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            Abstract
The atomic structure of tubulin in a polymerized, straight protofilament is clearly distinct from that in a curved conformation bound to a cellular depolymerizer. The nucleotide contents are identical, and in both cases the conformation of the GTP-containing, intra-dimer interface is indistinguishable from the GDP-containing, inter-dimer contact. Here we present two structures corresponding to the start and end points in the microtubule polymerization and hydrolysis cycles that illustrate the consequences of nucleotide state on longitudinal and lateral assembly. In the absence of depolymerizers, GDP-bound tubulin shows distinctive intra-dimer and inter-dimer interactions and thus distinguishes the GTP and GDP interfaces. A cold-stable tubulin polymer with the non-hydrolysable GTP analogue GMPCPP, containing semi-conserved lateral interactions, supports a model in which the straightening of longitudinal interfaces happens sequentially, starting with a conformational change after GTP binding that straightens the dimer enough for the formation of lateral contacts into a non-tubular intermediate. Closure into a microtubule does not require GTP hydrolysis.
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                    Figure 1: 
                        Cryo-EM reconstruction of double-layered tubes of GDP-bound tubulin and docking of crystallographic models.
                      [image: ]


Figure 2: 
                        Intra-dimer and inter-dimer bends in different tubulin polymers.
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Figure 3: 
                        Cryo-EM reconstruction of GMPCPP-tubulin tubes and docking of the crystallographic model.
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Figure 4: 
                        GMPCPP tubes: comparison with and conversion into microtubules.
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