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STRUCTURE AND DYNAMICS OF RNA POLYMERASE DELTA SUBUNIT FROM
Bacillus subtilis DETERMINED BY NMR SPECTROSCOPY
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RNA poly mer ase is an es sen tial multisubunit en zyme re -
spon si ble for tran scrip tion of ge netic in for ma tion from
DNA into RNA. The ar chi tec ture of the RNA poly mer ase
from Ba cil lus subtilis dif fers from its an a logue from
gram-neg a tive bac te ria in a pres ence of two ad di tional sub -
units – omega1 and delta. Their role in the tran scrip tion
ma chin ery is still not fully clear. Re cent re sults of our col -
lab o ra tors (L.Krásný et al., Inst. of Mi cro bi ol ogy, ASCR,
Prague) in di cated that the pres ence of delta sub unit in -
creases the tran scrip tion spec i fic ity and the ef fi ciency of
RNA syn the sis. Some re ports also showed the im por tance
of the delta sub unit for the vir u lence of Staph y lo coc cus
aureus and Strep to coc cus agalactiae. There fore, we fo -
cused on the delta sub unit to re veal its struc ture and re lated
dy nam ics. Be cause the C-ter mi nal do main of the delta sub -
unit is un struc tured and its se quence is highly re pet i tive, we 
started a sys tem atic in ves ti ga tion of the pro tein with a
shorten con struct, cor re spond ing to the well-struc tured
N-ter mi nal part.  

The N-ter mi nal do main of the delta pro tein was pre -
pared us ing a stan dard pro to col of overexpression in the
E.coli sys tem to pro duce a 15N, 13C-uni formly la beled sam -
ple. All spec tra, in clud ing a stan dard set of tri ple res o nance
NMR ex per i ments, 3D TOCSY, and 3D NOESY, were
mea sured on a 600MHz spec trom e ter. The sec ond ary
struc ture was pre dicted based on the chem i cal shifts of

back bone nu clei in pro gram TALOS, three-bond sca lar
cou plings, and me dium range NOEs. The dis tance re strains 
were ex tracted and as signed from NOESY spec tra us ing
pro gram ARIA 2.1. The ad di tional RDC re straints from
two align ing me dia (bacteriophage Pf1, 5%
polyacrylamide gel) and anisotropic con tri bu tions to the
13C chem i cal shifts were used in the fi nal re fine ment, em -
ploy ing the SCULPTOR CNS mod ule. The qual ity of the
cal cu lated struc tures were checked by pro grams CING,
PROCHECK, and WHATIF. The de ter mined struc ture al -
lowed us to iden tify un ex pected struc ture homology with
some pro teins from the “Forkhead DNA-bind ing do main”
SCOP fam ily.

Fast ns-ps back bone mo tions of the N-ter mi nal do main
of delta sub unit was ob served us ing the stan dard set of  15N
re lax ation ex per i ments (R1, R2, NOE) per formed at two
mag netic field (500MHz, 600MHz). The re lax ation ex per i -
ments were ac quired at two tem per a tures (300K, 280K).
Slow ms-us mo tions were in ves ti gated by CPMG and
T1rho re lax ation dis per sion ex per i ments.

This work was sup ported by the Grants MSM0021622413
and LC06030 from the Min is try of Ed u ca tion, Youth and
Phys i cal Cul ture of the Czech Re pub lic, by the Grant
204/09/0583 from Czech Sci ence Foun da tion, and FRVŠ
1851/2010.
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THE ROLE OF NRD1-NAB3 COMPLEX IN TRANSCRIPTION TERMINATION
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Biogenesis of func tional RNAs, such as small nu clear and
small nu cle o lar RNAs, intergenic and anti-sense RNAs, in -
volves dif fer ent fac tors than those used at biogenesis of
mes sen ger RNA. Ter mi na tion of these func tional tran -
scripts re quires the nu clear pre-mRNA down- reg u la tion
(Nrd)1, the nu clear polyadenylated RNA-bind ing (Nab)3
pro teins, and the RNA helicase Sen1. Nrd1 com plex and
as so ci ated fac tors ini ti ate tran scrip tion ter mi na tion de spite
of early elon ga tion phase of tran scrip tion cy cle of RNA

poly mer ase II. To fully un der stand the struc tural ba sis be -
hind this mech a nism, we use mul ti di men sional NMR spec -
tros copy to de ter mine the three- di men sional struc tures of
im por tant com po nents in volved in this mech a nism and
their com plexes with the ter mi na tion el e ments that are
pres ent in the na scent tran script.
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POLYMEARSE II TERMINATION FACTORS
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RNA Poly mer ase II re cruits many ac ces sory fac tors via its
C-ter mi nal do main (CTD). Dur ing the tran scrip tion cy cle,
CTD is dy nam i cally phosphorylated and dephosphorylated 
that pro mote bind ing of re quired pro tein fac tors. Tran scrip -
tion ter mi na tion oc curs ei ther with CTD phosphorylated at
Ser2 or Ser5 via poly(A)-de pend ent or in de pend ent ter mi -

na tion path ways, re spec tively. Us ing NMR and other bio -
phys i cal meth ods, we aim at un der stand ing of struc tural
de ter mi nants that de fine bind ing and dis so ci a tion of ac ces -
sory pro tein fac tors to spe cif i cally phosphorylated CTD
spe cies.

Lec tures - Sat ur day, March 20, morn ing, Ses sion VIII

L34

STRUC TURAL IN SIGHT INTO REG U LA TION OF THE WNT/B-CATENIN SIG NAL LING
PATH WAY BY SCLEROSTIN: IM PLI CA TIONS FOR OS TEO PO RO SIS TREATMENT
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Robinson2 and Mark D. Carr1
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The se creted glycoprotein sclerostin has re cently emerged
as a key neg a tive reg u la tor of Wnt sig nal ling in bone and
has stim u lated con sid er able in ter est as a po ten tial tar get for
ther a peu tics de signed to treat con di tions as so ci ated with
low bone mass, such as os teo po ro sis. The struc ture de ter -
mi na tion of sclerostin re sulted in the iden ti fi ca tion of a pre -
vi ously un known bind ing site for hep a rin, which is
sug ges tive of a func tional role in local is ing sclerostin to the 
sur face of tar get cells. The con served N and C-ter mi nal
arms of sclerostin were found to be un struc tured, highly

flex i ble and un af fected by hep a rin bind ing, which sug gests 
a role in sta bi lis ing in ter ac tions with tar get pro teins. The
abil ity of sclerostin to spe cif i cally bind hep a rin was con -
firmed by NMR ti tra tion ex per i ments. Sim i larly, map ping
of the bind ing site for an an ti body that an tago nises the ef -
fects of sclerostin on Wnt sig nal ling in vi tro, and stim u lates 
bone for ma tion in vivo, has iden ti fied a func tion ally im por -
tant re gion of sclerostin, which is clearly in volved in the
mod u la tion of Wnt sig nal ling (1).

1.  V. Veverka et al., J. Biol. Chem., 284, (2009), 10890.
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HIGH-AFFINITY LECTINS FROM PATHOGENS: THE POTENTIAL TARGETS FOR
ANTIADHESIVE DRUG DESIGN
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Pro tein-car bo hy drate in ter ac tions play an im por tant role in
many bi o log i cally rel e vant pro cesses in clud ing dif fer en ti a -
tion, sig nal ling, fer ti li sa tion as well as cancerogenesis or
me tas ta sis de vel op ment.  Glycoproteins on cell sur faces
are im por tant for com mu ni ca tion be tween cells, form bind -
ing sites for bac te ria and vi ruses and are also in volved in
rec og ni tion pro cess by the im mune sys tem. Cur rently, the
re cently heavily in ves ti gated area of pro tein-saccharide in -
ter ac tions has a great po ten tial of use in the field of drug de -
sign. Un der stand ing of pro tein-car bo hy drate in ter ac tions
en ables the glycomimetics de vel op ment, e.g.  small-mol e -
cule drugs  that can in hibit in ter ac tion be tween he
carbohydrte-bind ing pro tein and its re cep tor. 

The con tri bu tion will be fo cused on lectins from hu man 
op por tu nis tic patho gens, which dis play sub-micromolar
range af fin ity to wards their car bo hy drate lig ands. The

com bi na tion of bind ing ex per i ments (iso ther mal ti tra tion
microcalorimetry, sur face plasmon res o nance,...) and
X-ray crys tal log ra phy ap proaches is used to de ci pher the
thermodynamical and struc tural ba sis for high af fin ity
bind ing of these lectins to host car bo hy drates. Sev eral ex -
am ples of dif fer ent ap proaches how to pro teins from patho -
gens can reach the high af fin i ties even to ward
monosaccharides will be dis cussed. This knowl edge is im -
por tant for the mo lec u lar de sign of po tent anti-ad he sion
ther a peu tics.

The re search has been sup ported by Min is try of Ed u ca tion
of the Czech Re pub lic (MSM0021622413, LC06030,
ME08008), Grant Agency of the Czech Re pub lic
(303/09/1168) and the Eu ro pean Com mu nity’s Sev enth
Frame work Pro gram un der grant agree ment n° 205872.
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FROM STRUCTURAL BIOLOGY TO THE DRUGS AGAINST INFLAMMATORY BOWL
DISEASES

R. Dvorský
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To at tract the at ten tion of not only au di ence at lec tures and
talks, it is quite com mon prac tise to em pha size the im por -
tance of stud ied sys tem by its in volve ment in dis eases. It
touches hid den con vic tion that once the key bi o log i cal pro -
cesses are char ac ter ised and un der stood, the de vel op ment
of ap pro pri ate drug against the dis ease is straight for ward.
Un for tu nately, this is not true. How com pli cated and com -
plex is the road from ba sic ideas to us able me di ca ment will
be dem on strated on the de vel op ment of drug against in -
flam ma tory bowl dis eases. At the be gin ning the aim was
clear and tar get pro cesses – sig nal ling of Rac1 GTPase and

glucocorticoid re cep tors – iden ti fied. What fol lowed is the
sub ject of pre sented work. 

1. I. Tiede, G. Fritz, S. Strand, D. Poppe, R. Dvorsky, D.
Strand, H.A. Lehr, S. Wirtz, C. Becker, R. Atreya, J.
Mudter, K. Hildner, B. Bartsch, M. Holtmann, R.
Blumberg, H. Walczak, H. Iven, P.R. Galle, M.R.
Ahmadian, M.F. Neurath, J. Clin. In vest. 111, (2003),
1133. 

2. M. Löwenberg, A.P. Verhaar, G.R. van den Brink, D.W.
Hommes, Trends Mol. Med. 13, (2007), 158.
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