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Global summary to explain your project(s):

Cusack: Structural analysis of protein-RNA complexes. (1) polymerases of segmented negative RNA
viruses (influenza, La Crosse, salmon anaemia) and their interacting host factors. (2) Pattern
recognition receptors of the innate immune system (RIG-I like helicases, NOD proteins), their
signalling pathways (downstream adapters like RIP2 and ubiquitin ligases like XIAP, TRIM25) and
viral antagonists. (3) Proteins involved in sorting of Pol Il transcripts (CBC, ARS2, PHAX, NELF, nCBP3).

Kowalinski: Structural analysis of protein-RNA complexes in the context of RNA modifications. (1)
Compontents of the trypanosoma brucei RNA editing complex, (2) human and trypanosoma brucei
RNA methyltransferases (3) RNA and DNA deaminases of the APOBEC family.

Marcia: We study the molecular interactions between long non-coding RNAs (IncRNAs) and
epigenetic transcription regulator proteins. Our research aims to identify the recognition motifs that
guide formation of tight complexes between IncRNAs and chromatin remodelling enzymes,
determine the structures of such ribonucleoproteins, and, building on structural insights,
understand the molecular mechanism by which IncRNAs exert their cellular functions.

McCarthy: We study a range of different proteins involved in neuronal development, RNA methyl
transferase, lysophospholipase activities, MAP Kinase signalling networks and their control by
parasites such as Toxoplasma gondii (GRA24), and phosphoryl transfer proteins involved in
metabolism (BPGM). In addition we develop a number of methods for optimised data collection and
analysis of MX and SAXS experiments using standard proteins (Lysozyme, trypsin etc).

Marquez: We develop new approaches in macromolecular crystallography, including the
CrystalDirect technology for automated crystal mounting soaking and cryo-cooling. We apply these
technologies to study proteins involved in biotechnologically relevant processes, as well as to the
development of inhibitors through X-ray based small-molecule screening including i) development
of inhibitors against the Human Pirin redox sensor involved in the regulation of cancer cell
metabolism i) Characterization of PDE-delta small molecule inhibitors as potential modulator of k-
Ras signaling

Jamin: Structural characterization of proteins and protein-protein complexes involved in viral
replication and in virus host interactions. (1) Transcription/replication machines of Rhabdoviridae
and Paramyxoviridae. (2) Structure and function of non-structural proteins. (3) Interference with
essential protein-protein interactions.

Palencia: We study novel drug targets involved in infectious human diseases. A major focus of our
research is leucyl-tRNA synthetases (LeuRS) from microbial pathogens; and proteins involved in
cleavage and polyadenylation of pre-mRNAs such as CPSF3 and polyadenosine polymerase (PAP).




Burmeister: We work on the DNA polymerase holoenzyme of vaccinia virus composed of E9, A20
and D4. One objective is the analysis of complex-disrupting inhibitors (small molecules and
optimized peptides) in complex with D4. A side project was the structure of the complex between
adenovirus Ad3 fibre heads and the desmoglein receptor.

Crépin: Structural analysis of protein- and RNA-protein complexes involved in viral replication. (1)
nucleoproteins, (2) human splicing RED-SMU1 complex and (3) nuclear cargos involved in influenza
replication, (4) proteins that form the replication machinery of Borna disease virus.

Results obtained since the last biannual review:

- several crystal structures of influenza B with capped RNA primer and incoming NTPs with

- several crystal structures of RIP2 kinase with inhibitors

- Crystal structures of Autotaxin in complex with several novel inhibitors.

- Structure of a variant of the vesicular stomatitis virus phosphoprotein.

- Structure of the complex between human dynein light chain 8 and the rabies virus phosphoprotein.
- Structure of full-length Nipah virus phosphoprotein

- Crystal structures of Cryptosporidium hominii PAP.

- Crystal structures of Ecoli LeuRS mutants in complex with cognate tRNA-leu.

- Crystal structure of Ecoli LeuRS in complex with tRNA and post-transfer editing analogue of
norvaline.

- Phased and solved a structure of a component of the trypanosoma brucei RNA editing complex at
ID30B by native SAD.

- SAXS structure of Nuc

- SAXS structures of MEG3

- SAXS structures of C1CAN in Nuc-free forms

- SAXS structure of RNA-bound SCML

- SAXS structures of C1VAR in Nuc-bound forms

- crystal structures of C1VAR and C1CAN

- crystal structures of MEG3

- Structure of the adenovirus Ad3 fibre head/desmoglein complex.

- Crystal structures of the oligomerization domain of Borna disease virus phosphoprotein

- Multiple Crystal structures of Pirin in complex with different inhibitors.

- 5 structures of SerPIN proteins from gut microbiota.

- Multiple structures of PDEdelta in complex with small molecule compounds

- Developed a method based on the CrystalDirect technology for the analysis of membrane protein
crystals grown in LCP through Serial synchrotron Crystallography (SSX)

-Crystal structure of DH domain of SpNOX




Structure still in progress since the last biannual review:

- New crystal form of influenza A polymerase with capped RNA primer diffracting to 1.95A
resolution

- Crystal structure of P38 in complex with inhibitors and parasite derived peptide fragments.
- Crystal structure of ERK1 in complex with parasite derived peptide fragments.

- Crystal structure of JNKal in complex with parasite derived peptide fragments.

- structure of the nucleoprotein-phosphoprotein complex of rabies virus

- structure of the C protein of tupaia virus

- structures of X domain of Nipah virus

- Crystal structures of PAP in complex with small molecule compounds.

- Structure of a monomeric form of vaccinia virus D4

- structure of the nucleoprotein of Wuhan Asiatic toad-Influenza virus.

- Structure of full-length SpNOX
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Beamline performance (your opinion on beamlines and/or the improvements you will need):

The beamlines performed extremely well. We have obtained excellent results by using the crystal
direct technology to prepare crystals for diffraction experiments at ESRF. We recommend
CrystalDirect technology to be introduced as a constitutive component of the beamlines. ID30B
was used for native phasing (S-SAD) it would be nice to establish a ready-to-run protocol for this.
We are extremely grateful for the generous support of ESRF and EMBL colleagues.

RESEARCH Highlights

See research highlights below




RESEARCH Highlights

Crystal structure of METTL16, an RNA m°A writer that is essential for mouse embryonic
development

Mendel, M., Chen, K-M., Homolka, D., Gos, P., Pandey, R. R., McCarthy, A. A,, Pillai, R. S. Methylation
of structured RNA by the m®A writer METTL16 is essential for mouse embryonic development. (2018)
Mol. Cell 71, 986-1000.

RNA N°-methyladenosine (mfA) modifications are highly conserved and widely used for gene
expression control. While the METTL3/METTL14 heterodimer adds this mark to thousands of single-
stranded transcripts, the substrate requirements and exact physiological roles of the second m°A
writer METTL16 remains elusive. Here we present the crystal structure of human METTL16 at 2.5 A
resolution. The structure reveals a SAM methyltransferase domain furnished by an additional N-
terminal module, which we show is essential for RNA binding (Fig. 1). Together these two domains
form a deep, continuous and electropositive groove that is required for RNA binding, as confirmed by
mutagenesis and methylation assays. Furthermore, METTL16, when presented with a random pool of
RNAs, only selects structured RNAs for methylation that contain a critical adenosine in a bulge region.
Lastly, mouse 16-cell embryos (E3.5 blastocyte) lacking Mett/16 display reduced mRNA levels of its
methylation target, the SAM synthetase Mat2a. The consequence of this is a massive transcriptome
dysregulation in 64-cell blastocysts that are unfit for further development. These results highlight the
crucial role of the METTL16 m®A RNA methyltransferase in early development through regulation of
SAM availability

METTL16 core MTase domain (left) and positively charged RNA-binding groove (right).




Conserved Pseudoknots in IncRNA MEG3 Are Essential for Stimulation of the p53 Pathway.
Authors: Uroda T, Anastasakou E, Rossi A, Teulon JM, Pellequer JL, Annibale P, Pessey O, Inga A, Chillon
I, Marcia M.

Published in: Mol Cell. 2019 75:982-995 €989. doi: 10.1016/j.molcel.2019.07.025. PMID: 31444106.

Our group — in collaboration with the IBS platform for atomic force microscopy led by Jean-Luc
Pellequer and with the support of ESRF BioSAXS beamline BM29 and other PSB facilities — discovered
unexpected molecular properties in a long non-coding RNA (IncRNA) molecule that acts as a tumor
suppressor in human brain and endocrine glands, called MEG3. MEG3 potentiates protein p53, a key
transcription factor controlling cell proliferation, whose role is to arrest the growth of unhealthy cells
before they degenerate into cancerous tissues. Using an original approach — crucially fostered by the
PSB environment — we have integrated biochemistry, cell biology and single-particle atomic force
microscopy imaging to identify specific MEG3 building blocks essential for p53 stimulation and for the
control of cell proliferation. Interestingly, these functional building blocks comprise RNA hairpins
connected by so-called “kissing loops”, which are three-dimensional motifs characteristic of highly-
structured RNAs. The researchers demonstrated that disruption of these kissing loops resulted in
concomitant disruption of both the overall 3D structure and the tumor suppression function of MEG3
(Figure 1). Their findings prove experimentally what had so far remained a speculative molecular
mechanism assigned to IncRNAs: tertiary structure motifs can guide IncRNA function.
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Figure Legend: Structure-functional relationships in human IncRNA MEG3. Formation of an intramolecular
“kissing loop” interaction (1) is necessary for MEG3 folding into a compact, globular structure (2), which is
responsible for stimulation of p53 and p53 target genes (3) and ultimately for inducing cell cycle arrest or

apoptosis (4).




Destabilization of the human RED-SMU1 splicing complex as a basis for host-directed antiinfluenza
strategy

Authors: Ashraf U, Tengo L, Le Corre L, Fournier G, Busca P, McCarthy AA, Rameix-Welti M-A, Gravier-
Pelletier C, Ruigrok RW, Jacob Y, Vidalain P-O, Pietrancosta N, Crépin T, Naffakh N.

Published in: Proc Natl Acad Sci U S A. 2019 May 28;116(22):10968-10977. doi:
10.1073/pnas.1901214116. PMID: 31076555

New therapeutic strategies targeting influenza are actively sought due to limitations in current drugs
available. Host-directed therapy is an emerging concept to target host functions involved in pathogen
life cycle and/or pathogenesis, rather than pathogen components themselves. Therefore, scientists
form the IBS and EMBL, in collaboration with colleagues from Institut Pasteur and the Universities Paris
Diderot and Paris Descartes, focused on an essential host partner of influenza viruses, the RED-SMU1
splicing complex. Combining structural biology and molecular dynamics, they identified two synthetic
molecules targeting an interface essential for RED—SMU1 complex assembly. They solved the structure
of the SMU1 N-terminal domain in complex with RED or bound to one inhibitor identified to disrupt
this complex. They show that these compounds also decrease endogenous RED-SMU1 levels and
inhibit viral mMRNA splicing and viral multiplication, while preserving cell viability. Overall, their data
demonstrate the potential of RED-SMU1 destabilizing molecules as an antiviral therapy that could be
active against a wide range of influenza viruses and be less prone to drug resistance.
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