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Rec og ni tion be tween pro teins and DNA is a key step of es -
sen tial bi o log i cal pro cesses. To in ves ti gate struc tural fea -
tures of the rec og ni tion we an a lyzed the ge om e try of the
pro tein/DNA in ter face cal cu lated from more than thou sand 
crys tal struc tures of pro tein/DNA com plexes. 

Nov elty of the anal y sis lies in our fine-grained cat e go ri -
za tion of pro tein and DNA lo cal con for ma tions in volved in 
the in ter ac tions. The con for ma tions of pro teins and DNA
were cat e go rized into struc tural classes ac cord ing to the
pre vi ously pub lished struc tural al pha bets. Pro tein struc -
tures were sorted into six teen pentapeptide units called
“pep tide blocks” [1] and DNA into 14 dinucleotide con -
form ers de rived from the orig i nal dic tio nary of con form ers
[2]. We de ter mined what pep tide blocks and dinucleotide
con form ers formed the pro tein/DNA in ter face and which
of them were in mu tual con tact. The re sult ing ma trix show -
ing which pep tide block con tacted which dinucleotide con -
former was called in ter ac tion ma trix. The in ter ac tion
ma tri ces were con structed and an a lyzed for var i ous types
of pro tein/DNA com plexes such as DNA com plexes of

polymerases, tran scrip tion fac tors, or struc tural pro teins.
The vari abil ity of these in ter ac tion ma tri ces char ac ter izes
dif fer ences of rec og ni tion pat ters of dif fer ent types pro -
teins. The in ter ac tion ma tri ces were con structed and an a -
lyzed for di rect po lar con tacts be tween pro tein and DNA
at oms and for con tacts me di ated by wa ter mol e cules and
also sep a rately for the DNA at oms form ing the mi nor
groove, ma jor grove, and the phos phate group. Wa ter-me -
di ated con tacts are al most as fre quent as the di rect po lar
ones and the con tacts to the mi nor groove dis play dis tinctly 
dif fer ent pat terns from the ma jor groove and phos phate
atoms. 
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The monophosphate 5‘-nucleotidases are ubiq ui tous en -
zymes that cat a lyze the dephosphorylation of nucleoside
monophosphates and reg u late thus nu cle o tide and
nucleoside pools in cell [1-6]. The ribonucleotides and
deoxyribonucleotides could be syn the sized de novo from
low mo lec u lar weight pre cur sors or by a sal vage path way
from nu cleo sides or nucleobases orig i nat ing from ca tab o -
lism of nu cleic ac ids [1]. In this sal vage path way,
ribonucleotides and deoxyribonucleotides are phospho -
rylated by nucleoside and nu cle o tide kin ases to main tain
suf fi cient pools of dNTP’s and NTP’s for nu cleic acid syn -
the sis. The phosphorylation by cel lu lar nucleoside kin ases
is op posed by the ac tiv ity of 5’-nucleotidases that
dephosphorylate ribo- and deoxyribonucleoside mono -
phosphates [2-4]. Be sides their role in the reg u la tion of
phys i o log i cal dNTP pools, sub strate cy cles be tween
ribonucleotidases and kin ases may af fect the ther a peu tic
ac tion of py rim i dine nucleoside analogs used as anticancer

and an ti vi ral agents. Such com pounds re quire the
nucleoside kin ases ac tiv ity for phosphorylation to their ac -
tive forms. Re sults of clin i cal and in vi tro stud ies pro pose
that an in crease in nucleotidase ac tiv ity can in ter fere with
nucleoside an a logue ac ti va tion re sult ing in drug re sis tance
[5].

The aim of this pro ject is struc ture-as sisted de sign
of highly se lec tive in hib i tors of mam ma lian 5’-nucleo -
tidases based on nucleoside phosphonic acid de riv a tive
scaf fold. In gen eral, the com pounds with a strong and se -
lec tive in hib i tory po tency are of high me dic i nal in ter est as
antimetabolites for anticancer and an ti vi ral ther apy.

Us ing the struc ture of hu man mi to chon drial 5’-nucleo -
tidase [6] and our struc ture of cytosolic 5’-nucleotidase  we 
per formed in silico screen ing of a vir tual li brary con tain ing 
29 thou sand com pounds. A set of com pounds with high est
scores was syn the sized and screened for their in hib i tory ef -



fect to ward two isoforms of hu man 5’-nucleotidase:
cytosolic (cdN) and mi to chon drial (mdN).

 By this ap proach we have dis cover com pounds spe cif i -
cally in hib it ing the mdN and cdN with in hib i tory po tency
two or ders of mag ni tude better com pared to the for merly
re ported mdN and cdN in hib i tors, re spec tively. Struc tural
de tails of in ter ac tions of newly iden ti fied com pounds with
both nucleotidases were in ves ti gated through de ter mi na -
tion of high-res o lu tion crys tal struc tures. 
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Haloalkane dehalogenases (EC 3.8.1.5) be long to the
group of en zymes hy dro lyz ing car bon-halo gen bonds in a
wide range of halogenated com pounds. Many of those or -
ganic com pounds are en vi ron men tal pol lut ants. The po ten -
tial use of haloalkane dehalogenases is in bioremediation
ap pli ca tions, in ap pli ca tion of these en zymes as in dus trial
biocatalysts, as ac tive com po nents of biosensors, and also
in syn the sis of pharmaceuticals, agro chemi cals or food ad -
di tives. 

Sev eral haloalkane dehalogenases have been se lected
for struc tural stud ies per force to study par tic u lar en zyme
struc tures and clar ify pre cise func tion of those en zymes.

Crys tal li za tion pro ce dures and pa ram e ters af fect ing
crys tal growth will be dis cussed dur ing the lec ture. 

This re search is sup ported by the GACR (P207/12/0775),
ME CR (CZ.1.05/2.1.00/01.0024) and by the AS CR.
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Haloalkane dehalogenases (HLDs; EC 3.8.1.5) are bac te -
rial en zymes cleav ing a car bon-halo gen bond by a
hydrolytic dehalogenation [1]. Crys tal struc ture of the
haloalkane dehalogenase DbeA from Bradyrhizobium
elkani USDA94 was solved to 2.2 C res o lu tion and re -
vealed the pres ence of two bind ing sites for chlo ride
aniont. The first chlo ride an ion was found in the ac tive site
in be tween two con served ha lide-sta bi liz ing res i dues
Asn38 and Trp104. This bind ing site is com mon for all
mem bers of the subfamily HLD-II [2]. The sec ond chlo ride 
an ion is placed about 10 C from the first bind ing site, bur -
ied deep in the pro tein core, where it is co or di nated by the
side chains of Gln274, Gln102, Gly37 and Thr40. This sec -
ond ha lide-bind ing site is unique to DbeA and its closely
re lated en zyme DbjA [3,4] from Bradyrhizobium
japonicum USDA110 (71% se quence iden tity) and has not
been ob served in any other crys tal struc ture of HLD-II en -
zymes.

To elu ci date the ef fect of the sec ond ha lide-bind ing site
on the struc ture and func tion of DbeA en zyme, two-point
vari ant I44L+Q102H lack ing the sec ond ha lide-bind ing
site was con structed, pu ri fied and bio chem i cally char ac ter -
ized. Its com par i son with the wild type en zyme re vealed
that elim i na tion of the sec ond ha lide-bind ing site de creased 
the sta bil ity of the en zyme in the pres ence of chlo ride salt
and de creased its cat a lytic ac tiv ity with out change of its

cat a lytic mech a nism. More over, the two-point sub sti tu tion
re sulted in a shift of the sub strate-spec i fic ity class, which is 
the first time this has been dem on strated for the haloalkane
dehalogenase en zyme fam ily. Changes in the cat a lytic ac -
tiv ity of the vari ant were at trib uted to de cel er a tion of the
rate-lim it ing hydrolytic step, me di ated by lower ba sic ity of
the cat a lytic histidine. Our study dem on strates that en gi -
neer ing of the bur ied ha lide-bind ing sites has sig nif i cant
im pact on en zyme’s ac tiv ity, spec i fic ity and sta bil ity. Ra -
tio nal de sign of bur ied ha lide-bind ing sites could rep re sent
a novel strat egy for en gi neer ing of biocatalysts with de -
sired cat a lytic prop er ties.
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