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LECTURES - MARCH 11

SOME RECENT NON-TRADITIONAL
APPLICATIONS OF X-RAY SCATTERING
TECHNIQUES IN BIOLOGY

R. Kužel

Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity,
121 16 Praha 2, Ke Karlovu 5

In the last de cade, X-ray dif frac tion of pro tein sin gle crys -
tals has be come quite a rou tine and well-known tech nique
of their struc ture anal y sis. How ever, this is not the only use
of  X-ray scat ter ing in bi ol ogy. In this short re view, sev eral
other ex am ples will be men tioned - use of pow der dif frac -
tion, X-ray re flec tivity, graz ing in ci dence, stand ing waves.
(see page 19  for full text)

COMPUTER MODELING IN COMPARISON
WITH X-RAY DIFFRACTION AND NMR  -
THREE METHODS AND THEIR RESULTS ON 
THE EXAMPLE OF Na/K-ATPASE

R. Ettrich1 , V. Kopecký Jr.2,3, K.  Hofbauerová3,4 ,
J. Teisinger4 , D. Štys1, E. Amler4,5
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The NMR solved struc ture of Na+/K+-ATPase N-do main
[1] rep re sents the first break through in solv ing the struc ture 
of the ATP-bind ing do main with a high res o lu tion method.
How ever, Hilge et al. [1] marginalized the role of pro tein
mo lec u lar mod el ing done prior to their NMR-study. Nearly 
three years ago we pub lished a pa per de scrib ing a com pu ta -
tional model of the H4-H5 loop  [2] of Na+/K+-ATPase. This 
model, and es pe cially its im prove ment con nected with us -
age of vi bra tional spec tros copy [3], leads to a root mean

square de vi a tion of C(RMSD) ~1.6 C with re spect to the
NMR av er age struc ture [1] and 1.4 C with re spect to the re -
cently pub lished crys tal struc ture at 2.6 C res o lu tion [4].
RMSD val ues of NMR struc tures [1] and the crys tal struc -
ture [4] are all in the range of 1.4  C  and so, apart from sev -
eral wrongly mod eled loop re gions, the com pu ta tional
model de scribes the struc ture cor rectly. Our model al lowed 
com puter dock ing of ATP to the N-do main and thus al -
ready at that time to iden tify the amino ac ids form ing the
bind ing pocket. Ex per i ments based on the struc tural model
fol lowed and we were able to de scribe the bind ing in ter ac -
tion in more de tail [5-7]. E446, F475, K480, Q482, K501,
G502 were iden ti fied as amino ac ids form ing the bind ing
pocket cor rectly. More over, the ar o matic stack ing in ter ac -
tion be tween ATP and F475 to gether with one hy dro gen
bond of the NH2 of the adenosine moi ety was de scribed as
most im por tant for bind ing [6]. How ever, F548 was de -
scribed in cor rectly to be close to the bind ing site and one
hy dro gen bond was in cor rectly mod eled with E446 and not 
with Q482. Mo lec u lar mod el ing pro posed the clos est dis -
tance 3.8 C be tween Q482 and ATP and thus the mech a -
nism of par tic i pa tion of this res i due in ATP rec og ni tion is
rather in di rect. Nev er the less, on ba sis of our ex per i ments
we could cor rectly state that F548 does not in flu ence bind -
ing of ATP and that the re place ment of Q482 with leucine
re sults in a strong in hi bi tion of both ATP bind ing [7]. The
struc tur ally im por tant hy dro gen bond be tween R423 and
E472 was pro posed at first on ba sis of our model [7]. Fi -
nally, our model had to be cor rected af ter the pub li ca tion of 
the NMR-struc ture only to a small ex tent and thus for sev -
eral years it was the most cor rect struc ture for de sign ing
struc tural ex per i ments. In spite of the fact that pro tein mod -
el ing is of ten un der es ti mated, our work shows that mo lec u -
lar mod el ing in com bi na tion with vi bra tional spec tros copy
and other low res o lu tion tech niques is a pow er ful tool for
fast and rel a tively cor rect de ter mi na tion of pro tein struc -
tures in gen eral.

This re search was sup ported by the Grant Agency of the
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(Grants no. MSM113100001, LN00A141).
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DISSECTING THE ROLE OF DISULFIDE
BONDS FOR FOLDING AND
ENZYME-INHIBITORY ACTIVITY OF THE
BOWMAN-BIRK INHIBITOR

Peter Flecker

In sti tute of Phys i o log i cal Chem is try and
Pathobiochemistry, Gutenberg Uni ver sity Mainz, Ger -
many

The Bow man-Birk in hib i tor (BBI) from the soy bean is a
bi functional in hib i tor of trypsin and chymo trypsin/elastase
char ac ter ized by a highly con served ar ray of 7 disulfide
bonds within a rel a tively short poly peptide-chain of only
71 amino ac ids. The un usu ally high con tent of 20% of
cysteines in the polypeptide chain of BBI sug gests that this
pro tein may also act as a bi o log i cal stor age of sul fur. The
struc ture of BBI is char ac ter ized by a bi nary ar range ment
of an amino-ter mi nal trypsin-re ac tive subdomain and a re -
spec tive chymotrypsin-re ac tive subdomain. We have used
the dou ble-headed ar range ment in the struc ture of BBI for
as sess ing the func tional and conformational in teg rity of the 
vari ants by com par a tive ti tra tion and ac tiv ity de ter mi na -
tion ex per i ments with trypsin. The trypsin-re ac tive
subdomain of BBI is sta bi lized by 4 and the chymo trypsin-
re ac tive subdomain by 3 S-S bonds. Interdomain disulfide
link ages are not pres ent in this mol e cule.  

The struc ture of BBI dis plays struc tural pe cu liar i ties as
ex posed hy dro pho bic patches and bur ied ion pairs solvated 
by in ter nal wa ter mol e cules in the interdomain bound ary.
These fea tures are in marked con trast to most other pro -
teins com pris ing a hy dro pho bic core and ex posed po lar
amino ac ids. The ex posed hy dro pho bic patches are a struc -
tural pe cu liar ity that is rem i nis cent of the kind of struc tural
fea tures that have been pos tu lated to oc cur in par tially
folded pro teins. We have hy poth e sized, that a hy dro pho bic
col lapse of the ex posed hy dro pho bic patches into a reg u lar
hy dro pho bic core could be pre vented by the ar ray of seven
disulfide bridges.

We have as sessed the con se quences of mu ta tions in the
con served frame work of S-S bonds in the trypsin-re ac tive
subdomain for the au ton o mous refolding com pe tence and
the en zyme-in hib i tory ac tiv ity of the other subdomain di -
rected against chymotrypsin. The de le tion of disulfide
bonds in duces dra matic ef fects on the refolding com pe -
tence not only of the trypsin-re ac tive subdomain, but also
on the ac tiv ity of the chymotrypsin-re ac tive subdomain.
The vari ants may be dis tin guished into two cat e go ries. The
first one dis plays only lo cal ir reg u lar i ties as ex pected by hi -
er ar chi cal mod els of pro tein fold ing. In the mu tants be long
to the sec ond cat e gory the chymotrypsin-in hib i tory
subdomain is also af fected sig nif i cantly in its refolding
com pe tence and its ac tiv ity as a re sult of the mu ta tions in
the trypsin-in hib i tory subdomain. Since the mu tants be -
long ing to the sec ond cat e gory are lo cated near ionic res i -
dues in ter act ing across the interdomain bound ary with
ionic res i dues with op po site charge we have con cluded that 
ionic in ter ac tions may be cru cial for the kinetically con -
trolled pro cess of pro tein fold ing in ad di tion to the hy dro -
pho bic ef fect.   

AUTOMATIC BUILDING OF PROTEIN
STRUCTURES

F. Pavelèík

De part ment of In or ganic chem is try, Comenius Uni ver sity 
in Bratislava, Fac ulty of Nat u ral Sciemces, 842 15
Bratislava, Slo vak Re pub lic

Elec tron den sity is eas ily in ter preted if well-phased struc -
ture fac tor data are avail able to atomic res o lu tion. If the
data are be low this res o lu tion or the phas ing is poor then
"bones" skeletonization and chicken wire rep re sen ta tion of
the elec tron den sity are cal cu lated. It is nec es sary to use
com puter graphics to in ter pret the elec tron den sity Map in -
ter pre ta tion is a time lim it ing step in the pro tein struc ture
de ter mi na tion an is quite sub jec tive for low-res o lu tion
maps. Its au to ma tion is an im por tant step in the over all au -
to ma tion of the pro tein struc ture de ter mi na tion and is es -
sen tial for suc cess of struc ture genomic pro jects.

A con cept of flex i ble frag ments has been de vel oped for
au to matic build ing of crys tal struc tures [1]. Six mono -
peptides (AlphaP0, Beta1P0, Beta2P0, GammaP0,
BridgeP0, CisPro0) were de signed as search frag ments in a 
phased ro ta tion and trans la tion func tion for main chain
build ing. Elec tron den sity in a crys tal and in mo lec u lar
frag ments is ex panded in spher i cal har mon ics and nor mal -
ized Bessel func tions [2, 3]. A fast ro ta tion func tion, which
is cal cu lated at each grid point of the asym met ric unit, is
used to find the frag ment ori en ta tion. Po si tion, ori en ta tion
and in ter nal tor sion an gles are re fined by a phased flex i ble
re fine ment. In di vid ual frag ments are con nected into
chains. An al go rithm for chain build ing is sim pli fied us ing
gen er al ized at oms and vir tual bonds. The struc ture is build
from flex i ble groups rather than from in di vid ual at oms. A
se quence is aligned by a com bined marker and rotamer
method. The side chains are built ei ther by a com bined
marker & full con for ma tion search or by the rotamer
method. Side chains are in de pend ent struc ture units. The
pro tein model is built with an ac cu racy of about 0.2 C at
res o lu tions 1.2 - 2.1C. A li brary of bioinorganic HET
groups is cur rently un der de vel op ment. It is de signed to
build struc tures like ferredoxin and he mo glo bin [4].
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PLENARY LECTURE

MAMMALIAN CLONING: FROM DOLLY TO
EMBRYONIC STEM CELLS

Josef Fulka, Jr.

In sti tute of An i mal Pro duc tion, Prague 10, Czech Re pub -
lic (fulka.josef@vuzv.cz)

Since Dolly the sheep was born in 1996 the suc cess in the
pro duc tion of cloned an i mals has been re ported, af ter
trans fer of so matic cell nu cleus into enucleated oocyte, in
ten an other mam ma lian spe cies (mouse, mule, horse, rat,
rab bit, cat, cow, goat, pig and interspecies-spe cific clone:
muflon-sheep). How ever, the suc cess of mam ma lian clon -
ing is ex tremely low - ap prox i mately 3%, some of cloned
an i mals have se ri ous health and mor pho log i cal ab nor mal i -
ties and this clearly speaks against the use of this pro ce dure
in hu mans. Nu clear trans fer (clon ing) does not ex clu sively
lead to pro duc tion of an em bryo from which a new in di vid -
ual will be even tu ally born (re pro duc tive clon ing). More
prom is ing is so called "ther a peu tic clon ing". Also in this
case the em bryo is pro duced. This em bryo is not trans -
ferred into the uterus, but it is used for the pro duc tion of so
called "em bry onic stem cells". It is gen er ally be lieved that
with these cells some pres ently un treat able dis eases and se -
ri ous in ju ries could be treated. How ever, even in this case,
some prob lems and still un an swered ques tions exit.

LECTURES - MARCH 12
Morning

COMBINATION OF MOLECULAR DYNAMICS 
SIMULATIONS AND THERMODYNAMICS
ANALYSIS: INSIGHTS INTO THE GUANINE
QUADRUPLEX FORMATION AND DNA -
DRUG INTERACTIONS

N. Špaèková1, R. Štefl2, E. Fadrná3,
T. E. Cheatham4 and J. Šponer1

1Na tional Cen tre for Biomolecular Re search and In sti tute 
of Bio phys ics, Acad emy of Sci ences of the Czech Re pub -
lic, Královopolská 135, 612 65 Brno, Czech Re pub lic

2In sti tute of Mo lec u lar Bi ol ogy and Bio phys ics, CH-8093
Zu rich, Swit zer land

3Na 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

4De part ments of Me dic i nal Chem is try and of Phar ma ceu -
tics and Phar ma ceu ti cal Chem is try, Col lege of Phar -
macy, Uni ver sity of Utah, 30 South 2000 East, Salt Lake
City, Utah 84112-5820, USA

Mo lec u lar dy nam ics (MD) sim u la tions with ex plicit sol -
vent rep re sent very pow er ful tools for de tailed in sights into 
the struc ture and dy nam ics of var i ous sys tems. Un for tu -
nately, MD sim u la tions are lim ited to the nano sec ond
timescale lead ing to im pos si bil ity to ob serve slower pro -
cesses. An ex am ple of such pro cess is the for ma tion of a
cat ion-sta bi lized gua nine quadruplex (G-DNA) stem. It is
an ex cep tion ally slow pro cess in volv ing com plex ki net ics
that has not yet been char ac ter ized at atomic res o lu tion.
The for ma tion of a par al lel stranded G-DNA stem con sist -
ing of four strands of d(GGGG) has been in ves ti gated us -
ing MD sim u la tions [1]. Rather than watch ing for the
spon ta ne ous for ma tion of G-DNA, our ap proach probed
the sta bil ity of pos si ble supra mo lecu lar in ter me di ates (in -
clud ing two-, three-, and four-stranded as sem blies with
out-of-reg is ter basepairing be tween guanines) on the for -
ma tion path way. To sup ple ment the anal y sis, ap prox i mate
free en er gies of the mod els have been cal cu lated us ing Mo -
lec u lar-Me chan ics-Pois son Boltzmann-Sur face Area (MM 
- PBSA) method. 

Sim i lar ap proach has been ap plied in the study of var i -
ous DNA du plex se quences in ter act ing with the mi nor
groove bind ing drug 4',6-diamidino-2-phenylindole
(DAPI) [2]. Se quences in ves ti gated in clude the bind ing
modes ob served ex per i men tally, that is, AATT in
d(CGCGAATTCGCG)2 and ATTG in
 d(GGCCAATTGG)2 and al ter na tive shifted bind ing
modes ATTC and AATT, re spec tively. The sim u la tions
also sug gest that the DAPI mol e cule is able to adopt dif fer -
ent conformational substates ac com pa nied by spe cific
hydration pat terns that in clude long re sid ing wa ters. The
MM-PBSA tech nol ogy has been uti lized to com pare free
en er gies of dif fer ent bind ing modes. It is dem on strated that
ex plicit in clu sion of a sub set of bound wa ter mol e cules
shifts the cal cu lated rel a tive bind ing free en er gies in fa vor
of both crys tal lo graphi cally ob served bind ing modes, un -
der lin ing the im por tance of struc tured hydration. 

The ap proach ap plied here serves as a pro to type for
qual i ta tively in ves ti gat ing other mol e cules us ing mo lec u -
lar dy nam ics sim u la tion and free-en ergy anal y sis.

1. R. Šte fl, T.E. Che a tham, N. Špaè ko vá, E. Fadr ná, I. Ber ger, 
J. Koèa & J. Špo ner, Bi o phy s i cal Jour nal, 85 (2003)
1787-1804.

2. N. Špaèková, T.E. Cheatham III, F. Ryjáèek, F. Lankaš, L.
van Meervelt, P. Hobza & J. Šponer, Jour nal of the Amer i -
can Chem i cal So ci ety, 125 (2003) 1759-1769.
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DYNAMICS OF FLEXIBLE RNA HINGES
RELEVANT TO RIBOSOME FUNCTION :
NON-WATSON-CRICK BASEPAIRS,
MODULAR BUILDING AND SPECIFIC
HYDRATION OF RNA KINK-TURNS

Filip Rázga1, Naïa Špaèková2, Kamila Réblová1,
Jaroslav Koèa1, Jiøí Šponer2, Neocles B. Leontis3

1Na tional Cen tre for Biomolecular Re search, Kotlarska
2, 61137 Brno, Czech Re pub lic

2In sti tute of Bio phys ics, Acad emy of Sci ences of the
Czech Re pub lic and Na tional Cen tre for,Biomolecular
Re search, Kralovopolska 135, 61265 Brno, Czech Re pub -
lic

3Chem is try De part ment and Cen ter for Biomolecular Sci -
ences, Bowl ing Green State, Uni ver sity, Bowl ing Green,
OH 43403

Keywords: Mo lec u lar dy nam ics, RNA Flex i bil ity, non-
Wat son-Crick basepair,mod u lar build ing, long-res i dency
hydration

Hinge-like RNA mo tifs oc cur at con served po si tions in
the 16S and 23S ri bo somal RNAs, as re vealed by x-ray
crys tal log ra phy of the 50S sub units of H. marismortui and
D. radiodurans and the 30S sub unit of T. thermophilus.
These mo tifs, asym met ric in ter nal loops, are called
Kink-turns (K-turns), and are char ac ter ized by a sharp, ca.
120° bend in both phosphodiester back bones pro duc ing a
V-shaped struc ture with an acute an gle of ca. 60° be tween
the flank ing RNA he li ces. The bend is sta bi lized by
non-Wat son-Crick basepairs in volv ing the mi nor (shal -
low) grooves of the he li ces.

We have car ried out a set of ex plicit-sol vent Mo lec u lar
Dy nam ics (MD) sim u la tions for se lected K-turn mo tifs, in -
clud ing K-turn 38 (Kt-38) oc curred in the A-site fin ger,
Kt-42 oc curred in the Fac tor-bind ing do main and Kt-58 oc -
curred in the Do main III from the 23S ri bo somal RNA of
H. marismortui. The pres ence of K-turns at these key func -
tional sites of the 50S sub unit of the ri bo some sug gests that
they con fer flex i bil ity to RNA pro tu ber ances that reg u late
the tra versal of bound tRNAs from one bind ing site to an -
other across the in ter face be tween the small and large sub -
unit dur ing the pro tein syn the sis cy cle. The sim u la tions
in di cate that K-turns are dy nam i cally very flex i ble in ter nal
loops link ing geo met ri cally rigid he li cal do mains (mod u lar 
build ing char ac ter of these mo tifs) and thus ca pa ble of reg -
u lat ing sig nif i cant inter-seg men tal mo tions. The sim u la -
tions re veal that on a nano-sec ond timescale, K-turns
sam ple at least two ma jor isoenergetic conformational
substates that are sep a rated by very low en ergy bar rier and
that are sta bi lized by dif fer ent spe cific long-res i dency
hydration sites. The long-res i dency hydration sites sta bi -
lize non-Wat son-Crick basepairs and sharp turns of the
phosphodiester back bone, they me di ate inter-seg ment con -
tacts and may ac tu ally act as per ma nent wa ters in side these
mo tifs. The unique flex i bil ity of K-turn RNA mo tifs con -
trasts sharply with the ri gid ity of other non-Wat son-Crick
RNA mo tifs, such as the loop E (5S rRNA) and the
sarcin-ricin mo tif (23S rRNA). 

COPPER PORPHYRINS AS STRUCTURAL
AND CONFORMATIONAL PROBES OF
NUCLEIC ACIDS

P. Mojzeš1, S. G. Kruglik2, V. Baumruk1,
V. Marek1 and P.-Y. Turpin3

1In sti tute of Phys ics, Charles Uni ver sity, Ke Karlovu 5,
CZ-121 16 Prague 2, Czech Re pub lic

2B. I. Stepanov In sti tute of Phys ics, Na tional Acad emy of
Sci ences of Belarus, 70 F. Skaryna Ave., Minsk 220072,
Belarus

3L.P.B.C., Université P. & M. Cu rie, mail box 138, 4
Place Jussieu, F-75252 Paris 5, France

Com plexes of wa ter-sol u ble cationic (metallo)por phy rins
with nu cleic ac ids (DNA and RNA) are widely in ves ti -
gated own ing to their pos si ble use in photodynamic ther -
apy of can cer. Since ab sorp tion, CD, lu mi nes cence and
vi bra tional spec tra of the (metallo)por phy rins are quite
sen si tive to their bind ing modes and lo cal struc ture of the
bind ing sites, some (metallo)por phy rins can be ap plied as
spec tro scopic probes for re lay ing in for ma tion about lo cal
base-pair com po si tion/se quence, struc ture, con for ma tion
and dy nam ics of nu cleic ac ids [1]. Among var i ous
metalloporphyrins stud ied in com plexes with nu cleic ac -
ids, the cop per(II) de riv a tives at tracted a par tic u lar in ter est
ow ing to their abil ity to form re vers ibly - in cop per-cen tred
(d,d) photoexcited elec tronic states - tran sient ax i ally co or -
di nated com plexes, so-called exciplexes, with con ve nient
elec tron-do nat ing groups from their close prox im ity [1-5].
Due to com pet i tive re lax ation path ways as sert ing in
non-co or di nat ing microenvironments, and due to very fast

ki net ics of exciplex for ma tion (t < 1 ps), any re lo ca tion of
the photoexcited porphyrin within its bind ing site is im -
prob a ble [3]. Con se quently, elec tron-do nat ing groups par -
tic i pat ing as ax ial lig ands in the exciplex for ma tion have to
be pres ent at the proper po si tion be fore the porphyrin
photoexcitation. Thus, the yield of exciplex for ma tion pro -
vides spe cific in for ma tion about microenvironment of the
porphyrin as shaped by its bind ing to nu cleic acid in its
ground elec tronic state. Exciplex for ma tion of the cop per
por phy rins can be con ve niently mon i tored by res o nance
Raman spec tros copy due to well-es tab lished exciplex
Raman mark ers [2].

Com plexes of wa ter-sol u ble cationic cop per(II)
5,10,15,20-tetrakis[4-(N-methylpyridyl)] porphyrin (CuP) 
with DNA-model sin gle- and dou ble-stranded oligo/poly -
nuc leo tides con sist ing of var i ous nucleobases have been
stud ied to re veal cor re la tion be tween nucleobase com po si -
tion/se quence, nu cleic acid struc ture and/or con for ma tion,
pre ferred bind ing mode and struc tural fea tures of the com -
plex, and abil ity to form exciplex. Our re sults clearly dem -
on strate that exocyclic C=O groups as well as endocyclic
ni tro gens of all nucleobases with ex cep tion of gua nine res i -
dues can serve as elec tron-den sity do nors [2-5], nev er the -
less, only if the CuP is fixed to nu cleic acid oth er wise then
by in ter ca la tion. In such a way, CuP exciplex for ma tion
can be con sid ered as a spe cial marker for non-intercalative
bind ing mode.
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MD SIMULATIONS HIGHLIGHT THE ABILITY 
OF ANTISENSE NUCLEIC ACIDS TO
HYBRIDIZE WITH THE TARGET mRNA
SEQUENCE AND THEIR POTENCY TO
ELICIT RNase H ACTIVITY 

Ivan Barvík jr.

In sti tute of Phys ics, Charles Uni ver sity, Ke Karlovu 5,
12116 Prague, Czech Re pub lic, 
Email: ibarvik@alma.karlov.mff.cuni.cz

In the search for ef fi cient, more uni ver sal strat e gies in com -
bat ing vi ral and ma lig nant dis eases, much ef fort has been
in vested in re cent years in the de vel op ment of novel ap -
proaches aimed at the sup pres sion of gene ex pres sion.
Antigene strat e gies pur sue the gene tar get ing by tri ple-he -
lix-form ing oligodeoxynucleotides whereas the anti-
mRNA con cep tions com prise the use of ar ti fi cial ribo -
zymes and so-called antisense oligonucleotides com ple -
men tary to the ap pro pri ate mRNA re gion. 

The oligonucleotides with nat u ral chem i cal com po si -
tion have been, how ever, found as un suit able for in vivo
ap pli ca tions be cause of their in suf fi cient re sis tance against
nu cleases. That is why nu mer ous novel-type nu cle o tide
analogs are de signed, syn the sized and tested [1-6]. The po -
ten tial of so far re ported pool of mod i fi ca tions of inter -
nucleotide link ages has been fur ther en larged by
em ploy ing the nuclease-sta ble, isopolar, conformationally
ad just able phosphonate bond, which, with its -O-P-C-O-
es ter ether moi ety (in con trast to electroneutral methyl -
phosphonate link age with non-bridg ing P-CH3 group), ac -
tu ally does not al ter the orig i nal phosphodiester so much.
The isopolar phosphonate analogs of oligonucleotides can
be con sid ered as an al ter na tive to the most ex ploited
phosphorothioate ones. They are ex cep tion ally sta ble
against nu cleases, hy brid ize with the oligomer coun ter -
parts with ac cept able strength, they are not chiral, and al -
low for a large ex tent of fur ther struc tural tun ing to pro vide
a rich ba sis to mod u late the con for ma tion of the chains.
More over, oligonucleotides con sist ing of both the 3-O-P-
CH2-O-5 and phosphodiester link ages are ca pa ble to elicit
RNAse H ac tiv ity [2].  

This study is ori ented on de ter mi na tion of the struc tural
fea tures al tered as a re sult of vari a tions in the mod i fi ca tion
of the oligonucleotide, and on their in ter pre ta tion in terms
of the im pact of in di vid ual internucleotide link age mod i fi -
ca tion on the complexation prop er ties of the oligo -
nucleotide. The aim is to re ceive ex pla na tions at a
mo le c u lar level of the bio chem i cal/bi o log i cal re sults.
Nano sec ond scale ex plicit sol vent mo lec u lar dy nam ics
sim u la tions are used to ver ify de duc tions based on Raman
spec tros copy re sults and to pre dict struc tural prop er ties of
those oligonucleotides, which would hardly be pre pared in
re al ity. 

(i) The pres ent work deals with phosphonate analogs of
the nat u ral phosphodiester internucleoside link age (some -
times in con junc tion with var i ous aminoalkyl-link ers).
Sev eral dou ble and tri ple he li cal com plexes were used as
model sys tems. The nu cleic ac ids were sur rounded by a pe -
ri odic box of ~10000 TIP3P wa ter at oms. Fully solvated
tra jec to ries were com puted us ing the AMBER 5.0 soft ware 
pack age. The im ple mented force field does n't con tain force 
con stants needed to de scribe the mod i fied parts of the
phosphonate analogs [8]. The com ple tion was made on the
base of ab in itio cal cu la tions [3]. 

(ii) It seemed ad van ta geous to test the prop er ties of syn -
thetic com pounds at the level of dinucleotides, which are
readily ob tain able with a wide va ri ety of link age mod i fi ca -
tions. Sev eral model struc tures rep re sent ing dodecamer tri -
plex chains have been stud ied. Each model sys tem
con sisted of two mu tu ally antiparallel uridine dodecamers
and a pseudostrand con sist ing of six mod i fied A-dimers
bound by Wat son-Crick and Hoogsteen hy dro gen bridges

to the first and sec ond rU12 strands (rU12.(ApA)6*rU12).
(iii) Hy brid (mod i fied:un mod i fied) du plexes con tain -

ing a cen tral mis match en able to test the spec i fic ity of hy -
brid iza tion. In flu ence of the oligonucleotide mod i fi ca tion
on the sta bil ity, struc tural fea tures of the mis match site, and 
pos si ble cre ation of "fake" base-pair ing was in ves ti gated
uti liz ing model sys tem based on 5-d(GTG ATA TGC)-3
and 5-d(GCA TAT CAC)-3 oli go mers with al ter nated cen -
tral nucleobases and mod i fied internucleotide link ages in
their vi cin ity.

(iv) Tri plex form ing oligodeoxynucleotides have at -
tracted a great deal of at ten tion be cause of their po ten tial
use in antigene ther apy. In inter mo lec u lar tri plexes, third
strand of ODN binds to the ma jor groove of the DNA.
How ever, in gen eral, the bind ing of a third-strand ODN to
a tar get DNA du plex is ther mo dy nam i cally weaker than
du plex for ma tion it self. Thus much ef fort has been made to
in crease the af fin ity of the third strand for its tar get. ODN
an a logues car ry ing var i ous aminoalkyl link ers have been
syn the sized, some of which have been shown to in crease
the ther mal sta bil ity of tri plexes [7]. In the pres ent work,
well known aminoalkyl link ers were tested in con junc tion
with var i ous phosphonate internucleotide link ages.   

(v) RNase H, an en dog e nous en zyme that spe cif i cally
de grades tar get RNA in the antisense oligonucleotide/RNA 
hy brid du plex is an im por tant path way for the antisense ac -
tion be side the translational ar rest. RNase H hy dro ly ses the
RNA strand in an RNA/DNA hy brid in a cat a lytic man ner.
Oligonucleotides con sist ing of both the 3-O-P-CH2-O-5
and phosphodiester link ages are the only com pounds [2] -
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along with phosphorothioates and boranophosphates - out
of hun dreds of oth ers, which are ca pa ble to elicit RNase H
ac tiv ity. Roots of the ap par ent unique ness were in ter preted
by means of mo lec u lar dy nam ics sim u la tions.

In ac knowl edg ments, this work was sup ported by the
Grant Agency of the Czech Re pub lic (pro ject No.
203/01/1166 and No. 202/02/D114). Re sults have been
par tially ob tained us ing com puter fa cil i ties of the
MetaCentrum of the Czech Uni ver si ties. 
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PHOTOSYSTEM II CORE COMPLEX OF
PISUM SATIVUM. CRYSTALLISATION
TRIALS
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In tro duc tion:
Mem brane pro teins are re spon si ble for en zy matic re ac -

tions, which play an im por tant role in all fun da men tal pro -
cesses of life. Var i ous meth ods (such as elec tron
mi cros copy, bio chem i cal and bio phys i cal spec tro scopic
meth ods, elec tron crys tal log ra phy etc.) have been used to

study pro teins, yet to de ter mine their struc ture, in many
cases, re mains prob lem atic. The fact that pro tein crys tals
are quite un sta ble, highly tem per a ture- and light -sen si tive
along with com pli cated com po si tion of mem brane pro teins 
are re spon si ble for dif fi cult crys tal grow ing and solv ing
their struc ture. 

Pho to syn the sis is a main bi o log i cal en ergy source on
which life on Earth de pends. The pro cess of pho to syn the sis 
con sists of trap ping of light en ergy by pro tein com plexes
ow ing to which elec tron trans fer and pro ton pump ing lead
to a pro duc tion of ATP and NADPH. Photosystem II (PS
II) em bed ded in photosynthetic (thylakoid) mem branes of
cyanobacteria and chloroplasts of higher plants and al gae
rep re sents one of such pro tein com plexes. In struc ture, PS
II is a multi-sub unit com plex of a mo lec u lar weight about
600kDa, con tain ing of large num ber of co factors such as
mol e cules of chloro phylls, pheophytins, carothenoids,
plastoquinons, iron and man ga nese which to gether trap,
trans fer and mod u late a so lar en ergy uti li sa tion to drive re -
duc tion re ac tions and syn the sise mo lec u lar ox y gen from
wa ter [1,2]. 

Ma te ri als and meth ods:
Monomeric photosystem II core com plex con sist ing of

re ac tion cen tre pro teins D1 and D2, the chlo ro phyll-con -

tain ing in ner-an tenna sub units CP43 and CP47, a and b
sub units of cytochrome b559, sev eral low mo lec u lar weight
sub units, pig ments (mol e cules of chlo ro phyll, mol e cules of 
pheophytin, mol e cule of b-car o tene) and co factors (heme
and non-heme bind ing Fe, Mn clus ter) and three ex trin sic
pro teins of ox y gen-evolv ing com plex (man ga nese-sta bi -
liz ing 33kDa pro tein, 12kDa pro tein and cytochrome c550)
[3] was iso lated from Pisum sativum, pu ri fied and con cen -
trated to 4-6 mg/ml chlo ro phyll a (~ 20-30 mg/ml pro tein).
The pro tein so lu tion was pre pared con tain ing ad di tive
1mM MnCl2 used in crystallisation tri als [4]. Freshly iso -
lated and frozen sam ples of monomeric photosystem II
core com plex were crys tal lised us ing the coun ter-dif fu sion
tech nique im ple mented in sin gle cap il lar ies [5] and tra di -
tional vapour dif fu sion method in sit ting drops.  In both
cases the pro tein so lu tion was gelled with tetramethyl
orthosilicate (TMOS) or agarose at dif fer ent con cen tra tion.  
Gel free ex per i ments were pre pared in par al lel to test the
coun ter-dif fu sion tech nique in a clean en vi ron ment and
those in sit ting drop were use as blanks. Com mer cial
"MembFacTM" and "Crys tal ScreenTM" crystallisation
screen ing kits of Hampton Re search (Laguna Niguel, CA,
USA) and "JBScreen Crys tal Screen ing Kits" of
JenaBioscience GmbH (Jena, Ger many) as well as so lu -
tions pre pared in-house were used for crystallisation tri als
per formed at 283 K and room tem per a ture. Dif fer ent types
of precipitants, in or ganic salts, dif fer ent pH val ues and
vari ant pro tein:pre cip i tant con cen tra tion ra tios were tested
ex per i men tally. Op ti mal val ues of crystallisation pa ram e -
ters (pH around 7.00 and PEG4K as a pre cip i tant) have
been al ready found. 

Re sults:
As a gen eral ob ser va tion all ex per i ments with frozen

sam ples of monomeric photosystem II core com plex pro -
duce no crys tals, only fresh pu ri fied and non-frozen pro tein 



was suit able for crystallisation tri als. Both, the use of gels
and crystallisation in cap il lar ies, were proved as use ful
crystallisation method. 

Pos si ble plate crys tals of monomeric photosystem II
core com plex, were grown in sit ting drops from pre cip i tant
so lu tion con tain ing 10% PEG4000 and 50 mM NaCl in 50
mN Bis-Tris pH 7.00 at 283 K with out pres ence of gel.
Nee dle-shaped crys tals of pro tein were grown in sit ting
drops from the same pre cip i tant so lu tion in the pres ence of
10% TMOS and in cap il lar ies in the pres ence of 0.25%
agarose at room tem per a ture. Green crys tals of monomeric
photosystem II core com plex were mea sured at X13
beamline of syn chro tron DESY (Ham burg) at 100K. Crys -
tals dif fracted only to 17 C res o lu tion.

Crystallisation ex per i ments on PSII mem brane pro tein
com plexes are still in the prog ress. 
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A PHENYLNORSTATINE INHIBITOR
BINDING TO HIV-1 PROTEASE: GEOMETRY, 
PROTONATION AND SUBSITE-POCKET
INTERACTIONS ANALYZED AT ATOMIC
RESOLUTION

Jiøí Brynda1, Pavlína Øezáèová1, Mi lan Fábry1,
Magdalena Hoøejší1, Renata Štouraèová1, Juraj
Sedláèek1, Mi lan Souèek2, Mar tin Hradílek2,
Mar tin Lepšík2, and Jan Konvalinka2
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The x-ray struc ture of a com plex of HIV-1 pro te ase
(PR) with a phenylnorstatine in hib i tor Z-Pns-Phe-Glu-
Glu- NH2 has been de ter mined at 1.03 C, the high est res o -
lu tion so far re ported for any HIV PR com plex. The in hib i -
tor shows subnanomolar Ki val ues for both the wild?type
PR and the vari ant rep re sent ing one of the most com mon
mu ta tions linked to re sis tance de vel op ment. The struc ture
dis plays a unique pat tern of hy dro gen bond ing to the two

cat a lytic aspartate res i dues. The high res o lu tion per mits to
as sess the do nor/ac cep tor re la tions of this hy dro gen bond -
ing, and to in di cate a pro ton shared by the two cat a lytic res -
i dues. Struc tural mech a nism for the un im paired in hi bi tion

of the pro te ase Val82Ala mu tant is also sug gested, based
on en ergy cal cu la tions and anal y ses.

STRUCTURE DETERMINATION OF
b-GALACTOSIDASE FROM
ARTHROBACTER SPECIES C2-2 

T. Skálová1, J. Hašek1, H. Petroková1, 
J. Dohnálek1, E. Vondráèková-Buchtelová1, 
V. Spiwok2, P. Lipovová2, B. Králová2  and  
H. Strnad2 
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ences of the Czech Re pub lic, Heyrovského nám. 2, 162 06 
Praha 6, Czech Re pub lic

2In sti tute of Chem i cal Tech nol ogy, Technická 5, 166 28
Praha 6, Czech Re pub lic

The struc ture of cold ac tive ß-galactosidase from
Arthrobacter sp. C2-2 [1] (monomer 120 kDa hav ing 1023
res i dues) was solved by dif frac tion tech niques. Dif fer ent
crys tal li za tion con di tions gave op ti cally per fect crys tals,
how ever the fi nal mea sure ment re quired a spe cial ized
beam line ID29 at the source of syn chro tron ra di a tion at
ESRF in Grenoble (a = 140.1, b = 205.7, c = 140.5 C, ß =
102.3°, space group P21, 579 289 unique re flec tions mea -
sured to res o lu tion 1.9 C, Rlin = 8.5 %, com plete ness 95
%). Main at ten tion is given to the spe cial re quire ments for
mea sure ment of dif fracted in ten si ties, to the data pro cess -
ing and to struc ture so lu tion pro ce dures in the case of such
a large pro tein.

1. Ka ra so vá-Li po vo vá P., Str nad H., Spiwok V., Malá Š.,
Krá lo vá B., Rus sell N. J., The clo ning, pu ri fi cati on and
cha rac te ri sati on of a cold-acti ve beta-ga lac to si da se from
the psych ro to le rant An tarctic bac te ri um Ar thro bac ter sp
C2-2, En zy me Microb. Tech. (2003) 836-844.

(see page 18   for full pa per)
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SUBSTRATE SPECIFICITY OF
HALOALKANE DEHALOGENASES
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A. Jesenská1, Z. Prokop1* and J. Damborský1
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Haloalkane dehalogenases are mi cro bial en zymes ca pa ble
to cleave car bon-halo gen bond in halogenated aliphatic
com pounds. There is a grow ing in ter est in these en zymes
be cause of their po ten tial use in bioremediation, as in dus -
trial biocatalysts, or as biosensors. Struc tur ally, haloalkane

dehalogenases be long to the a/b-hydrolase fold super -
family. Best stud ied haloalkane dehalogeneses are DhlA
from Xanthobacter autotrophicus GJ10 [1], DhaA from
Rhodococcus rhodochrous NCIMB 13064 [2] and LinB
from Sphingomonas paucimobilis UT26 [3]. Crys tal struc -
tures of these haloalkane dehalogenases are known. 

There is a num ber of DNA se quences which are ex -
pected to code haloalkane dehalogenases. This ex pec ta tion  
is based on se quen tial similiraties with known haloalkane
dehalogenases: DhlA, DhaA and LinB. Pro tein Rv2579
from My co bac te rium tu ber cu lo sis H37Rv has 68 % se -
quence sim i lar ity with LinB. Gene rv2579 was cloned to
Esch e richia coli, pro tein Rv2579 was overexpressed and
pu ri fied to ho mo ge ne ity. Haloalkane dehalogenase ac tiv ity 
was con firmed with pure Rv2579 en zyme.. Pro tein DbjA
from Bradyrhizobium japonicum USDA110 has 41 % se -
quence sim i lar ity with LinB. Haloalkane dehalogenase ac -
tiv ity of DbjA was con firmed with heterogously
over experessed pure en zyme. 

In creas ing num ber of haloalkane dehalogenase group
mem bers de mands char ac teri sa tion of each en zyme into
more de tail and sub strate spec i fic ity is an im por tant prop -
erty to be eval u ated Steady-state cat a lytic con stants are be -
ing de ter mined for the set of 31 dif fer ent sub strates and all
cur rently known haloalkane dehalogenases. Multivariate
sta tis ti cal method - Prin ci pal com po nent anal y sis [4] - will
be ap plied on data ob tained from the sub strate spec i fic ity
test ing and the re sult will show struc ture- funcion re la tion -
ships within the group of haloalkane dehalogenases. Amal -
gam ation of struc tural and funcional knowl edge based on
in-depth stud ies of fam ily of en zymes, like haloalkane
dehalogenases, could bring an im por tant and in ter est ing
knowl edge into pro tein sci ence. 
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A RELATIONSHIP BETWEEN SINGLE POINT 
MUTATION OF THE MATRIX PROTEIN
FROM MASON-PFIZER MONKEY VIRUS
AND ITS THREE-DIMENSIONAL
STRUCTURE
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Ma trix pro teins (MA) play an im por tant role in the as sem -
bly of im ma ture vi ral par ti cles in retro virus es as well as in
their trans por ta tion to the cell mem brane and bud ding. Ma -
son-Pfizer mon key vi rus (M-PMV) be longs to the fam ily
of so called D-type retro virus es, which are char ac ter ized by 
a dif fer ent mech a nism of im ma ture capsid as sem bly when
com pared with the C-type retro virus es (HIV-1). How ever,
a re place ment of arginine in the po si tion 55 for
phenylalanine in the amino acid se quence of the ma trix
pro tein re sults in the changed morphogenesis and the vi rus
be haves sim i larly as HIV-1[1]. 

We started struc tural and dy nam i cal stud ies on the
R55F mu tant of M-PMV MA pro tein to look for re la tions
be tween such sub stan tial changes of the be hav ior of the vi -
rus and pos si ble changes in three-di men sional struc ture of
the ma trix pro tein. Dou bly la beled (13C/15N) pro tein was
ex pressed and pu ri fied for NMR ex per i ments. Al most
com plete res o nance as sign ment was achieved by us ing tri -
ple res o nance NMR ex per i ments and based on the cal cu la -
tion of chem i cal shift in dex four he li cal mo tifs were
lo cated. Fur ther ex per i men tal NMR data (NOE in ter ac -
tions, J-cou plings...) were used to cal cu late the three-di -
men sional struc ture of the R55F mu tant. Dy nam i cal
be hav ior of the pro tein was es ti mated on the ba sis of mea -
sure ments of re lax ation pa ram e ters of 15N nu clei.

Com par i son of the so lu tion struc tures of the R55F mu -
tant with the so lu tion struc ture of the wt ma trix [2] re vealed 
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a dif fer ent ori en ta tion of the N-ter mi nal half of the struc -
tural mo tif, which is formed by he li ces I and II. HIV-1 MA
has been shown to form tri mers [3], which might be the bi -
o log i cally rel e vant spe cies. Mo lec u lar mod el ing was used
to com pare the pro pen sity to form tri mers of both struc tural 
mo tifs, i.e. wt MA and R55F, re spec tively.

1. S.S. Rhee, E. Hun ter: Cell, 1990, 5, 77-86.

2. M.R. Con te, M. Kli ko va, E. Hun ter, T. Ruml, S. Mat thews: 
EMBO Jour nal 1997, 16, 5819-5826.

3. C.P. Hill, D. Wor thy la ke, D.P. Ban croft, A.M. Chris ten sen, 
W.I. Sun dquist: Proc. Natl. Acad. Sci. USA, 1996, 93,
3099-3104.

STRUCTURAL MEASUREMENTS ON
MEMBRANE PSBH PROTEIN

Zbynìk Halbhuber1, Norbert Müller2, Ivana Kutá
Smatanová1,3, Julie Wolfová1, Dalibor Štys1,3,4

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

2Johannes Kep ler Universität, Altenbergerstrasse 69,
Linz, Aus tria

3In sti tute of Land scape Ecol ogy, Acad emy of Sci ences of
the Czech Re pub lic, Zámek 136, 373 33 Nové Hrady,
Czech Re pub lic

4In sti tute of Mi cro bi ol ogy, Acad emy of Sci ences of the
Czech Re pub lic, Opatovický mlýn, 37901 Tøeboò, Czech
Re pub lic

In tro duc tion
The psbH pro tein is one of key com po nents for as sem bly of 
Photosystem II [1]. In higher plants it is one of the pro teins
ex pressed in eti o lated and il lu mi nated leaves on the same
level, which in di cates that it func tion may be con sid ered
sep a rately from the rest of the multiprotein com plex. It was
thus cho sen as model small pro tein with dom i nant
transmembrane he lix for as sess ment of sev eral meth ods for 
struc ture de ter mi na tion.

Ex per i ments
Prep a ra tion of psbH

The PsbH pro tein of cyanobacterium Synechocystis sp.
PCC 6803 was ex pressed as a fu sion pro tein with
glutathione-S transferase (GST) in E. coli [2]. We iso lated
the 15N la beled PsbH pro tein in con cen tra tion of 1.1 mg/ml
in pres ence of de ter gent octyl glucoside (OG). We also iso -
lated non-la beled pro tein for pre lim i nary lipid ti tra tion ex -
per i ments mea sured by circual dichroism (CD)
spec trom e ter.

Re con sti tu tion and CD mea sure ments
The liposomes were pre pared by re verse-phase evap o -

ra tion tech nique from the thylakoid mem brane lipids;
sulphoquinovosyl diaglyceride (SQDG), digalactosyl
diglyceride (DGDG), monogalactosyl diglyceride
(MGDG) and phos pha tid yl glyc erol (PG). The most fa -
vour able lipid, which in duced com plex pro tein fold ing, de -

tected as for ma tion of the neg a tive band approx. 222 nm in
CD spec tra, seemed to be PG. Very sim i lar changes were
ob served at higher con cen tra tion also in SQDG, how ever
fold ing of clearly dif fer ent na ture was achieved upon ti tra -
tion by DGDG. This in di cates that the pro tein fold ing may
not be di rectly re lated to spe cific bind ing of lipids, rather
we ob serve two dif fer ent types of fold ing in lipid bilayers
of two dif fer ent prop er ties.

NMR mea sure ments
The CD mea sure ments re vealed fold ing of the PsbH

pro tein in de ter gent mi celles af ter ad di tion of sufficiant
amount of lipid. We added to each pro tein sam ple ap pro -
pri ate amount of the lipid to reach op ti mal pro tein/ lipid ra -
tio. Un for tu nately NMR mea sure ments showed a huge
de crease of sig nal and re cord ing of the re main ing 15N sig -
nals into the nar row area (fig ure 1). This would in di cate
very rigid lipid-pro tein mi celles, which re lax to fast to be
re corded.

Mi celle de sta bi li sa tion us ing sonication or tem per a ture
in crease led to only par tial im prove ment, there fore we
added into the sam ple new de ter gents; CHAPS and
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Fig ure 1. PsbH pro tein af ter ad di tion of PG

 Fig ure 2. PsbH OG with digitonin



digitonin. The sim ple ad di tion of CHAPS or digitonin did
not destabilize mi celles suficiently and we had to re move
lipids by di al y sis. Af ter di al y sis sig nal re cov ered, more -
over the new peaks in di cated the fur ther pro tein fold ing.
The com bi na tion of digitonin and octyl glucoside was de -
ter mined as the most ef fec tive com bi na tion to in duce ap -
par ent pro tein fold ing (fig ure 2).

 
Crystallisation of fu sion pro tein and X-ray dif frac tion

Fu sion pro tein GST-psbH was crys tal lized us ing stan -
dard pro ce dures. Suf fi ciently large crys tals were ob -
tained. The dif frac tion was, how ever, not mea sur able due
to prob lems of crys tal cryoprotection. Ex per i ments con -
tinue on im prove ment of crys tal qual ity of both the fu sion 
pro tein and the pro tein it self.

1. Ko men da J., Lu pín ko vá L. & Ko pec ký J., Eur. J. Bi o -
chem., 269 (2002) 610-619.

2. Hal b hu ber Z., Pe tr mich lo vá Z., Alex ciev K., Thu lin E. &
Štys D., Pro tein Exp. Pu rif., 32-1 (2003) 18-27.

DYNAMICS OF MAJOR URINARY PROTEIN I 
STUDIED BY NMR RELAXATION AND
MOLECULAR DYNAMICS SIMULATION

Hana Køí¾ová, Lukáš Žídek and Pavel Macek

Masaryk Uni ver sity, Fac ulty of Sci ence, Na tional Cen tre
for BiomolecularRe search, Kotláøská 2, 61137 Brno,
Czech Re pub lic

Back bone dy nam ics of mouse ma jor uri nary pro tein I
(MUP-I) was stud ied by NMR re lax ation. Data were col -
lected for a com plex of MUP-I with its nat u ral pheromonal
ligand, 2-sec-4,5-dihydrothiazole, and for the free pro tein.
The mea sured re lax ation rates were an a lyzed us ing the
spec tral den sity map ping. Graph i cal anal y sis of the spec -
tral den sity val ues pro- vided an un bi ased qual i ta tive pic -
ture of the in ter nal mo tions. Vary ing tem per a ture greatly
im proved re li abil ity of the anal y sis.

Quan ti ta tive pa ram e ters de scrib ing the dy nam ics on pi -
co sec ond to nano sec ond time scale were ob tained us ing si -
mul ta neous data fit ting at mul ti ple tem per a tures. Both
qual i ta tive and quan ti ta tive anal y ses showed that the back -
bone flex i bil ity on the fast time scale is slightly in creased
upon pheromone bind ing, in ac cor dance with the pre vi -
ously re ported re sults. Zero-fre quency spec tral den sity val -
ues re vealed conformational changes on the mi cro sec ond
to mil li sec ond time scale. Mea sure ments at dif fer ent tem -
per a tures al lowed to mon i tor tem per a ture depencence of
the motional pa ram e ters. Mo lec u lar dy nam ics sim u la tions
were per formed for the free and pheromone-boun pro teins
us ing explicite sol vent. Cor re la tion func tions and fre -
quency-de pend ent or der pa ram e ters were cal cu lated from
pro tein co or di nates. The cal cu lated motional pa ram e ters
were com pared to the re sults of the re lax ation mea sure -
ments. Com bi na tion of ex per i men tal and sim u lated data
pro vided a datailed pic ture of the mo lec u lar mo tions. 

This work was sup ported by Grant No. 203/00/0511 from
Grant Agency of the Czech Re pub lic.

RAMAN OPTICAL ACTIVITY OF SMALL
PEPTIDES AND ZWITTERIONIC AMINO
ACIDS

J. Kapitán1,2, V. Baumruk1 and P.Bouø2

1In sti tute of Phys ics, Charles Uni ver sity in Prague, Ke
Karlovu 5, 121 16 Prague 2

2In sti tute of Or ganic Chem is try and Bio chem is try,
Flemingovo nám. 2, 166 10 Prague 6

Raman op ti cal ac tiv ity (ROA) mea sures vi bra tional op ti cal 
ac tiv ity by means of a small dif fer ence in the in ten sity of
Raman scat ter ing from chiral mol e cules in right and left
cir cu larly po lar ized in ci dent la ser light. The ROA spec tra
of a wide range of biomolecules in aque ous so lu tion can
now be mea sured rou tinely. Be cause of its sen si tiv ity to the 
chiral el e ments of biomolecular struc ture, ROA pro vides
new in for ma tion about so lu tion struc ture and dy nam ics
com ple men tary to that sup plied by con ven tional spec tro -
scopic tech niques [1].

Amino ac ids and pep tides rep re sent nat u ral tar gets for
ROA tech nique es pe cially. How ever, the in ter pre ta tion of
the spec tra is al most en tirely de pend ent on ab in itio mod el -
ing of vi bra tional fre quen cies and spec tral in ten si ties and
so far im poses lim its on mo lec u lar size and over all ac cu -
racy.Com pu ta tion of ROA is a com plex pro cess, in clud ing
eval u a tion of equi lib rium ge om e try, mo lec u lar force field
and polarizability ten sor de riv a tives. Cur rently only a slow
fi nite dif fer ence meth ods can be used for ac cu rate eval u a -
tion of the ten sors. For zwit teri on ic amino ac ids and pep -
tides many com pli ca tions arise also from their
conformational flex i bil ity and strong in ter ac tion with the
sol vent, which can not be mod eled with the usual pro ce -
dures de vel oped for vac uum. Many of these ob sta cles can
be avoided in the mod el ing. For our ROA sim u la tions we
used sim pli fied rep re sen ta tion of the polarizabilities [2],
Car te sian trans fer tech niques for the mo lec u lar ten sors [3]
and the COSMO con tin uum sol vent model.

In ci dent cir cu lar po lar iza tion (ICP) ROA in stru ment
has been built at In sti tute of Phys ics fol low ing the de sign of 
the in stru ment con structed in Glas gow [4]. How ever, there
are cur rently se ri ous lim i ta tions of the method, with re spect 
to lim ited in stru men tal sen si tiv ity and ar ti facts ap pear ing
in the spec tra. Now a days we de velop pro gram al low ing to
pro cess sig nal in im age mode and to iden tify and elim i nate
ar ti facts. We are go ing to re place con ven tional spec tro -
graph in Czerny-Turner con fig u ra tion with a fast stig matic
im ag ing spec tro graph (equipped with a trans mis sion ho lo -
graphic grat ing) [5], which en ables 8 times faster ac qui si -
tion of ROA sig nal and thus makes study of large
(bio)molecular systems at lower concentration possible.

Com bi na tion of ex per i men tal and com pu ta tional ap -
proaches rep re sents unique and pow er ful tool for study ing
struc ture and in ter ac tion of bi o log i cally important
molecules.

1. L.D. Barron, L. Hecht, E.W. Blanch, A.F. Bell, Prog. Bi o -
phys. Mol. Bio. 73 (2000), 1-49.

2. P. Bouø, J. Comp. Chem. 22 (2001), 426-435.
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3. P. Bouø, J. Ka pi tán, V. Baumruk, J. Phys. Chem. A 105
(2001), 6362-6368.

4. L. Hecht, L.D. Barron, A.R.Gar ga ro, Z.Q.Wen, W.Hug,
J. Ra man Spectrosc. 23 (1992), 401-411.

5. L. Hecht, L.D. Barron, E.W. Blanch, A.F. Bell, L.A. Day,
 J. Ra man Spectrosc. 30 (1999), 815-825.

Rho GTPases AND MOLECULAR
MODELLING

Radovan Dvorský and Mohammad R. Ahmadian

Max-Planck-In sti tute of Mo lec u lar Phys i ol ogy, De part -
ment Struc tural Bi ol ogy, Otto-Hahn-Strasse 11, 44227
Dortmund, Ger many

The Rho GTPases con sti tute a large fam ily of small GTP
bind ing pro teins that con trol di verse cel lu lar func tions like
the actin cytoskeleton, cell po lar ity, gene ex pres sion,
microtubule dy nam ics and ve sic u lar traf fick ing [1]. The
un der stand ing of their func tion at mo lec u lar level be longs
there fore to the im por tant tasks of mo lec u lar bi ol ogy. Sec -
ond rea son why Rho GTPases at tract the at ten tion of sci en -
tists is that their ab nor mal ac ti va tion plays a role in tu mour
in va sion and me tas ta sis [2] and in a dis eases like the hy per -
ten sion or bron chial asthma [3]. 

We will pres ent the re sults of mo lec u lar mod el ling
meth ods ap plied to some par tic u lar prob lems con cern ing
Rho GTPases. First we will dis cuss the model of RhoA cy -
cle at atomic level con structed on the base of known crys tal 
struc tures of cor re spond ing sub-states of the cy cle. Then
we will dem on strate the im por tance of global dy nam ics of
pro teins in their func tion that emerged from the func tional
anal y sis of dif fer ent Rac1 isoforms [4]. Fi nally we will re -
port the out comes from the in-silico vir tual screen ing fo -
cused in this case on the mod i fi ca tions of nu cleo tides that
would in crease their af fin i ties to wards the Cdc42 and the
com pounds ca pa ble to abol ish the in ter ac tion of RhoA with 
its effector pro tein ROCKI and the in ter ac tion of Rac1 with 
its gua nine nu cle o tide ex change fac tor Tiam1. 

1. A. L. Bishop & A. Hall, Bi o chem J.  348 (2000) 241-255.

2. A. B. Jaf fe & A. Hall, Adv. Can cer Res.  84 (2002), 57-80.

3. N. Wett schu reck & S. Of fer manns, J. Mol. Med.  80 (2002),
629-638.

4. L. C. Ha e u sler, L. Blu men stein, R. Dvor sky & M. R. Ahma -
di an, FEBS Lett. 555 (2003), 556-560. 

STATISTICAL EVALUATION OF THE NEAR
ATTACK CONFORMERS POPULATION

Michal Otyepka1, Pavel Banáš1, Oldøich Pytela2,
and Jiøí Damborský3

1De part ment of Phys i cal Chem is try, Fac ulty of Sci ence,
Palacký Uni ver sity, tø. Svobody 26, 771 46 Olomouc,
Czech Re pub lic

2De part ment of Or ganic Chem is try, Fac ulty of Chem i cal
Tech nol ogy, Uni ver sity of Pardubice, Ès. Legií 565, 532
10 Pardubice, Czech Re pub lic

3Na tional Cen tre for Biomolecular Re search, Masaryk
Uni ver sity, Kotláøská 2, 611 37 Brno, Czech Re pub lic

The near at tack con for ma tion (NAC) con cept was in tro -
duced by Bruice et al. [1]. This con cept pro poses that the
main rea son for cat a lytic power of en zymes is re duc tion of
the con fig u ra tion space of re act ing at oms and bring ing
them to gether to a typ i cal ar range ment de fined as NAC.
Bruice and co work ers re vealed lin ear re la tion ship be tween
log of rel a tive rate con stants (log krel) and log of NAC pop -
u la tion con clud ing that the rate con stants are di rectly de -
pend ent on the NAC pop u la tion [1-3].

Haloalkane dehalogenases (HADs, EC 3.8.1.5) are bac -
te rial en zymes catalysing the cleav age of the car bon-halo -
gen bond in haloorganic com pounds by a hydrolytic
mech a nism. The first step of the dehalogenation is SN2 at -
tack of Asp124 car boxyl group ox y gen to haloalkane car -
bon atom fol lowed by AdN of wa ter mol e cule to es ter
in ter me di ate. Bruice and co work ers pos tu lated that NAC
of the sub strate mol e cule po si tioned in the ac tive site of
HAD in volves two at oms form ing the bond
(Asp124-COO-…C-Cl). These two at oms should ide ally
be within the van der Waals con tact dis tance (< 3.2 A) and
the at tack an gle (Asp124--COO-…C-Cl) within ±15° de -
vi a tion from the bond ing an gle in the TS for the SN2 dis -
place ment of Cl-. Here we pro pose ef fec tive tool for
def i ni tion and cal cu la tion of NAC or any other con fig u ra -
tion subspace pop u la tion in clear sta tis ti cal terms.

The NAC con fig u ra tion can be de scribed in terms of
geo met ri cal pa ram e ters, e.g. dis tances, an gles, and di hed -
rals. Hence, the NAC con fig u ra tion can be char ac ter ized
by n-di men sional vec tor m made from se lected n pa ram e -
ters. Dur ing the sim u la tion the n se lected pa ram e ters make
for each time step a re al iza tion of n-di men sional sto chas tic
vec tor n. If the sys tem pop u lates NAC, the re al iza tions of
vec tor n fluc tu ate with n-di men sional Gauss dis tri bu tion

with main value m and covariance ma trix S. For each MD
sim u la tion it is pos si ble to test a hy poth e sis, whether the
parametrical vec tor is or is n't in NAC. The hy poth e sis can
be eas ily tested us ing Mahalanobis dis tance rep re sent ing a

dis tance be tween NAC de scribed by vec tor m and snap shot

con fig u ra tion ni. The Mahalanobis dis tance has 
( )N n

N n

-

-

1

Fisher- Snedecor dis tri bu tion with n and N-n de grees of
free dom, where N is the num ber of steps in model sim u la -

tion used for covariance ma trix S es ti ma tion, n is di men -

sion of vec tors m and n, vec tor ni de notes the vec tor n
re al iza tion in i-th sim u la tion snap shot. Fi nally, the ac cep ta -
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tion re gion for the hy poth e sis of snap shot be ing in NAC is
rep re sent by an un equal

 ( ) ( )
( )

( , )n ni
T

i

N n

N n
F n N n- - £

-

-
--

-m m aS 1
1

1
.

Pre sented method is based on test ing the Mahalanobis
dis tance of a mo lec u lar ar range ment from the NAC in the

con fig u ra tion space. The way to es ti mate vec tor m as well

as ma trix S will be dis cussed. Prac ti cal ex am ples from the
ap pli ca tion of de vel oped method on quan ti ta tive es ti ma -
tion of NAC for HAD will be pre sented. 

1. F. Light sto ne, T. C. Bru i ce, J. Amer. Chem. Soc., 118
(1996) 2595-2605.

2. T. C. Bru i ce, F. Light sto ne, Acc. Chem. Res. 32 (1999)
127-136.

3. T. C. Bru i ce, Acc. Chem. Res. 35 (2002) 139-148.

THEORETICAL CALCULATION OF THE NMR 
SPECTROSCOPY PARAMETERS ALLOW
DISTINGUISH BETWEEN THE SPECIFIC
DIRECT AND THE WATER-MEDIATED
BINDING OF DIVALENT METAL CATION TO
GUANINE. 

Vladimír Sychrovský1, Jiøí Šponer2,1 and Pavel
Hobza1 

1In sti tute of Or ganic Chem is try, Acad emy of Sci ences of
the Czech Re pub lic and Cen ter for Com plex Mo lec u lar
Sys tems and Biomolecules, 166 10, Prague 6, Czech Re -
pub lic

2In sti tute of Bio phys ics, Acad emy of Sci ences of the
Czech Re pub lic, Královopolská 135, 612 65 Brno, Czech
Re pub lic

The cal cu lated intermolecular and intramolecular in di rect
NMR spin-spin cou pling con stants and NMR shifts were
used for the dis crim i na tion be tween the in ner-shell and the
outer-shell bind ing mo tif of hy drated di va lent cat ions Mg2+

or Zn2+ with gua nine base. The intermolecular cou pling
con stants 1J(X,O6) and 1J(X,N7) (X = Mg2+, Zn2+) can be
un am big u ously as signed to the spe cific in ner-shell bind ing 
mo tif of the hy drated cat ion ei ther with ox y gen O6 or with
ni tro gen N7 of gua nine. To ob tain re li able shifts in NMR
pa ram e ters hy drated gua nine was uti lized as the ref er ence
state. The cal cu lated change of NMR spin-spin cou pling
con stants due to the hydration and co or di na tion of the cat -
ion with gua nine is caused mainly by the vari a tion of
Fermi-con tact cou pling con tri bu tion while the vari a tion of
dia mag netic spin - or bit, para mag netic spin - or bit and spin
- dipolar cou pling con tri bu tions is small. The change of s -
char ac ter of gua nine sigma bond ing, sigma anti-bond ing
and lone pair orbitals upon the hydration and cat ion co or di -
na tion (cal cu lated us ing the Nat u ral Bond Or bital anal y sis)
cor re lates with the vari a tion of Fermi - con tact term. The

cal cu lated NMR shifts d(N7) of -15.3 and -12.2 ppm upon
the co or di na tion of Mg2+ and Zn2+ ion, are sim i lar to the
NMR shift of 19.6 ppm to ward the high - field mea sured by 
Tanaka for N7 of gua nine upon the co or di na tion of Cd2+

cat ion (Tanaka, Y.; Kojima, C.; Morita, E. H.; Kasai. Y.;
Yamasaki, K.; Ono, A.; Kainosho, M.; Taira, K. J. Am.
Chem. Soc. 2002, 124, 4595-4601). The pres ent data in di -
cate that mea sure ments of NMR intermolecular cou pling
con stants may be used to dis crim i nate be tween the spe cific
in ner and outer-shell bind ing of di va lent cat ions to
nucleobases in DNA and RNA. 

Vla di mír Sych rov ský, Jiøí Špo ner and Pa vel Hob za, J. Am.
Chem. Soc. 2004, in press.

THEORETICAL STUDY OF 31P CHEMICAL
SHIELDING TENSORS IN B-DNA

Jana Pøecechtìlová, Markéta L. Munzarová and
Vladimír Sklenáø

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

Iso tro pic 31P chem i cal shield ing (CSI) and chem i cal shield -
ing ani so tropy (CSA), the quan ti ties de rived from 31P
chem i cal shield ing ten sors, pro vide valu able in for ma tion
on the sugar-phos phate back bone con for ma tion in nu cleic
ac ids [1]. The back bone con for ma tion be tween two suc ces -
sive phos pho rus at oms is de fined by six tor sional an gles.
As ev i denced by pre vi ous the o ret i cal stud ies [2, 3, 4], the

two PO es ter tor sional an gles, a(O3'-P-O5'-C5') and z
(C3'-O3'-P-O5') (Fig. 1), are the ones play ing the prior role
in de ter min ing 31P chem i cal shield ing. In ad di tion, the ef -
fects of the OPO bond an gle and CO tor sional an gles, e.g., 

e (C4'-C3'-O3'-P) (Fig. 1), seem to be es sen tial [2, 5].
In our work we ap ply den sity func tional the ory (DFT)

to as sess the in flu ences of the a, z, and e tor sional an gles,
as well as the OPO bond an gle on 31P chem i cal shield ing. In 
the ge om e try optimizations of a model com pound (Fig. 1)
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Fig ure. Plot of an gle (Asp124--COO-…C-Cl) against dis tance
(Asp124-COO- … C-Cl) for all HAD/chlorohexane com plex
MD sim u la tion snap shots. The el lipse rep re sents crit i cal
Mahalanobis dis tance from NAC at which the hy poth e sis that
the con fig u ra tion does not sig nif i cantly dif fer from NAC is ac -
cept able (the point in side the el lipse can be con sid ered as NAC
con for ma tion). 



only the tor sional an gle stud ied has been var ied within its
ex per i men tal range and all other back bone tor sions have
been kept frozen. In or der to con duct NMR pa ram e ter cal -
cu la tions the deMon-NMR code [6] has been used. 

Our re sults re veal that CSI as well as CSA in crease

when ei ther a or z goes up from 270° to 330° for the for mer 
or from 240° to 300° for the lat ter. The range of CSI as a
func tion of both tor sional an gles is of an or der of only a few 
ppm. On the con trary,  CSA changes within 30 ppm in the

case a and within 10 ppm in the case of z. The larger ranges 

of CSI/CSA ob tained for a (com pared with z) in di cate
higher sen si tiv ity of the 31P chem i cal shield ing to the a tor -

sional an gle. The plots of CSI/CSA against a (z ) ob tained

for var i ous val ues of z Î á240°, 300°ñ  (a Î á270°, 330°ñ)
show that the trends of CSI/CSA are shifted to higher val -

ues when  z (a)  in creases from 240° to 300° (from 270° to
330°).

 In ter est ingly, changes in CSI in tro duced by the e tor -

sional an gle are com pa ra ble with those in tro duced by a and 

z. How ever, e leaves CSA al most un af fected. Fur ther more, 
we have un cov ered that the trend in the de pend ence of CSI

on a cor re lates with changes in the OPO bond an gle caused 

by chang ing the a tor sional an gle. Last but not least our
cal cu la tions show that for any choice of al pha, zeta, and ep -
si lon, the di rec tions of the prin ci pal com po nents of the 31P
chem i cal shield ing ten sors al most co in cide with the axes of 
the Car te sian co or di nate sys tem de fined so that the y axis
bi sects the O1-P-O2  an gle, the z axis lies in the O1-P-O2
plane and is per pen dic u lar to y, and the x axis is or thogo nal
to both y and z (Fig. 2).      

Ac knowl edg ment: This work was sup ported by grant
LN00A016 from the Min is try of Ed u ca tion, Youth and
Sports.
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VIBRATIONAL CIRCULAR DICHROISM OF
THE NUCLEIC ACIDS

V. Andrushchenko and P. Bouø

In sti tute of Or ganic Chem is try and Bio chem is try, AV ÈR, 
Flemingovo nám. 6, 16610, Praha

 Vi bra tional cir cu lar dichroism (VCD) is a dif fer ence in ab -
sorp tion of the left- and right cir cu larly po lar ized light. It is
more sen si tive to mo lec u lar shape than the in fra red ab sorp -
tion spec tra. For RNA and DNA struc tures, signs and in -
ten si ties of VCD peaks de pend on se quences,
complexation, con for ma tion and hydration of the mol e -
cules. Thus the tech nique is po ten tially com ple men tary to
NMR stud ies of so lu tion struc tures, for which X-ray anal y -
sis is not pos si ble. How ever, in ter pre ta tion of the VCD sig -
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Fig ure 1: The model used for study ing the in flu ences of the a, z,

and e tor sional an gles, as well as the OPO bond an gle on 31P
chem i cal shield ing ten sors.  

Fig ure 2: The ori en ta tions of the prin ci pal com po nents of the 31P 
chem i cal shield ing ten sor with re spect to the axes of the Car te -
sian co or di nate sys tem.



nal re quires com plex com pu ta tions and its ac cu racy is quite 
lim ited for larger mol e cules. We have de vel oped a method
al low ing to model vi bra tional spec tra of biopolymers [1],
which was based on ab in itio com pu ta tions on smaller frag -
ments, and ap plied pre vi ously for VCD of pep tides [2]. The 
method en abled us to in ter pret spec tra of B- and Z forms of
DNA [3] and sev eral RNA struc tures.

1. P. Bouø, J. Sop ko vá, L. Bed ná ro vá, P. Ma loò, T. A. Ke i -
der ling, J. Com put. Chem. 18 (1997) 646-659.

2. P. Bouø, J. Ku bel ka, T. A. Ke i der ling, T. A. Bi o po ly mers
65 (2002) 45-69. 

3. V. An drushchen ko, H. Wie ser, P. Bouø J. Phys. Chem. B

106 (2002), 12623-12634.
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BACTERIAL CELL DIVISION - STRUCTURE
AND FUNCTION OF PROTEINS INVOLVED

Imrich Barák* , Patrik Florek, Katarína Muchová,
Ludmila Pribišová, and Zuzana Chromiková

*Cor re spond ing au thor. 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; phone: ++421 2 5930 7418, fax: 
++421 2 5930 7416, e-mail: imrich.barak@savba.sk 

The ba sic pro cess of cell di vi sion is con cep tu ally sim i lar in
eukaryotic and prokaryotic cells. This pro cess is char ac ter -
ized by cre at ing the di vi sion sep tum be tween the du pli -
cated chro mo somes. There are sev eral ad van tages of
study ing cell di vi sion in prokaryotes. In gen eral, it is still
more sim ple pro cess in bac te ria than in eukaryotic cells and 
there are sev eral out stand ing model as Esch e richia coli and 
Ba cil lus subtilis. The pro cess of cell di vi sion is in ten sively
stud ied on mo lec u lar level for de cades but there are still
many un an swered ba sic ques tions. Prob a bly most is known 
about the mech a nism of cell di vi sion of rod shaped bac te -
ria, mainly Gram-neg a tive Esch e richia coli and Gram-pos -
i tive B. subtilis. Cell di vi sion, of ten called septation,
con sists of invagination of cytoplasmatic mem brane and
peptidoglycan syn the sis. There are known a lot of play ers
in this pro cess but mech a nism of where, how and when
cells form the di vi sion sep tum with high fi del ity is of ten
pos tu lated in fully dif fer ent mod els. Prob a bly the most
con tro ver sial ques tion in cell di vi sion of rod shaped bac te -
ria is where to di vide, in other words, how the po si tion of
the di vi sion site is de ter mined. 

The ear li est event in the cell di vi sion cy cle is the for ma -
tion of the FtsZ ring at the fu ture sep tum site. FtsZ is highly
con served GTPase with high de gree of sim i lar ity with the
tubulins, eukaryotic cytoskeletal pro teins. Dur ing veg e ta -
tive growth the FtsZ ring forms at midcell and cell di vide
this site. At least two dis tinct mech a nisms are in volved in
ac cu rate place ment of the di vi sion ma chin ery: the Min sys -
tem and nucleoid occlusion.

Cell di vi sion as a fun da men tal cel lu lar pro cess still
holds many se crets which are wait ing to be un rav eled. The
ma jor chal lenges now lie in un der stand ing of as sem bly and 
dis as sem bly of the pro tein com plexes at the site of di vi sion. 
To un der stand the mo lec u lar mech a nisms of these pro -
cesses would re quire state of art ex per i men tal meth ods to
solve the struc ture not only par tic u lar pro teins but rather
the pro tein com plexes and their proper in ter pre ta tion to ex -
plain such phe nom ena as asym me try of pro tein lo cal iza -
tion, protein oscillation, protein spiral formation and other.

Work in au thors lab o ra tory is sup ported by grant
2/1004/22 from the Slo vak Acad emy of Sci ences and
Wellcome Trust Pro ject and Col lab o ra tive Re search Ini -
tia tive Grants 066732/Z/01/Z.

(see page 7 for full pa per)
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INTERACTIONS OF Phe30 IN RUBREDOXIN
DESCRIBED BY Ab Initio METHODS.
COMPARISON WITH EMPIRICAL
FORCEFIELDS

L. Bendová, V. Klusák, P. Jureèka, P. Hobza, 
J. Vondrášek

In sti tute of Or ganic Chem is try and Bio chem is try, Cen tre
for Com plex Mo lec u lar Sys tems and Biomolecules,
Flemingovo nam. 2, Prague 6, 166 10, Czech Re pub lic

The pro tein struc ture is to a large ex tent de ter mined by the
in ter ac tions of its res i dues. The ar o matic res i dues are able
of hy brid in ter ac tions with sev eral part ners at once. Hence
there is a strong need for study ing the in ter ac tions of these
res i dues. How ever, the as sess ment of the strength of their
in ter ac tions is very com pli cated and not that straight for -
ward as for clas si cal H-bond. We de cided to study the in -
ter ac tions on the best the o ret i cal level avail able on one
model sys tem. This gives us a good ref er ence for other,
"cheaper" meth ods and pro vides us with some ideas about
the roles an ar o matic res i due can play in the pro tein in te -
rior.

Our pri mary cri te rion for the model sys tem se lec -
tion was a high X-ray struc ture qual ity and a pres ence of a
densely packed clus ter of ar o matic res i dues with a
phenylalanine hav ing at least five res i dues closer than 4 C.
We have cho sen a small (52 AAs) thermostable FeS pro -
tein rubredoxin (desulfovibrio vulgaris) which is as sumed
to serve as an elec tron trans fer pro tein. The hy dro pho bic
core of the pro tein is con sti tuted of sev eral ar o matic and
aliphatic res i dues. For the pur pose of our study we have
cho sen Phe30 which has in its vi cin ity an ex traor di nary
num ber of in ter act ing part ners of dif fer ent char ac ter. The

res i due is act ing at once in CH/p, p/p, kation/p, an ion/p
(the sidechain) in ter ac tions as well as in a clas si cal H-bond
(the mainchain). The in ter ac tion en er gies of the cen tral
Phe30 with its part ners rep re sented as iso lated amino acid
mol e cules were cal cu lated in vacuo us ing high-level ab in -
itio meth ods. The po si tions of all non-hy dro gen at oms
were held fix at the X-ray struc ture ge om e try, while the po -
si tion of all hy dro gen at oms was op ti mized at the
DFT/6-31G** level. The in ter ac tion en ergy was then cal -
cu lated as the sum of two con tri bu tions; one be ing an
RI-MP2 in ter ac tion en ergy ex trap o lated to the ba sis set
limit, the other a cor rec tion term for higher or der
(CCSD(T)) cor re la tion en ergy. As a test of the re li abil ity of 
var i ous em pir i cal po ten tials we have com puted the in ter ac -
tion en er gies of the same sys tems in sev eral com mon
forcefields.

Our pres ent re sults show that there is a strong in ter ac -
tion of Phe30 with the sur round ing res i dues with out any re -
pul sion. Such strength could be the rea son for
thermo stability of the pro tein and also an or i gin of the fold -
ing pro cess. There is pro nounced dif fer ence in the per for -
mance of the tested forcefields. Some forcefields proved to
be able to re pro duce the re sults of the ref er ence method. 

THE IMPORTANCE OF HAVING
GLYCOSYLATED CLEAVABLE
PROPEPTIDE: THE STORY OF
ß-N-ACETYLHEXOSAMINIDASE

P. Man1,2, P. Pompach1,2, V. Havlíèek1, O. Plíhal1,2,
J. Sklenáø1,2, V. Køen1 and K. Bezouška1,2

1In sti tute of Mi cro bi ol ogy, Acad emy of Sci ences of Czech
Re pub lic, 14220 Praha 4, 

2De part ment of Bio chem is try, Fac ulty of Sci ence, Charles 
Uni ver sity Prague, 12840 Praha 2

Fun gal ß-N-acetylhexosaminidases (chitobiases, EC
3.2.1.30) are se creted en zymes that hy dro lyze chitobiose
into monosaccharides. The en zymes are phys i o log i cally
im por tant for the for ma tion of septa in molds, germ tubes in 
yeast, and fruit bod ies in fungi [1]. More over, they have
found many ap pli ca tions in biotechnologies due to their
unique abil i ties to syn the size new and un usual
oligosaccharide struc tures [2].

We have cloned and se quenced ß-N- acetyl hexo -
saminidase from the col lec tion strain of Aspergillus oryzae
CCF1066 [3]. This en zyme is com posed of four
polypeptide seg ments. The N-ter mi nal sig nal pep tide is
cleaved intracellularly. The zincin-like and catalytical do -
main de fine the en zyme as a mem ber of fam ily 20 glyco -
hydrolases. Homology mod el ing re vealed sig nif i cant
sim i lar ity with the two crys tal lized bac te rial ß-N-acetyl -
hexosaminidases.

Fun gal ß-N-acetylhexosaminidases con tain a unique
N-ter mi nal propeptide that is pro cessed intracellularly be -
fore the se cre tion of the en zyme. De tailed pulse-chase and
in hi bi tion stud ies re vealed that the propeptide is pro cessed
very early dur ing the biosynthesis, just af ter the ad di tion of
N-glycans. The propeptide must be pro cessed in or der to
asssist in en zyme refolding, ac ti va tion, and dimerization.
Monomeric en zyme sub units de void of the propeptide are
in ac tive, can not dimerize, and may not be se creted from the 
cell [4]. Dimers con tain ing a sin gle propeptide are se creted
at only half the rate of those con tain ing both propeptides,
and have lower spe cific ac tiv ity [5]. 

The unique propeptide prop er ties are un doubt edly dic -
tated by its un usual struc tural fea tures. There fore we turned 
our at ten tion to ward the char ac ter iza tion of its pri mary
struc ture. The propeptide has a prolin rich C-ter mi nal part
with sev eral po ten tial O-glycosylation sites. The glyco -
sylation pat tern is ex tremely dif fi cult to solve as there are at 
least two or three glycans at tached to serin or threonin.
More over, the glycosyaltion ap peared rather re sis tant to
chem i cal cleav age and it also pro tected the C-ter mi nal part
of the propeptide from pro te ol y sis. Par tial pri mary struc -
ture in clud ing glycosylation was solved by tan dem mass
spec trom e try, namely col li sion in duced dis so ci a tion
(CID). Fi nal char ac ter iza tion us ing elec tron cap ture dis so -
ci a tion (ECD) com bined with high res o lu tion and high
mass ac cu racy ex per i ments on an FT-ICR mass spec trom e -
ter is un der prog ress. [6]

Sup ported by Min is try of Ed u ca tion (MSM 113100001), by 
the In sti tu tional Re search Con cept AVOZ5020903, and by
Grant Agency of Czech Re pub lic (No. 203/04/1045).
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CLASSES OF RNA CONFORMATIONS

Bohdan Schnei der1, Zdenìk Morávek2, and 
Helen M. Berman3

1Cen ter for Com plex Mo lec u lar Sys tems and
Biomolecules and In 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 n.2, CZ-16602 Prague, Czech Re pub lic,
bohdan@rcsb.rutgers.edu

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

3Rutgers, The State Uni ver sity of New Jer sey, De part ment 
of Chem is try and Chem i cal Bi ol ogy, NJ-08854, USA

The di ver sity and com plex ity of RNA struc ture is a con se -
quence of the high flex i bil ity of the polynucleotide back -
bone and is best ex em pli fied by the crys tal struc tures of the
ri bo somal units. A nu cle o tide has seven tor sional de grees
of free dom, in clud ing the tor sion c around the glycosidic
bond; this multidimensionality of the nu cle o tide confor -
mational space rep re sents a ma jor ob sta cle to its sys tem atic 
anal y sis. In the work pre sented here, the mul ti di men sional
RNA conformational space and the very large num ber of
pos si ble cor re la tions among the in di vid ual tor sion an gles
were sim pli fied by fo cus ing on the in ter re la tion ships of the
con for ma tion an gles that de fine the phosphodiester link age 

(tor sion an gles la beled zi and ai+1) and the other back bone
tor sion an gles. A sin gle near atomic res o lu tion struc ture
with over 2800 nu cleo tides from the 23S and 5S rRNA
mol e cules of the large ri bo some sub unit (NDB code
RR0033, PDB code 1JJ2, ref. 1) serves as a da ta base for the 
anal y sis. 

De tailed anal y sis of the RNA back bone tor sions was
per formed in six three-di men sional pro jec tions of the tor -
sional mul ti di men sional space. Each 3D tor sional map
con sists of a dis tri bu tion of points (t1, t2, t3)i that are Fou -
rier-trans formed (FT) into their pseudo elec tron den si ties,
den sity maps vi su ally in spected to lo cal ize peak po si tions
and peak max ima fit ted. Be fore the FT av er ag ing, the orig i -
nal data ma trix of 2841 points had to be mod i fied. A ma jor -
ity (~70%) of all nu cleo tides of RR0033 are in the A-type
con for ma tion with tor sion an gle val ues at the

phosphodiester link zi  ~ 290° and ai+1 ~300°. These res i -
dues were ex cluded from the orig i nal data ma trix be cause
con cen tra tion of most points into a nar row area of the map

would de form the pseudo elec tron den si ties in other re -
gions. The re main ing 830 points were Fou rier-av er aged
and fur ther an a lyzed. 

In each of the six an a lyzed maps, about ten peak max -
ima were iden ti fied, their po si tions fit ted and named. Dis -
tances be tween the peaks and 830 in di vid ual data points

(t1, t2, t3)i of each map al low la bel ing of data points by the
name of the near est peak. Data points la beled by peak
names in the six maps were clus tered by a tech nique called
"lex i co graph i cal clus ter ing" which starts by al pha bet i cal
sort ing of the data point la bels for the six maps in the same
way as one would or der words in a dic tio nary. To make
sure lex i co graph i cal clus ters rep re sent conformational
fam i lies, clus tered dinucleotide frag ments were com pared
by the stan dard least square over lap of dinucleotide at oms
and out li ers re moved; rmsd val ues of the fam i lies were 0.2
- 0.7 C. Most dinucleotides in the fam i lies are
conformationally so sim i lar that all their tor sions could be
and were de ter mined and their av er aged Car te sian co or di -
nates de ter mined. The iden ti fied con for ma tions will be
char ac ter ized in the talk and the ac com pa ny ing poster.
Here we sum ma rize a few most in ter est ing find ings. 

Non-A-type con for ma tions oc cur in most cases iso lated 
be tween nu cleo tides in A-type con for ma tions and rarely
con nect to one an other. Es pe cially sev eral "open" con for -
ma tions (num bers 8-17) oc cur in sin gle stranded re gions
link ing two or more dou ble he li ces, Some other con for ma -
tions with stacked bases (as #1, 3-6) can be a part of dou ble
he li cal re gions with lo cal dis rup tion of the he lix by a bulge
or non-canonical base pair(s).

Se quence pref er ences were ob served only in a few
conformational fam i lies. No ta bly, the rec og nized pref er -
ences in volve pref er ence for pu rine rich re gions in con for -
ma tions #4-6 (pref er ence for RR) and #2, which oc curs
pref er en tially in tetra loops with se quences RNRN. In con -
trast, the con for ma tion with par al lel ori en ta tion of the sub -
se quent bases and zero rise known as "ad e nine plat form"
mo tif (#7) showed no sequence preference for AA. 

Stacked or par al lel bases, 'nor mal' rise.
Con for ma tion #1: back bone con for ma tion is, in fact, very
close to that of the pu rine-py rim i dine (RY) steps of Z-DNA 
but in con trast to the Z-DNA, both bases have 'nor mal' anti
ori en ta tion and the con for ma tion shows no se quence pref -
er ence for RY known from the Z-DNA. Con for ma tion #2:

an un usual com bi na tion of tor sions zi - ai+1 - bi+1 - gi+1 re -
verses the di rec tion of the back bone at the be gin ning of the
sec ond nu cle o tide so that the sec ond ribose is flipped up -
side down from its A-type po si tion, the sec ond base is ro -
tated anticlockwise from its A-type po si tion by ~180°, and
the bases do not stack. The con for ma tion has a pref er ence
for short, mostly tetra-, loops with pre vail ing se quence
RNRN. It is most of ten lo cated at the stem-loop in ter face
and one nu cle o tide of the mo tif forms a non-ca non i cal pair, 
typ i cally GoA, of a tetra loop. 

Par al lel bases and low-to-zero rise. 
Con for ma tions #5 - 7: bases have low rise, are in
edge-to-edge ori en ta tion and can form non-ca non i cal hy -
dro gen bonds di rectly or via a wa ter mol e cule. A sig nif i -
cant fea ture of #5 - 6 is that their dinucleotides can oc cur at
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the op po site strands of dou ble he li ces with non ca non i cal
base pairs and pre fer pu rine rich re gions, the mo tif it self
has mostly RR se quence. They can also oc cur in sin gle
stranded links. The fam ily #7 is very sim i lar to the mo tif
known as the "ad e nine plat form" but it shows no se quence
pref er ence for AA. 

"Open con for ma tions": not stacked bases, short-to-nor mal 
Pi-Pi+2 and large C1i-C1i+1 dis tances. 
Con for ma tions #8 - 9: the back bone forms a U-shaped
turn in the RNA di rec tion with short Pi - Pi+2 dis tances. The 
sec ond base is ro tated 180° away from its po si tion in the
A-type but lies in the same plane, con for ma tion #9 has the
first base in the mi nor syn ori en ta tion. Dinucleotides of
fam i lies 8 - 9 par tic i pate mostly in sin gle stranded links or
bulges be tween dou ble he li cal re gions and form base pairs
only rarely, never are in volved in the ca non i cal ones. 
Con for ma tions #14 - 17: are ex tremely ex tended, the
bases are ro tated away from each other, the first base is
'above' the Pi and the sec ond 'be low' the Pi+2, and bor der the 
dinucleotide on both ends. Po si tions of the base and phos -
phate at tached to the sec ond ribose are swapped and the
back bone of the dinucleotides has an S shape form. Sim i -
larly to other "open" con for ma tions, #14 - 17 form hinges
be tween a short sin gle stranded link and a dou ble he lix. 
Con for ma tions #19 - 32: Nu cleo tides in the A-type con -
for ma tions form about 70% of the stud ied ri bo somal RNA
and were fur ther in ves ti gated. Their large ma jor ity, ex actly 
1513, have the whole dinucleotide in con for ma tion of the
ca non i cal A-RNA. There are, how ever, about fif teen other
well de fined conformational fam i lies with small but pro -
nounced de vi a tions from the ca non i cal A-RNA. These de -
vi a tions are lo cal ized in one or two tor sion an gles of the
first or sec ond nu cle o tide. 

The pres ent work sug gests that the multidimensionality
of the RNA conformational space can be ap proached by
anal y sis of con for ma tions at the phosphodiester link O3'i -

Pi+1 - O5'i+1, de fined by tor sion an gles zi -ai+1. We de duced

the cen tral role of tor sions zi -ai+1 from the fact that they
ex hibit the high est vari abil ity yet are lim ited into well de -
fined re gions, noise not with stand ing. We sug gest that char -

ac ter and im por tance of the zi -ai+1 scat ter gram can be
com pared to the cor ner stone of pro tein struc tural sci ence,
Ramachandran plot of the pro tein back bone tor sion an gles

F and Y. 

1. Ban, N., Nis sen, P., Han sen, J., Mo o re, P.B. and Ste itz,
T.A. (2000) The com ple te ato mic structu re of the lar ge ri -
bo so mal sub u nit at 2.4 C re so lu ti on. Science, 289, 905-920.

IS EF-TU AS A WELL-UNDERSTOOD
BACTERIAL MOLECULAR SWITCH STILL A
PUZZLE FOR STRUCTURAL BIOLOGISTS? 

Mar tin Holub,  Jaroslav Weiser 

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

Pro tein syn the sis elon ga tion fac tor Tu (EF-Tu) rep re sents
one of the ma jor com po nents of trans la tion sys tem in
prokaryotes. It par tic i pates on the cor rect po si tion ing of the 
in com ing aminoacyl-tRNA on the ri bo some where
polypeptide chain is syn the sised. Be sides this, EF-Tu is
pro posed to func tion in other parts of the cell me tab o lism
as well. The pro tein is rep re sented by three-do main struc -
ture and be haves like a typ i cal G (gua nine nu cle o tide bind -
ing) pro tein. In ter ac tion of flex i ble do main 1 con tain ing
GDP/GTP bind ing pocket with more rigid do mains 2 and 3
al lows it to work as a mo lec u lar switch chang ing be tween
"on" and "off" con for ma tion upon bind ing of GDP or GTP. 
There are avail able spe cific in hib i tors of EF-Tu, which are
able to "freeze "the pro tein in ei ther "on", or "off" con for -
ma tion, as an ex am ple can be men tioned kirromycin or
pulvomycin. The pro tein is rec og nized as a clas si cal cy to -
plas mic pro tein, how ever, thanks to some of its be low
listed fea tures, it may be con sid ered   as a spe cial case.

There have been de scribed sev eral post-trans la tion
mod i fi ca tions of the pro tein. Some of them are play ing the
role in trans la tion, oth ers are im por tant for its po ten tial
func tions out side of the elon ga tion cy cle. In E. coli, Ba cil -
lus subtilis and Ba cil lus licheniformis a part of EF-Tu pop -
u la tion, which is lo cated on the mem brane, can be
meth yl ated in re sponse to star va tion for an es sen tial nu tri -
ent.

EF-Tu from E. coli and T. thermophilus was found to be 
phosphorylated in vivo, and the phosphorylated frac tion
re mained sta ble un der dif fer ent con di tions. Since the
phosphorylated res i due (Thr-382) is con served in all
known EF-Tu cor re spond ing se quences from other spe -
cies, the phosphorylation might be a com mon phe nom e -
non. EF-Tu was also de scribed re cently as a ma jor
com po nent of cytoskeleton like struc tures in Mycoplasma
pneumoniae cells and most im por tantly it was iden ti fied
there as a pro tein an chored in the mem brane and bind ing
fibronectin which is a multifunctional pro tein in ter act ing
with mo lec u lar mo tor like struc tures in eukaryotes.

We de scribed pre vi ously a spon ta ne ous poly meri sa tion 
of EF-Tu from Streptomyces aureofaciens, which might
serve as a pro tec tive mech a nism for EF-Tu pres ent in
spores or en ables the pro tein to play a struc tural role. Ag -
gre gates are formed un der phys i o log i cal con di tions and
give raise to fil a men tous struc tures large enough to be vis i -
ble in the light mi cro scope. We have de vel oped sim ple and
ef fec tive method for pu ri fi ca tion of large amounts of the
ag gre gated pro tein, which re tains its nu cle o tide bind ing ac -
tiv ity. We found that two closely re lated strains of
Streptomyces aureofaciens con tain EF-Tu ca pa ble of spon -
ta ne ous ag gre ga tion in con trast to num ber of other
Streptomyces spe cies of which EF-Tu gene was cloned and
pro tein iso lated. We pu ri fied EF-Tu from both strains us -
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ing above men tioned method and used them in com par a tive 
stud ies in or der to better un der stand the struc tural and func -
tional fea tures of this phe nom e non. Us ing 2D elec tro pho -
re sis of pu ri fied pro teins and their hy dro ly sis prod ucts we
ana lysed their struc tural dif fer ences and het er o ge ne ity re -
sult ing from their post-trans la tion mod i fi ca tions. 

For the fu ture we will com pare se quences of Tuf-1,
gene cod ing ac tive EF-Tu, from both strains men tioned
above and we will try to find why EF-Tu from S. aureo -
faciens is ca pa ble of spon ta ne ous ag gre ga tion.

POSTERS

MOLECULAR DYNAMICS STUDY OF
ENZYME DHAA REACTIVITY WITH
1,2,3-TRICHLOROPROPANE

P. Banáš1, M. Otyepka1, P. Jeøábek2, M. Boháè2,
J. Damborský2

1De part ment of Phys i cal Chem is try, Fac ulty of Sci ence,
Palacky Uni ver sity Olomouc, tr. Svobody 26, 771 46
Olomouc

2Na tional Cen tre for Biomolecular Re search, Masaryk
Uni ver sity, Kotlarska 2, 611 37 Brno

Bi o log i cal deg ra da tion of 1,2,3-trichloropropane (TCP) is
stud ied in the con text of re moval of halogenated hy dro car -
bon from the en vi ron ment as well as from the re ac tion mix -
ture formed dur ing epichlorohydrine pro duc tion. The
bac te rial en zyme haloalkane dehalogenase DhaA from
Rhodococcus sp. (EC 3.8.1.5) trans forms TCP to
2,3-dichloropropane-1-ol. This re ac tion step is the slow est
in TCP min er al iza tion. One pos si bil ity lead ing to in creased 
ac tiv ity of DhaA is mod i fi ca tion of the en zyme by mu ta -
tions. Di rected evo lu tion method re sulted in two mu ta tions
(C176Y and Y273F) in creas ing the en zy matic ac tiv ity [1].

The ob jec tive of this work was to ex plain in creased
en zy matic ac tiv ity of DhaA mu tants by mo lec u lar dy nam -
ics (MD) sim u la tions. Mo lec u lar dock ing method sug -
gested three dif fer ent TCP bind ing modes within the DhaA
ac tive site (bm1, bm2 and bm3). There fore, nine MD sim u -
la tions of DhaA/TCP com plex were run: three sim u la tions
(bm1-bm3) per each en zyme (wild type - WT-DhaA; mu -
tant C176Y - M1-DhaA; and mu tant C176Y+Y273F -
M2-DhaA). The re ac tive cen ter on the sub strate mol e cule
was spec i fied as well as cor re spond ing prod uct for all bind -
ing modes. The bm1 is ex pected to lead to 1,3-dichlo -
ropropane-2-ol, bm2 to (S)-2,3- dichloro propane-1-ol and
bm3 to (R)-2,3-dichloropropane-1-ol. 

The TCP re ori en ta tion from bm1 to bm2 dur ing the first 
500 ps was ob served in all sim u la tion start ing from bm1.
There fore, it can be con cluded that bm1 is a metastable
state. This ob ser va tion is in a good agree ment with ex per i -
men tal data. Fur ther more, hy dro gen bond in ter ac tion was

ob served be tween Tyr273 hydroxyl and Asn41 back bone
car bonyl in the WT-DhaA and M1-DhaA sim u la tions. This 
in ter ac tion is not pos si ble in M2-DhaA mu tant al low ing
Asn41 back bone car bonyl hy dro gen bond in ter ac tion with
the cat a lytic wa ter mol e cule. It causes better ori en ta tion of
the cat a lytic wa ter for the sec ond re ac tion step (AdN ad di -
tion of the cat a lytic wa ter to in ter me di ate es ter group). The
change in the cat a lytic wa ter ori en ta tion is prob a bly the
main ef fect of the Y273F mu ta tion on in creased DhaA ac -
tiv ity. The C176Y mu ta tion causes the in crease in the at -
trac tion be tween the res i due 176 and Phe144 and de crease
in the at trac tion be tween res i due 176 and Lys175. The up -
per tun nel is one of the en trances to DhaA ac tive site and
the C176Y mutation can influence substrate, products,
and/or water exchange between bulk and active site.

1. T. Bos ma, J. Dam bor sky, G. Stucki, D.B. Janssen: Appl.
En vi ron Micro bi ol, 68 (2002) 3582-3587.

A MOLECULAR DYNAMICS STUDY OF THE
CYCLIN-DEPENDENT KINASE-2 (CDK2)
WITH SUBSTRATE PEPTIDE (HHASPRK),
INHIBITION OF CDK2 BY
PHOSPHORYLATION

I. Bártová1, M. Otyepka2, Z. Køíž1, and J. Koèa1

1Na 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.

2De part ment of Phys i cal Chem is try, Fac ulty of Sci ence,
Palacký Uni ver sity Olomouc, tø. Svobody 26, 771 46
Olomouc, Czech Re pub lic.

The cyclin-de pend ent kinase, CDK2, reg u lates the euka -
ryotic cell cy cle at the G1 - S bound ary. CDKs ac tiv ity is
reg u lated by com plex mech a nism in clud ing bind ing to pos -
i tive reg u la tory sub unit and phosphorylation at pos i tive
and/or neg a tive reg u la tory sites [1]. For ac ti va tion CDK2
re quires bind ing to Cyclin A or Cyclin E. The CDK2 ob -
tains full ac tiv ity af ter phosphorylation of the threonine
res i due (T160) in the ac ti va tion seg ment (T-loop) [2].
CDK2 cat a lyzes the phosphoryl trans fer of the
adenosine-5´-triphosphate (ATP) g-phos phate to serine or
threonine hydroxyl in the pro tein sub strate. The CDKs ac -
tiv ity is in hib ited in sev eral ways, for ex am ple, by
(de)phosphorylation, in ter ac tion with var i ous nat u ral pro -
tein in hib i tors [3, 4], etc. The CDK2 can be neg a tively reg -
u lated by phosphorylation at Y15 and, to a lesser ex tent, at
T14 in the glycine-rich loop (G-loop) [5]. 

This work de scribes be hav ior of the fully ac tive CDK2
(pT160-CDK2/Cyclin A/ATP com plex) with sub strate
pep tide (HHASPRK) and CDK2 in hib ited by phospho -
rylation at T14, Y15, and T14/Y15 res i dues al to gether in
the G-loop us ing mo lec u lar dy nam ics sim u la tions with the
Cor nell et al. force field as im ple mented in the AMBER
soft ware pack age [6]. In hib ited com plexes of CDK2 were
pre pared from pT160-CDK2/Cyclin A/HHASPRK/ATP
(1QMZ PDB ID code) by phosphorylation of the T14
and/or Y15 res i dues. En zyme dy nam ics was stud ied dur ing 
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8 ns long tra jec tory. Dif fer ences in conformational be hav -
ior of key res i dues for sub strate bind ing and phosphoryl
trans fer of fully active vs. inhibited CDK2 will be
presented.

1. D. O. Mor gan, Annu. Rev. Cell Dev. Biol., 13  (1997)
261-291.

2. D. P. Jeffrey, A. A. Rus so, K. Po ly ak, Na tu re, 376 (1995)
313-320.

3. M. Otyep ka, Z. Køíž, J. Koèa, J. Biol. Struct. Dyn., 20
(2002) 141-154.

4. T. D. Da vies, D. J. Pratt, J. A. En di cott et al., Phar ma col.
Ther., 93 (2002) 125-133.

5. H. L. De Bondt, J. Ro sen blatt, J. Jan ca rik, Na tu re, 363
(1993) 595-602. 

6. D. A. Case et al., AMBER ver. 6.0, Uni ver sity of Cal i for -
nia, San Fran cisco, 1999.

THE ROLE OF HALIDE-STABILIZING
RESIDUES IN HALOALKANE
DEHALOGENASES STUDIED BY QUANTUM
MECHANIC CALCULATIONS AND
SITE-DIRECTED MUTAGENESIS

Michal Boháè1, Yuji Nagata2, Zbynìk Prokop1,
Mar tin Prokop1, Marta Monincová1, Masataka
Tsuda2, Jaroslav Koèa1, and Jiøí Damborský1

1Na tional Cen tre for Biomolecular Re search, Masaryk
Uni ver sity, Kotláøská 2, 611 37 Brno, Czech Re pub lic 

2Grad u ate School of Life Sci ences, Tohoku Uni ver sity,
Katahira, Sendai 980-8577, Ja pan.

Haloalkane dehalogenases are bac te rial en zymes cat a lyz -
ing the hydrolytic cleav age of the car bon-halo gen bond of
var i ous halogenated aliphatic hy dro car bons pres ent in the
en vi ron ment as dan ger ous pol lut ants. This cat a lytic pro -
cess re sults in the for ma tion of an al co hol, ha lide and pro -
ton as the re ac tion prod ucts. Cat a lytic triad, oxyanion hole
and ha lide-sta bi liz ing res i dues were pre vi ously found to be 
the three main struc tural fea tures es sen tial for the cat a lytic
per for mance in these en zymes [1]. Ha lide-sta bi liz ing res i -
dues are not struc tur ally con served among dif fer ent
haloalkane dehalogenases. The dif fer ence in ha lide-sta bi -
liz ing res i dues be tween two stud ied haloalkane dehalo -
genases with known struc ture was tested in pres ent study
us ing quan tum me chan i cal cal cu la tions and site-di rected
mu ta gen e sis. 

Nucleophilic sub sti tu tion (SN2) as the first re ac tion
step of dehalogenation pro cess was mod eled and the level
of elec tro static sta bi li za tion of the tran si tion state struc ture
and re leased ha lide ion pro vided by each of the ac tive site
res i dues was cal cu lated. Stud ied sys tems were the en zymes 
DhlA from the soil bac te rium Xanthobacter autotrophicus
GJ10 and LinB from Sphingomonas paucimobilis UT26
and 1-chlorobutane sub strate docked into the ac tive site of
the pro tein. Our in-house pro gram TRITON [2, 3] in ter fac -
ing semi-em pir i cal quan tum me chan i cal pack age MOPAC
[4] and homology mod el ing pack age MODELLER [5] was 

used for all cal cu la tions. Pre sented re sults showed that
some of the stud ied res i dues can be as signed as pri mary
(es sen tial) and some as sec ond ary (less im por tant) ha -
lide-sta bi liz ing res i dues. Con sec u tively both the o ret i cal
and ex per i men tal site-di rected mu ta gen e sis was con ducted
with LinB en zyme to con firm lo ca tion of its pri mary and
sec ond ary ha lide-sta bi liz ing res i dues. Asn38Asp, Asn38
Glu, Asn38Phe, Asn38Gln, Trp109Leu, Phe151 Leu,
Phe151Trp, Phe151Tyr and Phe169Leu mu tants of LinB
were the o ret i cally mod eled and si mul ta neously ex per i men -
tally con structed, pu ri fied and kinetically char ac ter ized. 

Based on the re sults the fol low ing ac tive site res i dues
were clas si fied as the pri mary ha lide-sta bi liz ing res i dues:
Trp125 and Trp175 of DhlA, and Asn38 and Trp109 of
LinB. All these res i dues sta bi lize the ha lide ion re leased
from the sub strate mol e cule by a hy dro gen bond and their
sub sti tu tion sig nif i cantly mod i fied cat a lytic prop er ties of
mu tated en zymes. Phe172, Pro223 and Val226 of DhlA
and Trp207, Pro208 and Ile211 of LinB res i dues were clas -
si fied as the sec ond ary ha lide-sta bi liz ing res i dues with no
sig nif i cant ef fect on the ca tal y sis. The good qual i ta tive
agree ment be tween mod eled sta bi li za tion ef fect and cat a -
lytic ac tiv ity for stud ied mu tants of LinB was ob served [6]
con firm ing the ap pli ca bil ity of TRITON for sim i lar type of
stud ies. Pro gram TRITON is cur rently avail able for Irix,
Linux and NetBSD op er at ing sys tems and is pro vided free
of charge for ac a demic us ers. For more information and
program download see the web page
 http://ncbr.chemi.muni.cz/triton/triton.html.

1. Ver schue ren, K. H. G., Seljee, F., Ro ze bo om, H. J., Kalk,
K. H., and Dijkst ra, B. W., Na tu re 363 (1993) 693-698.

2. Dam bor ský, J., Pro kop, M., and Koèa, J., Trends in Bi o -
che mi cal Sciences 26 (2001) 71-73.

3. Pro kop, M., Dam bor ský, J., and Koèa, J., Bi o in for ma tics
16 (2000) 845-846.

4. Ste wart, J. J. P.  Jour nal of Com pu ter-Ai ded Mo le cu lar De -
sign 4, (1990) 1-45.

5. Sali, A., Mo le cu lar Me di ci ne To day 1 (1995) 270-277.

6. Bo háè, M., Na ga ta, Y., Pro kop, Z., Pro kop, M., Mo nin co -
vá, M., Koèa, J., Tsu da, M., and Dam bor ský, J., Bi o che mis -
t ry 41 (2002) 14272-14280.
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STRUCTURE OF THE
b-N-ACETYLHEXOSAMINIDASE REVEALED
BY HOMOLOGY MODELING AND
VIBRATIONAL SPECTROSCOPY

R. Ettrich1, V. Kopecký Jr.2,3, K. Hofbauerová3,4,
V. Baumruk2, V. Køen4 and K. Bezouška3,4

1Lab o ra tory of High Per for mance Com put ing, In sti tute of 
Phys i cal Bi ol ogy of USB and In sti tute of Land scape Ecol -
ogy of AS CR, Zámek 136, Nové Hrady, CZ-37333, Czech 
Re pub lic

2In sti tute of Phys ics, Charles Uni ver sity, Ke Karlovu 5,
Prague 2, CZ-12116, Czech Re pub lic

3De part ment of Bio chem is try, Fac ulty of Sci ence, Charles 
Uni ver sity, Albertov 2030, Prague 2, CZ-12840, Czech
Re pub lic, hofbauer@biomed.cas.cz

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

Glycoprotein b-N-acetylhexosaminidase from Aspergillus
oryzae ca tal y ses hy dro ly sis of chitobiose into con stit u ent
monosaccharides. The en zyme is phys i o log i cally im por -
tant dur ing the life cy cle of fungi [1]. There is an in ter est in
the cat a lytic mech a nism by which these en zymes cleave
their sub strate since these pro cesses are im por tant in hu -
man dis eases and con trol of fun gal and in sect pests.

Homology mod el ing with the Mod el ler pro gram [2]
used the co or di nates for a S. marcescens and S. plicatus
(en zymes of glycohydrolase fam ily 20 with a 44% de gree
of sim i lar ity). Re fine ment was achieved through al go rith -
mic anal y sis and minimization with the TRIPOS force field 
in the SYBYL/MAXIMIN2 mod ule. The dock ing of the
chitobiose was ex plored with the DOCK mod ule of
SYBYL. The model struc ture has been con fronted with
data from FTIR and Raman spec tros copy ob tained with the 
en zyme (both na tive and deglycosylated form) pu ri fied
from the me dium of the pro duc ing or gan ism A. oryzae.
The sec ond ary struc ture de ter mined from anal y sis of FTIR
am ide I and II bands and Raman am ide I cor re sponds well
to our mo lec u lar model. To test thermostability of the en -
zyme, Raman spec tra in the 5-60 °C tem per a ture range
were re corded and an a lyzed by means of fac tor anal y sis.

Sup port from the Min is try of Ed u ca tion of the Czech Re -
pub lic (No. MSM113100001, No. MSM113200002, No.
LN00A141), from the In sti tu tional Re search Con cept
AVOZ5020903, from the Grant Agency of the Czech Re -
pub lic (grant No. 203/04/1045), and from the Grant
Agency of the Acad emy of Sci ences (A5020403) is grate -
fully ac knowl edged.

1. Q. Cheng, H. Li, K. Mer dek, J. T. Park, J. Bac te ri ol., 182
(2000), 4836-4840.

2. A. Sali and J.P. Ove ring ton, Pro tein Sci., 3 (1994),
1582-1596.

GUANINE QUADRUPLEX LOOPS STUDIED
BY MOLECULAR MECHANICS AND
DYNAMICS TOOLS: ADVANCES AND
FORCE FIELD LIMITATIONS

E. Fadrná1, N. Špaèková2, J. Koèa1, 
T. E. Cheatham3 and J. Šponer2

1Na 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

2In sti tute of Bio phys ics, Acad emy of Sci ences of the
Czech Re pub lic, Královopolská 135, 612 65 Brno, Czech
Re pub lic

3De part ments of Me dic i nal Chem is try and of Phar ma ceu -
tics and Phar ma ceu ti cal Chem is try, Col lege of Phar -
macy, Uni ver sity of Utah, 30 South 2000 East, Salt Lake
City, Utah 84112-5820, USA. 

Wide range of meth ods has been ap plied to var i ous
G-DNA se quences that are able to form four-stranded ar -
range ment. Com pu ta tional meth ods con trib ute to the ex -
per i men tal ones and help them in pre dic tion and
ex pla na tion of struc tural fea tures which can in flu ence
quadruplex for ma tion and sta bil ity.

A com pu ta tional anal y sis of d(GGGGTTTTGGGG)2
gua nine quadruplexes con tain ing both lat eral and di ag o nal
four-thymidine loops was car ried out us ing Mo lec u lar Dy -
nam ics (MD) sim u la tions, Lo cally En hanced Sam pling
(LES) sim u la tions, sys tem atic conformational search, and
free en ergy Mo lec u lar-Me chan ics-Pois son Boltzmann-
Sur face Area (MM-PBSA) cal cu la tions with ex plicit in clu -
sion of struc tural monovalent cat ions. The study pro vides a 
qual i ta tively com plete anal y sis of the avail able loop
conformational space. Ma jor conformational tran si tions
not seen in con ven tional MD sim u la tions are ob served
when LES is ap plied. The fa vored LES struc tures con sis -
tently pro vide lower free en er gies (as es ti mated by
MM-PBSA) than other struc tures. Un for tu nately, the pre -
dicted op ti mal struc ture for the di ag o nal loop ar range ment
dif fers sub stan tially from the X-ray ex per i ments. This re -
sult is at trib uted to force field de fi cien cies, such as the po -
ten tial misbalance be tween sol ute - cat ion and sol vent -
cat ion terms. The op ti mal di ag o nal and lat eral loop ar -
range ments ap pear to be close in energy though a proper
inclusion of the loop monovalent cations could stabilize the 
diagonal architecture.

This work was sup ported by the grant LN00A016 from the
Min is try of Ed u ca tion of the Czech Re pub lic.
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MOLECULAR MODELLING STUDY OF
INTERACTION OF CYS2 DOMAIN OF
PROTEIN KINASE C WITH ITS ACTIVATOR
PHORBOL 12-MYRISTATE-13- ACETATE
AND LIPID BILAYER

J. Hritz1, J. Ulièný1, A. Laaksonen2 and 
P. Miškovský1,3 

1De part ment of Bio phys ics, P. J. Safarik Uni ver sity,
Jesenna 5, 041 54 Kosice, Slo vak Re pub lic
(http://bioflab.upjs.sk)

2De part ment of Phys i cal Chem is try, Arrhenius Lab o ra -
tory, Stock holm Uni ver sity, Swe den

3In ter na tional La ser Cen tre, Ilkovicova 3, 812 19
Bratislava, Slo vak Re pub lic

Pro tein kinase C (PKC), a fam ily of serine/threonine kin -
ases, is in ti mately in volved in the reg u la tion of a va ri ety of
cel lu lar func tions such as gene ex pres sion, cel lu lar growth
and dif fer en ti a tion. PKC is reg u lated by two dis tinct mech -
a nisms: by bind ing 3 mol e cules of ATP which reg u lates the 
ac tive site and subcellular lo cal iza tion of the en zyme, and
by sec ond mes sen gers (Ca2+, diacylglycerol, phorbol es -
ters) which pro mote PKC's mem brane as so ci a tion and re -
sult to pseudosubstrate ex po sure. Phorbol 12-myristate-
13-ac e tate (PMA), pow er ful tu mor-pro mot ing agent, binds 
to the Cys1 and Cys2 do main in PKC on mem brane sur face 
with nanomolar bind ing af fin ity. Mo lec u lar mod el ling [1]
was used for the study of PMA+dipalmitoyl phosphati -
dylcholine (DPPC) bilayer and Cys2+PMA+DPPC bilayer 
com plexes. Func tion of hy dro pho bic and hy dro gen bond
in ter ac tions be tween PMA and Cys2 domainin is dis -
cussed. Com par i son with ex ist ing ex per i men tal data
showed that ob tained mo lec u lar model of Cys2 do main
with its ac ti va tor PMA on mem brane sur face is con sis tent
with ex ist ing X-ray [2] and NMR [3] re sults.

1. E. Lin da hl, B. Hess & D. Van der Spo el, J. Mol. Mod., 7
(2001) 306-317.

2. G. Zhang, M. G. Ka za ni e tz, P. M. Blum berg & J. H. Hur -
ley, Cell, 81, (1995) 917-924.

3. R. X. Xu, T. Pa wel c zyk, T.-H. Xia & S. C. Brown, Bi o che -
mis t ry, 36 (1997) 10709-10717.

RATIONAL REDESIGN OF ENZYMES USING
PROGRAM TRITON

P. Jeøábek, M. Prokop, M. Boháè, M. Kutý, 
J. Koèa, J. Damborský

Na tional Cen tre for Biomolecular Re search, Masaryk
Uni ver sity, Brno, Czech Re pub lic

En gi neer ing of en zymes to im prove their cat a lytic prop er -
ties is one of the pres ent-day chal lenges of bio chem is try
and mo lec u lar bi ol ogy on the side of experimentalists and
mo lec u lar mod el ing on the side of the o re ti cians. The ra tio -
nal en gi neer ing of a given en zyme re quires an un der stand -
ing of the struc tural fea tures de ter min ing its cat a lytic

ef fi ciency. In par tic u lar, a pro tein en gi neer has to know
which amino acid res i dues of the pro tein are in volved in the 
ca tal y sis and how to mod ify them to achieve an in creased
ac tiv ity. The three-di men sional struc ture of the pro tein or
pro tein-sub strate com plex is usu ally re quired for pro tein
en gi neer ing us ing mo lec u lar mod el ing. 

Our lab o ra tory has been de vel op ing pro gram TRITON
as a graph i cal tool for mod el ing pro tein mu tants and as -
sess ment of their ac tiv i ties [1, 2]. TRITON serves as the
sim ple and ef fec tive graph i cal in ter face for prep a ra tion of
in put data for cal cu la tion and anal y sis of out puts. Mu tants
are con structed from the wild type struc ture as the tem plate
by homology mod el ing us ing pro gram MODELLER [3].
Then the pro cess of en zy matic re ac tion tak ing place both in 
the wild type and in the mu tant ac tive site is mod eled us ing
the semi-em pir i cal quan tum me chan i cal pro gram MOPAC
[4]. Semi-quan ti ta tive pre dic tions of mu tant ac tiv i ties are
achieved by eval u at ing the changes in the ac ti va tion en er -
gies of the sys tem as so ci ated with the mu ta tion, changes of
par tial atomic charges on se lected at oms and elec tro static
in ter ac tion en er gies of the ac tive site res i dues with the sub -
strate dur ing the re ac tion. The ap pli ca bil ity of TRITON has 
been extensively tested using bacterial enzymes haloalkane 
dehalogenases as model systems [5-9]. 

TRITON has pri mar ily been de vel oped for mo lec u lar
bi ol o gists and bio chem ists, non-spe cial ists in com puter
mod el ing. Prep a ra tion of cal cu la tions us ing the wiz ards
im ple mented in the TRITON is very easy even for be gin -
ners in com puter mod el ing. The pro gram TRITON can be
run un der op er at ing sys tems IRIX, Linux and NetBSD and
is pro vided free of charge to the ac a demic us ers. For more
in for ma tion about TRITON see the web page
 http://ncbr.chemi.muni.cz/triton/triton.html.
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ACCURACY AND INFORMATIONAL
CONTENT OF SPECTROSCOPIC METHODS
FOR DETERMINATION OF THE
SECONDARY STRUCTURE OF PROTEINS
EXPRESSED AS A PART OF THE GENE
FUSION SYSTEM 

V. Kopecký Jr.1,2, K. Hofbauerová2,3 and 
V. Baumruk1

1In sti tute of Phys ics, Charles Uni ver sity, Ke Karlovu 5,
Prague 2, CZ-12116, Czech Re pub lic,
kopecky@karlov.mff.cuni.cz

2De part ment of Bio chem is try, Fac ulty of Sci ence, Charles 
Uni ver sity, Albertov 2030, Prague 2, CZ-12840, Czech
Re pub lic

3 nstitute of Mi cro bi ol ogy, Acad emy of Sci ences of the
Czech Re pub lic, Vídeòská 1083, Prague 4, CZ-14220,
Czech Re pub lic

The main aim of this study is to char ac ter ize ac cu racy of
the stan dard spec tro scopic meth ods, i.e. cir cu lar dichroism
(CD), Fou rier trans form in fra red (FTIR) and Raman spec -
tros copy, for de ter mi na tion of the sec ond ary struc ture of
the pro teins, which are co-ex pressed with a sol u ble pro tein. 
In many cases when pro teins are ex pressed in gene fu sion
sys tems it seems use ful to keep a sol u ble pro tein co va lently 
bound to the stud ied pro tein. The rea son is that an ac qui si -
tion of the de sired pro tein rep re sents thrombin cleav age
from the fu sion pro tein, which cause smaller yield of the
pu ri fied pro tein. More over, the cleav age site could ex ist in
the ex pressed pro tein or the pro tein alone is in sol u ble.

We ex am ined the glutathione S-transferase (GST) gene 
fu sion sys tem, which be longs to the most widely used sys -
tems for ex pres sion, pu ri fi ca tion and de tec tion of pro teins
in E. coli. The sys tem is based on intracellular ex pres sion
of genes or gene frag ments co-ex pressed with S. japonicum
GST [1]. The model pro tein that was co-ex pressed with
GST in our study was N-do main of H4-H5 loop of
Na+/K+-ATPase. The mass ra tio of the N-do main to GST
pro tein was ap prox i mately 1:1. Pre pared sam ples were
N-do main alone, GST alone and GST co va lently bond to
N-do main. It gives a chance to com pare re sults from spec -
tro scopic mea sure ments of the in de pend ent pro teins,
which should be the sum for the GST co va lently bond to
N-do main.

CD spec tra were ana lysed for the sec ond ary struc ture
con tent by means of the Dichroweb website [2]. All pub -
lished anal y ses of the Raman am ide I and am ide III bands
and most of meth ods for FTIR am ide I and II bands were
used un der Matlab® as a part of our Vi bra tional Spec tros -
copy Tool box & Ap pli ca tion [3]. De pend ence of in for ma -
tional con tent and ac cu racy of the Raman spec tra on a
pro tein con cen tra tion has been also examined.

Sup port from the Min is try of Ed u ca tion of the Czech Re -
pub lic (No. MSM113100001, No. MSM113200002) and
from Grant Agency of the Czech Re pub lic (grants Nos.
204/01/0254, 204/01/1001, 309/02/1479) is grate fully ac -
knowl edged.
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DENSITY MODIFICATION UTILIZING
STEREO - CHEMICAL KNOWLEDGE

G. Kosik1 and F. Pavelèík2

1De part ment of Chem is try, Fac ulty of Nat u ral Sci ences,
Constantine the Phi los o pher Uni ver sity, 94974 Nitra,
Slo vak Re pub lic

2De part ment of In or ganic Chem is try, Fac ulty of Nat u ral
Sci ences, Comenius Uni ver sity, 84215 Bratislava, Slo vak
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Den sity mod i fi ca tion (DM) is a stan dard rou tine for im -
prov ing phases, par tic u larly for struc tures be yond atomic
res o lu tion [1]. For atomic res o lu tion struc tures the Fou rier
re cy cling with peak pick ing is usu ally suf fi cient tool to
solve the struc ture. In cases the phases are not very good,
Fou rier in ver sion of mod i fied su per po si tion or elec tron
den sity maps may be used as the first step of a phase re fine -
ment [2, 3]. Den sity mod i fi ca tion us ing mo lec u lar frag -
ments (DMF) of fers a tool for strength en ing struc ture
de ter mi na tion meth ods in a way anal o gous to mo lec u lar re -
place ment. Chem i cal in for ma tion can be en tered into the
pro cess of struc ture de ter mi na tion by 6-D phased ro ta tion
and trans la tion func tion (PZO method) [4].

Frag ment elec tron den sity is cal cu lated for top peaks of
the PZO search. For each peak the frag ment at oms are po si -
tioned in the unit cell. Elec tron den sity is con structed for
FFT cal cu la tion of struc ture fac tors [5]. Elec tron den sity is
sam pled on a uni form grid. Con tri bu tions from all frag -
ment at oms are summed at each grid point. An elec tron
den sity map be long ing to one frag ment and one PZO peak
is cre ated. Maps from dif fer ent peaks and from dif fer ent
frag ments are com bined to gether to form a frag ment map.
In the pro cess of den sity mod i fi ca tion the frag ment map is
com bined with elec tron den sity map. DMF map is mod i -
fied by omit ting low-den sity (neg a tive) re gions. Then
struc ture fac tors are cal cu lated by re verse FFT. Den sity
mod i fied struc ture fac tors (FDMF) are fit ted against ob -
served struc ture fac tors or nor mal ized struc ture fac tors in
bins of dif fer ent res o lu tion. These struc ture fac tors can be
used for R-fac tor cal cu la tion and for weight ing Fou rier co -
ef fi cients. The den sity mod i fi ca tion (DM) is ex actly the
same procedure as DMF but no fragment map is used. Only 
low-density regions are omitted.

 In the first group of tests or ganic struc tures con tain ing
sul fur or chlo rine at oms were se lected. Atomic min i mum
su per po si tion was not used in the phas ing pro cess. Phases
cal cu lated from heavy at oms were used for den sity mod i fi -
ca tion. Phases from heavy at oms were pre-re fined by sev -
eral cy cles of DM, where nec es sary. Re sults of DMF were
com pared with re sults of DM. In ev ery case the DMF is su -
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pe rior do DM. In both meth ods the cut-off was fixed at
4% of the top electron density.

 Com par i son with sim i lar cal cu la tion on the same
struc ture re vealed, that the frag ment po si tion ing is an
im por tant step in this struc ture de ter mi na tion or a way of 
con sid er able re duc ing num ber of Fou rier cy cles needed
to solve the structure.
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2. Si mo nov, V. I. Com pu tati o nal Crys tal lo gra phy, edi ted
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DETAILED STUDY OF INTERACTIONS
BETWEEN SMALL MOLECULES AND
PROTEINS USING MOLECULAR
MODELING

Z. Køíž1, M. Otyepka2, I. Bártová1, J. Koèa1

1Na tional Cen tre for Biomolecular Reserach, Fac ulty
of Scinece, Masaryk Uni ver sity, Kotláøská 2, 611 37
Brno, Czech Re pub lic

2De part ment of Phys i cal Chem is try, Fac ulty of Sci -
ence, Palacký Uni ver sity, Tø. Svobody 8, 771 46
Olomouc, Czech Re pub lic

De tailed knowl edge of in ter ac tions in side the pro teins
plays an im por tant role in drug de sign.    Ex per i men tal
meth ods such as X-crys tal log ra phy, NMR spec tros copy
and neu tron dif frac tion are typ i cal ex per i men tal meth -
ods to an a lyze these in ter ac tions at atomic level [1].
These ex per i men tal meth ods can, in some cases, be com -
ple mented by mo lec u lar mod el ing meth ods. The mo lec -
u lar dock ing com bined with flex i ble conformational
search, mo lec u lar dy nam ics and quan tum dy nam ics are
the most used mod el ing meth ods at this time.

Re cently, the in ter ac tions of sol vent mol e cules with
cyclin de pend ent kinase (CDK2) us ing mo lec u lar dy -
nam ics were stud ied in our lab o ra tory [2]. The study was 
ex tended to mo lec u lar dy nam ics with mixtured sol vent
(wa ter mol e cules mixtured with small or ganic mol e -
cules) and also to uti li za tion of sys tem atic mo lec u lar
dock ing of small or ganic mol e cules into CDK2 us ing
CICADA [3, 4] pro gram. The re sults of such cal cu la -
tions will be used. As a mixtured sol vent wa ter +
dimethylether and wa ter + methylamine were used. The
re sults will be com pared with sys tem atic dock ing search
com bined with mo lec u lar dy nam ics  and also steered
mo lec u lar dy nam ics method.

This work was sup ported by grant LN00A016 of the Min is try
of Ed u ca tion, Youth and Sports of the Czech re pub lic.
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COMPUTATIONAL STUDY ON PIGMENTS OF
PHOTOSYSTEM II REACTION CENTRES
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2In sti tute of Plant Mo lec u lar Bi ol ogy, AS CR, Branišovská
31, 370 05 Èeské Budìjovice, Czech Re pub lic

3Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity,
Ke Karlovu 3, 120 00 Prague, Czech Re pub lic

4In sti tute of Land scape Ecol ogy, AS CR, Zámek 136, 373 33 
Nové Hrady, Czech Re pub lic

Photosystem II (PSII) is a pig ment-pro tein com plex lo cated in 
thylakoid mem brane of cyanobacteria, al gae and higher
plants. It per forms se ries of light driven re ac tions, which re -
sult in a sep a ra tion of charge and sub se quently in a re duc tion
of an elec tron-trans port chain and wa ter ox i da tion. Pri mary
site of the en ergy con ver sion is lo cated in so-called re ac tion
cen tre (RC).

Re cently, struc ture of the PSII com plex iso lated from
cyanobacteria Synechococcus elongatus has been pre sented
at the res o lu tion of 3.8 C [1] and from Synechococcus
vulkanus at 3.7 C [2]. Also time con stants of charge dis tri bu -
tion and mol e cules in volved in this pro cess are al ready
known, al though X-ray and also spec tros copy meth ods are
unfortunatelly not able to give us suf fi cient ex pla na tion of the
charge-sep a ra tion pro cesses. The o ret i cal mo lec u lar mod el -
ling study could be such com ple men tary method for a com -
plex un der stand ing of prop er ties and func tion of the PSII RC
pig ments dur ing a charge-sep a ra tion pro cess.

In our last study [3, 4] we have com bined the struc tural
homology mod el ling based model pro posed by Svens son et
al. [5] (1DOP model), and the ex per i men tal struc ture pre -
sented by Zouni et al. [1] and succesfully cal cu lated ab sorp -
tion and cir cu lar dichroism spec tra us ing point-di pole
ap prox i ma tions [6] and com pared them with the ex per i men tal 
re sults in or der to lo cate ac cu mu lated chlo ro phyll cat ion dur -
ing a light treat ment of Photosystem II re ac tion cen tre in pres -
ence of ar ti fi cial elec tron ac cep tor silico molybdate. Along
with the spec tra cal cu la tions the charge dis tri bu tion on the
pri mary elec tron ac cep tor pheophytine of the com bined
model in a ground and re duced state and its in flu ence on the
sur round ing pro tein en vi ron ment is stud ied by us ing quan tum 
chem is try meth ods on a semiempirical (ZINDO-1), density
functional (B3LYP) and ab initio (HF) levels.
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STRUCTURAL STUDIES OF ANTI-CA IX
MONOCLONAL ANTIBODY M75 Fab
FRAGMENT IN COMPLEX WITH ITS
EPITOPE PEPTIDE

P. Mader, R. Š•ouraèová, J. Brynda, J. Závada 

 In sti tute of Mo lec u lar Ge net ics, Acad emy of Sci ences of
the Czech Re pub lic, Flemingovo nám. 2, CZ - 166 37
Prague 6, Czech Re pub lic

 CA IX (car bonic anhydrase IX) is a cell sur face pro tein,
as so ci ated with sev eral types of hu man car ci no mas[1]. It is
al most 100 % as so ci ated with cer vi cal car ci no mas, car ci -
no mas of oe soph a gus and with re nal clear cell car ci no mas,
while it is ab sent in nor mal tis sues of cor re spond ing or -
gans. This sug gests that CA IX gene rep re sents a novel
onco gene [2]. CA IX ex erts ca pac ity of bind ing to cell sur -
face re cep tors [1]. It is a mem ber of the al pha class of car -
bonic anhydrases - zinc metalloenzymes that cat a lyze the
re vers ible con ver sion be tween CO2 and bi car bon ate. 

Monoclonal an ti body M75 [3] kindly pro vided by Dr.
Závada re acts ex cel lently with CA IX. Us ing syn thetic
oligopeptides, the epitope of mAb M75 was lo cal ized in the 
proteoglycan-like do main of CA IX and iden ti fied as six
times re peat ing amino acid se quence PGEEDLP [1]. Struc -
tural stud ies of the M75 Fab frag ment in com plex with its
epitope pep tides should be help ful in ra tio nal drug de sign
of com pounds suit able for use in human oncology.

M75 mAb was iso lated from TC me dium of hybridoma
cells M75 us ing Pro tein A Sepharose. Fab frag ment of
M75 an ti body was ob tained by con trolled papain di ges tion
of IgG M75 and fur ther pu ri fi ca tion on DEAE Sephacel.
Pu rity of the prod uct was as sessed us ing gel fil tra tion, SDS
PAGE and isoelectric focusing. 

Us ing va por dif fu sion hang ing drop tech nique we ob -
tained crys tals of free Fab M75 and crys tals of Fab M75 in
com plex with epitope pep tide PGEEDLPGEEDL. Data -
sets for both crys tals were col lected at 150 K us ing in-
 house diffractometer (Nonius FR 591 gen er a tor, 345mm
MarResearch Im age Plate de tec tor). Crys tals be long to
triclinic spacegroup P1. The Fab M75 struc ture was solved
by mo lec u lar re place ment, us ing Fab Bv04-01 (PDB code
1NBV) as search model. Prob a bly due to high mo bil ity of
the vari able loops the struc ture of free Fab M75 could not
be re fined. How ever struc ture of Fab M75 in com plex with
the epitope pep tide was suc cess fully re fined at 2.0 C res o -
lu tion (the fi nal R- and free R fac tors are 0.194 and 0.260
re spec tively).

Only the first eight N-ter mi nal res i dues of the pep tide
(PGEEDLPG) are vis i ble in elec tron den sity maps. The
C-ter mi nal res i dues ex tend out from the an ti gen-bind ing
site and are most prob a bly flex i ble. The in ter ac tions be -
tween Fab M75 and epitope pep tide in clude ex ten sive van
der Waals con tacts and sev eral hy dro gen bonds. All six
CDRs of Fab M75 are in volved in con tacts with an ti gen.
With the ex cep tion of the third pep tide res i due (E), which
points to wards the ex te rior of the an ti gen bind ing groove
the re main ing res i dues from the pep tide es tab lish sev eral
con tacts. Due to shift of the vari able H3 loop in di rec tion to
the light chain CDRs the struc ture dis plays an in ter est ing
and un usual mode of epitope bind ing which in volves van
der Waals in ter ac tions be tween epitope peptide and the N
terminal end of the Fab heavy chain.
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ARCHITECTURE OF THE MEMBRANE
FORMS OF NKR-P1 RECEPTORS, AND
THEIR SIGNALING COMPLEXES IN RAT NK
CELL MEMBRANE MICRODOMAINS
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Nat u ral killer (NK) cells are cytotoxic effector lym pho -
cytes which do not re ar range or ex press an ti gen-spe cific
sur face re cep tors [1]. Al though many NK cell re cep tors
that trans duce sig nals lead ing to ac ti va tion or in hi bi tion of
nat u ral kill ing have been iden ti fied, the de tails of their
mem brane to pol ogy and phys i ol ogy re main poorly un der -
stood. In T-lym pho cytes, many com po nents of the ac ti va -
tion re cep tor com plexes are con cen trated in glycolipid-
en riched mem brane rafts, which play im por tant role in the
mem brane ac ti va tion syn apse [2]. How ever, al though mor -
pho log i cal stud ies re vealed move ment of plasma mem -
brane rafts into the area of con tacts be tween NK cells and
their sen si tive tar gets [3], no de tailed char ac ter iza tion of
the mem brane re cep tor com plexes has been pro vided in
NK cells. 

We have used fresh sorted rat NK cells, and vari ants of
the rat NK leu ke mic cell line RNK-16 as model sys tems to
study the mem brane en vi ron ment of NKR-P1 re cep tor, a
key ac ti va tion an ti gen of rat NK cells [4]. Stud ies with the
bac te ri ally ex pressed monomeric NKR-P1 re cep tor
isoforms re vealed im por tant dif fer ences in the rec og ni tion
of sim ple and com plex car bo hy drate lig ands. The abil ity of
car bo hy drate dendrimers to pre cip i tate re com bi nant
dimeric forms of NKR-P1 re cep tors opened the way for
stud ies of the na tive forms of these re cep tors iso lated from
their mem brane microdomains. Car bo hy drate dendrimers
in ter act spe cif i cally with NK cells mainly through
NKR-P1A isoform. They proved to be spe cific ac ti va tors
of NK cells me di at ing the in crease in intracellular cal cium,
gen er a tion of inositol phos phates, and nat u ral kill ing [5].
Blue na tive elec tro pho re sis re vealed the na tive form of
NKR-P1A re cep tor as a part of large 220 kDa pro tein com -
plex. More over, a shot gun strat egy based on
microcapillary HPLC in com bi na tion with tan dem mass
spec trom e try al lowed us to study the com plete pro tein pro -
file of the NKR-P1+ mem brane microdomain. We iden ti -
fied large sets of pro teins as so ci ated with these
microdomains but their de tailed com po si tion de pended on
the chem i cal en vi ron ment used dur ing the iso la tion. These
pro teins in cluded ad di tional NK cell re cep tors (CD2,
CD18, CD44, CD45, mem brane ad ap tors and sig nal ing en -
zymes (LAT, N-TAL, lck, ras, rab), effector en zyme com -
plexes (ATP synthase, VDAC pro teins, annexins) as well
as the pro teins of the cytoskeleton scaf fold (actin, clathrin,
cofillin, ezrin, flotillin) [6]. 

Func tional and struc tural char ac ter is tics of the in di vid -
ual pro tein-lipid com plexes de fin ing the mo lec u lar ar chi -
tec ture of the en tire microdomain are cur rently un der ac tive 
in ves ti ga tion in our lab o ra tory.

We thank to Marek Cebecauer from the Lud wig In sti tute
for Can cer Re search, Epalinges, Swit zer land, for stim u lat -
ing dis cus sions. Sup ported by Min is try of Ed u ca tion (MSM 
113100001), by the In sti tu tional Re search Con cept
AVOZ5020903, and by Volks wagen Foun da tion. 

1. L. L. La nier, Annu.Rev.Im mu nol., 16 (1998) 359-396. 

2. K. Si mons & D. To o mre, Nat.Rev.Mol.Cell.Biol., 1 (2000)
31-41. 

3. M. S. Fas sett, D. M. Da vis, M. M. Val ter, G.B. Co hen, J.
L. Stro min ger, Proc.Natl.Acad.Sci.USA 98 (2001)
14547-52.

4. K. Be z ouš ka, J.Bi o tech nol, 90 (2002) 269-290.

5. O. Plí hal, J. Skle náø, et al., un pub lished. 

6. P. Man, P. No vák, M. Ce be cauer, A. Fi še ro vá, K. Be z ouš -
ka, ma nuscript in pre pa rati on.

NMR DISTANCE RESTRAINTS AT LOW
TEMPERATURES -
AN APPLICATION TO A DNA HAIRPIN

Michaela Matìjková, Radovan Fiala, Petr Padrta
and Vladimír Sklenáø

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

Short DNA hair pins play a sig nif i cant role in a num ber of
bi o log i cal pro cesses. The most in ter est ing fea ture of the
oligonucleotides with a gen eral se quence d(GCGNAGC)
(N = A, G, C, T) is their ex traor di nary sta bil ity rep re sented
by high melt ing tem per a tures, polyacrylamide gel mo bil ity
and re sis tance against nu cleases. De tailed knowl edge of
these struc tures helps un der stand their unique behavior.

The d(GCGAAGC) struc ture has been solved pre vi -
ously by NMR spec tros copy us ing the NOE-de rived dis -
tances, tor sion an gles and re sid ual dipolar cou plings [1].
The aim of the pres ent study is a new struc ture cal cu la tion
based on NOE data mea sured at tem per a tures be low 273 K
when the intramolecular mo tions and the chem i cal ex -
change of the amino pro tons are in hib ited. Com pared to the 
stud ies at the am bi ent tem per a ture, this ap proach al lows us
to ex tract more dis tance re straints for the use in the
molecular dynamics calculations.

A se ries of the 2D-NOESY spec tra with the mix ing
times in a range of 50 to 400 ms has been mea sured at
268K. The as sign ment of the spec tra re vealed 11 of 14 as -
signed amino pro ton res o nances com pared to 6 of 14 res o -
nances ex tracted at 298K. The NOESY cross-peaks for the
dif fer ent mix ing times were in te grated us ing the SPARKY
pro gram and the re sults were em ployed to de rive the
inter-pro ton dis tance re straints. Our treat ment of the
NOESY cross-peak vol umes in cludes both the Iso lated
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Spin Pair Ap proach (ISPA) and the re lax ation ma trix ap -
proach rep re sented by the MARDIGRAS and MORASS
al go rithms in or der to ac count for the spin dif fu sion. The
choice of the method for the ex trac tion of a suf fi ciently
large num ber of ac cu rate pro ton dis tances from 2D NOE 
cross-peak in ten si ties may be im por tant for the sub se quent
struc ture cal cu la tions. Here we com pare the NOE-de rived
interproton dis tances ob tained by the ISPA and the
relaxation matrix analyses for several sets of experimental
data.

1.    P. Padr ta, R. Šte fl, L. Krá lík, L. Žídek, V. Skle náø, J. Bi o -
mol. NMR, 24, (2002), 1 - 14.

2.    U. Schmitz, D. A. Pearl man, T. L. Ja mes, J. Mol. Biol.,
221, (1991), 271 - 292.

MODELING OF THE VIBRATIONAL
CIRCULAR DICHROISM OF SOLVATED
PEPTIDES

Da vid Michalík1, Ma rie Urbanová1, Petr Bouø1,2

1De part ment of An a lyt i cal Chem is try and De part ment of
Phys ics and Mea sure ment, In sti tute of Chem i cal Tech nol -
ogy, Technická 5, 166 28, Prague 6, Czech Re pub lic

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

Vi bra tional cir cu lar dichroism (VCD) spec tra of newly
syn the sized short proline-con tain ing pep tides Tyr-Asp-
Pro-Ala-(Pro)N have been mea sured, in or der to elu ci date
there so lu tion ge om e tries. We are de vel op ing a the o ret i cal
model for spec tra sim u la tions, based on com plex mo lec u lar 
dy nam ics and ab in itio DFT cal cu la tions. Struc tures of the
pep tide and the wa ter layer are ob tained by mo lec u lar dy -
namic, with the Am ber force field. Then the pep tide and
clos est wa ter mol e cules are par tially op ti mized, us ing the
re stricted nor mal tech nique, with the ONIOM method im -
ple mented in Gaussi an 03, at the PM3/BPW91/6-31G**
level. This new method should pro vide more re al is tic mod -
els that the con tin uum sol vent mod els used pre vi ously [1].
The cal cu lated in fra red ab sorp tion and VCD spec tra pro -
files are sen si tive to the hydration and con for ma tion of the
pep tide and rea son ably well re pro duce the ex per i men tal in -
ten si ties.

1. Bour, P.; Ku bel ka, J.; Ke i der ling, T. A. Bi o po ly mers, 65,
(2002), 45-69.

NMR STUDY OF PACE11 FROM THE
HYPERTHERMOPHILIC ARCHAEON
PYROCOCCUS ABYSSI

M. Nálezková1, L. Blanchard2, A. de Groot2,
P. Gans2, D. Marion2

1Na tional Cen tre for Biomolecular Re search, PøF MU,
Kotláøská 2, 61137 Brno, Czech Re pub lic, 

2L'Institut de Biologie Struc tural, 41, rue Jules Horowitz,
38027 Grenoble, France

The anal y sis of the hyperthermophilic archaeon Pyro coc -
cus abyssi ge nome showed that some pro teins are highly
con served be tween Archaea and Eukaryotes. 32 pro teins
have been listed and called the PACE pro teins (Proteins of
Archaea Conserved in Eukaryotes) [1]. One of these pro -
teins, PACE11, we de cided to study by NMR. This pro tein
has been bio chem i cally char ac ter ized as a monomeric
phosphopantetheine adenylyltransferase (PPAT) in volved
in the Coenzyme A (CoA) biosynthesis path way [2]. This
path way, con sist ing of 5 steps, has been de scribed in Bac -
te ria and Eukaryotes but not in Archaea. PPAT is in volved
in 4th step of the CoA biosynthesis, cat a lyz ing the re vers -
ible trans fer of an adenylyl group from ATP to
4'-phosphopantetheine giv ing dephosphoCoA (dPCoA).
So far the 3D struc ture of only a bac te rial PPAT (from E.
coli and T. Thermophilus) has been solved [3]. PACE11
shows very low se quence iden tity with these bac te rial pro -
teins. 

PACE11 pro ject is to get struc tural and dy nam i cal
in for ma tion of this pro tein. PACE11 is PPAT of
Pyrococcus abyssi, which is com posed of 157 res i dues. In
or der to get enough pro tein for the NMR study a syn thetic
gene of PACE11 (hav ing no E. coli rare codons) was
cloned into the pET28a plasmid and the ex pres sion of the
gene was tested show ing a very good pro duc tion of
PACE11. A 15N sam ple was then pre pared and the 1H-15N
HSQC re corded on this sam ple showed that PACE11 is
well folded. 

1. Matte-Tail liez O, Zi va no vic Y, For ter re P. Trends Ge net 12
(2000), 533-536.

2. Ar men gaud J, Fer nan dez B, Chau mont V, Rol lin-Ge ne tet
F, Fi net S, Mar chet ti C, Myl ly kal lio H, Vi daud C,         
Pel lequer JL, Gri bal do S, For ter re P, Gans P., J Biol Chem
278,  (2003) 31078-31087.

3. Izard T. J Mol biol 315 (2002), 487-495.
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ANALYSIS OF INTERNAL MOTION FROM
MOLECULAR DYNAMICS OF MAJOR
URINARY PROTEIN-I

Petr Novák, Pavel Macek

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

In ves ti ga tion of the pro tein of mouse urine has shown that
it con sists pre dom i nantly of a group of closely re lated pro -
teins termed the Ma jor Uri nary Pro teins (MUPs). These are 
acidic pro teins (pI val ues from 4.2 to 4.7) with mo lec u lar
masses of ap prox i mately 19 kDa. The MUPs are as so ci ated 
with pheromonally ac tive lig ands in clud ing rel a tively
tightly bound 2-sec-butyl-4,5-dihydrothiazole. Thus
MUPs may serve as a model of pro teins bind ing small, hy -
dro pho bic lig ands that are known to pos sess the ca pa bil ity
of chem i cal sig nal ing. Struc ture of MUP-I was de ter mined
crys tal lo graphi cally.

The X-ray struc tures of MUP-I with and with out ligand
were taken and hy dro gens, coun ter-ions and box of ex plicit 
wa ter mol e cules were added. The sys tem was min i mized,
heated and equil i brated and then the mo lec u lar dy nam ics
was ran. From whole tra jec tory a 6ns-long part was taken
and used for fur ther anal y sis of in ter nal mo tions of MUP-I.
Cor re la tion func tions and fre quency de pend ent or der pa -
ram e ters have been cal cu lated.All mo lec u lar dy nam ics was 
performed with AMBER7 software pack age.

This work was sup ported by Grant No. 203/00/0511 from
Grant Agency of the Czech Re pub lic.

STRUCTURAL INVESTIGATION OF
DISTINCT SPECIFICITY OF TWO ISOFORMS 
OF RAT RECEPTOR NKR-P1

O. Plíhal1,2, L. Mihók2, R. Ettrich3, P.  Man1,2, 
V. Havlíèek2, P. Byrtusová1, J. Pavlíèek1, 
K. Bezouška1,2

1De part ment of Bio chem is try, Fac ulty of Sci ence, Charles 
Uni ver sity Prague, Hlavova 8, CZ-12840 Prague 2,
Czech Re pub lic

2In sti tute of Mi cro bi ol ogy, Acad emy of Sci ences of Czech
Re pub lic, Vídeòská 1083, CZ-14220 Prague 4, Czech Re -
pub lic

3Lab o ra tory of High Per for mance Com put ing, In sti tute of 
Phys i cal Bi ol ogy USB and In sti tute of Land scape Ecol -
ogy AS CR, Zámek 136, CZ-37333 Nové Hrady, Czech
Re pub lic

Re cep tor NKR-P1 is one of lectin-like pro teins on the sur -
face of rat lym pho cytes [1]. Unique isoforms of this re cep -
tor can have both ac ti vat ing and in hib i tory func tion in the
pro cess of kill ing of tu mor or vi rus-in fected cells. The
isoform NKR-P1A is ac ti vat ing re cep tor, whereas the
isoform NKR-P1B has an in hib i tory ac tiv ity. How ever, the 
pri mary se quence of both pro teins is very sim i lar. We can
con clude from the re sults of bind ing ex per i ments with re -
com bi nant extracellular por tions of both isoforms, that

monosacharide spec i fic ity of these pro teins are the same.
On the other hand, we can ob serve a prin ci pal dif fer ence if
we com pare the re sults of bind ing ex per i ments with oli go -
sac cha rides and glycodendrimers [2]. We use com puter
mod el ling to sug gest struc tural ba sis of such di ver sity and
try to find pos si ble func tional im pli ca tions.

1. Yo koya ma W. M. Curr. Biol., 5 (1995) 982.

2. Plí hal O. et al., Col lecti on Czech Chem. Com mun., in press.

IDENTIFICATION OF PROTEINS
ASSOCIATED WITH LIPID RAFTS OF
JURKAT T-CELL LINE BY MASS
SPECTROMETRY

P. Pompach1,2, P. Man1,2, P. Novák1, 
A. Fišerová1, V. Havlíèek1 and Karel Bezouška1,2

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

2De part ment of Bio chem is try, Fac ulty of Sci ence, Prague, 
Czech Re pub lic

The aim of our study is to de velop a method for com plete
char ac ter iza tion of pro teins as so ci ated with lipid rafts of
Jurkat T-cell line. Lipid rafts are rich in cho les terol and
sphingolipids. Due to the en rich ment of cho les terol and
sphingolipids in the lipid rafts, they con cen trate in low den -
sity frac tions dur ing the su crose den sity gra di ent ul tra cen -
tri fu ga tion. Upon cel lu lar ac ti va tion, sig nal transduction
mol e cules (src-kin ases  lck and fyn, CD45 an ti gen, and oth -
ers) con cen trate in lipid rafts, and ini ti ate poly mer iza tion of 
cytoskeletal pro teins lead ing to the for ma tion of an im -
mune syn apse.

While con ven tional im mu no chemi cal stain ing can re -
veal only one pro tein in a sin gle ex per i ment, sen si tive and
ro bust mass spec tro met ric tech nique pro vides us with more 
de tailed in for ma tion on pro tein con tent of the lipid raft. We 
ap plied a more rig or ous pu ri fi ca tion scheme in volv ing iso -
la tion of plasma mem branes af ter hypotonic lysis to ex -
clude the "non-plas matic" mem brane microdomains.
More over, we used two types of lysis buff ers. TNE with
1% NP-40 rep re sents clas si cal ex trac tion used in lipid raft
stud ies. The "non-clas si cal" MES buffer with Na2CO3 al -
lows re moval of non-spe cif i cally as so ci ated pro teins. Pro -
teins were iden ti fied by two ap proaches: immunoblot with
ECL de tec tion, and microcapillary liq uid chro ma tog ra phy
in com bi na tion with electrospray ion iza tion tan dem mass
spec trom e try (microHPLC-ESI-MS/MS). 

By ap ply ing these con di tions, we have iden ti fied a
large num ber of func tion ally rel e vant pro teins in volved in
sig nal ing, cytoskeletal as so ci a tion, cel lu lar ad he sion and
other pro cesses. West ern blot anal y sis has re vealed typ i cal
GEMs pro teins (Lck and CD59) and thus ver i fied the qual -
ity of sam ple prep a ra tion. On the other hand mass spec -
trom e try has found not only GEMs mark ers but also many
other mol e cules in volved in cell sig nal ing pro cesses like
Ras-re lated pro tein, GTP-bind ing pro tein, S100-Ca2+ bind -
ing pro teins, CD45, 4F2, HLA-I, etc.
Fi nan cial sup port: MSM 113100001, AVOZ5020903.
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MOLECULAR DYNAMICS STUDY OF NOVEL 
RNA-RNA INTERACTIONS MOTIFS: RNA
KISSING COMPLEXES

Kamila Réblová1 , Naïa Špaèková2, Judit E.
Šponer2, Jaroslav Koèa1 and Jiøí Šponer2,*

1Na tional Cen ter for Biomolecular Re search, Masaryk
Uni ver sity, Kotlaøská 2, 611 37 Brno, Czech Re pub lic

2Na tional Cen ter for Biomolecular Re search, and In sti -
tute of Bio phys ics, Acad emy of Sci ences of the Czech, Re -
pub lic, Královopolská 135, 612 65 Brno, Czech Re pub lic

Ex plicit sol vent mo lec u lar dy nam ics (MD) sim u la tions
were car ried out for three RNA kiss ing-loop com plexes.
The the o ret i cal struc ture of two base pairs (2 bp) com plex
of H3 stem-loop of Moloney murine leu ke mia vi rus agrees
with the NMR struc ture with mod est vi o la tions of few
NMR re straints com pa ra ble to vi o la tions pres ent in the
NMR struc ture. In con trast to the NMR struc ture, how ever, 
MD shows re laxed intermolecular G-C base pairs. 

The core re gion of the kiss ing com plex forms a cat -
ion-bind ing pocket with highly neg a tive elec tro static po -
ten tial. The pocket shows nano sec ond-scale breath ing
mo tions cou pled with os cil la tions of the whole mol e cule.
Ad di tional sim u la tions were car ried out for 6 bp kiss ing
com plexes of the DIS HIV-1 sub types A and B. The sim u -
lated struc tures agree well with the X-ray data. The sub type 
B forms a novel four-base stack of bulged-out adenines.
Both 6 bp kiss ing com plexes have ex tended cat ion-bind ing 
pock ets in their cen tral parts. While the pocket of sub type
A in ter acts with two hexacoordinated Mg2+ ions and one
so dium ion, pocket of sub type B is filled with a string of
three delocalized Na+ ions with res i dency times of in di vid -
ual cat ions 1-2 ns. The 6 bp com plexes show breath ing mo -
tions of the cat ion-bind ing pock ets and loop ma jor
grooves.

A STRUCTURAL MODEL OF HUMAN MT2
MELATONIN RECEPTOR AND ITS
MELATONIN RECOGNITION SITE

Ž. Sovová1, P. Mazna2, J. Teisinger2, D. Štys1, 
T. Obšil2 and R. Ettrich1

 (see page 12  for full pa per)

MEMBRANE TRANSPORT WITHOUT
RECEPTORS?
THE ROLE OF CYCLOSPORINES AND SILYMARINES

STRUCTURES FOR THEIR INTERACTIONS WITH

LIPIDS OF HEPATOCYTE PLASMA MEMBRANE

Jiøí Šebestian1,2, Štìpánka B. Šebestianová3,
Vladimíra Moulisová1,2, and Alexandr Jegorov4

(see page 15  for full pa per)

MOLECULAR DYNAMICS SIMULATIONS ON 
GLYCOSYLTRANSFERASE LgtC

Lenka Šnajdrová1, Jaroslav Koèa1,
Anne Imberty2

1NCBR, Masaryk Uni ver sity, Kotlarska 2, 611 37 Brno,
Czech re pub lic

2CERMAV - CNRS, 601 rue de la Chimie, BP 53, 38041
Grenoble, France

The glycosyltransferases cat a lyze the trans fer of glycosyl
moi eties from a do nor sugar to an ac cep tor. In most cases,
the do nor is a nucleoside phosphosugar and the ac cep tor a
hydroxyl group of an other sugar, a lipid, or an other com po -
nent of glycoconjugates. The cat a lytic mech a nism of the
glycosyltransferases, how ever, still re mains a mys tery. The 
glycosyltransferases are clas si fied as ei ther re tain ing or in -
vert ing, de pend ing on the stereochemical out come of the
re ac tion cat a lyzed. 

The galactosyltransferase LgtC [1] [2] from Neisseria
meningitidis is a retaning glycosyltransferase cat a lyz ing a
key step in the biosynthesis of lipooligosaccharide struc -
ture by trans fer ring a-D-galactose from UDP-galactose to a 
ter mi nal lac tose. The com pre hen sion of the cat a lytic mech -
a nism is an es sen tial pre con di tion to be able to de sign an ef -
fec tive in hib i tor of this en zyme, and to find an ef fec tive
drug against the bac te rial patho gen in this way. We re port
here the first mo lec u lar dy nam ics sim u la tions of LgtC in
wa ter en vi ron ment and in the pres ence of its sub strates.
The anal y ses of the tra jec to ries pro vide a first in sight on the 
cat a lytic mech a nism of this glycosyltransferase.

The start ing co or di nates were taken from the X-ray
struc ture of LgtC galactosyltransferase with do nor and ac -
cep tor sugar analogs, which is de pos ited in the Pro tein
Data bank un der the code 1GA8. The orig i nal pdb file had
to be mod i fied, as it con tained co or di nates for 278 amino
ac ids, the do nor an a log UDP-2-deoxy-2-fluorogalactose
and the ac cep tor an a log 4-deoxylactose. The four miss ing
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res i dues 218-221 were added in Sybyl 6.7 us ing pro tein
loop search. The do nor an a log was re placed with
UDP-galactose (na tive do nor), and the ac cep tor an a log was 
re placed with lac tose (na tive ac cep tor).

Sim u la tions were per formed us ing the AMBER-6.0
pro gram pack age with sev eral new pa ram e ters es pe cially
developped for nu cle o tide sug ars [3]. All sim u la tions were
run with the SANDER. The MD tra jec to ries were an a lyzed
with the CARNAL and PTRAJ.

Four MD sim u la tions were run us ing the X-ray de rived
ge om e try as the start ing point. The mo bil ity of two loops
es sen tial for the cor rect func tion ing of the en zyme were
stud ied to gether with the sta bil ity of co or di na tion of the
man ga nese ion and its role in the bind ing of sub strates.

1. Per s son, K., et al., Crys tal structu re of the re ta i ning ga lac -
to syl transfe ra se LgtC from Ne is se ria me nin gi ti dis in com -
plex with donor and ac cep tor su gar ana logs. Na tu re
Structu ral Bi o lo gy, 2001. 8(2) p. 166-175.

2. Ly, H.D., et al., Me cha nis tic Stu dies of a Re ta i ning a-Ga -
lac to syl transfe ra se from Ne is se ria me nin gi ti dis. Bi o che mis -
t ry 2002, 2002. 41 (16) p. 5075-5085.

3. Pe t ro vá, P., J. Koèa, and A. Im ber ty, Po ten tial Ener gy Hy -
per sur fa ces of Nucle o tide Su gars: Ab Ini tio Cal cu lati ons,
For ce-Field Pa ra me t ri zati on, and Ex plo rati on of the Fle xi -
bi li ty. J. Am. Chem. Soc., 1999. 121 (23) p. 5535-5547.

ISOLATION AND CRYSTALLISATION OF
THE KEY PROTEIN IMPORTANT IN THE
REDOX CONTROL OF Streptomyces
coelicolor

P. Štefanková1, J. Maderová1,2, I. Barák3,
M. Kollárová1, D.R. Tomchick2, Z. Otwinowski2

1De part ment of Bio chem is try, Fac ulty of Nat u ral Sci -
ences, Comenius Uni ver sity, Mlynska dol ina CH-1, 842
15 Bratislava, Slo vak Re pub lic

2De part ment of Bio chem is try, South west ern Med i cal Cen -
ter at Dal las, Uni ver sity of  Texas, 5323 Harry Hines
Blvd., 75 390 Dal las, Texas

3In sti tute of Mo lec u lar Bi ol ogy, Slo vak Acad emy of Sci -
ences, Dubravska cesta, 842 51 Bratislava, Slo vak Re -
pub lic

Thioredoxins are ubiq ui tous pro teins that serve as re duc ing 
agents and gen eral pro tein disulfide re duc tases in liv ing
cells. Thioredoxin to gether with thioredoxin reductase and
coenzyme NADPH formed the cel lu lar re dox enviroment
in the Streptomyces [1]. Streptomyces are Gram-pos i tive
spore-form ing soil bac te ria with spe cific life cy cle.
Streptomyces coelicolor is geneticaly best known rep re sen -
ta tive of the ge nus. It is suit able model for study of the pro -
teins im por tant in thiol-disulfide sta tus in the cell be cause
glutathione in not made by actinomycetes.

Thioredoxins be long to the struc tural fam ily that in -
cludes glutaredoxin, glutathion peroxidase, bac te rial pro -
tein disulfide isomerase and N-ter mi nal do main of
glutathione transferase [2]. The pri mary struc ture of many

thioredoxins are known, and show 27-69 % se quence iden -
tity. 3D struc ture of thioredoxins from a num ber of spe cies, 
in clud ing man [3] and Esch e richia coli [4] are known, too.
In all these 3D struc ture thioredoxin is a com pact glob u lar
pro tein with a five-stranded ß sheet sur rounded by four ?
he li ces. 

In our work we over-ex pressed thioredoxin 1 of S.
coelicolor His.Taq fu sion pro tein in Esch e richia coli. The
pro tein was pu ri fied us ing sin gle step metal che late af fin ity 
chro ma tog ra phy. Ho mog e nous pro tein was used for study
of the pro tein sta bil ity, its role in the re dox con trol in the
cell and the con trol of  pro tein - pro tein in ter ac tion. Pu ri -
fied pro tein was used for crys tal li za tion tri als, too. The
crys tal li za tion con di tions for thioredoxin 1 of S. coelicolor
was determinated and we have ob tained the crys tals suit -
able for x-ray dif frac tion anal y ses. The premilitary x-ray
study has showed that pro tein crys tal lized in P222 space
group with cell pa ram e ters 33.2, 43.5, 143.9, 90.0, 90.0,
90.0. 

1. M.S. Paget, V. Mol le, G. Co hen, Y. Aha ro nowitz, M.J.
Butt ner, Mol. Micro bi ol. 42 (2001) 1007-20.

2. J.L. Mar tin, Struc ture 3 (1995) 245-250.

3. A. Weichsel, J.R. Gasdaska, G. Powis, W.R. Montfort,
Struc ture 4 (1996) 735-51.

4. S.K. Katti, D.M. LeMaster, H. Eclund, J. Mol.Biol. 212
(1990) 167-184.

CLONING, EXPRESSION AND
CHARACTERIZATION OF THE
MYCOBACTERIAL HALOALKANE
DEHALOGENASES Rv2296 AND Rv2579

Iva Tìšínská, Marta Monincová, 
Andrea Jesenská* and Jiøí Damborský

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

Haloalkane dehalogenases are en zymes cat a lyz ing cleav -
age of a car bon-halo gen bond of halogenated com pounds
us ing a hydrolytic mech a nism. The prod ucts of the re ac tion 
are a halo gen ion and a cor re spond ing al co hol. Known se -
quences of genes en cod ing haloalkane dehalogenases
dhlA, dhaA and linB were com pared with all se quences ac -
ces si ble in ge netic da ta bases. This com par i son re vealed a
pres ence of two genes cod ing for pu ta tive haloalkane
dehalogenases in the ge nome li brary of My co bac te rium tu -
ber cu lo sis H37Rv. Iden ti fied genes were rv2296 and
rv2579 [1]. We have used ge net i cally closely re lated My co -
bac te rium bovis 5032/66 izolated from the cat tle to clone
the genes of pu ta tive mycobacterial dehalogenases. 

Gene rv2296 was am pli fied by PCR re ac tion us ing spe -
cific prim ers. PCR amplicon of the gene rv2296 was cloned 
into ex pres sion vec tor pCRâT7/NT- TOPO and the li ga -
tion mix ture was trans formed to Esch e richia coli OneShot
TOP10F com pe tent cells. The rv2296 gene was se quenced
from both sides to en sure ac cu racy. Ex pres sion of Rv2296
pro tein was per formed in bac te rial cells E. coli BL21
(DE3)LysS. Sol u bil ity of the pro tein was sup ported us ing
dif fer ent con di tions for prep a ra tion of crude ex tract. Ac tive 
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pu ri fied pro tein Rv2296 could not be pre pared us ing the
stan dard pu ri fi ca tion pro to cols. The sub strate spec i fic ity of 
crude ex tract Rv2296 was tested to wards thirty-four dif fer -
ent halogenated sub strates. 

Gene rv2579 was am pli fied by PCR re ac tion us ing spe -
cific prim ers, which in tro duced hexahistidyl tail to C-ter -
mi nus of the pro tein. PCR amplicon of the gene rv2579
was cloned into pUC18 vec tor and se quenced. For ex pres -
sion of Rv2579, the gene was re-cloned from pUC18 to
pAQN. E. coli BL21 was used as the host strain for ex pres -
sion of Rv2579 pro tein. Ex pressed pro tein was pu ri fied to
ho mo ge ne ity us ing im mo bi lized metal af fin ity chro ma tog -
ra phy with the yield 5 mg of a pro tein per 1 L of a bac te rial
cul ture. Pro tein Rv2579 was tested for tem per a ture- and
pH-op ti mum. The high est ac tiv ity of pro tein Rv2579 was
ob served at 45 °C. Pro tein showed dou ble pH op ti mum
(pH 5.5 and pH 8.5). The ef fect of stor age tem per a ture and
the ef fect of sta bi liz ing ad di tives on pro tein was also de ter -
mined. 

 1. Je sen ská A., Sed lá èek I., Dam bor ský J. De ha lo ge nati on of
Ha lo al ka nes by My co bac te ri um tu ber cu lo sis H37Rv and
Other My co bac te ria. Ap plied and En vi ro men tal Micro bi o -
lo gy 66(2000): 219-222.

* To whom cor re spon den ce may be ad d res sed: 
Fax: 420-5-41129506; E-mail: an dre aj@che mi.muni.cz.

CRYSTALLIZATION OF THE NOVEL
FLAVODOXINE-LIKE PROTEIN, WrbA, - ON
THE WAY TO THREE-DIMENSIONAL
STRUCTURE

Julie Wolfová1, Ivana Kutá Smatanová2,
Rita Grandori3,  Neal Chatterjee4 and 
Jannette Carey4 
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Keywords: flavodoxine-like pro tein; tryptophan-repressor 
bind ing pro tein; WrbA apoprotein; WrbA holoprotein;
FMN; stan dard crys tal li za tion tech niques; ad vanced crys -
tal li za tion tech niques

Tryptophan (W)-repressor bind ing pro tein A, WrbA,
iden ti fied as an E. coli sta tion ary-phase pro tein was named
for its re ported ef fect on the in ter ac tion be tween
tryptophan repressor and DNA [1]. Later work [2] showed
that this ef fect was non-spe cific, leav ing the phys i o log i cal
role of WrbA un known. Ac cord ing to se quence anal y sis
and homology mod el ing [3] WrbA was iden ti fied as the
found ing mem ber of a new fam ily of  flavodoxin-like pro -
teins, which dis plays low but struc tur ally sig nif i cant se -
quence sim i lar ity with the flavodoxins. The mem bers of
WrbA fam ily are pre dicted to share the open, twisted a/b
flavodoxin fold, but with a short con served in ser tion
unique for the new fam ily. This struc ture mo tif could ac -
count for ex per i men tal ob ser va tions that some fam ily
mem bers are dimeric in so lu tion, in clud ing also find ing
that WrbA cre ates a dimer-tetramer equi lib rium at
micromolar con cen tra tions [2]. Un like typ i cal flavodoxins
[4], these pro teins bind FMN rel a tively weakly but still
spe cif i cally. The com puter anal y sis [3] in di cated some
struc tural dif fer ences in the flavin-bind ing pocket, which
may ex plain the lower af fin ity of WrbA for FMN. Due to
these pe cu liar i ties the struc tural anal y sis may aid in un der -
stand ing the phys i o log i cal roles of WrbA fam ily mem bers.  
These fac tors mo ti vated our re search for dif frac tion-qual -
ity crys tals.

Pu ri fied WrbA apoprotein and holoprotein were used
for crys tal li za tion tri als. Stan dard and ad vanced crys tal li -
za tion tech niques were ap plied to crys tal lize men tioned
pro teins. WrbA apoprotein crys tals grown in cap il lar ies
were mea sured di rectly at syn chro tron DESY (beamline
X13) in Ham burg (Ger many). Crys tals dif fracted to a res o -
lu tion of 2.2 C. At tempts with vari able grow ing con di tions
are per formed to im prove qual ity of apo- and holoprotein
crys tals. 

Ac knowl edge ments:
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MOLECULAR DYNAMICS STUDY OF
CIS-ACTING HEPATITIS DELTA VIRUS
RIBOZYME: NON-WATSON-CRICK
BASEPAIRS AND SPECIFIC HYDRATION
SITES

Maryna Žygalko1, Naïa Špaèková2, 
Jana Šefèíková3, Jiøí Šponer2

1Na tional Cen tre for Biomolecular Re search, Fac ulty of
Sci ence, Masaryk Uni ver sity, Kotlarska 2, 61137 Brno,
2In sti tute of Bio phys ics, Acad emy of Sci ences of the
Czech Re pub lic and Na tional Cen tre for Biomolecular
Re search, Kralovopolska 135, 61265 Brno, 
3De part ment of Chem is try, The Uni ver sity of Mich i gan,
930 North Uni ver sity, Ann Arbo, Mich i gan 48109-1055

The hep a ti tis delta vi rus (HDV) ribozymes are self-cleav -
ing RNA se quences crit i cal to the rep li ca tion of small RNA 
genomes. The cleav age ac tiv ity of the genomic and
antigenomic ribozymes can be mapped to min i mal ~85 nt
mo tifs. Mo lec u lar dy nam ics sim u la tions of the cleav age
prod uct form of genomic cis-act ing HDV ribozyme were
per formed with ex plicit in clu sion of sol vent and
counterions. Sim u la tion of the na tive struc ture with
protonated C41 res i due was car ried out for 15 ns, and ex -
hib ited sta ble tra jec to ries re tain ing all Wat son-Crick and
non-Wat son-Crick basepairs, ex cept fluc tu a tions and tran -
sient dis rup tions at spe cific sites. Three ad di tional sim u la -
tions were car ried out for ~45 ns in all to clar ify the
struc tural and dy namic ef fect of se lected mu ta tions.  In one
of them C41 was left unprotonated. Sig nif i cant lo cal re ar -

range ments oc cur dur ing this sim u la tion, such as ir re vers -
ible dis rup tion of C41·C73 basepair as well as
re ar range ment of nu cleo tides close to the cat a lytic pocket,
thus con firm ing N3-protonation of C41 in the na tive mol e -
cule. The most con sid er able event is ro ta tion of G76 res i -
due and for ma tion of nu mer ous hy dro gen bind ing
in ter ac tions of the base of G76 in side the cat a lytic pocket,
which are not pres ent in the crys tal struc ture. How ever, the
pro lon ga tion of this sim u la tion af ter protonation of C41
base did not re sult in re cov ery of the orig i nal struc ture of
dis rupted non-Wat son-Crick basepairs as well as ex tru sion
of G76 out side the cat a lytic pocket. This fact is an ev i dence 
of sig nif i cant height of en ergy bar rier be tween con sid ered
conformational states and gives rise to the ques tion about a
suf fi ciency of sam pling in both sim u la tions. One of the
com monly con sid ered self-cleav age re ac tion mech a nism
in clude C75(N+) as a gen eral acid cat a lyst. The sim u la tion
in cluded protonated C75 was per formed to ob tain in sight
into the pos si ble protonation state of C75 base at the prod -
uct form of the ribozyme un der in ves ti ga tion. In this sim u -
la tion in ter ac tion of C75 with cleav age site oc curred
un sta ble and ir re vers ibly broke af ter 1 ns sim u la tion.
There fore, C75 is not likely to be protonated at the
ribozyme prod uct form. 

The sim u la tion re vealed sev eral crit i cal, highly or dered
hydration sites with close to 100% oc cu pan cies and long
res i dency times of in di vid ual wa ter mol e cules which form
wa ter bridges in non-Wat son-Crick base pairs or par tic i -
pate in for ma tion of cat a lytic pocket en vi ron ment. So dium
cat ion co or di na tion sites with oc cu pan cies above 50%
were also found.  
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