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APPLICATION OF QM/MM CALCULATIONS WITH NOVEL POLARIZED EMBEDDING
TO DETAIL INVESTIGATION OF THE FLAVOPROTEIN WrbA
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The mech a nisms of NADH:qui nine ox i da tion re duc tion re -
ac tion in flavoprotein WrbA was stud ied by im proved mo -
lec u lar dock ing based on the novel im ple men ta tion of
QM/MM method with po lar ized em bed ding. The mo lec u -
lar dock ing es ti mates the po si tions and rel a tive bind ing en -
er gies of the sub strates of the flavoprotein WrbA and thus
can lead to better un der stand ing of the mech a nisms of
NADH:qui nine ox i da tion re duc tion re ac tion.   

Stan dard mo lec u lar dock ing es ti mates the po si tions and 
bind ing en er gies of the flex i ble ligand to the rigid pro tein.
The bind ing en er gies are cal cu lated by nonpolarized mo -
lec u lar me chan i cal (MM) forcefield.  This ap proach is ap -
pro pri ate for the study of the wide va ri ety of the lig ands,
how ever it can fail in the case of the elec tri cally charged
lig ands, like NADH and qui nine in flavoprotein, where the
charge is trans ferred from ligand to the pro tein co fac tor and 
the po lar iza tion ef fects be come very sig nif i cant and can not 
be ne glected. 

 The po lar iza tion in mo lec u lar dock ing was in tro duced
via atomic charges de rived from QM/MM cal cu la tions
with po lar ized em bed ding. The ligand (QM part) charges
were de rived from quan tum me chan i cal (QM) elec tronic
wave func tion and po lar ized charges of the rigid pro tein
(MM part) were de rived by the novel method of in duced
charges [1]. This ap proach is based on the method of in -
duced di poles, where the in duced di pole on par tic u lar atom 
(cal cu lated from atomic polarizability) is ap prox i mated by
the set of in duced charges on the neigh bor ing at oms. This
brings a con sid er able sim pli fi ca tion and al lows the use of
stan dard pro grams for mo lec u lar dock ing, as they al ready
eval u ate elec tro static in ter ac tions us ing atomic charges. 

The au thors grate fully ac knowl edge fi nan cial sup port from 
grant Kontakt ME09016.

1. Ferenczy, G.G.; Reynolds, C.A. J. Phys. Chem. A  2001,
105, 11470–11479. 

A61

SPECTROSCOPIC STUDY OF THE MADS BOX

Barbora Øezáèová1,2*, Yves-Marie Coïc3, Christian Zentz2, Pierre-Yves Turpin2, Sergei
Kruglik2, Václav Profant1 and Josef Štìpánek1

1In sti tute of Phys ics, Charles Uni ver sity in Prague, Fac ulty of Math e mat ics and Phys ics, Ke Karlovu 5,
CZ-12116 Prague 2 (Czech Re pub lic)

2Laboratoire Acides nucléiques et biophotonique, FRE 3207, Université Pi erre et Ma rie Cu rie, place Jussieu
2, 75252 Paris Cedex 5 (France)

3Unité de Chimie des Biomolécules, URA 2128 CNRS, Institut Pas teur, Rue Du Dr. Roux 2, 75724 Paris
Cedex 15 (France)

rezacova@karlov.mff.cuni.cz

The MADS box fam ily of tran scrip tion fac tors plays an es -
sen tial role in the gene reg u la tion of higher or gan isms. Its
ac ro nym is de rived from ini tials of four of the orig i nally
iden ti fied mem bers of the fam ily: MCM1, AG, DEFA and
SRF [1]. These tran scrip tion fac tors share a highly con -
served DNA se quence of 56 amino ac ids, called the MADS 
box. 

The se rum re sponse fac tor (SRF) plays a cru cial role in
the ac ti va tion of genes that re spond to mitogenes and also
in the reg u la tion of mus cle spe cific genes [2]. The SRF
transcriptional ac tiv ity is de ter mined by its bind ing as a
sym met ric dimer to the so called CArG box el e ment, one of 
the most vastly char ac ter ized DNA bind ing se quences rec -
og nized by the MADS box tran scrip tion fac tors. Pre ced ing
stud ies on 20-mer oligonucleotides bear ing the spe cific

high af fin ity CArG box of the c-fos enhancer, dis closed an
equi lib rium be tween bend and lin ear con form ers [3] which
is partly main tained even af ter the pro tein/DNA com plex
for ma tion [4]. Still lit tle is known about the rec og ni tion
pro cess, how tar geted DNAs are rec og nized by these tran -
scrip tion fac tors. Thus the con served MADS box mo tif
may serve as a ba sic model for study of com mon func tional 
prop er ties of DNA rec og ni tion within the whole pro tein
fam ily (over 200 mem bers). 

The struc tural and dy namic prop er ties of the MADS
box and its shorter seg ments were stud ied by ad vanced
spec tros copy tech niques: flu o res cence, UV ab sorp tion and
Raman scat ter ing. Ac quired data were treated by a re cently
de vel oped method based on fac tor anal y sis, the sin gu lar
value de com po si tion. Ow ing to this method we were able
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to de tect even very weak spec tral changes. Vi bra tional
spec tra of the most prob a ble con form ers of shorter MADS
box seg ments were sim u lated in Gaussian09 pro gram suite
in or der to ob tain the de tailed in ter pre ta tion of ex per i men -
tal data. Ef fects caused by vari a tions of en vi ron men tal con -
di tions were also in ves ti gated. Especialy, a high sen si tiv ity
to pH (charged amino ac ids of MADS box i.e. ty ro sine,
lysine, and glutamic acid) was ob served.

This work is sup ported by the Czech Sci ence Foun da tion
(pro ject 202/09/0193), Grant Agency of Charles Uni ver -
sity (pro ject 402111). B.R. grate fully ac knowl edges the
French Gov ern ment sup port for her stay in Laboratoire
Acides nucléiques et biophotonique.
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The aim of this work is to de velop pu ri fi ca tion pro ce dure
for higher plant PS II pro vid ing ma te rial for its crys tal li za -
tion and high res o lu tion X-ray dif frac tion.

We have re-de signed the stan dard pro to col and im ple -
mented novel pro ce dures for iso la tion of the PS II en riched
thylakoid mem branes from the plant ma te rial. Hand picked
leaves of the Pisum sativum L. were ho mogen ised and at
the first step highly ac tive thylakoid mem branes were iso -
lated. Then, su crose den sity gra di ent ul tra cen tri fu ga tion
and ion ex change chro ma tog ra phy tech niques were used
for pu ri fi ca tion of the PSII com plexes from the solubilised
thylakoid mem branes. The com plexes’ ac tiv ity was fol -
lowed through out the iso la tion rou tine with ab sorp tion and

flu o res cence spec tros copy. The pu rity of the sam ples was
as sessed by op ti cal spec tros copy and west ern blot ting.

Pu ri fi ca tion pro ce dure that in cluded the ion ex change
chro ma tog ra phy pre ced ing the ul tra cen tri fu ga tion yielded
highly pure sam ple. Un for tu nately the quan tity of the sam -
ple was not enough for crys tal li za tion tri als.

We cur rently con tinue to op ti mize the pro to col for PSII
com plex pu ri fi ca tion. Meth ods and ap proaches for
crystallization of both mem brane and sol u ble pro teins will
be im ple mented sub se quently.

This re search was sup ported by the ME CR (COST
LD11011, CZ.1.05/2.1.00/01.0024), by the AS CR (AV0Z
60870520) and GAJU 170/2010/P for OS.
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Ra tio nal de sign of mol e cules with func tion changed in de -
sired di rec tion is still a chal lenge. We in tend to de sign in -
ter feron gamma re cep tor mol e cules that bind more strongly 
to their nat u ral ligand, in ter feron gamma (IFNg), us ing
sim ple com puter mod els. The IFNg/re cep tor sys tem is used 
as a model be cause it is im por tant for in nate and ac quired
im mu nity in ver te brates and its tar geted mod i fi ca tion can
lead to prac ti cal ap pli ca tions. The model is also suit able be -
cause crys tal struc tures of the IFNg/re cep tor com plex are
avail able. 

We per formed mu ta tion anal y sis at the mod els of
IFNg/re cep tor in ter face de ter mined from crys tal struc tures
us ing em pir i cal force filed as im ple mented in web-based
tool FoldX (http://foldx.crg.es/). The anal y sis lead to pre -

dic tions of re cep tor mu tants that should strengthen the in -
ter ac tion. Only res i dues with lower than 50% con ser va tion
were al lowed to mu tate; the fi nal set of sug gested mu ta -
tions con tained nine sin gle mu tants, four dou ble and one
tri ple mu tant. To check non-ran dom na ture of al leged im -
prove ment of the bind ing af fin ity we also se lected four sin -
gle mu tants that should lower the af fin ity. All eigh teen
re cep tor mu tants were suc cess fully ex pressed and their af -
fin i ties de ter mined, re sults are shown in a pre sen ta tion by
Mikulecký et al. 

Sup port from grant P305/10/2184 from the Czech Sci ence
Foun da tion is greatly ac knowl edged. All au thors are sup -
ported by in sti tu tional grant AV0Z50520701.
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Re stric tion–mod i fi ca tion en zymes pro vide a bac te rial de -
fence mech a nism against for eign DNA. Hemi-meth yl ated
host DNA is fully meth yl ated at spe cific se quences by a
methyltransferase, thus pro tect ing its DNA from re stric tion 
by the ac com pa ny ing endonuclease. For eign DNA is
unmethylated at these sites and is cleaved [1, 2].

Type I re stric tion endonucleases con sist of three dif fer -
ent sub units: methylase (M), re stric tion (R) and spec i fic ity
(S) en coded by the hsdM, -R and -S genes, where hsd=Host 
Spec i fic ity for DNA [3]. To gether, they form an in trigu ing, 
multifunctional com plex which can ei ther re strict or mod -
ify DNA. Here, the mode of ac tion of the com plex is dic -
tated by the methylation state of the rec og ni tion se quence
[4]. A fully meth yl ated site re sults in no ac tion be ing taken
and in en zyme dis so ci a tion; hemi-meth yl ated tar get se -
quences di rect the en zyme into a pro tec tive methylation
mode pro duc ing fully meth yl ated DNA, while
unmethylated DNA shifts the en zyme into a de struc tive
(and pro tec tive) re stric tion mode. It is in this pro tec tive
mode that type I en zymes re strict for eign DNA and thereby 
main tain the in teg rity of the host ge nome [3].

Mo lec u lar mech a nism of dsDNA translocation, cleav -
age and ATP hy dro ly sis has not been jet struc tur ally in ves -
ti gated. Crys tal struc ture of the 120 kDa mo tor HsdR
pro tein of the Type I EcoR124I nuclease in com plex with
ATP was re cently re ported by our group, and it is the first
know struc ture of the mo tor sub unit through out group of
Type I re stric tion en zymes. This struc ture char ac ter iza tion, 
among oth ers, dis close un ex pected endonuclease do main
con trib ut ing to ATP bind ing by Lys220 res i due. This con -
tact could po ten tially cou ple endonuclease and translocase
func tions [5].

To more clearly un der stand cor re la tion of ATPase and
re stric tion ac tiv i ties of the type I amino acid res i dues from
se quence-vari able re gion around Lys220 have been cho sen 
which could be po ten tially en gaged in conformational
changes that oc cur once translocation is stalled and a sig nal 
is trans mit ted to the endonuclease. Those res i dues have
been re placed by site-di rect mu ta gen e sis and the in flu ence
of the re place ment is mon i tored us ing in vi tro ATPase ac -
tiv ity as says of the whole pentameric en zyme com plex and
is tested by re stric tion as say in vi tro and in vivo.
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Type1 re stric tion mod i fi ca tion sys tem are in trigu ing
multifunctional multisubunit mo lec u lar mo tors that can
cat a lyze both re stric tion and mod i fi ca tion ac tiv ity .The
type 1 RM en zymes binds to its tar get se quence and its ac -
tiv ity as an endonuclease or methyltransferase is de ter -
mined by the methylation state of the tar get se quence. If the 
tar get se quence is un mod i fied, the en zyme while bound to
its tar get site is be lieved to translocate or pull the DNA to -
wards it self si mul ta neously in both di rec tions in an ATP
de pend ent man ner.

The crys tal struc ture of the mo tor sub unit R has been
de ter mined by our group but the mo lec u lar mech a nism by
which these en zymes translocate and cleave the DNA is not 
fully un der stood. 

Our cur rent re search ef fort fo cuses on full-length
three-di men sional struc tures of the R-sub unit, uti liz ing
com pu ta tional and bioinformatics meth ods. Op ti mi za tion
of intersubunit con tacts is per formed by en ergy

minimization fol lowed by mo lec u lar dy nam ics sim u la tions 
in so lu tion at 300K. The dy namic be hav ior of WT and mu -
tant holo and apo sys tems is ex plored by mo lec u lar dy nam -
ics sim u la tion in GROMACS us ing the AMBER99SB
force field. Conformational changes con nected to cou pling
of translocation and endonuclease ac tiv ity are ob served
and QM/MM meth ods are ap plied to cal cu late bind ing en -
er gies.

We grate fully ac knowl edge sup port from the Czech Sci -
ence Foun da tion (pro ject num ber GACR P207/12/2323),
and the Grant Agency of the Uni ver sity of South Bo he mia
(grant no. 170/2010/P). Some com pu ta tions were per -

formed in MetaCentrum Super Com puter fa cil ity.
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Nat u ral killer cells (NK cells) be long to lym pho cytes, be -
sides more fa mil iar B and T-lym pho cytes. They were dis -
cov ered in 1970s [1]. They com prise 5-10% of
lym pho cytes in blood and their role in the im mune sys tem
is to dis cover and kill cells with can cer and cells in fected by 

vi ruses. NK cells have a num ber of re cep tors on their
sur face, which are used for con tact with other cells and for
ini ti a tion of the cytotoxic re sponse.  Pro tein Clr-g [2], a tar -
get of this struc tural study, is a part of im mune sys tem of
mouse. It is a ligand of NK re cep tor NKR-P1F. Clr-g oc -
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curs in den dritic cells and macrophages. The extracellular
part of Clr-g was ex pressed, pu ri fied and crystallized.
Struc ture was solved at 1.95 C res o lu tion us ing X-ray dif -
frac tion data mea sured at Bessy II of the Helmholtz
Zentrum Berlin.

The over all fold of mouse Clr-g is the fold typ i cal of
C-type lectin like pro teins. Mouse Clr-g forms dimers and
is most sim i lar to hu man CD69 [3].  

An in ter est ing crys tal con tact was found in the crys tal
struc ture: N-ter mi nus of the extracellular part of Clr-g
binds to neigh bour dimer in the crys tal, and thus shows fea -
si bil ity of pep tide bind ing into the cen tral pocket of the
dimer. 

Mu tual ori en ta tion of mono mers in the dimer is slightly
dif fer ent than in the CD69 struc ture. How ever, mod er ate
vari abil ity in ori en ta tions of mono mers was found also
among sin gle struc tures of CD69. It seems that this dif fer -
ence gives tes ti mony about flex i bil ity in dimer for ma tion
and not about dif fer ences be tween mouse Clr-g and hu man
CD69. 

Elec tro static po ten tial was com puted for sev eral pro -
teins struc tur ally and func tion ally re lated to mouse Clr-g
and sur pris ingly big dif fer ences were found.  

1. R. Kiessling, E. Klein, H. Wigzell, Eur. J. Im mu nol ogy,
5(2), (1975), 112-117.

2. B. Plougastel, C. Dubbelde, W. M. Yokoyama,
Immunogenetics, 53, (2001), 209-214.

3. P. Kolenko, T. Skalova, O. Vanek, A. Stepankova, J.
Duskova, J. Hasek, K. Bezouska, J. Dohnalek, Acta
Crystallogr. F65, (2009), 1258-1260.
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Nanoliter-sized drops of pro tein so lu tion and pre cip i tant
are char ac ter is tic of high-through put pro tein crystal -
lizations screen ing. Pres ent-day crys tal li za tion prac tice re -
quires al most in ev i ta bly the robotized setup for re li able
nanoliter crys tal li za tion drop pipetting.  In this work, a pro -
to col for re pro duc ible man ual as sem bly of pro tein crys tal -
li za tion screen ing ex per i ments adopt ing nanoliter-sized
drops in 96-well for mat has been de signed and de vel oped.
The pro to col ex ploits the re pet i tive-pipetting mode of com -
monly avail able mo tor ized sin gle and mul ti chan nel pi pette, 
to gether with sim ple tools avail able in or di nary lab o ra tory.
For as sem bly of one crys tal li za tion screen haw ing 96 crys -
tal li za tion con di tions with 10 mg/ml of pro tein in equil i -
brated drop, less than 350 µg of pro tein was used. The

pro to col ap proach was ver i fied on the find ing crys tal li za -
tion con di tions for an ti body Fab frag ments and their com -
plexes with tau pro tein an ti gens. Dif frac tion-qual ity
crys tals were grown di rectly from the screen con di tions on
96-well plates and yielded com plete dif frac tion data sets on 
syn chro tron source. The re sults proved that suc cess ful
crys tal li za tion in nanoliter high-through put for mat is af -
ford able even for a small-sized crys tal log ra phy lab o ra tory,
with out the need of ex pen sive in stru men ta tion. 

This work was sup ported by the Slo vak Re search and De -
vel op ment Agency un der the con tracts Nos. LPP-0038-09
and by the Slo vak Grant Agency VEGA grants Nos.
2/0162/10, 2/0217/10.
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Thylakoid mem branes are the most abun dant mem branes
in na ture. They are found in all phototrophic or gan isms,
where they make a ma trix for pro teins par tic i pat ing in
photosynthetic re ac tions. Con trary to the well-char ac ter -
ized an i mal phosphoglycolipidal mem branes, thylakoid
mem branes are com posed from more than 90 % (de pend -
ing on or gan ism) of galactoglycolipids. In the cyano -
bacterium Synechocystis PCC6803 two elec tri cally neu tral
com po nents – monogalactosyl diacylglycerol (MGDG),
that makes 37% of the mem brane, and digalac tosyl
diacylglycerol (DGDG, 20 %) – and neg a tively charged
sulfoquinovosyl diacylglycerol (SQDG, 29 %) are the ma -
jor com po nents of the mem brane. Only 14 % of the mem -
brane is made of a phospholipid phos pha tid yl glyc erol [1].
Other phosphoglycolipids can be found in traces only. 

As there is only a lit tle ex per i men tal data avail able on
the above men tioned galactolipids and their mix tures, mo -
lec u lar dy namic sim u la tions are the the o ret i cal tool that en -
able us to ex am ine the sys tems on the atomic de tail level.
The coarse-grained MARTINI [2] model of the thylakoid
lipids was con structed by the method de scribed by Hinner
et al [3]. This model is based on atomistic sim u la tions us -
ing the Gromos 45A4 force field [4] with some yet-un pub -
lished ad just ments for the tail part of the lipid mol e cules.
The gained MARTINI pa ram e ters pro vide the most im por -
tant char ac ter is tics of the mem branes (such as mem brane

thick ness, area per lipid) in very good agree ment with
atomistic sim u la tions what en ables us claim that the
coarse-grained sim u la tions re flect the real be hav ior of the
sys tem. 

A model of a thylakoid mem brane from cyano -
bacterium Synechocystis PCC6803 will be pre sented on
atomistic and coarse-grained level and the prop er ties of the
mem brane will be char ac ter ized. 

This work was sup ported (Ž.S.) by HPC-EUROPA2 (pro -
ject num ber: 228398) with sup port from the Eu ro pean
Com mis sion Ca pac i ties Area - Re search In fra struc tures
Ini tia tive, the Czech Sci ence Foun da tion (pro ject num ber
GACR 203/08/0114), and the Grant Agency of the Uni ver -
sity of South Bo he mia (grant no. 170/2010/P). Some com -
pu ta tions were per formed in MetaCentrum Super 
Com puter fa cil ity.
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STRUCTURAL BIOINFORMATICS OF CBS DOMAIN

Vojtìch Spiwok, Olga Souèková

De part ment of Bio chem is try and Mi cro bi ol ogy,In sti tute of Chem i cal Tech nol ogy, Prague, Technická 3,
Prague 6. 166 28, Czech Re pub lic

CBS (cystathionine b-synthase) do main pair, also known
as Bate man do main, is an an cient scaf fold pres ent in nu -
mer ous or gan isms form Archaea to mam mals. It reg u lates
the func tion of many en zymes such as cystathionine

b-synthase, AMP-ac ti vated pro tein kinase or inosine
monophosphate dehydrogenase, as well as volt age gated
chlo ride chan nels and other trans port ers. It can bind dif fer -
ent nu cle o tide phos phates, S-adenosylmethionine, ions and 
other lig ands. Dur ing our at tempt aimed at re fine ment of a
model of the CBS do main pair from hu man cystathionine

b-synthase we col lected and struc tur ally aligned ~140 CBS 
do main pairs from ~70 ex per i men tal 3D struc tures of pro -

teins con tain ing this struc ture. This scaf fold forms a
pseudo-symmetric pair of two subdomains and this
pseudo-sym me try causes that a ligand can bind ei ther in the 
bind ing site A or B or both sites can be oc cu pied by lig ands, 
where sides A and B are as so ci ated by the (pseudo-)sym -
me try. Here we show a com par i son of CBS do mains in
terms of their over all struc ture, bind ing sites and amino
acid se quence in or der al low better pre dic tion of bind ing
site de tails, pre dic tion of the ligand, its bind ing mode and
conformational changes as so ci ated with bi o log i cal func -
tion.
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The plasma mem brane is an es sen tial com po nent of all liv -
ing cells. It is in volved in cell in teg rity and vol ume main te -
nance, me tab o lism, sig nal reg u la tion and trans port. It is
fully per me able for small un charged mol e cules like wa ter. 

The prin ci ple of mon i tor ing of the plasma-mem brane
flu id ity re lies on the dis tinc tion be tween ex tra- and
intracellular wa ter – which in fact re quires some “la bel ing” 
of the mol e cules. The widely used and well es tab lished
NMR method for mea sure ment of ex change over plasma
mem brane uti lizes dop ing of the extracellular com part ment 
by para mag netic agents which en hance re lax ation of
extracellular mol e cules [1, 2]. Al ter na tively, the dif fer ence
in ap par ent translational dif fu sion co ef fi cients can be used
as a “la bel ing” method to dis tin guish ex tra- and
intracellular wa ter NMR sig nal. Such method was pro -
posed and ap plied to mon i tor the tem per a ture de pend ent
plasma-mem brane flu id ity of bak ers yeast [3].  The Fil ter
Ex change spec tros copy (FEXSY) ex per i ment com prises
two build ing blocks formed by pulsed gra di ents of mag -
netic field. The am pli tude and spac ing of gra di ent pulses in
first block are set to a fixed value to ef fec tively sup press the 
NMR sig nal orig i nat ing from extracellular wa ter mol e -
cules. Af ter short de lay (10 – 400 ms) called mix ing time,
dur ing which the wa ter mol e cules ex change over plasma

mem brane, the sec ond block is ap plied. Here the am pli tude
of gra di ent pulses is grad u ally in cre mented in six teen steps
in or der to per form a stan dard NMR ex per i ment for mea -
sure ment of translational dif fu sion. The in for ma tion about
plasma-mem brane flu id ity is en coded in the wa ter NMR
sig nal in ten sity re corded for four val ues of mix ing time.
The most in ter est ing pa ram e ter – the intracellular wa ter
life-time – is then ob tained by fit ting the the o ret i cal equa -
tions (Eq. 2-12 in [3]) to ex per i men tal sig nal in ten si ties. 

We stud ied three S. cerevisiae de le tion mu tant strains
(erg2, erg4 and erg6) which lack genes in volved in the syn -
the sis of er gos terol, the most im por tant ste roid com pound
pres ent in the plasma mem brane. Block ing of dif fer ent
steps of er gos terol syn the sis leads to ac cu mu la tion of var i -
ous in ter me di ates within the cell. There fore the com po si -
tion of plasma mem brane dif fers among se lected strains. 
We found the intracellular wa ter life-time to be very sim i lar 
for wild type S. cerevisiae and for erg2 mu tant strain, while
erg6 and erg4 mu tants show sig nif i cantly faster wa ter ex -
change over plasma mem brane. 

1. T. Conlon, R. Outhred. Biochim. Biophys. Acta., 288,
354-361, (1972).

2. G. Benga, Prog. Biophys. Mol.Biol., 51, 193-245, (1988).

3. I. Cslund, et al. J. Magn. Reson., 200, 291-295, (2009).
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THE CLUSTER OF ACIDIC RESIDUES IN THE C TERMINUS OF TRPA1
CONTRIBUTES TO CALCIUM SENSING

Lucie Surá, Lenka Maršáková, Anna Hynková, Viktorie Vlachová

De part ment of Cel lu lar Neurophysiology, In sti tute of Phys i ol ogy, Acad emy of Sci ences of the Czech Re pub -
lic, Videnska 1083, 142 20 Prague 4, Czech Re pub lic

The ankyrin tran sient re cep tor po ten tial chan nel TRPA1 is
a Ca2+-per me able, volt age-sens ing cat ion chan nel. It is pre -
dom i nantly ex pressed in a subpopulation of no ci cep tive
neu rons. There it mainly acts as a polymodal sen sor, ac ti -
vated by pun gent com pounds. From the cy to plas mic side,
TRPA1 is crit i cally reg u lated by Ca2+ ions and this mech a -
nism rep re sents a self-mod u lat ing feed back loop that ei ther 
aug ments or in hib its the ini tial ac ti va tion. It has been sug -
gested that an EF-hand like do main in the N-ter mi nus is re -

spon si ble for Ca2+ de pend ent ac ti va tion, but these re sults
have been ques tioned. Here, we sug gested for such role the
clus ter of acidic res i dues in the dis tal C-ter mi nus. We in -
ves ti gated its con tri bu tion to Ca2+ sens ing us ing mu ta gen e -
sis and whole-cell electrophysiology. We found that
neu tral iza tion of four con served res i dues, namely Glu1077
and Asp1080-Asp1082 in hu man TRPA1, had strong ef -
fects on Ca2+- and volt age-de pend ent potentiation and/or
in ac ti va tion of ag o nist-in duced re sponses. In ad di tion, the
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sur pris ing find ing of this study was that trun ca tion of the
C-ter mi nus by only 20 res i dues se lec tively slowed down
the Ca2+-de pend ent in ac ti va tion by 2.9-fold with out af fect -
ing other func tional pa ram e ters. Our find ings iden tify the

con served acidic mo tif in the C-ter mi nus that is ac tively in -
volved in TRPA1 chan nel mod u la tion by Ca2+ and may
rep re sent its long-sought Ca2+-sens ing do main.

A72
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LIPOPROTEIN FRPD (NMB0584) FROM NEISSERIA MENINGITIDIS
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FrpD is a highly con served li po pro tein of Neisseria
meningitidis an chored to the bac te rial outer mem brane.
The frpD gene se quence con tains two trans la tion ini ti a tion
sites, which give rise to pro duc tion of the full-length FrpD
pro tein (FrpD271) that har bours N-ter mi nal sig nal pep tide
pro mot ing FrpD ex port across the cy to plas mic mem brane
by Sec translocase, and the trun cated FrpD pro tein
(FrpD250) that lacks the sig nal pep tide and re main ing in cy -
to plasm of the bac te ria. The ex ported FrpD271 pre cur sor is
pro cessed to its ma ture form on the periplasmic side of the
cy to plas mic mem brane, se quen tially mod i fied by a lipid
mol e cule at Cys25 res i due, and sorted to the outer bac te rial
mem brane [1].

The bi o log i cal func tion of FrpD ap pears to be linked to
the FrpC pro tein, since FrpD was found to bind the N-ter -
mi nal part of FrpC with very high af fin ity (Kd = 0.2 nM)
[1]. How ever, 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. More over, the pri mary amino acid se quence 
of FrpD does not ex hibit any sim i lar ity to known pro tein
se quences of other or gan isms, and there fore, a new type of
pro tein fold could be ex pected.

We found out that the full ver sion of FrpD250 pro tein
could n’t be crys tal lized. There fore, we per formed a spe -
cific trun ca tion of 21 amino acid res i dues from N-ter mi nus
of FrpD250 pro tein. The na tive and Se-Met sub sti tuted vari -

ants of re com bi nant, trun cated ver sion (lack ing the first 21
amino acid res i dues from N-ter mi nus) 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 tive orthorhombic space group P212121 [2]. Crys -
tal struc ture of Se-Met sub sti tuted FrpD43-271 was de ter -
mined us ing the sin gle anom a lous dif frac tion (SAD)
method. The cal cu lated struc ture was used as a search
model in mo lec u lar re place ment to de ter mine the struc ture
of na tive FrpD43-271 pro tein. Here we pres ent the crys tal
struc tures of the na tive and Se-Met de riv a tive of the
FrpD43-271 (Se-Met FrpD43-271) pro tein that were solved us -
ing dif frac tion data to 2.25 C and 1.40 C res o lu tion,
respectively.

This re search was sup ported by the ME CR (
CZ.1.05/2.1.00/01.0024), GACR (P207/11/0717).

1. K. Prochazkova, R. Osicka, I. Linhartova, P. Halada, M.
Sulc, and P. Sebo, J. Biol. Chem., 280, (2005), 3251-3258.

2. E. Sviridova, L. Bumba, P. Rezacova, K. Prochazkova, D.
Kavan, K. Bezouska, M. Kuty, P. Sebo and I. Kuta
Smatanova, Acta Cryst. F, 66, (2010), 1119-1123.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 12,   no. 1 (2012)       49



A73

METALOPHILLIC ATTRACTION IN THE CONSECUTIVE T-HGII-T DNA BASE PAIRS
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2Grad u ate School of Phar ma ceu ti cal Sci ence, Tohoku Uni ver sity, Aobayama, Aoba-ku Miyagi 980-8578,
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The metal at oms like AuI, PtII, AgI or HgII at tract each
other ow ing to the so called metalophilic at trac tion. The
DNA con tain ing mis matched Thy mine-Thy mine base
pairs rep re sents an ideal ma trix for HgII at oms that al lows
for ma tion of the T-HgII-T metal-me di ated DNA base
pairs. Such bind ing of mer cury in the mis matches sub sti -
tutes struc tur ally the hy dro gen bond ing in cannonical DNA 
base-pairs. The non-co va lent in ter ac tions in the con sec u -
tive T-HgII-T base-pairs include usuall base-base stack ing
and in ad di tion also metal-base and metal-metal in ter ac -

tion. We found that the HgII…HgII metalophillic at trac -
tion con trib utes by ca 10% to the over all sta bi li za tion [1].
The Raman spec tra of T-HgII-T base-pairs were re cently
used for the anlysis of mer cury bind ing in the metallo
base-pairs [2]. 

1. L. Benda, M. Straka, Y. Tanaka, V. Sychrovsky, PCCP, 13
(2011), 100-103.

2. Uchiyama, Miura, Takeuchi, Dairaku, Komuro,
Kawamura, Kondo, Benda, Sychrovský, Bouø, Okamoto,
Ono, Tanaka, Nu cleic Ac ids Re search, ac cepted. 
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Jakub Šebera1, Lukáš Trantírek2, Yoshiyuki Tanaka3, Vladimír Sychrovský1

1In sti tute of Or ganic Chem is try and Bio chem is try, Flemingovo nám. 2, 166 37 Prague, Czech Re pub lic

2 De part ment of Chem is try, Utrecht Uni ver sity, NL-3584 CH Utrecht, Neth er lands
3Grad u ate School of Phar ma ceu ti cal Sci ences, Tohoku Uni ver sity, 6-3 Aza-Aoba, Aoba-ku, Sendai

980-8578, Ja pan 

Low-en ergy path way for ex ci sion of 8-oxoguanine
catalysed with the hu man 8-oxoguanine glycosylase 1
(hOGG1) is pro posed by means of the o ret i cal cal cu la tions.
Ini ti a tion of the re ac tion pro ceeds via at tacked glycosidic

ni tro gen of 8-oxo-2’-deoxyguanosine (oxoG) with Nz-am -
mo nium group of Lysine 249 (Lys249). No ta bly py ram i dal 
ge om e try of the glycosidic ni tro gen ac com pa nied by loss
of the five-membered ring aro ma tici ty are key mark ers of
the re ac tion with sig nif i cantly lower ac ti va tion en ergy as

com pared to ac ti va tion en er gies for SN2 cleav age mech a -
nisms em ploy ing at tack of the anomeric car bon C1’ or sim -
ple dis so ci a tion of oxoG base.  

This works was sup ported by the Young In ves ti ga tor’s
Grant of the Hu man Fron tier Sci ence Pro gram (HFSP)
and by Grant Agency of the Czech Re pub lic P205/10/0228. 
The ac cess to the MetaCentrum com put ing fa cil i ties is ap -
pre ci ated.
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CEITEC – Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 5, CZ-625-00 Brno,
Czech Re pub lic and Nati o nal Cen tre for Bi o mo le cu lar Re search, Ma sa ryk Uni ver si ty, Kotláø ská 2, CZ-61137

Brno, Czech Re pub lic
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En zymes are cat a lysts of many cru cial re ac tions in liv ing
or gan isms. There fore, the knowl edge of their re ac tion
mech a nisms can be help ful in many fields such as bi ol ogy,
med i cine or phar macy. In our study, we are fo cused on

MutH en zyme, which is an in te gral part of Methyl-di rected
Mis match Re pair pro cess, to gether with MutL and MutS
en zymes. A mis match in tro duced dur ing DNA rep li ca tion
is rec og nized by MutS en zyme, in for ma tion about the mis -
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match is trans ferred through MutL to MutH en zyme. MutH 
spe cif i cally rec og nizes the GATC se quence on daugh ter
DNA strand and cleaves this strand next to the G base. Af -
ter wrong paired base is re moved, the miss ing part of DNA
is to be re-syn the sized by the DNA poly mer ase and the cor -
rect base pair ing is re es tab lished [1].

Main goal of our pro ject is the un der stand ing of the re -
ac tion mech a nism of MutH en zyme. We pres ent the Quan -
tum Me chan ics / Mo lec u lar Me chan ics (QM/MM) study of 
the MutH en zyme re ac tiv ity based on mod els pre pared
from the avail able crys tal struc tures of pro tein / DNA com -
plex [2]. 

The cleav age mech a nism is stud ied on ab in itio level
us ing CPMD [3] im ple men ta tion of Den sity Func tional
The ory and on semi-em pir i cal level us ing PM3
Hamiltonian [4] in Am ber pack age [5]. We are con sid er ing
two pos si ble nucleophiles. We are also com par ing two dif -
fer ent mod els of the pro tein / DNA com plexes with both
Ca2+ ions (in hib i tor) and Mg2+ ions co-fac tor) of the cleav -
age re ac tion. We eval u ate the free en ergy pro files of var i -
ous pro cesses in the ac tive site in clud ing cleav age it self.

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.1.05/1.1.00/02.0068 fi nanced
from Eu ro pean Re gional De vel op ment Fund. The ac cess to 

the MetaCentrum com put ing 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 is ac knowl edged. The work has been sup ported by
the Grant Agency of Czech Re pub lic (GD301/09/H0040).
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En zy matic trans for ma tions in or ganic co-sol vents are be -
ing in creas ingly used for many ap pli ca tions, for ex am ple in 
or ganic syn the sis of chiral com pounds [1]. How ever, the
pres ence of or ganic co-sol vents in the re ac tion mix ture
gen er ally leads to en zyme in ac ti va tion by de na tur ation,
conformational ri gid ity or in hi bi tion [2]. De tailed un der -
stand ing of the ef fects of sol vent mol e cules on en zyme
func tion al ity can be use ful for se lec tion of ap pro pri ate type 
and con cen tra tion of sol vent for par tic u lar en zy matic re ac -
tion.

In the pres ent study, the struc ture and func tion of
haloalkane dehalogenases DbjA from Bradyrhizobium
japonicum USDA110, DhaA from Rhodococcus rhodo -
chrous NCIMB13064 and LinB from Sphingobium
japonicum UT26, were in ves ti gated in the pres ence of
three rep re sen ta tive or ganic co-sol vents: formamide 5%
(v/v), ac e tone 20% (v/v) and isopropanol 10% (v/v). Sys -
tem atic ac tiv ity screen ing, struc tural anal y sis, mo lec u lar

dy nam ics sim u la tions and steady-state ki netic mea sure -
ments were em ployed to get an in sight into the mech a nisms 
con trol ling the en zyme-sol vent in ter ac tions at the mo lec u -
lar level. The re sults dem on strated that en zyme in ac ti va -
tion at high co-sol vents con cen tra tions is at trib uted to the
con for ma tion changes, while at lower con cen tra tions both
in hi bi tion and ac ti va tion took place. All three stud ied sol -
vents were found to en ter the en zymes’ ac cess tun nels and
ac tive sites, but did not act as com pet i tive in hib i tors. At
low con cen tra tions, the co-sol vents ei ther en hanced ca tal y -
sis by low er ing K0.5 or in creas ing kcat, or caused en zyme in -
ac ti va tion by pro mot ing sub strate in hi bi tion. A
com pu ta tional method, in volv ing mo lec u lar dy nam ics sim -
u la tions and quan ti ta tive anal y sis of the ac tive sites and ac -
cess tun nels oc cu pan cies by the sol vent mol e cules, was
de vel oped. This tool can be used for pre dic tion the ef fect of 
or ganic co-sol vents on en zy matic ac tiv ity, due to iden ti fied 
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cor re la tion be tween the por tion of the ac tive site cav ity oc -
cu pied by the sol vent and en zyme ac ti va tion or inhibition.

Our study con trib utes to un der stand ing of pro tein-sol -
vent in ter ac tions and dem on strates that ra tio nal se lec tion of 
an op ti mal pro tein-sol vent pair and ef fec tive co-sol vent
con cen tra tion is pos si ble.

This work was sup ported by the Eu ro pean Re gional De vel -
op ment Fund (CZ.1.05/2.1.00/01.0001 and CZ.1.05/1.1.00 
/02.0123), the Grant Agency of the Czech Re pub lic (203/08 

/0114 and P207/12/0775), the Grant Agency of the Czech
Acad emy of Sci ences (IAA401630901). The ac cess to com -
put ing fa cil i ties owned by par ties and pro jects con trib ut ing 
to the MetaCentrum and listed at http://www.metacentrum. 
cz/ac knowl edg ment/ is highly appreciated.

1. A. M. Klibanov,  Na ture. 409, (2001), 241-246. 

2. R. K. Eppler,  R. S. Komor, J. Huynh, J. S. Dordick, J. A.
Reimer, D. S. Clark, Proc. Nat. Aca. Sci. USA. 103, (2006), 
5706-5710.
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ISOTOPE-ASSISTED STRUCTURAL CHEMICAL ANALYSIS OF NUCLEIC ACIDS

Yoshiyuki Tanaka

Grad u ate School of Phar ma ceu ti cal Sci ences, Tohoku Uni ver sity, 6-3 Aza-Aoba, Aramaki,  
Aoba-ku, Sendai 980-8578, Ja pan
tanaka@mail.pharm.tohoku.ac.jp

In the mech a nis tic/physicochemical stud ies of bi o log i cal
mol e cules, it is im por tant to probe cat a lytic sites and mo -
lec u lar in ter faces. In or der to probe a spe cific site in a bi o -
log i cal macromolecule, site-spe cific iso tope la bel ing is a
straight-for ward way. By us ing the site-spe cif i cally la beled 
RNA and DNA mol e cules, we have stud ied their struc tures
and physicochemical prop er ties. To date, with the site-spe -
cific la bel ing tech nique, we have stud ied 1) a weak hy dro -
gen bond of a C-U mis matched base-pair in an RNA
du plex, 2) metal cat ion-bind ing to con served se quence mo -
tif of ham mer head ribozyme and 3) a chem i cal struc ture
de ter mi na tion of HgII-me di ated T-T base-pair (T-HgII-T
base-pair) in a DNA du plex. In all sys tems, a sin gle atom or 
a sin gle res i due was site-spe cif i cally la beled with 15N. For
the de tec tion of hy dro gen-bond ing and metal ion-bind ing,

the traces of 15N chem i cal shifts against tem per a ture (hy -
dro gen bond) and metal cat ion-con cen tra tion (metal
ion-bind ing) was ef fi cient. For the de ter mi na tion of the
chem i cal struc ture of the T-HgII-T base-pair, we de tected
the 2-bond 15N-15N J-cou pling through the N-HgII-N bond
(2JNN). In ad di tion, the di rec tion of chem i cal shift per tur ba -
tions can be qual i ta tively pre dict able for imine-type ni tro -
gen, based on the the ory of the chem i cal shift and the
bond ing state of the ni tro gen at oms. Thus, NMR spec tro -
scopic pa ram e ters of 15N nu clei are sen si tive probe for mi -
cro-en vi ron ment around the cor re spond ing ni tro gen at oms. 
Lastly, site-spe cific la bel ing tech nique for “long” RNA
mol e cules will be pre sented.

This works was sup ported by Hu man Fron tier Sci ence Pro -
gram.
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CRYSTALLIZATION AND PRELIMINARY X-RAY DIFFRACTION ANALYSIS OF NEW
PSYCHROPHILIC HALOALKANE DEHALOGENASES DMXA AND DPCA AND

COMPLEX  OF DPCA WITH 1-BROMOHEXANE 

Katsiaryna Tratsiak1,2, Radka Chaloupkova3, Pavlina Rezacova4, Michal Kuty1,5, 
Jiri Damborsky3, Ivana Kuta Smatanova1,5

1Uni ver sity of South Bo he mia in Ceske Budejovice, Fac ulty of Fish er ies and Pro tec tion of Wa ters, South Bo -
he mian Re search Cen ter of Aquaculture and Biodiversity of Hydrocenoses and School of com plex sys tems,

Zamek 136, 373 33 Nove Hrady, Czech Re pub lic
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4In sti tute of Or ganic Chem is try and Bio chem is try, Flemingovo nam. 2, 166 10 Prague 6, Czech Re pub lic
5Acad emy of Sci ences of the Czech Re pub lic, Inst. of Nanobiology and Struc tural Bi ol ogy GCRC, Zamek

136, 373 33 Nove Hrady, Czech Re pub lic

Haloalkane dehalogenases (EC 3.8.1.5; HLDs) are mi cro -
bial en zymes with cat a lytic ac tiv ity for the hydrolytic con -
ver sion of xenobiotic and highly toxic halogenated

aliphatic com pounds to the cor re spond ing al co hols [1].
The ac tive site is bur ied in side the pro tein and lined with
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hy dro pho bic res i dues. The re ac tion pro ceeds via a co va lent 
sub strate-en zyme com plex [2].

To date, HLD ac tiv ity has been ex per i men tally con -
firmed in only about a dozen dif fer ent pro teins [3]. A novel
HLD were found in Gram neg a tive psychrophilic bac te ria:
DpcA from Psychrobacter cryohalolentis K5 and DmxA
from Marinobacter sp. ELB 17. 

Both haloalkane dehalogenase DpcA and DmxA were
crys tal lized in op ti mal con di tions and dif frac tion data were
col lected us ing in-house source (IOCB, Prague) as well as
the syn chro tron beamline (BESSY, Berlin). To un der stand
the changes in the ac tive site of the en zyme DpcA, the na -
tive en zyme was co-crys tal lized with sub strate 1-Bromo -

hexane. Struc ture de ter mi na tion is cur rently in prog ress
now.

This re search was sup ported by the GACR (P207/12/
0775), ME CR (CZ.1.05/2.1.00/01.0024) and by the AS CR
(AV0Z60870520). 

1. Janssen, D. B., Dinkla, I. J. T., Poelarends, G. J. &
Terpstra, P. (2005). En vi ron. Microbiol. 7, 1868–1882.

2. Schanstra, J. P., Kingma, J, Janssen. D.B, (1997), Pro tein
En gi neer ing, 10 (1),  pp.53–61.

3. Chovancova, E., Kosinski, J., Bujnicki, J. M. &
Damborsky, J. (2007), Pro teins, 67, 305–316.
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QUANTUM-CHEMICAL INSIGHT INTO THE REACTION MECHANISM OF
POLYPEPTIDE UDP-GALNAC TRANSFERASE 2, A RETAINING

GLYCOSYLTRANSFERASE

Tomáš Trnka1, Stanislav Kozmon1, Igor Tvaroška1,2, Jaroslav Koèa1

1Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5, 625 00
Brno, Czech Re pub lic, ttrnka@mail.muni.cz

2In sti tute of Chem is try, Cen tre for Glycomics, Slo vak Acad emy of Sci ences, Dúbravska cesta 9, 845 38
Bratislava, Slovakia

Pro tein glycosylation is thought to be main means of cell
rec og ni tion. Misregulation of the cas cade of glycosyl -
transferases is re lated to many dis eases with the most
prom i nent ex am ple be ing can cer [1]. There is thus sig nif i -
cant sci en tific in ter est in the re ac tion mech a nisms of
glycosyltransferases be cause knowl edge of tran si tion state
struc tures would en able tar geted de sign of se lec tive in hib i -
tors us able as po ten tial drugs. How ever, re ac tion mech a -
nism of the con fig u ra tion-re tain ing group of glycosyl -tr
ans ferases has n’t been ex plained yet [2].

For his rea son we have cho sen a re tain ing glycosyl -
transfe rase – polypeptide UDP-GalNAc transferase (ppGal 
NAcT) – as the sub ject of our quan tum-chem i cal study.
This en zyme ca tal y ses the trans fer of N-acetylgalacto -
samine moi ety onto pro tein serine or threonine hy drox yls,
form ing the first bond of the so-called O-linked glyco sy lat -
ion path way. In creased ac tiv ity of this en zyme has been
found to en able me tas ta sis of breast and colorectal can cer
[3]. These en zymes form a large fam ily with twenty iso -
forms de scribed in hu mans to date. Even though all ppGal
NAc trans fer as es ex hibit strong mu tual struc tural sim i lar -
ity, there are sig nif i cant dif fer ences in their pref er ence for
pro tein sub strates and glycosylation site lo ca tion [2].

Thanks to the avail abil ity of high-res o lu tion X-ray
struc tures of three mem bers of the ppGalNAcT fam ily (hu -
man trans fer as es 2 and 10, murine transferase 1) we have
been able to suc cess fully mount a quan tum chem is try study 
of the hu man ppGalNAcT2, le ver ag ing in for ma tion on
sub strate po si tion ing in ac tive site from the ppGalNAcT10. 
We are us ing a hy brid quan tum me chan ics/mo lec u lar me -
chan ics ap proach us ing den sity func tional the ory on the
BP86/TZP level for the im por tant part of the ac tive site.

Struc tures in re ac tant and prod uct en ergy min ima have
been suc cess fully ob tained, en abling a po ten tial en ergy
sur face scan to find the lo ca tions of tran si tion state can di -
dates. Re sults clearly show that pro ton trans fer be tween the 
ac cep tor hydroxyl moi ety and the do nor phos phate plays a
cru cial role in en abling the re ac tion to take place. The 2D
en ergy map sug gests that the re ac tion pro ceeds via a
two-step mech a nism with for ma tion of a carbocation in ter -
me di ate and its sub se quent nucleophilic trap ping by the ac -
cep tor ox y gen. How ever, ex act lo ca tion of the tran si tion
states is yet nec es sary to prove this con clu sively.

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.1.05/1.1.00/02.0068 fi nanced
from Eu ro pean Re gional Development Fund. The re search 
has been sup ported by the EU Sev enth Frame work
Programme un der the “Ca pac i ties” spe cific programme
(Con tract No. 286154). Tomáš Trnka is a Brno Ph.D. Tal -
ent Schol ar ship Holder – Funded by the Brno City Mu nic i -
pal ity. The ac cess to the MetaCentrum com put ing 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 is ac knowl edged.

1. Brockhausen, I.; Biochim. Biophys. Acta, 1999, 1473,
69–95.

2. ten Hagen, K. G.; Fritz, T. A.; Tabak, L. A.; Glycobiology,
2003, 13 (1), 1R–16R.
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STRUCTURE-FUNCTION STUDY ON MAIZE NUCLEOSIDE N-RIBOHYDROLASE
FAMILY

Martina Tylichová1, David Kopeèný1, Armelle Vigouroux2, Radka Konèitíková, Hanna
Blaschke3, Klaus von Schwartzenberg3, Solange Moréra2

1De part ment of Pro tein Bio chem is try and Proteomics, Cen tre of the Re gion Haná for Bio tech no log i cal and
Ag ri cul tural Re search, Fac ulty of Sci ence, Palacký Uni ver sity, Šlechtitelù 11, CZ-783 71 Olomouc, 

Czech Re pub lic; 
2Laboratoire d’Enzymologie et Biochimie Structurales, CNRS, F-91198 Gif-sur-Yvette Cedex, France;

3Biozentrum Klein Flottbek, Universität Ham burg, D–22609 Hamburg, Ger many

Nucleoside hy dro las es also called nucleoside N-ribo -
hydrolases (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
re cy cling of nu cleo sides and nucleobases is also known as
the sal vage path way and to gether with de novo syn the sis
and ca tab o lism of pur ines and py rimi dines ap pears in the
over all nu cle o tide me tab o lism. NRHs be long to metallo -
proteins. All en zymes char ac ter ized so far im pose a strict
spec i fic ity for the ribose moi ety, but they ex hibit vari abil -
ity in their pref er ences for the nucleobase. NRHs were ini -
tially iden ti fied and char ac ter ized in par a sitic pro to zoa
such as Trypanosoma, Crithidia and Leishmania. These or -
gan isms rely on the im port and sal vage of nu cle o tide de riv -
a tives as they do not pos sess en zymes for nu cle o tide de
novo syn the sis. In plants, only NRH gene fam ily in
Arabidopsis thaliana was deeply an a lyzed so far. In maize
(Zea mays), five re lated genes can be found. Two paralog
genes of ZmNRH1a and ZmNRH1b are lo cal ized to chro -
mo some 8 and 3. Other two paralogs, genes of ZmNRH2a
and ZmNRH2b, lie at chro mo some 4 and 1.The ZmNRH3
gene is lo cal ized to chro mo some 2. All five genes from Zea 
mays were cloned and ex pressed in E. coli. The sub strate

spec i fic ity of the re com bi nant en zymes was an a lyzed and
sig nif i cant dif fer ences were ob served. While both
ZmNRH2a and ZmNRH2b pref er en tially cat a lyze the con -
ver sion of py rim i dine nu cleo sides, ZmNRH3 hydrolyzes
pu rine nu cleo sides in clud ing inosine and xanthosine. The
ZmRNH3 was crys tal lized and then dif frac tion data were
col lected at 2.5 C res o lu tion on Proxima 1 beamline at
SOLEIL syn chro tron (Saclay, France). The crys tals be long 
to the orthorhombic space group P212121 and con tain one
dimer per asym met ric unit. The en zyme com prises four
Asp res i dues in a con served se quence mo tif DXDXXXDD
at the N ter mi nus. The first aspartate res i due is in volved in
ca tal y sis while the sec ond and fourth aspartate are in volved 
in the co or di na tion of a cal cium ion at the ac tive site. Fi -
nally, ZmNRHs also cleave cytokinin ribosides to the cor -
re spond ing bases in di cat ing that the en zyme could
con trib ute to cytokinin ho meo sta sis. Cytokinins (N6-sub -
sti tuted ad e nine or adenosine de riv a tives) are the plant hor -
mones reg u lat ing cell di vi sion as well as a large num ber of
de vel op men tal events, such as shoot and root branch ing,
leaf de vel op ment, and chloroplast rip en ing.

 This work was sup ported by grant P501/11/1591 from the
Czech Sci ence Foun da tion.
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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, Flemingovo

nám. 2, 16610 Prague 6, Czech Re pub lic
2Lab o ra tory of Biomolecular Struc ture and Dy nam ics, Masaryk Uni ver sity, Kotláøská 2, CZ-611 37 Brno,

Czech Re pub lic
3In 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

Pre dic tion of the three-di men sional struc ture of a pro tein
from se quences un re lated to any pre vi ously known struc -
ture be longs to the most com pli cated tasks in com pu ta -
tional struc ture bi ol ogy. The gen er ally ac cepted fact that
se quence de ter mines pro tein fold can be fur ther elab o rated
in search for its ground or more gen eral rules for se quence - 
struc ture re la tion ship. We ex am ined the case of re verse se -
quence of a known pro tein which keeps the se quen tial dis -

tance be tween all amino ac ids as in the orig i nal pro tein but
their or der is re versed. We hy poth e sized that such ar range -
ment may be still po tent in pre serv ing of na tive inter-re sid -
ual con tacts be tween amino ac ids and thus re tain the same
fold as the orig i nal se quence.

We used re versed Trp-cage miniprotein se quence (retro 
Trp-cage) in test ing of pro posed hy poth e sis. The three-di -
men sional struc tures of the retro Trp-cage se quence were
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ob tained by the cur rent most suc cess ful in silico pre dic -
tions meth ods - Robetta and PEP-FOLD. Fold ing sim u la -
tions us ing mo lec u lar dy nam ics were also used for
struc tural char ac ter iza tion of the re verse Trp-cage se -
quence and its fold ing and dy nam i cal sta bil ity. NMR study
of the syn thetic miniprotein pro vided that there is no sta ble
3D struc ture in pure wa ter, how ever it could be in duced by
ad di tion of trifluorethanol (TFE). The ex per i men tal NMR
struc ture of the retro Trp-cage in TFE re sem bled the gen -
eral Trp-cage fold but showed dis tinct pack ing of the pro -
tein core and dif fer ent inter-re sid ual con tacts which were
not iden ti cal with the orig i nal Trp-cage pro tein nei ther with 
any pre dicted model. The pres ence of TFE pro moted for -

ma tion of he lix in volv ing the same amino ac ids as in the
orig i nal Trp-cage mol e cule.

Our re sults re vealed that re versed se quence of Trp-cage 
miniprotein is not able to main tain all na tive Trp-cage con -
tacts and folds dif fer ently than the orig i nal struc ture. Al -
though the he li cal pref er ences in the re verse se quence was
pre served (con firmed by both the o ret i cal as well as ex per i -
men tal stud ies) it can be only man i fested in suit able en vi -
ron ment. All mod el ing meth ods and sim u la tions pre dicted
the oc cur rence of he lix but over es ti mated its sta bil ity and
did not pro vide the cor rect model of the miniprotein. Ob vi -
ously, struc tural pre dic tion of pro teins and pep tides on the
edge of sta bil ity or in non-wa ter en vi ron ments remains
challenging themes in molecular modeling.

A82

IMPORTANCE OF NMR DATA VALIDATION PRIOR TO STRUCTURE CALCULATION

M. Zachrdla, L. Žídek, V. Papoušková, P. Padrta, V. Sklenáø

NCBR, Masaryk Uni ver sity, Kamenice 5, 62500 Brno 
324489@mail.muni.cz

Qual ity of struc tures cal cu lated us ing NMR re straints al -
ways re flects the qual ity of the ex per i men tal data. In this
poster, im pact of the experimantal er ror of re sid ual dipolar
cou plings (RDCs) on cal cu lated struc tures was ana lysed by 
eval u at ing sev eral pa ram e ters de scrib ing struc ture qual ity
and the course of the cal cu la tion. The anal y sis showed that
the use of RDCs con tain ing ex per i men tal er rors re sults in
con sid er able de te ri o ra tion of eval u ated pa ram e ters in stead
of im prov ing cal cu lated struc tures com pared to cal cu la -
tions with out us ing of RDCs. RDCs, from which the ev i -
dently in cor rectly mea sured data were re moved, do not

de te ri o rate cal cu lated struc tures so con sid er ably and in the
case of RMSD, better re sults are achieved than with out
RDCs, but their im pact is still more or less neg a tive. Only
RDCs that passed the tests de vel oped in our lab o ra tory, i.e., 
data with a min i mal pres ence of experimantal er rors, pro -
vide in some cases better re sults of eval u ated pa ram e ters
then cal cu la tions with out the use of RDCs. Our re sults doc -
u ment that val i da tion of mea sured RDCs be fore cal cu lat ing 
pro tein struc ture is nec es sary in or der to ob tain struc tures
of the high est pos si ble qual ity.

A83

STATE TRAJECTORY OF THE BELOUSOV-ZHABOTINSKY REACTION

Anna Zhyrova, Dalibor Štys, Tomáš Náhlík

Fac ulty of Fish er ies and Pro tec tion of Wa ters, School of Com plex Sys tems, Uni ver sity of South Bo he mia,
Zámek 136, 373 33 Nové Hrady, Czech Re pub lic

All bi o log i cal sys tems rang ing from or ga nized herds to
col o nies of in di vid ual cells rep re sent the self-or ga niz -
ing (SO) sys tem. Study ing and mod el ing of these sys -
tems will al low us to pre dict their fu ture be hav ior and
in ter ac tion with other sys tems. The aim of our in ves ti ga -
tion was to de velop a method of anal y sis for SO sys -
tems. As a ba sic model of intracellular (or intra-organelles)
pat tern for ma tion was cho sen Belousov-Zhabotinsky re ac -
tion.

Data were re ceived by non-in va sive meth ods (pho to -
graph ing the sur face of the re ac tion). For max i mi za tion in -
for ma tion gain all im ages were pro cessed by the method
de vel oped on our in sti tute which is called in for ma tion en -
tropy. It is based on Rényi en tropy equa tion
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where a is called Rényi en tropy co ef fi cient. The col our
chan nels and dif fer ent Rényi en tropy co ef fi cients may be
com bined to best dis crim i nate in di vid ual states.

For the fur ther pro cess ing of data we used prin ci pal
com po nent anal y sis (PCA) pro vided by the Unscrambler X 
10.1. We are us ing re sults of PCA for con struc tion of state
tra jec tory of re ac tion. For di vid ing ob tained data into sev -
eral clus ters we use clus ter anal y sis pro vides by
Unscrambler. The clus ter anal y sis is based on k-mean clus -
ter ing method. 

Each clus ter of the tra jec tory rep re sents an event or
sub set of the states of the re ac tion. Size and po si tion of
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clus ters de pends on the tra jec tory and on num ber of clus -
ters. We pro posed seven clus ters now as a first es ti ma tion,
sat is fied by the re sults: clus ters are well sep a rated; im ages
in tran si tions be tween clus ters show some changes. The
load ings of the first third prin ci pal com po nents (PC-1,
PC-2 and PC-3) on the all ex per i ments data were com -

pared, which in di cates that the us ing method well de scribes 
the main char ac ter is tic of the sys tem pa ram e ters. This al -
lows us to as sume that the method can be ap plied to the
analysis of more complex systems such as cells.

A84

COMPUTATIONAL MODELING OF TRPA1 C-TERMINUS

Vlastimil Zíma, Ivan Barvík

Di vi sion of Biomolecular Phys ics, In sti tute of Phys ics, Fac ulty of  Math e mat ics and Phys ics, 
Charles Uni ver sity, Czech Re pub lic

The ankyrin tran sient re cep tor po ten tial chan nel TRPA1
be longs to a roup of mem brane re cep tors with a great im -
por tance in trans fer of sensoric in for ma tion. It is a non-se -
lec tive cat ion chan nel as sem bling a tetramer of sub units
with large cy to plas mic do mains. Nev er the less, TRPA1
crys tals with atomic res o lu tion are still miss ing.

Here, we pres ent TRPA1 C-ter mi nus struc tures ob -
tained us ing homology mod el ing and re fined by mo lec u lar

dy nam ics sim u la tions. Sev eral chi me ras were con structed
us ing known struc tures of the cy to plas mic do main of the
BK chan nel. A site with abil ity to bind cal cium ions was lo -
cated in the C ter mi nus of TRPA1.

This work was sup ported by GAUK 426311 and grant
SVV-2010-261 304.
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THE ROLE OF WEAK NON-COVALENT INTERACTIONS IN FOXO4 BINDING TO THE
TARGET DNA

Iva Zuskova1,2, Petr Vacha1,2, Ladislav Bumba3, Veronika Obsilova2, and 
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 ence of Czech Re pub lic, 14220 Prague, Czech Re pub lic

3In sti tute of Mi cro bi ol ogy, Acad emy of Sci ence of Czech Re pub lic, 14220 Prague, Czech Re pub lic
iva.zuskova@seznam.cz

Forkhead tran scrip tion fac tors are struc tur ally sim i lar mol -
e cules con tain ing ap prox i mately 110-amino-acid-long
DNA-bind ing do main known as a forkhead do main. Pro -
tein FOXO4 is a mem ber of sub group “O” of forkhead
tran scrip tion fac tors. Mem bers of this sub group play a key
role in many bi o log i cally im por tant pro cesses [1]. For ex -
am ple, FOXO fac tors par tic i pate in me tab o lism con trol,
cell-cy cle con trol, apoptosis and ox i da tive stress re sis -
tance. The forkhead do main (DNA-bind ing do main) con -

sists of three a-helices (H1, H2 and H3), three b-strands
(S1, S2 and S3) and two flex i ble loops (called wings W1
and W2). The role of the wing W2 in FOXO bind ing to the
tar get DNA is still elu sive. Wing W2 prob a bly in ter acts
with the DNA in the re gion up stream of the core mo tif. It
has been spec u lated that the FOXO DNA-bind ing af fin ity
de pends on A-T con tent (num ber of A-T pairs) in the re -
gion up stream of the core mo tif. In or der to in ves ti gate this
hy poth e sis, the DNA-bind ing do main of the FOXO4 pro -
tein was ex pressed and pu ri fied and its bind ing af fin ity for
two dsDNA con tain ing dif fer ent num ber of A-T pairs in

the re gion up stream of the core mo tif was de ter mined us ing 
the steady-state flu o res cence ani so tropy-based method.

The crys tal struc ture of the FOXO4:DNA com plex sug -
gested that both di rect wa ter–DNA base con tacts and the
unique wa ter-net work in ter ac tions con trib ute to
FOXO-DBD bind ing to the DNA in a se quence spe cific
man ner [2]. To as sess the im por tance of these in ter ac tions
in the sta bil ity of FOXO4:DNA com plex, we pre pared a se -
ries of FOXO4 mu tants and stud ied their DNA bind ing af -
fin i ties us ing sur face plasmon res o nance.  

This work was funded by Grant IAA501110801 of the
Grant Agency of the Acad emy of Sci ences of the Czech Re -
pub lic, by Re search Pro ject MSM0021620857 and by Re -
search Pro ject AV0Z50110509 of the Acad emy of Sci ences
of the Czech Re pub lic.

1. K. Lin, J. B. Dorman, A. Rodan, C. Kenyon, Sci ence 278,
(1997), 1319–1322. 

2. E. Boura, L. Rezabkova, J. Brynda, V. Obsilova, T. Obsil,
Acta Cryst. D66, (2010), 1351–1357.  
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STRUCTURAL BIOLOGY WITHOUT STRUCTURE - DELTA SUBUNIT OF  RNA
POLYMERASE FROM BACILLUS SUBTILIS

Lukáš Žídek

NCBR and CEITEC, Masaryk Uni ver sity, Kamenice 5, 62500 Brno, Czech Re pub lic 
lzidek@chemi.muni.cz

In trin si cally dis or dered pro teins are cur rently at tract ing an
in creased in ter est of bio chem ists and struc tural bi ol o gists. 
A (par tial) struc tural dis or der has been ob served in a con -
sid er able por tion of hu man proteome, in clud ing pro teins
re lated to se ri ous dis eases. Un struc tured pro teins pres ent a
par tic u lar chal lenge for struc tural bi ol ogy, as the stan dard
tech niques uti liz ing X-ray dif frac tion or NMR dis tance
data fail to de scribe the dis or dered por tions of pro tein mol -
e cules at atomic level. Yet, var i ous meth ods can be ap plied
to de scribe conformational be hav iour of the un struc tured
polypeptide chains. Sev eral NMR tech niques were used to
char ac ter ize the un struc tured C-ter mi nal do main of the
delta sub unit of Ba cil lus subtilis RNA poly mer ase.
Non-stan dard data ac qui si tion and pro cess ing meth ods
have been de vel oped to over come very poor res o lu tion of
the NMR spec tra of the delta sub unit. The pos si bil ity to dis -
tin guish all sig nals in the spec tra al lowed us to map the lo -
cal con for ma tion re flected by the bias of res o nance
fre quen cies from their ran dom-coil val ues. Flex i bil ity of

the dis or dered polypeptide was de scribed in de tail by NMR 
re lax ation mea sure ments. Para mag netic la bels were in tro -
duced to re veal tran sient con tacts, be yond the limit of the
nu clear Overhauser ef fect. The av er age over all shape of
the mol e cule was stud ied by an a lyt i cal ul tra cen tri fu ga tion.
Com bi na tion of the ob tained data pro vided a very de tailed
de scrip tion of the C-ter mi nal re gion, com ple ment ing the
high-res o lu tion struc ture of the well-or dered N-ter mi nal
do main.

This work has been sup ported by the pro ject “CEITEC -
Cen tral Eu ro pean In sti tute of Tech nol ogy” from Eu ro pean 
Re gional De vel op ment Fund, grant num ber CZ.1.05/
1.1.00/02.0068 and by grants P206/11/0758, 204/09/0583, 
and  301/09/H004 from the Czech Sci ence Foun da tion. Ac -
cess to the Bio-NMR Re search In fra struc ture co-funded
un der the 7th Frame work Programme of the EC (FP7/
2007-2013), grant num ber 261863 for con duct ing the re -
search is grate fully ac knowl edged.

COM MER CIAL LEC TURES

THE BIOSAXS-1000 AND A NEW APPROACH TO COMBINING VISIBLE AND UV
LIGHT IMAGING - THE LATEST DEVELOPMENTS FROM RIGAKU

Mark Benson 

Rigaku Eu rope, Sevenoaks, Kent, UK

X-ray crys tal log ra phy is a fun da men tal tech nique for ob -
tain ing atomic level struc tural in for ma tion for
macromolecules. How ever, the re quire ment for dif frac tion
qual ity crys tals of ten lim its its ef fi cacy for study ing pro tein 
com plexes or sys tems with in her ent struc tural dis or der. In
such cases where crys tal lo graphic meth ods have failed,
small an gle X-ray scat ter ing (SAXS) pro vides a com ple -
men tary tool for ex tract ing struc tural in for ma tion from bi o -
log i cal sys tems. In par tic u lar, SAXS proves ideal for
study ing par tially dis or dered macromolecules, for mon i -
tor ing struc tural changes in re sponse to en vi ron men tal per -
tur ba tions, and for mon i tor ing con for ma tion changes due
to ligand bind ing.

Here we in tro duce the first com mer cial sys tem spe cif i -
cally de signed for high-through put so lu tion scat ter ing ex -
per i ments with macromolecules - the BioSAXS-1000.
Com prised of spe cially de signed fo cus ing op tics and a
Kratky block, the BioSAXS-1000 sys tem elim i nates

smear ing is sues com mon to tra di tional Kratky cam eras.
The sys tem in cludes a pho ton count ing hy brid pixel ar ray
de tec tor and in tu itive data col lec tion soft ware that in cludes 
full au to ma tion of the Kratky align ment hard ware. To -
gether, the many fea tures of the BioSAXS-1000 sys tem al -
low for syn chro tron-qual ity SAXS data from a home
lab o ra tory source.

Crys tal li za tion of pro teins is a crit i cal bot tle neck in
struc tural bi ol ogy to day. Prior to find ing con di tions that
pro duce dif frac tion qual ity crys tals, many hun dreds of
crys tal li za tion con di tions must be ex am ined.

The new Min strel HT UV takes a novel ap proach to au -
to mated crys tal im ag ing. De vel oped by Rigaku for high
through put im ag ing of crys tal li za tion plates, this in stru -
ment al lows im ag ing of mul ti ple plate types at a given tem -
per a ture un der a va ri ety of im ag ing con di tions, in clud ing
black-and-white, color, po lar ized and UV. 
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