoding extensin-like proteins
which contain a leucine-rich-repeat (LRR) domain. As LRRs are known to mediate protein-protein
interactions in eucaryotic cells, these genes could play a role in extracellular signalling or in the
control of the activity of cell wall enzymes. These chimeric LRR-extensin genes (Lrx) seem 10 be
widespread in the plant kingdom since other members are present in a Solanaceous species (L.
esculentum) and in a monocot (Zea mays, Pex1 and Pex2, Rubinstein et al. 1995). The expression
patterns of the 8 Arabidopsis genes were studied and very different patterns were found. Two genes
(LrxS and 6) were ubiquitously expressed while two others were exclusively present in roots (Lrx1
and 2). The latter have been chosen for further investigation. Transgenic plants with promoter- uidA
gene fusions show that Lrxl and Lrx2 have different, although overlapping, expression patterns.
The most striking feature is a stronger expression of Lrx1 in rhizodermal cells forming root hairs
and a high expression of Lrx2 in meristematic cells. In order to address the question of the function
of these genes, several mutants in these genes were isolated by transposon tagging. In addition,
sense and antisense expression of the genes in transgenic plants is studied. Analysis of these

mutants and transgenic plants is currently in progress.

Memnas
Bollcr T. aad Méraux J.-P. (1988) Extracellular localization of chitinase in cucumber. Physiol. Mol. Pathol. 33: 11-
16.
Kdller B., Sauer N. aad Lamb C. (1988) Glycine-rich cell wall proteins in bean: gene structure and association of the

protein with the vascutar system. EMBO J. 12: 3625-3633.
Rubiasteia A. L., Mirquez, J., Sufrez-Cervera M. and Bedinger P. A. (1995) Extensin-like glycoproteins in the

maize pollen tube wall. Plant Cell 7: 2211-2225.
Ryser U. and Keller B. (1992) Ultrastructural localization of a bean glycine-rich protein in unlignified pamary walls of

protoxylem cells. Plant Cell 4: 373-383.




46

STRUCTURE AND DEVELOPMENT OF INFECTION THREADS
N.J. Brewin, E.A. Rathbun and J-P. Wisniewski
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In pea and other temperate legumes, Rhizobium gains eatry to host root tissucs through tip-growing infection
threads. These are tubular ingrowths of the plant cell wall which originate from curled root hair cclls. Having
traversed the epidermis, the bacteria arc once again released into the extraccllular matrix. Infection is
propagated because transcellular threads are reinitiated in root cortical cells and subscquently in the invasion

zonc of the developing nodule.

Bactcria within infection threads are nommally surrounded by an extracellular matrix, appareatly equivalent in
composition to the intercellular matrix. A 110kDa plant matrix glycoprotcin (MGP) was localised to the
infection thread lumen by monoclonal antibody MAC265, which recognises a carbohydrate epitope on MGP.
The glveoprotein was extracted from pea root exudate and concentrated by immunoaffinity chromatography
using protein G sepharose coupled to MAC265. Immunopurified glycoprotein had a blocked N-tcrminus and
was resistant to cleavage by many protcases. Fourier-transform infra-red spectroscopy indicated a high
carbohydrate content (>60%). Following treatment with chymotrypsin, a 40 kDa polypeptide was isolated by
gel electrophoresis. This fragment, which retained reactivity with MAC265, yiclded 29 amino-acids by N-
terminal sequencing. A 650 base-pair cDNA clone corresponding to MGP was obtained by 3'RACE PCR
using mRNA isolated from Rhizobium-inoculated pea roots. The (incomplcte) DNA sequence indicates that
MGP-ER2 encodes an extensin-like glycoprotein with repeating (hydroxy)prolinc-rich domains. Interestingly,
- the sequence included four repeats of the motif SPs.

There is very high homology between the MGP scquence from pea

TPHKKPYKYPSPPPPP and the deduced amino acid sequence for VENDS-E. a nodule-
PP enhanced extensin from Vicia faba, previously isolated as cDNA in
HKKPYKYSSPPPPP a subtractive hybridisation study (Perlick & Puhler 1993). Similarly,
VHTYPHPHPVYHSPPPPP MtNI12 from Medicago truncatula was obtained from a nodule-
TPHKKPYKYPSPPPPP cariched cDNA library (Gamas et al., 1996). The repeated motif
AHTYPPHVPTPVYHSPPPP “VHTYPHPHPVYHSPPPP” is very strongly conserved. Of
VYSPPPP particular interest is that the 3’untranslated regions of the pea and
AYYYKSPPPP Medicago sequences show even stronger homology than is seen in
YHH* the coding sequence.
WehwfoundMMGPanasﬂybeﬁsdubﬂisedinaﬁmodq)mdemmwrbyapmossdmis

dependent on H;0,. We are investigating possible sources of peroxide in the extracellular matrix . These
could include diamine oxidase, oxalate oxidase and NAPH oxidase. Hence, the regulation of these activitics
could be very important in symbiosis.

Our working model suggests that peroxide-induced hardening of MGP could influence both the initiation and
dwmopagaﬁmofdehfecﬁon&md(l)h&ewrhdmhh,sdi&ﬁaﬁonofﬂnmwmmg
awmwukmuam;plummummmammwmdn
inside to generate an inward thrust which could initiate infection thread development from the kink in the
merhh.Q)hﬁehmof&eh&dithdmhgofﬂmemhlmﬂmhin%y
bacterial growth is only observed at the tip (Gage et al. 1998) where, presumably, the matrix is still fluid. (3)
Fimﬂy.hkasymhmgimhowdwabaﬁmofh&dmﬁladsmw&dmmwmhrdmingofﬂn
luminal matrix in the region of the growing tip.
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Biochemical flexibility of the phenolic components of the cell wall

Alain-M. Boudet and Matthieu Chabannes

UMR CNRS/UPS 5546, Péle de Biotechnologie végétale, BP 17 Auzeville, F-31326
Castanet Tolosan cedex, France, T. 33 5 62 1935 21, F. 33 562 19 35 02, e-mail :
amboudet@cict.fr

Lignin genetic engineering is a very active area of research which has been stimulated
within recent years by the characterization of important genes controlling lignification. A
significant number of transformed plants exhibiting qualitative and quantitative changes in
their lignins has already been obtained (1, 2, 3) and, in a limited number of cases, preliminary
data have demonstrated the industrial usefulness of the resulting products.

The modifications of lignin profiles which have been envisaged until now have dealt either
with reduction in lignin content or changes in the lignin monomeric composition since this
parameter is important for lignin extractability. However, it soon appeared that experiments
aiming to decrease the lignin content indirectly altered the chemical composition of
transgenic lignins (or of cell wall components).

As an example in severely CCR down-regulated tobacco plants an increase of cell wall
linked phenolics released by mild alkaline hydrolysis occurred, the main enrichment
‘concerning ferulic and sinapic acids and acetosyringone. It was suggested that the
incorporation of ferulic acid into the cell wall was responsible for the brown orange
coloration observed as a consequence of CCR silencing (4). Additional studies using 13C
NMR revealed the presence of ferulate tyramine in cell walls of the CCR antisense line (5).

By crossing homozygous tobacco lines down-regulated for CCR and CAD, we have
obtained hybsid lines down-regulated for both enzymes. The lignin content of the hybrid is
surprisingly iower than for the CCR down-regulated homozygous line. However, in contrast
to this parent line its size and morphology are not affected. In addition, a significant increase
in cellulose and hemicelluloses was observed in the double transformants. This hybrid line
with only 35% of residual lignin was processed in simulated kaft pulping experiments by
CTP (Petit-Conil, personal communication) and exhibited very promising pulping
chracteristics. These interesting results which have been confirmed several times on tobacco
plants obtained in culture room conditions should be now extended to other species grown
in natural conditions. They suggest that the CCR and CAD transgenes work in synergy in a
still undefined way to give rise to new lignin profiles without altering plant morphology.

These results are comparable to those obtained by Chiang’s group on transgenic aspens
down-regulated for 4-coumarate CoA ligase which exhibited a substantial reduction in lignin
quantity and, more surprisingly, a 15% increase in cellulose conteat (6).

Even if the rationale of the compensation mechanisms allowing plants with a low lignin
content to have an apparent normal development is not understood, these studies
demonstrate the high biochemical flexibility of the cell wall. In addition, the increase in
polysaccharides observed in these transgenic lines is extremely interesting for future
applications. ’
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Cell-Wall Development and Dynamics in Maize and Other Poales

Claudia E. Vergara Marcos S. Buckendge Kim Fmdlay Gareth Catchpole Anna T. Olck Maureen
C. McCann’, and Nicholas C. Carplta

Dept of Botany & Plant Pathology, Purdue Umvcrsxty, West Lafayette, IN, 47907 U. S. A.
Inst de Botanica, Secdo de Fisiologia e Bioquimica Plantas, Sdo Paulo, Brasil
Dept of Cell Biology, John Innes Centre, Norwich NR4 7UH, U. K.

The cell walls of grass species and commelinoid monocots are structurally and architecturally
distinct from those of all other angiosperms. The major cellulose-tethering glycans are
glucuronoarabinoxylans (GAXs) in place of xyloglucans, they are notably low in pectin, and aromatic
substances replace structural proteins as the cross-linking agents in the primary wall (Carpita 1996).
Also, Poales are further distinguished from the commelinoids by the ability to make a unique mixed-
linkage (1->3),(1->4)-B-D-glucan (B-glucan). Unlike most angiosperms, the cell walls of grasses change
markedly during cell division and elongation. Absent from meristematic cells, the B-glucans accumulate
in the wall during cell elongation and turn over when elongation is complete. The highly substituted
GAXs made during early stages of elongation lose a substantial portion of the arabinosyl side-groups as
growth progresses. Novel, non-methyl esters of polygalacturonans also accumulate during the fastest
rates of growth and decrease when growth wanes. We developed an efficient method to preserve the
synthesis in vitro of B-glucan in isolated Golgi apparatus of maize seedlings (Gibeaut and Carpita 1993;
Buckeridge et al. 1999). The mechanism of glucosyl transfer has several common features with
cellulose synthesis, we proposed that the -glucan synthase genes are derived from ancestral cellulose
synthase genes (Carpita and Vergara 1998). A search of cellulose synthase genes (CesAs) in rice
identified several genomic CesA and CesA-like clones from rice. Sequencing of the EST clones
revealed at three separate classes of CesA genes. Experiments are underway to differentiate between
cellulose synthase and B-glucan synthase by differential expression in seedling and endosperm and by
immunolocalization of unique peptides of the B-glucan and cellulose synthase at the Golgi or plasma
membrane, respectively.

As part of our studies to examine the turnover of -glucans during growth, we purified a -glucan
exohydrolase (ExGase) from the cell walls of developing maize shoots. Polyclonal antisera raised against
the ExGase were used to select partial-length cDNA clones, and the complete sequence of 622 amino
acid residues was deduced from a full length genomic clone. The seedling ExGase gene is expressed and
the enzyme is enriched in the walls during all stages of maize coleoptile elongation. An antigenically
related polypeptide is associated with plasma membrane. Unlike the wall enzyme, the membrane-
associated ExGase is unable to cleave (1—4)-B-glucosyl linkages. We propose that the novel isoform of
the ExGase has two potential functions at the membrane-wall interface other than B-glucan digestion.

We have used a multidisciplinary approach to determine how these polymers are assembled into
architectural form in the primary walls of elongating maize coleoptiles. Isolated coleoptile walls and
epidermal peels were examined by field-emission-scanning electron microscopy (FEG-SEM) and Fourier
transform infrared (FTIR) microspectroscopy after sequential extractions of defined polysaccharides and
aromatic substances. Microfibril impressions are observed through a dense blanket of material in
unextracted isolated walls. Removal of the chelator-soluble pectins does not alter this structure
substantially, but removal of the highly substituted GAXSs increases the apparent pore size and permits
deeper views into the wall. Oxidation of the phenolic network permitted removal of a substantial portion
of the GAXs by dilute alkali. Such a treatment widened the pores further and permitted observation up
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to eight distinct microfibrils deep into the wall. B-Glucans still remaining in the wall after this treatment
were removed subsequently with a specific endo-glucanase but the pore size was not increased further.
Fourier transform infrared microspectroscopy was used to define the spectral changes associated with
wall structure upon successive removal of the matrix components. By subtractive analyses of FTIR
spectra catalog differences in the spectral behavior of isolated polymers such as GAXs and B-glucans and
their impact on the FTIR absorbance when organized in an intact wall matrix.

We have developed discriminant analysis of Fourier transform infrared spectra as a high through-
put and specific method to identify mutations in plant cell wall polysaccharide components and wall
architecture (Chen et al. 1998). In collaboration with scientists from both public and private domains,
we propose to employ this method to identify in mutagenized populations of maize and arabidopsis a
broad range of mutants involved in the biogenesis and dynamic alteration plant cell wall architecture
during growth and development. We have devised a systematic protocol that will employ biochemical,
spectroscopic, and imaging methods to categorize defects in wall structure and architecture into one of
six stages of wall biogenesis or disassembly. Disrupted genes of maize mutants identified based on the
position of the insertional element in transposon-tagged maize populations. A major practical goal is to
generate plants with genetically defined variation in composition and architecture to permit assessment
of how specific modifications of the cell wall impacts cellular function, plant development, and biotic
and abiotic stress interactions.

Supported by U. S. Department of Energy, Energy Biosciences (to N.C.C.), a grant from FAPESP (to
M.S.B.), and a grant from the BBSRC (to M.C.M)

References

Buckeridge, M. S., C. E. Vergara, and N. C. Carpita 1999. The mechanism of synthesis of a mixed-linkage
(1-3),(1-4)-B-D-glucan in maize. Evidence for multiple sites of glucosyl transfer in the synthase complex.
Plant Physiol. 120, 1105-1116.

Carpita, N.C. 1996. Structure and biogenesis of the cell walls of grasses. Ann. Rev. Plant Physiol. Plant Molec.
Biol. 47, 445476

Carpita, N., and C. Vergara 1998. A recipe for cellulose. Science 279, 672-673.

Chen, L-M., N. C. Carpita, W-D. Reiter, R. W. Wilson, C. Jeffries, and M. C. McCann 1998. A rapid method to
screen for cell wall mutants using discriminant analysis of Fourier transform infrared spectra. Plant J. 16,
385-392.

Gibeaut, D. M., and N. C. Carpita. 1993. Synthesis of (1-3),(1—4)-B-D-glucan in the Golgi apparatus of maize
coleoptiles. Proc. Natl. Acad. Sci. USA 90, 3850-3854.



Session 5: Dynamics of the primary and
secondary cell walls

Chair: Daniel Cosgrove



53

The Mechanism and Regulation of Cellulose Synthesis in Plants.

Deborah Delmer, Y. Kawagoe, D. Holland, N. Holland, L-C Peng.
Section of Plant Biology, University of California Davis, Davis CA 95616

The CesA genes of plants are believed to encode the catalytic subunit of the
cellulose synthase. Evidence supporting this notion comes from their homology with the
bacterial synthases, from ability to bind the predicted substrate, from expression patterns
for at least some of the genes, and from genetic studies indicating that these genes are
critical for the process (1,2,3). However, no one has demonstrated glycosyltransferase
activity using recombinant protein. We have expressed an epitope-tagged version of the
cotton GhCesA-1 gene in the heterologous systems of yeast and green monkey kidney
(COS) cells. In both cases, the proteins are expressed and inserted into membranes, but
no glycosyltransferase activity can be detected. These systems are, however, useful for
topological studies, results of which will be presented in this lecture. Expression of the
GhCesA-1 gene in either wild-type or mutated form in Arabidopsis or tobacco BY-2 cells
leads to abnormal phenotypes that are presently being characterized.

Studies with the Novartis herbicide CGA 325’615 are shedding further light on the
process of cellulose synthesis. In cotton fibers, this compound, at nanomolar
concentrations, specifically inhibits the synthesis of crystalline cellulose. Concomitant
with this, we see accumulation of some callose and an ammonium-oxalate soluble f3-1.4-
glucan that appears to be linked to protein; the nature of this protein and speculation on its
role in cellulose synthesis will also be discussed.

The CesA genes comprise a relatively large gene family with at least 10 members
in Arabidopsis and maize (4,5). In collaboration with Tim Helentjaris and K. Dhugga
from Pioneer HiBred, 8 distinct full-length or near full-length Ces4 cDNA’s from maize
(ZmCesA1-8) have been identified and sequenced. The chromosomal locations of the
relevant genes have been determined and expression patterns for the genes analyzed. A
promoter-B-glucuronidase (GUS) fusion of the Arabidopsis AtCes4-4 gene was also
generated to add further information on the expression pattern for another member of this
gene family in this plant. All of these genes are expressed in a variety of organs, although
some show unique patterns of cell-type specific expression within those organs. Multiple
sequence alignments of the deduced proteins were used to generate an unrooted
cladogram in which the CesA proteins cluster in distinct groups. Most of these groups
are not comprised of unique paralog from a single plant species, but rather cluster as
orthologs; chromosomal location is also not correlated with the groupings. In at least
some cases, the groups cormrelate with unique patterns of cell-specific expression as
determined by a variety of methods. One group has members involved in primary wall
synthesis (AtCesA-1; ZmCesA-1), another contains members that are expressed in tissues
undergoing secondary wall synthesis (GhCesA's; PtCesA’s, AtCesA-4). Mu-insertion
mutants in ZmCesA-8 have also been identified that show only a very mildly altered
phenotype—a finding that might be explained by our observation that two other genes,
Zm(CesA-6 and ZmCesA-7, may provide functional redundancy since they possess deduced
amino acid sequences and patterns of tissue-specific expression that are very similar to
those observed for ZmCesA-8.
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Identification of a rapid subcellular response to wounding by imaging
plants expressing random GFP::cDNA fusions.

Sean R. Cutler'?, David W. Ehrhardt?, Joel S. Griffitts, Chris R. Somerville'?
'Department of Biological Sciences. Stanford University. Stanford CA 94305

2Carnegie Institution of Washington. Department of Plant Biology.
260 Panama Street, Stanford CA 94305

Many problems in plant cell biology can be informed by the direct observation of subcellular
structures and their associated dynamics in living cells. To facilitate live-cell investigations, we
have explored a high-throughput approach to examining subcellular organization by producing
and imaging large numbers of plants that express random GFP::cDNA fusions. Fluorescence
imaging of 5700 transgenic plants indicated that approximately 2% of lines expressed a fusion
protein with a different subcellular distribution than that of soluble GFP. Our results suggest
that a wide variety of subcellular structures and dynamic processes can be marked efficiently
using random GFP::cDNA libraries.

The potential of this approach for identifying unique dynamic processes in living cells is
demonstrated by the identification of a GFP fusion protein that displays a rapid subcellular
redistribution after wounding. A fusion between GFP and the enzyme Nitrilase 1 was found to
redistribute from the cytoplasm into granular structures minutes after delivery of a wound
stimulus. Cells at a distance from the primary wound site display GFP::Nitl granulation,
suggesting that the fusion protein is responsive to a motile signal produced rapidly after
mechanical damage to Arabidopsis cells.

The function Nitrilase performs in wound responses is being addressed using biochemical,
genetic and cell biological approaches. To help elucidate the composition and function of
GFP::Nitrilase granules, we have developed a granule purification protocol. Collectively, our
observations suggest that the rapid formation of granules reveals a novel wound-induced signal
and response pathway. The ability to visualize this process in vivo using GFP::Nitrilase will
facilitate our analysis of this pathway.

Our results indicate that screening GFP::cDNA libraries is a useful approach for identifying
and visualizing components of subcellular structures in higher plant cells, and that it is capable
of revealing novel insights into subcellular dynamics. Modifications of the approach to allow
the identification of amino-terminal targeting information are being pursued to enable
identification of secreted proteins or proteins that require free amino termini for proper

targeting.
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Cellulose mutants in Arabidopsis

H. Hofte, M. Fagard, A. v. Tuinen, F. Goubet, A. Bichet, S. Pagant,
M. McCann and S. Vembhettes,

Laboratoire de Biologie Cellulaire, INRA, Route de St Cyr, 78026 Versailles cedex.

To identify genes involved in controlling directional cell expansion we have carried out a
screen for mutants with reduced cell elongation and increased radial expansion in the
hypocotyl. FTIR microspectroscopy in collaboration with Maureen McCann and coll. allowed
2 classes of mutants to be distinguished. Mutants with detectable defects in cell wall
composition and those without. The latter class identified by 8 alleles of botero, shows defects
in the organisation of the cortical microtubules. Cellulose defects were observed in alleles of
rswli (Arioli et al., 1998), kor (Nicol et al., 1998) and pre. Interestingly, in prc hypocotyls, the
growth and cellulose defect is conditional: activation of phytochrome entirely reverts the
phenotype. PRC maps to the bottom of chromosome V and was isolated through map-based
cloning. The identity of the gene product will be presented. We are currently investigating the
molecular basis of the conditionality of the phenotype. To our knowledge this is the first
example of a molecular link between phytochrome action and cell wall synthesis in expanding

cells.

Refs: Arioli, et al. (1998) Science, 279, 717-720 ; Nicol, et al (1998) EMBO J., 17, 5563-
5576.
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Characterisation of a novel secondary cell wall mutant in Arabidepsis.

Louise Jones and Simon Turner
University of Manchester

Although the components that comprise plant secondary cell walls, namely
cellulose, xylan and lignin, are relatively well understood, little is known concerning
the architecture of these cell walls and how the individual components contribute to
the physical properties and fumctions of the cell walls,

Irx4 is a novel Arabidopsis mutant identified by its collapsed xylem phenotype
(Turner and Somerville, 1997, Plant Cell, 9, 689-701). Analysis of total cell wall
phenolics, thioglycolic acid assays and solid-state NMR have demonstrated that the
cell walls from irx4 plant stems possess approximately 50% of the total lignin content
compared to wild-type plants. Reduced lignin content has also been observed by
histochemical studies using reagents considered as diagnostic stains for lignin, such as
phloroglucinol and Matiles reagent. In contrast, analysis of hemicellulose levels
indicated significantly increased proportions of xylan in irx4 cell walls compared to
the WT controls. Whether this reflects an actual increase in the total xylan content of
irx4 cell walls or an increase in their extractability remains to be determined. No
significant differences have been observed in the cellulose content of stems from
wild-type and irx4 plants.

These alterations in the composition of irx4 secondary cell walls are correlated
with severe effects on the physical properties of irx4 stems, as determined by three-
point bending tests. In addition, examination of the ultrastructure of the cell walls of
irx4 xylem and interfascicular cells revealed hugely expanded and diffuse secondary
cell walls with altered levels of staining.

Attempts to determine the nature of the mutation affecting lignin biosynthesis
have indicated there is no disruption in the general phenylpropanoid pathway.
However, there does appear to be an up-regulation in enzyme activity and transcript
levels of several genes involved in the lignin biosynthetic pathway. Work is now
underway to identify the gene responsible for the irx4 mutation.
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Tracheary element formation: building up to a dead end

Maureen C. McCann, Dimitra Milioni, Nicola J. Stacey, Pierre Sado,
Maria Mourelatou, Concha Domingo and Keith Roberts

Mesophyll cells from the leaves of Zinnia elegans cv. Envy trans--differentiate
into tracheary elements (TEs) when cultured in a medium containing a I:1 ratio of auxin
to cytokinin (Fukuda and Komamine 1980, Fukuda 1992). The differentiation process is
irreversible and is characterised by a series of cytological changes. First, microtubules
rearrange in a cortical banding pattern that reflects the position of future secondary cell-
wall thickenings, then cellulose and other wall polymers are deposited in localized
thickenings, then lignification occurs, and finally cell autolysis and cell death. This
model system is unique among in vitro systems because of the readily inducible
synchronous trans-differentiation of up to 80% of the cell population, making it ideal to
study the processes involved in secondary wall formation.

In addition to the initial wound stimulus, exogenous auxin and cytokinin are
absolutely required to induce TE formation in the Zinnia cell system. In the original
system (Fukuda and Komamine 1980), these plant growth regulators are added at the
start of the culture and TEs are induced by 96 h. However, we have discovered that
these inductive signals can be present in the culture medium for as little as 10 min if
added after 48 h of culture in a maintenance medium. By delaying the time at which the
inducing hormones are added to the culture until 48 h, we have significantly improved
the synchronyofthe culture such that 80% of the cells trans-differentiate to TEs in 48 h
after hormone addition. This feature makes it possible to dissect the chronology of
molecular events even to minutes. We proposed that the first 48 h of culture represents
a time in which the cells, freshly isolated from leaves, adapt to liquid culture and acquire
the competence to respond to the hormones (McCann 1997). At 48 h, the auxin and
cytokinin act as a switch to turn on the developmental pathway of TE formation. Other
signals are then required to progress though the subsequent stages of terminal
differentiation.

Other labs and ours have characterized a handful of genes involved in different
stages of the developmental pathway to TE fate using the Zinnia system (Fukuda 1996,
McCann 1997). In order to get a broader picture of the range of genes involved in this
complex progess, we require sequence information for comparison with known genes in
databases and must identify both high- and low-abundance transcripts. One way to do
this is to establish an EST database, such as the poplar and loblolly pine databases
(Sterky et al. 1998, Lafayette et al. 1998). However, the EST databases are from many
vascular cell types and asynchronously differentiating cells and, therefore, the order of
differentiation-related events is difficult to establish. We have recently applied a novel
method of RNA fingerprinting to allow the detection of DNA fragments derived from
RNA using. ¢cDNA synthesis and subsequent PCR-amplified fragment length
polymorphisms (cDNA-AFLP) (Vos et al. 1995, Bachem et al. 1996).

We have used cDNA-AFLP to screen the patterns of expression of about 7000
genes at time-points of 0 h, 30 min, 4 h, 24 h and 48h after hormone addition into the
culture. We selected over 100 fragments whose transcription showed overt changes in
abundance over time and obtained partial sequences of these. Database sedrches allow
us to ascribe a putative ideatity to about 55% of the predicted gene products, although
some are to genes of unknown function. About 10% of the partial sequences show no
identity to any sequence in the databases. The remaining sequences show only some
similarity to existing sequences. For those genes to which we can assign an identity,
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several are already known to be involved in processes related to TE formation, and
specifically to secondary wall formation.
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PLANT RESPONSES TO DOWN- AND UP-REGULATION OF LIGNIN-
BIOSYNTHETIC-PATHWAY ENZYMES

John Ralph

US Dairy Forage Research Center, USDA Agricultural Research Service, Madison WI 53706-1108.
USA. and Department of Forestry, University of Wisconsin, Madison, WI 53706-1598, USA.

latroduction
Biogenetic manipulation of lignin content and/or structure in plants is seen as a route to improvirg

the utilization of plant components, primarily the polysaccharides, in various natural and industrial
processes. The aims range from enhancing cell wall digestibility in ruminants to reducing the energy
demand and negative environmental impacts of chemical pulping and bleaching (papermaking). The
major approach alon§ these lines is to target enzymes of the monolignol biosynthetic pathway, as
recently reviewed.!-> Various plants with deficiencies in lignin-biosynthetic-pathway genes (and
consequent enzymes for monolignol synthesis) provide insights into the flexibility and dynamics of the
lignification process and aid in our understanding of “normal” lignification.

The changes observed so far in a variety of mutants and transgenics from various groups have
ranged from a simple downregulation of lignification to essentially normal lignification levels but with
massive compositional shifts. It is anticipated that the flexibility of the lignification process can be
exploited to produce plants with lignins that allow more extensive utilization of plant fiber.

Aspen Pt-4CL Transgenics

Chiang’s group have generated transgenic aspen with suppressed expression of 4-coumaric
acid:coenzyme-A ligase (Pt4CL1).6 The enzyme functions early in the monolignol pathway and the
researchers reasoned that this was a good target for effecting general lignin down-regulation. In fact, the
downregulation of lignin was not only striking (up to a 45% reduction), but was also accompanied by a
15% increase in cellulose — the cellulose:lignin ratio nearly doubled!” The benefits of vigorous plants
with these properties for pulp and paper production are obvious.

Milled wood lignins from a control (42% of the total Klason lignin) and the most heavily down-
regulated transgenic (28% of the total original Klason lignin) were examined by NMR.7 What was
initially disappointing was that the lignin in the transgenic was not significantly different from that in the
control. The amounts of p-hydroxybenzoates were higher, but the lignin was otherwise quite normal. In
fact this observation is significant in that it reinforces the choice of this strategy for effecting a general
reduction in the amount of lignins in plants (without massively affecting the composition). The plant
appears to be supplanting its reduced lignin with additional cellulose. If the required defense, water
transport, and other properties survive, as they appear to in these particularly vigorous plants, the
poteatial for improving plant utilization is enormous.

Arabidopsis FSH-Mutaats and Transgenics

Chapple’s group have produced an Arabidopsis mutant deficient in ferulate S-hydroxylase (enzyme
F5H, Eene f3h), the first enzyme that controls the production of sinapyl alcohol and therefore syringyl
units. 510 (Recent studies have shown that this enzyme may be inappropriately named —
coniferaldehyde is the preferred substrate}.!l,12 The “fah1-2” mutant, derived from chemical
mutagenesis, has virtually no syringyl component in its lignin, leaving essentially only guaiacyl (G) and
perhaps p-hydroxyphenyl (H) units — a so-called G- or H/G-lignin. Such a lignin is typical of
softwoods, but dicot (including hardwood) and monocot lignins all normally have a substantial syringy!
component and are termed G/S-lignins; Arabidopsis is a dicot. More exciting still is the ability to up-
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revulate sinapyl alcohol production in the fah/-2 mutant. When a suitably promoted f5/1 gene was
introduced into the normally FSH-deficient mutant, up-regulation of sinapyl alcohol production was at
such a high level that the lignin became more syringyl-rich that in any plant reported to date. This
example is one in which massive compositional shifts have been effected, but in the traditional lignin
components. As will be seen, compositional shifts can range considerably wider.

Pine CAD-deficient Mutant
Preliminary observations!3 on the lignins from a CAD-deficient pine mutant identified in Sederoff’s

group"‘-IS appear to be being strengthened as more diverse evidence accumulates.16-20 The plant.
despite a reduction in CAD levels to less than 1% of normal levels, appeared to be producing normal
levels of lignin (Klason lignin values were almost identical). The lignin in the CAD-deficient pine
mutant however was highly colored and stained strongly with phloroglucinol, suggesting a higher
aldehyde component. From NMR studies on isolated lignins, it was clear that aldehydes and
dihydroconiferyl alcohol were substantial components of that Iignirm13 Others have claimed that the
“lignin” was merely a poly-lignan artifact, but its lack of any discernable optical activity, its high
molecular weight (~14 kDA) and its obvious formation incorporating DHCA monomer suggest that it
should be regarded as lignin, although histochemical studies are still required.

Tobacco CAD- and CCR-Down-regulated Transgenics

Tobacco transgenics produced in Alain Boudet’s group.21:22 As with the pine, the lignin levels in a
CAD-downregulated transgenic were similart@sthe control, and fibers had the brown coloration. And
again, the CAD-down-regulated transgenics showed a significant buildup of aldehyde components.23
No DHCA units were found, but there may be no pathway for their up-regulation — DHCA is seen less
commonly in NMR spectra of lignins of plant materials other than softwoods, and is not at detectable
levels in any of the tobacco isolated lignins.

Transgenics with CCR (cinnamoyl-CoA reductase) downregulated?2 by antisense methods had
significantly lower (~50%) lignin contents in plants that were clearly less vigorous. The isolated “lignin”
showed a striking increase in tyramine ferulate, which was shown to be incorporated in as an integral
component of the polymer.23 Tyramine ferulate is a logical sink-product for feruloyl-CoA when CCR is
down-regulated in tobacco. However, it is a normal wounding response product and there remain issues
of whether this component is truly incorporated into structural lignin, into suberized components,24 or
simply represents polymerized secondary metabolites similar to those observed in a wounding response.

OMT-Deficient Plaats

Naturally occurring mutants (e.g., the brown-midrib (bm3) mutants of maize and sorghum) and
transgenic plants deficient in O-methyl transferase (OMT) contain significant amounts of units derived
from S-hydroxyconiferyl alcohol, as revealed in beautiful thioacidolysis studies.25-28 We are just
beginning NMR examination of such plant lignins but it seems logical that the unmethylated precursors
tosimpaldehydeeouldbeincorpaawdintoﬁgxﬁnsifﬁleyweretobtﬁldupinﬂwsysmnduetomduced
OMT activity. Is it also reasonable that 3,4-dihydroxycinnamyl alcohol could similarly incorporate if the
earlier OMT were to be downregulated.

Normal Plants with Non-monolignol Lignin Precursors

There are many known lignins that are derived from precursors, or derivatives of the three
monolignols, i.e. from components other than the monolignols themselves. The idea that other
components are incorporated into lignins is nothing new. If they are truly foreign components from other



62

pathways that are not laid down during lignification, then they should be distinguished But where the
polymer so obviously contains intimately incorporated componeats, that can only arise from radical
coupling reactions, particularly involving monomers, then nature may be defining them as lignins. Many
lignins, for example, are biosynthesized by mcorporatmg acylated monolignols into the lignification
scheme. Thus, grasses utilize p-coumarates,29-33 hardwoods and some dicots such as kenaf wtilize
acetates 3435 and some plants, notably bamboo, aspen and willow, use p-hydroxybenzoates as
‘monomers’ for lignification. 30,3136 Ferulates and diferulates are found intimately incorporated into all
grass and some dicot lignins, where they are equal partners in the free-radical polymerization process
and may even be nucleation sites for lignification.37.38 If one adds the aldehydes, tyramine
hydroxycinnamates, dihydro-monolignols, S-hydroxyconiferyl alcohol, and other precursors from the
studies on mutants and transgenics, it becomes clear that a general definition of lignin must include
more than the traditional three hydroxycinnamyl alcohols. If not, the phenolic polymers serving the
structure and function of lignin in many plants, e.g., in grasses, might not be considered lignin.

Conclusions

Recent studies have shown that manipulating specific lignin-biosynthetic-pathway genes produces
profound alterations in the phenolic components of plants. Although the ‘lignins’ in mutant and
transgenic plants may appear to be strikingly different from ‘normal lignins,” findings indicate that they
represent merely broad compositional shifts. All of the novel units that have been found t0 date appear
to be minor units in lignins from ‘normal’ plants. The recognition that such minor units can incorporate
into lignin provides significantly expand&=opportunities for engineering the composition and

consequent properties of lignin.
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Bean callus cultures accommodated to grow on the herbicide isoxaben:
modification of the cell wall and its relation to the mechanism of tolerance.

Diaz-Cacho, P., Encina, A., Moral, R., Alvarez, J., Acebes, J.L.
Departamento de Biologia Vegetal, Laboratorio de Fisiologia Vegetal, Universidad de
Ledn, E-24071 Ledn, Spain. Corresponding author, e-mail: dbvjaa@unileon.es.

Isoxaben is a selective herbicide used for control of broad leaf weeds in cereal crops. It
inhibits the incorporation of glucose into cellulose'. This herbicide is extremely
efficient at inhibiting the growth of different dicots, includin; § seedlings and callus
cultures of Arabidopsis thaliana '2_ and soybean cell suspensions’.

We have obtained bean callus cultures capable of growth in 12 uM isoxaben, a highly
toxic concentration, 1200-fold greater than the Iso calculated for non-tolerant calli.
Accommodated calluses grew more slowly than non-accommodated counterparts,
formed large globular corpuscles on their surface, and were harder and browner. The
altered pattern of growth of tolerant calluses seems to be related to modifications in the
structure of the cell walls. A preliminary study of their cell walls confirmed this idea,
since accommodated calluses showed a greater amount of dry cell walls isolated per
gram of callus, and the volume of their cell walls in aqueous solution was also greater.
FTIR spectra of cell walls from accommodated calluses showed an enrichment in
pectins, and that a important proportion of these are unesterified. Furthermore, these cell
walis had enhanced levels of uronic acids and lower contents of both cellulosic and non

cellulosic neutral sugars.

Cell wall fractionation of accommodated calli showed important differences in the
CDTA and sn-CR fractions. Sugar analysis of these fractions revealed an increase in the
amount of uronic acids and a lower molar pcmentagc or Ara and Gal. By contrast,
slightly decreased levels of total sugars were found in the TFA fraction, that was
unpovmsbedumuﬂymAm,GalandGlc,andmtheK][ﬁacuon,ﬂmtshoweda
decreased amount of Xyl and Glc. The xyloglucan content in KII fraction underwent a
progressive reduction as the level of accommodation became higher.

The mechanism of tolerance to isoxaben in bean calluses is differeat to that described in
woommodated soybean cell suspensions, and in three resistant mutants of Arabidopsis
thaliana®, in which the mechanism of tolerance was correlated with a reduced effect of
thcha‘bmdconcellulosesynthws.Toourknowledge,thlssthcﬁxstumetlm
tolerance to isoxaben has been linked to a modified cell wall. However, the composition
of our accommodated cells resembles that obtained in tomato and tobacco cell
suspensions tolerant to 2,6-dichlorobenzonitrile, another cellulose biosynthesis
inhibitor'. Recently, we have obtained bean calluses accommodated to lethal
concentrations of this herbicide and we have observed that tolerance also results from
the ability to survive with a lower content of cellulose. However cell wall analysis of
bean calluses showed that the mechanism of tolerance is not quite the same to both
herbicides.

1. Heim, DR, Skomp, JR, Tschabold, EE, Larrinua, IM. 1990. Plant Physiol. 93: 695-700.

2. Heun.DR,Skomp,JR,Waldmn.C.lxnmn.Ml”l Pestic. Biochem. Physiol. 39: 93-99.

3. Corio-Costet MF, Lherminer, J, Scalla, R. 1991. Pestic. Biochem. Physiol. 40: 255-265.

4. Shedletzky E, Shmuel M, Trainin T, Kalman S, Delmer, DP. 1992. Plant Physiol. 100: 120-130.
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THE USE OF RANDOM SEQUENCING IN THE ANALYSIS OF XYLEM CELL
WALL FORMATION IN PINE

Isabel Allona

Secondary xylem formation is likely to involve some genes expressed rarely or not at all
in herbaceous plants. To increase our understanding of xylem formation, and to provide
material for comparative analysis of gymnosperms and angiosperm sequences, ESTs
were obtained from immature xylem of loblolly pine. A total of 1097 single-pass
sequences were obtained from cDNA libraries made from graviestimulated tissue from
bent trees. About 10% of the recognised genes encode factors involved in cell wall
formation. Sequences similar to cell wall proteins, most known lignin biosynthetic
enzymes, and several enzymes of carbohydrate metabolism were found. A number of
putative regulatory proteins also are represented. Two kind of studies have been
performed. cDNAs coding for six novel cell wall associated proteins, as well as a
homolog for a phytocyanin, have been identified and characterised from differentiating
xylem of loblolly pine. Three cDNAs encode new putative loblolly pine arabinogalactan
proteins based on their structural similarity to classical AGPs. One cDNA is related to
proline-rich protein group and the other two to glycine-rich protein group and the
mussel adhesive protein. Moreover, we have isolated and characterised, from pine
xylem cDNA libraries, a set of clones representing a new subgroup of bHLH proteins.
Basic helix-loop-helix (bHLH) proteins are an important class of regulatory proteins
involved in control of cell fate in animals and yeast, and in the control of pigment
synthesis in plants. Analysis of pine genomic DNA detects a single gene, suggesting that
they are alternative splicing products derived from one gene.
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Extracellular proteins produced during pea (Pisum sativum L.)
carly fruit development induced by gibberellins.

Manuel Rodriguez-Conccpceién, Alicia Pérez-Garcia and José Pio Beltrén

Instituto de Biologia Molecular y Celular dc Plantas (U.P.V.-C.S.I.C.). Camino.Vera s/n,

46022 Valencia, Spain. E-mail: jbeltran @jbmcp.upv.es

The pea (Pisum sativum L.)is self-fertile and its flowers arc usually self-pollinated.
Pollination takes place one day before anthesis (day-1), and at anthesis (day o) fertilization
of the ovules has ocurred. Induction of fruit set and development in pea is regulated by
gibberellins (GAs) after fertilization of the ovules. Both, pollination and fertilization can be
prevented by removing the anthers from the flower two days before anthesis (day-2). The
resulting unpollinated carpels keep growing until day+2. Afterwards, both growth and
assimilate import by the carpel cease and evenmally carpels lose weight and degenerate.
Before they enter senescence, unpollinated carpels can be stimulated to develop by
exogenous application of gibberellic acid, giving rise to seedless parthenocarpic fruits with
the same morphology as those arisen from fertilization. Treatment with GA3 transforms the
carpel in a strong sink organ in which the activated metabolism supplics energy for cell
division and expansion processes that result in fruit growth. The molecular mechanisms
that control the transformation of carpels into fruit (fruit sct) and the eveats that result in
frujt growth and development are poorly understood despite thesc processes are relevant
from the agricultural point of view.

The transition from the carpel of the flower to a developing fruit is not well characterized
process despile its agricultural importance. We have identified three genes, GIC17, GIC19
and GIC4, that ure expressed after pea fruit set is induced by gibberellins. Northern
analysis and in situ hybridization studies showed that GIC17 and GICI19 arc predominantly
expressed in growing carpels and young fruit, whereas GIC4 transcripts arc found in
growing tissues throughout the plant. Analysis of their sequences and localization of fusion
proteins with GFP indicate that GIC17, GIC19, and GIC4 are novel cell wall proteins.
Like GIC17, GIC19 is a small proline-rich protein with no homology to other reported
proteins. GIC4 belongs to a new family of proteins of unknown function. Our results
support the cument model of gibberellin mode of action during pea fruit set and
development.
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ELI1, a gene required for correct secondary cell wall deposition
and lignification in Arabidopsis

Ana |. Cafno-Delgado and Mike W. Bevan

Xylem is the tissue transporting water and solutes in higher plants.
Differentiation of xylem cells involves the formation of a secondary cell wall,
which contains lignin. We are interested in understanding the molecular
mechanism that leads to lignin deposition and regulates xylem formation in
higher plants. The Arabidopsis thaliana primary root is an ideal model
system to study xylem formation. The pattern for xylem development is
established during embryogenesis and the number and organization of xylem
elements is quite regular and conserved in the primary root.

Using a genetic approach, we screened for mutants with an altered pattern of
lignification in the primary root of Arabidopsis thaliana seedlings. Different
mutants have been isolated and complementation groups have been
established. One of the mutants, eliT (ectopic [lignification) has been
extensively characterized. Eli1 is a single locus recessive mutation, which
has been mapped using SSLP microsatelites markers in chromosome five.
When stained with phloroglucinol, elifshows ectopic lignin in non-xylem
cells. Transmission Electron Microscopy revealed that mosaic distribution of
lignin in eli1 occurs with an altered cell wall thickening. Confocal microscopy
has shown that ELI7 is required to maintain the continuity of the xylem
strands in the primary root. Isolation of the ELI/7 gene will provide new
insights in the molecular mechanism of cell differentiation during xylem

development.
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Expansin controls the organ size and morphogenesis in Arabidopsis

Cho, Hyung-Taeg and Cosgrove, Dauiel J.
Department of Biology, Pennsylvania State University, USA

Cell enlargement is one of the basic processes in plant growth and development. As expansins
are likely to enlarge a cell by their wall-loosening ability, we have examined the role of
expansins during development of Arabidopsis thaliana by using transgenic experiments. To
avoid lethal or pleiotropic effect and specify the role of expansin on particular tissues or organs,
AtEXP0, which is mainly expressed in the growing leaf, inflorescence stem, and silique, has
been targeted. Various combinations of promoters and sense and antisense seﬁuences from
AtEXP10 were tried to demonstrate gene-specific antisensing and over-expression effects on
Arabidopsis development. Antisense lines showed small rosette size due to short leaf petiole and
blade length and acquired curled or twisted leaf morphology. The A¢EXP10 promoter' AtEXP10-
specific antisense construct induced 8 more severe morphological change in the leaf than the
AtEXP10 promoter::AtEXP10-coding region antisense construct. The small plant size and
aberrant leaf morphology in At£XP]0 promoter::antisense lines may result from the retardation
of cell expansion in the growing leaf petiole and in the leaf veins where the expression pattern of
AtEXP]0 was shown by AtEXP10 5'::GUS. On the other hand, sense plants have longer leaf
petiole and bigger leaf blade. The AtEXP]0-specific antisensc construct driven by a strong
CaMV 358 promoter resulted in even smaller rosette size and shorter silique than did other
antisense constructs. Our results indicate that expansins are involved in determination of plant
organ size and morphogenesis, most likely via their unique cell wall-loosening ability.
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Characterization of an extracellular protease
preferentially expressed in young leaves

David Messdaghi, Dortje Golldack, Martina Holt, Kar-Josef Dietz

Lehrstuhl far Stoffwechselphysiologle und Biochemie der Pflanzen, Universitét Bielefeld, Universi-
tatsstraBe 25, 33501 Bielefeld, Germany, e~mail: karijosef.dietz@biologie.uni-bielefeld.de

Intercellular washing fluid (IWF) of leaves of all analyzed higher plants contained a
protease activity cleaving the artificial substrate mca-Pro-Leu-Gly-Leu-Dnp-Ala-Arg
(MCA substrate). However, the specific activity differed between the species. Inhi-
bitor studies suggest that the protease belongs to the group of serine proteases.

The most potent inhibitors were PMSF and chymostatin. Addition or chelation of
Ca™ had no effect on protease activity. Extracellular compartmentation was esta-
blished on the basis of a 26-fold increased specific activity of the MCA-dependent
protease in IWF as compared to crude extracts. The studies then concentrated on
tobacco and barley. Potease activity was maximal in young leaves and decreased
with leaf age suggesting a preferential role in early leaf development. Chymostatin-
sensitive MCA-cleaving activity was also detected in roots and shoots. Adverse
growth conditions such -as'NaCl- and Cd-stress, high light or etiolation regimes
slightly affected the protease activity. The molecular characterization was initiated.
As determined by size exclusion chroratography the molecular mass of the pro-
tease(s) is 67 kDa. The protease protein(s) focuss(es) at a pH of 7.3. Presently, the
purification of the tobacco enzyme is progressing in parallel with an analysis in re-
spect to aossmachvny with anti P69 antibody raised against a pathogen induced.
serine protease in-tomato (the antibody was kindly provided by P. Vera: Tomero P,

Conejero V, Vera P J. Biol. Chem 272: 14412, 1997). These restilts in addition to
first attempts to identify natural substrates will be presented.
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Functional cloning of protein substrates for p69A, a subtilisin-like protease

from tomato plants.

Lucia Jorda, Mailin Sotolongo and Pablo Vera.
Instituto de Biologfa Molecular y Celular de Plantas (I.B.M.C.P). Universidad Politécnica de Valencia-

C.S.I.C. 46022-Valencia, Spain.

Subtilisin-like proteases are an evolutionarily conserved type of enzimes. Recently,
some subtilisin-like proteases have been described in plants but very little is known about their
biological function.

In tomato, subtilisin-like proteases are represented by a multigene family called P69s.
These P69-proteases are located in the plant extracellular matrix (ECM), where they
presumably carry out its function. To understand P69.function in plants, the finding and
characterization of protein substrates recognized and processed by this type of enzimes is
mandatory.

Here we described a functional approach to directly isolate proteins recognized by P69
proteases. The method consist of the identification of individual cDNA clones that codes for a
protein that after in vitro transcription and translation is specifically cleavaged by a member of

the P69 clan of proteases.
We will present some preliminary characterization of a few of these protein substrates.



74

Transient and stable specific expression of ZmHyPRP
promoter in maize and tobacco embryos respectively.

José-Estanyol, M., Puigdoménech, P.

Departament de Genética Molecular. Centre d‘Investigacid i
Desenvolupament. CSIC. c¢/. Jordi Girona Salgado, 18-26.
08036~ Barcelona.

zZmHyPRP is a proline-rich protein with a signal peptide to
be exported to the cell wall, a central proline-rich domain
and a C-terminal domain non repetitive, and with eight
cysteines placed in a special pattern when compared with
related proteins. zmHyPRP is expressed specifically in
maize embryos until the maturation and desiccation stages
are attained. The presence of an ABA responsive element in
its promoter allows us to suggest that the gene is
repressed by this hormone. Different experimental results
appears to confirm this theory. In maize ABA deficient
embryos as vp2, zmHyPRP is expressed until the germination
process in the plant is initiated and when immature embryos
are incubated with exogenous ABA, zmHyPRP expression is
repressed. zmHyPRP by “in situ” hybridization shows to be
expressed in the scutellum as well as in the axis cortex of
maize embryo. We have studied the promoter elements able to
allow specific expression of zmHyPRP by stable expression
in maize and tobacco. In tobacco transformed plants GUS
expression is initiated when cotyledon and cortex cells
begin to be developed after heart stage differentiation.
Transient expression studies by bombardment of maize
embryos show that deletions of zmHyPRP promoter
successisvely diminish the GUS expression. In maize embryos,
at the beginning of the maturation stage, expression is
clearly reduced three times with respect immature embryos.
Similar results are obtained when immature embryos have
been previously treated with exogenous ABA. Results
indicate that 2Kb of zmHyPRP promoter are able to drive
specific GUS expression in tobacco transgenic plants.
Experiments in course will allow to better define the
promoter specific regulatory elements and the
immunolocalization of the protein.
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CELL WALL CHANGES ASSOCIATED WITH TRACHEID DIFERENTIATION

Milioni D., Stacey N.J., Sado P., Roberts K. and McCann M.C.
Cell Biology Department, John Innes Centre

Development of xylem involves several fundamental processes of plant growth
and development, including cell division, cell expansion, formation of secondary cell
walls (involving synthesis of cellulose, hemicellulose and lignin) and programmed cell
death.

Our aim is the identification of differentially expressed genes during the period of
cell fate determination and the systematic characterization of genes involved at early
stages of xylem differentiation and wood formation. These genes would be of great
importance for forestry, industry, paper and pulp products

Single mesophyll cells of Zinnia, in liquid culture, can transdifferentiate into dead
lignified tracheary elements. Differentiation is induced by auxin and cytokinin, but
nothing is known about the molecular mechanism involved. This system is unique in
allowing access to a synchronized set of plant cells, that become determined and then
differentiate with a high degree of reproducibility. This model system is extremely useful
for studies of the precise sequence of events in tracheary element differentiation. An
RNA fingerprinting method (cDNA-AFLP) is currently being used in order to obtain
information about differential gene expression as a response to the growth factors
immediately after the point of cell determination and at later time points when secondary
walls are being deposited.

Preliminary results indicate that a large number of genes are either induced or
suppressed during the period of cell fate determination and wood formation. Two
hundred (200) different primer combinations have been tested (approximately 40% of
total number of combinations) and; in order to choose genes for further analysis; 180
bands were isolated and sequenced. Almost 50% of the cDNA clones, analysed so far,
can be assigned a cellular role on the basis of sequence similarity to proteins with known
function using a BLASTX search.
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Two Arabidopsis Cinnamoyl CoA reductase genes are differentially
regulated by abscisic acid and throughout development

Lars @stergaard, Henrik Nazsted, Ole Mattsson, and John Mundy

Cinnamoy| CoA Reductase (CCR) is the first committed enzyme in lignin biosyathesis,
Previous studies in Eucalyptus and tobacco have implicated a key role for this enzyme in
regulating lignin production. Two tandemly repeated genes were identified on
Arabidopsis chromosome IT encoding CCRs (Arccrl and Atccr?) with 87% of amino acid
identity. The promoter regions, however, are highly divergent indicating alternative
regulation of the cer genes. We initia]ly analysed their expression by Northem blots and
found strong Atzcer induction by abscisic acid (ABA), drought, and heat shock, and a high
expression level in sceds, thus resembling the expression pattern of latc embryogenic
abundant (lea), ABA-responsive genes. Differential regulation of the two CCR promoters
was observed in transgenic plants expressing GUS behind the promoters and the
regulation of both was found to be under tight developmental control: No activity of the
AICCRI promoter was detected in lignified tissue of GUS-stained stem sections.
However, the promoter was highly responsive to ABA and heat shock aad showed a
dramatically high activity in embryos of dormant sceds. Atccr2 on the other hand did not
respond to the above mentioned stimuli and was not cxpresscd.;in seeds; however, GUS-
staining of 10 days old plants and stem sections of four weeks old plants revealed
constitutive expression in lignified tissue. We therefore propos:: that whercas AtCCR2 is
involved in lignification of the vascular tissue in older tissué, AtCCRI is involved in

synthesis of the vascular tissue of germinating embryos.
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Characterisation of an Arabidopsis thaliana mutant affected in cell

elongation.

Pagant, S. ', Bichet A. ", Fagard, M., McCann M. ®, Desprez T., Durand N. ¢,
Vembhettes S. ", Hofte H.
pagant@versailles.inra.fr

® Laboratoire de Biologic Cellulaire, INRA, Routc de Saint-Cyr, 78026 Versailles cedex,

France.
@ Department of cell Biology, John Innes centre, Norwish Research park, Colney,

Norwich, NR4 7UH, UK.

How cell wall polysaccharides are synthetised and assembled in growing cells is poorly
understood. We have conducted screens for EMS and T-DNA mutants with reduced
hypocotyl elongation, which has yielded so far over 150 mutants. We are now focusing
our analysis on mutants with reduced cell clongation and increased radial expansion and
most of these mutants have & reduced cellulose content. In this poster we present the
characterisation of T-DNA mutant called cgu9 that shows a dwarf phenotype in light and
dark conditions. Microscopic analysis of this mutant revealed an abnommal hypocotyl
structure with thin ccll walls and tissuc disruptions.The cgw9 mutant also presents
particular and specific responses to phytohormones involved in ccll elongation. The most
striking phenotype is obtained in the presence of brassinosteroids. This mutant which is
not deficient in BR synthesis, shows an abnormal exaggcrated lateral cxpansion at the
basis of the hypocotyl lcading to a loss of internal tissues.

In order to know if the ccll wall defects were provoked by an abnormal organisation of
the microtubulcs, immunolabelling studies have been realised and showed that
micotubules orientation are not affected. Using micro-FTIR spectroscopy, preliminary
results suggest that cgu9 is deficient in cellulose content. These data must be confinmed
by more accurate FTIR and biochenical analysis of the cell wall.

Genetic analysis revealed that the mutation is recessive, monogenic and closely linked to
the T-DNA insertion which is between the markers mi403 and Fad7 on the chromosome
3. A plamid-rescue strategy allowed us to obtzin and sequence the genomic sequence
flanking the insertion. Homology has been found in data sequences with a putative
protein of Arebidopsis coming from the systematic genomic sequencing. To better
understand the involvment of CGUS9 in cell clongation, cgu9 expression and localisation
will be investigated.
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Possible functions of O-acetyl substituents on homogalacturonan: Inhibition of
degradation by endo-polygalacturonases and pectinmethylesterases

Markus Pauly', Carl Bergmann?, Peter Albersheim?, Alan Darvill?, and Henrik Vibe
Scheller'

'Plant Biochemistry Laboratory, The Royal Agricultural and Veterinary University,
Thorvaldsensvej 40, 1871 Frederiksberg, Copenhagen, Denmark

ZComplex Carbohydrate Research Center, University of Georgia, 220 Riverbend Rd.,
Athens, GA, 306024712, USA

The pectic polysaccharides in cell walls are often O-acetylated. O-acetyl residues have
been found in some homogalacturonan preparations as well as on the backbone
galacturonosyl-residues of rhamnogalacturonan I. Little is known about the function of
the O-acetyl substituents in vivo. Research on O-acetylated rhamnogalacturonan
preparations has shown that O-acetylation significantly inhibits the degradation of this
polysaccharide by endohydrolases and endolyases. Studies on chemically O-acetylated
homogalacturonans demonstated that O-acetyl groups inhibit degradation by
endohydrolases. However, the O-acetyl substituents on chemically O-acetylated pectins
may be randomly distributed, in contrast to pectins in the walls, where a blockwise
distribution is possible. ~Furthermore, chemically O-acetylated homogalacturonans
usually have a much higher degree of O-acetylation than homogalacturonan found in cell
walls.

In an attempt to shed further light on the function of O-acetyl substituents on native
pectins, homogalacturonan, prepared from sugarbeet walls, was subjected to methyl- as
well as acetylesterase treatment, removing the substituents and resulting in
homogalacturonans with varying degrees of methylesterification and acetylation. Using
these esterases it could be shown that O-acetylation affects the action of
pectinmethylesterase and vice versa that methylesterification affects the action of
acetylesterase. The homogalacturonan preparations with varying degrees of
methylesterification and acetylation were then further digested with various
endopolygalacturonases (EPGs) that exhibit endo as well as endolexo attack cleavage
modes. Analysis of the digestion products using HPAEC-PAD demonstrates that O-
acetylation affects degradation of the native wall homogalacturonans. Possible biological
interpretations of the obtained results are discussed.
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Xyloglucan Fucosyltransfcrasc, a Model Plant Cell Wall Biosynthetic Enzyme

Perrin R.M.*, Sarria R.*, Faik A.*, Zeng W.*, Vanzin G.", Reiter W.-D.", Norambuena L.f,
Orellana A1, Raikhel N.V_*, Keegstra K*.

* Michigan State University-Department of Energy Plant Research Laboratory

1 University of Chile, Santiago

° University of Connecticut

Arabidopsis thaliana fucosyltransferase 1, ar AtFT1, is a plant cell wall biosynthetic gene which
synthesizes the o-1,2 fucose:galactose linkage on xyloglucan, 4 major hemiccllulose of dicot and
non-graminaceous monocot cell walls. This gene was identified when pea fucosyltransferase
was purified biochemically, allowing us to obtain partial amino acid sequence. Thc pca FTase
peptides were not significantly homologous (o enzymes of known function in the databases but
did allow the identification of an Arabidopsis BST that contained four of the pea Fl'ase peptides
with 63%-83% identity. Demonstration of the functionality of AtFT1 as a xyloglucan
fucosyltransferase was accomplished by 1) immunoprecipilation of FTase activity from
solubilized Arabidopsis microsome protcins using antibodies directed against recombinant
AtFT1, and 2) helerologous expression of AtFT/in Cos-7 mammalian cclls, which resulted in
XG FTase in these cells but not in controls lacking Ar+7T7 expression. These data were recently
published (Pcrrin ef al., 1999, Science 284:1976.) Studies to investigate the expression. of AtFT/
and the cffects of altering its expression in vivo are underway. Several other Arabidopsis ESTs
have been identified which are highly homologous to A¢/T] and which may represent other
fucosyltranferases. Thc cxpression patterns and functions of these homologs arc under
investigation. In addition, muar2-1, a cell wall mutant that has a 50% overall reduction in fucose
levels in its ccll wall, has been identified as having a point mutation in A¢FT1. The effect of this
point mutation is to cause a D to N changc at thc amino acid level, creating an N-glycosylation
consensus sequence in the mutant where therc is none in the wild type. The lack of fucose
residues appears to be specific to xyloglucan (Vanzin and Reiter, unpublished results.) It is
hoped that studies of this gene may ultimately allow the identification of other genes involved in
plant cell wall biosynthesis.
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GRADIENTS OF TENSILE CELL WALL STRAIN ALONG GROWING
ZONES IN HIGHER PLANTS

Winfried S Peters
AK Kinematische Zellforschung, Biozentrum der JW Goethe Universitaet
Marie-Curie-Str. 9, D-60439 Frankfurt, GERMANY
T +49 (0)69 79829482 Fax +49 (0)69 79829607 e-mail w.s.peters@zoology.uni-frankfurt.de

In plants growth usually is restricted to defined growing zones. It is here shown that the
growing zones of maize seedlings (root tip, subnodular mesocotyl, whole coleoptile, and
primary leaf base) correlate with zones, in which turgor-induced tensile strain peaks. Since
avallable evidence suggests that turgor is practically constant along growing zones, it is
concluded that high elastic cell wall extensibility correlates with high growth rates, The
existence of gradients of tensile strain along growing zones is discussed in various
contexts: 1) Gradients of turgor-dependent strain might be responsible for artifacts in the
determination of spatial growth patterns from histological data. The discrepancy between
“flat-max” versus “single-peak” interpretation of grass leaf growing zones is probably
caused by such an artifact. 2) If we define growth as irreversible size increase, growth
rates might be underestimated in growing zone portions, that coincide with decreasing
strain gradients. Model calculations performed on data from root growing zones will be
presented. 3) The derivation of the famous “Lockhart-equation” rests on the assumption,
that relative growth rates with respect to turgescent (i.e. strained) and plasmolized sizes
are equal. This Implies that no strain gradients exist along growing zones. It will be
evaluated under which circumstances Lockhart’s approach can still be applied to higher
plant organs. 4) The general significance of the existence of strain gradients for the cellular
mechanism of plant organ growth will be briefly discussed.
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Modified Levels of Pectin Methyl Esterase in Transgenic Potato Plants Affect Stem
Elongation and Ion Partitioning

Pilling, J., Gipmans, M., Willmitzer, J. and Fisahn, J.
Max-Planck-Institute of Molecular Plant Physiology, Karl-Liebknecht-Str.25,

14476 Golm, Germany

Pectin methyl esterases (EC 3.1.1.11) are enzymes which catalyse the de-esterifica-
tion of pectin. They release methanol, increase the charge density of the cell walls,
are thought to facilitate degradation of pectin and, thus, have been discussed to be
of great importance for the physiology of plants. However, so far use of trangenic
plants to elucidate the exact physiological role of PME in vivo was restricted to
fruit ripening and root border cell separation.

This present study describes two complementary approaches which aimed at
both the ubiquitous reduction and the ubiquitous elevation of PME activity in po-
tato plants. Two cDNAs encoding potato PMEs were isolated and used to inhibit
enzyme activity in transgenic plants. Selected lines displayed reduced stem elon-
gation rates throughout their development, an increase in cell wall galacturonic
acid as well as modifications in the ion binding capacity of their walls. Moreover,
apoplastic and total ion concentrations differed between leaves of PME inhibited
and wild-type plants. Interestingly, juvenile potato plants which constitutively
overexpressed a Petunia inflata PME showed enhanced stem elongation rates. Cell
walls of these plants also had modified ion binding capacities while no structural
changes of their pectin was detected.
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The glyciac-rich structdral protein GRP1.8 of bean shows hydrophobic interactions in
the cell wall

Christoph Ringli and Beat Keller
University of Zurich, Institute of Plant Biology, 8008 Zurich, Switzerland

Glycine-rich protcins (GRPs) represent a rgjor class of plant structural proleins and arc often
localized in the ccll wall ynatrix. GRP) .8, a glycinc-rich protein of bean (Phaseolus vulgaris),
has been shown to be expressed in the vascular tissuc and is an abundant protein in the
modificd primary ccll will of protoxylem clements. In this study, we have investigated the
intcraction of GRP1.8 in'the cell wall. Different domains of GRP1.8 were fuscd to a reporter
protein and the fusion proteins were expressed in the vascular tissuc of transformed tobacco.
Thraugh difTercnt cxtraction procedures we havc investigated the interaction of the fusion
protcins in the cell wall rhatrix compared to the reporter protein alone. Qur results suggest a
hydrophobic interaction of GRP1.8 in the cell wall. ‘The different GRP1.8 domains conferred
the same property to the tespective fusion protein, reflecting the homogeneous, repetitive
amino acid sequence of thc GRP1.8 protein. The extraction of bean cell wall fractions and
subsequent immunoblot unalysis with anti-GRP].8 antiscruin suggests hydrophobic propertics
of the endogenous GRP1.8, confirming the conclusions madc from the analysis of the fusion
protcins in tobacco. These results reveal a so far unknown characteristic of GRP1.8 and arc in

agreement with the proposed role of this protcin in a repair mechanism of protoxylem

clanents.
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Andrea Celia Porchia, Nicolai Obel, Markus Pauly, and Henrik Vibe Scheller
Characterization of xylan xylosyltransfcrasc and arabinosyltransferase from wheat.

The biosynthesis of arabinoxylan was investigated in seedlings of wheat (Triticum aestivum L.).
Initially it was dctermined that in very young seedlings (3 days old), the non-cellulosic wall
polysaccharides are comprised principally of highly substituted arabinoxylan (Ara/Xyl =0.8). The
arabinoxylan appeared (o contain significant amounts of ester-linked hydroxycinnamates. Xylan
4-B-xylosyltransfcrase activity involved in the formation of arabinoxylun was identified in
microsome preparations from the wheat scedlings. Incubation of wheat membranes with UDP-
['“C]xylose resulted in an incorporation of [“C]xylose into a product insoluble in 70% ethanol.
Incorporation reached a maximum at day 3 during development of the scedlings. Optimal
synthesis of product occurred at & pH 0f 6.7-7.5 and at 30 °C. The preseagce of 1 mM MgCl, or
MnCl, yielded maximal stimulation of activity while no e(fect of CaCl, was detected. Different
analytical techniques were used to show that polymeric xylan accounts for at least 70 % of the
'“C-labeled product formed. The product contained only negligible amounts of radiolabelled
arabinosc indicating that epimerization of UDP-xylose did not tuke place to any significant
cxtent, The TLC migration patterns obtained for xylanase-treated product and xylanasc plus
arabinofuranosidase-treated product resulted in a migration of radioactivity to positions similar
to xylobiose, xylotriose and xylotetraose. These results show that the radioactive xylose was
incorporated into regions devoid of arabinosyl substituents. The radioactive product was also
solubilized by B-xylosidase but it was not digested with endo-polygalacturonase, endo-
xyloglucanasc or protcinase-K which can attack other xylose containing polymers. The
solubilization by B-xylosidasc suggests that xylan chains grow at the mon-reducing end.
Radiolabelled UDP-L-arabinose was produced from UDP-D-xylosc using an preparation of
soluble UDP-xylose-4-epimerase from whcat germ. The UDP-arabinose was purified by a new
chromatographic procedure and shown by NMR to be in the pyranosc configuration. Preliminary
investigations of xylan arabinosyltransferase will be presented.
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MOLECULAR ANALYSIS OF AtCelA1, A MEMBER OF THE CELLULOSE SYTHASE
CATALYTIC SUBUNIT GENE FAMILY

Xuan Wang, Rudy Vanderhaeghen, Gerda Cnops, Sabine De Block, Dimitri Tack,
Marc Van Montagu, and Mieke Van Lijsebettens. Department of Genetics, affiliated to
the Flanders Interuniversity Institute for Biotechnology (VIB), University of Gent, K.
Ledeganckstraat 35, 9000 Gent, Belgium. Email: milij@gengenp.rug.ac.be

Cellulose is the most abundant biopolymer being part of the primary and secondary cell
wall of plant cells. Recently, experimental proof for the cloning of cellulose synthase
catalytic subunit (CelA) genes has been obtained for two cotton fiber-specific cDNA's
(Pear et. al., 1996) and for the RSW1 Arabidopsis genomic sequence of which T-DNA
tagging resulted in radial swelling of cells. (Arioli et al., 1998). Data base analysis
revealed multiple celA genes in the Arabidopsis genome represented by at least 15
different cDNA clones (EST's) closely related to the cotton Ce/A cDNA's (Cutler and
Somerville, 1997).

We cloned a member of the CelA gene family by T-DNA tagging. The gene, Arabidopsis
thaliana CelA1 (AtCelAT), was mapped by using a set of 100 Recombinant Inbred Lines.
The Southern analysis showed that one T-DNA copy is present in the genome. A
specific mutant phenotype in the root epidermis has been identified in this line. A 12 kb
genomic region comresponding to the AfCelA1 gene was cloned and sequenced. The
AtCelA1 gene consists of four exons and three introns as shown by the gene prediction
program GeneMark, the merged open reading frame has a high homology with CelA
genes of Arabidopsis, cotton and poplar. The 12 kb genomic fragment as well as a 5.38
kb sub-fragment, which only contained the AtCelA7 gene, were transformed into the
mutant and restoration of the wild type phenotype was obtained, showing that the
phenotype is due to T-DNA insertion into the AtCel1 gene. A few mutants in Arabidopsis
have been described with a cell-specific defect due to mutation in secondary cell wall
cellulose synthesis, such as the trichome birefringence mutation (Potikha and Delmer,
1995) and the iregular xylem3 mutant (Taylor et al., 1999). These mutants and ours
indicate that CelA genes might be regulated at the transcriptional level. Expression
studies are being done to study cell specificity of the AfCelA7 gene activity.

With these studies we will make a significant molecular-genetic contribution to the
postulation that the plant cell wall is very important in cell morphogenesis processes.
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Side chains of pectic polysaccharides are regulated in relation to cell proliferation and

cell differentiation

William G. T. Willats, Clare G. Steele-King, Sue E. Marcus, J. Paul Knox
Centre for Plant Sciences, Leeds Institute for Plant Biotechnology and Agriculture, University of
Leeds, Leeds, LS2 9JT, United Kingdom.

Pectic polysaccharides consist of a galacturonan-rich backbone to which side chains rich in neutral
sugars are attached, principally at domains in which the backbone contains alternating residues of
galacturonic acid and rhramnose (thramnogalacturonan, RG I). Whilst the structure and biological
roles of backbone domains of pectin have been extensively investigated, the roles of the side chains
of pectic polysaccharides are poorly understood.

The occurrence and function of the side chains of pectic polysaccharides were investigated
during carrot cell development using defined monoclonal antibodies to (1-4)-B-D-galactan and
(1-5)-a-L-arabinan. Immunolocalization studies of carrot root apices indicated that cell walls in
the central region of the meristem contained higher levels of (1—5)-o-arabinan than the cell walls
of surrounding cells. In contrast, (1—>4)-B-galactan was absent from the cell walls of meristematic
cells but appeared abundantly at a certain point during root cap cell differentiation and also
appeared in cell walls of differentiating stele and cortical cells. This developmental pattern of
epitope occurrence was also reflected in a suspension-cultured carrot cell line that can be induced
to switch from proliferation to elongation by altered culture conditions. (1-4)-B-galactan occurred
at a low level in cell walls of proliferating cells but accumulated rapidly in cell walls following
induction, before any visible cell elongation, while (1—5)~x-arabinan was present in cell walls of
proliferating cells but was absent from cell walls of elongated cells. Inmunochemical assays of the
cultured cells confirmed the early appearance of (1—4)-B-galactan during the switch from cell
proliferation to cell elongation. Anion-exchange chromatography confirmed that (1—4)-8-galactan
was attached to acidic pectic domains and also indicated that it was separate from a distinct
homogalacturonan-rich component. The observations reported here present a new perspective on
the biological roles of pectic polysaccharides and demonstrate that heterogeneous populations of
RG I are developmentally regulated and may have important roles in plant cell development.
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Arabidopsis thaliana a-xylosidase. Gene sequence and developmental regulated

expression.

J. Sampedro', C. Sieiro’, G. Revilla'. (. Gonzilez-Villa'and 1. Zarra'.

!"Universidad de Santiago de Compostela. *Universidad de Vigo. Spain.

Xyloglucan oligosaccharide a-xylosidase is an enzyme that specifically cleaves
terminal a-xylosyl residues attached to the C-6 of glucose on the non-reducing end of
the moleculc. It is involved both in the mobilisation of seed xyloglucan and in the
catabolism of the xyloglucan present in primary cell walls. In this later case it could also
have a noteworthy role in the complex control mechanism of plant cell growth.

An a-xylosidase active against xyloglucan oligosaccharides was purified from
cabbage leaves. lts Mr was 89.000. The N-terminus and an internal fragment of the
amino acid sc.quenoc were determined. Two Arabidopsis ESTs (GIOB11T7 and
H8ATT7) were identified as fragments of a gene encoding Arabidupsis a-xylosidase.
The eatire sequence of the longer clone (H8A7) was obtained and submitted to
GENBANK (accesion no. AF087483). Furthermore, an IGF-BAC clone (F22C21) that
encompasses the entice a-xylosidase gene has been localised and mapped 1o
chromosome I, between markers pCITf117 (100.44 cM) and mid62 (107.48 cM). We
propose to call this gene XYL-1. A 4288 bp fragment comprising the cading region was
sequenced and submitted to GENBANK (accesion no. AF144078). The product of
XYL-1 has 915 amino acids, a MW of 102 kD, and a potential signal peptide. From the
N-terminal sequence of cabbage a-xylosidase, it seems that afier excision of the signal
peptide the enzyme loses a 96 amino acids propentide Tt helange ta family 1 of
glyocosil hydrolases and it is closely related to plant acidic a-glucosidases.

We have found a-xylosidase to be an apoplastic enzyme, specially abundant in
actively growing tissue. The genc promoter includes sequences with high similarity to
light regulated clemeants. The first cight true leaves from 19 days old Arabidopsis plaats
were divided in four groups according to their appesrance order. Xyl-1 expression, as
measured by Northem blots, is higher in younger, fast-growing leaves, as. would be
expocted for an enzyme involved in xyloglucan metabolism. Similar results were

obtained for a-xylosidase specific activity.
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*: Out of stock.

*246 Workshop on Tolerance: Mechanisms

and Implications.

Organizers: P. Marrack and C. Martinez-A.

*247 Workshop on Pathogenesis-related

Proteins in Plants.

Organizers: V. Conejero and L. C. Van

Loon.

*248 Course on DNA - Protein Interaction.

M. Beato.

*249 Workshop on Molecular Diagnosis of

Cancer.

Organizers: M. Perucho and P. Garcia

Barreno.

*251 Lecture Course on Approaches to

Plant Development.

Organizers: P. Puigdoménech and T.

Nelson.

*252 Curso Experimental de Electroforesis

Bidimensional de Alta Resolucién.
Organizer: Juan F. Santarén.

253 Workshop on Genome Expression
and Pathogenesis of Plant RNA

Viruses.

Organizers: F. Garcia-Arenal and P.

Palukaitis.

254 Advanced Course on Biochemistry

and Genetics of Yeast.

Organizers: C. Gancedo, J. M. Gancedo,

M. A. Delgado and I. L. Calderén.

*255 Workshop on the Reference Points in

Evolution.

Organizers: P. Alberch and G. A. Dover.
*256 Workshop on Chromatin Structure

and Gene Expression.

Organizers: F. Azorin, M. Beato and A.

A. Travers.

257

*258

*259

*260

261

*263

*264

265

“266

Lecture Course on Polyamines as
Modulators of Plant Development.
Organizers: A. W. Galston and A. F.
Tiburcio.

Workshop on Flower Development.
Organizers: H. Saedler, J. P. Beltran and
J. Paz-Ares.

Workshop on Transcription and
Replication of Negative Strand RNA
Viruses.

Organizers: D. Kolakofsky and J. Ortin.

Lecture Course on Molecular Biology
of the Rhizobium-Legume Symbiosis.
Organizer: T. Ruiz-Argieso.

Workshop on Regulation of
Translation in Animal Virus-Infected
Cells.

Organizers: N. Sonenberg and L.
Carrasco.

Lecture Course on the Polymerase
Chain Reaction.

Organizers: M. Perucho and E.
Martinez-Salas.

Workshop on Yeast Transport and
Energetics.
Organizers: A. Rodriguez-Navarro and
R. Lagunas.

Workshop on Adhesion Receptors in
the Immune System.

Organizers: T. A. Springer and F.
Sanchez-Madrid.

Workshop on Innovations in Pro-
teases and Their Inhibitors: Funda-
mental and Applied Aspects.
Organizer: F. X. Avilés.



267 Workshop on Role of Glycosyl-

Phosphatidylinositol in Cell Signalling.
Organizers: J. M. Mato and J. Larner.

268 Workshop on Salt Tolerance in

Microorganisms and Plants: Physio-
logical and Molecular Aspects.

269

Organizers: R. Serrano and J. A. Pintor-
Toro.

Workshop on Neural Control of
Movement in Vertebrates.

Organizers: R. Baker and J. M. Delgado-
Garcia.

Texts published by the
CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY

2

*3

*4

*5

6

by d

*8

Workshop on What do Nociceptors
Tell the Brain?
Organizers: C. Belmonte and F. Cerver6.

Workshop on DNA Structure and
Protein Recognition.
Organizers: A. Klug and J. A. Subirana.

Lecture Course on Palaeobiology: Pre-
paring for the Twenty-First Century.
Organizers: F. Alvarez and S. Conway
Morris.

Workshop on the Past and the Future
of Zea Mays.

Organizers: B. Burr, L. Herrera-Estrella
and P. Puigdomenech.

Workshop on Structure of the Major
Histocompatibility Complex.
Organizers: A. Arnaiz-Villena and P.
Parham.

Workshop on Behavioural Mech-
anisms in Evolutionary Perspective.
Organizers: P. Bateson and M. Gomendio.

Workshop on Transcription Initiation
in Prokaryotes

Organizers: M. Salas and L. B. Rothman-
Denes.

Workshop on the Diversity of the
Immunoglobulin Superfamily.
Organizers: A. N. Barclay and J. Vives.

Workshop on Control of Gene Ex-
pression in Yeast.

Organizers: C. Gancedo and J. M.
Gancedo.

*10

11

12

*13

14

*15

16

*17

Workshop on Engineering Plants
Against Pests and Pathogens.
Organizers: G. Bruening, F. Garcia-
Olmedo and F. Ponz.

Lecture Course on Conservation and
Use of Genetic Resources.

Organizers: N. Jouve and M. Pérez de la
Vega.

Workshop on Reverse Genetics of
Negative Stranded RNA Viruses.
Organizers: G. W. Wertz and J. A.
Melero.

Workshop on Approaches to Plant
Hormone Action
Organizers: J. Carbonell and R. L. Jones.

Workshop on Frontiers of Alzheimer
Disease. .
Organizers: B. Frangione and J. Avila.

Workshop on Signal Transduction by
Growth Factor Receptors with Tyro-
sine Kinase Activity.

Organizers: J. M. Mato and A. Ullrich.

Workshop on Intra- and Extra-Cellular
Signalling in Hematopoiesis.
Organizers: E. Donnall Thomas and A.
Granena.

Workshop on Cell Recognition During
Neuronal Development.

Organizers: C. S. Goodman and F.
Jiménez.



18

19

*20

21

*22

*23

24

25

26

*27

28

*29

Workshop on Molecular Mechanisms
of Macrophage Activation.
Organizers: C. Nathan and A. Celada.

Workshop on Viral Evasion of Host
Defense Mechanisms.

Organizers: M. B. Mathews and M.
Esteban.

Workshop on Genomic Fingerprinting.
Organizers: M. McClelland and X. Estivill.

Workshop on DNA-Drug Interactions.
Organizers: K. R. Fox and J. Portugal.

Workshop on Molecular Bases of lon
Channel Function.

Organizers: R. W. Aldrich and J. Lépez-
Barneo.

Workshop on Molecular Biology and
Ecology of Gene Transfer and Propa-
gation Promoted by Plasmids.
Organizers: C. M. Thomas, E. M. H.
Willington, M. Espinosa and R. Diaz
Orejas.

Workshop on Deterioration, Stability
and Regeneration of the Brain During
Normal Aging.

Organizers: P. D. Coleman, F. Mora and
M. Nieto-Sampedro.

Workshop on Genetic Recombination
and Defective Interfering Particles in
RNA Viruses.

Organizers: J. J. Bujarski, S. Schlesinger
and J. Romero.

Workshop on Cellular Interactions in
the Early Development of the Nervous
System of Drosophila.

Organizers: J. Modolell and P. Simpson.

Workshop on Ras, Differentiation and
Development.

Organizers: J. Downward, E. Santos and
D. Martin-Zanca.

Workshop on Human and Experi-
mental Skin Carcinogenesis.
Organizers: A. J. P. Klein-Szanto and M.
Quintanilla.

Workshop on the Biochemistry and
Regulation of Programmed Cell Death.
Organizers: J. A. Cidlowski, R. H. Horvitz,
A. Lopez-Rivas and C. Martinez-A.

31

32

33

35

36

37

38

39

40

Workshop on Resistance to Viral
Infection.

Organizers: L. Enjuanes and M. M. C.
Lai.

Workshop on Roles of Growth and
Cell Survival Factors in Vertebrate
Development.

Organizers: M. C. Raff and F. de Pablo.

Workshop on Chromatin Structure
and Gene Expression.

Organizers: F. Azorin, M. Beato and A. P.
Wolffe.

Workshop on Molecular Mechanisms
of Synaptic Function.
Organizers: J. Lerma and P. H. Seeburg.

Workshop on Computational Approa-
ches in the Analysis and Engineering
of Proteins.

Organizers: F. S. Avilés, M. Billeter and
E. Querol.

Workshop on Signal Transduction
Pathways Essential for Yeast Morpho-
genesis and Cell Integrity.

Organizers: M. Snyder and C. Nombela.

Workshop on Flower Development.
Organizers: E. Coen, Zs. Schwarz-
Sommer and J. P. Beltran.

Workshop on Cellular and Molecular
Mechanism in Behaviour.

Organizers: M. Heisenberg and A.
Ferrus.

Workshop on Immunodeficiencies of
Genetic Origin.

Organizers: A. Fischer and A. Arnaiz-
Villena.

Workshop on Molecular Basis for
Biodegradation of Pollutants.
Organizers: K. N. Timmis and J. L.
Ramos.

Workshop on Nuclear Oncogenes and
Transcription Factors in Hemato-
poietic Cells.

Organizers: J. Le6n and R. Eisenman.



41

42

43

45

46

47

48

49

50

Workshop on Three-Dimensional
Structure of Biological Macromole-
cules.

Organizers: T. L Blundell, M. Martinez-
Ripoll, M. Rico and J. M. Mato.

Workshop on Structure, Function and
Controls in Microbial Division.
Organizers: M. Vicente, L. Rothfield and J.
A. Ayala.

Workshop on Molecular Biology and
Pathophysiology of Nitric Oxide.
Organizers: S. Lamas and T. Michel.

Workshop on Selective Gene Activa-
tion by Cell Type Specific Transcription
Factors.

Organizers: M. Karin, R. Di Lauro, P.
Santisteban and J. L. Castrillo.

Workshop on NK Cell Receptors and
Recognition of the Major Histo-
compatibility Complex Antigens.
Organizers: J. Strominger, L. Moretta and
M. Lépez-Botet.

Workshop on Molecular Mechanisms
Involved in Epithelial Cell Differentiation.
Organizers: H. Beug, A. Zweibaum and F.
X. Real.

Workshop on Switching Transcription
in Development.

Organizers: B. Lewin, M. Beato and J.
Modolell.

Workshop on G-Proteins: Structural
Features and Their Involvement in the
Regulation of Cell Growth.

Organizers: B. F. C. Clark and J. C. Lacal.

Workshop on Transcriptional Regula-
tion at a Distance.

Organizers: W. Schaffner, V. de Lorenzo
and J. Pérez-Martin.

Workshop on From Transcript to
Protein: mRNA Processing, Transport
and Translation.

Organizers: |. W. Mattaj, J. Ortin and J.
Valcarcel.

*: Out of Stock.

51

52

53

54

55

56

57

58

59

60

61

Workshop on Mechanisms of Ex-
pression and Function of MHC Class Il
Molecules.

Organizers: B. Mach and A. Celada.

Workshop on Enzymology of DNA-
Strand Transfer Mechanisms.
Organizers: E. Lanka and F. de la Cruz.

Workshop on Vascular Endothelium
and Regulation of Leukocyte Traffic.
Organizers: T. A. Springer and M. O. de
Landazuri.

Workshop on Cytokines in Infectious
Diseases.

Organizers: A. Sher, M. Fresno and L.
Rivas.

Workshop on Molecular Biology of
Skin and Skin Diseases.
Organizers: D. R. Roop and J. L. Jorcano.

Workshop on Programmed Cell Death
in the Developing Nervous System.
Organizers: R. W. Oppenheim, E. M.
Johnson and J. X. Comella.

Workshop on NF-xB/IkB Proteins. Their
Role in Cell Growth, Differentiation and
Development.

Organizers: R. Bravo and P. S. Lazo.

Workshop on Chromosome Behaviour:
The Structure and Function of Telo-
meres and Centromeres.

Organizers: B. J. Trask, C. Tyler-Smith, F.
Azorin and A. Villasante.

Workshop on RNA Viral Quasispecies.
Organizers: S. Wain-Hobson, E. Domingo
and C. Lépez Galindez.

Workshop on Abscisic Acid Signal
Transduction in Plants.

Organizers: R. S. Quatrano and M.
Pageés.

Workshop on Oxygen Regulation of
lon Channels and Gene Expression.
Organizers: E. K. Weir and J. Lépez-
Barneo.
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63

65

66

67

68

69

70

71

72

73

74

Workshop on TGF-B Signalling in
Development and Cell Cycle Control.
Organizers: J. Massagué and C. Bemabéu.

Workshop on Novel Biocatalysts.
Organizers: S. J. Benkovic and A. Ba-
llesteros.

Workshop on Signal Transduction in
Neuronal Development and Recogni-
tion.

Organizers: M. Barbacid and D. Pulido.

Workshop on 100th Meeting: Biology at
the Edge of the Next Century.
Organizer: Centre for International
Meetings on Biology, Madrid.

Workshop on Membrane Fusion.
Organizers: V. Malhotra and A. Velasco.

Workshop on DNA Repair and Genome
Instability.
Organizers: T. Lindahl and C. Pueyo.

Advanced course on Biochemistry and
Molecular Biology of Non-Conventional
Yeasts.

Organizers: C. Gancedo, J. M. Siverio and
J. M. Cregg.

Workshop on Principles of Neural
Integration.

Organizers: C. D. Gilbert, G. Gasic and C.
Acuna.

Workshop on Programmed Gene
Rearrangement: Site-Specific Recom-
bination.
Organizers: J. C. Alonso and N. D. F.
Grindley.

Workshop on Plant Morphogenesis.
Organizers: M. Van Montagu and J. L.
Micol.

Workshop on Development and Evo-
lution.
Organizers: G. Morata and W. J. Gehring.

Workshop on Plant Viroids and Viroid-
Like Satellite RNAs from Plants,
Animals and Fungi.

Organizers: R. Flores and H. L. Sanger.

75

76

77

78

79

80

81

82

84

85

86
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Workshop on Initiation of Replication
in Prokaryotic Extrachromosomal
Elements.

Organizers: M. Espinosa, R. Diaz-Orejas,
D. K. Chattoraj and E. G. H. Wagner.

Workshop on Mechanisms Involved in
Visual Perception.
Organizers: J. Cudeiro and A. M. Sillito.

Workshop on Notch/Lin-12 Signalling.
Organizers: A. Martinez Arias, J. Modolell
and S. Campuzano.

Workshop on Membrane Protein
Insertion, Folding and Dynamics.
Organizers: J. L. R. Arrondo, F. M. Goni,
B. De Kruijff and B. A. Wallace.

Workshop on Plasmodesmata and
Transport of Plant Viruses and Plant
Macromolecules.

Organizers: F. Garcia-Arenal, K. J.
Oparka and P.Palukaitis.

Workshop on Cellular Regulatory
Mechanisms: Choices, Time and Space.
Organizers: P. Nurse and S. Moreno.

Workshop on Wiring the Brain: Mecha-
nisms that Control the Generation of
Neural Specificity.

Organizers: C. S. Goodman and R.
Gallego.

Workshop on Bacterial Transcription
Factors Involved in Global Regulation.
Organizers: A. Ishihama, R. Kolter and M.
Vicente.

Workshop on Nitric Oxide: From Disco-
very to the Clinic.
Organizers: S. Moncada and S. Lamas.

Workshop on Chromatin and DNA
Modification: Plant Gene Expression
and Silencing.

Organizers: T. C. Hall, A. P. Wolffe, R. J.
Ferl and M. A. Vega-Palas.

Workshop on Transcription Factors in
Lymphocyte Development and Function.
Organizers: J. M. Redondo, P. Matthias
and S. Pettersson.



87

88

89

90
91

92

93

94

95

96

97

98

99

Workshop on Novel Approaches to
Study Plant Growth Factors.
Organizers: J. Schell and A. F. Tiburcio.

Workshop on Structure and Mecha-
nisms of lon Channels.

Organizers: J. Lerma, N. Unwin and R.
MacKinnon.

Workshop on Protein Folding.
Organizers: A. R. Fersht, M. Rico and L.
Serrano.

1998 Annual Report.

Workshop on Eukaryotic Antibiotic
Peptides.

Organizers: J. A. Hoffmann, F. Garcia-
Olmedo and L. Rivas.

Workshop on Regulation of Protein
Synthesis in Eukaryotes.

Organizers: M. W. Hentze, N. Sonenberg
and C. de Haro.

Workshop on Cycle Regulation and
Cytoskeleton in Plants.
Organizers: N.-H. Chua and C. Gutiérrez.

Workshop on Mechanisms of Homo-
logous Recombination and Genetic
Rearrangements.

Organizers: J. C. Alonso, J. Casadests,
S. Kowalczykowski and S. C. West.

Workshop on Neutrophil Development
and Function.
Organizers: F. Mollinedo and L. A. Boxer.

Workshop on Molecular Clocks.
Organizers: P. Sassone-Corsi and J. R.
Naranjo.

Workshop on Molecular Nature of the
Gastrula Organizing Center: 75 years
after Spemann and Mangold.
Organizers: E. M. De Robertis and J.
Aréchaga.

Workshop on Telomeres and Telome-
rase: Cancer, Aging and Genetic
Instability.

Organizer: M. A. Blasco.

Workshop on Specificity in Ras and
Rho-Mediated Signalling Events.
Organizer: J. L. Bos, J. C. Lacal and A.
Hall.

*: Out of Stock.

100 Workshop on the Interface Between

Transcription and DNA Repair, Recom-
bination and Chromatin Remodelling.
Organizer: A. Aguilera and J. H. J. Hoeij-
makers.



The Centre for International Meetings on Biology
was created within the
Instituto Juan March de Estudios e Investigaciones,
a private foundation specialized in scientific activities
which complements the cultural -work
of the Fundacion Juan March.

The Centre endeavours to actively and
sistematically promote cooperation among Spanish
and foreign scientists working in the field of Biology,
through the organization of Workshops, Lecture
and Experimental Courses, Seminars,
Symposia and the Juan March Lectures on Biology.

From 1989 through 1998, a
total of 123 meetings and 10
Juan March Lecture Cycles, all
dealing with a wide range of
subjects of biological interest,

were organized within the

scope of the Centre.



Instituto Juan March de Estudios e Investigaciones
Castello, 77 o 28006 Madrid (Espaiia)

Tel. 34 91 435 42 40 o Fax 34 91 576 34 20
http://www.march.es/biology

The lectures summarized in this publication

were presented by their authors at a workshop
held on the 11" through the 13" of November, 1999,
at the Instituto Juan March.

All published articles are exact
reproduction of author's text.

There is a limited edition of 450 copies
of this volume, available free of charge.



