142 Struktura 2023 - Lectures

Materials Structure, vol. 29, no. 2 (2023)

Parallel Session IXb, June 1, Thursday

L41

TOOLS FOR RNA AND DNA STRUCTURAL DESCRIPTION AT
DNATCO.DATMOS.ORG

Bohdan Schneider, Michal Maly, Lada Biedermannova, Jiii Cerny

Institute of Biotechnology of the Czech Academy of Sciences, 252 50 Vestec, Czech Republic
bohdan.schneider@ibt.cas.cz

I will introduce our web application dnatco.datmos.org,
which enables an in-depth analysis and validation of nu-
cleic acid structures, primarily based on the assignment of
dinucleotide conformers. The web service was introduced
for the first time in 2016 [1] but has been quite significantly
redesigned and its functionality extended. We developed
several new tools for annotation and validation of nucleic
acids that are all based on the concept of the dinucleotide
conformational classes, NtC [2]. One of the new validation
tools are scattergrams correlating the geometries of
dinucleotides and their fit to the experimental electron den-
sity, RSCC-rmsd plots. We also validate quality of the co-
valent geometry of analyzed nucleic acids by comparing
values of their bond lengths and angles to values expected
in a curated set of PDB-deposited structures. The web ser-
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vice dnatco.datmos.org is based on the C++ backend pro-
grams for the NtC assignment and runs most user demanded
calculations on the user computer; it uses customized
Molstar viewer [3].
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Natural killer cells are white blood cells able to kill tumour,
virus-infected or stressed cells. NKR-P1 is an immune re-
ceptor on the surface of human natural killer cells and LLT1
protein is its binding partner on the surface of another cell
interacting with the NK cell. Both NKR-P1 and LLT1 have
extracellular domains of the same C-type lectin-like (CTL)
fold. LLT1 is expressed on activated monocytes, B cells
and cancer cells. Therefore, structural knowledge of the in-
teraction between NKR-P1 and LLT1 is important for un-
derstanding physiological and pathogenic processes in the
immune system.

Crystal structure of human NKR-P1 in complex with
LLT1 was determined using diffraction data collected at the
Diamond Light Source (Harwell, UK) at beamline 103 with
resolution 1.9 A [1].

Besides this structure, we solved also three structures of
LLT1 (monomeric, dimeric and dimeric fully glycosylated,
[2]) and two structures of NKR-P1 (glycosylated and
deglycosylated dimer, [1]). These structures confirm that
NKR-P1 and LLT1 systematically differ in the way of their
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Figure 1. The crystal structure (PDB code SMGT) revealed two
binding modes of immune receptor NKR-P1 with its protein
ligand LLTI, here denoted as primary and secondary binding
mode.
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dimerization. The structure of the NKR-P1:LLT1 complex
showed that different mode of dimerization of the binding
partners is important for their geometrical arrangement.
Moreover, the structure of the complex revealed two differ-
ent binding modes between the proteins (Fig. 1, primary
and secondary binding mode) and virtually “infinite”
chains of both proteins existing in the crystal. Biological
relevance of both binding modes was confirmed by
mutational analysis and clustering of the receptors with lig-
ands was observed also on cell surface using super-resolu-
tion microscopy. The proposed interaction model is shown
in Figure 2.
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Figure 2. NKR-P1:LLT]I, the proposed model of the clustering
on the cell surface. Taken from [1].
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Lon protease is a unique ATP-dependent protease found in
all kingdoms of life [1]. In mitochondria, Lon represents a
crucial protein responsible for maintaining the mitochon-
drial homeostasis and is important for degrading of
misfolded, disassembled and oxidatively damaged pro-
teins. Lon was also shown to control the levels of several
mitochondrial proteins including the subunits of mitochon-
drial processing peptidase MPP, StAR protein, helicase
Twinkle and ribosomal subunit MrpL32 in human cells,
and mtDNA-packaging protein Abf2 and mtDNA-mainte-
nance factor Mgm101 in S. cerevisiae [1-3]. To better un-
derstand the function of Lon, we determined the first 3D
cryo-EM structure of a complete human mitochondrial Lon
protease [4] and described the rearrangement of its struc-

ture when Lon is moving between the ATP-bound and
ADP-bound states. Since both, over-expression and re-
duced expression of Lon, were found in cancer cells [5], it
is clear that a more complex understanding of the mecha-
nisms regulating its functions in mitochondria is needed.
This regulation could occur on the level of its transcription,
but recent studies have suggested that post-translational
modifications might also have a large impact here.
Phosphorylation represents an effective post-translational
modification in cells. To characterize the effect of such
modification on function and structure of human Lon pro-
tease, we prepared several point mutations in Lon’s N-ter-
minal domain, where Tyr was replaced by Glu or, using an
orthogonal translation system in modified E. coli strain,
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para-carboxymethyl-L-phenylalanine (pCMF), a non-
hydrolysable analogue of phosphotyrosine, was introduced
into the Tyr sites of interest. Our results indicated that
phosphorylation of some N-terminal Tyr substantially re-
duced Lon protease activities without any significant
change of its structure. Such regulation might facilitate
quick dynamic changes to mitochondrial crucial compo-
nents, nucleoids and ribosomes, which are inevitable for
conducting mitochondrial functions and maintaining mito-
chondrial homeostasis in vivo and could also have signifi-
cant implications for human medicine.
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In water solution, intrinsically disordered proteins (IDPs)
contain no stable three-dimensional structure. IDP’s
polypeptide chain is fully hydrated and its conformations
are composing a conformational ensemble (CE). Individ-
ual conformational states of CE are separated by a small en-
ergy barrier and freely interconvert [1].

The structure of globular proteins contains large num-
ber of intramolecular hydrogen bonds involving
main-chain atoms and resulting in large-scale structural el-
ements of beta sheets and alpha helices. In contrast, IDPs
satisfy hydrogen-bonding potential of their main chain al-
most exclusively by hydrogen bonding to the solvent mole-
cules.

We found that there may be exemptions to this general
pattern of H-bonding in IDPs. Starting from the observa-
tion of crystal structures and molecular simulations, we
proved the existence of intramolecular H-bonds in IDPs.
These particular bonds are confined locally and create
small 9-15 membered ring structures. Results of simula-
tions indicate that these rings may be stable only for a short
period of time and frequently renew their existence. Quan-
tum mechanics calculations revealed the proportion of
rings in the local CE.

For these structures we coined the name SPuRs — side
chain propelled rings. It is hypothesized that these small
ring structures may influence the composition of IDP CE
and regulate corresponding biological activity. We have
observed several SPURS in crystals of IDP tau with
monoclonal antibodies [2]. In the future work we aim to ex-
amine the SPURS also in other IDPs.
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