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METACENTRUM — E-INFRASTRUCTURE FOR COMPUTATIONAL AND DATA
CHALLENGES

J. Kmuníèek1, V. Žáková2, S. Licehammer2, M. Kuba1, I. Køenková1, and 
D. Antoš1

1CESNET, z.s.p.o., Zikova 4, 160 00 Praha 6, Czech Re pub lic
2Fac ulty of In for ma tics, Masaryk Uni ver sity, Botanicka 68a, 620 00 Brno, Czech Re pub lic

MetaCentrum, the Czech Na tional Grid Ini tia tive, runs
more than 1300 CPU cores in four ma jor cit ies of the Czech 
Re pub lic. The com pu ta tion power is avail able for sci en tists 
in many re search ar eas. The soft ware in stalled on the in fra -
struc ture sup ports, among many oth ers, biomolecular sim -
u la tions, en zy matic struc ture en gi neer ing, quan tum
me chan ics/mo lec u lar me chan ics, stud ies, ex plo ra tion of
re ac tion mech a nisms at atomic de tails.
In ad di tion to rou tine com pu ta tions, MetaCentrum is also
ac tive in de vel op ment ge neric and/or spe cial ised so lu tions, 

start ing from spe cific ap pli ca tion in ter faces to bring ing
user-em pow ered el e ment to the in fra struc ture by means of
thor ough virtualisation, al low ing us ers to run their own en -
vi ron ment and con trol the in fra struc ture.

The poster de scribes ba sic prin ci ples of MetaCentrum,
avail able ap pli ca tions, run ning in ter na tional pro jects, and
user ben e fits from the in fra struc ture.

P2

NMR STUDY OF NRD1 AND ITS BINDING TO RNA

V. Baèíková1,  M. Zimmermann2, R. Štefl1

1Na tional Cen tre for Biomolecular Re search
2In sti tute of Ex per i men tal Bi ol ogy, Masaryk Uni ver sity, Fac ulty of Sci ence, 611 37 Brno, Czech Re pub lic

bacikova@chemi.muni.cz

The exosome - a com plex of sev eral exoribonucleolytic
and RNA-bind ing pro teins - is the cen tral 3’-end RNA deg -
ra da tion and pro cess ing fac tor in RNA qual ity con trol ap -
pa ra tus. It op er ates with many aux il iary fac tors that
stim u late its ac tiv ity and re cruit its RNA sub strates in the
crowded cel lu lar en vi ron ment. One of this fac tor is the nu -
clear pre-mRNA down-reg u la tion (Nrd)1 com plex, which
con sists of the RNA helicase Sen1, and the pro teins Nrd1
and nu clear polyadenylated RNA-bind ing (Nab)3 that rec -
og nize spe cific se quence mo tifs on RNAs. This com plex is

re quired for tran scrip tion ter mi na tion of small nu clear
RNA and small nu cle o lar RNA genes as well as for cryp tic
un sta ble tran scripts. Nrd1 pro tein con tains RNA-rec og ni -
tion mo tif (RRM) that is known to bind its spe cific ter mi na -
tor se quence, GUA[A/G].

We will pres ent a nu clear mag netic res o nance (NMR)
chem i cal shift per tur ba tion and flu o res cence ani so tropy
stud ies of the in ter ac tion of Nrd1 RRM with its RNA tar -
get. These stud ies re veal RNA-bind ing in ter face of Nrd1
and its af fin ity to the 5’-GUAA-3’ RNA.
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CRYSTALLIZATION OF MUTATED ENZYMES POTENTIALLY INVOLVED IN

COUPLING OF ENDONUCLEASE AND TRANSLOCASE FUNCTIONS IN EcoR124I

Tatsiana Baikova, Mikalai Lapkouski,  Ivana Kutá Smatanová, Rudiger Ettrich and 
Eva Csefalvay

De part ment of Struc ture and Func tion of Pro teins, In sti tute of Sys tems Bi ol ogy and Ecol ogy  ASCR and 
In sti tute of Phys i cal Bi ol ogy USB, Zamek 136, CZ-373 33 Nove Hrady, Czech Re pub lic

Re stric tion and mod i fi ca tion (R-M) sys tems pro vide bac te -
ria with pro tec tion against in fec tion by DNA-based
bacteriophage. R-M clas si fied on three dis tinct types  based 
on their com po si tion and co fac tor re quire ments, the na ture
of their tar get se quence, and the po si tion of the site of DNA 
cleav age with re spect to the tar get se quence. The type I
R-M en zymes  are so phis ti cated and dif fer sig nif i cantly
from type II en zymes com monly used as mo lec u lar bi ol ogy 
re agents. RE Type I are het ero-oligomeric en zymes com -
posed from 5 sub units, which are re spon si ble for spec i fic -
ity (HsdS), methylation ac tiv ity (2*HsdM), ATP- 
de pend ent DNA translocation and endonuclease ac tiv ity
(2*HsdR). Struc ture of HsdR sub unit of EcoR124I re stric -
tion en zymes (RE) has been de scribed re cently by our
group. The crys tal struc ture of the mo tor sub unit re spon si -
ble for DNA translocation and cleav age by the type I en -
zyme EcoR124I, re solved at 2.6 C, shows a lysine res i due
on the endonuclease do main to con tact N3 on the ex posed
edge of ATP bound at the helicase do mains, po ten tially

cou pling endonuclease and translocase func tions [1]. To
prove this pre dic tion the Lys220 was re placed by Arg, Glu,
and Ala. Our pre lim i nary crys tal li za tion ex per i ments un der 
the con di tions used for WT HsdR yielded crys tals of only
Lys220Arg and microcrystals of Lys220Ala. The aim of
our work is to find suit able crys tal li za tion con di tions for
func tion ally al tered en zymes Lys220Ala and Lys220Glu.
Ob tained crys tals will be mea sured on synchtron to de ter -
mine their struc ture. Struc tural in for ma tion will be com -
bined with in vivo and in vi tro bio chem i cal test ing of the
al tered en zymes, which will give us com plete in for ma tion
about accouplement of endonuclease and translocase func -
tions in EcoR124I and al low draw ing con clu sions valid for
type I R-M com plexes in gen eral. 

1. Lapkouski M., Panjikar S., Janscak P., Kuta Smatanova I.,
Carey J., Ettrich R., Csefalvay E. Nat. Struct. & Mol.Biol,
2009, 16, 94.
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AN TI BAC TE RIAL PEP TIDES IN IN TER AC TION WITH MODEL MEM BRANES STUD IED 
BY VAR I OUS SPEC TRO SCOPIC METHODS

L. Bednárová1, P. Maloò1, H. Dlouhá1, E. Koèišová2, K. Hofbauerová2,3, V.Kopecký Jr.2

1Inst. of Or ganic Chem is try and Bio chem is try AS CR, Flemingovo námìstí 2, Prague 6, 166 10, Czech Rep.
2In sti tute of Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in Prague, Ke Karlovu 5, 

Praha 2, 121 165, Czech Re pub lic
3In sti tute of Mi cro bi ol ogy AS CR, Vídeòská 1083, Prague 4, 142 20, Czech Re pub lic

bednarova@uochb.cas.cz

Nat u rally oc cur ring antimicrobial pep tides (AMPs) rep re -
sent one suc cess ful form of chem i cal de fense of eukaryotic
cells against bac te ria, pro to zoa, fungi, and vi ruses [1].
Many of them have been al ready iso lated, thou sands of
their syn thetic analogs were syn the sized and a broad spec -
trum of their antimicrobial, anticancer and an ti vi ral ac tiv i -
ties was proven [2, 3]. In spite of large num ber of known
AMPs and their ther a peu tic po ten tial, ex act mech a nism of
their ac tion re mains a mat ter of con tro versy. There is a con -
sen sus that these pep tides se lec tively dis rupt cell mem -
branes and it is be lieved that their amphiphatic struc ture
plays an im por tant role in this pro cess.

In ter ac tion of pep tides with mem branes or their mod els
leads to changes of their sec ond ary struc ture, which could
be de tected us ing var i ous spec tro scopic meth ods. Here we
pres ent spec tro scopic stud ies of halictines, AMP iso lated

from the venom of the eusocial bee Halictus sexcinctus,
which ex hib ited po tent antimicrobial ac tiv ity against
Gram-pos i tive and Gram-neg a tive bac te ria but also no tice -
able hemolytic ac tiv ity [4]. Cir cu lar dichroism, in fra red
and Raman spec tra of HAL-1 (Gly-Met-Trp-Ser-Lys-
Ile-Leu-Gly-His-Leu-Ile-Arg-NH2) in a mem brane/like
en vi ron ment, showed abil ity to form a-he li cal struc ture
whereas the HAL pep tide ex hib its ran dom coil con for ma -
tion in wa ter. The at tempts to mea sure HAL pep tides in an
in ter ac tion with liposomes with different kinds of
membranes are presented as well.

1.     M. Zasloff, Na ture, 415, (2002), 389.

2.     R. E. Han cock, G. Di a mond, Trends Microbiol., 9, (2000),
402.
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3.     R. E. Han cock, M. G. Scott, Proc. Natl. Acad. Sci. U.S.A.,
97, (2000), 8856.

4.     L. Monincová, M. Budìšínský, J. Slaninová, O. Hovorka,
J. Cvaèka, Z. Voburka, V. Fuèík, L. Borovièková, L.

Bednárová, J. Straka,V. Èeøovský, Amino Ac ids, sub mit -
ted.

The Grant Agency of the Czech Re pub lic is grate fully ac -
knowl edged for sup port (No. 208/10/0376).
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HOW IS A-RNA TREATED BY DIFFERENT FORCE FIELDS AND SALT CONDITIONS?

Ivana Beššeová,1,2 Michal Otyepka,1,3 Kamila Réblová1 and Jiøí Šponer1

1Inst. of Bio phys ics, Acad. of Sci ences of the Czech Re pub lic, Královopolská 135, 612 65, Brno, Czech Rep.
2Gilead Sci ences & IOCB Re search Cen ter, In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of

Sci ences of the Czech Re pub lic, Flemingovo námìstí. 2, 166 10, Prague 6, Czech Re pub lic
3De part ment of Phys i cal Chem is try and Cen tre for Biomolecular and Com plex Mo lec u lar Sys tems, Palacký

Uni ver sity, tr. Svobody 26, 771 46 Olomouc, Czech Re pub lic
i.besse@mail.muni.cz

An ex ten sive mo lec u lar dy nam ics study (to tal ing 0.6 ms)
of three dif fer ent A-RNA du plexes is pre sented. We in ves -
ti gated the de pend ence of the A-RNA ge om e try on
AMBER force fields (Parm99 [1] and Parmbsc0 [2]) and
salt strength con di tions (0.18 M net-neu tral iz ing Na+ and
0.3 M KCl).

The A-RNA du plexes were more com pact when us ing
the Parmbsc0 force field com pared to the Parm99. In ad di -

tion, the Parmbsc0 tem po rarily re duced a/g t/t  flips. Nev -

er the less, since the a/g t/t sub-state oc curs to a cer tain
ex tent in ex per i men tal A-RNA struc tures, we con sider
both force fields as vi a ble. The ef fects of the Parmbsc0
force field in cluded vis i ble re duc tion of the ma jor groove
width, in crease of the base pair roll, larger he li cal in cli na -
tion and small in creases of twist. The Parmbsc0 shifted the
sim u lated du plexes more deeply into the A-form. [3]

A nar row ing of the deep ma jor groove was ob served in
ex cess salt sim u la tions, again ac com pa nied by larger roll,
in cli na tion and twist. [3]

The dif fer ences be tween Parm99/lower-salt and
Parmbsc0/higher-salt Parmbsc0 con di tions were small;
nev er the less their cumulation in duced vis i ble sta bi li za tion
of the A-RNA he li ces. In ad di tion, the ef fects of the force
field and salt con di tions were se quence-de pend ent. Thus,
the com pact ness of A-RNA is sen si tive to the se quence and 
the salt strength which may, for ex am ple, mod u late the
end-to-end dis tance of the A-RNA he lix. 

1. J. M. Wang, P. Cieplak and P. A. Kollman, J. Comput.
Chem., 21 (2000) 1049–1074.

2. A. Perez, I. Marchan, D. Svozil, J. Sponer, T. E. Cheatham, 
C. A. Laughton and M. Orozco, Biophys. J., 92 (2007)
3817–3829.

3. I. Besseova, M. Otyepka, K. Reblova and J. Sponer, Phys.
Chem. Chem. Phys., 11 (2009) 10701-10711.

Fig ure 1. A-RNA sim u la tions: ionic con di tions in flu ence the ma jor groove width and com pact ness of the he lix.
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CLONING AND EXPRESSION OF RHSA AND RHSB GENES FROM E.coli

Vitali Bialevich, Eva Csefalvay and Rudiger Ettrich

De part ment of Struc ture and Func tion of Pro teins, In sti tute of Sys tems Bi ol ogy and  Ecol ogy, Acad emy of
Sci ences of the Czech Re pub lic, and In sti tute of Phys i cal Bi ol ogy, Uni ver sity of South Bo he mia in Ceske

Budejovice, Zamek 136, CZ-373 33 Nove Hrady, Czech Re pub lic

RhsA and RhsB pro teins are prod ucts of genes rhsA and
rhsB ac cord ingly. These pro teins have un known func tions
and struc tures. There is the the ory that pro tein RhsA is re -
quired for the max i mal biosynthesis of the K5
polysaccharide [1].

The main ob jec tive of our pro ject is to get RhsA and
RhsB pro teins in pu rity suf fi cient for bio phys i cal ex per i -
ments. This work in cludes next steps: to con struct the vec -
tors con tain ing genes rhsA and rhsB and to build them in
bac te rial DNA, to get RhsA and RhsB pro teins, and fi nally
to pre pare pro teins for bio phys i cal ex per i ments. The poly -
mer ase chain re ac tion (PCR) tech nique has been used to
ob tain DNA frag ments en cod ing for rhsA and rhsB genes
from genomic DNA of E. coli K12. Op ti mal con di tions for

PCR have been found. Both rhsA and rhsB have been
cloned into pBluescript SK+ and pET32a(+): the clones
con tained good ex pres sion sys tem have been se lected by
re stric tion anal y sis and se quenc ing. Sev eral ex pres sion E.
coli strains have been used to test ex pres sion un der sev eral
cul ti va tion con di tions.

1.   C. McNulty, J. Thomp son, B. Barrett, L. Lord, C.
Andersen and I. S. Rob erts. M. Mi cro bi ol ogy (2006) 59 (3), 
907–922.

This work is sup ported by the Min is try of Ed u ca tion of the
Czech Re pub lic (MSM6007665808 and LC06010) and by
the Acad emy of Sci ences of the Czech Re pub lic (AVOZ
60870520).
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CHARACTERIZATION OF THE CALMODULIN BINDING ON THE TRANSIENT
RECEPTOR POTENTIAL CATION CHANNEL TRP M5

J. Bílý, B. Holakovská, J. Teisinger 

De part ment of Pro tein Struc tures, In sti tute of Phys i ol ogy, Acad emy of Sci ences of the Czech Re pub lic,
Videnska 1083, Praha 4, 142 20

Tran sient re cep tor po ten tial (TRP) pro teins are a di verse
fam ily of pro teins with struc tural fea tures typ i cal of ion
chan nels. TRPM5, a mem ber of the TRPM subfamily,
plays an im por tant role in taste re cep tors. TRPM5 is a
monovalent-spe cific, nonselective cat ion chan nel that car -
ries Na+, K+, but not Ca2+ ions. It is di rectly ac ti vated by
Ca2+ , but ac ti va tion mech a nism re mains con tro ver sial.

On ba sis of a com par i son of the sim i lar ity with TRPM4
and Calmodulin tar get da ta base, there have been iden ti fied
sev eral bind ing sites. 

To de tect Calmodulin bind ing site we used ani so tropy
mea sure ments be tween Calmodulin and short pep tides of

the TRPM5 la beled with flu o res cent probe. Short pep tides
were de signed based on   amino ac ids se quence of the
TRPM5, also mu tant ver sion  of pep tides with re placed 
amino ac ids with neu tral alanine to de ter mine role of the
res i dues in Calmodulin bind ing.

This work was sup ported by the Grant Agency of the Acad -
emy of Sci ences of the Czech Re pub lic (GAAV IAA
600110701, GACR 303/07/0915) pro ject (No. H148), Cen -
tre of Neurosciences No. LC554 The Min is try of Ed u ca -
tion, Youth and Sports of the Czech Re pub lic, Re search
pro ject No. AV0Z.
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ENGINEERING THE ACTIVITY OF HALOALKANE DEHALOGENASE WITH TOXIC
SYNTHETIC SUBSTRATE USING METHODS OF FOCUSED DIRECTED EVOLUTION

P. Dvoøák, M. Pavlová, M. Klvaòa, J. Brezovský, R. Chaloupková, Z.  Prokop, 
and J. Damborský

Loschmidt lab o ra to ries, In sti tute of Ex per i men tal Bi ol ogy and Na tional Cen tre for Biomolecular Re search,
Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5/A4, 625 00 Brno, Czech Re pub lic

paveld@chemi.muni.cz

Haloalkane dehalogenases (HLDs; EC 3.8.1.5.) are mi cro -
bial en zymes that cat a lyze hydrolytic con ver sion of
haloalkanes to the cor re spond ing al co hols and hy dro gen
halides [1]. Some syn thetic halogenated al kanes, like
1,2-dichloroethane (DCE), are pro duced world wide and
are clas si fied as per sis tent en vi ron men tal pol lut ants. DCE
is widely used as sol vent and in ter me di ate in chem i cal in -
dus try. Its toxic and car ci no genic ef fects are well rec og -
nized. HLDs have been in ves ti gated for pos si ble
ap pli ca tions in de tox i fi ca tion of halogenated pol lut ants in -
clud ing DCE [2,3]. It re mains a chal lenge to pro vide HLDs
that could de grade these sub strates ef fi ciently. Here we re -
port con struc tion of a mu tant dehalogenase with im proved
cat a lytic ac tiv ity to wards DCE. 

Dehalogenase DhaA from Rhodococcus erythropolis
Y2 [4] has only min i mal ac tiv ity with DCE. Large cav ity of 
DhaA ac tive site and wide mouth of the main tun nel can not
ef fec tively ac com mo date small DCE mol e cule and re sults
in non-pro duc tive bind ing. We hy poth e sized that re duc tion 
of size of DhaA ac tive site and tun nels to gether with elim i -
na tion of  non-pro duc tive bind ing could lead to the in -
creased ac tiv ity with DCE.

Ini tially, com puter mod el ing, site-di rected and sat u ra -
tion mu ta gen e sis were ap plied to tar get the pas sage of lig -
ands through the ac cess tun nels [5]. Up to seven bulky
sub sti tu tions (I135F, A145F, A172F, C176Y, V245F,
L246I, Y273F) were in tro duced into the walls of DhaA
tun nels and in vi cin ity of the ac tive site. Clos ing up the tun -
nels in flu enced the sub strate spec i fic ity of DhaA and im -

proved the en zyme’s ac tiv ity to wards DCE 8-times. This
DhaA vari ant was used as a tem plate for the sec ond round
of in vi tro evo lu tion. Dur ing this sec ond step four res i dues
(I132, L209, F245 and I246) were ran dom ized with the aim 
to re duce the size of DhaA ac tive site and to in flu ence the
non-pro duc tive bind ing of DCE above the cat a lytic
histidine. Screen ing of four thou sand clones from re sult ing
mu tant li brar ies re vealed one pos i tive DhaA vari ant
(F245T+I246L) which showed 12-times higher spe cific
ac tiv ity with DCE com pared to the wild-type DhaA. 

The sub sti tu tions show ing the most sig nif i cant im pact
on DhaA ac tiv ity with DCE will be in serted to an other
HLD to val i date their ef fect. Un der stand ing the struc -
ture-func tion re la tion ships in con structed mu tants is im -
por tant to de sign next gen er a tion of biocatalysts for
deg ra da tion of anthropogenic sub strate.

1. D.B. Janssen, Curr. Opin. Chem. Biol. 8, (2004), 150-159.

2. G. Stucki, M. Thuer,  En vi ron. Sci. Technol. 29, (1995),
2339-2345.

3. M. Pav lo va, M. Klvana, Z. Prokop, R. Chaloupkova, P.
Banas, M. Otyepka, R.C. Wade, M. Tsuda, Y. Nagata, J.
Damborsky, Nat. Chem. Biol. 5, (2009), 727-733.

4. A.N. Kulakova, M.J. Larkin, L.A. Kulakov, Mi cro bi ol ogy
143, (1997), 109-115

5. M. Klvana, M. Pav lo va, T. Koudelakova, R. Chaloupkova,
P. Dvorak, A. Stsiapanava, M . Kuty, I. Kuta-Smatanova, J. 
Dohnalek, P. Kulhanek, R.C. Wade, J. Damborsky, J. Mol.
Biol. 392, (2009), 1339-1356.
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NMR STUDY OF Saccharomyces cerevisiae AIR2 PROTEIN

H. Èerná, M. Sanudo, R. Štefl

Na tional Cen tre for Biomolecular Re search, Masaryk Uni ver sity, Fac ulty of Sci ence, 625 00 Brno, 
Czech Re pub lic

The Air2 pro tein from Saccharomyces cerevisiae is an
RNA-bind ing sub unit of the Trf4–Air2–Mtr4 poly -
adenylation (TRAMP) com plex. This com plex plays an
im por tant role in the nu clear RNA-sur veil lance ma chin ery. 
It adds short poly(A) tails to ab er rant or misfolded RNA
tran scripts and thus pro mote their deg ra da tion by the nu -

clear exosome. It is sug gested that the Air2 pro tein is in -
volved in the RNA sub strate rec og ni tion, as it con tains five
con sec u tive zinc knuck les–these do mains are well known
to bind nu cleic ac ids. Here we pres ent the bio chem i cal and
nu clear mag netic res o nance (NMR) stud ies of the five
zinc-knuck les con struct of Air2.
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TOWARDS IDENTIFICATION OF HYDROPHOBIC CORE IN GLOBULAR PROTEINS

Faèkovec Boris, Vondrášek Jiøí, Hobza Pavel 

In sti tute of Or ganic Chem is try AS CR, Cen ter for Biomolecules and Com plex Mo lec u lar Sys tems,
Flemingovo nám. 2., 166 10 Praha 6 

borislavujo@gmail.com

The con cept of hy dro pho bic core is a con trib u tory par a -
digm, which is suc cess fully used when study ing a pro tein
deeper. A core has re mark able prop er ties that might shed
light on prob lems re lated to thermostability of pro teins and
pro tein fold ing ki net ics. 

How ever, there is not yet any ex act def i ni tion of core
that would in te grate dif fer ent phys i cal mod els and would
be trans fer able and def i nite. 

The pres ent study aims at in te grated al go rithm of
search ing for pro tein res i dues, that takes into ac count more

core iden ti fi ca tion cri te ria and def i nitely de ter mines
whether res i due be longs or does not be long to core set.

Anal y sis is the o ret i cal based on PDB struc tures. Mainly 
em pir i cal force field (Am ber ff03) com pu ta tions are em -
ployed, what makes method fast and fea si ble. 

1. Hobza P., Müller-Dethlefs K.: Non-Co va lent In ter ac tions:
The ory and Ex per i ment, RSC Pub lish ing, 2010.

2. Berka K., Hobza P., Vondrášek J.: Anal y sis of en ergy sta -
bi li za tion in side the hy dro pho bic core of rubredoxin.
Chemphyschem. 10, 543 (2009).

P11

STUDY OF HINCII ENDONUCLEASE BY MOLECULAR DYNAMICS METHODS

J. Fukal, P. Kulhánek, E. Fadrná, J. Koèa

Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Kotláøská 2, 
611 37 Brno

enigma@chemi.muni.cz

HincII is one of re stric tion endonucleases which are pres -
ent in bac te rial cells. They work in de fense against alien
DNAs (e.g. phages). HincII is homotetramer con sist ing of
two func tional dimers which rec og nize se quence
GTPyPuAC. Bound oligonucleotide is dou ble-bent and its
spe cific bend ing is par tially caused by in ter ca lat ing
glutamine 138 on each mono mer. HincII en zyme needs
ions for its func tion, Mg2+ or Mn2+ ions work like nat u ral
co factors and Ca2+ in hib its the cleav age re ac tion.

The goals of this study are as fol lows: a) what is the in -
flu ence of in ter ca lated glutamine 138, b) what is the role of
ions in the ac tive site, c) de scribe dy nam ics of HincII com -
plexes. To ad dress these ques tions, mo lec u lar dy namic
sim u la tions were per formed on pre-re ac tion com plexes of
re stric tion endonuclease HincII. The crys tal struc tures data 
from work [1] and [2], de pos ited in PDB da ta base, were
used. The sim u lated sys tems con sist of wildtype pro tein or
Q138F mu tated pro tein and of sub strate 5’-GTCGAC-3’ or 
5’-GTTAAC-3’. From crys tals con tain ing Ca2+ ions were
pre pared two vari a tions of each: orig i nal with Ca2+ ions
and changed with Mg2+ ions. Force field parm99sb [3] with 
parmbsc0 [4] was used for all of the sim u la tions.

The anal y ses show the pro tein is a rigid part and the
DNA is flex i ble part of the com plex. The ions’ anal y ses
dem on strate the ions with 2+ for mal charge stay al most in
their places but some Na+ ions changed their po si tions. The
in flu ence of in ter ca la tion of amino ac ids 138 is stud ied by
anisotropic ther mal dif fu sion method (ATD) [5]. ATD

method should re veal how the ther mal en ergy is dis trib uted 
in the sys tem, in this case, which part of sys tem is af fected
by the in ter ca lated amino acid. The mo lec u lar dy nam ics
sim u la tion of DNA mol e cule is rather prob lem atic be cause
DNA is sen si ble for im bal ances in pa ram e ters. Even
though the cor rected force field was used, it is ob served the
DNA is forced to the ca non i cal form but still better than
con tain ing artefacts. In spite of ex ist ing prob lems of sim u -
la tions, us able re sults were ob tained.

This work has been sup ported by Min is try of Ed u ca tion of
the Czech Re pub lic (MSM0021622413, LC06030). The ac -
cess to the METACentrum supercomputing fa cil i ties pro -
vided un der the re search in tent MSM6383917201 is highly
ap pre ci ated. The re search lead ing to these re sults has re -
ceived fund ing from the Eu ro pean Com mu nity’s Sev enth
Frame work Programme un der grant agree ment No.
205872.
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CALMODULIN INTERACTS WITH C-TERMINAL REGION OF TRPC6

L. Grycova, B. Holakovska, J. Teisinger

De part ment of Pro tein Struc tures, In sti tute of Phys i ol ogy, Acad emy of Sci ences of the Czech Re pub lic,
Videnska 1083, Praha 4, 142 20

The tran sient re cep tor po ten tial chan nel TRPC6 is a
non-se lec tive cat ion chan nel in volved in reg u la tion of cal -
cium lev els in eukaryotic cells (in clud ing sen sory re cep tor
cells) in re sponse to ex ter nal sig nals. Calmodulin (CaM) is
a ubiq ui tously ex pressed Ca2+-bind ing pro tein that serves
as an im por tant me di a tor of Ca2+-de pend ent reg u la tion of
the TRPC6 chan nel. One CaM bind ing site has been iden ti -
fied within the C-tail of TRPC6.

In this pro ject we mapped in de tail the CaM and inositol 
(1,4,5)-triphosphate re cep tor bind ing (CIRB) do main in
the C-ter mi nal re gion of mouse TRPC6 (801-878) ca pa ble
of in ter act ing with CaM us ing in vi tro bind ing as says. Be -
sides we used a set of pos i tively charged amino acid res i -

dues Arg852, Lys856, Arg864 and Lys859/Arg860, and a
hy dro pho bic res i due Ile857 placed in po si tion 1 in con sen -
sus CaM bind ing mo tif 1-5-10. We re placed these amino
ac ids with neu tral alanine and in ves ti gated role of the res i -
dues in CaM bind ing to TRPC6 C-ter mi nus us ing flu o res -
cence ani so tropy mea sure ment. Par tic i pa tion of Ile857
could in di cate a strong role of this con served CaM bind ing
mo tif. 

This pro ject was sup ported by Grant GAAV IAA
600110701, GACR 301/10/1159, GACR P205/10/ P308,
pro ject (No. H148), Cen tre of Neurosciences No. LC554
MSMT CR, Re search pro ject No. AV0Z.
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RAMAN AND RAMAN OPTICAL ACTIVITY CONFORMATIONAL STUDY OF A CYCLIC
HEXAPEPTIDE

J. Hrudíková1,2*, J. Kapitán1,2, V. Baumruk1 and P. Bouø2

1In sti tute of Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in Prague,  Ke Karlovu 5, 
121 16 Prague 2

2In sti tute of Or ganic Chem is try and Bio chem is try, Acad. Sci., Flemingovo nám. 2, 166 10 Prague 6
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Raman op ti cal ac tiv ity (ROA) mea sures vi bra tional op ti cal 
ac tiv ity as a dif fer ence in the in ten sity of Raman scat ter ing
from chiral mol e cules for right and left cir cu larly po lar ized
light. Raman and ROA spec tral in ten si ties, band po si tions,
and, in the ex treme case, ROA signs can be sig nif i cantly
mod i fied by mo lec u lar flex i bil ity [1]. All the con for ma -
tions pres ent in the sam ple pro vide unique ROA sig nal due
to the fast mo lec u lar re sponse to the light.

A model cyclohexapeptide, cyclo-(Phe-D-Pro-Gly-
Arg-Gly-Asp) was se lected as a con ve nient model of

b-hair pin in duced by the D-Pro-Gly se quence, and a short

anti-par al lel b-sheet. Its Raman and Raman op ti cal ac tiv ity
(ROA) spec tra were used to in ves ti gate the struc ture and
flex i bil ity of the side chains, for which the IR and VCD
tech niques are not very sen si tive [2]. This sys tem is ac ces -
si ble to rel a tively pre cise com pu ta tions thanks to its size
and a con stricted con for ma tion of the back bone [3]. In for -
ma tion about pep tide side chains could be ex tracted from
the ex per i ment via com bined den sity func tional the ory
(B3LYP/CPCM/ 6-31G**) and mo lec u lar dy nam ics (MD)

sim u la tions of spec tral in ten si ties. Spec tral av er ag ing for
many MD struc tures pro vided better spec tral pro files than
a fixed ge om e try.

The re sults sug gest that nei ther the side chains move
freely, but os cil late around pre ferred con for ma tions. Ac -
cord ing to the sim u la tions the ROA spec trum senses lo cal
side chain con for ma tion; in the case of the cyclo -
hexapeptide it senses mostly about the hy dro pho bic
phenylalanine and proline res i dues, and their in ter ac tion. 

1.  J. Kapitán, V. Baumruk, V. Kopecký Jr., P. Bouø, J. Phys.
Chem. A 110 (2006) 4689-4696.

2.  P. Bouø, J. Kim, J. Kapitán, R.P. Ham mer, R. Huang, L. Wu
and T. A. Keiderling, Chirality 20 (2008) 1104-1119. 

3.  J. Hilario, J. Kubelka, F. A. Syud, S. H. Gellman, T. A.
Keiderling, Biospectroscopy 67 (2002) 233236. 

Grant Agency of the Czech Re pub lic (203/06/0420) and
Grant Agency of the Acad emy of Sci ences (A400550702)
are grate fully ac knowl edged.
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A FOURIER TRANSFORM METHOD FOR GENERATION OF ANHARMONIC
VIBRATIONAL MOLECULAR SPECTRA

Ivan Ivani 1*, Vladimír Baumruk1 and Petr Bouø2

1Fac ulty of Math e mat ics and Phys ics, In sti tute of Phys ics, Ke Karlovu 5, 12116, Prague, Czech Re pub lic 

2In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences, 166 10 Prague, Czech Re pub lic
ivan.ivani@centrum.cz

Ac cu rate com pu ta tions of vi bra tional en er gies and vi bra -
tional spec tra of mol e cules re quire in clu sion of the an har -
mon ic forces [1]. In stan dard com pu ta tional pro to cols, a
large vi bra tional Hamiltonian ma trix is diagonalized, and
spec tral in ten si ties are cal cu lated for in di vid ual tran si tions
sep a rately. 

We pro pose an al ter nate di rect gen er a tion of the spec -
tral curves based on a tem po ral prop a ga tion of a trial vi bra -
tional wavefunction fol lowed by a Fou rier trans for ma tion
[2]. For ex am ple, the ab sorp tion in ten sity is cal cu lated as 

I
dN

R R( ) | ( )|w
p w

p
m w=

2

4 2

2 ,  (1)

where 

m w m wR R t i t dt( ) ( )exp( )= -ò   (2)

is Fou rier trans form of a time-de pend ent elec tric di pole
mo ment. The lack of the lengthy and com puter-mem ory
de mand ing diagonalization makes the method suit able for
larger mol e cules. It is es pe cially con ve nient for sparse
Hamiltonians that are com monly ob tained within the har -
monic os cil la tor ba sis set, and the al go rithm is amend able
to parallelization. On a model wa ter dimer ba sic con ver -
gence prop er ties are dis cussed. The method is then ap plied
to vi bra tional Raman in ten si ties of the fenchone com -
pound, were it pro vides spec tral shapes com pa ra ble with
those ob tained by the clas si cal ap proaches.

1.  Danìèek, P.; Bouø, P. J. Comp. Chem.2007, 28,

1617-1624.

2. Kubelka, J.; Bouø, P. J. Chem. The ory Comput. 2009, 5,
200-207.
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ANALYSIS OF BACKBONE MOTIONS OF DELTA SUBUNIT OF RNA POLYMERASE
FROM Bacillus subtilis

P. Kadeøávek1, C. Diehl2, V. Motáèková1, H. Šanderová3, L. Žídek1, L. Krásný3, V. Sklenáø1, 
M. Akke2

1Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Kotláøská 2,
61137 Brno, Czech Re pub lic

2Cen ter  for Mo lec u lar Pro tein Sci ence, Bio phys i cal Chem is try, Lund Uni ver sity, 22100 Lund, Swe den
3In sti tute of Mi cro bi ol ogy and In sti tute of Mo lec u lar Ge net ics, Acad emy of Sci ences of the Czech Re pub lic,

v.v.i., Vídeòská 1083, 14220 Praha 4-Krè, Czech Re pub lic
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RNA poly mer ase plays a fun da men tal role in the pro cess of 
pro tein syn the sis be cause it is re spon si ble for the DNA
tran scrip tion. The RNA poly mer ase of Gram pos i tive bac -
te ria con sists of seven sub units. The mo tions of delta sub -
unit from Ba cil lus subtilis was in ves ti gated within this
pro ject. The pre vi ous ex per i ments re vealed the delta sub -
unit in creases the transcriptional spec i fic ity [1-6]  and ef fi -
ciency of RNA syn the sis [4-6]. Delta sub unit is a two
do main pro tein. The N-ter mi nal do main has a well de fined
struc ture while the C-ter mi nal do main is dis or dered. The
back bone dy nam ics of the N-ter mi nal do main of delta sub -
unit was stud ied to re vealed the func tion ally im por tant
parts of the mol e cule.

The dy nam ics of the sys tem was in ves ti gated by NMR
tech niques. The ex per i ments were based on the mea sure -
ment of re lax ation rates of back bone 15N-1H spin pair. Both 

the mo tions at fast (ps-ns) and slow (ms-ms) timescales

were stud ied. In or der to ex plore subnanoseconds mo tions,
the stan dard set of NMR ex per i ments in clud ing R1, R2 and
NOE were per formed at two mag netic fields (500 MHz,
600 MHz) and the ob tained data were in ter preted within
the Model-Free ap proach [7][8]. The CPMG [9][10] and

T1r [9] ex per i ments were uti lized to in spect the slow mo -
tions. The ex per i ments and dy namic anal y ses were car ried
out at two tem per a tures 300 K and 280 K to ob tain the tem -
per a ture de pend ence of the dy nam i cal pa ram e ters.

It was re vealed that the parts of the mol e cule which ex -

hibit ex ten sive mo tions at the ms-ms timescale cor re lates
with the con served res i dues in the se quence, ex pected to
form an in ter ac tion sur face with other sub units. On the
other hand the res i dues which are the most flex i ble on the
ps-ns timescale are lo cated in an other part of the pro tein.
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OR GANIC SOL VENT EF FECTS ON PRO TEIN TER TIARY STRUC TURE AND EN ZYME
STA BIL ITY: A COM PU TA TIONAL STUDY

Morteza Khabiri1, Babak Minofar1, Veronika Štìpánková2, Radka Chaloupková2, 
Jan Brezovský2, Jiøí Damborský2, and Rüdiger Ettrich1
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En zymes never ex ist in vac uum, but ei ther in crys tal line,
glass-tran si tion, or solvated state, with the solvated state
be ing the “func tional” one and the pri mary sol vent be ing a
wa ter/salt mix ture. How ever, al ready in the 1970s the sta -
bi liz ing ef fect of var i ous or ganic sol vents on a pro tein was
de scribed ex per i men tally (1). Nev er the less, to date com pu -
ta tional sim u la tions fo cused mainly on mod el ing en zyme
re ac tiv ity in wa ter. Lit tle com pu ta tional work has been
done with the aim to study the mo lec u lar rea sons for the
sta bi liz ing or destabilizing ef fect of or ganic sol vents and
gain a fun da men tal un der stand ing of its in flu ence on pro -
tein struc ture-func tion re la tion ships. In this study we have
cho sen two en zymes, DhaA from Rhodococcus
rhodochrous NCIMB13064 and DbjA from Brady rhizo -
bium japonicum USDA110, be long ing to the haloalkane
dehalogenase fam ily that are able to cleave carbonhalogen
bonds (2). As the en zymes come from bac te ria that use
halogenated or ganic com pounds as their growth sub strate,
their in ter ac tion with or ganic sol vents is not an artifical in
vi tro sit u a tion, but phys i o log i cally rel e vant. These two en -
zymes are struc tural and func tional homologs with a pri -
mary se quence iden tity of 50%, and a homology of 63%.
De spite this fact, they ex hibit a very dif fer ent be hav ior in
var i ous or ganic sol vents. While an isopropanol/wa ter mix -
ture damp ens vi bra tional and ro ta tional modes in the DbjA

struc ture, the struc ture of DhaA gets destabilized. For
formamide/wa ter mix tures the re sult is op po site. There fore 
a de tailed anal y sis of the mo lec u lar in ter ac tions on the pro -
tein sur face and in the sol vent shell around the pro tein leads 
to a fun da men tal un der stand ing and a gen er al iza tion of the
or ganic sol vent ef fects on pro tein struc ture-dy nam -
ics-func tion.

The ac cess to METACentrum supercomputing fa cil i ties
pro vided un der the re search in tent MSM6383917201 is ac -
knowl edged. We grate fully ac knowl edge sup port from the
Min is try of Ed u ca tion, Youth and Sports of the Czech Re -
pub lic (LC06010), Acad emy of Sci ences of the Czech Re -
pub lic (AVOZ60870520), Grant Agency of the Czech
Re pub lic (203/08/0114 to R.E and J.D.).
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Chem.1978 253: 6423-6425.

2. Damborský, J., Chaloupková, R., Pavlová, M.,
Chovancová, E., Brezovský, J., 2009: Structurefunction re -
la tion ships and en gi neer ing of haloalkane dehalogenases.
In. Timmis, K.N. (Ed.), Mi cro bi ol ogy of Hy dro car bons,
Oils, Lipids, and De rived Com pounds, Springer, Hei del -

berg.
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Bifunctional nuclease TBN1 (ac ces sion no. AM23701)
from Solanum lycopersicum - red to mato is a Zn2+- de pend -
ent plant glycoprotein com posed of 277 amino ac ids with a
mo lec u lar mass of 31.6 kDa (about 37 kDa when
glycosylated). TBN1 be longs to plant nuclease I group and
plays a con sid er able role in spe cific apoptotic func tions
and in plant tis sue dif fer en ti a tion, vas cu lar sys tem de vel -
op ment and stress re sponse [1].  There fore de tailed struc -
tural study of this en zyme can pro vide knowl edge
ap pli ca ble in re search lead ing to new ways of can cer, bac -
te rial and vi ral dis ease treat ment. Nuclease P1 from
Penicillium citrinum with 24% se quence iden tity is prob a -
bly the clos est struc tural homologue of TBN1, the struc ture 
of which is known (PDB ID 1ak0) [2]. 

Heterologous ex pres sion in to bacco leaves yields
amounts and qual ity of the en zyme suit able for struc tural
stud ies. Crys tal li za tion leads to crys tals with suf fi cient
qual ity for X-ray dif frac tion anal y sis. First dif frac tion ex -
per i ments were per formed us ing in house Gem ini En -
hanced Ul tra diffractometer with the At las CCD de tec tor
and two dif fer ent crys tal morphologies were iden ti fied
(orthorhombic and rhombohedral). Datasets for struc tural
anal y sis were col lected at the syn chro tron source BESSY,
beam line BL14.1, de tec tor MARmosaic CCD 225 and
Rigaku ro tat ing an ode FR-E+ SuperBright with dual wave -
length an ode at cop per wave length, CCD de tec tor Sat urn
A200. Pres ence of zinc in the pro tein was con firmed by an

ab sorp tion edge scan at the syn chro tron. A par tial MAD
dataset was col lected at BESSY (Helmholtz-Zentrum
Berlin) and at tempts to solve the phase prob lem were per -
formed us ing the SHELXC, D and E pro gram suite [3].       

1. Matousek J., Kozlova P., Orctova L., Schmitz A., Pesina
K., Bannach O., Diermann N., Steger G.,  Wiesner D.
(2007). Ac cu mu la tion of viroid-spe cific small RNAs and
in crease in nucleolytic ac tiv i ties linked to viroid-caused
pathogenesis. Biol. CHem., 388, 1–13.

2. Romier C., Dominguez, R., Lahm, A., Dahl, O., Suck, D.
(1998). Rec og ni tion of sin gle-stranded DNA by nuclease
P1: high res o lu tion crys tal struc tures of com plexes with
sub strate analogs. Pro teins 32, 414–424. 

3. Sheldrick, G.M. (2008). “A short his tory of SHELX”, Acta
Crystallogr. D64, 112-122.
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Pro teins play a crit i cal role in most cel lu lar pro cesses, from
sig nal transduction to en zyme ca tal y sis. Fold ing to the cor -
rect three-di men sional na tive state is cru cial to their func -
tion. Un der patho log i cal con di tions, pro teins can misfold,
typ i cally to struc tures in which the hy dro pho bic res i dues,

which form the hy dro pho bic core of the folded pro tein, are
ex posed to the sol vent. These misfolded pro teins can
self-as sem ble into a va ri ety of ag gre gate struc tures, in clud -
ing large, in sol u ble fibrillar en ti ties known as amyloids. A
num ber of dis eases, in clud ing Alz hei mer´s dis ease (AD)
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and type II di a be tes, are as so ci ated with the pres ence of
am y loid [1]. Extracellular proteic plaques found in the
brains of pa tients af fected by Alz hei mer´s dis ease con tain

fi brils com posed of b-am y loid (Ab) pep tides. These range
in length from 39 to 43 amino ac ids, the most abun dant

form be ing Ab-(1-42). The Ab-(1-42) pep tide nu cle ates

and ag gre gates more rap idly than shorter Ab pep tides
[2,3]. It in di cates that the C-ter mi nus se quence is crit i cal
for the nu cle ation of am y loid for ma tion and sug gest ing that 

pro duc tion of Ab-(1-42) may be patho genic.
Re cently we have per formed se ries of MD sim u la tions

on rat and hu man am y loid beta. The AMBER mo lec u lar
mod el ing pack age was used for MD sim u la tions and anal y -
ses of re sults. The NMR solved struc ture of hu man

Ab-(1-42) pep tide from the PDB da ta base (pdb code 1z0q)
was used as start ing point of the sim u la tions. The rat

Ab-(1-42) pep tide have been pre pared us ing the Tri ton and 

Mod el ler soft ware from hu man Ab-(1-42) pep tide by in
silico mu ta tion method. Each mol e cule was im mersed into
oc ta he dral sim u lat ing box with TIP3P wa ter mol e cules
(min i mal thick ness of wa ter layer was 12 A) and coun ter
ions were added to neu tral ize elec tro static charge of the
mol e cule. We pre pared three dif fer ent sim u la tion con di -
tions with concetration of NaCl 0.00, 0.15 and 0.30 mol/l.

The AMBER force field ff03 was used for all sim u la tions.
The snap shots from the tra jec to ries were used for dock ing
stud ies of in ter ac tions with 24S-hydroxycholesterol –
cerebrosterol. The dock ing stud ies have been per formed by 
the DOCK 6.3 soft ware[4]. 

The re sults show the dif fer ences in conformational be -
hav ior of pep tides in sol vent with dif fer ent ionic strength
and dif fer ent abil ity to in ter act with cho les terol de riv a tives.

This work has been sup ported by the Czech Sci ence Foun -
da tion (305/09/0457) and by the Min is try of Ed u ca tion of
the Czech Re pub lic (MSM0021622413, LC06030). The ac -
cess to the METACentrum supercomputing fa cil i ties pro -
vided un der the re search in tent MSM6383917201 is highly
ap pre ci ated. 

1. M. G. Krone, L. Hua, P. Soto, R. Zhou, B. J. Berne, J.-E.
Shea, J. Am. Chem. Soc., 130, (2008), 11066.

2. L. L. Iversen, R. J. Mortishire-Smith, S. J. Pol lack, M. S.
Sherman, Biochem. J., 311, (1995), 1.

3. S. Tomaselli, V. Esposito, P. Vangone, N. A. van Nuland,
A. M. J. Bonvin, R.  Guerrini, T. Tancredi, P.A. Temussi,
D.  Picone,  ChemBioChem, 7, (2006),  257.

4. P. T. Lang, S. R. Brozell, S. Mukherjee, E. T. Pettersen, E.
C. Meng, V. Thomas, R. C. Rizzo, D. A.  Case, T. L.
James, I. D. Kuntz, RNA, 15, (2009) 1219.

P19

RAMAN OPTICAL ACTIVITY AND CONFORMATION OF STRUCTURALLY
IMPORTANT GROUPS IN PEPTIDES AND PROTEINS 

M. Kubáòová1, L. Bednárová2, P. Maloò2, V. Baumruk1

1In sti tute of Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in Prague, Ke Karlovu 5,
Prague 2, CZ-121 16, Czech Re pub lic

2In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences, Flemingovo nám 2, 166 10, Prague, 
Czech Re pub lic

kubanova@karlov.mff.cuni.cz

Raman op ti cal ac tiv ity (ROA) rep re sents a mod ern spec -
tro scopic tech nique that can be ap plied to a wide range of
chiral mol e cules start ing from small or ganic mol e cules up
to com plex biomolecular sys tems [1]. Among other things
ROA pro vides in for ma tion about so lu tion struc ture of pep -
tides and pro teins [2]. The aim of this work was to de ter -
mine the re la tion ship be tween three-di men sional struc ture
and Raman op ti cal ac tiv ity of disulphide and am ide groups
in pep tides. Char ac ter is tic band pat terns of the polyproline
II con for ma tion (left-handed 31-he lix) were found in the
ROA spec tra of poly(Pro-Gly-Pro), oxytocin and hinge
pep tide linked to the an ti gen se quence. ROA sig nal in the
S-S and C-S stretch ing re gion was ob served in ROA spec -
tra of model cyclodextrin com pounds con nected with
disulphide bonds [3]. Pos i tive ROA band in the S-S
stretch ing re gion was found in the ROA spec trum of
oxytocin (the pep tide with one S-S bridge). Ac cord ing to
the the o ret i cal stud ies of model di sul phides, pos i tive ROA

sig nal in this re gion in di cates pos i tive di hed ral an gle
Cb-S-S-Cb. This re sult is in agree ment with the crys tal
struc ture. We have also worked on ex ten sion of ROA mea -
sure ments to the hy dro gen stretch ing re gion (2500–3200
cm–1).

1. L. D. Barron, L. Hecht, I. H. McColl, E. W. Blanch, Mol.
Phys. 102 (2004), 731-744.

2. L. D. Barron, E. W. Blanch, L. Hecht, Adv. Pro tein Chem.
62 (2002), 51-90.

3. P. Maloò, L. Bednárová, M. Straka, L. Krejèí, L.
Kumprecht, T. Kraus, M. Kubáòová, V. Baumruk,
Chirality (2010) ac cepted 2010.

The Grant Agency of the Czech Re pub lic is ac knowl edged
for the sup port (pro jects 203/07/1335 and P205/10/1276).
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2-DEOXY-2-FLUOROHEXOSES AS INHIBITORS OF GLYCOSYL HYDROLASES

M. Krupièka, I. Tvaroška

Slo vak Acad emy of Sci ences, In sti tute of Chem is try, Dubravska cesta 9, Bratislava, Slo vak Re pub lic
chemmakr@savba.sk

The 2-deoxy-2-fluorohexoses are known to act as in hib i -
tors for glycosyl hy dro las es and are widely used to ob tain
the crys tal struc ture of en zyme with sub strate. The ques tion 
has been raised, whether the sta bi li za tion of re ac tion in ter -
me di ate is re sult of en zyme-sub strate in ter ac tion, or the
sub strate it self is sta bi lized and does not un dergo fur ther
re ac tion steps.

The re ac tion was mod eled as acid cat a lyzed hy dro ly sis,
where the protonated in ter me di ate and oxocarbenium ion
were con sid ered. The rel a tive sta bil ity of these in ter me di -
ates and the dif fer ences in charge dis tri bu tion are dis -
cussed.  The prop er ties of in ter me di ates are cal cu lated at

B3LYP/6-311++G(d,p),  the en zy matic en vi ron ment is
omit ted. 

It was found that both re ac tion in ter me di ates are less
sta ble for the 2-deoxy-2-fluoro sub strates. The en ergy dif -
fer ence is in or der 6-8 kcal/mol, and this sug gests two
modes of ac tion for the in hib i tor, (i) higher bar rier to wards
the protonation and (ii) elec tron-with draw ing prop er ties of
the flu o rine atom destabilizing the oxocarbenium in ter me -
di ate.

 This work has been sup ported by MRTN-CT-2006-035866 
(REVCAT) and VEGA 2/0176/09.
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THE a-GALACTOSIDASE TYPE A GENE FROM Aspergillus niger ENCODES A

FULLY FUNCTIONAL a-N-ACETYLGALACTOSAMINIDASE

Natallia Kulika,b, Lenka Weignerovác, Tomáš Filipic, Petr Pompachd, Petr Novákd, Hynek
Mrázeke, Karel Bezouškad,e, Vladimír Køenc, and Rüdiger Ettricha,b

aCen ter for Biotransformation and Biocatalysis, In sti tute of Sys tems Bi ol ogy and Ecol ogy, Acad emy of Sci -
ences of the Czech Re pub lic, Zámek 136, 373 33 Nové Hrady

bIn sti tute of Phys i cal Bi ol ogy, Uni ver sity of South Bo he mia, Zámek 136, 373 33 Nové Hrady
cCen ter for Biotransformation and Biocatalysis, In sti tute of Mi cro bi ol ogy, Acad emy of Sci ences of the Czech

Re pub lic, Vídeòská 1083, 142 20 Praha 4
dIn sti tute of Mi cro bi ol ogy, Lab o ra tory of Mo lec u lar struc ture char ac ter iza tion, Acad emy of Sci ences of the

Czech Re pub lic, Vídeòská 1083, 142 20 Praha 4
eDe part ment of Bio chem is try, Fac ulty of Sci ence, Charles Uni ver sity, Albertov 2030, CZ-12840 Prague 2

Two genes in the ge nome of from Aspergillus niger, aglA
and aglB, are up to now as signed to en code for two

a-galactosidases, an A and B vari ant. How ever, a care ful
struc tural anal y sis based on struc tural mod els of these two
en zymes re vealed sig nif i cant dif fer ences of the ac tive cen -
ters, which con trib utes to the un der stand ing of the spec i fic -
ity of the hy dro lyzed car bo hy drates. 

To con front this un ex pected re sult with ex per i men tal
data, pu ri fied pro tein from Aspergillus niger CCIM K2,

that ex hib ited both a-galactosidase and a-N-
acetylgalactosaminidase ac tiv ity, was se quenced and could 
be as signed to the en zyme en coded by the gene aglA. In ac -
cor dance with en zyme ac tiv ity mea sure ments, sub strate
dock ing clearly dem on strates the pref er ence of the iden ti -

fied en zyme for a-D-N-acetylgalactosamine over

galactose and en zyme ac tiv ity mea sure ments in the pres -
ence of thiazoline((3aR,5R,6R,7R,7aR)-(6,7-dihydroxy-5- 
(hydroxymethyl- 2-methyl-5,6,7,7a-tetrahydro-3aH-pyra -

no[3,2-d]thiazole) sug gests for this a-N-acetylgalactosa -
mi nidase an anal o gous mech a nism as ho mol o gous

a-galactosidase. 

Thus, we pro vide ev i dence that the a-galactosidase
type A gene aglA from Aspergillus niger en codes in fact a

fully func tional a-N-acetylgalactosaminidase.

This work sup ported by the Acad emy of Sci ences
(AVOZ50200510, AVOZ60870520), the Min is try of Ed u -
ca tion of the Czech Re pub lic (LC 06010, LC 7017,
MSM6007665808, MSM_21620808) and by the Grant
Agency of the Czech Re pub lic (204/06/0771).
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CRYSTALLIZATION AND CRYSTALLOGRAPHY ANALYSIS OF HALOALKANE
DEHALOGENASE MUTANT DHAA12 FROM Rhodococcus rhodochrous

Maryna Lahodaa, Tana Koudelakovab, Jiri Damborskyb and Ivana Kuta Smatanovaa,c

aIn sti tute of Phys i cal Bi ol ogy Uni ver sity of South Bo he mia Ceske Budejovice, Zamek 136, 
373 33 Nove Hrady, Czech Re pub lic

bLoschmidt Lab o ra to ries, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5/A4, 62500 Brno, 
Czech Re pub lic

cIn sti tute of Sys tems Bi ol ogy and Ecol ogy Acad emy of Sci ence of the Czech Re pub lic, Zamek 136, 373 33
Nove Hrady, Czech Re pub lic

Haloalkane dehalogenases com prise a group of en zymes
that hy dro lyse car bon-halo gen bounds in a wide range of
haloalkanes [1]. DhaA12 mu tant con tains sev eral of amino
acid res i dues typ i cal for haloalkane dehalogenase DbjA
that were in tro duce into DhaA. DbjA shows sig nif i cant
enantioselectivity with se lected sub strates in con trast to
DhaA that is showing no enantioselectivity [2]. Enantio -
selectivity plays an im por tant role in clean ing sub stra tum
in the pro duc tion of pharmaceuticals and agro chemi cals.
The aim of cre at ing the DhaA12 en zyme mu tant was to en -
hance the enantioselectivity of DhaA to the ex tent of the
DbjA enantioselectivity. The goal of this pro ject is to solve
the pro tein struc ture to un der stand changes in their
enantioselectivity and pos si bly to de sign new mu tants.  

DhaA12 pro tein was crys tal lized us ing sit ting-drop va -
por-dif fu sion tech nique [3]. Crys tals of DhaA12 grew at
room tem per a ture in the crys tal li za tion so lu tion con tain ing
20% PEG 4000, 100mM MES So dium salt, pH 6.1. Crys -
tal li za tion ex per i ments have been per formed in Combi
Clo ver Crys tal li za tion Plates (EBS plate, Em er ald
BioStructures, WA, USA). Dif frac tion data for DhaA12
was col lected at the beamline 14.1 of BESSY (Berlin) to
the resolution of 1.68 C. Crys tals of mu tant be long to the
orthorhombic space group P212121. The known struc ture of 
the haloalkane dehalogenase from Rhodo coccus sp. [4]

was used as a tem plate for mo lec u lar re place ment.The pro -
cess of the DhaA12 struc ture re fine ment is in prog ress.

1. Martina Pav lo va, Mar tin Klvana, Zbynek Prokop, Radka
Chaloupkova, Pavel Banas, Michal Otyepka, Rebecca C
Wade, Masataka Tsuda, Yuji Nagata, Jiri Damborsky Re -
de sign ing dehalogenase ac cess tun nels as a strat egy for de -
grad ing an anthropogenic sub strate Na ture Chem i cal

Bi ol ogy 5, 727 - 733 (2009).

2. Sato, Y., Monincova, M., Chaloupkova, R., Prokop, Z.,
Ohtsubo, Y., Minamisawa, K., Tsuda, M., Damborsky, J.,
Nagata, Y., 2005: Ap plied and En vi ron men tal Mi cro bi ol -
ogy 71: 4372-4379.

3. Hiroaki Adachi, Kazufumi Takano, Masaaki Morikawa,
Shigenori Kanaya, MasashiYoshimura, Yusuke Mori,
Takatomo Sasaki Ap pli ca tion of a two-liq uid sys tem to sit -
ting-drop va por-dif fu sion pro tein crys tal li za tion Bi o log i cal
Crys tal log ra phy ISSN 0907-4449.

4. Newman, J., Peat, T. S., Rich ard, R., Kan, L., Swanson, P.
E., Affholter, J. A.,Holmes, I. H., Schindler, J. F., Unkefer, 
C. J. & Terwilliger, T. C. (1999).Bio chem is try, 38,
16105–16114.

This work is sup ported by the Min is try of Ed u ca tion of the
Czech Re pub lic (MSM6007665808, LC06010) and the
Acad emy of Sci ences of the Czech Re pub lic (AV0Z
60870520).
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CHIROPTICAL PROPERTIES OF THE DISULFIDE GROUP

P. Maloò,1 L. Bednárová,1 M. Kubáòová1, M. Urbanová2 and V. Baumruk3

1In sti tute of Or ganic Chem is try and Bio chem is try, 166 10 Prague 6,
2In sti tute of Chem i cal Tech nol ogy, 166 28 Prague 6

3Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, 121 16 Prague 2 
malon@uochb.cas.cz

Disulfide group is an im por tant struc tural con stit u ent of
pep tides and pro teins. It is a part of def i ni tion of pro tein
pri mary struc ture, al though it can be cre ated /bro ken much
eas ier than the gen eral pep tide chain form ing link age – the
am ide. De spite its ev i dent im por tance for the pep tide /pro -
tein struc ture the re la tion of its stereochemistry and spec -
tro scopic prop er ties is still not known at full de tail.

We pres ent here a com par i son of our cal cu la tions on
sim ple model di sul fides [1] with ex per i men tal data ob -
tained by spec tro scopic in ves ti ga tion (es pe cially
chiroptical) of sev eral rigid and semi-rigid model com -
pounds. These in clude disulfide-bridged cyclodextrins [2]
and neurohypophyseal hor mone analogs [3]. We have at -
tempted elec tronic spec tros copy and vi bra tional spec tros -

copy in clud ing their chiroptical vari ants – cir cu lar
dichroism (ECD, VCD) and Raman op ti cal ac tiv ity (ROA).

1. L. Bednárová, P. Bouø and P. Maloò, Chirality, ac cepted
2009.

2. P. Maloò, L. Bednárová, M. Straka, L. Krejèí, L.
Kumprecht, T. Kraus, M. Kubáòová, V. Baumruk,
Chirality, ac cepted 2010.

3. P. Maloò, L. Bednárová, H. Dlouhá, M. Flegel, J.
Hlaváèek, V. Setnièka, M. Urbanová, S. Hynie, V.
Klenerová, M. Kubáòová, V. Baumruk,
Coll.Czech.Chem.Commun., sub mit ted 2010.

This work was sup ported by Grant Agency of the Czech Re -
pub lic (no. 203/07/1335 and P205/10/1276).
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CRYSTALLIZATION OF SPOIISA TOXIN AND SPOIISB ANTITOXIN FROM
DIFFERENT Bacilli SPECIES

Patrik Florek1, Jana Melnièáková1, Anthony J. Wilkinson2, S. Rešetárová1 and Imrich Barák1

1In sti tute of Mo lec u lar Bi ol ogy, Slo vak Acad emy of Sci ences, Bratislava
2De part ment of Chem is try, Uni ver sity of York, York, UK

SpoIISA-SpoIISB killer-antikiller sys tem was orig i nally
found in B. subtilis and its homo logues were iden ti fied also 
in B. ce reus and sev eral other rel a tive Ba cilli.  In ab sence of 
SpoIISB pro tein, ac tiv ity of SpoIISA toxin blocks B.
subtilis sporulation pro cess in early stages and its forced
ex pres sion dur ing veg e ta tive growth leads to cell lysis both 
in B. subtilis and E. coli [1].

SpoIISA pro tein (248 aa) was pro posed to com prise
two do mains – N-ter mi nal, which is formed by three mem -
brane span ning he li ces and glob u lar C-ter mi nal part, which 
contitutes neg a tively charged cytosolic do main
(C-SpoIISA). SpoIISB (56 aa), on the other hand, is ba sic,
hy dro philic pro tein, which was shown to bind SpoIISA
through its pre dicted cytosolic do main [2].

In our pre vi ous work we pre pared crys tals and solved
mo lec u lar struc ture of C-SpoIISA–SpoIISB com plex,
where we ob served bind ing of two SpoIISB mono mers to
op po site sites of C-SpoIISA dimer [un pub lished data].

Here, to fur ther un der stand mech a nism of reg u la tion of
SpoIISA tox ic ity, we pu ri fied and crys tal lized cytosolic

do main of SpoIISA pro tein with out its cog nate an ti toxin
part ner. For now, these crys tals were suc cess fully tested
for dif frac tion, but the fur ther op ti mi za tion of the crys tal li -
za tion con di tions and search for better cryoprotectants is
still re quired. We also de ter mined ex pres sion level of
SpoIISA pro tein dur ing life cy cle of B. subtilis. More over,
we fo cused on SpoIISA-SpoIISB killer-antikiller sys tem in 
B. ce reus and an a lyzed SpoIISA toxic ac tiv ity in E. coli.
We pu ri fied pro tein com plex of cytosolic do main SpoIISA
and SpoIISB for fur ther crys tal li za tion ex per i ments.

1. E. Adler, I. Barák, P. Stragier. J. Bacteriol., 183 (2001)
3574-3581.

2. P. Florek, K. Muchová, P. Pavelèíková, I. Barák. FEMS
Microbiol. Lett. 278 (2008)  177-184.

This work was sup ported by the grant APVT-51-027804,
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/27 from the Slo vak Acad emy of Sci ences and The
Wellcome Trust Grant 082829/Z/07/Z.
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IN SILICO MUTAGENESIS AND DOCKING STUDY OF RSL LECTIN
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Lectins are pro teins show ing highly spe cific and se lec tive
bind ing to wards mono or oli go sac cha rides. This large fam -
ily of the pro teins en com passes many bi o log i cal func tions
that in volve the de ci pher ing of the sugar code, like cell–cell 
sig nal iza tion or host rec og ni tion in patho gen in fec tion.
Since host car bo hy drates are re spon si ble for spe cific at -
tach ment sites for patho gen pro teins, it is of great in ter est to 
per form the com pu ta tional study of the bind ing and na ture
of in ter ac tions in lectin-sac cha rides com plexes.

The gram-neg a tive bac te rium Ralstonia solana -
cearum is a patho gen caus ing le thal wilt in many ag ri cul -
tural crops and it pro duces a po tent L-fucose bind ing lectin
(RSL). This lectin is a trimer of 90 amino ac ids long chain

mono mer units and at tains six-bladed b-pro pel ler struc ture
af ter oligomerization. RSL lectin shows very strong af fin -
ity to wards fucose and fucosylated oli go sac cha rides and in
con trary to RS-IIL lectin from R. solanacearum, do not
have ions in the bind ing sites but is still able to cre ate sta ble
enough com plexes with car bo hy drates[1]. 

This work will be fo cused on in silico mu ta gen e sis,
dock ing of fucose and fucosylated oli go sac cha rides in RSL 
lectin. Bind ing en ergy pat tern of var i ous sac cha rides was
in ves ti gated by a se ries of dock ing sim u la tions. Dock ing
ex per i ments were per formed us ing the soft ware AutoDock
3, AutoDock Vina, DOCK v.6.2 and ICM Dock [2-5]. Per -
for mance of var i ous dock ing pro grams will be dis cussed
with re spect to bind ing en ergy of those sac cha rides mea -
sured from SPR ex per i ment. In silico mu tants of RSL lectin 
was pre pared us ing in house de vel oped pro gram TRITON

and dock ing of methyl-a-L-fucoside was done to iden tify
the im por tant res i dues around the bind ing site and de fine

their con tri bu tions[6]. Merits and dis ad van tages of the
dock ing pro grams in mod el ing lectin-saccharide in ter ac -
tions will be dis cussed in de tail. En er get i cally fa vor able
mu ta tions ob tained from the study will be in ves ti gated fur -
ther by  com pu ta tional meth ods like ther mo dy namic in te -
gra tion or free en ergy per tur ba tion and even tu ally will be
de ter mined ex per i men tally.

1. Kostlánová N., Mitch ell E., Lortat-Ja cob H., Oscarson S.,
Lahmann M., Gilboa–Garber N.,   Chambat G.,
Wimmerová M., Imberty A. J Biol Chem. (2005)
280,27839-49.

2. Mor ris GM., Goodsell DS., Halliday RS., Huey R., Hart
WE., Belew RK., Olson AJ. J. Comput. Chem., (1998), 19,
1639-1662.

3. Troot O., Olson A.J. J Comput. Chem. (2009),
31(2):455-461.

4. Lang P., Moustakas D., Brozell S., Carrascal N.,
Mukherjee S., Pegg S., Raha K., Shivakumar D., Rizzo R.,
Case D., Shoichet B., Kuntz I.  DOCK, Ver sion 6.2.
(2008). Uni ver sity of Cal i for nia, San Fran cisco.

5. Totrov M., Abagyan R. Pro teins (1997) 29(0):215-220.

6. Prokop M., Adam J., Køíž Z., Wimmerová M., Koèa J.
Bioinformatics (2008) 24, 1955-6.
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The monophosphate 5’-nucleotidases, in clud ing 5’(3’)-
deoxyribonucleotidase, be long to a fam ily of en zymes that
cat a lyze the dephosphorylation of nucleoside mono -
phosphates. The ribonucleotides and deoxy ribonucleotides 
could be syn the sized de novo from low-mo lec u lar-weight
pre cur sors or by sal vage from nu cleo sides or nucleobases
com ing from ca tab o lism of nu cleic ac ids[1]. In this sal vage 
path way, ribonucleotides and deoxyribonucleotides are

phosphorylated by nucleoside and nu cle o tide kin ases to
main tain suf fi cient pools of dNTP’s and NTP’s for syn the -
sis of DNA and RNA. The phosphorylation by cel lu lar
nucleoside kin ases is op posed by 5’-nucleotidases that
dephosphorylate ribo- and deoxyribonucleoside
monophosphates[2,3,4]. Be sides their role in the reg u la tion 
of phys i o log i cal dNTP pools, sub strate cy cles be tween
ribonucleotidases and kin ases may af fect the ther a peu tic
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ac tion of py rim i dine nucleoside analogs used as anticancer
and an ti vi ral agents. Such com pounds re quire the
nucleoside kin ases ac tiv ity for phosphorylation to their ac -
tive forms. Re sults of clin i cal and in vi tro stud ies pro pose
that an in crease in nucleotidase ac tiv ity can in ter fere with
nucleoside an a logue ac ti va tion re sult ing in drug re sis -
tance[5].

The main goal of this pro ject is the search for po tent and 
se lec tive in hib i tors of mam ma lian 5’-nucleotidases based
on nucleoside phosphonic ac ids and their de riv a tives and
com par i son of sen si tiv ity of 5’-nucleotidases iso lated from
var i ous sources to ward in di vid ual in hib i tors. 

 We have pre pared 2 types of hu man 5’-nucleotidase:
cytosolic and mi to chon drial by re com bi nant ex pres sion in
E. coli. The in hib i tory prop er ties of a se ries of nucleoside
phosphonic ac ids de riv a tives are tested and for the most
prom is ing com pounds the en zyme-in hib i tor struc ture will
be de ter mined to serve as a lead for struc ture-based drug
de sign ef forts. 

In gen eral, com pounds of strong and se lec tive in hib i -
tory po tency are of high me dic i nal in ter est as antimeta -
bolites for anticancer and an ti vi ral ther apy.

1. P. Reichard: In ter ac tions be tween deoxyribonucleotide and 
DNA syn the sis. Annu Rev Biochem., 57 (1988), 349-74.

2. S.A. Hunsucker, B.S. Mitch ell, J. Spychala: The
5’-nucleotidases as reg u la tors of nu cle o tide and drug me -
tab o lism. Pharmacol Ther., 107 (2005), 1-30.

3. V. Bianchi, E. Pontis, P. Reichard: In ter re la tions be tween
sub strate cy cles and de novo syn the sis of py rim i dine
deoxyribonucleoside triphosphates in 3T6 cells. Proc Natl
Acad Sci U S A, 83 (1986), 986-90.

4. P. Bianchi, E. Fermo, F. Alfinito, C. Vercellati, M.
Baserga, F. Ferraro, I. Guzzo, B. Rotoli, A. Zanella: Mo -
lec u lar char ac ter iza tion of six un re lated Ital ian pa tients af -
fected by py rim i dine 5’-nucleotidase de fi ciency. Br J
Haematol, 122 (2003), 847-51.

5. C. Mazzon, C. Rampazzo, M.C. Scaini, L. Gallinaro, A.
Karlsson, C. Meier, J. Balzarini, P. Reichard,  V. Bianchi:
Cytosolic and mi to chon drial deoxyribonucleotidases: ac tiv -
ity with sub strate analogs, in hib i tors and im pli ca tions for
ther apy. Biochem Pharmacol, 66 (2003), 471-9.
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The mem bers of an en zyme fam ily known as ADARs
(adenosine deaminases that act on RNA) play an im por tant
role in the RNA ed it ing pro cess in higher eukaryotes.
ADARs can con vert adenosines to inosines within dou -
ble-stranded struc tures of their RNA sub strates in a
site-spe cific fash ion. The mech a nism for such site-spe cific
ed it ing re mains un clear, al beit sev eral stud ies have sug -
gested that the spec i fic ity could be im posed by the pres -

ence of non-ca non i cal el e ments in the dsRNA struc ture
(e.g. mis matches, bulges, and loops). We study the sec ond
dou ble-stranded RNA bind ing mo tif of ADAR2 bound to
dsRNA with non-ca non i cal el e ments us ing mo lec u lar dy -
nam ics (MD) sim u la tions. Our goal in this work is to ex -
plain the role of non-ca non i cal el e ments in dsRNA and
their flex i bil ity for the ADAR2-dsRNA com plex.
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TWO-DI MEN SIONAL RAMAN AND RAMAN OP TI CAL AC TIV ITY COR RE LA TION AND
FAC TOR ANAL Y SIS OF LYSOZYME FI BRIL LA TION
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Un der stand ing of pro cesses of am y loid fi brils for ma tion is
one of the key tasks in search ing for pro teins struc tural or i -
gin of hu man neurodegenerative dis eases. There fore, hen
egg white lysozyme (HEWL) can serve as a good model of
am y loid fi bril for ma tion. Fur ther more, this pro tein is ho -
mol o gous to hu man lysozyme, which is one of the pro teins
that cause am y loid dis eases [1]. De spite the in tense sci en -
tific re search, study ing mech a nisms in ho mol o gous pro -
teins to lysozyme, the de tailed mech a nism of fi bril
for ma tion is still far from com plete un der stand ing. Nev er -
the less, Raman op ti cal ac tiv ity (ROA) and Raman spec -
tros copy are very pow er ful tech niques for stud ies of
un folded pro teins. Prom is ing ex per i ments on lysozyme has 
al ready been done [2].

Here we pres ent Raman and ROA study us ing 2D cor -
re la tion spec tros copy (2DCoS) [3]. Firstly, we model
changes of ROA band shapes and po si tions and in ves ti gate
char ac ter is tic pat terns in 2DCoS be cause the or i gin of 2D
pat terns for spec tra with pos i tive and neg a tive bands has
not been in ves ti gated yet. Sub se quently, tem po ral and ther -

mal (from 20 °C to 60 °C) spec tral changes in ROA and
Raman spec tra of HEWL were an a lyzed by means of fac tor 
anal y sis and 2DCoS. It gave us an op por tu nity to study del -
i cate de tails of HEWL fi bril la tion and de na tur ation, i.e. se -
quence of the sec ond ary struc ture changes upon fi brils
for ma tion. More over, ap pli ca tion of heterospectral 2DCoS 
en abled to trans fer band as sign ment from Raman spec tros -
copy to ROA and spec tral changes in con for ma tion of S-S
bridges were iden ti fied in pro tein ROA spec tra for the first
time.

 1.     D. R. Booth, M. Sunde, V. Bellotti et al., Na ture, 385,
(1997), 787.

2.     E. W. Blanch, L. A. Morozova-Roche, D. A. E. Cochran et 
al., J. Mol. Biol., 301, (2000), 553.

3.     I. Noda & Y. Ozaki, Two di men sional cor re la tion spec -
tros copy: ap pli ca tions in vi bra tional and op ti cal spec tros -
copy, (Chichester: Wiley), 2004.
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Lens ep i the lium-de rived growth fac tor p75 (LEDGF/p75)
is a prom i nent in ter ac tion part ner of hu man im mu no de fi -
ciency vi rus type 1 (HIV) integrase and co-fac tor of HIV
in te gra tion. LEDGF/p75 teth ers the preintegration com -
plex to the host chro mo some and this pro cess is cru cial for
HIV rep li ca tion. HIV integrase in ter acts with the C-ter mi -
nal part of LEDGF/p75, re gion des ig nated integrase-bind -
ing do main (IBD, amino ac ids res i dues 347 - 429).
Struc tural in for ma tion on in ter ac tion be tween HIV
integrase and LEDGF/p75 be come an at trac tive tar get for
de sign of small mol e cule in hib i tors block ing this in ter ac -
tion [1].

While the role of LEDGF/p75 in HIV in te gra tion is
well char ac ter ized, very lit tle is known about its phys i o log -
i cal func tion. As a transcriptional co-ac ti va tor, LEDGF/

p75 is im pli cated not only in HIV rep li ca tion, but also in
hu man can cer and autoimmunity. The LEDGF/p75 was
shown to in ter act through its IBD with sev eral cel lu lar pro -
teins and re cent ev i dence im plies that LEDGF/p75 is a gen -
eral adap tor pro tein teth er ing var i ous fac tors to chromatin
[2]. 

In this work, we set to pre pare two LEDGF/p75 phys i o -
log i cal bind ing part ners JPO2 [2] and pogo transposable el -
e ment (pogZ) [3]. The IBD, in ter ac tion do main of
LEDGF/p75 was cloned and ex pressed in E. coli. The pro -
tein was iso lated from in clu sion bod ies and pu ri fied with
yields suf fi cient for bind ing stud ies. The JPO2 was cloned
as a full-length pro tein, ex pressed in E. coli and op ti mi za -
tion of pu ri fi ca tion pro ce dure is in prog ress now. From
pogZ, the DDE do main re spon si ble for in ter ac tion with
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LEDGF/p75 was cloned, ex pressed in E. coli and pu ri fied
from the cytosol. The DDE do main of pogZ (res i dues
1117-1323) is a pu ta tive cat a lytic do main com pris ing Asp
and Glu res i dues in the cat a lytic site. Pre-crys tal li za tion
anal y ses and crys tal li za tion tri als were ini ti ated.

The aim of our study is to ob tain struc tural in for ma tion
on the LEDGF/p75 in ter ac tion with its phys i o log i cal bind -
ing part ners JPO2 and pogZ, re spec tively. Such struc tural
in for ma tion is es sen tial for un der stand ing the LEDGF/p75
bi o log i cal role and might help in de sign of in hib i tors se lec -
tively block ing in ter ac tion with HIV integrase while not in -
ter fer ing with the LEDGF/p75 bi o log i cal func tion. 

1. P. Cherepanov, A. L. Ambrosio, S. Rahman, T.
Ellenberger, A. Engelman, Proc. Natl. Acad. Sci. U.S.A.,
102, (2005), 17308.

2. G. N. Maertens, P. Cherepanov, A. Engelman, J Cell Sci

119, (2006), 2563.

3.   K. Bartholomeeusen, F. Christ, J. Hendrix, J. C. Rain, S.
Emiliani, R. Benarous, Z.  Debyser, R. Gijsbers, J. De
Rijck, J. Biol. Chem.,  284, (2009), 11467.
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Czech Re pub lic.
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Raman scat ter ing and Raman op ti cal ac tiv ity (ROA) [1, 2]
tech niques were used for study of oligo- and
poly-L-proline sam ples. Spe cif i cally, for ma tion of
polyproline II (PPII) he li cal con for ma tion was stud ied in
de pend ence on the in creas ing chain length N of the
(L-proline)N sam ple. Al though PPII con for ma tion is be -
lieved to be the main con tent of so-called ran dom coil
struc ture [3], it re mains not to be com pletely char ac ter ized
so far and prob lem atic of its cre ation has not been thor -
oughly stud ied yet.

The whole study was strongly re lated to pre vi ous ex -
per i ments [4], which were fo cused on the char ac ter iza tion
of proline side chain con for ma tion and its in ter ac tion with
sol vent.

For the anal y sis, five oligopeptide of dif fer ent lengths
(N=2,3,4,6,12) and three polypeptide sam ples of dif fer ent
mean mo lec u lar weight were used for prep a ra tion of highly 
con cen trated wa ter so lu tion.  Raman scat ter ing and ROA
spec tra were mea sured in a wide fre quency range be tween
120 cm-1 and 1800 cm-1 and ana lysed with re spect to the
main pep tide chain con for ma tion.

Due to high sen si tiv ity of the ROA tech nique to the
conformational sta bil ity and ri gid ity of pep tide chain we
were able to de ter mine the char ac ter is tic spec tral peaks as -
so ci ated with for ma tion of sta ble PPII he li cal con for ma tion 
in stud ied sys tems. The most rel e vant peaks are lo cated at
405, 535 and 945 cm-1. Ad di tion ally, we were able to de ter -
mine the min i mal length of (L-proline) N chain nec es sary
for cre ation of the sta ble PPII con for ma tion as N=6.

1.    P.W. Atkins, L.D. Barron, Mol. Phys. 16, (1969), 453-466.

2.    L.D. Barron, M.P. Boggard, A.D. Buckingham, Na ture
241, (1973), 113-114.

3.    Z. Shi, R.W. Woody, N.R. Kallenbach, Adv. Prot. Chem.
62, (2002) 163-240.

4.    J. Kapitán, V. Baumruk, P. Bouø, JACS 128, (2006),
2438-2443.

The work was sup ported by the Grant Agency of the Czech
Re pub lic (grant No. 202/07/0732) and by the Min is try of
Ed u ca tion of the Czech Re pub lic (MSM 0021620835).
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A novel en zyme, DbeA, be long ing to the fam ily of
haloalkane dehalogenases (EC 3.8.1.5) was iso lated from
Bradyrhizobium elkani USDA94. This haloalkane
dehalogenase is closely re lated to DbjA en zyme from
Bradyr hizobium japonicum USDA110 (71% se quence
iden tity), but has dif fer ent bio chem i cal prop er ties. DbeA is 
gen er ally less ac tive and has a higher spec i fic ity to wards
brominated and io din ated com pounds than DbjA. To un -
der stand the al tered ac tiv ity and spec i fic ity of DbeA en -
zyme, its mu tant vari ant DbeA1, car ry ing the unique
frag ment of DbjA, was also con structed. Both the wild type 

DbeA and the DbeA1 were crys tal lised us ing the sit -
ting-drop vapour-dif fu sion method. The crys tals of DbeA
be long to the prim i tive orthorhombic space group P212121,
while the crys tals of the mu tant DbeA1 be long to the
monoclinic space group C2. Crys tal struc ture of a DbeA
and DbeA1 has been solved and re fined to 2.2 C res o lu tion. 
The en zy matic mo lec u lar struc ture of DbeA was com pared
with those of known haloalkane dehalogenases al ready de -
pos ited in Brookhaven Pro tein Data Bank.

Grants MECR (LC06010, MSM6007665808) and ASCR
(AV0260870520) are ac knowl edged.
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Phosducin (Pd) is a reg u la tor of G-pro tein-me di ated sig -
nal ing that is es pe cially abun dant in photoreceptors and pi -
neal gland but ex pressed in other tis sues as well [1]. In
photorreceptors, Pd is phosphorylated in dark-adapted ret -
ina and un der goes dephosphorylation in re sponse to light.

Dephosphorylated Pd binds Gbg, se ques ter ing and
translocating it away from disk mem brane, which blocks

the in ter ac tion be tween  Gbg and effectors or reasociation

with Ga sub unit [2, 3]. When Pd is phosphorylated at
Ser54 and Ser73 it binds the multifunctional 14-3-3 pro -
tein. 14-3-3 pro teins are a fam ily of acidic reg u la tory pro -
teins that func tion as mo lec u lar scaf folds by mod u lat ing
the struc ture of their bind ing part ners. The bi o log i cal
mean ing of the in ter ac tion be tween 14-3-3 and Pd could be

to se ques ter Pd from Gbg sub unit or to pro tect phospo -
rylated Pd from deg ra da tion [4, 5].

To elu ci date the mech a nism of 14-3-3 pro tein-de pend -
ent reg u la tion of phosducin func tion, we per formed bio -

phys i cal char ac ter iza tion of Pd and Pd/14-3-3z pro tein
com plex. We have pre pared Pd/14-3-3 com plex in vi tro.
Nondenaturating elec tro pho re sis was used to ver ify that
the for ma tion of Pd/14-3-3 com plex is phosporyalation de -
pend ent. An a lyt i cal ul tra cen tri fu ga tion was used to study
the oligomerization state of phosducin and the
stochiometry of Pd/14-3-3 com plex. Var i ous meth ods of
flu o res cence spec tros copy have been em ployed to char ac -
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ter ize conformational changes of Pd induced by 14-3-3
pro tein bind ing.
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Struc tural sta bil ity of DNA dou ble-he lix plays an im por -
tant role in many bi o log i cal pro cesses. Nu clear mag netic
res o nance is ca pa ble to pro vide a de tailed in sight into the
tem per a ture in duced base-pair break ing and cor rup tion of
reg u lar ge om e try at par tic u lar lo ca tion of DNA chain. This
ap pli ca tion re quires (in the case of 1H spec tra and sta tion -
ary mag netic field > 7 T) the set of tem per a ture de pend ent
NMR spec tra to be an a lyzed in re spect to ef fect of chem i cal 
ex change be tween the du plex and sin gle-strand states on
NMR lineshape. By solv ing set of Bloch-McConnell dif -
fer en tial equa tions for the case of free in duc tion de cay, we
have found an an a lyt i cal for mula for the spec tral lineshape

in the case of chem i cal ex change be tween un equally pop u -
lated states with dif fer ent re lax ation rates. This al lows the
ex per i men tal spec tra to be straightly fit ted by this ex pres -
sion with out long-term nu mer i cal cal cu la tions. This ap -
proach was ap plied to NMR spec tra of ar o matic pro tons in
self-com ple men tary DNA octamers, d(GATGCATC) and
d(CTTGCAAG), mea sured in a broad tem per a ture range
cov er ing the du plex melt ing. For ev ery nucleobase we ob -
tained in de pend ently tem per a ture pro files of the equi lib -
rium con stant and the ki netic as so ci a tion con stant. These
char ac ter is tics were found as sen si tive in di ca tors of lo cal
de vi a tions from the over all du plex prop er ties.
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Gene lhr is widely dis trib uted in the E .coli chro mo somes,
and en cod ing for of 1,538 amino ac ids, mak ing it the lon -
gest known pro tein in E. coli. Ab sence of this gene is not
es sen tial for E.coli growth un der var i ous lab o ra tory con di -
tions. The gene (ten ta tively termed lhr for long helicase re -
lated) con tains the seven con served mo tifs of the DNA and
RNA helicase superfamily II, which seems like Lhr pro tein
is prob a ble very large helicase [1].

The poly mer ase chain re ac tion (PCR) tech nique has
been used to ob tain lhr gene from E. coli K12 genomic
DNA. Op ti mal con di tions for PCR have been found. Lhr
gene has been cloned into 2 types of com mer cial plasmids
(pBluescript and pET32a) to ob tain ex pres sion sys tem able 

to pro duce Lhr pro tein. Ex pres sion of Lhr has been tested
in sev eral E.coli ex pres sion strains.

The aim of our work is to pro duce and pre pare Lhr
pro tein in the amount suf fi cient for struc tural stud ies. 

1. Nina Bach er Reuven, Eu gene V. Koonin, Ken neth E.
Rudd, and Murray P. Deutscher (1995), The Gene for the
Lon gest Known Esch e richia coli Pro tein is a Mem ber of
Helicase Superfamily II, Jour nal of Bac te ri ol ogy, Oct.
1995, p. 5393–5400.
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the Acad emy of Sci ences of the Czech Re pub lic (AVOZ
60870520).
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MECHANICS STUDY
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Na tional Cen tre for Biomolecular Re search, Masaryk Uni ver sity, 
Kotláøská 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 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 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 close to the G base. Wrongly
paired base is re moved and af ter that, the miss ing parts of
DNA can 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 will 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 cal cium ions pres ent in crys tal struc tures
in hibit the cleav age re ac tion there fore these struc tures are
as sumed as pre-re ac tion com plexes.

The cleav age mech a nism is stud ied on semiempirical
level (Am ber 10 [3], PDDG/PM3 [4]) con sid er ing two pos -
si ble nucleophiles (H2O and OH-). We are com par ing two
dif fer ent mod els of the pro tein/DNA com plexes with both
in hib i tors (Ca2+ ions) and ac ti va tors (Mg2+ ions) of the

cleav age re ac tion. Since the used level of the ory gives only
rough re sults, the ma jor out come of this study will be struc -
ture of the post-re ac tion com plex, which has not been
solved yet.

The pre sented work is sup ported by fol low ing grants: The
Min is try of Ed u ca tion of the Czech Re pub lic (con tracts
LC06030, MSM0021622413), Czech Sci ence Foun da tion
(301/09/H004), and the Eu ro pean Com mu nity’s Sev enth
Frame work Programme un der grant agree ment n°
205872. The ac cess to the MetaCentrum supercomputing
fa cil i ties pro vided un der the re search in tent MSM
6383917201 is highly appreciated.
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CRYSTALLIZATION AND PRELIMINARY X-RAY ANALYSIS OF DhaA WILD TYPE
AND DhaA13 PROTEINS FROM Rhodococcus rhodochrous 
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Haloalkane dehalogenase DhaA from Rhodococcus
rhodochrous NCIMB 13064 is a bac te rial en zyme   show -
ing cat a lytic ac tiv ity for the hydrolytic con ver sion of
highly toxic in dus trial pol lut ant 1,2,3-trichloropropane
(TCP) [1,2]. DhaA13 pro tein vari ant, car ry ing mu ta tion

H272F in the cat a lytic histidine, was pre pared to catch the
pro tein in a com plex with alkyl-en zyme in ter me di ate. This
mu tant vari ant binds sub strate to the ac tive site, ca tal y ses
the first re ac tion step lead ing to the for ma tion of the
alkyl-en zyme in ter me di ate, but it is not able to con vert it



fur ther to the prod uct. The main goal of this pro ject is to
solve and com pare struc tures of DhaA13 and DhaAwt pro -
teins with two dif fer ent lig ands; en vi ron men tal pol lut ant
TCP and flu o res cence probe coumarine.

DhaAwt and DhaA13 were crys tal lized us ing the sit -
ting-drop va por-dif fu sion tech nique [3]. Crys tals of
DhaAwt grew in the crys tal li za tion so lu tion con tain ing 6 % 
isopropanol and were mea sured at home diffractometer
(IMG, Prague). These crys tals dif fracted to 1.7 C. Other
crys tals of DhaAwt were grown in the so lu tion con tain ing
11 % isopropanol.  These crys tals and crys tals of DhaA13
soaked in the so lu tion with coumarine were used for syn -
chro tron dif frac tion mea sure ments at the beamline X12
(EMBL/DESY, Ham burg). Dif fracted data for both
DhaAwt and DhaA13 crys tals were col lected to the res o lu -
tions limit of 1.26 C and 1.33 C, re spec tively. Pro tein crys -
tals of DhaAwt ob tained in the so lu tion con tain ing TCP
and crys tals of DhaA13 soaked in the so lu tion of TCP dif -
fracted to ultrahigh res o lu tions of 1.04 C and 0.97 C, re -

spec tively. This dif frac tion data were col lected at the
beamline 14.1 (BESSY, Berlin). All struc tures were solved 
by mo lec u lar re place ment in monoclinic space group P1.
The re fine ment for DhaAwt and DhaA13 mu tant mod els is
cur rently in prog ress.

1. T. Bosma, E. Kruizinga, E. J. D. Bruin, G. J. Poelarends &
D. B. Janssen, Appl. En vi ron. Microbiol. 65, (1999),   
4575–4581. 
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Chang,  J. R. Brainard, L. A. Vanderberg & C. J. Unkefer,
Bio chem is try 38, (1999), 5772–5778.

3. A. Ducruix & R. Giegé, Crys tal li za tion of Nu cleic Ac ids
and Pro teins: A Prac ti cal Ap proach, 2nd ed. Ox ford: Ox -
ford Uni ver sity Press, (1999).

This work is sup ported by the Min is try of Ed u ca tion of the
Czech Re pub lic (MSM6007665808, LC06010) and the
Acad emy of Sci ences of the Czech Re pub lic (AV0Z
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In tro duc tion:
Neisseria meningitidis is a highly di verse fac ul ta tive bac te -
rial patho gen. In most in stances it col o nizes its hu man host
with out caus ing dis ease. Its oc ca sional in va sion, how ever,
can en tail dev as tat ing dis eases like sep ti ce mia or men in gi -
tis. Mo lec u lar ba sis of meningococcal vir u lence re mains
dif fi cult to an a lyze. How ever, sev eral traits po ten tially re -
quired for vir u lence of meningococci have been iden ti fied,
in clud ing pres ence of sev eral iron ac qui si tion sys tems. 

Un der con di tions of lim ited iron avail abil ity, N.
meningitidis pro duces Fe-regulated proteins, FrpD and
FrpC, which both are en coded con sec u tively in an
iron-reg u lated frpDC operon con trolled by a fer ric up take
reg u la tor (Fur). FrpC be longs to a fam ily of type I-se creted
RTX (Repeat in toxins) pro teins and it may be in volved in
the pathogenesis of meningococcal in fec tion due to the
pres ence of high titers of anti-FrpC an ti bod ies in con va les -
cent-phase sera of a num ber of pa tients af ter in va sive
meningococcal dis ease. 

The iron-reg u lated pro tein FrpD was iden ti fied as a N.
meningitidis outer mem brane li po pro tein. FrpD is highly
con served in a set of meningococcal strains and its pri mary
amino acid se quence does not ex hibit any sim i lar ity to
known pro tein se quences of other or gan isms. The frpdD
gene has the po ten tial to en code two pro tein vari ants the
271-res i due long FrpD se quence (FrpD271) and the

250-res i due short se quence (FrpD250). FrpD271 is
syn the sized with a type II sig nal pep tide for ex port across
the cy to plas mic mem brane. Then it is posttranslationally
mod i fied by a lipid mol e cule and tar geted to the outer bac -
te rial mem brane. FrpD250 lacks the sig nal pep tide and pos -
si bly re mains in the cy to plasm. The ex ported lipidated
FrpD, as well as its re com bi nant non-ex ported FrpD250 pro -
tein are both able to bind the N-ter mi nal por tion of FrpC
(within first 300 res i dues) with very high af fin ity (ap par ent
Kd = 0.2 nM). FrpD may serve as an ac ces sory li po pro tein
in volved in an chor ing of the se creted FrpC pro tein to the
outer bac te rial mem brane. 

Re sults and dis cus sion:
This pro ject is aimed to de ter mine the struc ture of FrpD
pro tein and to per form the struc tural char ac ter iza tion of
FrpD. Our pre lim i nary re sults showed the full ver sion of
FrpD250 pro tein can not 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 re com bi nant,
trun cated ver sion (lack ing the first 21 amino acid res i dues
from N-ter mi nus) FrpD250 pro tein was ex pressed in

non-methionine auxotrophic Esch e richia coli BL21lDE3
cul ti vated on the me dia con tain ing selenomethionine
(Se-Met). Se-Met de rived FrpD pro tein was pu ri fied us ing
a com bi na tion of metal af fin ity and gel-fil tra tion chro ma -
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tog ra phy. The crys tals were ob tained us ing a sit ting drop
vapour dif fu sion method. Dif frac tion data were col lected at 
the beamline MX BL14.1 of syn chro tron BESSY (Berlin,
Ger many) at 100 K to the res o lu tion of 2 ?. The dif frac tion
data will be used to de ter mine the struc ture of FrpD by sin -
gle/mul ti ple anom a lous dif frac tion (SAD/MAD) method.
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3. P. Halada, M. Sulc, and P. Sebo, The Jour nal of Bi o log i cal
Chem is try, 280, (2005), 3251-3258.
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Aminoaldehyde dehydrogenases (AMADH, EC 1.2.1.19)
cat a lyze the ter mi nal step in polyamine ca tab o lism by ox i -
diz ing com pounds like 4-aminobutyraldehyde (ABAL)
and 3-aminopropionaldehyde (APAL). This NAD+-de -
pend ent ox i da tive re ac tion pro duces omega-amino ac ids
re lated to the pro cesses of cel lu lar de fense against stress
events caused for ex am ple by in creased drought and sa lin -
ity (ei ther as di rect me di a tors or pre cur sors). Based on in di -
rect ev i dences, the en zyme also seems to par tic i pate in the
pro duc tion of carnitine in plants. AMADHs be long to the
large en zyme superfamily of al de hyde dehydrogenases. In
this work, isoenzymes 1 and 2 of plant AMADHs from pea, 
to mato and maize were ob tained as pure re com bi nant pro -
teins by ex pres sion of the re spec tive genes in Esch e richia
coli fol lowed by af fin ity pu ri fi ca tion. There were also eight 
mu tants of the pea AMADH2 avail able, which had been
pre pared by site-di rected mu ta gen e sis of ac tive-site res i -
dues. To char ac ter ize the dif fer ence in their sub strate spec i -
fic ity, the en zymes were sub jected to a large ki netic study
with nat u ral and syn thetic aminoaldehyde and al de hyde
sub strates. The stud ied com pounds com prised C2-C4

omega-aminoaldehydes and their N-meth yl ated, hydroxy
and guanidino analogs, plus n-alkyl al de hydes (C2-C7).
For the ac tiv ity mea sure ments, there were also po si tion iso -
mers avail able of pyridine-carbaldehyde, 3-pyridinyl -
propanal and (pyridinylmethyl)lamino al de hydes to gether
with a se ries of (9H-purin-6-ylamino) al de hydes, (7H-
pyrrolo[2,3-d]pyrimidin-4-ylamino) al de hydes and (pyri -
midin-2-ylamino) al de hydes. A ma jor ity of the stud ied
AMADHs ac cepted APAL or ABAL as the best sub strates
and well ox i dized their sub sti tu tion de riv a tives. One of the
mu tants of pea AMADH2 be haved as a non-spe cific al de -
hyde dehydrogenase ox i diz ing pref er en tially capro nal -
dehyde and other n-alkyl or ar o matic al de hydes known as
less ef fec tive sub strates for the wild-type en zyme. An other
en zyme showed a sig nif i cant pref er ence for ar o matic al de -
hydes even though ABAL was the best sub strate. The crys -
tal struc tures of pea AMADH1 and AMADH2 to gether
with struc tural mod els of the other en zymes were used to
dis cuss the ob served dif fer ences in sub strate prop er ties.

This work was sup ported by grant 522/08/0555 from the
Czech Sci ence Foun da tion.
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COM PLEXES OF b-GALACTOSIDASE WITH LIG ANDS
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The three-di men sional struc tures of en zyme b-galacto -
sidase [1] from an Ant arc tic bac te rium Arthro bacter sp.
C2-2 with bound lig ands have been de ter mined at res o lu -
tions 2.2 C, 2.5 C and 3.3 C. 

Three of the ob tained crys tals with di men sions 100 –
400 µm were soaked in dif fer ent lig ands and used for X-ray 
dif frac tion data col lec tion. D-galactonolactone and

isopropyl b-D-thiogalactopyranoside (IPTG) are in hib i tors 
and D-galactose is a prod uct of the cat a lyzed re ac tion. 

X-ray dif frac tion data were col lected at the beam-line
ID14.1 of the source of syn chro tron ra di a tion ESRF in
Grenoble and on an in-house ro tat ing an ode diffractometer. 
The data were pro cessed us ing HKL2000. All the three
crys tals be long to the same space group P21 but pack ing of
hexamers in the crys tals dif fers. 

Bind ing of the re ac tion prod uct con firms be hav ior sim -
i lar to the mesophilic en zyme from E.coli whereas
D-galactonolactone in ter ac tion with the en zyme brings up
some in ter est ing struc tural changes and re lated ques tions.
The mol e cule of in hib i tor D-galactonolactone was bound
in the ac tive site as  D-galactono-1,5-lactone, which is its
the least prob a ble iso mer [2], de spite the fact that the crys -
tal was soaked in an iso mer  D-(-)-galactono-1,4-lactone.

This  d iso mer cre ates spe cific bonds to Glu442 and ion
Na+. 

The en zyme b-galactosidase (EC 3.2.1.23) be longs to
the en zyme class called glycosylases which cat a lyze hy -

dro ly sis of the ter mi nal b-D-galactosyl moi ety of

b-D-galactosides. It is at trac tive for research and in dus try
be cause of its wide range of bio tech no log i cal ap pli ca tions
(treat ment for lac tose in tol er ance, pre ven tion of crys tal li -
za tion in sweet prod ucts and in crease of sweet en ing power
of sac cha rides, sim pler fer men ta tion dur ing pro duc tion of
soured milk prod ucts, etc.). Un like the more stud ied

b-galacto sidase from Esch e richia coli [3], which forms
tetramers, the en zyme from Arthrobacter sp. C2-2 forms
hexamers with a mo lec u lar weight of 660 kDa. Each mono -
mer con sists of five do mains and con tains 1023 res i dues.

1. Skálová, T., Dohnálek, J., Spiwok, V., Lipovová, P.,
Vondráèková, E., Petroková, H., Dušková, J., Strnad, H.,

Králová, B., Hašek, J. (2005). Cold-ac tive b-galactosidase
from Arthrobacter sp. C2-2 forms com pact 660 kDa
hexamers: Crys tal struc ture at 1.9 Å res o lu tion. J. Mol.
Biol., 353, 282-294.

2. Bierenstiel M., Schalf M.: Eur. J. Org. Chem., 2004/7,1474 
(2004).

3. Ja cob son, R. H., Zhang, X.-J., DuBose, R. F., Matthews, B. 

W. (1994). Three-di men sional struc ture of b-galactosidase
from E. coli. Na ture, 369, 761-766.
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In cell bi ol ogy ex per i ments there are in creas ingly pop u lar
time-lapse mov ies cre ated from se quences of thou sand of
im ages, cap tured by dig i tal de vice us ing dif fer ent mi cros -
copy tech niques in pre de fined time in ter val. The cap tured
im ages be come as in put for eval u a tion of their con tent in
pre pro cess ing phase of anal y sis. Pa ram e ters, ob served and
de scribed in im age may pro duce rel e vant in for ma tion in
some math e mat i cal model for cell life cy cle. Un for tu nately
there is no gen eral im age seg men ta tion method able to rec -
og nize cell or even the cell organells, prop erly in sig nif i -
cant num ber of case. Each ex per i ment re quire own
parametrisation and/or man ual se lec tion of im por tant
points in im age ma trix. Those op er a tions are time con sum -
ing and may dif fer to each other by se lected or der of pa ram -
e ters thresholding or by in de pend ent ob server.

One of the prom is ing ways for au to ma tion whole pro -
cess of proper pa ram e ters se lec tion is us ing equa tions for
in for ma tion en tropy, de fined by Shan non as mea sure of
sur prise, gen er al ised by Rényi for con di tional prob a bil ity
dis tri bu tions or Tsalis, Havrda and Charvát (THC) in
non-ex ten sive cases. This method is ra tio nal also since it
prop erly rep re sents the sto chas tic na ture of the ob served
sig nal which in each case is an in com plete rep re sen ta tion
of in her ently sto chas tic Gibbs en ergy or, rather, a Rényi- or 
THC- type of dis tri bu tion func tion.  In the lit er a ture are de -
scribed many al go rithms based on Shan non en tropy for one 
di men sional thresholding and fil ter ing. The more the o ret i -
cally jus ti fied Rényi or THC type dis tri bu tions are sel dom
considered. Main practical reason for that is the
computational intensiveness. 
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8. Atkins P., de Paula J., Phys i cal Chem is try, Ox ford Uni ver -
sity Press 2006.

9. Gokcay, D.; Bow ers, D.; Rochardson, C.; Desai, A.; Use of 
lo cal en tropy changes as a mea sure for iden ti fi ca tion of fa -
cial ex pres sions; IEEE In ter na tional Con fer ence on Pro -
cess ing, 2000. ICASSP Vol ume 6, Page(s):2334 - 2337
vol.4.

10. Ur ban J., Vanek J., Štys D. Pre pro cess ing of mi cros copy
im ages via Shan non's en tropy, In Proc. of Pat tern Rec og ni -
tion and In for ma tion Pro cess ing, pp.183-187, Minsk,
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C-TERMINAL SEGMENT OF YEAST BMH PROTEINS EXHIBITS DIFFERENT
STRUCTURE COMPARED TO OTHER 14-3-3 PROTEIN ISOFORMS

D. Veisova1, L. Rezabkova1,2, P. Herman3, J. Vecer3, T. Obsil1,2, V. Obsilova1

1In sti tute of Phys i ol ogy Acad emy of Sci ences of the Czech Re pub lic, 14220 Prague, Czech Re pub lic
2De part ment of  Phys i cal and Macromolecular Chem is try, Fac ulty of Sci ence, Charles Uni ver sity, 

12843 Prague, Czech Re pub lic
3Fac ulty of Math e mat ics and Phys ics, In sti tute of Phys ics, Charles Uni ver sity, 

12116 Prague, Czech Republic
obsilova@biomed.cas.cz

Yeast 14-3-3 pro tein isoforms BMH1 and BMH2 pos ses a
dis tinctly vari ant C-ter mi nal tail which dif fers them from
the isoforms of higher eukaryotes. Their C-ter mini are lon -
ger and con tains polyglutamine stretch of un known func -
tion. It is now well es tab lished that the C-ter mi nal seg ment
of 14-3-3 pro teins plays an im por tant reg u la tory role by
func tion ing as an autoinhibitor which can oc cupy the
ligand bind ing groove and blocks the bind ing of in ap pro -
pri ate lig ands [1-3]. Whether the same holds true or not for
the yeast isoforms is un clear. There fore, we in ves ti gated
the conformational be hav ior of the C-ter mi nal seg ment of
BMH pro teins us ing var i ous bio phys i cal tech niques. Dy -
namic light scat ter ing, time-re solved flu o res cence ani so -
tropy de cay and size ex clu sion chro ma tog ra phy
mea sure ments showed that the mol e cules of BMH pro teins
are sig nif i cantly big ger com pared to the hu man 14-3-3 zeta 
isoform. On the other hand, the sed i men ta tion equi lib rium
anal y sis con firmed that BMH pro teins form dimers.
Time-re solved tryptophan flu o res cence ex per i ments re -
vealed no dra matic struc tural changes of the C-ter mi nal

seg ment upon the ligand bind ing. Taken to gether, the
C-ter mi nal seg ment of BMH pro teins adopts very open and 
ex tended con for ma tion that in creases their ap par ent mo lec -
u lar size. It seems, there fore, that the C-ter mi nal seg ment
of BMH pro teins does not func tion as an autoinhibitor and
does not block their ligand bind ing grooves.

1.  A.B. Truong, S.C. Mas ters, H. Yang, H. Fu, Pro teins, 49,
(2002), 321. 

2. V. Obsilova, P. Herman, J. Vecer, M. sulc, J. Teisinger, T.
Obsil, J. Biol. Chem., 279, (2004) 4531. 

3. J. Silhan, V. Obsilova, J. Vecer, P. Herman, M. Sulc, J.
teisinger, T. Obsil, J. Biol. Chem., 279, (2004), 49113.

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 Cen tre
of Neurosciences LC554 of the Min is try of Ed u ca tion,
Youth, and Sports of the Czech Re pub lic, and by Re search
Pro ject AV0Z50110509 of the Acad emy of Sci ences of the
Czech Re pub lic.
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EFFECT OF NONPLANARITY ON 3J-COUPLINGS IN NUCLEIC ACID BASES

Z. Vokáèová1, L. Trantírek2, V. Sychrovský1

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

2De part ment of Chem is try, Utrecht Uni ver sity, The Neth er lands
zuzana.vokacova@uochb.cas.cz

The glycosidic tor sion an gle c is used as a mea sure of the
nucleobase ori en ta tion with re spect to sugar ribose in nu -
cleo sides and it is one of the ma jor de ter mi nants of nu cleic
acid struc ture. The de for ma tions from pla nar ge om e try ar -
range ment in the deoxy-adenosine (dA), deoxy-cytidine
(dC), deoxy-guanosine, and deoxy-thymidine (dT) nu cleo -
sides due to vari a tion of the glycosidic bond ori en ta tion
were in ves ti gated with the com pu ta tional meth ods and the
cal cu lated trends were cor re lated with the X-ray data [1]. 

One of the meth ods of ten used for de ter mi na tion of the

c tor sion is NMR spec tros copy. Cor re la tion be tween value
of 3J-cou pling and cor re spond ing tor sion an gle is de scribed 
by Karplus equa tion [2]. Our study showed that an gu lar ar -
gu ment of Karplus equa tions for the 3J(C8/6-H1’) and
3J(C4/2-H1’) cou plings as signed to the c tor sion, must re -
flect de for ma tion from ideal tetrahedric and pla nar spa tial
ar range ment of at oms around car bon C1’ and/or ni tro gen

N9/1 in volv ing in the c tor sion, re spec tively (Con cep tion
of ideal tetrahedric and pla nar spa tial ar range ment con sist
in us ing of con stant phase shift in Karplus equa tion.[3]).
Whereas, the cal cu lated mag ni tude of the de for ma tions re -
vealed to be large at the side of the glycosidic ni tro gen
N9/1 (pyramidalization), the de for ma tion of the ar range -
ment around the car bon C1’ (sugar side) was rel a tively
smaller. The pyramidalization de pends sig nif i cantly on the

c tor sion, namely the ori en ta tion of the pyramidalization
(up and down). The mag ni tude of pyramidalization is also
slightly dif fer ent for mol e cules with dif fer ent sugar con for -
ma tion.

The de for ma tion of the spa tial ar range ment of at oms
around the car bon C1’ and de gree and ori en ta tion of the
pyramidalization at the glycosidic ni tro gen N9/1 af fect
mostly the phase fac tor in the Karplus equa tion for struc -
tural in ter pre ta tion of the 3J(C8/6-H1’) cou pling. The
3J(C4-H1’) cou pling is ef fected slightly and only by de for -
ma tion at the C1’ ar range ment. 

The cal cu lated de pend ence of pyramidalization on c
tor sion for all deoxy-nu cleo sides shows sim i lar be hav iour,
in clud ing the trends due to the sugar pucker.

1.  V. Sychrovský, S. Foldýnová-Trantírková, N. Špaèková, K. 
Robeyns, L. Van Meervelt, W. Blankenfeldt, Z. Vokáèová, 
J. Šponer, L. Trantírek, Nu cleic Acid Res., 37, (2009),
7321.

2. M. Karplus, J.Am.Chem.Soc., 85, (1963), 2870.

2. S. S. Wijmenga, B. N. M. van Buuren, Prog. NMR
Spectrosc., 32, (1998), 287. 

This work was sup ported by the Grant Agency of the Czech
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STRUC TURE AND FUNC TIONS OF TRAN SIENT RE CEP TOR PO TEN TIAL A1:
HOMOLOGY MOD EL LING

V. Zayats1,2, A. Samad2, R. Ettrich1,2

1Lab o ra tory of Struc tural Bi ol ogy, In sti tute of Sys tems Bi ol ogy and Ecol ogy, Acad emy of Sci ences of the
Czech Re pub lic, Zámek 136, CZ-37333 Nové Hrady, Czech Re pub lic

2In sti tute of Phys i cal Bi ol ogy, Uni ver sity of South Bo he mia, Zámek 136, 37333 Nové Hrady, Czech Re pub lic

Tran sient re cep tor po ten tial (TRP) chan nels are a large
superfamily of nonselective cat ion chan nels. TRPA1 is a
can di date for me chan i cally gated transduction chan nels
po ten tially me di at ing the sen sa tions of hear ing, touch, and
some forms of pain. Hu man TRPA1 is a 127.4 kDa pro tein
com prised of 1119 amino ac ids. Like other TRPs also
TRPA1 has six pre dicted mem brane-span ning do mains (S1 
to S6) and the pore be tween S5 and S6 [2]. In this work we
fo cus on homology mod el ing of its for TRPs un usu ally
long N-ter mi nal intracellular re gion con tain ing 18 pre -
dicted ankyrin re peats. Ankyrin re peats have been im pli -
cated in pro tein-pro tein in ter ac tions, pro vide elas tic ity and
make mo lec u lar springs [3]. Also a cal cium-bind ing do -
main, EF-hand, was in di cated at the N-ter mi nus, con sist ing 
of 12 res i dues in volved in Ca-de pend ent ac ti va tion [1].

Sim u la tions of the dy namic be hav ior of tree-di men -
sional all-atom mod els let us de scribe struc tural and func -
tional prop er ties of the sys tem. Struc tural mod els are build
us ing Mod el ler, for vi sual an a lyz ing and en ergy mini -
mization of the cre ated mod els Yasara is used, and mo lec u -

lar dy nam ics sim u la tions are car ried out in GROMACS
(mo lec u lar dy nam ics sim u la tion pack age). The gen eral aim 
is to em bed the re sults of this work later into an all-atom
model of the chan nel the mem brane to get a sta ble
tetrameric over all struc ture of fully func tional TRPA1 in its 
nat u ral en vi ron ment.

1. J. F. Doerner, G. Gisselmann, H. Hatt, and C. H. Wetzel 
J. Biol. Chem. (2007) 282, 13180-13189.

2. J. Gar cia-Anoveros, K. Nagata Handb. Exp. Pharmacol.
(2007) 179:347-362.

3. P. Michaely, D.R. Tomchick, M. Machius, R.G. An der son
EMBO J. (2002) 21:6387-6396.

This re search was sup ported by the Min is try of Ed u ca tion
of the Czech Re pub lic (LC06010 and MSM6007665808)
nd by the Acad emy of Sci ences of the Czech Re pub lic
(AV0Z60870520).
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BARLEY LIPID TRANSFER PROTEIN 1 WITH A COVALENTLY ATTACHED
LIPID-LIKE MOLECULE

Jitka Žídková1, Jozef Hritz2, Michaela Matejková3, Lukáš Žídek3, Vladimír Sklenáø3, 
Janette Bobá¾ová1

 1In sti tute of An a lyt i cal Chem is try, Acad emy of Sci ences of the Czech Re pub lic, v.v.i., Veveøí 97, 
60200 Brno, Czech Re pub lic

2De part ment of Pharmacochemistry, Vrije Universiteit, De Boelelaan 1083, NL-1081 HV Am ster dam, 
The Neth er lands

3Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Kotláøská 2, 
61137 Brno, Czech Re pub lic

zidkova@iach.cz

Lipid trans fer pro tein 1 (LTP1) from bar ley is a small pro -
tein able to trans fer lipids across a mem brane in vi tro. Its
phys i o log i cal role is not clear, it has been pro posed to be
in volved in cutin syn the sis and plant de fense mech a nism.
LTP1 is also im por tant com mer cially, as it has an ef fect on
beer foam for ma tion. In ter est ingly, LTP1 iso lated from
bar ley flour is al most com pletely co va lently mod i fied with
9-hydroxy-10-oxo-12-Z-octadecenoic acid, bound to Asp
7 via an es ter bond. The lipid mod i fi ca tion al ters physico-
chem i cal prop er ties of the pro tein and con trib utes to its un -
usual heat sta bil ity. An X-ray struc ture of the lipid-mod i -
fied pro tein (LTP1b) has been pub lished re cently

(3GSH.PDB). In our study, we clar ify some am bi gu ities re -
lated to the res o lu tion of the bound lipid in the X-ray struc -
ture and pres ent com ple men tary NMR data il lus trat ing
dy namic be hav ior of the pro tein. In ad di tion, we de scribe a
com pu ta tional pro to col used to pre dict the 3D struc ture of
LTP1b with out a knowl edge of the X-ray struc ture, based
on a dock ing ap proach.

This work was sup ported by the Grants 1M0570, MSM
0021622413, and LC06030 of the Min is try of Ed u ca tion,
Youth, and Phys i cal Cul ture of the Czech Re pub lic, and by
Grant AV0Z40310501 of the Acad emy of Sci ences of the
Czech Re pub lic.
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