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PROTEIN PRODUCTION FACILITY – DNA & PROTEINS FOR YOUR RESEARCH

M. Alblová, T. Nepokojová, E. Pyrihová, L. Vidrnová, J. Dohnálek

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

mi ro sla va.alb lo va@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 fers com pre hen sive ser vices,
cov er ing ev ery step from DNA to the pu ri fied pro tein.
These in clude gene clon ing into ex pres sion vec tors, site-di -
rected mu ta gen e sis, and pro tein 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. Cus tom ers can pro vide us with their tem plates, or
we can or der them from ex ter nal com pa nies. Sub se quently, 
we can de liver and test sev eral of our plasmids. Fur ther -
more, we per form small-scale ex pres sion and sol u bil ity
tests us ing var i ous Esch e richia coli strains un der dif fer ent
con di tions. We are ex pand ing our ser vices by in tro duc ing
eukaryotic pro duc tion. We can pro vide pro tein pro duc tion
in hu man em bry onic kid ney cells (HEK) or baculoviral ex -
pres sion sys tem us ing Sf9 in sect cells as an al ter na tive to
prokaryotic ex pres sion. Fi nally, we of fer large-scale pro -
duc tion and pu ri fi ca tion of tar get pro teins.

In pro tein pu ri fi ca tion, we em ploy a range of steps,
such as af fin ity chro ma tog ra phy (GST-tag pu ri fi ca tion,
Strep-Tactin XT Sepharose or im mo bi lized metal che late

af fin ity chro ma tog ra phy), per formed ei ther on an FPLC or
in grav ity flow set ups. We also of fer an ion-ex change chro -
ma tog ra phy, and size ex clu sion chro ma tog ra phy us ing
Superdex col umns (75 or 200, 10/300 in crease, or HiLoad
16/600). Cus tom ers can re quest mod i fi ca tions to stan dard -
ized pro to cols or pro vide us with es tab lished pro to cols for
im ple men ta tion.

In 2025, our team aims to or ga nize the first work shop,
ex pand and wel come new col leagues, cus tom ers, and col -
lab o ra tions. 

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 as a mem ber of the Czech In fra struc -
ture for In te gra tive Struc tural Bi ol ogy (ciisb.org). 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 by
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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Fig ure 1. Lab o ra tory and ser vices of the CF Pro tein Pro duc tion at CMS.
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THE EFFECT OF THE CARDIAC-ASSOCIATED MUTATIONS ON THE BIOPHYSICAL
PROPERTIES, FOLD AND STRUCTURE OF THE N-TERMINAL DOMAIN OF HUMAN

RYANODINE RECEPTOR 2 

Terézia Hromádková, Ja cob Bauer, Vladena Bauerová-Hlinková

In sti tute of Mo lec u lar Bi ol ogy SAS, Dúbravská cesta 21, 845 51, Bratislava

Cal cium ions play a key role in phys i o log i cal pro cesses,
such as the ex ci ta tion-con trac tion pro cess in mus cle cells.
The reg u la tion in hu man car diac mus cle cells is pri mar ily
me di ated by the hu man ryanodine re cep tor 2 (hRyR2).
hRyR2 is a large cal cium chan nel that me di ates the trans fer
of cal cium cat ions from the sarcoplasmic re tic u lum to the
cytosol of cardiomyocytes. hRyR2 con sists of four mono -
mers, each com posed of 10 do mains. One of these do mains
is the N-ter mi nal do main (NTD), where ap prox i mately 70
point mu ta tions as so ci ated with se vere arrhythmias have
been iden ti fied. Mu ta tions in the NTD cause sev eral
cardiologic dis or ders, pri mar ily catecholaminergic poly -
mor phic ven tric u lar tachy car dia 1 (CPVT1) and ar rhyth -
mo genic right ven tric u lar dysplasia 2 (ARVC/D2).

In our study, we fo cused on the bio phys i cal char ac ter -
iza tion and of hRyR2 NTD in its wild-type and mu tant

forms. We suc cess fully ex pressed and pu ri fied wild-type
and M81L and L433P mu tant frag ments of the hRyR2
NTD. We also ver i fied their fold by CD spec tros copy, de -
ter mined the in flu ence of the mu ta tion on the hRyR2 NTD
size by FIDA anal y sis and de ter mined their ther mal sta bil -
ity us ing nanoDSF. We found that the M81L mu ta tion in -
creases the ther mal sta bil ity of hRyR2 NTD. This mu tant
was also suc cess fully crys tal lized. The L433P mu ta tion re -
duces the sol u bil ity of hRyR2 NTD, af fects its oligomeric
state and al ters the struc ture of this do main.

Au thors thank to Ga briel Žoldák and Michal Nemergut
from CIB UPJŠ Košice, Slovakia for CD-spec tra mea sure -
ments and Jozef Uskoba, BioTech Czechia for FIDA mea -
sure ments. The study was fi nan cially sup ported by grant
VEGA 2/0081/24.
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RIBOTUNER – THE INTERPLAY OF ANTIBIOTICS, RIBOSOMES AND ABCF
ATPASES IN FINE TUNING GENE EXPRESSION

Michaela Novotná1, Markéta Kobìrská1,  Durga Mahor1, Thibaud T. Renault2, C. Axel Innis2,
Gabriela Balíková Novotná1

1In sti tute of Mi cro bi ol ogy of the Czech Acad emy of Sci ences
2Institut Européen de Chimie et Biologie, Univ. Bor deaux, Cen tre Na tional de la Re cher che Scientifique,

Institut Na tional de la Santé et de la Re cher che Médicale
gnovotna@biomed.cas.cz

An ti bi ot ics that bind to the cat a lytic cen tre of the bac te rial
ri bo some in ter act di rectly with the na scent pep tide, lead ing 
to vari abil ity in the in hib i tory ef fect that de pends on the
spe cific amino acid se quence of the na scent pep tide. How -
ever, this phe nom e non, known as con text-de pend ent trans -
la tion in hi bi tion, has not yet been stud ied with classes of
an ti bi ot ics that in hibit trans la tion ini ti a tion, such as linco -
samides, pleuromutilins and streptogramins A (LSaP).
Bac te ria uti lise the con text-de pend ent in hi bi tion of trans la -
tion by ri bo some-tar get ing an ti bi ot ics to mod u late gene ex -
pres sion: Ri bo some which is blocked only by spe cific
an ti bi otic while trans lat ing reg u la tory uORFs in the 5’UTR 
of tar get mRNAs trig gers conformational changes that al -
low tran scrip tion or trans la tion. This mech a nism, known as 
ri bo some-me di ated at ten u a tion, plays a crit i cal role in the
con trol of an ti bi otic re sis tance genes en cod ing ABCF
ATPases, which also reg u late gene ex pres sion in re sponse
to an ti bi ot ics. Our re sults sug gest that con text de pend ency
and ri bo some-me di ated at ten u a tion are im por tant for
ABCF-me di ated an ti bi otic sig nal ling. Us ing gene re porter
as says and in vi tro ri bo some pro fil ing tech niques, we de ci -

pher the con text de pend ency of LSaP an ti bi ot ics, their ef -
fects on the reg u la tion of ABCF pro tein-en cod ing genes
and how ABCF pro tein ac tiv ity in flu ences this reg u la tion.
We pro pose that this in tri cate in ter play be tween an ti bi otic,
ri bo some, and ABCF pro tein rep re sents a novel mech a -
nism that fine-tunes bac te rial gene ex pres sion in re sponse
to an ti bi otic and thereby main tain their abil ity to sur vive in
the nat u ral en vi ron ment. 

1. N. Vázquez-Laslop and A. S. Mankin: Annu. Rev.
Microbiol., 72, 185–207 (2018).

2. M. Koberska, L. Vesela, V. Vimberg, J. Lenart, J. Vesela,
Z. Kamenik, J. Janata and G. Balikova Novotna: Mbio, 12,
2020.10.16.343517 (2021).

3. B. Seip, G. Sacheau, D. Dupuy and C. A. Innis: Life Sci.
Al li ance, 1(5): e201800148 (2018).

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.
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SOLUTION STRUCTURE OF cAMP-DEPENDENT PROTEIN KINASE RIIa SUBUNIT IN
COMPLEX WITH MICROTUBULE ASSOCIATED PROTEIN 2c

Viktor Bartošík1, Al ice Laníková1,2, Zuzana Janáèková1, Petr Padrta1,2, Jitka Plucarová1,2,
Séverine Jansen1,2, Lukáš Žídek1,2

1Na tional Cen tre for Bionolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Brno, Czech Re pub lic
2Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Brno, Czech Re pub lic

484477@mail.muni.cz

In trin si cally dis or dered pro teins (IDPs) are a sig nif i cant
part of reg u la tory net works that con trol the cytoskeleton.
Their in ter ac tion with kin ases is key to un der stand ing the
mech a nism of their func tion. Im por tant IDPs in the brain
in clude the MAP2/Tau fam ily pro teins. The ubiq ui tous
cAMP-de pend ent pro tein kinase (PKA) also plays an im -
por tant role in the func tion of brain neu rons. Its lo cal iza -
tion is controled by A-kinase an chor ing pro teins (AKAPs), 
one of which is the microtubule as so ci ated pro tein 2c
(MAP2c). The bind ing site for PKA on MAP2c was dis -
cov ered a long time ago. How ever, struc ture of the com -
plex had not been solved un til now.

Here we pres ent an atomic res o lu tion struc ture of the

in ter act ing do mains of the RIIa sub unit of PKA in com plex 
with MAP2c. The bind ing site was first con firmed us ing
broad en ing of MAP2c NMR sig nals upon ad di tion of
PKA. Fur ther re lax ation and en sem ble-based stud ies of
free MAP2c in di cated in creased al pha-he li cal pro pen sity
for this re gion. ITC stud ies of the com plex con firmed
nanomolar bind ing af fin ity. For struc ture de ter mi na tion,
the pro tein com plex was pre pared recombinantly with iso -
tope la bel ing in both uni form and spe cific vari ants. NMR
sig nals were as signed us ing tripple res o nance and 3D
NOESY spec tra. Fil tered 3D NOESY was used to probe
intermolecular in ter ac tions in the com plex. Re sid ual
dipolar cou plings of NH pairs were mea sured us ing the Pf1

ori ented phage. Dis tance re straints from 3D NOESY spec -
tra were cal cu lated us ing CYANA. The fi nal struc ture was
cal cu lated us ing SCULPTOR-CNS.

We have solved the struc ture of MAP2c-PKA com plex. 
The struc ture showed that in trin si cally dis or dered pro tein

MAP2c forms an a-he lix upon bind ing to PKA sim i larly to
other AKAPs. How ever, the ori en ta tion the he lix dif fers
from the other known AKAP struc tures. This find ing sig -
nif i cantly ex tends our undersanding of the prin ci ples that
gov ern spe cific rec og ni tion of AKAPs by reg u la tory sub -
units of PKA.

1. Bartošík, V. and Pucarová, J. et al.: Struc tural ba sis of
bind ing the unique N-ter mi nal do main of microtubule-as so -
ci ated pro tein 2c to pro teins reg u lat ing kin ases of sig nal ing 
path ways, J. Biol. Chem. 300 (2024)
107551, https://doi.org/10.1016/j.jbc.2024.107551.

The work was sup ported by Czech Sci ence Foun da tion,
grant No. 20-12669S. Josef Dadok Na tional NMR Cen tre,
CF Biomolecular In ter ac tions and Crys tal log ra phy, and
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 „UP CIISB“ (No.
CZ.02.1.01/0.0/0.0/18_046/0015974) are grate fully ac -
knowl edged for the ac cess to NMR, ITC, and MS in stru -
ments. The au thors thank Karel Kubíèek for his help with
CYANA structure calculations.

P5

INHIBITION OF HISTONE DEACETYLASE 6 BY 1,2, 4-OXIADIAZOLES: STRUCTURAL 
AND BIOCHEMICAL CHARACTERIZATION

Cyril Baøinka1, Julia Kudláèová1, Ivan Šnajdr2, Lu cia Motlová1, Barbora Havlínová1, 
Werner Tueckmantel3, Alan Kozikowski3, Zora Nováková1

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

2In sti tute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ences, 
Flemingovo námìstí 2, 166 10, Prague 6, Czech Re pub lic

3StarWise Ther a peu tics LLC, Uni ver sity Re search Park, Inc., Mad i son, WI 53719, United States

Histone deacetylase (HDAC) in hib i tors used in the clinic
typ i cally con tain a hydroxamate zinc-bind ing group
(ZBG). How ever, re cent stud ies have shown that al ter na -
tive ZBGs, in clud ing heterocyclic trifluoromethyl
oxadiazoles (TMO), can con fer greater isoenzyme se lec -
tiv ity and more fa vor able ADMET pro files. Here, we re -
port the syn the sis and bio chem i cal and struc tural
char ac ter iza tion of a se ries of HDAC in hib i tors fea tur ing

1,2,4-TMOs as ZBGs. Com pared to 1,3,4-TMO in hib i tors,
in cor po rat ing the 1,2,4-TMO iso mer into the in hib i tory
scaf fold mark edly al ters se lec tiv ity, broad en ing ac tiv ity
across HDACs, in clud ing class IIa isoenzymes. Crys tal
struc tures of HDAC6-in hib i tor com plexes re veal that the
1,2,4-TMO ring of the par ent oxadiazole un der goes hy dro -
ly sis within the en zyme’s ac tive site, yet the ki net ics and
cat a lytic mech a nism dif fer from those ob served for

https://doi.org/10.1016/j.jbc.2024.107551
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1,3,4-TMO in hib i tors. Over all, our find ings pro vide com -
pel ling ev i dence that the choice of TMO war head dic tates
not only HDAC isoform se lec tiv ity but also the trans for ma -
tion mech a nism within tar get en zyme ac tive sites.

The pro ject was sup ported by the Czech Acad emy of Sci -
ences (RVO: 86652036) and the Min is try of Ed u ca tion,
Youth and Sports (MEYS - LUAUS23247).
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TARGETING THE mRNA CAPPING MACHINERY OF TRICHOMANAS VAGINALIS AS
THERAPEUTIC APPROACH IN TREATMENT OF TRICHOMONIASIS 

Benýšek Jakub1, Fajtová Pavla2, Chalupská Dominika1, Bouøa Evžen1

1In 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

2Skaggs School of Phar macy and Phar ma ceu ti cal Sci ences, Uni ver sity of Cal i for nia San Diego, La Jolla,
Cal i for nia, USA

jakub.benysek@uochb.cas.cz

 Trichomonas vaginalis is a mem ber of flag el lated pro tist
that causes trichomoniasis, the most prev a lent nonviral
sex u ally trans mit ted hu man in fec tion. Glob ally, the es ti -
mated an nual in ci dence is more than 270 mil lion cases [1].
The extracellular par a site re sides in the uro gen i tal tract of
both sexes and can cause vag i ni tis in women and ure thri tis
in men. Acute in fec tions are as so ci ated with in creased risk
of hu man HIV-1 in fec tion, cer vi cal car ci noma, in fer til ity,
pros tatic adenocarcinomas and ad verse preg nancy out -
comes. Cur rent treat ment of trichomoniasis re lies on ad -
min is tra tion of antiprotozoal drugs. How ever, re sist -
ance has been in creas ingly rec og nized and may oc cur in up
to 10% of in fec tions [2]. 

A prom is ing path rep re sents tar get ing a mRNA (mes -
sen ger RNA) cap ping ma chin ery of this par a sitic pro to -
zoan. The 5’ cap 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 three en zy matic re ac tions and
last step is the cap methylation re ac tion, cat a lyzed by RNA
(gua nine-N7) methyltransferase (RNMT). TRIV-RNMT is 
a 39.8 kDa pro tein with 347 aa, lo cal ized in nu cleus and

shares 33% se quence iden tity to a big ger hu man cap-
 methylating en zyme (Hcm1: 476 aa), how ever, the hu man
cap methyltransferase con tains non es sen tial N-ter mi nal
ex ten sions that are miss ing in TRIV-RNMT. T. vaginalis
homolog pro tein con tains S-adenosylmethionine (SAM)
bind ing mo tif, struc tur ally re sem bling hu man Hcm1. 

Here we pres ent a newly dis cov ered crys tal struc ture of
this pro to zoan methyltransferase with a high-res o lu tion
(~1.9 C) view of the cat a lytic site, oc cu pied by a co-fac tor
com pet i tive com pounds: Sinefungin and SAH (S-adeno -
sylhomocysteine). These pre lim i nary crys tal struc tures ac -
com pa nied with high-through put screen ing of small in hib i -
tory mol e cules (un pub lished data) provide a valu able
struc tural in sight for con sec u tive ra tio nal drug de sign. 

1. Alsaad RKA. Ann Parasitol.;68(3):409-419, (2022).

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

This re search was funded by pro ject the Na tional In sti tute
of Vi rol ogy and Bac te ri ol ogy (Programme EXCELES.
Pro ject No. LX22NPO5103) – Funded by the Eu ro pean
Un ion – Next Gen er a tion EU.
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MONTE CARLO SIMULATIONS OF MINIPROTEIN FOLDING SAMPLED WITH AN
AUTOENCODER

Jan Beránek1, Guglielmo Tedeschi1, Aleš Køenek2, Vojtìch Spiwok1

1De part ment of Bio chem is try and Mi cro bi ol ogy, Uni ver sity of Chem is try and Tech nol ogy, 
Prague, Czech Re pub lic

2In sti tute of Com puter Sci ence, Masaryk Uni ver sity, Brno, Czech Re pub lic

Autoencoders are ar ti fi cial neu ral net works that have been
shown to be a high qual ity tool for non-lin ear dimension -
ality re duc tion and have many di verse ap pli ca tions. The ar -
chi tec ture con sists of two parts, an en coder, which
trans forms high di men sional in put data onto a low-di men -
sional em bed ding, which is called la tent space. Sec ond part 
of the net work, de coder, re con structs these la tent space
val ues into the orig i nal high di men sional data.

In this work, we use struc tures of Tryptophan-cage
mini protein  sam pled from mo lec u lar dy nam ics (MD) sim -

u la tion of high-tem per a ture un fold ing of the miniprotein,
to train a sim ple autoencoder to be able to en code and de -
code miniprotein struc tures. De coder part of the trained
autoencoder can then be used to gen er ate di verse pro tein
struc tures based on in put la tent space val ues. The
miniprotein struc tures gen er ated this way in clude, but are
not lim ited only to the struc tures pres ent in the train ing
dataset.

We show that a well-trained de coder can gen er ate
struc tures with dis place ment of in di vid ual par ti cles so
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small that, af ter a short po ten tial en ergy minimization, the
struc tures can be con cat e nated into a con tin u ous tra jec tory
based on Me trop o lis Cri te rion. 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. At the same time,
struc tures sam pled along the Monte-Carlo tra jec tory form

an en sem ble that fol lows Boltzmann dis tri bu tion. Al -
though the dis tri bu tion of struc tures sam pled this way dif -
fers slightly from one sam pled from suf fi ciently long
clas si cal MD sim u la tion, it is also pro vided at a tiny
fraction of the computational cost of the MD simulation.

P8

STRUC TURAL IN SIGHTS INTO 14-3-3-ME DI ATED REG U LA TION OF HU MAN ASK1

J. Bhosale1, 3, D. Košek1, V. Obšilová1, T. Obšil1, 2

1In 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 ing,
Pro teins, Di vi sion BIOCEV, Czech Re pub lic

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

3De part ment of De vel op men tal and Cell Bi ol ogy, Fac ulty of Sci ence, Charles Uni ver sity, Czech Re pub lic
Jayashri.Bhosale@fgu.cas.cz

Apoptosis sig nal reg u lat ing kinase 1 (ASK1), also known
as MAP3K5, is a widely ex pressed mem ber and 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 stress stim uli ap pro pri ately. In un stressed con di -
tion, ASK1 is held in an in ac tive state through bind ing of
neg a tive reg u la tors, such as thioredoxin and 14-3-3.
Thioredoxin (Trx) is an oxidoreductase that par tic i pates in
re dox re ac tions and cat a lyzes dithio-disulfide ex change re -
ac tions whereas 14-3-3 is a highly con served phospho -
serine- and phosphothreonine-bind ing scaf fold pro tein [2,
3]. De spite many years of in ten sive re search, there is no
atomic res o lu tion struc ture of multi-do main ASK1 in com -
plex with 14-3-3 or thioredoxin, which has hin dered func -
tional and mech a nis tic un der stand ing of ASK1 reg u la tion.
There fore, the main goal of this pro ject is to un ravel the
struc tural and mo lec u lar ba sis of ASK1 reg u la tion by the
14-3-3 pro tein 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).

The sta bil ity and stoichiometry of the ASK1:14-3-3
com plex was in ves ti gated by SV-AUC. These ex per i ments 
re vealed that ASK1 and 14-3-3 form a com plex with ap par -
ent dis so ci a tion con stant (KD) of 90 ± 7 nM. The sed i men -
ta tion co ef fi cient dis tri bu tion c(s) also sug gested that the

pres ence of 14-3-3 in duced the tetramerization of ASK1,
i.e. the for ma tion of a com plex with a stoichiometry of 4:4
(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 and cryo-EM. Cryo-EM
re con struc tion showed that each of the 14-3-3 dimers sta bi -
lizes 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. This 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, thus ex plain ing
the in hib i tory ef fect of 14-3-3 bind ing. Over all, our re sults
pro vide the first in sight into the struc tural ba sis of 14-3-3
pro tein-me di ated reg u la tion of ASK1 kinase. 

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 USA 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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REPLICATION AND TRANSCRIPTION REGULATOR Rta OF EPSTEIN-BARR VIRUS -
FUNCTIONAL AND STRUCTURAL IMPLICATIONS FOR NEW ANTIVIRAL STRATEGY

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

The Ep stein-Barr vi rus (EBV) is one of the most prev a lent
hu man vi ruses, in fect ing over 90% of the global pop u la tion 
over the course of a life time. EBV is im pli cated in ap prox i -
mately 200 000 can cer cases an nu ally and is as so ci ated
with var i ous premalignant lymphoproliferative dis or ders,
in clud ing Hodg kin’s lym phoma, gas tric car ci noma, and
na so pha ryn geal car ci noma [1]. Be yond its oncogenic po -
ten tial, EBV has been linked to in fec tious mono nu cle o sis
and mul ti ple scle ro sis [2,3].

The rep li ca tion and tran scrip tion ac ti va tor (Rta) is a
key reg u la tor of the EBV life cy cle, as Rta me di ates the
tran si tion from la tency to the lytic phase. Rta func tions as a
transcriptional ac ti va tor by bind ing to the Rta Re sponse El -
e ment (RRE) on vi ral DNA, thereby ini ti at ing the ex pres -
sion of lytic genes, in clud ing the vi ral gene PAN [4].
De spite Rta func tional sig nif i cance, the struc tural prop er -
ties of Rta re main uncharacterized, and no se quence homo -
logy has been iden ti fied be tween Rta and known DNA- 
bind ing or dimerization mo tifs [5].

In this study, we em ployed an in ter dis ci plin ary ap -
proach to elu ci date the func tional and struc tural prop er ties
of Rta. We char ac ter ized the bio phys i cal at trib utes of Rta
DNA-bind ing do main and ex am ined Rta oligomerization.
Ad di tion ally, we in ves ti gated the struc tural fea tures of the
DNA-bind ing do main and quan ti fied Rta bind ing af fin ity
for a DNA se quence con tain ing the RRE mo tif. In par al lel,
we an a lyzed Rta func tion in a hu man cell line, fo cus ing on
Rta nu clear lo cal iza tion and se ques tra tion from nu cle oli.

Tar get ing Rta with small-mol e cule in hib i tors rep re -
sents a prom is ing strat egy for ther a peu tic in ter ven tion in
EBV-as so ci ated dis eases. Thus, a com pre hen sive un der -
stand ing of Rta’s struc tural or ga ni za tion and oligomeric
state is cru cial for the ra tio nal de sign of novel an ti vi ral
agents.

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

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

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

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

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

The re search was pri mar ily sup ported by Czech Sci ence
Foun da tion (23-05241S). We ac knowl edge CEITEC
Proteomics CF and CF Biomolecular In ter ac tions and
Crys tal log ra phy of CIISB, In struct-CZ Cen tre, sup ported
by MEYS CR (LM2023042, e-IN FRA CZ (ID:90254)) and
Eu ro pean Re gional De vel op ment Fund-Pro ject „UP
CIISB“ (No. CZ.02.1.01/0.0/0.0/18_046/0015974). We ac -
knowl edge the CF CELLIM sup ported by MEYS CR
(LM2023050 Czech-BioImaging) and Bi o log i cal Data
Man age ment and Anal y sis CF funded by ELIXIR CZ re -
search in fra struc ture (MEYS Grant No: LM2023055).
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DYNAMIC ALLOSTERIC REGULATION OF MYCOBACTERIAL INOSINE
MONOPHOSPHATE DEHYDROGENASE

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

In sti tute of Or ganic Chem is try and Bio chem is try of the CAS, Flemingovo námìstí 542/2, Prague, 166 10,
Czech Re pub lic,  ondrej.bulvas@uochb.cas.cz

Inosine-5’-monophosphate dehydrogenase (IMPDH) is a
key en zyme in pu rine me tab o lism and a prom is ing drug tar -
get against mycobacterial in fec tions. De spite its cen tral
role at the cross roads of mul ti ple branches of the pu rine
me tab o lism, the reg u la tion of mycobacterial IMPDH re -
mains poorly un der stood. Here, we de scribe the mo lec u lar
mech a nism by which allosteric reg u la tors dy nam i cally
mod u late IMPDH ac tiv ity in My co bac te rium smegmatis.
Us ing sin gle-par ti cle cryo-EM, we ob tained a com pre hen -
sive struc tural se ries of IMPDH in com plex with sub strates
and reg u la tory mol e cules, in clud ing ATP, GTP, and the

bac te rial alarmone ppGpp. Our cryo-EM data, com ple -
mented by HDX-MS and SAXS ex per i ments, re veal that
these effectors ex ploit a com mon mech a nism to al ter the in -
trin sic dy nam ics of the octameric as sem blies. By sta bi liz -
ing dis tinct conformational states, they ef fec tively trap
IMPDH in a com pressed, in ac tive con for ma tion. This
mech a nism high lights a com plex allosteric reg u la tory sys -
tem that ex tends be yond sim ple feed back reg u la tion, of fer -
ing po ten tial in sights for the de sign of se lec tive anti -
mycobacterial drugs tar get ing IMPDH.
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UNRAVELLING THE MYSTERIES OF NOVEL TWO-DOMAIN LECTINS FROM
OPPORTUNISTIC HUMAN PATHOGENS

T. Buráòová1, E. Paulenová1,2, M. Wimmerová1,2,3

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
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te re za.bu ra no va@mail.muni.cz

LecB (PA-IIL) is one of two char ac ter ised lectins (sac cha -
ride- bind ing pro teins) from the bac te rium Pseu do mo nas
aeruginosa. Both pro teins (LecA and LecB) play a sig nif i -
cant role in bac te rial in fec tion and biofilm for ma tion in
immunocompromised pa tients (e.g. cys tic fi bro sis pa tients) 
[1]. Sev eral LecB homologs were de scribed in the past, for
ex am ple, lectins pro duced by Burkholderia cenocepacia
[2]. Nev er the less, there are still uncharacteri sed LecB-like
pro teins in the patho genic bac te ria, some of which con tain
an ad di tional do main of un known func tion. Their char ac -
teri sa tion could pro vide in sights into the mech a nism of in -
fec tion and lead to the de vel op ment of novel ap proaches
for dis ease treat ment.

The aim of this pro ject is the func tional and struc tural
char ac teri sa tion of three po ten tial two-do main lectins con -
tain ing a LecB-like do main with an em pha sis on their bind -
ing prop er ties. The genes en cod ing these hy po thet i cal
car bo hy drate-spe cific pro teins were iden ti fied by bio -
informatic anal y sis, cloned into ex pres sion vec tors, and ex -
pressed in Escherichia coli. In ad di tion, new gene
con structs were pre pared to char ac ter ise each do main sep a -
rately. A va ri ety of meth ods were used to in ves ti gate

thermostability (nanoDSF), ho mo ge ne ity (DLS, AUC) and 
bind ing prop er ties (ITC, AUC) of the pu ri fied pro teins.
Sev eral crystallisation screens were per formed to ob tain
the crys tals of the sep a rate do mains. The ini tial hits for
X-ray crys tal log ra phy are cur rently be ing op ti mised to ob -
tain well dif fract ing crys tals. For the whole pro teins, elec -
tron mi cros copy meth ods are planned be cause of the
ex pected high dy nam ics of the whole sys tem.

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

 ondrej.cehlar@savba.sk

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

tau pro teins iso lated from the brain of AD pa tient. The
an ti body rec og nizes also the re com bi nant trun cated tau
pro teins up to the short est frag ment tau321-391 [1].

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

To fur ther un cover the bind ing mode of the confor -
mational an ti body DC11, we have per formed NMR
epitope map ping us ing 13C, 15N la belled tau321-391 and
tau297-391 (dGAE) and recombinantly pre pared Fab frag -
ment of DC11 an ti body. The over lay of HSQC spec tra
showed the re gion of tau be tween res i dues 370-390 to be
af fected by the bind ing of DC11, i.e. its C-ter mi nal re gion. 

We have solved the X-ray struc ture of DC11 Fab
fragment to a res o lu tion of 1.33 C and de pos ited it into the
PDB da ta base with PDB ID 9H8H. We have fur ther mea -
sured the syn chro tron SAXS data to char ac ter ize the
conformational en sem bles of tau321-391 and tau297-391
in both batch and SEC-SAXS modes. We have also at -
tempted to char ac ter ize the com plexes be tween tau pro -
teins and DC11 Fab frag ment.

The re sults high light the im por tance of the R’ re gion of
tau, that was re cently shown to be im por tant also for tau in -

ter ac tion with microtubules [3]. This se quence forms the
in ter face of rigid fil a ment core and flank ing fuzzy C ter mi -
nal seg ment in solved tauopathy fil a ments.

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

2. Kontsekova, E.; Zilka, N.; Kovacech, B.; Skrabana, R.;
Novak, M. Alzheimers Res Ther, 6 (2014), 45.

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

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 APVV 21-0479, VEGA
2/0125/23 and 2/0141/23. 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 and MSCA-
RISE grant No. 873127. 
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The virion of Staph y lo coc cus phage 812 is formed by an
icosahedral capsid and a con trac tile tail joined to gether by
neck pro teins. De spite the role of the neck pro teins in
virion as sem bly, DNA pack ag ing, and reg u la tion of ge -
nome re lease, their func tions are not well char ac ter ized.
Here we show that the neck of phage 812 con sists of por tal,
adap tor, stop per, and tail ter mi na tor pro teins dec o rated on
the out side by two types of ce ment pro teins. A dode -
cameric DNA-bind ing site on the por tal com plex an chors
the genomic ter mi nus in side the capsid, which may pre vent 
an ac ci den tal es cape of the DNA dur ing the ini tial stages of
ge nome pack ag ing. The adap tor com plex in duces a lo cal

B-to-A form tran si tion of the DNA in the neck chan nel that
may serve to pause ge nome translocation. The gating loops
of the stop per pro teins pre vent ge nome loss from fully
pack aged proheads by block ing the neck chan nel prior to
the tail at tach ment. The bind ing of the tail ter mi na tor com -
plex to the stop per com plex in duces open ing of the gating
loops and ad vance ment of DNA into the tail. The struc ture
of neck pro teins is un changed by tail sheath con trac tion.
The ex pul sion of the tail tape mea sure pro tein rather than
tail sheath re ar range ment thus trig gers ge nome re lease.
Our re sults ex plain how the ac tive in ter play be tween neck
pro teins and the ge nome directs DNA packaging, prevents
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premature genome release, and enables its ejection into the
host cell.

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.
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MOLECULAR STRUCTURE

Tatsiana Charnavets, Venla Mustonen, Bohdan Schnei der, Jan Dohnálek

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 thermo -

phoresis (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) tech niques are avail able for the
char ac ter iza tion of biomolecular in ter ac tions.

Fa cil ity is a mem ber of In struct-ERIC, Czech In fra -
struc ture for In te gra tive Struc tural Bi ol ogy (CIISB) and
Mo lec u lar-Scale Bio phys ics Re search In fra struc ture
(MOSBRI). 

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

The Cen tre of Mo lec u lar Struc ture is sup ported by: MEYS
CR (LM2023042); pro ject UP CIISB (CZ.02.1.01/0.0/
0.0/18_046/0015974), CIISB4HEALTH (CZ.02.1.01/0.0/
0.0/16_013/0001776); ELIBIO (CZ.02.1.01/0.0/0.0/15_
003/0000447), and MOSBRI (No. 101004806).
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MEDIATED BY MrmA METHYLTRANSFERASE IN C. DIFFICILE

Fanny Demay1, Vojtech Kovaøovic1, Ma rie Brajerová2, Michaela Novotná1, Marcela Krùtová2,
Gabriela Balíková Novotná1

1In sti tute of Mi cro bi ol ogy, The Czech Acad emy of Sci ences, BIOCEV, Vestec, Czech Re pub lic
2De part ment of Med i cal Mi cro bi ol ogy, Charles Uni ver sity 2nd Fac ulty of Med i cine and Motol, 

Uni ver sity Hos pi tal, Prague, Czech Re pub lic

Clostrioides difficile is one of the main causes of hos pi -
tal-ac quired di ar rhea [1]. How ever, the ac cu mu la tion of
antimicrobial re sis tance in ep i demic C. difficile lin eages
such as RT176 poses a sig nif i cant risk for the spread of re -
sis tance de ter mi nants to other bac te rial spe cies tar geted by
these an ti bi ot ics. A com par a tive genomic anal y sis of one
erythromycin-sus cep ti ble and six erythromycin-re sis tant
C. difficile strains iden ti fied the novel re sis tance de ter mi -
nant car ried by transposons Tn6110 and Tn7806 for which
we pro pose the name mrmA (macrolide re sis tance
methyltransferase A). We dem on strated that heterologous
ex pres sion of the mrmA gene in E. coli con fers re sis tance
to erythromycin and to a lesser ex tent to streptogramin B,
but not to other ri bo some-tar get ing an ti bi ot ics.

MrmA en codes a pu ta tive SAM-rad i cal 23S rRNA
methyltransferase, sim i lar to RlmN and Cfr [2]. RlmN is a
house keep ing en zyme in volved in trans la tion fi del ity and
methylates nu cle o tide A2503 at car bon C23. Cfr-me di ated
methylation at the same A2503, but at car bon C8, con fers
re sis tance to an ti bi ot ics tar get ing the  peptidyltransferase 
cen ter  (PTC) [3]:  phenicol,  lincosamide,  oxazolidinone, 
pleuromutilin  and streptogramin A, with no ef fect on
erythromycin ac tiv ity. In con trast, re sis tance to
erythromycin is gen er ally con ferred by a dif fer ent
Erm-fam ily of 23S rRNA methyltransferases [3]. These
Erm en zymes dimethylate nu cle o tide A2058 in the exit
tun nel, re sult ing in re sis tance to macrolides, lincosamides
and streptogramins B an ti bi ot ics.
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We hy poth e size that MrmA methylates a dif fer ent ad e -
nine res i due on the 23S rRNA com pared to Cfr and RlmN,
which se lec tively af fects erythromycin bind ing with out af -
fect ing oxazolidinones or lincosamides [3]. To elu ci date
the ex act site of mod i fi ca tion, we will use in vi tro bio chem -
i cal and struc tural bi ol ogy ap proaches, which we will pres -
ent in de tail.

1. KRUTOVA, M., KINROSS, P., BARBUT, F., et al. How
to: sur veil lance of Clostridium difficile in fec tions.Clin i cal
Mi cro bi ol ogy and In fec tion, 2018, vol. 24, no 5, p.
469-475.

2. ATKINSON,  Gemma  C.,  HANSEN,  Lykke  H., 
TENSON,  Tanel,  et  al.  Dis tinc tion  be tween  the  Cfr

methyltransferase  con fer ring  an ti bi otic  re sis tance  and 
the  house keep ing  RlmN  methyltransferase. Antimicrobial 
agents and che mo ther apy, 2013, vol. 57, no 8, p.
4019-4026.

3. ATKINSON,  Gemma  C.,  HANSEN,  Lykke  H.,
TENSON,  Tanel,  et  al.  Dis tinc tion  be tween  the  Cfr
methyltransferase  con fer ring  an ti bi otic  re sis tance  and 
the  house keep ing  RlmN  methyltransferase.Antimicrobial
agents and che mo ther apy, 2013, vol. 57, no 8, p.
4019-4026.

The work was sup ported by the pro ject Na tional In sti tute of 
Vi rol ogy and Bac te ri ol ogy (ProgrammeEXCELES, ID
Pro ject No. LX22NPO5103) - Funded by the Eu ro pean
Un ion - NextGenerationEU.
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STRUCTURAL STUDIES OF BIOLOGICALLY RELEVANT PROTEIN VARIANT OF
CANCER-RELATED CARBONIC ANHYDRASE IX

Adéla Fejfarová1,2, Irena Sieglová1, Jiøí Brynda1, Mi lan Fábry1, Pavel Srb1, Pavlína Øezáèová1

1In sti tute of Or ganic Chem is try and Bio chem is try, Czech Acad emy of Sci ences, Prague, Czech Re pub lic
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Dur ing tu mor de vel op ment can cer cells ex press var i ous
pro teins to pro lif er ate, over come the un fa vor able con di -
tions within the tu mor en vi ron ment and fur ther prog ress
through the body. Each of these pro cesses is en hanced by
overexpression of en zyme car bonic anhydrase IX (CA IX)
on cel lu lar sur face, mak ing it an at trac tive tar get for the de -
vel op ment of anticancer ther apy. How ever, the dis cov ery
of spe cific drug com pound has been hin dered by ex is tence
of other four teen CA isoforms within the hu man body and
the fact that CA IX high-yield pro duc tion and re pro duc ible
crys tal li za tion has been chal leng ing. For that, num ber
of pro tein vari ants have been es tab lished to ease the pro -

cess of struc ture-based drug de sign, though some of them
have lost the CA IX’s prop erty of dimer for ma tion. Here,
we de scribe a pro spec tive workflow of heterologous pro -
duc tion of re com bi nant CA IX extracellular re gion from
Esch e richia coli. Im por tantly, the bio phys i cal char ac ter -
iza tion and crys tal struc ture re vealed that the bi o log i cally
rel e vant dimeric ar range ment is pre served and dis closed
res i dues cru cial for main tain ing the dimeric in ter face. This
CA IX vari ant thus rep re sents valu able tools to
reproducibly pro duce and crys tal lize bi o log i cally rel e vant
dimeric form of CA IX.
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INTERACTIONS ON THE CON FOR MA TION EN SEM BLE OF Tau(210-240)

Thomas Fellmeth1,2 and Jozef Hritz1,3

1Cen 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 Chem is try, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5, Brno, 625 00, 
Czech Re pub lic

Tau is a well-known in trin si cally dis or dered pro tein (IDP),
reg u lat ing the as sem bly and main te nance  of  the  micro -
tubules. [1]  How ever,  un der  patho log i cal  con di tions,  tau
un der goes var i ous hyperphosphorylations. Those mod i fied 
tau spe cies de tach from the microtubules, fibrillise and as -
sem ble into neurofibrillary tan gles, the main patho log i -
calhallmarks of Alzheimer’s disease (AD) in human
brains. [2]

Un der stand ing   the   mech a nism   of   tau   fi bril la tion   is   
the   key   to   un der stand   the neurodegenerative pro cess of
AD. Mo lec u lar dy nam ics (MD) sim u la tions can pro vide
in sights on the time-evo lu tion of tau fi bril for ma tion.

Coarse-grained (CG) sim u la tions al low to ex tend the
lengths and time scale of the sim u la tions by or ders of mag -
ni tudes com pared to the all-atom res o lu tion. [3] Ac cu rate
CG force fields are nec es sary for the de scrip tion of Tau
pro teins in MD sim u la tions. How ever, CG force fields tend 
to un der es ti mate the global flex i bil ity of IDPs and re sult in
con for ma tions, that are too col lapsed. [3]

The ac cu racy of the CG force fields SIRAH 2 [4] and
Mar tini 3 [5] for the de scrip tion of the monomeric en sem -
ble of Tau(210-240) is in ves ti gated. The ac cu racy of the
CG force fields is eval u ated by com par i son with atomistic
sim u la tions. Fur ther more, ex per i men tal re sults, such as
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NMR data and the ra dius of gy ra tion is used to val i date the
ac cu racy of the CG force fields. The un mod i fied SIRAH 2
and Mar tini 3 force fields are re sult ing in too col lapsed
struc tures. The col laps ing na ture of the CG force fields is
shown to be over come by strength en ing the wa ter-pro tein
in ter ac tions. The reparametrised CG force fields give a fair
de scrip tion of the conformational en sem ble of Tau(210-
 240) and can ac cu rately re pro duce ex per i men tal data.

The com pu ta tional re sources of IT4Innovations were
granted by the Min is try of Ed u ca tion, Youth and Sports of
the Czech Re pub lic through the e-IN FRA CZ (ID:90254).
This pro ject was sup ported by the Brno Ph.D. Tal ent
Schol ar ship, funded by the Brno City Mu nic i pal ity and by
the Eu ro pean Un ion’s Ho ri zon Eu rope 2020 pro gram un -
der the 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.

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
in Struc tural Bi ol ogy, 72:63-70, 2022.

4. M. R. Machado et al., The SIRAH 2.0 Force Field: Altius,
Fortius, Citius. J. Chem. The ory Comput, 15(4):2719-2733, 
2019.

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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Nucleosomes are com plexes of histone pro teins and DNA
formed by eukaryotic cells whose func tion is to pre vent
non-spe cific ag gre ga tion of DNA by al low ing for con -
trolled con den sa tion in the form of chromatin as well as
reg u la tion of tran scrip tion and other pro cesses by ei ther
phys i cally block ing parts of DNA or, de pend ing on its
posttranslational mod i fi ca tions (PTMs), re cruit ing the
tran scrip tion ma chin ery [1]. In chromatin, nucleosomes
typ i cally form ar rays in which the dis tance be tween neigh -
bour ing nucleosomes (the av er age length of histone-free
DNA linker) is rel a tively con stant. While the pres ence of
reg u lar ar rays is a fea ture of chromatin con served though
all eukaryotic or gan isms, the av er age length of DNA link -
ers dif fer be tween or gan isms, and even be tween dif fer ent
cell types of one or gan ism [2]. Al though sev eral fac tors are 
known to af fect the po si tion ing of nucleosomes, the bi o -
log i cal func tion of their dif fer en tial spac ing re mains poorly 
un der stood [3].

Pre vi ous re search has shown that linker length and
even spac ing in chromatin in flu ence the for ma tion of
higher-or der chromatin struc tures. These struc tural vari a -
tions can af fect the ac ces si bil ity of tran scrip tion ma chin ery
and even con trib ute to the for ma tion of phase-sep a rated
con den sates [4]. Ad di tion ally, sev eral en zymes have been
iden ti fied with a pref er ence for bind ing di-nucleosomes
over mononucleosomes, where the length of the DNA
linker af fects their ac tiv ity [2]. Based on these find ings, we
hy poth e size that linker DNA serves as an ad di tional layer

of epigenetic reg u la tion, with its length act ing as a dis crim -
i nat ing fac tor for the bind ing of chromatin-as so ci ated fac -
tors.

We have pre pared a DNA con struct li brary with vari -
able linker lengths cov er ing all the typical10n+5 as well as
less com mon 10n op tions and rang ing from 10 to 35 bp.
Upon re con sti tu tion of the nucleosomes and im mo bi li za -
tion on streptavidin beads, these con structs will be used to
pull down pro tein bind ers spe cific for each linker length
from nu clear lysates. The bound pro teins will be iden ti fied
by mass spec trom e try based proteomics and se lected
binder will be se lected for fur ther struc tural char ac ter iza -
tion. 

1. Millán-Zambrano, G., Bur ton, A., Ban nis ter, A. J. &

Schnei der, R. Histone post-translational mod i fi ca tions   -
cause and con se quence of ge nome func tion. Nat. Rev.
Genet. 23, 563–580 (2022).

2. Singh, A. K. & Mueller-Planitz, F. Nucleosome Po si tion -
ing and Spac ing: From Mech a nism to Func tion. 
J. Mol. Biol. 433, 166847 (2021).

3. Struhl, K. & Segal, E. De ter mi nants of nucleosome po si -
tion ing. Nat. Struct. Mol. Biol. 20, 267–273 (2013).

4. Gib son, B. A. et al. Or ga ni za tion of Chromatin by In trin sic
and Reg u lated Phase Sep a ra tion. Cell 179, 470 - 484.e21
(2019).

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 31,  no. 1  (2025)       41



P19

STRUCTURAL, SOLVENT, AND TEMPERATURE EFFECTS ON PROTEIN JUNCTION
CONDUCTANCE
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Elec tronic con duc tance of re dox pro teins in their na tive
en vi ron ment is typ i cally fa cil i tated by the organometallic
co factors, like hemes in cytochromes, which can be re vers -
ibly re duced / ox i dized. The elec trons thus flow through
such pro teins by se quen tial hop ping that can be well de -
scribed by the Marcus the ory. How ever, when these pro -
teins are im mo bi lized on metal sur faces, and their conduc-
 tance is probed by a scan ning tun nel ing mi cro scope (STM) 
or its elec tro chem i cal vari ant (EC-STM), mag ni tudes,
shapes, and tem per a ture de pend en cies of the mea sured
cur rent-volt age curves sug gest co her ent tun nel ing as the
un der go ing trans port mech a nism rather than hop ping.
[1-3] To elu ci date these data and in ves ti gate the fac tors af -
fect ing charge trans port in biomolecular junc tions, we de -
vel oped a com pu ta tional pro ce dure based on multiscale
mod el ing in volv ing clas si cal mo lec u lar dy nam ics (MD),
elec tronic-state cal cu la tions within den sity func tional the -
ory (DFT), and elec tronic cou pling cal cu la tions. [4-6]
Here, we dem on strate its fea si bil ity in the study of sin -
gle-heme cytochrome b562, [7] for which the EC-STM data
were pre vi ously re ported in the lit er a ture.

Com pu ta tional re sources were sup plied by the pro ject
“e-Infrastruktura CZ” (e-IN FRA LM2018140) pro vided
within the pro gram Pro jects of Large Re search, De vel op -
ment and In no va tions In fra struc ture.

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

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

3. Futera, Z., Wu, X., Blumberger, J.: Tun nel ing-to-Hop ping
Tran si tion in Multiheme Cytochrome Bioelectronic Junc -
tions. J. Phys. Chem. Lett. 14, 445 (2023).

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

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

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

7. Jonnalagadda, G. N., Wu, X., Hronek, L., Futera, Z.: Struc -
tural, Sol vent, and Tem per a ture Ef fects on Pro tein Junc tion 
Con duc tance. J. Phys. Chem. Lett. 15, 11608 (2024).
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a)

b)

Fig ure 1: Cytochrome b562 junc tion: (a) rep re sen ta tive
struc ture with high lighted chemisorbed cysteines and high -
lighted con duc tion chan nel; (b) com puted tun nel ing cur rent
curves for dif fer ent struc tures with in di cated sol vent-screen -
ing effects.
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ASYMMETRIC PARTICLES OF TBEV PROVIDE INSIGHT INTO MECHANISMS OF
FLAVIVIRUS ASSEMBLY AND MATURATION

Tibor Fuzik1, Maria Anastasina2,3, Pe ter Pajtinka1, Ausra Domanska2,3, 
Lauri I. A. Pulkkinen2,3, Lenka Šmerdová1, Lucie Nepovímová1, Petra Formanová-Pokorná4,

Petra Straková4, Jiøí Nováèek1, Dan iel Rùžek4, Rob ert Vácha1, Sa rah J. Butcher2,3, and 
Pavel Plevka1
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Tick-borne en ceph a li tis vi rus (TBEV), an en vel oped vi rus
be long ing to the Flaviviridae fam ily, causes se vere cen tral
ner vous sys tem dis ease in hu mans. The vi rus has a smooth
sur face cov ered by en ve lope pro teins (E-pro teins), which,
along with mem brane pro teins (M-pro teins), are an chored
in the vi ral lipid bilayer. Dur ing its life cy cle, the im ma ture, 
non-in fec tious vi rus un der goes a mat u ra tion pro cess char -
ac ter ized by the proteolytic cleav age of prM and sig nif i -
cant re ar range ment of the en ve lope pro teins on its sur face.

We iso lated im ma ture TBEV par ti cles from in fected
tis sue cul ture cells and vi su al ized their struc ture us ing
cryo-elec tron mi cros copy. We solved the high-res o lu tion
struc ture of the E-pro tein-prM-pro tein com plex, which
forms the “spiky” sur face of im ma ture par ti cles. Through
com bi na tion of cryo-elec tron to mog ra phy and sin gle-par ti -

cle anal y sis, we dem on strated that TBEV im ma ture par ti -
cles are asym met ric. As sem bly de fects of ten dis rupt the
sym met ric, icosahedral struc ture of the E-pro tein- prM-
 pro tein spikes on the par ti cle sur face. How ever, these ir -
reg u lar i ties do not im pede the sub se quent mat u ra tion pro -
cess, re sult ing in ma ture par ti cles with va cant patches in
the “her ring bone” pat tern of the ma ture vi ral sur face.

The find ings shed ad di tional light on the vi ral as sem bly
of TBEV and its mat u ra tion pro cess, which may be the sub -
ject of fu ture an ti vi ral med i ca tion de vel op ment.

This 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 - Next Gen er a tion EU.
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The Au to im mune Reg u la tor (AIRE) is es sen tial for main -
tain ing im mune tol er ance by pro mot ing the ex pres sion of
tis sue-spe cific an ti gens (TSAs) in thymic medullary ep i -
the lial cells [1]. Mu ta tions in AIRE are linked to APECED
(Au to im mune Polyendocri no pathy -Candidiasis- Ectoder-
mal Dys tro phy), a se vere multi-or gan au to im mune dis or -
der [2].

AIRE con sists of mul ti ple do mains in ter spersed with
in trin si cally dis or dered re gions (IDRs), which to gether fa -
cil i tate its in ter ac tions with chromatin and transcriptional
reg u la tors. While sig nif i cant prog ress has been made in un -
der stand ing AIRE’s phys i o log i cal role, the mo lec u lar
mech a nisms un der ly ing its transcriptional reg u la tion func -
tion re main un clear.

To in ves ti gate AIRE’s in ter ac tions, we pre pared a
panel of AI REs constucts. These con structs  will be used in
pull-down as says fol lowed by mass spec trom e try to iden -
tify in ter act ing part ners. We will fur ther char ac ter ize these

in ter ac tions struc tur ally and bio physi cally to gain deeper
in sights into the mo lec u lar ba sis of AIRE func tion.

A more de tailed un der stand ing of the in ter ac tions be -
tween AIRE and its part ners will pro vide valu able in sights
into the mo lec u lar mech a nisms of transcriptional reg u la -
tion in eukaryotes and im mune tol er ance.

1. An der son, M. S., Venanzi, E. S., Klein, L., Chen, Z.,
Berzins, S. P., Turley, S. J., von Boehmer, H., Bronson, R., 
Dierich, A., & Benoist, C. (2002). Pro jec tion of an Im mu -
no log i cal Self Shadow within the Thy mus by the Aire Pro -
tein. Sci ence, 298(5597), 1395–1401.
https://doi.org/10.1001/jama.1883.02390060025010.

2. Nagamine, K., Pe ter son, P., Scott, H. S., Kudoh, J.,
Minoshima, S., Heino, M., Krohn, K. J. E., Lalioti, M. D.,
Mullis, P. E., Antonarakis, S. E., Kawasaki, K., Asakawa,
S., Ito, F., & Shimizu, N. (1997). Po si tional clon ing of the
APECED gene. Na ture Ge net ics, 17(4), 393–398.
https://doi.org/10.1038/ng1297-393.
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Tau pro tein, pre dom i nantly found in the cen tral ner vous
sys tem, plays di verse roles in neu rons, in clud ing micro -
tubule reg u la tion, sig nal transduction, and fast axonal
trans port. How ever, misregulated tau forms patho log i cal
fil a ments, which are a hall mark of neuro dege nerative dis -
eases like Alz hei mer’s dis ease. Ag gre ga tion and ac cu mu -
la tion of misregulated tau is toxic to the neu rons. De spite
in tense ef forts of sci en tific com mu nity, the un der ly ing
mech a nisms of tau pa thol ogy are still not well un der stood
[1].

Ad vances in am y loid cryo-EM he li cal re con struc tion
have re vealed dis tinct struc tural dif fer ences in tau fil a -
ments among var i ous dis eases [2]. How ever, the mech a -
nism of tau ag gre ga tion re mains un known, and the rea son
be hind conformational di ver sity is not yet clear.

Cur rently, dis ease-like tau fil a ments can be pre pared in
vi tro us ing dGAE (297-391) tau frag ment and phospho -
mimicking tau con structs [3-5]. They have higher ag gre ga -
tion pro pen sity and readily form fil a ments with out
ag gre ga tion in duc ers. In ter est ingly, their con for ma tion
highly de pends on buffer con di tions.

Our goal is to un der stand the fac tors in flu enc ing and
driv ing tau ag gre ga tion and to pre pare in vi tro re com bi nant 
tau fil a ments. We are pre par ing tau fil a ments us ing tau
isoform 2N4R and dGAE tau frag ment in dif fer ent buffer

con di tions (salt con tent, pH). Fil a ments are ana lysed us ing
neg a tive stain EM, and cryo-EM. Here we pres ent our pre -
lim i nary re sults of the on go ing study and dis cuss the ag gre -
ga tion pro to col, mor pho log i cal dif fer ences, and bi o log i cal
rel e vance of the pre pared fil a ments.

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

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

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

4. Duan, P., El Mammeri, N. & Hong, M. J Biol Chem.
300(6), (2024).

5. Lövestam, S., Wag staff, J.L., Katsinelos, T., Freund,
S.M.V., Goedert, M., Scheres, S.H.W. Elife, 14 RP104778
(2025).

This work has re ceived fund ing from Eu ro pean Un ion Ex -
cel lence Hub pro gram (101087124). We ac knowl edge
CEITEC CryoEM CF and Nanobiotechnology CF of
CIISB, In struct-CZ Cen tre, sup ported by MEYS CR
(LM2023042) ) and Eu ro pean Re gional De vel op ment
Fund-Pro ject „UP CIISB“ (No. CZ.02.1.01/0.0/0.0/18_
046/0015974).
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Cur rent Practi ce of Pro tein Crys tal li zati on

Al ready a half cen tury, thou sands of lab o ra to ries around
the world are rou tinely us ing the pro tein crys tal li za tion as
the most ac cu rate method for ex per i men tal de ter mi na tion
of the struc ture of pro teins and their com plexes. The dif -
frac tion meth ods on the small-mo lec u lar or ganic crys tals
al low the struc ture de ter mi na tion in sub atomic res o lu tion
and of ten of fer ing the ob ser va tion of atom orbitals. But the
ac cu racy in pro tein crys tal log ra phy is pretty much worse
mostly be cause a very low qual ity of pro tein crys tals.  In
ad di tion, a num ber of mys ter ies with out any rea son able ex -
pla na tion sur rounds the pro tein crys tal li za tion.

Prac ti cal crys tal li za tion is de facto the method of tri als
and er rors. Crys tal li za tion ro bots set thou sands of crys tal li -
za tion con di tions that have been proven use ful in the past
for some other pro teins and their com plexes. The o ret i cal
works de scrib ing pro tein crys tal li za tion us ing only clas si -
cal ther mo dy nam ics slip usu ally into clar i fi ca tion of the
pre cip i ta tion rate. They do not ex plain well the func tion of
so-called crys tal li za tion ad di tives that were ex per i men tally 
proved as nec es sary for a suc cess of crys tal li za tion.
Namely, the clas si cal the ory also do not solve clearly the
fun da men tal prob lem of crys tal log ra phers, i.e. why the
pre cip i ta tion re sults in a crys tal line phase or in a non-dif -
fract ing amor phous pre cip i tate. Our ap proach adds some
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new as pects in clud ing the ki net ics of mol e cules in the su -
per sat u rated crys tal li za tion so lu tion im por tant for the er -
ror-free stack ing of pro tein mol e cules into the grow ing
crys tal.

Dy na mic The o ry of Pro tein Crys tal li zati on 

Large sur face of pro tein mol e cule of fers many pos si ble ad -
he sion modes be tween mol e cules. The ad he sion modes
mu tu ally in com pat i ble in a sin gle crys tal form lead to
stack ing faults dis abling a growth of the reg u lar crys tal.
Any suc cess ful method of pro tein crys tal li za tion can be ex -
plained by a re duc tion of the in com pat i ble ad he sion modes. 
Un der stand ing how it works re quires an anal y sis of phys i -
cal pro cesses act ing dur ing tem po ral clus ter ing of mol e -
cules in the mo lec u larly over crowded crys tal li za tion
so lu tion close to sat u ra tion. An im por tant role plays the ori -
en ta tion of the pro tein-ad di tive clus ters dur ing their mo tion 
in the sat u rated crys tal li za tion so lu tion be fore their de po si -
tion on the crys tal sur face. The ad di tives can also block the
de po si tion of pro tein mol e cules in the in com pat i ble ad he -
sion modes. The mol e cules of ad di tives are usu ally pressed
out of the grow ing crys tal. How ever some times, they are
pre served in their in ter ac tion with pro tein in the crys tals
serv ing thus as an ex cel lent ex per i men tal proof of our the -
ory [1-4]. 

As far as the ini ti a tion of crys tal li za tion by the het -
ero-sur faces im mersed in so lu tion, it is ex plained by for -
ma tion of very sta ble er ror-free crys tal-seeds on the
het ero-sur face. The sta ble seeds can sur vive and can grow
even un der the con di tions where the spon ta ne ously formed
ir reg u lar-crys tal-seeds in the bulk so lu tion dis solve.  

The dif fer ences in com par i son with the clas si cal the ory
in clude: 

• for ma tion of tem po ral (meta-sta ble) clus ters of pro -
tein mol e cules with other mol e cules in crys tal li za -
tion so lu tion (ad di tives). 

• changes of ad he sive patches on the pro tein sur face
tem po rarily in duced by the clus ter ing.

• rec og niz ing the me chan i cal forces ac com pa ny ing the 
mo lec u lar mo tion of pro tein clus ters in the so lu tion
close to sat u ra tion.

• rec og niz ing the pre ferred ori en ta tion of supra mo -
lecu lar clus ters dur ing their move ment in the mo lec -
u larly over crowded crys tal li za tion so lu tion close to
sat u ra tion.

Our dy namic the ory of pro tein crys tal li za tion ex plains
all com mon prob lems and mys te ri ous be hav ior of un count -
able num ber of crys tal li za tion ex per i ments. It anal y ses for -
ma tion of tem po rary supra mo lecu lar ad ducts and their
mo tion in the sat u rated crys tal li za tion so lu tion. This new
ap proach uses the phys i cal forces that are not com monly
used in chem i cal and bio chem i cal sci ences. How ever, the
for ma tion of the supra mo lecu lar ad ducts is ex per i men tally
well con firmed by thou sands of ex per i ments in the PDB, as 
it is shown for ex am ple in [1-4]. The va lid ity of mod els de -
scrib ing their ki net ics is seen in that they fully ex plain
thou sands of ex per i men tal crys tal li za tion ex per i ments. 

Conclu si on

Ra tio nal ap proach to crys tal li za tion based on the dy namic
the ory of pro tein crys tal li za tion and on the the ory of ad he -
sion modes can be used: 

• for de sign of op ti mal crys tal li za tion screens tai lored
to a spe cific pro tein,

• to in crease the qual ity of crys tals lead ing thus to a
better res o lu tion of struc ture de ter mi na tion,

• to in crease the ef fi ciency of crys tal li za tion screens
and lower con sump tion of pro tein sam ple, 

• to ex plain the func tion of the pro tein crys tal
catalysers. 

The work was sup ported by GAÈR 25-17546S.   

1. Hašek, J. et al, Poly(eth yl ene gly col) in ter ac tions with pro -
teins, Zeitschrift fur Kristallogr. 23, 613-619 (2006).

2. Hašek, J., Prin ci ple of the unique ad he sion mode in pro tein
crys tal li za tion, Acta Cryst. A67, C537, (2011).

3. Hašek J. et al, Poly mer struc ture da ta base and pro tein-poly -
mer in ter ac tions. Z. Kristallogr. 28 (2011) 475-480. 

4. Hašek J. et al, How po rous ma te ri als im prove pro tein crys -
tal li za tion? Prin ci ple of dom i nant ad he sion mode. Acta
Cryst., A74, e407 (2018).
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The RAS/MAPK sig nal ling path way is one of the most ex -
ten sively stud ied path ways, mainly due to its fun da men tal
role in the reg u la tion of cell cy cle, pro lif er a tion, or se nes -
cence. Mu ta tions in RAS/MAPK are pri mary driv ers of
can cer [1]. They also con trib ute to de vel op men tal syn -
dromes known as RASopathies. These syn dromes are as so -
ci ated with body mal for ma tions of dif fer ent se ver ity and
with im paired cog ni tive func tion. In di vid u als with these
syn dromes of ten ex pe ri ence in tel lec tual dis abil ity (ID) and
au tism spec trum dis or der (ASD) [2, 3]. In this study, we in -
ves ti gate de novo re cur rent sin gle-point missense mu ta -
tions in MAP2K1 gene (en cod ing MEK1 pro tein), found in
in di vid u als with ID and ASD. They are cur rently clas si fied
as vari ants of un known sig nif i cance (VUS) [4]. It is cru cial
to in ves ti gate whether and how they im pact the pro tein
func tion, as some vari ants in RASopathies are known to in -
crease or decreas the kinase ac tiv ity.

The vari ants were se lected from large se quenc ing stud -
ies [4] us ing an ini tial dataset of all missense vari ants found 
in ID/ASD in di vid u als. We con sid ered the num ber of af -
fected in di vid u als with each vari ant and the pres ence of
sec ond ary mu ta tions in other genes. Fur ther, the vari ants
were cross-val i dated for their as so ci a tion with ID or ASD
with ClinVar Miner (https://clinvarminer.ge net -
ics.utah.edu/), SysNDD (https://sysndd.dbmr.unibe.ch/)
and SFARI da ta base (https://gene.sfari.org/). 

We cloned the wild-type MEK1 (MEK1wt), and the
cor re spond ing VUS-con tain ing vari ants. We ex press and

pu rify the pro teins for as sess ment of kinase ac tiv ity and for
in ves ti gat ing the ef fect of VUS on 3D struc ture with X-ray
crys tal log ra phy. This study aims to elu ci date the patho ge -
nic ity of the novel mu ta tions and the mo lec u lar mech a -
nisms by which they lead to ID/ASD. This will help to
im prove di ag nos tics and find tai lored treat ments tar gets.

1. Hanahan, D., & Wein berg, R. A. (2000). The hall marks of
can cer. Cell, 100(1), 57–70.
https://doi.org/10.1016/s0092-8674(00)81683-9.

2. Rauen K. A. (2013). The RASopathies. An nual re view of
genomics and hu man ge net ics, 14, 355–369.
https://doi.org/10.1146/annurev-genom-091212-153523

3. Geoffray, M. M., Falissard, B., Green, J., Kerr, B., Ev ans,
D. G., Huson, S., Bur kitt-Wright, E., & Garg, S. (2021).
Au tism Spec trum Dis or der Symp tom Pro file Across the
RASopathies. Fron tiers in psy chi a try, 11, 585700.
https://doi.org/10.3389/fpsyt.2020.585700

4. Wang, T., Kim, C. N., Bakken, T. E., Gillentine, M. A.,
Henning, B., Mao, Y., Gilissen, C., SPARK Con sor tium,
Nowakowski, T. J., & Eichler, E. E. (2022). In te grated
gene anal y ses of de novo vari ants from 46,612 trios with
au tism and de vel op men tal dis or ders. Pro ceed ings of the
Na tional Acad emy of Sci ences of the United States of
Amer ica, 119(46), e2203491119.
https://doi.org/10.1073/pnas.2203491119

This work is sup ported by by a grant from the Czech Sci -
ence Foun da tion (grant no. 23-07810S) and an EMBO In -
stal la tion grant (grant no. IG-5310-2023) to M. Fenckova.

P25

NEW KIDS ON THE BLOCK: UPDATE ON EQUIPMENT INSTALLED AT BIC CORE

FACILITY, CEITEC, BRNO

Josef Houser1,2, Monika Kubíèková1, Jitka Holková1

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

2Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5, 625 00
Brno, Czech Re pub lic 
hou ser@mail.muni.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 and nu cleic ac ids, be ing
vis ited by al most a hun dred of sci en tists and stu dents ev ery
year. Since the meth od ol ogy in the field of biomacro -
molecular 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 as well as

ac quir ing new ma chines. Over the last year, sev eral new
pieces of equip ment have been in stalled and are now avail -
able to the us ers.

Mass pho tom e ter TwoMP (Refeyn) is de signed to pre -
cisely de ter mine mo lec u lar mass of pro teins, nu cleic ac ids
and other macromolecules in a broad range of sizes. The
ma chine is equipped with a re cently de vel oped fluidics
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sys tem, al low ing to an a lyze both high- and low-sta bil ity
com plexes across var i ous con cen tra tions down to nM
range. Mod u lar spectrofluorometer Fluorolog QM
(Horriba) en ables var i ous flu o res cence mea sure ments in -
clud ing flu o res cence ani so tropy and time-re solved ani so -
tropy with time-cor re lated sin gle pho ton count ing. CD
spec trom e ter Chirascan V100 (Ap plied Photophysics) is
es sen tial for in ves ti gat ing the 2D struc ture and sta bil ity of
pro teins, nu cleic ac ids, and chiral drugs. It re placed the
pre vi ous sys tem, pro vid ing higher sig nal to noise ra tio and

sen si tiv ity. The an a lyt i cal SEC in stru ment OmniSEC
(Malvern Panalytical) has been equipped with a frac tion
col lec tor, al low ing for sub se quent anal y sis of the sam ples
us ing highly sen si tive tech niques, e.g. mass spec trom e try
or elec tron mi cros copy.

Mea sure ments at CF Biomolecular In ter ac tions and Crys -
tal log ra phy of CIISB, In struct-CZ Cen tre are sup ported by
MEYS CR (LM2023042) and Eu ro pean Re gional De vel op -
ment Fund-Pro ject „UP CIISB“ (No. CZ.02.1.01/0.0/0.0/
18_046/0015974).
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The first en zyme en coun tered by bac te rial pro teins af ter
syn the sis is pep tide deformylase (PDF). PDF binds to the
ri bo somal sur face and re moves the formyl group from the
N ter mi nus of the na scent pro tein as it emerges from the
exit tun nel. Based on struc tural and se quence sim i lar ity,
PDFs are di vided into Type I, II, and III, with Type I be ing
fur ther di vided into sub groups IA and IB. Type I PDFs fea -

ture a C-ter mi nal a-he lix that serves as the con nec tion
point be tween the PDF’s cat a lytic do main and the ri bo -
some’s sur face. Conversely, Type II PDFs ex hibit an in -
trin si cally dis or dered C-ter mi nal re gion and the
mech a nism by which Type II PDFs bind to the ri bo some is
un known. Due to se quence di ver gence in oth er wise con -
served mo tifs of Type I and II, Type III PDFs are pre sumed
to be in ac tive. Un til re cently, PDFs were thought to ex ist
only in bac te ria. How ever, eukaryotic PDF an a logues have
since been iden ti fied in plant and mam ma lian cells. Nev er -
the less, the role of PDF in mam ma lian cells re mains un -
clear. 

In our study, we in ves ti gate the fold ing be hav iour of the 
C-ter mi nal re gion by con duct ing all-atom mo lec u lar dy -
nam ics sim u la tions of PDFs de rived from var i ous or gan -
isms. We se lected five rep re sen ta tives of prokaryotic PDFs 
and two eukaryotic PDFs: a plastidial rep re sen ta tive and an 
en zyme that was syn the sized to re sem ble the hu man mi to -
chon drial PDF. Our re sults sug gest a high de gree of sim i -
lar ity be tween bac te rial and eukaryotic PDFs, par tic u larly
in clas si fi ca tion, C-ter mi nal flex i bil ity, and struc tural re -
sem blance.

This work was sup ported by the Min is try of Ed u ca tion,
Youth and Sports of the Czech Re pub lic through the e-IN -
FRA CZ (ID:90254), and by the Czech Sci ence Foun da tion 
(pro ject 23-05764S).
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Pre ferred ori en ta tion is a fre quently en coun tered prob lem
in cur rent sin gle par ti cle cryo-elec tron mi cros copy (cryo-
EM) [1]. Pro teins of ten ad sorb to the air-wa ter in ter face in
a lim ited num ber of ori en ta tions, which sub se quently re -
sults in sparsely pop u lated or com pletely miss ing views
dur ing im ag ing in the elec tron mi cro scope. Con se quently,
ob tain ing high res o lu tion re con struc tions may be dif fi cult
or im pos si ble al to gether [2].

Pre vi ously, we ob served a re duc tion of pre ferred ori en -
ta tion af ter rapid la ser flash melt ing and revitrification of
sam ples con tain ing highly sym met ric and large par ti cles
[3-5]. Here, we ex pand this ob ser va tion on vary ing sys -
tems, in clud ing T20S proteasome, 50S ri bo somal sub unit
and HIV-1 En ve lope pro tein. 

Cryo-EM sam ples are lo cally flash-melted us ing a la ser
pulse, which ex erts small forces on the pro tein par ti cles,
de tach ing them from the air-wa ter in ter face and scram bling 
their ori en ta tions. When the la ser is switched off, the sam -
ple rap idly revitrifies, trap ping the par ti cles in their newly
adopted ori en ta tions [6, 7].

Our ex per i ments show that the changes of an gu lar dis -
tri bu tions re sult from two com pet ing pro cesses. First, par ti -
cles must be de tached from the in ter face to even al low for
their free ro ta tion and hence adopt the new ori en ta tions. Si -
mul ta neously though, par ti cles may dif fuse back to the in -
ter face where they can once again set tle into their pre ferred
ori en ta tion.

An ex per i ment in volv ing in-situ de po si tion of amor -
phous ice onto the cryo-EM spec i men prior to la ser flash

melt ing al lows us to sep a rate these pro cesses [8]. We de -
posit 20 nm of amor phous ice by dos ing wa ter va por into
the spec i men re gion in side a mod i fied trans mis sion elec -
tron mi cro scope. When the sam ple is sub se quently flash
melted, par ti cles find them selves not at tached to the in ter -
face, but sur rounded by liq uid from all sides. There fore, the 
re sult ing an gu lar dis tri bu tion re flects only the re sult of
their free dif fu sion.

These ex per i ments pro vide a set of tools to change and
re duce pre ferred ori en ta tion of a wide range of sys tems, al -
low ing for more re li able re con struc tions as well as, in some 
cases, im prove ment of res o lu tion. Im por tantly, the method
does not re quire any ex ten sive changes to the sam ple prep -
a ra tion and can be in te grated into the ex ist ing workflows.

1. Glaeser, R. M. & Han, B.-G. Opin ion: haz ards faced by
macromolecules when con fined to thin aque ous films.
Biophys. Rep. 3, 1–7 (2017).

2. Drulyte, I. et al. Ap proaches to al ter ing par ti cle dis tri bu -
tions in cryo-elec tron mi cros copy sam ple prep a ra tion. Acta 
Crystallogr. Sect. Struct. Biol. 74, 560–571 (2018).

3. Bongiovanni, G., Harder, O. F., Voss, J. M., Drabbels, M.
& Lorenz, U. J. Near-atomic res o lu tion re con struc tions
from in situ revitrified cryo sam ples. Acta Crystallogr.
Sect. Struct. Biol. 79, 473–478 (2023).

4. Lorenz, U. J. Mi cro sec ond time-re solved cryo-elec tron mi -
cros copy. Curr. Opin. Struct. Biol. 87, 102840 (2024).

5. Harder, O. F., Barrass, S. V., Drabbels, M. & Lorenz, U. J.
Fast vi ral dy nam ics re vealed by mi cro sec ond time-re solved 
cryo-EM. Nat. Commun. 14, 5649 (2023).
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Figure 1. Mech a nism of pro tein re ori en ta tion af ter la ser flash melt ing and revitrification. T20S proteasome (PDB ID: 6BDF) is shown
as an ex am ple. (a) In a con ven tional sam ple, par ti cles ad sorb to air-wa ter in ter face, lead ing to lim ited view ing an gles dur ing im ag ing.
(b) La ser flash melt ing de taches the par ti cles from the in ter face and scram bles their ori en ta tion. (c) While the sam ple is kept liq uid, par -
ti cles are free to ro tate and dif fuse, adopt ing broader range of ori en ta tions. (d) Par ti cles dif fuse back to the in ter face over the time scale
of our ex per i ment, where they adopt new ori en ta tions. Af ter revitrification, the par ti cles are trapped in these ori en ta tions, resulting in
more diverse viewing angles during imaging.



6. Voss, J. M., Harder, O. F., Olshin, P. K., Drabbels, M. &
Lorenz, U. J. Mi cro sec ond melt ing and revitrification of
cryo sam ples. Struct. Dyn. 8, 054302 (2021).

7. U.J. Lorenz, G. Bongiovanni, O.F. Harder, J.M. Voss, M.
Drabbels, M. Straub, N.J. Mowry. Meth ods to over come

pre ferred ori en ta tion in cryo-sam ples for sin gle par ti cle
anal y sis - pro vi sional pat ent ap pli ca tion.

8. Krüger, C. R., Mowry, N. J., Bongiovanni, G., Drabbels,
M. & Lorenz, U. J. Elec tron dif frac tion of deeply super -
cooled wa ter in no man’s land. Nat. Commun. 14, 2812
(2023).
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The en zy matic deg ra da tion of poly eth yl ene terephthalate
(PET) has gained in creas ing at ten tion as a prom is ing strat -
egy for plas tic waste man age ment. PETases, first dis cov -
ered in Ideonella sakaiensis, have since been op ti mized
through both nat u ral evo lu tion and pro tein en gi neer ing to
en hance their ef fi ciency and sta bil ity. How ever, com par ing 
PETase vari ants across stud ies re mains chal leng ing due to
in con sis ten cies in en zyme pro duc tion, re ac tion con di tions,
and an a lyt i cal meth ods.

To ad dress this is sue, we have de vel oped a stan dard -
ized pro to col for PETase pro duc tion, in clud ing ex pres sion, 
pu ri fi ca tion, and qual ity con trol steps. Build ing upon this
stan dard ized pro duc tion pro to col, we have sys tem at i cally
benchmarked the ac tiv ity of five PETase vari ants with dif -
fer ent ther mal sta bil i ties un der a range of ex per i men tal

con di tions. Our study eval u ates key fac tors such as en zyme 
con cen tra tion, re ac tion con di tions, and an a lyt i cal meth od -
ol o gies to es tab lish a ro bust frame work for as sess ing
PET-de grad ing en zymes. Ad di tion ally, we em ployed deep
learn ing-based tools trained on hyperthermophilic pro teins 
to de sign a novel thermostable PETase vari ant. This
AI-gen er ated en zyme is cur rently un der go ing ex per i men -
tal val i da tion to de ter mine its cat a lytic ef fi ciency and sta -
bil ity com pared to ex ist ing PETases.

By com bin ing stan dard ized pro duc tion meth ods, sys -
tem atic benchmarking, and AI-driven en zyme de sign, our
work pro vides a com pre hen sive strat egy to ad vance plas tic
deg ra da tion tech nol o gies. This ap proach lays the foun da -
tion for ac cel er at ing re search in en zy matic PET deg ra da -
tion and its ap pli ca tions in plastic waste management.
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Enterovirus D68 (EV-D68), a mem ber of the Picorna vi ri -
dae fam ily, has emerged as a sig nif i cant patho gen as so ci -
ated with se vere re spi ra tory ill nesses and neu ro log i cal
com pli ca tions, par tic u larly in chil dren. No ta bly, EV-D68
has been linked to acute flac cid my eli tis (AFM), a con di -
tion af fect ing the gray mat ter of the spi nal cord and re sult -
ing in po lio-like neu ro log i cal symp toms such as mus cle
weak ness and pa ral y sis. A crit i cal com po nent of the
EV-D68 life cy cle is the 3C pro te ase (3Cpro), which pro -
cesses the vi ral polyprotein into func tional units es sen tial
for vi ral rep li ca tion and mat u ra tion [1, 2], mak ing it an at -
trac tive tar get for an ti vi ral drug de vel op ment. Both co va -
lent and non-co va lent in hib i tors of 3Cpro have shown

prom ise in pre clin i cal stud ies, though chal lenges re lated to
re sis tance, spec i fic ity, and drug de liv ery re main [3, 4].

In this study, we pres ent the high-res o lu tion crys tal
struc ture of the EV-D68 3Cpro in com plex with a novel in -
hib i tor, RHCDS1a, re solved at 1.81 C res o lu tion. The gene 
en cod ing 3Cpro was cloned, overexpressed in E. coli, and
pu ri fied us ing af fin ity and size-exclusion chro ma tog ra phy
to ob tain a sta ble and highly pure pro tein sam ple. Bio chem -
i cal char ac ter iza tion re vealed the in hib i tory ef fi cacy of
RHCDS1a, with an IC50 of 550 ± 43 nM as de ter mined by
fluorometric pro te ase in hi bi tion as says. Sur face plasmon
res o nance (SPR) anal y sis con firmed the strong bind ing af -
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fin ity be tween RHCDS1a and 3Cpro, with a dis so ci a tion
con stant (KD) of 766 ± 2 nM.

Struc tural anal y sis of the 3Cpro-RHCDS1a com plex
re vealed that the in hib i tor binds to the ac tive site of 3Cpro,
in ter act ing with key res i dues within the cat a lytic triad
(Cys147, His40, and Glu71) and the sub strate-bind ing
pocket. These in ter ac tions ef fec tively dis rupt pro te ase ac -
tiv ity. The in hib i tor’s imidazole ring ex hib its two al ter na -
tive con for ma tions, sug gest ing op por tu ni ties for fur ther
op ti mi za tion to en hance its po tency and se lec tiv ity.

Our find ings pro vide a de tailed struc tural ba sis for the
de vel op ment of RHCDS1a as a ther a peu tic can di date
against EV-D68. The in sights gained from this study of fer
valu able guid ance for the ra tio nal de sign of next-gen er a -
tion antivirals tar get ing 3Cpro, high light ing the im por tance 
of struc ture-based drug de sign in com bat ing emerg ing vi ral 
patho gens.

1. Midgley C.M., Wat son J.T., Nix W.A., Curns A.T., Rog ers 
S.L., Brown B.A., Conover C., Dominguez S.R., Feikin

D.R., Gray S., et al. (2015). Lan cet. Res. Med. 3:879–887.
doi: 10.1016/S2213-2600(15)00335-5.

2.  Sun, J., Hu, X. Y., & Yu, X. F. (2019). Vi ruses, 11(6),
490. https://doi.org/10.3390/v11060490.

3. Hu, Y., Musharrafieh, R., Zheng, M., & Wang, J. (2020).
ACS in fec tious dis eases, 6(7), 1572–1586.
https://doi.org/10.1021/acsinfecdis.0c00120.

4. Tan, J., George, S., Kusov, Y., Perbandt, M., Anemüller,
S., Mesters, J. R., Norder, H., Coutard, B., Lacroix, C.,
Leyssen, P., Neyts, J., & Hilgenfeld, R. (2013). Jour nal of
vi rol ogy, 87(8), 4339–4351.
https://doi.org/10.1128/JVI.01123-12

This re search was funded by the Eu ro pean Un ion un der
the Ho ri zon Eu rope, PANVIPREP/ De vel op ing
broad-spec trum an ti vi ral drugs for pan demic pre pared -
ness (Grant Agree ment No. 101137229). We grate fully ac -
knowl edge the sup port pro vided by the EU in en abling this
study.
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Tran scrip tion com petes with other DNA-de pend ent pro -
cesses, such as DNA re pair and rep li ca tion, for ac cess to its
sub strate, DNA. How ever, the prin ci ples gov ern ing the in -
ter play be tween these pro cesses re main poorly un der stood. 
Ev i dence sug gests that the BRCA1-BARD1 com plex, a
key player in the DNA dam age re sponse, may act as a me -
di a tor of this crosstalk. The BRCA1-BARD1 com plex is
in volved in mul ti ple as pects of dou ble-strand break (DSB)
re pair, pro tec tion of stalled rep li ca tion forks, and the pre -
ven tion of tran scrip tion-rep li ca tion con flicts. No ta bly,
BRCA1-BARD1 has been re ported to in ter act with RNA
poly mer ase II (RNAPII), yet the func tional sig nif i cance of
this in ter ac tion re mains un clear. 

In our study, we in ves ti gated the mo lec u lar mech a nism
of the in ter ac tion be tween RNA poly mer ase II (RNAPII)
and the BRCA1-BARD1 com plex, as well as its func tional

con se quence. Our data sug gest BRCA1-BARD1 di rectly
in ter acts with RNAPII through the bind ing of its BRCT do -
mains to the phosphorylated C-ter mi nal do main (CTD) of
RNAPII. More over, we show that this in ter ac tion is crit i cal 
for the or ga ni za tion of RNAPII into con den sates with liq -
uid-like prop er ties. Anal y sis of dis ease-as so ci ated vari ants
within the BRCT re peats fur ther sup ports the bi o log i cal
rel e vance of this con den sa tion pro cess. 

Col lec tively, these find ings sug gest that BRCA1-
 BARD1 may func tion as a mo lec u lar bridge be tween tran -
scrip tion and DNA re pair path ways, fa cil i tat ing crosstalk
be tween these pro cesses at sites of DNA dam age and tran -
scrip tion-rep li ca tion con flicts. The for ma tion of liq uid-like 
con den sates may rep re sent the un der ly ing mech a nism
through which BRCA1-BARD1 mediates this crucial role. 
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PURIFIED PROTEIN COMPLEXES 

T. Kova¾1, T. Charnavets1, J. Srogoò1, M. Trundová1, K. Adámková1, T. Skálová1, 
J. Dušková1, J. Dohnálek1

1In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, v.v.i., Vestec, Czech Re pub lic
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Mass pho tom e try (MP) is a rel a tively new bio phys i cal
tech nique based on the prin ci ples of the in ter fer ence re flec -
tion mi cros copy. It mea sures the interferometric scat ter ing
sig nal of in di vid ual par ti cles (macromolecules). It is per -
fectly suited for the di rect mo lec u lar weight mea sure ment
of bi o log i cal macromolecules in the so lu tion with out any
la bel ing or prior im mo bi li za tion in a wide in ter val of
masses (from ~ 50 kDa to 5 MDa). The mea sure ment it self
is rel a tively in ex pen sive, fast and user-friendly. The main
ap pli ca tions of MP are 1. Test ing of sam ples for pu rity and
monodispersity. 2. Anal y sis of oligomerization and for ma -
tion of com plexes. 3. Qual ity and sta bil ity con trol (e.g. ag -
gre ga tion in the sam ple over time) [1]. MP can also be used
for the anal y sis of biomolecular in ter ac tions in clud ing the
es ti ma tion of KD, but these ap pli ca tions re quire spe cial
con di tions and more con sid er ations [2].

In our stud ies of the bac te rial tran scrip tion ma chin ery,
we of ten iso late com plexes of RNA poly mer ase (RNAP)
di rectly from the na tive source (e.g. B. subtilis). Nat u rally,
such sam ples con tain com plexes of RNAP with var i ous
tran scrip tion fac tors and also nu cleic ac ids. Based on the
growth con di tions and pro cess ing pro ce dures, we can to
some ex tent con trol the en rich ment of the sam ple by the
com plexes of our in ter est, nev er the less, these so lu tions
con tain sev eral dif fer ent "spe cies" of RNAP even af ter

multi-step pu ri fi ca tion, in clud ing size ex clu sion chro ma -
tog ra phy. We have found that the anal y sis of the post-pu ri -
fi ca tion frac tions us ing MP helps us to se lect frac tions with
the high est pos si ble uni for mity and thus pre pare the most
suit able sam ples for fol low-up struc ture-func tion and bio -
phys i cal anal y ses.

1. Wu D. & Piszczek G. Stan dard pro to col for mass pho tom e -
try ex per i ments. Eur Biophys J. (2021) 50, 403-409. doi:
10.1007/s00249-021-01513-9.

2. Kofinova Z, Karunanithy G, Ferreira AS, Struwe WB.
Mea sur ing Pro tein-Pro tein In ter ac tions and Quan ti fy ing
Their Dis so ci a tion Con stants with Mass Pho tom e try. Curr
Protoc. (2024) 4, e962. doi: 10.1002/cpz1.962. 

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 MEYS CR in fra struc ture pro ject LM2023042 and Eu ro -
pean Re gional De vel op ment Fund-Pro ject „UP CIISB“
(No. CZ.02.1.01/0.0/0.0/18_046/0015974), is grate fully
ac knowl edged for the fi nan cial sup port of the mea sure -
ments at the Biocev-CMS – core fa cil i ties Bio phys i cal
Meth ods of CIISB, part of In struct-ERIC.
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The copy-out-paste-in trans po si tion mech a nism is a ma jor
replicative path way used by many prokaryotic transpo -
sable el e ments. In con trast to the clas si cal replicative
mech a nism in volv ing Shapiro in ter me di ate and a res o lu -
tion step, this path way is char ac ter ized by the for ma tion of
a sin gle-stranded cir cu lar DNA in ter me di ate as a prod uct
of a strand-trans fer re ac tion be tween ter mi nal in verted re -
peats (TIRs) of the transposon as a very first step. The cir -
cu lar DNA thus car ries a junc tion of TIRs with a few base
pairs long linker orig i nat ing from a transposon flank ing se -
quence. The DNA cir cle is then re paired by host fac tors
and in te grated in a tar geted or ran dom man ner as a sec ond

step. Both steps de pend on a poorly char ac ter ized transpo -
sase fea tur ing a DDE type of cat a lytic do main with a high
po ten tial for mo bi li za tion of var i ous ge netic el e ments in -
clud ing an ti bi otic re sis tance genes and dif fer ent pro mot ers. 
We de ter mined X-ray struc tures of a dimeric transpo sa -
se from ISCth4 transposon from C. thermo cel lum in a com -
plex with DNA in ter me di ates in the copy- out-  paste-in
path way. The struc tures show how the transposase rec og -
nizes its TIRs in a bi par tite man ner and sug gest confor -
mational changes that con trol the po si tion of DNA flank ing 
se quences in the ac tive site.
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PROTEIN PRODUCTION IN MAMMALIAN CELLS VS E. COLI – IMPACT ON Tau
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Hyperphosphorylated and ab nor mally post-translationally
mod i fied Tau pro tein forms ag gre gates called neuro -
fibrillary tan gles (NFTs), which are typ i cal hall mark of
Alz hei mer’s dis ease (AD) in the hu man brain [1]. As the
pat tern of post-translational mod i fi ca tions (PTMs) within
Tau is com plex [2], AD-rel e vant Tau pro tein is not eas ily
ob tain able by re com bi nant pro duc tion in E. coli and sub se -
quent mod i fi ca tion by in di vid ual en zymes in vi tro. To pre -
pare Tau pro tein with nat u rally oc cur ring PTMs, we
em ployed mam ma lian cell cul ture (HEK293). We aimed to 
iden tify the PTMs in cor po rated in the HEK293 cells, to
com pare them with pub lished data from AD-pa tients and
af ter wards to study the im pact of the PTMs on Tau prop er -
ties in com par i son to Tau from E. coli.

We op ti mized the ex pres sion and pu ri fi ca tion pro to cols 
yield ing suf fi cient amount of HEK-Tau for its char ac ter -
iza tion. Us ing LC-MS/MS, we iden ti fied around 20
phosphorylation sites with di verse ex tent of phospho -
rylation. The de tected phosphorylation pat terns were sim i -
lar to those found in the brains of AD-pa tients. Af ter wards,
we per formed in ter ac tion study be tween HEK-Tau and

14-3-3z pro tein, which pro vided sur pris ing re sult com -
pared to Tau ex pressed in E. coli and phosphorylated in vi -
tro [3]. Fi nally, we used Thioflavin T as say and neg a tive

stain EM to ob tain in sight into ag gre ga tion pro pen si ties of
HEK-Tau. 

The pro tein pro duc tion in HEK293 cells was per formed 
within an In dus trial PhD programme in the biotech com -
pany BioVendor. 

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

2. H. Wesseling, W. Mair, M. Kumar, …, J. A. Steen, Cell,
183, (2020), 6.

3. R. Crha, A. Kozeleková, A. Hofrová, L. I¾kovièová, N.
Gašparik, P. Kadeøávek, J. Hritz, Int. J. Biol. Macromol.,
266, (2024), 130802.

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. We ac knowl edge CEITEC Proteomics
Core Fa cil ity of CIISB, In struct-CZ Cen tre, sup ported by
MEYS CR (LM2023042, CZ.02.01.01/00/23_015/
0008175, e-IN FRA CZ (ID:90254)). We ac knowl edge
Cryo-elec tron mi cros copy and to mog ra phy core fa cil ity
CEITEC MU of CIISB, In struct-CZ Cen tre, sup ported by
MEYS CR (LM2023042) and Eu ro pean Re gional De vel op -
ment Fund-Pro ject „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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Dur ing tran scrip tion, RNA polymerases (RNAP) may
pause, cre at ing ob sta cles on the DNA, which in crease the
risk of col li sion with other DNA-cen tred pro cesses such as
DNA rep li ca tion. If these con flicts are left un re solved, they 
may re sult in rep li ca tion fork stall ing and sub se quent dou -
ble-strand DNA breaks. Paus ing of RNAP may also lead to
the for ma tion of R-loops – tri par tite nu cleic acid struc tures
in which na scent RNA hy brid ises with its com ple men tary
DNA strand, leav ing the non-tem plate strand un paired.

Per sis tent R-loops may be re spon si ble for DNA dam age
due to the ex po sure of frag ile sin gle-strand DNA.

Helicase senataxin (SETX) is a mem ber of the
SF1B-fam ily of helicases, which, in con trast to its yeast
coun ter part – Sen1 – translocates pref er en tially on RNA
[1]. Fit tingly, SETX’s pre ferred sub strate is an R-loop [1].
Ad di tion ally, SETX ter mi nates tran scrip tion in a spe -
cies-spe cific man ner [1], sug gest ing that spe cific, hith erto
un known, se quence fea tures have evolved to ac com mo date 
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this fea ture. These prop er ties of SETX place it as a tran -
scrip tion ter mi na tion fac tor spe cial ised in R-loop me tab o -
lism and con trol, which is es sen tial for the res o lu tion of
tran scrip tion-rep li ca tion col li sions, cru cial for the main te -
nance of ge nome sta bil ity. Since the fun da men tal func -
tional dif fer ences be tween SETX and Sen1 are likely based 
on dis tinct struc tural fea tures and no ex per i men tal struc -
tural data is yet avail able on SETX, we re sort to meth ods of 
struc tural bi ol ogy to mech a nis ti cally in ves ti gate the func -
tions of SETX.

In our poster, we pres ent our lat est re sults, which bring
first in sights into the mo lec u lar mech a nism(s) be hind the
func tions of SETX.

1. HASANOVA, Zdenka, Veronika KLAPSTOVA, Odil
PORRUA, Rich ard STEFL and Marek SEBESTA. Hu man
senataxin is a bona fide R-loop re solv ing en zyme and tran -
scrip tion ter mi na tion fac tor. Nu cleic Ac ids Re search [on -
line]. 2023, 2023-04-11, 51(6), 2818-2837 [cit.
2025-02-17]. ISSN 0305-1048. Avail able at:
doi:10.1093/nar/gkad092.
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Fatty acyl desaturases (FADs) and re duc tases (FARs) are
key en zymes in in sect pheromone biosynthesis, cat a lyz ing
the mod i fi ca tion of fatty acyl-CoAs into spe cies-spe cific
pheromone pre cur sors or com po nents. The spec i fic ity of
these en zymes is de ter mined by struc tural fea tures within
the sub strate cav ity, which in flu ence sub strate bind ing and
ca tal y sis. Un der stand ing these struc tural fea tures is es sen -
tial for elu ci dat ing the mo lec u lar ba sis of pheromone di ver -
gence, and for en gi neer ing en zymes with tai lored
specificities.

To iden tify res i dues mod u lat ing en zyme spec i fic ity, we 
use AlphaFold 2 and 3 to pre dict FAD and FAR mod els.
Such mod els fa cil i tate mu tant de sign, en abling us to probe

the func tional role of spe cific res i dues in sub strate rec og ni -
tion and regiospecificity. En gi neered en zymes are ex -
pressed in yeast, fol lowed by lipid anal y sis us ing gas
chro ma tog ra phy. This ap proach has re vealed crit i cal res i -
dues that in flu ence chain-length spec i fic ity and
regiospecificity with out im pair ing cat a lytic ac tiv ity.

Us ing struc ture pre dic tion, we can ef fi ciently iden tify
can di dates with se lected spe cific char ac ter is tics. Our find -
ings pro vide a frame work for ac cel er at ing spec i fic ity pre -
dic tion and en gi neer ing en zymes to tai lor prod uct
prop er ties. This ap proach has broad ap pli ca tions in bio -
tech nol ogy, e.g., pheromone-based pest control.
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Rostislav Skrabana

In sti tute of Neuroimmunology, Slo vak Acad emy of Sci ences, Dubravska cesta 9, Bratislava, Slovakia
katarina.martonova@savba.sk

In trin si cally dis or dered pro teins, tau pro tein be ing our fo -
cus, lack sta ble ter tiary struc ture, but form a confor -
mational en sem ble of mo lec u lar states ex hib it ing dy namic
and com plex net work of intramolecular in ter ac tions. In a
group of hu man dis eases called tauopathies tau pro tein ag -
gre gates and prop a gates the pa thol ogy. To un cover spe cific 
con for ma tion of tau ag gre gates, we per formed X-ray crys -
tal log ra phy in ves ti ga tion of the tau fil a ment core frag ment
dGAE (tau297-391) complexed with fil a ment con for ma -
tion spe cific an ti body MN423. 

Tau frag ment and an ti body Fab were pre pared by re -
com bi nant ex pres sion in E.coli and CHO cell line, re spec -
tively, pu ri fied to ho mo ge ne ity and the com plex was
iso lated by size ex clu sion chro ma tog ra phy of the mix ture
of both pro teins. Crys tals of com plex were ob tained from

hang ing drops, fished out with ny lon loop and flash-cooled
in liq uid ni tro gen. Dif frac tion data were col lected at
beamline PXI (SLS, PSI, Villigen, Swit zer land). Dif frac -
tions were in dexed in P1, in te grated and scaled in XDS
pack age and data were merged in TRUNCATE [1-3].  Dif -
frac tions were in dexed in P1, in te grated and scaled in XDS
pack age and data were merged in TRUNCATE [1-3].  

Mo lec u lar re place ment was em ployed to solve the
phase prob lem us ing the struc ture of MN423 Fab as a
model (PDB ID 2v17). Asym met ric unit of crys tal con -
tained six mol e cules of Fab; we used vari able and con stant
do main of an ti body Fab sep a rately as mod els to over come
the pos si ble dif fer ence in el bow an gles in the model mol e -
cule. Us ing REFMAC/COOT for macromolecular re fine -
ment we fur ther re fined the struc ture. De spite the
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sat is fac tory fit of the model into elec tron den sity, we are
not able to lower sub stan tially R-fac tors (Fig ure 1).

1. Meskova, K., Martonova, K., Hrasnova, P., Sinska,
K., Skrabanova, M., Fialova, L., Njemoga, S.,
Cehlar, O., Parmar, O., Kolenko, P., Pevala, V., &
Skrabana, R. An ti bod ies, 12(3), (2023)  51.
https://doi.org/10.3390/antib12030051

2. Kabsch, W. XDS. Acta Crystallogr. D Biol.
Crystallogr.  66, (2010) 125–132.

3. Winn, M.D.; Ballard, C.C.; Cowtan, K.D.; Dodson, E.J.;
Emsley, P.; Ev ans, P.R.; Keegan, R.M.; Krissinel, E.B.;
Leslie, A.G.W.; Mc Coy, A.; et al. Over view of the CCP4

Suite and Cur rent De vel op ments. Acta Crystallogr. D
Biol. Crystallogr.  67, (2011) 235–242.
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This study fo cuses on the in ves ti ga tion of the prop er ties
and struc tural anal y sis of the lectin, a saccharide bind ing
pro tein, de rived from the mush room Calocera viscosa
(CalVL). Mush room lectins have been ex ten sively stud ied
over the de cades for their po ten tial ap pli ca tions in bio -
medi cine and di ag nos tics. Through their glycan-bind ing
abil i ties, these lectins dem on strate sig nif i cant bi o log i cal
ac tiv i ties, in clud ing antiproliferative, antimicrobial and
mitogenic ef fects [1]. 

Lectin CalVL was de ter mined to adopt a b-prism I fold, 
a struc tural char ac ter is tic shared by all the mem bers of the
jacalin-re lated lectins (JRLs) fam ily. JRLs are typ i cally di -

vided into two groups based on their saccharide pref er ence: 
gJRLs and mJRLs, pre fer ring D-galactose and D-mannose,
re spec tively [2]. 

CalVL was pro duced in the Esch e richia coli ex pres sion 
sys tem and sub se quently pu ri fied through af fin ity chro ma -
tog ra phy us ing a mannose-agarose resin. Ag glu ti na tion as -
says dem on strated that CalVL can ag glu ti nate both yeast
cells and hu man eryth ro cytes due to the in ter ac tion with
their sur face sac cha rides. Fur ther anal y sis of bind ing prop -
er ties by a glycan ar ray re sulted in nar row range of
biantennary com plex N-glycans which are likely its op ti -
mal bind ing part ner. CalVL was suc cess fully crys tal lized
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Fig ure 1. Mod elled struc ture fit to elec tron den sity. 2Fo-Fc elec tron den sity map (blue) is con toured at 1,5 sigma. 
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in var i ous con di tions us ing vapour dif fu sion method, par -
tic u larly the sit ting drop tech nique. X-ray dif frac tion data
were col lected at the synchrotrons PETRA III in Ham burg
and BESSY II in Berlin, Ger many. Pre lim i nary struc tures
of CalVL in apoform, with D-mannose and N-acetyl -
glucosamine are near ing the com ple tion of the re fine ment
pro cess. The phase prob lem was solved through mo lec u lar
re place ment, em ploy ing a CalVL model pre dicted by
AlphaFold2. To the best of our knowl edge, CalVL rep re -
sents the first struc tur ally char ac ter ized fun gal JRL among
the an i mal and plant mem bers of this family.

1. R. S. Singh, A. K. Walia, J. F. Ken nedy: Int. Journ. Of
Biol. Macromol., 151, (2020), 1340-1350.

2. M. Azarkan, G. Feller, J. Vandenameele, R. Herman, R. El
Mahyaoui, E. Sauvage, A. Vanden Broeck, A. Matagne, P.
Charlier, F. Kerff: Sci. Rep., 8(1), (2018), 11508.

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 mea sure ments at the CF Biomolecular
Interactions and Crystallography.
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STRUCTURES OF THE GCPII AND PSMA-617 AND ITS DERIVATIVES WITH
MODIFIED LIPOPHILIC LINKER REGIONS COMPLEXES

Lu cia Motlová1, Mar tin Schäfer2, Ulrike Bauder-Wüst3, Mareike Roscher2, Zsófia Kutilová1,
Yvonne Remde2, Karel D. Klika4, Jürgen Graf5, Martina Benešová-Schäfer3, Cyril Baøinka1

1Lab o ra tory of Struc tural Bi ol ogy, In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, Prùmyslová
595, 25250 Vestec, Czech Re pub lic

2Ser vice Unit for Radiopharmaceuticals and Pre clin i cal Stud ies, Ger man Can cer Re search Cen ter (DKFZ),
Im Neuenheimer Feld 280, 69120 Hei del berg, Ger many

3Re search Group Translational Radiotheranostics, Ger man Can cer Re search Cen ter (DKFZ), Im
Neuenheimer Feld 280, 69120 Hei del berg, Ger many

4Mo lec u lar Struc ture Anal y sis, Ger man Can cer Re search Cen ter (DKFZ), Im Neuenheimer Feld 280, 69120
Hei del berg, Ger many

5Nu clear Mag netic Res o nance Lab o ra tory, In sti tute of Or ganic Chem is try, Hei del berg Uni ver sity, Im
Neuenheimer Feld 270, 69120 Hei del berg, Ger many

PSMA-617 is widely rec og nized as a bench mark ligand for 
pros tate-spe cific mem brane an ti gen (PSMA) due to its ex -
ten sive use in pros tate can cer (PCa) tar geted radionuclide
ther apy. This poster ex plores the struc ture of PSMA-617
along side two novel analogs with mod i fied linker re gions.
In com pounds P17 and P18, the 2-naphthyl-L-Ala moi ety
was sub sti tuted with a less lipophilic 3-styryl-L-Ala moi -
ety, while P18 also fea tures a phenyl group in place of the
cyclohexyl ring. The first-ever crys tal struc ture of the
PSMA/PSMA-617 com plex re ported here re vealed a
folded con for ma tion of the PSMA-617 linker. In con trast,
the PSMA/P17 and PSMA/P18 com plexes ex hib ited ex -

tended linker ori en ta tions, dem on strat ing linker flex i bil ity

within the PSMA cav ity - an in sight that can be le ver aged
for struc ture-guided de sign of PSMA-tar get ing agents. De -
spite their struc tural mod i fi ca tions, the analogs re tained
strong PSMA in hi bi tion po tency, cel lu lar bind ing, and in -
ter nal iza tion. These find ings, to gether with the struc -
ture–ac tiv ity re la tion ships and in vivo biodistribution
stud ies dis cussed in the manu script un der re view, pro vide a 
stra te gic frame work for the ra tio nal de sign of PSMA lig -
ands, pav ing the way for the de vel op ment of next-gen er a -
tion theranostic agents for PCa.

P39

ROLE OF NON-CANONICAL NUCLEOTIDES IN PROTORIBOSOME

Ondøej Mixl, Michal H. Koláø

Uni ver sity of Chem is try and Tech nol ogy, De part ment of Phys i cal Chem is try, Technická 5,
166 28 Prague 6 – Dejvice, Czech Re pub lic

mixlo@vscht.cz

Our group has a long-stand ing in ter est in the mo lec u lar de -
tails of pro tein syn the sis. This key cel lu lar pro cess oc curs
within large pro tein-RNA com plexes called ri bo somes.
The part of the ri bo some that sur rounds the peptidyl
transferase cen ter (PTC), which is re spon si ble for pep tide
bond for ma tion, is known as the protoribosome [1]. Many

of the de tails about the role of non-ca non i cal nu cleo tides in
the protoribosome re main un known. Mo lec u lar dy nam ics
sim u la tions, us ing the soft ware GROMACS were used to
study dif fer ences in the be hav iour of protoribosome with
non-ca non i cal bases and protoribosome with non-ca non i -
cal bases re placed by ca non i cal ones. This work may shed
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some light on the rea sons why non-ca non i cal bases re main
in the ribosome and are not replaced by canonical bases.

1. Codispoti, Simone; Yamaguchi, Tomoko; Makarov,
Mikhail; Giacobelli, Valerio G; Mašek, Mar tin; Koláø,
Michal H; Sanchez Rocha, Alma Carolina; Fujishima,
Kosuke; Zanchetta, Giuliano; Hlouchová, Klára
(2024). “The in ter play be tween pep tides and RNA is crit i -
cal for protoribosome compartmentalization and sta bil ity”.  
Nu cleic Ac ids Re search. 52 (20): 12689–12700. 
doi:10.1093/nar/gkae823.
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CORE FACILITY DEVOTED TO CRYSTALLIZATION OF PROTEINS AND NUCLEIC
ACIDS, CENTRE OF MOLECULAR STRUCTURE, IBT CAS

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

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

The Cen tre of Mo lec u lar Struc ture at IBT CAS (BIOCEV,
Vestec, Czech Re pub lic) is a so phis ti cated completels with
com pre hen sive im ag ing ca pa bil i ties.
A no ta ble tech no log i cal ad vance ment 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 soft ware en vi ron -

ment of crys tal li za tion ho tels is cur rently un der go ing a
ma jor up grade to en sure long-term sustainability and autox 
of sci en tific core fa cil i ties spe cial iz ing in struc tural bi ol -
ogy. Its crys tal li za 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 homated scor ing us ing mul ti ple eval u a -
tion al go rithms.

The fa cil ity’s equip ment rep re sents cut ting-edge tech -
nol ogy in struc tural bi ol ogy re search, fa cil i tat ing com plex
crys tal li za tion ex per i ments and de tailed struc tural anal y sis
of biomacromolecular complexes.

P41

VALIDATION OF SMALL STRUCTURE MOTIFS IN DISORDERED PROTEINS BY
MOLECULAR DYNAMICS SIMULATIONS

Adam Polák1, Exequiel Barrera2, Katarína Martonová1, Stefana Njemoga1, 
Rostislav Škrabana1

1 In sti tute of Neuroimmunology, Slo vak Acad emy of Sci ences; Bratislava, 845 10, Slovakia
2Instituto de Histología y Embriología - Universidad Nacional de Cuyo (UNCuyo), Mendoza, Ar gen tina

adam.polak@savba.sk

Lo cal struc ture mo tifs in the shape of monocyclic or poly -
cyclic, low-membered rings sta bi lized by main chain- main
chain or main chain-side chain hy dro gen bonds are fre -
quent in glob u lar pro teins. They of ten con trib ute to the for -
ma tion of he li cal or flat rib bon struc tures.  It has been
pro posed that these ring struc tures may ex ist at least tran -
siently also in in trin si cally dis or dered pro teins (IDPs) in ti -
mately im print ing their conformational en sem ble [1]. Our
hy poth e sis is that these mo tifs are de ter mi nants of phys i o -
log i cal and pathophysiological prop er ties of IDPs. The im -

pli ca tion of these mo tifs for IDP tau is in the pro cess of am -
y loid for ma tion dur ing tau ag gre ga tion. Amyloids are char -

ac ter ized by highly or dered cross-b struc tures and we
sup pose the role of these mo tifs in regulation of misfolding
and ag gre ga tion. In ter est ingly, sev eral mo tifs can be iden ti -
fied on ex ist ing crys tal struc tures of tau pro tein com plexes
[1, 2]. To in ves ti gate the ef fect of these mo tifs on tau pro -
tein, we can use site-di rected mu ta gen e sis fol low ing the
changes of tau ag gre ga tion in vi tro and al ter ation of af fin ity 
to tau in ter ac tion part ners. An other tool for char ac ter iza -
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Fig ure 1. Model of protoribosome
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tion of these small struc tural mo tifs are mo lec u lar dy nam -
ics meth ods (MD).

We used MD to ob serve the for ma tion of the mo tifs on
tau frag ments in so lu tion – with out the con straint of in ter -
ac tion part ners as for the crys tal struc tures. We sim u lated
three frag ments en com pass ing fol low ing two mo tifs iden ti -

fied on tau pro tein: b-turn formed by in ter ac tion of
main-chain car bonyl of Gly302 with main-chain am ide of
Ser305 in the pep tide tau298-311 and Asx-turn formed by
in ter ac tion of side chain car boxyl of Asp387 with main
chain am ide of Gly389 in two pep tides – tau381-391 and
tau382-394. We val i dated the ex is tence of the mo tifs based 
on H-bond anal y sis. We also com pared the ef fect of these
mo tifs on con for ma tion en sem ble by mu ta tion of
Ser305Ala for the first pep tide and Asp387Ala for the sec -

ond and third pep tide. The b-turn in duced for ma tion of
metastable pop u la tions that were sta bi lized by the mo tifs
and in ac cor dance to low ra dius of gy ra tion val ues as these
con for ma tions were at least par tially folded. For Asx-turn
and 382-394 frag ment, both WT and mut frag ments
adopted hair pin con for ma tion sta bi lized by salt bridges. In -
ter est ingly, even though the Asx-turn was not highly pop u -

lated and no ma jor ef fect was ob served on for ma tion of
metastable pop u la tions, the hair pin con for ma tion was
shifted to wards C-ter mi nus for the mu tant frag ment. Our
next steps con sist of in-vi tro part – to bio physi cally char ac -
ter ize these short pep tides and then to as sess the ef fect of
mu ta tions of se lected mo tifs on ag gre ga tion of tau fil a ment
core frag ment tau297-391 (dGAE).

1. Cehlar, O., Bagarova, O., Hornakova, L., & Skrabana, R.
(2021). Gen. Physiol. Biophys., 40(6), 479-493. 

2. Martonová, K. (2021). Lit er ary over view for dis ser ta tion
the sis, Fac ulty of Nat. Sci. Comenius Uni ver sity

This work was sup ported by the Eu ro pean Un ion’s Ho ri -
zon Eu rope pro gram un der the grant agree ment No.
101087124. This work was also funded by the grants APVV 
21-0479, Vega 2/0125/23 and 2/0141/23. Part of the
research re sults was ob tained us ing the com pu ta tional re -
sources pro cured in the na tional pro ject Na tional com pe -
tence cen tre for high per for mance com put ing (pro ject
code: 311070AKF2) funded by Eu ro pean Re gional De vel -
op ment Fund, EU Struc tural Funds Informatization
of so ci ety, Op er a tional Pro gram In te grated In fra struc ture

.
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Figure 1. Mo lec u lar dy nam ics of tau pep tides. (A) 298KHVPGGGSVQIVYK311, (B) 382AKAKTDHGAEIVY394. Both pep tides
were sim u lated as WT (left) and with mu tated res i due cre at ing small mo tif in WT (right) re veal ing the in flu ence of small mo tif for the
conformational en sem ble of dis or dered pep tide. RMSD anal y sis were per formed against back bone at oms of X-ray struc tures in volv ing

the pep tide – 5MO3 in (A) and 2V17 in (B).
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LA SER-DRIVEN PLASMA X-RAY SOURCE AT ELI BEAMLINES

Yelyzaveta Pulnova, Tomas Parkman, Borislav Angelov, Iulia Baranova, Anna Zymakova,
Silvia Cipiccia, Luca Fardin, Briony Yorke, Ro man Antipenkov, Davorin Pecelli, Ondrej Hort, 

Dong-Du Mai, Jakob Andreasson, and Jaroslav Nejdl

ELI Beamlines

We re port on ex per i men tally mea sured char ac ter is tics of a
kHz la ser-driven Cu plasma X-ray source that was re cently
com mis sioned at ELI Beamlines fa cil ity. The source is
pow ered by a 50-fs TW la ser, pro duc ing X-ray pulses that
en able sub-ps res o lu tion for time-re solved ex per i ments.
The X-ray source pa ram e ters with the two driv ing la sers
are com pared, pro vid ing pho ton flux up to the or der of

1013 pho tons/4p/s. Be sides the X-ray beam char ac ter is tics,
the ex per i men tal plat forms for ultrafast X-ray dif frac tion
and X-ray ab sorp tion and emis sion spec tros copy are de -
scribed to out line the pos si ble ap pli ca tion ex per i ments, as
the sys tem will be op er ated in a user-based ac cess mode.
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PhiKZ BASEPLATE STRUCTURE

M. Seoane Blanco, M. Homola, T. Füzik, P. Plevka

CEITEC MUNI, Kamenice 5, 62509, Brno
mateo.seoane@ceitec.muni.cz

PhiKZ is a bacteriophage that in fects Pseu do mo nas
aerugi nosa, an op por tu nis tic hu man patho gen. The phage
phiKZ is known for its large ge nome and com plex struc -
ture, mak ing it a no ta ble sub ject for struc tural bi ol ogy stud -
ies. Among all its parts, the base plate is the most com plex.
It ad heres to the phage prey and trig gers the ge nome ejec -
tion. The sig nal that trig gers the ejec tion trav els from the
tail fibres to the tail through the base plate. Here, we used
cryo-Elec tron Mi cros copy to visu al ise the struc ture of the
phiKZ tail and the base plate at high res o lu tion, the first one

of a jumbo bacteriophage. Our re sults re veal an in tri cate
net work of pro teins or gan ised in six-fold sym me try. Struc -
tural com par i sons with re lated sys tems high light the uni -
ver sal con ser va tion ob served in con trac tile in jec tion
sys tems. This sheds light on phiKZ’s base plate speci -
ficities and sug gests a po ten tial mode of ac tion. Its struc -
tural anal y sis en hances our un der stand ing of phiKZ and
con trib utes with valu able knowl edge to the broader field of 
myovirus bi ol ogy.

P44

IMPROVED VALIDATION AND REFINEMENT OF BIOMOLECULAR STRUCTURES

Sahra Setenay Baran, Paulína Božíková , Jiøí Èerný

In sti tute of Bio tech nol ogy, Czech Acad emy of Sci ences, Prùmyslová 595, 25250 Vestec, Czech Re pub lic

We pres ent a fur ther de vel op ment of datasets and meth ods
avail able in our lab o ra tory for im proved val i da tion and re -
fine ment of biomolecular struc tures. We are build ing on
syn er gies of data and tools in volv ing struc tural al pha bets
[1-3] and flex i bil ity of biomolecules [4,5].

The con for ma tion- and lo ca tion-de pend ent flex i bil ity
and sol va tion be hav ior de rived from high qual ity non-re -
dun dant biomolecular struc tural data was em ployed for im -
prove ment of pro to cols for val i da tion and re fine ment of
biomolecular struc tures.

We ex tracted nor mal ized B fac tor val ues of pro tein res -
i dues de rived from high res o lu tion struc tural data and col -
lected dis tri bu tions for pro tein res i dues in the in te rior and

res i dues at the sur face, ei ther not found in con tacts or
in volved in di rect or wa ter me di ated con tacts with
biomole cular bind ing part ners.

For struc ture val i da tion we com pared how well the B
fac tor dis tri bu tion in a model fol lows the cor re spond ing
ref er ence dis tri bu tion. The ex pected ref er ence dis tri bu tion
from high-res o lu tion struc tures can be also used prior to
struc ture re fine ment re plac ing the cur rently used uni form
B fac tor val ues. This can im prove the con ver gence as well
as ac cu racy of the struc ture re fine ment.

1. Con for ma tion-based re fine ment of 18-mer DNA struc tures, 
2023, Acta Crystallographica Sec tion D Struc tural Bi ol ogy
79(7), 10.1107/S2059798323004679.
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2. Struc tural al pha bets for conformational anal y sis of nu cleic
ac ids avail able at dnatco.datmos.org, 2020, Acta
Crystallographica Sec tion D Struc tural Bi ol ogy
76(9):805-813, 10.1107/S2059798320009389.

3. A uni fied dinucleotide al pha bet de scrib ing both RNA and
DNA struc tures, 2020, Nu cleic Ac ids Re search

48(11):6367-6381, 10.1093/nar/gkaa383.

4. Pro tein flex i bil ity in the light of struc tural al pha bets, 2015,
Fron tiers in Mo lec u lar Bio sci ences 2(Pt 9),
10.3389/fmolb.2015.00020.

5. Lo cal dy nam ics of pro teins and DNA eval u ated from crys -
tal lo graphic B fac tors, 2014, Acta Crystallographica Sec -
tion D Bi o log i cal Crys tal log ra phy 70(9):2413-2419F,
10.1107/S1399004714014631.
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PEN PENNATULA PHOSPHOREA 

M. Sitte1,2, D. Pluskal1, M. Šulová1, L. Duchatelet3, J. Damborský1,2, J. Delroisse4, M. Marek1,2 
1Loschmidt Lab o ra to ries, De part ment of Ex per i men tal Bi ol ogy and RECETOX, Masaryk Uni ver sity,

Kamenice 5, 62500 Brno, Czech Re pub lic
2In ter na tional Clin i cal Re search Cen ter, St. Anne’s Uni ver sity Hos pi tal Brno, Pekarska 53, 65691 Brno,

Czech Re pub lic
3Ma rine Bi ol ogy Lab o ra tory, Earth and Life In sti tute, Uni ver sity of Louvain – UCLouvain, 1348

Louvain-la-Neuve, Bel gium
4Bi ol ogy of Ma rine Or gan isms and Biomimetics, Re search In sti tute for Bio sci ences, Uni ver sity of Mons, 7000 

Mons, Bel gium
mar tin.sitte@recetox.muni.cz

Bioluminescence is the pro duc tion of vis i ble light by liv ing 
or gan isms. It oc curs through the ox i da tion of spe cific
luciferin sub strates catalysed by lu ci fer ase en zymes. Aux -
il iary pro teins, such as flu o res cent pro teins and coelen -
terazine-bind ing pro teins, can mod u late the wave length of
emit ted light or sta bi lise re ac tive luciferin mol e cules.
Bioluminescent or gan isms of fer a va ri ety of light-emit ting
en zymes and photoproteins with im mense po ten tial for
bio en gi neer ing ap pli ca tions, from biosensors to zero-elec -
tric ity light ing so lu tions. How ever, de spite the abun dance
of ma rine bioluminescent spe cies, only a few sys tems have
been bio chem i cally and struc tur ally char ac ter ised. Among
an tho zo ans, the Renilla- type biolumines cence is the most
stud ied [1,2], re ly ing on a coelenterazine  -de pend ent lu ci -
fer ase, a cal cium-de pend ent coelente razine- bind ing pro -
tein, and a green flu o res cent pro tein.

Re cently, transcriptomic anal y ses iden ti fied pu ta tive
lu ci fer ase and aux il iary pro tein se quences re spon si ble for
bioluminescence in the sea pen Pennatula phosphorea [3].
Here, we per form bio chem i cal re con sti tu tion and func -
tional char ac teri sa tion of the Pennatula-en coded lu ci fer -
ase, pro vid ing in sight into its light-emit ting prop er ties. 

1. A. Schenkmayerova, G. P. Pinto, M. Toul, M. Marek, L.
Hernychova, J. Planas-Iglesias, V. Dan iel Liskova, D.
Pluskal, M. Vasina, S. Emond, M. Dorr, R. Chaloupkova,
D. Bednar, Z. Prokop, F. Hollfelder, U. Bornscheuer, J.
Damborsky. (2021). En gi neer ing the pro tein dy nam ics of
an an ces tral lu ci fer ase. Na ture Com mu ni ca tions, 12, 3616.

2. A. Schenkmayerova, M. Toul, D. Pluskal, R. Baatallah, G.
Gagnot, G. P. Pinto, V. T. Santana, M. Stuchla, P.
Neugebauer, P. Chaiyen, J. Damborsky, D. Bednar, Y. L.
Janin, Z. Prokop, M. Marek. (2023). Cat a lytic mech a nism

for Renilla-type luciferases. Na ture Ca tal y sis, 6, 23-38.

3. L. Duchatelet, G. A. Galeazzo, C. Coubris, L. Bridoux, R.
Resohazy, M. R. S. Melo, M. Marek, D. T. Amaral, S.
Dupont, A. G. Oliveira, J. Delroisse. (2024). Waves of
light at the bot tom of the ocean: in sights into the lu mi nous
sys tems of three sea pens (Pennatuloidea, Octocorallia,

Anthozoa). bioRxiv. 2024.04.30.591678.

This work was sup ported by the Czech Sci ence Foun da tion
(GX25-17329X) and by the Eu ro pean Un ion Cen tre of Ex -
cel lence CLARA (101136607). M.S. and D.P. are Brno
Ph.D. Tal ent Schol ar ship hold ers funded by the Brno City
Mu nic i pal ity.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 31,  no. 1  (2025)       59



P46

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

BIOLOGY

J. Stránský, J. Pavlíèek, J. Dohnálek

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

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

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

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

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

CR (LM2023042); pro ject Czech In fra struc ture for In te -
gra tive Struc tural Bi ol ogy for Hu man Health
(CZ.02.1.01/0.0/0.0/16_013/0001776) from the ERDF;
UP CIISB (CZ.02.1.01/0.0/0.0/18_046/0015974), ELIBIO
(CZ.02.1.01/0.0/0.0/15_003/0000447), and MOSBRI from
EU Ho ri zon 2020 (No. 101004806).
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The role of genomic vari ants in dis eases, in clud ing can cer,
con tin ues to ex pand thanks to the ad vent of ad vanced se -
quenc ing tech niques in te grated into clin i cal prac tice [1].
The rapid growth in the iden ti fi ca tion of genomic vari ants
has led to the clas si fi ca tion of many vari ants as Vari ants of
Un cer tain Sig nif i cance (VUS) or those with con flict ing ev -
i dence, pos ing chal lenges in their in ter pre ta tion and ap pli -
ca tion. Ad di tion ally, cur rent  meth ods  for  pre dict ing 
patho genic  vari ants  do  not  nec es sar ily  pro vide in for ma -
tion on the mech a nisms un der ly ing patho ge nic ity [2-4].
MAVISp (Multi-lay ered As sess ment of VarI ants by Struc -
ture for pro teins), a mod u lar struc tural frame work for vari -
ant  ef fects,  to  han dle  high-through put  sat u ra tion  vari ant  
anal y sis  with  a stand ard ised workflow, in te grat ing re sults

with var i ous patho ge nic ity pre dic tors [5]. Cur rently,
MAVISp of fers anal y ses for 500 dif fer ent pro teins, en com -
pass ing more than 3 mil lion vari ants. The frame work fa cil -
i tates the anal y sis of vari ant ef fects at the pro tein level and
has the po ten tial to ad vance the un der stand ing and ap pli ca -
tion of mutational data in dis ease re search. In this con text,
we pro pose an ad di tional mod ule based on an Ad versarial
Autoencoder [6] to en hance the sys tem atic un der stand ing
of mutational ef fects and to es tab lish a foun da tion for fur -
ther in ves ti ga tions that re main un ex plored, thereby broad -
en ing the scope of fu ture re search in this do main. The
ap pli ca tion was car ried out in the case study of p53.
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Nat u ral Killer (NK) cells, a sub set of effector lym pho cytes, 
can spon ta ne ously de stroy tar get cells, such as in fected,
dam aged, or ma lig nant cells. NK cell cytotoxicity is me di -
ated by ac ti vat ing re cep tors on their sur face, such as
NKp80 (Nat u ral Killer pro tein 80 kDa) [1]. The hu man re -
cep tor NKp80 stim u lates cytotoxicity through its in ter ac -
tion with its ligand AICL (Ac ti va tion In duced C-type
Lectin), which is con sti tu tively ex pressed by all myeloid
cells. In patho log i cal con di tions, such as can cer ous or dam -
aged cells, AICL is of ten upregulated, re sult ing in the lysis
of these cells by NK cells ex press ing NKp80 [2]. This in -
ter ac tion is thus a prom is ing immunotherapeutic tar get for
treat ing myeloid leu kae mia.

How ever, the struc tures of both pro teins have re mained 
elu sive. Hence, we have fo cused on suc cess fully pro duc ing 
the extracellular do main of NKp80 in suf fi cient qual ity and 
quan tity. Here, we in tro duced a se ries of mu ta tions in the
stalk re gion to study their ef fect on the pro duc tion, sta bil -
ity, and homodimer for ma tion. Us ing stably transfected
HEK293S GnTI- cells, we pro duced in to tal seven vari ants
of NKp80, re plac ing cysteines with serines, and the pro -
teins were ana lysed us ing tech niques such as size-ex clu -
sion chro ma tog ra phy, dif fer en tial scan ning fluorimetry,
and mass spec trom e try.

Our find ings dem on strate a sub stan tial im prove ment in
the pro duc tion yield for six of the seven NKp80 mu tants,
with some vari ants ex hib it ing up to a five fold in crease
com pared to the wild-type NKp80 extracellular do main.
Con se quently, we have se lected the two most suc cess ful
variants for large-scale pro duc tion to en able crys tal li za tion
tri als. The tri als re sulted in the elu ci da tion of the hith erto

un known struc ture of NKp80 homodimer at a res o lu tion of
2.9 C. The NKp80 homodimer adopts an over all con for ma -
tion sim i lar to that of the homodimer of hu man NKR-P1

[3], with he li ces a1 form ing the dimerisation in ter face. The 
stalk re gion in cluded in the ex pres sion con struct was not
ob served in the crys tal struc ture; in fact, the only NKp80
con struct/prep a ra tion to crys tal lize was the one that
showed lim ited pro te ol y sis upon en zy matic degly -
cosylation re sult ing in a loss of most of the stalk re gion, as
con firmed by N-ter mi nal pro tein se quenc ing. Thus, the
NKp80 stalk is prob a bly un struc tured or very flex i ble, at
least when the extracellular part of NKp80 is pro duced in a
sol u ble form and is not teth ered to the transmembrane part
and the rest of the whole re cep tor.
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186, (2021), 657.

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.
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Tau pro tein is a microtubule-as so ci ated pro tein lo cal ized
and ex pressed in hu man brain cells, pre dom i nantly in ax -
ons of neu rons. The func tion of this pro tein is im per a tive
for cor rect axonal microtubule for ma tion and func tion. Tau 
pro tein has been found to form ag gre gates and fil a men tous
struc tures in the brains of pa tients suf fer ing from Alz hei -
mer’s dis ease or other neurodegenerative dis eases. How -
ever, the ex act mo lec u lar mech a nism of neurodegeneration 
re mains un known. Tau pro tein be longs to the group of in -
trin si cally dis or dered pro teins, which makes NMR a valu -
able tool in anal y sis of its struc tural prop er ties and
in ter ac tions [1, 2]. 

In this pro ject, sev eral ad vanced NMR tech niques were
uti lized to study the prop er ties of Tau pro tein. Firstly, tem -
per a ture ef fects on sec ond ary struc ture pro pen si ties of
full-length tau pro tein (tau isoform 2N4R) were stud ied.
Sec ondly, we stud ied the ef fect of phosphorylation by
GSK-3 beta kinase on the in ter ac tion of Tau pro tein with
microtubules. Ad di tion ally, the ex pres sion of Tau pro tein

in E. coli cells was car ried out, with the in ten tion to op ti -
mise the ex pres sion pro to col for ef fec tive in cor po ra tion of
flu o ri nated amino ac ids, with fur ther goals to use this con -
struct for in-cell NMR mea sure ments.

1. K. Kitoka, R. Skrabana, N. Gasparik, J. Hritz, K.
Jaudzems, Front. Mol. Biosci., 8, (2021).

2. G. Lippens, I. Landrieu, C. Smet, I. Huvent, N. S. Gan dhi,
B. Gigant, C. Despres, H. Qi, and J. Lopez, Biomolecules,
6, (2016), 28.
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Mul ti ple fac tors in flu ence the ag gre ga tion be hav ior of por -
phy rins in so lu tion; how ever, ob tain ing de tailed struc tural
and dy namic in sights re mains chal leng ing. Mo ti vated by
in trigu ing yet puz zling ex per i men tal data from UV/VIS
and NMR spectroscopies, we in ves ti gated the ag gre ga tion
of 3,4,5-TEG-TPP por phy rins. We an a lyzed the sta bil ity
and dy namic prop er ties of these mol e cules in so lu tion us -
ing var i ous com pu ta tional methods. We de vel oped de -
tailed mod els of solvated porphyrin mono mers, dimers,
and larger ag gre gates, which un der went re lax ation be fore
be ing prop a gated through mo lec u lar dy nam ics sim u la -
tions. From the sam pled tra jec to ries, we com puted op ti cal
and mag netic spec tra and com pared them with ex per i men -
tal re sults. This ap proach pro vides valu able in sights into
the mech a nisms of porphyrin ag gre ga tion in aque ous en vi -
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Fig ure 1. Free en ergy pro file of dimers with dif fer ent charge.



ron ments and en hances our un der stand ing of their struc -
tural sta bil ity.

Com pu ta tional re sources were pro vided by the e-IN FRA
CZ pro ject (ID:90254), sup ported by the Min is try of Ed u -
ca tion, Youth and Sports of the Czech Re pub lic.
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ARID1A, a key com po nent of the cBAF chromatin-re mod -
el ling com plex, is es sen tial for main tain ing cBAF func -
tion al ity and struc tural in teg rity [1]. 

Here, we re veal that spe cific phosphotyrosine (pY) res -
i dues within the in trin si cally dis or dered re gion (IDR) of
ARID1A play a piv otal role in mod u lat ing its func tion and
lo cal iza tion. 

Us ing a com bi na tion of NMR spec tros copy, mass spec -
trom e try and con fo cal flu o res cence mi cros copy, we iden -
tify a novel pY reader spe cific to these phosphotyrosines,
which in ter acts with ARID1A in a phosphorylation-de -
pend ent man ner. Im por tantly, phosphorylation of these ty -
ro sine res i dues al ters the cel lu lar dis tri bu tion of the pY
reader, relocalizing it to spe cial ized nu clear com part ments. 

This reg u la tory mech a nism un der scores a phospho -
rylation-sen si tive in ter ac tion net work, po ten tially con trol -
ling ARID1A’s re cruit ment and ac tiv ity within chromatin
re mod el ling pro cesses. These find ings high light a new
layer of reg u la tory com plex ity in cBAF-me di ated
chromatin dy nam ics and sug gest a broader role for
post-translational mod i fi ca tions in di rect ing subnuclear
compartmentalization.

1. A. Patil, A. R. Strom, J. A. Paulo, C. K. Collings, K. M.
Ruff, M. K. Shinn, A. Sankar, K. S. Cer van tes, T. Wauer,
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Pappu, C. P. Brangwynne, C. Kadoch, Cell, 186, (2023),
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Fig ure 2. Model of ag gre gate.


