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SEQUENCE-BASED POLYMORPHISM OF Tau PROTEIN AMYLOID FIBRILS

S. Njemoga', Z. Bednarikova®, E. Barrera®, Z. Gazova?, O. Cehlar’

'Institute of Neuroimmunology, Slovak Academy of Sciences, Bratislava, Slovakia
?Institute of Experimental Physics, Slovak Academy of Sciences, Kosice, Slovakia
3IHEM, Universidad Nacional de Cuyo (CONICET), Mendoza, Argentina
stefana.njemoga@savba.sk

Thanks to advancements in cryo-electron microscopy, the
structure and sequence composition of tau amyloid fibrils
from different diseases are well-established [1]. However,
the exact mechanisms underlying disease-specific mecha-
nisms, spreading patterns, and resulting disease-specific fi-
brils morphology remain elusive, hindering the develop-
ment of specific anti-tau therapies. Previously validated
amyloid motifs in the tau protein sequence are regarded as
carriers of tau amyloidogenicity because of their intrinsic
beta propensity and ability to assemble into stable amyloid
fibrils core [2-3]. Together with environmental factors and
posttranslational modifications (PTMs), these short amy-
loid-nucleating motifs contribute to the formation of differ-
ent protofilaments interface, which underpin the amyloid
fibrils polymorphism. One of the most common PTMs that
plays a key role in the pathogenesis of Alzheimer’s disease
is truncation, which promotes the self- assembly of tau
monomers by exposing regions that are prone to aggrega-
tion in Alzheimer’s disease [4]. In some cases, however,
truncations in amyloid-prone regions can impair further
amyloid aggregation. In our study, five variants of different
lengths of tau involving different amyloid motifs were
used, including two experimentally tested PHF6(306-311)
and PAM4(350-362) and predicted G(326-331) and
L(341-449) to demonstrate the sequence-dependent aggre-
gation mechanism. All tau variants were truncated at resi-
due 391 from the C-terminus and at the different sites from
N-terminal part of the protein (297-391, 306-391, 316-391,
321-391, 326-391). Propensity toward amyloid aggrega-
tion of five tau variants was evaluated by ThT fluorescence
assay, and the presence of polymorphic amyloid fibrils was
confirmed by atomic force microscopy under four aggrega-
tion conditions — with or without heparin and DTT.
Tau321-391 exhibits the highest amyloid robustness across
all tested conditions, being the only tau variant to produce
filaments under physiological conditions represented by
pure PBS buffer. On the other hand, tau326-391 variant
failed to produce the fibrils even in the presence of heparin,

indicating the crucial role of 321-325 for tau monomers
self-assembly.

Molecular dynamics simulations revealed an increased
propensity of 321-325 sequence toward beta-structures in
all atom simulations but a rather helical propensity in
coarse-grained simulations. Tau321-391 monomers inter-
acted through a helical interface, which was already fea-
tured for other amyloid proteins in early stages of
aggregation. MD simulations successfully replicated se-
quence-specific beta-sheet propensity in agreement with
computationally predicted and experimentally established
amyloid-nucleating motifs.

1. A. Fitzpatrick, B. Falcon, S. He et al., Nature, 547, (2017),
pp- 185-190.

2. M. von Bergen, P. Friedhoff, J. Biernat et al., P.N.A.S., 97,
(2000), 5129.

3. N. Louros, M. Wilkinson, G. Tsaka et al., Nat. Commun.,
15, (2024), 1028.

4. B. Kovacech and M. Novak, Current Alzheimer Research,
7, (2010), pp. 708-716.

Part of the research results was obtained using the compu-
tational resources procured in the national project Na-
tional competence centre for high perFormance computing
(project code:3110704KF2) funded by European Regional
Development Fund, EU Structural Funds Informatization
of society, Operational Program Integrated Infrastructure.
This research was funded by the European Union’s Hori-
zon Europe program under the grant agreement No.
101087124. This work was also funded by the grants APVV
21-0479, APVV-22-0598 and Vega 2/0125/23, 2/0141/23
and 2/0141/25. This research has received funding from
the European Union’s Horizon 2020 research and Innova-
tion programme under the Marie Sklodowska-Curie grant
agreement No 873127. This research was further funded
by the EU NextGenerationEU through the Recovery and
Resilience Plan for Slovakia under the project No.
09103-03-V04-00623.
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RNA POLYMERASE SUBUNIT DELTA - ELUSIVE PLAYER IN BACTERIAL
TRANSCRIPTION

Martin Cerny'?, Viktor Bartosik’, Klara Mikeskova®, Hana Sanderova®, Krasny Libor’,
Zidek Lukas"?

"National Centre for Biomolecular Research, Masaryk University, Kamenice 5, Brno 62500, Czech Republic
2Central European Institute of Technology, Masaryk University, Kamenice 5, Brno 62500, Czech Republic
% aboratory of Microbial Genetics and Gene Expression, Institute of Microbiology of the Czech Academy of
Sciences, v.v.i., Videriska 1083, Prague 4 14220, Czech Republic
cernyarchaea@mail.muni.cz

Since the 80s, the d-subunit is in the spotlight of many re-
searchers who tried to solve the mystery of its function. It
was first described in Bacillus subtilis. However, it became
apparent that it is part of the transcription machinery in
many Firmicutes, like Staphylococcus aureus or Strepto-
coccus pyogenes. It is also present in intracellular bacterial
parasites from class Mollicutes. 5-subunit is associated
with the bacterial RNA polymerase (binding partner of its
subunit 3”), where it plays a crucial role in transcription ini-
tiation and termination. It was demonstrated that it serves a
role of major transcription regulator of genes, that are re-
sponsible for environmental adaptation, virulence and
sporulation [1,2,3,4].

Structural studies showed that the d-subunit is roughly
20 kDa large protein, consisting of 2 domains. N-terminal
globular domain which binds to the RNA polymerase core,
and highly acidic and intrinsically disordered C-terminal
one. While binding of the N-terminal domain to the RNA
polymerase was more or less established, the structure and
binding of the C-terminal domain was solved relatively re-
cently by H. H. Pei [3,4,5]. However, current findings shed
light only on the transcription termination and recycling of
the RNA polymerase complex, while the mechanism and
function of the C-terminal domain remain obscured.

In the past, our group structurally characterized the
d-subunit of B. subtilis, and identified an important sequen-
tial and structural feature - the lysine tract. We investigated
and confirmed, that the negatively charged C-terminal do-
main interacts with the tract, creating a more compacted
structure of the whole protein [6]. In this study, we aimed to
describe the relation between the length of the C-terminal
domain and the effect of the lysine tract on the transcription
and the structure of the 3-subunit. To probe the possible ef-
fects, we compared it to its homolog from S. aureus,

which naturally lacks the lysine tract. Furthermore, we
characterized the S. aureus 5-subunit structure using SAXS
and NMR, which gave us some important clues about the
nature and function of this regulatory protein.

1. Williamson V. M., Doi R. H., Delta factor can displace
sigma factor from Bacillus subtilis RNA polymerase
holoenzyme and regulate its initiation activity. Molec. Gen.
Genet. 161, 135-141
(1978). https://doi.org/10.1007/BF00274183

2. Xue X., Tomasch J., Sztajer H., Wagner-Débler 1., The
Delta Subunit of RNA Polymerase, RpoE, Is a Global
Modulator of Streptococcus mutans Environmental Adap-
tation. J Bacteriol 192,

(2010). https://do9b07837i.0rg/10.1128/jb.00653-10

3. Rabatinovéa A., Sanderova H., Jirat Mat&jckova J., et al.,
The 6 Subunit of RNA Polymerase Is Required for Rapid
Changes in Gene Expression and Competitive Fitness of
the Cell. J Bacteriol 195,

(2013). https://doi.org/10.1128/jb.00188-13

4. PeiH. H., Hilal T., Chen Z. A. et al. The 4 subunit and
NTPase HelD institute a two-pronged mechanism for RNA
polymerase recycling. Nat Commun 11, 6418
(2020). https://doi.org/10.1038/s41467-020-20159-3

5. Yuan L., Liu Q., Xu L. ef al. Structural basis of promoter
recognition by Staphylococcus aureus RNA polymer-
ase. Nat Commun 15, 4850
(2024). https://doi.org/10.1038/541467-024-49229-6

6. Kuban V., Srb P., Stégnerova H., et al. Quantitative
Conformational Analysis of Functionally Important
Electrostatic Interactions in the Intrinsically Disordered
Region of Delta Subunit of Bacterial RNA Polymerase. J
Am Chem
Soc. 141, 42:16817-16828 (2019). https://doi.org/10.1021/j
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PHOTOACTIVATION OF HUMAN GREEN CONE OPSIN STUDIED BY STIMULATED
RAMAN SPECTROSCOPY: INITIAL STEPS TOWARD UNDERSTANDING THE EARLY
EVENTS IN HUMAN VISION

Miroslav Kloz', Sarah Luise Schmidt?, and Polina Isaikina?

1Depan‘ment of structural dynamics, The Extreme Light Infrastructure ERIC, Czech Republic
2| aboratory of Biomolecular Research, Paul Scherrer Institute PSI, Switzerland

Retinal proteins have been the focus of scientific investiga-
tion for several decades, leading to a substantial body of
knowledge about these pivotal components of the bio-
sphere. However, despite this progress, detailed insights
into the dynamics of opsins underlying human vision re-
main remarkably limited [1]. This knowledge gap arises
not from a lack of interest but from significant challenges
inherent in the study of these proteins. Firstly, the euka-
ryotic nature of human opsins renders their preparation
highly complex. Secondly, their monostable nature causes
the proteins to undergo irreversible disintegration follow-
ing a single photon absorption. A collaborative effort be-
tween biochemists from the Paul Scherrer Institute and
metrologists from the ELI Beamlines facility has success-
fully addressed these challenges. Employing approxi-

%1073

mately 50 microliters of a human green opsin sample, the
researchers captured the photoisomerization process with a
high signal-to-noise ratio. This achievement represents the
first-ever recorded dynamics of human cone opsins. These
findings constitute a significant advancement in our under-
standing of human vision and provide a foundation for
comparative studies with other retinal-driven photobiolo-
gical processes. Current results suggest surprisingly large
differences in the structure and dynamics of cone opsins re-
sponsible for color vision compared to the somewhat
better-understood rhodopsins that mediate achromatic
night vision.

1. Gerd G. Kochendoerfer, Zhiyan Wang, Daniel D.
Oprian,and Richard A. Mathies, Biochemistry, 36,
6577-6587 (1997).
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Figure 1. Steady state, time resolved femtosecond stimulated Raman spectra and cryo-EM images of green opsin. Time re-
solved dynamic was after photoactivation at 560 nm. Results suggests that isomerization is almost fully completed after
200 fs making it even faster than in bovine rhodopsin and arguably the fastest biochemical reaction ever observed.
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DEVELOPMENT AND APPLICATION OF CATALYTIC DNA SENSORS

Martin Volek, Jaroslav Kurfiirst, Katefina Svehlova, Matus Drexler, Michal Svoboda,
Martin Jakubec, Milan KoziSek, Pavel Srb, Vaclav Veverka, Edward Curtis

Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, Flemingovo namésti 542/2,
Prague 6, 160 0, Czech Republic

People typically think of DNA as a molecule that stores ge-
netic information, but this remarkable polymer can also
have many other functions. These include the ability to cat-
alyze chemical reactions. In this presentation I will talk
about catalytic DNA molecules recently developed in our
group that generate chemiluminescent, fluorescent, and

L6

colorimetric signals. I will also discuss our efforts to con-
vert these DNA enzymes into sensors that only generate a
signal in the presence of specific target molecules. Such
sensors have great potential for applications such as diag-
nostics and high-throughput screening.

CHLAMYDIA EFFECTOR CT622/TaiP COMPLEX WITH AUTOPHAGY MASTER
REGULATOR ATG16L1

Adam Hruska', Aditi Konar', Martin Mokrej$"?, Petr Kolenko?, Jifi Zahradnik'

"1 Faculty of Medicine, Charles University, BIOCEV, Prague 252 50, Czechia
?Institute of Biotechnology CAS, BIOCEV, Prague 252 50, Czechia
Jiri.zahradnik@If1.cuni.cz

Chlamydia trachomatis is an obligate intracellular bacte-
rium that relies on a diverse arsenal of secreted effector
proteins to manipulate host cellular processes and establish
the inclusion, a specialized compartment essential for its
proliferation. Among these effectors, CT622/TaiP has
emerged as a key regulator of host-pathogen interactions,
yet its precise molecular function remains elusive.

Previous findings indicated that CT622/TaiP directly
interacts with the WD40 domain of ATG16L1[1], a crucial
autophagy regulator involved in autophagosome formation
and multiple protein interactions. As part of our collabora-
tive project with Prof. Agathe Subtil (Institut Pasteur), we
aimed to characterize this complex and propose a potential

Mutation - codon
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Figure 1. Results of yeast display-based mapping of the CT622/TaiP-ATG16L1 binding site and affinity maturation. Circle size
represents mutation frequency within the selected population. Color code: sky blue for mutations with frequency >0.2, magenta for mu-
tations with frequency >0.05 and yellow for mutations with frequency bellow 0.05
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mechanism by which Chlamydia modulates autophagy to
evade degradation.

Determining the experimental structure of this complex
presented a significant challenge due to the unfavorable
biochemical properties of both proteins, necessitating ex-
tensive protein engineering to enhance their stability and
affinity. Since predictive algorithms such as AlphaFold-
Multimer failed to accurately model the interaction, we em-
ployed yeast display-based mapping of the binding site and
affinity maturation (Figure 1). To support our mutational
data, we utilized hydrogen—deuterium exchange mass
spectrometry and mutational analyses, which allowed us to
design protein variants sufficiently stable for cryo-EM
structure determination.

L7

Our findings provide new insights into the molecular
basis of CT622/TaiP-ATG16L1 binding and establish a
framework for understanding how Chlamydia manipulates
the autophagy machinery, with potential implications for
therapeutic intervention.

1. Hamaoui D., et al. (2020) The Chlamydia effector
CT622/TaiP targets a nonautophagy related function of
ATGI16L1, Proc Natl Acad Sci U S A. 2020.

,, The project National Institute of virology and bacteriol-
ogy (Programme EXCELES, ID Project No. LX22N-
PO5103) - Funded by the FEuropean Union - Next
Generation EU.

BEYOND MONOLITH X- THE PRINCIPLES OF SPECTRAL SHIFT

Jakub Nowak, Pawel Kania

NanoTemper Technologies GmbH, Toelzer Str. 1, 81379 Munich, Germany
info@nanotempertech.com

Among many existing fluorescence-based applications,
dedicated to characterization of molecular interactions,
vast majority depend on site-specific labeling, binding- in-
duced change of conformation, or size of interacting mole-
cules. To overcome these limitations, we applied a ratio-m
etric dual-emission approach that quantifies ligand-in-
duced spectral shifts with sub-nanometer sensitivity. The
use of environment-sensitive near-infrared dyes with the
method we describe, enables affinity measurements and

L8

thermodynamic characterization without the explicit need
for site-specific labeling or ligand-induced conformation
changes. The newest isothermal spectral shift technol-
ogy, implemented together with TRIC (temperature re-
lated intensity change), in newest NanoTemper system,
Monolith X allows researchers to work in solution with va-
riety of biomolecules, including proteins, antibodies, and
nucleic acids, as well as with the most challenging types of
targets, like membrane or intrinsically disordered proteins.

USE OF FIDA FOR RAPID CHARACTERIZATION OF LIQUID-LIQUID PHASE
SEPARATION

Emil Georg Palmkvist Vangsgaard', Josef Uskoba®

'"FIDA Biosystems, Generatorvej 6A, 2860 Saborg
2BioTech a.s., Praha

Liquid-Liquid Phase Separation (LLPS) is a phenomenon
caused by the spontaneous and reversible formation of con-
densates that results in a highly concentrated dense phase
and a dilute phase [1].

In some cases, liquid to solid transitions occur, causing
the formation of amyloid fibrils, amorphous aggregation,
and gelation. Even though sometimes beneficial to the cell,
these events are mostly associated with detrimental effects
related to various neurological disorders such as ALS, Alz-
heimer’s and Parkinson’s disease [5]. As aresult, LLPS has
gained increased attention in academic and industrial set-
tings [6]. Despite this, the field is lacking easily approach-
able methods for rapid characterization of the key
parameters.

This Application Note is based on the paper of Stender,
Ray & Norrild et al. published in Nature Communication
[3]. It describes how FIDA is used as the new method to

rapidly characterise multiple crucial LLPS parameters us-
ing uL of sample with no need of prior expertise in the
technology.

Using Fida 1 as the single experimental platform, we
measured dilute phase concentrations, droplet count, rela-
tive droplet size distribution, kinetics of droplet formation,
maturation into amyloid fibrils as well as the affinity be-
tween proteins undergoing LLPS and LLPS-modulating
compounds.

More specifically, we analysed the influence of ssSDNA
on the condensation of the nl domain of human
DEAD-box helicase 4 (Ddx4nl). Ddx4nl is a protein in-
volved in creating the nuage in egg and sperm cells and is
well known for its role in partitioning polynucle-otides [7].
We also present how FIDA is used to study the liquid to
solid transition of a-synuclein into Thioflavin T positive
amyloid fibrils - a process involved in Parkinson’s disease-
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showing the great potential of the technology for the study
of LLPS-related neurological disorders [8].
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