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S1/P1 nu cleases are zinc-de pend ent phosphodiesterases
that are widely dis trib uted among fungi, plants, bac te ria
and pro to zoan par a sites. While the bi o log i cal roles of plant
and fun gal rep re sen ta tives have been de ci phered and they
have been ex ten sively char ac ter ised, struc tural and bio -
phys i cal data for bac te rial mem bers has only re cently
emerged (stud ies of the Lpn1 nuclease from Legionella
pneumophila and the highly ac tive SmNuc1 nuclease from
Stenotrophomonas maltophilia) and the bi o log i cal func -
tion of bac te rial mem bers is still un clear [1, 2, 3]. 

A sub stan tial num ber of S1/P1 genes have also been
local ised and iden ti fied in pro to zoan par a sites, in clud ing
spe cies of Leishmania, Plasmodium and Trypanosoma.
Sev eral S1/P1 nu cleases from Leishmania spe cies have
been char ac ter ised, con trib ut ing to pu rine sal vage and po -
ten tially mod u lat ing host im mune re sponses. How ever, no
struc tural or bio chem i cal data is cur rently avail able for
homo logues from Trypanosoma spp., the caus ative agent
of hu man Af ri can trypanosomiasis. As trypanosomatids
lack de novo pu rine biosynthesis, they rely en tirely on sal -
vage path ways. It is there fore as sumed that S1/P1 nu -
cleases act as extracellular nu cleases, fa cil i tat ing the
up take of pur ines from host nu cleic ac ids.

Here, we pres ent the first ex pres sion and pu ri fi ca tion of 
an S1/P1 nuclease from Trypanosoma brucei gambiense
(TbrN1), as well as its ini tial bio chem i cal char ac teri sa tion.

The re com bi nant en zyme was pro duced in a eukaryotic ex -
pres sion sys tem and then pu ri fied and as sayed for nuclease
and 3’-nucleotidase ac tiv ity. Pre lim i nary as says in di cate
ac tiv ity to wards RNA, sin gle-stranded DNA (ssDNA),
dou ble-stranded DNA (dsDNA), and 3’-mononucleotides,
with a slight pref er ence for RNA as a sub strate.

Given the ab sence of mam ma lian homo logues and the
es sen tial role of nu cleic ac ids me tab o lism in pro to zoan
patho gens, TbrN1 is a prom is ing can di date for mech a nis tic 
in ves ti ga tion and po ten tial ther a peu tic tar get ing.
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SARS-CoV-2, a pos i tive sense sin gle stranded RNA vi rus
has been re spon si ble for Coronavirus dis ease 2019
(COVID-19), a re spi ra tory ill ness and global pan dem ics.
Ther a peu tic an ti bod ies proved to be an ef fi cient tool to stop 
SARS-CoV-2 in fec tion in the hos pi tal ized pa tients re quir -
ing ox y gen sup port in a risk of re spi ra tory fail ure, how -
ever, they suf fered from loss of po tency due to fre quent
mu ta tions in new strains of vi rus which es caped from the

an ti body bind ing.  The prin ci pal ques tion for COVID-19
and per haps also fu ture vi ral threats is whether there ex ists
a con served epitope among vi rus vari ants, which can be
tar geted by an an ti body with neu tral is ing po ten tial.

Hu man ized IgG1 chi me ric monoclonal an ti bod ies
AX290 and AX677 with non-over lap ping epitopes were
de vel oped af ter mice im mu ni za tion with re cep tor bind ing
do main (RBD) and S-pro tein, re spec tively [1].  In ter est -
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ingly, AX290 com peted with ACE-2 bind ing to RBD,
whereas AX677 did not. Both an ti bod ies had a high neu -
tral is ing po tency and AX677 was in sen si tive to spike pro -
tein mu ta tions in sev eral vi rus vari ants of con cern. Our aim
was to un der stand the mo lec u lar ba sis of an ti body ac tion
by de scrib ing the struc tures of AX290 and AX677 us ing
X-ray crys tal log ra phy.

The Fab frag ments of AX290 and AX677 were crys tal -
lised alone and in the com plex with the RBD of the spike
pro tein. We col lected com plete data sets for AX290 Fab
and AX677 Fab-RBD com plex to 2.15C and 2.7C res o lu -
tion, re spec tively. Struc tures were solved by mo lec u lar re -
place ment in Phaser and re fined by Refmac/Coot. The
paratope of AX290 is very flex i ble namely in the CDRH3
(Fig. 1A). The struc ture of the AX677-RBD com plex re -
vealed lo cal isa tion of an ti body epitope on RBD. AX677
binds to the in ner face of the RBD - a re gion known as the
“es carp ment”- which is out side of the ACE2-bind ing in ter -
face. The po si tion of epitope cor re spond to the RBD-7c
epitope com mu nity clas si fi ca tion [2], how ever, AX677 re -

tain a high neu tral iza tion po tency against au then tic vi rus,
in con trast with the ma jor ity of RBD-7c an ti bod ies. As ana -
lysed by PDBePISA server
 (https://www.ebi.ac.uk/pdbe/pisa/), AX677-RBD in ter -
face in clude RBD res i dues L368-Y369, S371-K378,
G404-D405, V407, N437, V503-G504 and Y508 (Fig.
1B). As the in ner face of RBD is con served across the
Sarbecovirus sub ge nus of Betacoronavirus , AX677 has a
po ten tial to be one of the an ti bod ies with neu tral iza tion
abil ity to wards a large vi rus fam ily and si mul ta neously in -
sen si tive to mu ta tions.

1. B. Kovacech, L. Fialova, P. Filipcik, R. Skrabana, M.
Zilkova et al., eBioMedicine, 76, (2022), 103818.

2. K. M. Hastie, L. Haoyang, D. Bediger, S. L. Schendel,
S.M. Dennison et al., Sci ence, 374, (2021), 6566,  pp.
472-478.

This work was sup ported by the NextGenerationEU
through the Re cov ery and Re sil ience Plan for Slovakia un -
der the pro ject No. 09-I02-03-V01-00021.

Fig ure 1. X-ray struc tures. A) The AX290 an ti body. Tube thick ness is pro por tional to B-fac tor, re flect ing the flex i bil ity; more flex i ble
re gions are thicker. The heavy chain CDRs are marked in pur ple, with an ar row point ing to CDRH3, the most flex i ble loop (CDR def i ni -
tion is ac cord ing to IMGT). B) AX677-RBD com plex. The RBD sur face is grey with the ACE2 bind ing site out lined by a dot ted line.
AX677 is a car toon model. The area rec og nized by AX677 is la belled by pink col our on the RBD in ner face.

https://www.ebi.ac.uk/pdbe/pisa/
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The on go ing evo lu tion and spread of antimicrobial re sis -
tance ne ces si tate a deeper un der stand ing of how re sis tance
mech a nisms emerge and di ver sify. The rad i cal SAM
methyltransferase fam ily, ex em pli fied by RlmN and Cfr,
mod i fies the bac te rial ri bo some but with di ver gent out -
comes: RlmN methylates C2 of 23S rRNA nu cle o tide
A2503 as part of cel lu lar phys i ol ogy, while Cfr methylates
C8 at the same po si tion, con fer ring broad re sis tance to
phenicols, lincosamides, oxazolidinones, pleuromutilins,
and streptogramin A (PhLOPSA).

Here, through com par a tive genomics of Clostridioides
difficile, we iden tify a novel rad i cal SAM en zyme, MrmA,
which rep re sents a dra matic evo lu tion ary shift in sub strate

spec i fic ity. MrmA methylates the nu cle o tide A2058-a ca -

non i cal an ti bi otic-bind ing site whose dimethylation by
Erm-fam ily en zymes con fers MLSB re sis tance. Re mark -
ably, MrmA is the first rad i cal SAM en zyme shown to tar -
get this po si tion. By in stall ing a novel C2 methylation at
A2058, MrmA spe cif i cally con fers re sis tance to macro -
lides and streptogramin B but not to lincosamides.

The com par a tive anal y sis of MrmA, Cfr, and RlmN re -
veals how con served en zyme scaf folds evolve novel func -
tions. To gether, these three en zymes pro vide a pow er ful
model to elu ci date the mo lec u lar de ter mi nants that dic tate
which nu cle o tide po si tion is se lected for methylation, of -
fer ing cru cial in sights into the gen eral mech a nism of sub -
strate se lec tion by ri bo somal methyltransferases and its
role in the evo lu tion of an ti bi otic re sis tance.
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The RNA poly mer ase is an es sen tial part of any liv ing sys -
tem, but the delta sub unit is not. Only a se lect group of bac -
te ria have it, in clud ing the op por tu nis tic patho gen
Staph y lo coc cus aureus. Ev i dence sug gests this delta sub -
unit con trib utes to the sur vival of this bac te rium in the host
by in creas ing tran scrip tion spec i fic ity.

The N-ter mi nal do main of delta is or dered and fa cil i -
tates the bind ing to the beta prime sub unit, while the C-ter -
mi nal do main is in trin si cally dis or dered and it’s func tion
has only been hinted at so far. We have com bined NMR
mea sure ments, in clud ing PRE, with SAXS and we char ac -
ter ised this CTD as an en sem ble of struc tures.

In an older ar ti cle (Kubáò et al. 2019), an im por tant
struc tural el e ment “K-tract”, a patch of 7 lysine res i dues

was iden ti fied in the B. subtilis delta and com pared with it’s 
mu tant, which had the “K-tract” re moved. In con trast, S.
aureus lacks this el e ment and we also stud ied it’s mu tant,
that mimicks the “K-tract”. Iden ti fy ing the func tional dif -
fer ences be tween the four afore men tioned con structs will
help us to un der stand the de tailed func tion of the delta sub -
unit.

Here we pres ent struc tural dif fer ences be tween the four
afore men tioned con structs con trib ut ing to func tional di -
ver sity of the delta sub unit in dif fer ent bac te ria. 

This work was sup ported by the Czech Sci ence Foun da tion
grants 22-12023S and 25-16037S.
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Pros tate-spe cific mem brane an ti gen (PSMA) is a clin i cally
val i dated cell-sur face tar get in pros tate can cer, mo ti vat ing
de vel op ment of an ti body re agents with high af fin ity, strict
spec i fic ity, and fa vor able developability. Us ing the Fab
crys tal struc ture of the murine anti-PSMA an ti body 5D3,
we per formed struc ture-guided frame work se lec tion and
CDR graft ing to gen er ate hu man ized vari ants and screened 
their physicochemical char ac ter is tics and af fin ity/spec i fic -
ity against hu man PSMA. One clone (5D3-6) con sis tently

matched the pa ren tal an ti body in tar get rec og ni tion and
showed the most fa vor able over all char ac ter is tics. Struc -
ture-as sisted map ping of 5D3/PSMA in ter face then guided
CDR mu ta gen e sis to re move prom i nent se quence li a bil i -
ties while main tain ing strong PSMA bind ing, yield ing a
hu man ized anti-PSMA an ti body op ti mized for down -
stream translational for mats such as im ag ing, con ju ga tion,
and ther a peu tic de vel op ment.
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CRYSTAL STRUCTURES OF mRNA CAP-FORMING ENZYMES: TvRNMT1 AND
Tv2’-O-MTASE OF TRICHOMANAS VAGINALIS
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Trichomoniasis is a sex u ally trans mit ted in fec tion of the
lower uro gen i tal tract of women, and pros tate and ure thra
of men caused by the anerobic pro to zoan Trichomonas
vaginalis (Tv). Both sexes car rier the dis ease while men in -
hab ited by Tv are usu ally asymp tom atic. When con sid er -
ing other non-vi ral sex u ally trans mit ted in fec tions
tricho moniasis is the most prev a lent world wide [1]. Of
con cern is that trichomoniasis in creases the risk of trans -
mis sion of hu man im mu no de fi ciency vi rus (HIV) in both
women and men. In ad di tion, the in fec tion is also as so ci -
ated with ad verse out comes dur ing preg nancy. The dis ease
is underdiagnosed, and self-treat ment of the in fec tion by
pa tients is sadly also com mon. Cur rent treat ment of tricho -
moniasis re lies on ad min is tra tion of 5-nitroimidazole
drugs. How ever, re sis tance has been in creas ingly rec og -
nized and may oc cur in up to 10% of in fec tions [2].

An en cour ag ing path rep re sents tar get ing es sen tial
methyltransferases for par a site sur vival. The 5’ cap mRNA 
(mes sen ger RNA) is an es sen tial fea ture of eukaryotic
mRNA that is re quired for a sta bil ity and ef fi cient trans la -
tion. mRNA cap ping en tails sev eral en zy matic re ac tions
where cap methylation, catalysed by RNA (gua nine-N7)
methyltransferase (RNMT) and con ver sion of a cap-0 to a

cap-1 struc ture by 2’-O-Methyltransferase (2’-O-MTase)
are com mon druggable tar gets [3]. As a re sult, suc cess fully 
in stalled cap-1 struc ture en sures high translational ef fi -
ciency and pro tects the mRNA of par a site from the host’s
in nate im mune sys tem. For this rea son, cap ping ma chin ery
is es sen tial for par a site sur vival and dis rup tion of mRNA
mod i fi ca tion is heavy de sir able.

This work pres ents re cently solved crys tal struc tures of
these pro to zoan methyltransferases with a view of the cat a -
lytic site, oc cu pied by a co-fac tor com pet i tive com pound:
Sinefungin and by prod uct of methylation re ac tion SAH
(S-adenosylhomocysteine). These pre lim i nary crys tal
struc tures ac com pa nied with high-through put in vi tro and
in vivo screen ing of small in hib i tory mol e cules (un pub -
lished data) provide a valu able struc tural in sight into con -
sec u tive ra tio nal drug de sign. 

1.  Rowley J., et al.: Bul le tin of the World Health Or ga ni za -
tion 97(8), 548 (2019).

2. Graves Keonte J., et al.: Patho gens.;12(5) 692, (2023).

3. Issur M., Picard-Jean F., Bisaillon M.: Wiley In ter dis ci plin -
ary Re views: RNA, 2(2), 184-192. (2011).
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MONTE CARLO SIMULATIONS OF MINIPROTEIN FOLDING SAMPLED WITH AN
AUTOENCODER

Jan Beránek, Guglielmo Tedeschi, Vojtìch Spiwok
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Autoencoders are ar ti fi cial neu ral net works used for
non-lin ear dimensionality re duc tion and have many di -
verse ap pli ca tions. The ar chi tec ture con sists of an en coder
trans form ing high di men sional in puts onto a low-di men -
sional em bed ding called la tent space, and a de coder, which
re con structs these la tent space val ues into the orig i nal high
di men sional data. 

In the work pre sented here, we use an autoencoder
pretrained on di verse con for ma tions of miniproteins for
gen er at ing pro tein struc tures based on in put la tent space
val ues. We sam ple from the struc tures gen er ated by the
net work us ing Me trop o lis Cri te rion and we show that run -
ning such Monte-Carlo sim u la tion of the miniprotein sys -
tem pro vides a very computationally in ex pen sive way to

vi su al ize the struc tural be hav iour of the stud ied
miniprotein, in clud ing fold ing, un fold ing and other events.

We show the re sults of this method ap plied to four
model sys tems: Tryptophan Cage miniprotein, its
non-fold ing vari ant, Villin head piece and PDZ do main.
We ob serve that al though the dis tri bu tion of struc tures
sam pled this way is slightly dif fer ent from one sam pled
from suf fi ciently long clas si cal mo lec u lar dy nam ics (MD)
sim u la tion, it is also pro vided at a tiny frac tion of the com -
pu ta tional cost of the MD sim u la tion. We pres ent the
method as a po ten tial al ter na tive to clas si cal sim u la tions
meth ods (like MD) that pro vide more ac cu rate re sults, but
re quire or ders of mag ni tude lon ger wall times for the cal cu -
la tions. 
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Apoptosis sig nal reg u lat ing kinase 1 (ASK1), also known
as MAP3K5, is a cru cial stress sen sor from the mitogen-ac -
ti vated pro tein kinase (MAPK) kinase kinase (MAP3K)
fam ily, di rect ing cells to ward apoptosis, dif fer en ti a tion,
and se nes cence via the p38 and JNK sig nal ing path ways
[1]. Dysregulation of ASK1 has been as so ci ated with can -
cer, in flam ma tory, car dio vas cu lar, and neurodegenerative
dis eases, among oth ers. Hence, ASK1 ac tiv ity has to be
strictly reg u lated to re spond to stress stim uli ap pro pri ately.
In homeostatic con di tion ASK1 ac tiv ity is neg a tively reg u -
lated by 14-3-3 adap tor pro teins, sup press ing the ac ti va tion 
of the down stream MKK7/JNK axis [2,3]. De spite many
years of in ten sive re search, there is no high-res o lu tion
struc ture of multi-do main ASK1 in com plex with 14-3-3
which has hin dered func tional and mech a nis tic un der -
stand ing of ASK1 reg u la tion. Elu ci dat ing the struc tural ba -
sis of 14-3-3-me di ated ASK1 se ques tra tion and the
sub se quent mo lec u lar rec og ni tion of the MKK7 effector is
es sen tial for un der stand ing mo lec u lar mech a nism of ASK1 
reg u la tion. There fore, we aim to gain struc tural in sights
into the ASK1:14-3-3 and ASK1:MKK7 com plexes us ing
an in te grated ap proach based on cryo-elec tron mi cros copy
(cryo-EM), hy dro gen-deu te rium ex change cou pled to

mass spec trom e try (HDX-MS), sed i men ta tion ve loc ity an -
a lyt i cal ul tra cen tri fu ga tion (SV-AUC), and an a lyt i cal
size-ex clu sion chro ma tog ra phy (SEC). 

In the pres ent study, bio phys i cal anal y ses by SV-AUC
dem on strate that ASK1 un der goes homo-oligomerization,
form ing dimers (200 kDa) and higher-or der oli go mers up
to tetramers. Upon 14-3-3 bind ing, the com plex assemles
with mul ti ple stoichiometries that ex ist in equi lib rium be -
tween higher to lower states with a clear pref er ence for 4:4
as sem bly (two ASK1 dimers form ing a tetramer sta bi lized
by two 14-3-3 dimers). The for ma tion of this 4:4  com plex
was sub se quently con firmed by SEC-MALS and cryo-EM. 
The cryo-EM re con struc tion showed that each of the
14-3-3 dimers sta bi lize the tetrameric ar range ment of
ASK1 by bind ing the C-ter mi nal seg ments of ASK1 chains 
from op po site ASK1 dimers. The struc ture sug gests that
tetramerization of ASK1 causes steric hin drance of the cat -
a lytic cen ters of the kinase do mains and pre sum ably also
in ter ac tions be tween the kinase do mains and the MAP2K
kinase sub strate i.e. MKK7, thus ex plain ing the in hib i tory
ef fect of 14-3-3 bind ing. In a pre lim i nary cryo-EM struc -
ture of the ASK1:MKK7 com plex, monomeric MKK7 en -
gages a dimeric ASK1; dis tinct from the po ten tially
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in hib ited ASK1:14-3-3 com plex which adopts a higher or -
der oligomeric state. To gether, these ob ser va tions sug gest
that ASK1 oligomeric state may reg u late the ac ces si bil ity
of the cat a lytic site and the sub strate dock ing sur face. 

1. Ichijo, H. et al. In duc tion of apoptosis by ASK1, a mam -
ma lian MAPKKK that ac ti vates SAPK/JNK and p38 sig -
nal ing path ways. Sci ence 275, 90–94 (1997). 

2. Zhang, L., Chen, J. & Fu, H. Sup pres sion of apoptosis sig -
nal-reg u lat ing kinase 1-in duced cell death by 14-3-3 pro -
teins. Proc Natl Acad Sci U S A 96, 8511–8515 (1999) 

3. Honzejkova, K., Kosek, D., Obsilova, V. & Obsil, T. The
cryo-EM struc ture of ASK1 re veals an asym met ric ar chi -
tec ture allosterically mod u lated by TRX1. eLife 13,
RP95199 (2024). 

This study is sup ported by the Grant Agency of Charles
Uni ver sity (JB: 151324) and the Czech Acad emy of Sci -
ences (RVO: 67985823 of the In sti tute of Phys i ol ogy). We
ac knowl edge CMS-Biocev of CIISB, and Cryo-elec tron mi -
cros copy and to mog ra phy core fa cil ity CEITEC MU of
CIISB, In struct-CZ Cen tres, sup ported by MEYS CR
(LM2023042).
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MU RI NE NKR-P1C, A KEY ACTI VA TING RE CEP TOR IN NK CELL IM MU NE
SUR VE IL LAN CE

Na dezda Bra gi na, Ana stas siya Ru den ko, Jan Blá ha, On døej Vanìk

De part ment of Bio chem is try, Fac ulty of Sci ence, Charles Uni ver sity, Hlavova 2030, 12840 Prague, 
Czech Re pub lic

na dezda.bra gi na@na tur.cuni.cz

Nat u ral Killer (NK) cells are a part of the vast rep er toire of
in nate im mune re sponse agents in mam mals. Amongst
their pri mary func tions is a pro cess called im mune sur veil -
lance. They use a va ri ety of ac ti vat ing and in hib i tory re -
cep tors on their sur faces to “scan” other cells in the
or gan ism to de ter mine whether their tar get cells are
healthy or in fected, ma lig nantly trans formed, or oth er wise
neg a tively al tered [1]. 

One such ac ti vat ing re cep tor is the murine Nat u ral
Killer Re cep tor – Pro tein 1C (mNKR-P1C). De spite be ing
first de scribed over 50 years ago, its struc ture and nat u ral
ligand are still un known [2]. A lack of knowl edge about
this ac ti vat ing re cep tor lim its our un der stand ing of its pre -
cise role in im mune re sponses and reg u la tion, which is es -
sen tial, as mice serve as model or gan isms and their NK cell 
re cep tor rep er toire dif fers from that of hu mans. 

This pro ject fo cuses on the re com bi nant pro duc tion of
mNKR-P1C in two types of mam ma lian cell lines with
distinct N-glycosylation pat terns. This al lows mNKR-P1C 
to be stud ied us ing sev eral bio phys i cal meth ods that could
help paint a com pre hen sive pic ture of the re cep tor’s struc -
ture and func tion. While the HEK293T cell line pro vides
wild-type hu man N-glycans, the HEK293S GnTI- cell line
lacks N-acetylglucosaminyltransferase I, which means all
pro teins are uni formly glycosylated with a sim ple mannose 

mo tif, sup port ing their ho mo ge ne ity and crystallizability.
Ini tially, we ex pressed a con struct en com pass ing the en tire
extracellular do main of mNKR-P1C in a HEK293S GnTI-

sta ble cell line, pro vid ing ex cel lent yields; how ever, this
con struct never crys tal lized. Next, we pre pared a trun cated
ver sion of the extracellular do main of NKR-P1C lack ing
the flex i ble hinge re gion. The sec ond con struct was tran -
siently pro duced in both HEK293T and HEK293S GnTI-

cell lines. Based on pre vi ous struc tural stud ies of ho mol o -
gous re cep tors, such as a hu man NKR-P1, we be lieve that
trun cat ing or re mov ing the hinge can en hance pro tein sta -
bil ity and crystallizability [3]. The oligomeric state,
glycosylation, and disulfide bond pat terns were as sessed by 
an a lyt i cal ul tra cen tri fu ga tion and mass spec trom e try.

1. Y. Chen, D. Lu, A. Churov, R. Fu, Me di a tors Inflamm.,

2020, (2020), 6437057.

2. L. L. Lanier, Annu. Rev. Immunol., 16, (1998), 359.

3. J. Bláha, T. Skálová, B. Kalousková, O. Skoøepa, D.
Cmunt, V. Grobárová, S. Pazicky, E. Poláchová, C. Abreu,
J. Stránský, T. Kova¾, J. Dušková, Y. Zhao, K. Harlos, J.
Hašek, J. Dohnálek, O. Vanìk, Nat. Commun., 13, (2022),

5022.

This work was sup ported by the Czech Sci ence Foun da tion
(25-18490S).
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MOLECULAR BASIS OF DNA BINDING AND OLIGOMERIZATION BY REPLICATION
AND TRANSCRIPTION REGULATOR RTA OF EPSTEIN-BARR VIRUS

Tomas Brom, Jarmila Mlcouskova, Pavel Veverka, Tomas Janovic, Tereza Parikova, 
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

Ep stein–Barr vi rus (EBV) in fects over 90% of the global
pop u la tion and con trib utes to ap prox i mately 200,000 ma -
lig nan cies an nu ally. Re ac ti va tion from la tency into the
lytic cy cle is ini ti ated by the vi ral rep li ca tion and tran scrip -
tion ac ti va tor (Rta), which binds Rta re sponse el e ments
(RREs) and in duces early lytic gene ex pres sion. De spite
Rta’s cen tral role, the struc tural or ga ni za tion and
oligomeric state of Rta have re mained in suf fi ciently de -
fined.

Here, we com bined bio phys i cal, sin gle-mol e cule, and
cel lu lar ap proaches to char ac ter ize Rta struc ture and func -

tion. We dem on strate that Rta com prises a struc tured a-he -
li cal DNA-bind ing do main and an in trin si cally dis or dered
transactivation do main. Bio phys i cal anal y ses in di cate that
Rta pre dom i nantly forms dimers in so lu tion, whereas sin -
gle-mol e cule AFM re veals a pop u la tion of tetrameric as -
sem blies, sug gest ing dy namic higher-or der oligo meri-
zation. Quan ti ta tive bind ing as says show that Rta binds
RRE-containing DNA with af fin i ties in the nanomolar
range. Tar geted mu ta tions within the DNA-bind ing do -
main dis rupt Rta-DNA in ter ac tion, re duc ing af fin ity to the

micromolar range and in di cat ing that mu tated res i dues are
crit i cal for spe cific rec og ni tion.

In EBV-pos i tive P3HR1 cells un der go ing chem i cally
in duced lytic re ac ti va tion, Rta forms dis crete nu clear foci,
in clud ing ac cu mu la tions at the nu clear pe riph ery, con sis -
tent with spa tially reg u lated lytic ac ti va tion.

To gether, these find ings de fine the do main ar chi tec -
ture, oligomeric be hav ior, and DNA-bind ing prop er ties of
Rta, pro vid ing a struc tural frame work for un der stand ing
EBV lytic re ac ti va tion and in form ing ef forts to tar get Rta
func tion ther a peu ti cally.

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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BIOPHYSICAL CHARACTERIZATION OF PROTEINS AND PROTEIN COMPLEXES BY
SEDIMENTATION VELOCITY ANALYTICAL ULTRACENTRIFUGATION

A. Brzezina1,2, K. Kohoutová2, V. Obšilová2, T. Obšil1

1De part ment of Phys i cal and Macromolecular Chem is try, Fac ulty of Sci ence, Charles Uni ver sity, 128 43
Prague 2, Czech Re pub lic

2De part ment of Struc tural Bi ol ogy of Sig nal ing Pro teins, Di vi sion BIOCEV, In sti tute of Phys i ol ogy of the
Czech Acad emy of Sci ences, 252 50, Vestec, Czech Re pub lic

Sed i men ta tion Ve loc ity An a lyt i cal Ul tra cen tri fu ga tion
(SV-AUC) is a pow er ful so lu tion-based tech nique for an a -
lyz ing the hy dro dy namic and ther mo dy namic prop er ties of
biomolecules. Dur ing ul tra cen tri fu ga tion, macromolecules 
sed i ment in a high grav i ta tional field and are mon i tored in
real time us ing UV/Vis ab sorp tion, flu o res cence, or in ter -
fer ence op tics. The re sult ing sed i men ta tion pro files are an -
a lyzed us ing math e mat i cal mod el ing to de ter mine
mo lec u lar weight, shape, size dis tri bu tion, oligomeric
states, and bind ing in ter ac tions. 

We ap plied SV-AUC to char ac ter ize for ma tion of the
ter nary com plex be tween CDK16, pCCNY, and 14-3-3

and de ter mined its ap par ent dis so ci a tion con stant. Com -
bined with site-di rected mu ta gen e sis and kinase ac tiv ity as -
says, we iden ti fied key res i dues re quired for sta ble ter nary
com plex for ma tion, which is es sen tial for CDK16 ac ti va -
tion. 

This work dem on strates the util ity of SV-AUC for
quan ti ta tive char ac ter iza tion of pro tein–pro tein in ter ac -
tions and multicomponent com plexes.

This work was sup ported by Czech Sci ence Foun da tion
Grant No. 25-15222S.
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WHEN LecB IS NOT ALONE: STRUCTURAL AND FUNCTIONAL ANALYSIS OF A
TWO-DOMAIN LECTIN

T. Buráòová1,2, E. Paulenová1,2, M. Wimmerová1,2

1Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5, 
625 00 Brno

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, 625 00 Brno
te re za.bu ra no va@mail.muni.cz

LecB (PA-IIL) is one of two well-char ac ter ized lectins
from the op por tu nis tic patho gen Pseu do mo nas aeruginosa
and plays a key role in host col o ni za tion and biofilm for ma -
tion, par tic u larly in immunocompromised pa tients such as
those with cys tic fi bro sis [1]. Ho mol o gous lectins have
also been iden ti fied in other patho genic bac te ria, in clud ing
Burkholderia cenocepacia [2]. No ta bly, sev eral uncharac -
terized LecB-like pro teins con tain an ad di tional N-ter mi nal 
do main of un known func tion, sug gest ing po ten tial func -
tional di ver si fi ca tion within this lectin fam ily.

This pro ject aims to struc tur ally and func tion ally char -
ac ter ize a pu ta tive two-do main lectin com pris ing a ca non i -
cal LecB-like car bo hy drate-bind ing do main and an
N-ter mi nal ac ces sory do main. A can di date gene en cod ing
such a pro tein from an in sect patho gen was iden ti fied
through bioinformatic anal y sis, cloned into ex pres sion
vec tors, and ex pressed in E. coli. In ad di tion to full-length
con structs, in di vid ual do mains were ex pressed sep a rately
to en able do main-spe cific char ac ter iza tion.

Pu ri fied pro teins are be ing an a lyzed us ing bio phys i cal
meth ods to as sess oligomeric state, thermostability, and
sam ple ho mo ge ne ity, and their car bo hy drate-bind ing prop -
er ties are un der in ves ti ga tion. Ex ten sive crys tal li za tion
screen ing was per formed for both full-length pro teins and

iso lated do mains. The struc ture of the N-ter mi nal do main
has been largely de ter mined by mo lec u lar re place ment and
is cur rently un der go ing re fine ment. Crys tal li za tion of the
LecB-like do main is still be ing op ti mized. How ever, com -
par a tive anal y sis of pre dicted struc tures with ca non i cal
LecB sug gests po ten tial dif fer ences in ligand-bind ing ar -
chi tec ture that may re flect al tered spec i fic ity or reg u la tory
func tion.

These find ings pro vide new in sight into the struc tural
di ver sity of LecB-like lectins and con trib ute to un der stand -
ing bac te rial ad he sion mech a nisms in patho genic bac te ria.

1. E. Mitch ell, C. Houles, D. Sudakevitz, M. Wimmerová, C.
Gautier, S. Pérez, A. M. Wu, N. Gilboa-Garber, A.
Imberty, Nat Struct Biol., 12, (2002), 918.

2. O. Šulák, G. Cioci, E. Lameignère, V. Balloy, A. Round, I. 
Gutsche, L. Malinovská, M. Chignard, P. Kosma, D. F.
Aubert, C. L. Marolda, M. A. Valvano, M. Wimmerová, A. 
Imberty, PLoS Pathog, 7, (2011), e1002238.

We ac knowl edge Core Fa cil ity Biomolecular In ter ac tions
and Crys tal log ra phy of CIISB, In struct-CZ Cen tre, sup -
ported by MEYS CR (LM2023042). This work was sup -
ported by the Czech Sci ence Foun da tion (pro ject
21-29622S).
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PREPARATION AND CHARACTERIZATION OF OLIGOMERS FORMED BY
TRUNCATED tau PROTEINS IN VITRO AND IN SILICO

O. Cehlar1,2*, S Njemoga1, A. Kovac1,3, P. Majerova1, T. Sadecky2, V. Garaj2, E. E. Barrera4

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 

2De part ment of Phar ma ceu ti cal Chem is try, Fac ulty of Phar macy, Comenius Uni ver sity in Bratislava,
Bratislava, Slovakia 

3De part ment of Galenic Phar macy, Fac ulty of Phar macy, Comenius Uni ver sity in Bratislava, Bratislava,
Slovakia

4Instituto de Histología y Embriología (IHEM), Consejo Nacional de Investigaciones Científicas y Técnicas
(CONICET), CC56, Universidad Nacional de Cuyo, Mendoza M5502JMA, Ar gen tina

ondrej.cehlar@savba.sk 

Sol u ble oli go mers are thought to be the toxic agents of sev -
eral neurodegenerative dis eases and not the rel a tively in ert
ma ture fil a ments. Oli go mers can prop a gate be tween neu -
rons and could be iso lated by in vivo microdialysis from
brain in ter sti tial fluid. Tau oli go mers can be in duced in vi -

tro by seed ing with am y loid-b (Ab) oli go mers or us ing tau
with mod i fied cysteines [1,2]. How ever, in ter me di ate fil a -

ments with shorter am y loid in ter face com pared to ma ture
fil a ments were ob served early in the course of tau ag gre ga -
tion [3].

Pre vi ously we have sum ma rized struc tural data about

oli go mers formed by am y loid-b, a-synuclein, tau a prion
pro tein, that show sub stan tial lack of struc tural in for ma tion 
about tau pro tein oli go mers [4]. 
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Iso lated in vi tro tau oli go mers pre pared from trun cated
tau were char ac ter ized by ion mo bil ity mass spec trom e try,
size ex clu sion chro ma tog ra phy, dot blot and west ern blot
us ing oligomer spe cific an ti bod ies T22, A11 and
TOMA-1. 

More over, rep re sen ta tive struc tures of tau dimers and
tri mers were ob tained af ter clus ter ing of coarse-grained
MD sim u la tions. Set of pre vi ously re ported small mol e -
cules with po ten tial to in hibit tau ag gre ga tion was docked
in the pre sumed bind ing pock ets iden ti fied in these struc -
tures. The in hi bi tion was probed by mea sur ing the ThT sig -
nal of the ag gre ga tion re ac tion in the pres ence of
smallmolecules.

1. L. La sa gna-Reeves, C., Castillo-Carranza, D., Sengupta, U. 
et al. Alz hei mer brain-de rived tau oli go mers prop a gate pa -
thol ogy from en dog e nous tau. Sci Rep 2, 700 (2012).

2. Gerson, J.E., Sengupta, U., Kayed, R. (2017). Tau Oli go -
mers as Patho genic Seeds: Prep a ra tion and Prop a ga tion In
Vi tro and In Vivo. In: Smet-Nocca, C. (eds) Tau Pro tein.

Meth ods in Mo lec u lar Bi ol ogy, vol 1523. Humana Press,
New York, NY.

3. Lövestam, S., Li, D., Wag staff, J.L. et al. Dis ease-spe cific
tau fil a ments as sem ble via poly mor phic in ter me di ates. Na -
ture 625, 119–125 (2024)..

4.    Cehlar, O.; Njemoga, S.; Horvath, M.; Cizmazia, E.;
Bednarikova, Z.; Barrera, E.E. Struc tures of Oligomeric

States of Tau Pro tein, Am y loid-b, a-Synuclein and Prion
Pro tein Im pli cated in Alz hei mer’s Dis ease, Par kin son’s
Dis ease and Prionopathies. Int. J. Mol. Sci. 2024, 25,
13049.

This re search was funded by the EU NextGenerationEU
through the Re cov ery and Re sil ience Plan for Slovakia un -
der the pro ject No. 09I03-03-V04-00623. This work was
sup ported by re search grants VEGA 2/0125/23 and
1/0825/25. This re search was fur ther funded by the Eu ro -
pean Un ion’s Ho ri zon Eu rope pro gram un der the grant
agree ment No. 101087124.
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BIOPHYSICAL TECHNIQUES AT THE CENTRE OF MOLECULAR STRUCTURE

Tatsiana Charnavets

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

Bio phys i cal re search fa cil ity of the Cen tre of mo lec u lar
struc ture is a shared re source for the char ac ter iza tion of
biomolecules 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
thermophoresis (Mono lith NT.115 and NT.LabelFree),
sur face plasmon res o nance (ProteOn XPR36) and
bio-layer In ter fer om e try (OCTET R8), switchSENSE (He -
lix+) 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 and Czech In fra -
struc ture for In te gra tive Struc tural Bi ol ogy (CIISB).

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).
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Mar tin Klíma, and Iva Pichová

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, 166 10 Prague, Czech Re pub lic

michal.dolezal@uochb.cas.cz

GMP reductase (GMPR) cat a lyzes NADPH-de pend ent
con ver sion of GMP to IMP, a key me tab o lite in the
biosynthesis of all pu rine nu cleo tides. This re ac tion al lows
my co bac te ria and most other or gan isms to uti lize gua nine
nu cleo tides for the pro duc tion of ad e nine nu cleo tides with -
out the need for de novo syn the sis.

In our stud ies of pu rine me tab o lism in my co bac te ria,
we use My co bac te rium smegmatis (Msm) as a model for
the in fec tious My co bac te rium tu ber cu lo sis (Mtb), the
caus ative agent of tu ber cu lo sis in hu mans.

In a pre vi ously pub lished study [1], we dem on strated
that the en zy matic ac tiv ity of MsmGMPR is allosterically
reg u lated by ATP and GTP. While ATP in hib its the en zy -
matic ac tiv ity of MsmGMPR, GTP coun ter acts this in hi bi -
tion, and thus re stores the en zy matic ac tiv ity.

Here, we com bine X-ray crys tal log ra phy, cryo-elec tron 
mi cros copy, and bio chem i cal bind ing as says to elu ci date
the mo lec u lar ba sis of MsmGMPR reg u la tion by ATP and
GTP [2]. MsmGMPR forms tetramers with four-fold axis
which fur ther as sem ble into octamers with D4 sym me try.
The two tetramers in the octamer adopt ei ther com pressed
or ex tended con for ma tion. ATP and GTP com pete for a

bind ing site lo cated at the in ter face of the two tetramers.
We show that ATP sta bi lizes a com pressed con for ma tion
that in hib its the en zyme by re strict ing ac cess to the ac tive
site and pre vent ing NADPH bind ing. In con trast, GTP
coun ter acts ATP bind ing, pro mot ing an ac tive con for ma -
tion that en ables ca tal y sis.

Our re sults pro vide in sight into how MsmGMPR senses 
and re sponds to the cel lu lar pu rine nu cle o tide bal ance, re -
veal ing a novel mode of allosteric reg u la tion by a CBS do -
main.

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

2. Doležal M., Knejzlík Z., Kouba T., Filimonìnko A.,
Šváchová H., Dedola M., Klíma M., Pichová I.: Manu script 
a (2026).

The work was sup ported by 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 – NextGenerationEU.

P16

FROM GENE TO PROTEIN: LAUNCHING AN INTEGRATED PROTEIN PRODUCTION
SERVICE AT CEITEC MU

Radka Dopitová, Jiøí Nováèek and Josef Houser

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

The ef fi cient pro duc tion of re com bi nant pro teins is es sen -
tial for struc tural bi ol ogy, bio chem is try and bio med i cal re -
search. The Biomolecular In ter ac tion and Crys tal log ra phy
Core Fa cil ity (CF BIC) at CEITEC Masaryk Uni ver sity has 
es tab lished new pro tein pro duc tion ser vices uti lis ing both
prokaryotic and eukaryotic ex pres sion sys tems, tai lored to
the spe cific re quire ments of di verse tar get pro teins. Our
ser vices cover the full pro tein pro duc tion workflow, in -
clud ing con struct de sign, clon ing, ex pres sion screen ing,
scal ing up and pu ri fi ca tion, all of which are sup ported by
stand ard ised qual ity con trol. The E.coli plat form en ables

the rapid and cost-ef fec tive pro duc tion of sim ple,
high-yield pro teins, while the in sect cell sys tem (Sf9/High
Five) is ideal for pro duc ing com plex eukaryotic pro teins
that re quire proper fold ing, disulfide bond for ma tion or
post-translational mod i fi ca tions. Com bin ing these com ple -
men tary ex pres sion sys tems al lows us to adapt flex i bly to
chal leng ing tar gets and in creases the over all suc cess rate of 
pro tein pro duc tion pro jects. CF BIC cur rently of fer a com -
plete port fo lio of ser vices for pro tein-based re search, ac -
ces si ble to both the in ter nal and ex ter nal sci en tific
com mu ni ties.
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STRUCTURAL COMPLEXITY IN BACTERIAL TRANSCRIPTION REGULATION

Adéla Fejfarová1,2, Markéta Šoltysová1, Irena Sieglová1, Mi lan Fábry1, Jana Škerlová1,
Pavlína Øezáèová1

1Lab o ra tory of Struc tural Bi ol ogy, In sti tute of Or ganic Chem is try and Bio chem is try, Prague, Czechia
2De part ment of Cell Bi ol ogy, Fac ulty of Sci ence, Charles Uni ver sity, Prague, Czechia

The pro cess of gene ex pres sion com prises num ber of steps, 
in clud ing tran scrip tion of DNA into RNA, trans la tion of
RNA into pro tein, and pro tein posttranslational mod i fi ca -
tion. In bac te ria, the reg u la tion of the ex pres sion rep re sents 
the ma jor re sponse to en vi ron men tal changes and is there -
fore crit i cal for adap tion and cell sur vival. Based on
the avail abil ity of dif fer ent nu tri ents, bac te ria turn on and
off dif fer ent genes en cod ing for pro teins of the re spec tive
met a bolic path ways. The whole met a bolic ma chin ery can
thus be reg u lated at the very be gin ning of the ex pres sion,
namely the ini ti a tion of tran scrip tion. For that, bac te ria use
nu mer ous tran scrip tion repressors be long ing to var i ous
pro tein fam i lies. Mem bers of the GntR fam ily, pres ent
across di verse bac te ria spe cies, are mainly re spon si ble
for reg u la tion of en zymes uti liz ing ca tab o lism of var i ous
car bon sources (e.g. sug ars). The fam ily is de fined by

a con served N-ter mi nal DNA-bind ing do main (DBD) with
a winged-he lix-turn-he lix mo tif. The C-ter mi nal effector
bind ing do main (EBD) dis tin guishes these reg u la tors into
five subfamilies. When an effector binds the EBD, the tran -
scrip tion repressor loses its abil ity to bind DNA, which
con se quently leads to ac ti va tion of tran scrip tion. Al -
though there are thou sands of such repressors across most
bac te rial spe cies, their mech a nism of ac tion is poorly un -
der stood on the struc tural level. Here we pres ent the pre -
lim i nary struc tural bi ol ogy data on the pro to typic mem ber
GntR, from the model or gan ism of gram-pos i tive bac te ria
Ba cil lus subtilis. By the method of cryo genic elec tron mi -
cros copy (cryo-EM), we try to un der stand the mo lec u lar
mech a nism be hind the pro tein-DNA com plex for ma tion,
the oligomeric ar range ments, and their changes upon
effector bind ing.
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FORCE-FIELD DEPENDENT CHANGES IN THE CONFORMATIONAL ENSEMBLE OF
Tau(210–240) UNDER TUNED PROTEIN–WATER INTERACTIONS

Thomas Fellmeth1,2 and Jozef Hritz1,3
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Tau is a prom i nent in trin si cally dis or dered pro tein (IDP)
that reg u lates mikrotubule as sem bly and sta bil ity. [1] Un -
der patho log i cal con di tions, hyperphosphorylated tau de -
taches from microtubules, ag gre gates into fi brils, and
forms neurofibrillary tan gles, a pri mary hall mark of Alz -
hei mer’s dis ease (AD) in the hu man brain. [2] Elu ci dat ing
tau fi bril for ma tion mech a nisms is cru cial for un der stand -
ing AD neurodegeneration. Mo lec u lar dy nam ics (MD)
sim u la tions of fer in sights into the tem po ral evo lu tion of tau 
fibrillization, with coarse-grained (CG) mod els ex tend ing
ac ces si ble length and time scales far be yond all-atom sim u -
la tions. How ever, stan dard CG force fields of ten fail to
cap ture IDP flex i bil ity, yield ing overly com pact con for ma -
tions. [3]

This study as sesses the ac cu racy of SIRAH 2 [4] and
Mar tini 3 [5] force fields in mod el ing the monomeric
conformational en sem ble of Tau(210-240). Val i da tion in -
cor po rates ex per i men tal NMR data, in clud ing chem i cal
shifts and 3J cou pling con stants, along side ra dius of gy ra -
tion mea sure ments. Both un mod i fied force fields pro duce
ex ces sively col lapsed struc tures, an is sue coun ter acted by
en hanc ing wa ter-pro tein in ter ac tions via repara mete ri -

zation. SIRAH 2 de mands more ex ten sive repara -
meterization than Mar tini 3, yield ing fair re pro duc tion of
global prop er ties like ra dius of gy ra tion for SIRAH, while
Mar tini 3 shows se vere de vi a tions from ex per i ment. De -
spite global im prove ments, lo cal struc tural prop er ties re -
main less changed. The reparameterized mod els better
de scribe the Tau(210-240) en sem ble, align ing with ex per i -
men tal observables.

Com pu ta tional re sources were pro vided by IT4In -
novations, funded by the Min is try of Ed u ca tion, Youth and
Sports of the Czech Re pub lic via the e-IN FRA CZ pro ject
(ID: 90254). This work was fur ther sup ported by the Brno
Ph.D. Tal ent Schol ar ship from the Brno City. Mu nic i pal ity
and by the Eu ro pean Un ion’s Ho ri zon Eu rope pro gram
un der grant agree ment No. 101087124 (ADDIT-CE).

1. E. M. Mandelkow and E. Mandelkow, Bio chem is try and
cell bi ol ogy of tau pro tein in neurofibrillary de gen er a tion.
Cold Spring Harb Perspect Biol., 4:ea006247, 2012.

2. B. Fal con et al., Tau fil a ments from mul ti ple cases of spo -
radic and in her ited alz hei mer’s dis ease adopt a com mon
fold. Acta Neuropathol, 136(5):699–708, 2018.
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3. P. Latham and B. Zhang, Uni fy ing coarse-grained force
fields for folded and dis or dered pro teins. Cur rent Opin ion
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4. M. R. Machado et al., The SIRAH 2.0 Force Field: Altius,
Fortius, Citius. J. Chem. The ory Comput, 15(4):2719-2733, 
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5. S. J. Marrink et al., The MARTINI force field: coarse
grained model for biomolecular sim u la tions. J. Phys.
Chem. B, 111:7812-7824, 2007.
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ExTraMD - A SERVICE FOR EFFICIENT EXTENSION OF MOLECULAR DYNAMICS
SIMULATIONS IN LATENT SPACE

Sam uel Gorta, Aleš Køenek

CERIT-SC, Masaryk Uni ver sity

Mo lec u lar dy nam ics (MD) sim u la tions pro vide de tailed in -
sight into biomolecular sys tems but are of ten lim ited by the
high com pu ta tional cost of long tra jec to ries. Re cent ad -
vances in la tent space mod el ing dem on strate that mo lec u -
lar dy nam ics can be ap prox i mated in a low-di men sional
la tent rep re sen ta tion, en abling the gen er a tion of long tra -
jec to ries from rel a tively short sim u la tions. We pres ent
ExTraMD, a planned ser vice that im ple ments la tent space
sim u la tion tech niques based on the Mo lec u lar La tent Space 
Sim u la tors frame work and makes them avail able as an
easy-to-use, au to mated tool. ExTraMD will al low us ers to

up load MD tra jec to ries, train la tent dy nam i cal mod els, and
gen er ate sta tis ti cally con sis tent ex tended tra jec to ries with
min i mal man ual in ter ven tion. The ser vice is be ing de -
signed with a fo cus on scalability, GPU ac cel er a tion, and
in te gra tion into ex ist ing mo lec u lar dy nam ics workflows.
ExTraMD will be in te grated into the MD Dash board en vi -
ron ment and con nected to tra jec tory search and data re pos -
i to ries, en abling seam less use within es tab lished
sim u la tion pipe lines. The goal is to lower the bar rier for
applying latent MD modeling and to support efficient
exploration of slow and rare biomolecular processes.
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CHARACTERIZATION OF THE AIRE INTERACTOME IN TRANSCRIPTIONAL
REGULATION

Alexandra Gredová1,2, Václav Veverka1,2

1In sti tute of Or ganic Chem is try and Bio chem is try of the CAS, Flemingovo nám. 542/2, 160 00, Praha
2Charles Uni ver sity, Prague, Czech Re pub lic

gredova@uochb.cas.cz

The Au to im mune Reg u la tor (AIRE) is a tran scrip tion fac -
tor for main tain ing cen tral im mune tol er ance. It func tions
by driv ing the ex pres sion of tis sue spe cific an ti gens
(TSAs) within medullary thymic ep i the lial cells, a pro cess
es sen tial for the clonal de le tion of self-re ac tive T cells. Mu -
ta tions in the AIRE gene re sult in Au to im mune Polyen -
docrinopathy Candidiasis Ectodermal Dys tro phy
(APECED).

De spite its known phys i o log i cal im por tance, the pre -
cise mo lec u lar mech a nisms by which AIRE co or di nates

transcriptional reg u la tion re main poorly de fined. In this
study, we de vel oped a sys tem atic panel of AIRE trun ca tion 
and do main-spe cific con structs to map its interactome. Us -
ing pull-down as says cou pled with mass spec trom e try, we
aim to iden tify novel in ter act ing part ners across dif fer ent
AIRE do mains. 
These find ings will ad vance our un der stand ing of
eukaryotic transcriptional reg u la tion and the fun da men tal
mech a nisms of im mune tolerance.
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MICROTUBULE-ASSOCIATED PROTEIN TPPP1 EXPANDS THE MICROTUBULE
LATTICE

Lenka Grycova, Sara Jarosova, Marcus Braun, Zdenek Lansky

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

Tubulin Poly mer iza tion Pro mot ing Pro tein 1 (TPPP1) is a
microtubule-as so ci ated pro tein im pli cated in microtubule
or ga ni za tion and sta bil ity. Microtubules are struc tur ally
and chem i cally het er o ge neous poly mers de fined by their
lat tice con for ma tion, nu cle o tide state, post-translational
mod i fi ca tions (PTMs), or tubulin isotype com po si tion.
How microtubule-as so ci ated pro teins in ter pret and al ter
this mul ti lay ered iden tity re mains largely un clear. Here, we 
show that TPPP1 is a state-de pend ent reader and reg u la tor
of microtubule iden tity. We show that TPPP1 binds co op -

er a tively to com pacted microtubule lat tice, in duc ing lo cal
lat tice ex pan sion. In ad di tion TPPP1 dis plays dif fer en tial
bind ing to microtubules dis tin guished by PTM pat terns
and tubulin isotype com po si tion, sug gest ing that TPPP1
can act as a se lec tive ex pander of dis tinct microtubule sub -
set in the cell. To gether, our find ings sup port a model in
which TPPP1 in te grates struc tural and bio chem i cal sig nals
to selectively remodel specific microtubules, potentially
influencing their dynamic behavior.
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EFFECT OF 14-3-3 PROTEIN FAMILY ON Tau PROTEIN FIBRE FORMATION 
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Tau pro tein ag gre ga tion into fibres is a hall mark of Alz hei -
mer’s dis ease and re lated tauopathies. The 14-3-3 pro tein
fam ily, highly abun dant in the brain, mod u lates Tau
phosphorylation, microtubule bind ing, and ag gre ga tion

pro pen sity. Re cent stud ies dem on strate that the 14-3-3z

isoform sig nif i cantly in hib its fibrillization of GSK3b -
-phospho rylated full-length Tau (2N4R), as ev i denced by
Thioflavin T as says, elec tron mi cros copy, AFM, chem i cal
crosslinking, and NMR show ing di rect in ter ac tions.[1]

Sim i larly, stoichiometric bind ing of 14-3-3z dimers pro -
motes dis so ci a tion of phosphorylated Tau from micro -
tubules, en hances cytosolic sol u bil ity, sup presses liq uid-
liq uid phase sep a ra tion (LLPS) and am y loid-like ag gre ga -
tion, thereby pre vent ing patho log i cal seed for ma tion.[2]

This study aims to gain deeper in sights into the in ter ac -

tion be tween GSK3b-phosphorylated full-length Tau

(2N4R) and the 14-3-3z pro tein.

Funded by the Eu ro pean Un ion’s Ho ri zon Eu rope pro -
gram un der grant agree ment No. 101087124 (ADDIT-
 CE).

1. G. Kuèinskas, A. Kozeleková, K. Králová, V. Volko, O.
Šedo, J. Hritz, Int. J. Biol. Macromol., 278, (2025),
135792.

2. J. Hochmair, M. C. M. van den Oetelaar, L. Ravatt, L.
Diez, L. J. M. Lemmens, R. Ponce-Lina, R. Sankar, M.
Franck, G. Nolte, E. Semenova, S. Mohapatra, C. Ottmann, 
L. Brunsveld, S. Wegmann, Commun. Biol., 8, (2025),
8548.
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STRUCTURAL CHARACTERIZATION OF THE 16S rRNA METHYLTRANSFERASE
RsmH FROM STAPHYLOCOCCUS AUREUS
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Post-transcriptional methylation of 16S rRNA is a con -
served bac te rial mod i fi ca tion that reg u lates ri bo somal
func tion and fa cil i tates ad ap ta tion to en vi ron men tal stress.
RsmH is a SAM-de pend ent cy to sine-N4-methyl transfe -
rase that cat a lyzes methylation of C1402 within the de cod -
ing cen ter of 16S rRNA, a mod i fi ca tion as so ci ated with
vir u lence and stress tol er ance in Staph y lo coc cus aureus. In 
this study, the RsmH gene from S. aureus was cloned into a
re com bi nant ex pres sion vec tor for hetero logous pro duc -

tion. The re com bi nant pro tein was pu ri fied to ho mo ge ne -
ity, and sub se quent crys tal li za tion tri als were per formed in
the pres ence of sinefungin, a SAM an a log. Anal y sis of
high-res o lu tion X-ray dif frac tion data al lowed us to de ter -
mine the pre vi ously un re solved crys tal struc ture of RsmH
from S. aureus. These find ings pro vide a struc tural frame -
work for mech a nis tic in ves ti ga tions and may sup port fu -
ture struc ture-based drug de vel op ment strat e gies tar get ing
methicillin-re sis tant S. aureus (MRSA).
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DETECTION OF NEUROCHEMICAL BRAIN PROFILES IN RATS USING ¹H MRS
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Pro ton mag netic res o nance spec tros copy (1H MRS) is a
non-in va sive method that en ables in vivo char ac ter iza tion
of brain neurochemistry at the mo lec u lar level, link ing me -
tab o lite com po si tion to cel lu lar struc ture and func tion. In
this study, 1H MRS was ap plied to de tect re gion-spe cific
neurochemical pro files in the rat brain and to as sess met a -
bolic al ter ations in duced by dis ease mod els and phar ma co -
log i cal in ter ven tions.

9.4 T high-field 1H MRS al lowed re li able quan ti fi ca -
tion of key brain me tab o lites, in clud ing N-acetylaspartate
(NAA), choline-con tain ing com pounds (Cho), to tal
creatine (tCr), glu ta mate (Glu), glutamine (Gln), myo-
 inositol (mIns), and taurine (Tau). These me tab o lites re -
flect neuronal vi a bil ity, mem brane turn over, en ergy me tab -
o lism, neurotransmission, and astroglial func tion,
pro vid ing in sight into mo lec u lar struc ture-func tion re la -
tion - ships rel e vant to struc tural bi ol ogy.

In the ol fac tory bulbectomy rat model of de pres sion,
sig nif i cant neurochemical al ter ations were de tected in the

hip po cam pus and cor ti cal re gions, in di cat ing im paired
neuronal me tab o lism, astroglial dys func tion, and al tered
osmoregulation. Spe cif i cally, changes in NAA and choline 
lev els sug gested neuronal dys func tion and mem brane re -
mod el ing, while re duced taurine lev els re flected im paired
mod u la tion of neu ro trans mit ter ac tiv ity.

Im por tantly, 1H MRS was sen si tive to both chronic and
acute phar ma co log i cal ma nip u la tion. Chronic treat ment
with citalopram in duced dis tinct met a bolic changes pre -
dom i nantly in the hip po cam pus, whereas acute ad min is tra -
tion of meth am phet amine re sulted in rapid neurochemical
al ter ations in cor ti cal re gions. These find ings dem on strate
the abil ity of 1H MRS to cap ture dy namic neurochemical
re sponses to phar ma co log i cal in ter ven tions in vivo.
Our re sults high light 1H MRS as a valu able tool bridg ing
struc tural bi ol ogy and neu ro sci ence by en abling the de tec -
tion of sub tle mo lec u lar changes re lated to brain dys func -
tion and ther a peu tic mod u la tion, with po ten tial applica -b
ility in iden ti fy ing biomarkers of neuro dege neration.
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STRUCTURAL AND FUNCTIONAL CHARACTERIZATION OF IRIPIN-7 FROM IXODES
RICINUS REVEALS DETERMINANTS OF PROTEASE SPECIFICITY
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Ticks se crete serine pro te ase in hib i tors (serpins) via their
sa liva to mod u late host in flam ma tory and hemostatic re -
sponses dur ing blood feed ing. Al though serpins share a
con served fold and in hib i tory mech a nism, sub tle vari a tions 
within the re ac tive cen tre loop (RCL) can pro foundly in flu -
ence pro te ase spec i fic ity [1]. 

Here, we pres ent a struc tural and func tional char ac ter -
iza tion of the tick serpin Iripin-7. To in ves ti gate de ter mi -
nants of spec i fic ity, Iripin-7 was com pared with the
ho mo l o gous serpin iripin-2, pre vi ously char ac ter ized as
IRS-2 in [2]. Se quence align ment re vealed con ser va tion of
the RCL re quired for in hib i tory ac tiv ity, with dif fer ences
ob served in the pre dicted P1 site.

Pro te ase in hi bi tion as says dem on strated sig nif i cant
func tional di ver gence de spite over all se quence sim i lar ity.
Iripin-2 ex hib its a nar row spec i fic ity, pri mar ily tar get ing
chymotrypsin-like pro teas es [2]. In con trast, Iripin-7 in hib -
its a broader spec trum of en zymes, with stron gest ef fects
ob served for in flam ma tory pro teas es and re lated tar gets.

To gether, these find ings show that high RCL sim i lar ity
does not nec es sar ily trans late into equiv a lent pro te ase
spec i fic ity. In stead, sub tle struc tural fea tures within the
rec og ni tion re gion con trib ute to tar get se lec tion and func -
tional di ver si fi ca tion. This work pro vides struc tural in sight 
into how closely re lated serpins evolve dis tinct bi o log i cal
roles in mod u lat ing host de fense path ways.

1. Marijanovic, E. M., Fodor, J., Riley, B. T., Porebski, B. T., 
Costa, M. G. S., Kass, I., Hoke, D. E., McGowan, S., &
Buckle, A. M. (2019). Re ac tive cen tre loop dy nam ics and
serpin spec i fic ity. Sci en tific re ports, 9(1), 3870.
https://doi.org/10.1038/s41598-019-40432-w.

2. Chmelar, J., Oliveira, C. J., Rezacova, P., Francischetti, I.
M., Kovarova, Z., Pejler, G., Kopacek, P., Ribeiro, J. M.,
Mares, M., Kopecky, J., & Kotsyfakis, M. (2011). A tick
sal i vary pro tein tar gets cathepsin G and chymase and in -
hib its host in flam ma tion and platelet ag gre ga tion. Blood,
117(2), 736–744.
https://doi.org/10.1182/blood-2010-06-293241.
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DNA ed it ing en zymes such as those in the APOBEC fam -
ily of cytidine deaminasesplay im por tant roles in both nor -
mal and patho genic func tion, while en gi neered en zymes
of fer ex cit ing new pos si bil i ties for ge nome ed it ing. De spite 
their im por tance, widely-used as says for DNA ed it ing en -
zymes are time con sum ing and ex pen sive. Here we de -
scribe a new as say for DNA ed it ing en zymes in which the
sub strate in the re ac tion is a chemiluminescent deoxy -
ribozyme called Su per nova. Ed it ing al ters the se quence of
Su per nova, which re sults in a change in cat a lytic ac tiv ity
and light pro duc tion. By an a lyz ing a dataset of Su per nova
vari ants pre vi ously iden ti fied by se lec tion and high-

 through put se quenc ing, it was pos si ble to gen er ate sen sors
with a wide range of specificities. Sen sors were also de vel -
oped for APOBEC3A, a cytidine deaminase which con -
verts C to U in sin gle-stranded DNA and RNA. These
in clude a turn-off  sen sor that pro duces light 14-fold slower 
af ter in cu ba tion with re com bi nant APOBEC3A than in its
ab sence, and a turn-on sen sor that gen er ates light 10-fold
faster af ter in cu ba tion with APOBEC3A than in its ab -
sence. As says that use these sen sors are faster and less ex -
pen sive than ex ist ing ones, and should be par tic u larly
use ful for ap pli ca tions such as high-through put screen ing.
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PROTEIN PRODUCTION FACILITY – DNA & PROTEINS FOR YOUR RESEARCH

Veronika Klápš•ová, Tereza Kolarèíková, Agnieszka Szmitkowska, Lenka Vidrnová,
Miroslava Alblová

Cen tre of Mo lec u lar Struc ture, In sti tute of Bio tech nol ogy, Czech Acad emy of Sci ences, Prùmyslová 595, 
252 50 Vestec, Czech Re pub lic
veronika.klapstova@ibt.cas.cz

The Pro tein Pro duc tion core fa cil ity at the Cen tre of Mo -
lec u lar Struc ture (CMS) of the Czech In fra struc ture for In -
te gra tive Struc tural Bi ol ogy (CIISB), part of In struct-ERIC 
cen tre, of fers com pre hen sive ser vices cov er ing ev ery step
of pro tein pro duc tion 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 ex pres sion, 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. Fur ther more, we per form small-scale ex pres sion
and sol u bil ity tests us ing var i ous Esch e richia coli strains
un der dif fer ent con di tions. As an al ter na tive to prokaryotic
ex pres sion, we can pro vide pro tein pro duc tion in hu man
em bry onic kid ney cells (HEK293T, Expi293, and
Expi293F GnTI-) or in baculoviral ex pres sion sys tems us -
ing Sf9 and High5 in sect cells. Fi nally, we of fer large-scale 
pro duc tion and pu ri fi ca tion of tar get pro teins.

For pro tein pu ri fi ca tion, we em ploy a range of steps, 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. We also pro vide ion-ex change chro ma tog ra phy and 
size ex clu sion chro ma tog ra phy us ing Superdex 75 and
Superdex 200 col umns (10/300 In crease or HiLoad
16/600). Cus tom ers may re quest ad ap ta tions of stan dard -
ized pro to cols or pro vide us with es tab lished pro to cols. All
ser vices can be or dered individually or as a single
end-to-end package.

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) and OP JAK pro ject
“In no va tion of Czech In fra struc ture for In te gra tive Struc -
tural Bi ol ogy” (no. CZ.02.01.01/00/23_015/0008175).
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CORRECTION FOR MULTI-LATTICE TRANSLOCATION DEFECTS IN DIFFRACTION
DATA FROM CRYSTALS OF ZINC-DEPENDENT NUCLEASES

P. Kolenko1,2, K. Adámková1, J. Wenz1,2, T. Kova¾1, J. Dohnálek1

1In sti tute of Bio tech nol ogy, Czech Acad emy of Sci ences, Prùmyslová 595, 252 50 Vestec, Czechia
2Czech Tech ni cal Uni ver si ty in Pra gue, Bøe ho vá 7, 115 19 Pra gue, Czechia

ko le n pe1@cvut.cz

Crys tal li za tion of bi o log i cal macromolecules is one of the
key meth ods in struc tural bi ol ogy. The growth of well-dif -
fract ing crys tals is es sen tial for struc ture de ter mi na tion us -
ing crys tal lo graphic meth ods. For the ma jor ity of

ex per i ments, crys tal li za tion still rep re sents a trial-and-er -
ror ap proach. Crys tals are usu ally eval u ated ac cord ing to
their phys i cal ap pear ance, for ex am ple their size, vi sual de -
fects, or inter growth of mul ti ple crys tals. How ever, vi sual
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Fig ure 1. Ser vices of the Pro tein Pro duc tion core fa cil ity in CMS.



in spec tion does not pre vent in ter nal dis or der or other struc -
tural prop er ties that may be come ap par ent only af ter ex po -
sure to X-rays, such as twinning, dif frac tion ani so tropy, or
lat tice translocation de fects (LTDs). More over, some of
these ef fects are dif fi cult to de tect even from vi sual in spec -
tion of dif frac tion im ages, for ex am ple merohedral twin -
ning or LTDs.

LTD rep re sents a sit u a tion in which a crys tal con tains
more than one iden ti cal lat tice do main that is transla -
tionally shifted by a translocation vec tor. LTDs mod ify the
pro files of a sub set of re flec tions, gen er ate off-or i gin peaks 
in the na tive Patterson map, and dis tort the ob served elec -
tron den sity [1]. If not taken into ac count, this phe nom e non 
may sig nif i cantly af fect the suc cess of the struc ture-de ter -
mi na tion pro cess. For tu nately, it can be eas ily cor rected by
ap ply ing sev eral cal cu la tion pro ce dures.

Crys tals of zinc-de pend ent nu cleases S1 from Aspergi -
llus spe cies and SmNuc1 from Stenotrophomonas malto -
philia fre quently suf fer from LTDs. Cor rec tion for LTDs
was cru cial for the pre cise in ter pre ta tion of atomic res o lu -
tion stud ies of com plexes of both nu cleases with
ribonucleotides [1, 2]. Sim i lar ob ser va tions have been
made in dif frac tion data from other com plexes of the nu -
cleases that have not been pub lished yet.

Re cently, we de vel oped a Py thon 3 mod ule named
TRANSLOCATION. The mod ule is easy to in stall us ing the
‘pip’ com mand and sup ports var i ous mul ti ple file for mats,

in clud ing MTZ, mmCIF, SCA, HKL, and hkl. We tested
the mod ule on a set of struc tures de pos ited in the PDB. In
all cases, we achieved a de crease in R val ues, R-gap (Rfree –
Rwork), and a sig nif i cant im prove ment in the cal cu lated
elec tron den sity maps, which fa cil i tated the in ter pre ta tion
of ex per i men tal ob ser va tions. For ex am ple, the cor rected
elec tron den sity for the res i due Glu1080 in crys tal struc ture 
of FtsK mo tor do main in di cates an al ter na tive rotameric
state (PDB code 2IUS, Fig ure 1). Al though there are more
meth ods of cor rec tion for LTDs, our ap proach is the only
one that en ables cor rec tion for more than one translocation
within a crys tal. The method is also ready for im ple men ta -
tion in other au to mated pipe lines.

1. K. Adámková, T. Kova¾, L. H. Oestergaard, J. Dušková,
M. Malý, L. Švecová, T. Skálová, P. Kolenko, J. Dohnálek, 
Acta Cryst D78, (2022), 1194-1209.

2. K. Adám ko vá, M. Trun do vá, T. Ko va¾, B. Hus•áko vá, P.
Ko len ko, J. Duš ko vá, T. Ská lo vá, J. Do hná lek, FEBS Jour -
nal, 292, (2025), 129-152.

This work was sup ported by the Czech Sci ence Foun da tion
(25-17546S), and by the Czech Acad emy of Sci ences
(86652036). 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 No. CZ.02.01.01/00/23_015/0008175 is ac -
knowl edged for pro vid ing ac cess to all fa cil i ties at CMS in
BIOCEV for this pro ject.
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Fig ure 1. a) Scheme of lat tice translocation de fect. Unit cells (dashed line) con tain ing a macromolecule (el lipse) of a crys tal do main

are translocated by a translocation vec tor (ar row). b) Un cor rected ob served elec tron den sity con toured at the level of 1 s  is shown for

the res i due Glu1080 of the FtsK mo tor do main (PDB code 2IUS). c) Ob served elec tron den sity con toured at the level of 1 s af ter cor -
rec tion for LTD is shown for the same res i due as in b). Ap par ently, cor rec tion for LTDs may play a cru cial role and af fect fine struc -
tural de tails.



P29

CRYO-EM TOWARDS VISUALIZATION OF SMALL MOLECULES

Pavel Brázda, Vita Vidmar, Joao Catarino, Anatolij Filimonìnko, Kiran Telukunta, 
Tomáš Kouba

In sti tute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ences, Prague, 
Czech Re pub lic

tomas.kouba@uochb.cas.cz

The Cryo-EM core fa cil ity at IOCB Prague has es tab lished
a state-of-the-art in fra struc ture to ad vance struc tural bi ol -
ogy, with a par tic u lar em pha sis on the vi su al iza tion of pro -
tein com plexes bound to small-mol e cule lig ands. The
fa cil ity pro vides com pre hen sive end-to-end ser vices, in -
clud ing sam ple prep a ra tion and char ac ter iza tion, grid
screen ing, high-res o lu tion data ac qui si tion, and sin gle-par -
ti cle anal y sis, sup ported by a ded i cated high-per for mance
com put ing clus ter.

The pur pose-built un der ground fa cil ity is en gi neered to 
en sure ex cep tional en vi ron men tal sta bil ity. It in cor po rates
a pas sive mul ti level antivibration foun da tion, an in te grated 
in-wall cool ing sys tem, and an au to mated liq uid ni tro gen
dis tri bu tion net work. The in stru men ta tion port fo lio in -
cludes a 300 kV Thermo Fisher Sci en tific Krios G4, a 200

kV Thermo Fisher Sci en tific Glacios, and a JEOL
JEM2100plus trans mis sion elec tron mi cro scope.

The plat form is de signed to en able high-res o lu tion
struc tural stud ies ap proach ing sub-2C res o lu tion. A key
stra te gic ob jec tive is also im ple men ta tion of three-di men -
sional (3D) elec tron dif frac tion meth od ol o gies, fa cil i tat ing
struc tural char ac ter iza tion of small mol e cules, in clud ing
prod ucts of chem i cal syn the sis and nat u ral com pounds.

To gether, this in te grated cryo-EM and 3D elec tron dif -
frac tion in fra struc ture will pro vide a pow er ful frame work
for struc tural anal y sis of bi o log i cally rel e vant
macromolecules and small-mol e cule sys tems, thereby ac -
cel er at ing translational re search in chem i cal bi ol ogy and
drug dis cov ery.

P30

BUILDING LEGOS: PURIFICATION AND REASSOCIATION OF BACILLUS SUBTILIS
RNA POLYMERASE INITIATION COMPLEX

A. Kozáková1, M. Èerný1,2, L. Žídek1,2, D. Tužinèin1, L. Krásný3

1Na tional Cen tre for Biomolecular Re search, Masaryk Uni ver sity, Kamenice 5, Brno 62500, Czech Re pub lic
2Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 5, Brno 62500, Czech Re pub lic

3Lab o ra tory of Mi cro bial Ge net ics and Gene Ex pres sion, In sti tute of Mi cro bi ol ogy of the Czech Acad emy of
Sci ences, v.v.i., Vídeòská 1083, Prague 4 14220, Czech Re pub lic

RNA poly mer ase (RNAP) is the cen tral en zyme of the tran -
scrip tion ma chin ery, re spon si ble for syn the siz ing RNA
from a DNA tem plate. In Gram-pos i tive bac te ria such
as Ba cil lus subtilis, RNAP con sists of mul ti ple sub units

and reg u la tory com po nents, in clud ing s fac tors that di rect
pro moter rec og ni tion and ini ti a tion of tran scrip tion. The

pri mary s fac tor sA con trols tran scrip tion of house keep ing
genes dur ing veg e ta tive growth, whereas the al ter na tive ó

fac tor sB gov erns the gen eral stress re sponse.
This work fo cuses on the re com bi nant ex pres sion, pu ri -

fi ca tion, and reassociation of B. subtilis RNAP core sub -

units to gether with sA and sB to as sem ble tran scrip tion
ini ti a tion com plexes on syn thetic DNA scaf folds. Fo cus of
this work is placed on op ti miz ing pu ri fi ca tion to ob tain
pure and sta ble pro tein com po nents suit able for the com -
plex for ma tion. The re sult ing re as so ci at ed ini ti a tion com -
plexes will pro vide a foun da tion for struc tural and

func tional stud ies of s fac tor–de pend ent tran scrip tion ini -
ti a tion in B. subtilis us ing cryo-elec tron mi cros copy
(cryo-EM) and nu clear mag netic res o nance (NMR) spec -
tros copy.
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PROBING THE SPECIFICITY OF FLUORESCENT DEOXYRIBOZYMES USING
SINGLE-STEP SELECTIONS AND MACHINE LEARNING

Zuzana Krá¾ová1,2, Lukáš Išler1,2, Mar tin Volek1,2, Mônica Jandová1, Jaroslav Kurfürst1,3, and
Ed ward A. Curtis1

1In sti tute of Or ganic Chem is try and Bio chem is try, Prague, Czech Re pub lic
2De part ment of Ge net ics and Mi cro bi ol ogy, Fac ulty of Sci ence, Charles Uni ver sity, Prague, Czech Re pub lic

3De part ment of In for ma tics and Chem is try, Uni ver sity of Chem is try and Tech nol ogy, Prague, Czech Re pub lic
ed ward.curtis@uochb.cas.cz

The abil ity of pro teins and nu cleic ac ids to form spe cific
bind ing sites for lig ands is crit i cal for bi o log i cal func tion,
and meth ods to mod u late bio chem i cal spec i fic ity are im -
por tant for fields such as en zyme en gi neer ing and drug de -
sign. Here we sys tem at i cally in ves ti gated the specificities
of self-phosphorylating deoxyribozymes that con vert the
coumarin sub strate 4-MUP into a flu o res cent prod uct us ing 
bio chem i cal as says, sin gle-step se lec tions, and ma chine
learn ing. Ac tiv ity as says us ing a panel of 20 cat a lytic mo -
tifs and 10 sub strates that gen er ate dif fer ent types of sig -
nals when they are dephosphorylated re vealed that these
deoxyribozymes are ex tremely spe cific for 4-MUP. To
iden tify mu ta tions that change spec i fic ity, we con structed a 
li brary based on a self-phosphorylating flu o res cent deoxy -

ri bozyme called Au rora. A se ries of sin gle-step se lec tions
yielded vari ants that re act with 4-MUP and the struc tur ally
sim i lar sub strate diFMUP, but not with the more dis tinct
sub strates pNPP and ELF. Pairwise anal y sis of se quences
in the 4-MUP and diFMUP datasets re vealed four mu ta -
tions that mod u late Au rora spec i fic ity. The ef fects of these
mu ta tions were con firmed us ing bio chem i cal as says, and
could be pre dicted us ing mod els de vel oped by ma chine
learn ing. Taken to gether, our re sults show how sin gle-step
se lec tions can be used to iden tify mu ta tions that change the
spec i fic ity of a deoxyribozyme. They also high light how
ma chine learn ing can be used to model com plex datasets
from in vi tro se lec tion ex per i ments.

P32

MOLECULAR DYNAMICS BEYOND COMMANDLINE

Aleš Køenek, Adrian Rošinec, Filip Krása, Sam uel Gorta, Terézia Sanináková, Tomáš Pavlík

CERIT-SC, Masaryk Uni ver sity

Now a days, han dling MD sim u la tions re quires far more
than run ning a sim u la tion with a set of magic com mands,
ana lys ing re sults, and pub lish ing a pa per.  Both better user
ex pe ri ence and ubiq ui tous FAIR prin ci ples are re -
quired.  We in tro duce an eco sys tem of ser vices de vel oped
in e-In fra CZ fo cused on mo lec u lar dy nam ics.

MDDB is a Eu ro pean-wide ac tiv ity which pro vides dis -
trib uted in fra struc ture of re pos i to ries spe cial ized on MD
data. We aim at provisioning CZ na tional node built on top
of Na tional Re pos i tory Plat form ser vices/ca pac i ties al low -
ing CZ us ers to pub lish large-scale MD data us ing the
aligned in ter faces.

MDFind ex tends suc cess ful AlphaFind (3D struc ture
based search in Alphafold da ta base) with the ca pa bil i ties to 
search in MD tra jec to ries at three lev els: metadata, geo met -

ri cal sim i lar ity of tra jec tory frames with a query struc ture,
and sim i lar i ties of es sen tial char ac ter is tics of whole tra jec -
to ries.

MDDash pro vides ge neric en vi ron ment for run ning
MD sim u la tions and anal y ses. The sim u la tion pro to col, in
the form of Jupyter note book, is re corded thor oughly for
fur ther re use. Sim u la tion hyperparameters
(multiprocessing, do main de com po si tion, GPU use...) are
tuned for op ti mal per for mance semi-au to mat i cally. MD
data re pos i to ries are in ter faced for both down- and up load.
In te gra tion of ad vanced functionalities (like ExTraMD,
ML tech nique to ex tend MD tra jec to ries con sid er ably) is
planned.
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AUTOMATED HIGH-RESOLUTION CRYO-FIB-SEM VOLUME EM ENABLES
SUB-VOLUME AVERAGING OF CELLULAR STRUCTURES

Pavel Køepelka1*, Jana Moravcová1, Zuzana Trebichalská1, Elena Buglakova2, Lenka
Šmerdová1, Hana Nedozrálová1, Jaroslav Straník1, Maria Rosario Fernandez-Fernandez3,4,5,

Pavel Plevka1, Anna Kreshuk2, Jiøí Nováèek1*

1CEITEC, Masaryk Uni ver sity, Brno, Czech Re pub lic
2EMBL Hei del berg, Hei del berg, Ger many

3Instituto de Biomedicina y Biotecnología de Cantabria (IBBTEC)-Consejo Su pe rior de Investigaciones
Científicas (CSIC). Santander, Cantabria, Spain

4Centro de Investigación en Nanomateriales y Nanotecnología (CINN-CSIC). El Entrego, Asturias, Spain
5Instituto de Investigación Sanitaria del Principado de Asturias (ISPA). Oviedo, Asturias, Spain

*Cor re spon dence to: Jiøí Nováèek (jiri.novacek@ceitec.muni.cz) and Pavel Køepelka
(pavel.krepelka@ceitec.muni.cz)

Con ven tional vol ume elec tron mi cros copy (vol ume EM)
pro vides three-di men sional views of cel lu lar or ga ni za tion
but com monly re lies on chem i cal fix a tion, de hy dra tion,
and heavy-metal stain ing. These pre para tive pro ce dures
can per turb na tive ultrastructure and im pose fun da men tal
lim its on achiev able res o lu tion and interpretability.
Cryo-vol ume elec tron mi cros copy (CVEM) over comes
these lim i ta tions by en abling three-di men sional im ag ing of 
vit ri fied cells and tis sues in a near-na tive state, thereby pre -
serv ing bi o log i cal ar chi tec ture and mo lec u lar con text.

Here, we pres ent an in te grated ex per i men tal and com -
pu ta tional workflow for high-fi del ity CVEM that sys tem -
at i cally ad dresses im ag ing ge om e try, ion spe cies se lec tion,
and data-pro cess ing strat e gies. This op ti mized ap proach

en ables ro bust ac qui si tion of vol u met ric datasets with high
struc tural pres er va tion and con trast. Us ing CVEM, we
achieve iso tro pic res o lu tions of ap prox i mately 15–20 nm
in vit ri fied cel lu lar and tis sue sam ples. No ta bly, the re sult -
ing data qual ity is suf fi cient to en able, to our knowl edge,
the first ap pli ca tion of sub-vol ume av er ag ing in un stained
vol ume EM sam ples.
To pro mote ac ces si bil ity and reproducibility, we fur ther
pro vide an open-source soft ware im ple men ta tion of the
com plete workflow. To gether, these ad vances es tab lish
CVEM as a pow er ful plat form for high-res o lu tion,
near-na tive three-di men sional cel lu lar im ag ing and ex pand 
its ap pli ca bil ity for quan ti ta tive struc tural anal y sis.

P34

MASS PHO TOM E TRY AS A CON VE NIENT TOOL IN SQ AS SESS MENT ROU TINE

M. Kubíèková1, J. Holková1, J. Houser1,2

1Biomolecular In ter ac tions and Crys tal log ra phy Core Fa cil ity, CEITEC Masaryk Uni ver sity,       Kamenice
753/5, 62500 Brno, Czech Re pub lic

2Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 753/5,
62500 Brno, Czech Re pub lic   
monika.kubickova@ceitec.cz

The Core Fa cil ity Biomolecular In ter ac tions and Crys tal -
log ra phy at CEITEC MU in Brno serves as a cen tral hub for 
bio phys i cal anal y sis of pro teins, nu cleic ac ids and other
macromolecules. It pro vides ac cess to ad vanced in stru -
men ta tion, fo cus ing on the bio phys i cal tech niques for sam -
ple char ac ter iza tion and in ter ac tion stud ies. The
com bi na tion of var i ous meth ods al lows for de tailed anal y -
sis of the sam ple in a short time and spares pre cious re -
sources of the sub se quent high-end tech niques. Since the
meth od ol ogy in the field of biomacromolecular stud ies de -
vel ops rap idly, it is nec es sary to per form reg u lar up grades
of the in stru men ta tion. At the end of 2024, Mass pho tom e -
ter TwoMP com pleted with MassFluidix HC add-on device 
has been installed and successfully used in numerous
projects.
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Fig ure 1. Pro tein ho mo ge ne ity check.



Mass pho tom e try (TwoMP with MassFluidix HC) en -
ables the mea sure ment of var i ous types of biomolecules
across a broad mass range (30 kDa–5 MDa). With only a
very small amount of sam ple (ng), the method pro vides
pre cise char ac ter iza tion of na tive sam ples un der dif fer ent
buffer con di tions. It en ables the de tec tion of high-af fin ity

in ter ac tions, and-when com bined with the MassFluidix

HC add-on de vice-can also be ex tended to me dium-af fin -
ity in ter ac tions. Thanks to its easy han dling and rapid
workflow, the method has strong po ten tial to be come a
stan dard tool not only for qual ity con trol in bio-pro ject
workflows, but also for gain ing in sight into in ter ac tion
and sta bil ity stud ies.

„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 „In no va tion of Czech In fra struc ture for In -
te gra tive Struc tural Bi ol ogy“ (No. CZ.02.01.01/00/
23_015/0008175), is grate fully ac knowl edged for the fi -
nan cial sup port of the CF Biomolecular In ter ac tions and
Crys tal log ra phy.“
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Jaroslav Kurfürst1, 2, Mar tin Volek1, 3, Raman Samusevich1, 2, Ed ward Curtis1

1In sti tute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ences, Prague 160 00,
Czech Re pub lic

2De part ment of In for ma tics and Chem is try, Uni ver sity of Chem is try and Tech nol ogy, Prague 166 28,
Czech Re pub lic
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In vi tro se lec tion is a pow er ful tool for ex plor ing the func -
tional po ten tial of nu cleic ac ids. Large pools of ran domly
syn the sized DNA mol e cules (on the or der of 107 -1015 se -
quences) are in cu bated with po ten tial sub strates. Ac tive
mol e cules are sep a rated from in ac tive ones, the ac tive frac -
tion is am pli fied by PCR and the pro cess is re peated un til
ac tiv ity is de tected. Next gen se quenc ing of the re ac tion
prod uct pro vides valu able in for ma tion about se lected func -
tional mo tifs. As the pat terns hid den in the data can be very

con vo luted, we are de vel op ing new meth ods to un der stand
these datasets and use these re sults to com ple ment our re -
search in the wet-lab. One of our re cent ad vances fo cuses
on the op ti mi za tion of a deoxyribozyme from our lab called 
Au rora. We use the idea of sec ond ary struc ture li brar ies
and ma chine learn ing to model and fur ther ex plore the se -
quence space en coded by our ibraries to search for new,
more ac tive vari ants of Au rora.

P36

SIMULATION MODEL OF THE MITOCHONDRIAL RIBOSOME

Rudolf Kvasòovský , Michal Koláø

Uni ver sity of Chem is try and Tech nol ogy, Prague

Mi to chon drial ri bo somes (mitoribosomes) are biomacro -
molecular com plexes lo cated within mi to chon dria. A
mitochondrion is a cel lu lar organelle re spon si ble for sev -
eral cru cial bio chem i cal path ways. One of the most im por -
tant is the re spi ra tory chain fol lowed by ox i da tive

phosphorylation (OxPHOS), which is es sen tial for the
pro duc tion of cel lu lar en ergy in the form of ATP. The re ac -
tions of the re spi ra tory chain are car ried out by re spi ra tory
chain com plexes (RCCs). The ge netic in for ma tion for the
syn the sis of sev eral es sen tial RCC sub units is en coded in
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Fig ure 2. DNA ho mo ge ne ity check



the mi to chon drial ge nome (mtDNA). Mitoribosomes are
re spon si ble for per form ing the fi nal step of mtDNA ex -
pres sion - mi to chon drial trans la tion. Taken to gether,
proper mitoribosomal func tion di rectly af fects one of the
cen tral pro cesses of cel lu lar me tab o lism. There fore, a de -
tailed un der stand ing of mitoribosomal be hav iour is of
great im por tance. This pro ject aims to build an all-atom
sim u la tion model of the com plete mitoribosome in the
pres ence of ions and ex plicit sol vent, to per form mo lec u lar
dy nam ics (MD) sim u la tions, and to ana lyse the ob tained
tra jec to ries. Spe cial at ten tion will be paid to se lected spe -
cific re gions of the mitoribosome in or der to de scribe their

struc tural dy nam ics. To the best of our knowl edge, this
would rep re sent the first ever all-atom sim u la tion model of
the com plete mitoribosome un der such con di tions. In the
fu ture, this pro ject may con trib ute, for ex am ple, to the de -
vel op ment of more ef fi cient an ti bi ot ics. Mitoribosomes
evolved from bac te rial ri bo somes and share many struc -
tural sim i lar i ties with them. There fore, de scrib ing the
differences in antibiotic interactions between bacterial
ribosomes and mitoribosomes at the atomic level is
essential for achieving a breakthrough in this field. 
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DEVELOPMENT AND APPLICATION OF CATALYTIC DNA MOLECULES 

Patrik Lettrich1,2, Mar tin Volek1,2, Kateøina Švehlová1,2, Jaroslav Kurfürst1,3, Tereza
Šrámková1,3, Ra chel Sgallová1,2, Mar tin Jakubec1,2, Zuzana Krá¾ová1,2, Kateøina Dušková1,

Karolína Pšenáková1,2, Kristýna Pokorná1,2, Lukáš Išler1,2, Kristýna Patková1,2, Mana
Barmakhshad1,2, Mônica Jandová1, Adéla Matyášová1,3, Ed ward A. Curtis1

1In sti tute of Or ganic Chem is try and Bio chem is try ASCR, Prague, Czech Re pub lic
2Charles Uni ver sity, Prague, Czech Re pub lic

 3Uni ver sity of Chem is try and Tech nol ogy, Prague, Czech Re pub lic
ed ward.curtis@uochb.cas.cz

The dou ble he lix is well-suited for the stor age of ge netic in -
for ma tion. How ever, the func tional po ten tial of DNA is far
greater than this ca non i cal role might sug gest. Our group
uses a method called ar ti fi cial evo lu tion to learn more
about the in ter est ing and use ful things that DNA can do.
This in volves pu ri fy ing rare mol e cules with a de sired prop -
erty (such as the abil ity to bind a ligand or cat a lyze a re ac -
tion) from large ran dom se quence li brar ies. Here we
pro vide an over view of DNA en zymes re cently dis cov ered
in our group that gen er ate chemiluminescent, flu o res cent

and colorimetric prod ucts. These DNAzymes gen er ate sig -
nals us ing a fast and easy workflow, can be en gi neered to
only gen er ate sig nals in the pres ence of spe cific in puts, and 
can be used for ap pli ca tions like high-through put screen -
ing. We also de scribe the de vel op ment of new meth ods to
ex plore se quence space us ing struc tured li brar ies and sin -
gle-step se lec tions. Our work high lights the po ten tial of
catalytic DNA and shows how it can be used to solve real
world problems.
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IDENTIFICATION OF KEY REGIONS IN AGGREGATION-PRONE dGAE FRAGMENT
OF Tau

K. Martonová, A. Polák, S. Njemoga, O. Cehlár, M. Škrabanová, K. Tomková, R. Škrabana 

In sti tute of Neuroimmunology, Slo vak Acad emy of Sci ences; Bratislava, 845 10, Slovakia
katarina.martonova@savba.sk, rostislav.skrabana@savba.sk

In trin si cally dis or dered pro tein (IDP) tau is a driv ing force
of the pro gres sion of neurodegenerative tauopathies. In the
phys i o log i cal state, it binds microtubules, reg u lates axonal
trans port, and neurite out growth; while in its patho log i cal
state it un der goes conformational tran si tions, which pro -
mote as sem bly into fi brils. Tau’s ag gre ga tion-prone dGAE 
frag ment (tau 297–391) re tains the abil ity to as sem ble into
fi brils and seed the ag gre ga tion of full-length tau [1,2].

Sidechain Pro pelled Rings (SPuRs) are small, 9-15
membered ring el e ments of pro tein sec ond ary struc ture.
De rived from ob ser va tions in crys tal struc tures and sup -
ported by mo lec u lar sim u la tions, these SPuRs may mod u -
late conformational be hav ior, as well as in flu ence the

rec og ni tion of dGAE by monoclonal an ti bod ies [3,4]. Two
dis tinct SPuRs lo cated at po si tions S305 and D387 were re -
vealed by pre vi ously solved crys tal struc tures of an ti -
body-tau com plexes: PDB ID 2V17 (Fab MN423 bound to
the PHF core C-ter mi nus) and PDB ID 5MO3 (Fab DC8E8
bound to a 14-mer tau pep tide) [5,6]. 

To elu ci date the struc tural and func tional con tri bu tion
of these SPuRs, we de signed dGAE mu tants mod i fy ing the
na tive SPuR ar chi tec ture. Sub sti tu tions S305A and D387A 
avoid SPuR for ma tion, whereas D387N is ex pected to pre -
serve ring for ma tion due to pres er va tion of hy dro -
gen-bond ing ca pac ity (Fig. 1A). Dou ble-mu tant con structs 
(S305A/D387A and S305A/D387N) tar get ing both sites
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were gen er ated to as sess po ten tial cooperativity be tween
these tran sient struc tural el e ments.

Mu tated dGAE were pre pared by site-di rected mu ta -
gen e sis, wild-type and mu tant dGAE vari ants were ex -
pressed in E. coli and pu ri fied by cat ion ex change
chro ma tog ra phy fol lowed by size-ex clu sion chro ma tog ra -
phy (Fig. 1B). We tested the ef fect of mu ta tions on bind ing
to an ti bod ies DC8E8, DC25, DC190, DC11 and MN423
by SPR and their im pact on tau ag gre ga tion in vi tro. 

1. M. Goedert, R. A. Crow ther, S. H. W. Scheres, M. G.
Spillantini, Cytoskeleton, 81, (2024), 95–102.
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63, (2024), e202407821.

3. R. Skrabana et al., Ma ter. Struct. Chem. Biol. Phys.
Technol., 29, (2023), 144. 

4. G. J. Bart lett, C. T. Por ter, N. Borkakoti, J. M. Thorn ton, J. 
Mol. Biol., 324, (2002), 105–121.
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ULTRAFAST PHOTOPHYSICS OF AXITINIB BY TRANSIENT ABSORPTION
SPECTROSCOPY AND FEMTOSECOND STIMULATED RAMAN SPECTROSCOPY
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Photopharmacology has emerged as a prom is ing strat egy
for lo cally in hib it ing the ac tiv ity of en zymes, thereby en -
abling spa tially con fined tar get ing of spe cific en zymes and
min i miz ing sys temic side ef fects. Among sev eral such ini -
tia tives axitinib ,a ty ro sine kinase in hib i tor, has been dem -
on strated to be op ti cally switch able be tween ac tive and
in ac tive forms via light-in duced isomerization. Al though
its steady-state op ti cal prop er ties have been char ac ter ized,
an in-depth un der stand ing of the un der ly ing photophysical
pro cesses, par tic u larly on ultrafast timescales, re mains
lack ing. In this work, we in ves ti gate the ultrafast

photophysics of the cis–trans isomerization of axitinib. Us -
ing femto second time-re solved spec tros copy, we iden tify
two dis tinct ki netic pro cesses as so ci ated with the
cis-to-trans isomerization, with char ac ter is tic time con -
stants of X and Y, and three ki netic pro cesses for the
trans-to-cis isomerization, with time con stants of A, B, and
C. These re sults pro vide a de tailed mech a nis tic in sight into
the photoisomerization dy nam ics of axitinib, with im pli ca -
tions for its ra tio nal de sign and op ti mi za tion as a photo -
pharmacological agent.
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Fig ure 1. A) Sche matic rep re sen ta tion of the tau dGAE frag ment show ing the po si tions of en gi neered sub sti tu tions (S305A, D387A,
D387N) and an ti body epitopes rec og nized by DC8E8, DC11, DC25, DC190, and MN423 used for af fin ity mea sure ments, B)
SDS–PAGE anal y sis of five pu ri fied dGAE mu tants and wild type protein.
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SURFACE-ENRICHED HCMV UL141 IS ENDOH-RESISTANT IN VIRIONS AND
ENGAGES SOLUBLE RECEPTORS BY SPR

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

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

Hu man cytomegalovirus (HCMV) en codes an ex ten sive
rep er toire of immunomodulators that coun ter di verse host
de fenses and thereby sup port life long per sis tence and re in -
fec tion. The glycoprotein UL141 is a par tic u larly ver sa tile
fac tor: it re stricts sur face dis play of the DNAM-1/CD96
lig ands CD155 and CD112 and in hib its TRAIL death re -
cep tors, and re cent ev i dence links UL141 to virion en try
com plexes. In our pre lim i nary anal y ses, UL141 was the
most abun dant vi ral pro tein de tected at the in fected-cell
plasma mem brane, ap proach ing gB lev els, and it was pres -
ent from early times and main tained across in fec tion, con -
sis tent with rapid turn over and re cy cling at the cell sur face.
Virion-as so ci ated UL141 was full-length and pre dom i -
nantly EndoH-re sis tant, in di cat ing mat u ra tion through the
se cre tory path way prior to in cor po ra tion. Us ing sur face
plasmon res o nance with in tact virions, we fur ther ob served 
that virion-dis played UL141 en gages sol u ble re cep tors but
with de tect able bind ing re stric tions, sug gest ing a reg u -
lated, con text-de pend ent in ter ac tion land scape on the par ti -
cle. To ra tio nal ize UL141 multireceptor ca pac ity,

Struc ture- guided in ter face pre dic tion on the UL141–
TRAIL- R2 struc ture high lighted two high-prob a bil ity pro -
tein–pro tein in ter faces: an ac ces si ble re gion on the N-ter -
mi nal Ig-like do main and a sur face on the back of the
C-ter mi nal do main, both char ac ter ized by ex posed

b-strands/a-he li ces and per mis sive de spite glycan shield -
ing. In par al lel, ITC with an en gi neered clin i cal anti-TIGIT 
an ti body sup ports that UL141 recapitulates key TIGIT-like 
struc tural de ter mi nants rel e vant to CD226-axis ligand rec -
og ni tion, while pre serv ing a dis tinct mode for TRAIL-R2
en gage ment (Fig ure 1). To gether, these data po si tion
UL141 as a virion-dis played, re cep tor-com pe tent immuno -
evasin with sep a ra ble bind ing sur faces, strength en ing its
prom ise as a ther a peu tic tar get and mo ti vat ing sys tem atic
dis sec tion of UL141 cog nate in ter ac tions on virions.

Fi nan cial sup ports pro vided by the Slo vak Re search and
De vel op ment Agency (APVV-24-0351) and the Sci en tific
Grant Agency of the Slo vak Re pub lic (VEGA-02/0049/26)
are grate fully ac knowl edged.
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Fig ure 1. (A) Mea sure ment of in ter ac tion be tween UL141 and en gi neered clin i cal anti-TIGIT an ti body us ing ITC. (B) UL141 sur face
ac ces si bil ity for re cep tor bind ing. Struc ture of UL141 (sur face) in com plex with TRAIL-R2 (car toon). N-glycosylation sites were mod -
eled with a high mannose glycans (black). Area A and B in di cate avail able and ac ces si ble protein binding sites on UL141.
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Argonaute and Dicer pro teins are key com po nents of
RNA-de pend ent gene si lenc ing. In mam mals, Argonaute-2 
(Ago2) func tions as the pri mary effector of microRNA
(miRNA)-me di ated gene reg u la tion. Fol low ing Dicer-me -
di ated pro cess ing of pre cur sor miRNAs (premiRNAs),
Ago2 is se lec tively loaded with ma ture miRNA guides to
form the RNA-in duced si lenc ing com plex (RISC). De spite
more than two de cades of ex ten sive re search, the mo lec u lar 
rules and struc tural ba sis gov ern ing guide-strand se lec tion
and load ing re main only par tially un der stood. No ta bly,

mul ti ple stud ies sug gest that Dicer and its co fac tor
TARBP2 (or PACT) play im por tant roles in fa cil i tat ing the
ac cu rate and ef fi cient load ing of Ago2. Here, we pres ent
our pre lim i nary ef forts to char ac ter ize the mo lec u lar in ter -
ac tions be tween Ago2 and the Dicer–TARBP2 com plex, as 
well as the spe cific con tri bu tions of each com po nent dur -
ing the RISC-load ing pro cess. Our struc tural bi ol ogy ap -
proach pro vides in sights into the roles of the in di vid ual
com po nents and sheds light on the over all mech a nism of
RISC as sem bly.
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METHYLTRANSFERASES Rv2847c (CysG), Rv0470c (PcaA), AND Rv2954c AS
POTENTIAL ANTI-TUBERCULOSIS DRUG TARGETS

Elizaveta Nosova, Evžen Bouøa, Kamil Hercík, Tomáš Otava

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

My co bac te rium tu ber cu lo sis (Mtb), the caus ative agent of
tu ber cu lo sis, re mains one of the lead ing causes of death
from in fec tious dis ease world wide. The emer gence of
multidrug-re sis tant and ex ten sively drug-re sis tant strains
high lights the ur gent need for novel ther a peu tic tar gets that
are mech a nis ti cally dis tinct from cur rently used an ti bi ot ics. 
S-adenosyl-L-methionine (SAM)-de pend ent methyltrans -
fe rases rep re sent an underexplored yet prom is ing class of
drug tar gets due to their es sen tial roles in bac te rial me tab o -
lism, cell wall biosynthesis and stress ad ap ta tion.

This work fo cuses on the struc tural and bio chem i cal
char ac ter iza tion of three Mtb methyltransferases: Rv2847c 
(CysG), Rv0470c (PcaA), and Rv2954c. Rv2847c en codes 
a multifunctional uroporphyrinogen III methyltransferase
in volved in tetrapyrrole biosynthesis, con trib ut ing to
siroheme and cobalamin pro duc tion, path ways im por tant
for re dox me tab o lism and intracellular sur vival [1].
Rv0470c (PcaA) is a cyclopropane mycolic acid synthase
that mod i fies mycolic ac ids in the mycobacterial cell wall,
di rectly in flu enc ing cell wall ar chi tec ture, vir u lence and
per sis tence within macrophages [2]. Rv2954c is pre dicted
to par tic i pate in lipid-as so ci ated methylation pro cesses
linked to com plex cell en ve lope com po nents, which are
crit i cal for host-patho gen in ter ac tions and im mune mod u -
la tion [3].

This study is aimed at iden ti fy ing and en abling the de -
vel op ment of novel po ten tial in hib i tors tar get ing these en -
zymes. By char ac ter iz ing their cat a lytic mech a nisms,
co fac tor-bind ing pock ets and struc tural de ter mi nants of
sub strate rec og ni tion, this work es tab lishes a foun da tion
for struc ture-based in hib i tor dis cov ery and con trib utes to
ex pand ing the pipe line of can di date antitubercular agents.

1. Minias, A.; G¹sior, F.; Brzostek, A.; Jagielski, T.; Dziadek, 
J. Cobalamin Is Pres ent in Cells of Non-Tu ber cu lous My -
co bac te ria, but Not in My co bac te rium Tu ber cu lo sis. Sci
Rep 2021, 11, 12267.
https://doi.org/10.1038/s41598-021-91430-w.

2. Rao, V.; Fujiwara, N.; Porcelli, S. A.; Glickman, M. S.
My co bac te rium Tu ber cu lo sis Con trols Host In nate Im mune 
Ac ti va tion through Cyclopropane Mod i fi ca tion of a
Glycolipid Effector Mol e cule. J Exp Med 2005, 201 (4),
535-543. https://doi.org/10.1084/jem.20041668.

3. Simeone, R.; Huet, G.; Con stant, P.; Malaga, W.; Lemassu, 
A.; Laval, F.; Daffé, M.; Guilhot, C.; Chalut, C. Func tional 
Char ac teri sa tion of Three O-Methyltransferases In volved
in the Biosynthesis of Phenolglycolipids in My co bac te rium 
Tu ber cu lo sis. PLoS ONE 2013, 8 (3), e58954.
https://doi.org/10.1371/jour nal.pone.0058954.
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COMPARISON OF 5-FLUOROTRYPTOPHANE AND 6-FLUOROTRYPTOPHANE
LABELLING IN 14-3-3 PROTEINS
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 19F nu clear mag netic res o nance (NMR) spec tros copy is a
pow er ful ap proach for study ing biomacromolecules and
their in ter ac tions. The 19F iso tope is 100% nat u rally abun -
dant, mag net i cally ac tive, and pos sesses a gy ro mag netic
ra tio ap prox i mately 83% that of 1H, pro vid ing high sen si -
tiv ity with out iso to pic en rich ment. [1, 2, 3, 4] Be cause flu -
o rine is ab sent from na tive biomacromolecules, 19F NMR
en ables back ground-free de tec tion and highly sen si tive
mon i tor ing of lo cal struc tural changes. [3,5]

Site-spe cific in cor po ra tion of flu o ri nated amino acid
an a logues of fers a ver sa tile strat egy for in tro duc ing 19F
probes into pro teins. A cost-ef fec tive strat egy for pro tein
la bel ling, par tic u larly for flu o ri na tion of tryptophan res i -
dues, is supplementation with flu o ri nated amino acid pre -
cur sor such as fluoroindole. [1,3] Tryptophan’s indole ring
can be se lec tively flu o ri nated at po si tions 4, 5, 6, or 7. [1]
This unique tool al lows us to study in ter ac tions be tween
pro teins and their bind ing part ners as well as confor -
mational changes of the pro teins such as fold ing and un -
fold ing with a sim pli fied view whilst keep ing the pro tein
and/or its part ners in tact. [1, 6, 7]

Here, we com pare in cor po ra tion of 5-fluorotryptophan

and 6-fluorotryptophan into the 14-3-3z pro tein. We as sess 
pro tein yield, la bel ling ef fi ciency, and key bio phys i cal
char ac ter is tics rel a tive to the non-flu o ri nated pro tein. Fur -
ther more, we ana lyse the re sult ing 1D 19F NMR spec tra to
eval u ate sen si tiv ity and suit abil ity for mon i tor ing
conformational changes and ligand in ter ac tions. 

1. Angela M. Gronenborn, CellPress 30 (2022), pp. 6–14.
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Nu clear Mag netic Res o nance Spec tros copy 62 (2012), pp.
1–33.

5. N. G. Sharaf and A. Gronenborn, Meth ods in Enzymology,
Ac a demic Press, 2015.

6. M. A. Danielson and J. J. Falke, Annu Rev Biophys Biomol
Struct. 25 (1996), pp. 163–195.
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PHL2: A BLACK SHEEP OF THE PLL LECTIN FAMILY

E. Paulenová1,2, G. Paulíková1,2, D. Pokorný1,2, F. Melicher1,2, M. Mikysková1,2, 
M. Wimmerová1,2,3

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

2Na tional Cen tre for Biomolecular Re search, Masaryk Uni ver sity, Kamenice 5, Brno, 625 00, Czech Re pub lic
3De part ment of Bio chem is try, Masaryk Uni ver sity, Kotláøská 2, Brno, 611 37, Czech Re pub lic

eva.paulenova@ceitec.muni.cz

Lectins are a well known saccharide rec og niz ing pro teins
with an ir re place able role in many fun da men tal nat u ral pro -
cesses. They me di ate cell-cell in ter ac tions on mo lec u lar
level and play an im por tant role in in ter ac tions be tween mi -
cro or gan isms and hosts [1]. Our re search is fo cused on
study ing a PLL lectin fam ily: seven-bladed beta pro pel ler
lectins from entomopathogenic bac te rium Photorhabdus
spp. Photorhabdus bac te ria are known for com pli cated
life-cy cle, in clud ing mutualism with a nem a tode host and
patho ge nic ity to wards in sects [2]. On top of that, P.
asymbiotica is also a po tent emerg ing hu man patho gen [3].

This con tri bu tion is fo cused on the PHL2 lectin, the
new est mem ber of the PLL fam ily [4]. All mem bers  of the
PLL fam ily are highly sim i lar on the se quence level (se -
quence iden tity 56-81%) and they share com mon struc tural 
fold (seven-bladed beta pro pel ler). The re com bi nant PHL2
was pro duced in E. coli and pu ri fied by af fin ity chro ma tog -
ra phy on the D-mannose agarose resin. PHL2 saccharide
spec i fic ity was screened by glycan-ar ray and top lig ands
were fur ther ana lysed by iso ther mal titrational cal o rim e try. 

Suprisingly, PHL2 pre fers D-glu cose and glucosylated lig -
ands over sug ars con tain ing L-fucose. This is unique within 
the PLL fam ily, where all other mem bers pre fer to bind
fucosylated sac cha rides. De tailed study of po ten tial PHL2
bind ing sites and com par i son with other fam ily mem bers
will be pre sented and pos si ble rea sons for dif fer ent
saccharide spec i fic ity dis cussed.

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

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

3. Mulley G, Beeton M, Wilkinson P, et al. PLoS ONE, 2015, 
10(12):e0144937.

4. Paulenová E, Dobeš P, Melicher F, et al. Glycobiology.
2025, 35(7), cwaf033.

This work was sup ported by GAÈR (21-29622S). Ex per i -
ments per formed at Biomolecular In ter ac tions and Crys -
tal log ra phy Core Fa cil ity are sup ported by CIISB pro ject
of MEYS CR (LM2023042). 
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CORE FACILITY FOR CRYSTALLIZATION AND DIFFRACTION OF PROTEINS AND
NUCLEIC ACIDS,

 CENTRE OF MOLECULAR STRUCTURE, IBT CAS, BIOCEV

Jiøí Pavlíèek, Jan Stránský, Kristýna Adámková, Lenka Holá, ¼ubica Škultétyová, Jan
Dohnálek, Maroš Hulièiak

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 at IBT CAS (BIOCEV,
Vestec, Czech Re pub lic) is a so phis ti cated com plex of sci -
en tific core fa cil i ties spe cial iz ing in struc tural bi ol ogy. Ser -
vices are pro vided via the Czech In fra struc ture for
In te gra tive Struc tural Bi ol ogy (CIISB) and the Eu ro pean
in fra struc ture for struc tural bi ol ogy In struct-ERIC. Its
crys tal li za tion and dif frac tion core fa cil ity uses among
other equip ment also au to mated ro botic sys tems for
high-through put crys tal li za tion ex per i ments and spe cial -
ized crys tal li za tion ho tels with com pre hen sive im ag ing ca -
pa bil i ties. Dif frac tion part of the fa cil ity pro vides ser vices
for char ac ter iza tion of pro tein struc ture us ing sin gle crys tal 
X-ray dif frac tion and small-an gle X ray scat ter ing for anal -

y sis of liq uid sam ples. The qual ity of high-in tense X-ray
beams is en abled by us ing MetalJet sources (Excillum).

A no ta ble tech no log i cal fea ture is the SONICC in stru -
ment (Formulatrix) in te grated with the RI1000 crys tal li za -
tion ho tel. This sys tem em ploys Sec ond Har monic
Gen er a tion (SHG) and Ul tra vi o let Two-Pho ton Ex cited
Flu o res cence (UV-TPEF) tech niques, en abling un prec e -
dented de tec tion of mi cro- and nanocrystals. Such pre cise
screen ing is cru cial for ad vanced meth od ol o gies, al low ing
re search ers to an a lyze crys tal li za tion ex per i ments with ex -
cep tional sen si tiv ity and pre ci sion.

The crys tal li za tion ro bots have re cently been up graded, 
en abling the ro botic set ting of ex per i ments at ei ther 20 °C
or 10 °C. The crys tal li za tion ho tel’s soft ware en vi ron ment
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was also up graded to en sure long-term sustainability and
au to mated scor ing us ing mul ti ple eval u a tion al go rithms. 

The fa cil ity’s equip ment rep re sents the lat est tech nol -
ogy in struc tural bi ol ogy re search, fa cil i tat ing com plex
crys tal li za tion and dif frac tion ex per i ments, as well as de -
tailed struc tural anal y sis of biomacromolecular com plexes.

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)
and OP JAK pro ject „In no va tion of Czech In fra struc ture
for In te gra tive Struc tural Bi ol ogy“ (No. CZ.02.01.01/00/
23_015/0008175).
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THE ODD ONE OUT: INVESTIGATION OF THE 14-3-3h THERMOSTABILITY 

E. Pirnosová1, A. Kozeleková1, 2, T. P. Fellmeth1, 2, J. Hritz1, 2

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

epirnosova@mail.muni.cz, jozef.hritz@ceitec.muni.cz

The 14-3-3 pro teins are a ubiq ui tously ex pressed fam ily of
eukaryotic reg u la tors with mul ti ple isoforms in most or -
gan isms: two in Saccharomyces cerevisiae, two in
Drosophila melanogaster, twelve in Arabidopsis thaliana,
and seven in mam mals in clud ing hu mans [1]. The seven

mam ma lian isoforms are named  b, g, e, z, h, q, and s.
They form a com plex cel lu lar reg u la tory hub. De spite high
se quence con ser va tion, the 14-3-3 isoforms dif fer in
interactomes, ex pres sion lev els in var i ous tis sues, bio phys -
i cal prop er ties, and pre ferred oligomeric states [2-4]. 

This work fo cuses on the bio phys i cal prop er ties of hu -

man 14-3-3z, which we have found to have a sig nif i cantly
lower melt ing tem per a ture than other hu man 14-3-3
isoforms. We con firmed this us ing dif fer en tial scan ning

cal o rim e try (DSC) and fur ther stud ied hu man 14-3-3h
phosphorylated at the Ser59 res i due. Pre vi ous work of our
col leagues showed that Ser58 phosphorylation in hu man

14-3-3z in duces monomerization of the isoform and low -
ers the melt ing tem per a ture by ~10 °C [5, 6]. We ob served

sim i lar be hav iour for Ser59 phosphorylated 14-3-3h, with
an un fold ing on set at 39 °C. These find ings high light
isoform-spe cific dif fer ences that may re late to their dis tinct 
roles in phys i o log i cal and patho log i cal pro cesses.

1. M. Rosenquist, P. Sehnke, R. J. Ferl, M. Sommarin, C.
Larsson, J. Mol. Evol. 51, 446–458 (2000).

2. A. Aitken, Plant Mol. Biol. 50, 993–1010 (2002).

3.  G. Gogl, K. V. Tugaeva, P. Eberling, C. Kostmann, G.

Trave, N. N. Sluchanko, Nat. Commun. 12, 1677 (2021).

4. M. B. Yaffe, K. Rittinger, S. Volinia, P. Caron, A. Aitken,
H. Leffers, S. Gamblin, S. Smerdon, L. Cantley, Cell 91,

961–971 (1997).

5.  A. Kozeleková, A. Náplavová, T. Brom, N. Gašparik, J.

Šimek, J. Houser, J. Hritz, Front. Chem. 10, (2022).

6. 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.

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 – ADDIT-CE. We ac knowl edge CF
Biomolecular In ter ac tions and Crys tal log ra phy of CIISB
and CEITEC Proteomics Core Fa cil ity 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 „In -
no va tion of Czech In fra struc ture for In te gra tive Struc tural
Bi ol ogy“(No. CZ.02.01.01/00/23_015/0008175).
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PLASMA X-RAY SOURCE FOR TIME-RESOLVED DIFFRACTION IN ELI

Yelyzaveta Pulnova 1,2, Roya Garayeva 1,3, Borislav Angelov 1, Iulia Baranova 1, 
Anna Zymaková 1, Jakob Andreasson 1, Krishna Khakurel 1 and Jaroslav Nejdl 1,3 

1 ELI Beamlines Fa cil ity, Ex treme Light In fra struc ture (ERIC), Dolní Bøežany, Czechia
2 Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Prague, Czechia

3 Czech Tech ni cal Uni ver sity in Prague, Prague, Czechia
 yelyzaveta.pulnova@eli-beams.eu

We pres ent a pulsed X-ray source de liv er ing sub-pi co sec -
ond pulses at a rep e ti tion rate of 1 kHz. The ra di a tion is
gen er ated by fo cus ing an in tense la ser onto a cop per tar get,
pro duc ing char ac ter is tic 8 keV emis sion suit able for
time-re solved dif frac tion ex per i ments. The broad band
brems strah lung com po nent en ables X-ray ab sorp tion mea -
sure ments.
Com pre hen sive char ac ter iza tion of the plasma X-ray
source (PXS) per for mance, driv ing la ser pa ram e ters, and
avail able end-sta tion ca pa bil i ties is pro vided [1]. We re port 
the first pow der dif frac tion snap shot of the or ganic com -
pound azo ben zene.

The PXS sys tem is equipped with a Jungfrau de tec tor, en -
abling pre cise shot-to-shot flux nor mal iza tion and im -
proved sig nal-to-noise ra tio. The im ple men ta tion of a
pump–probe setup, planned for 2026, is also pre sented.

1. Pulnova, et al. (2025). Com pact la ser-driven plasma X-ray
source for time-re solved dif frac tion, spec tros copy and im -
ag ing ex per i ments at ELI Beamlines. J. Syn chro tron Rad.
32, 486-495.

¨
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IDENTIFICATION OF INHIBITORS OF THE POLYMERASE DOMAIN OF THE DENGUE
VIRUS

Skoøepa Jan, Žilecká Eva, Bouøa Evžen, Nencka Radim

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

Den gue vi rus is a glob ally sig nif i cant patho gen re spon si ble 
for hun dreds of mil lions of in fec tions world wide each year, 
yet no spe cific an ti vi ral ther apy is cur rently avail able. The
vi ral RNA-de pend ent RNA poly mer ase (RdRp), the C-ter -
mi nal do main of the NS5 pro tein, is es sen tial for ge nome
rep li ca tion and rep re sents an at trac tive an ti vi ral tar get.
This study aimed to eval u ate syn thet i cally mod i fied nu -
cleo tides as po ten tial in hib i tors of the RdRp do main of

den gue vi rus type 2. Re com bi nant RdRp was ex pressed in
E. coli and pu ri fied us ing af fin ity, ion-ex change, and
size-ex clu sion chro ma tog ra phy. Its ac tiv ity was an a lyzed
in vi tro us ing an RNA tem plate, and re ac tion prod ucts were 
re solved by de na tur ing PAGE. Sev eral tested com pounds
in hib ited RdRp ac tiv ity. For the most ac tive com pounds,
IC50 val ues in the sin gle to low tens of micromolar range
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Fig ure 1. PXS lay out.

Fig ure 2. Two-di men sional X-ray pow der dif frac tion from
4-Phenylazophenol  (a) col lected with a con tin u ous X-ray tube
source 



were determined, indicating moderate inhibitory potency
and providing a basis for further optimization.
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REGULATION OF Nedd4-2 BY NDFIP ADAPTOR PROTEINS

M. Slavik1,2, A. Brzezina2,3, K. Kohoutova2,3, T. Obsil2,3, V. Obsilová2

1Dept. of Bio chem is try, Fac ulty of Sci ence, Charles Uni ver sity in Prague, Czech Re pub lic
2In sti tute of Phys i ol ogy of the Czech Acad emy of Sci ences, Lab o ra tory of Struc tural Bi ol ogy of Sig nal ling

Pro teins, Di vi sion BIOCEV, Czech Re pub lic
3De part ment of Phys i cal and Macromolecular Chem is try, Fac ulty of Sci ence, 

Charles Uni ver sity, Czech Re pub lic
mar tin.slavik@fgu.cas.cz

Nedd4-2 ubiquitin ligase is a mem ber of the Nedd4 fam ily
of HECT-type E3 ligases, com pris ing a calciumdependent
C2 do main, four WW do mains me di at ing pro tein-pro tein
in ter ac tions, and a HECT do main with cat a lytic ac tiv ity.
Nedd4-2 is the last en zyme in the ubiquitination cas cade,
where it is re spon si ble for rec og niz ing the tar get sub strate
and trans fer ring ubiquitin mol e cules to its lysine res i dues.
The rea son for its in ten sive re search is the fact that this E3
ubiquitin ligase is as so ci ated with many patho physio -
logical phe nom ena, in clud ing Liddle syn drome, which in -
volves ab nor mally high ac tiv ity of ep i the lial so dium
chan nels (ENaC) caused by dys func tional Nedd4-2 [1].
Pos si bil i ties for reg u lat ing the func tion of Nedd4-2 in clude 
autoinhibition caused by intramolecular in ter ac tions be -
tween the C2 do main and WW3-4 - with the HECT do main 
[2], ac ti va tion of the locked state by cal cium ions [2], and
intermolecular in ter ac tion with pro teins through WW do -
mains [3-4].

In our work, we in ves ti gate how Ndfip adap tor pro teins 
mod u late Nedd4-2 in vivo in or der to un der stand how the
reg u la tory mech a nism works. We pro pose the hy poth e sis
that Ndfip adap tor pro teins are able to loosen the locked
struc ture of Nedd4-2 (re gard less of the pres ence of cal cium 
ions) by bind ing PY mo tifs to WW do mains, thereby sig -
nif i cantly ac cel er at ing the trans fer of ubiquitin to the tar get
sub strate. To test this hy poth e sis, we used an a lyt i cal gel fil -
tra tion, an a lyt i cal ul tra cen tri fu ga tion, ubiquitination as -
says with liposome, and, in the fu ture, we plan to use
hy dro gen deu te rium ex change cou pled with mass spec -
trom e try (HDX-MS). As part of the pro ject, it was nec es -
sary to pu rify Ndfip con structs (Ndfip1 and Ndfip2)

with out a transmembrane do main to gether with the en tire
Nedd4-2 in E. coli. Fur ther more, an a lyt i cal gel fil tra tion
chro ma tog ra phy was used to dem on strate that Ndfip pro -
teins do in deed in ter act with Nedd4-2. An a lyt i cal ul tra cen -
tri fu ga tion was used to de ter mine the dis so ci a tion con stant
of these com plexes at the submicromolecular level, which
will en able us to per form HDX-MS to elu ci date the struc -
tural mech a nism of this ex per i ment. The pos i tive ef fect of
Ndfip pro teins on the ki net ics of Nedd4-2 auto-
 ubiquitination and on the ubiquitination of the pro tein sub -
strate ASK1 (apoptosis sig nal-reg u lat ing kinase 1) was
also con firmed.

1. Goel P, Man ning JA, Kumar S. NEDD4-2 (NEDD4L): the
ubiquitin ligase for mul ti ple mem brane pro teins. Gene 557, 
1-10 (2015).

2. Janosev M, Kosek D, Tekel A, Joshi R, Honzejkova K,
Pohl P, Obsil T, Obsilova V. Struc tural ba sis of ubiquitin
ligase Nedd4-2 autoinhibition and reg u la tion by cal cium
and 14-3-3 pro teins. Nat Commun. 16, 4875 (2025).

3. Pohl P, Joshi R, Petrvalska O, Obsil T, Obsilova V.
14-3-3-pro tein reg u lates Nedd4-2 by mod u lat ing in ter ac -
tions be tween HECT and WW do mains. Commun Biol. 4,
899 (2021). 

4. Mund T, Pel ham HR. Con trol of the ac tiv ity of WW-HECT 
do main E3 ubiquitin ligases by NDFIP pro teins. EMBO
Rep. 10, 501-7 (2009).

This study was sup ported by the Czech Sci ence Foun da tion 
(V.O., grant num ber: 26-20379S), the Czech Acad emy of
Sci ences (RVO: 67985823 of the In sti tute of Phys i ol ogy).
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DESIGN OF PROTEINS BY METADYNAMICS IN THE SEQUENCE SPACE

Vojtìch Spiwok

Uni ver sity of Chem is try and Tech nol ogy, Prague

Pro tein de sign has be come a vi a ble al ter na tive to the
prospection of nat u ral pro teins (en zymes, bind ing pro teins, 
etc.) or pro tein en gi neer ing. Re cently, this field has been
rev o lu tion ized by the in tro duc tion of ma chine learn ing.
One of pro tein de sign strat e gies is to sam ple amino acid se -
quences and score them us ing struc ture pre dic tion tools

such as ESMfold. Monte Carlo sim u lated an neal ing has
been used as a sam pling al go rithm. Here we re place sim u -
lated an neal ing with more ef fi cient par al lel tem per ing
metadynamics. Metadynamics can be used to dis fa vor sam -
pling of pre vi ously sam pled pro tein de signs, thus ac cel er -
at ing sam pling of var i ous prop er ties of de signed pro teins,
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e.g. sec ond ary struc ture com po si tion, net charge, or
hydrophobicity. The ap proach can be used to eval u ate the
designability of pro teins that dif fer in these prop er ties.

Sup port: COST (ML4NGP - CA21160, LUC 24136) and
ELIXIR CZ (LM 2023055).

P51

NATIVE PURIFICATION AND STRUCTURAL CHARACTERISATION OF RNA
POLYMERASE COMPLEXES FROM BACILLUS SUBTILIS

J. Srogoò1, T. Kova¾1, T. Kouba2, J. Dušková1, K. Adámková1, M. Trundová1, D. Pospíšilová3,
L. Krásný3, 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 Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ences, Prague, 

Czech Re pub lic
3In sti tute of Mi cro bi ol ogy of the Czech Acad emy of Sci ences, Prague, Czech Re pub lic

jirisrogon@gmail.com, tomas.koval@ibt.cas.cz

The bac te rial RNA poly mer ase (RNAP) is a dy namic
multi-sub unit mo lec u lar ma chine. Its ac tiv ity and reg u la -
tion de pend on tem po ral in ter ac tions with ad di tional fac -
tors [1]. Struc tural stud ies of these as sem blies are
fre quently chal leng ing, mainly be cause of the dif fi culty of
iso lat ing in tact, na tive com plexes in suf fi cient quan ti ties
and with con sis tent stoichiometry. This chal lenge is par tic -
u larly pro nounced in some Gram-pos i tive or gan isms, as
RNAP in ter acts with spe cies-spe cific reg u la tory pro teins

such as  the d sub unit [2].
In this con tri bu tion, we pres ent a workflow for the na -

tive pu ri fi ca tion of RNAP com plexes from Ba cil lus
subtilis. The strat egy com bines af fin ity cap ture fol lowed
by chro mato graphic steps to pre serve un sta ble in ter ac tions
while re mov ing con tam i nants and par tially as so ci ated as -
sem blies.

The re sult ing sam ples were ana lysed by bio chem i cal
and bio phys i cal meth ods and used for struc tural char ac teri -
sa tion us ing cryo genic elec tron mi cros copy. Our data pro -
vide in sight into the ar chi tec ture of the B. subtilis RNAP

core (abb*w sub units) [1] and its as so ci a tion with the d
sub unit. 

By suc cess fully iso lat ing the d-as so ci ated RNAP com -
plex, we pro vide ev i dence that these in ter ac tions per sist
un der in vivo con di tions. This high lights de vel op ing na tive

pu ri fi ca tion, de spite the dif fi cul ties, as an in dis pens able
ap proach for struc tural stud ies.

1. Darst, S.A.: Bac te rial RNA poly mer ase. Curr Opin Struct
Biol. 11, 155–162 (2001). 

2. 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 MR, Blackledge M, Žídek L. Quan ti ta tive 
Conformational Anal y sis of Func tion ally Im por tant Elec -
tro static In ter ac tions in the In trin si cally Dis or dered Re gion
of Delta Sub unit of Bac te rial RNA Poly mer ase. J Am
Chem Soc. 2019 Oct 23;141(42):16817-16828. doi:
10.1021/jacs.9b07837. Epub 2019 Oct 10. PMID:

31550880.

The work was sup ported by the in sti tu tional sup port of IBT
CAS, v.v.i. (RVO: 86652036) and Czech Sci ence Foun da -
tion, grants 23-06295S and 25-16037S. CIISB, In struct-CZ 
Cen tre of In struct-ERIC EU con sor tium, funded by the
MEYS CR in fra struc ture pro ject LM2023042 and OP JAK
pro ject “In no va tion of Czech In fra struc ture for In te gra tive 
Struc tural Bi ol ogy” (no. CZ.02.01.01/00/23_015/
0008175), is grate fully ac knowl edged for the fi nan cial sup -
port of the mea sure ments at the CMS core fa cil ity Bio phys -
i cal Meth ods and the Cryo-Elec tron Mi cros copy and
To mog ra phy Core Fa cil ity at CEITEC of CIISB, part of In -
struct-ERIC. Ac cess to the lab o ra tory of Cryo genic
Electron Microscopy at IOCB Prague is acknowledged.
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DIFFRACTION TECHNIQUES IN CENTRE OF MOLECULAR STRUCTURE:
EMPLOYING HIGH-END X-RAY TECHNOLOGIES FOR LABORATORY STRUCTURAL

BIOLOGY

J. Stránský, J. Pavlíèek, J. Dohnálek, M. Hulièiak

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 -
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nized in 5 core fa cil i ties: CF Pro tein Pro duc tion, CF Bio -
phys ics, CF Crys tal li za tion of Pro teins and Nu cleic Ac ids,
CF Dif frac tion Tech niques, and CF Struc tural Mass Spec -
trom e try.

CF Dif frac tion Tech niques em ploys two lab o ra tory
X-ray in stru ments equipped with high flux MetalJet X-ray
sources: a sin gle crys tal diffractometer D8 Ven ture
(Bruker) and a small an gle X-ray scat ter ing in stru ment
SAXSpoint 2.0 (Anton Paar). The con fig u ra tions of both
in stru ments rep re sent the top tier of pos si bil i ties of lab o ra -
tory in stru men ta tion. Apart from stan dard ap pli ca tions, the
in stru ments are also ex tended for ad vanced ex per i ments:
the diffractometer is equipped with the stage for in-situ
crys tal dif frac tion, X-ray flourscence de tec tor and crys tal
de hy dra tion, SAXS is equipped with in-situ UV-Vis spec -
tros copy and a liq uid chro ma tog ra phy sys tem for SEC-

 SAXS. The set ups en able easy ac cess and fast turn-around
of sam ples un der dif fer ent con di tions, but also col lec tion of 
high qual ity end-state data with out fur ther need for syn -
chro tron data col lec tion in many cases. CF Dif frac tion
Tech niques pro vides ser vices in syn ergy with the other
CFs on-site, there fore sci en tific ques tions can be quickly
an swered as they emerge from the ex per i ments.

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

CR (LM2023042); pro ject Czech In fra struc ture for In te -
gra tive Struc tural Bi ol ogy for Hu man Health
(CZ.02.1.01/0.0/0.0/16_013/0001776) from the ERDF;
UP CIISB (CZ.02.1.01/0.0/0.0/18_046/0015974), ELIBIO
(CZ.02.1.01/0.0/0.0/15_003/0000447), and MOSBRI from
EU Ho ri zon 2020 (No. 101004806).
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PHOSPHORYLATION OF MICROTUBULE-ASSOCIATED PROTEIN 2c BY
SERINE/THREONINE KINASES AND THE EFFECT OF PHOSPHORYLATION ON ITS

INTERACTIONS

Róbert Šándor1,2, Séverine Jansen2, Jitka Plucarova1,2, Subhash Narasimhan1,2, 
Al ice Laníková1,2, Jozef Hritz1,2,3, Lukáš Žídek1,2,* 

1Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Brno, 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, Brno, Czech Re pub lic

3De part ment of Che mis t ry, Fa cul ty of Science, Ma sa ryk Uni ver si ty, Brno, Czech Republic 
*lzidek@chemi.muni.cz

  
Cytoskeletal microtubule-as so ci ated pro teins (MAPs) reg -
u late the sta bil ity and dy nam ics of the microtubules. In side
the neu rons, oc cur rence of var i ous MAPs dif fers. Tau, as -
so ci ated with the pa thol ogy of the Alz hei mer’s dis ease, is
pres ent mostly in ax ons, whereas microtubule-as so ci ated
pro tein 2 (MAP2) is found in den drites. Both Tau and
MAP2 are clas si fied as in trin si cally dis or dered pro teins
(IDPs) and play a vi tal role in neuronal de vel op ment. They
are sub jected to fre quent post-translational mod i fi ca tions
(PTMs), in par tic u lar phosphorylation by var i ous pro tein
kin ases. Phosphorylation is the key reg u la tory mech a nism
that has been shown to have a sig nif i cant im pact on their
func tion, in ter ac tions with their bind ing part ners and in -
volve ment in neuropathologies. 

Uti liz ing NMR spec tros copy, we in ves ti gated the
phosphorylation of the ju ve nile form of MAP2, MAP2c, by 
Ser/Thr kin ases cAMP-de pend ent pro tein kinase A (PKA), 
extracellular sig nal-reg u lated kinase 2 (ERK2) and gly co -

gen synthase kinase 3b (GSK3b). We iden ti fied the
phosphorylated res i dues, mon i tored the phosphorylation
ki net ics and ob served the in flu ence of phosphorylation on
the in ter ac tions of MAP2c with phys i o log i cally rel e vant

bind ing part ners, e.g., the reg u la tory pro teins 14-3-3z and
SH3 do mains of tyrosine kin ases. 

No ta ble dif fer ences were ob served in phosphorylation
rates and pat terns, as well as mu tual cross-talks be tween

the re spec tive pro tein kin ases. Prim ing of GSK3b by PKA
re sulted in an en hanced GSK3 ac tiv ity and an in creased
phosphorylation rate of the res i dues close to the main PKA
phosphorylation site Ser435. On the other hand, prior
phosphorylation of MAP2c by ERK2 sub stan tially de -
creased the phosphorylation of Ser435 by PKA. 

Phosphorylation of MAP2c by PKA in creased the

bind ing af fin ity of 14-3-3z to MAP2c. This can be seen by
con sid er able de crease of the in ten si ties upon bind ing of

14-3-3z around PKA’s main phosphorylation sites Ser184, 
Ser189, Thr220 and Ser435. ERK2 me di ated
phosphorylation of MAP2c re sulted in mark edly weaker
bind ing of the SH3 do mains of pro tein kin ases Fyn, Abl
and the adap tor pro tein Grb2. 

All in all, our study shows that MAP2c is sub stan tially

phosphorylated by PKA, ERK2 and GSK3b. Site-spe cific
phosphorylation by these kin ases reg u lates its abil ity to in -
ter act with the phys i o log i cally rel e vant bind ing part ners.
Mu tual in flu ence of the re spec tive kin ases mod u lates site
pref er ences and rate of phosphorylation of in di vid ual res i -
dues. These find ings may sug gest that phosphorylation of
MAP2c by these pro tein kin ases pos si bly plays an im por -
tant role in reg u la tion of its ac tiv ity in vivo and may in duce
di rect down stream ef fects.
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STRUCTURE OF THE LE3 PHAGE INFECTING LEPTOSPIRA BIFLEXA

Hana Šimeèková, Laura Lisá, Anna Štefánik Sobotková, Zuzana Hlavenková, Ján Bíòovský,
Tibor Füzik, Danyil Grybchuk, and Pavel Plevka

CEITEC Masaryk Uni ver sity, Kamenice 753/5, 625 00 Brno, Czech Re pub lic

Phage ther apy based on lytic bac te rio phages com ple ments
con ven tional treat ment ap proaches to com bat in creas ing
antimicrobial re sis tance. Re duced an ti bi otic sus cep ti bil ity
has also been re ported in Leptospira, a ge nus of Gram-neg -
a tive spi ro chetes re spon si ble for leptospirosis in hu mans
and an i mals. Leptospira biflexa serves as a non-patho genic
bac te rial model to study leptospiral bi ol ogy and phage in -
fec tion. Bacteriophage LE3 is one of the few de scribed
lytic phages in fect ing L. biflexa.

In our study, we de ter mined the struc ture of phage LE3
us ing cryo-elec tron mi cros copy. The virion ex hib its a typ i -
cal tailed bacteriophage mor phol ogy, com pris ing a 65 nm

icosahedral capsid, a con trac tile tail 65–80 nm in length,
and a 30 nm base plate. Fur ther more, the thin, elec -
tron-trans par ent mor phol ogy of L. biflexa al lows di rect vi -
su al iza tion of phage par ti cles within cells and fa cil i tates
struc tural anal y sis of phage as sem bly in ter me di ates.

This work was sup ported by the Eu ro pean Re search Coun -
cil (ERC), pro ject BioPhage (No. 101162285), by the
NETPHARM pro ject (No. CZ.02.01.01/00/22_008/
0004607), and by 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 –
NextGenerationEU.
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MO LEC U LAR INSIGHT INTO 5’ RNA CAP PING WITH NpnNs BY BACTERIAL RNA
POLY MER ASE

V. M. Serianni1, 2, J. Škerlová1, A. Knopp Dubánková1, A. Škríba1, H. Šváchová1, T. Vuèková1,
A. Filimonìnko1, M. Fábry1, P. Øezáèová1, T. Kouba1, H. Cahova1

1In sti tute of Or ganic Chem is try and Bio chem is try of the CAS, Flemingovo n8m. 2, Prague, Czechia
2Charles Uni ver sity, Fac ulty of Sci ence, De part ment of Cell Bi ol ogy, Vinicna 7, Prague, Czechia

jana.skerlova@uochb.cas.cz

RNA cap ping with dinucleoside polyphosphates (NpnNs)
has re cently been found in both prokaryotic and eukaryotic
cells. Dinucleoside polyphosphates, also known as
alarmones, are di rectly in cor po rated into RNA tran scripts
by RNA poly mer ase, which can uti lize them as non-ca non -
i cal ini ti at ing nu cleo tides [1, 2]. We ex plored by cryo-EM
how ex actly these com pounds bind into the ac tive site of

RNA poly mer ase dur ing tran scrip tion ini ti a tion, us ing
open-bub ble DNA tem plates in com bi na tion with dinucle -
oside polyphosphates and Thermus thermo philus RNA
poly mer ase. We found that both nucleobase moi eties of
dinucleoside polyphosphates can pair with the DNA tem -
plate (Fig ure 1). While the prox i mal nucleobase pairs with
the tem plate in a ca non i cal Wat son-Crick man ner, the dis -
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Fig ure 1. Struc tural anal y sis of tran scrip tion ini ti a tion with dinucleoside polyphosphates (NpnNs).



tal nucleobase pairs non- canonically in a re verse Wat -
son-Crick man ner. Our work sheds light on the mo lec u lar
mech a nism of transcriptional 5’ cap ping with dinucleoside
poly phosphates [3].

1. O. Hudeèek, R. Benoni, P. E. Reyes-Gutierrez, M. Culka,
H. Šanderová, M. Hubálek, L. Rulíšek, J. Cvaèka, L.
Krásný, H. Cahová, Nat. Commun., 11, (2020), 1052, DOI: 
10.1038/s41467-020-14896-8.

2. R. Benoni, M. Culka, O. Hudeèek, L. Gahurova, H.
Cahová, ACS Chem. Biol., 15 (7), (2020), 1765, DOI:
10.1021/acschembio.0c00178.

3. V. M. Serianni, J. Škerlová, A. Knopp Dubánková, A.
Škríba, H. Šváchová, T. Vuèková, A. Filimonìnko, M.
Fábry, P. Øezáèová, T. Kouba, H. Cahova, Nat. Chem.
Biol., (2026), DOI: 10.1038/s41589-025-02134-5.

This work is sup ported by the Pro ject OP JAC
CZ.02.01.01/00/22_008/0004575 RNA for ther apy,

Co-Funded by the Eu ro pean Un ion. We ac knowl edge
fund ing from the Eu ro pean Re search Coun cil Ex ec u tive
Agency un der the Eu ro pean Un ion’s Ho ri zon Eu rope
Frame work Pro gram for Re search and In no va tion (grant
no. 101041374, StressRNaction). We thank the staff of the
CEITEC fa cil ity for ac cess to the Krios mi cro scope and the 
Czech In fra struc ture for In te gra tive Struc tural Bi ol ogy
(CIISB) In struct-CZ Cen ter, sup ported by the Min is try of
Ed u ca tion, Youth and Sports of the Czech Re pub lic
(LM2023042), the 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) and the Eu ro pean
Re gional De vel op ment Fund-Pro ject ‘In no va tion of Czech
In fra struc ture for Integrative Structural Biology’ (no.
CZ.02.01.01/00/23_015/0008175).
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CONTRIBUTION OF THE INSTITUTE OF NEUROIMMUNOLOGY SAS, BRATISLAVA
TO THE ADVANCED PROTEIN BIOTECHNOLOGY CONSORTIUM

M. Skrabanova, A. Polak, K. Martonova, K. Tomkova, S. Njemoga, O. Cehlar, R. Skrabana

In sti tute of Neuroimmunology, Slo vak Acad emy of Sci ences; Bratislava, 845 10, Slovakia
michaela.skrabanova@savba.sk , rostislav.skrabana@savba.sk

The Ad vanced Pro tein Bio tech nol ogy Con sor tium (APBC) 
is a unique sci en tific and in no va tion pro ject, the aim of
which is to strengthen co op er a tion be tween ac a de mia and
the bio tech nol ogy in dus try, sup port the emer gence of in no -
va tive and cut ting-edge so lu tions in the field of pro tein bio -
tech nol ogy and con trib ute to the de vel op ment of the
re gional econ omy. The pro ject is de signed to have a sig nif -
i cant re gional, na tional and in ter na tional im pact – it will
sup port eco nomic growth by the de vel op ment of the
start-up eco sys tem and a com pet i tive high-tech sec tor, but
above all it aims to cre ate new pos si bil i ties for tal ented Slo -
vak and for eign young sci en tists and to sup port the re turn
of Slo vak ex perts from abroad.

The APBC is leaded by the Uni ver sity of Pavel Jozef
Safarik in Kosice, Slovakia, com prises other two in sti tutes
of Slo vak Acad emy of Sci ences and four in ter na tional part -
ners in clud ing re search in sti tu tions from Czechia, Ger -
many, Netherland and United King dom. Two non- 

ac a demic part ners from Slovakia and Czechia com ple ment
the pro ject team.

In sti tute of Neuroimmunology’s con tri bu tion to the
APBC con sists in build ing and sup ply ing a wide port fo lio
of eukaryotic (E. coli) and prokaryotic (in sect cells, CHO
and HEK cell lines) ex pres sion sys tems, pro tein pu ri fi ca -
tion plat forms, start-of-the-art bio phys i cal meth ods for
pro tein char ac ter iza tion (light scat ter ing and cal o rim e try
meth ods, CD and FTIR spec trom e try, high-through put
SPR and BLI in stru ments, stopped-flow meth ods) and
X-ray crys tal log ra phy. The In sti tute also of fers
immunogenicity test ing of can di date ther a peu tics de vel -
oped by Con sor tium. We will pres ent the re sults achieved
by the In sti tute in the first year of pro ject im ple men ta tion.

This work was sup ported by the NextGenerationEU
through the Re cov ery and Re sil ience Plan for Slovakia un -
der the pro ject APBC, No. 09-I02-03-V01-00021.

P57

CVFORMER

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 32,  no. 1  (2026)       61



Guglielmo Tedeschi, Vojtìch Spiwok

Uni ver sity of Chem is try and Tech nol ogy, Prague

Mo lec u lar Dy nam ics sim u la tions pro vide in sights on the
biomolecular mo tion, how ever it is in trin si cally lim ited by
timescale sep a ra tion. Rare events such as fold ing,
conformational tran si tions, or allosteric re ar range ments of -
ten oc cur on timescales that ex ceed those ac ces si ble to
stan dard MD. En hanc ing sam pling meth ods, such as
Metadynamics, ad dresses this lim i ta tion by en hanc ing
sam pling along a set of Col lec tive Vari ables (CVs), which
act as low-di men sional descriptors of the sys tem’s slow de -
grees of free dom. How ever, the ef fec tive ness of meta -
dynamics crit i cally de pends on the qual ity of the cho sen
CVs, suboptimal vari ables can lead to in ef fi cient, or in -
com plete, ex plo ra tion of the free-en ergy sur face. The iden -
ti fi ca tion of phys i cally mean ing ful and dy nam i cally
rel e vant CVs there fore re mains a cen tral chal lenge in en -
hanced sam pling.

CVFormer is a Trans former-based autoencoder for the
ex trac tion of CVs from Mo lec u lar Dy nam ics tra jec to ries.
The model com press conformational in for ma tion into a
low-di men sional la tent space (typ i cally 2D), suit able for
driv ing en hanced sam pling sim u la tions such as meta -
dynamics. By an a lyz ing this re duced rep re sen ta tion, we
can not only char ac ter ize metastable states and tran si tion
path ways, but also trace back which struc tural de grees of

free dom are re spon si ble for shap ing the learned col lec tive
vari ables.

A key as pect of the ap proach is the fully data-driven se -
lec tion of CVs. In stead of re ly ing on hand crafted
descriptors, the model learns rep re sen ta tions di rectly from
mo lec u lar dy nam ics tra jec to ries. At ten tion weights pro -
vide res i due-level im por tance scores, en abling the iden ti fi -
ca tion of struc tural re gions that con trib ute most strongly to
the learned col lec tive vari ables. This interpretability is
com ple mented by mu tual in for ma tion anal y sis within the
la tent co or di nates, al low ing a quan ti ta tive as sess ment of
de pend ency and re dun dancy. 

The meth od ol ogy is dem on strated on the Trp-cage
mini-pro tein, a well-es tab lished bench mark for fold ing and 
conformational stud ies. CVFormer suc cess fully learns a
low-di men sional rep re sen ta tion that cap tures the es sen tial
fold ing land scape and sep a rate metastable states.

The anal y sis high lights spe cific res i dues with dom i nant 
con tri bu tions to the learned CVs, in agree ment with known 
struc tural de ter mi nants of Trp-cage sta bil ity.

The se lected CVs were sub se quently used to bias
metadynamics sim u la tions, lead ing to ef fi cient en hance -
ment of conformational tran si tions and ac cel er ated cross -
ing of free-en ergy barriers.
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BEYOND IC50: A RE-ENGINEERED STOPPED-FLOW KINETIC FRAMEWORK FOR
HUMAN CARBONIC ANHYDRASE INHIBITION STUDIES

V. Vaøeèka1,3, A. Hofrová2,3, J. Hritz2,3

1De part ment of Chem is try, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 735/5, 625 00 Brno, 
Czech Re pub lic

2Nati o nal Cen tre for Bi o mo le cu lar Re search, Fa cul ty of Science, Ma sa ryk Uni ver si ty, Ka me ni ce 735/5, 625
00 Brno, Czech Re pub lic

3CEITEC - Cen t ral Eu ro pean In sti tu te of Tech no lo gy, Žero tí no vo nám. 617/9, 601 77 Brno, Czech Re pub lic
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Car bonic Anhydrases (CAs) com prise a ubiq ui tous and di -
verse en zyme fam ily that reg u lates in or ganic car bon ho -
meo sta sis in tis sues, cells and subcellular com part ments.
As such, CAs are in volved in a wide range of cel lu lar pro -
cesses, in clud ing en ergy me tab o lism, pho to syn the sis,
mem brane trans port, or cell ad he sion. The hu man ge nome
en codes 15 ho mol o gous CA isozymes that dif fer in ex pres -
sion pat terns, lo cal iza tion, oligomeric state and cat a lytic
ac tiv ity. Among these, isozymes IX and XII re ceive greater 
at ten tion due to their ex ten sive ex pres sion in many solid tu -
mours rel a tive to healthy tis sues. [1]

A dis tinc tive branch of CA re search fo cuses on the de -
vel op ment of isozyme-se lec tive in hib i tors tar get ing CA IX
and XII. [2] The in hi bi tion as say most com monly em -
ployed in these stud ies mea sures ini tial re ac tion rates for
con ven tional IC50 de ter mi na tion. Its core prin ci ple, es tab -
lished by Khalifah in 1971 [3], in volves de tec tion of pro -
tons re leased dur ing the en zy matic re ac tion via

pH-in di ca tor absorbance in a stopped-flow setup. As con -
tem po rary stud ies of ten re port doz ens of com pounds with
ac tiv i ties and selectivities within an or der of mag ni tude,
the meth od ol ogy be comes in creas ingly in suf fi cient in ac -
cu racy, reproducibility, and through put for cross-com par a -
tive or struc ture-ac tiv ity re la tion ship (SAR) stud ies.
Fur ther more, the ex act pro to col is poorly doc u mented and
con cerns have been raised re gard ing the ex per i men tal and
pub li ca tion prac tices in volv ing a sub stan tial part of the ex -
ist ing lit er a ture. [4]

In this poster, a re-en gi neered ver sion of the CA as say
is pre sented, based on the orig i nal 1971 ar ti cle. The re vised 
ap proach in cor po rates ex plicit sig nal-to-sub strate con cen -
tra tion con ver sion, in ter nal ref er enc ing to spon ta ne ous and 
un in hib ited re ac tion rate ref er enc ing, and dif fer en tial ki -
netic mod el ing. In hi bi tion con stants (Ki) are de rived di -
rectly from fit ted ki netic pa ram e ters, rather than con verted
from IC50 val ues, and are com ple mented by sta tis ti -
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cally-de rived er ror es ti mates. Prop erly an no tated, the new
meth od ol ogy is ca pa ble of both greater ac cu racy and
through put, and should im prove qual ity of data (and life) in 
the field.

1. Lee, S.-H., & Griffiths, J. R. (2020). How and Why Are
Can cers Acidic? Car bonic Anhydrase IX and the
Homeostatic Con trol of Tu mour Extracellular pH. Can cers, 
12(6). https://doi.org/10.3390/cancers12061616.

2. Zakšauskas, A., PaketurytP-LatvP, et al. (2025). Af fin ity
and Se lec tiv ity of Pro tein–Ligand Rec og ni tion: A Mi nor
Chem i cal Mod i fi ca tion Changes Car bonic Anhydrase
Bind ing Pro file. Jour nal of Me dic i nal Chem is try, 68(16),
17752–17773.
https://doi.org/10.1021/acs.jmedchem.5c01421.

3. Khalifah, R. G. (1971). The Car bon Di o xide Hyd rati on
Acti vi ty of Car bo nic Anhyd ra se: I. STOP-FLOW
KINETIC STUDIES ON THE NATIVE HUMAN
ISOENZYMES B AND C. Jour nal of Bi o lo gi cal Che mis t -
ry, 246(8), 2561–2573.
https://doi.org/https://doi.org/10.1016/S0021-9258(18)6232
6-9.

4. Jonsson, B.-H., & Liljas, A. (2020). Per spec tives on the
Clas si cal En zyme Car bonic Anhydrase and the Search for
In hib i tors. Bio phys i cal Jour nal, 119(7), 1275–1280.
https://doi.org/10.1016/j.bpj.2020.08.020.
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1In sti tute of Or ganic Chem is try, and Bio chem is try of the Czech Acad emy of Sci ences, Prague, Czech Re -
pub lic
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Methyltransferase-like pro tein 21A (METTL21A) is a
S-ade no syl-L-methionine (SAM)–de pend ent lysine
methyl transferase that mod i fies mo lec u lar chaperones, in -
clud ing Hsp70 fam ily pro teins and the co-chaperone
BAG3. These post-translational mod i fi ca tions en hance
pro tein sta bil ity and re duce deg ra da tion. Re cent stud ies
link METTL21A ac tiv ity to hepatocellular car ci noma pro -
gres sion and me tas ta sis, high light ing its emerg ing dis ease
rel e vance; how ever, no se lec tive small-mol e cule in hib i tors 
have yet been re ported.

Here, we de signed and syn the sized small-mol e cule in -
hib i tors of METTL21A and eval u ated their bio chem i cal

ac tiv ity. Re com bi nant METTL21A was ex pressed and pu -
ri fied for struc ture-based stud ies, and co-crys tal li za tion ex -
per i ments were con ducted with se lected com pounds. We
de ter mined and re fined a high-res o lu tion crys tal struc ture
of METTL21A in com plex with a rep re sen ta tive in hib i tor,
re veal ing key fea tures of ligand bind ing to the SAM-bind -
ing site. These find ings pro vide a frame work for in hib i tor
op ti mi za tion and sup port METTL21A as a po ten tial ther a -
peu tic tar get.
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SIMULATION OF ELECTRON TRANSFER ON BIOMOLECULAR BRIDGES BY
NON-ADIABATIC MOLECULAR DYNAMICS

Jitka Vysloužilová, Zdenìk Futera

Fac ulty of Sci ence, Uni ver sity of South Bo he mia, Branišovská 1760, 
370 05 Èeské Budìjovice, Czech Re pub lic

Mo lec u lar elec tron ics uti lizes (bio)or ganic mol e cules and
organometallic com plexes as parts of elec tronic de vices to
man u fac ture, for ex am ple, highly sen si tive biocompatible
sen sors. Tun ing and fur ther de vel op ment of such de vices
re quire an un der stand ing of elec tron trans port mech a nisms
and pro cesses, as well as struc tural de tails. These could be
pro vided by com puter sim u la tions based on quan tum cal -
cu la tions and mo lec u lar dy nam ics tech niques. How ever,
the the o ret i cal de scrip tion of the (bio)mo lec u lar junc tions
re mains chal leng ing due to the in ter play be tween dis crete
mo lec u lar elec tronic states and quasi-con tin u ous elec tronic 
states of the me tal lic con tacts and elec trodes. More over,
the soft-mat ter na ture of the or ganic com pounds re quires
the in volve ment of ther mal mo tion, vi bra tions, and
non-adi a batic elec tron-trans fer events. There fore, an ex -
plicit treat ment of cou pled elec tronic and nu clear dy nam ics 
is needed.

In this work, we em ploy non-adi a batic mo lec u lar dy -
nam ics (NAMD) with the Few est Switches Sur face Hop -
ping (FSSH) method [1] to sim u late elec tron-trans fer
pro cesses in model mo lec u lar bridges. The sim u la tions are
per formed us ing the open-ac cess LIBRA mod u lar li brary
[2], which en ables not only the si mul ta neous prop a ga tion
of nu clear mo tion and the pop u la tion of the re lated elec -
tronic states, but also state-of-the-art mod i fi ca tions and de -
vel op ments needed for the treat ment of het er o ge neous
mol e cule/metal in ter faces. We dem on strate the fea si bil ity

of these cal cu la tions on sev eral model sys tems, rang ing
from Tully’s mod els [1] to small rigid mol e cules treated
un der the ne glect-of-back-re ac tion ap prox i ma tion

(NBRA) to atomistic junc tion mod els based on ben -
zene-1,4-diammine (BDA) and ben zene-1,4-dithiolate
(BDT) mol e cules. These meth od ol ogy benchmarks and de -
vel op ments are pre sented in the con text of in tended ap pli -
ca tions on com plex biomolecular elec tronic de vices based
on re dox pro teins that are in ves ti gated in our group.
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Fig ure 2. Atomistic model of BDT. 

Fig ure 1. Com puted trans mis sion ob tained by FSSH on Tully’s
DAC model.


