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Layered Double Hydroxides (LDHs) belong to the inor-
ganic layered solids consisted of the rigid layers containing
two kinds of metallic atoms and the interlayers containing
exchangeable compensating anions and water molecules.
These materials are attractive due to their simple modifica-
tion and they are used in many branches like catalysis, pre-
cursors for chemical reactions, drug delivery,
decontamination of water, soils, etc. The intercalation of
porphyrins into Layered Double Hydroxides based on ion
exchange plays an important role in designing of new ma-
terials with optical properties, which can be used as
photofunctional units [1]. Advanced methods of prepara-
tion of the sample allow us to obtain well crystallized sam-
ples and their structure analysis can provide deeper
structural  details.  Zn(II)-5,10,15,20-tetrakis(4-sulfo-
natophenyl) porphyrin — (ZnTPPS) shown in Fig. 1 was in-
tercalated into Zn,-Al LDH and a high crystallinity was
achieved by the coprecipitation procedures followed by a
post-synthesis hydrothermal treatment.

Molecular simulations and quantum chemistry calcula-
tions combined with X-ray diffraction, thermogravimetry
and electron density measurements were used in the struc-
ture analysis. The geometry and dimensions of ZnTPPS
were optimized by the quantum-chemistry computational
program Turbomole v5.9 using the RI-DFT method with
B-P86 functional [2]. The optimized models of porphyrins
were subsequently used in the molecular simulations. The
cell parameters were determined from experimental XRD
patterns: a = b =3.064 A. 96 cells were linked to obtain the
layer [Zn64Al32(OH)192]32+ with the lattice parameters: 4 =
49.024 A and B = 18.384 A. The basal spacing in initial
models was equal to the value of the experimental basal
spacing (23.05 A) obtained from the experimental XRD
data. The estimated loading of ZnTPPS anions in the
interlayer space was over 90% of anion exchange capacity
(AEC). It was approximated by structural models with the
100% loading of AEC. The initial models contained 4 wa-
ter molecules per [ZnyAlL(OH);,]*". The composition of
initial ~ structure  models was  [Zn;9Algs(OH)s76]
[(ZnTPPS)y4-192 H,0] and a set of models with various
orientations of guest anions with respect to the host layers
and with respect to each other was created. The
minimization of the initial models was carried out in the
Universal force field [3], the electrostatic energy was cal-
culated by Ewald summation method [4] and the van der
Waals energy was calculated by Lennard-Jones potential
[5]. The space group was P1 and the porphyrin pyrroles
were kept in their geometry as it was obtained by ab-initio
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Figure 2. Experimental (a) and calculated (b) XRD basal dif-
fractions of Zn,Al/ZnTPPS intercalate.

calculations. The models were minimized iteratively in two
steps, with fixed and variable cell parameters to obtain a
good estimation of the orientation of the guest with respect
to the host layers and a good agreement with the experi-
mental basal spacing. The minimized models were refined
by quench dynamics in an NVT (constant number of atoms,
constant volume and constant temperature) statistical en-
semble at a temperature of 300 K. One dynamics step was
0.001 ps and 200 ps of dynamics were carried out.
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The results are summarized in Figs. 2 and 3. Fig. 2
shows the calculated and experimental powder XRD pat-
terns with basal diffraction lines characterizing the
interlayer arrangement and are compared for 26 from 3 to
25°. The arrangement of the guests in the interlayer space
corresponding to the calculated powder XRD pattern is
shown in Fig. 3. The porphyrin anions are horizontally
shifted, the horizontal shift ranges from one third to one
half of the porphyrin diameter and the guests nearly homo-
geneously occupy the interlayer space. The low intensity
peaks in the calculated XRD especially between 5 and 6°
and between 16 and 18° are caused by the forced periodic-
ity of central zinc atoms of ZnTPPS. It indicates that in the
real sample one can expect no order of the guests in the
interlayer space. The ZnTPPS porphyrin planes exhibit a
Atilted orientation with respect to the normal. The average
calculated value of tilted angle is of 14°.
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Figure 3. Top view of the linked supercells on the arrangement of
the guests in the interlayer space.
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Natural killer cells a are part of our innate immune defense
able to kill several types of tumor cells. Their activity is
regulated by activation or inhibition signals coming from
receptors expressed on cell surface. Studies of these recep-
tors provide novel insights into the mechanisms of function
of natural killer cells.

The extracellular domain of human CD69 was crystal-
lized using novel polymer screens [1]. The crystals belong-
ing to space group P6, diffracted to high resolution (1.37)
and were merohedrally twinned. The structure provides the
most detailed information on intra- and intermolecular in-
teractions of the human CD69 receptor. A comparative
analysis of CD69 including homologous structures is per-
formed.

CD69 belongs to the earliest induced cell surface
glycoproteins during natural killer cell activation. Recom-
binant forms of the extracellular part of the receptor can be
potentially used in cancer treatment. However, the mecha-
nism of function of the molecules still remains unclear in
spite of the fact that many biochemical and biophysical
studies were reported [2].

This work was supported by GA AV 144500500701, GA
CR 305/07/1073 and European Commission Integrated
project SPINE2-Complexes, no. 031220.
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The crystal structure of the receiver domain of the histidine
kinase CKI1 from Arabidopsis thaliana has been deter-
mined at a resolution of 2.0 A.

Sensor histidine kinases (HKs) are members of the two-
component (TC) signalling systems that mediate signal
transduction in a broad spectrum of adaptive responses in
bacteria [1]. A modified version of bacterial two-
component (TC) signalling has been adapted by yeast and
plants. In TC signalling in plants, the membrane-associated
sensor HK interacts with a signalling molecule, which acti-
vates an intracellular HK domain and leads to auto-
phosphorylation of its conserved histidine moiety. The
downstream phosphorelay is initiated by a receiver domain
(RD) of the HK. The RD transfers phosphate from a His to
its own Asp and further transmits the signal via
transphosphorylation to the His of a histidine-containing
phosphotransfer (HPt) domain. The HPt proteins
translocate the signal to the nucleus, where the phospho-
rylated histidine serves as a donor for the phosphorylation
of a final phosphate acceptor, the Asp residue of the re-
sponse regulator [2].

In the A. thaliana genome, genes encoding 11 HKs, 6
HPt proteins and 23 response regulators have been identi-
fied. A. thaliana HKs mediate discrete responses to various
phytohormones (ethylene, cytokinin and abscisic acid) and
osmosensing [3]. This suggests that the structure of the RD
might contribute to the recognition of its interaction part-
ners.

The sensor histidine kinase CKI1 was identified as an
activator of a cytokinin-like response when overexpressed
in hypocotyl explants of A. thaliana [4]. However, in con-
trast to the genuine cytokinin receptors of A. thaliana,
AHK2, AHK3 and AHK4, CKI1 was found to be constitu-
tively active in bacteria and yeast or 4. thaliana protoplasts
[5-6]. Thus, the specificity and the role of CKII in the TC
signalling in A4. thaliana remain unclear.

Crystals of the recombinant RD of the Arabidopsis HK
CYTOKININ-INDEPENDENT1 (CKl1gp) have been ob-
tained by the hanging-drop vapour-diffusion method using
ammonium sulfate as a precipitant and glycerol as a
cryoprotectant. The crystals diffracted at beamline BW7B
of the DORIS-III storage ring to approx. 2.4 A. The diffrac-
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tion has been improved significantly - to at least 2.0 AL -
after applying of a non-water cryoprotectant. The crystals
belong to space group C222; with unit-cell parameters a =
54.46,b=99.82,c=79.94 A, the asymmetric unit contains
one molecule of the protein. The structure of CKIlgp had
been solved by a molecular-replacement method using an
automated scheme for molecular replacement as imple-
mented in MrBUMP v.0.4.1 in conjunction REFMAC as
the refinement program. An unambiguous solution was
found using the bacterial response-regulator protein CheY
[7] as a search model. Initial R value of 0.54, which de-
creased to R = 0.413 and Rfree = 0.426 after 30 cycles of
REFMAC refinement. The quality of the map generated
with this result was good enough to allow successful appli-
cation of the autobuild regime of ARP/wARP.

The three-dimensional structure of A. thaliana CKI1grp
shows the conformational conservation of receiver pro-
teins, such as CheY, CheB, ETRgp. CKllgp is a single do-
main protein folded in a (B/o)s manner with a central
B-sheet formed from five B-strands and surrounded by
sides by two and three a-helices. The catalytic aspartate
residue is located on the carboxyl terminus of the central
3-strand, in a cavity formed by loops L1, L5 and L7
loops. All major conformational differences between re-
ceiver proteins are located in the loops, which supposedly
form a docking interface for the ineracting partners.
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The monophosphate 5’-nucleotidases, including 5°(3’)-
deoxyribonucleotidase, belong to a family of enzymes that
catalyze the dephosphorylation of nucleoside mono-
phosphates. The ribonucleotides and deoxyribonucleotides
could be synthesized de novo from low-molecular-weight
precursors or by salvage from nucleosides or nucleobases
coming from catabolism of nucleic acids [1]. In this sal-
vage pathway, ribonucleotides and deoxyribonucleotides
are phosphorylated by nucleoside and nucleotide kinases to
maintain sufficient pools of ANTP’s and NTP’s for synthe-
sis of DNA and RNA. The phosphorylation by cellular
nucleoside kinases is opposed by 5’-nucleotidases that
dephosphorylate ribo- and deoxyribonucleoside mono-
phosphates [2, 3, 4]. Besides their role in the regulation of
physiological dNTP pools, substrate cycles between
ribonucleotidases and kinases may affect the therapeutic
action of pyrimidine nucleoside analogs used as anticancer
and antiviral agents. Such compounds require the
nucleoside kinases activity for phosphorylation to their ac-
tive forms. Results of clinical and in vitro studies propose
that an increase in nucleotidase activity can interfere with
nucleoside analogue activation resulting in drug resistance
[5].

The main goal of this project is the search for potent and
selective inhibitors of mammalian 5’-nucleotidases based
on nucleoside phosphonic acids and their derivatives and
comparison of sensitivity of 5’-nucleotidases isolated from
various sources toward individual inhibitors.

We have prepared 2 types of human 5’-nucleotidase:
cytosolic and mitochondrial by recombinant expression in
E. coli. The inhibitory properties of a series of nucleoside
phosphonic acids derivatives are tested and for the most
promising compounds the enzyme-inhibitor structure will

be determined to serve as a lead for structure-based drug
design efforts.

In general, compounds of strong and selective inhibi-
tory potency are of high medicinal interest as
antimetabolites for anticancer and antiviral therapy.
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Figure 1. X-ray structure structure of human cytosolic 5’-nucleotidase with catalytic magnesium ion
represented as a cyan sphere and modeled dGMP shown in stick model with yellow carbon atoms.
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[-Galactosidase (EC 3.2.1.23) is an enzyme which is able
to catalyze hydrolysis of the terminal B-D-galactosyl of
B-D-galactosides and it is also able to -catalyze
trans-glycosylation and belongs to the enzyme class called
glycosidases.

Recently, we determined the structure of the wild type
enzyme [-galactosidase from Arthrobacter sp. C2-2 [1].
Structures of its complexes with B-D-galactose, -D-ga-
lactonolactone and isopropyl B-D-1-thiogalactopyranoside
(IPTG) determined by X-ray diffraction are presented here.
X-ray diffraction data were collected at the beam-line
ID14.1 of the source of synchrotron radiation ESRF in
Grenoble and on an in-house rotating anode diffractometer.
The data were processed using HKL2000. All the three
crystals belong to the same space group P2, but packing of
hexamers in the crystals differs. The asymetric unit con-
tains one hexamer with a molecular weight of 660 kDa.

This paper reviews the interactions between several
type of ligands and the enzyme. Our structures of com-
plexes ofthe enzyme from Arthrobacter sp. C2-2 are com-
pared with a series of complexes of 3-galactosidase from E.
coli [2].
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There are two distinct binding modes for the galactosyl
group of substrate - shallow and deep. Each binding mode
has specific hydrogen bonds between enzyme and bound
ligands. Structure changes evoked by binding of ligands
into the active site of the enzyme will be shown and dis-
cussed. B-D-galactose, as well as 3-D-galactonolactone, oc-
cupy the deep binding position and make the same
interactions but large structure changes with regard to
non-liganded enzyme are observed only in the case of
[-D-galactonolactone.
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Neisseria meningitidis is a Gram-negative bacterium colo-
nizing the nasopharynx of about 10% of healthy humans.
Occasionally the meningococci can traverse the mucosal
epithelia to reach the bloodstream, eventually cross the
blood-brain barrier, and cause rapidly progressing septice-
mia and/or meningitis [1]. Several traits potentially re-
quired for virulence of meningococci have been identified,
including production of a capsule conferring resistance to
serum, secretion of an IgA protease, the high antigenic
variability of pili and non-fimbrial adhesins, and the pres-
ence of several iron acquisition systems [2]. Under condi-

tions of limited iron availability, N. meningitidis produces
Fe-regulated proteins, FrpD and FrpC. FrpC belongs to a
family of type I-secreted RTX (Repeat in toxins) proteins
and it may be involved in the pathogenesis of
meningococcal infection. FrpD binds the N-terminal por-
tion of FrpC with a very high affinity and probably serves
as an accessory lipoprotein involved in anchoring of the se-
creted RTX protein to the outer bacterial membrane [3].
The aim of this project is to produce crystals of FrpD pro-
tein for X-ray diffraction experiments and to solve the
structure of FrpD protein.
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The recombinant, truncated version of the FrpD protein
lacking the first 21 amino acid residues (FrpD,sy) with the
C-terminal polyhistidine tag, was expressed in E. coli
BL21ADE3 and purified using a combination of metal af-
finity and anion-exchange column chromatography. The
crystals of truncated FrpD protein lacking the first 42
amino acid residues were obtained using a sitting drop
vapour diffusion method. Diffraction data were collected at
the beamline MX BL14.1 of synchrotron BESSY (Berlin,
Germany) at 100 K to the resolution of 2.27 A.

Crystals of FrpD belong to the hexagonal space group
P 62, with unit-cell parameters a =b =115.33 A, ¢ =38.79
Aand a =B =90°and y = 120°. To determine the structure
of the FrpD protein, phase problem has to be solved using
single/multiple anomalous diffraction (SAD/MAD) exper-
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iment hence the crystallization of selenomethionine deriva-
tive FrpD protein is currently in progress.
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The structure of the E.coli flavoprotein WrbA previously
showed it 1is structurally related to eukaryotic
NADH:quinone oxidoreductases (Nqos)[1]. Those en-
zymes have many unusual kinetic properties and their
physiological function is not clear [2, 3].

WrbA and Nqos can transfer two electrons at a time
from NADH to quinone acceptors. The electron transfer ki-
netics can be observed spectrophotometrically under
steady-state conditions [1, 4, 5]. This assay is used to mea-
sure the rates of WrbA electron transfer and to evaluate dif-
ferent compounds that might function as the true
physiological electron donors or acceptors. For the
co-crystallization experiments we used standard equip-
ment for crystallization, and varied the conditions that were
established in our group for the holo protein crystals.

The results of this work demonstrate unusual two-pla-
teau behaviour on the substrate concentration-dependence
plots for NADH or benzoquinone. The experiments show
that WrbA activity increases upon addition of mem-
brane-mimicking detergents, and they demonstrate the
ability of the protein to inactivate reversibly by shifting
temperature from 5 to 25 °C. These properties are similar
for the Nqos but have not been explained. Microcrystals of
WrbA protein were crystallized using the sitting-drop

vapour-diffusion technique [6]. Future studies with WrbA
have the aim to explain kinetic properties in molecular
terms and to create crystal good quality for diffraction anal-
ysis.
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Introduction

Protein WrbA from Escherichia coli studied in this work
represents a widely distributed family of tetrameric
flavoenzymes [1, 2]. Using flavin mononucleotide (FMN)
like monomeric flavodoxins that transfer single electrons
to protein partners but forming multimers and carrying out
two-electron reduction of quinones [3, 4] like the FAD-de-
pendent quinone oxidoreductases, WrbA was suggested to
be a structural and functional linker between bacterial
flavodoxins ~ and  eukaryotic =~ NAD(P)H:quinone
oxidoreductases [5].

Figure 1. Overlay of holo- and apoWrbA tetramers. HoloWrbA
subunits are green, cyan, pink and purple, all apoWrbA subunits
are dark grey. o helices are drawn as cylinders, 3 strands as ar-
rows, loops as lines. FMN cofactor in the holoWrbA structure is
shown in ball and stick representation and colored orange. Larger
distances between subunits across the empty FMN-binding site in
apoWrbA tetramer bring the dark grey, cyan and pink subunits
out of alignment, while the green and purple subunits of
holoWrbA are aligned with the dark grey apoWrbA subunits
nearly perfectly.

Interesting changes in protein dynamics and
multimerization state accompanying FMN binding were
identified by biophysical spectral methods [6]. This was
motivation for the comparative analysis of the FMN-bound
WrbA structure (holoWrbA) and the FMN-free WrbA
structure (apoWrbA), results of which are presented here.

Materials and methods

Structures of holoWrbA and apoWrbA were solved from
x-ray diffraction data on single crystals and refined to a res-
olution of 2.0 A and 1.85 A, respectively. Although crys-
tals for both protein forms were grown from the same
crystallization solution, different space groups were deter-
mined: P4,2,2 for holoWrbA and P2,2,2 for apoWrbA.

Results and discussion

In each structure four WrbA monomers form a tetramer,
where individual subunits share the common fold of
flavodoxins with sequence insertions unique for WrbA
family forming additional secondary structure elements.
FMN-binding sites are located at the interfaces of three of
the four subunits. Our comparative analysis of holo- and
apoWrbA revealed significant changes at the level of qua-
ternary and tertiary structure. Large differences were ob-
served in the arrangement of subunits in tetramers (see Fig.
1). In orthorhombic apoWrbA structure the distance be-
tween subunits across the empty FMN-binding site is
larger by 2 to 4 A than in holoWrbA structure, with the dis-
tances being longer at the surface than at the core of
apoWrbA tetramer (see Fig. 2). Changes in structural orga-
nization of tetramers thought to be induced by FMN bind-
ing are in correspondence with the result of
mass-spectrometry analysis [6] suggesting FMN to favour
tetramer formation.

Substantial structural changes of WrbA monomers
upon FMN binding are presumably located in the vicinity
of the FMN-binding site. Structural overlay of holo- and
apoWrbA monomers (see Fig. 3) shows the large relative
motion of one of the loops contacting FMN in holoWrbA,
resulting in partial occupation of the empty FMN-binding
pocket in apoWrbA. FMN was also found to induce shifts
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Figure 2. Interface between subunits formed across the
FMN-binding site in holo- and apoWrbA tetramers. The detailed
picture was drawn out of the overlay of WrbA tetramers shown in
Fig. 1, thus colors and graphical representation are the same.
Polypeptide main-chain atoms included in o helices are shown in
skeletal mode. Helices denoted as a3 and a4, labeled also in Fig.
1, were oriented to give an optimal view on the shift between sub-
units of apoWrbA relative to holoWrbA. Distances between the
corresponding main-chain atoms (atoms shown as spheres) of the
interfacing subunits are marked with dashed lines: green for
holoWrbA, black for apoWrbA; their lengths measured in L indi-
cate not only translational but also rotational shift of the subunits
upon FMN binding.

in the positions of residues interacting with FMN, the most
apparent being rotation of the side chain of Arg 78.

The 3D-superposition of holo- and apoWrbA with
long-chain holo- and apoflavodoxin from Anabaena [7, 8]
revealed striking similarities in the behavior of the
FMN-binding residues in response to FMN binding, which
are beyond those expectable from their distant homology.
This finding indicates WrbA to be a significant member
rather than a remote and unusual branch of flavodoxin-like
proteins.

All figures included in this paper were prepared by us-
ing the PyMOL molecular graphic system [9].
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significantly
changing loop

Figure 3. Overlay of holo- and apoWrbA monomers — detail of
FMN-binding site. Colors and graphical representation are the
same as in Fig. 1; holoWrba — green, apoWrbA — dark grey. Sub-
stantial changes accompanying FMN binding are indicated: 1)
loop between 34 and a4 occupying partly the empty FMN-bind-
ing site in apoWrbA; 2) residues observed in different positions in
holo- and apoWrbA are labeled and their side chains are shown as
skeletal models. Selected secondary-structure elements are
labeled.
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Haloalkane dehalogenases (EC 3.8.1.5) are members of the
o/B-hydrolase fold family and catalyze hydrolytic conver-
sion of a broad spectrum of hydrocarbons to the corre-
sponding alcohols [1]. Besides a wide range of
haloalkanes, DhaA can slowly convert serious industrial
pollutant 1,2,3-trichloropropane (TCP) [2]. Three mutants
marked as DhaA04, DhaA14 and DhaA15 were designed
and constructed to study the relevance of the tunnels con-
necting the buried active site with the surrounding solvent
for the enzymatic activity.

The three mutants of DhaA were crystallized using the
sitting-drop vapor-diffusion technique [3]. Crystal growth
conditions were optimized [4] and crystals were used for
synchrotron diffraction measurements at the beamline X11
of the DORIS storage ring at the EMBL Hamburg Outsta-
tion. X-ray intensities data for DhaA04, DhaAl4 and
DhaA1l5 mutants were collected to a resolutions limit of
1.23 A, 095 A and 1.22 A, respectively. Crystals of
DhaA04 belong to the orthorhombic space group P2,2,2,
while crystals of DhaA 14 and DhaA 15 mutants belong to
the triclinic space group P1. The known structure of the
haloalkane dehalogenase from Rhodococcus species (PDB
code 1bn6) [5] was used as a template for the molecular re-
placement.

Analyses of crystal structures of mutants allow deter-
mine of electron densities observed for the ligands. In the
case of DhaA04 the ligand is benzoic acid. DhaA14 and
DhaA15 proteins contain isopropanol in the active site cav-
ity. Mutations in Dha04 and DhaAl5 partially block the

main tunnel and almost completely block small slot in
DhaA14 and DhaA1l5 enzymes.
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