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Our un der stand ing of func tion of a bi o log i cal macro -
molecule re quires in for ma tion about its pri mary, sec ond -
ary, ter tiary, and qua ter nary struc ture. Tar geted manipu -l
ation of struc tural fea tures then en ables di rect ob ser va tion
of func tional con se quences. The com plete un der stand ing
of the struc ture-func tion re la tion ship in biomolecules
would pro vide us with a full view of the rules gov ern ing bi -
o log i cal mo lec u lar sys tems and en able rel a tively easy con -
trol of their prop er ties. Typ i cally, this com plete knowl edge 
is never achieved as we are deal ing with multivariable sys -
tems with in com plete de scrip tion. How ever, we take the
ad van tage of avail abil ity of a num ber of struc tural and bio -
phys i cal ex per i men tal tech niques, to gether with func tional
as says of the stud ied sys tems to form a pic ture which is as
com plete as pos si ble and also pre cise and ac cu rate.  

Our struc tural anal y sis meth ods in clude sin gle crys tal
X-ray crys tal log ra phy, small-an gle X-ray scat ter ing
(SAXS), and cryo genic elec tron mi cros copy (cryoEM).
Crys tal lo graphic anal y sis of pro teins, pro tein:pro tein, pro -
tein:ligand, or pro tein:nu cleic ac ids com plexes pro vides
struc tural in for ma tion at high or even atomic res o lu tion,
un cov er ing key in ter ac tion de tails, new types of three-di -
men sional pro tein struc ture, new types of bonds, in trin sic
struc tural prop er ties, iden ti fi ca tion of lig ands or quan ti fi -
ca tion of metal clus ters oc cu pancy. Ap pli ca tion of SAXS
re sults in in for ma tion on low-res o lu tion ar range ment, pro -
tein oligomerization or in duced struc tural changes.
CryoEM sin gle par ti cle im ag ing is used to elu ci date struc -
ture of dif fi cult-to-crys tal lize multi-pro tein com plexes. 

Apart from struc tural anal y sis we uti lize a range of
meth ods of mo lec u lar bio phys ics. They pro vide price less
data on pro tein or com plex sta bil ity (Dif fer en tial Scan ning
Fluorimetry), struc tural state (Cir cu lar Dichroism), inter -
molecular in ter ac tions (Microscale Thermophoresis, Iso -
ther mal Cal o rim e try), size and ag gre ga tion/oligo meri-
zation of mol e cules (Dy namic Light Scat ter ing, SAXS) or
com plex for ma tion/size dis tri bu tion (Mass Pho tom e try).

In our stud ies of bil i ru bin oxidase we have un cov ered
the na ture and role of a new co va lent bond formed be tween
two amino ac ids of the en zyme (Fig. 1) [1]. The struc -
ture-func tion study of the first rep re sen ta tive of GH151

fam ily of a-l-fucosidases re vealed not only an un ex pected
oligo merization pat tern but also ac tive site complemen -
tation [2]. For ma tion of an un prec e dented com plex be -
tween pro tein HelD and mycobacterial RNA poly mer ase
helped ex plain HelD func tion and its emerg ing role in an ti -
bi otic re sis tance [3-4]. Our atomic-res o lu tion study of S1

nuclease com plexes with prod ucts of RNA cleav age
pro vided in sights into the in ti mate de tails of intermolecular 
in ter ac tions in clud ing dy nam ics of sub strate/prod uct bind -
ing [5]. The prin ci ple char ac ter is tics of pro tein:pro tein in -
ter ac tions be tween im mune cell sur face re cep tor NKR-P1
and its cog nate ligand LLT1 point ing to wards for ma tion of
larger zip per-like struc tures were un cov ered in a re cent
col lab o ra tive study [6].   
Mainly the struc tural anal y sis as pects of our stud ies will be
pre sented to il lus trate the power of this ap proach in ex pla -
na tion of func tion al ity rel e vant for bio med i cal and bio tech -
no log i cal ap pli ca tions. Some of our con tri bu tions to the

Fig ure 1. De tail of a crys tal struc ture show ing an un usual co va lent 
bond be tween Trp and His in the sur face ac tive site of bil i ru bin
oxidase from Myrothecium verrucaria, PDB ID 3I3J [1]. Co or di -
na tion of T1 cop per is rep re sented as co va lent bond. Col our cod -
ing: T1 site and ox i da tion site res i dues – car bon teal; co va lent
adduct Trp-His – car bon yel low; cop per or ange, iron brown; ferri -
cyanide – car bon green. In ter ac tions of [Fe(CN)6]

3- - black dashed
line, in yel low VDW in ter ac tion with Trp396. Ma genta dashed

line – CH-p interaction.
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de vel op ment of meth ods of struc tural anal y sis will be also
mentioned [7-8].
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The Cen tre of Mo lec u lar Struc ture (CMS) pro vides ser -
vices and ac cess to state-of-art in stru ments, which cover a
wide range of tech niques re quired by not only struc tural bi -
ol o gists. CMS op er ates as part of the Czech In fra struc ture
for In te gra tive Struc tural Bi ol ogy (CIISB), and Eu ro pean
in fra struc tures In struct-ERIC and MOSBRI. CMS is or ga -
nized in 5 core fa cil i ties: CF Pro tein Pro duc tion, CF Bio -
phys ics, CF Crys tal li za tion of Pro teins and Nu cleic Ac ids,
CF Dif frac tion Tech niques, and CF Struc tural Mass Spec -
trom e try.

CF Dif frac tion Tech niques em ploys two lab o ra tory
X-ray in stru ments equipped with high flux MetalJet X-ray
sources: a sin gle crys tal diffractometer D8 Ven ture
(Bruker) and a small an gle X-ray scat ter ing in stru ment
SAXSpoint 2.0 (Anton Paar). The con fig u ra tions of both
in stru ments rep re sent the top tier of pos si bil i ties of lab o ra -
tory in stru men ta tion. Apart from stan dard ap pli ca tions, the
in stru ments are also ex tended for ad vanced ex per i ments:

the diffractometer is equipped with the stage for in-situ
crys tal dif frac tion, X-ray flourscence de tec tor and crys tal
de hy dra tion, SAXS is equipped with in-situ UV-Vis spec -
tros copy and a liq uid chro ma tog ra phy sys tem for SEC-
 SAXS. The set ups en able easy ac cess and fast turn-around
of sam ples un der dif fer ent con di tions, but also col lec tion of 
high qual ity end-state data with out fur ther need for syn -
chro tron data col lec tion in many cases. CF Dif frac tion
Tech niques pro vides ser vices in syn ergy with the other
CFs on-site, there fore sci en tific ques tions can be quickly
an swered as they emerge from the ex per i ments.

The Cen tre of Mo lec u lar Struc ture is sup ported by: MEYS

CR (LM2023042); pro ject Czech In fra struc ture for In te -
gra tive Struc tural Bi ol ogy for Hu man Health
(CZ.02.1.01/0.0/0.0/16_013/0001776) from the ERDF;
UP CIISB (CZ.02.1.01/0.0/0.0/18_046/0015974), ELIBIO
(CZ.02.1.01/0.0/0.0/15_003/0000447), and MOSBRI from
EU Ho ri zon 2020 (No. 101004806).
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The Lab o ra tory of Struc tural Bi ol ogy of Neurodegene -
ration fo cus ses in the first place on de scrib ing the phys i o lo -
g i cal and pathophysiological role of in trin si cally dis -
or dered tau pro tein in Alz hei mer’s dis ease us ing the ap -
proaches of struc tural bi ol ogy and bio phys ics. The sec ond
in ter est con sists in ex am i na tion of gen eral prin ci ples of the
con for ma tion be hav iour of dis or dered pro teins.

Pri mary ex per i men tal ap proach rep re sents the crys tal li -
za tion of tau polypeptides in com plexes with Fab frag -
ments of monoclonal an ti bod ies cre ated mostly at the
In sti tute of Neuroimmunology by hybridoma tech nol ogy.
Back in 2007, the first struc tural in for ma tion about the Alz -
hei mer’s dis ease tau fil a ments was re vealed fol low ing
crys tal li za tion of the fil a ment core C-ter mi nal hexapeptide
in com plex with the core-spe cific monoclonal an ti body
MN423 [1].  Since then, other com plexes of Fab tar get ing
dif fer ent tau re gions were crys tal lized [2].

The sec ond ap proach rep re sents the bio phys i cal char -
ac teri sa tion of tau monomeric and poly mer ized forms and
their in ter ac tion with an ti bod ies and other bind ing part ners. 
The lab o ra tory has a long his tory in us ing sur face plasmon
res o nance (SPR) and serves as an unformal ref er ence lab
for this tech nique. Other avail able meth ods for pro teins in -
clude iso ther mal ti tra tion cal o rim e try (ITC), dif fer en tial
scan ning cal o rim e try, dy namic light scat ter ing and Fou rier
trans form in fra red spec tros copy. Re cently we have pub -
lished an in ter ac tion study char ac ter is ing the bind ing of
C-ter mi nal spe cific tau an ti body to 12 var i ous tau pro teins
us ing SPR, microscale thermophoresis and cross-link ing
mass spec trom e try [3].

The third ap proach rep re sents the char ac teri sa tion of
tau con for ma tions us ing mo lec u lar dy nam ics sim u la tions
and the com par i son of con for ma tions ob tained with sim u -
la tions of tau pep tides in free state in so lu tion with con for -

ma tion of re spec tive tau pep tide from the com plex with
an ti body Fab frag ment.

Dur ing last twenty years the lab mem bers par tic i pated
in more than 15 dif fer ent pro jects with sev eral Slo vak and
Eu ro pean sci en tific teams, pro cur ing the in ter ac tion and
struc tural pa ram e ters of var i ous bi o log i cal com plexes.
E.g., col lab o ra tion with the com pany Axon Neu ro sci ence
R&D Ser vices SE con trib uted to the de vel op ment of pas -
sive [4] and ac tive Alz hei mer’s dis ease immunotherapy
and to the eval u a tion of af fin ity mat u ra tion of an ti bod ies
gen er ated dur ing the phase II clin i cal trial. The an ti body
can di dates neu tral iz ing SARS CoV 2 were also char ac ter -
ized by SPR [5]. 

We are com mit ted to con tinue shar ing our ex per tise.
Cur rently run ning col lab o ra tion pro jects ex am ine in nate
im mu nity player lactoferrin, reg u la tion of plasminogen ac -
ti va tion or uni ver sal adap tor pro tein 14-3-3. 
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The Uni ver sity of South Bo he mia (USB) Chem is try De -
part ment lab o ra to ries are well equipped for a broad spec -
trum of re search. Struc tural anal y sis of dif fer ent vi ral
pro teins, en zymes, pro tein-in hib i tor com plexes, and large
mul ti ple-do main pro teins is per formed us ing X-ray crys tal -
log ra phy or cryo-EM mi cros copy. In ad di tion, mo lec u lar
dock ing com ple mented by mo lec u lar dy nam ics is im ple -
mented to sim u late pos si ble in ter ac tions of the tested pro -
teins. 

In our lab o ra tory, se lected pro teins or pro tein com -
plexes are cloned into vec tors suit able for bac te rial, baculo -
virus or mam ma lian tran sient pro tein ex pres sion sys tems.
We are cur rently work ing with bac te rial com pe tent cells:
ArticExpress (DE3) Com pe tent Cells, SHuf fle® T7 Com -
pe tent E. coli, BL21-AI™ One Shot™ Chem i cally Com pe -
tent E. coli, One Shot™ BL21(DE3)pLysS Chem i cally
Com pe tent E. coli, BL21(DE3) Com pe tent Cells, BL21-
 CodonPlus (DE3)-RIPL Com pe tent Cells, Rosetta-gami™
2(DE3) Com pe tent Cells and many more. We also work

with the Bac-to-Bac Baculovirus and MultiBac™ ex pres -
sion sys tems (High Five™, Sf9 or Schnei der 2 cell lines).
Bhk- 21 cells, Hela cell line, Vero cells and oth ers are used
for pro tein ex pres sion in mam ma lian cells. Well-equipped
proteomics lab o ra to ries with high-ca pac ity or bital shak ers
(Eppendorf Innova 44r), high-vol ume cen tri fuges
(Heraeus Multifuge X3R) and ultracentrifuges (Beckman
Coul ter Op tima XPN90) to gether with well-equipped cell
cul ture and BSL2 fa cil i ties are suit able for ex press ing pro -
teins at suf fi cient con cen tra tions for fur ther pu ri fi ca tion. 

Two AKTA pure 25 chro ma tog ra phy sys tems (room
tem per a ture or 4 °C con di tions) are used to pu rify the tar get 
pro teins. Many com mer cial chro ma tog ra phy col umns are
avail able that are suit able for both sys tems. In ad di tion, the
room tem per a ture size ex clu sion chro ma tog ra phy sys tem
is com ple mented by Dawn Heleos II and Otilab T-rEX de -
tec tors, which are used for ac cu rate anal y sis of pu ri fied
sam ples by mea sur ing multi-an gle static light scat ter ing
(MALS) and re frac tive in dex. The most com monly used

Fig ure 1. Work ing life in the struc tural bio chem is try lab o ra tory at the Uni ver sity of South Bo he mia in Èeské Budìjovice.



tech niques in the proteomics lab o ra tory are af fin ity chro -
ma tog ra phy, an ion ex change chro ma tog ra phy, hep a rin
chro ma tog ra phy, and SEC-MALS of small glob u lar pro -
teins to large macromolecular com plexes.

Struc tural anal y sis of pro teins is per formed by ba sic
X-ray crys tal log ra phy. Stan dard crys tal li za tion tech niques
(va por dif fu sion, microdialysis and free-in ter face dif fu -
sion) and ad vanced tech niques (coun ter dif fu sion, cap il lary 
and in gel crys tal li za tion,) are used to pre pare dif fract ing
qual ity crys tals. In case of prob lem atic crys tal li za tion,
seed ing, co-crys tal li za tion with lig ands or crys tal li za tion in 
liv ing cells are used. Be fore each crys tal li za tion ex per i -
ment, a dy namic light scat ter ing in stru ment (un less
SEC-MALS is used) is im ple mented to con firm the ho mo -
ge ne ity of the mol e cules. The Oryx Nano (and soon Oryx
8) crys tal li za tion ro botic sys tem and sev eral in cu ba tors
with dif fer ent tem per a tures are at dis posal to screen crys -
tal li za tion con di tions to en sure that the best pos si ble con di -

tions for crys tal growth are found. Dif frac tion
mea sure ments are per formed on syn chro tron-based macro -
molecular beamlines at BESSY (Berlin, Ger many), DESY
(Ham burg, Ger many) or ESRF (Grenoble, France) ac cord -
ing to stan dard ap pli ca tion pro ce dures. Data pro cess ing
and fur ther struc ture so lu tion steps are per formed on com -
pu ta tional hard ware and soft ware lo cated in the Struc tural
Bio chem is try Lab o ra tory and op er ated by trained per son -
nel. A new crystallographic method, crystallization in
living cells, is beginning to be incorporated into the
methods used in our laboratory.

These re searches are sup ported by Eu ro pean Re gional De -
vel op ment Fund-Pro ject, MEYS (No. CZ.02.1.01/0.0/ 0.0/
15_003/0000441); by the Grant Agency of the Czech Re -
pub lic (Grant No. 19-14704Y) and by the Grant Agency of
the Uni ver sity of South Bo he mia (grant No. 04- 046/ 
2022/P).
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