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INHIBITORS OF GLUTAMINYL CYCLASES AGAINST ALZHEIMER`S DISEASE
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N-ter mi nal for ma tion of pyroglutamate (pGlu) is cat a lyzed
by glutaminyl cyclases (QCs) [1,2]. This form of
post-translational mod i fi ca tion is ob served on nu mer ous
bioactive pep tides. For ma tion of pGlu-am y loid has been
also linked with Alz hei mer`s dis ease [3-5]. In hib i tors of
hu man QCs are cur rently the sub ject of in tense de vel op -
ment and test ing [6,7].

We have cur rently solved crys tal struc tures of two
isoforms of QCs from Drosophila melanogaster [7]. Com -
par a tive study of struc tures of hu man, murine, and in sect
QCs from the PDB [8] al lowed us rea son able eval u a tion of
var i ous bind ing modes of in hib i tor PBD150. Struc tural ob -
ser va tions are in con cert with our in hi bi tion stud ies.
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REACTION MECHANISM OF RU(II) PIANO-STOOL COMPLEXES;
UMBRELLA SAMPLING QM/MM MD STUDY
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Bi o log i cally rel e vant in ter ac tions of pi ano-stool ru the -
nium(II) com plexes with ds-DNA were ex plored by hy brid 
QM/MM com pu ta tional tech nique. The whole re ac tion
mech a nism is con sid ered in three step: hydration of

[RuII(h6-ben zene)(en)Cl]+, bind ing of re sult ing aqua com -
plex to DNA and fi nal intra-strand cross-link for ma tion be -
tween two neigboring guanosines. Free en ergy pro files of
all re ac tions are ex plored by QM/MM MD um brella sam -
pling ap proach where the Ru(II) com plex is de scribed by
DFT and re main ing part by Gen eral Am ber Force Field
(GAFF). For that pur pose, our own soft ware was de vel -

oped, which cou ples the Gaussi an and Am ber pro grams.
Cal cu lated free en ergy bar ri ers of Ru(II) hydration as well
as DNA bind ing pro cess are in good agree ment with ex per -
i men tally mea sured rate con stants. Fol low ing this
method-jus ti fi ca tion step, pos si bil ity of cross-link for ma -
tion is in ves ti gated and one fea si ble path way lead ing to
Ru(II) guanosine-guanosine cross-link with syn chro nous
re leas ing of the ben zene ligand is pre dicted. The
cross-link ing is exergonic pro cess with en ergy bar rier
lower than for ini tial bind ing to DNA.
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CH-p INTERACTION BETWEEN CARBOHYDRATES AND AROMATIC MOIETIES:
ELECTRON DENSITY ISSUE
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For mer stud ies of the CH-pð in ter ac tions [1,2] be tween
car bo hy drates and ar o matic moi eties were fo cused on ex -
plo ra tion of in ter ac tion en er gies in com plexes of se lected

car bo hy drates (b-D-glucopyranose, b-D-mannopyranose

and a-L-fucopyranose) with ben zene and naph tha lene as
sim plest rep re sen ta tives of ar o matic amino ac ids side
chains. These stud ies pro vided com plex in sight into the na -

ture and strength of car bo hy drate-ar o matic CH-p in ter ac -
tion as well as its additivity with re spect to to tal num ber of
ð-elec trons in ter act ing it the ar o matic sys tem. The next

log i cal step in com plex study of CH-p in ter ac tion is to
study the in flu ence of elec tron den sity in the ar o matic sys -
tem to the to tal in ter ac tion en ergy of the car bo hy drate-ar o -
matic com plex. 

For this rea son, we chose es tab lished set of se lected
car bo hy drates men tioned above and con structed ar o matic
sys tems de riv a tives with ex pected in creased and de creased
elec tron den sity in the cy cle – namely sym met ri cal
difluoro-, trifluoro- and tetrafluoro-ben zene and sym met ri -
cal diazine, triazine and tetrazine. All de riv a tives un der -
went elec tron-den sity eval u a tion in ring crit i cal points by
AIM anal y sis (MP2/aug-cc-pVTZ), which clearly shows
de creas ing elec tron den sity with re spect to the de gree of
derivatization of fluorobenzenes and in creas ing elec tron
den sity with re spect to the de gree of derivatization by ni -
tro gens in the ar o matic ring.With this set of mol e cules, we
re peat the semiempirical SCC-DFTB-D po ten tial en ergy

scan with DFT-D BP/def2-TZVPP in ter ac tion en ergy
re fine ment to iden tify sta tion ary struc tures of po ten tial en -
ergy sur face. Their in ter ac tion en ergy is cal cu lated af ter
ge om e try op ti mi za tion at DFT-D BP/def2-TZVPP level.
Such level of the ory has been pre vi ously proved [1] to be
suf fi cient and giv ing sim i lar re sults as CCSD(T)/CBS
method. 

Per formed study helps to un der stand the way how sac -
cha rides in ter act with ar o matic amino acid side chains in
lectins. More spe cif i cally speak ing the way, how the sub -
sti tu tion of ben zene ring in lectins in flu ences the car bo hy -
drate bind ing po ten tial. Such un der stand ing may be then

uti lized in tun ing the strength of CH-p in ter ac tion and also
for fur ther glyco-force-field re fine ments.

This work was funded by the Eu ro pean Com mu nity’s Sev -
enth Frame work Programme un der grant agreement no
205872, the Min is try of Ed u ca tion of the Czech Re pub lic
(MSM0021622413, LC06030, MSM6046137305), and the
Czech Sci ence Foun da tion (GD301/09/H004). The pro ject
is sup ported within the SoMoPro programme (pro ject No.
2SGA2747). The re search lead ing to these re sults ob tained 
fi nan cial con tri bu tion from the Eu ro pean Un ion un der the
Sev enth Frame work Programme (FP/2007- 2013) by
Grant Agree ment No. 229603. The re search is also
co-funded by the South Moravian re gion. In ad di tion, this
work was also sup ported within the pro ject ‘‘CEITEC-
 Cen tral Eu ro pean In sti tute of Tech nol ogy’’ (CZ.1.05/
1.1.00/02.0068) from Eu ro pean Re gional Development

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 20,   no. 1 (2013)       17



Fund. Ac cess to the MetaCentrum com put ing fa cil i ties is
pro vided un der the re search in tent MSM 6383917201 and
is highly ap pre ci ated. 

1. Kozmon S., Matuška R., Spiwok V., Koèa J.: Chem is try –
A Eu ro pean Jour nal, 2011, 17, 5680-5690.

2. Kozmon S., Matuška R., Spiwok V., Koèa J.: Phys i cal
Chem is try Chem i cal Phys ics, 2011, 13, 14215-14222.

L23

THYLAKOID MEMBRANE CHARACTERIZATION AND ITS INTERACTION WITH PSBI
PROTEIN FROM PHOTOSYSTEM II
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The thylakoid mem brane from cyanobacterium Syne -
chocystis PCC6803 is char ac ter ized by means of atomistic
and coarse-grained mo lec u lar dy nam ics. Two dif fer ent
com po si tions re ported in the lit er a ture are de scribed and
po ten tial dif fer ences are ex plored. The ma jor dif fer ence
be tween the mem branes is found in their phase tran si tion
tem per a tures. Ad di tion ally, in the used Mar tini coarse-
 grain model the phase tran si tion tem per a ture con tains a
sys tem atic er ror. Com par i son of atomistic and coarse-
 grained sim u la tions shows a sim i lar be hav ior for both
kinds of sim u la tions, thus sup port ing the cor rect ness of our 
re cently pub lished coarse-grain force field pa ram e ters. 

A struc tural model of PsbI, a one-transmembrane-he lix
pro tein and part of  photosystem II, is in serted into the

chracterized mem brane and its be hav ior is de scribed. De -
spite be ing complexed in photosystem II, PsbI can oc cur in
thylakoid mem branes as a sin gle pro tein. Coarse-grained
sim u la tions were used to de scribe the mu tual be hav ior of a
larger num ber of iso lated PsbI in a thylakoid mem brane.
Througout the sim u la tions, the flex i ble C-ter mi nal loop
does not adopt a sta ble con for ma tion in iso lated PsbI, but it
may be sta bi lized, when the pro teins multimerize. We ob -
serve a dy namic multimerization of PsbI in the coarse-
 grained sim u la tions, and de scribe a ten dency to form larger 
ag gre gates as the pref er a ble be hav ior of iso lated PsbI in
thylakoid mem branes. 

Sup port from the Czech Sci ence Foun da tion, no
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STRUCTURAL AND MECHANISTIC PRINCIPLES OF INTRAMEMBRANE
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Intramembrane pro teas es cleave mem brane pro teins in
their transmembrane do mains. This is in trigu ing, since the
hy dro pho bic in te rior of lipid mem branes ex cludes wa ter
and is thus not an ideal mi lieu for hydrolytic re ac tions. But
intramembrane pro teas es are very wide spread in evo lu tion
and those few that have been stud ied in de tail reg u late a va -
ri ety of prom i nent bi o log i cal pro cesses in clud ing de vel op -
men tal sig nal ling, stress re sponses, mem brane pro tein
qual ity con trol, mi to chon drial dy nam ics and apoptosis.
De spite their evo lu tion ary ubiq uity and bi o log i cal sig nif i -
cance, our mech a nis tic and struc tural un der stand ing of
these en zymes is lim ited. There are three cat a lytic types of
intramembrane pro teas es, their ac tive sites are bur ied in the 
lipid mem brane and they are all evolutionarily un re lated to
the “clas si cal“, sol u ble pro teas es. Sig nif i cant prog ress has

been made in un der stand ing their func tion dur ing the past
few years, but fun da men tal struc tural and mech a nis tic
ques tions are still open. How do intramembrane pro teas es
re cog nise their transmembrane sub strates and how do they
achieve spec i fic ity? How does wa ter gain ac cess to the
mem brane- im mersed cat a lytic site? What is the mech a -
nism of the cleav age re ac tion? Us ing rhom boid intra -
membrane serine pro teas es as a model I will dis cuss these
ques tions in light of the re cent prog ress in the field fo cus -
sing on our data that ex plain im por tant as pects of sub strate
spec i fic ity and mech a nism of rhom boids.
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