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SECOND GENERATION OF CARBORANE-BASED INHIBITORS
OF CARBONIC ANHYDRASES
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Carbonic anhydrases (CAs) play important roles in many
physiological and pathophysiological processes. For ex-
ample, extracellular CAs participate in tumor growth and
progression. CAIX, which is selectively expressed in a
range of hypoxic tumors, is a validated diagnostic and ther-
apeutic target (recently reviewed in [1-3]). There are 15
human CA isoenzymes, and due to the ubiquity of these en-
zymes in human tissues, selective inhibition is a very im-
portant aspect of drug design.

Mechanism of the inhibition was elucidated for pater-
nal compounds by solving crystal structure of the CA-IX
like in complex with these inhibitors. The CA-I1X-like en-
zyme has the active site analogous to CA-IX thanking to
site directed mutagenesis of CAIIl and thus behaves as
CAll, it means that crystallizes very well. These X-ray
structures proved specific binding of the cluster com-
pounds in the active site of CA-IX and they revealed the
key interactions, which are responsible for binding and in-
hibition at molecular level. Crystal structures were solved
for CA-IX-like enzyme in complex with all essential types
of carborane and (metalla)carborane inhibitors with both,

. . . mensional tumor cell growths. The Journal of Biological
sulphamide and sulphonamide functional group, several of Chemistry. 2009:284(30):20299-20310.

them with atomic resolution. The structural information
has been is consecutively exploited for design of
structurally optimized generations of inhibitors.

2. McDonald PC, Winum J, Supuran CT, Dedhar S. Recent
developments in targeting carbonic anhydrase IX for can-
cer therapeutics. Oncotarget. 2012;3(1):84-97.

The study is supported by the Czech Science Foundation 3. Lock FE, McDonald PC, Lou Y, et al. Targeting carbonic
(GA CR) grant no. 15-056775. anhydrase IX depletes breast cancer stem cells within the
1. Swietach P, Patiar S, Supuran CT, Harris AL, hypoxic niche. Oncogene. 2013;32(44):5210-5219.
Vaughan-Jones RD. The role of carbonic anhydrase 9 in
regulating extracellular and intracellular pH in three-di-
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X-RAY STRUCTURE OF BILIRUBIN OXIDASE FROM MYROTHECIUM VERRUCARIA
WITH LIGAND IN OXIDATION CENTER
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Blue multicopper oxidases (MCOs) including bilirubin
oxidase are enzymes catalyzing oxidation of a substrate ac-
companied by four electron reduction of molecular oxygen
to two molecules of water. Electrons taken from the sub-
strate are transported from the oxidation center, containing
copper ion as an electron acceptor, through a highly con-
served motive — cysteine-histidine bridge to a reduction
center, where they are utilized for oxygen reduction [1].

Bilirubin oxidase from plant pathogen Myrothecium
verrucaria (MvBO, EC 1.3.3.5) catalyzes oxidation of a
great variety of compounds (e.g. bilirubin to biliverdin)
with the use of oxygen as a second substrate, where no hy-
drogen peroxide comes out of the reaction. Therefore, it is
interesting for many industrial applications such as pulp
bleaching, delignification or development of biosensors
and experimental biofuel technology [2].

Although the complete crystal structure of MvBO has
been already published (PDB code: 2XLL [3], 3ABG [4]),
the mechanism of substrate binding and the way of the
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electron transport from substrate to the oxidation center
still need explanation. On the basis of our latest results, we
are able to suggest possible ways of electron transfer from
the substrate to the oxidation center.

1. D.J. Kosman, J. Biol. Inorg. Chem., 15, (2010), 15-28.
2. K. Otsuka, et al. Analyt. Biochemistry, 370, (2007), 98-106.

3. J. A. Cracknell, et al., Dalton Trans, 40, (2011),
6668-6675.

4. K. Mizutami, et al., Acta Cryst., F 66, (2010), 765-770.

This work is supported by the project "BIOCEYV - Biotech-
nology and Biomedicine Centre of the Academy of Sciences
and Charles University (CZ.1.05/1.1.00/02.0109), from
the ERDF, by the Ministry of Education, Youth and Sports
of the Czech Republic (grant No. LG14009) and by the
Grant Agency of the Czech Technical University in Prague,
grant No. SGS16/246/OHK4/3T/14.

THE CONFORMATION OF PROLINE RICH SEGMENT OF NEURONAL PROTEIN TAU
STUDIED BY THE X-RAY CRYSTALLOGRAPHY, MOLECULAR DYNAMICS
SIMULATIONS AND BIOPHYSICAL METHODS
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Tau is an intrinsically disordered protein (IDP) implicated
in Alzheimer’s disease. Under physiological conditions,
tau associates with microtubules and regulates their dy-
namics, whereas during the progression of neurodege-
neration tau dissociates from microtubules, misfolds and
creates deposits in the brain tissue. To unravel the
conformational properties of microtubule binding tau se-
quence located in its proline rich region *'*Ser->*'Thr the
monoclonal antibody Tau5 with epitope in this region was
used as a tau protein surrogate binding partner. We have
determined the conformation of 16 amino acid tau peptide
bound in antibody combining site. The stability of this
X-ray observed conformation was probed by molecular dy-
namics simulation. The simulation results were compared
with the results obtained for a peptide with mutation

T220A that has shown decreased affinity for Tau5 anti-
body in biophysical measurements.

To this end we have performed unrestrained MD simu-
lations with 9 amino acid long tau peptide
*PPTREPKKV**® that contains all residues that are in
contact with antibody paratope in the X-ray structure of the
complex, for both wild type and mutated peptide.

This work was supported by the Slovak Research and De-
velopment Agency under the contract No. LPP-0038-09
and by VEGA grant 2/0177/15.

1. Cehlar O, Skrabana R, Kovac A et al. Crystallization and
preliminary X-ray diffraction analysis of tau protein
microtubule-binding motifs in complex with Tau5 and
DC25 antibody Fab fragments. Acta Crystallographica
Section F-Structural Biology and Crystallization Commu-
nications 2012; 68: 1181-1185.
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ACTIVE SITE PROMISCUITY IN THE S1-P1 NUCLEASE FAMILY
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Members of the S1-P1 nuclease family (Pfam PF02265)
play important roles (e.g. scavenging of nutrients, specific
apoptotic functions, and pathogen/symbiont — host interac-
tions) in fungi, plants, single cell eukaryotes and some bac-
teria. Usually they are a-helical proteins with a trinuclear
Zn*" cluster in the center of the surface groove. The fold is
stabilized by two or more disulfide bridges. Several oligo-
saccharides bonded on the surface serve primarily as a
shielding of the hydrophobic regions and therefore contrib-
ute to solubility and stability. These enzymes act as
phosphodiesterases cleaving the bond between phosphorus
and the 3’ hydroxyl group. Hydrolysis of the phospho-
diester bond is performed by a nucleophilic attack of the
activated water (hydroxide) molecule followed by creation
of a penta-coordinated transition state and its breakup into
the products. Members of this family are either bi-
functional (cleave both single stranded and double
stranded forms of DNA and RNA) or single strand-spe-
cific. All the studied members of this family have also the
3’-nucleotidase activity.

The active site of the S1-P1 nuclease family members is
composed of two distinctive parts. The catalytic zinc clus-
ter is responsible for binding of the phosphate moieties. An
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adjacent pocket serves as a nucleobase binding site. Ligand
binding is also affected by the amino acids in close proxim-
ity of the active site. Even though structures of three mem-
bers of the S1-P1 nuclease family are known [1, 2, 3], these
structures contain only few ligands in the active site. Our
study of a fungal nuclease significantly broadens our un-
derstanding of the ligand binding properties of this family
and shows the active site flexibility and existence of yet
unexpected binding modes.

This work is supported by the project ,, BIOCEV — Biotech-
nology and Biomedicine Centre of the Academy of Sciences
and Charles University (CZ.1.05/1.1.00/02.0109), from
the ERDF and by the Ministry of Education, Youth and
Sports of the Czech Republic (grant No. LG14009).

1. T.Koval, P. Lipovova, T. Podzimek, J. Matousek,
J. Duskova, T. Skalova, A. Stepankova, J. Hasek,
J. Dohnalek, Acta. Cryst. D69, (2013), 213-226.

2. C.Romier, R. Dominguez, A. Lahm, O. Dahl, D. Suck,
Proteins 32, (1998), 414-424.

3. Yu, T., Maestre-Reyna, M., Ko, C., Ko, T., Sun, Y., Lin,
T., Shaw, J., Wang, A .H., Plos One 9, (2014), 05821.

IDENTIFICATION OF THE RH421-BINDING SITE ON Na'/K"-ATPase
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Na'/K'-ATPase (sodium pump) plays a privileged role in
the metabolism of all animal cells. It maintains the resting
value of plasma membrane potential and creates a gradient
of sodium ions that is essential for function of numerous
secondary active transporters. Consequently, inhibition of
this enzyme can result in various diseases, such as hyper-
tension, renal failure or diabetes, to name just few.
Styrylpyrimidium dye RH421 (N-(4-sulphobutyl)-
4-(4-(p-dipentylaminophenyl)-butadienyl)-pyrimidium in-
ner salt) became one of the most important tools for moni-
toring of Na'/K'-ATPase kinetic. It has been used in

several laboratories for characterization of ion binding and
translocation of ions across the membrane. The RH421 dye
responds to changes of electric charge within the mem-
brane dielectric and it is able to detect charge movements
associated with cation binding and dissociation at the
extracellular and cytoplasmic surfaces of the protein. It was
found that this probe specifically responded to the
translocation of the third sodium ion by Na/K'-ATPase.
However, structural details of interaction between RH421
and Na'/K'-ATPase are still unclear.
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We used six single-tryptophan mutants to identify the
binding site in FRET experiments. They revealed that
RH421 binds directly into the ATP-binding site. This con-
clusion was further supported by results from molecular
docking and by competitive experiments using ATP. Ex-

periments with protein/DPPC mixture revealed that RH421
can bind to both protein and lipids, but only the former in-
teraction was influenced by the presence of ATP.

This work was supported by the grant LO1204 from the
National Program of Sustainability I.
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Piotr Wardega

NanoTemper Technologies, GmbH, FI6Bergasse 4, 81369 Miinchen, Germany

MicroScale Thermophoresis (MST) is a powerful tech-
nique to quantify biomolecular interactions. It is based on
thermophoresis, the directed movement of molecules in a
temperature gradient, which strongly depends on a variety
of molecular properties such as size, charge, hydration
shell or conformation. Thus, this technique is highly sensi-
tive to virtually any change in molecular properties, allow-
ing for a precise quantification of molecular events
independent of the size or nature of the investigated speci-
men. When performing a MST experiment, a temperature
gradient is induced by an infrared laser. The directed move-
ment of molecules through the temperature gradient is de-
tected and quantified using either covalently attached or
intrinsic fluorophores. By combining the precision of fluo-
rescence detection with the variability and sensitivity of
thermophoresis, MST provides a flexible, robust and fast
way to dissect molecular interactions.

NanoDSF is our advanced Differential Scanning
Fluorimetry technology. It detects smallest changes in the
fluorescence of tryptophan present in virtually all proteins.
The fluorescence of tryptophans in a protein is strongly de-
pendent on its close surroundings. By following changes in
fluorescence, chemical and thermal stability can be as-
sessed in a truly label-free fashion. The dual-UV technol-
ogy by NanoTemper allows for rapid fluorescence
detection, providing an unmatched scanning speed and
data point density. This yields an ultra-high resolution un-
folding curves which allow for detection of even minute
unfolding signals. Furthermore, since no secondary re-
porter fluorophores are required as in conventional DSF,
protein solutions can be analyzed independent of buffer

compositions, and over a concentration range of 250 mg/ml
down to 5 pg/ml. Therefore, nanoDSF is the method of
choice for easy, rapid and accurate analysis of protein fold-
ing and stability, with applications in membrane protein
research, protein engineering, formulation development
and quality control.

The surface acoustic wave technology (SAW) allows
for an in-depth analysis of molecular interactions in real
time. Binding kinetics can be precisely determined by de-
tecting mass and binding-induced conformational changes.
In addition to standard interactions, viscous, colored and
turbid samples can be analyzed, and also complex samples
including membrane preparations can be investigated. The
SAW technology measures changes in mass and conforma-
tion separately, thus providing new insights to mechanisms
of binding in addition to the binding kinetics (kon, koff and
the dissociation constant Kd) and stoichiometry. SAW is
based on the precise detection of the properties of surface
acoustic waves that travel along the biosensor. Upon inter-
action with molecules on the sensor surface, distinct char-
acteristics of the acoustic waves are altered; changes in
total mass on the biosensor result in a shift of the wave’s
phase providing information about the on- and off-rates, as
well as the stoichiometry of the interaction. Simultaneously
a change in flexibility of the molecules alters the wave’s
amplitude. This directly reflects changes in the conforma-
tion of the molecules, e.g. after binding to compounds.Both
signal types are detected and quantified separately, and can
be used to comprehensively characterize the interaction
mechanism of the molecules on a kinetic and structural
level.
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