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Abstract We examined the roles of microtubules in gravity-induced modiﬁcation of growth and development in plants by analyzing the expression levels of the a- and b-tubulin gene family and growth behavior of Arabidopsis hypocotyls treated with the microtubule-disrupting reagents colchicine, oryzalin, and propyzamide. Expression of the majority of the examined a- and b-tubulin genes was up-regulated by hypergravity at 300 g, although the extent was variable among genes, indicating that up-regulation of the expression of tubulin genes is the universal response of Arabidopsis hypocotyls to hypergravity. Hypergravity suppressed elongation growth by decreasing the cell-wall extensibility, whereas it stimulated lateral thickening of hypocotyls. By treatment with colchicine, oryzalin, and propyzamide, the elongation growth was suppressed, lateral thickening was stimulated, and the cell-wall extensibility of hypocotyls decreased dose-dependently even under 1 g conditions. The degree of hypergravity-induced changes decreased with increasing concentration of microtubule-disrupting reagents. As a result, hypergravity aﬀected neither the length, the thickness, nor the cell-wall extensibility of hypocotyls in the presence of high concentrations of microtubule-disrupting reagents. Moreover, colchicine-treated seedlings showed helical growth even under 1 g conditions, and this phenotype was intensiﬁed under hypergravity conditions. These results suggest that the up-regulation of the expression of tubulin genes is involved in gravity-induced modiﬁcation of microtubule dynamics, which may play an important role in the resistance of plant organs to the gravitational force and maintenance of normal growth phenotype. Ó 2007 COSPAR. Published by Elsevier Ltd. All rights reserved. Keywords: Arabidopsis; Colchicine; Gravity; Hypergravity; Microtubules



1. Introduction Hypergravity, a gravitational force exceeding 1g, has been shown to suppress elongation growth of shoot organs in various plants (Waldron and Brett, 1990; Kasahara et al., 1995; Hoson et al., 1996; Soga et al., 1999a,b, 2001). Such a suppression of growth was in general accompanied by a decrease in cell-wall extensibility (Hoson et al., 1996; Soga et al., 1999a,b). The analysis of chemical nature
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of cell-wall constituents indicated that the shoots exposed to hypergravity had thicker cell walls with modiﬁed compositions and structure (Hoson et al., 1996; Soga et al., 1999a,b). Cortical microtubules have been shown to reorient in response to the gravity signal. In gravitropism, cortical microtubules in the faster-expanding convex ﬂank were transverse, whereas the microtubules in the concave ﬂank showed a longitudinal orientation with respect to the longitudinal axis of the cell (Nick et al., 1990; Blancaﬂor and Hasenstein, 1993). In protoplasts of Brassica hypocotyls, hypergravity stimulated the regeneration of cortical microtubules in parallel arrays (Skagen and Iversen, 1999). Also,
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hypergravity increased the percentage of cells with longitudinal cortical microtubules with strong ﬂuorescence (Soga et al., 2006). These results suggest that cortical microtubules, in addition to the cell wall, are involved in gravityinduced modiﬁcation of growth and development. To understand the series of events leading to growth modiﬁcations by the gravity signal, we analyzed the hypergravity-induced changes in gene expression in Arabidopsis hypocotyls by the diﬀerential display method (Yoshioka et al., 2003). Screening and analysis of genes, conﬁrmed the up-regulation of the expression of six genes by hypergravity. One of the isolated genes encoded a-tubulin (TUA3), a component of microtubules. These data suggest that the up-regulation of the expression of tubulin genes is involved in gravity-induced modiﬁcation of the amount and orientation of cortical microtubules. However, at least six genes encoding a-tubulin (Kopczak et al., 1992) and nine genes encoding b-tubulin (Snustad et al., 1992) have been identiﬁed in Arabidopsis, and the eﬀects of gravity on the expression levels of other tubulin genes have not been clariﬁed yet. In the present study, we examined the involvement of up-regulation of the expression of tubulin genes in gravity-induced modiﬁcation of microtubule dynamics by comprehensive analysis of the expression of the whole a- and b-tubulin gene family under hypergravity conditions. We also examined the role of microtubules in regulation by gravity of growth and development using microtubule-disrupting agents. TUA
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2. Materials and methods 2.1. Plant material and growth conditions Seeds of Arabidopsis thaliana L. cv Columbia were sterilized in 2% (v/v) sodium hypochlorite solution for 1 min, and then washed thoroughly with water. The sterilized seeds were planted on 1.5% (w/v) agar medium in a 25 ml centrifuge tube, kept at 4 °C for two days, and exposed to white light (5 W/m2 at seed level) for 6 h to induce germination. Seeds were then grown in the dark at 25 °C. To analyze the expression levels, we exposed the plants to hypergravity at 300 g for 9 h at 25 °C in the dark with a centrifuge (H-28-F; Kokusan Co., Japan). For colchicine treatment, sterilized seeds were planted on 1.5% (w/v) agar containing 10 mM MES–KOH buﬀer (pH 6.0) with diﬀerent concentrations of colchicine (Wako Pure Chemical, Japan). For oryzalin and propyzamide treatment, plants that had been grown for 48 h in the dark were transferred to agar medium containing 10 mM MES–KOH buﬀer (pH 6.0) with various concentrations oryzalin (Dr. Ehrenstofer Gmbh, Germany) or propyzamide (Wako Pure Chemical, Japan) in 0.3% dimethyl sulfoxide (DMSO). DMSO at 0.3% was shown not to aﬀect growth of seedlings. To analyze the growth behavior, we exposed the plants to hypergravity at 300 g for 24 h at 25 °C in the dark with a centrifuge. After the treatment, we measured the length of hypocotyls using a scale, and the thick-
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Fig. 1. Eﬀects of hypergravity on the expression of a-tubulin genes (TUA) in Arabidopsis seedlings. Wild-type seedlings, 48 h-old, were exposed to 300 g conditions and grown for 9 h at 25 °C. The expression levels of TUA1–TUA6 were determined by real time PCR. mRNAs of TUA2 and TUA4 or TUA3 and TUA5 were not distinguishable. The values were compensated with cDNA levels. Values are means ± SE (n = 3). All values are signiﬁcantly diﬀerent between 1 and 300 g treatments (P < 0.05).
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Fig. 2. Eﬀects of hypergravity on the expression of b-tubulin genes in Arabidopsis seedlings. Arabidopsis seedlings were grown as in Fig. 1. The expression levels of TUB1–TUB9 were determined by real time PCR. mRNAs of TUB2 and TUB3 were not distinguished. The values were compensated with cDNA levels. Values are means ± SE (n = 3). *Mean values signiﬁcantly diﬀerent between 1 and 300 g treatments (P < 0.05).
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ness of hypocotyls with a digital light ﬁeld microscope (VBG25; Keyence, Japan). The digital light ﬁeld microscope was also used to measure the angle of the cortical cell line to the longitudinal axis of hypocotyls. Because the middle region of hypocotyls showed typical helical growth, we used this region for measurements of the angle of the cortical cell line. In the measurement, the longitudinal axis of hypocotyls was deﬁned as 0°. The cortical cell lines aligned at angles between 0 and 90° (counterclockwise from the top) form left-handed helical growth, whereas those aligned at angles between 0 and 90° form right-handed helical growth. Thus, the absolute values of the angle of the cortical cell line were calculated. 2.2. Determination of the mechanical properties of cell walls The samples of Arabidopsis seedlings were boiled in methanol for 10 min and stored in fresh methanol until use. Before the measurement of the cell-wall extensibility, the methanol-killed seedlings were rehydrated overnight at 4 °C with several changes of water. The cell-wall extenColchicine



sibility was measured with a tensile tester (Tensilon RTM-25, Toyo Baldwin, Japan) (Parvez et al., 1996). The sample was ﬁxed between two clamps (the distance between the clamps was 1 mm) and stretched by lowering the bottom clamp at a speed of 10 mm min 1 until a load of 0.8 g was produced. The cell-wall extensibility (strain load 1, lm g 1) was determined by measuring the rate of the increase in load just before it reached 0.8 g.



2.3. Analysis of gene expression Arabidopsis seedlings collected were immediately frozen in liquid nitrogen and kept at 80 °C until use. Frozen hypocotyls were ground to a ﬁne powder. Total RNA was extracted using RNeasy Plant Mini Kit (Qiagen, USA). Single strand cDNA was synthesized from 0.2 lg of total RNA according to the instructions of the manufacturer using a High-Capacity cDNA Archive Kit (Applied Biosystems, USA). The single strand cDNA was ampliﬁed using SYBR Green PCR Master Mix (Applied Biosystems) Propyzamide
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Concentration (µM) Fig. 3. Eﬀects of hypergravity and microtubule-disrupting reagents on the length and the diameter of Arabidopsis hypocotyls. For colchicine treatment, Arabidopsis seedlings were grown on agar medium containing diﬀerent concentrations of colchicine at 1 g for 48 h at 25 °C. Seedlings were then transferred to 1 g or 300 g conditions and grown for a further 24 h at 25 °C. For oryzalin or propyzamide treatment, seedlings were grown on agar medium in the absence of the reagents at 1g for 48 h at 25 °C. Seedlings were then transferred to agar medium containing oryzalin or propyzamide at various concentrations at 1 or 300 g conditions, and grown for a further 24 h at 25 °C. The length was measured using a scale. The diameter of hypocotyls was measured using a microscope. Values are means ± SE (n = 20). *Mean values signiﬁcantly diﬀerent between 1 and 300 g treatments (P < 0.05).
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in the ABI 7500 Real Time PCR System (Applied Biosystems).
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3.1. Expression of tubulin genes All six a-tubulin genes (TUA) examined were expressed in hypocotyls, irrespective of gravity conditions (Fig. 1). The expression level of all members increased during incubation for 9 h under 1 g conditions. Under hypergravity conditions at 300 g, the expression of a-tubulin genes increased to about 150–200% of the 1 g control (Fig. 1). All of the nine b-tubulin genes (TUB) examined were expressed in hypocotyls, irrespective of gravity condition (Fig. 2). The expression level of all members increased during incubation at 1 g. The expression levels of b-tubulin genes, except for TUB1 and TUB6, rose to about 140– 270% of the control at 300 g (Fig. 2). The degree of up-regulation of a-and b-tubulin gene expression at 30 g was 70– 80% of that at 300 g (data not shown). Thus, the up-regulation of the expression of tubulin genes by hypergravity is dose-dependent. 3.2. Eﬀects of microtubule-disrupting reagents on growth and cell-wall extensibility Elongation growth of hypocotyls was suppressed, whereas the lateral thickening was stimulated by hypergravity at 300 g (Fig. 3). By treatment with the microtubuledisrupting reagents colchicine, oryzalin, and propyzamide, elongation growth was suppressed dose-dependently, whereas the diameter of hypocotyls was increased even under 1 g conditions. The degrees of hypergravity-induced suppression of elongation growth and stimulation of lateral thickening decreased by increasing the concentration of the microtubule-disrupting reagents. As a result, hypergravity aﬀected neither the length nor the diameter of hypocotyls in the presence of the reagents at high concentrations (Fig. 3). Because colchicine, oryzalin, and propyzamide had similar eﬀects on growth, we used only colchicine in the following experiments. The cell-wall extensibility of hypocotyls was decreased by hypergravity at 300 g (Fig. 4). It was also decreased by increasing the concentration of colchicine even under 1g conditions. The degree of hypergravity-induced changes in the cell-wall extensibility was decreased by increasing concentration of colchicine. Hypergravity did not aﬀect the cell-wall extensibility, in the presence of 30 lM colchicine (Fig. 4). 3.3. Eﬀects of colchicine on cell alignment Arabidopsis hypocotyls showed left-handed helical growth under hypergravity conditions at 300 g (Figs. 5 and 6). By increasing concentration of colchicine, the alignment angle of cell lines was increased under 1 g conditions
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Fig. 4. Eﬀects of hypergravity and colchicine on the cell-wall extensibility of Arabidopsis hypocotyls. Arabidopsis seedlings were grown as in Fig. 3. The cell-wall extensibility was measured with a tensile tester. Values are mean ± SE (n = 30). *Mean values signiﬁcantly diﬀerent between 1 and 300 g treatments (P < 0.05).



(Figs. 5 and 6). In the presence of colchicine, the alignment angle was further increased by hypergravity (Fig. 6). 4. Discussion Hypergravity increased the percentage of cells with longitudinal cortical microtubules with strong ﬂuorescence (Soga et al., 2006). In Arabidopsis hypocotyls, six a- and nine b-tubulin genes were expressed irrespective of gravity conditions, and the expression of the majority of the examined tubulin genes was up-regulated by hypergravity of 300 g (Figs. 1 and 2). Although the extent of hypergravity-induced increase in gene expression was variable among members, the extent of up-regulation of total a-tubulin gene expression and that of total b-tubulin genes were almost equal. At the examined stage, hypocotyl cells grow by cell elongation, because cell division has already ceased. These data suggest that the up-regulation of the expression of tubulin genes is involved in gravity-induced modiﬁcation of the amount and orientation of cortical microtubules. When cortical microtubules were reoriented, new cortical microtubules were nucleated on the existing microtubules (Murata et al., 2005). Thus, the synthesis of new tubulin molecule via up-regulation of the expression of a- and btubulin genes may be needed to modify the orientation of cortical microtubules under hypergravity conditions. The present results also suggest that tubulin genes are inappropriate as a constitutive standard in the study of gene
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Fig. 6. Eﬀects of hypergravity on alignment of cortical cell lines of Arabidopsis hypocotyls. Arabidopsis seedlings were grown as in Fig. 3 and the angle of the cortical cell line to the longitudinal axis of hypocotyls was measured using a protractor. Values are means of the absolute values of alignment angles ± SE (n = 20). *Mean values signiﬁcantly diﬀerent between 1 and 300 g treatments (P < 0.05).



Fig. 5. Eﬀects of hypergravity and colchicine on morphology of Arabidopsis hypocotyls. Arabidopsis seedlings were grown as in Fig. 3 and the surface of the middle region of hypocotyls was observed with a digital light ﬁeld microscope. The bar denotes 100 lm.



expression, even though they have been used, because their expression levels are sensitive to environmental signals such as gravity. By treatment with the microtubule-disrupting reagents colchicine, oryzalin, and propyzamide, elongation growth was suppressed dose-dependently and the lateral thickening was stimulated even under 1 g conditions (Fig. 3). The cellwall extensibility of hypocotyls was also decreased by increasing the concentration of colchicine even under 1 g conditions (Fig. 4). These results suggest that microtubules play an important role in the resistance of plant organs to the gravitational force and maintenance of normal growth phenotype. Hypergravity further suppressed elongation growth by decreasing the cell-wall extensibility, whereas it stimulated lateral thickening. However, the degree of such changes was decreased by increasing the concentrations of microtubule-disrupting reagents. As a result, hypergravity aﬀected neither the length, thickness, nor cell-wall extensibility of hypocotyls in the presence of microtubule-disrupting reagents at high concentrations. Thus, when microtubules are disintegrated, the eﬀects of gravity on growth may be saturated at gravity of under 300 g.



Arabidopsis hypocotyls showed left-handed helical growth, derived from disordered organization of cortical microtubules (Abe et al., 2004). Moreover, propyzamide caused twisting in elongating Arabidopsis epidermal cells even at a low concentration (Furutani et al., 2000). In the present study, helical growth was also induced by colchicine treatment even under 1 g conditions, and was intensiﬁed under hypergravity conditions (Figs. 5 and 6). Thus, helical growth may be induced by disintegration of cortical microtubules. These results also suggest that microtubules play an important role in maintenance of normal growth phenotype under hypergravity conditions. Helical growth induced by hypergravity was enhanced by colchicine (Figs. 5 and 6), whereas hypergravity-induced suppression of elongation growth, stimulation of lateral thickening, and decrease in the cell-wall extensibility were not clearly aﬀected (Figs. 3 and 4). These phenomena suggest that helical growth is not the direct cause of the modiﬁcation of growth parameter by hypergravity. The present study with microtubule-disrupting reagents suggested that microtubules contribute to maintenance of normal growth phenotype in plant organs. Because colchicine, oryzalin, and propyzamide at 100 lM induced unusual morphology in Arabidopsis seedlings, it was used at lower concentrations in the present study. Nevertheless, there remains the possibility that the results are caused by some side eﬀects or
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exaggerated eﬀects of the reagents. To examine this possibility, we are now analyzing the growth behavior of Arabidopsis tubulin mutants that show left-handed or right-handed helical growth derived from disordered organization of cortical microtubules under hypergravity conditions. Acknowledgements The present study was supported in part by Grants-inAid for Scientiﬁc Research from the Ministry of Education, Culture, Sports, Science, and Technology, and a Grant for Ground-based Research for Space Utilization from Japan Space Forum. References Abe, T., Thitamadee, S., Hashimoto, T. Microtubules defects and cell morphogenesis in the lefty1lefty2 tubulin mutant of Arabidopsis thaliana. Plant Cell Physiol. 45, 211–220, 2004. Blancaﬂor, E.B., Hasenstein, K.H. Organization of cortical microtubules in graviresponding maize roots. Planta 191, 231–237, 1993. Furutani, I., Watanabe, Y., Prieto, R., et al. The SPIRAL genes are required for directional control of cell elongation in Arabidopsis thaliana. Development 127, 4443–4453, 2000. Hoson, T., Nishitani, K., Miyamoto, K., et al. Eﬀects of hypergravity on growth and cell wall properties of cress hypocotyls. J. Exp. Bot. 47, 513–517, 1996. Kasahara, H., Shiwa, M., Takeuchi, Y., et al. Eﬀects of hypergravity on elongation growth in radish and cucumber hypocotyls. J. Plant Res. 108, 59–64, 1995. Kopczak, S.D., Haas, N.A., Hussey, P.J., et al. The small genome of Arabidopsis contains at least six expressed a-tubulin genes. Plant Cell 4, 539–547, 1992.



1181



Murata, T., Sonobe, S., Baskin, T.I., et al. Microtubule-dependent microtubule nucleation based on recruitment of c-tubulin in higher plants. Nat. Cell Biol. 7, 961–971, 2005. Nick, P., Bergfeld, R., Scha¨fer, E., et al. Unilateral reorientation of microtubules at the outer epidermal wall during photo- and gravitropic curvature of maize coleoptiles and sunﬂower hypocotyls. Planta 181, 162–168, 1990. Parvez, M.M., Wakabayashi, K., Hoson, T., et al. Changes in cellular osmotic potential and mechanical properties of cell walls during lightinduced inhibition of cell elongation in maize coleoptiles. Physiol. Plant. 96, 179–185, 1996. Skagen, E.B., Iversen, T.H. Simulated weightlessness and hyper-g results in opposite eﬀects on the regeneration of the cortical microtubule array in protoplasts from Brassica napus hypocotyls. Physiol. Plant. 106, 318–325, 1999. Snustad, D.P., Haas, N.A., Kopczak, S.D., et al. The small genome of Arabidopsis contains at least nine expressed b-tubulin genes. Plant Cell 4, 549–556, 1992. Soga, K., Harada, K., Wakabayashi, K., et al. Increased molecular mass of hemicellulosic polysaccharides is involved in growth inhibition of maize coleoptiles and mesocotyls under hypergravity conditions. J. Plant Res. 112, 273–278, 1999a. Soga, K., Wakabayashi, K., Hoson, T., et al. Hypergravity increases the molecular size of xyloglucans by decreasing xyloglucans-degrading activity in azuki bean epicotyls. Plant Cell Physiol. 40, 581–585, 1999b. Soga, K., Wakabayashi, K., Hoson, T., et al. Gravitational force regulates elongation growth of Arabidopsis hypocotyls by modifying xyloglucan metabolism. Adv. Space Res. 27, 1011–1016, 2001. Soga, K., Wakabayashi, K., Kamisaka, S., et al. Hypergravity induces reorientation of cortical microtubules and modiﬁes growth anisotropy in azuki bean epicotyls. Planta 224, 1485–1494, 2006. Waldron, K.W., Brett, C.T. Eﬀects of extreme acceleration on the germination, growth and cell wall composition of pea epicotyls. J. Exp. Bot. 41, 71–77, 1990. Yoshioka, R., Soga, K., Wakabayashi, K., et al. Hypergravity-induced changes in gene expression in Arabidopsis hypocotyls. Adv. Space Res. 31, 2187–2193, 2003.



























des documents recommandant













Expression of Dlx genes during the development of ... - Page d'accueil 

Drosophila Distal-less (Dll) gene and are found in all chordate phyla. Six Dlx genes are known in humans (Simeone et al. 1994; Scherer et al. 1995; Price et al.










 








Isolation and Expression of Two Genes Encoding Eukaryotic Release 

Release Factor 1 from Paramecium tetraurelia ... of specific tRNAs and on modification of eukaryotic release factor one (eRF1), a factor involved in stop.










 








microtubules and control of macronuclear 'amitosis ... - PINGPDF.COM 

Paramecia were prepared for electron microscopy using procedures already described. (Tucker, 1967). ... dissecting microscope. ..... A Dictionary of Biology. 6th.










 








Diel Expression of Cell Cycle-Related Genes in 

Institute of Biology/Genetics, Humboldt-University, D-10115 Berlin, Germany,1 and ... F-29682 Roscoff Cedex,2 and Laboratoire de Physique et Chimie Marines,.










 








Duodenal mRNA expression of iron related genes in ... - CiteSeerX 

(212 Fe; UAR) and demineralised water for a period of two weeks. Dietary iron loading was obtained by placing six five week old animals of each strain on the ...










 








Differential roles of caudate nucleus and putamen 

May 27, 2011 - The next trial started after a variable delay ranging from 4 to. 12s (randomly .... field of view=19.2Ã—19.2cm, 64Ã—64 matrix of 3Ã—3mm voxels).










 








A reappraisal of the roles of past experience and 

problem has led behavioristic psy- chologists in the wrong direction.13. It is possible for two similar forms. (projected to different loci in the visual areas) to look ...










 








A reappraisal of the roles of past experience and 

position; moreover, many writers assume the validity of ..... 6 Some writers, while opposing the empir- istic view, do not ...... adaptive evolution. REFERENCES. 1.










 








The roles of force and work cues 

125 mm, and a mean velocity range of 25â€“160 mm/sec. These results were .... ception of position than position cues do on force per- ception. Given these results ...










 








Contrasting Roles of Inertial and Muscle Moments 

6. Limb oscillations during PSR steady- state result from interactions between .... slow-down is illustrated in, the preceding paper (see Fig, 6 ..... 141: 1-41, 1973,.










 








regulation of gene expression 

the regulation of development in fruit flies. FIGURE 28â€“12 Zinc fingers. Three zinc fingers (gray) of the regula- tory protein Zif268, complexed with DNA (blue and ...










 








characterization of the expression of inducible 

Cruz Biotechnology, Santa Cruz, CA, used at 1:50), and rabbit anti-catalase (Rock- ..... Chomczynski P, Sacchi N: Single-step method of RNA isolation by acid.










 








Expression and Deployment of Reaction Policies 

sions damage, the cost of manual and automated response ... Finally, Section 6 presents future work and concludes ... A view is a set of objects that pos-.










 








The tubulin gene family of Paramecium: Characterization and ... .fr 

uct; such is the case in Drosophila. (the @ gene is required for spermatogenesis [34, 501 and one a-tubulin for the ovo- cyte meisosis and cleavage mitosis [50]), ...










 








2013 - Global Freedom of Expression 

24 sept. 2013 - Après en avoir délibéré en chambre du conseil le 3 septembre 2013, ... M. Maurizio Belpietro (« le requérant »), a saisi la Cour le 27 juillet ..... 8 avril 2010, la Cour de cassation, estimant que la cour d'appel ..... l'existence d'










 








2013 - Global Freedom of Expression 

24 sept. 2013 - Le 26 octobre 2012, la requÃªte a Ã©tÃ© communiquÃ©e au Gouvernement. ..... non partagÃ©es par le tribunal de Milan â€“ de M. R.I. Ã©taient une manifestation ..... Roumanie ([GC], no 33348/96, Â§Â§ 113-115, CEDH 2004-XI), la Cour a af










 








Expression of the optimization problem 

Using the Skeleton Method to Define a Preliminary Geometrical Model for 3D. .... For instance, in the example of section 7, the literal development of orientation ..... Model for 3D.S.R.. 27. References. 1. Artobolevski, I.I. (1986) Mechanisms in ...










 








Cloning and Sequence Analysis of Genes Coding for 

Perhaps the most unusual feature of the system is that the mature TMPs which ... insight into trichocyst design as well as to obtain information necessary for ...










 








the roles of spatial auditory perception and cognition in ... .fr 

An experiment has been conducted where forty subjects had to find ... perception because of the constraints of the environment ..... orientation task (i.e. choosing a direction when bifurcation .... session is ended by an impression questionnaire.










 








The roles of receptor and ligand endocytosis in 

Biochemical analyses in Drosophila and. Cell-cell signaling is a central process in the formation of multicellular organisms. Notch (N) is the receptor of a.










 








LittÃ© Roles and representation of nature in Jane Eyre 

dreams play prominent part. - The moon imparts messages of comfort or sends urgent warnings. - The novel constantly hesitates btw giving imagination and the.










 








The Complementary Roles of Mitigation and Insurance in ... - CiteSeerX 

Dec 11, 1997 - Management and Decision Processes Center Project on â€œManaging ..... the high immediate cost of energy-efficient appliances in return for ...










 








Characterization of Centrin Genes in Paramecium .fr 

We report here the molecular characterization of new members of the centrin ... For one of them, ICLI, N-terminal and internal peptide sequences were used for.










 








The Transmission of Genes and Culture: A Questionable Analogy 

Oct 4, 2011 - We here aim at such detailed comparison and our analysis reveals key ... view is that the answer is linked to differences in opacity between .... is by far the most important mechanism, accounting ... in the late 19th and early 20th cen










 














×
Report Up-regulation of expression of tubulin genes and roles of microtubules





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



