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VI BRA TIONAL CIR CU LAR DICHROISM STUDY OF ISO TRO PIC AND LIQUID
CRYSTALLINE PHASES FORMED BY GUA NINE QUADRUPLEXES
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One of the pre ferred con for ma tions of gua nine-rich nu cleic 
ac ids in aque ous so lu tions is a four-stranded G-mo tif. Both
oligonucleotides and monomeric guanosine mono phos -
phates can form G-quadruplex struc ture at cer tain ex per i -
men tal con di tions. At lower con cen tra tions they rep re sent
an iso tro pic so lu tion of four-stranded sys tems. How ever,
above cer tain con cen tra tion these struc tures can self-as so -
ci ate and form liq uid crys tal line phases. De pend ing on the
con cen tra tion two types of as sem blies can be dis tin -
guished, cholesteric and hex ag o nal. The op ti cal be hav iour
of these supra mo lecu lar sys tems can be most con ve niently

mon i tored in the in fra red re gion by vi bra tional cir cu lar
dichroism (VCD) spec tros copy. An ab nor mally high VCD
in ten sity was ob served for both liq uid crys tal line phases
com pared to the iso tro pic so lu tion. The di rec tion of the he -
li cal twist was ob tained for guadruplexes as well as for
their supra mo lecu lar ag gre gates. 

Sup port from the Grant Agency of the Czech Re pub lic
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Glu ta mate Carboxypeptidase II (GCPII) in hi bi tion is an
im por tant aim for cur rent re search on di ag nos tic and ther a -
peu tic in ter ven tions inprostate can cer and neu ro logic dis -
or ders. Here we de scribe the de vel op ment and
op ti mi za tion of a High Through put Screen ing (HTS) as say, 
based on flu o res cence po lar iza tion (FP), to iden tify new
scaf folds in hib it ing GCPII. The syn the sis of a flu o res cence 
probe was ac com plished by co va lently at tach ing a Bodipy
TMR fluorophore to a urea-based GCPII in hib i tor. The
con di tions for HTS and ro bust ness of a FP based as say

were op ti mized con sid er ing fac tors as pH, tem per a ture,
time and ad di tives. The ap proach showed suit abil ity to de -
tect both com pet i tive and non-com pet i tive GCPII in hib i -
tors and the re sults are com pa ra ble to those pro vided by
bench mark as says. There af ter, the as say was used to screen 
a li brary of 20,000 phar ma co log i cally ac tive com pounds.
The de ter mi na tion of a Z’ fac tor 0.82 val i dates the per for -
mance of the as say in a high-through put for mat. It ad di tion -
ally rep re sents a non-haz ard ous, in ex pen sive and ro bust
meth od ol ogy to iden tify novel GCPII in hib i tors.
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CHARACTERIZATION OF N-TERMINAL PART OF HUMAN RYANODINE RECEPTOR 2
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The ryanodine re cep tor (RyR) is the cal cium re lease chan -
nel of a vi tal im por tance, re spon si ble for mus cu lar con trac -
tion  in mam ma lian cells. It is lo cal ized on the mem brane of 
the sarcoplasmatic re tic u lum (SR), where it trans fers Ca2+

from SR  into cy to plasm. This chan nel is com posed of
a larger cy to plas mic and a smaller transmembrane part and
is built up from four polypeptide chains to give
a homotetramer with a mo lec u lar weight of ~ 500 MDa.
Due to its size and prop er ties, the struc ture of the whole re -
cep tor has been de ter mined only by cryoelectron mi cros -
copy [1,2]. An X-ray crys tal struc ture has been de ter mined
for only the first 217 aa. [3] and for the first 532 res i dues of
RyR1 [4].

In this work we have fo cused pre dom i nantly on the do -
main anal y sis of the N-ter mi nal re gion (res i dues 1–759) of
the hu man car diac ryanodine re cep tor (RyR2) which in -
cludes RyR2 mu ta tion clus ter as so ci ated with
catecholaminergic poly mor phic ven tric u lar tachy car dia
(CPVT1) and arrhythmogenic right ven tric u lar dysplasia
(ARVD2). In our strat egy we used a bioinformatics ap -
proach fol lowed by pro tein ex pres sion, sol u bil ity anal y sis
and lim ited proteolytic di ges tion [5,6]. Based on the
bioinformatics anal y sis, we de signed a se ries of spe cific
RyR2 N-ter mi nal frag ments for clon ing and
overexpression in Esch e richia coli. High yields of sol u ble
pro teins were achieved for sev eral N-ter mi nal RyR2 frag -
ments. The pu rity, monomeric state, fold ing and sta bil ity of 

these pro teins were ver i fied by SDS PAGE, gel fil tra tion,
dy namic light scat ter ing mea sure ments, Cir cu lar dichroism 
and thermofluor shift as say. More over, based on the sim i -
lar ity be tween RyR1 and RyR2 isoforms, we per formed a
homology mod el ing of the N-ter mi nal frag ment of RyR2
(aa. 1 – 553). All these ap proaches help us to un der stand
better struc ture-func tion re la tion ship of this pro tein. 

This work was sup ported by the re search grants from the
Slo vak Grant Agency VEGA No. 2/0131/10 and APVV-
0628-10.
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TCP is widely used per sis tent con tam i nant with a car ci no -
genic and toxic ef fect on liv ing or gan isms [1]. The con ver -
sion of 2,3-dichloropropanol (DCP) to cor re spond ing
epoxide is the sec ond step in the dechlorination of 1,2,3-tri -
chlo ropropan (TCP) to glyc erol [2]. The haloalcohol
dehalogenase HheC [3] ca tal y ses this sec ond step in the

TCP biodegradation path way by cleav ing-off the two re -
main ing chlo rine at oms of the DCP. How ever, the
enantioselectivity of this re ac tion rep re sents sig nif i cant
prob lem in the biodegradation path way since af ter
convertion of (R)-DCP, toxic (S)-DCP ac cu mu lates in the
so lu tion.
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Only lim ited knowl edge about mo lec u lar prin ci ples of
HheC enantioselectivity is avail able to date. Mo lec u lar
dock ing and quan tum me chan ics cal cu la tions were there -
fore em ployed to pro vide de tailed in for ma tion about mo -
lec u lar ba sis of HheC enantioselectivity. Mo lec u lar
dock ing re vealed small pref er ence in bind ing of (R)-DCP
over (S)-DCP, which cor re sponds well with ex per i men tal
anal y sis. The two-step dehalogenation re ac tion was pro -
posed for con ver sion of DCP based on quan tum me chan i -
cal cal cu la tions, but no sig nif i cant dif fer ence in the
con ver sion of (R)- and  (S)-DCP was ob served at the level
of em ployed the ory. Re sults from mo lec u lar dock ing and
quan tum me chan ics were com ple mented by FoldX cal cu -
la tions [4] to iden tify sev eral hot spots for sat u ra tion mu ta -
gen e sis. Ex per i men tal con struc tion of mu tants and their
screen ing for enantioselectivity is cur rently on-go ing in
our lab o ra tory.

This work was fi nan cially sup ported by the Eu ro pean Re -
gional De vel op ment Fund (CZ.1.05/2.1.00/01.0001 and
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Re stric tion-mod i fi ca tion en zymes (R-M) pro tect bac te ria
from in fec tions by vi ruses, and it is com monly ac cepted as
be ing their ma jor role in na ture, thus they func tion as the
main play ers con sti tut ing mi cro bial im mune sys tems [1].
The phe nom e non of re stric tion, iden ti fied first for type I
R-M sys tems, laid the foun da tions for mod ern mo lec u lar
bi ol ogy, and, even tu ally, led to the dis cov ery of widely
used in DNA clon ing tech niques and highly com mer cial -
ized type II re stric tion en zymes. The clas si cal R-M sys tems 
of Esch e richia coli K-12 and E.coli B were first to be dis -
cov ered by Bertani and Weigle back to 1953 [2]. The clas -
si cal type I R-M en zymes of E. coli K-12 (EcoKI) and B
(EcoBI) were not only the first to be de tected but also the
first to be pu ri fied [3, 4].

Type I R-M en zymes are large, multifunctional
macromolecular com plexes com posed of three dif fer ent
sub units: HsdS, HsdM and HsdR [5]. The ac tiv i ties of the
com plex of all three sub units in clude ATP-de pend ent
DNA translocation, DNA cleav age and methylation [6-9].

HsdR is or ga nized into four ap prox i mately glob u lar
struc tural do mains in nearly square-pla nar ar range ment:
the N-ter mi nal endonuclease do main, the recA-like
helicase do mains 1 and 2 and the C-ter mi nal he li cal do -
main. The near-pla nar ar range ment of glob u lar do mains
cre ates prom i nent grooves be tween each do main pair. The
two helicase-like do mains form a ca non i cal helicase cleft

in which dou ble-stranded B-form DNA can be ac com mo -
dated with out steric clash. A pos i tively charged sur face
groove pro ceeds from the helicase cleft and con tin ues be -
tween the he li cal and endonuclease do mains where it
passes over the cleav age site re cessed slightly from the sur -
face. The he li cal do main re sem bles HsdM and has strong
in ter ac tions with helicase 2 do main [10].

In the pres ent work we test mu ta tions, which could be
es sen tial for he li cal-helicase 2 do mains in ter ac tions, by us -
ing a com bi na tion of site-di rected mutagensis and in vivo
and in vi tro re stric tion ac tiv ity as says. Ab sence of these in -
ter ac tions in flu ences ei ther sub unit as sem bly, ro ta tion of
helicase 2 do main rel a tive to helicase 1 do main, load ing of
dsDNA in the helicase cleft or DNA translocation and fol -
low ing re stric tion.
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Many en zymes have bur ied ac tive sites, in other words, the
ac tive site  is not lo cated on the pro tein sur face, but deep
within the pro tein struc ture, and is con nected to the bulk
sol vent with one or more tun nels. The prop er ties of these
tun nels af fect ligand bind ing and un bind ing and, there fore,
also the cat a lytic prop er ties (ac tiv ity, sub strate spec i fic ity)
of the en zyme. The model sys tem we use in our study is the
haloalkane dehalogenase (HLD) en zyme LinB. The HLDs
are bac te rial en zymes with great po ten tial in var i ous bio -
tech no log i cal ap pli ca tions in clud ing  biocatalytic pro duc -
tion of op ti cally pure com pounds, and biosensing and
biodegradation of toxic en vi ron men tal pol lut ants. Op ti mi -
za tion of these en zymes’ cat a lytic ac tiv ity by mu ta gen e sis
would help to im prove the eco nomic fea si bil ity of such ap -
pli ca tions. We have in ves ti gated ligand pas sage in the
LinB en zyme, and the ef fect of in tro duc ing a bulky
tryptophan at a tun nel-lin ing po si tion. Tran sient ki net ics
ex per i ments showed that the mu ta tion sig nif i cantly slows
the rate of prod uct re lease. More over, the rate of bro mide
ion re lease cor re sponds to the over all steady-state turn over
rate, sug gest ing that prod uct re lease be came the rate lim it -
ing step of the mu tant ca tal y sis. We per formed clas si cal
mo lec u lar dy nam ics (MD) sim u la tions of both the wild
type LinB and the mu tant. Anal y sis of tra jec to ries from
MD sim u la tions with the Caver 3.0 pro gram re vealed dif -

fer ences in the tun nels avail able for ligand egress. Cor re -
spond ing dif fer ences were ob served in sim u la tions of
prod uct egress us ing the ran dom ac cel er a tion mo lec u lar
dy nam ics (RAMD) tech nique. The RAMD re sults are in
qual i ta tive agree ment also with ex per i men tal ob ser va tions
of the bind ing and un bind ing rates of the lig ands stud ied.
We then cal cu lated free en ergy pro files for the key prod uct, 
bro mide, along the pre ferred tun nel in both wild type LinB
en zyme and in the mu tant. For this pur pose, we used the
Adap tive Bi as ing Force (ABF) method. The dif fer ences in
the free en ergy bar ri ers for egress of a bro mide ion cal cu -
lated us ing ABF are in good agree ment with the dif fer ences 
in rates ob tained from the tran sient ki netic ex per i ments.
De tailed anal y sis of the ABF tra jec to ries en abled to iden -
tify spe cific mo lec u lar in ter ac tions re spon si ble for the
higher free en ergy bar rier for bro mide un bind ing in the mu -
tant. The study dem on strates that the mech a nisms of in di -
vid ual steps of the cat a lytic cy cle can be en gi neered by
mod i fi ca tion of the enzyme’s tunnels.

This pro ject was sup ported by a post doc toral fel low ship
from DAAD to LB, and grants from the MSMT of the Czech
Re pub lic to ZP (CZ.1.05/2.1.00/01.0001), RCH (LC06010) 
and JD (IAA40163090), and the Klaus Tschira Foun da -
tion.
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S100A1 is a cal cium-bind ing pro tein which un der goes
large conformational change upon bind ing cal cium  in ter -
acts with nu mer ous tar get pro teins in volved in sig nal ing
path ways e.g. cal cium sig nal ing, neu ro trans mit ter re lease
or co op er a tion with cytoskeletal and fil a ment as so ci ated
pro teins. Superfamily of TRP  chan nels can func tion as cal -
cium in flux chan nels in eukaryotic cells, sen sory re cep tor
cells and play role in re sponse to ex ter nal sig nal. TRPC6 is
Ca2+ per me able non-se lec tive cat ion chan nel and its ac tiv -
ity is mod u lated by mul ti ple fac tors (calmodulin, PIP2 etc).

We indentified the bind ing site for S100A1 pro tein on
C-ter mi nus of the tran sient re cep tor po ten tial from ca non i -
cal subfamily TRPC6 by us ing meth ods of flu o res cence
ani so tropy and sur face plasmon res o nance. Part of C – ter -

mi nus of TRPC6 (amino ac ids 801-878) was subcloned in
PET42b ex pres sion vec tor with histidine tag. Point mu ta -
tions of sev eral amino ac ids res i dues for alanine were per -
formed. Re com bi nant pro tein TRPC6 and all mu tants were
pu ri fied us ing che lat ing Sepharose fast flow and by HPLC
chro ma tog ra phy (Superdex 75). The clus ter of ba sic
charged amino res i dues R852A 859A R860A R864A was
in volved in the bind ing of S100A1 pro tein on ba sis the flu -
o res cence ani so tropy mea sure ments. It can be con cluded
that pu ta tive bun ding site on TRPC6 C- tail binds S100A1
in a sim i lar way like an other cal cium bind ing pro tein
calmodulin.

Sup ported by GACR 301/10/1159.
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THE STUDY OF HUMAN RYANODINE RECEPTOR 2 N-TERMINAL REGION
RESPONSIBLE FOR HEART DYSFUNCTION
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The ryanodine re cep tor 2 (RyR2) is the cal cium re lease
chan nel re spon si ble for con trac tion in mam ma lian myo -
cardium cells. It is a large homotetramer, com posed of four
sub units with a mo lec u lar weight of ~560 kDa [1] and it is
lo cal ized in the mem brane of sarcoplasmatic re tic u lum [2].
The main RyR2 open ing/clos ing reg u la tion mech a nism is
con sid ered to be the in ter ac tion be tween the N – ter mi nal
(aa ~ 1-600) and cen tral re gion (aa ~ 2100-2500) [3] in the
cytoplasmatic part. A hy poth e sis was pro posed that mu ta -
tions in these in ter act ing re gions cause reg u la tion fail ure
and thus lead to non spe cific Ca2+ re lease which re sults in
sev eral heart dis eases [4]. 

Pre dic tion per formed by PFAM da ta base re vealed the
pres ence of 14 do main in the RyR2 mol e cule [5]. In our
work we have pre dom i nantly fo cused on the RyR2_1-606
and RyR2_1-655 frag ments which in volve three pu ta tive
PFAM do mains: Ins145_P3_rec, MIR, RIH [5,6] as well as 
sev eral mutantions of RyR2_1-606 which may cause heart
fail ure. The pu rity and sol u bil ity of RyR2_1-606 and
RyR2_1-655 were ver i fied by gel fil tra tion and SDS
PAGE. Monodispersity and sta bil ity in time was con firmed 
by dy namic light scat ter ing (DLS). Thermofluor shift as say 
was used to find the con di tions of high est ther mal sta bil ity.
Cir cu lar dichroism spec tra [5,6] as well as pre lim i nary
thermofluor shift as say re sults in di cate that the pro tein is
folded and starts melt ing at around 40°C. Ob tained pu rity,
sol u bil ity and sta bil ity of RyR2_1-606 and RyR2_1-655
al low us to ap ply struc ture de ter min ing ap proaches: small
an gle scat ter ing (SAXS) and X-ray crys tal log ra phy, which
could con trib ute to the RyR2 struc ture-func tion re la tion
study.

This work was sup ported by the re search grants from the
Slo vak Grant Agency VEGA No. 2/0131/10 and Slo vak Re -
search and de vel op ment agency APVV-0628-10.

1. Otsu K, Wil lard HF, Khanna VK, Zorzato F, Green NM,
MacLennan DH. 1990. Mo lec u lar    clon ing of cDNA en -
cod ing the Ca2+ re lease chan nel (ryanodine re cep tor) of
rab bit car diac mus cle sarcoplasmic re tic u lum. J Biol Chem
265: 13472-13483.

2. Fleischer S, Ogunbunmi EM, Dixon MC, Fleer EA. 1985.
Lo cal iza tion of Ca2+ re lease chan nels with ryanodine in
junctional ter mi nal cisternae of sarcoplasmic re tic u lum of
fast skel e tal mus cle. Proc Natl Acad Sci U S A 82:
7256-7259.

3. Ikemoto N, Yamamoto T. 2002. Reg u la tion of cal cium re -
lease by interdomain in ter ac tion within ryanodine re cep -
tors. Front Biosci 7: d671-683.

4. Yano M, Yamamoto T, Ikeda Y, Matsuzaki M. 2006.
Mech a nisms of Dis ease: ryanodine re cep tor de fects in heart 
fail ure and fa tal ar rhyth mia. Nat Clin Pract Cardiovasc
Med 3: 43-52. Web site con tain ing full list of RyR2 mu ta -
tions: http://www.fsm.it/cardmoc/.

5. Bauerova-Hlinkova V, Bauer J, Hostinova E, Gasperik J,
Beck K, Borko L, Faltinova A,  Zahradnikova A, Sevcik J.
2011. Bioinformatics Do main Struc ture Pre dic tion and
Homology Mod el ing of Hu man Ryanodine Re cep tor 2.
Bioinformatics - Trends and Meth od ol o gies. Ed ited by.
M.A. Mahdavi. Printed in Croatia. InTech, 2011, p.
325-352. ISBN: 978-953-307-282-1.

6. Bauerova-Hlinkova V, Hostinova E, Gasperik J, Beck K,
Borko L, Lai FA, Zahradnikova A, Sevcik J. 2010.
Bioinformatic map ping and pro duc tion of re com bi nant
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N-ter mi nal do mains of hu man car diac ryanodine re cep tor
2. Pro tein Expr Purif 71: 33-41.

A9

QSPR MODELS PREDICTING PKA FROM ATOMIC CHARGES

T. Bouchal, R. Svobodová Vaøeková, S. Geidl, M. Kudera, O. Skøehota, C. M. Ionescu, and 
J. Koèa

Na tional Cen tre for Biomolecular Re search and CEITEC - Cen tral Eu ro pean In sti tute of Tech nol ogy,
Masaryk Uni ver sity,  Kamenice 5, 625 00 Brno-Bohunice, Czech Re pub lic 

357534@mail.muni.cz

The acid dis so ci a tion con stant pKa is one of the fun da men -
tal prop er ties of or ganic mol e cules. The pKa val ues are of
in ter est in chem i cal, bi o log i cal, en vi ron men tal and phar -
ma ceu ti cal re search. One crit i cal fea ture is that pKa val ues
help dis cover whether mol e cules can be used as drugs.
More over, pKa val ues are es sen tial for ADME pro fil ing,
give in sight into in ter ac tions of drugs with a re cep tor, etc..

Sev eral meth ods for pKa cal cu la tion have been de vel -
oped [1], but pre dic tion of  pKa val ues re mains a chal lenge.
A very prom is ing ap proach for pKa pre dic tion is the us age
of QSPR (Quan ti ta tive Struc ture Prop erty Re la tion ship)
mod els which em ploy par tial atomic charges [2,3,4]. The
ac cu racy of pKa pre dic tion by these QSPR mod els is in flu -
enced by many fac tors. Very im por tant fac tors are proper
se lec tion of descriptors, us age of rel e vant charge schemes,
in flu ence of a mo lec u lar struc ture, etc..

In our work, we an a lyzed the key fac tors which in flu -
ence the qual ity of QSPR mod els for pKa pre dic tion. We
fo cused on three types of mol e cules – phe nols, ben zoic ac -
ids and an i lines. For each type of mol e cules, we stud ied the
in flu ence of the charge cal cu la tion scheme on the qual ity of 
QSPR mod els. Spe cif i cally, we tested com bi na tions of
three QM the ory lev els (HF, MP2 and B3LYP), three ba sis

sets (STO-3G, 6-31G* and 6-31+G*) and three pop u la tion
anal y ses (Mulliken, MK and NPA). This eval u a tion was, in 
most of cases, done for three sets of descriptors – charges
from non-dis so ci ated mol e cules, charges from dis so ci ated
mol e cules, and a com bi na tion of both these types of
charges. Af ter wards, we com pared the ac cu racy of all these 
QSPR mod els and dis cussed the in flu ence of all fac tors.

1. C. Lee, G. M. Crippen: Pre dict ing pKa. J. Chem. Inf.
Model., 49 (2009), 2013-2033.

2. K. C. Gross, P. G. Seybold, C. M. Hadad: Com par i son of
dif fer ent atomic charge schemes for pre dict ing pKa vari a -
tions in sub sti tuted an i lines and phe nols. Int. J. Quan tum
Chem., 90, (2002), 445-458.

3. W. C. Kreye, P. G. Seybold: Cor re la tions be tween quan -
tum chem i cal in di ces and the pKas of a di verse set of or -
ganic phe nols. Int. J. Quan tum Chem., 109 (2009),
3679-3684.

4. R. Svobodová Vaøeková, S. Geidl, C.M. Ionescu, O.
Skøehota, M. Kudera, D. Sehnal, T. Bouchal, R. Abagyan,
H.J. Huber, J. Koèa: Pre dict ing pKa val ues of sub sti tuted
phe nols from atomic charges, J. Chem. Inf. Model., 51
(2011), 1795-1806.

A10

VISUALIZATION OF ATOMIC CHARGES IN MOLECULES: COMPARISON OF
AVAILABLE APPROACHES AND SOFTWARE TOOLS

M. Brumovský, J Èáslavská, E. Novotná, R. Svobodová Vaøeková, and J. Koèa

Na tional Cen tre for Biomolecular Re search and CEITEC - Cen tral Eu ro pean In sti tute of Tech nol ogy,
Masaryk Uni ver sity, Kamenice 5, 625 00 Brno-Bohunice, Czech Re pub lic

mbrumovsky@chemi.muni.cz

Par tial atomic charges are real num bers de scrib ing the pro -
por tion of elec tronic den sity which be longs to each atom in
a mol e cule. They are cre ated due to the asym met ric dis tri -
bu tion of elec trons in chem i cal bonds. The charges pro vide 
very use ful in for ma tion for chem ists and bio chem ist and
there fore have a lot of ap pli ca tions [1, 2, 3]. For ex am ple,
they are very ef fec tive descriptors in QSAR/QSPR mod els
for pre dic tion of dis so ci a tion con stants, par ti tion co ef fi -
cients and other im por tant physico-chem i cal prop er ties.
Charges are also em ployed in mo lec u lar me chan ics and dy -
nam ics sim u la tions, be cause they are nec es sary for cal cu -
lat ing the elec tro static part of the po ten tial en ergy. Dock ing 

and vir tual screen ing also use charges for cal cu lat ing elec -
tro static in ter ac tions. Atomic charges can be also used to
es ti mate the chem i cal re ac tiv ity of mol e cules.

Es pe cially now a days par tial atomic charges be came
very pop u lar in chemoinformatics, be cause ad vanced com -
pu ta tional meth ods and high per for mance com put ers al low
us to ob tain them quickly even for large sets of mol e cules
[3, 4, 5]. This in creased us age of charges gen er ated a de -
mand for their vi su al iza tion by rep re sent ing the charge dis -
tri bu tion over a mol e cule in a man ner that is both
ac ces si ble and in tu itive for hu mans. There are sev eral mod -
els for vi su al iza tion of charges, each hav ing its ad van tages
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and dis ad van tages (text la bel ing, col or ing of in di vid ual at -
oms or sur faces). The in creas ing pop u lar ity of charges
caused that sev eral soft ware tools for vi su al iza tion of mol -
e cules (i.e. VMD, Jmol, DSV, Mol2mol, Mae stro) to ex -
tended their func tion al ity and add vi su al iza tion of charges.

In the pre sented study, an over view of avail able charge
vi su al iza tion ap proaches is pro vided. Af ter wards, se lected
soft wares pack ages are eval u ated re gard ing their abil ity to
vi su al ize atomic charges. The eval u a tion was per formed
for dif fer ent types of mol e cules (small or ganic mol e cules,
pep tides, biomolecules) and us ing dif fer ent vi su al iza tion
mod els. The study in cludes the com par i son of ren der ing
qual ity and time, var i ous vi su al iza tion op tions, data for mat
sup port and soft ware ac ces si bil ity.

1. R Svobodová Vaøeková, S Geidl, C M Ionescu, O
Skøehota, M Kudera, D Sehnal, T Bouchal, R Abagyan, H

J Huber, J Koèa: Pre dict ing pKa val ues of sub sti tuted phe -
nols from atomic charges, Jour nal of chem i cal in for ma tion
and mod el ing., 51:1795-1806, 2011.

2. N Bork, N Bonanos, J Rossmeisl, and T Vegge. Ab in itio
charge anal y sis of pure and hy dro ge nated perovskites.
Jour nal of Ap plied Phys ics, 109(3):033702–033702, 2011.

3. F Torrens and G Castellano. Top o log i cal charge-trans fer
in di ces: from small mol e cules to pro teins. Cur rent
Proteomics, 6(4):204–213, 2009.

4. F R Bur den, M J Polley, and D A Winkler. To ward novel
uni ver sal descriptors: Charge fin ger prints. Jour nal of
chem i cal in for ma tion and mod el ing, 49(3):710–715, 2009

5. A C Lee and G M Crippen. Pre dict ing pKa. Jour nal of
chem i cal in for ma tion and mod el ing, 49(9):2013–2033,
2009.

A11

ANALYSIS OF BIOMOLECULAR INTERACTIONS BY SURFACE PLASMON
RESONANCE

Ladislav Bumba

In sti tute of Mi cro bi ol ogy, Czech Acad emy of Sci ences, Videnska 1083, 142 20 Prague 4, Czech Re pub lic

Sur face Plasmon Res o nance (SPR) is a phys i cal pro cess
that can oc cur when plane-po lar ized light hits a metal film
un der to tal in ter nal re flec tion con di tions. This phe nom e -
non is em ployed as an ex cel lent tech nique to mea sure
biomolecular in ter ac tions in real-time in a la bel free en vi -
ron ment. In this method, one of the in ter act ing part ners
(ligand) is im mo bi lized to the sen sor sur face, while the
other (analyte) is free in so lu tion and passed over the sur -
face. The ki netic pa ram e ters of the in ter ac tions are fur ther
cal cu lated from as so ci a tion and dis so ci a tion curves. This
lec ture will in tro duce a SPR op ti cal bio sen sor “ProteOn
XPR36 pro tein in ter ac tion ar ray sys tem“ re cently in stalled

at the In sti tute of Mi cro bi ol ogy in Prague. This sys tem gen -
er ates a 6 x 6 in ter ac tion ar ray for the si mul ta neous anal y sis 
of up to six lig ands with up to six analytes which en ables
anal y sis of up to 36 dif fer ent pro tein in ter ac tions in a sin gle 
run on a sin gle chip. Few ex am ples, such as pro tein-pro tein 
in ter ac tion of adenylate cyclase toxin (CyaA) with integrin
re cep tor CD11b/CD18, lipid-pro tein in ter ac tion of
phosphatidylinositol 4,5-bisphosphate (PIP2) with mem -
brane chan nel TrpV1, or DNA-pro tein in ter ac tion of tran -
scrip tion fac tor FoxO4 with tar get DNA, will be pre sented
to show the through put, flex i bil ity and ver sa til ity of this in -
stru ment.   

A12

COMPLEMENTARY STRUCTURAL INVESTIGATION OF INTRINSICALLY
DISORDERED PROTEIN TAU, INVOLVED IN NEURODEGENERATIVE DISEASES

 O. Cehlar1, R. Skrabana1,2, Z. Flachbartova1, M. Novak1,2

1In sti tute of Neuroimmunology, Slo vak Acad emy of Sci ences, Dubravska cesta 9, 
845 10 Bratislava, Slovakia

2Axon Neu ro sci ence GmbH, Rennweg 95/b, A-1030 Vi enna, Aus tria

Microtubule-as so ci ated in trin si cally dis or dered pro tein tau 
has un der phys i o log i cal con di tions very flex i ble mol e cule,
sim i lar to the ran dom coil [1]. When in ter act ing with
microtubules, the proline-rich and re peat re gions of tau
mol e cule play the most prom i nent role [2]. In the course of
neurodegenerative tauopathy (e.g. Alz hei mer’s dis ease),
tau un der goes nu mer ous posttranslational mod i fi ca tions,
dis so ci ates from microtubules and forms highly com pact,
in sol u ble paired he li cal fil a ments (PHF) [3]. In ter est ingly,

microtubule-in ter act ing se quences on tau con sti tute the
core of the PHF [4].

In our work, the ther mo dy nam ics and struc ture of
microtubule bind ing mo tifs of tau have been stud ied with
the use of monoclonal an ti bod ies as sur ro gate tau pro tein
bind ing part ners. Sur face plasmon res o nance was used to
mon i tor the bind ing of monoclonal an ti body Fab frag ment
to full length and trun cated tau pro teins. Ther mo dy namic
anal y sis showed that spe cific trun ca tion of tau pro tein mol -
e cule, which was ob served un der dis ease con di tions [5, 6],
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re sults in sub stan tial al ter ation of tau bind ing to an ti body,
point ing to higher ac ces si bil ity of microtubule bind ing se -
quences in trun cated tau pro teins. To make an in sight into
struc ture of tau com plexes, Fab frag ments have been crys -
tal lized alone and with tau pep tides. We re port pre lim i nary
X-ray dif frac tion anal y sis of three crys tal types dif fract ing
up to 1.72 =. 

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.

1. Dyson HJ & Wright PE (2005) In trin si cally un struc tured
pro teins and their func tions. Nat Rev Mol Cell Biol 6,
197-208.

2. Mukrasch MD, Bibow S, Korukottu J, Jeganathan S,
Biernat J, Griesinger C, Mandelkow E & Zweckstetter M
(2009) Struc tural poly mor phism of 441-res i due tau at sin -
gle res i due res o lu tion. PLoS bi ol ogy 7, e34.

3. Goedert M & Jakes R (2005) Mu ta tions caus ing
neurodegenerative tauopathies. Biochimica et Biophysica
Acta (BBA) - Mo lec u lar Ba sis of Disease 1739, 240.

4. Novak M, Kabat J & Wischik CM (1993) Mo lec u lar char -
ac ter iza tion of the min i mal pro te ase re sis tant tau unit of the 
Alz hei mer's dis ease paired he li cal fil a ment. The EMBO
jour nal 12, 365-370.

5. Wischik CM, Novak M, Thogersen HC, Ed wards PC,
Runswick MJ, Jakes R, Walker JE, Milstein C, Roth M &
Klug A (1988) Iso la tion of a frag ment of tau de rived from
the core of the paired he li cal fil a ment of Alz hei mer dis -
ease. Pro ceed ings of the Na tional Acad emy of Sci ences of
the United States of Amer ica 85, 4506-4510.

6. Zilka N, Filipcik P, Koson P, Fialova L, Skrabana R,
Zilkova M, Rolkova G, Kontsekova E & Novak M (2006)
Trun cated tau from spo radic Alz hei mer's dis ease suf fices to 
drive neurofibrillary de gen er a tion in vivo. febs let ters 580,
3582-3588.

A13

CAVER 3.0: A TOOL FOR ANALYSIS OF TRANSPORT PATHWAYS IN DYNAMIC
PROTEIN STRUCTURES

E. Chovancová1, A. Pavelka1,2,3, P. Beneš2, O. Strnad2, J. Brezovský1, B. Kozlíková2, 
A. Gora1, V. Šustr2, M. Klvaòa1, P. Medek2, L. Biedermannová1, J. Sochor2, J. Damborský1,3

1Loschmidt Lab o ra to ries, De part ment of Ex per i men tal Bi ol ogy and Cen tre for Toxic Com pounds in the En vi -
ron ment, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5/A13, 625 00 Brno, Czech Republic 

2Hu man Com puter In ter ac tion Lab o ra tory, Fac ulty of In for ma tics, Masaryk Uni ver sity, Botanická 68a, 602 00
Brno, Czech Republic 

3In ter na tional Cen tre for Clin i cal Re search, St. Anne’s Uni ver sity Hos pi tal Brno, Pekaøská 53, 656 91 Brno,
Czech Re pub lic

akllupe@chemi.muni.cz

Tun nels and chan nels me di ate the trans port of ions and
mol e cules in a large va ri ety of pro teins [1-4]. Char ac ter is -
tics of in di vid ual trans port path ways, in clud ing their ge om -
e try, physico-chem i cal prop er ties and dy nam ics, are
es sen tial for un der stand ing of struc ture-func tion re la tion -
ships of these pro teins, and for the de sign of im proved
biocatalysts or new in hib i tors [5]. Here, we pres ent
CAVER 3.0, a new tool for the ge om e try-based anal y sis of
path ways in pro tein struc tures. CAVER 3.0  was de signed 
to fa cil i tate the  anal y sis  of  static crys tal struc tures as well
as dy nam i cal  sys tems,  and  for  this pur pose  it  im ple ments  
sev eral  new  al go rithms  for  cal cu la tion and clus ter ing of
path ways. In the in put, us ers pro vide the pro tein struc ture
or a set of aligned struc tures and spec ify cal cu la tion start -
ing point. A num ber of ad di tional set tings are avail able, en -
abling us ers to ad just the cal cu la tion based on their needs.
In the out put, CAVER 3.0 pro vides all nec es sary data for
the anal y sis of the time evo lu tion of iden ti fied path ways,
in clud ing the scripts for open ing of the re sults in struc ture
vi su al iza tion soft ware, in for ma tion about path way char ac -
ter is tics, amino acid com po si tion and path way pro files. Al -
to gether, CAVER 3.0 en ables an ef fec tive anal y sis of
path ways in dy namic pro tein struc tures, which opens up

new pos si bil i ties for the study of im por tant bio chem i cal
phe nom ena in the area of mo lec u lar trans port, mo lec u lar
rec og ni tion and en zy matic ca tal y sis. The soft ware is freely
avail able as a multiplatform com mand-line ap pli ca tion at
http://www.caver.cz.

This work was fi nan cially 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, and by the Czech Grant Agency
P503/12/0572 and P202/10/1435.

1. E. Gouaux & R. Mackinnon, Sci ence, 310, (2005),
1461-1465.

2. X. Huang, H. M. Holden, F. M. Raushel, Annu. Rev.
Biochem., 70, (2001), 149-180. 

3. V. Cojocaru, P. J. Winn, R. C. Wade, Biochim. Biophys.
Acta, 1770, (2007), 390-401. 

4. P. Ar royo-Manez, D. E. Bikiel, L. Boechi, L. Capece, S. Di 
Lella, D. A. Estrin, M. A. Martí, D. M. Moreno, A. D.
Nadra, A. A. Petruk, Biochim. Biophys. Acta, 1814, (2011), 
1054-1064.

5.  J. Damborsky, M. Petrek, P. Banas, M. Otyepka,
Biotechnol. J., 2, (2007), 62-67. 

Ó Krystalografická spoleènost

10 SSB10 - Abstracts Ma te ri als Struc ture, vol. 19, no. 1 (2012)



A14

CHARACTERIZATION OF NOVEL HALOALKANE DEHALOGENASE ISOLATED
FROM PSYCHROPHILIC BACTERIUM MARINOBACTER SP. ELB17

Lukáš Chrást, Radka Chaloupková, Jiøí Damborský

Loschmidt Lab o ra to ries, De part ment of Ex per i men tal Bi ol ogy and Cen tre for Toxic Com pounds in the En vi -
ron ment, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5/A13, 625 00 Brno, Czech Re pub lic

Haloalkane dehalogenases (EC 3.8.1.5) catalyse hydrolytic 
con ver sion of halogenated aliphatic hy dro car bons to their
cor re spond ing al co hols and ha lide an ions. Since the first
mem ber of the fam ily was iso lated [1], haloalkane dehalo -
genases be came widely stud ied due to their po ten tial ap pli -
ca tion in biocatalysis, biosensing of en vi ron men tal
pol lut ants and biodegradation of toxic com pounds. Search -
ing for new en zymes has at tracted the in ter est of many
enzymologists and com pa nies, which look for biocatalysts
suit able for bio tech no log i cal and phar ma ceu ti cal ap pli ca -
tions. Extremophilic or gan isms of fer op por tu ni ties for
find ing novel en zymes ex hib it ing unique prop er ties. The
prin ci pal ad van tage of ex ploi ta tion of such en zymes is
their high cat a lytic ef fi ciency un der ex treme con di tions.

This study is fo cused on clon ing, ex pres sion, pu ri fi ca -
tion and bio chem i cal char ac ter iza tion of novel haloalkane
dehalogenase DmxA iso lated from psychrophilic bac te -
rium Marinobacter sp. ELB17. Syn thetic dmxA gene in
pMA vec tor (Mr. Gene, Ger many) was subcloned into
pET21b ex pres sion vec tor. DmxA was ex pressed in Esch e -
richia coli BL21(DE3) cells and pu ri fied to ho mo ge ne ity
by metalloaffinity chro ma tog ra phy. Cor rect fold ing and
thermostability of DmxA was as sessed by cir cu lar
dichroism spec tros copy. Com pared to other haloalkane
dehalogenases, DmxA ex hib ited, par a dox i cally, the high -
est melt ing tem per a ture (Tm = 65.9 ± 0.1 °C). Sub strate
spec i fic ity of the en zyme was mea sured with thirty dif fer -
ent halogenated sub strates. DmxA was the most ac tive to -

wards 1,3-dibromopropane, 1-bromo-3-chloropropane and 
4-bromobutyronitrile. Tem per a ture and pH pro files of
DmxA were de ter mined with 1,3-dibromopropane by ac -
tiv ity mea sure ment. Max i mal ac tiv ity was de tected at 55
°C and at pH 9.0. Steady-state ki netic pa ram e ters of DmxA
were mea sured with 1,3-dibromopropane and 1-chloro -
butane. The com plex ki netic mech a nism of the en zyme was 
de ter mined, in volv ing cooperativity and sub strate in hi bi -
tion. Enantioselectivity of DmxA was tested to wards se -

lected b-sub sti tuted bromoalkanes and brominated esters.
High enantioselectivity of DmxA was ob served in the re ac -
tion with ethyl-2-bromobutyrate (E > 200), methyl-2-
 bromobutyrate (E > 200) and 2-bromo pentane (E = 100).
The unique prop er ties, as high thermostability and
enantioselectivity, make DmxA suit able cat a lysts for prac -
ti cal ap pli ca tion in biosynthesis of op ti cally pure com -
pounds.

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) and the Grant Agency of
the Czech Acad emy of Sci ences (IAA401630901).

1. Keuning S., Janssen D. B., Witholt B. (1985): Pu ri fi ca tion
and char ac ter iza tion of hydrolytic haloalkane dehalogenase 
from Xanthobacter autotrophicus GJ10. J. Bacteriol. 163:
635-639.

A15

SPOIIE LINKS ASYMMETRIC CELL DIVISION TO COMPARTMENTALIZATION OF
GENE EXPRESSION DURING SPORULATION OF BACILLUS SUBTILIS

Z. Chromiková1, K. Muchová1, A. J. Wilkinson2, I. Barák1

1In 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

2York Struc tural Bi ol ogy Lab o ra tory, De part ment of Chem is try, Uni ver sity of York, Heslington, York YO10
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Sporulation in B. subtilis serves as an ex am ple of pri mary
cel lu lar dif fer en ti a tion. Daugh ter cells arisen from
sporulation di vi sion fol low the dif fer ent fate, al though they 
share iden ti cal ge netic in for ma tion. The pro cess of
sporulation is char ac ter is tic by an asym met ric cell di vi sion, 
which re sults in for ma tion of two disimilarly sized com -
part ments, the smaller prespore, and the big ger mother cell. 
The proper po si tion ing of an asym met ric sep tum is par -

tially trig gered by sporulation spe cific SpoIIE, an ex clu -
sive com po nent of the sporulation sep tum. Dur ing for ma -
tion of sporulation sep tum, SpoIIE closely co op er ates with
tubuline-like pro tein FtsZ. FtsZ forms higher or ga nized
struc tures, so called Z-rings, which con sti tute a scaf fold for 
as sem bly of di vi sion ma chin ery. Dur ing veg e ta tive di vi -
sion, there is only one Z ring formed and it is po si tioned at
the midcell. How ever, dur ing sporulation, FtsZ is over-ex -
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pressed and forms a he li cal struc tures em a nat ing from
midcell Z ring to wards cell poles. SpoIIE, which also forms 
ring-like struc tures, most likely sta bi lizes FtsZ he li ces at
po lar po si tions [1]. Con se quently, two Z-rings are formed
at the sites near cell poles, but only one is cho sen to be come 
the sporulation sep tum.

SpoIIE is a multi-do main 827-res i due pro tein. It is
thought to con sist of three do mains. Its N-ter mi nal do main, 
which con sists of 10 transmembrane he li ces, an chors the
pro tein in sporulation sep tum [2, 3]. The cen tral do main of
SpoIIE, which is con served only among SpoIIE ortho -
logues, is thought to play a role in self- oligo meri zation of
the pro tein and it is also re spon si ble for in ter ac tion with
FtsZ [4]. SpoIIE C-ter mi nal do main is closely re lated to
PP2C do mains of eukaryotic Ser/Thr phosphatases, which
reg u late the stress re sponse [5].

The key reg u la tor SpoIIE has prob a bly three roles in
the pro cess of sporulation. The first role of SpoIIE is to sta -
bi lize FtsZ spi ral in ter me di ates at po lar po si tions. The sec -
ond role of SpoIIE lies in con tri bu tion to prespore-spe cific

sF ac ti va tion. sF is ac ti vated as the first of sporulation com -
part ment-spe cific sigma fac tors and its ac ti va tion is linked
to the com ple tion of sporulation sep tum [6]. Con se quent
com part ment spe cific gene ex pres sion is ar ranged by the

ac tiv ity of cell-type spe cific s fac tors, which se quen tially
ac ti vate each other in a cas cade-like man ner. The third role
of SpoIIE is un clear, but ac cord ing to the dy namic lo cal iza -
tion stud ies us ing SpoIIE-GFP fu sions fol low ing
cytokinesis, SpoIIE might play a role in the pro cess of en -
gulf ment [7].

Al though sF be comes ac tive only in the prespore, it is
pres ent in the predivisional cell, and af ter asym met ric di vi -

sion also in both com part ments. The ac tiv ity of sF is reg u -
lated through in ter ac tions be tween an anti-sigma fac tor
SpoIIAB, an anti-anti-sigma fac tor SpoIIAA, and SpoIIE
phosphatase, res i dent in sporulation sep tum. In the
predivisional cell and in the mother cell, SpoIIAA is bound
by SpoIIAB kinase, which re sults in phosphorylation of

SpoIIAA and SpoIIAB free to form a SpoIIAB2:sF com -

plex. In this com plex, sF is in ac tive. In the prespore,
SpoIIE dephosphorylates SpoIIAA-P, mak ing it able to at -

tack SpoIIAB2:sF com plex. By bind ing of dephospho -

rylated SpoIIAA to SpoIIAB, the re lease of ac tive sF is

in duced. sF is then free to bind to the core of RNA-poly -
mer ase and di rect tran scrip tion of prespore-spe cific genes

[8,9]. The mech a nism that de lays sF ac ti va tion un til

sporulation sep tum is formed and con fines sF ac tiv ity spe -
cif i cally into prespore is not yet fully un der stood. To ad -
dress these is sues, sev eral mod els were sug gested, tak ing
into con sid er ation the vol ume dif fer ence be tween the com -
part ments, the pref er en tial lo cal iza tion of SpoIIE to the
forespore face of the sep tum, and/or tran sient ge netic
asym me try [10-13]. 

The struc tures of the SpoIIA pro teins have been de ter -
mined, re veal ing the phosphorylated and dephospho -
rylated forms of SpoIIAA [14,15], as well as the

in ter ac tions of SpoIIAB with sF and SpoIIAA [9,16].
How ever, the struc ture of SpoIIE and the char ac ter of its
in ter ac tions with SpoIIAA and FtsZ are still un known, due
to the prob lem atic sol u bil ity of SpoIIE. Pre vi ously, us ing a

ran dom trun ca tion li brary ap proach [17], a set of sol u ble
SpoIIE frag ments was iden ti fied. Out of these frag ments,
SpoIIE frag ment (590-827) en com pass ing the PP2C
phoshatase do main was over-ex pressed, char ac ter ized, and 
its crys tal struc ture was de ter mined [18]. Since SpoIIE has
been a sub ject of in ten sive stud ies, a large num ber of
spoIIE mu tants have been char ac ter ized. Some of these
mu ta tions, like spoIIE64, spoIIE71 and spoIIE20, are lo -
cated within the phosphatase do main [19] All of them pre -

vent ac ti va tion of sF, re sult ing in the in hi bi tion of
sporu lation in cells har bour ing these al leles. Cells of
spoIIE64 and spoIIE 71 strains form nor mal asym met ric
septa, but are de fec tive in dephosphorylating SpoIIAA-P

and hence ac ti va tion of sF. In ter est ingly, spoIIE 20, al -
though it is mapped in the phosphatase do main, is im paired

not only in ac ti va tion of sF, but also in for ma tion of
sporulation septa [19]. This mu ta tion shows how the de fect 

of phosphatase do main, which is re spon si ble for sF ac ti va -
tion, can im pair the cen tral do main, re spon si ble for mor -
pho log i cal func tion of SpoIIE. This pos si bly hap pens by
the means of in ter ac tions be tween the cen tral and
phosphatase do main of the pro tein. The struc ture of the
phosphatase do main of SpoIIE pro vides a use ful frame for
in ter pret ing ge netic data avail able for this pro tein and for

for mu lat ing ideas about its mech a nism of ac tion.

This work was sup ported by the grants APVV-51-027804,
and VEGA grant 2/0016/10 from the Slo vak Acad emy of
Sci ences and The Wellcome Trust Grant 082829/Z/07/Z.
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A16

COMPLETE BASIS SET EXTRAPOLATION AND HYBRID SCHEMES FOR GEOMETRY 
GRADIENTS AND VIBRATIONAL ANALYSIS OF NONCOVALENT COMPLEXES

Jiøí Èerný

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

This work fo cuses on the per for mance of pop u lar WFT
(MP2, MP2.5, MP3, SCS(MI)-MP2, CCSD(T)) and DFT
(M06-2X, TPSS-D) meth ods in optimizations of ge om e -
tries of noncovalent com plexes. Apart from the straight for -
ward com par i son of the ac cu racy of the re sult ing
ge om e t ries with re spect to the most ac cu rate, compu -
tationally af ford able, ref er ence method, we have also at -
tempted to de ter mine the most ef fi cient uti li za tion of the
in for ma tion con tained in the gra di ent of a par tic u lar
method and ba sis set. Es sen tially, we have transfered the
ideas suc cess fully used for noncovalent in ter ac tion en ergy
cal cu la tions to ge om e try optimizations.[1]

We have found that CCSD(T) ge om e tries are most
faith fully re pro duced by the MP2.5 and MP3 meth ods, fol -
lowed by the com pa ra bly well per form ing SCS(MI)-MP2
and MP2 meth ods, fi nally by the worst per form ing DFT-D
and M06 meth ods.

Ba sis set ex trap o la tion of gra di ents was shown to im -
prove the re sults and can be con sid ered as a low-cost al ter -
na tive to the use of CP-cor rected gra di ents. A hy brid
gra di ent scheme was shown to de liver ge om e tries close to
the reg u lar gra di ent ref er ence. Anal o gously to a sim i lar hy -
brid scheme, which now a days is rou tinely used for the cal -
cu la tion of in ter ac tion en er gies, such a hy brid gra di ent
scheme can save a huge amount of com puter time, when
high ac cu racy is de sired.

We will also pres ent fur ther ex ten sion of the highly ac -
cu rate hy brid and CBS ex trap o lated gra di ents schemes for
cal cu la tion of nu mer i cal vi bra tional fre quen cies of iso lated 
mol e cules as well as their noncovalent com plexes.

1. J. Èerný*, M. Pitoòák, K. E. Riley, P. Hobza, J. Chem.
The ory Comput., 2011, 7 (12), 3924-3934.
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IDENTIFICATION OF POTENTIAL INHIBITORS OF HALOALKANE DEHALOGENASES 

BY VIRTUAL SCREENING

L. Daniel1, J. Damborský1,2, and J. Brezovský1
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2In ter na tional Clin i cal Re search Cen ter, St. Anne’s Uni ver sity Hos pi tal Brno, Pekarska 53,
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Haloalkane dehalogenases (EC 3.8.1.5) are mi cro bial en -

zymes which be long struc tur ally to the a/b hydrolase fold.
They are able to de grade a broad range of halogenated
aliphatic hydrocarbons. How ever, their bi o log i cal func tion 
still re mains un known with the ex cep tion of some par tic u -
lar strains. 

An ef fec tive in hib i tor of these en zymes may help to de -
ci pher their func tion. In this pro ject, we ap plied
AutoDockVina  dock ing soft ware to screen the li brary of

more than 140,000 com pounds of the clean drug-like sub -
set down loaded from the ZINC da ta base . For the de tailed
anal y sis, 10,000 mol e cules with the low est docked en er -
gies were se lected, and their docked con for ma tions were
rescored by a neu ral net work-based scor ing func tion
NNScore 2.0 . Ad di tion ally, their bind ing free en ergy was
es ti mated us ing Mo lec u lar-Me chan ics/Gen er al ized-Born
Sur face Area (MM/GBSA). A con sen sus score for each
docked ligand was then cal cu lated by av er ag ing the ranks
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ob tained from MM/GBSA and NNScore 2.0 score. To in -
crease the di ver sity of po ten tial in hib i tors, soft ware
AuposSOM  was em ployed to clus ter the in hib i tors ac cord -
ingly to their com mon in ter ac tions with the en zyme. Fi -
nally, 100 top-ranked mol e cules were se lected for
ex per i men tal val i da tion of their in hib i tory ac tiv ity.  

This work was fi nan cially 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), by the Czech Grant Agency
(203/08/0114 and  P503/12/0572) and 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
ap pre ci ated.
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THE C-TYPE LECTIN LIKE FOLD IN NATURAL KILLER CELL RECEPTORS
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Nat u ral killer cells of the in nate im mune sys tem rec og nize
and de grade virally in fected or tu mour cells [1]. One sig nif -
i cant group of NK sur face re cep tors in volved in this func -
tion are C-type lectin like (CTL) mol e cules in volved ei ther
in ac ti va tion or in hi bi tion of the NK cell re sponse. Re cep -
tor-ligand in ter ac tions are as sumed to trig ger a cas cade of
events in an NK cell, lead ing amongst oth ers to the tar get
cell lysis.

The mam ma lian re cep tors of the NKR-P1 fam ily pos -
sess the extracellular part formed by a CTL do main, a neck
re gion, a transmembrane re gion formed by a he lix and an
intracellular part re spon si ble for sig nal ing. The CTL fold
of the extracellular do main is uti lized also by the pro tein
lig ands of these re cep tors found on the sur face of the en -
coun tered and rec og nized cell. In the light of some re cent
re sults pre dom i nantly pro tein-pro tein in ter ac tions are in
the cen tre of such con tacts. This im plies that in the case of
NK CTL re cep tors (or lig ands) this sim ple fold is uti lized
for me di a tion of pro tein-pro tein con tacts.

In ter est ingly, the CTL fold has been ob served as a
ba sic build ing block of many other pro teins, such as the
macrophage mannose re cep tor, selectins, collectins and
oth ers [2]. The struc ture of the CTL do main is char ac ter -

ized by two a-he li ces, two small b-sheets and a long sur -
face loop. Two or three disulfide bridges in crease the
sta bil ity of the struc ture. Even if the main char ac ter is tics of
the fold re main un changed and mostly the long loop re gion
is in volved in per form ing the pro tein’s func tion, sev eral
dif fer ent mech a nisms of ex ert ing the func tion al ity are em -
ployed. For some CTL pro teins cal cium bind ing in the long 
loop re gion is cru cial for their af fin ity to lig ands whereas in 
NK CTL re cep tors the same re gion is very likely in ca pa ble
of cal cium bind ing and at the same time in volved in pro -
tein-pro tein in ter ac tions.

Our re cent struc tural re sults sug gest that the NK re cep -
tor lig ands likely fol low the fold, sta bil ity and dimerization

pat tern of the long known NK re cep tor hu man CD69 while
the re cep tors them selves prob a bly ac quire more di verse
struc tural ar range ments [3, 4].

In ter pre ta tion of our X-ray struc tures of mouse
NKR-P1A and Clrg, and other re cep tors in the con text of
other known CTL re cep tor struc tures, com ple mented by
com pu ta tional anal y sis and a crit i cal view of re sults of
other lab o ra to ries is ex pected to pro vide the so far most
com pre hen sive view of struc ture-func tion fea tures of these 
re cep tors and the spe cific uti li za tion of the CTL fold in this
case.

The au thors wish to thank Uwe Müller for sup port at the
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was sup ported by the Grant Agency of the Acad emy of Sci -
ences of the Czech Re pub lic (KJB101120805), the Czech
Sci ence Foun da tion (303/09/0477, 305/09/H008, 305/07/
1073, P302/11/0855 and 207/10/1040), by Charles Uni -
ver sity Prague (263209/2011, 265214/2012, and pro ject
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