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Phase diagram and temperature evolution of structure and modulation of NizMnGa4.xIny
single crystals

FAZOVY DIAGRAM TEPLOTA VS. KOMPOZICE A TEPLOTNIi VYVOJ STRUKTURY A
MODULACE NA MONOKRYSTALECH Ni;MnGaj.«In,

Petr Cejpek, Petr Dolezal, Petr Opletal, Jaroslav Valenta, Kristina Vlaskova,
Milan Dopita

Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5, 121 16 Praha 2

Slitiny s tvarovou paméti zalozené na slouceninach
Ni-Mn-Ga jsou v poslednich letech intenzivné studovany
diky jejich potencialnimu vyuziti jako aktuatory, senzory
nebo naptiklad mikropumpy [1-2]. Vlastnosti téchto
materidll jsou spojeny s martensitickou transformaci, pii
které dochézi k transformaci z kubické austenitické faze do
martensitu, ktery ma nizsi symetrii [3]. Ve vétsiné ptipadt
martensit vykazuje rovnéz modulaci ve struktuie [4].
Pomoci riznych dopovani byla objevena vyrazna zavislost
vlastnosti a kritickych teplot na kompozici, nicméné
vétsina téchto studii byla provedena na polykrystalickych
vzorcich.

Monokrystaly Ni,MnGa,In, pro tuto studii byly
pfipraveny pomoci Bridgmanovy metody. Teploty
transformaci byly zji§ ovany pomoci métfeni magnetizace
a elektrického odporu. Curicho teplota a teploty pre-mar-
tensitické a martensitické transformace klesaji se
vzrustajicim obsahem india ve vzorcich. Tento pokles je
mnohem rychlejsi nez pokles publikovany diive na poly-
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krystalickych vzorcich, jelikoz u nasich monokrystal
nebyla pozorovana martensiticka transformace na zadném
vzorku s obsahem india vétsim nez x > 0.05. Vysledky
rentgenové difrakce méfené v nizkoteplotni martensitické
fazi ukazuji na jasny pokles monoklinniho miizového
parametru ¢ a narust parametri ¢ a y v zavislosti na zvysu-
jicim se obsahu india. Zavislost na kompozici byla
pozorovana rovnéz u modula¢niho vektoru v martensitické
i pre-martensitické fazi, kde jeho x-ova a y-ova soutradnice
nabyvaji hodnot 3/7 (martensit) a 1/3 (pre-martensit).
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CePt;Al; - STRUCTURAL PROPERTIES
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This work is focused on the structural and physical proper-
ties of CePt,Al,, an intermetallic compound. CePt,Al, be-
longs to the Ce based 1:2:2 compounds, which crystalize in
the structural model of CaBe,Ge, type, see Fig.1 At low
temperature this structure type becomes very often unsta-
ble and result in the structural phase transition from
tetragonal to an orthorhombic structure as for example in
CePd,Al, (Ga, series.

CePt,Al, is a new member of this family and behaves in
different way. At room temperature the structure is
orthorhombic and modulated as was determined by sin-
gle-crystal X-ray diffraction (Cmme(a00)000, with g =
(0.481, 0, 0)). The dependence of lattice parameters above

room temperature was studied by X-ray powder diffraction
showing the presence of structural transition to a tetragonal
structure above room temperature, which could be presum-
ably describe by CaBe,Ge, structure type. This transition
exhibits 50 °C hysteresis and creates a domain structure in
the sample. During the transition both tetragonal and
orthorhombic phases coexist and their ratio is dependent on
cooling rate.

The investigation was also focused on specific heat,
magnetization, and transport measurements in the tempera-
ture range between 0.5 and 300 K. Specific heat and mag-
netic susceptibility show an antiferromagnetic order below
2 K. Around 20 K the temperature dependence of electrical
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resistivity exhibits an upturn in typical metallic behaviour,
which leads to the creation of local minimum. On the basis
of electrical resistivity and other bulk measurements,
CePt,Al, can be considered a Kondo lattice material, for
which the reduction of free magnetic Ce’" moment is typi-
cal. The presence of a modulated crystal structure opens the
possibility of a charge density wave state in CePt,Al, as ob-
served for (Re)Pt,Si,.
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Figure 1. One of the most frequent structural model in R7,X,
(R: rare-earth, 7 d-metal, X: p-metal) family of intermetallic
compounds.
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Analysis of single or multiple diffraction profiles repre-
sents a crucial part in diffraction data processing for experi-
mental materials science. The topic looks simple at first
sight, but it soon becomes complex when seeking the high-
est precision or dealing with complicated data. Two years
ago, we have introduced FitExc — diffraction profile fitting
program written in MS Excel. This lightweight yet com-
plex tool, running immediately on any computer equipped
with MS Office, was proved to be able to deal with the pre-
cise customizable fitting of 1D diffraction scans .

Now, we introduce a new version of the program with
upgraded functionality. We have increased the maximum
amount of profiles to be fitted at once, added new options
for fitting strategy customization (e.g., weighted least
squares method), and introduced many tweaks making the
control of the program faster and more effective.

Altogether, we present an effective newly upgraded
tool for the analysis of single or multiple diffraction pro-
files measured using a conventional powder diffracto-
meter. Among others, applications of FitExc include the
precise evaluation of lattice parameters of single crystals,
dealing with overlapped reflections in multiphase samples
or twinned crystals, processing of data for residual stress
analysis, thermal expansion analysis or even fitting of
g-scans [3]. The presented program is free to use and avail-
able upon request - please contact the corresponding author
if interested.

This work was supported by the Grant Agency of the Czech
Technical University in Prague [grant No. SGS19/190/
OHK4/3T/14].
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Study of real structure of laser-welded tool steel
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K. Trojan', J. Capek’, J. Cech?, V. Ocelik®, N. Ganev'
"Katedra inzenyrstvi pevnych latek, Fakulta jaderna a fyzikalné inzenyrska, Ceské vysoké uéeni technické,

Trojanova 13, 120 00 Praha 2, Ceské Republika

Katedra materialti, Fakulta jaderné a fyzikalné inZzenyrska, Ceské vysoké uceni technické, Trojanova 13,
120 00 Praha 2, Ceska Republika

Department of Applied Physics, Zernike Institute for Advanced Materials, Faculty of Science and Engineer-
ing, University of Groningen, Nijenborgh 4, 9747 AG, Groningen, The Netherlands

karel.trojan@fjfi.cvut.cz

Cilem tohoto ptispévku je popsat realnou strukturu laserem
navarené nastrojové ocele AISI H13. Byl vytvotfen navar z
péti vrstev, na kterém byla nasledné charakterizovana
mikrostruktura a fazové slozeni rentgenovou difrakci. V
ramci tlous ky navafeného kovu byla nalezena oblast s
vyrazné€ niz$i tvrdosti a odliSnou mikrostrukturou, coz by
mohlo negativné ovlivnit vlastnosti nové vytvofen¢ho
objemu.

Nastrojova ocel AISI H13 pro praci za tepla je jednim
z béznych materiald pouzivanych v primyslu pro vyrobu
forem, zapustek nebo ozubenych kol. Formy béhem své
zivotnosti trpi silnym poskozenim v dusledku termo-
dynamického namahani [1]. Proto byly vyvinuty rizné
zpusoby jejich oprav, které jsou levnéjsi nez vyroba
novych forem. Velkou vyhodou laserového navafovani je
vysoka produktivita s minimalnim vlivem diky nizkému
vnesenému teplu do zékladniho materialu. Vnesené teplo
zpusobuje deformace nebo zhorseni vlastnosti materialu v
disledku popusténi. Laserové navafovani proto umoziuje
opravy forem bez dalsiho tepelného zpracovani [2]. Pfi
navafovani vice vrstev jsou vSak predchozi vrstvy tepelné
ovlivnény, coz muze vyznamné zmeénit jejich mikro-
strukturu, redlnou strukturu a tvrdost. Z tohoto duvodu

Obrazek 1. Vybrus navaru s vyraznénou mikrostrukturou.

ovlivituje vyslednou tvrdost navaru nejen rychlost
ochlazovani, ale také teplota dosazena béhem depozice
dalsich vrstev [3]. Proto je dulezité sledovat a porozumét
mikrostrukturalnim zménam nové vytvoreného materialu.
Tyto znalosti lze pouzit k navrhu postupu pro depozici
vétsich objemd.

Laserové navafovani bylo provadéno pomoci
vlaknového laseru IPG 3kW Yt:YAG. Hustota laserového
vykonu 90 J/mm? byla pouzita k vytvofeni navaru z péti
vrstev, viz obrazek 1. Kazda vrstva byla vytvofena ze Sesti,
nebo sedmi piekryvajicich se housenek na substratu z
nastrojové oceli AISI H11. Byl pouzit prasek s primérnym
pramérem castic 94 + 24 pm.

Za ucelem stanoveni fazového slozeni vrstev byly
ziskany difrakéni zdznamy na piistroji X Pert PRO MPD v
klasické Braggové—Brentanové konfiguraci s kobaltovym
zéfenim a k¥izovymi clonami 1 x 0,25 mm?’. Difrakéni
zaznamy byly zpracovany programem X’Pert HighScore
Plus a jednotlivé faze byly identifikovany pomoci databaze
PDF-2. Kvantitativni analyza byla provedena pomoci
Rietveldovy analyzy v softwaru MStruct. Efektivni
hloubka vnikani odpovida tlous ce povrchové vrstvy, ktera
poskytuje pfiblizné 63% difraktované intenzity. V pripade
pouzité vinové délky je hloubka vnikani asi 5 pum.

Podle vysledkii rentgenové fazové analyzy, viz obrazek
2, je podil austenitu nejvy$si v prvni navaiené vrstve,

v

%, je v tmavé oblasti, viz obrazek 1, ktera zaroven
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Obrazek 2. Fazové slozeni jednotlivych navafenych vrstev, kde
oblast 1 je posledni navaiena, 6 TOO a 7 substrat.
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vykazuje niz$i tvrdost o ca 200 HV 1. Pomoci rentgenové
fazové analyzy bylo mozné stanovit pouze ferit v tepelné
ovlivnéné oblasti (TOO) a substratu. Je vhodné pozna-
menat, Zze vzhledem k nizkému obsahu uhliku v oceli
nemize rentgenova fazova analyza rozliSit mezi feritem,
martenzitem a bainitem kviili nizkému podilu mfizkovych
parametrti a/c. Karbidy v substratu nebyly rentgenovou
difrakci pozorovany, pravdépodobné jsou velmi jemné.

Laserové navarovani nastrojové oceli H13 vykazuje
velky aplika¢ni potencial. Ukazalo se, Ze mikrostruktura,
fazové slozeni a tvrdost navaru z vice vrstev se v ramci
hloubky vyznamné 1isi. Jedna se o velmi dilezité zjisténi,
protoze oblast s nizsi tvrdosti by mohla zptsobit vyrazné
niz§i zivotnost na povrchu opravené¢ formy. Vyzkumné
téma a predev§im formovani oblasti s nizsi tvrdosti v§ak
dosud nebylo pfesn¢ popsano a pochopeno, takze bude
zapotiebi dalsiho vyzkumu.
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Nowadays, nanomaterials are certainly a very hot topic in
society. The efforts to prepare heterogeneous nano-
particles, i. e. nanoparticles composed of parts from differ-
ent materials, are driven by their interesting characteristics
coming from the combination and synergy of individual
materials properties.

This study follows up heterogeneous nanoparticles
composed of a silver core and polymeric shell. These
so-called core@shell nanoparticles were prepared by a
combination of magnetron-based gas aggregation cluster
source (GAS) and simultaneous plasma enhanced chemical
vapour deposition of hexamethyldisiloxane (HMDSO). A
series of Ag nanoparticles prepared at various HMDSO
pressure was prepared.

Studied samples differ in the size of the silver core and
also in the thickness of the polymeric shell. These proper-
ties can be tuned by the amount of HMDSO supplied to the
deposition chamber. During the process without HMDSO
nanoparticles of size around 40 nm are created on the other
hand with 9 % of HMDSO supplied near to the target sur-
face, the diameter of nanoparticles decreases to 5 nm. Size
of coherently diffracting domains does not depend on the
amount of added HMDSO and stays around 5 nm.
Microstrain and density of stacking faults increases with
the concentration of HMDSO in the system, the details
were published in [1].

Thermal properties of heterogeneous metal-polymer
nanoparticles were investigated by methods of small angle
x-ray scattering, x-ray diffraction, ultraviolet-visible spec-
troscopy and electron microscopy. The changes in size dis-
tribution, shape, and microstructure of nanoparticles with
increasing temperature up to 450 °C were observed and de-
termined.
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Figure 1. Temperature dependence of nanoparticles silver core
diameter for pure silver nanoparticles and nanoparticles prepared
with the lowest amount of HMDSO in the aggregation chamber.
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XRD patterns of selected samples before and after heat-
ing to 450 °C were analysed. With increasing temperature,
the ordering of atoms is observed, the decrease in density
of stacking faults and relaxation of lattice parameters.
Thermal evolution of size for pure silver nanoparticles and
the silver cores of nanoparticles prepared with the lowest
amount of HMDSO added to the aggregation chamber is
depicted in figure 1. The comparison with pure silver
nanoparticles shows that the polymeric shell around
nanoparticles prevents nanoparticles fusion. The growth of
heterogeneous nanoparticles takes place above 350 °C, co-
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alescence temperature for pure silver nanoparticles is
below 100 °C.

1. T.Kosutova et al., "Synthesis and microstructure investiga-
tion of heterogeneous metal-plasma polymer Ag/HMDSO
nanoparticles," Surf. Interface Anal., no. 2019, pp. 1-4,
2020, doi: 10.1002/s1a.6779.

The authors acknowledge the financial support from the
project NanoCent—Nanomaterials Centre for Advanced
Applications, Project No. CZ.02.1.01/0.0/0.0/15_003/
0000485, financed by ERDF.
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The paired refinement protocol [1] is considered as the op-
timal approach for the determination of high-resolution
cutoff in macromolecular crystallography. Unlike the con-
servative criteria based only on the indicators of diffraction
data quality, it enables a direct linking of the quality of data
and structure model. Generally, the proper estimation of
the resolution limit reduces the noise level in calculated
electron density maps which subsequently leads to finer
molecular structures. Especially, this has an impact on re-
gions difficult to interpret.

During our recent work on PAIREF — automation of the
protocol [2] — we analysed the data set from endothiapepsin

Figure 1. Comparison of electron-density omit maps of the partially
occupied fragment B53 after refinement at 1.44 A (orange) and
1.20 A (blue) — contoured at 0.56 ¢-A” level. Atomic coordinates
originate from PDB entry 4Y4G [3]. The figure was created in
CCP4mg [6].

from Cryphonectria parasitica in complex with fragment
B53 [3], PDB entry 4Y4G. However, the mentioned ligand
(molecule of fragment B53) is occupied only partially. De-
spite the importance of determination of exact molecule
position, the signal is rather weak in this region.

Although the structure was previously solved at 1.44A
resolution, we reprocessed the data in XDS [4] and per-
formed paired refinement in PAIREF using REFMACS [5]
up to 1.05 A. Obtained results showed the data contain use-
ful signal up to 1.20 A. Moreover, the clear evidence of im-
provement of electron density quality in ligand region was
observed while the optimal high-resolution cutoff was ap-
plied (Figure 1).
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1030-1033.
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U. Mueller, Acta Cryst. D, 72, (2016), pp. 346-355.

4. W. Kabsch, Acta Cryst. D, 66, (2010), 125.

5. G.N. Murshudov, A. A. Vagin, E. J. Dodson, Acta Cryst.
D, 53, (1997), pp. 240-255.

6. S. McNicholas, E. Potterton, K. S. Wilson, M. E. M. No-
ble, Acta Cryst. D, 67, (2011), pp. 386-394.
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Nucleic acid synthesis and degradation are ongoing meta-
bolic processes in most cells. The degradative processes
lead to the release of free purines and the salvage pathway
exists to recover them efficiently in a useful form. Purine
nucleoside phosphorylase (PNP) represents one of the key
enzymes of the purine salvage pathway, which is consider-
ably more energy-efficient than de novo pathway. It hydro-
lyses ribose from inosine and guanosine in the presence of
an inorganic phosphate, producing hypoxanthine and
guanin, which can then be recycled trough the salvage
pathway or be further degraded to uric acid.

Human PNP activity is increased in T-cell leukemia,
breast and colon cancer and during autoimmune diseases. It
is also found to cleave antiviral drugs and to play a role in
immune response, which leads to transplant-organ rejec-
tion. PNP is conserved in most organisms, and for lot of
parasitic organisms like Mycobacterium tuberculosis (tu-
berculosis causing agent) and Plasmodium falciparum
(malaria causing agent) it more favorable, if not the only
way to obtain purines. Thus, human PNP, as well as para-
sitic PNPs, have been established as prospective targets for
drug design with several PNP inhibitors recently entered
human clinical trials. Due to structural similarities between
PNPs in different organisms, it is a serious challenge to de-
sign selective inhibitors making structural studies of PNPs
an important task.

Human PNP is a functional homotrimer. Parasitic PNPs
are either trimers (MthPNP) or hexamers (PfPNP). Each
subunit has an active site which is formed mostly by the
parent subunit with one or few participating residues be-
longing to neighboring subunit.

We are using X-ray crystallography in structure-based
drug design of novel acyclic nucleotide analogues. Our
goal is to design inhibitors with high affinity towards hPNP
as well as M¢bPNP and P/PNP.

Enzymes were prepared by heterologous expression in
E. coli and purified in high yields and purity necessary for
crystallographic studies. Crystallization conditions for all
three enzymes were identified through wide screening and
optimization. Selected inhibitors with affinity in
nanomolar range were successfully co-crystallized with
hPNP and MtbPNP, diffraction data have been collected on
BL14.1 at the BESSY II electron storage ring operated by
the Helmholtz-Zentrum Berlin and crystal structures were
determined at high resolution (Figure 1).

The knowledge of binding properties of these inhibitors
will provide us crucial information which will be used to
further optimize affinity and selectivity of new generation
of PNP inhibitors.

His257

B Asn243

Thr242 ¢ ) Phe159

Ala117

Ala116 [ Met219

Ser33

Arg84

Figure 1. Crystal structure of human PNP in complex with one of
the inhibitors. A-Overall structure of the trimer, with each subunit
being colored differently. Inhibitor atoms are represented as
spheres in the same color as parent subunit. B- Active site of the
same hPNP:inhibitor structure. Hydrogen-bond forming residues
are represented with sticks and marked in bold, while other bind-
ing-interface-forming residues are represented as lines. Neighbor-
ing subunit is represented with cyan color. 2Fo-Fc electron
density map, contoured at 1.3 ¢ is shown for ligand bound to the
enzyme active site.
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EXPERIMENTAL AND COMPUTATIONAL INVESTIGATIONS OF THE HALOALKANE
DEHALOGENASES AND THEIR INTERACTIONS WITH IONIC LIQUIDS
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Haloalkane dehalogenases (HLDs) are microbial enzymes
that catalyze the cleavage of a carbon-halogen bond by a
hydrolytic mechanism. The reaction products are halide
ion, hydronium ion (proton) and an alcohol molecule.
These enzymes can be useful for the biodegradation of
many important environmental pollutants such as
1,2-dichloroethane, 1,2,3,4,5,6-hexachlorocyclohexane,
and 1-chlorobutane [1].

The haloalkane dehalogenase DhaA from Rhodococcus
rhodochrous is a monomeric enzyme with molecular
weight of 34 kDa and it is a representative of the large
superfamily of o/B-hydrolases [1]. Mutant variant
DhaA80 with enhanced structural and kinetic stability in
the presence of dimethyl sulfoxide and the elevated tem-
perature was constructed by directed evolution and site-di-
rected mutagenesis. The crystallization experiment was
performed using the sitting-drop vapor-diffusion method at
a temperature of 4°C. Crystals of DhaA80 grown from the
precipitant containing 20% PEG 3350, 0.2M sodium fluo-
ride and ionic liquids (IL) from Hampton Research Ilonic
Liquid Screen - HR2-214. Crystals diffracted to the resolu-
tion of 1.8 A. The known structure of HLD from
Rhodococcus sp. (www.resb.org) was used as a template
for molecular replacement. The structures of DhaA80 in-
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cluding IL solutions containing 1) 50% w/v 2-Hydroxy-
ethylammonium formate, 2) 50% w/v 1-Butyl-3-methy-
limidazolium dicyanamide and 3) 50% w/v 1-Butyl-3-
methylimidazolium methyl sulfate were solved after sev-
eral refinements and validations. For further research and
understanding, the interaction of ILs ions molecular dy-
namics (MD) simulations have been used. MD simulations
of systems containing DhaA80 with 50% w/v 1-Butyl-3-
methylimidazolium methyl sulfate and 50% w/v
2-Hydroxy-ethylammonium formate have been performed.
The analysis of MD data by using root mean square devia-
tion (RMSD) and root mean square fluctuations (RMSF)
confirmed that ILs affect the structure and stability of en-
zyme.

1. T. Prudnikova, R. Chaloupkova, Y. Sato, Y. Nagata, 1.
Kuta Smatanova et al. Development of a Crystallization
Protocol for the DbeA1 Variant of Novel Haloalkane
Dehalogenase from Bradyrhizobium elkani USDA94.
Crystal Growth & Design, 11(2), 516-519 (2011).

2. P.Vanacek, E. Sebestova, P. Babkova, S. Bidmanova, L.
Daniel, P. Dvorak, V. Stepanova, J. Damborsky et al. Ex-
ploration of Enzyme Diversity by Integrating
Bioinformatics with Expression Analysis and Biochemical
Characterization. ACS Catalysis, 8(3), 2402-2412 (2018).

PRODUCTION OF TBEV NS5 PROTEIN FOR STRUCTURAL STUDIES

Petra Havliékova', Zdeno Gardian" 2, Paulina Duhita Anindita’, lvana Kuta Smatanova',
Roman Tuma and Zdenék Franta

'Institute of Chemistry, Faculty of Science, University of South Bohemia, BraniSovska 1760,
Ceské Budgjovice, Czech Republic 3
?Institute of Parasitology, Biology Center of the Czech Academy of Sciences, Ceské Budéjovice,
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Tick-borne encephalitis virus (TBEV) is a major human
pathogen, transmitted by ticks from family Ixodidae [1, 2].
TBEYV is an enveloped virus with a ~ 11 kb positive-sense
single-strand RNA genome that encodes a single 375 kDa
polyprotein. During the infection in the host cells, the
polyprotein is cleaved by cellular and viral enzymes into
three structural (capsid (C), pre-membrane (prM) and en-
velope (E)) and seven non-structural (NS1, NS2A, NS2B,
NS3, NS4A, NS4B and NS5) proteins [3]. While structural
proteins are involved in the architecture of new virions [4],
non-structural proteins are responsible for the virus repli-
cation, forming replication complex [5].

Non-structural protein NS5 is a large bi-functional pro-
tein comprising of two domains connected by highly flexi-
ble 10aa linker, which is important for RdRp activity as
well as for the overall shape of the protein. N-terminal
methyltransferase (MTase) domain is involved in the cap-
ping process. C-terminal part of the protein displays
RNA-dependent RNA polymerase (RdRp) activity, crucial
for virus replication [6].

This project focuses on structural studies of TBEV NS5
protein. Various constructs of TBEV NS5 protein were de-
signed: a — full length NS5 full length including both do-
mains, b — RdRp domain + 10aa linker, c — RdRp domain +
8aa linker, d — RdRp domain without linker, e — MTase do-
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main. Expression and purification of individual constructs
was optimized and pure samples were used for initial crys-
tallization screening applying various commercially avail-
able crystallization screens (Molecular Dimensions,
Hampton Research) as well as for cryo-EM analysis.

So far, we have obtained preliminary cryo-EM data for
RdRp domain, showing typical flavivirus RdRp structure
at 11 A, that will be further refined. Needle shaped protein
crystals of RdRp domain grew in several crystallization
conditions. Their protein origin was verified by UVEX im-
aging system and these conditions will be further optimized
by microseeding technique in order to grow more suitable
protein crystals for X-ray diffraction analysis.

1. Bogovic, P. & Strle, F. (2015). Word J. Clin. Cases. 3, 430.
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2. Taba, P., Schmutzhard, E., Forsberg, P., Lutsar, 1., Ljostad,
U., Mygland, A., Levchenko, 1., Strle, F. & Steiner,
1.(2017). Eur. J. Neurol. 24, 1214-1261.

3. Lindenbach, B. D., Murray, C. L., Thiel, H. J. & Rice, C.
M. (2013). In Fields Virology. Lippincott Williams & Wil-
kins, PA, USA.

4. Fuzik, T., Formanova, P., Ruzek, D., Yoshii, K., Niedrig,
M. & Plevka, P. (2018). Nat. Commun. 9, 436.

5. Mackenzie, J. (2005). Traffic. 6, 967-977.
6. Bollati, M. et al. (2009). Antiviral Res. 87, 125-148.

This research is supported by ERDF No. CZ.02.1.01/
0.0/0.0/15_003/000041.

STRUCTURE COMPARISON OF SALIVARY SERPINS FROM IXODES RICINUS
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Serine protease inhibitors-serpins is a group of ancient pro-
teins widely distributed in nature [1]. Serpins function as
serine protease inhibitors but during the evolution, some
serpins lost their inhibitory function and serve as molecular
chaperones (Heat shock serpin 47), tumor suppressors
(Maspin), hormone transporters (Cortisol-binding globu-
lin) or as storage proteins (Ovalbumin) [2]. Inhibitory
serpins vary in functions according to their specificity and
their importance is stressed by serpinopathies, diseases
caused by serpin dysfunction or deficiency. Many of today
well-known diseases, such as emphysema, cirrhosis,
angioedema, hypertension and familial dementia, are asso-
ciated at least partially by serpin dysfunction [3]. This
makes serpins interesting candidates for drug development

and knowledge of detailed serpin structure is necessary for
it.

1. Silverman GA, Bird PI, Carrell RW, et al. The serpins are
an expanding superfamily of structurally similar but func-
tionally diverse proteins. Evolution, mechanism of inhibi-
tion, novel functions, and a revised nomenclature. J Biol
Chem. 2001;276(36):33293-33296.
doi:10.1074/jbc.R100016200.

2. Law RH, Zhang Q, McGowan S, et al. An overview of the
serpin superfamily. Genome Biol. 2006;7(5):216.
doi:10.1186/gb-2006-7-5-216.

3. Sanrattana W, Maas C, de Maat S. SERPINs-From Trap to
Treatment. Front Med (Lausanne). 2019;6:25. Published
2019 Feb 12. doi:10.3389/fmed.2019.00025.
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(14) Blood coagulation
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(12) Fibrinolysis
(11) Protein folding
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Intracellular proteolysis (3)

R e Blood pressure (4)

Hormone transportation (6)

'\\
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Figure 1 Multiple regulatory functions of serpins (From Koiou et al., 2011).
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X-ray diffraction analysis of flavin-dependent oxidase from thermophil Chaetomium thermophilum

RENTGENOVA DIFRAKCNi ANALYZA FLAVIN-DEPENDENTNi OXIDAZY
Z TERMOFILNi HOUBY CHAETOMIUM THERMOPHILUM

A. Kravic1, L. évecové1’2, P. Kolenko1’2, L. H. Qstergaard3, J. Dohnalek?
"Fakulta Jaderna a Fyzikalné InZzenyrska, Cest vysoké uceni technické v Praze, Bfehova 7,
115 19 Praha 1, Ceska republika
2Biotechnologicky ustav Akademie Véd Ceské republiky, Biocev, Priimyslova 595, 252 50, Vestec, Czech
Republic
3Novozymes A/S, Biologiens Vej 2, 2800 Kgs. Lyngby, Dansko
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Flavin-dependentni oxidoreduktaza z termofilni houby
Chaetomium  thermophilum (CtFDO) je monomerni
termostabilni glykoprotein. U této oxidoreduktazy CtFDO
se ocekava katalyza dvouelektronové oxidace primarnich a
sekundarnich alkoholti doprovazena dvouelektronovou
redukci molekularniho kysliku na peroxid vodiku. Pro
svou aktivitu vyzaduje CtFDO oxidovany (planarni) stav
kofaktoru FAD [1]. Ve vSech strukturach tohoto proteinu
se vyskytuje FAD v redukovaném (neplandrnim) stavu.
Oxidovany stav FAD nebyl doposud ve strukturach
CtFDO pozorovan [2].

Pomoci vysoce intenzivniho domaciho zdroje
rentgenového zateni (D8 Venture) jsme se pokusili naméfit
enzym CtFDO v oxidovaném stavu. Dale jsme se pokusili
pozorovat postupnou redukci FAD v zavilosti na
absorbované davce zareni. Namérfena difrakéni data byla
zpracovana po segmentech, které vykazovaly dostate¢nou
kompletnost a rozliSeni k pozorovani strukturni zmény
FAD. Tato data jsme zpracovali programi XDS [3] a
AIMLESS [4], struktura byla upfesnéna pomoci programu
REFMACS [5].

Jiz prvni segment poukazuje na redukovany stav FAD.
Na dalsich segmentech difrakénich dat byla pozorovana

SL12

fluktuace elektronové hustoty v mist¢ FAD. Nové
navrzené experimenty zohlednuji tyto vysledky a povedou
k pozorovani oxidovaného stavu FAD ve struktuie enzymu
CtFDO.

1. Li, A.-N.; Li, D.-C.: J. Appl. Microbiol. 2009, 106, p.
369-380.

2. Svecova L.; Skalova T.; Koval’ T.; Rstergaard L.H;
Kolenko P.; Duskova J.; Dohnélek J.: So, what does the en-
zyme do? Structural data-based identification of substrate
specificity, 2018, Qeudlinburg, Germany (presentation).

3. Kabsch W.: XDS. Acta Cryst., 2010, D66, s. 125-132.

4. Evans P. R.; Murshudov G. N.: How good are my data and
what is the resolution? Acta Cryst., 2013, D69, s.
1204-1214.

5. Murshudov G. N. et al.: REFMACS for the refinement of
macromolecular crystal structures. Acta Cryst., 2011, D67,
s. 355-367.

Tato prace byla podporena Grantovou agenturou CVUTv
Praze (S§GS19/189/OHK4/3T/14) a projekty MSMT (CAV -
CZ.02.1.01/0.0/0.0/16_019/0000778).

ATOMIC RESOLUTION STRUCTURES OF S1 NUCLEASE COMPLEXES REVEAL
DETAILS OF RNA INTERACTION WITH ENZYME IN SPITE OF UNUSUAL CRYSTAL
DEFECT
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S1 nuclease from Aspergillus oryzae is a zinc-dependent
phosphoesterase from the S1-P1 family of nucleases cleav-
ing nucleic acids to nucleotides. Enzymes of the family can
be found in many species having various biological func-
tions with potential utilization in biotechnology and bio-
chemistry. These enzymes have the phospholipase C/P1

nuclease fold and almost the same active site features,
including the trinuclear zinc cluster, yet their substrate
specificity differs from the strictly single-strand-specific to
the non-specific nucleases able to cleave RNA, ssDNA, as
well as dsDNA. Even though, the cleavage mechanism of
the S1-P1 family enzymes was already described and there
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are several structures of complexes with products/ligands
bound in the active site, there are still questions related to
their substrate specificity and preferences [1, 2].

To further increase our understanding of the mecha-
nisms behind the substrate specificity, we performed
co-crystallization of S1 nuclease with various products of
DNA and RNA cleavage. We obtained two novel struc-
tures of S1 nuclease in complex with RNA cleavage prod-
ucts in the active site. A complex with cytidine-5’-
monophosphate at 1.05A resolution and a complex with
uridine at 1.10A resolution. The atomic resolution of both
structures enables observation of fine details of ligand
binding in the active site of the S1 nuclease and also a de-
tailed comparison with already known complexes.

Both structures feature several unexpected strong peaks
at 10 o level of difference electron density (mFo-DF(), in-
compatible with standard molecular geometry constraints
and not interpretable within the coordinates of the enzyme
and its ligands. A closer analysis suggests that they corre-
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spond to zinc ions of translated protein molecules along the
¢ axis of the unit cell. The translated molecules are present
at low partial occupancy in two different positions and can
be most likely interpreted as an intriguing case of or-
der-disorder in protein crystal.

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

2. Koval T. et al., PLoS ONE, 2016, 11(12): e0168832.
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