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RNA 3D struc ture mod el ing dates to the late 1960s and
sev eral com puter pro grams for pre dict ing RNA 3D struc -
tures have been pro posed since then. RNA-Puz zles is a col -
lab o ra tive ef fort ded i cated to ad vanc ing and im prov ing
RNA 3D struc ture pre dic tion. With the agree ment of crys -
tal log ra phers, RNA struc tures are pre dicted by dif fer ent
groups be fore the pub li ca tion of crys tal struc tures. Since
the suc cess of AlphaFold in pro tein struc ture pre dic tion,
ar ti fi cial in tel li gence ap proaches are con tin u ously de -
signed to solve the prob lem of RNA 3D struc ture pre dic -
tion with strat e gies like AlphaFold. How ever, elim i nat ing
re dun dancy be tween train ing and test data is not triv ial and
some pro grams have shown overfitting re sults. There fore,

blind, un bi ased eval u a tions (based on equiv a lence of com -
par i son met rics) of all pre dic tion tools are a nec es sary re -
quire ment.

A ded i cated website (http://www.rnapuzzles.org/)
gath ers the sys tem atic pro to cols and pa ram e ters used for
com par ing mod els and crys tal struc tures, all the data, anal -
y sis of the as sess ments, and re lated pub li ca tions. Up to
now, 40 RNA se quences with ex per i men tally de ter mined
struc tures (X-ray or cryo-EM) have been pre dicted by
many groups from sev eral coun tries. Many of the pre dic -
tions have achieved high ac cu racy af ter com par i son with
the solved struc tures.
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Rfam is a da ta base of over 4,000 non-cod ing RNA
(ncRNA) fam i lies. Each fam ily is com posed of a se quence
align ment called the seed, of ten man u ally curated, a con -
sen sus sec ond ary struc ture and a covariance model. Rfam
was orig i nally de vel oped 20 years ago to an no tate genomes 
with ncRNAs us ing the covariance mod els. How ever, it
has be come the de-facto ref er ence da ta base for known
ncRNAs and their align ments. This has led to it be ing used
in new con texts in clud ing, RNA 3D struc ture pre dic tion.
This has pushed Rfam in new di rec tions. Re cently, Rfam
has been im proved by align ing se quences and base pair an -

no ta tions from 3D struc tures into seed align ments. This
con nects Rfam align ments with 3D struc tures di rectly and
al lows im prove ments of fam i lies. We have used this to im -
prove over 30 fam i lies and have started an no tat ing
pseudoknots. How ever de spite these im prove ments, Rfam
still has sev eral lim i ta tions that make the pre dic tion of
RNA 3D struc tures chal leng ing. Briefly, they are that
ncRNA data is lim ited, biassed and in com plete. In this talk
we will dis cuss some of these is sues, sug gest pos si ble im -
prove ments, and chal lenge the com mu nity to solve them.
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RNA mol e cules, es sen tial play ers in the in tri cate ma chin -
ery of cel lu lar pro cesses, ex hibit a re mark able level of
com plex ity in their three-di men sional struc tures. For many
years, the pri mary fo cus in RNA struc ture study has tra di -
tion ally been on base-pair ing in ter ac tions and sim ple struc -
ture mo tifs. How ever, re cent ad vances have un veiled
an other di men sion of com plex ity – the pres ence of en tan -
gle ments within RNA 3D struc tures [1]. These struc tural
in tri ca cies, rem i nis cent of top o log i cal puz zles, may have
pro found im pli ca tions for RNA func tion and dy nam ics [2]. 
On the other hand, some of their types may be bugs in jected 
into the struc ture, dur ing its de ter mi na tion or in silico mod -
el ling pro cess.

In this pre sen ta tion, we will ex plore the di verse range
of en tan gled mo tifs that can be found within RNA mol e -
cules [3]. We will delve into the com pu ta tional al go rithms
that have been de vel oped to de tect and ana lyse these un -
usual top o log i cal con fig u ra tions in RNA struc tures [4, 5].
Fi nally, we will take a look at en tan gle ments in ex per i men -
tal and sim u lated mod els of RNA 3D struc ture [6] and we
will learn if they can be un tan gled with any ex ist ing meth -
ods.
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Fig ure 1. En tan gled model gen er ated by RNAComposer.
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There has been a surge of in ter est in pre dict ing RNA 3D
struc tures lately, with more re search ers rec og niz ing the
sig nif i cance of un der stand ing the struc ture and func tion of
RNA. As our knowl edge of RNA mol e cules ex pands, we
can le ver age the ad vance ments made in pro tein struc ture
pre dic tion to im prove our pre dic tions in the RNA field.

How ever, a sig nif i cant chal lenge when pre dict ing
novel struc tural folds is as sess ing the qual ity of the mod els
pro duced. Mod el ing soft ware of ten gen er ates mul ti ple
mod els per in put, some times even thou sands, mak ing se -
lect ing the most prom is ing ones cru cial. Tra di tion ally, re -
search ers de ter mine the qual ity of the model based on
en ergy terms cal cu lated us ing force fields or
coarse-grained sta tis ti cal po ten tials. The lower the en ergy

cal cu lated, the more likely the RNA struc ture is con sid ered
to be. How ever, the en ergy land scape usu ally con tains
many lo cal min ima, lead ing to in con clu sive re sults.

There fore, we pro pose a dif fer ent ap proach for rank ing
mul ti ple 3D mod els cre ated from the same se quence by an -
a lyz ing the base pairs and stack ing in ter ac tions within
them. We build a con sen sus sec ond ary struc ture from the
ex tracted data and rank each model’s in ter ac tion net work
against that con sen sus to pro vide a fi nal rank ing.

We benchmarked our proposed method on public RNA
3D modeling datasets to verify its usefulness, comparing
its performance against state-of-the-art energy-based
evaluations.
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The physicochemical in for ma tion of RNA mol e cules is
greatly en hanced by posttranscriptional mod i fi ca tions,
con trib ut ing to ex plain the di ver sity of their struc tures and
func tions. 

To date, over 150 nat u ral mod i fi ca tions have been char -
ac ter ized in all ma jor classes of RNAs, rang ing from
isomerization or methylation, to the ad di tion of bulky and
com plex chem i cal groups [1-2]. Mod i fi ca tions can change
the fold ing land scape of RNA, re sult ing at times in al ter na -
tive con for ma tions [2-4]. This oc curs by al ter ing the in ter -
ac tions be tween nu cleo tides. Es pe cially the H-bond ing
be tween nucleobases, both the reg u lar Wat son–Crick pairs
en closed in the RNA stems and the non Wat son–Crick
pairs out side the stems [5] - also known as ter tiary in ter ac -
tions -, can be af fected by mod i fi ca tions due to steric and
en er getic ef fects.

In or der to in ves ti gate the im pact of mod i fi ca tions on
the interbase H-bond ing, we have set up an ap proach com -
bin ing struc tural bioinformatics with quan tum me chan ics
(QM) cal cu la tions. Spe cif i cally, oc cur rences and struc tural 
con text of mod i fied base pairs (MBPs), i.e. base pairs fea -
tur ing posttranscriptional mod i fi ca tions, are col lected from 

the RNA struc tures in the PDB and clas si fied by
bioinformatics tools. Then, QM cal cu la tions are per formed 
to clar ify the ef fect of the mod i fi ca tion on the ge om e try and 
sta bil ity of the cor re spond ing base pair. We have ap plied
this ap proach over time to both nat u ral and non-nat u ral
(syn thetic) mod i fi ca tions (see for in stance [6-7]) and, in
2015, we have pre sented an at las of MBPs, i.e. a sys tem atic 
study of all the MBPs in RNA ex per i men tal struc tures [8].

At the time, we could iden tify a to tal of »900 oc cur rences
for 11 nat u ral mod i fi ca tions, with roughly half of them in -
volved in base pair ing. Our at las 1.0 con sisted of 27 MBPs,
unique in terms of iden tity of H-bonded bases and/or ge -
om e try clas si fi ca tion. 

Herein, to ex tend our un der stand ing of how
posttranscriptional mod i fi ca tions act on the struc ture of
RNA mol e cules to in flu ence their func tion, we pres ent an
up dated at las, de rived from an over dou bled struc tures
dataset. It con sists over all of al most 100 unique MBPs, fea -
tur ing 35 dif fer ent posttranscriptional mod i fi ca tions, lo -
cated in a va ri ety of dif fer ent RNA mol e cules and
struc tural mo tifs. Con sis tently with our pre vi ous find ings,
most of the MBPs are non Wat son–Crick like and are in -
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volved in RNA ter tiary struc ture mo tifs. Re sults of the
struc tural anal y ses, along with in sight from QM cal cu la -
tions into the im pact of the dif fer ent mod i fi ca tions on the
ge om e try and sta bil ity of the cor re spond ing base pairs, will 
be pre sented and dis cussed.

1. P. Boccaletto, F. Stefaniak, A. Ray, A. Cappannini, S.
Mukherjee, et al., Nu cleic Ac ids Res., 50, (2022), D231.

2. P. F. Agris, RNA, 21, (2015), 552.

3. M. Helm, Nu cleic Ac ids Res., 34, (2006), 721.

4. K. I. Zhou, M. Parisien, Q. Dai, N. Liu, L. Diatchenko, J.
R. Sachleben, T. Pan, J. Mol. Biol, 428, (2016), 822.

5. N. B. Leontis, J. Stombaugh, E. Westhof, Nu cleic Ac ids
Res., 30, (2002), 3497.

6. R. Oliva, L. Ca val lo, A. Tramontano, Nu cleic Ac ids Res.,
34, (2006), 865.

7. M. Chawla, S. Gorle, A. R. Shaikh, R. Oliva, L. Ca val lo,
Comput. Struct. Biotechnol. J., 19, (2021), 1312.

8. M. Chawla, R. Oliva, J. M. Bujnicki, L. Ca val lo, Nu cleic
Ac ids Res., 43, (2015), 6714.

L19

RNADVISOR: EVALUATION OF RNA 3D STRUCTURES WITH METRICS AND
ENERGIES

C. Ber nard1, G. Postic1, S. Ghannay2, F. Tahi1

1Université Paris-Saclay, Univ. Evry, IBISC, 91200, Evry-Courcouronnes, France
2Université Paris-Saclay, CNRS, LISN, 91405, France

 fariza.tahi@univ-evry.fr

RNA adopts three-di men sional struc tures that play a cru -
cial and di rect role in its bi o log i cal func tion. Un der stand -
ing these di verse func tions is nec es sary for the
de vel op ment of RNA-based ther a pies, but the com plex
struc ture of RNA mol e cules re mains a ma jor chal lenge.
Com pu ta tional meth ods have been de vel oped through out
the years to fill the gap be tween the huge amount of known
RNA se quences and their struc tures. With the in creased
num ber of RNA struc tures that are still to be dis cov ered,
pre dic tive meth ods need to be ro bust and to be able to gen -
er al ize to un seen new RNA fam i lies. 

While struc ture pre dic tions are a vast and com plex
prob lem, the eval u a tion and as sess ment of struc ture na tiv -
ity is also at stake. RNA struc ture is a 3D ob ject where the
eval u a tion of a pre dic tion has been dis cussed for years.
Cur rent meth ods rely on the com par i son of a ref er ence
solved struc ture with a pre dic tion, cate gor ised as met rics. It 

can com pare de vi a tion on at oms like RMSD or eRMSD
[1], or over laps be tween them like CLASH score [2]. Other 
met rics are in spired by pro tein 3D eval u a tion met rics from
the CASP com pe ti tion. In deed, RNA and pro tein 3D struc -
tures share com mon prop er ties as 3D ob jects and ad ap ta -
tion of the known pro tein’s met rics like TM-score [3] can
be done to RNA. It re mains struc tural dif fer ences be tween
pro tein and RNA mol e cules that ham per the full ef fi ciency
of struc tural eval u a tion met rics. RNA-ori ented met rics
have been de vel oped to take full ad van tage of struc tural
specificities like INF [4] or MCQ [5] scores. 

None the less, the met rics rely on a known solved struc -
ture, which in prac tice is not avail able. Pre dic tive mod els
are also based on the gen er a tion of mul ti ple struc tures be -
fore se lect ing the best ones. Com mon ap proaches are thus
to rep li cate the mol e cule free en ergy, where a min i mum of
en ergy would mean a sta bili sa tion in the struc ture. This ad -
ap ta tion of the free en ergy of the struc ture has be come a
stan dard in the rank ing, fil ter ing and con fi dence as sess -
ment of struc tures. It of ten uses knowl edge-based sta tis ti -
cal po ten tials, with the re quire ment of a ref er ence state to

sim u late struc tures with out na tive in ter ac tions. This is the
case for NAST [6], 3dRNAScore [7], DFIRE-RNA [8] and
rsRNASP [9]. Re cent ad vances tend to use deep learn ing to 
pre vent man ual pre-pro cess ing of RNA fea tures like
RNA3DCNN [10] or ARES [11]. 

RNA 3D struc tures re main of high com plex ity, and
there is not a sin gle ex ist ing met ric or en ergy that could
eval u ate cor rectly all the avail able struc tures. Met rics and
en er gies can be re dun dant be tween each other, while also
com ple men tary for struc ture as sess ment. The dif fer ent ex -
ist ing met rics can be re quired to de velop and un der stand
pre dic tive mod els’ weak nesses, while the di verse en er gies
could help im prove mod els’ gen er a tion such as the fil ter ing 
pro cess. 

The cur rent met rics and en er gies are the re sults of years
of re search by var i ous groups. Each work has been de vel -
oped in dif fer ent pro gram ming lan guages, with dif fer ent
in stal la tion pro ce dures and li brary ver sions that have
evolved over the years. The in stal la tion pro cess can be la -
bo ri ous for the com mu nity and is mul ti plied by the num ber
of dif fer ent met rics and en er gies. Ef forts should be made
on de vel op ing pre dic tive mod els while en gi neer ing as pects 
for struc tures as sess ment should not be a bot tle neck.
Works have been done by the com mu nity with the de vel op -
ment of RNAPuzzles [12], a CASP-like com pe ti tion for
RNA 3D struc ture as sess ment. It co mes with RNA-tools
[13], a cen tral ised plat form that tries to in clude the avail -
able RNA 3D struc ture re lated works. None the less, it is
lim ited in prac tice with the need to man u ally in clude bi nary 
files; that de pend on the op er at ing sys tem of the user. There 
are also web serv ers avail able for some met rics and en er -
gies, which are use ful for non-coder us ers. How ever, it lim -
its the au to ma tion pro ce dure, which should be con sid ered
due to the in creas ing num ber of solved 3D struc tures. 

To help the de vel op ment and the au to ma tion of RNA
3D struc tures eval u a tion, we have de vel oped RNAdvisor: a 
soft ware us able with one com mand line and that can com -
pute both met rics and en er gies for given RNA. It uses eight
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ex ist ing codes writ ten in C++, Java or Py thon and gath ers
them into a sin gle in ter face. All the la bo ri ous in stal la tions
are done in dif fer ent stages of the Dockerfile. It le ver ages
Docker con tain ers for easy in stal la tion across di verse op er -
at ing sys tems, sim pli fy ing ac ces si bil ity for all re search ers.
It en ables re search ers to ac cess both met rics and en er gies
in one line of code, with cus tom iz able pa ram e ters to suit in -
di vid ual pref er ences.

RNAdvisor rep re sents a sig nif i cant ad vance ment for
the au to ma tion of RNA 3D struc ture eval u a tion. It of fers a
uni fied tool that en hances the ac ces si bil ity of ex ist ing met -
rics and en er gies. It helps ac cel er ate in ves ti ga tion in RNA
3D struc ture pre dic tions. 

The source code is avail able at:
https://github.com/EvryRNA/rnadvisor.
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While the pri mary struc ture of RNA is de fined by its se -
quence of nu cleo tides, the sec ond ary struc ture re fers to the
pair ings that oc cur be tween the nu cleo tides. The sec ond ary 
struc ture emerges from the in ter ac tions be tween com ple -
men tary bases. The sec ond ary struc ture is cru cial as it de -
ter mines the over all shape and sta bil ity of the RNA
mol e cule, which, in turn, in flu ences its func tion.

The ac cu rate pre dic tion of RNA sec ond ary struc ture,
par tic u larly for long non-cod ing RNAs (lncRNAs), holds
im mense po ten tial in healthcare. It can be used for di ag nos -
tic, ther a peu tic, and drug dis cov ery pur poses, en abling pre -
ci sion med i cine ap proaches, and de vel op ing tar geted
ther a pies for var i ous dis eases. A better un der stand ing of
their struc tures could im prove dis ease di ag no sis and treat -
ment, no ta bly for can cer, and al low for novel ther a peu tic

in ter ven tions in the fu ture. How ever, the ma jor ity of pre vi -
ous ap proaches [5-9] have fo cused on short RNAs and are
too costly in terms of com pu ta tion bud get to cope with the
in creas ing com plex ity of long RNAs. Plus, the ones that
can scale to long RNAs lack ac cu racy to re li ably pre dict
their struc tures.

We pro pose a new ap proach com bin ing re cur sive cut -
ting and ma chine learn ing. By le ver ag ing ex ist ing suc cess -
ful meth ods for small RNAs and in tro duc ing in no va tive cut 
point se lec tion, this ap proach aims to im prove the ac cu racy 
and ef fi ciency of long RNA struc ture pre dic tion. Our
model uses as in put only the RNA se quence, with out the
need for ho mol o gous se quences which are of ten not avail -
able for long RNAs. Our method proves to be
computationally ef fi cient by re cur sively par ti tion ing a se -
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quence into smaller frag ments un til they can be eas ily man -
aged by an ex ist ing model. We use deep learn ing to search
for cut points in a lin ear time com plex ity. A vi sual ex am ple
of the suc ces sive it er a tions of the par ti tion ing strat egy can
be seen in Fig. 1. We used the bpRNA_1m [11] dataset for
train ing and for our ex per i ments.

We per form a bench mark of MXfold2 [7], Linearfold
[3] and our pro posed ap proach on the bpRNA_1m [11] da -
ta base and show that our ap proach in deed dem on strates
better per for mance for long RNAs and a po ten tial to bring
sig nif i cant im prove ments in the fu ture, as well as in ter est -
ing en hanc ing prop er ties, which we dis cuss.
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Fig ure 1.  Suc ces sive it er a tions of the re cur sive cut ting strat egy.
Suc ces sive steps oc cur un til all frag ments are small enough to be
sent to the struc ture pre dic tion model. At each step, left-most and
right-most parts are com bined to form a sin gle frag ment.
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PROTEIN QUATERNARY STRUCTURES IN SOLUTION ARE 
A MIXTURE OF MULTIPLE FORMS 

Gid eon Schreiber1, Shir Marciano1, Debabrata Dey1, Dina Listov1, 
Sarel J Fleishman1,  Adar Sonn-Segev2, Haydyn Mertens3, Florian Busch4, Yongseok Kim4,

Sophie R. Harvey4, Vicki H. Wysocki4 
1De part ment of Biomolecular Sci ences, Weizmann In sti tute of Sci ence, Rehovot, Is rael

2Refeyn Ltd, 1 Elec tric Av e nue, Ferry Hinksey Road, Ox ford OX2 0BY, UK
3Ham burg Out sta tion, Eu ro pean Mo lec u lar Bi ol ogy Lab o ra tory, Notkestrasse 85, Ham burg, 22607, Ger many
4De part ment of Chem is try and Bio chem is try and Re source for Na tive Mass Spec trom e try Guided Struc tural

Bi ol ogy, The Ohio State Uni ver sity, Co lum bus, OH, 43210, USA

Over half the pro teins in the E.coli cy to plasm form homo or 
het ero-oligomeric struc tures. Ex per i men tally de ter mined
struc tures are of ten con sid ered in de ter min ing a pro tein’s
oligomeric state, but static struc tures miss the dy namic
equi lib rium be tween dif fer ent qua ter nary forms. The prob -
lem is ex ac er bated in homo-oli go mers, where the
oligomeric states are chal leng ing to char ac ter ize. Here, we
re-eval u ated the oligomeric state of 17 dif fer ent bac te rial
pro teins across a broad range of pro tein con cen tra tions and
so lu tions by na tive mass-spec trom e try (MS), mass pho -
tom e try (MP), size ex clu sion chro ma tog ra phy (SEC), and
small-an gle X-ray scat ter ing (SAXS), find ing that most ex -
hibit sev eral oligomeric states. Sur pris ingly, many pro teins 

did not show mass-ac tion driven equi lib rium be tween the
oligomeric states. For ap prox i mately half the pro teins, the
pre dicted oligomeric forms de scribed in pub licly avail able
da ta bases un der es ti mated the com plex ity of pro tein qua ter -
nary struc tures in so lu tion. Con versely, AlphaFold
Multimer pro vided an ac cu rate de scrip tion of the po ten tial
multimeric states for most pro teins, sug gest ing that it could 
help re solve un cer tain ties on the so lu tion state of many
pro teins.

1. Marciano S, Dey D, Listov D, Fleishman SJ, Sonn-Segev
A, Mertens H, Busch F, Kim Y, Harvey SR, Wysocki VH,
Schreiber G. Pro tein qua ter nary struc tures in so lu tion are a
mix ture of mul ti ple forms. Chem Sci, 13 (2022), 11680.
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STRUCTURAL PLASTICITY IN THE LOOP REGION OF ENGINEERED LIPOCALINS
WITH NOVEL LIGAND SPECIFICITIES – ANTICALINS

A. Skerra

Lehrstuhl für Biologische Chemie, Technische Universität München, Emil-Erlenmeyer-Fo rum 5, 
85354 Freising, Ger many

skerra@tum.de

Anticalins are gen er ated via com bi na torial pro tein de sign
on the ba sis of the lipocalin pro tein scaf fold and con sti tute
a novel class of small and ro bust bind ing pro teins. These
en gi neered lipocalins of fer pros pects as an al ter na tive to
an ti bod ies for ap pli ca tions in med i cal ther apy as well as in
vivo di ag nos tics. The lipocalins are nat u ral bind ing pro -
teins with di verse ligand specificities which share a sim ple
ar chi tec ture with a cen tral eight-stranded antiparallel

b-bar rel and an a-he lix at tached to its side. At the open end

of the b-bar rel, four struc tur ally vari able loops con nect the

a-strands in a pair-wise man ner and, to gether, shape the
ligand pocket. Us ing tar geted ran dom mu ta gen e sis in com -
bi na tion with mo lec u lar se lec tion tech niques, this loop re -
gion can be re shaped to gen er ate pock ets for the tight
bind ing of var i ous lig ands rang ing from small mol e cules

over pep tides to pro teins. While such Anticalin pro teins
can be de rived from dif fer ent nat u ral lipocalins, the hu man
lipocalin 2 (Lcn2) scaf fold proved par tic u larly suc cess ful
for the de sign of bind ing pro teins with novel specificities
and, over the years, more than 20 crys tal struc tures of
Lcn2-based Anticalins have been elu ci dated. Us ing a novel 
way of graph i cal rep re sen ta tion, the conformational vari -
abil ity that emerged in the loop re gion of these func tion ally 
di verse ar ti fi cial bind ing pro teins can be il lus trated in com -
par i son with the nat u ral scaf fold. This anal y sis has pro -
vided pic tur esque ev i dence of the high struc tural plas tic ity
around the bind ing site of the lipocalins which ex plains
their proven tol er ance to ward ex ces sive mu ta gen e sis. Fur -
ther more, apart from a sim ple lock-and-key mode of ligand 
rec og ni tion, struc tural ev i dence sug gests two dis tinct
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mech a nisms of spa tial ad ap ta tion dur ing the for ma tion of
Anticalin-ligand com plexes: (i) in duced fit, in which
conformational al ter ation fol lows ligand bind ing, and (ii)
conformational se lec tion, which is based on a pre-ex ist ing
mix ture of conformational states. Taken to gether, these
mo lec u lar mech a nisms dem on strate re mark able re sem -
blance be tween the bind ing site of lipocalins (nat u ral or en -
gi neered) and the well char ac ter ized complemen tarity-
 determining re gion of immunoglobulins (an ti bod ies),
which rep re sent two struc tur ally and func tion ally dif fer ent
types of mam ma lian plasma pro teins.

1. Rich ter, A., Eggenstein, E. & Skerra, A. (2014) Anticalins:
ex ploit ing a non-Ig scaf fold with hypervariable loops for

the en gi neer ing of bind ing pro teins. FEBS Lett. 588,
213-218.

2. Deuschle, F. C., Ilyukhina, E. & Skerra, A. (2021)
Anticalin® pro teins: from bench to bed side. Ex pert Opin.
Biol. Ther. 21, 509-518.
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tic ity in the loop re gion of en gi neered lipocalins with novel 
ligand specificities, so-called Anticalins. J. Struct. Biol. X.
6, 100054.

4. Jerschke, E., Eichinger, A. & Skerra, A. (2023) Drastic
alterations in the loop structure around colchicine upon
complex formation with an engineered lipocalin indicate a
conformational selection mechanism. Acta Crystallogr. F
Struct. Biol. Commun. 79, 231-239.
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NOVEL STRAT E GIES AND WEB-BASED TOOLS FOR PRO TEIN EN GI NEER ING
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We de velop novel strat e gies and web-based pro tein en gi -
neer ing tools un der the ELIXIR Czech Re pub lic um brella.
These are fully au to mated com pu ta tional workflows which 
can op er ated us ing the in tu itive graph i cal user in ter face [1].
Pro tein se quence or struc ture is typ i cally the only in put re -
quired for the cal cu la tion. The tools can be ac cessed freely
via the Pro tein En gi neer ing Por tal (Fig ure 1). The tools are 
par tic u larly suit able for experimentalists with out prior
struc tural bi ol ogy or bioinformatics knowl edge. The Na -
tional Supercomputing Cen tre IT4Innovations pro vides
the in fra struc ture for high-per for mance com put ing. This
talk will in tro duce some of our web tools and il lus trate their 
use for en gineering pro teins for bio tech no log i cal and bio -
med i cal ap pli ca tions [2]. 

1. Marques, S. M., Planas-Iglesias, J., Damborsky, J., 2021:
Web-based Tools for Com pu ta tional En zyme De sign. Cur -
rent Opin ion in Struc tural Bi ol ogy 69: 19-34.
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M., Skarupova, J., Damborsky, J., Bednar, D., Mazurenko,
S., Prokop, Z., 2022: Tools for Com pu ta tional De sign and
High-Through put Screen ing of Ther a peu tic En zymes. Ad -
vanced Drug De liv ery Re views 183: 114143.

Ó Krystalografická spoleènost

Ma te ri als Struc ture, vol. 29,  no. 3 (2023)       197

Fig ure 1. The graph i cal user in ter face of the Pro tein En gi neer ing
Por tal pro vides uni fied ac cess to the soft ware tools and da ta bases
de vel oped by the Loschmidt Lab o ra to ries and part ners:
https://loschmidt.chemi.muni.cz/portal/. 
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