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P1

NOVEL IN HIB I TORS OF THE METHYLTRANSFERASE METTL3-METTL14 COM PLEX

Benýšek Jakub, Bøehová Petra, Bouøa Evžen

In sti tute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ence, Flemingovo námìstí
542/2, Praha 6, 16610 

jakub.benysek@uochb.cas.cz

N6-methyladenosine (m6A) is the most prev a lent and re -
vers ible co-transcriptional mod i fi ca tion of  mam ma lian
RNA. This mod i fi ca tion reg u lates the fate of  m6A-con -
tain ing RNA via trans la tion, splic ing and deg ra da tion. In
hu man, the m6A mod i fi ca tion is cat a lyzed by a hetero -
dimer methyltransferase com plex, which in cludes methyl -
transferase-like 3 (METTL3) and 14 (METTL14) so called 
writ ers. Demethylation of m6A is on the other hand me di -
ated by two demethylases also called eras ers: AlkB
homologue 5 (ALKBH5) and fat mass obe sity-as so ci ated
pro tein (FTO). Upregulation of METTL3- METTL14
com plex has been re cently linked to ab er rant gene ex pres -

sion and pro tein syn the sis, lead ing to de vel op men tal de -
fects and can cer pro gres sion.

METTL3 pri mar ily func tions as cat a lyt i cally ac tive
sub unit, con tain ing co-fac tor S-adenosylmethionine
(SAM) bind ing pocket while METTL14 serves as an RNA-  
bind ing plat form. Here we pres ent crys tal struc ture of this
com plex with a high-res o lu tion (1.8 C) view of the cat a lytic 
site of METTL3 oc cu pied by a co-fac tor com pet i tive in hib -
i tor PD-2082. This in hib i tor is struc tur ally based on pre vi -
ously re ported STM2457 cur rently used for the re search of
acute myeloid leu kae mia. This pre lim i nary crys tal struc ture 
provides a valu able struc tural in sights for fur ther ra tio nal
de sign of the METTL3 in hib i tors as po ten tial drugs.

P2

ALPHAFOLD-DRIVEN COARSE GRAINED DYNAMICS

J. Beránek, V. Spiwok

Uni ver sity of Chem is try and Tech nol ogy, Prague, Czech Re pub lic
Jan1.Beranek@vscht.cz

AlphaFold 2.x is a use ful tool for any one work ing in struc -
tural bi ol ogy or re lated fields. AlphaFold is great at pre -
dict ing struc tures of pro teins to gether with con fi dence
scores. Maybe less well-known fea ture is that AlphaFold
can be used also to pre dict prob a bil ity dis tri bu tions of dis -
tances of all pairs of amino acid res i dues in the pre dicted
struc ture. We use this AlphaFold out put to in fer the
intramolecular po ten tials act ing on the pro tein of in ter est.
Such in for ma tion com bined with coarse-grain ing of the
mol e cule can be used to gen er ate pseudo-tra jec to ries of the 

pro tein, pre dict ing the dy nam ics, of the sec ond ary struc -
tures, multi-do main in ter ac tion or eval u at ing flex i bil ity of
in trin si cally dis or dered parts of the struc ture. We show
how this ap proach works on sev eral sys tems.

This work was sup ported by Czech Sci ence Foun da tion
(22-29667S) and by COST Ac tion ML4NGP, CA21160, .
Com pu ta tional re sources were pro vided by the e-IN FRA
CZ pro ject (ID:90254), sup ported by the Min is try of Ed u -
ca tion, Youth and Sports of the Czech Re pub lic.
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P3

COMPARATIVE ANALYSIS OF DNA AND RNA HYDRATION PATTERNS: 
INSIGHTS FROM CRYSTALLOGRAPHIC DATA

L. Biedermannová, B. Schnei der

Lab o ra tory of Biomolecular Rec og ni tion, In sti tute of Bio tech nol ogy CAS, Prumyslova 595, 252 50 Vestec
Lada.Bie der man no va@ibt.cas.cz

Un der stand ing the hydration dy nam ics of nu cleic ac ids is
cru cial for elu ci dat ing their struc tural sta bil ity and func -
tional roles. Build ing upon our pre vi ous work on pro tein
[1,2,3] and DNA hydration [4,5,6], we re cently ex tended
our anal y sis to in clude RNA, pro vid ing a com par a tive
study of hydration pat terns be tween the two nu cleic acid
types.

Ex pand ing our dataset to en com pass RNA crys tal
struc tures, we have con ducted a de tailed ex am i na tion of
hydration around se lected conformational classes com mon
for both DNA and RNA. By le ver ag ing a multi-step ap -
proach, we an a lyzed hydration pat terns around dinucleo -
tide frag ments ex tracted from a non-re dun dant set of high
res o lu tion crys tal lo graphic struc tures. Our dataset in cludes 
2,727 DNA chains and now in cor po rates 206 RNA chains,
al low ing for a com pre hen sive in ves ti ga tion.

Uti liz ing Fou rier av er ag ing tech niques, we com puted
wa ter prob a bil ity den sity dis tri bu tions around dinucleo -
tides, dis cern ing hydration sites and re veal ing the nuanced
in ter play be tween wa ter mol e cules and nu cleic acid struc -
ture. By com par ing hydration pro files be tween DNA and
RNA, we aim to elu ci date sim i lar i ties and dif fer ences in
their hydration land scapes.

This poster pre sen ta tion will show case our com par a tive 
anal y sis of DNA and RNA hydration, high light ing key
find ings and dis cuss ing the im pli ca tions for un der stand ing
nu cleic acid hydration dy nam ics. Our re sults of fer valu able 

in sights into the role of hydration in mod u lat ing nu cleic
acid struc ture and func tion.

Vis i tors to the poster can ac cess our data and vi su al iza -
tions on line at watlas.datmos.org/watna, fa cil i tat ing fur ther 
ex plo ra tion and anal y sis of nu cleic acid hydration pat terns.

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).

2. Èerný J., Schnei der B. & Biedermannová L.: WatAA: At -
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., Èerný, J., Malý, M., Nekardová, M.,
Schnei der, B.: Pre dic tion of DNA hydration from knowl -
edge-based hy drated build ing blocks. Acta Cryst. D78,
1032-1045 (2022).L. Margilies, M. J. Kramer, R. W.
McCallum, S. Kycia, D. R. Haeffner, J. C. Lang, A. I.
Goldman, Rev .Sci. Instrum., 70, (1999), 3554.
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BIO PHYS I CAL AND BIND ING CHAR AC TER IZA TION OF RHE SUS CMV UL144 AS A
PROM IS ING MOD U LA TOR OF THE T-LYM PHO CYTE CD160 PATH WAYS

A. Bitala1, M. Benko1, S. Lenhartová1, M. Mladá1, M. Nemèoviè2, I. Nemèovièová1

1Bio med i cal Re search Cen ter, In sti tute of Vi rol ogy, Slo vak Acad emy of Sci ences, Bratislava, Slovakia
2In sti tute of Chem is try, Slo vak Acad emy of Sci ences, Bratislava, Slovakia

andrej.bitala@savba.sk

Vi ral immunomodulatory glycoprotein UL144 iso lated
from Rhe sus Cytomegalovirus (RhCMV) is ho mol o gous to 
hu man Cytomegalovirus (HCMV) UL144 and highly
orthologous to hu man tu mour ne cro sis fac tor re cep tor
HVEM (TNFR/SF14, herpesvirus en try me di a tor). En dog -
e nous HVEM func tions in bi-mo lec u lar switch to reg u late
the host’s im mune re sponse de pend ing on which ligand is
cur rently bind ing [1]. De spite the high struc tural sim i lar i -
ties be tween UL144 vi ral glycoproteins and the HVEM,
they do not share the same bind ing prop er ties there fore
could mod u late the im mune re sponse dif fer ently. An ex -

am ple is the ac ti va tion of the in hib i tory path way of T-lym -
pho cytes through the coinhibitory mol e cule CD160 (the
nat u ral killer cell–ac ti vat ing re cep tor). This mo lec u lar net -
work is quite well de scribed, but the en gage ment of CD160 
by UL144 has not been sat is fac to rily stud ied yet [2]. We
are cur rently fo cus ing on RhCMV UL144, which pre dicted 
to in ter act with both hu man and the rhe sus CD160 with a
low af fin ity [3]. Such ev i dence could rep re sent the evo lu -
tion ary di ver gence be tween vi ral spe cies

To fully un der stand the mo lec u lar ba sis of the in ter ac -
tions be tween hu man CD160 and RhCMV UL144, we cre -
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ated their co va lently linked pro tein com plex via a
baculovirus-me di ated ex pres sion sys tem in Spodoptera
frugi pherda (BV-Sf9) in sect cells. The plasmid pAcGP
67A was used as a trans fer vec tor, into which the syn thet i -
cally pre pared gene for the fu sion com plex was cloned in
the multi-clon ing side. Other vari ants of CD160 and
UL144 alone (e.g., UL144-WT, UL144-DG, UL144-N91,
CD160-Fc) were sim i larly pre pared and ex pressed in BV-
 Sf9. By per form ing the stan dard WB with HRPconjugated
an ti body in ter act ing with the pro tein’s af fin ity tags we
clearly iden ti fied the ex pressed pro teins. The pro tein com -
plex huCD160–rhCMV UL144 was fur ther an a lyzed by
gel fil tra tion chro ma tog ra phy and SDS-PAGE meth ods
and the mo lec u lar size of the com plex was con firmed (Fig.
1). Fur ther more, the mo lec u lar mass for UL144 vari ants
were de ter mined by MS. To de ter mine the sta bi li za tion
char ac ter is tics of the pu ri fied pro teins, the melt ing tem per -
a ture (Tm) was es ti mated bio physi cally by us ing the
Nanotemper de vice. The ob tained Tm was lower in glyco -
sy lation mu tants, and on set of un fold ing tem per a ture. We
also spec i fied the qual ity of these sam ples with fur ther

mea sure ments of polydispersity in dex, hy dro dy namic ra -
dius, and tur bid ity. In ad di tion, we at tempted to con firm the 
bind ing ca pac ity of RhCMV UL144 by the co-immuno -
precipitation as say where the bind ing to CD160 was ob -
served. More over, all formed com plexes and in di vid ual
pro teins were at tempted to crys tal lize by va por-dif fu sion
tech nique in a sit ting-drop us ing com mer cially avail able
crys tal li za tion screens. All ob tained data will be fur ther an -
a lyzed and op ti mized.

1. C. F. Ware CF, and J. R. Šedý, Curr. Opin. Immunol. 23,
(2011), 627-631.

2. A. Bitra, I. Nemèovièová, et al. and D. Zajonc, 
J. Biol. Chem. 294, (2019), 10519–10529.

3. J.R. Šedý, R.L. Bjordahl, et al. and C.F. Ware, 
J. Immunol. 191, (2013), 828–836.

Fi nan cial sup ports pro vided by the Slo vak Re search and
De vel op ment Agency (APVV-19-0376) and the Sci en tific
Grant Agency of the Slo vak Re pub lic (VEGA-02/0026/22
and VEGA-02/0060/21) are grate fully ac knowl edged..
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RTA - REPLICATION AND TRANSCRIPTION ACTIVATOR OF EPSTEIN-BARR VIRUS:
FUNCTIONAL AND STRUCTURAL IMPLICATIONS FOR NOVEL ANTIVIRAL

STRATEGY

Tomas Brom, Tomas Janovic, Mar tin Stojaspal, Pavel Veverka, Ctirad Hofr

LifeB, FGP, Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Brno,
Czech Re pub lic

tomasbrom@mail.muni.cz

The Ep stein-Barr vi rus (EBV) is one of the most com mon
hu man vi ruses that in fects more than 90% of the world
pop u la tion dur ing their life time. EBV causes 200,000 can -
cer cases per year and is as so ci ated with var i ous prema -
lignant lymphoproliferative dis eases, in clud ing Hodg kin’s
lym phoma, gas tric can cer, and na so pha ryn geal car ci noma
[1]. Be sides can cer, in fec tious mono nu cle o sis and mul ti ple 
scle ro sis are linked to EBV [2, 3].

The Rep li ca tion and tran scrip tion ac ti va tor (Rta) can
ac ti vate the lytic phase of EBV from its la tency and is
there fore es sen tial for the EBV life cy cle. As a tran scrip -
tion reg u la tor, Rta binds to Rta Re sponse El e ment (RRE)

lo cal ized on vi ral DNA and transactivates a se ries of lytic
genes, in clud ing the vi ral lytic gene PAN [4]. Rta has not
been struc tur ally char ac ter ized yet, and no di rect
homologies were iden ti fied com pared to other known
DNA bind ing or dimerization mo tifs [5].

Here, we pres ent an in ter dis ci plin ary study of Rta func -
tion. We char ac ter ized the bio phys i cal prop er ties of the
DNA bind ing do main of Rta and its oligomerization, which 
is cru cial for DNA bind ing. More over, we de scribed the
struc tural fea tures of the DNA bind ing do main of Rta. We
de ter mined the bind ing af fin ity of Rta to wards a spe cific
DNA se quence con tain ing the RRE mo tif. In par al lel with

Fig ure 1. Ex pres sion, pu ri fi ca tion, and bind ing char ac ter is tics of huCD160-rhCMVUL144 fusioncomplex mon i tored by West ern blot
(a), FPLC (b), SDS-PAGE (c) and co-pre cip i ta tion as say (d).
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an in vi tro study, we char ac ter ized Rta in a hu man can cer
cell line, where we in ves ti gated Rta nu clear lo cal iza tion
and its se ques tra tion from nu cle oli.

Rta tar get ing with small mol e cules pres ents a new po -
ten tial ap proach in the fight against EBV-as so ci ated dis -
eases. Thus, a de tailed un der stand ing of the Rta struc ture
and oligomeric state is crit i cal for fu ture ra tio nal anti-EBV
drug de sign.

1.    Rezk S.A, et al., Hu man Pa thol ogy, 79, (2018), 18-41.

2.    Wil liams H., et al., Blood, 107 (2006), 862–869.

3.    Bjornevik, K., et al., Sci ence, 375, (2022), 296-301.

4.    Feederle R., and Delecluse H., The EMBO Jour nal, 19,
(2000), 3080-3089.

5.    Necasova I., Stojaspal M., Motycakova E., Brom T.,
Janovic T., Hofr C., NAR Can cer, 4, (2022).

The re search was pri mar ily sup ported by Czech Sci ence
Foun da tion (23-05241S). We ac knowl edge CEITEC
Proteomics CF and CF Biomolecular In ter ac tions and
Crys tal log ra phy of CIISB, In struct-CZ Cen tre, sup ported
by MEYS CR (LM2023042, e-IN FRA CZ (ID:90254)) 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). We ac -
knowl edge the CF CELLIM sup ported by MEYS CR
(LM2023050 Czech-BioImaging) and Bi o log i cal Data
Man age ment and Anal y sis CF funded by ELIXIR CZ re -
search in fra struc ture (MEYS Grant No: LM2023055).
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REVEALING THE FUNCTION OF THE C-TERMINAL PART OF MYCOBACTERIAL
INOSINE-5’-MONOPHOSPHATE DEHYDROGENASE

O. Bulvas, Z. Knejzlík, T. Kouba, D. Koláøová and I. Pichová 

In sti tute of Or ganic Chem is try and Bio chem is try of the CAS, Flemingovo námìstí 542/2, Prague, 166 10,
Czech Re pub lic

iva.pichova@uochb.cas.cz

Mycobacterial inosine-5’-monophosphate dehydrogenase
(IMPDH) is a key en zyme in volved in pu rine me tab o lism,
catalysing the con ver sion of inosine-5’-monophosphate
(IMP) to xanthosine-5’-monophosphate (XMP), a rate-
 lim it ing step in gua nine nu cle o tide biosynthesis. Be cause
of its es sen tial role in nu cle o tide syn the sis, IMPDH has
been stud ied as a po ten tial tar get for antimicrobial drug de -
vel op ment.

Mycobacterial IMPDH ex hib its co op er a tive en zyme
ki net ics char ac ter ised by allosteric in ter ac tions be tween
protomers within the tetrameric and/or octameric IMPDH
as sem bly. How ever, the mo lec u lar mech a nism of these
inter-chain in ter ac tions is poorly un der stood. The C-ter mi -
nus plays a cru cial role in en zyme ac tiv ity, form ing di rect
in ter ac tions with the ac tive site of neigh bour ing protomers
and, as such, may play a role in the ob served cooperativity.
Pre vi ous struc tural stud ies have been lim ited by the ab -
sence of the C-ter mi nus in many re solved struc tures with -
out bound sub strates. 

In this study, we aimed to elu ci date the mo lec u lar ba sis
of IMPDH cooperativity by in ves ti gat ing the role of the
C-ter mi nus. Struc tural anal y sis of mycobacterial IMPDH

us ing cryo-EM re vealed bar rel-like den si ties within the
core of the octameric as sem bly. Com pu ta tional mod el ling
us ing AlphaFold2 gen er ated struc tural mod els of C-ter mi -
nal pep tides, re veal ing an un ex pected antiparallel beta
sheet bar rel-like as sem bly that cor re lates well with the ob -
served den sity fea tures. Ex per i men tal val i da tion by site-di -
rected mu ta gen e sis tar get ing spe cific C-ter mi nal res i dues
re sulted in changes in the ki netic pa ram e ters of the en zyme, 
pro vid ing cru cial mech a nis tic in sights into IMPDH
cooperativity. 

Our find ings not only con trib ute to a deeper un der -
stand ing of IMPDH func tion-struc ture re la tion ships but
also have po ten tial im pli ca tions for the de vel op ment of
IMPDH-tar get ing in hib i tors.

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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INSIGHTS INTO THE ALZHEIMER’S DISEASE SPECIFIC PRE-AGGREGATION
CONFORMATION OF MONOMERIC TAU PROTEINS USING DC11 ANTIBODY

O. Cehlar1*, S. Njemoga1, R. Skrabana1, V. Volko2, J. Hritz2,3, P. Kaderavek2, B. Kovacech1

1In sti tute of Neuroimmunology, Lab o ra tory of Struc tural Bi ol ogy of Neurodegeneration, Slo vak Acad emy of
Sci ences, Bratislava, Slovakia

2CEITEC MU, Brno, Czech Re pub lic
3Fac ulty of Sci ence, De part ment of Chem is try, Masaryk Uni ver sity, Brno, Czech Re pub lic

ondrej.cehlar@savba.sk

A key yet un re solved ques tion of the pathogenesis of Alz -
hei mer’s dis ease (AD) and other tauopathies is the cause
and the mech a nism of the tran si tion from the un struc tured
monomeric tau pro tein to the in sol u ble fil a ments de pos ited
in the brain tis sue. In the phys i o log i cal state, tau pro tein ex -
ists as a conformational en sem ble of interconverting struc -
tures and on the scale of tran si tion from monomeric
through oligomeric and fil a men tous spe cies we can ob -
serve con for ma tions re act ing with spe cific an ti bod ies,
mainly with DC11, which is able to spe cif i cally dis crim i -
nate be tween tau pro teins iso lated from healthy brain and
tau pro teins iso lated from the brain of AD pa tient. The an ti -
body rec og nizes also the re com bi nant trun cated tau pro -
teins up to the short est frag ment tau321-391 [1].

It was found that conformational an ti bod ies DC11 and
MN423 have cat a lytic pro-aggregatory ef fects in tau ag -
gre ga tion as say, whereas the an ti body DC8E8 has in hib i -
tory ef fects on tau fil a ment for ma tion [2]. This may im ply
pos si ble mech a nism of in duc tion of patho log i cal tau con -
for ma tion, in which the an ti body pre pared against patho -
log i cal tau im prints the patho log i cal con for ma tion into the
phys i o log i cal tau pro teins in so lu tion and there fore speeds
up the tau ag gre ga tion. The in for ma tion about conformatial 
epitopes of these an ti bod ies are there fore of high sig nif i -
cance.

To fur ther un cover the bind ing mode of the
conformational an ti body DC11, we have per formed NMR
epitope map ping us ing 13C, 15N la belled tau321-391 and

tau297-391 (dGAE) and recombinantly pre pared Fab frag -
ment of DC11 an ti body. The over lay of HSQC spec tra
showed the re gion of tau be tween res i dues 370-390 to be
af fected by the bind ing of DC11, i.e. its C-ter mi nal re gion.
How ever, pre vi ous stud ies sug gest the im por tance of re -
gion 321-325 for the in ter ac tion of tau with DC11 an ti -
body. We have fur ther char ac ter ized the in flu ence of DC11 
Fab bind ing on the non-epitope tau res i dues us ing NMR re -
lax ation mea sure ments of 15N la belled tau dGAE. 

The re sults high light the im por tance of the R’ re gion of
tau, that was re cently shown to be im por tant also for tau in -
ter ac tion with microtubules [3]. This se quence forms the
in ter face of rigid fil a ment core and flank ing fuzzy C ter mi -
nal seg ment in solved tauopathy fil a ments.

1. Vechterova, L.; Kontsekova, E.; Zilka, N.; 
Ferencik, M.; Ravid, R.; Novak, M. Neuroreport, 14
(2003),87-91.

2. Kontsekova, E.; Zilka, N.; Kovacech, B.; Skrabana, R.;

Novak, M. Alzheimers Res Ther, 6 (2014), 45.

3. El Mammeri, N., Dregni, A. J., Duan, P., Wang, H. K.,

Hong, M. Sci. Adv., 8 (2022), 4459.

Ac knowl edg ment. This work was sup ported by re search
grants APVV 21-0479, VEGA 2/0125/23 and 2/0141/23,
and by iNEXT-Dis cov ery, grant num ber 871037, and
MSCA-RISE 873127, both funded by the Ho ri zon 2020
pro gram of the Eu ro pean Com mis sion.
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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 is a part of the Cen tre of
mo lec u lar struc ture of In sti tute of Bio tech nol ogy. Fa cil ity
is a shared re source that pro vides an ac cess to in stru ments,
tech nol o gies, ex pert con sul ta tion and train ing to re search -
ers.

For the de ter mi na tion of size, mo lec u lar mass, struc ture 
and sta bil ity of biomolecules, study of conformational
changes and ther mo dy nam ics of tem per a ture tran si tions
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 thermo -
phoresis (Mono lith NT.115 and NT.LabelFree), sur face
plasmon res o nance (ProteOn XPR36) and bio-layer



Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 30,  no. 1  (2024)       35

Interferometry (OCTET R8) tech niques are avail able for
the char ac ter iza tion of biomolecular 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). 

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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COMPUTER SIMULATIONS OF THE BACTERIAL RIBOSOME USING
COARSE-GRAINED MODELS

Josef Cikhart, Aneta Leskourová, Michal H. Koláø

De part ment of Phys i cal Chem is try, Uni ver sity of Chem is try and Tech nol ogy Prague

Mo lec u lar dy nam ics sim u la tions serve as valu able tools for
in ves ti gat ing biomolecules and biomolecular com plexes
such as the ri bo some. How ever, the sheer scale of the ri bo -
some pres ents sig nif i cant com pu ta tional chal lenges for
all-atom sim u la tions. Coarse-grained (CG) mod els of fer a
so lu tion by re plac ing groups of at oms with a sin gle bead.
This re duces the num ber of de grees of free dom of the sys -
tem and, in turn, al lows lon ger sim u la tion times, en abling
the study of slower bio chem i cal pro cesses. In this study, we 
delve into re fin ing the pa ram e ters for a coarse-grained rep -
re sen ta tion of the bac te rial ri bo some. Through a se ries of
CG com puter sim u la tions, we scru ti nize the so-called elas -

tic net works, piv otal for main tain ing ter tiary struc ture of
pro teins and RNA in CG sys tems. Our find ings dem on -
strate that coarse-grained sim u la tions yield rea son able
struc ture of the ribsosome across var i ous elas tic net work
pa ram e ter val ues as com pared with ex per i men tal struc -
tural mod els and all-atom sim u la tions. More over, we re -
fine pa ram e ter val ues to better cap ture the fine dy nam ics
of the ri bo some. These re sults es tab lish a ro bust frame -
work for our fu ture ri bo some stud ies and also shed light on 
spe cific in qui ries re gard ing the nu ances of the dy nam ics
that can be stud ied fur ther by variation of CG sim u la tion
pa ram e ters.

https://www.ibt.cas.cz/cs/servisni-pracoviste/centrum-molekularni-struktury/
https://www.ciisb.org/open-access/core-facilities
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COMBINING OF HYBRID QM/MM SIMULATIONS WITH MACHINE LEARNED
POTENTIALS 

Radek Crha and Chris Oostenbrink

Chris tian Dopp ler Lab o ra tory for Mo lec u lar In for ma tics in the Bio sci ences, In sti tute of Mo lec u lar Mod el ing
and Sim u la tion, BOKU - Uni ver sity of Nat u ral Re sources and Life Sci ences, 1190 Vienna, Austria 

radek.crha@boku.ac.at, chris.oostenbrink@boku.ac.at 

The ac cu rate pre dic tion of the af fin ity be tween pro teins
and other biomolecules or small mol e cules is cru cial in the
drug de sign pro cess or pro tein en gi neer ing. Now a days, a
num ber of com pu ta tional meth ods is avail able to per form
these pre dic tions with suf fi cient qual ity for sys tems that
can be cor rectly de scribed by clas si cal force fields. How -
ever, the parameterization of force fields for drugs and
drug can di dates (lig ands) is still not straight for ward and it
is a com mon source of in ac cu ra cies. This pro ject is fo cused 
on the de vel op ment of a novel method for free en ergy cal -
cu la tions. We will com bine a new quan tum me chan i -
cal/mo lec u lar me chan i cal (QM/MM) method (Buffer
re gion neu ral net work, BuRNN) [1] with al chem i cal free
en ergy cal cu la tions. The re sult ing method should be able to 
per form al chem i cal free en ergy cal cu la tions at the QM
level of the ory.

In my poster, I will fo cus on the de vel op ment of the
BuRNN ap proach. The ba sic prin ci ple of the method and

its per for mance on our test sys tem (meth a nol in wa ter) will
be pre sented. The re sults will be com pared with the tra di -
tional QM/MM schemes. In the fu ture, we plan to fur ther
de velop BuRNN to in clude the pro tein en vi ron ment. This
will al low us to de scribe pro tein-ligand in ter ac tions with
QM ac cu racy.

1. B. Lier, P. Poliak, P. Marquetand, J. Westermayr, C.
Oostenbrink, Jour nal of Phys i cal Chem is try Let ters, 13,
(2022), 3812–3818.

The fi nan cial sup port re ceived for the Chris tian Dopp ler
Lab o ra tory for Mo lec u lar In for ma tics in the Bio sci ences
by the Aus trian Fed eral Min is try of La bour and Econ omy,
the Na tional Foun da tion for Re search, Tech nol ogy and
De vel op ment, the Chris tian Dopp ler Re search As so ci a -
tion, BASF SE and Boehringer Ingelheim RCV GmbH &
Co KG is grate fully ac knowl edged.
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TALE OF TAILS; STRUCTURAL COMPARISON OF THE RNA POLYMERASE
d-SUBUNITS

M. Èerný1,2, V. Bartošík1, M. Petrùjová1, H. Šanderová3, L. Krásný3, L. Žídek1,2

1Na tional Cen tre for Biomolecular Re search, Masaryk Uni ver sity, Kamenice 5, Brno 62500, Czech Re pub lic
2Cen t ral Eu ro pean In sti tu te of Tech no lo gy, Ma sa ryk Uni ver si ty, Ka me ni ce 5, Brno 62500, Czech Re pub lic

3La bo ra to ry of Micro bial Ge ne tics and Gene Ex pres si on, In sti tu te of Micro bi o lo gy of the Czech Aca de my of
Sciences, v.v.i., Ví deò ská 1083, Pra gue 4 14220, Czech Re pub lic

cernyarchaea@mail.muni.cz

The d-sub unit of prokaryotic RNA poly mer ase is an in te -
gral part of the tran scrip tion ma chin ery of many Gram-pos -
i tive bac te ria from the phy lum Firmicutes. It was
dem on strated that it plays crit i cal role in the  reg u la tion of
the stress re sponses, en vi ron men tal ad ap ta tion, sporulation 
and vir u lence of sev eral im por tant patho gens, such as
Staph y lo coc cus aureus and Streptococcus spp. [1,2]. It
plays dif fer ent roles in tran scrip tion; its part in the tran -
scrip tion ter mi na tion and the RNA poly mer ase com plex re -
cy cling was re cently well de scribed [3]. On the other hand,
the ex act mech a nism of func tion dur ing the tran scrip tion
ini ti a tion are still not fully un der stood.

In the past, our group was able to solve the struc ture of
ä-sub unit from Ba cil lus subtilis. The ~20 kDa pro tein is
com prised of a struc tured N-ter mi nal do main (NTD) and a
neg a tively charged and poorly con served C-ter mi nal do -
main (CTD), with an ex cep tion of the well-con served

lysine tract at the be gin ning of the CTD. We pre vi ously
dem on strated, that the neg a tively charged CTD tran siently
in ter acts with the lysines, lead ing to a more com pacted

struc ture of the d-sub unit [4]. How ever, some of the
Firmicutes, such as S. aureus, are miss ing the lysine tract
which is in stead lo cated on the RNA poly mer ase core.

In this poster, we de signed pu ri fi ca tion pro to cols to ob -
tain pure sam ples of both pro teins and their re spec tive mu -
tants (de void or with lysine tract in cluded) from B. subtilis
and S. aureus. We then com pared their struc tural prop er ties 
by means of cir cu lar dichroism spec tros copy (CD),
small-an gle X-ray scat ter ing (SAXS) and nu clear mag netic 
res o nance spec tros copy (NMR) to probe the im por tance of
the lysine tract for the global struc ture of d-sub unit.

1. Xue, X., Tomasch, J., Sztajer, H., & Wag ner-Döbler, I.
(2010). Jour nal of Bac te ri ol ogy, 192(19), 5081–5092.
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2. Weiss, A., Ibarra, J. A., Paoletti, J., Carroll, R. K., & Shaw, 
. N. (2014).  In fec tion and Im mu nity, 82(4), 1424–1435.

3. Pei, H.-H., Hilal, T., Chen, Z. A., Huang, Y.-H., Gao, Y.,
Said, N., Loll, B., Rappsilber, J., Belogurov, G. A.,
Artsimovitch, I., & Wahl, M. C. (2020). Na ture Com mu ni -
ca tions, 11(1).

4. Kubáò, V., Srb, P., Štégnerová, H., Padrta, P., Zachrdla,
M., Jaseòáková, Z., Šanderová, H., Vítovská, D., Krásný,
L., Koval’, T., Dohnálek, J., Ziemska-Legiecka, J.,
Grynberg, M., Jarnot, P., Gruca, A., Jensen, M. R.,
Blackledge, M., & Žídek, L. (2019).  Jour nal of the Amer i -
can Chem i cal So ci ety, 141(42), 16817–16828.

We would like to aknowledge that the study was funded by
the Czech Sci ence Foun da tion (GAÈR), pro ject No. 
22-12023S. We ac knowl edge CF Biomolecular In ter ac -
tions and Crys tal log ra phy 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). We ac knowl edge
Josef Dadok Na tional NMR Cen tre 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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DECIPHERING THE ROLE OF BSCX AND BSCY SUBUNITS IN THE BORDETELLA
TYPE 3 SECRETION SYSTEM

Monika Cizkova1,2, Vaclav Veverka3, Pe ter Sebo1, Jana Kamanova1, Ladislav Bumba1

1In sti tute of Mi cro bi ol ogy AS CR v.v.i., Acad emy of Sci ences of the Czech Re pub lic, Prague, Czech Re pub lic
2De part ment of Bi o che mis t ry and Micro bi o lo gy, Fa cul ty of Food and Bi o che mi cal Tech no lo gy, Uni ver si ty of

Che mis t ry and Tech no lo gy, Pra gue 6, Czech Re pub lic
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The type 3 se cre tion sys tem (T3SS), also known as an
injectosome, is a multisubunit pro tein-ex port ap pa ra tus
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. Struc tural or ga ni za tion of the injectosomes is highly
ho mol o gous among the Gram-neg a tive bac te ria, but some
ad di tional reg u la tory and struc tural com po nents are spe -
cies spe cific. In Bordetella per tus sis, the caus ative agent of 
whoop ing cough, as well as in Bordetella bronchiseptica,
which pri mar ily causes re spi ra tory in fec tions of ro dents,
these in clude small pro tein sub units, BscX and BscY, of
which the struc ture and func tion re main un known. Here,
we pres ent the so lu tion struc ture of the BscX-BscY
heterodimer de ter mined by nu clear mag netic res o nance
spec tros copy and dem on strate that both BscX and BscY
sub units are crit i cal for the proper func tion of the T3SS ap -
pa ra tus. The struc ture shows that BscY adopts a six he li cal
fold, which is wrapped by BscX con sist ing of the long

N-ter mi nal un struc tured re gion with three he li ces at the
C-ter mi nus of the pro tein. In vi tro pull-down as says re -
vealed that the BscX-BscY heterodimer di rectly in ter acts
with the cytosolic do main of the BcrD pro tein, sug gest ing
that the heterodimer might reg u late the in ter ac tion of the
in ner mem brane ex port ap pa ra tus with the cy to plas mic
sort ing plat form. Even though both sub units ap pear to be
tightly con nected within the com plex, the BscX sub unit
was found to be se creted out of the bac te rial cells, dem on -
strat ing cer tain dy nam ics of the T3SS ap pa ra tus dur ing the
se cre tion of the effectors. More over, de le tion of the in di -
vid ual bscX and bscY genes, or the re moval of the N-ter mi -
nal twelve res i dues of BscX ren dered the bac te rial mu tant
non-cytotoxic against the HeLa cells, in di cat ing that the
struc tural in teg rity of the BscX and BscY sub units is es sen -
tial for the proper func tion of the Bordetella T3SS ap pa ra -
tus.
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UNLOCKING STING'S DEFENSES: FLUORINATED CYCLIC DINUCLEOTIDES
RESISTANT TO VIRAL POXINS REVEALED BY CRYSTALLOGRAPHY

Mar tin Kli ma#, Mi lan Dejmek#, Voj tech Du cho slav#, An drea Ei senre i cho va, Mi chal Sala, 
Ka rel Cha lup sky, Do mi ni ka Cha lup ska, Bar bo ra No vot ná, Gab riel Bir kuš, Ra dim Nenc ka#,

Evzen Bou ra#

In sti tute of Or ganic Chem is try and Bio chem is try AS CR, v.v.i., Flemingovo nam. 2., 
166 10 Prague 6, Czech Re pub lic

#These au thors con trib uted equally

The cGAS-STING path way plays a vi tal role in in nate im -
mu nity by de tect ing cy to plas mic DNA and pro vid ing de -
fense against spe cific can cers, vi ruses, and bac te ria. In this
study, we syn the sized flu o ri nated carbocyclic cGAMP
analogs, MD1203 and MD1202D (re ferred to as MDs),
with the aim of im prov ing their sta bil ity and en hanc ing
their af fin ity for STING. Our find ings dem on strate that
these com pounds ex hibit sig nif i cant ac tiv ity against
STING. De spite their unique chem i cal mod i fi ca tions com -
pared to the con ven tional cy clic dinucleotides (CDNs),
anal y sis through crys tal log ra phy re vealed a bind ing mode
with STING con sis tent with that of CDNs. No ta bly, MDs
showed re sis tance to cleav age by vi ral poxin nu cleases,
and the poxin bound to MDs adopted an unliganded-like

con for ma tion. Fur ther more, the com plex formed be tween
MDs and poxin ex hib ited a dis tinct con for ma tion from that
of cGAMP bound to poxin, closely re sem bling their con -
for ma tion when bound to STING. In sum mary, the de vel -
op ment of MD1203 and MD1202D high lights their
po ten tial as po tent ac ti va tors of STING, pos sess ing re -
mark able sta bil ity against deg ra da tion by poxin—a cru cial
char ac ter is tic for the fu ture de vel op ment of an ti vi ral
agents.

This re search was funded by the pro ject the Na tional In sti -
tute Vi rol ogy and Bac te ri ol ogy (Programme EXCELES,
Pro ject No. LX22NPO5103) - Funded by the Eu ro pean
Un ion - Next Gen er a tion EU.
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USE OF A “HELPER PROTEIN” TO IMPROVE CRYO-EM RECONSTRUCTIONS – A
CASE OF LA JOLLA AND MOTTS MILL VIRUSES

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, Ger many

Re con struc tions of biomolecular struc tures us ing cryo-EM
now a days rou tinely reach sub-4C res o lu tions. New al go -
rithms in cryo-EM re con struc tion soft wares are able to cor -
rect some of the ab er ra tions caused by im per fec tions in
mi cro scope set ting, fur ther im prov ing the res o lu tion. Since 
the ab er ra tion es ti ma tion is map qual ity de pend ent, higher
res o lu tion maps en able more pre cise cor rec tions. How ever, 
for sam ples that do not reach ~sub-4C res o lu tions, or sam -
ples with only very few par ti cles per mi cro graph the cor -
rec tion is in ac cu rate. Here we pres ent a case of two vi ruses, 
La Jolla (LJV) and Motts Mill vi rus (MMV), co-pu ri fied

from Drosophila suzukii. Both vi ruses have non-en vel oped 
icosahedral capsids with di am e ter ~300 C en clos ing
+ssRNA genomes. From one dataset we were able to re -
con struct virions of MMV and LJV and empty capsid of
LJV with re spec tive res o lu tions 2.7 C, 3.0 C and 3.3 C.
Ap ply ing ab er ra tion es ti mates from CTF re fine ments of
MMV im proved the res o lu tions of both, full and empty
LJV. We pro pose that ad di tion of a “helper pro tein” such as 
apoferritin to such sam ple would im prove the res o lu tions
even fur ther.
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STRUCTURAL CHARACTERISATION OF TAU PROTEIN FILAMENTS
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Tau pro tein is an in trin si cally dis or dered pro tein ex pressed
pre dom i nantly in the cen tral ner vous sys tem. It has count -
less func tions in neu rons, namely microtubule reg u la tion,
sig nal transduction, fast axonal trans port reg u la tion, and
oth ers.

Tau fil a ments are ag gre gated poly mers of misregulated
tau pro tein, pres ent in the neu rons of peo ple suf fer ing from
neurodegenerative dis eases, namely Alz hei mer’s dis ease.
Ag gre ga tion and ac cu mu la tion of tau is toxic to the neu -
rons, but the un der ly ing mech a nisms of tau pa thol ogy are
not un der stood well [1].

The struc ture of tau fil a ments re mained un known un til
re cently. Ad vances in he li cal re con struc tion fi nally al -
lowed re con struc tion of tau fil a ments from dif fer ent dis -
eases, and it was re vealed, that the struc ture of tau
fil a ments dif fers be tween neurodegenerative dis eases [2].

Pre vi ously, an ionic co-fac tors were used to in duce tau
fil a ment as sem bly in vi tro. Hep a rin-in duced tau fil a ments,
com monly used for the study of ag gre ga tion in hib i tors,
were found to have a com pletely dif fer ent struc ture than
that of patho log i cal tau fil a ments [3]. Due to that, new in vi -
tro mod els of tau fil a ments rep li cat ing patho log i cal tau fil -
a ments are needed to study the mech a nism of ag gre ga tion
and its in hi bi tion.

Our goal is to un der stand what are the fac tors caus ing
and in flu enc ing tau ag gre ga tion and to pre pare re com bi -

nant in vi tro tau fil a ments rep li cat ing the known dis ease
folds. We have pre pared in vi tro tau pro tein fil a ments from
the lon gest isoform of tau (2N4R) with out the use of ag gre -
ga tion co-fac tors. Fil a ments were pre pared in dif fer ent
buffer con di tions, as we were in ter ested in im pact of the
sol vent ions on mor phol ogy of the fil a ment. Pre pared fil a -
ments were stud ied us ing atomic force mi cros copy, neg a -
tive stain elec tron mi cros copy, and cryo-elec tron mi cro
-scopy. Here we pres ent our pre lim i nary re sults of the on -
go ing struc tural anal y sis of the fil a ments, and dis cuss the
mor pho log i cal dif fer ences of pre pared fil a ments.

1. Alonso, A. C., El Idrissi, A., Candia, R., Morozova, V., &
Kleiman, F. E. Cytoskeleton, 81(1), 71–77, (2024).

2. Goedert, M., Crow ther, R. A., Scheres, S. H. W., &
Spillantini, M. G. Cytoskeleton, 81(1), 95–102, (2024).

3. Zhang W, Fal con B, Murzin AG, Fan J, Crow ther RA,
Goedert M, Scheres SH. Elife, 8, (2019).

This work has re ceived fund ing from Eu ro pean Un ion Ex -
cel lence Hub pro gram (101087124). We ac knowl edge
CEITEC CryoEM CF and Nanobiotechnology CF 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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Neuronal microtubule-as so ci ated pro tein (MAP) tau is im -
pli cated in neurodegenerative dis eases termed tauopathies.
Tau can as sem ble into a co he sive layer termed microtubule
en ve lope, which pro tects the microtubule sur face against
microtubule-sev er ing en zymes. In neurodegeneration, tau
ag gre gates pre sum ably via dis so ci a tion from microtubules, 
fol lowed by microtubule deg ra da tion. Mech a nisms un der -
ly ing these pro cesses are, how ever, un clear. Here, we com -

bine in vi tro re con sti tu tion and mo lec u lar mod el ing to
de scribe how me tab o lites, which are im pli cated in neuro -
degenerative pro cesses, reg u late the tau en ve lope for ma -
tion and in teg rity. Our re sults sug gest that the dy nam ics
and pro tec tive func tion of tau en ve lopes are sen si tive to
neurodegeneration-re lated me tab o lites, and their fluc tu a -
tions can lead to dis in te gra tion of microtubules.
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THE STRUCTURE OF BACTERIOPHAGE phi9224
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Bacteriophage phi9224 rep re sents a newly dis cov ered
mem ber of the Siphoviridae fam ily, in fect ing Gram-pos i -
tive Macrococcus bac te ria. Mass spec trom e try anal y sis
iden ti fied nine virion pro teins, re veal ing a genomic mod u -
lar struc ture typ i cal of Staphylococcaceae siphophages.
How ever, dis tinct fea tures such as 31-bp ter mi nal in verted
re peats and a short 5’-over hang with vari able se quence
sug gest a unique mech a nism of rep li ca tion and pack ag ing.

The struc ture of this phage has been de ter mined us ing
sin gle par ti cle cryo-elec tron mi cros copy to a res o lu tion of
about 3 C. The bacteriophage virion con sists of a 65 nm
icosahedral capsid (2.96 C) con tain ing the phage ge nome,
a con nec tor be tween the capsid and the tail, and an ap prox i -
mately 300 nm long tail, which is ter mi nated by a 52 nm
long tail tip.  The tail struc ture is com posed of the ma jor tail 

pro tein form ing a hexametric ring ar ranged into six-en try
he lix with a twist of 11.5° and 41.67nm rise. The ma jor tail
pro tein was re con structed to 2.90C res o lu tion us ing he li cal 
re con struc tion al go rithm as im ple mented in CryoSparc [1]. 
The tail tip of this phase is very inhomogeneous and not
vis i ble in cryo-EM data. We show that phi9224 in fects
Gram-pos i tive Macrococcus bac te ria in vi tro and we have
per formed cryo-fo cused ion beam micromachining
(cryo-FIBM) of the phages at tached to the bac te ria to ob -
tain struc tural in sight into the in fec tion pro cess and the tail
tip struc ture.

1. Punjani, A., Rubinstein, J., Fleet, D. et al. cryoSPARC: al -
go rithms for rapid un su per vised cryo-EM struc ture de ter -
mi na tion. Nat Meth ods 14, 290–296 (2017).
https://doi.org/10.1038/nmeth.4169.
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STRUCTURAL VARIABILITY OF PEPTIDE DEFORMYLASE

A. Hrádková1, M. H. Koláø1, J. Kubíèek2

1De part ment of Phys i cal Chem is try, Uni ver sity of Chem is try and Tech nol ogy, Praha
2Gymnázium, Nad Kavalírkou 1, Praha

hradkova@vscht.cz

The first en zyme that bac te rial pro teins en coun ter af ter
their birth is the pep tide deformylase (PDF). PDF binds to
the ri bo some sur face and re moves the formyl group from
the N ter mi nus of the na scent pro tein, which emerges from
the ri bo somal exit tun nel. Based upon struc ture and se -
quence sim i lar ity, PDFs are di vided into Type I, II, and III,
with Type I be ing fur ther di vided into sub groups IA and

IB. Type I PDFs fea ture a C-ter mi nal a-he lix that serves as
the con nec tion point be tween the PDF’s cat a lytic domain
and the ri bo some’s sur face. Con versely, Type II PDFs ex -
hibit an in trin si cally dis or dered C-ter mi nal re gion and the
mech a nism by which Type II PDFs bind to the ri bo some is
un known. Due to se quence di ver gence of Type III in oth er -
wise con served mo tifs in Type I and II, Type III PDFs are
sug gested to be in ac tive. In our study, we in ves ti gate the
fold ing be hav iour of the C-ter mi nal re gion by con duct ing
all-atom mo lec u lar dy nam ics sim u la tions of PDFs de rived
from var i ous or gan isms. Our find ings re veal sig nif i cant
dif fer ences in the conformational en sem bles of the C-ter -
mini be tween Type I and Type II PDFs. We quan ti fied the
sec ond ary struc ture pro pen si ties of the sim u lated sys tems
and found no ta ble dif fer ences as well. The cat a lytic do -
main of PDF plays a piv otal role in shap ing the C-ter mi nal
frag ments. Our re sults shed light on the po ten tial bind ing
mode of PDF to the ri bo somal sur face.

This work was sup ported by the Min is try of Ed u ca tion,
Youth and Sports of the Czech Re pub lic through the e-IN -
FRA CZ (ID:90254), and by the Czech Sci ence Foun da tion 
(pro ject 23-05764S).
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ENZYMATIC REVELATIONS OF ABASIC SITE INTERSTRAND CROSSLINKS REPAIR
FACILITATED BY NEIL3 

Hušková Andrea, Landová Barbora, Bouøa Evžen, Šilhán Jan 

In sti tute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ence, Flemingovo námìstí
542/2, Praha 6, 16610 

andrea.huskova@uochb.cas.cz

Co va lent DNA interstrand crosslinks (ICLs) are toxic
DNA dam age le sions that block the rep li ca tion ma chin ery
that can cause a genomic in sta bil ity. Abasic site ICLs
(Ap-ICLs) are formed spon ta ne ously when an abasic site
forms a co va lent bond with a base lo cated in the op po site
DNA strand. 

A re cently dis cov ered path way known to re pair
Ap-ICL is named af ter the DNA glycosylase re spon si ble
for re mov ing Ap-ICL. NEIL3 is re cruited to Ap-ICL
through ubiquitylation of DNA helicase, a com po nent of
the DNA rep li ca tion com plex. The NEIL3 glycosylase fea -
ture mul ti ple zinc-fin ger do mains, binds to dam aged DNA, 
fa cil i tat ing its cat a lytic func tion. How ever, the pre cise mo -
lec u lar mech a nism of NEIL3 glycosylase in the re pair pro -
cess re mains elu sive.

Through bio chem i cal ex per i ment we elu ci date the de -
tailed bio chem i cal na ture of the co va lent in ter me di ate
formed be tween NEIL3 and Ap-ICL. This work also high -
lights im por tance of methionine re moval pro cess of NEIL3 
cat a lytic do main to get its true cat a lytic ac tiv ity.

We es tab lish that the pre vi ously pub lished cat a lytic
mu tant K82A, while not in volved in ca tal y sis, plays an es -
sen tial role in DNA bind ing. Over all, our in sights sig nif i -
cantly con trib ute to our un der stand ing of the mech a nism
un der ly ing the rec og ni tion and re moval of Ap-ICL by
NEIL3 glycosylase dur ing DNA rep li ca tion.

*For more ex per i men tal and struc tural data see poster of

Barbora Landová.
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CALCIUM-MEDIATED REGULATION OF THE HUMAN UBIQUITIN LIGASE Nedd4-2 

M. Janosev1, K. Honzejkova2, R. Joshi1, P. Pohl1, T. Obsil2, V. Obsilova1 
1Lab o ra tory of Struc tural Bi ol ogy of Sig nal ling Pro teins, Di vi sion BIOCEV, In sti tute of Phys i ol ogy of the

Czech Acad emy of Sci ences, Vestec, Czech Re pub lic
2Dept. of Phys i cal and Macromolecular Chem is try, Fac ulty of Sci ence, Charles Uni ver sity in Prague, 

Czech Re pub lic
masa.janosev@fgu.cas.cz

Nedd4-2 (neuronal pre cur sor cell-ex pressed de vel op men -
tally down-reg u lated 4-2) ubiquitin ligase is one mem ber
among the nine hu man HECT E3 ubiquitin ligases. It is the
last en zyme of the ubiquitination cas cade and di rectly
trans fers ubiquitin mol e cules to its var i ous sub strates,
there fore des ig nat ing them for ei ther endocytosis or
proteasomal deg ra da tion. In ac cor dance with its ubiq ui tous 
na ture, Nedd4-2 has a va ri ety of tar gets. This ex plains the
ne ces sity of study ing its reg u la tion since any disfunction
dis rupts sig nal ling path ways and leads to the de vel op ment
of dif fer ent pathophysiological con di tions – mostly known
and de scribed is Liddle syn drome (form of hy per ten sion
re sult ing from elec tro lytic im bal ance). Like all the mem -
bers of HECT fam ily, Nedd4-2 also con tains three dis tinct
do mains: N-ter mi nal C2 do main, 4 WW do mains and a cat -
a lytic HECT do main. Up un til now, sev eral mech a nisms of
Nedd4-2 reg u la tion were de scribed in lit er a ture. Most no -
ta ble are: autoinhibition (C2 binds to HECT) [1], reg u la -
tion by cal cium ions [2] and in ter ac tion with other bind ing
part ners such as the 14-3-3 dimer (as so ci ates with
phospho rylated res i dues sur round ing the WW2 do main

and blocks in ter ac tion with sub strates) [3, 4]. To un der -
stand how cal cium ions in flu ence this ubiquitin ligase, we
must fo cus our at ten tion on the C2 do main, a cal cium-bind -
ing do main known to bind to mem branes. It is hy poth e -
sized that its role in the ubiquitination re ac tion is to lo cal ize 
the en zyme, spe cif i cally its HECT do main near the mem -
bra nous sub strates (e.g., ion chan nels) and to be the cause
of stop ping the autoinhibition [2]. 

To de ter mine the ef fect and spe cific bind ing of cal cium
ions to Nedd4-2, we per formed two func tional as says in the 
pres ence and ab sence of cal cium: liposome-bind ing as say
(to de scribe the in ter ac tion with mem branes) and
ubiquitination as say with fluorescently la belled ubiquitin
(to de scribe the ac tiv ity of Nedd4-2). We also wanted to
see the spe cific in ter ac tion be tween the C2 do main and cal -
cium, so we crys tal lized it and solved the struc ture. Lastly,
we per formed an a lyt i cal ul tra cen tri fu ga tion to dem on strate 
how cal cium ions in flu ence the in ter ac tion be tween

Nedd4-2 and 14-3-3h dimer.

1. Z. Wang, Z. Liu, X. Chen, J. Li, W. Yao, S. Huang, A. Gu,
Q. Lei, Y. Mao, W. Wen, Nat. Commun., 10, (2019), 3162.
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2. A. Escobedo, T. Gomes, E. Aragon, P. Mar tin-Malpartida,
L. Ruiz, M. J. Macias, Struc ture, 22, (2014), pp.
1446-1457.

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

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

This study was sup ported by the Czech Sci ence Foun da tion 
(V.O., grant num ber: 23-04686S), the Czech Acad emy of
Sci ences (RVO: 67985823 of the In sti tute of Phys i ol ogy)
and the Visegrad Schol ar ship (ID num ber: 52310440).
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TOWARDS UNLOCKING THE POTENTIAL OF STAPHYLOKINASE FOR ISCHEMIC
STROKE TREATMENT VIA A STRUCTURE-BASED PROTEIN ENGINEERING

L. Kašiarová1,2, A. Strunga1, K. Monková3, J. Nováèek3, J. Damborský1, 2, Z. Prokop1,2,
 M. Marek 1,2  

1Loschmidt Lab o ra to ries, De part ment of Ex per i men tal Bi ol ogy and RECETOX, Masaryk Uni ver sity,
Kamenice 5, 62500 Brno, Czech Re pub lic

2In ter na tional Clin i cal Re search Cen ter, St. Anne’s Uni ver sity Hos pi tal Brno, Pekarska 53, 
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linda.kasiarova@recetox.muni.cz

Stroke, the sec ond lead ing global cause of death, leaves up
to 50% of its sur vi vors dis abled, em pha siz ing the crit i cal
need for im proved treat ment. Alteplase, the pri mary throm -
bo lytic drug for ischemic stroke faces clin i cal lim i ta tions,
like high pro duc tion costs, short half-life, in ad e quate
recanalization, and the risk of haem or rhage due to low fi -
brin spec i fic ity. 

There fore, staphylokinase (SAK), a cost-ef fec tive pro -
tein en coded by Staph y lo coc cus aureus, emerges as a po -
ten tial al ter na tive. De spite its prom ise, immunogenicity
and af fin ity is sues with its bind ing part ner pose a sig nif i -
cant draw back. To fill this gap, we ap ply pro tein en gi neer -
ing meth ods to over come the lim i ta tions of SAK. Our
ki netic stud ies re veal that op ti miz ing the bind ing af fin ity
to wards plasmin could en hance the ef fi ciency of
staphylokinase up to ten thou sand times [1, 2], and its
immunogenicity can be mit i gated by site-tar geted mu ta -
gen e sis as dem on strated by mul ti ple non-immunogenic
vari ants with no in fe ri or ity to alteplase in clin i cal tri als [3]. 

In this pro ject, we aim to vi su al ize the macromolecular
com plexes formed be tween SAK and its pro tein part ners
(plasmin and plasminogen) through an in te gra tive struc -
tural bi ol ogy ap proach. We have suc cess fully pro duced re -
com bi nant pro teins, car ried out bio chem i cal characte- 

rization and found first crys tal li za tion hits. Pre lim i nary
elec tron mi cros copy im ag ing has also been con ducted.
These ex per i ments rep re sent piv otal steps to wards cap tur -
ing near-atomic res o lu tion struc tural snap shots that should
pro vide cru cial in sights into the SAK ac tion, guid ing pro -
tein en gi neer ing ef forts to wards its en hanced safety and ef -
fi cacy. More over, the com bi na tion of cryo-elec tron
mi cros copy and X-ray crys tal log ra phy will un veil the
struc tural nu ances of non-immunogenic SAK vari ants to il -
lu mi nate the mit i gated immunogenicity and will be crit i cal
to en gi neer ing the next-wave of SAK-based thrombolytics.

1. M. Toul, D. Nikitin, M. Marek, J. Damborsky, Z. Prokop,
ACS Ca tal y sis 12, no.7 (2022).

2. M. Toul, J. Mican, V. Slonkova, D. Nikitin, M. Marek, 
D. Bednar, J. Damborsky, Z. Prokop, Stroke 53, no.10.

3. S. Vanderschueren, L. Bar rios, P. Kerdsinchai, 
P. Van den Heuvel, L. Hermans, M. Vrolix, 
F. De Man, E. Benit, L. Muyldermans, D. Collen, Cir cu la -

tion (1995).

This work was sup ported by the Czech Sci ence Foun da tion
(22-09853S).
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STRUCTURAL INSIGHT INTO DOMAIN ARCHITECTURE AND REGULATION OF
Nedd4-2 E3 UBIQUITIN LIGASE

Dalibor Košek, Maša Janošev, Andrej Tekel, Tomáš Obšil, Veronika Obšilová
1Lab o ra tory of Struc tural Bi ol ogy of Sig nal ling Pro teins, Di vi sion BIOCEV, 

In sti tute of Phys i ol ogy of the Czech Acad emy of Sci ences, Vestec, Czech Re pub lic
2Dept. of Phys i cal and Macromolecular Chem is try, Fac ulty of Sci ence, 

Charles Uni ver sity in Prague, Czech Re pub lic
dalibor.kosek@fgu.cas.cz

Neuronal pre cur sor cell ex pressed de vel op men tally down- 
reg u lated 4 ligase (Nedd4-2) is a mem ber of the HECT
fam ily E3 ubiquitin ligases, piv otal in the reg u la tion of var -
i ous ion chan nels, mem brane re cep tors, and tu mor sup -
pressors. It cat a lyzes the trans fer of ubiquitin from E2
ligase to spe cific tar gets, mark ing them for proteasomal
deg ra da tion or endocytosis, thereby mod u lat ing nu mer ous
sig nal ing path ways. Dysregulation of Nedd4-2 has been
im pli cated in hy per ten sion, kid ney dis eases, and tu mor de -
vel op ment, high light ing its po ten tial as a ther a peu tic tar get. 
Nedd4-2 reg u la tory mech a nisms in volve autoinhibition,
cal cium bind ing, mod u la tion of sub strate spec i fic ity, and
phosphorylation, which re sults in the bind ing of 14-3-3
pro teins and sub se quent changes in con for ma tions [1-4].
How ever, the struc tural mech a nisms of these reg u la tory
pro cesses re main only poorly un der stood. Here, we pres ent 
an in te gra tive struc tural anal y sis that com bines the cryoEM 
struc ture of Nedd4-2 with small-an gle X-ray scat ter ing
(SAXS) data of the Nedd4-2/14-3-3 com plex. This ap -
proach un veils the spa tial or ga ni za tion of dif fer ent do -
mains within Nedd4-2 and of fers in sights into the
ar chi tec ture of the com plex formed with 14-3-3 pro teins.

Un der stand ing the struc tural in tri ca cies of Nedd4-2 and its
in ter ac tion with 14-3-3 not only sheds light on its reg u la -
tory mech a nisms but also of fer a new op por tu ni ties for tar -
geted in ter ven tions aimed at re stor ing its func tion in
patho log i cal con di tions.

1. P. Goel, J. A. Man ning, and S. Kumar, Gene, 557, (2015),
1–10.

2. H. He, C. Huang, Z. Chen, H. Huang, X. Wang and 
J. Chen, Biomed Pharmacother, 125, (2020), 109983.

3. J. A. Man ning and S. Kumar, Trends Biochem. Sci., 43,
(2018), 635–647.

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

This study was sup ported by the Czech Sci ence Foun da tion 
(V.O., grant num ber: 23-04686S), the Czech Acad emy of
Sci ences (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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Phosphorylation is a post-translational mod i fi ca tion that
af fects struc ture, func tion, and in ter ac tions of pro teins.

14-3-3z pro tein, an abun dant hu man reg u la tory pro tein, in
non-phosphorylated state ex ists as a dimer [1]. How ever,
af ter phosphorylation at Ser58 (pS58), it monomerizes and
changes its prop er ties [2, 3]. Hyperphosphorylation of Tau
pro tein, a microtubule-as so ci ated pro tein, causes de tach -
ment of Tau from microtubules in neu rons and leads to
neurodegeneration [4]. Hyperphosphorylated Tau ag gre -
gates into neurofibrillary tan gles (NFTs) - one of the hall -

marks of Alz hei mer’s dis ease (AD). As 14-3-3z pro teins

were found colocalized in the NFTs [5], their in ter con nec -
tion with Tau in AD needs to be com pre hended.

In our study, we aimed to com pare in ter ac tion prop er -

ties of dimeric 14-3-3z WT and monomeric 14-3-3z pS58
with re spect to Tau pro tein. The in ter ac tion with Tau pro -
tein phosphorylated by pro tein kinase A (PKA) was in -
spected from var i ous points of view. The bind ing af fin ity,
stoichiometry, and in ter act ing res i dues were stud ied us ing
na tive-PAGE, chem i cal cross-link ing, tan dem MS, and
NMR spec tros copy. We re vealed that phosphorylation of

14-3-3z at Ser58 de creases its af fin ity to Tau pro tein and
changes bind ing stoichiometry. Both NMR and cross-link -
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ing re sults sug gested that Tau is in con tact with 14-3-3z
pro teins via the proline-rich do main and microtubule-bind -
ing do main. More over, cross-link ing data showed that not

only the bind ing chan nel of 14-3-3z pro tein is re spon si ble

for Tau bind ing, but also the outer 14-3-3z pro tein sur face

and ex posed dimeric in ter face of monomeric 14-3-3z pS58 
are in volved. In sum mary, we pro vide novel in sight into

the 14-3-3z+Tau in ter ac tion and its reg u la tion by
phosphorylation of both part ners.

1. V. Obsilova & T. Obsil, Front. Mol. Biosci., 9, (2022),
1-15.

2. A. Kozeleková, A. Náplavová, T. Brom, N. Gašparik, 
J. Šimek, J. Houser, J. Hritz, Front. Chem., 10, (2022),
1-17.

3. Z. Trošanová, P. Louša, A. Kozeleková, T. Brom, 
N. Gašparik, J. Tungli, V. Weisová, E. Župa, G. Žoldák, 
J. Hritz, J. Mol. Biol., 434, (2022), 167479. 

4. T. Arendt, J. T. Stieler, M. Holzer, Brain. Res. Bull., 126,
(2016), 238-292. 

5. R. Layfield, J. Fergusson, A. Aitken, J. Lowe, M. Landon,
R. J. Mayer, Neurosci. Lett., 209, (1996), 57-60.

This pro ject has re ceived fund ing from the Eu ro pean Un -
ion’s Ho ri zon Eu rope pro gram un der the grant agree ment
No. 101087124 and from Czech Sci ence Foun da tion
(GF20-05789L). We ac knowl edge CEITEC Proteomics
Core Fa cil ity and Josef Dadok Na tional NMR Cen tre 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). Com pu ta tional re sources were pro vided by
the e-IN FRA CZ pro ject (ID:90254), supported by MEYS
CR.
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DEVELOPMENT AND CLINICAL PREGNANCY IN PGT CYCLES
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In tro duc tion: Aneuploidy is one ge netic fac tor lead ing to
the fail ure of em bryo im plan ta tion. At pres ent, the col lec -
tion of em bryo cells for PGT is car ried out ac cord ing to the
speed of em bryo de vel op ment on ei ther the 5th or 6th day
of blastulation. This study aimed to in ves ti gate the re la tion -
ship be tween the day of em bryo blastulation and the ploidy
sta tus of em bryo, to se lect em bryos with the most like li -
hood of be ing euploid in a noninvasive way.
Meth ods: This ret ro spec tive study re cruited women un -
der go ing preimplantation ge netic test ing (PGT) for
aneuploidy with trophectoderm bi opsy, first ovar ian stim u -
la tion cy cles only. First Fac ulty of Med i cine and Gen eral
Teach ing Hos pi tal pa tients were in cluded in the ret ro spec -
tive study in cy cles with PGT (83 PGT A, 28 PGT M, 14
PGT - SR). Em bryos were cul ti vated 5-6 days, av er age age
of pa tients was 37 years. For bi opsy we used good qual ity
blastocyst with good ex pan sion of blastocele cav ity and the 
in teg rity of both the in ner cell mass and trophectoderm
cells. Just em bryos of A type: EB 4AA, 4AB, 4BA, 5AA,
5AB, 5BA, 6AA, 6AB, 6BA [1] and em bryos of B type: EB 
4BB, 3AB, 3BB [1] were PGT eval u ated. 
Re sults: 250 blastocysts from PGT cy cles were eval u ated.
The euploid rate (num ber of euploid em bryos di vided by
sum of all PGT tested em bryos) of day 5 A-blastocysts was
sig nif i cantly higher than that of day 6 A blastocysts, ei ther

from the first ovar ian stim u la tion cy cles only: 39%
(46/119) vs 28% (16/57) . In the case of B blastocysts the
ef fect was even stron ger : euploid rate of day 5 B em bryos
was higher than that of day 6 : 29% (8/28) vs 13% (6/46),
ei ther from the first ovar ian stim u la tion cy cles.  The
euploid rate of day 5 was higher than that of day 6
blastocysts, ei ther from the first ovar ian stim u la tion cy cles
only: 35% (62/176) vs 28% (14/74). The euploid rate of A
blastocysts was higher than that of B blastocysts: 37%
(54/147) vs 21% (22/103).
Con clu sion(s): The euploid rate of A-blastocysts was sig -
nif i cantly higher than that of B blastocysts. This ef fect was
stron ger for 6 th day blastocysts. So, if we for any rea son
ap ply non PGT cy cles it can be hepful to de ter mine the cat -
e go ries of blastocysts (A, B), so that on the 5th and es pe -
cially the 6th day, we can se lect a sig nif i cantly more
suit able em bryo (A) for trans fer.

1. Gardner D.K., Schoolcraft W.B. Cul ture and trans fer of hu -
man blastocysts. Curr. Opin. Obstet. Gynecol.
1999;11:307–311. doi:
10.1097/00001703-199906000-00013. 

This work was sup ported by pro ject of the First Fac ulty of
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542/2, Praha 6, 16610
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Flaviviruses (fam ily Flaviviridae) be long to sin gle-
 stranded pos i tive sense RNA vi ruses. They are able to
cause hu man in fec tions such as en ceph a li tis, acute flac cid
pa ral y sis etc., there fore ef fec tive treat ment strat e gies are
ur gently needed [1]. Con tem po rary flaviviral an ti vi ral
ther a pies are based on nu cle o tide and nucleoside de riv a -
tives which tar get the vi ral poly mer ase. It fol lows that re -
veal ing the struc ture of the poly mer ase is es sen tial for
ra tio nal drug de sign [2]. Our main fo cus is on the non-
 struc tural pro tein 5 (NS5) of dif fer ent flaviviruses since it
har bors RNA poly mer ase ac tiv ity, guanyl transfe rase and
methyltransferase ac tiv ity which are es sen tial for ef fi cient
vi ral rep li ca tion. Im por tantly, NS5 pro tein pos sesses
highly con served drug tar gets shared among flavi viruses
[3].

Our man goal is to pre pare cat a lyt i cally ac tive methyl -
transferase and RNA-de pend ent RNA poly mer ase from

Ntaya vi rus for test ing po tent in hib i tors and to ob tain a
crys tal struc ture with se lected in hib i tors.

1. Konkolova, E.; Krejèová, K.; Eyer, L.; Hodek, 
J.; Zgarbová, M.; Foøtová, A.; Jirasek, M.; Teply, F.;
Reyes-Gutierrez, P.E.; Rù¾ek, D.; Weber, J.; Boura,
E., Mol e cules 2022, 27, 1894.

2. Eyer, L., ©mídková, M., Nencka, R., Neèa, J., Kastl, T.,
Palus, M., De Clercq, E., Rù¾ek, D. (2016), An ti vi ral Re -
search 133, 119–29.

3. Dubankova, A., Boura, E. (2019), An ti vi ral Re search 169,
104536.

This re search was funded by the pro ject the Na tional In sti -
tute Vi rol ogy and Bac te ri ol ogy (Programme EXCELES,
Pro ject No. LX22NPO5103) - Funded by the Eu ro pean
Un ion - Next Gen er a tion EU and the Grant Agency of
Charles Uni ver sity (Grant No. 408422).
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e-INFRA CZ IN TERACTI VE AND FAIR: BEY OND QSUB COM PU TING

I. Køenková1, A. Køenek2

1CESNET, z.s.p.o, Generála Píky 430/26, 160 00 Prague 6
2In sti tute of Com puter Sci ence, Masaryk Uni ver sity, Šumavská 416/15, 602 00 Brno

ivana.krenkova@cesnet.cz

For de cades, re sources pro vided by large com put ing and
data in fra struc tures have been ac cessed by non-in ter ac tive
batch job sub mis sion and data stor age on shared file -
systems. There are good rea sons to re tain this ap proach —
it still of fers the op ti mal per for mance and the best uti li za -
tion of the pre cious re sources. On the other hand, it suf fers
from lim ited user com fort and sup port for re cently emerg -
ing re quire ments of re pro duc ible sci ence.

There fore, e-IN FRA CZ pro vides and fully sup ports al -
ter na tive com put ing en vi ron ments:

Jupyter note books have gained at ten tion in re cent
years. The user’s work is re corded as a se quence of com pu -
ta tional steps (``cells’’), which may in clude sim ple cal cu la -
tions and data pro cess ing, vi su al iza tion of in ter me di ate
re sults, and also spawn ing ex ten sive cal cu la tions which al -
lo cate fur ther re sources (CPU, GPU, mem ory) dy nam i -
cally.

At the tech ni cal level, those cal cu la tions are containe -
rized ap pli ca tions run ning in the same Kubernetes en vi ron -
ment.

We pro vide easy-to-adopt and ex tend ex am ples with
mo lec u lar dy nam ics sim u la tion and re fer to ex am ples of
com plex workflows (mo lec u lar dy nam ics com bined with
ma chine learn ing, ab in itio cor rec tions of mo lec u lar me -
chan ics forcefields).

With the use of wid gets li brar ies, ex per i men tal Jupyter
note books can evolve con tin u ously into full-fea tured
GUIs. Cur rently, we pro vide such in ter faces for Alphafold/ 
Omegafold/Esmfold and a pi lot for the mo lec u lar dy nam -
ics hub; oth ers may emerge ac cord ing to the com mu nity re -
quire ments.

Gal axy is a widely sup ported com mu nity frame work
where thou sands of pre-canned tools (orig i nat ing in
genomics/proteomics/metabolomics but not lim ited to
those any more) are com posed into workflows. We pro vide
gen eral-pur pose usegalaxy.cz in stal la tion, which mir rors
the ref er ence usegalaxy.eu set of tools but pro vides con sid -
er ably larger re sources to e-IN FRA CZ us ers and a few
spe cial ized ones for spe cific com mu ni ties (Re peat Ex -
plorer, UMSA).
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The OnDemand plat form pro vides a sim i lar en vi ron -
ment for launch ing graph i cal ap pli ca tions.

We also pro vide cloud-na tive ac cess through Kuberne -
tes, en abling re search ers to ex e cute large-scale containe -
rized com pu ta tions seamlessly. 

Both Jupyter note books and Gal axy ad dress the repro -
ducibility re quire ment (“R” from FAIR) na tively by re -
cord ing the his tory of user’s cal cu la tions, as well as
inter operability (“I”) to some ex tent (sup port of data for -
mat con ver sions, etc.). 

e-IN FRA CZ grad u ally de vel ops tools to ad dress
findability (“F”, e.g. pi lot of semi-au to mated metadata
provisioning for mo lec u lar dy nam ics cal cu la tions). Ac ces -
si bil ity (“A”) is the prin ci pal goal of the cur rent de vel op -
ment of the Na tional re pos i tory plat form.

This com plex ap proach po si tions our e-IN FRA CZ in fra -
struc ture at the fore front of em pow er ing  re search ers
through the syn ergy of ad vanced com put ing and in no va tive 
data storage services.

P27

RESOLVING PROTEIN DYNAMICS WITH STOKES AND ANTI-STOKES RAMAN
CORRELATION MICROSCOPY

Shilpa Kurupath Bhavadas, Miroslav Kloz

ELI Beamlines Fa cil ity, The Ex treme Light In fra struc ture ERIC, Za Radnicí 835, 
25241 Dolní Bøežany, Czech Re pub lic.

shilpa.kurupath@eli-beams.eu

With the ad vent of la sers, Raman spec tros copy has been
used as a valu able tool in vi bra tional spec tros copy for in -
ves ti gat ing the prop er ties of mat ter. When the scat ter ing is
in elas tic, with the trans fer of en ergy be tween the pho ton
and mol e cule, ei ther the mol e cule gains en ergy from the
pho ton, lead ing to the Stokes scat ter ing or the mol e cule
loses en ergy to the pho ton, lead ing to the anti-stokes scat -
ter ing. Quan tum me chan i cally Stokes and Anti-Stokes are
equally likely pro cesses. How ever, Anti-Stokes scat ter ing
re quires vi bra tion level to be pop u lated. This pop u la tion is
di rectly de pend ent on en ergy in the given vi bra tion mode.
In equi lib rium, this en ergy co mes from the tem per a ture but
dur ing the re ac tion, the vi bra tion pop u la tion can be a di rect
con se quence of the pre vi ous re ac tion. For this rea son, an
asym me try be tween Stokes and anti-Stokes scat ter ing po -
ten tially pro vides valu able in for ma tion about the
(bio)chem i cal re ac tion mech a nism, es pe cially if it can be
re corded with high tem po ral res o lu tion.

The anti-stokes to stokes in ten sity ra tio as a func tion of
tem per a tures is
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where vs  is the fre quency of the vi bra tional mode, v1  is the
la ser fre quency, T is the sam ple tem per a ture, k is the
Boltzmann con stant, Ias, Is are the anti-stokes and stokes in -
ten si ties.

We are pro pos ing an im ag ing set up, based on si mul ta -
neous mea sure ment of Stokes and anti-Stokes Raman scat -

ter ing. Such set up should de liver con trast re lated to
spe cific un der ly ing re ac tions and en hance re sis tance to flu -
o res cence back ground that is no to ri ous in Raman
microscopy.

1. Y. Hagiwara, K. Takahata, J. Torimoto, and J. Yamamoto,
"CO2 Raman ther mom e ter im prove ment: Com par ing hot
band and Stokes and anti-Stokes Raman scat ter ing ther -
mom e ters," J. Raman Spectrosc., vol. 49, no. 11, pp.
1776-1781, 2018, doi: 10.1002/jrs.5461.
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Landová Barbora, Hušková Andrea, Bouøa Evžen, Šilhán Jan 
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Genomic DNA un der goes spon ta ne ous base loss and
deamination, fol lowed by base re moval. These are the lead -
ing causes for abasic site for ma tion. The open-ring form of
abasic ribose con tains re ac tive al de hyde group that readily
in ter acts with amines, oc ca sion ally lead ing to the for ma -
tion of Abasic Site DNA interstrand crosslinks, known as
Ap-ICL.

DNA crosslinks are block ing DNA rep li ca tion and may 
re sult in cell cy cle ar rest, cell death, or can cer. Var i ous re -
pair pro cesses have evolved to com bat the del e te ri ous ef -
fects. Replisome ar rest trig gers a ubiquitylation of
replicative helicases re cruit ing the NEIL3 glycosylase for
the re pair of Ap-ICL. How ever, the mo lec u lar mech a nisms
of rec og ni tion and re moval of Ap-ICL by this atyp i cal
DNA glycosylase re main elu sive.

In this study, we pres ent the crys tal struc ture of the
glycosylase do main of NEIL3 bound to sin gle-stranded
DNA (ssDNA) and a set of bio phys i cal ex per i ments aimed
at pro vid ing a more com pre hen sive un der stand ing of the
pro cess of Ap-ICL re moval. Ad di tion ally, we char ac ter ize
the re sult ing prod uct of Ap-ICL re moval as a 3’-phos phate. 
Our find ings also dem on strate that the re duc tion of the
Shiff-base of the Ap-ICL ei ther im pedes/does not af fect its
re moval. Col lec tively, our data shed light on the mo lec u lar
de tails of how NEIL3 glycosylase binds to and pre fers
ssDNA, ren der ing it a unique mem ber of the Fpg/Nei fam -
ily.

*For de tailed ex per i men tal data see poster of Andrea Hušková.
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TOWARDS THE STRUCTURE OF STEAROYL-ACYL CARRIER PROTEIN COMPLEX
WITH FATTY ACYL

S. Macháèek, M. Tupec, M.Culka, A. Machara, L. Rulíšek, I. Pichová

IOCB Prague, Flemingovo námìstí 2
stanislav.machacek@uochb.cas.cz

Stearoyl-acyl car rier pro tein desaturase (SAD) is a diiron
clus ter-con tain ing en zyme that cat a lyzes the spe cific in tro -
duc tion of dou ble bonds into fatty acyl chains. The core of
SAD, con sist ing of four he li ces, is struc tur ally sim i lar to
other diiron-con tain ing en zymes such as peroxidase,
rubrerythrin, and meth ane monooxygenase (MMO). Our
pre vi ous study of SAD in Ricinus communis mapped the
con tri bu tion of spe cific mu tated res i dues to the change in
prod uct spec i fic ity from desaturation to hydroxylation.
These mu ta tions in the SAD pro tein were based on the
MMO pro tein, for which the hydroxylation re ac tion mech -
a nism is de scribed. Ricinus communis SAD is a sol u ble en -
zyme, and its struc ture is known even in com plex with the
acyl car rier pro tein. How ever, the ori en ta tion of fatty acyls
in the ac tive site of the SAD, the im pact of fatty ac ids on
pro tein struc ture, and the pre cise desaturation re ac tion
mech a nism re main elu sive.

In this study we have co-crys tal lized SAD from Ricinus
communis with mod i fied sub strates, to ob tain a pro -
tein-ligand com plex that re veals the ge om e try of the sub -
strate in the ac tive site. To ob tain crys tals of a pro tein- 
ligand com plex, the stearoyl-CoA sub strate was mod i fied
by the ad di tion of an oxime or keto group with che lat ing
prop er ties. Co-crys tal li za tion with the mod i fied sub strates
led to the suc cess ful de ter mi na tion of the 3D pro tein-ligand 
struc ture us ing X-ray crys tal log ra phy. The newly ob tained
struc ture rep re sents the first sol u ble SAD struc ture with
elec tron den sity for the fatty acyl chain in the pro tein struc -
ture. This crys tal lo graphic data will be used for the pre cise
sim u la tion of the re ac tion mech a nism us ing the QM/MM
ap proach, thus contributing to the knowledge of the
reaction mechanism.

¨
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NEURODEVELOPMENT DISORDERS AND THEIR IMPACT ON THE STRUCTURE AND 

FUNCTION OF THE PROTEIN SHP2

L. Martínek1, P. Havlíèková2, Z. Futera3, M. Fencková1

1Dep. of Mo lec u lar Bi ol ogy and Ge net ics, Fac. of Sci ence, Uni ver sity of South Bo he mia, Èeské Budìjovice
2De part ment of Chem is try, Fac ulty of Sci ence, Uni ver sity of South Bo he mia, Èeské Budìjovice
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SHP2 is a pro tein-ty ro sine phosphatase en coded by the
gene PTPN11. It is a pos i tive reg u la tor of RAS-MAPK sig -
nal ling path way, which is im por tant for cell di vi sion. De -
reg u la tion of the path way can lead to can cer or se vere
neurodevelopmental dis or ders (NDD) [1]. There fore, it
needs to be tightly con trolled. SHP2 con trols RAS-MAPK
by dephosphorylating its in hib i tor Sprouty1 [2]. Most dis -
ease-caus ing vari ants in PTPN11 are gain of func tion,
which means, that SHP2 more ef fi ciently dephospho -
rylates its sub strates [3]. My work fo cuses on the novel,
uncharacterized vari ants iden ti fied in in di vid u als with
NDD. These vari ants are missense and re sult in sin gle
amino acid sub sti tu tions.

SHP2 is com posed of three do mains: N-SH2 do main,
C-SH2 do main and PTP-do main (cat a lytic do main) and
can be pres ent in two con for ma tions – in ac tive state and ac -
tive state. In the in ac tive state, N-SH2 do main in ter acts
with the PTP-do main and dis ables its dephosphorylation
ac tiv ity. This pro cess is called autoinhibition.  To be come
ac tive, a bind ing pro tein needs to pro vide ty ro sine phos -
phates to the N-SH2 and C-SH2 do mains. This stops the

autoinhibition and the PTP-do main is ac ces si ble and can
dephosphorylate its sub strates [3]. My aim is to in ves ti gate
the im pact of the novel missense vari ants on the auto -
inhibition pro cess with the use of mo lec u lar dy nam ics. The
re sults will help to elu ci date their patho ge nic ity and their
ef fect on mo lec u lar func tion. The gained knowl edge will
be uti lized for the se lec tion of the most ef fec tive SHP2-tar -
get ing drugs from ex ist ing li brar ies or for de sign of new
drugs that are spe cific to these vari ants. 

1. Krab, L., C., et al. (2008) Onco genes on my mind: ERK
and MTOR sig nal ing in cog ni tive dis eases, Trends in Ge -
net ics; 24: 499-510.

2. Mor ri son, D., K. (2012) MAP Kinase Path ways, Cold
Spring Harb Perspect Biol. 

3. Yu, Z., H., et al. (2014) Mo lec u lar ba sis of gain-of-func -
tion LEOPARD syn drome-as so ci ated SHP2 mu ta -

tions. Bio chem is try; 53: 4136-4151.

This work is sup ported by the Czech Grant Agency (grant
no. 23-07810S) and by the ERC-CZ pro gram of the Min is -
try of Ed u ca tion, Youth and Sports (grant no. LL2322).
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Het er o ge neous nu clear ribonucleoproteins (hnRNPs) are a
fam ily of RNA-bind ing pro teins abun dant in a nu cleus.
They are known to coat the pre-mRNA and to be in volved
in many as pects of nu cleic acid me tab o lism, like mRNA
sta bi li za tion, al ter na tive splic ing, reg u la tion of tran scrip -
tion and trans la tion, RNA ex port, and deg ra da tion [1]. The
early stud ies (in the 1970s) have shown, that in nu clei lysed 
with out the RNase in hib i tors, a large frac tion of pre-
 mRNA was in a de fined pro tein-RNA com plex sedi -
menting at 40S [2]. It was shown that the core of this par ti -
cle is formed by hnRNP C1/C2, hnRNP A1/B2, and
hnRNP A2/B1 [1]. It has led to an in trigu ing sug ges tion,
that the 40S hnRNP par ti cle could rep re sent a coun ter part
to the DNA nucleosome [3]. 

Our goal is to de scribe the biogenesis of the 40S par ti -
cle, pro vide a struc tural de scrip tion of the 40S par ti cle us -
ing cryo-elec tron mi cros copy (cryo-EM), and vi su al ize it
in situ. We have es tab lished TRex-293 lines ex press ing
FLAG-tagged hnRNPC1/C2 pro teins and were able to pull
down the 40S par ti cles. We have pre pared neg a tively
stained grids with the par ti cle and are now op ti miz ing the
prep a ra tion of vit ri fied grids for the cryo-EM to struc tur -
ally char ac ter ize these par ti cles us ing sin gle par ti cle anal y -
sis. To study ribonuclosome in in tact cells we have
pre pared thin lamellae by cryo-FIB/SEM and col lected the
data us ing cryo-EM.

1. Dreyfuss G, Matunis MJ, Piñol-Roma S, Burd CG. hnRNP
pro teins and the biogenesis of mRNA. Annu Rev Biochem. 

Ó Krystalografická spoleènost

48 Dis cus sions XX  -  Post ers Ma te ri als Struc ture, vol. 30, no. 1 (2024)



1993;62:289-321. doi:
10.1146/annurev.bi.62.070193.001445. PMID: 8352591.

2. Samarina OP, Lukanidin EM, Molnar J, Georgiev GP.
Struc tural or ga ni za tion of nu clear com plexes con tain ing
DNA-like RNA. J Mol Biol. 1968 Apr 14;33(1):251-63.
doi: 10.1016/0022-2836(68)90292-1. PMID: 5646646.

3. Chung SY, Wooley J. Set of novel, con served pro teins fold 
pre-mes sen ger RNA into ribonucleosomes. Pro teins. 1986
Nov;1(3):195-210. doi: 10.1002/prot.340010302. PMID:
3329728.
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Cryo-elec tron mi cros copy (cryo-EM) has emerged as a
piv otal tech nique in struc tural bi ol ogy, of fer ing un par al -
leled in sights into the ar chi tec ture of macromolecules at
near-atomic res o lu tion.

A cru cial re quire ment for ac qui si tion and col lec tion of
high qual ity data is prop erly vit ri fied and highly con cen -
trated spec i men. How ever, sam ple prep a ra tion still pres -
ents chal lenges in thicker spec i mens as big ger cells or
cel lu lar clus ters, those are frozen by con ven tional plunge
freez ing method and may suf fer with im proper vit ri fi ca -
tion. An other prob lems could be low con cen tra tion or in ad -
e quate dis tri bu tion of sam ple on elec tron mi cros copy grid
or pre ferred ori en ta tion of the spe cific sam ple [1].

Here, we fo cus on the re cently in tro duced “Waf fle”
method [1] and show it po ten tial for prep a ra tion of var i ous
types of sam ple used in cryo-EM.

The waf fle method is based on sam ple vit ri fi ca tion
within the thick ness of the TEM grid bars and it com bines

plunge freez ing on the elec tron mi cros copy grid with a
tech nique of high pres sure freez ing, that pro vides an ad -
van tage of proper vit ri fi ca tion of spec i mens thicker than 15 

mm.
Thus, a 20-30um thick layer is pre pared which needs to

be fur ther pro cessed by cryo-fo cused ion beam micro -
maching (cryo-FIBM) to fi nal thick ness ~200nm be fore
cryo-EM im ag ing.

We show ben e fits and lim i ta tions of the waf fle method
for vit ri fi ca tion of pu ri fied pro teins, pro tein crys tals, bac te -
rial cell sus pen sions and eukaryotic cells.

1. Kelley K, Raczkowski AM, Klykov O, Jaroenlak P, Bobe
D, Kopylov M, Eng ET, Bhabha G, Pot ter CS, Carragher
B, No ble AJ. Nat Commun. 2022 Apr 6;13(1):1857. doi:
10.1038/s41467-022-29501-3.
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Histone deacetylase 6 (HDAC6) is a zinc-de pend ent
hydro lase that plays a crit i cal role in nu mer ous (patho)
phys i o log i cal pro cesses and thus serves as a tar get of ther a -
peu tic in ter ven tions in can cers, and neu ro log i cal and in -
flam ma tory dis eases. Many HDAC6-spe cific in hib i tors
ex ist that are used as re search re agents or are in clin i cal tri -
als, yet these might have lim ited spec i fic ity and suboptimal
pharmacokinetics that is trans lated into suboptimal ther a -
peu tic ef fi cacy. Mahboobi group re cently re ported Marbo -
stat- 100 as a highly se lec tive and po tent HDAC6 in hib i tor
[1] built on the Tubastain A (TubA) scaf fold [2]. How ever,
pre-clin i cal in vivo stud ies in di cated lim ited plasma sta bil -
ity as its ma jor li a bil ity. To as sist fur ther de vel op ment of
Marbostat-100, we solved a crys tal struc ture of HDAC6 in

a com plex with SS-294, a Marbostat-100 de riv a tive with
im proved pharmacokinetic prop er ties. Our data de tail
struc tural fea tures of SS-294 that are crit i cal for ef fi cient
in ter ac tions with the en zyme and the can be fur ther op ti -
mized for im proved po tency, sta bil ity, and se lec tiv ity.

1. A. Sellmer, H. Stangl, M. Beyer, E. Grünstein, 
M. Leonhardt, H. Pongratz, E. Eichhorn, S. Elz, B. Striegl, 
Z. Jenei-Lanzl, S. Dove, R.H. Straub, O.H. Krämer, 
S. Mahboobi, Jour nal of Me dic i nal Chem is try, 61, (2018),
3454.

2. K. V. But ler, J. Kalin, C. Brochier, G. Vistoli, B. Langley,
A. P. Kozikowski, Jour nal of the Amer i can Chem i cal So ci -
ety 2010, 132, 10842.
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RESOLVING THE EARLY INFECTION STAGES OF THE VIRUSES FROM THE ORDER
PICORNAVIRALES IN VIVO

Mukhamedova L., Ishemgulova A., Trebichalska Z., Füzik T., Novacek J., Buchta, D.,
Sukeník L., Pridal A., Plevka P.

Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity

For all vi ruses, the ini tial stages of in fec tion pre de ter mine
the suc cess of the en tire in fec tion pro cess. The cru cial ini -
tial steps in clude re cep tor bind ing, cell en try, and ge nome
de liv ery. In our re search, we fo cus on the cell en try and ge -
nome de liv ery of vi ruses from the fam ily Picornavirales.
To in fect the host, picornaviruses uti lize the endocytic ma -
chin ery of the cell. Pre vi ously, it was dem on strated that

virions un dergo struc tural changes trig gered by low pH, re -
cep tor bind ing, or a com bi na tion of both. These changes
have been at trib uted to ge nome de liv ery into the cell cy to -
plasm. How ever, the de tailed mech a nism was not well un -
der stood. In our re search, us ing cryo-elec tron mi cros copy
meth ods, we dem on strate how picornaviruses in vade the
cell and re lease their RNA in vivo.
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VISUALIZATION OF TAU PATHOLOGY USING IN SITU CRYO-ET

Hana Nedozrálová, Jaroslav Straník, Jozef Hritz

Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 5, 625 00 Brno, Czechia
hana.nedozralova@ceitec.muni.cz

Misfolded tau pro teins un dergo patho log i cal al ter ations,
ag gre gat ing into fi brils that sub se quently form neuro -
fibrillary tan gles, the hall mark of neurodegeneration in
tauo pathies, in clud ing Alz hei mer’s dis ease (AD). The ac -
cu mu la tion of misfolded tau in neu rons dis rupts cel lu lar
phys i ol ogy, lead ing to neuronal death and the prop a ga tion
of tau misfolding through out the brain. The pres ence of
patho log i cal tau pro tein in the brain also af fects microglia,
which play a cru cial role in the up take and clear ance of tau
ag gre gates, on the other hand, microglia ac tiv ity causes
chronic neuroinflammation which fur ther dam ages neu -
rons. De spite ad vance ments in un der stand ing tau pa thol -
ogy, the re la tion ships be tween ini tial tau misfolding, fi bril
for ma tion, the prop a ga tion of pa thol ogy across con nected
neu rons, and sub se quent cytotoxicity on the level of in di -
vid ual neu rons and microglia re main un clear.

We em ploy in situ cryo-ET to in ves ti gate the ultra -
structural as pects of the up take of AD tau fi brils by

neuroblastoma and microglia. Our fo cus is on mor pho log i -
cal in for ma tion about tau neurofibrils and their in ter ac tions 
within neu rons, with an em pha sis on the cytoskeleton, mi -
to chon dria, and deg ra da tion ma chin ery. Re gard ing micro -
glia, we con cen trate on AD tau fi bril phagocytosis and
deg ra da tion.

In this poster, we pres ent our in situ vi su al iza tion
workflow and show case pre lim i nary cryo-ET data of
AD-tau fi bril in take by neuroblastoma and microglia.

This work has re ceived fund ing from the Czech Sci ence
Foun da tion (22-15175I). We ac knowl edge CF CryoEM 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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MUTATIONAL ANALYSIS ON VIRAL HCMV UL141 PROTEIN TO SPECIFY THE
BINDING SITE OF NOVEL ANTAGONIST THAT BLOCKS TRAIL-R2 BINDING

I. Nemèovièová1, J. Kóòa2, M. Poláková2, T. Klunda2, A. Bitala1, M. Benko1, and M. Nemèoviè2

1Bio med i cal Re search Cen ter, Slo vak Acad emy of Sci ences, Bratislava, Slovakia
 2In sti tute of Chem is try, Slo vak Acad emy of Sci ences, Bratislava, Slovakia

viruivka@savba.sk

The hu man cytomegalovirus (HCMV) world wide sero -
prevalence is es ti mated to 83% in the gen eral pop u la tion
[1-2]. Usu ally, it is con trolled by a vig or ous im mune re -
sponse so that in fec tions are asymp tom atic, or symp toms
are mild. How ever, if the im mune sys tem is com pro mised,
HCMV can rep li cate to high lev els and cause se ri ous end
or gan dis ease [3]. Al though HCMV rep re sents a com plex
tar get, the rounds of it er a tive stud ies could po ten tially
bring this im por tant and un der-rec og nized hu man patho -
gen un der con trol. 

Over four re cep tor-bind ing patches (RBP) of the
glycosylated vi ral pro tein UL141 is ca pa ble of bind ing to
hu man TRAIL death re cep tor 2 (TRAIL-R2) [4] and trig -
ger the NK sig nal ling path way to ben e fit vi ral fit ness [5-7]. 
Hence, it is ra tio nal to in hibit the RBP ac tiv ity of the
UL141 pro tein by block ing the RBP in ter ac tion with
TRAIL-R2, which makes the UL141 a po ten tial tar get for
de sign ing and de vel op ing an ti vi ral agents. In this study, the 
mo lec u lar fea tures of the UL141 of HCMV are high -
lighted, such as the struc ture, func tions, and in ter ac tions of
the UL141 and TRAIL-R2. Fur ther more, the de vel op ment

of glycomimetic struc tures by com pu ta tional design and
biochemical testing is reported.

The aim is to de velop the short pep tide or syn thetic
com pound (UL141 an tag o nist) based on our re cent crys tal
struc ture and com pu ta tional de sign that would spe cif i cally
bind vi ral UL141 to block re cep tor bind ing thus pre vent
the vi ral ac tion. This is rel e vant, as the UL141 is also the
most abun dant HCMV pro tein on plasma mem brane and it
is also a com po nent of the virion. Based on our com pu ta -
tional screen ing of iminosugars the ‘hit’ struc ture was se -
lected. We test a small li brary of synthetized com pounds
(po ten tial UL141 an tag o nists) that would block the re cep -
tor bind ing in vi tro, on the cell or virion sur face. Se ries of
com pounds that have been tested are of glycomimetics
struc tures con sist ing of var i ous saccharide units linked
with non-saccharide. 

In par tic u lar, non-ionic glyco lipids, ‘click’-con ju gates
or iminosugars. The ELISA-like TMB as say has been used
in com bi na tion with dynabeads coat ing to test whether the
com pound could block the TRAIL-R2 bind ing. Five most
prom is ing com pounds have proven the abil ity to block
UL141/TRAIL-R2 com plex for ma tion. SPR ki net ics anal -
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y sis was then used to de ter mine the bind ing con stants
(KD). The af fin i ties to UL141 were de ter mined in low
micro molar scale. Three po ten tial bind ing sites were re -
vealed by mo lec u lar dock ing on UL141 sur face (Fig. 1b).
Next, mutational anal y sis on UL141 pro tein (Fig. 1a) has
re vealed the spec ify bind ing site of novel an tag o nist
TK-219. Sub se quent SPR bind ing anal y sis (Fig. 1c)
showed two UL141 mu tants (W235A and D232A) lost the
abil ity to block the TRAIL-R2 bind ing. The suc cess ful
com pounds will be fur ther op ti mized by us ing in silico
meth ods to tar get epitope on vi ral glycoprotein UL141 de -
rived from our struc tural anal y sis and will be tested in vivo
for HCMV in hi bi tion.

1. Zuhair, M. et al. Rev. Med. Virol., 29, (2019), e2034.

2. Picarda, G. & Ben e dict, C. A. J. Immunol., 200, (2018),
3881.

3. Nemèovièová, I., Ben e dict, C. A. & Zajonc, D. M. PLoS
Pathog., 9, (2013), 1003224.

4. Nemèovièová, I. & Zajonc, D. M. Acta Crystallogr. D Biol. 
Crystallogr., 70, (2014), 851. 

5. Smith, W., Tomasec, P., Aicheler, R., Loewendorf, A.
Nemèovièová, I. et al. Cell Host Mi crobe., 13, (2013), 324.

6. Tomašec, P., Wang, E. C. Y., Davison, A. J., Vojtešek, B.,
Armstrong, M. et al. Nat. Immunol., 6, (2005), 181. 

Fi nan cial sup ports pro vided by the Slo vak Re search and
De vel op ment Agency (APVV-19-0376) and the Sci en tific
Grant Agency of the Slo vak Re pub lic (VEGA-02/0026/22
and VEGA-02/0060/21) are grate fully ac knowl edged.
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VISUALISING ENTEROVIRUS 71 GENOME REPLICATION IN SITU

L. Nepovímová1,2, T. Füzik1, P. Plevka1

1Cen tral Eu ro pean In sti tute of Tech nol ogy, Kamenice 753/5, 625 00, Brno, Czech Re pub lic 
2Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 753/5, 625 00, Brno, Czech Re pub lic
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Enterovirus 71 (EV71), a mem ber of the Picornaviridae
fam ily, poses a sig nif i cant threat as a caus ative agent of
hand-foot-and-mouth dis ease (HFMD), par tic u larly af fect -
ing young chil dren. The in fec tion can es ca late into se vere
neu ro log i cal com pli ca tions, with mor tal ity rates reach ing
up to 19% [1]. Amidst es ca lat ing out breaks in China and
the Asia-Pa cific, ur gent re search ef forts are im per a tive to
com bat this patho gen. While ex ist ing vac cines tar get spe -
cific serotypes, their ef fi cacy lacks cross-pro tec tion ev i -
dence, prompt ing ex plo ra tion into tar geted an ti vi ral
ther a pies [1, 2]. Aim ing at dis tinct stages of the vi ral life
cy cle re mains a prom is ing al beit chal leng ing strat egy, ow -
ing to gaps in un der stand ing EV71’s rep li ca tion cy cle.

The pri mary aim of this pro ject is to delve into the
lesser-ex plored di men sions of the enterovirus RNA rep li -
ca tion, par tic u larly fo cus ing on its in ter play with ge nome
pack ag ing, and vi ral as sem bly. A cru cial step to wards un -

der stand ing the mo lec u lar in tri ca cies of the rep li ca tion pro -
cess in volves the es tab lish ment of a flu o res cent re porter
sys tem for vi ral rep li ca tion sites. These re port ers will play
a piv otal role in guid ing sub se quent stages of re search, in -
clud ing cor re la tive light and elec tron mi cros copy, fa cil i tat -
ing pre cise lamella prep a ra tion, and aid ing in the col lec tion 
of data for cryo-elec tron to mog ra phy.

1. Puenpa, J., Wanlapakorn, N., Vongpunsawad, S.,
Poovorawan, Y.: J. Biomed. Sci., 26, 75 (2019)

2. Enterovirus 71. World Health Or ga ni za tion. Avail able at:
https://www.who.int/teams/health-product-policy-and-stan
dards/standards-and-specifications/vaccine-standardization/
enterovirus-71 (Ac cessed on 15.2. 2024).

This pro ject is sup ported by the Brno Ph.D. Tal ent grant.
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Fig ure 1. Three po ten tial bind ing sites were iden ti fied by mo lec u lar dock ing on UL141 sur face (b). Mutational anal y sis re vealed the
spe cific bind ing site of novel an tag o nist TK-219 (a). SPR bind ing anal y sis (c) showed two UL141 mu tants that lost the abil ity to block
the TRAIL-R2 bind ing.

https://www.who.int/teams/health-product-policy-and-standards/standards-and-specifications/vaccine-standardization/enterovirus-71
https://www.who.int/teams/health-product-policy-and-standards/standards-and-specifications/vaccine-standardization/enterovirus-71
https://www.who.int/teams/health-product-policy-and-standards/standards-and-specifications/vaccine-standardization/enterovirus-71
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EVOLUTIONARY STUDY OF HISTONE DEACETYLASE 11
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Histone deacetylase 11 (HDAC11) is the most re cently
iden ti fied mem ber of HDAC fam ily that cur rently at tracts
the in ter est as a tar get in me dic i nal treat ments of can cer and 
im mune-re lated dis or ders. More over, po ten tial ap pli ca -
tions of HDAC11 in hi bi tion in the food in dus try are in ten -
sively stud ied. How ever, cur rent un der stand ing of its
phys i o log i cal role, en zy matic ac tiv ity and 3D struc ture re -
mains lim ited. This lack of knowl edge im pedes prog ress in
the de vel op ment of highly spe cific re agents for tar get ing
the en zyme. To gain a closer look at HDAC11 func tion and 
struc ture, our study ex panded to in clude HDAC11
orthologs. Spe cific se quence mo tifs were en gaged to
search for and iden tify HDAC11 vari ants across the en tire

spec trum of life. Phylo gen etic anal y sis re vealed the ex is -
tence of two dis tinct isoforms of HDAC11. We se lected
num ber of HDAC11 vari ants from var i ous phylo gen etic
clades to cre ate a rep re sen ta tive set for fur ther bio chem i cal
char ac ter iza tion, thus shed ding light on the evo lu tion of
HDAC11 sub strate spec i fic ity. The data sug gested sig nif i -
cant di ver sity of sub strate spec i fic ity be tween iden ti fied
HDAC11 isoforms. Fur ther more, X-ray anal y sis of an an -
ces tral ortholog pro vided de tailed in sights into struc tural
fea tures of HDAC11. This data holds prom ise for en hanc -
ing our un der stand ing of HDAC11 func tion and fa cil i tat -
ing the de vel op ment of in hib i tors tai lored to spe cific
isoforms and organisms.
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CLINCELIN – OUR NEW WEAPON TO COMBAT ANTIBIOTIC-RESISTANT
BACTERIAL PATHOGENS 

M. Novotná1, V. Vimberg1, F. Boissier2, M. Kobìrská1, A. C. Innis2, G. Balíková Novotná1

1 In sti tute of Mi cro bi ol ogy, The Czech Acad emy of Sci ences, BIOCEV, Vestec, 25250, Czech Re pub lic
2Acides Nucléiques: Régulations Naturelle et Artificielle, UMR 5320, U1212, Bor deaux Biologie Santé,

Université de Bor deaux, Cen tre Na tional de la Re cher che Scientifique, Institut Na tional de la Santé et de la
Re cher che Médicale, Bor deaux, 33000, France

michaela.novotna@biomed.cas.cz

The in creas ing an ti bi otic re sis tance among bac te rial patho -
gens means that the ther a peu tics cur rently used against in -
fec tious dis eases are in ef fec tive. Us ing a com bi na torial
biosynthesis ap proach and ad di tional chem i cal mod i fi ca -
tions, we have de vel oped a novel chi me ric an ti bi otic called
clincelin, whose core struc tur ally com bines two nat u rally
oc cur ring lincosamide an ti bi ot ics, celesticetin and linco -
mycin [1]. Our ex ten sive in vivo ac tiv ity test ing shows that
clincelin has sig nif i cantly higher an ti bac te rial ac tiv ity
com pared to the orig i nal nat u ral com pounds and that it re -
tains an ti bac te rial ac tiv ity even against re sis tant strains, in -
clud ing strains ex press ing the highly ef fi cient ri bo somal

methyltransferase Erm. Sub se quent cryo-EM struc tural
anal y sis re vealed that the drug can bind to a staph y lo coc cal
ri bo some in two dif fer ent bind ing modes to over come this
re sis tance mech a nism. Our data con trib ute to the fur ther
de vel op ment of novel lincosamide an ti bi ot ics aim ing for
in tro duc tion to clin i cal use.

1. Kadlèík,S., Kameník,Z., Vašek,D., Nedvìd,M. and
Janata,J. (2017) Elu ci da tion of salicylate at tach ment in
celesticetin biosynthesis opens the door to cre ate a li brary
of more ef fi cient hy brid lincosamide an ti bi ot ics. Chem Sci,
8, 3349–3355.
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MIMICKING VIRAL EVOLUTION BY YEAST SURFACE DISPLAY TO PREDICT NEW
CORONAVIRUS-RELATED PANDEMICS
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2Departamento de Farmacia, Facultad de Ciencias de la Salud, Universidad Cardenal Herrera-CEU, CEU
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SARS-CoV-2, the caus ative agent of the COVID-19 pan -
demic, emerged in Wuhan (China) at the end of De cem ber
2019. Since then, the vi rus has evolved pro foundly with
many vari ants. Glob ally, SARS-CoV-2 has in fected al most 
775 mil lion peo ple, caus ing more than 7 mil lion re ported
deaths. Al though SARS-CoV-2 has posed ma jor health
and eco nomic chal lenges, its con trol has clearly im proved
dur ing the more than four years of the pan demic. How ever,
the chance that a new coronavirus, with rel a tively sim i lar
char ac ter is tics to the SARS-CoV-2, emerges in the fu ture
re mains high. For this rea son, we have se lected four
coronaviruses closely re lated to SARS-CoV-2 (BANAL-
 52, BANAL-236, Guangdong-1 and GX-P5L), as well as
the SARS-CoV-1, which caused sev eral out breaks be -
tween 2002 and 2004 in the hu man pop u la tion. As both
SARS-CoVs, the first three of these coronaviruses were
found in bats, its most plau si ble orig i nal host, whereas
GX-P5L was de tected in pan gol ins, a sus pected in ter me di -
ate host. All these coronaviruses in ter act with the an gio ten -

sin-con vert ing en zyme 2 (ACE2), the cell host re cep tor,
through the re cep tor bind ing do main (RBD) of their spike
(S) pro teins. For this rea son, RBDs were ex pressed in the
yeast sur face us ing a yeast sur face dis play tech nique and,
with the help of flow cytometry (FC), the af fin i ties be tween 
the RBDs of these other five coronaviruses and the ACE2
re cep tor were es ti mated and com pared with the one of
SARS-CoV-2 RBD. Fur ther more, five con sec u tive rounds
of er ror-prone mu ta gen e sis to gen er ate li brar ies and se lect
the high est af fin ity clones by flu o res cent-ac ti vated cell
sort ing (FACS) were con ducted. Fi nally, we used Sang er
and Next-Gen er a tion Se quenc ing to re veal these in creas -
ing af fin ity RBD mu ta tions, which should be taken into
con sid er ation in case these coronaviruses in fect hu mans in
the fu ture.

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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AC IDS, CEN TRE OF MO LEC U LAR STRUC TURE, IBT CAS

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

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

The Cen tre of Mo lec u lar Struc ture in IBT CAS (BIOCEV,
Vestec, Czech Re pub lic) is the com plex of sci en tific core
fa cil i ties fo cused on Struc tural Bi ol ogy. Among the oth ers, 
it in cludes a core fa cil ity, de voted en tirely to the crys tal li -
za tion of biomacromolecules and their com plexes. Dif frac -
tion anal y sis of sin gle crys tals is one of the main
ap proaches in struc tural bi ol ogy and this fa cil ity is
equipped with all in stru ments nec es sary for crys tal li za tion
ex per i ments. The equip ment in cludes ro bots that au to mat i -
cally set up high-through put crys tal li za tion ex per i ments in
plates, 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 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).es.
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14-3-3 is a fam ily of highly con served and ubiq ui tously ex -
pressed eukaryotic pro teins. 14-3-3 pro teins have reg u la -
tory func tion and act in mul ti ple cel lu lar pro cesses such as
cell cy cle, sig nal transduction or cell death.  For the proper
func tion of this rigid and highly he li cal pro tein, its dimeric
state is es sen tial [1]. Mam ma lian 14-3-3 pro teins have 7

known isoforms named b, g, e, x, h, q and s, which can
form both homo- and heterodimers. These isoforms dif fer
in ex pres sion lev els in var i ous tis sues, thus in their to tal
con cen tra tions in these tis sues [2].

Most stud ies of 14-3-3 pro teins to date have been fo -
cused on homodimers and not heterodimers. How ever, in a
mix ture of mul ti ple isoforms in ad di tion to homodimers,
heterodimers are in ev i ta bly formed. There fore, an ac cu rate
de scrip tion of the ki netic pa ram e ters of in di vid ual
dimerizations and thus the abil ity to quan tify the pop u la -
tions of homo- and heterodimers is de sired and could fa cil i -
tate fu ture work with heterodimers. 

In pre vi ous years our group de signed FRET as say to
quan ti ta tively de ter mine 14-3-3 dimerization pa ram e ters,
namely rate and dis so ci a tion con stants. Our col leagues al -

ready char ac ter ized homodimerization of isoforms x, g, e,

s and heterodimerization of gz and ze as well as z with z
phosphorylated at Ser58 [3-5]. In this pro ject, we have fur -
ther ex tended the knowl edge to homodimerization of

isoform h and heterodimerizations of hz and he. The main
aim of this study is to com pare the prop er ties of cho sen
homo- and heterodimerizations and to show that hetero -
dimers po ten tially ac count for a sig nif i cant por tion of the

var i ous dimer pop u la tions in tis sues. We also pro pose the
us age of a math e mat i cal model that can, based on known
ki netic pa ram e ters and given con cen tra tions of in di vid ual
isoforms, de ter mine the con cen tra tion of all pos si ble vari -
ants of dimers and mono mers in a mix ture.

1. N. N. Sluchanko, N. B. Gusev, FEBS Lett, 586, (2012),
4249-4256.

2. G. Gogl, K. V. Tugaeva, P. Eberling, C. Kostmann, G.
Trave, N. N. Sluchanko, Nat Commun, 12, (2021), 1677.

3. Z. Trošanová, P. Louša, A. Kozeleková, T. Brom, 
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PRODUCTION OF MONOCLONAL ANTIBODIES AND THEIR CO-CRYSTALLIZATION
WITH INTRINSICALLY DISORDERED PROTEIN TAU

Adam Polák1, Stefana Njemoga1, Klaudia Mešková1, Michaela Škrabanová1, Katarína
Tomková1, Ondrej Cehlár1, ¼ubica Fialová1,2, Rostislav Škrabana1

1In sti tute of Neuroimmunology, Slo vak Acad emy of Sci ences; Bratislava, 845 10, Slovakia
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The lack of ther a peu tics to treat Alz hei mer’s dis ease (AD)
and its in creas ing world wide prev a lence are showcasing 
the short age of in sight into the pathogenesis of the dis ease
(Alz hei mer’s As so ci a tion re port, 2023). Tau pro tein is re -
spon si ble for the for ma tion of in sol u ble neurofibrillary tan -
gles, what is one of the main driver of the pathogenesis in
AD. The study of its struc ture is lim ited by the fact that tau
pro tein be longs to the fam ily of in trin si cally dis or dered
pro teins (IDPs). More over, tau pro tein is dis or dered al most 
in its full length and its con for ma tion is de pend ing on the
bind ing with its bind ing part ners.

Crys tal li za tion of pro teins is one of the stan dard meth -
ods to ob tain in for ma tion about the struc ture of pro teins.
How ever, crys tal li za tion of IDPs is of ten un ach iev able
with the stan dard meth ods and re quires al ter na tive ap -
proaches. There fore, we uti lise co-crys tal li za tion of tau
pro tein with monoclonal an ti bod ies, spe cif i cally its Fab
(frag ment an ti gen-bind ing) (fig. 1) (Skrabana et al., 2012,
Sevcik et al., 2007). Monoclonal an ti bod ies MN423 and
DC11 rec og nize AD con for ma tion of tau pro tein, there -
fore, their com plexes with tau may en able to dis cover
epitopes and struc tural mo tifs im por tant for tau ag gre ga -
tion in tan gles (Skrabana et al., 2012).

Main con di tion for suc cess ful crys tal li za tion is the pro -
duc tion of Fabs in high qual ity as well as quan tity. We de -
vel oped CHO cells pro tein ex pres sion sys tem con sist ing in
uni ver sal clon ing vec tor pCMV-3UTR and op ti mised
polyethyleneimine DNA transfection, yield ing up to 100
mg pro teins per litre of growth me dium (Meskova et al.,
2023). To op ti mise the pro duc tion yield of Fabs even fur -

ther, we in ves ti gated the ef fi ciency of pro duc tion in dif fer -
ent den si ties of cell cul tures. Our re sults show that
high-den sity cells are po ten tially more ef fec tive (fig. 2).
We also per formed tran sient Fab ex pres sion from
pCMV-3UTR in  HEK293(EBNA) cells. HEK cells are
hu man cells and thus pro teins pro duced in HEK cells are
the most com pa ra ble to hu man, most im por tantly mim ick -
ing hu man post-trans la tion mod i fi ca tions. 

We were able to ob tain crys tals of tau-Fab pro tein com -
plexes with an ti bod ies to dis cover tau struc tural mo tifs,
pre sum ably im por tant in tau ag gre ga tion (fig. 1). Re sults
ob tained from struc tural anal y sis of tau pro tein will be ap -
pli ca ble in the de sign of AD tar get ing ther a peu tics as well
as for the de vel op ment of AD-spe cific vac cine, both
leading to improved man age ment of the dis ease.

1. 2023 Alz hei mer’s dis ease facts and fig ures. Alzheimers
De ment. 2023 Apr;19(4):1598-1695. doi:
10.1002/alz.13016. Epub 2023 Mar 14. PMID: 36918389.

2. Skrabana R, Cehlar O, Flachbartova Z, Kovac A, Sevcik J,
Novak M. Crys tal li za tion and pre lim i nary X-ray dif frac tion 
anal y sis of two pep tides from Alz hei mer PHF in com plex
with the MN423 an ti body Fab frag ment. Acta Crystallogr
Sect F Struct Biol Cryst Commun. 2012 Oct 1;68(Pt
10):1186-90. doi: 10.1107/S1744309112033477. Epub
2012 Sep 25. PMID: 23027744; PMCID: PMC3497976.

3. Sevcik J, Skrabana R, Dvorsky R, Csokova N, Iqbal K,
Novak M. X-ray struc ture of the PHF core C-ter mi nus: in -
sight into the fold ing of the in trin si cally dis or dered pro tein
tau in Alz hei mer’s dis ease. FEBS Lett. 2007 Dec
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Fig ure 1. Co-crys tal li za tion of in trin si cally dis or dered pro tein tau with Fabs: B) pro tein crys tals of DC11, C) pro tein
crys tals of MN423Fab and dGAE tau isoform (com plex), D) pro tein crys tals of DC11Fab, DC25Fab and dGAE tau
isoform (com plex) (Meskova et al., 2023).



22;581(30):5872-8. doi: 10.1016/j.febslet.2007.11.067.
Epub 2007 Dec 3. PMID: 18061582.

4. Meskova K, Martonova K, Hrasnova P, Sinska K,
Skrabanova M, Fialova L, Njemoga S, Cehlar O, Parmar
O, Kolenko P, Pevala V, Skrabana R. Cost-Ef fec tive Pro -
tein Pro duc tion in CHO Cells Fol low ing
Polyethylenimine-Me di ated Gene De liv ery Showcased by
the Pro duc tion and Crys tal li za tion of An ti body Fabs. An ti -
bod ies (Basel). 2023 Aug 4;12(3):51. doi:
10.3390/antib12030051. PMID: 37606435; PMCID:
PMC10443350.

This pro ject is sup ported by APVV-21-0479, VEGA
2/0141/23, 2/0125/23 and EU Grants ADDIT-CE, Inter -
Tau.

P44

PLUM POX VIRUS STRUCTURE AND BASIS FOR STRUCTURAL VARIABILITY OF
ITS VIRUS-LIKE PARTICLES

Mar tin Polák1, Pavlína Kurková1, Radka Dopitová1, Jiøí Nováèek1, Slavomíra Nováková2

1Masaryk Uni ver sity, Cen tral Eu ro pean In sti tute of Tech nol ogy, Kamenice 753/5, 62500 Brno
2BMC In sti tute of Vi rol ogy, De part ment of Plant Vi rol ogy, Bratislava, Slo vak Re pub lic

Plum Pox Vi rus (PPV) is a pos i tive sense sin gle stranded
RNA vi rus (+)ssRNA which is an im por tant plant patho -
gen. PPV in fec tion, also known as Sharka, af fects the pro -
duc tion of stone fruits, es pe cially those from Pru nus ge nus. 
Al though these vi ruses are not di rectly dan ger ous to hu -
mans, they an nu ally cause large eco nomic and ag ri cul ture
losses. We pres ent an elec tron cryo-mi cros copy (cryo-EM) 
struc ture of the PPV virion at 2.8A res o lu tion and de ter -
mine in ter ac tion net work among the vi ral coat pro tein (CP) 

which are crit i cal for vi ral sta bil ity and struc tural plas tic ity. 
We show that PPV CP self-as sem bles into the flex i ble he li -
cal fil a ments struc tur ally sim i lar to the vi rus, which con -
trasts with pre vi ously re ported Po tato Vi rus Y (PVY)
VLPs com posed of stacks of octameric discs. In ad di tion,
we have de ter mined near-atomic cryo-EM struc tures of
VLPs formed CPs trun cated at C-ter mi nus which all have
formed VLP fil a ments with a vi rus-like or ga ni za tion.
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Figure 2. Com par i son of pro duc tion of monoclonal an ti bod ies in CHO cells in high den sity (20x106 cells per
ml of cul ture) and low den sity (5x106 cells per ml of cul ture) cell cul tures.
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The Pro tein Pro duc tion core fa cil ity (CF) at the Cen tre of
Mo lec u lar Struc ture (CMS) of fers com pre hen sive pro tein
pro duc tion ser vices, cov er ing ev ery step from DNA to the
pu ri fied pro tein. These in clude gene clon ing into ex pres -
sion vec tors, site-di rected mu ta gen e sis, and heterologous
ex pres sion in Esch e richia coli ex pres sion sys tems, fol -
lowed by pro tein pu ri fi ca tion. 

Our clon ing ser vices in clude both tra di tional clon ing
us ing re stric tion en zymes and 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 us ing var i ous E. coli strains un der dif fer ent con di -
tions. Fi nally, we of fer large-scale pro duc tion and pu ri fi ca -
tion of tar get pro teins.

In pro tein pu ri fi ca tion, we em ploy a range of af fin ity
tech niques such as Strep-Tactin XT, and im mo bi lized
metal che late af fin ity chro ma tog ra phy (IMAC), both on
FPLC or in grav ity flow set ups. Chro ma tog ra phy tech -

niques in clude ion-ex change chro ma tog ra phy and size ex -
clu sion chro ma tog ra phy us ing Superdex col umns (75 or
200, 10/300 in crease, or HiLoad 16/600). You can re quest
cus tom iz ation to our stan dard ized pro to cols or pro vide
your es tab lished pro to cols or im ple men ta tion.

More over, we are ex pand ing our ser vices by in tro duc -
ing eukaryotic pro duc tion dur ing this year. We will pro -
vide pro tein pro duc tion us ing hu man em bry onic kid ney
cells (HEK) and Sf9 in sect cells as an al ter na tive to
prokaryotic ex pres sion in E. coli.

The Biocev Pro tein Pro duc tion core 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. 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 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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2Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity; Brno
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In eukaryotic nu clei, the syn the sis of mRNA is car ried out
by RNA poly mer ase II (RNAPII), a cru cial en zyme in
transcriptional pro cesses. RECQ5 helicase, a gen eral elon -
ga tion fac tor, as so ci ates with RNAPII and con trols its
move ment along genes. De spite its sig nif i cance, the pre -
cise mech a nism through which RECQ5 reg u lates RNAPII
move ment re mained un known.

Here, we pres ent the de tails of the in ter ac tion be tween
RECQ5 and RNAPII de ter mined by cryo-elec tron mi cros -
copy. Sin gle-par ti cle anal y sis with a res o lu tion of 3 C re -
vealed near-atomic level de tails of the in ter ac tion be tween
the RECQ5 he lix and RNAPII DNA. Ad di tion ally,
cryo-EM im ag ing showed that the RNAPII with RECQ5
com plex formed large, spher i cal ob jects re sem bling con -
den sates. Cor re la tive light elec tron mi cros copy con firmed
the pres ence of both fluorescently la beled RNAPII and

RECQ5 within these ob jects. Subtomogram av er ag ing re -
vealed the or ga ni za tion of con den sates, fur ther en hanc ing
our un der stand ing of their func tional as sem bly. The
subtomogram av er ag ing model of RNAPII with RECQ5
reached a res o lu tion of 7 C, con firm ing the ob served in ter -
ac tion be tween the RECQ5 he lix and RNAPII DNA across
an a lyt i cal meth ods.

Our study em pha sizes RECQ5’s cru cial role in mod u -
lat ing transcriptional pro cesses by us ing the brake-he lix to
reg u late RNAPII move ment along genes. Ad di tion ally, we
dis cov ered that con den sates con tain tens to hun dreds of
RNAPII mol e cules with RECQ5. The study pro vides valu -
able in sights into how transcriptional ma chin ery func tions
in eukaryotic nu clei.
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BACTERIA 
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The fun da men tal cen tral dogma of mo lec u lar bi ol ogy, un -
der scores a two-step pro cess in the ex pres sion of ge netic
in for ma tion. Ini tially, RNA poly mer ase (RNAP) or ches -
trates the tran scrip tion of mRNAs, fol lowed by the trans la -
tion of mRNAs into polypeptides by fully as sem bled
ri bo somes. In eukaryotic cells, these pro cesses are com -
part men tal ized by the nu cleic en ve lope. How ever, in bac te -
ria these piv otal bi o log i cal events can oc cur simulta- 
neously in what is known as Cou pled Tran scrip tion and
Trans la tion (CTT) [1]. This mech a nism of ge netic in for -
ma tion flow was struc tur ally de scribed by sin gle par ti cle
cryo-EM as a syn er gis tic pro cess, with RNAP and ri bo -
somes di rectly in ter act ing [2-3], and as sisted by var i ous
tran scrip tion fac tors (TFs) such as NusG or NusA [4-5].
More over, re cent work us ing the ge nome-re duced hu man
patho gen M. pneumoniae de scribed the in-cell ar chi tec ture
of the CTT at sub-nanometer res o lu tion [6]. 

Our re search is fo cused on in ves ti gat ing CTT within
the pro to type bac te ria E. coli, spe cif i cally ex am in ing its
role in the elon ga tion phase of trans la tion. Here, the elon -
ga tion fac tor Tu (EF-Tu), in con junc tion with the cor re -
spond ing tRNA and GTP, in ter acts with the ri bo some and
ini ti ates the ro ta tion of the ri bo some. The ri bo some ro ta -
tion in com bi na tion with the in tri cate in ter play be tween the
ri bo some and the RNAP in the con text of CTT, con trib ute
to the si mul ta neous move ment of the whole com plex. Our
pri mary goal is to un ravel the struc tural in tri ca cies of how
this so phis ti cated mo lec u lar ma chin ery op er ates syn er gis -
ti cally dur ing elon ga tion. De spite the chal lenges, our pre -
lim i nary data pro vide a foun da tion for fu ture in ves ti ga tions 
into CTTs across dif fer ent or gan isms [7]. 

1. Irastortza-Olaziregi, M., & Amster-Choder, O. (2020).
Cou pled Tran scrip tion-Trans la tion in Prokaryotes: An Old
Cou ple With New Sur prises. Front Microbiol, 11, 624830. 

2. Demo, G., Rasouly, A., Vasilyev, N., Svetlov, V.,
Loveland, A. B., Diaz-Avalos, R., Grigorieff, N., Nudler,
E., & Korostelev, A. A. (2017). Struc ture of RNA poly mer -
ase bound to ri bo somal 30S sub unit. Elife, 6. 

3. Kohler, R., Moo ney, R. A., Mills, D. J., Landick, R., &
Cramer, P. (2017). Ar chi tec ture of a tran scrib ing- trans lat -
ing expressome. Sci ence, 356(6334), 194-197.

4. Web ster, M. W., Takacs M., Zhu, C., Vidmar, V., Eduljee,
A., Abdelkareem, M., Weixlbaumer, A. (2020) 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. 

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

6. O’Reilly, F. J., Xue, L., Graziadei, A., Sinn, L., Lenz, S.,
Tegunov, D., Blotz, C., Singh, N., Hagen, W. J. H.,
Cramer, P., Stulke, J., Mahamid, J., & Rappsilber, J.
(2020). In-cell ar chi tec ture of an ac tively tran scrib -
ing-trans lat ing expressome. Sci ence, 369(6503), 554-557.

7. Loveland AB, Demo G, Korostelev AA. (2020). Cryo-EM
of elon gat ing ri bo some with EF-TuGTP elu ci dates tRNA
proof read ing. Na ture. 584(7822):640-645. 

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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In fec tions caused by an ti bi otic-re sis tant bac te ria are a
grow ing health con cern. As an ti bi otic treat ments be come
less ef fec tive, al ter na tive ap proaches are ex plored. One of
the prom is ing meth ods is phage ther apy. How ever, our un -
der stand ing of phage–bac te rium in ter ac tions is lim ited,
and phage ther apy is cur rently con sid ered an ex per i men tal
treat ment. 

We use cryo-elec tron mi cros copy to study the struc ture
of bacteriophage LUZ19 and the pro cess of LUZ19 in fec -
tion of PAO1, a clin i cally rel e vant strain of P. aeruginosa.
The virion par ti cle is com posed of an icosahedral capsid
and a tail dec o rated by six long tail fibres. The capsid is
built from ma jor capsid, head ce ment, and flex i ble head
dec o ra tion pro teins, and en closes a 43.5 kbp-long dsDNA
ge nome and an in ner core com plex. The sym me try mis -
match be tween the capsid and the tail is me di ated by a

dodecameric por tal com plex which oc cu pies one ver tex of
the capsid. The por tal com plex in ter acts with the adap tor
dodecamer of the tail through its “stem” he li ces which in -
ter lock with the adap tor C-ter mini. LUZ19 tail ex tends to a
hexameric tail noz zle which is dec o rated with six flex i ble
tail fibres. The noz zle and the tail fibres me di ate the at tach -
ment of phage LUZ19 to the type IV pili of PAO1. The
con trac tion of the pili car ries the phages to the cell sur face,
where they ir re vers ibly at tach and in fect the host cell. 

Study ing phage LUZ19’s struc ture and its in fec tion
mech a nism aims to deepen our un der stand ing of
phage-bac te rium in ter ac tion. 

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 ob tain ing the sci en tific data pre sented in 
this poster.
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tSNE (t-dis trib uted Sto chas tic Neigh bour Em bed ding) is a
pop u lar method used to ana lyse data from sin gle-cell gene
ex pres sion mea sure ments, RNAseq, flow cytometry and
other ex per i ments pro vid ing high-di men sional data. It can
be also used to ana lyse struc tures sam pled by mo lec u lar dy -
nam ics sim u la tions. We de vel oped a vari ant of tSNE called 
time-lagged tSNE. Struc tures sam pled by mo lec u lar dy -
nam ics sim u la tions are first su per im posed to a ref er ence
struc ture to re move translational and ro ta tional mo tions.
Next, they are ana lysed by a vari ant of in de pend ent com po -
nent anal y sis. This anal y sis cor re lates co or di nates of a mo -
lec u lar sys tem with time-lagged co or di nates. This
em pha sizes slow mo tions and sup presses fast mo tions. Fi -
nally, tSNE is ap plied on the out put.

The re sult is a 2D map of con for ma tion of a mo lec u lar
sys tem. For sim u la tions of Trp-cage mini-pro tein fold ing
and un fold ing we ob tained a plot with a cen tral clus ter cor -
re spond ing to the un folded struc ture. Folded struc ture as
well as other long-lived struc tures were lo cated as pe riph -
eral clus ters sur round ing the un folded state. Un like stan -

dard tSNE, this rep re sen ta tion cap tures not only struc tural
dif fer ences be tween states, but also ki net ics.

We see a great po ten tial of time-lagged tSNE in ac cel -
er a tion of mo lec u lar sim u la tions. We used a method called
metadynamics to drive conformational changes along the
2D map from time-lagged tSNE. For this pur pose it was
nec es sary to mod ify time-lagged tSNE to make it pos si ble
to cal cu late time-lagged tSNE co or di nates on the fly and to
con vert forces act ing on time-lagged tSNE co or di nates into 
forces act ing on in di vid ual at oms. We solved this prob lem
by an ap pli ca tion of an ar ti fi cial neu ral net work in para met -
ric time-lagged tSNE.

We suc cess fully ap plied this method on fold ing of the
Trp-cage mini-pro tein.

1. Spiwok V., Køíž P. Front. Mol. Biosci. 7, (2020) 132.

2. Hradiská H., Kureèka M., Beránek J., Tedeschi G.,
Višòovský V., Køenek A., Spiwok V. J. Phys. Chem. B
128(4), (2024), 903-913.

The work was sup ported by Czech Sci ence Foun da tion
(22-29667S).
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NEW COMPLEXES OF THE BACTERIAL TRANSCRIPTION SYSTEM

J. Srogoò1, T. Kova¾1, N. Borah2, T. Kouba3, P. Sudzinová2, H. Šanderová2, K. Hegrová2, 
M. Trundová1, J. Dušková1, T. Skálová1, K. Adámková1, L. Krásný2, J. Dohnálek1 

1In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, BIOCEV, Vestec, Czech Re pub lic 
2In sti tute of Mi cro bi ol ogy of the Czech Acad emy of Sci ences, Prague, Czech Re pub lic

3In sti tute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ences, Prague, 
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RNA poly mer ase, RNAP, is an en zyme com plex re spon si -
ble for syn the siz ing RNA mol e cules. RNAP cop ies RNA
based on a DNA tem plate dur ing the pro cess of tran scrip -
tion, a fun da men tal op er a tion con served from bac te ria to
hu mans.

Iden ti fy ing spe cific in ter ac tions be tween RNAP and
other pro teins can lead to the dis cov ery of new ther a peu tic
tar gets for an ti bi otic de vel op ment that are more ef fec tive
and less prone to bac te rial re sis tance. Ad di tion ally, un der -
stand ing the mech a nisms of re sis tance, which can arise
from mu ta tions al ter ing in ter ac tions be tween RNA poly -
mer ase and other pro teins, al lows us to better ad dress the
prob lem of an ti bi otic re sis tance and de velop new strat e gies 
to com bat it [1, 2]. Fi nally, elu ci dat ing the role of RNAP
and its pro tein com plexes con trib utes to com pre hen sive
un der stand ing of bac te rial biology.

Here, we dis cov ered that a pro tein in volved in pro tein
trans la tion that binds to RNAP, po ten tially link ing the two
pro cesses in a not yet iden ti fied man ner. Cur rently, we are
char ac ter iz ing the in ter ac tions be tween this pro tein and

RNAP by bio phys i cal and struc tural bi ol ogy meth ods
(cryo-EM, small-an gle X-ray scat ter ing, ho mol o gous mod -
el ling, etc.). In par al lel, this in ter ac tion is be ing probed
func tion ally by bio chem i cal ap proaches.

1. Mosaei H, Harbottle J. Mech a nisms of an ti bi ot ics in hib it -
ing bac te rial RNA poly mer ase. Biochem Soc Trans. (2019)
47, 339-350.

2. Sudzinová P, Šanderová H, Koval’ T, Skálová T, Borah N,
Hnilicová J, Kouba T, Dohnálek J, Krásný L. What the
Hel: re cent ad vances in un der stand ing rifampicin re sis tance 
in bac te ria. FEMS Microbiol Rev. (2023) 47, fuac051.

This work was sup ported by CSF (23-06295S), AS CR
(86652036), MEYS (LM2023042), ERDF (CZ.02.1.01/0.0/ 
0.0/18_046/0015974), and by sup port of Biocev CMS –
core fa cil i ties Bio phys i cal Meth ods, Struc tural Mass Spec -
trom e try, Crys tal li za tion of Pro teins and Nu cleic Ac ids,
Dif frac tion Tech niques and of CEITEC, Masaryk Uni ver -
sity Cryo-elec tron mi cros copy and to mog ra phy core fa cil -
ity (CEMCOF), all of CIISB, part of Instruct-ERIC.
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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 instrumentation. 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 -
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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;
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MOLECULAR DYNAMICS SIMULATIONS OF SINGLE AMINO-ACID SUBSTITUTION IN 
BRAF:MEK1 COMPLEX

M. Suchý1, P. Havlíèková2, Z. Futera3, M. Fencková1

1De part ment of Mo lec u lar Bi ol ogy and Ge net ics, Fac ulty of Sci ence, Uni ver sity of South Bo he mia, 
Èeské Budìjovice

2De part ment of Chem is try, Fac ulty of Sci ence, Uni ver sity of South Bo he mia, Èeské Budìjovice
3De part ment of Phys ics, Fac ulty of Sci ence, Uni ver sity of South Bo he mia, Èeské Budìjovice

RAS-MAPK path way is an im por tant sig nal ing path way,
that reg u lates mi to sis, me tab o lism, mo til ity, sur vival,
apoptosis, and dif fer en ti a tion. De fects in RAS-MAPK sig -
nal ing can lead to can cer or severe neurodevelopmental
dis or ders. We are fo cus ing on two pro teins in this path way, 
BRAF and MEK1. Both of them are kin ases and MEK1 is a 
di rect sub strate of BRAF [1].

We per form mo lec u lar dy nam ics (MD) sim u la tions of
eight sin gle amino-acid sub sti tu tions in BRAF. They are
caused by ge netic missense vari ants that were found in in -
di vid u als with neurodevelopmental dis or ders and their
patho ge nic ity and ef fect on BRAF func tion is not known.
We are sim u lat ing the ef fect of each sub sti tu tion on ATP
bind ing and BRAF kinase ac tiv ity in the com plex of
BRAF:MEK1 (PDB id: 4MNE)  with ATP (Fig ure 1). As a
ref er ence, we use a well-char ac ter ized V600E sub sti tu tion
that in creases BRAF ac tiv ity [2]. We ex pect to see dif fer -
ences in ATP pro cess ing and phosphorylation speed. 

Our study may de ci pher how these mu ta tions af fect
BRAF func tion. The gained knowl edge can be used in the
de vel op ment of BRAF in hib i tors, which can block BRAF
kinase ac tiv ity and sup press sig nal ing in the RAS-MAPK
path way. The knowl edge can also be im ple mented in di ag -
nos tics, and in choos ing the right treat ment ap proach and
pre dict ing treat ment ef fec tive ness [3].

1. D. K. Mor ri son, 2012. MAP Kinase Path ways. Cold Spring 
Harb Perspect Biol. 4(11).

2. P. Wan, M. Garnett, S. Mark Roe, 2004. Mech a nism of Ac -
ti va tion of the RAF-ERK Sig nal ing Path way by Oncogenic 
Mu ta tions of B-RAF. Cell. 855-867.

3. L. Krab, S. Goorden, Y. Elgersma, 2008. Onco genes on my 
mind: ERK and MTOR sig nal ing in cog ni tive dis eases.
Trends Genet. 498-510.
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STRUCTURAL BASIS FOR POSTFUSION-SPECIFIC BINDING TO RESPIRATORY
SYNCYTIAL VIRUS F PROTEIN BY THE ANTIGENIC SITE-I ANTIBODY 131-2a

Marta Šiborová1, Weiwei Peng1, Xuesheng Wu2, Wenjuan Du2, Douwe Schulte1, 
Matti F. Pronker1, Cornelis A. M. de Haan2, Joost Snijder1

1 Biomolecular Mass Spec trom e try and Proteomics, Bijvoet Cen ter for Biomolecular Re search and Utrecht
In sti tute of Phar ma ceu ti cal Sci ences, Utrecht Uni ver sity, Padualaan 8, 3584CH Utrecht, The Neth er lands

2 Vi rol ogy Group, Di vi sion of In fec tious Dis eases and Im mu nol ogy, De part ment of Biomolecular Health Sci -
ences, Fac ulty of Vet er i nary Med i cine, Utrecht Uni ver sity, Utrecht, Yalelaan 1, 3584CL, the Neth er lands

The Re spi ra tory Syncytial Vi rus (RSV) Fu sion (F) pro tein
is a ma jor tar get of an ti vi ral an ti bod ies fol low ing nat u ral
in fec tion and vac ci na tion and re spon si ble for me di at ing fu -
sion be tween the vi ral en ve lope and the host mem brane.
The fu sion pro cess is driven by a large-scale confor -
mational change in F, switch ing ir re vers ibly from the
metastable prefusion state to the sta ble postfusion con for -
ma tion. Pre vi ous re search has iden ti fied six dis tinct an ti -
genic sites in RSV-F, termed sites q, I, II, III, IV, and V. Of 
these, only an ti genic site I is fully spe cific to the postfusion
con for ma tion of F. A monoclonal an ti body 131-2a that tar -

gets postfusion F spe cif i cally has been widely em ployed as
a re search tool to probe for postfusion F and to de fine an ti -
genic site I in serological stud ies, yet the se quence and
epitope of the an ti body re mained un known.
We used mass spec trom e try-based de novo se quenc ing to
re verse en gi neer 131-2a. Re verse en gi neered 131-2a was
then used to in ves ti gate 131-2a  epitope and to de fine an ti -
genic site I by sin gle par ti cle cryo-elec tron mi cros copy.
This elu ci dated the struc tural ba sis for the an ti body bind ing 
to the postfusion RSV-F.
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EXPLORING THE STRUCTURES OF THE 20S PROTEASOME AND THEIR SMALL
MOLECULE INHIBITORS USING CRYO-EM

Jan Silhan, Pavla Fajtova,  Evzen Boura

In sti tute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ences, Flemingovo námìstí
542/2, 160 00 Prague, Czech Re pub lic

Proteasomes play a key role in main tain ing pro tein ho meo -
sta sis in mam ma lian cells and pro to zoan par a sites alike.
Hu man par a sites such as Trichomonas vaginalis (Tv) with
their 20S proteasomes are rec og nized as vi a ble drug tar -
gets. In in sect cells we have recombinantly ex pressed of all
four teen pro teins of the Tv20S proteasome, con tain ing

seven a and seven b sub units with coexpression of the
Ump-1 proteasome chaperone. The pu ri fied Tv20S was
suc cess fully en zy mat i cally ac tive, and sub se quent en zy -
matic as says have reviealed that Tv20S is a vi a ble tar get for 
in hi bi tion by the nat u ral prod uct marizomib (MZB) and

pep tide in hib i tor carmaphycin-17 (CP-17). We con ducted
Neg a tive stain anal y sis and Cryo-elec tron mi cros copy
(cryo-EM) and elu ci dated two Tv20S cryo-EM struc tures
one with MZB and the other with CP-17 in hib i tors. The fi -
nal res o lu tions was 2.6 C, and 2.86 C re spec tively. Over all 
this study out lines the bind ing de tails of MZB and CP-17
and pro vides valu able in sights into the pos si ble targetting
of Tv20S over human proteasome. The data un veil prom is -
ing av e nues for ex ploit ing these bind ing sites in fu ture drug 
de sign and de vel op ments.
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STRUCTURAL BASIS FOR RNA-CAP RECOGNITION AND METHYLATION BY THE
mpox METHYLTRANSFERASE VP39

Petr Škvára, Dominika Chalupská, Mar tin Klíma, Ján Kozic, Jan Šilhán, Evžen Bouøa

In sti tute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ences

Mpox, for merly known as monkeypox, is a zoonotic dis -
ease caused by the mpox vi rus (MPXV), which has gained
at ten tion due to its rapid and wide spread trans mis sion, with 
re ports from more than 100 coun tries. The vi rus be longs to
the Orthopoxvirus ge nus, which also in cludes variola vi rus
and vac cinia vi rus. In poxviruses, the RNA cap is cru cial
for the trans la tion and sta bil ity of vi ral mRNAs and also for 
im mune eva sion [1]. This study pres ents the crys tal struc -
ture of the mpox 2’-O-methyltransfarase VP39 in com plex
with a short cap-0 RNA. The RNA sub strate binds to the
pro tein with out caus ing any sig nif i cant changes to its over -
all fold and is held in place by a com bi na tion of elec tro -

static in ter ac tions, p-p stack ing and hy dro gen bond ing.
The struc ture also ex plains the mpox VP39 pref er ence for a 

gua nine base at the first po si tion; it re veals that gua nine
forms a hy dro gen bond that an ad e nine would not be able to 
form [2].

1. Jennifer L. Hyde, Mi chael S. Di a mond, Vi rol ogy, Vol umes 
479–480, 2015, Pages 66-74, ISSN 0042-6822,
https://doi.org/10.1016/j.virol.2015.01.019.

2. Skvara P, et al. An ti vi ral Res. 216, 105663.
https://doi.org/10.1016/j.an ti vi ral.2023.105663

This re search was funded by pro ject the Na tional In sti tute
of Vi rol ogy and Bac te ri ol ogy (Programme EXCELES.
Pro ject No. LX22NPO5103) – Funded by the Eu ro pean
Un ion – Next Gen er a tion EU.
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CRYOGENIC ELECTRON MICROSCOPY CORE FACILITY AT IOCB PRAGUE

Hana Šváchová, Anatolij Filimonìnko, Anna Knopp Dubánková, Pavel Brázda, 
Kiran K.Telekunta and Tomáš Kouba

In sti tute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ences, Flemingovo námìstí
542/2, 160 00, Praha 6, Czech Re pub lic

tomas.kouba@uochb.cas.cz

We are the newly es tab lished Cryo genic Elec tron Mi cros -
copy (cryo-EM) Core Fa cil ity at the In sti tute of Or ganic
Chem is try and Bio chem is try (IOCB) in Prague. Our spe -
cial ized cryo-EM team of fers a com pre hen sive range of
ser vices, from sam ple prep a ra tion and char ac ter iza tion
data col lec tion, and sin gle par ti cle anal y sis (SPA) con -
ducted on High-Per for mance Com put ing (HPC) sys tems.
In close co op er a tion with other groups, we can en sure
atomic-model build ing ser vice for the struc tures we an a -
lyze and quan tum me chan ics/mo lec u lar me chan ics
(QM/MM) mo lec u lar dy nam ics (MD) sim u la tions.

Cryo-EM al lows vi su al iza tion of bound small-mol e -
cule lig ands in the macromolecules at high res o lu tion.
These new struc tures pro vide ben e fi cial in sights into the
mo lec u lar mech a nisms of com plex bio chem i cal pro cesses

and a pro found im pact on drug dis cov ery, de fin ing the
bind ing modes and mech a nisms of ac tion.

Our pro fi ciency ex tends be yond cryo-EM, en com pass -
ing tech niques at am bi ent tem per a tures and 3D elec tron
dif frac tion. The Cryo-EM group is equipped with an
inhouse screen ing mi cro scope and col lab o rates with
CEITEC in Brno to ac cess highresolution in stru men ta tion.
Data anal y sis is per formed in col lab o ra tion with a high -
performance com put ing (HPC) fa cil ity. The clus ter con -
sists of ~250 CPU nodes and ~40 GPU nodes.

Our fa cil ity will be equipped with state-of-the-art in -
stru men ta tion (300kV Krios G4 and 200kV Glacios) for
sin gle par ti cle anal y sis and 3D elec tron dif frac tion. Our
goal is to es tab lish a cut ting-edge cryo-EM in fra struc ture
that will meet the needs of IOCB us ers and po ten tial ex ter -
nal col lab o ra tors.
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ANALYSIS AND SAMPLING OF MOLECULAR SIMULATION WITH EXTENDED
AUTOENCODER ARCHITECTURES

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

Now a days mo lec u lar dy nam ics (MD) has be come a stan -
dard tool to in ves ti gate mo lec u lar sys tems. By sim u lat ing
the dy namic be hav ior of mol e cules, it fa cil i tates the ex plo -
ra tion of sta bil ity, conformational changes and a plenty of
other prop er ties es sen tial for un der stand ing mo lec u lar
func tions. How ever, the ap pli ca tion of MD is af fected by
the large com pu ta tional costs. It com putes steps that must
be in or der of femto seconds, to as sure nu mer i cal sta bil ity,
for a time scale long enough to likely catch some or rarely
oc curred pro cesses. There are nu mer ous tech niques to en -
hance sim u la tions to op ti mize the sam pling of the slow mo -
tions, one of those is metadynamics. It op er ates by bi as ing
the Hamiltonian of the sys tem, en cour ag ing it to cross bar -
ri ers and ex plore con fig u ra tions that might oth er wise be in -
ac ces si ble or chal leng ing to sam ple, in a rea son able
amount of time. How ever, to make metadynamics suc cess -
ful, the sci en tist has to se lect the so-called “col lec tive vari -

ables’’ which are func tions of Car te sian co or di nates.
De sign ing good col lec tive vari ables is not a triv ial task and
it re lies on the knowl edge of the sys tem and ex pe ri ence of
the sci en tist. Ma chine learn ing and ar ti fi cial neu ral net -
works have shown in cred i ble power in sup port ing the ex -
plo ra tion of conformational phase space.

Hereby we show the in volve ment of two meth ods based 
on the con trol and op ti mi za tion of the la tent space. The de -
vel oped neu ral net work ex hib its the abil ity to an a lyze sim -
u la tion data and to de rive op ti mal com bi na tions of in ter nal
co or di nates to be used as CVs. The power and the ef fi -
ciency of the pre sented ap proach are dem on strated on

Trp-cage foldings.

1. A. Makhzani, J.Shlens, N.Jaitly and I.Goodfellow, I. Ad -
versarial autoencoders. In ter na tional Con fer ence on Learn -
ing Rep re sen ta tions, 2016.
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Petr Pompach, Pavla Vaòková

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 of an a lyt i cal chem is try that pro vides an im pres sive ar -
ray of struc tural in for ma tion about pro tein to pol ogy,
conformational dy nam ics and pro tein-pro tein/ligand in ter -
ac tion. To gain this kind of in for ma tion, well-es tab lished
tech niques are used in CMS, en com pass ing hy dro gen-deu -
te rium ex change (HDX), chem i cal cross-link ing and na tive 
mass spec trom e try. Im por tantly, all of these tech niques are
com pat i ble with mem brane pro teins. 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 as 15T FT-ICR, timsToF SCP,
timsToF Pro, au to ma tion sys tem for HDX and UPLC or
nanoUPLC sys tems. Be yond MS3D, the core fa cil ity of fers 
other MS-based proteomic ap proaches pro vid ing pro tein

iden ti fi ca tion, quan ti fi ca tion, pre cise in tact pro tein mo lec -
u lar mass de ter mi na tion, and char ac ter iza tion of var i ous
pro tein posttranslational mod i fi ca tions (phosphorylation,
glycosylation, acetylation, biotinylation, etc.), or disulfide
bond link ages as sign ment. The in her ent ad van tages of
these MS-based ap proaches are their sen si tiv ity, low sam -
ple con sump tion and complementarity to other bio phys i cal
tech niques.

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 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.
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IN SIGHTS INTO MO LEC U LAR IN TER AC TIONS BE TWEEN nsp14 AND nsp10 IN

SARS-CoV-2 REP LI CA TION

Michal Vaško,  Evžen Bouøa

In sti tute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ences

Coronaviruses are large RNA vi ruses, with genomes of
over 30 kb in some spe cies. They cause a range of dis eases
in birds, mam mals, and hu mans. While most hu man
coronaviruses lead to mild re spi ra tory in fec tions, in the last 
two de cades, we saw two ma jor ep i dem ics and a global
pan demic, mainly caused by the vi rus SARS-CoV-2, caus -
ing se vere re spi ra tory ill nesses and fa tal i ties. Within the
coronavirus ge nome, there is a gene en cod ing a non-struc -
tural pro tein 14 (nsp14), which pos sesses 3’-5’exonuclease 
and methyltransferase en zy matic ac tiv i ties. The exo nucle -
ase nsp14 par tic i pates in the re pair of misincorporated nu -
cleo tides dur ing vi ral ge nome rep li ca tion, and its pres ence
is ex cep tion ally rare among RNA vi ruses. The exonuclease 
ac tiv ity of nsp14 is sig nif i cantly en hanced by the bind ing
of an other vi ral pro tein, nsp10, which lacks en zy matic ac -
tiv ity, but acts as a crit i cal co fac tor for sev eral en zy mat i -
cally ac tive coronavirus nsps. Both nsp14 and nsp10 are
highly con served and have sim i lar se quences among the
var i ous coronavirus spe cies. 

To char ac ter ize the exonuclease ac tiv ity of nsp14 and
its in ter ac tions with nsp10, mu tant ver sions of the nsp14
and nsp10 pro teins were cre ated us ing PCR mu ta gen e sis.
Both the wild-type and mu tant ver sions of nsp14 and
nsp10, as well as a trun cated ver sion of nsp10, were pro -
duced in a bac te rial ex pres sion sys tem uti liz ing E. coli bac -
te ria. The exonuclease ac tiv ity of each nsp14 vari ant was
ob served in vi tro us ing ac tiv ity as says with ssRNA,
dsRNA, and dsRNA, with mis matched base pairs as the
sub strates in the pres ence or ab sence of nsp10 vari ants. The 
re sults of this study pro vide in sights into the func tion ing of
nsp14 exonuclease and its in ter ac tions with nsp10, which
may serve as a ba sis for more de tailed char ac ter iza tion in
fu ture re search. 

 This re search was funded by the pro ject the Na tional In sti -
tute Vi rol ogy and Bac te ri ol ogy (Programme EXCELES;
Pro ject No. LX22NPO5103) and by the Eu ro pean Un ion,
Next Gen er a tion EU. RVO: 61388963 is also ac knowl -
edged.
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Quan ti ta tive char ac ter iza tion of pro tein-pro tein bind ing
across ex ten sive flex i ble in ter faces is a daunt ing task be -
cause of the and the lack of com pu ta tional tools for re li able
eval u a tion of all the types of non-co va lent in ter ac tions.
Herein, we cap i tal ize on the re cent de vel op ments in
semiempirical quan tum me chan i cal (SQM) meth ods and
pres ent a hi er ar chi cal com pu ta tional pro to col which en tails 
mo lec u lar dy nam ics (MD), frag men ta tion and vir tual
glycine scan cal cu la tions and ap ply it to in su lin/in su lin re -
cep tor (IR) bind ing which had been thor oughly stud ied
both, bio chem i cal and re cently also struc tur ally by use of

cryo-EM. Com par i son of SQM and mo lec u lar me chan i cal
(MM) in ter ac tion en er gies to ref er ence DFT-D3 cal cu la -
tions showed a per fect agree ment for small dimers with the
ex cep tion of S…O con tacts for which MM failed. For ef fi -
cient iden ti fi ca tion of in ter ac tion “hotspots”, the use of
SQM in ter ac tion en er gies on MM op ti mized snap shots
from MD ex hib ited an ex cel lent agree ment with the ex per i -
men tal data. The de vel oped pro to col is gen eral and can
thus be used for quan ti fi ca tion of in ter ac tions across other
flex i ble pro tein-pro tein in ter faces.
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HELICOBACTER PYLORI

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 many gas tro in tes ti nal dis or ders, such as chronic gas -
tric in flam ma tion, ul cers, and can cer. Due to the rise of an -
ti bi otic re sis tance, its treat ment has be come in creas ingly
more chal leng ing, ac cel er at ing the search for novel an ti -
bac te rial agents [1]. In this study, we fo cus on H. pylori al -
pha-(1,3)-fucosyltransferase FutA, an es sen tial en zyme in
the biosynthesis of Lewis an ti gens, which cam ou flages the
bac te ria from the host’s im mune sys tem. Thus, FutA rep re -
sents an at trac tive phar ma co log i cal tar get for de vel op ing
novel tran si tion state in hib i tors [2].

The ex act re ac tion mech a nism of FutA is cur rently un -
known. The X-ray crys tal struc ture of FutA has been
solved with the do nor sub strate only [2]. More over, the ac -
tive site is wide open, sug gest ing a large conformational
change must oc cur upon the ac cep tor bind ing. Em ploy ing
mo lec u lar mod el ling, we have found sev eral closed en -
zyme con for ma tions con tain ing both the do nor and ac cep -
tor lig ands in an ori en ta tion suit able for the re ac tion. We
started with AlphaFold2 to ob tain a suit able model for
dock ing sim u la tions. Us ing sim u lated an neal ing with care -
fully de signed dis tance re straints for dock ing, we po si -
tioned both sub strates in their re spec tive bind ing sites.

Next, we sim u lated a large conformational change upon the 
bind ing of the sub strates, con firm ing the hy poth e sis that
the en zyme must un dergo a sig nif i cant conformational
change be fore the re ac tion oc curs [2]. 

Here, we will re port the re sults of QM/MM sim u la tions
em ploy ing steered mo lec u lar dy nam ics (SMD) for the free
en ergy cal cu la tions. These sim u la tions aim to val i date the
suit abil ity of our pre-re ac tion com plexes for the re ac tion
sim u la tions. We in ves ti gated the ef fects of the QM re gion
size, the im pact of cho sen col lec tive vari ables, and the level 
of QM the ory on cal cu lated re ac tion pro files.

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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