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Ab stract
The pa per de scribes shortly the his tory of the In sti tute of
Macromolecular Chem is try of the Czech Acad emy of Sci -
ences and ac tiv i ties of the de part ments in volved in X-ray
and neu tron struc ture anal y sis of ma te ri als. 

His to ry bac kground

Acad emy of Sci ences. In spite of the fact that the first Uni -
ver sity in Mid dle Eu rope was founded by Charles the
fourth in Praha, and Kep ler wrote his dis cus sions about the
crys tal line state of mat ter in Praha, the nat u ral sci ences had
no im pact on econ omy. Also the Czech Royal So ci ety for
Sci ences founded in 1784 was a club of sev eral sci en tists.
The fol low ing “Czech Acad emy of Sci ences and Arts”
founded in 1790 had a better eco nom i cal back ground,
how ever with out any chances for se ri ous sup port of re -
search. Thus, the sci en tific re search in the Czecho slo vak
Re pub lic be tween the World Wars (1918-1938) took place
at sev eral tra di tional state and tech ni cal uni ver si ties and
some ap plied re search lab o ra to ries at huge in dus trial com -
plexes, as “ŠKODA in dus trial fac to ries” (ma chines, tech -
no log i cal con struc tions), “Mannesmann steel works”, 
BA•A fac to ries in Zlín, etc.  

Af ter the Sec ond World War, all in dus trial states un der -
stand that their fu ture and econ omy po ten tial de pends
mainly on their suc cess on the de vel op ment of sci ence and
tech nol ogy re search. It was re flected in dra matic in crease
of new re search in sti tutes and uni ver si ties in all in dus trial
coun tries in the world in the fif ti eths of the 20th cen tury. In
Czecho slo va kia it was re flected in sup port of many in dus -
trial lab o ra to ries (re sort in sti tutes) and in es tab lish ment of
the Acad emy of Sci ences of the Czecho slo vak Re pub lic in
1952. In spite of very lim ited con tacts with the in ter na -
tional com mu nity be cause of po lit i cal rea sons (iron cur -
tain), the Acad emy de vel oped into an in ter na tion ally well
rec og nized in sti tu tion rep re sented prac ti cally in all in ter na -
tional in sti tu tions (UNESCO, ISCU, IAEA, WHO, IUCr,
etc.), or ga niz ing the larg est sci en tific con fer ences, pro duc -
ing sev eral hun dreds PhD stu dents a year and award ing the
ti tle Doc tor of Sci ences (Dr.Sc.) for sci en tists with at least
60 orig i nal pa pers in in ter na tion ally ac cepted jour nals.

Prof. Jaroslav Heyrovský – di rec tor of  the Polarographic
In sti tute of the Czecho slo vak Acad emy of Sci ences was
awarded the No bel price for Chem is try in 1959. 

In 1989, Acad emy in cluded 61 In sti tutes in the Czech
Re pub lic and 37 In sti tutes in Slovakia with 7 thou sand sci -
en tists and 4 thou sand other em ploy ees pro duc ing sev eral
thou sands of pa pers in im pacted jour nals. Af ter di vi sion of
Czecho slo va kia, the Czech part of the Acad emy was re -
named to the Acad emy of Sci ences of the Czech Re pub lic.
Now a days, the Czech Acad emy of Sci ences has 54 re -
search in sti tutes with about 3 500 sci en tists and 3 000 other 
work ers. 

Crys tal log ra phy. Since 1993, the Acad emy or ga nizes
also sci en tific so ci et ies (to this date, it is 71 so ci et ies with
40 – 3000 mem bers). One of them is the Crys tal lo graphic
As so ci a tion with 420 mem bers. Its or i gins date to 1953,
when the de vel op ment in the use of X-ray tech niques was
in flu enced by a com mit tee of the Acad emy lead by Prof.
Adéla Kochanovská. At this time the X-ray tech nol ogy was 
in tro duced into many in dus trial com pa nies and re search in -
sti tutes. As far as the or ga ni za tion of sci ence, she ini ti ated a 
se ries of one-day meet ings called „Dis cus sions on Recentl
Top ics in the Struc ture of Ma te ri als Us ing Ion iza tion Ra di -
a tion“. The se ries of these meet ings (now a days well known 
un der a sim ple name „Dis cus sions“ (Rozhovory) con tin ues 
with out any break al ready 58 years. 

In sti tute of Macromolecular Chem is try (IMC). As far
as the or i gins of the IMC, the com mit tee of Acad emy for
macromolecular sci ences lead by V.Veselý a Otto
Wichterle (both with long ex pe ri ence with poly mer re -
search in BATA re search lab o ra to ries in Zlín) suc ceeded to 
con vince the gov ern ment to build a com pletely new in sti -
tute de voted to macromolecular sci ences at Petøiny. Their
suc cess was based on the dis cov ery of sev eral new poly mer 
ma te ri als with in dus trial ap pli ca tions and on or ga ni za tion
of the In ter na tional Sym po sium on Macromolecular
Chem is try in 1957 with 1100 par tic i pants from the whole
world. No tice that the sci en tific tour ism is a mod ern in ven -
tion and at that time, sym po sia with more than thou sand
par tic i pants were some thing un usual. 

The con struc tion of the build ing started in 1960, and the 
sci en tists moved in 1962. The eight-floor glass build ing of
the In sti tute of Macromolecular Chem is try with to tal 10
chem i cal and 10 phys i cal de part ments was de signed by the
well known ar chi tect Prager in co op er a tion with sci en tists
with long ex pe ri ence in chem i cal sci ences (Otto Wichterle, 
Blahoslav Sedláèek, etc.). The ex cep tional build ing of the
In sti tute to gether with sev eral other build ings of ar chi tect



Prager were ap proved by UNESCO as a cul tural her i tage
and are now pro tected by na tional bod ies.

The In sti tute has al ways been in volved in in ter na tional
co op er a tion. Prof. Otto Wichterle, the di rec tor of the IMC
ini ti ated es tab lish ment of Macromolecular Di vi sion of the
In ter na tional Un ion for Pure and Ap plied Chem is try in
1967 and since than, the In sti tute or ga nizes reg u larly two
microsymposia un der aus pices of IUPAC each year.

Diffracti on stu dies in the Insti tu te of Ma cromo le -
cu lar Che mis t ry

Peri od 1960 – 1970

Karel Toman, the head of the De part ment of Diffrac -
tometry be longed among the found ing mem ber of the  In -
sti tute of Macromolecular Chem is try with to tal 10
chem i cal and 10 phys i cal de part ments. The orig i nal staff of 
the Dif frac tion De part ment – Josef Baldrian (crystallinity
of poly mers), Karel Huml (struc ture de ter mi na tion),
Drahomíra Hlavatá (struc ture de ter mi na tion), Karel Tichý
(struc ture de ter mi na tion), Jiøí Jeèný (in stru men tal tech -
nique) was in creased in 1967 by Jindøich Hašek (meth ods
for struc ture de ter mi na tion) and in 1964 by Josef Pleštil
(small an gle scat ter ing). 

A good rep u ta tion of the de part ment in the world can be 
seen e.g. on the fact that the “Sym po sium on Struc ture De -
ter mi na tion by X-ray Dif frac tion” or ga nized sev eral weeks 
af ter the in va sion of So viet troops into Czecho slo va kia was 
vis ited by 140 sci en tists, in clud ing two fu ture No bel price
win ners. In ter est ingly, the par tic i pants oc cu py ing full ca -
pac ity of all lec ture rooms in the In sti tute were from west -
ern coun tries only – the par tic i pants from coun tries of the
War saw treaty did not get exit visa to Czecho slo va kia at
this time. Karel Toman and Karel Tichý em i grated early in
1969. 

Scien ti fic ori en tati on 

Struc ture de ter mi na tion of mo lec u lar sys tems

• Poly-io dine com plexes

• Catalysers of poly mer iza tion re ac tions and in ter me -
di ate com plexes

• Struc tures of macrocyclic polyethers
Ma te rial prop er ties

• Crystallinity of poly mers

• Phase sep a ra tion and mi cro-inhomogenities in poly -
mer blends

Pe ri od 1970 – 1993

Dr. Karel Huml be came the head of the de part ment af ter his 
re turn from a two-year post-doc toral stay in Can ada in the
lab o ra tory of Dr. Ahmed and or ga nized sev eral large in ter -
na tional con fer ences un der outspices of the In ter na tional
un ion of Crys tal log ra phy (IUCr). He worked per ma nently
in the IUCr com mit tees and served many years as a pres i -
dent of the Eu ro pean Crys tal lo graphic As so ci a tion. 

In pe riod 1970 - 1993, the lab o ra tory led or hosted sev -
eral PhD stu dents - Jindøich Hašek (meth ods for struc ture
de ter mi na tion), Drahomíra Hlavatá (struc ture de ter mi na -
tion) , Josef Pleštil (small an gle scat ter ing), Bohdan
Schnei der (amino ac ids, nu cleic ac ids, PDB), Jindøich

Symerský (struc ture de ter mi na tion), Miloš Steinhart (small 
an gle scat ter ing) , Jiøí Šoler (struc ture of bacteriophage),
Jaroslav Vojtìchovský (struc ture de ter mi na tion – myo -
globin struc tures). 

Co op er a tion with Uni ver sity of Am ster dam NL, Uni -
ver sity of York UK, Uni ver sity in Bari IT, Dubna SSSR,
IUCr and Eu ro pean Crys tal li za tion Com mit tee. 

 

Scien ti fic ori en tati on 

• Struc ture sys tem at ics of crown ether com plexes and
con for ma tion anal y sis of large macrocyclic com -
pounds.

• Struc ture in ter pre ta tion of photochromic prop er ties
of com pounds be long ing to sydnone ring de riv a tives
and to dihydropyridine-de riv a tives

• Struc ture of or ganic con duc tors con tain ing CTNQ,
TFF, etc.

• New meth ods for phase prob lem so lu tion based on
dis tri bu tion fit ting of seminvariants

• Struc ture de ter mi na tion of cy clic oli go mers iso lated
from clas si cal poly mer ma te ri als

• Struc tures of var i ous me tab o lite prod ucts.
• Short pep tides used in phar macy as cleavable link ers

for se lec tive trans port of the ac tive sub stance to the
tar get tis sue by ad vanced drugs of  new gen er a tion. 

• Struc ture de ter mi na tion of bacteriophage Sd with
mo lec u lar weight 110 000 kDa  

Peri od 1993 – 2010

In the pe riod 1993 - 2010 the de part ment was di vided into
the lab o ra tory for small an gle X-ray and neu tron scat ter ing
(J.Pleštil) and the lab o ra tory for mo lec u lar struc tures
(J.Hašek). 

The group of small an gle scat ter ing have at pres ent 6
peo ple (Josef Baldrian, Al ex an der Jigounov, Josef Pleštil,
Miloš Steinhart, Borislav Angelov, and tech ni cian Hana
Šandová). Co op er a tion Dubna, ELETTRA Trieste, ILL
Grenoble.

Scien ti fic ori en tati on - Ma te rial pro per ties

• Colloid sys tems

• Hy brid nanocomposites

• Crystallinity of poly mers

• Self as sem bly of amphiphilic block co pol y mers

• Phase sep a ra tion and mi cro-inhomogenities in poly -
mer blends

• Mea sure ment of phase sep a ra tion of poly mer blends
un der high pres sures

The de part ment for struc ture de ter mi na tion of
macromolecules spe cial ized for dif frac tion stud ies of
large bio-mo lec u lar com plexes and on in ter ac tions of
biomolecules with syn thetic poly mers. At pres ent, the lab -
o ra tory has the fol low ing sci en tists - Jan Dohnálek, Jarmila 
Dušková, Jindøich Hašek, Petr Kolenko, Tomáš Koval
(PhD stu dent), Tereza Skálová, and Andrea Štìpánková
(PhD stu dent). PhD stu dents who learned struc ture de ter -
mi na tion of bio-macromolecules in this pe riod were Eva
Buchtelová (Vondráèková), Jan Dohnálek, Ondøej Hart -
man, Petr Kolenko, Tomáš Koval, Ivana Kutá- Smatanová,
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Hana Petroková, Ondøej Rázga, Tereza Skálová, Andrea
Štìpánková. 

Scien ti fic ori en tati on 

Static and dy namic as pects of ca tal y sis fol low ing from
X-ray struc ture de ter mi na tion were dis cussed for sev eral
en zyme classes treated in our lab o ra tory - dif fer ently mu -
tated HIV pro teas es in com plex with a se ries of in hib i tors,
galactosidases, immunoglobulins, chitinases, oxi das es,
RNAses, glycosylation, dif fer ently hy drated valinomycin
com plexes, and de vel op ment of the Poly mer Struc ture Da -
ta base.

• As par tic pro teas es - Struc ture de ter mi na tion of
twelve HIV-1 pro te ase mu tants in com plex with a se -
ries of tetrapeptide in hib i tors ev i dences that the af -
fin ity of in hib i tors to the bind ing site is highly
cor re lated among oth ers also to the elas tic ity of the
bind ing tun nel and mo bil ity of flaps in ad di tion to the 
clas si cally dis cussed enthalpy terms [2,4,5,6,8,9].
The X-ray dif frac tion  anal y sis showed a self-in hi bi -
tion of  HIV pro te ase af ter fin ish ing its func tion in
the virion par ti cle [3]

• Ther mal de pend ence of cat a lytic ac tiv ity of  pro teins

- struc ture of a cold ac tive b-galactosidase and its
com plexes [7]

• Struc ture and func tion of a new trimeric form of
laccase [13]

• Struc ture and func tion of immunoglobulins,
glycosylation [12]

• Prac ti cal im pacts of the ge netic mu ta tions of
pyridoxal 5’-phos phate de pend ent en zymes in clin i -
cal prac tice [14]

• The ory of pro tein sur face mod i fy ing agents and its
use in crys tal li za tion of bi o log i cal macromolecules
[11]

• Struc tures of valinomycin com plexes in dif fer ent de -
gree of hydration showed new sup posed mech a nism
for pas sive trans port of small mol e cules and ions
through mem branes 

• Small mo lec u lar mark ers [10]

• Sys tem atic anal y sis of in ter ac tions be tween syn -
thetic poly mers and pro teins 

• De vel op ment and main te nance of the Poly mer Struc -
ture Da ta base [1]

• New poly mer screens for pro tein crys tal li za tion [15]
Or ga ni za tion of many con fer ences. Num ber of re -

gional, bi lat eral and Eu ro pean pro jects. Co op er a tion is di -

rected mainly to NOVOZYMES DK, Ox ford Uni ver sity
GB, York Uni ver sity GB, INRA FR, ESRF Grenoble FR,
ELETTRA Trieste IT,  Uni ver sity of Man ches ter GB,
BESSY, Uni ver sity of Colorado USA.

Conclu si on

Struc ture anal y sis of ma te ri als by X-ray ra di a tion be longs
al ready 40 years to the main streams of re search in the In -
sti tute of Macromolecular Chem is try AV ÈR. The top ics
solved cover all top ics in macromolecular sci ences ac ces si -
ble by X-ray tech niques, i.e. struc ture de ter mi na tion of mo -
lec u lar com plexes of any size at atomic res o lu tion by X-ray 
dif frac tion, struc ture de ter mi na tion supra mo lecu lar sys -
tems on nanoscale by X-ray scat ter ing, new meth ods for
struc ture de ter mi na tion, crys tal li za tion of bio-macro -
molecules, struc ture sys tem at ics, the anal y sis of a func tion
of com plex sys tems and the rel e vant prac ti cal ap pli ca tions.
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