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deposited in the Electron Microscopy Data Bank (EMDB) under ID accession codes EMD-13864 [https://www.ebi.ac.uk/emdb/EMD-13864], EMD-13863 [https://
www.ebi.ac.uk/emdb/EMD-13863] and EMD-13865 [https://www.ebi.ac.uk/emdb/EMD-13865], respectively. The corresponding atomic models generated in this
study have been deposited in the Protein Data Bank (PDB) under accession codes 7Q8C [http://doi.org/10.2210/pdb7Q8C/pdb], 7Q8B [http://doi.org/10.2210/
pdb7Q8B/pdb] and 7Q8S [http://doi.org/10.2210/pdb7Q8S/pdb], respectively. The coordinates corresponding to the muscle actin filament structures, cofilin-
decorated actin filament structure, yeast cofilin and malaria actin filament structure shown in this article are available from PDB under accession codes 6DJO
[http://doi.org/10.2210/pdb6DJO/pdb], 6DJN [http://doi.org/10.2210/pdb6DJN/pdb], 5YU8 [http://doi.org/10.2210/pdb5YU8/pdb], 1QPV [http://doi.org/10.2210/
pdb1qpv/pdb] and 6TU4 [http://doi.org/10.2210/pdb6TU4/pdb], respectively. The sequence data used in this study was obtained from Uniprot and the accession
codes are described in Source Data file. Source data for the biochemical experiments using TIRFM data are provided in Source Data File. Other data are available
from the corresponding author upon reasonable request.

Actual sample size calculation does not apply to any experiments carried out in this study. However, for all biochemical assays sufficient
amount of data were collected for statistical analysis. More specifically, when the measure over a single experiment is obtained as an average,
for example the polymerization rate, we analyzed approximately 20 filaments per experiment. All filaments were exposed to same solution
and thus polymerize at the same rate. When the measure over a single experiment was obtained from a fit, for example severing, the fit was
performed over approximately 50 filaments. The reason is that only one event occurs per filaments - unlike polymerization where hundreds of
binding events occur per filament. When comparing two conditions, e.g. LmActin vs RbActin, the experiment was repeated at least 3 times, on
at least 2 different days. When looking at the impact of a continuous variable, e.g. cofilin and Twf concentration, the experiment was repeated
at least 5 times over a range of concentrations.

In the TIRF microscopy experiments determining actin filament dynamics, the filaments that would stick to the surface or exhibited photo-
induced pauses were excluded from the analysis of different experiments (ref: Niedermayer et al 2012, PNAS). In cryoEM data analysis,
micrographs that were poorly aligned, or with poor CTF assessment, or contained major dirt or contaminants were excluded. Filaments were
manually picked from central parts of the filament (excluding broken, bent, overlapped or ends of the filaments) to train automated picking
for ADP-Pi sample. For ADP-actin and cofilin-decorated sample, actin filaments were manually picked as described for ADP-Pi sample. In the
preceding 2D and 3D classification steps, only the 'particles' producing sharp classes were included in further analysis.

We show all data from different experiments in the data plots presented in the figures. The figures are coloured to describe the data from
different experiments.

In TIRF experiments, the filaments were picked randomly on the first frames to avoid bias. For structural biology (cryoEM), randomization is
not relevant due to the type of obtained data.

Investigators were not blinded for any of the analyses. This was not possible since data collection and analysis was performed by the same
investigator.




