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The crys tal lo graphic anal y sis of crys tals of vi rus par ti cles
was be gun, in hope, be fore com put ers were in vented, but
the anal y sis of vi rus struc tures at high res o lu tion came
much later, af ter all sorts of tech ni cal ad vances. The tech ni -
cal ad vances in struc tural bi ol ogy con tinue at a breath tak -
ing rate and vi ruses still pro vide chal lenges that stim u late
these ad vances. I will chart some of the re cent de vel op -
ments and in di cate what might hap pen next. I will do this in 
the con text of our at tempts to un der stand whole vi rus par ti -

cle struc ture and func tion suf fi ciently deeply that we can,
with the aid of the lat est tech nol ogy, and with suit able com -
pu ta tional tools, con trol conformational tran si tions for
ther a peu tic pur poses. To this end we are cur rently tar get ing 
a num ber of small RNA vi ruses and I will hope to con vince
you that we are now at the stage where com plete vi rus par -
ti cles are ex cel lent tar gets for ra tio nal, struc ture-guided,
drug and vac cine de sign.
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2014 – INTERNATIONAL YEAR OF CRYSTALLOGRAPHY

R. Kužel

Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in Prague, Ke Karlovu 5, 121 16 Praha 2, 
Czech Re pub lic

The year 2014 has been de clared by the United Na tions as
the In ter na tional Year of Crys tal log ra phy (IYCr2014). It
com mem o rates the cen ten nial of the birth of X-ray crys tal -
log ra phy, thanks to the work of Max von Laue and Wil liam 
Henry and Wil liam Law rence Bragg. The year 2014 also
com mem o rates the 50th an ni ver sary of an other No bel
Prize, that awarded to Dor o thy Hodg kin for her work on vi -
ta min B12 and pen i cil lin. One aim of the Year is to pro mote 
ed u ca tion and pub lic aware ness through a va ri ety of ac tiv i -
ties. Crys tal log ra phers are ac tive in more than 80 coun tries, 
53 of which are mem bers of the In ter na tional Un ion of
Crys tal log ra phy. There is a need to broaden the base of
crys tal log ra phy. 

Among jus ti fi ca tion of the dec la ra tion of the IYCr by
Gen eral As sem bly of the United Na tions (July 3, 2012) we
can find for ex am ple this:
“Stress ing that ed u ca tion about and the ap pli ca tion of crys -
tal log ra phy are crit i cal in ad dress ing chal lenges such as
dis eases and en vi ron men tal prob lems, by pro vid ing pro tein 
and small mol e cule struc tures suited for drug de sign es sen -
tial for med i cine and pub lic health, as well as so lu tions for
plant and soil con tam i na tion,

Con sid er ing that the im pact of crys tal log ra phy is pres ent
ev ery where in our daily lives, in mod ern drug de vel op -
ment, nanotechnology and bio tech nol ogy, and un der pins
the de vel op ment of all new ma te ri als, from tooth paste to
aero plane com po nents, 
Con sid er ing also the sig nif i cance of the sci en tific achieve -
ments of crys tal log ra phy, as il lus trated by twenty-three
No bel Prizes awarded in the area, and that crys tal log ra phy
is still fer tile ground for new and prom is ing fun da men tal
re search, 
Con sid er ing fur ther that 2014 marks the cen te nary of the
be gin ning of mod ern crys tal log ra phy and its iden ti fi ca tion
as the most pow er ful tool for struc ture de ter mi na tion of
mat ter, 
Rec og niz ing the lead ing role of the In ter na tional Un ion of
Crys tal log ra phy, an ad her ing body of the In ter na tional
Coun cil for Sci ence, in co or di nat ing and pro mot ing crys -
tal lo graphic ac tiv i ties at the in ter na tional, re gional and na -
tional lev els around the world.“

There many ac tiv i ties dur ing the whole year and around 
the World (http://www.iycr2014.org/) in clud ing the Czech
and Slo vak Re pub lics (http://www.xray.cz/iycr/). Start ing
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with open ing cer e mony in Paris (Jan u ary 20-21), they of -
ten fo cus on pre sent ing wide scope of mod ern crys tal log ra -
phy go ing from pro tein crys tal log ra phy to ma te ri als
sci ence. It is im por tant in many dif fer ent fields – chem is try, 
phys ics, and min er al ogy. In last years, pop u lar ap pli ca tions 
can be found in fo ren sic sci ence, ar che ol ogy, and art (both
anal y sis of work of art and anal y sis of sym me try in art).
The anal y sis of the so-called real struc ture of the mat ter, in
par tic u lar thin films, that in cludes crys tal lat tice de fects,
strains, re sid ual stresses, tex tures, lat tice mis fits etc. is cru -
cial also for tech no log i cal de vel op ment. 

Re cently, the first X-ray dif frac tion ex per i ment was
per formed on an other planet – Mars and sub se quent anal y -
sis re vealed the pres ence of clay min er als, in ad di tion to

min er als found in ba salt. The age of the rocks showed that
Mars hosted wet en vi ron ments more re cently that pre vi -
ously thought. The min er als found are com pat i ble with an
en vi ron ment that was po ten tially hab it able to life with
near-neu tral pH and mod er ate tem per a ture. The in ter ac tion 
of man tle min er als such as ol iv ine with wa ter and CO2 pro -
duces sim ple prebiotic or ganic com pounds. H2 de lib er ated
in these wa ter-rock re ac tions can act as an en ergy source
for early chemolithotrophic life.

Since the con fer ences in cludes many con tri bu tions on
pro tein crys tal log ra phy, this short con tri bu tion will be de -
voted to the IYCr and more to the im por tance of crys tal log -
ra phy as typ i cally in ter dis ci plin ary field.

L2

INTERNATIONAL APPRECIATION OF X-RAY CRYSTALLOGRAPHY

Jindøich Hašek

In sti tute of Bio tech nol ogy, Acad emy of Sci ences of the Czech Re pub lic,Vídeòská 1083, Praha 4;
Krystalografická spoleènost, Heyrovského nám.2, Praha 6,  www.xray.cz

The Gen eral As sem bly of the United States greatly ap pre -
ci ated the con tri bu tion of crys tal log ra phy to de vel op ment
of the man kind at its 121st Ple nary Meet ing. In the Res o lu -
tion 66/284 adopted on July 3, 2012, the Gen eral As sem bly 
pro claimed that the sci en tific field of crys tal log ra phy sub -
stan tially changed the qual ity of life of the whole man kind
in the last cen tury and still has a tre men dous po ten tial for
fu ture gen er a tions. It pro claimed the year 2014 as the Year
of crys tal log ra phy (IYCr) and asked the mem ber states to
sup port fur ther de vel op ment of this fas ci na tion sci ence.

The In ter na tional Un ion for Crys tal log ra phy (IUCr) as
a mem ber of the In ter na tional Coun cil of Sci en tific Un ions
(ICSU) was in vited to or ga nize ac tions to sup port the re -
lated ac tiv i ties in 2014 (www.iycr2014.org). Czecho slo va -
kia was in 1948 one of the five found ing mem bers of the
IUCr. There fore the Czech and Slo vak Crys tal lo graphic
As so ci a tion and the Czech and Slo vak Na tional Com mit -
tees of the IUCr take the re spon si bil ity to or ga nize the ac -
tions in our coun try (http://www.xray.cz).

One of the main rea sons for the proc la ma tion of the In -
ter na tional Year of Crys tal log ra phy was an un usu ally high
num ber of No bel prices in crys tal log ra phy. The IUPAC
Com mis sion rec og nized 23 No bel prices as prices uniquely 
re lated to crys tal log ra phy. The com mis sion for No bel
prices was first es tab lished by the Swed ish Acad emy of
Sci ences in 1901. The first price in the cat e gory phys ics
was awarded to W.C.Röntgen. In the next 113 years, 29
No bel prices were closely re lated to crys tal log ra phy.

My search through the his tory of No bel prices iden ti -
fied 11 prices awarded di rectly for the De vel op ment of the
Dif frac tion Meth ods and de vel op ment of nec es sary in stru -
men ta tion, other 7 prices were closely re lated to the Ap pli -
ca tions of Dif frac tion Meth ods in Chem is try, and 11
No bel prices were for Ap pli ca tions of Dif frac tion Meth -
ods in Struc ture Bi ol ogy. 

The re sults of the search are sum ma rized in Ta ble 1.
The Ta ble 2 shows the fre quen cies of No bel prices re lated
to crys tal log ra phy sum ma rized each twenty years since
1901. The 20 years rates of No bel prices plot ted in Fig ure 1
show a great de vel op ment of dif frac tion meth ods in the
first half of 20 cen tury and the new re vival in the last 40
years. The me thod i cal de vel op ment in duced con tin u ous
not end ing se quence of new dis cov er ies in chem is try and
bi o log i cal sci ences. The fre quency of all No bel prices re -
lated to crys tal log ra phy (full black line) still grows and
now a days one can gen er al ize that new No bel prices re lated 
to crys tal log ra phy can be ex pected each two or  three
years. This is the ra tio nale of the mes sage con tained in the 
Res o lu tion of the Gen eral As sem bly, that crys tal log ra phy
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Fig ure 1.  Plots of the 20 years fre quen cies of No bel prices re -
lated to crys tal log ra phy. The last point of the “To tal fre quency
line” was lin early ex trap o lated from 13 years av er age to the 20
years average.
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2013 Chem is try M. Karplus, M. Levitt, and A. Warshel DM Appl.in Chem is try
De vel op ment of multi-scale mod els for com plex chem i cal sys tems

2012 Chem is try R. J. Lefkowitz and B. K. Kobilka DM Appl.in St.Bi ol ogy
Stud ies of G-pro tein-cou pled re cep tors

2011 Chem is try D. Shechtman  Dif frac tion meth ods
Dis cov ery of quasicrystals 

2010 Phys ics A. Geim and K. Novoselov DM Appl.in Chem is try
Ex per i ments re gard ing the two-di men sional ma te rial grapheme  

2009 Chem is try V. Ramakrishnan, T.A. Steitz and A. E.Yonath               DM Appl.in St.Bi ol ogy
Stud ies of the struc ture and func tion of the ri bo some 

2006 Chem is try R. D. Kornberg  DM Appl.in St.Bi ol ogy
Stud ies of the mo lec u lar ba sis of eukaryotic tran scrip tion

2003 Chem is try P. Agre and R. MacKinnon DM Appl.in St.Bi ol ogy
Dis cov er ies con cern ing chan nels in cell mem branes

1997 Chem is try P. D. Boyer, J. E. Walker and J. C. Skou              DM Appl.in St.Bi ol ogy
Elu ci da tion of the enzymatic mech a nism of  ATP syn the sis and of ion-trans port ing en zyme

1996 Chem is try R.Curl, H. Kroto and R. Smalley DM Appl.in Chem is try
Dis cov ery of the fullerene form of car bon

1994 Phys ics C. Shull and N. Brockhouse Dif frac tion meth ods
Neu tron dif frac tion

1992 Phys ics G. Charpak  Dif frac tion meth ods
Dis cov ery of the multi wire pro por tional cham ber

1991 Phys ics P.-G. de Gennes DM Appl.in Chem is try
Meth ods of dis cov er ing or der in sim ple sys tems can be ap plied to poly mers and liq uid crys tals

1988 Chem is try J. Deisenhofer, R. Huber and H. Michel              DM Appl.in St.Bi ol ogy
De ter mi na tion of the three-di men sional struc ture of a photosynthetic re ac tion cen tre

1985 Chem is try H. Hauptman and J. Karle              Dif frac tion meth ods
De vel op ment of di rect meth ods for the de ter mi na tion of crys tal struc tures

1982 Chem is try A. Klug               DM Appl.in St.Bi ol ogy
De vel op ment of crys tal lo graphic elec tron mi cros copy and the struc ture of NA-pro tein com plexes

1976 Chem is try W. N. Lipscomb               DM Appl.in Chem is try
Struc ture of boranes

1972 Chem is try C. B. Anfinsen               DM Appl.in St.Bi ol ogy
Fold ing of pro tein chains

1964 Chem is try D. Hodg kin               DM Appl.in St.Bi ol ogy
Struc ture of many bio chem i cal sub stances in clud ing Vi ta min B12

1962 Phys i ol ogy or Med i cine   F. Crick, J. Wat son and M. Wilkins            DM Appl.in St.Bi ol ogy
He li cal struc ture of DNA

1962 Chem is try J. C. Kendrew and M. Perutz              DM Appl.in St.Bi ol ogy
Stud ies of the struc tures of glob u lar pro teins

Ta ble 1. List of No bel prices closely re lated to crys tal log ra phy sorted by the year of ap proval.
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has still a high po ten tial for fu ture gen er a tion of young sci -
en tists and better life of man kind.

The con tri bu tion gives also a short re view of the 54
years of Macromolecular Crys tal log ra phy, shows back -
grounds of sev eral stud ies awarded by No bel price, and
gives some es ti mates of po ten tial fields where the next No -
bel prices might be ex pected. 

The work was sup ported by the pro ject P302/11/0855 of
the Czech Sci ence Foun da tion, BIOCEV CZ.1.05/1.1.00/
02.0109 from the ERDF and  the Min is try of Ed u ca tion,
Youth and Sports of the Czech Re pub lic CZ.1.07/2.3.00
/30.0029. 

1954 Chem is try L. C. Pauling                DM Appl.in Chem is try
Na ture of chem i cal bond and struc ture elu ci da tion of com plex sub stances

1946 Chem is try J. B. Sum ner                DM Appl.in St.Bi ol ogy
Dis cover, that en zymes can be crys tal lized

1937 Phys ics C. J. Davisson and G. Thomp son               Dif frac tion meth ods
Ex per i men tal dis cov ery of the dif frac tion of elec trons by crys tals

1936 Chem is try P. J. W. Debye Dif frac tion meth ods
In ves ti ga tions on di pole mo ments and X-ray and elec tron dif frac tion in gases 

1929 Phys ics L.-V. de Broglie Dif frac tion meth ods
The wave na ture of the elec tron

1917 Phys ics C. G. Barkla Dif frac tion meth ods
Dis cov ery of the char ac ter is tic Röntgen ra di a tion by some el e ments 

1915 Phys ics W. H. Bragg and W. L. Bragg              Dif frac tion meth ods
The use of X-rays to de ter mine crys tal struc ture

1914 Phys ics M. Von Laue Dif frac tion meth ods
Dif frac tion of X-rays by crys tals

1901 Phys ics W. C. Röntgen Dif frac tion meth ods
Dis cov ery of X-rays

Ta ble 1. List of No bel prices closely re lated to crys tal log ra phy sorted by the year of ap proval (con tin u a tion).

Year Diffracti on Che mis t ry Bi o lo gy To tal

1900-1920 4 0 0 4

1920-1940 3 0 0 3

1940-1960 0 1 1 2

1960-1980 0 2 3 5

1980-2000 3 2 3 8

2000-2013 1 2 4 7

To tal 11 7 11 29

Ta ble 2. The 20 years fre quen cies of No bel prices re lated to crys -
tal log ra phy. The last point of the “To tal fre quency line” was ex -
trap o lated from the 13 years av er age to the 20 years av er age.
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USER CONSORTIUM OF SERIAL FEMTOSECOND CRYSTALLOGRAPHY - SLOVAK
INVOLVEMENT

I. Barák1, K. Saksl2 and P. Sovák3

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, Slovakia

2In sti tute of Ma te ri als Re search, Slo vak Acad emy of Sci ences, Watsonova 47, 040 01 Košice, Slovakia
3De part ment of Con densed Mat ter Phys ics, P.J. Šafárik Uni ver sity, Park Angelinum 9, 

040 01 Košice, Slovakia

Struc ture de ter mi na tion at synchrotrons of ten fol lows
years of tre men dous ef fort to grow large pro tein crys tals
that are well enough or dered to dif fract to high res o lu tion
within the lim ited ex po sure to avoid ra di a tion dam age.
There are no guar an tees that the crys tal ob served un der the
po lar iz ing mi cro scope, and which ap pears to be a “good”
crys tal, will ac tu ally dif fract. 

X-ray free-elec tron la sers are open ing up unique op por -
tu ni ties to im age bi o log i cal ma te ri als at high res o lu tion.
The high-in ten sity ul tra-short pulses pro vided by these
sources en able us to over come ra di a tion dam age lim its by
out run ning the struc tural deg ra da tion that in ev i ta bly oc -
curs on ex po sure of soft mat ter to ion iz ing ra di a tion [1].
The ex pe ri ence at LCLS (Linac Co her ent Light Source,
Stan ford, USA) showed that most nano- and micro -
crystalline pro tein sam ples that have been tried have dif -
fracted, and usu ally to higher res o lu tion than has been
ob served from syn chro tron stud ies on mac ro scopic crys -
tals, in test cases where these large crys tals were avail able.
High-res o lu tion dif frac tion has been ob tained from in te -
gral mem brane pro teins, in clud ing G-pro tein cou pled re -
cep tors, in the form of sub-mi cron crys tals car ried in a
lipidic cu bic phase ma trix. LCLS pro duces pulses of
X-rays more than a bil lion times brighter than the syn chro -
tron sources which are also based on large elec tron ac cel er -
a tors.

X-ray free-elec tron la sers are open ing up unique op por -
tu ni ties to im age bi o log i cal ma te ri als at high res o lu tion.
The high-in ten sity ul tra-short pulses pro vided by these
sources en able us to over come ra di a tion dam age lim its by
out run ning the struc tural deg ra da tion that in ev i ta bly oc -
curs on ex po sure of soft mat ter to ion iz ing ra di a tion [1].
This cen tral idea makes many new tech niques pos si ble for
the study of re pro duc ible (and quasi-re pro duc ible) struc -
tures such as macromolecules and vi ruses. These meth ods
in clude sin gle-par ti cle diffractive im ag ing of vi ruses [2],
and the ex ten sion of pro tein crys tal log ra phy to smaller and
smaller crys tal sizes (avoid ing the years of de vel op ment of -
ten re quired to grow large crys tals) [3]. All cur rent ev i -
dence points to the fact that se rial femto second
crys tal log ra phy (SFX) could have a re mark able and pro -
found im pact on the field of struc tural bi ol ogy. Not only
does SFX over come the crys tal li za tion bot tle neck, but data
can be col lected very rap idly (sev eral min utes to col lect
about 10 000 im ages for com plete 3D atomistic re con struc -
tion) and over a wide range of tem per a tures. In deed, mea -
sure ments can most eas ily be car ried out at room
tem per a ture. In con ven tional syn chro tron-based macro -

molecular crys tal log ra phy, sam ples are usu ally frozen to
re duce ra di a tion dam age, and the crys tal li za tion pro cess
usu ally, but not al ways, al lows only a sin gle pro tein con -
for ma tion to be stud ied. The re sults from other tech niques,
such as cryo-elec tron mi cros copy and atomic force mi cros -
copy, make it in creas ingly clear that this short com ing of
MX is lim it ing our view of pro tein in ter ac tions. Re cent
macromolecular crys tal log ra phy stud ies at room tem per a -
ture has shown that flash cool ing to re duce ra di a tion dam -
age can bias hid den struc tural en sem bles in pro tein crys tals 
and re model the conformational dis tri bu tion of 35% of
side-chains, while elim i nat ing the pack ing de fects nec es -
sary for func tional mo tions. Thus room tem per a ture mea -
sure ments can re veal mo tions cru cial for ca tal y sis, ligand
bind ing and allosteric regulation [4].

SFX tech nique is also a nat u ral fit for time-re solved
mea sure ments at femto second timescales. De spite valu able 
prog ress in the time-re solved pro tein crys tal log ra phy, what 
is ur gently needed is a time-re solved tech nique which can
im age in di vid ual pro teins at sub-nanometer res o lu tion in
three di men sions, in their na tive en vi ron ment, un af fected
by dam age from the im ag ing ra di a tion. Only this tech nique
of fers this pos si bil ity.

The Eu ro pean XFEL brings a unique ca pa bil ity of over
a 200 in crease in pulse rep e ti tion rate com pared with the
LCLS, which will vastly in crease the ef fi ciency of the
method, re duc ing the time re quired to carry out a mea sure -
ment and re duc ing the quan tity of pro tein re quired to ob -
tain a struc ture. The po ten tial user com mu nity for SFX is
ex tremely large, and en com passes much of the user base
for syn chro tron macromolecular crys tal log ra phy sta tions
around the world. In fact the user base is po ten tially much
larger than that, since this method vastly in creases the num -
ber of sam ples that now can be an a lyzed. Taken to gether,
X-ray FELs have the po ten tial to pro foundly im pact the
field of struc tural bi ol ogy. The Slo vak sci en tists are ready
to par tic i pate in this ex cit ing ini tia tive. There is a plan for
the struc tural bi ol ogy com mu nity par tic i pa tion, spe cif i -
cally to set up a pro tein qual ity pre-screen ing cen tre at IMB 
SAS. Fur ther Slo vak in volve ment in User con sor tium of
SFX at XFEL ex per i men tal sta tion in Ham burg will be dis -
cussed.

[1]  R. Neutze, R. Wouts, D. van der Spoel, E. Weckert, and 
J. Hajdu. Po ten tial for biomolecular im ag ing with femto -
second x-ray pulses. Na ture: 406:753–757, 2000.

[2] M. M. Seibert, T. Ekeberg, F. R. N. C. Maia, M. Svenda, 
J. Andreasson,O. Jonsson, D. Odic, B. Iwan, A. Rocker, 
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D. Westphal, et al. Sin gle mimivirus par ti cles in ter cepted
and im aged with an x-ray la ser. Na ture: 470:78–81, 2011.

[3]  H. N. Chap man, P. Fromme, A. Barty, T. A. White, R. A.
Kirian, A. Aquila, M. S. Hunter, J. Schulz, D. P. DePonte,
U. Weierstall, et al. Femto second x-ray pro tein
nanocrystallography. Na ture: 470:73–77, 2011.

[4]  Fra ser JS, van den Bedem H, Samelson AJ, Lang PT,
Holton JM, Echols N, Alber T. Ac cess ing pro tein
conformational en sem bles us ing room-tem per a ture Xray
crys tal log ra phy Proc. Nat. Acad. Sci. USA 108:16247,
2010.

L4

METHODS OF STRUCTURAL BIOLOGY OF INSTRUCT AVAILABLE TO CZECH
RESEARCHERS

J. Dohnálek

In sti tute of Bio tech nol ogy, Acad emy of Sci ences of the Czech Re pub lic, v.v.i., Vídeòská 1083, 
14220 Praha 4, Czech Re pub lic

The mem ber ship of the Czech Re pub lic in the Eu ro pean in -
fra struc ture for in te gra tive struc tural bi ol ogy In struct
brings pre vi ously un prec e dented pos si bil i ties for Czech
struc tural bi ol o gists as for ac cess to the cut ting edge tech -
nol o gies and ex per tise in the field. In struct cen tres pro vide
open ac cess based on peer-re viewed ap pli ca tion pro cess to
four ma jor groups of meth ods and tech nol o gies: Sam ple
prep a ra tion, Pre lim i nary char ac ter iza tion, Struc tural anal -
y sis and Data anal y sis.

Sam ple prep a ra tion plat forms en able more com pli cated 
or chal leng ing pro jects with ne ces sity e.g. of mam ma lian
or baculovirus ex pres sion to be per formed in an en vi ron -
ment which en ables wider screen ing of ex pres sion con -
structs and con di tions. For re search groups lack ing
char ac ter iza tion tech niques sev eral cen tres pro vid ing ac -
cess to dif fer ent char ac ter iza tion tech niques, such as an a -
lyt i cal ul tra cen tri fu ga tion, cal o rim e try, cir cu lar dichroism,
sur face plasmon res o nance and other are avail able. These
tech niques can be di rectly used in con nec tion with some

pro tein ex pres sion plat forms to ease the pro cess of tar get
mol e cules pro duc tion in a de sired state. 

The ma jor group of of fered tech nol o gies cov ers all the
cur rently avail able struc ture anal y sis tech niques for bi o -
log i cal mol e cules, in clud ing mi cros copy tech niques, X-ray 
crys tal log ra phy, so lu tion and solid state NMR, mass spec -
tros copy tech niques, elec tron para mag netic res o nance, and 
ad vanced mass spec trom e try ap proaches. 

A sim ple ap pli ca tion is re quired to be sub mit ted for
each pro ject. Af ter eval u a tion and de pend ing on its re sult
ac cess is granted to per form the re quired ex per i ments at the 
re quested cen tres of In struct. Par tial cov er age of ex penses
on the side of the ap pli cant is ex pected. 

De tailed in for ma tion about In struct ac tiv i ties, calls for
pro jects, the in di vid ual cen tres and their tech nol o gies can
be found at http://www.structuralbiology.eu.

Grant sup port from the Czech Sci ence Foun da tion (pro ject 
no. P302/11/0855) and by BIOCEV CZ.1.05/1.1.00/02.
0109 from the ERDF is ac knowl edged.


