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The FOXO class of forkhead tran scrip tion fac tors con sists
of four mem bers (FOXO1, FOXO3, FOXO4, and FOXO6) 
that play a cen tral role in cell cy cle con trol, dif fer en ti a tion,
me tab o lism con trol, stress re sponse, and apoptosis [1].
Transcriptional ac tiv ity of FOXO pro teins is reg u lated
through the in su lin-phosphatidylinositol 3-kinase-AKT/
pro tein kinase B (PKB) sig nal ing path way. The AKT/
PKB-me di ated phosphorylation trig gers phosphorylation
of ad di tional sites by ca sein kinase-1 and dual spec i fic ity
ty ro sine-reg u lated kinase-1A and in duces FOXO bind ing
to the 14-3-3 pro tein. The role of 14-3-3 pro teins in the reg -
u la tion of FOXO forkhead tran scrip tion fac tors is at least
2-fold. First, the 14-3-3 bind ing in hib its the in ter ac tion be -
tween the FOXO and the tar get DNA. Sec ond, the 14-3-3
pro teins pre vent nu clear reimport of FOXO fac tors by
mask ing their nu clear lo cal iza tion sig nal [2]. The ex act
mech a nisms of these pro cesses are still un clear, mainly due 
to the lack of struc tural data. We used flu o res cence spec -
tros copy to in ves ti gate the mech a nism of the 14-3-3 pro -
tein-de pend ent in hi bi tion of FOXO4 DNA-bind ing
prop er ties. Time-re solved flu o res cence mea sure ments re -
vealed that the 14-3-3 bind ing af fects flu o res cence prop er -
ties of 5-(((acetylamino)ethyl)amino) naph tha lene-1-
sulfo nic acid moi ety at tached at four sites within the
forkhead do main of FOXO4 that rep re sent im por tant parts
of the DNA bind ing in ter face. Ob served changes in
5-(((acetylamino)ethyl)amino)naph tha lene-1-sulfonic acid 
flu o res cence strongly sug gest phys i cal con tacts be tween

the 14-3-3 pro tein and la beled parts of the FOXO4 DNA
bind ing in ter face. The 14-3-3 pro tein bind ing, how ever,
does not cause any dra matic conformational change of
FOXO4 as doc u mented by the re sults of tryptophan flu o -
res cence ex per i ments. To build a re al is tic model of the
14-3-3/FOXO4 com plex, we mea sured six dis tances be -
tween 14-3-3 and FOXO4 us ing Förster res o nance en ergy
trans fer time-re solved flu o res cence ex per i ments. The
model of the com plex sug gests that the forkhead do main of
FOXO4 is docked within the cen tral chan nel of the 14-3-3
pro tein dimer, con sis tent with our hy poth e sis that 14-3-3
masks the DNA bind ing in ter face of FOXO4 [3].
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The Vibrio cholerae MARTX toxin is as so ci ated with
round ing of eukaryotic cells through de struc tion of the
actin cytoskeleton by co va lent cross-link ing of actin and
in ac ti va tion of Rho GTPases [1]. The effector do mains re -
spon si ble for these ac tiv i ties are here shown to be in de -
pend ent pro teins re leased from the large toxin by
autoproteolysis cat a lyzed by an em bed ded cysteine pro te -
ase do main (CPD) [2]. The CPD is ac ti vated upon bind ing
inositol hexakisphosphate (InsP6), which is pres ent pre -
dom i nantly in eukaryotic cells. We dem on strated that InsP6

is not sim ply an allosteric co fac tor, but rather bind ing of
InsP6 sta bi lized the CPD struc ture, fa cil i tat ing for ma tion of 
the en zyme-sub strate com plex. The 1.95-C crys tal struc -
ture of this InsP6-bound un pro cessed form of CPD was de -
ter mined and re vealed the scissile bond Leu(3428)-
Ala(3429) cap tured in the cat a lytic site. Upon pro cess ing at 
this site, CPD was con verted to a form with re duced af fin -

ity for InsP6, but was re ac ti vated for high af fin ity bind ing
of InsP6 by co op er a tive bind ing of both a new sub strate and 
InsP6. This al lowed CPD to cleave MARTX toxin be tween
cytopathic do mains by hy dro lyz ing spe cif i cally at Leu-Xaa 
bonds. Thus we un cov ered the mech a nism of MARTX
autoprocessing, which re sults in re lease of cytopathic do -
mains from large holotoxin to reach their tar gets within
eukaryotic cells.
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Hu man car bonic anhydrases (CAs) form a fam ily of 14
zinc-con tain ing en zymes that cat a lyze rapid con ver sion be -
tween car bon di ox ide and bi car bon ate. This re ac tion plays
role in many phys i o log i cal pro cesses, such as res pi ra tion,
reg u la tion of pH and many other bi o log i cal pro cesses re -
quir ing car bon di ox ide or bi car bon ate. Hu man isozyme CA 
II is a cytosolic en zyme and be longs to the most stud ied
isoforms. It is tra di tion ally pu ri fied from red blood cells but 
it has a wide tis sue dis tri bu tion and is found in var i ous or -
gans and cell types [1]. CA II de fi ciency is as so ci ated with
os teo po ro sis, re nal tu bu lar ac i do sis, and ce re bral cal ci fi ca -
tion. The transmembrane isoform CA IX has been shown to 
be linked with carcinogenesis. CA IX is phys i o log i cally
ex pressed in the epithelia of the gas tro in tes ti nal tract, how -
ever it is ex pressed ectopically in car ci no mas de rived from
kid ney, lung, cer vix, uteri, oe soph a gus, breast, and co lon.
This isoform has been shown to be strongly over-ex pressed 
in hypoxic tu mors, where it par tic i pates in tu mor cell en vi -

r
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Fig ure 1. Isoquinoline-sulfonamide de riv a tive bind ing to ac -
tive site of hu man CAII.



on ment ac i do sis and con trib utes to ma lig nant pro gres sion
and poor treat ment out come. De sign ing isoform-se lec tive
in hib i tors could thus pro vide po tent ther a peu tics namely
for treat ment of can cer. Prog ress in struc tural stud ies [2] of
these two phys i o log i cally and pathophysiologically im por -
tant isoenzymes in com plex with se lec tive isoquinoline in -
hib i tors will be dis cussed. Elu ci da tion of in hib i tor bind ing

to var i ous isoforms can help in ra tio nal drug de sign of car -
bonic anhydrase in hib i tors.
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2. Gitto R., Agnello S.,  Ferro S., Luca L. De, Vullo D.,
Brynda J., Mader P, Supuran C.T., Chimirri A., J .Med.
Chem., in press.

L24

STRUCTURAL ANALYSIS OF PLANT AMINOALDEHYDE DEHYDROGENASES
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Aminoaldehyde dehydrogenases (AMADH, EC 1.2.1.19)
cat a lyze the ter mi nal step in polyamine ca tab o lism by ox i -
diz ing omega-aminoaldehydes like 4-aminobutyraldehyde
(ABAL) and 3-aminopropionaldehyde (APAL). Based on
their amino acid se quences, the en zymes be long to the
same group as betaine al de hyde dehydrogenases (BADHs,
EC 1.2.1.8). Pres ence of two isoenzymes is com mon in
plants. To un der stand their func tion, we ex pressed two
AMADHs of 503 amino ac ids from pea (Pisum sativum,
PsAMADH1 and 2) and per formed X-ray crys tal lo graphic
study to gether with ki netic anal y sis us ing a large set of nat -
u ral and syn thetic aminoaldehydes. The struc tures of bot
PsAMADHs in com plex with NAD+ coenzyme were re -
fined at 2.4 C and 2.15 C res o lu tion. They show that both
plant en zymes are dimeric and pro vide a de tailed de scrip -
tion of the coenzyme and sub strate bind ing site. Like wise,

we an a lyzed ki netic prop er ties of two AMADHs from to -
mato (Lycopersicon esculentum, LeAMADH1 and 2) and
two isoenzymes from maize (Zea mays, ZmAMADH1 and
2). Ex cept for LeAMADH1, five re main ing AMADHs
carry C-ter mi nal peroxisomal tar get ing se quence sig nal
type 1 [S/A]KL and ex hibit sim i lar ki netic prop er ties. Al -
though these en zymes are of ten as signed to BADHs in dif -
fer ent da ta bases, our re sults show that this is no lon ger
cor rect as all six stud ied en zymes pre ferred APAL and
ABAL to betaine al de hyde as a sub strate. Al though sub -
strate spec i fic ity can vary among spe cies, in terms of wider
sub strate spec i fic ity the above-men tioned en zymes should
be con sid ered as AMADHs and not BADHs.
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Foun da tion and grant MSM 6198959215 from the Min is try 
of Ed u ca tion, Youth and Sports of the Czech Re pub lic.
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Flavoproteins WrbA form a dis tinct fam ily of flavo -
doxin-like pro teins that is widely dis trib uted in liv ing or -
gan isms, from bac te ria to fungi and higher plants [1, 2].
These pro teins were iden ti fied as tetrameric NADH:
quinone oxidoreductases (E.C. 1.6.5.2) [2], car ry ing out
two-elec tron trans port from NADH to qui nones by us ing
flavin mononucleotide (FMN) as the re dox-ac tive co fac tor

[2, 3, 4]. To gether with other en zymes per form ing the
two-elec tron re duc tions of qui nones [5, 6, 7], mem bers of
the WrbA fam ily are thought to par tic i pate in the cell pro -
tec tion against ox i da tive stress. Struc tural in ves ti ga tions of 
the prototypical WrbA from Esch e richia coli and its homo -
logues in other bac te ria [8, 9] con firmed the pre vi ous ob -
ser va tions and se quen tially-based pre dic tions that in each

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 17,   no. 1a (2010)       b19



struc ture four WrbA mono mers form a tetramer, where in -
di vid ual sub units share the com mon fold of the re lated
flavodoxins [10] with se quence in ser tions unique for
WrbA fam ily form ing ad di tional sec ond ary struc ture el e -
ments. Un like typ i cally monomeric flavodoxins that are in -
volved in one-elec tron trans port pro cesses be tween pro tein 
part ners, tetrameric flavoproteins WrbA ex e cute the
two-elec tron re duc tions of qui nones. To un der stand these
func tional dis tinc tions and the unique tetramerization abil -
ity of WrbA in con text with the mo lec u lar struc ture and to
find the de fin ing struc tural fea tures of the WrbA fam ily,
the de tailed com par a tive struc tural anal y sis of E. coli
WrbA with the re lated flavodoxins and the func tion ally ho -
mol o gous eukaryotic FAD-de pend ent quinone oxido -
reductase was per formed. 

Struc tural anal y sis in cluded three struc tural mod els of
E. coli WrbA ob tained by our group us ing X-ray dif frac -
tion on sin gle crys tals [11]: two crys tal struc tures of the
pro tein complexed with FMN (holoWrbA, two crys tal
forms, PDB IDs: 2R96 and 2R97), one crys tal struc ture of
the pro tein with out FMN bound (apoWrbA, PDB ID:
2RG1). The struc tures were com pared by the 3D-su per po -
si tion with long-chain holo- and apoflavodoxin from
Anabaena (PDB IDs: 1FLV and 1FTG, re spec tively; [12,
13]) and with mam ma lian NAD(P)H:quinone oxido -
reductase (Nqo, PDB ID: 1QRD; [7]).

Struc tural com par i son of the mono mers of holoWrbA
and holoflavodoxin re vealed only one char ac ter is tic se -
quence in ser tion dis tin guish ing WrbA from flavodoxins,
in con trast with pre vi ous re ports. Struc tur ally the unique
in ser tions form small subdomains con tact ing each other at
the ‘poles’ of the WrbA tetramers. Nev er the less, anal y sis
of in ter faces of the WrbA tetramers in di cated that the key
el e ments pro mot ing tetramerization cor re spond to the in te -
gral sec ond ary struc ture el e ments of the flavodoxin fold
and thus the unique subdomain of WrbA is not ded i cated to 
tetramerization as ear lier pro posed. Tetramer ap pears to be
the ob li gate func tional as sem bly of WrbA, with res i dues of 
the three sub units par tic i pat ing on the for ma tion of the
FMN-bind ing site. Com par i son of the WrbA FMN-bind ing 
site with those of flavodoxin and Nqo showed that
tetrameric WrbA forms a cav ern ous ac tive site sim i lar to
that of dimeric Nqo, that anal o gously to WrbA pro motes
two-elec tron re duc tion of the electrophilic sub strates. As -
sem bly of the flavodoxin-like fold into tetramers to form
ac tive site of WrbA seems to be ad ap ta tion to the two-elec -
tron re dox re ac tion. De spite the dif fer ent FMN-bind ing

sites of WrbA and flavodoxin strik ing sim i lar i ties were ob -
served in the be hav ior of the FMN-bind ing res i dues in re -
sponse to FMN bind ing.

The de tailed com par a tive study of WrbA struc tures en -
abled spec i fi ca tion of the de fin ing struc tural fea tures of the
WrbA fam ily and sharp en ing of the view of the re la tion -
ship be tween WrbA, flavodoxins and eukaryotic quinone
oxidoreductases. Suprising find ing of uni fy ing fea tures
with the re lated pro tein fam i lies in di cates WrbA to be a sig -
nif i cant mem ber of flavodoxin-like pro teins.  
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SOLV ING PHASE PROB LEM US ING A SE-MET DE RIV A TIVE OF THE FLAVOENZYME 
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T. Klumpler1, J. Marek1, V. Sedláèek2 , I. Kuèera2

1Lab o ra tory of Mo lec u lar Plant Phys i ol ogy, De part ment of Func tional Genomics and Proteomics, Inst. of Ex -
per i men tal Bi ol ogy, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5/A2, CZ 625 00 Brno, Czech Rep.
2
De part ment of Bio chem is try, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5/A5, CZ 625 00 BRNO, Czech Rep.

klumpler@sci.muni.cz

Keywords: 
fer ric reductase B, FerB, phas ing, MRSAD, MAD

The flavin ad e nine dinucleotide-de pend ent en zyme FerB
from Paracoccus denitrificans re duces a range of sub -
strates, in clud ing chromate, fer ric com plexes,
benzoquinones and naphtoquinones. The re duced form of
nicotinamide ad e nine dinucleotide serves as a source of
elec trons. Re com bi nant un mod i fied and seleno metio -
nine-sub sti tuted (Se-Met) FerB de riv a tives were crys tal -
lized, dif frac tion data for both forms were col lected and the 
phase prob lem for Se-Met FerB dimer was solved by
three-wave length mul ti ple anom a lous dis per sion, fol lowed 
by the com bi na tion of mo lec u lar re place ment and sin -
gle-wave length anom a lous dif frac tion phas ing. A mo lec u -
lar-re place ment so lu tion of un mod i fied FerB tetramer was
ob tained us ing Se-Met struc ture as a search model.

In tro duc tion
The eas i est way to crys tal struc ture de ter mi na tion is the
mo lec u lar re place ment (MR). Only one na tive dataset, the
co or di nates of ho mol o gous struc ture and soft ware that find 
the right num ber, ori en ta tion and trans la tion of ini tial
search model are needed. Two-third of more than 60 000
pro tein struc tures de pos ited in Jan u ary 2010 in the Pro tein
Data Bank [1] has been de ter mined us ing MR tech niques.
Easy-to-use MR soft ware is avail able and over 95% of de -
pos ited X-ray struc tures solved by MR has been de ter -
mined us ing MR pro to cols of CNS [2], or one of
spe cial ized MR pack ages AMoRe [3], MOLREP [4] and
PHASER [5]. More re cently, soft ware for au to matic choice 
of phas ing mod els from da ta bases has been re leased, such
as MrBUMP [6] and BALBES [7]. The so lu tion of phase
prob lem by MR could be very fast in prin ci ple, but of ten
first model re quires mul ti ple rounds of man ual re fine ment.

The sec ond most im por tant phas ing tech niques are
based on in ten sity dif fer ences aris ing from the pres ence of
heavy at oms im ple mented in sin gle or mul ti ple
isomorphous re place ment with or with out anom a lous scat -
ter ing (SIR/MIR or SIRAS/MIRAS) or in sin gle or mul ti -
ple wave length anom a lous dif frac tion meth ods (SAD or
MAD, [8]). MIR meth ods were used to de ter mine the first
X-ray struc tures of macromolecules and still have po ten tial 
to de ter mine un known struc ture di rectly from ex per i men tal 
data. Heavy at oms are in tro duced to the pro tein crys tal by
soak ing the crys tal in the ionic so lu tion of heavy atom. On
the con trary, SAD and MAD meth ods in cor po rate heavy
(typ i cally se le nium) at oms into pro tein crys tals us ing pro -
tein mol e cules con tain ing selenomethionine in stead of

methionine [9]. Se-Met meth ods be comes more and more
pop u lar re cently, be cause they elim i nate prob lems as so ci -
ated with heavy-metal screen ing, the lack of isomorphism
be tween na tive and heavy-at oms struc tures and mainly the
only one sin gle crys tal is needed to per form com plete dif -
frac tion ex per i ment. Heavy-atom (or se le nium) sub struc -
ture could be de ter mined us ing the Patterson or
di rect-meth ods pro grams such as SnB [10], SHELXD [11], 
CNS or SOLVE [12]. De ter mi na tion of heavy-atom sub -
struc ture via SAD can be in i tial ized us ing pre lim i nary po -
si tions of heavy-atom from an MR so lu tion. This com bined 
tech nique is called mo lec u lar re place ment with sin -
gle-wave length anom a lous dif frac tion (MRSAD) [13].

A broad scale of avail able pro grams in di cates that crys -
tal log ra pher chooses the most ap pro pri ate in di vid ual pro -
grams for the spe cific sub-tasks ex e cuted dur ing ef fec tive
pass through the com plete pro cess of the pro tein crys tal
struc ture de ter mi na tion. At least par tial au to ma tion of this
multi-step de ci sion pro cess has be come re cent ini tia tive.
Dif fer ent au to mated pipe line have been built up, e.g. ACrS
[14], Auto-Rick shaw [15], autoSHARP [16], CRANK
[17], ELVES [18], HKL-3000 [19], PHENIX [20],
SGXPro [21]. 

The flavin-de pend ent en zyme FerB from Paracoccus
denitrificans re duces a broad range of com pounds, in clud -
ing fer ric com plexes, chromate and qui nones, at the ex -
pense of the re duced nicotinamide ad e nine dinucleotide
co factors, NADH or NADPH [22, 23]. En zymes uti liz ing
flavin co factors, (flavin mononucleotide, FMN, or flavin
ad e nine dinucleotide, FAD), are unique in their abil ity to
cat a lyze a wide va ri ety of mech a nis ti cally dif fer ent re ac -
tions, such as dehydrogenation, ox y gen ac ti va tion,
halogenation, non-re dox con ver sions, light sens ing and
emis sion, and DNA re pair [24]. The func tion of all of these
en zymes in cell me tab o lism has not yet been fully elu ci -
dated. Find ing the mo lec u lar ba sis of the ca tal y sis by FerB
would be greatly aided by knowl edge of the three-di men -
sional struc ture of the en zyme. Here we re port the so lu tion
of the phase prob lem of the Se-Met de riv a tive of flavin de -
pend ent en zyme FerB from Paracoccus denitrificans us ing 
the ad vanced 3W-MAD and MRSAD pro to cols of
Auto-Rick shaw: the EMBL-Ham burg au to mated crys tal
struc ture de ter mi na tion plat form af ter MR so lu tion of the
na tive pro tein FerB had failed. 
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Ma te ri als and meth ods
1. Pro duc tion, pu ri fi ca tion and crys tal li za tion of Se- 
     Met FerB

Se-Met FerB was pre pared us ing the methionine
biosynthesis in hi bi tion method [25]. Pu ri fi ca tion in a sin -
gle chro ma tog ra phy step us ing a HisPrep FF 16/10 col umn
(GE Healthcare) [26] re sulted in al most ho mog e nous pro -
tein prep a ra tions (> 95% ho mo ge ne ity). Pu rity and
monodisperzity of a sam ple were con trolled by SDS-
PAGE elec tro pho re sis and dy namic light scat ter ing. For
pro tein crys tal li za tion mi cro-seed ing tech nique was ex -
ploited and crys tals of na tive and Se-Met FerB were ob -
tained (Fig. 1.). For de tails see [27].

2. MALDI-TOF mass spec trom e try

Na tive and Se-Met FerB were an a lyzed by ma trix-as sisted
la ser desorption/ion iza tion time-of-flight (MALDI-TOF)
mass spec trom e try on a ULTRAFLEX III mass spec trom e -
ter (Bruker Daltonics, Ger many). Sam ples were co-crys tal -
lized with 2,5-dihydroxybenzoic acid and an a lyzed in
lin ear mode us ing an ac cel er at ing volt age of 25 kV. The in -
stru ment was cal i brated with [MH]+ and [MH]2+ peaks us -
ing a mix ture of pep tide stan dards (Bruker Daltonics).
Peaks at mo lec u lar masses of 21289 and 21616 de tected for 
in tact and Se-Met FerB cor re spond well to the pre dicted
mass dif fer ence of 328 Da (seven methionine res i dues per
chain).

3. Auto-Ricksaw struc ture de ter mi na tion

Se-Met dif frac tion data were col lected at tun able beamline
X12 of the DORIS-III stor age ring at EMBL/DESY (Ham -
burg, Ger many), pro cessed and merged us ing the XDS sys -
tem [28] (for de tails see [27]). The struc ture of Se-Met
FerB was solved us ing the ad vanced 3W-MAD and
MRSAD pro to cols of Auto-Rick shaw: the EMBL-Ham -
burg au to mated crys tal struc ture de ter mi na tion plat form.
The out put dif frac tion data from XDS were con verted for
use in Auto-Rick shaw us ing pro grams of the CCP4 suite
(CCP4,1994), and FA val ues were cal cu lated us ing the pro -
gram SHELXC [11]. Based on an ini tial anal y sis of the
data, the max i mum res o lu tion for FerB sub struc ture de ter -
mi na tion and ini tial phase cal cu la tion was set to 1.8 C. 14
se le nium at oms were found us ing the pro gram SHELXD.
The cor rect hand for the sub struc ture was de ter mined us ing 
the pro grams ABS [29] and SHELXE [11] and ini tial
phases were cal cu lated af ter den sity mod i fi ca tion us ing the
pro gram SHELXE. The ini tial phases were im proved by
den sity mod i fi ca tion and phase ex ten sion us ing the pro -
gram DM [30]. Then the two fold non-crys tal lo graphic
sym me try (NCS) op er a tor was found and then den sity
mod i fi ca tion with sol vent flat ten ing and NCS av er ag ing
was ap plied, both us ing the pro gram RESOLVE [31]. Re -
sult ing phases from RESOLVE were used as in put for
model build ing mode of pro gram ARP/wARP. 

The model build ing and re fine ment pro to col im ple -
mented into MRSAD pipe line of Auto-Rick shaw started
with rigid-body re fine ment of in di vid ual pro tein chains at 4 
C res o lu tion fol lowed by po si tional, B-fac tor and once

more po si tional re fine ment at 3.0 C us ing CNS. The CNS
re sult was used for re fine ment and phase ex ten sion to 1.75
C res o lu tion us ing REFMAC5 [32]. In the next step of the
pro to col, qual ity of elec tron den sity map was im proved us -
ing den sity mod i fi ca tion and NCS-av er ag ing by
RESOLVE (Fig. 2.). New, more com plete model of FerB
was pre pared con se quently build ing of polyalanine model
by beta ver sion of SHELXE, side-chain dock ing with
RESOLVE, REFMAC5 re fine ment, and fi nally by run of
ARP/wARP [33, 34] in the model build ing re gime.

Re sults

We had tried to solve FerB struc ture by the mo lec u lar re -
place ment (MR) meth ods us ing an NAD(P)H de pend ent
FMN reductase flavoprotein from Pseu do mo nas aerugin -
osa PA01 (PDB code1RTT) [35]  iden ti fied by a FASTA
search [36] as a model. Un for tu nately, all MR tri als were
un suc cess ful. We there fore col lected data with
selenomethionine de riv a tive of FerB. An ex cel lent data
qual ity and their max i mum res o lu tion al low us to try to
solve phase prob lem of FerB us ing the ad vanced 3W-MAD 
pro to col of Auto-Rick shaw: the EMBL-Ham burg au to -
mated crys tal struc ture de ter mi na tion plat form. The two -
fold NCS op er a tor con nect ing ex pected two FerB
mono mers close to x, -y, ?-z was found by RESOLVE. The
model build ing mode of pro gram ARP/wARP em ployed at
the end of the ad vanced 3W-MAD pro to col of Auto-Rick -
shaw was able find 309 (from ex pected 364) res i dues di -
vided to 11 chains, 100% of them have been docked in
FerB se quence, and this in ter me di ate model was com pleted 
by the MRSAD pipe line of Auto-Rick shaw to al most com -
plete model of Se-Met FerB homodimer con tain ing 349
res i dues di vided into 9 chains (340 of them cor rectly
docked) with fi nal R/Rfree= 0.2144/0.2682.

The struc ture of na tive FerB tetramer was suc cess fully
solved by mo lec u lar re place ment tech nique im ple mented
in PHASER (the fi nal trans la tion func tion Z-score TFZ=
66.6) with man u ally un re fined struc ture of one of Se-Met
FerB mono mers as the search model. Re fine ment of both
FerB struc tures is now in prog ress.
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Fig ure 1. Rod-like crys tals of Se-Met FerB.



We wish thank to the EMBL/DESY Ham burg for pro vid ing
us with syn chro tron fa cil i ties and D. Tucker for his as sis -
tance with data col lec tion on beamlines X12 and X13 of the 
DORIS-III stor age ring at DESY Ham burg. The au thors
are grate ful to Ondrej Šedo for mea sur ing the
MALDI-TOF MS spec tra and the Meta Cen ter for com -
puter time. This re search was sup ported by grants from the
Czech Sci ence Foun da tion (grant Nos. 204/08/H054 and
525/07/1069 and P503/10/217) and the Min is try of Ed u ca -
tion, Youth and Sports (grant Nos. MSM0021622413,
MSM0021622415 and LC06034).

Ref er ences:

1 H.M. Berman, J. West brook, Z. Feng, G. Gilliland, T.N.
Bhat, H. Weissig, I.N. Shindyalov, P.E. Bourne, Nu cleic

Ac ids Res., 28 (2000), 235.

2 A.T. Brünger, P.D. Ad ams, G.M. Clore, W.L. DeLano, P.
Gros, R.W. Grosse-Kunstleve, J.S. Jiang, J. Kuszewski, M.
Nilges, N.S. Pannu, R.J. Read, L.M. Rice, T. Simonson,

G.L. War ren, Acta Cryst., D54, (1998), 905.

3 J. Navaza, Acta Cryst., A50, (1994), 157.4 A. Vagin, A.

Teplyakov, J. Appl. Cryst., 30, (1997), 1022.

5 A.J. Mc Coy, R.W. Grosse-Kunstleve, P.D. Ad ams, M.D.
Winn, L.C. Storoni, R.J. Read, J. Appl. Cryst., 40, (2007),

658.

6 R.M. Keegan, M.D. Winn, Acta Cryst., D63, (2007), 447.

7 F. Long, A.A. Vagin, P. Young, G.N. Murshudov, Acta

Cryst., D64, (2008), 125.

8 W.A. Hendrickson, Sci ence, 254, (1991), 51.

9 W.A. Hendrickson, J.R. Hor ton, D.M. LeMaster, EMBO J.,

9, (1990), 1665.

10 R. Miller, N. Shah, M.L. Green, W. Furey, C.M. Weeks, J. 
Appl. Cryst., 40, (2007), 938.

11 G.M. Sheldrick, Acta Cryst., A64, (2008), 112.

12 T.C. Terwilliger, J. Berendzen, Acta Cryst., D55, (1999),

849.

13 J.P. Schuermann, J.J. Tan ner, Acta Cryst., D59, (2003),

1731.

14 J.S. Brunzelle, P. Shafaee, X. Yang, S. Weigand, Z. Ren,

W.F. An der son, Acta Cryst., D59, (2003), 1138.

15 S. Panjikar, V. Parthasarathy, V.S. Lamzin, M.S. Weiss,

P.A. Tucker, Acta Cryst., D65, (2009), 1089.

16 C. Vonrhein, E. Blanc, P. Roversi, G. Bricogne, Meth ods

Mol. Biol., 364, (2006), 215.

17 S.R. Ness, R.A. de Graaff, J.P. Abrahams, N.S. Pannu,

Struc ture, 12 (2004), 1753.

18 J. Holton, T. Alber, Proc. Natl Acad. Sci. USA, 101,

(2004), 1537.

19 W. Mi nor, M. Cymborowski, Z. Otwinowski, M. Chruszcz, 

Acta Cryst., D62, (2006), 859.

20 P.D. Ad ams, R.W. Grosse-Kunstleve,L.W. Hung, T.R.
Ioerger, A.J. Mc Coy, N.W. Mori arty, R.J. Read, J.C.
Sacchettini, N.K. Sauter, & T.C. Terwilliger, Acta Cryst.,

D58, (2002), 1948.

21 Z.Q. Fu, J. Rose, B.C. Wang, Acta Cryst., D61, (2005),

951.

22 J. Mazoch, R. Tesaøík, V. Sedláèek, I. Kuèera, J. Turánek,

Eur. J. Biochem., 271, (2004), 553.

23 V. Sedláèek, R.J.M. van Span ning, I. Kuèera, Arch.

Biochem. Biophys., 483, (2009), 29.

24 A. Mattevi, Trends Biochem. Sci., 31, (2006), 276.

25 G.D. Van Duyne, R. Standaert, P.A. Karplus, S.L.
Schreiber, J. Clardy, J. Mol. Biol., 229, (1993), 105.

26 R. Tesaøík, V. Sedláèek, J. Plocková, M. Wimmerová, J.
Turánek, I. Kuèera, Pro tein Expres. Purif., 68,(2009), 233.

27 T. Klumpler, V. Sedláèek, J. Marek, M. Wimmerová, I.

Kuèera, Acta Cryst., F66, (2010), (in press).

28 W. Kabsch, J. Appl. Cryst., 26, (1993), 795.

29 Q. Hao, J. Appl. Cryst., 37, (2004), 498.

30 K. Cowtan, Joint CCP4 and ESF-EACBM News let ter on

pro tein crys tal log ra phy, 31, (1994), 34.

31 T.C. Terwilliger, Acta Cryst., D59, (2003), 38.

32 G.N. Murshudov, A.A. Vagin, E.J. Dodson, Acta Cryst.,

D53, (1997), 240.

33 A. Perrakis, R.J. Mor ris, V.S. Lamzin, Na ture Struct. Biol., 

6, (1999), 458.

34 S.X. Co hen, M. Ben Jelloul, F. Long, A. Vagin, P.
Knipscheer, J. Lebbink, T.K. Sixma, V.S. Lamzin, G. N.

Murshudov, A. Perrakis, Acta Cryst., D64, (2008), 49.

35 R. Agarwal, J.B. Bonanno, S.K. Bur ley, S. Swaminathan,

Acta Cryst., D62, (2006), 383.

36. W.R. Pearson, D.J. Lipman, Proc. Natl. Acad. Sci. USA,
85, (1998), 2444.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 17,  no. 1a (2010)       b23

Fig ure 2. 2FO-FC map of Se-Met FerB con toured at 1s.
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BIOINFORMATIC ANALYSES OF THE FIRST SOLVATION SHELL OF NUCLEIC
ACIDS

Bohdan Schneider

In sti tute of Bio tech nol ogy AS CR, v.v.i., Vídeòská 1083, CZ-142 20 Prague, Czech Re pub lic;
http://www.structbio.eu/BS/

Rel a tive hu mid ity, qual ity and quan tity of cat ions and other 
sol vent spe cies and sol va tion in gen eral de ter mine ther mo -
dy namic and struc tural be hav ior of nu cleic ac ids. Struc -
tures de ter mined by X-ray crys tal log ra phy pro vide a
unique in for ma tion about the first sol va tion shells of
biomolecules. We stud ied var i ous as pects of the first sol va -
tion shell of DNA and RNA by anal y sis of dis tri bu tions of
wa ter and metal cat ions around nu cleo tides in publically
de pos ited crys tal struc tures of nu cleic ac ids. De tailed anal -
y sis of hydration in dou ble he li cal DNA showed that their
first hydration shell is well lo cal ized, stereochemistry of
the pre ferred po si tions of wa ter mol e cules around bases
and phos phates, so called hydration sites, is de ter mined lo -
cally, i.e. pri mar ily by ge om e try of the hy dro gen bond, but

the ex act lo ca tion of the hydration sites ad justs to the nu -
cleic acid con for ma tion and se quence. This is in gen eral
true also for metal bind ing sites around phos phates but
vari abil ity of their po si tions is lower than that of wa ter po -
si tions and es pe cially the mag ne sium bind ing site to the
phos phate group is al most un changed in DNA or RNA of
var i ous con for ma tions. Hydration sites can serve as mark -
ers for op ti mal bind ing po si tions of hy dro philic drug and
pro tein func tional groups, and per haps sur pris ingly, also to
their hy dro pho bic groups. 

The re viewed sol va tion pro jects have been mostly sup -
ported by NSF grants to the Nu cleic Acid Da ta base, NDB.
The sup port of the In sti tute of Bio tech nol ogy AS CR, v.v.i.
(AV0Z50520701) is ac knowl edged.
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USING THE CAMBRIDGE STRUCTU RE DA TA BASE OF OR GA NIC AND
OR GA NO ME TA LIC COM POUNDS IN STRUCTU RE BI O LO GY

Jindøich Hašek

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

hasek@imc.cas.cz

In tro duc tion
Ex per i men tally de ter mined struc tures are collectred in sev -
eral sep a rate da ta bases. Macromolecular struc tures of bi o -
log i cal in ter est are col lected in the Pro tein Data Bank
(PDB) /5/,  poly mer struc tures in PolyBase /6/, in or ganic
struc tures in Da ta base of In or ganic Crys tal Struc tures
(http://www.fiz-karlsruhe.de/icsd_con tent.html), struc -
tures of met als and al loys in CRYSMET@ da ta base
(http://www.tothcanada.com/da ta bases.htm). Or ganic
struc tures of bi o log i cal in ter est dis cussed in this pa per are
col lected in the Cam bridge Struc ture Da ta base (CSD). 

Cam bridge Struc ture Da ta base
The CSD main tained by the Cam bridge Crys tal lo graphic
Data Cen ter (CCDC) con tains more than half milion of or -
ganic and organometalic com pounds [1,2]. Most struc tures 
de pos ited in the da ta base are de ter mined ex per i men tally by 
dif frac tion meth ods with high ac cu racy. Co or di nates of at -
oms have stan dard de vi a tions usu ally in the range 0.001 –
0.01 C (i.e. better than 1 picometer). With this ac cu racy,
the CSD is use ful source of in for ma tion on bond strengths,

ion iza tion states, etc. It pro vides also a re li able in for ma tion 
on elec tron den sity of hy dro gens that is usu ally not avail -
able in the PDB (Fig.1). 

About hun dred thou sand com pounds de pos ited in the
CSD are of bi o log i cal rel e vance. One can find here many
drug leads, pep tides, bi o log i cally ac tive com pounds, etc.
About six thou sands com pounds of bi o log i cal or i gin are la -
beled as nat u ral prod ucts. 

The CSD is used at more than a thou sand uni ver si ties
from 69 coun tries and at about 200 com mer cial or ga ni za -
tions from 15 coun tries. Most in stal la tions are in the USA
(243), Ja pan (105), France (99), Ger many (69), Rus sia
(59), Po land (55), Spain (51), It aly (40), GB (37), Can ada
(35). The Czech Re pub lic be longs to the first five states
with per ma nent sub scrip tion to the CSD since 1972.
Non-com mer cial us ers from the Czech Re pub lic can use
the CSD  via reg is tra tion at the In sti tute of  Phys ics of the
Acad emy of Sci ences in Praha (con tact: dusek@fzu.cz) or
can in stall their lo cal ver sions at their own per sonal com -
put ers (con tact: hasek@imc.cas.cz). A ba sic in for ma tion
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on the da ta base [3,4], on the re lated soft ware, and on free
ser vices is avail able at the ad dress

http://www.ccdc.cam.ac.uk/prod ucts/.

Ap pli ca tions
Search ing for struc tural prop er ties of groups of the com -
pounds ex tracted from CSD and us ing sta tis ti cal tools one
should re mem ber that the con tents of da ta base does not
cover the space of com pounds uni formly, i.e. the ex tracted
set of struc tures is not a sta tis ti cally ran dom sam ple. For
ex am ple in pep tide anal y sis, the conformationally in ter est -
ing aminoacid res i dues (AA) are rep re sented  much more
fre quently in CSD than other res i dues. There are sev eral
hun dreds of pep tides with prolin or glycin in CSD be cause
an in ter est of peo ple has been con cen trated es pe cially to
the struc tural ef fects of dif fer ent se quences con tain ing
these two aminoacids. Other AAs are found much less fre -
quently.

An other ex am ple is a lim ited crystallizability of long
pep tides. Short pep tides have usu ally well de fined con for -
ma tions and can be crys tal lized eas ily. Lon ger pep tides
with 10–25 AA are al ready fully hy drated (Fig.2), but still
they are not long enough to form a sta ble 3D struc ture in
so lu tion. As a re sult, they are conformationally un sta ble,
their crys tal li za tion is very dif fi cult and there fore one can
find only a few struc tures in the CSD.

CCDC pro vides also soft ware for anal y sis of the Pro -
tein Data Bank (PDB) of ex per i men tally de ter mined
bio-macromolecular struc tures /5/. The ef fi ciency and ac -
cu racy of struc ture de ter mi na tion by X-ray crys tal log ra phy 

de pends mainly on the dif frac tion qual ity of crys tals
(Fig.1) and in prin ci ple has no lim i ta tion as for the com -
plex ity of the macromolecular com plexes. Thus, a search
for 3D frag ments and anal y sis of these large
macromolecular com plexes with milions of at oms is de -
mand ing. Soft ware “Relibase” pro vided by CCDC is very
use ful for 3D scan ning of the PDB con tents and the pro -
gram “GOLD” is de signed for em pir i cally based 3D ligand
dock ing in ter est ing for spe cial in ter est groups of struc ture
bi ol o gists and drug de sign ers. The syn thetic poly mers col -
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Fig ure 1. Re la tion be tween the dif frac tion limit (res o lu tion) and the es ti mated stan dard de vi a tion of atomic po si tions

for struc tures de ter mined by dif frac tion meth ods ( 1 C = 100 pm ). 

Fig ure 2. Prob a bil ity of hy drated crys tals in creases with the
num ber of aminoacid res i dues.



lected in the Poly mer Struc ture Da ta base (PolyBase) [6]
can be an a lyzed by CCDC pro gram MERCURY. 

Con clu sion

The CSD is avail able for non-commecial us ers in the Czech 
Re pub lic for a small li cense fee payed each year. The re -
lated soft ware for ex ten sion of struc ture anal y sis based on
the CSD and PDB data can be pur chased sep a rately. A free
eval u a tion copy can be re quested for any CCDC prod uct at
the ad dress http://www.ccdc.cam.ac.uk/sup port/prod -
uct_ref er ences/. For teach ing pur poses, one should reg is ter 
via internet for a free ver sion of CSD contaning 500 struc -
tures http://www.ccdc.cam.ac.uk/free_ser vices/teach ing/.  

The ac tiv i ties re ported in this pa per are sup ported partly
from the GA AS pro ject IAA500500701 and the GA CR
pro ject 305/07/1073.
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METACENTRUM - ON THE WAY FROM DISTRIBUTED COMPUTING TO CYBER
INFRASTRUCTURE FOR RESEARCH

J. Kmuníèek1, V. Žáková2, S. Licehammer2, M. Kuba1 and I. Køenková1

1CESNET, z.s.p.o., Zikova 4, 160 00 Praha 6, Czech Re pub lic
2Fac ulty of In for ma tics, Masaryk Uni ver sity, Botanicka 68a, 620 00 Brno, Czech Re pub lic

kmunicek@ics.muni.cz

Now a days, the re search in any sci en tific field be came truly
global and in ter na tion al ized. The cur rent ad vances in de -
vel op ment, de ploy ment and sub se quent sup port of dis trib -
uted col lab o ra tive en vi ron ments cre ated a uni form,
per sis tent, per va sive and scal able dig i tal world wide in fra -
struc ture (1). The Czech Re pub lic par tic i pates within these
ac tiv i ties through the na tional e-In fra struc ture pro ject
MetaCentrum (2). MetaCentrum - a CESNET ac tiv ity - is
re spon si ble for build ing the Na tional Grid and its in te gra -
tion (3) to the re lated in ter na tional ac tiv i ties. MetaCentrum 
op er ates and man ages dis trib uted com put ing in fra struc ture
con sist ing of com put ing and stor age re sources owned by
CESNET as well as re sources of co-op er a tive ac a demic
cen tres within the Czech Re pub lic. Through sup port ing ad -
vanced ser vices to all sci en tific dis ci plines, MetaCentrum
pro vides added val ues for end us ers from many in ter dis ci -
plin ary ar eas as life sci ence, biomedicine and many oth ers,
in clud ing nat u rally struc tural bi ol o gists.

MetaCentrum ma tured ser vices in the field of
virtualisation, se cu rity, job sched ul ing and the uti li sa tion
of ad vanced net work fea tures  pro vided by  the  CESNET2
net work are ready to serve for shap ing up the new era of
struc tural bi ol ogy. If you are look ing how struc tural bi ol -
ogy do main can sub stan tially ben e fit from MetaCentrum
and world wide pro vided pro duc tion ser vices con sider fol -
low ing ques tions: Would you like to boost your re search
us ing the col lab o ra tion plat form and avail able tools eas ing
your in ter na tional re search co op er a tion? Are you hun gry
for more com pute power to speed up your re search? Are
you look ing how to scale up your (bio)mo lec u lar sys tems
of in ter est you cur rently in ves ti gate at atomic de tails? Do
you need to store, ac cess and han dle huge amounts of data
or ar chive your re search re sults? You have your spe cific
re quests. MetaCentrum has more than cor re spond ing so lu -
tions to of fer.
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THREE DIMENSIONAL INFORMATION STRUCTURE OF LIVING CELL FATE 

D. Štys, J. Urban, T. Náhlík, J. Vanìk, T. Levitner, P. Císaø 

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

Liv ing cell is best ex am ined by time-re solved op ti cal mi -
cros copy. The holy grale of the ap proach is fast cap ture of
inasmost com plete three-di men sional in for ma tion about
the cell with spa tial res o lu tion suf fi cient to cap ture all rel e -
vant ob jects, spec tral res o lu tion which en ables to char ac -
ter ize their chem i cal com po si tion and time res o lu tion
suf fi cient to cap ture all rel e vant events. In the pre vi ous
sen tence there are nu mer ous vaguely de fined terms which
may only be de fined only with re spect to the ap pro pri ate
model of the cell struc ture (equiv a lent of the state space in
me chan ics) and cell dy nam ics (mo ment com po nents of the
phase space). 

In ideal case we should be able to fol low the tra jec tory
of the cell in the mul ti di men sional chemico-me chan i cal
phase space in con tin u ous time. In any real case, we have
only real cap ture of a slice of a me chan i cal space at a time
in stant and have no re al is tic con trol over the iden tity of el e -
ment of the chem i cal space – equiv a lent of com po nent in
ther mo dy namic ter mi nol ogy. Cells are dy namic sys tems
ex hib it ing as ymp totic sta bil ity. Such be hav iour is ex pected 
by non-lin ear dy namic sys tems where in the state space on
ob tains re gions of as ymp totic sta bil ity which are pop u lated 
with sig nif i cantly higher prob a bil ity than rest of the state
space [1]. These are the ob jects which we ob serve at our
given timescale. 

This nat u ral prem ise, plus gen er al ised sto chas tic sys -
tems the ory [2] which brings the ob ser va tion into the re al -
ity of the mea sure ment, forms the the o ret i cal ba sis and the
frame work for anal y sis of the ob ser va tion, the el e ments of
the model of cell monolayer. In re la tion to them we may
ana lyse the in for ma tion con tent of the mea sure ment [3].
Thus, we ex pect to ob serve in di vid ual dy namic ob jects
char ac ter ised by struc tural sim i lar ity, char ac ter is tic col or -

ation (i.e. colours, their het er o ge ne ity, dy nam ics) and os -
cil la tions be tween sev eral ob serv able states. 

The in for ma tion chan nel – the mi cro scope – is char ac -
ter ised by the point-spread func tion, a rec ipe by which a
mi cro scopic ob ject is de picted at the des ti na tion – cam era
screen. The point spread func tion may be com pletely un -
der stood only for ob jects of known struc ture suf fi ciently
sep a rated from each other. This con di tion is never sat is fied
in liv ing cell mi cros copy. The mi cros copy im age, nev er -
the less, car ries nearly com plete in for ma tion about the mul -
ti di men sional mechanico-chem i cal state space and may be
ex tended to ap prox i ma tion of the phase space. 

In this pa per we re port (I) math e mat i cal de scrip tion of
the ob serv able state space in cell mi cros copy, (II) par tial
de scrip tion of the in for ma tion con tent of the op ti cal mi -
cros copy mesurement, (III) ob ser va tion of cer tain el e ments 
of the model of cell monolayer. 
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