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INTRODUCTION

The capacity to solve the 3D structure of macromolecular complexes in vitro is being a
complete revolution in the field of structural biology. Cryo-EM, Nobel awarded in 2017, is
currently offering rates of discovery that that even surpass traditional approaches like X-
ray Diffraction. Furthermore, and complementing this view, cryo-EM offers the possibility
to analyse macromolecular structures in situ, inside the cells, without purification (cryo-
ET). This approach is just emerging, and it is currently being applied to a handful of
specimens only, but, besides structural studies, holds the promise of describing the
molecular organization within the cell (visual proteomics). The success of cryo-EM in
structural determination has mostly been focused in obtaining high resolution structures
of isolated globular proteins or polymers having known regular structures. Consequently,
the structures of most of the complexes cross-linking and decorating cytoskeleton fibers
are still unknown, in situ they are associated to one or several fibers so they cannot be
reconstituted in vitro without these associations.

This project, which started in Oct 2023, proposes to develop a specific protocol for studying
cytoskeleton fiber associated molecular complexes with cryo-EM, which involves sample
preparation, data acquisition and the development of specific software for their analysis.

As test environment to demonstrate the performance of the developed protocol, this
project will target a cytoskeleton complex with big implications for health that has been
elusive so far to standard protocols in cryo-EM. Cardiac ankyrin repeat protein (CARP, also
termed Ankrd1/MARP1), which confers protection to striated muscle tissue against
mechanical overload.

THE PROTOCOL

Sample preparation

Image acquisition

Somples will then be taken to Cologne
(StruBiTEM facility, which includes a fully
automated Thermo Fisher Titan Krios electron
microscope) to be screened for optimal
vitrification conditions using a3 semi-
automated workflow that generates multiple
smoall datasets to allow for a quantitative
comparison of vitrification and sample
conditions. For suitable samples, one or more
high-resolution datasets will be acquired,
using real-time data analysis to ensure
optimal signal transfer during data
acquisition.

Fig 2: The high-end cryo-EM microscope at
StruBIiTEM facility.

Software development

In Murcia, the current software for particle picking will be extended to optimize fiber
associated complexes, which have particular properties when imaged by the microscope. A
U-Net (deep neuronal network) will be adapted to trace the fibers in the 2D images. A
second network will be used afterwards to detect the complexes on the traced fiber and
recover some prior knowledge of the orientation on basis of the tangent vector of their
associated filament, the last information can be useful in further steps to address the
problem of preferred orientations. These machine learning models will be trained from
some manually annotated images.

3D electron density map calculation

The state-of-the-art workflow for ab-initio reconstruction of the 3D density model will be
applied to the collected micrographs. The flexibility and heterogeneity of the reconstructed
complex will be analysed by 3D structural classification and using their representation on
latent spaces.

These motions will be compared to predictions obtained using the normal modes of coarse-
grained models, motions occurring along low-frequency modes being the more likely, as

The components of the complex will be produced using recombinant protein overexpression
in E. coli and purified by standard methods established in the Fleming/Mayans |ab. Native
alpha-actin extracted from rabbit psoas muscle will be polymerised and complexed to CARP

demonstrated in Nantes.

and titin-N2A and the assembly confirmed using actin co-sedimentation and validated for Molecular fittin g, mo del buildin g
the appropriate density of complex formation along the actin polymer using negative stain
transmission electron microscopy at the Konstanz Microscopy Facility. The suitable electron density maps produced will be fitted to the corresponding atomic

models, as afterwards they will be analysed and interpreted. For this, Chimera UCSF, COOT
and PHENIX software will be employed, Konstanz’s lab is highly experienced with this
software, which is routinely employed for the same task of model construction and
electron density map interpretation in X-ray crystallography, their core expertise.
Predicted domain motions of coarse-grained models will also be used in Nantes, so as to
better adjust the model into the cryo-EM density map.

EXPECTED RESULTS

The project will achieve the synergy of several labs dedicated to the solution of
cytoskeletal complexes. This will be the first collaborative project within EUniWell alliance
involving all steps of the Cryo-EM workflow, ranging sample preparation to analyse
molecular structures. Although Cryo-EM is very sophisticated and expensive, this
technique is currently the state-of-the-art for structural studies, this project will
demonstrate that it is possible to carry out such studies of challenging samples of
biomedical significance completely within the EUniWell alliance.

Fig 1: Initial TEM data (Fleming/Mayans) A: Polymerized a-actin filaments; B. a-actin

filaments bound to titin-N2A and CARP samples; C. Zoom in on the CARP/titin-N2A/actin The methods developed herein will lay the groundwork for the solution of challenging
assemblies; D. Molecular interpretation of the assemblies. Molecular dimensions suggest complexes. In particular the case study complex is of high medical significance due to its
that the assemblies consist of 4 subunits at each actin locus. involvement in stiffening sarcomeres under stress conditions.
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