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Abs tract

The flavoprotein WrbA from Esch e richia coli rep re sents a
new fam ily of multimeric flavodoxin-like pro teins im pli -
cated in cell pro tec tion against ox i da tive stress. The re -
cently re vealed NAD(P)H-de pend ent quinone
oxidoreductase ac tiv ity stim u lated de ter mi na tion of crys tal 
struc tures of E. coli WrbA and the fol low ing search for
struc tural fea tures char ac ter iz ing the new fam ily of re -
dox-ac tive pro teins. Two dif fer ent crys tal forms were ob -
tained for E. coli WrbA in com plex with its flavin co fac tor
(FMN) and the crys tal struc tures were de ter mined to res o -
lu tions of 2.6 and 2.0 C. In or der to in ves ti gate in flu ence of
FMN bind ing on the pro tein struc ture, WrbA apoprotein
(with out FMN bound) was crys tal lized and the dif frac tion
data were re corded to a res o lu tion of 1.85 C.  

In tro ducti on

The pro tein WrbA from Esch e richia coli was iden ti fied as
the found ing mem ber of a new fam ily of flavodoxin-like
pro teins, based on se quence anal y sis and homology mod el -
ing [1]. Fol low ing bio chem i cal char ac ter iza tion [2] con -
firmed the E. coli WrbA to be flavoprotein bind ing flavin
mononucleotide (FMN) as phys i o log i cal co fac tor. Ac cord -
ing to re cent re port [3], E. coli WrbA and its homologue in
Archaeoglobus fulgidus use FMN as re dox-ac tive co fac tor
for quinone oxidoreductase ac tiv ity, when trans fer ring
elec trons from NADH (the pre ferred elec tron do nor) to the
quinone ac cep tor. As sump tions that en zymes with
NAD(P)H:quinone reductase ac tiv ity pro tect cells against
ox i da tive stress via the two-elec tron re duc tion of qui nones
[4-7] im pli cate the WrbA fam ily in cell ox i da tive-stress re -
sponse. Con sis tent with this role E. coli WrbA was re -
ported to trans fer two elec trons at a time [8] and to be

ex pressed un der the con trol of the stress re sponse fac tor
rpoS [9].

Ex per i men tal work on E. coli WrbA [2] re vealed
unique fea tures dis tin guish ing the WrbA fam ily from
flavodoxins. The ma jor dif fer ences con sist in multimer for -
ma tion and weaker FMN bind ing. These dif fer ences em -
bed ded in the pro tein struc ture im ply prob a bly the
func tional di ver sity be tween 1) monomeric flavodoxins
be ing in volved in one-elec tron trans port pro cesses and 2)
multimeric WrbA pro teins ex e cut ing the two-elec tron re -
duc tion of qui nones. Since the crys tal struc tures of WrbA
homo logues [10] re ported to date did not pro vide the suf fi -
cient struc tural in ter pre ta tion of the bio chem i cal data, de -
ter mi na tion of crys tal struc ture of the E. coli WrbA was
pur sued. Here we re port crys tals and dif frac tion anal y sis
achieved to date for E. coli WrbA and its com plex with
flavin co fac tor.

Ma te ri als and methods used for crys tal li zati on

Re com bi nant WrbA pro tein, with mo lec u lar weight of

about 21 kDa, was ex pressed in E. coli CY1507(lDE3)
cells and pu ri fied ac cord ing to pre vi ously re ported pro ce -
dure [2]. Pure WrbA pro tein was ob tained with out bound
co fac tor FMN. The pro tein com plex with FMN was pre -
pared by in cu bat ing pure WrbA apoprotein with equimolar
con cen tra tion of FMN (Sigma), af ford ing 96% oc cu pancy
of the WrbA-FMN com plex [11].

WrbA pro tein at 0.25 mM (5 mg/ml) in 20 mM
Tris-HCl, pH 7.5, was used for crys tal li za tion tri als (for
WrbA apoprotein, as well as for the WrbA com plex with
FMN). Screen ing of dif fer ent tem per a tures (rang ing from 4 
to 25 °C) and precipitants was car ried out by the stan dard
sit ting-drop va por-dif fu sion tech nique, us ing the crys tal li -
za tion screen ing kits (Hampton Re search, Sigma) and
home made so lu tions. For a broad screen ing of crys tal li za -
tion con di tions for WrbA-FMN com plex 96-well
Intelliplates and the Phoe nix microdispenser (Art Rob bins
In stru ments) were used, other crys tal li za tion ex per i ments
were car ried out us ing 24-well Cryschem plates (Hampton
Re search).
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Re sults 

Crys tals and diffracti on data of WrbA pro tein in com -
plex with FMN

First crys tals lead ing to struc ture so lu tion were ob tained
for the WrbA-FMN com plex. Deep yel low, well-formed
tetragonal crys tals (Fig. 1A) were ob tained at 12°C from
sev eral dif fer ent crys tal li za tion con di tions tested in the
96-well sit ting-drop va por-dif fu sion ex per i ments. X-ray
dif frac tion data col lected at 100 K at syn chro tron DESY,
beamline X13 (EMBL) re vealed two forms of tetragonal
crys tals dif fer ing in space group and unit-cell pa ram e ters.
Res o lu tion of 2.6 C was reached for crys tal form with
space group P43212 and unit-cell di men sions: a = b = 94.35
C, c = 175.38 C. The sec ond crys tal form dif fract ing to a
res o lu tion of 2.0 C be longs to space group P41212 and has
unit-cell di men sions: a = b = 61.13 C, c = 168.38 C. Based
on the data sets ob tained both struc tures were solved.
Struc ture so lu tion of the WrbA-FMN com plexes re vealed
that the pro tein forms tetramers as sem bled as dimer of
dimers with 222 sym me try. We re ported the de tailed crys -
tal li za tion and dif frac tion anal y sis of the E. coli WrbA in
com plex with FMN re cently [11]. The two struc tures were
re fined and their de tailed in ter pre ta tion is un der way.

Crys tals and diffracti on data of WrbA apo pro tein 

Un like the WrbA-FMN com plex, the pure WrbA
apoprotein turned out to be much more dif fi cult to crys tal -
lize. The first WrbA apoprotein crys tals grew as
multicrystalline clus ters of thin plates in sev eral crys tal li -
za tion con di tions, no ta bly from pre cip i tant con tain ing 2.0
M am mo nium sul fate in 0.1 M Tris-HCl, pH 8.5. Op ti mi za -
tion of stan dard va por-dif fu sion ex per i ments by us ing ad -
di tives (CdCl2 or lith ium ci trate) was re quired to get sin gle
crys tals (Fig. 1B; [13]). Nev er the less, the apoprotein struc -
ture could not be solved due to high crys tal mosaicity and
ani so tropy ac com pa nied by the large unit cell (see dif frac -
tion pat tern in Fig. 2A).         

Ap par ently better crystallizability of the WrbA-FMN
com plex in di cated the pos i tive ef fect of FMN on crys tal li -
za tion of WrbA pro tein. FMN was sug gested to pro mote
crys tal li za tion through spe cific bind ing to pro tein lead ing
to fa vor able intermolecular in ter ac tions and/or re duc ing
the flex i bil ity of the part of polypeptide chain in volved in
crys tal con tacts [11]. In or der to in ves ti gate the pro spec tive 
ef fect of FMN bind ing on for ma tion of sta ble crys tal con -
tacts, crys tal struc ture of WrbA apoprotein was fur ther pur -
sued. Fol low ing crys tal li za tion tri als were car ried out
based on con di tions yield ing crys tals of the WrbA-FMN
com plex. Growth of WrbA apoprotein crys tals was ob -
served in one of the tested con di tions only, namely with
pre cip i tant con tain ing 30% PEG 4000, 0.1 M Tris-HCl, pH 
8.5, 0.2 M MgCl2. How ever, change of tem per a ture dur ing
crys tal li za tion was re quired to ob tain good-qual ity crys -
tals. At the be gin ning, when nu cle ation oc curs, crys tal li za -
tion ex per i ments were car ried out at 12°C. Af ter 1 or 2
weeks the tem per a ture was in creased to 25°C, the op ti mal
tem per a ture for crys tal growth. Well-formed col or less
crys tals (Fig. 1C,D) ap peared ap prox i mately a week later.
Dif frac tion data of the new WrbA apoprotein crys tals re -
ported here (Fig. 2B) were col lected at 100 K at syn chro -

tron DESY, beamline X12 (EMBL), equipped with a large
Mar CCD (225 mm) de tector. Crys tals dif fracted to a res o -
lu tion of 1.85 C. Al though the WrbA apoprotein crys tals
and the crys tals of the WrbA-FMN com plex were ob tained
from the same pre cip i tant, WrbA apoprotein crys tal lized
with dif fer ent space group (orthorhombic P21212) and unit
cell than pre vi ously de ter mined for the WrbA-FMN com -
plex. The change of crys tal sym me try upon FMN bind ing
sup ported the role for FMN to in flu ence for ma tion of crys -
tal con tacts. Find ing of the new crys tal li za tion con di tions
for WrbA apoprotein led to im prove ment of dif frac tion pa -
ram e ters of the WrbA apoprotein crys tals (Fig. 2) such that
the struc ture could be solved and com pared to crys tal struc -
ture of the WrbA-FMN com plex. The sug gested ef fect for
FMN in fa vor ing crys tal lat tice for ma tion through the spe -
cific in ter ac tion with pro tein will be in ves ti gated.   
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Fig ure 1. WrbA pro tein crys tals. A) Crys tal of WrbA pro tein in
com plex with FMN grown from 30% PEG 4000, 0.1 M Tris-HCl,
pH 8.5, 0.2 M MgCl2. B) WrbA apoprotein crys tals grown in the
va por-dif fu sion ex per i ments op ti mized by us ing ad di tive - lith -
ium ci trate. Pre cip i tant: 2.0 M am mo nium sul fate, 0.1 M
Tris-HCl, pH 8.5. C) WrbA apoprotein crys tal grown un der the
con di tion of in creas ing tem per a ture, while us ing the pre cip i tant
con tain ing 30% PEG 4000, 0.1 M Tris-HCl, pH 8.5, 0.2 M MgCl2

(the same pre cip i tant as used for WrbA-FMN com plex). D) WrbA 
apoprotein crys tal grown un der the same con di tions as the crys tal
in pic ture C, hav ing dif fer ent shape but the same space group and
unit cell.  



Conclu si ons

Crys tal struc tures of E. coli WrbA in com plex with FMN
were de ter mined to char ac ter ize the new pro tein fam ily.
The fol low ing struc tural anal y sis is fo cused mainly on
unique fea tures of WrbA pro teins among flavoproteins,
tetramerization and spe cial or ga ni za tion of FMN-binding
site, that were pro posed to be as so ci ated with the
oxidoreductase ac tiv ity via the two-elec tron trans port.
New crys tal li za tion con di tions were found for WrbA
apoprotein, re sult ing in crys tal struc ture af ford ing the in -
ves ti ga tion of the ef fect of FMN bind ing on the struc ture of 
WrbA pro tein. 
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Fig ure 2. Dif frac tion im ages of WrbA apoprotein crys tals re -
corded at syn chro tron DESY, beamline X12 (Ham burg), us ing a
Mar CCD de tec tor. (Im ages are not shown up to the dif frac tion
limit of the crys tals.) A) Dif frac tion im age of the first sin gle crys -
tal grown from am mo nium sul fate (one of the thin plates in Fig.
1B, dif frac tion limit 3.0 C, the high est res o lu tion ring in the pic -
ture is at 4.6 C). B) Dif frac tion im age of the crys tal grown from
the re cently found con di tion us ing PEG 4000 (crys tal in Fig. 1D,
dif frac tion limit 1.85 C, the high est res o lu tion ring in the pic ture
is at 2.5 C). The fig ure dem on strates im prove ment of dif frac tion
prop er ties of the re cently ob tained WrbA apoprotein crys tals.
Dif frac tion pat tern ob tained for the first sin gle apoprotein crys -
tals (A) shows prop er ties in con ve nient for struc ture so lu tion:
high crys tal mosaicity (dif frac tion spots are not well-shaped),
large unit cell in di cated by the nar row spac ing of the re flec tions,
and crys tal ani so tropy caus ing low dif frac tion limit in one di rec -
tion. In con trast, the re cently ob tained crys tals ex hibit dif frac tion
pat tern (B) of the well-or dered crys tal suit able for the struc tural
anal y sis.     


