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The fusogenic avian Orthoreoviruses of Reoviridae fam ily
are im por tant patho gens of birds that can cause con sid er -
able eco nomic losses in the poul try in dus try. Avian
reoviruses have been as so ci ated with a va ri ety of dis ease
con di tions in poul try [1]. The avian reovirions are non-en -
vel oped icosahedral par ti cles of 85 nm ex ter nal di am e ter
with 10 dsRNA genomic seg ments (23.5 kb) en cased
within two con cen tric pro tein shells, form ing the outer
capsid and the core [2]. The RNA rep li ca tion and morpho -
genesis of reoviruses oc curs ex clu sively within cy to plas -
mic in clu sion bod ies, also  known as vi ral fac to ries, or
‘viroplasms’. The viroplasms are formed by non-struc tural

pro tein mNS in as so ci a tion with non-struc tural pro tein sNS 

[3]. The sNS acts as RNA chaperone and destabilizes he li -

cal re gions of RNAs. The struc ture is not known. The sNS
pro tein was con structed in or der to study the pro cess of the

viroplasm for ma tion in de tails. The sNS is a non-struc tural 
pro tein ap prox i mately 41 kDa large and is com posed of
367 amino ac ids. The homology mod el ling by Phyre2 pre -

dic tion server es ti mated a high a- he li cal struc ture [4]. The
SAXS ex per i ments re vealed the elon gated pear- shaped

struc ture. The sNS pro tein is homodimer as a bi o log i cal
unit with high prob a ble fur ther hexamerisation. It forms
likely octamers in the pres ence of bound ssRNA in so lu tion 

by hy dro pho bic in ter ac tions. The sNS rap idly bind ssRNA 
in a se quence-in de pend ent man ner and then form large
nucleoprotein com plex [5].

Here we re port the re sults of the ex pres sion, pu ri fi ca -

tion and fur ther crys tal li za tion ex per i ments of the sNS
pro tein. Sub se quent mon i tor ing of pu ri fied sam ples re -
vealed that pro tein is quite sta ble and in pres ence of

ssRNAs forms octamers. In other case, sNS forms
pseudocapsids that were ob served by EM neg a tive stain -
ing. 
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PAPS is a de riv a tive of adenosine monophosphate that is
phosphorylated at the 3’ po si tion and has a sul fate group at -
tached to the 5’ phos phate. It is the most com mon coen -
zyme in sulfotransferase re ac tions. PAPS is syn the sized
from ATP and in or ganic sul fate by PAPS synthetase
(PAPSS). Proper func tion of PAPSS is es sen tial for nor mal 
phys i ol ogy in hu man. Mu ta tions in the PAPSS genes could 
cause se vere dis ease states. In hu mans there are three
isoforms of PAPSS: PAPSS1, PAPSS2a, and PAPSS2b
which are pre dom i nantly ex pressed in brain, car ti lage and
liver re spec tively. PAPSS1 and PAPSS2a/b are about 73%

sim i lar in amino acid se quences. The ki net ics of PAPSS
for ma tion be tween these isoforms are dif fer ent.

We cloned PAPSS2 us ing pMAL-c2 and pTrc vec tors.
Also, we op ti mized ex pres sion by vary ing the tem per a ture
(4, 15, 20, 37  °C), time (3, 14, 20 hours and 2, 5, 7 days)
and the con cen tra tion of the in ducer (with 0.5 mM or 1 mM 
of IPTG and with out IPTG). Af ter ex pres sion, we pu ri fied
pro tein us ing am y lase and nickel col umns. Pro tein was
crys tal lized us ing ro bot also we did op ti mi za tion for crys -
tal li za tion and tested the crys tals on the diffractometer. In
the fu ture, we plan to solve struc ture PAPS-synthase 2 and
un der stand the mech a nism of its reac tion.
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The HAD (haloacid dehalogenase) superfamily is one of
the larg est known group of en zymes and the ma jor ity of
them cat a lyze the hy dro ly sis of phos pho ric acid mono -
esters into a phos phate ion and an al co hol. Phospha tases in
gen eral are en zymes clas si fied into the num ber of super -
families. Due to their di verse sub strate spec i fic ity, the un -
der stand ing of the com plete sub strate pro fil ing and
func tion is very lim ited [1]. To gain in sight into their bi o -
log i cal func tions and pos si ble bio tech no log i cal ap pli ca -
tions var i ous bio chem i cal and com pu ta tional meth ods can
be used. De spite the fact that se quence sim i lar ity be tween
HAD phosphatases is gen er ally very low, the mem bers
pos sess some char ac ter is tic fea tures, such as Rossmann-
 like fold, HAD sig na ture mo tifs or the re quire ment for
Mg2+ ion as an oblig a tory co fac tor. This study was fo cused
on new hy po thet i cal HAD phosphatase from Thermoc -
occus thioreducens. The pro tein crys tal lized in space group 
P21212 with unit-cell pa ram e ters a = 66.3, b = 117.0, c =

33.8 C, and the crys tals con tained one mol e cule in the
asym met ric unit. The pro tein struc ture was determined by
X-ray crys tal log ra phy and re fined to 1.75 C res o lu tion.
The struc ture re vealed a pu ta tive ac tive site, com mon to all
HAD mem bers. Com pu ta tional dock ing into the crys tal
struc ture was used to pro pose sub strates for the en zyme.
Ac tiv ity of this thermophilic en zyme to wards se lected sub -
strates was con firmed at tem per a ture 333 K.

1. Fahs, S., Lujan, P. & Kohn, M. (2016). ACS Chem Biol.
11, 2944-2961.
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Serpins (serine pro te ase in hib i tors) be long to the group of
pro te ase in hib i tors superfamily. They ir re vers ible in hibit
pro teas es by un der go ing to a huge conformational change
to break the pro teas es ac tive site. The changes in serpin
struc ture caused by pro te ol y sis of the re ac tive-cen ter loop
(RCL), which in the na tive state (also called the S state) has 
an ex tended con for ma tion that pro trudes from the serpin
do main. Dur ing the cleav age, the amino-ter mi nal part of

the RCL in serts into the cen tral b-sheet to form an ad di -

tional b-strand. This struc tural re ar range ment is cru cial for
pro te ase in hi bi tion and re sults in the so-called R state of
serpin, which is more sta ble com pared with the S state. In
the fi nal serpin – pro te ase com plex the pro te ase re mains
co va lently linked to the serpin. 

Sev eral crys tals have been grown in com mer cial con di -
tions In dex (Hampton Re search, USA), JBScreen, (Jena
Bio sci ence GmbH, Ger many). The va por dif fu sion sit ting
drop method was per formed with ra tio pro tein to pre cip i -
tant 1:1 and 2:1 and stored at tem per a ture 293 K. Op ti mi za -
tion of suc cess ful crys tal li za tion con di tions was per formed
by vari a tion of salt, PEG and pro tein con cen tra tion. Num -

ber of dif frac tion data sets was col lected at res o lu tion rang -
ing from 2.0 to 3.0 C. The im age pro cess ing was
per formed by XDS [1] soft ware pack age and pre lim i nary
re sults shown that serpin crys tals be long to the trigonal
space group P3121 with unit cell pa ram e ters a = 78.38 C , b

= 78.38 C c = 99.57 C, a = b = 90.0°, g = 120.0°.  The
struc ture with iden tity above 50 % was found. This par tic u -
lar struc ture was used as a model for mo lec u lar re place -
ment for pro cessed data sets. MolPrep and Phaser as well as 
au to mated BALBES pipe line were used to ob tain ini tial
mod els, fol lowed by struc ture re fine ment with REFMAC5
from the CCP4 soft ware pack age. Model build ing us ing
Coot and re fine ment in Refmac5 is un der way.

1. Kabsch, W., Au to matic pro cess ing of ro ta tion dif frac tion
data from crys tals of ini tially un known sym me try and cell
con stants, J. Appl. Cryst., 1993, 26, 795–800.

This re search was sup ported by the GACR 19-14704Y,
GACR 17-24341S and GAJU (04-017/2019/P).
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Lectins are ubiq ui tous pro teins and glycoproteins with the
abil ity to spe cif i cally, non-co va lently and re vers ibly bind
to the mono-, oligo- and poly sac cha rides [1]. These sugar-
 bind ing pro teins can be found in most or gan isms, rang ing
from vi ruses and bac te ria to plants and an i mals. They play
an im por tant role in many pro cesses oc cur ring in na ture
such as cell-cell in ter ac tion or rec og ni tion of the host by a
patho gen [2]. Lectins rep re sent a het er o ge neous group of
pro teins that vary in size, oligomeric state, struc ture as well 
as in ex hibit spec i fic ity. Due to their im por tance, lectins are 
stud ied struc tur ally and func tion ally to com pletely un der -
stand their role and mech a nism of ac tion [3].

Our re search fo cuses on the lectins from gram-neg a tive
entomopathogenic bac te ria Photorhabdus asymbiotica,
which live in sym bi o sis with Heterorhabditis nem a todes.
This sym bi otic com plex can be found in soil, where it
searches for the in sect prey [4]. Even though the
Photorhabdus ge nus is mainly in sect patho gen there are
also clin i cal cases de scrib ing a hu man in fec tion caused by
this bac te rium [5] P. asymbiotica pro duces the well-char -
ac ter ized lectin PHL [6] which has a seven-bladed

b-propeller fold and con tains two types of bind ing sites for
dif fer ent lig ands. In ad di tion, bioinformatic anal y sis of the
P. asymbiotica ge nome re vealed a pres ence of two ad di -
tional genes for ho mol o gous pro teins with the PHL lectin.
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Sev eral sugar-bind ing pro teins with un known func tion and 
dual be hav iour makes P. asymbiotica a com pel ling or gan -
ism and fur ther stud ies of biomolecules pro duced by this
bac te rium may re veal their im por tance in the patho genic or
a sym bi otic stage of life.

Se lected re com bi nant lectins were pro duced in the E.
coli ex pres sion sys tem and pu ri fied by af fin ity chro ma tog -
ra phy on a mannose-agarose resin. High-through put crys -
tal li za tion screen ing was per formed to find crys tal li za tion
con di tions us ing the sit ting drop vapour dif fu sion method.
Data col lec tion from ob tained crys tals was per formed on
the syn chro tron BESSYII. The struc ture of the PHL2 lectin 
was solved by mo lec u lar re place ment us ing the PHL struc -
ture as a model. 

This work has been sup ported by the Czech Sci ence foun -
da tion (18-18964S).
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The high res o lu tion dif frac tion limit is one of the most im -
por tant pa ram e ters of any solved macro-mo lec u lar struc -
ture. Thus, it should be es ti mated care fully in or der to avoid 
both cov er ing too noisy data and dis card ing data con tain -
ing use ful sig nal. How ever, the con ser va tive cri te ria for

data qual ity in di ca tors (e.g. I/s(I), Rpim and CC1/2) are not
suf fi cient to de ter mine the proper high res o lu tion dif frac -
tion limit as both in stru men ta tion and soft ware have
changed in the last de cades. This prob lem can be over come
with the us age of the paired re fine ment pro to col that links
crys tal lo graphic model and data qual ity [1]. This ap proach
will be dem on strated on an ex em plary dataset.

Dif frac tion data from a crys tal of a heme-de pend ent
glo bin do main were col lected at the Helmholtz-Zentrum
Berlin (BESSY II) on beamline 14.1 us ing a Dectris
PILATUS 6M de tec tor. The data were pro cessed in XDS
[2]. The ini tial high res o lu tion cut-off was set to 1.85 C ac -

cord ing to a con ser va tive cri te rion for I/s(I). Mo lec u lar re -
place ment was suc cess ful and the struc ture model was
re fined in REFMAC5 [3] us ing iso tro pic B-fac tors. R-val -
ues of the ob tained struc ture model were: Rwork = 0.1924,
Rfree = 0.2413. The struc ture con tain ing 11,467 at oms has
been de pos ited in the Pro tein Data Bank un der the code
5OHE [4].   

Re cently, the paired re fine ment pro to col was per -
formed on the orig i nal dif frac tion data to ana lyse the im -
pact of the data from high res o lu tion. At first, the struc ture
model was re fined us ing data up to res o lu tion 1.80 C. Both

R-val ues de creased mod er ately (Fig ure 1). Thus, even
weak data from the shell 1.85–1.80 C caused an im prove -
ment of the struc ture model (the qual ity in di ca tors of data

in this shell have fol low ing val ues: I/s(I) = 1.4, CC1/2 =
0.820. Re fine ment against data up to res o lu tion 1.75 C,
1.70 C, and 1.65 C did not cause fur ther im prove ment as
the Rfree-value in creased slightly in these cases.

Figure 1. R-value anal y sis of paired re fine ment re sults. For each
in cre men tal step of res o lu tion from X›Y, the R-val ues were cal cu -
lated at res o lu tion X.
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Ac cord ing to these re sults, the op ti mal high res o lu -
tion dif frac tion limit was de ter mined as 1.80C  res o lu tion.
It does not look like a large dif fer ence in com par i son with
the pre vi ous choice (1.85 C). How ever, the res o lu tion shell 
1.85–1.80 C con tains 9,929 unique re flec tions (8 % of
whole dataset) which is not a neg li gi ble num ber, given the
num ber of re fined pa ram e ters (45,388).

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

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

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

4. M. Stranava et al., J. Biol. Chem., 292, (2017), pp.
20921-20935.
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(CZ.02.1.01/0.0/0.0/16_019/0000778) and CIISB4
HEALTH (CZ.02.1.01/0.0/0.0/16_013/0001776) from the
ERDF fund and by the GA CTU in Prague (SGS19/189/
OHK4/3T/14).
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AISI H13 hot work ing tool steel is one of the most com mon 
die ma te rial used in metal and cast ing in dus tries. Dies suf -
fer dam age due to wear and thermo-dy namic stresses dur -
ing their life time [1]. There fore, var i ous meth ods have
been de vel oped for their re pair, which is cheaper than man -
u fac tur ing new ones. A great ben e fit of la ser clad ding in
this field is a high pro duc tiv ity with min i mal in flu ence due
to a low heat in put on sur round ing ma te rial by ther mal
stresses [2]. There fore, the aim of the con tri bu tion is to de -
scribe the ef fects of la ser pro cess ing on the microstructure
of la ser cladded H13 tool steel us ing ori en ta tion im ag ing
mi cros copy (OIM) based on elec tron back scat ter dif frac -
tion (EBSD) and other tech niques.

La ser clad ding was car ried us ing an IPG 3 kW Yt:YAG 
fi bre la ser. The la ser power den sity of 114 J/mm2 was ap -
plied to form a vol ume con sist ing of five over lap ping lay -
ers, see Fig. 1. The martensitic struc ture was ob served on

the cross-sec tion of the clad us ing elec tron back scat ter ing
dif frac tion, see in verse pole fig ures (IPF) of fer rit ic phase
in Fig. 2. The orig i nal aus ten ite grains with a char ac ter is tic
size of 20–50 µm, which were formed dur ing the tran si tion
of the melt into a solid phase and whose were sub se quently
trans formed into martensitic or bainitic laths, are clearly
seen in the fig ure. It has to be noted that the EBSD tech -
nique is not able di rectly dis tin guish fer rite and martensite.

Fur ther, the clads were sub jected to X-ray dif frac tion
mea sure ment, ten sile test ing, wear re sis tance and hard ness
mea sure ment for com pre hen sive uti li za tion eval u a tion of
laser cladding.

Mea sure ments were sup ported by the pro ject TH02010664 
of the Tech nol ogy Agency of the Czech Re pub lic and by
Uni ver sity of Groningen. 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: Metallographic cross-sec tion of the clad AISI H13 tool steel with marked di rec tions and area which was ob served
us ing OIM.


