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In this work we fo cused on a de tailed de scrip tion of spe -
cific bo ron de fects and their im pact on con duc tiv ity of the
bo ron-doped di a mond. We pres ent ex per i men tal (Raman
Spec tros copy, 2-point re sis tiv ity, Neu tron Depth Pro fil ing, 
Atomic Force Mi cros copy) and ab-in itio (Den sity Func -
tional The ory) study of the vi bra tional and elec tronic prop -
er ties of bo ron (B) re lated de fects (substitutional sin gle B
and B dimer) in the di a mond lat tice as a func tion of B con -
cen tra tion [1].

The struc tural and elec tronic cal cu la tions con firmed
that sin gle sub sti tu tion de fects are pre dom i nant when the
con cen tra tion of bo ron in di a mond lat tice is low. For suf fi -
ciently con cen trated sin gle bo ron de fects in the di a mond
lat tice the charge car ri ers be have like in me tal lic ma te ri als.
With an in crease in bo ron con cen tra tion, i.e. heavily bo -
ron-doped di a mond ([B] ~ 1021 at/cm-3), the prob a bil ity of
cre ation more com plex de fects, e.g. bo ron dimers ac com -
pa nied by the lat tice de for ma tion, is much higher [2]. From

the point of view of the band struc ture, these com plex bo -
ron de fects make non-con duc tive states sep a rated from the
rest of the sys tem (va lence band). For such in ac tive states
less ef fec tive con duc tion mech a nisms are typ i cal, i.e., the
con duc tiv ity of heavily bo ron doped di a mond at tenu ates
with in crease in B con cen tra tion. The cal cu lated Raman
spec tra are in good agree ment with ex per i men tal re sults
and show spe cific fea tures of sin gle bo ron sub sti tu tion and
bo ron dimer: the ex per i men tally ob served “500 cm-1” band
in the heavily bo ron-doped di a mond with high prob a bil ity
orig i nates from bo ron dimer de fects (B-B vi bra tions).
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Humic ac ids and humates are char ac ter ized by het er o ge -
neous and com plex struc tures with dif fer ent func tional
groups in clud ing acidic, hy dro philic and hy dro pho bic
groups. Humic ac ids in ter act with both or ganic and in or -
ganic sub stances such as nu tri ents, met als, hy dro pho bic or -
ganic com pounds and min eral sur faces. Un der stand ing

their struc ture and in ter ac tions can pro vide im por tant in -
for ma tion about their degradability, tox ic ity and trans port
prop er ties. These sub stances are also known as one of the
ma jor causes of so-called ‘bio-foul ing’ of nanofiltration
and re verse os mo sis mem branes used for wa ter pu ri fi ca -
tion, de sa li na tion and wastewater treat ment.
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We car ried out mo lec u lar dy nam ics sim u la tions of in -
ter ac tions of quartz sur faces with aque ous so lu tions of ions
and small or ganic mol e cules rep re sent ing ba sic build ing
blocks of larger biomolecules and func tional groups of or -
ganic mat ter. As model mol e cules, ben zoic acid, phe nol,
and sal i cylic acid were cho sen.

Fo cus ing our at ten tion on lead ing in ter ac tions and roles 
of par tic i pat ing at oms and groups iden ti fied in the com -
plexes, we stud ied in ter ac tions of mol e cules with sur faces
for a set of sur face charge den si ties cor re spond ing to the
ex per i men tally or en vi ron men tally  rel e vant ranges of pH
val ues em ploy ing mo lec u lar me chan ics, mo lec u lar dy nam -
ics and ab in itio tech niques. Sim u lated quartz sur faces cov -
ered the range of sur face charge den si ties 0.00, -0.03, -0.06
and -0.12 C/m2, ap prox i mately cor re spond ing to pH val ues 
4.5, 7.5, 9.5 and 11.

We found in creas ing wa ter struc tur ing within two wa -
ter lay ers clos est to the sur face as well as so dium ions ad -
sorp tion, both de pend ing on in creas ing sur face charge
den sity. The ad sorp tion of or ganic mol e cules is rather
week, but spe cific bind ing pat terns were iden ti fied.

Our fu ture ob jec tive is mod el ing in ter ac tions of nu cleic
acid build ing blocks, polycyclic ar o matic hy dro car bons,
or ganic mat ter and mix tures of sol vents with quartz and

rutile sur faces ap plied on en vi ron men tally and tech no log i -
cally im por tant sys tems.
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of the Czech Re pub lic 13-08651S and P208/12/0622
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Type I R-M sys tems are com posed of three dif fer ent sub -
units: one HsdS sub unit is re quired for iden ti fi ca tion of tar -
get se quence and an chor ing of en zyme com plex on DNA;
two HsdM sub units in MTase com plex serve for host ge -
nome mod i fi ca tion ac com plish ing pro tec tive func tion
against self-deg ra da tion; two HsdR (or mo tor) sub units
take part in ATP-de pend ent translocation and con se quent
cleav age of dsDNA [1, 2].

The crys tal struc ture of the 120 kDa HsdR sub unit of
the Type I R-M sys tem EcoR124I in com plex with ATP
was re cently re ported by our group [3]. 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. The he li cal do main re sem bles HsdM and has
strong in ter ac tions with helicase 2 do main [3].

Mo lec u lar mech a nism of dsDNA translocation, cleav -
age and ATP hy dro ly sis has not been yet struc tur ally in ves -
ti gated. Here we pro pose a translocation cy cle of the
re stric tion-mod i fi ca tion sys tem EcoR124I based on anal y -
sis of avail able crys tal struc tures of superfamily 2
helicases, strutural mod el ing and com ple men tary bio chem -
i cal char ac ter iza tion of mu ta tions in tro duced in sites po ten -
tially inportant for translocation in the HsdR mo tor sub unit.

We grate fully ac knowl edge sup port from the Czech Sci -
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Chitinases, glycosyl hy dro las es, which cat a lyze deg ra da -
tion of chitin, are pres ent in a wide range of or gan isms from 
prim i tive to higher types. They play an im por tant role in
phys i ol ogy and me tab o lism of some bac te ria by chitin di -
ges tion and uti li za tion, in de fense against in fec tion by
patho genic fungi, in fungi hyphal growth and many oth ers
[1].

We fo cus on extracellular chitinases of a hu man in tes ti -
nal bac te rium Clostridium paraputrificum J4, es pe cially on 
their iso la tion ei ther from crude cul ture me dium or pro duc -
tion by re com bi nant pro tein ex pres sion in Esch e richia coli, 
sub se quent en zy matic char ac ter iza tion and struc ture-func -
tion anal y sis. Two en zymes with mo lec u lar weights 62.3
kDa (Chit62J4) and 87.0 kDa (ChitBJ4) were pu ri fied [2].
They pos sess chitinolytic ac tiv ity to ward 4-nitro phenyl -

-N,N’-diacetyl-b-D-chitobioside and 4-nitrophenyl -b-D-
 N,N‘,N’’-triacetylchitotriose and a neg li gi ble ac tiv ity to -

ward 4-nitrophenyl-N-acetyl-b-D-glucosaminide. Both
en zymes be long to glycoside hydrolase fam ily 18.
Chit62J4 com prises a cat a lytic do main sim i lar to chitinase
D from Bacilus circulans [1], two do mains with un known

func tion and a chitin bind ing do main.  ChitBJ4, a se quence
homolog to Chitinase B from Clostridium paraputrificum
M21 [3] is com posed of a cat a lytic do main, two  Ig-like do -
mains and a chitin bind ing do main. Fur ther char ac ter iza -
tions (MALDI, DLS, proteolytic anal y sis, ki netic stud ies)
are dis cussed, crys tal li za tion of both en zymes is un der
way.

This work was sup ported by the Grant Agency of the Czech
Re pub lic (pro ject no. 310/09/1407 and by the Min is try of
Ed u ca tion, Youth and Sports of the Czech Re pub lic (pro -
ject BIOPOL, no. CZ.1.07/2.3.00/30.0029).
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The E. coli pro tein WrbA is an FMN-de pend ent
NAD(P)H:quinone oxidoreductase that has been im pli -
cated in ox i da tive de fense. Three sub units of the tetrameric
en zyme con trib ute to each of four iden ti cal, cav ern ous ac -
tive sites that ap pear to ac com mo date NAD(P)H or var i ous
qui nones, but not si mul ta neously, sug gest ing an ob li gate
tetramer with a ping-pong mech a nism in which NAD de -
parts be fore ox i dized quinone binds. Steady-state ki net ics
re sults re veal that WrbA con forms to a ping-pong mech a -
nism with re spect to the con stancy of the ap par ent Vmax to
Km ra tio with sub strate con cen tra tion. Dock ing and en ergy
cal cu la tions find that elec tron-trans fer-com pe tent bind ing
sites for NADH and benzoquinone pres ent se vere steric
over lap, con sis tent with the ping-pong mech a nism. Un ex -
pect edly, plots of ini tial ve loc ity as a func tion of ei ther
NADH or benzoquinone con cen tra tion pres ent one or two

Mi chae lis-Menten phases de pend ing on the tem per a ture at
which the en zyme is held prior to as say. The ef fect of tem -
per a ture is re vers ible, sug gest ing an intramolecular
conformational pro cess. Pre lim i nary sed i men ta tion ve loc -
ity anal y sis of WrbA in di cates a large shift in size of the
multimer with tem per a ture, sug gest ing that sub unit as sem -
bly cou pled to sub strate bind ing may un der lie the two-pla -
teau be hav ior. A novel ap proach of po lar ized QM/MM
mo lec u lar dock ing of sub strates to the dimar and tetramer
dem on strates dif fer ent bind ing af fin i ties for the dimer and
tetramer and sup ports the hy poth e sis that cou pling of sub -
strate bind ing to tetramer as sem bly may un der lie the
two-pla teau ki net ics. 

Sup port from the Czech Sci ence Foun da tion, no P207-
10-1934, is ac knowl edged.
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Glycosyl hy dro las es b-D-galactosidase and a-L-fuco si -
dase iso lated from the bac te rium Paenibacillus thiamin -
olyticus show a great po ten tial be cause of their
transglycosylation abil ity, which found a po ten tial in syn -
the sis of glycoconjugates. The aim of our re search is to
study ac tive sites of these en zymes, as their crys tal struc -
tures have not been solved yet. Our study is based on com -
bi na tion of the o ret i cal and ex per i men tal meth ods.
The struc tural model of each en zyme was pre dicted by us -
ing a homology mod el ing. Ac cord ing to the pre dicted

struc ture of each en zyme, the cat a lytic res i dues were pre -
dicted. These res i dues were sub jected to side di rect mu ta -
gen e sis to prove their cat a lytic role. Here we re port the
prog ress of mu ta gen e sis ex per i ments and ki netic char ac ter -

iza tion of mu tants b-D-galactosidase_mut157, which was

al ready been pu ri fied, b-D-galactosidase_mut233, which is 

now in the plasmid DNA state, a-L-fucosidase_mut186

and a-L-fucosidase_mut239, which are in the state of PCR
prod ucts.
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Photosystem II con sists of more than 20 pro teins, which
cat a lyze the light-driven ox i da tion of wa ter to mo lec u lar
ox y gen in cyanobacteria, al gae, and plants. PSII can be di -
vided into two func tional do mains: the elec tron trans fer do -
main, com pris ing the in te gral mem brane he li ces and
co factors and the ox y gen evolv ing com plex (OEC), lo cated 
on the lumenal face of the com plex in clud ing the ex trin sic
pro teins PsbO (33 kDa), PsbP (23 kDa), PsbQ (17 kDa)
and PsbR (10 kDa), the loop re gions of sev eral mem brane
pro teins and the cat a lytic in or ganic man ga nese, cal cium,
and chlo ride clus ter [1].

PsbR is a low-mo lec u lar weight pro tein, which is found 
in higher-plant photosystem II and an tic i pated to play a
role in wa ter ox i da tion, yet the phys i o log i cal sig nif i cance,
ex act lo ca tion and struc ture of the pu ri fied pro tein has re -
mained ob scure [1,2].

There fore, fur ther bio chem i cal stud ies should elu ci date 
the po si tion of PsbR rel a tive to other com po nents of plant

OEC. As pri mary struc ture of spin ach PsbR pro tein is
known, we were able to pro duce psbR gene from mRNA
iso lated from Spinacia oleracea, cre ate an ex pres sion vec -
tor with its an chor as HisPsbR and with out an chor as PsbR
us ing mo lec u lar bi ol ogy tech niques. The fur ther goal is to
op ti mize pu ri fi ca tion con di tions in or der to get sta ble pro -
teins that will be used for struc tural anal y sis.

This re search was sup ported by the ME CR (COST LD
11011, CZ.1.05/2.1.00/01.0024), by the AS CR (AV0Z
60870520) and GAJU 170/2010/P.

1. Roose, J. L. et al., (2007). Pho to syn the sis Re search 92,
369-387.

2. Suorsa, M. et al., (2006). Jour nal of Bi o log i cal Chem is try
281, 145-150.
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In re cent years, there have been a mas sive de vel op ment of
var i ous com pu ta tional method for pre dic tion of bind ing
con stants of ligand and pro teins, mainly for drug de sign ap -
pli ca tion. One of these meth ods is free en ergy per tur ba tion, 
method for cal cu lat ing free en ergy dif fer ence be tween two
chem i cal dis tinct sys tems. Free en er gies com pa ra ble with
ex per i men tal val ues can be ob tained em ploy ing a suit able
ther mo dy namic cy cle. The main draw back of free en ergy
per tur ba tion is ne ces sity to know a suit able path con nect -
ing both ter mi nal states and se lect sev eral points on this
path for in ter me di ate sim u la tions. This prob lem do not ap -
ply to metadynamics, how ever clas si cal metadynamic
method is not de signed to change chem i cal prop er ties of at -
oms. The aim of this study is to ex pand clas si cal meta -

dynamics by add ing abil ity to change one atom into
an other. Un like other metadynamics pa ram e ters, which
can be cal cu lated from co or di nates of the stud ied sys tem,
lambda value needs to be han dled dif fer ently. There are
sev eral ap proaches to han dle lambda that en sure driv ing
lambda to po ten tial min ima, the first eval u ated ap proach
used a sim ple gra di ent. Next task was to eval u ate and han -
dle as so ci ated prob lems such as the fact that the in ter val of
al lowed lambdas is closed or com bi na tion of lambda with
stan dard pa ram e ters in a mul ti di men sional metadynamics.

The re sults of this method were com pared to ex per i -
men tal val ues and FEP re sults of sev eral res i due-side-chain 
sol va tion en er gies.
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MAGNESIUM BINDING TO THE RECEIVER DOMAIN OF CYTOKININ RECEPTOR
CKI1RD FROM ARABIDOPSIS THALIANA
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Two com po nent sig nal ing sys tem serve as stim u lus sys tem
to al low an or gan ism to re spond and sense var i ous en vi ron -
men tal changes and con di tions. In the plant Arabi dopsis
thaliana, histidine pro tein kinase is phosphorylated upon
sig nal rec og ni tion and for wards the phos phate group
through histidine phosphotransfer pro teins to a re sponse
reg u la tor pro tein in nu cleus, where re sponses take place.
The in put sig nal can be light, os motic changes, or hor -
mones.

We stud ied the re ceiver do main of histidine pro tein
kinase CKI1 by nu clear mag netic res o nance. The do main

was ex pressed in E. coli and la beled with sta ble iso topes
(13C, 15N). Res o nance fre quen cies were as signed us ing the
standart strat egy. Ef fect of Mg2+, a co fac tor for sig nal
transduction, has been stud ied in a se ries of ti tra tion ex per i -
ments (2D 1H-15N HSQC spec tra) and the most sig nif i -
cantly af fected res i dues were iden ti fied us ing sec ond ary
chem i cal shift map ping. The dis so ci a tion con stant was de -
ter mined.

This work was sup ported by grant from the Czech Sci ence
Foun da tion (grant No. P305/11/0756).
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2In sti tute of Mi cro bi ol ogy, Acad emy of Sci ences of the Czech Re pub lic

TRPM1 or melastatin chan nel (MLSN) be longs to melas -
tatin subfamily of tran sient re cep tor po ten tial chan nels
(TRPs). These non-se lec tive ion chan nels are re spon si ble
for en try of mono- and di va lent cationts into the cell. They
par tic i pate on many pro cesses e.g. sen si tiv ity to high and
low tem per a tures, taste, pres sure, vi sion and pain. Intra -
cellularly lo cated N- and C-tails are re spon si ble for reg u la -
tion of TRP chan nels, which carry bind ing sites for sig nal
mol e cules like calmodulin (CaM) or S100A1. 

TRPM1 is pres ent in hu man melanocytes and ret ina. It
seems that loss of TRPM1 cor re lates with in creased ag -
gres sive ness in mel a noma. TRPM1 is lo cal ized in bi po lar
cells in ret ina and par tic i pates in pro cesses con nected to vi -
sion. Mutations of TRPM1 gene are as so ci ated with con -
gen i tal sta tion ary night blind ness in hu mans. There
is cur rently a scar city of struc tural / func tional data on
TRPM1 chan nel.

We stud ied pos si ble in ter ac tions be tween CaM and
S100A1 and the N- and C-ter mini of rat TRPM1. Us ing

bioinformatic ap proach we iden ti fied CaM and S100A1
bind ing site in re gion 242-344 within the rat TRPM1 N-ter -
mi nus (NT). The do main L242-E344 on NT was cloned into
the pET32b vec tor and ver i fied by se quenc ing. This con -
struct was ex pressed in bac te ria E. coli Rosetta cells and
pu ri fied in two-step pu ri fi ca tion pro to col us ing af fin ity
chro ma tog ra phy and HPLC gel chro ma tog ra phy. Amino
acid se quence was checked by MS MALDI-TOF. Steady-
 state flu o res cence ani so tropy and sur face plasmon res o -
nance mea sure ments were used to test the bind ing of CaM
and S100A1 to L242-E344. We de ter mined sev eral pos i tive
and hy dro pho bic res i dues to be re spon si ble for bind ing
of TRPM1-NT L242-E344 to CaM and S100A1. The re sults
of the ex per i ments also sug gest that CaM and S100A1 bind 
to the same or over lap ping bind ing site. 

This pro ject was sup ported by Grants GACR 301/10/1159,
GACR 207/11/0717 and GACR - Pro ject of Ex cel lence in
the Field of Neu ro sci ence P304/12/G069.
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STUDY OF BSOBI ENDONUCLEASE BY MOLECULAR DYNAMICS

I. Kabelka2, J. Štìpán1,2, J. Koèa1,2 and P. Kulhánek1,2

1CEITEC - 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

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

BsoBI is a type II re stric tion endonuclease be long ing to the
EcoRI fam ily. The en zyme was iso lated from the bac te ria
Geoba cil lus stearothermophilus and crys tal lized in com -
plex with short DNA du plex [1]. The in ter est ing dis cov ery
about this homodimeric en zyme was the for ma tion of long
tun nel for DNA bind ing and rec og ni tion. The DNA mol e -
cule is com pletely en cir cled in side the tun nel. Con sid er ing
the fact that BsoBI does not break up into mono mers while
is still ca pa ble to cleave cir cu lar DNA mol e cules, some
conformational change is needed to en able the DNA bind -
ing. The most prob a ble sce nario is the sep a ra tion of two
do mains, which would cause a for ma tion of a gap large
enough to en able the DNA get in side the ac tive site. This
sce nario is sup ported by ex per i men tal ev i dence in di cat ing
sig nif i cant conformational changes dur ing the DNA bind -
ing [2].

In our pro ject we have been fo cus ing on in ves ti gat ing
the pro cess of open ing of the BsoBI en zyme us ing mo lec u -
lar dy nam ics sim u la tions. Our start ing point was the crys -
tal lo graphic struc ture of the en zyme in com plex with short

DNA mol e cule [1]. We have di vided the pro ject into two
parts: a) the study of the BsoBI-DNA com plex and b) the
study of the un bound en zyme. Be cause there is no ex per i -
men tal struc ture for free en zyme it was pre pared ar ti fi cially 
by the re moval of the DNA mol e cule from the crys tal lo -
graphic struc ture. The sam pling of open ing pro cess was
im proved by accelarated mo lec u lar dy nam ics em ploy ing
Meta dy nam ics [3] ap proach. This method en abled
us to model pro posed conformational changes and qual i ta -
tively eval u ate as so ci ated free en ergy dif fer ences among
var i ous sta ble pro tein con for ma tions.

This work was re al ized in CEITEC - Cen tral Eu ro pean In -
sti tute of Tech nol ogy with re search in fra struc ture sup -
ported by the pro ject CZ.1.05/1.1.00/02.0068 fi nanced
from Eu ro pean Re gional De vel op ment Fund. The ac cess to 
the MetaCentrum com put ing fa cil i ties pro vided un der the
pro gram “Pro jects of Large In fra struc ture for Re search,
De vel op ment, and In no va tions” LM2010005 funded by the 
Min is try of Ed u ca tion, Youth, and Sports of the Czech Re -
pub lic is ac knowl edged. The ac cess to the CERIT-SC com -
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put ing fa cil i ties pro vided un der the programme Cen ter
CERIT Sci en tific Cloud, part of the Op er a tional Pro gram
Re search and De vel op ment for In no va tions, reg. no. CZ.
1.05/3.2.00/08.0144 is ap pre ci ated..

1. M.J. van der Woerd, J.J. Pelletier, S. Xu, A.M. Fried man,
Struc ture, 9, (2001), 133–144.

2. J. Dikiæ,http://geb.uni-giessen.de/geb/volltexte/2009/7301,  
(2009).

3. A. Laio, M. Parrinello, P. Natl. Acad. Sci. USA , 99,
(2002), 12562–12566.
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MAPPING OF THE INTERACTION SURFACE OF PHOSDUCIN USING HDX-MS

Miroslava Kacirova1,2, Petr Man1,3, Alan Kadek3 and Tomas Obsil1,2
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Phosducin (Pdc), a reg u la tory and highly con served
phosphoprotein, plays an im por tant role in the reg u la tion
of the G pro tein sig nal ing by mod u lat ing an amount of the

Gtabg heterotrimer through a com pe ti tion with the Gta

sub unit for bind ing to the Gtbg com plex [1]. Be sides its
well-es tab lished role in the reg u la tion of the G pro tein sig -
nal ing, Pdc is also in volved in the transcriptional con trol
and the mod u la tion of blood pres sure. The func tion of Pdc
is reg u lated through its phosphorylation and a bind ing to
the reg u la tory 14-3-3 pro tein [2]. The 14-3-3 pro teins are
scaf fold ing mol e cules that reg u late the func tion of other
pro teins through a num ber of dif fer ent mech a nisms. The
ex act role of the 14-3-3 pro tein in the reg u la tion of Pdc
func tion is, how ever, still elu sive. 

We have re cently shown that the 14-3-3z pro tein in ter -
acts with and re duces the flex i bil ity of both the N-ter mi nal
and the C-ter mi nal do mains of dou bly phosphorylated Pdc
(dpPdc). We also ob served that the phosphorylation alone
has a sig nif i cant ef fect on the struc ture of the whole Pdc
mol e cule [3]. In or der to gain ad di tional in sight into the in -
ter ac tion of Pdc with the 14-3-3 pro tein, we de cided to use
hy dro gen/deu te rium ex change cou pled to mass spec trom e -
try (HDX-MS) to map their in ter ac tion in ter face. There -
fore, the HDX ki net ics of the 14-3-3:dpPdc and 14-3-3:Pdc 
com plexes as well as free 14-3-3, dpPdc and Pdc pro teins
were mea sured. The ex change ki net ics of Pdc re gions were 
fol lowed on 72 pep tides from the pep sin di gest, to gether
cov er ing 100 % of its se quence, while the ex change ki net -

ics of 14-3-3 re gions were fol lowed on 94 pep tides cov er -
ing 100 % of its se quence. Our data re vealed that sev eral
dpPdc and 14-3-3 pep tides ex hibit sig nif i cant change in the 
deuteration ki net ics upon the com plex for ma tion sug gest -
ing that these re gions ei ther form the bind ing in ter face or
un dergo a struc tural change upon the in ter ac tion. The
slower deu te rium in cor po ra tion was ob served for 14-3-3
pep tides 48-59, 60-66, 155-174, 191-199. These pep tides
map to the sur face of he lix H3 as well as out side the cen tral
chan nel of the 14-3-3 pro tein dimer. In the case of dpPdc
the slower deu te rium in cor po ra tion was ob served for pep -
tides 4-28, 117-135, 152-157, 208-212, 221-242. These
pep tides map to the sur face of both do mains. In ter est ingly,
HDX-MS data also show sig nif i cant dif fer ences be tween
dpPdc and Pdc con firm ing that phosphorylation alone has
sig nif i cant ef fect on Pdc struc ture.

This work was funded by Grant P305/11/0708 of the Czech
Sci ence Foun da tion, by Re search Pro ject MSM 00216
20857 and by Re search Pro ject AV0Z50110509 of the
Acad emy of Sci ences of the Czech Re pub lic.

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

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

3. L. Rezabkova, M. Kacirova, M. Sulc, P. Herman, J. Vecer,
M. Stepanek, V. Obsilova, T. Obsil, Biophysical J. 103,
(2012), 1960-1969.
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FUNCTIONAL COUPLING OF DUPLEX TRANSLOCATION TO DNA CLEAVAGE IN A
TYPE I RESTRICTION ENZYME

Mikalai Lapkouski1, Tatsiana Baikova1,2, Ladislav Csefalvay1, Dhiraj Sinha1,2, Alina
Kevorkova1,2, Vyas Ramasubramani3, Alena Guzanova4, Abdul Samad1, Morteza Khabiri1,
Pavel Janscak5, Ivana Kutá Smatanova1, Santosh Panjikar5, Marie Weiserova4, Jannette

Carey3,  Eva Csefalvay1, Rüdiger Ettrich1,2

1In sti tute of Nanobiology and Struc tural Bi ol ogy of GCRC, Acad emy of Sci ences of the Czech Re pub lic,
Nove Hrady, Czech Re pub lic

2Fac ulty Of Sci ences, Uni ver sity of South Bo he mia, Czech Re pub lic
3Chem is try De part ment, Prince ton Uni ver sity, Prince ton, New Jer sey, USA
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The re cent struc ture of the first in tact mo tor sub unit of a
Type I re stric tion en zyme sug gested a mech a nism by
which stalled translocation trig gers DNA cleav age. Cleav -
age as says in vivo, ATPase as says in vi tro, com pu ta tional
mod el ing and the crys tal struc tures of ac tive and in ac tive
mu tants now re veal how interdomain en gage ment brings
DNA cleav age un der the con trol of translocation.

We grate fully ac knowl edge sup port from the Grant Agency 
of the Czech Re pub lic (P207-12-2323), 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, A.K. was sup ported by the Uni ver sity of South
Bo he mia, grant GAJU 170/2010/P.
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YFID FROM E.COLI AS A PFL REPAIR PROTEIN

P. Kolenko1,3, C. Doberenz2, L. Beyer2, G. Sawers2, M. T. Stubbs3

1In sti tute of Macromolecular Chem is try AS CR, v.v.i., Heyrovského nám. 2/1888, 
162 06 – Prague 6, Czech Re pub lic

2Institut für Mikrobiologie, Mar tin-Lu ther Universität, Kurt-Mothes-Straße 3, 
06 120 Halle (Saale), Ger many
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Fac ul ta tive an aer o bic bac te ria like E.coli are able to un -
dergo tran si tions be tween aer o bic and an aer o bic en vi ron -
ments. The bac te ria have mech a nisms to adapt their
me tab o lism ac cord ing to the level of ox y gen in the en vi -
ron ment [1]. Many of the adap tive mech a nisms are still not
fully un der stood.

YfiD pro tein in E.coli is known as a “quick re-ac ti va -
tor” of pro tein PflB, a glycyl rad i cal en zyme that un der goes 
oxygenolytic cleav age of the polypeptide chain at the site
of the rad i cal. A mo lec u lar mech a nism of the re ac ti va tion
of PflB by YfiD was sug gested af ter se quence anal y sis of
both pro teins. The pro teins share high se quence iden tity in
a roughly sixty amino acid-long C-ter mi nal amino acid
stretch [2]. 

We have cloned, ex pressed, and pu ri fied YfiD and
three ge net i cally trun cated vari ants of pro tein PflB. We

have per formed anal y sis of the pro teins and their in ter ac -
tions us ing size ex clu sion chro ma tog ra phy, ITC,
pull-down as says, and NMR. We have also per formed
crys tal li za tion tri als and NMR mea sure ments for struc tural
stud ies.

1. E.W. Trot ter, M.D. Rolfe, A.M. Hounslow, C.J. Cra ven,
M.P. Wil liam son, G. Sanguinetti, R.K. Poole, J. Green,
PLoS ONE, 6, (2011), e25501.

2. A.F. Volker Wag ner, S. Schultz, J. Bomke, T. Pils, 
W.D. Lehmann, J. Knappe, Bioch. Biophys. Res. Commun., 
285, (2001), 456-462.

This work was sup ported by the GRK1026 of the Deut sche
Forschungsgemeinschaft, and by the Min is try of Ed u ca -
tion, Youth and Sports of the Czech Re pub lic (grant No.
CZ.1.07/2.3.00/30.0029).
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STRUCTURAL CHARACTERIZATION OF TWO MAIZE ALDEHYDE
DEHYDROGENASES FROM FAMILY 2
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Al de hyde dehydrogenases (ALDHs) con sti tute a pro tein
superfamily of NAD(P)+-de pend ent en zymes (EC 1.2.1).
They have been con sid ered as gen eral de tox i fy ing en -
zymes, which elim i nate biogenic and xenobiotic al de hydes 
to the cor re spond ing carboxylic ac ids. Un der con di tions of
ox i da tive stress, ALDH en zymes act as al de hyde scav en -
gers by me tab o liz ing re ac tive al de hydes pro duced in con -
se quence of the ox i da tive deg ra da tion of lipid mem branes,
also known as lipid peroxidation. Up to date, 13 ALDH
fam i lies have been de scribed in plants, but only a small
num ber of the en zymes have been func tion ally char ac ter -
ized de spite the ex is tence of a large num ber of cod ing
genes. In this work, we fo cused on ALDH gene fam ily 2 in
maize (Zea mays). The ALDH2 fam ily ex panded sig nif i -
cantly dur ing evo lu tion of ter res trial plants and the num ber
of fam ily mem bers var ies sub stan tially be tween spe cies.
The maize ALDH2 in cludes six genes cod ing for
mitochondrial and cytosolic en zymes. Some ALDH2 fam -
ily mem bers were orig i nally iden ti fied as genes re stored

fer til ity in plants (called RF2) i.e., gene that have the abil ity 
to sup press the male-ster ile phe no type and re store the pro -
duc tion of pol len to plants car ry ing the del e te ri ous mi to -
chon drial ge nome. Two genes (RF2C and RF2F) cod ing
for ALDHs were cloned and ex pressed in T7 E. coli cells.
The re com bi nant en zymes were thor oughly char ac ter ized
and their iden tity was ver i fied by MALDI-TOF pep tide
mass fin ger print ing. Both ZmALDH2 en zymes uti lize
NAD+ but not NADP+ as a coenzyme. They are able to ox i -
dize wide range of al de hydes but pre fer aliphatic al de -
hydes. The crys tal struc ture of ZmALDH2 (ALDH2C1,
also RF2C) has been solved up to 2.25 C res o lu tion with
Rcryst and Rfree val ues of 18.2% and 22.5%, re spec tively,
and rep re sents the first struc ture of plant ALDH2 fam ily
mem ber.

This work was sup ported by grant P501/11/1591 from the
Czech Sci ence Foun da tion and  IGA grant PrF_2012_012
from Fac ulty of Sci ences, Palacky Uni ver sity.
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Yeast neu tral trehalase (Nth1, EC 3.2.1.28) is a highly con -
served en zyme which was found in many or gan isms. Nth1
from the Saccharomyces cerevisiae hy dro ly ses the cyto so -

lic disaccharide trehalose (1-a-D-glucopyranosyl a-D-
 glucopyranoside) into two mol e cules of glu cose. Trehalose 
serves as a car bon and en ergy source as well as a uni ver sal
stress protectant against ad verse con di tions like de hy dra -
tion, heat or ox i da tion. The ac tiv ity of Nth1 is reg u lated by
PKA pro tein phosphorylation, yeast 14-3-3 (Bmh) pro tein
bind ing and by cal cium [1,2]. Spe cific EF-like mo tif
D114TDKNYQITIED125 is lo cated in the N-ter mi nus of
Nth1. This mo tif is con served in many Ca2+-bind ing pro -
teins. Res i dues D114 and D125 are prob a bly re spon si ble for
Ca2+-bind ing and I121 is im por tant for a cor rect con for ma -
tion of the mo tif [3]. There fore we pre pared four Nth1 mu -
tants with one-point mu ta tion in this mo tif. For our study

we used an a lyt i cal ul tra cen tri fu ga tion, en zyme-ki netic
mea sure ments and hy dro gen/deu te rium ex change cou pled
to mass spec trom e try (HDX-MS) to re veal how the Ca2+

and Bmh1-bind ing af fect the ac tiv ity of Nth1. Our ki netic
mea sure ments re vealed that Nth1 mu tants D114 and D125 are 
in ac tive and that the Bmh1-de pend ent ac ti va tion of Nth1 is
sig nif i cantly more po tent than the Ca2+-de pend ent one.
From the HDX-MS mea sure ments we sug gest that re gions
sur round ing the bur ied ac tive site of pNth1 di rectly in ter act 
with Bmh1. These re gions un dergo a struc tural change and
thus en able eas ier sub strate and prod ucts en try and de par -
ture. The Ca2+-de pend ent struc tural changes of Nth1 re -
vealed that re gion con tain ing pu ta tive Ca2+-bind ing site
and seg ments from the vi cin ity un dergo a sig nif i cant struc -
tural change in the pres ence of cal cium. This might re flect
an in ter ac tion be tween the cat a lytic do main and up stream
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lo cated Ca2+-bind ing do main and sug gest an ex pla na tion
for the Ca2+-de pend ent ac ti va tion of Nth1. Ac cord ing to
HDX-MS data an other three point mu ta tions were de -
signed to test the ef fect on the Nth1 ac tiv ity. Sed i men ta tion
ve loc ity mea sure ment was used to check the oligomeric
sta tus of the Nth1 mu tants. 

Sup ported by the Grant P207/11/0455 of the Grant Agency 
of the Czech Re pub lic. 

1. Veisova D, Rezabkova L, Stepanek M, Novotna P, Herman 
P, Vecer J, Obsil T, Obsilova V. Bio chem is try 2010; 49:
3853 – 3861.

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

3. Franco A, Soto T, Vicente-Soler J, Paredes V, Ma drid M,
Gacto M, Cansado J. Biochem J 2003; 376: 209 – 217.

P17

BIOPHYSICAL STUDY OF THE COMPLEX BETWEEN THE 14-3-3 PROTEIN AND THE
KINASE DOMAIN OF ASK1

Dalibor Kosek1,2, Lenka Rezabkova1,2, Veronika Obsilova2 and Tomas Obsil1,2 

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

kosek@natur.cuni.cz

ASK1 (Apoptosis sig nal-reg u lat ing kinase, MAP3K5)
plays a crit i cal role in the reg u la tion of the apoptosis trig -
gered by the cel lu lar ox i da tive stress, im mune re sponse or
anticancer agents. So far it has been con nected with the de -
vel op ment of sev eral neurodegenerative or car dio vas cu lar
dis eases, di a be tes and can cer. It is a homodimeric serine/
threonine kinase from MAP3K fam ily and its ac tiv ity is
tightly reg u lated by phosphorylation, oligomerization and
pro tein-pro tein in ter ac tion. Once ac ti vated, ASK1 phos -
phory lates MAP2K4/7 or MAP2K3/6 that in turn ac ti vates
JNK or p38 sig nal ing path ways trig ger ing apoptosis. The
14-3-3 pro tein has been iden ti fied as one of its most im por -
tant phys i o log i cal reg u la tors. It binds to the Ser967 at the
C-ter mi nus of the kinase do main and holds ASK1 in an in -
ac tive state pre vent ing the iniciation of the sig nal ing. It has
been shown that ASK1 is ac ti vated af ter dephospho -

rylation and dis so ci a tion of 14-3-3 in the pres ence of re ac -
tive ox y gen spe cies but the mo lec u lar mech a nism of this
in ter ac tion is still unknown. 

Here we re port the inicial bio phys i cal char ac ter iza -
tion of the com plex be tween 14-3-3 pro tein and kinase do -
main of ASK1. We op ti mized ex pres sion, pu ri fi ca tion and
phosphorylation pro to cols for the prep a ra tion of re com bi -
nant en zy mat i cally ac tive hu man ASK1 cat a lytic do main.
Pu ri fi ca tion pro to col for the prep a ra tion of the 14-3-3 pro -
tein had been de vel oped pre vi ously. In ter ac tion with the
14-3-3 pro tein was ver i fied us ing na tive elec tro pho re sis
and an a lyt i cal ul tra cen tri fu ga tion. De ter mi na tion of
stochiometry and ap par ent Kd of the com plex were per -
formed us ing sed i men ta tion ve loc ity anal y sis. 

This work was sup ported by the Grant Agency of Charles
Uni ver sity in Prague (Grant 568912).
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Plant nuclease TBN1 (UniProt se quence ac ces sion no.
Q0KFV0) from Solanum lycopersicum (to mato) is a Zn2+-
de pend ent glycoprotein with a mo lec u lar mass of 31.6 kDa
(about 37 kDa when glycosylated). TBN1 be longs to plant
nuclease I fam ily and plays an im por tant role in spe cific
apoptotic func tions, vas cu lar sys tem de vel op ment, stress
re sponse and tis sue dif fer en ti a tion in plants [1]. In ad di -
tion, TBN1 ex hib its anticancerogenic prop er ties [2].

Two recombinantly ex pressed vari ants of TBN1 (wild
type and hypoglycosylated mu tant N211D) were used in
our study. 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). 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.
The phase prob lem was solved us ing com bi na tion of MAD
phas ing and mo lec u lar re place ment [3, 4].  



TBN1 is mainly a-he li cal with a trinuclear Zn2+ clus ter
placed in the ac tive site in the cen ter of the wide groove.
Three oli go sac cha rides bonded on the sur face serve pri -
mar ily as a shield ing of the hy dro pho bic re gions and there -
fore con trib ute to sol u bil ity and sta bil ity of the en zyme
(Fig ure 1). TBN1 acts as phosphodiesterase cleav ing the
bond be tween phos pho rus and 3’ hydroxyl group in both
sin gle stranded and dou ble stranded forms of DNA and
RNA and shows 3’-nucleotidase ac tiv ity. More over,
phospholipase C-like ac tiv ity of TBN1 was de tected us ing

ar ti fi cial and na tive sub strates for bac te rial phospholipase
C. Hy dro ly sis of the phosphodiester bond is caused by a
nucleophilic at tack of the ac ti vated wa ter (hy drox ide) mol -
e cule fol lowed by cre ation of penta-co or di nated tran si tion
state and its breakup into the prod ucts.

The work on this pro ject was sup ported by the Czech Sci -
ence Foun da tion, pro jects no. P302/11/0855, 202/06/0757 
and 521/09/1214, 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), by the 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. We ac knowl edge sup port of the Min is try of 
Ed u ca tion, Youth and Sports of the Czech Re pub lic (grant
No. CZ.1.07/2.3.00/30.0029). The au thors wish to thank
Dr. U. Müller of the Helmholtz-Zentrum Berlin, for
support at the beam line.
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Beta-N-acetylhexosamnidases (HEX) are glycoside hy dro -
las es from the fam ily 20 (EC 3.2.1.52). They cleave ter mi -
nal glu cose/galactose res i due from di-/oli go sac cha rides by
a re tain ing mech a nism. Apart of the abil ity to cleave hex -
oses spe cif i cally, fun gal HEX  tol er ate a va ri ety of sub -
strate mod i fi ca tions [1-3]. This fea ture to gether with the
abil ity to hydrolase the transglycosilation re ac tion makes
these en zymes use ful in biotransformation to pro duce mod -
i fied car bo hy drates with de fined struc tures [2-3]. A
homology model of the newly se quenced fun gal hexo -
saminidase (Hex) from T.flavus has been gen er ated. The
new T.flavus Hex has a sim i lar to pol ogy to A.oryzae and
con served ac tive site amino ac ids, par tic i pat ing in the elec -
tro static in ter ac tion with the sub strate. Dif fer ences are
mainly in se quence and length of loops close to the ac tive

site. The model of T.flavus Hex has been re fined by en er -
getic mod el ing and mo lec u lar dy nam ics, and we now have
a sta ble and con vinc ing model in our hands. 

The stan dard sub strate, P-NP-GlcNAc, which is used in 
in vi tro en zy matic as say ing, the nat u ral sub strate
di-N-acetylchitobiose, as well as NAG-thiazoline were
docked in the ac tive site of T.flavus Hex and their in ter ac -
tion en er gies were com pared with ex per i men tal data. Dif -
fer ences from ear lier mod els of A.oryzae, ex clu sive
fea tures of the T.flavus, as well as im pli ca tions of the dock -
ing re sults are dis cussed.

Sup port from the Czech Sci ence Foun da tion, no P207/
11/0629, is ac knowl edged.
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Fig ure 1 Fold, sec ond ary struc ture and main fea tures of TBN1
[5].
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The pro tein crys tal log ra phy is one of the pow er ful tech -
niques used for study ing of pro tein struc tures and de scrip -
tion their mech a nism and func tion. This is pos si ble only in
the case of ob tain ing diffractable monocrystals. Dif fer ent
crys tal li za tion tech niques such as stan dard, ad vanced and
al ter na tive meth ods are used to crys tal lize sol u ble and
mem brane pro teins and pro tein com plexes. Re search pro -
jects are de signed for grad u ate stu dents and post grad u ates
who work on these pro jects on dif fer ent lev els. Fi nally de -
vel oped meth ods and ob tained crys tal li za tion and crys tal -
lo graphic data are com piled and re sults are pub lished in
pres ti gious jour nals. 

Now a days more than 20 pro teins, pro tein com plexes
and their mu tant vari ants are sys tem at i cally stud ied. The

main tar get is fo cused on re search of (1) sol u ble haloalkane 
dehalogenases e.g. DhaA from Rhodococcus rhodochrous
NCIMB 13064, DbeA of Bradyrhizobium elkani USDA94, 
LinB of Sphingobium japonicum UT26 or new haloalkan
dehalogenases DpcA from Psychrobacter cryohalolentis
K5 and DmxA from Marynobacter sp ELB 17, as well as
(2) mem brane photosynthetic pro teins iso lated from dif fer -
ent higher plants. 

This re search is sup ported by the ME CR (COST LD11011
and CZ.1.05/2.1.00/01.0024), GACR (P207/12/0775 and
P207/11/0717), and by the AS CR.
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Photosystem II (PSII) is a pig ment-pro tein com plex of
thylakoid mem brane in cyanobacteria, al gae and higher
plants. PSII per forms se ries of light driven re ac tions  re -
sult ing in charge sep a ra tion and sub se quently in a re duc -
tion of an elec tron-trans port chain and wa ter ox i da tion.

Pri mary site of the light to chem i cal en ergy con ver sion is
lo cated in so-called re ac tion cen ter (RC).

PSII is a multisubunit com plex em bed ded in the
thylakoid mem brane of plants, al gae and cyanobacteria
The func tion of the PSII in dif fer ent or gan isms is iden ti cal
while the com po si tion of their sub units is dif fer ent. Re -



cently the 3D X-ray struc tures of cyanobacterial PSII were
de ter mined to the max i mum res o lu tion of 2.9 C. Cyano -
bacterial PSII con sists of dif fer ent ex trin sic pro teins com -
pared with plant PSII and also the light-har vest ing com plex 
is not bound in thylakoid mem brane to PSII core as it is in
plant PSII.

Now a days we are de vel op ing model of thylakoid
photosynthetical mem brane (glycolipid mem brane in stead
of our pre vi ous oc tane layer) to build com plex model of
PSII RC.

In a paralell di rec tion to the o ret i cal ap proach we are fo -
cused on hy dro ponic plant growth hunder con trolled con -
di tions and op ti mi za tion of re pro duc ible pu ri fi ca tion
pro to col of ho mo ge neous sam ple suit able for crys tal li za -
tion. Few types of higher plants like model or gan isms were
cho sen (to bacco, spin ach, pea, hari cot and soya). It was
shown that the type of de ter gent and con di tions of
solubilization of thylakoid mem branes are crit i cal steps,
which should be carefully chosen.
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PSP-94, also known as b-microseminoprotein (MSMB), is
a small cysteine-rich pro tein, mainly found in hu man sem i -
nal plasma. Re cently it has been well doc u mented that the
ex pres sion of PSP-94 is de creas ing dur ing the de vel op -
ment of pros tate can cer (PC). Cur rently used test for PC di -
ag no sis re lies on the de tec tion of se rum level of PSA
(pros tate-spe cific an ti gen known also as KLK3) in ELISA
but this ex am i na tion is in suf fi cient due to high num bers of
false positives lead ing to a use less ther a peu tic in ter ven tion, 
i.e. risky and high-cost pros tate bi op sies. The prin ci ple
prob lem is that di ag no sis of high lev els of PSA does not
well dis tin guish be tween a ma lig nant form and be nign
pros tate hy per pla sia. There fore, the de vel op ment of tools
for more pre cise as sess ment of PC biomarkers in blood se -
rum can sig nif i cantly im prove the ac cu racy and va lid ity of
the novel di ag nos tics. Be sides stan dard com mer cial
one-type an ti body–based ELISA test for PC ex plo ra tion, a

bio sen sor with mul ti ple biomarkers might be a prom is ing
so lu tion. We plan, there fore, to de velop novel bind ers
raised against hu man PSP-94 sem i nal fluid pro tein
biomarker. While for KLK-fam ily mem bers the in crease in 
se rum lev els might be an in di ca tor of PC pro gres sion, a
com bi na tion with se rum level de crease for PSP-94 can be
confirmative. The aim of this study was to gen er ate novel
bind ers (called PAB vari ants), de rived from al bu min-bind -
ing do main scaf fold, tar get ing hu man PSP-94 pro tein and
to se lect them us ing ri bo some dis play ap proach. We dem -
on strate here that from the col lec tion of 34 se quence-ver i -
fied clones, seven can di dates PAB019, PAB036, PAB037,
PAB042, PAB044, PAB046 and PAB050 were iden ti fied
as prom is ing bind ers of hu man PSP-94 and cur rently are
be ing char ac ter ized in more de tail. 

Fund ing by the grant FR-TI4/667 MPO ÈR and the in sti tu -
tional re search con cept AV0Z5052070.
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Three po ten tial anticancer agents (trans-[PtCl2(NH3)
(thiazole)], cis-[PtCl2(NH3)(piperidin)], and PtCl2(NH3)
(cyclohexylamine) (JM118)) were ex plored and com pared
with cisplatin and the in ac tive [PtCl(dien)]+ com plex. Ba -
sic elec tronic prop er ties, bond ing and sta bi li za tion en er -
gies were de ter mined and ther mo dy namic and ki netic
pa ram e ters for in ter ac tion with gua nine were es ti mated at

the B3LYP/6-311++G(2df,2pd) level of the ory. Since the
in ter ac tion with nu cleo tides can rep re sent one of the ba sic
pro cesses, the ob tained rate con stants can be com pared
with the ex per i men tal IC50

 val ues for sev eral tu mor cells.
De spite the fact that the pro cesses in which the drugs are in -
volved and in which they af fect cells are very com plex,
some cor re la tion can be de duced.
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Pro tein-pro tein in ter ac tions play an es sen tial role in many
bi o log i cal pro cesses and our goal is to elu ci date spec i fic ity
of the in ter ac tions be tween hu man in ter feron gamma re -
cep tor 1 (hIFNgR1) and its nat u ral ligand in ter feron
gamma (hIFNg), an im por tant pro tein of in nate im mu nity.
We searched for mu ta tions within the re cep tor mol e cule to
in crease its af fin ity to hIFNg by com pu ta tional anal y sis of
ex ist ing crys tal struc tures of hIFNg/hIFNgR1 (PDB IDs
1fg9 and 1fyh) and mod el ing us ing em pir i cal force field
im ple mented in the soft ware FoldX. All se lected hIFNgR1
vari ants were ex pressed in Esch e richia coli and suc cess -
fully pu ri fied to ho mo ge ne ity. Ki net ics of in ter ac tions be -
tween hIFNg and hIFNgR1-wild type as well as mu tants
was de ter mined by sur face plasmon res o nance (SPR). The
first set of mu ta tions was de signed on the in ter face of the
hIFNg/hIFNgR1 com plex and ac cord ing to SPR mea sure -
ments the af fin ity of most re cep tor vari ants had vir tu ally
the same af fin ity as wild-type re cep tor, a few had af fin ity

slightly de creased, but a few vari ants bound hIFNg with
sig nif i cantly higher af fin ity. The sec ond set of mu ta tions of 
hIFNgR1 in cluded res i dues that were not di rectly in volved
in bind ing of hIFNg and were sup posed to fill up cav i ties
in side the re cep tor mol e cule. SPR mea sure ments showed
that the af fin i ties of these new sin gle mu tants were prac ti -
cally un changed but en hanced in com bi na tion with the pre -
vi ously tested mu ta tion at the in ter face. Our re sults in di cate 
that ra tio nal de sign by rel a tively sim ple and ac ces si ble
com pu ta tional meth ods is ca pa ble of pre dict ing hIFNgR1
vari ants with sig nif i cantly in creased af fin ity. These new
high-af fin ity bind ers help in better un der stand ing of forces
gov ern ing pro tein-pro tein in ter ac tions and could be de vel -
oped into a new di ag nos tic tool. 

Sup port from grant P305/10/2184 from the Czech Sci ence
Foun da tion is greatly ac knowl edged. All au thors are sup -
ported by the in sti tu tional grant AV0Z50520701.
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Ac cord ing to the Moor’s law, com puter per for mance dou -
bles ev ery 18 month. De spite that the com puter per for -
mance is the main lim i ta tion for sim u la tion meth ods in
chem is try. Var i ous events oc cur in timescales larger than
ac ces si ble through the com put ing. In stead of wait ing for
better com put ers, so phis ti cated meth ods are be ing de vel -
oped to en hance ef fi ciency of cal cu la tions, such as
metadynamics. Metadynamics uses col lec tive vari ables,
which are rel e vant for the stud ied event, and dur ing the
sim u la tion dis fa vours them with the bias po ten tial in the
man ner the sys tem is forced to es cape from vis ited val ues
of the col lec tive vari ables. This causes faster sam pling of
mol e cule’s con for ma tions. The neg a tive pic ture of in serted 

bias po ten tial is the free en ergy sur face in the space of col -
lec tive vari ables. Im prove ment of metadynamics, called
dig i tal metadynamics, uses ref er ence struc tures of the mol -
e cule in stead of the col lec tive vari ables. The bias po ten tial
is in serted dur ing the sim u la tion in ref er ence struc tures
based on sim i lar ity with the sim u lated mol e cule. Ret ro ac -
tively in serted bias po ten tial in flu ence dy nam ics of the
mol e cule through re pul sion from ref er ence struc tures
where the bias po ten tial was added. For test ing dig i tal
metadynamics, a model of pep tide bond Ac-Ala-NHMe
was used. The re sult was a Ramachandran plot in an agree -
ment with the same plot ob tained from clas sic meta -
dynamics.
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Argine Repressor ArgR from E.coli is the mas ter feed back
reg u la tor of tran scrip tion in bac te rial L-arginine me tab o -
lism. Mo lec u lar dy nam ics sim u la tions re veal that con -
served Arg and Asp sidechains in each L-arginine bind ing
pocket pro mote ro ta tional os cil la tion of apoArgR tri mers
by en gage ment and re lease of salt bridges [1]. How ever, 
this ro ta tion of tri mers in ear lier sim u la tions us ing the gmx
force field occured on a very short timescale dur ing the
equil i bra tion phase of the sim u la tions, which made a
proper study of the  dy nam ics of this tran si tion very dif fi -
cult. In new sim u la tions us ing the Amber99SB forcefield
we suc ceeded to shift the ro ta tion to the pro duc tion phase.
The whole tran si tion takes now more than 20ns reach ing
full equi lib rium around 50 ns. The de gree of ro ta tion cor re -
sponds to the 13 de grees de scribed ear lier, and all six

salt-bridges are formed. This al lows to study in de tail the
mo lec u lar changes dur ing the tran si tion, in which Arg110
com petes with the sol vent for an in ter ac tion with Asp128,
lead ing to the con se quent ro ta tion. These sim u la tions now
help to adress the ques tion how the ro ta tion is prop a gated
through out the hexameric struc ture and if all six sub units
act in a con certed man ner. Ad di tion ally, un bind ing of
L-Arg from ArgR was ex plored by um brella sam pling and
PMF cal cu la tions.

Sup port from the Czech Sci ence Foun da tion, no 13-
21053S, is acknowleged.

R. Strawn, M. Melichercik, M. Green, T. Stockner, J. Carey, R.
Ettrich, PLOS Com pu ta tional Bi ol ogy, 2010, 6: 6.
e1000801.
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Prep a ra tion of suf fi cient amounts of func tional re com bi -
nant pro teins is typ i cally a ma jor bot tle neck in struc tural
bi ol ogy pro jects. Here we re port the con struc tion and eval -
u a tion of a set of Gate way-com pat i ble des ti na tion vec tors
com pris ing the com bi na tion of var i ous N- and C-ter mi nal
tags. Re com bi na tion of the des ti na tion vec tors with en try

clones of in ter est re sults in a se ries of com ple men tary ex -
pres sion vec tors.  These can be then used to test and op ti -
mize ex pres sion lev els and sol u bil ity of a given pro tein in
the con texts of sev eral ex pres sion tags in yeast Kluyvero -
myces lactis.
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SELECTION AND CHARACTERIZATION OF ANTICALIN-BASED BINDERS
TARGETING HUMAN GLUTAMATE CARBOXYPEPTIDASE II

Jakub Ptacek, Antonia Rich ter, Arne Skerra, Cyril Barinka

Lab o ra tory of Struc tural Bi ol ogy, In sti tute of Bio tech nol ogy AS CR, v. v. i., 
Videnska 1083, 142 20 Prague 4, Czech Re pub lic

Anticalins are mem bers of grow ing fam ily of de signed
non-im mu no glob u lin pro teins with bind ing prop er ties sim -
i lar to an ti bod ies. Glu ta mate carboxypeptidase II (GCPII)
is a mem brane bound metallopeptidase highly upregulated
on the sur face of pros tatic car ci no mas and the neovas -
culature of solid tu mors and it thus rep re sents an ex cel lent
di ag nos tic tar get for de tec tion of most solid can cers. Here
we re port our ini tial ex per i ments aimed at the se lec tion and
char ac ter iza tion of Anticalin-based bind ers tar get ing
GCPII. A ran dom ized li brary of ap prox i mately 1010 dif fer -

ent com bi na torial vari ants de rived from hu man lipocalin
Lcn2 was panned against FLAG-tagged hu man GCPII and
vari ants tested for GCPII spec i fic ity and af fin ity fol low ing
the four rounds of se lec tion. Best bind ers ex hibit nano -
molar af fin ity for GCPII in the ELISA setup and can be
eas ily ex pressed and pu ri fied in mil li gram quan ti ties from
the prokaryotic ex pres sion sys tem. These can di dates will
be further subjected to directed evolution to optimize their
biophysical properties.
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BIOLOGICAL APPLICATIONS OF QM/MM CALCULATIONS 
WITH POLARIZED EMBEDDING

David Øeha, Vasilina Zayats, Dhiraj Sinha, Rüdiger Ettrich

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

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. 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
[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. We have im ple -
mented the method in var i ous QM/MM pro grams and we
have ap plied it for the the o ret i cal study of the nu mer ous bi -
o log i cal sys tems.

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. 

The method was also ap plied to study the mech a nisms
of NADH:quinone ox i da tion re duc tion re ac tion in flavo -
protein WrbA. Dur ing the en zy matic re ac tion, the NADH
is ox i dized to NAD+ and quinone is re duced to hydro -
quionone. The re ac tion pro ceeds via FMN act ing as an en -
zyme co fac tor. We have used mo lec u lar dock ing im proved
by our ap proach based on QM/MM cal cu la tion with MM
po lar iza tion to  es ti mate the po si tions and rel a tive bind ing
en er gies of the sub strates of the WrbA pro tein. The re sults

of cal cu la tions sup ports the ex per i men tal ev i dence of the
hop ping mech a nisms, where in the first step, the NADH is
ox i dized to NAD+ by FMN (which is re duced to FMNH2)
and in the sec ond step (af ter the NAD+ leaves to ac tive
site),  the quinone is re duced to hy dro-quinone by FMNH2

(which is ox i dized back to FMN). Fur ther more, our cal cu -
la tions helps to ex plain the un usual po si tion of NAD in
crys tal struc ture of Andrade at al [2]. The crys tal struc ture
rep re sents the prod uct (NAD+) leav ing the ac tive site af ter
the re ac tion.

Fi nally, the method was ap plied for the cal cu la tion of
the conformational changes con nected to the cou pling of
translocation and endonuclease ac tiv ity in the re stric -
tion-mod i fi ca tion sys tem EcoR1241. We have cal cu lated
the bind ing en er gies of ATP with the aminoacid res i dues in 
the ac tive site. The re sults showed that LYS313, ARG688
and ARG691 have ma jor con tri bu tions in ATP bind ing.
The stron gest in ter ac tions are with the  phos phate part, the
ad e nine ring it self has a mi nor con tri bu tion to the over all
bind ing en ergy. The con tact with LYS220 has a neg li gi ble
con tri bu tion in terms of the whole ATP bind ing it self, how -
ever it has some sig nif i cance if just the in ter ac tion be tween
ad e nine ring and pro tein is taken in to ac count. 

The all ap pli ca tions of QM/MM cal cu la tion with po lar -
ized em bed ding dem on strated the im por tance of  the  im -
ple men ta tion of our method to study the bi o log i cal
prob lems.
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We pres ent here the op ti mized ge om e tries and sta bi li za tion 
en er gies of metal-me di ated  base pair CA-M-CA, where CA

is 4-N-carboxymethylcytosine and M is  Ag+,Ni2+ and
Cu2+. The sec ond part of our work in cludes the op ti mized
ge om e tries, rel a tive en er gies of in di vid ual iso mers and
con form ers of metal-me di ated base pair C-Ag+-C and the
cal cu la tion of spin-spin cou pling 1J(N,Ag). 

The cal cu la tions were per formed us ing the DFT
CAM-BLYP or B3LYP func tional em ploy ing the con tin -
uum model of wa ter sol vent. The NMR spin-spin cou pling
con stant 1J(N,Ag) in C-Ag+-C base pair was cal cu lated us -
ing the DFT-ZORA (Zero Or der Reg u lar Ap prox i ma tion)
ap proach with the BLYP and B3LYP functionals. 

We de scribed sev eral struc tur ally pos si ble metal bind -
ing modes of CA-M-CA base pairs. The CA-Cu2+-CA was
found to be the most sta ble metal-me di ated base pair as re -

gards the cal cu lated sta bi li za tion en ergy, which was in
agree ment with the melt ing tem per a ture ex per i ment for
dop ing the DNA du plex 5‘-GTGACCACATGCAGTG-3‘:
CACTGGTCAACGTCAC-5‘ with the three dif fer ent met -
als. At the sec ond part of our study, we found that the most
sta ble iso mer of C-Ag+-C base pair pos sessed the N3-
Ag+-N3 link age and the cal cu lated 1J(N,Ag) spin-spin cou -
pling was in good agree ment with ex per i ment.

This work was sup ported by the Young In ves ti ga tor’s
Grant of the Hu man Fron tier Sci ence Pro gram (HFSP),
Grant Agency of the Czech Re pub lic P205/10/0228, Tech -
no log i cal Agency of the Czech Re pub lic Grant no. TACR
TA01011165, and by the Czech Sci ence Foun da tion Grant
No. P304/10/1951. The ac cess to the MetaCentrum com -
put ing fa cil i ties is ap pre ci ated.
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Nat u ral killer cells (NK cells) are blood cor pus cles, more
pre cisely, a sort of lym pho cytes. They com prise 5-10% of
lym pho cytes in blood and their role in the im mune sys tem
is to dis cover and kill can cer cells and cells in fected by vi -
ruses. 

This work is aimed at a class of NK re cep tors, i.e. re -
cep tors on the sur face of NK cells, which have a spe cial

fold: C-type lectin-like fold (CTL fold, (1)). More gen er -
ally, other re cep tors, not only NK re cep tors, but with CTL
fold, will be men tioned in cluded in the pre sented anal y sis.
The role of NK re cep tors with CTL fold is to me di ate con -
tact with other cells, in or der to kill in fected or can cer cells.
NK re cep tors with CTL fold in ter act with pro tein lig ands,
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which are of the same, CTL, fold, and are lo cated on sur -
face of part ner cells. 

Dur ing re cent years, we have solved struc tures of sev -
eral re cep tors/lig ands with CTL fold (high res o lu tion struc -
ture of hu man CD69 (2), mouse NKR-P1A (3, 4), mouse
Clr-g (5)), and other struc tures are in prog ress. These struc -
tures in spire us to study 1) CTL fold, its char ac ter is tics and
its vari abil ity, 2) Types of oligomerization of CTL re cep -
tors and lig ands (Fig ure 1), and 3) Rules of for ma tion of
CTL re cep tor-ligand com plexes. 

It was found that the dimerization mode of CTL pro -
teins is very vari able, while complexation of struc tur ally
known CTL pro tein-pro tein com plexes hap pens in the
same area of mono mers, in the part dis tant to N and C ter -
mi nal re gion. 

This work was sup ported by the Czech Sci ence Foun da tion
(P302/11/0855), and the Min is try of Ed u ca tion, Youth and
Sports of the Czech Re pub lic (CZ.1.07/2.3.00/30.0029). 
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NANOLITRE VAPOUR-DIFFUSION PROTEIN CRYSTALLIZATION SCREENS
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1In sti tute of Neuroimmunology, Slo vak Acad emy of Sci ences, Dubravska cesta 9, 
845 10 Bratislava, Slovakia
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Nanolitre-sized drops are char ac ter is tic of high-through put 
pro tein crys tal li za tion screen ing. Tra di tion ally, re li able
nanolitre drop dis pens ing has re quired the use of ro bot ics.
We have de vel oped a pro to col for the re pro duc ible man ual
as sem bly of nanolitre-sized pro tein vapour-dif fu sion crys -
tal li za tion tri als in a 96/192-drop for mat. The pro to col ex -
ploits the re pet i tive-pipetting mode of handheld mo tor ized
pi pettes and saves pre cious pro tein ma te rial with out sac ri -
fic ing the ef fec tive ness of the screen ing pro cess. The man -
ual dis pens ing of so lu tions with vari able vis cos ity in the
range of 0.2 – 0.5 µl by a mo tor ized mul ti chan nel pi pette
was com pa ra bly re li able as dis pens ing by ro bot ics [1] or by 
a handheld nanoject pipettor [2]. We have tested the re peat -
abil ity and reproducibility of pro posed method by re peat -
ing suc cess ful crys tal li za tion tri als of an an ti body Fab

frag ment in sit ting drops on 96-well plates with vari able
pre cip i tant vol ume and com par ing mo tor ized and man ual
mode of pipetting. We were able to pro duce crys tals re peat -
edly in 0.5 and 0.3 µl drops and in a 0.2 µl drop as sem bled
by a man ual pi pette. Sum ma riz ing, de vel oped pro to col al -
lows for re pro duc ible man ual for ma tion of nanolitre pro -
tein crys tal li za tion drops in high-through put for mat. We
be lieve that the method could be use ful es pe cially for small
crys tal lo graphic groups since it needs no ad di tional ex pen -
sive in stru men ta tion [3].

This work was sup ported by the Slo vak Re search and De -
vel op ment Agency un der the con tract No. LPP-0038-09
and by the Slo vak Grant Agency VEGA grant No.
2/0163/13.

Fig ure 1. Com par i son of dimerization modes of three mouse CTL pro teins: NK re cep tor NKR-P1A (PDB code 3M9Z), NK re cep tor
Klrg1 (3FF9), and a ligand for NK re cep tor NKR-P1F: Clr-g (3RS1).
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Haloalkane dehalogenases (EC 3.8.1.5; HLDs) are mi cro -
bial en zymes with cat a lytic ac tiv ity for the hydrolytic con -
ver sion of xenobiotic and highly toxic halogenated
aliphatic com pounds to the cor re spond ing al co hols (J.
Damborsky et al, 2001, Janssen et al. 2005). These en -
zymes are able to con vert a wide spec trum of sub strates in -
clud ing halogenated al kanes, cycloalkanes, alkenes, ethers, 
al co hols, ke tones, and cy clic dienes (E. Chovan cova et
al.2007). 

En zymes  DpcA from Psychrobacter cryohalolentis K5 
and DmxA from Marinobacter sp. ELB 17 were used to
ob tain crys tals in op ti mized crys tal li za tion con di tions for
car ry ing out fur ther HLD ac tiv ity re ac tion ac cord ing to the

Iwasaki method, which is based on ob serv ing the in ten sity
of color of a dark red iron-thiocyanate com plex that is pro -
por tional to the con cen tra tion of halo gen ions in the sam -
ple. Crys tal of DpcA en zyme dif fracted to the 1.05 C
res o lu tion and be longed to the prim i tive monoclinic space
group P21  and crys tals of DmxA dif fract ing to the res o lu -
tion of 2.49 C be longed to cen tered orthorhombic C2221

space group. Both crys tals were cross-linked by 8%
gluteraldehyde and spe cific ac tiv ity to wards to 1-bromo -
heaxane and 1,2-dichloroethane at dif fer ent time were ex -
am ined. 

The re search of the rep re sented data was sup ported by GA
CR (P207/12/0775) and ME CR (CZ.1.05/2.1.00/01.0024)

.
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Interleukin-23 (IL-23), a heterodimeric cytokine of co va -
lently bound p19 and p40 sub units, has been re cently de -
scribed to play a piv otal role in the de vel op ment of chronic
au to im mune dis eases. 

As an al ter na tive to an ti body-based drugs, we en gi neer
novel pro tein bind ers sup press ing IL-23-me di ated sig nal -
ing. Li brary of three-he lix bun dle vari ants of al bu -
min-bind ing do main (ABD) from strep to coc cal pro tein G
(Ahmad et al, 2012) was used to iden tify bind ers of
extracellular hu man.

IL-23R via ri bo some dis play se lec tion. To screen the li -
brary of ABD vari ants for high af fin ity bind ers of IL-23 re -
cep tor, we pro duced bac te rial extracellular N-ter mi nal
poly-his-mod i fied IL-23 re cep tor.

The col lec tion of vari ants (REX se ries) was tested for
bind ing af fin ity in ELISA and se lected clones were mod i -
fied by a C-ter mi nal AviTag for in vivo biotinylation. Fi -
nally we iden ti fied a group of clones that in hib ited bind ing
of p19-sub unit of IL-23 to re folded IL-23R or glycosylated 
IL-23R Fc chi mera, se creted by murine NSO-de rived cells. 

We fur ther dem on strate that REX vari ants bind to
K-562, Jurkat and THP-1 hu man cell lines and this bind ing
cor re lates with IL-23R cell-sur face ex pres sion. As bind ing
of the REX clones to THP-1 cells can be sub stan tially di -
min ished by a high dose of p19 pro tein and the three
best-per form ing REX bind ers in hib ited the IL-23-driven
ex pan sion of IL-17-pro duc ing pri mary hu man CD4+

T-cells, we con clude that unique IL-23R an tag o nists de -
rived from the ABD scaf fold were gen er ated that might be
use ful in de sign ing novel anti-in flam ma tory bi o log i cals.

Fund ing by the grant GACR P303/10/1849 and the in sti tu -
tional re search con cept AV0Z50520701.

Novel high-af fin ity bind ers of hu man in ter feron gamma de rived 
from al bu min-bind ing do main of pro tein G. Jawid N.
Ahmad, Jingjing Li, Lada Biedermannová, Mi lan Kuchaø,
Hana Šípová, Alena Semerádtová, Jiøí Èerný, Hana
Petroková, Pavel Mikulecký, Jiøí Polínek, Ondøej Stanìk,
Jiøí Vondrášek, Jiøí Homola, Jan Malý, Radim Osièka, Pe -
ter Šebo, Petr Malý. Pro teins: Struc ture, Func tion, and
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Ma laria is one of the most im por tant in fec tious dis eases re -
sult ing in two mil lion deaths world wide. Merozoite sur face 
pro tein 2 (MSP2) be longs to po ten tial ma laria vac cine can -
di dates. In this study, we fo cused on the MSP2 isoform
3D7. The ag gre ga tion and fi bril for ma tion pro pen si ties of
3D7 are lower than those of the other isoform FC27. The
goal of the study is to de scribe struc tural dif fer ences be -
tween the isoforms. This task is com pli cated by the fact that 
both pro teins are in trin si cally dis or dered. Nu clear mag -
netic res o nance (NMR) has been cho sen as a method well

suited to de scribe struc tural fea tures of mol e cules lack ing a 
well-de fined struc ture. The first step of the study was as -
sign ment of NMR fre quen cies to in di vid ual at oms of the
pro tein. In or der to over come a se vere peak over lap, 5D
non-uni formly sam pled NMR ex per i ments were em -
ployed. Fre quen cies of back bone at oms of all 217
non-proline res i dues were suc cess fully as signed. The ob -
tained data was used to cal cu late sec ond ary struc ture pro -
pen sity of the pro tein.
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Nu cleic ac ids, pro teins, sac cha rides and other bi o log i cally
im por tant mol e cules ex hibit a broad va ri ety of mo tions
rang ing from femto second vi bra tions to very slow pro -
cesses. De scrip tion of the in ter nal dy nam ics  is nec es sary
for cor rect un der stand ing of the phys i o log i cal func tions of
the stud ied mol e cules. A de tailed pic ture of mo lec u lar mo -
tions is ob tained by mea sur ing and an a lyz ing the NMR re -
lax ation rates of  suit able nu clei in the stud ied mol e cules. A 

suite of meth ods ex tend ing ap pli ca bil ity of a straight for -
ward anal y sis re lax ation data, known as spec tral den sity
map ping, is pre sented. The meth od ol ogy was tested on
sam ples pre sent ing a con sid er able chal lenge for the stan -
dard ap proaches, in clud ing a par tially dis or dered pro tein, a
uni formly 13C,15N-la beled RNA hair pin, and a  disac -
charide with a se lec tively  13C-la beled bridg ing meth y lene
group.

P37

GLYCOPROTEINS AND PROTEIN GLYCATIONS IDENTIFIED IN BARLEY GRAIN AND 
MALT BY 2D-HPLC AND MS/MS 
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Car bo hy drate moi eties rep re sent typ i cal post-translational
mod i fi ca tions of bar ley pro teins. Bind ing of mono- and oli -
go sac cha rides to polypeptide chain can be ei ther a phys i o -
log i cal re ac tion, glycosylation, or an ar ti fi cial pro cess
oc cur ring dur ing in dus trial pro cess ing, glycation. Both
types of mod i fi ca tion have im por tant con se quences for
con sum ers of bar ley prod ucts. Glycation changes phys i cal
and chem i cal prop er ties of malt and other prod ucts, and
sev eral glycoproteins were de scribed as im por tant al ler -
gens. Two-di men sional liq uid chro ma tog ra phy (ion-ex -
change and re versed-phase) with off-line mass- 
spec tro met ric de tec tion (MALDI-TOF-MS/MS) has been
used to an a lyze glycoproteins and glycated pro teins in bar -
ley grain and malt. Seven glycoproteins were iden ti fied by

par tial se quenc ing based on frag men ta tion MS/MS spec tra. 
Glycations were ob served for five out of 16 un am big u -
ously as signed pro teins in malt ex tract, while no glycation
was de tected in bar ley grains. The re sults doc u ment that the 
pro posed an a lyt i cal pro ce dure is well suited for mon i tor ing 
car bo hy drate-mod i fied pro teins in ce real prod ucts and
their end food stuff prod ucts.

This work was sup ported by the Czech Sci ence Foun da tion
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