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CL1

A PDB-WIDE ASSIGNMENT OF APO & HOLO RELATIONSHIPS BASED ON
INDIVIDUAL PROTEIN-LIGAND INTERACTIONS 

Mar ian Novotny, Christos Feidakis, Radoslav Krivak, Da vid Hoksza

Charles Uni ver sity, Czech Re pub lic
mar ian@natur.cuni.cz 

From study ing pro tein dy nam ics to un veil ing cryp tic bind -
ing sites or as sess ing the ef fec tive ness of ligand bind ing
site pre dic tion soft ware, ac cess to sev eral snap shots of a
pro tein is needed. Avail abil ity of both bound (holo) and
un bound (apo) forms of a pro tein is par a mount for mak ing
mean ing ful com par i sons and draw ing ro bust con clu sions.
The few ex ist ing re sources that pro vide ac cess to such data
are re stricted ei ther in terms of pro tein cov er age, or in the
num ber of pro vided struc ture pairs which does not al ways
re flect the conformational vari ance that is rep re sented by
the struc tures de pos ited in the Pro tein Data Bank (PDB).
Here we pres ent pre vi ously de signed ap pli ca tion (AHoJ,
Apo-Holo Jux ta po si tion) and use it to per form an ex ten sive 

search for apo-holo pairs for each in di vid ual pro tein-ligand 
in ter ac tion across the PDB (~500,000 small mol e cule in ter -
ac tions, ex clud ing in ter ac tions with pep tides and nu cleic
ac ids). We as sem ble the re sults of this search into a da ta -
base that can be used to train and eval u ate pre dic tors, dis -
cover po ten tially druggable pro teins, and re veal
as so ci a tions that can con firm ex ist ing hy poth e ses or ex -
pose pro tein- and ligand-spe cific re la tion ships like or -
der-to-dis or der tran si tions, that were previously obscured
by intermittent or partial data.
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CL2

BINDING RESIDUE PREDICTION WITH PROTEIN LANGUAGE MODELS: 
DOES THE STRUCTURE MATTER?

Da vid Hoksza, Hamza Gamouh, Mar ian Novotný

Charles Uni ver sity, Czech Re pub lic
da vid.hoksza@matfyz.cuni.cz

The ac cu rate pre dic tion of pro tein-ligand bind ing sites is
cru cial for un der stand ing pro tein in ter ac tions, es pe cially in 
the con text of bio tech nol ogy and drug dis cov ery. There are 
two main ap proaches to tackle this chal lenge: one re lies on
the se quence of the pro tein (se quence-based meth ods),
while the other re lies on the three-di men sional struc ture of
the pro tein (struc ture-based meth ods).

In this talk, we will dis cuss a novel ap proach that com -
bines the strengths of both ap proaches to ad vance the
state-of-the-art in this field. Our hy brid model merges two
cut ting-edge deep learn ing tech niques: pro tein lan guage
mod els (pLMs) from the se quence-based ap proach and
Graph Neu ral Net works (GNNs) from the struc ture-based
ap proach. Spe cif i cally, we cre ate a res i due-level Graph At -
ten tion Net work (GAT) model us ing the 3D pro tein struc -

ture and in cor po rate pre-trained pLM embeddings as node
fea tures. This in te gra tion al lows our model to cap ture both
the se quen tial in for ma tion em bed ded in the pro tein se -
quence and the struc tural re la tion ships within the pro tein.

Our model per forms well com pared to ex ist ing meth -
ods on a bench mark dataset, cov er ing var i ous lig ands and
ligand types. Ab la tion stud ies high light the im por tance of
the graph at ten tion mech a nism, par tic u larly in densely con -
nected graphs. Fur ther more, we il lus trate that as we em -
ploy more in tri cate pLMs to rep re sent node fea tures, the
rel a tive im pact of the GNN ar chi tec ture di min ishes. This
find ing sug gests that, to some ex tent, the struc tural in for -
ma tion nec es sary for ac cu rate bind ing site pre dic tion is
inherently encoded within the pLMs themselves.

CL3

NEW WAYS OF PROTEIN FAMILY VISUALIZATION IN ALPHAFOLD ERA

R. Svobodová1,2, K. Berka3, I. Hutaøová Vaøeková1,2,3, T. Raèek1,2, O. Schindler1,2  
1CEITEC – Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity Brno, Kamenice 5, 

625 00 Brno, Czech Re pub lic
2Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Kamenice 5, 625 00 Brno, Czech Re pub lic

3De part ment of Phys i cal Chem is try, Fac ulty of Sci ence, Palacký Uni ver sity, tø. 17. listopadu 12, 
771 46 Olomouc, Czech Re pub lic
radka.svobodova@ceitec.muni.cz

Thanks to ad vanced struc tural bi ol ogy ap proaches, more
than 200,000 ex per i men tally de ter mined pro tein struc tures
are avail able in the Pro tein Data Bank. Based on this data,
more than 200,000,000 pro tein struc tures were gen er ated
us ing ar ti fi cial in tel li gence al go rithms and are avail able in
AlphaFoldDB. This data has greatly ex panded the pos si bil -
i ties of study ing pro tein fam i lies, their anat omy, vari abil -
ity, com mon fea tures, and evo lu tion ary con ser va tion.
Vi su al iz ing dif fer ent as pects of pro tein fam ily struc tures
pro vides im por tant in for ma tion for their anal y sis and re -
search. 

In this lecture, we would like to pres ent new meth od ol -
o gies for vi su al iz ing pro tein fam i lies and their prop er ties.
Spe cif i cally, 1D di a grams of pro tein fam i lies, gen er ated
us ing the OverProt tool [1], 2D di a grams, pro duced by the
2DProts ap pli ca tion [2], and map ping prop er ties and an no -
ta tions of pro tein fam i lies onto these di a grams.  The prop -
er ties in clude, e.g., par tial atomic charges cal cu lated us ing

the soft ware tools ACC II [3] and aCharges [4].

1. A. Midlik, I. Hutaøová Vaøeková, J. Hutaø, A. Chareshneu,
K. Berka, R. Svobodová, Bioinf., 38(14), (2022),
3648-3650.

2. I. Hutaøová Vaøeková, J. Hutaø, A. Midlik, V. Horský, E.
Hladká, R. Svobodová, K. Berka, Bioinf., 37(23), (2021),
4599-4601.

3. T. Raèek, O. Schindler, D. Toušek, V. Horský, K. Berka, J. 
Koèa, R. Svobodová, Nucl. Ac ids Res., 48(W1), (2020),
W591-W596.

4. O. Schindler, K. Berka, A. Cantara, A. Køenek, D. Tichý,
T. Raèek, R. Svobodová, Nucl. Ac ids Res., 51(W1), (2023), 
W11–W16.

Core Fa cil ity Bi o log i cal Data Man age ment and Anal y sis
of CEITEC Masaryk Uni ver sity, sup ported by ELIXIR CZ
re search in fra struc ture (MEYS Grant No: LM2023055) is
grate fully ac knowl edged for the ob tain ing of the sci en tific
data pre sented in this con tri bu tion.
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CL4

DYNAMICS FROM ALPHAFOLD - ELASTIC NETWORK APPROACH

Vojtech Spiwok

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

Alphafold 2 has sig nif i cantly changed the way how struc -
tures of pro teins and pro tein-pro tein com plexes are be ing
pre dicted. This tool also pro vide res i due-res i due dis tance
prob a bil ity pro files as its out put. Us ing the laws of ther mo -
dy nam ics it is pos si ble to in fer pro tein dy nam ics from these 
pro files. We will pres ent our re sults on ap pli ca tion of
Alphafold-based elas tic net work model to find flex i ble or
conformationally vari able el e ments in pro tein, for ex am -

ple, ac ti va tion loops in pro tein kin ases, flex i ble seg ments
in G pro tein-cou pled re cep tors and pro tein struc tures not
known at the time of the train ing of Alphafold.

The work is sup ported by ELIXIR CZ and E-In fra (Min is try 
of Ed u ca tion, Youth and Sports of the Czech Re pub lic:
LM2018140, LM2018131) and Czech Sci ence Foun da tion
(22-29667S).

CL5

FIREPROT AND FIREPROT-ASR – WEB TOOLS FOR COMPUTATIONAL PROTEIN
STABILISATION

Da vid Bednar1,2, Milos Musil1,2,3, Rayyan Tariq Khan1,2, Jan Stourac1,2, Andrej Jezik1,3, 
Jana Horackova1, Sim eon Borko1,2,3, Petr Kabourek1,2, Jiri Damborsky1,2

1Masaryk Uni ver sity, Czech Re pub lic 
2St. Anne´s Uni ver sity Hos pi tal Brno, Czech Re pub lic 

3Uni ver sity of Tech nol ogy, Brno, Czech Re pub lic
davidbednar1208@gmail.com

Thermostable pro teins are cru cial in biomedicine and bio -
tech nol ogy, but de sign ing them has been chal leng ing, typ i -
cally yield ing lim ited im prove ments through sin gle-point
mu ta tions. FireProt 2.0 builds upon its pre de ces sor, of fer -
ing sev eral in no va tive strat e gies for pro tein sta bili sa tion
and start ing from only a se quence in put through AlphaFold 
in te gra tion and ProMod3 mod el ling. It in tro duces mul ti -
ple-point de signs with min i mized an tag o nis tic ef fects be -
tween mu ta tions. More over, us ers can cus tom ize
cal cu la tions, per form sat u ra tion mu ta gen e sis for the se lec -
tion of sin gle-point mu ta tions, or de sign mul ti ple-point
mu tants in automized mode. Evo lu tion-based strat e gies
pre dict sta bi liz ing mu ta tions from back-to-con sen sus anal -
y sis and an ces tral se quence re con struc tion. FireProt 2.0

sig nif i cantly re duces cal cu la tion time and im proves user
ex pe ri ence. 
It is freely ac ces si ble at https://loschmidt.chemi.muni.cz/
fireprot/.

An ces tral Se quence Re con struc tion (ASR) in fers an -
ces tral pro tein se quences, aid ing the dis cov ery of highly
sta ble, ver sa tile, and pro duc tive pro teins. FireProtASR sim -
pli fies the re con struc tion pro cess with a user-friendly web
server. It au tom a tizes the ASR pro cess from search ing ho -
mol o gous pro tein se quences, build ing a mul ti ple se quence
align ment, con struct ing and root ing the phylo gen etic tree,
and re con struct ing the an ces tral se quences, in clud ing an -
ces tral gaps. The tool is freely avail able at
https://loschmidt.chemi.muni.cz/fireprotasr/.
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ANNOTATION, VALIDATION, REFINEMENT, AND MODELING OF NUCLEIC ACID
STRUCTURES

Jiri Cerny, Paulina Bozikova, Barbora Schramlova, Bohdan Schnei der

In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, Czech Re pub lic 
jiri.cerny@ibt.cas.cz

DNATCO web server avail able at https://dnatco.datmos.
org [1] pro vides in tu itive an no ta tion, val i da tion, mod el ing
and re fine ment of nu cleic ac ids em ploy ing the uni ver sal
struc tural al pha bet of nu cleic ac ids for as sign ment of DNA
and RNA back bone con for ma tions [2]. The re cent im -
prove ments of the freely ac ces si ble DNATCO web server
will be pre sented.

Fur ther, the prog ress of the Nu cleic Acid Va lence Ge -
om e try Work ing Group [3], whose task is to de fine and im -
ple ment a uni form dic tio nary for nu cleic acid va lence

ge om e try pa ram e ters for use in mod el ing, re fine ment and
val i da tion sys tems will be men tioned to gether with ini tia -
tives deal ing with stan dard iza tion of nu cleic acid
base-pair ing pat terns.

1. Èerný et al., Acta Cryst. D 2020, 76(9), 52-64, 805-813.

2. Èerný et al., Nu cleic Ac ids Re search 2020, 48(11),
6367-6381.

3. Schnei der et al., IUCr News let ter 2020, 28, 4.

CL7

ARE KURAVIRUS CAPSID DIAMETERS QUANTIZED? THE FIRST ALL-ATOM
GENOME TRACING METHOD FOR DOUBLE-STRANDED DNA VIRUSES

Sam uel Coulbourn Flores1, Michal Malý2, Dominik Hrebík3, Pavel Plevka3, 
Jiøí Èerný2

1Swed ish Uni ver sity of Ag ri cul tural Sci ences, Swe den 
2In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences 

3Cen tral Eu ro pean In sti tute of Tech nol ogy, Brno, Czech Re pub lic
sam uel.flores@slu.se

The rev o lu tion in Cryo-Elec tron Mi cros copy has re sulted
in un prec e dented power to re solve large macromolecular
com plexes in clud ing vi ruses. Many meth ods ex ist to ex -
plain den sity cor re spond ing to pro teins and thus en tire pro -
tein capsids have been solved at the all-atom level.
How ever meth ods for nu cleic ac ids lag be hind, and no
all-atom vi ral dou ble-stranded DNA genomes have been
pub lished at all. We here pres ent a method which ex ploits
the spi ral wind ing pat terns of DNA in icosahedral capsids.
The method quickly gen er ates shells of DNA wound in
user-spec i fied, ide al ized spher i cal or cy lin dri cal spi rals.

For tran si tion re gions, the method al lows guided semi -
flexible fit ting. For the kuravirus SU10, our method ex -
plains most of the den sity in a semiautomated fash ion. The
re sults sug gest rules for DNA turns in the end caps un der
which two dis crete pa ram e ters de ter mine the capsid in ner
di am e ter. We sug gest that other kuraviruses vi ruses may
fol low the same wind ing scheme, pro duc ing a dis crete
rather than con tin u ous spec trum of capsid in ner di am e ters.
Our soft ware may be used to ex plain the pub lished den sity
maps of other dou ble-stranded DNA vi ruses and un cover
their ge nome pack ag ing prin ci ples.
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