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THE THREE-DIMENSIONAL STRUCTURE OF RYEGRASS MOTTLE VIRUS AT 2.9 C
RESOLUTION
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The crys tal struc ture of ryegrass mot tle vi rus (RGMV) has
been de ter mined at 2.9 C res o lu tion. The icosahedral
capsid con tains 180 cop ies of the coat protein ar ranged
with T = 3 quasi-sym me try. The coat pro tein has a jellyroll

b-sand wich fold sim i lar to the other sobemoviruses. A
com par i son of the se quences and struc tures of vi ruses in
the ge nus shows that the RGMV coat pro tein has a de le tion
in one of the loop re gions that are con served among the
other sobemoviruses. The full-size loop con tains a he lix
that par tic i pates in the sta bi li za tion of the N-ter mi nal arms.
The struc ture of RGMV ap pears to com pen sate for the de -

le tion by hav ing lon ger â-strands in the N-ter mi nal arm.
The in ter ac tions of coat pro teins within the icosahedral
asym met ric unit of sobemoviruses usu ally in volve cal cium
ions. We could not iden tify any den sity for metal ions in the 
prox im ity of the con served res i dues nor mally in volved in
cal cium bind ing. Nev er the less, cal cium ions are nec es sary
for RGMV par ti cle sta bil ity at neu tral pH, since par ti cles
de pleted of cal cium dis as sem ble at high ionic strength. A
likely rea son for the ab sence of the cal cium ion is the low
pH of the crys tal li za tion buffer.
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CRYSTALLOGRAPHIC STUDIES OF INTERMOLECULAR INTERACTIONS OF
Fc-FRAGMENT OF IMMUNOGLOBULIN
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IgG an ti bod ies are one of the key me di a tors of im mune sys -
tem re sponse to some vi ral in fec tions. They are also used in 
med i cine for many dif fer ent pur poses, such as strength en -
ing of im mune sys tem, de tec tion of pri mary tu mors and mi -
cro scopic me tas ta sis us ing scintigraphy, etc.

An ti bod ies are com posed of three glob ules (frag -
ments): two Fab-frag ments (Frag ment-an ti gen bind ing),
Fc-frag ment (Frag ment-crystallizable). Fab-frag ments are
re spon si ble for an ti gen de tec tion, Fc-frag ment (ter tiary
struc ture shown in Fig. 1) plays an im por tant role in im -
mune sys tem ac ti va tion. In our struc ture so lu tion [1], the
Fc-frag ment of mouse monoclonal IgG2b against car bonic
anhydrase MN CA IX was cleaved from in tact an ti body
with papain.
The Fc-frag ment is func tional as a dimer. A mono mer is

formed by two do mains, named Cg2 and Cg3, joined by a
Fig ure 1. Di a gram of ter tiary struc ture of the Fc-frag ment of an
an ti body.
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linker com posed of four amino ac ids. Two Cg3 do mains

form a com pact non-co va lent dimer. The Cg2 do mains are
linked by hy dro gen bonds be tween oli go sac cha rides co va -
lently at tached to asparagines, disulfide bridges be tween
cysteins in the re gion link ing these do mains to the Fab frag -
ments were found only in a few struc tures in the PDB da ta -
base [2]. In our case [1], the area of disulfide bridges is
dis or dered (flex i ble) and with out a pos si bil ity of clear
struc ture in ter pre ta tion.

The PDB da ta base [2] con tains thirty re cords with
struc tures of Fc-frag ment. They can be di vided into four

groups: Fc-frag ments cleaved from an ti bod ies (by papain,
pep sin, etc.), in tact an ti bod ies, Fc-frag ment in com plex

with a ligand at tached via the C2-Cg2 in ter face, Fc-frag -

ment in com plex with a ligand at tached via the Cg2-Cg3 in -
ter face. An ex ten sive anal y sis of struc ture and in ter ac tion
of oligosaccharide chains was per formed and the re sults
sum ma rized.

The pro ject is sup ported by the Ministery of Ed u ca tion,
Youth and Sports of the Czech Re pub lic (pro ject no.
1K05008) and by the Com mis sion of the Eu ro pean Com -
mu ni ties (pro ject no. LSHG-CT- 2006 -031220).
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Michal Koláø1, Michele Le one2, Cristian Micheletti1, and Riccardo Zecchina3

1SISSA and INFM, Via Bei rut 2-4, Trieste, It aly
2ISI, Viale Settimio Severo 65, Torino, It aly

3ICTP, Strada Costiera 11, Trieste, It aly kolarmi@sissa.it

In or der to find prop er ties of the min i mal model of pro tein
flex i bil ity, we in tro duce a two-vari able coarse-grained
model de scrib ing the ri gid ity of a three-di men sional struc -
ture—pro tein. We fol low lo cal changes of ri gid ity af ter re -
mov ing a cer tain frac tion of con tact in ter ac tions among
amino-acid res i dues. In this way, mo bil ity of a sin gle res i -
due may be es ti mated. The model is mapped to a con straint
sat is fac tion prob lem and solved via the Be lief Prop a ga tion
it er a tive mes sage–pass ing al go rithm. 

For the HIV pro te ase, the re sult ing flex i bil ity pro files
are com pared with the ex per i men tal tem per a ture fac tors

data, burial pro file pre dic tions and Mo lec u lar Dy nam ics
sim u la tions. Al though we can not es ti mate the ac tual pres -
ence or ab sence of a phys i cal in ter ac tion be tween spe cific
res i dues, we show that the con tact in ter ac tions in the HIV
pro te ase are dis trib uted in the way that max i mizes the over -
all flex i bil ity of the pro tein. This con firms the no tion of the
HIV Pro te ase as a flex i ble al beit com pactly folded struc -
ture.
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Spe cific an ti bod ies in ter fere with func tion of hu man car -
bonic anhydrase IX (CA IX), and at tract at ten tion as tools
for anti-can cer in ter ven tions. This work pres ents a com par -
i son be tween struc tural el e ments and ther mo dy namic pa -
ram e ters of as so ci a tion of an an ti body frag ment, Fab M75
[1], to a pep tide rep re sent ing its epitope in the proteo -
glycan-like do main of CA IX. Com par i sons of crys tal
struc tures of free and liganded Fab frag ment re veal ma jor
re-ad just ments of H1 and H3 CDR loops. In con trast,

shapes and po si tions of H2 and L2 CDR loops re main
un al tered and their pos i tively charged res i dues may thus
pres ent a fixed frame for epitope rec og ni tion and for the
con sec u tive in duced fit. At tain ment of the al tered H3 CDR
loop con for ma tion in the com plex struc ture is ac com pa nied 
with ev i dent lo cal sta bi li za tion, i.e. with de creased mo bil -
ity, as mea sured with re sid ual atom dis place ment pa ram e -
ters (ADPs). Anal y sis of do main mo bil ity with
trans la tion-libration-screw (TLS) parameterization shows
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that li bra tions of en tire heavy chain vari able do main (VH)
be come de creased in mag ni tude and re ori ented in the com -
plex. This ef fect cor re sponds well with ex ten sive in volve -
ment of the heavy chain in the ligand bind ing. Iso ther mal
ti tra tion microcalorimetry (ITC) [2] yields high un fa vor -
able en tropy term, at trib ut able, in part, to lo cal sta bi li za tion 

of the H3 CDR loop. Mo lec u lar dy namic sim u la tions in di -
cate ma jor roles for the charged res i dues of epitope.

1. Zavada, J., Zavadova, Z., Pastorek, J., Biesova, Z., Jezek, J.,
& Velek, J. (2000) Br. J. Can cer, 82, 1808-1813.

2. Jelesarov, I., & Bosshard, H.R. (1999). J. Mol. Recognit. 12,
3-18.
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FoxO4 be longs to the “O” sub set of forkhead tran scrip tion
fac tors, which par tic i pate in var i ous cel lu lar pro cesses. The 
forkhead DNA bind ing do main (DBD) con sists of
three-he lix bun dle rest ing on a small antiparallel â-sheet
from which two ex tended loops pro trude and cre ate two
wing-like struc tures (Fig. 1). The main DNA rec og ni tion

site is a-he lix H3 that makes con tacts with the ma jor
groove of DNA. Other re gions of forkhead do main that can 
make im por tant in ter ac tions with DNA are both wings or
N-ter mi nal ex ten sion up stream of he lix H1 [1, 2].

Within the large fam ily of Fox tran scrip tion fac tors, the
pro teins FoxO1 (FKHR), FoxO3a (FKHR-L1), FoxO4
(AFX) and FoxO6 con sti tute the “O” subfamily. Mem bers
of this subfamily play an im por tant role in cel lu lar pro lif er -
a tion, sur vival, and in me di at ing ef fects of in su lin and
growth fac tors on me tab o lism [4]. All FoxO pro teins func -
tion un der the con trol of the phospho inositide-3-kinase–
pro tein kinase B (PI3K–PKB) path way. Phosphorylation
by PKB cre ates two bind ing sites for the 14-3-3 pro tein and 
in duces phosphorylation of ad di tional sites by ca sein
kinase 1 and dual-spec i fic ity ty ro sine(Y) reg u lated kinase
1A. PKB-me di ated phosphorylation in duces bind ing of the 
14-3-3 pro tein and the re sult ing com plex is then
translocated to the cytosol where the bound 14-3-3 pro tein
pre vents re-en try of FoxO into the nu cleus likely by
masking its nuclear localization sequence [5-7]. 

The DNA bind ing po ten tial of FoxO–DBD is con -
trolled by mul ti ple mech a nisms. The most im por tant fac -
tors seem to be the PKB-in duced phosphorylation and the
bind ing of the 14-3-3 pro tein [6-9]. PKB phosphorylation
site and the 14-3-3 pro tein bind ing mo tif are lo cated in the
ba sic re gion of wing W2 at the C-ter mi nus of FoxO–DBD

(Fig. 1). Struc tures of HNF-3g (FoxA3) and Gen e sis
(FoxD3) com plexes re vealed that clus ter of ba sic res i dues
in the wing W2 is in volved in DNA bind ing [1,10]. More -
over, the re moval of wing W2 abol ishes DNA bind ing of

forkhead tran scrip tion fac tor HNF-3g. Se quence align ment 

be tween HNF-3g, Gen e sis and FoxO se quences sug gests
that an a logues ba sic res i dues form ing the sec ond FoxO
PKB phosphorylation site and the 14-3-3 bind ing mo tif
might par tic i pate in DNA bind ing as well. This sim i lar ity
could ex plain the in hib i tory ef fect of both the
phosphorylation and the 14-3-3 pro tein on DNA bind ing

ac tiv ity of FoxO pro teins. How ever, the reg u la tion of DNA 
bind ing among var i ous FoxO pro teins seems to dif fer sig -
nif i cantly. It has been shown that phosphorylation of the
sec ond PKB/14-3-3 bind ing mo tif in the wing W2 sup -
presses DNA bind ing of FoxO1 and FoxO6 fac tors [9]. On
the other hand, the PKB-in duced phosphorylation of both
DAF-16 (Caenorhabditis elegans FoxO homologue) and
FoxO4 (frag ment 11-213) does not by it self af fect their
bind ing to the tar get DNA [6,8]. Bind ing of the 14-3-3 pro -
tein to phosphorylated FoxO4 and DAF-16 has been
shown to be nec es sary for com plete in hi bi tion of their
bind ing to the DNA. 
To better un der stand these dif fer ences among FoxO–DBD, 
we in ves ti gated the role of N-ter mi nal loop (por tion lo -
cated up stream of first he lix H1) and C-ter mi nal re gion
(loop known as wing W2) of forkhead do main of tran scrip -
tion fac tor FoxO4 in DNA bind ing. While the de le tion of
ei ther por tion partly re duces the FoxO4–DBD bind ing to
the DNA, the si mul ta neous de le tion of both re gions in hib -
its DNA bind ing sig nif i cantly. Förster res o nance en ergy

Fig. 1. The rib bon rep re sen ta tion of so lu tion struc ture of
FoxO4–DBD se quence Ser92-Gly181 [3]. The miss ing part of
wing W2 is sche mat i cally shown as dot ted line. Black cir cle rep -
re sents ap prox i mate lo ca tion of PKB phosphorylation site Ser193.
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trans fer mea sure ments and mo lec u lar dy nam ics sim u la -
tions sug gest that both stud ied N- and C-ter mi nal re gions
of FoxO4–DBD di rectly in ter act with DNA. In the pres -
ence of N-ter mi nal loop the PKB-in duced phosphorylation
of wing W2 by it self has neg li gi ble ef fect on DNA bind ing. 
On the other hand, in the ab sence of this loop the
phosphorylation of wing W2 sig nif i cantly in hib its the
FoxO4–DBD bind ing to the DNA. The bind ing of the
14-3-3 pro tein ef fi ciently re duces DNA bind ing po ten tial
of phosphorylated FoxO4–DBD re gard less of the pres ence
of N-ter mi nal loop. Our re sults show that both N- and
C-ter mi nal re gions of forkhead do main are im por tant for
the sta bil ity of FoxO4–DBD/DNA com plex [11]. 
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STRUCTURAL MECHANICS OF DNA: FROM ATOMIC SCALE TO BIOINFORMATICS
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The stor age and re trieval of ge netic in for ma tion and their
reg u la tion de pend on in ter ac tion of DNA with nu mer ous
pro teins. It is now well es tab lished that the pro tein-DNA
in ter ac tions may op er ate through two dif fer ent mech a -
nisms: so-called di rect read out where spe cific chem i cal
con tacts be tween pro tein and DNA are made, or in di rect
read out, in which it is the three-di men sional struc ture or the 
me chan i cal deformability of the mol e cules, in par tic u lar
the DNA, that guides the bind ing. 

We set us a goal to in ves ti gate se quence-de pend ent
DNA struc ture and me chan i cal deformability at a wide
range of length scales. The gen eral ap proach we use con -
sists in per form ing large-scale, atomistic mo lec u lar dy -
nam ics (MD) sim u la tions of DNA in ex plicit sol vent, and
em ploy ing meth ods from sta tis ti cal phys ics to parametrize
coarse-grained mod els on dif fer ent length scales from the
MD data. 

We con sider a rigid basepair and a rigid base model,
where base pairs or bases are treated as in ter act ing rigid
bod ies in con tact with a ther mal res er voir. As sum ing har -
monic (qua dratic) in ter ac tion en ergy, the shape pa ram e ters
and stiff ness con stants can be in ferred from struc tural fluc -
tu a tions ob served in an un con strained sim u la tion. Sim i lar
mod els have al ready been parametrized, us ing ei ther an en -
sem ble of crys tal struc tures or atomistic MD tra jec to ries,
but all of them rely on the as sump tion that only near -

est-neigh bour base pairs or bases con trib ute to the in ter ac -
tion. We stud ied the full, nonlocal prob lem and found sig -
nif i cant con tri bu tion to the in ter ac tion en ergy be yond
near est neigh bours. The rigid base model is clearly more
com plete than the rigid basepair one, and we found that it is 
also much more phys i cally re al is tic. 

In or der to ob tain com pre hen sive se quence-de pend ent
data, we take part in an ini tia tive (the ABC con sor tium)
aimed at per form ing atomistic MD sim u la tion of a pool of
oli go mers in volv ing all pos si ble tetrameric se quences. The
sim u la tions are close to com ple tion and the first anal y sis is
un der way. In our lab we con cen trate on ob tain ing the full
set of se quence-de pend ent shape and stiff ness pa ram e ters
for tetrameric se quences and on con struct ing com pre hen -
sive, nonlocal mod els based on them.

The knowl edge of se quence-de pend ent pa ram e ters for
a rigid base model en ables one to pre dict the de for ma tion
en ergy (within har monic ap prox i ma tion) for a de vi a tion
from the equi lib rium ge om e try and thus help quan tify the
en er getic cost of in di rect read out by a pro tein. This opens
the pos si bil ity to in clude the shape and me chan i cal stiff -
ness of a se quence as ad di tional pa ram e ters in the anal y sis
of se quence sim i lar ity, rou tinely based only on the se -
quence viewed as a text, i.e. a se quence of let ters. The pos -
si bil ity that very dif fer ent se quences have sim i lar
me chan i cal prop er ties and thus may be in volved in sim i lar
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bi o log i cal func tion ing would be readily de tected in this
way.

The length scales from in di vid ual base pairs up to ca. a
hun dred of base pairs of DNA are cru cial in pro tein-DNA
in ter ac tions. The lat ter scale, for in stance, is the one on
which DNA is wrapped in the nucleosome, and on which
loops of DNA are in volved in the reg u la tion of gene ex -
pres sion. Re cent ex per i ments on the for ma tion of DNA
minicircles sug gest that DNA of ca. 100 base pairs in
length can form loops with a rate much higher than pre -

dicted by stan dard the o ries. It has been pro posed that some
kind of tran sient lo cal de vi a tion from the dou ble he li cal
struc ture (bub bles, or kinks) may pro vide the ex pla na tion.
We stud ied sharply bent DNA in a se ries of atomistic sim u -
la tions of 94-bp DNA minicircles and found that kinks, but
not bub bles, in deed arise dur ing the sim u la tion. The kinks
in volve a sharp bend ing into the mi nor groove, and their
num ber de pends on the supercoiled state of the mol e cule.
The re sults sug gest a mi cro scopic ba sis for mod els of DNA 
loop ing be yond the har monic ap prox i ma tion.
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TIME-RESOLVED STRUCTURAL DYNAMICS - A CHALLENGE FOR FUTURE

Tomáš Polívka

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

Knowl edge of struc ture and dy nam ics of mo lec u lar sys -
tems is the pre req ui site for un der stand ing of func tion.
While static struc tures of mol e cules are usu ally ob tained
from meth ods like X-ray crys tal log ra phy or NMR
spectroscopies, in for ma tion about dy nam ics is typ i cally
ob tained from var i ous forms of time-re solved spectros -
copies. The most fun da men tal pro cesses in chem is try and
bi ol ogy usu ally oc cur on the ultrafast time scale of femto -
seconds to pi co sec onds. This is the time scale of el e men -
tary chem i cal re ac tions and of elec tronic and nu clear
mo tions in mol e cules, thus this time scale is crit i cal for fol -
low ing the most el e men tary pro cesses such as bond break -
ing and for ma tion or elec tron and en ergy trans fer. Thus,
our fun da men tal un der stand ing of chem i cal and bi o log i cal
dy nam ics ul ti mately re lies upon a thor ough ex pla na tion of
the ultrafast pro cesses. To day we com bine re sults from
struc tural and dy nam i cal meth ods to ob tain in sight into the
func tion of mo lec u lar sys tems and un der stand ing the mo -

lec u lar mech a nisms of dy namic pro cesses. It is a long nour -
ished dream to get both struc ture and dy nam ics from the
same ex per i ment, i.e. to di rectly ob tain time-re solved
struc tures show ing the three-di men sional evo lu tion of a
mo lec u lar sys tem in the course of a chem i cal re ac tion. A
num ber of dif fer ent tech niques are pres ently pur sued to -
wards this goal. Per haps the most am bi tious ap proach is to
ex tend the pres ent struc tural meth ods, X-ray or elec tron
dif frac tion, to yield 3D struc tures on the mo lec u lar time
scale. Be sides this ‘di rect’ ap proach, al ter na tive meth ods
for ob tain ing dy nam i cal struc tural in for ma tion, such as
time-re solved X-ray ab sorp tion or mul ti di men sional co -
her ent femto second spectroscopies, emerged in past few
years. The aim of this con tri bu tion is to give an over view of 
the state-of-art meth ods ap plied now a days for ob tain ing
dy nam i cal struc tures of mol e cules at very short time scales, 
to com pare their pros and cons, and their po ten tial for fu -
ture applications.

Lec tures - Friday, March 30, morning
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ORIENTATIONAL RESTRAINTS IN NMR STRUCTURE

L. Žídek, P. Padrta, J. Chmelík

Masaryk Uni ver sity, Fac ulty of Sci ence, NCBR, Kotláøská 2, 61137 Brno, Czech Re pub lic

The lec ture will pro vide a gen eral in tro duc tion to the re -
straints ob tained in par tially aligned sam ples of
biomacromolecules. Meth ods of align ment will be men -
tioned and ob served in ter ac tions of dif fer ent phys i cal or i -
gins will be briefly dis cussed. Meth ods of val i da tion of the

ob tained data prior to struc ture cal cu la tion will be pre -
sented.
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IS LOCAL FLEXIBILITY OF M-PMV MATRIX PROTEIN RELATED TO  ITS BINDING
AFFINITY  WITH A MOLECULAR MOTOR?

Pavel Srb1,2, Jan Lang1,2, Jiøí Vlach2, Jan Lipov3, Václav Veverka2, Tomáš Ruml3,4 and
Rich ard Hrabal2

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

2Lab o ra tory of NMR Spec tros copy and
3De part ment of Bio chem is try and Mi cro bi ol ogy, In sti tute of Chem i cal Tech nol ogy, Technická 5, 166 28

Prague 6, Czech Re pub lic
4In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech re pub lic, Flemingovo

nám. 2, 166 10, Prague 6, Czech Re pub lic, rich ard.hrabal@vscht.cz

Ma son-Pfizer mon key vi rus (M-PMV) be longs to the ge -
nus of betaretroviruses in which the ma trix pro tein (MA)
plays the es sen tial role in cer tain stages of their life cy cle
(e.g. in as sem bly, trans port and bud ding of new vi ral par ti -
cles). Sev eral sin gle or dou ble point mu tants are known to
cause dra matic changes in the vi rus life cy cle [1]. In par tic -
u lar, the sin gle point mu ta tion R55F in MA re di rects the as -
sem bly of the vi ral capsid to the plasma mem brane in stead
of to cy to plasm, which is the place of as sem bly of the wild
type form (WT). 

The NMR as sign ments and three-di men sional struc -
tures of WT and R55F have been solved re cently by our

group [2]. Both struc tures are com posed of four a-he li ces, 
how ever the rel a tive ori en ta tion of the N-ter mi nal do main  
(he li ces 1 and 2) with re spect to the C-ter mi nal one  (he li -
ces 3 and 4) is dif fer ent.  Such re ori en ta tion causes dif fer -
ent ac ces si bil ity of Cy to plasm Targetting/Re ten tion Sig nal

(CTRS) se quence for the in ter ac tion with a mo lec u lar mo -
tor dynein . It is ex pected that the de gree of flex i bil ity of the 
CTRS se quence will af fect bind ing af fin ity with the
Tctex-1 which is one of the light chains of dynein.  

There fore, we car ried out a de tailed motional anal y sis
of the loop con nect ing he li ces 2 and 3, the least struc tured 
part of CTRS. Re lax ation pa ram e ters of am ide 15N and car -
bonyl 13C nu clei have been stud ied by NMR spec tros copy
on  uni formly la belled (15N and 15N/13C) sam ples. Ad di -
tion ally, MD tra jec tory anal y sis have pro vided a com ple -
men tary view on the mo bil ity of CTRS se quence which is
cru cial for un der stand ing the interation of Gag with
dynein. 

1. S. S. Rhee and E. Hunter, Cell, 1990, 63, 77–86.

2. J. Vlach, J. Lipov, V.Veverka, M. Rumlova, T. Ruml, R.
Hrabal, J. Biomol. NMR, 2005, 4, 381-2.

L10

RNA RECOGNITION BY THE ADAR2 DSRBMS: A 50 KDA PROTEIN-RNA COMPLEX
BY NMR

Richard Stefl1, Lenka Skrisovska1, Ming Xu2, Ronald B. Emeson2, Frederic Allain1

1In sti tute of Mo lec u lar Bi ol ogy and Bio phys ics, ETH Zu rich, 8093 Zu rich
2De part ment of Phar ma col ogy, Vanderbilt Uni ver sity, Nash ville, Ten nes see 37232, USA

Adenosine deaminases that act on RNA (ADARs) tune and 
reg u late gene ex pres sion. Al though ADARs act mostly as
non spe cific en zymes, they can recode cer tain genes in a
highly spe cific man ner. This re sults from pref er en tial bind -
ing of the ADARs to cer tain RNA sub strates. To un der -
stand how ADARs bind RNA, we in ves ti gate the
N-ter mi nal re gion of ADAR2 in com plex with a 71 nu cle o -
tide RNA en cod ing the R/G site of the GluR-B (MW ~50
kDa), us ing nu clear mag netic res o nance (NMR) spec tros -
copy. We chose so lu tion-state NMR tech nique as a num ber 
of groups failed in mak ing crys tals of ADAR-RNA com -
plexes. The stud ied com plex rep re sents a chal lenge for
struc ture de ter mi na tion by NMR be cause of its size and
elon gated shape. How ever, we iden ti fied that two struc -
tured do mains (dou ble-stranded RNA-bind ing do mains,

dsRBMs) lo cated in N-ter mi nal re gion of ADAR2 bind
RNA sub strate in in de pend ent man ner, each do main bind -
ing a dif fer ent site on RNA. This al lowed us to make two
subcomplexes in which all nec es sary NMR ex per i ments
for struc tural de ter mi na tion could be mea sured. The
full-length com plex is be ing re con structed us ing
long-range struc tural in for ma tion de rived from re sid ual
dipolar cou plings (RDCs) mea sured on a 50 kDa
ADAR-RNA com plex. This study dem on strates how NMR 
can be used for struc tural de ter mi na tion of large pro -
tein-RNA com plexes, pro vided that ra tio nale de sign of
stud ied con structs along with deuteration and TROSY
tech niques are used.
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CALCULATION OF SCALAR COUPLINGS IN THE BACKBONE OF NUCLEIC ACID

V. Sychrovský1, Z. Vokáèová1, J. Šponer2, N. Špaèková2 and B.  Schneider1

1In sti tute of Or ganic Chem is try and Bio chem is try,v.v.i.,  Acad emy of Sci ences of the Czech Re pub lic,

Flemingovo square 2, 166 10 Prague 6, Czech Re pub lic
2Inst. Bio phys ics, Acad emy of Sci ences of the Czech Re pub lic, Královopolská 135, 612 65 Brno, Czech Re p

Global ar chi tec ture of nu cleic ac ids cor re sponds to con for -
ma tion of nu cleic acid back bone. Struc ture of the back bone 
is usu ally de scribed by the tor sion an gles mea sured along

the back bone, a, b, g, d, e, z. Cal cu la tion of sca lar cou pling 
con stants be tween the 31P, 13C, and 1H nu clei cor re late
strongly with the back bone tor sion an gles. 

Dis tinct pat terns of RNA back bone by X-ray crys tal -
log ra phy at the dinucleotide level [1] were used as struc -
tural mod els for the the o ret i cal cal cu la tion of all rel e vant
sca lar cou plings. It was shown that the cal cu lated sca lar
cou plings can fa cil i tate their ac cu rate and re li able struc -
tural in ter pre ta tion [2]. In par tic u lar: i) pro posed com pu ta -
tional strat egy al lows for the de ter mi na tion of the

mul ti di men sional char ac ter for sca lar cou plings, i.e. for ex -

am ple the ef fect of sugar pucker (d-tor sion) on the sca lar

cou plings cor re lated only with the neigh bor ing g-tor sion,
ii) new cor re la tion of the 2J(P,C) cou plings in dic a tive of

the trans, gauge+, and gauge- con for ma tions of the a- and

z-tor sion was cal cu lated, iii) the stepwise pro ce dure for as -
sign ment of dif fer ent sca lar cou plings in tor sion space for
nu cleic acid back bone was pro posed. 

1. B. Schnei der, Z. Morávek, H.M. Berman, RNA, 32 (5)
2004, 1666-1677.

2. V. Sychrovský, Z. Vokáèová, J. Šponer, N. Špaèková, B.
Schnei der, J. Phys. Chem. B, 110 (45), 2006, 22894-22902.

L12

THEORETICAL NMR STUDY OF WATSON-CRICK/SUGAR EDGE RNA BASE PAIR
FAMILY

Z. Vokáèová1, J. Šponer2, V. Sychrovský1

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

2Inst. of Bio phys ics, Acad emy of Sci ences of the Czech Rep., Královopolská 135, 612 65 Brno, Czech Rep.

Ri bo nu cleic acid, one type of nu cleic ac ids, has large va ri -
ety of forms and also shows an as ton ish ing vari abil ity of
base-pair ing [1, 2]. 

Clas si cal Wat son-Crick type of base pair ing found in
DNA rep re sents only 50% of base pair ing in RNA sta tis ti -
cally[1, 2]. There are many non-ca non i cal base pairs in
RNA that have no coun ter part in DNA. A role of the

non-WC base pairs in RNA is fun da men tal since they par -
tic i pate in fold ing and sta bi li za tion of RNA ter tiary struc -
ture. De tec tion of bind ing mo tives in rather com pli cated
and highly vari able RNA macromolecules can help in
better un der stand ing of chem i cal pro cesses of nu cleic ac -
ids.

Each nucleoside pos sesses three edges [1] shown in
Fig ure 1: WC edge, Hoogsteen edge (for pur ines) or CH
edge (for py rimi dines), and Sugar edge (SE). A given edge
of one nucleoside can in prin ci ple in ter act with one of the
three edges of a sec ond nucleoside. This in ter ac tion can be
ei ther cis or trans with re spect to sugar moi ety. Ac cord ing
to Leontis and Westhof [1], all pos si ble com bi na tions lead
to twelve fam i lies of dis tinct ge om e try pat terns. 

Quan tum chem is try study of nu clear mag netic res o -
nance pa ram e ters of all mem bers of cis- and trans- Wat -
son-Crick/Sugar edge base pair fam ily was pro vided by
mean of cal cu la tion of in di rect spin-spin cou pling con -

stants with the CP-DFT method. RNA base pair in ter act via 
hy dro gen bonds. Inter and intra in di rect spin-spin cou -
plings of lo cal bind ing mo tif are cal cu lated and are com -
pared to ex per i men tal data and ob tained struc tural
dependences of spin-spin cou plings are de scribed.
Forty-two com plexes are stud ied and ef fects of lo cal struc -
tural mod i fi ca tion, wa ter me di a tion and sol vent ef fect are
cal cu lated. Each H-bond pat tern has its own set of rep re -
sen ta tive J-cou pling which can be used for the iden ti fi ca -
tion of par tic u lar RNA bond ing pat tern via NMR
spec tros copy.

1.  N. B. Leontis and E. Westhof, RNA, 7 (2001) 499-512.

Fig ure 1. Clas si fi ca tion of the in ter ac tion edges for RNA
nucleoside by Leontis [1]
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2.  N. B. Leontis, J. Stombaugh  and E. Westhof, NAR, Vol. 30
No.16  (2002) 3497-3531.
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COMPUTATIONAL STUDY ON SPECTRAL PROPERTIES OF THE SELECTED
PIGMENTS FROM VARIOUS PHOTOSYSTEMS; STRUCTURE – TRANSITION

ENERGY RELATIONSHIP

Zuzana Vokáèová and Jaroslav V. Burda

De part ment of Chem i cal Phys ics and Op tics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Ke
Karlovu 3, 121 16 Prague 2, Czech Republic

In this study, the most im por tant kinds of pig ments (chloro -
phylls, bacteriochrophylls, phycobilins, and ca rot en oids)
from var i ous photosystems were ex plored. For the most
sta ble con for ma tions, elec tronic tran si tions were de ter -
mined at the TDDFT/6-31+G(d) level with B3PW91 func -
tional and com pared with mea sured spec tra. The group of
ca rot en oids was also in ves ti gated at the TDA/TDDFT level 
with the func tional BLYP. The en er gies of Qy tran si tions
are sys tem at i cally blue shifted by about 50-100 nm in the
case of (bacterio)chlo ro phyll and pheophytin mol e cules.
Nev er the less, the cor rect rel a tive or der of the Q lines
among var i ous chlo ro phyll types was ob tained in com par i -
son with ex per i men tal re sults. Much better agree ment was
ob tained for the Soret band where the dif fer ences be tween
cal cu lated and mea sured tran si tions are at most 35 nm. In

the case of phycobillins the first tran si tion line is es ti mated
to be at lower fre quen cies (around 500 nm) with a very sim -
i lar blue shift of by about 100 nm from ex per i men tal val -
ues. The in flu ence of an chor ing cysteine side chain(s) was
found mar ginal. Dom i nant role of lin ear polyene chain on
de ter mined spec tral lines in the case of ca rot en oids was

found. Nev er the less, the im pact of b-cy cles, ep oxy- or
keto-groups is clearly vis i ble, too. The high in ten sity of the
first al lowed tran si tion matches dif fer ent char ac ter of
HOMO and LUMO. On the con trary to the Qy line of chlo -
ro phyll mol e cules, in the case of ca rot en oids, cal cu lated
tran si tions are red shifted in av er age by about 70 nm from
the mea sured spec tra.

L14

ELECTRONIC STRUCTURE OF THE NON-HEME IRON CENTER IN
PHOTOSYNTHETIC APPARATUS OF PLANTS AND BACTERIA. COMPUTATIONAL

DFT STUDY

Jiøí Mrázek, Jaroslav V. Burda

Charles Uni ver sity in Prague, De part ment of Chem i cal Phys ics and Op tics, Ke Karlovu 3, 121 16 Praha 2,
Czech Re pub lic, jirimrazek@at las.cz

The non-heme iron cen ter (Fe-cen ter) is a part of elec -
tron-trans fer (ET) chain lo cated in Photosystem II (PS II)
and bac te rial re ac tion cen ters (BRC), which is re spon si ble
for pri mary charge sep a ra tion in pho to syn the sis. The
Fe-cen ter rep re sents a bridge be tween two quinone mol e -
cules: Qa and the ter mi nal elec tron ac cep tor, Qb. How ever, 
its role in the ET pro cess re mains un clear [1]. Al though the
struc ture of Fe-cen ter is highly con served among
photosynthetic or gan isms, ex per i men tal stud ies re vealed
that, in case of PS II, var i ous lig ands can bind re vers ibly to
the Fe-cen ter (the “na tive” ligand be ing bi car bon ate).

We pres ent a den sity func tional the ory in ves ti ga tion for 
mo lec u lar mod els of the Fe-cen ter. Cal cu la tions on the
small model sys tem pre dict that the high-spin (quin tu plet)
state is the ground state  in both PS II and BRC. How ever,
much smaller en ergy dif fer ences of the spin states were
found in case of BRC. Disctinct lo cal min ima were found
for both intermadiate- (trip let) and low-spin (sin glet) con -
fig u ra tions. These min ima dif fer only in the lengths of
Fe-N and Fe-O bonds. This can ex plain why both low- and

high-spin states were ob served in PS II. From this point,
more ac cu rate x-ray struc tures would be re quired.

Spin states en er gies are only slightly af fected when the
bi car bon ate ligand is re moved in PS II. Un like in the “na -
tive” Fe-cen ter, elec tron af fin ity of the cen ter with out bi -
car bon ate ap pears suf fi cient to ac cept elec tron from Qa- in
our small model. In this way we as sume the block ing of the
pos si ble elec tron trans fer.

The ex tended Fe-cen ter+Qa model shows that the re -
duc tion of Qa is ac com pa nied by pro ton trans fer from the
H-bonded histidine res i due, in ac cord with pre vi ous stud -
ies on sim pli fied Zn-re placed model [3]. 

1. L. M. Utschig, M. C. Thurnauer, Acc. Chem. Res., 37
(2004) 439-447.

2. C. Goussias, Y. Deligiannakis, Y. Sanakis et al.,
Biochemistry, 41 (2002) 15212.

3. A. Peluso, M. Di Donato, R. Improta, G. A. A. Saracino, J. 
theor. Biol., 207 (2000) 101.
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THEORETICAL DFT STUDY OF SOLVENT EFFECTS ON PLATINUM COMPLEXES
INTERACTIONS WITH CYSTEINE AND METHIONINE

T. Zimmermann, J. V. Burda

De part ment of Chem i cal Phys ics and Op tics, Fac ulty of Math e mat ics and Phys ics,Charles Uni ver sity, 
Ke Karlovu 3, 121 16 Prague 2, Czech Re pub lic, zimros@gmail.com

In ter ac tions of two cisplatin hy drated forms cis-[Pt(NH3)2

ClH2O]+ and cis-[Pt(NH3)2(OH)H2O]+ with cysteine and
methionine in vac uum and with im plicit sol vent were sim u -
lated. In the first step, re ac tion mech a nism in volves for ma -
tion of monodentate in ter me di ates where aqua ligand is
re placed with the amino acid. In the next stage, an other
plat i num ligand is re placed by one of the re main ing do nor
at oms of the amino acid cre at ing a che late struc ture. 

Struc tures were op ti mized us ing DFT method with
splitted va lence dou ble-zeta ba sis set ex tended by po lar iza -
tion and dif fuse func tions on heavy at oms. Sol vent ef fects
were de scribed uti liz ing SCRF/COSMO sol va tion model
in both op ti mi za tion and sin gle point cal cu la tions. Core
elec trons of plat i num, sul fur and chlo rine at oms were de -
scribed by quasirelativistic pseudopotentials. En ergy de -
com po si tion to gether with the NPA pop u la tion and MO

anal y sis were per formed us ing 6-311++G(2df,2pd) ba sis
set. Re ac tion en er gies were de ter mined in the so-called
supermolecular ap proach as well as in the model of iso lated 
mol e cules.

Bond dis so ci a tion en er gies were cal cu lated with coun -
ter poise cor rec tion. In sol vent, a mod i fied pro to col for ba -
sis set su per po si tion cor rec tions was ap plied to take into
ac count in ter ac tion with sol vent.

Es ti ma tion of pKa val ues of all in ves ti gated com plexes
was done. Sev eral im plicit sol vent meth ods were used and
the best re sults were ob tained for the B3LYP/6-311++
G(2df,2pd) method with DPCM sol va tion scheme and
UAHF cav i ties. Spheres around plat i num lig ands were
con structed fol low ing UAHF rules us ing atomic charges
ob tained from NPA anal y sis within the sin gle point CPCM
cal cu la tions.

Lec tures - Friday, March 30, afternoon
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COMPUTATIONAL CHEMISTRY AS A HELPFUL TOOL FOR BIOCHEMIST –
STRUCTURE-FUNCTIONAL STUDY AND CORRELATION EN ROUTE TO PROTEIN

ENGINEERING

Jan Adam1, Martina Pokorná1,  Charles Sabin2, Zdenìk Køíž1, Anne Imberty2, Jaroslav Koèa1

and Michaela Wimmerová1,,3

1Na tional Cen tre for Biomolecular Re search and 3In sti tute of Bio chem is try, Fac ulty of Sci ence, 
Masaryk Uni ver sity, Kotláøská 2, 611 37 Brno  2CERMAV-CNRS, 601 rue de la Chimie, BP 53, 38041

Grenoble, France, honzadam@chemi.muni.cz

The cur rent com pu ta tional ca pac ity and meth ods al low to
per form so phis ti cated sim u la tions and mod el ling of com -
pli cated, yet, in re gard to the es sen tials of liv ing or gan isms’ 
ex is tence, fun da men tal pro cesses, namely biomolecular in -
ter ac tions. These ap proaches em body a great po ten tial re -
gard ing ex per i men tal time and bud get sav ings.

Lectins are pro teins ca pa ble of bind ing saccharide
struc tures with high af fin ity as well as high spec i fic ity.
Sac cha rides dis play wide vari abil ity of conformational al -
ter na tives, be ing it intramolecular isomery or inter -
molecular link age, and there fore able to serve as
rec og ni tion agents, with lectins serv ing as the re cep tors.
The in ter con nec tion of prac ti cal meth ods of mo lec u lar bi -
ol ogy, struc tural and func tional ex per i men tal meth ods is
cru cial for un der stand ing the re la tion ship be tween pro tein
struc ture and its prop er ties. The more com plete this un der -

stand ing, the eas ier and more ef fec tive the pro cess of de -
sign ing pro teins with pre cisely de fined and de sired
prop er ties – pro tein en gi neer ing.

The study of af fin ity changes re lated to mu ta tions of 
lectin PA-IIL by com bi na tion of the afore men tioned meth -
ods re vealed the cru cial role of the amino-acid com po si tion 
of the bind ing site for bind ing pref er ences[1]. The stud ied
mu tants were cre ated in silico as well, and the re sult ing
struc tures were used for dock ing ex per i ments. The dock ing 
re sults were cor re lated with ex per i men tal data. The aim of
the pro ject is to de velop a re li able method of pre cog ni tion
of fu ture, un known in ter ac tions, both from ther mo dy namic 
and struc tural point of view, en abling the pro tein en gi neer -
ing ap proach. 

1. Adam J., Pokorná, M., Sabin, C., Mitch ell, E. P., Imberty,
A., and Wimmerová, M., ar ti cle sub mit ted.
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STRUCTURE AND DYNAMICS OF THE OXYGEN EVOLVING COMPLEX OF
PHOTOSYSTEM II: ROLE OF THE N-TERMINAL LOOP OF PSBQ

Rüdiger Ettrich1, Jaroslava Ristvejova1, Vladimír Kopecký jr.2, Žofie Sovova1, 
Kateøina Hofbauerová3, Juan B. Arellano4

1Lab o ra tory  of  High  Per for mance  Com put ing, In sti tute of Sys tems Bi ol ogy and Ecol ogy ASCR and In sti tute 
of Phys i cal Bi ol ogy USB, Zamek 136, 37333 Nové Hrady, Czech Re pub lic.
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2In sti tute of Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Ke Karlovu 5, 12116 Prague 2, 

Czech Re pub lic
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Prague 4, Czech Re pub lic  
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 In fra red and Raman spec tros copy were ap plied to iden tify
re straints for the struc ture de ter mi na tion of the 20 amino
acid loop be tween two beta-sheets of the N-ter mi nal re gion 
of the PsbQ pro tein of the ox y gen evolv ing com plex of
photosystem II from Spinacia oleracea by re straint-based
homology mod el ing. One of the ini tial mod els has shown a
sta ble fold of the loop in a 20 ns mo lec u lar dy nam ics sim u -
la tion that is in ac cor dance with spec tro scopic data. Cleav -
age of the first 12 amino ac ids leads to a per ma nent drift in
the root means square de vi a tion of the pro tein back bone
and in duces ma jor struc tural changes.

The prob a ble bind ing site of PsbQ to the com plex could 
be formed by the lysyl rich re gion of the he lix bun dle and
the N-ter mi nal loop re gion around Asp24 and thus would
con tain a large pos i tively charged re gion and a small neg a -
tively one. We hy poth e size that af ter bind ing to PSII the
loop loses its high flex i bil ity and bends in the di rec tion of
Lys96 with Thr20 and Glu21 in ter act ing with this res i due
and so bury ing it un der the ac ces si ble sur face (Fig. 1). Thus 
Lys96 could prob a bly be have as a mo lec u lar hook hold ing
Glu21 by a salt bridge.

Sup ports from the In sti tu tional Re search Con cept of the
Acad emy of Sci ence of the Czech Re pub lic (No. AVOZ
60870520) and from the Min is try of Ed u ca tion of the Czech 
Re pub lic (No. LC 06010, No. MSM0021620835, No. MSM

6007665808) are grate fully ac knowl edged. This work was
also funded by the Span ish Min is try of Ed u ca tion and Sci -
ence (Pro ject Ref.: BFU2004-04914- C02-02/ BMC).
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NEW APPROACHES TO STRUCTURE AND FUNCTION STUDIES OF RS20L LECTIN
FROM Ralstonia solanacearum

Ondøej Šulák1, Nikola Kostlánová1, Jan Adam1, Edward Mitchell2, Anne Imberty3 and
Michaela Wimmerová1,4

1Na tional Cen tre for Biomolecular Re search  &  4De part ment of Bio chem is try,  Masaryk Uni ver sity, Kotlarska
2, Brno, Czech Re pub lic

2E.S.R.F Ex per i ment Di vi sion, BP220, F-38043 Grenoble cedex, France 
3CERMAV-CNRS, BP 53, F-38041 Grenoble cedex 09, France

Lectins are sugar-bind ing pro teins of non-im mune na ture
that play a role in cell ag glu ti na tion or glycoconjugates pre -
cip i ta tion. These lectins bind to sugar moi eties in cell walls
or mem branes and thereby change the phys i ol ogy of the

mem brane, thus cause ag glu ti na tion, mi to sis, or other bio -
chem i cal changes in the cell.

Ralstonia solanacearum is a plant bac te rial patho gen,
which causes a wilt dis ease in sev eral eco nom i cally im por -

Fig ure 1. Lys96, one of the four lysyl res i dues which are prob a -
bly ori en tated to the lumenal fac ing in trin sic pro teins of PSII,
lies on the op po site side as are the other three lysyl res i dues and
the con served loop res i due Asp24, in a dis tance from 6–12 C
and 7–13 C to the loop res i dues Thr20 and Glu21, re spec tively.
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tant ag ri cul tural crops, such as po ta toes, to ma toes, pep pers, 
egg plant, and ba nana.[1]

Plant and an i mal patho gens use pro tein-car bo hy drate
in ter ac tions in their strat egy for host rec og ni tion and in va -
sion.

Un til our knowl edge now, the R. solanacearum bac te -
rium has been pro duc ing three sol u ble lectins. RSL (MW
9900), which ex hib its sugar specifity to L-fucose [2] and
par tial se quence homology to mush room Aleuria aurantia
lectin AAL [3], RS-IIL (MW 11601) lectin [4] re sem bles
PA-IIL from hu man patho gen Pseu do mo nas aeruginosa in 
struc ture and prop er ties but dif fers in sugar specifity [5]. 
The last one is RS20L (MW 19903), which dis plays
L-fucose and D-mannose and D-xylose bind ing abil ity.

This pre sen ta tion de scribes, struc tur ally and func tion -
ally, the RS20L, a 20 kDa lectin, which has no se quence
sim i lar ity to any known lectin amino acid se quence, but the 
so lu tion of crys tal struc ture showed high struc tural sim i lar -
ity to an i mal galectins. How ever it does n’t dis play any
sugar spec i fic ity to D-galactose.

Fur ther func tional stud ies us ing sur face plasmon res o -
nance (SPR) and iso ther mal ti tra tion cal o rim e try (ITC) al -

lowed to de fine bind ing prop er ties (afinity, ki net ics) and
ther mo dy namic pa ram e ters. 

1. Salanoubat, M. et al. (2002) Na ture. 415 (6871), 497-502.

2. Kostlanova, N., Mitch ell, E. P., Lortat-Ja cob, H., Oscarson, 
S., Lahmann, M., Gilboa-Garber, N., Chambat, G.
Wimmerova, M., Imberty, A. (2005) J. Biol. Chem., 280 ,

27839-27849.

3. Wimmerova, M., Mitch ell, E. P., Sanchez, J. F., Gautier,
C., Imberty, A., (2003) J. Biol Chem. 18; 278(29):

27059-67. 

4. Sudakevitz, D., Kostlánová, N., Blatman-Jan, G., Mitch ell,
E. P., Lerrer, B., Wimmerová, M., Katcoff , D. J. Imberty,
A. and Gilboa-Garber, N. (2004) Mo lec u lar Mi cro bi ol ogy;

52(3), 691-700.

5. Mitch ell, E. P., Houles. C., Sudakevitz, D., Wimmerova,
M., Gautier, C., Perez, S., Wu, A. M., Gilboa-Garber,N.,

Imberty, A. (2002) Nat. Struct Biol.; 9 (12), 918-921. 

This work has been sup ported by Min is try of Ed u ca tion
(MSM0021622413) and Grant Agency of Czech Re pub lic
(204/03/H016).
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COMPUTATIONAL STUDIES ON PA-IIL LECTIN-CARBOHYDRATE INTERACTIONS 
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1Na tional Cen tre for Biomolecular Re search and 2De part ment of Or ganic Chem is try, Fac ulty of Sci ence,
Masaryk Uni ver sity, Kotláøská 2, Brno 611 37, navnit@chemi.muni.cz

Lectins are pro teins of nonimmune or i gin that non-en zy -
mat i cally se lec tively bind to mono or oli go sac cha rides.
Mul ti far i ous ac tiv ity of car bo hy drates in biophysiological
path way, such as im mune ac tiv ity, tu mor me tas ta sis,
cell-cell rec og ni tion, bac te rial pathogenecity, open an av e -
nue for the lectin-car bo hy drate in ter ac tion re search, which
is also a big chal lenge for the o ret i cal mod el ing due to the
po lar flex i ble saccharide moi ety. One of the lectins, PA-IIL 
that pro duced by Pseu do mo nas aeruginosa, which play
sig nif i cant role in cys tic fi bro sis dis ease, mo ti vated our
study on PA-IIL-car bo hy drate in ter ac tions.

The struc ture can pro vide a static view of the
macromolecules, but for the full un der stand ing of pro -
tein-ligand in ter ac tions it is nec es sary to know all the ac -
ces si ble spa tial ori en ta tions of the ligand in the re cep tor
bind ing pocket. It is of ten seen that the bind ing en ergy cal -
cu lated over the sam pled struc ture by mo lec u lar dy nam ics
could give the in sight of the in ter ac tions be tween pro tein

and ligand.[1, 2] We used the MM/PBSA ap proach to cal -
cu late the bind ing free en ergy of the lectin-car bo hy drate.
The en tropy con tri bu tion to the bind ing free en er gies was
ob tained by nor mal mode anal y sis. Un for tu nately these
con ven tional meth ods are not pre cise enough to ac cu rately
dis tin guish the bind ing or der of saccharide se ries. Thus, to
gain the in sight of the spa tial ori en ta tion of the mono -
saccharide and con versely the ligand in duced fit in the re -
cep tor bind ing site, the bind ing en ergy and the pocket
con form to the spe cific ori en ta tion of the saccharide was
cor re lated. The spa tial prox im ity of car bo hy drate in side the 
bind ing do main is the key fac tor for the lectin-car bo hy -
drate bind ing, which was iden ti fied by sta tis ti cal clus ter -
ing. One of the in ter est ing find ing was ions be hav ior,
re veal ing their par a mount sig nif i cance for the binding.

1.  Bon net, P.; Bryce, R. A. Pro tein Sci. 2004, 13, 946-957.  

2. P.J. Laitimen, T.; kankare, J. A.; Perakyla, M. Pro teins:
strucure, Func tion, and Bioinformatics 2004, 55,  34-43.
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CONFORMATIONAL SPACE OF NUCLEIC ACIDS
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Ex plo sion of in for ma tion on nu cleic acid (NA) struc ture
avail able in the pub lic ar chive [1] has en abled de tailed
anal y ses of NA, mostly RNA, conformational space [2-5].
The RNA On tol ogy Con sor tium, ROC [6], is a col lab o ra -
tive frame work that co or di nates ef fort of sev eral re search
groups to lay firm foun da tion to de scrip tion of RNA struc -
ture. Con sen sual de scrip tion of RNA back bone con for ma -
tions spon sored by the ROC is be fore fin ish [Rich ard son et
al. in prep a ra tion, 2007]. To com ple ment the anal y sis of
RNA con for ma tions, we in ves ti gated con for ma tions of
more than eight thou sand nu cleo tides from over four hun -
dred well re solved DNA X-ray struc tures. Here we com -
pare ba sic fea tures of conformational be hav ior of RNA and 
DNA nu cleo tides. 

For both DNA and RNA, the dou ble he li cal A and B
forms rep re sent a large ma jor ity of pop u la tions. In the
DNA conformational space, grad ual changes lead from A
forms with C2’-endo sugar puck ers to B forms with
C3’-endo sug ars and sev eral A-to-BI sub-states with mixed 
sugar puck ers were iden ti fied. Ex is tence of in ter me di ates
with deoxyribose in the O4’-endo re gion was de tected not
only in pro tein/DNA com plexes but sig nif i cantly also in
high res o lu tion struc tures of na ked DNA. There are also
sub-states of the BI and es pe cially BII con for ma tions, most 
are in duced by in ter ac tions with other mol e cules, mostly
pro teins. All these conformational sub-states or in ter me di -
ates keep the ba sic dou ble he li cal ar range ment. For in -
stance, DNA in com plex with histone core par ti cles
ac quires its cir cu lar shape by a com bin ing nu cleo tides in
the BI and BII con for ma tions. DNA bound to TATA-box
bind ing pro teins seems to be ex tremely de formed, opens up 
its mi nor groove and bends away from the pro tein but it
keeps its dou ble he li cal ar range ment and only lo cally
changes from B to A type. In sum mary, DNA un der goes
“plas tic de for ma tion” and its con for ma tion can be changed

from right-handed dou ble he lix only un der very spe cific
cir cum stances and into a few struc tur ally de fined states, as
spe cific se quence can form G-tetraplexes or a cer tain se -
quence can form Z form DNA at high salt. 

In con trast, widely di verse RNA con for ma tions seem to 
form iso late is lands in the conformational space. The ex tra
hy dro gen bond do nor and ac cep tor, the hydroxyl -O2’H at
the ribose ring, sta bi lizes con for ma tions that lead to bulges, 
loops, and con se quently to RNA mol e cules glob ally folded 
in three di men sional space. When RNA is dis rupted from
its most sta ble A form, it “jumps” to con for ma tions in com -
pat i ble with the rigid right handed he lix. 

This work has been sup ported by an NSF grant DBI
0110076 to the NDB and by a grant LC512 from the Min is -
try of Ed u ca tion of the Czech Re pub lic. 
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ELECTRONIC COUPLING IN THE EXCITED ELECTRONIC STATE OF STACKED DNA
BASE HOMODIMERS
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The na ture of the ex cited states of DNA bases, in par tic u lar
the elec tronic cou pling be tween ad ja cent bases in their ex -
cited state is ad dressed in this con tri bu tion. One of the pos -
si bil i ties how DNA can pro tect it self from UV dam age is a
fast trans fer of ex ci ta tion en ergy which pre vents the lo cal -
iza tion (trap ping) of elec tronic en ergy and sub se quent re -
ac tion. The en ergy trans fer be comes faster with in creas ing
elec tronic cou pling be tween ex cited states. 

The elec tronic cou pling re sults from both the or bital
over lap in the short-range limit and in ter ac tion of tran si tion 
di pole mo ments (di pole-di pole in ter ac tion) in the in ter me -
di ate-range limit. It is a gen er ally ac cepted view that the ex -
tent of the delocalization de pends on the base se quence as
well as on the struc ture of DNA he lix which ef fects their
mu tual ori en ta tion. 

In this con tri bu tion we re port the re sults of ab in itio
study of the elec tronic cou pling be tween two ad ja cent
stacked  DNA bases where the or bital over lap is the dom i -
nant part. These stud ies were per formed for ad ja cent cy to -
sine, thy mine, and ad e nine in both A- and B-DNA
con for ma tions.  

It is shown that the elec tronic cou pling de pends con sid -
er ably on the ge om e try of two ad ja cent bases. In ad di tion,
the char ac ter of the low est ex cited states of  thy mine com -
plex is dif fer ent com pared to that of cy to sine com plex. We
be lieve that these stud ies can bring some con tri bu tion to
the un der stand ing of an ob served dif fer ent pho to chem i cal
be hav ior, with re spect to cyclobutane for ma tion, in par tic -
u lar.
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NEW PRINCIPLE OF THE MOLECULAR PHOTO-FET 

Irena Kratochvílová

In sti tute of Phys ics, Acad emy of Sci ences of the Czech Re pub lic, Na Slovance, Prague, Czech Re pub lic

We re port a pos si bil ity of a re vers ible for ma tion of charge
car rier traps in mo lec u lar sys tem con sist ing of poly mer ma -
trix con tain ing photochromic spe cies. One can en vis age a
con struc tion of photo-FET de vice in which source-drain
cur rent in a semi con duc tor film is in flu enced by photo
formed dipolar fields as so ci ated with charge car rier traps in 
a photoactive “gate” layer. The re sults dem on strate that the
suit able photochromic re ac tion can mod u late the trans port
of the charge car ri ers in a semi con duct ing film be tween the
source and drain elec trodes. The speed of the mod u la tion is 
lim ited by the speed of the photochromic trans for ma tion –
in a suit able sys tem with a free vol ume of the poly mer it

can reach mi cro sec onds scale. The speed can be im proved
us ing the po lar ity of the ex cit ing state where pi co sec onds
scale can sim ply be reached. The ex per i men tal ef fects pre -
sented here, lead ing to the de crease of charge car rier mo bil -
ity and there fore of the photocurrent by fac tor ca. 3,
strongly de pends on the sam ple ge om e try, thick nesses of
the films and the con cen tra tion and ori en ta tion if
photochromic ad di tive in the “gate” poly mer layer.The
find ing of the suit able pa ram e ters is in prog ress. DFT cal -
cu la tions on model dimer (H2Pc)2 show changes in elec -
tronic struc ture caused the in duced di pole which lower the
car rier mo bil ity.
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CHIPAS, TOOL FOR CHIPONCHIP ANALYSIS

J. Paèes and R. Ivánek

In sti tute of Mo lec u lar Ge net ics, ASCR, Videnska 1083, 14220, Prague, Czech Re pub lic, hpaces@img.cas.cz

ChIP-on-chip, also known as ge nome-wide lo ca tion anal y -
sis, is a tech nique for iso la tion and iden ti fi ca tion of nu cle o -
tide se quences oc cu pied by spe cific DNA bind ing pro teins
in cells. These bind ing sites may in di cate func tions of var i -
ous transcriptional reg u la tors and help iden tify their tar get
genes dur ing an i mal de vel op ment and dis ease pro gres sion.
The iden ti fied bind ing sites may also be used as a ba sis for
an no tat ing func tional el e ments in genomes. The types of
func tional el e ments that one can iden tify us ing ChIP-
 on-chip in clude pro mot ers, enhancers, repressor and si -

lenc ing el e ments, in su la tors, bound ary el e ments, and se -
quences that con trol DNA rep li ca tion. 

The chip-on-chip tech nol ogy can typ i cally be used for
iden ti fi ca tion of genes that re spond to the tran scrip tion fac -
tor in study. We pres ent here soft ware CHIPAS (re leased
un der GPL2) that makes it pos si ble to ob tain a set of the
best bind ing sites for given tran scrip tion fac tor to gether
with the iden ti fi ca tion and lo ca tion of its con sen sus bind -
ing nu cle o tide se quences. Ap pli ca tion of this soft ware is
dem on strated in serching for pro tein-bind ing sites in the
mouse PAX6 gene.
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STRUCTURAL AND FUNCTIONAL CHARACTERIZATION OF HUMAN PROTEIN

KINASE CKI EPSILON

E. Brumovská1 , P. Houfková1, S. Trantírková1, C. Modak2, T. Doležal1  and L. Trantírek1

1Lab o ra tory of Struc tural Bi ol ogy, Fac ulty of Bi o log i cal Sci ences, Uni ver sity of South Bo he mia, Branišovská
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2De vel op men tal Bi ol ogy Cen ter and De part ment of Med i cine, Uni ver sity of Cal i for nia-Irvine, Irvine, Cal i for nia, 
USA, e-mail: brumoe00@bf.jcu.cz

Ca sein kinase I ep si lon (CKIe) is one of the cru cial com po -
nents of Wnt sig nal ing path way that is re quired for nor mal
de vel op ment and cell pro lif er a tion. How ever, the role of

CKIe in this sig nal ing re mains still un clear. It has been
shown that mu ta tions in some genes en cod ing pro teins reg -

u lat ing the Wnt cas cade (b-catenin, axin, APC) are com -
mon in dysregulated de vel op ment and mul ti ple can cers.
Re cently, Fuja et al. (2004) iden ti fied eleven point mu ta -

tions in gene for CKIe in hu man breast can cer cells. In this
pro ject, we would like to ad dress the ef fect of mu ta tions on
ca sein kinase I ep si lon 3D struc ture and its ac tiv ity. In par -
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al lel, we plan to iden tify pro teins, which stably as so ci ate

with CKIe un der in vivo con di tions and po ten tially char ac -

ter ize the to pol ogy of the CKIe com plex. These in ves ti ga -
tions will pro vide a mo lec u lar ba sis for un der stand ing of

CKIe func tion and for de sign of drugs mod u lat ing CKIe
ac tiv ity.

This work was sup ported by Grant Agency of the Czech Re -
pub lic (301/07/0814 ).

Fuja TJ, Lin F, Osann KE, Bryant PJ (2004): So matic mu -
ta tions and al tered ex pres sion of the can di date tu mor
suppressors CSNK1 ep si lon, DLG1, and EDD/hHYD in
mam mary ductal car ci noma. Can cer Res. 64(3):942-51.
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SUBTILASES AND METAL BINDING – THE WEAK BINDING SITE OF SUBTILISINS
REVISITED
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Subtilisins form a fam ily of a/b hy dro las es with broad
spec i fic ity to wards the cleaved pep tide se quence [1]. Re la -
tion ship be tween their struc ture and ac tiv ity was ex ten -
sively stud ied by means of X-ray crys tal log ra phy.
Rep re sen ta tives of this fam ily such as subtilisin
BPN´/NOVO, Carlsberg or Savinase be came sub jects of
sys tem atic stud ies of metal ion bind ing in re la tion to the en -
zy matic ac tiv ity, sta bil ity and struc ture since 1969 when
the first subtilisin struc ture was pub lished [2]. En zymes
from the superfamily of subtilisin-like pro teas es have their
cat a lytic do main ho mol o gous to that of subtilisins with
some ad di tional do mains and/or sec ond ary struc ture el e -
ments. 

In the ear lier stud ies a strong cal cium bind ing site (CaI,
for merly named site A) and a weak cal cium bind ing site
(CaII, for merly named site B) were iden ti fied in subtilisins
[3]. The site CaI plays a cru cial role in sta bi liz ing the mo -
lec u lar struc ture but the role of the site CaII is slightly more 
com pli cated and de pends on con cen tra tion of so dium ions
in the en vi ron ment [4]. As the num ber of struc tures of
subtilisins in the PDB [5] was grow ing it be came ob vi ous
that in some cases the con tents of site CaII was mis in ter -
preted. 

Two novel struc tures of subtilisin-like pro teas es were
de ter mined by sin gle crys tal X-ray dif frac tion. The extra -

cellular pro teas es are pro duced by bac te ria Ba cil lus sp.
TY145 and Ba cil lus halmapalus. The new subtilases bring
ex per i men tal ev i dence for Na+ in stead of Ca2+ bound in site 
NaII (2.7 C away from site CaII) and for three new
Ca2+-bind ing sites in subtilases. We have at tempted to
re-clas sify the typ i cal metal bind ing sites of subtilisins and
subtilisin-like pro teas es and to re flect on the most likely
na ture of the ions in site CaII in the pub licly avail able struc -
tures.

1. R. J. Siezen & J. A. M. Leunissen, Prot. Sci., 6, (1997),
501.

2. C. S. Wright, R. A. Alden, J. Kraut, Na ture. 221, (1969),
235.

3. J. Drenth, W. G. J. Hol, J. N. Jansonius, R. Koekoeck, Eur. 
J. Biochem. 26, (1972), 177.

4. P. A. Al ex an der, B. Ruan, P. N. Bryan, Bio chem is try 40,
(2001), 10634.

5. H. M. Berman, J. West brook, Z. Feng, G. Gilliland, T. N.
Bhat, H. Weissig, I. N. Shindyalov, P. E. Bourne, Nu cleic
Acids Res. 28, (2000), 235.

 This work was sup ported by Novozymes, Den mark and by
the Min is try of Ed u ca tion, Youth and Sport of the Czech
Re pub lic (pro ject no. 1K05008).
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LIGAND DOCKING TO BIOCHEMICAL TARGETS. CRYSTALLOGRAPHY AND
MODELLING
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X-ray struc ture anal y sis is an ex cel lent tool for study of
mo lec u lar rec og ni tion (i.e. spe cific ad he sion be tween two
macromolecules of bi o log i cal or i gin) and there fore it plays
a key role in elu ci da tion of mo lec u lar mech a nisms of many
bio chem i cal pro cesses. A high in ter est of crys tal log ra phers 
was also de voted to spe cific in ter ac tions of drugs in ac tive
sites of en zymes and their re search has al ready been re -
flected in many prac ti cal re sults of the ra tio nal drug de sign. 
Also in the case of drugs, we can usu ally see high af fin ity
of the ligand to the tar get pro tein be cause it is the aim of the
hu man ef fort to break down the en zy matic func tion per ma -
nently. The mol e cules of in ter est are in these cases usu ally
well or dered in crys tal and there fore rel a tively eas ily re -
solved by pro tein crys tal log ra phy. 

The sit u a tion is not so easy with lig ands pos sess ing
lower af fin ity to the pro tein mol e cule (as for ex am ple poly -
mers). One has to cope usu ally with  mol e cules which are
only partly lo cal ized on the pro tein sur face with the re -
main ing parts float ing freely in the crys tal li za tion buffer
(for dif frac tion ex per i ment in vis i ble). In ad di tion, parts of
the ligand ad her ing to pro tein sur face (the only vis i ble frag -
ments in the maps of elec tron den sity) have of ten lower oc -
cu pancy and also can ap pear in mul ti ple con for ma tions
ac com pa nied by mul ti ple con fig u ra tion of the sur round ing
wa ter mol e cules of buffer. There fore to lo cal ize these low
af fin ity lig ands, we need rel a tively good ex per i men tal data
and ad di tional work con nected with care ful lo cal iza tion of
wa ter mol e cule net works form ing the hydration shell of the 
pro tein. It was be lieved un til re cently that pro tein crys tal -
log ra phy can not de scribe well the struc ture of sol vent near
the pro tein sur face and thus nei ther lo cal ize well the low af -
fin ity lig ands on the pro tein sur face. These dif fi cul ties are
prob a bly the rea son why crys tal log ra phers did not pay at -
ten tion to these low ad he sion mol e cules in past. 

How ever, many low af fin ity lig ands have al ready been
proved as highly ef fi cient tools prac ti cally used in health
care. Sev eral tens of stud ies test ing prac ti cal us age of these
low af fin ity lig ands have been pub lished ev ery year (drug
car ri ers for safe de liv ery and re lease of drugs in the tar get
tis sue, coat ing ma te ri als pro tect ing the bi o log i cally
degradable mol e cules dur ing their trans port, con trol of
drug re lease rate, ar ti fi cial ad di tives in food, etc.). In spite
of a clear  im por tance of the sub ject, our knowl edge of how
the low af fin ity lig ands bind to pro tein sur face re mains lim -
ited un til now. 

In spite of the fact that polyethyleneglycol (mostly
PEG2000) has been in ten sively used in crys tal li za tion ex -
per i ments for a long time [1],  only mar ginal at ten tion has
been paid to soak ing of var i ous poly mers into the pro tein
crys tals and to crys tal lo graphic stud ies of ad he sion be -
tween pro teins and poly mers (low af fin ity ma te ri als of

non-bi o log i cal or i gin). Here we show on sev eral ex am ples
[2-10] a num ber of gen eral prob lems tack led when one
tries to study poly mers and the com plex mo lec u lar sys tems
men tioned above. Namely we fo cus on the prob lems con -
nected with de ter mi na tion of all con for ma tion states,
conformational free dom of the bound ligand in flu enc ing
the en tropy of the sys tem, the flip ping prob lem of His, Gln,
Asn, de ter mi na tion of  wa ter sites in the first hydration
shell, ver i fi ca tion of wa ter mol e cule net works and lo cal iza -
tion of the rel e vant parts of  poly mer lig ands.

It can be said gen er ally that the ex per i men tally de rived
view of the mo lec u lar struc ture (the 3D-map of elec tron
den sity) con tains in for ma tion about all conformational
states and mo tions of the mo lec u lar sys tem re al ized dur ing
the time of the mea sure ment (usu ally sev eral min utes). In
the case of a good mea sure ment, parts of the mo lec u lar sys -
tem re main ing sta ble dur ing the mea sure ment are usu ally
well re solved in the map of elec tron den sity, any sin gle
elec tron can be re solved and the in di vid ual atom po si tions
can be lo cal ized with an ac cu racy up to 1 pm (0.01 C).
How ever, elec tron den sity of at oms in ar eas with higher
mo bil ity of at oms is blurred over larger ar eas. It is usu ally
de scribed by higher tem per a ture fac tors and by dis or der of
some func tional groups. A better al ter na tive way, al though
less com pact, is to de posit a def i nite num ber of mod els sim -
i larly as it is gen er ally used in the NMR struc ture anal y sis
[10]. 

The fact that we can not ex pect high spec i fic ity of these
in ter ac tions, be cause pro teins did not pass any ge netic se -
lec tion with re spect to these com pounds in past, is on the
other hand a great ad van tage. Mo lec u lar ad he sion of such
low af fin ity ma te ri als is not crit i cally de pend ent on a spe -
cific pro tein, and thus we hope that it will be much eas ier to
gen er al ize the ob ser va tions re ceived on a num ber of ex per -
i men tally de ter mined struc tures of pro teins of dif fer ent or i -
gin and to form rules which gov ern the prop er ties of these
mo lec u lar com plexes. 

The re search is sup ported by grants of the Acad emy of Sci -
ences of the Czech Re pub lic (pro ject T40050040) and of
the Grant Agency of the Czech Re pub lic (pro ject
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The cru cial glycolytic en zyme, glyceraldehyde-3-phos -
phate dehydrogenase (GapA), is in Ba cil lus subtilis  neg a -
tively reg u lated at the transcriptional level by the cen tral
glycolytic gene reg u la tor CggR. CggR be longs to a large
fam ily SorC/DeoR fam ily of prokaryotic transcriptional
reg u la tors with the N-ter mi nal DNA bind ing do main and
larger C-ter mi nal effector bind ing do main.  When no glu -
cose is pres ent in the growth me dia, CggR in ter acts with its
tar get se quences in the gapA operon and blocks tran scrip -
tion. By con trast, the availablity of glu cose in duces ex pres -
sion of GapA en zyme. In vi tro ex per i ments dem on strated
that the effector mol e cule that abol ishes CggR DNA bind -
ing ac tiv ity is fruc tose-1,6-bisphoshate (FBP) [1]. In vivo
stud ies sug gested that CggR can also synergically to other
sig nals de rived from aminoacid anabolism [2]. 

The struc ture of CggR C-ter mi nal effector-bind ing do -
main (res i dues 89-340, re ferred to as C-CggR) was de ter -
mined by a sin gle-anom a lous dis per sion (SAD) us ing the
selenomethionyl-sub sti tuted pro tein crys tals and was re -
fined us ing data to 1.65 C res o lu tion. The C-CggR has an

open 3 layer a/b/a sand wich ar chi tec ture (Fig ure 1).  The

cen tral part is formed by a seven-stranded par al lel b-sheet

sur rounded on both sides by five a-he li ces and is sim i lar to
an NAD-bind ing Rossmann fold. Three lat eral subdomains 
are added in C-CggR to the cen tral part so that the over all
struc ture re sem bles a tre foil in its shape. A deep sur face
cleft lo cated be tween the lat eral subdomains and the cen tral 
part rep re sents the effector bind ing site (in di cated by an ar -
row in Fig ure 1).

With the aim to gain struc tural in for ma tion on the
effector bind ing, we de ter mined crys tal struc tures of
C-CggR in com plex with var i ous lig ands. In ad di tion to
pre vi ously iden ti fied effector FBP, we also ob served the
bind ing of glyceraldehyde-3-phos phate (G3P), glu -
cose-6-phos phate (G6P), and fruc tose-6-phos phate (F6P)
in our crys tal struc tures.  The bind ing of these lig ands in so -
lu tion was in ves ti gated by the iso ther mal ti tra tion cal o rim -
e try and their ef fect on C-CggR oligomeric state was
stud ied through chem i cal cross-link ing. 

We con clude that C-CggR is able to bind sev eral dif fer -
ent small mol e cules and the ligand bind ing is ac com pa nied
with changes in C-CggR oligomeric state. Our re sults
strongly sug gest that CggR could be mod u lated by var i ous
effectors.
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