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CHARGE TRANSPORT THROUGH DNA/DNA DUPLEXES AND DNA/RNA HYBRIDS:
COMPLEX MECHANISM STUDY
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The po si tion of oligonucleotides among bi o log i cal and
man-made poly mers is unique due to its abil ity to pre serve,
trans fer, and trans mit in for ma tion. Charge trans fer through 
oligonucleotides may serve as an in di ca tor of changes in
many phys i cal and chem i cal prop er ties or to re pair some of
their le sions. Oligonucleotides con duct elec tric charge via
var i ous mech a nisms and their char ac ter iza tion and un der -
stand ing is very im por tant and com pli cated task. In this
work, ex per i men tal and the o ret i cal ap proaches (time-re -
solved and steady state flu o res cence spec tros copy, melt ing
point mea sure ments plus Den sity Func tional The ory) were
com bined to study charge trans port pro cesses in short
DNA/DNA and RNA/DNA du plexes with vir tu ally equiv -

a lent se quences. The op ti cal spec tros copy mea sure ments
re vealed higher val ues of charge trans port through
RNA/DNA hy brids. The ex per i men tal re sults were con sis -
tent with the the o ret i cal model - the delocalized na ture of
HOMO orbitals and polarons, base stack ing, elec tronic
cou pling and conformational flex i bil ity form the con di -
tions for short dis tance charge trans port pro cesses in
RNA/DNA hy brids via a co her ent charge trans port mech a -
nism. In con trast, more lo cal ized polarons and mo lec u lar
orbitals with out sig nif i cant elec tronic over lap be tween ad -
ja cent base pairs in DNA/DNA du plexes cre ate less ef fec -
tive con di tions for charge trans port that can oc cur via
in co her ent multistep ran dom trans port mech a nism.
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To mato multifunctional nuclease (TBN1; UniProt ac ces -
sion no. Q0KFV0), which be longs to the nuclease type I
fam ily, plays an im por tant role in spe cific apoptotic func -
tions, vas cu lar sys tem de vel op ment, stress re sponse, and
tis sue dif fer en ti a tion in plants [1]. Fur ther more, TBN1 ex -
hib its anticancerogenic prop er ties [2]. The en zyme
posseses endonuclease and exonuclease-like ac tiv ity on ds
and ss RNA and DNA and on struc tured RNA, with pro -
duc tion of  5’-mono- and oligonucleotides [3]. TBN1 con -
sists of 277 aminoacids with a mo lec u lar mass of 31.6 kDa
(about 37 kDa when glycosylated).

Struc tures of wild type TBN1 and mu tant N211D were
solved by our group by the means of X-ray crys tal log ra phy
[4]. Mol e cules of TBN1 form super-he li ces gen er ated by
crys tal sym me try, where con tacts are pro vided by the ac -
tive site of one mol e cule and a sur face loop of a neigh bor -
ing mol e cule. This mo tif is con served in all the known
crys tal struc tures of the en zyme but the rest of crys tal pack -
ing dif fers across dif fer ent crys tal li za tion con di tions. For -
ma tion of intermolecular con tacts in crys tals sug gests the
way of as sem bly of mol e cules into oli go mers in so lu tion.
The in ter ac tion of the ac tive site and the sur face loop is best 
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re solved in the cur rently re ported struc ture, where the ac -
tive cen tre at the zinc clus ter is oc cu pied by phos phate ion.
It cor re lates with the be hav ior of TBN1 in phos phate
buffer, ob served with dy namic light scat ter ing. The phos -
phate ion binds in the same fash ion as the cor re spond ing
part of a sub strate an a log in the struc ture of Phospholipase
C [5] with highly ho mol o gous ac tive cen tre.

Prop er ties of mu tants, de signed to mod ify dimerization
and ac tiv ity of TBN1, sug gest that de lib er ate dis rup tion of
the loop-ac tive site con tacts by mu ta tions lim its ex pres sion
of the ac tive en zyme. There fore for ma tion of TBN1 oli go -
mers to gether with phos phate bind ing are hy poth e sized to
have reg u la tory roles in apoptotic-like and senescense pro -
cesses in plant cells.

The work on this pro ject was sup ported by the Czech Sci -
ence Foun da tion, pro jects no. P302/11/0855, 202/06/0757 
and 521/09/1214, by the EC un der ELISA grant agree ment
num ber 226716 (syn chro tron ac cess, pro jects 09.2.90262
and 10.1.91347), by the  In sti tu tion re search plan AV0Z
50510513 of the In sti tute of Plant Mo lec u lar Bi ol ogy, Bi ol -

ogy Cen tre. We ac knowl edge sup port of the Min is try of Ed -
u ca tion, Youth and Sports of the Czech Re pub lic (grant No. 
CZ.1.07/2.3.00/30.0029). The au thors wish to thank Dr. U. 
Müller of the Helmholtz-Zentrum Berlin, for support at the
beam line.
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Histidine-con tain ing phosphotranfer pro teins from Arabi -
dopsis thaliana (AHP1-5) func tion as a sig nal trans mit ters
be tween sen sor histidine kin ases and re sponse reg u la tors
via multistep phosphorelay (MSP). AHP pro teins me di ate
and po ten tially in te grate var i ous MSP sig nal ling path ways
(e.g. cytokinin, eth yl ene, osmosensing). How ever, struc -
tural in for ma tion about AHP pro teins and its im por tance in
the MSP sig nal ling is scarce. 

To get in sights into struc tural de ter mi nants of
AHP-me di ated sig nal ling, the cod ing se quence of AHP2
pro tein was cloned and pu ri fied to the ho mo ge ne ity. To en -
hance its crys tal li za tion be hav iour, AHP2 was trans ferred
to the buffer op ti mal for its ther mo dy namic sta bil ity prior

to crys tal li za tion. The obtained crys tals dif fracted up to 2.5
C (BESSY, Berlin) and show sig nif i cant anisotropic be -
hav iour. AHP2 struc ture was de ter mined by SIRAS pro to -
col us ing the anom a lous sig nal of the Lutetium. 

Ac cord ing to the pre lim i nary re sults AHP2 con sists of a 
four-he lix bun dle with the phophorylated His res i due in the 
cen ter of the sec ond he lix, thus rep re sent ing the con served
core com mon for all known HPt struc tures. The fi nal struc -
ture re fine ment is cur rently be ing in prog ress.

This work was sup ported by grants: CZ.1.05/1.1.00/
02.0068, CZ.1.05/2.1.00/01.0024), P305/11/0756,  AV0Z
60870520.
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Hu man ryanodine re cep tor (hRyR2) is a car diac cal cium
ion chan nel pres ent in sarcoplasmatic mem brane [1,2]. It
me di ates the cal cium ions re lease in re sponse to elec tri cal
stim u la tion dur ing ex ci ta tion-con trac tion cou pling. Hu man 
RyR2 is large homotetramer, com posed of four sub units

with a mo lec u lar weight of » 560 kDa [3]. N-ter mi nal (aa. »

1-655) and cen tral (aa. » 2100-2500) re gion are be lieved to
be in volved in chan nel gating reg u la tion [4]. Mu ta tions lo -
cated in these two re gions are linked to sev eral heart dis -
eases [5]. To un der stand hRyR2 gating mech a nism and
pre vent its mal func tion, it is of high im por tance to know
the atomic struc ture of the key re gions as well as the en tire
mol e cule.

This con tri bu tion re ports struc tural study of hRyR2
1-606 re gion. This re gion was ana lysed by x-ray crys tal -
log ra phy as well as by small an gle x-ray scat ter ing anal y sis
(SAXS). Sam ples for crys tal li za tion and SAXS anal y sis
were pre pared through IMAC and size ex clu sion chro ma -
tog ra phy. Qual ity of the sam ples was tested via SDS and
na tive PAGE and sta bil ity was ana lysed with DLS. Af ter a
suc cess ful crys tal li za tion, dif frac tion qual ity crys tals and
dif frac tion data to 2.5 C were ob tained. Model of the
hRyR2 1-606 struc ture was cre ated us ing soft ware pack age 
CCP4 and the phase prob lem was solved by mo lec u lar re -
place ment us ing homolog rab bit RyR1 struc ture (PDB ID:
2XOA). The struc ture model has re vealed con served three
do main struc ture, sim i lar to rab bit RyR1 (2XOA) [6] and
inositol 1,4,5-trisphosphate re cep tor (3UJ0) [7]. SAXS
anal y sis led to low res o lu tion model of hRyR2 1-606 show -
ing re gions miss ing in x-ray model. Dock ing of x-ray
model into SAXS en ve lope was done and mod el ling of
miss ing parts is yet to be done. 

This work was sup ported by the re search grants from the
Slo vak Grant Agency VEGA No. 2/0131/10 and Slo vak Re -
search and de vel op ment agency APVV-0628-10.The au -
thors thank to Dr. Ja cob A. Bauer for help ful dis cus sion.
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Lens ep i the lium-de rived growth fac tor p75 (LEDGF/p75)
is a prom i nent cel lu lar co fac tor for hu man im mu no de fi -
ciency vi rus (HIV) in te gra tion. LEDGF/p75 teth ers the
preintegration com plex to the host chro mo some and this
pro cess is cru cial for HIV rep li ca tion. HIV integrase in ter -
acts with the C-ter mi nal part of LEDGF/p75, re gion des ig -
nated integrase-bind ing do main (IBD, amino ac ids
res i dues 347 - 429). In ter ac tion in ter face be tween HIV
integrase and LEDGF/p75 be came an at trac tive tar get for
de sign of small mol e cule in hib i tors block ing this in ter ac -
tion [1].

While the role of LEDGF/p75 in HIV in te gra tion is
well char ac ter ized, very lit tle is known about its phys i o log -
i cal func tion. As a transcriptional co-ac ti va tor, LEDGF/
p75 is im pli cated not only in HIV rep li ca tion, but also in
hu man can cer and autoimmunity. The LEDGF/p75 was
shown to in ter act through its IBD with sev eral cel lu lar pro -
teins and re cent ev i dence im plies that LEDGF/p75 is a gen -
eral adap tor pro tein teth er ing var i ous fac tors to chromatin
[2]. 

In this work, we set to pre pare two LEDGF/p75 phys i o -
log i cal bind ing part ners JPO2 [2] and pogo transposable el -
e ment (pogZ) [3]. The aim of our study is to ob tain
struc tural in for ma tion on the LEDGF/p75 in ter ac tion with
its phys i o log i cal bind ing part ners JPO2 and pogZ, re spec -
tively. Such struc tural in for ma tion is es sen tial for un der -
stand ing the LEDGF/p75 bi o log i cal role and might help in
de sign of in hib i tors se lec tively block ing in ter ac tion with

HIV integrase while not in ter fer ing with the LEDGF/p75
bi o log i cal func tion.

The IBD, in ter ac tion do main of LEDGF/p75 was
cloned and ex pressed in E. coli. The pro tein was pu ri fied
with yields suf fi cient for bind ing and struc tural stud ies.
The JPO2 and pogZ were cloned and iso lated as a
full-length pro teins and sev eral al ter na tive con structs en -
com pass ing in di vid ual do mains with IBD bind ing af fin ity.
Both pro teins were bio physi cally char ac ter ized as well as
the re con sti tuted com plex of JPO2 and IBD. The JPO2 pro -
tein was found to be in trin si cally flex i ble, which pre vented
us get ting any crys tals and forced us into an al ter na tive path 
of struc tural char ac ter iza tion of the com plex of JPO2 and
IBD.

This work was sup ported by grants from the FP7 frame -
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Lectins are able to spe cif i cally and re vers ibly bind car bo -
hy drates and there fore are widely used for de tect ing, la bel -
ling and iso la tion of glycoproteins and other sugar
con tain ing moi eties. Changes in glycosylation are con -
nected to var i ous pro cesses in clud ing can cer de vel op ment.
Among sugar moi eties ex hib ited on the cell sur face, the im -
por tant role is played by L-fucose (6-deoxy-L-galactose)
[1]. Most known fucose-spe cific lectin is AAL iso lated
from Aleuria aurantia. De spite the long-term in ves ti ga tion
of this pro tein in clud ing the so lu tion of its struc ture [2],
more de tailed char ac ter iza tion is de manded in or der to cre -
ate va ri et ies of more strict spec i fic ity and/or in creased af -
fin ity.

The prep a ra tion of sev eral ar ti fi cial con structs based on 
AAL pro tein was re ported [3]. We have crys tal lized one
such mu tant that has been proved to have stron ger af fin ity

to wards a1-6 bound fucose. We were able to col lect sev -
eral datasets of high qual ity with res o lu tion up to 1.09 C.
The de tailed in sight into the struc ture re vealed the prin ci -
pal of the af fin ity change, shad ing the light upon vari abil ity 
of AAL’s bind ing sites dif fer ences. Fur ther more, we uti -
lized in silico ap proach to de scribe the con tri bu tion of par -
tic u lar amino ac ids in each of five AAL’s bind ing sites. The 
com bi na tion of ex per i men tal and com pu ta tional tech -
niques is a pow er ful tool to de ci pher a com plex in ter ac tion, 
where both hy dro gen bonds and dis per sion forces take
part. This re search helps us to im prove our knowl edge of
not yet fully un der stood back ground of sugar bind ing vari -
abil ity among AAL lectin fam ily which in cludes also pro -

teins from op por tu nis tic patho gens such as Burkholderia
ambifaria [4] or Aspergillus fumigatus.

This work was sup ported by the Eu ro pean Com mu nity’s
Sev enth Frame work Pro gram un der the “Ca pac i ties” spe -
cific programme (Con tract No. 286154) and CEITEC -
Cen tral Eu ro pean In sti tute of Tech nol ogy with re search
in fra struc ture sup ported by the pro ject CZ.1.05/ 1.1.00/
02.0068 from Eu ro pean Re gional De vel op ment Fund. The
pro ject is sup ported within the SoMoPro programme (pro -
ject No. 2SGA2747, co-funded by FP7/2007-2013 un der
grant agree ment No. 229603). The au thors thank the Czech 
Na tional Supercomputing Cen tre, METACENTRUM, for
pro vid ing com pu ta tional resources (research intent
LM2010005).
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