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New rules and pri or i ties re gard ing sup port of key re search
in fra struc tures in Eu rope are be ing de fined by the Eu ro -
pean Strat egy Fo rum on Re search In fra struc tures (ESFRI).
In te grated Struc tural Bi ol ogy In fra struc ture for Eu rope
(INSTRUCT) has been voic ing the needs and pri or i ties of
the field and will likely play an im por tant role for the fu ture 
of mo lec u lar and cel lu lar struc tural bi ol ogy re search in Eu -
rope in the com ing years.

The Czech Re pub lic has joined the ef fort and be come
an af fil i ated coun try of INSTRUCT in 2008. Our par tic i pa -
tion in the pre pa ra tory phase of INSTRUCT, now ex tended 
till March 2011, of fers a lim ited space to in flu ence the de -
vel op ment in clud ing fu ture pol i cies such as sup port of ac -
cess to heavy tech nol ogy, e.g. syn chro tron ra di a tion
sources, cut ting edge NMR or EM tech nol o gies. The pro -
ject also rep re sents an op por tu nity for de vel op ment of
some tech niques and meth od ol o gies (com pu ta tional ap -
proaches and stan dard iza tion of elec tron mi cros copy im -
age pro cess ing and other).

The Czech struc tural bi ol ogy com mu nity is char ac ter -
ized by a wide spec trum of ex per i men tal and com pu ta -
tional ap proaches but lim ited ca pac ity and “sub-crit i cal
mass” in many tech niques. For ma tion of a na tional struc -
tural bi ol ogy plat form to fos ter the fu ture de vel op ment in
this field and rep re sent the needs and ben e fits of this re -
search field in com mu ni ca tion with the Czech Min is try of
Ed u ca tion, Youth and Sports and INSTRUCT has been
agreed on at the first Na tional User Group meet ing in
Prague in De cem ber 2009.

The func tion, for mal frame work and le gal sta tus of
such na tional plat form are to be dis cussed and es tab lished
at this meet ing.

Ac knowl edge ments

The au thor wishes to ac knowl edge the E.C., In te grated
pro ject SPINE2-Com plexes (no. 031220) and INSTRUCT
(no. 211252) and the Czech Sci ence Foun da tion (pro ject
no. 310/09/1407) for sup port.
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 SOLID-STATE NMR OF BIOLOGICAL SAMPLES

Z. Tošner

Fac ulty of Sci ence, Charles Uni ver sity in Prague, Hlavova 8, 12843 Prague 2, Czech Re pub lic

Solid-state nu clear mag netic res o nance (NMR) is an in -
valu able spec tro scopic method un der go ing rapid de vel op -
ment dur ing the past years. In the area of bi o log i cal
re search, it fo cuses on de ter mi na tion of atomic-res o lu tion
struc tures for so-called in sol u ble pro teins, in clud ing dif fi -
cult cases such as mem brane pro teins, am y loid fi brils, and
pro teins in heterogenous en vi ron ments. Through ef fi cient
ex ploi ta tion of iso tro pic as well as anisotropic (i.e., ori en ta -
tion de pend ent) nu clear spin in ter ac tions, it is now pos si ble 
to rou tinely ob tain 2- and 3-di men sional solid-state NMR
spec tra which in many re spects re sem ble those known from 
liq uid-state pro tein NMR spec tros copy. Such achieve -
ments were pos si ble thanks to both im proved the o ret i cal
un der stand ing and tech no log i cal ad vances. The solid-state
NMR meth od ol ogy in cludes fast and ul tra-fast spin ning of
sam ples ori ented at the magic an gle with re spect to the
static mag netic field (magic an gle spin ning, MAS), use of
strong ra dio-fre quency fields and so phis ti cated pulse
schemes as well as ad vanced iso tope la bel ing with NMR
ac tive nu clei. Us ing such tools en ables to fine-tune the ef -
fects of nu clear spin in ter ac tions dur ing the course of an ex -
per i ment and ex tract rel e vant struc tural informations.
Be side the nec es sary as sign ment of res o nances, inter-

atomic dis tance con straints (or even pre cise dis tances) can
be ex tracted and used for struc ture de ter mi na tion. With an
at tempt of reach ing higher sen si tiv ity, im proved ef fi cien -
cies of mag ne ti za tion trans fers and better spec tral res o lu -
tion, hun dreds of dif fer ent pulse meth ods have been
de vel oped. A gen eral trend is that the high est qual ity has
been ob tained us ing in creas ingly ad vanced NMR pulse se -
quence de sign prin ci ples, in clud ing high-or der av er age
Hamiltonian the ory, nu mer i cal optimizations based on an a -
lyt i cal mod els, and most re cently us ing op ti mal con trol
pro ce dures. All meth ods have their strong and weak points
and much more tech niques are ex pected to ap pear in this
lively area of re search.

In or der to dem on strate the great po ten tial of the
solid-state NMR ap proach to struc tural char ac ter iza tion of
bi o log i cal ma te ri als, se lected ex am ples from the field-lead -
ing groups will be pre sented and ma jor chal lenges to gether
with some emerg ing meth ods will be briefly dis cussed.

The au thor is grate ful to the Min is try of Ed u ca tion, Youth,
and Sports of the Czech Re pub lic for sup port through the
grant No. RP MSMT 14/63.

L3
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Ma son-Pfizer mon key vi rus (M-PMV) be longs to the ge -
nus of betaretroviruses, in which the ma trix pro tein (MA)
plays the es sen tial role in cer tain stages of their life cy cle
(e.g. in the as sem bly, trans port and bud ding of new vi ral
par ti cles). Sev eral sin gle or dou ble point mu tants are
known to cause dra matic changes in the vi rus life cy cle. In
par tic u lar, the sin gle point mu ta tion R55F in MA re di rects
the as sem bly of the vi ral capsid to the plasma mem brane in -
stead of to cy to plasm, which is the place of as sem bly of the
wild type form (WT). 

In our re cent work [1] we found that M-PMV WT MA
ex ists in a mono mer–dimer–trimer equi lib rium in so lu tion
with the cor re spond ing dis so ci a tion con stants of 2.3 mM
and 0.24 mM, re spec tively. Con versely, al most neg li gi ble
and non spe cific oligomerization was ob served for the
R55F mu tant. Struc tural com par i son of ma trix pro teins ex -
plained their dif fer ent be hav ior in so lu tion, con clud ing that 
the key res i dues in volved in the intermonomeric in ter ac -
tion are ex posed in the WT MA while be ing bur ied in the
mu tant, which pre vents the oligomerization of R55F MA. 
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Here, we pres ent the motional anal y ses of the ex per i -
men tal 15N NMR re lax ation and “in silico” mo lec u lar dy -
namic sim u la tions (MD) for WT and R55F MAs. Both
ap proaches en lighten mo lec u lar mo tions from the mi cro -
scopic point of view. Anal y sis of ex per i men tal data pro -
vides in for ma tion about global re ori en ta tion of mol e cule,
flex i bil ity of each res i due (through or der pa ram e ters, S2)
and for most sites also the timescale of lo cal mo tion. Al -
though MD sim u la tions pro vide a wealth of in for ma tion
giv ing al most com plete pic ture of pro tein dy nam ics, care -
ful anal y sis of re sults is nec es sary to avoid pos si ble ar ti -
facts com ing from poor sam pling of rare dy nam i cal
pro cesses dur ing sim u lated tra jec tory. Two com pu ta tional
ap proaches were used here; the first one was the isotropical 

reorientational eigenmode dy nam ics (iRED) [2] which
pro vided es pe cially in for ma tion about cor re lated mo tions.
The sec ond one was the cal cu la tion of the timescale win -
dow-de pend ent or der pa ram e ters, S2(w), which pro vided
in for ma tion in ac ces si ble by ex per i ment. Com pu ta tional
rou tine is im ple mented in pro gram PAIN [3]. Im por tant
changes in lo cal dy nam ics caused by the sin gle point mu ta -
tion will be dem on strated and dis cussed.

1. J. Vlach et al. J. Mol. Biol., 390, 5, 967-980, (2009).

2. J. Prompers, R. Brüschweiler, J.Am.Chem.Soc., 124,
4522-4534, (2002).

3. P. Macek, et al., J.Phys.Chem.B, 111, 5731-5739, (2007).
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INTERACTION OF THE M-PMV MATRIX PROTEIN WITH PHOSPHATIDYLINOSITOL
BISPHOSPHATE

Jan Prchal, Jiri Vlach, Tomas Ruml, Richard Hrabal

In sti tute of Chem i cal Tech nol ogy in Prague, Technická 5, Prague 6, Czech Re pub lic

Polyprotein Gag as a pre cur sor of struc tural pro teins plays
a key role in for ma tion and bud ding of retroviral par ti cles.
The N-ter mi nal do main of Gag, the ma trix pro tein (MA)
in ter acts with the cy to plas mic mem brane of in fected cell
through the bi par tite sig nal that in volves a clus ter of ba sic
res i dues and my ris tic acid which is co va lently at tached to
the amino-ter mi nal glycine. In un bound state the myristate
is seqestered in MA hy dro pho bic core. When Gag binds on
cy to plas mic mem brane, the myristate is re leased and an -
chors the MA on the mem brane. This is called myristoyl
switch. In HIV-1 MA the myristoyl switch is reg u lated by
phosphatidylinositol-4,5-bisphosphate (PIP), which is a
phospholipide and is a part of the cy to plas mic mem brane.
PIP binds on HIV-1 MA and trig gers the re lease of
myristoyl, one of its fatty acid chains in ter acts with MA,
strength en ing the bind ing on the mem brane. Be cause PIP is 
also nec es sary for HIV-2 and MMLV MA`s bind ing, we
be lieve that PIP plays an im por tant role  in the in ter ac tion
of M-PMV MA with the mem brane.

We have stud ied the in ter ac tion of PIP with MA us ing
NMR spec tros copy and ar ti fi cial liposomes. For NMR
mea sure ment we used sol u ble PIP whith C8 fatty acid
chains. Upon ti tra tion of MA with an in creas ing con cen tra -
tion of PIP we ob served changes of MA chem i cal shifts.
There fore, STD-NMR (sat u ra tion trans fer dif fer ence) ex -
per i ment was mea sured at dif fer ent MA/PIP ra tios.dem on -
strat ing that the ma jor bind ing epitope is lo cated on the
fatty acid chains.. These ex per i ments al lowed us to prove
that the in ter ac tion is spe cific and to cal cu late an ap prox i -
mate struc ture of the PIP-MA com plex. We also pre pared
ar ti fi cial liposomes from phosphatidilcholine with 10% of
PIP and mixed them with MA. Bound MA was sep a rated
from the ubound mol e cules by ul tra cen tri fu ga tion.We have 
proven, that M-PMV MA in ter acts with PIP spe cif i cally
and that the bind ing mode is copletely dif fer ent from
HIV-1 and HIV-2.

This work was sup ported by the Czech Min is try of Ed u ca -
tion ME 904.
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Raman spec tros copy gives a unique op por tu nity to study
pro tein sam ples in dif fer ent phases. It is pos si ble to mea -
sure in tact pro tein crys tals di rectly in hang ing drops in the
crys tal li za tion boxes they ac tu ally grow and to study the
pro tein struc ture in crys tals as well as chem i cal re ac tions in
sin gle crys tals [1]. More over, we ap ply a new tech nique of
Raman spec tros copy – a drop coat ing de po si tion Raman
(DCDR) method [2], based on a cof fee ring ef fect, that en -
ables mea sure ments of so lu tions down to 1 µM con cen tra -
tions. How ever, our re cent work ad verted to sub tle
dif fer ences which cor re spond to the glass-like phase of the
de pos ited sam ples [3]. Thus, DCDR pro tein sam ples rep re -
sent a “phase tran si tion” be tween sat u rated pro tein so lu -
tions and crys tals. This en ables to dis tin guish spec tral
dif fer ences given by the den sity of mol e cules in crys tals
from those caused by pro tein crys tal ar ti facts.

Here we il lus trate the new ap proach by Raman spec -
tros copy ap pli ca tion on PsbP pro tein of photosystem II
from Spinacia oleracea [4]. The pro tein is a part of the
so-called ox y gen-evolv ing com plex, which is in volved in
pho to syn the sis. Re com bi nant PsbP pro tein was pre pared
as thrombin-di gested re com bi nant His-tagged PsbP pro tein 
overexpressed in Esch e richia coli. The crys tal struc ture of
PsbP pro tein from Spinacia oleracea was solved to the res -
o lu tion of 2.06 C [5]. Sub se quently, Raman spec tra of

PsbP have been col lected from sol vent, from the DCDR de -
posit and from the crys tal sam ple. Mu tual com par i son of
these Raman spec tra en abled to point on short com ings in
the crys tal struc ture with re spect to the struc ture in a so lu -
tion. More over, these informations gave the pos si bil ity to
model un re solved parts of the crys tal [4].

1. P. R. Carey, J. Dong, Bio chem is try, 43, (2004), 8885. 

2. D. Zhang, Y. Xie, M. F. Mrozek, C. Ortiz, V. J. Davisson,
D. Ben-Amotz, Anal. Chem., 75, (2003), 5703. 

3. J. Kapitán J., V. Baumruk, V. Kopecký Jr., R. Pohl, P.
Bouø, J. Am. Chem. Soc., 128, (2006), 13451. 

4. V. Kopecký Jr., J. Kohoutová, M. Lapkouski, K.
Hofbauerová, Ž. Sovová, I. Kutá Smatanová, J.
L. Revuelta, J. B. Arellano, R. Ettrich, J. Mol. Biol.,
(2010), sub mit ted.

5. J. Kohoutová, I. Kutá Smatanová, J. Brynda, M.
Lapkouski, J. L. Revuelta, J. B. Arellano, R. Ettrich,
Spinacia olerace. Acta Cryst., F65, (2009), 111.

The Grant Agency of the Acad emy of Sci ences of the Czech
is grate fully ac knowl edged for the sup port (No. KJB101
120805).
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STRUCTURE OF GUANINE OCTAMERS D(G)8 DETERMINED BY COMBINATION OF
VCD SPECTROSCOPY AND THEORETICAL COMPUTATIONS
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De spite the vast amount of spec tro scopic data avail able up
to date, the so lu tion struc ture of poly nuc leo tides and
oligonucleotides rich in gua nine bases re mains am big u ous. 
Dif fer ent ge om e tries have been pro posed, rang ing from
sin gle- to mul ti ple-stranded ar range ments de pend ing on

the ex per i men tal con di tions [1-4]. Be ing rel a tively sim ple
and widely avail able, IR spec tros copy is a con ve nient
method to study the struc tural or ga ni za tion of nu cleic ac ids 
in so lu tions. Later, a more sen si tive chiroptical de riv a tive
of IR spec tros copy, vi bra tional cir cu lar dichroism (VCD),

Ó Krystalografická spoleènost

b6 SSB8 - Lec tures Ma te ri als Struc ture, vol. 17, no. 1a (2010)



was suc cess fully em ployed for such stud ies [1, 5]. How -
ever, the re sults ob tained by these meth ods for polyG and
sim i lar sys tems sig nif i cantly var ied even at com pa ra ble ex -
per i men tal con di tions. Fairly dif fer ent IR and VCD spec tra 
have been as cribed to four-stranded struc tures [1-4, 6, 7].
In some cases no ex pla na tion has been given for such dis -
crep an cies, while in the oth ers the ob served dif fer ences
have been at trib uted to metastable polyG quadruplex struc -
tures [3, 4], or to a quadruplex-du plex tran si tion [4]. 

To shed some light on the am bi gu ity ex hib it ing by the
G-rich nu cleic acid sys tems, we per formed a com bined ex -
per i men tal and com pu ta tional study of the d(G)8 octamer.
Ex per i men tal IR and VCD spec tra were mea sured for the
octamer at stan dard con di tions, used also in other stud ies
de voted to G-quadruplexes. The o ret i cal IR and VCD spec -
tra were cal cu lated for sin gle-, dou ble- and qua dru -
ple-stranded d(G)8 sys tems em ploy ing a multi-scale
ap proach. The com pu ta tional meth od ol ogy in cluded ini tial 
mo lec u lar dy nam ics (MD) sim u la tions for each pro posed
struc ture, fol lowed by ab in itio cal cu la tions of force fields
and atomic ten sors for smaller frag ments ob tained from the
octamers, and a sub se quent trans fer of those prop er ties to
the orig i nal octamers ac cord ing to the Car te sian co or di nate 
ten sor (CCT) tech niques [8]. On the ba sis of a com par i son

of the com puted spec tra with ex per i ment the most prob a ble 
struc tures could be de ter mined.    

1. A. Annamalai, T. A. Keiderling, J. Am. Chem. Soc., 109,
(1987), 3125.

2. T. Xiang, D. J. Goss, M. Diem, Biophys. J., 65, (1993),
1255.

3. F. B. Howard, J. Frazier, H. T. Miles, Biopolymers, 16,
(1977), 791.

4. A. G. Petrovic, P.L. Polavarapu, J. Phys. Chem. B, 112,
(2008), 2245.

5. V. Andrushchenko, Y. Blagoi, J. H. van de Sande, H.
Wieser, J. Biomol. Struct. Dyn., 19, (2002), 889.

6. M. R. Guzman, J. Liquier, S. K. Brahmachari, E.
Taillandier, Spectrochim. Acta, Part A, 64, (2006), 495.

7. J. Nový, S. Bohm, J. Králová, V. Král, M. Urbanová,
Biopolymers, 89, (2008), 144. 

8. P. Bouø, J. Sopková, L. Bednárová, P. Maloò, T. A.
Keiderling, J. Comput. Chem., 18, (1997), 646.

This work was sup ported by the Grant Agency of the Czech
Re pub lic (grant P208/10/0559 (VA)), Grant Agency of the
Acad emy of Sci ences (grants A400550702 and
M200550902 (PB)), and Nat u ral Sci ences and En gi neer -
ing Re search Coun cil of Can ada (NSERC) (HW).
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Charge mi gra tion in DNA has at tracted a con sid er able
amount of in ter est for its rel e vance to the mech a nism of
dam age in nu cleic acid and for its pos si ble ap pli ca tions in
the area of nanotechnology. We have com bined var i ous ex -
per i ments and the o ret i cal mod els to elu ci date fur ther the
DNA charge trans fer pro cess in terms of DNA base pair ing
pat terns, base stack ing in ter ac tion and the role of the
sugar-phos phate back bone. Through an ex plo ra tion of the
re la tion be tween the phys i cal and chem i cal sta tuses of a
par tic u lar DNA mod i fi ca tion and its charge trans port prop -
er ties, we in tended to af fect the ex tremely com plex charge

trans port pro cess and its bi o log i cal and tech ni cal sig nif i -
cance. Our ex per i men tal data as well as the re sults from the
the o ret i cal mod els and cal cu la tions in di cate that DNA
charge trans port strongly de pends on the pres ence of struc -
tural per tur ba tions, in par tic u lar ir reg u lar i ties in base-pair -
ing and base-stack ing pat terns. Even seem ingly
un im por tant struc tural per tur ba tions caused by the pres -
ence of mis matched base-pairs af fect con duc tiv ity to a
greater ex tent than ex pected from conformational changes
and de creased ther mal sta bil ity alone.
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THE INTERFACE BETWEEN OXIDIZED PHOSPHOLIPID BILAYERS AND AQUEOUS
SOLUTIONS

Lukasz Cwiklik, Robert Vacha, Michal Petrov, and Pavel Jungwirth

In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic and Cen ter for 
Com plex Mo lec u lar Sys tems and Biomolecules, Flemingovo nám. 2, 16610 Prague 6, Czech Re pub lic,

pavel.jungwirth@uochb.cas.cz

Ox i da tion pro cesses in mem branes ac com pany var i ous
patho log i cal con di tions in or gan isms, nev er the less the in -
flu ence of ox i da tion on the mem brane struc ture is still
poorly un der stood. Here we mon i tored the time evo lu tion
of a mas sively ox i dized phospholipid mem branes us ing
mo lec u lar dy nam ics sim u la tions. Ox i da tion leads to spe -
cific acyl chain re ori en ta tions. Mas sive ox i da tion also

destabilized the mem brane and, de pend ing on its ex tent
and type, in some cases even de stroyed its struc ture. Cre -
ation of sta ble pores and con se quent wa ter pen e tra tion was
ob served as a di rect con se quence of ox i da tion. Here, we
de scribe here the mo lec u lar mech a nisms of this pore for -
ma tion.

L9

AQUEOUS SALT SOLUTION OF ORGANIC SOLVENTS AS A MEDIA FOR
ENZYMATIC REACTIONS

Babak Minofar

De part ment of Struc ture and Func tion of Pro teins, In sti tute of Sys tems Bi ol ogy and Ecol ogy, Acad emy of
Sci ences of the Czech Re pub lic, and In sti tute of Phys i cal Bi ol ogy, Uni ver sity of South Bo he mia, Zamek 136,

37333 Nove Hrady, Czech Re pub lic
 e-mail: minofar@nh.usbe.cas.cz

 
The ef fect of some nonionizing, wa ter-sol u ble or ganic  sol -
vents on the en zyme ac tiv ity was stud ied both by ex per i -
ments and mo lec u lar dy nam ics (MD) sim u la tions. Also it
has been shown that many mono or di va lent cat ions and an -
ions can en hance the ac tiv ity of  en zymes in aque ous so lu -
tions of or ganic sol vents [1,2]. Or ganic sol vents can have
dif fer ent ef fect of the cat a lytic re ac tion such as low er ing
the en ergy of ac ti vated com plex or sta bi li za tion of en zyme
in so lu tion. Also us ing so lu tion of or ganic sol vents can im -
prove the sol u bil ity of some re ac tant. For ex am ple in the
case of haloalkane dehalogenase the mix ture of or ganic
sol vent with wa ter can in crease the sol u bil ity of
haloalkanes which have low sol u bil ity in wa ter. In this
work sol va tion and dy nam ics of some or ganic sol vents in
wa ter have been stud ied by means of  mo lec u lar dy nam ics

(MD) sim u la tions. More over the ef fect of mix ture of some
or ganic sol vents such as DMSO, isopropanol and
formamide on struc ture and dy nam ics of en zymes have
been stud ied. Also it is found from MD data that in some
cases so lu tion of or ganic sol vents pre vent ag gre ga tion of
some or ganic com pound such as carotenoides in water.

1. Klibanov AM (2001) Im prov ing en zymes by us ing them in
or ganic sol vents. Na ture 409, 241–245.

2. Micaelo NM, Teixeira VH, Baptista AM & Soares CM
(2005) Wa ter de pend ent prop er ties of cutinase in
nonaqueous sol vents: a com pu ta tional study of
enantioselectivity. Biophys J 89, 999–1008.
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The en zy matic ca tal y sis in pure or ganic sol vents or their
mix tures with wa ter has de vel oped into ac tive area of re -
search. The uti li za tion of en zymes as highly se lec tive
biocatalysts in or ganic me dia is be ing widely ap plied in the
syn the sis of many enantiopure com pounds [1]. Bio chem i -
cal prop er ties of en zymes, such as ac tiv ity, spec i fic ity and
sta bil ity, have been shown to be de pend ent on the choice of 
re ac tion me dium [2]. How ever, not much is known about
mo lec u lar mech a nisms gov ern ing the ef fect of or ganic sol -
vents on en zymes and their bio chem i cal prop er ties.

The aim of this pro ject is to elu ci date the be hav iour of
three haloalkane dehalogenases (LinB from Sphingobium
japonicum UT26, DhaA from Rhodococcus rhodochrous
NCIMB13064 and DbjA from Bradyrhizobium japonicum
USDA110) in nonconventional me dia to op ti mize the con -
di tions for their uti li za tion in in dus trial ap pli ca tions and to
de velop en zymes that are cat a lyt i cally ac tive in the pres -
ence of or ganic sol vents. Us ing ki netic ex per i ments in the
pres ence of var i ous con cen tra tions of thir teen or ganic sol -
vents we dem on strate, that the tol er ance of three stud ied
en zymes to var i ous or ganic sol vents is dif fer ent even
though they be long to the same pro tein fam ily. DhaA and
DbjA are ac tive in aque ous so lu tion as well as in the pres -
ence of most of the or ganic sol vents. More over, the se -
lected or ganic sol vents have even stimulatory ef fect on
DbjA ac tiv ity. On the con trary, ac tiv ity of LinB was sig nif -

i cantly de creased in most of the tested sol vents. The con -
nec tion be tween loss of ac tiv ity and con for ma tion changes, 
stud ied us ing cir cu lar dichroism and flu o res cence spec -
tros copy, was found with DhaA and DbjA, while LinB
struc ture re main mostly in tact. To un der stand the mech a -
nism of in ter ac tion of or ganic sol vents with en zymes at the
atomic level, the be hav iour of LinB, DhaA and DbjA in
wa ter and three rep re sen ta tive sol vents was in ves ti gated
us ing mo lec u lar dy nam ics sim u la tions. It was found, that
mol e cules of in hib it ing sol vents en ter the ac tive site in
larger num ber and form a sol vent net work, while ac ti vat ing 
sol vents are pres ent in ac tive site as a sin gle iso lated mol e -
cule. The ac cess of sol vent mol e cules to the ac tive site
seems to be de ter mined by physico-chem i cal prop er ties of
walls of the tun nel and/or the ac tive site. Ki netic in hi bi tion
anal y sis of en zymes in or ganic sol vents is cur rently on-go -
ing in our lab o ra tory to ex per i men tally ver ify ob ser va tions
from modelling.

This work was fi nan cially sup ported by grant 203/08/0114
of the Grant Agency of Czech Re pub lic, grant IAA
401630901 of the Grant Agency of the Acad emy of Sci -
ences and grants LC06010 and MSM0021622412 of the
Min is try of Ed u ca tion.

1. A.M. Klibanov, Na ture 409 (2001) 241-246.

2. P. Berglund, Biomol. Eng. 18 (2001) 13-22.
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A novel haloalkane dehalogenase DbeA be long ing to the
subfamily HLD-II [1] was iso lated from soil bac te ria
Bradyrhizobium elkani USDA94. This new en zyme is
closely re lated to DbjA from Bradyrhizobium japonicum
USDA110 [2]. Proper fold ing of DbeA was as sessed by
mea sure ment of CD spec tra in far-UV and near-UV spec -
tral re gions. Ther mal sta bil ity of DbeA was eval u ated by
de ter mi na tion of the melt ing tem per a ture (Tm = 58.5 ± 0.2
°C), which is in the sim i lar range as struc ture sta bil ity ob -
served for other fam ily mem bers. Mo lec u lar weight de ter -
mined by gel fil tra tion and na tive polyacrylamide gel
elec tro pho re sis con firmed dimeric state of DbeA un der na -
tive con di tions. Ac tiv ity data of HLDs were mea sured with
a set of 30 var i ous sub strates. The prin ci pal com po nent
anal y sis of the spe cific ac tiv i ties showed that DbeA is less
ac tive than DbjA and pos ses a unique sub strate spec i fic ity.
This en zyme has the high est ac tiv ity to wards brominated
and io din ated com pounds from all tested HLDs. DbeA
showed high enantioselective con ver sion of 2-bromo -
pentane, 2-bromohexane and brominated es ter of propionic 
and bu tyric acid into chiral al co hols. The tem per a ture and
pH pro files of DbeA were de tected by ac tiv ity mea sure -
ment with 1-iodohexane as a sub strate. The high est ac tiv ity 
of the en zyme was de tected at the tem per a ture range 45-55
°C, which is in a good agree ment with the tem per a ture pro -
files of other HLDs. Sur pris ingly, DbeA showed more than 
one pH op ti mum with the max i mal ac tiv ity de tected at pH
con di tions 6.0 and 8.5-9.5. Two pH op tima were de scribed
only for DmbA, while other HLDs ex hib ited sin gle pH op -
ti mum. 

Crys tal lo graphic anal y sis of DbeA re vealed the pres -
ence of two ha lide bind ing sites for chlo ride an ion. The
first chlo ride an ion in DbeA struc ture was found in prod -
uct-bind ing site where in ter acts with con served ha lide
bind ing res i dues Asn38 and Trp104. This bind ing site is
com mon for all HLDs-II. The sec ond chlo ride an ion in
DbeA struc ture is placed about 10 C far from the prod -
uct-bind ing site, bur ied deep in the pro tein core, where is
co or di nated by side chains of Gly37, Thr40, Ile44, Gln102
and Gln274. This chlo ride-bind ing site is unique to DbeA
and its closely re lated en zyme DbjA. The full oc cu pancy of 
this sec ond chlo ride bind ing site and its lo ca tion in close
prox im ity of the ac tive site sug gests that this ha lide-bind -
ing site might have some bi o log i cal rel e vance, per haps on
DbeA ac tiv ity. To elu ci date the role of the sec ond ha lide
bind ing site on DbeA struc ture and func tion, the two point
mu tant vari ant lack ing the sec ond bind ing site, DbeA I44L
and Q102H, was con structed and char ac ter ized. The com -
par i son of the wild type and mu tant en zymes will be pre -
sented and dis cussed.

We grate fully ac knowl edge sup port from ME CR (grant
LC06010 and MSM6007665808) and AS CR (AV02608
70520).

1.  E. Chovancova, J. Kosinski, J.M. Bujnicki, J. Damborsky,
Pro teins, 67, (2007), 305.

2. Y. Sato, M. Monincova, R. Chaloupkova, Z. Prokop, Y.
Ohtsubo, K. Minamisawa, M. Tsuda, J. Damborsky, Y.
Nagata, Appl. En vi ron. Microbiol., 71, (2005), 4372.
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In ter pre ta tion of ther mo dy namic ligand-bind ing data
through the lens of mo lec u lar dy nam ics (1) has led to a
struc tural and en er getic de scrip tion of the mo lec u lar mech -
a nism of allostery for the hexameric E. coli arginine
repressor, the mas ter feed back reg u la tor of tran scrip tion in
L-arginine me tab o lism, which dis plays strong neg a tive
cooperativity of L-arginine bind ing. A con tro ver sial pre -
dic tion of the fa mous allostery model of Monod, Wyman,
and Changeux is that con straints im posed on pro tein sub -
units by multimerization are re laxed by ligand bind ing, but
with con ser va tion of sym me try in par tially-liganded states.
Mo lec u lar dy nam ics sim u la tions re veal that con served Arg 
and Asp sidechains in each L-arginine bind ing pocket pro -
mote ro ta tional os cil la tion of apoArgR tri mers by en gage -
ment and re lease of salt bridges. Bind ing of ex og e nous
L-arginine dis places res i dent Arg res i dues and ar rests os -
cil la tion, shift ing the equi lib rium qua ter nary en sem ble and
pro mot ing sub unit mo tions that gen er ate an entropic driv -
ing force while main tain ing sym me try in par tially-liganded 
states.The re sults in di cate that par tially-liganded states can
be struc tur ally sym met ric de spite their con cep tual asym -
me try. The sym met ric re laxed state is vi su al ized as a
multimer with all sub units an chored near the cen ter, and
with mo tions trans ferred to the pe riph ery like a bou quet of
bal loons in strong wind. Thus, even dur ing se quen tial fill -
ing of bind ing sites, sym me try can be main tained by ex -

ploit ing the dy nam ics of the as sem bly and the dis trib uted
na ture of its co he sive en ergy. The mech a nism sug gests the
pos si bil ity that bind ing of free amino ac ids was an early in -
no va tion in the evo lu tion of allostery (2).
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Min is try of Ed u ca tion, Youth and Sports of the Czech Re -
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Re pub lic (203/08/0114 to R.E), , and joint Czech   US Na -
tional Sci ence Foun da tion In ter na tional Re search Co op -
er a tion (INT03 09049 and ME09016) is acknowledged.
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