
ra tory [2] we es tab lished that cal cium ion can be bound
tigtly in the mol e cule and this bind ing in creases the af fin ity 
of the pro tein to N-acetylglucosamine and N-acetyl -
galacto samine. The po si tions of bind ing sites has been sug -
gested by mo lec u lar mod el ing and proved by site-di rected
mu ta gen e sis. 

These data al lowed us to find po ten tial high af fin ity lig -
ands among branched oli go sac cha rides ter mi nated with
N-acetylglucosamine units. We iso lated these mol e cules
by deglycosylation of ovomucoid and char ac ter ized them
by mass spec trom e try. From re sults of our bind ing stud ies
we can con clude that pentaantenary struc ture is the ligand
with the high est known af fin ity for CD69 mol e cule. It has
been pub lished [3, 4] that sim i lar struc tures are ex pressed
on the sur face of some tu mor cells. This find ing in di cates
that one role of CD69 mol e cule on the cells of the im mune
sys tem may be to at tract killer lym pho cytes to the tu mor
sites.

 
Ac knowl edge ment: This work was sup ported by In sti tu -
tional Re search Con cept No. AV0Z5020903 (for Institut of
Mi cro bi ol ogy) and by grants MSM 113100001, GACR
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A DFT INVESTIGATION OF STRUCTURE-
CHEMICAL SHIFT RELATIONSHIPS FOR
13C AND 15N IN DNA 

Jana Pøecechtìlová, Markéta L. Munzarová and
Vladimír Sklenáø

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

Den sity func tional the ory has been ap plied to ex plore the
de pend ence of  13C and 15N chem i cal shifts in deoxyri bo -
nucleosides on var i ous struc tural fea tures such as the ori en -
ta tion about the glycosidic bond, the CH2OH group
con for ma tion, the sugar pucker, and the hy dro gen bond ing. 
Ge om e try optimizations have been per formed with
sugar-phos phate back bone di hed ral an gles frozen to their
av er age ex per i men tal val ues in BI-DNA. Re sults ob tained
in NMR pa ram e ter cal cu la tions have been com pared to
avail able ex per i men tal data for C1`, C2` and N9.

   The ef fect of the glycosidic tor sion an gle c has al ready 
been stud ied [1] but we wished to in volve the re lax ation of
the ge om e try af ter chang ing c, which has not been con sid -
ered in the pre vi ous work [1]. C1`, C2` and N1/N9 chem i -
cal shifts ap peared to be in flu enced most by the base
ori en ta tion. The trends un cov ered in chem i cal shifts are
sig nif i cantly dif fer ent from those re ported pre vi ously [1]
and the ab so lute chem i cal shift val ues are in the case of C2` 
ap prox i mately the same for all deoxyribonucleosides, ex -

cept for the anti ori en ta tion of the base. On the con trary, for 
C1` and N1/N9 the trends for pu rine nu cleo sides dif fer
from those for py rim i dine nu cleo sides and the ab so lute N1
chem i cal shifts in deoxycytidine are found up field rel a tive
to deoxythymidine.

   Be sides the in flu ence of vary ing the glycosidic tor sion 
an gle, we wanted to as sess the ef fect of the sugar puck er ing 
and the hydroxymethyl ro ta tion, both of which were stud -
ied on deoxyguanosine. N9 ex pe ri enced the larg est
changes, namely 10 or 8 ppm dif fer ence  be tween the south
and north con for ma tion in both the syn and anti re gion, re -
spec tively. The N9 chem i cal  shift for deoxyguanosine (S,
anti, gg) dif fered sig nif i cantly from the other two 
CH2OH-rotamers.

The com par i son with the ex per i ment has been car ried
out us ing the data from BMRB da ta base [2] (C1`, C2`) and
the data for the [d(G4T4G4)]2 quadruplex (C1`, N9) [3], on
which changes upon the hy dro gen bond ing have also been
stud ied. 
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NATURE OF STACKING INTERACTIONS
BETWEEN INTERCALATORS AND DNA
BASE PAIRS. AB INITIO
QUANTUM-CHEMICAL, DENSITY
FUNCTIONAL THEORY AND EMPIRICAL
POTENTIAL STUDY.

Da vid Øeha, Mar tin Kabeláè, Filip Ryjáèek, Jiøí
Šponer and Pavel Hobza

J. Heyrovský In sti tute of Phys i cal Chem is try, Acad emy of
Sci ences of the Czech Re pub lic, and Cen ter for Com plex
Mo lec u lar Sys tems and Biomolecules, 182 23 Prague 8,
Czech Re pub lic

Prop er ties of iso lated intercalators (ethidium (E),
daunomycin (D), ellipticine (EL) and 4,6'-diaminido-
2-phenylidone (DAPI)) and their stack ing in ter ac tions with 
ad e nine…thy mine (AT) and gua nine…cy to sine (GC) nu -
cleic acid base pairs were in ves ti gated by means of a
nonempirical cor re lated ab in itio  method [1]. All inter -
calators ex hibit large charge delocalization and nei ther of
them (in clud ing dicationic DAPI) ex hibit a site with dom i -
nant charge. All intercalators have large polarizability and
are good elec tron ac cep tors while base pairs are good elec -
tron do nors. MP2/6-31G*(0.25) sta bi li za tion en er gies of
com plexes intercalator…base pair are large (E…AT : 22.4
kcal/mol; D…GC :17.8 kcal/mol; EL…GC :18.2 kcal/mol; 
DAPI…GC :21.1 kcal/mol) and are well re pro duced by
mod i fied AMBER po ten tial (vdW ra dii of intercalator at -
oms are en larged and their vdW en ergy depths are in -
creased). Stan dard AMBER po ten tial give less sat is fac tory
re sults es pe cially  for DAPI con tain ing com plexes.  Be -
cause DAPI is the best elec tron ac cep tor (among all
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intercalators stud ied) this dif fer ence is ex plained by the im -
por tance of the charge trans fer term which is not in cluded
in the AMBER po ten tial. The Hartree-Fock and
DFT/B3LYP meth ods not cov er ing the dis per sion en ergy
fail com pletely to de scribe any en ergy min i mum at the po -
ten tial en ergy curve of the E…AT com plex and these
meth ods thus can not be rec om mended for a study of in ter -
ca la tion pro cess. On the other hand, a mod i fied ver sion of
DFT method which cov ers Lon don dis per sion en ergy
yields for all com plexes very good sta bi li za tion en er gies
well com pa ra ble with ref er enced ab in itio data. Be sides
ver ti cal de pend ence of in ter ac tion en ergy twist de pend ence 
of in ter ac tion en ergy was also in ves ti gated by both, ref er -
ence cor re lated ab in itio method as well as em pir i cal po ten -
tials. It is con cluded that de spite the charged (E +1, D +1,
DAPI +2) or po lar (EL) char ac ter of  intercalators  in ves ti -
gated it is the dis per sion en ergy which pre dom i nantly con -
trib utes to the sta bil ity of intercalator…DNA base pair
com plexes. Any pro ce dure which does not cover dis per -
sion en ergy is thus not suit able for study ing the pro cess of
in ter ca la tion.

1. D. Øeha, M. Ka be láè, F. Ry já èek, J. Špo ner, J. E. Špo ner,
M. Elstner, S. Su hai, P. Hob za, J. Am. Chem. Soc., 124
(2002) 3366-3376.

ANALYSIS OF INTERACTIONS IN
COMPLEXES OF HIV-1 PROTEASE AND ITS
PEPTIDOMIMETIC INHIBITOR

T. Skálová, H. Petroková, J. Hašek, J. Dohnálek,
E. Buchtelová, J. Dušková

In sti tute of Macromolecular Chem is try, Acad emy of Sci -
ences of the Czech Re pub lic, Heyrovského nám. 2, 162 06 
Praha 6, Czech Re pub lic 

HIV-1 pro te ase is a 22 kDa pro tein of the hu man im mu no -
de fi ciency vi rus. The func tion of this pro tein is to cleave
polyprotein of im ma ture vi rus and thus to con trib ute to for -
ma tion of ac tive ma tured vi rus. In hi bi tion of the pro te ase is
there fore one of pos si ble ways of fight ing with dis ease
AIDS, caused by the hu man im mu no de fi ciency vi rus.

Our re search was fo cused on in ter ac tion anal y sis of
HIV-1 pro te ase and its peptidomimetic in hib i tor

Boc-Phe-Y[CH2CH2NH]-Phe-Glu-Phe-NH2, de noted as
OE. The in hib i tor was de vel oped in the lab o ra tory of J.
Konvalinka (In sti tute of Or ganic Chem is try and Bio chem -
is try, Acad emy of Sci ences CR). Na tive and mu tant
(A71V, V82T, I84V) HIV-1 pro te ase were ex pressed and
pu ri fied in the lab o ra to ries of J. Sedláèek (In sti tute of Mo -
lec u lar Ge net ics, Acad emy of Sci ences CR) and J.
Konvalinka. In our re search group, crys tal li za tion of com -
plexes of OE with na tive and mu tant pro te ase was per -
formed, X-ray dif frac tion of crys tals on the syn chro tron
source of ra di a tion was mea sured and struc tures of both
com plexes were de ter mined ([1], [2]).

As a re sult, we have two struc tures with R-fac tors
18 % (na tive pro te ase com plex, dif frac tion limit 2.45 A)
and 20.3 % (mu tant pro te ase com plex, dif frac tion limit 2.2
A). Both com plexes crys tal lized in space group P61 and in -

hib i tor OE was found in the ac tive site in two ap prox i -
mately C2 sym met ri cal po si tions, fol low ing thus pseudo-
sym me try of the pro te ase. This fact makes in ter pre ta tion of
in ter ac tions be tween the pro te ase and in hib i tor more dif fi -
cult. There fore, stan dard struc tural anal y sis of con tacts be -
tween the pro te ase and in hib i tor was com pleted by two
en ergy anal y ses of in ter ac tions in the ac tive site. The in hib -
i tor bind ing modes to both pro teas es are sim i lar from the
struc tural point of view and in ter pre ta tion of small de tails
could be am big u ous. How ever, en ergy anal y sis of both
com plexes con firms the in ter pre ta tion of changes caused
by mu ta tion of the pro te ase. Mu tated res i due Thr 182 forms 
an ar o matic hy dro gen bond to the in hib i tor phenyl group in
P1 po si tion. Mu ta tion I84V causes a de crease in van der
Waals in ter ac tion be tween res i due 84 and the OE in hib i tor. 

The re search was sup ported by the Grant Agency of the
Acad emy of Sci ences of the Czech Re pub lic (pro jects
A4050811/1998 and B4050312/2003) and by the Acad emy
of Sci ences of the Czech Re pub lic (pro ject AVOZ4050913).

1. T. Ská lo vá, J. Ha šek, J. Do hná lek, H. Pe t ro ko vá, E. Buch -
te lo vá, Mu tant HIV-1 pro te a se com plexed with tetra pep tide 
inhi bi tor. Pre li mi na ry re port, Acta Phys. Pol. A, 101
(2002), 659-663.

2. H. Petroková, un pub lished re sults.

MEMBRANE PSEUDO-CRYSTAL
STRUCTURES IN PSSU-IPT TOBACCO
CHLOROPLASTS
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Charles Uni ver sity, Vinièná 5, CZ-128 44   Praha 2,
Czech Re pub lic

Our study is fo cused on na tive pseudo-crys tal line struc -
tures, which were ob served in chloroplasts of trans gen ic
to bacco over pro duc ing plant hor mones cytokinins. The
struc tures were not pos i tively iden ti fied un til now. We sup -
pose that they are formed by light har vest ing pro tein (LHC) 
ag gre gat ing in a form of 2D crys tal, which then con sti tute
mem brane stacks. Our hy poth e sis is sup ported by flu o res -
cence emis sion spec tra, which showed cer tain bands cor re -
spond ing to LHC ag gre gates and higher emis sion of
chlo ro phyll b in chloroplasts izolated from trans gen ic
plants.

The aim of this ex per i ment was the es ti ma tion of rel a -
tive size of pseudo-crys tals com pared to chloroplast and
the size of ba sic cell unit, which can be de ter mined from
anal y sis of TEM im ages from ultrathin sec tions of leaves
and iso lated chloroplast suspensions.

Trans gen ic to bacco con tain ing a sup ple men tary ipt-
ene un der a con trol of the pro moter for the small sub unit of
RuBPCO (Pssu-ipt) was grown as grafts on non-trans gen ic
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