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CARBORANE-BASED INHIBITORS OF CARBONIC ANHYDRASES 
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Car bonic anhydrases are ubiq ui tous zinc metalloenzymes
that catalyse interconversion be tween car bon di ox ide and
the bi car bon ate ion. So far, 15 hu man car bonic anhydrase
(CA) isoforms have been iden ti fied dis play ing sig nif i cant
dif fer ences in cat a lytic ac tiv ity, subcellular lo cal iza tion
and tis sues ex pres sion. They play key roles in intracellular
and extracellular pH ho meo sta sis, in the trans port of CO2

and bi car bon ate in res pi ra tion, and in sev eral bio chem i cal
path ways where ei ther CO2 or bi car bon ate is re quired. Im -
mense ex per i men tal ev i dence also sug gests a role of CAs
in var i ous patho log i cal pro cesses and many CA iso en -
zymes have thus be come es tab lished di ag nos tic and ther a -
peu tic tar gets.

The tra di tional CA in hib i tors con tain a sulfonamide or
sulfamide moi ety that co or di nates Zn2+ cat ion lo cated in
the CA ac tive site. Most of the cur rently used CA in hib i tors 
lack se lec tiv ity, and their use has some prob lem atic side ef -
fects. This opens new round of de sign of in hib i tors that can
block spe cific isozymes. Al though the con i cal ac tive-site
clefts of dif fer ent hu man CA isoezymes are highly ho mol o -
gous, vari a tions ex ists in the amino acid com po si tion at the
en trance to the ac tive site. As a re sult of their dif fer ing in
shape and hydrophobicity, these sur face pock ets can be ex -
ploited to de sign spe cific in hib i tors.

In con clu sion, our re sults sug gest that carborane-based
com pounds are prom is ing lead struc tures for the de vel op -
ment of in hib i tors of CA isozymes. Our ex per i ments dem -
on strated that var i ous types of hy dro pho bic, space-fill ing

carborane clus ters can be ac com mo dated in the CA ac tive
site and that sub sti tu tion with an ap pro pri ately at tached
sulfamide group and other sub stitu ents leads to com pounds 
with high se lec tiv ity for the can cer-spe cific CAIX isozyme
over the wide spread CAII isozyme. Crys tal struc tures con -
firmed our hy poth e sis that three-di men sional scaf folds
could be ef fi ciently used in CA in hib i tors and pro vided
struc tural in for ma tion that can be ap plied to the struc -
ture-based de sign of spe cific CAIX in hib i tors.

The study is sup ported by the Czech Sci ence Foun da tion
(GA CR) grant no. 15-05677S.
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STRUCTURAL BASIS FOR HYPERACTIVITY OF cN-II MUTANTS
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The re cent stud ies dem on strated that 20% of re lapsed acute 
lymphoblastic leu ke mia are as so ci ated with mu ta tions in
NT5C2 en cod ing cytosolic pu rine 5’-nucleotidase (cN-II).
The iden ti fied point mu ta tions lead to a biosynthesis of hy -
per ac tive en zyme that in ac ti vates drugs used for che mo -
ther apy.

The aim of this pro ject was de tailed bio chem i cal and
struc tural char ac ter iza tion of rep re sen ta tive hy per ac tive
cN-II mu tants. In this study, we an a lyzed the most com mon 
mu tant R367Q. Ki netic anal y sis of nucleotidase re ac tion
with inosine monophosphate as a sub strate showed that the
KM value of the R367Q is sig nif i cantly de creased in the ab -
sence of phys i o log i cal ac ti va tor of the en zyme - ATP, i.e
the KM value was de ter mined to be 5.82 ± 1.69 mM com -
pared to KM of 33.55 ± 9.14 mM for the wild-type cN-II.
On the con trary, ki netic pa ram e ters of the R367Q mu tant
and wild-type en zyme were not dif fer ent in the pres ence of
ATP.  The anal y sis of en zyme ki net ics in di cates that the
mu tant pos sessed abol ished allosteric reg u la tion be ing
con sti tu tively ac tive.

 Bio phys i cal anal y sis showed that the R367Q cN-II as
well as wild-type pro tein as sem bled prop erly into tetramer
and ther mal sta bil ity of the pro teins was vir tu ally iden ti cal
ex hib ited melt ing tem per a ture about 55 °C. Sub tle changes
in conformational prop er ties were been also re vealed by
cir cu lar dichroism spec tros copy and tryptophan-based
fluorimetry. The X-ray crys tal log ra phy to gether with mass
spec tro met ric stud ies dem on strated that the over all shape
of the wild-type and mu tant pro tein is  indistingushable.
Nev er the less the in te gra tion of the pro tein crys tal struc ture
with mass spec tro met ric data showed that all of the re gions
with al tered to pol ogy are lo cated at the oligomeric in ter -
face of the cN-II. In ter est ingly, the lo ca tion of the per -
turbed  re gions is con sis tent with the dis tri bu tion of other
iden ti fied mu ta tions caus ing the en zyme hy per ac tiv ity. It
sug gests that oligomeric in ter face of cN-II might be an
important site for pharmacological intervention of relapsed 
ALL.
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THE UNIQUE MECHANICS OF BACTERIAL REPRESSOR DeoR: 
A STRUCTURAL STUDY 
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Deoxyribonucleoside reg u la tor (DeoR) from Ba cil lus
subtilis downregulates the ex pres sion of en zymes in volved 
in deoxyribonucleosides and deoxyribose ca tab o lism. The
DeoR repressor com prises a C-ter mi nal effector-bind ing
do main (C-DeoR) and an N-ter mi nal DNA-bind ing do -
main. We pres ent here the crys tal struc tures of the free
C-DeoR and of the co va lent com plex of C-DeoR with the
effector mol e cule deoxyribose-5-phos phate (dR5P). This
is the first case of a bac te rial transcriptional reg u la tor that

binds its effector co va lently via a Schiff base link age to a
lysine res i due (Lys141). Mutational anal y sis con firmed the 
key role of Lys141 in effector bind ing and the for ma tion of
the Schiff base ad ducts in so lu tion was con firmed by mass
spec trom e try. Struc tural anal y ses of the crys tal struc tures
of the free and effector-bound C-DeoR ex plained the func -
tion of DeoR as a mo lec u lar switch. 
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Phosphatidylinositol 4-kinase IIa (PI4K IIa) is one of the
four mam ma lian lipid kin ases that ca tal y ses the con ver sion
of phosphatidylinositol to phosphatidylinositol  4 phos -

phate, the ma jor pre cur sor of phosphoinositides. PI4K IIa
is a con sti tu tively ac tive mem brane bound pro tein and its
cat a lytic ac tiv ity is re spon sive to the mem brane com po si -

tion. It was shown that PI4K IIa has an im por tant role in
intracellular ve sic u lar traf fick ing, inter-organelle traf fick -

ing and sig nal transduction. Fur ther more, PI4K IIa is in -
dis pens able for neuronal sur vival and reg u la tion of tu mor

growth. Due to an emerg ing role of PI4K IIa in sev eral dis -
eases and in main tain ing the phosphoinositide ho meo sta sis
in the cell there has been a strong in ter est in its struc tural
de ter mi na tion. In ad di tion, there are cur rently no

isoform-spe cific in hib i tors of PI4K avail able to mod u late
their over lap ping en zy matic ac tiv ity and thereby en able the 
proper isoform-spe cific char ac teri sa tion in dif fer ent cell
com part ments. There fore, here we pres ent the struc tural

do main com po si tion of PI4K IIa with ATP in the ac tive
site. The crys tal struc ture re vealed con served N- and C-ter -
mi nal lobes with ATP bind ing site lo cated at their in ter face
and the unique hy dro pho bic pocket of the C-lobe with sec -
ond bound ATP. We fur ther used the MD sim u la tion and
site-di rected mu ta gen e sis to an a lyze struc tural fea tures de -
ter min ing sub strate spec i fic ity and mem brane bind ing
mode.

This study was sup ported by the MarieCurie FP7-
 PEOPLE-2012-CIG (pro ject num ber: 333916).
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INSIGHTS INTO THE STRUCTURE OF THE HUMAN RyR2 N-TERMINAL REGION 
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The hu man ryanodine re cep tor 2 (hRyR2), the larg est ion
chan nel so far known, me di ates cal cium re lease from the
sarcoplasmic re tic u lum into the cy to plasm of car diac
myocytes. It is a transmembrane pro tein com posed of four
iden ti cal sub units (each of ap prox i mately 5000 amino ac -
ids), each of which con tains 14 do mains [1]. hRyR2 is pre -
dom i nantly ex pressed in heart tis sue and is a prin ci pal
com po nent of car diac ex ci ta tion-con trac tion cou pling,
which en ables reg u lar heart con trac tion. Sev eral mu ta tions
in the gene of this pro tein are as so ci ated with se vere car -
diac arrhythmias (catecholaminergic poly mor phic ven tric -
u lar tachy car dia, CPVT1 and arrhytmogenic right
ven tric u lar dysplasia, ARVD2), of ten caus ing hu man
death. Here we pres ent a de tailed anal y sis of the N-ter mi nal 
part of hRyR2 us ing a 2.38 C crys tal struc ture (res i dues

1–606), en com pass ing » 33 mu ta tions which have been
linked to these dis eases [2]. This part con sists of three do -

mains (INS, MIR, RIH) which are held to gether by a
unique in ter ac tion net work, in which a key role is played
by the cen tral he lix (the he lix pre ced ing the RIH do main).
In ter est ingly, a chlo ride bind ing site, re ported to be cru cial
for the sta bil ity of the N-ter mi nal re gion of mouse RyR2
[3], was not ob served. The ter tiary struc ture of this frag -
ment also al lows us to better un der stand the phys i cal mech -
a nisms by which sev eral mu ta tions within hRyR2 cause
CPVT1 and ARVD2. Fi nally, we used this struc ture to help 
lo cate the positon of the N-ter mi nal re gion within the
whole ryanodine re cep tor us ing pre vi ously pub lished elec -
tron mi cros copy data [4]. 

1. Bauerová-Hlinková, V., B, J., Hostinova, E., Gasperík, J.,
Beck, K., Borko, L., Faltinova, A., Zahradníková, A. &
Sevcik, J. (2011). Bioinformatics - Trends and Meth od ol o -
gies, ed ited by M. A. Mahdavi, pp. 325-352. Rijeka:
InTech.
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2. Borko ¼, Bauerová-Hlinková V, Hostinová E, Gašperík J,
Beck K, Lai FA, Zahradníková A, Ševèík J (2014). Acta
Cryst D70, 2897-2912.

 3. Kimlicka, L., Tung, C.-C., Carlsson, A. C., Lobo, P. A.,
Yuchi, Z. & Van Petegem, F. (2013). Struc ture 21,
1440-1449.

4. Samsó, M., Feng, W., Pessah, I. N. & Allen, P. D. (2009).
PLoS Biol. 7, e85.

This work was sup ported by re search grants from the Slo -
vak Grant Agency (VEGA No. 2/0131/10 and 2/0148/14),
the Slo vak Re search and De vel op ment Agency
(APVV­0628-10 and APVV-0721-10) and the Brit ish Heart 
Foun da tion. The at ten dance of VBH at the XIII Dis cus -
sions in Struc tural Mo lec u lar Bi ol ogy was funded by
MVTS 1520.
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In mod u lated crys tals short-range translational or der is lost
and the atomic struc ture can not be de fined by the con tents
of a sin gle small unit cell. The wave of dis or der is de -
scribed by a mod u la tion func tion, which re stores long-
 range pe ri od ic ity. If the mod u la tion pe riod di vided by the
unit cell trans la tion is a ra tio nal num ber, then the mod u la -
tion is com men su rate, and can be de scribed in an ex panded
unit cell. Oth er wise it is in com men su rate. The dif frac tion
pat tern of a mod u lated struc ture con tains strong main re -
flec tions from the ba sic unit cell, sur rounded by weaker
sat el lites from the mod u la tion wave. Mod u lated struc tures
are rare in pro tein crys tal log ra phy.

Stress fac tors in duce in plants the ex pres sion of
Pathogenesis-Re lated (PR) pro teins, di vided into 17
classes. PR pro teins of class 10 (PR-10) are well stud ied
struc tur ally but their bi o log i cal func tion is un clear with an
im pli ca tion in phytohormone bind ing. PR-10/hor mone
com plexes are stud ied us ing flu o res cent probes such as

ANS (8-anilino-1-naph tha lene sulfonate). We crys tal lized
Hyp-1, a PR-10 pro tein from St John’s wort, in com plex
with ANS. So lu tion of the ap par ent P4122 crys tal struc ture
was im pos si ble by stan dard mo lec u lar re place ment be -
cause of ev i dent tetartohedral twinning and a bi zarre mod -
u la tion of re flec tion in ten si ties with l pe ri od ic ity of 7. The
struc ture was solved us ing Phaser and data ex panded to P1
sym me try. Ul ti mately, the struc ture turned out to have C2
sym me try with 28 in de pend ent pro tein mol e cules, ar -
ranged in dimers around a non-crys tal lo graphic (NCS) 21

screw along c with a pitch of ~1/7. The seven-fold rep e ti -
tion along c is in dic a tive of a com men su rate mod u lated
struc ture: the NCS cop ies are sim i lar but not iden ti cal. For
in stance, the con sec u tive Hyp-1 mol e cules bind a vary ing
num ber (0-3) of the ligand mol e cules. The struc ture has
been suc cess fully re fined to R=22.2% us ing con ven tional
meth ods, i.e. with unit cell ex panded to en com pass the en -
tire com men su rate mod u la tion period.

 


