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Phase diagram and temperature evolution of structure and modulation of Ni2MnGa1-xInx 

single crystals

FÁZOVÝ DIAGRAM TEPLOTA VS. KOMPOZICE A TEPLOTNÍ VÝVOJ STRUKTURY A
MODULACE NA MONOKRYSTALECH Ni2MnGa1-xInx

Petr Cejpek, Petr Doležal, Petr Opletal, Jaroslav Valenta, Kristina Vlášková, 
Mi lan Dopita

Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Ke Karlovu 5, 121 16 Praha 2

Slitiny s tvarovou pamìtí založené na slouèeninách
Ni-Mn-Ga jsou v posledních letech intenzivnì studovány
díky jejich potenciálnímu využití jako aktuátory, senzory
nebo napøíklad mikropumpy [1-2]. Vlastnosti tìchto
materiálù jsou spojeny s martensitickou transformací, pøi
které dochází k transformaci z kubické austenitické fáze do 
martensitu, který má nižší symetrii [3]. Ve vìtšinì pøípadù
martensit vykazuje rovnìž modulaci ve struktuøe [4].
Pomocí rùzných dopování byla objevena výrazná závislost
vlastností a kritických teplot na kompozici, nicménì
vìtšina tìchto studií byla provedena na polykrystalických
vzorcích.

Monokrystaly Ni2MnGa1-xInx pro tuto studii byly
pøipraveny pomocí Bridgmanovy metody. Teploty
transformací byly zjiš•ovány pomocí mìøení magnetizace
a elektrického odporu. Curieho teplota a teploty pre- mar -
ten sitické a martensitické transformace klesají se
vzrùstajícím obsahem in dia ve vzorcích. Tento pokles je
mnohem rychlejší než pokles publikovaný døíve na poly -

krystalických vzorcích, jelikož u našich monokrystalù
nebyla pozorovana martensitická transformace na žádném
vzorku s obsahem in dia vìtším než x > 0.05. Výsledky
rentgenové difrakce mìøené v nízkoteplotní martensitické
fázi ukazují na jasný pokles monoklinního møížového

parametru a a nárùst parametrù c a g v závislosti na zvyšu -
jícím se obsahu in dia. Závislost na kompozici byla
pozorována rovnìž u modulaèního vektoru v martensitické 
i pre-martensitické fázi, kde jeho x-ová a y-ová souøadnice
nabývají hodnot 3/7 (martensit) a 1/3 (pre-martensit).

1.      A. R. Smith, et al., Microfluidic. Nanofluidics 18 (2005)
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CePt2Al2 - STRUCTURAL PROPERTIES
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This work is fo cused on the struc tural and phys i cal prop er -
ties of CePt2Al2, an intermetallic com pound. CePt2Al2 be -
longs to the Ce based 1:2:2 com pounds, which crystalize in 
the struc tural model of CaBe2Ge2 type, see Fig.1 At low
tem per a ture this struc ture type be comes very of ten un sta -
ble and re sult in the struc tural phase tran si tion from
tetragonal to an orthorhombic struc ture as for ex am ple in
CePd2Al2-xGax se ries.

CePt2Al2 is a new mem ber of this fam ily and be haves in 
dif fer ent way. At room tem per a ture the struc ture is
orthorhombic and mod u lated as was de ter mined by sin -
gle-crys tal X-ray dif frac tion (Cmme(a00)000, with 

r
q =

(0.481, 0, 0)).  The de pend ence of lat tice pa ram e ters above

room tem per a ture was stud ied by X-ray pow der dif frac tion 
show ing the pres ence of struc tural tran si tion to a tetragonal 
struc ture above room tem per a ture, which could be pre sum -
ably de scribe by CaBe2Ge2 struc ture type. This tran si tion
ex hib its 50 °C hys ter esis and cre ates a do main struc ture in
the sam ple. Dur ing the tran si tion both tetragonal and
orthorhombic phases co ex ist and their ra tio is de pend ent on 
cool ing rate.

The in ves ti ga tion was also fo cused on spe cific heat,
mag ne ti za tion, and trans port mea sure ments in the tem per a -
ture range be tween 0.5 and 300 K. Spe cific heat and mag -
netic sus cep ti bil ity show an antiferromagnetic or der be low
2 K. Around 20 K the tem per a ture de pend ence of elec tri cal
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re sis tiv ity ex hib its an up turn in typ i cal me tal lic be hav iour,
which leads to the cre ation of lo cal min i mum. On the ba sis
of elec tri cal re sis tiv ity and other bulk mea sure ments,
CePt2Al2 can be con sid ered a Kondo lat tice ma te rial, for
which the re duc tion of free mag netic Ce3+ mo ment is typ i -
cal. The pres ence of a mod u lated crys tal struc ture opens the 
pos si bil ity of a charge den sity wave state in CePt2Al2 as ob -
served for (Re)Pt2Si2.
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Anal y sis of sin gle or mul ti ple dif frac tion pro files rep re -
sents a cru cial part in dif frac tion data pro cess ing for ex per i -
men tal ma te ri als sci ence. The topic looks sim ple at first
sight, but it soon be comes com plex when seek ing the high -
est pre ci sion or deal ing with com pli cated data. Two years
ago, we have in tro duced FitExc – dif frac tion pro file fit ting
pro gram writ ten in MS Ex cel. This light weight yet com -
plex tool, run ning im me di ately on any com puter equipped
with MS Of fice, was proved to be able to deal with the pre -
cise cus tom iz able fit ting of 1D dif frac tion scans .

Now, we in tro duce a new ver sion of the pro gram with
up graded func tion al ity. We have in creased the max i mum
amount of pro files to be fit ted at once, added new op tions
for fit ting strat egy cus tom iz ation (e.g., weighted least
squares method), and in tro duced many tweaks mak ing the
con trol of the pro gram faster and more ef fec tive.  

Al to gether, we pres ent an ef fec tive newly up graded
tool for the anal y sis of sin gle or mul ti ple dif frac tion pro -
files mea sured us ing a con ven tional pow der diffracto -
meter. Among oth ers, ap pli ca tions of FitExc in clude the
pre cise eval u a tion of lat tice pa ram e ters of sin gle crys tals,
deal ing with over lapped re flec tions in multiphase sam ples
or twinned crys tals, pro cess ing of data for re sid ual stress
anal y sis, ther mal ex pan sion anal y sis or even fit ting of
q-scans [3]. The pre sented pro gram is free to use and avail -
able upon re quest - please con tact the cor re spond ing au thor 
if in ter ested.

This work was sup ported by the Grant Agency of the Czech
Tech ni cal Uni ver sity in Prague [grant No. SGS19/190/
OHK4/3T/14].

Fig ure 1. One of the most fre quent struc tural model in RT2X2

(R: rare-earth, T: d-metal, X: p-metal) fam ily of intermetallic
com pounds.
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Study of real structure of laser-welded tool steel
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Cílem tohoto pøíspìvku je popsat reálnou strukturu laserem 
navaøené nástrojové ocele AISI H13. Byl vytvoøen návar z
pìti vrstev, na kterém byla následnì charakterizována
mikrostruktura a fázové složení rentgenovou difrakcí. V
rámci tlouš•ky navaøeného kovu byla nalezena oblast s
výraznì nižší tvrdostí a odlišnou mikrostrukturou, což by
mohlo negativnì ovlivnit vlastnosti novì vytvoøeného
objemu.

Nástrojová ocel AISI H13 pro práci za tepla je jedním
z bìžných materiálù používaných v prùmyslu pro výrobu
forem, zápustek nebo ozubených kol. Formy bìhem své
životnosti trpí silným poškozením v dùsledku termo -
dynamického namáhání [1]. Proto byly vyvinuty rùzné
zpùsoby jejich oprav, které jsou levnìjší než výroba
nových forem. Velkou výhodou laserového navaøování je
vysoká produktivita s minimálním vlivem díky nízkému
vnesenému teplu do základního materiálu. Vnesené teplo
zpùsobuje deformace nebo zhoršení vlastností materiálu v
dùsledku popuštìní. Laserové navaøování proto umožòuje
opravy forem bez dalšího tepelného zpracování [2]. Pøi
navaøování více vrstev jsou však pøedchozí vrstvy tepelnì
ovlivnìny, což mùže významnì zmìnit jejich mikro -
strukturu, reálnou strukturu a tvrdost. Z tohoto dùvodu

ovlivòuje výslednou tvrdost návaru nejen rychlost
ochlazování, ale také teplota dosažená bìhem depozice
dalších vrstev [3]. Proto je dùležité sledovat a porozumìt
mikrostrukturálním zmìnám novì vytvoøeného materiálu.
Tyto znalosti lze použít k návrhu postupu pro depozici
vìtších objemù.

Laserové navaøování bylo provádìno pomocí
vláknového laseru IPG 3kW Yt:YAG. Hustota laserového
výkonu 90 J/mm2 byla použita k vytvoøení návaru z pìti
vrstev, viz obrázek 1. Každá vrstva byla vytvoøena ze šesti,
nebo sedmi pøekrývajících se housenek na substrátu z
nástrojové oceli AISI H11. Byl použit prášek s prùmìrným

prùmìrem èástic 94 ± 24 mm.
Za úèelem stanovení fázového složení vrstev byly

získány difrakèní záznamy na pøístroji X’Pert PRO MPD v
klasické Braggovì–Brentanovì konfiguraci s kobaltovým
záøením a køížovými clonami 1 × 0,25 mm2. Difrakèní
záznamy byly zpracovány programem X’Pert HighScore
Plus a jednotlivé fáze byly identifikovány pomocí databáze 
PDF-2. Kvantitativní analýza byla provedena pomocí
Rietveldovy analýzy v softwaru MStruct. Efektivní
hloubka vnikání odpovídá tlouš•ce povrchové vrstvy, která 
poskytuje pøibližnì 63% difraktované intenzity. V pøípadì

použité vlnové délky je hloubka vnikání asi 5 mm. 
Podle výsledkù rentgenové fázové analýzy, viz obrázek 

2, je podíl austenitu nejvyšší v první navaøené vrstvì,
pøibližnì 11 hm. %. Naopak nejnižší podíl, ménì než 2 hm.
%, je v tmavé oblasti, viz obrázek 1, která zároveò

Obrázek 1. Výbrus návaru s výraznìnou mikrostrukturou.
Obrázek 2. Fázové složení jednotlivých navaøených vrstev, kde
oblast 1 je poslední navaøená, 6 TOO a 7 substrát.
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vykazuje nižší tvrdost o ca 200 HVIT. Pomocí rentgenové
fázové analýzy bylo možné stanovit pouze ferit v tepelnì
ovlivnìné oblasti (TOO) a substrátu. Je vhodné pozna -
menat, že vzhledem k nízkému obsahu uhlíku v oceli
nemùže rentgenová fázová analýza rozlišit mezi feritem,
martenzitem a bainitem kvùli nízkému podílu møížkových
parametrù a/c. Karbidy v substrátu nebyly rentgenovou
difrakcí pozorovány, pravdìpodobnì jsou velmi jemné.

Laserové navaøování nástrojové oceli H13 vykazuje
velký aplikaèní potenciál. Ukázalo se, že mikrostruktura,
fázové složení a tvrdost návaru z více vrstev se v rámci
hloubky významnì liší. Jedná se o velmi dùležité zjištìní,
protože oblast s nižší tvrdostí by mohla zpùsobit výraznì
nižší životnost na povrchu opravené formy. Výzkumné
téma a pøedevším formování oblasti s nižší tvrdostí však
dosud nebylo pøesnì popsáno a pochopeno, takže bude
zapotøebí dalšího výzkumu.

1. R. G. Telasang, et al. Microstructure and Me chan i cal Prop -
er ties of La ser Clad and Post-clad ding Tem pered AISI H13 
Tool Steel. Metall. Ma ter. Trans. A. 46A: 2309–2321,
2015.

2. M. Vedani, et al. Prob lems in la ser re pair-weld ing a sur -
face-treated tool steel, Surf. Coat. Tech. 201: 4518–4525,
2007.

3. G. Rob erts, et al. Tool Steels. Ma te ri als Park: A S M In ter -
na tional, 1998.

Tato práce byla podpoøena grantem Studentské grantové
soutìže ÈVUT è. SGS19/190/OHK4/3T/14 a projektem
CZ.02.1.01/0.0/0.0/16_019/0000778 “Cen ter for ad -
vanced ap plied sci ence” v rámci Operaèního programu
Výzkum, vývoj a vzdìlání, který je kontrolován Minister -
stvem školství, mládeže a tìlovýchovy Èeské Republiky.
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Now a days, nanomaterials are cer tainly a very hot topic in
so ci ety. The ef forts to pre pare het er o ge neous nano -
particles, i. e. nanoparticles com posed of parts from dif fer -
ent ma te ri als, are driven by their in ter est ing char ac ter is tics
com ing from the com bi na tion and syn ergy of in di vid ual
ma te ri als prop er ties.

This study fol lows up het er o ge neous nanoparticles
com posed of a sil ver core and poly meric shell. These
so-called core@shell nanoparticles were pre pared by a
com bi na tion of mag ne tron-based gas ag gre ga tion clus ter
source (GAS) and si mul ta neous plasma en hanced chem i cal 
vapour de po si tion of hexamethyldisiloxane (HMDSO). A
se ries of Ag nanoparticles pre pared at var i ous HMDSO
pres sure was pre pared.

Stud ied sam ples dif fer in the size of the sil ver core and
also in the thick ness of the poly meric shell. These prop er -
ties can be tuned by the amount of HMDSO sup plied to the
de po si tion cham ber. Dur ing the pro cess with out HMDSO
nanoparticles of size around 40 nm are cre ated on the other
hand with 9 % of HMDSO sup plied near to the tar get sur -
face, the di am e ter of nanoparticles de creases to 5 nm. Size
of co her ently dif fract ing do mains does not de pend on the
amount of added HMDSO and stays around 5 nm.
Microstrain and den sity of stack ing faults in creases with
the con cen tra tion of HMDSO in the sys tem, the de tails
were pub lished in [1]. 

Ther mal prop er ties of het er o ge neous metal-poly mer
nanoparticles were in ves ti gated by meth ods of small an gle
x-ray scat ter ing, x-ray dif frac tion, ul tra vi o let-vis i ble spec -
tros copy and elec tron mi cros copy. The changes in size dis -
tri bu tion, shape, and microstructure of nanoparticles with
in creas ing tem per a ture up to 450 °C were ob served and de -
ter mined. 

Fig ure 1. Tem per a ture de pend ence of nanoparticles sil ver core
di am e ter for pure sil ver nanoparticles and nanoparticles pre pared
with the low est amount of HMDSO in the ag gre ga tion chamber.
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XRD pat terns of se lected sam ples be fore and af ter heat -
ing to 450 °C were ana lysed. With in creas ing tem per a ture,
the or der ing of at oms is ob served, the de crease in den sity
of stack ing faults and re lax ation of lat tice pa ram e ters.
Ther mal evo lu tion of size for pure sil ver nanoparticles and
the sil ver cores of nanoparticles pre pared with the low est
amount of HMDSO added to the ag gre ga tion cham ber is
de picted in fig ure 1. The com par i son with pure sil ver
nanoparticles shows that the poly meric shell around
nanoparticles pre vents nanoparticles fu sion. The growth of 
het er o ge neous nanoparticles takes place above 350 °C, co -

ales cence tem per a ture for pure silver nanoparticles is
below 100 °C.

1. T. Košutová et al., "Syn the sis and microstructure in ves ti ga -
tion of het er o ge neous metal-plasma poly mer Ag/HMDSO
nanoparticles," Surf. In ter face Anal., no. 2019, pp. 1-4,
2020, doi: 10.1002/sia.6779.

The au thors ac knowl edge the fi nan cial sup port from the
pro ject NanoCent—Nanomaterials Cen tre for Ad vanced
Ap pli ca tions, Pro ject No. CZ.02.1.01/0.0/0.0/15_003/
0000485, fi nanced by ERDF.
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The paired re fine ment pro to col [1] is con sid ered as the op -
ti mal ap proach for the de ter mi na tion of high-res o lu tion
cut off in macromolecular crys tal log ra phy. Un like the con -
ser va tive cri te ria based only on the in di ca tors of dif frac tion 
data qual ity, it en ables a di rect link ing of the qual ity of data
and struc ture model. Gen er ally, the proper es ti ma tion of
the res o lu tion limit re duces the noise level in cal cu lated
elec tron den sity maps which sub se quently leads to finer
mo lec u lar struc tures. Es pe cially, this has an im pact on re -
gions dif fi cult to in ter pret.

Dur ing our re cent work on PAIREF – au to ma tion of the 
pro to col [2] – we ana lysed the data set from endothiapepsin 

from Cryphonectria parasitica in com plex with frag ment
B53 [3], PDB en try 4Y4G. How ever, the men tioned ligand
(mol e cule of frag ment B53) is oc cu pied only par tially. De -
spite the im por tance of de ter mi na tion of ex act mol e cule
po si tion, the sig nal is rather weak in this re gion. 

Al though the struc ture was pre vi ously solved at 1.44C
res o lu tion, we re pro cessed the data in XDS [4] and per -
formed paired re fine ment in PAIREF us ing REFMAC5 [5]
up to 1.05 C. Ob tained re sults showed the data con tain use -
ful sig nal up to 1.20 C. More over, the clear ev i dence of im -
prove ment of elec tron den sity qual ity in ligand re gion was
ob served while the op ti mal high-res o lu tion cut off was ap -
plied (Fig ure 1).

1. P. A. Karplus & K. Diederichs, Sci ence, 336, (2012), pp.
1030–1033.

2. M. Malý, K. Diederichs, J. Dohnálek, P. Kolenko, IUCrJ,
7, (2020), pp. 681–692.

3. F. Huschmann, J. Linnik, K. Röwer, M. Ühlein, X. Wang,
A. Metz, J. Schiebel, A. Heine, G. Klebe, M. Weiss,
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. Wil son, M. E. M. No -
ble, Acta Cryst. D, 67, (2011), pp. 386–394.

This pub li ca tion was sup ported by the MEYS CR (pro jects
CAAS – CZ.02.1.01/0.0/0.0/16_019/0000778 and
BIOCEV – CZ.1.05/1.1.00/02.0109) from the ERDF fund
and by the GA CTU in Prague (SGS19/189/OHK4/3T/14).

Figure 1. Com par i son of elec tron-den sity omit maps of the par tially 
oc cu pied frag ment B53 af ter re fine ment at 1.44 C (or ange) and
1.20 C (blue) – con toured at 0.56 e·C-3 level. Atomic co or di nates
orig i nate from PDB en try 4Y4G [3]. The fig ure was cre ated in
CCP4mg [6].
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Nu cleic acid syn the sis and deg ra da tion are on go ing met a -
bolic pro cesses in most cells. The degradative pro cesses
lead to the re lease of free pur ines and the sal vage path way
ex ists to re cover them ef fi ciently in a use ful form.  Pu rine
nucleoside phosphorylase (PNP) rep re sents one of the key
en zymes of the pu rine sal vage path way, which is con sid er -
ably more en ergy-ef fi cient than de novo path way. It hy dro -
ly ses ribose from inosine and guanosine in the pres ence of
an in or ganic phos phate, pro duc ing hypoxanthine and
guanin, which can then be re cy cled trough the sal vage
path way or be fur ther de graded to uric acid.

 Hu man PNP ac tiv ity is in creased in T-cell leu ke mia,
breast and co lon can cer and dur ing au to im mune dis eases. It 
is also found to cleave an ti vi ral drugs and to play a role in
im mune re sponse, which leads to trans plant-or gan re jec -
tion. PNP is con served in most or gan isms, and for lot of
par a sitic or gan isms like My co bac te rium tu ber cu lo sis (tu -
ber cu lo sis caus ing agent) and Plasmodium falciparum
(ma laria caus ing agent) it more fa vor able, if not the only
way to ob tain pur ines. Thus, hu man PNP, as well as par a -
sitic PNPs, have been es tab lished as pro spec tive tar gets for
drug de sign with sev eral PNP in hib i tors re cently en tered
hu man clin i cal tri als. Due to struc tural sim i lar i ties be tween
PNPs in dif fer ent or gan isms, it is a se ri ous chal lenge to de -
sign se lec tive in hib i tors mak ing struc tural stud ies of PNPs
an im por tant task. 

Hu man PNP is a func tional homotrimer. Par a sitic PNPs 
are ei ther tri mers (MtbPNP) or hexamers (PfPNP). Each
sub unit has an ac tive site which is formed mostly by the
par ent sub unit with one or few par tic i pat ing res i dues be -
long ing to neigh bor ing sub unit. 

We are us ing X-ray crys tal log ra phy in struc ture-based
drug de sign of novel acy clic nu cle o tide an a logues. Our
goal is to de sign in hib i tors with high af fin ity to wards hPNP 
as well as MtbPNP and PfPNP.

En zymes were pre pared by heterologous ex pres sion in
E. coli and pu ri fied in high yields and pu rity nec es sary for
crys tal lo graphic stud ies. Crys tal li za tion con di tions for all
three en zymes were iden ti fied through wide screen ing and
op ti mi za tion. Se lected in hib i tors with af fin ity in
nanomolar range were suc cess fully co-crys tal lized with
hPNP and MtbPNP, dif frac tion data have been col lected on 
BL14.1 at the BESSY II elec tron stor age ring op er ated by
the Helmholtz-Zentrum Berlin and crys tal struc tures were
de ter mined at high res o lu tion (Fig ure 1). 

The knowl edge of bind ing prop er ties of these in hib i tors 
will pro vide us cru cial in for ma tion which will be used to
fur ther op ti mize af fin ity and se lec tiv ity of new gen er a tion
of PNP inhibitors.
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Fig ure 1. Crys tal struc ture of hu man PNP in com plex with one of
the in hib i tors. A-Over all struc ture of the trimer, with each sub unit
be ing col ored dif fer ently. In hib i tor at oms are rep re sented as
spheres in the same color as par ent sub unit. B- Ac tive site of the
same hPNP:in hib i tor struc ture. Hy dro gen-bond form ing res i dues
are rep re sented with sticks and marked in bold, while other bind -
ing-in ter face-form ing res i dues are rep re sented as lines. Neigh bor -
ing sub unit is rep re sented with cyan color. 2Fo-Fc elec tron

den sity map, con toured at 1.3 s is shown for ligand bound to the
en zyme ac tive site.
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EXPERIMENTAL AND COMPUTATIONAL INVESTIGATIONS OF THE HALOALKANE
DEHALOGENASES AND THEIR INTERACTIONS WITH IONIC LIQUIDS

A. Shaposhnikova1, T. Prudnikova1, B. Minofar2, I. Kuta Smatanova1
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Haloalkane dehalogenases (HLDs) are mi cro bial en zymes
that cat a lyze the cleav age of a car bon-halo gen bond by a
hydrolytic mech a nism. The re ac tion prod ucts are ha lide
ion, hydronium ion (pro ton) and an al co hol mol e cule.
These en zymes can be use ful for the biodegradation of
many im por tant en vi ron men tal pol lut ants 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 en zyme with mo lec u lar
weight of 34 kDa and it is a rep re sen ta tive of the large

superfamily of a/b-hy dro las es [1]. Mu tant vari ant
DhaA80 with en hanced struc tural and ki netic sta bil ity in
the pres ence of dimethyl sulfoxide and the el e vated tem -
per a ture was con structed by di rected evo lu tion and site-di -
rected mu ta gen e sis. The crys tal li za tion ex per i ment was
per formed us ing the sit ting-drop va por-dif fu sion method at 
a tem per a ture of 4°C. Crys tals of DhaA80 grown from the
pre cip i tant con tain ing 20% PEG 3350, 0.2M so dium flu o -
ride and ionic liq uids (IL) from Hampton Re search Ionic
Liq uid Screen - HR2-214. Crys tals dif fracted to the res o lu -
tion of 1.8 C. The known struc ture of HLD from
Rhodococcus sp. (www.rcsb.org) was used as a tem plate
for mo lec u lar re place ment. The struc tures of DhaA80 in -

clud ing IL so lu tions con tain ing 1) 50% w/v 2-Hydroxy -
ethylammonium formate, 2) 50% w/v 1-Bu tyl- 3-methy-
limidazolium dicyanamide and 3) 50% w/v 1-Butyl-3-
methylimidazolium methyl sul fate were solved af ter sev -
eral re fine ments and val i da tions. For fur ther re search and
un der stand ing, the in ter ac tion of ILs ions mo lec u lar dy -
nam ics (MD) sim u la tions have been used. MD sim u la tions
of sys tems con tain ing DhaA80 with 50% w/v 1-Butyl-3-
methylimidazolium methyl sul fate and 50% w/v
2-Hydroxy -ethylammonium formate have been per formed. 
The anal y sis of MD data by us ing root mean square de vi a -
tion (RMSD) and root mean square fluc tu a tions (RMSF)
con firmed that ILs af fect the struc ture and sta bil ity of en -
zyme.

1. T. Prudnikova, R. Chaloupkova, Y. Sato, Y. Nagata, I.
Kuta Smatanova et al. De vel op ment of a Crys tal li za tion
Pro to col for the DbeA1 Vari ant of Novel Haloalkane
Dehalogenase from Bradyrhizobium elkani USDA94.
Crys tal Growth & De sign, 11(2), 516–519 (2011).

2. P. Vanacek, E. Sebestova, P. Babkova, S. Bidmanova, L.
Dan iel, P. Dvorak, V. Stepanova, J. Damborsky et al. Ex -
plo ra tion of En zyme Di ver sity by In te grat ing
Bioinformatics with Ex pres sion Anal y sis and Bio chem i cal
Char ac ter iza tion. ACS Ca tal y sis, 8(3), 2402–2412 (2018).
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Tick-borne en ceph a li tis vi rus (TBEV) is a ma jor hu man
patho gen, trans mit ted by ticks from fam ily Ixodidae [1, 2].
TBEV is an en vel oped vi rus with a ~ 11 kb pos i tive-sense
sin gle-strand RNA ge nome that en codes a sin gle 375 kDa
polyprotein. Dur ing the in fec tion in the host cells, the
polyprotein is cleaved by cel lu lar and vi ral en zymes into
three struc tural (capsid (C), pre-mem brane (prM) and en -
ve lope (E)) and seven non-struc tural (NS1, NS2A, NS2B,
NS3, NS4A, NS4B and NS5) pro teins [3]. While struc tural
pro teins are in volved in the ar chi tec ture of new virions [4],
non-struc tural pro teins are re spon si ble for the vi rus rep li -
ca tion, form ing rep li ca tion com plex [5]. 

Non-struc tural pro tein NS5 is a large bi-func tional pro -
tein com pris ing of two do mains connected by highly flex i -
ble 10aa linker, which is im por tant for RdRp ac tiv ity as
well as for the over all shape of the pro tein. N-ter mi nal
methyltransferase (MTase) do main is in volved in the cap -
ping pro cess. C-ter mi nal part of the pro tein dis plays
RNA-de pend ent RNA poly mer ase (RdRp) ac tiv ity, cru cial 
for vi rus rep li ca tion [6]. 

This pro ject fo cuses on struc tural stud ies of TBEV NS5 
pro tein. Var i ous con structs of TBEV NS5 pro tein were de -
signed: a – full length NS5 full length in clud ing both do -
mains, b – RdRp do main + 10aa linker, c – RdRp do main +
8aa linker, d – RdRp do main with out linker, e – MTase do -
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main. Ex pres sion and pu ri fi ca tion of in di vid ual con structs
was op ti mized and pure sam ples were used for ini tial crys -
tal li za tion screen ing ap ply ing var i ous com mer cially avail -
able crys tal li za tion screens (Mo lec u lar Di men sions,
Hampton Re search) as well as for cryo-EM anal y sis. 

So far, we have ob tained pre lim i nary cryo-EM data for
RdRp do main, show ing typ i cal flavivirus RdRp struc ture
at 11 C, that will be fur ther re fined. Nee dle shaped pro tein
crys tals of RdRp do main grew in sev eral crys tal li za tion
con di tions. Their pro tein or i gin was ver i fied by UVEX im -
ag ing sys tem and these con di tions will be fur ther op ti mized 
by microseeding tech nique in or der to grow more suit able
pro tein crys tals for X-ray dif frac tion anal y sis. 

1. Bogovic, P. & Strle, F. (2015). Word J. Clin. Cases. 3, 430.

2. Taba, P., Schmutzhard, E., For sberg, P., Lut sar, I., Lj ostad, 
U., My gland, A., Levchen ko, I., Str le, F. & Stei ner,
I.(2017). Eur. J. Neu rol. 24, 1214-1261.

3. Lindenbach, B. D., Mur ray, C. L., Thi el, H. J. & Rice, C.
M. (2013). In Fields Vi ro lo gy. Lip pin cott Wil li ams & Wil -
kins, PA, USA.

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

5. Mac ken zie, J. (2005). Traf fic. 6, 967-977.

6. Bollati, M. et al. (2009). An ti vi ral Res. 87, 125-148.
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Serine pro te ase in hib i tors-serpins is a group of an cient pro -
teins widely dis trib uted in na ture [1]. Serpins func tion as
serine pro te ase in hib i tors but dur ing the evo lu tion, some
serpins lost their in hib i tory function and serve as mo lec u lar 
chaperones (Heat shock serpin 47), tu mor suppressors
(Maspin), hor mone trans port ers (Cortisol-bind ing glob u -
lin) or as stor age pro teins (Ovalbumin) [2]. In hib i tory
serpins vary in func tions ac cord ing to their spec i fic ity and
their im por tance is stressed by serpinopathies, dis eases
caused by serpin dys func tion or de fi ciency. Many of to day
well-known dis eases, such as em phy sema, cir rho sis,
angioedema, hy per ten sion and fa mil ial de men tia, are as so -
ci ated at least par tially by serpin dys func tion [3]. This
makes serpins in ter est ing can di dates for drug de vel op ment

and knowl edge of de tailed serpin struc ture is nec es sary for
it.

1. Silverman GA, Bird PI, Carrell RW, et al. The serpins are
an ex pand ing superfamily of struc tur ally sim i lar but func -
tion ally di verse pro teins. Evo lu tion, mech a nism of in hi bi -
tion, novel func tions, and a re vised no men cla ture. J Biol
Chem. 2001;276(36):33293-33296.
doi:10.1074/jbc.R100016200.

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

3. Sanrat ta na W, Maas C, de Maat S. SER PINs-From Trap to
Treat ment. Front Med (Lausan ne). 2019;6:25. Pu b lished
2019 Feb 12. doi:10.3389/fmed.2019.00025.

Figure 1 Mul ti ple reg u la tory func tions of serpins (From Koiou et al., 2011).
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X-ray diffraction analysis of flavin-dependent oxidase from thermophil Chaetomium thermophilum
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Flavin-dependentní oxidoreduktáza z termofilní houby
Chaetomium thermophilum (CtFDO) je monomerní
termostabilní glykoprotein. U této oxidoreduktázy CtFDO
se oèekává katalýza dvouelektronové oxidace primárních a 
sekundárních alkoholù doprovázena dvouelektronovou
redukcí molekulárního kyslíku na peroxid vodíku. Pro
svou aktivitu vyžaduje CtFDO oxidovaný (planární) stav
kofaktoru FAD [1]. Ve všech strukturách tohoto proteinu
se vyskytuje FAD v redukovaném (neplanárním) stavu.
Oxidovaný stav FAD nebyl doposud ve strukturách
CtFDO pozorován [2]. 

Pomocí vysoce intenzivního domácího zdroje
rentgenového záøení (D8 Ven ture) jsme se pokusili namìøit 
enzym CtFDO v oxidovaném stavu. Dále jsme se pokusili
pozorovat postupnou redukci FAD v zavilosti na
absorbované dávce záøení. Namìøená difrakèní data byla
zpracována po segmentech, které vykazovaly dostateènou
kompletnost a rozlišení k pozorování strukturní zmìny
FAD. Tato data jsme zpracovali programù XDS [3] a
AIMLESS [4], struktura byla upøesnìna pomocí programu
REFMAC5 [5].

Již první seg ment poukazuje na redukovaný stav FAD.
Na dalších segmentech difrakèních dat byla pozorována

fluktuace elektronové hustoty v místì FAD. Novì
navržené experimenty zohledòují tyto výsledky a povedou
k pozorování oxidovaného stavu FAD ve struktuøe enzymu 
CtFDO.

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

2. Švecová L.; Skálová T.; Kova¾ T.; Østergaard L. H.;
Kolenko P.; Dušková J.; Dohnálek J.: So, what does the en -
zyme do? Struc tural data-based iden ti fi ca tion of sub strate
spec i fic ity, 2018, Qeudlinburg, Ger many (pre sen ta tion).

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

4. Ev ans P. R.; Murshudov G. N.: How good are my data and 
what is the res o lu tion? Acta Cryst., 2013, D69, s.
1204–1214.

5. Murshudov G. N. et al.: REFMAC5 for the re fine ment of
macromolecular crys tal struc tures. Acta Cryst., 2011, D67, 
s. 355-367.
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S1 nuclease from Aspergillus oryzae is a zinc-de pend ent
phosphoesterase from the S1-P1 fam ily of nu cleases cleav -
ing nu cleic ac ids to nu cleo tides. En zymes of the fam ily can
be found in many spe cies hav ing var i ous bi o log i cal func -
tions with po ten tial uti li za tion in bio tech nol ogy and bio -
chem is try. These en zymes have the phospholipase C/P1

nuclease fold and al most the same ac tive site fea tures,
in clud ing the trinuclear zinc clus ter, yet their sub strate
spec i fic ity dif fers from the strictly sin gle-strand-spe cific to 
the non-spe cific nu cleases able to cleave RNA, ssDNA, as
well as dsDNA. Even though, the cleav age mech a nism of
the S1-P1 fam ily en zymes was al ready de scribed and there



are sev eral struc tures of com plexes with prod ucts/lig ands
bound in the ac tive site, there are still ques tions re lated to
their sub strate spec i fic ity and pref er ences [1, 2].

To fur ther in crease our un der stand ing of the mech a -
nisms be hind the sub strate spec i fic ity, we per formed
co-crys tal li za tion of S1 nuclease with var i ous prod ucts of
DNA and RNA cleav age. We ob tained two novel struc -
tures of S1 nuclease in com plex with RNA cleav age prod -
ucts in the ac tive site. A com plex with cytidine-5’-
monophosphate at 1.05C res o lu tion and a com plex with
uridine at 1.10C res o lu tion. The atomic res o lu tion of both
struc tures en ables ob ser va tion of fine de tails of ligand
bind ing in the ac tive site of the S1 nuclease and also a de -
tailed com par i son with al ready known com plexes.

Both struc tures fea ture sev eral un ex pected strong peaks 

at 10 s level of dif fer ence elec tron den sity (mFO-DFC), in -
com pat i ble with stan dard mo lec u lar ge om e try con straints
and not in ter pret able within the co or di nates of the en zyme
and its lig ands. A closer anal y sis sug gests that they cor re -

spond to zinc ions of trans lated pro tein mol e cules along the 
c axis of the unit cell. The trans lated mol e cules are pres ent
at low par tial oc cu pancy in two dif fer ent po si tions and can
be most likely in ter preted as an in trigu ing case of or -
der-dis or der in pro tein crys tal. 

1. Kova¾ T, Dohnálek J, Bio tech nol ogy Ad vances, 2018,
36(3): 603-612

2. Kova¾ T. et al., PLoS ONE, 2016, 11(12): e0168832.
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