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REGULATION BY MOLECULAR INTERFERENCE: HOW 14-3-3 PROTEIN CONTROLS
ACTIVITY OF FORKHEAD TRANSCRIPTION FACTOR FOXO4
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The 14-3-3 pro teins, a fam ily of dimeric reg u la tory pro -
teins, are in volved in many bi o log i cally im por tant pro -
cesses. The com mon fea ture of 14-3-3 pro teins is their
abil ity to bind to other pro teins in a phosphorylation-de -
pend ent man ner. Through these bind ing in ter ac tions,
14-3-3 pro teins work as mo lec u lar scaf folds, mod u lat ing
the bi o log i cal func tions of their part ners. 14-3-3 pro teins
rec og nize short mo tifs con tain ing a phosphorylated serine
or threonine res i due. FOXO tran scrip tion fac tors are prom -
is ing can di dates to serve as mo lec u lar links be tween lon -
gev ity and tu mor sup pres sion. These fac tors are ma jor
sub strates of the pro tein kinase B (Akt). In the pres ence of
in su lin and growth fac tors, FOXO pro teins are relocalized
from the nu cleus to the cy to plasm and de graded via the
ubiquitin-proteasome path way. In the ab sence of growth
fac tors, FOXO pro teins translocate to the nu cleus and
upregulate a se ries of tar get genes, thereby pro mot ing cell
cy cle ar rest, stress re sis tance, or apoptosis [1,2]. 

Un der con di tions of low pro tein kinase B (PKB) ac tiv -
ity (in the ab sence of growth fac tors), FOXO pro teins are
pre dom i nantly nu clear and the rate of im port ex ceeds the
rate of ex port. This shift in equi lib rium prob a bly oc curs be -
cause the bind ing of FOXO to DNA an chors FOXO within
the nu cleus. Fol low ing the ac ti va tion of PKB (PKB-reg u -
lated shut tling) by in su lin–phosphatidylinositol-3-kinase
(PI3K) sig nal ling, PKB translocates to the nu cleus. A
14-3-3 pro tein de void of ligand en ters the nu cleus pas -
sively. PKB phos phory lates FOXO, prob a bly on mul ti ple
sites, and PKB-me di ated phosphorylation in duces the
bind ing of 14-3-3 pro tein to the FOXO pro teins in the nu -
cleus, which re sults in the re lease of the FOXO pro tein
from the DNA. Fol low ing translocation to the cytosol, the
bound 14-3-3 pro tein pre vents re-en try into the nu cleus by
mask ing the NLS and in hib it ing importin bind ing. This re -
sults in an equi lib rium shift to wards the cytosol.

Main goal of our re search was to elu ci date the mo lec u -
lar mech a nism of 14-3-3 pro tein-de pend ent reg u la tion of
FOXO4 func tion. We have shown that phosphorylation of

FOXO4  by pro tein kinase B at Thr-28 and Ser-193 cre ates
two 14-3-3 bind ing mo tifs. An a lyt i cal gel fil tra tion and
sed i men ta tion equi lib rium ex per i ments in di cate that dou -
bly phosphorylated FOXO4 and 14-3-3zeta form a com -
plex with 1:2 mo lar stoichiometry and a K(D) of less than
30 nM. An ac tive role for 14-3-3 in the dis as sem bly of the
FOXO4/DNA com plex is dem on strated by the fact that, in
the pres ence of 14-3-3, two phosphorylated 14-3-3 bind ing 
mo tifs are needed for the com plete in hi bi tion of FOXO4
bind ing to its tar get DNA [3]. We have also in ves ti gated
whether the phosphorylation by pro tein kinase B, the
14-3-3 pro tein, and DNA bind ing af fect the struc ture of
FOXO4 nu clear lo cal iza tion se quence (NLS). We have
used site-di rected la bel ing of FOXO4 NLS with the ex trin -
sic fluorophore 1,5-IAEDANS in con junc tion with
steady-state and time-re solved flu o res cence spec tros copy
to study conformational changes of FOXO4 NLS in vi tro.
Our data show that the 14-3-3 pro tein bind ing sig nif i cantly
changes the en vi ron ment around AEDANS-la beled NLS
and re duces its flex i bil ity. On the other hand, the
phosphorylation it self and the bind ing of dou ble-stranded
DNA have a small ef fect on the struc ture of this re gion [4].
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OPTICAL SPECTROSCOPY, MASS SPECTROMETRY AND NMR ARE ESSENTIAL
TOOLS IN THE PRODUCTION OF SOLUBLE RECEPTORS OF NATURAL KILLER

CELLS
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Nat u ral killer (NK) cells rep re sent an im por tant lym pho -
cyte sub set crit i cal in the im mune re sponse against vi ruses,
cer tain mi cro or gan isms, and tu mors. Effector func tions of
these cells are de pend ent on the bal ance be tween sig nals
trans mit ted from both ac ti vat ing and in hib i tory sur face re -
cep tors [1]. While the in hib i tory re cep tors in ter act ing with
MHC class I as ligand have been well char ac ter ized, much
less is known about the ac ti vat ing re cep tors and their lig -
ands [2,3]. In our lab o ra tory we have been pro duc ing sol u -
ble re com bi nant forms of the two ma jor ac ti vat ing
re cep tors of NK cells, CD69 and NKR-P1. Our pro duc tion
pro to col in cludes bac te rial ex pres sion of the extracellular
por tion of the above re cep tors. Pre cip i ta tion into the in clu -
sion bod ies is fol lowed by in vi tro refolding and pu ri fi ca -
tion by a com bi na tion of ion ex change, hy dro pho bic, and
gel per me ation chromatographies. The pu ri fied pro teins
ap peared to be ho mo ge neous on SDS polyacrylamide gel
elec tro pho re sis dis play ing a no ta ble shift to wards higher
mo bil ity un der the nonreducing con di tions. They are re -
folded in the form of noncovalent dimers as re vealed by gel 
fil tra tion and cross-link ing ex per i ments. The ver i fi ca tion
of the proper fold ing af ter in vi tro pro ce dure is crit i cal for
all the sub se quent pro tein ap pli ca tions. For the ini tial as -
sess ment of the refolding ef fi ciency, we use a com bi na tion
of the UV, FT-IR and Raman spec tros copy. UV spec tros -
copy serves as a good first test of the sta bil ity of the pro -
duced pro tein (ther mal de na tur ation curves mea sured in
vary ing chem i cal en vi ron ments). Vi bra tional spec tros -
copy, on the other hand, is able to es ti mate the con tent of

sec ond ary struc ture el e ments (such as a-he li ces, b-sheets
etc.) as well as struc tural de tails of cer tain amino ac ids such 
as cysteines. For the fi nal ver i fi ca tion of the fold ing sta tus,
high res o lu tion meth ods that look onto pro teins in the high

mag netic fields are nec es sary. We use ion Fou rier trans -
form-ion cy clo tron res o nance mass spec trom e try to look at 
the iden tity of the en tire pro tein and the num ber of closed
disulfide bonds. Mea sure ment of the 1H – 15N HSQC
spec tra in a 600 MHz NMR spec trom e ter us ing the uni -
formly 15N la beled pro tein pro vides the de fin i tive ev i dence
for the proper fold ing and long-term sta bil ity of the pro tein
prep a ra tions. The above mea sure ments re vealed that our
prep a ra tions of sol u ble rat and hu man CD69 pro tein is sta -
ble for weeks / months at tem per a tures be tween 4 °C and 30 
°C, while the short term sta bil ity up to 80 °C is worth men -
tion ing [4]. Also, our most re cent mea sure ments of 1H –
15N HSQC spec tra of the rat NKR-P1A pro tein points to
the suc cess of the cur rently em ployed refolding pro to col.
The use of NMR as well as pro tein crys tal log ra phy and
other meth ods for the ligand iden ti fi ca tion and ver i fi ca tion
ex per i ments is un der prog ress.
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A SINGLE-POINT MUTATION OF M-PMV MATRIX PROTEIN CAUSES
REORIENTATION OF PROTEIN DOMAINS AND CHANGES THE PHENOTYPE OF THE 

VIRUS
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Ma son-Pfizer mon key vi rus (M-PMV) is a rep re sen ta tive
mem ber of D-type retro virus fam ily. Char ac ter is tic fea ture
of this fam ily is the lo ca tion of as sem bly of new virions
which oc curs in the pericentriolar re gion of an in fected
cell. It is the ma trix pro tein (MA) – the N-ter mi nal part of
Gag polyprotein – that is re spon si ble for di rect ing the as -
sem bly of Gag polyproteins to the site of as sem bly [1]. MA
pro tein in ter acts with Tctex-1, the light chain from a dynein 
mo lec u lar mo tor, and the Gag can then be trans ported in a
com plex with dynein [2]. If we in tro duce mu ta tion R55F or 
R55W to the MA, the vi ral capsids are no lon ger as sem bled 
in the pericentriolar re gion, but at the in ner side of the
plasma mem brane [3]. This mod i fied be hav ior is typ i cal
for C-type retro virus es (e. g. HIV-1).

We pres ent here 3D struc tures of the wild type MA and
its R55F mu tant solved by NMR spec tros copy. The com -

par i son of both struc tures re vealed a com pletely dif fer ent
ori en ta tion of N- and C-ter mi nal do mains, while the lo cal
struc ture within the do mains re mained con served. The re -
ori en ta tion causes that part of the linker (res i dues 42–52)
be tween both do mains be comes hid den, there fore the in ter -
ac tion with Tctex-1 is pre vented. The re sults are sup ported
by 15N re lax ation mea sure ments.

We thank the Grant Agency of the Czech Re pub lic for the fi -
nan cial sup port (Grant 203/03/0490).
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NMR PARAMETERS IN RNA MOLECULES AND THEIR CORRELATION WITH
MOLECULAR STRUCTURE 

Zuzana Vokáèová, Bohdan Schneider and Vladimír Sychrovský

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

Struc ture of nu cleic ac ids (NAs) is de scribed by sev eral

struc tural pa ram e ters: six tor sion an gles (a, b, g, d, e, z) in
the back bone, sugar con for ma tion (C2’-endo or C3’-endo), 

and glycosidic tor sion an gle (c) which des ig nate ori en ta -
tion of ni trog e nous base rel a tive to sugar moi ety. 

We stud ied cor re la tion be tween NMR pa ram e ters and
the lo cal ar chi tec ture of dis tinct pat terns of RNA di nucle -
otides. 

Model com pounds of RNA were stud ied by quan tum
chem is try cal cu la tion meth ods with the aim to ob tain NMR 
shifts and spin-spin cou pling con stants. We used dif fer ent
atomic bases Iglo II or Iglo III and wa ter sol vent was mod -

eled by the PCM method. Cal cu lated NMR pa ram e ters, in
par tic u lar the J-cou plings, were cor re lated with the struc -
ture of RNA dinucleotides. In ad di tion we mon i tored in flu -
ence of ni trog e nous bases on J-cou pling in the back bone.

The three bond J-cou pling con stants can be used for the
de ter mi na tion of tor sion an gles. Our cal cu la tions were
com pared with avail able data from the lit er a ture as well as
with em pir i cal Karplus curves.

The tor sion an gles can be nat u rally grouped ac cord ing
to their sim i lar cor re la tion with rel e vant NMR pa ram e ters:

a with z, b with e, and g with d. Tor sions b and e can be de -
ter mined by the cou pling con stants of the type 3J(C,P) and
3J(H,P) which are fre quently mea sured. Tor sion an gles g

and d can be cor re lated with the 3J(H,H), 3J(H,C) cou pling

con stants. Tor sions a and z can’t be as so ci ated with any
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three-bond cou pling con stants that would un equiv o cally
de scribe their val ues but we were able to iden tity their
weak cor re la tion with the two bond cou pling con stants
2J(C,P).

1. Karplus, M., Con tact elec tron-spin cou pling of nu clear
mag netic mo ments. J. Chem. Phys., 1959. 30: p. 11-15.

2. Ma rino, J.P., H. Schwalbe, and C. Griesinger, J-cou pling
re straints in RNA struc ture de ter mi na tion. Ac counts of
Chem i cal Re search, 1999. 32(7): p. 614-623.
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BIONMR: CONTEMPORARY TRENDS, CHALLENGES, AND FUTURE PROSPECTS

V. Sklenáø

Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Kotláøská 2, 611 37
Brno, E-mail: sklenar@chemi.muni.cz

Nu clear Mag netic Res o nance (NMR) spec tros copy rep re -
sents an in valu able tool to in ves ti gate the struc ture and dy -
nam ics of biomolecules. Bi o log i cal NMR is ex pe ri enc ing
sig nif i cant de vel op ment with new hard ware and soft ware
tools as well as new meth od olog i cal ap proaches ap pear ing
on the sci en tific arena. Dur ing the past de cade, the most in -
flu en tial de vel op ments can be listed as fol lows: em ploy -
ment of re sid ual anisotropic in ter ac tions in par tially
ori ented biomolecules, im prove ment of iso tope la bel ing
strat e gies for pro teins, RNA, and DNA mol e cules, iden ti fi -
ca tion of cross-hy dro gen bond spin-spin in ter ac tions, sen -
si tiv ity and res o lu tion en hance ment of NMR sig nals by

cross-re lax ation com pen sa tion, fast data ac qui si tion meth -
ods, im prove ment of dy nam ics char ac ter iza tion by an a lyz -
ing the re lax ation pa ram e ters, in tro duc tion of 900 MHz
NMR sys tems, em ploy ment of cryo gen i cally cooled
probes with greatly en hanced sen si tiv ity, and ad vance ment 
of pro tein struc ture de ter mi na tion us ing solid state NMR
on polycrystalline sam ples. Along with those achieve -
ments, NMR is shift ing its fo cus from “sim ple” high-
 through put struc ture de ter mi na tion to more func tion ally
ori ented ap pli ca tions. The lec ture will crit i cally re view the
re cent prog ress of high-field NMR and will out line the pos -
si ble de vel op ments ex pected within next few years.

Lec tures - Friday, March 17, morning
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METHODS OF OPTICAL SPECTROSCOPY FOR STRUCTURAL BIOLOGY

V. Baumruk

Charles Uni ver sity in Prague, Fac ulty of Math e mat ics and Phys ics, Ke Karlovu 5, 121 16 Prague 2 
E-mail: baumruk@karlov.mff.cuni.cz

Meth ods of op ti cal spec tros copy rep re sent a use ful tool to
study struc ture and dy nam ics of biomolecules in so lu tion.
Al though these tech niques can not yield 3D struc tures of
stud ied ob jects with atomic res o lu tion they can pro vide an -
swers to spe cific ques tions. In this lec ture, ba sic prin ci ples

of var i ous meth ods based on in ter ac tion of mol e cules with
ul tra vi o let, vis i ble and in fra red ra di a tion will be briefly
sum ma rized and then sev eral rep re sen ta tive ap pli ca tions
will be pre sented to il lus trate their use ful ness, strength and
in some re spects even unique ness.
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DNA REPLICATION FIDELITY: THEORY AND EXPERIMENT

 Jan Florián1,2

 1Dep. of Chem is try, Loyola Uni ver sity Chi cago, 6525 N. Sheridan Rd., Chi cago, IL 60626, USA
2In sti tute of Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Ke Karlovu 5, CZ-12116

Prague 2, Czech Re pub lic

Un der stand ing the or i gin of the fi del ity of DNA
polymerases is a prob lem of enor mous im por tance. De spite 
great ex per i men tal prog ress we still do not have a de tailed
mo lec u lar pic ture of the fac tors that con trol the fi del ity.

Here we de scribe the ap pli ca tion of com puter sim u la tion
ap proaches [1] to gain a deeper in sight into fi del ity mech a -
nisms and to com ple ment the ex per i men tal ad vances in the
field. We fo cus on the cal cu la tions of struc ture-func tion
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(fi del ity) cor re la tion and on the im prove ments of the ob -
tained re sults by a con stant feed back from ki netic, bind ing,
and struc tural ex per i ments.  

1.     J. Florián, M. F. Good man and A. Warshel,  Proc. Natl.
Acad. Sci. USA, 102, (2005) 6819 – 6824.

Sup port from NIH (Pro gram Pro ject grant #1U19CA
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MOLECULAR DYNAMICS STUDY OF MAJOR URINARY PROTEIN-PHEROMONE
INTERACTIONS: A STRUCTURAL MODEL FOR LIGAND-INDUCED FLEXIBILITY

INCREASE

Pavel Macek, Petr Novák, Lukáš Žídek and Vladimír Sklenáø

Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5/A4, Brno,
611 37, Czech Re pub lic

Re cently, two in de pend ent 15N NMR re lax ation stud ies
[1,2] in di cated that in con trast to the de creased flex i bil ity
ex pected for in duced-fit in ter ac tions, the back bone flex i -
bil ity of ma jor uri nary pro tein isoform I (MUP-I) slightly
in creased upon com plex for ma tion with its nat u ral
pheromone 2-sec-butyl-4,5-dihydrothiazol. We have an a -
lyzed mo tions in terms of fre quency-de pend ent and con -
for ma tion-de pend ent or der pa ram e ters S2 by mo lec u lar
dy nam ics sim u la tions of free- and complexed pro tein. In
gen eral, cal cu lated or der pa ram e ters S2 agree with the
NMR re lax ation data. Struc tural anal y sis sup plied ev i -
dence that mo bil ity in dif fer ent re gions can be at trib uted to

small conformational changes of free- and complexed pro -
tein, which re sults from hy dro gen bond ing net work mod i -
fi ca tions [3].

1.  L. Žídek, M.J. Stone, S.M. Lato, M.D. Pagel, Z.S. Miao,
A.D. Ellington and M.V. Novotny, Bio chem is try, 38,
(1999), 9850.

2. H. Køížová, L. Žídek, M.J. Stone, M.V. Novotny and 
V. Sklenáø, J.Biomol.NMR, 28, (2004), 369.

3. P. Macek, P. Novák, H. Køížová, L. Žídek, V. Sklenáø,
FEBS letters, In Press.
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MD AND AB INITIO MODELING OF ELECTRONIC SPECTRA OF
N-METHYLACETAMIDE AND PEPTIDES IN WATER SOLUTIONS

J. Šebek1,2, Z. Kejík1 and P. Bouø2

1In sti tute of Chem i cal Tech nol ogy, Technická 5, 166 28 Praha
2In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, Flemingovo

nám. 2, 166 10 Praha

Many meth ods used in an a lyt i cal chem is try are based on
in ter ac tions of mol e cules with ul tra-vi o let, vis i ble
(UV-vis) or in fra red (IR) light. Spec tral shapes and band
po si tions de pend not only on the struc ture, but also on sol -
vent en vi ron ment. We deal with mod el ing of ab sorp tion
and cir cu lar dichroism (CD) spec tra in UV-vis re gion and
with the in flu ence of po lar sol vents (wa ter). N-methyl -
acetamide (NMA) is the sim plest mol e cule con tain ing the
am ide chromo phore R-CO-NH-R’ (where R and R’ are
other groups than H) and thus it is con ve nient for mod el ing
of gen eral spec tral char ac ter is tics of pep tides and pro teins
[1]. The in flu ence of the sol vent was sim u lated by com bin -
ing of con tin uum di elec tric model (COSMO) with in clu -
sion of ex plicit wa ter mol e cules. Re sults of these
cal cu la tions re vealed three main mech a nisms by which the
sol vent mod i fies the spec tra: 1) via change of geo met ri cal
pa ram e ters of the am ide group, 2) by the elec tro static field
(in the case of po lar sol vent) and 3) by the hy dro gen bond -
ing and di rect par tic i pa tion of the wa ter orbitals.

Clus ter ge om e tries were ob tained from MD sim u la tions 
(TINKER soft ware, AMBER forcefield). Clus ter ab sorp -
tion spec tra were com puted ab in itio in vac uum and with
the COSMO model for mul ti ple ge om e tries. Av er age spec -
tra were in a very good agree ment with ex per i men tal spec -
trum of aque ous NMA so lu tion. In flu ence of non-H
bonded wa ter mol e cules on the band shapes and fre quen -
cies was not sig nif i cant.

Av er age tran si tion di pole mo ments of the NMA mol e -
cule ob tained ab in itio were used for the pre dict ing of the
CD spec tra (in the UV re gion) of main pep tide con for ma -

tions: a-he lix, b-sheet and coil con for ma tion (polyproline
II-like). Ro ta tory strengths were ob tained by a
semiempical Tran si tion Di pole Cou pling (TDC) model.

Com puted CD spec tra of a-he lix and coil were in a good

agree ment with avail able ex per i ment, for b-sheet the
agree ment was not so good.

1. Bouø, P.; Michalík, D.; Kapitán, J. J. Chem. Phys. 122
(20050 122, 144501 1-9.
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MOLECULAR MODELLING STUDIES WITH BOWMAN BIRK INHIBITORS

Peter Flecker

Institut für Physiologische Chemie und Pathobiochemie, Johannes Gutenberg Uni ver sity, Duesbergweg 6,
55099 Mainz, Ger many

Pro tein homology mo lec u lar mod el ling com bined with en -
ergy minimisations is used as a use ful tool for ob tain ing in -
sight into small struc tural per tur ba tions as a re sult of amino 
acid re place ments in the Bow man Birk in hib i tor of serine
pro teas es. This model pro tein built up from a rel a tively
short amino acid chain of 71 res i dues con tains a bi nary ar -
range ment of a trypsin- and chymotrypsin-in hib i tory
subdomain and a rigid struc tural frame work of seven
disulfide bonds. We have per formed mo lec u lar mod el ling
stud ies with sev eral homo logues of BBI as an in de pend ent
test for the va lid ity of this ap proach fol lowed by cal cu lat -

ing mod els of dif fer ent site di rected mu tants of the in hib i -
tor. The mod els dis played only mi nor struc tural de vi a tions
with re gards to the par ent pro tein. These de vi a tions were
none the less ex tremely use ful with re gards to the ir reg u lar -
i ties in the vari ants mon i tored by com par a tive ti tra tion- and 
ac tiv ity de ter mi na tion ex per i ments in the two subdomains.
These ex per i men tal and the o ret i cal data will be used in or -
der to de rive a struc tural model of a cou pled rather than in -
de pend ent fold ing of the two subdomains in the Bow man
Birk in hib i tors.

L9

THE USE OF GPU BASED CALCULATIONS IN STRUCTURAL BIOLOGY

M. Hušák

De part ment of Solid State, In sti tute of Chem i cal Tech nol ogy Prague,Technická 5, 166 28 Prague 6, Czech
Re pub lic, E-mail: husak@vscht.cz

There still ex ist a lot of very com pu ta tional ex ten sive task
in both struc tural bi ol ogy and crys tal log ra phy. Typ i cal ex -
am ples of prob lem re quest ing ex treme com pu ta tional
power are QM cal cu la tion, mo lec u lar dy namic sim u la tions
or struc ture so lu tion from pow der data.
The lat est de vel op ment in com puter graphic HW gives us
an al ter na tive to the clas si cal com pu ta tional model based
on sin gle CPU or clus ters of PC.

The Fig.1 dem on strates clearly the now a days dif fer -
ences be tween the com pu ta tional power of graphic cards
and sin gle core or dual core stan dard CPU. The trend is
clear – the al ready ex ist ing graphic cards have up to 20
times higher brute force com pu ta tional power in com par i -
son to ex ist ing CPU. The main rea son of such a speed dif -

fer ence is com pu ta tion dis tri bu tion be tween mul ti ple GPU
pro ces sors in side the graphic card and the use of very fast
mem ory el e ments as well as sup port for HW implemented
vector instructions.  

Un for tu nately uti li za tion of GPU for nor mal cal cu la -
tions is non triv ial. The al go rithm must op er ate with the
multi pro ces sor struc ture of the GPU as well as with sev eral 
data op er a tion lim i ta tions in side the graphic card. In the
area of struc tural bi ol ogy the GPU based cal cu la tions were
ex per i men tally used for solv ing of fol low ing prob lems:
Mo lec u lar dy namic sim u la tion [2], HMM Viterby prob a -
bil ity search in struc ture da ta bases [3] and NMR-dis tance
smooth ing for pro tein struc ture de ter mi na tion [4].
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In our de part ment we had made only some proof of the
con cept cal cu la tion. We had re peated the NMR-dis tance
smooth ing al go rithm [3] benchmarks and we had made
very sim ple benchmarks based on sev eral triv ial math e -
matic cal cu la tions.

Gen er ally the GPU based cal cu la tion is a prom is ing
tool for dras tic speed up of im por tant com pu ta tions. To
fully uti lize it for the struc tural bi ol ogy needs it is nec es -
sary to mod ify ex ist ing al go rithm to ver sions able to use
par al lel pro cess ing. There still ex ist sev eral prin ci pal lim its 
re lated to the na ture of the graphic HW mak ing GPU non
suit able for sev eral key op er a tions (as e.g. large lin ear
equa tions sys tem solv ing). The rea son is low com pu ta tion
pre ci sion in GPU and dif fer ent data cach ing model in com -
par i son to CPU. It is ex pected that such prob lems will be
han dled in new graphic cards op ti mized not only for

graphic op er a tions, but also for po ten tial use as com pu ta -
tional units.

1.  A. Lefohn, I. Buc, J. Owens, T. Purcell, P. McCormick,R.
Strzodka, IEEE Vi su al iza tion 2005.

2.    I. Buck, V. Vaidyanathan, V. Rangasayee, V. Pande, E.
Darve , ASC Re view Oc to ber 2004.

3. D. R. Horn, M. Hous ton, P. Hanrahan, IEEE
Supercomputing 2005.

4. P. Micikevicius, in GPU Gems 2, ed ited by M. Pharr (Ad -
di son-Wes ley), 2005, Ch. 43.

This study was part of re search programme MSM604
6137302 Prep a ra tion and re search of func tional ma te ri als
and ma te rial tech nol o gies us ing mi cro- and nanoscopic
meth ods

L10

BACTERIAL PROGRAMMED CELL DEATH – GENETICAL, BIOCHEMICAL, AND
STRUCTURAL INSIGHT

Patrik Florek, Pamela Pavelèíková, Katarína Muchová, and Imrich Barák

In sti tute of Mo lec u lar Bi ol ogy, Slo vak Acad emy of Sci ences, Bratislava

Pro grammed cell death in bac te ria, as it an a logue in euka -
ryotes, is de fined as ac tive pro cess, which dur ing the de vel -
op ment or due to en vi ron men tal sig nals leads to death of
a par tic u lar cell. 

The ex am ples of pro grammed cell lysis dur ing the de -
vel op men tal pro cesses are mother cell lysis of sporulating
Ba cilli, fruit ing body for ma tion of Myxococcus bac te ria,
and col ony re ar range ment of Streptomyces spe cies. On the
other hand, genes re spon si ble for pro grammed cell death as 
a con se quence of ef fect of var i ous harm ful agents from an
en vi ron ment have been found in wide range of pro -
karyotes. It has been shown that a pres ence of these agents
starts a self-de struc tion pro gram of se ri ously af fected cells, 
rather than kill ing the cells by the agents them selves. The
act of sui cide is in, these cases, usu ally per formed by a sta -
ble toxin pro tein, ef fect of which is oth er wise neu tral ized
by its un sta ble an ti dote. Tran scrip tion of both genes cod ing 
for toxin and its an ti toxin, which can be pro tein or un trans -
lated antisense RNA, is fre quently reg u lated from one
com mon pro moter. Such sys tems have been first iden ti fied
sta bi liz ing plasmid DNAs bear ing cor re spond ing genes.
How ever, pres ently there are known sev eral toxin-an ti -
toxin fam i lies, cas settes of which are pres ent on chro mo -
somes of va ri ety of bac te ria.

There are only few iden ti fied cel lu lar tar gets of toxin,
but in all in stances the tox ic ity di rects ei ther the cy to plas -
mic mem brane in teg rity, or the rep li ca tion and trans la tion
ma chin er ies, which are all fac tors cru cial for cell vi a bil ity.
In few cases the mech a nisms of tox ic ity is known even at
the mo lec u lar level, shad ing more light to our un der stand -
ing of pro cesses af fected by the toxin.

Out of dozen main groups of toxin-an ti toxin sys tems,
mo lec u lar struc ture of five toxin and three an ti toxin pro -

teins are al ready known. In some cases, these struc tures
bring many in ter est ing in for ma tion about the way how a
toxin af fects func tion of its cel lu lar tar get, or how its ac tiv -
ity is reg u lated through the bind ing of the an ti dote. How -
ever, in ma jor ity of these sys tems, struc tures of
toxin-an ti toxin and toxin-tar get com plexes have to be
solved. This is still some times com pli cated by the fact that
the cel lu lar tar gets of sev eral tox ins are not iden ti fied yet.
In sta bil ity of an ti toxin pro teins are fre quently due to their
deg ra da tion by spe cific pro teas es. Thus it makes them an
in ter est ing sub jects for bio chem i cal and struc tural stud ies.

In our work we fo cused on genetical, bio chem i cal and
struc tural stud ies of com po nents of SpoIIS toxin-an ti toxin
sys tem from Ba cil lus subtilis. SpoIISA toxic pro tein com -
prises two do mains – N-ter mi nal mem brane span ning and
C-ter mi nal cytosolic parts. Our re sults in di cate that nei ther
of these two do mains alone is suf fi cient for toxic ef fect.
How ever, the oligomerization driven by cytosolic parts is
needed for the tox ic ity of SpoIISA. This oligomerization
seems to be blocked by tight bind ing of ba sic SpoIISB an ti -
toxin to neg a tively charged C-ter mi nal part of SpoIISA. To 
fur ther ap pre ci ate the mech a nisms of this reg u la tion we at -
tempted to crys tal lize both pro teins and their com plex.   

The work in au thor’s lab o ra tory is sup ported by grant
2/1004/21 from the Slo vak Acad emy of Sci ences and by
grant APVT-51-027804 from Min is try of Ed u ca tion of Slo -
vak Re pub lic.
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MOLECULAR SYSTEMS BIOLOGY: MOLECULAR SIMULATIONS OF PROTEINS AND 
THEIR COMPLEXES

R. Ettrich 

Lab o ra tory of High Per for mance Com put ing, In sti tute of Sys tems Bi ol ogy and Ecol ogy ASCR and In sti tute of
Phys i cal Bi ol ogy USB, Zámek 136, CZ-373 33 Nové Hrady, Czech Re pub lic

E-mail: ettrich@greentech.cz

Simulationon a mo lec u lar level has evolved to be come the
tool of choice to model the phys i cal prop er ties of com plex
bi o log i cal sys tems. Mo lec u lar dy nam ics sim u la tions as
such have be come the “work horse” of struc tural bi ol o gists. 
Ten years ago state of the art sim u la tions could barely ac -
cess the nano sec ond time scale and the in crease in cpu
power has pushed this limit two or ders of mag ni tude. In ter -
est ingly, the in crease in power of sim u la tions is only partly
due to the large in crease in com put ing power dur ing the
past 50 years. De vel op ment of novel com pu ta tional tech -
niques ex tend mo lec u lar sim u la tions to wards lon ger time
and length scales in mo lec u lar sys tems bi ol ogy. Three-di -
men sional struc tures to build up a sta ble com plex bi o log i -

cal sys tem that might be stud ied by means of mo lec u lar
dy nam ics are gained ei ther by ex per i men tal tech niques of
X-ray dif frac tion and pro tein NMR or by homology and
en er getic mod el ing in com bi na tion with low-res o lu tion
spec tro scopic tech niques as are cir cu lar dichroism, Raman
spec tros copy or FTIR.

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 (MSM60076
65808, LC06010) and by the Acad emy of Sci ences of the
Czech Re pub lic (In sti tu tional re search con cept AVOZ608
70520) 

L11

A CORRELATION-BASED APPROACH FOR PREDICTING PROTEIN DOMAINS FROM 

SEQUENCE

M. Lexa

Masaryk Uni ver sity, Fac ulty of In for ma tics, Botanicka 68a, 60200 Brno, Czech Re pub lic
E-mail: lexa@fi.muni.cz

 
Pro tein struc ture pre dic tion from se quence is a very im por -
tant prob lem that has not been solved sat is fac to rily yet.
Pre dic tion is pos si ble for some se quences by the means of
homology mod el ling, thread ing, frag ment as sem bly or
ab-in itio mod el ling. An im por tant step of any pre dic tion
method is pre pro cess ing of the an a lyzed se quence to rec og -
nize the pres ence of pos si ble do mains. If do mains can be
iden ti fied, the prob lem can be split into a set of sim pler
prob lems, each deal ing with one do main sep a rately. Do -
mains of ten con tain typ i cal re gions of se quence sim i lar ity
to other pro teins con tain ing the same do main, there fore
sim i lar ity searches rep re sent a nat u ral ap proach to do main
iden ti fi ca tion. This has been used, for ex am ple, in the con -
struc tion of the ProDom da ta base of pro tein do mains [1].
Un for tu nately, many se quences lack se quence sim i lar ity to
ex ist ing pro teins, and do mains can not be iden ti fied this
way. An al ter na tive method based on a sta tis tic rec og niz ing 
interdomain re gions, rather then the do mains them selves,
pre dicts do main bound aries from the amino acid
composition of the an a lyzed se quence re gard less of the
pres ence or absense of se quence sim i lar ity [2]. An other
method pre dicts the bound aries of do mains by con sid er ing
the hydrophobicity of aminoacids and their like li hood to
oc cur in side or out side a typ i cal glob u lar do main [3].

In this con tri bu tion, I pres ent a new ap proach to do main 
pre dic tion. While based on se quence sim i lar ity as some
pre vi ous meth ods, it only re lies on very short seg ments of
se quence sim i lar ity that might be con sid ered noise by
many other meth ods. The nov elty and po ten tial power of
this method lies in the sub se quent anal y sis of the iden ti fied
short sim i lar i ties. These are con sid ered in pairs ocurring
along the ana lysed se quence. Pairs that are found cor re -
lated in a large pro tein da ta base are as sumed to have some
com mon func tion (struc tural or other) in the pro tein. As
such, they are much more likely to ex ist within a sin gle do -
main, since do mains are of ten con sid ered to be units of el e -
men tary func tions. Re gions of the an a lyzed se quence
spanned by many such cor re lated pairs are then eval u ated
as do main can di dates. Re gions with a min i mal num ber of
span ning cor re la tions are pre dicted to be do main bound -
aries. Com pared to pre vi ously re ported ver sion of this ap -
proach [4], a clus ter ing step has been added to the anal y sis,
to en able de tec tion of non-con tig u ous do mains.

The new method is be ing tested against a da ta base of
pro teins with known do main com po si tion. Other meth ods
will be com pared to our meth ods and the re sults pre sented.
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1.  F. Ser vant, C. Bru, S. Carrere, E. Courcelle, J. Gouzy, D.
Peyruc, D. Kahn, ProDom: au to mated clus ter ing of ho mol -
o gous do mains, Brief ings in Bioinformatics, 3, (2002),
246-251.

2. M. Dumontier, R. Yao, H.J. Feldman, C.W.V. Hogue, Ar -
ma dillo: do main bound ary pre dic tion by amino acid com -
po si tion Jour nal of Mo lec u lar Bi ol ogy, 350, (2005),
1061-1073.

3. R.A. George, K. Lin, J. Heringa, Scooby-do main: pre dic -
tion of glob u lar do mains in pro tein se quence, Nu cleic Acid
Re search, 33, (2005), W160-W163.

4. M. Lexa, G. Valle, Combining rapid word searches with
segment-to-segment alignment for sensitive similarity
detection, domain identification and structural modelling,
Proceedings of the Bioinformatics Italian Society Meeting
Padova 26-27 March 2004, (2004), A66.
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CRYSTAL STRUCTURE OF PHOTOSYSTEM II FROM Thermosynechococcus
elongatus REFINED AND STUDIED BY MOLECULAR DYNAMICS

P. Palenèár
1
, F. Vácha

1,3
, and M. Kutý

1,2

1In sti tute of Phys i cal Bi ol ogy, Uni ver sity of South Bo he mia, Zámek 136, 37333 Nové Hrady, 
Czech Re pub lic

2In sti tute of Sys tems Bi ol ogy and Ecol ogy, Acad emy of Sci ences of the Czech Re pub lic, Zámek 136, 37333
Nové Hrady, Czech Re pub lic

3In sti tute of Plant Mo lec u lar Bi ol ogy, Acad emy of Sci ences of the Czech Re pub lic,
Branišovská 31, 370 05 Èeské Budìjovice, Czech Re pub lic

e-mail: palencar@ufb.jcu.cz

Crys tal or NMR struc tures are es sen tial and fun da men tal in 
per form ing al most all mo lec u lar mod el ling tech niques.
Three di men sions res o lu tion of such struc tures is cer tainly
one of the most cru cial cri te ria of qual ity and cred i bil ity.
Re search ers made great ef fort to pre pare crys tals of
photosystem II (PS II) from al gae and higher plants in the
last de cades. How ever, till now there are only two ex per i -
men tal crys tal struc tures re solved at ad e quate res o lu tion.
Both are from the same com mon or gan ism Thermosyne -
chococcus elon gates. First was ob tained at 3.5 C (PDB
code: 1S5L) [1] and sec ond at 3.2 C (PDB code: 1W5C) [2] 
over all res o lu tion. By per form ing se ries of mo lec u lar dy -
nam ics (MD) sim u la tions at ap pro pri ate time scales also
cou pled par tially with quan tum-chem i cal cal cu la tions, it is
pos si ble to in crease the model ac cu racy mainly in the re -
gions, where the prob a bil ity of spa tial ori en ta tion of amino
acid side chain lacks ap pro pri ate elec tron den sity or other
sources of ex per i men tal data. We pres ent here more nat u -
ral-like, geo met ri cally-op ti mised struc tures of ex tended re -
ac tion cen tre (RC) of PS II.

First, we con structed trun cated mod els of PS II con sid -
er ing pro tein sub units and pig ment mol e cules from and
around the RC, keep ing also func tion ally and struc tur ally
im por tant spa tial sub units. These struc tures were then used
as start ing struc tural mod els for MD sim u la tion runs. Force 
field (FF) [3] pa ram e ters (charge dis tri bu tion and force
con stants) and to pol ogy for PS II RC pig ment mol e cules
[4] were de vel oped for the Yamber2 FF [5, 6] by per form -
ing quan tum chem i cal cal cu la tions and by mod i fy ing and
ex tend ing Ceccarelli [7] stud ies con cern ing bac te rial type a
pig ments. Ge om e try op ti mi sa tion of PS II RC pig ment
mol e cules and de vel op ment of new FF pa ram e ters was per -
formed at RHF/6-31G* level of quan tum chem i cal the ory
us ing Gaussi an 98 [8]. Cal cu la tion of RESP atomic charges 
fol low ing AMBER FF de vel op ing scheme [9] was done
us ing Gaussi an 98, R.E.D, an te cham ber, and resp sub rou -
tines. Com plete FF pa ram e ters and to pol ogy for the PS II
RC pig ment mol e cules were de vel oped and in tro duced to

YASARA [5]. Sev eral MD sim u la tion runs, tak ing into
ac count dif fer ent pig ment ox i da tion states and var i ous sol -
vent prop er ties, were per formed in or der to check the qual -
ity of new FF pa ram e ters for the PS II RC pig ments.
Sub se quently, by fur ther op ti mis ing over all ge om e try of
new struc tural mod els us ing MD sim u la tion runs with
small time step of 1.0 fs, we ob tained fi nal mod els of PS II
RC com plex. De tailed anal y sis of new FF pa ram e ters
showed re al is tic dy namic be hav iour of pig ment mol e cules
and typ i cal elec tro static in ter ac tions with the sur round ing
pro tein environment.

Re cently, changes in excitonic in ter ac tions of PS II RC
pig ments upon light-in duced ox i da tion of pri mary do nor
(P680) or re duc tion of pri mary ac cep tor pheophytin a (Phe
a), were ana lysed us ing ab sorp tion and cir cu lar dichroism
(CD) spec tra [10, 11]. In con trast to the ox i da tion of pri -
mary do nor, the light-in duced change in the CD spec trum
upon pri mary ac cep tor re duc tion was tem per a ture-de pend -
ent. This sug gests a hy poth e sis that at a room tem per a ture
the re duced Phe a in duces conformational changes of the
RC pro tein en vi ron ment, which af fects the excitonic in ter -
ac tion of the RC chloro phylls (Chls). Hav ing op ti mised
struc tural mod els of PS II RC we were able to elu ci date and 
de scribe some of the de tails of these pro cesses.

1. Ferreira, K.N., Iverson, T.M., Maghlaoui, K., Bar ber, J.,
Iwata, S.: Ar chi tec ture of the photosynthetic ox y gen-evolv -
ing cen ter. – Sci ence 303 (2004) 1831-1838.

2. Biesiadka, J., Loll, B., Kern, J., Irrgang, K.-D., Zouni, A.:
Crys tal struc ture of cyanobacterial photosystem II at 3.2 Å
res o lu tion: a closer look at the Mn-clus ter. Phys. Chem.
Chem. Phys. 6 (2004) 4733-4736.

3. MacKerell, A.D., Jr.: Em pir i cal force fields for bi o log i cal
macromolecules: over view and is sues. – J. Comput. Chem.
25 (2004) 1584-1604.

4. Palenèár, P., Vácha, F., Kutý, M.: Force field de vel op ment
on pig ments of photosystem 2 re ac tion cen ter. –
Photosynthetica 43 (2005) 417-420.
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6. Cor nell, W.D., Cieplak, P., Bayly, C.I., Gould, I.R., Merz,
K.M., Fer gu son, D.M., Spellmeyer, D.C., Fox, T.,
Caldwell, J.W., Kollman, P.A.: A 2nd gen er a tion
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5179-5197.

7. Ceccarelli, M., Procacci, P., Marchi, M.: An ab in itio force
field for the co factors of bac te rial pho to syn the sis. – 
J. Comput. Chem. 24 (2003) 129-142.

8. Frisch, M.J., G.W. Trucks, H.B. Schlegel, G.E. Scuseria,
M.A. Robb, J.R. Cheeseman, V.G. Zakrzewski, J.A. Mont -
gom ery, Jr., R.E. Stratmann, J.C. Burant, S. Dapprich, J.M. 
Millam, A.D. Daniels, K.N. Kudin, M.C. Strain, O. Farkas, 
J. Tomasi, V. Barone, M. Cossi, R. Cammi, B. Mennucci,
C. Pomelli, C. Adamo, S. Clif ford, J. Ochterski, G.A.
Petersson, P.Y. Ayala, Q. Cui, K. Morokuma, N. Rega, P.
Sal va dor, J.J. Dannenberg, D.K. Malick, A.D. Rabuck, K.
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A.G. Baboul, B.B. Stefanov, G. Liu, A. Liashenko, P.
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The RESP model. – J. Phys. Chem. 97 (1993)
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10. Vácha, F., Durchan, M., Šiffel, P.: Excitonic in ter ac tions in 
the re ac tion cen tre of photosystem II stud ied by us ing cir -
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11. Vácha, F., Pšenèík, J., Kutý, M., Durchan, M., Šiffel, P.:
Ev i dence for lo cal iza tion of ac cu mu lated chlo ro phyll cat -
ion on the D1-ac ces sory chlo ro phyll in re ac tion cen tre of
photosystem II. – Photosynth. Res. 84 (2005) 297-302.

L13

FROM NONPEPTIDE TOWARD NONCARBON PROTEASE INHIBITORS:
METALLACARBORANES AS SPECIFIC AND POTENT INHIBITORS OF HIV

PROTEASE

Petr Cígler1,3, Milan Kožíšek1, Pavlína Øezáèová2, 4, Jíøí Brynda2, Zbyszek Otwinowski 4, 
Jana Pokorná1, Jaromír Plešek5, Bohumír Grüner5, Lucie Doleèková-Marešová1, 
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HIV pro te ase (PR) rep re sents a prime tar get for ra tio nal
drug de sign, and pro te ase in hib i tors (PI) are pow er ful an ti -
vi ral drugs. Most of the cur rent PIs are pseudopeptide com -
pounds with lim ited bioavailability and sta bil ity, and their
use is com pro mised by high costs, side ef fects, and de vel -
op ment of re sis tant strains. In our search for novel PI struc -
tures, we have iden ti fied a group of in or ganic com pounds,
icosahedral metallacarboranes, as can di dates for a novel
class of nonpeptidic PIs. Here, we re port the po tent, spe -
cific, and se lec tive com pet i tive in hi bi tion of HIV PR by
sub sti tuted metallacarboranes. The most ac tive com pound,
so dium hy dro gen butylimino bis-8,8-[5-(3-ox a-pento -
xy)-3- co balt bis(1,2-dicarbollide)]di-ate, ex hib ited a Ki

value of 2.2 nM and a submicromolar EC50 in an ti vi ral
tests, showed no tox ic ity in tis sue cul ture, weakly in hib ited
hu man cathepsin D and pep sin, and was in ac tive against
trypsin, papain, and am y lase. The struc ture of the par ent
co balt bis(1,2-dicarbollide) in com plex with HIV PR was

de ter mined at 2.15= res o lu tion by pro tein crys tal log ra phy
and rep re sents the first carborane-pro tein com plex struc -
ture de ter mined. It shows the fol low ing mode of PR in hi bi -
tion: two mol e cules of the par ent com pound bind to the
hy dro pho bic pock ets in the flap-prox i mal re gion of the S3
and S3’ subsites of PR. We sug gest, there fore, that these
com pounds block flap clo sure in ad di tion to fill ing the cor -
re spond ing bind ing pock ets as con ven tional PIs. This type
of bind ing and in hi bi tion, chem i cal and bi o log i cal sta bil ity, 
low tox ic ity, and the pos si bil ity to in tro duce var i ous mod i -
fi ca tions make bo ron clus ters at trac tive phamacophores for 
po tent and spe cific en zyme in hi bi tion.

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, GACR206/02/D177) and by the Acad emy of Sci ences of 
the Czech Re pub lic (In sti tu tional re search con cept AVOZ
60870520 and AV0Z50510513).
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Galectins are an evolutionarily con served fam ily of 15 dif -
fer ent lectins found in var i ous com bi na tions in vir tu ally ev -
ery type of an i mal cell. One of the pri mary galectins
ex pressed in in tes ti nal ep i the lium is galectin-4, a tan -
dem-re peat galectin with two car bo hy drate-rec og ni tion do -
mains in a sin gle polypeptide chain hav ing af fin ity for
ß-galactosides as the lac tose [1].

We re ported here the X-ray struc ture of mouse galec -
tin-4 N-ter mi nal do main (CRD1) in com plex with lac tose
(Fig ure 1) at res o lu tion 2.1 C. Com par i son with other
galectins, mode of ligand bind ing and flu o res cence of in -
ter act ing Tryptophan will be dis cussed.

1.  M. A. Wooters, S. L. Ropp, A K.Erickson, Biochimie., 87
(2005) 143-149.
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DNA CONFORMATIONAL CLASSES

Dan iel Svozil

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

7753 dinucleotides from 447 high res o lu tion DNA struc -
tures were an a lyzed in the tor sional space of 14 confor -
mational vari ables. The conformational types were
de ter mined by the fol low ing stepwise clas si fi ca tion pro ce -
dure. The first step in volves the choice of  the 3D maps of
tor sion an gles (9 dif fer ent com bi na tions of tor sion an gles
were used), and the iden ti fi ca tion of data points ag gre gates
(peaks) based on their den sity by the means of Fou rier av -
er ag ing. In each of  the nine an a lyzed maps, ~20 peaks
were iden ti fied. Each peak was ap prox i mated by a sphere,

and in di vid ual data points were as signed, based on their
dis tances from peak cen ters, to the peaks. All data points
were la beled by names of the neigh bour ing paks in all nine
maps, and they were, in the sec ond step, clus tered by a
tech nique called lex i co graph i cal clus ter ing.  Lex i co graph i -
cal clus ter ing cre ates a typ i cal im print for each data point;
an iden ti cal (or close to iden ti cal) im print of a group of data 
points then de fines a clus ter. Be cause each im print rep re -
sents a con for ma tion near peak po si tions, each clus ter then
rep re sents a dinucleotide conformational fam ily.
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Fig. 1. a) Detail view of in ter act ing lac tose (car bons col oured green) in bind ing site. b) The same as a), sol vent ac ces si ble sur face 
of galectin is col oured by elec tro static po ten tial (neg a tive red, pos i tive blue).
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Mod ern com pu ta tional ap proaches rep re sent a use ful tool
to study se lected as pects of struc ture and dy nam ics of nu -
cleic ac ids. I will pres ent a short sur vey of the lat est de vel -
op ments in the field, with a spe cial em pha size given to

mo lec u lar dy nam ics stud ies of RNA and DNA. Ba sic prin -
ci ples, main ad van tages and sub stan tial lim i ta tions/fail ures 
will be ex plained.

Lec tures - Saturday, March 18, morning
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STRUCTURE ELUCIDATION BY DIFFRACTION METHODS – CONTRIBUTION TO
STRUCTURAL BIOLOGY

J. Dohnálek

In sti tute of Macromolecular Chem is try of the Acad emy of Sci ence of the Czech Re pub lic, Heyrovského nám.
2, 16206 Praha 6, Czech Re pub lic, E-mail: dohnalek@imc.cas.cz

The first doc u mented X-ray scat ter ing on or dered sam ples
of bi o log i cal or i gin was ob served by J. D. Bernal in Cam -
bridge, U.K. in 1934. Fur ther ex per i ments by Dor o thy
Crow foot-Hodg kin and M. F. Perutz in Ox ford on crys tals
of in su lin and hae mo glo bin in 1937 and in the fol low ing
years lead to de vel op ment of a method which rev o lu tion -
ized our views of bio chem i cal pro cesses and mo lec u lar
struc ture of liv ing sys tems. The num ber of struc tures de ter -
mined by dif frac tion meth ods from 1960 to these days (the
first one of myoglobin by Kendrew) amounts to tens of
thou sands, many of them re main ing un pub lished or sub ject 
to pro pri etary rights of pri vate com pa nies. The length of
the pro cess of solv ing and fi nal iz ing a struc ture dra mat i -
cally de creased from sev eral years to sev eral weeks or
months de pend ing on the pro ject dif fi culty. 

While from 1950s till 1980s meth ods for struc ture solv -
ing such as mo lec u lar re place ment and isomorphous re -
place ment were de vel oped, late 1980s and 1990s saw a fast 
de vel op ment of com pu ta tional tech nol ogy and its ap pli ca -
tion in all steps of macromolecular struc ture de ter mi na tion. 
In the re cent ten years this field prof ited from huge de vel -
op ment ef fort in crys tal lo graphic soft ware as well as meth -
od olog i cal ad vances in pro tein and nu cleic acid
crys tal li za tion and in data col lec tion and anal y sis. Macro -
mole cular crys tal log ra phy to day would be un think able
with out cryo-cool ing of sam ples, syn chro tron sources of
high in ten sity X-ray ra di a tion and high speed internet ser -
vices and da ta bases.

Crys tal lo graphi cally de ter mined struc tures of bi o log i -
cal mol e cules bring in valu able in for ma tion rang ing from
de tails of in ter ac tions be tween lig ands and en zymes, as -
sem blies of pro tein-pro tein or nu cleic acid – pro tein types
to highly com plex struc tures of vi ruses. Qual ity of ac quired 
struc tural in for ma tion does not de pend on the size of the
sys tem once reg u larly or ga nized.

The most re cent ad vances (5 years) tar get the main bot -
tle necks of these meth ods and in di cate fu ture de vel op ment. 
High through put meth ods for pro tein pro duc tion, pu ri fi ca -
tion and crys tal li za tion, robotized home source and syn -
chro tron beam-lines and soft ware equip ment for au to matic
in for ma tion-with-sam ple trans fer and for au to matic data
col lec tion were pro duced mainly within struc tural ge -
nomics pro jects for which the main start ing im pulse were
the re sults of suc cess ful genomics pro jects. Sys tem atic
stud ies on ra di a tion dam age of bi o log i cal sam ples in duced
by in ten sive ra di a tion sources con trib uted sub stan tially to
better ex per i ment plan ning and tech niques.  Free elec tron
la ser and sin gle par ti cle im ag ing are be com ing cen tres of
in ter est mainly for dif frac tion stud ies of larger sys tems
(organelles or cells) with out the need of an or dered crys tal -
line sys tem.

In tro duc tion of mod ern meth ods is sup ported by the Min is -
try of Ed u ca tion of the Czech Re pub lic (1K05008).
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The spec trum of clas si cal syn thetic meth ods is sig nif i -
cantly wid ened and en riched by ex pan sion of bio chem i cal
meth ods. En zyme-cat a lyzed re ac tions have be come pop u -
lar al ter na tives to clas si cal or ganic chem is try for its high
se lec tiv ity and ac tiv ity un der mild re ac tion con di tions and
sev eral in dus trial pro cesses us ing en zymes as a cat a lyst are
al ready in use. Haloalkane dehalogenases (EC 3.8.1.5) are
one class of such en zymes hold ing high po ten tial for ap pli -
ca tion in asym met ric biocatalysis. The main prod ucts of
haloalkane dehalogenase re ac tions (al co hols) are valu able
build ing blocks in or ganic syn the sis and these en zymes do
not need any co fac tor or metal ion for their ac tiv ity [1].
How ever, there has been no re port that a mem ber of this
spe cific en zyme fam ily shows suf fi cient stereoselectivity
for pro duc tion of op ti cally ac tive com pounds. In 2001,
Pieters and co-work ers [2] have in ves ti gated enantio -
selectivity of haloalkane dehalogenase DhlA from Xantho -
bacter autotrophicus GJ10 and DhaA from Rhodococcus
rhodochrous NCIMB 13064. The mag ni tude of the chiral
rec og ni tion was low; a max i mum E-value of 9 was reached
af ter a struc tural op ti mi za tion of the sub strate. In 2004,

twenty years af ter dis cov ery of the first haloalkane
dehalogenase, de vel op ment of enantioselective dehalo -
genases for use in in dus trial biocatalysis was de fined as
one of the ma jor chal lenges of the field [3].

Hydrolytic dehalogenation of a serie of racemic sub -
strates by us ing three dif fer ent en zymes has been per -
formed in this study. The en zymes in cluded in test ing were
pre vi ously stud ied DhaA, and two ad di tional en zymes
LinB from Sphingobium japonicum UT26 [4] and DbjA
from Bradyrhizobium japonicum USDA110 [5]. The mag -
ni tude of the chiral rec og ni tion was low for most of the
sub strates, how ever ex cel lent enantioselectivity of all three 
en zymes was ob served in re ac tion with brominated es ters
of propionic and bu tyric ac ids. This ob ser va tion dem on -
strated for the first time that a mem ber of haloalkane
dehalogenase fam ily pos sesses suf fi cient enantio selec -
tivity for syn the sis of op ti cally pure com pounds. Fur ther -
more, haloalkane dehalogenase DbjA showed high

enan tio selectivity also with b-sub sti tuted bromoalkanes.
This enantioselectivity is in ter est ing and sur pris ing in light
of a sim ple struc ture of this com pound giv ing a very few
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Fig ure 1 Ac tive-site model of the haloalkane dehalogenase DbjA. Bind ing of two types of sub strate mol e cules: b-sub sti tuted 

al kanes (1) and b-sub sti tuted es ters (2). A, ha lide-bind ing site; B, ox y gen-in ter act ing site; C, alkyl-chain bind ing site. Cat a -
lytic pentad (in white) and sub strate mol e cules docked in Mi chae lis com plex (in color) are shown in stick.



pos si bil i ties for dif fer en tial bind ing and ca tal y sis of its en -

an tio mers. On the other hand, b-sub sti tuted es ters have an
ex tra group that can form ad di tional hy dro gen bond with
the ac tive site res i dues and make their bind ing more ori -
ented. The res o lu tion of es ters could be achieved by three-
 point- at tach ment mech a nism, which would not how ever

ap ply to b- sub sti tuted al kanes (Fig ure 1). A hy poth e sis of
two sep a rate mech a nisms of haloalkane dehalo genase

enantio selec tivity to wards b-sub sti tuted bromoalkanes and 

b-sub s ti tuted es ters has been pro posed based on these ob -
ser va tions. The ex tended sub strate map ping to gether with
mo lec u lar mod el ing brought the first view on mech a nism
of haloalkane dehalogenase enantio selectivity. Un der -
stand ing of these mech a nisms is es sen tial for en gi neer ing
of new enantioselective biocatalysts.

1. D. B. Janssen, F.Pries & J. R. Van der Ploeg, An nual Re -
view of Mi cro bi ol ogy, 48 (1994) 163-191.

2. R. J. Pieters, J. H. L. Spelberg, R. M. Kellogg & D. B.
Janssen, Tet ra he dron Let ters, 42 (2001) 469-471.

3. D. B. Janssen, Cur rent Opin ion in Chem i cal Bi ol ogy, 8
(2004) 150-159.

4. Y. Nagata, K. Miyauchi, J. Damborsky, K. Manova, A.
Ansorgova & M. Takagi, Ap plied and En vi ron men tal Mi -
cro bi ol ogy 63, (1997) 3707-3710.

5. Y. Sato, M. Monincova, R. Chaloupkova, Z. Prokop, Y.
Ohtsubo, K. Minamisawa, M. Tsuda, J. Damborsky & Y.
Nagata, Ap plied and En vi ron men tal Mi cro bi ol ogy, 71
(2005) 4372-4379.
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Haloalkane dehalogenases (EC 3.8.1.5) are en zymes able
to re move a ha lide from halogenated aliphatic com pounds
by the hydrolytic re place ment. Prod ucts of this re ac tion are
cor re spond ing al co hols. Re cently we have dem on strated
for the first time that cer tain pro teins from this en zy matic
fam ily pos sess suf fi cient enantioselectivity for syn the sis of 
op ti cally ac tive com pounds. There is a high po ten tial for an 
ap pli ca tion of haloalkane dehalogenases in asym met ric
biocatalysis, since op ti cally ac tive haloalkanes and al co -
hols are valu able build ing blocks in or ganic syn the sis of 
in ter me di ates for pharmaceuticals, agro chemi cals, food
ad di tives, and odorants. 

Hydrolytic dehalogenation of wide range of racemic
sub strates catalysed by haloalkane dehalogenases DhaA
from Rhodococcus rhodochrous NCIMB 13064, LinB
from Sphingobium japonicum (for merly Sphingomonas
paucimobilis) UT26 and DbjA from Bradyrhizobium
japonicum USDA 110 have been tested in this study. Three 
dif fer ent haloalkane dehalogenases pos ses ex cel lent

enantioselectivity with brominated es ters (E-value > 200).
Ad di tion ally, the haloalkane dehalogenase DbjA re vealed

high enantioselectivity to wards b-sub sti tuted bromo -
alkanes. This enantioselectivity is in ter est ing due to the
sim ple struc ture of these chem i cal com pounds giv ing a
very few pos si bil i ties for dif fer ent bind ing and ca tal y sis of
(R) and (S) en an tio mers. Se quence com par i sons and struc -
tural anal y sis re vealed the pres ence of in ser tion frag ment
unique to DbjA that is lo cated on pro tein sur face. Mu ta gen -
e sis fol lowed by ki netic char ac ter iza tion of de le tion mu tant 
con firmed that this frag ment is in volved in enantio -

selectivity of DbjA with b-sub sti tuted bromoalkanes, but
not with es ters. This ev i dence sug gests that DbjA en zyme
is act ing by two dif fer ent enantioselectivity mech a nisms.
This study dem on strates that enatioselectivity of en zymes
can be mod u lated by the en gi neer ing of sur face loop which
may have im por tant im pli ca tions for con struc tion of new
enantioselective biocatalysts.
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R. Chaloupková, Z. Prokop, M. Straková, T. Mozga and J. Damborský
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The ap pli ca bil ity of en zymes in an in dus trial pro cesses for
the pro duc tion of fine chem i cals re quires that a num ber of
cri te ria are ful filled. Enantioselectivity is the most im por -
tant when ap pli ca tion in asym met ric biocatalysis is be ing
con sid ered. Many en zymes do not pro vide prod ucts of high 
stereomeric pu rity un der phys i o log i cal con di tions. The
ma nip u la tion of the phys i cal en vi ron ment is at trac tive way
to pro vide an ad di tional level of con trol of en zyme
stereochemistry. In this work, the ef fect of tem per a ture and 
pH on en zyme struc ture sta bil ity, ac tiv ity and enantio -
selectivity was in ves ti gated. Haloalkane dehalo genase
DbjA from Bradyrhizobium japonicum USDA110 [1] was
se lected as a model en zyme. The DbjA dehalogenase ex -
hib its novel sub strate spec i fic ity [1] and more im por tantly
it is the first re ported enantioselective haloalkane
dehalogenase. High enantioselectivity of this en zyme was

ob served in re ac tion with se lected b-sub sti tuted bromo -
alkanes and brominated es ters [2].

Ac tiv ity, enantioselectivity and conformational be hav -
ior of DbjA have been eval u ated at dif fer ent tem per a tures
and pH. Conformational changes have been as sessed by
cir cu lar dichroism spec tros copy. De ter mined melt ing tem -
per a ture Tm was 47.3 ± 0.2 °C. The DbjA en zyme is highly
tol er ant to pH changes. The sec ond ary struc ture of DbjA
was not sig nif i cantly af fected by pH in the range 5.3-10.3.
At highly acidic con di tions (pH < 5.3), the en zyme ag gre -
gates, whereas at ex treme al ka line con di tions (pH > 10.3)
ex ist in pre dom i nantly dis or dered con for ma tion. The tem -
per a ture and pH op tima of DbjA en zyme were de ter mined
with 1-iodohexane by ac tiv ity mea sure ment. Max i mal ac -
tiv ity was de tected at 50 °C and at pH 9.7. The high est E

value (174) of DbjA en zyme to wards 2-bromopentane was
de ter mined at 20 °C. The ef fect of pH on enantio -
discrimination of 2-bromopentane by DbjA was not ob -
served, while the tem per a ture sig nif i cantly al tered en zyme
enantioselectivity. Low er ing of tem per a ture from 50 to 
20 °C re sults in thir teen times higher DbjA enantio -
selectivity to wards 2-bromopentane. Racemic tem per a ture
as well as dif fer en tial ac ti va tion pa ram e ters enthalpy and
en tropy have been cal cu lated based on re la tions be tween
enantioselectivity and tem per a ture. Racemic tem per a ture

was eval u ated to be 85.6 °C, DR-SDHto be -69.5 kJ/mol and

DR-SDSto be 0.2 kJ/mol. The en zyme pref er en tially cat a -
lyzed enthalpically favored (R)-enantiomer. 

These ob ser va tions dem on strate that haloalkane
dehalogenase DbjA pos sess high ac tiv ity and struc tural
sta bil ity through wide range of pH con di tions. Fur ther -
more, the enantioslelectivity of DbjA en zyme with se lected 
sub strate could be im proved by de creas ing ex per i men tal
tem per a ture. We con clude that phys i cal vari ables rep re sent 
an im por tant and eas i est ap proach for mod u la tion of en -
zyme cat a lytic prop er ties which can be ex plored in
biotechnologies.

1. Y. Sato, M. Monincová, R. Chaloupková, Z. Prokop, Y.
Ohtsubo, K. Minamisawa, M. Tsuda, J. Damborský & Y.
Nagata, Ap plied and En vi ron men tal Mi cro bi ol ogy 71
(2005) 4372-4379.

2. Z. Prokop, Y. Sato, T. Mozga, R. Natsume, D.B. Janssen,
M. Tsuda, Y. Nagata, T. Senda & J. Damborsky, Na ture
Bi o log i cal Chem is try (2006) sub mit ted.
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Enantioselective en zymes are use ful as cat a lyst for
biosynthesis of var i ous or ganic com pounds. Mem bers of
the haloalkane dehalogenase fam ily (EC 3.8.1.5), which

be long to superfamily of a/b-hy dro las es, pro duce al co hols
dur ing the dehalogenating re ac tion. If dehalogenases are
enantioselective, they could catalyse syn the sis of sev eral

al co hols im por tant for phar ma ceu ti cal, food and ag ri cul -
tural in dus try. How ever, only DbjA from Bradyrhizobium
japonicum USDA110 [1] is show ing sig nif i cant enantio -
selectivity to wards sev eral types of sub strates. The ob jec -
tive of this pro ject is to ex tend this in ter est ing prop erty to
other fam ily mem bers.  The most struc tur ally re lated
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haloalkane dehalogenase DhaA from Rhodococcus
rhodochrous NCIMB 13064 was se lected for mu ta gen e sis.

Amino ac ids in the ac tive site of DbjA, pos si bly de ter -
min ing enantioselectivity of this en zyme, were in cluded in
ex per i men tal de sign of re con struc tion of enantioselective
haloalkane dehalogenase DhaA. Res i dues were cho sen
based on se quence align ment of DbjA with DhaA. In ad di -
tion to nine point sub sti tu tions (H105Q, W141F, P142A,
F144A, G171R, A172V, K175G, C176G and V245A), the
main dif fer ence is in the pres ence of the in ser tion loop
(139HHTEVAEEQDH149) be tween the main and the cap
domain of DbjA.

Seven rounds of mu ta gen e sis were de signed. At first,
the mu tant gene con tain ing the loop-cod ing se quence was
pre pared by in verse poly mer ase chain re ac tion. Other mu -
ta tions were cu mu la tively added us ing QuikChangeTM

Site-Di rected Mu ta gen e sis Kit (Stratagene, USA) ac cord -
ing to man u fac turer’s in struc tions. Genes were am pli fied
us ing spe cific com ple men tary prim ers in tro duc ing sub sti -
tu tions into se quences. The genes car ry ing mu ta tions were
cloned into the pET21b ex pres sion vec tor (Novagen, USA) 
and ex pressed in Esch e richia coli BL21 (DE3). Pro teins
were pu ri fied us ing HiTrapTM Che lat ing col umn with metal 

af fin ity resin (Amersham Bio sci ences, Ger many). Their
mo lec u lar weight and pu rity were checked by SDS- poly -
acrylamide elec tro pho re sis. Fold ing of pro teins was ver i -
fied by cir cu lar dichroism (CD) spec tros copy. The
dehalogenating ac tiv ity of en zymes to wards 1,3-dibrom -
opropane and stereospecificity with the racemic mix ture of

the set of b-sub sti tuted aliphatic bromoalkanes and b-halo -
genated es ter were tested by gas chro ma tog ra phy. 

Six mu tant genes of haloalkane dehalogenase DhaA
were suc cess fully con structed. All pro teins were pro duced
in a sol u ble form. The yields of pro tein vari ants ex cept the
first mu tant were high. Four out of six mu tants were ac tive
to wards 1,3-dibromopropane. Ac tiv ity data were con sis -
tent with the changes that were ob served in CD spec tra.
Last two mu tants with the most sim i lar CD spec tra to DhaA 
showed ac tiv ity com pa ra ble to the wild type en zyme. Test -
ing of mu tants for enantioselectivity is in prog ress. The re -
sults of these ex per i ments will be pre sented dur ing the
lec ture. 

1. Y. Sato, M. Monincová, R. Chaloupková, Z. Prokop, Y.
Ohtsubo, K. Minamisawa, M. Tsuda, J. Damborský & Y.
Nagata, Appl. En vi ron. Microbiol., 71 (2005), 4372-4379.
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Halogenated aliphatic hy dro car bons are wide spread re cal -
ci trant com pounds due to mas sive nat u ral and in dus trial
pro duc tion. They are en vi ron men tally dan ger ous be cause
of their toxic, genotoxic, teratogenic and ir ri tat ing ef fects.
Mi cro bial en zymes haloalkane dehalogenases have been
stud ied for de cades for their pos si ble use in bioremediation
ow ing to their ca pa bil ity to catalyse hydrolytic dehalo -
genation of the xenobiotics to harm less prod ucts. Prac ti cal
use of these en zymes re quires in crease of ac tiv ity, spec i fic -
ity and thermostability through mod i fi ca tion in their struc -
tures.

Three haloalkane dehalogenases with ex per i men tally
solved three-di men sional struc ture dif fer in rate-lim it ing
step of the dehalogenation re ac tion. The slow est step for
Rhodoccocal haloalkane dehalogenase DhaA is re lease of
an al co hol from the ac tive site cav ity to bulk sol vent. The
re lease may oc cur through two tun nels called the main tun -
nel and the slot. Ra tio nal com puter-as sisted re-de sign of
the tun nels could lead to DhaA with higher cat a lytic ac tiv -
ity. Clas si cal mo lec u lar dy nam ics is, how ever, not ap pro -
pri ate tool for mod el ling of egress of the prod uct of the
re ac tion be cause this pro cess is rare event and can not be
ob served dur ing nano sec ond sim u la tions. We ap plied Ran -

dom Ac cel er ated Mo lec u lar Dy nam ics (RAMD) [1] to
speed up the egress by ap ply ing a force on the prod uct mol -
e cule. Us ing RAMD, we are ca pa ble to model ex port path -
ways in the time scale from tens to hun dreds pi co sec onds.

RAMD sim u la tions were per formed with DhaA in
com plex with two prod ucts of dehalogenation of
1,2,3-trichloropropane, i.e. chlo ride,  (R)- and (S)-2,3 - di -
chloro -1-propanol (R- and S-DCL). Com plexes were pre -
pared by mo lec u lar dock ing and equil i brated us ing
clas si cal mo lec u lar dy nam ics. Chlo ride an ion solvated by
wa ter mol e cules left the ac tive site through main tun nel in
the pres ence of S-DCL af ter 1.7 ns of equil i bra tion phase of 
mo lec u lar dy nam ics. Its re lease has never been ob served in
sim u la tions with out al co hol and sug gested that chlo ride
leaves the ac tive site with the as sis tance of wa ter mol e cules 
and be fore DCL. RAMD ap plied on DCL showed two
path ways for DCL, i.e. the main tun nel and the slot, the tun -
nel be ing pre ferred ex port route. Based on these ob ser va -
tions we de signed di rected evo lu tion ex per i ments
at tempt ing to im prove cat a lytic per for mance of DhaA by
en gi neer ing of its ex port routes.

1.  S.K. Ludemann, V. Lounnas, R.C. Wade J. Mol. Biol., 303
(2000), 797-811.
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