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COMPARISON OF DIFFERENT PROTEINS CRYSTALLIZATION CAPABILITY 

Ivana Kuta Smatanová1, 2 
1Uni ver sity of South Bo he mia in Ceske Budejovice, Fac ulty of Fish er ies and Pro tec tion of Wa ters, South Bo -
he mian Re search Cen ter of Aquaculture and Biodiversity of Hydrocenoses and School of com plex sys tems,

Zamek 136, 373 33 Nove Hrady
2Acad emy of Sci ences of the Czech Re pub lic, In sti tute of Nanobiology and Struc tural Bi ol ogy GCRC, Zamek 

136, 373 33 Nove Hrady

The crys tal li za tion and crys tal lo graphic stud ies of se lected
sol u ble and mem brane pro teins and pro tein com plexes are
the main aims of the sci en tific re search at the Lab o ra tory of 
crystallogenesis and biomolecular crys tal log ra phy of In sti -
tute of Nanobiology and Struc tural Bi ol ogy GCRC AS CR
joined with Lab o ra tory of mo lec u lar struc ture and dy nam -
ics of School of com plex sys tems of FFPW Uni ver sity of
South Bo he mia in Ceske Budejovice. Dur ing last 10 years
more than 20 dif fer ent pro teins, pro tein com plexes and mu -
tant vari ants (e.g. HsdR sub unit of re stric tion en zyme of
EcoR124I from E.coli plus its 3 mu tant forms, PsbP pro tein 
from Spinacia oleracea, WrbA apo and holo forms of
E.coli, Fe-reg u lated pro tein D (FrpD) of Neisseria
meningitides, haloalkan dehalogenases DhaAwt, DhaA04,
DhaA12, DhaA13, DhaA14, DhaA15, DhaA31 from
Rhodococcus rhodochrous NCIMB 13064 and their com -

plexes with sub strates isopropanol (IPA) and 1, 2, 3 –
trichloropropane (TCP), DbeA and DbeA1 of Bradyr -
hizobium elkani USDA94, two new haloalkan dehalo -
genases DpcA from Psychrobacter cryohalolentis K5 and
DmxA from Marynobacter sp ELB 17, etc.) were crys tal -
lized, tested and crys tals were mea sured at the syn chro tron
ra di a tion sources. Dif frac tion data were used to solve and
re fine pro tein struc tures that have been de pos ited in PDB
un der spe cific codes. En zymes were crys tal lized us ing
stan dard, ad vanced and al ter na tive crys tal li za tion tech -
niques. The cross in flu ence pro ce dure was di rectly de vel -
oped and tested in our lab o ra tory. 

This re search was sup ported by the ME CR (COST
LD11011, ME09016, CZ.1.05/2.1.00/01.0024), GACR
(P207/12/0775, P207/11/0717), by the AS CR (AV0Z
60870520).
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BORON CLUSTER DERIVATIVES AS INHIBITORS OF IMPORTANT THERAPEUTICAL 
TARGETS: HIV-1 PROTEASE   AND   CARBONIC ANHYDRASE IX

Jiøí Brynda1,2, Pavel Mader1, Jana Pokorná2, Milan Kožíšek2, Petr Cígler2, Václav Šícha3,
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Bo ron clus ter de riv a tives have been pre vi ously iden ti fied
and char ac ter ized as a new class of HIV pro te ase in hib i tors
[1,2]. Struc tural stud ies of metallacarboranes in com plex
with HIV pro te ase as well as novel type of bo ron clus ter
de riv a tives de signed on ba sis of pre vi ous struc tural stud ies
[3,4] ENREF3 and their spe cific in hib i tory ef fect on hu -
man car bonic anhydrase IX (CA IX) will be pre sented.

CA IX is overexpressed in sev eral hypoxic can cer tis -
sues. The struc ture and en zyme in hi bi tion ef fects of  bo ron
clus ter based in hib i tors will be pre sented. This novel types
of se lec tive CA IX in hib i tors could play im por tant role in
can cer di ag nos tics and ther apy.

1. Cigler, P.; Kozisek, M.; Rezacova, P.; Brynda, J.;
Otwinowski, Z.; Pokorna, J.; Plesek, J.; Gruner, B.;
Doleckova-Maresova, L.; Masa, M.; Sedlacek, J.; Bodem,
J.; Krausslich, H. G.; Kral, V.; Konvalinka, J. From
nonpeptide to ward noncarbon pro te ase in hib i tors:
metallacarboranes as spe cific and po tent in hib i tors of HIV
pro te ase. Proc Natl Acad Sci U S A  102, 15394-9, 2005.

2. Rezacova, P.; Pokorna, J.; Brynda, J.; Kozisek, M.; Cigler,
P.; Lepsik, M.; Fanfrlik, J.; Rezac, J.; Grantz Saskova, K.;
Sieglova, I.; Plesek, J.; Sicha, V.; Gruner, B.; Oberwinkler, 
H.; Sedlacek, J.; Krausslich, H. G.; Hobza, P.; Kral, V.;
Konvalinka, J. De sign of HIV pro te ase in hib i tors based on
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in or ganic poly he dral metallacarboranes. Jour nal of
Me dic i nal Chem is try 52, 7132-41, 2009.

3. Mader, P. „Struc ture, func tion and in hi bi tion of hu -
man car bonic anhydrases. Ph.D. The sis“, Charles
Uni ver sity in Prague, 2010.

4. Mader, P.; Brynda, J.; Gitto, R.; Agnello, S.; Pachl,
P.; Supuran, C. T.; Chimirri, A.; Rezacova, P. Struc -
tural Ba sis for the In ter ac tion Be tween Car bonic
Anhydrase and
1,2,3,4-tetrahydroisoquinolin-2-ylsulfonamides.
Jour nal of Me dic i nal Chem is try 54, 2522-2526,
2011.
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STRUCTURE-BASED DRUG DESIGN OF SELECTIVE 5’-NUCLEOTIDASES
INHIBITORS

Petr Pachl1, Jiøí Brynda1,2, Ivan Rosenberg 2, Milan Fábry1, 
Pavlína Øezáèová1,2

1In sti tute of Mo lec u lar Ge net ics, Flemingovo nam. 2, Prague 6, Prague, 16610, Czech Re pub lic, 2In sti tute of
Or ganic Chem is try and Bio chem is try AS CR, Flemingovo nam. 2, Prague 6, Prague, 16610, Czech Re pub lic

The monophosphate 5’-nucleotidases, in clud ing 5’(3’)-de -
oxy ribonucleotidase, be long to a fam ily of en zymes that
cat a lyze the dephosphorylation of nucleoside mono -
phosphates. The ribonucleotides and deoxy ribo nucleotides 
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.
In this sal vage path way, ribonucleotides and deoxyri -
bonucleotides 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 tha ac tiv ity of
5’-nucleotidases that dephosphorylate ribo- and deoxyri -
bonucleoside monophosphates. 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.

The main goal of this pro ject is struc ture-as sisted de -
sign of a po tent and se lec tive in hib i tors of mam ma lian
5’-nucleotidases based on nucleoside phosphonic acid de -
riv a tive scaf fold. In gen eral, com pounds of 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.

We have used the struc ture of hu man mi to chon drial
5’-nucleotidase [6] and 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).

 Us ing this ap proach we have iden ti fied com pounds
spe cif i cally in hib it ing mdN and cdN with in hib i tory po -
tency be ing 100 and 50 times better com pared to the 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
mdN were in ves ti gated through de ter mi na tion of high-res -
o lu tion crys tal struc tures. 

1. P. Reichard: In ter ac tions be tween deoxyribonucleotide and 
DNA syn the sis. Annu Rev Biochem., 57 (1988), 349-74.

2.  S.A. Hunsucker, B.S. Mitch ell, J. Spychala: The
5’-nucleotidases as reg u la tors of nu cle o tide and drug me -
tab o lism. Pharmacol Ther., 107 (2005), 1-30.

3. V. Bianchi, E. Pontis, P. Reichard: In ter re la tions be tween
sub strate cy cles and de novo syn the sis of py rim i dine
deoxyribonucleoside triphosphates in 3T6 cells. Proc Natl
Acad Sci U S A, 83 (1986), 986-90.

4. P. Bianchi, E. Fermo, F. Alfinito, C. Vercellati, M.
Baserga, F. Ferraro, I. Guzzo, B. Rotoli, A. Zanella: Mo -
lec u lar char ac ter iza tion of six un re lated Ital ian pa tients af -
fected by py rim i dine 5’-nucleotidase de fi ciency. Br J
Haematol, 122 (2003), 847-51.

5. C. Mazzon, C. Rampazzo, M.C. Scaini, L. Gallinaro, A.
Karlsson, C. Meier, J. Balzarini, P. Reichard,  V. Bianchi:
Cytosolic and mi to chon drial deoxyribonucleotidases: ac tiv -
ity with sub strate analogs, in hib i tors and im pli ca tions for
ther apy. Biochem Pharmacol, 66 (2003), 471-9.

6.  A. Rinaldo-Matthis, C. Rampazzo, J. Balzarini, P.
Reichard, V. Bianchi, P. Nordlund: Crys tal Struc tures of
the Mi to chon drial Deoxyribonucleotidase in Com plex with 
Two Spe cific in hib i tors. Mol Pharmacol, 65 (2004),
860-867.

Fig ure 1. Bo ron clus ter de riv a tives as novel types of  in hib i tors of HIV
pro te ase (left) and  carborane-sulfamide mol e cule bind ing to the ac tive 
site of hCA II (right).
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SL - D4

SIGNIFICANT CHANGES BETWEEN THE X-RAY STRUCTURE AND NMR
STRUCTURE OF d-SUBUNIT OF RNA-POLYMERASE

Ga briel Demo1,2, Veronika Papouskova1,2, Hana Sanderova4,5, Lukas Zidek1,2  and  
Michaela Wimmerova1,2,3
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2Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Brno, Czech Re pub lic
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RNA poly mer ase (RNAP) is an es sen tial en zyme that is re -
spon si ble for tran scrip tion of DNA into RNA. It is a
multi-sub unit en zyme and its com po si tion is well con -
served through out all bac te rial spe cies. Gram-pos i tive bac -
te ria in com par i son to gram-neg a tive bac te ria con tain two

ad di tional sub units that as so ci ate with RNAP: d [1] which

is the sub ject of this work, and w1 [2]. The re com bi nant

form of d-sub unit from Ba cil lus subtilis is a 173 aa long
pro tein with the acidic pI of 3.6. It was shown to con sist of
two do mains: the N-ter mi nal do main dis play ing an or dered 
struc ture as de ter mined by CD spec tros copy, and the C-ter -
mi nal do main, which ap peared flex i ble and un struc tured.
The N-ter mi nal do main was shown to in ter act with RNAP
[3]. The struc ture of N-ter mi nal do main was de ter mined by 

NMR. It con sists mainly of three a-he lixes and two short

b-sheets, yet the N-ter mi nal part re mains un struc tured. The 
cause of this flex i bil ity is prob a bly the His6-Tag at tached at 
the N-ter mi nus [4].

The N-ter mi nal do main of d-sub unit was conquested to
high-throughput screen ing (sit ting drop), where sev eral
crys tal li za tion con di tions were found. Fur ther op ti mi za tion 
showed two con di tions that are more fa vour able for the
crys tal growth and it´s qual ity. Vapour dif fu sion hang ing
drop and un der oil crys tal li za tion tech niques were used for
the crys tal li za tion in the op ti miz ing steps. Higher qual ity
crys tals were ob tained af ter 7-9 days. An io dine com pound
was used as a co-crys tal line sub stance to have a pos si bil ity
to pro vide a Sin gle Anom a lous Dis per sion (SAD) ex per i -
ments. Dif frac tion data were col lected at BESSY II Berlin,
beamline MX-14.2. The col lec tion of SAD and na tive data

of d-sub unit was suc cess ful. Both data were col lected on
the same crys tal with av er age size 500 µm x 350 µm. The
res o lu tion of the SAD data was 1.66 C and the na tive data
1.8 C. The data were pro cessed by MOSFLM and the struc -
ture was solved us ing SAD data by de ter mi na tion of the po -

si tions of heavy at oms, in this case iodines from the io dine
sub stance used in op ti miz ing step of the crys tal li za tion pro -
ce dure. The space group was de ter mined as C222(1),
which means orthorhombic centro-sym met ric space group. 
For the na tive data, the struc ture de ter mi na tion was done
us ing mo lec u lar re place ment with the struc ture solved

from SAD data. The a-he li cal part of the pro tein is in
a good agree ment with the NMR struc ture. How ever,the
X-ray struc ture showed com pletely dif fer ent be hav iour

(fold ing) inthe re gion cor re spond ing to b-sheets pres ent in
the NMR struc ture The prob lem atic N-ter mi nal part with
His6-Tag on the end is not ob serv able due to high flex i bil -
ity. In the X-ray struc ture Ni2+ ions were ob serv able, which
can be ex plained by us age of Ni-NTA col umn for pu ri fi ca -

tion of the N-ter mi nal do main of d-sub unit. Fur ther in ves ti -
ga tions were concerned on the Ni2+ ions as a pos si ble main
fac tor of a dif fer ent fold ing of the pro tein in the crys tal
struc ture. This is a strong proof that some of the pro teins
can be dif fer ently struc tured in the so lu tion as in the crys -
tal line phase.

This work is sup ported by the Grant by 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 De vel op ment Fund and
Czech Sci ence Foun da tion (GD301/09/H004).

1. S. Clark, R. Losick, J. Pero, Na ture, 252, (1974), 21–24.

2. J. D. Helmann, C. P. Moran, Wash ing ton, DC: ASM Press,

(2002) 289–312.

3. F. J. Lopez de Saro, A. Y. Woody, J. D. Helmann, J. Mol.

Biol., 252, (1995), 189–202.

4. V. Motácková, H. Sanderová, L. Zídek, J. Novácek, P.
Padrta, A. Svenková, J. Korelusová, J. Jonák, L. Krásný, V.   

Sklenár, Pro teins, 78(7), (2010), 1807-10.
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THE STRUCTURAL AND BIOCHEMICAL DATA OF ENZYME CAPABLE OF
ORGANOPHOSPHATES DEGRADATION

Andrea Štìpánková1, J. Dušková2, T. Skálová2, J. Hašek2, T. Kova¾3, L. H.  qstergaard4,
 J. Dohnálek2
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Extremophiles are or gan isms liv ing in ex treme con di tions
on Earth (for il lus tra tion: tem per a tures of -50 °C or 113 °C,
hy dro static pres sures of 120 MPa or pH val ues of 0.5 or
12.0). Psychrotrophs are a group of extremophilic mi cro or -
gan isms with the min i mal tem per a ture of growth around
0 °C and with the op ti mal tem per a ture of growth around
20 °C. Halophiles are a group of extremophilic mi cro or -
gan isms re quir ing at least 0.2 M con cen tra tions of salt for
their growth.

The ex am ined en zyme organophosphorus acid an -
hydro lase (OPAA) is able to cat a lyze hy dro ly sis of proline
dipeptides (Xaa-Pro), and of sev eral types of organo -
phosphate com pounds com monly used as pes ti cides or as
nerve agents. The en zyme, with the pH op ti mum around 8,
of fers a large po ten tial for bio tech no log i cal ap pli ca tion as a 
tool for bio-deg ra da tion of these dan ger ous com pounds.
Two dif fer ent types of the OPAA en zyme from dif fer ent
bac te ria – psychrothropic and slightly halophilic Pseudo -
alteromonas haloplanktis and slightly halophilic Altero -
monas macleodii – were stud ied and com pared with the 
se quence re lated hu man prolidase. 

Three mo lec u lar struc tures of the OPAA en zyme from
Alteromonas macleodii have been de ter mined. The struc -
ture data were col lected at the beam line PX 14.1 of the
source of syn chro tron ra di a tion Bessy II (Helmholtz-
 Zentrum, Berlin). Na tive amOPAA crys tal lized in the
space group C2 with unit cell pa ram e ters a = 134.3 C,, b =

49.1 C, c = 97.2 C and b = 125.0°. The crys tals were mea -
sured na tive and soaked with ligand Pro-Gly, too. Data
were col lected up to res o lu tions 1.8 C and 1.9 C, re spec -
tively. The third crys tal struc ture de ter mined is the na tive
amOPAA crys tal lized in the space group P212121 (unit cell
pa ram e ters a = 75.6 C, b = 111.2 C, c = 138.1 C). Data
were col lected to res o lu tion 2.2 C in this case. Re fine ment
of all these struc tures per formed well with the av er age B
fac tor around 20 C2 and the fi nal R fac tors in the range 15.3 
– 16.6 %. The struc ture of was de pos ited in the PDB un der
the ac ces sion code 3RVA.

To mod u late the en zy matic ac tiv ity pro files and to ex -
plain the en zy matic func tion of OPAA, we made site-di -
rected mu ta gen e sis of OPAA from Pseudoalteromonas
haloplanktis near in its sub strate bind ing site (Tyr212,
His226, Asp244, Asp255, His335, His339, Arg370,
Glu384, Arg421, Glu423, Val345, His346) found in our
struc ture with the di pep tide Pro-Gly com plex. Only two of
seven tested sin gle-mu ta tions (Y212F, Y212S - H226N,

H226K - H334N, H334K, H334Q) re tained the enzymatic
activity.

En zyme as say stud ies showed a loss of ac tiv ity as a
con se quence of site-di rected mu ta gen e sis in five cases.
Two mu ta tions high lighted in bold re tained the en zy matic
ac tiv ity ac cord ing to the re sults of bio chem i cal char ac ter -
iza tion (DLS, SDS-PAGE). The pH pro files of the OPAA
mu tants Y212F and H226K pre serv ing ac tiv ity re main

Fig ure 1. The car toon rep re sen ta tion of 3D struc ture of  the
OPAA from Alteromonas macleodii. The binuclear metal cen ter
is high lighted by two spheres. 

Fig ure 2. Tested mu ta tions around the ac tive site of OPAA. The
red residus are in po si tions found in the na tive OPAA. The ma -
genta res i dues are res i dues which were mu tated in phOPAA; the
green res i dues show the par tic u lar mu ta tions. The man ga nese ions
are shown as green spheres.
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sim i lar to the wild type, but in the case of mu tants are
shifted slightly to more basic pH.

The com par a tive study shows that the OPAA en zyme is 
very sim i lar to hu man prolidase. High sim i lar i ties in struc -
ture and also in sub strate specificities of OPAAs and
prolidases have brought up some in ter est ing ques tions re -
gard ing the his tor i cal clas si fi ca tion of this group of en -
zymes with re lated but not iden ti cal ac tiv ity pro files. 

The struc tures dis cussed here to gether with other three
struc tures of pro tein-ligand com plexes of the low tem per a -

ture ac tive b-galactosidase are part of the PhD the sis [3].

1. Vyas, N. K. et al., (2010). Struc tural in sights into the dual
ac tiv i ties of the nerve agent de grad ing organophosphate
anhydrolase/prolidase. Bio chem is try, 49, 547-559.

2. Raushel, F. M. (2002). Bac te rial de tox i fi ca tion of
organophosphate nerve agents. Cur rent opin ion in Mi cro bi -
ol ogy, 5, 288-295.

3. Štìpánková A., (2012). PhD The sis, X-ray struc tural anal y -
sis of en zymes from extremophiles and their com plexes
with bound lig ands, pp. 1-119, FJFI ÈVUT, Praha.

ADVANCED COURSES OF PROTEIN STRUCTURE ANALYSIS 2012 - 2015

Se ries of sem i nars, courses and dis cus sion meet ing on anal y sis of pro tein struc ture, dy nam ics and func tion sup ported un -
der the pro gram OPVK MŠMT will be or ga nized dur ing the pe riod  2012-2015.

The ac tions are de ter mined for sci en tific work ers, teach ers, for PhD stu dents and stu dents, etc. All par tic i pants re ceive
pre lim i nary ma te ri als for study be fore vis it ing the course to en sure better per cep tion of problematics and pos si ble ac tive
par tic i pa tion in the dis cus sion meet ings. 

The par tic i pa tion is free of charge for the par tic i pants em ployed in the re search or ed u ca tional in sti tu tions all over the
Czech Re pub lic with ex cep tion of the city Prague from the OPVK pro gram. 

The par tic i pants who are not able to prove af fil i a tion to the re gion out side of Prague city should cover the cur rent fee. 
The fee will be an nounced de rived from real costs of the in di vid ual ac tion in will be an nounced in the in vi ta tion to the par -
tic u lar sem i nar. It de pends on the length of the sem i nar and whether the accommodation and meals will be re quired, etc.

De tailed in for ma tion and the fi nal pro grams of par tic u lar courses and sem i nars will be an nounced con tin u ously to all reg is -
tered us ing the at tached form, mostly about 3 months in ad vance. 

The courses will be reg is tered in the ed u ca tional pro gram of the Charles Uni ver sity and if the stu dent de cides to take part in 
ex am i na tions, he can reg is ter his par tic i pa tion in his cur ric u lum of grad u ate or post grad u ate study. 

THE PLANNED TOPICS 
1. Struc ture-func tion cor re la tions – prac ti cal use of the Pro tein Struc ture Data bank, the Cam bridge Struc ture Da ta base 

         of Or ganic and Organometalic struc tures, the Poly mer Struc ture Da ta base, and the re lated soft ware. 
2. Ex per i men tal tool for struc ture de ter mi na tion (X-ray diffractometers, syn chro tron fa cil i ties, free-elec tron la sers, 

         NMR spec trom e ters, ELI). 
3. Ab in itio struc ture de ter mi na tion of macromolecular struc ture (X-ray dif frac tion, neu tron dif frac tion, elec tron dif

             frac tion, NMR, trans mis sion elec tron mi cros copy, op ti cal spec tros copy). The struc ture re fine ment, con straints and 
         re strains, tem plate li brar ies (X-ray, NMR)

4. Ac cu racy and re li abil ity of pro tein struc ture de ter mi na tion  (X-ray, NMR, TEM)
5. Func tion prin ci ples of or ga nized mo lec u lar sys tems 
6. Ex pres sion, pu ri fi ca tion, deuterization, ad vanced crys tal li za tion meth ods. Genomic anal y sis, struc ture alignments, 

         cor re la tions, etc. 
7. Mo lec u lar mod el ling, mo lec u lar dy nam ics, the en ergy es ti mates, model and re al ity
8. Pro tein struc ture and func tion in dif fer ent en vi ron ment. Us ing meth ods for check ing a status of pro tein – small an gle 

         scat ter ing, op ti cal spec tros copy, dif fuse light scat ter ing, etc.
9. Prin ci ples of mo lec u lar rec og ni tion, pro tein-pro tein and pro tein-ligand in ter ac tions, drug de sign

The courses are mu tu ally in de pend ent, i.e. the par tic i pa tion in any of these courses is not bound to par tic i pa tion in any
other course of this se ries.

For more spe cific in for ma tion or pro pos als of miss ing top ics or lec tures, please, send e-mail to hasek@imc.cas.cz

Jindøich Hašek
Ústav makromolekulární chemie AV ÈR,
Heyrovského nám. 2
162 06   PRAHA   6
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