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CRYSTALLIZATION AND STRUCTURE-FUNCTIONAL ANALYSIS OF MUTATED
MOTOR SUBUNITS OF TYPE I RESTRICTION ENZYME ECOR124I
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Rudiger Ettrich1,2 and Eva Csefalvay1,2

1In sti tute of Nanobiology and Struc tural Bi ol ogy GCRC, AS CR, 37333 Nove Hrady, Czech Re pub lic
2Uni ver sity of South Bo he mia in Èeské Budìjovice, 37333 Nove Hrady, Czech Re pub lic
3EMBL Ham burg Out sta tion, c/o DESY, Notkestrasse 85, D22603 Ham burg, Ger many

In va sion of for eign DNA into mi cro or gan isms can be pre -
vented by re stric tion–mod i fi ca tion (R-M) sys tems. Though 
Type I R-M en zymes are not site-spe cific endonucleases
they re main an im por tant area of re search mainly be cause
of their un usual bio chem i cal prop er ties and their unique
mech a nisms of DNA translocation and re stric tion. The
crys tal struc ture of the mo tor sub unit, re spon si ble for
translocation and re stric tion, of the type I en zyme
EcoR124I , re solved at 2.6 C, shows a square-pla nar ar -
range ment of glob u lar do mains with a prom i nent cleft that
ac com mo dates DNA ex tend ing from the two ca non i cal
helicase do mains to the endonuclease ac tive site [1]. Un ex -
pect edly, ATP bound in the helicase cleft is also en gaged
by Lys220 of the nuclease do main, po ten tially cou pling the 
nuclease and translocation ac tiv i ties. To shed light on the
cou pling mech a nism, mu tants were de signed that should
al ter the cou pling at this po si tion by in flu enc ing DNA
cleav age but leav ing the ATPase ac tiv ity of EcoR124I un -
al tered. Three-di men sional struc tural in for ma tion is es sen -
tial to com ple ment ex per i men tal data in a way, that lets us
draw con clu sions about the mo lec u lar mech a nism. We dis -
cuss mu ta tions of Lys220 to Ala, Arg and Glu, and the suc -
cess fully solved crys tals struc tures of the Arg220 and

Glu220 mu tants, that we de ter mined to 2.74 A (PDB 2w74) 
and 2.99A res o lu tion (PDB 2y3t), re spec tively. 

Data col lec tion of Glu220 crys tal was per formed on
beamline X11 at EMBL/DESY (Ham burg). Data from 451
im ages were in te grated and scaled with XDS and
XSCALE. The mo tor sub unit  Glu220 crys tals be long to
space group P21 and unit cell di men sions are a =127.11 C,

b =123.11 C, c =160.11 C, and b = 111.48°. The struc ture
was solved by molecular re place ment us ing
Auto-Rickshaw19 and MOLREP pro grams, and us ing our
pre vi ously solved wild type struc ture (PDB 2w00) as the
search model. 
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Carey J., Ettrich R., Csefalvay E. Nat. Struct. & Mol.Biol,
2009, 16, 94. 
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HOW COULD FLEXIBILITY OF RNA THREE WAY JUNCTION FROM THE GTP-ASE
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We stud ied RNA three-way junc tion (3WJ) formed by He -
li ces 42-44 (H42-H44) or ga niz ing the GTP-ase as so ci ated
cen ter (GAC) of 23S rRNA by us ing ex plicit sol vent mo -
lec u lar dy nam ics (MD) sim u la tions. The GAC 3WJ is the
RNA com po nent of the L7/L12 stalk form ing a side pro tu -
ber ance of the large ri bo somal sub unit, which in ter acts
with the EF-G and with EF-Tu+GTP+tRNA com plex, see
the Fig ure. We have in cluded ri bo somal pro tein L10 in our

study while the L7/L12 pro teins could not be in cluded do to 
ab sence of suf fi ciently com plete ex per i men tal data. 

The aim of the study was to an a lyze the in trin sic flex i -
bil ity of the H42-H44 rRNA and to con sider it in the ri bo -
somal con text in avail able crys tal struc tures of the
ri bo some in clud ing tRNAs, elon ga tion fac tors, etc. The
flex i bil ity of the RNA is eval u ated based on pre ferred sto -
chas tic ther mal fluc tu a tions sam pled in un re strained sim u -
la tions. The sim u la tions thus iden tify the in trin sic
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low-en ergy de for ma tion modes of the mol e cules that can
co-op er ate with the sur round ing ri bo somal el e ments to
achieve the func tional dy nam ics.

MD re veals that GAC 3WJ pos sesses sig nif i cant
anisotropic hinge-like flex i bil ity [1]. Pro ject ing ob served
move ment into the ri bo some, H43/H44 is flex i ble in di rec -
tion to wards and away (clos ing-open ing ge om e try path of
the GAC 3WJ) of the large ri bo somal sub unit, see the Fig -
ure. When the H42-H44 do main is in the over all “closed”
con for ma tion, the tip of the hair pin loop of H89 can fit into
the groove de fined by the dock ing of the hair pin loops of
H43/44. How ever, such con tact is only seen in the 2AW4
crys tal struc ture of va cant E.coli ri bo some [2]. In other
crys tal struc tures the dis tance between the H89 and GAC
RNA var ies widely (it even ex ceeds in some cases 10 C) [3, 
4]. The ex per i men tal struc tures show a wide range of po si -
tions sam pling a set of more in ward and more out ward
struc tures with re spect to the A-site of the large sub unit and 
H89. The range of ob served po si tions co in cides well with
the anisotropic flex i bil ity di rec tion pre dicted by MD. 

The simulations show that flexibility of the GAC RNA
stems from the 3WJ and includes also the H42 stem region
below the 3WJ and above the conserved H42-H97 tertiary
interaction. The GAC rRNA could undergo large-scale
rapid thermal fluctuations or structural adaptations to
facilitate gliding of the tRNA to H89, which lead it into its
functional destinations (A/A state) [5], see the Fig ure 1.

1. I. Besseova, K. Reblova, N. B. Leontis & J. Sponer, Nu -
cleic Ac ids Res., 38 (2010) 6247-6264.

2. B. S. Schuwirth, M. A. Borovinskaya, C. W. Hau, W.
Zhang, A. Villa-Sanjurjo, J. M. Molton & J. H. D. Cate,
Sci ence, 310 (2005) 827-834.  
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F. V. Murphy, J. R. Weir & V. Ramakrishnan, Sci ence, 326 
(2009) 688-694. 

4. D. J. Klein, P. B. Moore & T. A. Steitz, J.Mol.Biol., 340
(2004) 141-177. 

5. K. Y. Sanbonmatsu, S. Jo seph & C. S. Tung, Proc. Natl.
Acad. Sci. U. S. A., 102 (2005) 15854-15859.
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Fig ure 1: Left - Large ri bo somal sub unit (RNA in tan, pro teins in cyan, pdb code 2WRO [2]) from Thermus termophilus in clud ing
tRNA in the A/T state (in red, 2WRN [2]). The GAC 3WJ in the X-ray data is in pur ple, opened and closed ge om e try of the junc tion oc -
curred in the MD sim u la tions is shown in green and blue, re spec tively. Right - De tailed view on co or di nated hy po thet i cal move ment of
the tRNA and GAC 3WJ. The closed MD ge om e try of the GAC 3WJ forms con tact with H89 (marked by el lipse), which might be a key
point, where GAC 3WJ de liver tRNA to H89 (in yellow).
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HELICAL-HELICASE 2 DOMAINS INTERACTIONS IN HSDR SUBUNIT OF ECOR124I
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Procaryotic type I Re stric tion-Mod i fi ca tion sys tems ef fec -
tively rec og nize and de stroy phage DNA by co op er a tive
re cruit ment of endonuclease, ATPase and DNA
translocase and pro tect the host ge nome from be ing self-re -
stricted by DNA methyltransferase ac tion [1].

Type I R-M sys tems are multi-sub unit en zymes. The
com plex is com posed of two HsdR (Restriction and
translocation) sub units, two HsdM (Methylation) sub units, 
and one HsdS (Specifity) sub unit. HsdR sub unit is the big -
gest part of the com plex and re spon si ble for DNA cleav -
age. Ad di tion ally it acts as an ATP-de pend ent DNA
translocase [1]. HsdR is or ga nized into four ap prox i mately
glob u lar struc tural do mains in nearly square-pla nar ar -
range ment: the N-ter mi nal endonuclease do main, the
recA-like helicase do mains 1 and 2 and the C-ter mi nal he li -
cal do main. The near-pla nar ar range ment of glob u lar do -
mains cre ates prom i nent grooves be tween each do main
pair. The two helicase-like do mains form a ca non i cal
helicase cleft in which dou ble-stranded B-form DNA can
be ac com mo dated with out steric clash. A pos i tively
charged sur face groove pro ceeds from the helicase cleft
and con tin ues be tween the he li cal and endonuclease do -
mains where it passes over the cleav age site re cessed
slightly from the sur face [2]. The C-ter mi nal he li cal do -
main re sem bles the fold of HsdM and has strong in ter ac -
tions with helicase 2 do main. Dur ing translocation

large-scale ro ta tion of helicase do main 2 rel a tive to the
helicase do main 1 is ex pected, which would sig nif i cantly
al ter the he li cal-helicase do main in ter face. Salt-bridges or
hy dro gen bonds over this in ter face are the ma jor en er getic
con tri bu tion to the bind ing en ergy be tween both do main,
and must play a key role in ac com mo dat ing the dif fer ent
ro ta tional stages of helicase do main 2 dur ing the
translocation cy cle. We map res i dues that are es sen tial for
he li cal-helicase 2 do mains in ter ac tions by us ing a com bi -
na tion of site-di rected mutagensis and in vivo and in vi tro
ac tiv ity as says and put the re sults into the broader con text
of DNA translocation and fol low ing re stric tion.

1. Murray, N. E. Mi cro bi ol ogy and Mo lec u lar Bi ol ogy Re -
views, June 2000, Vol. 64, No. 2, p. 412–434.

2. 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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INVESTIGATION OF LIGAND PASSAGE IN PROTEINS
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The func tion of many glob u lar pro teins de pends on their
in ter ac tion with small or ganic mol e cules - sub strates, prod -
ucts, co factors, or in hib i tors - as well as the sol vent. The in -
ter ac tion sites, how ever, are of ten not lo cated on the
sur face of the pro tein, but rather deeply bur ied in the struc -
ture. In or der to un der stand the func tion of such pro teins,
we need to un der stand the pro cess in which lig ands pass
through the tun nels lead ing from the bulk sol vent to the
bind ing site. Here, we in ves ti gate ligand pas sage in
haloalkane dehalogenase en zyme LinB [1], and the ef fect
of mu ta tion on it. The Ran dom Ac cel er a tion Mo lec u lar
Dy nam ics (RAMD) method [2], de vel oped in our lab, is
em ployed to find the path ways avail able for the prod ucts of 
the LinB cat a lyzed re ac tion. The free en ergy pro files of the
prod uct un bind ing pro cess are in ves ti gated us ing the
Adap tive Bi as ing Force (ABF) method [3]. In or der to un -

der stand the mo lec u lar de tails of the pro cess, we fo cus on
an a lyz ing the dy nam ics of sol vent mol e cules dur ing the
ligand pas sage. The hydration pat terns turn out to play an
im por tant role in fa cil i tat ing the pas sage of ions.

This pro ject is sup ported by a post doc toral fel low ship from 
DAAD to LB, and grants from the Min is try of Ed u ca tion of
the Czech Re pub lic to ZP (CZ.1.05/2.1.00/01.0001), RCH
(LC06010) and JD (IAA40163090).

1. Chaloupková R, Sýkorová J, Prokop Z, Jesenská A,
Monincová M, Pavlová M, Tsuda M, Nagata Y,
Damborský J. J Biol. Chem. 278 (2003), 52622-8.

2. Lüdemann SK, Lounnas V, Wade RC. J Mol Biol. 303
(2000), 797-811.

3. Hénin J, Fiorin G, Chipot C, Klein ML, J. Chem. Theor.
Comp. 6 (2010), 35-47.
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LOCALIZATION OF CALMODULIN AND  PIP2 BINDING SITES ON THE C-TERMINI OF 
THE TRANSIENT RECEPTOR POTENTIAL CATION CHANNEL TRPM5

J. Bily, H. Janouskova, J. Teisinger
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Tran sient re cep tor po ten tial (TRP) chan nels are in volved
in the per cep tion of a wide range of phys i cal and chem i cal
stim uli, in clud ing tem per a ture, pain, taste, light, osmolarity 
changes and phero mones. Re cent stud ies have in di cated
that mem bers of the TRP fam ily of ion chan nels can func -
tion as cal cium in flux chan nels both in ex cit able and
non-ex cit able tis sues. The chan nel sub units have six
transmembrane do mains that most prob a bly as sem ble into
tetramers to form non-se lec tive cationic chan nels, which
al low for the in flux of cal cium ions into cells. On the ba sis
of struc tural in for ma tion the TRP fam ily is sub di vided in
three main subfamilies: the TRPC (ca non i cal) group, the
TRPV (vanilloid) group and the TRPM (melastatin) group.

TRPM5 chan nel is mem ber of the TRPM ion chan nel
fam ily. Mem bers of TRPM fam ily are di vided into 4
groups - TRPM1+3, TRPM2+8, TRPM4+5, TRPM6+7.
TRPM4+5 are closely re lated cat ion chan nels that are ubiq -
ui tously ex pressed. TRPM5 is found mainly in the in tes -

tine, taste buds, pan creas, stom ach, lung, tes tis and brain.
Chan nels TRPM4+5 are im per me able to Ca2+, but they
how ever play roles in Ca2+ mod u la tion. TRPM4 chan nel is
ac ti vated by Ca2+ is of ten via com plex sig nal ing cas cades
in clud ing Ca2+-Calmodulin bind ing.  Char ac ter iza tion of
bind ing site has not been de ter mined in case of TRPM5.
The se ries of dif fer ent length of highly pu ri fied fu sion pro -
teins of C-ter mi nus of TRPM5 was per formed to get suf fi -
cient amount of sol u ble pro teins.  To study the lo ca tion of
Calmodulin bind ing site on the C-ter mi nal seg ments of
TRPM5 was used the  flu o res cence spec tros copy mea sure -
ments. Sim i larly was iden ti fied PIP2 bind ing site in C-ter -
mini of TRPM5  us ing side di rected mu ta gen e sis. It could
be de duced that both sites (CAM and PIP2) were over -
lapped in C-ter mi nus of TRPM5. This pro ject can help us
un der stand the reg u la tion of TRPM5 ion chan nel.

Sup ported by GA CR 301/10/1159 and GAAV IAA600110
701 and Cen tre of Neurosciences No. LC554.
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REDUCTION MECHANISM OF THE PT(IV) SATRAPLATIN DERIVATES BY
GUANOSINE MONOPHOSPHATE; QUANTUM MECHANICAL STUDY

Filip Šebesta, Jaroslav V. Burda

Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Ke Karlovu 3, 121 16 Prague 2, Czech Re pub lic

The plat i num IV com pound Satraplatin (JM216) was se -
lected for clin i cal de vel op ment be cause of: a) high
cytotoxic ac tiv ity in vi tro against sev eral solid tu mor cell
lines, in clud ing cisplatin re sis tant ones; b) in vivo oral
antitumor ac tiv ity against a va ri ety tu mor mod els; c) a rel -
a tively mild tox ic ity pro file and oral bioavailability. In
Phase 2 clin i cal tri als, satraplatin showed ac tiv ity against
sev eral dif fer ent can cers, in clud ing pros tate, ovar ian, and
small cell lung can cers [1]. 

When PtIV(dach)Cl4 re acts with dGMP or GMP the
pH drops form 8.3 to 3.4, and yel low crys tals are formed.
The crys tals were iden ti fied as PtII(dach)Cl2 by IR anal y -
sis (3267, 3190, 3066, 2936, 2863, and 1564 cm-1). This
in di cates that both dGMP and GMP can re duced Pt(IV) to
Pt(II) [2].

Quantum chemical tool was used to confirm the
suggested reactions and explore the detailed reduction
mechanism. Both thermodynamic and kinetic char ac ter is -
tics were determined at several computational levels. The
AIM, NBO and frequency analyses were used for
examination of all the individual complexes.

1. Choi, S.; Filotto, C.; Bisanzo, M.; Delaney, S.; Lagasee,
D.; Whitworth, J. L.; Jusko, A.; Li, C.; Wood, N. A.;
Willingham, J.; Schwenker, A.; Spaulding, K. Inorg.
Chem. 1998, 37, 2500-2504.

2. Angelov, D.; Spassky, A.; Berger, M.; Ca det, J. J. Am.
Chem. Soc. 1997, 119, 11373-11380.
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THERMODYNAMICAL ANALYSIS OF THE MUTANT CV-IIL LECTINS FROM
CHROMOBACTERIUM VIOLACEUM 
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Lectins are pro teins or glycoproteins of non-im mune or i gin 
ca pa ble ag glu ti nate cells. They are able to spe cif i cally rec -
og nize sac cha rides with high af fin ity. How ever, the ma jor
func tion of lectins ap pears to be in the cell rec og ni tion pro -
cess, they gen er ally rec og nize di verse sugar struc tures and
me di ate a va ri ety of bi o log i cal pro cesses. Bac te rial lectins
play a cru cial role in rec og ni tion of sugar moi eties on the
host cell sur face and con se quently can cause bac te rial ad -
he sion. An at trac tive ap proach is the use of agents that in -
ter fere with the abil ity of the bac te ria to ad here to the host
cell sur face, since such ad he sion is one of the ini tial stages
of the in fec tious pro cess. How ever, the pro cess of ligand
bind ing is very com plex and com pli cated, deeper un der -
stand ing of the ther mo dy nam ics of lectin-saccharide in ter -
ac tion can be use ful for the mo lec u lar de sign of po tent
anti-ad he sion ther a peu tics. 

Chromobacterium violaceum is an op por tu nis tic patho -
gen that com monly oc curs in wa ter and soil in trop i cal and
sub trop i cal re gions. In fec tion caused by this bac te rium can
be fa tal for immunocompromised peo ple and chil dren.
Bac te rial un usual re sis tance to an ti bi ot ics is the rea son of
high mor tal ity. 

The lectin from C. violaceum named CV-IIL is a
tetramer (the struc tural func tional unit is a dimer), each
mono mer is com posed of 113 amino ac ids. This lectin
shows abil ity to bind L-fucose (6-deoxy-L-galactose) and
D-mannose with high af fin ity.  Each mono mer con tains
two cal cium ions in the car bo hy drate bind ing site, which
me di ate bind ing of the sac cha rides. The crys tal struc ture of
CV-IIL dem on strates that there is also one wa ter mol e cule,
which plays a spe cial role by bridg ing sugar with back bone
ni tro gen atom and also with side chain of the amino acid
threonine in po si tion 97. (Fig.1) [1] There fore, sev eral rep -
re sen ta tives from dif fer ent groups of amino ac ids were
cho sen for the mu ta gen e sis in this po si tion 97.

The com plete thermodynamical anal y sis was per -
formed us ing iso ther mal ti tra tion microcalorimetry method 
(ITC 200, Microcal). From the sin gle mea sure ment we can
ob tain and con se quently cal cu late im por tant thermo -
dynamical val ues (enthalpy, en tropy, Gibbs free en ergy) as 
well as bind ing af fin ity and stoichiometry of the lectin-
saccharide in ter ac tion. The in ter ac tion with high af fin ity

ligand a-Me-fucoside was mea sured in case of each pre -
pared mu tant lectin at dif fer ent tem per a tures in the range
from 10 to 40°C at con stant pres sure. These de tail mea sure -

ments al low the de ter mi na tion of the heat ca pac ity DCp -
the slope of the enthalpy de pend ence on tem per a ture. Ac -

cu rate val ues of DCp for in di vid ual mu tant al low par tial

dis crim i na tion of the en tropy change as so ci ated with the
sol vent re lease and the loss of con fig u ra tional en tropy. The 
to tal en tropy of bind ing can be devided into terms for
changes in sol va tion and losses in con fig u ra tional, ro ta -
tional and translational en tropy.

DS° = DS solv + DS config + DS rot + DS transl    [2]

The two ma jor con tri bu tions to the bind ing en tropy are
the change in conformational and the sol va tion en tropy,
which will be dis cussed. How ever, the val ues of the Gibbs
free en ergy are very sim i lar, the dif fer ence in enthalpy and
en tropy con tri bu tions were marked in some cases.

The work is sup ported by Min is try of Ed u ca tion
(MSM0021622413, ME08008) and Czech Sci ence Foun -
da tion (GA/303/09/1168) of the Czech Re pub lic

1. Pokorná M., Cioci G., Perret S, Rebuffet E., Kostlánová
N., Adam J., Gilboa-Garber N., Mitch ell E.P., Imberty
A., Wimmerová M., Un usual En tropy-Driven Af fin ity of 
Chromobacterium violaceum Lectin CV-IIL to ward Fucose 
and Mannose, Bio chem is try 45 (24) 7501 - 7510, 2006.

2. Chervenak M.C., Toone E.J., Ca lo ri met ric Anal y sis of the
Bind ing of Lectin with Over lap ping Car bo hy drate-Bind -
ing Ligand Specifities, Bio chem is try 34 5685 - 5695,1995
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A histidine-con tain ing phosphotransmitters (HPts) from A. 
thaliana (AHP1-5) me di ate sig nal transduction down -
stream from re cep tor histidine kin ases (HK) to sub se quent
phospho-ac cept ing re sponse reg u la tors (RR) via so called
multistep phosphorelay (MSP). AHP pro teins are in volved
in and po ten tially in te grate var i ous MSP sig nal ling path -
ways (e.g. cytokinin, eth yl ene, osmosensing). In this study, 
we cloned genes for AHP pro teins into pRSET B ex pres -
sion vec tor en abling pro duc tion of AHPs in fu sion with N-
ter mi nal His tag. Ex pres sion lev els were tested at dif fer ent
cul ti va tion con di tions in BL21(DE3)pLysS E.coli host
strain. Pro teins were ex tracted un der de na tur ing and na tive
con di tions to es ti mate the pro por tion of pro duced AHPs in

the sol u ble and in sol u ble form, re spec tively. Both forms of
re spec tive pro tein were iden ti fied by West ern blot ting.
Sur pris ingly, quan ti fi ca tion of bands from West ern blot
anal y sis showed sig nif i cant dif fer ences in ex pres sion lev -
els of AHP pro teins. The first pu ri fi ca tion step (af fin ity
chro ma tog ra phy) was op ti mized us ing dif fer ent buff ers
and gra di ent shape. Fol low ing pu ri fi ca tion step (gel fil tra -
tion or an ion ex change chro ma tog ra phy) al lowed ob tain -
ing of ho mog e nous pro teins un der de na tur ing con di tion.
Pu ri fied AHP2 was used for crys tal li za tion screen ing.

Sup ported by LC06034, LC06010, MSM0021622415,
GAÈR 521/09/1699 and P305/11/0756.
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PREDICTING PKA VALUES OF SUBSTITUTED PHENOLS FROM ATOMIC CHARGES
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T. Bouchal, and J. Koèa
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The acid dis so ci a tion con stant pKa is one of the fun da men -
tal prop er ties of or ganic mol e cules de ter min ing the de gree
of dis so ci a tion at a given pH. Dis so ci a tion con stants are of
in ter est in chem i cal, bi o log i cal, en vi ron men tal and phar -
ma ceu ti cal re search, be cause the im por tant physico -
chemical prop er ties like lipophilicity, sol u bil ity, and
per me abil ity are all pKa de pend ent. For these rea sons, there 
is a strong in ter est in the de vel op ment of re li able meth ods
for pKa pre dic tion.

Nu mer ous meth ods based on dif fer ent ap proaches were 
de vel oped [1] – the Lin ear Free En ergy Re la tion ships
(LFER) method, da ta base meth ods, de ci sion tree meth ods,
quan tum me chan i cal sim u la tions, QSPR mod els etc.. Un -
for tu nately, pKa val ues re main one of the most chal leng ing
physicochemical prop er ties to pre dict.

Par tial atomic charges have proven to serve as very suc -
cess ful descriptors for the pre dic tion of pKa us ing QSPR
mod els [2]. The uti li za tion of charges has been, un til re -
cently, lim ited by the high com pu ta tional cost of their
quan tum me chan i cal cal cu la tion. Now a days, much more

pow er ful com put ers ex ist than ever be fore. It makes
charges much better ac ces si ble and, thus, very at trac tive
for pKa pre dic tion. 

Par tial atomic charges can be cal cu lated us ing a va ri ety
of quan tum me chan i cal meth ods (AM1, PM3, HF, MP2,
functionals, etc.), pop u la tion anal y ses (Mulliken, ESP,
NPA, etc.) and ba sis sets. Con se quently, the way of charge
cal cu la tion strongly in flu ences their cor re la tion with pKa

[3, 4]. We have eval u ated dif fer ent com pu ta tional strat e -
gies and mod els to pre dict the pKa val ues of sub sti tuted
phe nols us ing par tial atomic charges. Par tial atomic
charges for 143 phe nol mol e cules were cal cu lated us ing
more than 70 com bi na tions com pris ing of the ory lev els,
ba sis sets and pop u la tion anal y ses. The cor re la tions be -
tween pKa and var i ous atomic charge descriptors were ex -
am ined and the best descriptors were se lected for de sign ing 
the QSPR mod els. Then, the ac cu racy of all these mod els
was an a lyzed an in flu ence of the ory level, ba sis set and
pop u la tion anal y sis on the qual ity of the model was eval u -
ated.
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COMPARISON OF C-TERMINAL SEGMENTS OF TRPV ION CHANNEL FAMILY
MEMBERS AND THEIR INTERACTIONS WITH CALMODULIN

B. Holakovska, L. Grycova, 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

TRPV ion chan nels be long to vanilloid subfamily of tran -
sient re cep tor po ten tial chan nels (TRPs). These chan nels
are ubiq ui tously ex pressed in all eukaryotic cells and are
in volved in many cel lu lar pro cesses like transduction of
sen sory sig nals and reg u la tion of Ca2+ and Mg2+ ho meo sta -
sis. 

TRPV1 and TRPV2 fall within the so called thermo -
TRPs. TRPV5 is a rather dis tinct mem ber of TRPV
subfamily and fea tures quite dif fer ent prop er ties then the
rest of this subfamily. It is strictly Ca2+ se lec tive and in -
volved in re nal Ca2+ ab sorp tion/re ab sorp tion.  

It is known that TRP chan nels are reg u lated by
calmodulin (CaM) in cal cium de pend ent man ner via bind -
ing to their intracellular ter mini.  

In our pro ject we iden ti fied calmodulin bind ing sites on 
the C-ter mini of TRPV1 (686–837), TRPV2 (654-683) and 

TRPV5 (587-616). These sites cor re spond to the con sen sus 
CaM bind ing mo tifs with con served hy dro pho bic res i dues
in po si tions 1-8-14 in TRPV1 and 1-5-10 in TRPV2 and
TRPV5. In ter est ingly, the mid dle hy dro pho bic res i due in
the mo tif is ex changed for a charged res i due in TRPV1 and
TRPV2, in di cat ing that these bind ing sites may be ex traor -
di nary. Site di rected mu ta gen e sis ex per i ments fur ther re -
vealed that ba sic res i dues within these sites may play a
cru cial role in TRPV chan nels bind ing to CaM.

This pro ject was sup ported by Grant GAAV IAA600110
701, GACR 301/10/1159, GACR P205/10/ P308, pro ject
(No. H148), Cen tre of Neurosciences No. LC554 MSMT
CR.
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THE EFFECT OF ESCHERICHIA COLI MIN PROTEINS ON BACILLUS SUBTILIS

Ján Jamroškoviè, Jana Melnièáková, Naïa Pavlendová, Katarína Muchová and Imrich Barák

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

In Gram-pos i tive Ba cil lus subtilis and in Gram-neg a tive E.
coli, min pro teins are in volved in the reg u la tion of di vi sion
septa po si tion ing. In both sys tems the con cen tra tion gra di -
ent of FtsZ in hib i tor MinCD is formed from poles to cell
cen tre. In E. coli MinE pro tein drives the os cil la tion of
MinCD from pole to pole by bind ing to MinD and ATP hy -
dro ly sis. In this way, the low est con cen tra tion of MinCD
in hib i tors at the cell cen tre is form ing.  In B. subtilis
MinCD com plex is tar geted to the cell poles by MinJ and
DivIVA pro tein. They re tain MinCD at the cell poles. Such
con cen tra tion gra di ent from poles to cell cen tre al lows
FtsZ-ring for ma tion at the cell cen tre and at the same time
pre vents asym met ric di vi sion to take place at the cell poles. 
Heterologous ex pres sion of MinCEc and MinDEc has an ef -

fect on B. subtilis cell length. More over MinDEc par tially
sub sti tutes for the func tion of its B. subtilis coun ter part and
lo cal izes sim i larly on he li ces along the cell axis as B.
subtilis MinD.

Here us ing yeast two hy brid sys tem we show di rect in -
ter ac tions be tween MinD E. coli and MinC B. subtilis. Ad -
di tion ally, we ob served dy namic be hav ior of MinDEc and
MinE in B. subtilis when ex pressed to gether. All these
find ings in di cate that these two Min sys tems re sem ble each 
other more than it was thought pre vi ously.

This work was sup ported by the grant APVT-51-027804,
No. ESF-EC-0106, LPP-0218-06 and VEGA grant 2/0016/ 
10  from the Slo vak Acad emy of Sci ences and The Well -
come Trust Grant 082829/Z/07/Z.
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Re com bi nant lig ands de rived from small pro tein scaf folds
show prom ise as ro bust re search and di ag nos tic re agents
and as next gen er a tion pro tein ther a peu tics. Here we de -
scribe high-af fin ity bind ers for hu man in ter feron gamma

(hIFNg) that were de rived from the three he lix bun dle scaf -
fold of the al bu min-bind ing do main (ABD) of pro tein G
from Strep to coc cus G148. On the ba sis of com pu ta tional
in ter ac tion en ergy map ping, sol vent ac ces si bil ity as sess -
ment and in silico alanine scan ning anal y sis, 11 res i dues
from the al bu min-bind ing sur face of ABD were se lected
for ran dom iza tion, thus gen er at ing a com bi na torial scaf -
fold li brary of a the o ret i cal com plex ity of 1014. Upon two
in de pend ent cam paigns of in vi tro ri bo some dis play se lec -

tion of such scaf folds, high af fin ity re com bi nant lig ands

were ob tained that ex hib ited Kd val ues for hIFNg  from 0.2
to 10 nM. Mo lec u lar mod el ing, com pu ta tional dock ing

onto hIFNg and in vi tro com pe ti tion for hIFNg bind ing be -
tween pairs of in di vid ual se lected lig ands or with the hu -

man IFNg re cep tor 1 (hIFNgR1), re vealed that four of the
best ABD-de rived lig ands shared a com mon bind ing sur -

face on hIFNg, which was dif fer ent from the site of

hIFNgR1 bind ing. The novel hIFNg lig ands thus rep re sent
a proof of con cept for de vel op ment of novel di ag nos tic re -
agents de rived from the ABD scaf fold.

P13

STRUC TURAL STUD IES OF 14-3-3/PHOSDUCIN COM PLEX
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Phosducin (Pd) is an im por tant pro tein, which is in volved
in eye sight sense bio chem is try. It reg u lates per cep tion of
sen si tiv ity of light. Pd is ex pressed in photoreceptors, es pe -
cially in rods, but it is found in pi neal gland and other tis -
sues as well. It is in volved in G-pro tein sig nal ing that
al lows sight [1, 2].

Dephosphorylation of Pd is in duced by light and causes 

its bind ing to Gba com plex. The trans port of the re sult ing

Pd/Gba com plex from the outer rod disk mem brane then
in duces the de crease in G-pro tein sig nal ing. There fore, the
dephosphorylation of Pd pro tects the sig nal ing path way
against sat u ra tion in the pres ence of very in tense light. In
the dark-adapted ret ina Pd is pre dom i nantly fosforylated at

Ser54 and Ser73 [3]. Phosforylated Pd doesn´t bind Gba
but binds multifunctional 14-3-3 pro tein. This in ter ac tion
in creases the G-pro tein sig nal ing and thus the sen si tiv ity
to wards the light [4].

14-3-3 pro teins are fam ily of acidic reg u la tory pro teins
that are ex pressed in all eukaryotic cells. They bind to other 
pro teins in a phosphorylation-de pend ent man ner and af -
fects the struc ture of their bind ing part ners [5]. In ter ac tion
be tween 14-3-3 and phosphorylated Pd prob a bly en ables

se ques ter ing Pd from Gba sub unit or pro tect ing
phosphorylated Pd from deg ra da tion [2].

To elu ci date the mech a nism of 14-3-3-de pend ent reg u -
la tion of Pd func tion, we per formed sev eral bio phys i cal
stud ies of Pd/14-3-3 com plex. We have pre pared

Pd/14-3-3z 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 phosphorylation de pend ent. An a lyt i cal ul tra -
cen tri fu ga tion was used to es ti mate the com plex
stoichiometry. Conformational changes of Pd, in duced by
14-3-3 pro tein bind ing, were stud ied us ing flu o res cence
spec tros copy tech niques.
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In oxygenic pho to syn the sis sun light is con verted into
chem i cal en ergy and the ox y gen (es sen tial for life on earth) 
is re leased to the at mo sphere. Wa ter split ting, giv ing the
rise to mo lec u lar ox y gen, is per formed on a clus ter of four
Mn2+ ions lo cated on the lumenal side of photosystem II
(PSII). For the op ti mal ac tiv ity of this ox y gen-evolv ing
com plex are re quired Ca2+ and Cl- ions, which is mod u lated 
in higher plants by the pres ence of three ex trin sic pro teins
named PsbO, PsbP and PsbQ and cre ate the cor rect ionic
en vi ron ment dur ing wa ter ox i da tion. These pro teins are lo -
cated at the lumenal sur face of mem brane [1]. Ad di tion -
ally, the pro tein PsbR has been de scribed to play im por tant
role in wa ter ox i da tion in plant PSII [2,3]. 

The iso la tion of the pro tein com plex con sist ing of pro -
teins PsbO, PsbP, PsbQ and the ex trin sic pro tein PsbR
from Pisum sativum L. for other struc tural anal y sis was op -
ti mized. West ern blot ting was used for de tec tion of ex trin -

sic pro teins and pre lim i nary crys tal li za tion ex per i ments
were per formed. It was shown that com plex PsbO, PsbP,
PsbQ is sta ble in the Tris buffer, pH 8.6 while for pro tein
PsbR is suf fi cient Tris buffer pH 7.00 con tain ing the de ter -
gent octyl-thioglucopyranoside.
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Borna dis ease vi rus (BDV) is the caus ative agent for Borna 
dis ease, a non-cytolytic, per sis tent in fec tion of the cen tral
ner vous sys tem de tected orig i nally among horses in Borna, 
Ger many. BDV has been used as a model sys tem to in ves ti -
gate and un der stand per sis tent vi ral in fec tions of the brain.
Known hosts of BDV range from ro dents to non-hu man
pri mates [1] and re cently it was shown that BDV is re spon -
si ble for the first endogenized non-retroviral vi rus-de rived
el e ments in mam ma lian genomes [2]. BDV is the only
mem ber of the fam ily of Bornaviridae that be longs to the
or der Mononegavirales, which in cludes among oth ers the
vi ruses Mar burg, Ebola and Ra bies.

BDV has the small est ge nome among all known neg a -
tive stranded non-seg mented RNA vi ruses, with a size of
8.9 kb, en cod ing for six pro teins [3]. The ma trix pro tein of
BDV (BDVM), a 16.2 kDa pro tein that forms ei ther a sta -
ble homotetramer or –octamer [4], is as so ci ated with vi rus
as sem bly and bud ding and may also be as so ci ated with the
reg u la tion of the vi ral ribonucleoprotein ac tiv ity [5]. We
have re cently shown that BDVM binds sin gle stranded
RNA [6], as does the ma trix pro tein VP40 of the Ebola vi -
rus [7]. 

To fur ther in ves ti gate the struc tural and func tional in -
flu ence of RNA bind ing on BDVM, we mu tated the spe -
cific RNA bind ing site, cre at ing the vari ant BDVM
H112W. This vari ant shows a pre vi ously un known
dodecameric oligomerization state and al tered RNA bind -
ing abil i ties. More vari ants of BDVM were cre ated to an -
tic i pate the new oligomerization state of BDVM H112W,
giv ing a more de tailed in sight con cern ing the
oligomerization state and RNA bind ing abil i ties of BDVM. 

An ad di tional cell-based in ves ti ga tion of re com bi nant vi -
ruses har bour ing these mu ta tions showed po tent growth at -
ten u a tion and an atyp i cal cy to plas mic ac cu mu la tion in
Vero cells.

Taken to gether the struc tural and func tional data in di -
cates that RNA bind ing and ap pro pri ate oligomerization of
BDVM is re quired for proper vi ral growth.

The work on this pro ject was sup ported by the Gradui -
erten kolleg 1026 “Conformational tran si tions in macro -
mole cular in ter ac tions” of the Deut sche Forschungs-
gemeinschaft.
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Ty ro sine hy drox y lase be longs to the group of hydroxylases 
of ar o matic ac ids, class oxydoreductases and sub group
oxygenases. This en zyme ca tal y ses key step in the
biosynthesis of catecholamine neurotransmitters – the con -
ver sion of the ty ro sine to the 3,4-dihydroxyfenylalanine.
We can found it mainly in cells of the ad re nal gland in the
heart, in the liver, in go nads and in the cen tral ner vous sys -
tem [1, 2].

The ty ro sine hy drox y lase has the homotetrameric struc -
ture and con tains three di verse struc tural do mains: N-ter -
mi nal reg u la tory do main, cat a lytic do main and C-ter mi nal
tetramerization do main [3]. The ac tiv ity of ty ro sine hy -
drox y lase is reg u lated by phosphorylation and through the
reg u la tion of its ex pres sion. All phosphorylation sites
(Ser-8, Ser-19, Ser-31 and Ser-40) are lo cated within the
reg u la tory do main [2]. Phosphorylation at Ser-40 by cy clic
AMP-de pend ent pro tein kinase (PKA) in duces the most
po tent ac ti va tion of ty ro sine hy drox y lase. It has been pro -
posed that phosphorylation of Ser-40 al ters the con for ma -
tion of the reg u la tory do main and its in ter ac tion with the
cat a lytic do main. Phosphorylation at Ser-19 in duces bind -
ing of the 14-3-3 pro tein, which af fects the struc ture of the
reg u la tory do main and pro tects it against dephosphory -
lation (at phosphorylated Ser-40) and its deg ra da tion [4, 5].

Since the struc ture of the reg u la tory do main is still un -
known we de cided to per form its struc tural char ac ter iza -
tion us ing NMR tech niques. The reg u la tory do main of
ty ro sine hy drox y lase was ex pressed as six-His-tag fu sion

pro tein by IPTG in duc tion for 12 h at 20 °C and pu ri fied
from Esch e richia coli BL21(DE3). Its pu ri fi ca tion con sists 
of two steps: the che lat ing chro ma tog ra phy and the
size-ex clu sion chro ma tog ra phy on Superdex 200 col umn.
The dy namic light scat ter ing and the 1H nu clear mag netic
res o nance were used to ver ify that the re com bi nant pro tein
is not ag gre gated and can be used for fur ther ex per i ments.
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BIOCHEMICAL CHARACTERIZATION OF A RECOMBINANT PLANT ALDEHYDE
DEHYDROGENASE 7 FROM Pisum sativum (PSALDH7)

David Kopeèný, Martina Tylichová, Tomáš Andree, Jan Frömmel and Marek Šebela 
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D1-Piperideine-6-carboxylate dehydrogenase (P6C DH),

also named a-aminoadipic semialdehyde dehydro genase,
antiquitin or sim ply al de hyde dehydrogenase 7 (ALDH7)
rep re sents a mem ber of the ALDH7 fam ily within the
ALDH pro tein superfamily. Antiquitin’s name (in Latin
antiquusmeans old) is de rived from the sup posed high age
of the re spec tive cod ing gene. Hu man and plant ALDH7
pro teins show roughly 60% iden tity in amino ac ids de spite
the ev i dent evo lu tion ary dis tance oc cur ring be tween both
or gan isms. Such a high de gree of se quence sim i lar ity be -
tween spe cies of ten in di cates an es sen tial and func tion ally
con served role within the cell. Hu man antiquitin was found 
to me tab o lize a wide range of aliphatic al de hydes, ar o matic 
al de hydes and betaine al de hyde but it is mainly con nected

with lysine me tab o lism and me di ates the con ver sion of a-

ami no adipic semialdehyde (a-AASA) to a-aminoadipate.
Mu ta tion in hu man ALDH7A1 gene re sults in the ac cu mu -
la tion of P6C in plasma that in ac ti vates pyridoxal 5´-phos -

phate, an es sen tial co fac tor for many en zy matic re ac tions.
The phys i o log i cal func tion of plant antiquitin is be lieved to 
be re lated to a gen eral stress re sponse but no de tailed data
ex ist on the en zyme struc ture and sub strate spec i fic ity. The
gene cod ing for pea antiquitin (PsALDH7, GenBank ac ces -
sion num ber X54359) was cloned into a pCDFDuet vec tor
and ex pressed in T7 E. coli cells. The fi nal pro tein of 522
amino ac ids (55 kDa) car ried an N-ter mi nal 6xHis-tag and
was pu ri fied on HIS-Se lect co balt af fin ity gel. Pro tein
iden tity was ver i fied by MALDI-TOF pep tide mass fin ger -
print ing. The en zyme uti lizes NAD+ but not NADP+ as a

coenzyme and pre fers a-AASA to other aliphatic and ar o -
matic al de hydes.

This work was sup ported by grants 522/08/0555 from the
Czech Sci ence Foun da tion and grant, MSM 6198959215
from the Min is try of Ed u ca tion, Youth and Sports of the
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Sci ence, Palacký Uni ver sity in Olomouc.
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Mo lec u lar rec og ni tion of car bo hy drates by pro teins plays a 
key role in many bi o log i cal pro cesses in clud ing im mune
re sponse, patho gen en try into a cell, cell-cell ad he sion and
so forth [1-5]. The list of pro teins that re cog nise car bo hy -
drates via ar o matic res i dues in clude lectins, car bo hy -
drate-bind ing mod ules, glycosidases, glycosyl trans -
ferases, “greasy slides” of car bo hy drate trans port ers and
com pli men tary sugar-bind ing sites (“sugar tongs”). Car bo -
hy drates typ i cally in ter act with ar o matic sys tems in a par al -
lel ori en ta tion.

In this study we pres ent the first sys tem atic com pu ta -
tional three-di men sional scan of car bo hy drate hy dro pho bic 

patches for the abil ity to in ter act via CH/p dis per sion in ter -

ac tions. The car bo hy drates b-D-glucopyranose, b-D-man -

nopyra nose and a-L-fucopyranose were stud ied in a
com plex with a ben zene mol e cule, which served as a model 

of the CH/p in ter ac tion in car bo hy drate/pro tein com plexes.
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STRUCTURAL ASSEMBLY OF b-N-ACETYLHEXOSAMINIDASE COMPLEX
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b-N-acetylhexosaminidase (EC 3.2.1.52) be longs to exo -
glycosidase and is one of the most abun dant en zymes
found in or gan ism from bac te ria to hu man. The fun gal

b-N- acetylhexosaminidase from Aspergillus oryzae is
com posed of  propeptide and catalytical do main. The
propeptide is a 10kDa large pep tide noncovalently as so ci -
ated  with the catalytical do main of the en zyme. Propeptide
is es sen tial for the en zyme ac tiv ity. Al though the struc ture
of the catalytical do main was re vealed by homology mod -
el ing, the struc ture of the propeptide has not been solved.
In this study we un cover the po si tion where the propeptide
is as so ci ated with the catalytical do main.

b-N-acetylhexosaminidase was pu ri fied from the me -
dium of the pro duc ing or gan ism. For EDC (1-Ethyl-3- (3-
 dimethylaminopropyl) carbodiimide) ex per i ment the en -
zyme was trans ferred by gel fil tra tion to 50mM Pyridine

pH 5.5, 150mM NaCl and for DSG (disuc cinimidyl gluta -
rate) ex per i ment to 50mM Triethylamine car bon ate pH 7.5. 
Af ter the cross-link ing re ac tion was over, the prod ucts of
en zyme were sep a rated by SDS elec tro pho re sis.  In gel di -
ges tion was per formed and the re sult ing pep tides were an a -
lyzed by LC-ESI FT MS (Agilent 1200, APEX-Ul tra)

Combinating chem i cal cross-link ing and high res o lu -
tion mass spec trom e try we re vealed that the struc tural
changes of the catalytical do main de pend on the pres -
ence/ab sence of the propeptide mol e cule. These re sults
nicely cor re lated with the pre vi ously de scribed homology
model of the catalytical do main. Sev eral cross-linked pep -
tides be tween the propeptide and catalytical do main dis -
closed the po si tion of the propeptide within the en zyme.

This work was sup ported by grants P207/10/1040 and
P207/10/1934 of the Czech Sci ence Foun da tion.
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The ma jor ity of chem i cal and bio chem i cal pro cesses can be 
de scribed by un der ly ing free en ergy be hav ior. This is the
case, for in stance, in as sem bly of supra mo lecu lar com -
plexes, chem i cal re ac tiv ity, pro tein fold ing and pro -
tein-ligand bind ing. It is ev i dent that the cal cu la tion of free
en er gies by com puter sim u la tions can be very help ful in
better un der stand ing of these pro cesses. One of the most
com monly used sim u la tion tech nique pro vid ing the free
en ergy is the cal cu la tion of po ten tial of mean force (PMF).
PMF rep re sents the free en ergy along a pre scribed re ac tion
co or di nate and thus pro vides in for ma tion about ki net ics
and ther mo dy nam ics of the stud ied (bio)chem i cal events.

We have im ple mented five well es tab lished PMF meth -
ods into a sin gle suite of pro grams, which we call PMFLib.
Im ple mented meth ods are as fol lows: adap tive bi as ing
force (ABF) [1], con strained dy nam ics (CD) [2],
metadynamics (MTD) [3], um brella sam pling (US) [4],
and string method (SM) [5]. The PMFLib is a set of util i ties 
and li brar ies writ ten in Fortran90 and C/C++ pro gram ming 
lan guages pro vid ing PMF cal cu la tions in trans par ent and
uni form way. PMFLib can be eas ily plugged into any ex ist -
ing mo lec u lar dy nam ics code and thus to ex tend its fea tures 
to wards re li able free en ergy cal cu la tions. Cur rently, in ter -

faces to AMBER, CPMD, and XdynBP mo lec u lar dy nam -
ics codes are avail able. PMFLib also of fers mul ti ple-walk -
ers (MW) [6] ex ten sion of MTD and ABF meth ods.
An other im ple mented method im prov ing sam pling is rep -
lica-ex change mo lec u lar dy nam ics (REMD). Both MW
and REMD [7] ex ten sions are im ple mented as weakly
bound cli ent-server. This al lows uti li za tion of PMFLib in
cal cu la tions em ploy ing mas sive par al lel sim u la tions in het -
er o ge neous com puter en vi ron ments, for ex am ple in com -
pu ta tional grids.
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Photosynthetical mem brane is the most abun dant mem -
brane in the na ture and dif fers from other mem branes by
the fore most glycolipid com po si tion. The mebrane lipid
com po si tion is de pend ent on the or gan ism spe cies and its
liv ing con di tions. In our pre vi ous com pu ta tional study of
the PSII Re ac tion Cen tre pig ment-pro tein com plex, the
thylakoid mem brane as the pro tein nat u ral en vi ron ment
was re placed by as sem bly of oc tane mol e cules due to the
lack of elec tron den sity for lipid com po nents and
computationally de mand ing ge om e try op ti mi za tion of
lipid-pro tein com plexes.

Us ing the most com mon force field (FF) for mem brane
mod el ling, OPLS (Op ti mized Po ten tial for Liq uid Sim u la -

tions) and GROMOS, the monolipid mebrane model of
size 8x8 glyco lipids was re laxed in the pres ence of wa ter
and then pressed to fit „area per lipid“ and bilayer di am e ter
to cor re spond with the ex per i men tal data and than again re -
laxed to be in equi lib rium. 

The com plex model of PSII RC em bed ded into the nat -
u ral en vi ron ment (glycolipid mem brane) will be fi nally in -
volved in the o ret i cal study of photosynthetic pro cesses,
like excitonic in ter ac tion and charge sep a ra tion in PSII RC
and be hav ior of some ex ter nal parts of mem brane pro tein
sub units.
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Haloalkane dehalogenase DhaA is a bac te rial en zyme iso -
lated from bac te rium Rhodococcus rhodochrous NCIMB
13064 [1]. The en zyme cat a lyzes hydrolytic dehalo -
genation of var i ous halogenated aliphatic hy dro car bons
[2]. The mu tant DhaA31 was con structed to de grade
anthropogenic com pound 1,2,3-trichloropropane (TCP).
TCP has been de tected in low con cen tra tions in sur face wa -
ter, drink ing wa ter and ground wa ter. TCP shows strict re -
sis tant to bi o log i cal deg ra da tion. To in crease the ef fi ciency 
of this re ac tion, fo cused di rected evo lu tion was used to
con struct the mu tant DhaA31 with up to 32-fold higher cat -
a lytic ac tiv ity and 26-fold higher cat a lytic ef fi ciency, than
par ent wild type en zyme DhaA [3]. The main goal of this
pro ject is to solve struc ture of DhaA31. The struc ture of
DhaA31 will help to un der stand the struc ture-func tion re -
la tion ships of im proved dehalogenation of TCP.

The mu tant pro tein DhaA31 was crys tal lized by sit ting
drop va por dif fu sion tech nique and crys tals of DhaA31 in a 

com plex with TCP were ob tained us ing soak ing ex per i -
ment. Both crys tals be long to the triclinic space group P1.
Dif frac tion data were col lected to the high res o lu tion of
1.31 C for DhaA31 and 1.26 C for DhaA31 with TCP. This 
dif frac tion data were col lected at the beamline X12
(DESY, Ham burg). The struc tures of DhaA31 and
DhaA31 in a com plex with TCP were solved by mo lec u -
lar-re place ment tech niques us ing haloalkane dehalogenase 
DhaA04 mu tant as a tem plate. The re fine ment has been
done in SHELXL pro gram [4].

This work is sup ported by the Min is try of Ed u ca tion of the
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and IAA401630901). Work of M.L. is sup ported by GAJU
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The 14-3-3 pro teins are highly con served dimeric sig nal ing 
pro teins ex pressed in all eukaryotic cells [1]. Each mono -
mer con sists of nine antiparallel he li ces. It has been spec u -

lated that the loop be tween a-he lixes H8 and H9 af fects the 
bind ing prop er ties of 14-3-3 pro tein isoforms. In this work
we fo cused on bar ley isoform 14-3-3A and hu man isoform

14-3-3z. It has been ob served that the isoform 14-3-3A
binds its lig ands with sig nif i cantly lower af fin ity com pared 
to other bar ley isoforms (14-3-3B and 14-3-3C) [2]. These

isoforms dif fer in the se quence of the loop be tween a-he -
lixes H8 and H9. We mea sured the bind ing af fin ity of
14-3-3A WT and its mu tant, which con tained the same
H8-H9 loop as isoforms B and C. For com par i son, we also

mea sured the bind ing af fin ity of hu man isoform 14-3-3z
and its mu tant, where the serine res i due within the H8-H9
loop was re placed by glycine. The bind ing af fin ity of
14-3-3 pro tein isoforms was stud ied us ing two dif fer ent
flu o res cence spec tros copy tech niques (the flu o res cence
cor re lated spec tros copy and the quench ing of the

steady-state flu o res cence in ten sity). Our re sults show that
the mu ta tion of H8-H9 loop de creased the bind ing af fin ity
of both tested isoforms, even though their mu ta tions were
an tag o nis tic (Gly/Ser in the case of 14-3-3A, Ser/Gly in the 

case of 14-3-3x). In con clu sion, the H8-H9 loop plays an
im por tant role in the reg u la tion of the 14-3-3 bind ing af fin -
ity in an isoform-spe cific man ner.  

1.  A.J. Mus lin, J.W. Tan ner, P.M. Allen, A.S. Shaw, Cell, 84, 
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Toxin-an ti toxin were found to be en coded on vast num ber
of bac te rial plasmids and genomes and are thought to be as -
so ci ated with the main te nance of extrachromosomal DNA,
bacteriostasis and pos si bly al tru is tic cell death. Chro mo -
som ally en coded SpoIISA-SpoIISB sys tem ap pears to de -
fine a new fam ily of toxin-an ti toxin mod ules that is
con served among Ba cilli.

SpoIISA proteic toxin from B. subtilis was shown to af -
fect cell mebrane of ei ther mother cell dur ing sporulation
pro cess or, when ar ti fi cially over-ex pressed in vege ta tively 
grow ing cells. This 248-amino res i due pro tein was pre -
dicted to be com posed of two do mains – a mem brane span -
ning do main con sist ing of three he li ces and a neg a tively
charged cytosolic do main (CSpoIISA), which binds small,
pos i tively charged SpoIISB pro tein [1].

Re cently solved crys tal struc ture of CSpoIISA2:
SpoIISB2 heterotetrameric com plex [2] re vealed that the
toxin por tion of the com plex con sti tutes so called GAF
(cGMP phospho- diesterase, adenylate cyclase, FhlA) do -
main, a fold which is wide spread in pro teins of di verse
func tion in clud ing cell sig nal ling pro teins, tran scrip tion
fac tors and pro teins in volved in light de tec tion in bac te ria,
fungi and plants [3]. The GAF do main has three tiers, a

basal layer of two or more a-he li ces, a mid dle tier of four or 

more strands that form a mixed b-pleated sheet and a dis tal
layer of more vari able struc ture made up of seg ments con -

nect ing the strands of the b-sheet. Many GAF do mains are

dimers formed by the pack ing of a-he li ces from the basal
layer to form a four he lix bun dle. In case of SpoIISA, the
two protomers of its cytosolic do main form ex ten sive hy -
dro pho bic in ter ac tions through an intermolecular 4-he lix
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bun dle formed by the first and the last CSpoIISA al pha he -
li ces [2]. 

Since al ter na tive pre dic tion of the SpoIISA to pol ogy

sug gested that the last CSpoIISA a-he lix might swap from
intermolecular in ter face and be come in cor po rated into cy -
to plas mic mem brane, in this work we as sessed the tox ic ity
of the C-ter mi nally trun cated SpoIISA lack ing the last al -
pha he lix and the abil ity of SpoIISB an ti toxin to neu tral ize
the even tual le thal ac tiv ity in B. subtilis cells. More over,
we ex am ined the ef fect of this C-ter mi nal SpoIISA de le tion 
on the CSpoIISA dimerization and the CSpoIISA-SpoIISB 
com plex for ma tion in vi tro.

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

2. P. Florek, V. M. Levdikov, E. Blagova, A. A. Lebedev, R.
Škrabana, S. Rešetárová, P. Pavelèíková, I. Barák, A. J.
Wilkinson, (2010), doi:10.1074/jbc.M110.172429.

3. L. Aravind, C. P. Ponting,, Trends Biochem. Sci. 22,
(1997), 458.

This work was sup ported by Grant 2/0016/10 from Slo vak
Acad emy of Sci ences, by grants from the Slo vak Re search
and De vel op ment Agency un der the con tract No.
APVT-51-0278 and No. LPP-0218-06, by Grant from Eu -
ro pean Sci ence Foun da tion ESF-EC-0106, and by Grant
082829/Z/07/Z from The Wellcome Trust.
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VIBRATIONAL AND ELECTRONIC OPTICAL ACTIVITY OF AMIDE AND DISULFIDE

GROUPS IN NEUROHYPOPHYSEAL HORMONES AND THEIR MODELS

P. Maloò1,  L. Bednárová1, M.  Pazderková1,2, M. Flegel1, J. Hlaváèek1, V. Baumruk2

1In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, Flemingovo
nám. 2, 166 10, Prague 6, Czech Re pub lic

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,
Prague 2, 121 16, Czech Re pub lic

Vi bra tional and elec tronic cir cu lar dichroism spec tra of
neurohypophyseal hor mones oxytocin, lysine-vasopressin, 
arginine-vasopressin, sev eral of their analogs and struc -
tural mod els were mea sured in or der to iso late chiroptical
man i fes ta tion of their pep tide back bone from the sig nals of
ar o matic chains of ty ro sine and phenylalanine chromo -
phores. We have also ob served elec tronic disulfide-re lated
ECD in the long wave length spec tral re gion and iden ti fied
fea tures in the spec tra of Raman op ti cal ac tiv ity (ROA)
which are as so ci ated with the S-S and C-S stretch ing vi bra -
tions. These al low us to in fer the sense of disulfide twist in
the par tic u lar com pounds when signs of ROA fea tures are
com pared to ROA cal cu la tions on sim ple model di sul fides
[1] and ver i fied by a com par i son with spec tra of disulfide-
 bridged cyclodextrins [2].

The re sults in di cate that (a) there is a re mark able sim i -
lar ity and con sis tent spec tral be hav ior of the whole fam ily
of neurohypophyseal hor mones; (b) vi bra tional op ti cal ac -
tiv ity al lows to ob serve chiroptical man i fes ta tion of

neurohypophyseal hor mone back bone with out the harm ful
in ter fer ence of ar o matic groups; (c) vi bra tional op ti cal ac -
tiv ity in di cates that the pre vail ing so lu tion con for ma tion of 
neurohypophyseal hor mones is a short seg ment of left
handed he lix. This is in ac cord with anal o gous ECD re sult,
how ever in ter fer ence with the bands due to side chains of
Tyr and Phe makes this ob ser va tion less dis cern ible;(d) the
ROA sig nals in the S-S and C-S stretch ing vi bra tion re -
gions are ob serv able also with neurohypophyseal 

Sup ported by Grant Agency of the Czech Re pub lic, pro ject
no. P205-10-1276 .

1. Bednárová L., Bouø P., Maloò P.: Chirality, 22, 514-526
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2. Maloò P., Bednárová L.,Straka M., Krejèí L.,Kumprecht
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THE STATE TRAJECTORY OF CELL

T. Náhlík

In sti tute of Phys i cal Bi ol ogy, Uni ver sity of South Bo he mia in Èeské Budìjovice

Cells are liv ing un re peat able ob jects. If we want to know
how they are liv ing and evolv ing in time we can not do it
through in va sive tech niques, which mod ify or kill the cell.
In non-in va sive tech niques, the con tent of the data is given
and we have to max i mize in for ma tion gain. We ex tract
from the dataset by in for ma tion en tropy ap proach. A gen -
eral im age, ac quired by any ge neric mi cro scopic tech -
niques, is sub jected to trans for ma tion which eval u ates the
in for ma tion con tri bu tion of each point in the im age. Re -
sult ing val ues may also be used for con struc tion of the cell
or, dif fer ently said, to ob jec tive as sess ment of in di vid ual
cell state.

As model ex am ple we used the Belousov – Zhabo -
tinsky re ac tion. The 3D plot of red vs. green vs. blue chan -
nel shows that in di vid ual at trac tors may be dis crim i nated
and that many state tra jec to ries may be con structed us ing
dif fer ent entropies. The color chan nels and dif fer ent Rényi
en tropy co ef fi cients may be com bined to best dis crim i nate
in di vid ual states.  The same ap proach we use for state anal -
y sis of cells. S. cerevisiae cell was ob served us ing video
en hanced mi cros copy in brightfield re gime. Re sult ing im -
ages are grayscale. We seg mented the his to gram and to

each part we as signed dif fer ent col ors. By this trans for ma -
tion in di vid ual fea tures in the cell were sig nif i cantly better
vis i ble then in orig i nal and state tra jec tory may be plot ted.
We used this ap proach also for anal y sis of col oured, phase
con trast im age of HeLa and MG63 cells. Here, more chan -
nels with sig nif i cantly dif fer ent in for ma tion con tent are ob -
tained and for the con struc tion of the state tra jec tory are
more pos si bil i ties. The ques tion re mains whether
discriminateable parts of the cell – organelles etc. - are sub -
sys tems of  the cell and should be as signed their own state
tra jec to ries or whether the cell is the el e men tary sys tem. To 
prove this idea, we sep a rated only one organelle from the
im age of whole cell and try to plot the state tra jec tory. The
ques tion could not be unan i mously an swered at state of the
art of the method.

There are mainly tech ni cal lim its to the iden ti fi ca tion of 
the state tra jec tory given by in stru ment time and dy nam i cal 
res o lu tion, in for ma tion chan nel prop er ties etc.  So we are
able to con struct state tra jec to ries only for sim ple ob jects
and sim ple cells iden ti fied man u ally. The prog ress in de -
vel op ing meth ods of au to mated cell and cell feature
extraction is re ported.

P27

STUDY OF RNA POLYMERASE DELTA SUBUNIT UNIQUE FOR GRAM-POSITIVE
BACTERIA

Veronika Papoušková1,2, Pavel Kadeøávek1,2, Jiøí Nováèek1,2, Petr Padrta1,2, 
Hana Šanderová3, Alžbìta Švenková3, Anna Zawadzka-Kazimierczuk4, Krzysztof
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Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Kotláøská 2, 

61137 Brno, Czech Re pub lic
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60177 Brno, Czech Re pub lic
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4Fac ulty of Chem is try, Uni ver sity of War saw, Pasteura 1, 02 093 War saw, Po land

veverunka@chemi.muni.cz

RNA poly mer ase (RNAP) from gram-pos i tive bac te ria
such as Ba cil lus subtilis dif fers from well-stud ied RNA
poly mer ase from gram-neg a tive bac te ria in the pres ence of
two ad di tional sub units in ter act ing with the core en zyme,
delta and omega1. Re cent re sults in di cated that the pres -
ence of delta sub unit in creases the tran scrip tion spec i fic ity
and the ef fi ciency of RNA syn the sis. More over, the ab -
sence of delta sub unit is pro posed to de crease a vir u lence of 
some patho gens. As crys tal li za tion at struc ture genomics
cen ters failed, we fo cused on NMR stud ies of  the delta
sub unit to re veal its struc ture and re lated dy nam ics. As the

pre vi ous study showed (López de Saro et al., JMB, 1995),
the C-ter mi nal do main of the delta sub unit is un struc tured
and its se quence is highly re pet i tive. There fore, we started
a sys tem atic in ves ti ga tion of the pro tein with a shorten con -
struct, cor re spond ing to the well-struc tured N-ter mi nal
part. The con struct con sti tu tion was con firmed us ing mass
spec trom e try and the sec ond ary struc ture con tent as well as 
the pro tein thermostability were de ter mined from cir cu lar
dichroism spec tra. So far, we have published its high- qual -
ity structure and the work on the analysis of  internal
motions is almost finished.
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The more chal leng ing part of the pro tein, the C-ter mi -
nal do main, was not ini tially stud ied be cause the NMR
meth od ol ogy for dis or dered, flex i ble pro teins was not suf -
fi ciently de vel oped at the be gin ning of the pro ject. For tu -
nately, dur ing last few years many new ap proaches for
study of bi o log i cally in ter est ing in trin si cally dis or dered
pro teins ap peared. In con trast to X-ray crys tal log ra phy,
NMR can pro vide valu able in for ma tion on re sid ual sec -
ond ary struc ture, pos si ble long-range con tacts, and in ter nal 
dy nam ics of the dis or dered polypeptide chain.

The full-length delta pro tein was pre pared us ing a stan -
dard pro to col of overexpression in the E.coli sys tem to pro -
duce a 

15
N,

13
C-uni formly la beled sam ple. The ba sic

spec tra, in clud ing a stan dard set of tri ple res o nance NMR
ex per i ments, 3D TOCSY, and 3D NOESY, were mea sured 
on a 600MHz spec trom e ter. How ever, the anal y sis of the
spec tra was al most im pos si ble due to a very small dif fer -
ences in chem i cal shifts. There fore, a new meth od ol ogy

com ing from Wiktor KoŸmiñski lab was used to im prove
the spec tra res o lu tion and the full-size pro tein was then
com pletely as signed. It was a ma jor step for fur ther anal y -
sis in clud ing sec ond ary struc ture pre dic tion, study of in ter -
nal mo tions or mea sure ment of dipolar cou plings.   

The in ter ac tions be tween the delta sub unit and the
RNAP was stud ied by NMR ti tra tion and gel-shift as say to
in di cate which sub units are es sen tial for bind ing of the pro -
tein to the core en zyme. The ex pe ri ence re trieved in the
pre sented study will be used for the in no va tion of the sem i -
nar C9531 taught at Masaryk Uni ver sity.

This work was sup ported by the Grants MSM0021622413,
LC06030, and 2B06065 from the Min is try of Ed u ca tion,
Youth and Phys i cal Cul ture of the Czech Re pub lic, by the
FRVŠ grant 2066/2011, by the Grants 204/09/0583 and
301/09/H004 from Czech Sci ence Foun da tion, and 7FP of
the EC (Con tract 228461, EAST-NMR).
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BI O LOG I CAL SYS TEMS STATE VARI ABLE IDEN TI FI CA TION US ING JOINT
ANAL Y SIS OF BI O LOG I CAL AND TECH NI CAL HY POTH E SIS IN THE TIME-LAPSE

TIS SUE CUL TURE DE VEL OP MENT EXPERIMENT

Pautsina A., Urban J., Stys D., Vanek J., Cisar P., Nahlik T., Lapitski A.

In sti tute of Phys i cal Bi ol ogy, Uni ver sity of South Bo he mia, Zámek 136, 373 33 Nové Hrady, Czech Re pub lic

The time-lapse mi cros copy ex per i ment is the best rep re -
sen ta tion of bi o log i cal cell dy nam ics. Cell fate is best de -
scribed by the cha otic at trac tor and that the ob serv able cell
states rep re sent in di vid ual bas ins of at trac tion. It is, how -
ever, not quite clear in which re la tion the ex per i men tally
ob serv able mac ro scopic pa ram e ters are to the state vari -
ables of the at trac tor space. In other words it may be said
that the ex per i ment cuts the state space by a frac tion of
space, pos si bly, of lower di men sion and of un known shape
with re spect to sys tem co or di nates. 

The only re al is tic ap proach to wards ob jec tive anal y sis
of the ex per i ment is to de ter mine evo lu tion in time of in for -

ma tion fluxes de fined by the ex per i ment. Here we pres ent
two es sen tial rep re sen ta tions of the sys tem: (1) rep re sen ta -
tion of in for ma tion con tent of each timestep por trait-im age
in val ues of in for ma tion en tropy (this we as sume to be in
re la tion to dy namic bi o log i cal sys tem state in time of mea -
sure ment) and (2) map of in for ma tion con tent fluxes which 
we as sume to be in re la tion to im age of lo cal Lyapunov ex -
po nents or eigenvalues of Jacobian ma trix in ac tual point in 
state space. Such de tailed anal y sis is ex tremely compu -
tationally in ten sive, how ever, it might be of high value for
rapid di ag nos tics in med i cine, bio tech nol ogy and any other 
dis ci pline uti liz ing cell bi ol ogy re sults.
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RAMAN AND INFRARED SPECTROSCOPY OF AMINO ACIDS AND ITS IMPLICATION 
FOR IMPROVEMENT OF THE PROTEIN SECONDARY STRUCTURE

DETERMINATION

T. Pazderka1, V. Kopecký Jr.1, K. Hofbauerová1,2, 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; pazderka@karlov.mff.cuni.cz

2In sti tute of Mi cro bi ol ogy, Acad emy of Sci ences, Vídeòská 1083, Prague 4, CZ-142 20, Czech Re pub lic

De ter mi na tion of the pro tein struc ture rep re sents one of the 
key tasks of pres ent mo lec u lar bi ol ogy. Raman and in fra -
red (FTIR) spec tros copy can pro vide good wealth of in for -
ma tion about pro tein struc ture in com par i son to other
meth ods of op ti cal spec tros copy. There fore, de vel op ment
and im prove ment in such spec tro scopic tech niques that can 
be used for char ac ter iza tion of pro teins is be com ing in -
creas ingly im por tant in the rap idly ex pand ing field of
proteomics.

In this study Raman and FTIR spec tra of all amino ac ids 
(AA) pre sented in pro teins have been mea sured with a
view to pos si ble pro tein se quence de pend ent sub trac tion of 
vi bra tion bands of AA side chains in the re gions of am ide I, 
II and III. The mea sure ments were es pe cially fo cused on
new method of non-en hanced Raman spec tros copy – the
drop coat ing de po si tion Raman (DCDR) spec tros copy [1]
– based on a cof fee ring ef fect, which en ables mea sure -
ments of so lu tions with con cen tra tion of biomolecules
down to ca. 0.01 mg/mL. Even if the DCDR mea sure ments
are a bit of prob lem atic [2] good qual ity spec tra of mol e -

cules in glass phase can be ob tained [3]. The Raman mea -
sure ments were per formed on ex tremely di luted amino
acid sam ples (0.005 mg/mL) – where cof fee ring ef fect
does n’t play a role – to avoid for ma tion of microcrystals.
The method of AA side chains spec tral sub trac tion was
tested on short pep tide sam ples with known pri mary se -
quence. The in flu ence of the sub trac tion on im prove ment
of the secondary structure determination is discussed as
well.

1. D. Zhang, Y. Xie, M. F. Mrozek et al., Anal. Chem., 75
(2003) 5703–5709.

2. V. Kopecký Jr., V. Baumruk, Vib. Spectrosc., 42 (2006)
184–187.

3. J. Kapitán J., V. Baumruk, V. Kopecký Jr. et al., J. Am.
Chem. Soc., 128 (2006) 13451–13462.
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Fig ure 1. Left: Raman spec tra of L-arginine mea sured from the polycrystalline sam ple and as DCDR de posit and (right) the de tail view
of DCDR de pos ited sam ple, whereas the white bar in the pho tog ra phy rep re sents 20 µm.
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ANTIBACTERIAL PEPTIDES IN INTERACTION WITH MODEL MEMBRANES STUDIED 
BY VARIOUS SPECTROSCOPIC METHODS
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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. Us ing var i ous spec tro scopic meth ods it was shown
that in ter ac tion of AMPs with mem branes or with their
mod els lead to changes of their sec ond ary struc ture. Our
aim is to study these pep tides in in ter ac tion with model
phospholipids mem branes us ing cir cu lar dichroism, in fra -
red and Raman spec tros copy, and in that way con trib ute to
clar i fi ca tion of these dif fer ences.

Here we pres ent spec tro scopic stud ies of pep tide Hal-1
(Gly-Met-Trp-Ser-Lys-Ile-Leu-Gly-His-Leu-Ile-Arg-NH2

) 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 cho sen AMP and 
its analogs in a mem brane-mim ick ing 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 dif fer ent kinds of mem branes are pre sented 
as well.

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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Multistep phosphorelay (MSP) path way me di ate sens ing
of wide spec trum of sig nals in plants, in clud ing hor monal
(cytokinin, eth yl ene, abscisic acid) and abiotic stress reg u -
la tion. In Arabidopsis MSP, the sig nal is trans ferred from
sen sor histidine kinase (HK) via histidine phosphotransfer
pro teins (AHP1-5) to nu clear re sponse reg u la tors. In con -
trast to bac te ria, MSP pro tein in ter ac tions in plants are sup -
posed to be rather non-spe cific.

A C-ter mi nal re ceiver do main of histidine kinase
CYTOKININ-INDEPENDENT 1 (CKI1RD) has been in -
ves ti gated in this study. Us ing both in vivo and in vi tro as -
says we have found that CKI1RD is re spon si ble for
rec og ni tion of CKI1 down stream sig nal ing part ners and
spe cif i cally in ter acts with AHP2, 3 and 5 with dif fer ent af -
fin i ties. Ef fects of Mg2+, the co fac tor nec es sary for sig nal
transduction, and phosphorylation-mim ick ing BeF3

- on
CKI1RD in so lu tion were stud ied by NMR. Fi nally, crys tal
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struc tures of free CKI1RD and CKI1RD in a com plex with
Mg2+ were de ter mined. Mag ne sium bind ing in duces re ar -
range ment of some res i dues around the ac tive site of
CKI1RD which af fects its ac tiv ity and spec i fic ity. 

Sup ported by Grants Nos. 204/08/H054, 525/07/1069,
521/09/1699, P503/10/217, P305/11/0756, MSM00216
22413, MSM0021622415, LC06034, EAST-NMR, and
205872, POSTBIOMIN - FP7-REGPOT-2007-1.
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In sti tute of Mo lec u lar Ge net ics of the ASCR, v.v.i., Flemingovo nam. 2,  Prague 6, 
166 37, Czech Re pub lic

Monoclonal an ti body MEM-57 rec og nizes CD3 sur face
glycoprotein, which as so ci ates with T-cell re cep tor and
me di ates ac ti va tion sig nal transduction. CD3 an ti gen is ex -
pressed on pe riph eral blood T-lym pho cytes [1]. An ti body
MEM-57 can, there fore, be used as a part of the „Bispecific 
T-cell Engager“ (BiTE) an ti bod ies in the can cer ther apy
[2]. 

Sin gle-chain vari able frag ment of MEM-57 (scFv
MEM-57) was pro duced in E. coli BL21(DE3) from a
pET22b vec tor; the prod uct, tar geted into the periplasmic
space by the pelB leader se quence, con tained c-myc and
His5 tag at the C-ter mi nus. The pu ri fi ca tion con sisted in
two steps, nickel chelation af fin ity chro ma tog ra phy and
ion-ex change chro ma tog ra phy. The an ti gen bind ing ac tiv -
ity was con firmed by flow cytometry. 

Crys tal lo graphic stud ies were ini ti ated, as the struc tural 
in for ma tion on scFv MEM-57 would be use ful for hu man -
iza tion of the an ti body. This poster fo cuses mainly on ex -
per i ments aim ing at pre-crys tal li za tion anal y sis and the

im prove ment of pro tein crystallizability. Size-ex clu sion
chro ma tog ra phy, dy namic light scat ter ing and dif fer en tial
scan ning fluorimetry (DSF) [3] anal y ses were per formed to 
seek for con di tions op ti mal for pro tein crys tal li za tion. DSF 
was used to se lect com po si tion of the start ing buffer, op ti -
mal for pro tein sta bil ity and ho mo ge ne ity, which highly af -
fects pro tein crystallizability, as con firmed by the re sults of 
our ini tial crys tal li za tion tri als. 

1. Cantrell, D., T cell an ti gen re cep tor sig nal transduction
path ways. Annu Rev Immunol, 1996. 14: 259-74.

2. Wolf, E., Hofmeister, R., Kufer, P., Schlereth, B.,
Baeuerle, P. A., BiTEs: bispecific an ti body con structs with
unique anti-tu mor ac tiv ity. Drug Discov To day, 2005.
10(18): 1237-44.

3. Ericsson, U. B., Hallberg, B. M., Detitta, G. T., Dekker, N., 
Nordlund, P., Thermofluor-based high-through put sta bil ity
op ti mi za tion of pro teins for struc tural stud ies. Anal
Biochem, 2006. 357(2): 289-98.
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THE BINDING PROPERTIES OF THE H5N1 NEURAMINIDASE - MOLECULAR
DYNAMICS STUDY

Michal Raab, Igor Tvaroška

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

E-mail: chemmrsa@savba.sk

The avian in flu enza H5N1 vi rus has emerged as an im por -
tant patho gen, caus ing se vere dis ease in hu mans and pos -
ing a pan demic threat. Sub strate spec i fic ity is cru cial for
the vi rus to ob tain the abil ity to spread from avian to hu -
man. There fore, an in ves ti ga tion of the bind ing prop er ties
of lig ands at the mo lec u lar level is im por tant for un der -
stand ing the cat a lytic mech a nism of the avian in flu enza vi -
rus neuraminidase and for de sign ing novel and spe cific
in hib i tors of H5N1 neuraminidase. We have per formed ex -
tended mo lec u lar dy nam ics stud ies to clar ify the role of the
loops sur round ing the ac tive site of the H5N1 neura mini -

dase in the bind ing of the two nat u ral sub strates, namely the 
3’sialyllactoside and 6’sialyllactoside. Our re sults sug gest
dif fer ent bind ing of the two sub strates to the adjanced
loops. Fur ther more, the MD sim u la tions have re vealed de -
creased mo bil ity of the cat a lytic aspartate in the case of 
6’sialyllactoside com plex, which can ex plain the ex per i -
men tally ob served pref er ence of the H5N1 neuraminidase
for the 3’sialyllactoside. 

1. M. Raab, I. Tvaroška,  J. Mol. Mod el ing 2010, DOI:
10.1007/s00894-010-0852-z.
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DOCKING STUDY OF MATRIX METALLOPROTEINASE INHIBITORS

J. Ryška, S. K. Mishra, R. Svobodová Vaøeková and J. Koèa

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

Ma trix metalloproteinases (MMPs) are a fam ily of
zinc-con tain ing, cal cium-de pend ent en zymes re spon si ble
for the re mod el ling and deg ra da tion of al most all com po -
nents of the extracellular ma trix [1]. They are known to be
in volved in a num ber of phys i o log i cal and patho log i cal
cel lu lar pro cesses, such as wound heal ing, tu mor growth
and me tas ta sis. MMP in hib i tors have been ex plored as po -
ten tial anticancer, anti-in flam ma tory and an ti vi ral agents
[2, 3].

With on go ing in crease of com put ing power, in silico
meth ods have be come a key com po nent of the ra tio nal drug 
de sign pro cess. Mo lec u lar dock ing is one of the com mon
com pu ta tional tech niques to pre dict pre ferred ori en ta tion
of a small mol e cule in com plex with a pro tein and to quan -
tify its bind ing en ergy. Given the fact that MMPs are prom -
is ing phar ma ceu ti cal tar gets, it is im por tant to have a
re li able dock ing method, which is able to rank the bind ing
strength of lig ands when also in ter ac tions es tab lished with
ions pre sented in the sys tem are taken into con sid er ation.
This is be cause one of the chal lenges in ligand-MMP dock -
ing is the pres ence of a zinc ion in the bind ing site. It has
been shown that de ter min ing the cor rect ori en ta tion of the

zinc-bind ing group is cru cial to ob tain pre ferred bind ing
mode [4].

In this study we com pare the dock ing ac cu racy of sev -
eral con tem po rary mo lec u lar dock ing pro grams on sev eral
mem bers of MMP fam ily. The test set con sists of 38
MMP-ligand com plexes taken from the RCSB Pro tein
Data Bank. Docking of the ge om e try op ti mized lig ands
was per formed us ing sev eral com monly used dock ing soft -
ware. The dock ing re sults were cor re lated with ex per i men -
tal data. Performance of dock ing pro grams will be
dis cussed in terms of their bind ing ori en ta tion and bind ing
af fin ity pre dic tion ac cu racy.

1. C. E. Brinckerhoff, L. M. Matrisian, Nat. Rev. Mol. Cell
Biol., 3 (2002) 207 –214.

2. C. T. Supuran, A. Casini, A. Scozzafava, Med. Res. Rev.,
23 (2003) 535–558.

3. G. Dorman,  C. Cseh, I. Hajdu, L. Barna, D. Konya, K.
Kupai, L. Kovacs, P. Ferdinandy, Drugs, 70 (2010)
949–964.

4. X. Hu, W. H. Shelver, Jour nal of Mo lec u lar Graphics and
Mod el ling, 22 (2003) 115–126.
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IDENTIFICATION OF AMINO ACID RESIDUES IMPORTANT FOR COUPLING ATPASE
AND RESTRICTION ACTIVITY IN ECOR124I ENDONUCLEASE

K. Shamayeva1,2, V. Bialevich1,2, L. Csefalvay1, R. Ettrich1,2 and E. Csefalvay1,2

1In sti tute of Nanobiology and Struc tural Bi ol ogy GCRC, AS CR, 37333 Nove Hrady, Czech Re pub lic
2Uni ver sity of South Bo he mia in Èeské Budìjovice, 37333 Nove Hrady, Czech Re pub lic

Re stric tion-mod i fi ca tion en zymes (R-M) pro tect bac te ria
from in fec tions by vi ruses, and it is com monly ac cepted as
be ing their ma jor role in na ture. Type I R-M en zymes are
large, multifunctional macromolecular com plexes com -
posed of three dif fer ent sub units: HsdS, HsdM and HsdR
[1]. The ac tiv ity of the com plex endonuclease is trans -
location DNA through en zyme com plex tightly binds in
spe cific se quence on DNA mol e cule. When translocation
is stopped, the DNA mol e cule is cleaved nonspecifically
out side of rec og ni tion site [2]. The first crys tal struc ture of
the 120 kDa mo tor HsdR pro tein of the Type I EcoR124I
nuclease in com plex with ATP was re cently re ported [3].
This struc ture dis closes an un ex pected con tact of
endonuclease do main with ATP by Lys220. En gage ment
of the endonuclease do main in ATP bind ing seems to be in -
volved in the com mu ni ca tion of the ATP-de pend ent
translocase with the endonuclease, po ten tially cou pling
dsDNA translocation and cleav age. 

To in ves ti gate the un der pin ning mo lec u lar mech a nism
of cou pling ATP-de pend ent DNA translocation and DNA
cleav age and the com mu ni ca tion path way through the mo -
tor sub unit, we se lected res i dues from the se quence vari -
able re gion nearby Lys220, which could be po ten tially
en gaged in conformational changes that oc cur once
translocation is stalled and a sig nal is trans mit ted to the
endonuclease. The in flu ence of the re place ment of these
se lected res i dues to ei ther neu tral Ala or even tu ally to
charged Arg on translocation is mon i tored us ing in vi tro
ATPase ac tiv ity as says of the whole pentameric en zyme
com plex. We dem on strate that al though in close prox im ity
to the ATP bind ing pocket, none of the se lected res i dues
sig nif i cantly al ters ATPase ac tiv ity, thus leav ing the
ATPase fully in tact. Al ter ation of endonuclease ac tiv ity of
these se lected res i dues is re ported and dis cussed in mo lec -

u lar terms. 



1. Murray, N. E. Mi cro bi ol ogy and Mo lec u lar Bi ol ogy Re -
views, June 2000, Vol. 64, No. 2, p. 412–434.

2. Janscak, P., MacWilliams, M.P., Sandmeier, U., Nagaraja,
V., and Bickle, T.A. EMBO J. 18(9), 2638-2647 (1999a).

3. Lapkouski M., Panjikar S., Janscak P., Kuta Smatanova I.,
Carey J., Ettrich R., Csefalvay E. Nat. Struct. & Mol.Biol,
2009, 16, 94.

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

(MSM6007665808, LC06010), the Acad emy of Sci ences of
the Czech Re pub lic (AVOZ60870520), the Grant Agency of 
the Czech Re pub lic (Nos. P207/10/1934), and joint Czech - 
US Na tional Sci ence Foun da tion In ter na tional Re search
Co op er a tion (ME09016 and INT03-09049), Ad di tion ally,
K.S. was sup ported by the Uni ver sity of South Bo he mia,
grant GAJU 170/2010/P.
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HIGHER PLANT PHOTOSYSTEM II

Olga Shmidt1, Jaroslava Kohoutova1, Estela Pineda Molina3, Jose A. Gavira3, 
Pavlina Rezacova4, Da vid Kaftan1, Michal Kuty1,2, Juan Manuel Gar cia-Ruiz3 and 

Ivana Kuta Smatanova1,2

1In sti tute of Phys i cal Bi ol ogy, Uni ver sity of South Bo he mia in Èeské Budìjovice, Zámek 136, 373 33 Nové
Hrady, Czech Re pub lic

 2In sti tute of Nanobiology and Struc tural Bi ol ogy GCRC, Acad emy of Sci ence of the Czech Re pub lic, v.v.i.,
Zámek 136, 373 33 Nové Hrady, Czech Re pub lic 

3Laboratorio de Estudios Cristalográficos, Edf. López Neyra, P.T. Ciencias de la Salud, Avenida del
Conocimiento s/n, 18100 Armilla (Granada) Spain 

4In sti tute of Mo lec u lar Ge net ics of the Acad emy of Sci ence of the Czech Re pub lic, v.v.i., Flemingovo n. 2,
16637 Prague, Czech Re pub lic

The aim of this work car ried out in col lab o ra tion with
Laboratorio de Estudios Cristalográficos, Granada, Spain
and In sti tute of Mo lec u lar Ge net ics of the Acad emy of Sci -
ence of the Czech Re pub lic, Prague is to crys tal lize higher
plant PS II for high res o lu tion X-ray dif frac tion and to re -
solve the struc ture of the supercomplex.

A com bi na tion of centrifugation (su crose den sity) and
chro ma tog ra phy (ion ex change, gel fil tra tion) tech niques
was used for ex trac tion and pu ri fi ca tion of the PSII com -
plexes from solubilised thylakoid mem branes of the Pisum
sativum L. chloroplasts. The com plexes’ ac tiv ity was fol -
lowed through out the iso la tion rou tine with op ti cal spec -
tros copy and polarographic mea sure ments of ox y gen
evo lu tion rates. 

A new pro to col for hy dro ponic plant growth un der con -
trolled con di tions has al ready been es tab lished as well as

re-de signed and im ple mented for iso la tion of the PS II en -
riched thylakoid mem branes. Broad screen ing for most
suit able buff ers and de ter gents that sus tain max i mum PSII
ac tiv ity through out the iso la tion rou tine has been al ready
done. Now a days the pro to col for PSII pu ri fi ca tion is de vel -
op ing. Up com ing meth ods and ap proaches for
crystallisation of both mem brane and sol u ble pro teins will
be tested sub se quently.

This work is sup ported by grants COST Xtall LD11011,
NSM6007665808 and LC06010 of the Min is try of Ed u ca -
tion of Czech Re pub lic, the OptiCryst pro ject of the Sixth
Frame Work, UE. This is a product of the “Factoría
Española de Cristalización”, Consolider-Ingenio 2010
pro ject (MEC). Grants AVO60870520 and GAJU 170/20/
10/P (O.S.) are ac knowl edged as well.
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STRUCTURE OF MOUSE CLRG – A LIGAND OF NK CELL RECEPTOR

T. Skálová1, K. Kotýnková2, J. Dušková1, J. Hašek1, A. Štìpánková1, O. Vanìk2,3, 
K. Bezouška2,3 and J. Dohnálek1

1In sti tute of Macromolecular Chem is try, Acad emy of Sci ences of the Czech Re pub lic, v.v.i., Heyrovského
nám. 2, 162 06 Praha 6, Czech Re pub lic,

2In sti tute of Mi cro bi ol ogy, v.v.i., Acad. Sci. Czech Re pub lic, Vídeòská 1083, 14220 Prague 4, Czech Rep.
3De part ment of Bio chem is try, Fac ulty of Sci ence, Charles Uni ver sity in Prague, Hlavova 8, 12840 Prague 2,

Czech Re pub lic,  t.skalova@gmail.com

Nat u ral killer cells (NK cells) be long to lym pho cytes, be -
sides more fa mil iar B and T-lym pho cytes. They were dis -
cov ered in 1970s [1]. They com prise 5-10% of lym -
phocytes in blood and their role in the im mune sys tem is to
dis cover and kill cells with can cer and cells in fected by vi -
ruses. NK cells have a num ber of re cep tors on their sur face, 
which are used for con tact with other cells and for ini ti a tion 
of the cytotoxic re sponse. 

Pro tein Clrg [2], a tar get of this struc tural study, is a
part of im mune sys tem of mouse. It is a ligand of NK re cep -
tor NKRP1F. Clrg oc curs in den dritic cells and macro -
phages. 

The extracellular part of Clrg was ex pressed, pu ri fied
and crys tal lized. Dif frac tion data were col lected at the syn -
chro tron ra di a tion source Bessy II of the Helmholtz
Zentrum Berlin, beamline PX14.1 at tem per a ture 100 K us -
ing a MAR Mo saic 225 CCD de tec tor. Data were pro -
cessed by HKL2000 with res o lu tion 1.95 C in space group
P21212 and with unit-cell pa ram e ters 118.3, 61.4 and 32.4
C. Mo lec u lar re place ment was solved by BALBES in P2
us ing struc ture of the hu man CD69 [3]. The so lu tion was
trans lated to a higher space group af ter the struc ture-build -

ing phase. The struc ture was re fined in REFMAC to fi nal
R-fac tor 18.5 % and R-free 26.8 %.

The over all fold of mouse Clrg is very sim i lar to that of
hu man CD69. There are in ter est ing crys tal con tacts which
may in di cate inter-mo lec u lar in ter ac tions be tween NK re -
cep tors and their lig ands. 

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

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

3. P. Kolenko, T. Skalova, O. Vanek, A. Stepankova, J.
Duskova, J. Hasek, K. Bezouska, J. Dohnalek, Acta
Crystallogr. F65, (2009), 1258-1260.

The au thors wish to thank Uwe Müller for sup port at the
beam line BL14.1 of Bessy II,  Helmholtz-Zentrum Berlin,
Al bert-Ein stein-Str. 15, and In sti tute of Bio tech nol ogy
ASCR for ac cess to the X-ray dif frac tion suite. This work
was sup ported by the Min is try of Ed u ca tion of the Czech
Re pub lic (MSM 21620808 and 1M0505), the Czech Sci -
ence Foun da tion (303/09/0477, 305/07/1073), and by the
E.C., pro ject SPINE2-Com plexes (031220), ELISA grant
(226716, syn chro tron ac cess, project 10.1.91347).
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MOLECULAR SIMULATION WITH ELASTIC NETWORK MODEL POTENTIAL 
IN GROMACS

V. Spiwok1,2, I. Tvaroška2, B. Králová1

1De part ment of Bio chem is try and Mi cro bi ol ogy, In sti tute of Chem i cal Tech nol ogy, Prague, Technická 3,
Prague 6, 166 28, Czech Re pub lic

2In sti tute of Chem is try, Cen tre for Glycomics, Slo vak Acad emy of Sci ences, Dúbravská cesta 9, Bratislava,
845 38, Slovakia, spiwokv@vscht.cz

Elas tic net work model and its fol low-ups (Gaussi an and
anisotropic net work mod els), de spite their sim plic ity, have
been suc cess fully ap plied in pre dic tion of flex i bil ity and
cou pled mo tions in pro teins. Here we pres ent an ap pli ca -
tion of mo lec u lar dy nam ics sim u la tion in Gromacs pack -
age with po ten tial en ergy cal cu lated by the elas tic net work
model. It al lows for mi cro sec ond sim u la tions per day on a
sin gle com mod ity per sonal com puter. The method was ap -
plied on the struc ture of ubiquitin and the re sult ing tra jec -
tory was an a lyzed in terms of res i due flex i bil ity and
cou pled mo lec u lar mo tions. The re sults were com pared
with atomistic mo lec u lar dy nam ics sim u la tion in ex plicit

sol vent and with pub lished ex per i men tal data. We show
that sim u la tion of elas tic net work mod els of pro teins is use -
ful in mod el ling of biomolecular sys tems where me chan i -
cal prop er ties be come more im por tant than atomistic
de tails.

This work was sup ported by the Czech Min is try of Ed u ca -
tion, Youth and Sports (MSM6046137305), Sci en tific
Grant Agency of the Min is try of Ed u ca tion of Slo vak Re -
pub lic and the Slo vak Acad emy of Sci ences (VEGA
2/0176/09) and Slo vak Re search and De vel op ment Agency
(APVV-51-011706).
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PROTEIN OLIGOMERIZATION AND BACKBONE FLEXIBILITY

Pavel Srb1,2, Jan Prchal2,3, Jiøí Vlach2, Jan Lang1,2, Marián Grocký1, Tomáš Ruml3 and
Rich ard Hrabal2

1De part ment of Low Tem per a ture Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, V
Holešovièkách 2, 180 00 Prague 8, Czech Re pub lic

2Lab o ra tory of NMR Spec tros copy and 3De part ment of Bio chem is try and Mi cro bi ol ogy, In sti tute of Chem i cal
Tech nol ogy, Technická 5, 166 28 Prague 6, Czech Re pub lic rich ard.hrabal@vscht.cz

Oligomerization ca pac ity of the retroviral ma trix pro tein is
an im por tant fea ture that af fects as sem bly of im ma ture
virions and their in ter ac tion with cel lu lar mem brane. A
com bi na tion of NMR re lax ation mea sure ments and ad -
vanced anal y sis of mo lec u lar dy nam ics sim u la tion tra jec -
tory pro vided an un pre ce dent edly de tailed in sight into
in ter nal mo bil ity of ma trix pro teins of the Ma son-Pfizer
mon key vi rus. Strong ev i dences have been ob tained that
the oligomerization ca pac ity of the wild type ma trix pro tein 
is closely re lated to the en hanced dy nam ics of sev eral parts
of its back bone on ns timescale. In creased flex i bil ity has

been ob served for two re gions: the loop be tween a-he li ces

a2 and a3 and the C-ter mi nal half of a-he lix a3 which ac -
com mo date amino acid res i dues that form the
oligomerization in ter face. On the other hand, ma trix mu -
tant R55F that has changed struc ture and does not ex hibit
any spe cific oligomerization in so lu tion was found con sid -
er ably more rigid. Our re sults doc u ment that
conformational se lec tion mech a nism to gether with in -
duced fit and fa vor able struc tural pre-or ga ni za tion play an
im por tant role in the con trol of the oligomerization pro -
cess.

1. J. Vlach, et al. J. Mol. Biol., 390, 5, 967-980, (2009).

2. P. Srb, et al., J.Phys.Chem.B., ac cepted, (2011).
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COMPUTATIONAL STUDY OF THE DIMETHYLPHOSPHATE HYDROLYSIS AS THE
REFERENCE SYSTEM FOR THE UNDERSTANDING OF THE RESTRICTION

ENDONUCLEASES MECHANISM

Z. Støelcová1,2, J. Štìpán 1,2, P. Kulhánek 1,2, P. Carloni3 and J. Koèa 1,2

1 Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 5, 625 00 Brno, Czech Re pub lic
2 Na tional Cen tre for Biomolecular Re search, Masaryk Uni ver sity, Kotláøská 2, CZ-61137 Brno, Czech Rep.

3 Ger man Re search School for Sim u la tion Sci ences GmbH, 52425 Jülich, Ger many
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Un der stand ing en zy matic mech a nisms is es sen tial knowl -
edge for fur ther med i cine and bio tech nol ogy de vel op ment.
Our long-stand ing ef fort is aimed at the ex pla na tion of the
re ac tion mech a nism of endonucleases (en zymes cleav ing
DNA chain(s)) us ing com pu ta tional ap proaches. Ac cord -
ing to the pub lished ex per i men tal and the o ret i cal re sults,
the sug gested mech a nism is SN2 hy dro ly sis of the phos -
phate back bone [1].

Pre sented work is fo cused on the study of sim pli fied
model of the en zy matic re ac tion. This model con sists of
dimethylphosphate and the nucleophile (wa ter, hydroxyl
ion) at tack ing the phosphodiester bond. The hy dro ly sis
was sim u lated us ing Car Parrinello Mo lec u lar Dy nam ics
(CPMD) [2] in vac uum and in wa ter. The re ac tion free en -
ergy pro files were eval u ated us ing metadynamics [3] and
ob tained re sults were com pared to the ex per i men tal data
[4]. The model serves as a ref er ence sys tem for the up com -
ing sim u la tion of the en zy matic re ac tions.

This work has been sup ported by the Min is try of Ed u ca tion
of the Czech Re pub lic (MSM0021622413 and LC06030 to
J.K.), the Grant Agency of Czech Re pub lic (GD301/09/
H004 to Z.S. and J.S.), and the Eu ro pean Com mu nity’s
Sev enth Frame work Pro gram (grant agree ment n° 205872
to P.K.).The ac cess to the Jülich Cen ter Com puter fa cil i ties
and MetaCentrum supercomputing fa cil i ties pro vided un -
der the re search in tent MSM6383917201 is highly
appreciated. 
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(2002), 12562-12566.

4. J.H. Kim, J. Chin, Jour nal of the Amer i can Chem i cal So ci -
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CRYSTALLIZATION AND PRELIMINARY CRYSTALLOGRAPHIC ANALYSIS OF
RHODOCOCCUS RHODOCHROUS WILD-TYPE DHAA PROTEIN AND ITS VARIANT

DHAA13 COMPLEXED WITH DIFFERENT LIGANDS

A. Stsiapanava1, R. Chaloupkova2, A. Fortova2, J. Brynda3, M. S. Weiss4, J. Damborsky2 and
I. Kuta Smatanova1,5

1In sti tute of Phys i cal Bi ol ogy Univ. of South Bo he mia Ceske Budejovice, Zamek 136, 373 33 Nove Hrady,
2Loschmidt Lab o ra to ries, In sti tute of Ex per i men tal Bi ol ogy, Fac ulty of Sci ence, Masaryk Uni ver sity,

Kamenice 5/A4, 62500 Brno
3Inst. of Mo lec u lar Ge net ics, Acad.of Sci ence of the Czech Rep., Flemingovo nam. 2, CZ-16637 Prague 6

4Helmholtz-Zentrum Berlin, Macromolecular Crys tal log ra phy (BESSY-MX), Al bert-Ein stein-Str. 15, D-12489
Berlin, Ger many,

5Inst. of Nanobiology and Struc tural Bi ol ogy GCRC, Acad emy of Sci ence of the Czech Republic, Zamek 136, 
373 33 Nove Hrady

The haloalkane dehalogenase DhaA from Rhodococcus
rhodochrous NCIMB 13064 can slowly de tox ify the in dus -
trial pol lut ant 1,2,3-trichloropropane (TCP) [1,2]. Struc -
tural anal y sis of this en zyme complexed with TCP was
con ducted to ob tain de tailed in for ma tion about the struc -
tural lim i ta tions of its cat a lytic prop er ties. The wild-type
DhaA was also complexed with two dif fer ent con cen tra -
tions of 2-propanol to in ves ti gate abil ity of this ligand to
ac cess into the en zyme ac tive site and the ef fect on en zyme
struc ture. The vari ant DhaA13 was con structed to ter mi -
nate the cat a lytic cy cle of en zyme at the stage of the
alkyl-en zyme in ter me di ate. The com plex with coumarin
dye, in which the dye is specifically lo cated in the tun nel
mouth of the DhaA13, was used in time-re solved flu o res -
cence spec tros copy to mon i tor hydration, ac ces si bil ity and
mo bil ity of the dye and its microenvironment in the pro tein
[3]. In our work we aimed to ob tain the struc tures of
DhaA13 in com plex with coumarin dye and TCP.

All crys tal li za tion ex per i ments were per formed us ing
the sit ting-drop vapour-dif fu sion method. Dif frac tion data
for wild-type DhaA crys tal grown from the so lu tion con -
tain ing 6% (v/v) 2-propanol was mea sured at a home
source (In sti tute of Mo lec u lar Ge net ics, Prague). This
crys tal dif fracted to the res o lu tion of 1.75 C and be longed
to the triclinic space group P1. Dif frac tion data for
wild-type DhaA crys tal grown from the so lu tion with 11%
(v/v) 2-propanol, for DhaA13 crys tal soaked with TCP for
three hours and for DhaA13 in com plex with dye coumarin
were col lected at the EMBL/DESY in Ham burg. The crys -
tals dif fracted to a max i mal res o lu tion of 1.26 C, 1.60 C

and 1.33 C, respectively. The crys tals of wild-type DhaA
and vari ant DhaA13 in com plex with dye coumarin be -
longed to the triclinic space group P1 while the crys tal of
DhaA13 complexed with TCP be longed to the
orthorhombic space group P212121. Data col lec tions for
wild-type DhaA crys tal grown in the pres ence of TCP in
the crys tal li za tion so lu tion and for DhaA13 crys tal soaked
with TCP for 40 hours were car ried at BESSY II in Berlin.
The crys tals dif fracted to max i mal res o lu tions of 1.04 C
and 0.97 C, re spec tively. Both crys tals be longed to the
triclinic space group P1. The struc tures of wild-type DhaA
and vari ant DhaA13 were solved by mo lec u lar re place ment 
us ing the co or di nates from R. rhodochrous haloalkane
dehalogenase (PDB code 3FBW) as a search model. Struc -
ture re fine ment of wild-type DhaA and DhaA13 pro teins
and their com plexes are cur rently in the 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. 

2. J. F. Schindler, P. A. Naranjo, D. A. Honaberger, C.-H.,
Chang,  J. R. Brainard, L. A. Vanderberg & C. J. Unkefer,
Bio chem is try 38 (1999), 5772–5778.

3. A. Jesenska, J. Sykora, A. Olzynska, J. Brezovsky, Z.
Zdrahal., J. Damborsky & M. Hof, J. Am. Chem. Soc. 131
(2009), 494–501.
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Neisseria Meningitidis IRON-REGULATED PROTEIN FRPD: CRYSTALLIZATION AND 

CRYSTALLOGRAPHIC CHARACTERIZATION

Ekaterina Sviridova1, Ladislav Bumba2, Pavlina Rezacova3,4, Katerina Prochazkova3, Peter
Sebo2,5, Ivana Kuta Smatanova1,6

1In sti tute of Phys i cal Bi ol ogy USB CB, Zamek 136, 373 33 Nove Hrady, Czech Re pub lic
2In sti tute of Mi cro bi ol ogy AS CR, Videnska 1083, 142 20 Prague, Czech Re pub lic

3In sti tute of Or ganic Chem is try and Bio chem is try, Flemingovo nam. 2, 166 37 Prague, Czech Re pub lic
4Insitute of Mo lec u lar Ge net ics AS CR Flemingovo nam. 2, 166 37 Prague, Czech Re pub lic
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FrpD is a highly con served li po pro tein of Neisseria
meningitidis an chored to the bac te rial outer mem brane.
The frpD gene se quence con tains two trans la tion ini ti a tion
sites, which give rise to pro duc tion of the full-length FrpD
pro tein (FrpD271) that har bours N-ter mi nal sig nal pep tide
pro mot ing FrpD ex port across the cy to plas mic mem brane
by Sec translocase, and the trun cated FrpD pro tein
(FrpD250) that lacks the sig nal pep tide and re main ing in cy -
to plasm of the bac te ria. The ex ported FrpD271 pre cur sor is
pro cessed to its ma ture form on the periplasmic side of the
cy to plas mic mem brane, se quen tially mod i fied by a lipid
mol e cule at Cys25 res i due, and sorted to the outer bac te rial
mem brane [1].

The bi o log i cal func tion of FrpD ap pears to be linked to
the FrpC pro tein, since FrpD was found to bind the N-ter -
mi nal part of FrpC with very high af fin ity (Kd = 2·10-10 M)
[1]. How ever, mech a nism of FrpD-FrpC in ter ac tion is un -
known due to the ab sence of any struc tural in for ma tion on
these pro teins. More over, the pri mary amino acid se quence 
of FrpD does not ex hibit any sim i lar ity to known pro tein
se quences of other or gan isms, and there fore, a new type of
pro tein fold could be ex pected.

This pro ject is aimed to de ter mine the struc ture of FrpD
pro tein. Our pre lim i nary re sults showed the full ver sion of
FrpD250 pro tein could n’t be crys tal lized. There fore, we per -
formed a spe cific trun ca tion of 21 amino acid res i dues

from N-ter mi nus of FrpD250 pro tein. The na tive and
Se-Met sub sti tuted vari ants of re com bi nant, trun cated ver -
sion (lack ing the first 21 amino acid res i dues from N-ter mi -
nus) FrpD43-271 pro tein were pre pared and crys tal lized
us ing the sit ting-drop vapour-dif fu sion method. The crys -
tals of na tive FrpD43-271 pro tein be long to the hex ag o nal
space group P62, while the crys tals of Se-Met sub sti tuted
FrpD43-271 pro tein be long to the prim i tive orthorhombic
space group P212121 [2]. Crys tal struc ture of Se-Met sub sti -
tuted FrpD43-271 was de ter mined us ing the sin gle anom a lous 
dif frac tion (SAD) method. Structure re fine ment of the
Se-Met FrpD43-271 pro tein is cur rently in prog ress. The cal -
cu lated struc ture will be fur ther used as a search model in
mo lec u lar re place ment to de ter mine the struc ture of na tive
FrpD43-271 pro tein.

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

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

Štys Dalibor, Ur ban Jan, and Levitner Tomáš

In sti tute of Phys i cal Bi ol ogy, Uni ver sity of South Bo he mia, Zámek 136, 373 33 Nové Hrady, Czech Re pub lic
ur ban@ufb.jcu.cz

Monolayer of liv ing cells time de vel op ment is the clos est
ap prox i ma tion to or gan de vel op ment and func tion. It in -
spired the com pu ta tional ap proach of cel lu lar au tom ata and 
agent-based mod el ing. Yet, for liv ing cell de scrip tion this
ap proach is sel dom uti lized. In this pa per we ad dress rea -
sons why bio chem i cal /mo lec u lar bi ol ogy ap proach is so
much more pop u lar. We pres ent the for mal struc ture of sto -
chas tic sys tems the ory for for mal de scrip tion of the cell
cul ture ex per i ment. We de fine phenomenological at trib -
utes of cell  monolayer sys tem as cells states as signed by
the op er a tor. As sys tem vari ables we con sider lev els of
met a bolic fluxes in cell com part ments and be tween them
and states of intracellular sig nals. For the be hav ior of sys -
tem vari ables we con sider that of sta ble or bits in the state
space which arise from move ment in the con fined
intracellular space com bined with chem i cal re ac tions. Re -
cent the o ret i cal stud ies in di cate also that for ma tion and
main te nance of cell shapes may arise by sim i lar mech a -

nism. Bio-in spired com put ing has been a holy grail of com -
pu ta tional the ory since its eve. Re cent de vel op ments in
bi o log i cal sys tems de scrip tion open a ques tion what is re -
ally meant by this term, how much the neu ral net works are
re lated to neu ron and cel lu lar au tom ata to cells. We ad dress 
in this pa per also the is sue of re al ity of bio-in spired com -
put ing in pro duc tion of ad e quate mod els and/or in te gra tion
of liv ing cell el e ments in the com pu ta tional pro cess.  

This work was sup ported and co-fi nanced by the ERDF
and made pos si ble by the INTERREG IVC programme, 
pro ject In no va tion 4 Wel fare, subproject PICKFIBER by
the South Bo he mian Re search Cen ter of Aquaculture and
Biodiversity of Hydrocenoses (CZ.1.05/2.1.00/01.0024);
by the Min is try of Ed u ca tion, Youth and Sports of the
Czech Re pub lic un der the grant MSM 6007665808; and by 
the South Bo he mia Uni ver sity grant GA JU 152//2010/Z.

Full text see on p. 6.
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THE AC TIV ITY OF NTH1 EN ZYME IS ME DI ATED BY YEAST 14-3-3 ISOFORMS

D. Veisova1, L. Rezabkova1,2, 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, obsilova@biomed.cas.cz

Trehalase (EC 3.2.1.28) is an in trin sic glycoprotein of the
small in tes tine and re nal brush-bor der mem branes that

hydrolyzes a,a-trehalose (1-a-D-glucopyranosyl a-D-
 gluco pyranoside) to two glu cose mol e cules in an i mals [1].
Three trehalases have been iden ti fied in Saccharomyces
cerevisiae so far: neu tral trehalase 1 (NTH1), neu tral
trehalase 2 (NTH2) and acidic trehalase 1 (ATH1). NTH1
is re spon si ble for trehalose deg ra da tion, which is ac cu mu -
lated af ter stress [3]. The ac tiv ity of the NTH1 en zyme was
just re cently found to be me di ated by BMH1 and BMH2
bind ing in yeast. Yeast BMH1 and BMH2 pro teins (yeast
14-3-3 isoforms) form a com plex with neu tral trehalase af -
ter its phosphorylation by PKA. Ei ther one of the two
14-3-3 yeast isoforms are re quired for com plete ac ti va tion
of neu tral trehalase (NTH1) [2]. How ever de tails con cern -
ing the mech a nism of BMH-de pend ent ac ti va tion of NTH1 
re main still un known. 

We showed that PKA phos phory lates NTH1 in vi tro on
three Ser res i dues: 20, 21 and 83. To find out which site or
sites are es sen tial for the 14-3-3 bind ing  we pro duced
NTH1 WT (both phosphorylated and non-phospho -
rylated), three NTH1 mu tants con tain ing sin gle
phosphorylation site, one dou ble phosphorylated NTH1

mu tant (at Ser20 and 21) and a mu tant con tain ing none of
these stud ied phosphorylation sites as well. The in ter ac tion
be tween BMH1 and BMH2 pro tein with en zyme NTH1
was mon i tored us ing na tive elec tro pho re sis and sed i men ta -
tion ve loc ity mea sure ments. The sed i men ta tion equi lib -
rium anal y sis was used to de fine the stoichiometry of
NTH1/BMH com plexes. Fi nally, we used en zyme ki netic
mea sure ments to mon i tor the BMH-de pend ent ac ti va tion
of NTH1.

1.    Y. Ouyang, Q. Xu, K. Mitsui, M. Motizuki, Z. Xu, BBRC,
379, (2009), 621-625. 

2. S. Panni, C. Landgraf, R. Volkmer-Engert, G. Cesareni, L.
Castagnoli, FEMS Yeast Re search 8, (2008) 53-63. 

3. E. Garre, E. Matallana, Mi cro bi ol ogy., 155, (2009),
3092-3099.
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AV0Z50110509 of the Acad emy of Sci ences of the Czech
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L1

LIPID HELICES FORMATION IN BACILLUS SUBTILIS CELL MEMBRANE

Barák I.1, K. Muchová1, N. Pavlendová1, Anthony J. Wilkinson2, J. Jamroškoviè1

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

The do mains of dif fer ent lipid com po si tion are pres ent in
eukaryotic and prokaryotic cell mem branes. Us ing mem -
brane bind ing flu o res cent dyes, we dem on strate pre vi -
ously, the pres ence of lipid spi rals ex tend ing along the
long-axis of cells of the rod-shaped bac te rium B. subtilis
(1). These data in di cate a higher level of mem brane lipid
or ga ni za tion than pre vi ously ob served. Lit tle is known
how ever of the or i gin of these he li cal struc tures.

Prin ci pally, there are at least three main spe cif i cally lo -
cal ized mo lec u lar struc tures in the mem brane or close
prox im ity to it what can help to form or in flu ence the for -
ma tion of lipid he lixes. In our work we have fo cused on an -
a lyz ing these lipid struc tures in cor re la tion with other
above men tioned he li cal struc tures in the cell mem brane or
its close prox im ity. We were an a lyz ing lipid do mains by
us ing lipid spe cific dyes in protoplasted cells, in Mbl,
MreB and MreBH mu tant strains.  We have used FRAP
and FRET ex per i ments to de ter mine dy nam ics of lipid do -
mains and co-lo cal iza tion of lipid dyes with GFP fused
pro teins, re spec tively.  

We have also stud ied the role of lipid he li ces in cell di -
vi sion by di rect ing the Min sys tem to the he li ces from pole

to pole. We in spected cell di vi sion when E. coli Min-sys -
tem was in tro duced into B. subtilis cells. We show that
MinDEc can par tially sub sti tute func tion of its B. subtilis
pro tein coun ter part (2). Ad di tion ally, we ob served dy -
namic be hav ior of MinDEc and MinE in B. subtilis when
ex pressed to gether. All these find ings in di cate that these
two Min sys tems re sem ble each other more than was
thought pre vi ously.

1. Barak I, Muchova K, Wilkinson AJ, O’Toole PJ,
Pavlendova N (2008) Lipid spi rals in Ba cil lus subtilis and
their role in cell di vi sion. Mol. Microbiol. 68: 1315-1327.

2. Pavlendova N, Muchova K, Barak I (2010) Ex pres sion of
Esch e richia coli Min sys tem in Ba cil lus subtilis and its ef -
fect on cell di vi sion. FEMS Microbiol. Let ters 302: 58-68.

This work was sup ported by the grant APVT-51-027804,
No. ESF-EC-0106, LPP-0218-06 and VEGA grant 2/0016/ 
10 from the Slo vak Acad emy of Sci ences and The Wellcome 
Trust Grant 082829/Z/07/Z.

L2

ENGINEERING OF BIOCHEMICAL PATHWAY FOR DEGRADATION OF
ANTHROPOGENIC ENVIRONMENTAL POLLUTANT 1,2,3-TRICHLOROPROPANE

Pavel Dvoøák, Zbynìk Prokop, Jan Brezovský, David Bednáø and Jiøí Damborský

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

paveld@chemi.muni.cz

Toxic anthropogenic com pound 1,2,3-trichloropropane
(TCP) is typ i cally re leased into the en vi ron ment as a re sult
of its man u fac ture and use as a sol vent, ex trac tive agent and 
an in ter me di ate in the pro duc tion of some other in dus tri ally 
rel e vant chem i cals. It has been de tected in low con cen tra -
tions in sur face, drink ing and ground wa ter, and is an tic i -
pated hu man car cin o gen [1]. TCP is likely to per sist for
long pe riod of time in the ground wa ter en vi ron ment, be -

cause no liv ing or gan ism pos ses the com plete bio chem i cal
path way for its uti li za tion [2]. The per sis tence prob lem ob -
served with var i ous man-made en vi ron men tal pol lut ants,
in clud ing TCP, could be pos si bly solved by as sem bling
miss ing bio chem i cal path ways us ing pro tein and met a bolic 
en gi neer ing. 

     The aim of this pro ject is to as sem ble the bio chem i cal 
path way for com plete deg ra da tion of TCP in vi tro, us ing
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im mo bi lized en zymes, and in vivo, em ploy ing suit able mi -
cro bial host. We pro posed path way con sist ing of
haloalkane dehalogenase DhaA from Rhodococcus sp.,
haloalcohol dehalogenase HheC and epoxide hydrolase
EchA from Agrobacterium radiobacter AD1. These en -
zymes are ex pected to cat a lyze five sub se quent steps of
TCP deg ra da tion to the harm less prod uct glyc erol, which
can be fur ther uti lized in na ture through the mi cro bial
glycolysis. The genes dhaA, hheC and echA were syn the -
sized us ing the se quences avail able in pub lic da ta bases. Pu -
ri fied en zymes were used for de ter mi na tion of ki netic
pa ram e ters with the tar get sub strates of pro posed path way.
Deg ra da tion of TCP and its in ter me di ates by re spec tive en -
zymes was fol lowed us ing gas chro ma tog ra phy meth ods.
Pos si ble path way bot tle necks were iden ti fied ac cord ing to
the ob tained data. De tected poor cat a lytic ef fi ciency of
wild-type DhaA with TCP was im proved 26-times by the
ap pli ca tion of com puter-as sisted de sign and fo cused di -
rected evo lu tion [3]. Re sult ing mu tant DhaA31 has four
amino acid sub sti tu tions within the main tun nel and the slot 
tun nel, which con nects the bur ied ac tive site of en zyme
with bulk sol vent. Bulky hy dro pho bic res i dues in tro duced
into the tun nels limit the ac cess of wa ter mol e cules into the
ac tive site, oth er wise pre vent ing for ma tion of the re ac tive
complex.

Once the prob lem of poor DhaA ac tiv ity was solved,
we have stud ied deg ra da tion of TCP in a multi-en zyme re -
ac tion with DhaA31, HheC and EchA in buffer so lu tion.
Al most com plete con ver sion of 5 mM TCP to the fi nal
prod uct glyc erol was ob served at 37°C, 30°C and 19°C,
thus con firm ing the con cept of TCP deg ra da tion through
as sem bled bio chem i cal path way in vi tro. In the fu ture, we
will study this met a bolic path way with im mo bi lized en -
zymes and en zymes ex pressed in the suit able host mi cro or -
gan ism or bac te rial chas sis. Com par i son of in vi tro and in
vivo sys tems en gi neered for deg ra da tion of TCP will pro -
vide unique in for ma tion on con ver sion of non-nat u ral
com pounds by as sem bled bio chem i cal path way.   

This work was fi nan cially sup ported by the grants LC060
10, MSM0021622412 and CZ.1.05/2.1.00/01.0001 from
the Czech Min is try of Ed u ca tion and by the bio tech nol ogy
com pany LentiKats. The au thors ex press their thanks to
Eva Hrdlièková for ex cel lent lab o ra tory support.

1. Tox i co log i cal re view of 1,2,3-trichloropropane, U.S. En vi -
ron men tal Pro tec tion Agency (2009).

2. D.B. Janssen et al., En vi ron. Microbiol. 7 (2005)
1868-1882.

3. M. Pavlová et al., Nat. Chem. Biol. 5 (2009) 727-733.

L3

EXPRESSION AND PURIFICATION OF MYRISTOYLATED MATRIX PROTEIN OF
MASON-PFIZER MONKEY VIRUS FOR STRUCTURAL STUDIES

Jan Prchal1,2, Petra Junkova2, Miroslava Strmiskova1, Jan Lipov2, Radovan Hynek2, 
Tomas Ruml2 and Richard Hrabal1

1Lab o ra tory of NMR Spec tros copy and 2De part ment of Bio chem is try and Mi cro bi ol ogy, In sti tute of Chem i cal
Tech nol ogy, Prague, Technicka 5, 16628 Prague, Czech Re pub lic

Ma trix pro teins (MA) are the N-ter mi nal do mains of struc -
tural polyproteins Gag of all retro virus es. They play mul ti -
ple roles both in the early and late stages of the vi ral
rep li ca tion cy cle. Most of the retroviral ma trix pro teins are
N-ter mi nally myristoylated which is a com mon post -
translational mod i fi ca tion of eukaryotic pro teins. The
myristoylation is nec es sary for trans port of im ma ture vi rus
par ti cles to the cy to plas mic mem brane and for bud ding of
vi rus par ti cle out of the cell. Un for tu nately prokaryotic ex -
pres sion sys tems, like Esch e richia coli, are un able to pro -
duce myristoylated pro teins. To over come this prob lem
and yet re tain the ad van tage of strong ex pres sion in bac te -
rial cells we co-ex pressed the ma trix pro tein with yeast

N-myristoyl transferase. We man aged to pre pare a C-ter -
mi nally His-tagged ma trix pro tein of Ma son-Pfizer mon -
key vi rus in a large quan tity and a high pu rity us ing a
sin gle-step pu ri fi ca tion pro ce dure. This pro tein has been
used for NMR and MALDI-TOF stud ies. The MS anal y sis
proved a high de gree of myristoylation of the MA (more
than 95%). The com par i son of NMR spec tra of the ma trix
pro tein with and with out the my ris tic acid re vealed sub -
stan tial struc tural changes of the myristoylated pro tein.

This re search was sup ported fi nan cially by the Czech Sci -
ence Foun da tion grant 203/07/0872 and by the Czech Min -
is try of Ed u ca tion Grants 1M6837805002, MSM 6046137
305 and ME 904.
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L4

THE MOLECULAR PUZZLE OF C-TYPE LECTIN LIKE NATURAL KILLER CELL
RECEPTORS

J. Dohnálek1, P. Kolenko1, T. Skálová1, J. Hašek1, O. Vanìk2,3, D. Rozbeský2,3, K. Kotýnková3, 
P. Novák3, K. Bezouška2,3

1In sti tute of Macromolecular Chem is try, v.v.i., Acad emy of Sci ences of the Czech Re pub lic, Heyrovského
námìstí 2, 16206 Prague 6, Czech Re pub lic

2De part ment of Bio chem is try, Fac ulty of Sci ence, Charles Uni ver sity in Prague, Hlavova 8,
12840 Prague 2, Czech Re pub lic

3In sti tute of Mi cro bi ol ogy, v.v.i., Acad emy of Sci ences of the Czech Re pub lic, Vídeòská 1083, 
14220 Prague 4, Czech Re pub lic

dohnalek007@gmail.com

Nat u ral killer cells be long to the in nate im mune sys tem and 
are able to rec og nize and de stroy vi rus-in fected or tu mour
cells [1]. Apart from im mu no glob u lin-type re cep tors these
cytotoxic lym pho cytes uti lize a row of cell sur face C-type
lectin like (CTL) mol e cules in volved ei ther in ac ti va tion or
in hi bi tion of the NK cell re sponse which re sults in re lease
of perforin and granzymes and lysis of a tar get cell within
min utes. In mam mals the num ber of types of CTL re cep -
tors iden ti fied for in di vid ual spe cies dif fers while the over -
all ar chi tec ture of such a re cep tor is rel a tively con stant. An
intracellular part re spon si ble for sig nal ing is con nected via
a transmembrane linker (he lix) to an extracellular do main
in volved in re cep tor-ligand or cell-cell in ter ac tions. Sev -
eral stud ies con firmed that the in ter act ing part ners for these 
re cep tors are again cell sur face pro teins of the same type
(Clr – C-type lectin re lated in ro dents or hu man LLT1 –
Lectin-like tran script-1) [2]. Struc tural de tails un der ly ing
the func tion al ity of these re cep tors and es pe cially for ma -
tion of these pro tein-pro tein com plexes are still only
sparse. Our re cent work has been fo cused on mouse and rat
re cep tors and lig ands of the NKR-P1 fam ily (CTL type).
Three-di men sional struc tures based on x-ray dif frac tion
anal y sis of mouse NKR-P1A and Clrg com ple mented by a
high res o lu tion struc ture of hu man CD69 to gether with se -
quence anal y sis of the pro tein fam ily give first in di ca tions

of their spe cific prop er ties [3].  The sur face loop of the
CTL do main fold may play an im por tant role in re cep -
tor-ligand in ter ac tions and amino acid se quence anal y sis
leads to pre dic tions of sim i lar be hav iour within the
NKR-P1 fam ily.

1. E. Vivier, E. Tomasello, M. Baratin, T. Waltzer, S. Ugolini,
Nat. Immunol.  9, (2008), 503.

2. J.R. Carlyle, A.M. Jamie son, S. Gas ser, C.S. Clingan, H.
Arase, Proc. Natl. Acad. Sci. USA 101, (2004), 3527.

3. P. Kolenko, T. Skalova, O. Vanek, A. Stepankova, J.
Duskova, J. Hasek, K. Bezouska, J. Dohnalek, Acta
Crystallogr. F 65, (2009), 1258.

Fund ing by the E. C. in In te grated pro ject SPINE2-Com -
plexes, no. 031220, and through ELISA grant (226716,
syn chro tron ac cess, pro jects 09.1.81077 and 09.2.90262),
by Min is try of Ed u ca tion of the Czech Re pub lic (MSM 21
620808), and by the Czech Sci ence Foun da tion (303/
09/0477, 302/11/0855 and 207/10/1040) is grate fully ac -
knowl edged. The au thors wish to thank Uwe Müller for
sup port at the beam line BL14.1 of Bessy II,  Helm -
holtz-Zentrum Berlin, Al bert-Ein stein-Str. 15 and In sti tute
of Bio tech nol ogy ASCR for ac cess to the X-ray dif frac tion
suite.

L5

GENERATION OF ARTIFICIAL BINDERS WITH AFFINITY TO HUMAN CYTOKINES
VIA COMPUTER-ASSISTED MUTAGENESIS OF A STABLE PROTEIN SCAFFOLD

AND RIBOSOME DISPLAY SELECTION

Petr Malý1, Jawid N. Ahmad2, Jingjing Li1, Lada Biedermannová1, Milan Kuchaø1, Hana
Šípová3, Alena Semerádtová4, Jiøí Èerný1, Hana Petroková1, Pavel Mikulecký1, Jiøí

Vondrášek1, Jiøí Homola3, Jan Malý4, Radim Osièka2, Peter Šebo1,2

1In sti tute of Bio tech nol ogy AS CR, v.v.i. and 2In sti tute of Mi cro bi ol ogy AS CR, v.v.i., Vídeòská 1083, 142 20
Prague, Czech Re pub lic; 3In sti tute of Pho ton ics and Elec tron ics AS CR, v.v.i., Chaberská 57, 182 51,

Prague, Czech Re pub lic; 4Fac ulty of Sci ence, Jan Evangelista Purkynì Uni ver sity, Èeské Mládeže 8, 400 96 
Ústí nad Labem, Czech Re pub lic

petr.maly@img.cas.cz

Albumine bind ing do main (ABD), a three-he lix bun dle of
na tive Strep to coc cal G pro tein, rep re sents a prom is ing

scaf fold for the con struc tion of small ar ti fi cial lig ands with
re quired prop er ties, use ful as new di ag nos tic tools or next
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gen er a tion ther a peu tics. To gen er ate a set of novel bind ing
pro teins with high af fin ity and spec i fic ity to hu man
cytokines, sur face res i dues of the ABD mol e cule were sub -
jected to a de tailed anal y sis us ing in ter ac tion en ergy map,
cal cu la tion of sol vent ac ces si bil ity and in silico alanine
scan ning, re sult ing in the iden ti fi ca tion of key res i dues for
the sta bil ity and 11 ran dom iza tion-ac ces si ble amino acid
po si tions. Com bi na torial DNA li brary with a the o ret i cal
com plex ity up to 1014 ABD vari ants, gen er ated us ing ran -
dom ized oligonucleotide prim ers fol lowed by fu sion with
cDNA cod ing for TolA he li cal helper pro tein, served as a
tem plate for the re verse tran scrip tion, fol lowed by in vi tro
trans la tion and ri bo some dis play se lec tion. Af ter sev eral
round of two in de pend ent screen ing cam paigns, high af fin -

ity lig ands for hu man in ter feron gamma (hIFNg) were
identified, with Kd rang ing from 0.2 to 10 nM. Mo lec u lar

mod el ing and dock ing of four best hIFNg bind ers sug -
gested that these ABD vari ants share a com mon bind ing re -
gion dif fer ent from that known for the hIFNã re cep tor. The
pre dicted bind ing model for novel lig ands is sup ported by
com pe ti tion ELISA and SPR us ing a syn thetic form of one

of the ABD vari ants and re com bi nant form of hIFNg  re -

cep tor. Novel lig ands rep re sent unique ar ti fi cial probes for
struc ture-func tion stud ies and prom is ing tools for the con -
struc tion of new biosensors. The ABD li brary and the es -
tab lished screen ing ap proach are cur rently be ing used for
the gen er a tion of novel in hib i tory lig ands block ing the
func tion of hu man interleukin-23.

Fund ing by the grants KAN200520702, GACR P305/
10/2184 and GACRP303/10/1849, and the in sti tu tional re -
search con cept AV0Z50520701.

 Thurs day, March 24, Ses sion II 
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CHEMICAL CROSS-LINKING AND H/D EXCHANGE COMBINED WITH MASS
SPECTROMETRY: A TOOL TO VALIDATE AND REFINE 3-D PROTEIN X–RAY MODEL

Dan iel Rozbesky1,2, Petr Pompach1,2, Petr Man1,2, Karel Bezouska1,2 and Petr Novak1,2

1In sti tute of Mi cro bi ol ogy, Acad emy of Sci ence of  the Czech Re pub lic, Vídeòská 1083, 
Prague 4, Czech Re pub lic

2De part ment of Bio chem is try, Fac ulty of Sci ence, Charles Uni ver sity in Prague, Hlavova 8, 
Prague 2, Czech Re pub lic

r.dano@centrum.cz

Chem i cal cross-link ing and Hy dro gen/Deu te rium ex -
change com bined with mass spec trom e try are pow er ful
tools for elu ci dat ing pro tein con for ma tion in so lu tion. We
ap plied both meth ods to study struc tural de tails of an im -
por tant ac ti vat ing lym pho cyte re cep tor NKR-P1A and to
dis tin guish be tween struc tural char ac ter is tics in crys tal and 
phys i o log i cal con di tions. The de ter mi na tion of crys tal
struc ture of NKR-P1A evokes ques tions about the unique
flap re gion con tain ing res i dues Pro161-Asp187 which is in 
crys tal di rected to wards sym met ri cally re lated mol e cule.
Chem i cal cross-link ing and H/D ex change com bined with
high res o lu tion mass spec trom e try have been em ployed to
in ves ti gate the flex i bil ity and con for ma tion of the flap re -
gion.

In or der to study the flex i bil ity and con for ma tion of the
flap re gion in the NKR-P1A pro tein, we have pre pared re -

com bi nant NKR-P1A pro tein and its mu tant
NKR-P1A-NF in which the flap re gion con tain ing res i dues 
Pro161-Asp187 was de leted and re placed by two alanines.
While the main struc ture of NKR-P1A ob tained by mass
spec trom e try tech niques was con sis tent with the pre vi -
ously known crys tal data, a dif fer ence was found in the flap 
re gion. In the crys tal struc ture the flap re gion ex tends from
the com pact core re gion. On the con trary, anal y sis of the
pep tic frag ments showed de creased lo cal H/D ex change in
the NKR-P1A pro tein in re gion con tain ing res i dues
115-131, 138-143 and 190-206 in com par i son with
NKR-P1A-NF. This in di cates a re or ga ni za tion of the flap
re gion and its as so ci a tion with the com pact core re gion.
The mass spec trom e try results were further confirmed by
the NMR structural analysis.
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L7

STRUCTURAL DETAILS OF NKR-P1D : CLRB INTERACTION ELUCIDATED BY
PROTEIN CROSS-LINKING AND MASS SPECTROMETRY

Pavel Hanè1, Josef Chmelík1, Karel Bezouška1,2 and Petr Novák1,2

1In sti tute of Mi cro bi ol ogy, Acad emy of Sci ences of the Czech Re pub lic, Praha 4, Czech Re pub lic
2De part ment of Bio chem is try, Fac ulty of Sci ence, Charles Uni ver sity Prague, Hlavova 8, Praha 2, 
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In ter ac tion be tween murine NKR-P1D and Clrb re cep tors
was orig i nally de scribed as a novel type of „MHC class-I
in de pend ent miss ing-self rec og ni tion“ and was shown to
con fer pro tec tion from kill ing by nat u ral killer cells [1].
How ever, fur ther stud ies sug gested that it is not in fact
NKR-P1D but rather NKR-P1B, an allelic form ex pressed
in dif fer ent strains of mice, which binds Clrb and that
NKR-P1D binds with sig nif i cantly lower af fin ity if at all
[2].

In or der to ad dress the is sues aris ing from these con -
flict ing re sults, we have recombinantly ex pressed the
extracellular do mains of both re cep tors in E. coli cells and
re folded the pro teins in vi tro. The qual ity of refolding was
con firmed both by de ter min ing the disulphide bond ing pat -
tern us ing FT-MS and mea sur ing 1H/15N-HSQC spec tra us -
ing 600MHz NMR spec trom e ter. In ter ac tion be tween the
pro teins in so lu tion was im mo bi lized us ing pro tein
cross-link ing tech nique. Three cross-link ing re agents,
EDC, DSG and DSS with spacer arm lengths of 0 C, 7.5 C
and 11.5 C re spec tively were used. The re ac tion mix ture
was sep a rated by means of SDS-PAGE and pro tein bands
cor re spond ing to dimers were di gested in gel.  Us ing
FT-MS we were able to find pep tides from both pro teins
con nected by the cross-link ers.

Us ing re cently re solved struc tures of extracellular do -
mains of NKR-P1A and Clrg re cep tors bear ing 86% and

76% se quence iden tity with NKR-P1D and Clrb re spec -
tively, we were able to build homology mod els of both
NKR-P1D and Clrb and a model of the in ter act ing pair.
Part of the data ob tained from cross-link ing ex per i ments
fit ted nicely into the model of homodimers of both pro teins
in ter act ing in a face-to-face fash ion as would be ex pected;
how ever sig nif i cant por tion of the ob served cross-links
could not be ex plained by this model.  In or der to al low for
these data we sug gest that these re cep tors do not only in ter -
act in the face-to-face fash ion but also in a chain-like or
clus ter-like fash ion with each homodimer con tact ing two
homodimers of the sec ond pro tein at the same time.

To our knowl edge this would be the first in ter ac tion of
this kind ob served for this type of re cep tors.

1. Iizuka, K. et. al., Ge net i cally linked C-type lectin-re lated
lig ands for the NKRP1 fam ily of nat u ral killer cell re cep -
tors. Nat. Immunol., 2003, 4, 801 – 807.

2. Carlyle, J. et. al., Miss ing self-rec og ni tion of Ocil Clr-b by
in hib i tory NKR-P1 nat u ral killer cell re cep tors. PNAS,
2004, 101, 3527 – 3532.

This work was sup ported by the grant P207/10/1040 of the
Grant Agency of Acad emy of Sci ences of the Czech Re pub -
lic.
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SUPRAMOLECULAR ASSEMBLIES FORMED BY DIOLEIN AND STEARYL ALCOHOL
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Diolein (1,2-dioleoylglycerol, DOG) and stearyl al co hol
(1-octadecanol, ODA) are typ i cal amphiphiles, which can
be con ve niently used as glycolipid mod els. They have
some struc tural sim i lar i ties, namely both con tain 18 car bon 
at oms in the chain and have a sin gle hydroxyl group. De -
spite these sim i lar i ties, they as sem ble into very dif fer ent
supra mo lecu lar struc tures. It was shown by a com bi na tion
of IR spec tros copy and MD/QM sim u la tions that the as -

sem blies formed by DOG are char ac ter ized by low struc -
tural or der and very weak hy dro gen bond ing, while those
formed by ODA, on the con trary, ex hibit highly or dered
struc tures sta bi lized by strong hy dro gen bonds (Fig ure 1).

Sup port from the Grant Agency of the Czech Re pub lic
(grant P208/10/0559 (VA), P208/11/0105 (PB)) and Acad -
emy of Sci ences (grant M200550902 (PB)) is grate fully ac -
knowl edged.
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STRUCTURE OF THE 14-3-3/RGS3 COMPLEX: NEW DETAILS ON ARCHITECTURE
OF COMPLEXES FORMED BY 14-3-3 PROTEINS

L. Øežábková1,2

1Fac ulty of Sci ence, Charles Uni ver sity, 12843 Prague, Czech Re pub lic
2In sti tute of Phys i ol ogy, Acad emy of Sci ences of the Czech Re pub lic, 14220 Prague 4, Czech Re pub lic

14-3-3 pro teins are a fam ily of highly con served dimeric
reg u la tory mol e cules that are ex pressed in all eukaryotic
cells and spe cif i cally bind to the phosphoserine (or
phosphothreonine)-con tain ing mo tifs in a se quence-spe -
cific man ner. To date more than 300 bind ing part ners of
14-3-3 pro teins have been iden ti fied. It re mains largely un -
re solved how 14-3-3 pro teins ex hibit such a di verse as sort -
ment of lig ands in volved in so many dif fer ent sig nal ing
path ways. Not all lig ands show equal af fin ity for dif fer ent
14-3-3 isoforms, de spite the rel a tively high se quence
homology that all 14-3-3s share. De spite struc tural knowl -
edge of the 14-3-3 pro tein alone, there is only re stricted in -
for ma tion about the struc ture of 14-3-3 pro teins in com plex 
with their bind ing part ners [1]. Ex actly this in for ma tion is
of par a mount im por tance for mech a nis tic un der stand ing by 
which 14-3-3 pro teins reg u late sig nal transduction, met a -
bolic path ways, cell cy cle, apoptosis etc. We were par tic u -

larly in ter ested in 14-3-3 z /RGS3 pro tein com plex. RGS
pro teins bind spe cif i cally to the GTP-bound forms of Gá
and sig nif i cantly stim u late their GTPase ac tiv ity by sta bi -
liz ing the transition state. Upon phosphorylation the RGS
pro tein in ter acts with the 14-3-3 pro tein. Phosphory -
lation-de pend ent bind ing of 14-3-3 acts as a mo lec u lar
switch that con trols the GAP ac tiv ity keep ing a sub stan tial
frac tion of RGS pro teins in a dor mant stay [2].

To map the in ter ac tion be tween 14-3-3 z and RGS3
pro tein we per formed a wide range of bio phys i cal mea -
sure ments: H/D ex change and cross link ex per i ments cou -
pled to mass spec trom e try were used to de ter mine the
in ter act ing sur face, FRET (Förster res o nance en ergy trans -
fer) time-re solved flu o res cence ex per i ments were used to
mea sure dis tances be tween AEDANS-la beled RGS3 mol e -

cule and fluorescein-la beled 14-3-3 z. The stoichiometry

of 14-3-3 z /RGS3 pro tein com plex was elu ci dated us ing
the an a lyt i cal ul tra cen tri fu ga tion. The crys tal struc ture of

RGS do main of RGS3 at 2.3 C  res o lu tion was solved.
Time re solved tryptophan flu o res cence spec tros copy was
em ployed to char ac ter ize the conformational changes of

RGS3 in duced by 14-3-3z pro tein bind ing [3]. SAXS
(small an gle X-ray scat ter ing) mea sure ment was used to
ob tain mo lec u lar en ve lope of 14-3-3/RGS3 pro tein com -
plex. Based on all these re sults we build 3D model of

14-3-3z/RGS3 pro tein com plex.
Our model re vealed new de tails on ar chi tec ture of com -

plex formed by 14-3-3 pro teins. To date all known struc -
ture of 14-3-3 pro teins com plexes sug gests that the ligand
is docked in the cen tral chan nel of 14-3-3 pro tein. Our re -
sults in di cate that the RGS do main of RGS3 pro tein is lo -

cated out side the cen tral chan nel of 14-3-3z pro tein

in ter act ing with less-con served res i dues of 14-3-3z. This
could ex plain why dif fer ent lig ands show dif fer ent af fin ity
for dif fer ent 14-3-3 isoforms.

1. A.K. Gardino, S.J. Smerdon, M.B.Yaffe, Semin Can cer
Biol., 16, (2006), Jun, 173-82.

2. T. Benzing, M.B. Yaffe, T. Arnould, L. Sellin, B.
Schermer, B. Schil ling, R. Schreiber, K. Kunzelmann, G.G. 
Leparc, E. Kim, G. Walz, J. Biol. Chem., 275, (2000),
28167-72.

3. L. Rezabkova, E. Boura, P. Herman, J. Vecer, L. Bourova,
M. Sulc, P. Svoboda, V. Obsilova, T. Obsil, J Struct Biol., 
170, (2010), 451-61.

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 Grant P305/11/0708 of the Czech Sci ence Foun -
da tion, by Grant 28510 of the Grant Agency of the Charles
Uni ver sity, 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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STRUCTURAL AND FUNCTIONAL STUDY ON THE GLYCOSYLATION IN MAIZE
CYTOKININ OXIDASE/DEHYDROGENASE1

Marek Šebela1, Radka Konèitíková1, René Lenobel2, Vojtìch Franc1, Pavel Øehulka3, 
Martina Tylichová1, David Kopeèný1
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CZ-783 71 Olomouc, Czech Re pub lic

2Lab o ra tory of Growth Reg u la tors, Fac ulty of Sci ence, Palacký Uni ver sity and In sti tute of Ex per i men tal Bot -
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Cytokinin oxidase/dehydrogenase (CKO; EC 1.5.99.12)
cat a lyzes the met a bolic deg ra da tion of the plant hor mones
cytokinins. The pres ence of a glycosylation in maize CKO
isoenzyme 1 (ZmCKO1) was orig i nally de duced from its
bind ing to lectin af fin ity col umns [1]. This was fur ther con -
firmed by elec tro pho retic mi gra tion, which pro vided sig -
nif i cantly higher mo lec u lar mass es ti mates than was a
the o ret i cal cal cu la tion. The amino acid se quence of
ZmCKO1 com prises eight po ten tial N-glycosylation sites
[2]. The pub lished crys tal struc tures have shown that at
least six of them may be oc cu pied by glycans at tached at
the res i dues N63, N89, N134, N294, N323 and N338 [3,4].
How ever, the com po si tion and size of the car bo hy drate
chains have not yet been in ves ti gated as well as their con -
tri bu tion to the ac tiv ity and sta bil ity of the en zyme. In this
work, a re com bi nant ZmCKO1 ex pressed in Yarrowia
lipolytica was treated by endoglycosidase H, which re -
sulted in a com plete deglysosylation (ex cept for an ex -
pected pres er va tion of one N-acetyl-D-glucosamine per
each glycosylation site). The re leased N-glycans were pu ri -
fied by re versed phase chro ma tog ra phy on graphitized car -
bon and sub jected to MALDI-TOF MS us ing 6-aza -
thio thymine as a ma trix. So dium and po tas sium adduct
peaks were ob served in the pos i tive ion reflectron mode.
The so dium adduct peaks ap peared in a lad der start ing at
m/z 1216, which con tin ued grad u ally by add ing a mass dif -
fer ence of 162 units at least to m/z 2676. By means of a sim -
ple cal cu la tion and search in a li brary of known struc tures
(http://www.expasy.ch/tools/glycomod), the peaks could
be as signed to high-mannose type N-glycans from
Man6GlcNAc to Man15GlcNAc. On a Q-TOF in stru ment
with electrospray ion iza tion (ESI), the same N-glycans
were de tected pre dom i nantly as dou bly charged ions
[M+H+K]2+. Sev eral struc tures were con firmed by col li -
sion-in duced tan dem mass spec trom e try (CID- MS/MS). A
tryptic di gest of ZmCKO1 was then pre pared to an a lyze

N-glycopeptides di rectly by liq uid chro ma tog ra phy cou -
pled to mass spec trom e try. The di gest was sep a rated on a
re versed phase col umn with gra di ent elu tion and de tected
by Q-TOF ESI-MS. In CID-MS/MS, a dou ble charged ion
with m/z 1267.53 ([M+2H]2+) yielded a pep tide frag men ta -
tion pat tern cor re spond ing to the se quence
133-INVSADGR-140 bind ing two N-acetyl-D- gluco -
samines plus 8 mannoses. The fi nal proof of the pres ence
of high-mannose type N-glycans in re com bi nant ZmCKO1 
was ob tained by MALDI-TOF MS of the tryptic di gest us -
ing ferulic acid as a ma trix. A se ries of glycopeptides was
ob served with m/z val ues span ning the in ter val of
7986-12360 and dif fer ing from each other by 162 mass
units. Cal cu la tions al lowed as sign ing of the mea sured
glycopeptides to the tryptic pep tide 269-LTAPRPGGGGA 
SFGPMSYVEGSVFVNQSLATDLANTGFFTDADVAR
-313 bear ing large N-glycan chains from Man20GlcNAc2 to 
Man45GlcNAc2 (in di cat ing a hyperglycosylation.) The en -
zyme deglycosylated un der non-de na tur ing con di tions
showed de creased ac tiv ity as well as thermostability in di -
cat ing the phys i o log i cal im por tance of the car bo hy drate
chains in ZmCKO1.

1. J.M. Chatfield & D.J. Armstrong, Plant Physiol. 88 (1988), 
245-247.

2. N. Houba-Hérin, C. Pethe, J. d’Alayer, M. Laloue, Plant J.
17 (1999) 615-626.

3. E. Malito, A. Coda, K.D. Bilyeu, M.W. Fraaije, A.
Mattevi, J. Mol. Biol. 341 (2004) 1237-1249.

4. D. Kopeèný, P. Briozzo, H. Popelková, M. Šebela, R.
Konèitíková, L. Spíchal, J. Nisler, C. Madzak, I. Frébort,
M. Laloue, N. Houba-Hérin, Biochimie 92 (2010)
1052-1062.
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Diph the ria toxin is a pro tein se creted by Corynebacterium
diphtheriae as a sin gle polypeptide chain of 58 kDa. Dur -
ing cell in tox i ca tion, it is cleaved by furin into two frag -
ments, the A chain cor re spond ing to the cat a lytic (C)
do main and the B chain cor re spond ing to the translocation
(T) and re cep tor-bind ing do mains. The C and T do mains
re main co va lently linked by a disulfide bond. Fol low ing
bind ing to its cell sur face re cep tor, diph the ria toxin is in ter -
nal ized through the clathrin coated path way. The acidic pH
in the endosome trig gers a conformational change lead ing
to the in ser tion of the toxin in the mem brane. The C do main 
is then translocated across the endosomal mem brane into
the cytosol. The C do main ADP-ribosylates the elon ga tion
fac tor 2, block ing pro tein trans la tion and lead ing to cell
death.

At neu tral pH, the T do main is a glob u lar pro tein made
of ten al pha-he li ces, named TH1 to TH9 and TH5’. The in -
ser tion of the T do main into mem branes is pH-de pend ent
and fol lows a two-step pro cess. Dur ing the first step, be -
tween pH 7 and pH 6, the T do main adopts a par tially
folded state, the so-called mol ten glob ule, be cause of the
ter tiary struc ture destabilization. At that stage, the T do -
main binds to mem brane, mainly through hy dro pho bic in -

ter ac tions, lead ing to the mem brane-bound (MB) state.
Dur ing the sec ond step, be tween pH 6 and pH 4, the con -
for ma tion of the T do main is re or ga nized, lead ing to a
mem brane-in serted (MI) state. While the ter tiary struc ture
is lost, the sec ond ary struc ture, i.e. the he li cal con tent, of
the T do main is pre served through out the pro cess. The MI
state is the func tional state of the T do main; it
permeabilizes the mem brane and en ables the pas sage of the 
N-ter mi nal re gion from the cis to the trans side of the mem -
brane.

In this work we used Hy dro gen/Deu te rium ex change
cou pled to mass spec trom e try to de scribe the in di vid ual
steps of T-do main mem brane in ser tion. Ac ces si bil ity
changes of T-do main were fol lowed for T-do main at pH 7,
6 and 4 and for dif fer ent states – ei ther free T-do main in so -
lu tion, or T-do main bound to the lipid mem brane (mim -
icked by large unilamellar ves i cles). Also the in flu ence of
high-ionic strength (mask ing of elec tro static in ter ac tions)
was fol lowed.

Fi nan cial sup port from CEA, MSMT LC 545 and In sti tu -
tional re search con cept AV0Z50200510 is grate fully ac -
knowl edged.
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MECH A NISM OF THE OXALIPLATIN BIND ING TO THE DOU BLE-STRANDED
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A mech a nism of the for ma tion of the intrastrand 1,2-
 crosslink be tween ds(pGpG) dinucleotide and hy dro lyzed
oxaliplatin is stud ied us ing the o ret i cal RI-DFT-D and
ONIOM/MP2/B3LYP meth ods. It is a two-step re ac tion in
which the monoadduct for ma tion is the rate-de ter min ing
step with ac ti va tion free en ergy of ~ 20 kcal/mol fol lowed
by the diadduct for ma tion step with ac ti va tion free en ergy

of ~ 15 kcal/mol. The bind ing in the 5’-G ® 3’-G di rec tion

is kinetically pre ferred over the 3’-G ® 5’-G di rec tion.
Non-bonded in ter ac tions and steric ef fects in flu ence con -

sid er ably the struc ture of tran si tion states af fect ing
energetics of the re ac tion. The over all re ac tion is exergonic 
by more than 20 kcal/mol. The changes of the ds(pGpG)
struc ture and charge trans fer ef fects upon the oxaliplatin
bind ing will be dis cussed. 

We grate fully ac knowl edge sup port from the Grant Agency 
of the Czech Re pub lic (grants 204/09/J010 and P205/
10/0228) and from the Min is try of Ed u ca tion, Youth and
Sports of the Czech Re pub lic (grants ME09062 and ME
10149).
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31P chem i cal shifts (dP) in nu cleic ac ids proved to be sen si -
tive to the con for ma tion of the back bone [1]. There fore, the 
un der stand ing of tor sion an gle-chem i cal shift re la tion ships 
can aid nu cleic acid struc ture de ter mi na tion. We pres ent a
com pre hen sive study of these re la tion ships re ly ing on den -

sity func tional (DFT) cal cu la tions of dP [2].
The chem i cal shift cal cu la tions were per formed us ing

ge om e tries of hy drated dimethyl phos phate (DMP), the
model of the phosphodiester link age, ex tracted from mo -
lec u lar dy nam ics (MD) snap shots of [d(CGCGAATT

CGCG)]2. A thor ough anal y sis of dP ob tained has shown

that while P-O tor sion an gles a and z dom i nate dP, C-O

tor sion an gles e and b only mod u late the chem i cal shift

trends es tab lished by a and z. More over, the dependences

of dP on P-O tor sion an gles are de scribed by sim ple func -
tions, which can serve as al ter na tives to the so-called
Karplus equa tions, typ i cally used in NMR to de ter mine tor -
sion an gles. We also pres ent chem i cal shift maps re veal ing

the joint ef fects of a and z.

A B-DNA back bone un der goes tran si tions be tween
two conformational states re ferred to as BI and BII. These
tran si tions oc cur ring on a nano sec ond time scale in flu ence

dP. The chem i cal shift dif fer ence be tween the pure BI and
BII states ob tained from our cal cu la tions is in a very good
agree ment with the dif fer ence in ferred from ex per i men tal
data. The com bined MD/DFT ap proach em ployed in the
study thus proved to bring a con sid er able im prove ment
over static cal cu la tions re ported so far. 

This work was sup ported by the Grants MSM0021622413
to M.M. and LC06030 to V.S. from the Min is try of Ed u ca -
tion, Youth and Sports of the Czech Re pub lic, and by the
Grant No. IAA500040903 from the Grant Agency of the
Acad emy of Sci ences of the Czech Re pub lic to JP.
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980-8578, Japan 

The en zymes re pair ing chem i cally dam aged DNA mol e -
cules are cru cial for main tain ing in teg rity of ge netic in for -
ma tion. One of the fre quently oc cur ring DNA mu ta tions is
the ox i da tive dam age of nu cleic acid bases that can be ini ti -
ated by re ac tive ox y gen spe cies, ion iz ing ra di a tion, and
also by free or ganic rad i cals. The prod uct of ox i da tion of
gua nine base, the 7,8-dihydro-8-oxo-gua nine (oxoG), can
be mispaired with ad e nine what may have se ri ous con se -
quences in DNA rep li ca tion. To erad i cate the le sions such
as oxoG and re store orig i nal DNA cell evolved base ex ci -
sion-re pair path ways. The 8-oxoguanosine glycosylase
(OGG1) is an en zyme de signed for ex ci sion of oxoG in
eukaryotes. Sev eral pos si ble path ways were sug gested and

in ves ti gated the o ret i cally dur ing past de cade based on the
struc tural in for ma tion de rived from crys tals of oxoG cap -
tured in cat a lytic pocket of hOGG1 en zyme. We come up
with the o ret i cal model of new al ter na tive path way for the
oxoG ex ci sion that is co her ent with the struc tural in for ma -
tion in crys tals. In or der to ob tain re li able pic ture of the
glycosidic bond cleav age we con front en er getic of the new
re ac tion path way with those for other sug gested mech a -
nisms. 

This works was sup ported by the Young In ves ti ga tor’s
Grant of the Hu man Fron tier Sci ence Pro gram (HFSP)..
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EXPERIMENTAL AND THEORETICAL STUDY OF FORMATION OF POLYPROLINE II
HELIX BY MEANS OF RAMAN OPTICAL ACTIVITY

V. Profant1*, P. Bouø2, V. Baumruk1
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Polyproline-II he lix (PPII) rep re sents a less com mon pro -
tein sec ond ary struc ture mo tif. Its struc ture is rather spe -
cific due to ab sence of in ter nal sta bi liz ing hy dro gen bonds.
The sta bil ity of the he lix is caused only by steri cal rea sons
and the in ter ac tion with sur round ing sol vent mol e cules.
Num ber of re cently dis cov ered ev i dences [1] has lead to a
pre sup po si tion that the PPII he lix is the dom i nant el e ment
of the struc ture of un folded pro teins.

In our ex per i ment we mea sured Raman and Raman op -
ti cal ac tiv ity (ROA) spec tra of sev eral oligo- and poly-L -
-proline sam ples in a wide fre quency range be tween 120
cm-1 and 1800 cm-1 and an a lyzed them with re spect to the
length of the proline chain. The rel a tively new tech nique of 
ROA [2,3], which is based on a dif fer ent in ter ac tion of a
spec i men with the right- and left-handed cir cu larly po lar -
ized la ser light, rep re sented an ideal meth od ol ogy for this
type of ob ser va tion due to its high sen si tiv ity to the
conformational sta bil ity and ri gid ity of pep tide chain back -
bone. There is also a strong link 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.

The stress was laid on the in ter con nec tion be tween ex -
per i ments and sim u la tions. For that pur pose we per formed
ab in itio cal cu la tions of Raman and ROA spec tral bands
and their in ten si ties for all mea sured sam ples in or der to
ob tain more ac cu rate in ter pre ta tion of re corded spec tra and 
ob served phe nom ena. Com pu ta tions were done in Gaussi -
an pro gram, whose lat est im ple men ta tion en ables an a lyt i -

cal cal cu la tions of op ti cal ac tiv ity ten sors lead ing to the
sig nif i cant de crease of com pu ta tional time.

So far, 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 were found at 405, 535 and 945 cm-1. Based on our
ex per i men tal data anal y sis we were able to de ter mine the
min i mal length of (L-proline)N chain nec es sary for for ma -
tion of the sta ble PPII con for ma tion as N=6 [5]. More over,
based on the re sults of cal cu la tion we man aged to as sign
spe cific vi bra tions to the most pro lif er at ing spec tral peaks
and dis cuss the in flu ence of var i ous pep tide bond and side
chain con form ers in ex per i men tal spec tra.

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

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

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

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

5. V. Profant, M. Šafaøík, P. Bouø, V. Baumruk, Spec tros -
copy, 24 (2010) 213.

The work was sup ported by the Grant Agency of the Czech
Re pub lic (grant No. P208/11/0105) and by the Charles
Uni ver sity in Prague (pro jects SVV-2010-261304 and
SVV-2011-263304).
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CONFORMATIONAL STUDY OF THE CYCLO(L-TRP-L-TRP)DIPEPTIDE
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Cy clic dipeptides are con ve nient model com pounds be -
cause they have a re stricted flex i bil ity due to the ring con -
tain ing two pep tide bonds [1]. Some cy clic pep tides are
also known to pos sess an ti vi ral, an ti bi otic, and anti-tu mour 
ac tiv ity.

The aim of our study is to un der stand the in ter ac tion of
two ar o matic tryptophan sidechains in c(Trp-Trp) on the
ba sis of DFT cal cu la tions and ex per i men tal vi bra tional
spec tra. Pre vi ous stud ies sug gest that the diketopiperazine
ring is nonplanar [2],[3]. This was stud ied for two sim pli -
fied mod els, cyclo(Gly-Gly) and cyclo(L-ala-L-Ala), the
po ten tial en ergy sur face has been cal cu lated in Gaussi an 09 
(B3LYP/6-311++G**, DMSO sol vent). Two shal low min -
ima have been found. For cyclo(L-Trp-L-Trp), equi lib rium 
con for ma tions were found also for the sidechains. Ge om e -
tries with the low est en er gies were used for cal cu la tion of
Raman and ROA spec tra.   

Raman spec tra of dif fer ent con for ma tions were sim i lar, 
whereas Raman op ti cal ac tiv ity (ROA, the dif fer ence in

scat ter ing for right and left cir cu larly po lar ized light) spec -
tra were more sen si tive to struc tural de tails, and could
better dis tin guish po si tions of the tryptophane res i dues and
nonplanarity of the cen tral ring. 

1.  C. Prasad, Pep tides 16 (1995), 151.

2.  A. P. Mendham, T. J. Dines, M. J. Snowden, B. Z.
Chowdhry, and R. Withnall, J. Raman Spectrosc. 40
(2009), 1478.

3.  Bouø, P.; Sychrovský, V.; Maloò, P.; Hanzlíková, J.;
Baumruk, V.; Pospíšek, J; Budìšínský, M. J. Phys. Chem.
A106 (2002), 7321-7327.

Sup port from the Grant Agency of the Charles Uni ver sity
(pro ject 126310), KONTAKT II MSMT pro gram (LH110
33), Grant Agency of the Czech Re pub lic (P208/11/0105)
and Acad emy of Sci ences (M200550902) is grate fully ac -
knowl edged.
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AP PLI CA TION OF NEW QM/MM IN TER FACE TO STUDY OF RU DRUGS
IN TER ACT ING WITH DNA

Zdenìk Futera, Jaroslav V. Burda

Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in Prague, Ke Karlovu 3, 121 16 Praha 2

New pro gram in ter face ca pa ble to inter-con nect stan dard
QM and MM soft ware to per form hy brid QM/MM cal cu la -
tions on mo lec u lar sys tems was im ple mented. Subtractive
QM/MM scheme with link at oms and elec tronic em bed -
ding is used. Sev eral ge om e try op ti mi za tion and mo lec u lar
dy nam ics al go rithms are coded into the in ter face. Ad van -
tage of this sys tem is its flex i bil ity to com bine the most
suit able pro grams or meth ods for de scrip tion of all parts of
com pu ta tional model.

The QM/MM tech nique was ap plied on prob lem of
study ing in ter ac tion of Ru(II) pi ano-stool com plexes with
DNA. The in ter ac tion is in ter est ing and im por tant be cause
of sig nif i cant anti-can cer ac tiv ity of these com plexes
caused prob a bly by struc tural changes of DNA. In ter ac tion 
with DNA was proven by ex per i men tal mea sure ments but
the pre cise re ac tion mech a nism at mo lec u lar level is not
known. We use DFT(B3LYP) for cal cu la tion of prop er ties
on Ru(II) com plex and near est nu cleic bases (guanines)
and Am ber FF03 for DNA parametrization.

The re ac tion en ergy pro file ob tained from re laxed and
op ti mized struc tures will be pre sented as well as ba sic
prop er ties such as ge om e try pa ram e ters, mo lec u lar orbitals
or atomic charge anal y sis. Also size ef fect of arene ligand
will be dis cussed.
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KINETIC ANALYSIS OF E. Coli WRBA REDOX ACTIVITY
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The flavoprotein WrbA from E. coli was iden ti fied as a
found ing mem ber of a new fam ily of multimeric
flavodoxin-like pro teins that are im pli cated in cell pro tec -
tion against ox i da tive stress. WrbA hereby bridges bac te -
rial flavodoxins and eukaryotic NAD(P)H:quinone oxido -
re duc tases with its three-di men sional struc ture clearly re -
veal ing a close re la tion ship to mam ma lian NAD(P)H:
quinone oxidoreductase, Nqo1 [1]. A closer analysis of apo 
and holo crys tal struc tures, to gether with flavodoxin struc -
tures, ra tio nal izes func tional sim i lar i ties and dif fer ences of
the WrbAs rel a tive to flavodoxins, sug gest ing that WrbAs
are not a re mote and un usual branch of the flavodoxin fam -
ily as pre vi ously thought but rather a cen tral mem ber with
uni fy ing struc tural fea tures [2]. 

In this study we try to elu ci date the ki netic mech a nism
of WrbA and its range of sub strates, ac ti va tors, and in hib i -
tors. As says of WrbA NADH ox i da tion/quinone re duc tion
ac tiv ity were car ried out. These re ac tions fol low the de -
crease in NADH absorbance at 340 nm upon ox i da tion dur -
ing re duc tion of ubiquinone or benzoquinone. The
re ac tions are car ried out by man ual mix ing un der am bi ent
(i.e., aer o bic) con di tions since non-en zy matic ox i da tion is
neg li gi ble. Stan dard ki netic ap proaches to eval u ate al ter na -
tive mech a nisms are well-es tab lished in stud ies with the
NQO1s, and the clas si cal work of Hosoda et al. [3] pro -
vides a model for the com par i son with NQO1s. Dis crim i -
na tion among var i ous mech a nisms is based on the pat terns
of sub strate and in hib i tor con cen tra tion de pend ence of re -
ac tion rates. Thus, the con cen tra tions of NADH, NAD, and 
quinone are var ied sep a rately and to gether to de ter mine
pat terns of com pe ti tion that are used to in fer which com -
pounds can oc cupy the ac tive site si mul ta neously.
Ping-pong ki net ics have been gen er ally ac cepted as the
mech a nism for NQO1s [3, 4], in di cat ing that FAD is re -
duced in a first step by ox i da tion of NADH, which then dis -
so ci ates. In a sec ond step, quinone binds to the site va cated
by NAD and is re duced by FADH2. In ad di tion to de fin ing
the ba sic ki netic mech a nism, we test WrbA also for a num -
ber of the char ac ter is tic mech a nis tic fea tures of NQO1s.

Com par i son of the high-res o lu tion E. coli WrbA struc -
ture with NQO1 im plies sig nif i cant dif fer ences in ac cess to 
the en zyme ac tive site by the co fac tor and the NADH and
quinone sub strates. De spite these struc tural dif fer ences our 
re sults clearly dem on strate the un usual two-pla teau be hav -
iour on the sub strate con cen tra tion-de pend ence plots for
NADH or benzoquinone as de scribed for NQO1 by
Hosada et al. [3]. The ex per i ments show that WrbA ac tiv ity 
in creases upon ad di tion of mem brane-mim ick ing de ter -
gents, and they dem on strate the abil ity of the pro tein to in -
ac ti vate re vers ibly by shift ing tem per a ture from 5 to 25 oC.
The sim i lar ity of these prop er ties to NQOs im plies a com -
mon struc tural and func tional ba sis of the ki netic mech a -
nism, how ever, even for the NQOs the re ported
two-pla teau be hav iour could not be ex plained in struc tural
and mo lec u lar terms to date.  

1. Carey J, Brynda J, Wolfová J, Grandori R, Gustavsson T,
Ettrich R, Kutá Smatanová I Pro tein Sci ence
16: 10. (2007) 2301-2305.

2. Wolfova J, Kuta Smatanova I, Brynda J, Mesters JR,
Lapkouski M, Kuty M, Natalello A, Chatterjee N, Chern
SY,  Ebbel E, Ricci A, Grandori R, Ettrich R, Carey J
Biochimica et Biophysica Acta (BBA) - Pro teins and
Proteomics 1794: 9. (2009) 1288-1298.

3. Hosoda S, Nakamura W, Hayashi K. J. Biol. Chem., 249,
(1974),  6416-23.

4. Ernster, L.. Chem. Scripta 27A, (1987) 1- 13.
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RELIABILITY AND ACCURACY IN PROTEIN STRUCTURE DETERMINATION
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Pro tein sci ence made an im mense prog ress in the last de -
cade. Com bi na tion of in for ma tion ob tained by ad vanced
meth ods of mass spec trom e try, dy namic light scat ter ing,
small an gle scat ter ing, NMR tech niques, mo lec u lar mod el -
ing and pro tein crys tal log ra phy gave al ready a com plete in -
sight into the func tion of many bi o log i cal sys tems on
mo lec u lar level. 

Namely pro tein crys tal log ra phy made a huge prog ress.
It has be come a very com mon tech nique avail able prac ti -
cally for any lab o ra tory and pro duces about 8 thou sand
new bio-macromolecular struc tures per year. Hun dreds of
struc tures of the larg est macromolecular com plexes (as e.g. 
ri bo somes [1]) and their com po nents in dif fer ent mo lec u lar 
en vi ron ments have al ready been de ter mined by pro tein
crys tal log ra phy and de pos ited into the PDB [6] at atomic
res o lu tion. 

Peo ple also learned how to mea sure in ter me di ate states
of mo lec u lar com plexes ac quir ing thus a com plete in sight
into the func tion of “the mo lec u lar ma chines” re spon si ble
for cor rect func tion and reg u la tion of pro cesses in their na -
tive en vi ron ment (e.g. pump ing of Na/K ions by ATPase
[2]). 

For mer dif fi cul ties with prep a ra tion of good qual ity
“pro tein crys tals” were sig nif i cantly re duced. Re al iz ing the 
dy namic char ac ter of pro tein crys tals, where the pro tein
mol e cules re main “float ing” in an equi lib rium with so lu -
tion, leads to de vel op ment of meth ods for crys tal li za tion of
macromolecules in var i ous ad he sion modes. This pro vides
op por tu ni ties for di rect ob ser va tion of many dif fer ent ad -
he sion modes be tween mol e cules which are of ten de ci sive
for sig nal ing, intermolecular com mu ni ca tion, trans port,
and for ma tion of in ter me di ate mo lec u lar com plexes [3]. 

New X-ray Free Elec tron La sers (XFEL) al low struc -
ture de ter mi na tion of large mo lec u lar com plexes from
nano-crys tal line ma te rial prom is ing thus struc ture de ter mi -
na tion of ma te ri als re sis tant to clas si cal crys tal li za tion ex -
per i ments, namely the struc ture de ter mi na tion of
mem brane pro teins (e.g. struc ture de ter mi na tion of 
photosystem I [4] ). 

How ever, all stand ing ex per i men tal and the o ret i cal
meth ods have still some se vere lim i ta tions which should be 
taken into ac count in at tempts to un der stand the “mo lec u lar 
ma chines” re spon si ble for cor rect func tion and reg u la tion
of pro cesses in liv ing en vi ron ment. Fail ure to re al ize these
lim i ta tions can re sult in mo lec u lar mod els with very prob -
lem atic re la tion to re al ity. 

There are some global mea sures of re li abil ity and ac cu -
racy (as e.g. res o lu tion, R fac tor, num ber and qual ity of re -
straints used in re fine ment [5]). How ever no struc ture

pro vided by pro tein crys tal log ra phy is static. The pro tein
mol e cules are in dy namic equi lib rium with sol vent and it is
usu ally re flected in dif fer ent dis place ment fac tors (B-fac -
tors re flect ing mo tion of in di vid ual at oms) and dif fer ent
sta bil ity of some parts of mo lec u lar com plexes. It is nec es -
sary to learn “the crys tal lo graphic di a lect” to get the real
multi-conformational view of the real pro tein com plex, to
get a view of the mo tions in side of the pro tein com plex and
to read un bi ased de tails of wa ter in ter ac tions with pro tein
sur face and its mo tion in the pro tein chan nels and clefts.

There are also some hu man er rors in tro duced into the
PDB by in ex pe ri enced sci en tists. A rel a tive eas i ness of
pro tein crys tal log ra phy, and ac ces si bil ity to non-spe cial ists 
brought non-neg li gi ble amount of in com pletely re fined
struc tures. The remediated ver sion of the PDB [6], con tain -
ing now a days over 70 thou sand ex per i men tally de ter mined 
bio-macromolecular struc tures, re moved some global dis -
crep an cies only. 

Thus a closer in sight into re li abil ity of the im por tant
struc ture seg ments is ab so lutely nec es sary be fore any se ri -
ous struc ture study. When try ing to use PDB de pos ited data 
one should al ways read com ments in the first part of PDB
file and ob serve some warn ing in di ca tors along full lengths 
of pro tein chains (e.g. un usual B-fac tors, oc cu pa tion fac -
tors, in di ca tors of dis or der, miss ing at oms, etc.). All warn -
ing marks or some er rors which can be found in some
struc ture de po si tions in the PDB [6] should be an a lyzed.

It is im por tant to re al ize that the real re sult of ex per i -
ment is not the struc ture model de pos ited in the PDB, but
that it is the tree-di men sional elec tron den sity into which
the struc ture model is built by crys tal log ra pher. There fore
if in any doubts, one should check the three-di men sional
map of elec tron den sity on the screen of his own per sonal
com puter. It is very easy to con nect to the Elec tron Den sity
Server (http://eds.bmc.uu.se/eds/) [7] and of course a lit tle
more dif fi cult to in ter pret the in di cated prob lem alone. 

It is also im por tant to read the pro vided in for ma tion on
the ex per i ment plan ning, sta tus of pro tein dur ing mea sure -
ment and also the pro ce dures used dur ing struc ture re fine -
ment. All that can be im por tant to get a rel e vant pic ture of
the real state of the pro tein com plex in its cel lu lar or
extracellular mi lieu. 

A ne glected in spec tion of PDB file is the most fre quent
source of er rors and mis in ter pre ta tions in the com par a tive
stud ies and the struc ture-func tion anal y ses.

Re search is sup ported by IAA500500701 and 305/07/10
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The sa liva of ticks is a rich source of var i ous pro te ase in -
hib i tors which help the blood-feed ing par a site to over come 
the de fense of host im mune sys tem. Two pro teins (named
IRS-2 and OmC2) be long ing to dis tinct fam i lies of pro te -
ase in hib i tors  were iden ti fied in the sa liva of two tick spe -
cies and their roles in par a site-host in ter ac tion were
in ves ti gated as well as their crys tal struc tures. 

Pro tein IRS-2 be longs to the serpin fam ily of pro te ase
in hib i tors. It is pro duced in the sal i vary glands of the hard
tick Ixodes ricinus and ex hib its an ac tiv ity in sup press ing
the adap tive host im mune re sponse [1]. Re com bi nant pro -
tein was pre pared by heterologous ex pres sion in bac te rial
sys tem and the crys tal struc ture was de ter mined at res o lu -
tion of 1.8 C [2]. IRS-2 adopt a typ i cal serpin fold com -

posed of 3 large b-sheets and 9 a-he lixes (Fig ure 1A).
In ter est ingly, the struc ture rep re sents a re laxed state of
serpin, in which the loop re spon si ble for in ter ac tion with
tar get pro te ase (so called re ac tive-cen tre loop, RCL) is

cleaved and in serted into the cen tral b-sheet. 
Pro tein OmC-2 be long ing to cystatin fam ily of pro te ase 

in hib i tors was iden ti fied in the salive of the soft tick
Ornithodorus moubata by proteomic ap proach. The in hib i -
tory ac tiv ity of OmC2 to ward broad-range of hu man
peptidases was con firmed as well as its immuno -
modulatory ac tiv ity in vivo. OmC2 rep re sents a prom is ing
tar get for the de vel op ment of anti-tick vac cine. Crys tal
struc ture of re com bi nant OmC2 de ter mined at res o lu tion of 
2.45 C was used to ex plain the struc ture-in hib i tory ac tiv ity
relationship [3]. OmC2 adopts a typ i cal cystatin fold char -

ac ter ized by five-stranded twisted antiparallel b-sheet
wrap ping around a cen tral he lix (Fig ure 1B).

1. Chmelar, J.; Oliveira, C. J.; Rezacova, P.; Francischetti, I.
M.; Kovarova, Z.; Pejler, G.; Kopacek, P.; Ribeiro, J. M.;
Mares, M.; Kopecky, J.; Kotsyfakis, M. Blood 117 (2010),
736-44.

2. Kovarova, Z.; Chmelar, J.; Sanda, M.; Brynda, J.; Mares,
M.; Rezacova, P. Acta Crystallogr Sect F Struct Biol Cryst
Commun 66 (2010), 1453-7.

3. Salat, J.; Paesen, G. C.; Rezacova, P.; Kotsyfakis, M.;
Kovarova, Z.; Sanda, M.; Majtan, J.; Grunclova, L.; Horka, 
H.; Andersen, J. F.; Brynda, J.; Horn, M.; Nunn, M. A.;
Kopacek, P.; Kopecky, J.; Mares, M. Biochem J 429
(2010), 103-12.
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A B 

Fig ure 1. A. Crys tal struc ture of serpin IRS-2 from hard tick
Ixodes ricinus (PDB code 3NDA). B. Crys tal struc ture of cystatin
OmC2 from soft tick Ornithodorus moubata (PDB code 3L0R).
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Andrea Štìpánková1, 2, Tereza Skálová1, Jarmila Dušková1, Tomáš Kova¾3, Jindøich Hašek1,
L. H.  qstergaard4,  Jan Dohnálek1

1Inst. of Macromolecular Chem is try AS CR, v.v.i., Heyrovského nám. 2, 162 06, Prague 6, Czech Re pub lic
2Dept. of Solid State Phys ics, FNSPE, CTU, Trojanova 13, 120 00, Prague 2, Czech Re pub lic

3In sti tute of Physic AS CR, Cukrovarnická 10, P162 00, Prague 6, Czech Re pub lic
4 Novozymes A/S, Brudelysvej 26, DK-2880 Bagsvaerd, Denmarks

stepanko@imc.cas.cz

Organophosphorus acid anhydrolases (OPAA; E.C.
3.1.8.2) be long to a class of en zymes that are able to hy dro -
lyze a va ri ety of toxic organophosphorus com pounds such
as pes ti cides and also some types of chem i cal nerve agents
which are acetylcholinesterase in hib i tors. Due to their sig -
nif i cant proteolytic ac tiv ity against var i ous Xaa-Pro
dipeptides (Xaa stands for any amino ac ids), OPAA en -
zymes also be long to prolidases. 

En zy matic biodegradation is safer and more eco nom i -
cal than de tox i fi ca tion via purely chem i cal means or in cin -
er a tion, so re com bi nant OPAA can be ap plied as an
en zy matic tool for de tox i fi ca tion of wide spread pes ti cide
waste and for de ac ti va tion of chem i cal war fare agents. 

Three X-ray struc tures of re com bi nant wild type en -
zyme OPAA from a ma rine bac te rium Alteromonas
macleodii are pre sented here. The data were col lected at the 
beam line BL14.1 of the source of syn chro tron ra di a tion
Bessy II (Helmholtz-Zentrum, Berlin). In two cases, the
crys tals be long to space group C2 with unit cell pa ram e ters

a = 134.3 C, b = 49.1 C, c = 97.2 C and b = 125.0°. Data
were col lected at res o lu tions 1.8 C and 1.9 C, re spec tively.
In other case, the crys tal be longs to space group P212121

with unit cell pa ram e ters a = 75.6 C, b = 111.2 C, c = 138.1
C and data were col lected to the res o lu tion 2.2 C.

The data were pro cessed us ing HKL2000 and the struc -
tures were re fined by Refmac5. All the 442 amino ac ids of
the re com bi nant pro tein were lo cated in elec tron den sity.

The pro tein fold is mainly a-he li cal. The binuclear metal
cen ter is lo cated within the pita bread do main in the ac tive
site. Man ga nese ions, which are re quired for pro tein ac tiv -
ity, were ob served in full oc cu pancy in the ac tive sites. The
en zyme form dimers. Ex is tence of dimers was con firmed
both in crys tal and also in so lu tion by dy namic light-scat -
ter ing. The en zyme shares the so-called “pita bread” fold of 
the C-ter mi nal do main with other en zymes with prolidase
ac tiv ity. 

1. Vyas, N. K. et al., (2010). Struc tural in sights into the dual
ac tiv i ties of the nerve agent de grad ing organophosphate
anhydrolase/prolidase. Bio chem is try, 49, 547-559.

2. Raushel, F. M. (2002). Bac te rial de tox i fi ca tion of
organophosphate nerve agents. Cur rent opin ion in Mi cro bi -
ol ogy, 5, 288-295.

This work was sup ported by the Czech Sci ence Foun da tion
pro jects 310/09/1407 and 305/07/1073. The au thors wish
to thank Dr. Uwe Müller of the Helmholtz-Zentrum Berlin,
Al bert-Ein stein-Str. 15 for sup port at the beam line BL14.1
of Bessy II.
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Bifunctional nuclease TBN1 (se quence ac ces sion no.
AM238701) 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, vas cu lar sys tem de vel op ment, stress re sponse
and tis sue dif fer en ti a tion in plants [1]. In ad di tion, TBN1
ex hib its anticancerogenic prop er ties [2]. There fore, a de -
tailed struc tural study of this en zyme can con trib ute to de -
vel op ment of new drugs for can cer, bac te rial and vi ral
dis ease treat ment. Nuclease P1 from Penicillium citrinum
with 24% se quence iden tity, the struc ture of which is
known (PDB ID 1ak0) [3], is prob a bly the clos est struc -
tural homologue of TBN1. 

      Heterologous ex pres sion of TBN1 in to bacco leaves
yields amounts and qual ity of the en zyme suit able for struc -
tural stud ies. Crys tals with suf fi cient qual ity for X-ray dif -
frac tion anal y sis can be ob tained. The first dif frac tion
ex per i ments were per formed us ing an in house Gem ini En -
hanced Ul tra diffractometer with the At las CCD de tec tor
(Ox ford Dif frac tion) and three dif fer ent crys tal morpho -
logies were iden ti fied (orthorhombic, rhombohedral and
trigonal). Datasets for struc tural anal y sis were col lected at
the syn chro tron ra di a tion source BESSY II
(Helmholtz-Zentrum Berlin), beam line MX-14-1, with a
MARmosaic CCD de tec tor. Pres ence of zinc in the pro tein
was con firmed by X-ray flu o res cence and an ab sorp tion
edge scan and two MAD datasets (for a rhombohedral and

a trigonal crys tal) were col lected. The phase prob lem was
solved us ing the SHELXC, D and E pro gram suite [4]. The
TBN1 struc ture re sem bles some fea tures of P1 nuclease
with dif fer ences near the ac tive site and in the glyco -
sylation pat tern.

The work on this pro ject was sup ported by the Czech Sci -
ence Foun da tion, pro ject no. 310/09/1407. We also thank
the Grant Agency of the Czech Re pub lic, pro ject no. 202/
06/0757 and pro ject no.521/09/1214 and by the EC un der
ELISA grant agree ment num ber 226716 (syn chro tron ac -
cess, pro jects 09.2.90262 and 10.1.91347). We also grate -
fully ac knowl edge sup port from Praemium Academiae of
AS CR, In sti tu tion re search plan AVOZ10100521 of the In -
sti tute of Phys ics, In sti tu tion re search plan AV0Z50510513 
of the In sti tute of Plant Mo lec u lar Bi ol ogy, Bi ol ogy Cen tre. 
The au thors wish to thank Dr. U. Müller of the Helmholtz-
Zentrum Berlin, Al bert-Ein stein-Str. 15 for support at the
beam line.
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CHem., 388, (2007), 1–13.

2.  J. Matousek, T. Podzimek, P. Pouckova, J. Stehlik, J. Skvor,
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339-348. 
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The im por tant in dus trial en zymes, endo-b-1,4-xylanases
(EC 3.2.1.8), have been clas si fied into sev eral glycoside
hydrolase (GH) fam i lies based on hy dro pho bic clus ter
anal y sis, three di men sional struc ture and mode of ac tion
[1]. Best known en zymes be long to GH fam i lies 10 and 11.
These en zymes do not seem to be spe cial ized for hy dro ly sis 
of a par tic u lar xylan. Unique xylanases were as signed to
GH fam ily 30 [2]. Some of bac te rial GH30 xylanases are
spe cial ized for hy dro ly sis of xylans con tain ing D-glucu -
ronosyl or 4-O-methyl D-glucuronosyl side res i dues. With
en zyme spe cies from Ba cil lus subtilis (Xyn C) and Erwinia 
chrysanthemi (XynA) it was clearly dem on strated that the
cleav age of xylan main chain is de pend ent on the pres ence
of uronic acid side res i dues [3-7].

Re cently, the struc ture of xylanase A from the
phytopathogenic bac te rium E. chrysanthemi with free ac -
tive site was re ported [7]. Here we re port the crys tal struc -
ture of xylanase A in the com plex with aldotetraouronic
acid MeGlcA2Xyl3, an an a logue of the prod uct of en zy -
matic re ac tion. The crys tal struc ture of the en zyme-ligand
com plex was solved at 1.39 C res o lu tion [8]. The ligand
xylotriosyl moi ety oc cu pies three ear lier rec og nized
subsites -1, -2 and -3, while the MeGlcA res i due at tached
to the mid dle xylopyranosyl res i due of xylotriose is bound
to the en zyme through hy dro gen bonds to five amino ac ids
and by the ionic in ter ac tion of the neg a tively charged
uronic acid carboxylate with pos i tively charged
guanidinium group of Arg293. The in ter ac tion of the en -
zyme with MeGlcA res i due ap pears to be in dis pens able for 
proper dis tor tion of the xylan chain and its ef fec tive hy dro -
ly sis. Such a dis tor tion does not oc cur with lin ear

b-1,4-xylooligosaccharides which are hy dro lyzed by the
en zyme at a neg li gi ble rate. In the close prox im ity to the
cat a lytic amino-ac ids Glu165 and Glu253 an elec tron den -
sity has been found into which a mol e cule of imidazole was 

mod eled. Imidazole is a part of the crys tal li za tion buffer. It
is sug gested that imidazole oc cu pies +1 subsite bind ing
xylose or xylosyl res i dues of the en zyme-cleaved sub -
strates. The struc ture of the pro tein-MeGlcA2Xyl3 com plex 
was used for cal cu la tion of the bind ing en ergy for the
ligand it self and for its an a logues.

Struc tural anal y sis, en ergy cal cu la tions and ex per i men -
tally mea sured spe cific ac tiv ity of the en zyme on var i ous
sub strates are used to an swer the ques tion why the en zyme

does not at tack ef fi ciently lin ear b-1,4-linked xylooligo -
saccharides.

This work was sup ported by VEGA grants 2/0001/10 and
2/0165/08 from the Slo vak Acad emy of Sci ences. We ac -
knowl edge the EMBL X13 beamline at the DORIS stor age
ring, DESY, Ham burg for pro vid ing us with syn chro tron
source fa cil i ties.
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5 F.J. St John, J.D. Rice & J.F. Pres ton, J. Bacteriol., 188
(2006) 8617-8626. 
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Galectin-4, a mem ber of the tan dem re peat subfamily of
galectins, par tic i pates in cell mem brane in ter ac tions and
plays an im por tant role in cell ad he sion, and mod u la tion of
im mu nity and ma lig nity. Pre vi ously, we have re ported on
the oligosaccharide spec i fic ity of the mouse galectin-4 car -
bo hy drate rec og ni tion do mains (CRD). In this work, we
fur ther in ves ti gated the struc ture and bind ing prop er ties of
the N-ter mi nal do main CRD1 and de ter mined the crys tal
struc ture of CRD1 in com plex with lac tose at 2.1 C res o lu -
tion. We char ac ter ized lac tose bind ing af fin ity by flu o res -

cence mea sure ments and iden ti fied two lac tose bind ing
sites: a high af fin ity site with the Kd value in micromolar
range (Kd1 = 600 ± 70 µM) and a low af fin ity site with Kd2

of 28 ± 10 mM. 

This study was sup ported by grants from the Grant Agency
of the Czech Re pub lic, reg. no. 203/09/0820 and 304/03/
0090, by the grant 1M0505 from the Czech Min is try of Ed -
u ca tion, and by the in sti tu tional re search pro jects AV0Z
40550506, AV0Z50520514, and AV0Z50520701 awarded
by the Acad emy of Sci ences of the Czech Re pub lic.
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Hy brid quan tum me chan i cal/mo lec u lar me chan ics
(QM/MM) cal cu la tion can be widely used for the study of
the bi o log i cal sys tems. The ef fect of po lar iza tion on the
charge dis tri bu tion is usu ally in cluded in the QM part only
and MM part is of ten ne glected due to dif fi cul ties of the im -
ple men ta tion. The MM po lar iza tion can how ever play an
im por tant role. Fur ther more, there is in con sis tence since
the one part of the sys tem (QM part) is po lar ized and the
other (MM part) is not. There fore we have in tro duced sim -
ple ap proach to treat the po lar iza tion of the MM part of the
model.  The ap proach is based on the treat ment of po lar iza -
tion by in duced atomic charges in stead of in duced di poles.
In this method, the in duced di poles (cal cu lated from atomic 
polarizabilities and elec tro static po ten tial aris ing from QM
part) are rep re sented by in duced charges on the MM atom
it self plus its neigh bor ing atomic sites [1]. The main ad van -
tage of this ap proach is the easy im ple men ta tion to the ex -
ist ing MM pro grams, since the in duced charges are sim ply
added to the per ma nent MM atomic charges and there is no
need to im ple ment the eval u a tion of charge-di pole in ter ac -
tions. We have im ple mented the method in var i ous
QM/MM pro grams. 

We have ap plied the method for the study of the en zy -
matic re ac tion of chorismate to prephenate within the
chorismate mutase.  The po lar iza tion has sta bi liz ing ef fect
on the tran si tion state and we have ob served the de crease of 
the ac ti va tion en ergy by 5-7 kcal/mol. 

We have also ap plied the MM po lar ized QM/MM
method in the at tempt to im prove the re sults of the ligand
dock ing in the case of the frag ment based drug de sign.
Since the smaller frag ments bind more weakly to the pro -
tein than the big ger drug like mol e cules, the more ac cu rate
dock ing is re quired. The stan dard dock ing by pro gram
Glide was per formed on the se ries of the frag ments with
known crys tal struc ture [2]. The dock ing re sults were then
sig nif i cantly im proved by rescoring of the poses us ing
QM/MM cal cu la tions and by re-dock ing the lig ands us ing
the po lar ized charges of both the ligand and the pro tein. We 
have suc cess fully pre dicted 11 out of 12 struc tures when
us ing our ap proach, com pare to just 5 out of 12 struc tures
when the stan dard dock ing by Glide was used.  

1. Ferenczy, G. G. Reynolds, C. A. J. Phys. Chem. A , 105,
(2001), 11470.

2. Congreve et al., J. Med. Chem, 51, (2008), 3661.
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Al though sur face plays an im por tant role in microarray hy -
brid iza tion, many soft ware tools avail able for the probe de -
sign are still based on stan dard hy brid iza tion con di tions,
i.e. nu cleic ac ids in so lu tion, not be ing at tached to a sur -
face. First steps to es ti mate some as pects con cern ing the in -
flu ence of the sur face have al ready been made, based both
on ex per i ments  and on the o ret i cal con sid er ations, but the
un der ly ing phe nom ena re main poorly un der stood.

In our the o ret i cal study we fo cused on the role of the
elec tric field on struc ture and conformational be hav ior of
DNA an chored to the sur face. The sur face is rep re sented
by a graphene monolayer with par tial charges on car bon at -
oms vary ing from -0.1 to +0.1e in the sim u la tions. It cor re -
sponds to the typ i cal val ues of charge den si ties in sim i lar

ex per i ments. Both sin gle strand and dou ble strand
oligonucleotides were stud ied to mimic con di tions be fore
and af ter hy brid iza tion. The sin gle stranded decanucleotide 
5’-CCACTAGTGG-3’ was at tached to the graphene layer
via a C6 aliphatic linker. 

Two types of in ter ac tions of DNA with sur face are cru -
cial for the sta bi li za tion of the DNA – sur face sys tem.
Whereas for sur face with zero or  low pos i tive  charge den -
sity the dis per sion forces be tween the clos est base/base
pair and the sur face dom i nate, higher charge den si ties on
the sur face lead to strong elec tro static in ter ac tion be tween
the phos phate groups of DNA and the sur face and ions.

We grate fully ac knowl edge sup port from the Grant Agency 
of the Czech Re pub lic 204/09/J010.
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COMPETING REACTIONS OF DISULPHIDES AND HYDROXYL ANION – QM STUDY

Martin Krupièka, Dominik Marx

Lehrstuhl für Theoretische Chemie, Ruhr-Universität Bochum, 44780 Bochum, Ger many

Disulphide moi ety is found in the ma jor ity of pro teins and
at tack by the hydroxyl an ion can be ex pected in the wa ter
en vi ron ment. The stud ied com pet ing re ac tion mech a nisms
en com pass (i) nucleophilic sub sti tu tion on sul phur with
two dif fer ent an gles of at tack, (ii) nucleophilic sub sti tu tion

on a-car bon, (iii) eliminatinon from b- or (iv) a-car bon
and (v) in ter nal elim i na tion re ac tion with out par tic i pa tion
of OH- nucleophile. The min i mal en ergy path ways  do not
al low for un equiv o cal distiction of the preffered mech a -
nism.
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IMPACT OF POINT MUTATIONS ON PROTEIN FUNCTIONS: EXAMPLE CASE OF
RAS GTPASES

R. Dvorský

Max-Planck In sti tute for Mo lec u lar Phys i ol ogy, Dortmund, Ger many, In sti tute of Bio chem is try and Mo lec u lar
Bi ol ogy II, Hein rich-Heine Uni ver sity Med i cal Cen ter, Düsseldorf, Ger many

Pro teins point mu ta tions be long to the bi o log i cal vari a tions 
that are in dis pens able driv ing force of evo lu tion. They play 
a sig nif i cant role in the ad ap ta tion of or gan isms to the
chang ing en vi ron ment or in the mi cro-evo lu tion of im -
mune sys tem. How ever, they are in the fo cus of in ter est
pre dom i nately be cause of their harm ful po tency. Oc cur -
ring dur ing the life can lead to var i ous dis eases and can cer
with pos si ble le thal con se quences. In her ited via the
germline can be also le thal or cause live-long hand i caps.
Al though many cases are known, mech a nism by which the
point mu ta tions in flu ence the func tions of pro teins is vastly 
un known. More over, gen eral ques tion arises: “Is there
some gen eral mech a nism at all?” 

In sev eral stud ies we have in ves ti gated the im pact of
sin gle or mul ti ple point mu ta tions on pro tein func tions,
most re cently on the func tion of key GTPase Ras. Nev er -
the less ei ther at mo lec u lar or cel lu lar level, un der in-vivo
or in-vi tro con di tions, with nat u ral or ar ti fi cial mu ta tions –

re sults in di cate that the is sue is much harder then an tic i -
pated. 

1. Haeusler, L.C., Blumenstein, L., Stege, P., Dvorsky, R.,
Ahmadian, M.R. Com par a tive func tional anal y sis of the
Rac GTPases. FEBS Lett. 555, (2003), 556-5.

2. Cirstea, I.C., Kutsche, K., Dvorsky, R., Gremer, L., Carta,
C., Horn, D., Rob erts, A.E., Lepri, F., Merbitz-Zahradnik,
T., König, R., Kratz, C.P., Pantaleoni, F., Dentici, M.L.,
Joshi, V.A., Kucherlapati, R.S., Mazzanti, L., Mundlos, S.,
Patton, M.A., Silenko, M.C., Rossi, C., Zadino, G., Digilio, 
C., Stuppia, L., Seemanova, E., Pennacchio, L.A., Gelb,
B.D., Dallapiccola, B., Wittinghofer, A., Ahmadian, M.R.,
Tartaglia, M., Zenker, M. A re stricted spec trum of NRAS
mu ta tions causes Noonan syn drome. Nat Genet. 42, (2010), 
27-29.

3. Gremer, L., Merbitz-Zahradnik, T., Dvorsky, R., Cirstea,
I.C., Kratz, C.P., Zenker, M., Wittinghofer, A., Ahmadian,
M.R. Germline KRAS mu ta tions cause ab er rant bio chem i -
cal and phys i cal prop er ties lead ing to de vel op men tal dis or -
ders. Hum Mutat. 32, (2011), 33-43.
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STRUCTURE-BASED DRUG DESIGN OF SELECTIVE 5’-NUCLEOTIDASES
INHIBITORS

Petr Pachl1, Jiøí Brynda1,2, Ivan Rosenberg 2, Milan Fábry1, Pavlína Øezáèová1,2

1In sti tute of Mo lec u lar Ge net ics, Flemingovo nam. 2, Prague 6, Prague, 16610, Czech Re pub lic, 
2Inst. Or ganic Chem is try and Biochem. AS CR, Flemingovo nam. 2, Prague 6, Prague, 16610, Czech Rep.

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 deoxyribo nucleotides 
can 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
pro duced in ca tab o lism of nu cleic ac ids [1]. In this sal vage
path way, ribonucleotides and deoxyribo nucleotides 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, re spec tively. The phosphorylation
by cel lu lar nucleoside kin ases is op posed by
5’-nucleotidases that dephosphorylate ribo- and deoxyri -
bonucleoside 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 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. Two strat e gies of find ing po ten tial in hib i tors are
used. First, a ran dom se ries of nucleoside phosphonic ac ids 
de riv a tives are tested. Sec ond, test ing of ra tio nally de -
signed  com pounds based on a  pub lished struc ture of
known in hib i tor-en zyme com plex [6]. In this struc ture-
 based de sign we have al ready found 100x better in hib i tor
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of mi to chon drial nucleotidase and some other prom is ing
com pounds. 

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.

6. A. Rinaldo-Matthis, C. Rampazzo, J. Balzarini, P.
Reichard, V. Bianchi, P. Nordlund: Crys tal Struc tures of
the Mi to chon drial Deoxyribonucleotidase in Com plex with 
Two Spe cific in hib i tors. Mol Pharmacol, 65 (2004),
860-867.
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CERIT-SC CENTRE: LOOKING FOR SYNERGIES IN SCIENTIFIC COMPUTING

David Antoš and Aleš Køenek

In sti tute of Com puter Sci ence, Masaryk Uni ver sity

Re cently we pre sented the in tent to form the CERIT-SC
(CERIT—-Sci en tific Cloud) data and com put ing cen tre at
the In sti tute of Com puter Sci ence of Masaryk Uni ver sity. 
Since then a pro ject pro posal was sub mit ted, it passed eval -
u a tion, and cur rently the pro ject is in its ne go ti a tion phase.
Here we de scribe the main prin ci ples and goals of the
emerg ing CERIT-SC cen tre, and we ex pect to start dis cus -
sions on fu ture col lab o ra tion with the con fer ence at ten -
dees.

Con sid er ing the startup of ESFRI and CZ OP “Re -
search and De vel op ment for In no va tions” pro jects, de luge
of ex per i men tal data is ex pected in near fu ture. The un prec -
e dented amounts of data, to gether with the de vel op ment of
the com put ing equip ment (in creas ing num ber of CPU
cores in par tic u lar), will en force changes of both data stor -
age and pro cess ing par a digms. Many cur rently de ployed
meth ods will be come un us able when ap plied on data larger 
by sev eral or ders of mag ni tude.

New meth ods will have to be de vel oped to work with
the emerg ing equip ment and with the ex pected data sizes
ef fi ciently. This can be achieved only by close col lab o ra -
tion of ex perts in both the ap pli ca tion area and IT.  The
main sus tain ing goal of the CERIT-SC cen tre is pro vi sion
of this IT ex per tise, be sides com put ing and stor age re -
sources of com pet i tive quan tity.  Fol low ing its 15 years
com put ing cen tre tra di tion at the In sti tute, the CERIT-SC
cen tre will build an ex pert team of re search ers, ad min is tra -
tors, and de vel op ers, in clud ing un der grad u ate and Ph.D.
stu dents.  The team mem bers will, to gether with the cen tre
us ers, work on im prove ment of cur rent tools and pro grams, 
as well as de vel op ment of new com pu ta tional meth ods ap -
pro pri ate for emerg ing sci en tific chal lenges. This joint ef -
fort is ex pected to yield ef fi cient and ex ten sive use of the
com put ing re sources, and con se quently novel sci en tific re -
sults to beachieved.

Pro vi sion of the phys i cal re sources will fol low the
mod ern “cloud” par a digms and they will be pro vided to the 
sci en tific com mu nity free of charge.  The prac ti cal out -

come is a very flex i ble re source pro vi sion - the us ers, once
reg is tered with the cen tre, will not be both ered re peat edly
to pass any for mal pro cess to be granted re sources; those
will be avail able on-de mand (as op posed to stan dard
supercomputing cen tres).  On the other hand, the cen tre ca -
pac ity is still lim ited, there fore the amount of re sources ac -
tu ally al lo cated to the us ers will be con trolled, and rather
com plex pol i cies will be ap plied.  Once the user/group
achieves rec og nized sci en tific re sults, it will get pri or i tized
ap pro pri ately on top of al ways avail able en try-level share.
How ever, such pri or ity will de cay over time if it is not “re -
freshed” by fur ther re sults.  In this way, suc cess ful com mu -
ni ties are pri or i tized while new us ers, stu dents, etc. are not
pre vented to use the re sources.

With the ex cep tion of as sess ment of sci en tific re sults
(which will fol low gen er ally ac cepted cri te ria) all the pri or -
ity as sign ments and re sult ing re source al lo ca tion will be
achieved by tech ni cal means, com bin ing ad vanced re -
source sched ul ing, virtualization, and the cloud par a digm;
no ad min is tra tive pro cess will be in volved. We have sev -
eral years ex pe ri ence with de vel op ment and de ploy ment of
such sys tem, and we will also le ver age the R&D po ten tial
of the In sti tute and the col lo cated Fac ulty of In for ma tics.

The cen tre will of fer com pu ta tional clus ters of two

types - "High Den sity" (many nodes of 8-16 CPU cores
and up to 32 GB RAM) and “Sym met ric Multi-Pro cess ing” 
(fewer “fat” nodes of more than 64 CPU cores and over 128 

GB RAM), and a hi er ar chy of stor age ca pac i ties - the fast -
est disks to be used dur ing com pu ta tion, stan dard disks for
ac tive data, and Hi er ar chi cal Mass Stor age for long term
data ar chiv ing. To gether with an ap pro pri ate net work in ter -
con nect (40 Gbps Infiniband typ i cally), these re sources
cover the en tire spec trum of pos si ble user re quire ments,
with the ex cep tion of the most de mand ing tasks which re -
quire spe cial ized super com put ers.

The cen tre ini tial phase is ex pected to be funded by the
men tioned OP Re search and De vel op ment for In no va tions
pro ject. Ac cord ing to the cur rent plans, the first SMP clus -
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ter of approx. 500 CPU cores and 250 TB of disk space will 
be pur chased in Q3/2011. An other 500-core SMP clus ter
and a 500-core HD clus ter will fol low in 2012. Later in
2012, the HSM stor age of 3 PB will be pur chased. In 2013,
a 2000-core HD clus ter and ad di tional 350 TB of disk
space is planned. With this in stal la tion the planned sus -
tained size of re sources will be reached. Fur ther on, the
equip ment will be re newed pe ri od i cally, keep ing it at least
at this level.

The plans of the CERIT-SC cen tre were clar i fied over
the last year. De spite the pro ject fund ing has not been for -
mally con firmed at the time of writ ing this con tri bu tion,
our ex pec ta tions are pos i tive. Our goal is to pre pare both
us ers for new in fra struc ture pos si bil i ties and the in fra struc -
ture for us ers’ needs. Close co op er a tion of the Cen tre and
the us ers, from mere ad-hoc con sul ta tions to com mon pro -
jects, will be ben e fi cial for both sides. As such, it is one of
the cor ner stones of the Centre long-term strategy.

L32

METACENTRUM IN E-INFRASTRUCTURE ERA

Miroslav Ruda

CESNET, z.s.p.o., 160 00 Praha

In re cent years, var i ous in fra struc ture pro jects are be ing
pre pared on the Eu ro pean level (ESFRI pro jects) on na -
tional level  (Re search and De vel op ment for In no va tions
pro gram) in dif fer ent sci en tific ar eas. In IT area, three ma -
jor in fra struc ture pro jects are emerg ing in Czech Re pub lic
(eIGeR, CERIT-SC and IT4Innovations) with com mon
goal — sup port IT-re lated re quire ments of pro jects from
var i ous sci en tific areasand cre ate com mon e-In fra struc -
ture, which will will en com pass ad vance net works, com -
put ing and stor age capacitiesand higher-level ser vices. In
this pre sen ta tion, po si tion of MetaCentrum will be pre -
sented, to gether with our ac tual and fu ture plans, and ser -
vices al ready pro vided or planned.

Un der um brella of CESNET e-In fra struc ture pro ject
eIGeR, where grid com put ing is one of four ma jor di rec -
tions of de vel op ment (to gether with na tional op ti cal net -
work, stor age ser vices and col lab o ra tive tools),
MetaCentrum pro ject is trans form ing it self to Na tional
Grid In fra struc ture (NGI), which will cover not only
provisioning of com pu ta tional re sources to us ers, but also
interoperability with in ter na tional grid in fra struc tures
(namely EGI) and ac cess co or di na tion to these ser vices
with re main ing IT pro vid ers. 

In fol low ing years, mod er ate ex pan sion of com pu ta -
tional clus ters al ready pro vided by MetaCentrum is ex -
pected, with first ac qui si tion planned in sum mer 2011
(ad di tional 500 CPU cores, 100TB of disk space) and sim i -
lar ex ten sions are in next years too. MetaCentrum re -
sources will en com pass clus ter in stal la tions in sev eral
cit ies (Pilsen, Prague, Brno ac cord ing cur rent plans) with
hard ware ar chi tec ture fol low ing cur rently de ployed clus -
ters (x86 ar chi tec ture, mix ture of high-den sity and larger
shared-mem ory (SMP) nodes, ac com pa nied with large
shared filesystem).  How ever, this re sources should be per -
ceived as a “glue”, which should al low in te gra tion of larger 
re sources, pro vided by other IT pro jects but also in te gra -
tion of clus ters di rectly pur chased by sci en tific pro jects
from dif fer ent ap pli ca tion ar eas. To sup port in te gra tion of
such more in de pend ent clus ters, we have pre pared ma jor
change in job man age ment and sched ul ing tools, which in -
cludes tran si tion from cen tral sched ul ing sys tem to de cen -
tral ized pool of co op er at ing sched ul ing sys tems and fur ther 

de vel op ment in area of virtualization. We will pres ent first
re sults of this de vel op ment, to gether with prac ti cal im pact
to us ers and own ers of clus ters al ready con nected to
MetaCentrum. We will also pres ent first fea tures in spired
by cloud evo lu tion, which al lows eas ier adop tion of this
com put ing model in sci ence.

Na tional grid in fra struc ture must be di rectly con nected
to sim i lar pro jects abroad. NGI will fol low up with es tab -
lished co op er a tion with EGI, Eu ro pean pro ject which build 
cor re spond ing in fra struc ture across Eu rope. Na tive in te -
gra tion of na tional re sources, or even re sources (clus ters)
owned by re search groups, into world wide col lab o ra tive
en vi ron ment will sup port eas ier and seam less co op er a tion
with sci en tific part ners across the world. Trans for ma tion of 
MetaCentrum to more sta ble and de pend able NGI gave us
pos si bil ity to ex pand our ser vices to ar eas, which are ei ther
in duced from em pow ered co or di na tion role or tra di tion ally 
pro vided by stan dard high-per for mance cen ters. NGI will
pro vide uni fied ac cess to com pute re sources pro vided by
var i ous cen ters and will be, in co op er a tion with na tional
and Eu ro pean part ners, work ing on de vel op ment, de ploy -
ment and en force ment of these stan dards across all IT pro -
vid ers. 

New pos si ble area of co op er a tion is de ploy ment of var -
i ous ap pli ca tion soft ware tools; NGI it self will have a bud -
get, which will al low broader set of de vel op ment and
ap pli ca tion tools to be de ployed in NGI, but we will also
of fer co op er a tion in soft ware pur chase pro cess, again not
only with other IT pro jects, but also with large sci en tific
groups, which are also plan ning ac qui si tion of new soft -
ware tools and li censes in their pro jects. 

Based of long ex pe ri ence with man age ment of grid sys -
tems and with de vel op ment of such en vi ron ment, in clud ing 
non-triv ial ex pe ri ence with evolv ing cloud par a digm, NGI
will con tinue to pro vide mod ern com put ing en vi ron ment
not only for us ers, but also for sci en tific groups, which will
own their own com pu ta tional re sources and will be will ing
to in te grate them to larger in fra struc ture. NGI will also pro -
vide as sis tance to us ers and pro vide IT ex per tise, re quired
for suc cess ful adop tion of clus ter or grid pro gram ming and
op ti mi za tion of com pu ta tional code to such en vi ron ments.
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QSPR MODELING – ALGORITHMS, CHALLENGES AND IT SOLUTIONS

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

Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5, 625 00
Brno-Bohunice, Czech Re pub lic

svobodova@chemi.muni.cz

Now a days, a large amount of ex per i men tal and pre dicted
data about the 3D struc ture of or ganic mol e cules and
biomolecules is avail able. Ad vanced com pu ta tional meth -
ods and high per for mance com put ers al low us to pro cess
these data and cal cu late descriptors – nu mer i cal val ues,
which en code the struc tural char ac ter is tics of mol e cules.
Hun dreds if not thou sands of mo lec u lar descriptors have
been de signed for var i ous goals. One very use ful ap pli ca -
tion is to em ploy descriptors in Quan ti ta tive Struc -
ture-Prop erty Re la tion ship (QSPR) mod els for
physicochemical prop er ties (e.g. dis so ci a tion con stants,
par ti tion co ef fi cients, sol u bil ity, lipophilicity, etc.) pre dic -
tion. 

QSPR mod el ing has be come very pop u lar in chem i cal,
bi o log i cal and phar ma ceu ti cal re search. How ever, the de -
sign of QSPR mod els for pre dict ing many im por tant
physicochemical prop er ties is still a topic of re search. This
is caused, among other things, by the fact that the pro cess
of QSPR model de sign and eval u a tion is rel a tively com pli -
cated. At the be gin ning of this pro cess, one only has a
rough sug ges tion of descriptors. One uses these first ideas
and im ple ments al go rithms for pro cess ing mo lec u lar struc -
tures and for cal cu lat ing the descriptors. Af ter wards, an
equa tion ex press ing the re la tion be tween the descriptors
and the prop erty in ques tion must be for mu lated, i.e., the
QSPR model has to be parameterized. And fi nally, one
eval u ates how ac cu rately the model cor re lates with ref er -
ence (mainly ex per i men tal) data. The re sults of this eval u a -
tion ex tend our knowl edge and help us to cor rect the model
(e.g. add or re move some descriptors). The pro ce dure of
im prove ment of a model can be re peated many times.

OSPR mod el ing cov ers many dif fer ent ar eas of in ter est. 
There fore cur rently avail able soft ware pack ages (e.g.
OCHEM [1] or Arguslab [2]) can read descriptors from in -

put and cre ate the QSPR model, but they can not cal cu late
descriptors, and they are able to eval u ate mod els only one
by one, along with other lim i ta tions. 

For this rea son, we have de vel oped a mod u lar and eas -
ily ex ten si ble pro gram, called QSPR De signer [3], which
can read or cal cu late struc tural prop er ties of at oms and
bonds, em ploy them as QSPR descriptors, and eval u ate re -
la tion ships be tween the descriptors and the ex am ined
physicochemical prop erty of the mol e cules in ques tion.
Fur ther more, the soft ware al lows us to de sign and
parameterize QSPR mod els, cal cu late physicochemical
prop er ties via the mod els, test the qual ity of the mod els,
and pro vide graphs and ta bles sum ma riz ing the re sults.

The per for mance of the soft ware is dem on strated by a
case study on the pre dic tion of pKa, which is one of the
most chal leng ing prop er ties to cal cu late [4]. Us ing the
QSPR De signer, we have suc cess fully de signed, eval u ated, 
and com pared a lot of dif fer ent QSPR mod els for the pre -
dic tion of pKa from charges. 

1. S. Novotarskyi, I. Sushko, R. Krner, A. P. Kumar, M.
Rupp, V. V. Prokopenko, I. Tetko: OCHEM - on-line
CHEm i cal da ta base & mod el ing en vi ron ment. Jour nal of
Chemoinformatics, 2 (2010), P5. 

2. M. A. Thomp son: ArgusLab 4.0, Planaria Soft ware LLC
(2008). Avail able from: http://www.arguslab.com. 

3. O Skøehota, R. Svobodová Vaøeková, S. Geidl, M. Kudera, 
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Aleuria aurantia LECTIN FAMILY – STRUCTURAL INSIGHT INTO DIFFERENCES OF
CARBOHYDRATE BINDING AMONG RELATED PROTEINS
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Aleuria aurantia lectin (AAL) has been stud ied for many
years. Its struc ture was solved in 2003 [1] re veal ing 6-beta
pro pel ler fold with five bind ing sites formed in be tween
blades. The ex is tence of sev eral dif fer ent bind ing sites
leads to the dif fi cul ties in de ter mi na tion of their bind ing
prop er ties, al though sev eral stud ies were un der taken [2].
In ter est ingly, over last de cade sev eral lectins from AAL
fam ily have been iden ti fied. They all pos ses the same fold
as AAL, but some im por tant struc tural dif fer ences make
them an ideal tar gets for struc tural-func tional re la tion ship
study.

AAL homologue RSL from Ralstonia solanacearum is
one of the stron gest monosaccharide bind ers known. It was 
found out that it is able to bind lig ands with subnanomolar
af fin ity with no ions in volved in the in ter ac tion [3]. An -
other lectin from Aspergillus fumigatus (AFL) with six dif -
fer ent bind ing sites per mono mer has even wider
vari abil ity in car bo hy drate bind ing than AAL it self. All
these pro teins are stud ied in our group in ten sively on mo -
lec u lar level. Thanks to the com bi na tion of crys tal lo -

graphic data and ad vanced func tional stud ies (ITC,
SPR,…) we build up a com plex pic ture of lectin-saccharide 
in ter ac tion with a great po tency for fu ture me dic i nal and
bio tech no log i cal ap pli ca tions.

The re search has been sup ported by Min is try of Ed u ca tion
of the Czech Re pub lic (MSM0021622413, LC06030, ME
08008), Grant Agency of the Czech Re pub lic (303/ 09/
1168) and the Eu ro pean Com mu nity’s Sev enth Frame work 
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The type I re stric tion-mod i fi ca tion en zymes dif fer sig nif i -
cantly from the type II en zymes com monly used as mo lec u -
lar bi ol ogy re agents. On hemi-meth yl ated DNAs type I
en zymes act as con ven tional ad e nine methylases at their
spe cific tar get se quences, but unmethylated tar gets in duce
them to pull thou sands of basepairs through the en zyme be -
fore cleav ing dis tant sites nonspecifically. Bio chem i cal,
bio phys i cal, and mo lec u lar bi o log i cal stud ies of their
translocation and cleav age mech a nisms of fer a wealth of
de tail that has lacked a struc tural frame work. 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 [1], 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. Pro tein crys tal -
log ra phy, point-mu ta tions, in vivo and in vi tro test ing, in

com bi na tion with com pu ta tional mod el ling are used as
tools to ex plain the cou pling of endonuclease and
translocase func tions in Type I re stric tion-mod i fi ca tion
com plexes in gen eral. 
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