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The in fec tions caused by Staph y lo coc cus aureus rep re sent
a ma jor healthcare prob lem, not only among hos pi tal ized
pa tients [1], but to the rest of the pop u la tion, as well as it is
a com po nent of the nor mal hu man skin flora. The dor mant
S. aureus strain can be trans formed to a patho genic state by
the trans fer and in te gra tion of other al ready patho genic S.
aureus strain patho ge nic ity is lands [2] mostly that of the
superantigen-car ry ing patho ge nic ity is land (SaPI) where
intergenomial trans fer is known to oc cur more fre quent
than the other is lands [1]. The tran scrip tion of the SaPI
genes is un der con trol of a spe cific global repressor (Stl), in 
our case the Stl SaPIbov1 pro tein. It has been sug gested
that this re pres sion is non-canonically de reg u lated by a
pro tein-pro tein in ter ac tion of the dUTPase from the staph -

y lo coc cal helper phage F11 [3]. 
In this study we re port the suc cess ful ex pres sion and

pu ri fi ca tion of wild type Stl SaPIbov1 and F11 dUTPase,
as well as var i ous mu tants of the dUTPase. Func tional and
struc tural anal y sis (in clud ing ac tiv ity mea sure ments) has

been car ried out and the dis cus sion of the re sults is pre -

sented. The struc ture of the wild type F11 dUTPase has
been solved to a res o lu tion of 2.98 C. A crys tal lo graphic
re port of this ex per i ment has been pub lished [4] and the
struc tural prop er ties of the model are dis cussed in the
poster. Fur ther crys tal li za tion tri als of the pro teins alone
and in the complexed form are in prog ress.
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Nat u ral killer (NK) cells are an in ten sively stud ied part of
im mune sys tem, pos sess ing unique abil ity to rec og nize and 
in duce death of tu mor and vi rus-in fected cells with out
prior an ti gen sen si ti za tion. Their func tion is reg u lated by a
fine bal ance of sig nals in duced by mul ti ple ac ti vat ing and
in hib i tory cell sur face re cep tors and their in ter ac tion with

the lig ands pres ent on the tar get cell. Re cent re search in
their C-type lectin-like re cep tors rep er toire has shown that
lig ands of some of these pre vi ously or phan re cep tors lie
within their own fam ily, de scrib ing a lectin-lectin in ter ac -
tion. This is the case of hu man in hib i tory re cep tor NKRP1
(gene KLRB1) and its ligand LLT1 (gene CLEC2D) [1].
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Pre vi ous stud ies have shown that over pro duc tion of LLT1
in can cer cells [2] or lower pro duc tion of NKRP1 in NK
cells [3] is con nected to can cer ous man i fes ta tions. 

Our pre vi ous ef forts to study this sys tem on a struc tural
level via re com bi nant ex pres sion in E. coli have shown that 
the pro teins ag gre gate to in clu sion bod ies and their
refolding was in ef fi cient. We de cided to try mam ma lian
ex pres sion sys tem based on tran sient transfection of mod i -
fied hu man em bry onic kid ney (HEK) cell lines. 

Here we show a case study of re com bi nant ex pres sion
in HEK293 cells based on an on go ing re search of
extracellular do main of LLT1. Five cysteins con tained
within this lectin do main tend to cause misfolding and for -
ma tion of ag gre gates. Us ing a mul ti ple align ment tool with
sim i lar pro teins from this fam ily we iden ti fied a con served
re gion in pri mary se quence where LLT1 lacks its sixth

cystein res i due. Uti liz ing a site di rected mu ta gen e sis ap -
proach we were able to sta bi lize this struc ture by ad di tion
of this “miss ing” res i due. This led to sig nif i cant im prove -
ment in yield and ho mo ge ne ity of prod uct that al ready en -
abled suc cess ful crys tal li za tion in two dif fer ent crys tal line
forms and so lu tion of the struc ture at 2.0 C.
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and 305/09/H008) and Min is try of Ed u ca tion (1M0505) of
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204025/2012), and by EC fund ing through the SPINE2– 
COMPLEXES (031220) and P-CUBE (227764) pro jects.
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Chem i cal mod i fi ca tions of pro teins can be used to eval u ate
the con tri bu tion of non-na tive sur face fea tures to self-as -
sem bly [1]. 

Here, we show a mu tant of the cop per pro tein plasto -
cyanin with a cysteine res i due ex posed to the sol vent at the
“hy dro pho bic patch”. Al though sur face cysteines pres ent
sig nif i cant chal lenges to pro tein pro duc tion, this res i due is
the most con ve nient tar get for se lec tive mod i fi ca tion ow -
ing to the strongly nucleophilic side chain sulfhydryl [2].
Here we pres ent a maleimide con ju gated to the sur face-ex -
posed cysteine. 

This con ju gate was char ac ter ized us ing an a lyt i cal
meth ods such as mass spec trom e try, UV/Vis spec tros copy
and PAGE tech niques, and was crys tal lized in or der to
study the ef fect on self-as sem bled struc tures of plasto -
cyanin [3]. 

In ad di tion, the dimerization of the pro tein through
cysteine ox i da tion was per formed in or der to in ves ti gate
and eval u ate crys tal li za tion op por tu ni ties [4]. Pre lim i nary
crys tal li za tion screens of the dimer look prom is ing. Crys tal 
op ti mi za tion tri als are in prog ress.
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Ca pa ble of es tab lish ing life long la tency in the host, Her pes
vi ruses are a strik ing cause of hu man vi ral dis ease. The
murid herpesvirus 4 has been widely ex plored as a model
for re search on the hu man gamma-herpesvirus patho -
genesis due to its abil ity to in fect mice via the na sal pas -
sages and also be cause it is ge net i cally re lated to other
ma lig nancy- as so ci ated patho gens such as the hu man
Epstain- Barr vi rus (EBV) and Kaposi’s Sar coma
herpesvirus (KSHV) [1, 2]. KSHV has an etiologic role in
Kaposi´s sar coma, the lead ing AIDS ma lig nancy dis or der,
and in cer tain lym pho mas whilst EBV is also as so ci ated
with lym pho mas and na so pha ryn geal car ci noma. As with
EBV, MuHV-4 es tab lishes a life long la tency stage as a
multicopy episome in the nu cleus of host B-cells and only a 
small frac tion of vi ral genes are ex pressed. Amongst this
frac tion of genes, an ORF pro tein, ORF73, was dem on -
strated to pro mote a def i cit on the es tab lish ment of la tency
in vivo when mu tant vi ruses failed to ex press them [3].
ORF73 is a nu clear pro tein with re mark able se quence
homology with KSHV la tency-as so ci ated nu clear an ti gen
(LANA) and strik ing pre dicted struc tural homology with
the C-ter mi nal do main of the EBV nu clear an ti gen 1
(EBNA1), mu tu ally cru cial for vi ral la tency by teth er ing
the vi ral episome to host chro mo somes, there fore en sur ing
rep li ca tion and seg re ga tion of the vi ral ge nome to daugh ter
cells [4, 5]. C-ter mi nal LANA and EBNA1 were de scribed
to bind ter mi nal re peat (TR) DNA of the vi ral ge nome upon 
dimerization, sug gest ing that C-ter mi nal of ORF73 may
also be in volved in episome main te nance func tions [6, 7].
Ad di tion ally, an un con ven tional SOCS-box mo tif in the
C-ter mi nal of ORF73 was also shown to be in volved in the
bind ing of sev eral cel lu lar and vi ral pro teins to mod u late
their tran scrip tion and af fect cel lu lar growth through
E3-ubiquitin ligase ac tiv ity [8]. We aim to de ter mine the
X-ray crys tal lo graphic struc ture of ORF73 pro tein, bound
and un bound to vi ral DNA, in or der to high light key res i -
dues and struc tural mo tifs that may ex ert func tional rel e -

vance as ther a peu tic tar gets by ma nip u la tion of vi ral
la tency.
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Prolyl endopeptidase SmPEP from the blood fluke Schisto -
so ma mansoni is a po ten tial drug tar get for the treat ment of
schis to so mi a sis. SmPEP was de tected in the ex tract of
adult worms by en zyme ac tiv ity and immunoreactivity. En -
zy mat i cally ac tive SmPEP was pro duced in the E. coli ex -
pres sion sys tem and was chromatographically pu ri fied.
Sub strate spec i fic ity anal y sis re vealed that SmPEP cleaves
pep tide sub strates by endopeptidase ac tiv ity, how ever,
macromolecular pro tein sub strates were not frag mented.

The res i due pref er ences in the po si tions P3 to P1´ were de -
ter mined us ing syn thetic fluorogenic pep tide sub strates.
Spec i fic ity of SmPEP was ana lysed us ing a 3D model con -
structed by homology mod el ing. Fur ther more, new spe -
cific in hib i tors of SmPEP with re ac tive chloromethyl
ketone or al de hyde war head were de vel oped and tested in
an in vi tro in hi bi tion as say and in vivo against S. mansoni.
A pri mary screen ing of crys tal li za tion con di tions for re -
com bi nant SmPEP was per formed.
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Root-rot fungi of the Heterobasidion annosum sensus lato
(s.l.) com plex are the most dam ag ing for est patho gens in
the tem per ate re gion. They are ap par ently ef fi cient wood
de grad ers and may posess en zymes use ful for ligno -
cellulose pro cess ing. The ge nome of H. irregulare strain
TC-32-1 has re cently been se quenced. In this study the fun -
gus was grown on spruce wood pow der as car bon source,
and the most abun dant pro tein in the cul ture broth was un -
am big u ously iden ti fied as the only glycoside hydrolase
fam ily 7 (GH7) en zyme in the ge nome. It con sists of a sin -
gle GH7 cat a lytic mod ule of 440 amino ac ids, but it lacks a
linker and car bo hy drate-bind ing mod ule com mon to GH7
cellulases [1]. The en zyme, Hir_Cel7A, was pu ri fied and
crys tal lised, and the struc ture was solved by mo lec u lar
re place ment and re fined at 1.6 C res o lu tion. 

The struc ture con firms that Hir_Cel7A is a cellobio -
hydrolase rather than an endoglucanase, with a cel lu -
lose-bind ing tun nel that ap pears to be more closed than in
Phanerochaete chrysosporium Cel7D [2] and more open

than that of Hypocrea jecorina Cel7A, sug gest ing in ter me -
di ate en zy matic prop er ties. To fur ther ex am ine this new
GH7 struc ture, mo lec u lar dy nam ics sim u la tions were con -
ducted for 250 ns to as cer tain dif fer ences in ligand in ter ac -
tions, loop flex i bil ity, and dy namic cor re la tions be tween
the H. irregulare, H. jecorina, and P. chrysosporium cello -
biohydrolases .

1. Divne, C., StDhlberg, J., Reinikainen, T., Ruohonen, L.,
Pettersson, G., Knowles, J. K. et al. (1994). The three-di -
men sional crys tal struc ture of the cat a lytic core of
cellobiohydrolase I from Trichoderma reesei. Sci ence: 265, 
524-528.

2. Munoz G. I., Ubhayasekera W., Henriksson H., Szabo I.,
Pettersson G., Johansson G., Mow bray L. S. and StDhlberg
J. (1997). Fam ily 7 Cellobiohydrolases from
Phanerochaete chrysosporium: Crys tal Struc ture of the
Cat a lytic Mod ule of Cel7D (CBH58) at 1.32 C Res o lu tion
and Homology Mod els of the Isozymes.
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Staph y lo coc cus aureus is a mem ber of the grow ing num ber 
of multi-drug re sis tant patho gens which is in ad di tion in
many cases re spon si ble for nosocomial ac quired in fec -
tions. It is in volved in sev eral se vere dis eases like pneu mo -
nia, fa tal wound in fec tions af ter sur gery, endocarditis and
sep tic rthritis [1, 2]. Due to this ris ing an ti bi otic re sis tance,
there is an in creas ing re quire ment to de velop novel
antimicrobial sub stances. 

The goal of struc ture based drug dis cov ery in ves ti ga -
tions is to ana lyse the mo lec u lar 3D-struc ture of se lected
key en zymes of the de novo syn the sis of Vi ta min B1 and to
iden tify po ten tial drug can di dates to treat in fec tions of
Staph y lo coc cus aureus.

Three es sen tial en zymes of this path way are to day in a
main fo cus [1]:

• 4-amino-5 hydroxymethyl-2-methylpyrimidine
(HMP) Kinase – SaThiD

• Thi a mine Monophosphate (TMP) Synthase –
SaThiE

• TMP dephosphorylating GTPase – SaGTPase
Be side struc tural in ves ti ga tions to sup port drug de sign

in ves ti ga tions the mode of ac tion of the tar get pro teins will

be ex am ined and the di rec tional in ward trans fer of in ac tive

an a logues to block the path ways is un der in ves ti ga tion. 
In par al lel the Pyridoxine Kinase PdxK, a mem ber of

the Vi ta min B6 cas cade of Staph y lo coc cus aureus, will be
ana lysed as well in or der to val i date a joint en zy matic
mech a nis tic [3]. 

So far the re com bi nant ex pres sion and pu ri fi ca tion of
sol u ble pro teins of the above men tioned en zymes were im -
proved for go ing to wards crystallisation trails and Dy -
namic Light Scat ter ing ex per i ments were per formed to
op ti mize crys tal li za tion con di tions.

1. I. B. Müller,  B. Bergmann, M.R. Groves, I. Couto, L.
Amaral, T. P. Begley, R. D. Wal ter, C. Wrenger, PLoS
One., 3;4(11) (2009)  e7656.

2. E. Klein, D.L. Smith, R. Laxminarayan, Emerg. In fect.Dis.,
13(12) (2007)1840-1846.

3 M. Stegger,L. B. Price, A. R. Larsen, J. D. Gillece, A.E.
Wa ters, R. Skov and P. S, Andersen,  J.  Bacteriol.,  194; 6
(2012) 1625-1626.
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The sur face layer pro teins (S-Layer pro tein) are the out -
most of bac te ria as an Ar mor to pro tect the bac te ria from
the ex ter nal en vi ron ment, other mi cro or gan isms, pres sure
and other fac tors, etc. . In my pro ject, I try to char ac ter ize
and crys tal lize se lected sur face layer func tional A (SlfA)
pro tein firstly, from B. sphaericus strain JG-A12 and
JG-B53, re spec tively,  is a typ i cal S-Layer pro tein which
was first iso lated by J. Raff and his co-worker from a ura -
nium min ing waste pile [1-3]. These two pro teins are made
of 1228 and 1106 amino ac ids and has mo lec u lar weight
approx. 130kDA and 116kDA, re spec tively. BLAST
search ing re vealed that the high est pro tein struc tural se -
quence homology is only 28% in the pro tein data bank
(PDB). To date, there’s no full lenth struc ture of S-Layer
pro tein was solved in PDB, only H. Jing ect. solved re spec -
tively the sin gle do mains of sur face layer pro teins from
Methanosarcina Mazei (M. Mazei) [1] and predicted the
com plete struc tures by ar range ment of these do mains. It’s

worth not ing that the S-Layer Homology(SLH) do main of
the sur face ar ray pro tein(SAP) from B. Anthracis by J.
Kern ect., re cently. Many S-Layer pro teins char ac ter is ti -
cally con tain the SLH do mains, two pro teins which I have
is also no ex cep tion. Base on that I plan to use the chem i cal
and bi o log i cal mod i fi ca tion of S-Layer Pro teins to en hance 
crys tal retrievalllization prop er ties [4]. For struc ture de ter -
mi na tion X-Ray crys tal log ra phy and com ple men tary an a -
lyt i cal tech niques (e.g. SAXS), fur ther more will be
ap plied, to ana lyse in de tail the Struc ture-Func tion-Re la -
tion ships. Fi nally, search ing and de sign ing com pounds
which in hibit S-layer For ma tion is the goal of the pro ject,
to pre vent biofilm for ma tion in patho gens.

So far I have al ready iden ti fied best buffer con di tions
for the two S-Layer pro teins from dif fer ent strains (JG-B53 
and JG-A12) con firmed by a monodispersity of the DLS
measurments. Fur ther I per formed ini tial SAXS ex per i -
ments for S-Layer pro tein from JG-B53.  I will com bine the 
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re spec tive DLS and SAXS mea sure ments to char ac ter ize
dif fer ent buffer or ions sys tem which influenze the nat u ral
ag gre ga tion of these pro teins. Fur ther I have ob tained al -
ready some small crys tals for both S-Layer pro teins from
JG-B53 (Fig. 1) and JG-A12(not dis play here), how ever
the size need to be im proved. For fur ther in ves ti ga tions I
plan to trun cate the pro teins (maybe both) to small frag -
ments to carry out the crys tal li za tion screen ing.

1. H. Jing, J. Takagi, J.H Liu, Lindgren S, R.G Zhang, A.
Joachimiak, JH Wang, T.A Springer. Struc ture. 10 (2002)
1453-1464.

2. K. Pollmann, J. Raff, M. Schnorpfeil,  G. Radeva,
Selenska-Pobell. Mi cro bi ol ogy 151 (2005) 2961-2973.

3. L. Merroun, J. Raff, A. Rossberg, C. Hennig, T. Reich, and 
S.S. Pobell. Ap plied and En vi ron men tal Mi cro bi ol ogy. 71
(2005) 5532-5543.

4. B Sleytr, M Sára, D. Pum, B. Schuster. Char ac ter iza tion
and use of crys tal line bac te rial cell sur face lay ers. Prog ress 
in Sur face Sci ence 68 (2001) 231-278.
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IDEN TI FI CA TION OF MIN I MAL REG U LA TORY L4-BIND ING SITE ON S10-LIKE
OPERON IN ARCHAEA

Mikhaylina, A. Sarckih, S. Tishchenko

In sti tute of Pro tein Re search, RAS, Institutskaya 4, Pushchino, Mos cow Re gion, RUSSIA

In bac te ria the ex pres sion of many ri bo somal (r) pro tein
operons is reg u lated by a translational feed back mech a -
nism. A well-stud ied ex am ple is the reg u la tion of the S10
operon in Esch e richia coli by r pro tein L4. Whereas other
reg u la tory r pro teins in E. coli work at the level of trans la -
tion ini ti a tion [1], L4 in hib its both tran scrip tion and trans -
la tion [2,3]. Up to now noth ing was known about a
reg u la tory func tion of archaeal r pro tein L4. In archaea, the
transcriptional or ga ni za tion of the S10/spc operon re gion
var ies a lot [4]. The transcriptional unit from Methano -
coccus jannaschii (“MjaL3 operon”) en codes 5 r pro teins
(L3, L4, L23, L2, S19) and cor re sponds to part of the E.
coli S10 operon. 

Re cently we have shown that L4 of M. jannaschii
(MjaL4) spe cif i cally in hib its the syn the sis of M. jannaschii
L3 (MjaL3) in a cou pled tran scrip tion-trans la tion sys tem in 
vi tro. As tem plates we used con struc tions car ry ing the
MjaL3 gene flanked by dif fer ent length 5’-un trans lated
lead ers. It was shown that the in hib i tory ef fect of MjaL4 on 
the syn the ses of MjaL3 is fully main tained even when the
MjaL3 un trans lated leader is short ened to 25 nu cleo tides.
This re sult in di cates that the MjaL4 bind ing site on the
MjaL3 mRNA is lo cated within the first 25 nu cleo tides up -
stream of the AUG start codon, but we can not ex cluded
that it might be (par tially) lo cated in the cod ing se quence of 
MjaL3.

The main goal of my pro posal is to de fine the min i mal
L4-bind ing mRNA frag ment which is rather small but still
re tains the full af fin ity for MjaL4. This min i mal RNA frag -
ment will be re quired for the in ves ti ga tion of RNA-pro tein
in ter ac tion in archaeal L4-mRNA com plex and for screen -
ing crys tal li za tion con di tions of com plex.

We tried to lo cal ize ex actly the reg u la tory MjaL4 min i -
mal bind ing site on the mRNA by short en ing the 5’-part of
MjaL3 gene. Us ing gel-shift as say we tested the af fin ity of
the re sult ing mRNA frag ments for MjaL4. We showed that
mRNA frag ments car ry ing the se quences of the trun cated
ver sions un trans lated leader less than 25-nt did not bind
MjaL4. Thus, based of the pre sented data, we as sume that
the L4 bind ing site on the MjaL3 mRNA is lo cated be tween 
25-nt up stream of the AUG start codon and about 40-nt
down stream. For the mo ment we have as a short frag ment
of MjaL3 mRNA which has the full af fin ity for MjaL4 car -
ry ing the se quence of the 25-nt un trans lated leader and
40-nt truncated version of the MjaL3 gene.

1. Zengel JM., Lindahl L., Di verse mech a nisms for reg u lat ing 
ri bo somal pro tein syn the sis in Esch e richia coli, Prog.Nu -
cleic Acid Res.Mol.Biol., 47 (1994), 331-370.

2. Shen P., Zengel JM., Lindahl L., Sec ond ary struc ture of the 
leader tran script from the Esch e richia coli S10 ri bo somal
pro tein operon, Nu cleic Ac ids Res. 16 (1988), 8905-8924.
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Fig ure 1. Crystalls of S-Layer pro tein obatained at 50%MPD, 20% 2-propanal, 50mM so -
dium chlo ride.



3. Allen T., Shen P., Samgel L., Ray mond L., Lindahl L.,
Zengel J.M., Phylo gen etic anal y sis of L4-me di ated
autogenous con trol of the S10 ri bo somal pro tein operon,
RNA, 19 (1999), 6124-6132.

4. Coenye T. Vandamme P., Or gani sa tion of the S10, spc and
al pha ri bo somal pro tein gene clus ters in prokaryotic
genomes, FEMS Microbiol. Lett., 242 (2005), 117-126.
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CRYSTALLIZATION AND STRUCTURAL STUDIES OF P1 STALK COMPONENTS OF
ARCHAEAL GENUS METHANOCOCCUS

I. Mitroshin, O. Kravchenko, 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 all or gan isms stud ied, the large ri bo somal sub unit con -
tains a highly flex i ble and func tion ally im por tant lat eral
protuberance called the “stalk”. The stalk is in volved in the
for ma tion of the so-called “GTPase-as so ci ated site” and
plays a key role in the in ter ac tion of the ri bo some with
trans la tion fac tors and in the con trol of trans la tion ac cu racy 
[1, 2]. Iso lated ri bo somal pro teins of this stalk (L10-L12 in
Bac te ria, P0-P1 in Archaea and P0-P1/P2 in Eukarya) form 
in so lu tion a sta ble complex which binds the large ri bo -
somal RNA through the N-terminal do main of P0 pro tein
(L10 in Bac te ria). Archaeal ri bo somal pro teins P0 and P1
differ from their bac te rial coun terparts (L10 and L12) but
are ho mol o gous to the eukaryotic ri bo somal pro teins P0
and P1/P2 [3].

The def i ni tion of the crys tal struc ture of the stalk in the
50S ri bo somal sub unit and in the 70S ri bo some from
Archaea with high res o lu tion is im peded by the great flex i -
bil ity of this ri bo somal pro tu ber ance. Ef forts to solve the
struc tures of the iso lated com po nents of the stalk were
more suc cess ful. In 2010, the high-res o lu tion struc tures
were de ter mined for the com plex of P0 with the N-ter mi nal 
do mains of P1 from the archaeon Pyrococcus horikoshii
[4] and for the two-do main N-ter mi nal frag ment of P0 from 
the archaeon Methanococcus jannaschii (the so-called

MjaP0NTF) [5].
Our re search is now fo cus ing on the in ves ti ga tion of the 

P0 stalk of the archaeal ge nus Methanococcus. Af ter de ter -
mi na tion of the struc ture of the MjaP0NTF pro tein [5] we
could crys tal lize a com plex of this frag ment with a spe cific
frag ment of the 23S rRNA. The dif frac tion data set was

col lected at 3.2 C res o lu tion, how ever, our at tempts to ob -
tain better dif fract ing crys tals of the com plex were so far
un suc cess ful. Si mul ta neously we are search ing con di tions
for crys tal li za tion of the full-length P0-P1 pro tein com plex
from the archaeon M. thermolithotrophicus. Due to the
high level of flex i bil ity of the pro tein P1 crys tal li za tion of
such a com plex is a dif fi cult task. The crys tal struc tures of
the RNA-pro tein com plex and of the P0-P1 com plex un -
doubt edly will al low to re fine the struc ture of the archaeal
ri bo some and to de ter mine in ter ac tions be tween P0 (L10)
pro tein and 23S rRNA in de tail.

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 (No.
11-04-00327-a), grant of the Pro gram for Mo lec u lar and
Cel lu lar Bi ol ogy RAS.

1. I. Pe ter son, Nu cleic Ac ids Res., 6 (1979) 2637-2646.

2. T. Nomura, K. Nakano, Y. Maki, T. Naganuma, T.
Nakashima, I. Tanaka, M. Kimura, A. Hachimori, T.
Uchiumi, Biochem. J., 396 (2006) 565-571.

3. M. Diaconu, U. Kothe, F. Schlunzen, N. Fisher, J. Harms,
A.G. Tonevitsky, H. Stark, M.V. Rodnina, M.C. Wahl,
Cell 121 (2005) 991-1004.

4. T. Naganuma, N. Nomura, M. Yao, M. Mochizuki, T.
Uchiumi, I. Tanaka, J. Biol. Chem. 285 (2009) 4747-4756. 

5. O. Kravchenko, I. Mitroshin, S. Nikonov, W. Piendl, M.
Garber, J. Mol. Biol. 399 (2010) 214-220.
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A NEW REL A TIVE OF THE DOU BLE BETA-BAR REL LIN EAGE: COAT PRO TEIN
STRUC TURES OF THE EX TREME THERMOPHILIC BACTERIOPHAGE P23-77

A. Pawlowski1, I. Rissanen1, J. M. Grimes2,3, K. Harlos2, D. I. Stu art2,3, and J. K.H. Bamford1

1De part ment of Bi o log i cal and En vi ron men tal Sci ence, Uni ver sity of Jyväskylä, 40014 Jyväskylä, Fin land
2Di vi sion of Struc tural Bi ol ogy, Wel come Trust Cen tre for Hu man Ge net ics, Uni ver sity of Ox ford, Ox ford OX3 

7BN, Eng land
3Sci ence Di vi sion, Di a mond Light Source Ltd, Di a mond House, Harwell Sci ence and In no va tion Cam pus,

Didcot OX11 0DE, Eng land

Anal y sis of vi ral struc tural el e ments such as ma jor capsid
pro teins (MCPs) re vealed highly con served pro tein folds
that can be used to group vi ruses into a rea son ably small
num ber of lin eages [1]. The main char ac ter is tic of one of
these lin eages is a MCP fold that con tains a ver ti cal dou ble
beta-bar rel. Mem bers of the lin eage in fect hosts from all
three do mains of life sug gest ing that they have a com mon
an ces tor ex ist ing even be fore the sep a ra tion of the cur rent
do mains of life. 

Re cently, vi ruses from ex treme en vi ron ments have
been dis cov ered that ap pear to uti lize un usual ver sions of
the dou ble beta-bar rel fold. One of these vi ruses - P23-77,
an icosahedral dsDNA bacteriophage in fect ing Thermus
thermophilus – has two MCPs that are pres ent in the capsid
in ap prox i mately equal pro por tions. Both coat pro teins
were suc cess fully ex pressed in E. coli, pu ri fied and crys tal -
lized [2]. The three di men sional struc tures of the iso lated
two MCPs and of a com plex of the two - which rep re sents
an as sem bly in ter me di ate - were solved. Both pro teins con -
tain a sin gle beta-bar rel fold and com par i son with the EM
re con struc tion of the virion re vealed a novel capsid or ga ni -

za tion com pletely dif fer ent from the as sem bly mech a nism

of the dou ble beta-bar rel vi ruses.
The homology of the coat pro tein fold clas si fies

thermophilic bacteriophage P23-77 as ar che type of a new
branch of the ubiq ui tous dou ble-beta bar rel lin eage. The
novel lin eage com prises dsDNA vi ruses that use var i ous
build ing blocks of two MCPs with ver ti cal sin gle beta-bar -

rel fold for capsid as sem bly. 
Our find ings em pha size the im por tance of high res o lu -

tion struc tural anal y sis for the high-or der clas si fi ca tion of
vi ruses and iden ti fi ca tion of an cient vi ral branches, linked
to the most pri mor dial prokaryotic pop u la tions and per haps 
to the last uni ver sal com mon an ces tor of cells.

1. N.G.A. Abrescia, D.H. Bamford, J.M. Grimes & D.I. Stu -
art: Struc ture uni fies the vi ral uni verse, Annu Rev Biochem, 
81 (2012) 23.1-23.28.

2.  I. Rissanen, A. Pawlowski, K. Harlos, J.M. Grimes, D.I.
Stu art & J.K.H. Bamford: Crys tal li za tion and pre lim i nary
anal y sis of the ma jor capsid pro teins VP16 and VP17 of
bacteriophage P23-7, Acta Cryst, F68 (2012): 580-583.
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STRUC TURAL CHAR AC TER IZA TION OF THE DNA UP TAKE MA CHIN ERY IN
STREP TO COC CUS PNEUMONIAE 

Simone Pieretti, Al bert Ca nals, Miquel Coll

In sti tute for Re search in Biomedicine (IRB Bar ce lona), Parc Científic de Bar ce lona, C/ Baldiri Reixac 10,
08028 Bar ce lona, Spain

Hor i zon tal gene trans fer (HGT) [1] is a rapid evolutive
mech a nism by which en tire genes are trans ferred among
bac te rial cells, thus en abling an al most im me di ate ad ap ta -
tion to new en vi ron men tal con di tions. HGT has ob vi ous
im pli ca tions for hu man health as it is used by patho genic
mi cro or gan isms –even among dif fer ent spe cies– dur ing the 
spread of vir u lence fac tors  and an ti bi otic re sis tance. Three
main HGT routes can be dis tin guished: con ju ga tion
(plasmid trans fer through the di rect in ter ac tion of two bac -
te rial cells), transduction (bacteriophage-me di ated DNA
trans fer) and trans for ma tion (up take of na ked DNA from
the en vi ron ment). Among them, nat u ral trans for ma tion [2]
[3] re fers to the trans port of en vi ron men tal DNA to the

cytosolic com part ment, where it can meet sev eral fates. If
the in com ing DNA is com ple men tary to the res i dent chro -
mo some, it can re com bine; if it con tains the in for ma tion
needed for in de pend ent rep li ca tion, it can do so as a
plasmid or a bacteriophage.

In this pro ject we fo cus on the struc tural char ac ter iza -
tion of three pro teins: CelA, CelB, ComFA in or der to elu -
ci date the mo lec u lar mech a nism of bac te rial
trans for ma tion in Strep to coc cus pneumoniae, which is one
of the most stud ied mod els for grampositive bac te ria. In
our lab o ra tory, sev eral con structs of these pro teins were
cloned us ing a high-through put ap proach af ter am pli fi ca -
tion and pu ri fi ca tion of the rel a tive genes. Tak ing ad van -
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tage of this start ing point, we suc cess fully ex pressed S. p
CelA in sol u ble form in E. coli and we pu ri fied it to near
ho mo ge ne ity. Af ter wards, we set up drops on 96-well
plates by us ing com mer cial screen ings at high pro tein con -
cen tra tion. In some con di tions, we got some mi cro-crys tals
that were op ti mized play ing with dif fer ent pH and PEGs
con cen tra tions. This al lowed us to ob tain some nee -
dled-shape crys tals. Un for tu nately, these crys tals have not
been re pro duced in big ger plates and they have not given
any dif frac tion pat tern by X-ray anal y sis.

1. Ochman, H., Law rence, J.G., Groisman, E.A. (2000) Lat -
eral gene trans fer and the na ture of bac te rial in no va tion.
Na ture 405(6784), 299-304.

2. Chen, I. & Dubnau, D. (2004) DNA up take dur ing bac te rial 
trans for ma tion. Nat. Rev. Microbiol. 2, 241-249.

3. Krüger, N.J. & Stingl, K. (2011) Two steps away from
nov elty-prin ci ples of bac te rial DNA up take. Mol.
Microbiol. 80(4), 860-7.
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STRUC TURAL CHAR AC TER IZA TION OF A NOVEL EUKARYOTIC FAM ILY OF
PROTEINACEOUS RNASE P

Franziska Pinker1, 2,  An tony Gobert2, Olivier Fuchsbauer1, Philippe Giege2, Claude Sauter1

1UPR 9002, CNRS, IBMC, Universite de Strasbourg, 15 rue Rene Des cartes, 67084 Strasbourg, France
2UPR 2357, CNRS, IBMP,  Universite de Strasbourg, 12 rue du Gen eral Zimmer, 67084 Strasbourg, France

The RNase P ac tiv ity is ubiq ui tous and con sists of the 5’
mat u ra tion of pre-tRNAs. For a long time it has been
thought that all known RNase P were ribozymes. How ever, 
the char ac ter iza tion of the hu man mi to chon drial RNase P
re vealed a novel kind of RNase P com posed of pro teins
only, called PRORP for •"Proteinaceous RNase P" [1].
Whereas in hu man mi to chon dria PRORP is formed by a
com plex of three sub units, RNase P ac tiv ity in Arabidopsis
thaliana is held by a sin gle pro tein. There are three
homologs in A. thaliana: PRORP1 in mi to chon dria and
chloroplasts, PRORP2 and PRORP3 lo cated in the nu -
cleus. Each pro tein pos sesses a pentatricopeptide re peat
do main (PPR) and a metallonuclease do main [2].

The aim of our pro ject is to un der stand the rec og ni tion
and cleav age of pre-tRNA mol e cules by PRORPs and to
see if these pro teins mimic the con ven tional ri bo nu cleic
RNase P or if they have evolved their own cat a lytic path -
way. The His-tagged PRORPs are ex pressed in E.coli and

pu ri fied us ing af fin ity and size ex clu sion chro ma tog ra phy.
The sam ple pu rity and ho mo ge ne ity is sys tem at i cally ver i -
fied by dy namic light scat ter ing. Crys tal li za tion con di tion
were searched us ing var i ous com mer cial screens.  Out of
about 960 con di tions, two prom is ing hits were ob tained by
vapour dif fu sion. They were con firmed in batch and thin
plate-like crys tals led to pre lim i nary dif frac tion data at 7 C
res o lu tion. The op ti mi za tion of crys tal growth con di tions
and dif frac tion prop er ties is in prog ress. 

1. Holzmann J, Frank P, Loff ler E, Bennett KL, Gerner C,
Rossmanith W, RNase P with out RNA: iden ti fi ca tion and
func tional re con sti tu tion of the hu man mi to chon drial tRNA 
pro cess ing en zyme. Cell. (2008), 31;135(3):462-74.

2. Gobert A, Gutmann B, Taschner A, Gossringer M,
Holzmann J, Hartmann RK, Rossmanith W, Giege P, A
sin gle Arabidopsis organellar pro tein has RNase P ac tiv ity. 
Nat Struct Mol Biol. (2010), 17(6):740-4.
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EX PRES SION AND PU RI FI CA TION OF RE COM BI NANT HCA7 FOR STRUC TURAL
STUD IES WITH SE LEC TIVE IN HIB I TORS

K. Poncová1, P. Mader2, I. Sieglová1,2, M. Fábry2, and P. Øezáèová1,2

1De part ment of Struc tural Bi ol ogy, In sti tute of Or ganic Chem is try and Bio chem is try AS CR, v.v.i., Flemingovo 
nám. 2, 166 10 Prague 6, Czech Re pub lic

2De part ment of Struc tural Bi ol ogy, In sti tute of Mo lec u lar Ge net ics of the ASCR, v. v. i.,Vídeòská 1083, 142
20 Prague, Czech Re pub lic

The car bonic anhydrases (CAs, EC 4.2.1.1) are ubiq ui tous
zinc metalloenzymes pres ent in prokaryotes and
eukaryotes en coded by three dis tinct evolutionarily un re -

lated gene fam i lies: a-CAs  b-CAs and  g-CAs. Hu man car -
bonic anhydrases be long to the  class. These en zymes play
a cru cial role in many phys i o log i cal func tions as they
catalyse the con ver sion be tween CO2 and bi car bon ate [1].
In hu mans, 15 CAs have been iden ti fied so far. They dif fer

in subcellular lo cal iza tion, tis sue dis tri bu tion and also in
ki netic pa ram e ters. 

Hu man CA VII is an intracellular (cytosolic) isoform
mainly ex pressed in the brain tis sues such as cor tex, hip po -
cam pus and thalamus where its ac tiv ity is in volved in gen -
er at ing neuronal ex ci ta tion and sei zures. CAVII is thus
con sid ered to be an im por tant tar get for de vel op ment of
anticonvulsant agents and neuropathic pain kill ers [2]. 
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Re cently, a se ries of arylsulfonamides with sig nif i cant
in hib i tory ef fect and se lec tiv ity to ward CAVII has been re -
ported [3]. To an a lyze in hib i tor bind ing on struc tural level,
we ini ti ated struc tural stud ies. 

The plasmid pNIC-28-Bsa4 con tain ing the cod ing se -
quence of His-tagged CA VII un der con trol of T7 pro moter 
was ob tained from Struc tural Genomics Con sor tium (SGC, 
Ox ford). On the bases of pre vi ous struc tural stud ies of hCA 
VII [2] two cystein res i dues on the po si tions 183 and 217
were mu tated to serines. The re sult ing gene was used for
re com bi nant ex pres sion in E.coli BL21 (DE3) and the pro -
tein was fur ther pu ri fied from cytosolic frac tion us ing af -
fin ity Ni-col umn fol lowed by gel fil tra tion.  

Screen ing for crys tal li za tion con di tion was per formed
with en zyme con cen tra tion 7 mg/ml and 1.1 mo lar ex cess
of in hib i tors. Suc cess ful con di tions yield ing ini tial crys tals
are in pro cess of op ti mi za tion now.

1. C.T. Supuran, A. Scozzafava, A. Casini, Med Res Rev., 23,
No. 2, (2003) 146-189.

2. A.D. Fiore, E. Trupo, C.Supuran, V. Alterio, N. Dathan, F.
Bootorabi, S. Parkkila, S. Monti, G.D.Simone, Bioorg. Me -
dic i nal Chem. Lett., 20 (2010) 5023-5026.

3. Gitto et al., J. Med. Chem. 2012, 55 (8), 891–3899.
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Šmídková  Markéta

In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, Prague
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Xanthine oxidoreductase (XOR) is a key en zyme of pu rine
ca tab o lism, which is in volved in the pathogenesis of
hyperuricemia, gout, and ox i da tive stress-re lated car dio -
vas cu lar dis eases. Cur rently, allopurinol is a drug of the
first choice in the treat ment or pre ven tion of these con di -
tions. Al though ef fec tive in many pa tients, some of them
ex pe ri ence sen si tiv ity to allopurinol, which is at trib uted to
the fact that this drug is phosphoribosylated to the cor re -
spond ing nu cle o tide [1]. There fore, the search for new
XOR in hib i tors con tin ues. 

In our pro ject, we in ves ti gate three dif fer ent struc tural
types of pu rine de riv a tives for their abil ity to in hibit XOR,
cytotoxicity and de gree of their phosphoribosylation.
More over, their struc ture-ac tiv ity re la tion ships are also in
the scope of our re search. 

Co-crys tal li za tion of XOR with in hib i tors and X-ray
anal y sis serve us for this pur pose. Crys tal li za tion was car -
ried out with commertially avail able XOR (Sigma-Aldrich, 
cat. no. X4500-100UN), which was pu ri fied into homo -
genity by af fin ity chromatography with fo lic acid. The at -

tempt to re peat pub lished the crys tal li za tion con di tions [2]
re sulted in for ma tion of pyrophosphate crys tals. There fore,
pyrophosphate buffer was re placed with MES buffer. Af ter 
preliminary screen ing of the crys tal li za tion con di tions us -
ing JCSG kit, co-crys tallization of XOR with all three in -
hib i tors re sulted in the growth of crys tals by the help of the
batch method and pre cip i tant so lu tion con tain ing 0.1M
HEPES (pH 6.5) and 10% PEG6000. How ever, crys tals
were small and they did not dif fract well. It prob a bly was
the con se quence of the fast growth of crys tals. Cur rently,
the op ti mi za tion of the crys tal li za tion is in the pro cess. In
the first step, 30% glyc erol was added into crys tal li za tion
buffer in or der to de cel er ate the speed of the crys tals
growth. 

1. McInnes G.T. et al. (1981) Ann Rheum Dis, 40:245–249.

2. Eger, B.T. et al. (2000) Acta Crystallogr. D Biol.
Crystallogr. 56 : 1656-1658.

Sup ported by the Re search pro ject of the IOCB #RVO:
61388963
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Šoltészová Barbora, Halgašová Nora, Bukovská Gabriela
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This re search is fo cused on study of pre dicted helicase do -
main lo cated on C ter mi nus of gp43 pro tein, the mem ber of
the rep li ca tion cas sette of corynephage BFK20. By
bioinformatics’ anal y sis the gp43 was char ac ter ized as
RepA like pro tein with the length of 978 amino ac ids. We
have re vealed the pres ence of primase-poly mer ase do main
on N ter mi nal re gion and the con ser va tive F4 type helicase

do main on C ter mi nal re gion of gp43 pro tein. Re cently we
were suc cess ful with overexpression and iso la tion of gp43
pro tein as well as with the overexpression and pu ri fi ca tion
of gp43N con tain ing the primase/poly mer ase do main. Sub -
se quently we de cided to clone and ex press the helicase do -
main. 
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We have used two strat e gies for amplificat ion of the
helicase do main of orf43 which have re sulted in two PCR
prod ucts named as gp43hel (52 kDa) and gp43helB (20
kDa). We have cloned the frag ments into the ex pres sion
vec tor pET28a+. The re com bi nant pro teins in fu sion with
His-Tag at the C ter mi nus of gp43hel and gp43helB were
ex pressed in the host Esch e richia coli BL21(DE3). We
tested op ti mal con di tions for pro tein ex pres sion (cul ture
me dium, tem per a ture, IPTG, time of ex pres sion) to pre pare 
sol u ble pro teins. How ever, the ex pres sion of both re com bi -
nant pro teins was not de tect able. We have as sumed the
prob a ble tox ic ity of this sep a rate helicase do main. The ex -

pres sion of toxic pro teins could be achieved by inoculation
of the cell cul ture di rectly from the plate and low er ing the
tem per a ture of pro tein in duc tion and IPTG con cen tra tion.
The leak ing of uninduced pro tein in the over night cul ture
could be avoided by add ing 1% of glu cose to the LB me -
dium. The amount of ex pressed gp43hel and gp43helB un -
der dif fer ent con di tions will be de ter mined by West ern
imunoblotting us ing His-tag an ti bod ies.

This work was sup ported by VEGA grant 2/0110/11 from
Slo vak Acad emy of Sci ences and APVV-0098-10 grant
from Slo vak Re search and De vel op ment Agency.
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Po tato leaves pro duce a wound-in duc ible 22 kDa pro tein
PDI (Po tato Cathepsin-D In hib i tor), which func tions as a
de fense mol e cule di rected against the her biv o rous pest
Col o rado po tato bee tle (CPB), Leptinotarsa decemlineata.
Our work is fo cused on the in ter ac tion of PDI with its tar -
get, a di ges tive cathepsin D-like pro te ase LdCD lo cated in
the gut of CPB. For proteomic iden ti fi ca tion of LdCD, a se -
lec tive ac tiv ity-based probe was de signed and syn the sized,
which spe cif i cally in ter acts with the LdCD ac tive site. The
la beled LdCD was vi su al ized on SDS-PAGE and char ac -

ter ized by N-ter mi nal microsequencing and mass spec -
trom e try. Based on these data the cDNA se quence of LdCD 
was de ter mined, and LdCD was cloned and pro duced as a
re com bi nant pro tein in the Pichia pastoris ex pres sion sys -
tem. LdCD was bio chem i cally char ac ter ized and dem on -
strated to be spe cif i cally in hib ited by PDI. Re cently, we
crystalized LdCD and solved its crys tal struc ture at a
resolutio of 1.95 C. Crys tal li za tion of the LdCD-PDI com -
plex is cur rently in prog ress.
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FIC PRO TEINS AMPYLATE A BAC TE RIAL TAR GET: CRYS TAL LI ZA TION TRI ALS OF
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Frédéric V. Stanger1,2*, Al ex an der Harms2, Arnaud Goepfert1,2, Christoph Dehio2 , 
Tilman Schirmer1

1Core Pro gram Struc tural Bi ol ogy and Bio phys ics, 2Fo cal Area In fec tion Bi ol ogy, Biozentrum, 
Uni ver sity of Basel
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The ubiq ui tous FIC do main pres ent in al most 3000 pro -
teins has re cently been shown to cat a lyze a post-
 translational mod i fi ca tion de scribed as adenylylation (also
called AMPylation), i.e. trans fer of an AMP moi ety from
ATP onto spe cific tar get pro teins. Translocation of the bac -
te rial FIC effector pro teins IbpA or VopS into hu man cells
re sults in mas sive adenylylation of Rho-fam ily GTPases,
which dis rupts in ter ac tion with their down stream effectors
and thus causes col lapse of the actin cytoskeleton and cell
death [1]. 

Our group has re cently found that FIC pro teins are
tightly reg u lated by an in hi bi tion mo tif [2]. Mu ta tion or de -
le tion of this in hi bi tion mo tif al lowed us to find that FIC
pro teins also AMPylate a bac te rial tar get (called X, un pub -
lished data). The X pro tein, a 90 kDa pro tein, con tains sev -
eral do mains. The AMPylation site has been mapped by
mass spec trom e try and con firmed by mu ta tion of the res i -
due. 

The strat egy used to pro duce and pu rify this pro tein is
to tai lor the con struct. Con structs har bour ing the
AMPylated do main were over-ex pressed and pu ri fied (ei -
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ther with an N-ter mi nal or C-ter mi nal HisTag). Pure pro -
tein was ap plied to a Ther mal Shift As say for buffer
screen ing. The op ti mal buffer was used as size ex clu sion
chro ma tog ra phy buffer for fur ther ex per i ments. An
AMPylation as say, i.e. in cu ba tion of pure FIC pro tein and

pure tar get pro tein with ra dio ac tive ATP (a-32P-ATP), has
shown that tai lored con structs of the X pro tein are
AMPylated by FIC pro teins. Bind ing as says by size ex clu -
sion chro ma tog ra phy (SEC) are cur rently un der in ves ti ga -
tion. Crys tal li za tion tri als us ing a 1:1 mo lar ra tio of the

part ners are also on-go ing. I here show the pre lim i nary re -
sults on my pro ject in ves ti gat ing the FIC / bac te rial tar get
com plex on the struc tural level. 

1. Yarbrough, M. L. et al. AMPylation of Rho GTPases by
Vibrio VopS dis rupts effector bind ing and down stream sig -
nal ing. Sci ence 323, 269–272 (2009).

2. Engel P., Goepfert A., Stanger F.V., Harms A., Schmidt
A., Schirmer T. & Dehio C. Adenylylation con trol by intra- 
or intermolecular ac tive-site ob struc tion in Fic pro teins.
Na ture 482, 107-110 (2012).
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To ac com plish its life cy cle hu man im mu no de fi ciency vi -
rus type 1 (HIV-1) has to in te grate its ge nome to the host
chro mo some. The key player in the in te gra tion pro cess is
vi ral en zyme integrase (IN). The karyopherin
Transportin-SR2 (TRN-SR2) is cel lu lar co fac tor of HIV
and a HIV-1 IN bind ing part ner. We have dem on strated
ear lier that TRN-SR2 is in volved in nu clear im port of
HIV-1 [1]. As the nu clear im port is a bot tle neck step for
HIV-1 dur ing in fec tion of the cell, HIV-1 IN-TRN-SR2 in -
ter ac tion is an in ter est ing po ten tial tar get for de vel op ment
of novel anti-HIV drugs [2]. We used sev eral bio chem i cal
and struc tural ap proaches to char ac ter ize TRN-SR2 and its
func tion as an HIV-1 IN bind ing part ner as well. Com bi na -
tion of sev eral par al lel ap proaches - X-ray crys tal log ra phy,
small an gle X-ray scat ter ing (SAXS), an a lyt i cal size-ex -
clu sion chro ma tog ra phy and pro tein mod el ing al lowed us
to char ac ter ize TRN-SR2 from struc tural point of view.
TRN-SR2 is highly flex i ble pro tein able to adopt dif fer ent
conformational states de pend ing on par tic u lar bind ing

part ner. We char ac ter ized this flex i bil ity by phys i cal and
hydrodynamical pa ram e ters.

Bind ing abil ity of TRN-SR2 for its car gos is reg u lated
by in ter ac tion with Ran pro tein and the nu cle o tide state of
this GTPase (RanGTP/GDP). We dem on strate dra matic
conformational changes of TRN-SR2 in un bound state, in
the com plex with HIV-1 IN trun cated core-C-ter mi nal
2-do main mu tant, and with RanQ69L.GTP. With the Ran
pro tein TRN-SR2 adopts closer con for ma tion than in the
un bound state. The com plex with the HIV-1 IN 2-do main
mu tant is a proof that HIV-1 IN N-ter mi nal do main is not
re quired for the com plex be tween TRN-SR2 and HIV-1

IN.

1. F. Christ, W. Thys, J. De Rijck, R. Gijsbers, A. Albanese,
D. Atosio, S. Emiliani, J. C. Rain, R. Bernarous, 
A. Cereseto & Z. Debyser, Curr. Biol., 18 (2008)
1192-1202.

2. L.Q. Al-Mawsawi & N. Neamati, Trends Pharm. Sci., 28
(2007) 526-535.
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