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POLYMER CARRIERS FOR TARGETED
DRUG DELIVERY AND CONTROLLED DRUG 
RELEASE

K. Ulbrich1, M. Pechar1, T. Etrych1,
M. Jelínková2, M. Kováø2, B. Øíhová2

1In sti tute of Macromolecular Chem is try, Acad emy of Sci -
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Prague 6, Czech Re pub lic
2In sti tute of  Mi cro bi ol ogy, Acad emy of Sci ences of the
Czech Re pub lic, Vídenská 1083, 142 20 Prague 4, Czech
Re pub lic

Nondegradable N-(2-Hydroxypropyl)methacrylamide
(HPMA) co pol y mers or bio de grad able poly(eth yl ene gly -
col) (PEG) multiblock co pol y mers con ju gated with an ti -
bod ies were de signed as wa ter-sol u ble car ri ers of
anti cancer drugs fa cil i tat ing site-spe cific ther apy. High-
 mo lec u lar-weight poly mer car ri ers were used for pas sive
tar get ing to solid tu mors while con ju gates with spe cific
polyclonal or monoclonal an ti bod ies were de signed for
spe cific de liv ery of anti-can cer drug doxorubicin to tu mor
cells or model tu mors in oc u lated in mice. Doxorubicin
con ju gates tar geted with B1 mono clonal an ti body (mAb)
were shown to pos sess strictly tu mor-spe cific bind ing ca -
pac ity to tar get BCL1 cells in vi tro and su pe rior in vivo ac -
tiv ity to free doxorubicin or non-tar geted poly mer drug in
the treat ment of es tab lished BCL1 leu ke mia in mice. Like -
wise, the use of con ju gates tar geted with anti EL4 mAb re -
sulted in large amount of long-term sur vi vors af ter
treat ment of mice bear ing mouse EL4 lym phoma. Pre lim i -
nary eval u a tion of doxorubicin con ju gate in hu man dem -
on strated that the poly mer drugs rank among the most
prom is ing can di dates for suc cess ful ap pli ca tion in hu man
can cer che mo ther apy.

for full pa per see page 3

LECTURES - MARCH 14

INTERACTION OF RHOA GTPASE WITH ITS
EFFECTOR P160ROCK

Radovan Dvorský1, Lars Blumenstein1,
Mohammad R. Ahamdian1 

1Max-Planck-In sti tute of Mo lec u lar Phys i ol ogy, De part -
ment Struc tural Bi ol ogy, Otto-Hahn-Strasse 11, 44227
Dortmund, Ger many

The GTP-bind ing pro teins (or Rho-GTPases) of the
Rho-fam ily reg u late a va ri ety of cel lu lar pro cesses in all
eukaryotic cells, rang ing from cytoskeletal re or ga ni za tion
and cell mo til ity to gene tran scrip tion in re sponse to ex ter -
nal stim uli [1]. To date, 19 dif fer ent mam ma lian Rho-
GTPases have been iden ti fied from which Cdc42, Rac1
and RhoA are the most ex ten sively char ac ter ised mem bers
of the Rho-fam ily. The func tion of Rho-GTPases de pends
on the gua nine nu cle o tide-bound state. As mo lec u lar
switches Rho-GTPases cy cle be tween an in ac tive GDP-
bound state and an ac tive GTP-bound state, which is con -
trolled by nu mer ous cel lu lar pro teins. Ac tive form of Rho-
GTPases in ter act with their down stream tar gets, so-called
effector pro teins, that are re spon si ble for the di verse bi o -
log i cal ef fects of Rho-GTPases [2]. One of the best stud ied
Rho-Effectors, the Ser/Thr kinase p160Rock, plays a key
role in actin-my o sin fil a ment as sem bly by ac ti va tion of sig -
nal ling mol e cules in volved in var i ous bi o log i cal pro cesses
[3]. 

We will pres ent the struc ture of the com plex of RhoA
GTPase with the Rho-bind ing do main of p160Rock. We
found that the switch ing re gions of RhoA mol e cule in ter -
acts with C-ter mi nal part of par al lel coiled-coil formed by
Rho-bind ing do mains. Such an ar range ment of the com -
plex will be dis cussed with re spect to the gen eral switch ing
mech a nism of GTPases and their in ter ac tion with down -
stream effectors.

1. A. Hall, Science 279 (1998) 509-514.

2. A. L. Bishop & A. Hall, Bi o chem J.  348 (2000) 241-255.

3. M. Ama no, Y. Fu ka ta & K. Kai buchi, Exp Cell Res. 261
(2000) 44-51.
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STRUCTURAL BIOLOGY APPROACH TO
STUDY THE SPORULATION PROCESS

Imrich Barák1*, An thony J. Wilkinson2, Katarína
Muchová1, Patrik Florek1, Zuzana Chromiková1

1In sti tute of Mo lec u lar Bi ol ogy, Slo vak Acad emy of Sci -
ences, Dúbravská cesta 21, 845 51 Bratislava 45,
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2Struc tural Bi ol ogy Lab o ra tory, De part ment of Chem is -
try, Uni ver sity of York, Heslington, York, Y01 50D, UK

* Cor re spond ing au thor: phone: ++421 2 5930 7418,
fax: ++421 2 5930 7416, e-mail: imrich.barak@savba.sk  

Ba cil lus subtilis is a model or gan ism for the study of one of
the sim plest cell dif fer en ti a tion pro cess, called sporulation. 
A rich amount of ge netic, bio chem i cal and mo lec u lar bi ol -
ogy data have been ob tained dur ing the study of this pro -
cess. Re cently, this study has ad vanced to the solv ing the
ter tiary struc ture of key pro tein reg u la tors. This con tri bu -
tion fo cuses on the prog ress in pro tein crys tal log ra phy ori -
ented to ward the un der stand ing of sporulation
mech a nisms, that have been achieved in the last cou ple of
years. 

The phosphorelay is the main reg u la tory net work in the
initation of sporulation. Re cently, the ter tiary struc tures
some of the com po nents of this net work were solved. The
struc tures of re sponse reg u la tors Spo0F [5], Spo0A [2,3,4]
and phosphotransferase Spo0B [7], to gether with bio chem -
i cal and mutational data pro vide an im por tant frame work
for fur ther un der stand ing of their bi o log i cal func tion at the
mo lec u lar level. 

Struc tural data were also ob tained from some pro teins

in volved in ac ti va tion of the first cell-type spe cific s fac tor

- sF (struc tures of anti-anti-s fac tor SpoIIAA and anti-s

fac tor SpoIIAB in the com plex with sF) [6,1].
The struc tures of only a small num ber from more than

100 sporulation spe cific pro teins are known due to prob -
lems as so ci ated with the crys tal li za tion of these pro teins.
Struc tures for many of the in ter est ing can di dates re main a
chal lenge. Among them are the mem brane bound pro teins
and pro teins with highly flex i ble do mains.

Es pe cially in ter est ing for un der stand ing of the mech a -
nism of the tran sient gene ex pres sion asym me try dur ing
sporulation would be the de tailed study of sporulation
septa for ma tion by solv ing the crys tal struc ture of key pro -
teins in volved in this cell di vi sion and chro mo some
translocation pro cesses such as phosphatase SpoIIE, DNA
translocase SpoIIIE or di vi sion pro tein DivIVA.

Work in au thors lab o ra to ries is sup ported by grant
2/1004/22 from the Slo vak Acad emy of Sci ences and
Wellcome Trust Pro ject and Col lab o ra tive Re search Ini -
tia tive Grants (056247/Z/98/Z and 066732/Z/01/Z, re spec -
tively).

1. E. A. Cam p bell, S. Ma su da, J. L. Sun, O. Muz zin, C. A.
Ol son, S. Wang & S. A. Darst, Cell, 108 (2002) 795-807.

2. R. J. Lewis, J. A. Bran ni gan, K. Mu cho vá, I. Ba rák & A. J.
Wil kin son, J. Mol. Biol., 294 (1999) 9-15.

3. R. J. Lewis, K. Mu cho vá, J. A. Bran ni gan, I. Ba rák, G. Le -
o nard & A. J. Wil kin son, J. Mol. Biol., 297 (2000)
757-770.

4. R. J. Lewis, S. Kr zy w da, J. A. Bran ni gan, J. P. Tu ken burg,
K. Mu cho vá, E. J. Dod son, I. Ba rák & A. J. Wil kin son,
Mol. Micro bi ol., 38 (2000) 198-212.

5. Mad hu su dan, J. Zapf, J. M.Whi te ley, J. A.Hoch, N. H. Xu -
ong & K. I. Va rughe se, Structu re, 4(1996) 679-690.

6. P. R. Sea vers, R. J. Lewis, J. A. Bran ni gan, K. H. G. Ver -
schue ren, G. N. Mur shu dov & A. J. Wil kin son, Structu re, 9
(2001) 614-615.

7. K. I. Va rughe se, Mad hu su dan, X. Z. Zhou, J. M. Whi te ley
& J. A. Hoch, Mol. Cell, 2 (1998) 485-493.
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STRUCTURAL BASIS OF PROTEIN
METASTABILITY

Pe ter Flecker

Johannes Gutenberg Uni ver sity, De part ment of Chem is -
try and Phar macy, Duesbergweg 10-14, D-55128 Mainz,
FRG. E-mail: flecker@mail.uni-mainz.de

All in for ma tion for the three di men sional struc ture of pro -
teins and their func tion al ity is en crypted within their amino 
acid se quences. The nat u ral amino acid se quences of pro -
teins have been per fected by evo lu tion not only for their
func tional struc ture but also for a rapid and highly di rec -
tional ac qui si tion of their folded, fully func tional state. An
un am big u ous dis tinc tion be tween these two pos si bil i ties is
im por tant for a clear-cut in ter pre ta tion of con se quences of
amino acid re place ments in pro tein en gi neer ing ex per i -
ments. 

The dou ble-headed Bow man Birk serine pro te ase in -
hib i tor (BBI) built up from two tri ple stranded b-hair pin
do mains di rected against trypsin and chymotrypsin was se -
lected as a model pro tein. The dou ble-headed ar range ment
of two in de pend ent subdomains fa cil i tates the de tec tion of
long-range ir reg u lar i ties trans mit ted from the trypsin- into
the chymotrypsin-in hib i tory re gion used as a ref er ence.

The ex posed hy dro pho bic patches on the pro tein sur -
face and a po lar pro tein in te rior ap pear as struc tural pe cu -
liar i ties more rem i nis cent of the kind of struc tural fea tures
that have been pos tu lated to oc cur in par tially folded pro -
teins rather than their folded state. 

The au ton o mous refolding com pe tence of the par ent
pro tein was abol ished as s re sult of amino acid re place -
ments, re sult ing in het er o ge neous pop u la tions of con form -
ers greatly dif fer ing in their ac tiv ity. In con trast to the
au ton o mous refolding com pe tence of the par ent pro tein,
the vari ants re quire the pres ence of trypsin-Sepharose as a
tem plate with com ple men tary struc ture in or der to reach
their fully ac tive state. The fully ac tive state of the vari ants
at tained by means of this method re turns to the ini tial mix -
ture of con form ers upon sub se quent in cu ba tion in the
refolding buffer in a slow first or der re ac tion. There fore,
the fully ac tive state of the vari ants may be re garded as lo -
cal en er getic min ima sur rounded by high bar ri ers of ac ti va -
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tion. The ap pear ance of ap par ently metastable state
sup ports a ki netic re ac tion con trol for the vari ants on the
tem plate al though it can not rule out a ther mo dy namic re ac -
tion con trol. In fact, the tem plate fa cil i tates fold ing not
only kinetically, by re duc ing the high bar rier of ac ti va tion
in so lu tion but also ther mo dy nam i cally by sta bi lis ing the
fully ac tive state by means of pro tein-pro tein-in ter ac tions.
Pro tein metastability has also been doc u mented for cer tain
proteolytic en zymes af ter re moval of their prosequences
and for the na tive con for ma tion of vi ral hemagglutinins.
Pres ently, it is un known whether the na tive con for ma tion
of soy bean BBI cor re sponds to a global en ergy min i mum
or a metastable state on its conformational land scape.
How ever, the in side-out sit u a tion in BBI and the con for -
mational changes that are in duced with re duc ing agents
even in the ab sence of denaturants seem to be more in fa -
vour of the sec ond pos si bil ity.    

          for full pa per see page 5

SATURATION MUTAGENESIS OF L177 IN
HALOALKANE DEHALOGENASE LINB

Radka Chaloupková1, Jana Sýkorová1, Zbynìk
Prokop1, Andrea Jesenská1, Marta Monincová1,
Martina Pavlová1, Yuji Nagata2 and Jiøí
Damborský1

1Na tional Cen tre for Biomolecular Re search, Masaryk
Uni ver sity, Kotláøská 2, 611 37 Brno, Czech Re pub lic
2Grad u ate School of Life Sci ences, Tohoku Uni ver sity,
Katahira, Sendai 980-8577, Ja pan

En zyme LinB is the haloalkane dehalogenase from bac te -
rium Sphingomonas paucimobilis UT26. It is in volved in a

bio chem i cal path way for deg ra da tion g-hexachlo rocyclo -
hexane. LinB ca tal y ses hydrolytic dehalogenation of broad 
range of halogenated aliphatic com pounds [1]. The amino
acid in po si tion 177 was iden ti fied as a very im por tant de -
ter mi nant of cat a lytic prop er ties of LinB by struc tural

analysis [2] and by com par i son of its pro tein se quence with 
other fam ily mem bers: (i) L177 is po si tioned in the mouth
of the en trance tun nel lead ing the en zyme ac tive site and is
point ing di rectly to the tun nel and (ii) L177 is the most
vari able res i due of the ac tive site pocket among dif fer ent
haloalkane dehalogenases. L177 of the wild type en zyme
was there fore re placed by ev ery other amino acid and then
the ef fect of mu ta tions on en zyme ac tiv ity was stud ied.
Con struc tion of the pro tein vari ants was con ducted in two
suc ces sive rounds. In the first round, L177 was re placed by 
A, C, G, F, K, T and W, re spec tively. The spe cific ac tiv i ties 
of the first set of mu tants were sta tis ti cally ana lysed but re -
sults from this anal y sis were not sta tis ti cally sig nif i cant.
For that rea son the first set of mu tants was com ple mented
with the sec ond set of mu tants com pris ing re place ment of
L177 by D, E, H, I, M, N, P, Q, R, S, V and Y, re spec tively. 

All seven pro tein vari ants of the first set could be
overexpressed in Esch e richia coli and showed ac tiv ity
with at least some of the sub strates used for char ac ter iza -
tion. In the sec ond set, two out of twelve pro tein vari ants
(L177E and L177N) could not be overexpressed in E. coli,
while other two vari ants (L177P and L177I) did not show
ac tiv ity with any of the sub strates. Cir cu lar dichroism spec -
tra were re corded for all pro teins pu ri fied in the sec ond set
and two in ac tive mu tants showed spec tra dif fer ent from
wild-type LinB and other mu tants (Fig. 1), sug gest ing a de -

crease in the num ber of amino ac ids in a-he li cal con for ma -
tion and pro tein un fold ing.

Suc cess fully pu ri fied en zymes from both sets were
kinetically char ac ter ized us ing a gas chro ma tog ra phy.
Com pounds 1-chlorobutane and 1,2-dibromoethane were
se lected as the sub strates for steady-state ki netic mea sure -
ments be cause they of ten serve as the ref er ence com pounds 
for char ac ter iza tion of the haloalkane dehalogenases.
Dehalogenation of 1-chlorobutane showed typ i cal Mi chae -
lis-Menten de pend ence, while dehalogenation of 1,2- di -
bromo ethane showed sub strate in hi bi tion. Fur ther more,

The ex posed hy dro pho bic patch be long ing to the trypsin-in hib i -
tory re gion (Tr) is shown in ochre and that pro ject ing out from the 
chymotrypsin-in hib i tory re gion (Ch) is shown in yel low. Res i -
dues be long ing to the bur ied po lar in te rior are high lighted in
CPK.    
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Fig. 1. Far-UV cir cu lar dichroism spec tra of the wild-type
haloalkane dehalogenase LinB, L177D, L177H, L177M, L177Q,
L177R, L177S, L177V, L177Y mu tants (solid lines) and L177P,
L177I mu tants (dashes lines). The spec tra were mea sured at room
tem per a ture with the pro tein con cen tra tion 0.3 mg/ml in 50 mM
phos phate buffer (pH 7.5) us ing the JASCO J-810 spectro pola -
rimeter.
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the spe cific ac tiv i ties of all pre pared en zymes were de ter -
mined for twelve dif fer ent sub strates (1-chlorobutane, 1-
 chloro hexane, 1-bromobutane, 1-iodobutane, 1,2-di chlo -
ro ethane, 1,2-dibromoethane, 1,3-diidopropane, 
1,2-di chloropropane, 1,2,3-trichloropropane, chlorocyclo -
hexane, bromocyclohexane and 3-chloro-2- methyl 
propene) and sta tis ti cally ana lysed by Prin ci pal Com po -
nent Anal y sis. The first and only im por tant com po nent ex -
plained 45.8% of the data vari ance. Cat a lytic ac tiv ity of
mu tant pro tein cor re lated mainly with the size of amino
acid in tro duced to the po si tion 177.

1. Y. Na ga ta, K. Miyau chi, J. Dam bor ský, K. Ma no vá, A.
An sor go vá & M. Takagi, Appl. Env. Micro bi ol., 63 (1997)
3707-3010.

2. J. Ma rek, J. Vé vo do vá, I. Kutá-Sma ta no vá, Y. Na ga ta, L.
A. Svensson, J. New man, M. Takagi & J. Dam bor ský, Bi o -
che mis t ry, 39 (2000) 14082-14086.

STUDY OF ENZYME CATALYSIS USING
TRANSIENT KINETIC AND
MICROCALORIMETRY TECHNIQUES

Z. Prokop1, M. Monincová1, 
R. Chaloupková1, Y. Nagata2, D.B. Janssen3, 
J. Damborský1

1Na tional Cen tre for Biomolecular Re search, Masaryk
Uni ver sity, Kotláøská 2, 611 37 Brno, Czech Re pub lic,
2De part ment of Life Sci ences, Grad u ate School of Life
Sci ences, Tohoku Uni ver sity, 2-1-1 Katahira, Sendai,
980-8577, Ja pan, 
3Uni ver sity of Groningen, Nijenborgh 4, 9747 AG 
Groningen, The Nedherlands

Ki netic stud ies in enzymology deals with elu ci da tion of en -
zy matic re ac tion path way, iden ti fi ca tion of re ac tion in ter -
me di ates and with spec i fi ca tion of the steps that limit the
rate of turn over. The ki netic anal y sis of an en zyme mech a -
nism of ten be gins by anal y sis of the steady-state ki net ics.
The steady-state ki netic pa ram e ters, Km and kcat, pro vide in -
for ma tion suf fi cient to de scribe a min i mal ki netic scheme.
Con clu sions that can be de rived by steady-state anal y sis
are con sid ered pre lim i nary. Be cause the steady-state ki -
netic pa ram e ters are com plex func tions of all the re ac tions
oc cur ring dur ing en zy matic ca tal y sis, in di vid ual re ac tion
steps are bur ied within these terms and can not be re solved.
These lim i ta tions are over come by ex am i na tion of the re ac -
tion path way by tran sient ki netic meth ods, where the en -
zyme is ex am ined as a stoichiometric re ac tant, al low ing
in di vid ual steps in path way to be es tab lished by di rect mea -
sure ment. Steady-state and tran sient-state ki netic stud ies
com ple ment each other in elu ci da tion of en zy matic re ac -
tion path way. Anal y sis in the steady-state should be a pre -
lude to the proper de sign and in ter pre ta tion for more
de tailed tran sient-state ex per i ments [1]. 

Both steady-state and tran sient-state ki netic meth ods
were ap plied to solve re ac tion path way, to iden tify re ac tion 
in ter me di ate and to spec ify the rate lim it ing step of cat a -
lytic ac tion of haloalkane dehalogenase LinB from bac te -

rial strain Sphingomonas paucimobilis UT26 [2]. Steady-
state ex per i ments in volved di rect mon i tor ing of LinB ac -
tiv ity by iso ther mal ti tra tion cal o rim e try and ini tial rate of
prod uct for ma tion mea sure ments by gas chro ma tog ra phy.
Tran sient-state ki net ics used stopped-flow flu o res cence
and rapid-quench-flow tech niques. Ad di tional steady-state 
in hi bi tion ex per i ments and tran sient-state bind ing ex per i -
ments were em ployed to find out leav ing abil ity of both
prod ucts (a ha lide and an al co hol) dur ing dehalogenation
re ac tion.

The re sults showed that ex port of prod ucts as well as
im port of sub strates into the ac tive site of LinB are fast pro -
cesses reach ing rapid equi lib rium. This fast ex change of
the lig ands be tween the ac tive site and bulk sol vent can be
ex plained by wide open ing of the en trance tun nel and large
ac tive site of LinB. In con trary, the re lease of the ha lide ion
from nar row ac tive site af ter the re ac tion was found to be
slow rate lim it ing step for an other haloalkane dehalo -
genase, en zyme DhlA from Xanthobacter autotrophicus
GJ10 [3]. The ac tual cleav age of the car bon-halo gen bond
was found to be fast step in both en zymes.

The rate of cleav age of C-Br bound is faster than cleav -
age of C-Cl bound, which is in agree ment with bro mide be -
ing a better leav ing group in biomolecular nucleophilic
sub sti tu tion than chlo ride.  This ob ser va tion cor re lates with 
the lower af fin ity of LinB for chlo ride com pared to bro -
mide. Fur ther the re sults con firmed, that the re ac tion pro -
ceeds via a co va lent alkyl-en zyme in ter me di ate. Us ing
bromocyclohexane, chlorocyclohexane and 1-chloro -
hexane as model sub strates, hy dro ly sis of this in ter me di ate
was found to be the slow est step in the cat a lytic cy cle of
LinB. The alkyl-en zyme com plex was highly ac cu mu lated
due to the fast dehalogenation step fol low ing the slow hy -
dro ly ses of this in ter me di ate. The study pro vides a ba sis for 
the anal y sis of ki netic steps in hy dro ly sis of en vi ron men -
tally im por tant sub strates by the ac tion of LinB.

1. K.A. John son: En zy mes 20. Aca de mic Press 1992. 1-61.

2. Y. Na ga ta, K. Miyau chi, J. Dam bor ský, K. Ma no vá,
A. An sor go va & M. Takagi, Appl. En vi ron. Microb., 63
(1997) 3707-3710.

3. J. P. Schanstra, J. King ma & D. B. Janssen, J. Biol. Chem.,
271 (1996) 14747-14753.

LOCALISATION OF ACCUMULATED
CHLOROPHYLL CATION IN REACTION
CENTRE OF PHOTOSYSTEM II

F. Vácha1,2, M. Kutý1, M. Durchan1,2,
P. Šiffel1,2 and J. Pšenèík1,3

1In sti tute of Phys i cal Bi ol ogy, Uni ver sity of south Bo he -
mia, Zámek 136, 373 33 Nové Hrady, Czech Re pub lic
2In sti tute of Plant Mo lec u lar Bi ol ogy, AS CR,
Branišovská 31, 370 05 Ceské Budejovice
3Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, 
Ke Karlovu 3, 120 00 Prague
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Photosystem II re ac tion cen tre absorbance and cir cu lar
dichroism spec tra were cal cu lated us ing point-di pole ap -
prox i ma tion and com pared with ex per i men tal data. Light
in duced dif fer ence spec tra and their cal cu lated coun ter -
parts re vealed the lo ca tion of ac cu mu lated chlo ro phyll cat -
ion at the po si tion Chl1 - the ac ces sory chlo ro phyll at D1
sub unit. 

for full pa per see page 21

SPECTRAL TECHNIQUES FOR RAPID
QUANTIFICATION OF PROTEIN
STRUCTURE IN SOLUTION

V. Baumruk1, V. Kopecký Jr.1,2

1In sti tute of Phys ics, Charles Uni ver sity, Ke Karlovu 5,
121 16 Prague 2, Czech Re pub lic,
e-mail: baumruk@karlov.mff.cuni.cz
2De part ment of Bio chem is try, Fac ulty of Sci ences,
Charles Uni ver sity, Albertov 2030, 128 40 Prague 2,
Czech Re pub lic.

De vel op ment and im prove ment in tech niques that can be
used for char ac ter iza tion of pro teins is be com ing in creas -
ingly im por tant in the rap idly ex pand ing field of
proteomics. NMR tech niques can pro vide high-res o lu tion
struc tures of pro teins in so lu tion es sen tially equiv a lent in
qual ity to those de ter mined by crys tal log ra phy. Un for tu -
nately, these meth ods are still time con sum ing, re quire mil -
li grams of pro tein and are lim ited to pro teins of low
mo lec u lar weight.

Op ti cal spec tra such as elec tronic [1-2] and vi bra tional
[3] cir cu lar dichroism (ECD and VCD), Fou rier trans form
in fra red (FTIR) [4], as well as Raman [5] spec tra have been 
ex ten sively used to ob tain es ti mates of the av er age frac -
tional com po nents of sec ond ary struc ture in a pro tein.
More over, these op ti cal meth ods, which sam ple struc ture
on an in her ently rapid time scale, are par tic u larly ap pro pri -
ate for study ing pro tein-fold ing pro cesses [6,7], since the
in ter me di ate spe cies one wishes to study are of ten un sta ble. 
Such dy namic struc tures are poorly suited to more pre cise,
but slower time scale, NMR struc tural tech niques or to
X-ray dif frac tion anal y ses of the crys tal-sta bi lized dis tri bu -
tion of struc tures. Op ti cal spec tra can rarely yield the struc -
tural de tail of those tech niques but re main vi tally use ful for
qual i ta tive mon i tor ing of the struc ture, par tic u larly for rel -
a tive changes in a sin gle or re lated pro tein.

For most ap pli ca tions, no sin gle spec tro scopic tech -
nique can pro vide all the in for ma tion needed, and mul ti -
tude of meth ods must usu ally be em ployed in or der to meet
all these needs. For in stance, ECD re sults can of ten be dif -
fi cult to in ter pret since ar o matic amino ac ids can in ter fere.
A rea son able strat egy in this case is to con firm the CD re -
sults with one of the vi bra tional spectroscopies - Raman,
FTIR or VCD - ow ing to spec tral sep a ra tion of struc tur ally
char ac ter is tic vi bra tional modes. Both Raman and FTIR
rely on vi bra tional modes but se lec tion rules are dif fer ent
(rel a tive band in ten si ties are dif fer ent) and the in flu ence of
aque ous sol vent is sig nif i cant in IR but quite low for

Raman. Over all, by ap ply ing both tech niques it is pos si ble
to in crease the con fi dence in a par tic u lar es ti mate of the
sec ond ary struc ture.

VCD pro vides al ter na tive views of pro tein con for ma -
tion with ad van tages over ECD and FTIR spec tros copy.
The im por tant as pect is that VCD, be ing sen si tive to
short-range or der, senses sheets and other struc tural el e -
ments (in clud ing turns) dif fer ently than does ECD, which
in turn is su pe rior for he lix de ter mi na tion. Com bi na tion of
VDC with ECD and/or FTIR im proves de ter mi na tion of all 
frac tional com po nents.
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Ac cord ing to the text book knowl edge the use of au to mated
Edman deg ra da tion and pro tein mass spec trom e try for the
de ter mi na tion of com plete pri mary struc ture is lim ited to
small pro teins with mo lec u lar size less than 10 kDa, larger
pro teins be ing an a lyzed by DNA se quenc ing of the cor re -
spond ing genes or cDNA clones. Here we pres ent two ex -
am ples of our re cent work in which the se quence of rather
large pro teins has been de ter mined com pletely or nearly
com pletely by pro tein se quenc ing and mass spec trom e try.



The first ex am ple in cludes the poke weed an ti vi ral pro tein
from Phytolacca acinosa (PAP-S) that be longs to the fam -
ily of type-1 ri bo some-in ac ti vat ing pro teins. The pu ri fied
PAP-S pro teins re solve on SDS elec tro pho re sis into two
closely re lated bands with Mr of about 29 kDa. In ter est -
ingly, the up per pro tein band, PAP-Sup has been shown to
crys tal lize through car bo hy drate-pro tein in ter ac tions based 
on a rare type of N-glycosylation, namely N-linked
GlcNAc monosaccharide sub sti tu tions at the ca non i cal
Asn-Xxx-Ser/Thr [1]. The se quence of PAP-Sup is not
known from the ge netic data, but is es sen tial for un am big u -
ous solv ing of the crys tal struc ture in po si tions that can not
be called di rectly from the elec tron den sity. We have thus
de ter mined the com plete struc ture of PAP-Sup by Edman
deg ra da tion of N-ter mi nal and in ter nal pep tide se quences
in com bi na tion with MALDI pep tide map ping and tan dem
mass spec trom e try us ing an ion trap. The com plete se -
quence has 261 amino ac ids and in cludes three sites of the
above N-glycosylation. The se quence cov er age was 92 %
by Edman deg ra da tion data, 93 % by pep tide map ping and

90 % by tan dem MS data. The sec ond ex am ple is b-N-
 acetylhexosaminidase from Aspergillus oryzae CCF1066,
a ro bust extracellular se creted en zyme used in en zy matic
syn the ses of oli go sac cha rides and bio tech nol ogy [2]. This
en zyme has 600 amino ac ids (in clud ing 6 cysteins and 6
sites of N-glycosylation), of which 466 has been ver i fied
by di rect anal y sis of the pro tein (se quence cov er age 77 %).
Iden ti fi ca tion of large N-ter mi nal seg ment in the pro tein
proved dif fi cult point ing to the fast cleav age of this pro tein
seg ment. En zyme is com posed of cleaved sig nal pep tide,
the propeptide se quence in volved in reg u lated se cre tion,
the in ac tive zincin do main, and the catalytical do main be -
long ing to fam ily 20 of glycohydrolases. 
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1,2-dichloroethane (DCE) is a toxic and car ci no genic chlo -
ri nated com pound that is not known to be formed nat u rally. 
As many other syn thetic halogenated aliphatic com pounds, 
DCE is rather re sis tant to biodegradation and per sists in the 
en vi ron ment. Nev er the less, sev eral bac te rial cul tures that
are able to use DCE as the only car bon and halo gen source
have been iso lated. The most ef fi cient ca tal y sis of DCE has 
been ob served with haloalkane dehalogenase DhlA from
Xanthobacter autotrophicus GJ10. Even lower ac tiv ity
with DCE was ob served for haloalkane dehalogenase LinB 
from Sphingomonas paucimobilis UT26. Crys tal lo graphic
anal y sis of LinB-DCE com plex showed non-pro duc tive
bind ing of DCE to the en zyme ac tive site, while mo lec u lar
dock ing sug gested that DCE mol e cule can pos si bly bind to
the ac tive site but is pre vented by chlo ride ion and/or wa ter
mol e cules [1]. 

Two nano sec onds-long tra jec to ries of LinB with
different num ber of lig ands bound to the ac tive site were
car ried out and com pared. The re sults show that pro duc tive 
bind ing of DCE (i.e., bind ing to the Mi chae lis-Menten
com plex) is blocked by the pres ence of chlo ride ion or wa -
ter mol e cule in the ha lide-sta bi li za tion pocket of the ac tive
site. In case of empty ha lide-sta bi li za tion pocket, the pro -
duc tive bind ing of DCE oc curs very rap idly (in less then 20 
ps). On the other hand, DCE locks the chlo ride ion in the
ha lide-sta bi li za tion pocket as was con firmed by steered
mo lec u lar dy nam ics sim u la tions and by fact that chlo ride
ion can easily leave LinB ac tive site in the sys tem with out
DCE.

 1. A. J. Oa kley, Z. Pro kop, M. Bo háè, J. Kmu ní èek, T. Jed liè -
ka, M. Mo nin co vá, I. Kutá Sma ta no vá, Y. Na ga ta, J. Dam -
bor ský, M. C. J.  Wil ce. Bi o che mis try, 41 (2002)
4847-4855.
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The im por tance of com puter mod el ing of mem brane pro -
teins in mo lec u lar bi ol ogy is worked out. We give three ex -
am ples that mod els gained by a com bined ap proach of
homology and en er getic mod el ing with vi bra tional spec -
tros copy are a use ful help in site-di rected mu ta gen e sis,
trun ca tion, bind ing-stud ies and even in crys tal log ra phy.
The study of the vanilloid re cep tor is a suc cess ful ap pli ca -
tion of a com puter model in the con struc tion of trun ca tions
that served for the iden ti fi ca tion of func tion ally im por tant
pro tein parts. In the case of CD69 com puter dock ing
helped to iden tify the Ca2+–bind ing site that was not ob -
served in the crys tal struc ture of this pro tein due to the
non-phys i o log i cal con di tions of crystallisation.

for full pa per see page 27
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In hu man cell, cell cy cle events are gov erned by sev eral
CDKs [1]. Cell-cy cle de pend ent os cil la tions in CDK ac tiv -
ity are in duced by com plex mech a nisms that in clude bind -
ing to pos i tive reg u la tory sub units and phosphorylation at
pos i tive and neg a tive reg u la tory sites. For ac ti va tion CDKs 
re quire bind ing to cyclins. CDKs ob tain full ac tiv ity at
bind ing with adenosine triphosphate (ATP) by phospho -
rylation of a threonine res i due in the CDK (Thr 160 in hu -
man CDK2) [2].  Ac tiv i ties of these en zymes are in hib ited

in sev eral ways, for ex am ples, (de)phospho rylation, in ter -
ac tion with var i ous nat u ral pro tein in hib i tors [3]. CDK2
can be neg a tively reg u lated by phosphorylation on Tyr15
and to a lesser ex tent on Thr14 [4]. 

This work de scribes be hav ior of monomeric
CDK2/ATP, CDK2/cyclinA/ATP com plex, and
pT160-CDK2/cyclinA/ATP com plex (CDK2/cyclinA/
ATP com plex phosphorylated on Thr160 res i due of
CDK2) us ing the mo lec u lar dy nam ics sim u la tions with the
Cor nell et al. force field as im ple mented in the AMBER
soft ware pack age [5]. The next MD study was per formed
on pY15,pT160-CDK2/cyclinA/ATP sys tem. The sys tem
was pre pared from pT160-CDK2/cyclinA/ATP by phos -
pho rylation of the Tyr15 res i due of CDK2. Re sults of
conformational be hav ior of ATP and key res i dues for ac ti -
va tion in these com plexes will be pre sented. Ac ti va tion of
CDK2 in volves var i ous conformational changes, in clud ing 
the re ori en ta tion of the phos phate part of ATP and key res i -
dues in volved in ATP bind ing site. Trans for ma tion of con -
for ma tion of ATP phos phate in the pT160-CDK2/cyclinA
com plex is im por tant to form sub strate bind ing site, and is
thought to be crit i cal for ca tal y sis. 
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In last years, re nais sance of  rather old and tra di tional tech -
nique - X-ray pow der dif frac tion can be ob served. This was 
ini ti ated by both the in ter est in de sign of new ma te ri als (in
ma te ri als sci ence, phys ics and chem is try, where it plays the 
role of a ba sic method), and also by fast de vel op ment in in -
stru men tal tech niques - X-ray op tics and de tec tion which
en hanced its pos si bil i ties.

Pow der dif frac tion pat tern con tains dif fer ent kind of in -
for ma tion.  Peak po si tions and in ten si ties are re lated to
crys tal (atomic) struc ture, i.e. the type and size of lat tice
cell and atomic po si tions and con se quently it can be used
for struc ture re fine ment and even struc ture de ter mi na tion
in some cases. As a fin ger print of each in di vid ual phase,
the dif frac tion pat tern can be an ideal tool for phase
analysis.
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How ever, there is much more hid den in the pat tern.
Vari a tions of lat tice pa ram e ters and intensitites can de tect
lat tice de fects. This is re lated to the so-called real struc ture
of ma te rial, the term which is also used for struc tural fea -
tures in the scale of nanometers, i.e. grains or subgrains.
The top ics which is now of great in ter est be cause of in tense 
re search of nanomaterials.  Com plete pow der dif frac tion
analysis now a days in cludes - phase anal y sis, struc ture re -
fine ment,  stress, strain, crys tal lite size and texture
determination.

Can the tech nique be of any use for bi ol o gists? There
have not been many ap pli ca tions yet. Main in ter est of bi ol -
o gists now seems to be di rected to pro tein crys tal log ra phy
where even syn chro tron sin gle crys tal dif frac tion may be
in suf fi cient. How ever, re cently, an at tempt to use pow der
dif frac tion for struc ture re fine ment of proteins has
appeared [1, 2] too. 

In pres ent work, we have tried to per form more com -
plete dif frac tion anal y sis of dif fer ent egg-shells.

The bi o log i cal func tion of the egg-shell is a cham ber
for em bry onic de vel op ment and from which the chick is
able to emerge at the ap pro pri ate time. The re quire ments of
the ta ble egg in dus try are dif fer ent. The in dus try sus tains
eco nomic loss from cracked eggs and some of the crack ing
can be at trib uted to the de fi cien cies in the egg-shell struc -
ture. This is one of the rea sons why the at ten tion to eggshell 
is devoted [3-5].

The egg-shell con sists of sev eral mu tu ally through-
 grow ing lay ers of CaCO3. The in ner most layer - mamilary

layer ( ~100 µm) grows on the outer egg mem brane and
cre ates the base on which the pal i sade layer con sti tutes the

thick est part  (~ 200 µm) of the egg-shell. The top layer is

the ver ti cal layer  (~ 5-8 µm) cov ered by the or ganic cu ti -
cle.

Dif fer ent kinds of hen´s and bird´s egg-shells in the
pow der form or as a whole from both sides of the shell were 
ex am ined by pow der diffractometry and film back-re flec -
tion method. The pow der pat terns were eval u ated by the
fit ting of dif frac tion pro files with the Pearson VII func tion. 
The lat tice pa ram e ters, peak in ten si ties and pro file broad -

en ing were ana lysed. At the Bragg-Brentano set ting (2Q =

40°) the Cu ra di a tion pen e trates ap prox i mately into the
9 µm of the egg-shell, so the mea sure ments from the in ner
and outer shell sur face can give ev i dence of the mamilary
and pal i sade layer, re spec tively.

The re sults ob tained on egg-shells of very dif fer ent or i -
gins shown no sig nif i cant dif fer ences in lat tice pa ram e ters 
that cor re spond well to the PDF-2 val ues. The pat terns con -
tained only ba sic phase CaCO3 (space group no. 167: R-3c) 
with a small ad di tion of mag ne sium (0.3 wt. % , de ter mined 
by atomic ab sorp tion). Dif frac tion pat terns of pow ders ob -
tained from all the eggs in ves ti gated cor re spond very well
to the pat tern of stan dard CaCO3. The cor re spon dence is
very good in clud ing in ten si ties. The pat terns ob tained from 
egg-shell pow ders are also very sim i lar to the stan dard pat -
tern, re gard less larger line broad en ing. 

How ever, there are dif fer ences be tween pow ders and
both sides of the shells. For in ner shell sur faces, the in ten si -
ties are only slightly dif fer ent than in pow ders (in clud ing
stan dard one) but there is sig nif i cant line broad en ing in di -
cat ing fluc tu a tions of lat tice spac ings (the mean lo cal strain 

of about 0.2 %). On the other hand, for outer shell sur faces,
there is much smaller broad en ing of lines, sim i lar to pow -
ders, but sig nif i cant changes of in ten si ties in di cat ing the
00l tex tures of grains. This is also an ev i dence of pres ence
of two ba sic lay ers, struc tur ally very dif fer ent - mamilary
and pal i sade. The mean ing of crys tal lo graphic tex ture has
been em pha sized [3, 4]. It was steted that the break ing
strength of the egg shell is in versely re lated to the de gree of
cal cite ori en ta tion and con versely, re duced strength in the
egg shell from aged hens coincides with a high variability
of texture [3]. 

As a gen eral con clu sion and amaz ing fact, we can say
that any dif fer ences of XRD pa ram e ters be tween the eggs
of very dif fer ent or i gin are not sig nif i cant. So that their
microstructure and com po si tion, as they can be seen by
XRD, are the same. 

This work was an at tempt for non-tra di tional ap pli ca -
tion of pow der dif frac tion and it was shown that it may be
help ful for bi ol o gists not only for phase anal y sis but also
for the study of nanostructure of in or ganic crys tal line
phases in bi o log i cal ob jects which is closely re lated to the
over all microstructure which is strongly in flu enced by pro -
teins tak ing part in the egg cre ation. The egg shell ma trix
pro teins in flu ences the pro cess of crys tal growth by con -
trol ling size, shape and ori en ta tion of cal cite crys tals. The
for ma tion of avian eggs be longs to most rapid min e r al iza -
tion processes known.
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4. R.M.G. Ham il ton, The Microstructure of the Hen's Egg
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Ma son-Pfizer mon key vi rus en codes an as par tic pro te ase
(M-PMV PR), which is es sen tial for the cor rect as sem bly
and mat u ra tion of the virion par ti cles. The pro te ase pro -
cesses vi ral pro tein pre cur sors yield ing fully func tional
struc tural pro teins and en zymes. It was dem on strated that
the en zyme ex ists in three ac tive forms with mo lec u lar
mass of 17, 13, and 12 kDa per mono mer, which makes
M-PMV PR quite unique among other retroviral pro teas es
[1].  

We will re port a com plete three-di men sional struc ture
of the short est form of the pro te ase (12 kDa) where both
cysteine res i dues (Cys7 and Cys106) were mu tated for
alanines to pre vent their ox i da tion [2] and the ac tiv ity of
the pro te ase was sup pressed by an ex change of the cat a lytic 
aspartate for asparigine in the po si tion 26. Dou bly la beled
(13C/15N) sam ple was pre pared and the res o nance as sign -
ment was based on tri ple res o nance mul ti di men sional
NMR ex per i ments [3].  Based on the cal cu la tion of chem i -
cal shift in dex (CSI) ap prox i mate po si tions of sec ond ary
struc ture el e ments were lo cated. The re fine ment of the
struc ture was car ried out by ARIA soft ware pack age [4]
based on NOE con tacts, di hed ral an gle re straints and hy -
dro gen bonds. To sup port the struc tural re sults we also
mea sured 15N re lax ation prop er ties of M-PMV PR to ob -
tain a pic ture of dy namic be hav ior of the pro tein.

It turned out that the lower ac tiv ity of the short est form
of the pro te ase, as com pared with the fully ac tive 17 kDa
form, is caused by the pre vail ing mono mer in so lu tion.
This re sult was sup ported by ul tra cen tri fu ga tion ex per i -
ments. We have proved that the monomeric form of the 12
kDa M-PMV PR is folded sim i larly as the other retroviral
pro teas es with sev eral dis tinct fea tures, which will be dis -
cussed. 

Ac knowl edg ment: The work has been sup ported by the
Grant Agency of the Czech Re pub lic (Grant 203/00/1241)

1 A. Zá bran ský, M. An dre an ský, O. Hruš ko vá- Hei dings fel -
do vá, V. Havlí èek, E. Hun ter, T. Ruml, I. Pi cho vá I., Vi ro -
lo gy 245(2) (1998) 250-256.

2. T. Ya ma za ki, L. K. Ni chol son, D. A. Tor chia, S. J. Sta hl, J. 
D. Kau f man, P. T. Win g field, P. J. Do maille, S. Cam p -
bell-Burk, Eur. J.Bi o chem. 219 (1994) 707-712.

3.     V. Ve ver ka, H. Baue ro vá, A. Zá bran ský, I. Pi cho vá, and R. 
Hra bal, J. Bi o mo le cu lar NMR (2001) 291-292.

4.     M. Nilges, J. Macias, S. I. O'Donoghue, H.  Oschkinat, J.
Mol. Biol. (1997) 408-422.

NMR RELAXATION STUDIES OF FAST
INTERNAL MOTIONS IN NUCLEIC ACIDS

Lukáš Trantírek, Erik Caha and Radovan Fiala

Na tional Cen tre for Biomolecular Re search, Kotláøská 2,
CZ-611 37 Brno, Czech Re pub lic

In ves ti ga tions of intramolecular dy nam ics on the nano sec -
ond to pi co sec ond time scale by so lu tion NMR spec tros -
copy are based on the spin re lax ation prop er ties of nu clei
such as 15N or 13C. The most com monly mea sured quan ti -
ties are the lon gi tu di nal re lax ation rate con stant, R1, the
trans verse re lax ation rate con stant, R2, and the steady state
nu clear Overhauser ef fect (NOE). The val ues of these ex -
per i men tally ob tained pa ram e ters can be ex pressed as lin -
ear com bi na tions of spec tral den sity func tions. The
spec tral den sity func tion char ac ter izes the over all ro ta -
tional dif fu sion of the mol e cule as well as its intra -
molecular mo tions. Two ap proaches ex ist for the
in ter pre ta tion of the ex per i men tal data. In spec tral den sity

map ping, the val ues of the spec tral den sity func tion J(w) at
char ac ter is tic fre quen cies are de ter mined from the re lax -
ation data [1]. The "model-free" for mal ism as sumes a par -
tic u lar form of the spec tral den sity func tion, whose
pa ram e ters then char ac ter ize am pli tudes and time scales of
the mo lec u lar mo tions [2].

The meth ods for mea sur ing 15N re lax ation pa ram e ters
have been well es tab lished thanks to a large body of lit er a -
ture on pro tein dy nam ics stud ied through am ide ni tro gen
re lax ation. Be cause of the sim i lar ity of the spin en vi ron -
ments, the pro ce dures de vel oped for pro tein am ide ni tro -
gen are di rectly ap pli ca ble to imino ni tro gen of gua nine
and ura cil [3]. How ever, 15N re lax ation study of nu cleic ac -
ids can yield the dy namic prop er ties of gua nine and ura cil
bases only. For a more com plete pic ture, the use of 13C re -
lax ation data is highly de sir able. The most suit able can di -
dates for re lax ation stud ies in nu cleic ac ids are C8 car bons
of pur ines, C6 car bons of py rimi dines and C1' of the sugar. 

In or der to bring in sight into the in ter nal dy nam ics of
RNA tetraloops we have per formed a 13C NMR re lax ation
and mo lec u lar dy nam ics study of 14-nt RNA hair pins
GGCACUUCGGUGCC and GGCACGCAAGUGCC (the 
un der lined nu cleo tides form the loops). The UNCG and
GNRA fam i lies of sta ble RNA hair pins (where N is any nu -
cle o tide and R is pu rine) have very sim i lar over all folds.
How ever, the bi o log i cal roles of these two se quences ap -
pear dif fer ent. The dif fer ences have been at trib uted to dis -
tinct dy nam i cal prop er ties of the two se quences [4]. 

We have mea sured R1 and R1p re lax ation rates for C8 of
pur ines, C2 of adenines, C6 and C5 of py rimi dines as well
as for C1' of the ribose sug ars at sev eral mag netic field
strengths. The data have been in ter preted in the frame work
of modelfree anal y sis char ac ter iz ing the in ter nal dy nam ics
of the mol e cules by or der pa ram e ters and cor re la tion times
for fast mo tions on the pi co sec ond to nano sec ond time
scale and by con tri bu tions of chem i cal ex change.

While both tetraloops ex hibit in creased mo bil ity on the
fast time scales, with the GCAA loop we have de tected a
sig nif i cant con tri bu tion of conformational dy nam ics on the 
mil li sec ond to mi cro sec ond time scale. This is con sis tent
with the ob ser va tions that the GNRA fam ily ap pears more
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flex i ble and tol er ant of the conformational changes im por -
tant for mo lec u lar rec og ni tion.
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2. J. W. Peng & G. Wag ner, J. Magn. Re son. 82 (1992)
308-332.

3. M. Akke, R. Fi a la, F. Ji ang, D. Pa tel & A. G. Pal mer, RNA, 
3 (1997) 702-709.
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CONFORMATIONAL VARIABILITY OF RNA
BACKBONE

Bohdan Schnei der1, Zdenìk Morávek2, and Helen 
M. Berman3

1Cen ter for Com plex Mo lec u lar Sys tems and
Biomolecules, Dolejškova 3, CZ-18223 Prague, Czech
Re pub lic, bohdan.schnei der@jh-inst.cas.cz
2Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, 
Prague, Czech Re pub lic
3Rutgers Uni ver sity, Piscataway, NJ-08854, USA.

As shown by ribozyme and es pe cially ri bo some struc tures
solved in last few years, mol e cules of RNA form com pli -
cated 3D folds which have no match among known DNA
struc tures but their com plex ity is quite com pa ra ble to that
of pro tein folds. Com pli cated RNA folds are en abled by a
high flex i bil ity of the nu cle o tide back bone but lit tle is
known about its conformational be hav ior. A well re fined
struc ture of the large ri bo some sub unit 50S at 2.4A, NDB
struc ture RR0033 (PDB ID 1JJ2), Ban et al. Sci ence 289,
905 (2000), pro vides a da ta base of over 2700 nu cleo tides.
This work an a lyzes con for ma tions of these nu cleo tides by
a com bi na tion of Fou rier av er ag ing and clus ter ing tech -
niques. 

Ma jor ity of all nu cleo tides of RR0033, about 70%, are
in the A-type con for ma tion, this main conformational type
can be fur ther clas si fied into three sub classes. The re main -
ing 30% of nu cleo tides with other than A-type con for ma -
tions were an a lyzed in a greater de tail. The back bone
tor sion an gles for each nu cle o tide were grouped into eight
sets of three an gles with the main em pha sis on the tor sions
around the two phosphodiester bonds, O3*-P (tor sion zeta) 
and P-O5* (al pha). Each set of three tor sions re sults in a 3D 
dis tri bu tion of points in a para met ric tor sional space and
this dis tri bu tions was Fou rier trans formed into den si ties of
nu cle o tide con for ma tions. Peak po si tions (max ima) of
these maps con fine the most prob a ble (di)nu cle o tide con -
for ma tions. 

Nu cleo tides be long ing to the same peaks in sev eral tor -
sional 3D maps have sim i lar ge om e try. Such nu cleo tides
were grouped and com pared in Car te sian (real) 3D space.
In such a way, twelwe types of  highly un typ i cal (non-A)
nu cle o tide con for ma tions were iden ti fied and their Car te -
sian co or di nates de ter mined. These un typ i cal nu cle o tide

con for ma tions can be use ful in e.g.re fine ment pro cess and
are avail able upon re quest. 

BS  is grate ful to sup port by grant LN00A032 from the Min -
is try of Ed u ca tion of the Czech Re pub lic.

STRUCTURE AND DYNAMICS OF
RIBOSOMAL 5S RNA AND ITS COMPLEX
WITH RIBOSOMAL PROTEIN L25

K. Réblová1, N. Špaèková2,  R. Štefl1,
K. Csaszar3, J. Koèa1, N. B. Leontis3 and 
J. Šponer2

1Na tional Cen ter for Biomolecular Re search, Kotláøská
2, 611 37 Brno, Czech Re pub lic
2In sti tute of Bio phys ics, Acad emy of Sci ences of the
Czech Re pub lic and Na tional Cen ter for Biomolecular
Re search, Královopolská 135, 612 65, Brno, Czech Re -
pub lic
3Chem is try De part ment and Cen ter for Biomolecular Sci -
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Ri bo somal 5S RNA (5S rRNA) is an in te gral com po nent of 
the large ri bo somal sub unit in all known or gan isms with
the ex cep tion of the small ri bo somes of fun gal and an i mal
mi to chon dria. The 5S rRNA of Esch e richia coli (E. coli)
in ter acts with ri bo somal pro teins L5, L18 and L25 and en -
hances pro tein syn the sis by sta bi li za tion of the ri bo some
struc ture but its ex act role in pro tein syn the sis is still not
known. 5S rRNA con tains in ter nal loop - Loop E. The
Loop E is a sa lient ex am ple of a uniquely struc tured non-
 Wat son- Crick mo tif, as it con tains seven con sec u tive
non-Wat son-Crick base pairs, in clud ing wob ble G.U base
pair and sub stan tial cross-strand pu rine stack ing. This
unique du plex ar chi tec ture to gether with ad ja cent se -
quence he lix IV form bind ing site for ri bo somal pro tein
L25. 

To un der stand the struc ture and func tion of in ter nal
Loop E and in ter ac tion be tween 5S rRNA Loop E and ri bo -
somal pro tein L25, we have car ried out set of mo lec u lar dy -
nam ics sim u la tions.

Ini tial struc tures were di rectly taken from x-ray crys tal -
log ra phy - crys tal struc ture of 5S rRNA Loop E (E. coli) [1] 
and crys tal struc ture of ri bo somal pro tein L25 complexed
with the 5S rRNA frag ment [2]. An other stud ied struc ture
was chloroplast Loop E for which there is no atomic res o lu -
tion struc ture yet avail able and which is suf fi ciently dif fer -
ent from bac te rial Loop E mo tifs in se quence, but
evolutionarily re lated to it. Model of chloroplast Loop E
was pro posed based on homology mod el ing [3], ini tial
struc ture for this model was bac te rial Loop E, mu ta tion of
three base pairs was per formed based on the isosteric mu ta -
tion.

Main fo cus of our in ves ti ga tion was to study of the
struc ture, dy nam ics, hydration and cat ion bind ing of
non-Wat son-Crick base pairs and in ter ac tion be tween ri bo -
somal pro tein L25 and 5S rRNA Loop E. An other aim of
this study was to test the use ful ness of the MD tech nique in
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eval u at ing the dy nam ics and energetics of mo lec u lar mod -
els of RNA mo tifs con structed by phylo gen etic anal y sis
and isostericity prin ci ples.

1. C. C. Cor rell,  B. Fre e born &  P. B. Mo o re T. A. Ste itz.
Cell, 91 (1997) 705-712.

2. M. Lu & T. A. Ste itz. Proc. Natl. Acad. Sci. U S A, 97
(2000) 2023-2028.

3. N. B. Leontis & E. Westhof. RNA, 4 (1998) 1134-1153.

THE EFFECT OF WATER SOLVENT ON
THEORETICAL NMR SPIN - SPIN
COUPLINGS IN DNA: IMPROVEMENT OF
CALCULATED VALUES BY APPLICATION
OF TWO SOLVENT MODELS

V. Sychrovský1, B. Schnei der1, P. Hobza1,
L. Žídek2, V. Sklenáø2

1J. Heyrovský In sti tute of Phys i cal 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, Dolejškova 3,
18223, Praha 8, Czech Re pub lic
2Lab o ra tory of Biomolecular Struc ture and Dy nam ics
and Na tional Cen tre for Biomolecular Re search, Fac ulty
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Brno, Czech Re pub lic

The NMR in di rect spin - spin cou pling con stants cal cu lated 
in DNA base pairs are com pared with one-bond 1J(X,H),
1J(C,X) and two-bond 2J(X,H), (X = C, N) cou pling con -
stants mea sured in DNA hair pin mol e cule d(GCGAAGC)
[1]. The two the o ret i cal mod els of sol vent: ex plicit and Po -
lar ized Con tin uum, were in tro duced. Both ex plicit and
PCM sol vent model pro vide a sim i lar im prove ment of the
cal cu lated J con stants when com pared to the ex per i men tal
data. The mean ab so lute de vi a tion be tween the cal cu lated
and ex per i men tal cou plings is sig nif i cantly re duced by sol -
vent in clu sion, from 1.7 to 1.1 Hz for gua nine, from 2.4 to
0.6 Hz for cy to sine, and from 2.3 to 1.6 Hz for ad e nine. The 
stron gest sol vent shift was cal cu lated for the 1J(C,H) cou -
pling con stants, par tic u larly for the (C8,H8) cou pling in
gua nine (6.1 Hz) and ad e nine, and the (C5,H5) and
(C6,H6) cou plings in cy to sine. These changes in 1J(C,H)
cou pling seem to cor re spond to the charge trans fer from
wa ter bond ing and lone pair orbitals to the gua nine
anti-bond ing C8-H8, C8-N7, and C8-N9 orbitals. From the 
close agree ment be tween the cal cu lated and ex per i men tal
cou pling con stants we can de duce that the C-H group of the 
hair pin bases is ex ten sively hy drated even when in ter ac -
tion with sol vent is rather weak and non - spe cific.

1. V. Sych rov ský, B. Schne i der, P. Hob za, L. Žídek, 
V. Skle náø, Phy s i cal Che mis t ry Che mi cal Phy s ics, in press.

LECTURES - MARCH 15

STRUCTURAL BASIS OF HIV-1 AND HIV-2
PROTEASE INHIBITION BY A
MONOCLONAL ANTIBODY

P. Øezáèová1, J. Lescar2, J. Brynda1,
M. Fábry1, M. Hoøejší1, G.A. Bentley3 and 
J. Sedláèek1

1Dep. of Gene Ma nip u la tion, In sti tute of Mo lec u lar Ge -
net ics, Acad emy of Sci ences of the Czech Re pub lic,
Flemingovo nam. 2, Prague 6, Czech Re pub lic
2School of Bi o log i cal Sci ences, Nanyang Walk, Blk 5,
Level 3, Sin ga pore 637616
3Unité d'Immunologie Structurale, Institut Pas teur, 25
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Since the dem on stra tion that the Hu man Im mu no de fi -
ciency Vi rus pro te ase (HIV PR) is es sen tial in the vi ral life
cy cle [1], this en zyme has be come one of the pri mary tar -
gets for an ti vi ral drug de sign. With the ob jec tive of prob ing 
the struc tural sta bil ity of HIV PR and the even tual de sign
of po ten tial in hib i tors di rected to re gions other than the ac -
tive site, we have ex am ined the ef fects of anti-HIV-1 PR
monoclonal an ti bod ies (mAbs) on the cat a lytic ac tiv ity of
the pro te ase [2, 3]. Monoclonal an ti body mAb1696, al -
though raised against the HIV-1 PR, in hib its the cat a lytic
ac tiv ity of both the HIV-1 and HIV-2 en zymes with in hi bi -
tion con stants in nanomolar range [3] and cross-re acts with
pep tides com pris ing the N-ter mi nus of the HIV pro te ase
(res i dues 1 to 7). The N-ter mi nal re gion is es sen tial for
dimerization of mono mers and thus form ing the ac tive HIV 
PR dimer.

To in ves ti gate fur ther the mech a nism of HIV PR in hi bi -
tion by mAb1696, a re com bi nant sin gle-chain Fv frag ment
(scFv) that con tains heavy and light chain vari able do mains 
of mAb1696 joined by a flex i ble linker have been pre pared
and used for crys tal lo graphic stud ies [4]. Al though the
crys tal li za tion of scFv1696 complexed with the HIV pro -
teas es has not yet been suc cess ful, the for ma tion of these
com plexes has been dem on strated in so lu tion. As an al ter -
na tive ap proach to study ing the an ti genic rec og ni tion by
the mAb 1696 at the struc tural level, we have crys tal lized
com plexes of scFv1696 with the re spec tive epitope pep tide 
frag ments of the HIV pro te ase. The three-di men sional
struc ture of the com plex formed be tween scFv1696 and
epitope pep tide PQITLWQRR (cor re spond ing to the
N-ter mi nus of HIV-1 PR) has been solved and re fined at
2.70 C  res o lu tion [4]. The struc ture of the com plex formed 
be tween scFv1696 and epitope pep tide PQFSLWKR (cor -
re spond ing to the N-ter mi nus of HIV-2 PR) has been
solved and re fined at 1.88C  res o lu tion. 

In ter ac tions of pep tides with scFv1696 have been an a -
lyzed and com pared in both struc tures. On the ba sis of the
in ter ac tions seen in the com plex, the cross-re ac tiv ity be -
tween mAb1696 and the HIV-1 and HIV-2 pro te ase and
their N-ter mi nal pep tides can be ex plained. The broad re ac -
tiv ity be tween mAb 1696 on one side and the HIV-1 PR
and HIV-2 PR de rives from the invariance or con ser va tion
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of the first six N-ter mi nal res i dues of the two strains. Most
of these res i dues are deeply bur ied in the an ti body-bind ing
groove and es tab lish ex ten sive con tacts.

Us ing the pep tide as a guide, a dock ing com plex of a
whole pro te ase mono mer was gen er ated, which sug gests
that mAb 1696 in hib its the HIV PR by fa vour ing the dis so -
ci a tion of the ac tive homodimer. A dissociative mech a nism 
of pro te ase in hi bi tion by 1696 is con sis tent with the
stoichiometry of the in hi bi tion com plex, as de rived from
the in hi bi tion ki netic stud ies [3]. 
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CRYSTALLOGRAPHIC STUDY OF AN  ANTI
-CARBONIC ANHYDRASE IX MONOCLONAL 
ANTIBODY M75

Renata Štouraèová1, Jan Závada1, Zuzana
Závadová1, Silvia Pastoreková2, Jiøí Brynda1, Mi -
lan Fábry1, Vlastimil Král1, Magda Hoøejší1, and
Juraj Sedláèek1

1In sti tute of Mo lec u lar Ge net ics, Acad emy of Sci ences,
166 37 Prague, Czech Re pub lic
2In sti tute of Vi rol ogy, Slo vak Acad emy of Sci ences, 842
46 Bratislava, Slo vak Re pub lic

Car bonic anhydrase IX (CA IX) is a cell sur face pro tein,
strongly as so ci ated with cer tain types of hu man car ci no -
mas. The pre dicted pro tein of cloned CA IX cDNA con -
sists of the sig nal pep tide, proteoglycan-re lated se quence,
car bonic anhydrase do main, trasmembrane seg ment and a
short intracellular tail (1, 2). Un til now, mo lec u lar ba sis of
in volve ment of CA IX in carcinogenesis has re mained un -
clear. CA IX is a cell ad he sion mol e cule, its car bonic
anhydrase (CA) is enzymaticaly ac tive. Struc tural study of
a CA IX-bind ing monoclonal an ti body (mAb) M75,
complexed with its epitope pep tide may con trib ute to ward
elu ci da tion of the role of CA IX. To achieve this goal, two
par al lel ap proaches were cho sen: anal y sis of Fab frag ment, 
or of a smaller scFv frag ment, both con tain ing the com plete 
an ti gen bind ing site pres ent in mAb M75.

Monoclonal an ti body M75 was ob tained (3) and
proved to re act ex cel lently with na tive and denaturated CA
IX. Us ing syn thetic oligopeptides,  the epitope of mAb
M75 was lo cal ized  in the proteoglycan do main of CA IX,
in the re gion of a tan dem re peat and iden ti fied  as amino ac -
ids PGEEDLP (4). The Fab frag ment was ob tained by
papain cleav age. We ob tained crys tals of free Fab M75 and 

Fab M75 complexed with two dif fer ent epitope pep tides.
The data set for Fab M75 was col lected and the struc ture
solv ing is un der way.

An other ap proach is to pre pare  sc Fv frag ment of this
an ti body (de scribed in the con tri bu tion of Vlastimil Král,
Mi lan Fábry, Magda Hoøejší, Jan Zavada, Juraj Sedláèek:
Mo lec u lar clon ing, E. coli ex pres sion and pu ri fi ca tion of
scFv an ti body frag ments of di ag nos tic/ther a peu tic in ter est.
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A LONG WAY TO WELL DIFFRACTING
PROTEIN CRYSTALS

¼ubica Urbániková 

In sti tute of Mo lec u lar Bi ol ogy, Slo vak Acad emy of Sci -
ences, Dúbravská cesta 21, 84551 Bratislava 45, Slo vak
Re pub lic

In ex per i ments of pro tein crys tal li za tion very of ten spheru -
lites, microcrystals and nee dles ap pear as a re sult of not
hav ing op ti mal crys tal li za tion con di tions. Op ti mi za tion of
con di tions is of ten guided by a sense of pro tein, how ever,
the o ret i cal knowl edge and prac ti cal ex pe ri ences are in ev i -
ta ble. It is well known that the best con di tions for grow ing
crys tals dif fer from crys tal nu cle ation con di tions. Sep a ra -
tion of these two pro cesses in or der to ob tain well dif fract -
ing crys tals will be pre sented. The im por tance of pro tein
pu rity and ho mo ge ne ity in grow ing crys tals will be
stressed and pro ce dures im prov ing crys tal qual ity will be
dis cussed. One of the top ics will con cern prac ti cal as pects
for prep a ra tion of pro tein crys tals for data col lec tion at
room and cryo genic tem per a ture. All these points will be
doc u mented by our ex pe ri ences with crys tal li za tion of a
num ber of pro teins, their mu tants and com plexes.
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PRECISION AND RELIABILITY IN
MOLECULAR STRUCTURE
DETERMINATION

J. Hašek

In sti tute of Macromolecular Chem is try, Acad emy of Sci -
ences of CR, Heyrovského nám.2, 162 06 Praha 6, Czech
Re pub lic

Pro tein struc ture da ta base (PDB) [1] is a pri mary source of
in for ma tion about the struc ture of bi o log i cal macro -
molecules. It con tains al most 20.000 of ex per i men tally de -
ter mined struc tures. About 15 % of them are de ter mined by 
NMR tech niques, 85 % by X-ray crys tal log ra phy (see
Tab.1). 

In spite of the fact that the fi nal cal cu la tions and re fine -
ment of the struc ture with NMR and X-ray data can be per -
formed with the same com puter pro gram (e.g. XPLOR,
CNS [2]) there are sig nif i cant dif fer ences in mean ing and
also in pre sen ta tion of struc ture. 

NMR mea sure ment. Roughly speak ing, the most im -
por tant in for ma tion from NMR mea sure ment is iden ti fi ca -
tion of at oms lay ing near (3 - 6 C) each other in spite of the
fact that they are far along the chain. The fi nal de scrip tion
struc ture is ob tained by search ing for all mo lec u lar mod els
sat is fy ing these ex per i men tal re strains us ing the meth ods
of mo lec u lar mod ell ing. Thus, gen er ally speak ing, the re li -
abil ity of the struc ture model is de rived from a com plete -
ness of the ex per i men tal re strains, and the ex act atom
co or di nates are op ti mized by meth ods of mo lec u lar mod el -
ling. The mo lec u lar struc ture in PDB is de scribed as a num -
ber of  in di vid ual struc tures of ten in ter preted as snap shots
of a mol e cule in move ment.

X-ray dif frac tion ex per i ment. The pri mary re sult of
X-ray dif frac tion ex per i ment is a map of elec tron den sity

av er aged over time of mea sure ment and all struc ture units
in crys tal. How ever, it is re ally never pub lished in this
form. The atomic co or di nates send to the PDB are de ter -
mined as cen ters of  elec tron den sity of in di vid ual at oms.
Mov ing parts of mol e cule cor re spond to ar eas with low or
smashed elec tron den sity. At this mo ment, the X-ray sci en -
tist starts to look for sev eral al ter na tive con for ma tions
which are all re fined un der the  re strain that the sum of oc -
cu pa tion fac tors  is 1. Thus the in for ma tion about mo lec u -
lar move ment is hid den in a sin gle file of atom co or di nates
as al ter na tive con for ma tions for in di vid ual side chains and
also as tem per a ture fac tors B [3] de scrib ing the mean
atomic dis place ment u(C) around the mean po si tions of in -
di vid ual atoms .  The de pend ence of  B on the mean atomic
dis place ment u (C) is ilustrated in Tab. 2.  

An other term some times mis un der stood is res o lu tion.
The pre ci sion of atomic po si tions is not a sim ple func tion
of res o lu tion and de pends on more fac tors. An ap prox i mate 
re la tion be tween the ex pected stan dard de vi a tion of atomic
po si tion and the res o lu tion is il lus trated in Tab.3.

The talk will show complementarity of  X-ray and
NMR tech niques and some rules for work ing with data ob -
tained by X-ray crys tal log ra phy.  

1. Pro tein Da ta Bank (PDB). Re search Col la bo ra to ry for
Structu ral Bi o in for ma tics (RCSB)
http://rut gers.rcsb.org/pdb/.

2. Gi a co vaz zo C., Mo naco H.L., Viterbo D., Scordari F., Gilli 
G., Zanotti G., Catti M. Fun da men tals of Crys tal log ra phy.
Ox ford Uni ver sity Press, 2000.

3. In ter nati o nal Ta bles for Crys tal log ra phy. Crys tal log ra phy
of  Bi o log i cal Mactromolecules. Vol.F. 
Kluwer Acad.Publ., Dorndrecht 1999.
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Pro teins Vi ru ses
Pro tein/NA
Com plexes

Nucleic
Acids

Car bo hyd ra tes De tails of me a su re ment to tal

X-ray 15.507 734 638 14 8.755(i) 16.893

NMR 2.481 89 496 4 1.457(ii) 3.070

To tal 17.988 823 1.134 18 10.212 19.963

Ta ble 1. Num ber of struc tures of bi o log i cal macromolecules de pos ited in the Pro tein struc ture da ta base.The the o ret i cal mod els are not
be ing col lected in the PDB since 2002 (in for ma tion taken  from the PDB Hold ings List: 04-Feb-2003)

(i) De po si tion  of  re flec tion  in ten si ties, (ii) De po si tion of re strains gained by NMR mea sure ment  

B (C) 4 8 16 32 64 128

Mean ato mic dis pla ce ment (C) 0.23 0.32 0.45 0.64 0.90 1.80

Ta ble 2.  Ex act re la tion be tween the tem per a ture fac tor B (C2) and the ef fec tive atom width (the mean atomic dis place ment u (C)).

 B = 8 p2 <u2> .

Re so lu ti on  (C)   5 3.0 2.4 1.9 1.5 1.3 1.0 0.8 0.6 

Ex pec ted e.s.d. (C)  > 3 0.7 0.4 0.2 0.1 0.07 0.05 0.03 0.01 

Ta ble 3. Typ i cal av er age co or di nate in ac cu racy <sx> (mean ex pected stan dard de vi a tion) as a func tion of the limit for dif frac tion mea -
sure ment (res o lu tion). Data col lected from ran domly se lected struc tures found in lit er a ture.



THE CRYSTAL STRUCTURE OF YODA, 
AN E. COLI PROTEIN INVOLVED IN HEAVY
METAL STRESS

Anita Lewit-Bentley1, Ga briel Da vid1, Si mon
Penel1, Karine Blondeau2

1LURE, Bât. 209D, Cen tre Universitaire Paris-Sud,
91898 Orsay, France
2IGM, Bât. 360, Cen tre Universitaire Paris-Sud, 91450
Orsay, France

Heavy met als, such as mer cury and cad mium, are very
toxic in liv ing or gan isms, which have there fore evolved
var i ous de fence and con trol mech a nisms. Even for met als
that are es sen tial for the cor rect func tion ing of liv ing or -
gan isms, their pres ence within the cells has to be tightly
con trolled to avoid neg a tive ef fects. In most cases, and cer -
tainly in the case of cad mium, the ac tual toxic ef fect is in
part due to the ox i dant prop er ties of these met als.

We have solved the struc ture of YodA, a novel pro tein
im pli cated in cad mium stress is E. coli. This pro tein has
been sug gested as a mem ber of a new fam ily of cad mium-
 re sponse pro teins in bac te ria (1). While there is no se -
quence sim i lar ity to pro teins with known folds, the three-
 di men sional struc ture shows that YodA is a memeber of
the lipocalin/calycin fam ily. At the same time, we show
that YodA is a metalloprotein, with a high-af fin ity site for
di va lent cat ions such as zinc, nickel and cad mium.

We shall de scribe the struc ture of the pro tein and pro -
pose hy poth e ses for its func tion in bac te ria.

1. A. Puska ro va, P. Fe ri anc, J. Kor ma nec, D. Ho me ro va,
A. Fa rewell  & T. Nyd ström, Micro bi o lo gy 148 (2002)
3801-3811.

STRUCTURAL BIOLOGY OF 14-3-3
PROTEINS

Tomáš Obšil1,2 

1Charles Uni ver sity, Dept. of Phys i cal and
Macromolecular Chem is try, Hlavova 8, CZ-12840,
Prague 2, Czech Re pub lic
2In sti tute of Phys i ol ogy, Acad emy of Sci ences of the
Czech Re pub lic, CZ-14220 Praha 4, Czech Re pub lic

14-3-3 pro teins were the first sig nal ing pro teins to be iden -
ti fied as dis crete phosphoserine/phosphothreonine bind ing
mol e cules. These pro teins play an im por tant role in the reg -

u la tion of sig nal transduction, apoptosis, cell cy cle con trol,
and nu tri ent-sens ing path ways [1,2]. The 14-3-3 pro teins
are a con served fam ily of acidic pro teins (mo lec u lar mass
rang ing from 27 to 32 kDa) pres ent in high abun dance in all 
eukaryotic or gan isms stud ied so far. Many or gan isms ex -
press mul ti ple isoforms; for ex am ple, in mam mals seven
isoforms have been iden ti fied. All 14-3-3 isoforms can
form sta ble homo and het ero-dimers. Though 14-3-3 pro -
teins per form dif fer ent func tions for dif fer ent lig ands, gen -
eral mech a nisms of 14-3-3 ac tion in clude changes in
ac tiv ity of bound en zymes, con trol in sub-cel lu lar lo cal iza -
tion of 14-3-3 bound pro teins, and al ter ations in pro -
tein-pro tein in ter ac tions of bound lig ands with other
pro teins. 

Crys tal struc tures of hu man 14-3-3 zeta and tau
isoforms, and struc tures of 14-3-3zeta bound to var i ous
pep tides rep re sent ing 14-3-3 bind ing mo tifs pro vided first
struc tural in sight into un der stand ing of the bi o log i cal func -
tion of 14-3-3 pro teins [3, 4]. These struc tures il lus trate the
con served fold of the 14-3-3 pro teins, where each mono -

mer is com posed of nine antiparallel a-he li ces, and two
mono mers form cup-shaped dimers with a large deep chan -
nel in the cen ter run ning the length of the dimer. The walls
of the chan nel con tain amphipathic grooves that are ~30 C
long, and res i dues lin ing the grooves are mostly con served
among the dif fer ent isoforms. Phosphoserine-con tain ing
pep tides were ob served to bind in an ex tended con for ma -
tion within these grooves. Re cently, the struc ture of
14-3-3zeta bound to an en zyme se ro to nin N-acetyl -
transferase in com plex with a bisubstrate an a log, was
solved [5]. This struc ture al lowed to de scribe how 14-3-3
in ter acts with an en zy mat i cally ac tive pro tein - 14-3-3 sta -
bi lizes the con for ma tion of an ad ja cent re gion in the en -
zyme, caus ing en hanced sub strate bind ing and prod uct
for ma tion.

  

1. H. Fu, R.R. Sub ra ma ni an & S.C. Mas ters, Annu. Rev.
Phar ma col. To xi col. 40 (2000) 617-647.

2. M. J. van He mert, H. Y. Ste en s ma & G. P van He u sden,
Bi oessays 23 (2001) 936-946.

3. B. Liu, J. Bi en kows ka, C. Pe to sa, R.J. Col lier, H. Fu & R.
Li d ding ton, Na tu re 376 (1995) 191-194.

4. K. Rit tin ger, J. Bud man, J. Xu, S. Vo li nia, L.C. Cantley,
S.J. Smer don, S.J. Gam b lin & M.B. Yaf fe, Mol. Cell, 4
(1999) 153-166.

5. T. Obšil, R. Ghirlando, D.C. Klein, S. Ganguly & F. Dyda,
Cell, 105 (2001) 257-267.
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STRUCTURE OF THE PLECTIN ACTIN
BINDING DOMAIN

Jozef Ševèík

In sti tute of Mo lec u lar Bi ol ogy, Slo vak Acad emy of Sci -
ences, Dúbravská cesta 21, 845 51 Bratislava 45, Slo vak
Re pub lic

Plectin and its isoforms are ver sa tile cytolinker pro teins of
very large size (mo lec u lar mass over 500 kDa) that are ex -
pressed in a wide va ri ety of mam ma lian tis sues and cell
types. Bio chem i cal data in di cate that plectin plays an im -
por tant role in cytoskeleton net work or ga ni za tion and reg -
u la tion, with con se quences for viscoelastic prop er ties of
the cy to plasm and the me chan i cal in teg rity and re sis tance
of cells and tis sues. De fects in plectin genes cause
autosomal re ces sive or dom i nant he red i tary dis eases, char -
ac ter ized by se vere skin blis ter ing with or with out mus cu -
lar dys tro phy. Plectin has been well char ac ter ized
bio chem i cally and ge net i cally. Elec tron mi cros copy re -
vealed that the pro tein has a dumb bell-like struc ture com -
pris ing a cen tral rod do main (ap prox i mately 2 000 C long)
flanked by N- and C- ter mi nal glob u lar do mains. Each of
these do mains con tains sev eral subdomains to which bind -
ing sites for var i ous in ter ac tion part ners have been mapped. 
Actin-bind ing do main (ABD) of plectin is lo cated in prox -
im ity to its N-ter mi nus. It con sists of two so called calponin 
homology (CH) 1 and 2 subdomains. 

Crys tals of the plectin ABD were grown by the hang ing 
drop dif fu sion method. Mod i fi ca tion of crys tal li za tion con -
di tions re sulted in two crys tal forms. Data from crys tal
form I (P21) were col lected at room tem per a ture to 2.0 C
res o lu tion and from crys tal form II (P212121) at cryo tem -
per a ture to 2.2 C res o lu tion on the EMBL beamlines at the
DORIS stor age ring, DESY Ham burg. The struc ture was
solved by mo lec u lar re place ment method us ing utrophin
ABD (PDB code 1QAG) as search model. Struc tures of
both crys tal forms were re fined with the pro gram
REFMAC5. Re com bi nant mol e cule of the plectin ABD is a 
pro tein con sist ing of 245 res i dues which form 11 he li ces.
The struc ture is al most iden ti cal with the fimbrin ABD in
spite of rel a tively low amino-acid se quence iden tity (23 %) 
and dif fers from those of utrophin and dystrophin mainly in 
ori en ta tion of CH1 and CH2 subdomains. 

POSTERS

MOLECULAR DYNAMICS SIMULATION OF
1,2,3-TRICHLOROPROPANE IN THE ACTIVE 
SITE OF WILD TYPE AND MUTANT
HALOALKANE DEHALOGENASE DHAA

P. Banáš1, M. Otyepka1 and J. Damborský2

1Department of Phys i cal Chem is try, Fac ulty of Sci ence,
Palacký Uni ver sity, tø. Svobody 26, 771 46 Olomouc
2National Cen tre for Biomolecular Re search, Fac ulty of
Sci ence, Masaryk Uni ver sity, Kotláøská 2, 611 37 Brno

 1,2,3-trichloropropane (TCP) is a toxic syn thetic chlo ri -
nated hy dro car bon not known to oc cur nat u rally. TCP is re -
sis tant to bi o log i cal and chem i cal deg ra da tion and is of ten
found as a wa ter pol lut ant. Ther mo dy nam ics cal cu la tion
shows that aer o bic min er al iza tion of TCP could pro vide
suf fi cient en ergy to sus tain mi cro bial growth. The
haloalkane dehalogenase (DhaA) from Rhodococcus sp.
m15-3 hydrolyzes car bon-halo gen bonds in a wide range of 
haloalkanes, in clud ing TCP, to the cor re spond ing (halo)al -
co hol, re leas ing ha lide ions. Re cently a way how to im -
prove DhaA en zyme to uti lize TCP as a sub strate by
dou ble-point mu ta tion (C176Y+Y273F) has been pro -
posed by Bosma et al. [1].

The goal of the work was to ex plain by mo lec u lar mod -
el ing why is the mu tated en zyme more ef fec tive than wild
type DhaA. The mo lec u lar dy nam ics method was used to
pro duce six 1 ns-long sim u la tions; three of them with the
DhaA wild-type in com plex with TCP in tree dif fer ent
bind ing modes TCP(bm1), TCP(bm2), and TCP(bm3) and
three of them with C176Y+Y273F dou ble mu tant of DhaA. 
The bind ing mode TCP(bm1) cor re sponds to dehalo -
genation from Cb atom, while the bind ing modes
TCP(bm2) and TCP(bm3) re lates to the dehalogenation
from ei ther Ca atom.

Both sim u la tions of wt/TCP(bm1) and C176Y+
Y273F/TCP(bm1) show that the dehalogenation from Cb is
not pos si ble, due to a steri cal hin drance of TCP in the ac -
tive site. More over, TCP changes its bind ing mode from
TCP(bm1) to TCP(bm2) in both these sim u la tions. The
other sim u la tions (wt /TCP(bm2), wt /TCP(bm3), C176Y+
Y273F/TCP(bm2) and C176Y+ Y273F/ TCP(bm3)) show
that TCP fre quently adopts a near at tack con for ma tion
(NAC), i.e. con for ma tion ap pro pri ate for SN2 at tack dur ing 
the whole sim u la tion. Pre lim i nary re sults in di cate that
NAC is more pop u lated in sim u la tion of dou ble mu tant
(see Ta ble 1). 

Ta ble 1: Pop u la tion of NAC for stud ied sys tems. 

Sys tem TCP(bm2) TCP(bm3)

wt-DhaA 20.7 % 6.5 %

C176Y+Y273F-DhaA 28.9 % 11.7 %

 1. T. Bosma, J. Damborský, G. Stucki, D. B. Janssen, Appl.
En vi ron. Microb. 68 (2002) 3582-3587.
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MOLECULAR DYNAMICS SIMULATIONS OF
DNA TRIPLEXES CONTAINING MODIFIED
HOOGSTEEN STRANDS - POTENTIAL
CANDIDATES FOR ANTIGENE THERAPY

Ivan Barvík Jr.

In sti tute of Phys ics, Charles Uni ver sity, Ke Karlovu 5,
12116 Prague, Czech Re pub lic

The con cept  of "antisense" and "antigene" nu cleic  ac ids 
rep re sents  a  per spec tive  ap proach  in che mo ther apy,
prom is ing  to  in hibit se lec tively un wanted gene ex pres sion 
by cre ation of a he li cal  com plex with tar get mRNA or
DNA (car ry ing  "sense"  ge netic  in for ma tion) [1]. The
oligo nucleotides with nat u ral chem i cal com po si tion have
been, how ever, found as un suit able for in vivo ap pli ca tions 
be cause of their in suf fi cient re sis tance against nu cleases.
That is why nu mer ous novel-type nu cle o tide analogs are
de signed, syn the sized and tested [1-6]. 

A num ber of phosphonate-based mononucleotide
analogs con tain ing an O-(phosphono)methyl group in stead  
of  the  nat u ral  phosphonomonoester  one  were  found  to 
be  po tent  antivirals:  this in di cated en zyme sta bil ity of the
phosphonate -O-P-CH2-O- bond [7]. Sev eral types of
isopolar mod i fied oligothymidylates and oligoadenylates
(15 mers) with the phosphonate -O-P-CH2-O- internu cleo -
tide link age were pre pared. The mod i fied oligonucleotides
were sub jected to the study of their hy brid iza tion prop er -
ties, re sis tance against nu cleases, and the abil ity to elicit
RNase H ac tiv ity [2]. Im pact of the internucleoside link age
mod i fi ca tion by in sert ing a meth y lene group on the abil ity
of the mod i fied oligonucleotide to hy brid ize with a nat u ral
DNA and RNA strand was stud ied by fully solvated mo lec -
u lar dy nam ics (MD) sim u la tions [3-6]. 

Tri plex form ing oligodeoxynucleotides have at tracted
a great deal of at ten tion be cause of their po ten tial use in
gene ther apy. In inter mo lec u lar tri plexes, third strand of
ODN binds to the ma jor groove of the DNA. How ever, in
gen eral, the bind ing of a third-strand ODN to a tar get DNA
du plex is ther mo dy nam i cally weaker than du plex for ma -
tion it self. Thus much ef fort has been made to in crease the
af fin ity of the third strand for its tar get. ODN an a logues
car ry ing var i ous aminoalkyl link ers have been syn the sized, 
some of which have been shown to in crease the ther mal
sta bil ity of tri plexes [8]. The ther mal sta bi li za tion can be
ex plained by an elec tro static in ter ac tion be tween the pos i -
tively charged aminoalkyl res i due of the nu cleo sides and a
pro-R ox y gen of a neg a tively charged phos phate at the sec -
ond strand of the tar get DNA. 

The pres ent work deals with the phosphonate an a log of
the nat u ral phosphodiester internucleoside link age in con -
junc tion with var i ous aminoalkyl-link ers. Sev eral tri ple he -
li cal struc tures con sist ing of a nat u ral Wat son-Crick
du plex and a mod i fied Hoogsteen thymidine strand were
used as model sys tems. Im pact of the sugar phos phate
back bone mod i fi ca tions on the abil ity of the mod i fied
oligo nucleotides to hy brid ize with a nautral du plex, was
stud ied by mo lec u lar dy nam ics sim u la tions. The nu cleic
ac ids were sur rounded by a pe ri odic box of ~10000 TIP3P
wa ter at oms. Fully solvated tra jec to ries were com puted us -
ing the AMBER 5.0 soft ware pack age. The im ple mented

force field does n't con tain force con stants needed to de -
scribe the mod i fied parts of the phosphonate analogs  [9].
The com ple tion was made on the base of ab in itio cal cu la -
tions [3]. 

In ac knowl edg ments, this work was sup ported by the Grant 
of the Min is try of Ed u ca tion, Youth and Sports of the Czech 
Re pub lic (pro ject No. VS 97113) and the Grant Agency of
the Czech Re pub lic (pro ject No. 203/01/1166 and No.
202/02/D114). Re sults have been par tially ob tained us ing
com puter fa cil i ties of the MetaCentrum of the Czech Uni -
ver sities in Brno. 
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544-584.
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FUNCTIONAL RECONSTITUTION OF
PHOTOSYSTEM 2 INTO LIPOSOMES

J. Benešová1, S.T. Liffers2, C. König2, 
E. J. Boekema3, M. Rögner2

1Institut of Phys i cal Bi ol ogy, Uni ver sity of South Bo he -
mia, 373 33 Nové Hrady, Zámek 136, Czech Re pub lic
2Faculty for Biolgy, De part ment of Plant Bio chem is try,
Ruhr-Uni ver sity Bochum, D - 44801 Bochum, Ger many
3Biophysical Chem is try, Uni ver sity of Groningen, NL -
9747 AG Groningen, The Neth er lands

Most re cent struc tural data on photosystem 2 (PS2), the
first mem brane pro tein com plex in the photosynthetic elec -
tron trans port chain, con firm that this com plex ex ists as a
func tional dimer in the thylakoid mem brane of cyano -
bacteria [1, 2]. Be sides the mem brane em bed ded part of
this dimer with di men sions of 190 C x 100 C x 40 C, this
com plex also ex tends about 10 C out of the mem brane in
the stromal re gion and 55 C in the lu men; the lat ter is re -
ferred to as the ox y gen evolv ing com plex, har bour ing the
wa ter-split ting site. De vel op ing an approriate method to re -
con sti tute dimeric PS2 into liposomes should fi nally help
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to an swer the fun da men tal ques tion con cern ing its struc -
ture-based func tion: Is a dimeric struc ture a pre req ui site for 
op ti mal wa ter-split ting ac tiv ity (monomeric com plexes,
solubilized by de ter gent, are ac tive, too, al though at a lower 
level) and which is the im pact of the lipid-phase-com po si -
tion on the wa ter-split ting ac tiv ity? Here we pres ent data
on the ori en ta tion of re con sti tuted dimeric PS2 from the
cyanobacterium Thermosynechococcus elongatus and also
give in di ca tions for its ac tiv ity within the liposomes and
mono mer-dimer dis tri bu tion (by EM anal y sis).

The au thor wants to ac knowl edge fel low ship from Al ex an -
der von Humboldt Foun da tion and  Hertie Foun da tion and 
MR found ing by New En ergy and In dus trial Tech nol ogy
De vel op ment Or ga ni za tion (NEDO, Ja pan) for the pro ject
“Mo lec u lar De vice for Hy dro gen Pro duc tion

1. A.Zouni, H.T. Witt, J. Kern, P. Fromme, N. Krauss, W.
Saenger, & P. Orth, Na ture 409 (2001) 739 - 743.

2. N. Kamiya & J.R. Shen, Proc. Natl. Acad. Sci USA, 100
(2003) 98-103.
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THEORETICAL MODEL OF CU(I)/CU(II)
HYDRATION UNDER THE INFLUENCE OF
VARIABLE LIGAND FIELD

Jaroslav V. Burda1, Matìj Pavelka1, 
Mi lan Šimánek1 and Manoj Shukla2

1De part ment of Chem i cal Phys ics and Op tics, Fac ulty of
Math e mat ics and Phys ics, Charles Uni ver sity, Ke
Karlovu 3, 121 16 Prague 2, Czech Re pub lic 
2De part ment of Chem is try, Jack son State Uni ver sity,
1325 J. R. Lynch Street, Jack son, Mis sis sippi
39217-0510, USA

An ab in itio sec ond-or der per tur ba tion the ory (MP2) and
DFT cal cu la tion were per formed on the cop per mono -
valent and di va lent cat ions. Dif fer ent num ber of the wa ter
mol e cules was con sid ered for the pure Cu(H2O) n

m+  ions
where n = (1 to 6), m = 1 or 2. In the next step, cop per com -
plexes with four and six lig ands were re garded where the
num ber of the am mo nium mol e cules was var ied. As a fi nal
step com plexes of Cu-gua nine with 5 wa ter mol e cules
were cal cu lated. 

Pure cop per hydration clearly shows that while Cu(II)
com plexes are rel a tively good sta bi lized up to co or di na tion 
with six wa ter mol e cules, the Cu(I) cat ion pre fers only
two-wa ter co or di na tion when elec tron-cor re la tion ef fects
are in cluded. The other wa ter mol e cules leave to sec ond
hydration sphere. Some in ter est ing the o ret i cal con se -
quences ap pear when only Hartree-Fock level is taken into
account.

Un der the am mo nium sur round ing, the in di vid ual sta -
bil i ties are changed but all qual i ta tive con clu sions found
for pure wa ter com plexes re main valid. Also, some small
changes in ge om e tries are ap par ent as a con se quence of
dif fer ent ligand strength of the ammonium molecule.

A slightly stron ger ligand - gua nine in N7 site also pre -
fers two co or di nated Cu(I) com plex with the other wa ter
es caped from first hydration sphere of Cu cat ion. In ter est -
ing fea ture, from the struc tural point of view, can be re -
garded as the po si tion where the other wa ter mol e cules are
placed in com par i son with the hydration of the plain gua -
nine mol e cule. On the con trary, hy drated com plex
Cu(II)-gua nine ex hib its the larg est sta bi li za tion among all
the studied Cu complexes.

ELECTRON MICROSCOPY AND SINGLE
PARTICLE ANALYSIS OF PHOTOSYSTEM II
FROM RED ALGA PORPHYRIDIUM
CRUENTUM

Ladislav Bumba1,2, Hel ena Havelková- Doušová3, 
Michal Hušák4 and František Vácha2,4

1Faculty. of Bi o log i cal Sci ences, Uni ver sity of South Bo -
he mia, Branišovská 31, 37005 C. Budejovice,
2Institute of Plant and Mo lec u lar Bi ol ogy, Czech Acad -
emy of Sci ences, Branišovská 31, 37005 C.Budejovice, 
3 In sti tute of Mi cro bi ol ogy, Di vi sion of Autotrophic
Mi cro or gan ism, Czech Acad emy of Sci ences, Opatovický
mlýn, 37901Tøeboò
4In sti tute of Phys i cal Bi ol ogy, Uni ver sity of South Bo he -
mia, Zámek 136, 37333 Nové Hrady

Photosystem II (PSII) is a multisubunit pig ment-pro tein
com plex em bed ded in the thylakoid mem branes of higher
plants, al gae and cyanobacteria [1-3]. It per forms se ries of
pho to chem i cal re ac tions re sult ing in the re duc tion of
plastoquinone, the ox i da tion of wa ter, and the for ma tion of
a transmembrane pH gra di ent. The es sen tial com po nents of 
the PSII com plex are in trin sic mem brane pro teins that are
al most iden ti cal be tween cyanobacteria and higher plants:
they in clude the D1 and D2 re ac tion cen ter pro teins, chlo -

ro phyll a-bind ing pro teins CP47 and CP43, a and b sub -
units of cytochrome b-559 (cyt b-559) and sev eral
low-mo lec u lar weight pro teins with un known func tions [3, 
4]. 

In ad di tion, there are ex trin sic pro teins as so ci ated with
PSII, which play im por tant roles in main tain ing the func -
tion and sta bil ity of the ox y gen-evolv ing com plex [5]. As
both cyanobacteria and higher plants con tain 33-kDa ex -
trin sic sub unit they dif fer in com po si tion of the other
lumenal sub units. While higher plants and green al gae con -
tain the 23 and 16 kDa ex trin sic sub units, in cyanobacteria,
these pro teins are re placed by an other two pro teins coded
by psbU and psbV gene (cyt c550 and 12-kDa sub unit) [6].
Red al gal PSII com plex has a 20 kDa pro tein in ad di tion to
the three cyanobacterial pro teins [7]. Re cently, struc ture of
the PSII com plex iso lated from two cyanobacterial strains
has been pre sented [8,9]. These mod els give the idea of the
ar range ment of the in trin sic and ex trin sic sub units. How -
ever, a lo ca tion of the 20 kDa ex trin sic sub unit within the
red al gal PSII is still un known.

I this re port we pres ent pre lim i nary re sults on lo cat ing
the the 20 kDa ex trin sic pro tein us ing a trans mis sion elec -
tron mi cros copy and sin gle par ti cle im age anal y sis of neg a -



Ó Krystalografická spoleènost

Materials Structure, vol. 10, number 1 (2003)   49

tively-stained prep a ra tions of Photosystem II iso lated from
a red alga Porhyridium cruentum.

The PSII com plex was iso lated from thylakoid mem -
branes from P. cruentum. Su crose den sity gra di ent centri -
fugation of thylakoid mem branes solubilized with

b-dodecylmaltoside re sulted in the sep a ra tion of three
green bands. On the ba sis of pro tein com po si tion, ab sorp -
tion and 77K flu o res cence emmision spec tra, the low est
green band was used for fur ther iso la tion of the PSII com -
plex. This crude PSII ex tract were solubilized with ß-dode -
cylmaltoside and loaded on DEAE-Sepharose CL-6B
col umn ac cord ing to [7]. The pu ri fied PSII com plexes were 
eluted with 200 mM NaCl and an a lyzed. 

Elec tron mi cros copy was per formed with a Philips

TEM 420 at mag ni fi ca tion of 60,000´. The PSII com -
plexes were ap plied on the glow dis charged car bon-coated
cop per grids and neg a tively stained with 2% ura nyl ac e tate. 
The im age anal y sis was car ried out with SPIDER soft ware
ac cord ing to [10]. A to tal num ber of 253 sin gle par ti cle
top-view pro jec tions were ex tracted from 14 neg a -
tively-stained elec tron mi cros copy im ages. The av er aged
top-view pro jec tion of PSII com plex in di cated a trap e zoid

par ti cle with a di men sion of 21´ 13 nm (Fig 1). Al though
no sym me try has been im posed dur ing the im age anal y sis
clearly two-fold ro ta tional sym me try around the cen ter of
the com plex is vis i ble in di cat ing the dimeric na ture of the
PSII com plex. This re sult is con sis tent with sim i lar PSII
prep a ra tions from both cyanobacteria and higher plants
sug gest ing the PSII com plex is struc tur ally very sim i lar in
or gan ism per form ing oxygenic pho to syn the sis [8, 9, 11 -
13]. 

In or der to in ves ti gate the or ga ni za tion of the ex trin sic
sub units (and mainly the lo ca tion of 20 kDa pro tein) the
PSII par ti cles will be ex posed to var i ous salt treat ments
which re move the lumenal sub units. Thus, a dif fer ence
map of av er aged pro jec tions of PSII com plexes with and

with out the ex trin sic sub units would en able to de ter mine
the lo ca tion of the 20 kDa sub unit. 

This work was sup ported by grants LN00A141 and FRVS
1292/2002 of the Min is try of Ed u ca tion, Youth and Sports
of the Czech re pub lic.
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CRYSTALLIZATION OF KILLER PROTEIN
SPOIISA AND ITS ANTIDOTE SPOIISB
FROM BACILLUS SUBTILIS
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The B. subtilis spoIISA gene en codes a 248-res i due pro tein
con tain ing three pre dicted transmembrane do mains [2]
with the last two-thirds of pro tein be ing lo cated in the cy to -
plasm. The spoIISB gene codes for a hy dro philic 56-res i -
due pro tein. None of these pro teins shares any sequentional 
sim i lar ity to a pro tein of known func tion, pro vid ing no clue 
to their func tion and evo lu tion ary or i gin. The spoIISB
trans la tion start codon over laps the spoIISA trans la tion
stop codon what is a strong in di ca tion that the two genes
con sti tute an operon [1].

Fig. 1. Av er aged pro jec tion of neg a tively-stained prep a ra tion of
the dimeric PSII com plex iso lated from Porhyridium cruentum in 
its top-view pro jec tion (i.e. per pen dic u lar view to the thylakoid
mem brane).



A null mu ta tion in spoIISB leads to the strong
sporulation de fect, whereas dis rup tion of ei ther spoIISA or
whole spoIIS lo cus has no ef fect on sporulation. Al to -
gether, these facts in di cates that a) SpoIISA pre vents nor -
mal pro gres sion of the sporulation pro cess; b) SpoIISB
neu tral izes the ac tion of SpoIISA; and c) spoIIS lo cus does
not play es sen tial role in sporulation pro cess. The strain
car ry ing the spoIISB null al lele does not ex hibit any ob vi -
ous de fect dur ing ex po nen tial growth. This im mu nity of
ex po nen tially grow ing cells to the ab sence of SpoIISB most 
likely re flects the ex is tence of a thresh old con cen tra tion
be low which SpoIISA does not sig nif i cantly im pair cell vi -
a bil ity, since the in duced ex pres sion of ad di tional spoIISA
gene copy led to rapid drop in optical den sity of ex po nen -
tial phase cell [1]. 

Since it has struc tural fea tures of an in te gral mem brane
pro tein, SpoIISA could act as a holin and al low some
endolysin to gain ac cess to the peptidoglycan [3]. Lo cal
solubilization of the cell wall would lead to mem brane dis -
rup tion and con se quently to the large plasmolysis zones
which were ob served by elec tron mi cros copy [1]. How -
ever, SpoIISA does not show any sim i lar ity to known
holins and is sig nif i cantly larger than holins iden ti fied so
far [3]. It is there fore quite pos si ble that the cy to plas mic
mem brane it self is the tar get of the toxic ac tion of SpoIISA.

In our work we over-ex pressed cytosolic part of
SpoIISA His-tag fu sion pro tein to gether with in tact
SpoIISB pro tein in Esch e richia coli. The both pro teins
were pu ri fied us ing sin gle step metal che late af fin ity chro -
ma tog ra phy, and there fore iso lated pro teins formed sta ble
com plex, which in di cates their spe cific in ter ac tions. The
gel fil tra tion and elec tro pho re sis ex per i ments showed that
the most abun dant form of the com plex is oligomer con sist -
ing of two SpoIISA and two SpoIISB mol e cules. This ob -
ser va tion con firms the re sults gained us ing ge netic
complementation ex per i ments, which pre dicted that
SpoIIA acts as an oligomer [1]. The pu ri fied 
SpoIISA-SpoIISB pro tein com plex was used for crys tal li -
za tion tri als. 

Work in au thors lab o ra to ries is sup ported by grant
2/1004/22 from the Slo vak Acad emy of Sci ences, Wellcome 
Trust Pro ject and Col lab o ra tive Re search Ini tia tive Grants 
(056247/Z/98/Z and 066732/Z/01/Z, re spec tively) and
Royal Society.
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SHORTCUTS TO MUSHROOMS: NMR AND
MS ANALYSES OF FUNGAL PYRANOSE
OXIDASE
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Pyranose 2-oxidase (P2O, EC 1.1.3.10), a fun gal
periplasmic homotetrameric flavoprotein (~300 kDa), has
re ceived in creased at ten tion due to its po ten tial an a lyt i cal
and bio tech no log i cal ap pli ca tions [1]. This en zyme cat a -
lyzes C-2/C-3 ox i da tion of nu mer ous sug ars to their cor re -
spond ing dicarbonyl de riv a tives (aldos-2-uloses or
glycosid- 3-uloses), ac com pa nied with the re duc tion of
flavin ad e nine dinucleotide (FAD), an oblig a tory co fac tor.
P2O has a great bio tech no log i cal po ten tial as a cat a lyst in
the key step of C-2 ox i da tion of D-glu cose and D-galactose 
in the pro duc tion of mod ern low-ca lo ric sweet en ers
D-fruc tose and D-tagatose.

Our re search on the fun gal pyranose oxidase fol lowed
three sub jects. The first one was the study of the en zyme
sub strate spec i fic ity and char ac ter iza tion of its re ac tion
prod ucts by spec tral anal y ses (NMR, FAB mass spec trom -
e try) [2,3]. Fur ther, we ap plied MALDI mass spec trom e try
with post-source de cay (PSD) anal y sis to de ter mine se -
quence seg ments suit able for de sign ing PCR prim ers for
clon ing cDNA cor re spond ing to the P2O gene [4]. Fi nally,
we elu ci dated the struc ture of the P2O flavin-bind ing do -
main, which is of im por tance for un der stand ing the en zyme 
re ac tion mech a nisms and pos si ble op ti mized ap pli ca tion.
The com bi na tion of PSD-MALDI MS and electrospray ion 
trap mass spec trom e try (ESI IT-MS) on the iso lated
flavopeptide iden ti fied flavo peptide se quence, flavin type
and flavin link age site. The type of the aminoacyl flavin co -
va lent link was de ter mined by NMR spec tros copy re sult ing 

in the struc ture STXW with X = 8a(N3histidyl)-FAD [5]. 
The work was sup ported by Pro gram for Sci en tific-Tech ni -
cal Co op er a tion AKTION, Aus tria-Czech Re pub lic (2002-
 9) and In sti tu tional Re search Con cept AV0Z5020903.
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RECONSTITUTION OF MEMBRANE
PROTEIN PSBH INTO NATURAL ALGAL
LIPIDS

Zbynìk Halbhuber1 and Dalibor Štys1

Pho to syn the sis Re search Cen ter, In sti tute of Phys i cal Bi -
ol ogy, Uni ver sity of South Bo he mia, Zamek 136, 373 33
Nové Hrady, Czech Re pub lic

Study of mem brane pro teins in their na tive en vi ron ment is
re stricted from the com plex ity of na tive mem branes, in ter -
fer ence with other mem brane con stit u ents and other re ac -
tions. To un der stand or ga ni za tion of the bi o log i cal
mem branes and the in ter ac tion-tak ing place be tween pro -
teins, lipids and vari able co factors, ar ti fi cial mem branes
are very use ful. The PsbH pro tein is as so ci ated with the re -
ac tion cen tre of PSII in higher plants, al gae and cyano -
bacteria. In our study psbH gene from cyano bac terium
Synechocystis sp. PCC 6803 was cloned into a plasmid ex -
pres sion vec tor, which al lowed a syn the sis of the PsbH
pro tein as a glutathione-S transferase (GST) fu sion pro tein
in E. coli BL21(DE3) cells. Al though the ex act role of the
pro tein PsbH is not clear, it seems to be im por tant for the
struc ture and func tion of photosystem II. These struc tural
and func tional role could be closely as so ci ated with lipidic
en vi ron ment sur round ing the pro tein. More over the pro tein 
could bind some co factors e.g. pig ments or in lit er a ture
men tioned car bon di ox ide [1].

Lipids were ex tracted from Synechocystis sp. PCC
6803 us ing method of Bligh and Dyer [2]. Ex tracted lipids
were used to pre pare liposomes by re versed phase evap o ra -
tion. The de ter gent me di ated re con sti tu tion was per formed
ac cord ing to Lévy et al. [3]. In ter ac tion of lipids and other
bound com pounds was mon i tored by mea sure ment of
circual dichroism. In ter ac tion of chlorophyls and pro tein
was de tected by low tem per a ture flu o res cence.

1. J. Ko men da, L. Lu pín ko vá & J. Ko pec ký, Eur. J. Bi o -
chem., 269 (2002) 610-619.

2. E. G. Bligh & W. J. Dyer, Can. J. Biochem. Physiol., 37
(1959) 911-917.

3. D. Levy, A. Bluzat, M. Seigneuret & J. L. Rigaud,  BBA.,
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STRUCTURAL BIOLOGY ON THE SODIUM
PUMP: A COMBINED APPROACH LEADING
TO A FULL CHARACTERIZATION OF THE
CATALYTIC DOMAIN 

K. Hofbauerová1,2, V. Kopecký Jr.1,2,3, R. Ettrich4,
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In this pa per we sum ma rize our pre vi ous work on the cat a -
lytic part of Na+/K+-ATPase. The nu cle o tide-bind ing do -

main of the a sub unit of mouse brain of Na+/K+-ATPase
was ex pressed and iso lated from Esch e richia coli cells.
The sec ond ary struc ture of the ex pressed do main was ex -
per i men tally de ter mined by UV cir cu lar dichroism and
Raman spec tros copy. By com puter mod el ing was gen er -
ated a three-di men sional model with and with out docked
ATP and pre dicted amino ac ids in volved in the ATP bind -
ing site. ATP bind ing of wild type was fol lowed by Raman
dif fer ence spec tros copy and point mu tants were mea sured
by flu o res cence spec tros copy with TNP-ATP. The set of
eight amino ac ids res i dues was iden ti fied to form the com -
plete ATP rec og ni tion site.

for full paper see page 18

APPLICATION OF DEGENERATE
OLIGONUCLEOTIDE GENE SHUFFLING
FOR CONSTRUCTION OF HYBRID
HALOALKANE DEHALOGENASES

Andrea Jesenská1, Yuji Nagata2 and 
Jiøí Damborský1

1Na tional Cen tre for Biomolecular re search, Fac ulty of
Sci ence - Masaryk Uni ver sity, Kotláøská 2, Brno, 611 37,
Czech Re pub lic
2De part ment of En vi ron men tal Life Sci ences, Grad u ate
School of Life Sci ences, Tohoku Uni ver sity, Sendai
980-8577, Ja pan

Haloalkane dehalogenases are bac te rial en zymes cat a lyz -
ing cleav age of the car bon-halo gen bond of halogenated
aliphatic com pounds by a hydrolytic mech a nism. Im prove -
ment of catalytic prop er ties of these en vi ron men tally im -
por tant en zymes can be reached by ap pli ca tion of
non- re com bi nant di rected evo lu tion techniqes [1,2] or re -
com bin ing sev eral ho mol o gous genes [3].
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Four haloalkane dehalogenase genes of dif fer ent or i gin
were used to con struct a hy brid gene: dhlA cloned from
Xanthobacter autotrophicus GJ10 [4], linB from Sphingo -
monas paucimobilis UT26 [5], dhaA from Rhodococcus
rhodochrous NCIMB13064 [6] and dhmA from My co bac -
te rium avium N85 [7]. The tech nique called De gen er ate
Oligonucleotide Gene Shuf fling was used for in vi tro re -
com bi na tion of four dif fer ent genes [8]. Al to gether twelve
hy brid genes were con structed us ing one pair of de gen er ate 
oligonucleotides. 

For pre lim i nary char ac ter iza tion, hy brid pro teins were
ex pressed in Esch e richia coli BL21(DE3) and tested in the
rest ing cells as say for ac tiv ity to wards six halogenated
aliphatic com pounds. Four out of twelve hy brid pro teins
keep good ex pres sion and ten pro teins showed ob vi ous cat -
a lytic ac tiv ity. Com par i son of rel a tive ac tiv i ties de ter -
mined for the hy brid en zymes with the ac tiv i ties of wild
type en zymes sug gests that con structs do not pos sess novel
sub strate specificities.

All hy brid genes were cloned to pET-32(a) vec tor to
sup port high level of ex pres sion an sta bil ity of hy brid pro -
teins. His-taggged tail was in tro duced to C-ter mi nus of hy -
brid pro teins. All hy brid haloalkane dehalogenases were
successfuy ex pressed in fu sion with thioredoxin in host
cells E. coli HB101. Op ti mi za tion of pu ri fi ca tion con di -
tions on Ni-NTA agarose and cleav age of hy brid pro tein-
thioredoxin com plexes is un der prog ress. 

1. K. A. Gray, T. H. Ri chard son, K. Kre tz, J. M. Short, F.
Bart nek, L. Knowles, L. Kann, P. E. Swan son, & D. E. Ro -
bert son, Adv. Syn th. Ca tal., 343 (2001) 607-617.

2. T. Bos ma, J. Dam bor ský, G. Stucki & D. B. Janssen, Appl.
En vi ron. Micro bi ol., 68 (2002) 3582-3587.

3. F. H. Ar nold, Ac counts Chem. Res., 31(1998) 125-131.

4. D. B. Janssen, F. Pries, J. Plo eg, B. Ka ze mier, P. Ter pst ra
& B. Wi tholt, J. Bac te ri ol., 171 (1989) 6791-6799. 

5. Y. Na ga ta, T. Na riya, R. Oh to mo, M. Fu ku da, K. Yano &
M. Takagi,  J. Bac te ri ol., 175 (1993) 6403-6410.

6. A. N. Ku la ko va, M. J. Lar kin & L. A. Ku la kov, Micro bi o -
lo gy, 143 (1997) 109-115.

7. A. Je sen ská, M. Bar toš, V. Czer ne ko vá, I. Rych lík, I. Pav -
lík & J. Dam bor ský,  Appl. En vi ron. Micro bi ol., 68 (2002)
3724-3730.

8. M. D. Gibbs M, K. M. Nevalainen & P. L. Ber gquist,
Gene, 271 (2001) 13-20.

TOWARDS TRUE SSTABILIZATION
ENERGIES OF H-BONDED AND STACKED
DNA BASE PAIRS

Petr Jureèka and Pavel Hobza

Re search Cen ter for Com plex Mo lec u lar Sys tems and
Biomolecules, Jaroslav Heyrovský In sti tute of Phys i cal
Chem is try, Acad emy of Sci ences of the Czech Re pub lic,
18223 Praha

The study of bind ing en er gies of Ad e nine...Thy mine and
Gua nine...Cy to sine base pairs in vacuo was aimed to get an
in for ma tion on rel a tive or der of dif fer ent struc ture mo tives
on the energetical scale with spe cial focuse on dif fer ences
be tween H-bonded and stacked struc tures. We also aimed
to find a gen eral way to re li able in ter ac tion en er gies of the
weakly bonded com plexes.

Struc tures taken from pre vi ous MD/quench stud ies
were fully op ti mized at RI-MP2 [1,2] level with TZVPP
[5s3p2d1f]/[3s2p1d] ba sis set. To ap proach com plete ba sis
set (CBS) limit, con ver gency of both HF en ergy and MP2
cor re la tion en ergy was stud ied em ploy ing aug mented cor -
re la tion-con sis tent ba sis sets aug-cc-pV(D,T,Q)Z. Is was
found that mo lec u lar in ter ac tion en er gies close to the CBS
limit may be ob tained by 2-point ex trap o la tion [3] us ing
aug-cc-pVDZ and aug-cc-pVTZ ba sis sets.

To ac count for higher or der cor re la tion ef fects con ver -

gency of CCSD(T)®MP2 cor rec tion term (DEcorr
MP2 -

DEcorrCCSD(T)) was in ves ti gated. For the formamide…
.formamidine com plex (Fig. 1) which is a model for ad e -
nine..thy mine in ter ac tion MP2 and CCSD(T) cor re la tion
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in ter ac tion en er gies were eval u ated with var i ous ba sis sets
up to aug-cc-pVTZ (Fig. 2). It was shown that un like the

cor re la tion en ergy it self the CCSD(T) ® MP2 dif fer ence is 
al most ba sis set in de pend ent. Rather ac cu rate val ues were
ob tained with rel a tively small 6-31G*(0.25) and
cc-pVDZ(0.25,0.15) ba sis sets. Be cause the lat ter one per -
forms well also for stacked com plexes [4] it can be rec om -

mended for eval u a tion of the D term of ex tended
com plexes pos sess ing both H-bonded and stacked struc -
tures. 

In ter ac tion en er gies of the DNA base pairs ob tained by
com bi na tion of the CBS ex trap o la tions of MP2 in ter ac tion

en er gies and the CCSD(T) ® MP2 cor rec tion are in good
agree ment with ex per i ment.

1. M. Faye re i sen, G. Fitz ge rald & A. Ko mor nic ki, Chem.
Phys. Lett., 208 (1993), 359. 

2. R. Ahl ri chs, M. Bär & M. Hä ser, Chem. Phys. Lett., 162
(1989), 165.

3. A. Hal kier, T. Hel ga ker & P. Jör gen sen, Chem. Phys. Lett., 
302 (1999), 437-446.

4. P. Hobza & J. Šponer, Chem. Phys. Lett., 288 (1998), 7-14.

POTENTIAL ENERGY SURFACES OF
GUANINE - CYTOSINE BASE PAIR AND
RELATED TAUTOMERS: MOLECULAR
DYNAMICS AND AB INITIO STUDY

Mar tin Kabeláè and Pavel Hobza

J. Heyrovský In sti tute of Phys i cal Chem is try, Acad emy of
Sci ences of the CzechRepublic and Cen ter for Com plex
Mo lec u lar Sys tems and Biomolecules, Prague, Czech Re -
pub lic. E-mail: mar tin.kabelac@jh-inst.cas.cz

In tro duc tion:
The struc ture of DNA is de ter mined among other fac tors
by in ter ac tions be tween nu cleic acid (NA) bases: gua nine
(G) , cy to sine (C), ad e nine (A) and thy mine (T).  A the o ret -
i cal study of the in ter ac tion is im por tant for un der stand ing
of sta bi liz ing forces in DNA and RNA. The in ter ac tion of
NA bases in a vac uum in now be ing stud ied in ex per i men -
tal lab o ra to ries [1-4] and a knowl edge of the po ten tial en -
ergy sur faces is es sen tial for an in ter pre ta tion of
ex per i men tal re sults. This in for ma tion can be ob tained by
per form ing cor re lated ab in itio cal cu la tions in com bi na tion 
with mo lec u lar dy nam ics/quench ing tech nique (MD/Q)
[5-6].

Meth ods:
1. Mo lec u lar dy nam ics/ quench ing cal cu la tions were

car ried out in the NVE ca non i cal en sem ble (Con stant num -
ber of par ti cles, vol ume and en ergy)  em ploy ing Cor nell et
al. AMBER force field [7], which gives re sults com pa ra ble 
with ab in itio data [8]. Due to com pa ra ble sta bil ity of sev -
eral cy to sine and also gua nine tautomers, all pos si ble com -
bi na tions of these tautomers should be con sid ered. Only
the most sta ble (sta bi li za tion en ergy higher than 18
kcal/mol)  and pop u lated (pop u la tion greater than 5%)

struc tures of base pairs were taken for fur ther ab in itio cal -
cu la tions. 

2. Ab in itio cal cu la tions. The ge om e tries, in ter ac -
tion and tautomerization en er gies of base pairs were de ter -
mined on  RI-MP2 level em ploy ing  TZVPP (5s3p2d1f/
3s2p1d) ba sis set.

Re sults:
In all cases  pla nar H-bonded struc tures are the most

sta ble and most pop u lated ones. The T-shaped and stacked
struc tures are about sev eral kcal/mol less sta ble (typ i cally
5-10 kcal/mol) than the struc ture of the global min i mum
and will not be prob a bly de tect able by ex per i men tal tech -
nique.

Among all pos si ble com bi na tions of tautomers the
high est sta bil ity shows ca non i cal Wat son-Crick (WC)
struc ture (-26.9 kcal/mol) fol lowed by the same bind ing
pat tern with N7 keto tau to mer of gua nine Also other bind -
ing pat terns of ketoguanine-ketocytosine tautomers are
very sta ble. The struc tures of other com bi na tions of 
tautomers are usu ally less sta ble (about 4-5 kcal/mol) than
the WC pair, in clud ing ketoguanine-enolcytosine struc ture
ob served in the ex per i ment [2]. An ex cep tion is an
enolguanine - ketocytosine nonplanar struc ture with sur -
pris ingly high sta bil ity (-25.3 kcal/mol), but due to un fa -
vor able ge om e try and sta bil ity of the enolguanine tau to mer 
it self, this struc ture will not be prob a bly de tect able.

Sum mary: 
We have pre sented a pow er ful tech nique for scan ning

of po ten tial en ergy sur faces of nu cleic acid base pairs,
which can be used for anal y sis of ex per i men tal re sults. It is
dem on strated that the use of stan dard pro ce dure based on
chem i cal feel ing and ex pe ri ence is not suf fi cient and sev -
eral mainly un usual struc tures can be omit ted. 

Ac knowl edge ment: This work was sup ported by grant No.
LN00A032 to the Cen ter for Com plex Mo lec u lar Sys tems
and Biomolecules, from  MSMT of the Czech Re pub lic.
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THE ROLE OF INTER-HELICAL
INTERACTIONS IN ELECTRON-TRANSFER
GATING IN PHOTOSYSTEM II 

Da vid Kaftan

Ac a demic and Uni ver sity Cen ter, Zámek 136,CZ-37333 
Nove Hrady, Czech Re pub lic

Non-co va lent in ter ac tions be tween transmembrane (TM)
he li ces of mem brane-pro tein com plexes may af fect sub unit 
as so ci a tion and do main flex i bil ity. Conformational
changes of flex i ble pro tein do mains have been sug gested to 
be in volved in elec tron-trans fer gating in photosynthetic
re ac tion cen ters (RC). We set out to study the role of
non-co va lent inter-he li cal in ter ac tions be tween two sub -
units of photosystem II (PSII) in the gating mech a nism of
elec tron-trans fer be tween the qui nones QA and QB.   

The core of PSII RC is made of two pro tein sub units,
D1 and D2.  Two TM he li ces of these sub units are as so ci -
ated in their membranal re gion through a sin gle hy dro gen
bond (H-bond) em bed ded within a com mon he lix pack ing
mo tif (GxxxSxxxG).  A pu ta tive H-do nor in this con tact
point, D1-Ser212, was mu tated to all other amino ac ids in
the cyanobacterium Synechocystis sp. PCC 6803.   

Thir teen mu ta tions were found to sup port
photoautotrophic growth ex clud ing bulky res i dues that are
pos i tively charged (Arg, Lys), or ar o matic (Phe, Trp, Tyr
and His).  In the photoautotrophic mu tants, the ef fect of the
mu ta tions on for ward elec tron trans fer rates and charge re -
com bi na tion was eval u ated fol low ing flu o res cence de cay
and thermoluminescence as a func tion of tem per a ture.  The 
re sults showed that weakly po lar res i dues such as Ser (wild
type), Thr, Ala and Cys had sim i lar rate con stants (kAB) of
elec tron trans fer over a range of tem per a tures (10 – 40 °C).  
On the other hand, strong po lar and/or bulk ier res i dues,
such as Gln, Asn, Glu and Asp, had lower kAB, which in -
creased in a tem per a ture-de pend ent man ner.  The tem per a -
ture ef fect on kAB var ied among the mu tants sug gest ing
that pro tein con for ma tions in flu ence elec tron trans fer
rates.  More over, good cor re la tions were found be tween
the ac ti va tion enthalpies of for ward elec tron trans fer dH‡
and the ac ti va tion en ergy of charge re com bi na tion (EA),
and be tween dH‡ and mean pack ing val ues, es pe cially
when com par ing res i dues that can form H-bonds.  These
find ings sug gest that weak hy dro gen bond ing and po lar in -
ter ac tions at the TM he li cal in ter face be tween the D1 and
D2 sub units af fect lo cal pro tein con for ma tions in volved in
the gating of elec tron-trans fer from QA to QB in PSII.  

 

NATURE OF BINDING OF BOMBYKOL IN
PHEROMONE BINDING PROTEIN. AN AB
INITIO STUDY

Vojtìch Klusák1, 2, Zdenìk Havlas1, 
Lubomír Rulíšek1, Jiøí Vondrášek1, Aleš Svatoš3

1In sti tute of Or ganic Chem is try and Bio chem is try of the
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, Praha 6, 166 10, Czech Re pub lic.
2Charles Uni ver sity, De part ment of Phys i cal and
Macromolecular Chem is try, Albertov 6, Praha 2, 128 43, 
Czech Re pub lic. 
3Max-Planck-In sti tute for Chem i cal Ecol ogy, Winzerlaer
Str. 10, D-07745 Jena, Ger many.

In ter ac tions of in sects with their sur round ings are mostly
based on chem i cal sig nals. One of the most re mark able
com mu ni ca tion sys tems known me di ates sex ual be hav ior
of moths. Ma ture fe males ready to have off spring emit a
sex ual pheromone from their ab do men to at tract
conspecific males for mat ing. The 'sin gle-pheromone mol -
e cule' tuned de tec tion sys tem of males is lo cated in
branches of male's an ten nae. On these an ten nae ol fac tory
hairs, sensila trichodea, are lo cated. They are filled with
sensilar li quor and house spe cial ized den dritic cells,
innervated to in sect brain glob u lar struc tures. Here, the sig -
nal re ceived from the cell is pro ceeded and fur ther rec og -
nized as a call for cop u la tion.

The sensilar li quor con tains a high con cen tra tion (10
mM) of wa ter-sol u ble pheromone-bind ing-pro tein (PBP).

An anal y sis of the crys tal struc ture of Bombyx mori
PBP···bombykol (pheromone) com plex [1] iden ti fied nine
amino acid res i dues in volved in intermolecular hy dro gen

bonds, p···p in ter ac tions, C-H···p hy dro gen bonds and
weak in ter ac tions of purely van der Waals char ac ter. Us ing 
the model frag ments as the rep re sen ta tives of each res i due,
the in ter ac tion en er gies of their com plexes with bombykol
were com puted by ab in itio cal cu la tions. The val ues were
com pared with lit er a ture and fur ther dis cussed in terms of
the method and ba sis set de pend ence, and the co-op er a tive
ef fect (in flu ence of the neigh bor ing groups on the in ter act -
ing pair). It en abled us to ex plain quan ti ta tively the na ture
of the bind ing forces in [BmPBP···bombykol] com plex in
terms of con tri bu tion of the in di vid ual amino ac ids and in -
di vid ual types of in ter ac tion. It was ob served that 70% of
the sta bi li za tion is due to in ter ac tions other than clas si cal
hy dro gen bonds. 

1. B. H. San dler, L.  Ni ko no va, W. S. Leal, J. Clar dy, Che -
mis t ry & Bi o lo gy 7 (2000), 143-151. PDB code: 1DQE.
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MODELLING OF ENZYME-SUBSTRATE
COMPLEXES FOR COMBINE ANALYSIS OF
HALOALKANE DEHALOGENASE BY
MEANS OF MOLECULAR DOCKING AND
QUANTUM MECHANICAL CALCULATIONS

J. Kmuníèek1, M. Boháè1, S. Luengo2,
F. Gago2, R. C. Wade3 and J. Damborský1

1Na tional Cen tre for Biomolecular Re search, Masaryk
Uni ver sity, Kotláøská 2, 611 37 Brno, Czech Re pub lic
2De part ment of Phar ma col ogy, Uni ver sity of Alcalá,
28871 Alcalá de Henares, Ma drid, Spain
3Eu ro pean Me dia Lab o ra tory, Villa Bosch,
Schloss-Wolfsbrunnenweg 33, D-69118 Hei del berg, 
Ger many

The ap pli ca bil ity of au to mated mo lec u lar dock ing tech -
niques and quan tum me chan i cal cal cu la tions for the con -
struc tion of en zyme-sub strate com plexes for use in
Com pa r a tive bind ing en ergy (COMBINE) anal y sis [1-6]
was eval u ated. The data set stud ied con sists of the com -
plexes of eigh teen sub strates with the haloalkane dehalo -
genase (DhlA) iso lated from bac te rium Xantho bacter
autotrophicus strain GJ10. An au to mated mo lec u lar dock -
ing pro ce dure pro vided the struc tures for a set of DhlA-
sub strate com plexes that was used to de rive a ro bust
COMBINE model. Quan tum-me chan i cal cal cu la tions
were suc cess fully used as an ad di tional and com ple men -
tary com pu ta tional tool for se lec tion of cor rect bind ing
modes ob tained from the dock ing. The re sult ing
COMBINE model is com pared with a pre vi ously re ported
COMBINE model [7] de rived for the same data set us ing
struc tures of com plexes built ac cord ing to ex per i men tally
de ter mined struc ture of the DhlA-dichloroethane com plex. 
Both mod els were sim i lar in terms of over all fit and in ter nal 
pre dic tive power even though the con for ma tions and ori en -
ta tions of the sub strates in the com plexes were sig nif i cantly 
dif fer ent. The new COMBINE model de rived from the au -
to mat i cally docked struc tures per formed no ta bly better in
ex ter nal pre dic tion. Small dif fer ences in the rel a tive con tri -
bu tions of im por tant res i dues to ex plain ing bind ing af fin i -
ties can be di rectly linked to struc tural dif fer ences in the
mod elled en zyme-sub strate com plexes.

1. A. R. Or tiz, M. T. Pi sa barro, F. Gago & R. C. Wade, 
J. Med. Chem., 38 (1995) 2681-2691.

2. R. C. Wade, A. R. Or tiz, and F. Gago: Com pa ra ti ve Bin -
ding Ener gy Ana ly sis, in 3D QSAR in Drug De sign. H.
Ku bi nyi, G. Fol kers, and Y.C. Mar tin, Edi tors. Dor d recht
1998. Kluwer Aca de mic Pu b lishers. p. 19-34.

3. C. Pe rez, M. Pas tor, A. R. Or tiz & F. Gago, J. Med. Chem., 
41 (1998) 836-852.

4. T. Wang & R. C. Wade, J. Med. Chem., 44 (2001)
961-971.

5. C. Cue vas, M. Pas tor, C. Pe rez & F. Gago, Comb. Chem.
High Through put Screen., 4 (2001) 627-642.

6. R. C. Wade: De ri vati on of QSARs using 3D structu ral mo -
dels of pro tein-li gand com plexes by COMBINE ana ly sis,
in Rati o nal ap pro a ches to drug de sign: 13th Eu ro pean sym -
posi um on Quan ti ta ti ve Structu re-Acti vi ty Re lati on ships.

H.-D. Hol tje and W. Sip pl, Edi tors. Bar ce lo na 2001. Prous
Science. p. 23-28.

7. J. Kmuníèek, S. Luengo, F. Gago, A. R. Ortiz, R. C. Wade
& J. Damborský, Bio chem is try, 40 (2001) 8905-8917.

SECONDARY AND TERTIARY STRUCTURE
OF HUMAN a1-ACID GLYCOPROTEIN BY
HOMOLOGY MODELING AND VIBRATIONAL 
SPECTROSCOPY

V. Kopecký Jr.1,2, R. Ettrich3, 
K. Hofbauerová2,4, V. Baumruk1 and 
V. Karpenko4

1In sti tute of Phys ics, Charles Uni ver sity, Ke Karlovu 5,
121 16 Prague 2, Czech Re pub lic, 
E-mail: kopecky@karlov.mff.cuni.cz
2De part ment of Bio chem is try, Fac ulty of Sci ences,
Charles Uni ver sity, Albertov 2030, 128 40 Prague 2,
Czech Re pub lic
3 Lab o ra tory of High Per for mance Com put ing, In sti tute
of Phys i cal Bi ol ogy USB and In sti tute of Land scape Ecol -
ogy AS CR, Uni ver sity of South Bo he mia, Zámek 136,
373 33 Nové Hrady, Czech Re pub lic
4De part ment of Phys i cal and Macromolecular Chem is try, 
Fac ulty of Sci ences, Charles Uni ver sity, Albertov 2030,
128 40 Prague 2, Czech Re pub lic

Hu man a1-acid glycoprotein (AGP), also known as oroso -
mucoid, is a 41-kDa sin gle polypeptide formed of 183
amino ac ids. It con tains 42% car bo hy drate in weight and
has up to 16 sialic ac ids res i dues. AGP, a hu man blood
plasma pro tein, be longs to the lipocalin fam ily of pro teins,
a het er o ge neous group of pro teins that bind a va ri ety of
small hy dro pho bic lig ands. It is known that AGP plays a
role un der in flam ma tory or other pathophysiological con -
di tions and is able to bind ba sic drugs and cer tain ste roid
hor mones such as pro ges ter one, how ever its bi o log i cal
func tion and 3D struc ture re mains un known [1].

The aim of our work was to pre dict and ver ify the
three-di men sional struc ture of AGP. A struc tural model,
us ing avail able lipocalin struc tures as tem plates, was con -
structed by means of the Mod el ler pro gram [2]. The model

shows that AGP folds as a highly sym met ri cal all-b pro tein

dom i nated by a sin gle eight-stranded antiparallel b-sheet.
For the first time sec ond ary and ter tiary struc tures of AGP
have been stud ied by in fra red and Raman spec tros copy.
Vi bra tional spec tros copy con firmed de tails of the sec ond -

ary struc ture pre dicted by mod el ing, i.e. 15% a-he li ces,

41% b-sheets, 12% b-turns, 8% b-bands and 24% un or -
dered struc ture at pH 7.4. Ther mal dy nam ics in the range
20-70 °C mon i tored by Raman spec tros copy and an a lyzed
by prin ci ple com po nent anal y sis re vealed full re vers ibil ity
of the pro tein mo tion upon heat ing dom i nated by de creas -

ing of b-sheets, prob a bly ther mal "breath ing" of the b-bar -
rel.

Docking of pro ges ter one into the bind ing pocket of our
model was ex plored with the AutoDock pro gram [3]. Then
Raman dif fer ence spec tros copy con firmed the pre dicted
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prox im ity of Trp122 to the pro ges ter one bind ing pocket.
We can con clude that our model was ver i fied in so many
de tails by vi bra tional spec tros copy that it can rep re sent a
valu able con tri bu tion to un der stand ing the role and be hav -
ior of AGP [4].

The sup port by the Grant Agency of the Charles Uni ver sity
(No. 220/2000/B-CH) and Min is try of Ed u ca tion of the
Czech Re pub lic (No. MSM113100001, No. MSM1132
00001, No. MSM123100001) is ac knowl edged.
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MOLECULAR CLONING, E. COLI
EXPRESSION AND PURIFICATION OF SCFV 
ANTIBODY FRAGMENTS OF
DIAGNOSTIC/THERAPEUTIC INTEREST

Vlastimil Král1, Mi lan Fábry1, Magda Hoøejší1, Jan 
Zavada2, Juraj Sedláèek1

1Department of Gene Ma nip u la tion., In sti tute of Mo lec u -
lar Ge net ics, Acad emy of Sci ences of  the Czech Re pub -
lic, Flemingovo nam. 2, 166 37  Prague 6, Czech
Re pub lic
2De part ment of Cel lu lar and Vi ral Ge net ics, In sti tute of
Mo lec u lar Ge net ics, Acad emy of Sci ences of  the Czech
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Fv frag ments are the small est an ti body mol e cules that still
re tain the en tire an ti gen-bind ing site. In sin gle-chain Fv
frag ments (scFv), vari able do mains are joined by a flex i ble
linker. Such scFv con structs, which gen er ally re tain full
bind ing ca pac i ties to wards the an ti gen, are the topic of very 
ac tive re search. First, they are of in ter est for struc tural
stud ies be cause they usu ally yield crys tals dif fract ing to
higher res o lu tion than the cor re spond ing Fab frag ments.
Sec ond, since they can be ex pressed in bac te ria, they are
also well suited for bind ing, mu ta gen e sis and pro tein en gi -
neer ing stud ies [for re view, see e.g.1]. 

In this work we de scribe mo lec u lar clon ing, ex pres sion, 
pu ri fi ca tion and prop er ties of two scFvs of po ten tial di ag -
nos tic and immunotherapeutic use, scFv M75 and scFv
TU?20.

 Monoclonal an ti body (mAb) M75 rec og nizes cell sur -
face pro tein MN/CA IX strongly as so ci ated with sev eral
types of hu man car ci no mas [2]. Ra dio ac tively la beled hu -
man ized scFv M75 could be used for tu mor immuno -
detection and pos si bly for ther apy. Monoclonal an ti body
TU-20 was raised against beta-III-tubulin, a spe cific
neuronal marker in nor mal and neo plas tic tis sues. The an ti -
body TU-20 frag ments could thus be use ful tools for prob -
ing beta-III-tubulin func tions in neu rons, as well as for

immunohistochemical char ac ter iza tion of tu mors of
neuronal or i gin [3].

Cod ing se quences for light (VL) and heavy (VH) vari -
able do mains were ob tained from to tal RNA, iso lated from
hybridoma cells, by RT-PCR us ing suit able pairs of prim -
ers. Sin gle-chain Fv genes in the form VL-linker-VH-myc
tag were then as sem bled and cloned into T7 pro -
moter-driven ex pres sion plasmids. Bac te rial strain E. coli
BL21(DE3) was used for pro tein ex pres sion. The re com bi -
nant pro tein prod ucts ac cu mu lated in in clu sion bod ies as
in sol u ble ag gre gates. To ob tain re folded ac tive pro teins
from in clu sion bod ies, sev eral pro to cols were adapted to
find op ti mal con di tions for each scFv spe cies. 

Pu ri fi ca tion pro ce dure com pris ing sev eral con ven -
tional chro ma tog ra phy steps (ionex chro ma tog ra phy, gel
fil tra tion) yielded scFv pro teins in amount and pu rity nec -
es sary for func tional char ac ter iza tion. While scFv TU-20
in ELISA as say ex hib its spec i fic ity and bind ing ac tiv ity
com pa ra ble to pa ren tal mAb TU-20, in case of scFv M75,
ELISA as say was neg a tive. The rea sons for the lack of
bind ing ac tiv ity are un der in ves ti ga tion. 

1. W. Dal l'A cqua & P. Car ter, Curr. Opin. Struct. Biol., 4
(1998) 443-450.

2.   J. Zavada, Z. Za va dová, J. Pastorek, Z.Bie sová, J. Ježek, 
&  J. Velek,  Br. J. Can cer, 82 (2000) 1808-1813 .

3. E. Draberova, Z. Lukáš, D. Ivanyi, V. Vik lický & P.
Draber, Histochem Cell Biol.,109 (1998) 231-239.
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Non-mem brane pro teins such as the poke weed an ti vi ral
pro tein from Phytolacca acinosa (PAP-Saci) and the
tryptophan (W)-repressor bind ing pro tein A (WrbA) and
also mem brane pro tein, the five-chlo ro phyll re ac tion cen -
ter of photosystem II from Pisum sativum, have been crys -
tal lized in our lab o ra tory.

              for full pa per see page 30
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NANOSECOND MOLECULAR DYNAMICS OF 
HIV PROTEASE- INHIBITOR
COMPLEXES:INSIGHTS INTO THE
DIFFERENTIAL BINDING POTENCY OF
DIASTEREOISOMERES

M. Lepšík1, Z. Køíž2 and Z. Havlas1

1Department of The o ret i cal Chem is try and Cen tre for
Com plex Mo lec u lar Sys tems and Biomolecules, 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, Praha, Czech Re pub lic
2National Cen tre for Biomolecular Re search (NCBR),
Fac ulty of Sci ence, Masaryk Uni ver sity, Kotláøská 2,
Czech Re pub lic, Brno, Czech Re pub lic

The in hib i tory po tency of four nanomolar
diastereomeric in hib i tors of HIV-1 pro te ase [1] was stud -
ied by mo lec u lar dy nam ics sim u la tions and MM-GBSA/
PBSA anal y sis. As a start ing point we used the crys tal
struc tures of pro te ase-in hib i tor com plexes [2, 3]. Hav ing
added hy dro gens, we sur rounded the com plexes with a box 
of ex plicit wa ter mol e cules and added counterions to neu -
tral ize the box.  Using AMBER 7 pro gram pack age [4], we
min i mized, heated and equil i brated the sys tem af ter which
we ran 2-nano sec ond-long pro duc tion dy nam ics. Pe ri odic
bound ary con di tions were used and long-range
electrostatics was treated by par ti cle mesh Ewald (PME)
tech nique. 

An anal y sis of the mo lec u lar dy nam i cal tra jec to ries
was per formed and their qual ity as sessed. The pro te ase-in -
hib i tor bind ing en er gies were cal cu lated with MM-
GBSA/PBSA ap proach. The ef fect of the length of the sim -
u la tion, method to cal cu late sol va tion en ergy, and other
fac tors upon the re sults was de ter mined. 

Ac knowl edge ments: 
We owe thanks for fi nan cial help to the Min is try of Ed u ca -
tion (MŠMT) of the Czech Re pub lic (pro ject LN 00A032)
and also are grate ful for sup port to Dr. Jiøí Vondrášek and
the Grant Agency of the Czech Re pub lic (grant num ber
203/00/0828).

1. J. Kon va lin ka, J. Li te ra, J. Weber, J. Von drá šek, M. Hra dí -
lek, M.  Sou èek, I. Pi cho vá, P. Ma jer, P. Štrop, J. Sed lá èek, 
A. M. He u ser, H. Kot t ler and H. G. Kra e u ss lich, Eur. J. Bi -
o chem. 250, (1997), 559-566.

2. J. Weber, J. R. Mesters, M. Lepšík, J. Prejdová, M. Švec, 
J. Šponarová, P. Mlèochová, K. Støíšovský, T. Uhlíková,
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T. Klimkait, H. G. Kraeusslich, R. Hilgenfeld & 
J. Konvalinka, J. Mol. Biol, 324 (2002), 739-54, pdb code
1IZH.
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T. E. Cheatham III, J. Wang, W. S. Ross, 
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FULL CHARACTERIZATION OF NATURAL
KILLER CELL MEMBRANE MICRODOMAINS

P. Man1,2, P. Novák1,2, P. Pompach1,2, 
D. Ulbrichová1,2, V. Havlíèek1, K. Bezouška1,2

1In sti tute of Mi cro bi ol ogy, Acad emy of Sci ences of the
Czech Re pub lic, Prague, CZ
2De part ment of Bio chem is try, Fac ulty of Sci ence, Charles 
Uni ver sity, Prague, CZ

Nat u ral killer (NK) cells are cytotoxic effector lym pho -
cytes, which do not ex press an ti gen-spe cific cell sur face re -
cep tors. NK re cep tors that me di ate sig nals lead ing to the
ini ti a tion or supression of nat u ral cytotoxicity pro cesses
are poorly char ac ter ized. More over, these re cep tors may
as so ci ate with other co-stim u lat ing mol e cules and adap tor
pro teins, which trans duce the sig nal from the re cep tor to
the cell. Such com plexes may be ob served as bio chem i -
cally dis tinct parts of plas matic mem branes and are com -
monly re ferred to mi cro do mains or glycosphingolipid
en riched microdomains (GEMs). They are en riched in
GPI-an chored and ac ety lat ed pro teins and in cho les terol
and glycosphingolipids. It is be lieved that they may aid in
sig nal transduction as well as in traf fick ing through the se -
cre tory and endocytic path ways and in cell to cell in ter ac -
tion.

In this study we fo cused on mem brane micro -
domains from rat NK leu kae mia cell line (RNK-16). For
de tailed char ac ter iza tion we used a shot gun strat egy based
on microcapillary HPLC - tan dem mass spec trom e try.
Aditionally, we ap plied tech niques of na tive elec tro pho re -
sis for de tailed map ping of pro tein com plexes pres ent in
the GEMs. We have iden ti fied a large num ber of pro teins
(e.g. gp-42, CD2, LAT, CD161, CD44 or g-pro teins in
GEM and tubuline in non-GEM fractions).

Fi nan cial sup port: MSM 113100001, AV0Z5020903.

HIGH AFFINITY LIGANDS FOR HUMAN
LYMPHOCYTE RECEPTOR CD69

Jiøí Pavlíèek1, Rüdiger Ettrich2, Petr Novák3, Petr
Man1,3, Jana Vodrážková1 and Karel Bezouška1,3
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Czech Re pub lic; 
2Laboratory of High Per for mance Com puting, In sti tute of 
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ogy AS CR, Zámek 136, CZ-37333 Nové Hrady, Czech
Re pub lic; 
3Institute of Mi cro bi ol ogy, Acad emy of Sci ences of the
Czech Re pub lic, CZ-14220 Praha 4, Czech Re pub lic

CD69 is one of very im por tant ac ti vat ing re cep tors ex -
pressed on the sur face of hu man lym pho cytes. This mol e -
cule ex ists as a homodimer, each of its sub units be ing
ter mi nated with the glob u lar do main re lated to the C-type
lectin fam ily. Al though the crys tal struc ture of this do main
has been re cently solved [1], its po ten tial lig ands and the
func tion of the whole  re cep tor re main un clear. In our lab o -
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ra tory [2] we es tab lished that cal cium ion can be bound
tigtly in the mol e cule and this bind ing in creases the af fin ity 
of the pro tein to N-acetylglucosamine and N-acetyl -
galacto samine. The po si tions of bind ing sites has been sug -
gested by mo lec u lar mod el ing and proved by site-di rected
mu ta gen e sis. 

These data al lowed us to find po ten tial high af fin ity lig -
ands among branched oli go sac cha rides ter mi nated with
N-acetylglucosamine units. We iso lated these mol e cules
by deglycosylation of ovomucoid and char ac ter ized them
by mass spec trom e try. From re sults of our bind ing stud ies
we can con clude that pentaantenary struc ture is the ligand
with the high est known af fin ity for CD69 mol e cule. It has
been pub lished [3, 4] that sim i lar struc tures are ex pressed
on the sur face of some tu mor cells. This find ing in di cates
that one role of CD69 mol e cule on the cells of the im mune
sys tem may be to at tract killer lym pho cytes to the tu mor
sites.

 
Ac knowl edge ment: This work was sup ported by In sti tu -
tional Re search Con cept No. AV0Z5020903 (for Institut of
Mi cro bi ol ogy) and by grants MSM 113100001, GACR
203/01/1018 and A7020006.
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2. K. Bezouška et al. BBRC, 208 (1995) 68-74.

3. J. W. Den nis et al. Sci ence, 236 (1987) 582-585.

4. E. Gorelik et al. Can cer and Me tas ta sis Re views, 20 (2001) 
245-277.

A DFT INVESTIGATION OF STRUCTURE-
CHEMICAL SHIFT RELATIONSHIPS FOR
13C AND 15N IN DNA 

Jana Pøecechtìlová, Markéta L. Munzarová and
Vladimír Sklenáø

Na tional Cen tre for Biomolecular Re search, Fac ulty of
Sci ence, Masaryk Uni ver sity, Kotlárská 2, CZ-611 37
Brno, Czech Re pub lic

Den sity func tional the ory has been ap plied to ex plore the
de pend ence of  13C and 15N chem i cal shifts in deoxyri bo -
nucleosides on var i ous struc tural fea tures such as the ori en -
ta tion about the glycosidic bond, the CH2OH group
con for ma tion, the sugar pucker, and the hy dro gen bond ing. 
Ge om e try optimizations have been per formed with
sugar-phos phate back bone di hed ral an gles frozen to their
av er age ex per i men tal val ues in BI-DNA. Re sults ob tained
in NMR pa ram e ter cal cu la tions have been com pared to
avail able ex per i men tal data for C1`, C2` and N9.

   The ef fect of the glycosidic tor sion an gle c has al -
ready been stud ied [1] but we wished to in volve the re lax -

ation of the ge om e try af ter chang ing c, which has not been
con sid ered in the pre vi ous work [1]. C1`, C2` and N1/N9
chem i cal shifts ap peared to be in flu enced most by the base
ori en ta tion. The trends un cov ered in chem i cal shifts are
sig nif i cantly dif fer ent from those re ported pre vi ously [1]
and the ab so lute chem i cal shift val ues are in the case of C2` 
ap prox i mately the same for all deoxyribonucleosides, ex -

cept for the anti ori en ta tion of the base. On the con trary, for 
C1` and N1/N9 the trends for pu rine nu cleo sides dif fer
from those for py rim i dine nu cleo sides and the ab so lute N1
chem i cal shifts in deoxycytidine are found up field rel a tive
to deoxythymidine.

   Be sides the in flu ence of vary ing the glycosidic tor sion 
an gle, we wanted to as sess the ef fect of the sugar puck er ing 
and the hydroxymethyl ro ta tion, both of which were stud -
ied on deoxyguanosine. N9 ex pe ri enced the larg est
changes, namely 10 or 8 ppm dif fer ence  be tween the south
and north con for ma tion in both the syn and anti re gion, re -
spec tively. The N9 chem i cal  shift for deoxyguanosine (S,
anti, gg) dif fered sig nif i cantly from the other two 
CH2OH-rotamers.

The com par i son with the ex per i ment has been car ried
out us ing the data from BMRB da ta base [2] (C1`, C2`) and
the data for the [d(G4T4G4)]2 quadruplex (C1`, N9) [3], on
which changes upon the hy dro gen bond ing have also been
stud ied. 

1. X.-P. Xu, S. C. F. Au-Ye u ng, J. Phys. Chem. B, 104 (2002) 
5641-5650.

2. http://www.bmrb.wisc.edu.

3. L. Trantírek, R. Štefl, J. E. Masse, J. Feigon, V. Sklenáø, 
J. Biomol. NMR,  23 (2002) 1-12.     

 

NATURE OF STACKING INTERACTIONS
BETWEEN INTERCALATORS AND DNA
BASE PAIRS. AB INITIO
QUANTUM-CHEMICAL, DENSITY
FUNCTIONAL THEORY AND EMPIRICAL
POTENTIAL STUDY.

Da vid Øeha, Mar tin Kabeláè, Filip Ryjáèek, Jiøí
Šponer and Pavel Hobza

J. Heyrovský In sti tute of Phys i cal 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, 182 23 Prague 8,
Czech Re pub lic

Prop er ties of iso lated intercalators (ethidium (E),
daunomycin (D), ellipticine (EL) and 4,6'-diaminido-
2-phenylidone (DAPI)) and their stack ing in ter ac tions with 
ad e nine…thy mine (AT) and gua nine…cy to sine (GC) nu -
cleic acid base pairs were in ves ti gated by means of a
nonempirical cor re lated ab in itio  method [1]. All inter -
calators ex hibit large charge delocalization and nei ther of
them (in clud ing dicationic DAPI) ex hibit a site with dom i -
nant charge. All intercalators have large polarizability and
are good elec tron ac cep tors while base pairs are good elec -
tron do nors. MP2/6-31G*(0.25) sta bi li za tion en er gies of
com plexes intercalator…base pair are large (E…AT : 22.4
kcal/mol; D…GC :17.8 kcal/mol; EL…GC :18.2 kcal/mol; 
DAPI…GC :21.1 kcal/mol) and are well re pro duced by
mod i fied AMBER po ten tial (vdW ra dii of intercalator at -
oms are en larged and their vdW en ergy depths are in -
creased). Stan dard AMBER po ten tial give less sat is fac tory
re sults es pe cially  for DAPI con tain ing com plexes.  Be -
cause DAPI is the best elec tron ac cep tor (among all
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intercalators stud ied) this dif fer ence is ex plained by the im -
por tance of the charge trans fer term which is not in cluded
in the AMBER po ten tial. The Hartree-Fock and
DFT/B3LYP meth ods not cov er ing the dis per sion en ergy
fail com pletely to de scribe any en ergy min i mum at the po -
ten tial en ergy curve of the E…AT com plex and these
meth ods thus can not be rec om mended for a study of in ter -
ca la tion pro cess. On the other hand, a mod i fied ver sion of
DFT method which cov ers Lon don dis per sion en ergy
yields for all com plexes very good sta bi li za tion en er gies
well com pa ra ble with ref er enced ab in itio data. Be sides
ver ti cal de pend ence of in ter ac tion en ergy twist de pend ence 
of in ter ac tion en ergy was also in ves ti gated by both, ref er -
ence cor re lated ab in itio method as well as em pir i cal po ten -
tials. It is con cluded that de spite the charged (E +1, D +1,
DAPI +2) or po lar (EL) char ac ter of  intercalators  in ves ti -
gated it is the dis per sion en ergy which pre dom i nantly con -
trib utes to the sta bil ity of intercalator…DNA base pair
com plexes. Any pro ce dure which does not cover dis per -
sion en ergy is thus not suit able for study ing the pro cess of
in ter ca la tion.

1. D. Øeha, M. Ka be láè, F. Ry já èek, J. Špo ner, J. E. Špo ner,
M. Elstner, S. Su hai, P. Hob za, J. Am. Chem. Soc., 124
(2002) 3366-3376.

ANALYSIS OF INTERACTIONS IN
COMPLEXES OF HIV-1 PROTEASE AND ITS
PEPTIDOMIMETIC INHIBITOR

T. Skálová, H. Petroková, J. Hašek, J. Dohnálek,
E. Buchtelová, J. Dušková

In sti tute of Macromolecular Chem is try, Acad emy of Sci -
ences of the Czech Re pub lic, Heyrovského nám. 2, 162 06 
Praha 6, Czech Re pub lic 

HIV-1 pro te ase is a 22 kDa pro tein of the hu man im mu no -
de fi ciency vi rus. The func tion of this pro tein is to cleave
polyprotein of im ma ture vi rus and thus to con trib ute to for -
ma tion of ac tive ma tured vi rus. In hi bi tion of the pro te ase is
there fore one of pos si ble ways of fight ing with dis ease
AIDS, caused by the hu man im mu no de fi ciency vi rus.

Our re search was fo cused on in ter ac tion anal y sis of
HIV-1 pro te ase and its peptidomimetic in hib i tor

Boc-Phe-Y[CH2CH2NH]-Phe-Glu-Phe-NH2, de noted as
OE. The in hib i tor was de vel oped in the lab o ra tory of J.
Konvalinka (In sti tute of Or ganic Chem is try and Bio chem -
is try, Acad emy of Sci ences CR). Na tive and mu tant
(A71V, V82T, I84V) HIV-1 pro te ase were ex pressed and
pu ri fied in the lab o ra to ries of J. Sedláèek (In sti tute of Mo -
lec u lar Ge net ics, Acad emy of Sci ences CR) and J.
Konvalinka. In our re search group, crys tal li za tion of com -
plexes of OE with na tive and mu tant pro te ase was per -
formed, X-ray dif frac tion of crys tals on the syn chro tron
source of ra di a tion was mea sured and struc tures of both
com plexes were de ter mined ([1], [2]).

As a re sult, we have two struc tures with R-fac tors
18 % (na tive pro te ase com plex, dif frac tion limit 2.45 C)
and 20.3 % (mu tant pro te ase com plex, dif frac tion limit
2.2 C). Both com plexes crys tal lized in space group P61

and in hib i tor OE was found in the ac tive site in two ap prox -
i mately C2 sym met ri cal po si tions, fol low ing thus pseudo-
sym me try of the pro te ase. This fact makes in ter pre ta tion of
in ter ac tions be tween the pro te ase and in hib i tor more dif fi -
cult. There fore, stan dard struc tural anal y sis of con tacts be -
tween the pro te ase and in hib i tor was com pleted by two
en ergy anal y ses of in ter ac tions in the ac tive site. The in hib -
i tor bind ing modes to both pro teas es are sim i lar from the
struc tural point of view and in ter pre ta tion of small de tails
could be am big u ous. How ever, en ergy anal y sis of both
com plexes con firms the in ter pre ta tion of changes caused
by mu ta tion of the pro te ase. Mu tated res i due Thr 182 forms 
an ar o matic hy dro gen bond to the in hib i tor phenyl group in
P1 po si tion. Mu ta tion I84V causes a de crease in van der
Waals in ter ac tion be tween res i due 84 and the OE in hib i tor. 

The re search was sup ported by the Grant Agency of the
Acad emy of Sci ences of the Czech Re pub lic (pro jects
A4050811/1998 and B4050312/2003) and by the Acad emy
of Sci ences of the Czech Re pub lic (pro ject AVOZ4050913).

1. T. Ská lo vá, J. Ha šek, J. Do hná lek, H. Pe t ro ko vá, E. Buch -
te lo vá, Mu tant HIV-1 pro te a se com plexed with tetra pep tide 
inhi bi tor. Pre li mi na ry re port, Acta Phys. Pol. A, 101
(2002), 659-663.

2. H. Petroková, un pub lished re sults.

MEMBRANE PSEUDO-CRYSTAL
STRUCTURES IN PSSU-IPT TOBACCO
CHLOROPLASTS

Hel ena Synková1, Renáta Pechová3, Michal
Hušák2, František Vácha2, Pavel Šiffel2

1In sti tute of Ex per i men tal Bot any, Acad emy of Sci ences of 
the Czech Re pub lic, Na Karlovce 1a, CZ-160 00 Praha 6
2In sti tute of Phys i cal Bi ol ogy, Uni ver sity of South Bo he -
mia, Branišovská 31, 370 05 Èeské Budìjovice
3De part ment of Plant Phys i ol ogy, Fac ulty of Sci ences,
Charles Uni ver sity, Vinièná 5, CZ-128 44   Praha 2,
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Our study is fo cused on na tive pseudo-crys tal line struc -
tures, which were ob served in chloroplasts of trans gen ic
to bacco over pro duc ing plant hor mones cytokinins. The
struc tures were not pos i tively iden ti fied un til now. We sup -
pose that they are formed by light har vest ing pro tein (LHC) 
ag gre gat ing in a form of 2D crys tal, which then con sti tute
mem brane stacks. Our hy poth e sis is sup ported by flu o res -
cence emis sion spec tra, which showed cer tain bands cor re -
spond ing to LHC ag gre gates and higher emis sion of
chlo ro phyll b in chloroplasts izolated from trans gen ic
plants.

The aim of this ex per i ment was the es ti ma tion of rel a -
tive size of pseudo-crys tals com pared to chloroplast and
the size of ba sic cell unit, which can be de ter mined from
anal y sis of TEM im ages from ultrathin sec tions of leaves
and iso lated chloroplast suspensions.

Trans gen ic to bacco con tain ing a sup ple men tary ipt-
ene un der a con trol of the pro moter for the small sub unit of
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RuBPCO (Pssu-ipt) was grown as grafts on non-trans gen ic
to bacco (Nicotiana tabacum L. cv. Pe tit Ha vana SR1)
rootstock as de scribed by Synková et al. (J. Plant Physiol.
155: 173-182, 1999) or as rooted plants (kanamycin re sis -
tant prog eny of the trans gen ic grafts). Sam ples for TEM
were taken from the cen tral part of the young fully de vel -
oped leaf or iso lated chloroplast sus pen sion and af ter over -
night fix a tion in 3 % glutaraldehyde were em bed ded in
Spurr's resin. Ultrathin sec tions were stained by ura nyl ac e -
tate and Reynold's lead ci trate and ex am ined in JEM 1010
(Jeol, Ja pan). Anal y sis of se rial sec tions by pro gram IMOD 
2.42 en abled three di men sional (3D) re con struc tions of
chloroplasts and pseudo-crys tals. The size of ba sic struc -
tural unit was cal cu lated us ing MRC Cam bridge Im age
Pro cess ing Sys tem (1994).

3D re con struc tion showed that pseudo-crys tal line
struc tures oc cupy up to 20 % of chloroplast vol ume (at
least in that part of chloroplast which was stud ied).

The av er age size of ba sic cell unit was cal cu lated as: a = 

11 nm, b = 12 nm, g = 100 °.This size pa ram e ters sup port
our hy poth e sis, al though de hy dra tion pre ced ing em bed -
ding in epoxide resin cause a shrink age of nat u ral struc -
tures. There fore fur ther ex per i ments are needed to prove it.
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Hepatoprotective ef fects of Milk This tle (Silybum mari -
anum) have been known since an cient Greece and Roma
very well. Flavanolignans (called silymarine) ex tracted
from Milk This tle seeds were shown to help against
hepatotoxic ef fects of many nat u ral tox ins (i.e. alga toxin
microcystine, mush room tox ins amanitin and phaloidin,
fun gal tox ins cyclosporines, etc.). The main ac tive sub -
stance of silymarin is silybin.

Re cent stud ies re vealed that many trans port and met a -
bolic pro cesses in the cell are stereospecific. Silybin oc curs 
in two stereoisomers (A and B) that dif fer in the bound be -
tween konyferyl and taxifolin (Fig. 1). We de vel oped a
new method for prep a ra tion and pu ri fi ca tion of these
silybin stereoisomers and for their spe cific la bel ling by ra -
dio ac tiv ity (3H, 125I) at po si tions 6 and 8. Trans port of
four stereoisomers was stud ied. The best af fin ity of trans -
port sys tems were found for 6-[125I]silybinA, which is
taken 100 times better than the other silybin stereoisomers.

This work was sup ported by grants GACR 204/98/P129,
MSMT CEZ:J06/98:123100001 and GACR 521/99/D098.

A THEORETICAL STUDY OF THE
PHOTOSYNTHETIC REACTION CENTRE
PSII

Josef Šeda, Jaroslav V. Burda

De part ment of  Chem i cal Phys ics and Op tics, Fac ulty of
Math e mat ics and Phys ics, Charles Uni ver sity, Ke
Karlovu 3, 12000 Prague, Czech Re pub lic.

Mutlireference per tur ba tion the ory (CAS-PT2), ran dom
phase ap prox i ma tion (RPA), con fig u ra tion in ter ac tion
with sin gles (CIS) (all at var i ous ba sis sets) and
semiempirical ZINDO meth ods were used for the de ter mi -
na tion of the ex cited states en er gies of free-base porphin
and Mg-porphin. On the ba sis of these re sults an er ror es ti -
ma tion of the meth ods used for larger sys tems (mol e cules
in PSII re ac tion cen ter) cal cu la tion can be es tab lished.

The PSII model in ref. (1) was used for the elec -
tron-exication spec tra de ter mi na tion. First, in di vid ual
ZINDO spec tra of mono mers chlo ro phyll-a and pheo -
phytine-a were es ti mated for semiempirically (PM3) fully
op ti mized structures. 

As a next step, par tial optimizations (the hy dro gen at -
oms only) on all the mono mers, se lected dimers, tri mers,
tetramers, and hexamer were done at the same PM3
semiempirical level, keep ing the po si tions of all the "x-ray
de ter mined at oms" fixed. Se lec tion of stud ied dimeric and
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oligomeric struc tures is based on the con sid er ations of the
multiparticle (multimolecular) ex ci ta tions. These multi -
particle specta ex hib its com plex non-ad di tive char ac ter
where all the ba sic spec tra lines (Qx, Qy, Soret lines) are
shifted un evenly from their po si tions in iso lated mol e cules. 
This un even char ac ter speaks out about the dif fer ent im -
por tance of in di vid ual molecules in the various excitations.

Another com par i son of elec tron-ex ci ta tion spec tra us -
ing ZINDO and RPA was per formed for the chlo ro phyll-a
and pheophytine-a mol e cules, as well. For deeper elu ci da -
tion, the struc tures used in com par i son were both fully-op -
ti mized and "hy dro gens-op ti mized" (taken from RC
model).

(1) S. Ruf fle, D. Don nel ly, T. Blundell, J. Nu gent, A
3-Di men sional model of the photosystem-II re ac tion cen ter 
of Pisum-Sativum, Pho to syn the sis re search, 34 (1992),
287-300.
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RECOMBINANT MEMBRANE PROTEIN
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Zbynìk Halbhuber1, Zdenka Petrmichlová 1,2,
Kassimir Alexciev3, Eva Thulin4 and 
Dalibor Štys1,2,5
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ol ogy, Uni ver sity of South Bo he mia, Zamek 136, 373 33
Nové Hrady, Czech Re pub lic
2Department of Autotrophic Mi cro or gan isms, In sti tute of
Mi cro bi ol ogy CAS, 37901 Trebon - Opatovický mlýn,
Czech Republic
3CanAg Di ag nos tics, 414 55 Gothenburg , Swe den
4Biophysical Chem is try, Lund Uni ver sity, Box 124, 22100 
Lund, Sweden5
5Institute of Land scape Ecol ogy, Acad emy of Sci ence of
the Czech Re pub lic, Zamek 136, 373 33 Nové Hrady,
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In this work we fea tured an ex pres sion sys tem that en ables
the pro duc tion of suf fi cient quan ti ties of mem brane PsbH
pro tein (~mg´s quan ti ties) for solid-state NMR as well as
other bio phys i cal stud ies. PsbH is a small mem brane pro -
tein as so ci ated with the photosystem II com plex in higher
plants, al gae and cyanobacteria. Al though the ex act role of
PsbH is not clear, it seems to be im por tant for the struc ture
and func tion of photosystem II. 

In this ap proach a syn thetic psbH gene from cyano -
bacterium Synechocystis sp. PCC 6803 was cloned into a
plasmid ex pres sion vec tor, which al lowed a di rect syn the -
sis of the PsbH pro tein as a glutathione-S transferase (GST) 
fu sion pro tein in E. coli BL21(DE3) cells. A rel a tively
large GST an chor over come fore see able prob lems with the
low sol u bil ity of mem brane pro teins and the tox ic ity
caused by pro tein in cor po ra tion into the mem brane of the
host or gan ism. As a re sult, the ma jor ity of fu sion pro tein
was ob tained in a sol u ble state and could be pu ri fied from
crude bac te rial lysate by af fin ity chro ma tog ra phy on im -
mo bi lised glutathione un der non-denaturating con di tions.
The PsbH pro tein was cleaved from the car rier pro tein with 

Fac tor Xa pro te ase and pu ri fied on DEAE- cel lu lose
col umn with yields of up to 2.1 µg pro tein/ml of bac te rial
cul ture. De tails of sam ple op ti mi za tion for small mem -
brane pro teins as well as the im pact con sti tu tive cell pro tec -
tion mech a nism against host mem brane pro teins are
dis cussed.

KINETIC AND STRUCTURAL
CHARACTERIZATION OF TWO ACTIVE
FORMS OF ASPARTIC PROTEINASE FROM
MURINE INTRACISTERNAL A-TYPE
PARTICLES

Mar tin Švec1,2, Kvido Støíšovský1 and 
Jan Konvalinka1

1Institute of Or ganic Chem is try and Bio chem is try,
Flemingovo nam. 2, Prague 6, 166 10, Czech Re pub lic
2Cen tre for Com plex Mo lec u lar Sys tems and
Biomolecules, Flemingovo nam. 2, Prague 6, 166 10

Murine intracisternal type A par ti cles (intracisternal A-par -
ti cles, IAPs) are en dog e nous retro virus es en coded by many 
proviral el e ments within the mouse ge nome. They share se -
quence homology with the B-type mouse mam mary tu mor
vi rus (MMTV), the D-type sim ian retro virus es (SRV) and
C-type avian sar coma vi rus. IAPs ge netic el e ments have
been shown to trans pose within the ge nome of retro -
virus-pro duc ing cells. 

The IAP par ti cles as sem ble and bud at the mem branes
of the endoplasmic re tic u lum (ER) where they ac cu mu late
as im ma ture par ti cles con sist ing ex clu sively of uncleaved
polyproteins. They do not leave cell and hor i zon tal trans -
mis sion via free par ti cles has not been achieved. Re cent ev -
i dence has in di cated that the lack of proteolytic pro cess ing
is not due to a de fec tive vi ral proteinase but rather is caused 
by the site of par ti cle for ma tion and can be res cued by an
ar ti fi cial re di rec tion of the polyprotein to the plas matic
mem brane. 

The re com bi nant proteinase of murine intracisternal
A-type par ti cle 14 (MIA14 PR) un der goes N- and C- ter mi -
nal autoprocessing at de fined sites and is se quen tially and
func tion ally re lated to the B- and D-type retro virus pro tein -
ases. An un usual fea ture of these pro tein ases as op posed to
the C-type retro virus pro tein ases is a 50 amino acid C-ter -
mi nal ex ten sion of un known func tion. In this study, we aim 
to ana lyse the pos si ble role of the C-ter mi nal ex ten sion of
the proteinase in reg u la tion of polyprotein pro cess ing.

We have cloned, ex pressed in E. coli and pu ri fied to ho -
mo ge ne ity both the full-length MIA14 PR and its C-ter mi -
nally trun cated form. Both en zymes are ac tive and have
been used for in vi tro ki netic stud ies us ing pep tide sub -
strates and in hib i tors. The C-ter mi nal ex ten sion of MIA14
PR has been cloned, ex pressed in E. coli, pu ri fied and its
ef fect on cat a lytic ac tiv ity of both MIA14 PR con structs
eval u ated.
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THE VITAMIN B12 BIOSYNTHETIC
PATHWAY: STRUCTURE ANALYSIS OF
UROPORPHYRINOGEN-III C-METHYL -
TRANSFERASE

J. Vévodová, D. I. Roper, H. L. Schu bert, 
A. A. Brindley, M. J. War ren, K. S. Wil son

Struc tural Bi ol ogy Lab o ra tory, Uni ver sity of York, York
and Queen Mary and Westfield Col lege, Lon don, UK

The biosynthesis of vi ta min B12, "the anti-per ni cious anae -
mia fac tor", re quires about 30 en zymes, and is fur ther com -
pli cated by the ap pear ance in na ture of two sep a rate
path ways, rep re sent ing aer o bic and an aer o bic routes,
where the ma jor dif fer ence seem to be con cerned with the
pro cess of cobalamin ring con trac tion and co balt
chelatation. Pseu do mo nas aeruginosa is able to syn the sise
the vi ta min in the ab sence of ox y gen. How ever, the bac te -
rium can also make B12 when grown aer o bi cally. Thus,
there must ex ist a path way that can op er ate both in the pres -
ence and ab sence of mo lec u lar ox y gen.

Uroporphyrinogen (uro'gen) III methyltransferase,
a key en zyme in the biosynthetic path ways of vi ta min B12
and siroheme, cat a lyzes the S-adenosyl-L-methionine
(SAM)- de pend ent bismethylation of its sub strate, uro'gen
III, re sult ing in the for ma tion of dihydrosirohydrochlorin
(precorrin-2). The en zyme ex ists in at least two forms. One
form, en coded by the cobA gene, is re quired for vi ta min
B12 syn the sis in Pseu do mo nas denitrificans. The sec ond
form, en coded by the cysG gene, is re quired for siroheme in 
E. coli. Both forms of the en zyme per form the in vivo syn -
the sis of precorrin-2, but in ad di tion, CysG has NAD+-de -
pend ent precorrin-2 oxidase and ferrochelatase ac tiv i ties.
The CysG en zyme mass is ~52 kDa, whereas the smaller
CobA pro tein mass is of ~30 kDa and is ho mol o gous only
to the C-ter mi nal re gion of CysG. 

CobA is a key reg u la tory en zyme in the branched
tetrapyrrole biosynthetic path way, and is sen si tive to both
sub strate and prod uct in hi bi tion. To gain some mo lec u lar
in sight into how this en zyme ex erts its con trol, we have
crys tal lised the CobA pro tein and col lected data on the
SRS syn chro tron in Daresbury. The mo lec u lar re place ment 
method (AMoRe) has been used for the phase prob lem so -
lu tion with the C-ter mi nal do main of CysG as a search
model. Struc ture refinement is currently under way.

We ac knowl edge Eliz a beth D. Getzoff and Beth Stroupe
from The Scripps Re search In sti tute, La Jolla, Can ada for
pro vid ing the co or di nates of CysG pro tein.

E. Raux,  H.L. Schu bert, J.M. Ro per, K.S. Wil son, M.H.
War ren. Bi o or ga nic che mis t ry 27 (1999) 100-118.

E. Raux, H.L. Schu bert, M.J. War ren Cell. Mol. Life Sci.
57 (2000) 1880-1893.

 

INTERACTION CISDDP WITH BASES OF
DNA

Michal Zeizinger, Jaroslav V. Burda

De part ment of Chem i cal Phys ics and Op tics, Fac ulty of
Math e mat ics and Phys ics, Charles Uni ver sity, Prague,
Ke Karlovu 3, Praha 2, 12116, Czech Re pub lic

In pre vi ous study [1], two-bases (ad e nine-ad e nine, ad e -
nine-gua nine and gua nine-gua nine) in ter ac tions with
cisplatine were ex am ined us ing ab in itio meth ods. Cur rent
study rep re sents fur ther extention of that work in clud ing
sugar-phos phate back bone which con nects bases. Start ing
ge om e tries of the stud ied sys tems (ApA, ApG and GpG)
were based on X-ray Pt-GpG struc ture[2]. The opti -
mizations were per formed us ing den sity func tional
Becke3LYP with 6-31G* ba sis; for plat i num and phos phor 
pseudopotential de scrip tion was used. Sin gle-point sec ond
or der Moller-Plesset per tur ba tion the ory (MP2) was used
for the DFT-op ti mized struc tures.  Then sugar-phos phate
chain was re moved and B-Pt-B bridged sys tems (B=A and
G) were cal cu lated (also at MP2/6-31G* level). Us ing
these cal cu la tions, bond dis so ci a tion en er gies (BDE) of
two bonds be tween Pt and N7 site at pu rine were de ter -
mined for sys tems with and with out sugar-phos phate
string. Sys tems with out sugar-phos phate string were also
cal cu lated at MP2/6-31+G* level, and BDE were de ter -
mined for each Pt-B and Pt-NH3. These data were com -
pared with en er gies from study [1].

It was shown that close cor re spon dence can be found
be tween Pt-N7 BDE's for sys tems op ti mized with out ([1])
and with (this work) sugar-phos phate back bone when these 
back bones are not con sid ered.  Sim i lar com par i son can be
done within cur rent model where the role of sugar-phos -
phate string can be elu ci dated.  Anal o gous Pt-N7 BDE are
ad di tion ally in flu enced mainly with cou lomb in ter ac tion
be tween neg a tively charged phos phate group and Pt cat ion. 
This causes an in crease in BDE up to 40 kcal/mol in
Pt-ApA com plex. 

1. J.V. Bur da, J. Le sz c zyn ski: De for mati on of the DNA he lix: 
The in fluen ce of cis pla tin as re lead by ab ini tio stu dy of
pla ti num(II) bridged DNA pu ri ne bases,  J. Am. Chem.
Soc., sub mit ted

2. P.M. Taka ha ra, A.C. Ro sen zweig, C.A. Fre de rick, S.J. Lip -
pard, Crys tal Structu re of a Double-Stran ded DNA Con ta i -
ning the Ma jor Ad duct of the An ti can cer Drug Cis pla tin,
Na tu re, 377 (1995) pp. 649-652.
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