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Identification of proteins binding the native tubulin dimer

Microtubules play an essential role in eukaryotic cells, where they perform a wide variety of functions.

In this paper, we describe the characterization of proteins associated to tubulin dimer in its native form, using affinity chromatography and mass spectrometry. We used an immunoaffinity column with coupled-monoclonal antibody directed against the α-tubulin C-terminus. Tubulin was first loaded onto the column, then interphase and mitotic cell lysates were chromatographed. Tubulin-binding proteins were eluted using a peptide mimicking the α-tubulin C-terminus. Elution fractions were analyzed by SDS-PAGE, and a total of 14 proteins were identified with high confidence by mass spectrometry. These proteins could be grouped in 4 classes: known tubulin binding proteins, one microtubule associated protein, heat shock proteins and proteins that were not shown previously to bind tubulin dimer or microtubules. 06/05/2009 06/05/2009 proteomics. These columns were used to analyse a variety of cell extracts. We found a limited number of new tubulin-interacting proteins.

Introduction

Microtubules are hollow cylindrical aggregates, present in the cytoplasm of eukaryotic cells.

Microtubules are used by cells for many purposes, being vitally involved in cell motility and division, in organelle transport, and in cell morphology and organization. Microtubule dynamics are regulated by many proteins, whose list has been growing over the past years [START_REF] Valiron | Microtubule dynamics[END_REF]. Most of them regulate microtubule dynamics by direct binding onto microtubules.

However some tubulin-binding proteins bind preferentially to free tubulin dimers compared to polymerized tubulin. Three of them, stathmin, MINUS and cofactor D inhibit microtubule assembly.

Stathmin forms a complex with two tubulin dimers [START_REF] Jourdain | Stathmin: a tubulin-sequestering protein which forms a ternary T2S complex with two tubulin molecules[END_REF] in an interaction that is weakened upon stathmin phosphorylation [START_REF] Steinmetz | Phosphorylation dirupts the central helix in Op18/stathmin and suppresses binding to tubulin[END_REF]. Stathmin inhibits microtubule polymerization in vitro by sequestering tubulin [START_REF] Jourdain | Stathmin: a tubulin-sequestering protein which forms a ternary T2S complex with two tubulin molecules[END_REF]. MINUS is a 4.7 kDa polypeptide which inhibits in vitro and in vivo microtubule nucleation and is inactivated by dephosphorylation [START_REF] Fanara | Identification of MINUS, a small polypeptide that functions as a microtubule nucleation suppressor[END_REF]. Tubulin-folding cofactor D participates in tubulin heterodimer formation through a step involving the hydrolysis of GTP on β-tubulin [START_REF] Tian | Tubulin subunits exist in an activated conformational state generated and maintained by proteins cofactors[END_REF]. This latter reaction is implicated in the regulation of microtubule dynamics by modulating the availability of GTP-bound heterodimers [START_REF] Tian | Tubulin folding cofactors as GTPase-activating proteins. GTP hydrolysis and the assembly of the alpha/beta-tubulin heterodimer[END_REF]. Accordingly, the overexpression of cofactor D leads to a complete disassembly of microtubules [START_REF] Bhamidipati | ADP ribosylation factor-like protein 2 (Arl2) regulates the interaction of tubulin-folding cofactor D with native tubulin[END_REF].

The protein EB1 is localized at the distal tips of microtubules and promotes microtubule polymerization in vertebrate cells [START_REF] Tirnauer | EB1 proteins regulate microtubule dynamics, cell polarity, and chromosome stability[END_REF]. It has been suggested that it could also stimulate in vitro microtubule assembly [START_REF] Ligon | The microtubule plus-end proteins EB1 and dynactin have differential effects on microtubule polymerization[END_REF], and it has been described as a protein that binds directly to tubulin dimers [START_REF] Schwartz | BIM1 encodes a microtubule-binding protein in yeast[END_REF][START_REF] Juwana | EB/RP gene family encodes tubulin binding proteins[END_REF]. CRMP-2 is expressed in the developing nervous system, and is crucial for establishing and maintaining neuronal polarity. Cypin, a guanine deaminase, regulates dendrite patterning. Both proteins share a region of homology to CRMP that binds directly to tubulin heterodimers, and both promote microtubule assembly [START_REF] Fukata | CRMP-2 binds to tubulin heterodimers to promote microtubule assembly[END_REF][START_REF] Akum | Cypin regulates dendrite patterning in hippocampal neurons by promoting microtubule assembly[END_REF].

Here we have tested whether the known tubulin-dimer binding proteins represented a small proportion of a large group, and whether many other proteins could be identified using systematic approaches. To do this we used chromatography columns containing native tubulin dimers and 06/05/2009

Materials and Methods

Preparation of tubulin

Tubulin purification from bovine brain and preparation of GTP-tubulin complexes was performed as described [START_REF] Caudron | A reassessment of the factors affecting microtubule assembly and disassembly in vitro[END_REF]. To obtain GDP-tubulin, microtubules were assembled at 37°C during 20 min from pure tubulin (100 µM) in the presence of 1 mM GTP in a PEM buffer (100 mM Pipes, 1 mM EGTA, 1 mM MgCl 2 ) with 5 mM MgCl 2 and 30% glycerol. Then microtubules were centrifuged at 100,000 g during 45 min at 37°C, v:v on a cushion containing PEM buffer with 60% glycerol. GDP-tubulin dimers were obtained after dilution of the microtubule pellet in PEM buffer at 4°C.

Immunoaffinity column

A modification of an immunoadsorption procedure described in [START_REF] Paturle | Complete separation of tyrosinated, detyrosinated, and nontyrosinatable brain tubulin subpopulations using affinity chromatography[END_REF] was used to isolate proteins binding to tubulin dimer. The immunoadsorbent gel was prepared by covalently coupling the rat monoclonal antibody YL1/2 [START_REF] Wehland | A rat monoclonal antibody reacting specifically with the tyrosinated form of alpha-tubulin. I. Biochemical characterization, effects on microtubule polymerization in vitro, and microtubule polymerization and organization in vivo[END_REF]. This antibody reacts specifically with the carboxy-terminus of tyrosinated α-tubulin. Pure tubulin was maximally tyrosinated [START_REF] Paturle | Complete separation of tyrosinated, detyrosinated, and nontyrosinatable brain tubulin subpopulations using affinity chromatography[END_REF] and was loaded onto the column of immobilized YL1/2 antibody. We routinely load 4 mg of maximally tyrosinated tubulin onto a 300 µl column. After 10 min, the column was washed with 20 volumes of PEM buffer containing 0.1 M NaCl to eliminate non tyrosinatable tubulin, followed by 5 volumes of PEM buffer. Then cell extracts (600 µl at 20-25 mg/ml) were loaded onto the column and let in contact with the gel for 15 min. The column was then extensively washed with 40 volumes of PEM buffer. Proteins adsorbed on YL1/2 antibody were eluted with 10 volumes of PEM buffer containing a competing peptide (74 µM; named V12 peptide) which sequence matches the 12 carboxy-terminal amino-acids of tyrosinated tubulin.

Eluted fractions (300 µl each) were collected and analyzed on sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Finally, protein bands from the most concentrated fraction (generally the third fraction) were excised from the gel and identified by mass spectrometry. To ascertain the absence of polymerized tubulin in samples, we performed all steps of chromatography at 4°C.
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Preparation of cell extracts

HeLa cell extracts: HeLa S3 cells were grown in suspension cultures. Cell suspension was centrifuged at 325g during 5 min at 20°C. The pellet was washed in PBS, lysed in 1 ml of cold lysis buffer (PEM buffer containing 0.5% Triton X-100 and protease inhibitors as above) for 10 8 cells. After 15 min incubation on ice with stirring, lysed cells were centrifuged at 4°C during 20 min at 200,000g.

Supernatant was collected and samples were stored in liquid nitrogen.

HeLa cells synchronization: HeLa S3 were synchronised in M phase by a 19 hr-treatment with 0.3µM nocodazole. Synchronisation was controlled by flow cytometry analysis.

Microtubules and associated proteins were removed from cell extracts. For this, microtubules were assembled in cell extracts at 35°C during 30 min in the presence of PEM buffer containing Paclitaxel (20 µM), MgCl 2 (5mM) and GTP (1mM). Then, microtubules were centrifuged at 20°C during 45 min at 55,000g. Microtubule free supernatant was collected and stored in liquid nitrogen.

Mass spectrometry and protein identification

Tubulin-associated proteins were resolved by one-dimensional polyacrylamide gel electrophoresis and stained with Coomassie. Discrete bands were excised from the Coomassie blue-stained gel. The in-gel digestion was carried out as previously described [START_REF] Ferro | Proteomics of the chloroplast envelope membranes from Arabidopsis thaliana[END_REF]. Gel pieces were then extracted with 5% [v/v] formic acid solution and acetonitrile. After drying tryptic peptides were resuspended in 0.5% aqueous trifluoroacetic acid. The samples were injected into a LC-Packings (Dionex) nanoLC (nanoflow liquid chromatography) system and first preconcentrated on a 300 µm X 5 mm PepMap C18 precolumn. The peptides were then eluted onto a C18 column (75 µm X 150 mm). The chromatographic separation used a gradient from solution A (5% acetonitrile: 95% water: 0.1% formic acid) to solution B (5% water : 95% acetonitrile : 0.1% formic acid) over 60 min at a flow rate of 200 nl/min. The LC system was directly coupled to a QTOF Ultima mass spectrometer (Waters). MS/MS (tandem mass spectrometry) data were acquired and processed automatically using MassLynx 3.5 software. Database searching was carried out using the MASCOT For proteins identified by only 1 peptide having a score higher than 40, the peptide sequence was checked manually. Peptides, with scores higher than 20 and lower than 40, were systematically checked and/or interpreted manually to confirm or cancel the MASCOT suggestion.

Density gradient fractionation

Sucrose gradients were centrifuged at 80,000g for 16 hrs or 32 hrs at 4°C. Fractions (200 µl) were collected manually from the top of the tube and analyzed on SDS-PAGE.

Materials

HSC70 protein was a generous gift from Dr M. Ladjimi. Construct of EB1 protein with histidin tag was a generous gift of Drs S. Rybina and E. Karsenti. The monoclonal tubulin antibody YL1/2 was a generous gift of Dr. J.V. Kilmartin.
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Results

Isolation of tubulin dimer associated proteins

Tubulin affinity chromatography was used to purify tubulin dimer binding proteins from cell and brain extracts. The protocol is schematically depicted on Fig. 1.

We used a competing peptide (V12 peptide) to elute proteins absorbed onto the affinity column. We verified that this modified procedure allowed a good recovery of tubulin. For this, 8 mg of tubulin were loaded onto 600 µl-column coupled to YL1/2 antibody. After washings, the column was eluted by V12 peptide. Microtubule assembly from eluted tubulin (elution fraction 3, 9.5 µM) demonstrated that tubulin was not denatured by chromatography process (Fig. 2).

We used different experimental conditions for the characterization of the tubulin dimer binding proteome, modifying either the tubulin bound to the column or the cellular extract loaded onto the column.

It is believed that tubulin can exist in two distinctive conformations, a GTP conformation and a GDP conformation [START_REF] Nogales | Tubulin rings: which way do they curve ?[END_REF]. Tubulin with the GTP conformation assembles into microtubules. The GTP hydrolysis occurs upon assembly, which gives rise after microtubule disassembly to GDP-tubulin complexes unable to polymerize. Both tubulin complexes could bind different sets of proteins in the cell cytoplasm. In an attempt to identify such different proteins, tubulin either in the GTP conformation (named GTP-tubulin) or in the GDP conformation (named GDP-tubulin) was loaded on the chromatography column (Fig. 1, step 2).

HeLa cell lysates, interphasic or blocked in G2/M phase were assayed for their content of tubulin binding proteins (Fig. 1, step 3). Proteins associated to microtubules and not to soluble tubulin were removed before chromatographic procedure. This was obtained by an initial assembly of tubulin present in the extracts, followed by a sedimentation of the microtubules by ultracentrifugation. The supernatant, free of microtubules and of microtubule associated proteins, was then loaded onto the column. Cell lysates were loaded onto several tubulin-YL1/2 columns.

Fig. 3A shows the SDS-PAGE analysis of the fraction eluted after loading of the column with GTP-tubulin then with HeLa cells extracts in which microtubules had been previously removed. This gel was cut in 8 large bands and entirely analyzed in mass spectrometry using LC-MSMS. In addition 06/05/2009 to the normal occurrence of α and βtubulin, fourteen other proteins were identified (Table 1). No significative difference could be detected in the elution profiles obtained after the pre-loading of the column with GDP-tubulin instead of GTP-tubulin (not shown).

Fig. 2B shows the SDS-PAGE analysis of the fraction eluted after loading of the column with HeLa cell extracts synchronized in G2/M phase. Nine major bands were cut and analyzed by LC-MSMS method. Ten proteins could be identified from these bands (Table 1).

The identified tubulin associated proteins can be classed in 4 groups (Table 2): 1) proteins with previously described tubulin dimer association; 2) TOGp, a protein previously described as MAP;

3) heat shock proteins and co-chaperones, mainly HSP90 and HSP70 protein families; 4) proteins that were not shown previously to bind tubulin dimer or microtubules, detected only in mitotic HeLa cells.

Finally, several proteins found in eluted solutions share the same epitope or have strong homologies with the tyrosinated α-tubulin C-terminus: EB1 (C-terminus: EEY); CaCyBP, Niban-like protein (C-terminus: EF); RNR2 [START_REF] Standart | The small subunit of ribonucleotide reductase is encoded by one of the most abundant translationally regulated maternal RNAs in clam and sea urchin eggs[END_REF]. Probably these proteins have been isolated during our procedure because they directly react with YL1/2 antibody.

2-EB1 does not bind tubulin dimer

We tested the direct binding of EB1 to YL1/2 antibody. For this, 100 µl of a solution containing EB1 at 80 µM was load onto YL1/2 coupled column. After washings, the column was eluted and EB1 was found elution fractions (not shown).

EB1 belongs to a protein family involved in the regulation of microtubule dynamics [START_REF] Tirnauer | EB1-microtubule interactions in xenopus egg extracts: role of EB1 in microtubule stabilization and mechanisms of targeting to microtubules[END_REF].

There is some experimental evidence that EB1 binds tubulin [START_REF] Juwana | EB/RP gene family encodes tubulin binding proteins[END_REF], thus it was possible that the interaction of EB1 with YL1/2 antibody hid its association with tubulin.

We used sucrose gradient centrifugation to test whether EB1 directly binds to the tubulin dimer. To do this, we used native GTP-tubulin and an EB1 construct containing an histidin tag in Nterminus. This construct had been previously tested and the protein remained active with the histidin tag (A. Popov, personal communication). GTP-tubulin was loaded at the top of a sucrose gradient. In case of a weak interaction between the 2 proteins, it could be hypothesized that the complex could dissociate during sedimentation. To prevent this dissociation, EB1 was included in the whole gradient 06/05/2009 before centrifugation. Fig. 4 shows that whether EB1 was present or not, tubulin sedimented at the same level. We tested if the GTP versus GDP-tubulin status could influence EB1 binding. We thus deposite GDP-tubulin at the top of the gradient and sedimented with EB1 in similar conditions. No modification of the sedimentation behavior of tubulin was observed (not shown).

We conclude that there is no association between EB1 and tubulin dimer.

3-HSC70 does not bind native tubulin dimers

Several studies have indicated a possible interaction between 70 kDa-heat shock protein family and microtubule dynamics [START_REF] Liang | Molecular chaperones and the cytoskeleton[END_REF][START_REF] Oka | Loss of Hsp70-Hsp40 chaperone activity causes abnormal nuclear distribution and aberrant microtubule formation in M-phase of Saccharomyces cerevisiae[END_REF]. As we found HSC70 in the eluted fractions from both HeLa and rat brain extracts (Fig. 3, Table 1), we tested the direct interaction of HSC70 with tubulin dimer using a sedimentation assay. In control experiment, GTP-tubulin or HSC70 were loaded at the top of a separate continuous 5-20% sucrose gradients and centrifuged. Tubulin peak was found in fraction 12 (Fig. 5A) and HSC70 peak in fraction 9 (Fig. 5B). Then we tested if HSC70 and tubulin could cosediment by loading both of them on the top of the gel (Fig. 5C). We found no difference in HSP70 sedimentation whether the protein was centrifuged alone, or with tubulin (Fig. 5D), demonstrating that there was no detectable stable association between tubulin and HSC70. In another experiment, HSC70 was loaded in the whole gradient before centrifugation. No shift was observed in tubulin peak after centrifugation (not shown). The use of GDP-tubulin instead of GTP-tubulin did not modify these results.

HSC70 binds tightly to ATP and ADP. The nucleotide is bound to the N-terminal domain of HSC70 and used to drive conformational changes in the C-terminal peptide binding domain that alters its affinity for substrates [START_REF] Benaroudj | Effect of nucleotides, peptides, and unfolded proteins on the self-association of the molecular chaperone HSC70[END_REF]. In order to test a potential interaction of both nucleotide-bound forms of HSC70 with tubulin, ATP (0.5 mM) or ADP (0.5 mM) were added to the gradient before centrifugation. HSC70 and tubulin peak did not move after centrifugation (not shown).

These results show that, under these conditions, we could not detect any association between HSC70 and native tubulin dimer.

The possible association of HSC70 with microtubules was also investigated. To do this, tubulin (10µM) was assembled in the presence of HSC70 (50µM) in a microtubule stabilizing buffer 06/05/2009 containing PEM buffer with taxol (2mM), glycerol (20%), MgCl 2 (5mM), GTP (1mM) and ATP (1mM), during 30 min. Then microtubules were centrifuged at 100000g during 1 hr at 30°C. Supernatant and pellet were collected and analyzed on SDS-PAGE. Fig. 5D shows that HSC70 was found in the supernatant in the absence or in the presence of microtubules, demonstrating that there was no association between HSC70 and microtubules.
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Discussion

In this study, we identified tubulin heterodimer-binding proteins, using an affinity chromatography method followed by mass spectrometry detection.

Our method allowed keeping tubulin in its native form. Indeed, tubulin eluted using the above conditions remained functional and could assemble into microtubules in standard conditions. The Cterminus of α-tubulin bound YL1/2 in the chromatography column. Therefore, proteins associated with this part of tubulin dimer, like CLIP170 [START_REF] Badin-Larçon | Suppression of nuclear oscillations in Saccharomyces cerevisiae expressing Glu tubulin[END_REF], were excluded from our screening.

Surprisingly, a limited number of proteins binding to tubulin heterodimer was identified. It could be possible that tubulin binding proteins identification was not totally exhaustive, because some proteins were more represented than others in cell extracts. Actually, tubulin was highly represented because of the chromatography procedure itself. Many isoforms of heat shock proteins were also identified in extracts. Although we used a method allowing detection of several proteins in one single band, it cannot be excluded that proteins in very low concentration would not be detected.

Several detected proteins bound directly YL1/2 antibody through their C-terminal part, as did α-tubulin. We do not know at this step whether this similarity is purely coincidental or has functional significance.

Among these proteins, EB1 is an end-binding protein that regulates microtubule dynamics [START_REF] Tirnauer | EB1 proteins regulate microtubule dynamics, cell polarity, and chromosome stability[END_REF].

We did not detect EB1-tubulin interaction using sucrose gradient centrifugation, contrary to previous results [START_REF] Juwana | EB/RP gene family encodes tubulin binding proteins[END_REF] using co-immunoprecipitation assay with EB1 and tubulin. Although the reason of this discrepancies could come from experimental differences, our result indicates that either tubulin-EB1

binding is weak and transitory, or it is indirect.

Numerous heat shock proteins and co-chaperones were also identified among eluted proteins in all our experiments. The 2 major protein bands corresponded to HSP90 and HSP/HSC70. It has been shown that HSP90 inhibits in vitro microtubule assembly [START_REF] Garnier | Heat-shock protein 90 (hsp90) binds in vitro to tubulin dimer and inhibits microtubule formation[END_REF]. Several studies have described a colocalization of HSP/HSC70 with microtubules, and suggested a direct effect of these proteins on microtubule dynamics, although the matter is still debated (for a review, see [START_REF] Liang | Molecular chaperones and the cytoskeleton[END_REF]). However, we show using sedimentation assay that there is no direct association between HSC70 and tubulin dimer or microtubules. This is not in accordance with previous published results showing binding between 06/05/2009 HSP70 and microtubules [START_REF] Sanchez | Binding of heat-shock protein 70 (hsp70) to tubulin[END_REF]. A possible explanation of such a discrepancy is that HSC70 and HSP70

do not interact similarly with tubulin.

The presence of HSC70 in eluted fractions after chromatography process could have several explanations. If some tubulin molecules adsorbed on the column were degraded, HSC70 could function as a chaperone and bind degraded molecules. However, we checked that assembly properties of tubulin were not altered after elution, showing that there was no detectable tubulin degradation (Fig. 2). Alternatively, HSC70 could bind tubulin indirectly, through multiprotein complex with cochaperones, several of them being detected in eluted fractions. Two other proteins associated to HSC70 were also found after elution, stathmin and clathrin (Table 2). Stathmin protein forms a complex with tubulin [START_REF] Gigant | The 4 A X-ray structure of a tubulin:stathmin-like domain complex[END_REF] and stimulates microtubule disassembly [START_REF] Belmont | Catastrophic revelations about Op18/stathmin[END_REF]. The interaction between stathmin and HSC70 has been shown using immunoprecipitation in PC12 cells [START_REF] Manceau | Stathmin interaction with HSC70 family proteins[END_REF]. HSC70 is involved in multiprotein complexes associated in the uncoating of clathrin-coated vesicles [START_REF] Ungewickell | Role of auxilin in uncoated clathrin-coated vesicles[END_REF].

In addition to clathrin, four other proteins found in fractions eluted after mitotic cells loading have not been described as tubulin binding protein or microtubule associated protein. They were APC2, importin α and β, and LRP130 (Table 1). Interestingly, the 3 first proteins have been shown to be implicated in mitotic spindle control. APC2 is a member of the Anaphase-Promoting Complex (APC), a large ubiquitin-protein ligase complex [START_REF] Harper | The anaphase-promoting complex: it's not just for mitosis any more[END_REF]. The microtubule associated protein Ase and the kinesin motor protein Kip1 have been found to be substrates of APC in budding yeast and play a role in regulating the mitotic spindle [START_REF] Juang | APC-mediated proteolysis of Ase1 and the morphogenesis of the mitotic spindle[END_REF][START_REF] Gordon | Kip1, a kinesin-related motor protein is a substrate for APC-mediated proteolysis[END_REF].

The nuclear import receptors, α and β importins, directly regulate the activities of at least 2 microtubule organizing components during mitosis, TPX2 [START_REF] Schatz | Importin alpha-regulated nucleation of microtubules by TPX2[END_REF] and NuMA [START_REF] Nachury | Importin beta is a mitotic target of the small GTPase Ran in spindle assembly[END_REF] respectively.

LRP-130 is a RNA-binding protein, and its biological function is currently suggested to be implicated in mRNA metabolism in both nucleus and mitochondria [START_REF] Mili | LRP130, a pentatricopeptide motif protein with a noncanonical RNAbinding domain, is bound in vivo to mitochondrial and nuclear RNAs[END_REF]. Proteins that function in translation have been reported to bind to the cytoskeleton. This association could serve as a mechanism to regulate translation rate or to increase efficiency of translation [START_REF] Jansen | RNA-cytoskeletal associations[END_REF].

To our knowledge, this study represents the first systematic identification of proteins binding to tubulin dimer in its native form. Other methods will be required to determine if some of these 06/05/2009 proteins associate directly or indirectly with tubulin dimer by interacting with other proteins, as a component of a protein complex.

Figures Figure 1:

Strategy used to isolate and identify proteins associated to tubulin dimers. YL1/2 antibody was covalently coupled to Sepharose 4B gel (step 1); tubulin dimers (step 2) then cell extracts (step 3)

were loaded onto the column; protein complexes were eluted using V12 peptide solution (step 4), analyzed by SDS-PAGE and identified using mass spectrometry.

Figure 2:

Tyrosinated tubulin were loaded onto Sepharose 4B column coupled to YL1/2 (anti-Tyr-tubulin) antibody and eluted (see text). Microtubule assemblies from eluted tubulin (9.5 µM) and from control tubulin (9.5 µM), at 37°C in PEM buffer with 1mM GTP, followed in a spectrophotometer at 350 nm. (3) Heat shock proteins and co-chaperones HSP90 Localizes to microtubules (for a review on HSP and microtubules see [START_REF] Liang | Molecular chaperones and the cytoskeleton[END_REF]) interphase HSP70/HSC70 Localizes to microtubules [START_REF] Liang | Molecular chaperones and the cytoskeleton[END_REF] interphase HOP HSP70/HSP90 co-chaperone [START_REF] Chen | Interactions of p60, a mediator of progesterone receptor assembly, with heat shock proteins HSP90 and HSP70[END_REF] interphase HSP40 HSP70 co-chaperone [START_REF] Fan | Mechanisms for regulation of Hsp70 function by Hsp40[END_REF] interphase BAG2 HSP70 and HSC70 co-chaperone [START_REF] Takayama | An evolutionary conserved family of Hsp70/Hsc70 molecular chaperone regulators[END_REF] interphase GRP78 Localized in the endoplasmic reticulum, HSP70 family [START_REF] Lee | Mammalian stress response: induction of the glucose-regulated protein family[END_REF] interphase 
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 2 Figure 2: Identification of tubulin associated proteins.
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 3 Figure 3: Sucrose density gradient centrifugation of EB1 and tubulin dimer.
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 4 Figure 4: Sucrose density gradient centrifugation of HSC70 and tubulin dimer
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 4 Proteins not previously described as having tubulin dimer nor microtubule associationClathrin Heavy ChainResponsible of an endocytic pathway[START_REF] Mousavi | Clathrin-dependent endocytosis[END_REF] 

Table 1 : Identification of tubulin associated proteins

 1 

	Number (a) Protein name	Access ion	Theoretical	Number of identified
			number	molecular	peptides (b)
				mass (kDa)	
	1) HeLa cell lysates (interphase, after microtubule removal)			
	1	TOGp	Q14008	225.3	3
	2	HSP90β	P08238	84.5	11
	3	HSP90α	P07900	83	6
	4	Niban-like protein	Q96TA1	82.6	1
	5	GRP78	P11021	72.3	1
	6	HSC70	P11142	70.8	9
	7	HSP70	P08107	70	6
	8	HOP (HSC70/HSP90 Organizing Protein)	P31948	62.5	1
	9	Ribonucleotide small chain reductase (RNR2)	P31350	44.8	5
	10	HSP40	P31689	44.8	1
	11	EB1	Q15691	30	3

Table 2 : Functional categories of tubulin associated proteins

 2 

	Proteins	Localization/Function
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