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Chapterr 1 

CELLS:: THE FUNDAMENTAL UNIT OF LIFE 

Thee surface of the planet earth is populated by self generating organic factories that utilize 

thee solar or bioorganic energy as a source for survival. Every single lif e form evolved, has 

aa different appearance but still shares one common thread for its existence: a cell; a self 

sustainingg unit of life. Although the basic biomolecules have been conserved during the 

billionn years of evolution, the ways in which they are assembled inside cells differ. 

Therefore,, depending on the biomolecular composition, cells display different shapes and 

forms.. Most cell types are not visible by die resolution of the human eye as their sizes 

generallyy remain between lOOnm (viruses) to 100 urn (plant or animal cells). The 

pioneeringg work of observing cells has been initiated in the seventeenth century by the 

twoo landmark microscopists Anton van Leeuwenhoek and Robert Hook who mastered 

thee process of making tiny glass lenses. Robert Hook was the first to visualize plant cells 

(fromm which the term 'cell' has evolved) while Anton van Leeuwenhoek was the first to 

seee 'animalcules' (small bacterial cells). Since then the story of visualizing, thinking, telling 

andd understanding continued. Today the microscopy techniques for spying the cell 

interiorss have put us on a platform from where we can answer complex questions to 

understandd the ultimate secrete of our existence. 

Althoughh most of the cells differ in their appearance they display commonalities in 

thee style of cellular architecture (Lodish et a l, 2000). The prerequisite that defines the cell 

formm is its outer shell, the water impermeable plasma membrane (PM) that encases the 

limitedd cell space and keeps the interior contents from leaking out. Eukaryotic cells 

comprisee plant and animal kingdom including fungi and protozoans. Unlike prokaryotic 

cellss containing no endomembrane structure within the membrane enclosed cytoplasmic 

compartment,, the eukaryotic cells possess extensive internal membranes surrounding so-

calledd cellular organelles, which remain within the cytoplasm. In general the largest 

organellee in eukaryotic cell is its nucleus, which houses most of the deoxyribonucleic acid 

(DNA)) packed in chromosomes. DNA consists of many genes that encode proteins and 

proteinss carry out various cellular functions. Hereby the genetic code defines the 

complexityy and capabilities of various organisms. Every cell replicates its DNA before 

divisionn and transmits one copy to each daughter cell. Thus parents transfer their genetic 

informationn to the progeny. Besides the nucleus many other sub-cellular organelles exist 

inn eukaryotic cells. Plant cells contain chloroplasts; the solar energy trapping batteries. 

Mitochondriaa are the cellular energy- producing stations at the expense of oxygen and fatty 

acidss or sugars. Both mitochondria and choloroplasts contain DNA and are thought to 

havee evolved from endosymbiosis with airobic and photosynthetic bacteria, respectively. 

Proteinss are synthesized on nbosomes, which are found in the cytoplasm. Consequently, 

mostt proteins are synthesized in the cytosol. After synthesis, they can be transported 
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acrosss translocation channels (e.g. for import into mitochondria, chloroplasts or 

peroxisomes).. Proteins can also be inserted or translocated across a membrane during 

theirr synthesis. This occurs in endoplasmic reticula (ER), a network of endomembranes 

coveredd on their cytoplasmic side with ribosomes in which lipids are also synthesized. 

Proteinss that (partially) enter the ER are subsequendy packed in small membrane 

enclosedd structures (vesicles) that transport diese molecules towards the Golgi Apparatus 

(GA)) with which these cargo vesicles fuse. The GA is the cargo processing and sorting 

station.. Here the proteins are modified and constituents are sent to appropriate places in 

thee cell by means of vesicle transport. Through this pathway the plasma membrane (PM) 

receivess its lipids and protein constituents. The cells also require degrading compartments 

forr the destruction of unnecessary material. Peroxisomes represent the places where 

certainn fatty acids and amino acids are degraded. Lysosomes in animal cells or vacuoles in 

plantt cells degrade proteins, worn-out cell constituents or foreign matenal taken in by the 

cell.. All the endomembrane structures are highly dynamic within the cell and continuously 

exchangee their contents by means of membrane and protein trafficking. Hereby the 

intracellularr compartmentalization is maintained but also a constant dialogue with the 

cellularr surrounding environment is kept (Battey et al., 1999; Alberts et al., 2002). 

Thee process of deliver)- of newly synthesized proteins, carbohydrates and lipids 

fromm the ER through the GA to the PM is called exocytosis. This is balanced by 

endocytosis;; a process whereby extracellular macromolecules together with PM lipids and 

proteinss are internalized into the cell. Both exocytosis and endocytosis are mediated by 

vesiclee trafficking. Vesicles carrying either the endocytic or the exocytic cargo bud-off 

fromm one membrane compartment, they traffic and fuse specifically to other membranes 

inn a complex regulated process. The vesicles do not move at random, but they use tracks 

withinn the cytoplasm provided by the cytoskeleton. The cytoskeleton consists of a 

dynamicc network of three types of biopolymers namely microtubules, actin filaments and 

intermediatee filaments. These biopolymers are assembled from different protein subunits. 

Microtubuless are cylindrical polymers (24 nm in diameter) formed by lateral interactions 

off  13 protofilaments each of which is formed by head to tail interaction of a /p tubulin 

heterodimerss (Amos and Baker, 1979; Nogales et al., 1999). Actin filaments (7 nm in 

diameter)) are two stranded helical structures, which are built from small globular actin 

proteinn (G-actin) (Holmes et al., 1990). Intermediate filaments (10 nm in diameter) are 

ropelikee fibers made up of intermediate filament protein protofilaments (Fuchs and 

Weber,, 1994). Out of these three, microtubules and actin filaments are polar structures 

becausee their protein subunits are asymmetrical and line up end-to-end with a uniform 

orientation.. Movement across the structures needs wheels or legs and energy. Indeed, 

cytosolicc motor proteins bind to the cytoskeleton and by using energy they can move the 
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cargoo from one place to the other. Motors use the polarity of cytoskeletal filaments for 

theirr movement and display unidirectional or bi-directional behavior (Alberts et al., 2002). 

Thuss the cytoskeleton components provide the physical support for cellular organization, 

morphogenesis,, locomotion and intracellular trafficking (Kreis and Vale, 1999; Alberts et 

al.,, 2002). 

DIFFERENCESS BETWEEN PLANT AND ANIMAL CELLS 

Despitee several similarities, cells from immobile plants and mobile animal bear many 

differencess in their cellular organization. Animal cells are surrounded only bv a PM 

whereass plant cells are coated with both the PM and a cell wall. Cell walls are formed by 

continuouss excretion of the complex carbohydrate polymers cellulose and pectin. Cell 

wallss define the shape of plant cells whereas wall-lacking animal cells can acquire flexible 

shapes.. Animal cells contain lysosomes for material degradation whereas plants possess 

vacuoless that occupy most of the cytoplasm and also maintain the turgor pressure 

requiredd for cell shape maintenance. In animal cells, microtubules are mainly originated 

fromm centrosomes while plant cells lack centrosomes and microtubule nuclcation is 

dispersed.. Vesicular trafficking in animal cells is mainly microtubule-based while that in 

plantt cells is mainly actin filament-based. In animal cells the GA is confined to a single 

juxtranuclearr structure while plants possess multiple GAs displaying fast motility 

throughoutt the cytoplasm. Animal cells divide by constriction while plant cells construct a 

neww cell wall inside the parental cell that divides it into two. 

Becausee this thesis mainly focuses on plant microtubules, a more extensive 

introductionn on microtubules and their specific aspects for plant cells is given below. 

MICROTUBULEE STRUCTURE 

Microtubuless are the tubular polymers formed by a and p tubulin heterodimers. Both a 

andd p tubulin bind a guanine nucleotide with GTP non-exchangebly bound to a and 

exchangeblyy bound to p tubulin (Nogales et al., 1999). In microtubule polymerization the 

GTPP bound at the exchangeable site of P tubulin interacts with the incoming a tubulin 

andd gets hydrolyzed to become GDP. After hydrolysis, GDP becomes non-exchangeable 

andd gets buried in the microtubule lattice (Mitchison and Kirschner, 1984; Downing and 

Nogales,, 1998a, b). At the growing end of a microtubule, die newlv associated a /p tubulin 

heterodimerss (with GTP attached to p tubulin) form a so called G I P cap (Mitchison, 

1993)) This cap is considered to stabilize the microtubule polymer (Hyman et al., 1992). 
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Thee head to tail interaction of a /p tubulin heterodimers makes the microtubule a polar 

structuree with p tubulin at the growing or plus end and a tubulin at a stabilized or minus 

endd (Fan et al., 1996; Wade and Hyman, 1997). Microtubules are nucleated at their minus 

endss to microtubule organizing centers, in most cases a multi-protein complex containing 

yy tubulin (Stearns et al., 1991; Joshi, 1994; Marc, 1997; Dammermann et al., 2003). 

MICROTUBULEE ASSOCIATED PROTEINS 

Thee emergence and sustenance of microtubules rely on different microtubule associated 

proteinss (MAPs), which belong to four different families, ' Ine first MA P familv contains 

classicall  or structural MAPs, like MAPI and tau (Mandelkow and Mandelkow, 1995; 

Drewess et al., 1998). The second MA P family comprises of microtubule motors such as 

kinesinn and dynein (Hirokawa, 1998). The third MA P family includes proteins, which bind 

microtubuless and affect microtubule dynamics, like XMAP215 and Opl8/Stathmin 

(Andersenn ct al., 1997; Kinoshita et al., 2001; Kinoshita et al., 2002). The fourth and last 

MA PP family includes microtubule plus end binding proteins, like cytoplasmic linker 

proteinss (CLIPs) and end-binding (EB) proteins (Timauer and Bierer, 2000; Schuyler and 

Pellman,, 2001; Galjart and Perez, 2003). 

MICROTUBULEE DYNAMICS 

Botlii  in vivo and in vitrv, microtubules self-assemble through the process of dynamic 

instabilityy that consists of four parameters; (l) the rate of growth (polymerization), (li) the 

ratee of shrinkage (depolymcrization), (iii ) the transition frequencies between growing and 

shrinkingg (catastrophe) and (IV) the transition frequencies between shrinking and growing 

(rescue).. The ability of microtubules to grow by polymerization and shrink by 

depolymcrization,, together with a tendency to shift between these phases, make them 

highlyy dynamic cellular entities (Mitchison and Kirschner, 1984; Kirschner and Mitchison, 

1986;; Hyman and Karsenti, 1996). Cells employ the microtubule dynamics to produce 

differentt microtubular conformations, tailored to fit growth, division and stimulus-

responsee requirements (Desai and Mitchison, 1997). 

PLANTT MICROTUBULAR ARRAYS 

Celll  w^all encased, vacuolated and centrosome lacking plant cells have evolved specialized 

microtubularr arrays that perform important tasks (Goddard et al., 1994; Kost et al., 1999; 
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Kostt and Chua, 2002). For example, transversely arranged interphase microtubules at the 

celll  cortex assist cellulose deposition in expanding cells (Ledbetter and Porter, 1963; Cyr, 

1994;; Cyr and Palevitz, 1995; Lloyd and Chan, 2002, 2004). At the onset of mitosis, 

corticall  microtubules form a compact preprophase band (PPB) encircling the nucleus in 

thee middle of the cell. The PPB marks the plane of the future cell wall between the new 

daughterr cells (Pickett-Heaps and Northcote, 1966; Mineyuki, 1999), while the mitotic 

non-centrosomall  spindle microtubules divide the duplicated chromosomes (Baskin and 

Cande,, 199Ü). Finally, during cytokinesis, the phragmoplast microtubules form tracks 

consideredd to be delivering the vesicles, which deposit material for building a new cell-

walll  (the cell plate) for separation of the daughter cells (Smith, 2001; Verma, 2001; 

Bednarekk and Falbel, 2002; Smith, 2002). 

REQUIREMENTT OF PLANT MICROTUBULES 

Ass an important component of cellular morphogenesis, plant microtubules arc shown to 

bee essential for embryo development (Steinbom et al., 2002); in endosperm development 

(Brownn et al, 1994), seed development (Tzafrir et a l, 2002), organ formation 

(Whittingtonn et al., 2001), organ twisting to develop left-right asymmetry (Furutani et al., 

2000;; Thitamadee et al., 2002), the development of tnchomes (Mathur and Chua, 2000; 

Mathurr and Hulskamp, 2002), maintenance of the growth direction of elongating root 

hairss (Bibikova et al., 1999; Mafhur and Hulskamp, 2001), pollen tube cytoplasmic 

organizationn (Taylor and Hepler, 1997), stomatal reorganization (Marcus et al., 2001; Yu 

ett al., 2001) and for responding the developmental and extracellular stimuli (Hush et al., 

1990;; Hush and Overall, 1991; Himmelspach et al., 1999). 

GOALL OF THE THESIS 

Too understand the role of plant microtubules in above-mentioned important phenomena, 

itt is vital to understand how microtubules change from one conformation to the other 

andd which molecules trigger their reorganization. This thesis focuses on visualizing die 

microtubulee dynamics and membrane trafficking in live and dividing plant cells with a 

goall  to understand their organization during interphase and cell division. Herewith, I try 

too answer i) how microtubules change from one array to another; especially from 

interphasee to mitosis ii) how signaling affects microtubule reorganization iii ) how 

microtubulee and membrane trafficking behave during cell division. 
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THESISS METHODOLOGY 

Cellss are small in size and complex in organization. Our learning of this small world of 

cellss largely depends on the tools at our disposal. Microscopy and the probes to visualize 

differentt organelles have always been an important aspect for entering inside the cells. 

Thee commonest approach for studying dynamic cellular events is light microscopy. Light 

microscopess use light as a source for visualizing cells. When light passes through a living 

cell,, the phase of the light wave is changed depending on the refractive index of cell. The 

phase-contrastt microscope and the differential-interference-contrast (DIC) microscope 

exploitt the produced interference effects. In dark-field microscopy, the rays of light are 

directedd from the side and only the scattered light enters the microscope lenses causing 

thee cells to appear as bright objects against a dark background (Alberts et al., 2002). In 

bright-fieldd microscopy, the image of a cell is obtained by local differences in light 

transmissionn through a cell. The quality of the acquired image in simple light microscopy 

mainlyy depends on the thickness of the specimen and therefore it becomes difficul t to 

observee thicker cells like plant cells. The introduction of confocal microscopy paved the 

wayy to successfully visualize their complexity in three-dimensions. In confocal 

microscopyy the light from out-of-focus regions is rejected. The out-of-focus rejection is 

achievedd by focusing a laser spot in the specimen and by positioning a pinhole at the 

back-focall  plane in front of the detector (Brakenhoff et al., 1985). By quickly scanning 

thiss focused layer (XY) through the sample and simultaneously measuring the detected 

photonss at each position one optical section can be acquired. From a series of successive 

opticall  sections acquired at different depths (Z) it is possible to reconstruct three-

dimensionall  (XYZ) images with the help of computers (Alberts et al., 2002). Conversely, 

byy remaining at a constant depfh and acquiring repetitively the same optical section, one 

cann perform time-lapse confocal microscopy (XYt) . With die accelerated processing 

speedss of modern computers it is possible now to perform 4D (XYZt ) microscopy where 

repetitivelyy 3D-stacks are acquired in time. In this thesis, for visualizing plant cell 

dynamicss we used time-lapse, 3D and 4D confocal microscopy. 

Byy introducing fluorescent molecules into cells one can study the dynamic 

localizationn of their binding targets. Most of the fluorescent probes have to be 

synthesizedd outside and introduced into the cells by various laborious methods. The 

introductionn of green fluorescent protein (GFP) from the jellyfish Aequoria victoria enables 

endogenouss production of fluorescent molecules inside living cells. By introducing cDNA 

encodingg GFP, the cellular protein synthesis machinery is able to synthesize GFP without 

thee need of cofactors. The cDNA encoding GFP can be fused to cDNA encoding any 

proteinn of interest. By expression of such a gene fusion a chimeric GFP-tagged protein is 

producedd in the cell which still retains its cellular function. The versatility of this approach 
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off  genetically encoded fluorescent labeling of live cells has revolutionized the field of cell 

biologyy (Lippincott-Schwartz et al., 2001). The spectrally diverse arsenal of GFP variants 

hass provided us a colored pellet to paint and visualize many different molecules at die 

samee time. The GFP technology has also offered a way to quantify molecular mobility 

insidee live cells by employing fluorescence recover}" after photobleaching (FRAP). By 

usingg two spectrally distinct GFP-vanants fused to two different proteins one can 

determinee dynamic nano-scale intermolecular interactions by fluorescence resonance 

energyy transfer (FRET). Intermolecular interactions form die basis of all cellular 

processes.. Protein conformation changes inside live cells can also be monitored with 

FRET-micross copy. Therefore, we exploited GFP-based 3D-multicolor-time lapse- and 

4DD confocal imaging, FRAP and FRET microscopy in our live cell analysis. 

Celll  suspension cultures provide a system to monitor single cell dynamics and cell 

divisions.. In addition, due to the uniformity of the cell population in the cell cultures and 

directt contact of each cell with growth medium, the observed effects can be scored 

efficiently.. Tobacco BY-2 cells remain the system of choice for performing plant cell 

biology,, as they possess extremely low auto-fluorescence. Because they can be 

synchronizedd with many cells exhibiting the same cell cycle stage, they allow simultaneous 

probingg of the different cell cycle stages in many cells. Hence, we used mainly the 

Tobaccoo BY-2 cells in our investigation. 

PHYSICALL PARAMETERS GOVERNING MICROTUBULAR 

REORGANIZATIONN FROM INTERPHASE TO MITOSIS 

Thee change in organization and functions of microtubules requires controlled alteration in 

theirr individual dynamic behavior. The basic building blocks or microtubules are 

conservedd in evolution and the intrinsic microtubular dynamic instability is considered to 

plavv a pivotal role in other higher eukaryotes (Kirschner and Mitchison, 1986; Hyman and 

Karsenti,, 1996; I layles and Nurse, 2001). Therefore we hypothesized that alteration of the 

dynamicc instability of plant microtubules may regulate die transformation between 

distinctt microtubular conformations in plant cells. Still plant and animal tubulins differ in 

sequencee and effects of microtubule depolymerizing or stabilizing drugs van' (Morejohn 

andd Fosket, 1982, 1991) indicating that the structural differences between plant and 

mammaliann microtubules can also influence their individual dynamic instability 

parameters. . 

Chapterr 2 describes the use of various plant microtubule markers (GFP-

aa tubulin, GFP-MAP4 and YFP-CLIP170) for visualizing microtubules and their plus 
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ends.. It also describes the individual microtubule growth, shrinkage and quantification of 

thee microtubule dynamic instability parameters during interphase, PPB and spindle 

formationn stages of the cell cycle. 

THEE ROLE OF TUBULIN FOLDING COFACTORS IN PLANT 

MICROTUBULEE BIOGENESIS 

Microtubulee biogenesis requires assembly competent a/P-tubulin heterodimers. Both a 

andd P tubulin monomers are post-translationally modified by five tubulin folding 

cofactorss (TFCs) (TFCA, TFCB, TFCC, TFCD and TFCE) and one small G-protein Arl2 

whichh act in a stepwise concert to manufacture the functional heterodimer (Lopez-

Fanarragaa et al., 2001). The multi-step TFC system takes care of producing functional 

heterodimerss and at the same time maintains a correct balance of monomers and dinners. 

aa tubulin is processed by TFCB and TFCE while p tubulin is modified by TFCA and 

TFCDD sequentially. Finally TFCC plays a role in binding of a and P tubulin monomers to 

yieldd the functional heterodimer (Tian et al, 1996; Tian et al.5 1997). The interesting 

localizationn of mammalian CLIP170 to plant microtubular plus ends with its microtubule 

bindingg CAP-Gly domain prompted us to search the Arabidopsis genome for CAP-Gly 

domain-containingg proteins. Interestingly, two such proteins were found in Arabidopsis; 

TFCBB (AtTFCB) and TFCE (AtTFCE). The inability to recover AtTFCB from 

Arabidopsiss mutant screens prompted us to perform further analysis. So far information 

onn TFC-tubulin interactions came from mutant complementation, yeast two-hybrid 

interactionss and immunoprecipnations. Hence, there remained a lack of evidence showing 

directt in vivo physical interactions between tubulin(s) and cofactor(s). Fluorescence 

Resonancee Energy Transfer (FRET) is the most sensitive and quantitative method 

availablee to date for investigating nano-scale range protein-protein interactions inside Irve 

cells.. FRET occurs if an energy quantum is transferred from a donor fluorophore to an 

acceptorr fluorophore (or chromophore) that arc in close proximity of 2-8 nm (within the 

rangee of protein dimensions). Prerequisites for FRF T̂ are the spectral overlap between the 

donorr fluorescence and acceptor absorption, a non-perpendicular orientation of their 

transitionn moments and their close proximity. Therefore, we also incorporated a detailed 

FRETT analysis for investigating the AtTFCB function in vivo (Gadella et al., 1999; Immink 

ett al, 2002; Vermeer et al., 2004). Chapter 3 represents the isolation and characterization 

off  AtTFCB. 
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SIGNALINGG FOR MICROTUBULAR REORGANIZATION 

AA defining feature of the interphase cortical microtubule array unique to plants is its close 

associationn with the plasma membrane (Ledbetter and Porter, 1963; McCünton and Sung, 

1997;; Lloyd and Chan, 2002, 2004). Cortical microtubules are considered to bind the PM 

andd assist cellulose microfibril deposition by regulating the movement of transmembrane 

cellulosee synthase complexes (ledbetter and Porter, 1963; McClinton and Sung, 1997; 

Lloydd and Chan, 2002, 2004). This micro tubule-guided deposition of cellulose microfibrils 

determiness the cell shape by favoring expansion along the long axis of the cell (Lloyd and 

Chan,, 2002; Baskin et al., 2004; Lloyd and Chan, 2004). I h e treatments such as physical 

pressuree (Fisher and Cyr, 1998), electric field (Hush and Overall, 1991) and pathogen 

attackk (Hush et al., 1990) re-orient the microtubules which in many cases is reflected in an 

alteredd orientation of cellulose microfibrils in the cell wall (Baskin, 2001). How 

microtubuless are linked to the membranes is one of die long-standing mysteries since the 

discover '̂' of plant microtubules. Protein biochemistry identified a p90 protein, which 

labelss both microtubules and membranes. Furthermore, immunofluorescence labeling 

showedd its colocalization with microtubules (Marc et al., 1996; Gardiner et al., 2001). The 

partiall  sequence analysis of the p90 protein revealed that it is a phospholipase D (PLD). 

PLDss are enzymes that can hydrolyze structural phospholipids like phosphatidylcholine 

(PC)) to produce phosphatide acid (PA) and free choline (Munnik et al., 1998; Meijer and 

Munmk,, 2003). They are involved in phospholipid metabolism and plav roles in cellular 

signalingg by producing the second messenger PA (Wang, 2000; Munnik, 2001; Wang, 

2002).. If PLD links microtubules to the plasma membrane, what w^ould be the response 

too stimulating PLD activity? Chapter 4 describes the relation between PLD activation 

andd microtubular reorganization, direcdy linking signaling to cvtoskeletal organization. 

MEMBRANEE TRAFFICKING DURING PLANT CYTOKINESIS 

Cytokinesiss is the final ritual in generaüng two separate cells from a common ancestor. 

Cytokinesiss in immobile plants differs from other higher eukarvotes as a new- PM and cell 

platee separating the daughter cells is formed by de novo synthesis within the cytoplasm 

ratherr than by inward growth or constriction of existing PM and cell wall (Frev-Wyssling 

ett al., 1964; Staehelin and Hepler, 1996; Verma, 2001). The cell plate not only initiates the 

formationn of a specialized intracellular membrane compartment, but after maturation it 

alsoo creates an extracellular space inside the cell. It has been a major focus of research of 

plantt biologists for more than a century as the term cell plate can be traced back to 18?5 

(Strasburgcr,, 1875). Targeted membrane trafficking plays a central role during cell plate 
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formation.. Since the last four decades the exocvtic GA vesicles have been considered to 

bee the sole source of cell plate creation (Frey-WYs sling et al., 1964; Staehelin and Hepler, 

1996;; Verma, 2001). The internalization of the endocytic marker FM4-64 and its 

mtruigingg targeting to the forming cell plates triggered our interest in the mechanics of 

celll  plate formation . Chapter 5 describes the detailed in vivo analysis of membrane 

traffickingg in cytokinetic plant cells and challenges the current dogma of cell plate 

construction. . 

THEE ROLE OF ENDOPLASMIC MICROTUBULES IN 

REINFORCINGG THE LINES OF PLANT CELL DIVISIONS 

Celll  polarity markers localized at specific PM sites maintain or change their positions via 

tightlyy controlled membrane trafficking and recycling pathways (Mostov et at., 2000; 

Mostovv et al., 2003). The positions of wall confined plant cells within the tissue are fixed. 

Consequently,, the establishment of the cellular network in plants largely depends on the 

positionn where new cell walls are laid during cytokinesis (Smith, 2001). Therefore, the 

positioningg and maintenance of cell division planes plays a crucial role in organ 

morphologyy and plant development. At the onset of mitosis, the nucleus migrates 

towardss the cell center by using cytoplasmic strands (Flanders et al., 1990) and a plant-

specificc cortical microtubular array, the preprophase band (PPB) (Pickett-Heaps and 

Northcote,, 1966) emerges. Although the PPB disassembles upon entry into mitosis, it 

preciselyy predicts where the new cell plate attaches to the parental cell walls at the end of 

cytokinesiss (Wick, 1991). The cell division planes are drastically affected in the absence of 

thee PPB (Traas et al,, 1995) or its experimental obliterations (Mineyuki, 1999; Granger 

andd Cyr, 2001) and genetic defects (Clean- and Smith, 1998) suggesting its prime 

importance.. Since its discover)- four decades ago, with what mechanism the PPB marks 

thee cell division plane remains a mystery. Chapter 6 describes the way in which RMT 

pluss ends of mitotic plant cells may act as cell shape /polarity sensing machines by their 

sustainedd cortical targeting and howT they may participate in reinforcing the lines of 

divisionn in plant cells. 

Chapterr 7 summarizes the major findings of this thesis. 
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