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Com pu ta tional meth ods and their real com puter im ple men -
ta tion have al ways been a part of struc tural bi ol ogy. At the
be gin ning, mainly com pu ta tional pro to cols in volved in ex -
per i men tal data re fine ment and in ter pre ta tion in X-ray
crys tal log ra phy and NMR spec tros copy were used to ob -
tain fi nal 3-D struc ture. 

Later on, when com put ers be came more pow er ful and
the o ret i cal mod els more re li able, com pu ta tional meth ods
started to form an in de pend ent part of struc tural bi ol ogy.
Now a days, com pu ta tional meth ods are of ten used for, e.g.,
ab in itio 3-D structure pre dic tion.  One of the unique fea -
tures, that make com pu ta tional meth ods very im por tant, is
their abil ity to see sin gle at oms and to fol low their mu tual
dis place ment in space as a func tion of time.  As the o ret i cal
mod els are of in creas ing qual ity, com pu ta tional pro to cols
based on them are  more and more re li able and ro bust and,
con se quently, more trusted by the us ers. This has, be sides

all the good im pli ca tions, also some bad ef fects. The key
one is that the user some times ex pects to ob tain more in for -
ma tion from a com pu ta tional method than such method can 
pro vide, some times the qual ity and re li abil ity of the ob -
tained in for ma tion is over es ti mated. 

Based mainly on re search pro jects of the Na tional Cen -
tre for Biomolecular Re search in Brno, it  will be shown in
the lec ture, in which ar eas com pu ta tional meth ods can suc -
cess fully be used and, vice versa, where pit falls may be ex -
pected. Ex am ples will be given in the field of soft ware
de vel op ment as well as pro tein com plexes mod el ing and
sim u la tions.

The re search pre sented here has been sup ported by Min is -
try of Ed u ca tion of the Czech Re pub lic (MSM0021622413,
LC06030, ME08008) and the Eu ro pean Com mu nity’s Sev -
enth Frame work Pro gram un der grant agree ment n°
205872.
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Pro tein-ligand in ter ac tions are of ten as so ci ated with
conformational changes of the mol e cule of pro tein. How -
ever, there are sev eral in ter est ing ex am ples of in duced fit in 
the mol e cule of ligand. For ex am ple, nu mer ous X-ray
struc tures of glycosidases show that the sub strate
(pyranose) is bound in a high-en ergy boat or skew-boat
con for ma tion, in stead of the en er get i cally fa vour able chair
con for ma tion. This sub strate dis tor tion prob a bly fa cil i tates 
the ca tal y sis. Such dis tor tion was also ob served for

a-N-acetylneuraminic acid (Neu5Ac) bound to the ac tive
site of in flu enza neuraminidase (sialidase).

Sta bi li za tion of the boat con for ma tion of Neu5Ac in the 
ac tive site of neuraminidase was stud ied us ing mo lec u lar
dy nam ics sim u la tion and metadynamics [1]. The re sults al -
lowed us to pre dict ther mo dy nam ics and ki net ics of the
stud ied conformational change in a good agree ment with
avail able ex per i men tal data. We show that the dis tor tion is

likely to be sta bi lized by the con served arginine clus ter, but 
also by the “150-loop”. This loop (mainly Asp151) has
been pro posed to play im por tant role in ca tal y sis, but, as far 
as our knowl edge goes, its in volve ment in sub strate dis tor -
tion has not yet been stud ied. The re sults help to elu ci date
mo lec u lar mech a nism of the re ac tion cat a lyzed by this me -
dic i nally im por tant enzyme.

1.  Laio A., Parrinello M., Proc. Natl. Acad. Sci. USA, 99,
(2002) 12562.

This in ves ti ga tion was sup ported by the Czech Min is try of
Ed u ca tion, Youth and Sports (MSM6046137305). Com pu -
ta tional re sources were funded by the Sci ence and Tech -
nol ogy As sis tance Agency, Slovakia, un der the Con tract
APVV-0607-07 and the Cen tres of Ex cel lence pro gram of
the Slo vak Acad emy of Sci ences (COMCHEM, Con tract
No. II/1/2007).
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SITEBINDER – SOFTWARE TOOL FOR SUPERIMPOSING MULTIPLE STRUCTURAL
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R. Svobodová Vaøeková1,2, D. Sehnal1, L. Pravda1, J. Oppelt1, and J. Koèa1

1Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5
625 00 Brno-Bohunice, Czech Re pub lic
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A lot of in for ma tion about 3D struc ture of pro teins (in clud -
ing metalloproteins, lectines etc.) is now a days avail able in
the Pro tein Data Bank da ta base. This large amount of data
al lows us to an a lyze bio chem i cally sig nif i cant mo tives in
these mol e cules. For ex am ple, we can study bind ing sites
of met als in metalloproteins, sur round ings of sug ars in
lectines, or other bio chem i cally im por tant mo tives (such
ap proaches were used for ex am ple in [1] and [2]).  

To per form these anal y ses a soft ware tool is needed,
which is ca pa ble of su per im pos ing many struc tural mo tives 
at once (min i miz ing their mu tual root mean square de vi a -
tion - RMSD) and com put ing a model of the par tic u lar mo -
tive. The struc tural mo tives of ten ex hibit par tial sym me try;
there fore, even for two mo tives, there ex ist sev eral valid
pair ings of at oms of the struc tures, each yield ing a good
value of RMSD. Nev er the less, when su per im pos ing mul ti -
ple struc tures at once, the cho sen pair ing plays a vi tal role
and dif fer ent pair ings might re sult in dif fer ent val ues of
RMSD. Un for tu nately, cur rently avail able tools for su per -
im pos ing of mol e cules (VMD, UCSF Chi mera, etc.) are
mainly fo cused on whole mol e cules and as sume the pair ing 
of at oms is given a pri ori. There are more so phis ti cated
tools such as PyMol that op ti mize pair ing; nev er the less,
they au to mat i cally ne glect poorly fit ting at oms, which is an 
un de sir able fea ture when try ing to com pute a model of the
mo tive. 

There fore, a soft ware pack age called SiteBinder was
de signed and im ple mented. This soft ware ap plies cur rently 
pub lished al go rithms for align ment us ing quaternion math
[3] and for su per im pos ing of mul ti ple struc tures [4] (both
al go rithms were adapted for our needs). Fur ther more,
SiteBinder pro vides al go rithms for search ing for op ti mal
pair ing of at oms (which uti lizes the in for ma tion about res i -
dues, atomic names, and chem i cal sym bols con tained in

PDB file for mat) and cal cu lat ing a model from mul ti ple
struc tures. SiteBinder al lows the user to se lect sub set of at -
oms on each struc ture which are then used for su per im pos -
ing. This is achieved through user friendly and in tu itive
in ter face with fea tures such as real-time high light ing of at -
oms of in ter est and au to matic se lec tion of at oms on mul ti -
ple struc tures at once. Fur ther more, de tailed in for ma tion
about RMSD is pro vided in clud ing av er age RMSD to the
other struc tures in the en sem ble (this fea ture is very use ful
for ex am ple for clas si fi ca tion of sub classes of a given
struc tural mo tives). Fi nally, SiteBinder is able to ex port the 
su per im posed struc tures in PDB for mat as well as in a ren -
dered im age.

We tested the soft ware on sev eral sets of bio chem i cally
im por tant mo tives (i.e. about 500 Zinc fin ger mo tives,
about 1000 Ca bind ing sites in lectines etc.) and com pared
RMSD val ues with other soft ware (VMD, UCSF Chi mera,
and PyMol). SiteBinder pro vided better re sults for most of
the tested mo tives.

1. F.P. Casey, N.E. Davey, I. Baran, R. Svobodová Vaøeková, 
D.C. Shields: Web Server To Iden tify Sim i lar ity of Amino
Acid Mo tifs to Com pounds (SAAMCO), J. Chem Inf
Model, 10 (2008) 1524 - 1529. 

2. I. Baran, R. Svobodová Vaøeková, L. Parthasarathi, S.
Suchomel, F. Casey, D.C. Shields: Iden ti fi ca tion of Po ten -
tial Small Mol e cule Peptidomimetics Sim i lar to Mo tifs in
Pro teins. J Chem Inf Model, 47 (2007) 464 - 474.

3. E.A. Coutsias, C. Seok, K.A. Dill: Us ing Qua ter nions to
Cal cu late RMSD. J Comp Chem, 25 (2004) 1849 - 1857.

4. X. Wang, J. Snoeyink: De fin ing and Com put ing Op ti mum
RMSD for Gap ped and Weighted Mul ti ple-Struc ture
Align ment. IEEE/ACM Trans Comput Bi ol ogy Bioinform,
5 (2008), 525 – 533.
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IMPROVING PROTEIN BINDING, IN SILICO APPROACH

Jiøí Èerný

In sti tute of Bio tech nol ogy AS CR, v.v.i., Vídeòská 1083, CZ-142 20
Prague, Czech Re pub lic

The ligand en gi neer ing group at the In sti tute of Bio tech -
nol ogy de vel ops pep tide/pro tein lig ands for high af fin ity
and high spec i fic ity bind ing of dif fer ent cytokine mol e -
cules. Pow er ful ex per i men tal tools of mo lec u lar bi ol ogy
such as ri bo some dis play are suc cess fully com bined with
the o ret i cal and com pu ta tional tools in clud ing bio -
informatics, homology mod el ing, and mo lec u lar dy nam ics. 
For ex am ple, anal y sis of avail able crys tal struc tures, com -
pu ta tional en ergy cal cu la tions, and pre lim i nary screen ing
are nec es sary for sug gest ing res i dues that should be ran -
dom ized in the first round of screen ing by the ri bo some dis -

play. This step of com puter-aided anal y sis is then fol lowed
by the ra tio nal im prove ment of high af fin ity mu tants from
ri bo some dis play. The o ret i cal pro to cols for choos ing the
most prob a ble res i due can di dates for in vi tro mu ta gen e sis
will be pre sented. We will also com pare roles of dif fer ent
the o ret i cal meth ods and their in ter lock ing with the ex per i -
men tal pro ce dures that led to ligand im prove ments in our
lab o ra tory.

The sup port of the In sti tute of Bio tech nol ogy AS CR, v.v.i.
(AV0Z50520701) is ac knowl edged.
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COMPUTATIONAL ANALYSIS OF THE STABILIZATION EFFECTS IN SUCCESSIVE
U-HG-U BASE PAIRS

Ladislav Benda1,2, Michal Straka1, Vladimír Sychrovský1

1In sti tute of Or ganic Chem is try and Bio chem is try AS CR, Flemingovo nám. 2, 166 10 Praha 6, 
Czech Re pub lic

2Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity Prague, Ke Karlovu 3, 121 16 Praha 2, 
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Metal-DNA in ter ac tions rep re sent one of the key top ics in
nu cleic acid re search. The idea of mer cury complexing
with DNA bases ap peared al ready in early 1960’s [1]. HgII

was shown to pos sess a very high af fin ity to wards ni tro gen
at oms of nu cleic acid bases [2]. Re cently, a very sta ble
struc tural pat tern with mer cury sta bi liz ing a T-T mis match
in side dou ble-strand DNA oligonucleotide has been re -
vealed by means of NMR spec tros copy [3-5]. Fur ther more, 
mer cury bind ing to suc ces sive T-T mis matches in side
DNA was also re ported [3-4]. The o ret i cal stud ies of
T-HgII-T base-pair prop er ties fol lowed the orig i nal ex per i -
men tal work [6-7].

The pres ent study uses com pu ta tional tools to ques -
tion the sta bi li za tion ef fects in suc ces sive T-HgII-T base
pairs. By ap ply ing the RI-MP2 ab in itio method we an a -
lyzed the na ture of the at trac tive in ter ac tion be tween two
U-HgII-U units, where ura cil base was in tro duced in stead
of thy mine in or der to re duce the com pu ta tional costs. By
de com pos ing the in ter ac tion en ergy we iden ti fied the role
of mer cury in sta bi liz ing the suc ces sive U-HgII-U base
pairs. Sig nif i cant in ter ac tion en ergy con tri bu tions arised

from the charge re dis tri bu tion on ura cil rings in duced by
mer cury, mer cury through-space in ter ac tion with ura cil of
the other U-HgII-U unit, and Hg-Hg metallophilic at trac -
tion.

1.  T. Yamane, N. Davidson, J. Am. Chem. Soc., 83, (1961),
2599.

2.  L. D. Kosturko, C. Folzer, R. F. Stew art, Bio chem is try, 13,
(1974), 3949.

3.  Y. Miyake, H. Togashi, M. Tashiro, H. Yamaguchi, S. Oda,
M. Kudo, Y. Tanaka, Y. Kondo, R. Sawa, T. Fujimoto, T.
Machinami, A. Ono, J. Am. Chem. Soc., 126, (2006), 2172.

4.  Y. Tanaka, H. Yamaguchi, S. Oda, Y. Kondo, M. Nomura,
Ch. Kojima, A. Ono, Nu cleo sides, Nu cleo tides, and Nu -
cleic Ac ids, 25, (2006), 613.

5.  Y. Tanaka, S. Oda, H. Yamaguchi, Y. Kondo, Ch. Kojima,
A. Ono, J. Am. Chem. Soc., 129, (2007), 244.

6.  A. A. Voityuk, J. Phys. Chem. B, 110, (2006), 21010.

7.  A. Bagno, J. Am. Chem. Soc., 129, (2007), 11360.
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FAST METHODS OF ATOMIC CHARGE CALCULATION: PARAMETERIZATION OF
EEM FOR APPLICABILITY TO METAL CONTAINING PROTEINS

C. M. Ionescu, R. Svobodová Vaøeková, J. Koèa 

Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Kotláøská 2,
61137 Brno, Czech Re pub lic 
ionescu@ncbr.chemi.muni.cz

Atomic charges, al though not phys i cal observables, are
used to ex plain many mo lec u lar prop er ties and are needed
in many mo lec u lar pack ages. The quan tum chem i cal ap -
proach to cal cu lat ing var i ous types of atomic charges can
be very pre cise, but ex tremely time de mand ing; in any
case, its ap pli ca bil ity to biomolecules is re stricted by the
size of the sys tems. One of the al ready avail able al ter na tive
so lu tions is the Electronegativity Equal iza tion Method
(EEM), which al lows for the fast cal cu la tion of par tial
atomic charges with re mark able pre ci sion [1], pro vided
that the proper pa ram e ters have been pre vi ously de ter -
mined.

Pre vi ous stud ies in this re spect have made great prog -
ress since the orig i nal de vel op ment of EEM by im prov ing
the for mal ism [2], in creas ing the num ber of cov ered atom
types [3], test ing the amenability of var i ous atomic charge
schemes [4], im ple ment ing the EEM for mal ism in mod el -
ing soft ware [5] etc. How ever, none of them has dealt with
sys tem sizes of more than 200 at oms, a num ber which is
hardly rel e vant at a biomolecular level.

We have ob tained EEM pa ram e ters for the el e ments
com monly found in pro teins (C, H, N, O, S) and the Ca ion

that may ap pear as a ligand, for sys tems whose size is
around 1000 at oms. All these sys tems are parts of very
large pro teins, and there fore the pa ram e ters we have ob -
tained should be able to pre dict par tial atomic charges on
full-sized real pro teins to a good ap prox i ma tion. We pres -
ent the com plete pro cess of gen er at ing these EEM pa ram e -
ters. 

1.  W.J. Mortier, S. K. Ghosh, S. Shankar, J. Am. Chem. Soc.,
108, (1986), 4315.

2. Z.-Z. Yang, C.-S. Wang, J. Phys Chem. A, 101, (1997),
6315.

3. R. Svobodova Varekova, Z. Jirouskova, J. Vanek, S.
Suchomel, J. Koca, Int. J. Mol. Sci., 8, (2007), 572.

4. P. Bultinck, W. Langenaeker, P. Lahorte, F. De Proft, P.
Geerlings, C. Van Alsenoy, J. P. Tollenaere, J. Phys.
Chem. A, 106, (2002), 7895.

5. K. S. Smirnov, B. van de Graaf, J. Chem. Soc., Far a day
Trans., 92, (1996), 2469.
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EMPLOYMENT OF FREE ENERGY CALCULATIONS TO ESTIMATION OF

CARBOHYDRATES AFFINITIES TOWARDS PA-IIL SUPERFAMILY LECTINS 
J. Alán, P. Kulhánek and J. Koèa

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

alan@chemi.muni.cz

Bind ing free en ergy is the im por tant ther mo dy namic prop -
erty used for de scrip tion of af fin ity of ligand to re cep tor. It
is used in drug de sign for fast qual i ta tive rank ing of
drug-like com pounds. Ex per i men tal lab o ra tory pro ce dure
lead ing to ac quire ment of bind ing free en ergy is multi step
ap proach, which is long and pos si bly with out re sults. Prob -
lems with pu ri fi ca tion and ob tain ing of ef fi cient con cen tra -
tion of sam ple for mea sure ment of ther mo dy namic
pa ram e ters are most com mon. Thus free en ergy cal cu la -
tions are con ve nient sup ply lab o ra tory mea sure ments.
When 3D struc ture of ligand re cep tor com plex is avail able, 
then bind ing free en er gies can be cal cu lated. More over af -
fin i ties of struc tur ally sim i lar lig ands can be then eas ily cal -
cu lated. Most de mand ing ob jec tive in this field is

prep a ra tion of uni ver sal pro ce dure for cal cu la tions of car -
bo hy drate af fin i ties to lectins. 

Po ten tial of free en ergy cal cu la tions will be shown on
pro ject from glycobiochemistry field, par tic u lar on lectins
from bac te ria Pseu do mo nas aeruginosa and Chromo -
bacterium violaceum. Lectins are group of pro teins of
non-im mune or i gin spe cif i cally bind ing car bo hy drates
with high af fin ity. They play cru cial role in cell rec og ni -
tion, sig nal ing and ad he sion. Bac te rial lectins are known as 
very im por tant par tic i pants in pro cess of bac te rial in fil tra -
tion of host or gan ism. 

Lectin PA-IIL is a tetrameric pro tein where dimer is
func tional unit with two cal cium ions in each bind ing site.
This lectin me di ates ad he sion of bac te ria Pseu do mo nas
aeruginosa to tis sues of re spi ra tory tract of pa tients suf fer -

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 17,   no. 1a (2010)       b15



ing from cys tic fi bro sis. PA-IIL shows high est af fin ity to
L-fucose and binds also other car bo hy drates [1].
Chromobacterium violaceum lectin CV-IIL is mem ber of
PA-IIL lectin superfamily and shows sim i lar func tion. In
silico de signed and pre pared mu tant struc tures of this lectin 
were used for mo lec u lar dy nam ics sim u la tions. Their af fin -

ity to a-L-fucose and a-D-mannose was eval u ated to elu ci -
date bind ing con tri bu tions of res i dues within bind ing
pocket.  

The bind ing free en er gies of com plexes of PA-IIL with

a-L-fucose, Me-a-L-fucose and Me-a-L-galactose and

com plexes of CV-IIL and CV-IIL mu tants with a-L-fucose 

a-D-mannose were es ti mated by ther mo dy namic in te gra -
tion method. This method is avail able in Am ber 9 pack age
[3]. It is based on slow al chem i cal trans for ma tion of one
mol e cule to an other. This method al lows us ing ex plicit sol -
vent model and parallelization of com pu ta tions. Com puted
bind ing free en er gies of PA-IIL, CV-IIL and var i ous
monosaccharides were com pared with iso ther mal ti tra tion
microcalorimetry data. Com puted rel a tive bind ing free en -
er gies were used for com pi la tion of se ries of ligand af fin ity
to re cep tor which was in agree ment with ex per i men tally
ob tained data. Af fin i ties com puted by ther mo dy namic in te -
gra tion dif fer from ex per i men tal val ues in range of 0.1 to
1.0 kcal/mol. 

This work has been sup ported by Min is try of Ed u ca tion of
the Czech Re pub lic (MSM0021622413, LC06030). The ac -
cess to the METACentrum supercomputing fa cil i ties pro -
vided un der the re search in tent MSM6383917201 is highly
ap pre ci ated. The re search lead ing to these re sults has re -
ceived fund ing from the Eu ro pean Com mu nity’s Sev enth
Frame work Programme un der grant agree ment no.
205872. This work has been sup ported by Czech Sci ence
Foun da tion (301/09/H004, doctoral program).   

1. J. Adam, M. Pokorná, C. Sabin, E. P. Mitchel, A. Imberty
& M. Wimmerová, BMC Struc tural Bi ol ogy, 7 (2008), En -
gi neer ing of PA-IIL lectin from Pseu do mo nas aeruginosa - 
Un rav el ling the role of the spec i fic ity loop for sugar
preference. 

2. M. Pokorná, G. Cioci, S. Perret, E. Rebuffet, N.
Kostlánová, J. Adam, N. Gilboa-Garber, E. P. Mitch ell, A.
Imberty & M. Wimmerová, Bio chem is try, 45 (2006)
7501-7510, Un usual en tropy-driven af fin ity of
Chromobacterium violaceum lectin CV-IIL to wards fucose
nd mannose.

3. D. A. Case, T. A. Darden, T. E. Cheatham, C. L.
Simmerling, J. Wang, R. E. Duke, R. Luo, K. M. Merz, D.
A. Pearlman, M. Crowley, R. C. Walker, W. Zhang, B.
Wang, S. Hayik, A. Roitberg, G. Seabra, K. F. Wong, F.
Paesani, X. Wu, S. Brozell, V. Tsui, H. Gohlke, L. Yang,
C. Tan, J. Mon gan, V. Hornak, G. Cui, P. Beroza, D. H.
Mathews, C. Schafmeister, W. S. Ross, P. A. Kollman,
Uni ver sity of Cal i for nia, San Fran cisco, 2006, Am ber 9.
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MOLECULAR AND STRUCTURAL MECHANISMS OF CELL DIVISION SITE
RECOGNITION IN Bacillus subtilis

Barák I.1, K. Muchová1, N. Pavlendová1, P. Florek1, J. Jamroškoviè1, An thony J. Wilkinson2,
¼. Vávrová1 and S. Rešetárová1

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

Ba cil lus subtilis is an in ter na tion ally-re cog nised model or -
gan ism, whose phys i ol ogy, bio chem is try and ge net ics has
been stud ied for many years. Our re search is ori ented to -
ward study ing the pro teins in volved in ba sic pro cesses in
Ba cil lus subtilis as cell di vi sion, sporulation and pro -
grammed cell death. 

Prob a bly the most con tro ver sial ques tion re gard ing cell 
di vi sion of rod-shaped bac te ria con cerns the mech a nism
that en sures cor rect place ment of the di vi sion sep tum. At
least two dis tinct mech a nisms con trib ute to place ment of
the di vi sion ma chin ery: the Min sys tem and nucleoid oc -
clu sion. The fluid mo saic model of mem brane struc ture has 
been re vised in re cent years as it has be come ev i dent that
do mains of dif fer ent lipid com po si tion are pres ent in
eukaryotic and prokaryotic cells. Us ing mem brane bind ing
flu o res cent dyes, we dem on strate the pres ence of lipid spi -
rals ex tend ing along the long-axis of cells of the
rod-shaped bac te rium B. subtilis. These spi ral struc tures

are ab sent from cells in which the syn the sis of phospha -
tidylglycerol is dis rupted sug gest ing an en rich ment in an -
ionic phospholipids. Green flu o res cent pro tein fu sions of
the cell di vi sion pro tein MinD from B. subtilis also form
spi ral struc tures and these were shown by flu o res cence res -
o nance en ergy trans fer (FRET) to be co in ci dent with the
lipid spi rals. These data in di cate a higher level of mem -
brane lipid or ga ni za tion than pre vi ously ob served and a
pri mary role for lipid spi rals in de ter min ing the site of cell
di vi sion in bac te rial cells. Lit tle is known how ever of the
or i gin of these spi ral struc tures. In our cur rent work we
have fo cused on an a lyz ing these lipid struc tures in cor re la -
tion with other pre vi ously ob served he li cal struc tures in the 
cell mem brane or its close prox im ity.
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