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CRYSTALLIZATION AND PRELIMINARY X-RAY DIFFRACTION ANALYSIS OF HUMAN 
CYTOMEGALOVIRUS UL144, AN HVEM ORTHOLOGUE

M. Benko, A. Bitala, S. Lenhartová and I. Nemèovièová

Bio med i cal Re search Cen ter, In sti tute of Vi rol ogy, Slo vak Acad emy of Sci ences, Bratislava, Slovakia
mario.benko@savba.sk

Hu man cytomegalovirus (HCMV) is a b-herpesvirus that
has co-evolved with the host im mune sys tem to es tab lish
life long per sis tence. HCMV within its unique long (UL)/b’ 
lo cus, en codes many immunomodulatory mol e cules, in -
clud ing the glycoprotein UL144 [1]. UL144 is a struc tural
mimic of the tu mor ne cro sis fac tor re cep tor superfamily
mem ber HVEM (TNFRSF14), which binds to the mul ti ple

cel lu lar lig ands, e.g, LIGHT, LTa, BTLA, CD160, and gD
[2, 3]. UL144, while be ing an HVEM orthologue, binds ex -
clu sively only BTLA, avoid ing ac ti va tion of in flam ma tory
sig nal ing ini ti ated by CD160 in nat u ral killer cells. Al -
though, BTLA and CD160 cross-com pete for HVEM, the
struc tural ba sis for the UL144 ligand se lec tiv ity re mains
un clear [3].

The ectodomain of UL144 (wild-type, WT) con tains a
to tal of ten pu ta tive N-linked glycosylation sites. Many of
them are not pres ent in other vi ral spe cies (e.g., Rhe sus
CMV UL144) sug gest ing in ter est ing evo lu tion ary con se -
quences. How ever, due to high amounts of flex i ble
N-linked glycans pres ent in re com bi nant form of
UL144-wt the glycosylation de fi cient mu tant (UL144-DG) 
was gen er ated and used for crys tal li za tion. Here, we re port
on UL144-DG crys tal li za tion by us ing stan dard va por dif -

fu sion method. For the ini tial screen ing the high-through -
put ro botic sys tem was set up with dif fer ent com mer cial
crys tal li za tion con di tions (e.g., JCSG-plus, PACT pre mier
or MIDAS plus). The pro tein so lu tion of con cen tra tion > 3
mg/ml was mixed with pre cip i tant in 1:1 or 2:1 ra tio. The
crys tals suit able for X-ray dif frac tion mea sure ment were
ob served in pre cip i tant con di tions con tain ing 5-erythritol
propoxylate or ethoxylate. Dif frac tion data were col lected
at macromolecular crys tal log ra phy beamline P13 at DESY
(Ham burg). The most prom is ing UL144-DG crys tals dif -
fracted to 1.1 C res o lu tion. 

1. T. L. Murphy, and K. M. Murphy, Annu Rev Immunol 28,
(2010), 389–411.

2. C. F. Ware CF, and J. R. Šedý, Curr Opin Immunol 23,
(2011), 627-31.

3. J. R. Šedý, and M. O. Balmert et al., J Biol Chem 51,
(2017), 21060–21070.  

This re search was funded by the con tri bu tion of the Slo vak
Re search and De vel op ment Agency un der the pro ject
APVV-19-0376 and the con tri bu tion of the Sci en tific Grant 
Agency of the Slo vak Re pub lic un der the grant
VEGA-02/0026/22.

Fig ure 1. Crys tals of HCMV UL144-DG (A-C) fol lowed by X-ray dif frac tion im ages are shown. The crys tals were ob tained
un der above-men tioned crys tal li za tion con di tions and tested for dif frac tion in DESY Ham burg.
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METHOD FOR ANALYSIS OF DNA INTERACTIONS USING PROBABILITY DENSITY
MAPS

D. Berdár, L. Biedermannová, B. Schnei der

In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, BIOCEV, Prùmyslová 595, 
252 50 Vestec, Czech Re pub lic

dan iel.berdar@ibt.cas.cz

A pleth ora of ex per i men tal and com pu ta tional tools are
used to im prove the un der stand ing of biomolecular struc -
ture-func tion re la tion ships. At the in ter sec tion of the o ret i -
cal and ex per i men tal ap proaches stand data anal y sis
stud ies that use a large pool of struc tures avail able within
struc tural da ta bases, such as the PDB, to show pat terns in
large en sem bles of macromolecular struc tures.

Here we plan to dem on strate how, us ing NtC’s for lo cal 
conformational de scrip tion of nu cleic ac ids [1,2], we can
con struct prob a bil ity den sity maps for DNA frag ments.
Maps are con structed for rel e vant com bi na tions of DNA
build ing blocks and se lected in ter act ing atom/group [3].

These can be fur ther ex am ined or superposed to elu ci date
guid ing pat terns of in ter ac tion in biomolecular in ter faces. 

1. Schnei der B, Božíková P, Neèasová I, Èech P, Svozil D,
Èerný J. A DNA struc tural al pha bet pro vides new in sight
into DNA flex i bil ity. Acta Crystallogr. D Struct Biol. 2018.

2. Èerný J, Božíková P, Svoboda J, Schnei der B. A uni fied
dinucleotide al pha bet de scrib ing both RNA and DNA
struc tures. Nu cleic Ac ids Res. 2020.

3. Biedermannova, L., Cerny, J., Maly, M., Nekardova, M.,
Schneider, B. Acta Crystallogr. D Struct Biol. 2018.
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PREDICTION OF DNA HYDRATION BASED ON DATA MINING OF
CRYSTALLOGRAPHIC STRUCTURES

Lada Biedermannová, Bohdan Schnei der

In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, Prùmyslová 595, Vestec

Wa ter plays an im por tant role in sta bi liz ing DNA struc ture
and in me di at ing its in ter ac tions. In our work, we uti lize
crys tal lo graphic data to com pile the av er age hydration pat -
terns around biomolecules - pro teins [1,2,3] and nu cleic ac -
ids [4,5,6]. Re cently, we in ves ti gated hydration of DNA as
a func tion of its con for ma tion and se quence. We an a lyzed
hydration of DNA dinucleotides from an en sem ble of
2,727 non-re dun dant DNA chains con tain ing 41,853 dinu -
cleo tides and 316,265 as so ci ated first-shell wa ter mol e -
cules [6].

The dinucleotides were clas si fied into cat e go ries based
on their 16 se quences and the pre vi ously de ter mined struc -
tural classes, so called nu cle o tide con form ers (NtCs). The
con struc tion of hy drated dinucleotide build ing blocks al -
lowed dinucleotide hydration to be cal cu lated as prob a bil -
ity of wa ter den sity dis tri bu tions. Peaks in the wa ter
den si ties - Hydration Sites (HSs) - un cov ered the in ter play
be tween the base and the sugar- phos phate hydration in the
con text of se quence and struc ture.

Here, we pres ent the over view of these re sults and the
po ten tial ap pli ca tion of the the hy drated build ing blocks for 
the pre dic tion of DNA hydration. The data for the hy drated

build ing blocks and the pre dic tions are avail able for brows -
ing and vi su al iza tion at the website watlas.datmos.org/
watna.

1. Biedermannová L. & Schnei der B.: Struc ture of the or -
dered hydration of amino ac ids in pro teins: anal y sis of
crys tal struc tures. Acta Crystallographica D71: 2192-2202
(2015).
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las of Pro tein Hydration. Ex plor ing syn er gies be tween data 
min ing and ab in itio cal cu la tions. Phys. Chem. Chem.
Phys. 19, 17094 (2017).

3. Biedermannová L. & Schnei der B.: Hydration of pro teins
and nu cleic ac ids: Ad vances in ex per i ment and the ory. A
re view. Biochimica et Biophysica Acta - Gen eral Sub jects
1860: 1821-1835 (2016).

4. Schnei der B. & Berman H.M.: Hydration of the DNA
Bases Is Lo cal. Bio phys i cal J. 69: 2661-2669 (1995).

5. Schnei der B., Patel K. & Berman H.M.: Hydration of the
Phos phate Group in Dou ble-He li cal DNA. Bio phys i cal J.
75: 2422-2434 (1998).

6. Biedermannová L. et al., Acta Cryst D, under consideration 
(2022).
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CRYSTALLIZATION AND BINDING CHARACTERIZATION OF RECOMBINANT
VARIANTS OF RHESUS CYTOMEGALOVIRUS GLYCOPROTEIN UL144

A. Bitala, M. Benko, S. Lenhartová and I. Nemèovièová

Bio med i cal Re search Cen ter, In sti tute of Vi rol ogy, Slo vak Acad emy of Sci ences, Bratislava, Slovakia
andrej.bitala@savba.sk

Isoforms of CD160 in ter act with lig ands through the im -
mu no glob u lin superfamily (IgSF) do main, in clud ing mod -
est in ter ac tions with clas si cal and nonclassical class I
mol e cules of the ma jor histocompatibility com plex
(MHC). Her pes vi rus en try me di a tor (HVEM), a known
mem ber of the tu mour ne cro sis fac tor (TNF) re cep tor
superfamily (TNFRSF), is one of the bind ing part ners of
CD160. CD160 and HVEM are the key reg u la tors that ex -
hibit mul ti ple func tional out comes, in clud ing sup pres sion

of CD4+ T cell pro lif er a tion, in ter feron-g (IFN-g) pro duc -
tion, in crease cytokine pro duc tion, pro mo tion of lytic ac -
tiv ity in NK cells [1, 2] and many oth ers. Transmembrane
glycoprotein UL144, en coded in the UL/b’ genomic re gion 
of Hu man Cytomegalovirus (HCMV), is ad di tion ally ho -
mol o gous to HVEM. UL144 plays an im por tant role in vi -
rus en try into the host cell us ing prin ci ples as so ci ated with
HVEM. How ever, com par a tive stud ies re vealed the abil ity
of HVEM to ac ti vate NK cells to a higher de gree than its vi -
ral coun ter part UL144, which re flects the in abil ity of
UL144 to bind CD160. In ter est ingly, UL144 iso lated from
Rhe sus Cytomegalovirus (RhCMV) in ter acts with both hu -
man and the rhe sus CD160 with low af fin ity [3, 4] that rep -
re sents evo lu tion ary di ver gence be tween vi ral spe cies. 

We have fur ther in ves ti gated into CD160 func tion and
recombinantly pre pared mu tant UL144 that lacks all
glycosylation sites. The bind ing to CD160 was ob served
with af fin ity com pa ra ble to that of sol u ble HVEM. It em -
pha sizes the im por tance of post-translational mod i fi ca -

tions, in clud ing glycosylation. More over, the bind ing
for ma tion was ob served by us ing co-immunoprecipitation
as say (co-PI) be tween re com bi nant His-tagged UL144
vari ants (e.g., RhUL144-WT, UL144-WT, UL144-DG,
UL144-N91) and hu man Fc-tagged CD160. To fully un -
der stand the mo lec u lar-struc tural ba sis of these in ter ac -
tions, more spe cific anal y ses will be com pleted in the
fu ture. In ad di tion, we have per formed the crys tal li za tion
con di tion screen ing for all vari ants of UL144 alone (Fig.
1). Pre lim i nary crys tal li za tion con di tions were found and
are be ing fur ther op ti mized. The suit able crys tals have
been tested for X-ray dif frac tion. The struc tural data of all
pro tein crys tals are be ing op ti mized and pro cessed for
phas ing.

1. G. Cai, and G. J. Free man, Immunol Rev 229, (2009),
244–258. 

2. M. Maeda, and M. C. Carpenito, J Immunol 175, (2005),
4426–4432. 

3. A. Bitra, and I. Nemèovièová, JBC 294, (2019),
10519–10529.

4. J. R. Šedý, and R. L. Bjordahl, J Immunol 191, (2013),
828–836. 

This re search was funded by the con tri bu tion of the Slo vak
Re search and De vel op ment Agency un der the pro ject
APVV-19-0376 and the con tri bu tion of the Sci en tific Grant 
Agency of the Slo vak Re pub lic un der the grant VEGA-02/
0026/22.

Fig ure 1. The crys tals of RhCMV UL144-WT (A, B); HCMV UL144-DG (C) and HCMV UL144-N91 (D) were ob tained 
un der above-men tioned crys tal li za tion con di tions with pre cip i tant to pro tein ra tio 1:2 in the drop.
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STRUC TURE OF phiKZ TAIL SHEATH AND TAIL TUBE

Mateo Seoane Blanco*, Miroslav Homola, Tibor Füzik, Pavel Plevka

Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 5, Brno, Czech Re pub lic

The phage phiKZ is a jumbo bacteriophage that in -
fects Pseu do mo nas aeruginosa. As in other myoviruses, its 
200 nm-long tail is com posed of an in ner rigid tube and a
con trac tile sheath. Upon ad sorp tion to the bac te rium, the
tail sheath is con tracted, push ing the tube against the bac te -
rial wall. This move ment makes a hole in the wall, which is
used to eject the phage ge nome into the bac te rium. Here,
we pres ent the struc ture of the tail sheath and tail tube  a   
3.5 C res o lu tion. They re veal a 6-fold and he li cal struc ture
sim i lar to other con trac tile-tailed phages. Each tail sheath

pro tein has ex ten sions that make con tacts with 6 other cop -
ies, cre at ing a mesh. The void space above and be low each
pro tein leave space for the con trac tion. In the tail tube, the
ar range ment of the pro tein in this rigid tube is more com -
pact than in the tail sheath. Be sides, each copy has long ex -
ten sions that in ter twined with the neigh bour ing cop ies. The 
struc ture of both the tail sheath and the tail tube pro tein is
well con served due to its im por tance in the phage cy cle.

P6

STRUCTURE OF BSCX AND BSCY OF THE BORDETELLA TYPE 3 SECRETION
APPARATUS

Monika Cizkova, Vaclav Veverka, Jana Kamanova, Ladislav Bumba

In sti tute of Mi cro bi ol ogy AS CR v.v.i., 142 20, Vídeòská 1083, Prague 4, Czech Re pub lic, 
In sti tute of Or ganic Chem is try and Bio chem is try AS CR v.v.i, 166 10, Praha 6, Czech Re pub lic

The type 3 se cre tion sys tem (T3SS), also known as an
injectosome, is a wide spread macromolecular nano -
machine that en ables the de liv ery of bac te rial effector pro -
teins di rectly from bac te rial cytosol into the cytosol of the
host cells. Most T3SS sub units are ge net i cally and struc tur -
ally con served among dif fer ent Gram-neg a tive bac te ria,
but there are some ad di tional com po nents that are dis tinct
and spe cies spe cific. In the ge nus Bordetella, these in clude
the small T3SS pro tein sub units BscX and BscY, ho mol o -
gous to the Yersinia YscX and YscY pro teins. These pro -
teins ap pear to be a part of the ex port gate, or ches trat ing the 
se cre tion of early sub strates, but their struc ture and func -
tion in the Bordetella T3SS ap pa ra tus re main un known.
Us ing nu clear mag netic res o nance (NMR) spec tros copy,
we de ter mined the so lu tion struc ture of the heterodimeric

com plex of BscX and BscY pro teins, re veal ing that the six
he li cal fold of BscY is wrapped by BscX made up by the
N-ter mi nal un struc tured re gion and three C-ter mi nal he li -

ces. In di vid ual DbscX or DbscY de le tion mu tants of B.
bronchiseptica did not ex ert any cytotoxic ac tiv ity to wards
HeLa cells, in di cat ing that pres ence of the BscX-BscY
heterodimer is crit i cal for proper func tion of the se cre tion
ap pa ra tus. More over, re moval of the first 22 amino ac ids
from BscX ren dered the bac te rial mu tant non-cytotoxic on
HeLa cells, in di cat ing that the N-ter mi nal un struc tured re -
gion of BscX is func tion ally im por tant. In sum mary, the
BscX and BscY pro teins are re quired for func tion of the
T3SS ap pa ra tus and de liv ery of the BteA effector of B.
bronchiseptica into host cells.
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SHORT TRUNCATED TAU FRAGMENT 321-391 AGGREGATES IN THE PRESENCE
OF HEPARIN DESPITE THE LACK OF VQIxxK SEQUENCE 

O. Cehlar1, S. Njemoga1,2, S. Slusna1,2, J. Piestansky3, P. Majerova1, R. Skrabana1, 
Z. Bednarikova4

1Inst. of Neuroimmunology, Slo vak Acad emy of Sci ences, Dubravska cesta 9, 845 10 Bratislava, Slovakia
2Fac ulty of Nat u ral Sci ences, Comenius Uni ver sity, Ilkovicova 3278/6, 841 04 Bratislava, Slovakia

3Fac ulty of Phar macy, De part ment of Galenic Phar macy, Comenius Uni ver sity, Odbojárov 10,  832 32
Bratislava, Slovakia

4Inst. of Ex per i men tal Phys ics, De part ment of Bio phys ics, Watsonova 47, 040 01 Kosice, Slo vak Re pub lic
ondrej.cehlar@savba.sk

Microtubule as so ci ated pro tein tau is the main ac tor of tau
hy poth e sis of Alz hei mer´s dis ease (AD). Tau be longs to in -
trin si cally dis or dered pro teins (IDPs) which do not ac quire
any sta ble sec ond ary nor ter tiary struc ture. Un der patho -
log i cal con di tions of tauopathy, tau dis so ci ates from
micro tubules to form in sol u ble fil a ments with dis ease spe -
cific fold. It was pre vi ously shown that the pres ence of two
hexapeptide se quences (VQIxxK) can trig ger the pro tein
ag gre ga tion [1]. Re cently it was shown that the AD spe cific 
fold of tau fil a ment can be re ca pit u lated in vi tro by ag gre -
ga tion of trun cated tau 297-391 (dGAE) [2].

It was long be lieved that ag gre ga tion prone se quences
were re spon si ble for tau ag gre ga tion. It be gins to be ap par -
ent that se quences in R’ re gion that fol low tau MTBR re -
peats play a cru cial role in MT bind ing and po ten tially also
in ag gre ga tion pro cess [3]. Tau oli go mers that spread the
spe cific dis ease fold strain may be the patho log i cal agent of 
dis ease and their struc tural fea tures re main still elu sive.

Re com bi nant trun cated tau pro teins tau306-391,
tau316-391, tau321-391 and tau326-391 were ag gre gated

un der dif fer ent con di tions (pres ence of hep a rin and DTT).
Re sults of ag gre ga tion were mon i tored us ing dif fer ent
tech niques: ThT flu o res cence, DLS, AFM, FTIR and cap il -
lary elec tro pho re sis.

We have ob served in vi tro ag gre ga tion of sev eral tau
pro teins, mainly tau 321-391 which lacks the ag gre ga tion
prone se quence VQIVYK (PHF6 epitope). Early signs of
oligomer for ma tion were ob served by mea sure ments us ing
cap il lary elec tro pho re sis. The re sults will fur ther widen the 
knowl edge about patho log i cal ag gre ga tion of tau pro teins.

1 M. von Bergen, P. Friedhoff, J. Biernat, J. Heberle, E. M.
Mandelkow, E. Mandelkow, PNAS., 97, (2000), 5129.

2. S. Lövestam, F. A. Koh, B. van Knippenberg, A. Kotecha,
A.G. Murzin, M. Goedert, S. H. W. Scheres, eLife, 11
(2022), e76494.

3. N. El Mammeri, A. J. Dregni, P. Duan, H. K. Wang, M.
Hong, Sci. Adv., 8, (2022), 4459.

This work was sup ported by APVV-21-0479 grant. 
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BIOPHYSICAL TECHNIQUES AT CENTRE OF MOLECULAR STRUCTURE OF BIOCEV

Tatsiana Charnavets, Bohdan Schnei der, Jan Dohnálek

In sti tute of Bio tech nol ogy, BIOCEV, Prùmyslova 595, Vestec, 25250, Czech Re pub lic

The bio phys i cal re search fa cil ity as a part of the Cen tre of
mo lec u lar struc ture of In sti tute of Bio tech nol ogy pro vides
shared re sources of in stru ments for the de ter mi na tion of
size, mo lec u lar mass, struc ture and sta bil ity of biomo le -
cules, study of conformational changes and ther mo dy nam -
ics of tem per a ture tran si tions and char ac ter iza tion of
bio mole cular in ter ac tions. Fa cil ity is a mem ber of In -
struct-ERIC, Czech In fra struc ture for In te gra tive Struc -
tural Bi ol ogy (CIISB) and Mo lec u lar-Scale Bio phys ics
Re search In fra struc ture (MOSBRI). 

Fol low ing tech niques and in stru ments are cur rently
avail able: mass pho tom e try (Two MP mass pho tom e ter)
cir cu lar dichroism spec tros copy (Chirascan Plus CD spec -
trom e ter), spectrophotometry (Specord 50 Plus UV/Vis
spectrophotometer), Fou rier-trans form in fra red spec trom -
e try (Ver tex 70v spec trom e ter), flu o res cence spec trom e try
(photoluminescence spec trom e ter FLS1000), dif fer en tial

scan ning flu o res cence (Pro me theus NT.48), multiangle
dy namic light scat ter ing (Zetasizer Ul tra), microplate
reader (Tecan), dif fer en tial scan ning cal o rim e try (Microcal 
VP-DSC), iso ther mal ti tra tion cal o rim e try (Microcal
iTC200 and PEAQ-ITC), microscale thermophoresis
(Mono lith NT.115 and NT.LabelFree), sur face plasmon
res o nance (ProteOn XPR36) and bio-layer In ter fer om e try
(OCTET R8).

All rel e vant in for ma tion is on the web pages:
https://www.ibt.cas.cz/cs/servisni-pracoviste/centrum-mol
ekularni-struktury/,
https://www.ciisb.org/open-access/core-facilities. 

The Cen tre of Mo lec u lar Struc ture is sup ported by: MEYS
CR (LM2023042); pro ject UP CIISB (CZ.02.1.01/0.0/0.0/
18_046/0015974), CIISB4HEALTH (CZ.02.1.01/0.0/0.0/
16_013/0001776); ELIBIO (CZ.02.1.01/0.0/0.0/15_003/
0000447), and MOSBRI (No. 101004806).
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STRUCTURAL VARIABILITY OF THE RIBOSOME EXIT TUNNEL CONSTRICTION SITE

M. Èerneková, M. H. Koláø

De part ment of Phys i cal Chem is try, Uni ver sity of Chem is try and Tech nol ogy, Technická 5, 166 28 Prague
cernekoi@vscht.cz

Ri bo somes are ribonucleoprotein par ti cles re spon si ble for
syn the sis of a na scent pep tide, also known as trans la tion,
wherein a se quence of mes sen ger ri bo nu cleic acid
(mRNA) is trans lated into a se quence of amino ac ids. They
are es sen tial in all three do mains of life - Archaea, Bac te ria, 
and Eukarya. Al though the crit i cal parts of ri bo somes are
con served across the do mains, still there are sites where ri -
bo somes dif fer.

The na scent chain is re leased from the ri bo some
through an exit tun nel lo cated within the large ri bo somal
sub unit and some dif fer ence be tween bac te ria and higher
or gan isms lie here. Nu mer ous in ter ac tions oc cur be tween
the na scent pep tide and the tun nel walls, with the nar row est 
part formed by ex tended loops of two ri bo somal pro teins,
namely uL4 and uL22. Ad di tion ally, uL4 and uL22 have
glob u lar parts on the sur face of the ri bo some, through
which they can in ter act with other pro teins as so ci ated with
the ri bo somes [1]. 

The roles played by the two do mains of ri bo somal pro -
teins con trib ut ing to the tun nel walls and why these pro -
teins evolved into their shapes are not fully un der stood. In
this study, we ad dress these ques tions by ana lys ing a set of
ex per i men tal ri bo some struc tures from the Pro tein Data
Bank. Our anal y sis in cludes root-mean-square fluc tu a tion
anal y sis to re veal the flex i ble and rigid sec tions of the pro -
teins. Prin ci pal com po nent anal y sis of Car te sian co or di -
nates sug gests that some el e ments are struc tur ally
cor re lated. In ad di tion, se quence align ment com ple ments
our anal y ses by of fer ing in sight into the con served sec tions 
of the pro teins.

1. Bock, L. V., Koláø, M. H., & Grubmüller, H. (2018). Mo -
lec u lar sim u la tions of the ri bo some and as so ci ated trans la -
tion fac tors. Cur rent opin ion in struc tural bi ol ogy, 49,
27-35.

The re search was sup ported by the Czech Sci ence Foun da -
tion (pro ject 23-05557S).
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VIRAL TRANSCRIPTION-TRANSLATION COUPLING IN MAMMALIAN CELLS

Amiyaranjan Das1, Julia Bartuli2, Clem ens Grimm2, Utz Fischer2, Ga briel Demo1

1Cen tral Eu ro pean Inst. of Tech nol ogy, Masaryk Uni ver sity, Kamenice 5, 62500, Bohunice, Brno, Czech Rep
2De part ment of Bio chem is try and Can cer Ther apy Re search Cen ter (CTRC), Theodor Boveri-In sti tute, Uni -

ver sity of Würzburg, Am Hubland, 97074 Würzburg, Ger many
amiyaranjan.das@ceitec.muni.cz 

The cou pling of tran scrip tion and trans la tion (CTT) con -
trols the gene reg u la tion in bac te ria. Re cent cryo-elec tron
mi cros copy (cryo-EM) stud ies showed the phys i cal cou -
pling of these two pro cesses [1,2]. In ter est ingly, the dou -
ble-strand DNA Vac cinia vi rus (VACV) per forms the vi ral 
ge nome rep li ca tion, tran scrip tion, trans la tion, and as sem -
bly of virions in in fected mam ma lian cells within dis crete
cy to plas mic foci called vi ral fac to ries [3-5]. The ini tial
rounds of vi ral tran scrip tion and trans la tion dur ing the
early phase of in fec tion oc cur in side the host cy to plasm. In
in ter me di ate and late-phase of in fec tion the vi ral gene ex -
pres sion is car ried out in side the vi ral fac to ries in close as -
so ci a tion with host ri bo somes [5].

Here, we seek to un cover the po ten tial reg u la tion mech -
a nism of vi ral gene ex pres sion via vi ral-host CTT. The pri -
mary ap proach is to re con sti tute the CTT in vi tro and use
sin gle par ti cle cryo-EM to un cover the de tailed view of the
struc tural ar chi tec ture of the vi ral-host CTT. We aim to
em ploy cryo-elec tron to mog ra phy and cor re lated light and
elec tron mi cros copy (CLEM) to di rectly vi su al ize the vi ral
fac to ries in a near-na tive state at a sub-nanometer res o lu -

tion to con firm the ex is tence of vi ral-host CTT di rectly in
VACV-in fected cells. 

1. MW. Web ster, M. Takacs, C. Zhu, V. Vidmar, A. Eduljee,
M. Abdelkareem, A. Weixlbaumer, Struc tural ba sis of tran -
scrip tion-trans la tion cou pling and col li sion in bac te ria. Sci -
ence 369,1355-1359. (2020).

2. C. Wang, V. Molodtsov, E. Firlar, JT. Kaelber, G. Blaha,
M. Su, RH. Ebright, Struc tural ba sis of tran scrip tion-trans -
la tion cou pling. Sci ence 369, 1359-1365. (2020).

3. J. A. den Boon, A. Diaz, P. Ahlquist, Cy to plas mic vi ral
rep li ca tion com plexes. Cell Host Mi crobe 8, 77-85 (2010).

4. B. Moss, Reg u la tion of vac cinia vi rus tran scrip tion. Annu
Rev Biochem 59, 661-688 (1990).

5. G. C. Katsafanas, B. Moss, Colocalization of tran scrip tion
and trans la tion within cy to plas mic poxvirus fac to ries co or -
di nates vi ral ex pres sion and sub ju gates host func tions. Cell
Host Mi crobe 2, 221-228 (2007).

This study was sup ported by LL2008 pro ject with fi nan cial
sup port from MEYS CR as a part of the ERC CZ pro gram
(to G.D.).
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STRUC TURAL BA SIS FOR ALLOSTERIC REG U LA TION OF MYCOBACTERIAL
GUANOSINE-5’-MONOPHOSPHATE REDUCTASE

Michal Doležal, Zdenìk Knejzlík, Tomáš Kouba, Mar tin Klíma, and Iva Pichová

Institute of Or ganic Chem is try and Bio chem is try of the CAS, Flemingovo nám. 542/2, Prague, 166 10
iva.pichova@uochb.cas.cz

Guanosine-5´-monophosphate reductase (GMPR) cat a -
lyzes con ver sion of GMP to IMP, the hub me tab o lite for
the biosynthesis of all pu rine nu cleo tides. This re ac tion en -
ables my co bac te ria and most other or gan isms to uti lize
gua nine nu cleo tides in pro duc tion of ad e nine nu cleo tides
with out the need of de novo syn the sis. In our stud ies of pu -
rine me tab o lism in my co bac te ria, we use My co bac te rium
smegmatis (Msm) as a model or gan ism. Al though GMPR
is not es sen tial ei ther for Msm or My co bac te rium tu ber cu -
lo sis (Mtb) un der nor mal con di tions, it con trib utes to the
reg u la tion of the pu rine nu cle o tide pool by re cy cling GMP
to IMP. In our re cently pub lished study [1] we show that
the en zy matic ac tiv ity of Msm GMPR is allosterically reg -
u lated by ATP and GTP. Whereas ATP in hib its the ac tiv ity 
of Msm GMPR, GTP blocks this in hi bi tion, and thus re -
stores the ac tiv ity of Msm GMPR. Here, we pres ent an ex -
pla na tion of allosteric reg u la tion of Msm GMPR with ATP
and GTP at the mo lec u lar level. It is based on crys tal and
cryoEM struc tures of Msm GMPR with ATP and GTP.
Msm GMPR forms tetramers with four-fold axis which

fur ther as sem ble into octamers. The two tetramers in the
octamer adopt ei ther com pressed or ex tended con for ma -
tion  [1]. The changes in the con for ma tion in duced by the
com pres sion or ex ten sion are trans ferred through var i ous
loops to the ac tive site. These changes then can af fect the
Msm GMPR ac tiv ity. Our re sults show that the lig ands trap 
the Msm GMPR octamer in ei ther ac tive or in hib ited con -
for ma tion.

1. Knejzlík Z., Doležal M., Herkommerová K., Clarova K.,
Klíma M., Dedola M., Zborníková E., Rejman D., Pichová
I.: FEBS J. 289, 5571 (2022).

The pro ject Na tional In sti tute of vi rol ogy and bac te ri ol ogy
(Programme EXCELES, ID Pro ject No. LX22NPO5103) -
Funded by the Eu ro pean Un ion - Next Gen er a tion EU.

We ac knowl edge CF CF CryoEM of CIISB, In struct-CZ
Cen tre, sup ported by MEYS CR (LM2018127) and Eu ro -
pean Re gional De vel op ment Fund-Pro ject „UP CIISB“
(No.CZ.02.1.01/0.0/0.0/18_046/0015974).
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CRYSTAL STRUCTURE OF b-CARBONIC ANHYDRASE FROM CANDIDA
PARAPSILOSIS

J. Dostál, M. Doležal, M. Škrlová and I. Pichová

In sti tute of Or ganic Chem is try and Bio chem is try of the CAS, Flemingovo nám. 542/2, Prague, 166 10
iva.pichova@uochb.cas.cz

Patho genic yeasts of the ge nus Candida rep re sent the most
prev a lent cause of mycotic dis eases world wide. They be -
have as op por tu nis tic patho gens, which means that they
can live in hu man hosts as harm less com men sals, be ing
kept un der the con trol by the host im mune sys tem. One of
the key sur vival strat e gies of fun gal patho gens is the abil ity 
to pro lif er ate in dif fer ent car bon di ox ide (CO2) con cen tra -
tions. CO2 is among the most im por tant gases for liv ing or -
gan isms. In na ture, the con cen tra tion of CO2 is bal anced by 
an interconversion to hy dro gen car bon ate (HCO3, bi car -
bon ate through the spon ta ne ous re ac tion CO2 + H2O =
HCO 3

-  + H+). Its av er age amount re quired by or gan ism is
much greater than the amount pro duced spon ta ne ously
from CO2, bi car bon ate pro duc tion re quires fine tuned reg -
u la tion. For this rea son, a highly di verse fam ily of en zymes 
has evolved that are able to ac cel er ate the interconversion
re ac tion up to 10 000-fold. The mem bers of this fam ily,
car bonic anhydrases (CAs), are able to cat a lyze re vers ible
hydration of CO2 to give a HCO 3

-  +H+. CAs evolved in all

three do mains of life, and are di vided into eight, evolu -

tionarily un re lated classes (a, b, g, d, z, h, q, and  i ) that in -
de pend ently arose from dif fer ent pre cur sors dur ing
con ver gent evo lu tion. ß-CAs are pres ent in many patho -
genic mi cro or gan isms but not in the mam ma lian hosts and
there fore rep re sent pos si ble tar get for drug de vel op ment.

We de ter mined the crys tal struc ture of CA form
Candida parapsilosis at 2.6 C res o lu tion. It as sem bles as a
tetramer, with the ac tive site lo cated at the in ter face be -
tween two mono mers. At the bot tom of the sub strate
pocket, a zinc ion is co or di nated by the three highly con -
served res i dues Cys76, His131 and Cys134 in ad di tion to a
wa ter mol e cule. Ac tiv ity as says of full length and trun cated 
ver sions of CpNce103 in di cated that the N-ter mi nal arm is
in dis pens able for en zy matic ac tiv ity and crys tal pack ing.

The pro ject Na tional In sti tute of vi rol ogy and bac te ri ol ogy
(Programme EXCELES, ID Pro ject No. LX22NPO5103) -
Funded by the Eu ro pean Un ion - Next Gen er a tion EU.
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JOSEF DADOK NATIONAL NMR CENTRE

R. Fiala and P. Kadeøávek

Josef Dadok Na tional NMR Cen tre, CEITEC Masaryk Uni ver sity, Kamenice 753/5, 
62500 Brno, Czech Re pub lic
radovan.fiala@eitec.muni.cz

Core Fa cil ity of High Field NMR Spec tros copy pro vides
ac cess to NMR spec trom e ters in the range of pro ton fre -
quen cies from 500 MHz to 950 MHz. The equip ment is
suited mainly to the stud ies of struc ture, dy nam ics, and in -
ter ac tions of biomolecules, i.e., pro teins, nu cleic ac ids, and 
car bo hy drates. How ever, the in stru men ta tion is flex i ble
enough to cover also var i ous re search needs in ma te rial sci -
ence, or ganic and in or ganic chem is try, bio chem is try, bi ol -
ogy, and bio phys ics.

Avail able is the fol low ing in stru men ta tion:
• NMR Spec trom e ter Bruker AVANCE NEO 500

MHz – avail able with a 5 mm ni tro gen-cooled
multinuclear cryoprobe (Prod igy), room tem per a ture 
5 mm dual broad-band probe (1H, 15N - 19F), tri -
ple-res o nance (1H, 13C, 15N) 5 mm probe, 10 mm
dual (1H, 13C) probe, and 4.0 mm solid-state dual
CP/MAS probe. 

• NMR Spec trom e ter Bruker AVANCE NEO 600
MHz equipped with a qua dru ple-res o nance (1H/19F,
13C, 15N, 31P) cryoprobe with -40 to 150°C tem per a -
ture range. 

• NMR Spec trom e ter Bruker AVANCE NEO 700
MHz for biomolecular ap pli ca tions, equipped with a
tri ple-res o nance (1H/19F, 13C, 15N) cryoprobe with
-40 to 150°C tem per a ture range and a tri ple-res o -
nance (1H, 13C, 15N) cryoprobe op ti mized for de tec -
tion of 13C, -40 to 80°C tem per a ture range. 

• NMR Spec trom e ter Bruker AVANCE NEO 700
MHz for multinuclear ap pli ca tions, equipped with a
5 mm dual broad-band probe, 5 mm dual in verse
broad-band probe, 1.7 mm tri ple res o nance (1H, 13C,
15N) probe, 5 mm dual broad-band probe for dif fu -
sion mea sure ments, 3.2 mm high-res o lu tion
solid-state tri ple-res o nance (1H, 13C, 15N) MAS
probe, and 4.0 mm solid-state dual CP/MAS probe. 

• NMR Spec trom e ter Bruker AVANCE NEO 850
MHz equipped with a tri ple-res o nance (1H/19F, 13C,
15N) cryoprobe with 0 to 135°C tem per a ture range
and a tri ple-res o nance (1H, 13C, 15N) cryoprobe op ti -
mized for de tec tion of 13C, -40 to 150°C tem per a ture
range. 

• NMR Spec trom e ter Bruker AVANCE NEO 950
MHz equipped with a tri ple-res o nance (1H/19F, 13C,
15N) cryoprobe, -40 to 150°C tem per a ture range. 

• X-Band (9,75 GHz) EPR spec trom e ter Bruker EMX
nano.

• Bioreactor sys tem for NMR stud ies of pro teins/nu -
cleic ac ids in liv ing mam ma lian cells

Ser vices pro vided:
• Mea sur ing of NMR spec tra at mag netic fields from

11.75 T to 22.32 T (cor re spond ing to pro ton fre quen -
cies from 500 MHz to 950 MHz) for com pounds
iden ti fi ca tion and qual ity con trol.

• Con sul ta tions con cern ing the choice and setup of
mul ti di men sional NMR ex per i ments, data pro cess -
ing and spec tra eval u a tion ac cord ing to the us ers’
needs.

• Struc ture anal y sis of or ganic com pounds by NMR
spec tros copy.

• Stud ies of struc ture and dy nam ics of pro teins and nu -
cleic ac ids by NMR in clud ing mea sure ment and pro -
cess ing of mul ti di men sional spec tra of pro teins with
up to 5 di men sions us ing non-lin ear sam pling.

• Map ping of mi nor con for ma tions (in vis i ble states)
by re lax ation dis per sion.

• Stud ies of in ter ac tions us ing STD (Sat u ra tion Trans -
fer Dif fer ence) spec tros copy.

• In vivo conformational stud ies of biomolecules in
cell. 

• In ves ti ga tion of ma te rial struc ture by solid state
NMR spec tros copy of 13C, 31P, 29Si, and 27Al. 

• The cen tre is avail able to ac a demic user from around
the world for free or a frac tion of the op er a tion cost
through CIISB, iNEXT-Dis cov ery, in struct ERIC,
and Alliance4Life grants. The pro ject pro pos als can
be sub mit ted through the web pages of the re spec tive 
grants.

https://www.ciisb.org/open-access/proposal-submission
https://inext-discovery.eu/submit-proposal/
https://instruct-eric.org/
https://alliance4life.ceitec.cz/core-facility-database-and-p
roposal-submission/

In dus trial us ers can ac cess the ser vices of the Cen tre on
com mer cial bases.
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ELECTRON TRANSPORT MECHANISMS IN PROTEIN JUNCTIONS INVESTIGATED
BY COMPUTATIONAL TECHNIQUES BASED ON DENSITY FUNCTIONAL THEORY

Zdenek Futera
 Fac ulty of Sci ence, Uni ver sity of South Bo he mia, Branišovská 1760, 

370 05 Èeské Budìjovice, Czech Re pub lic

Elec tron trans fer fa cil i tated by re dox-ac tive pro teins is uti -
lized in var i ous bi o log i cal pro cesses, in clud ing pho to syn -
the sis, res pi ra tion cy cle, or denitrification re ac tions. Blue
cop per pro teins such as Plastocyanin or Azurin and the
heme-con tain ing cytochromes of ten par tic i pate in these re -
dox cas cades. Re cently, these pro teins started to be uti lized 
in nanobioelectronic de vices due to their suit able elec -
tron-trans fer prop er ties. How ever, non-ex pected phys i cal
phe nom ena were ob served when the pro teins were in cor -
po rated be tween metal con tacts or elec trodes. While in a
na tive aque ous en vi ron ment, the elec tron flow through the
sys tem of re dox sites pro ceeds by the ther mally ac ti vated
hop ping mech a nism, the tem per a ture-in de pend ent cur rents 
of rel a tively high mag ni tudes were de tected on pro -
tein/metal junc tions [1, 2]. These data sug gest that the elec -
trons on the bio/me tal lic in ter faces and junc tions are
trans ferred by the co her ent tun nel ing mech a nism, in de -
pend ently of the re dox-ac tive states.

We in ves ti gate these elec tron-trans port phe nom ena by
means of com puter sim u la tions based on clas si cal mo lec u -
lar dy nam ics (MD) as well as the first-prin ci ples de scrip -
tion within the frame work of den sity func tional the ory
(DFT) [3, 4]. While the in co her ent hop ping could be stud -
ied by com bined quan tum-me chan i cal/mo lec u lar-me chan -
i cal (QM/MM) tech niques [5], the co her ent tun nel ing
re quires a quan tum de scrip tion of the whole in ter face mod -
els. Re cently, we ap plied these meth od ol o gies on Azurin
blue-cop per pro tein and on small tetraheme cytochrome
(STC), which were pre vi ously stud ied ex per i men tally. We
showed that the trans port mech a nism in both Azurin and
STC junc tions be tween gold elec trodes is the co her ent tun -
nel ing fa cil i tated by va lence-band states of the pro teins. In
con trast to their re dox prop er ties in so lu tion, the pres ence
of the metal cat ions in the pro tein struc tures is not es sen tial
for their con duc tiv ity on the metal in ter faces. The rea son
for this dras ti cally dif fer ent be hav ior in so lu tion and on the
metal in ter faces is the sig nif i cant elec tronic-level mis align -
ment be tween the pro tein and me tal lic states [6].

1. Garg, K. et al.: Di rect Ev i dence for Heme-As sisted
Solid-State Elec tronic Con duc tion in Multi-Heme c-Type
Cytochromes. Chem. Sci. 9, 7304 (2018).

2. Futera, Z. et al.: Co her ent Elec tron Trans port across a 3 nm 
Bioelectronic Junc tion Made of Multi-Heme Pro teins. J.
Phys. Chem. Lett. 11, 9766 (2020).

3. Biriukov, D. and Futera, Z.: Ad sorp tion of Amino Ac ids at
the Gold/Aque ous In ter face: Ef fect of an Ex ter nal Elec tric
Field. J. Phys. Chem. C, 125, 7856 (2021).

4. Futera, Z.: Amino-Acid In ter ac tions with the Au(111) Sur -
face: Ad sorp tion, Band Align ment, and In ter fa cial Elec -
tronic Cou pling. Phys. Chem. Chem. Phys. 23, 10257
(2021).

5. Kontkanen, O. V., Biriukov, D., Futera, Z.: Re or ga ni za tion 
Free En ergy of Cop per Pro teins in So lu tion, in Vac uum,
and on Metal Sur faces. J. Chem. Phys. 156, 175101 (2022).

6. Futera, Z., Wu, X., Blumberger, J.: Tun nel ing-to-Hop ping
Tran si tion in Multiheme Cytochrome Bioelectronic Junc -
tions. J. Phys. Chem. Lett. 14, 445 (2023).
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Fig ure 1. Struc ture of (a) the blue-cop per pro tein Azurin, and (b)
STC gold junc tions.
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STRUCTURE OF TICK-BORNE ENCEPHALITIS VIRUS IMMATURE PARTICLE
SOLVED BY CRYO-ELECTRON MICROSCOPY AND SUB-TOMOGRAM AVERAGING

Tibor Füzik1, Lenka Šmerdová1, Petra Pokorná Formanová2, Petra Straková2
, Jiøí Nováèek3,

Dan iel Rùžek2, Pavel Plevka1

1 Struc tural Bi ol ogy, Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 5, Brno, 
Czech Re pub lic, 

2De part ment of Vi rol ogy, Vet er i nary Re search In sti tute, Hudcova 70, Brno, Czech Re pub lic
3Cryo-elec tron Mi cros copy and To mog ra phy Core Fa cil ity, Cen tral Eu ro pean In sti tute of Tech nol ogy,

Masaryk Uni ver sity, Kamenice 5, Brno, Czech Republic 
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Tick-borne en ceph a li tis vi rus (TBEV) is an en vel oped vi -
rus be long ing to the fam ily Flaviviridae. It is mainly trans -
mit ted by ticks and causes se vere dis ease of cen tral ner vous 
sys tem in hu mans. Virion sur face is cov ered by en ve lope
pro teins (E-pro tein), that are to gether with the mem brane
pro teins (M-pro tein) an chored in vi rus lipid bilayer. Dur -
ing the vi ral life cy cle, the im ma ture non-in fec tious vi rus
un der goes a mat u ra tion pro cess. This pro cess in cludes
proteolytic cleav age of prM and ma jor re or ga ni za tion of
the en ve lope pro teins on the vi ral sur face.

To de ter mine the struc ture of im ma ture TBEV par ti -
cles, we pu ri fied them from in fected tis sue cul ture cells and 
used cryo-elec tron mi cros copy for vi su al iza tion. In com -
par i son with smooth ma ture TBEV par ti cles, the im ma ture

par ti cles have “spiky” sur face formed by the E-pro -
tein-prM-pro tein com plex. We com bined cryo-elec tron to -
mog ra phy and sub-tomogram av er ag ing with sin gle- 
par ti cle anal y sis meth ods us ing lo cal ized re con struc tion of
the sur face “spikes”, to de ter mine the high-res o lu tion
struc ture of the im ma ture E-pro tein com plexes and their in -
ter ac tion with the prM-pro tein. The or ga ni za tion of the
par ti cle sur face in di cates that the TBEV mat u ra tion mech a -
nism in volves a com plex re or ga ni za tion of the en ve lope
pro teins on the vi ral sur face.

The re sults show more de tailed in sight in the vi ral mat -
u ra tion pro cess which may be tar geted by spe cific an ti vi ral
drugs.
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STRUC TURES OF LA JOLLA VI RUS AND MOTTS MILL VI RUS IN FECT ING
DROSOPHILA SUZUKII 

Maria Gondova1, Dominik Hrebik2, Benjamin Lamp3, and Pavel Plevka1 
1Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Brno, Czech Re pub lic

2Max Planck In sti tute of Bio chem is try, Martinsried, Ger many 
3Justus Liebig Uni ver sity, Giessen, Germany 

Drosophila suzukii is an in va sive in sect pest caus ing se vere 
eco nomic dam age to fruit crops. Chem i cal pes ti cides are
in ef fi cient in con trol ling the spread of D. suzukii, there fore
other strat e gies need to be de ployed. One prom is ing al ter -
na tive is the uti li za tion of entomopathogenic vi ruses. Ad -
van tage of vi ruses as a biopesticide is that they are host
spe cific and have lim ited im pact on non-tar geted or gan -
isms. 

Here we pres ent cryo-EM struc tures of two such can di -
date biopesticides, La Jolla vi rus (LJV) and Motts Mill vi -
rus (MMV). Both, LJV and MMV, have small non- 
en vel oped icosahedral capsids en clos ing +ssRNA geno -
mes. We have re con structed virion and empty par ti cle of
LJV with re spec tive res o lu tions 3.0 C and 3.3 C, and virion 
of MMV with res o lu tion 2.7 C. 

LJV has been pre lim i nary clas si fied as an iflavirus and
its over all virion struc ture fol lows the typ i cal picorna -

virus- like pat tern. The three capsid proteins VP1, VP2 and
VP3 form a pseudo-T3 icosahedral shell with the di am e ter
~300 C. Un like the pre vi ously char ac ter ized iflaviruses of
hon ey bees, LJV capsid does not con tain sur face do mains
or dec o ra tion pro teins. The interpentamer con tacts are sta -
bi lized by the N-ter mini of VP1 and VP2. These N-ter mini
were not re solved in the empty par ti cle re sult ing in the re -
duc tion of interpentamer con tacts and ex pan sion of the par -
ti cle. 

MMV is re lated to solemoviruses and tombusviruses.
The capsid is ar ranged with icosahedral T3 quasi-sym me -
try with three cop ies of the coat pro tein form ing the
icosahedral asym met ric unit. The ar chi tec ture of the virion
is sta bi lized by the bi va lent cat ion-me di ated in ter ac tions of
the coat pro teins.
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It is cru cial for bac te ria to save en ergy when stressed or the
ac cess to nu tri ents is lim ited. Since syn the sis of pro teins is
an im por tant en ergy drain ing source, bac te ria rely on slow -
ing down the pro tein syn the sis in harsh con di tions [1]. The
ri bo somal si lenc ing fac tor (RsfS) has a sig nif i cant role in
stall ing the pro tein syn the sis by bind ing the 50S ri bo somal
sub unit and in hib it ing the as sem bly of 70S ri bo some [2].
Mean while, the ri bo somal mat u ra tion fac tor RimM is vi tal
for the mat u ra tion of the 30S small ri bo somal sub unit.
More over, dur ing stress RimM is highly en riched in the hi -
ber nat ing 100S dimerized ri bo some to stall the pro tein syn -
the sis and pre serve en ergy [3]. In this work, we use a
com bi na tion of bio chem i cal stud ies and cryo-elec tron mi -

cros copy to elu ci date the close re la tion ship be tween RimM 
and RsfS, and their reg u la tion ca pa bil i ties on trans la tion.

1. Starosta AL, et al. The bac te rial trans la tion stress re sponse. 
FEMS Microbiol Rev. 2014; 38(6):1172-201.

2. Li X, et al. Struc ture of ri bo somal si lenc ing fac tor bound to 
My co bac te rium tu ber cu lo sis ri bo some. Struc ture. 2015;
23(10):1858-1865. 

3. Suzuki S, et al. Struc tural char ac ter iza tion of the ri bo some
mat u ra tion pro tein, RimM. J Bacteriol. 2007;
189(17):6397-406.

This study was sup ported by LL2008 pro ject with fi nan cial
sup port from MEYS CR as a part of the ERC CZ pro gram
(to G.D.).
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Fig ure 1. In nor mal con di tions, bac te ria with in tact 70S ri bo somes per form reg u lar pro tein syn the sis. Un der stress or nu tri ents de prived 

con di tions, bac te rial 70S ri bo somes in pres ence of RimM dimerize to 100S to stall pro tein syn the sis. De le tion of RimM re sults in
ac cu mu la tion of RsfS to in hibit the as sem bly of 70S ri bo some.
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The conformational dy nam ics of in trin si cally dis or dered
pro teins (IDPs) reg u lated by post-translational mod i fi ca -
tions (PTMs) such as phosphorylation is chal leng ing to
elu ci date. A well-known IDP Tau is found hy per-phospho -
rylated in Alz hei mer’s dis ease (AD) in hu mans [1]. The
proline-rich mo tif of tau(210-240) pep tide di rectly in ter -
acts with pro teins such as BIN1, 14-3-3 etc. Mi cro sec ond
time scale, all at oms mo lec u lar dy namic (MD) sim u la tion
stud ies have been per formed for apo and four
phosphorylated (212PThr, 217PThr, 231PThr, 235PSer)
tau(210-240) pep tide us ing three dif fer ent tem per a ture
vari ants (278K, 298K and 310K) and two dif fer ent force
field pa ram e ters (AMBER99SB-ILDN and
CHARMM36m) with TIP4PD wa ter model as these force
fields pa ram e ters com bine with wa ter model worked the
better for IDPs found from our group pre vi ous stud ies [2,
3]. These four-phosphorylations cause in crease in com -
pact ness of the pep tide. The bind ing of as so ci ated pro teins
like BIN1 with tau may al ter by the strong salt bridges,
form ing nearby lysine and arginine due to the
phosphorylation [4]. Phosphorylation in duces a strong
struc tural tran si tion, with tau(210-240) fa vour ing a bent
con for ma tion. The MD sim u la tion re sults were ver i fied us -
ing NMR ex per i men tal pa ram e ters like chem i cal shift and
3J-cou pling. The experimental part has been carried out by
our collaborator Prof. Isabelle Landrieu.

1. Shimada, T., Fournier, A. E., & Yamagata, K. (2013).
Neuroprotective func tion of 14-3-3 pro teins in

neurodegeneration. BioMed re search in ter na tional, 2013.

2. Zapletal, V., Mládek, A., Melková, K., Louša, P.,
Nomilner, E., Jaseòáková, Z., ... & Hritz, J. (2020). Choice
of force field for pro teins con tain ing struc tured and in trin -
si cally dis or dered re gions. Bio phys i cal Jour nal, 118(7),
1621-1633.

3. Pavlíková  Pøecech•elová, J., Mládek, A., Zapletal, V., &
Hritz, J. (2019). Quan tum Chem i cal Cal cu la tions of NMR
Chem i cal Shifts in Phosphorylated In trin si cally Disordered 
Pro teins. Jour nal of Chem i cal The ory and Com pu ta tion,
15(10), 5642-5658.

4. Chen, Y., Chen, X., Yao, Z., Shi, Y., Xiong, J., Zhou, J., ... 
& Huang, Y. (2019). 14-3-3/Tau in ter ac tion and Tau

amyloidogenesis. Jour nal of Mo lec u lar Neu ro sci ence, 68,
620-630.

Com pu ta tional re sources were sup plied by the
metacentrum and IT4 In no va tions Na tional Super -
computing Cen ter (OPEN-17-7), pro ject (e-IN FRA CZ
90140 and LM2018140) pro vided within the pro gram Pro -
jects of Large Re search, De vel op ment and In no va tions In -
fra struc tures. KB and JH were also funded by the Min is try
of Ed u ca tion, Youth, and Sport of the Czech Re pub lic
(MEYS CR), grant num ber LTAUSA18168 (Inter-Ex cel -
lence Inter-Ac tion), Czech Sci ence Foun da tion [GF20-
 05789L] and Eu ro pean Un ion Ex cel lence Hub
(101087124). KB is also sup ported by Brno Ph.D. Tal ent
Schol ar ship – funded by the Brno City Mu nic i pal ity, Brno,
Czech Re pub lic.
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Hu man neuronal pre cur sor cell-ex pressed de vel op men -
tally down-reg u lated 4-2 (Nedd4-2) ubiquitin ligase is a
ubiq ui tous mem ber of the fam ily of HECT ubiquitin
ligases that tar gets and se lects dif fer ent pro teins for
endocytosis and/or proteasome deg ra da tion. Its tar gets are
mostly in te gral mem brane pro teins – ion chan nels or re cep -
tors. Any de fects in this en zyme cause the de vel op ment of
dif fer ent pathophysiological con di tions and among them
mostly in ves ti gated are Liddle syn drome, elec tro lytic im -
bal ance, hy per ten sion, re spi ra tory dis tress, car dio vas cu lar
con di tions and cys tic fi bro sis. This HECT ubiquitin ligase
has three dif fer ent types of do mains: N-ter mi nal C2 do -
main, four WW do mains and the C-ter mi nal HECT do -
main, to gether con nected with un struc tured flex i ble
re gions. De scribed man ners of reg u la tion have been
cytosolic lev els of cal cium and 14-3-3 pro teins, but the spe -
cific mech a nism and cir cum stances are not com pletely
clear. In the phosphorylated state, the mod i fied amino ac ids 
of   Nedd4-2 act as a bind ing site to dif fer ent in hib i tors and
ac ti va tors. In our pre vi ous re search, we found that in the
case of the adap tor pro tein 14-3-3, the phosphorylated res i -
dues are pSer342, pThr367 and pSer448, all of which are
sur round ing the WW2 do main [1]. When Nedd4-2 is form -
ing the com plex with 14-3-3, WW3 and WW4 do mains are
more rig idly bound, while the WW1 do main (ad ja cent to
the C2 do main) and the HECT do main have shown in -
creased mo bil ity, which may fa cil i tate cat a lytic ac tiv ity [2]. 

The ne glected part of this en zyme is the C2 do main, a
do main ac ti vated by bind ing cytosolic cal cium ions and re -

spon si ble for bind ing to dif fer ent lipids, for ex am ple those
pres ent in the cell mem brane or ves i cles. In that way, this
in ter ac tion en ables the other parts of this pro tein, es pe cially 
the WW do mains, to get near to dif fer ent tar get mol e cules.
What our fo cus was in this study is to dem on strate how
14-3-3 has an in hib i tory ef fect on the func tion of C2 do -
main, by us ing the hy dro gen-deu te rium ex change and
liposome-bind ing as says. Ad di tion ally, by com bin ing
afore men tioned re sults with the data ob tained from an a lyt i -
cal ul tra cen tri fu ga tion, small an gle X-ray scat ter ing and
mass pho tom e try, we were also able to on some ba sic level
struc tur ally char ac ter ize the mech a nism of in hi bi tion. In
to tal, this is proof that 14-3-3 has an other way to in flu ence
not only the ac tiv ity but also the subcellular lo cal iza tion of
this pro tein. What we hope to achieve next is to try to
switch the fo cus on only struc tural char ac ter iza tion of this
com plex, by ei ther crys tal log ra phy or cryo-EM, which
would pro vide a better and more re fined un der stand ing of
its reg u la tion.

1. Pohl P, Joshi R, Petrvalska O, Obsil T, Obsilova V. (2021)
Commun Biol., 4(1), 899.

2. Joshi R, Pohl P, Strachotova D, Herman P, Obsil T,
Obsilova V. (2022), Biophys. J. 121(7), 1299-1311

This study was sup ported by the Czech Sci ence Foun da tion 
(Pro ject 23-04686S), the Czech Acad emy of Sci ences (Re -
search Pro ject RVO: 67985823 of the In sti tute of Phys i ol -
ogy).
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The fusogenic avian Orthoreovirus (ARV) in fec tion can
cause con sid er able eco nomic losses in the poul try in dus try, 
mostly in fect ing young chick ens. The ARV has been as so -
ci ated with var i ous dis ease con di tions in poul try (en teric
and re spi ra tory dis eases, myocarditis, hep a ti tis, stunt -
ing-malabsorption syn drome, and the most im por tant one
vi ral ar thri tis/tenosynovitis) [1]. The ARV are non-en vel -
oped icosahedral par ti cles of 85 nm ex ter nal di am e ter with
10 dsRNA genomic seg ments (23.5 kb) en cased within two 
con cen tric pro tein shells, form ing the outer capsid and the
core [2]. 

Reoviruses’ RNA rep li ca tion and morphogenesis oc cur 
ex clu sively within cy to plas mic in clu sion bod ies, also
known as ‘viroplasms’ or vi ral fac to ries (VF). VF are glob -
u lar, dy namic, phase-dense, cy to plas mic in clu sions lack -
ing mem branes or cel lu lar organelles. VFs are formed by
abun dant vi ral non-struc tural (NS) pro teins and struc tural
pro teins re cruited into VF by in ter ac tion with NS pro teins.
NS pro teins are ex pressed in side the in fected cells but are
not part of the ma ture virion. The two most abun dant VF

pro teins are mNS and sNS. mNS is a 70 kDa pro tein that is
form ing viroplasm in side in fected cells and at tracts and as -
so ci ates with other vi ral pro teins in clud ing 41 kDa RNA

chaperone sNS [3]. sNS is caus ing spe cific RNA-RNA in -
ter ac tion be tween all 10 genomic seg ments spe cif i cally by
destabilizing of RNAs he li cal re gions [4]. There is miss ing

in for ma tion about a fash ion of cou pling of mNS with sNS
pro tein needed for the un der stand ing of viroplasm for ma -
tion mech a nism. 

Only a low-res o lu tion struc ture of sNS has been es tab -

lished while no struc tural in for ma tion is avail able for mNS.

This is chiefly due to the poor sol u bil ity of mNS and

polydispersity of sNS which forms oli go mers rang ing
dimers to octamers and RNA con tain ing fil a ments [4]. To
tackle these prob lems and ob tain struc tural in for ma tion we
have gen er ated var i ous fu sion con structs for ex pres sion,
pu ri fi ca tion, and fur ther struc tural study by X-ray crys tal -
log ra phy and cryo-elec tron mi cros copy. Due to their
multi-facet role in vi rus bi ol ogy, the de tailed knowl edge of
their struc ture is nec es sary for a better un der stand ing of
their func tions and could pro vide the ra tio nale for the de -
vel op ment of new an ti vi ral drugs.

1. Jones R. C. (2000). Re vue scientifique et tech nique (In ter -
na tional Of fice of Epi zo ot ics), 19(2), 614–625.
https://doi.org/10.20506/rst.19.2.1237.

2. Zhang, X., Tang, J., Walker, S. B., O’Hara, D., Nibert, M.
L., Duncan, R., & Baker, T. S. (2005). Vi rol ogy, 343(1),
25–35. https://doi.org/10.1016/j.virol.2005.08.002.

3. Benavente, J., & Martínez-Costas, J. (2007). Vi rus re -
search, 123(2), 105–119.
https://doi.org/10.1016/j.virusres.2006.09.005. 

4. Borodavka, A., Ault, J., Stockley, P. G., & Tuma, R.
(2015). Nu cleic ac ids re search, 43(14), 7044–7057.
https://doi.org/10.1093/nar/gkv639.

This re search is sup ported by ERDF No. CZ.02.1.01/0.0/
0.0/15_003/000041 and GAÈR 31-22-25396S.
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The fi nal de ci sion on the high-res o lu tion dif frac tion limit
can be based on re sults from paired re fine ment [1]. This
rou tine is computationally de mand ing be cause it in volves a 
lot of re fine ment cy cles and mul ti ple anal y ses of agree ment 
be tween mul ti ple mod els and data. The method was im ple -
mented in the pro gram PAIREF [2,3]. Re cently, we de vel -
oped an al go rithm that sug gests the ver dict on high-
res o lu tion dif frac tion limit of the data.

Pro gram PAIREF is dis trib uted within the CCP4 soft -
ware suite [4]. It can be launched from the com mand line.
This op tion pro vides the pos si bil ity to use two re fine ment
en gines: REFMAC5 [5] and phenix.re fine [6]. The us ers of
the CCP4 can launch the jobs in the i2 graph i cal in ter face
(see Fig ure 1). The in ter face pro vides ac cess to a com pre -
hen sive log file in HTML form.

1. P. A. Karplus & K. Diederichs, Sci ence, 336, (2012), pp.
1030-1033.

2. M. Malý, K. Diederichs, J. Dohnálek, P. Kolenko, IUCrJ,
7, (2020), pp. 681-692.

3. M. Malý, K. Diederichs, J. Dohnálek, P. Kolenko, Acta
Cryst. F77, (2021), pp. 226-229.

4. L. Potterton, J. Agirre, C. Ballard, K. Cowtan, E. Dodson
et al., Acta Cryst. D74, (2018), pp. 68-84.

5. G. N. Murshudov, A .A. Vagin, E. J. Dodson, Acta Cryst.
D53, (1997), pp. 240-255.

6. D. Liebschner, P. V. Afonine, M. L. Baker, G. Bunkóczi,

V. B. Chen et al., Acta Cryst. D75, pp. 861-877.

This pub li ca tion was sup ported by the MEYS CR (pro jects
CAAS – CZ.02.1.01/0.0/0.0/16_019/0000778 and
BIOCEV – CZ.1.05/1.1.00/02.0109) from the ERDF fund
and by the GA CTU in Prague (SGS22/114/OHK4/2T/14)
and by CCP4 / STFC (pro ject 521862101).
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ASK1 (apoptosis sig nal-reg u lat ing kinase 1) is a mem ber
of the pro tein fam ily MAP3K which trig gers p38 or JNK
de pend ent sig nal ing path ways lead ing to inflamation or
apoptosis [1,2]. ASK1 dys func tion has been im pli cated in
neurodegenerative, car dio vas cu lar and oncogenic dis eases  
[3,4,5] and, thus, ASK1 rep re sents a pro spec tive drug tar -
get. How ever, key as pects of its ac ti va tion mech a nism re -
mains un clear. To better un der stand the prin ci ple of ASK1
ac ti va tion, we in ves ti gated the struc ture and oligomeric be -
hav ior of N-ter mi nal part of ASK1. Here, we pres ent the
struc ture de ter mi na tion of this N-ter mi nal part of ASK1 us -
ing cryo-EM in clud ing sam ple op ti mi za tion, strat egy to
man age the pre ferred ori en ta tion of par ti cle, data anal y sis
with lo cal 3D clas si fi ca tion and re fine ment to over come
the het er o ge ne ity of the com plex. 

1. H. Ichijo, E. Nishida, K. Irie, P. Dijke, M. Saitoh, T.
Moriguchi, M. Takagi, K. Matsumuto, K. Miyazono, Y.
Gotoh, Sci ence, 275, (1997), 90-94.

2. K. Tobiume, A. Matsazuwa, T. Takahashi, H. Nishitoh, K.
Morita, K. Takeda, O. Minowa, K. Miyazono, T. Noda, H.
Ichijo, EMBO Rep, 2, (2001), 222-228.

3. D. N. Meijles, J. J. Cull, T. Markou, S. T. E. Coo per, Z. H.
R. Haines, S. J. Fuller, P. O´Gara, M. N. Sheppard, S. E.
Har ding, O. H. Sugden, A. Clerk, Hy per ten sion, 76,
(2020), 1208-1218.

4. L. Ma, J. Wei, J. Wan, W. Wang, L. Wang, Y. Yuan, Z.
Yang, X. Liu, L. Ming, J Exp Clin Can cer Res, 38, (2019),
1-14.

5. T. Katome, K. Namekata, X. Guo, K. Semba, D. Kittaka,
K. Kawamura, A. Kimura, C. Harada, H. Ichijo, Y.
Mitamura, T. Harada, Cell Death Dif fer, 20, (2013),
270-280.

This study was sup ported by the Czech Sci ence Foun da tion 
(Pro ject 19-00121S), the Czech Acad emy of Sci ences (Re -
search Pro ject RVO: 67985823 of the In sti tute of Phys i ol -
ogy). We ac knowl edge Cryo-elec tron mi cros copy and
to mog ra phy core fa cil ity CEITEC MU of CIISB, In -
struct-CZ Cen tre, sup ported by MEYS CR (LM2023042)
and Eu ro pean Re gional De vel op ment Fund-Pro ject „UP
CIISB“ (No. CZ.02.1.01/0.0/0.0/18_046/0015974).
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Ferritin is a ubiq ui tous pro tein with a cru cial role in tick bi -
ol ogy. Ticks di gest large amounts of host blood and are ex -
posed to an enor mous amount of free iron, which has to be
treated prop erly to avoid its tox ic ity. Two types of ferritin
were dis cov ered in the tick Ixodes ricinus – tagged as
ferritin I and ferritin II [1]. Ferritin I is a glob u lar pro tein
com pos ing 24 sub units (25kDa each) and form ing a hol -
low-sphere com plex. [2; 3]. Ferritin I func tions as an
intracellular scav en ger of po ten tially toxic free iron and is
ca pa ble to se ques ter up to 4 500 iron at oms [2]. The func -
tion of ferritin II is not en tirely clear, but it prob a bly plays a
role in the trans port of non-heme iron be tween the tick gut

and the pe riph eral tis sues. Si lenc ing of ferritin II us ing
RNA in ter fer ence had a det ri men tal ef fect on tick de vel op -
ment and re pro duc tion [1]. The vac ci na tion of mam ma lian
hosts with re com bi nant ferritin II re vealed its prom is ing
po ten tial as an ef fi cient anti-tick vac cine [4].

This study fo cuses on the mo lec u lar, bio chem i cal and
struc tural char ac ter iza tion of ferritin II from Ixodes ricinus. 
We have cloned ferritin II into three E. coli ex pres sion vec -
tors (pET100, pET-SUMO and pASK-37+), and op ti mized 
its pro duc tion in var i ous ex pres sion cells and con di tions
(e.g., tem per a ture, times and con cen tra tions of in ducer). To 
ob tain enough amount of pure re com bi nant ferritin II for
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fol low ing struc tural stud ies, we will con cen trate on im -
prov ing pro tein iso la tion and pu ri fi ca tion.

1. Hajdusek, O., Sojka, D., Kopacek, P., Buresova, V., Franta, 
Z., Sauman, I., Winzerling, J., & Grubhoffer, L. (2009).
Knock down of pro teins in volved in iron me tab o lism lim its
tick re pro duc tion and de vel op ment. Pro ceed ings of the Na -
tional Acad emy of Sci ences of the United States of Amer -

ica, 106(4).

2. Pham, D. Q., & Winzerling, J. J. (2010). In sect fer ri tins:
Typ i cal or atyp i cal? Biochimica et biophysica acta,
1800(8), 824–833.3. H. J. Bunge, Tex ture Anal y sis in Ma te -

ri als Sci ence. Lon don: Butterworth. 1982.

3. Kopáèek, P., Zdychová, J., Yoshiga, T., Weise, C.,
Rudenko, N., & Law, J. H. (2003). Mo lec u lar clon ing, ex -
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cies—Ornithodoros moubata and Ixodes ricinus. In sect
bio chem is try and mo lec u lar bi ol ogy, 33(1), 103–113.

4. Hajdusek, O., Almazán, C., Loosova, G., Villar, M., Ca na -
les, M., Grubhoffer, L., Kopacek, P., & de la Fuente, J.
(2010). Char ac ter iza tion of ferritin 2 for the con trol of tick
in fes ta tions. Vac cine, 28(17), 2993–2998.

This re search is sup ported by the Czech Sci ence Foun da -
tion (GACR 21-08826S) and ERDF CZ.02.1.01/0.0/0.0/
15_003/0000441.
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FINE TUNING OF THE MULTICOPPER OXIDASE ACTIVITY THROUGH THE PRECISE
MUTATION OF ITS ACTIVE SITE VICINITY

T. Kova¾1, L. Švecová1, T. Skálová1, J. Dušková1, L. H. qstergaard2, J. Dohnálek1

1In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, v.v.i., Prùmyslová 595, Vestec, 252 50,
Czech Re pub lic

2Novozymes A/S, Brudelysvej 26, DK-2880 BagsvFrd, Den mark
tomas.koval@ibt.cas.cz

En zymes be long ing to blue multicopper oxidase fam ily use
four cop per ions lo cal ized in two spa tially sep a rated sites to
ox i dize many dif fer ent nat u ral and ar ti fi cial sub strates and
trans fer elec trons to ox y gen. Due to this abil ity, multi -
copper oxi das es are in ten sively stud ied and also used for
many ap pli ca tions in bio tech nol ogy. For ex am ple, laccases
are uti lized in food in dus try for color en hance ment, cork
mod i fi ca tion or brew ing [1].

Our re search is fo cused on bil i ru bin oxidase (BOX)
from Myrothecium verrucaria (EC: 1.3.3.5) which is al -
ready used in med i cal di ag nos tics (e.g. level of bil i ru bin in
blood). For its high re dox po ten tial and its abil ity to, based
on re ac tion con di tions, se lec tively ox i dize chem i cally dis -
tinct types of sub strates BOX is in the fo cus of the de vel op -
ment of biosensors [2] and biofuel cells [3].  

In our pre vi ous study, we kinetically char ac ter ized
BOX ac tiv ity to wards four dif fer ent sub strates (ferro -
cyanide, ABTS, bil i ru bin and 2,6-dimethoxyphenol). We
ob tained the struc ture of BOX in com plex with ferri cyanide 
which is one of its prod ucts (PDB ID: 6I3J) and ex plained
the role of the unique tryptophan – histidine co va lent
adduct pres ent in its ac tive site [4]. Based on these re sults
and also on two new struc tures of com plexes with BOX in -
hib i tors we de signed, ex pressed and en zy mat i cally char ac -
ter ized sev eral func tional mu tants of BOX tar get ing the
vi cin ity of the ac tive site. In ter est ingly, dif fer ent point mu -
ta tions have di verse ef fects on the ac tiv ity of BOX to ward
the afore men tioned sub strates with some of them lead ing to

an in crease of ac tiv ity. These re cent re sults pres ent a solid
base for fur ther op ti mi za tion of BOX ac tiv ity through mu -
ta gen e sis and its fu ture pos si ble uti li za tion in bio tech nol -
ogy.

1. Osma, J.F., Toca-Herrera, J.L. & Rodríguez-Couto, S.
Uses of laccases in the food in dus try. En zyme Res. 2010,
918761 (2010).

2. Monteiro, T., Moreira, M., Gaspar, S.B.R. et al. Almeida
MG. Bil i ru bin oxidase as a sin gle en zy matic ox y gen scav -
en ger for the de vel op ment of reductase-based biosensors
in the open air and its ap pli ca tion on a ni trite bio sen sor.
Biosens Bioelectron. 217, 114720 (2022).

3. Franco, J.H., Minteer, S.D. & De Andrade, A.R. Eth a nol
Biofuel Cells: Hy brid Cat a lytic Cas cades as a Tool for
Bio sen sor De vices. Biosensors (Basel). 11, 41 (2021).

4. Kova¾, T., Švecová, L., Østergaard, L.H. et al. Trp–His
co va lent adduct in bil i ru bin oxidase is cru cial for ef fec tive
bil i ru bin bind ing but has a mi nor role in elec tron trans fer.
Sci Rep 9, 13700 (2019).

The work was sup ported by the in sti tu tional sup port of IBT 
CAS, v.v.i. (RVO: 86652036), ERDF (CZ.02.1.01/0.0/0.0/
15_003/0000447, CZ.02.1.01/0.0/0.0/16_013/0001776
and CZ.1.05/1.1.00/02.0109), MEYS CR (CZ.02.1.01/0.0/
0.0/16_019/0000778 and LM2018127, sup port of
Biocev-CMS – core fa cil i ties Bio phys i cal Meth ods, Crys -
tal li za tion of Pro teins and Nu cleic Ac ids, and Struc tural
Mass Spec trom e try of CIISB, part of Instruct-ERIC).
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SERIAL CRYO-FIB-SEM MICROSCOPY OF BIOLOGICAL VOLUMES

P. Køepelka, J. Moravcová, J. Nováèek

Masaryk Uni ver sity, Cen tral Eu ro pean In sti tute of Tech nol ogy, Kamenice 753/5, 62500 Brno
pa vel.kre pel ka@ce i tec.muni.cz

FIB-SEM se rial block face mill ing (SBFM) and im ag ing is
a vol u met ric tech nique for 3D re con struc tion of cells and
tis sue at the ultrastructural res o lu tion. The sam ple prep a ra -
tion for stan dard SBFM re quires em bed ding of the spec i -
men into resin block which is a lengthy multi-step pro cess.
In ad di tion, the pro ce dure in volves sam ple de hy dra tion and 
stain ing with heavy metal ions which may ad versely af fect
the struc ture of the bi o log i cal sam ples. Di rect im ag ing of
the cryo-fixed sam ples (pre pared by e.g. high-pres sure
freez ing) [1, 2] pro vides an al ter na tive for sam ple im age at
near-na tive state which of fers sim ple sam ple prep a ra tion
workflow and does not in volve sam ple pro cess ing steps
which would in flu ence the sam ple struc ture. Thanks to the
re cent de vel op ments in the field of high-res o lu tion SEM
im ag ing, the cryoFIB-SEM im ag ing of high-pres sure
frozen bi o log i cal spec i mens can be used for 3D vol ume re -
con struc tion at ultrastructural res o lu tion. Here, we dem on -
strate the po ten tial of cryo-FIB/SEM block face mill ing for
re con struc tion of the whole cells.

The cells were cul tured, and re sus pend ed in cul ti va tion
me dium. The sus pen sion was vit ri fied by high pres sure
freez ing on 3mm car rier. Sub se quently it was trans ferred to 
FIB-SEM mi cro scope (Helios Hy dra 5 CX, ThermoFisher
Scinetific) equipped with cryo-stage. For the data ac qui si -
tion the sam ple was milled out in the shal low an gle 38 de -
grees with re spect to the sam ple plane. This ge om e try
in creases de tec tion rate of sec ond ary elec trons and im -
proves im age con trast. Mill ing was done by Ox y gen

plasma ions (30kV, 1,7nA). Ox y gen ions cre ate mill ing
face with low sur face dis tor tion (cur tain ing). For im ag ing
we used im mer sion mode with de cel er a tion volt age that re -
sults of elec trons land ing en ergy 2kV. The se lected volt age 
bal ances the charg ing artefacts vis i ble on higher volt ages
and in suf fi cient con trast in duced by lower volt age. The
con sec u tive mill ing and im ag ing was or ches trated by Auto
Slice & View 5 (ThermoFisher Sci en tific). Im ages were
pro cessed by line-by-line high pass fil ter, his to gram nor -
mal iza tion and the dataset where drift cor rected by AMST
al go rithm [3].

We have ac quired data for the re con struc tion of the
whole INS-1E cell (vol ume 6,786um3 , voxel size
10x10x10nm) in telophase and car ried out vol ume seg -
men ta tion to ana lyse the level of de tail which can be ob -
tained from the data.

1. M.F. Hayles, D.A.M. DE Win ter, Jour nal of Mi cros copy,
vol. 281, is sue 2, 2020, pp. 138-156.

2. Zhu Y, Sun D, Schertel A, Ning J, Fu X, Gwo PP, Wat son
AM, Zanetti-Domingues LC, Mar tin-Fernandez ML,
Freyberg Z, Zhang P. Se rial cryoFIB/SEM Re veals
Cytoarchitectural Dis rup tions in Leigh Syn drome Pa tient
Cells. Struc ture. 2021, vol. 29(1), pp. 82-87.

3. Hennies, J., Lleti, J.M.S., Schieber, N.L. et al. AMST:
Align ment to Me dian Smoothed Tem plate for Fo cused Ion
Beam Scan ning Elec tron Mi cros copy Im age Stacks. Sci
Rep, vol.10, 2020.
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PHAGES EX PRESS ING FLU O RES CENT PRO TEINS AS TOOLS TO UN VEIL THE
MYS TE RI OUS PHAGE-BIOFILM IN TER AC TION

Laura Lisá, Anna Sobotková, Pavel Plevka

Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 753/5, 625 00 Brno, 
Czech Re pub lic

One of the ma jor world wide health con cerns is the in creas -
ing oc cur rence of an ti bi otic-re sis tant bac te ria. Fur ther -
more, bac te ria have the abil ity to form biofilm, a
multicellular struc ture em bed ded in a poly mer ma trix.
Biofilm en hances bac te rial re sis tance to the im mune sys -
tem and an ti bi ot ics. Biofilm erad i ca tion is a chal lenge
which opens an op por tu nity to de velop new ap proaches
such as phage ther apy. [1,2]

We fo cus on visu ali sa tion of in fec tion of Staph y lo coc -
cus aureus biofilm by bacteriophage phi812. The ob jec tive 
is to ge net i cally mod ify phage phi812 so that it ex presses

flu o res cent pro teins in in fected cells for the pur pose of ob -
ser va tion by flu o res cence mi cros copy.

The strat egy of the ge netic mod i fi ca tion lies in the ho -
mol o gous re com bi na tion of the phage ge nome with a vec -
tor con tain ing a cod ing se quence for a flu o res cent pro tein.
Bac te rial de fence mech a nism CRISPR-Cas10 will be used
for tar get ing the un mod i fied re gions of the phage ge -
nome.[3]

1. F. Reffuveille et al., Staph y lo coc cus aureus Biofilms and
their Im pact on the Med i cal Field. IntechOpen, 2017. doi:
10.5772/66380.
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2. F. L. Gordillo Altamirano and J. J. Barr, ‘Phage Ther apy in 
the Postantibiotic Era’, Clin i cal Mi cro bi ol ogy Re views,
vol. 32, no. 2, pp. e00066-18, Jan. 2019, doi:
10.1128/CMR.00066-18.

3. S. M. Nayeemul Bari, F. C. Walker, K. Ca ter, B. Aslan,
and A. Hatoum-Aslan, ‘Strat e gies for Ed it ing Vir u lent
Staph y lo coc cal Phages Us ing CRISPR-Cas10’, ACS Synth 
Biol, vol. 6, no. 12, pp. 2316–2325, Dec. 2017, doi:
10.1021/acssynbio.7b00240.
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EXPLORING ISOFORM-SELECTIVE INHIBITION OF CARBONIC ANHYDRASES WITH
MOLECULAR DOCKING

M. Mateášová1, V. Vaøeèka1, J. Hritz1,2

1De part ment of Chem is try, Masaryk Uni ver sity, Kotláøská 267/2, 611 37 Brno
2Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 753/5, 625 00 Brno

jozef.hritz@ceitec.muni.cz

Car bonic anhydrase (CA) is a zinc-con tain ing metallo -
enzyme that ca tal y ses the re vers ible hydration of car bon di -
ox ide to bi car bon ate and pro ton. The hu man ge nome
con tains 15 isoforms of car bonic anhydrase [1]. Un like
other CA isoforms es sen tial for cel lu lar and tis sue ho meo -
sta sis, CA IX fea tures mainly in can cer, mak ing it an in ter -
est ing tar get for de vel op ing new anti-can cer drugs [2].
Al though a wide va ri ety of car bonic anhydrase in hib i tors is 
com mer cially avail able, se lec tive in hi bi tion of in di vid ual
isoforms re mains chal leng ing due to the con ser va tion of
cat a lytic do main and high struc tural sim i lar ity among dif -
fer ent isoforms [3]. In our study, we used com pu ta tional
chem is try meth ods to iden tify po ten tial se lec tive lig ands to
tar get CA IX spe cif i cally. We screened var i ous small mol -
e cules against the bind ing site of CA IX us ing mo lec u lar
dock ing and ana lysed the bind ing en er gies and in ter ac -
tions. The iden ti fied com pounds have the po ten tial to serve
as lead mol e cules for the de vel op ment of new drugs that se -
lec tively tar get CA IX in can cer cells. 

1. M. Hilvo, L. Baranauskiene, A. M. Salzano, A. Scaloni, D.
Matulis, A. Innocenti, A. Scozzafava, S. M. Monti,

A. Di Fiore, G. De Simone, M. Lindfors, J. Jänis, J.
Valjakka, S. Pastoreková, J. Pastorek, M. S. Kulomaa,
H. R. Nordlund, C. T. Supuran, S. Parkilla, J. Biol. Chem.,
41, (2008), 283.

2. S. Pastoreková, R. J. Gill ies, Can cer Me tas ta sis Rev., 38,
(2019), 65.

3. C. T. Supuran, Biochem J., 14, (2016), 2023.

4. J. Hritz, A. de Ruiter, C. Oostenbrink, Jour nal of Me dic i -
nal Chem is try, 51, 7469.

5. D. Santos-Mar tins, S. Forli, M. J. Ramos, A. J. Olson,
Jour nal of Chem i cal In for ma tion and Mod el ing, 54,
(2014), 2371

Com pu ta tional re sources were pro vided by the e-IN FRA
CZ pro ject (ID:90140), sup ported by the Min is try of Ed u -
ca tion, Youth and Sports of the Czech Re pub lic. This pro -
ject was sup ported by the grant agency of Masaryk
Uni ver sity within programme INTERDISCIPLINARY
(pro ject id MUNI/G/1002/2021).
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FUNC TIONAL IM PACT OF SPE CIFIC N-TER MI NAL PHOSPHORYLATION ON TRPC5
ION CHAN NEL AC TIV ITY

 Mitro M.1,2, Ptakova A.1,2, Vlachova V.1, Zimova L.1

1In sti tute of Phys i ol ogy of the Czech Acad emy of Sci ences, Prague, Czech Re pub lic
2Fac ulty of Sci ence, Charles Uni ver sity in Prague, Prague, Czech Re pub lic

michal.mitro@fgu.cas.cz

The Tran sient Re cep tor Po ten tial Ca non i cal 5 (TRPC5) re -
cep tor is a non-se lec tive cal cium per me able ion chan nel
that func tions as a polymodal cel lu lar sen sor highly ex -
pressed in sen sory neu rons, kid ney, and brain [1]. TRPC5
ac ti va tion is as so ci ated with in flam ma tory, me chan i cal,
and spon ta ne ous pain. Re cently, it has been shown that se -
lec tive in hi bi tion of TRPC5 in mice re sults in pain re lief
[2], mak ing TRPC5 a po ten tial tar get for de vel op ing new
pain treat ments. How ever, the TRPC5 mech a nism of ac ti -
va tion in the con text of cel lu lar pro cesses is not well un der -
stood. Al though it is known that post-translational

mod i fi ca tions are im por tant for TRPC5 chan nel gating and
plasma mem brane traf fick ing [3], only a few have been re -
ported so far. Here, we fo cused on two phosphorylation
sites at the mem brane-prox i mal part of the N-ter mi nus that
were pre vi ously iden ti fied by mass spec trom e try, but their
func tional im pact on chan nel gating is un known. The
phosphorylation state was mim icked by sub sti tu tion of
serine with aspartate (phospho-mim ick ing) or alanine
(phospho-null). Us ing the patch-clamp tech nique in the
whole-cell con fig u ra tion, we eval u ated the mem brane cur -
rents in duced by volt age and ag o nist. In di vid ual sub sti tu -
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tion of both serines with aspartate sig nif i cantly slowed the
on set of ag o nist re sponse com pared with wild-type (WT)
TRPC5. Alanine sub sti tu tion of S193 caused a gain-
 of-func tion phe no type whereas the S195A mu ta tion did
not sig nif i cantly al ter the chan nel re sponse. These find ings
in di cate that phosphorylation of these sites me di ates the at -
ten u a tion of TRPC5 chan nel ac tiv ity. We per formed mo -
lec u lar dy nam ics sim u la tions of WT and the
phospho rylated state of the chan nel and ob served that
phospho rylation at S193 al ters the in ter ac tions with neigh -
bour ing sub unit in close prox im ity to this res i due. Taken
to gether, our re sults sug gest that the N-ter mi nus of TRPC5

con tains a pre vi ously un rec og nized site of func tional reg u -
la tion by post-translational mod i fi ca tion. 

1. Zholos A. V. (2014). TRPC5. Hand book of ex per i men tal
phar ma col ogy, 222, 129–156. 

2. Sadler, Katelyn E et al. “Tran sient re cep tor po ten tial ca -

non i cal 5 me di ates in flam ma tory me chan i cal and spon ta -
ne ous pain in mice.” Sci ence translational
med i cine vol. 13,595 (2021).

3. Liu, Xianji et al. “Post-Translational Mod i fi ca tion and Nat -

u ral Mu ta tion of TRPC Chan nels.” Cells 9 (2020).

This work was sup ported by the Czech Sci ence Foun da tion
Grant (22-13750S).
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OXADIAZOLE-BASED INHIBITORS OF HISTONE DEACETYLASE 6 ARE
HYDROLYZED UPON ENZYME ENGAGEMENT

Cyril Barinka1 , Ivan Snajdr2, Adela Novotna2, Zora Novakova1, Lubomir Rulisek2, 
Lu cia Motlova1

1In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, BIOCEV, Prumyslova 595, 252 50 Vestec,
Czech Re pub lic

2In 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,
Flemingovo n. 2, 166 10 Prague 6, Czech Re pub lic

Zinc-de pend ent histone deacetylases (HDACs) play crit i -
cal roles in nu mer ous (patho)phys i o log i cal pro cesses and
thus serve as tar gets of ther a peu tic in ter ven tions in can cers
and neu ro log i cal dis eases. HDAC in hib i tors used in clinic
typ i cally con tain a hydroxamate zinc-bind ing group (ZBG) 
yet the use of al ter na tive ZBGs, in clud ing heterocyclic
oxadiazoles, can con fer to higher isoenzyme se lec tiv ity
and more fa vor able phar ma co log i cal pro files. We co-crys -
tal lized HDAC6 and an oxadiazole-based in hib i tor to shed
light onto in hib i tor rec og ni tion by the en zyme.  Sur pris -
ingly, the crys tal struc ture of the HDAC6/in hib i tor com -
plex re vealed un ex pected oxadiazole ring hy dro ly sis

con vert ing the par ent oxadiazole into an acylhydrazide that 
che lates the ac tive-site zinc ion of the en zyme. An iden ti cal 
cleav age pat tern was also ob served in vi tro us ing the pu ri -
fied HDAC6 and QM/MM cal cu la tions cor rob o rated ki -
netic in-so lu tion ex per i ments and pro vided the de tailed
re ac tion scheme of the hy dro ly sis, in clud ing struc tures of
all in ter me di ates and cor re spond ing en ergy bar ri ers. Over -
all, our data pro vide ev i dence that oxadiazole war heads can 
be ef fi ciently trans formed in ac tive sites of tar get metallo -
hydrolases into com pounds with dis tinct se lec tiv ity and in -
hi bi tion pro files.
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ANALYSIS OF INSULIN IN PANCREATIC CELL BY CRYO-CORRELATIVE
LIGHT-ELECTRON MICROSCOPY

Jana Moravcová1, Lenka Žáková2, Irena Selicharová2, Veronika Vrbovská3, Jiøí Jiráèek2 
and Jiøí Nováèek1

1 Masaryk Uni ver sity, Cen tral Eu ro pean In sti tute of Tech nol ogy, Kamenice 753/5, 62500 Brno
2 In sti tute of Or ganic Chem is try and Bio chem is try of the CAS, Flemingovo námìstí 542/2, 16000 Praha 6

3Thermo Fisher Sci en tific, Vlastimila Pecha 1282/12, 62700 Brno

In su lin is a pep tide hor mone pro duced in pan cre atic beta
cells which is re spon si ble for glu cose me tab o lism reg u la -
tion in mam mals.

In su lin mol e cules are stored in 200-300 nm sin gle
mem brane gran ules in side cy to plasm of beta cell. As we
and oth ers pre vi ously dem on strated [1, 2], in su lin mol e -
cules in se cre tory gran ules are or ga nized into crys tal line
par ti cles.

We have used cor re la tive light-elec tron mi cros copy
workflow un der cryo genic con di tions to char ac ter ize in su -
lin gran ules in the cel lu lar con text and un der near na tive
con di tions.

Rat beta cells INS 1E were seeded onto golden elec tron
mi cros copy grid with car bon foil and in cu bated over night
to al low them to ad here on the grid sur face. Ad hered cells
were fluorescently stained with live cell im ag ing dyes (nu -
cleus, in su lin gran ules and cell mem brane) and plunge
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frozen into the liq uid eth ane. Vit ri fied cells were trans -
ferred into the cryo-plasma fo cused ion beam scan ning
elec tron mi cro scope (PFIB-SEM) with in te grated light mi -
cro scope. Op ti cal data of the cell of in ter est were ob tained
and cor re lated with SEM data.

Cel lu lar lamella in the re gion of in su lin flu o res cent sig -
nal was pre pared by xe non plasma FIB to the fi nal thick -
ness 200 nm. Op ti cal data in the pol ished lamella were
col lected to ver ify the pres ence of in su lin gran ules. Grids

with lamellae were sub se quently tranferred into trans mis -
sion elec tron cryo-mi cro scope op er at ing for cryo-elec tron
to mog ra phy. Col lected elec tron to mog ra phy data con firm
crystalline of the secretory granules.

1. Lange RH. 1971. Diabetologia 7, 465-466.

2. Asai S, Moravcová J, Žáková L, Selicharová I, Hadravová
R, Brzozowski AM, Nováèek J, Jiráèek J. 2022. Open Bi -
ol ogy Dec;12 (12):220322.
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PATHOLOGICAL TAU PROTEIN FIBRILS – STRUCTURE AND CELLULAR CONTEXT
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Tau pro tein fi brils are ag gre gated poly mers of patho log i cal 
forms of tau pro teins pres ent in the brains of Alz hei mer’s
dis ease (AD) pa tients and pa tients suf fer ing from other
types of neurodegenerative tauopathies. Tau pa thol ogy
spreads be tween neu rons and prop a gates misfolding in a
prion-like man ner through out the brain, lead ing to sig nif i -
cant neuronal death. De spite the ad vance ments in un der -
stand ing tau pa thol ogy, the re la tion ships be tween ini tial
tau misfolding, the for ma tion of fi brils, pa thol ogy prop a ga -
tion across con nected neu rons, and sub se quent cytotoxicity 
on the level of in di vid ual neu rons re main un clear.

Re cently cryo-EM showed dis ease-spe cific struc tures
of tau fi brils iso lated from pa tients’ brains de pend ing on
the type of tauopathy [1, 2]. More over, hep a rin-in duced re -
com bi nant tau fi brils, fre quently used as model fil a ments
for AD re search, formed dif fer ent types of fil a ments [3].
These find ings show that tau pro tein can adopt struc tur ally
dis tinct con for ma tions de pend ing not only on the tau pro -
tein vari ant (isoform, phosphorylation, trun ca tion) but also
on buffer con di tions (ionic in duc ers, pH).

This pro ject ad dresses the ques tion of tau fi bril struc -
ture on two lev els; in-vi tro and in-situ. We try to un der -
stand what tau mod i fi ca tions and ex ter nal con di tions cause
tau pro tein fibrilization, what kind of struc ture these fi brils
adopt, and which con di tions lead to the for ma tion of
AD-spe cific fi bril to pol ogy. We also in ves ti gate the

ultrastructural as pects of the in take and seed ing of var i ous
tau fi bril vari ants di rectly in side neu rons.

In this poster, we pres ent an on go ing sys tem atic screen -
ing of full-length 2N4N tau isoform fibrilization con di tions 
(type of buffer, tem per a ture, pres ence or ab sence of ag i ta -
tion, and ad di tives) mon i tored by Thioflavin T as say, neg a -
tive stain EM, AFM, and cryo-EM. We also show
pre lim i nary data from in-situ cryo-ET of AD-tau fi bril in -
take by neu rons.

1. Fitzpatrick, A.W., Fal con, B., He, S., Murzin, A.G.,
Murshudov, G., Garringer, H.J., Crow ther, R.A., Ghetti, B., 
Goedert, M. and Scheres, S.H., Na ture, 547(7662), (2017),
pp.185-190.

2. Scheres, S.H., Zhang, W., Fal con B., Goedert M., Cur rent
Opin ion in Struc tural Bi ol ogy, 64, (2020), 17-25.

3. Zhang, W., Fal con, B., Murzin, A.G., Fan, J., Crow ther,
R.A., Goedert, M. and Scheres, S.H., Elife, 8, (2019),
p.e43584.

This work has re ceived fund ing from Eu ro pean Un ion Ex -
cel lence Hub (101087124) and Czech Sci ence Foun da tion
(22-15175I). CIISB re search in fra struc ture pro ject
LM208127 funded by MEYS CR is grate fully ac knowl -
edged for the fi nan cial sup port of the mea sure ments at the
CEITEC Cryo-Elec tron Mi cros copy and To mog ra phy
Core Fa cil ity, CEITEC Proteomics Core Fa cil ity, and
CEITEC Nanobiotechnology Core Fa cil ity.
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CF PROTEIN PRODUCTION IN CENTRE OF MOLECULAR STRUCTURE: PROTEINS
FOR YOUR RESEARCH

T. Nepokojova, M. Trundova, M. Alblova, J. Dohnalek

Cen tre of Mo lec u lar Struc ture, In sti tute of Bio tech nol ogy, Czech Acad emy of Sci ences, v. v. i., Prumyslova
595, 252 50 Vestec, Czech Re pub lic

tereza.nepokojova@ibt.cas.cz 

The Pro tein Pro duc tion core fa cil ity (CF) of the Cen tre of
Mo lec u lar Struc ture (CMS) pro vides all steps of pro tein
pro duc tion. These in clude the clon ing of tar get genes in ex -
pres sion vec tors, their pos si ble site-di rected mu ta gen e sis
and heterologous ex pres sion in Esch e richia coli ex pres -
sion sys tems, as well as the sub se quent pu ri fi ca tion of the
cor re spond ing pro teins (Fig ure 1). 

We of fer both tra di tional clon ing us ing re stric tion en -
zymes, or re stric tion free (RF) meth od ol o gies. You can
pro vide us with your tem plates or we can or der them from
ex ter nal com pa nies. Sub se quently we can de liver and test a 
num ber of our plasmids. Fur ther more, we per form small
scale ex pres sion and sol u bil ity tests with more than twenty
E. coli strains un der dif fer ent con di tions. It is also pos si ble
to or der large scale pro duc tion and pu ri fi ca tion for your
pro tein, ex pres sion of which was al ready op ti mised. 

For pro tein purifications we use var i ous kinds of af fin -
ity tech niques (Strep-Tactin XT, im mo bi lized metal che -
late af fin ity chro ma tog ra phy - IMAC, both on FPLC or in

grav ity flow setup) and chro ma tog ra phy tech niques
(ion-ex change chro ma tog ra phy and/or size ex clu sion chro -
ma tog ra phy us ing Superdex 75 or 200, 10/300 in crease or
HiLoad 16/600 col umns). 

Last but not least we of fer op ti mi za tion of ex pres sion or 
pu ri fi ca tion pro to cols and pro tein iden tity and pu rity test -
ing. Customizations of our stan dard ized pro to cols are pos -
si ble and prep a ra tions ac cord ing to your es tab lished
pro to cols are wel come.

The Biocev Pro tein Pro duc tion core facility is a part of
CMS op er ated by the In sti tute of Bio tech nol ogy, Czech
Acad emy of Sci ences. The Cen tre of Mo lec u lar Struc ture is
sup ported by: Czech In fra struc ture for In te gra tive Struc -
tural Bi ol ogy (CIISB), In struct-CZ Cen tre of In struct-
ERIC EU con sor tium, funded by MEYS CR in fra struc ture
pro ject LM2023042). Eu ro pean Regional De vel op ment
Fund-Pro ject „UP CIISB” (No. CZ.02.1.01/ 0.0/0.0/
18_046/0015974).
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Fig ure 1. Lab o ra tory of CF Pro tein Pro duc tion in CMS.
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CLOUDIFICATION OF THE RAW CRYO-EM DATA AND METADATA USING iRODS

Radek Veverka1, Radek Furmanek2, Jan Martinovic2, Mar tin Golasowski2, Jiri Novacek1

1CEITEC, Masaryk Uni ver sity, Kamenice 5, 62500 Brno, Czech Re pub lic
2IT4Innovations, VSB TU-Ostrava, 17. listopadu 2172/15 708 00 Ostrava-Poruba, Czech Re pub lic 

jiri.novacek@ceitec.muni.cz

Ser vice cryo-EM fa cil i ties are re spon si ble for ac qui si tion
of a con sid er able por tion of the sin gle par ti cle and cryo-
 elec tron to mog ra phy data gen er ated world wide. Each
cryo- EM ex per i ment usu ally pro duces at min i mum 0.5 – 2
TB of raw data that first need to be made avail able to the re -
searcher (the data owner) and af ter ward should even tu ally
be made pub licly avail able with proper an no ta tion. In ad di -
tion, it is now a days a stan dard prac tice that both sin gle par -
ti cle and cryo-ET data are pre-pro cessed on-the-fly to
gather in for ma tion about data qual ity and fas ten the down -
stream data anal y sis. The ser vice fa cil i ties thus need to in -
vest and main tain ad di tional com pu ta tional and stor age
re sources apart from the elec tron mi cros copy in stru men ta -
tion. We have de vel oped a workflow that fa cil i tates raw
data man age ment and runs the on-the-fly data anal y sis on

re mote high-per for mance com put ing (HPC) re sources.
Our workflow is based on an en gine ac ces si ble di rectly
from the mi cro scope com puter via a web browser, which
har vests the metadata and starts the data trans fer and anal y -
sis in par al lel with the ini ti a tion of the data ac qui si tion. A
fed er ated cloud so lu tion based on iRODS was se lected to
carry out the data trans fer to the stor age close to an HPC
cen ter, where the data are sub mit ted to Relion, CryoSparc,
or Scipion pipe line. The re sults of the data anal y sis are col -
lected to up date the data ac qui si tion pa ram e ters if nec es -
sary. Sub se quently, the data are made discoverable to the
owner for the sub se quent data anal y sis or the raw data are
later trans ferred to dif fer ent stor age within the iRODS zone 
for ar chi val. In par al lel, the metadata can be made pub licly
avail able through EUDAT.

P34

MOLECULAR MECHANISM OF GENE EXPRESSION INDUCED BY LINCOSAMIDE
ANTIBIOTICS TARGETING THE 50S RIBOSOMAL SUBUNIT

Michaela Novotná1, C. Axel Innis2, Gabriela Balíková Novotná1

1In sti tute of Mi cro bi ol ogy CAS, BIOCEV, Vestec, Czech Re pub lic
2INSERM U1212 (ARNA), Institut Européen de Chimie et Biologie, Université de Bor deaux, Pessac,  France

Bac te rial An ti bi otic RE sis tance ABC ATPases F (ARE
ABC-F) are cytosolic pro teins con fer ring re sis tance to 50S
ri bo somal sub unit bind ing an ti bi ot ics via tar get pro tec tion
mech a nism. Ex pres sion of all pre vi ously char ac ter ised
ARE ABC-F genes that con fer re sis tance to peptidyl
transferase cen tre tar get ing an ti bi ot ics lincosamides,
streptogramins A and pleuromutilins (LSAP) is reg u lated
by ri bo some-me di ated at ten u a tion in re sponse to these an -
ti bi ot ics, how ever the mo lec u lar mech a nism is lack ing.

Con sid er ing that an ti bi otic-driven at ten u a tion gen er ally re -
quires se quence-de pend ent translational ar rest, we would
ex pect the same also for LSAP-driven at ten u a tion. The aim
of our re search is to shed light on the mech a nism of
LSAP-in duced trans la tion in hi bi tion us ing ri bo some pro fil -
ing tech niques (toeprinting and high-through put in verse
toeprinting) and sin gle par ti cle cryo-EM and based on
these data, to clar ify the ex pres sion reg u la tion of ARE
ABC-Fs in patho gens and an ti bi otic pro duc ers.

P35

DUAL SPECIFICITY OF PLL2 LECTIN

E. Paulenová1,2, J. Houser1,2, F. Melicher1,2, M. Wimmerová1,2,3

1CEITEC – Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 5, Brno, 625 00
2Na tional Cen tre for Biomolecular Re search, Masaryk Uni ver sity, Kamenice 5, Brno, 625 00, Czech Re pub lic

3De part ment of Bio chem is try, Masaryk Uni ver sity, Kotláøská 2, Brno, 611 37, Czech Re pub lic
eva.paulenova@ceitec.muni.cz

Lectins are pro teins able to re vers ibly bind glyco conju -
gates with high spec i fic ity. Lectins me di ate cell-cell in ter -
ac tions on mo lec u lar level and play an im por tant role in
var i ous bi o log i cal pro cesses, in clud ing in ter ac tions be -
tween mi cro or gan isms and hosts [1]. Our re search is fo -

cused on study ing lectins from entomopathogenic bacte -
rium Photorhabdus laumondii, which is known for com pli -
cated life-cy cle, in clud ing mutualism and patho ge nic ity to -
wards two dif fer ent in ver te brate hosts [2].
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This con tri bu tion is fo cused on the PLL2 lectin. PLL2
is a mem ber of structuraly re lated PLL lectin fam ily with
shared seven-bladed beta-pro pel ler fold. Mul ti ple bind ing
sites are pres ent within PLL2 mono mer and are sit u ated in
be tween the blades. Based on their struc tural char ac ter is -
tics, bind ing sites can be di vided into two groups; hy dro -
pho bic (H) and po lar (P) [3]. We de ter mined a set of X-ray
struc tures of PLL2 in com plex with var i ous saccharide lig -
ands. The anal y ses showed dif fer ent ligand spec i fic ity of H 
and P sites. Dual spec i fic ity is not very com mon in lectins,
and the ex is tence of two sets of sites with dif fer ent spec i fic -

ity within lectin mono mer is rather unique and was not de -
scribed out side the PLL lectin fam ily.

This work was sup ported by GAÈR (21-29622S). Ex per i -
ments per formed at Biomolecular In ter ac tions and Crys -
tal log ra phy Core Fa cil ity are sup ported by CIISB pro ject
of MEYS CR (LM2023042). 

1. Lis, H. and Sharon, N. Chem Rev. 1998, 98, 637-74.

2. Waterfield NR, Ciche T, Clarke D. Annu Rev Microbiol.
2009,63: 557–574. 

3. Fujdiarová E, Houser J, Dobeš P, et al. FEBS J. 2021,
228(4):1343-1365.

P36

CRYSTALLIZATION OF PROTEINS AND NUCLEIC ACIDS AT THE CENTRE OF

MOLECULAR STRUCTURE, IBT CAS

Jiøí Pavlíèek, Jan Stránský, ¼ubica Škultétyová, Magdalena Schneiderová, Jan Dohnálek

In sti tute of Bio tech nol ogy, Czech Acad emy of Sci ences, Prùmyslová 595, 25250 Vestec
jiri.pavlicek@ibt.cas.cz

Dif frac tion anal y sis of sin gle crys tals is one of the main ap -
proaches in struc tural bi ol ogy. The Cen tre of Mo lec u lar
Struc ture in IBT CAS (BIOCEV, Vestec) in cludes a core
fa cil ity, de voted en tirely to the crys tal li za tion of biomacro -
molecules and their com plexes. It is equipped with ro bots
that au to mat i cally set up crys tal li za tion ex per i ments, as
well as with crys tal li za tion ho tels, that can mon i tor and
screen the crys tal li za tion pro cess us ing sev eral tech niques.
One of the lat est im prove ments to this fa cil ity is the
SONICC in stru ment (Formulatrix comp.). It is con nected
to the RI1000 crys tal li za tion ho tel and en ables screen ing of 
ex per i ments us ing SHG (Sec ond Har monic Gen er a tion)

and UV-TPEF (Ul tra vi o let Two-Pho ton Ex cited Flu o res -
cence). This al lows the de tec tion of microcrystals and even
nanocrystals, which is es sen tial for var i ous me thod i cal ap -
proaches.

The fa cil ity is a part of CMS op er ated by the In sti tute of
Bio tech nol ogy, Czech Acad emy of Sci ences. CMS is part of 
Czech In fra struc ture for In te gra tive Struc tural Bi ol ogy
(CIISB), In struct-CZ Cen tre of In struct-ERIC, funded by
MEYS CR, in fra struc ture pro ject LM2023042 and Eu ro -
pean Re gional De vel op ment Fund - Pro ject „UP CIISB”
(No. CZ.02.1.01/0.0/0.0/18_046/0015974).

P37

REGULATION OF IL-24/IL-20R2 COMPLEX ASSEMBLY VIA PHOTOXENOPROTEIN
ENGINEERING

Phuong Ngoc Pham1, Jiøí Zahradník2, Gustavo Fuertes1, Lucie Koláøová1, 
Bohdan Schnei der1

1In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, Vestec, Czech Re pub lic
2Weizmann In sti tute of Sci ence, Rehovot, Is rael

phuong.pham@ibt.cas.cz

Many bi o log i cal pro cesses de pend on pro tein-pro tein in -
ter ac tions (PPI) and thus the on-de mand reg u la tion of the
bind ing af fin ity be tween in ter act ing part ners of fers ex cit -
ing pos si bil i ties in both ba sic and ap plied re search. Hu man
Interleukin 24 (IL-24) is a multifunctional cytokine that as -
so ci ates with cell mem brane re cep tors and plays crit i cal
roles in oncogenesis, im mune re sponse, host de fense and
tis sue ho meo sta sis. Since the op ti cal con trol of PPI is ad -
van ta geous over other ap proaches, par tic u larly in terms of
tem po ral and spa tial res o lu tion, we have de vel oped a strat -
egy based on ge netic code ex pan sion tech nol ogy for the
OFF-to-ON switch of the bind ing be tween IL-24 and one

of its re cep tors, IL-20R2, by light. In tro duc tion of the
photocaged non-ca non i cal amino acid ortho-nitrobenzyl
ty ro sine at se lected po si tions of IL-20R2 largely in hib its
heterocomplex for ma tion as de ter mined by microscale
thermophoresis and yeast dis play. Ir ra di a tion with UV
light (365 nm), which re moves the cag ing group and re con -
sti tutes the ca non i cal tyrosines, re stores the na tive bind ing
strength be tween IL-24 and IL-20R2. We en vi sion that
photocaged IL-20R2 may be come a use ful tool for the
photo-con trol of the JAK/STAT sig nal ling cas cade.

This re search was funded by Czech Acad emy of Sci ences,
grant RVO 86652036.
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TOWARDS STRUCTURAL STUDIES OF hnRNP PROTEIN COMPLEXES

M. Polak, K. Monkova, R. Dopitova, J. Novacek

Masaryk Uni ver sity, CEITEC, Kamenice 5, 62500 Brno, Czech Re pub lic
jiri.novacek@ceitec.muni.cz

HnRNP (het er o ge neous nu clear ribonucleoprotein) pro -
teins are a group of RNA-bind ing pro teins that play a cru -
cial role in the pro cess ing, trans port, and trans la tion of
mRNA in eukaryotic cells. They bind to pre-mRNA and fa -
cil i tate the splic ing of introns, the pro cess ing of 3’ and 5’
ends, and the as sem bly of mRNA-pro tein com plexes.
HnRNP pro teins can form higher or der com plexes, such as
hnRNP:RNA com plex sedimenting at 40S, which was
iden ti fied al ready al most 60 years ago. The 40S par ti cle is
pri mar ily com posed of hnRNP C1/2, hnRNP A1/B2, and
hnRNP B1/A2 pro teins and was hy poth e sized to play a role 
in sta bi li za tion of pre-mRNA tran scripts rep re sent ing a

func tional an a log of DNA nucleosome. Nev er the less, the
ex act func tion and struc tural ar range ment of the 40S still
re mains elu sive. Our aim is to struc tur ally char ac ter ize the
40S par ti cle us ing com bi na tion elec tron cryo-mi cros copy
(cryo-EM) and mass spec trom e try data. We have op ti -
mized pro to cols for the pu ri fi ca tion of A1, C1 and C2
hnRNPs from the bac te rial ex pres sion sys tem to as sem ble
40S sub-com plexes, par tic u larly the hnRNP C1/C2
tetramer. We have also pre pared HEK293 cell lines stably
pro duc ing la beled hnRNP pro teins for pu ri fi ca tion of the
whole 40S par ti cles.

P40

MASS SPECTROMETRY FOR PROTEIN STRUCTURE ANALYSIS

P. Vankova, P. Pompach

In sti tute of Bio tech nol ogy v.v.i., Czech Acad emy of Sci ences
petr.pompach@ibt.cas.cz

Struc tural mass spec trom e try (MS3D) is a fast grow ing
field on an a lyt i cal chem is try rep re sent ing a new ap proach
for pro tein struc tural stud ies. In CMS, the tools of struc -
tural mass spec trom e try, in clud ing na tive mass spec trom e -
try, hy dro gen-deu te rium ex change, chem i cal cross-link ing
and other la bel ling method, are well es tab lished and al low
to look be yond the edge of tra di tional struc tural tech -
niques. The struc tural mass spec trom e try core fa cil ity is
equipped with state-of-the-art in stru men ta tion such 15T
FT-ICR, timsToF Pro, timsToF CSP, au to ma tion sys tem
for HDX, UPLC and nanoUPLC sys tems. Be sides the

MS3D, the core fa cil ity of fers other ser vices in clud ing
iden ti fi ca tion and quan ti fi ca tion of pro teins, pre cise de ter -
mi na tion of pro tein mo lec u lar mass, char ac ter iza tion of
var i ous posttranslational mod i fi ca tions (phosphorylation,
glycosylation, acetylation …). 

CIISB, In struct-CZ Cen tre of In struct-ERIC EU con sor -
tium, funded by MEYS CR in fra struc ture pro ject
LM2018127 and Eu ro pean Re gional De vel op ment
Fund-Pro ject „UP CIISB“ (No. CZ.02.1.01/0.0/0.0/18_
046/0015974), is grate fully ac knowl edged for the fi nan cial 
sup port of the Struc tural mass spec trom e try core fa cil ity.

P41

STRUCTURE OF THE PHAGE LUZ19 INFECTING MULTI-ANTIBIOTIC RESISTANT
PSEUDOMONAS AERUGINOSA

A. Sobotková, J. Mironova, Z. Cieniková, P. Plevka

Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 753/5, 625 00 Brno, 
Czech Re pub lic

The chal leng ing treat ment of in fec tions caused by
multi-an ti bi otic-re sis tant bac te ria is an in creas ingly press -
ing health con cern. Phage ther apy is a prom is ing al ter na -
tive to con ven tional an ti bi ot ics. Phages are nat u rally
oc cur ring vi ruses that spe cif i cally tar get and lyse bac te ria. 

We used cryo-elec tron mi cros copy to gain in sights into
the pro cess of phage LUZ19 in fec tion of a clin i cally rel e -

vant P. aeruginosa strain. The phage LUZ19 virion con -
sists of a 43,5 kbp dsDNA ge nome pack aged into a 640 C
wide icosahedral capsid. The capsid is com posed of ma jor
capsid pro tein, head ce ment pro tein, and flex i ble head dec -
o ra tion pro teins. The in ter nal core, portal, and tail oc cupy
one of the capsid ver ti ces and serve for ge nome de liv ery
into the bac te rial cell. A dodecameric por tal com plex me di -
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ates the sym me try mis match be tween the five-fold sym -
met ric capsid ver tex and the four-fold sym met ric core
com plex. The tail has 280 C in length and is dif fer en ti ated
into a dodecameric adap tor and a hexameric tail noz zle. It
is fur ther dec o rated by six flex i ble tail fi bers. [ZC1]  The
whole tail has a chan nel pass ing through it that is em ployed 
to trans fer the ge nome from the head. The tail fi bers con sist 
of a prox i mal arm, el bow, and dis tal arm fac ing the capsid.
The re search on the phage LUZ19 struc ture broad ens our

un der stand ing of phage in fec tion, to fight P. aerugi no -

sa in fec tions. 
The re search of the phage LUZ19 struc ture broad ens

our un der stand ing of phage in fec tion, to fight Pseu do mo -
nas aeruginosa in fec tions. 

Cryo-elec tron Mi cros copy and To mog ra phy core fa cil ity
(CEMCOF) of CEITEC Masaryk Uni ver sity is grate fully
ac knowl edged for the ob tain ing of the sci en tific data pre -
sented on this poster.

P42

JUMPCOUNT: ESTIMATION OF UNCERTAINTIES IN BIOMOLECULAR SIMULATIONS

Pavel Køíž, Jan Beránek, Vojtìch Spiwok

In sti tute of Bio tech nol ogy, Czech Acad emy of Sci ences, Vestec

In creas ing num ber of biomolecular sim u la tions pro vide
suf fi ciently long sim u la tions to pre dict equi lib rium con -
stants and as so ci ated free en er gies of sim u lated pro cesses
such as pro tein fold ing or pro tein-ligand bind ing. The equi -
lib rium con stant of a pro cess of a tran si tion from the state A 
to state B can be es ti mated as the frac tion of times spent in
B and A. Here we pres ent a sim ple, yet ex act, method to
cal cu late the er rors of the free en ergy es ti ma tions, which is
based solely on tem per a ture and the num ber of tran si tions
from A to B and B to A. The 95% con fi dence in ter val of

free en ergy cal cu lated from a tra jec tory with one A to B
and one B to A is the value ± 9.1 kJ/mol (2.2 kcal/mol) at
300 K. For two A to B and B to A tran si tions it is the
value ± 5.7 kJ/mol (1.4 kcal/mol). Markovianity of the pro -
cess is the pre req ui site of the method. The er ror can be cal -
cu lated on line by our tool at jumpcount.cz.

The work was sup ported by Czech Sci ence Foun da tion
(22-29667S and 19-16857S) and the Min is try of Ed u ca -
tion, Youth and Sports of the Czech Re pub lic (LM2018140, 
LM2018131).

P43

CF DIFFRACTION TECHNIQUES IN CENTRE OF MOLECULAR STRUCTURE:
EMPLOYING HIGH-END X-RAY TECHNOLOGIES FOR LABORATORY STRUCTURAL

BIOLOGY

J. Stránský, J. Pavlíèek, J. Dohnálek

Cen tre of Mo lec u lar Struc ture, In sti tute of Bio tech nol ogy, CAS v. v. i., Prùmyslová 595, Vestec near Prague
Jan.stransky@ibt.cas.cz

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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IMAGING PROCESS OF PHAGE INFECTION OF S. AUREUS BIOFILM BY LIGHT
SHEET FLUORESCENCE MICROSCOPY

L. Šmerdová1, T. Füzik1, P. Plevka1

1Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Brno, Czech Re pub lic
lenka.smerdova@ceitec.muni.cz

Staph y lo coc cus aureus is a ma jor hu man patho gen caus ing
wide-range of dis eases in clud ing in fec tions ac quired in
hos pi tals. The per sis tence of S. aureus in fec tions is re lated
to its abil ity to form biofilms. Bac te ria in biofilm are more
re sis tant to an ti bi ot ics and to the host im mune sys tem [1].
Extracellular ma trix com po nents play an im por tant role in
unique life style and vir u lence of biofilms [2]. Phage ther -
apy is al ter na tive ap proach to treat in fec tions caused by an -
ti bi otic-re sis tant bac te ria.

We used light-sheet flu o res cent mi cro scope with an in -
te grated microfluidic sys tem to study the for ma tion of
S. aureus biofilm and its in fec tion by phages. To vi su al ize
the biofilm-form ing cells, we mod i fied S. aureus to stably
ex press red flu o res cent pro tein mCherry. The main com po -

nents of biofilm ma trix, such as extracellular DNA and
polysaccharide intercellular adhesins, were la belled by
spe cific flu o res cent dyes. We in tro duced dif fer ent phages
into the ma ture biofilm and used time-lapse mon i tor ing to
de tect their ef fect on biofilm dis in te gra tion.

Light-sheet flu o res cent mi cro scope with microfluidic
sys tem and time-lapse mon i tor ing en abled us to de tect the
dis tinct stages of biofilm for ma tion and the im pact of phage 
in fec tion on the biofilm de vel op ment.

1. K. Schilcher, A.R. Horswill, Microbiol Mol Biol Rev., 84
(3), 00026-19, (2020).

2. H.C. Flemming, J. Wingender, Nat Rev Microbiol, 8 (9),
623-33, (2010).
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ANALYSIS AND SAMPLING OF MOLECULAR SIMULATIONS BY ADVERSARIAL
AUTOENCODERS

Guglielmo Tedeschi1, Vladimír Višòovský2, Aleš Køenek2, Vojtech Spiwok1

1De part ment of Bio chem is try and Mi cro bi ol ogy - Uni ver sity of Chem is try and Tech nol ogy, Prague
2De part ment of Ma chine Learn ing and Data Pro cess ing - Fac ulty of In for ma tics - Masaryk Uni ver sity, Brno

This re search is mo ti vated by ac cel er a tion. Mo lec u lar sim -
u la tions make true pos si bil ity to sim u late the mo tion from
small mol e cules to big pro teins and their com bi na tions in
drug-tar get com plexes. It let us to pre dict their chang ing
con fir ma tion, their sta bil ity and a plenty of other prop er ties 
thanks to the evo lu tion of mo lec u lar struc ture. How ever,
ap pli ca tion of mo lec u lar sim u la tions is af fected by the
large com pu ta tional costs in com put ing steps that must be
in or der of femto seconds, to as sure nu mer i cal sta bil ity to
in te grate New ton equa tion of mo tion. Tak ing into ac count
this lim i ta tion, a typ i cal mo lec u lar dy nam ics sim u la tion is
ca pa ble to sam ple only a small frac tion of the states avail -
able to the sim u lated sys tem, with the likely catch or un -
likely loss of some slow or rarely oc cur ring pro cesses,
where like li hood de pends on the sim u la tion time. There are 
nu mer ous tech niques to ad dress this lim i ta tion and to speed 
up sim u la tions. Metadynamics is an en hanc ing method

based on bi as ing Hamiltonian of the sys tem that helps to
cross bar ri ers and go head through new un ex plored free en -
ergy sur face ar eas, thanks to some se lected in ter nal co or di -
nates, so called col lec tive vari ables. Choos ing cor rect
col lec tive vari ables to make metadynamics suc cess ful is
not a triv ial task and it de pends first of all on a knowl edge
and ex per tise of the user. In last few years there are emerg -
ing op por tu ni ties for ma chine learn ing and ar ti fi cial neu ral
net works in this field. We de cided to de velop an ad -
versarial autoencoder as a tool to ana lyse sim u la tion data
and to sup port user to de rive good col lec tive vari ables to
en hance mo lec u lar dy nam ics sim u la tion. The po ten tial of
this plat form is dem on strated on Trp-cage fold ing.

We thank D.E Shaw Re search to pro vide us trpcage tra jec -
tory for asmsa train ing. This work was sup ported by the
Czech Sci ence Foun da tion (22-29667S).
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IN-SITU CRYO-ELECTRON TOMOGRAPHY OF ENTEROVIRUS REPLICATION

Z. Trebichalská, T. Füzik, J. Nováèek, P. Plevka 

Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Brno, Czech Re pub lic
ztrebichalska@mail.muni.cz

Enteroviruses, a large group of non-en vel oped pico rna -
viruses, cause a range of hu man dis eases, from the com -
mon cold to po lio my eli tis. The mo lec u lar mech a nisms of
enterovirus rep li ca tion and virion as sem bly are not well
un der stood.

Here, we pres ent the cryo-FIB mill ing and cryo-elec -
tron to mog ra phy of Echovirus 18-in fected cells to char ac -
ter ize the late stages of enterovirus in fec tion in situ. We
de scribe re ar range ments of cel lu lar mem branes that en able
the for ma tion of vi ral rep li ca tion fac to ries. Fur ther more,
we have iden ti fied dif fer ent vi rus par ti cle as sem bly in ter -
me di ates – capsid seg ments, open and com plete capsids,
and prog eny virions. Some of the vi rus par ti cles and as sem -
bly in ter me di ates were lo cal ized in the cy to plasm, whereas
oth ers were bound to mem branes. We have em ployed tem -

plate match ing us ing the struc tures of the whole vi rus
capsid and a capsid miss ing three pentamers to iden tify the
com plete ge nome-con tain ing and empty vi rus par ti cles and 
vi rus as sem bly in ter me di ates, re spec tively. The par ti cles
have been fur ther ana lysed by subtomogram av er ag ing and 
clas si fi ca tion.

Our re sults pro vide in sight into the vi rus ar range ment
dur ing the late stages of the rep li ca tion cy cle of entero -
viruses. Ad di tion ally, the em ployed subtomogram av er ag -
ing pipe line pres ents a fur ther anal y sis of vi ruses and large
mo lec u lar com plexes in situ.

We ac knowl edge the Cryo-elec tron mi cros copy and To -
mog ra phy Core Fa cil ity of CEITEC MU for their sup port
in data col lec tion and anal y sis.
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STRUCTURE OF THE PRE-REACTION COMPLEX OF FUCT

Július Zemaník, Petr Kulhánek

Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 753/5, 625
00, Brno, Czech Re pub lic
kulhanek@chemi.muni.cz

Helicobacter pylori is a se vere hu man patho gen as so ci ated
with sev eral gas tro in tes ti nal dis or ders, in clud ing gas tric in -
flam ma tion, ul cers, and can cer. How ever, its pri mary treat -
ment us ing an ti bi ot ics has be come in creas ingly more
chal leng ing be cause of the emer gence of an ti bi otic re sis -
tance. As a re sult, there is a grow ing need for novel an ti -
bac te rial agents [1]. In or der to de sign such new
com pounds, it is nec es sary to thor oughly un der stand the
fun da men tal bio chem i cal pro cesses that could serve as
ther a peu tic tar gets. The pur pose of this study is to elu ci date 
the en zyme struc ture of H. pylori glycosyltransferase
FucT. FucT is an es sen tial en zyme in the biosynthesis of
type II blood group an ti gens that are thought to mask the
bac te ria from the host’s im mune sys tem. It con sists of an
N-ter mi nal do main with the glycosyltransferase ac tiv ity
and a C-ter mi nus that is re spon si ble for dimerisation and,
pre sum ably, ac cep tor bind ing. Un for tu nately, cur rent ex -
per i men tal struc tures are monomeric and lack much of the
car boxyl ter mi nus which was re moved as it hin dered
crystallisation ef forts for X-ray stud ies. As a re sult, the
crys tal struc tures re tained only 20 % of the orig i nal en zyme 
ac tiv ity. The ex per i men tal struc ture of the fully ac tive
dimer com plex re mains un known [2].

To re solve this lim i ta tion, we have de cided to uti lise a
com pu ta tional ap proach us ing Alphafold2. Alphafold2 is

an ab in itio struc ture pre dic tion pro gram ca pa ble of pre -
dict ing sev eral pos si ble pro tein struc tures based on its pri -
mary se quence. While the pro gram pro vides an in ter nal
rank ing of these struc tures, it re mains un clear if the ar -
range ment of the polypeptide chains is op ti mal even in the
best-rank ing pre dic tion. Us ing Alphafold2, we have ob -
tained the pro tein dimer pre dic tions for 3 se quences of
FucT dif fer ing in their C-ter mi nus length. We have per -
formed mo lec u lar me chan ics sim u la tions on ev ery struc -
ture pre dic tion for each of the three se quences to se lect the
most op ti mal struc ture for each one. Next, we stud ied the
ef fect of the C-ter mi nal length on the dimer com plex sta bil -
ity.

The best of these struc tures will be used in the fu ture for 
state-of-the-art hy brid QM/MM sim u la tions. The aim is to
de ter mine the tran si tion state ge om e try of the re ac tion
which could be come the start ing point for the ra tio nal drug
de sign of tran si tion state mimetics for new H. pylori treat -
ment op tions.

1. J. C. Yang, World J Gastroenterol., 20, (2014), 5283.

2. H. Y. Sun, J. Biol. Chem., 282, (2007), 9973–9982.
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