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Lay ered Dou ble Hy drox ides (LDHs) be long to the in or -
ganic lay ered sol ids con sisted of the rigid lay ers con tain ing 
two kinds of me tal lic at oms and the interlayers con tain ing
ex change able com pen sat ing an ions and wa ter mol e cules.
These ma te ri als are at trac tive due to their sim ple mod i fi ca -
tion and they are used in many branches like ca tal y sis, pre -
cur sors for chem i cal re ac tions, drug de liv ery,
de con tam i na tion of wa ter, soils, etc. The in ter ca la tion of
por phy rins into Lay ered Dou ble Hy drox ides based on ion
ex change plays an im por tant role in de sign ing of new ma -
te ri als with op ti cal prop er ties, which can be used as
photofunctional units [1]. Ad vanced meth ods of prep a ra -
tion of the sam ple al low us to ob tain well crys tal lized sam -
ples and their struc ture anal y sis can pro vide deeper
struc tural de tails. Zn(II)-5,10,15,20-tetrakis(4-sulfo -
natophenyl) porphyrin – (ZnTPPS) shown in Fig. 1 was in -
ter ca lated into Zn2-Al LDH and a high crystallinity was
achieved by the coprecipitation pro ce dures fol lowed by a
post-syn the sis hy dro ther mal treat ment.

Mo lec u lar sim u la tions and quan tum chem is try cal cu la -
tions com bined with X-ray dif frac tion, thermogravimetry
and elec tron den sity mea sure ments were used in the struc -
ture anal y sis. The ge om e try and di men sions of ZnTPPS
were op ti mized by the quan tum-chem is try com pu ta tional
pro gram Turbomole v5.9 us ing the RI-DFT method with
B-P86 func tional [2]. The op ti mized mod els of por phy rins
were sub se quently used in the mo lec u lar sim u la tions. The
cell pa ram e ters were de ter mined from ex per i men tal XRD
pat terns: a = b = 3.064 C. 96 cells were linked to ob tain the
layer [Zn64Al32(OH)192]

32+ with the lat tice pa ram e ters: A =
49.024 C and B = 18.384 C. The basal spac ing in ini tial
mod els was equal to the value of the ex per i men tal basal
spac ing (23.05 C) ob tained from the ex per i men tal XRD
data. The es ti mated load ing of ZnTPPS an ions in the
interlayer space was over 90% of an ion ex change ca pac ity
(AEC). It was ap prox i mated by struc tural mod els with the
100% load ing of AEC. The ini tial mod els con tained 4 wa -
ter mol e cules per [Zn4Al2(OH)12]

2+. The com po si tion of
ini tial struc ture mod els was [Zn192Al96(OH)576]
[(ZnTPPS)24·192 H2O] and a set of mod els with var i ous
ori en ta tions of guest an ions with re spect to the host lay ers
and with re spect to each other was cre ated. The
minimization of the ini tial mod els was car ried out in the
Uni ver sal force field [3], the elec tro static en ergy was cal -
cu lated by Ewald sum ma tion method [4] and the van der
Waals en ergy was cal cu lated by Lennard-Jones po ten tial
[5]. The space group was P1 and the porphyrin pyrroles
were kept in their ge om e try as it was ob tained by ab-in itio

cal cu la tions. The mod els were min i mized iteratively in two 
steps, with fixed and vari able cell pa ram e ters to ob tain a
good es ti ma tion of the ori en ta tion of the guest with re spect
to the host lay ers and a good agree ment with the ex per i -
men tal basal spac ing. The min i mized mod els were re fined
by quench dy nam ics in an NVT (con stant num ber of at oms, 
con stant vol ume and con stant tem per a ture) sta tis ti cal en -
sem ble at a tem per a ture of 300 K. One dy nam ics step was
0.001 ps and 200 ps of dy nam ics were car ried out. 
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Fig ure 1. Mo lec u lar struc ture of ZnTPPS and its di men sions.
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Fig ure 2. Ex per i men tal (a) and cal cu lated (b) XRD basal dif -
frac tions of Zn2Al/ZnTPPS in ter ca late.



The re sults are sum ma rized in Figs. 2 and 3. Fig. 2
shows the cal cu lated and ex per i men tal pow der XRD pat -
terns with basal dif frac tion lines char ac ter iz ing the

interlayer ar range ment and are com pared for 2q from 3 to
25°. The ar range ment of the guests in the interlayer space
cor re spond ing to the cal cu lated pow der XRD pat tern is
shown in Fig. 3. The porphyrin an ions are hor i zon tally
shifted, the hor i zon tal shift ranges from one third to one
half of the porphyrin di am e ter and the guests nearly ho mo -
ge neously oc cupy the interlayer space. The low in ten sity
peaks in the cal cu lated XRD es pe cially be tween 5 and 6°
and be tween 16 and 18° are caused by the forced pe ri od ic -
ity of cen tral zinc at oms of ZnTPPS. It in di cates that in the
real sam ple one can ex pect no or der of the guests in the
interlayer space. The ZnTPPS porphyrin planes ex hibit a
Ctilted ori en ta tion with re spect to the nor mal. The av er age
cal cu lated value of tilted an gle is of 14°.
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Nat u ral killer cells a are part of our in nate im mune de fense
able to kill sev eral types of tu mor cells. Their ac tiv ity is
reg u lated by ac ti va tion or in hi bi tion sig nals com ing from
re cep tors ex pressed on cell sur face. Stud ies of these re cep -
tors pro vide novel in sights into the mech a nisms of func tion 
of nat u ral killer cells.

The extracellular do main of hu man CD69 was crys tal -
lized us ing novel poly mer screens [1]. The crys tals be long -
ing to space group P61 dif fracted to high res o lu tion (1.37 )
and were merohedrally twinned. The struc ture pro vides the 
most de tailed in for ma tion on intra- and intermolecular in -
ter ac tions of the hu man CD69 re cep tor. A com par a tive
anal y sis of CD69 in clud ing ho mol o gous struc tures is per -
formed.

CD69 be longs to the ear li est in duced cell sur face
glycoproteins dur ing nat u ral killer cell ac ti va tion. Re com -
bi nant forms of the extracellular part of the re cep tor can be
po ten tially used in can cer treat ment. How ever, the mech a -
nism of func tion of the mol e cules still re mains un clear in
spite of the fact that many bio chem i cal and bio phys i cal
stud ies were re ported [2]. 

This work was sup ported by GA AV IAA500500701,  GA
ÈR 305/07/1073 and Eu ro pean Com mis sion In te grated
pro ject SPINE2-Com plexes, no. 031220.
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Fig ure 3. Top view of the linked supercells on the ar range ment of
the guests in the interlayer space.
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The crys tal struc ture of the re ceiver do main  of the histidine 
kinase CKI1 from Arabidopsis thaliana has been de ter -
mined at a res o lu tion of 2.0 C.

Sen sor histidine kin ases (HKs) are mem bers of the two-  
com po nent (TC) sig nal ling sys tems that me di ate sig nal
transduction in a broad spec trum of adap tive re sponses in
bac te ria [1]. A mod i fied ver sion of bac te rial two-
component (TC) sig nal ling has been adapted by yeast and
plants. In TC sig nal ling in plants, the mem brane-as so ci ated 
sen sor HK in ter acts with a sig nal ling mol e cule, which ac ti -
vates an intracellular HK do main and leads to auto -
phosphorylation of its con served histidine moi ety. The
down stream phosphorelay is ini ti ated by a re ceiver do main
(RD) of the HK. The RD trans fers phos phate from a His to
its own Asp and fur ther trans mits the sig nal via
transphosphorylation to the His of a histidine-con tain ing
phosphotransfer (HPt) do main. The HPt pro teins
translocate the sig nal to the nu cleus, where the phospho -
rylated histidine serves as a do nor for the phosphorylation
of a fi nal phos phate ac cep tor, the Asp res i due of the re -
sponse reg u la tor [2]. 

In the A. thaliana ge nome, genes en cod ing 11 HKs, 6
HPt pro teins and 23 re sponse reg u la tors have been iden ti -
fied. A. thaliana HKs me di ate dis crete re sponses to var i ous 
phytohormones (eth yl ene, cytokinin and abscisic acid) and
osmosensing [3]. This sug gests that the struc ture of the RD
might con trib ute to the rec og ni tion of its in ter ac tion part -
ners.

The sen sor histidine kinase CKI1 was iden ti fied as an
ac ti va tor of a cytokinin-like re sponse when overexpressed
in hypocotyl explants of A. thaliana [4]. How ever, in con -
trast to the gen u ine cytokinin re cep tors of A. thaliana,
AHK2, AHK3 and AHK4, CKI1 was found to be con sti tu -
tively ac tive in bac te ria and yeast or A. thaliana proto plasts
[5-6]. Thus, the spec i fic ity and the role of CKI1 in the TC
sig nal ling in A. thaliana re main un clear. 

Crys tals of the re com bi nant RD of the Arabidopsis HK
CYTOKININ-INDEPENDENT1 (CKI1RD) have been ob -
tained by the hang ing-drop vapour-dif fu sion method us ing
am mo nium sul fate as a pre cip i tant and glyc erol as a
cryoprotectant. The crys tals dif fracted at beamline BW7B
of the DORIS-III stor age ring to approx. 2.4 C. The dif frac -

tion has been im proved sig nif i cantly - to at least 2.0 CÅ -
af ter ap ply ing of a non-wa ter cryoprotectant. The crys tals
be long to space group C2221 with unit-cell pa ram e ters a =
54.46, b = 99.82, c = 79.94 C, the asym met ric unit con tains
one mol e cule of the pro tein. The struc ture of  CKI1RD had
been solved by a mo lec u lar-re place ment method us ing an
au to mated scheme for mo lec u lar re place ment as im ple -
mented in MrBUMP v.0.4.1 in con junc tion REFMAC as
the re fine ment pro gram. An un am big u ous so lu tion was
found us ing the bac te rial re sponse-reg u la tor pro tein CheY
[7] as a search model. Ini tial R value of 0.54, which de -
creased to R = 0.413 and Rfree = 0.426 af ter 30 cy cles of
REFMAC re fine ment. The qual ity of the map gen er ated
with this re sult was good enough to al low suc cess ful ap pli -
ca tion of the autobuild re gime of ARP/wARP. 

The three-di men sional struc ture of A. thaliana CKI1RD

shows the conformational con ser va tion of  re ceiver pro -
teins, such as CheY, CheB, ETRRD. CKI1RD is a sin gle do -

main pro tein folded in a (b/a)5 man ner with a cen tral

b-sheet formed from five b-strands and sur rounded by

sides by two and three a-he li ces. The cat a lytic aspartate
res i due is lo cated on the car boxyl ter mi nus of the cen tral

b3-strand, in a cav ity formed by  loops L1, L5 and L7
loops. All ma jor conformational dif fer ences be tween re -
ceiver pro teins are lo cated in the loops, which sup pos edly
form a dock ing in ter face for the ineracting part ners.
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The monophosphate 5’-nucleotidases, in clud ing 5’(3’)-
deoxy ribonucleotidase, be long to a fam ily of en zymes that
cat a lyze the dephosphorylation of nucleoside mono -
phosphates. The ribonucleotides and deoxyribonucleotides 
could be syn the sized de novo from low-mo lec u lar-weight
pre cur sors or by sal vage from nu cleo sides or nucleobases
com ing from ca tab o lism of nu cleic ac ids [1]. In this sal -
vage path way, ribonucleotides and deoxyribonucleotides
are phosphorylated by nucleoside and nu cle o tide kin ases to 
main tain suf fi cient pools of dNTP’s and NTP’s for syn the -
sis of DNA and RNA. The phosphorylation by cel lu lar
nucleoside kin ases is op posed by 5’-nucleotidases that
dephosphorylate ribo- and deoxyribonucleoside mono -
phosphates [2, 3, 4]. Be sides their role in the reg u la tion of
phys i o log i cal dNTP pools, sub strate cy cles be tween
ribonucleotidases and kin ases may af fect the ther a peu tic
ac tion of py rim i dine nucleoside analogs used as anticancer
and an ti vi ral agents. Such com pounds re quire the
nucleoside kin ases ac tiv ity for phosphorylation to their ac -
tive forms. Re sults of clin i cal and in vi tro stud ies pro pose
that an in crease in nucleotidase ac tiv ity can in ter fere with
nucleoside an a logue ac ti va tion re sult ing in drug re sis tance
[5].

The main goal of this pro ject is the search for po tent and 
se lec tive in hib i tors of mam ma lian 5’-nucleotidases based
on nucleoside phosphonic ac ids and their de riv a tives and
com par i son of sen si tiv ity of 5’-nucleotidases iso lated from
var i ous sources to ward in di vid ual in hib i tors. 

 We have pre pared 2 types of hu man 5’-nucleotidase:
cytosolic and mi to chon drial by re com bi nant ex pres sion in
E. coli. The in hib i tory prop er ties of a se ries of nucleoside
phosphonic ac ids de riv a tives are tested and for the most
prom is ing com pounds the en zyme-in hib i tor struc ture will

be de ter mined to serve as a lead for struc ture-based drug
de sign ef forts. 

In gen eral, com pounds of strong and se lec tive in hib i -
tory po tency are of high me dic i nal in ter est as
antimetabolites for anticancer and an ti vi ral ther apy.

1. P. Reichard: In ter ac tions be tween deoxyribonucleotide and 
DNA syn the sis. Annu Rev Biochem., 57 (1988), 349-74.

2. S.A. Hunsucker, B.S. Mitch ell, J. Spychala: The
5’-nucleotidases as reg u la tors of nu cle o tide and drug me -

tab o lism. Pharmacol Ther., 107 (2005), 1-30.

3. V. Bianchi, E. Pontis, P. Reichard: In ter re la tions be tween
sub strate cy cles and de novo syn the sis of py rim i dine
deoxyribonucleoside triphosphates in 3T6 cells. Proc Natl

Acad Sci U S A, 83 (1986), 986-90.

4. P. Bianchi, E. Fermo, F. Alfinito, C. Vercellati, M.
Baserga, F. Ferraro, I. Guzzo, B. Rotoli, A. Zanella: Mo -
lec u lar char ac ter iza tion of six un re lated Ital ian pa tients af -
fected by py rim i dine 5’-nucleotidase de fi ciency. Br J

Haematol, 122 (2003), 847-51.

5. C. Mazzon, C. Rampazzo, M.C. Scaini, L. Gallinaro, A.
Karlsson, C. Meier, J. Balzarini, P. Reichard,  V. Bianchi:
Cytosolic and mi to chon drial deoxyribonucleotidases: ac tiv -
ity with sub strate analogs, in hib i tors and im pli ca tions for
ther apy. Biochem Pharmacol, 66 (2003), 471-9.

Fig ure 1. X-ray struc ture struc ture of hu man cytosolic 5’-nucleotidase with cat a lytic mag ne sium ion
rep re sented as a cyan sphere and mod eled dGMP shown in stick model with yel low car bon at oms.
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b-Galactosidase (EC 3.2.1.23) is an en zyme which is able

to cat a lyze hy dro ly sis of the ter mi nal b-D-galactosyl of

b-D-galactosides and it is also able to cat a lyze
trans-glycosylation and be longs to the en zyme class called
glycosidases. 

Re cently, we de ter mined the struc ture of the wild type

en zyme b-galactosidase from Arthrobacter sp. C2-2 [1].

Struc tures of its com plexes with b-D-galactose, b-D- ga -

lacto nolactone and isopropyl b-D-1- thio galacto pyranoside
(IPTG) de ter mined by X-ray dif frac tion are pre sented here. 
X-ray dif frac tion data were col lected at the beam-line
ID14.1 of the source of syn chro tron ra di a tion ESRF in
Grenoble and on an in-house ro tat ing an ode diffractometer. 
The data were pro cessed us ing HKL2000. All the three
crys tals be long to the same space group P21 but pack ing of
hexamers in the crys tals dif fers. The asymetric unit con -
tains one hexamer with a mo lec u lar weight of 660 kDa. 

This pa per re views the in ter ac tions be tween sev eral
type of lig ands and the en zyme. Our struc tures of com -
plexes  of the  en zyme from Arthrobacter sp. C2-2 are com -

pared with a se ries of com plexes of b-galactosidase from E. 
coli [2]. 

There are two dis tinct bind ing modes for the galactosyl
group of sub strate - shal low and deep. Each bind ing mode
has spe cific hydrogen bonds be tween en zyme and bound
lig ands. Struc ture changes evoked by bind ing of lig ands
into the ac tive site of the en zyme will be shown and dis -

cussed. b-D-galactose, as well as b-D-galactonolactone, oc -
cupy the deep bind ing po si tion and make the same
in ter ac tions but large struc ture changes with re gard to
non-liganded en zyme are ob served only in the case of

b-D-galactonolactone. 

1. Skálová, T. et al.: Cold-ac tive b-galactosidase from
Arthrobacter sp. C2-2 forms com pact 660 kDa hexamers:
Crys tal struc ture at 1.9 C res o lu tion. J. Mol. Biol., 353,

282-294 (2005).

2. Juers D. H. et al.: A struc tural view of the ac tion of Esch e -

richia coli (lacZ) b-galactosidase, Bio chem is try, 40,

14781-14794 (2001).

This work was sup ported by the Czech Sci ence Foun da tion
(305/07/1073) and by the IGS CTU (CTU0803914).
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Neisseria meningitidis is a Gram-neg a tive bac te rium col o -
niz ing the nasopharynx of about 10% of healthy hu mans.
Oc ca sion ally the meningococci can tra verse the mucosal
epithelia to reach the blood stream, even tu ally cross the
blood-brain bar rier, and cause rap idly pro gress ing sep ti ce -
mia and/or men in gi tis [1]. Sev eral traits po ten tially re -
quired for vir u lence of meningococci have been iden ti fied,
in clud ing pro duc tion of a cap sule con fer ring re sis tance to
se rum, se cre tion of an IgA pro te ase, the high an ti genic
vari abil ity of pili and non-fim bri al adhesins, and the pres -
ence of sev eral iron ac qui si tion sys tems [2]. Un der con di -

tions of lim ited iron avail abil ity, N. meningitidis pro duces
Fe-reg u lated pro teins, FrpD and FrpC. FrpC be longs to a
fam ily of type I-se creted RTX (Re peat in tox ins) pro teins
and it may be in volved in the pathogenesis of  
meningococcal in fec tion. FrpD binds the N-ter mi nal por -
tion of FrpC with a very high af fin ity and prob a bly serves
as an ac ces sory li po pro tein in volved in an chor ing of the se -
creted RTX pro tein to the outer bac te rial mem brane [3].
The aim of this pro ject is to pro duce crys tals of FrpD pro -
tein for X-ray dif frac tion ex per i ments and to solve the
struc ture of FrpD pro tein.



The re com bi nant, trun cated ver sion of the FrpD pro tein 
lack ing the first 21 amino acid res i dues (FrpD250) with the
C-ter mi nal polyhistidine tag, was ex pressed in E. coli

BL21lDE3 and pu ri fied us ing a com bi na tion of metal af -
fin ity and an ion-ex change col umn chro ma tog ra phy. The
crys tals of trun cated FrpD pro tein lack ing the first 42
amino acid res i dues were ob tained us ing a sit ting drop
vapour dif fu sion method. Dif frac tion data were col lected at 
the beamline MX BL14.1 of syn chro tron BESSY (Berlin,
Ger many) at 100 K to the res o lu tion of 2.27 C.

Crys tals of FrpD be long to the hex ag o nal space group 
P 62, with unit-cell pa ram e ters a = b = 115.33 C, c = 38.79

C and a  = b = 90° and g = 120°. To de ter mine the struc ture
of the FrpD pro tein, phase prob lem has to be solved us ing
sin gle/mul ti ple anom a lous dif frac tion (SAD/MAD) ex per -

i ment hence the crys tal li za tion of selenomethionine de riv a -
tive FrpD pro tein is cur rently in prog ress.
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The struc ture of the E.coli flavoprotein WrbA pre vi ously
showed it is struc tur ally re lated to eukaryotic
NADH:quinone oxidoreductases (Nqos)[1]. Those en -
zymes have many un usual ki netic prop er ties and their
phys i o log i cal func tion is not clear [2, 3].

WrbA and Nqos can trans fer two elec trons at a time
from NADH to quinone ac cep tors. The elec tron trans fer ki -
net ics can be ob served spec tro pho to met ri cally un der
steady-state con di tions [1, 4, 5]. This as say is used to mea -
sure the rates of WrbA elec tron trans fer and to eval u ate dif -
fer ent com pounds that might func tion as the true
phys i o log i cal elec tron do nors or ac cep tors. For the
co-crys tal li za tion ex per i ments we used stan dard equip -
ment for crys tal li za tion, and var ied the con di tions that were 
es tab lished in our group for the holo pro tein crys tals.

The re sults of this work dem on strate un usual two-pla -
teau be hav iour on the sub strate con cen tra tion-de pend ence
plots for NADH or benzoquinone. The ex per i ments show
that WrbA ac tiv ity in creases upon ad di tion of mem -
brane-mim ick ing de ter gents, and they dem on strate the
abil ity of the pro tein to in ac ti vate re vers ibly by shift ing
tem per a ture from 5 to 25 oC.  These prop er ties are sim i lar
for the Nqos but have not been ex plained. Microcrystals of
WrbA pro tein were crys tal lized us ing the sit ting-drop

vapour-dif fu sion tech nique [6]. Fu ture stud ies with WrbA
have the aim to ex plain ki netic prop er ties in mo lec u lar
terms and to cre ate crys tal good qual ity for dif frac tion anal -
y sis.
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In tro ducti on

Pro tein WrbA from Esch e richia coli stud ied in this work
rep re sents a widely dis trib uted fam ily of tetrameric
flavoenzymes [1, 2]. Us ing flavin mononucleotide (FMN)
like monomeric flavodoxins that trans fer sin gle elec trons
to pro tein part ners but form ing multimers and car ry ing out
two-elec tron re duc tion of qui nones [3, 4] like the FAD-de -
pend ent quinone oxidoreductases, WrbA was sug gested to
be a struc tural and func tional linker be tween bac te rial
flavodoxins and eukaryotic NAD(P)H:quinone
oxidoreductases [5]. 

In ter est ing changes in pro tein dy nam ics and
multimerization state ac com pa ny ing FMN bind ing were
iden ti fied by bio phys i cal spec tral meth ods [6]. This was
mo ti va tion for the com par a tive anal y sis of the FMN-bound 
WrbA struc ture (holoWrbA) and the FMN-free WrbA
struc ture (apoWrbA), re sults of which are pre sented here.

Ma te ri als and methods

Struc tures of holoWrbA and apoWrbA were solved from
x-ray dif frac tion data on sin gle crys tals and re fined to a res -
o lu tion of 2.0 C and 1.85 C, re spec tively. Al though crys -
tals for both pro tein forms were grown from the same
crys tal li za tion so lu tion, dif fer ent space groups were de ter -
mined: P41212 for holoWrbA and P21212 for apoWrbA.

Re sults and dis cus si on  

In each structure four WrbA mono mers form a tetramer,
where in di vid ual sub units share the com mon fold of
flavodoxins with se quence in ser tions unique for WrbA
fam ily form ing ad di tional sec ond ary struc ture el e ments.
FMN-bind ing sites are lo cated at the in ter faces of three of
the four sub units. Our com par a tive anal y sis of holo- and
apoWrbA re vealed sig nif i cant changes at the level of qua -
ter nary and ter tiary struc ture. Large dif fer ences were ob -
served in the ar range ment of sub units in tetramers (see Fig.
1). In orthorhombic apoWrbA struc ture the dis tance be -
tween sub units across the empty FMN-bind ing site is
larger by 2 to 4 C than in holoWrbA struc ture, with the dis -
tances be ing lon ger at the sur face than at the core of
apoWrbA tetramer (see Fig. 2). Changes in struc tural or ga -
ni za tion of tetramers thought to be in duced by FMN bind -
ing are in cor re spon dence with the re sult of
mass-spec trom e try anal y sis [6] sug gest ing FMN to fa vour
tetramer for ma tion.

Sub stan tial struc tural changes of WrbA mono mers
upon FMN bind ing are pre sum ably lo cated in the vi cin ity
of the FMN-bind ing site. Struc tural over lay of holo- and
apoWrbA mono mers (see Fig. 3) shows the large rel a tive
mo tion of one of the loops con tact ing FMN in holoWrbA,
re sult ing in par tial oc cu pa tion of the empty FMN-bind ing
pocket in apoWrbA. FMN was also found to in duce shifts
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Fig ure 1. Over lay of holo- and apoWrbA tetramers. HoloWrbA
sub units are green, cyan, pink and pur ple, all apoWrbA sub units

are dark grey. a he li ces are drawn as cyl in ders, b strands as ar -
rows, loops as lines. FMN co fac tor in the holoWrbA struc ture is
shown in ball and stick rep re sen ta tion and col ored or ange. Larger
dis tances be tween sub units across the empty FMN-bind ing site in
apoWrbA tetramer bring the dark grey, cyan and pink sub units
out of align ment, while the green and pur ple sub units of
holoWrbA are aligned with the dark grey apoWrbA sub units
nearly perfectly.



in the po si tions of res i dues in ter act ing with FMN, the most
ap par ent be ing ro ta tion of the side chain of Arg 78.

The 3D-su per po si tion of holo- and apoWrbA with
long-chain holo- and apoflavodoxin from Anabaena [7, 8]
re vealed strik ing sim i lar i ties in the be hav ior of the
FMN-bind ing res i dues in re sponse to FMN bind ing, which
are be yond those expectable from their dis tant homology.
This find ing in di cates WrbA to be a sig nif i cant mem ber
rather than a re mote and un usual branch of flavodoxin-like
pro teins.

All fig ures in cluded in this pa per were pre pared by us -
ing the PyMOL mo lec u lar graphic sys tem [9]. 
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Fig ure 2. In ter face be tween sub units formed across the
FMN-bind ing site in holo- and apoWrbA tetramers.  The de tailed
pic ture was drawn out of the over lay of WrbA tetramers shown in
Fig. 1, thus col ors and graph i cal rep re sen ta tion are the same.

Polypeptide main-chain at oms in cluded in a he li ces are shown in

skel e tal mode. He li ces de noted as a3 and a4, la beled also in Fig.
1, were ori ented to give an op ti mal view on the shift be tween sub -
units of apoWrbA rel a tive to holoWrbA. Dis tances be tween the
cor re spond ing  main-chain at oms (at oms shown as spheres) of the
in ter fac ing sub units are marked with dashed lines: green for
holoWrbA, black for apoWrbA; their lengths mea sured in Å in di -
cate not only translational but also ro ta tional shift of the subunits
upon FMN binding.      

Fig ure 3. Over lay of holo- and apoWrbA mono mers – de tail of
FMN-bind ing site. Col ors and graph i cal rep re sen ta tion are the
same as in Fig. 1; holoWrba – green, apoWrbA – dark grey. Sub -
stan tial changes ac com pa ny ing FMN bind ing are in di cated: 1)

loop be tween b4 and a4 oc cu py ing partly the empty FMN-bind -
ing site in apoWrbA; 2) res i dues ob served in dif fer ent po si tions in 
holo- and apoWrbA are la beled and their side chains are shown as
skel e tal mod els. Se lected sec ond ary-struc ture elements are
labeled.  
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Haloalkane dehalogenases (EC 3.8.1.5) are mem bers of the 

a/b-hydrolase fold fam ily and cat a lyze hydrolytic con ver -
sion of a broad spec trum of hy dro car bons to the cor re -
spond ing al co hols [1]. Be sides a wide range of
haloalkanes, DhaA can slowly con vert se ri ous in dus trial
pol lut ant 1,2,3-trichloropropane (TCP) [2]. Three mu tants
marked as DhaA04, DhaA14 and DhaA15 were de signed
and con structed to study the rel e vance of the tun nels con -
nect ing the bur ied ac tive site with the sur round ing sol vent
for the en zy matic ac tiv ity. 

The three mu tants of DhaA were crys tal lized us ing the
sit ting-drop va por-dif fu sion tech nique [3]. Crys tal growth
con di tions were op ti mized [4] and crys tals were used for
syn chro tron dif frac tion mea sure ments at the beamline X11
of the DORIS stor age ring at the EMBL Ham burg Out sta -
tion. X-ray in ten si ties data for DhaA04, DhaA14 and
DhaA15 mu tants were col lected to a res o lu tions limit of
1.23 C, 0.95 C and 1.22 C, re spec tively. Crys tals of
DhaA04 be long to the orthorhombic space group P212121

while crys tals of DhaA14 and DhaA15 mu tants be long to
the triclinic space group P1. The known struc ture of the
haloalkane dehalogenase from Rhodococcus spe cies (PDB
code 1bn6) [5] was used as a tem plate for the mo lec u lar re -
place ment. 

Anal y ses of crys tal struc tures of mu tants al low de ter -
mine of elec tron den si ties ob served for the lig ands. In the
case of DhaA04 the ligand is ben zoic acid. DhaA14 and
DhaA15 pro teins con tain isopropanol in the ac tive site cav -
ity. Mu ta tions in Dha04 and DhaA15 par tially block the

main tun nel and al most com pletely block small slot in
DhaA14 and DhaA15 en zymes.
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