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which is ac ti vated by the cat a lytic histidine. Histidine sub -
sti tu tion im pairs hy dro ly sis step lead ing to the for ma tion of 
sta ble pro tein ligand com plex [1]. In this study, we have
de vel oped a pro to col for spe cific la bel ing of the tun nel
open ing and elim i na tion of all un bound and non-spe cif i -
cally bound coumarin mol e cules. 

Acrylamide quench ing and time-re solved ani so tropy
ex per i ments con firmed the se lec tive la bel ing of en zyme by
coumarin and com plete re moval of un bound mol e cules of
coumarin. Steady-state and time-re solved emis sion spec tra
mea sure ments showed sig nif i cant dif fer ences in the po lar -
ity, ac ces si bil ity and mo bil ity of the dye and its
microenvironment for both stud ied haloalkane dehalo -
genases. Coumarin bound in haloalkane dehalogenase
DbjA is more flex i ble and more hy drated in com par i son
with coumarin bound in DhaA. Micro environment dis -

plays higher po lar ity and lower vis cos ity than in DhaA.
The ob tained ex per i men tal data showed good agree ment
with the re sults ob tained by mo lec u lar dy nam ics cal cu la -
tions. These re sults re flect ge om e try of the tun nel mouths
ev i dent from the crys tal struc tures [2].

Sol vent dy nam ics in the tun nel mouth will be fur ther
stud ied in other nat u ral haloalkane dehalogenases and their 
vari ants. Com par i son of sol vent dy nam ics for var i ous con -
structs will help us to better un der stand how this dy nam ics
in flu ences func tional prop er ties of the en zymes with bur -
ied ac tive sites.

1. HaloTagTM In ter change able La bel ing Tech nol ogy, Tech ni -
cal Man ual, Promega Cor po ra tion, Mad i son, USA; 2006.

2. A. Jesenska, J. Sykora, A. Olzynska, J. Brezovsky, Z .
Zdrahal, J.  Damborsky & M. Hof,  J. Am. Chem. Soc. (in
press).
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The prog ress which ap peared in the lat est de cades in the
com pu ta tional field es tab lished com pu ta tional chem is try
meth ods to be of com pa ra ble qual ity to ex per i men tal meth -
ods. The num ber of cases in which com pu ta tional chem is -
try meth ods can be suc cess fully ap plied is still in creas ing
and these meth ods are now a days used with profit for mod -
el ing mo lec u lar sys tems and de tailed stud ies of var i ous
struc tural and func tional prop er ties. 

Par tial atomic charge is a mo lec u lar prop erty which is
very of ten used in chem is try, par tic u larly for clar i fi ca tion
of dif fer ences in struc ture or re ac tiv ity be tween mol e cules.
Un for tu nately, par tial charges are not ob tain able from ex -
per i ment, but they can be de rived us ing the quan tum chem -
is try meth ods. In the quan tum chem is try, there are more
ap proaches, how to solve this task, but none of them can be
con sid ered to be the best one and what is more, these meth -
ods are on one hand very pre cise, but also quite time-de -
mand ing. For some types of cal cu la tions it is not ac cept able 
to wait for the re sults for such long time and for that rea -
sons also some al ter na tive ap proaches ap peared. These ap -
proaches are based mostly on the semi-em pir i cal prin ci ples 
and the Electronegativity Equal iza tion Method is one of
them.

The Electronegativity Equal iza tion Method was de vel -
oped as a semi-em pir i cal method based on the Den sity
Func tional The ory [1] and it is a fast way how to ob tain ap -

pro pri ate par tial charges for ar bi trary mol e cule. The meth -
od ol ogy is based on the San der son’s Electronegativity
Equal iza tion Prin ci ple [2] which is ap plied to the Den sity
Func tional The ory. Due to its semi-em pir i cal char ac ter, it
is nec es sary to parameterize the Electronegativity Equal -
iza tion Method be fore the first us age and the paramet -
rization pro cess in flu ences the qual ity of re sult ing charges.
We have al ready parameterized the Electro negativity
Equal iza tion Method on very large sets of or ganic,
organohalogen and organometal mol e cules from the Cam -
bridge da ta base of crys tal lo graphic struc tures (CSD) and
the Na tional Can cer In sti tute 3D struc ture da ta base (NCI
DIS). Based on these train ing sets, very ro bust
parameterization was per formed and the num ber of so far
parameterized el e ments was in creased [3, 4]. The ob tained
pa ram e ters were care fully val i dated and re sult ing par tial
atomic charges were in a very good agree ment with quan -
tum me chan i cally cal cu lated par tial atomic charges.

1.  R. G. Parr, W. Yang, Den sity-Func tional The ory of At oms
and Mol e cules, Ox ford Uni ver sity Press, (1989).

2.  R. T. San der son, J Am Chem Soc, 105, (1983), 2259.

3.  R. Svobodová Vaøeková, Z. Jiroušková, J. Vanìk, Š.
Suchomel, J. Koèa, Int. J. Mol. Sci., 8, (2007), 572.

4.  Z. Jiroušková, R. Svobodová Vaøeková, J. Vanìk, J. Koèa,
J Comput Chem, elec tron i cally pub lished ahead of print.
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INTERACTION OF “PIANO-STOOL” RUTHENIUM COMPLEXES WITH DNA; 
QM/MM STUDY
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Ru the nium(II) “pi ano-stool” com plexes [RuII(h6-
 arene)(en)Cl]+ (en = ethylendiamine) were re ported by
Sadler’s group [1,2] as prom is ing anticancer drugs. Their
be hav ior in bi o log i cal en vi ron ment is sim i lar to well
known chemotherapeutic cisplatin, i.e. first the chlo rine is
re placed by wa ter mol e cule and af ter this hydration re ac -
tion the aqua ligand is ex changed by nu cleic base.

We have shown in our pre vi ous com pu ta tional study
that the most pref er a ble site in DNA for bond ing Ru is N7
po si tion on gua nine which is well ac ces si ble from ma jor
groove of DNA. Gua nine re place ment re ac tion passes
com plex two-step mech a nism. DFT/MP2 cal cu la tions on
this sys tem were per formed both in vacuo and in COSMO
re gime. Ther mo dy namic pa ram e ters and rate con stants
were de ter mined and com pared with ex per i men tal re sults.

Pos si bil ity of intrastrand cross-link for ma tion was in -
ves ti gated by QM/MM meth od ol ogy. We use model where 

Ru com plex is bound to 6-base-pair DNA oligomere. QM
part of sys tem is eval u ated by pro gram Turbomole while
the MM sur round ing is treated by Am ber pro gram pack -
age. These pro grams are gov erned by script-based in ter -
face called ComQum [3,4]. AIM and NBO anal y sis were
cal cu lated. In ves ti gated pro cess of the cross-link form ing
is exo ther mic and the pi ano-stool struc ture is lost dur ing
the re ac tion.

1. Fernandez, R.; Sadler, P. J. et al. J. Inorg. Biochem. 2003
96(1), 130.

2. Guichard, S. M.; Sadler, P. J. et al. Biochem. Pharm. 2006
71(4), 408-415

3. Ryde, U. J. Comput.-Aided Mol. De sign 1996, 10, 153-164

4. Ryde, U.; Olsson, M. H. M. J. Quant. Chem. 2001, 81,
335-347.
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Cur rent struc tural bi ol ogy re search com prises from many
dis tinct ar eas cre at ing huge amount of re search prob lems
as en gi neer ing of en zy matic struc tures, QM/MM stud ies of 
ca tal y sis, gain ing in sight into the bind ing pro cess, pro tein
struc ture pre dic tion, pro tein-pro tein dock ing, mul ti di men -
sional para met ric stud ies, ge nome/ge nome evo lu tion anal -
y sis and many oth ers. To be able to tackle them on
ap pro pri ate level one needs ma ture en vi ron ment and cor re -
spond ing tools. Within the Czech Re pub lic, pro ject
MetaCentrum [1] is cur rently pro vid ing such sup port and
tools through its idea of shared dis trib uted re sources. The
shar ing  of  re sources  –  in clud ing com put ing  ca pac i ties, 
stor age  ca pac i ties and var i ous sci en tific in stru ments – is
one of  the  fun da men tal  el e ments  of  the  e-In fra struc ture
con cept.

MetaCentrum, the pro ject of CESNET as so ci a tion,
there fore rep re sents a pro duc tion in fra struc ture (grid) com -

posed from fa cil i ties through out  the  Czech  Re pub lic.
MetaCentrum  pro duc tion  ser vices  are pro vided  to  the 
whole  Czech  ac a demic com mu nity with ap pli ca tions cov -
er ing wide range of do mains from chem is try, life  sci ences 
through en gi neer ing ap pli ca tions based on fi nite el e ment
mod el ing up to phys ics and as tron omy.  Cur rent re search 
in  MetaCentrum  cov ers virtualisation,  se cu rity,  job 
sched ul ing and  the uti li za tion  of ad vanced  net work fea -
tures  pro vided  by  the  CESNET2 net work. Be sides the
com pu ta tional sup port the re search ers can ad dress through
MetaCentrum is sues con cern ing stor age and reg u lar
backup of vast amount of data gen er ated dur ing long
biomoleculer sim u la tions. Sim i larly, they can ben e fit from
avail able videoconferencing fa cil i ties to rou tinely uti lize
them for re mote cross-bor der day-to-day col lab o ra tion.

 [1] http://meta.cesnet.cz/.
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The pa per deals with mi cro bial growth mod el ling in the 
bioreactor. Our ap proach is based on ran dom walk mod els
of tur bu lent dis per sion in stead of much more com mon ap -
proach based on raw CFD (Com pu ta tional Fluid Dy nam -
ics) based on fi nite vol ume method. Bio chem i cal re ac tions
are de scribed us ing the sto chas tic ap proach. Fi nally, the
sim u la tion of photosynthetic or gan isms growth in a
Couette-Tay lor photobioreactor is pre sented.

1.  Bezzo, F., Macchietto, S. & Pantelides, C.C. (2003) Gen -
eral Hy brid Multizonal/CFD Ap proach for Bioreactor
Mod el ling, AIChE Jour nal, 49, pp 2133-2148.

 2. Eilers, P.H.C. & Peeters, J.C.H. (1993) Dy namic be hav iour 
of a model for pho to syn the sis and photoinhibition. Eco log -
i cal Mod el ling, 69, pp. 113-133.

3. Saxton, M.J. (2007) Modeling 2D and 3D Diffusion,
Methods in Molecular Biology, 400, pp. 295-321.
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Pt(II)/Pt(IV) com plexes

Cisplatin (diammine-dichloro-plat i num(II) com plex) and
its an a logues are known for their high ac tiv ity in the
anticancer treat ment. The physico-chem i cal back ground of 
the ac ti va tion of these drugs in the hydration pro cess of re -
plac ing chloro-ligards by wa ter mol e cules was ex am ined.
Ther mo dy namic and ki netic pa ram e ters were de ter mined
for this hydration re ac tion. Com par ing with ex per i men tal
data it can be seen very good agree ment of both char ac ter -
is tics. The pro cess of cisplatin ac ti va tion can be un der stand 
purely on the thermodynamical foot ings as for ma tion of
less sta ble Pt-com plexes un der the LeChatelier-Braun-van
Hoff’s prin ci ple of chem i cal equi lib rium.

Ru(II)-pia no-stool com plexes

De tach ment of the chloro-ligand in [Ru the nium(II)
(Arene)(en)Cl]+ is stud ied in con nec tion with cisplatin ac ti -

va tion. Sim i larly, tran si tion state for pro cess of the wa ter
re place ment was searched and both thermodynamical and
kinetical data for ac ti va tion and in ter ac tions with pu rine
nucleobases bases were es ti mated. Com par i son with mea -
sured data dem on strates a power of such com pu ta tional
tools for fur ther in ves ti ga tions.

Di nuclear Rh(II) com plexes

Pref er ence for co or di na tion of diaqua-tetrakis-m-
 acetatodirhodium to pu rine DNA bases is ex am ined.
Higher ther mo dy namic af fin ity of the Rh-com plex to gua -
nine was found de spite the larger sta bil ity of the (Rh)2-ad e -
nine struc ture (in ac cord with HSAB prin ci ple). Pos si ble
re ac tion mech a nism for the DNA base sub sti tu tion is ex -
plored us ing sim ple model mol e cules in the both gas phase
and PCM approaches.



Ó Krystalografická spoleènost

b12 SSB - 7 Lec tures Ma te ri als Struc ture, vol. 16,  no. 1a (2009)

L15
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A neg a tively charged phos phate group of nu cleic acid
back bone in ter con nect ing two (2-deoxy)ribose units rep re -
sents one of the most im por tant sol va tion sites in nu cleic
ac ids. An im pres sive amount of work has been done on
char ac ter iz ing the struc ture of the sol va tion shell of ca non i -
cal DNA as well as of other back bone pat terns found in
RNA. Sur pris ingly nar row re gions of wa ter oc cur rence in
the di rect con tact (H-bond) with phos phate group have
been ob served in crys tals. The pres ence of phys i o log i cal
monovalent and di va lent cat ions in the phos phate first sol -
va tion shell was also con firmed [1].

The X-ray iden ti fi ca tion of 3rd pe riod al kali metal ions
(Na+, Mg2+) is not a straight for ward task since these ions
and the wa ter mol e cule pos sess the same num ber of elec -
trons. In many cases, the meth ods of mo lec u lar spec tros -

copy can be used for metal ion rec og ni tion [2-4]. We
in ves ti gated the pos si bil ity of char ac ter iz ing the spe cific
in ter ac tions of metal ions with nu cleic ac ids by NMR spec -
tros copy. Ab-in itio com pu ta tional meth ods were ap plied to 
se lected nu cleic acid struc tural pat terns in clud ing ex plicit
sol vent mol e cules. We out line sev eral op tions for mon i tor -
ing the pres ence of metal ions in con tact with nu cleic ac ids.

1. B. Schnei der, M. Kabeláè, J. Am. Chem. Soc., 120, (1998),

161.

2.   Y. Tanaka, K. Taira, Chem. Commun., (2005), 2069.

3. B. Halle, V. P. Denisov, Proc. Natl. Acad. Sci. USA, 97,

(2000), 629.

4. E. Freisinger, R. K. O. Sigel, Coord. Chem. Rev., 251,
(2007), 1834.
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31P chem i cal shift ten sors (dii) can aid nu cleic acid
struc ture de ter mi na tion [1]. Due to the lack of ex per i men tal 
data, the o ret i cal cal cu la tions are a valu able method of

choice to ob tain dii . Pre vi ous re sults of such cal cu la tions
on static mod els of phos phate groups proved to pro vide
use ful, yet rather lim ited in for ma tion, as they do not ac -
count for dy nam i cal ef fects [2,3]. In ter nal conformational
mo tion as well as the con tin u ous break ing and form ing of
hy dro gen bonds be tween sol vent mol e cules and phos phate
oxygens in flu ence 31P chem i cal shift ten sors con sid er ably.
There fore, we have per formed clas si cal mo lec u lar dy nam -
ics (MD) sim u la tion of [d(CGCGAATTCGCG)]2 and used 
the snap shots from the MD tra jec tory for chem i cal shift
ten sor cal cu la tions. Small clus ter mod els con sist ing of
dimethyl phos phate and wa ter mol e cules within the first
sol va tion shell have been em ployed. Cal cu la tions were car -
ried out at the den sity func tional level (DFT) of the ory, ap -
ply ing gra di ent-cor rected BP86 func tional and IGLO-III
ba sis set. Changes in chem i cal shift ten sors in tro duced 1)
by ex tend ing the ex plicit sol vent be yond the first sol va tion

shell and 2) by add ing im plicit sol vent or par tial point
charges to the small clus ter mod els have been ana lysed. In
or der to as sess the di rect ef fect of hy dro gen-bond ing, the
re sults ob tained are also com pared to chem i cal shift ten sors 
cal cu lated for dimethyl phos phate with out any co or di nated
wa ter mol e cules. 

1. Z. Wu, N. Tjandra, A. Bax, J. Am. Chem. Soc., 123,
(2001), 3617.

2. J. Pøecechtìlová, Markéta L. Munzarová, P. Novák, V.
Sklenáø, J. Phys. Chem. B, 111, (2007), 2658.

3. J. Pøecechtìlová, P. Padrta, Markéta L. Munzarová, V.
Sklenáø, J. Phys. Chem. B, 112, (2008), 3470.
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