
Ó Krystalografická spoleènost

32 Dis cus sions XIII  -  Post ers Ma te ri als Struc ture, vol. 22, no. 1 (2015)

Posters

P1

PIP2 AND PIP3 INTERACT WITH N-TERMINUS REGION OF TRPM4 CHANNEL 

Kristyna Bousova1, Michaela Jirku1, Ladislav Bumba2, Jiri Vondrasek3, 
Lucie Bednarova3, Jan Teisinger1

1In sti tute of Phys i ol ogy Acad emy of Sci ences of the Czech Re pub lic, Prague, Czech Re pub lic
2In sti tute of Mi cro bi ol ogy Acad emy of Sci ences of the Czech Re pub lic, Prague, Czech Re pub lic

3 In sti tute of Or ganic chem is try and Bio chem is try Acad emy of Sci ences of the Czech Re pub lic, Prague,
Czech Re pub lic

 The tran sient re cep tor po ten tial melastatin 4 (TRPM4) is a
cal cium-ac ti vated non-se lec tive ion chan nel that plays a
pleth ora of roles in cell sen sors sys tems. Reg u la tion of
heart func tions and con trol of var i ous types of neuronal ac -
tiv i ties are among its func tions rel e vant to hu man phys i ol -
ogy and dis eases. It is known that phospholipids, es pe cially 
PIP2, play a unique role in the reg u la tion of TRP chan nels
how ever the mo lec u lar mech a nism of this pro cess is still
un known. We char ac ter ized the bind ing site of PIP2 and its 
homolog PIP3 in the E733-W772 re gion of the TRPM4

N-ter mi nus via bio phys i cal and mo lec u lar mod el ing meth -
ods. The spe cific po si tions R755 and R767 in this do main
were iden ti fied as be ing im por tant for in ter ac tions with
PIP2/PIP3. Site-di rected mu ta gen e sis of arginine res i dues
caused a par tial loss of PIP2/PIP3 bind ing specifity. The
bind ing of PIP3 to TRPM chan nels has never been de -
scribed be fore. These find ings pro vide new in sight into the
ligand bind ing do mains of the TRPM4 chan nel.

This pro ject was sup ported by Grants GACR 301/10/1159,
GACR 207/11/0717 and GAUK 842313.P2
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AUTOMATIC WORKFLOW FOR THE CLASSIFICATION OF LOCAL DNA
CONFORMATIONS

Èech P.1, Kukal J.2, Schnei der B.3, Èerný J.3, Svozil D.1

1Lab o ra tory of In for ma tics and Chem is try, ICT Prague, Technická 5, 166 28, Prague 6, Czech Re pub lic.
2Fac ulty of Nu clear Sci ences and Phys i cal En gi neer ing, CTU Prague, Trojanova 13, 122 00, Prague 2,

Czech Re pub lic.
3In sti tute of Bio tech nol ogy AS CR, v. v. i., Vídeòská 1083, 142 00, Prague 4, Czech Re pub lic.

 A large num ber of crys tal and NMR struc tures re veals the
con sid er able struc tural poly mor phism of DNA at the lo cal
level. DNA is highly vari able with dinucleotide steps ex -
hib it ing sub stan tial flex i bil ity in a se quence-de pend ent
man ner. The ex ist ing clas si fi ca tion of DNA dinucleotides
[1] is based on the con sid er able amount of man ual work,
which is time con sum ing and er ror prone. To over come this 
lim i ta tion, we de vel oped an au to matic workflow for the
clas si fi ca tion of DNA dinucleotide con for ma tions [2]. Us -
ing the workflow, dinucleotides with un as signed con for -
ma tion can be ei ther clas si fied into one of al ready known
24 classes or they can be flagged as unclassifiable. If they

ex ist, new classes in the set of un clas si fied dinucleotides
are au to mat i cally iden ti fied by our nonhierarchical sin -
gle-pass clus ter ing al go rithm. The pro ject il lus trates the
util ity of var i ous ma chine learn ing ap proaches in the clas -
si fi ca tion of lo cal DNA con for ma tions. 

1.    Svozil D., et al., DNA con for ma tions and their se quence
pref er ences. Nu cleic Ac ids Re search, 2008,
36(11):3690-3706.

2.    Èech P., et al., Au to matic workflow for the clas si fi ca tion of 
lo cal DNA con for ma tions. BMC Bioinformatics, 2013,
14(1).
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MODELING OF BLOCKING OF NMDA RECEPTOR CHANNEL BY ENDOGENOUS
NEUROSTEROIDS

Jiøí Èerný1,2 and Ladislav Vyklický2

1In sti tute of Bio tech nol ogy, AS CR, Vídeòská 1083, Prague, 14220
2In sti tute of Phys i ol ogy, AS CR, Vídeòská 1083, Prague, 14220

N-methyl-D-aspartate (NMDA) re cep tors (NMDARs) are
a ma jor class of ex cit atory neu ro trans mit ter re cep tors in the 
cen tral ner vous sys tem. They form glu ta mate-gated ion
chan nels that are highly per me able to cal cium and me di ate
ac tiv ity-de pend ent syn ap tic plas tic ity. NMDAR dys func -
tion is im pli cated in mul ti ple brain dis or ders, in clud ing
stroke, var i ous forms of neurodegeneration, chronic pain
and schizo phre nia. NMDARs are ac ti vated by a gonists
glu ta mate and glycine, and their ac tiv ity is mod u lated by
allosteric mod u la tors in clud ing en dog e nous neurosteroids

pregnenolone sul fate and 20-oxo-5b-pregnan-3a-yl sul fate 
and their syn thetic an a logues.

We have used electrophysiological and mo lec u lar bi ol -
ogy tech niques in com bi na tion with mo lec u lar mod el ing to
an a lyze mo lec u lar mech a nisms of ste roid ac tion at

NMDARs. In agree ment with our the o ret i cal re sults, the
re sults of our ex per i ments sug gest that neurosteroids bind
in the extracellular ves ti bule of the NMDAR chan nel to
pre vent the per me ation of small mono and di va lent ions. In
ad di tion, the model of the NMDAR chan nel open ing sug -
gests an ex pla na tion for the dif fer ent con tri bu tion of the
GluN1 and GluN2B NMDAR subunits to the inhibition by
the steroid.

Vojtech Vyklicky, Barbora Krausova, Jiri Cerny, Ales
Balik, Mar tin Zapotocky, Mar ian Novotny, Katarina
Lichnerova, Tereza Smejkalova, Martina Kaniakova,
Miloslav Korinek, Milos Petrovic, Petr Kacer, Mar tin
Horak, Hana Chodounska, and Ladislav Vyklicky; Sci en -
tific Re ports, ac cepted.

P4

STRUCTURAL CHARACTERIZATION OF PHOSPHATIDYLINOSITOL 4-KINASE IIIß IN
COMPLEX WITH ATP AND INHIBITOR

D. Chalupská, I. Mejdrová, A. Baumlová, R. Nenska, E. Boura

In sti tute of Or ganic Chem is try and Bio chem is try
chalupska@uochb.cas.cz

Phosphatidylinositol 4-kin ases (PI4Ks) are cru cial en -
zymes for the main te nance of lipid ho meo sta sis and for the
con trol of intracellular traf fick ing. Their prod uct –
phospha tidylinositol 4-phos phate (PI4P) - is the main lipid
marker of the Golgi and the trans-Golgi net work and plays
a role at the plasma mem brane as well. It is also a pre cur sor
for higher phosphoinositols. Many, if not all sin gle
stranded plus RNA vi ruses in clud ing dan ger ous hu man
patho gens, rep li cate in mem bra nous organelles highly en -
riched in PI4P. In deed, type III (a and ß) PI4Ks were shown 
to be es sen tial host fac tors for the rep li ca tion of sin gle
stranded plus RNA vi ruses. Nu mer ous vi ruses from
Picornaviridae, Coronaviridae and Flaviviridae fam i lies
de pend on the en zy matic ac tiv ity of PI4K IIIß. As such,

PI4K IIIß is a po ten tial ther a peu tic tar get in the de vel op -
ment of broad-spec trum virostatics.To un der stand the
mech a nism of PI4KIIIß in hi bi tion at the atomic level we
have solved crys tal struc tures of PI4K IIIß in com plex with
an ar che typal in hib i tor and with ATP. These struc tures re -
vealed that the in hib i tors oc cupy the bind ing site for the ad -
e nine ring of the ATP mol e cule.

The pro ject was sup ported by the Acad emy of Sci ences
Czech Re pub lic (RVO: 61388963). The work of D.C., A.B.
and E.B. was sup ported by MarieCurie FP7-
PEOPLE-2012-CIG pro ject num ber 333916 and by Pro -
ject InterBioMed LO1302 from Min is try of Ed u ca tion of
the Czech Re pub lic. The work was sup ported by Gilead
Sci ences, Inc.
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P5

REPETITIVE EXTRAGENIC PALINDROMS FROM HAEMOPHILUS PARASUIS AND
THEIR ASSOCIATED TRANSPOSASE RAYT 

Tatsiana Charnavets, Iva Neèasová, Bohdan Schnei der

Inst. of Bio tech nol ogy, Acad. Sci. of the Czech Re pub lic, Videnska 1083, 142 20 Prague, Czech Re pub lic

Re pet i tive Extragenic Pal in drome (REP) el e ments rep re -
sent rel a tively well char ac ter ized types of noncoding re pet -
i tive DNA in bac te ria. The REPs play a va ri ety of roles in
the cell and can be cleaved and transfered to the tar get site
by the as so ci ated REP-as so ci ated ty ro sine transposase
(RAYT, Nunvar et al. 2010). The abil ity of RAYT to cat a -
lyze cleav age and re com bi na tion of REP se quences was
ex per i men tally con firmed for E. coli (Mess ing et al. 2012)
and newly de ter mined for Haemophilus parasuis. Rec og -
ni tion be tween sin gle-stranded REP DNA and RAYT is
nec es sary for nucleoprotein com plex for ma tion and sub se -
quent DNA strand cleav age and trans fer (Mess ing et al.
2012). 

In this work, we stud ied so lu tion con for ma tions of sev -
eral REP-re lated oligonucleotides from H. parasuis by cir -
cu lar dichroism spec tros copy. Our re sults in di cate that
REP oligonucleotides from H. parasuis form pre dom i -
nantly a monomolecular hair pin con for ma tion in so lu tion
which may be im por tant for RAYT rec og ni tion. In ter ac -
tions be tween the fluorescently la beled oligo nucleo tide

with se quence of H. parasuis REP and the as so ci ated
RAYT were de ter mined by microscale thermophoresis
tech nique. Data show that the RAYT pro tein in ter acts with
REP DNA from H. parasuis with high af fin ity, dis so ci a -
tion con stant of bind ing RAYT to REP DNA was
determined as 5 ± 0.8 nM. 

1. Nunvar J, Huckova T, Licha I.: Iden ti fi ca tion and char ac -
ter iza tion of re pet i tive extragenic pal in dromes (REP)-as so -
ci ated ty ro sine transposases: im pli ca tions for REP
evo lu tion and dy nam ics in bac te rial genomes. BMC
Genomics 11:44, 10.1186/1471-2164-11-44 (2010). 

2. Mess ing SA, Ton-Hoang B, Hickman AB, McCubbin AJ,
Peaslee GF, Ghirlando R, Chan dler M, Dyda F.: The pro -
cess ing of re pet i tive extragenic pal in dromes: the struc ture
of a re pet i tive extragenic pal in drome bound to its as so ci -
ated nuclease. Nu cleic Ac ids Res. 40, 9964-9979 (2012).

This work is sup ported by grant CZ.1.07/2.3.00/30.0020
from the Min is try of Ed u ca tion of the Czech Re pub lic
(MSMT), and by grant P305/12/1801 from Czech Sci ence
Foun da tion. 
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THE SEMIEMPIRICAL QUANTUM MECHANICAL SCORING FUNCTION FOR
IN-SILICO DRUG DESIGN

Jindøich Fanfrlík, Mar tin Lepšík, Jan Øezáè, Michal Koláø, Adam Pecina, Dana Nachtigallová
and  Pavel Hobza

Inst. of Or ganic Chem is try and Bio chem is try and Gilead Sci ence and IOCB Re search Cen ter, Acad. Sci. of
the Czech Re pub lic, Flemingovo nam. 2, 166 10 Prague 6, Czech Re pub lic,  fanfrlik@uochb.cas.cz

This poster in tro duces the quan tum me chan ics (QM)-based 
com puter-aided drug de sign, es pe cially us ing semi -
empirical QM (SQM) meth ods. Com puter-aided drug de -
sign aims to re duce the cost of the drug de vel op ment and
also to bring deeper in sight into the in hib i tor bind ing to its

tar get. Bind ing free en ergy (DGb
o) be tween pro tein (P) and

a ligand (L), which is re lated to the dis so ci a tion con stant
(Ki) of the P-L com plex, is ex pected to be pro por tional to
the ligand po tency.

Free en ergy es ti ma tors are mostly re ferred to as scor ing
func tions in the drug-de sign com mu nity. The score stands
for the bind ing free en ergy or for some gen er al ized quan -
tity de scrib ing the ligand po tency. Pre vi ously, we de signed 
a scor ing func tion based on the semiempirical quan tum
me chan i cal (SQM) PM6-DH2X method and ap plied it to
sev eral types of P-L com plexes, namely the HIV-1 pro te -
ase (PR) [1], cyclin-de pend ent kinase 2 (CDK2) [2], ca sein 
kinase 2 (CK2) [3], adenosine kinase [4], aldose reductase
[5], serine racemase [6] bind ing to se ries of in hib i tors. The
score con sist of the in ter ac tion en ergy, the desolvation free

en ergy, the change of the conformational ‘free’ en er gies of
the pro tein and ligand upon bind ing and the en tropy
change. The most ac cu rate up-to-date meth ods are used for
the re spec tive terms thus of fer ing a bal anced and re li able
scor ing func tion. Let us em pha size that each of the terms
has a clear phys i cal mean ing and that these terms are not
ad justed/weighted by any means (fit ting pa ram e ters) to the
ex per i men tal data. Con struc tion of the scor ing func tion
from the phys i cally mean ing ful terms is a sig nif i cant
feature since it allows us to gain a deeper insight into the
nature of the P-L binding.

1. Fanfrlík, J.et al. J. Phys. Chem. B, 2010, 114, 12666.

2. Dobeš, P. et al. Comput. Aided Mol. Des. 2011, 25, 223.

3. Dobeš, P. et al. J. Phys. Chem B, 2011, 115, 8581.

4. Snášel, J. et al. J. Med. Chem. 2014, 57, 8268.

5. Fanfrlík, J.et al. ACS Chem. Biol. 2013, 8, 2484.

6. Vorlová B. et al. Eur. J. Med. Chem. 2015, 89, 189.
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PDBCOP: PDB COMPARISON PROGRAM
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Crys tal lo graphic struc ture de ter mi na tion has be come a
tech nique that can be readily ap plied to many re search
prob lems in bio tech nol ogy, biomedicine, and drug de sign.
These ap pli ca tions should be based on only the re li able
data, how ever, some of the mod els in the Pro tein Data
Bank still con tain er rors of var i ous kinds [1]. It should be
em pha sized that one can not blindly ac cept the re sults of au -
to mated crys tal struc ture so lu tion and re fine ment pro ce -
dures and that it is es sen tial to care fully as sess the model
qual ity.

The most com mon val i da tion tools, MolProbity [2],
and the wwPDB val i da tion server [3], check mainly the
geo met ric qual ity of the model. In the fi nal stages of the
crys tal struc ture re fine ment, it is also im por tant to keep
track of those at oms, for which pa ram e ters change sig nif i -
cantly dur ing the re fine ment cy cles. These at oms, usu ally
be long ing to sol vent mol e cules, may be the source of pos si -
ble prob lems. With the size of a typ i cal macromolecular
struc ture, it is al most im pos si ble to check all the atoms
manually.

PDBCOP is a com mand line-based tool that as sem bles
spe cific de tails about X-ray struc ture model from PDB file. 

If called in mode with two in put files, it com pares two PDB 
files and prints a list of at oms, for which po si tion or ADP
changed more than a cer tain thresh old. In mode with one
in put file, PDBCOP can list e.g. non-stan dard res i dues in
the PDB file, all at oms with oc cu pancy dif fer ent from 0 and 
1, and res i dues with al ter nate con for ma tions. The Linux
ver sion of PDBCOP is avail able at http://crysa.fzu.cz/
pdbcop/.

This work was sup ported by the Min is try of Ed u ca tion,
Youth and Sports of the Czech Re pub lic (grant No.
EE2.3.30.0029), and by BIOCEV CZ.1.05/1.1.00/02.0109
from the Eu ro pean Re gional De vel op ment Fund.

1.  Dauter Z., Wlodawer A., Mi nor W. et al., IUCrJ, 2014, 1,
179-193.

2. Chen V. B., Arendall W. B., Headd J. J. et al., Acta Cryst.,
2010, D66, 12-21.

3. Berman H. M., Henrick K., Nakamura H., Nat. Struct.
Biol., 2003, 10, 980.
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RECEPTORS EXPRESSED ON THE NATURAL KILLER CELLS; 
REVIEW OF THE MOLECULAR STRUCTURE DATA

Hašek Jindøich1, Skálová Tereza1, Kolenko Petr2, Dušková Jarmila1, Koval Tomáš2, 
Fejfarová Karla2, Stránský Jan1, Dohnálek Jan1,2

1In sti tute of Bio tech nol ogy AV ÈR, Vídeòská 1083, 14 220 Praha 4,
2In sti tute of Macromolecular Chem is try AV ÈR, Heyrovského nám.2, 16206 Praha 6

hasekjh@seznam.cz

Nat u ral killer cells in dis pens able for in nate im mu nity are in 
the cen ter of very com plex ma chin ery of in ter ac tions be -
tween cell re cep tors and lig ands en sur ing sig nal
transduction, rec og ni tion, etc. They have also com plex
mech a nisms for ac ti vat ing the adap tive im mune sys tem.
The re sult ing ef fect de pends on num bers of cel lu lar re cep -
tors ex pressed on the NK-cells, on the num bers of re cep -
tors on the sur face of other the im mune and the tis sue cells
in neigh bor hood, on a type of their clus ter ing and on con -
cen tra tion of small and high mo lec u lar weight lig ands se -
creted into the sur round ing intercellular space. Thus, the
im mune re sponse is al ways a com plex in ter play of many
events. In ten sity of re sponse usu ally de pends on clus ter ing
of re cep tors, on at tach ment of lig ands on the intracellular
side of re cep tors, and on num ber and strength of in ter ac -

tions with extracellular lig ands. More over, cells per ceive
more sig nal path ways, some act ing in syn ergy, some
against each other. The Ta ble pre sented on poster may help
to get a brief glimpse on com plex ity of the prob lem.

Main rea son for join ing the pro tein crys tal log ra phy
data with data pro vided by other bio phys i cal meth ods is to
get the 3D view of the intermolecular in ter faces, which
seems to be very use ful for a ra tio nal de sign of med i cal
treat ment. Ad van tages of crys tal log ra phy of pro tein com -
plexes are namely in (a) visualization of intermolecular in -
ter ac tion modes (it al lows con trolled in ter ven tion into the
im mu no log i cal pro cesses and thus a ra tio nal mod u la tion of
func tions), and (b) in the fact that the in spected pro teins are 
un der sim i lar stress as in the tis sue (pro tein con cen tra tions



Ó Krystalografická spoleènost

36 Dis cus sions XIII  -  Post ers Ma te ri als Struc ture, vol. 22, no. 1 (2015)

in “crys tals” are sim i lar to those in the tis sues). Pro tein
crys tal log ra phy helps in:

• elu ci dat ing the de tailed mech a nism of ad he sion and
sig nal trans mis sion be tween cells, 

• re li able con fir ma tion of rea sons why mo lec u lar part -
ners re spon si ble for im mu no log i cal pro cesses bind,

• vi su al iza tion of the in ter face pro vides a ba sis for a
ra tio nal vari a tion of the pro cess un der study. 

Re gret ta bly, the 3D struc ture data and snap shots of the
com plexes with their in ter ac tion part ners are very sparse
by now. Thus, the re view of NK-cell re cep tor in ter ac tions
is in tended namely for ra tio nal plan ning of the fu ture ex -
per i ments re search in the field. Pro tein crys tal log ra phy is a
rel a tively slow tool, and thus a ra tio nal se lec tion of a
reseach tar gets is very im por tant.

The sum mary of the NK-cell sur face re cep tors shows a
large pool of the NK-cells re cep tors and their in ter ac tions
with hun dreds of their lig ands. The Ta ble sum ma rizes the
avail able bio chem i cal data on the biomolecular in ter ac tion
part ners [9, 11, 12 etc.] and mixes them with the struc ture
data ob tained by X-ray crys tal log ra phy [10].

The NK-cell re cep tors are sorted ac cord ing to their
CD names, and their bio chem i cal prop er ties and in ter act -
ing part ners were com piled pri mar ily from sev eral re cent
re views. The in for ma tion on ex per i men tally de ter mined
struc tures of re cep tors or lig ands shown in red is ex tracted
from the Pro tein struc ture data bank (PDB) [10] in De cem -
ber 2014. Some re lated pro teins of in ter est with out CD
names are at the end of the Ta ble. 

Col umns are di vided into three groups. The col umns
A-H con cern ing the NK-cell re cep tor, J-R con cern ing the
sup posed ex ter nal lig ands, and S-U de voted ex plic itly to
func tion and mor phol ogy of the ligand-re cep tor com plex
un der in ter est. 

The Ta ble is hope fully self-ex plain ing. E.g. the col umn
H (“Ex pres sion con firmed in”) con tains the ob served ap -
pear ance of the re cep tor on dif fer ent cell types. As an ex -
am ple, the m-CD30 is ex pressed only if NK-cells are
ac ti vated and its in ter ac tion with CD156 may lead to pro lif -
er a tion of lym pho cytes and apoptosis, by also to tol er ance
un der spe cific con di tions. It is ev i dent that the tab u la tion
re quires ex ten sive use of ab bre vi a tions. They are in con sis -
tency with those used in lit er a ture when it was pos si ble.
The de tailed list of the ab bre vi a tions used in Ta ble is al pha -
bet i cally sorted by the end. 

The re lated pro teins from dif fer ent spe cies are re solved
by a pre fix (e.g. h-hu man, m-mouse) and are sorted on
rows nearby (col umns A,J). The ta ble lists namely hu man
and mouse re cep tors. In for ma tion on oth ers spe cies are
here ac ci den tal and very sparse. The rows with hu man re -
cep tors have white back ground. The non-hu man re cep tors
are marked by grey back ground.  

In ter act ing part ners. The cel lu lar re cep tor can have a
num ber of in ter act ing part ners (listed in col umn G). Some
of them have their prin ci ple role in nat u ral pro cesses in or -
gan isms, some have no ev i dent func tion in or gan isms,
some can have ad verse func tion and other can be pre pared
on pur pose ar ti fi cially as a re ac tion of or gan isms to an ti gen
(an ti bod ies). Due to the high through put meth ods for test -
ing pairs of pro tein bind ing part ners, the num ber of known
in ter act ing part ners of re cep tors is con tin u ously grow ing.

Thus, in spite of a large num ber of the listed lig ands, the
Ta ble is far to com plete ness.  The in for ma tion on lig ands in 
this Ta ble is based on few re cent re views and the data ex -
tracted from the PDB. No global search of data scat tered in
in di vid ual jour nals, nei ther sys tem atic search of lig ands
de pos ited in the PDB [10] were done. The col umns “Mo -
lec u lar mor phol ogy” are planned to ex plain the do main
struc ture, complexation with intra and extracellular lig ands 
and the ob served multimerization of re cep tors, or lig ands,
or com plexes. 

The struc tures solved in our lab o ra tory are high lighted
by rose back ground. They in clude:  (a) the struc tures of
NK-cell re cep tors (e.g. NKRP1A, NKRP1F, CD69)
[4,5,6], (b) the struc tures of the pro tein mol e cules in ter act -
ing with NK cell re cep tors (e.g. Clr-g, LLT1) [1, 2, 3], (c)
stud ies of Fc frag ment of IgG’s  in ter ac tions with cel lu lar
re cep tors [7, 8], self-ag gre ga tion and for ma tion of
immuno-com plexes via Fc frag ment in ter ac tions [7], (d)
the role of glycosylation on pro tein sta bil ity [8]. The struc -
tures of NK-cell re lated mol e cules de ter mined world wide
are de noted yel low-green back ground.

The pre sented ta ble of the struc ture data on NK-cell re -
cep tors and their lig ands com piles a large vol ume of data
from sev eral avail able re cent re views. The data are ac -
cepted as they stated in the lit er a ture and no guar anty on
cor rect ness and ac cu racy is pos si ble. The Ta ble should be
taken as a guide for the first ori en ta tion only. All facts
should be ver i fied else where. The Ta ble is up dated oc ca -
sion ally by a staff in volved in some spe cial ar eas only and
thus, it does n’t cover the field com pletely. There fore, it is
open to changes sug gested by ex ter nal spe cial ists. A cur -
rent ver sion of Ta ble is avail able on the re quest from the
first au thor (hasekjh@seznam.cz).

The study was sup ported by ERDF BIOCEV CZ.1.05/
1.1.00/02.0109, CSF 15-15181S,  P302/11/0855, MSMT 
EE2.3.30.0029, LG14009, and GA FJFI SGS13/ 219/
OHK4/3T/14.
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P9

IDENTIFICATION OF THE CATALYTIC RESIDUES OF GLYCOSIDASES FROM
PAENIBACILLUS THIAMINOLYTICUS AS A WAY TO ENGINEERING OF NEW

GLYCOSYNTHASES

Katarína Hlat-Glembová, Vojtìch Spiwok, Eva Benešová, Blanka Králová

Uni ver sity of Chem is try and Tech nol ogy, Prague 
katarina.hg@gmail.com

Glycosyl hy dro las es b-D-galactosidase and a-L-fucosidase 
cloned from Paenibacillus thiaminolyticus, are in ter est ing
not only be cause of their hydrolase ac tiv ity but mainly, for
their transglycosylation ac tiv ity, which is im por tant for
syn the sis of in ter est ing glycosylated mol e cules. At the be -
gin ning of this work, we had no de tailed in for ma tion about
the struc ture of these en zymes, be cause none of these en -
zymes had been crystalized yet. In this pro ject both en -
zymes were stud ied us ing the com bi na tion of theorethical
and ex per i men tal meth ods. In the theorethical part, the
struc tures of en zymes were pre dicted by homology mod el -
ing and fur ther stud ies of these struc tures pro posed the pos -
si ble cat a lytic res i dues in both en zymes. The ex per i men tal
part is fo cused to con fir ma tion of the pre dic tions of cat a -
lytic amino acid res i dues from the the o ret i cal part. This
poster pres ents the fi nal re sults, where the mu tated en -

zymes b-D-galactosidase_mut233, a-L-fuco sida se_ mut1 -

86 and a-L-fucosidase_mut239 were pro duced and

pu ri fied. Fur ther more b-D-galactosidase_mut157 was pu -
ri fied in ear lier ex per i ments. All mu tants were tested on se -

lected sub strates. The re sults of these ac tiv ity tests are
helpfull for better un der stand ing the cat a lytic ma chin ery of 
stud ied en zymes and lead us to pos si bil ity of trans form ing
them into glycosynthases i.e. mod i fied glycosyl hy dro las es 
that lack their nat u ral hydrolytic ac tiv ity be cause of mu ta -
tion of nucleophilic amino acid res i due, but main tain their

transglycosylation ac tiv ity.

The pro ject was sup ported by COST ac tions Multi -
GlycoNano (CM1102, LD13024). Par tic i pa tion at the con -
fer ence is sup ported by spe cific uni ver sity re search
(MSMT No 20/2015, No MSMT 21/2015).

1. Benešová E., Lipovová P., Dvoøáková H., Králová B.:
b-D-Galactosidase from Paenibacillus thiaminolyticus cat -
a lyz ing transfucosylation re ac tions. Glycobiology 20,
442-451 (2010). 

2. Lammerts van Bueren A., Ardevol A., Fayers-Kerr J., Luo
B., Zhang Y., Sollogoub M., Blériot Y., Rovira C., Davies
G. J.: Anal y sis of the re ac tion co or di nate of
a-L-fucosidases: A com bined struc tural and quan tum me -
chan i cal ap proach. J. Am. Chem. Soc. 132, 1804-1806
(2010).

P10

POSSIBILITIES FOR BIOMACROMOLECULAR CRYSTALLIZATION AT BIC CORE
FACILITY AT CEITEC, BRNO

Josef Houser, Michaela Wimmerová

CEITEC-Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 5, 625 00 Brno, Czech
Re pub lic, bic@ceitec.cz, josef.houser@ceitec.cz

Pro tein crys tal li za tion fol lowed by X-ray dif frac tion is well 
es tab lished method for de ter mi na tion of the pro tein struc -
ture. It is his tor i cally the first tech nique de vel oped and lead
to de ter mi na tion of more than 93 000 de pos ited struc tures
of pro teins and their com plexes up to date [1]. It is cur -
rently the only method that en ables atomic res o lu tion for
struc tures of vir tu ally un lim ited size in clud ing pro teins,
nu cleic ac ids and their var i ous com plexes.

We of fer a wide range of crys tal li za tion tech niques in
the Biomolecular In ter ac tion and Crys tal li za tion (BIC)
Core Fa cil ity at CEITEC MU in Brno. The stan dard
96-well crys tal li za tion screen ing plates are set up by Mos -
quito (TTP Labtech) and Phoe nix (Rigaku) ro botic sys tems 
al low ing for high through put, pre ci sion and ac cu racy. The
op ti mi za tion of crys tal li za tion con di tions is fur ther sim pli -
fied by Drag on fly (TTP Labtech) pipetting ro bot. The au -
to ma tion speeds up the whole pro cess al low ing to set up
1000 – 2000 dif fer ent con di tions with 100 ul of con cen -
trated sam ple in one hour. The stor age and crys tal track ing

is en sured by Min strel HT (Rigaku) equipped with UV
detection and advanced software analysis.

Be side stan dard sit ting/hang ing drop crys tal li za tion
screen ing, we are us ing spe cial ized tech niques of crys tal li -
za tion un der oil or in cap il lar ies. TG40 ma chine (Centeo)
serves for tem per a ture op ti mi za tion screen ing. We also of -
fer a wide range of ad di tives and nucleants as well as heavy
atom com pounds for pro tein derivatization. Re cently we
broaden the spec trum of avail able meth ods by mem brane
pro teins crys tal li za tion in cu bic and sponge phase thanks to 
Mos quito LCP ma chine (TTP Labtech). Bio phys i cal prop -
er ties of the sam ples can also be de ter mined us ing an a lyt i -
cal ul tra cen tri fu ga tion, dynamic light scattering and CD
spectroscopy available to users.

All the pos si bil i ties are avail able not only to re search
groups in CEITEC, but thanks to Open ac cess grant also to
any non-com mer cial us ers world wide for free (in 2015).

The run ning of the Core Fa cil ity Biomolecular In ter ac tion
and Crys tal li za tion is sup ported by the Eu ro pean Un ion
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un der the Sev enth Frame work Programme by CEITEC
(CZ.1.05/1.1.00/02.0068) pro ject from Eu ro pean Re gional 
De vel op ment Fund and Open ac cess pro ject by Czech Min -
is try of Ed u ca tion (LM2011020).

1. http://pdb.rcsb.org. H.M. Berman, J. West brook, Z. Feng,
G. Gilliland, T.N. Bhat, H. Weissig, I.N. Shindyalov, P.E.
Bourne (2000) The Pro tein Data Bank. Nu cleic Ac ids Re -
search, 28: 235-242.
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NMR RELAXATION STUDIES OF RECEIVER DOMAIN OF CYTOKININ RECEPTOR
CKI1RD MUTANTS FROM ARABIDOPSIS THALIANA

Dominik Hrebík, Olga Otrusinová, Blanka Pekárová, Lubomír Janda, Jan Hejátko, 
Lukáš Žídek and Vladimír Sklenáø

Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, and Cen tral Eu ro pean In sti tute of Tech nol -
ogy, Masaryk Uni ver sity, Kamenice 5 , CZ-62500 Brno, Czech Re pub lic

In our pro ject, we stud ied the sig nal ing path way, called
multistep phosphorelay sig nal ing sys tem in the plant
Arabidopsis thaliana. The multistep phosphorelay sig nal -
ing path way has a great in flu ence on many as pects of
growth and de vel op ment of plants. This sig nal ing sys tem is 
based on phos phate trans fer be tween the cytoplasmatic
mem brane and nu cleus. In the plant Arabidopsis thaliana,
histidine kinase is phosphorylated upon sig nal rec og ni tion,
and for wards the phos phate group through histidine
phosphotransfer pro teins to a re sponse reg u la tor pro tein lo -
cated in nu cleus, where the re sponse take place. The in put
sig nal can be light, os motic changes or hor mones. 

As par tic acid 137, pres ent in the ac tive site of CKI1RD,
plays an im por tant role in the sig nal ing path way. This Asp
137 res i due binds phos phate and trans fers it to next pro tein
in volved in the sig nal ing path way. Two CKI1RD pro teins

with mu ta tions in their ac tive sites (CKI1RD -D137A and
CKI1RD - D137E) were ex pressed in E. coli, la beled by sta -
ble iso tope 15N, and stud ied by NMR re lax ation ex per i -
ments. The re sults were used to char ac ter ize in ter nal
mo tions of the mu tants.

This work was sup ported by grant from the Czech Sci ence
Foun da tion (grant No. P305/11/0756).

P12

SPECTRAL AND ELECTROCHEMICAL ANALYSIS OF miR-34a-5p

Kristyna Hudcova1,4, Aneta Vecerova2, Libuse Trnkova2,4, Iva Kejnovska3,5,
MichaelaVorlickova3,5, Michal Masarik1,4

1De part ment of Patho log i cal Phys i ol ogy, Fac ulty of Med i cine, Masaryk Uni ver sity, Kamenice 5, 
CZ-625 00  Brno,

2De part ment of Chem is try, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5, 
CZ-625 00  Brno,

3In sti tute of  Bio phys ics v.v.i., Acad emy of Sci ences of the Czech Re pub lic, Kralovopolska 135, 
CZ-612 65 Brno,

4CEITEC, Brno Uni ver sity of Tech nol ogy, Technicka 3058/10, CZ-616 00 Brno, Czech Re pub lic, 
5CEITEC, Masaryk Uni ver sity, Kamenice 5, CZ-625 00, Brno

MicroRNAs (miRNAs) are small (22 nt), sin gle-stranded,
non-cod ing RNAs known as reg u la tors of gene ex pres sion
at the mRNA level. Their im pact on the fi nal trans la tion
prod uct is sig nif i cant, there fore it is suit able to study them
as biomarkers of var i ous dis eases namely di a be tes, car dio -
vas cu lar, neurodegenerative, vi ral dis eases and can cer [1].
Our at ten tion was aimed at the re search of miR-34a-5p re -
lated to head and neck can cer (HNC) and also pros tate can -
cer (PCa) where we ob tained sig nif i cant dif fer ences in
miR-34a-5p ex pres sion sta tus be tween health con trols and
pa tients with PCa. This miRNA, be long ing to the miR-34
fam ily is di rectly linked to p53 and Wnt path ways [2]. The
tight con nec tion be tween loss of tu mor sup pres sor func tion 
and ac ti va tion of oncogenic sig nal ing has been proven for
this miRNA. Be side the clas si cal mo lec u lar–bi o log i cal
meth ods study ing miRNAs, such as PCR, North ern Blot -

ting (NB), microarrays tech nol o gies, new bio phys i cal ap -
proaches were ap plied [3]. The re sults from the PCR anal y -
sis were com ple mented with UV ab sorp tion spec tra, CD
spec tra and lin ear sweep voltammetry in con nec tion with
ad sorp tive trans fer strip ping (AdTS) tech nique [4]. Both
data of miR-34a-5p were com pleted by re sults of DNA(U),
hav ing the same oligonucleotide se quence as miR-34a-5p.
The com par i son of miRNA with DNA bear ing ura cil in -
stead of thy mine (DNA(U)) showed sig nif i cant dif fer ences 
in struc ture-func tion re la tion. The sta bil i ties of RNA and
DNA struc tures were stud ied us ing CD and UV-ab sorp tion 
spec tros copy and ex pressed as melt ing points (32 oC for
RNA and 46.5 oC for DNA(U)). The ef fect of sub sti tu tion
of ribose for deoxyribose was shown and struc tural di ver -
sity was con firmed also by elec tro chem i cal meth ods.
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This re search was sup ported by the Pro ject CZ.1.05/
1.1.00/02.0068 (Cen tral Eu ro pean In sti tute of Tech nol ogy
-CEITEC), SIX CZ.1.05/2.1.00/03.0072 and  by the pro -
jects KONTAKT II (LH13053) of the Min is try of Ed u ca tion
of the Czech Re pub lic and P205/12/0466 from the Grant
Agency of the Czech Re pub lic. 

1. Mirnezami AHF, Pickard K, Zhang L, Prim rose JN,
Packham G., (2009) MicroRNAs: Key play ers in
carcinogenesis and novel ther a peu tic tar gets. Eu ro pean
Jour nal of Sur gi cal On col ogy 35, 339-347.

2. Cha, Y. H., Kim, N. H., Park, C., Lee, I., Kim, H. S., Yook, 
J. I., (2012)  miRNA-34 in trin si cally links p53 tu mor sup -
pres sor and Wnt sig nal ing. Cell Cy cle, 11 (7), 1273-1281. 

3. Bettazzi F, Hamid-Asl E, Esposito CL, et al.. (2013) Elec -
tro chem i cal de tec tion of miRNA-222 by use of a mag netic
bead-based bioassay. An a lyt i cal and Bioanalytical Chem is -
try 405, 1025-1034.

4. Pilarova, I., Kejnovska, I, Vorlickova, M, Trnkova, L,
(2014) Dy namic Struc tures of DNA Heptamers with Dif -
fer ent Cen tral Trinucleotide Se quences Stud ied by Elec tro -
chem i cal and Spec tral Meth ods. Electroanalysis, 26, 2118
– 2128.
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ACTIVATION ROUTE OF THE SCHISTOSOMA MANSONI CATHEPSIN B1 
DRUG TARGET

A. Jilkova1, M. Horn1, P. Rezacova1,2, L. Maresova1, P. Fajtova1, J. Brynda1,2, J. Vondrasek1,
J. H. McKerrow3, C. R. Caffrey4, M. Mares1

1In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, 16610
Prague, Czech Re pub lic

2In sti tute of Mo lec u lar Ge net ics, Acad emy of Sci ences of the Czech Re pub lic, 16610, Prague, Czech Rep.
3Skaggs School of Phar macy and Phar ma ceu ti cal Sci ences, Uni ver sity of Cal i for nia, San Diego, San Diego,
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4Cen ter for Dis cov ery and In no va tion in Par a sitic Dis eases, Uni ver sity of Cal i for nia San Fran cisco, San Fran -
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mares@uochb.cas.cz

The di ges tive pro te ase cathepsin B1 (SmCB1) of the hu -
man blood fluke Schistosoma mansoni is a po ten tial drug
tar get for the treat ment of schis to so mi a sis, a par a sitic dis -
ease that af flicts over 200 mil lion peo ple world wide.
SmCB1 is biosynthesized as an in ac tive zymogen in which
the pro-pep tide op er ates as an intra-mo lec u lar in hib i tor by
block ing the ac tive site. We have in ves ti gated the ac ti va -
tion pro cess ing through which the pro-pep tide is
proteolytically re moved and the reg u la tory role of sul fated
poly sac cha rides (SPs) in this pro cess. Crys tal struc tures of
three mo lec u lar forms of SmCB1 along the ac ti va tion path -

way were de ter mined, namely the zymogen, an ac ti va tion
in ter me di ate with par tially cleaved pro-pep tide, and the
ma ture en zyme. We have dem on strated that SPs are es sen -
tial for the autocatalytic ac ti va tion of SmCB1 as they in ter -
act with a spe cific hep a rin-bind ing do main in the
pro-pep tide in duc ing its com plete pro cess ing. An al ter na -
tive ac ti va tion route for SmCB1 is me di ated by S. mansoni
legumain and is down-reg u lated by SPs, in di cat ing that SPs 
act as a mo lec u lar switch be tween both ac ti va tion mech a -
nisms.

P14

PIP2 INTERACT WITH CYTOSOLIC N-TERMINAL REGION OF THE MELASTATIN
CHANNEL TRPM1

Michaela Jirku1,2, Kristyna Bousova1, Ladislav Bumba3, Jiri Vondrasek4, Lucie Bednarova4,
Jan Teisinger1

1In sti tute of Phys i ol ogy of the Czech Acad emy of Sci ences, Videnska 1083, 14220 Prague, Czech Re pub lic
2Fac ulty of Sci ence, Charles Uni ver sity in Prague, Albertov 6, 128 43 Prague, Czech Re pub lic

3Inst. of Mi cro bi ol ogy of the Czech Acad emy of Sci ences, Videnska 1083, 14220 Prague, Czech Rep.
4In sti tute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ences, Flemingovo nam. 2,

16637 Prague, Czech Re pub lic
michaela.jirku@seznam.cz

Tran sient re cep tor po ten tial melastatin 1 (TRPM1) chan nel 
be longs to superfamily of ion chan nels that are mostly per -
me able to mono- and di va lent cat ions and re spond to var i -
ous phys i o log i cal stim uli like chemosensation,
termo sen sa tion and mechanosensation. TRP chan nels have 

six transmembrane do mains with a pore re gion be tween the 
fifth and the sixth seg ments. Cytosolic N-/C-tails are re -
spon si ble for reg u la tion of TRPs, which carry bind ing sites
for sig nal mol e cules [1, 2]. TRPM1 is ex pressed in hu man
melanocytes and bi po lar cells in ret ina and par tic i pates in
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pro cesses con nected to vi sion. Mutations of TRPM1 gene
are as so ci ated with con gen i tal sta tion ary night blind ness in
hu mans and loss of TRPM1 cor re lates with in creased ag -
gres sive ness in mel a noma [3, 4].

In this study us ing bioinformatic ap proach we iden ti -
fied phosphatidylinositol 4,5-bisphosphate (PIP2) bind ing
site in re gion A451-N566 within the TRPM1 N-ter mi nus
(NT). Fu sion pro tein of TRPM1-NT was ex pressed in bac -
te ria E. coli Rosetta cells and pu ri fied in two-step pu ri fi ca -
tion pro to col us ing af fin ity and HPLC gel chro ma tog ra phy. 
Alanine sub sti tu tion mu ta gen e sis screen ing re vealed the
cru cial amino ac ids for these in ter ac tions. The equi lib rium
dis so ci a tion con stants were es ti mated us ing sur face
plasmon res o nance mea sure ment. The CD spec tra were
used to characterize the interactions as well. 

We iden ti fied the PIP2-bind ing site and found mu ta -
tions that de creased the af fin ity of the TRPM1-NT/PIP2 in -
ter ac tion. Our re sults sug gest that the se quence of

TRPM1-NT con tains sev eral ba sic amino ac ids which in -
ter act with an ionic phospholipids. More over we have pro -
vided the struc tural in sight to the TRPM1-NT/PIP2
in ter ac tion us ing com puter ligand dock ing. 

1. L. M. Duncan, J. Deeds, J. Hunter, J. Shao, L. M.
Holmgren, E. A. Woolf, R. I. Tepper, A. W. Shyjan, Can -
cer Res, 58, (1998), 1515-20.

2. B. Holakovska, L. Grycova, M. Jirku, M. Sulc, L. Bumba,
J. Teisinger, J Biol Chem, 287, (2012),  16645-55.

3. L. Ham mock, C. Co hen, G. Carlson, D. Murray, J. S. Ross, 
C. Sheehan, T. M. Nazir, J. A. Carlson, J Cutan Pathol, 33, 
(2006), 599-607.

4. M. Nakamura, R. Sanuki, T. R. Yasuma, A. Onishi, K. M.
Nishiguchi, C. Koike, M. Kadowaki, M. Kondo, Y.
Miyake, T. Furukawa, Mol Vis, 16, (2010), 425-37.

This pro ject was sup ported by Grants GAUK 238214 and
GACR - Pro ject of Excellence in the Field of Neuroscience
P304/12/G069.
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Phosducin (Pdc), a highly con served phosphoprotein in -
volved in the reg u la tion of ret i nal phototransduction cas -
cade, transcriptional con trol, and the mod u la tion of blood
pres sure, is con trolled in the phosphorylation-de pend ent
man ner in clud ing the bind ing to the 14-3-3 pro tein. How -
ever, the mo lec u lar mech a nism of this reg u la tion is largely
un known [1-3]. Here, the so lu tion struc ture of Pdc and its
in ter ac tion with the 14-3-3 pro tein were in ves ti gated us ing
small an gle X-ray scat ter ing, cir cu lar dichroism, quench -
ing of tryptophan flu o res cence, an a lyt i cal ul tra cen tri fu ga -
tion, hy dro gen-deu te rium ex change cou pled to mass
spec trom e try and nu clear mag netic res o nance. We show
that the 14-3-3 pro tein in ter acts with and sterically oc -

cludes both the N- and C-ter mi nal Gtbg bind ing in ter faces
of phosphorylated Pdc, thus pro vid ing a mech a nis tic ex pla -
na tion for the 14-3-3-depedent in hi bi tion of Pdc func tion.
The 14-3-3 pro tein dimer in ter acts with Pdc us ing sur faces
both in side and out side its cen tral chan nel. The N-ter mi nal
do main of Pdc, where both phosphorylation sites and the
14-3-3 bind ing mo tifs are lo cated, is in trin si cally dis or -
dered pro tein which re mains likely highly flex i ble when
bound to 14-3-3 in di cat ing the fuzzy-like char ac ter of this
com plex. In ad di tion, it has been spec u lated that the 14-3-3

pro tein bind ing de creases the rate of Pdc dephospho ry -
lation af ter a light stim u lus by vir tue of its in ter ac tion with
phosphorylated Ser54 and Ser73, thus length en ing the time 
that Pdc re mains phosphorylated af ter a light ex po sure. Pdc 
is dephosphorylated in vivo by pro tein phosphatases 1
(PP1) and 2A (PP2A). In deed, our dephosphorylation ex -
per i ments with PP1 re vealed that the 14-3-3 pro tein does
slow down the dephosphorylation of dou bly phospho -
rylated Pdc in vitro.

1. R. Gaudet, A. Bohm, P. B. Sigler, Cell 87, (1996),
577-588.

2. B. Y. Lee, C. D. Thulin, B. M. Willardson, J. Biol. Chem.
279, (2004), 54008-54017.

3. L. Rezabkova, M. Kacirova, M. Sulc, P. Herman, J. Vecer,
M. Stepanek, V. Obsilova, T. Obsil, Bio phys i cal J. 103,
(2012), 1960-1969.

This work was sup ported by the Czech Sci ence Foun da tion
(Pro ject P305/11/0708), Grant Agency of Charles Uni ver -
sity in Prague (Pro ject 793913); and Acad emy of Sci ences
of the Czech Re pub lic (Re search Pro jects RVO: 67985823
of the In sti tute of Phys i ol ogy).
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STRUCTURE-FUNCTION STUDY ON PLANT ALDEHYDE DEHYDROGENASES FROM
FAMILY 2 AND FAMILY 7
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Marek Šebela1, Da vid Kopeèný1
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Al de hyde dehydrogenases (ALDHs) rep re sent a super -
family of NAD(P)+-de pend ent en zymes that cat a lyze ox i -
da tion of al de hydes to carboxylic ac ids. So far, 13 ALDH
fam i lies have been de scribed in plants. ALDHs play a cru -
cial role in de tox i fy ing al de hydes pro duced by var i ous
met a bolic path ways and dur ing ad ap ta tion upon var i ous
stress con di tions. Plant ALDH2 fam ily (EC 1.2.1.-) com -
prises mi to chon drial and cytosolic isoforms and share ~ 60
% amino-acid iden tity with hu man ALDH2 (hALDH2).
hALDH2 plays a role in eth a nol me tab o lism by cat a lyz ing
the ox i da tion of eth a nol-de rived acetaldehyde to ac e tate.
The first maize (Zea mays) ADLH2 gene was iden ti fied as
a male fer til ity re storer RF2A fol lowed by RF2B.  Both
genes code for homotetrameric mi to chon drial ALDHs with 
an acetaldehyde ac tiv ity. In con trast, the role and func tion
of cytosolic ALDH2 mem bers in maize is not known.

ALDH7 (EC 1.2.1.31) is also known as D1-piperideine- 6-
 carboxylate (P6C) dehydrogenase or antiquitin. Well-stud -
ied hu man ALDH7 (hALDH7) shares ~ 60 % se quence
iden tity with plant orthologues. The en zyme pri mar ily in -
volved in the me tab o lism of lysine cat a lyzes the con ver sion 

of a-aminoadipic semialdehyde (AASAL) to a-amino -
adipate. Only lit tle is known about sub strate pref er ences of
plant isoforms. Here we pres ent a de tailed bio chem i cal
char ac ter iza tion of plant ALDH2 and ALDH7 fam i lies by
an a lyz ing maize and pea ALDH7 (ZmALDH7 and
PsALDH7) and four maize cytosolic ALDH2 isoforms
RF2C, RF2D, RF2E and RF2F. Ki netic anal y sis dem on -
strates that AASAL is the pre ferred sub strate for plant
ALDH7. Ar o matic al de hydes in clud ing benzaldehyde,
anisaldehyde, cinnamaldehyde, coniferaldehyde and
sinapaldehyde are the best sub strates for cytosolic ALDH2. 
All ALDH2 isoforms dis play ac tiv ity with 3-methyl-
 2-butenal (isopentenal), which is formed by the ox i da tion
of isoprenoid cytokinins by cytokinin oxidase/
dehydrogenase. To better un der stand sub strate spec i fic ity,
we solved the crys tal struc tures of ZmALDH7, RF2C and
RF2F with NAD+ at 2.95, 2.25 and 2.40 A res o lu tion, re -
spec tively and com pared them with the hu man en zymes. 

This work was sup ported by grant 15-22322S from the
Czech Sci ence Foun da tion and grant IGA_PrF_2014020
from Palacký Uni ver sity.
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The yeast en zyme neu tral trehalase (Nth1, EC 3.2.1.28)
from Saccharomyces cerevisiae hy dro ly ses the non-re duc -
ing disaccharide trehalose which serves as an en ergy
source and a uni ver sal stress protectant in many dif fer ent
or gan isms. En zy matic ac tiv ity of Nth1 is en hanced by
14-3-3 pro tein bind ing in a phosphorylation-de pend ent
man ner. Nth1 ac tiv ity is also reg u lated by Ca2+ bind ing to
the EF-hand-like mo tif con tain ing do main of Nth1 [1].

The na tive TBE PAGE and an a lyt i cal ul tra cen tri fu ga -
tion show that Nth1 forms very sta ble com plexes with
yeast 14-3-3 pro teins [1]. To study the struc ture of Nth1
alone and its com plex with the 14-3-3 pro tein we used cir -

cu lar dichroism, H/D ex change cou pled to mass spec trom -
e try, chem i cal cross-link ing [2] and small an gle X-ray scat -
ter ing (SAXS) [3]. At the same time pro tein
crys tal log ra phy of Nth1 alone and its com plex with 14-3-3
protein is performed.

The low res o lu tion struc ture of Nth1:14-3-3 pro tein
com plex re vealed that 14-3-3 pro tein bind ing in duces a re -
ar range ment of the whole Nth1 mol e cule and that the re -
gion con tain ing the EF-hand-like mo tif forms a sep a rate
do main which in ter acts with both 14-3-3 pro tein and cat a -
lytic do main of Nth1. We proved that in teg rity of the
EF-hand-like mo tif is cru cial for the 14-3-3 pro tein me di -
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ated ac ti va tion of Nth1 and for the Ca2+ bind ing. Our data
sug gest that the EF-hand-like mo tif func tions as the in ter -
me di ary through which 14-3-3 pro tein mod u lates the func -
tion of the cat a lytic do main of Nth1. These struc tural
changes prob a bly en able the substrate entry into the
enzyme active site [3].

Our study of 14-3-3 pro tein com plex with the fully ac -
tive en zyme Nth1 of fers a unique struc tural view of Nth1
ac ti va tion en abling us also to better un der stand the role of
the 14-3-3 pro teins in reg u la tion of other enzymes.

This work was sup ported by the Czech Sci ence Foun da tion
(Pro ject P207/11/0455) and by Grant Agency of Charles
Uni ver sity (Grant 644313).

1. D. Veisova, E. Macakova, L. Rezabkova, M. Sulc, P.
Vacha, H. Sychrova, T. Obsil, V. Obsilova, Biochem. J.
443, (2012), 663 – 670.

2. E. Macakova, M. Kopecka, Z. Kukacka, D. Veisova, P.
Novak, P. Man, T. Obsil, V. Obsilova,  Biochim. Biophys.
Acta. 1830, (2013), 4491 – 4499.

3. M. Kopecka, D. Kosek, Z. Kukacka, L. Rezabkova, P.
Man, P. Novak, T. Obsil, V. Obsilova, J. Biol. Chem. 289,
(2014), 13948 – 13961.
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Nucleoside N-ribohydrolases (NRHs, E.C. 3.2.2.-) are
glycosidases that cat a lyze the ex ci sion of the N-glycosidic
bond in nu cleo sides to al low re cy cling of the ni trog e nous
bases and ribose. The en zyme com prises four aspartate res -
i dues lo cated at the N ter mi nus, which are in volved in ca -
tal y sis and co or di na tion of a cal cium ion at the ac tive site.
The bind ing of ribose moi ety is highly con served and
NRHs im pose a strict spec i fic ity for the ribose moi ety. In
con trast, the res i dues in ter act ing with nucleobase highly
vary. We iden ti fied two NRH sub classes in the plant king -
dom; one pref er en tially tar gets the pu rine ribosides inosine
and xanthosine while the other is more ac tive to wards
uridine and xanthosine. Both sub classes can hy dro lyze
plant hor mones - cytokinin ribosides. In this work, we
com bined a site-di rected mu ta gen e sis ap proach with ki -
netic and struc tural anal y ses to study nucleoside bind ing
sites in two NRHs from maize (Zea mays), namely
ZmNRH2b (GenBank ac ces sion num ber JQ594984) and
ZmNRH3 (HQ825162). The first one is uridine spe cific

while the lat ter one is pu rine spe cific nucleosidase. The
crys tal struc tures of both ZmNRHs were solved at 1.75 and 
2.51 C res o lu tion, re spec tively, and con firm that en zymes
from both sub classes are dimers. Five ZmNRH2b vari ants
and seven ZmNRH3 vari ants were pre pared and changes in 
their ki net ics were stud ied in de tail. Re place ment of two
ac tive-site histidine res i dues by alanine leads to two-fold
lower spe cific ac tiv i ties. Re place ment of a lysine res i due,
which pro trudes into the ac tive site from the sec ond sub unit 
and in ter acts with nucleobase, re duces the spe cific ac tiv ity
to 30% but in creases hy dro ly sis of cytokinin ribosides
com pared to wild-type. Fi nally, re place ment of ac tive-site
ty ro sine and tryptophane res i dues al ters sub strate spec i fic -
ity for ma jor sub strates – xanthosine and uridine.

This work was sup ported by grant 15-22322S from the
Czech Sci ence Foun da tion and grant IGA_PrF_2014020
from Palacký Uni ver sity.
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Kosek Dalibor1, Kylarova Salome1,2, Psenakova Katarina1,2, Rezabkova Lenka1, Obsilova
Veronika2, Obsil Tomas1

1Fac ulty of Sci ence, Charles Uni ver sity in Prague, 12843 Prague, Czech Re pub lic
2In sti tute of Phys i ol ogy, Acad emy of Sci ence of Czech Re pub lic, 14220 Prague, Czech Re pub lic

kosek@natur.cuni.cz

Apoptosis sig nal-reg u lat ing kinase 1 (ASK1), a mem ber of
the mitogen-ac ti vated pro tein kinase kinase kinase
(MAPKKK) fam ily, ac ti vates c-Jun N-ter mi nal kinase and

p38 MAP kinase path ways in re sponse to var i ous stress
stim uli, in clud ing ox i da tive stress, endoplasmic re tic u lum
stress, and cal cium ion in flux. ASK1 plays a key role in the
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pathogenesis of mul ti ple dis eases in clud ing can cer,
neurodegeneration, car dio vas cu lar dis eases and di a be tes,
thus be ing a prom is ing ther a peu tic tar get against these pa -
thol o gies. The en zy matic ac tiv ity of ASK1 is tightly reg u -
lated by phosphorylation, oligomerization and pro tein-
 protein in ter ac tions. The for ma tion of high mo lec u lar com -
plexes, ASK1 signalosomes, was ob served as an es sen tial

el e ment for ox i da tive stress-in duced cell death.
Thioredoxin  (TRX)  is an oxidoreductase which was

found to bind the N-ter mi nal do main of ASK1 in its in ac -
tive state and it pre vents its ac ti va tion. If ex posed to re ac -
tive ox y gen spe cies (ROS), TRX dis so ci ates from ASK1
through un known mech a nism. This leads to the sub se quent 
bind ing of TRAF2/6 and full ac ti va tion. The 14-3-3 pro tein 
was iden ti fied as one of the most im por tant phys i o log i cal
reg u la tors of ASK1. 

It binds to the phosphorylated Ser967 at the C-ter mi nus
of the kinase do main ASK1 and  main tains its in ac tive

state, thus pre vent ing the sig nal ing ini ti a tion. It has been
pre vi ously shown that ASK1 is ac ti vated af ter dephos -
phorylation of  Ser967 and dis so ci a tion of 14-3-3 in the
pres ence of ROS but mech a nism of in hi bi tion is also un -
clear pos si bly sim i lar to other 14-3-3 reg u lated com p lexes. 

Here we pres ent  anal y sis of in ter ac tions of TRX or
14-3-3 pro tein with cor re spond ing bind ing do mains of
ASK1 us ing AUC. We re vealed pos si ble bind ing in ter face
be tween TRX and ASK1 and im por tance of dif fer ent
cystein res i dues in the bind ing mechanis [1]. We also char -
ac ter ized the com plex with 14-3-3 rev el ing its weak and
tran sient na ture.

1. Kosek D., Kylarova S., Psenakova K., Rezabkova L.,
Herman P., Vecer J., Obsilova V., Obsil T.:    J. Biol.
Chem., 289(35), 24463-74 (2014).

This work was sup ported by the Czech Sci ence Foun da tion
(Pro ject #14-10061S) and the Grant Agency of Charles
Uni ver sity in Prague (568912).
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Fucosylated oli go sac cha rides have an im por tant role in
many bi o log i cal pro cesses such as fer til iza tion, cell ad he -
sion, cell pro lif er a tion and pro cesses of in flam ma tion.
They are also re spon si ble for ex is tence of blood group an ti -
gens. They can also be used in phar ma ceu ti cal and food in -

dus try. Pre vi ous re search in di cates that a-L-fucosidase
from Paenibacillus thiaminolyticus has great po ten tial for
ar ti fi cial fucosylation which could be used in synthetizing
of fucosylated oli go sac cha rides. Re com bi nant form of

a-L-fucosidase was pro duced, pu ri fied and char ac ter ized.

Pre lim i nary test of sub strate spec i fic ity was con ducted us -
ing se lected sub strates and abil ity to cat a lyze transgly co -

sylation re ac tions was tested. Re com bi nant a L-fucosidase
was used for crys tal li za tion ex per i ments. Con di tions for
crys tal growth were found.

The pro ject was sup ported by COST ac tions Multi -
GlycoNano (CM1102, LD13024). Par tic i pa tion at the con -
fer ence is sup ported by spe cific uni ver sity re search
(MSMT No 20/2015, No MSMT 21/2015).
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Ticks are blood-feed ing ectoparasites that serve as vec tors
for trans mis sion of dis eases such as Lyme borreliosis and
tick-borne en ceph a li tis. There are two proteolytic sys tems
in ticks that are es sen tial for the in ter ac tions with the host
and the trans mis sion of the patho gens: (1) Pro te ase in hib i -

tors from the tick sa liva help to dis arm the host haemostatic 
sys tem and al ter the in flam ma tory and host im mune re -
sponses. (2) Pro teas es in the tick gut are re spon si ble for di -
ges tion of host blood pro teins, the ul ti mate source of
nu tri ents for their growth, de vel op ment and re pro duc tion.
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Pro teins from both proteolytic sys tems are in creas ingly
rec og nized as po ten tial an ti gens for the de vel op ment of
“anti-tick” vac cines that pro tect against the ticks and re -
duce the risk of patho gen trans mis sion. We pres ent struc -
tural and func tional anal y sis of the fol low ing mem bers of
these proteolytic sys tems: OmC2, a sal i vary pro te ase in hib -
i tor from the cystatin superfamily, is an immuno modula -
tory pro tein that sup presses the host’s adap tive im mune
re sponse. The crys tal struc ture of OmC2 (2.5 C) was used
to ex plain its in hib i tory spec i fic ity against mam ma lian
cysteine cathepsins from sev eral types of im mune cells.
IRS-2, a sal i vary pro te ase in hib i tor from serpin super -

family, func tions as a unique in hib i tor of host acute in flam -
ma tion and platelet ag gre ga tion. The in hi bi tion mech a nism 
of IRS-2 was de scribed us ing the crys tal struc ture (1.8 C)
of the pro te ase-cleaved form of IRS-2. IrCD, a gut-as so ci -
ated cathepsin D pro te ase, is crit i cally in volved in the ini -
tial step of blood pro tein di ges tion. Mech a nisms of IrCD
reg u la tion were stud ied based on four crys tal struc tures
(1.5-2.3 C) of the zymogen pre cur sor, ma ture en zyme, and
its com plexes with ac tive-site and exosite in hib i tors.
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1De part ment of Bio chem is try and Mi cro bi ol ogy, Uni ver sity of Chem is try and Tech nol ogy,
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Retro virus es are im por tant mam ma lian patho gens. De spite
an in ten sive re search, some parts of the retroviral lifecycle
re main un clear, for ex am ple in ter ac tion of the im ma ture vi -
ral par ti cles with plasma mem brane of in fected cells. Im -
ma ture vi ral par ti cles are formed by the main retroviral
struc tural polyprotein Gag. N-ter mi nal part of this poly -
protein, i. e. ma trix pro tein, is re spon si ble for the in ter ac -
tion of the par ti cles with plasma mem brane and vi ral
bud ding. In our work we com pared ma trix pro teins from

Ma son-Pfizer mon key vi rus (M-PMV), Hu man im mu no -
de fi ciency vi rus (HIV-1) and Mouse mam mary tu mor vi rus 
(MMTV). We stud ied the in ter ac tion of the ma trix pro teins
with ar ti fi cial liposomes con sisted of com mer cially avail -
able phospholipids as well as liposomes formed by
phospholipids iso lated from cell lines which con tained also 
retroviral en ve lope pro teins. We man aged to find dif fer -
ences among individual retroviruses which will be
presented and discussed.
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Chirality is im por tant prop erty of biomolecules, but its de -
tec tion is of ten dif fi cult. There fore we in ves ti gated a se ries

of lanthanide tris-(b-diketonates) that are very ef fec tive for 
chirality sens ing and am pli fi ca tion in biomolecular sub -
strates. They are elec tri cally neu tral and can as so ci ate with
var i ous small or ganic mol e cules, such as chiral al co hols,
amino al co hols or amino ac ids. In or ganic sol vents they of -
ten pro duce a strong chiral sig nal. 

In ter ac tion of the Eu(FOD) com plex with (R)- and (S)-
en an tio mer of 1-phenylethanol in n-hex ane was stud ied us -
ing IR spec tros copy, Raman scat ter ing, Raman op ti cal ac -
tiv ity (ROA), UV-Vis spec tros copy and ul tra vi o let cir cu lar 
dichroism (UVCD). Only ROA and UVCD spectroscopies

proved to be sen si tive enough to the complexation of the
studied chemical species. 

The UVCD proved es pe cially use ful to de ter mine the
metal/ligand ra tio in the com plex. Al though lanthanide

tris-(b-diketonates) are si lent in UVCD spec tra, sym met ric
UVCD sig nals in duced around 300 nm were ob served for
Eu(FOD) upon complexation with (R)- and (S)- 1-phenyl -
ethanol. 

In the fu ture, struc tural vari a tions of lanthanide tris-(b-
 diketonate) com plexes pro vid ing en hanced ROA sig nal are 
planned; also the o ret i cal mod el ing may be use ful to re fine
the chirality rec og ni tion in bi o log i cal sub strates.



Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 22,  no. 1 (2015)       45

P24

MONITORING OF PHOSPHORYLATION PROGRESS OF TYROSINE HYDROXYLASE
AND INTERACTION WITH 14-3-3z ELUCIDATED BY NMR

Petr Louša, Hana Nedozrálová, Jiøí Nováèek, Lukáš Hason, Jozef Hritz
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Hu man ty ro sine hy drox y lase 1 (hTH1) ac tiv ity is reg u lated 
by phosphorylation of its N-ter mi nus and by an in ter ac tion
with the mod u la tor 14-3-3 pro teins. In or der to mon i tor the
struc tural changes within the reg u la tory do main of hTH1
(RD-hTH1, re gion of first 169 res i dues) caused by
phospho rylation of S19 and S40 we have as signed NMR
spec tra by two dif fer ent ap proaches. The non-uni form
sam pling ap proach (NUS) based on sparse mul ti di men -
sional Fou rier trans form al lows ef fi cient ac qui si tion of
high di men sional NMR spec tra. In creased dimensionality
(5D) pro vided sig nif i cant speed up of back bone and
side-chain as sign ment of the un struc tured RD-hTH1 re -
gion (about first 70 res i dues). The rest (struc tured parts) of
RD-hTH1 was as signed by con ven tional set of 3D NMR
ex per i ments. 

The quan ti fi ca tion of quite com plex bind ing mech a -
nism be tween the phosphorylated hTH1 and 14-3-3zeta re -
quired novel ap proach. We used 31P NMR to in ves ti gate

in ter ac tions be tween 14-3-3z and minimalistic sys tem
com pris ing first 50 res i dues of hTH1 (hTH1_50), con tain -
ing both phosphorylation sites of our in ter est (S19, S40).

Dis so ci a tion con stants be tween 14-3-3z and sin gly
phosphorylated hTH1_50 (pS19 or pS40) were de ter -
mined. Anal y sis of the NMR ti tra tion data re vealed that a

14-3-3z dimer and the S19_S40-dou bly phosphorylated
hTH1_50 in ter act in mul ti ple ways, with three ma jor com -
plexes formed. As the proof of prin ci ple of this meth od ol -
ogy was suc cess fully shown for hTH1_50 we con tinue in
ap ply ing it for re veal ing of bind ing sce nario be tween

14-3-3z  and phosphorylated regulatory domain of hTH1
protein.

1. Hritz J.; Byeon I.-J.; Krzysiak T.; Mar ti nez A.; Sklenáø V.;
Gronenborn A.M. Dis sec tion of bind ing be tween a
phosphorylated ty ro sine hy drox y lase pep tide and 14-3-3z:
a com plex story elu ci dated by NMR. Biophys. J. 2014,
107, 2185-2194.

2. Kazimierczuk, K., Zawadzka, A., Kozminski, W., Nar row
peak and high dimensionalities: Ex ploit ing the ad van tages
of ran dom sam pling. J. Mag. Res. 2009, 197, 219.

3. Motáèková, V.; Nováèek, J.; Zawadzka-Kazimierczuk, A.;
Kazimierczuk, K.; Žídek, L.; Šanderová, H.; Krásný, L.;
KoŸmiñski, W.; Sklenáø, V. Strat egy for com plete NMR
as sign ment of dis or dered pro teins with highly re pet i tive se -
quences based on res o lu tion-en hanced 5D ex per i ments. J.
Biomol. NMR 2010, 48, 169–177.

4.  Zhang, S.; Huang, T.; Ilangovan, U.; Hinck, A. P.;
Fitzpatrick, P. F. The So lu tion Struc ture of the Reg u la tory

Do main of Ty ro sine Hy drox y lase. J. Mol. Biol. 2014,
426, 1483–1497.
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cord ing to the REA Grant Agree ment No. 291782. The re -
search is fur ther co-fi nanced by the South-Moravian
Re gion. The ar ti cle/pa per re flects only the au thor’s views
and the Un ion is not li a ble for any use that may be made of
the in for ma tion con tained therein. In ad di tion, this work
was also sup ported by Czech Sci ence Foun da tion (I
1999-N28). This work was re al ized in CEITEC – Cen tral
Eu ro pean In sti tute of Tech nol ogy with re search in fra struc -
ture sup ported by the pro ject CZ.1.05/1.1.0.0/02.0068
financed from European Regional Development Fund.

P25

ROLE OF CH/P INTERACTIONS IN STABILIZING THE PROTEIN-CARBOHYDRATE
COMPLEX

Václav Mareška

Uni ver sity of Chem is try and Tech nol ogy Prague

Al though CH/p interactions are rel a tively weak, it´s as -
sumed that they are very im por tant for car bo hy drate mo lec -
u lar rec og ni tion by pro teins. The aim of our work was to

study the in flu ence of CH/p in ter ac tions on the sta bil ity of
se lected pro tein-car bo hy drate com plex. Study of this prob -
lem was car ried out us ing 100 ns mo lec u lar dy nam ics sim -
u la tions, for which com plex of hevein do main (HEV32)
and (GlcNAc)3 car bo hy drate was cho sen. This com plex
was first stud ied un der nat u ral con di tions in an aque ous
me dium. Then the hy po thet i cal con di tions with at ten u a tion 

of se lected non-co va lent in ter ac tions was car ried out. Sep -

a rate weak en ing of ei ther CH/p in ter ac tions or hy dro gen
bonds was not enough suf fi cient to destabilize the com -

plex. Only si mul ta neous weak en ing of CH/p interactions
and hy dro gen bonds to gether led to sig nif i cant desta -

bilization of com plexes. It shows that CH/p and hy dro gen
bonds are work ing in con cert to sta bi lize car bo hy drate-pro -
tein com plexes.
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LINK BETWEEN CYTOSKELETON AND SPORE FORMATION IN BACILLUS SUBTILIS

K. Muchová, Z. Chromiková, R. Valenèíková, I. Barák

In sti tute of Mo lec u lar Bi ol ogy, Slo vak Acad emy of Sci ences, Dúbravská cesta 21, 
845 51 Bratislava 45, Slovakia

Upon star va tion, the rod shaped Gram-pos i tive bac te rium
Ba cil lus subtilis can en ter into dif fer en ti a tion pro cess
termed sporulation. Sporulation com mences with an asym -
met ric cell di vi sion which leads to for ma tion of two un -
equally sized com part ments. De spite the fact that they
con tain the same ge netic in for ma tion, these com part ments
fol low sep a rate fates, due to dis sim i lar gene ex pres sion
driven by com part ment-spe cific sigma fac tors. While the
smaller com part ment, the forespore de vel ops into heat-re -
sis tant spore, the big ger com part ment, the mother cell
nour ishes the smaller forepore and fi nally lyses. 

The ear li est vis i ble event in asym met ric cell di vi -
sion is the for ma tion of a Z-ring by FtsZ, a tubulin like pro -
tein, and E-ring by SpoIIE at the fu ture sporulation sep tum
site. SpoIIE is a cru cial com po nent of the sporulation sep -
tum. SpoIIE re mains at the po lar sep tum un til sep tum for -
ma tion is com plete and is later re dis trib uted through out the
forespore mem brane to per form its role in ac ti va tion of the

first com part ment-spe cific sigma fac tor, sF. The pos si ble
third role of SpoIIE co mes from the dis cov ery that SpoIIE
is sub se quently re cap tured at the forespore face of the po lar 
sep tum where it may participate in peptidoglycan
remodelling [1].

The rod shape of B. subtilis cells is main tained through
its whole life cy cle. As in most other bac te ria, the cell wall
is the key de ter mi nant of its cell shape. The co or di nated ac -
tion of two mech a nisms of cell wall syn the sis, one con -
nected with cell elon ga tion and the other with cell di vi sion
seems to be re spon si ble for rod shape main te nance [2].The
cell elon ga tion is driven by the actin-like homo logues

MreB, MreBH and Mbl. Re cently, a well con served mem -
brane pro tein RodZ was dis cov ered to be an im por tant cell
shape determinant in many bacteria [3].

In our pre vi ous work we have char ac ter ized RodZ pro -
tein from B. subtilis and have dem on strated that RodZ is
likely an es sen tial pro tein and an im por tant part of cell
shape de ter min ing net work in B. subtilis [4]. Here we ex -
am ine the role of RodZ in sporulation and show that RodZ
lo cal izes to the po lar sep tum dur ing sporulation and co-lo -
cal izes with sporulation spe cific SpoIIE pro tein. We also
dis cov ered that RodZ di rectly in ter acts with SpoIIE. We
pro pose that RodZ is not only im por tant cell shape de ter mi -
nant dur ing veg e ta tive growth, but is also re quired for
asym met ric cell di vi sion which is a prerequisite of resistant 
spore development.

This work was sup ported by Grant 2/0009/13 from the Slo -
vak Acad emy of Sci ences..

1. Cam po, N., Mar quis, K.A.,  Rudner, D.Z. (2008) J Biol
Chem 283:4975–4982.

2. Young, K.D. (2010) Annu Rev Microbiol 64: 223-40.

3. Alyahya, S.A., Al ex an der, R., Costa, T., Henriques, A.O.,
Emonet, T., Jacobs-Wag ner, C. (2009) Proc Natl Acad Sci
USA 106: 1239-1244.

4. Muchová, K., Chromiková, Z., Barák, I. (2013) En vi ron
Microbiol 15:3259-71.
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IN SILICO STRUCTURAL AND THERMODYNAMIC STUDIES OF THE 14-3-3-z
COMPLEXES

Gabor Nagy, Hana Zigova, Veronika Weisova and Jozef Hritz

CEITEC – Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity
 Kamenice 5/ 4A, 62500 Brno, Czech Re pub lic

14-3-3 pro teins are im por tant reg u la tory pro teins found in
large abun dance within the brain. Mam mals have seven
known isoforms of 14-3-3, and the pro tein fam ily is vi tal
for the sur vival of the or gan ism. 14-3-3 pro teins form func -
tional dimers, and bind to hun dreds of phosphorylated  
pro teins. As so ci ated with mul ti ple dis eases [1] such as in -
su lin sen si tiv ity, the Creutzfeldt-Jakob dis ease and
small-cell lung can cer, un der stand ing the prin ci ples driv -
ing the in ter ac tions of 14-3-3 pro teins is an im por tant goal
that can ad vance med i cal re search and mo lec u lar bi ol ogy.

We study both the intra-mo lec u lar in ter ac tions of 14-3-3-z

dimers, and the in ter ac tions with some of their well known
pro tein part ners us ing com pu ta tional meth ods and ex per i -
men tal ap proaches such as mo lec u lar dy nam ics, ad vanced
free-en ergy cal cu la tions and NMR spec tros copy [2]. 

The in ter ac tions be tween the 14-3-3-z pro tein and se -
lected phosphopeptides were stud ied by Hamiltonian Rep -
lica Ex change Mo lec u lar Dy nam ics (H-REMD), and
po ten tial-of-mean-force (PMF) meth ods al low ing the cal -
cu la tion of bind ing af fin i ties. Com bined with a novel re ac -
tion co or di nate ap proach (distancefield) that was re cently
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pro posed [3], these meth ods al low for the ex ten sive sam -
pling of the bind ing/un bind ing path ways. The cal cu lated
bind ing af fin i ties are compared with the available
experimental data.

Com par i son of the be hav ior of se lected 14-3-3-z vari -
ants in both the monomeric and dimeric states was per -
formed by set of con ven tional Mo lec u lar Dy nam ics (MD)
sim u la tions. The im pact of se lected mu ta tions at the N-ter -
mi nal in ter face on the dimer sta bil ity was in ves ti gated.
Struc tural changes in duced by the C-ter mi nal tail and
phosphopeptide bind ing in dif fer ent quarternary struc ture

ar range ments of the  pro tein were analysed in detail. 
The com bi na tion of these meth ods, pro vide deeper in -

sight into the mo lec u lar pro cesses af fect ing the be hav ior of
14-3-3 pro teins, and al low for a more ac cu rate pre dic tion
of bind ing af fin i ties to wards bi o log i cally rel e vant
interaction partners.

1. Molzan M.,  Ottmann C., Syn er gis tic Bind ing of the
Phosphorylated S233- and S259-Bind ing Sites of C-RAF to 
One 14-3-3z Dimer, J. Mol. Biol. (2012) 423, 486–495.

2.   Hritz J.; Byeon I-J.; Krzysiak T.; Mar ti nez A.; Sklenáø V.;
Gronenborn A.M. Dis sec tion of bind ing be tween a
phosphorylated ty ro sine hy drox y lase pep tide and 14-3-3z:
a com plex story elu ci dated by NMR. Biophys. J. 2014,
107, 2185-2194.

3.   de Ruiter A., Oostenbrink C., Pro tein -ligand bind ing from
distancefiled dis tances  and  Hamiltonian rep lica ex change
sim u la tions, J.Chem.The ory Comput. 2013, 9, 883-892.

The pro ject is fi nanced from the SoMoPro II programme.
The re search lead ing to this in ven tion has ac quired a fi -
nan cial grant from the Peo ple Programme (Ma rie Cu rie
ac tion) of the Sev enth Frame work Programme of EU ac -
cord ing to the REA Grant Agree ment No. 291782. The re -
search is fur ther co-fi nanced by the South-Moravian
Re gion. The ar ti cle/pa per re flects only the au thor´s views
and the Un ion is not li a ble for any use that may be made of
the in for ma tion con tained therein. In ad di tion, this work
was also sup ported by Czech Sci ence Foun da tion (I
1999-N28) and the pro ject “SYLICA - Syn er gies of Life
and Ma te rial Sci ences to Cre ate a New Fu ture” (286154).
This work was re al ized in CEITEC – Cen tral Eu ro pean In -
sti tute of Tech nol ogy with re search in fra struc ture sup -
ported by the pro ject CZ.1.05/1.1.0.0/02.0068 fi nanced
from Eu ro pean Re gional De vel op ment Fund. The com pu -
ta tional sim u la tions were re al ized in the Na tional
Supercomputing Cen ter IT4Innovations, which is sup -
ported by the Op VaVpI pro ject num ber CZ.1.05/
1.1.00/02.0070. Fur ther Com pu ta tional re sources were
pro vided by the MetaCentrum un der the pro gram
LM2010005 and the CERIT-SC un der the pro gram Cen tre
CERIT Sci en tific Cloud, part of the Op er a tional Pro gram
Re search and De vel op ment for In no va tions, Reg. no.
CZ.1.05/3.2.00/08.0144.
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BIOPHYSICAL AND STRUCTURAL STUDIES OF A NEW TYPE OF TRANSPOSASES – 
RAYTs 

Iva Neèasová1, Tatsiana Chernovets1, Jaroslav Nunváø1 and Bohdan Schnei der1

1In sti tute of Bio tech nol ogy AS CR, v. v. i., Prague, Czech Re pub lic

Genes of REP-as so ci ated ty ro sine transposases (RAYTs)
have been found in many bac te rial spe cies. Mem bers of the
RAYT en zyme trans pose – rec og nize, bind, cleave, and re -
in sert spe cific sin gle stranded DNA el e ments, so called re -
pet i tive extragenic pal in dromes, REPs. The nuclease
ac tiv ity of RAYTs has been proven only for the Esch e -
richia coli RAYT [1], and for Haemophilus parasuis in our 
lab o ra tory, and the mech a nism of the com plex pro cess of
trans po si tion is un der stood very poorly, and up to now,
only crys tal struc ture of the com plex be tween E. coli
RAYT transposase and its REP DNA has been de ter mined
(PDB code 4er8, [2]). The nov elty and chal leng ing na ture
of the RAYT/REP com plex in spired our study of this sys -
tem. Bioinformatic anal y sis of genomic da ta bases re vealed
sev eral hun dred of RAYT-as so ci ated REP se quences, we
have char ac ter ized some of their bio phys i cal prop er ties,
and dis cov ered sur pris ing conformational di ver sity of
these palindromic DNA el e ments that reaches far be yond
the ex pected hair pin stem-loop ar chi tec ture. We fur ther
have iden ti fied RAYT genes in sev eral bac te ria and se -
lected eight most prom is ing can di dates ac cord ing to the

val ues of se quence-cal cu lated hydrophilicities. These eight 
RAYT genes have been cloned and ex pressed in E. coli.
Pro duc tion of most of these en zymes is chal leng ing at the
ex pres sion step, as their nuclease ac tiv ity is del e te ri ous for
cells, they also have very low sol u bil ity, and ex tremely lim -
ited sta bil ity, they pre cip i tate or ag gre gate shortly af ter pu -
ri fi ca tion. De spite these ob sta cles, we have suc ceeded in
sta bi liz ing the H. parasuis RAYT, been able to mea sure it
var i ous prop er ties as thermostability, and CD spec trum,
and also de ter mine the bind ing af fin ity to the rec og ni tion
REP oligonucleotide (dis so ci a tion equi lib rium con stant
de ter mined by the thermophoresis is about 6 nM). Crys tal -
li za tion tri als and cleav age ex per i ments with H. parasuis
RAYT are un der way. 

1. Ton-Hoang, B., et al., Struc tur ing the bac te rial ge nome:
Y1-transposases as so ci ated with REP-BIME se quences.
Nu cleic Ac ids Res, 2012. 40(8): p. 3596-609.

2. Mess ing, S.A., et al., The pro cess ing of re pet i tive
extragenic pal in dromes: the struc ture of a re pet i tive
extragenic pal in drome bound to its as so ci ated nuclease.
Nu cleic Ac ids Res, 2012. 40(19): p. 9.
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SPECTRA MODELLING COMBINING MOLECULAR DYNAMICS AND QUANTUM
MECHANICS

V. Novák1,2, P. Bouø1

1In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences, Flemingovo námìstí 2, Prague 6
2Uni ver sity of Chem is try and Tech nol ogy, Prague, Technická 5, Prague 6, 166 28

novak@uochb.cas.cz

Vi bra tional spec tro scopic meth ods are pow er ful tools for
stud ies of biomolecular struc ture. Such abil ity of the
Raman scat ter ing or in fra red ab sorp tion is greatly en -
hanced by in ter pre ta tion and sim u la tion of the spec tra by
the o ret i cal cal cu la tions. How ever, quan tum me chan i cal
(QM) spec tra mod el ling of big sys tems, such as large
biomolecules, are highly computationally de mand ing and
from cer tain size prac ti cally im pos si ble. There fore there is
a need for sim pler, but ac cu rate ap proaches.

We use the autocorrelation func tion of the polari -
zability and di pole mo ment ob tained from dy nam i cal tra -
jec to ries to cal cu late Raman scat ter ing and ab sorp tion
in ten sity. For ex am ple, to tal polarizability of a sin gle box is 
gen er ated from mo lec u lar ones cal cu lated at the QM level.
This ap proach thus al lows cal cu lat ing spec tra of much
larger sys tems compared to usual QM approaches.

To es ti mate the ac cu racy, as an ini tial model a wa ter
box was used, dif fer ent box sizes and ap proaches to pro -

cess dy nam i cal tra jec to ries were com pared. Mo lec u lar dy -
nam ics with the Amber99 force field was com pared to
Amoeba09 force fields and ab-in itio MD us ing the PBE
func tional. The sim u lated spec tra were de pend ent on the
method, but in gen eral fea tures agreed with the ex per i ment. 
As a fur ther ap pli ca tion, Raman spec tral de pend ence on pH 
for wa ter so lu tions was ex am ined both ex per i men tally and
the o ret i cally. In the fu ture, we plan to model spectra of
proteins and include molecular chirality.

Com pu ta tional re sources were pro vided by the Meta -
Centrum un der the pro gram LM2010005 and the CERIT-
 SC un der the pro gram Cen tre CERIT Sci en tific Cloud, part 
of the Op er a tional Pro gram Re search and De vel op ment
for In no va tions, Reg. no. CZ.1.05/ 3.2.00/ 08.0144. The
pres ent study was un der taken ow ing to a sup port from the
Grant Agency of the Czech Re pub lic (15-090-725,
P208/11/105).
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STRUCTURAL CHARACTERIZATION OF INTERACTIONS BETWEEN HUMAN
GLUTAMATE CARBOXYPEPTIDASE II AND HYDROXAMATE-BASED INHIBITORS

Zora Nováková

Lab o ra tory of struc ture and func tion of biomolecules, In sti tute of Bio tech nol ogy, Acad emy of Sci ences of the
Czech Re pub lic, v.v.i., Vídeòská 1083, 142 20 Praha 4, Czech Re pub lic

Small mol e cule lig ands tar get ing hu man glu ta mate
carboxypeptidase II (GCPII) are used in di verse di ag nos tic
and ther a peu tic ap pli ca tions rang ing from pros tate can cer
im ag ing to the ther apy of neu ro log i cal dis or ders. Such in -
hib i tors typ i cally con sist of a glu ta mate moi ety linked to a
zinc-bind ing group to en sure high spec i fic ity and af fin ity
for GCPII, re spec tively. At pres ent, there are no struc tural
data de scrib ing in ter ac tions be tween GCPII and in hib i tors
har bor ing a hydroxamate func tion, the prom i nent zinc-

 bind ing func tion used in the field. Here we re port X-ray
struc tures of sev eral com plexes be tween GCPII and
hydroxamate-based in hib i tors. Our struc tures re veal un ex -
pected po si tion ing of hydroxamates in the in ter nal GCPII
pocket that dif fers mark edly from bind ing modes of match -
ing prototypical GCPII in hib i tors fea tur ing dif fer ent
zinc-bind ing groups. The data can be ex ploited for the
struc ture-as sisted de sign of novel GCPII-spe cific in hib i -
tors.
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STRUCTURAL AND FUNCTIONAL STUDIES OF HUMAN HISTONE DEACETYLASE 6

Pavlíèek J., Škultétyová ¼., Trapl D. and Baøinka C.

In sti tute of Bio tech nol ogy AS CR, v. v. i., Vídeòská 1083, 142 20 Prague 4, Czech Re pub lic

Acetylation and deacetylation of lysine rep re sent an im por -
tant reg u la tory step in flu enc ing func tions of many pro teins. 
How ever, spe cific pro cesses reg u lated by pro tein ace -
tylation are still poorly un der stood. Many im por tant ef fects 
of histone deacetylases and their in hib i tors have been de -
scribed on bi o log i cal level only, with out deeper un der -
stand ing of their mo lec u lar mech a nisms. 

Hu man histone deacetylase 6 (HDAC6) is a ma jor cy to -
plas mic deacetylase. This en zyme is struc tur ally unique be -
cause of the pres ence of two cat a lytic do mains in sin gle
polypeptide chain. It has an abil ity to deacetylate a broad
spec trum of sub strates, among them for ex am ple al -
pha-tubulin. Be sides other roles, HDAC6 is in volved in
pro cess of deg ra da tion of misfolded pro teins through the
for ma tion of the aggresome. Thus, its in hi bi tion has im por -
tant clin i cal ef fects in var i ous neurodegenerative dis eases.

How ever, no de tailed mo lec u lar structure of HDAC6 is
available yet.

Here we re port ex pres sion, pu ri fi ca tion and char ac ter -
iza tion of var i ous HDAC6 con structs and mu tants thereof.
Re com bi nant pro teins were suc cess fully pro duced in sev -
eral ex pres sion sys tems, in clud ing yeast K. lactis and mam -
ma lian HEK293 cells, and pu ri fied con structs were
bio chem i cally char ac ter ized. To iden tify novel sub strates
we as sayed HDAC6 against a microarray fea tur ing ~ 7 000
ac ety lat ed pep tides de rived from hu man acetylome. The
anal y sis of site-di rected mu tants re vealed the im por tance
of nu mer ous res i dues of the pre dicted sub strate-bind ing
pocket for the en zyme ac tiv ity and stressed the sig nif i cance 
of the C-ter mi nal deacetylation do main. Screen ing of crys -
tal li za tion con di tions yielded microcrystals that are at the
mo ment be ing improved to obtain diffraction quality
samples suitable for structure solving.

P32

INHIBITORY PROTEIN VARIANTS DERIVED FROM AN ALBUMIN-BINDING DOMAIN
SCAFFOLD TARGETING HUMAN IL-23 CYTOKINE

L. Vaòková1, M. Kuchaø1, R. Osièka2, H. Petroková1, J. Èerný1, P. Šebo1,2 and P. Malý1

1In sti tute of Bio tech nol ogy AS CR, v. v. i. and 2 In sti tute of Mi cro bi ol ogy AS CR, v. v. i. Vídeòská 1083, 
142 20 Prague, Czech Re pub lic

petr.maly@ibt.cas.cz

This work was aimed to gen er ate a col lec tion of re com bi -
nant bind ers of hu man interleukin-23 (IL-23), which is a
key el e ment of pro-in flam ma tory IL-23-me di ated sig nal -
ing. IL-23, a heterodimeric cytokine of co va lently bound
p19 and p40 sub units, plays a piv otal role in the de vel op -
ment of chronic au to im mune dis eases, such as pso ri a sis, in -
flam ma tory bowel dis ease and mul ti ple scle ro sis. Bind ing
of the IL-23 to its re cep tor (IL-23R) leads to trig ger ing of
the Jak/Stat sig nal ing cas cade that re sults in the se cre tion
of in flam ma tory mod u la tors such as IL-17A, IL-17F,
IL-22 that thereby play a ma jor role in down stream pro-in -
flam ma tory pro cesses. 

A high-com plex com bi na torial li brary de rived from a
three-he lix bun dle scaf fold of the al bu min-bind ing do main
(ABD) of strep to coc cal pro tein G and ri bo some dis play
were used to se lect for high-af fin ity bind ers of hu man p19

pro tein, the al pha-sub unit of the IL-23 cytokine. A col lec -
tion of p19-bind ing pro teins (called ILP bind ers) was used
to iden tify a group of bind ing pro teins that in hib ited bind -
ing of p19 (IL-23) to its cognate receptor. 

The bind ing of ILP bind ers to the p19/IL-23 is dem on -
strated us ing ELISA and the pre dic tion of block ing func -
tion for sev eral se lected ILP vari ants is doc u mented us ing
dock ing of p19 to IL-23R homology model based on
known IL-6/IL-6 re cep tor crys tal struc ture. In hib i tory
func tion of these vari ants is fur ther con firmed us ing
cell-sur face com pe ti tion bind ing as say. Our data doc u ment 
that the three-he lix bun dle scaf fold of ABD is use ful for
gen er a tion of novel epitope-map ping tools im por tant for
de vel op ment of novel IL-23-based next-generation
therapeutics.
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STRUCTURAL ANALYSIS OF THE ASK1-CD:14-3-3 COMPLEX BY SMALL ANGLE
X-RAY SCATTERING

Olivia Petrvalska1,2,  Dalibor Kosek1,2, Tomas Obsil1,2

1Fac ulty of Sci ence, Charles Uni ver sity in Prague, 12843 Prague, Czech Re pub lic
2In sti tute of Phys i ol ogy, Acad emy of Sci ences of Czech Re pub lic, 14220 Prague, Czech Rep.

Apoptosis sig nal-reg u lat ing kinase 1(ASK1) is a Ser/Thr
pro tein kinase that plays an es sen tial role in stress and im -
mune re sponses. Its in creased ac tiv ity has been linked to
the de vel op ment of sev eral dis eases such as can cer, car dio -
vas cu lar and neurodegenerative dis eases. The whole en -
zyme con sists of al most 1400 amino ac ids. Cat a lyt i cally
ac tive is only a kinase do main lo cated ap prox i mately in the
mid dle of the mol e cule and this is the only do main that has
been crys tal lized so far [1]. 14-3-3 form a fam ily of evo lu -
tion ary con served reg u la tory pro teins that par tic i pate in a
va ri ety of intracellular pro cesses through bind ing in ter ac -
tions with hun dreds of di verse cel lu lar pro teins. In an in ac -
tive state ASK1 kinase is bound to the 14-3-3 pro tein,
which is a neg a tive reg u la tor of ASK1 [2]. How ever, the
mech a nism whereby the 14-3-3 pro tein in hib its the kinase
ac tiv ity of ASK1 re mains un known. 

To elu ci date the mech a nism of this in hi bi tion, the cat a -
lytic do main of ASK1 (ASK1-CD) and the C-ter mi nally

trun cated form of the 14-3-3 pro tein (14-3-3DC) were pu ri -

fied and a struc tural char ac ter iza tion of the ASK1-CD:

14-3-3DC com plex was per formed us ing an a lyt i cal ul tra -
cen tri fu ga tion and small-an gle X-ray scat ter ing. The an a -
lyt i cal ul tra cen tri fu ga tion mea sure ments re vealed that

ASK1-CD in ter acts with the 14-3-3DC pro tein in 2:2
stoichiometry with KD in micromolar range. Small an gle
X-ray scat ter ing showed that mo lec u lar en ve lope of the
com plex is highly asym met ric sug gest ing that the

14-3-3DC dimer binds only one chain of ASK1 dimer.

1. G. Bunkoczi, E. Salah, P. Filippakopoulos, O. Fedorov, S.
Müller, F. Sobott, S.A. Parker, H. Zhang, W. Min, B.E.
Turk, S. Knapp, Struc tural and func tional char ac ter iza tion
of the hu man pro tein kinase ASK1, Struc ture, 15 (2007)
1215–26.

2. L. Zhang, J. Chen, H. Fu, Sup pres sion of apoptosis sig -
nal-reg u lat ing kinase 1-in duced cell death by 14-3-3 pro -
teins, Proc. Natl. Acad. Sci. U. S. A., 96 (1999) 8511–5.

This work was sup ported by the Czech Sci ence Foun da tion
project #14-10061S.
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Tatyana Prudnikova1,2, Oksana Degtjarik1, Iuliia Iermak1,  Katsiaryna Tratsiak1,3, 
M. Kuty1,2 and  I. Kuta Smatanova1,2

1Uni ver sity of South Bo he mia, Fac ulty of Sci ence, Branišovska 1670, CZ-37005 Èeske Budejovice, 
Czech Re pub lic

2Acad emy of Sci ences of the Czech Re pub lic, In sti tute of Nanobiology and Struc tural Bi ol ogy GCRC, Zamek 
136, 373 33 Nove Hrady, Czech Re pub lic

3In sti tute of Or ganic Chem is try and Bio chem is try and In sti tute of Mo lec u lar Ge net ics, Acad emy of Sci ences
of the Czech Re pub lic, Flemingovo n.2, Prague 6, Czech Re pub lic

Haloalkane dehalogenases (EC 3.8.1.5) are bac te rial en -
zymes cleav ing a car bon-halo gen bond by a hydrolytic
mech a nism in a broad range of halogenated aliphatic com -
pounds [1]. The en zymes can be po ten tially ap plied in
bioremediation, biosensing, biosynthesis, cel lu lar im ag ing
and pro tein im mo bi li za tion [2]. Struc tur ally haloalkane

dehalogenases be long to the a/b-hydrolase superfamily

with two do main or ga ni za tion: an a/b-hydrolase core do -

main and a-he li cal cap do main, which lies on the top of the
core do main. Ac tive site res i dues are lo cated in a hy dro -
pho bic cav ity at the in ter face be tween the two do mains and
are con nected to the pro tein sur face by sev eral tun nels.

Now a days more than 20 pro teins and their mu tant vari ants
from haloalkane dehalogenases fam ily are sys tem at i cally
stud ied. The main tar get is fo cused on re search of pro teins
such as DhaA from Rhodococcus rhodochrous NCIMB
13064, DbeA of Bradyrhizobium elkanii USDA94, LinB
of Sphingobium japonicum UT26 or novel haloalkane
dehalogenases DpcA from Psychrobacter cryohalolentis
K5 and DmxA from Marynobacter sp. ELB 17, etc. 

This re search is sup ported by the GACR (P207/12/0775).

1. Koudelakova T., et al., Biotechnol. J. 8, 32-45 (2011).

2. Marek J., et al., Bio chem is try. 39, 14082–14086 (2000).
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ENGINEERED ANTICALINS TARGETING HUMAN PROSTATE-SPECIFIC 
MEMBRANE ANTIGEN

Jakub Ptáèek1,2, Cyril Baøinka1, Antonia Rich ter3, Zora Nováková1, Volker Morath3, 
Arne Skerra3

1Inst.of Bio tech nol ogy, Acad. Sci. of the Czech Re pub lic, Vídeòská 1083, 14220 Prague 4, Czech Re pub lic
2Dep. of Bio chem is try, Fac ulty of Nat u ral Sci ence, Charles Uni ver sity, Albertov 6, Prague 2, Czech Rep.

3Mu nich Cen ter for In te grated Pro tein Sci ence (CIPS-M) and Lehrstuhl für Biologische Chemie, Technische
Universität München, 85350 Freising-Weihenstephan, Ger many

Mod ern di ag nos tic and im ag ing ap proaches aimed at var i -
ous tu mors re quire pro tein tar get al low ing a drug to dis tin -
guish be tween car ci noma and healthy cells. In the case of
pros tate can cer (PCa), which is by far the most prev a lent
tu mor in men, pros tate-spe cific mem brane an ti gen
(PSMA) serves as such a tar get. Be side the PCa it is also
ex pressed on the neovasculature of most solid tu mors.
Anticalins are a prom i nent mem bers of a rap idly grow ing
fam ily of non-im mu no glob u lin pro tein scaf folds. Ex ploit -
ing com bi na torial li brar ies the Anticalins can be en gi -
neered to spe cif i cally bind vir tu ally any tar get. 

In pre sented work we have used DNA li brary based on
hu man lipocalin gene se quence to se lect Anticalins spe cific 
for GCPII. Phage dis play to gether with ELISA screen ing
were used to se lect first gen er a tion of GCPII bind ing
Anticalins. The most prom is ing vari ants were fur ther sub -

jected to af fin ity mat u ra tion, where new DNA li brary was
ob tained by ran dom mu ta gen e sis of se lected clones and an -
other se lec tion pro ce dure via phage and bac te rial sur face
dis play was ap plied then. The bind ing prop er ties were ana -
lysed by ELISA and SPR mea sure ments which re vealed
im prove ment from nanomolar (about 10 nM dis so ci a tion
con stant) in the first gen er a tion clones) to subnanomolar
(KD ~ 500 pM) af fin i ties for GCPII in the third gen er a tion
clones. Sub se quent immunofluorescence mi cros copy us -
ing cell lines ex press ing PSMA on the sur face showed spe -
cific bind ing of the best clones to PSMA pos i tive cells.
This ob ser va tion was then con firmed by flow cytometry on 
live cells. Thus we have proved the us abil ity of se lected
Anticalin clones for se lec tive la bel ling cells ex press ing
PSMA on the sur face and their po ten tial for in vivo
bioimaging ap pli ca tions.

P36

STRUCTURAL CHARACTERIZATION OF NAD(P)H:QUINONE OXIDOREDUCTASE
WrbA FROM E. COLI IN COMPLEX WITH BENZOQUINONE

O. Degtjarik1, J. Brynda2, D. Reha1,3, J. Carrey4, I. Kuta Smatanova1,3 and R. Ettrich1,3

1Univ. of South Bo he mia, Fac ulty of Sci ence, Branišovska 31, CZ-37005 Èeske Budejovice, Czech Rep.
2In sti tute of Mo lec u lar Ge net ics of the Acad emy of Sci ence of the Czech Re pub lic, v.v.i., Flemingovo no. 2,

16637 Prague, Czech Re pub lic
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136, 373 33 Nove Hrady, Czech Re pub lic
4De part ment of Chem is try, Prince ton Uni ver sity, Prince ton, NJ 08544-1009, USA

The pro tein WrbA from E. coli be longs to the fam ily of
flavodoxine-like pro teins and par tic i pates in pro tec tion of
bac te rial cell from ox i da tive stress. It acts as a homo -
tertamer with one mol e cule of FMN spe cif i cally bound per
pro tein mono mer as a co-fac tor. WrbA ca tal y ses trans fer of 
two elec trons from NADH to elec tron ac cep tor us ing a
ping-pong ki netic mech a nism, where ox i dized quinone
binds af ter NAD moves out from the ac tive site. Sim i lar ki -
netic mech a nism, pres ence of anal o gous co-fac tor and
com mon struc tural fea tures dem on strate the close re la tion -
ship of WrbA with eukaryotic dimeric FAD-de pend ent
oxidoreductases. 

In or der to un der stand the struc tural ba sics of benzo -
quinone bind ing and prob a ble mech a nism of quinone re -
duc tion we have de ter mined the crystal struc ture of WrbA
in com plex with FMN and benzoquinone at 1.33  C res o lu -

tion. WrbA adopts a/b-twisted open-sheet fold typ i cal for
flavodoxines. Three mono mers con trib ute to each of four
iden ti cal ac tive sites. The mol e cule of benzoquinone is
stacked in the ac tive site be tween ar o matic ring of FMN
and Trp97, which is the ideal po si tion for elec tron trans fer
tested by QM/MM cal cu la tions of charge trans fer rates.
Com par i son of the struc ture of WrbA-FMN benzoquinone
com plex with the struc ture of dimeric mam ma lian
oxidoreductase in com plex with duroquinone (pdb id 1qrd) 
re veals sim i lar monomeric fold and the po si tion of the
quinone ring. The ac tive site of WrbA is fully oc cu pied by
benzoquinone and can not ac com mo date the sec ond sub -
strate NADH. This find ing is con sis tent with ping-pong ki -
netic mech a nism pro posed for WrbA. 

This work was sup ported by the Czech Sci ence Foun da tion
(pro ject no P207/10/1934).
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APPLICATION OF MULTISPECTRAL CAMERAS FOR ESTIMATING NITROGEN AND
GRAIN YIELD IN PADDY FIELDS

Mohammadmehdi Saberioon1, Asa Gholizadeh2

1Lab o ra tory of Sig nal and Im age Pro cess ing, In sti tute of Com plex Sys tem, Fac ulty of Fish er ies and Pro tec -
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Ni tro gen is an im por tant vari able for paddy farm ing man -
age ment. Todays sev eral meth ods are avail able for mon i -
tor ing the ni tro gen con tent of rice dur ing its var i ous growth 
stages. How ever, mon i tor ing still re quires a quick, sim ple,
ac cu rate and in ex pen sive tech nique that needs to be de vel -
oped. In this study, Tetracam Ag ri cul ture Dig i tal Cam era,
as a re-en gi neered multispectral cam era, was used to ac -
quire high spa tial and tem po ral res o lu tion im ages to de ter -
mine the sta tus of ni tro gen and pre dict the grain yield of
rice (Oryza sativa L.). Twelve pots of rice were sub jected
to four dif fer ent N treat ments (0, 125, 175 and 250 kg ha ).
Three rep li cates were ar ranged in a ran dom ized com plete
block de sign to de ter mine the sta tus of N and pre dict rice

yield. The im ages were cap tured at dif fer ent growth stages
(i.e., till er ing, pan i cle ini ti a tion, boot ing and head ing stage) 
of rice in each pot. Ni tro gen and grain yield were sig nif i -
cantly cor re lated with Nor mal ized Dif fer ence Veg e ta tion
In dex (NDVI) (R = 0.78) and Green Nor mal ized Dif fer -
ence Veg e ta tion In dex (GNDVI) (R = 0.88), es pe cially at
the pan i cle ini ti a tion and boot ing stages, re spec tively. The
study dem on strated the suit abil ity of us ing the Tetracam
im ages as a sen sor for es ti mat ing chlo ro phyll con tent and
N. More over, the find ings showed that the im ages re vealed
their po ten tial use in fore cast ing grain yield at dif fer ent
growth stages of rice.
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INTEGRATION OF SPIDER WORKFLOWS INTO SCIPION FOR USER-FRIENDLY
ANALYSIS OF ELECTRON MICROSCOPY DATA

T. R. Shaikh1, J. M. de la Rosa-Trevín2, R. Marabini3, J. M. Carazo2 
1Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, 625 00 Brno, Czech Re pub lic

2Centro Nacional de Biotecnologia–CSIC, Cam pus Canto Blanco, 28049 Ma drid, Spain
3Escuela Politécnica Su pe rior, Universidad Autónoma de Ma drid, Cam pus Universidad Autónoma, 28049

Cantoblanco, Ma drid, Spain

In three-di men sional elec tron mi cros copy, there are 7 to 10
gen eral-pur pose im age-pro cess ing soft ware pack ages, and
a few dozen other pack ages which per form spe cific func -
tions or upon spe cific types of sam ples.  It can be use ful to
mix and match the best fea tures of the dif fer ent soft ware
pack ages, but to do so, data his tor i cally of ten had to be con -
verted from one for mat to an other, which pre sented a bar -
rier with re gard to interoperability.

Scipion is a workflow in te gra tion sys tem, among the
func tions of which is to man age im age-pro cess ing pro jects, 
con sol i date ac cess to dif fer ent soft ware suites, trace the in -
puts and out puts of each step, mon i tor pro cesses, etc. 
SPIDER is one of the old est im age-pro cess ing suites cur -
rently in use, avail able since 1978, with over 600 func tions
and its own in ter nal script ing lan guage.  The goal of the
pro ject we are pre sent ing is to pro vide a frame work to in te -
grate the functionalities of SPIDER, at the pro ce dural
level, into the Scipion en vi ron ment.  Some ad van tages of

Scipion to man age SPIDER workflows are as fol lows. 
First, dis play of out puts can be cus tom ized ac cord ing to the 
data type, e.g., an im age, a set of im ages, a 2D plot, a vol -
ume, etc.  Sec ond, in puts and out puts are clas si fied into
data types, and sub se quent pro ce dures will list, as pos si ble
op tions for an in put, ex ist ing files of the ap pro pri ate data
type.  Third, some pa ram e ters can be tested in ter ac tively
be fore execution by using “wizards” in real time, rather
than by trial & error.  

As a case study, the SPIDER workflow for 2D
multivariate data anal y sis was in te grated into Scipion.  Of
par tic u lar im por tance is the method to parse SPIDER pro -
ce dures from Scipion to re trieve  the nec es sary in for ma tion 
about the script pa ram e ters.  The next tasks will be in te gra -
tion of SPI DER’s ran dom con i cal tilt and pro jec -
tion-match ing workflows, two of the workhorses of
SPIDER usage. 
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S. aureus phage phi812/K1 is polyvalent T4-like bacterio -
phage with con trac tile tail. This phage is ap proved to use as 
an antimicrobial agent in Slovakia and the Czech Re pub lic. 
At tach ment of the phage to the host cell sur face, tail con -
trac tion and pen e tra tion of cell wall are es sen tial steps for
suc cess ful in fec tion. How ever, de tailed mech a nism of cell
wall pen e tra tion is un known. Our re sults show 3D re con -
struc tion of phage tail tube pen e trat ing the cell wall. The
mech a nism of ge nome de liv ery has been stud ied by

Cryo-elec tron to mog ra phy. Dur ing at tach ment and con -
trac tion, many struc tural changes hap pen. Phage base plate
bind to re cep tors on cell sur face, tail sheet re ar range and
con tract tail. Non-con tracted tail tube is ejected and pierces 
outer cell mem brane and cell wall. Then, vi rus ge nome is
re leased and rep li ca tion cy cle starts. De ter mi na tion of
mech a nism of cell wall pen e tra tion and ge nome de liv ery is
nec es sary step to un der stand ing of whole rep li ca tion cy cle
of virus.

P40

CRYOEM RECONSTRUCTION OF SMALL NUCLEOPROTEIN COMPLEXES: 
APPLICATION TO THE ECOR124I RESTRICTION-MODIFICATION ENZYME

R. Skoupý

Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 5, 625 00 Brno, Czech Re pub lic
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Cryo-elec tron mi cros copy has un der gone sig nif i cant ad -
vances in hard ware de vel op ment that push lim its of 3-D
struc ture de ter mi na tion of large macromolecular com -
plexes of pro teins and nu cleic ac ids. New gen er a tion of
elec tron mi cro scopes (such as FEI Ti tan Krios) with par al -
lel sam ple il lu mi na tion, sta ble elec tro-mag netic lenses and
new spec i men compustage pro vided a plat form for ob tain -
ing data ex tend ing to near-atomic res o lu tion. Ad di tion ally,
ad vent of di rect de tec tors with 4-times better sen si tiv ity
and ca pa bil ity to re cord sev eral im ages per sec ond rev o lu -
tion ized the field of cryo-elec tron mi cros copy of bi o log i cal 
spec i men.

We used this new in stru men ta tion to im age the type I
re stric tion-mod i fi ca tion en zyme EcoR124I that is at the
edge of stan dard cryoEM pro ce dures and re con struc tions:
it is only ~500 kDa large, has low sym me try and most
likely is flex i ble in its open con for ma tion [1]. The data ob -
tained from Ti tan Krios with a di rect de tec tor pro vided data 
that can be pro cessed and lead to high-res o lu tion 3D re con -
struc tion. How ever, we had to de velop a new approch for
pro cess ing of the aquired data to ex tract the in di vid ual
EcoR124I par ti cles from im aged mi cro graphs. We used

wave let fil ter (i.e. dyadic and sta tion ary wave let trans form
with dif fer ent treasholds) to en hance the con trast of the
par ti cles in the mi cro graph that fa cil i tated iden ti fi ca tion of
their po si tions and au to mated pick ing from thou sands of
col lected mi cro graphs. Next, we ob tained the ini tial
low-res o lu tion model of the EcoR124I struc ture from
cryo-elec tron to mog ra phy, a tech nique that al lows 3-D re -
con struc tion with out any ini tial as sump tion about the 3-D
struc ture. The av er age from ~300 subtomogram par ti cles
was used to au to mat i cally lo cate par ti cles in the fil tered mi -
cro graphs, us ing the al go rithm im ple mented in the im age
pro cess ing pack age Relion [2]. Our next ef forts are
focused on refining the 3D structure to subnanometer
resolution using the original dataset obtained from Titan
Krios.

1. Ch. K. Kennaway, J. E. Tay lor, Chun Feng Song et al:
Struc ture and op er a tion of the DNA-translocating type I
DNA re stric tion en zymes, Genes and De vel op ment., 26,
(2012), 92-104.

2. Sjors H. W. Scheres: A Bayesian View on Cryo-EM Struc -
ture De ter mi na tion, Jour nal of Mo lec u lar Bi ol ogy, 415
(2011), 406-418.
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Car bonic anhydrases (CA) are a group of metalloenzymes
that cat a lyze re vers ible hydration of car bon di ox ide to bi -
car bon ate. Isoforms of CA play a vi tal role in var i ous pro -
cesses in clud ing lipogenesis, glyconeogenesis, pH, and
CO2 ho meo sta sis. In this work, an isoform IX was stud ied
by the means of the o ret i cal meth ods. This isoform is
over-ex pressed in solid tu mors as a re sponse to hypoxia
con di tions caused by in suf fi cient sup ply of ox y gen due to a 
mas sive tu mor growth. CA IX helps to keep intracellular
pH to a phys i o log i cal level, but at the same time, it sig nif i -
cantly low ers extracellular pH, which re sults in a higher
risk of tu mor cell invasiveness. CA IX is there fore a neg a -

tive marker for peo ple suf fer ing from a can cer [1].
CA IX con sists of proteoglycan do main (PG), cat a lytic

do main (CA), transmembrane he lix and intracytoplasmatic 
por tion. The cat a lytic do main has a glob u lar shape and ac -
com mo dates a con i cal cav ity where the ac tive site is lo -
cated [2]. The PG do main is a unique struc tural el e ment to
the isoform IX. It is as sumed that it is a key to the ex cel lent
cat a lytic prop er ties of CA IX. De spite nu mer ous ex per i -
men tal ef forts, the struc ture and ex act func tion of the PG
do main is not known. We em ployed mo lec u lar dy nam ics

sim u la tions to re veal its struc ture and func tion. Sev eral

con structs were sim u lated on ms time scales in clud ing the
PG do main alone and con structs in clud ing both the CA and 
PG do mains. Re sults in di cate that the PG do main is rather
un struc tured por tion of CA IX.

1. E. Svastova, A. Hulikova, M. Rafajova, M. Zatovicova et
al., FEBS Let ters 577 (2004) 439-445.

2. V. Alterio, M. Hilvo, A. Di Fiore, A. M. Salzano et al.,
PNAS 106 (2009) 16233-8.

The work was done at CEITEC - Cen tral Eu ro pean In sti -
tute of Tech nol ogy with re search in fra struc ture sup ported
by the pro ject CZ.1.05/1.1.00/02.0068 fi nanced from Eu -
ro pean Re gional De vel op ment Fund. The ac cess to the
MetaCentrum and CERIT-SC com put ing and stor age fa cil -
i ties pro vided un der the pro gram “Pro jects of Large In fra -
struc ture for Re search, De vel op ment, and In no va tions”
LM2010005 funded by the Min is try of Ed u ca tion, Youth,
and Sports of the Czech Re pub lic and the programme Cen -
ter CERIT Sci en tific Cloud, part of the Op er a tional Pro -
gram Re search and De vel op ment for In no va tions, reg. no.
CZ. 1.05/3.2.00/08.0144 is ac knowl edged.
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Mo lec u lar dy nam ics sim u la tion is still computationally too
ex pen sive to ef fi ciently sim u late slow mo lec u lar pro cesses
such as pro tein fold ing or pro tein-ligand bind ing. This sig -
nif i cantly lim its its ap pli ca tion in pro tein de sign, drug dis -
cov ery and re lated fields. Nu mer ous en hanced sam pling
tech niques have been de vel oped to ad dress this prob lem,
in clud ing metadynamics [1]. This method uses a bias po -
ten tial to “flood” free en ergy min ima and to re duce free en -
ergy bar ri ers. A par al lel vari ant of metadynamics –
mul ti ple walker metadynamics [2] – was de vel oped early
af ter in tro duc tion of ba sic metadynamics al go rithm. Mul ti -
ple walker metadynamics is a par al lel ver sion of meta -
dynamics sim u la tion dur ing which all par al lels (walk ers)
share their bias po ten tial. Sys tems rep re sented by in di vid -
ual walk ers are same, only the ini tial con di tions of sim u la -
tions are dif fer ent. This al lows for ef fi cient sim u la tion in a
par al lel com put ing en vi ron ment.

In this pro ject we in tro duce a mod i fi ca tion of mul ti ple
walker metadynamics where in di vid ual walk ers may rep re -

sent dif fer ent, yet sim i lar, sys tems, for ex am ple dif fer ent
mu tants of a pro tein or a pro tein with dif fer ent lig ands.
This can in fu ture be come a ba sis for par al lel screen ing of
pro tein mu tants or par al lel screen ing of lig ands. Pre lim i -
nary data on GPCR-ligand docking will be presented.

This pro ject was sup ported by, LD14133). Ac cess to com -
put ing and stor age fa cil i ties of MetaCentrum (LM201
0005), CERIT-SC (CZ. 1.05/3.2.00/08.0144) and IT4 In no -
va tions Cen tre of Ex cel lence pro ject (CZ.1.05/1.1.00/
02.0070, LM2011033) is greatly ap pre ci ated. Par tic i pa -
tion at the con fer ence is sup ported by spe cific uni ver sity
re search (MSMT No 21/2014).

1. Laio A., Parrinello M. Proc Natl Acad Sci USA 99 (2002),
12562-12566.

2. Raiteri P., Laio A., Gervasio F.L., Micheletti C., Parrinello
M. J Phys Chem B 110 (2006), 3533-3539.



Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 22,  no. 1 (2015)       55

P43

A PLANT-INSECT INTERACTION IN 3D 
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LdCD is a di ges tive cathepsin D-type pro te ase of the Col o -
rado po tato bee tle, Leptinotarsa decemlineata. Us ing two
ap proaches, pro te ase ac tiv ity mea sure ments and
MicroScale Thermophoresis bind ing anal y sis, we dem on -
strated that LdCD is in hib ited by the in ter ac tion with PDI
(Po tato Cathepsin D In hib i tor), a Kunitz-type wound-in -
duc ible pro tein from po tato leaves. This sug gests that
LdCD is a tar get for PDI act ing as an antifeedant in plant
de fense against in sect herbivory. Re com bi nant LdCD was
pro duced in Pichia pastoris and its crys tal struc ture was de -

ter mined at 1.95 C res o lu tion. PDI was pu ri fied from po -
tato and its crys tal struc ture was de ter mined at 2.1 C
res o lu tion. We pro pose the in ter ac tion mech a nism of
LdCD with PDI based on a dock ing model. Crys tal li za tion
of LdCD-PDI com plex is cur rently in prog ress aimed to de -
scribe a new mech a nism for nat u ral in hi bi tion of as par tic
pro teas es.

Ac knowl edge ment GAUK 8122/2014.
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INFLUENCE OF PHOSPHATE ION BOUND TO ACTIVE CENTER OF TBN1
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To mato multifunctional nuclease (TBN1; UniProt ac ces -
sion no. Q0KFV0), which be longs to the nuclease type I
fam ily, plays an im por tant role in spe cific apoptotic func -
tions, vas cu lar sys tem de vel op ment, stress re sponse, and
plant tis sue dif fer en ti a tion [1]. Fur ther more, TBN1 ex hib -
its anticancerogenic prop er ties [2]. The en zyme pos sesses
endonuclease and exonuclease-like ac tiv ity on sin gle
stranded and dou ble stranded RNA and DNA and on struc -
tured RNA, with pro duc tion of mono- and oligo nucleo -
tides from 3’-end of nu cleic ac ids [3]. Based on the crys tal
struc ture of TBN1, the phospholipase ac tiv ity of the en -
zyme was dis cov ered [4]. TBN1 con sists of 277
aminoacids with a mo lec u lar mass of 31.6 kDa (about 37
kDa when glycosylated).

Three crys tal struc tures of TBN1 were solved in our
group: one struc ture of wild type TBN1 and two struc tures
of mu tant N211D [4]. The com mon mo tif con served
among all known struc tures is for ma tion of super-he li ces,

where pro tein mol e cules are re lated by 31 screw axis. The
con tacts are pro vided by the ac tive site of one mol e cule and 
a sur face loop (SDR-loop) of a neigh bor ing mol e cule.
How ever, pack ing of super-he li ces to fi nal crys tal dif fers
across dif fer ent crys tal li za tion con di tions. The con served
for ma tion of intermolecular con tacts in crys tals sug gests
the way of as sem bly of mol e cules into oli go mers in so lu -
tion, which were ob served by dy namic light scat ter ing. The 
in ter ac tion of the ac tive site and the sur face loop is best re -
solved in the cur rently re ported struc ture, where the ac tive
cen tre at the zinc clus ter is oc cu pied by phos phate ion. It
cor re lates with be hav ior of TBN1 in phos phate buffer. The
phos phate ion binds dif fer ently than cor re spond ing ions in
known struc tures of AtBFN2 from Arabidopsis thaliana
[5]. Also pres ence of phos phate in the zinc clus ter leads to
more open TBN1 ac tive cen ter. Prop er ties of mu tants, de -
signed to mod ify dimerization and ac tiv ity of TBN1, sug -
gest that de lib er ate dis rup tion of the loop-ac tive site
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con tacts by mu ta tions lim its ex pres sion of the ac tive en -
zyme. There fore for ma tion of TBN1 oli go mers to gether
with phos phate bind ing are hy poth e sized to have reg u la -
tory roles in apoptotic-like and senescense processes in
plant cells.

1. J. Matousek, P; Kozlova, L. Orctova, A. Schmitz, K.
Pesina, O. Bannach, N. Diermann, G. Steger, D. Riesner,
Biol. Chem., 388, (2007), 1-13.

2. J. Matousek, T. Podzimek, P. Pouckova, J. Stehlik, J.
Skvor, P. Lipovova, J. Matousek, Neoplasma, 57, (2010),
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G-pro tein-cou pled re cep tors (GPCRs) [1] are a large fam -
ily of seven-transmembrane do main re cep tors that have
been in creas ingly stud ied in re cent years and are of big im -
por tance for sev eral fields of sci ence and farmaceutical in -
dus try. How ever, there are not many GPCRs with an
ex per i men tally de ter mined struc ture at the atomic res o lu -
tion. Oxytocin re cep tor is one of GPCRs which, by ac ti vat -
ing Gq proten - phospholipase C - inositol-1,4,5- tri phos-
phate path way, in creases the cy to plas mic Ca2+ con cen tra -
tion. By bind ing to this re cep tor, oxytocin plays very im -
por tant roles in sex ual re pro duc tion, la bors, ma ter nal
bond ing, and many emo tional and so cial be hav iors. Here,
we used homology mod el ling [2, 3] to ob tain a model of
oxytocin re cep tor, based on the se quence simillarity with a
re cep tor which does have a de ter mined 3D struture. The
model that we ob tained was sim u lated in sev eral dif fer ent
en vi ron ments in clud ing the mem brane build of 1-palmitoyl 
2-oleoyl phosphatidylethanolamine mol e cules. By ex plor -
ing the free en ergy sur face of oxytocin, we have found dis -
tinc tive en ergy min ima which, we as sume, cor re spond to

dif fer ent sta ble con form ers of this hor mone. One of the
pos si ble rea sons for their ex is tence could be found in the
mech a nism of oxy to cins bind ing to its re cep tor. There fore,
the sim u la tions in cluded the oxytocin re cep tor - hor mone
in ter ac tions as well.

This pro ject was sup ported by COST ac tion GLISTEN
(CM1207, LD14133) and GAÈR (15-17269S). Ac cess to
com put ing and stor age fa cil i ties MetaCentrum (LM201
0005) and CERIT-SC (CZ. 1.05/3.2.00/08.0144) is greatly
ap pre ci ated. Par tic i pa tion at the con fer ence is sup ported
by spe cific uni ver sity re search (MSMT No 21/2014).

1. Katritch, V., Cherezov, V., & Stevens, R. C. (2012). Di ver -
sity and Mod u lar ity of G Pro tein-Cou pled Re cep tor Struc -
tures. Trends in Phar ma co log i cal Sci ences, 33(1), 17–27.
doi:10.1016/j.tips.2011.09.003.

2.  Xiang Z. (2006) Ad vances in Homology Pro tein Struc ture
Mod el ing. Cur rent pro tein & pep tide sci ence 7(3):217-227.

3.  Baker, D; Sali, A (2001). Pro tein struc ture pre dic tion and
struc tural genomics. Sci ence 294 (5540): 93–96.
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Bil i ru bin oxidase from plant patho gen Myrothecium
verrucaria (BO, EC 1.3.3.5) is a blue monomeric multi -
copper oxidoreductase (MCO) cat a lyz ing ox i da tion of sub -
strates con sist ing of tetrapyrrole (es pe cially bil i ru bin to
biliverdin), diphenols and aryl diamines. BO con sists of
534 amino acid res i dues with a mo lec u lar mass of 60 kDa.
Sim i larly to other MCOs the sub strate bind ing site of BO is
com prised of one Cu ion (T1) co or di nated by one cysteine,
two his ti dines and one methionine and be haves as an ac -
cep tor of an elec tron from sub strate. Four elec trons are
trans ferred from T1 to the trinuclear cop per clus ter (TNC)
co or di nated by eight his ti dines, where mo lec u lar ox y gen is
re duced to wa ter. BO is ca pa ble to ox i dize a great va ri ety of 
or ganic com pounds with many ap pli ca tions in in dus try
(e.g. pulp bleach ing, delignification, drug de tec tion and
deg ra da tion of her bi cides [1, 2, 3]). Two struc tures of BO
have been al ready pub lished in PDB (2XLL [3], 3ABG
[4]), but none of them with a ligand in the sub strate bind ing
site. The sub strate bind ing mech a nism and the way of the
elec tron trans port from sub strate to T1 site are still to be de -
ter mined.

We solved two struc tures of BO us ing X-ray crys tal log -
ra phy - na tive struc ture at 2.3 C res o lu tion and a struc ture
with a small ligand in the sub strate bind ing site at 2.6C res -
o lu tion. The phase prob lem was solved by mo lec u lar re -
place ment us ing a pre vi ously re ported struc ture of BO
(PDB code 2XLL [3]) as a model. Both struc tures are in the 
same space group F222, which is dif fer ent in com par i son
to pre vi ously de pos ited struc tures (P1 in 2XLL [3], P63 in
3ABG [4]). Two mol e cules were lo cal ized in asym met ric
unit. On the ba sis of our re sults we sug gest two pos si ble
elec tron trans fer routes from sub strate to the T1 cen ter. 

1. T. Sakurai, K. Kataoka, The Chem i cal Re cord, 7, (2007),
220-229.

2.  D. J. Kosman, J. Biol. Inorg. Chem., 15, (2010), 15-28.

3. J. A. Cracknell, T. P. McNamara, E. D. Lowe, C. F.
Blanford, Dal ton Trans, 40, (2011), 6668-6675.

4. K. Mizutami, M. Toyoda, K. Sagara, N. Takahashi, A.
Sato, Y. Kamitaka, S. Tsujimura,  Acta Cryst., F 66,
(2010), 765-770.
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FrpD is an Iron-reg u lated outer mem brane li po pro tein,
which is highly con served in a set of strains rep re sen ta tive
of all serogroups of Neisseria meningitidis. The bi o log i cal
func tion of FrpD re mains un known but FrpD is likely to
par tic i pate in the an chor ing of the Type I-se creted FrpC
pro tein to the bac te rial cell sur face. FrpC be longs to the Re -
peat in Tox ins (RTX) pro tein fam ily and binds FrpD with
very high af fin ity (Kd = 0.2 nM) [1]. How ever, the mech a -
nism of FrpD-FrpC in ter ac tion is un known due to the ab -

sence of any struc tural in for ma tion on these pro teins. This
pro ject is aimed to de ter mine the struc ture of the FrpD pro -
tein.

The na tive and Se-Met sub sti tuted vari ants of re com bi -
nant, trun cated ver sion FrpD43-271 pro tein were pre pared
and crys tal lized us ing the sit ting-drop vapour-dif fu sion
method. The crys tals of na tive FrpD43-271 pro tein be long to
the hex ag o nal space group P64, while the crys tals of
Se-Met sub sti tuted FrpD43-271 pro tein be long to the prim i -
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tive orthorhombic space group P212121 [2]. The crys tal
struc tures of na tive and SeMet la belled FrpD pro teins were
solved to an atomic res o lu tion of 2.3  and 1.40 C, re spec -
tively. The re fined crysCtallographic mod els comprise 224 
of the 229 res i dues with the one N-ter mi nal and four C-ter -
mi nal res i dues be ing dis or dered. The two re fined struc tures 
are largely iden ti cal, with the co or di nate root-mean-square
de vi a tion (r.m.s.d.) of 0.56 C of over 224 aligned res i dues.
FrpD pro tein dis plays a com pact slightly con cave glob u lar
shaped struc ture. The FrpD fold is based on three cen tral

b-sheets, flanked by 3 short he li ces and one long C-ter mi -

nal a-he lix. Struc ture-based anal y sis was made us ing A

DALI (dis tance ma trix align ment server) and PDBeFold
server da ta base search for sim i lar three-di men sional struc -
tures us ing the re fined model of FrpD as the tar get. Per -
formed anal y sis in di cated that FrpD fold did not con tain
the to pol ogy suf fi ciently sim i lar to es tab lish struc tural
homology with other known pro teins, in di cat ing that FrpD
cor re sponds to a novel fold.

This work was sup ported by the Grant Agency of the Czech
Re pub lic P207/11/0717, Min is try of Ed u ca tion of the
Czech Re pub lic (LC06010 and MSM6007665808) and by
the Acad emy of Sci ences of the Czech Re pub lic (AV0Z
60870520, AV0Z50520514 and AV0Z40550506).
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The se lected en zyme DmxA, be long ing to the fam ily of
haloalkane dehalogenases (EC 3.8.1.5; HLDs), cat a lyz ing
the hydrolytic con ver sion of halogenated aliphatic com -
pounds to their cor re spond ing al co hols, was iso lated from
Marinobacter sp. ELB 17 (DmxA). DmxA is one of the 10

mem bers of a/b-hy dro las es, which are al ready on the mar -
ket for the prac ti cal use for such ap pli ca tions as
biodegradation, biosensing, pro tein tag ging for cell im ag -
ing and pro tein anal y sis, de con tam i na tion of war fare
agents, pro duc tion of op ti cally ac tive hy dro car bons and al -
co hols.

DmxA is an extremoenzyme, ex hib it ing height enantio -
selectivity, how ever re veals the high est ac tiv ity at height
tem per a tures (the max i mal ac tiv ity to wards 1,3-diiodo -
propane was de tected at 55 °C and pH 9.0) , what high -
lights it among the other HLDs.

Dif fracted crys tals of DmxA were re fined up to the res -
o lu tions 1.45 C. Dif frac tion data for DmxA were col lected
us ing Pilatus 6M-F de tec tor at the wave lengths of 0.972 C
on the beamline ID29, at the Eu ro pean Syn chro tron Ra di a -
tion Fa cil ity (ESRF) in Grenoble (France).

Crys tal of DmxA be longed to P212121 space group,
with the unit-cell pa ram e ters: a = 43.371, b = 78.343, c =

150.51 C; a = b = g = 90.0° and con tained 2 mol e cules in
the asym met ric unit. The struc ture was solved by mo lec u -

lar re place ment with MOLREP from the CCP4 soft ware
suite by us ing the co or di nates of Rhodococcus rho -
dochrous (PDB en try 4E46; 48% se quence iden tity for 142
res i dues and 63% se quence sim i lar ity). 

Struc tur ally DmxA showed the typ i cal com po si tion of
the mol e cule of the other mem bers of the superfamily of

a/b - hy dro las es. The pro teins have a glob u lar shape and

are com posed of two do mains: a highly con served a/b -
hydrolase main do main, which is the scaf fold - like for the
cat a lytic res i dues, and a smaller he li cal cap do main. The

core do main is com posed of eight b - strands, within

antiparallel (b2). The cen tral b - sheet is flanked on both

sides by a - he li ces: four are on one side and two are on the

other side of the b - sheet. The sec ond do main, the cap

struc ture is lo cated at the C - ter mi nal end of the b - sheet

and is com posed of a - helices, cov er ing the ac tive site,
which has re vealed the cat a lytic pentad es sen tial for their
ac tiv ity: Asp 105, His 273, Glu 129, Gln 40 , Trp106. Pre -
sent ing on the both in monomeric and dimeric form, a
dimer en zyme of the  a uniquely formed by the co va lent
disulfide through Cys 294, the homo- dimer is cho sen as bi -
o log i cal asym met ric unit.

This work is sup ported by the Grant Agency of the Czech
Re pub lic (P207/12/0775).
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Re com bi nant DNA tech nol ogy as well as heterologous ex -
pres sion and pu ri fi ca tion sys tems avail able to day would al -
low us to ob tain any de sired pro tein in a suf fi cient amount
and in an ap pro pri ate qual ity for de tailed struc ture char ac -
ter iza tion. Nev er the less, pro duc tion of some pro teins re -
mains still prob lem atic. One of the ma jor ob sta cles is the
toxic ef fect of some pro teins on the host ex pres sion sys tem. 
A spe cial ap proach is re quired to solve this prob lem and
there are dif fer ent pos si ble ways how to over come these
ex pres sion dif fi cul ties in var i ous ex pres sion sys tems.

The E. coli ex pres sion sys tem is a well known and
widely used sys tem for heterologous pro tein pro duc tion
which has many ad van tages such as low cost, low time con -
sump tion, high yields of pro teins, etc.  On the other hand,
prob lems in ex pres sion of many types of pro teins are fre -
quent. The first step is to de fine or es ti mate the char ac ter of
the pro tein tox ic ity. There are sev eral as pects which would
have to be taken into ac count: whether the codon com po si -
tion is com pat i ble with the pro duc tion sys tem, a pos si ble
det ri men tal func tion of sol u ble pro tein over-ex pressed in
host sys tem or high lev els of in sol u ble pro tein pro duc tion
leading to a significant metabolic drain for cells.

In our study we used the E. coli Lemo21(DE3) sys tem
to achieve and sub se quently op ti mize ex pres sion of a toxic
re com bi nant pro tein from Legionella pneumophila. A gene 
for pro tein des ig nated Lpn3 has been iden ti fied in the ge -
nome of the L. pneumophila as 3’ nucleotidase/nuclease
and this pro tein is ho mol o gous to class I nucleases. 

The gene for Lpn3 nuclease con tains 882 bp and the
whole pro tein con sists of 285 amino acid res i dues with a

mo lec u lar mass of 32 kDa. Se quence anal y sis shows that
the first 27 amino ac ids of the N-ter mi nal end of the pro tein
rep re sent a sig nal pep tide, which di rects the pro tein out of
the bac te rial cells and it is cleaved off dur ing the transport. 

Sev eral vec tors from the Ox ford Pro tein Pro duc tion Fa -
cil ity UK (OPPF-UK) were tested for op ti mal ex pres sion
of Lpn3 nuclease in the E. coli Lemo21(DE3) ex pres sion
sys tem. The whole Lpn3 gene was cloned to the pOPINE
vec tor, while the nu cle o tide se quence with out the N-ter mi -
nal sig nal pep tide was in serted into pOPINE, pOPINMalE,
pOPINDsbA, pOPINP, pOPINTolB, and pOPINS.

Suc cess ful Lpn3 ex pres sion in Lemo21 cells was
achieved in the cases of pOPINMalE and pOPINP con -
structs, which are pri mar ily de ter mined for periplasmic ex -
pres sion of re com bi nant pro teins. A key fac tor for
op ti mi za tion of ex pres sion con di tions was de ter mi na tion
of suit able con cen tra tion of rhamnose in the me dia. Op ti -
mal con cen tra tion causes com plete sup pres sion of basal
ex pres sion be fore IPTG in duc tion. Other im por tant pa ram -
e ters were tem per a ture and time of growth be fore and af ter
in duc tions. All these steps were nec es sary to ef fec tively
tune the expression level of this difficult recombinant
protein. 

This pub li ca tion is sup ported by the pro ject „BIOCEV –
Bio tech nol ogy and Biomedicine Cen tre of the Acad emy of
Sci ences and Charles Uni ver sity (CZ.1.05/1.1.00/02.
0109), by the Min is try of Ed u ca tion, Youth and Sports of
the Czech Re pub lic (grant No. LG14009 and grant No.
EE2.3.30.0029).
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STRUCTURAL ANALYSIS OF FROG VIRUS 3 BY ELECTRON MICROSCOPY AND
TOMOGRAPHY: COMPOSITION AND MORPHOLOGY OF ITS LARGE VIRION WITH

INNER MEMBRANE

Z. Ubiparip1*, T. Vesely2, S. Reschova2, D. Nemecek1

1Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Brno, CZ
2Na tional Ref er ence Lab o ra tory for Vi ral Dis eases of Fish, Vet er i nary Re search In sti tute, Brno, CZ

431338@mail.muni.cz*

Nucleocytoplasmic large dsDNA vi ruses (NCLDV) are
among the larg est and most com plex vi ruses known, with
the capsid size rang ing from 200–800 nm in di am e ter [1].
Here, we fo cused on ranaviruses (~200 nm in di am e ter),
global patho gens with in creas ing im por tance, which ex ist
in two in fec tious forms: na ked capsids and en vel oped
virions [2]. In or der to de ter mine the struc ture of the two re -
spec tive forms of the vi rus, we pu ri fied and im aged virions
of the spe cific type of ranavirus, frog vi rus 3 (FV3), by

cryo-elec tron mi cros copy and to mog ra phy. Elec tron mi -
cro graphs and subtomogram av er age showed large capsids
with three dis tin guish able lay ers en clos ing the elec -
tron-dense core of pack aged dsDNA. The in ner shell pre -
sum ably cor re sponds to an in ter nal mem brane, the
in ter me di ate layer to a proteinous capsid shell and the outer 
layer to an ex ter nal lipid en ve lope. Over all, the FV3 capsid
ex hib its sim i lar mor phol ogy and struc tural fea tures as re -
lated vi ruses from the fam ily Iridoviridae, PBCV-1 and
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CIV [3]. Subtomogram av er ag ing of in di vid ual ex tracted
virions was done in Bsoft [4] us ing icosahedral sym me try.
The av er age is con sis tent with the sin gle par ti cle re con -
struc tion and fur ther im age anal y sis are un der taken to iden -
tify the pu ta tive spe cial ver tex for ge nome ejec tion,
spe cific for the na ked capsid form. Next steps are di rected
to wards de ter min ing the struc tural and mech a nis tic fea -
tures of the ranavirus rep li ca tion cy cle and struc tural ba sis
for cell en try by the en vel oped virions, de ter min ing the
struc ture of the sur face glycoproteins which me di ate the
entrance.

1. B. La Scola, et al. Sci ence 299, (1999), 2033.

2. V. G. Chinchar, et al. Curr. Top. Microbiol. Immunol.,
328, (2009), pp. 123–170.

3. C. Xiao & M. G. Rossmann, Curr. Opin. Virol., 1, (2011),
pp. 101–109.

4. J. B. Heymann, et al. J. Struct. Biol., 161, (2008), pp.
232–242.
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is try of Ag ri cul ture of the Czech Re pub lic (MZE
0002716202) to TV.
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PHASE TRANSITION APPROACH ON THE INTERPRETATION OF THE CHEMICAL
OSCILLATION IN THE BELOUSOV-ZHABOTINSKY REACTION
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Ac tively stud ied over the last de cades the Belousov-
 Zhabotinsky (BZ) re ac tion [1] is no lost in ter est in the sci -
en tific world now a days. The BZ re ac tion was de vised as a
prim i tive model of cit ric acid cy cle [2]. To the sur prise of
the au thors, it brought about the phe nom e non of chem i cal
clock (in mixed sys tems) or spon ta ne ous pat tern for ma tion
(in still com part ments). The dis tinct fea ture of the BZ re ac -
tion is that it pos si ble to ob serve de vel op ment of com plex
pat terns in time and space by na ked eye on a very con ve -
nient hu man time scale of doz ens of sec onds and space
scale of sev eral milli metres. The BZ re ac tion can gen er ate
up to sev eral thou sand os cil la tory cy cles in a closed sys -

tem, which per mits study ing chem i cal waves and pat terns
with out con stant re plen ish ment of re ac tants. The sen si tiv -
ity of the sys tem to the ex ter nal con di tions changes make
pos si ble to in ves ti gate the change the pat tern for ma tion
pro cess in re sponse on the mod u lat ing agent stron gest fac -
tor (shape ge om e try in our case).

There are sev eral hy poth e sis fol lowed the tar get pat tern 
prop a ga tion and wave evo lu tion in the sys tem [3,4], but
most of them con cen trate on the cas cade of the chem i cal
trans for ma tions [5,6] or pro cess tak ing place in the re ac -
tion-dif fu sion sys tem model [7]. Our in ves ti ga tion cre ate
new fac tors to fore cast the chem i cal sys tem be hav iour un -

Fig ure 1. The wave eval u a tion course trac ing in the tree col our chan nels dem on strate the re li able dif fer ences in the red
col our chan nel. This fact al lows us to sup pose that along with changes in a chem i cal com pound (have been traced by pixel
in ten sity time os cil la tion in wave shape in green and blue col our chan nel) ex am ined sys tem is lead ing by some other
accompanied pro cess (phase tran si tions).



der changed en vi ron ment con di tions and their im pact on
the main struc ture for ma tion of waves. The for ma tion of
struc tures pre sented as the com bi na tion of two pro cesses
which was de tected by in de pend ent anal y sis of blue and
red chan nel of the col our cam era (Fig ure 1.). While blue
and green col our cannel fol lows the Fe[(phen)3]

2+ and
Fe[(phen)3]

3+ - re ac tion cat a lyst and re dox-in di ca tor - con -
cen tra tion os cil la tion, os cil la tion in red col our chan nel was
fol lowed com pletely dif fer ent be hav ing pro cess. We sug -
gest that the pro cess ob served in the red chan nel has the
char ac ter of phase change and pro pose it to be con nected
with for ma tion of Br2 tak ing place dur ing all re ac tion eval -
u a tion time. Our hy poth e sis have an agree ment with other
sci en tists work [8,9]. In this work are pres ent the ex per i -
men tal re sults to prove that BZ sys tem wave struc ture evo -
lu tion re sponse on changes in geo met ri cal con di tions are
not only a re flec tion of chem i cal ki net ics mod i fi ca tion, but
also di rectly de pend ent on the phase tran si tion de rived due
to struc tural changes in Br-con tained re ac tion com pounds.
We pro pose a model of the pro cess which ex plains most of
the dis tinct as pects of the struc ture for ma tion based on de -
duced hy poth e sis.
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