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Development of surface pattern during division in Paramecium II. Defective spatial control in the mutant kin241
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Summary kin241 is a monogenic nuclear recessive mutation producing highly pleiotropic effects on cell size and shape, generation time, thermosensitivity, nuclear reorganization and cortical organization. We have analyzed the nature of the cortical disorders and their development during division, using various specific antibodies labelling either one of the cortical cytoskeleton components, as was previously done for analysis of cortical pattern formation in the wild type. Several abnormalities in basal body properties were consistently observed, although with a variable frequency: extra microtubules in either the triplets or in the lumen; nucleation of a second kinetodesmal fiber; abnormal orientation of the newly formed basal body with respect to the mother one. The latter effect seems to account for the major observed cortical disorders (reversal, intercalation of supplementary ciliary rows).



The second major effect of the mutation concerns the spatiotemporal map of cortical reorganization during division. Excess basal body proliferation occurs and is correlated with modified boundaries of some of the cortical domains identified in the wild type on the basis of then* basal body duplication pattern. This is the first mutant described in a ciliate in which both the structure and duplication of basal bodies and the body plan are affected. The data support the conclusion that the mutation does not alter the nature of the morphogenetic signal(s) which pervade the dividing cell, nor the competence of cytoskeletal structures to respond to signalling, but affects the local interpretation of the signals.



Introduction



Paramecium has been analyzed using immunological probes specific for each of the major components of the cortical cytoskeleton, whose individual spatiotemporal map of duplication/reorganization was established (Iftode et al., 1989). That study demonstrated the existence of morphogenetic signal(s) progressing over the dividing cell as wave(s) originating from the oral apparatus and the fission furrow, and triggering the duplication or reorganization of the different cortical structures and networks. Most importantly, that study also showed that, despite their similar organization, cortical units do not all respond in the same way to the morphogenetic waves and as a consequence do not contribute equally to the overall doubling of their number. The individual response of units depends on their position, the cortex being composed of several domains of differential morphogenetic potential. What is the nature of the morphogenetic potential? What is the nature of the morphogenetic signals that pervade the cell and how do they propagate? What is the structural and/or biochemical basis of domain differentiation? What is the relationship between the local



The cortical pattern of Paramecium is determined by the arrangement of the ciliary basal bodies and their associated cytoskeletal structures and networks which delineate several thousand juxtaposed unit territories, the cortical units. These units are each centered around one (or two) basal bodies, are polarized and tandemly aligned in longitudinal adjacent rows (Ehret and McArdle, 1974; Allen, 1971; Sonneborn, 1970). At the whole cell level, this repetitive organization is tailored into an asymmetrical and polarized pattern whose center of asymmetry is the oral apparatus (a funnelshaped organellar complex for food capture and phagocytosis) located in the middle of the ventral surface. As paramecia multiply by binary fission along an equatorial furrow, their division requires complex morphogenetic processes with duplication of the oral apparatus and reconstruction of the cortical pattern in the two daughter cells, respectively, developing from the anterior and posterior halves of the mother cell. Pattern development during division in wild-type
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control of basal body duplication, known to be constrained within each cortical unit (Beisson and Sonneborn, 1965; Dippell, 1968) and the global control of basal body proliferation? One way to address these questions is to study mutations affecting cortical morphogenesis. Several mutants characterized by cortical disorders and abnormal cell shape had been previously isolated (Beisson and Rossignol, unpublished data). The immunocytological dissection of pattern formation in the wild type (Iftode et al., 1989) provided a method and reference for the analysis of the morphogenetic defects in these mutants. We present here the study of one of them, kin241 (Beisson et al., 1976). We show that in contrast to all previously reported mutations affecting cortical pattern in ciliates (reviewed by Jerka-Dziadosz and Beisson, 1990), this monogenic recessive nuclear mutation affects both cortical unit organization and polarity and global pattern. It causes mispositioning of newly formed basal bodies and modifies the contour and morphogenetic potential of some cortical domains. The contributions of this analysis to our understanding of morphogenetic processes in Paramecium and the possible molecular basis of the mutational defects are discussed. Materials and methods



Strains, crosses and growth conditions The strains used were the wild-type (wt) strain d.4-2 of Paramecium tetraurelia, a derivative of stock 51 (Sonneborn, 1974) and the mutant kin241 obtained by UV mutagenesis of stock d.4-2, characterized in particular by a larger cell size and cortical disorders (Beisson et al., 1976). In order to analyse the progressive expression of the mutation, crosses between kin241 and wild-type were carried out according to standard protocols (Sonneborn, 1975) and after autogamy of the F t kin24l/kin241+ heterozygotes, homozygotes kin241/kin241 were recovered from the wild type cytoplasmic Fx line. The mutant homozygotes were identified by the second division following autogamy on the basis of their thermosensitivity, as kin241 cells die within 24 hours at 35°C. Selected F 2 mutant lines were thereafter maintained by daily subcloning and their age in number of postautogamy divisions recorded Cells were grown at 27°C (or at 35°C for the above mentioned thermosensitivity test) in buffered Wheat Grass Powder (Pines International Co., USA) infusion containing 0.4 jig/ml /3-sitosterol and bactenzed the day before use with Klebsiella pneumoniae.



Immunofluorescence Immunolabelhng was performed as previously described (Iftode et al., 1989). Cells were permeabilized in PHEM buffer (Schhwa and Van Blerkom, 1981) containing 1% Tnton X-100 for 5-10 minutes and incubated 1 hour at room temperature in the primary antibody. The cells were then washed three times in PHEM buffer containing 3% bovine serum albumin and 0.1% Tween-20, incubated 1 hour in the secondary antibody (FITC-labelled goat anti-rabbit antibody or sheep anti-mouse IgG antibody (both from Pasteur Production, Paris), washed twice and mounted in Citifluor (London).



Antibodies The microtubular structures were visualized by a rabbit antiserum raised against Paramecium axonemal tubulin (Cohen et al., 1982). The cells were decihated by two successive transfers into 2% MnCl2 for 5 minutes (Fukushi and Hiwatashi, 1970) before permeabilization and incubation in the serum The kinetodesmal fibers (striated ciliary rootlets, cr) were labelled by a rabbit antiserum raised against the paramecium purified structure (Sperling et al., 1991). Epiplasm (Iftode et al., 1989, Keryer et al., 1990) was labelled by the monoclonal antibody CTR211, kindly provided by Bornens, obtained from a library of antibodies raised against human centrosomes (Bailly et al., 1988; Bornens et al., 1987). The infracihary lattice (Garreau de Loubresse et al., 1988; 1991) was labelled by the anti-EEB (Ecto-Endoplasmic Boundary), a rabbit antiserum raised against the EEB of Isotncha (Vigues and Grokere, 1985) In some experiments, double labelling involving anti-tubuhn and anti-cr or CTR211 and anti-cr was used. The polyclonal antibodies were diluted \jA(Xt and the monoclonal antibody was used as culture supernatant diluted 1/2 in PHEM buffer containing 3% BSA and 0.1% Tween-20.



Electron microscopy Cells were fixed for 1 hour in 2% glutaraldehyde at 4°C in cacodylate buffer 0.05 M, pH 7.2. After washing in the same buffer, the cells were postfixed in 1% osmium tetroxide in cacodylate buffer Some samples were fixed m a freshly made direct mixture containing 1.5% glutaraldehyde and 1% osmic acid buffered with the cacodylate buffer for 1 hour at 4°C Samples were then washed, dehydrated by passage through a series of alcohols and propylene oxide, before being embedded in Epon. Thin sections were contrasted with alcoholic uranyl acetate and lead citrate, then examined with a JEM 1200 EX or a Philips E M 201. Results



The mutation kin241 displays highly pleiotropic effects yielding larger cell size with an elongated and often bent anterior part, increased generation time (approx. 8 hours at 27°C as compared to 5 hours for the wild type), thermosensitivity (cells die within 24 hours at 35°C), cortical disorder and abnormal nuclear reorganization (Beisson et al., 1976). All these defects cosegregate as a single recessive Mendelian unit. The present study only concerns the effects of the mutation on cortical organization and morphogenesis. The cortical pattern was analyzed in both interphase and dividing mutant cells by immunofluorescence and electron microscopy. Because cortical disorders, even when accidental, can generate longterm inherited abnormalities, such as inverted ciliary rows (IR), which complicate the analysis of the direct effects of the mutation, studies were carried out on two types of mutant lines: established ones and 'new' lines, i.e newly formed homozygous kin24l/kin241 F 2 clones derived from the wild-type cytoplasmic parent from kin241 x wild-type crosses, in which the early expression and cumulative effects of the mutation could be monitored from 3-5 to over 70 cell generations after acquisition of the homozygous mutant genotype. Whether in new or established lines, a large variability in cell size or shape
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Fig. 1. Cortical organization in interphase wt cells revealed by lmmunostaining of epiplasm (A,B) and basal bodies (C). Ventral (A) and dorsal (B) sides of the same cell. The monoclonal CTR211 stains scale-like territories that correspond to cortical units. Holes in the centre of units correspond to the site of insertion of basal bodies. OA, oral apparatus, as, anterior suture; cvp, contractile vacuole pores, cy, cytoproct. A, P, R, L, respectively anterior, posterior, right and left of the cell. (C) Ventral side of another cell stained with anti-tubulin antibody x 680; bar, 10 /nn



and in the extent of cortical disorders is observed within growing populations and even intraclonally. Despite this variability, a typical kin241 phenotype can be defined. (I) Interphase organization Figs 1 A-C and 2 A-C respectively show the wild-type and mutant cortical patterns as revealed by decoration with two different antibodies: CTR 211, which stains the epiplasm and visualizes the cortical units (cus) in which one or two basal bodies are anchored (A, B), and anti-tubulin antibodies, which stain the basal bodies (C). In addition to different size, shape and proportions (relative lengths of the body parts anterior and posterior to the oral apparatus; OA), a number of gross abnormalities are visible in the mutant: severe disorders in the arrangement of cus on the right side of the anterior suture; incomplete ciliary rows not extending from pole to pole or from anterior to posterior suture (Fig. 2B, arrows); a smaller size of cus with less regular shape and alignment; an increased number of contractile vacuole pores on the dorsal side (not shown). Another characteristic feature of the wild-type pattern is modified in the mutant: the regular organization of the left anterior half of the ventral surface in which cus are in register in both longitudinal and lateral directions, is restricted in the mutant to a smaller area near the anterior suture. This defect is correlated with a more subtle change in the basal body pattern. In wildtype cells, units with either 1 or 2 basal bodies (1-bb vs



2-bb units) are distributed in defined domains (Sonneborn, 1975; Iftode et al., 1989) as shown in Fig. 3A. The modified extension of these domains in the mutant is shown in Fig. 3B, which summarizes observation of many cells such as those presented in Fig. 2C. Immunodecoration by the anti-ciliary rootlet serum revealed abnormalities in their orientation. In wild-type cells, ciliary rootlets (crs) are nucleated on the right side of basal bodies and point towards the anterior cell pole. Along each ciliary row, they intertwine with the 1-3 anterior ones and form a rope-like structure, which parallels the alignment of basal bodies along each longitudinal row. In the mutant, two types of abnormalities are consistently observed: patches of severe disorders where crs run in all directions (Figs 4A, 5A, B) and patches of inverted rows (IR) in which the cr polarity is 180° reversed (Fig. 4B). Additional defects visible at the ultrastructural level are present: abnormal organization of the crs (Fig. 5B) and abnormal organization of ciliary structures with supernumerary microtubules (Fig. 5C). The disorders expressed in basal body, cu and cr arrangement extend to the innermost cytoskeletal network, the infraciliary lattice (Fig. 6) whose meshes run around the proximal end of basal bodies. The contours of the meshes are much more irregular in the mutant. In particular, the anterior suture is not well defined. Altogether it appears that all the cortical cytoskeletal structures show spatially correlated disorders. Quantitative data on new (25-33 division old) and
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Fig. 2. Cortical organization in interphase kin241 cells revealed by lmmunostainmg of epiplasm (A, B) and basal bodies (C) (A) Left ventral view. Note the long and irregular antenor suture (as) and three groups of irregular patches of units at the right side of the suture (arrowheads). Small arrows point to ends of rows of units on ventral and dorsal (B) sides. The left dorsal sector shows the most regular pattern On the right side of the images the files of units are slightly disrupted as a result of compression between slide and coverslip (C) In addition to basal bodies, remaining cilia in the OA are stained and short postciiary and transverse microtubule nbbons attached to basal bodies are visible especially around the postenor pole. IR, inverted rows of basal bodies Note the larger spacing between rows at the right juncture (rj) and close apposition at the left juncture (lj). Arrowheads point to ends of short ciliary rows The double anow indicates a sector with erratic basal bodies x 680; bar, 10 fan.



established mutant lines concerning cell size, number and size of cus, l-bb:2-bb unit ratio, number of ciliary rows, number and position of contractile vacuole pores (cvps) and inverted rows (IR), number of ciliary rows abutting on the anterior suture are presented in Table 1 and Fig. 7. It can first be noted that the cell size and number of ciliary rows, cus, cvps are smaller in the new lines after approximately 30 divisions than in the established lines whose characteristic phenotype is acquired progressively and reaches a steady state after about 75 divisions. Secondly, it appears that supernumerary ciliary rows are not distributed at random. Table 1 and Fig. 7 show that their number equals that of the rows added on the left ventral side. This accounts for the elongated anterior part of the cell and possibly for the disorders observed on the right side of the anterior suture. Thirdly, the 2-bb:l-bb ratio is reduced in the mutant, in agreement with the previously noted alteration of their respective domains (Fig. 3B). Finally, the first complete IR were observed in new



lines after about 30 divisions. In established lines, their localization is not random. They most frequently occur in sectors corresponding to 5-10% and 30-45% of the cell circumference (Figs 2C, 4A, B) as measured from the oral meridian toward the right. In very young clones, IRs were observed on the left ventral side but seemed to be unstable. According to previous studies (Beisson and Sonneborn, 1965), IR most likely originate from erratic bbs whose polarity happens to be 180° rotated and whose duplication can generate IRs eventually extending from pole to pole. The existence in wild-type cells of a slow migration ('cortical slippage') of ciliary rows from right to left has been documented (Beisson and Sonneborn, 1965; Iftode and Adoutte, 1991). In the mutant, the prevailing occurence of IR to the nght half of the cell circumference would suggest that either basal bodies of erratic polarity are more likely to be produced on the right of the cell and/or that cortical slippage does not proceed as in wild type.
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(II) Cortical morphogenesis during division Reorganization and duplication of cortical structures were examined on dividing mutant cells and compared to the processes described for wild type (Iftode et al., 1989). Globally, division in kin241 proceeds normally as far as duplication of the oral apparatus, separation of the old and new ones and their coupling with nuclear division, cortical elongation and furrowing are concerned. Furthermore, despite a much longer generation time, division in the mutant lasts about the same time (about 20 minutes) as in wild type (although sometimes with a delay in the final separation of the daughter cells) so that stage-by-stage comparison of dividing cells in mutant and wild type is possible. With variable expression from cell to cell, alterations in both the spatiotemporal progression of morphogenetic events and in the reorganization of ciliary units were observed.



kin 241



Fig. 3. Regional differentiations in the cortical pattern. Cortical units may contain either one or two basal bodies. As first noted by Sonneborn (1975), the distribution of the two types of units (1-bb vs 2-bb) is regionalized, on the ventral surface, into 3 fields: 1-bb unit only (crosses); 2-bb units only (dots); mixed 1-bb and 2-bb units (blank), as shown on the left for the wild type (redrawn from Fig. 6 of Iftode et al., 1989). In kin241, the regionalization is preserved but the contours and relative extension of the fields are modified.



(A) Alterations in the spatiotemporal map of cortical morphogenesis For the sake of clarity, a schematic overview of the early progression of the wave of cortical reorganization in wild type and mutant is presented in Fig. 8. Basal body proliferation starts, as in wild type, in the left and right vestibular rows and along an equatorial belt over 4-5 cus posterior to the fission line. Slightly later, the cytospindle appears over the same regions and will progress first as discontinuous patches throughout



Fig. 4. Visualization of ciliary rootlets (kinetodesmal fibers) in kin241 cells. Cells were immunodecorated either by the anticiliary rootlet antibodies (A, B), or double labelled by the anti-ciliary rootlet and the anti-epiplasm antibodies (C). Ciliary rootlets are nucleated on basal bodies and normally point to the right and anterior of the cell, while in inverted rows (IR) they point toward the left and posterior. A and B are the ventral and dorsal sides of the same cell. On the ventral side (A), 4 IR are present on the right of the anterior suture (as) and one on its left side (arrows); on the dorsal side (B), 4 IR are also visible (arrows). Small arrows point to the major disorders in ciliary rootlet orientation. (C) On another mutant cell, the double staining reveals a patch of disordered cortical units (arrowheads, with one IR posterior to the patch (arrow). The bright zone is due to the oral apparatus (OA) on the hidden side of the cell, x 680; bar, 10 nm.
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Fig. 5. Thin sections through interphase kin241 cells. (A) The ciliary rootlets (cr) are oriented in vanous directions (arrows). The anterior of the cell is on the right hand side of the picture. (B) Ciliary rootlet showing a highly abnormal, forked structure. (C) Cross section through a ciliary axoneme showing additional microtubules (small arrows), bb, basal body; m, mitochondria; tr, tnchocyst tip; A,B x 30000, bar, 0.5 pan, C x 90000; bar, 0.1 pan.



Fig. 6. Visualization of the infracihary lattice in wild-type (A) and kin241 (B) cells. In the mutant, the polygonal meshes of the lattice appear much more irregular both in shape and thickness. The general pattern is particularly altered along the antenor suture (as) and on its right (arrow), cy, cytoproct; OA, oral apparatus, x 680; bar, 10 pan



Development in Paramecium mutant kin241 Wt 3



"E c 5 u



8.



325



kin 241



«



in



A+4



a-



A+2



A+l



Si of £



5.33



3 o -a P >» o E « c a c t •7: 3



n



37



O W



S iif ^



30 6 36



" a.-a c 2E



«S s 3 C ^



^



o



14 A



r3 8gif -H oo



-H vo



•H'



"•5 « c E 3



si«na*



o



-



3



A-4--



-



^



10



o



a.



" u «»E c o E " 2



I +1 oo



G



+1 v



"S 2



E rg C S?



M



00



-I



a c ••- ^ ji g



I



o



o $ ! os y



;oo vil.A



w-j \O



'Is ^



CO •



o



iS



-S -9 £ «



' +! 























des documents recommandant







[image: alt]





Force development during target-directed 

Force development during target-directed isometric force production in Parkinson's disease. Jin-Hoon Parka,âˆ—. , George E. Stelmachb a Department of Physical ...










 


[image: alt]





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.










 


[image: alt]





Development of the minimal advanced treatments of surface 

interception evaporation from canopy and the transpiration on the basis of photosynthesis are treated. ... water equivalent (SWE), and the snow temperature is calculated by a thermal conduction equation. ... rate when snow mass is high, thus the snow










 


[image: alt]





Pattern formation during the drying of a colloidal ... - Hugues Bodiguel 

Depending on the experimental conditions (temperature, humidity, air velocity), ... is measured by camera observation perpendicularly to the glass plates, or in the ... transition is currently under study, and we focus in the following on the ...










 


[image: alt]





Remote sensing of the land surface during the African Monsoon 

interactions, for retrieving the components of continental water cycle and for evaluating ... sense that most rainfall occurs as convective squall lines. Moreover, in ...










 


[image: alt]





Development of land surface albedo parameterization based ... - ASRC 

[1] A new dynamic-statistical parameterization of snow-free land surface ... 3Research Center for Remote Sensing and GIS, School of Geography, ... [5] A complete physical representation of all preceding ... available at http://climate.eas.gatech.edu/










 


[image: alt]





Development of layering during rock deformation - Catherine Noiriel 

Abstract. Natural deformation of rocks is commonly associated with development of mineralogical layering, leading to irreversible transformations of their ...










 


[image: alt]





A pattern system for the development of collaborative applications 

www.elsevier.nl/locate/infsof. * Corresponding author. E-mail addresses: ..... offer a list of application repositories, to check if an object is available within the ...










 


[image: alt]





An Integrated Development Environment for Pattern ... - CiteSeerX 

As mentioned in [1], the Eclipse Platform is an Integrated Development Envi- ..... invite the programmer to define specific properties, like compilation options.










 


[image: alt]





Dynamic Pattern Generation in 

58. For review see, forecampk, A. C. Scott, Newuphysic (Wiley-Interscience, Ncw. York, 1977); R. J. MacGregor and E. R. Lewis, Neural Modling (Pknum, New.










 


[image: alt]





Development of land surface albedo parameterization based ... - Houser 

[1] A new dynamic-statistical parameterization of snow-free land surface albedo is developed using ... solar zenith angle, surface soil moisture, fractional vegetation cover, leaf plus stem area index, and ...... to use the following general form of 










 


[image: alt]





Dynamic Pattern Generation in 

information about the emerging spatial structure, its form, size, and ... present context and perhaps for biology in general, is the limit cycle, ... exist (note that Tr -Tr); in the lower right only one fixed point .... speeds has three peaks that r










 


[image: alt]





Pollen distribution in surface sediments of the 

We assigned a single land cover class to each modern pollen site. (Table 1) ..... Google. Earth images covering the period between 2006 and 2017 shows that.










 


[image: alt]





Regulation of surface antigens expression in 

conjugation to identify the phenotype of each F1 clone with the two specific ... deville, 1971) according to the usual techniques (Sonneborn, 1950;. 1970; Beale ...










 


[image: alt]





An Integrated Development Environment for Pattern ... - CiteSeerX 

Tom and ApiGen are two complementary tools which simplify the definition and the manipulation of ... they still lack pow- erful features like expressive pattern matching provided by functional pro- ..... LNCS, pages 110â€“127. Springer-Verlag ...










 


[image: alt]





Rate of decay of specific surface area of snow during isothermal 

C. La croissance de ces faces avec des angles vifs ..... 4.1. Rate of the SSA decrease. The logarithmic equation (2) used to fit the data is purely empirical and is ...










 


[image: alt]





Distribution Pattern of Herbivorous Insects in a Remnant of Brazilian 

interior, (4) a riqueza Ã© maior no interior, seguido de trilha e borda e (5) existe diferenÃ§a na abundÃ¢ncia ... characteristic of mature forest, which are locally extinct in the study area. ..... 5. 2. Cryptocephalinae. 15. 1. 5. 1. Eumolpinae. 21










 


[image: alt]





Self-organization of early vocal development in 

Jan 16, 2014 - We bridge the gap between two issues in infant development: vocal development and intrinsic motivation. We propose and experimentally test ...










 


[image: alt]





Development of Smooth Pursuit Tracking in Young 

the tracking of a moving target improve over the studied age range and what is the relative contribution of head movements, smooth pursuit eye movements, and ...










 


[image: alt]





Dynamic Pattern Generation in - Research 

principles ofneural and behavioral function remain few (3, 4). The time may be ripe, therefore .... information about the emerging spatial structure, its form, size, and so forth]. ... present context and perhaps for biology in general, is the limit 










 


[image: alt]





Comparative Analysis of Sabbath School in Inter American Division ... 

Rarementâ€“ Quelquefoisâ€“ Souventâ€“ TrÃ¨s souventâ€“ Totalâ€“ Weighted Averageâ€“. Le moniteur de ma classe sait diriger la lecture de la Bible durant les discussions.










 


[image: alt]





Pattern of alternating laterality 

alternating laterality. â€œthe double wheelâ€�. â€œcircles with the armsâ€�. â€œbrushingâ€�. â€œropeâ€�. â€œsending a waveâ€�. â€œswings and startsâ€�. â€œfir tree branchâ€�. â€œVâ€� â€œWâ€� â€œsparrowsâ€�. 99.










 


[image: alt]





Uncoupling of basal body duplication and cell division in ... .fr 

1988), or in Drosophila eggs whose nuclear divisions are blocked by ... We describe here a monogenic nuclear ... signal for constitutive basal body duplication.










 


[image: alt]





ethnic marketing essential source of development in the field of 

15 http://www.scribd.com/doc/13143761/Le-Marketing-Ethnique. 16 According to studies by ak-a , research institute specializing in Afro-French. 17 Beauty's ...










 














×
Report Development of surface pattern during division in





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



