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Metalloenzymes constitute a large portion of known en-
zymes. The presence of metals in the active site of those en-
zymes can be crucial for both enzymatic activity and
structural integrity [1].

S1 nuclease from Aspergillus oryzae is a Zn-dependent,
single-strand specific enzyme with wide utilization in the
biotechnology industry and research [2,3]. The active site
of S1 consists of a zinc cluster containing three Zn*" ions
and 9 surrounding amino acid residues coordinating the
cluster (Fig. 1). The shape of the active site resembles a
pocket: Two Zn*" ions (M1, M2) are buried at the bottom
while the third Zn®" ion is located at the pocket opening
(M3), closer to the surface of the nuclease.

We studied the consequences of replacing Zn with vari-
ous metals on the structure of the active site and the enzy-
matic activity towards the ssSDNA substrate. For our work,
S1 was first treated with a chelating agent ethylene-
diaminetetraacetic acid (EDTA). After the addition of vari-
ous metals (CuCl,, CdCl,, FeCls, and NiCly), the resulting
mixture was crystallised using the vapour diffusion
method. Subsequently, X-ray diffraction experiments us-
ing multiple X-ray energies were conducted at Bessy II,

Helmholtz Zentrum Berlin [4]. The activity towards
ssDNA as a substrate was measured using precipitation of
undigested nucleic acids and measurement of absorbance
at 260 nm.

Using anomalous scattering at different X-ray energies,
we proved that it is possible to artificially replace the Zn at-
oms in the active site (Fig. 2). Moreover, we discovered
that all three positions are prone to exchange, with position
M3 being the most frequent (Cu, Cd, and Ni were observed
at this position). In all four cases, the exchange was incom-
plete with a maximum of two atoms replaced at a time, the
remaining positions were occupied by Zn. The structure of
the active site remained well conserved in comparison with
native S1 (PDB ID 5FB9Y, [2]) with no significant structural
changes.

The activity studies showed that, despite little to no
structural changes, S1 remained inactive after the EDTA
treatment and subsequent metal ion replacement using Cu,
Cd, Fe and Ni. This suggests that the presence of three Zn
ions is crucial for the activity and the metal replacement it-
self is sufficient for the complete inhibition of enzymatic
activity.
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Figure 1. Active site of native S1 nuclease (PDB ID 5FB9, [2]).
Zinc atoms and water molecule are represented using spheres in
light blue and red, respectively. The surrounding structure is rep-
resented using sticks (C green, O red, N blue). Molecular graphics
were created using PyMOL [5].

1. C. Dupureur, Current Opinion in Chemical Biology,
12(2), 2008, pp. 250-255.

2. T.Koval’, L. H. Oestergaard, J. Lehmbeck, A.
Norgaard, P. Lipovova, J. Duskova, T. Skalova, M.
Trundova, P. Kolenko, K. Fejfarova, J. Stransky, L
Svecova, J. Hasek, J. Dohnélek, PLoS ONE, 11,
2016, e0168832.

3. T.Koval’, J. Dohnélek, Biotechnology Advances, 36,
2018, pp. 603-612.

4. U. Mueller, R. Foerster, M. Hellmig, F. U. Huschmann, A.
Kastner, P. Malecki, S. Puehringer, M. Roewer, K. Sparta,
M. Steffien, M. Uehlein, P. Wilk, M. S. Weiss. The Euro-
pean Physics Journal Plus, 130, 2015, pp. 141/1-10.

5. L. Schrédinger, W. DeLano, PyMOL, 2020, available
from: http://pymol.org/pymol.

M1
1.0 1.0
\
1.0
M2

Figure 2. Schematic representation of all metal ion replacements
in the active site. The position M3 (top right) is the most fre-
quently replaced. Metal atoms are represented using spheres: Cu
in pink, Cd in black, Fe in orange, Ni in yellow, and Zn (natively
present in the active site) in light blue. Numbers represent the oc-
cupancy of substituent metals. Labels of the residues are omitted
for clarity. Molecular graphics were created using PyMOL [5].
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PROTEIN FILAMENTS BY X-RAY CRYSTALLOGRAPHY
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Alzheimer’s disease (AD) is a neurodegenerative disorder,
which represents the most common type of dementia. The
main hallmark of AD is the accumulation of aggregated tau
protein filaments in the cerebral cortex. The first atomic
structures of AD filaments were solved by cryo-electron
microscopy in 2017 and 2018, showing residues G304-
E380 (Fig. 1) . However, it is known that the PHF core is
longer and consists of residues 1297-E391 , so, there are
still unresolved parts in the structure of the core. In our
work, we aim to solve these missing parts by X-ray crystal-
lography, using specific recombinant antibodies. The
monoclonal antibodies MN423 and DCI11 recognize a
conformational epitope on the PHF core (Fig. 1A) . The
idea of crystallizing antibody-tau complexes is based on
the hypothesis that the specific antibody could induce fold-
ing of the tau protein to mimic the folding in pathology . In
our work, conformational antibodies MN423 and DC11
and other two helper antibodies DCS8ES8 and DC25 were
used to co-crystallize with recombinant tau and form bi-
nary and ternary antibody-tau complexes. So far, we have
crystallized eight different complexes, obtained crystals
from six of them and diffraction data collected at the syn-
chrotron sources of the X-ray radiation (DESY, Hamburg
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and PSI, Villigen). The crystals diffracted to 1.5-3A reso-
lution.
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Figure 1. (A) Epitopes of the specific antibodies used for the co-crystallization with recombinant tau fragments. (B) AD
protofilament solved by cryo-EM . (C) Purification of antibody-tau complexes and example of obtained crystals.
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Zinc-dependent nuclease from pathogenic bacterium
Stenotrophomonas maltophilia (SmNucl) is a highly ac-
tive RNA-preferring nuclease from the S1/P1 family (EC
3.1.30.1). Members of this family, especially from fungi
and plants, have already been characterized and their struc-
tures were solved [1], but many questions remained unan-
swered. As they are widely used in biotechnology and
biochemistry, new, more detailed information on their
cleavage mechanism, substrate preferences, and active site
composition may lead to an expansion of their potential ap-
plications.

Here we present a structure of recombinant SmNucl at
1.4A resolution followed by high-resolution (1.20 -
1.85 A) structures of complexes with RNA cleavage prod-
ucts (mononucleotides). These complexes show possible
binding of products to the active site of SmNucl after
cleavage and also their binding in novel, inhibitor-like
modes. Also, we were able to capture some intermediate
states of RNA cleavage process (product leaving), and this
helped us to suggest a binding mode of longer RNA oligo-
nucleotide substrates. Interestingly, close to the active site
we detected a mobile segment, previously unseen in this
family, containing the active-site-forming Arg74 and capa-
ble of remodeling the substrate binding site, which raises
some new questions, such as is this remodeling the main
mechanism for substrate specificity?

Structural and kinetic studies of SmNucl brought new
insights into the cleavage mechanism and in combination
with the already known facts about S1/P1 nucleases we are
closer to clarifying some aspects of substrate preferences.

1. Koval T, Dohnalek J, Biotechnology Advances, 2018,
36(3): 603-612

Figure 1. SmNucl surface coloured by electrostatic potential
from red (-) to blue (+). The yellow surface indicates the mobile
segment with Arg74 close to the substrate binding site. Green ar-
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Lectins are proteins and glycoproteins able to reversibly
bind saccharide moieties of glycoconjugates with high
specificity. Lectins are involved in many physiological
processes and play crucial roles in cell-cell communication
or recognition of the host by a pathogen [1]. The research is
focused on the lectins produced by the Gram-negative bac-
teria Photorhabdus laumondii. Bacteria of Photorhabdus
genus live in symbiosis with Heterorhabditis nematodes.
This symbiotic complex can be found in soil, where it
searches for insect prey [2].

Unusual dual behaviour makes Photorhabdus bacte-
rium a compelling organism for further study of its
biomolecules. Besides functional characterization, struc-
tural information is essential for discovering the number of
binding sites, the key residues involved in interaction and
the orientation of the binding partner. For this purpose,

L5

protein crystallography was used to determine the 3D
structure of lectin PLU1 and its complex with binding part-
ners in atomic resolution. Examination of the PLU1 struc-
ture revealed a unique binding pocket, which significantly
impacts the binding properties of the PLU1.
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RNA, one of essential components of life, is composed of
four simple nucleotide building blocks that can assemble
into complex forms. The basic nucleotides, namely U, A,
G, C, can be decorated by various moieties that expand the
structural and functional capacities. RNA modifications
are frequently present in many different types of RNA. In
our work we combine cryoEM, biophysical, and biochemi-
cal tools with the aim to structurally characterize the basis
of selected RNA modifications as well as the protein com-
plexes responsible for the modifications.

The intent of this presentation is to introduce our bio-
physical platform consisting of the Prometheus Panta and
Monolith series of instruments from NanoTemper Tech-

nologies. The presentation will cover the biophysical back-
ground of the Monolith, used routinely in our laboratory to
study interactions of the protein-RNA complexes. In addi-
tion, I will introduce the Prometheus Panta technology and
its application to characterize protein properties. This tech-
nology allows us to characterize colloidal and confor-
mational protein properties; assessing not only the quality
of our protein purification pipeline but also effects of clini-
cal point mutations on the protein conformational stability.
The presentation will include an example of our structural
and biophysical characterization of the protein-RNA com-
plex involved in writing a commonly occurring RNA mod-
ification.
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