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STRUCTURAL CHARACTERIZATION OF PHOSPHATIDYLINOSITOL 
4-PHOSPHATE IIa

Adriana Baumlová, Evžen Boura, Dominika Chalupská

In sti tute of Or ganic Chem is try and Bio chem is try AS CR, Flemingovo nam. 2, 166 10 Praha 6

Phosphoinositides are es sen tial reg u la tors of fun da men tal
cel lu lar pro cesses. Phosphatidylinositol 4-kin ases (PI4K)
ini ti ate the ca non i cal phosphoinositide biosynthetic path -
way by phosphorylating D-4 hydroxyl of the inositol head

group. Two types of hu man PI4K, des ig nated as type IIa
and III, are dis tin guished. The bi o log i cal role of PI4K type

IIa is di verse. PI4K IIa gen er ates PtdIns4P pools and thus
mod u lates bi o log i cal mem brane com po si tion, mem brane
traf fick ing, endocytosis or sig nal transduction. More over,

PI4K IIa is in volved in Wnt sig nal ing that reg u lates em -
bry onic and bone de vel op ment, tumorigenesis, neuro -

genesis and lipid and glu cose me tab o lism. PI4K IIa also
rep re sents the im por tant reg u la tory mol e cule of lysosomal

b-glucocerebrosidase de liv ery. De ple tion of PI4K IIa re -
sults in Gaucher dis ease, lysosomal stor age dis or der
caused by a de fect in the deg ra da tion of glucosylceramide.

Sig nif i cant bi o log i cal rel e vance of PI4K IIa, its in suf fi -

cient struc tural char ac ter iza tion and the fact that PI4K IIa
does n’t share se quence homology with any other crys tal -
lized kinase lead us to its struc tural char ac ter iza tion. In or -

der to in crease the sol u bil ity of PI4K IIa, the se quence of
T4 lysozyme was fused within this pro tein. It´s quite com -
mon method used for mem brane pro tein crys tal li za tion.

PI4K IIa with T4 lysozyme was ex pressed in Esch e richia 
coli and pu ri fied us ing af fin ity chro ma tog ra phy and size
ex clu sion chro ma tog ra phy. Ob tained pro tein with high pu -

rity was used for crys tal li za tion tri als. PI4 IIa crys tal lized
in orthorhomboic space group P 21221 (a = 79.55 C, b =

78.71 C, c = 104.75 C, a = b = g = 90°). Na tive crys tals dif -
fracted to res o lu tion 2.8 C. The phase prob lem was solved
by MR SAD us ing SeMet crys tals and the T4 lysozyme as a 
search model.
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HYDRATION OF AMINO ACID RESIDUES IN PROTEINS:
WHAT CAN WE LEARN FROM DATA MINING?

Lada Biedermannová, Bohdan Schnei der

Lab o ra tory of Biomolecular Rec og ni tion, In sti tute of Bio tech nol ogy, Acad emy of Sci ences of 
the Czech Re pub lic, v. v. i., Prague, Czech Re pub lic

In struc tural bi ol ogy, wa ter has been for a long time con sid -
ered a pas sive me dium. Nev er the less, its com plex ity and
im por tance for bi o log i cal in ter ac tions has grad u ally been
rec og nized in re cent years. It is now ac cepted that wa ter is a 
key de ter mi nant of pro tein struc ture, dy nam ics and func -
tion, and that wa ter-pro tein in ter ac tion gov erns var i ous
pro cesses, in clud ing pro tein fold ing, en zy matic ca tal y sis,
and mo lec u lar rec og ni tion. Wa ter does not sim ply fill up
the avail able space around pro teins, but oc cu pies spe cific
sites and forms lo cal ized clus ters, de ter mined by its hy dro -
gen bond ing ca pa bil i ties. Dis tri bu tion of wa ter around pro -
teins was an a lyzed in sev eral early stud ies of pro tein
crys tal struc ture, which re vealed its pref er ence for Glu,
Asp and Arg side-chains and main-chain car bonyl group
[1]. How ever, due to lim ited num ber of high res o lu tion
struc tures, hydration pat terns could be in ves ti gated for
only a few amino ac ids, such as serine and threonine, in
these early stud ies. We there fore de cided to make use of the 
im mense growth of the Pro tein Data Bank (PDB) [2] in the
re cent years and per form a de tailed anal y sis of hydration

pat terns for all 20 stan dard amino ac ids us ing high-res o lu -
tion pro tein crys tal struc tures.

We used a set of 3845 PDB en tries with res o lu tion
better than 1.8 C, max i mum R-fac tor value of 0.22 and mu -
tual se quence iden tity of the chains of 50% or less. We
checked the qual ity of all struc tures with Molprobity pro -
gram and gen er ated all the crystalograpic neigh bours of the 
unit cell. The con tacts of each amino acid res i due with wa -
ters within 3.6 C were then de tected. Res i due con for ma -
tions were clus tered sep a rately in each class de fined by
res i due type, sec ond ary struc ture (al pha he lix/beta sheet)
and chi1 rotameric state (g+/g-/t) us ing the qual ity thresh -
old al go rithm. The clus ters of res i dues with the as so ci ated
wa ter mol e cules were then sub jected to the method of den -
sity rep re sen ta tion [3] in or der to iden tify the most pre -
ferred lo ca tion of wa ter mol e cules. Briefly, a fou rier
trans form tech nique was used to cal cu late struc ture fac tors
from atom po si tions, and to con vert them to elec tron den si -
ties. Wa ter peaks were then de tected and wa ter po si tions,
occpancies and B-fac tor re fined us ing stan dard crys tal lo -
graphic pro ce dures.
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The re sult of our study is a de tailed at las of pro tein
hydration, containig the most pop u lated po si tions of wa ters 
around each res i due type in var i ous back bone and side
chain conformational states. The anal y sis of high res o lu -
tion crys tal lo graphic struc tures of pro teins from the PDB
da ta base thus re vealed the spa tial dis tri bu tion of the wa ter
mol e cules in the first hydration layer of pro teins and to
some ex tent also their dy namic prop er ties, which can be es -
ti mated from their B-fac tors, a mea sure of atom’s vi bra -
tions. The hy drated amino acid rotamers obtainded from
our study can be used in many ar eas of struc tural bi ol ogy,
from mo lec u lar re place ment and crystalographic re fine -
ment, to the im prove ment of ac cu racy of ab in itio pro tein
struc ture pre dic tion methods.

This work was sup ported by grant from BIOCEV – Bio -
tech nol ogy and Biomedicine Cen tre of Acad emy of Sci -
ences and Charles Uni ver sity in Vestec, pro ject sup ported
from Eu ro pean Re gional De vel op ment Fund.

[1] N. Thanki, J. M. Thorn ton, J. M. Goodfellow, J. Mol. Biol.
1988, 202, 637.

[2] H. M. Berman, J. West brook, Z. Feng, G. Gilliland, 
T. N. Bhat, H. Weissig, I. N. Shindyalov, P. E. Bourne, 
Nu cleic Ac ids Res. 2000, 28, 235.

[3] B. Schnei der, D. M. Co hen, L. Schleifer, A. R. Srinivasan,
W. K. Olson, H. M. Berman, Biophys. J. 1993, 65, 2291.
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TRPM4 be longs to the large fam ily TRP chan nels, a group
of non-se lec tive cat ion per me able chan nels. This chan nel
par tic i pates in pro cesses on go ing in neu rons, cardio -
myocytes, T-cells, etc.. It has been proven link be tween de -
fects of TRPM4 re cep tor and pro gres sive fa mil ial heart
block type 1B. TRP chan nels con sist of six transmembrane
he li ces and a pore-form ing loop be tween S5 and S6, with
dif fer ent lengths of intracellular amino and carboxy ter -
mini. [1, 2] It has been shown that TRPM4 ac tiv ity could be 
mod u lated by intracellular cal cium bind ing pro teins
calmodulin (CaM) and S100A1. [3] 

In this study, one CaM/S100A1 bind ing site was lo cal -
ized in TRPM4 N-ter mi nal re gion (NT) S583-A668. An other
CaM/S100A1 bind ing site was de ter mined in C–ter mi nus
do main (CT) V1050-S1114. The re sults from the pre vi ous ex -
per i ments sug gest that CaM and S100A1 could bind to the
same or over lap ping bind ing site. [3] Fu sion pro teins of the 
cor re spond ing lengths were ex pressed in E.coli and pu ri -
fied by af fin ity and gel per me ation chro ma tog ra phy. Se -
quences of the pro teins were ver i fied by Mass

Spec tro m e try. To char ac ter ize CaM/S100A1 bind ing site
on intracellular ter mini re gions of the TRPM4 sur face
plasmon res o nance mea sure ments were used. Po ten tial
changes in sec ond ary struc ture TRPM4/CaM com plex
were checked by the cir cu lar dichroism. De Novo mo lec u -
lar mod els of TRPM4 ter mini com bined with ligand dock -
ing by CaM pro vides a struc tural in sight into the
TRPM4/CaM bind ing. Sev eral pos i tively charged res i dues
were iden ti fied to be re spon si ble for bind ing of CaM and
S100A1 within the men tioned do mains. The bind ing of
both do mains to CaM and S100A1 re spec tively is Ca2+

dependent.

This pro ject was sup ported by Grants GACR 301/10/1159,
GACR 207/11/0717 and GAUK 842313.

1. Krause M., et al., J. Clin. In vest., 119 (2009), 2737-2744.

2. Nilius B., et al., J. Biol. Chem., 278 (2003), 30813-20. 

3. Holakovska B., et al., J. Biol. Chem., 287 (2012),
16645-55.
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The flu o res cent pro tein is a valu able tool in bi o log i cal im -
ag ing tech niques. We syn the sized sev eral de riv a tives of
the green flu o res cent pro tein chromo phore, in or der to un -
der stand spec tro scopic prop er ties of this in ter est ing struc -
tural la bel. They were char ac ter ized by 1H NMR, MCD and 
Raman spectroscopies. The spec tral prop er ties will be used 

to ob tain in for ma tion on the ge om e try and the elec tronic
struc ture. Un der stand ing the spec tro scopic and chem i cal
prop er ties and the chem i cal mod i fi ca tion of the chromo -
phore can lead to better la bels, e.g. which would be more
sta ble or not eas ily elim i nated by the or gan ism.
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CRUCIAL ROLE OF SPOIIE DURING BACILLUS SUBTILIS CELL DIFFERENTIATION

Z. Chromiková, K. Muchová, I. 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 45,
Slovakia

One of the char ac ter is tics of sporulation pro cess in B.
subtilis is asym met ric di vi sion of the cell, which leads to
for ma tion of two un equally sized com part ments. De spite
the fact that they con tain the same ge netic in for ma tion,
these com part ments fol low sep a rate fates, due to dis sim i lar 
gene ex pres sion driven by com part ment-spe cific sigma
fac tors. While the smaller com part ment, the prespore de -
vel ops into heat-re sis tant spore, the big ger com part ment,
the mother cell nour ishes the smaller prespore and fi nally
lyses.

Proper po si tion ing of the asym met ric sep tum is cru -
cial for the pro cess of sporulation. It is par tially trig gered
by sporulation spe cific pro tein, SpoIIE, an ex clu sive com -
po nent of the sporulation sep tum. SpoIIE closely co op er -
ates with tubuline-like pro tein FtsZ. FtsZ forms higher
or ga nized struc tures, so called Z-rings, which con sti tute a
scaf fold for as sem bly of di vi sion ma chin ery. Dur ing
sporulation, FtsZ forms he li cal struc tures em a nat ing from
midcell Z ring to wards cell poles. SpoIIE, which also forms 
ring-like struc tures, most likely sta bi lizes FtsZ he li ces at
po lar po si tions, thus po lar Z-rings are formed [1].

SpoIIE is 827-res i due pro tein, which is thought to
con sist of three do mains. Its N-ter mi nal do main, which
con tains ten transmembrane he li ces, an chors the pro tein
into the sporulation sep tum [2, 3]. The cen tral do main of
SpoIIE is con served only among SpoIIE orthologues. This
do main is thought to be the reg u la tion do main of the pro -
tein. Cen tral do main is con sid ered to be in volved in
dimerization of SpoIIE and it is also re spon si ble for in ter -
ac tion of the pro tein with FtsZ [4]. SpoIIE C-ter mi nal do -
main is closely re lated to PP2C do mains of eukaryotic
Ser/Thr phosphatases, which reg u late the stress re sponse
[5]. This do main is re spon si ble for ac ti va tion of the first

com part ment-spe cific sigma fac tor, sF, in the prespore.

Ac tiv ity of sF is reg u lated by the means of in ter ac tions be -

tween an anti- sigma fac tor SpoIIAB and an anti-anti-
sigma fac tor SpoIIAA and SpoIIE phosphatase, res i dent in
the sporulation sep tum. In the predivisional cell and in the

mother cell, sF is held in ac tive, in the com plex with two
mol e cules of SpoIIAB. In the pres ence of dephospho -
rylated SpoIIAA, SpoIIAA -SpoIIAB com plex is pref er a -

bly formed thus sF is re leased and ac tive. Since SpoIIAA is 
phosphorylated by SpoIIAB kinase and re leased from this
com plex, SpoIIE phosphatase ac tiv ity is crit i cal to main -
tain the level of dephosphorylated SpoIIAA mol e cules in

the prespore to keep sF ac tive, and able to pro mote
prespore-spe cific gene ex pres sion [8,9]. The struc tures of
the SpoIIA pro teins, re spec tively their do mains, have been
de ter mined, re veal ing the phosphorylated and
dephosphorylated forms of SpoIIAA [14,15], as well as the 

in ter ac tions of SpoIIAB with sF and SpoIIAA [9,16]. Pre -
vi ously, us ing a ran dom trun ca tion li brary ap proach [17], a
set of sol u ble SpoIIE frag ments was iden ti fied. Out of
these frag ments, SpoIIE frag ment (590-827) en com pass -
ing the PP2C phoshatase do main was over-ex pressed,
char ac ter ized, and its crys tal struc ture was de ter mined
[18]. 

Multidomain com po si tion of the pro tein al lows its
mul ti ple roles dur ing the pro cess of sporulation. The key
reg u la tor SpoIIE has at least three ma jor roles in the pro -
cess of sporulation. The first role of SpoIIE is to sta bi lize
FtsZ spi ral in ter me di ates at po lar po si tions and co-lo cal ize
with FtsZ in the form ing sporulation sep tum. The sec ond
role of SpoIIE lies in its con tri bu tion to prespore-spe cific

sF ac ti va tion, which is an event linked to the com ple tion of
sporulation sep tum. Con se quent com part ment spe cific
gene ex pres sion is ar ranged by the ac tiv ity of cell-type spe -

cific s fac tors, which se quen tially ac ti vate each other in a
cas cade-like man ner [6]. Dy namic lo cal iza tion stud ies us -
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ing SpoIIE-GFP fu sions have shown that af ter com ple tion
of sporulation sep tum, SpoIIE is re leased from the sep tum
and tran siently lo cal izes to all mem branes in the forespore
com part ment. How ever, af ter en gulf ment is ini ti ated,
SpoIIE relocalizes to the septal site of the mem brane, in di -
cat ing pos si ble role of SpoIIE in the later stages of
sporulation. It was also shown that SpoIIE relocalization to 
the en gulf ing sep tum is de pend ent on SpoIIQ, the pro tein
which is a part of the chan nel, con nect ing prespore and
mother cell com part ments. More over, immuno preci pi -
tation ex per i ments brought the ev i dence that SpoIIE and
SpoIIQ re side in a mem brane com plex to gether [7].

Al though three roles of SpoIIE are de scribed, not all
mech a nisms of its ac tions are fully un der stood. More over,
SpoIIE as sign ment in the stage of en gulf ment is very lit tle
un der stood. To an swer these is sues, we gather fur ther in -
for ma tion by screen ing in ter ac tions be tween SpoIIE and
pro teins tak ing part in cell di vi sion and en gulf ment by bac -
te rial two hy brid sys tem. 

This work was sup ported by Grant 2/0009/13 from the Slo -
vak Acad emy of Sci ences and by a Grant from the Slo vak
Re search and De vel op ment Agency un der con tract
APVV-00335-10.
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Cyanine Cy3 and Cy5 are flu o res cent dyes with many ap -
pli ca tions in non lin ear op tics, la ser phys ics and par tic u larly 
in bio med i cal im ag ing and sin gle-mol e cule spec tros copy. 

In this con tri bu tion, the struc ture and dy nam ics of
cyanine Cy3 and Cy5 dyes ter mi nally at tached to the
5’-end of the CCACTAGTGG oligonucleotide are stud ied
by mo lec u lar dy nam ics (MD), metadynamics and DFT cal -
cu la tions. Stack ing in ter ac tions be tween the dis tal indole
ring and gua nine base are char ac ter is tic for the struc tures of 
the most prob a ble con form ers and these are in ex cel lent
agree ment with the ex per i men tal struc tures for both dyes.1

Es sen tial dy nam ics showed that there are two main modes
which de scribe the rel a tive mo tion of the cyanine dyes with 
re spect the last GC base pair (Fig ure 1). Un like for the Cy3
dye, the Cy5-DNA com plex shows sim i lar flex i bil ity but
due to the lon ger pentamethine chain the bind ing mo tifs
with prox i mal indole ring are not ac ces si ble at 298 K.

[1]. Nor man, D.G.; Grainger, R.J.; Uhrin, D.; Lilley, D.M.J.
Bio chem is try 2000, 39, 6317.

This work is sup ported by the Czech Sci ence Foun da tion
(grant no. P208-12-0622).
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Re stric tion en zymes pro tect prokaryotic cells from vi ral in -
fec tion by rec og ni tion and deg ra da tion of in vad ing DNA.
These en zymes are typ i cally cou pled with spe cific mod i fi -
ca tion en zymes that mark and pro tect cel lu lar DNA from
deg ra da tion by methylation. The type I DNA re stric -
tion-mod i fi ca tion en zymes unite both func tions in a large
multisubunit com plex [1, 2]. The pro to type en zyme
EcoR124I is com posed of one HsdS sub unit that binds to a
spe cific se quence of DNA, two HsdM sub units that are re -
spon si ble for methylation of the cel lu lar DNA and two
HsdR sub units that are re quired for re stric tion of the
nonmethylated (in vad ing) DNA. Ba sic qua ter nary struc -
ture of the whole R2M2S com plex has been shown by neg a -
tive-stain elec tron mi cros copy at low res o lu tion [3].
Al though high-res o lu tion struc tures of the in di vid ual sub -
units have been de ter mined by crys tal log ra phy or mo lec u -
lar mod el ing, the cur rent EM struc ture is in suf fi cient for
ac cu rate fit ting of the known atomic mod els and to un cover 
the mech a nisms of EcoR124I as sem bly and func tion. 

We used af fin ity chro ma tog ra phy and gel fil tra tion to
pu rify the R2M2S com plex. Densitometry quan ti ta tive
anal y sis of SDS-PAGE gels of pu ri fied com plex in di cated
av er age stoichiometry of 1.6(R):2.0(M):1.1(S) sug gest ing
that only about a half of the as sem bled com plexes con -
tained both HsdR sub units, likely be cause of sig nif i cantly
dif fer ent bind ing af fin ity of the two HsdR sub units to the
M2S subcomplex (KD1 0.6 nM vs. KD2 190 nM).

The pu ri fied EcoR124I com plex was neg a -
tively-stained in 2% ura nyl ac e tate and im aged elec tron mi -
cros copy. Im ages of the neg a tively stained com plex
showed pro jec tions con sis tent with the pre vi ously de ter -
mined struc ture of the EcoR124I com plex in the open con -
for ma tion [3]. The pu ri fied com plex was also
plunge-frozen in liq uid eth ane and im aged by cryo-elec -
tron mi cros copy. Mi cro graphs were col lected at 2-4 µm
defocus us ing a FEI Tecnai F20 mi cro scope. The mi cro -
graphs show dis tinct par ti cles of the pre sumed EcoR124I
com plex (~120 C di am e ter), de spite the rel a tively small
size of the com plete R2M2S com plex (~450 kDa). Fur ther,
meth ods of sin gle par ti cle anal y sis [5] will be used to re -
con struct the EcoR124I com plex to high res o lu tion that
would then al low re li able fit ting of the atomic mod els of
the in di vid ual sub units.

[1] Youell, J. and Firman, K. (2008) Microbiol Mol Biol Rev.,
72, 365.

[2] Janscak, P., Dryden, D.T.F., Firman, K. (1998) Nu cleic Ac -
ids Res., 26, 4439.

[3] Kennaway,C.K., et al. (2012) Genes Dev., 26, 92.

[4] Mernagh DR, Janscak P, Firman K, Kneale GG. , Biol
Chem. 1998 379, 497-503.

[5] Frank, J. (2006) “Three-Di men sional Elec tron Mi cros copy
of Macromolecular As sem blies”, Edi tion 2, Ox ford Uni ver -
sity Press, Inc., New York.

Fig ure 1: Align ment of the struc tures with re spect to the last GC base pair (col ored by the atom names). Only
at oms of the indole rings and polymethine linker are shown for all the struc tures ex cept A1 for which the side
chains and linker at oms are rep re sented by lines.

A) Ro ta tional- translational mo tion of the Cy3 dye with re spect to the GC base pair in the di rec tion A1 (blue) ›
A2 (red) › A3 (tan) › A4 (green). The change of stack ing in ter ac tions dur ing the mo tion: in A1 the dis tal indole
ring is stacked with G, in A2 the Cy3 dye is al most de-stacked, in A3 and A4 the prox i mal indole ring is stacked
with C and G, re spec tively.  

B) Two translational mo tions of the Cy3 dye with re spect to the GC base pair in the di rec tions: (1) A1 (blue) ›
B1 (pink) › B2 (cyan) with par tial de-stack ing, and (2) A1 (blue) ›  C (vi o let) in which G is re placed by C in the
stack ing in ter ac tions of the dis tal indole ring of Cy3. 



Ó Krystalografická spoleènost

30 Dis cus sions XII  -  Post ers Ma te ri als Struc ture, vol. 21, no. 1 (2014)

P8

CRYSTALLIZATION AND STRUCTURAL CHARACTERIZATION OF LINB86
HALOALKANE DEHALOGENASE MUTANT

O. Degtjarik1,2, I. Iermak1,2, J.  Rezabek3, R. Chaloupkova5, P. Rezacova4, M. Kuty2,3,
J. Damborsky5 and I. Kuta Smatanova1,3

1Uni ver sity of South Bo he mia, Fac ulty of Sci ence, Branišovska 31, CZ-37005 Èeske Budejovice, Czech Rep
2Acad. Sci. of the Czech Rep., Inst. of Nanobiology and Struct. Bi ol ogy GCRC, Zamek 136, Nove Hrady

3Uni ver sity of South Bo he mia, Fac ulty of Fish er ies and Pro tec tion of Wa ters, In sti tute of Com plex Sys tems
and CENAKVA, Zamek 136, CZ-373 33 Nove  Hrady, Czech Re pub lic

4Inst. of Mo lec u lar Ge net ics of the Acad.  Sci. of the Czech Re pub lic, v.v.i., Flemingovo no. 2, 16637 Prague
5Loschmidt Lab o ra to ries, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5, 62500 Brno, Czech Re pub lic

LinB is a mi cro bial en zyme of the haloalkane dehalogenase 
fam ily that cat a lyze the cleav age of the car bon-halo gen
bond in halogenated aliphatic pol lut ants, re sult ing in the
for ma tion of a cor re spond ing al co hol, a ha lide ion and a
pro ton. Haloalkane dehalogenase LinB iso lated from a
bac te rium Sphingobium japonicum UT26 has rel a tively
broad sub strate spec i fic ity and can be po ten tially used for
biosensing and biodegradation of en vi ron men tal pol lut -
ants. Dif fer ent vari ants of haloalkane dehalogenase LinB
were con structed with a goal to study the ef fect of mu ta -
tions on en zyme func tions. In LinB86 (W140A + F143L +
L177W + I211L) vari ant mu ta tions lead to block ing of the
main tun nel and open ing of al ter na tive way for con nec tion
the deeply bur ied ac tive site with the sur round ing sol vent. 

Crys tals of LinB86 were ob tained In dex (Hampton Re -
search, USA) and Morpheus (Mo lec u lar Di men sions Ltd.,

UK) screens. Full data set was col lected on the beamline
ID-29 of ESRF (Grenoble, France) at 2.43 C res o lu tion.
Crys tals be long to H-cen tered trigonal H32 space group.

Matthews co ef fi cient of VM = 2.55 C3 Da-1 sug gests that
the crys tals con tain two mol e cules per asym met ric unit,
which cor re sponds to a sol vent con tent of 51.79%. Crys tal
struc ture of LinB86 was solved by mo lec u lar re place ment
us ing the co or di nates from LinB32 (L177W) haloalkane
dehalogenase mu tant. The struc ture re fine ment is cur rently 
in prog ress.  

This re search was sup ported by the GA CR (P207/12/
0775), GAJU (141/2013/P) and ME CR (CZ.1.05/2.1.00/
01.0024).

P9

CRYSTAL STRUCTURE OF PHOSPHOTRANSMITTER AHP2 AND MODELING OF ITS
INTERACTION WITH SENSOR HISTIDINE KINASE CKI1 - 

TOWARDS ELUCIDATING MOLECULAR RECOGNITION IN THE MULTISTEP
PHOSPHORELAY SIGNALING IN PLANTS

Oksana Degtjarik1,2*, Radka Dopitová1*, David Øeha2, Sandra Puehringer3, Blanka Pekarová1, 
Olga Otrusinová1, Michal Kutý2, Manfred S. Weiss3, Lukáš Žídek1, Ivana Kutá Smatanová2,

Lubomír Janda1  and Jan Hejátko1

1Cen tral Eu ro pean In sti tute of Tech nol ogy (CEITEC), Masaryk Uni ver sity, Brno, Czech Re pub lic
2Acad. Sci. of the Czech Re pub lic, Inst. of Nanobiology and Struc tural Bi ol ogy GCRC, Nové Hrady, Czech R.

3 Helmholtz-Zentrum Berlin for Ma te ri als und En ergy BESSY-II, Berlin, Ger many
In multistep phosphorelay (MSP) path way, the His-con -
tain ing phosphotransmitters (HPt) en coded by AHP genes
in Arabidopsis act as sig nal ing in ter me di ates in te grat ing
sig nal ing in puts from di verse sen sor histidine kin ases. In
or der to iden tify the mo lec u lar de ter mi nants of the pre vi -
ously re ported spec i fic ity of the in ter ac tion be tween re -
ceiver do main of sen sor histidine kinase CKI1 (CKI1RD)
and AHPs at the atomic res o lu tion, we de ter mined the
struc ture of AHP2 via ex per i men tal phas ing af ter lutetium
soak ing of AHP2 crys tals at 2.53 C res o lu tion. The key res -
i dues re spon si ble for the AHP2-CKI1RD in ter ac tion re veal -
ing strong pro tein-pro tein bind ing were iden ti fied via
mo lec u lar dy namic sim u la tions for 100 ns. The
AHP2-CKI1RD in ter ac tion was con firmed via NMR mea -

sure ments and re sult ing chem i cal shifts par tially over lap
with the model. Com par i son of the AHP2-CKI1RD model
with re cently pub lished struc ture of AHP1-AHK5RD sug -
gests that the in ter act ing sur faces dif fer sig nif i cantly be -
tween both com plexes, par tic u larly in the amino acid
res i dues me di at ing hy dro philic in ter ac tions. Thus, in spite
the vast ma jor ity of in ter act ing res i dues in the AHP pro -
teins is re cruited from highly con served res i dues, small
struc tural dif fer ences of both AHPs and AHKRDs seem to
be suf fi cient for de ter mi na tion of spe cific mo lec u lar rec og -
ni tion as could be seen by our bioinformatical and struc -
tural com par i sons.  
Sup ported by CZ.1.05/1.1.00/02.0068 and P305/11/0756.
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RNA STRUCTURE PREDICTION BY KNOWLEDGE-BASED STATISTICAL

POTENTIALS AND FRAGMENT ASSEMBLY

David Dufour and Marc A. Marti-Renom

Na tional Cen ter for Genomic Anal y sis (CNAG) and Cen ter for Genomic Reg u la tion (CRG), Bar ce lona, Spain

New RNA struc ture pre dic tion tools are needed to fast ob -
tain ing de tailed struc tural in for ma tion of new non-cod ing
RNA se quences. Here we pro pose to use knowl edge-based
sta tis ti cal po ten tials and a frag ment-based mod el ing ap -
proach as in put to pre dict RNA struc ture from se quence.
We have down loaded a dataset com posed of all x-ray de -
ter mined RNA 3D struc tures from the Pro tein Data Bank
(PDB). From the ini tial 1940 files, 3082 dif fer ent RNA
struc tures were se lected af ter fil ter ing small se quences
(<20 nu cleo tides) and struc tures with out base-pair ing. The
CD-HIT pro gram was used on those se quences in or der to
de rive the se quence fam i lies, which were 304 af ter fil ter -
ing. With this dataset we have cal cu lated sev eral gen eral

sta tis tics as per cent age of ca non i cal and non-ca non i cal
base pairs, stack ing, se quence length and RMSD res o lu -
tion. The SARA method as was used for gen er at ing an
all-against-all align ment of the best rep re sen ta tive of each
RNA fam ily from our dataset. Those align ments are be ing
used as an in put into the RNADOM pro gram in or der to de -
rive a set of con served RNA frag ments. At the same time a
set of struc tural prop er ties was de ter mined in or der to de -
scribe the RNA struc ture, so the most in for ma tive ones will 
be checked for con ser va tion against the frag ment dataset,
ob tain ing a se ries of knowl edge-based sta tis ti cal po ten tials
from this dataset.

P11

INFLUENCE OF THE SUBSTITUTION EFFECTS IN THE PYRIDINE RING ON THE

REACTIVITY OF THE TRANS-[Pt(NH3)2(PYR)CL]+ COMPLEX

Olga Dvoøáèková,1,2 and Zdenìk Chval1

1Fac ulty of Health and So cial Stud ies, Uni ver sity of South Bo he mia, J. Boreckého 27, 
370 11 Èeské Budìjovice, Czech Re pub lic,

 2In sti tute of Phys ics and Bio phys ics, Fac ulty of Sci ence, Uni ver sity of South Bo he mia, Branišovská 31, 
370 05 Èeské Budìjovice, Czech Re pub lic

Plat i num anticancer com plexes are ad min is tered in its in -
ac tive form and the hy dro ly sis step is needed for their ac ti -
va tion. The ac ti vated drug re acts rap idly with DNA or
pro teins and the hy dro ly sis step is the rate de ter min ing step
of the whole pro cess. Thus, the mod i fi ca tion of the speed of 
hy dro ly sis is one of the ways of a new drug de vel op ment.
In the pres ent work we have stud ied the ki net ics of the
aquation re ac tion on the trans-[Pt(NH3)2(pyr-X)Cl]+ com -
plex (X = OH-, Cl-, NO2

-, NH2, SH, CH3).  All pos si ble po -
si tions ortho-, meta- and para- of the substituent X in the
pyridine ring were con sid ered and re ac tion en ergy pro files, 
atomic charges, elec tron den si ties at bond crit i cal points,
ligand bind ing en er gies were cal cu lated. All the struc tures
along the re ac tion path ways were fully op ti mized us ing
B3LYP/MWB-60(f)/6-31+G* method. Sin gle point en er -

gies and mo lec u lar prop er ties were eval u ated by
B3LYP/MWB-60(2fg)/6-311++G(2df,2pd) method. 

The substituent ligand in flu ences elec tron den sity on
the pyridine ring and thus the elec tron do nat ing abil ity of
the heterocyclic ni tro gen. The substituent ligand on the
pyridine ring can be or dered ac cord ing to their abil ity to
pro mote the aquation re ac tion. The larg est se lec tiv ity of -
fers the ortho- po si tion which of fers al most 400 times dif -
fer ence in the rate of the re ac tion be tween the fast est o-NH2

and the slow est o-Cl- ligand: NH2 > OH- > SH- > CH3 >
NO2

- > H > NO2
-~ Cl.

This work is sup ported by the Czech Sci ence Foun da tion
(grant No. 208/12/0622).

Fig ure 1. Re ac tion mech a nism of the aquation re ac tions.
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CRYSTALLIZATION AND PRELIMINARY X-RAY DIFFRACTION ANALYSIS OF
NEPENTHESIN-1

Karla Fejfarová1*, Petr Man2, Hynek Mrázek2, Alan Kádek2,3, Jarmila Dušková4, Tereza
Skálová4,  Petr Kolenko1, Tomáš Kova¾1, Jan Stránský4,5, Jindøich Hašek4, Jan Dohnálek1,4

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

2In sti tute of Mi cro bi ol ogy AS CR, v.v.i., Vídeòská 1083, 142 20 Prague 4, Czech Re pub lic
3Fac ulty of Sci ence, Charles Uni ver sity in Prague, Albertov 6, 128 43 Prague 2, Czech Re pub lic

4In sti tute of Bio tech nol ogy AS CR, v.v.i., Vídeòská 1083, 142 20 Prague 4, Czech Re pub lic
5Fac ulty of Nu clear Sci ences and Phys i cal En gi neer ing, Czech Tech ni cal Uni ver sity in Prague, Bøehová 7,

115 19 Prague 1, the Czech Re pub lic
* fejfarova@imc.cas.cz

Car niv o rous pitcher plants of the ge nus Nepenthes se crete
their own as par tic pro teas es, nepenthesins, to di gest prey.
Nepenthesins dif fer sig nif i cantly in se quence from other
plant as par tic pro teas es. This dif fer ence, which brings
more cysteine res i dues into the struc ture of nepenthesins,
in con junc tion with pu ta tive N-glycosylation, can con trib -
ute to uniquely high tem per a ture and pH sta bil i ties of these
pro teas es [1, 2].

In con tin u a tion of our pre vi ous study of the ex pres sion
and bio chem i cal and en zy matic char ac ter iza tion of a re -
com bi nant form of nepenthesin-1 (rNep-1) from
Nepenthes gracilis [3], we re port its crys tal li za tion and pre -
lim i nary X-ray anal y sis. Crys tals of rNep-1 in com plex
with the pepstatin A in hib i tor have been grown us ing the
hang ing-drop vapour-dif fu sion tech nique. Dif frac tion data 
were col lected to 2.9 C res o lu tion us ing syn chro tron
radiation at Bessy II of HZB, Berlin. The crys tals be long to
space group P21, with unit-cell pa ram e ters a = 54.4 C, b =

86.6 C, c = 95.8 C, b = 106°. The self-ro ta tion func tion
com bined with sol vent-con tent cal cu la tions and Matthews
co ef fi cient sug gest pres ence of two mol e cules of rNep-1 in
the asym met ric unit.

This work was sup ported by the Min is try of Ed u ca tion,
Youth and Sports of the Czech Re pub lic (grants No.
EE2.3.30.0029 and No. LG14009), by BIOCEV CZ.1.05/
1.1.00/02.0109 from the Eu ro pean Re gional De vel op ment
Fund, and by the Grant Agency of the Czech Tech ni cal
Uni ver sity in Prague, grant No. SGS13/219/OHK4/3T/14.

[1] K. Takahashi, S. B. P. Athauda, K. Matsumoto et al., Curr.
Pro tein Pept. Sci., 2005, 6, 513–525.

[2] S. B. P. Athauda, K. Matsumoto, S. Rajapakshe et al.,
Biochem. J., 2004, 381, 295–306.

[3] A. Kadek, V. Tretyachenko, H. Mrazek et al., Protein Expr. 
Purif., 2014, 95, 121–128.
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AMINOALDEHYDE DEHYDROGENASE ISOENZYMES FROM PISUM SATIVUM
OXIDIZE N-ACYLATED AMINOALDEHYDES

Jan Frömmel1, David Kopeèný1, René Lenobel1, Miroslav Soural2, Gabriel Demo3, 
Marek Šebela1

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

2De part ment of Or ganic Chem is try, Fac ulty of Sci ence, Palacký Uni ver sity in Olomouc, Czech Re pub lic
3Cen tral Eu ro pean In sti tute of Tech nol ogy and De part ment of Bio chem is try, Fac ulty of Sci ence, Masaryk

Uni ver sity in Brno, Czech Re pub lic

Plant aminoaldehyde dehydrogenases (AMADHs, EC

1.2.1.19) con vert w-aminoaldehydes to w-amino ac ids.
They play an im por tant role in the ca tab o lism of
polyamines and pro duc tion of var i ous osmoprotectants.
Plant AMADHs are usu ally homodimers with a sub unit
mo lec u lar mass of 50-70 kDa and show a typ i cal struc tural
fold of al de hyde dehydrogenases. Their sub strate spec i fic -

ity is broad as they ox i dize nat u ral w-aminoaldehydes orig -

i nat ing from polyamines, w-trimethylaminoaldehydes,
aliphatic al de hydes as well as benzaldehyde or syn thetic ni -
tro gen-con tain ing heterocyclic al de hydes. In this work, we

tested N-acylated deri vates of 3-aminopropionaldehyde
(APAL) and 4-aminobutyraldehyde (ABAL) as sub strates
of two AMADH isozymes 1 and 2 from pea (Pisum

sativum). All N-acyl-w-aminoaldehydes were pre pared by
N-acylation of APAL or ABAL us ing chlo rides of carbo -
xylic ac ids and a het er o ge neous ca tal y sis with KF-Celite. 
We mea sured cat a lytic ac tiv ity of both isozymes in the ox i -
da tion of six teen dif fer ent acylated aminoaldehydes com -
pris ing ei ther a lin ear or branched acyl chain. All tested
com pounds were sub strates of the two AMADHs.  APAL
de riv a tives were found better sub strates than the cor re -
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spond ing ABAL de riv a tives be cause of the higher rel a tive
re ac tion rate, lower Km value and higher V/Km ra tio. Dif fer -
ences be tween sub strates with a dif fer ent length or branch -
ing of the acyl chain were not as sig nif i cant as those
be tween APAL and ABAL de riv a tives con tain ing the same 
acyl chain. The con ver sion of the sub strates was ver i fied
by LC-MS anal y sis of re ac tion mix tures. Sub strate bind ing
was eval u ated also by mo lec u lar dock ing. In con clu sion,

the pres ence of a C2-C5 acyl chain bound to the amino

group of the w-aminoaldehydes APAL and ABAL does not 
pre vent from the en zy matic con ver sion by plant
AMADHs.

This work was sup ported by pro ject no. LO1204 from the
Min is try of Ed u ca tion, Youth and Sports of the Czech Re -
pub lic.
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STRUCTURE AND FUNCTION OF THE C-TERMINAL HELICAL DOMAIN OF THE
MOTOR SUBUNIT HSDR FROM THE TYPE I RESTRICTION-MODIFICATION SYSTEM

ECOR124I

Pavel Grinkevich1,2, Amanda Li3, Tatsiana Baikova1,2, Mikalai Lapkouski1, Alena Guzanova4,
Eva Csefalvay1,2, Marie Weiserova4, Rudiger 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

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

The pub lished struc ture of the HsdR sub unit of EcoR124I
[1] sug gested the mo tor sub unit to be a pla nar ar ray of four
func tion ally in te grated do mains, with the fourth, C-ter mi -
nal do main be ing all he li cal and im plied to play a role in
com plex as sem bly and/or DNA bind ing. How ever, the last
150 amino ac ids if this do main are un re solved in the crys tal 
struc ture. A sin gle point mu ta tion lead to a new crys tal
struc ture that al lowed to trace the back bone of the un re -
solved C-ter mi nal res i dues, and homology and en er getic
mod el ing was ap plied to gen er ate an all-atom 3-D model of 
wild-type HsdR and com ple mented by in vivo and in vi tro
stud ies to es tab lish the func tion of the he li cal do main. In vi -
tro DNA cleav age as says, gel mo bil ity shift as says and in

vivo re stric tion tests were per formed on WT and mu tant
HsdR with se lec tively de leted parts of the he li cal do main.
Our re sults strongly sup port the sug gested role in sub unit
in ter ac tion and dem on strate the im por tance of the C-ter mi -
nus in com plex as sem bly.

1. Lapkouski M., Panjikar S., Janscak P., Kuta Smatanova I.,
Carey J., Ettrich R., Csefalvay E. (2009) Struc ture of the
mo tor sub unit of type I re stric tion-mod i fi ca tion com plex
EcoR124I. Nat Struct Mol Biol. Vol 16, pp. 94-95.

We grate fully ac knowl edge sup port from the Czech Sci -
ence Foun da tion (P207/12/2323). Ad di tion ally, Pavel
Grinkevich was sup ported by the Uni ver sity of South Bo he -
mia, GAJU 141/2013/P.
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ASSEMBLY AND MOLECULAR ARCHITECTURE OF THE TSC1-TSC2 COMPLEX

Dipanjan Guha1, Jurgen Plitzko2, Mark Nellist3, Daniel Nemecek1,2

1Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Brno, CZ
2De part ment of Bio chem is try, Max Planck In sti tute, Martinsried, DE

3De part ment of Clin i cal Ge net ics, Eras mus Med i cal Cen ter, Rot ter dam, NL

The TSC1-TSC2 com plex plays an im por tant role in the
mech a nis tic tar get of rapamycin (mTOR) sig nal ling path -
way that in te grates sig nals from extracellular growth fac -
tors, nu tri ents, en ergy def i cit or in flam ma tion and
down stream con trols cell me tab o lism and growth [1].
TSC1 is a ~130 kDa hy dro philic pro tein that shows no se -
quence homology to other known ver te brate pro teins and
likely guides and sta bi lizes the proper as sem bly of the
TSC1-TSC2 com plex [3]. TSC2 is a ~200 kDa pro tein that
con tains a con served 163 amino acid re gion close to the
C-ter mi nus that is ho mol o gous to GTPase ac ti vat ing pro -
teins (GAPs). The TSC1-TSC2 com plex pos sesses RHEB

GAP ac tiv ity [4], and con ver sion of ac tive GTP-bound
RHEB into the in ac tive GDP-bound form by the com plex
downregulates the ac tiv ity of mTOR com plex 1 (TORC1)
[1]. Patho genic mu ta tions in ei ther TSC1) or TSC2 lead to
tu ber ous scle ro sis com plex (TSC), an autosomal dom i nant
dis or der char ac ter ized by neu ro log i cal symp toms, skin and 
re nal ab nor mal i ties [2].  Re cently, it has been shown that
TSC1 and TSC2 as sem ble into high mo lec u lar weight com -
plexes (>1 MDa) [5,6]. How ever, the mo lec u lar ar chi tec -
ture of this com plex is un known. We co-ex pressed
epitope-tagged TSC1 and TSC2 in HEK 293T cells and im -
aged the af fin ity pu ri fied TSC1-TSC2 com plexes by neg a -
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tive stain elec tron mi cros copy. Mi cro graphs showed small
rings of the com plex that had a disk-like ap pear ance. Ini tial
align ments and clas si fi ca tion of ~1000 par ti cles re vealed
two kinds of rings: a smaller ring with ~70-C di am e ter that
seems to be com posed of 5 sub units and a larger ~90-C ring 
struc ture that may correspond to a heteroctamer of four
TSC1 and four TSC2 sub units, ac cord ing to the es ti mated
av er age mo lec u lar mass of the com plex. On go ing im age
anal y sis aims to iden tify the dif fer ent sub units in the two
re spec tive com plexes and pro vide the struc tural ba sis for
their func tion.

[1] Laplante M, Sabatini DM (2012) Cell, 149, 274.

[2] Gomez, M., et al. (2013) The tu ber ous scle ro sis com plex,
Ox ford Uni ver sity Press.

[3] Sun, W., et al. (2013) Nat.Commun., 4, 2135.

[4] Maheshwar, M. M., et al. (1997) Hum.Mol.Genet., 6, 1991.

[5] Hoogeveen-Westerveld, M., et al. (2012) BMC Biochem.,
13, 18.

[6] Menon S., et al. (2014) Cell 156, 771.
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PHOTOSYSTEM II PSBO PROTEIN FROM HIGHER PLANTS

Jiøí Heller1, Daryna Kulik1, Ondøej Šedo2, Zbynìk Zdráhal2, Ivana Kutá Smatanová1,3 and
Jaroslava Kohoutová1
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 2Core Fa cil ity – Proteomics, CEITEC, Masaryk Uni ver sity, Kamenice 5,625 00 Brno
3Acad emy of Sci ences of the Czech Re pub lic, Inst. of Nanobiology and Struc tural Bi ol ogy GCRC, Zámek
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Photosystem II (PSII) is a huge com plex of pro teins in
thylakoid mem branes of al gae, higher plants, and
cyanobacteria that con ducts light-driven wa ter ox i da tion
and pro duces mo lec u lar ox y gen, elec trons and pro tons.
The split ting of wa ter and re lease of ox y gen ap pear in the
cat a lytic cen tre of PSII – the ox y gen-evolv ing cen tre
(OEC) that con tains man ga nese-cal cium clus ter (4:1
Mn:Ca) sit u ated near to the luminal sur face of the
transmembrane do main and hemmed by in trin sic and ex -
trin sic com po nents in thylakoid mem branes. PsbO
(33kDa), PsbP (23kDa), PsbQ (17 kDa), PsbR (10 kDa) are 
ex trin sic pro teins at tached to the luminal side of PSII in
higher plants, which keep sta bil ity of wa ter ox i da tion site
and right ionic en vi ron ment dur ing ox i da tion of wa ter. The

aim of our pro ject is to re ceive re com bi nant PsbO pro teins
from Spinacia oleracea and Pisum sativum. The iso la tion
of mRNA from leaves and convertion to cDNA were our
first at tempts to ob tain the psbO gene. The con di tions of
poly mer ase chain re ac tion (PCR) were ad justed and DNA
frag ments en cod ing the psbO gene were ac quired. Vec tor
pBluescript II SK(+) was uti lized as a clon ing vec tor and
pET-28b(+) vec tor was em ployed for overexpression of re -
com bi nant PsbO/HisPsbO pro teins. Pu ri fi ca tion, crys tal li -
za tion and struc ture des ig na tion of the re com bi nant
pro teins PsbO/HisPsbO of the ox y gen-evolv ing com plex
from Pisum sativum and Spinacia oleracea are un der con -
struc tion.

Sup ported by GAJU 141/2013/P.
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MOVING HILLS - NEW PARALLELIZABLE METADYNAMIC METHOD WITH FIXED
AMOUNT OF BIAS POTENTIAL

Petr Hošek, Vojtìch Spiwok

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

hosekp@vscht.cz

In the last seven years, there has been sig nif i cant slow-
 down in the in crease of com pu ta tional power of sin gle pro -
ces sor core. This lim i ta tion in mo lec u lar sim u la tions was
over come by parallelization. But parallelization of the mo -
lec u lar dy nam ics and so the metadynamics, which we are
fo cus on, is also lim ited, be cause of an in creased time spent 
for interprocess com mu ni ca tion. One way to over come the
prob lem is to re duce amount of data, which need to be
trans ferred be tween pro cesses. Our con tri bu tion to this
problematics is Mov ing hills method. This method use

mul ti ple par al lel sim u la tion, same as Mul ti ple walk ers, but
only one bias po ten tial is as sign to each par al lel and po si -
tion of the po ten tial is up dated ac cord ing im me di ate state
of the par al lel. So the bias hill trav els on the en ergy land -
scape as the cur rent con for ma tion is evolv ing. Shape of
bias po ten tial summed from all par al lels con verges as the
sys tem reach ing an equil i bra tion. The method was tested
on small mol e cule and re sults were com pared with other
metadynamic meth ods. No sig nif i cant dif fer ences in ob -
tained free en ergy land scape were found.



This pro ject was sup ported by COST ac tions Multi Glyco -
Nano (CM1102, LD13024) and GLISTEN (CM1207,
LD14133). Ac cess to com put ing and stor age fa cil i ties
MetaCentrum (LM2010005) and CERIT-SC (CZ. 1.05/
3.2.00/08.0144) is greatly ap pre ci ated. Par tic i pa tion at

the con fer ence is sup ported by spe cific uni ver sity re search
(MSMT No 21/2014).
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INTERACTIONS BETWEEN RECEIVER DOMAIN OF CYTOKININ RECEPTOR CKI1RD

AND AHP PROTEIN FROM ARABIDOPSIS THALIANA

Dominik Hrebík, Olga Otrusinová, Blanka Pekárová, Lubomír Janda, Jan Hejátko, 
and Lukáš Žídek

Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence and Cen tral Eu ro pean In sti tute of Tech nol -
ogy, Masaryk Uni ver sity, Kamenice 5 , CZ-62500 Brno, Czech Re pub lic

In our pro ject, we stud ied the sig nal ing path way, called
multistep phosphorelay sig nal ing sys tem in the plant
Arabi dopsis thaliana. The multistep phosphorelay sig nal -
ing sys tem has a great in flu ence on many as pects of growth
and de vel op ment of plants. This sig nal ing sys tem is based
on phos phate trans fer be tween the cytoplasmatic mem -
brane and nu cleus. In the plant Arabidopsis thaliana,
histidine 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 lo -
cated in nu cleus, where the re sponse take place. The in put

sig nal can be light, os motic changes or hor mones. The in -
ter ac tions be tween the two pro teins were stud ied. The first
pro tein was CKI1RD (Cytokinin in de pend ent 1 - re ceiver
do main) and the sec ond was pro tein from the AHP
(Arabidopsis histidine phosphotransfer pro tein) fam ily,
both in volved in the multistep phosphorelay. The in ter ac -
tions be tween these two pro teins were stud ied by nu clear
mag netic res o nance. The pro teins were ex pressed in E.coli
and the pro tein CKI1RD was la beled by sta ble iso tope 15N.

This work was sup ported by grant from the Czech Sci ence
Foun da tion (grant No. P305/11/0756).
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CRYSTALLIZATION OF GLYCERALDEHYDE DEHYDROGENASE FROM
THERMOPLASMA ACIDOPHILUM

I. Iermak1, O. Degtjarik1,2, F. Steffler3, V. Sieber3, I. Kuta Smatanova1,2

1Uni ver sity of South Bo he mia, Fac ulty of Sci ence, Branišovska 31, CZ-37005 Èeske Budejovice, Czech Rep.
2Acad emy of Sci ences of the Czech Re pub lic, In sti tute of Nanobiology and Struc tural Bi ol ogy GCRC, Zamek 

136, 373 33 Nove Hrady, Czech Re pub lic
3Chem is try of Biogenic Re sources, Straubing Cen tre of Sci ence, Technische Universität München,

Schulgasse 16, 94315 Straubing, Ger many

Due to the de ple tion of nat u ral fos sil re sources, the de vel -
op ment of en vi ron men tally gen tle fuel and chem i cals pro -
duc tion pro cesses is of key im por tance. One of such
bio tech no log i cal ap proaches is a cell-free pro cess called
Syn thetic Cas cade Biomanufacturing. 

The glyceraldehyde dehydrogenase from Thermo -
plasma acidophilum (TaAlDH) is a part of cell-free sys tem
for pro duc tion of isobutanol and eth a nol from glu cose. It
par tic i pates in ox i da tion of Dglyceraldehyde to
D-glycerate in this syn thetic path way. Wild type of
TaAlDH has high sub strate se lec tiv ity and prod uct tol er -
ance but leaves place for op ti mi za tion. A mu tant of
TaAlDH (F34M+Y399C+S405N), which has a 55.7-fold
in creased ac tiv ity of the wild type en zyme, en hanced
NAD+ ac cep tance and a slight sol vent tol er ance im prove -
ment, was ob tained by a di rected evo lu tion ap proach. 

For fur ther op ti mi za tion of TaAlDH func tion ing within 
the isobutanol and eth a nol syn thetic path way struc tural in -
for ma tion about the en zyme vari ant and its com plex with

the sub strate is re quired. For this pur pose crys tal li za tion of
the en zyme by it self and in com plex with co fac tor or sub -
strate, what will be fol lowed by X-ray dif frac tion anal y sis,
is used. Screen ing of crys tal li za tion con di tions was per -
formed by means of dif fer ent crys tal li za tion screens us ing
Gry phon crys tal li za tion ro bot (Art Rob bins In stru ments,
USA).

Some hits were found in sev eral con di tions of
Morpheus screen (Mo lec u lar Di men sions Ltd., UK). Re -
sults are well re pro duc ible; crys tals grow quite big (0.1 x
0.4 mm) but plane and multilayer. Pre lim i nary dif frac tion
anal y sis re vealed bad qual ity of crys tals, which diffracted
only to 18-20 C, so fur ther op ti mi za tion is nec es sary. For
op ti mi za tion di verse tech niques were con se quen tially ap -
plied: vari a tion of pro tein and pre cip i tant con cen tra tions,
dif fer ent pH of buffer, ad di tive screen, ad di tion of NAD+

and glyceraldehyde and microseeding us ing Seed Bead
(Hampton Re search, USA). Cer tain im prove ment of crys -
tals was ob served in microseeding ex per i ments.
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P20

CHARACTERIZATION OF THE CALMODULIN AND S100A1 BINDING DOMAINS ON
THE N-TERMINUS OF TRPM1 RECEPTOR

Michaela Jirku1, Kristyna Bousova1, Ladislav Bumba2, Jiri Vondrasek3, Jan Teisinger1

1In sti tute of Phys i ol ogy, Acad emy of Sci ences of the Czech Re pub lic, v.v.i., Videnska 1083, 
142 20 Prague, Czech Re pub lic

2In sti tute of Mi cro bi ol ogy, Acad emy of Sci ences of the Czech Re pub lic, v.v.i., Videnska 1083, 
142 20 Prague, Czech Re pub lic

3In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, v.v.i.,
Flemingovo nam. 2, 166 37 Prague, Czech Re pub lic

Tran sient re cep tor po ten tial melastatin 1 (TRPM1) be longs 
to the TRP fam ily of non-se lec tive cat ion per me able chan -
nels. TRPM1 is ex pressed in hu man melanocytes and 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. [1, 2] 

It is as sumed that TRPM1 chan nel has six trans -
membrane do mains with a pore do main be tween the fifth
and the sixth seg ments. Intracellularly 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. [3]

In this study two in de pend ent CaM /S100A1 bind ing
sites on the intracellular N-ter mi nus of rat TRPM1 were
char ac ter ized. Us ing bioinformatic ap proach we iden ti fied
Ca2+-de pend ent CaM /S100A1 bind ing sites in re gions
L242-E344 and A451-N566. Sev eral ba sic and hy dro pho -
bic amino acid res i dues re spon si ble for bind ing in these re -
gions of TRPM1 to CaM and S100A1 were de ter mined. 

Fu sion pro teins were ex pressed in E.coli and pu ri fied
ac cord ing to the two-step pu ri fi ca tion pro to col. Amino

acid se quence was checked by mass spec tros copy. Flu o res -
cence ani so tropy, sur face plasmon res o nance and mea sure -
ment of CD spec tra were used to char ac ter ize the
in ter ac tions be tween the bind ing sites of TRPM1 N-ter mi -
nus and CaM /S100A1. In ter ac tions were mod eled us ing
mo lec u lar mo lec u lar mod el ing. Ex per i men tal data also in -
di cate that CaM and S100A1 bind to the same or over lap -
ping bind ing sites.

[1] Zhu M. X., Pflugers Arch 451: 105-15, 2005.

[2] Nakamura M. et al., Mol Vis 16: 425-437, 2010.

[3] Holakovska B. et al., J Biol Chem 287: 16645-16655,
2012.

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.

The au thors thank Dr. L. Bednarova from the In sti tute of
Or ganic Chem is try and Bio chem is try of the Acad emy of
Sci ences of the Czech Re pub lic for her as sis tance with CD
spec tra mea sure ments.
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STRUC TURAL STUD IES ON PDC/14-3-3 PRO TEIN COM PLEX

Miroslava Kacirova1,2, Jiri Novacek3, Lukas Zidek3 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 ences of Czech the Re pub lic, 14220 Prague, Czech Rep.

3Masaryk Uni ver sity, CEITEC – Cen tral Eu ro pean In sti tute of Tech nol ogy, 60177 Brno, Czech Rep.
kacirova@natur.cuni.cz

Phosducin (Pdc), a highly con served 30 kDa phospho -
protein, reg u lates vi sual sig nal transduction by in ter act ing
with the beta and gamma sub units of the ret i nal G-pro tein.
Pdc was also sug gested to be in volved in transcriptional
con trol, the reg u la tion of trans mis sion at the photo -
receptor-to-ON-bi po lar cell syn apse, and the reg u la tion of
the sym pa thetic ac tiv ity and blood pres sure. The func tion
of Pdc is reg u lated by phosphorylation at Ser54 and Ser73
in a pro cess that in volves the bind ing of phosphorylated
Pdc to the reg u la tory 14-3-3 pro tein. The 14-3-3 pro teins
are highly con served dimeric 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 reg u -
lat ing Pdc func tion is still un clear, but it is en tirely pos si ble

that 14-3-3 ei ther sterically oc cludes and/or af fects the
struc ture of Pdc. Both 14-3-3 bind ing mo tifs are lo cated
within the N-ter mi nal do main of Pdc, which par tic i pates in
the bind ing to the beta and gamma sub units of the ret i nal
G-pro tein as well as con tains the SUMOylation site
Lys-33. 

Our pre vi ous study re vealed that phosphorylated Pdc
and the 14-3-3 pro tein form a sta ble com plex with 1:2 mo -
lar stoichiometry. Com plex for ma tion with 14-3-3 af fects
the struc ture and re duces the flex i bil ity of both the N- and
C-ter mi nal do mains of dpPdc, sug gest ing that dpPdc un -
der goes a conformational change when bind ing to 14-3-3.
To fur ther in ves ti gate this in ter ac tion and mainly the
14-3-3 pro tein-me di ated conformational changes of Pdc,



we per formed struc tural stud ies us ing Bio-NMR, SAXS
and tryptophan flu o res cence whose re sults are pre sented
here.

[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] Ch. Klenk, J. Humrich, U. Quitterer, M. J. Lohse, 
J. Biol. Chem. 281 (2006), 8357-8364.

[4] N. Beetz et al, J. Clin. In vest. 119 (2009), 3597-3612.

[5] X. Zhu, Ch. M. Craft, Mol. Vi sion 4:13 (1998).

[6] X. Zhu, Ch. M. Craft, Mol. Cell. Biol. 20 (2000),
5216-5226.

[7] L. Rezabkova, M. Kacirova, M. Sulc, P. Herman, J. Vecer,
M. Stepanek, V. Obsilova, T. Obsil, Biophys. J. 103
(2012), 1960-1969.

This work was sup ported by the Czech Sci ence Foun da tion
(Pro ject P305/11/0708), Grant Agency of Charles Uni ver -
sity in Prague (Pro jects 28510 and 793913); and Acad emy
of Sci ences of the Czech Re pub lic (Re search Pro jects
RVO: 67985823 of the In sti tute of Phys i ol ogy).
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STRUCTURE-FUNCTION STUDY ON ENZYMES LINKED TO CYTOKININ
METABOLISM - ALDEHYDE DEHYDROGENASES AND NUCLEOSIDE

N-RIBOHYDROLASES

Radka Konèitíková1,2, Martina Kopeèná1, Armelle Vigouroux3, Solange Moréra3, 
Marek Šebela1, David Kopeèný1,*

1De part ment of Pro tein Bio chem is try and Proteomics, Cen tre of the Re gion Hana, Fac ulty of Sci ence,
Palacký Uni ver sity, Olomouc, Czech Re pub lic 

2De part ment of Bio chem is try, Fac ulty of Sci ence, Palacký Uni ver sity, Olomouc, Czech Re pub lic
3Laboratoire d’Enzymologie et Biochimie Structurales, CNRS, Gif-sur-Yvette, France

Plant hor mones cytokinins are ir re vers ibly in ac ti vated by
cytokinin oxidase/dehydrogenase (CKO). Adenosine/ad e -
nine moi ety and cor re spond ing al de hyde are pro duced in
this met a bolic path way. We fo cused on two en zyme groups 
pos si bly in volved in me tab o lism of these prod ucts. They
in clude al de hyde dehydrogenases (ALDHs) ox i diz ing al -
de hydes to cor re spond ing ac ids and nucleoside N-ribo -
hydrolases (NRHs) cat a lyz ing con ver sion of adenosine to
ad e nine. While nucleoside N-ribohydrolases (E.C. 3.2.2.-)
be long to the fam ily of hy dro las es cat a lyz ing the cleav age
of the N-glycosidic bond in pu rine and py rim i dine nu cleo -
sides, al de hyde dehydrogenases (ALDHs) are NAD(P)+

 -de pend ent oxidoreductases (EC 1.2.1.-). ALDHs are 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. 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. We an a lyzed ALDH2
and ALDH7 fam i lies from 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. Maize ALDH2 (ZmALDH2)
in cludes six genes cod ing for mi to chon drial and cytosolic

en zymes while ALDH7 fam ily in cludes only one gene.
Some ALDH2 fam ily mem bers were orig i nally iden ti fied
as genes re stor ing fer til ity in plants (called RF2), which
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 two ZmALDH2 en zymes and the gene cod ing
for ZmALDH7 were cloned and ex pressed in E. coli. The
ob tained re com bi nant pro teins 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. All stud ied ALDHs uti lized
NAD+ but not NADP+ as a coenzyme. They were crys tal -
lized and their crys tal struc tures were solved. They rep re -
sent the first struc tures of plant ALDH2 and ALDH7
fam ily mem bers. Gene ex pres sion anal y sis us ing TaqMan
probes re vealed RF2C as a pre dom i nant ALDH2 gene ex -
pressed in all plant tis sues while other ALDH2 genes are
less abun dant and spe cific to some de vel op men tal stages.

This work was sup ported by grant P501/11/1591 from the
Czech Sci ence Foun da tion, LO1204 from the Min is try of
Ed u ca tion, Youth and Sports of the Czech Re pub lic and
IGA grant from Fac ulty of Sci ences, Palacký University.
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STRUCTURAL AND CATALYTIC PROPERTIES OF a-L-FUCOSIDASE FROM
PAENIBACILLUS THIAMINOLYTICUS

Terézia Kova¾ová1, Patricie Buchtová1, Eva Benešová1, Tomáš Kova¾2, Petra Lipovová1

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

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

a-L-Fucosidase is a glycosidase with abil ity to cat a lyze re -

moval of a-L-fucose res i dues from the non-re duc ing ter mi -
nus of glycoconjugates. This en zyme is also able to
cat a lyze transglycosylation re ac tions. Fucosylated oli go -
sac cha rides have an im por tant role in many bi o log i cal pro -
cesses, they can also be used in phar ma ceu ti cal and food
in dus try. An ap pli ca tion of en zymes could fa cil i tate the
pro cess of syn the sis of these com pounds. Pre vi ous stud ies

have shown that a-L-fucosidase from Paenibacillus
thiaminolyticus may have great po ten tial for syn the sis of
glycosylated mol e cules. Re com bi nant form of this en zyme

was pre pared. The pro tein was pu ri fied and char ac ter ized.
Sev eral sugar ac cep tors were tested in transglycosylation

re ac tions. 3D-model of a-L-fucosidase will be pre pared.
Crys tal li za tion ex per i ments will be car ried out pro vided
that a suf fi cient quan tity and ap pro pri ate pu rity of this en -
zyme is ob tained.

The pro ject was sup ported by COST ac tion MultiGlyco -
Nano (CM1102, LD13024). Par tic i pa tion at the con fer -
ence is sup ported by spe cific uni ver sity re search (MSMT
No 21/2014).
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STUDIES OF SELF-ASSEMBLY PROPERTIES OF BACILLUS SPORE COAT
PROTEINS

Daniela Krajcikova1, Wan Qiang2, Haiyan Qiao3, Jilin Tang3, Per A. Bullough2 and 
Imrich Barak1
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When chal lenged by star va tion, Ba cil lus subtilis pro duce a
dor mant cell type, called a spore. Spores are dis tinc tive by
a unique ca pa bil ity to with stand ex treme en vi ron men tal
con di tions. Fun da men tal im por tance to spore re sis tance
but also for its ger mi na tion is the coat. The coat is
proteinaceous mul ti lay ered shell that pro vides me chan i cal
in teg rity and ex cludes large toxic mol e cules while al low -
ing small nu tri ent mol e cules to ac cess ger mi na tion re cep -
tors be neath the coat. Spore coat is formed by over 70
pro teins, rang ing in size from about 6 to 70 kDa. The pro -
cess of the coat as sem bly which is rather poorly un der -
stood, rep re sents a cen tral ob jec tive of this re search. We
have fo cused on a small group of pro teins, called morpho -
genetic which act in con trol ling the de po si tion of the var i -
ous coat com po nents around the form ing spore, namely
SpoIVA, SpoVID, SafA and CotE. We are also in ter ested
in pro teins lo cal ized di rectly on the spore sur face - in the
out er most part of the coat called crust CotY, CotZ, CotV
and CotW. In our pre vi ous work we ex am ined the pro -
tein-pro tein in ter ac tions be tween these pro teins us ing ge -
netic, bio chem i cal and bio phys i cal meth ods (Krajcikova et
al., 2009, Mullerova et al. 2009, Qiao et al., 2012, Qiao et

al., 2013). Be sides con firm ing the pre vi ously re vealed in -
ter ac tion be tween SpoVID and SafA (Costa et al. 2006) we
showed that there are also di rect con tacts be tween the other 
key morphogenetic pro teins SpoVID-SpoIVA, SpoVID-
 CotE and SpoVID-SpoIVA. Our data im ply that due to the
phys i cal as so ci a tion the cru cial morphogenetic pro teins
can form a ba sic skel e ton where other coat pro teins would
be at tached. We have also re vealed that the crust pro teins
CotY, CotZ and CotW, CotV form a pro tein com plex and
most of the pro teins have a high ten dency to make the
homo-oli go mers. 

Con se quently we in ves ti gated the self-as sem bly
prop er ties of spore coat pro teins by elec tron mi cros copy.
Cur rently, there are no struc tural in for ma tion about the in -
di vid ual coat com po nents. In or der to gain in sights into the
struc ture of the spore coat of B. subtilis we have pre pared a
set of re com bi nant coat pro teins in clud ing CotY, CotE,
CotZ, CotV, CotW, SafA and SpoVID and an a lyzed these
pro teins both as sin gle spe cies and in com bi na tion. A num -
ber of self-as sem bled struc tures in clud ing two-di men -
sional crys tals and he li cal fi bers were dis cov ered thus
clearly in di cat ing that coat pro teins have an in trin sic ten -
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dency for self-or ga ni za tion into higher or der as sem blies.
We con clude that these as sem blies could play a role in coat
for ma tion. 

Costa, T., Isidro, A.L., Moran, Jr. C.P. Henriques A.O. In ter ac -
tion be tween Coat Morphogenetic Pro teins SafA and
SpoVID. J. Bacteriol. 2006, 188 (22) 7731–7741.

Krajcikova, D., Lukacova, M., Mullerova, D., Cut ting, 
S.M., Barak, I., 2009. Search ing for Pro tein-Pro tein In ter -
ac tions within the Ba cil lus subtilis Spore Coat. J. Bacteriol. 
191, 3212-3219.

Mullerova, D., Krajcikova, D., Barak, I., 2009. In ter ac tions be -
tween Ba cil lus subtilis early spore coat morphogenetic pro -
teins. FEMS Microbiol. Lett. 299, 74-85.

Qiao, H., Krajcikova, D., Liu, C., Li, Y., Wang, H., Barak,
 I., Tang, J., 2012. The in ter ac tions of spore-coat
morphogenetic pro teins stud ied by sin gle-mol e cule rec og -
ni tion force spec tros copy. Chem. Asian J. 7, 725-731.

Qiao H, Krajcikova D, Xing C, Lu B, Hao J, Ke X, Wang H,
Barak I, Tang J.Study of the in ter ac tions be tween the key
spore coat morphogenetic pro teins CotE and SpoVID.J
Struct Biol. 2013;181(2):128-35. 

This work was sup ported by the grant Vega 2/0131/14 from 
the Slo vak Acad emy of Sci ences to DK and by the grant
from the Slo vak Re search and De vel op ment Agency un der
the con tract APVV-00335-10 to IB.
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INTERACTION OF M-PMV MATRIX PROTEIN MUTANTS WITH MEMBRANES

Tomáš Kroupa1,2, Michal Doležal1,2, Jan Prchal2, Richard Hrabal2, Tomáš Ruml1

1De 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, tomas.kroupa@vscht.cz

2Lab o ra tory of NMR Spec tros copy, In sti tute of Chem i cal Tech nol ogy, Technická 5, 
166 28 Prague 6, Czech Re pub lic

Ma son-Pfizer mon key vi rus (M-PMV) is a betaretrovirus
which is used for stud ies of the late phase of the retroviral
life cy cle. Ma trix pro tein is the N-ter mi nal part of the main
struc tural polyprotein Gag of the vi rus, which is im por tant
for the trans port of im ma ture vi ral par ti cles to the plasma
mem brane and in ter ac tion with it. Pre vi ously we de scribed
struc ture de ter mi na tion of two dou ble mu tants of the ma -
trix pro tein, i.e., T41I/T78I and Y28F/Y67F that are de fi -
cient in bud ding. In this work we stud ied the in ter ac tion of
the wild-type ma trix pro tein and the dou ble mu tants with

main cel lu lar phospholipids. For NMR mea sure ments wa -
ter-sol u ble phospholipids with fatty acid res i dues with 8
car bons were used in stead of in sol u ble phospholipids with
nat u ral fatty ac ids. Se ries of NMR ex per i ments were mea -
sured in which we ob served chem i cal shift changes in 2D
1H-15N HSQC spec tra to de fine in ter act ing res i dues of the
pro teins. For the de ter mi na tion of the equi lib rium dis so ci a -
tion con stants KD of in di vid ual in ter act ing pairs we used
chem i cal shift changes of 31P spec tra.

P26

DETECTION OF MOLECULAR CHIRALITY IN LANTHANIDE COMPLEXES BY THE
RAMAN OPTICAL ACTIVITY

Monika Krupová1,2, Valery Andrushchenko1, and Petr Bouø1

1In sti tute of Or ganic Chem is try and Bio chem is try AV CR, Flemingovo nám. 2, Prague, Czech Re pub lic
2Charles Uni ver sity in Prague, Fac ulty of Sci ences, Albertov 6, Prague, Czech Re pub lic

Since con ven tional struc tural anal y sis of fers rather lim ited
means for the chirality de tec tion, a se ries of lanthanide

tris-(b-diketonates) was de vel oped as ef fec tive re cep tors
for a better chirality sens ing in biomolecular sub strates.

These lanthanide com plexes con tain ing b-diketonate lig -
ands are elec tri cally neu tral; they can fur ther co or di nate
with var i ous small or ganic mol e cules such as chiral al co -
hols, amino al co hols or amino ac ids in or ganic sol vents and 
pro duce a strong chiral sig nal. 

In the cur rent study, in ter ac tion of the [Eu(FOD)3]
com plex with (R)- and (S)- en an tio mer of 1-PhenylEthanol
in n-hex ane was stud ied us ing Raman Op ti cal Ac tiv ity
(ROA) and ul tra vi o let cir cu lar dichroism (UVCD)
spectroscopies. Since res o nance phe nom e non in Raman
scat ter ing was ob served in the stud ied sys tems due to the

cor re spon dence of Eu ro pium elec tronic tran si tion en ergy
to the la ser ex ci ta tion wave length, about a 102-fold en -
hance ment if com pared to non-res o nant vi bra tional ROA.
This en abled shorter de tec tion times as well as lower sam -
ple con cen tra tions. 

The UVCD was used to sup port the re sults ob tained by
ROA mea sure ments and de ter mine the metal/ligand ra tio

in the com plexes. Al though lanthanide tris-b(-diketonates)
are si lent in the UVCD spec tra, sym met ric UVCD sig nals
in duced around 300 nm were ob served for [Eu(FOD)3]
upon complexation with (R)- or (S)-1-PhenylEthanol. Fur -
ther ex per i ments with struc tural vari a tions of lanthanide

tris-(b-diketonate) com plexes and the o ret i cal mod el ing
can fur ther re fine the chirality sens ing sys tems for chiral
rec og ni tion in bi o log i cal sub strates.
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PROTEIN CRYSTALLIZATION PROJECTS AT THE FACULTY OF SCIENCE OF THE
USB CB

Ivana Kuta Smatanova

Uni ver sity of South Bo he mia in Ceske Budejovice, Fac ulty of Sci ence, Branisovska 31, 370 05 Ceske
Budejovice, Czech Re pub lic and  Acad emy of Sci ences of the Czech Re pub lic, In sti tute of Nanobiology and

Struc tural Bi ol ogy GCRC, Zamek 136, 373 33 Nove Hrady, Czech Re pub lic

The pro tein crys tal log ra phy is one of the meth ods used to
study the pro tein struc tures and to de scribe their func tion
and mech a nism. The most im por tant and nec es sary con di -
tion to used pro tein crys tal log ra phy is ob tain ing of
well-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 sci en tific
jour nals. 

This re search is sup ported by the GACR (P207/12/0775
and P207/11/0717) and by the AS CR.
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STRUCTURAL CHARACTERIZATION OF THE THIOREDOXIN-BINDING DOMAIN OF
PROTEIN KINASE ASK1 AND ITS INTERACTION WITH THIOREDOXIN

Salome Kylarova1,2, Dalibor Kosek1,2, Katarina Psenakova1, Lenka Rezabkova1,2, 
Petr Herman3, Jaroslav Vecer3, Veronika Obsilova2, 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 ences of Czech Re pub lic, 14220 Prague, Czech Rep.

3Fac ulty of math e mat ics and phys ics, Charles Uni ver sity in Prague, 12116 Prague, Czech Rep.

Apoptosis sig nal-reg u lat ing kinase 1 (ASK1) is a mem ber
of the mitogen-ac ti vated pro tein kinase kinase kinase
(MAP3K) fam ily that ac ti vates c-Jun N-ter mi nal kinase
and p38 MAP kinase path ways in re sponse to var i ous stress 
stim uli, in clud ing ox i da tive stress, endoplasmic re tic u lum
stress, and cal cium ion in flux. The func tion of ASK1 is as -
so ci ated with the ac ti va tion of apoptosis in var i ous cells
and plays a key role in the pathogenesis of mul ti ple dis -
eases in clud ing can cer, neurodegeneration and car dio vas -
cu lar dis eases. The kinase ac tiv ity of ASK1 is reg u lated by
many fac tors, in clud ing bind ing of thioredoxin (Trx) and
the 14-3-3 pro tein that both func tion as in hib i tors of ASK1
[1]. How ever, the mech a nisms by which these bind ing in -
ter ac tions in hibit ASK1 are still un clear. 

To better un der stand the role of Trx bind ing in the in hi -
bi tion of ASK1, we pre pared the iso lated Trx-bind ing re -
gion of ASK1 (ASK1-TBD), per formed its struc tural and
bio phys i cal char ac ter iza tion and stud ied its in ter ac tion
with Trx un der both re duc ing and ox i da tive con di tions.
Data ob tained from an a lyt i cal ul tra cen tri fu ga tion, time-re -
solved flu o res cence ani so tropy mea sure ments, cir cu lar
dichroism and small-an gle X-ray scat ter ing sug gest that:
(1) ASK1-TBD is a com pact monomeric and rigid do main

that un der re duc ing con di tions forms with Trx a sta ble and
well de fined com plex with 1:1 mo lar stoichiometry; (2) the
struc tural in teg rity of the cat a lytic Trp-Cys-Gly-Pro-Cys
mo tif of Trx is es sen tial for its bind ing to ASK1-TBD; (3)
Trx in ter acts with the re gion of ASK1-TBD lo cated in the
vi cin ity of Cys250; and (4) Trx bind ing does not in duce
sig nif i cant struc tural change of ASK1-TBD. In ad di tion, it
seems that the in ter ac tion be tween ASK1-TBD and Trx
does not in volve the disulfide bond for ma tion, as has been
sug gested in the lit er a ture [2,3].

1. Saitoh, M.; Nishitoh, H.; Fujii, M.; Takeda, K.; Tobiume,
K.; Sawada, Y.; Kawabata, M.; Miyazono, K.; Ichijo,

H.: EMBO J. 17, 2596 (1998).

2. Nadeau, P. J.; Charette, S. J.; Toledano, M. B.; Lan dry, J.: 
Mol. Biol. Cell 18, 3903 (2007).

3. Nadeau, P. J.; Charette, S. J.; Lan dry, J.:  Mol. Biol. Cell

20, 3628 (2009).

This work was sup ported by the Czech Sci ence Foun da tion
(Pro ject 14-10061S), Grant Agency of Charles Uni ver sity
(Pro jects 793913 and 568912); and Acad emy of Sci ences
of the Czech Re pub lic (Re search Pro jects RVO: 67985823
of the In sti tute of Physiology).
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KLK2- AND KLK11-BINDING PROTEINS AS NOVEL CLASS OF RECOMBINANT
CAPTURE LIGANDS USEFUL FOR IMPROVED PROSTATE CANCER DIAGNOSTICS

Lucie Mareèková, Hana Petroková and Petr Malý

Lab o ra tory of Ligand En gi neer ing, In sti tute of Bio tech nol ogy AS CR, v. v. i., Vídeòská 1083, 142 20 Prague,
Czech Re pub lic

lucie.mareckova@img.cas.cz, petr.maly@img.cas.cz

Hu man kallikrein 2 (KLK2) and kallikrein 11 (KLK11),
mem bers of the kallikrein gene fam ily of trypsin-like serine 
pro teas es, have re cently been in di cated as novel prom is ing
oncomarkers of the pros tate can cer (PC), the sec ond most
com mon cause of male can cer-re lated deaths in the West -
ern world. Cur rently, the only clin i cally val i dated di ag nos -
tic ap proach for the PC di ag no sis re lies on se rum level
de tec tion of Pros tate Spe cific An ti gen (PSA), known also
as KLK3, and the as sess ment of the ra tio be tween to tal and
free PSA. Yet clin i cally largely used, the an ti body-based
PSA as say fails in pre dic tion of early stages of PC and does
not pre cisely dis tin guish be tween ma lign form of the PC
and be nign pros tate hy per pla sia. This leads to the iden ti fi -
ca tion of group of false in di cated PC pa tients that have to
un dergo cost-ef fec tive and risky pros tate tis sue bi opsy. To
over come this prob lem to gether with lim i ta tions of PSA
de tec tion for the early de tec tion of the PC, there is a need to 
de velop multifactorial ELISA kits or novel biosensors, as

more com plex PC prog nos ti ca tors, for more ac cu rate pre -
dic tion of can cer pres ence, stage and me tas ta sis.

Here we pres ent gen er a tion and char ac ter iza tion of
novel bind ers tar get ing hu man KLK2 (called KLA bind -
ers) and KLK11 (HIP bind ers) that were se lected by ri bo -
some dis play from a high-com plex com bi na torial li brary,
de rived from an al bu min-bind ing do main (ABD) scaf fold.
We dem on strate a pre lim i nary as sess ment of bind ing prop -
er ties of the most prom is ing KLA and HIP vari ants and
their ther mal sta bil ity stud ies per formed by Ther mal shift
as say (TSA).

This work was funded by the grant FR-TI4/667 by Min is try
of In dus try and Trade of the Czech Re pub lic and sup ported 
by grant from BIOCEV – Bio tech nol ogy and Biomedicine
Cen tre of Acad emy of Sci ences and Charles Uni ver sity in
Vestec, pro ject sup ported from Eu ro pean Re gional
Development Fund.
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THE ROLE OF THE NON-PHARMACOPHORE POCKET OF GLUTAMATE
CARBOXYPEPTIDASE II IN THE DESIGN OF SMALL-MOLECULE INHIBITORS

Zora Nováková,1 Clifford E. Berkman,2 and Cyril Baøinka1

1Lab o ra tory of Struc tural Bi ol ogy, In sti tute of Bio tech nol ogy, AS CR, Prague
2De part ment of Chem is try, Wash ing ton State Uni ver sity, USA

In hib i tors tar get ing hu man glu ta mate carboxypeptidase II
(GCPII) are used in var i ous di ag nos tic and ther a peu tic ap -
pli ca tions and typ i cally con sist of a C-ter mi nal dock ing
moi ety and a functionalized dis tal moi ety linked via a
zinc-bind ing group. While de tails of in ter ac tions be tween
GCPII the C-ter mi nal part of an in hib i tor are rea son ably
well es tab lished, there is a lim ited amount of struc tural in -
for ma tion re lated to in ter ac tions be tween GCPII and dis tal
functionalities. Here we pres ent a com pre hen sive struc -
tural study aimed at dis sect ing the im pact of
physicochemical char ac ter is tics of dis tal functionalities on
GCPII bind ing/af fin ity. To this end we de ter mined crys tal

struc tures of eight com plexes be tween GCPII and
phosphoramidate-based in hib i tors fea tur ing an in vari ant
P1’ glu ta mate and a vari able P1 dis tal func tion al ity. While
the po si tion ing of the phosphoramidate-glu ta mate func -
tion al ity in the GCPII bind ing site is iden ti cal for all com -
pounds tested, there are pro found dif fer ences in GCPII
in ter ac tions with dis tal groups and those are re flected in
var ied af fin i ties and in hi bi tion modes. Our data un ravel a
com plex ity of dif fer ent bind ing modes of in hib i tors within
the S1 site of GCPII and can be ex ploited for the de sign of
novel GCPII-spe cific com pounds.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 21,  no. 1 (2014)       41



P31

CRYSTAL STRUCTURES OF COMPLEXES OF GCPII WITH P1’-DIVERSIFIED
UREA-BASED INHIBITORS
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Urea-based in hib i tors of hu man glu ta mate carboxy -
peptidase II (GCPII) have ad vanced into clin i cal tri als for
im ag ing pros tate can cer and its metastases. In par al lel ef -
forts, agents with in creased lipophilicity are de signed and
eval u ated for tar get ing GCPII re sid ing in the neuronal
com part ment. Here we re port the struc tural and com pu ta -
tional char ac ter iza tion of six com plexes be tween GCPII
and P1’-di ver si fied urea-based in hib i tors that have the
C-ter mi nal glu ta mate re placed by a more hy dro pho bic
moi ety. Our re sults pro vide a de tailed de scrip tion of in ter -
ac tions gov ern ing the rec og ni tion of non-glu ta mate res i -

dues in the S1’ pocket of the en zyme. We ob served the
flex i bil ity of the S1’ pocket, most no ta bly that of Phe209,
Leu428, and Lys699 side chains, as well as the struc tural
re ar range ment of the amino acid seg ment Leu259 –
Gly263, that al lows GCPII to ac com mo date non-glu ta mate 
moi eties at the S1’ site. The X-ray struc tures are com ple -
mented by the quan tum me chan ics cal cu la tions that pro -
vide a quan ti ta tive in sight into the GCPII/in hib i tor
in ter ac tions. Pre sented data can be used for the ra tio nal de -
sign of novel glu ta mate-free GCPII in hib i tors with im -
proved physicochemical prop er ties.
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ASSEMBLY AND MOLECULAR ARCHITECTURE OF PI4K IIa COMPLEXES

Miroslav Peterek1,2, Evžen Bouøa3, Daniel Nìmeèek1,2
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The phosphatidylinositol 4-kin ases (PI4K) cat a lyze the
pro duc tion of phos pha tid yl inositol phos phates (PIPs) that
reg u late mem brane as so ci ated sig nal transduction and pro -
tein traf fick ing in eukaryotic cells [1]. The PI4Ks are also
hi jacked by sev eral RNA vi ruses to gen er ate mem branes
en riched in phosphatidylinositide 4-phos phate lipids that
are used as vi ral rep li ca tion plat forms [2]. Two types of
PI4K’s have been iden ti fied in mam ma lian cells: the type II 

kin ases (a and b isoforms) that are stably as so ci ated with

mem branes and the type III kin ases (a and b isoforms) that
are sol u ble and remain in cytosol [3]. While type III kin ases 
share homology to struc tur ally well char ac ter ized PI3 kin -
ases the struc ture of type II kin ases is un known.

We ex pressed and pu ri fied a re com bi nant PI4K IIa
kinase and dis cov ered that it can as sem ble into large multi -
meric com plexes. Here, we pres ent the ini tial struc tural
anal y sis of these com plexes that were im aged by neg a tive
stain and cryo elec tron mi cros copy. Elec tron mi cro graphs
showed het er o ge neous par ti cles of glob u lar shape rang ing
from 110 to 310 C in di am e ter. The par ti cles were sep a -
rated into three groups based on their over all di am e ter,
aligned and clas si fied in 2D us ing EMAN pack age. Most
par ti cles (~70%) ap peared as small com pact spheres of

~110 C di am e ter. About 17% par ti cles had an oval shape
with di men sions ~250 x 200 C. In ter est ingly, about 13% of 
the par ti cles formed large rings with ~310 C outer di am e -
ter, ~140 C thick ness and ~90 C in ner hole. While the
small par ti cles likely rep re sent a tight as sem bly of sev eral

PI4KIIa mol e cules (54 kDa), the two larger par ti cles ex -
hibit sim i lar ar chi tec ture as some other mem brane bind ing
pro teins – re spec tively, the in ter me di ate par ti cles ap pear as 
com pact as sem blies of the hu man caveolin-3 pro tein [4]
and the large rings are not dis sim i lar to as sem bled ESCRT
pro teins at the necks of bud ding vi ruses from the cell mem -
brane [5].   

[1] Greaham, T.R. and Burd, C.G. (2011) Trends Cell Biol.
21:113-121.

[2] Altan-Bon net, N. and Balla, T. (2012) Trends Biochem.
Sci. 37:293-302.

[3] Balla, A. and Ball, T. (2006) Trends Cell Biol. 16:351-361.

[4] Whiteley, G., Col lins, R.F. and Kitmitto, A. (2012) 
J. Biol. Chem. 287:40302-16.

[5] Votteler, J. and Sundquist, W.I. (2013) Cell Host Mi crobe.
14:232-241.
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Haloalkane dehalogenases cat a lyze a re ac tion of great en -
vi ron men tal and bio tech no log i cal sig nif i cance: con ver sion 
of halogenated aliphatic hy dro car bons to their cor re spond -
ing al co hols.  Mu ta gen e sis, fo cused on the en trance of tun -
nels in DhaA struc ture, pro duced pro tein vari ants with
sig nif i cantly im proved ac tiv ity to wards 1,2,3-trichlor -
opropane (TCP). The DhaA57, DhaA80 and DhaA106
pro teins were con structed in or der to de ter mine the 3D
struc ture of the mu tants at atomic res o lu tion to ex plore the
im por tance of tun nel’s mu ta tion to the en zy matic ac tiv ity
to TCP deg ra da tion.

The DhaA mu tant forms were crys tal lized us ing the sit -
ting-drop va por-dif fu sion method. Dif frac tion data for
DhaA57 and DhaA80 pro teins were col lected at the
MX14.2 beamline op er ated by the Helmholtz-Zentrum

Berlin (HZB) at the BESSY II elec tron stor age ring
(Berlin-Adlershof, Ger many), data sets for DhaA106 were
col lected at the X-ray dif frac tion sta tion at the X-ray dif -
frac tion sta tion at the In sti tute of Mo lec u lar Ge net ics AS
CR in Prague. Dif frac tion data sets for DhaA57, DhaA80
and DhaA106 pro teins were gath ered to the 1.20 C, 1.45 C
and 1.69 C res o lu tions, re spec tively. 

The DhaA57 and DhaA80 crys tal struc tures were
solved char ac ter ized and de pos ited in RCSB pro tein data
bank un der 4F5Z pdb code for DhaA57 and 4F60 pdb code
for DhaA80 pro tein. Model build ing and re fine ment of the
DhaA106 pro tein is cur rently in prog ress.

This work was sup ported by the Grant Agency of the Czech
Re pub lic (P207/12/0775) and GAJU 141/2013/P.
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Ralstonia solanacearum is a gram-neg a tive plant patho gen 
with wide ra dius of hosts (po tato, to mato, ba nana, …).
Among other ways it uses car bo hy drate-bind ing pro teins
as a strat egy to in vade a plant. Un der stand ing of this in ter -
ac tion can help in pre ven tion or treat ment of in fec tions
caused by R. solanacearum.

Sugar bind ing pro tein RSL from Ralstonia solana -
cearum was pre vi ously char ac ter ized in our group [1]. In
this pro ject, we ex am ined a two-point mu tant RSL_S15
QH60Q pro duced in the  E.coli host cells. FPLC on the 
mannose-agarose col umn was used to pu rify the pro tein,

which was sub se quently sub jected to in-depth anal y sis.
Iso ther mal ti tra tion cal o rim e try was used to as sess ther mo -
dy namic pa ram e ters  of pro tein bind ing to var i ous lig ands.
Pro tein showed the high est af fin ity to wards fucose-con -
tain ing sac cha rides. Also, near-UV CD spec tros copy re -
vealed changes of tryptophan peaks while be ing ti trated
with L-fucose. The pro tein was crys tal lized by a hang ing
drop technique and crys tals were sub se quently used to de -
ter mine the struc ture us ing X-ray crys tal log ra phy. Dif frac -
tion data were col lected at high res o lu tion of 1.0 C and
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struc ture was solved by mo lec u lar re place ment  us ing the
na tive pro tein struc ture. 

At the same time, other mu tants of the lectin are stud ied
in our group. This com bined ap proach en ables us to deeper
un der stand the re la tion ship be tween lectin se quence-struc -
ture and its bind ing prop er ties in clud ing fine spec i fic ity to -
wards var i ous lig ands.

[1] N. Kostlánová et al.: The Fucose-bind ing Lectin from
Ralstonia solanacearum, 2005, THE JOURNAL OF
BIOLOGICAL CHEMISTRY, 27839–27849.

The re search lead ing to these re sults ob tained fi nan cial
con tri bu tion from the Eu ro pean Un ion un der the Sev enth
Frame work Programme by CEITEC (CZ.1.05/1.1.00/02.
0068) pro ject from Eu ro pean Re gional De vel op ment
Fund, SYLICA (Con tract No. 286154 un der ‘‘Ca pac i ties’’

spe c ific programme), Czech Min is try of Ed u ca tion (LH
13055) and the Czech Sci ence Foun da tion (GA13-
25401S).
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STRUCTURAL ANALYSIS OF A NOVEL HALOALKANE DEHALOGENASE DBEA
FROM BRADYRHIZOBIUM ELKANII USDA94
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A novel en zyme, DbeA, be long ing to the fam ily of
haloalkane dehalogenases (EC 3.8.1.5) was iso lated from
Bradyrhizobium elkanii USDA94. This haloalkane
dehalogenase is closely re lated to DbjA en zyme from
Bradyrhizobium japonicum USDA110 (71% se quence
iden tity), but has dif fer ent bio chem i cal prop er ties. DbeA is 
gen er ally less ac tive and has a higher spec i fic ity to wards
brominated and io din ated com pounds than DbjA. The
DbeA pro tein was crys tal lised us ing the sit ting-drop

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

Sup ported by GACR 207/12/0775.
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MOLECULAR DYNAMICS COMPARISON OF E. COLI WRBA APOPROTEIN AND
HOLOPROTEIN

David Øeha1, Balasubramanian Harish3, Dhiraj Sinha1, Zdenìk Kukaèka2, James McSally3,
Olga Ettrichová1, Petr Novák2, Jannette Carey3, Rüdiger Ettrich1

1In sti tute of Nanobiology and Struc tural Bi ol ogy, Global Change Re search Cen ter, Acad emy of Sci ences of
the Czech Re pub lic, Zamek 136, 373 33 Nove Hrady, Czech Republic 

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

3Prince ton Uni ver sity, Prince ton, New Jer sey 08544-1009, USA 

WrbA is a novel multimeric flavodoxin-like pro tein of un -
known func tion. A re cent high-res o lu tion X-ray crys tal
struc ture of E. coli WrbA holoprotein re vealed a methio -
nine sulfoxide res i due with full oc cu pancy in the
FMN-bind ing site, a find ing that was con firmed by mass
spec trom e try. In an ef fort to eval u ate whether methionine
sulfoxide may have a role in WrbA func tion, the pres ent
anal y ses were un der taken us ing mo lec u lar dy nam ics sim u -
la tions in com bi na tion with fur ther mass spec trom e try of
the pro tein. Methionine sulfoxide for ma tion upon re con sti -
tu tion of pu ri fied apoWrbA with ox i dized FMN is fast as
judged by ki netic mass spec trom e try, be ing com plete in ~5
hours and re sult ing in com plete con ver sion at the ac -
tive-site methionine with par tial con ver sion at sec ond, het -
er o ge neous sites. Anal y sis of methionine ox i da tion states
dur ing pu ri fi ca tion of holoWrbA from bac te rial cells re -
veals that methionine is not ox i dized prior to re con sti tu -
tion, in di cat ing that methionine sulfoxide is un likely to be

rel e vant to the func tion of WrbA in vivo. Al though the sim -
u la tion re sults, the first re ported for WrbA, led to no hy -
poth e ses about the role of methionine sulfoxide that could
be tested ex per i men tally, they elu ci date the or i gins of the
two ma jor dif fer ences be tween apo- and holoWrbA crys tal
struc tures, an al ter ation of inter-sub unit dis tance and a ro ta -
tional shift within the tetrameric as sem bly. Fur ther more the 
MD re sults hint the pos si bil ity of com mu ni ca tion be tween
bind ing sites sug gest ing that FMN bind ing to WrbA might
be co op er a tive. In deed, a ready mech a nism for allosteric
sig nal trans mis sion ex ists in the fact that each FMN bind -
ing site com prises res i dues from three of the four WrbA
sub units. How ever there are no con clu sive experimantal
re sults so far.

We grate fully ac knowl edge sup port from the Czech Sci -
ence Foun da tion (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 (OISE08-53423).

P37

PUMP-PROBE MOLECULAR DYNAMICS (PPMD) SIMULATIONS IN GROMACS AND
ITS TESTING ON THE PDZ DOMAIN

Leona Šerá, Vojtìch Spiwok

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

seral@vscht.cz

De spite the fact that allostery plays a cru cial role in the pro -
tein func tion, this com pli cated phe nom e non is still not
fully un der stood. Allostery in volves grad ual changes in the 
con for ma tion prop a gat ing through out the mol e cule on the
timescales from pi co sec onds to mi cro sec onds. Such ac tion
is be yond the ca pa bil i ties of clas si cal MD.  Pump-probe
MD is based on the idea that ar ti fi cial os cil lat ing forces can
be ap plied on se lected part of the mol e cule (pump) and re -
sul tant sig nal trans mits across the pro tein. The res i dues in -
volved in the dis sem i na tion can be iden ti fied by em ploy ing 
the Fou rier trans form (probe). This method was in cor po -
rated into GROMACS programme pack age and dif fer ent
set tings were tested on the PDZ do main. If the os cil la tion is 
ap plied on each res i due in the sep a rate sim u la tions and all

res i dues in each sim u la tion are probed, it is pos si ble to cre -
ate the map of allostery, where ev ery res i due-res i due in ter -
con nec tion should ap pear. More over these data can be
sta tis ti cally an a lyzed. One PPMD sim u la tion is quite
computationally un de mand ing, since we plan  to es tab lish
the user-friendly sci en tific web-por tal, where all pro grams
and al go rithms would be pro vided.

This pro ject was sup ported by COST ac tions Multi -
GlycoNano (CM1102, LD13024) and GLISTEN (CM1207, 
LD14133). Ac cess to com put ing and stor age fa cil i ties
MetaCentrum (LM2010005) and CERIT-SC (CZ. 1.05/
3.2.00/08.0144) is greatly ap pre ci ated. Par tic i pa tion at
the con fer ence is sup ported by spe cific uni ver sity re search
(MSMT No 21/2014).
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INTERDOMAIN COMMUNICATION IN THE ENDONUCLEASE/MOTOR SUBUNIT OF
TYPE I RESTRICTION-MODIFICATION ENZYME ECOR124I

Katsiatyna Shamayeva1,2, Dhiraj Sinha1,2, Vyas Ramasubramani3, David Reha1,2, 
Vitali Bialevich1,2, Morteza Khabiri1, Alena Guzanova4, Marie Weiserova4, Eva Csevalvay1,

Jannette Carey3, Rudiger Ettrich1,2
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Re stric tion-mod i fi ca tion sys tems pro tect bac te ria from for -
eign DNA. Type I re stric tion-mod i fi ca tion en zymes are
multifunctional heteromeric com plexes with DNA cleav -
age and ATP-de pend ent DNA translocation ac tiv i ties lo -
cated on endonuclease/mo tor sub unit HsdR. The re cent
struc ture of the first in tact mo tor sub unit of the Type I re -
stric tion en zyme from plasmid EcoR124I sug gested a
mech a nism by which stalled translocation trig gers DNA
cleav age via a lysine res i due on the endonuclease do main
that con tacts ATP bound be tween the two helicase do -

mains. In the pres ent work mo lec u lar dy nam ics sim u la tions 
are used to ex plore this pro posal as the pro tein sam ples
conformational space. MD sug gests that the Lys-ATP con -
tact al ter nates with a con tact to a nearby loop hous ing the
con served QxxxY mo tif that had been im pli cated in DNA
cleav age. This model is tested here by us ing in vivo and in
vi tro ex per i ments. The re sults in di cate how lo cal in ter ac -
tions are trans duced to do main mo tions within the
endonuclease/mo tor sub unit.

Sup ported by GAJU 141/2013/P.
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STRUCTURES OF RECEPTORS AND LIGANDS OF MAMMALIAN NK CELLS

Tereza Skálová1, Kristýna Kotýnková, 2,3 Petr Kolenko4, Jarmila Dušková1, Tomáš Kova¾4,
Jindøich Hašek1,4, Ondøej Vanìk, 2,3 Jan Stránský1, Karla Fejfarová4, Jan Dohnálek1,4
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52 42 Vestec, Czech Re pub lic, 
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Nat u ral killer cells (NK cells) are large gran u lar lym pho -
cytes, a sort of lym pho cytes dis cov ered in the early 1970s.
They com prise ca. 10 % of lym pho cytes. They are able to
kill virally in fected and tu mor cells. Un like T-cells, the ac -
tiv ity of NK cells is in nate, they do not need to have pre vi -
ous ex pe ri ence with a tu mor – they are nat u ral kill ers.

We solved an X-ray struc ture of an extracellular
part of mouse Clr-g [1], a ligand for NK re cep tor
NKR-P1F. The dif frac tion data of a rod-like crys tal were
mea sured at syn chro tron BessyII of HZB in Berlin and pro -
cessed up to 1.95 C. The pro tein forms dimer sim i lar to that 
of CD69. 

The dimer dif fers slightly from CD69 dimer in mu tual
ori en ta tion of both mono mers. This ef fect was ob served
also for other sim i lar pro tein dimers and seems to be an ef -

fect of flex i bil ity of the dimers and not a char ac ter is tic of
the dimerization mode of the pro tein.

A model of a com plex with its bind ing part ner,
NKR-P1F, was de signed based on elec tro static
complementarity of both mol e cules. In this model, the
com plex is not formed in “face to face” mode, as is usu ally
ex pected; rather the dimer of NKR-P1F em braces one of
the mono mers of Clr-g.

This work was sup ported by the Czech Sci ence Foun da tion
(grant No. P302/11/0855), Min is try of Ed u ca tion, Youth
and Sports of the Czech Re pub lic (grants LG14009 and
EE2.3.30.0029) and by the pro ject BIOCEV CZ.1.05/
1.1.00/02.0109 from the ERDF. 

[1] Skalova et al., J. of Im mu nol ogy, 2012, 189 (10),
4881-4889.

Ó Krystalografická spoleènost

46 Dis cus sions XII  -  Post ers Ma te ri als Struc ture, vol. 21, no. 1 (2014)



P40

ENHANCEMENT OF LINEAR VS. NON-LINEAR MOTIONS IN PROTEIN FOLDING

Vojtìch Spiwok

De part ment of Bio chem is try and Mi cro bi ol ogy, In sti tute of Chem i cal Tech nol ogy, Prague, Technická 3, 166
28 Prague 6, Czech Re pub lic
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Time scales of mo lec u lar sim u la tions are lim ited by avail -
able com pu ta tional re sources. To over come this ob sta cle,
many en hanced sam pling meth ods have been de vel oped.
Metadynamics method disfavors pre vi ously vis ited states
of the stud ied sys tem to im prove sam pling in di rec tions of
se lected de grees of free dom. En hance ment of sam pling of
lin ear col lec tive mo tions of a mol e cule has been tested in
the frame work of metadynamics. How ever, atomic mo -
tions are not lin ear. In this pro ject we test en hance ment of
non-lin ear col lec tive mo tions in the sim u la tion of fold ing

of tryptophan cage mini-pro tein. Sev eral fold ing-un fold ing 
tran si tions were ob served in 200 ns sim u la tions, de spite the 
fact that sig nif i cantly lon ger time scales are nec es sary to
fold this mini-pro tein in con ven tional sim u la tions.

This pro ject was sup ported by COST ac tions MultiGlyco -
Nano (CM1102, LD13024) and GLISTEN (CM1207,
LD14133). Ac cess to com put ing and stor age fa cil i ties
MetaCentrum (LM2010005) and CERIT-SC (CZ. 1.05/
3.2.00/08.0144) is greatly ap pre ci ated.

P41

CRITICAL PARAMETERS FOR S-SAD PHASING – REAL CASE EXPERIENCE
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As X-ray dif frac tion tech nol o gies de velop, de novo phas -
ing of pro tein struc tures by sin gle-wave length anom a lous
dis per sion by sul phur (S-SAD) is sim pli fied and more
com mon. How ever, anom a lous dif fer ences in the sul phur
atomic fac tors are in the or der of er rors of mea sure ment,
which makes care ful in ten sity read ing and data pro cess ing
cru cial. The new struc ture of a small 12 kDa pro tein with 4
sul phur at oms per mol e cule was phased with anom a lous
data up to 2.3 Å but the data did not en able a straight for -
ward struc ture so lu tion. Data pro cess ing was per formed
us ing XDS [1] and scal ing us ing XSCALE. The sul phur
sub struc ture was de ter mined by SHELXD [2] and phases
were ob tained by den sity mod i fi ca tion and autotracing in
SHELXE [2]. Both programmes strongly de pend on in put
pa ram e ters and de fault val ues did not lead to the cor rect
phases. There fore a sys tem atic search of op ti mal val ues of

sev eral pa ram e ters was used to find a so lu tion. This method 
helped to con firm sul phur sub struc ture and to dif fer en ti ate
the hand ed ness of the so lu tions. More over, a script for
com fort able con ver sion of SHELX out puts to MTZ for mat
was de vel oped, us ing programmes in cluded in the CCP4
pack age [3]. The pre vi ously un solv able pro tein struc ture
was suc cess fully re solved with the de scribed pro ce dure.

This work was sup ported by the Grant Agency of the Czech
Tech ni cal Uni ver sity in Prague, (SGS13/219/OHK4/3T/
14), the Czech Sci ence Foun da tion (P302/11/0855), pro -
ject BIOCEV CZ.1.05/1.1.00/02.0109 from the ERDF.

1. W. Kabsch, Acta Cryst., 2010, D66, 125-132.

2. G. M. Sheldrick, Acta Cryst., 2008, A64, 112-122.

3. M. D. Winn et al., Acta. Cryst., 2011, D67, 235-242.
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EXPLORING FREE ENERGY SURFACE OF OXYTOCIN BY USING WELL-TEMPERED
METADYNAMICS

Zoran Šuæur, Vojtech Spiwok

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

sucurz@vscht.cz

Well-tem pered metadynamics (WTmetaD) is one of the
en hanced sam pling meth ods for free en ergy cal cu la tions.
[1] In this work it was used to ex plore the free en ergy sur -
face of neurohypophysial hor mone oxytocin, which led to
de fin ing dif fer ent sta ble con for ma tions of this hor mone.
The dif fi culty of choos ing  the right col lec tive vari ables
(CVs) in the metadynamics as bi ased sim u la tions was
avoided by us ing dimensionality re duc tion techinuque -
Prin ci pal Com po nent Anal y sis, from the tra jec to ries ob -
tained  us ing un bi ased sim u la tions (Mo lec u lar dy nam ics
and Rep lica Ex change Mo lec u lar Dy nam ics). [2] The
WTmetaD sim u la tions were done in both im plicit (30ns
long sim u la tion) and ex plicit (20ns long sim u la tion) sol -
vent in or der to ob serve their pos si ble im pact on  the   con -
for ma tion of the mol e cule. Af ter ex plor ing the free en ergy

sur face of oxytocin three dis tinc tive en ergy min ima were
found and so we as sume that it has three sta ble con form ers.

This pro ject was sup ported by COST ac tions MultiGlyco -
Nano (CM1102, LD13024) and GLISTEN (CM1207,
LD14133). Ac cess to com put ing and stor age fa cil i ties
MetaCentrum (LM2010005) and CERIT-SC (CZ.
1.05/3.2.00/08.0144) is greatly ap pre ci ated. Par tic i pa tion
at the con fer ence is sup ported by spe cific uni ver sity re -
search (MSMT No 21/2014).

[1] Barducci A, Bussi G, Parrinello M (2008) Well-Tem pered
Metadynamics: A Smoothly Con verg ing and Tun able
Free-En ergy Method. Phys Rev Lett 100,020603.

[2] Spiwok V, Lipovová P, Králová B (2007) Metadynamics in 
Es sen tial Co or di nates: Free En ergy Sim u la tion of
Conformational Changes. J Phys Chem B 111, 3073-3076.
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CRYS TAL LI ZA TION OF FRPC PRO TEIN FROM NEISSERIA MENINGITIDIS
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Neisseria meningitidis is a Gram-neg a tive bac te rium that
col o nizes the nasopharynx of ap prox i mately 10% of pop u -
la tion with out caus ing any symp toms. How ever, the bac te -
ria can pen e trate across the na so pha ryn geal mu cosa, gain
ac cess to the blood stream and pass the blood-brain bar rier,
in duc ing dev as tat ing in va sive meningococcal dis eases
such as sep ti ce mia and/or men in gi tis. 

Un der con di tions of lim ited iron avail abil ity, N.
meningitides was shown to pro duce RTX1 (re peat in toxin) 
fam ily pro teins se creted through the type I path way, the
so-called FrpC-like pro teins. These are char ac ter ized by
the pres ence of a vari able num ber of car boxyl-prox i mal
glycine and aspartaterich rep e ti tions of a nonapeptide RTX 
con sen sus mo tif (L/I/F)XGGXG(D/N)DX. But the bi o log i -
cal ac tiv ity of meningococcal FrpC-like pro teins re mains
un known. 

It was re ported that the FrpC pro tein un der goes a
unique cal cium-de pend ent autocatalytic pro cess ing at an
Asp-Pro pep tide bond that is ac com pa nied by for ma tion of
high mo lec u lar weight oligomeric spe cies of FrpC that
con tain sub units co va lently cross-linked through a new

type of isopeptide bond. The re sults strongly sug gest that
FrpC is also pro cessed and cross-linked when meningo -
cocci grow in the cal cium-rich en vi ron ments of the
mucosal se cre tions of nasopharynx and/or in the plasma
and li quor dur ing in va sive in fec tions.

One of the di rec tions to in ves ti gate the func tion of
FrpC pro tein is to study its struc ture. And the
“clip-and-link” self-pro cess ing ac tiv ity is one of the cru cial 
as pects in pu ri fi ca tion step.

Ini tial crys tal li za tion tri als of FrpC pro tein were per -
formed us ing the sit ting-drop vapour-dif fu sion at both 4 oC
and 18 oC. The com mer cial screeening kits Morpheus,
Struc ture, Pact Pre mier, MIDAS, PGA Screen and JCSG+
(Mo lec u lar Di men sions, Suf folk, Eng land), PEG Suite
(Qiagen sci ences, Mary land, USA), In dex Screen
(Hampton Re search, Aliso Viejo, USA), JCscreen Plus
(Jena Bio sci ence, Jena, Ger many)  were tested to de ter mine 
ini tial crys tal li za tion con di tions us ing Gry phon high
through put crys tal li za tion ro bot (Art Rob bins In stru ments,
USA). 

This re search is sup ported by the GACR P207/11/0717.
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Lac tic acid bac te ria (LAB) have long his tory of safe us age
in the dairy in dus try. Be cause of their im por tant role in hu -
man in tes tine and po ten tial health-pro mot ing ef fects, LAB
are con sid ered as prom is ing vec tors for the de liv ery of dif -
fer ent re com bi nant pro teins to the hu man in tes tine. In fec -
tions with shiga toxin-pro duc ing bac te ria, like entero -
haemorragic Esch e richia coli and Shigella dysenteriae,
rep re sent se ri ous med i cal prob lem. Re com bi nant lac tic
acid bac te ria could be en gi neered to bind shiga toxin on
their sur face by dis play ing bind ing pro teins against B sub -
unit of shiga toxin (StxB) on the sur face of LAB. Small en -
gi neered bind ing pro teins, like de signed ankyrin re peat
pro teins (DARPins), de riv a tives of B do main of staph y lo -
coc cal pro tein A (affibodies) and de riv a tives of al bu -
min-bind ing do main (ABD) of strep to coc cal pro tein G,
were re ported as prom is ing al ter na tives to an ti bod ies for
many ap pli ca tions. 

In the first part of the pres ent study, we tested the ef fi -
ciency of the dis play of bind ing pro teins on the sur face of
model LAB Lactococcus lactis. We have pre pared and
eval u ated all three types of bind ing pro teins (DARPins, B
do main, ABD) on the sur face of L. lactis. 

In the sec ond part we fo cused on the ex pres sion of re -
com bi nant StxB and fur ther de vel op ment of bind ing pro -
teins against StxB us ing ABD li brary (1). We have
pre pared func tional re com bi nant Stx1B and Stx2B as tar -
gets for se lec tion of bind ing pro teins. Af ter five cy cles of
ri bo some dis play and screen ing of pos i tive clones with
ELISA, we se lected four po ten tial Stx1B bind ers. Our fu -
ture work will fo cus on fur ther char ac ter iza tion of se lected
bind ers and their func tional dis play on the sur face of LAB.

1. Ahmad et al., Pro teins: Struc. Funct. Bioinform. 2012, 80,
774-789.
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Nu clear mag netic res o nance (NMR) is a method well
suited for stud ies of biomacromolecules at the atomic level. 
Wild type haloalkane dehalogenase DhaA, ob tained from
the bac te rium Rhodococcus rhodochrous, is a 33.5 kDa en -
zyme ca pa ble of hydrolytic biodegradation of aliphatic
alogen-hy dro car bons yield ing a ha lide, a pro ton and a pri -
mary al co hol. The goal of the pro ject was to de scribe the
mo lec u lar mo tions of DhaA. As the first step, it is nec es -
sary to as sign the res o nance fre quen cies. The sam ple for
as sign ment was uni formly tri ply la beled with 2H, 13C and

15N iso topes and for re lax ation study was dou bly la beled
with 2H and 15N iso topes. The ex per i ments uti liz ing trans -
verse re lax ation-op ti mized spec tros copy (TROSY) were
per formed. The as sign ment of 222 res i dues was achieved,
which rep re sents ap prox i mately 90 % of the ob served
back bone am ide peaks in the 1H-15N TROSY spec trum.
TROSY-based R1, R2 and 15N-{1H} steady-state NOE ex -
per i ments were car ried on the 950 MHz US2 Bruker spec -
trom e ter and they were used to pro vide in for ma tion on
mo lec u lar mo tions on the fast time scale.
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