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CRYSTALLIZATION AND INVESTIGATION OF THE STRUCTURE OF THE
COMPLEXES OF ARCHAEAL TRANSLATION INITIATION FACTOR 2 WITH RNA

V. Arkhipova, E. Stolboushkina, O. Nikonov, A. Nikulin, S. Nikonov, M. Garber

In sti tute of Pro tein Re search, Rus sian Acad emy of Sci ences, 142290 Pushchino, Mos cow Re gion, Rus sia

In Eukarya and Archaea heterotrimeric trans la tion ini ti a -

tion fac tor 2 (e/aIF2abg) plays a key role in the ini ti a tion of 
pro tein syn the sis on the ri bo some. e/aIF2 complexed with
GTP de liv ers charged ini ti a tor methionyl-tRNA into the P
site of the small ri bo somal sub unit;  in eukaryotic cells this
fac tor reg u lates trans la tion ini ti a tion by its spe cific
phosphorylation. We study the struc ture and func tions of
archaeal trans la tion ini ti a tion fac tor 2 from Sulfolobus
solfataricus (Sso-aIF2). These in ves ti ga tions are nec es sary 
for un der stand ing mech a nism of trans la tion ini ti a tion both
in Eukarya and Archaea. 

Re cently in our lab o ra tory the crys tals of full-sized
heterotrimeric aIF2 was ob tained and its spa tial struc ture
was de ter mined, mak ing it pos si ble to re veal high

conformational flex i bil ity in the a- and b-sub units. At
pres ent the main goal of our in ves ti ga tion is to de ter mine
and an a lyze the struc ture of the ter nary com plex
Met-tRNAi*aIF2*GTP. We crys tal lized the com plex

Met-tRNAf*SsoIF2ado main IIIg*GDPNP. Cur rently de ter mi -
na tion of this com plex struc ture is leaded. Also we con -

tinue crys tal li za tion of other vari ants of the ter nary

com plex us ing ag-dimer and heterotrimeric aIF2.
Be sides the de liv er ing of tRNAi to the ri bo some the

archaeal trans la tion ini ti a tion fac tor 2 binds to the
5’-triphosphate end of mRNA and pro tects its 5’-part from
deg ra da tion. Us ing our ten ta tive ex per i men tal data, we

marked out the sup posed area on the sur face of the g-sub -
unit of aIF2 that binds 5’-end of mRNA. In or der to check
up these data and de ter mine the area of binding mRNA on
the pro tein, we carry out site-di rected mu ta gen e sis of the

sup posed area on the aIF2g. Also we try to get crys tals of

the com plex of aIF2g with mRNA. We have al ready ob -
tained microcrystals of this com plex. And now we are
search ing the better con di tions of its crys tal li za tion.

This work was sup ported by the Rus sian Acad emy of Sci -
ences and the Rus sian Foun da tion for ba sic Re search (08-
04-00518), grant of the Pro gram for Mo lec u lar and Cel lu -
lar Bi ol ogy RAS and the Pro gram on sup port lead ing sci -
en tific schools (HS-4435.2010.4).
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INITIAL STEPS IN ANTIGEN PRESENTATION OF IMMUNIGENIC PROTEINS

Leon Bedraè, Marko Miheliè and Dušan Turk 

Dep. of Bio chem is try, Mo lec u lar and Struc tural Bi ol ogy, Jožef Stefan Inst, Jamova 39, Ljubljana, Slovenia

Endosomal an ti gen deg ra da tion is one of the key sub sys -
tems of the adap tive im mu nity. Pro teas es re sid ing within
the endocytic com part ments of pro fes sional an ti gen pre -
sent ing cells (APCs) play es sen tial role in two key steps: (i) 
they ac ti vate MHC class II mol e cules by proteolytic deg ra -
da tion chaperone called in vari ant chain and (ii) they de -
grade endocytosed  pro teins to short an ti genic pep tides that 
are bound to ac ti vated MHC class II mol e cules pre sented
on the sur face of pro fes sional APCs [1, 2]. It was sug gested 
that a num ber of dif fer ent lysosomal cysteine pro teas es are
in volved in these pro cesses, how ever, their pre cise role still 
re main elu sive [3].Our ul ti mate goal is to un ravel the com -
plex ity of these pro cesses at mo lec u lar level by in vi tro re -
con struc tion of con di tions in side endosomes  (proteolytic
ac tiv ity, re dox po ten tial, in hib i tors), ap ply it to an ti genic
pro teins and eval u ate the pro cess by test ing the bind ing ca -
pa bil ity of gen er ated an ti genic pep tides to MHC class II
mol e cules. The start ing steps in this pro cess are (1) es tab -
lish ment of infrastructural pipe line for pro duc tion and

struc tural char ac ter iza tion of endosomal hy dro ly ses and 
immunogenic pro teins from dif fer ent patho gens and (2)
de vel op ment of as say for mon i tor ing their proteolytic pro -
cess ing.Here we re port the re cently de ter mined crys tal
struc ture of Autolysin E (AtlE), a cell wall de grad ing en -
zyme from Staphyloccocus aureus Mu50. Crys tal struc ture

re veals a heart-like glob u lar fold with sev eral dis tinct a-he -
li ces sur round ing the cen tral lysozyme-like fold. The pro -
tein ex hib its a high de gree amino acid se quence homology
to glucosaminidase do main of S. aureus ma jor autolysin.

1. Honey K, Rudensky AY. “Lysosomal cysteine pro teas es
reg u late an ti gen pre sen ta tion. ” Nat Rev. Immunol 2003,
3:472–82.

2. Chap man HA. Endosomal pro teas es in an ti gen pre sen ta -
tion. Curr. Opin. Immunol., 2006, 18: 78–84.

3. Turk B. et al. “ Cysteine cathepsins in im mune re sponse”.
Tis sue an ti gens, 2006, Re view ar ti cle.
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CRYS TAL LO GRAPHIC STUD IES OF THE STAS DO MAIN OF SULP AN ION
TRANS PORT ERS

Greta Bonetto1,2, R. Aiello1,2, E. Pasqualetto1,2, R. Battistutta1,2

1De part ment of Chem i cal Sci ences, Uni ver sity of Padua, via Marzolo 1, 35131 Padua, It aly
2Ve ne tian In sti tute for Mo lec u lar Med i cine, via Orus 2, 35129 Padua, It aly

The SulP (Sul fate Permease) fam ily is a large and ubiq ui -
tous fam ily of an ion trans port ers, whose mem bers are
found in eubacteria, plants, fungi and mam mals. 

The hu man mem bers of this fam ily form the SLC26
fam ily; these trans port ers play im por tant roles in nor mal
hu man phys i ol ogy in dif fer ent tis sues and many of them
are in volved in ge netic dis eases.

The SulP pro teins show a sim i lar struc tural or gani sa -
tion: a highly con served transmembrane cen tral core and a
less con served cy to plas mic C-ter mi nal por tion, com pris ing 
a STAS do main. The name STAS (Sul fate Trans porter and
Anti-Sigma Fac tor an tag o nist) is due to a re mote but sig nif -
i cant se quence sim i lar ity with bac te rial ASA (Anti-Sigma
fac tor An tag o nist) pro teins [1].

The bac te rial ASA pro teins are func tion ally and struc -
tur ally well char ac ter ised in their 3D struc ture both by
NMR spec tros copy and X-ray crys tal log ra phy. Un like
these pro teins, the STAS do mains pres ent in an ion trans -
port ers are poorly char ac ter ised in terms of both their func -
tion and struc ture. De spite the fact that their pre cise role is
un clear, the STAS do mains play a fun da men tal role in the
func tion/reg u la tion of SulP an ion trans port ers.

The fi nal aim of my re search pro ject is the struc tural
char ac teri sa tion of the STAS do mains of SulP trans port ers; 
the struc tural in for ma tion is then in te grated with func tional 

data in or der to un der stand the role and the func tion of this
do main.

Re cently, in my group, a vari ant of the STAS do main of 
the mam mal trans port ers SLC26A5 (prestin) was crys tal -
lised and its crys tal struc ture was de ter mined [2]. Prestin is
the mo tor pro tein re spon si ble for the so matic
electromotility of co chlear outer hair cells and it is es sen tial 
for nor mal hear ing sen si tiv ity and fre quency se lec tiv ity of
mam mals [3]. Prestin STAS sig nif i cantly de vi ates from the 
re lated bac te rial ASA pro teins, es pe cially in the N-ter mi nal 
re gion. A struc ture-func tion anal y sis sug gests that prestin
STAS model can sup ports the no tion that STAS do mains
are in volved in func tion ally im por tant intramolecular and
intermolecular in ter ac tions.

Now I am try ing to crys tal lise other vari ants of the
STAS do mains.

1.  L. Aravind, Eu gene V. Koonin (2000) The STAS do main-
a link be tween an ion trans port ers and antisigma-fac tor an -
tag o nists. Cur rent Bi ol ogy Vol 10 n. 2.

2. E. Pasqualetto, R. Aiello, L. Gesiot, G. Bonetto, M.
Bellanda, R. Battistutta (2010) Struc ture of the cytosolic
por tion of the mo tor pro tein prestin and func tional role of
the STAS do main in SLC26/SulP an ion trans port ers. J.
Mol. Biol.

3. P. Dallos and B. Fakler (2002) Prestin, a new type of mo tor 
pro tein. Na ture Re views Mo lec u lar Cell Bi ol ogy Vol 3.
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IN VES TI GA TION INTO OR DER ING PRO PEN SI TIES OF IN TRIN SI CALLY
DIS OR DERED TAU PRO TEIN BY CO-CRYS TAL LI ZA TION WITH MONOCLONAL

AN TI BODY

Ondrej Cehlar1, Rostislav Skrabana1,2, Andrej Kovac1,2, Martina Handzusova1, Jozef Sevcik3

and Michal Novak1,2

1Institute of Neuroimmunology, Slo vak Acad emy of Sci ences, Dubravska cesta 9, 
845 10 Bratislava, Slovakia

2Axon Neu ro sci ence GmbH, Rennweg 95/b, A-1030 Vi enna, Aus tria
3In sti tute of Mo lec u lar Bi ol ogy, Slo vak Acad emy of Sci ences, Dubravska cesta 21, 

845 51 Bratislava, Slovakia

Alz hei mer’s dis ease as so ci ated pro tein tau is an in trin si -
cally dis or dered pro tein (IDP) with no pre ferred sec ond ary
and/or ter tiary struc ture un der na tive con di tions in so lu -
tion. It is dif fi cult to ob tain di rect in sight into atomic struc -
ture of IDP tau phys i o log i cal con for ma tions and/or its
as sem bled form in Alz hei mer’s paired he li cal fil a ments as
nei ther of them can be pre pared in the form ame na ble to

X-ray crys tal log ra phy; whereas NMR tech nique could
con fer prev a lently time-av er aged struc tural data. It has
been hy poth e sized that tau adopts a sta ble struc tures upon
in ter ac tion with its cel lu lar part ners. Us ing this IDP tau
prop erty, we are pro pos ing monoclonal an ti bod ies as sur -
ro gate bind ing part ners for pro tein tau to form com plexes
and crys tals for struc ture so lu tion by X-ray tech nique [1,2]. 
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We suc ceeded in prep a ra tion and crys tal li za tion of such
com plexes of monoclonal an ti body Fab frag ments with tau
pep tides of var i ous lengths de rived from their an ti genic
struc tures. We as cer tained the pres ence of tau pep tides in
crys tals by mass spec trom e try. Struc ture of com plex could
be solved by mo lec u lar re place ment in most cases.

This work was sup ported by the Slo vak Re search and De -
vel op ment Agency un der the con tracts Nos. APVV-0471
-06, LPP-0038-09 and by the Slo vak Grant Agency VEGA
grants Nos. 2/0162/10, 2/0217/10.

1. Sevcik J., Skrabana R., Kontsekova E., Novak M. (2009)
Prot. Pept. Lett. 16, 61-64.

2. Skrabana R., Dvorsky R., Sevcik J., Novak M., (2010) J.
Struct. Biol. in press, doi:10.1016/j.jsb.2010.02.016.1.
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IM MUNE RE SPONSE MOD U LAT ING PRO TEINS FROM Onchocerca volvulus

R. Eberle, M. Perbandt, C. Betzel

In sti tute of Bio chem is try and Mo lec u lar Bi ol ogy, Uni ver sity Ham burg
Lab o ra tory for Struc tural Bi ol ogy of In fec tion and In flam ma tion, c/o DESY, Ham burg

The most com plex or gan isms to in vade the hu man body are 
the multicellular helminths. The filarial par a site O.
volvulus is the caus ative agent of hu man onchocerciasis or
river blind ness, a dis ease char ac ter ized by chronic skin and 
eye le sions. It is the world`s sec ond lead ing in fec tious
cause of blind ness. Pathogenesis of filarial dis ease is
caused mainly by host in flam ma tory and im mune re -
sponses to the par a site and to microfilarial and adult worm
an ti gens. In or der to avoid an in flam ma tory en vi ron ment
which is most fa vor able to par a site sur vival, O. volvulus
has gen er ated a va ri ety of strat e gies to evade and
down-mod u late the host´s im mune sys tem (Allen et al.,
2008), thereby also com pro mis ing its ca pa bil ity to deal
with other in fec tions.

Helminths are not equipped to out pace the im mune sys -
tem by rapid an ti gen vari a tion, faster cell di vi sion or se -
ques tra tion in spe cial ized niches. In stead they rely on
in flu enc ing and reg u lat ing the im mune re sponses away
from the mode most dam ag ing to them (Maizels and
Yazdanbakhsh, 2003; Maizels et al., 2004). Here are sev -
eral pro teins are in volved and in clude also homologs of
mam ma lian im mune sys tem genes (Maizels et al., 2004).
They are called ex cre tory-se cre tory pro teins (ESP’s).
How ever, pro teas es are com mon con stit u ents of
endolysosomal com part ments and they have im por tant
roles in the im mune re sponse. Con versely many par a sites
use sim i lar pro teas es to in vade the host and evade, sup press 

or sub vert its im mune re sponse. With re gard to pro te ase in -
hib i tors ex pressed by patho gens, like onchocystatin (OV7)
from Onchocerca volvulus, a wide range of immuno -
regulatory prop er ties have been at trib uted to these mol e -
cules in clude the in hi bi tion of an ti gen pre sen ta tion,
in duc tion of IL-10 ex pres sion and macrophage stim u la -
tion, sim i lar to the func tions of host cystatins (Bird et al.,
2009). Pre vi ous re search ef forts co or di nated by the
“Oncho Task Force” iden ti fied a num ber of can di date pro -
teins that have not been fully char ac ter ized, and it was pos -
tu lated that a vac cine should con tain pro teins found in the
ESPs or on the sur face of lar val stages (Lustigman et al.,
2002). 

1. Allen JE, Adjei O, Bain O, Hoerauf A, Hoffmann WH,
Makepeace BL, Schulz-Key H, Tanya VN, Trees,  AJ,
Wanji S, Tay lor DW. (2008) PLoS Negl Trop Dis. 2:e217.

2. Bird PI, Trapani JA, Villadangos JA (2009) Nat Rev
Immunol.  9:871-82.

3. Lustigman S, James ER, Tawe W, Abra ham D. (2002)
Trends Parasitol. 18:135-41.

4. Maizels RM, Yazdanbakhsh M. (2003) Nat Rev Immunol.
3:733-44.

5. Maizels RM, Balic A, Gomez-Escorbar N, Nair M, Tay lor
MD, Allen JE. (2004) Immunol Rev. 201:89- 116.
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DE CONS TRUCT ING HON EY BEE VITELLOGENIN: NOVEL 40 KDA FRAG MENT
AS SIGNED TO ITS N-TER MI NUS

Heli Havukainen

De part ment of Biomedicine, Uni ver sity of Bergen

Vitellogenin, an egg-yolk pro tein pre cur sor com mon to
ovip a rous an i mals, is found abun dantly in hon ey bee work -

ers ¾ a caste of help ers that do not usu ally lay eggs. In -
stead, hon ey bee vitellogenin (180 kDa) par tic i pates in
pro cesses other than re pro duc tion: it in flu ences hor mone
sig nal ing, food-re lated be hav ior, im mu nity, stress re sis -
tance and lon gev ity. The mo lec u lar ba sis of these func tions 
is largely un known. We have tested prop er ties of
vitellogenin pu ri fied from two hon ey bee body com part -
ments: ab dom i nal fat body (the main site for vitellogenin
syn the sis and stor age), and hemolymph (blood). We have
ex am ined the pro tein’s frag men ta tion be hav ior, phospho -
rylation and glycosylation sta tus. Our re sults re veal a novel 
40 kDa vitellogenin frag ment in ab dom i nal fat body tis sue.

Us ing mass-spec tros copy, the 40 kDa frag ment was as -
signed to the N-ter mi nus of vitellogenin, while a pre vi -
ously ob served 150 kDa frag ment cor re sponded to the
re main der of the pro tein. We found that both pro tein units
were N-glycosylated and phosphorylated. Fo cus ing on the
novel 40 kDa frag ment, we pres ent a homology model of

the N-ter mi nal do main that vi su al izes a con served b-bar -
rel-like shape, with two in sect-spe cific loops and a
lipophilic cav ity in the in te rior. We sug gest that this 40 kDa 
do main is re quired for vitellogenin to be se creted from the
fat body, since only the in tact 180 kDa pro tein form is de -
tected in hemolymph. 

P7

SEARCH FOR NEW ANTIVIRAL COMPOUNDS AGAINST HUMAN ENTEROVIRUSES
USING FRAGMENT SCREENING METHODOLOGY

Z. Kaczmarska1,2, M. Goldflam1, L. Costenaro2, E. Giralt1 and M. Coll1,2 
1In sti tute for Re search in Biomedicine (IRB Bar ce lona), Bar ce lona Sci ence Park, 

Baldiri Reixac 10, 08028, Bar ce lona, Spain
2In sti tute de Biologia Mo lec u lar de Bar ce lona (CSIC), Bar ce lona Sci ence Park, 

Baldiri Reixac 10, 08028, Bar ce lona, Spain

Picornaviridae are among the most di verse and old est
“known” vi ral fam i lies that in clude many im por tant patho -
gens of hu mans and an i mals. They are small, icosahedral
ss+RNA vi ruses, caus ing a va ri ety of dis eases. Vac cines
are avail able for PV, HAV and FMDV, but no ef fec tive
pro phy laxis is im ple mented for other picornaviruses. So
far, anti-vi ral re search has fo cused on the capsid, whereas
in hib i tors tar get ing non-struc tural pro teins (i.e. pro teas es,
helicases, polymerases) have re mained largely un ad -
dressed.

We are de vel op ing pro ject fo cused on search ing for
novel an ti vi ral com pounds against hu man enteroviruses
(HEV) via frag ment screen ing meth od ol ogy based on
STD-NMR. The pro tein tar gets are picornaviridae
RNA-de pend ent RNA polymerases, helicases and pro teas -
es. 

Co-crys tal li za tion/soak ing of the most suc cess ful STD
hits with their pro tein tar get will be car ried out to ob tain
their 3D struc tures by X-ray crys tal log ra phy. The data pro -
vided by NMR and crys tal log ra phy tech niques will iden -
tify the close con tacts be tween a frag ment hit and a pro tein.
It can help to in fer the re quire ments un der ly ing the as so ci a -
tion and sug gest novel lig ands by both frag ment-growth
and frag ment-link ing strategies. Con se quently, new bind -

ers could be ob tained that even tu ally will be come leads for
fur ther de vel op ment. 

1. Ferrer-Orta et al. EMBO J. 25 (2006) 880-888.
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Fig ure 1: Struc ture of the FMDV poly mer ase bound to
VPg [1].
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 CRYS TAL LI ZA TION AND MO LEC U LAR DY NAMIC STUDY OF  HALOALKANE
DEHALOGENASES

Morteza Khabiri1, Jiøí Damborský2, Ivana Kutá Smatanová1 and Rüdiger Ettrich1

1In 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
2Loschmidt Lab o ra to ries, In sti tute of Ex per i men tal Bi ol ogy, Masaryk Uni ver sity, Kamenice 5A/4, 625

Brno,Czech Repulic

Organohalides are in te gral to a va ri ety of in dus trial ap pli -
ca tions, in clud ing use as sol vents,  pharmaceuticals, hy -
drau lic and in ter me di ates for chem i cal syn the sis [1].
Dis tri bu tion of halogenated or ganic com pounds in the na -
ture makes them one of the larg est groups of the en vi ron -
men tal pol lut ants. Haloalkane dehalogenases are bac te rial
en zymes en able to de con tam i nate these kind of pol lut ants
[2]. These en zymes with the a/ß-hydrolase fold catalysing
hy dro ly sis a broad range of chlo ri nated, brominated and io -
din ated hy dro car bons. The en zymes cat a lyze the hy dro ly -
sis of a car bon–halo gen bond in organohalide sub strates,
pro duc ing a cor re spond ing al co hol, a ha lide ion and a pro -
ton [3]. In or der to de sign novel haloalkane dehalogenases
that can cat a lyze the hy dro ly sis of re cal ci trant en vi ron men -
tal pol lut ants, it is nec es sary to find out the 3D-struc ture of
these en zymes. To date, the crys tal struc tures of dif fer ent
type of haloalkane dehalo genases like DhlA from
Xanthobacter autorophicus GJ10 [4], DhaA from
Rhodococcus rhodochrous NCIMB 13064 [5] and LinB
from Sphingobium japonicum UT26 [6] have been de ter -
mined. To make the ef fi ciency of en zymes higher
experimentalist try to de fine new me dium for en zymes [7].
It has been shawn that dif fer ent or ganic sol vents has dif fer -
ent ef fect on dy namic and ac tiv ity of the en zymes.  To find
out the be hav ior of pro teins at the mo lec u lar level sev eral
mo lec u lar dy nam ics sim u la tion was done. These en zymes
are struc tural and func tional homologue with a pri mary se -
quence iden tity of av er age 50%. De spite this fact, the re -
sults of mo lec u lar dy namic sim u la tions show that dif fer ent
haloalkane dehalogenases ex hibit a very dif fer ent be hav ior 
in var i ous sol vents. There fore a de tailed anal y sis of the mo -

lec u lar in ter ac tions on the pro tein sur face and in the sol vent 
shell around the pro tein leads to a fun da men tal un der stand -
ing and a gen er al iza tion of the or ganic sol vent ef fects on
pro tein struc ture-dy nam ics-func tion. To con firm these re -
sults on a ba sis of the three- di men sional struc ture of
DhaA, LINb and DbjA, we ini ti ated crys tal struc ture anal y -
sis of the en zymes in new sit u a tion.

1. Janssen, D. B., Pries, F. & van der Ploeg, J. R. (1994).

Annu. Rev. Microbiol.48, 163–191.

2 Yukari Sato,ab Ryo Natsume,b Masataka Tsuda,a Jiri
Damborsky,c Yuji Nagata,a and Toshiya Senda, Acta
Crystallogr Sect F Struct Biol Cryst Commun. 2007 April
1; 63(Pt 4): 294–296. 

3 Kulakova, A. N., Larkin, M. J., Kulakov, L. A. (1997) Mi -
cro bi ol ogy 143, 109-115.

4. Verschueren, K. H., Seljee, F., Rozeboom, H. J., Kalk, K.

H. & Dijkstra, B. W. (1993). Na ture (Lon don), 363,
693–698.

5. Newman, J., Peat, T. S., Rich ard, R., Kan, L., Swanson, P.
E., Affholter, J. A., Holmes, I. H., Schindler, J. F.,

Unkefer, C. J. & Terwilliger T. C. (1999). Bio chem is try,
38, 16105–16114.

6. Marek, J., Vevodova, J., Smatanova, I. K., Nagata, Y.,
Svens son, L. A., Newman, J., Takagi, M. & Damborsky, J.

(2000). Bio chem is try, 39, 14082–14086.

7. Asakura, T., Adachi, K. and Schwartz, E., Sta bi liz ing ef -
fect of var i ous or ganic sol vents on pro tein. J. Biol. Chem.
1978 253: 6423-6425.
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STRUCTURAL STUDIES ON PHOSPHOFRUCTOKINASE OF PICHIA PASTORIS

Kloos M.1, Marek S.1, Küttner B.1, Kirchberger J.2, Schöneberg T.2, Sträter N.1

1In sti tute of Bioanalytical Chem is try, Cen ter for Bio tech nol ogy and Biomedicine,
Deutscher Platz 5, 04103 Leip zig, Ger many

2In sti tute of Bio chem is try, Fac ulty of Med i cine, Johannisallee 30, 04103 Leip zig, Ger many

The en zyme 6-phosphofructokinase (Pfk) ca tal y ses the
for ma tion of fruc tose 1,6-bisphosphate from fruc tose
6-phos phate and MgATP and con trib utes to the con trol of
glycolysis in prokaryotic and eukaryotic cells. Mu ta tions in 
the gene en cod ing Pfk are re spon si ble for ge netic dis or ders
(e.g. Tarui dis ease) in some eth nic groups. The cat a lytic ac -
tiv ity is tightly reg u lated in a wide va ri ety of or gan isms by

di verse pos i tive (e.g. fruc tose-2,6-bisphosphate, AMP)
and neg a tive (e.g. ATP, ci trate) effectors. Eukaryotic
phosphofructokinase has evolved by a pro cess of tan dem
gene du pli ca tion and fu sion to yield a pro tein that has a
mul ti ple size of prokaryotic Pfks. The N-ter mi nal half of a
Pfk sub unit ob vi ously re tained the cat a lytic func tion,
whereas in the C-ter mi nal half allosteric ligand bind ing
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sites have evolved from for mer cat a lytic and reg u la tory
sites. Pichia pastoris Pfk (PpPFK) is a heterododecamer

(a4b4g4) of mo lec u lar weight ap prox i mately 1 MDa. Ac -
cord ingly, it is the larg est and most complex Pfk iden ti fied
yet [1]. In com par i son with the en zymes from Saccharo -
myces cerevisiae and Kluyveromyces lactis, the ac ti va tion
ra tio of PpPFK by AMP is sev eral times higher, the ATP
in hi bi tion is stron ger and the ap par ent af fin ity to fruc tose

6-phos phate is sig nif i cantly lower [2]. The g-sub unit of
PpPFK is not re quired for en zy matic ac tiv ity al though a

mu tant strain which is de fi cient for the g-sub unit dis plays
de creased growth upon nu tri ent lim i ta tion and re duced cell
floc cu la tion when com pared with wild-type strain. The se -

quence of the g-sub unit shows no sim i lar ity to clas sic Pfk
sub units or to other pro teins. Only a struc ture align ment re -

veals the re la tion to catechol-O-methyltransferase. But the

evo lu tion ary or i gin of the g-sub unit is still un known. The
ob jec tive of our work is to study struc ture and func tion of
eukaryotic PFKs and the evo lu tion ary or i gin of the unique

g-sub unit in PpPFK. Mu ta tions in the gene en cod ing Pfk
are re spon si ble for ge netic dis or ders (e.g. Tarui dis ease) in
some eth nic groups.

1. Tanneberger K. et al., A Novel Form of
6-Phosphofructokinase: Iden ti fi ca tion and func tional rel e -
vance of a third type of sub unit in pichia pastoris; JBC
2007; 282; 23687-23697.

2. Kirchberger J. et al.; 6-phosphofructokinase from Pichia
pastoris: pu ri fi ca tion, ki netic and mo lec u lar char ac ter iza -
tion of the en zyme; Yeast 2002; 19; 933–947.
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CRYS TAL LI ZA TION AND CRYS TAL STRUC TURE OF TWO PEPTIDASE IN HIB I TORS
FROM TICK SA LIVA

Z. Kováøová1, P. Øezáèová2, J. Brynda2, J. Salát3, J. Chmelaø3, M. Mareš1

1In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, 
Flemingovo nám. 2, 16610 Praha 6, Czech Re pub lic

2In sti tute of Mo lec u lar Ge net ics, Acad. Sci. of the Czech Rep., Flemingovo nám. 2, 16610 Praha 6, Czech r.
3In sti tute of Par a si tol ogy, Bi ol ogy Cen tre of the Acad emy of Sci ences of the Czech Re pub lic and Fac ulty of

Sci ences, Uni ver sity of South Bo he mia, Branišovská 31, 37005 Èeské Budìjovice, Czech Re pub lic

The sa liva of blood-feed ing par a sites is a rich source of
peptidase in hib i tors that help over come the host’s de fense
dur ing host-par a site in ter ac tions. An immunomodulatory
pro tein OmC2 be long ing to the cystatin superfamily is
from the sa liva of the soft tick Ornithodoros moubata, an
im por tant dis ease-vec tor trans mit ting Af ri can swine fe ver
vi rus and the spirochaete Borrelia duttoni. IRS-2 is an
anti-in flam ma tory pro tein from serpin superfamily found
in the sa liva of Ixodes ricinus, the vec tor of Lyme dis ease

and tick-borne en ceph a li tis. Screen ing for crys tal li za tion
con di tions for both in hib i tors was per formed us ing the
hang ing drop va por dif fu sion tech nique. X-ray dif frac tion
data were col lected us ing syn chro tron ra di a tion. The crys -
tal struc tures of IRS-2 and OmC2 were de ter mined by mo -
lec u lar re place ment and re fined us ing data to 1.8 C and
2.45 C res o lu tion for IRS-2 and OmC2 re spec tively.

P11

STRUCTURAL CHARACTERIZATION OF RAC AND ITS RIBOSOMAL INTERACTION

Christoph Leidig, Marco Gartmann, Gregor Witte and Roland Beck mann

Gene Cen ter, De part ment of Bio chem is try, Uni ver sity of Mu nich

Na scent pro teins need to adopt their na tive con for ma tions
to be come bi o log i cally ac tive. They are as sisted in this pro -
cess al ready cotranslationally by mo lec u lar chaperones and 
chaperonins. From eubacteria to hu mans the first
chaperones to in ter act with a na scent pro tein chain are ri bo -
some as so ci ated chaperones like the Eschericha coli trig -
ger fac tor or Ssb1/2p and RAC in Saccharomyces
cerevisiae. Yeast RAC is a sta ble, heterodimeric com plex
of the Hsp70 homolog Ssz1p and the Hsp40 homolog
zuotin that me di ates the in ter ac tion with the ri bo some. The

func tional com plex serves as the J-pro tein part ner for the
nearly iden ti cal Hsp70 homologs Ssb1p and Ssb2p. We
show a SAXS model of the com plete RAC com plex and a
cryo-EM map that re veals the over all ar range ment and de -
tails on its in ter ac tion with the trans lat ing ri bo some. Also,
we have iden ti fied the first 50 res i dues of zuotin to be suf fi -
cient to form a sta ble com plex with Ssz1p and are cur rently
con duct ing pro tein crys tal lo graphic ex per i ments to ob tain
de tails on the unique in ter ac tion be tween the two
chaperones.
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EX PRES SION AND PU RI FI CA TION OF  TRUN CATED CON STRUCTS OF THE
CTP:PHOSPHOCHOLINE CYTIDYLTRANSFERASE EN ZYME 

FROM Plasmodium falciparum 

G.N. Nagy1, S. Maheshwari2, R. Cerdan2, H. Vial2, B. G. Vértessy1

1Lab o ra tory of Ge nome Me tab o lism and Re pair, In sti tute of Enzymology, Bu da pest, Hun gary,
2Cen tre Na tional de la Re cher che Scientifique, Université Montpellier II, France

The en zyme CTP:phosphocholine cytidylyltransferase
(CCT) cat a lyzes a rate-lim it ing step of phospholipid
biosynthesis [1]. The en zyme from Plasmodium
falciparum has not yet been char ac ter ized at high-res o lu -
tion struc tural de tails. An in-depth anal y sis of struc -
ture-func tion re la tion ships is in dis pens able to un der stand
the mech a nism of ac tion of this im por tant en zyme. Our aim 
is to pro vide a high-res o lu tion three-di men sional struc ture
by X-ray crys tal lo graphic stud ies on this pro tein and its
liganded com plexes.

To this end, sev eral trun cated con structs of the full
length P. falciparum CCT en zyme were cre ated. As not
much is known of the 896 res i due long plasmodial pro tein,

the core of the con structs is the highly con served folded
cat a lytic do main of the en zyme that con sti tutes a Rossman
fold for ac com mo da tion of CTP. We wish to in ves ti gate the 
ef fect of the N- and C- ter mi nal ex ten sions on pro tein fold -
ing, sta bil ity and ac tiv ity. Pres ently we are mak ing ef forts
to achieve sol u ble overexpression, pu ri fi ca tion and char ac -
ter iza tion of these con structs.  

Sup ported by ANR-NKTH AddMal grant

1. Déchamps et al, 2010, Mol Biochem Parasitol.
doi:10.1016/j.molbiopara.2010.05.006  
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PRE LIM I NARY CRYS TAL LO GRAPHIC ANAL Y SIS OF THE M. magneticum AND 
M. gryphiswaldense STRAIN MAGNETOSOME AS SO CI ATED PRO TEIN, MAMA

Natalie Zeytuni1, Geula Davidov12 and Raz Zarivach12

1De part ment of Life Sci ences and 2the Na tional In sti tute for Bio tech nol ogy in the Negev, Ben Gurion Uni ver -
sity of the Negev, Beer Sheva, Is rael

Tetra- tricopeptide re peat (TPR) is a struc tural mo tif found
as such or form ing part of a big ger fold in a wide range of
pro teins. It serves as a tem plate for pro tein-pro tein in ter ac -
tions and me di ates multiprotein com plexes . MamA is a
unique, highly abun dant, Magnetosome as so ci ated pro tein
and pre dicted to con tain 5 TPR mo tifs as well as pre dicted
pu ta tive one. Magnetosome is a subcellular organelle that
con sists of a lin ear-chain as sem bly of lipid ves i cles each
able to biomineralize and en close a ~50-nm crys tal of mag -
ne tite or greigite. Magnetosome al lows magnetotactic bac -
te ria, a di verse group of aquatic mi cro or gan isms, to
ori en tate them selves along geo mag netic fields in search of
suit able en vi ron ments (2). MamA is one of the most char -
ac ter ized magnetosome-as so ci ated pro teins in vivo and yet, 
its func tion is not clear (3-5). Here, we re port on the crys -
tal li za tion and pre lim i nary X-ray anal y sis of re com bi nant
M. magneticum (AMB-1) and M. gryphiswaldense (MSR-
 1) MamA de le tion mu tants. Crys tals dif fracted to a res o lu -
tion of 2.0 C and 1.95 C re spec tively, to yield a rea son able
data sets which are cur rently used for mo lec u lar
replacment. 

1. D’Andrea, L. D., and Regan, L. (2003) TPR pro teins: the
ver sa tile he lix, Trends Biochem Sci 28, 655-662.

2. Faivre, D. & Schuler, D. Magnetotactic Bac te ria and
Magnetosomes, Chem Rev 108, 4875-4898 (2008).

3. Komeili, A., Vali, H., Bever idge, T. J. & Newman, D. K.
Magnetosome ves i cles are pres ent be fore mag ne tite for ma -
tion, and MamA is re quired for their ac ti va tion, Proc Natl
Acad Sci USA 101, 3839-3844 (2004).

4. Okuda, Y. & Fukumori, Y. Ex pres sion and char ac ter iza tion 
of a magnetosome-as so ci ated pro tein, TPR-con tain ing
MAM22, in Esch e richia coli, FEBS Lett 491, 169-173
(2001).

5. Taoka, A., Asada, R., Sasaki, H., Anzawa, K., Wu, L. F. &
Fukumori, Y. Spa tial lo cal iza tions of Mam22 and Mam12
in the magnetosomes of Magnetospirillum
magnetotacticum, J Bacteriol 188, 3805-3812 (2006).
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STUDY OF THE EF FECT OF TEM PER A TURE ON PRO TEIN CRYS TAL LI ZA TION
US ING TG40

Roksana W. Ogrodowicz, Lesley F. Haire

Di vi sion of Mo lec u lar Struc ture, The Na tional In sti tute for Med i cal Re search, Lon don

Suc cess ful crys tal li za tion de pends on spe cific so lu tion
con di tions and tem per a ture. While the ef fects of pre cip i -
tant type and con cen tra tion, buffer type and pH and pro tein
con cen tra tion on pro tein crys tal li za tion are in ves ti gated,
the tem per a ture re mains the least tested pa ram e ter. Sol u bil -
ity of as many as 86% of pro teins de pends on tem per a ture
[1]. An ex ten sive study on 10 dif fer ent pro teins has shown
that de ter min ing the most suit able tem per a ture can in crease 
the num ber of hits by 65.1% [2]. Pro teins can crys tal lize at
tem per a tures rang ing from less than 0°C to around 60°C
[3], al though the sol u bil ity is usu ally as sessed at 20°C and
4°C, lim it ing fac tors be ing both the amount of avail able
pro tein and tem per a ture con trol.

To ob tain highly ac cu rate tem per a ture con trol, the
Tem per a ture- Con trolled Microplate for pro tein crys tal li -
za tion (TG40) was used. The de vice al lows for screen ing at 
5 dif fer ent tem per a tures (from 4° to 60°C) si mul ta neously.
TG40 Sys tem is por ta ble thus elim i nat ing tem per a ture
fluc tu a tions dur ing ob ser va tion and crys tal ma nip u la tions. 

It is also pos si ble to dis pense very small drop vol umes
us ing Oryx, re duc ing the amount of pro tein re quired.

As crys tal li za tion of Lysozyme is highly de pend ent on
tem per a ture, we are in ves ti gat ing the ef fect of tem per a ture
on the crys tal li za tion of Lysozyme and other pro teins cur -
rently un der study in the Di vi sion us ing TG40, fo cus ing on
con stant tem per a ture and tem per a ture cy cling programmes 
and ex plor ing wide range of tem per a tures and their ef fect

on crys tal growth, yield, mor phol ogy and dif frac tion qual -
ity.

1. Chris to pher, G.K; Phipps, A.G; Gary, R.J. Tem per a ture-
de pend ent sol u bil ity of  se lected pro teins. J. Cryst. Growth
1998, 191, 820- 826.

2. Lin, Y.; Zhu, D.; Wang, T.; Song, J.; Zou, Y.; Zhang, Y.;
Lin, S. An Ex ten sive Study of Pro tein Phase Di a gram
Mod i fi ca tion: In creas ing Macromolecular Crystallizability      
by Tem per a ture Screen ing. Crys tal Growth & De sign 8
(12), 2008.

3. L. Lloyd Haire, in T.M. Bergfors (ed) Pro tein Crys tal li za -
tion, I.U.L. 1999 pp. 65- 68.
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TOWARDS THE STRUCTURAL CHARACTERIZATION OF THE N-TERMINAL
RELAXASE DOMAIN OF MOBM IN COMPLEX WITH ITS COGNATE DNA. INSIGHTS

INTO THE DNA TRANSFER MECHANISM OF GRAM-POSITIVE BACTERIA

R. Pluta1, S. Russi1, F. Lorenzo2, R. Pérez-Luque1, R. Boer1, M. Espinosa2 & M. Coll1

1In sti tute for Re search in Biomedicine and Institut de Biologia Mo lec u lar de Bar ce lona (CSIC), Baldiri i
Reixac 10-12, 08028 Bar ce lona, Spain

2 Centro de Investigaciones Biológicas (CSIC), Cam pus de la Ciudad Universitaria de Ma drid, Ramiro de
Maetzu 9, 28040 Ma drid, Spain

Bac te rial con ju ga tion is a ma jor mech a nism for ge netic ex -
change in bac te ria and thus an im por tant com po nent of
bac te rial evo lu tion. It pro vides a route for the rapid ac qui si -
tion of new ge netic in for ma tion and con trib utes to the
spread of an ti bi otic re sis tance. It is also a para dig matic ex -
am ple of hor i zon tal gene trans fer and the best-stud ied sys -
tem for cell-to-cell DNA translocation.

Mobilizable DNA trans fer in Gram-pos i tive bac te ria is
poorly un der stood at the mo lec u lar level. Well stud ied

plasmid in Gram-pos i tive bac te ria is pMV158, which
en codes for MobM, a pro tein of the relaxase fam ily that ini -
ti ates DNA rep li ca tion and trans fer. The full length MobM
is a 57.9 kDa pro tein which dimerizes in so lu tion (the
C-ter mi nal part har bors a Leu-zip per mo tif). The N-ter mi -
nal do main bears the relaxase ac tiv ity of the pro tein, sim i -
larly as conjugative relaxases from Gram-nagative bac te ria 
TrwC and TraI. MobM and other super-fam ily pMV158
relaxases spe cif i cally bind a 6-10 bases long loop formed
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by an in verted re peat se quence (oriT) and cut at the nic site
down stream of the loop.

We are in ves ti gat ing the full length MobM from Strep -
to coc cus agalactiae, N-ter mi nal relaxase do main con -
structs  and a lon ger con struct  that con tain a do main

be lieved to be re spon si ble for the pro tein dimerization. Co- 
crys tals of the com plex be tween dif fer ent MobM vari ants
and oligonucleotides that mimic the oriT se quence just up -
stream the nic site are be ing pre pared.

P16

STRUC TURAL STUD IES OF THE PRO TEIN KINASE CK2: IN HI BI TION MECH A NISM
AND STRUC TURE-AC TIV ITY RE LA TION SHIP

Alessandro Ranchio 1,2, G. Lolli1,2, R. Battistutta1,2

1De part ment of Chem i cal Sci ences, Uni ver sity of Padua, via Marzolo 1, 35131 Padua, It aly
2Ve ne tian In sti tute for Mo lec u lar Med i cine, via Orus 2, 35129 Padua, It aly

A sig nif i cant part of the ge nome con sists of genes that en -
code pro teins with the abil ity to cat a lyze the trans fer of
phos phate to pro tein sub strates thereby al ter ing their bi o -
log i cal prop er ties and func tion; these pro teins are called
Pro tein Kinase [1]. 

Pro tein kinase CK2 (ca sein kinase 2) is a Ser/Thr
kinase and it is one of the most highly con served mol e -
cules, is pres ent in ev ery eukaryotic cell at a strictly reg u -
lated level and it is one of the most un spe cific eukaryotic
pro tein kin ases; to date the rep er toire of CK2 sub strates in -
cludes 307 pro teins (which are pro teins im pli cated in sig -
nal transduction, gene ex pres sion and other nu clear
func tions) [2]. Fur ther more CK2 shows the rare abil ity to
use ei ther ATP or GTP as phosphoryl do nor (dual-co-sub -
strate spec i fic ity) [3] and the ca pa bil ity of CK2 to
phosphorylate ty ro sine has been re ported re peat edly in re -
cent years [4].

CK2 is in volved in many fun da men tal as pects of nor -
mal cell life, but it is also able to es tab lish fa vour able con -
di tions for tumorigenesis: high level of CK2 have been
found in var i ous can cer cells, CK2 can act as a apoptosis
sup pres sor and it strongly pro motes the multi-drug-re sis -
tant phe no type of the cells. For these rea sons CK2 can be
con sid ered a valu able drug tar get for can cer ther apy [5].

CK2 ex ists in vivo mainly as a holoenzyme com posed

by two cat a lytic sub units (CK2a) and two reg u la tory sub -

units (CK2b). Dif fer ent crys tal struc tures of CK2 have
been pub lished: many of them are about cat a lytic and reg u -
la tory sub units with one 3D struc ture about the holo -
enzyme.

Given the phar ma co log i cal in ter est of CK2, many in -
hib i tors have been crys tal lized in com plex with the maize
and the hu man en zymes, es pe cially in my lab o ra tory. I am
con tin u ing this re search line, per form ing struc tural stud ies
on pro tein kinase CK2. 

1. Ahmed K., Pref ace, Mo lec u lar and Cel lu lar Bio chem is try
2008, 316 1-3.

2. Lorenzo A. Pinna,  Pro tein kinase CK2: a chal lenge to can -
ons, Jour nal of Cell Sci ence 2002, 115 3873-3878.

3. Niefind,K., Put ter,M., Guerra,B., Issinger,O.-G. and
Schomburg,D. GTP plus wa ter mim ics ATP in the ac tive
site of pro tein kinase CK2, Na ture Struct. Biol. 1999, 6
1100-1103.

4. Donella-Deana A., Cesaro L., Sarno S., Brunati A.,
Ruzzene M. and Pinna L.A., Autocatalytic ty ro -
sine-phosphorylation of pro tein kinase CK2 al pha and al -
pha’ sub units: im pli ca tion of Tyr182, Biochem. J. 2001,
357 563-567.

5. Battistutta R., Struc tural bases of pro tein kinase CK2 in hi -
bi tion, Cell. Mol. Life Sci. 2009, 66 1868 – 1889.
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BIOCHEMICAL AND STRUCTURAL CHARACTERIZATION OF AN IMMUNE
MODULATORY PROTEIN COMPLEX (UL141-TR2) PARTICIPATING IN TNF-R

SIGNALING PATHWAYS

I. Tomèová, W. Smith, C. A. Ben e dict and D. M. Zajonc

De part ment of Cel lu lar Bi ol ogy, La Jolla In sti tute for Al lergy and Im mu nol ogy, 9420 Athena Cir cle, 
La Jolla, CA 92037, USA

Re cently, a num ber of pro teins be long ing to the tu mor ne -
cro sis fac tor (TNF) and TNF re cep tor (TNF-R) fam i lies
were cloned and char ac ter ized in our lab o ra tory. Pro tein
UL141, en coded by hu man cytomegalovirus (Hu man
CMV), be longs to the tu mor ne cro sis fac tor fam ily UL14.
It is im pli cated in vi ral immunoevasion and downregulates
cell sur face ex pres sion of PVR (CD155), which is a ligand
for NK cell-ac ti vat ing re cep tors. UL141 binds hu man PVR 
in the endoplasmatic re tic u lum and pre vents its mat u ra tion
and trans port to the cell sur face [1, 4]. The mem bers of the
TNF-R fam ily are char ac ter ized by cysteine rich do mains
(CRD) con tain ing three disulfide bridges with a cysteine
knot to pol ogy [2, 3]. The num ber of CRD ranges from four
to six in TNF-R1 and TNF-R2 to two or even three in
TRAIL re cep tor 2 (TR2 or DR5). Those CRD form prob a -
bly the most im por tant ligand-bind ing re gion in the com -
plex of UL141-TR2. 

TRAIL-R2/DR5 is a death re cep tor of the TNFR
superfamily that pro motes apoptosis of both trans formed
and vi ral-in fected cells.  We have shown UL141 can di -
rectly bind to TRAIL-R2 and in hibit its cell sur face ex pres -
sion in hu man CMV in fected cells, de sen si tiz ing them to
TRAIL-me di ated kill ing.  Elu ci dat ing the struc ture of this
non-ca non i cal in ter ac tion be tween UL141 and a hu man
death re cep tor should shed sig nif i cant light upon the mech -
a nism of ac tion em ployed by HCMV to tar get this sig nal -
ing path way.

 Both pro teins, UL141 and TR2, were ex pressed in in -
sect cells us ing the baculovirus ex pres sion sys tem.
His-tagged UL141 and TR2-Fc fu sion pro tein were pu ri -
fied from the cul ture supernatant by af fin ity chro ma tog ra -

phy us ing Ni2+-NTA and Pro tein A col umns, re spec tively.
As part of stud ies to de ter mine the struc ture of UL141, the
com plex for ma tion, crys tal li za tion and pre lim i nary X-ray
dif frac tion anal y sis of the UL141-TR2 com plex are de -
scribed. It was found that the UL141-TR2 com plex com -
prises one UL141 dimer and one TR2 mono mer. This was
con firmed and pu ri fied by size-ex clu sion chro ma tog ra phy
and fol lowed by SDS-PAGE anal y sis. So far, crys tals of
UL141 pro tein were ob tained in pres ence of dioxane us ing
cal cium ac e tate and poly eth yl ene gly col as a pre cip i tant.
Well-shaped tetragonal bipyraminds grew within sev eral
days at 22°C. The co-crys tal li za tion of UL141 to gether
with TR2 is cur rently in prog ress.

1. Dolan, A. et al.: J. Gen. Virol., 85 (2004) 1301-1312.

2. Ban ner, D. W. et al.: Cell, 73 (1993) 431-445.

3. Naismith, J. H. and Sprang, S. R.: Struc ture, 4 (1996)
1251-1262.

4. Ma, Y. P. et al.: Arch. Virol., 151 (2006) 827-835.
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