
CDK16’s activity. [4] Here, we focus on how 14-3-3
proteins control CDK16’s activity.

1. P. Mikolcevic, R. Sigl, V. Rauch, M. W. Hess, K. Pfaller,
M. Barisic, L. J. Pelliniemi, M. Boesl, S. Geley, Mol Cell
Biol,, 32, (2012), 868.

2. X. Wang, R. Liu, S. Li, W. Xia, H. Guo, W. Yao, X. Liang, 
Y. Lu, H. Zhang, Biomed Pharmacother., 164, (2023),
114929.

3. S. N. Shehata, M. Deak, N. A. Morrice, E. Ohta, R. W.
Hunter, V. L. Kalscheuer, K. Sakamoto, Biochem J., 469,
(2015), 409.

4. S. R. Graeser, J. Gannon, R. Y. C. Poon, T. Dubois, A.
Aitken, T. Hunt, J Cell Sci, 115, (2002), 3479.

This work was sup ported by Czech Sci ence Foun da tion
Grant No. 25-15222S.
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FROM MOLECULE TO MECHANISM: INTEGRATED INSTRUMENTATION FOR
STRUCTURAL BIOLOGY

Kateøina Kolková

SPECION, s.r.o. , Kvìtnového vítìzství 332/31, Praha 4

Mod ern struc tural bi ol ogy de pends on com bin ing com ple -
men tary tech nol o gies to un der stand the struc ture and dy -
nam ics of pro teins, DNA, and RNA. This pre sen ta tion will
show case bio phys i cal anal y sis us ing Ap plied Photophysics 
(cir cu lar dichroism and stopped-flow ki net ics) for study ing 
pro tein fold ing, conformational sta bil ity, and biomolecular 
in ter ac tions. We will also in tro duce Refeyn’s mass pho -

tom e try for rapid, la bel-free mea sure ment of mo lec u lar
mass, oligomerization, and sam ple het er o ge ne ity in so lu -
tion. Fi nally, ad vanced im ag ing so lu tions from Leica Mi -
cro sys tems en able high-res o lu tion vi su al iza tion of
mo lec u lar or ga ni za tion and pro tein lo cal iza tion within
cells, link ing mo lec u lar struc ture to bi o log i cal function.
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EX PLOR ING THE SE QUENCE SPACE OF A FLU O RES CENT DEOXYRIBOZYME
US ING STRUC TURED LI BRAR IES, SE LEC TION AND MA CHINE LEARNING

J. Kurfürst1,2, M. Volek1,3, R. Samusevich1, T. Pluskal1, E.A. Curtis1 
1In sti tute of Or ganic Chem is try and Bio chem is try of the Czech Acad emy of Sci ences, 166 10, Prague, 

Czech Re pub lic
2De part ment of In for ma tics and Chem is try, Uni ver sity of Chem is try and Tech nol ogy, 166 28, Prague, 

Czech Re pub lic
3De part ment of Ge net ics and Mi cro bi ol ogy, Fac ulty of Sci ence, Charles Uni ver sity in Prague, 128 44,

Prague, Czech Re pub lic
curtis@uochb.cas.cz

Find ing ways to more com pre hen sively ex plore the se -
quence space of com plex func tional mo tifs is an im por tant
and un re solved ques tion in nu cleic acid en gi neer ing. Stan -
dard ap proaches use li brar ies in which a sin gle vari ant of a
mo tif is ran domly mutagenized at a low level. This pro -
vides com pre hen sive cov er age of se quence space over
short mutational dis tances, but only lim ited in for ma tion
about more dis tant vari ants. Here we de scribe a new ap -
proach that uses li brar ies made up of se quences con sis tent
with the mul ti ple con straints of a de sired tar get mo tif.
Func tional vari ants are rap idly iden ti fied in a sin gle round
of se lec tion fol lowed by high-through put se quenc ing, and
rules re lat ing se quence to func tion elu ci dated us ing ma -

chine learn ing. This method was tested us ing a flu o res cent
deoxyribozyme re cently dis cov ered in our group called
Au rora. Sin gle-step se lec tions showed that a sec ond ary
struc ture li brary based on Au rora con tained ap prox i mately
40-fold more unique cat a lytic se quences than one gen er -
ated by ran dom mu ta gen e sis. Fur ther more, mod els de vel -
oped by ma chine learn ing could quan ti ta tively pre dict read
num bers and iden tify the most ac tive vari ants us ing small
sub sets of se quences as train ing sets. By com bin ing sec -
ond ary struc ture li brar ies, se lec tion and machine learning
in this way, sequence space can be explored far more
quickly and efficiently than in standard approaches.
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COMPUTATIONAL APPROACHES FOR BIOMOLECULAR ELECTRONICS
FROM MOLECULAR BRIDGES TO PROTEIN JUNCTIONS

Zdenek Futera

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

The con duc tive prop er ties of mo lec u lar sys tems are de ter -
mined by sev eral fac tors, in clud ing struc tural mo tifs, spe -
cific chem i cal groups and bond ing, pres ence of re dox sites
and their po ten tials, in ter ac tion with the sur round ing en vi -
ron ment, and ther mal mo tions. In con tact with a metal, the
rel a tive po si tions of elec tronic states in a (bio)mol e cule and 
in the metal (the so-called band align ment) also play a cru -
cial role, af fect ing elec tronic trans port. There fore, the
mech a nism and ef fi ciency of charge trans port through a
par tic u lar mo lec u lar sys tem might change dras ti cally in
dif fer ent en vi ron ments. For ex am ple, re dox pro teins are
known to trans fer elec trons by a hop ping mech a nism in
their na tive bi o log i cal en vi ron ments; how ever, they could
fa cil i tate elec tron tun nel ing in junc tions be tween two me -
tal lic con tacts, as uti lized in mo lec u lar nanoelectronics [1,
2]. De vel op ment in this field has been ac com pa nied by ad -
vances in com pu ta tional tech niques that help to in ter pret
ex per i men tal mea sure ments and bring in sight ful de tails.
The non-equi lib rium Green’s func tion (NEGF) meth ods,
com bined with many-body elec tronic-struc ture treat ments
such as den sity func tional the ory (DFT), have be come the
stan dard frame work for cal cu lat ing tun nel ing cur rents and
con duc tance in open sys tems, where me tal lic elec trodes
cou ple to dis crete mo lec u lar states. De spite their suc cess,
NEGF ap proaches re main lim ited to small sys tems due to
their high com pu ta tional cost. For in ves ti gat ing biomo -
lecular junc tions based on pep tides or pro teins, and other
real ap pli ca tions, ap prox i mate yet ac cu rate tech niques are
needed. The ap prox i ma tion can be done at sev eral lev els,

from semi-em pir i cal or tight-bind ing treat ments of the
elec tronic struc ture, post-SCF band-align ment cor rec tion
schemes, state-pro jec tion-based es ti ma tion of self-en er -
gies, to ne glect ing col lec tive ef fects or cou pling vari a tions, 
and treat ing ex ter nal-field ef fects in the lin ear-re sponse re -
gime [3]. On the other hand, the soft-mat ter char ac ter of
these sys tems, where ther mal fluc tu a tions are un avoid able,
re quires dy nam i cal ap proaches to elec tron trans port that
also take into ac count non-adi a batic ef fects and nu -
clear-elec tronic cou plings. In the pre sen ta tions, the ac cu -
racy of these techniques will be demonstrated on model
biomolecular systems, in the context of molecular
nanoelectronics.

1. 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).

2. 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).

3. Hronek, L., Jonnalagadda, G. N., Futera, Z.: Com pu ta tional 
As pects of the Trans port Cal cu la tions on (Bio)mo lec u lar
Junc tions, J. Chem. The ory Comput. (sub mit ted).

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.
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Fig ure 1. Atomistic mod els of (a) ben zene-1,4-dithiolate bridge (BDT), (b) Zn-porphyrin junc tion (ZnTPP), and (c) cytochrome c be -
tween two flat gold con tacts used for elec tron trans port cal cu la tions.



L17

ANNOTATION, VALIDATION, REFINEMENT, AND MODELING OF NUCLEIC ACID
STRUCTURES

Jiøí Èerný, Michal Malý, Paulína Božíková, Terezie Prchalová, Jakub Svoboda, 
Lada Biedermannová, Bohdan Schnei der

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

Re cent ad vance ments of the DNATCO web server [1]
(https://dnatco.datmos.org) sig nif i cantly en hance in tu itive
an no ta tion, val i da tion, mod el ing, and re fine ment of nu -
cleic acid struc tures (Fig. 1). DNATCO le ver ages a uni ver -
sal struc tural al pha bet to com pre hen sively de scribe DNA
and RNA back bone con for ma tions [2]. To im prove ac ces -
si bil ity and interoperability, the un der ly ing com pu ta tional
pipe line has been re-im ple mented as a C++ li brary, which
now pow ers the DNATCO web server and en ables
standalone tools, in clud ing in te gra tion into widely-used
struc tural bi ol ogy soft ware such as CCP4 soft ware suite.
Ad di tion ally, the lat est de vel op ments from the Nu cleic
Acid Va lence Ge om e try Work ing Group [3] will be pre -

sented. This ini tia tive at tempts to es tab lish and stan dard ize
nu cleic acid va lence ge om e try pa ram e ters, facilitating
consistent usage across modeling, refinement, and
validation platforms.

1. Èerný et al., Nu cleic Ac ids Re search 2026,
https://doi.org/10.1093/nar/gkaf1491.

2. Èerný et al., Nu cleic Ac ids Re search 2020,
http://dx.doi.org/10.1093/nar/gkaa383

3. Èerný et al., Nu cleic Ac ids Re search 2026,
https://doi.org/10.1093/nar/gkaf1335
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Fig ure 1. Struc tural vi su al iza tion in DNATCO v5.0. An 80-nt frag ment of 23S rRNA (PDB
ID: 4qvi) is shown, with back bone con for ma tions rep re sented by the color-coded NtC tube
and base pair ing de picted as a ladder.
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https://doi.org/10.1093/nar/gkaf1335
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MICROSCOPIC SCOOPING FOR UNBIASED, SUBCELLULAR, SPATIAL
OPTOPROTEOMIC DISCOVERY

Matteo Cattaneo

Syncell Inc., Livermore, CA, USA

Mi cros copy-guided proteomics at organelle-level res o lu -
tion has the power to re veal pre vi ously un known pro teins
in dis ease- or func tion-spe cific re gions.

We pres ent a break through method for spa tial pro tein
pu ri fi ca tion us ing in situ subcellular photo-biotinylation,
en abling pre cise la bel ing of pro teins within user-de fined
re gions and fully au to mated rep li ca tion across thou sands
of fields of view.

As a com pel ling ex am ple, stress gran ules have his tor i -
cally been dif fi cult to char ac ter ize due to their dy namic and 
mem brane-less na ture. Us ing optoproteomics, two-pho ton

il lu mi na tion was di rected to G3BP1-pos i tive stress gran -
ules to trig ger lo cal ized photo-biotinylation, en abling se -
lec tive pu ri fi ca tion and sub se quent mass spec tro met ric
anal y sis. This au to mated workflow re vealed pre vi ously
un rec og nized high-con fi dence interactors and achieved
96% spec i fic ity upon val i da tion.

Syncell’s Microscoop en ables hy poth e sis-free,
high-res o lu tion map ping of subcellular proteomes within
pre cisely de fined re gions of in ter est, ad vanc ing our un der -
stand ing of dy namic cel lu lar struc tures such as stress
granules.
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C-TERMINAL DOMAIN OF THE FILAMENTOUS HEMAGGLUTININ FhaB IS CRUCIAL
FOR INTERACTION OF BORDETELLA PERTUSSIS WITH CILIATED EPITHELIAL

CELLS

Da vid Jurnecka1, Josef Chmelik1, Jana Holubova1, Ondrej Stanek1, Petra Kasparova1, 
Ab dul Samad1, Jana Proskova1, Karolina Skopova1, Pe ter Sebo1,  Chris to pher S Hayes2,

Ladislav Bumba1

1In sti tute of Mi cro bi ol ogy, Czech Acad emy of Sci ences, Videnska 1083, 142 00 Prague, Czech Re pub lic
2De part ment of Mo lec u lar, Cel lu lar and De vel op men tal Bi ol ogy, Uni ver sity of Cal i for nia, Santa Barbara;

Santa Barbara, 93106, USA

Bordetella per tus sis, the eti o log i cal agent of whoop ing
cough (per tus sis), pro duces a ~370 kDa fil a men tous
hemagglutinin (FhaB) that func tions as a key adhesin re -
quired for col o ni za tion of the re spi ra tory tract. FhaB is se -
creted via a two-part ner se cre tion (TPS) pathwayas an
ex tended hair pin and, un der in vi tro con di tions, it is
proteolytically pro cessed to re lease the ~230 kDa ‘ma ture’
FHA an ti gen used in acellular per tus sis vac cines. Here, we
show that FhaB re mains largely un pro cessed in B. per tus -
sis ad her ing to cil i ated air way ep i the lial cells and that its
C-ter mi nal do main (CT) is es sen tial for host en gage ment.
Us ing so lu tion NMR spec tros copy, we de ter mined the
struc ture of the CT and found that it adopts a pre vi ously un -

rec og nized, com pact pro tein fold. Ge netic ab la tion of the
CT does not im pair FhaB fold ing, se cre tion, or sur face dis -
play, but abol ishes bac te rial ad he sion to pri mary hu man
na sal cil i ated ep i the lial cells and pre vents na sal col o ni za -
tion, shed ding, and trans mis sion in a murine ca tarrhal in -
fec tion model. These find ings es tab lish the CT as a crit i cal
de ter mi nant of up per air way col o ni za tion and iden tify
full-length FhaB, rather than pro cessed FHA, as the bi o log -
i cally rel e vant adhesin dur ing in fec tion. Our re sults
reframe the model of FhaB biogenesis and un cover a
unique vir u lence mech a nism with di rect im pli ca tions for
per tus sis vac cine design.
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