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MOLECULAR DYNAMICS STUDY: CATIONIC PHOSPHORAMIDATE
a-OLIGONUCLEOTIDES TARGETING SINGLE-STRANDED DNA AND RNA

EFFICIENTLY STABILIZED BY BUTYL AMINO/GUANIDIUM TETHERS

I. Barvík Jr.

Charles University, Faculty of Mathematics and Physics, Institute of Physics, Ke Karlovu 5, Prague 2, 
121 16, Czech Republic

Much ef fort has been in vested in re cent years in the de vel -
op ment of novel ap proaches aimed at the spe cific sup pres -
sion of un wanted gene ex pres sion lead ing to vi ral and
ma lig nant dis eases. The se quenc ing of the hu man ge nome
and the elu ci da tion of many mo lec u lar path ways that are
im por tant in dis ease have pro vided un prec e dented op por -
tu ni ties for the de vel op ment of new ther a peu tics. So-called
„antisense“ oligonucleotides, in hib it ing gene ex pres sion
by cre ation of a he li cal com plex with tar get mRNA (car ry -
ing ”sense” ge netic in for ma tion), rep re sent a per spec tive
ap proach in che mo ther apy. A po ten tial means to im prove
the ef fi cacy of steric-block ing antisense oligonucleotides is 
to in crease their af fin ity for a tar get RNA. The graft ing of
cationic amino groups to the back bone of the ON is one

way to achieve this. Cationic a-ON with
phosphoroamidate internucleoside link ages in cor po rated

into ON with a non-nat u ral a-anomeric con fig u ra tion
bound with high af fin ity to sin gle-stranded DNA and RNA
tar gets [1]. Du plex sta bi li za tion is pro por tional to the num -
ber of cationic mod i fi ca tions, with fully cationic ON hav -
ing par tic u larly high ther mal sta bil ity. The av er age
sta bi li za tion is greatly in creased at low ionic strength.

Cationic a-ON are well suited as steric-block ing antisense
agents as dem on strated in the case of hep a ti tis C vi rus [1].
In ter est ingly, no vectorisation was nec es sary for the

cationic a-ON in the cell cul ture.

The pres ent work deals with cationic a-ON analogs of
nu cleic ac ids. Var i ous side-chain link ers en hanc ing abil ity

of the a-deoxyadenosine strand to cre ate a dou ble he li cal
com plex with the tar get DNA or RNA strand were tested.
Link ers were based on ei ther lysine (butyl-amino

phosphoramidates) or arginine (butyl guanidinium
phoshoroamidates) side chains (nat u rally oc cur ring in pro -
teins). Sev eral dou ble he li cal struc tures (par al lel ori ented)
con sist ing of the nat u ral chain (ei ther dT12 or rU12) and

cationic a-deoxyadenosine coun ter part were used as
model sys tems. Fully solvated mo lec u lar dy nam ics sim u la -
tions re vealed that both types of teth ers are able to bridge
the mi nor groove (slightly nar rowed in the case of atyp i cal

par al lel ori ented a/b hy brid du plexes) and in ter act ef fi -
ciently with phos phate groups in the com ple men tary nat u -
ral strand. Di rect hy dro gen bonds be tween pos i tively
charged heads of link ers and neg a tively charged phos phate
groups were es tab lished within the MD runs. Av er age val -
ues as well as time-de vel op ment of dis tances be tween
groups par tic i pat ing in the aminoalkyl-phos phate hy dro -
gen bond ing were an a lyzed in de tails. Dif fer ences be tween

a-DNA:DNA and a-DNA:RNA sys tems (as a
consequence of various minor groove width) were found. 

 
This work was sup ported by the Grant of the Min is try of
Ed u ca tion, Youth and Sports of the Czech Re pub lic (pro -
ject No. MSM 0021620835) and the Grant Agency of Czech 
Re pub lic (pro ject No. 203/05/0827 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.  

1. T. Michel, C. Martinand-Mari, F. Debart, B. Lebleu, I.
Rob bins and J. J. Vasseur: „Cationic phosphoroamidate

a-oligonucleotides ef fi ciently tar get sin gle-stranded DNA
and RNA and in hibit hep a ti tis C vi rus IRES-me di ated
trans la tion“ Nu cleic Ac ids Re search, 2003, Vol. 31, No. 18 
5282-5290.
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MOLECULAR DETERMINANTS OF THE AGONIST BINDING SITE OF HUMAN MT2
MELATONIN RECEPTOR 

K. Berka1,2, P. Mazna2, I. Jelínková2, A. Balík2, P. Svoboda2, V. Obšilová2, T. Obšil1,2, and 
J. Teisinger2

1Department of Physical and Macromolecular Chemistry, Faculty of Science, Charles University, 
128 43 Prague,

2In sti tute of Phys i ol ogy, Acad emy of Sci ences of the Czech Re pub lic, 142 20 Prague

The hor mone melatonin is known to play an im por tant role
in the reg u la tion of phys i o log i cal and neuroendocrine
func tions [1,2]. To better un der stand the mech a nism of in -
ter ac tions be tween G pro tein-cou pled melatonin re cep tors
and their lig ands we have gen er ated a homology model of
the he li cal part of the hu man MT2 melatonin (hMT2) re -
cep tor us ing the struc ture of bo vine rho dop sin as a tem plate 
[3]. Mo lec u lar mod el ing has been com bined with site-di -
rected mu ta gen e sis to in ves ti gate the role of the spe cific
amino acid res i dues within the transmembrane do mains
(TM) num ber 3, 5, 6 and 7 of hMT2 re cep tor in the in ter ac -
tion with 2-iodomelatonin. Se lected res i dues were mu tated
and radioligand bind ing as say was used to test the bind ing
af fin i ties of hMT2 re cep tors tran siently ex pressed in
HEK293 cells. Our data dem on strates that res i dues N268
(N6.52) and A275 (A6.59) in TM6 as well as res i dues
V291 (V7.36) and L295 (L7.40) in TM7 are es sen tial for
2-iodomelatonin bind ing to the hMT2 re cep tor, while TM3 
res i dues M120 (M3.32), G121 (G3.33), V124 (V3.36) and

I125 (I3.37) may par tic i pate in bind ing of other re cep tor
agonists and/or an tag o nists.

This work was sup ported by Grants 309/02/1479,
309/04/0496, and 204/03/0714 of the Grant Agency of the
Czech Re pub lic; by Grant B5011308 of the Grant Agency
of the Czech Acad emy of Sci ences; by Re search Pro jects
1K03020 and MSM 1131 00001 of the Min is try of Ed u ca -
tion, Youth and Sports of the Czech Re pub lic, and by Re -
search Pro ject AVOZ 5011922. 

1. T.J. Bartness, J.B. Pow ers, M.H. Hastings, E.L. Bittman &
B.D. Goldman, J.Pi neal Res. 15 (1993) 161-190.

2. G.J. Maestroni, J. Pi neal Res. 14 (1993) 1-10.

3. P. Mazna, V. Obsilova, I. Jelinkova, A. Balik, K. Berka, Z.
Sovova, R. Ettrich, P. Svoboda, T. Obsil & J. Teisinger, J.
Neurochem. 91 (2004) 836-842.
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INFLUENCE OF PYRENE ON THE STRUCTURE AND DYNAMICS OF DPPC BILAYER

J. Èurdová 1, P. Èapková 1and J. Plášek2

1Department of Chemical Physics and Optics, Charles University, Ke Karlovu 3, 121 16 Prague 2, Czech
Re pub lic

2In sti tute of Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Ke Karlovu 5, 121 16 Prague
2, Czech Re pub lic

We have em ployed 20 ns mo lec u lar dy nam ics sim u la tion
to study the in flu ence of pyrene probe on struc ture and dy -
nam ics of dipalmitoylphosphatidylcholine (DPPC) bilayer. 
Pyrene is an im por tant flu o res cent probe used for mon i tor -
ing excimer flu o res cence. Our sim u lated sys tem con tains
128 mol e cules of DPPC, 3655 wa ter mol e cules and var i ous 
con cen tra tions of pyrene. The sim u la tions were per formed
us ing the Gromacs pack age [1]. 

Con cen tra tions of pyrene in lipid mem brane were
0:128 and 3:128 at dif fer ent tem per a tures. We have cho sen
two tem per a tures be low the main phase tran si tion of DPPC 
(314,15 K) and two above. 

From our anal y sis of the tra jec tory we have ob tained in -
for ma tion about struc tural changes caused by pres ence of
pyrene probe in the mem brane. Mo lec u lar dy namic sim u la -
tion has shown that the pyrene probe is lo cated in the acyl

chains re gion of DPPC. The ma jor in flu ence of the probe
on the lipid mem brane is in the near est sur round ings of
pyrene. On the other hand the in flu ence of pyrene in the
mem brane-wa ter in ter face is neg li gi ble.

We have found out de creases thick ness of the DPPC
mem brane with in creas ing tem per a ture. The mem brane
with pyrene probes is thicker than in the case with out
pyrene. The thick ness of DPPC mem brane with out pyrene
has de creased no tice ably be tween the tem per a ture of 310 K 
and 325 K which cor re sponds to main phase tran si tion of
DPPC. In the case of mem brane with pyrene we have ob -
served sim i lar de crease of thick ness al ready be tween 293
K and 310 K. These re sults prob a bly in di cate the de crease
of tem per a ture of the main phase tran si tion due to the
presence of pyrene in the membrane.
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PROTEINS OF OXYGEN EVOLVING COMPLEXES OF  PHOTOSYSTEM II STUDIED
BY MEANS OF MOLECULAR MODELING AND VIBRATIONAL SPECTROSCOPY

R. Ettrich and Z. Sovova

Laboratory of High Performance Computing, Institute of Physical Biology of USB and Institute of Landscape
Ecology of AS CR, Zámek 136, Nové Hrady, CZ-37333, Czech Republic

Homology and en er getic mod el ing is used for the de ter -
mi na tion of the struc ture of sev eral pro teins of the ox y gen
evolv ing com plex (PsbQ, PsbP and PsbO) bound to
photosystem II of higher plants, spin ach and pea. Struc tural 
and se quence align ment of the in di vid ual pro teins of the
ox y gen evolv ing com plex was per formed to get a ba sis for
homology mod el ing. Three-di men sional mod els of ox y gen 
evolv ing com plex pro teins are sug gested. These mod els
will serve in fu ture to get de tailed in for ma tion about the
sec ond ary struc ture con tent, the spa tial ar range ment and
in ter ac tions of in di vid ual ar o matic res i dues that can be
con fronted with re sults from vi bra tional spec tros copy.
Spec tro scopic data will serve as a feed back for the gen er a -
tion of three-di men sional mod els. Thus gained mod els will
be used for the de tec tion of in ter ac tion sites not only by
Raman and FTIR, but  will also be used for fit ting into im -
ages of the whole com plex of photosystem II taken by elec -
tron mi cros copy.  The work pre sented here is the first step
to de ter mine the spatial arrangement of individual proteins
in the oxygen evolving complex.  

Sup ports from the In sti tu tional Re search Con cept of the
Acad emy of Sci ence of the Czech Re pub lic (No.
AVOZ60870520) and from the Min is try of Ed u ca tion of the 
Czech Re pub lic (No. MSM6007665808) and the Grant
Agency of the Czech Re pub lic (grant No. 206/03/D082) are 
grate fully ac knowl edged.
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STRUCTURE AND DYNAMICS OF THE B-N-ACETYLHEXOSAMINIDASE IN NATIVE
AND DEGLYCOSYLED FORM REVEALED BY HOMOLOGY MODELING AND

VIBRATIONAL SPECTROSCOPY

R. Ettrich,1 V. Kopecký Jr.,2 K. Hofbauerová,3,4 V. Baumruk,2 and K. Bezouška3,4

1Laboratory of High Performance Computing, Institute of Physical Biology of USB and Institute of Landscape
Ecology of AS CR, Zámek 136, Nové Hrady, CZ-37333, Czech Republic

2In sti tu te of Phy s ics, Fa cul ty of Ma the ma tics and Phy s ics, Char les Uni ver si ty, Ke Kar lo vu 5, Pra gue 2,
CZ-12116, Czech Republic

3De part ment of Bi o che mis t ry, Fa cul ty of Science, Char les Uni ver si ty, Al ber tov 2030, Pra gue 2,
CZ-12840, Czech Re pub lic, e-mail: ho f bauer@biomed.cas.cz

4In sti tu te of Micro bi o lo gy, Aca de my of Sciences of the Czech Re pub lic, Ví deò ská 1083, Pra gue 4,
CZ-14220, Czech Republic

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, S. plicatus and hu -
man lysosomal-hexosaminidase (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 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.
The re sults from Raman and FTIR spec tros copy dem on -
strate the dif fer ences in sec ond ary struc ture con tent caused
by deglycosylation of the pro tein.

Ther mal dy nam ics in the range of 5–70 °C mon i tored by
Raman spec tros copy and an a lyzed by homospectral 2D-cor -
re la tion anal y sis re vealed also sig nif i cant changes in dy -
nam ics of pro teins in na tive and deglycosyled forms.
Glycans at tached on the sur face of the pro tein sta bi lize

mostly hy dro pho bic parts of b-sheet struc tures that can pre -
vent the pro teins from ag gre ga tion. There fore, we can con -

clude that our model of b-N-acetylhexosaminidase brings
better un der stand ing of the pro tein struc ture and dy nam ics
with re spect to its car bo hy drate part.

Sup port from the In sti tu tional Re search Con cept of the
Acad emy of Sci ence of the Czech Re pub lic (No.
AVOZ50200510, No. AVOZ60870520) and from the Min is -
try of Ed u ca tion of the Czech Re pub lic (No.
MSM0021620835, No. MSM6007665808) and the Grant
Agency of the Czech Re pub lic (No. 203/04/1045) is grate -
fully ac knowl edged.

1. Q. Cheng, H. Li, K. Merdek, J. T. Park, J. Bacteriol. 182
(2000) 4836–4840.

2. A. Sali and J.P. Overington, Pro tein Sci. 3 (1994)
1582–1596.
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SMALL ALTERATIONS IN 3D STUCTURE OF A PROTEIN CAN ANSWER FOR
IMPORTANT FUNCTIONAL DIFFERENCES – EF-TU STORY

Martin Holub,  Jaroslav Weiser 

Institute of Microbiology, Czech Academy of Sciences, Vídeòská 1083, 142 20 Prague 4, Czech Republic

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. De cod ing of the in for ma -
tion in mRNA via codon/anticodon in ter ac tion is me di ated
by ter nary com plex con sist ing of EF-Tu GTP.aminoacyl-
tRNA. Re pet i tive par tic i pa tion of EF-Tu in elon ga tion cy cle 
re quires its in ter ac tion with a num ber of lig ands,  among
them the most im por tant are gua nine nu cleo tides GDP and

GTP. 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. In
some or gan isms it has been as signed for  very spe cial func -
tions, al though the pri mary se quence of the pro tein is
highly con served  through out prokaryotes.

Be sides the role in trans la tion, EF-Tu is pro posed to
func tion in other com part ments of the cell me tab o lism and
that may be the rea son, why this pro tein is a sub ject of a
num ber of post-trans la tion mod i fi ca tions. 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. Dur ing last few years this pro tein was found to
func tion as an ad he sion fac tor, for in stance EF-Tu of M.
pneumoniae binds fibronectin as part of a vir u lence mech a -
nism. An other ex am ple is EF-Tu of Lactobacillus
johnsonii, which me di ates at tach ment of these bac te ria to

in tes ti nal ep i the lial cells and mu cins and stim u lates
proinflammatory re ac tions.

 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 have 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 -
ing method men tioned above and per formed on them com -
par a tive stud ies in or der to un der stand better 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. We se quenced tuf genes cod ing EF-Tu in both strains 
and per formed com par a tive 3D mod el ling of their struc -
tures and those of other Streptomyces strains with em pha sis 
on their sur face struc tures.
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DETERMINATION OF STRUCTURE AND FUNCTIONAL PROPERTIES OF
CYTOPLASMIC TERMINUS OF VANILLOID RECEPTOR TRPV1

Veronika Mrazikova1, Eva Jindrova1, Viktorie Vlachova2, Rudiger Ettrich1 and Jan Teisinger2

1Laboratory of High Performance Computing, Institute of Physical Biology USB and  In sti tute of Land scape
Ecol ogy AS CR, Zamek 136, CZ-373 33 Nove Hrady, Czech Re pub lic

2In sti tute of Phys i ol ogy, Acad emy of Sci ences, 142 20 Prague 4, Czech Re pub lic

The vanilloid re cep tor TRPV1, a mem ber of TRP chan nel
fam ily, has func tion as a multimodal sig nal transducter of
nox ious stim uli in the mam ma lian somatosensory sys tem
[1]. The TRPV1 is con sisted of six transmembarane-span -
ning do mains with a pore form ing re gion be tween fifth and
sixth do mains, and cytoplasmically lo cated C- and N-ter -
mi nal re gions. Al though struc tural and func tional stud ies
have been done [2, 3], the pos si ble con tri bu tions of ter mi -
nal re gions to vanilloid re cep tor func tion re main elu sive.
To de ter mine struc ture and func tional prop er ties of the
cytoplasmically lo cated tails, the DNA frag ments en cod ing 
for the N- and C- ter mi nus were cloned to the ex pres sion
vec tors and trans formed to E. coli strain. Overexpressed
pro teins were pu ri fied by af fin ity chro ma tog ra phy and
used for struc tural anal y sis by a wide range of low res o lu -
tion meth ods. Ex per i men tal re sults were com bined with
homology and en er getic mod el ing tech niques and we pro -
pose a three-di men sional struc ture of the C-ter mi nus.

This re search was sup ported by the Min is try of Ed u ca tion,
Youth and Sports of the Czech Re pub lic (MSM60076658
08) and by the Acad emy of Sci ences of the Czech Re pub lic
(In sti tu tional re search con cepts AVOZ50110509 and
AVOZ60870520)

1. M.J. Caterina, M.A. Schumacher, M. Tominaga, T.A.
Rosen, J.D. Le vine, D. Jul ius, Na ture, 389 (1997) 816-824.

2. V. Vlachová, J. Teisinger, K. Susánková, A. Lyfenko, R.
Ettrich, and L. Vyklický, J. Neurosci., 23(4) (2003)
1340-1350.

3. N. García-Sanz, A. Fernández-Carvajal, C.
Morenilla-Palao, R. Planells-Cases, E. Fajardo-Sánchez, G. 
Fernández-Ballester, and A. Ferrer-Montiel, J. Neurosci.,
24(23) (2004) 5307-5314.

Ó Krystalografická spoleènost

Materials Structure, vol. 12,  no. 1  (2005)       29



Ó Krystalografická spoleènost

30 SSB4 - Posters Materials Structure, vol. 12, no. 1 (2005)

P8

MONITORING OF ZWITTERIONIC PROLINE AND ALANINE CONFORMATIONAL
SPACE BY RAMAN OPTICAL ACTIVITY

J. Kapitán1,2, P. Bouø1 and V. Baumruk2

1Institute of Organic Chemistry and Biochemistry, Flemingovo nám. 2, 166 10 Prague 6, 
e-mail: kapitan@karlov.mff.cuni.cz

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

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 tions can
be mea sured rou tinely. Be cause of its sen si tiv ity to the
chiral el e ments, 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].

Nat u ral tar gets for ROA tech nique are amino ac ids and
pep tides. 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, which im poses
lim its on mo lec u lar size and over all ac cu racy.

In ci dent cir cu lar po lar iza tion (ICP) ROA in stru ment
has been built at the In sti tute of Phys ics fol low ing the de -
sign of the in stru ment con structed in Glas gow [2]. 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 tions of bi o log i cally im por tant mol e cules.

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 fields
and polarizability ten sor de riv a tives. In case of 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 has to be taken into ac count in the
mod el ing. For our ROA sim u la tions we used con tin uum

sol vent mod els and sol va tion with ex plicit mol e cules of
wa ter [3]. 

Conformational space of L-alanine was in ves ti gated in
de tail by ro tat ing the NH3

+, CH3 and COO- groups. Our cal -
cu la tions sug gest that NH3

+ group is freely ro tat ing while
CH3 and COO- groups ro tate only limitedly. Proline mol e -
cule con tains a non-pla nar five-mem ber ring and ex hib its
two ma jor con for ma tions with very sim i lar en er gies.
Conformational space of L-proline was ex am ined by puck -
er ing the ring and also ro tat ing COO- group. Weighted av -
er age spec tra that were con structed can ex plain nat u ral
broad en ing of sev eral spec tral bands in par tic u lar in the
low wavenumber re gion.

Fi nally we have shown that the sim u la tion tech niques
re quir ing con sid er ation of sys tem dy nam ics and av er ag ing
over mo lec u lar con for ma tions and sol vent con fig u ra tions
are able to pro vide re al is tic ROA spec tra of flex i ble and po -
lar mol e cules.

1. L.D. Barron, L. Hecht, E.W. Blanch, A.F. Bell, Prog.
Biophys. Mol. Biol. 73 (2000) 1-49.

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

3. P. Bour, T.A. Keiderling, J. Chem. Phys. 119 (2003),
11253-11262.
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CRYSTALLIZATION OF PHOTOSYNTHETIC PROTEINS FROM PISUM SATIVUM – 
A NEW CRYSTALLIZATION STRATEGY
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Juan M. Garcia-Ruiz3
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The photosystem II (PSII) is a multisubunit mem -
brane-pro tein com plex con sist ing of mem brane in-ly ing
sub units, hy dro philic pe riph eral sub units and large num ber 
of co factors, in clud ing chloro phylls, pheophytins,
carothenoids, plastoquinones, iron and man ga nese, which
to gether trap, trans fer and mod u late a so lar en ergy to drive
cat a lytic photoinduced ox i da tion of wa ter and syn the size
mo lec u lar ox y gen. Cat a lytic mech a nism of PSII has been
stud ied us ing a wide range of ap proaches [1-3], but par tic u -
lar mo lec u lar de tails of wa ter ox i da tion cat a lyzed by the
ox y gen evolv ing cen ter (OEC) re mains un clear. Crys tal lo -
graphic stud ies of OEC PSII from thermophilic
cyanobacterium [4-6] have given the first de scrip tion of the 
struc ture of PSII, but these mod els are not ab so lutely com -
plete as yet.  

Find ing suit able crys tal li za tion con di tion is the main
prob lem to solve a pro tein struc ture by X-ray dif frac tion
tech niques. The cur rent crys tal li za tion strat e gies are
mainly based on the screen ing upon pre vi ously suc cess ful
chem i cal cock tails and on clas si cal crys tal li za tion tech -
niques based on evap o ra tion. That strat egy has been found
par tially suc cess ful for sol u ble glob u lar pro teins. How -
ever, mem brane pro tein is a par tic u lar case for which the
suc cess rate ap ply ing com mer cial crys tal li za tion screens is
much lower than for sol u ble pro teins. The fact that mem -
brane pro teins are of ten un sta ble, highly tem per a ture and
light sen si tive to gether with their com pli cated com po si tion
are re spon si ble for dif fi cult crys tal grow ing and solv ing
their struc ture.

Here we re port a new ap proach for crys tal li za tion of
monomeric photosystem II core com plex (OEC PSII) from
green pea. The core com plex of PSII was iso lated from
Pisum sativum, pu ri fied and con cen trated to 2-3 mg/ml of

chlo ro phyll a (~ 10-15 mg/ml of pro tein). The pro tein so lu -
tion was pre pared con tain ing ad di tives 10mM NaCl and
1mM MnCl2 used in crys tal li za tion tri als [7]. Freshly iso -
lated and frozen sam ples of PS II pro tein com plex were
crys tal lized us ing the coun ter-dif fu sion tech nique im ple -
mented in sin gle cap il lar ies [8] and tra di tional va por dif fu -
sion method in sit ting drops. Af ter per form ing of sev eral
se ries of crys tal li za tion ex per i ments it was found that only
fresh pu ri fied and non-frozen pro tein is suit able for crys tal -
li za tion tri als. Crys tal li za tion in cap il lar ies was as cer tained

as an ef fi cient method to find and op ti mize crys tal li za tion
con di tions. 

The core com plex of PSII crys tal lized in green nee -
dle-shaped crys tal form from pre cip i tant so lu tion con tain -
ing PEG4000 and MPD in MES pH 6.50 at 291-293K.
Pro tein char ac ter of PSII crys tals was con firmed by la ser
spec tros copy un der use of Olym pus IX70 in verted mi cro -
scope (Olym pus, Ja pan) equipped with Triax320 mono -
chro ma tor and CCD cam era (Jobin Yvon, France), and by
X-ray dif frac tion mea sure ments. Frozen monocrystals of
PSII core com plex were tested at the synchrotrons DESY,
beamline X13 (Ham burg, Ger many) and ESRF, beamlines
BM16 and ID14-1 (Grenoble, France) and at the home
source diffractometer at IMG AS CR (Prague, CZ). Dif -
frac tions at low res o lu tion have also cer ti fied pro tein char -
ac ter of crys tals.  As the crys tals were very small and
in suf fi ciently or dered for high res o lu tion anal y sis, fur ther
ex per i ments will be aimed at ob tain ing better-qual ity crys -
tals from which the struc ture of PSII com plex of higher
plant could be solve.

This work is sup ported by the Grant Agency of the Czech
Re pub lic (grant 206/03/D061), by the joint C.S.I.C. and AS 
CR pro ject 2004CZ0003 in the frame of the co op er a tion
agree ment P2004CZ01, by the Min is try of Ed u ca tion of the 
Czech Re pub lic (MSM6007665808) and by the Acad emy of 
Sci ences of the Czech Re pub lic (In sti tu tional re search con -
cept AVOZ60870520).
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STUDIED BY COMBINED APPROACH OF MOLECULAR MODELING AND
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Hu man a1-acid glycoprotein (AGP), also known as
orosomucoid, is a 41-kDa sin gle polypeptide con sist ing of
183 amino ac ids. It con tains 42% car bo hy drate in weight
and has up to 16 sialic acid res i dues. AGP, a hu man blood
plasma pro tein, be longs to the lipocalin fam ily of pro teins,
a het er o ge neous group of pro teins that bind a va ri ety of
small hy dro pho bic lig ands. It is known that AGP plays a
role un der in flam ma tory or other pathophysiological con -
di tions and is able to bind ba sic drugs and cer tain ste roid
hor mones such as pro ges ter one. How ever, its bi o log i cal
func tion and 3D struc ture re mains un known [1].

Three-di men sional struc ture of AGP has been pre -
dicted re cently [2] by an ap proach that com bines mo lec u lar 
mod el ing and vi bra tional spec tros copy [3]. The model

shows that AGP folds as a highly sym met ri cal all-b pro tein

dom i nated by a sin gle eight-stranded antiparallel b-sheet.
The Raman dif fer ence spec tros copy con firmed dock ing
pre dicted bind ing pocket for pro ges ter one [2].

Here we pres ent crit i cal as sess ment of bind ing of sev -
eral lig ands with dif fer ent physico-chem i cal prop er ties to
AGP (e.g. pro ges ter one, propranolol, war fa rin). In silico
dock ing of lig ands into the bind ing pocket of our model
was ex plored with AutoDock pro gram [4] and fol lowed by
mo lec u lar dy nam ics stud ies in Gromacs soft ware pack age.
In vi tro bind ing of lig ands was stud ied by means of Raman
dif fer ence spec tros copy that clearly con firmed pres ence of
Trp122 in the bind ing pocket for all the lig ands. It sup ports

com puted re sults that AGP has only one bind ing site for
pre sented lig ands. Ther mal dy nam ics in the range of
20–70 °C mon i tored by Raman spec tros copy and Fou -
rier-trans form in fra red spec tros copy and an a lyzed by
homo- and het ero-spec tral 2D-cor re la tion anal y sis [5] re -
vealed full re vers ibil ity of the pro tein mo tion upon heat ing

dom i nated by ther mal “breath ing” of the b-bar rel which
points at high sta bil ity of pro tein it self but mostly at sta bil -

ity of bind ing pocket which is lo cal ized in sight the b-bar -
rel.

Min is try of Ed u ca tion of the Czech Re pub lic (No. MSM
0021620835, No. MSM6007665808) and the Acad emy of
Sci ence of the Czech Re pub lic (No. AVOZ60870520) are
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NMR DISTANCE RESTRAINTS AT LOW TEMPERATURES: AN APPLICATION TO

DNA HAIRPIN

Michaela Matìjková, Petr Novák, Radovan Fiala, Petr Padrta and Vladimír Sklenáø
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Num ber of the ex per i men tal NMR dis tance re straints ex -
tracted at the am bi ent tem per a ture is re mark ably de creased
by an in ter nal mo bil ity in a mol e cule, mostly chem i cal ex -
change. This prob lem can be avoided by NMR mea sure -
ments at lower tem per a tures. To achieve the low est
tem per a ture while keep ing the liq uid state and min i mize
the chem i cal ex change, the NMR ex per i ments can be per -
formed us ing the slowly cooled cap il lar ies [1].

 The aim of the pres ent study is to in ves ti gate pos si bil i -
ties of NMR mea sure ments in liq uid state at the tem per a -
tures be low 273 K and ap pli ca bil ity of this ap proach to a
nu cleic acid frag ment. For this pur pose, the d(GCGAAGC) 
hair pin has been cho sen be cause its struc ture has been pre -
vi ously solved pre cisely by NMR spec tros copy [2]. We
have per formed a new struc ture cal cu la tion of this mol e -
cule us ing the low tem per a ture NMR mea sure ments and
com pared the pre ci sion of the newly cal cu lated and known
struc tures.

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

268 K. 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. Then, the num bers of dis tance re straints ex -
tracted at 268 K and 303 K were com pared. In case of non -
ex change able pro tons, these num bers were com pa ra ble
due to the sig nif i cant spec tral over laps in the NOESY spec -
tra mea sured at 268 K. While, there was al most twice
higher num ber of ex change able pro ton dis tances ex tracted
at 268 K com pared to 303 K and these re straints helped in -
crease the pre ci sion of the cal cu lated struc ture of the
d(GCGAAGC).

      

1.    J. J. Skalicky, D. K. Sukumaran, J. L. Mills, T. Szyperski,
J. Am. Chem. Soc., 122 (2000) 3230-3231.

2.    P. Padrta, R. Štefl, L. Králík, L. Žídek, V. Sklenáø, J.
Biomol. NMR, 24 (2002) 1-14.
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De spite large prog ress in com pu ta tional fa cil i ties, ob tain -
ing of re li able hydration free en er gies still pres ents a dif fi -
cult task. In this work, a model of hydration based on
ex plicit treat ment of wa ter mol e cules was in ves ti gated.
Prod uct state of the autodissociation pro cess – the ion-pair
for ma tion was mod eled in small wa ter clus ters (up to 21
mono mers) us ing cor re lated ab-in itio meth ods. The in flu -
ence of clus ter size and ge om e try on the re sult ing pKa (pH) 
value was ex am ined. The pH val ues de crease with in creas -
ing clus ter size go ing from pH~25 in the dimer case to
pH~5 for hexamer. For the cor rect pH de ter mi na tion, the
Boltzmann weight ing of all the as sumed clus ters has to be
con sid ered. Top o log i cal ar range ment of H-bonds rather

then clus ter size de ter mines the pH val ues of larger clus -
ters. The pH val ues range from 6 to 10.

Cal cu la tions based on the larg est 21-wa ter struc ture in -
di cate that the ion-pair for ma tion in side the clus ter re quires 
sig nif i cantly higher en ergy com pared to the ion for ma tion
on the clus ter sur face.

It was also found a cor re la tion be tween the dis tance be -
tween the mono mers in volved in pro ton trans fer and the
free en ergy of the autodissociation pro cess. This en ables us 
to pre dict (or es ti mate) the pH val ues with out very de -
mand ing calculations.
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14-3-3 pro teins are abun dant bind ing pro teins in volved in
many bi o log i cally im por tant pro cesses [1,2]. 14-3-3 pro -
teins bind to other pro teins in a phosphorylation-de pend ent 
man ner and func tion as scaf fold mol e cules mod u lat ing the
ac tiv ity of their bind ing part ners. In this work, we stud ied
the conformational changes of 14-3-3 C-ter mi nal stretch, a
re gion im pli cated in play ing a role in the reg u la tion of
14-3-3 [3]. Time-re solved flu o res cence and mo lec u lar dy -
nam ics have been used to in ves ti gate struc tural changes of
the C-ter mi nal stretch in duced by phosphopeptide bind ing
and phosphorylation at T232, a ca sein kinase I
phosphorylation site lo cated within this re gion.
Tryptophan res i due placed at po si tion 242 has been ex -
ploited as an in trin sic flu o res cence probe of the C-ter mi nal
stretch dy nam ics. Other tryptophan res i dues were mu tated
to phenylalanine. Time-re solved flu o res cence mea sure -
ments re vealed that phosphopeptide bind ing changes the
con for ma tion and in creases the flex i bil ity of 14-3-3 C-ter -
mi nal stretch, dem on strat ing that this re gion is di rectly in -
volved in ligand bind ing. Phosphorylation of 14-3-3 at
T232 re sulted in in hi bi tion of phosphopeptide bind ing and
supression of 14-3-3-me di ated en hance ment of se ro to nin
N-acetyltransferase ac tiv ity. Time-re solved flu o res cence
of W242 also re vealed that phosphorylation at T232 in -
duces sig nif i cant changes of the C-ter mi nal stretch con for -

ma tion. In ad di tion, mo lec u lar dy nam ics sim u la tions
sug gest that phosphorylation at T232 in duces more ex -
tended con for ma tion of 14-3-3 C-ter mi nal stretch and
changes its in ter ac tion with the rest of the 14-3-3 mol e cule.
These re sults in di cate that con for ma tion of the C-ter mi nal
stretch plays an im por tant role in the reg u la tion of 14-3-3
bind ing prop er ties [4].

This work was sup ported by Grants 204/03/0714 and
309/02/1479 of the Grant Agency of the Czech Re pub lic; by 
Grant B5011308 of the Grant Agency of the Czech Acad -
emy of Sci ences; by Re search Pro jects 1K03020, MSM
1131 00001, and 1132 00001 of the Min is try of Ed u ca tion,
Youth and Sports of the Czech Re pub lic, and by Re search
Pro ject AVOZ 5011922. 
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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 light to chem i cal en ergy con ver -
sion is lo cated in so-called re ac tion cen ter (RC). Re cently,
light in duced ab sorp tion and cir cu lar dichroism spec tra
from PSII RC, in pres ence of ar ti fi cial elec tron do nor
dithionite, were ob tained [1]. At room tem per a ture the re -

duced pheophytin a (PHO) in duces a conformational
changes of the RC pro tein en vi ron ment which af fects the
excitonic interaction of the RC chlorophylls.

Clas si cal sim u la tion meth ods such as mo lec u lar dy -
nam ics (MD) of PSII RC could be a pow er ful tool for better 
un der stand ing and in ter pret ing men tion spec tra. First, the
dis tri bu tion of neg a tive charge over the mol e cule of PHO
alone was needed to be cal cu lated. Charges were de rived
by fit ting HF/6-31G* ab in itio elec tro static po ten tial on a
set of grid points around the mol e cule and sub se quently
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rescaling them ac cord ing to the re strained ESP (RESP)
meth od ol ogy [2] widely ap plied in AMBER Force Field
(FF) [3]. Sim i larly also Mulliken charges ap plied in
CHARMM FF [4] were com puted. Due to com pu ta tional
de mand ing size of the whole PS II com plex found in re cent
ex per i men tal crys tal struc ture from Thermosynechococcus
elongatus (PDB code: 1S5L) [5], smaller-size sys tem in -
clud ing the most im por tant parts of PSII RC was con -
structed.

Var i ous stud ies have been re cently per formed in or der
to col lect a com plete set of pa ram e ters for the co factors of
PS II RC. [6, 7, 8, 9, 10]. Dif fer ent meth od ol o gies were
used to ob tain FF pa ram e ters for the co factors of PSII com -
plex, namely fit ting ab in itio cal cu lated data to ob served vi -
bra tional fre quen cies of nickel octamethylporphyrin [9],
per form ing nor mal mode anal y ses based on vi bra tional
spec tra of model com pounds [9], us ing ab in itio meth ods
based on the den sity func tional the ory (DFT) [11]. It has
been found that the cur rent CHARMM27 FF pa ram e ters
for the re duced heme group with out lig ands could rep re -
sent the ge om e tries ob tained by QM cal cu la tions but are in
par tial dis agree ment with spec tro scopic data [12, 13]. 

In this work we pri mar ily fo cus on ob tain ing a charge
set for both charged and neu tral forms of PHO as well as on 
de vel op ing new CHARMM FF pa ram e ters [6]. The de par -
ture points of our force field de vel op ment have been the ex -
ist ing CHARMM27 FF po ten tial pa ram e ters for the
unligated re duced form of heme pros thetic group [9] and
quinines in cor po rated in the PSII RC. 

The most char ac ter is tic fea ture of chloro phylls and
pheophytins is their tertapyrrolic ar chi tec ture re lated di -
rectly to metalloporphyrin (a mag ne sium-porphyrin sys -
tem). Un for tu nately, the PSII RC co factors are in part
com posed of some unique mo lec u lar frag ments not in -
cluded in the pres ent dis tri bu tions of CHARMM27 FF [4],
AMBER99 FF [3] and other [7, 6, 8] da ta bases for which
an ex novo ab in itio-based modelization was per formed.
Fol low ing the scheme de tail de picted in ref er ence [7] we
started to de velop FF pa ram e ters (com pat i ble with the
CHARMM27 FF) for PSII RC co factors based on a re li able 
set of ab in itio cal cu la tions and ref er ence data for chlo ro -
phyll a, pheophytin a, and a deri vate of ubiquinone. In
build ing the FF pa ram e ters we have lim ited the new types
of at oms added to CHARMM27 FF to the bare min i mum.
In this study we only pres ent the bond stretch ing pa ram e -
ters, the equi lib rium bond lengths and subsistent force con -
stants. The rest of pa ram e ters for bonded in ter ac tions are in 
prog ress.
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PROGRESS IN AUTOMATIC BIOMACROMOLECULAR MODEL BUILDING

F. Pavelcik

Department of Chemical Drugs, Faculty of Pharmacy, University of Veterinary and Pharmaceutical Sciences
Brno, 61242 Brno; Department of Inorganic Chemistry, PRIF UK, 84215 Bratislava

Au to matic model build ing is an open chal lenge in pro -
tein crys tal log ra phy. Three prin ci pally dif fer ent ap -
proaches have been de vel oped so far in var i ous pro tein
lab o ra to ries: (i) ARP method (based on an in ter pre ta tion of
the elec tron den sity in terms of ox y gen globs iteratively
fol lowed by atomic re fine ment). (ii) Skeltonization. (iii)
Po si tion ing of rigid pro tein frag ments in the elec tron
density by graphical or FFT methods.

Ac cu rate au to matic pro tein model build ing, based on
an ex pan sion of the elec tron den sity in spher i cal har mon ics 
and spher i cal Bessel func tions, phased ro ta tional and
translational func tion and on flex i ble frag ment con cept,
has been de scribed in a se ries of pa pers [1-3] by au thor.
The pro tein model is built with an ac cu racy of about 0.2 C
at res o lu tions of 1.2-1.9 C. Par tial re sults (e.g. 90% of
polyalanine struc ture) can be ob tained at res o lu tions
2.0-2.3 C. The re cent ad vances in the method de vel op ment
and com puter pro gram will be pre sented.

Phased ro ta tional, translational and con for ma tion 
func tion.
The phased ro ta tional and translational func tion has been
gen er al ized from six-di men sional to mul ti di men sional
func tion. Conformational search was added. In stead of us -
ing dif fer ent frag ments for each con former only one frag -
ment is used and re quired con for ma tion is cal cu lated on
fly. Only the best con former is stored at par tic u lar po si tion
and re fined.

Loop build ing.
Hy dro philic res i dues on the pro tein sur face are usu ally part 
of the loop struc ture. Res i dues form ing loops are some -

times dis or dered or hav ing large ther mal move ments. The
elec tron den sity at loop po si tion is weak, dif fi cult to in ter -
pret and in many cases con fused with hy dro gen-bonded
wa ter mol e cules. If se quence is cor rectly as signed to the
main-chain, num ber of miss ing res i dues in known ad the
loop can be con structed. In the method pro posed, the both
ends of two un con nected chains are ex tended ran domly
with AlphA0 frag ments. Three fac tors are then op ti mized:
over lap (mean dis tance) of pep tide groups, elec tron den sity 
fit and Ramachandran en ergy. Ramachandran en ergy (2-D
pe ri odic func tion) is ex pressed as a set of Fou rier co ef fi -
cients. Fou rier co ef fi cients are cal cu lated by Fou rier sum -
ma tion from pseudo-atomic rep re sen ta tion. The min ima on 
Ramachandran map are mod eled by dif fer ent at oms and the 
cur va ture of the min i mum by a tem per a ture fac tor.

Least-square re fine ment of the group model.
Stan dard non lin ear least-squares were ap plied to pro tein
re fine ment. Each group (frag ment) is treated as a gen er al -
ized atom. The num ber of pa ram e ter to be re fined is re -
duced ap prox i mately by a fac tor of four com pared to
atomic re fine ment. The method is more-or-less equiv a lent
to a rigid body re fine ment. The only dif fer ence is that in the 
group model the groups are over lapped.

1. F. Pavelcik., J. Zelinka and Z. Otwinowski, Acta Cryst.
D58 (2002) 275-283.

2. F. Pavelcik, Acta Cryst. A59 (2003) 487-494.

3. F. Pavelcik, Acta Cryst. D60 (2004) 1535-1544.
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DFT THEORETICAL DESCRIPTION OF Cu(I)/Cu(II) INTERACTIONS WITH VARIOUS
LIGAND FIELDS

Matìj Pavelka, and Jaroslav V. Burda

Department of Chemical Physics and Optics, Faculty of Mathematics and Physics,Charles University, Ke
Karlovu 3, 121 16 Prague 2, Czech Republic

Both monovalent and di va lent cop per cat ions are es sen tial
for an oc cur rence of many pro cesses in bioorganisms. They 
are pres ent in ac tive cen ters in num ber of re dox en zymes,
for ex am ple in so called blue pro teins. Hence, quan tum
chem i cal in ves ti ga tion of cop per in ter ac tion with key lig -
ands is use ful and im por tant. This pre sen ta tion sum ma rizes 
our stud ies of Cu+ and Cu2+ cat ions in vari able sul phur-am -
mo nium-wa ter ligand fields. At first, struc tures were op ti -

mized at DFT level us ing B3PW91 func tional. Dou ble-z

ba sis set with ad di tional dif fu sion and po lar iza tion func -
tions was used. In ner elec trons of Cu and S at oms were de -
scribed by ef fec tive pseudopotentials. Sta bi li za tion
en er gies and other elec tronic prop er ties were cal cu lated
with B3LYP func tional with more ac cu rate aug mented tri -
ple-zeta ba sis set. 

It was found that the op ti mal Cu(I) co or di na tion in -
volves two di rectly bonded sol vent mol e cules for am mo -
nium-wa ter ligand field. If SH2 ligand mol e cules are
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pres ent, Cu+ cat ion tends to 3 or even 4 co or di na tion. The
Cu2+ cat ion pre fers four and five co or di nated com plexes
for all types of ligand fields. If strength of metal-ligand da -
tive bonds is com pared, the fol low ing or der would be pre -
dicted: am mo nium, wa ter, and sul phur. There fore NH3

mol e cules al ways stay in the first sol va tion shell in mixed

com pounds. Our stud ies also con tained Nat u ral Pop u la tion
Anal y sis that gives fur ther sup port of the cal cu lated re sults
and en ables de tailed in sight to the cal cu lated sys tems. The
most sta ble struc tures cor re late with the highest donations
of ligand electron densities to copper atom.
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NMR STUDY OF PROTEIN POTENTIALLY INVOLVED IN MOLYBDOPTERIN
SYNTHESIS

A. Pavelková, P. Macek and Lukáš Žídek

National Centre for Biomolecular Research, Faculty of Science, Masaryk University, 611 37 Brno

Mol e cule of in ter est, TA1019, is a pro tein pos si bly in -
volved in molybdopterin syn the sis. It con sists of 107
amino acid res i dues. Struc tural study of TA1019 rep re sents 
a part of proteomic pro ject of a prokaryote or gan ism, 
Thermoplasma acidophilum. The re com bi nant pro tein
TA1019 was pre pared at the Uni ver sity of To ronto, Can -
ada, by Adelinda Yee and co work ers. Ag gre ga tion and low 
sta bil ity of the sam ple ex cluded this pro ject from au to mat i -
cally per formed struc tural in ves ti ga tion. Due to this fact,
the sam ple was of fered to our lab o ra tory and sub jected to

care ful struc ture elu ci da tion by NMR. At the pres ent time,
were made first ba sic steps in the course of struc tural de ter -
mi na tion, i.e., as sign ment of the mea sured fre quen cies to
the in di vid ual at oms of the pro tein mol e cule. The ob tained
back bone se quen tial as sign ment and par tial side chain as -
sign ment is a nec es sary pre req ui site for 3D struc ture de ter -
mi na tion. In ad di tion, knowl edge of resonance frequencies
of certain nuclei permits preliminary secondary structure
prediction.
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CHARACTERIZATION AND CRYSTALLISATION OF DIVIVA MUTANT PROTEINS

Naïa Pavlendová, Katarína Muchová and Imrich Barák

Institute of Molecular Biology, Slovak Academy of Sciences, Dúbravská cesta 21, 845 51 Bratislava 45,
Slovakia; phone: ++421 2 5930 7418, fax: ++421 2 5930 7416, e-mail: imrich.barak@savba.sk

Gram-pos i tive bac te rium Ba cil lus subtilis is the one of the
most com monly stud ied model or gan ism. Its life cy cle rep -
re sents a com plex bi o log i cal pro cess. The mech a nisms that 
en sure the cor rect po si tion ing of the sep tum are com pli -
cated and still in ten sively stud ied. A ma chin ery of pro teins
is in volved.

DivIVA pro tein is a bifunctional pro tein [1]. Dur ing
veg e ta tive growth it acts as a con trol ler of the mid-cell di vi -
sion site po si tion ing. There is an in hi bi tion com plex of two
pro teins: MinC and MinD, which dis able as sem bly of di vi -
sion ma chin ery (first and fore most as sem bly of FtsZ ring),
in po si tions where it oc curs. A DivIVA pro tein ar rests
MinCD in hi bi tion com plex at the cell poles and thus re -
leases the cell cen ter for sep tum for ma tion [1, 2, 3, 4]. Dur -
ing sporulation DivIVA is in volved in chro mo some
seg re ga tion [1].

DivIVA is a 19,5 kDa tropomyosin-like a-he li cal
coiled-coil pro tein. Cryonegative stain trans mis sion elec -
tron mi cros copy re vealed 3D struc ture of DivIVA con sist -
ing of par ti cles with lat eral ex pan sions at both ends
re sem bling a “doggy-bone”. These forms are about 145
kDa, which cor re spond to 6-8 mers. DivIVA oli go mers can 
build higher struc tures like strings, wires and 2D nets [5].

It was found, that DivIVA amino acid res i dues 17, 18
and 19 are re spon si ble for po lar tar get ing of pro tein. So

mu ta tions at these sites may mimic conformational change
that prob a bly oc curs and en ables DivIVA its dual func tion
[6]. We have cloned the divIVA lo cal iza tion mu tant genes
into ex pres sion vec tors to pre pare pro teins for
cryonegative stain trans mis sion elec tron mi cros copy and
for crys tal li za tion tri als. 

Work in au thor’s 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.
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LYMPHOCYTE ACTIVATION RECEPTORS: NEW STRUCTURAL PARADIGMS IN THE
GROUP V OF C-TYPE ANIMAL LECTINS

J. Pavlíèek1, R. Ettrich2, V. Kopecký Jr.3, P. Man4, M. Vrbacký5, K. Bezouška1,2

1Department of Biochemistry, Faculty of Science, Charles University Prague, Hlavova 8, 12840 Praha.
2Lab 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
3In sti tute of Phys ics, Charles Uni ver sity in Prague, Ke Karlovu 5, CZ-12116 Praha

4In sti tute of Mi cro bi ol ogy, Acad emy of Sci ences of the Czech Re pub lic, CZ-14220 Praha
5De part ment of Patho log i cal Phys i ol ogy, 1st Med i cal Fac ulty, Charles Uni ver sity in Prague, U nemocnice 5,
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From the point of view of struc tural bi ol ogy, our un der -
stand ing of the struc ture – func tion re la tion ships in the
C-type lectin fam ily re mains frag men tary. By far the best
char ac ter ized mol e cule of the whole fam ily is the sol u ble
mannose bind ing pro tein stud ied pro tein crys tal log ra phy.
This pro tein binds to cal cium ions in the ligand-bind ing do -
main, and the bind ing of cal cium is in ti mately linked to the
rec og ni tion of car bo hy drates. Some of the re cep tors of nat -
u ral killer lym pho cytes have been also struc tur ally char ac -
ter ized. Since this group is evolutionarily most di ver gent,
in ter est ing struc tural par a digms have been ob served with
re gard to bind ing of cal cium, car bo hy drates, and other lig -
ands. In NKR-P1, calcxium may not be eas ily re moved by
che lat ing agents be cause of its unique chem i cal na ture. In
CD69, bind ing of cal cium causes a struc tural shift in amino 

ac ids im por tant for bind ing of car bo hy drates. Struc tural
stud ies have also al lowed us to un der stand an in ter est ing
pref er ence of these re cep tors for ei ther lin ear (NKR-P1) or
branched (CD69) car bo hy drate se quences.sug ars. Re mod -
el ing of the binding surface in CD94 or Ly-49 opens the
way for specific recognition of protein and peptide ligands.

This work was sup ported by Min is try of Ed u ca tion of the
Czech Re pub lic No. MSM 0021620808, by In sti tu tional
Re search Con cept No. AVOZ 50200510, by Grant Agency
of the Czech Re pub lic No. 301/05/P567, and by Grant
Agency of the Acad emy of Sci ences of the Czech Re pub lic
No. A5020403.
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RI BO SOMAL RNA KINK-TURN MO TIF – A FLEX I BLE MO LEC U LAR HINGE

Filip Razga1, Nada Spackova2, Kamila Reblova1, Jaroslav Koca1, Neocles B. Leontis3 and 
Jiri Sponer2

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, Kralovopolska 135, 61265 Brno,

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, USA

Ri bo somal RNA K-turn mo tifs are asym met ric in ter nal
loops char ac ter ized by a sharp bend in the phosphodiester
back bone re sult ing in “V” shaped struc tures, re cur rently
ob served in ri bo somes and show ing high de gree of se -
quence con ser va tion. We have car ried out ex tended ex -
plicit sol vent mo lec u lar dy nam ics sim u la tions of se lected
K-turns, in or der to in ves ti gate their in trin sic struc tural and
dy nam i cal prop er ties. The sim u la tions re veal an un prec e -
dented dy nam i cal flex i bil ity of the K-turns around their
X-ray ge om e tries.  The K-turns sam ple, on the nano sec ond
timescale, dif fer ent conformational substates. The over all
be hav iour of the sim u la tions sug gests that the sam pled ge -
om e tries are es sen tially isoenergetic and sep a rated by min -
i mal en ergy bar ri ers. The nano sec ond dy nam ics of iso lated
K-turns can be qual i ta tively con sid ered as mo tion of two
rigid he lix stems con trolled by a very flex i ble in ter nal loop
which then leads to sub stan tial hinge-like mo tions be tween 
the two stems. This in ter nal dy nam ics of K-turns is strik -

ingly dif fer ent for ex am ple from the bac te rial 5S rRNA
Loop E mo tif or BWYV frameshifting pseudoknot which
ap pear to be rigid in the same type of sim u la tions.
Bistability and flex i bil ity of K-turns was also sug gested by
sev eral re cent bio chem i cal stud ies. Al though the re sults of
MD sim u la tions should be con sid ered as a qual i ta tive pic -
ture of the K-turn dy nam ics due to force field and sam pling
lim i ta tions, the main ad van tage of the MD tech nique is it
abil ity to in ves ti gate the re gion im me di ately around their
ri bo somal-like ge om e tries. This part of the conformational
space is not well char ac ter ised by the so lu tion ex per i ments
due to large-scale conformational changes seen in the ex -
per i ments. We sug gest that K-turns are well suited to act as
flex i ble struc tural el e ments of ri bo somal RNA. They can
for ex am ple be in volved in me di a tion of large–scale mo -
tions or they can al low a smooth as sem bling of the other
parts of the ri bo some.
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STRUCTURAL MEASUREMENTS ON MEMBRANE PSBH PROTEIN IN DIFFERENT
LIPID/-DETERGENT ENVIRONMENTS 

Wolfgang Schoefberger, Zbynìk Halbhuber, Jaroslava Ristvejova, Norbert Müller, 
Rüdiger Ettrich and Dalibor Štys 

Laboratories of High Performance Computing and Biomembranes ,Institute of Physical Biology USB and
Institute of Landscape Ecology, ASCR, Zámek 136, 373 33 Nové Hrady, Czech Republic

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

One of the key com po nents for the as sem bly of
Photosystem II is the psbH pro tein [1]. PsbH is one of the
pro teins ex pressed in eti o lated and il lu mi nated leaves on
the same level in higher plants, which in di cates that its
func tion may be con sid ered sep a rately from the rest of the
multiprotein com plex. 

 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 cir cu lar dichroism (CD)
spec trom e ter. Mo lec u lar Dy nam ics ex per i ments on a
homolgy model of the PsbH pro tein were car ried out to
com pare the sec ond ary struc ture changes with the re sults
from CD.

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
digly ceride (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.

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 a nar row area. 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
digitonin. The sim ple ad di tion of CHAPS or digitonin did
not destabilize mi celles suf fi ciently 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. A
com par i son of the sec ond ary struc ture con tent with the mo -
lec u lar dy nam ics re sults lead to the con clu sion that the
com bi na tion of digitonin and octyl glucoside is the most ef -
fec tive com bi na tion to in duce ap par ent pro tein fold ing. 

This re search was sup ported by AKTION Aus tria-Czech
Re pub lic (No. 40p2), by the Min is try of Ed u ca tion, Youth
and Sports of the Czech Re pub lic (MSM6007665808) and
by the Acad emy of Sci ences of the Czech Re pub lic (In sti tu -
tional re search con cept AVOZ60870520)  
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Štys D., Pro tein Exp. Purif., 32-1 (2003) 18-27.
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MAPPING OF THE PORE STRUCTURE OF THE VANILLOID RECEPTOR CHANNEL

TRPV1

K. Susankova1, J. Teisinger1, L. Vyklicky1, F. Viana2, R. Ettrich3 and V. Vlachova1

1Institute of Physiology, Academy of Sciences, 142 20 Prague 4, Czech Republic,
2In sti tute of Neu ro sci ence of Alicante, UMH-CSIC, San Juan de Alicante, Spain,

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, Zamek 136, CZ-373 33 Nove Hrady, Czech Re pub lic 

The vanilloid re cep tor (TRPV1) is a nonselective cat ion
chan nel that is pre dom i nantly ex pressed by no ci cep tive
sen sory neu rons. This chan nel is ac ti vated by a wide ar ray
of pain-pro duc ing stim uli, in clud ing capsaicin, pro tons and 
nox ious heat (> 43°C) [1]. Sim i lar to other mem bers of the
tran sient re cep tor po ten tial (TRP) fam ily, the struc ture of
the TRPV1 rep re sents six pu ta tive transmembrane seg -
ments S1-S6, a pore re gion (P-loop) con nect ing S5 and S6,
and cy to plas mic hy dro philic N- and C-ter mi nal re gions.
The func tional TRPV1 chan nel is as sem bled from four
iden ti cal sub units. The cen tral ion con duct ing pore do main
is sup posed to be formed by S5-S6 and the P-loop re gion.
Struc ture-func tion stud ies have re cently iden ti fied sev eral
key do mains that con trib ute to the ac ti va tion and the mod u -
la tion of the TRPV1 re cep tor. How ever, lit tle is known
about the struc tural re ar range ments that lead to the chan nel
gating and ion con duc tion. 

To ob tain an in sight into the pore ar chi tec ture of
TRPV1 and to elu ci date how this re gion af fects the ion se -
lec tiv ity and per me ation prop er ties of this chan nel, we sub -
jected the se quence from E570 to E694 of the rat TRPV1
re cep tor to homology mod el ing. This part in cludes S5 and
S6 he li ces and a loop re gion con tain ing one in ner he lix.
Based upon the pre dicted struc ture and the align ment of the 
pore re gion with re lated chan nels TRPV5, TRPV6 and
KcsA [2,3], we se lected three amino ac ids for site-di rected
PCR mu ta gen e sis in or der to char ac ter ize their role in
chan nel gating and ion per me ation. As the first step of the
pro spec tive cystein-scan ning mu ta gen e sis, we sub sti tuted
glycine for all en dog e nous cysteines that are pu ta tively ex -
posed to the extracellular mi lieu. This con struct was func -
tional [4] and served as a tem plate for the in tro duc tion of
three in di vid ual cysteine sub sti tu tion mu tants M644C,
D646C, and E648C. 

HEK293T cells tran siently ex press ing ei ther the wild
type or the re spec tive mu tant re cep tor were as sayed by

patch-clamp tech nique and cal cium im ag ing. Mu ta tion of
M644C strongly re duced the mag ni tude of the heat in duced 
re sponses, whereas the capsaicin sen si tiv ity re mained un -
al tered as com pared with wild type. A sim i lar pat tern of re -
spon sive ness has been ob served in a mu tant chan nel in
which M644 was re placed by alanine. This mu tant was less
per me able to Ca2+ ex hib it ing a de crease in ra tio of Ca2+ to

Na+ per me abil ity from 5.0 ± 2.4 to 1.6 ± 0.2 (n = 4 and 10)

for capsaicin ac ti va tion and from 4.2 ± 1.1 to 1.7 ± 0.2 (n =
4 and 9) for heat stim u la tion. The D646C mu tant ap peared
to be non func tional. Mu ta tion of E648C ren dered the chan -
nel in sen si tive to both ther mal and chem i cal stim uli when
ap plied in di vid u ally; how ever, heat in com bi na tion with
capsaicin elic ited ro bust re sponses in cal cium im ag ing ex -
per i ments.  

Data from this study sub stan ti ate the pro posed pore or -
ga ni za tion of the TRPV1 chan nel and sug gest that the
pore-lin ing res i dues M644, D646 and E648 are im por tant
mo lec u lar de ter mi nants that gov ern key prop er ties of ion
per me ation and chan nel gating. 

This work was sup ported by Grants 305/03/0802 and
309/04/0496 of the Grant Agency of the Czech Re pub lic, by 
Grant 2003CZ0020 of CSIC, Re search Pro ject of the AS
CR, AVOZ 50110509 and 60870520 and by the Min is try of
Ed u ca tion, Youth and Sports of the Czech Re pub lic,
1M0002375201 and MSM6007665808

1. M. J. Caterina, M. A. Schumacher, M. Tominaga, T. A.
Rosen, J. D. Le vine & D. Jul ius, Na ture  389 (1997)
816-824.

2. Y. Dodier, U. Banderali, H. Klein, O. Topalak, O. Dafi, M. 
Simoes, G. Bernatchez, R. Sauve & L. Par ent, J. Biol.
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CHIRAL PORPHYRIN COMPLEXES AND MODELLING OF THEIR ELECTRONIC
CIRCULAR DICHROISM SPECTRA

J. Šebek1, V. Král1, M. Valík1 and P. Bouø2

1Institute of Chemical Technology, Technická 2, Praha 6
2Institute of Organic Chemistry and Biochemistry, AV ÈR, Flemingovo nám. 6, 16610, Praha

Porphyrin core is an im por tant com po nent of biomolecules
such as hemoglobine, myoglobine or chlo ro phyll. We
study var i ous porphyrin de riv a tives for ap pli ca tions in
drug re search, complexometry and bio technologies. Many
prop er ties of these com pounds are con ve niently stud ied by
op ti cal (UV) spec tros copy be cause of the ab sorp tion prop -
er ties of porphyrin chromo phores. The spec tra are in flu -
enced by sub stitu ents, sol vent, and in some cases by bound
met als. Since this vari ance and the re la tion of the spec tra to
mo lec u lar ge om e try is of ten poorly un der stood, we at tempt 
to model spec tral in ten si ties of the elec tronic cir cu lar
dichroism (ECD) by com bined mo lec u lar me chan ics/quan -
tum me chan ics (MM/QM) ap proach. Por phy rins have of -
ten no ECD sig nal be cause of their high sym me try; in

com plexes with chiral ma tri ces, like pep tides or nu cleic ac -
ids, they may be come chiral (op ti cally ac tive) and thus the
spec tra can re flect their in ter ac tion with the en vi ron ment.

We model the ge om e try of por phy rins and their com -
plexes us ing clas si cal mo lec u lar me chan ics mod els, while
for spec tra sim u la tions we use semiempirical and ab in itio
com pu ta tions. For the lat ter the time de pend ent den sity
func tional the ory (TD DFT) is ap plied (typ i cally at the
B3LYP/6-31G* level). We plan to in volve the in flu ence of
sol vent by im plicit and ex plicit sol vent mod els. With ab in -
itio pa ram e ters spec tra of larger mo lec u lar com plexes will
be ob tained by a semiempirical tran si tion di pole cou pling
model (TDC).
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14-3-3 PROTEIN C-TERMINAL STRETCH OCCUPIES LIGAND BINDING GROOVE
AND IS DISPLACED BY PHOSPHOPEPTIDE BINDING

J. Šilhán1,4, V. Obšilová4, J. Veèeø3, P. Heøman3, M. Šulc2,5, J. Teisinger4, and T. Obšil1,4*

1Department of Physical and Macromolecular Chemistry, Faculty of Science, Charles University,Prague,
2De part ment of Bio chem is try, Fac ulty of Sci ence, Charles Uni ver sity, 128 43 Prague,

3In sti tute of Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, 121 16 Prague,
4In sti tute of Phys i ol ogy, Acad emy of Sci ences of the Czech Re pub lic, 142 20 Prague,

5In sti tute of Mi cro bi ol ogy, Acad emy of Sci ences of the Czech Re pub lic, 142 20 Prague, Czech Republic

14-3-3 pro teins are im por tant reg u la tors of nu mer ous cel -
lu lar sig nal ing cir cuits. They bind to phosphorylated pro -
tein lig ands and reg u late their func tions by a num ber of
dif fer ent mech a nisms [1,2]. The C-ter mi nal part of 14-3-3
pro tein is known to be in volved in the reg u la tion of 14-3-3
bind ing prop er ties. The struc ture of this re gion is un -
known; how ever pos si ble lo ca tion of the C-ter mi nal stretch 
within the ligand bind ing groove of 14-3-3 pro tein has
been sug gested [3,4]. In or der to fully un der stand the role
of the C-ter mi nal stretch in the reg u la tion of 14-3-3 pro tein
bind ing prop er ties we in ves ti gated the phys i cal lo ca tion of
the C-ter mi nal stretch and its changes upon the ligand bind -
ing. For this pur pose we have used Förster res o nance en -
ergy trans fer (FRET) mea sure ments and mo lec u lar
dy nam ics sim u la tion. FRET mea sure ments be tween Trp242

lo cated at the end of the C-ter mi nal stretch and a dansyl
group at tached at two dif fer ent cysteine res i dues (Cys25 or
Cys189) in di cate that in the ab sence of the ligand the C-ter -
mi nal stretch oc cu pies the ligand bind ing groove of 14-3-3
pro tein [5]. Our data also show that phosphopeptide bind -
ing dis places the C-ter mi nal stretch from the ligand bind ing 
groove. Intramolecular dis tances cal cu lated from FRET

mea sure ments fit well with dis tances ob tained from mo lec -

u lar dy nam ics sim u la tion of full length 14-3-3z pro tein. 

This work was sup ported by Grants 204/03/0714 and
309/02/1479 of the Grant Agency of the Czech Re pub lic; by 
Grant B5011308 of the Grant Agency of the Czech Acad -
emy of Sci ences; by Re search Pro jects 1K03020, MSM
1131 00001, and 1132 00001 of the Min is try of Ed u ca tion,
Youth and Sports of the Czech Re pub lic, and by Re search
Pro ject AVOZ 5011922. 

1. H. Fu, R. R. Subramanian & S. C. Mas ters, Annu. Rev.
Pharmacol. Toxicol., 40 (2000) 617-647.

2. M. B. Yaffe & A. E. Elia, Curr. Opin. Cell Biol., 13 (2001) 
131-138.

3. D. Liu, J. Bienkowska, C. Petosa, R. J. Col lier, H. Fu & R.
Liddington, Na ture, 376 (1995) 191-194.

4. V. Obsilova, P. Herman, J.Vecer, M. Sulc, J. Teisinger &
T. Obsil, J. Biol. Chem., 279 (2004) 4531-4540.

5. J. Silhan, V. Obsilova, J. Vecer, P. Herman, M. Sulc, J.
Teisinger & T. Obsil, J. Biol. Chem., 279 (2004)
49113-49119.

Ó Krystalografická spoleènost

Materials Structure, vol. 12,  no. 1  (2005)       41



P25

THIOREDOXIN SYSTEM OF STREPTOMYCES COELICOLOR: OVEREXPRESSION,
ISOLATION, CRYSTALLIZATION AND CHARACTERIZATION

P. Štefanková 1, J. Maderová 1,2, M. Kollárová1, I. Barák 3, Z. Otwinowski2

1Department of Biochemistry, Faculty of Natural Sciences, Comenius University, Mlynska dolina CH-1, 
842 15 Bratislava, Slovak Republic

 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, USA

 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 Republic

Thioredoxin, thioredoxin reductase and coenzyme
NADPH to gether form thioredoxin sys tem, which is ubiq -
ui tous from Archaea to man. Thioredoxins (Trx) are small
and very sta ble re dox-ac tive pro teins con tain ing a re duc -
ible disulfide bridge with amino acid se quence
Cys-Gly-Pro-Cys. Trx is re duced by elec trons from
NADPH via thioredoxin reductase (TrxR), flavoprotein
homodimeric en zyme [1]. Re duced thioredoxin acts as
a ma jor ubiq ui tous disulfide reductase re spon si ble for
main tain ing pro teins in their re duced state. Tri pep tide
glutathione also can act to pre serve the thiol-disulfide sta -
tus of pro teins in the cell in a man ner sim i lar to thioredoxin. 
How ever, glutathione is not made by actinomycetes, in -
clud ing streptomycetes and my co bac te ria, which in stead
con tain a low-mo lec u lar-weight sugar-con tain ing
monothiol called mycothiol [2]. So, Streptomyces are suit -
able model for study of thioredoxin sys tem.  

S. coelicolor is a rep re sen ta tive of a group of
soil-dwell ing, fil a men tous bac te ria re spon si ble for pro duc -
ing most nat u ral an ti bi ot ics used in hu man and vet er i nary
med i cine. The 8.667.507 base pair lin ear chro mo some of
this or gan ism con tains the larg est num ber of genes so far
dis cov ered in bac te rium [3]. The com plete ge nome se -
quence of S. coelicolor re vealed sev eral pos si ble
thioredoxin genes, and thus Streptomyces seems to have
a more com plex re dox sys tem in com par i son with other
bac te rial spe cies. 

The pre sented work de scribes the overexpression, pu ri -
fi ca tion and par tial char ac ter iza tion of thioredoxinA and
thioredoxin reductase from S. coelicolor. The genes en cod -
ing trxA and TrxR were am pli fied by PCR and in serted into 
a pET ex pres sion vec tor and used to trans form Esch e richia

coli. TrxA and TrxR were overexpressed by in duc tion with 
IPTG as hexahistidine fu sion pro teins and were re cov ered
from a cy to plasm as sol u ble and ac tive pro teins. Ho mog e -
nous pro teins were used for in ves ti ga tion of pro tein sta bil -
ity, their role in the re dox con trol in the cell and study of
pro tein-pro tein in ter ac tion. Thioredoxin was crys tal lized
us ing the hang ing drop method of vapour dif fu sion. We
have de ter mined the crys tal struc ture of TrxA at 1.5 C res o -
lu tion, us ing a syn chro tron ra di a tion source. The pro tein
re veals a thioredoxin-like fold with typ i cal CXXC ac tive
site. The crys tal ex hib its the sym me try of space group
P21212 with unit cell di men sions 43.6 C, 71.8C, 33.2C . 

This work was sup ported by the re search grants from the
Slo vak Grant Agency VEGA No. 1/0035/03. 
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PRELIMINARY RESULTS FROM CRYSTALLIZATION OF CYTOCHROMES FROM
PHOTOSYNTHETIC BACTERIA THIOCAPSA ROSEOPERSICINA

Ivana Tomèová1 and Ivana Kutá Smatanová1,2

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

2In sti tute of Land scape Ecol ogy, Acad emy of Sci ence of the Czech Re pub lic, Zámek 136,  373 33 Nové
Hrady, Czech Re pub lic

Cytochromes be long to the fam ily of col ored pro teins that
play an im por tant role in live cells. They in cor po rate pros -
thetic group - mol e cule of heme - that fa cil i tates as a mem -
ber in pro cess of elec tron trans port. Due to this im por tant
func tion, it is of es sen tial in ter est to study struc tural fea -
tures of cytochromes with mod ern X-ray crys tal lo graphic
meth ods. 

Cytochrome c (cyt c) is a low-mass pro tein (26 kDa)
trans port ing elec trons among cytochrome b-c1 com plex
and com plex of cytochromoxidase. Cyt c from the pur ple
photosynthetic bac te rium Thiocapsa roseopersicina was
iso lated and pu ri fied ac cord ing to Bagyinka [1]. The bac te -
rium in cor po rates four dif fer ent hydrogenases and three
dif fer ent cytochromes.

Cyt c was crys tal lized us ing stan dard crys tal li za tion
meth ods based on va por dif fu sion. Crys tal li za tion tri als
were per formed in hang ing and sit ting drops [2-3] at room
tem per a ture.   The most suit able con cen tra tion of pro tein
(10mg/ml) and the pre cip i ta tion agent (50% am mo nium

sul fate) were found. Rang ing pH value higher than 7.5 the
phase sep a ra tion of pro tein was ap peared. First crys tal
growth was ob served at pH 6.0.

Par tic u lar crys tal lo graphic con di tions are now be ing to
be op ti mized in or der to pre pare monocrystals of cyt c suit -
able for X-ray dif frac tion mea sure ment.

The sup port from AS CR (grant no. AV0260870520) and
MECR (grant no. MSM6007665808) is ac knowl edged.

1. Bagyinka, C.: un pub lished data

2. BERGFORS T. M. (Eds.): Pro tein Crys tal li za tion. Tech niques, 
Strat e gies and Tips. A Lab o ra tory Man ual, In ter na tional
Uni ver sity Line, La Jolla, USA (1999).

3. DUCRUIX A., GIEGÉ R. (Eds.): Crys tal li za tion of Nu cleic Ac -
ids and Pro teins. A Prac ti cal Ap proach, Ox ford Uni ver sity
Press, Ox ford  (1999)

P27

LABORATORY OF STRUCTURAL BIOLOGY AT FACULTY OF BIOLOGICAL

SCIENCES  UNIVERSITY OF SOUTH BOHEMIA

Lukáš Trantírek

Laboratory of Structural Biology, Department of Molecular Biology, Faculty of Biological Sciences, University
of South Bohemia, Branišovská 31, Èeské Budìjovice CZ-370 05, Czech Republic, tel. +420-38777 2275,

fax. +420-38 385 310 366, e-mail: trant@bf.jcu.cz

The or ga ni za tion and re search fo cus of the “Lab o ra tory 
of Struc tural Bi ol ogy” will be pre sented. The lab o ra tory
has been es tab lished in Jan u ary 2004 as an in her ent part of
the De part ment of  Mo lec u lar Bi ol ogy at the Fac ulty of Bi -
o log i cal Sci ences - Uni ver sity of South Bo he mia. Cur -
rently, the lab o ra tory com prises of three un der grad u ate and 
three grad u ate stu dents, and two in de pend ent re search sci -
en tists.  The re search in the lab o ra tory is di vided in three 
ar eas: a) quan tum chem i cal cal cu la tions of the NMR (nu -
clear mag netic res o nance) spec tral pa ram e ters and de vel -
op ment of the novel schemes for in ter pre ta tion of the NMR 
data, b) in ves ti ga tion of the func tion-struc ture re la tion -
ships in RNA-pro tein com plexes in volved in RNA ed it ing
in Trypanosoma brucei – caus ing agent of the sleep ing
sick ness, c) in ves ti ga tion of the gen eral phylo gen etic re la -
tion ships among dif fer ent spe cies on the ba sis of the struc -
tural in for ma tion. The  re search ac tiv i ties are based
pre dom i nantly on: a) quan tum chem i cal cal cu la tions (Dal -

ton, Gaussi an), b) NMR, CD, and UV spec tros copy, c) pro -
tein crys tal log ra phy, and d) con ven tional mo lec u lar bi o -
log i cal meth ods. Mem bers of the lab o ra tory are in volved in 
teach ing at South Bo he mia Uni ver sity in fields of
Bioinformatics and  Or ganic chem is try. The lab o ra tory  ac -
tively  col lab o rates  with In sti tute of Or ganic Chem is try at
Johannes Kep ler Uni ver sity in Linz (Aus tria – prof. N.
Mul ler), Lab o ra tory of Phar ma co log i cal Bio chem is try and
Bio-or ganic chem is try at René Des cartes Uni ver sity - Paris 
5 (France – prof. J. Kozelka), and De part ment of Bio chem -
is try and Mo lec u lar Bi ol ogy Or e gon Health & Sci ence
Uni ver sity Port land (USA- prof. M. Schumacher).

Work in lab o ra tory of struc tural bi ol ogy is sup ported by
Grand agency of the Czech Re pub lic (GACR P191; and
GACR 203/05/0388) and Min is try of Ed u ca tion (1K04011; 
and LN2005 Fac ulty of Bi o log i cal Sci ences).
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AN EASY OPTIMALIZATION METHOD FOR IN VITRO PROTEIN REFOLDING – 
THE CASE OF CD69

O. Vanìk1, J. Pavlíèek1, V. Kopecký Jr.3, K. Bezouška1,2 
1Department of Biochemistry, Faculty of Science, Charles University in Prague, Hlavova 8,  

CZ-12840 Prague 2.
2In sti tute of Mi cro bi ol ogy, Acad emy of Sci ences of the Czech Re pub lic, Vídeòská 1083, CZ-14220 Prague 2

3In sti tute of Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in Prague, Ke Karlovu 5,
CZ-12116 Prague 2.

 In pro tein bio chem is try we must of ten solve a prob lem of
renaturation (refolding) of pro teins of our in ter est. Es pe -
cially in the case of bac te rial re com bi nant pro teins, which
are of ten ob tained in in sol u ble form (the in clu sion bod ies),
we must find an op ti mal way to trans fer the pro tein mol e -
cules from denaturating agents to na tive con di tions. We
use an easy optimalization method for in vi tro refolding of
such pro teins, which is crit i cal and de mand ing task. Suc -
cess ful renaturation of the pro tein is a multiparameter
optimalization pro ce dure that in volves find ing of cer tain
dis crete con di tions, such as pres ence of suit able ad di tives
(i.e. arginin), pH, ionic strength and re dox po ten tial of the
sys tem. These pa ram e ters are optimalized in
semimicroquantitative way. Here we pres ent re sults for
CD69 pro tein [1], an early ac ti va tion an ti gen of hu man
lym pho cytes. Ef fi ciency of the refolding was an a lyzed by
gel fil tra tion and SDS-PAGE. Sec ond ary struc ture of re -
cep tor CD69 pre pared via such optimalized pro to col was

de ter mined by drop coat ing de po si tion Raman spec tros -
copy method [2]. 

 
This work was sup ported by Min is try of Ed u ca tion of the
Czech Re pub lic No. MSM 0021620808, by In sti tu tional
Re search Con cept No. AVOZ 50200510, by Grant Agency
of the Czech Re pub lic No. 301/05/P567, and by Grant
Agency of the Acad emy of Sci ences of the Czech Re pub lic
No. A5020403.
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STRUCTURAL COMPARISON OF WILD-TYPE MATRIX PROTEIN FROM M-PMV AND
ITS R55F MUTANT

J. Vlach1, V. Veverka1, J. Lipov2, P. Srb3, J. Lang1,3, T. Ruml2 and R. Hrabal1

1Laboratory of NMR Spectroscopy, 2Department of Bio chem is try and Mi cro bi ol ogy, In sti tute of Chem i cal
Tech nol ogy, Technická 5, 166 28 Prague 6, Czech Re pub lic

3De part ment of Low Tem per a ture Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, 
V Holešovièkách 2, 182 02 Prague 8, Czech Republic

Ma son-Pfizer mon key vi rus (M-PMV) be longs to the ge -
nus of betaretroviruses which dif fer from lentiviruses (e. g.
HIV-1) in a mech a nism of im ma ture capsid as sem bly. Ma -
trix pro tein (MA) plays an es sen tial role in dif fer ent stages
of retro virus mat u ra tion. A sin gle point mu ta tion (R55F) in
the se quence of the wt MA, how ever, changes the
morphogenesis of the vi rus and capsids are as sem bled at
the plasma mem brane in stead of in the cy to plasm, sim i larly 
to the lentiviruses [1].

We have fo cused on the study of three-di men sional
struc ture and dy nam ics of both pro teins (wt MA  and R55F
mu tant) by NMR spec tros copy to re veal pos si ble struc tural 
changes caused by the mu ta tion (R55F). Al though a struc -
ture of the wt MA has al ready been pub lished as C-al pha
trace [2], we de cided to per form a new study of this pro tein
to ob tain a com plete 3D struc ture. Dou bly la belled (13C,
15N) pro teins were pre pared us ing re com bi nant tech -

niques. Stan dard tri ple res o nance NMR ex per i ments were
used for the as sign ment of res o nances and three-di men -
sional struc tures of the pro teins were cal cu lated based on
NMR pa ram e ters (NOE in ter ac tions, J- and re sid ual
dipolar cou plings, etc.). Dy nam i cal be hav iour of both pro -
teins was es ti mated based on 15N re lax ation prop er ties.
Com par i son of the struc ture of R55F mu tant with
wild-type MA will be pre sented.

We thank the Grant Agency of the Czech Re pub lic for the fi -
nan cial sup port (Grants 203/03/0490 and 203/04/P168).
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PS II REACTION CENTER AND PHOTOSYNTHETIC PIGMENTS

Z. Vokáèová and J. V. Burda

Department of Chemical Physics and Optics, Faculty of Mathematics and Physics, Charles University, Ke
Karlovu 3, 121 16 Prague 2, Czech Republic

Mod els based on the RC PS II1 were stud ied. Photosystem
II re ac tion cen ter (RC PS II) is a cen tral part of the PS II
com plex, in which pri mary charge sep a ra tion oc curs. It
con sists of small num ber of the pig ment mol e cules – chlo -
ro phyll a and pheophytin a mol e cules.

For these mol e cules, model cal cu la tions us ing
ZINDO/S and TDDFT meth ods were uti lized. 

Be fore spec tral cal cu la tions, hy dro gens were added
and op ti mized with semiempirical PM3 method. The po si -
tions of all the at oms from the ref er enced struc ture1 of RC
PS II were fixed. In the TDDFT cal cu la tions, hy dro gen at -
oms were re-op ti mized us ing B3PW91 method with
6-31G(d) ba sis set.

Spec tra of all the mono mers of chlo ro phyll a and
pheophytin a were es ti mated. Red shift was found at the
ZINDO level in com par i son with ex per i men tal data. How -
ever, TDDFT spec tra ex hibit op po site slightly blue-shifted
char ac ter.

Elec tron tran si tions of se lected pig ment oli go mers, sep -
a rated from RC PS II mod els, were also de ter mined. These
spec tra show strong multi-par ti cle char ac ter and ex hibit
com plex ad di tive char ac ter.

The ZINDO de ter mined spec tra of oli go mers are also in 
good agree ment with ex per i men tal results.

In sec ond part of our study var i ous pig ment mol e cules
were ex plored. They have an im por tant role also in other
bi o log i cal pro cesses, like ox y gen ab sorp tion and trans port,
elec tron trans fer in pho to syn the sis, etc. 

The cal cu la tions of elec tronic spec tra were per formed
on three large groups of pig ments – ca rot en oids, phyco -
bilins, and chloro phylls and bacteriochlorophylls.

At first, sev eral con form ers were cho sen for all the pig -
ments. Struc tural da ta base was used as an im por tant start -
ing point. 

Op ti mi za tion cal cu la tions were per formed at the
Hartree-Fock level with 3-21 G ba sis set. For the global
min ima, the ab sorp tion spec tra were de ter mined with the
den sity func tional the ory us ing B3PW91 func tional and
the 6-31G(d) ba sis set fur ther ex tended with dif fu sion
func tions. Their ef fect was found im por tant for cor rect cal -
cu la tions of the elec tron tran si tions.

1. Svens son, B.; Etchebest, C.; Tuffery, P.; van Kan, P.;
Smith, J.; Styring, S. Bio chem is try 1996, 35, 14486 

P31

THEORETICAL STUDY OF THE PLATINUM COMPLEXES INTERACTIONS WITH
SULFUR-CONTAINING AMINO ACIDS

Tomáš Zimmermann, Michal Zeizinger, and Jaroslav V. Burda

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

Bi o log i cally im por tant re ac tions of two cisplatin hydration
prod ucts cis-[Pt(NH3)2Cl(H2O)]+ and cis-[Pt(NH3)2

(OH)(H2O)]+ with sul fur-con tain ing amino-ac ids cysteine
and methionine were stud ied us ing den sity func tional tech -
niques. Con sid ered re ac tion mech a nism leads to for ma tion
of the chelated com plexes where sev eral monodentate in -
ter me di ates were an a lyzed. Re ac tion en er gies were de ter -
mined in the so-called supermolecule ap proach as well as
in the non-in ter act ing model (in volv ing iso lated mol e cules
in re ac tant and prod uct). First, all the struc tures were op ti -

mized us ing DFT method - B3LYP/6-31+G(d). For the op -
ti mized struc tures, sin gle point cal cu la tions was done us ing 
slightly larger ba sis set (6-31++G**). Core elec trons of
plat i num, sul fur and chlo rine at oms were de scribed by
Stuttgart-Dresden pseudopotentials. Anal y sis of elec tronic
den sity and par tial charges (us ing NPA method) en abled a
more de tailed in sight onto in ter ac tion en er gies.

In the first re ac tion step, the re place ment of the aqua
ligand was as sumed where the monodentate Pt-(amino
acid) was cre ated. For the monohydrated com plexes (with
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chloro-lig ands), it was found that in cysteine-con tain ing
sys tems, a for ma tion of sul fur bonded monodentate com -
plexes is en er get i cally pre ferred to for ma tion of Pt-N and
Pt-O bonds. On the other hand, the sys tems with
methionine slightly fa vors a for ma tion of ni tro gen-bonded
com plexes to sul fur-bonded ones. The most sta ble con -
former from the (dihydrated) hydroxo-com plexes is struc -
ture where Pt-S bond was formed. Con form ers with Pt-N

bonds are slightly less sta ble for both amino ac ids. Struc -
tures with Pt-O bonds are the least fa vor able. 

The next re ac tion step led to the che late for ma tion. This 
pro cess is endotermic in case of chloro spe cies and
exotermic for hydoxo com pounds in supermolecular ap -
proach. The most sta ble che late struc tures con tain k(N,S)
bind ing sites.

P32

ISOLATION, RECONSTITUTION AND CRYSTALLISATION OF PHOTOSYSTEM II
REACTION CENTRES

A. Župèanová1, 2, F. Vácha1, 2, I. Kutá  Smatanová1

1Institute of Physical Biology USB CB & Institute of Landscape Ecology AS CR, Zamek 136, 373 33 Nove
Hrady, Czech Republic; 2Institute of Physical Biology USB CB, Zamek 136, 373 33 Nove Hrady, & Institute of 

Plant Molecular Biology AS CR, Branisovska 31, 370 05 Ceske Budejovice, Czech Republic

The photosystem II is a mem brane pig ment-pro tein com -
plex con sist ing of over 17 sub units. It can be di vided in
three parts ac cord ing to its func tion: 1. the re ac tion cen tre
(RC); 2. in ner and outer light har vest ing com plexes and, 3.
the ox y gen-evolv ing com plex. RC is a min i mum unit ca pa -
ble of charge sep a ra tion be tween the pri mary elec tron do -
nor (chlo ro phyll mol e cule) and pri mary elec tron ac cep tor
(pheophytin), fol lowed by sta bili sa tion of sep a rated charge 
by trans fer of elec tron to plastoquinone. RC of
photosystem (PS) II con sists of five pro tein sub units (D1,

D2, a and b sub units of cytochrome b-559 and PsbI). The
heterodimer of D1 and D2 binds six chloro phylls, two

pheophytins, two b-car o tenes, two plastoquinones de -
noted QA and QB, re spec tively, and one iron atom. 

The five-chlo ro phyll re ac tion cen tre of photosystem II
(5-Chl RC PSII) was iso lated from green pea (Pisum
sativum), pu ri fied ac cord ing to Vacha [1] and re con sti tuted 
with pu ri fied chlo ro phyll a as de scribed in [2]. Freshly iso -
lated and frozen sam ples of 5-Chl RC PSII con cen trated to
15-mg/ml (1.3-mg/ml chlo ro phyll a) were sub ject of crys -
tal li za tion as says us ing the coun ter-dif fu sion tech nique im -
ple mented in sin gle cap il lar ies [3] and tra di tional sit ting
drops. Dif fer ent types of precipitants and de ter gents and

dif fer ent pH val ues were tested ex per i men tally. Op ti mal
val ues (pH 7.00 and PEG4000 as a pre cip i tant) have been

al ready found. N-dodecyl-b-D-maltoside (DM) was found
as ac cept able de ter gent. Pos si ble green crys tals were tested 
at syn chro tron in Grenoble (beamline ID14-1) at 100K.
Crystallisation ex per i ments on PSII mem brane pro tein
com plexes are still in the prog ress. 

 
This work is sup ported by the Min is try of Ed u ca tion of the
Czech Re pub lic (grant MSM6007665808), by the Grant
Agency of the Czech Re pub lic (grant 206/03/D061) and by
the joint C.S.I.C. and AS CR pro ject 2004CZ0003, in the
frame of the co-op er a tion agree ment 2004CZ01.
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Ab stracts pre sented in sem i nars Rozhovory

RTG STRUKTURNÍ ANALÝZA A PLÁNOVÁNÍ POLYMERNÍCH LÉÈIV

K. Huml, M. Pechar, K. Ulbrich 

ÚMCH AV ÈR, Heyrovského nám. 2, 162 06 Praha 6

Metody rtg strukturní analýzy poskytují významné
informace pøi navrhování struktur nových léèiv (drug de -
sign) [1]. Spolu s dalšími metodami, jako jsou NMR,
skenovací transmisní elektronová kryomikroskopie
(STEM) a poèítaèové modelování [2,3] se rtg strukturní
analýza øadí mezi postupy SAR (Struc ture-ac tiv ity Re la -
tion ships) [4].

Jako pøíklad použití kombinace rtg strukturních dat,
chemických experimentù a poèítaèového modelování je
studium interakce enzymaticky degradovatelných poly -
merních kancerostatik s lysosomálními enzymy, kdy
dochází k enzymaticky øízenému uvolòování léèiva
v cílových buòkách a rozpadu hydrofilního polymerního
nosièe na nízkomolekulární bloky snadno vylouèitelné z
organismu.

Za modelový systém byl vybrán enzym cathepsin B a
polymerní substrát obsahující poly(ethylenglykol) (PEG) a 
pentapeptid N2,N6-bis-(aspartylprolyl)ly sin (DP2K). Tento
blokový poly mer byl navržen jako hydrolyticky i
enzymaticky degradovatelný nosiè biologicky aktivních
látek [5]. Kromì chemické hydrolýzy se na degradaci
tohoto polymerního substrátu význaènou mìrou podílí i
enzymem katalyzovaná hydrolýza. Rozborem rtg
strukturních údajù uložených v proteinové datové bance
(PDB) (www.ncbi.nlm.nih.gov) se podaøilo sestavit obraz
aktivního místa cathepsinu B, vèetnì specifických a
nespecifických oblastí vazeb substrátu s enzymem,
katalytické triády, okluzní smyèky a oxyanionové kapsy.

Odtud bylo možno usuzovat na polohu peptidové spojky
DP2K vystavené útoku enzymu, resp. peptidové vazby
podléhající hydrolytickému štìpení. Poèítaèový model
dovoluje odhadnout i prùbìh Gibbsovy energie podél
reakèní cesty procházející postupnì od nekovalentního
(van der Waalsova, Michaelisova) komplexu pøes transitní
stav v blízkosti kovalentního komplexu dále do stavu, kdy
vzniká acylenzym a rozpadá se blokový poly mer.
V následujícím kroku pak i té èásti cesty, kdy dochází k
hydro lytickému rozpadu komplexu, obnovuje se poèáteèní
stav enzymu a fragmenty polymerního nosièe jsou
vylouèeny z organismu. Porovnáním výsledkù chemic -
kých experimentù a výpoèetních modelù je tak možno
interpretovat dosažené výsledky, pøípadnì navrhovat nové
systémy požadovaných vlastností.

Tato práce byla podpoøena Výzkumným zámìrem è.
AV0Z4050913 a Klíèovým projektem è. KSK4055109.
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