
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.
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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. 
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DNA CONFORMATIONS AND THEIR SEQUENCE PREFERENCES
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We an a lyzed phosphodiester back bone con for ma tions of
al most eight thou sand DNA dinucleotides from about 500
care fully se lected crys tal struc tures con tain ing na ked and
complexed DNA ex tracted from the Nu cleic Acid Da ta -
base (NDB, [1]). The anal y sis iden ti fied all the known ma -
jor con form ers of the B, A, and Z types thereby con firm ing
the va lid ity of the pro ce dure but we also ob served var i ous
in ter me di ate BI/BII and B/A con form ers. We in ves ti gated
how the con form ers build larger, of ten de formed or un -
usual DNA struc tures as bent or kinked DNA, tetraplexes,
and junc tions. To sum ma rize, the BI-form (“ca non i cal”
B-form) is by far the most pop u lated in both na ked and
complexed DNA, BII is a dis tinct B-form but both BI and
BII are bridged in pro tein com plexes by a se ries of in ter me -
di ate con form ers. We con firmed that DNA in pro tein com -
plexes ac quires quite fre quently A-like con for ma tions and
even pure A-form.  Pro teins in gen eral broaden the DNA
con for ma tion space and in duce ex is tence of con form ers
not or rarely ob served con form ers as in ter me di ate BI/BII
or mixed B/A. 

The wrap ping of DNA around histone pro teins in a
nucleosome-core par ti cle is achieved by a fairly reg u lar al -
ter ation of BI and BII con form ers, BII is oc ca sion ally sub -
sti tuted by de formed BI or B/A con form ers. Even in the
highly de formed histone-wrapped DNA two or more BII
con form ers fol low each other in se quence only very rarely. 

For na ked DNA, we ex am ined pos si ble se quence pref -
er ences of var i ous dinucleotide con form ers by chi-square
sta tis ti cal tests. In the closely stud ied B-like du plexes, the
con form ers were grouped into five broad cat e go ries, BI,

BII, A-to-B, B-to-A, and “non-clas si fied”. We ob served
im por tant se quence pref er ences be tween these con form ers. 
Here we high light just a few: Ho mog e nous RR and YY
steps (ex cept GG) are over-rep re sented in BI; TG and its
Wat son–Crick coun ter part, CA, pre fer BII; the CG and GC
steps show a high pro pen sity for mixed B/A con for ma -
tions. The GC step shows mixed conformational pref er -
ences and many GC steps are struc tur ally highly un usual;
of all dinucleotides, this step has conformationally the most 
com pli cated be hav ior. 

This study con cludes our ex plo ra tion of the
conformational space of DNA [2] and RNA [3, 4]
dinucleotides. 
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Ri bo some is a large biomolecular ma chine which re sem -
bles a brick-box com posed of mo lec u lar build ing blocks -

RNA mo tifs hav ing dif fer ent shapes, flexibilities, ca pa bil i -
ties to in ter act with ri bo somal sur round ing el e ments, e.g
K-turns pos sess ing el bow dy nam ics [1], RNA he lix show -

ing anisotropic bend ing [2] or seg ment of spe cific rigid
shape [3]. Mo lec u lar dy nam ics (MD) sim u la tion is a suit -
able method for char ac ter iz ing prop er ties and to pol ogy of
in di vid ual RNA seg ments.
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This re search is fo cused on dy nam ics of one of the im -
por tant ri bo somal build ing block - RNA three-way junc -
tion (3WJ) fam ily C. [4] The struc ture is com posed of three 
he li ces P1, P2 and P3 di verg ing from one point, while P1
and P2 he li ces are co ax i ally stacked. [4] There are also ter -
tiary in ter ac tions be tween stems P1 and P3, which are char -
ac ter is tic es pe cially for the fam ily C. [4] The study
in volves three junc tions - Peptidyl Transferase Cen ter 3WJ 
(he li ces 90-92), GTP-ase as so ci ated cen ter 3WJ (he li ces
40-42) and 3WJ from the 5S rRNA. Crys tal lo graphic struc -
tures from archea Haloarcula Marismortui and bac te ria

Esch e richia coli were used. 
This ex ten sive mo lec u lar dy nam ics study in clud ing

sim u la tions of to tal length more than 0.6 ms showed two
dom i nant struc tural mo tions which are very sim i lar for all

three 3WJs. The first dy nam ics in cludes hinge-like fluc tu a -
tions be tween the co ax i ally stacked stems P1/P3 (form ing a 
com pact RNA part of the struc ture) and P2, clas si fied as a
hinge-like mo tion (see Fig ure 1 B-C). The sec ond one is in -
ter nal dy nam ics of stems P1 and P3 called as a breath -
ing-like mo tion (see Fig ure 1 A).

All three stud ied junc tions are as so ci ated with ex tended 
re gions of neg a tive elec tro static po ten tial which are in
many cases ma jor bind ers of monovalent cat ions with
100% oc cu pancy and very slow ex change of ions.

To sum up, 3WJs be long to RNA build ing blocks in -
clud ing a char ac ter is tic in trin sic dy nam ics of hinge- and
breath ing- like mo tion.
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DOUBLE-HELICAL ® LADDER STRUCTURAL TRANSITION IN THE B-DNA IS
INDUCED BY A LOSS OF DISPERSION ENERGY

J. Èerný

In sti tute of Bio tech nol ogy, Acad emy of Sci ences of the Czech Re pub lic, Lab o ra tory of Ligand En gi neer ing,
Videnska 1083, 142 00 Prague

The role of the dis per sion en ergy and elec tro static en ergy
on the ge om e try and sta bil ity of the B-DNA he lix was in -
ves ti gated. Both mo lec u lar dy nam ics sim u la tions with em -
pir i cal force field and hy brid quan tum me chan i cal/
mo lec u lar me chan ics mo lec u lar dy nam ics sim u la tions,
where the dis per sion or electrostatics term is sup -

pressed/in creased, have shown that the lack of the dis per -
sion term leads to an in crease of the ver ti cal sep a ra tion of
the bases as well as to a loss of helicity, thus re sult ing in a
lad der-like struc ture. A de crease of the elec tro static term
pro duces a sep a ra tion of the DNA strands.

Fig ure 1.  Over lay of 5S 3WJ struc tures in its extremal substates of two char ac ter is tic in trin sic dy nam ics (A) breath ing- like mo tion, (B, 
C) hinge- like mo tion. 
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The monophosphate 5’-nucleotidases, in clud ing
5’(3’)-deoxyribonucleotidase, be long to a fam ily of en -
zymes that cat a lyze the dephosphorylation of nucleoside
monophosphates. The ribonucleotides and deoxyribo -
nucleotides could be syn the sized de novo from low-mo lec -
u lar-weight pre cur sors or by sal vage from nu cleo sides or
nucleobases com ing from ca tab o lism of nu cleic ac ids[1].
In this sal vage path way, ribonucleotides and deoxyribo -
nucleotides are phosphorylated by nucleoside and nu cle o -
tide kin ases to main tain suf fi cient pools of dNTP’s and
NTP’s for syn the sis of DNA and RNA. The
phosphorylation by cel lu lar nucleoside kin ases is op posed
by 5’-nucleotidases that dephosphorylate ribo- and
deoxyribonucleoside monophosphates [2,3,4]. 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 main goal of this pro ject is the search for po tent and 
se lec tive in hib i tors of mam ma lian 5’-nucleotidases based
on nucleoside phosphonic ac ids and their de riv a tives and
com par i son of sen si tiv ity of 5’-nucleotidases iso lated from
var i ous sources to ward in di vid ual in hib i tors. 

 We have pre pared 2 types of hu man 5’-nucleotidase:
cytosolic and mi to chon drial by re com bi nant ex pres sion in

E. coli. The in hib i tory prop er ties of a se ries of nucleoside
phosphonic ac ids de riv a tives are tested and for the most
prom is ing com pounds the en zyme-in hib i tor struc ture will
be de ter mined to serve as a lead for struc ture-based drug
de sign ef forts. 

In gen eral, com pounds of strong and se lec tive in hib i -
tory po tency are of high me dic i nal in ter est as anti -
metabolites for anticancer and an ti vi ral ther apy.
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A-tracts, or stretches of du plex DNA com pris ing at least
four con sec u tive adenines or thymines with out a TA step,
ex hibit spe cial fea tures in the con text of the B-DNA
conformational fam ily. A-tracts em bed ded in a DNA se -
quence com posed of G or C re sult in a struc ture bent by
roughly 20 deg into the mi nor groove of the A-tract; more -
over, both ex per i ments and sim u la tions sug gest that they
are ex cep tion ally stiff and adopt a par tic u lar struc ture.

Since their dis cov ery more than 25 years ago [1], a large
num ber of crys tal lo graphic [2], NMR [3], and other [4] ex -
per i men tal stud ies have been de voted to A-tracts, try ing to
de ci pher their struc tural fea tures and in par tic u lar the or i -
gin of bend ing. Ex ist ing com pu ta tional stud ies us ing
atomistic mo lec u lar dy nam ics (MD) ei ther in clude now ob -
so lete force fields and tra jec to ries too short by con tem po -
rary stan dards [5], or use re straints on the A-tract ge om e try
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[6]. With the emer gence of the Am ber parmbsc0 force field 
which fixes a fun da men tal de fi ciency of the pre vi ous
parm94/99 ver sions (namely the ir re vers ible flips in al -
pha/gamma back bone tor sions re sult ing in the un wind ing
of the dou ble he li cal struc ture in long sim u la tions), the
ques tion arises as to how this new force field is able to re -
pro duce A-tract bend ing and other fea tures. We pres ent the 
anal y sis of all-atom MD sim u la tions of DNA oli go mers
containig the A-tract A4T4 se quence, and those con tain ing
the non-A-tract T4A4 , ei ther as one copy or as two cop ies in 
phase. Each MD tra jec tory has been pro longed to 150 ns.
In the course of the anal y sis, we con fronted the prob lem of
prop erly mea sur ing the global bend ing of a DNA tract. We
pres ent a crit i cal anal y sis of the ex ist ing meth ods and pro -
pose a new one, based on math e mat i cally rig or ous av er ag -
ing of base-fixed co or di nate frames. The study rep re sents a 
strin gent test of the re li abil ity of the cur rent Am ber force
field, and the pro posed bend ing mea sure ment method may

be ap plied to other nu cleic ac ids sys tems as well, for in -
stance to ri bo somal RNA mo tifs where the over all ge om e -
try plays an im por tant func tional role.
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The con duc tiv ity of DNA co va lently bonded to a gold sur -
face was stud ied by means of the STM tech nique. Var i ous
sin gle- and dou ble-stranded 32-nu cle o tide-long DNA se -
quences were mea sured un der am bi ent con di tions so as to
pro vide a better un der stand ing of the com plex pro cess of
charge-car rier trans port in nat u ral as well as chem i cally
mod i fied DNA mol e cules. The in ves ti ga tions fo cused on
the role of sev eral fea tures of DNA struc ture, namely the
role of the neg a tive charge at the back bone phos phate
group and the re lated com plex ef fects of counterions, and

of the stack ing in ter ac tions be tween the bases in Wat -
son-Crick and other types of base pairs. The mea sure ments
have in di cated that the best con duc tor is DNA in its bi o log -
i cally most rel e vant dou ble-stranded form with Wat -
son-Crick base pairs and charged phos phates equil i brated
with counterions and wa ter. All the stud ied mod i fi ca tions,
in clud ing DNA with non-Wat son-Crick base pairs, the
abasic form, and es pe cially the form with phos phate
charges elim i nated by chem i cal mod i fi ca tions, lower the
con duc tiv ity of nat u ral DNA. 
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THERMODYNAMIC ANALYSIS OF THE ENANTIOSELECTIVITY OF HALOALKANE
DEHALOGENASE DBJA AND ITS VARIANTS DB JAD AND DB JAD+H139A TOWARDS

BROMINATED ESTERS AND b-SUBSTITUTED BROMOALKANES
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Haloalkane dehalogenase DbjA from Bradyrhizobium
japonicum USDA110 [1] shows ex cel lent enantio selecti -

vity to wards brominated es ters (E-value > 200) and high

enantioselectivity to wards b-sub sti tuted bromoalkanes

(E-value £ 145). Sub strate map ping re vealed that
brominated es ters are kinetically re solved by DbjA as well
as two other haloalkane dehalogenases DhaA Rhodococ -
cus rhodochrous NCIMB13064 and LinB from

Sphingobium japonicum UT26, while b-sub sti tuted
bromoalkanes only by DbjA.

Struc tural anal y sis and com par i son of the pri mary se -
quence of DbjA with pro tein se quences of other fam ily
mem bers re vealed the pres ence of an in serted frag ment
unique to DbjA, which is lo cated on the pro tein sur face.

Con struc tion and char ac ter iza tion of DbjAD vari ant car ry -
ing de le tion of the ex tra amino acid se quence showed that
the frag ment is in volved in enantioselectivity of DbjA with

b-sub sti tuted bromoalkanes, but not with the brominated
es ters. Fol low ing de tailed com par i son of crys tal struc tures

of DbjA and DbjAD en zymes in di cate im por tance of amino 

acid res i due H139 to chiral rec og ni tion of b-sub sti tuted
bromoalkanes, re sult ing in the con struc tion of

DbjAD+H139A vari ant. Its ki netic char ac ter iza tion re -

vealed mod u la tion of enantioselectivity to wards b-sub sti -
tuted bromoalkanes and no changes in enantioselectivity
with brominated es ters.

In this work, the ther mo dy namic anal y sis has been used 
to ad dress the or i gin of enantiomeric dis crim i na tion by de -
ter min ing dif fer en tial ac ti va tion enthalpy and en tropy for

the re ac tion of DbjA, DbjAD and DbjAD+H139A en zyme

vari ants with se lected brominated es ters and  b-sub sti tuted
bromoalkanes. Dif fer en tial ac ti va tion enthalpy was found
to be a ma jor de ter mi nant of chiral rec og ni tion for
brominated es ters by all three en zyme vari ants. En zyme
enantioselectivity to wards brominated es ters could be ex -
plained by dif fer ent bind ing in ter ac tions of in di vid ual en -
an tio mers with the res i dues of the ac tive site in the
Mi chae lis com plex and/or the tran si tion state of
dehalogenation re ac tion. On the other hand, en tropy was
found to play equally im por tant role as enthalpy for
enantiomeric dis crim i na tion of 2-bromopentane by DbjA

and DbjAD+H139A. In ter est ingly, DbjAD showed re -
versed de pend ence of enantioselectivity on tem per a ture for 
2-bromopentane when en tropy dom i nated over enthalpy
con tri bu tion to wards en zyme enantioselectivity. Im por -

tance of en tropy for ki netic res o lu tion of b-sub sti tuted
bromoalkanes by all stud ied en zymes can be re lated to dif -
fer ent flex i bil ity of both en an tio mers in the en zyme ac tive
site and dif fer ent sol va tion/desolvation of the en zyme ac -
tive site upon bind ing.

In sum mary, ob tained re sults im ply that DbjA pos -
sesses two chem i cally dis tinct bases of enantioselectivity

to wards brominated es ters and b-sub sti tuted bromoalkanes
and that en zyme vari ants with dif fer ent ther mo dy namic
con tri bu tions to wards enantioselectivity can be con -
structed by pro tein en gi neer ing.
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Hu man ryanodine re cep tor 2 (RyR2) is one of the three
isoforms of the ryanodine re cep tor, the ion chan nel that
me di ates Ca2+ re lease from intracellular cal cium stores.
RyR2 is re spon si ble for re leas ing Ca2+ ions nec es sary for
con trac tion in car diac myocytes. It is a large homotetramer, 
com posed of four ~5000 amino acid res i dues. Be cause the
whole mol e cule is very large, we iden ti fied, cloned, ex -
pressed and pu ri fied in di vid ual do mains of RyR2 and per -
formed first crys tal li za tion ex per i ments. 

The first do main pre dic tion, ob tained by pro gram
Pfam, sug gested the ex is tence of 14 do mains in the RyR
mono mer. The pre dic tion was fur ther ad justed by com par i -
son with RyR2 sec ond ary struc ture pre dic tion and with the
3D struc ture of the IP3-bind ing do main of the
inositol-3-phos phate re cep tor (PDB ID 1N4K). The cDNA 
se quence in volv ing  res i dues 1 - 759 (Tunwell et al.,
Biochem J. 318:477-487, 1996) was ob tained from Prof.
F.A. Lai (Uni ver sity of Car diff). A frag ment from the cen -
tral part of the RyR was syn the sized by GeneScript, USA.

Three N-ter mi nal do mains and two cen tral do mains were
cloned and ex pressed with His-Tag fu sion at C-ter mi nus.
The N-ter mi nal do mains were also ex pressed with Nus or
Trx fu sion part ners to in crease sol u bil ity and ob tain cor rect 
fold ing of ex pressed pro teins. All con structs were ex -
pressed in E. coli, BL21 (DE3) at op ti mized tem per a ture,
IPTG con cen tra tion and ex pres sion time. His-Tag pu ri fi ca -
tion was used as the main pu ri fi ca tion step. The monomeric 
state of each pu ri fied frag ment was as sessed by gel fil tra -
tion. The tested N-ter mi nal do mains dif fered mark edly in
their ex pres sion level, sol u bil ity and monomeric state.
Crys tal li za tion ex per i ments with one of the frag ments, per -
formed with the crys tal li za tion kit Struc ture Screen 1 (Mo -
lec u lar Di men sions), yielded crys tals with di men sions ~0.2 
x 0.1 x 0.05 in 1.5 M Lith ium sul fate, 2% PEG 8000. Crys -
tal li za tion of other frag ments and test ing their dif fract ing
power is un der way.

This work was sup ported by the grant APVV-0139-06 from
the Slo vak Re search and De vel op ment Agency.
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In tro duc tion
Di a be tes mellitus is a dis or der of me tab o lism that man i -
fests it self as type I or type II. The Type I (T1D, the ob ject
of this study) is caused by de struc tion of the in su lin-pro -
duc ing beta-is let cells of the pan creas. It re sults in de vel op -
ment of well known dis or der of car bo hy drate me tab o lism
which leads to life-last ing ne ces sity of in su lin in jec tion ad -
min is tra tion. It se ri ously im pact not only the pa tient it self
but it has also strong so cio eco nomic con se quences. Now a -
days that sit u a tion be comes worse in the Czech Re pub lic
due to in crease in T1D oc cur rence among in fants and chil -
dren.

Aim
The aim of our study was to mon i tor in vi tro changes in
gene ex pres sion (mRNA tran scrip tion) in pe riph eral blood
mononuclear cells (PBMCs) af ter stim u la tion with
diabetogenic autoantigens within one fam ily re lated to dif -

fer ent man i fes ta tion of the T1D with re spect to early
de tec tion of de vel op ing de struc tive insulinitis. 

Method
PBMCs were di vided into equal halves and one half was
stim u lated us ing de rived syntetic pep tides such as glutamic 
acid de car box yl ase 65 (GAD65), IA2 (is let an ti gen-2,
tyrosinephosphatase) and proinzulin. Af ter 72hours in cu -
ba tion totalRNA was iso lated from both groups - stim u -
lated and in tact which rep re sents basal gene ex pres sion.

Af ter RNA iso la tion, am pli fi ca tion and flu o res cent la -
bel ing, the sam ples were com pet i tively hy brid ize on the
high den sity whole-ge nome microarray HOA (Pha lanx
Biotech). The microarray con tains over 30 000 genomic
probes. Hy brid ized slides were scanned and an a lyzed us ing 
GeneSpring GX (Agilent) and Path way analasis soft ware
MetaCore (GeneGo). The microarray part was done as a
ser vice in microarray fa cil ity of Cen tral Eu ro pean
Biosystems s.r.o..



Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 16,  no. 1a (2009)       b19

Re sults and con clu sion
We iden ti fied more than 100 genes which be long mainly to
reg u la tory fac tors and tran scrip tion fac tors. In ac cor dance
with pre vi ously pub lished re sults we found out the sim i lar
ex pres sion pat tern be tween basal ex pres sion and ex pres -
sion in stim u lated sam ples de pend ing on the di a be tes de -
vel op ment. As a prom is ing re sults seems es pe cially a
de cline in the ex pres sion of some cytokinines and
chemokines in prediabetic phase. Important in crease in
gene ex pres sion af ter spe cific stim u la tion was ob served for 
fol low ing genes in this study group (p < 0.05): IFN-
gamma, IL-1,-2,-6,-13,-22,-31, GATA-3, JUNB, IL-6R,
STAT-6, TGF-beta. More over prob a bly the most im por -

tant dif fer ence was ob served for IL-23R which was im por -
tantly downregulated in this group (12 fold dif fer ence) and
also in T1D pa tients group (23 fold). In T1D pa tients we
also ob served an im por tant ac ti va tion of IL-2,- IL-33,
JUNB genes af ter spe cific stim u la tion but strong
downregulation of IL-4. STAT-6 and GATA-3 genes were
also slightly downregulated in this group.

The study con firms that there can be find dif fer en tial
ex pres sion pat tern and mark ers which preveal risk of di a -
be tes.

This work was sup ported by grant NPVII 2B06019 from
The Min is try of Ed u ca tion, Youth and Sports of the Czech
Re pub lic.
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In re sponse to spe cific ag o nist sig nals, G pro tein-cou pled
re cep tors (GPCR) act as gua nine nu cle o tide ex change fac -
tors and pro mote the ex change of GDP for GTP on the Ga

sub unit of heterotrimeric G pro teins. This pro cess is fol -

lowed by a dis so ci a tion of GTP-bound Ga from the Gbg 

sub unit. Both Ga and Gbg are thus ac ti vated and can prop a -
gate down stream sig nal ing via effectors and sec ond mes -
sen gers [1]. The de ac ti va tion of G pro tein-me di ated
sig nal ing oc curs via the in her ent GTPase ac tiv ity of the Gá

sub unit, which causes the hy dro ly sis of GTP to GDP and
sub se quent as sem bly of G pro tein heterotrimer. 

Reg u la tor of G pro tein sig nal ing (RGS) pro teins share a 
highly con served 125-amino-acid large do main that was
first iden ti fied by its abil ity to neg a tively reg u late GPCR
sig nal ing [2]. To date, more that 25 pro teins con tain ing
RGS or RGS Homology do mains have been iden ti fied.
Some RGS pro teins con sist of lit tle more that the RGS do -
main (e.g. RGS1, RGS2, RGS4) while oth ers pos ses long
N-ter mi nal or C-ter mi nal ex ten sions (e.g. RGS3, RGS7,
RGS9) that usu ally con tain ad di tional pro tein-pro tein in -
ter ac tion mo tifs and do mains [3]. RGS pro teins func tion as
GTPase-ac ti vat ing pro teins (GAPs) for the Ga sub unit of
heterotrimeric G pro teins. They bind spe cif i cally to the

GTP-bound forms of Ga and sig nif i cantly stim u late GTP
hy dro ly sis by stabilizing the tran si tion state.

The ac tiv ity of RGS pro teins is tightly reg u lated
through var i ous mech a nisms in clud ing posttranslational
mod i fi ca tions and in ter ac tions with other pro teins. Sev eral
RGS pro teins, e.g. RGS3, RGS4 and RGS7, have been
found to in ter act with 14-3-3 pro teins. 14-3-3 pro teins are a 
fam ily of acidic reg u la tory pro teins that func tion as mo lec -
u lar scaf folds by mod u lat ing the struc ture of their bind ing
part ners. Re sults pub lished by sev eral groups sug gested
that the 14-3-3 pro tein bind ing to se lected RGS pro teins

de creases their in hib i tory ef fect on G pro tein sig nal ing pre -
sum ably by block ing the in ter ac tion be tween RGS and Gá

sub unit [4,5].
To elu ci date the mech a nism of 14-3-3 pro tein-de pend -

ent reg u la tion of RGS func tion, we per formed bio phys i cal
char ac ter iza tion of in ter ac tions be tween RGS3 and

14-3-3z pro tein. Our re sults show that 14-3-3z in ter acts
with both phosphorylated mo tif lo cated within the N-ter mi -
nal part of RGS3 and C-ter mi nally lo cated RGS do main.

As so ci a tion of RGS3 with 14-3-3z in duces a sig nif i cant
struc tural change within the RGS do main, which can ex -
plain the ob served 14-3-3 pro tein-de pend ent in hi bi tion of
RGS3 func tion.  

1.  G. Jean-Baptiste, Z. Yang, M.T. Green wood, Cell. Mol.
Life Sci., 63, (2006), 1969.

2. M. Abramow-Newerly, A.A. Roy, C. Nunn, P. Chidiac,
Cell. Sig nal., 18, (2006), 579.

3. M. Ishii, Y. Kurachi, Life Sci., 74, (2003), 163.

4. T. Benzing, M.B. Yaffe, T. Arnould, L. Sellin, B.
Schermer, B. Schil ling, R. Schreiber, K. Kunzelmann, G.G. 
Leparc, E. Kim, G. Walz, J. Biol. Chem., 275, (2000),
28167.

5. J. Niu, A. Scheschonka, K.M. Druey, A. Da vis, E. Reed, V. 
Kolenko, R. Bodnar, T. Voyno-Yasenetskaya, X. Du, J.
Kehrl, N.O. Dulin, Biochem. J., 365, (2002), 677. 

This work was funded by Grant IAA501110801 of the
Grant Agency of the Acad emy of Sci ences of the Czech Re -
pub lic, by Re search Pro ject MSM0021620857 and Cen tre
of Neurosciences LC554 of the Min is try of Ed u ca tion,
Youth, and Sports of the Czech Re pub lic, and by Re search
Pro ject AV0Z50110509 of the Acad emy of Sci ences of the
Czech Re pub lic.


