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Co or di na tion com pounds con nect ing through hy dro gen
bonds are used as build ing block for con struc tion of supra -
mo lecu lar net works. Some cop per(II) carboxylate com -
plexes have shown that the intermolecular H-bonds can
mod i fied their mag netic prop er ties. We have re cently pub -
lished mononucler mo lec u lar complex [1] binuclear mo -
lec u lar com plex [2] and more co or di na tion poly mers [3, 4]
which ex hibit sim i lar mag netic prop er ties. Very sim i lar
mag netic prop er ties of mononuclear, binuclear as well as
poly meric com plexes could be ex plained by the pres ence
of very sim i lar H-bond supra mo lecu lar synthons that are
path way for antiferromagnetic in ter ac tions. 

The lec ture will pres ent new supra mo lecu lar dimers
[Cu(3-NO2bz)2(ina)(H2O)2].H2O,
[Cu(3-NO2bz)2(ina)(H2O)2].2H2O,
[Cu(3,5-Cl2bz)2(H2O)3], 
[Cu(3-Brbz)2(dena)(H2O)2], 
[Cu(3-Brbz)2(dena)(H2O)2] (Fig ure 1), 
(3-NO2bz = 3-bromobenzoate, 3-Brbz = 3-bromobenzoate, 
3,5-Cl2bz = 3,5-dichlorobenzoate, dena =
 N,N-diethylnicotinamide, ina = isonicotinamide) 

and se ries of 1D-co or di na tion poly mers

[Cu(3-Clbz)2(m-dena)(H2O)]n (Fig ure 2),

[Cu(4-Clbz)2(m-dena)(H2O)]n,

[Cu(3,5-Cl2bz)2(m-dena)(H2O)]n

(3-Clbz = 3-chlorobenzoate, 4-Clbz = 4-chlorobenzoate,
3,5-Cl2bz = 3,5-dichlorobenzoate, and dena as bridg ing

ligand) with sim i lar sys tem of hy dro gen bonds and prop er -
ties. Elec tronic struc ture from multipole re fine ment of

poly meric com plex [Cu(4-Clbz)2(m-dena)(H2O)]n will be
also pre sented.

The hy dro gen bonds de scribed by R2
2(10) and R2

2(12)
supra mo lecu lar synthons, formed by co or di nated wa ter
mol e cule and two carboxylic group on each Cu2+ ions
could cre ate supra mo lecu lar dimer of two mononuclear
com plex mol e cules or 2D-supra mo lecu lar lay ers of 1D-co -
or di na tion polymers.
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4. Z. Vaskova,J. Moncol, M. Korabik, J. Medvecka, 
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Fig ure 1 Struc ture of supra mo lecu lar dim mer of
 [Cu(3-Brbz)2(dena)(H2O)2].

Fig ure 2. Struc ture of poly meric com plex

 [Cu(3-Clbz)2(m-dena)(H2O)]n..
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Polyoxometalates have a long re cord of in ter est ing struc -
tures [1] and po ten tially ex ploit able prop er ties in the area
of nanotechnology, ca tal y sis, mag netic prop er ties [2].  In -
cor po ra tion of para mag netic, pho to chem i cally or
photophysically ac tive ions make them valu able com po -
nents of ma te ri als. Antitumoral, an ti vi ral and an ti bi otic
prop er ties of sev eral POMs and spe cific POM–pro tein in -
ter ac tions were also stud ied [3].

In con trast with the rel a tive high sta bil ity of het -
ero-POMs, the chem is try of isopolyoxometalates is more
chal leng ing. Vast ma jor ity of iso-POMs ex ists only in nar -
row pH and c(M) re gions, of ten with the POM cores al low -
ing to ob tain sev eral protonation modes. In so lu tions, there
are com plex protolytic (and even tu ally, re dox) equi lib ria
with many spe cies pres ent in re ac tion mix tures. The
crystallisation of of ten mar gin ally sol u ble prod ucts can be
also tricky. 

We stud ied sev eral decavanadate-based sys tems (Fig.
1) based on tran si tion metal ions (CuII [5, 8, 9], MnII [6, 7],

ZnII [7], CoII) and pro posed lig ands (b-alanine bAla [5, 7],
2-(2-hydroxyethyl)pyridine hep [6, 9], glycine gly [8],
2-(aminomethyl)pyridine amp [9]). Ini tially, we ob tained
one of the first com pounds con tain ing decavanadate as a
bridg ing ligand (and first 1D co or di na tion poly mer),
(NH4)2[Cu2(bAla)4(V10O28)]·10H2O (1, Fig. 2). Co or di na -
tion of the paddle wheel Cu(II) com plex cat ion to the
centrosymmetrically ar ranged G sites of the decavanadate
core is as sisted by strong hy dro gen bonds. The at tempts to
pre pare sim i lar decavanadate com plexes with bAla ligand
lead to the prep a ra tion of the noncoordinated decava -
nadates

(NH4)2[M(H2O)5(NH3CH2CH2COO)]2V10O28·nH2O (M =
ZnII, n = 4; M = MnII, n = 2). Al though both con tain ing
[M(H2O)5(NH3CH2CH2COO)]2+ cat ion, these cations are
structurally different.

In at tempt to pre pare hep based com plexes, in the sys -
tem with MnII, hep is act ing only as a counterion hepH+ to
the pen dant com plex with the [Mn(H2O)5]

2+ com plex unit
co or di nated to the centrosymmetrically ar ranged F sites of
the bridg ing decavanadate an ion in the (hepH)2

[{Mn(H2O)5}2V10O28]·4H2O (2, Fig. 3). Com plex an ions
forms the supra mo lecu lar chains via the hy dro gen bond ing
net work con sist ing of aqua ligands.

From the re ac tion sys tem con tain ing CuII and hep, the
com plex with bridg ing decavanadate ligand co or di nated at
the centrosymmetricaly ar ranged C sites by the two
[Cu(H2O)2(O,N-hep)]2+ units,
 (hepH+)2[{Cu(H2O)2(O,N-hep)}2V10O28]·6H2O (3, Fig.
4), was prepared.

Fig ure 1. The scheme of the decavanadate an ion with ide al -
ized D2h point group ge om e try. A–G de note crys tal lo graphi -
cally non-equiv a lent O at oms and Va–Vc de note
crys tal lo graphi cally non-equiv a lent V at oms (based on [4]).

Fig ure 2. The 1D chain mo tif in the struc ture of 1.

Fig ure 3. Supra mo lecu lar an ionic chains in the struc ture of 2.
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To il lus trate co or di na tion pos si bil i ties of the
decavanadate core, from the same sys tem with the amp
used in stead of hep, the [{Cu(amp)2(H2O)}2H2V10O28]
·4H2O (4, Fig. 5) was pre pared. If in the 3 we had short est

(V–)O–M bond ever found (1.9563(16) C), in the 4 it is the
lon gest one (2.665(2) C). It is due to co or di na tion of the
cationic unit to the centrosymmetrically ar ranged D sites of 
the an ion, which are hard to ac cess.

From the sys tem with Cu(II) and glycine, (NH4)2

[Cu2(H2O)4(gly)2 (gly–)2]H2V10O28·6H2O was pre pared.
The com pound con tains dinuclear cop per com plex with
bridg ing wa ter lig ands along the dihydro gende ca vanadate
an ion. The in ter est ing fea ture of the cat ion is that it con -
tains both O-co or di nated glycine a N,O-co or di nated
glycinato lig ands.
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This work has been sup ported by the Min is try of Ed u ca tion
of Slo vak Re pub lic (Grant VEGA 1/0336/13).

Fig ure 4. The an ionic unit of 3.

Fig ure 5. The struc ture of the neu tral com plex 4.
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Dou ble he li cal DNA be came an em blem atic sym bol of
fast-grow ing field of mo lec u lar bi ol ogy soon af ter for mu -
la tion of its ar chi tec ture. The antiparallel dou ble he lix with
the lad der of hy dro gen-bonded bases four of which are able 
to code for all liv ing crea tures on Earth is not only
esthetically ap peal ing and in tel lec tu ally sat is fy ing but also
con cep tu ally very sim ple. De ceiv ingly sim ple, as has be -
come ev i dent in the later years when sev eral new and un ex -
pected con for ma tions of DNA emerged. An im por tant
stim u lus for re newed in ter est in de tailed in ves ti ga tion of
DNA con for ma tions can be ex pected in con nec tion with
the need to un der stand fine-tun ing of stor ing and de cod ing
of ge netic in for ma tion, se quence pref er ences for pack ing
into his tones, conformational be hav ior of re gions with re -
pet i tive se quences, and struc tural im pli ca tions of DNA
mod i fi ca tions such as cy to sine or ad e nine methylation cru -
cial in epigenetics. 

In our ef fort to un der stand struc tural de tails of dou ble
he li cal ar chi tec ture, we have taken ad van tage of vast vol -
ume of in for ma tion ac cu mu lated by crys tal log ra phers.
Based on the avail able crys tal data, we clas si fied con for -
ma tions of dinucleotide steps into about twenty classes
(Svozil et al. Nu cleic Ac ids Re search 36, 3690 (2008)),
de vel oped tech nique of au to matic as sign ment of these step

conformational classes to any DNA struc ture (Èech et al.
BMC Bioinformatics 14, 205 (2013)), and re cently im -
proved both these steps sig nif i cantly (Èerný et al. to be
pub lished (2015)). In the talk, we pres ent our lat est re sults,
in which we cor re late con for ma tion classes of two
dinucleotides form ing the base-paired coun ter parts of the
DNA du plex. We an a lyze sep a rately the cor re la tions for
dinucleotides joined in the du plex by Wat son-Crick pair ing 
of both pairs and dinucleotides in which one or both pairs
are non-ca non i cal. The crys tal data pro vided enough in for -
ma tion to an a lyze se quence de pend en cies for the Wat -
son-Crick paired steps; the non-ca non i cal parts of du plexes 
can be dis cussed only qual i ta tively. Some of the more in -
ter est ing re sults will be dis cussed in the talk. Even the pre -
lim i nary re sults dem on strate that the classes of
di nucle otide steps rep re sent a pow er ful tool to de scribe de -
tails of the dou ble he li cal ar chi tec ture. The main con clu -
sion of our re search is that com bi na tion of cor re la tions
between the dinucleotide classes and base pair types
provides sufficient structural characterization of the related 
step. 

This study was sup ported by BIOCEV CZ.1.05/1.1.00/
02.0109 from the ERDF and by in sti tu tional grant RVO 86
652 036. 
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Two glucoamylases Glu and Gla pro duced by vari ant
strains of yeast Saccharomycopsis fibuligera, HUT 7212
and KZ, re spec tively. The ma ture en zymes con sist of 492
amino acid res i dues. An align ment of their amino acid se -
quences re vealed a high homology, with seven amino acid
res i due al ter ations caus ing dif fer ences in the spe cific ac tiv -
ity and ther mal sta bil ity be tween both en zymes. Pre vi ous
bio chem i cal tests in di cated that a sig nif i cant part of both,
Glu and Gla, re newed their cat a lytic ac tiv ity af ter ther mal
de na tur ation. Glucoamylase Gla, in con trast with gluco -
amylase Glu, has lower cat a lytic ac tiv ity but higher sta bil -
ity and better abil ity to re-na ture [1].

Pre vi ous sta bil ity stud ies are com ple mented now by the 
study of ther mal de na tur ation and de ter mi na tion of melt ing 
point us ing a method of dy namic light scat ter ing. The
method is based on the mea sure ment of light scat tered on

the pro tein par ti cles in the so lu tion and de ter mi na tion of
par ti cle size. Melt ing point was de fined as the tem per a ture
at which the size of the mol e cules rap idly in creased due to
ther mal un fold ing. DLS mea sure ments re vealed dif fer ent
be hav iour of Gla and Glu enzymes during thermal
denaturation.

Up to now, only ter tiary struc ture of glucoamylase Glu
in the com plex with its in hib i tors acarbose (PDB code
2F6D) or TRIS was de ter mined (PDB code 1AYX, 2FBA)
[2, 3]. In spite of the fact, that Gla and Glu are very sim i lar,
struc ture de ter mi na tion of glucoamylase Gla was not suc -
cess ful for a long time due to crys tal twinning and/or low
crys tal qual ity. Fi nally, af ter fur ther op ti mi za tion of crys -
tal li za tion con di tions, a dif frac tion qual ity crys tal of Gla
was ob tained. A com plete data set to 1.77C res o lu tion was
col lected us ing syn chro tron ra di a tion at the X-13 beamline
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at EMBL, DORIS stor age ring, DESY, Ham burg. The
crys tal was monoclinic with P21 space group and unit cell
di men sions a = 66.5, b = 81.5, c = 83.4 C, ß = 109.94 °.
There are two pro tein mol e cules in the asym met ric unit.
For com par i son, crys tals of Glu pre pared at very sim i lar
con di tions, were orthorhombic with P212121 space group,
and only one pro tein mol e cule in the asym met ric unit. The
two mol e cules in Gla struc ture are ar ranged in head to tail
man ner with ac tive sites on the op po site sides. Five of
seven al tered amino acid res i dues are lo cated on the sur face 
of the mol e cule and par tic i pate also in intermolecular con -
tact for ma tion. Intermolecular con tacts be tween A and B
mol e cule in the asym met ric unit as well as crys tal con tacts
are ana lysed and com pared with those in Glu struc ture. As

ex pected, the pre sented ter tiary struc ture of glucoamylase
Gla is very close to that of Glu, how ever, the small changes
on the mo lec u lar sur face can be used for ex pla na tion of dif -
fer ent physico-chem i cal prop er ties of the two en zymes. 

1. J. Gašperík, E. Hostinová, Curr. Microbiol. 27, (1993),
11-14.

2. J. Ševèík, A. Solovicová, E. Hostinová, J. Gašperík, 
K.S. Wil son, Z. Dauter, Acta Cryst. D54, (1998), 854-866.

3. J. Ševèík, E. Hostinová, A. Solovicová, J. Gašperík, Z.
Dauter, K.S Wil son, FEBS J. 273, (2006), 2161-2171.

This work was sup ported by the Slo vak Acad emy Re search
Grant Agency VEGA No. 2/0190/14.
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Phage endolysins, the spe cific peptidoglycan hy dro las es,
have antimicrobial prop er ties while bac te rial re sis tance
against them is ex cluded. Con se quently, they could be -
come a re place ment for an ti bi ot ics against multi-drug re -
sis tant bac te ria. Bioinformatics and proteomics stud ies are
likely to lead to new op por tu ni ties for do main swap ping,
con struc tion of chi me ras and the pro duc tion of spe cif i cally
en gi neered tai lor-made endolysins. 

The aim of this work was (i) to study their pres ence
within the actinophage genomes avail able in se quence da -
ta bases, (ii) to ana lyse endolysin se quence or gani sa tions,
and (iii) to model the pro tein-sub strate in ter ac tions of these 
en zymes with peptidoglycan, by in silico methods. 

Based on re sults of in silico anal y sis, in the set of stud -
ied se quences was con firmed mod u lar struc ture of
actinophage endolysins. There were pre dicted con served
do mains with cat a lytic prop er ties (Ami2, Ami6, PGRP and
NlpC / P60), and those with bind ing ac tiv ity, namely

LysM, PG_bid ing bind ing_1. Within the do main with un -
known func tion, NlpC / P60, was iden ti fied the same
amino acid res i dues in the ac tive site as in CHAP do main.
Thus this do main may also be re spon si ble for the amidase
ac tiv ity. Evo lu tion anal y sis of ob tained endolysin se -
quences re vealed in rec og ni tion of clearly de fined clus ters
de pend ing on cat a lytic do mains pres ence. The study of
pro tein-sub strate in ter ac tions re quired ter tiary mod els of
all here iden ti fied endolysins, that lead us to pre dic tion of
cat a lytic res i dues and requisite residues for reliable
peptidoglycan hydrolysing activity.

The re sults ob tained in this work will be used to sub se -
quent prep a ra tion of re com bi nant, mu tant and chi me ric
endolysins with en hanced an ti bac te rial spectrum. 

This work was funded by Sci en tific Grant Agency of Min is -
try of Ed u ca tion SR and Slo vak Acad emy of Sci ences,
VEGA no. 2/0123/14.
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Haloalkane dehalogenases (HLDs, EC 3.8.1.5) are bac te -

rial en zymes with a/b-hydrolase fold, which catalyse
hydrolytic con ver sion of a broad range of halogenated
aliphatic hy dro car bons into three re ac tion prod ucts: an al -
co hol, a ha lide an ion and a pro ton. HLDs catalyse the re ac -
tions of great en vi ron men tal and bio tech no log i cal
sig nif i cance with po ten tial ap pli ca tion in bioremediation,
bio sensing, de con tam i na tion of war fare agents, syn the sis
of op ti cally pure com pounds, cel lu lar im ag ing and pro tein
tag ging [1]. How ever, their use in these ap pli ca tions is lim -
ited by their low sta bil ity and ac tiv ity un der the harsh con -
di tions. Re cently con structed vari ant of haloalkane
dehalogenase DhaA ex hib ited 4000-fold im proved ki netic
sta bil ity in 40 % (v/v) DMSO, en hanced thermostability by 
16.4 °C, but 100-fold lower cat a lytic ac tiv ity with
1,2-dibromoethane in pure buffer com pared to the wild
type en zyme. En zyme sta bili sa tion was achieved by in tro -
duc tion of four bulk ier and mostly hy dro pho bic res i dues
into the en zyme ac cess tun nel. In tro duced res i dues im -
proved a con tact with other res i dues of the ac cess tun nel,
en hanced pack ing of hy dro pho bic core and pre vented en try 
of DMSO into the ac tive-site cav ity [2].

Herein pre sented study aimed to im prove cat a lytic ac -
tiv ity of the highly sta ble DhaA in buffer, with min i mum
loss of its sta bil ity. Sys tem atic mu ta gen e sis of two of the
four orig i nally mod i fied tun nel res i dues (F176 and V172)
re sulted in a sin gle point vari ant F176G pos sess ing 32- and
10-times im proved cat a lytic ac tiv ity in buffer and in 40 %
(v/v) DMSO, re spec tively. Thermostability of the mu tant

was low ered by 4 °C only. More over, the newly evolved
vari ant ex hib ited en hanced ac tiv ity to wards 26 out of 30
tested halogenated com pounds sim i larly to wild-type en -
zyme. Struc tural anal y sis and mo lec u lar dy nam ics re vealed 
that newly in tro duced mu ta tion F176G re opened pre vi -
ously closed tun nel in sta ble DhaA and in crease the mo bil -

ity of the two a-he li ces lin ing the tun nel, thus re stor ing the
en zyme ac tiv ity, while re main ing tun nel mu ta tions main -
tained its sta bil ity. Fine-tun ing of amino acid res i dues lin -
ing the ac cess tun nels thus rep re sents gen er ally-ap pli ca ble
strat egy for mini mi sa tion of sta bil ity-func tion trade-off of
en zymes with bur ied ac tive sites [3].
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Haloalkane dehalogenases (EC 3.8.1.5) are bac te rial en -
zymes cleav ing a car bon-halo gen bond by a hydrolytic
mech a nism in a broad range of halogenated aliphatic com -
pounds [1]. The en zymes can be po ten tially ap plied in
bioremediation, biosensing, biosynthesis, cel lu lar im ag ing
and pro tein im mo bi li za tion [2]. Struc tur ally haloalkane

dehalogenases be long to the a/ß-hydrolase superfamily

with two do main or ga ni za tion: an a/ß-hydrolase core do -

main and a-he li cal cap do main, which lies on the top of the
core do main. Ac tive site res i dues are lo cated in a hy dro -
pho bic cav ity at the in ter face be tween the two do mains and
are con nected to the pro tein sur face by sev eral tun nels.
Now a days more than 20 pro teins and their mu tant vari ants
from haloalkane dehalogenases fam ily are sys tem at i cally
stud ied. The main tar get is fo cused on re search of pro teins

such as DhaA from Rhodococcus rhodochrous NCIMB
13064, DbeA of Bradyrhizobium elkanii USDA94, LinB
of Sphingobium japonicum UT26 or noval haloalkane
dehalogenases DpcA from Psychrobacter cryohalolentis
K5 and DmxA from Marynobacter sp. ELB 17, etc. 

This re search is sup ported by the GACR (P207/12/0775).
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