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Many cyanobacteria are able to syn the size cyanophycin
(multi-L-arginyl-poly-L-aspartate) as a stor age com pound
for ni tro gen, car bon and en ergy. Cyanophycin it self is con -
sid ered as of bio tech no log i cal in ter est be cause the pu ri fied
poly mer can be chem i cally con verted into poly mers with
re duced arginine con tents. These deri vates can be fur ther
uti lized, like polyaspartic acid, as bio de grad able sub sti -
tutes for syn thetic polyacrylate. Polyaspartic acid is also a
key sub stance in var i ous tech ni cal pro cesses and bio med i -
cal ap pli ca tions.

It is es tab lished knowl edge that the biosynthesis of
cyanophycin is cat a lyzed by a ded i cated en zyme,

cyanophycin synthetase (CphA). This en zyme can be also
used for in vi tro pro duc tion of cyanophycin. Thus, struc -
tural and func tional stud ies of CphA are of great in ter est for 
ap plied sci ences and in dus try. De spite nu mer ous bio chem -
i cal data on CphA, un til now no struc tural in for ma tion is
avail able on this pro tein.

In this work we ex pressed and pu ri fied CphA from
Anabaena variabilis. We crys tal lized some vari ants of the
pro tein for X-ray struc tural anal y sis and ap plied var i ous
bio chem i cal meth ods in or der to get struc tural in for ma tion
of this en zyme and to un der stand the mech a nism of its
action in more detail.
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The FAD-de pend ent monooxygenase TetX mod i fies sev -
eral tet ra cy cline an ti bi ot ics un der regioselective
hydroxylation of the sub strate to 11a-hydroxy-
tetracyclines that de grade non-en zy mat i cally to not char ac -
ter ized prod ucts. The en zyme was found in an aer o bic
Bacteroides fragilis and con fers re sis tance against
tetracyclines on aer o bi cally grown Esch e richia coli1. The
ac tive en zyme re quires mo lec u lar ox y gen, NADPH and
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Fig ure 1. Rib bon struc ture of TetX monooxygenase with bound
FAD in or ange.



Mg2+ and has a broad sub strate range amongst the
tetracyclines up to the re cently ap proved 3rd gen er a tion an -
ti bi otic tigecycline2. Re com bi nant TetX pro tein was ex -
pressed in E.coli BL21 (DE3) and E.coli B834 pRARE2 in
min i mal me dia M9 with selenomethionine. TetX pro tein
was pu ri fied to ho mo ge ne ity us ing af fin ity and size ex clu -
sion chro ma tog ra phy. With crys tal li za tion us ing hang ing
drop vapour-diffusion method, we ob tained crys tals in
space group P1 and dif frac tion data were col lected to a res -
o lu tion of 2.5 C in-house. 

A 3-WL MAD data set of a crys tal in space group P21

with in cor po rated selenomethionine was col lected at the
EMBL c/o DESY. 

The 3D-crys tal struc ture was solved us ing the
Auto-Rick shaw pro to col. Af ter phase im prove ment and
den sity mod i fi ca tion with SHARP ini tial model build ing
was per formed man u ally in COOT. Model re fine ment was
car ried out with REFMAC5 in clud ing TLS and non-crys -
tal lo graphic sym me try re straints. This is the first re ported
re sis tance mech a nism against tigecycline which cir cum -
vents all known resistance mechanisms.

1. Yang et al. (2004). JBC 279(50), 52346-52352. 

2. Moore et al. (2005). Bio chem is try 44, 11829-1835. 
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In many cases co fac tor biosynthesis based on en zyme cat a -
lyzed ox i da tion re ac tions de scribes com plex and so phis ti -
cated mech a nism and re ac tions. One of those in trigu ing
biosynthises path ways is the biosynthesis of
pyrroloquinolin quinone (PQQ). The pyrrolo -
quinoline-quinone synthase C (PqqC) is a cofactorles
oxido re duc tases. It catalizes the very un usual re ac tion,
which incudes ring clo sure and the eight elec tron ox i da tion
of AHQQ to PQQ. Here we de scribe the re ac tion path way
which in volves ring cyclization and eight elec tron ox i da -
tion of the sub strate. Us ing PqqC ac tive site mu tants which

trap a re ac tion in ter me di ate we are able to give fur ther in -
sights into this path way. PqqCH154S and PqqCY175F in
com plex with PQQ to gether with PqqCR179S in com plex
with an in ter me di ate of the re ac tion show that cyclization
to a first in ter me di ate is in de pend ent from the confor -
mational change of the pro tein and hap pens prior to any ox -
i da tion re ac tion. Fur ther more we showed, that the
re cruit ment of the mo lec u lar ox y gen, which hap pens af ter
the cyclization re ac tion is fin ished, is cru cial for the
conformational change. Not till then the ox i da tion can be
fa cil i tated.
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Quo rum sens ing (QS), a gene reg u la tion sys tem in
prokaryotes con tin gent on cell den sity, is driven by sig nal -
ing mol e cules which en able bac te ria to al ter the ex pres sion
of genes. Among af fected genes are those cod ing for bio
film for ma tion, vir u lence or the pro duc tion of extracellular
pro teins, mak ing QS an in ter est ing tar get for treat ment
with 2 pos si ble routes of in ter fer ence with the QS gene reg -
u la tion sys tem. Firstly quo rum sens ing in hi bi tion by in ter -
fer ence with the QS gene reg u la tion sys tem, and sec ondly
quo rum quench ing by de grad ing the sig nal ing mol e cules.
Metagenomics of fers an ap proach to find novel and nat u -
rally oc cur ring quo rum quench ing strat e gies, other than
vari a tions of known mech a nisms. N-(3-oxooctanyl)-

L-homoserine lactone is one of the sig nal ing mol e cules fre -
quently uti lized by bac te ria. Cleav age of the lactone ring
in ter feres with the sig nal ing prop er ties mak ing it there fore
an in ter est ing tar get. 

Pro teins with the abil ity to in hibit bac te rial growth
where iden ti fied from a metagenomic li brary from en vi ron -
men tal soil sam ples. Sam ple B09 (239 res i dues) in hib its
biofilm for ma tion and was shown to in ac ti vate
N-(3-oxooctanyl)-L-homoserine lactone, which is in -
volved in quo rum sens ing. B09 has been ex pressed and pu -
ri fied by our col lab o ra tor at the Uni ver sity of Ham burg.
Ini tial crys tal li za tion hits were im proved (0.1M cit ric acid
pH 4.0, 1.6 M am mo nium sul fate) and com plete data set
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was col lected to 2.65 C res o lu tion. A BLAST search
against the pro tein data bank yielded sev eral hits of mod er -
ate to low se quence iden tity. Mo lec u lar re place ment was
suc cess ful us ing the struc ture of an oxidoreductase (pdb
2ehd, Iden tity 38%) as a search model. The data were in -
dexed in space group I422 with unit cell pa ram e ters a = b =
242.57 C and c = 152.83 C and 4 mol e cules in the asym -
met ric unit (75% sol vent con tent) form ing 2 dimers. The
pro tein ex hib its a typ i cal Rossmann fold with an ad di tional
al pha-he lix and beta-strand at the C-ter mi nus. A long

linker be tween b-6 and a-6 is highly flex i ble and shows no
elec tron den sity pos si bly func tion ing as a lid on the ac tive
site upon sub strate bind ing. The ad di tional C-ter mi nal
beta-strand par tic i pates at the dimer in ter face by ex tend ing
the 7-stranded beta sheet of one protomer to a 14-stranded
antiparallel cen tral beta-sheet within a dimer. 

NADP+ was added to the pro tein so lu tion prior to crys -
tal li za tion as it is needed for ac tiv ity. Strong elec tron den -
sity could be ob served in a dif fer ence fou rier map at the
top o log i cal switch point of B09. It was in ter preted as ADP
phosphorylated at the 2’ hydroxyl. It ap pears that the
nicotinamide-ribose in NADP+ is ei ther freely ro tat ing or
that B09 binds a hy dro lyzed ver sion of NADP+. Sur pris -
ingly, crys tals grown from na tive B09 also show dif fer ence 
den sity at the NADP+ bind ing site which strongly re sem -
bles 2’ phosphorylated ADP. This in di cates that B09 has
scav enged a nat u rally oc cur ring me tab o lite dur ing ex pres -
sion in E. coli. 

Our col lab o ra tors have iden ti fied sev eral po ten tial sub -
strates which we in tend to use in cocrystallization ex per i -
ments to fur ther char ac ter ize the en zyme’s func tion and
mechanism.

Saturday Morning Session VII - September 26

L25

CRYSTALLIZATION AND PRELIMINARY DIFFRACTION DATA ANALYSIS OF
a-ACTININ 2

A. Salmazo1, B. Sjöblom1 and K. Djinoviæ-Carugo1, 2 
1De part ment for Biomolecular Struc tural Chem is try, Max F. Perutz Lab o ra to ries, Uni ver sity of Vi enna, Cam -

pus Vi enna Biocenter 5, 1030 Vi enna, Aus tria
2Dpartment of Bio chem is try, Fac ulty of Chem is try and Chemical Tech nol ogy, Uni ver sity of Ljubljana,

Aškerèeva 5, 1000 Ljubljana, Slovenia
kristina.djinovic@univie.ac.at

a-Actinin be longs to the spectrin superfamily of pro teins
in volved in cytoskeletal net work, bun dling or cross-link ing 

actin fil a ments. Hu man a-actinin isoforms are com posed
of an N-ter mi nal actin-bind ing do main (ABD, formed by
two calponin like do mains), a cen tral rod do main formed
by four spectrin-like re peats (SR1, SR2, SR3 and SR4) and
a C-ter mi nal calmodulin-like do main (CaM, formed by
four EF-hands). Its func tional unit is an antiparallel
homodimer lead ing to a mo lec u lar ar chi tec ture that al lows
the pro tein to cross-link actin fil a ments. Four dif fer ent

a-actinin isoforms are pres ent in hu man cells: isoforms 1
and 4 are cal cium sen si tive and found in non-mus cle cells,
while isoforms 2 and 3 are cal cium in sen si tive and found in 
mus cle cells [1]. 

The mus cle isoforms are reg u lated by the

phosphoinositide PiP2 that upon bind ing to a-actinin trig -

gers conformational changes that en hance a-actinin bind -
ing ca pac ity to actin fil a ments and other mus cle pro teins. It
was pro posed that while the PiP2 head in ter acts with the
N-ter mi nal (ABD), the PiP2 hy dro pho bic tail dis turbs the
in ter ac tion be tween jux ta posed N-ter mi nal and C-ter mi nal
re gions in the á actinin antiparallel homodimer [2]. Nev er -
the less the mo lec u lar de tails on in ter ac tion be tween PiP2
and á actinin and con com i tant conformational changes re -
main elu sive. 

Al though a body of struc tural in for ma tion is avail able

on in di vid ual do mains of a-actinin [3-7], no high res o lu -
tion struc tural in for ma tion so far ex ists on the mo lec u lar ar -

chi tec ture of the en tire mol e cule. There fore, a num ber of
ef forts based on bio chem i cal, cel lu lar and struc tural stud ies 

have been car ried out in or der to elu ci date a-actinin reg u la -
tion at mo lec u lar level with the aim to better un der stand
myofibrillogenesis and en hance in sights into a num ber of
dis eases. 

We un der went crys tal lo graphic study of a-actinin mus -

cle isoform 2 and show that dif fract ing crys tals of a-actinin 
mus cle isoform 2 were ob tained only af ter sur face en tropy
re duc tion (SER) mu ta tion in ad di tion to pro tein reductive
methylation. These ap proaches en hanced the pro pen sity of

a-actinin full length isoform 2 to crys tal lize, yield ing crys -
tals dif fract ing to a res o lu tion better than 3.5 C at ESRF mi -
cro fo cus beamline (ID23-2) at 100 K. 15 datasets col lected 
from dif fer ent parts of sev eral crys tals were merged to
yield a com plete dataset at 3.4 C res o lu tion. Phase prob lem
was solved us ing mo lec u lar re place ment and known struc -

tures of a-actinin do mains (ABD, rod do main, EF hands)
as search mod els. Struc ture re fine ment is cur rently on-go -
ing. 
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Life Sci. 65, (2008), 2688.
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