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DESIGN AND EVALUATION OF RNA-DEPENDENT RNA POLYMERASE INHIBITORS
OF SEVERE ACUTE RESPIRATORY SYNDROME CORONAVIRUS-2
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Vojtìch Spiwok1, Michaela Rumlová2, Tomáš Ruml1
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Quick spread of Se vere acute re spi ra tory syn drome
coronavirus-2 (SARS-CoV-2) has struck the world out of
the blue. At the be gin ning of this global pan demic, there
was lack of re li able ther a peu tics and to this day, na tional
au thor i ties still can not fully agree on the best ap proach.
One of the pos si ble ap proaches is to in hibit pro teins in -
volved in SARS-CoV-2 life cy cle, mainly its key en zyme
RNA-de pend ent RNA poly mer ase (RdRp). There fore, we
de cided to de velop new in hib i tors of SARS-CoV-2 RdRp.
Here we pres ent a pro ject, where we docked a large li brary
of small mol e cules ob tained from Maybridge da ta base into
sev eral bind ing pock ets of RdRp. More over, we man aged
to op ti mize method for pro duc tion, iso la tion, and pu ri fi ca -
tion of re com bi nant wild-type RdRp, as well as its mu tated

forms, which were tai lored based on dock ing stud ies. Fur -
ther more, we plan to (i) eval u ate in hib i tory ac tiv ity of can -
di date in hib i tors on RdRp us ing quan ti ta tive poly mer ase
chain re ac tion-based as say. (ii) Also, we plan to study
conformational changes in duc tion in RdRp struc ture by
these in hib i tors us ing hy dro gen-deu te rium ex change, and
(iii) to eval u ate their cytotoxicity in var i ous mam ma lian
cells. We be lieve that this pro ject will give us much needed
in sight into how bind ing of small mol e cules changes the
con for ma tion of RdRp and its en zy matic ac tiv ity and that it
will help us to com bat this vi rus.

This work was sup ported from the OP RDE reg is tra tion
no.: CZ.02.2.69/0.0/0.0/19_073/0016928, funded by the
ESF.
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Base pair ing is an im por tant fea ture of nu cleic acid struc -
ture with fun da men tal im pli ca tion for the flow of the ge -
netic code. Base pair ing is re al ized via dis tinct hy dro gen
bond edges and re sults in ca non i cal and non-ca non i cal ge -
om e tries as de scribed in Leontis-Westhof no men cla ture
[1]. We de cided to an a lyze ge om e tries of “mis matched”
DNA base pairs, i.e. base pairs in non-Wat son-Crick to pol -
o gies by solv ing of crys tal struc tures with mis matched
pairs in 18-mer DNA du plexes. Pre vi ously crys tal lized
18-mer DNA oligonucleotide con tained dou ble thy mine
mis match in the cen tral po si tions [2], now we ob tained nine 
ad di tional vari ants cov er ing both ca non i cal and non-ca -
non i cal base pair ing. The re fine ment and val i da tion stages
of solv ing all our struc tures bene fited from us ing the NtC
dinucleotide classes (https://dnatco.datmos.org/) [3].

Firstly, we used NtCs as re fine ment tar gets and sec ondly
for an no ta tion of solved struc tures. We pres ent a com pre -
hen sive struc tural an no ta tion of the base pairs in the ten
solved 18-mer du plexes. 

1. Leontis NB, Westhof E. Geo met ric no men cla ture and clas -
si fi ca tion of RNA base pairs. RNA. 2001;7(4):499-512.

2. Kolenko P, Svoboda J, Èerný J, Charnavets T, Schnei der
B. Struc tural vari abil ity of CG-rich DNA 18-mers ac com -
mo dat ing dou ble T-T mis matches. Acta Crystallogr D
Struct Biol. 2020;76(Pt 12):1233-1243.

3. Èerný J, Božíková P, Svoboda J, Schnei der B. A uni fied
dinucleotide al pha bet de scrib ing both RNA and DNA
struc tures. Nu cleic Ac ids Res. 2020;48(11):6367-6381.
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IMMUNOPRECIPITATION PULL-DOWN ASSAY REVEALED BINDING BETWEEN
HUMAN CD160 AND VIRAL UL144

A. Bitala, M. Benko, S. Lenhartová and I. Nemèovièová

Bio med i cal Re search Cen ter, In sti tute of Vi rol ogy, Slo vak Acad emy of Sci ences, Bratislava, Slovakia
andrej.bitala@savba.sk

Hu man cytomegalovirus (HCMV) is a lin ear dou -

ble-stranded DNA b-herpesvirus con trolled by a vig or ous
im mune re sponse so that in fec tions are asymp tom atic or
symp toms are mild. If the im mune sys tem is com pro mised,
HCMV can rep li cate to high lev els and cause se ri ous end
or gan dis ease [1]. On the other side, the im mune re cep tors
are in con stant arm race with the vi ral pro teins that spe cif i -
cally tar get them thus ma nip u late a wide range of im mune
re sponses. There fore, ac cu rately pre dict ing their mo lec u lar 
in ter ac tions will be nec es sary for the de vel op ment of safe
and ef fec tive ther a peu tics to en hance im mune re sponses
and vac ci na tion.

HCMV within its unique long (UL)/b’ lo cus, en codes
the key immunomodulatory pro teins [2], such as UL144
which is highly orthologous to tu mour ne cro sis fac tor re -
cep tor HVEM (TNFR/SF14, herpesvirus en try me di a tor)
thus re sem bling some of its pro mis cu ity on the cell sur face. 

HVEM binds the TNF lig ands, LIGHT and LTa; the im -
mu no glob u lin in hib i tory re cep tor, B and T lym pho cyte
attenuator (BTLA); and the nat u ral killer cell–ac ti vat ing
re cep tor CD160. How ever, the ini tial stud ies shown that
UL144 se lec tively binds only BTLA [3], while avoid ing
ac ti va tion of in flam ma tory sig nal ling ini ti ated by CD160
in nat u ral killer (NK) cells. This mo lec u lar net work is quite 
well de scribed, how ever, the en gage ment of CD160 by
UL144 has not yet been sat is fac to rily stud ied. One study
re ports the vi ral glycoprotein UL144 from rhe sus CMV
can bind hu man and rhe sus CD160 with low af fin ity [4].
This in ter ac tion likely rep re sents a di ver gence be tween vi -
ral spe cies as pri mate BTLA and CD160 are highly ho mol -
o gous. More over, wild-type (wt) UL144 main tains many
glycosylation sites which are not pres ent in other vi ral spe -
cies thus sug gest a di rect in volve ment of N-glycans in re -
cep tor rec og ni tion on im mune cell. Here, we fo cused on
the char ac ter iza tion of CD160 bind ing to vi ral UL144,

whose mu tual en gage ment could lead to dis rupted sig nal -
ling un der var i ous glycosylation con di tion. We ac cessed
the bind ing by co-immunoprecipitation as say (co-PI) us ing 
re com bi nant his-tagged pro teins (dgUL144, rhUL144-wt,
UL144-wt, UL144-N91) and CD160 fused to Fc. We ob -
served bind ing be tween all UL144-glycosylation de fi cient
vari ants to CD160. More over, con sid er ing that the
ectodomain of UL144 is highly poly mor phic across pri -
mate CMV we ex am ined both hu man and rhe sus CMV
UL144 se lec tiv ity for its cel lu lar re cep tor thus the bind ing
of rhe sus CMV UL144 to hu man CD160 was also ob -
served. How ever, to fully un der stand the mo lec u lar ba sis
of these in ter ac tions, fur ther anal y ses have to be
performed.

1. P. Griffiths, and M. Reeves, Nat Rev Microbiol 19, (2021),
759–773.

2. T. L. Murphy, and K. M. Murphy, Annu Rev Immunol 28,
(2010), 389–411.

3. C. F. Ware CF, and J. R. Šedý, Curr Opin Immunol 23,
(2011), 627-31. 

4. J. R. Šedý, R. L. Bjordahl, V. Bekiaris, P. Norris, C. Ben e -
dict, C. F. Ware, J Immunol 191, (2013), 828-36.

This re search was funded by the con tri bu tion of the Slo vak
Re search and De vel op ment Agency un der the pro ject
APVV-19-0376 and the con tri bu tion of the Sci en tific Grant 
Agency of the Slo vak Re pub lic un der the grant
VEGA-02/0026/22. IN was Ma rie Cu rie Fel low fi nanced
by pro gram SASPRO co-funded by the Eu ro pean Un ion
and the Slo vak Acad emy of Sci ences. Part of the re search
team was sup ported by the Interreg V-A SK-AT co op er a -
tion pro gram by pro ject CAPSID un der the con tract No.
NFP305010V235 co-fi nanced by the Eu ro pean Re gional
De vel op ment Fund.
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CRITICAL INTERACTIONS OF NEURONAL TRANSCRIPTION FACTOR REST WITH
STABILIZER TRF2

T. Brom, T. Janoviè, P. Veverka, M. Stojaspal, C. Hofr

LifeB, Na tional Cen tre for Biomolecular Re search, Fac ulty of Sci ence, Masaryk Uni ver sity, Brno, 
Czech Re pub lic
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Glioblastoma is the most com mon and ma lig nant brain tu -
mor in adults. Glioblastoma is highly re sis tant to che mo -
ther apy and ra dio ther apy. So far, there has been no
suc cess ful treat ment. Re cent stud ies re vealed a strong cor -
re la tion be tween glioblastoma tumorigenicity and the ab er -
rant ex pres sion of REST, the main repressor of neu ral stem
cell dif fer en ti a tion [1]. The fate of the REST in side cells is
mainly reg u lated by ubiquitylation. The pri mary pro tect ing 
role is played by telomeric fac tor TRF2 that forms a com -
plex with REST and pro tects it from ubiquitylation and
there fore from proteasomal deg ra da tion [2]. TRF2 also
forms the core of the shelterin com plex that shields chro -
mo some ends against un wanted end-join ing and DNA re -
pair ma chin ery. REST in di rectly reg u lates TRF2
ex pres sion; thus, it af fects shelterin com plex for ma tion [3]. 
REST TRF2 com plex dis rup tion is a prom is ing tar get of
mo lec u lar ther apy that will pro vide a dual ef fect on can cer
stem cells.

Here, we have in ves ti gated in cell lo cal iza tion of REST
and TRF2, and we have ob served the for ma tion of
REST-TRF2 com plex di rectly in the cell nu cleus us ing
Prox im ity li ga tion as say. We have de ter mined the struc ture 

of tran scrip tion fac tor REST us ing cryo-elec tron mi cros -
copy sin gle-par ti cle re con struc tion. A better un der stand ing 
of the REST-TRF2 com plex will pro vide valu able knowl -
edge in de vel op ment of drugs against glioblastoma.

1. D. Zhang, Y. Li, R. Wang, Y. Li, P. Shi, Z. Kan, X. Pang,

Int. J. Mol. Sci., 17, (2016), 664.

2. Z. Huang, and S. Bao, FEBS let ters, 586, (2012), 1602.

3. P. Ovando-Roche, J.S.L. Yu, S. Testori, C. Ho, W. Cui,

Stem Cells, 32, (2014), 2111.

This work is sup ported by Brno Ph.D. Tal ent Schol ar ship -
funded by Brno City Mu nic i pal ity. The Czech Sci ence
Foun da tion [19-18226S] has pri mar ily sup ported this re -
search. The re search has been car ried out with in sti tu -
tional sup port of the Min is try of Ed u ca tion, Youth and
Sports of the Czech Re pub lic un der the pro jects
LTAUSA19024. We ac knowl edge the core fa cil ity CELLIM 
sup ported by MEYS CR (LM2018129 Czech-BioImaging)
and Cryo-elec tron mi cros copy and to mog ra phy core fa cil -
ity CEITEC MU of CIISB, In struct-CZ Centre supported by 
MEYS CR (LM2018127).
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BIOPHYSICAL RESEARCH FACILITIES AT CENTRE OF MOLECULAR STRUCTURE

Tatsiana Charnavets, Olga Dzmitruk, Bohdan Schnei der, Jan Dohnálek

In sti tute of Bio tech nol ogy CAS, v.v.i., BIOCEV, Prùmyslová 595, Vestec, 52542, Czech Re pub lic

The bio phys i cal re search fa cil ity as a part of the Cen tre of
mo lec u lar struc ture of the In sti tute of Bio tech nol ogy is a
mem ber of the In struct-ERIC Re search In fra struc ture in
the Czech In fra struc ture for In te gra tive Struc tural Bi ol ogy
(CIISB) and also a mem ber of the Mo lec u lar-Scale Bio -
phys ics Re search In fra struc ture (MOSBRI). The bio phys i -
cal re search fa cil ity pro vides shared re sources of
in stru ments and tech nol o gies for the de ter mi na tion of size,
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 and char ac ter iza tion of biomolecular in ter -
ac tions.

The fol low ing in stru ments and tech nol o gies are cur -
rently avail able: cir cu lar dichroism spec tros copy (Chira -
scan 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), microscale thermophoresis
(Mono lith NT.115 and NT.LabelFree), sur face plasmon
res o nance (ProteOn XPR36) and bio-layer In ter fer om e try
(OCTET R8).

Us ers can ap ply for ac cess to the bio phys i cal in stru -
men ta tion and ex per tise via CIISB
(https://stigmator.ceitec.muni.cz/project_form/), In struct
(https://instruct-eric.eu/submit-proposal), MOSBRI
(https://www.mosbri.eu/start-tna-proposal/).

The Cen tre of Mo lec u lar Struc ture is sup ported by: MEYS
CR (LM2018127); 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).

https://stigmator.ceitec.muni.cz/project_form/
https://instruct-eric.eu/submit-proposal
https://www.mosbri.eu/start-tna-proposal/
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CHANGES OF THE TRANSIENT SECONDARY STRUCTURE MOTIFS WITHIN Tau
PROTEIN INDUCED BY ITS PHOSPHORYLATION

Radek Crha, Alena Hofrová, Norbert Gašparik, Jozef Hritz*

 CEITEC-MU, Masaryk Uni ver sity, Kamenice 5, 625 00 Brno, Czech Re pub lic
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Patho log i cal conformational changes as well as
hyperphosphorylation of microtubule-as so ci ated pro tein
Tau are of ten con nected with many neurodegenerative dis -
eases (e.g., Alz hei mer’s dis ease). Due to the lack of ter tiary 
struc ture Tau be longs to the group of in trin si cally dis or -
dered pro teins (IDPs). The widely used tech niques
Cryo-EM and X-ray crys tal log ra phy are not suf fi cient for
struc tural char ac ter iza tion of IDPs. On the other hand, nu -
clear mag netic res o nance (NMR) can pro vide struc tural in -
for ma tion at sin gle res i due res o lu tion.

Due to Tau’s in trin si cally dis or dered char ac ter as well
as the high con tent of prolines in its pri mary struc ture we
em ployed 5D 13C-di rectly de tected mul ti di men sional
NMR ex per i ments to as sign the back bone and ob tain struc -

tural char ac ter iza tion of Tau. With this ap proach, we have
suc cess fully as signed back bone and aliphatic side-chain
chem i cal shifts (CS) of Tau pro tein in the na tive as well as
phosphorylated (by PKA) form. Based on the CS we per -
formed sec ond ary struc ture pro pen sity anal y sis  X-Pro
pep tide bonds con for ma tion pre dic tion. More over, we
mon i tored ki net ics of PKA phosphorylation of Tau us ing
time-re solved NMR ex per i ment.

This re search was funded by Czech Sci ence Foun da tion
(GF20-05789L). Pro ject was also sup ported by Grant
agency of Masaryk uni ver sity Ex cel lent di ploma the sis
programme (pro ject: MUNI/C/0040/2021). NMR mea -
sure ments was sup ported from CIISB re search in fra struc -
ture pro ject LM2018127 funded by MEYS CR.
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UNDERSTANDING THE STRUCTURAL BASIS OF INTERACTION BETWEEN
ADENOVIRUS 5 TYPE C AND HOST RECEPTORS IN VIRAL ENTRY AND IMMUNE

DEFENCE 

Arun Dhillon, Sami Kereiche, Hagen Sülzen, Jitka Votrubova, Alan Kadek, Petr Pompach,
Sebastian Zoll

In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, Flemingovo
namesti 2, 16610 Prague 6, Czech Re pub lic

sebastian.zoll@uochb.cas.cz

Hu man ad eno vi rus es (HAdVs) fre quently cause in fec tions
of the re spi ra tory tract, gas tro in tes ti nal tract and eyes [1].
While CAR (coxsackie and adenovirus re cep tor) acts as re -
cep tor for most ad eno vi rus es, en try of spe cies C into po lar -
ized ep i the lial cells which lack CAR re mained un known.
Re cently it was dis cov ered that HAdV-C5 blan kets it self
with lactoferrin (LF), an iron-bind ing in nate im mune pro -
tein, and ex ploits NCL, a nat u ral re cep tor of lactoferrin, to
in fect host cells [1]. AdVs have been suc cess fully uti lised
in vac cines against SARS-CoV2 and are of in ter ests in the
field of gene ther apy. HAdV-C5 must bind to LF first via
its ma jor capsid pro tein, Hexon (AdV5H) in or der to ex -
ploit NCL for en try into ep i the lial cells. Bind ing of AdV5

to NCL via LF is a 2-step pro cess. LF has to bind to the vi -
rus first be fore the cel lu lar re cep tor can be en gaged.  LF
bound to NCL is un able to en hance vi ral en try via NCL.
We aim to un der stand the mech a nism of NCL me di ated en -
try of HAdV-C5 into host cells via LF by de ter min ing the
struc ture of HAdV-C5 Hexon: Lactoferrin: Nulceolin
(AdV5H: LF: NCL) tri par tite com plex. To wards this aim,
we first set out to pre pare the AdV5H: LF, and HAdV-C5:
LF com plex and de ter mine the cryo-EM struc ture. We em -
ploy mass spec trom e try, microscale thermophoresis, and
elec tron mi cros copy to char ac ter ise the struc ture of
AdV5H: LF, and HAdV-C5: LF com plex.

1. D. Persson et al, J. Virol., 94, (2020), e00542-20.
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 AHoJ: RAPID, TAILORED SEARCH AND RETRIEVAL OF APO AND HOLO PROTEIN
STRUCTURES 

C. P. Feidakis1, R. Krivák2, D. Hoksza2, M. Novotný1
 

1De part ment of Cell Bi ol ogy, Fac ulty of Sci ence, Charles Uni ver sity, Vinièná 7, 128 00 Praha 2, Czech Re pub lic
2De part ment of Soft ware En gi neer ing, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Malostranské

námìstí 25, 118 00 Praha 1, Czech Republic 
christos.feidakis@natur.cuni.cz 

Study ing pro tein – small mol e cule in ter ac tions can pro vide
in sights into di verse but fun da men tal top ics in struc tural bi -
ol ogy. Un der stand ing the in duced fit model, ob serv ing
conformational shifts upon bind ing as well as ex plor ing the
pro mis cu ity of a bind ing site are sit u a tions where both apo
and holo snap shots of a pro tein are re quired. Ma chine learn -
ing ap pli ca tions that rely on struc tural in for ma tion to pre dict
such in ter ac tions, also stand to ben e fit from the avail abil ity
of both bound and un bound states of the same pro tein. 

There is cur rently no dataset or tool avail able, ca pa ble of
gen er at ing a list of apo and holo con for ma tions on de mand,
for a given pro tein struc ture. 

Here we present Apo-Holo Juxtaposition (AHoJ), a
web-based tool, that given a user-specified holo protein

structure and one or more ligands that bind to it, identifies
other structures that belong to the same protein, and classifies 
them as apo or holo, considering the users’ preferences. A
reverse search can also be conducted, in the case of starting
with a structure that does not bind any ligands. The tool
performs a search within the experimentally solved
structures in the PDB and provides the user with a list of
structures that are superimposed and visualised. The results
are processed and displayed chain by chain, where each chain 
is annotated with a list of bound ligands and scored for its
similarity with the query. AHoJ also features a multiple input
mode, allowing it to generate customised apo-holo datasets.
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DETAILED ANALYSIS OF BINDING SITES IN THE PLL FAMILY 
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625 00, Czech Re pub lic
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Lectins, car bo hy drate rec og niz ing pro teins, play an im por -
tant role in var i ous phys i o log i cal and pathophysiological
pro cesses as well as both mutualistic and par a sitic in ter ac -
tions be tween mi cro or gan isms and hosts [1]. In con nec tion
with the last-men tioned pro cess, lectins from patho genic
bac te ria can me di ate the first step of in fec tion and our goal is
to in ves ti gate their spec i fic ity and sug gest po ten tial in hib i -
tors.

The con tri bu tion is fo cused on the newly de scribed PLL
fam ily, spe cif i cally on ho mol o gous lectins from the bac te -
rium Photorhabdus laumondii.  Photorhabdus spp is known
for its com pli cated life cy cle, in clud ing mutualism with mi -
cro scopic nem a tode and patho ge nic ity to wards in sects [2].
More over, some spe cies of Photorhabdus are also able to in -
fect hu mans. Mem bers of the PLL fam ily share a
seven-bladed beta-pro pel ler fold and the pres ence of mul ti -
ple bind ing sites within one pro tein do main [3]. Based on
their struc tural char ac ter is tics, bind ing sites can be di vided

into two groups; hy dro pho bic (H) and po lar (P). We solved
mul ti ple sets of X-ray struc tures of PLL fam ily lectins in
com plex with dif fer ent lig ands. The main amino ac ids in -
volved in the ligand-bind ing are highly con served within the
lectin fam ily. An in-depth anal y sis of bind ing site oc cu pancy
was per formed to better un der stand how the dif fer ence in
amino acid com po si tion within the bind ing site and its prox -
im ity in flu ence the ligand bind ing.

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

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

3. Fujdiarová E, Houser J, Dobeš P, et al. FEBS J. 2021,
228(4):1343-1365.

This work was sup ported by GAÈR (21-29622S). Ex per i -
ments per formed at Biomolecular In ter ac tions and Crys tal li -
za tion Core Fa cil ity are sup ported by CIISB pro ject of MEYS 
CR (LM2018127).



P10

19
F LABELLING OF DISORDERED AND HYBRID PROTEINS FOR 

19
F NMR

SPECTROSCOPY

Norbert Gašparik1, 2, *, Aneta Kozeleková1, 2, Radek Crha1, Jozef Hritz1, 3, * 
1Cen tral Eu ro pean In sti tute of Tech nol ogy, 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
3De part ment of Chem is try, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5, 625 00 Brno, Czech Rep.

norbert.gasparik@ceitec.muni.cz, jozef.hritz@ceitec.muni.cz

19F NMR has been a use ful com ple men tary ap proach to tra -
di tional tech niques - dou ble la bel ling by 13C and 15N, es pe -
cially due to the ex cel lent mag netic NMR prop er ties of the
19F iso tope. 1) It has a spin ½ and strong dipolar cou pling, 2)
High sen si tiv ity (83% rel a tive to 1H) and broad chem i cal
shift range (up to 400 ppm), 3) 19F is 100% abun dant in na -
ture and vir tu ally non-pres ent in bi o log i cally rel e vant sam -
ples [1-3]. Se lec tive 19F iso to pic la bel ling is there fore an
out stand ing tech nique for mon i tor ing re gion-spe cific
changes in pro tein struc ture thanks to min i mal back ground
sig nal [4,5].

Here, we pres ent our prog ress in the prep a ra tion of hy -
brid and dis or dered pro tein sam ples, la belled with 19F mod -
i fied ar o matic amino ac ids (AAs), for use in 19F NMR
spec tros copy mea sure ments. When us ing iden ti cal pro to -
cols, dif fer ent AAs proved to ex hibit dif fer ent in cor po ra -
tion ef fi ciency rates. 19F tryptophan was readily
in cor po rated with 100% ef fi ciency. The ex tent of in cor po -
ra tion of 19F phenylalanine and ty ro sine first ranged only
be tween 30-50%, pre sum ably due to sim i lar biosynthetic
path ways. Ex ten sive op ti mi sa tion of cul ture me dia,
amount of la belled amino acid, wash and re cov ery pe riod,
and bac te rial strains were uti lised to in crease the la bel ling
rate of 14-3-3 and Tau pro teins by the men tioned amino ac -

ids. In our ef forts, we en hanced the la bel ling ef fi ciency rate 
around two fold, as con firmed by MS/MS spec trom e try and 
well-re solved 1D 19F NMR spec tra.

The op ti mized ap proaches will be used to study 14-3-3
PPIs and the in vi tro for ma tion of tau pro tein fi brils, a part
of Alz hei mer’s dis ease pa thol ogy.
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380, 2004, pp. 400-415.
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ASK1 (apoptosis sig nal-reg u lat ing kinase 1) is a mem ber
of MAPKKK pro tein fam ily, which di rects cell to wards in -
flam ma tion or apoptosis by means of ei ther p38 or JNK
sig nal ling path way [1, 2]. ASK1 dysregulation has been as -
so ci ated with car dio vas cu lar [3], tu mour [4] and
neurodegenerative [5] dis eases and ASK1 thus rep re sents a 
pro spec tive tar get for ther a peu tic in ter ven tion. ASK1 reg u -
la tion in volves both oligomerization and in ter ac tion with
mul ti ple bind ing part ners. To better un der stand the prin ci -
ple of ASK1 ac ti va tion, we in ves ti gated the oligomeric be -
hav iour of the N-ter mi nal part un der dif fer ent re dox
con di tions. Our re sults re vealed that the N-ter mi nal part of

ASK1 forms dimers in so lu tion and that this dimerization is 
af fected by re dox con di tions. More over, we also iden ti fied
re gions that form the dimerization in ter face of the N-ter mi -
nal part of ASK1. In ad di tion, our data sug gest that the in -
ter ac tion be tween ASK1 and its in hib i tor thioredoxin is
con sid er ably weaker in strong re duc ing con di tions. Al to -
gether, our find ings pro vide new in sights into the mech a -
nism of ASK1 in hi bi tion by TRX. 
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A biomolecular sam ple is a cor ner stone of bio chem i cal,
bio phys i cal, and struc tural anal y sis. The qual ity of such
sam ple, es pe cially pro tein, de ter mines mark edly the qual -
ity of sub se quent mea sure ments. It was sug gested [1] that
in suf fi cient sam ple char ac ter iza tion may cause fre quent
prob lems in re pro duc ing the pub lished re sults. Based on
the rec om men da tions by ARBRE and P4EU as so ci a tions
[2], the ba sic char ac ter is tics of the pro tein sam ple (iden tity, 
pu rity, ho mo ge ne ity, sta bil ity) should al ways be checked
for im prove ment of sci en tific workflows.

At Biomolecular In ter ac tions and Crys tal li za tion Core
Fa cil ity (CF BIC) at CEITEC, we grant ac cess to the
state-of-art in stru men ta tion for biomolecular sam ple anal -
y sis. The pu rity and ho mo ge ne ity of the sam ple are typ i -
cally as sessed by UV/VIS spectrophotometry, an a lyt i cal
size ex clu sion chro ma tog ra phy (SEC-MALS), dy namic
light scat ter ing (DLS), or an a lyt i cal ul tra cen tri fu ga tion
(AUC). The ther mal sta bil ity of the sam ple can be mea -
sured via dif fer en tial scan ning fluorimetry (nanoDSF), dif -
fer en tial scan ning cal o rim e try (DSC), or cir cu lar
dichroism spec tros copy (CD). CD is also a first-choice
method to de ter mine pro tein and nu cleic acid sec ond ary
struc ture. CF BIC en sures main te nance of ma chines and

fur ther de vel ops the meth od ol ogy, e.g., by de sign ing a
novel 48-well buffer screen for op ti mi za tion of pro tein
con di tions [3]. Sci en tists ben e fit heavily from the pres ence
of all the tech niques in one core lab o ra tory with per sonal
sup port on site. The com bi na tion of var i ous meth ods al -
lows for de tailed anal y sis of the sam ple in a short time and
spares pre cious re sources of the sub se quent high-end anal -
y sis. 

The fur ther im prove ment of the ser vices is con nected to 
the fa cil ity’s in volve ment in in ter na tional net works such as 
ARBRE and In struct-ERIC. The mea sure ments for ac a -
demic pur poses are also fi nan cially sup ported by Czech In -
fra struc ture for In te gra tive Struc tural Bi ol ogy (CIISB),
mak ing the biomolecular char ac ter iza tion af ford able to ev -
ery sci en tist in the field.
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Re cently it was shown that lactoferrin (Lf), immuno -
modulatory pro tein of transferrin fam ily of pro teins in ter -
acts with plasminogen (Plg), pro tein of the fibrinolytic
cas cade [1]. The most prob a ble mode of in ter ac tion is the
con tact of the N-ter mi nal do main of Lf (cor re spond ing to
its pep tide lactoferricin) with a mini-Plg re gion con sist ing
of kringle 5 and a proteolytic do main. 

Our aim is to fur ther char ac ter ise the prop er ties of Lf,
com par ing its re com bi nant and nat u ral form. Un like the na -
tive Lf, com mer cially avail able re com bi nant Lf pro duced
in trans gen ic rice bears dif fer ent type of glycosylation.
There fore, we aimed to pre pare a re com bi nant Lf with hu -
man-like glycosylation by its ex pres sion in mam ma lian
CHO cell line. De pend ing on the en vi ron ment, Lf may
oligomerise, los ing its bac te ri cidal and fun gi cidal
immunomodulatory char ac ter is tics [2, 3]. Some prop er ties
of Lf can be changed in the pres ence of di va lent ions (es pe -
cially cal cium ions [4]) in duc ing ag gre ga tion into higher
oligomeric states. We used dy namic light scat ter ing anal y -
sis to char ac ter ise Lf oligomerisation. 

Pre vi ous re sults in di cated that the func tional part of Lf
in ter ac tion with Plg con sists of the pep tide lactoferricin [1]. 

Our next goal was to op ti mise its pro duc tion by pep sin di -
ges tion and its sub se quent iso la tion. To de ter mine the ex act 
in ter ac tion of pre pared lactoferricin with Plg, af fin ity de -
ter mi na tion by sur face plasmon res o nance will be used.
Ad di tion ally to these ex per i men tal ap proaches, in silico
mo lec u lar dock ing char ac ter is ing the interaction sites will
be ap plied.
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Fig ure 1: Plasminogen (Plg) ac ti va tion to plasmin (Plm) by tis sue-type plasminogen ac ti va tor (tPA) and urokinase plasminogen ac ti -
va tor (uPA) (mod i fied from [5]) and its reg u la tion by melanotransferrin (Mtf) and lactoferrin (Lf ).
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S1 nuclease from Aspergillus oryzae is a sin gle-strand-spe -
cific endonuclease widely used for bio chem i cal anal y sis of
nu cleic ac ids [1,2]. Its ac tiv ity de pends on pres ence of
three Zn2+ ions in the ac tive site com posed of nine res i dues
co or di nat ing the zinc clus ter. The clus ter and its ad ja cent
res i dues are con served across the whole S1-P1 fam ily of
nu cleases. Two of the Zn2+ ions of the clus ter are bur ied on
the bot tom of the ac tive site. The third Zn2+ ion is closer to
the nuclease’s sur face. 

A pos si bil ity of re place ment of Zn2+ by Ni2+ was stud -
ied us ing bio phys i cal as says and mainly the X-ray anom a -
lous dis per sion. Var i ous mo lar ra tios of S1 nuclease,
che lat ing agent ethylenediaminetetraacetic acid (EDTA)
and NiCl2 were ana lysed. The mix ture of S1:EDTA:NiCl2

in mo lar ra tio 1:5:10 was crys tal lized us ing a va por dif fu -
sion method. The ob tained crys tals were of a good qual ity
for the dif frac tion ex per i ment on syn chro tron ra di a tion
source Bessy II, Helmholtz Zentrum Berlin [3].

The dif frac tion data were col lected at three dif fer ent
wave lengths in close prox im ity of the Ni- and Zn-ab sorp -
tion edges, re spec tively. The anom a lous dif fer ence maps
ob tained from the col lected data con firmed ex change of

one Zn2+ ion by Ni2+, whilst the re main ing two Zn2+ ions re -
mained un af fected. No struc tural changes of the sur round -
ing res i dues were ob served. 
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Stenotrophomonas maltophilia is an emerg ing multidrug-
re sis tant op por tu nis tic patho gen caus ing nosocomial in fec -
tions of hu man re spi ra tory tract. Its abil ity to form re sis tant
biofilms fur ther con trib utes to its spread in hos pi tal en vi -
ron ment [1]. As S1-P1 nu cleases are not pres ent in hu mans, 
but pro duced by sev eral bac te rial patho genic spe cies in -
clud ing S. maltophilia, they may rep re sent po ten tial drug
or marker tar get [2] More knowl edge of bac te rial S1-P1
nu cleases may lead to new ther a peu tic ap proaches in treat -
ment of in fec tions caused by multiresistant strains. 

The S1-P1 nuclease from S. maltophilia SmNuc1 was
recombinantly ex pressed in E. coli and fol low ing two-step
pu ri fi ca tion pro cess led to gain of the ac tive nuclease in
high yield and suf fi cient pu rity. En zy matic char ac ter iza -

tion of SmNuc1 re vealed sev eral dif fer ences from al ready
known S1-P1 nu cleases. Struc ture of SmNuc1 was solved
us ing X-ray crys tal log ra phy. Cur rent re search is fo cused
on ligand bind ing stud ies in volv ing its po ten tial in hib i tors. 
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DNA interstrand cross-links (ICLs) are very toxic DNA
dam age le sions co va lently con nect ing the op po site strands. 
They form im pen e tra ble bar ri ers for the rep li ca tion ma -
chin ery dur ing cell di vi sion. Abasic site ICLs (Ap-ICLs)
are formed spon ta ne ously when an abasic (Ap) site forms a
co va lent bond with a base lo cated in the op po site DNA
strand. This re cruits NEIL3 glycosylase, an en zyme re -
spon si ble for the re moval of the Ap-ICLs, how ever, the
mo lec u lar mech a nism of this re pair re mains elu sive [1,2].

NEIL3 con tains three sets of zinc fin ger do mains. First,
lo cated on the N-ter mi nus is a cat a lytic Nei do main re mov -
ing the Ap-ICL. Sec ond, the ubiquitin-bind ing (NZF) do -
main con tains a ubiquitin-bind ing zinc fin ger. Last, two
ad ja cent Gly-Arg-Phe (GRF) do mains are known for their
abil ity to bind sin gle-stranded DNA, but their role in the
ICL re pair is un clear [3].

We have in ves ti gated the rec og ni tion of a stalled DNA
rep li ca tion fork by NEIL3. We have solved the NMR struc -
ture of GRFs and shown how they re cog nise sin -
gle-stranded DNA. We have fur ther re vealed how GRFs
bind DNA forks with a slight pref er ence for 5’-DNA over -
hangs. Along with GRFs inter-do main ri gid ity, our data

out line how GRF re cog nises DNA forks sug gest ing their
role in Ap-ICL re pair.

Next, we have solved a crys tal struc ture of mouse
NEIL3 Nei do main in com plex with the DNA re ac tion in -
ter me di ate. With Nei‘s pref er ence for a 3’-DNA over hang,
we have out lined the in ter play be tween Nei and GRFs in
Ap-ICL re pair. Our re sults sug gest how NEIL3 re cog nises
the struc ture of two col lided rep li ca tion forks, a DNA rep li -
ca tion X-struc ture.

1. Price, N.E., John son, K.M., Wang, J., Fekry, M.I., Wang,
Y., and Gates, K.S. (2014). Interstrand DNA–DNA
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Glycosylase. Cell 167, 498-511.e14.
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FOXO3 is a mem ber of Forkhead Tran scrip tion Fac tor
fam ily. Forkhead pro teins share an evolutionarily con -
served winged-he lix DNA-bind ing do main (DBD), which
rec og nizes spe cific DNA se quence. Through in ter ac tion
with tar get DNA, FOXO pro teins mod u late var i ous bi o log -

i cal pro cesses, such as cell death, cell-cy cle ar rest, DNA re -
pair and en ergy ho meo sta sis [1]. Due to FOXO3 abil ity to
in duce cell cy cle ar rest, it is con sid ered a tu mour sup pres -
sor. How ever, in cer tain cases, it has been shown that
FOXO3 can pro mote tu mour de vel op ment and
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angiogenesis via main tain ing can cer cell en ergy ho meo sta -
sis. More over it also en hances tu mour cell re sis tance to
chemotherapeutic agents [2]. There fore, tar get ing FOXO3
transcriptional ac tiv i ties by spe cific in hib i tors can help to
pre vent drug re sis tance in can cer ther apy. 

A pharmacophore screen ing iden ti fied a low-mo lec u lar 
com pound, named S9, that in ter acts with FOXO3-DBD
and mod u lates FOXO3 transcriptional programme in hu -
man cells. The mode of in ter ac tion be tween S9 com pound
and FOXO3-DBD was char ac ter ized us ing NMR spec tros -
copy and dock ing stud ies [3]. This com pound was fur ther
mod i fied to in crease its in hib i tory po tency. In this work we
tested a group of newly de signed S9 de riv a tives. Their in -
hib i tory po tency and in ter ac tion with FOXO3-DBD was
tested us ing NMR spec tros copy and na tive elec tro pho re sis. 
Fur ther more, the ef fect of these com pounds on FOXO3
transcriptional ac tiv ity was eval u ated in cell cul tures. We

have shown that these new de riv a tives are able not only to
bind to FOXO3-DBD but also to in hibit its in ter ac tion with
the tar get DNA. 

1. M. Hornsveld et al., Sem i nars in Can cer Bi ol ogy, 50,
(2018), 90–100. 

2. S. Salcher et al., Mol. Can cer, 13, (2014). 

3. J. Hagenbuchner, V. Obsilova, T. Kaserer, N. Kai ser, B.
Rass, K. Psenakova, V. Docekal, M. Alblova, K.
Kohoutova, D. Schuster, T. Aneichyk, J. Vesely, P.
Obexer, T. Obsil, M. J. Ausserlechner, eLife, 8, (2019),
e48876. 

4. K. L. Tsai et al., Nu cleic Ac ids Res., 35, (2007),
6984–6994. 

This work was sup ported by the Czech Sci ence Foun da tion (reg.
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Eukaryotic tran scrip tion reg u la tion is de pend ent on spe -
cific histone mod i fi ca tions. Their rec og ni tion by
epigenetic reader do mains trig gers com plex pro cesses re ly -
ing on co or di nated as so ci a tion of tran scrip tion reg u la tory
fac tors. Al though, var i ous mod i fi ca tion states of a par tic u -
lar histone res i due, e.g. mono-, di- or trimethylation, of ten
lead to dif fer en tial out comes, it is not fully un der stood how 
they are dis crim i nated at a mo lec u lar level. Lens Ep i the -
lium De rived Growth Fac tor/p75 (LEDGF/p75 or PSIP1)
is a transcriptional co-ac ti va tor re spon si ble for teth er ing
other fac tors to the re gions of ac tively tran scribed genes us -
ing its PWWP do main that spe cif i cally binds di- and
trimethylated lysine 36 on histone 3 (H3K36me2/3). Cel lu -
lar part ners bound to its C-ter mi nal integrase-bind ing do -
main (IBD) are thus drawn near the ac tive chromatin.
Through this in ter ac tion, LEDGF/p75 is as so ci ated with
two dis tinct dis eases, HIV in fec tion and mixed-lin eage

(MLL) leu ke mia, and there fore be comes an at trac tive ther -
a peu tic tar get. Our cryo-EM data cap ture a LEDGF/p75
PWWP do main in com plex with the H3K36 di- and
trimethylated nucleosome, re spec tively. We show that both 
marks are rec og nized by the PWWP do main in a highly
con served man ner that does not re quire linker DNA be -
yond the core nucleosome for sta ble com plex for ma tion
even in the ab sence of chem i cal crosslinking. Us ing NMR
spec tros copy, we re veal short DNA bind ing re gions in the
in trin si cally dis or dered re gion of LEDGF down stream the
PWWP do main that re strain the ef fec tive space for as sem -
bly of LEDGF-me di ated transcriptional com plexes. Our
data dem on strate that the dis tinct transcriptional pro grams
trig gered by H3K36 di- and trimethylation marks are in de -
pend ent of the ac tual rec og ni tion mode by a cog nate reader
do main and might re quire an or thogo nal reg u la tory
mechanism.
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Flaviviruses (fam ily Flaviviridae) and coronaviruses
(fam ily Coronaviridae) both be long to sin gle-stranded
pos i tive-sense RNA (+RNA) vi ruses. Un for tu nately both
of these fam i lies proved that they have a pan demic po ten -
tial which was dem on strated re cently by the ZIKV,
MERS-CoV and SARS-CoV out breaks. There fore, ef fec -
tive treat ment strat e gies are ur gently needed to treat pa -

tients in fected with flaviviruses [1, 2].
Flaviviruses are large group of vi ruses known for their 

abil ity to cause hu man in fec tions. These vi ruses can cause 
di verse dis eases, such as en ceph a li tis, acute flac cid pa ral -
y sis, hem or rhagic fe vers or con gen i tal ab nor mal i ties and

fe tal death [3].
SARS-CoV-2 has caused an ex ten sive pan demic of

COVID-19 all around the world. Key vi ral en zymes are
suit able mo lec u lar tar gets for the de vel op ment of new
antivirals against SARS-CoV-2. With re spect to its es sen -

tial role in the rep li ca tion of vi ral RNA, RNA-de pend ent

RNA poly mer ase (RdRp) is one of the prime tar gets [4].
We dem on strate that var i ous com pounds in hibit RNA

syn the sis by vi ral RdRps. We use in vi tro poly mer ase as says 
to show that these com pounds in ter fere with RNA syn the ses
per formed by the RdRps.

1. Lindenbach, B.D, Murray, C.L., Thiel, H.J., Rice C.M.
(2013). Flaviviridae. Fields Vi rol ogy. Lippincott Wil liams & 
Wilkins, Phil a del phia, 712-746.

2. Abdelaziz, O.S. and Waffa, Z. (2020) Neuropathogenic hu -
man coronaviruses: A re view. Re views in med i cal vi rol ogy,
30, e2118.

3. Kok, W.M. (2016) New de vel op ments in flavivirus drug dis -
cov ery. Ex pert Opin ion on Drug Dis cov ery 11, 433–45.

4. Vicenti I., Zazzi M., Saladini F. (2021) SARS-CoV-2
RNA-de pend ent RNA poly mer ase as a ther a peu tic tar get for
COVID-19. Ex pert Opin. Ther. Pat., 31, 325–337.
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Neurodegenerative dis eases such as Alz hei mer’s dis ease
re main a global is sue with an in creas ing num ber of pa -
tients and with out ef fec tive ther a peu ti cal so lu tion. Tau
pro tein fi brils are struc tured ag gre gates pres ent in AD pa -
tient’s brains. Ac cu mu la tion of these Tau fi brils lead to
neuronal cell death, de crease in brain den sity and pro gres -
sion of the AD. Un der nor mal phys i o log i cal con di tions
Tau bind ing to microtubules is re spon si ble for sta bi li za -
tion of the microtubule net work in ax ons. [1] This sta bi li -
za tion is reg u lated by posttranslational mod i fi ca tions. [2]
How ever, some posttranslational mod i fi ca tions of Tau
such as hyperphosphorylation and trun ca tion are widely
de scribed as key patho log i cal fac tors in for ma tion of Tau
fi brils with dif fer ent mod i fi ca tion re sult ing in struc tur ally
dif fer ent fil a ments. 

Re cently cryo-EM showed that Tau fi brils iso lated
from brain of AD pa tients are pres ent in two dis tinct fi bril

for ma tions. [3] It was also shown that hep a rin in duced re -
com bi nant Tau fi brils formed dif fer ent types of fil a ments
than fil a ments iso lated from AD brains. [4] These re sults
show the im por tance of or i gin and type of Tau fi brils while
char ac ter iz ing the fi bril struc ture. 

Our study fo cuses on struc ture of Tau fil a ments formed
by re com bi nant full length Tau isoform (Tau40) pre pared by 
fibrilization that does not re quire any enhancers. This
isoform is the lon gest of all 6 isoforms5 and con sid ered to be
the most abun dant. We tested sev eral dif fer ent con di tions of
fibrilization based on type of buffer, tem per a ture, pres ence
or ab sence of ag i ta tion and ad di tives. Fibrilization rate was
quan ti fied us ing Thioflavin T as say that al lowed to de tect
the for ma tion of fi brils by the in crease in flu o res cence re -
sponse. Fi brils were vi su al ized us ing neg a tive stain ing,
cryo-EM and atomic force mi cros copy (AFM). Based on our 
pre lim i nary re sults, we found that the best fi bril growth was
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ob tained with phos phate buff ers at 37 de grees with 700
rpm ag i ta tion. These fi brils are be ing fur ther an a lyzed by
cryo-EM with a goal to re con struct their atomic struc ture in 
or der to test if our re com bi nant Tau fi brils pre pared with -
out fibrilization enhancers match the fi brils iso lated from
brains of AD pa tients. 

1. Kellogg, E.H., Hejab, N.M., Poepsel, S., Downing, K.H.,
DiMaio, F. and Nogales, E., 2018. Near-atomic model of
microtubule-tau in ter ac tions. Sci ence, 360(6394),
pp.1242-1246. 

2. Dehmelt, L. and Halpain, S., 2005. The MAP2/Tau fam ily
of microtubule-as so ci ated pro teins. Ge nome bi ol ogy, 6(1),
pp.1-10. 

3. Fitzpatrick, A.W., Fal con, B., He, S., Murzin, A.G.,
Murshudov, G., Garringer, H.J., Crow ther, R.A., Ghetti, B., 
Goedert, M. and Scheres, S.H., 2017. Cryo-EM struc tures
of tau fil a ments from Alz hei mer’s dis ease. Na ture,
547(7662), pp.185-190. 

4. Zhang, W., Fal con, B., Murzin, A.G., Fan, J., Crow ther,
R.A., Goedert, M. and Scheres, S.H., 2019. Hep a rin-in -
duced tau fil a ments are poly mor phic and dif fer from those
in Alz hei mer’s and Pick’s dis eases. Elife, 8, p.e43584. 

5. Goedert, M.G.S.M., Spillantini, M.G., Jakes, R.,
Rutherford, D. and Crow ther, R.A., 1989. Mul ti ple
isoforms of hu man microtubule-as so ci ated pro tein tau: se -
quences and lo cal iza tion in neurofibrillary tan gles of Alz -
hei mer’s dis ease. Neu ron, 3(4), pp.519-526. 

This work was sup ported by the Min is try of Ed u ca tion,
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search in fra struc ture pro ject LM208127 funded by MEYS
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the mea sure ments at the CEITEC Cryo-Elec tron Mi cros -
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cil ity.
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Bac te rial MutM is a DNA re pair glycosylase re mov ing
DNA dam age gen er ated form ox i da tive stress and pre vent -
ing mu ta tions and genomic in sta bil ity. MutM be longs to
the Fpg/Nei fam ily of procaryotic en zymes shar ing struc -
tural and func tional sim i lar i ties with their eukaryotic coun -
ter parts, for ex am ple, NEIL1-NEIL3. We pres ent two
crys tal struc ture of MutM from patho genic Neisseria
meningitidis, MutM holoenzyme and MutM bound to
DNA. The free en zyme ex ists in an open con for ma tion,
while upon bind ing to DNA, both the en zyme and DNA
un dergo sub stan tial struc tural changes and do main re ar -
range ment [1].

One of DNA le sion re pair ing by MutM is abasic site
(Ap site) which if not re paired may spon ta ne ously lead to

cre ation of abasic interstrand crosslink (Ap-ICL) with an
ad ja cent ad e nine in the op po site strand. NEIL3 glycosylase 
is known to re move Ap-ICL. With an ar ray of dif fer ent
oligonucleotides, we have in ves ti gate the rates of for ma -
tion, the yields, and the sta bil ity of Ap-ICL. Our find ings
point out how dif fer ent bases in the vi cin ity of the AP site
change crosslink for ma tion in vi tro [2].

1. Landova, B., and Silhan, J. (2020) Conformational changes 
of DNA re pair glycosylase MutM trig gered by DNA bind -
ing, Febs Let ters 594, 3032-3044.

2. Huskova, A., Landova, B., Boura, E., Silhan, J. (2022) The 
rate of for ma tion and sta bil ity of abasic site interstrand
crosslink in the DNA du plex, DNA re pair 103300.
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The larg est sub unit of hu man RNA Poly mer ase II con tains
highly flex i ble C-ter mi nal do main (CTD) that is com posed
of 52 heptapeptide re peats (first half of re peats with con -
sen sus se quence YSPTSPS and sec ond half largely de gen -
er ated in se quence). Sev eral CTDs ca non i cal and
non- ca non i cal res i dues can be sub jects of post-
 translational mod i fi ca tions. Ty ro sine, threonine, and serine 
res i dues un dergo dy namic phosphorylation/ dephos -
phorylation re sult ing in spe cific phosphorylation pat terns

through out dif fer ent stages of tran scrip tion cy cle. These
phosphorylation pat terns are rec og nized by var i ous tran -
scrip tion and pro cess ing fac tors dur ing the tran scrip tion
cy cle.  There fore, CTD plays an im por tant role in the reg u -
la tion of tran scrip tion and cou pling of tran scrip tion to
post-transcriptional pro cesses such as mRNA pro cess ing.

In this study, we show that hu man tran scrip tion fac tor,
RPRD2, rec og nizes spe cif i cally pSer2 or pThr4
phosphorylated forms of CTD via its CTD-in ter act ing do -
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main (CID) in a sim i lar way to its yeast homologue, Rtt103. 
The in ter ac tion of RPRD2 CID with pSer2 phosphorylated
CTD is fur ther en hanced by ad di tional phosphorylation on
pSer7. To pro vide mech a nis tic de tails of the in ter ac tion be -
tween RPRD2 CID and pSer2,7 CTD, the so lu tion struc -
ture was ob tained us ing NMR spec tros copy. pSer 2 and

pTh4 phosphomarks oc cur mainly dur ing the late elon ga -
tion and ter mi na tion. RPRD2s pref er ence for these two
phosphomarks sug gests pos si ble in volve ment of RPRD2
in tran scrip tion ter mi na tion.
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In our pre vi ous work, we ap plied tran sient ab sorp tion and
femto second stim u lated Raman spec tros copy (FSRS) to
free flavin mononucleotide (FMN), a biomolecule that
func tions as pros thetic group and co fac tor in a myr iad of
bio chem i cal pro cesses. Time-re solved spec tra were taken
with time de lays up to a few nano sec ond af ter FMN
photoexcitation and the ob served Raman bands in the ex -
cited sin glet S1 and trip let T1 states were as signed with the
help of quan tum chem is try cal cu la tions. Here in or der to
un der stand the in flu ence of the pro tein en vi ron ment on the
photophysics of FMN, we mea sured FSRS of FMN bound
to EL222, a photosensory re cep tor con tain ing a light-ox y -
gen-volt age (LOV) do main, with time de lays from 100
femto second to 0.5 mil li sec onds. The dis place ment am pli -
tude be tween the ex cited state po ten tial en ergy sur face
(PES) min ima was es ti mated us ing the dis placed har monic
os cil la tor model. We pro pose a change in the to pog ra phy
of the po ten tial en ergy sur face in the S1 state due to pro -

tein-me di ated mix ing of the bright pp* state and the dark

np* state of FMN. The mix ing is sup ported by the de crease
of the cor re spond ing tran si tion di pole mo ment with a
higher elec tronic state as a re sult of pro tein-chromo phore

in ter ac tions. We spec u late that such a mix ing may arise
from non-sym met ric hy dro gen bonds be tween the O4’ atom 
of FMN and two sur round ing asparagine res i dues pres ent
in the bind ing pocket. The mix ing might also be fa voured
by a smaller en ergy gap be tween these two states due to fa -
vour able in ter ac tions be tween the FMN moi ety and the

LOV cage. In prin ci ple, the np* fea ture of the S1 state will
de crease the elec tron den sity of FMN N5 atom and re duce
its pro ton af fin ity. This pro vides a per spec tive to un der -
stand the pri mary pho to chem i cal re ac tion in the LOV do -
main that oc curs on the T1 state rather than the S1 state.

 1.  P.C. Andrikopoulos, Y. Liu, A. Picchiotti, N. Lenngren, M.
Kloz, A.S. Chaudhari, M. Precek, M. Rebarz, J.
Andreasson, J. Hajdu, B. Schnei der, G. Fuertes, Phys.

Chem. Chem. Phys. 22 (2020) 6538-6552. 
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SARS-CoV-2 AND MORE: HOW NEUTRON PROVIDE INSIGHTS INTO BIOLOGICAL
QUESTIONS

O. Matsarskaia
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Biomolecules are both fas ci nat ing and in her ently com plex
and thus need to be stud ied by an equally com plex ar ray of
meth ods. Neu tron scat ter ing tech niques are non-de struc -
tive, highly pen e trat ing, do not re quire sam ple la bel ling
tags and show strong dif fer ences in their sen si tiv ity to hy -
dro gen and its iso tope deu te rium. Thus,  neu tron scat ter ing
is a par tic u larly suit able tool for the in ves ti ga tion of bi o log -
i cal mat ter. Here, we dis cuss how neu trons - in par tic u lar
small-an gle neu tron scat ter ing (SANS) - at the Institut
Laue-Langevin (ILL, Grenoble, France) con trib ute to bi o -
log i cal sci ences.

As an ex am ple, we use a re cent ef fort by ILL sci en tists
[1] geared to wards ob tain ing a de tailed un der stand ing of
SARS-CoV-2. Along with com ple men tary lab meth ods,
this study used neu tron reflectometry, spec tros copy and

SANS to in ves ti gate the roles of se lected SARS-CoV-2
Spike fu sion pep tides (FPs) in cel lu lar in fec tion. Our study
re vealed a sur pris ing dif fer ence in the bi o log i cal sig nif i -
cance of these pep tides: the roles as sumed by the FPs range
from mem brane dis rup tion, de hy dra tion of mem brane
lipids to fusogenic ef fects. No ta bly, this pub li ca tion il lus -
trates the im por tance of neu tron scat ter ing meth ods for bi o -
log i cal ques tions, in clud ing those of fun da men tal, global
im por tance.

1. A. Santamaria, K. C. Batchu, O. Matsarskaia, S. F. Prévost, 
D. Russo,  F. Natali, T. Seydel, I. Hoffmann, V. Laux, M.
Haertlein, T. A. Darwish, R. A. Rus sell, G. Corucci, G.
Fragneto,  A. Mae stro, N. R. Zaccai. J. Am. Chem. Soc.,
144 (2022)  2968–2979.
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Pro tein phosphorylation is a key reg u la tory mech a nism in -
volved in ma jor ity of bi o log i cal pro cesses [1]. In
eukaryotes the dom i nantly phosphorylated res i due is serine 
[2]. The phosphorylation of Ser58 has been ob served for
ubiq ui tous dimeric 14-3-3 pro teins [3]. The 14-3-3 pro tein
fam ily rep re sents a sig nal ling hub, and its in volve ment has
been con firmed in can cer pro gres sion and neurodege -
nerative dis eases [4,5]. Since the Ser58 phosphorylation
has been shown to in duce monomerization, it has be come a
tar get of nu mer ous stud ies to ex plore the prop er ties of such
mono mer [3].

Un for tu nately, the study of phosphorylation is of ten
hin dered by com pli cated sam ple prep a ra tion. This was the

case of 14-3-3z as low or no phosphorylation has been
achieved in pi lot ex per i ments, lead ing to the us age of
so-called phosphomimicking mu tants [6]. Since the re li -
abil ity of phosphomimicking mu tants is dis put able [7], the
goal of our work was to find a phosphorylation ap proach
ap pli ca ble for 14-3-3.

Here we pres ent four dis tinct meth ods for prep a ra tion

of 14-3-3z phosphorylated at Ser58: in vi tro
phosphorylation by cat a lytic sub unit of pro tein kinase A

(PKA), co-ex pres sion of 14-3-3z and PKA in E. coli, in
vivo phosphorylation by PKA co va lently linked to the

14-3-3z (i.e., chi me ric con struct) and a di rect in cor po ra tion 
of phosphoserine via ex panded ge netic code. We have
tested and com pared the meth ods based on their ef fi ciency,
yield and sim plic ity. More over, we of fer di rect com par i son 
with the phosphomimicking mu tants and show the short -
com ings of their em ploy ment.

1. S. M. Pearlman, Z. Serber, J. E. Ferrell, Cell. 147, (2011),

934–946.

2. J. v. Olsen, B. Blagoev, F. Gnad, B. Macek, C. Kumar, P.
Mortensen, Matthias Mann, Cell, 278, (2006), 635-648.

3. J. M. Wood cock, J. Murphy, F. C. Stomski, M. C. Berndt,
A. F. Lopez, J. Biol. Chem. 278, (2003), 36323–36327.

4. Y. Gan, F. Ye, X.-X. He, J. Can cer. 11, (2020),
2252–2264.

5. P. Steinacker, A. Aitken, M. Otto. Semin. Cell Dev. Biol.
22, (2011),  696–704.

6. N. N. Sluchanko, I. S. Chernik, A. S. Seit-Nebi, A. v.
Pivovarova, D. I. Levitsky, N. B. Arch. Biochem. Biophys.. 
477, (2008), 305–312.

7. A. Kozeleková, A. Náplavová, T. Brom, N. Gašparik, J.
Šimek, J. Houser, J. Hritz, Front. Chem. 10, (2022) in
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MULTIAPPROACH DOCKING STUDY FOR BINDING OF INTRINSICALLY
DISORDERED TAU PEPTIDES TO MONOCLONAL ANTIBODIES

S. Njemoga1,2, K. Meskova1, O. Cehlar1
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Bratislava, Slovakia
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Microtubule as so ci ated pro tein tau is the main ac tor of tau
hy poth e sis of Alz hei mer´s dis ease or i gin [1]. Un der patho -
log i cal con di tions, by hyperphosphorylation of amino acid
res i dues of the tau polypeptide chain, or upon trun ca tion of
tau pro tein, tau dis so ci ates from microtubules. At the same
time dis in te gra tion of microtubule and ag gre ga tion of tau
mono mers oc cur. Both of these events sub se quently lead to 
nerve cell dam age. Al though it has not yet been con firmed
whether this pro cess is the trig ger for Alz hei mer’s dis ease,
the pres ence of in sol u ble ag gre gates of tau has been shown
to be a hall mark of AD [2]. There fore, tau pro tein ap pears
to be a po ten tial mo lec u lar tar get in the AD cure search pro -
cess, whereas the main idea would be to de sign an in hib i tor
of tau ag gre ga tion to pre vent dis ease pro gres sion. But we
must first re solve the struc tural fea tures of tau pro tein. Be -
cause of its in trin si cally dis or dered char ac ter, tau doesn´t
ac quire any sta ble sec ond ary struc ture. Monoclonal an ti -
bod ies ap pear to be a use ful tool to ad dress the struc tural is -
sue of tau, mainly their use as crys tal li za tion chaperones or
in our case as dock ing and mo lec u lar sim u la tion part ners
[3,5]. In ad di tion to crys tal li za tion of tau com plex with
monoclonal an ti body, in silico meth ods were im ple mented
to ob tain the tran sient tau struc ture.

Monoclonal an ti body DC11 dis crim i nates very strictly
be tween phys i o log i cal tau pro teins and trun cated tau pep -
tides. This in di cates the pres ence of a conformational
epitope which car ries the patho log i cal func tion of tau and
which is rec og nized by the men tioned an ti body [3,4].
There fore, we fo cused on the crys tal li za tion of the Fab
frag ment of DC11 an ti body with tau321-391 to de ter mine the
conformational epitope of tau and to ap prox i mate the tran -
si tion of tau from phys i o log i cal to patho log i cal con for ma -
tion. Crys tals of DC11Fab alone gave dif frac tion up to 1.4
C. We also plan to dock the most pop u lated clus ters of tau
con for ma tions ob served dur ing MD sim u la tions into the
DC11 apo Fab struc ture.

A pan-tau monoclonal an ti body DC25 rec og nizes tau
epitope Lys347-Lys353 [5]. Us ing FlexPepDock and
CABS-dock webservers we per formed dock ing of flex i ble
pep tide tau347-353 into DC25 an ti body struc ture with mod est 
flex i bil ity in CDR re gions. From the re sult ing mod elled
com plexes we have ob served also the he li cal pro pen sity of
tau which was pro posed also by the FELLS predictor. 
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70, (2011), 960-969.

3.   L. Vechterova, E. Kontsekova, N. Zilka, M. Ferencik, R.
Ravid, M. Novak,  NeuroReport 14, (2003),  87–91.

4.   B. Kovacech, M. Novak, Cur rent Alz hei mer Re search 7,

(2010), 708–716.

5.  O. Cehlar, R. Skrabana, A. Kovac, B. Kovacech, M. Novak,  
Acta Crystallographica Sec tion F: Struc tural Bi ol ogy and
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This work was sup ported by the Sci en tific Grant Agency of
the Min is try of Ed u ca tion of the Slo vak Re pub lic (grant no.
VEGA 2/0145/19). The syn chro tron data was col lected at
P13 beamline op er ated by EBML Ham burg at the PETRA
III stor age ring (DESY, Ham burg, Ger many). We would
like to thank I. Bento fot the as sis tance in us ing the
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Fig ure 1: Dock ing re sult of tau347-353 with DC25 Fab from
CABS-dock. The CDR re gions of DC25 light chain are in di cated
as salmon car toon and heavy chain CDR re gions as ma genta car -
toon, tau is shown as cyan sticks, Fab frame work re gions as grey
sur face and con tacts be tween chains within 3.0 C are in di cated in

yellow (http://biocomp.chem.uw.edu.pl/CABSdock).

http://biocomp.chem.uw.edu.pl/CABSdock
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PROS TATE CAN CER: DE VEL OP MENT OF PSMA-DI RECTED AN TI BODY-BASED
MOL E CULES IN TENDED FOR IMMUNOTHERAPY 
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Pros tate can cer stands for very fre quent death-caus ing ma -
lig nancy in man pop u la tion es pe cially in coun tries with
high stan dard of liv ing. High mor tal ity in pro gressed stages 
of dis ease trig gers de vel op ment of new re agents and med i -
cal treat ments that aim to tar get pros tate tu mor and par tic u -
larly tu mor-de rived metastases with high ef fi ciency and
spec i fic ity. Pros tate-spe cific mem brane an ti gen (PSMA)
rep re sents prom i nent biomarker of pros tatic tu mors since
the level of its ex pres sion is highly cor re lated with pro gres -
sion of pros tate can cer. An ti body-based mol e cules di rected 
to PSMA have high po ten tial to spe cif i cally tar get can cer
cells with mi nor tox ic ity in non-tar get tis sues.

Pre vi ously we de vel oped and char ac ter ized PSMA-
 spe cific an ti body, named 5D3, that re veals high spec i fic ity
and af fin ity to na tive PSMA. More over, we proved suit -
abil ity of 5D3 as well as its frag ments for in vivo ap pli ca -

tion us ing mouse model of xenografted pros tate can cer.
Here we show the strat egy for pro tein en gi neer ing of
bispecific mol e cules based on 5D3 that would en gage host
im mune cells in the site of can cer. Bispecific mol e cules are
in tended to trig ger spe cific anti-tu mor ac tiv ity of host im -
mune sys tem in close prox im ity to tu mor cells re sult ing in
their elim i na tion. Ac cord ingly, our pi lot in vi tro study
shows that 5D3 frag ment fused to anti-CD3 frag ment has
po ten tial to trig ger cell death in can cer cells via ac tiv ity of
as so ci ated T cells. More over, 5D3 frag ment linked to cy -
clic pep tide 33 is ca pa ble of en hanc ing pro duc tion of re ac -
tive ox y gen spe cies by ac ti vated monocytes when lo cal ized 
in close prox im ity to PSMA an ti gen. De tailed char ac ter iza -
tion as well as test ing of 5D3-de rived mol e cules un der in
vivo conditions is currently on the run.
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IMMUNOMODULATORY CATHEPSIN B FROM THE HOUSE DUST MITE
DERMATOPHAGOIDES FARINAE: FUNCTIONAL AND STRUCTURAL

CHARACTERIZATION

K. Orsághová1,2, J. Pytelková1, A. Jílková1, M. Beòová1,2, M. Buša1, M. Mareš1

1In sti tute of or ganic chem is try and bio chem is try CAS, Flemingovo námìstí 2, 16000 Prague
2Charles Uni ver sity, First Fac ulty of Med i cine, Kateøinská 32, 12108 Prague

Mites are a ma jor source of al ler gens and con trib u tor to the
ris ing in ci dence of al ler gic dis eases, in clud ing bron chial
asthma, rhi ni tis, and atopic der ma ti tis. Di ges tive en zymes
pro duced by mites and re leased into the en vi ron ment are
po tent al ler gens and a tar get for the treat ment of al ler gic
hy per sen si tiv ity. 

We per formed the first de tailed pro fil ing of di ges tive
proteolytic en zymes in the house dust mite
Dermatophagoides farinae us ing func tional proteomics
and iden ti fied cathepsin B (DfCB) as a new ma jor com po -

nent pro te ase. Re com bi nant DfCB was pro duced in the
yeast ex pres sion sys tem and enzymologically char ac ter -
ized. Fur ther more, the pu ri fied DfCB was crys tal lized, and
its pre lim i nary 3D struc ture was solved by X-ray crys tal -
log ra phy.

Ac knowl edge ments: This work was sup ported by grant
LTAUSA19109 from the Min is try of Ed u ca tion, Youth and
Sports of the Czech Re pub lic (MEYS), Gilead Sci ences &
IOCB Re search Cen ter, and in sti tu tional pro jects RVO
61388963.
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SYNERGISTIC ANTIMICROBIAL ACTIVITY OF MAGAININ 2 AND PGLa REVISITED
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Emerg ing bac te rial re sis tance against cur rent an ti bi ot ics is
a grow ing con cern of the 21st cen tury [1]. Antimicrobial
pep tides (AMPs), com pounds com monly found within all
liv ing or gan isms, are con sid ered prom is ing can di dates to
fight these re sis tant patho gens. Many strat e gies for their
op ti mi za tion have been in ves ti gated, one of them be ing the
use of a com bi na tion of mul ti ple AMPs, lead ing to a syn er -
gis tic ef fect. Magainin 2 and PGLa are AMPs pres ent in the 
skin of Af ri can clawed frog Xenopus laevis and were
shown to ex hibit this syn er gis tic ac tiv ity against var i ous
Gram-neg a tive bac te ria [2].

The orig i nal stud ies, both ex per i men tal and com pu ta -
tional, lead to the con clu sion that the mech a nism of ac tion
by magainin 2 with PGLa was based solely on the for ma -
tion of to roid al pores in the bac te rial mem branes [2-4].
Here we pres ent re cent ev i dence show ing the two pep tides
pro mote ad he sion and ag gre ga tion of lipid mem branes. We 
achieved the re sults via a com bi na tion of mod ern tech -
niques: coarse-grained com puter sim u la tions on model
lipid bilayers, cryo genic elec tron mi cros copy, small an gle
X-ray scat ter ing, and flu o res cence con fo cal mi cros copy
us ing lipid ves i cles [5]. Ad di tion ally, we per formed
super-res o lu tion lat tice struc tured il lu mi na tion mi cros copy 
on E.coli.

Our re sults do not fit with the cur rent model of the syn -
er gis tic ac tion by magainin 2 and PGLa, rep re sented by a
for ma tion of to roid al transmembrane pores. A novel model 
will be re quired to ex plain the pre vi ous ob ser va tions of
mem brane dis rup tion, spe cific pep tide align ment from nu -

clear mag netic res o nance spec tros copy, to gether with the
mem brane ad he sion and fu sion we ob served.
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INSTITUTE OF BIOTECHNOLOGY CAS (BIOCEV)
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¼. Škultétyová, M. Schneiderová and J. Dohnálek

Cen tre of Mo lec u lar Struc ture, In sti tute of Bio tech nol ogy AS CR, v. v. i., BIOCEV, 
Prùmyslová 595, 252 50 Vestec

jiri.pavlicek@ibt.cas.cz

The core fa cil i ties for struc tural bi ol ogy in BIOCEV are or -
ga nized un der the Cen tre of Mo lec u lar Struc ture, run by
the In sti tute of Bio tech nol ogy, Czech Acad emy of Sci -
ences and be long to the Czech In fra struc ture for In te gra tive 
Struc tural Bi ol ogy. The Cen tre of Mo lec u lar Struc ture
(CMS) en com passes sev eral lab o ra to ries pro vid ing a com -
plex ap proach to stud ies of three-di men sional struc ture,
func tion and bio phys i cal prop er ties of bi o log i cal mol e -
cules.

The BIOCEV build ing is lo cated just out side of Prague. 
It can be eas ily reached by car or pub lic trans port.

The range of in stru ments of fered by CMS has re cently
been ex tended to in clude sev eral other im por tant tech -
niques, like SONICC (Formulatrix), timsTOF pro (Bruker
Daltonics), or Vitrobot (Thermo Sci en tific). SONICC en -
ables de tec tion of ex tremely thin crys tals, microcrystals

smaller than 1 mm, and crys tals ob scured in birefringent
LCP. New mass spec trom e ter timsTOF  can be used for
high through put shot gun proteomics, hy dro gen-deu te rium
ex change, co va lent la bel ling ex per i ments, and na tive mass
spec trom e try with ion mo bil ity sep a ra tion. Vitrobot is a
new tool for prep a ra tion of sam ples suit able for elec tron
dif frac tion and cryoEM ex per i ments.

The ser vices of CMS are of fered in open ac cess re gime
and us ers can ap ply for ac cess via https://www.ciisb.org/
and https://in struct-eric.eu/cen tre/biocev/.

The Cen tre of Mo lec u lar Struc ture is sup ported by: MEYS
CR (LM2018127); 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), and
ELIBIO (CZ.02.1.01/0.0/0.0/15_003/0000447).
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The cal cium/calmodulin-de pend ent kinases (CaMK) are of 
great in ter est due to their im por tant func tions in cal cium
sig nal ling and es pe cially in neuronal de vel op ment [1].
Calcium/calmodulin-de pend ent kinase kinase 1
(CaMKK1) is a mem ber of the CaMK fam ily and it was
shown that the phosphorylation at Thr108 and Ser458 res i -
dues by the cAMP-de pend ent pro tein kinase (PKA) di -
rectly in hib its its ac tiv ity, whereas phosphorylation at Ser74

and Ser475 in duces bind ing to the 14-3-3 pro tein [2,3]. The
14-3-3 is a fam ily of reg u la tory pro teins, which bind to
other pro teins in a phosphorylation de pend ent man ner [4].
The bind ing of 14-3-3 to CaMKK1 via PKA phospho -
rylation is known to sup press CaMKK1 ac tiv ity [2,3], but
the un der ly ing mech a nism has not yet been de scribed. Our
re search aimed to un ravel this mech a nism.

We ana lysed the struc ture of a com plex formed be -
tween CaMKK1, phosphorylated at four dif fer ent PKA
sites, and a C-ter mi nally-trun cated ver sion of the ã isoform

of the 14-3-3 pro tein (14-3-3 g DC). Us ing hy dro gen/deu te -
rium ex change cou pled to mass spec trom e try, we show that 

14-3-3  g DC bind ing al ters the pro tein struc ture of the
phosphorylated CaMKK1 in mul ti ple re gions. First, the the 
N- and C-ter mi nal seg ments, which con tain phospho -
rylation sites re spon si ble for 14-3-3 bind ing. Sec ond, the
N-lobe of the kinase do main, which is in close prox im ity to
the CaMKK1 ac tive site. Third, the re gion around the cal -
cium bind ing do main. Ad di tional small an gle X-ray scat -
ter ing (SAXS) and chem i cal cross-link ing anal y ses

re vealed that the CaMKK1:14-3-3  g DC com plex is dy -
namic and conformationally het er o ge neous.

These find ings sug gest that the 14-3-3 pro tein-de pend -
ent in hi bi tion of CaMKK1 may be ex plained by struc tural
changes in both the cat a lytic and cal cium bind ing do mains.
The 14-3-3:CaMKK1 com plex for ma tion might in ter fere
with the ac cess of Ca2+/CaM to the CaMKK1
calmodulin-bind ing do main and/or pro mote in ter ac tion be -
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tween the autoinhibitory do main and the cat a lytic do main,
thus in hib it ing CaMKK1. To test the for mer hy poth e sis,
we per formed flu o res cence ani so tropy mea sure ments us -
ing dansyl-tagged calmodulin. We re vealed that while

CaMKK1 binds to dansyl-calmodulin with a KD of ~2 mM,

no bind ing is ob served in the CaMKK1:14-3-3 g DC com -
plex.
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Neu ral pre cur sor cell ex pressed de vel op men tally down-
 reg u lated 4 ligase (Nedd4-2) is an E3 ubiquitin ligase that
tar gets pro teins for ubiquitination and endocytosis, thereby 
reg u lat ing nu mer ous ion chan nels, mem brane re cep tors
and tu mor suppressors. Nedd4-2 ac tiv ity is reg u lated by
autoinhibition, cal cium bind ing, ox i da tive stress, sub strate
bind ing, phosphorylation and 14-3-3 pro tein bind ing .
How ever, the struc tural ba sis of 14-3-3-me di ated Nedd4-2
reg u la tion re mains poorly un der stood. Here, we com bined
sev eral tech niques of in te gra tive struc tural bi ol ogy to char -
ac ter ize Nedd4-2 and its com plex with 14-3-3. We dem on -
strate that phosphorylated Ser342 and Ser448 are the key
res i dues that fa cil i tate 14-3-3 pro tein bind ing to Nedd4-2
and that 14-3-3 pro tein bind ing in duces a struc tural re ar -
range ment of Nedd4-2 by in hib it ing in ter ac tions be tween
its struc tured do mains. Over all, our find ings pro vide the
struc tural glimpse into the 14-3-3-me di ated Nedd4-2 reg u -
la tion and high light the po ten tial of the Nedd4-2:14-3-3
com plex as a phar ma co log i cal tar get for Nedd4-2-as so ci -

ated dis eases such as hy per ten sion, ep i lepsy, kid ney dis -
ease and can cer [4-5].

1. P. Goel, J. A. Man ning, and S. Kumar, Gene, 557, (2015),
1–10.

2. H. He, C. Huang, Z. Chen, H. Huang, X. Wang and J.
Chen, Biomed Pharmacother, 125, (2020), 109983. 

3. J. A. Man ning and S. Kumar, Trends Biochem. Sci., 43,
(2018), 635–647. 

4. P. Pohl, R Joshi, O. Petrvalska, T. Obsil, V. Obsilova.
Commun Biol., 4, (2021), 899.

5. R. Joshi, P. Pohl, D. Strachotova, P. Herman, T. Obsil, V.
Obsilova. Biophys. J., ac cepted (2022), DOI:
https://doi.org/10.1016/j.bpj.2022.02.025

This study was sup ported by the Czech Sci ence Foun da tion 
(Pro ject 20-00058S) and the Czech Acad emy of Sci ences
(Re search Pro jects RVO: 67985823 of the In sti tute of
Phys i ol ogy).
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 STRIK INGLY DIF FER ENT ROLES OF SARS-CoV-2 FU SION PEP TIDES UN COV ERED
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SARS-CoV-2 is an en cap su lated vi rus re spon si ble for a le -
thal re spi ra tory ill ness since its out break at the end of 2019. 
It con sists of a lipid en ve lope and a set of struc tural mem -
brane pro teins that in clude the en ve lope, mem brane and
spike (S) pro teins, which are re spon si ble for virion as sem -
bly. In ter est ingly, the fu sion do main of the spike pro tein
trig gers the fu sion be tween vi ral and host mem branes,
initializing the in fec tion. How ever, the mo lec u lar mech a -
nism reg u lat ing this pro cess is not deeply un der stood. Our
ap proach [1] has been to study the in ter ac tion of sev eral pu -
ta tive fu sion pep tides (FPs) at or near the N-ter mi nus of S2
sub unit with model mem branes in the form of monolayers,
bilayers and small unilamellar ves i cles, com posed of both
syn thetic lipids and nat u ral lipids ex tracted from yeast
cells. The multi-tech nique ap proach ex ploited in this work
im plied the use of spec tro scopic, in ter fa cial and scat ter ing
tech niques, par tic u larly neu tron reflectometry (NR). NR
re vealed that FPs as sume dif fer ent func tions in the ini ti a -
tion of vi ral in fec tion. The re sults ob tained here es pe cially
shed light on the crit i cal role of FP1 (the N-ter mi nus of the
Spike fu sion do main), which is able to fully pen e trate
mem branes, in a Cal cium-de pend ent man ner (Fig ure 1),
and FP4, whose high bind ing af fin ity (Fig ure 2) en ables it
to work as a bridge be tween mem branes. More over, this
work also pro vides a pow er ful in ter dis ci plin ary frame work 
for fu ture in ves ti ga tions of eukaryotic and vi ral mem branes 
fu sion mech a nism. 

 1. A. Santamaria, K. C. Batchu, O. Matsarskaia, S. F. Prévost, 
D. Russo, F. Natali, T. Seydel, I. Hoffmann, V. Laux, M.
Haertlein, T. A. Darwish, R. A. R., G. Corucci, G.
Fragneto, A. Mae stro, and N. R. Zaccai, J. Am. Chem. Soc.
2022, 144 (7), 2968-2979. DOI: 10.1021/jacs.1c09856. 
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Fig ure 1. Sketches and vol ume frac tion pro files, from NR, show -
ing FP1 in serted in the mem brane.

Fig ure 2. Val ues of dis so ci a tion con stant of FPs to an in vi tro
plasma mem brane-mim ick ing sys tem.
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RAMAN OPTICAL ACTIVITY OF NUCLEOTIDES – THEORETICAL AND
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Bi o log i cal ac tiv ity of nu cleo tides is strongly de pend ent on
their con for ma tion. For ex am ple, chem i cally mod i fied
(oligo)nu cleo tides are widely ap plied as ther a peu ti cal
agents and al ter na tion in the struc ture im pacts their
conformational dy nam ics.1 Raman op ti cal ac tiv ity (ROA)
can be con ve niently used to ex am ine the con for ma tion of
biomolecules in aque ous so lu tions. How ever, ROA ap pli -
ca tions to nu cleo tides are rather scarce due to the com plex -
ity of the ex per i ment and cal cu la tions. To in ves ti gate the
po ten tial of this spec tros copy, Raman and ROA spec tra of
com mon mononucleotides (rAMP, rGMP, rCMP and

dTMP) were mea sured and in ter preted on the ba sis of mo -
lec u lar dy nam ics com bined with den sity func tional the ory.
It was shown, for ex am ple, that the sugar puck er ing in all
nu cleo tides is strongly de pend ent on intramolecular
H-bond ing. Fur ther anal y sis of the o ret i cal free en ergy sur -
faces as well as sim u lated and ex per i men tal spec tra re -
vealed de tails of the con former dis tri bu tion. 

1. Evich M., Spring-Connell A. M., Germann M. W.:
Heterocyclic Com mu ni ca tions 23, 155 (2017).
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COMPLEX WITH ITS TUMOR LIGAND B7-H6
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252 50, Vestec, Czech Re pub lic, 
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NKp30 is an ac ti vat ing re cep tor on the sur face of hu man
nat u ral killer (NK) cells. Its crys tal struc ture is known since 
2011, pub lished and de pos ited by Joyce et al. [1] with PDB 
code 3NOI. B7-H6 is an ac ti vat ing immunoligand ex -
pressed by some tu mor cells. Crys tal struc ture of its com -
plex with NKp30 has been pub lished and de pos ited by Li et 
al. [2], PDB code 3PV6.

Here we pres ent a new crys tal struc ture of
NKp30:B7-H6 at res o lu tion 3.1 C. While NKp30 in pre vi -
ous stud ies orig i nated from bac te rial pro duc tions, this is
the first struc ture of the com plex where both components
come from eukaryotic cell lines. Both pro teins are
homogenously glycosylated and were pro duced in
HEK293S GnTI- cells. For the struc tural study, NKp30
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Fig ure 1. Struc ture of rGMP (left), cal cu lated and ex per i men tal ROA spec tra (mid dle) and de pend ence of the free en ergy on the c  and

g tor sion an gles as ob tained from mo lec u lar dy nam ics (right).



was used with com plete glycosylation, while B7-H6 was
deglycosylated af ter the first GlcNAc for better crys tal li za -
tion. 

The new struc ture showed the same NKp30:B7-H6 in -
ter ac tion in ter face as ob served by Li et al. (3PV6). Sim i -
larly as in the struc ture of Joyce et al. (3NOI), NKp30 form
dimers; How ever, the dimers of glycosylated NKp30 are
dif fer ent (the glycan pres ence hin ders the for ma tion of the
dimers ob served in PDB 3NOI), and ac cord ing to the PISA
server val i da tion, the new dimers are more likely bi o log i -
cally rel e vant. Fur ther more, the asym met ric unit of the new 
crys tal struc ture con tains a dimer of NKp30 placed among
two B7-H6 mol e cules (con tacts of chains A-C and
B-Dsymm). This ar range ment may in di cate pos si bil ity of
bind ing of the NKp30 dimer be tween two B7-H6 lig ands
even dur ing the con tact of the NK cell and the tu mor cell.

The struc ture has been de pos ited in the Pro tein Data
Bank un der code 6YJP and pub lished [3].

1. Joyce, M.G., Tran, P., Zhuravleva, M.A., Jaw, J., Colonna,
M., Sun, P.D. (2011) Proc. Natl. Acad. Sci. USA 108,
6223–6228.

2. Li, Y., Wang, Q., Mariuzza, R.A. (2011). J. Exp. Med. 208, 
703–714.

3. Skoøepa, O., Pazicky, S., Kalousková, B., Bláha, J., Abreu,
C., Jeèmen, T., Rosùlek, M., Fish, A., Sedivy, A., Harlos,
K., Dohnálek, J., Skálová, T., Vanìk, O. (2020). Can cers
12, 1998.

This re search was funded by Czech Sci ence Foun da tion
(18-10687S), MEYS of the Czech Re pub lic (LTC17065,
CZ.02.1.01/0.0/0.0/16_013/0001776), BIOCEV (ERDF
CZ.1.05/1.1.00/02.0109), and Charles Uni ver sity (GAUK
927916, SVV 260427/2020). CIISB re search in fra struc ture 
pro ject LM2015043, funded by MEYS CR, is grate fully ac -
knowl edged for the fi nan cial sup port of ex per i ments at the
CMS. The au thors also ac knowl edge the sup port and the
use of In struct-ERIC re sources (PID: 1314) and iNEXT
(PID: 2322) in fra struc tures. The Wellcome Cen tre for Hu -
man Ge net ics is sup ported by Wellcome Trust grant
203141/Z/16/Z. O.S. and O.V. re ceived short-term sci en -
tific mis sion sup port from COST Ac tion CA15126.
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A na tively un folded pro tein tau, which is en coded by the
MAPT gene, reg u lates axonal trans port and sta bi lizes
microtubules in the hu man brain. Sta bi li za tion and bind ing
to microtubules are en abled by the re peat do main and
proline-rich do main of tau. On the other hand, patho log i -
cally mod i fied tau causes tauopathies, which in clude Alz -
hei mer´s dis ease (AD). The post-trans la tion mod i fi ca tions
– hyperphosphorylation and trun ca tion lead to fil a ment
for ma tion – paired he li cal and straight fil a ments are pres ent 
in AD – that fur ther build up tau neurofibrillary tan gles.
The pres ence of hexapeptides 275VQIINK280 and
306VQIVYK311 is known to cause pro tein ag gre ga tion [1].
How ever, the se quence 225KVAVVRT231 in the
proline-rich do main, which con tains hy dro pho bic res i dues, 
is ho mol o gous to the men tioned se quences and could rep -
re sent an other se quence that pro motes the for ma tion of ag -
gre gates [2].

In the pres ent work, we in ves ti gated the mech a nism
and ki net ics of in-vi tro ag gre ga tion of dif fer ent forms of
tau – tau297-391, tau306-391, tau316-391, and tau321-391 
in duced by hep a rin but also with out its ad di tion. Dy namic
Light Scat ter ing and Thioflavin T flu o res cence were used
to con firm the pres ence of ag gre gates and to mon i tor the ki -
net ics of this pro cess. The re sults of the ex per i ment il lus -
trate the time de pend ence and the in flu ence of dif fer ent
con di tions like the ad di tion of hep a rin and DTT on the for -
ma tion of ag gre gates. We found that forms tau316-391 and 

tau321-391 are able to ag gre gate de spite the fact that they
are lack ing the pres ence of hexapeptides 275VQIINK280 or
306VQIVYK311 in their se quence. Fur ther more, this pro ject
should pro vide mor pho log i cal data of the ob tained fil a -
ments us ing mi cro scopic meth ods such as Atomic Force
Mi cros copy and Elec tron Mi cros copy. We hy poth e size a
pos si ble for ma tion of the steric zip per like in ter faces that
could be formed by se quences 337VEVKSE342, 375KLDF378

and 357LDNITH362. These se quences are form ing in ter faces 
in the struc ture of fil a ments iso lated from pa tients with
corticobasal de gen er a tion [3, 4]. 

The pro ject also fo cuses on the in flu ence of the pre vi -
ously iden ti fied T-mo tif (220TRE222), which is lo cated be -
fore the se quence 225KVAVVRT231, and its pres ence could
af fect the con for ma tion of this se quence. It could have an
im pact on tau-microtubule bind ing as well [5]. To achieve
our goals, we used the neuroblastoma cell line SH-SY5Y,
into which we in serted a vec tor with mu ta tion T220A that
en sures the pro duc tion of tau bound to a green flu o res cent
pro tein. Flu o res cence Re cov ery Af ter Photobleaching will
be used to mon i tor the be hav ior of GFP-tau. The re sults of
our work will fur ther clar ify the phys i o log i cal func tion of
the tau pro tein.

1. Y. Wang, E. Mandelkow. Nat Rev Neurosci, 17, (2016),

5-21. 

Ó Krystalografická spoleènost

58 Dis cus sions XVIII  -  Post ers Ma te ri als Struc ture, vol. 28, no. 1 (2022)



2. A. Savastano, G. Jaipuria, L. Andreas, E. Mandelkow, M.

Zweckstetter. Sci Rep, 10, (2020), 1-14. 

3. O. Cehlar, O. Bagarova, L. Hornakova, R. Skrabana. Gen

Physiol. Biophys, 40, (2021)., 479-493.

4. Y. Shi, W. Zhang, Y. Yang et al. Na ture 598, (2021),
359-363. 

5. M.D. Mukrasch, M. von Bergen, J. Biernat, D. Fischer, Ch. 
Griesinger, E. Mandelkow, M. Zweckstetter. J Biol Chem,

16, (2007), 12230-9.

This work was sup ported by the Sci en tific Grant Agency of
the Min is try of Ed u ca tion of the Slo vak Re pub lic (grant no.
VEGA 2/0145/19).

P37

VISUALIZATION OF PHAGE PROPAGATION IN A STAPHYLOCOCCUS AUREUS
BIOFILM 

Anna Sobotková, Lenka Šmerdová, Pavel Payne, Pavel Plevka 

Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 753/5, 625 00 Brno, 
Czech Re pub lic

 
Biofilm is a three-di men sional struc ture formed by cells
em bed ded in the extracellular ma trix. Bac te ria in a biofilm
are more re sis tant to an ti bi ot ics, pro teas es re leased by host
de fence cells, and other en vi ron men tal stress fac tors.
Staph y lo coc cus aureus is a ma jor hu man patho gen caus ing
a wide range of dis eases in clud ing hos pi tal-ac quired in fec -
tions. The per sis tence of chronic and med i cal de vice-re -
lated in fec tions caused by S. aureus is re lated to its abil ity
to form biofilm. Phage ther apy is an al ter na tive ap proach
for the treat ment of in fec tions caused by an ti bi otic-re sis -
tant bac te ria. How ever, the de tails of how the phage prop a -
gates through the struc tured biofilm are largely un known. 

We use light-sheet flu o res cent mi cros copy (LSFM)
with an in te grated microfluidic sys tem. To vi su al ize
biofilm-form ing cells we la belled S. aureus by red flu o res -
cent pro tein mCherry con sti tu tively ex pressed from a

plasmid. The com po nents of the biofilm ma trix are la belled 
by dyes flu o res cent in non-over lap ping spec tra. 

To study the prop a ga tion of phage in a biofilm we uti -
lise dif fer ent ap proaches to in duce flu o res cence in
phage-in fected cells. First, we cloned re porter plasmids
con tain ing a gene for green flu o res cent pro tein (GFP) con -
trolled by phage late pro mot ers into S. aureus cells. Sec -
ond, we are try ing to mod ify phage genomes us ing
CRISPR-Cas10 tar get ing spe cific parts of phage ge nome
and re com bi na tion with a tem plate con tain ing GFP gene.
Fur ther more, we are also at tempt ing to di rectly la bel the
phage P68 capsid by a fu sion of GFP to its head fi bre pro -
tein. Taken to gether, we will be able to mon i tor the prop a -
ga tion of the phage through S. aureus biofilms in great
de tail us ing LSFM.
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AlphaFold is a novel method for 3D struc ture pre dic tion
based on deep learn ing. It uses a mul ti ple se quence align -
ment of the mod eled pro tein with its homo logues for which 
amino acid se quences are known. These mul ti ple se quence
align ments in trin si cally con tain in for ma tion about the 3D
struc ture, in par tic u lar res i due-res i due dis tances. They are
pre dicted and fur ther con verted into a struc ture model by
AlphaFold. How ever, de spite its suc cess, AlphaFold has a
lim ited ca pa bil ity to model the out come of mu ta tions,
conformational changes, in ter ac tions with other types of
mol e cules and other im por tant phe nom ena. Here we used

the out put of AlphaFold in the form of inter-res i due dis -
tance prob a bil ity pro files to guide biomolecular sim u la -
tions by metadynamics method. This ap proach was tested
on fold ing of a mini-pro tein tryptophan cage. With par al lel
tem per ing metadynamics we were able to sim u late mul ti ple 
fold ing and un fold ing events and to pre dict the tem per a -
ture-de pend ent free en ergy pro file in agree ment with bio -
phys i cal stud ies and ref er ence sim u la tions.

The pro ject was sup ported by Czech Sci ence Foun da tion
(22-29667S).
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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 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 (LM2018127); 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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With an in creas ing de mand for struc tural char ac teri sa tion
of large pro tein-pro tein com plexes, sin gle-par ti cle
cryo-EM has been gain ing pop u lar ity over the re cent years. 
Due to wide spread ac cess to high pow ered mi cro scopes
and the con tin u ous de vel op ment of user-friendly data pro -
cess ing soft ware, the main bot tle necks lim it ing the suc cess
of struc ture de ter mi na tion by cryo-EM, are now sam ple

prep a ra tion and vit ri fi ca tion. Here we de scribe the tech ni -
cal chal lenges we faced dur ing the struc tural char ac teri sa -
tion of two closely-re lated pro tein-pro tein com plexes, both 
en tail ing the same trypanosome sur face pro tein but dif fer -
ent nat u rally oc cur ring vari ants of hu man com ple ment fac -
tor 3.
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14-3-3 is highly evo lu tion ary con served eukaryotic pro tein 
fam ily, ubiq ui tously ex pressed in mam ma lian tis sues. Im -
por tance of 14-3-3 pro tein in cell cy cle and me tab o lism is
sup ported by the num ber of in ter ac tion part ners as over
1200 of them were dis cov ered. [1] For the proper func tion
of this rigid and highly he li cal pro tein its dimeric state is es -
sen tial. [2]

7 mam ma lian isoforms of 14-3-3 are known: e, g, z, b,

q, n and s. These isoforms dif fer in their se quences,
interactoms and ex pres sion lev els in var i ous tis sues,
whereas their struc ture and gen eral bio phys i cal prop er ties
are sim i lar. It is known that isoforms can form het ero- and
homodimers, but pro pen si ties of isoforms to dimerise were
not quan ti fied yet. In ad di tion, in for ma tion about chem i cal
na ture of this pro cess is am big u ous across the lit er a ture. [3,
4] Char ac ter iza tion of mu tual af fin i ties of 14-3-3 isoforms
is tar get of this work.  

To study the isoform dimerization, we used fluori -
metric ex per i ments based on flu o res cence res o nance en -
ergy trans fer (FRET), de signed pre vi ously in our group.
Such mea sure ments pro vide in sight into ki net ics of
dimerization in clud ing rate and dis so ci a tion con stants. [5]
Pre vi ously, our col leagues were able to char ac ter ise

dimerization of z isoform. In this study, we ex tended the

knowl edge to homodimerization of e, s and  hetero -

dimerization of gz and ze . We fo cused on dimerization
prop er ties at different tem per a tures and NaCl con cen tra -
tions. From the de pend ency of rate con stant on tem per a ture 
we de ter mined Arrhenius pa ram e ters. On the other

hand,we did not ob serve sig nif i cant trend in the de pend -
ency of dimerization pa ram e ters on NaCl con cen tra tion,
in di cat ing low ef fect of ionic strength on dimer for ma tion.  

CIISB, In struct-CZ Cen tre of In struct-ERIC EU con sor -
tium, funded by MEYS CR in fra struc ture pro ject
LM2018127, is grate fully ac knowl edged for the fi nan cial
sup port of the mea sure ments at the CF Biomolecular In ter -
ac tions and Crys tal li za tion. This study was fi nanced by the
Czech Sci ence Foun da tion (no. GF20-05789L).
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The goal of struc tural bi ol ogy is to elu ci date the struc ture
of bio-macromolecules in atomic de tail. Un til now, the
method of choice was X-ray crys tal log ra phy. How ever, its
bot tle neck is the prep a ra tion of dif frac tion qual ity crys tals.
Re cently, a new method was de vel oped, the cryo-elec tron
mi cros copy (cryoEM) that re lies on im ag ing in di vid ual
mol e cules us ing elec trons [1]. CryoEM can reach the
atomic res o lu tion by com bin ing imag ines of thou sands of
mol e cules, how ever, it is it self lim ited by the size of the
sam ple an a lyzed. Too small (<100 kDa) bio-mol e cules are
dif fi cult to align to ac cess the atomic res o lu tion. We plan to 
pre pare vi rus like par ti cles (VLPs) and pentamers of vi ral
ma jor capsid pro tein (VP1) de rived from mouse
polyomavirus that would har bor tar get small pro teins. In
or der to pro duce a ver sa tile sys tem, such a small pro tein
would be an an ti body frag ment such as the cameloid

nanobody that would be tar geted against the pro tein of in -
ter est. Pre pared VLPs and pentamers will be an a lyzed us -
ing cryoEM and pro tein crys tal log ra phy to dem on strate
their abil ity as a use ful tool for struc tural anal y sis of small
pro teins in cryoEM. Up un til now, we were able to de sign,
op ti mize and crys tal lize a sta ble pro tein com plex of VP1
pentamer with CFP fused to trun cated VP3.

1. R. Henderson, J.M. Baldwin, T.A. Ceska, F. Zemlin, E.
Beck mann, K.H. Downing (1990), Model for the struc ture
of bacteriorhodopsin based on high-res o lu tion elec tron
cryo-mi cros copy, Jour nal of Mo lec u lar Bi ol ogy, Vol ume
213, Is sue 4, Pages 899-929.

2. Chen, X.S., Stehle, T. and Har ri son, S.C. (1998), In ter ac -
tion of polyomavirus in ter nal pro tein VP2 with the ma jor
capsid pro tein VP1 and im pli ca tions for par tic i pa tion of
VP2 in vi ral en try. The EMBO Jour nal, 17: 3233-3240.
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S1-P1 nu cleases, hy dro las es that cleave phosphodiester
bonds of nu cleic ac ids, are found in plants, fungi, bac te ria
and trypanosomatid [1]. They are de pend ent on di va lent
met als such as zinc, cal cium or mag ne sium. These met als
are usu ally found in the ac tive site and form the trinuclear
clus ter. An other im por tant part of the ac tive site (NSB1) is
re spon si ble for bind ing the nucleobase and sugar group of
the sub strates [2]. It is the o ret i cally pos si ble to use struc -
ture-based in hib i tor de sign in or der to synthetize highly
spe cific in hib i tors of S1-P1 nu cleases.

In or der to study the bind ing of lig ands to the S1-P1
nuclease ac tive site the crys tal lo graphic frag ment screen -
ing method was used as it has abun dant ap pli ca tions in the
dis cov ery of suit able in hib i tors and sub se quent drug de vel -
op ment. S1-P1 nuclease crys tals were soaked in ligand so -
lu tions pre pared us ing Frag Xtal Screen (Jena Bio sci ence)
and then vit ri fied. These crys tals were then sub jected to
X-ray struc tural anal y sis at the BESSY II syn chro tron ra di -
a tion source in Berlin [3]. The dif frac tion data were sub se -
quently pro cessed and the struc tures of the com plexes were 

de ter mined by mo lec u lar re place ment. Bind ing of dif fer ent 
frag ments in the ac tive site of the nuclease was ana lysed
and com pared to the known bind ing of na tive prod ucts. 

1. M. Trundova, T. Koval, R.J. Owens, K. Fejfarova, J.
Duskova, P. Kolenko, J. Dohnalek, Int J Biol Macromol.
114, (2018), 776-787. 

2. T. Koval, J. Dohnálek, Biotechnol Adv. 36, (2018),
603-612. 

3. U. Mueller, R. Förster, M. Hellmig, F. U. Huschmann, A.
Kastner, P. Malecki, S. Pühringer, M. Röwer, K. Sparta, M. 
Steffien, M. Ühlein, P. Wilk, M. S. Weiss, Eu ro pean Phys -
i cal Jour nal Plus, 130, (2015), 141. 
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Novel FAD-de pend ent oxidoreductase from ligno -
cellulose-de grad ing fun gus Chaetomium thermo philum
(CtFDO) has a po ten tial for in dus trial fields pro cess ing the
lignocellulosic bio mass, the most abun dant ma te rial in the
world. CtFDO is a mem ber of glu cose-meth a nol-choline
(GMC) superfamily of oxido reductases which act on
hydroxyl groups of non-ac ti vated al co hols, car bo hy drates
and ster ols. They share a two-do main char ac ter, con served
FAD-bind ing GxGxxG mo tif, and usu ally His-His or
His-Asn cat a lytic pair in the ac tive site ac ces si ble via a nar -
row tun nel or cov ered by a flex i ble loop [1]. 

The CtFDO crys tal struc ture re veals a unique His-Ser
ac tive-site pair in a large wide-open pocket fur ther ex -
tended be yond the py rim i dine moi ety of FAD. These fea -
tures in di cate a dif fer ent type of sub strate than what is
com mon for GMC oxidoreductases. This was con firmed
by CtFDO en zy matic ac tiv ity tests which, how ever, also
ex cluded small lignin moi eties and about 950 other com -
pounds. To de fine the na ture of the sub strate, the crys tal lo -
graphic frag ment-screen ing ap proach has been uti lized. A
se ries of six com plexes led to iden ti fi ca tion of five bind ing

subsites in side the ac tive-site pocket with high pref er ence
for bind ing of ar o matic moi eties (Fig. 1). The
conformational flex i bil ity of in ter act ing amino ac ids al -
lows bind ing of com pounds with a mo lec u lar weight
greater than 500 Da. Our re sults in di cate a com plex
polyaromatic na ture of pu ta tive sub strate, pos si bly with the 
char ac ter of larger lignin-build ing units [2] (Fig. 1).

1. L. Sützl, G. Foley, E. M. J. Gillam, M. Bodén, D. Haltrich,
Biotechnol Biofuels, 12, (2019), 1 –18. 
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Fig ure 1. (a) Crys tal struc ture of CtFDO with color-coded sub strate-bind ing (yel low) and the FAD-bind ing (blue) do mains. FAD is
shown as sticks with black C at oms and the ac tive-site pocket with green sur face. (b) Three-di men sional su per po si tion of ac tive sites
of the CtFDO com plexes. Res i dues sur round ing the pocket (green mesh) and FAD are shown as sticks with gray C at oms and the lig -
ands with or ange, cyan, black, yel low, green, and ma genta C at oms. Graphics were cre ated us ing PyMOL (Schrödinger). (c) Chem i -
cal struc ture of lignin.
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Pseu do mo nas aeruginosa is a hu man patho gen, whose
treat ment is com pli cated by its fre quent an ti bi otic-re sis -
tance. Siphoviridae bacteriophage JBD30 in fects and kills
bac te rium P. aeruginosa, which makes it a po ten tial agent
for phage ther apy. Here we pres ent the struc ture of
bacteriophage JBD30 virion and its rep li ca tion strat egy, re -
vealed by the com bi na tion of cryo-elec tron mi cros copy
anal y sis tech niques and cryo-elec tron to mog ra phy. 

The virion of bacteriophage JBD30 is com posed of
non-en vel oped icosahedral capsid, long flex i ble non-con -
trac tile tail and base plate dec o rated with tail fi bers. The
capsid with a di am e ter of 60 nm is built from ma jor capsid
pro tein or gan ised in T = 7 icosahedral lat tice and dec o rated
on three-fold and pseudo-three fold axis with tri mers of mi -
nor capsid pro tein. In one ver tex of the capsid, the penton
of ma jor capsid pro tein is re placed by dodecameric por tal.
The por tal com plex forms an in ter face be tween the capsid
and 180 nm long tail. The tail is built from 44 hexameric
discs of ma jor tail pro tein. Dis tal tail pro tein trimer fol -
lows-up the last tail disc and forms an at tach ment site for
the long tail fi bers. The base plate is ter mi nated with a tri -
pod com plex of re cep tor bind ing pro tein tri mers.

Us ing cryo-elec tron to mog ra phy we fol lowed the in -
fec tion pro cess of P. aeruginosa by JBD30 phage from at -
tach ment to bac te rial cell, to the pro duc tion of new phage
prog eny and host cell lysis. Bacteriophage JBD30 uses its
long tail fibres for bind ing to P. aeruginosa pili type IV.
Af ter at tach ment to pili, the virion ei ther dif fuses or is
pulled to wards the cel lu lar sur face, where it ir re vers ibly
binds by its re cep tor bind ing pro teins. Af ter wards, the
phage punc tures the outer cel lu lar mem brane, de grades the
peptidoglycan layer and in jects its DNA into host cell. New 
phage prog eny is re leased ap prox i mately af ter 80 min utes
post in fec tion.

The com bi na tion of cryo-elec tron mi cros copy meth ods
al lowed us, to pro pose the mech a nism of key stages of
phage in fec tion and de scribe it at mo lec u lar level.

Core Fa cil ity Cryo-elec tron Mi cros copy and To mog ra phy
of CEITEC Masaryk Uni ver sity is grate fully ac knowl edged 
for the ob tain ing of the sci en tific data pre sented in this
paper
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Cryo-elec tron mi cros copy has proven to be a pow er ful and
in no va tive tech nique in the field of struc tural bi ol ogy. It
has gained well-de served pop u lar ity among the sci en tific
com mu nity due to the rel a tive ease of sam ple prep a ra tion,
the abil ity to cap ture the mol e cules un der study in dif fer ent
conformational states, and the abil ity to re con struct their
struc ture in a mat ter of days. Thus, it is not sur pris ing that
the cryo-EM field and tech nol ogy are grow ing rap idly.
Many dif fer ent pro grams can be used in the workflow of
the cryo-EM data pro cess ing and the re search ers should be
able to choose and use them cor rectly ac cord ing to the
unique re quire ments of the col lected dataset. In pre sented
work, we have stud ied mouse RNase III in com plex with
dou ble-stranded RNA mol e cule us ing cryo-EM. The

cryo-EM den sity maps have been ob tained in rel a tively
high res o lu tion (lo cally up to 3.5C res o lu tion) thanks to the 
ad vanced workflow of data pro cess ing. The re fine ment
soft ware cryoSPARC and RELION were used to re con -
struct the elec tron map as 3D het er o ge neous re fine ment
and lo cal re fine ment of in di vid ual pro tein do mains had a
sig nif i cant ef fect on the fi nal res o lu tion of the elec tron
map. To build pro tein-RNA mod els, we used soft ware
Coot and the fi nal struc tural re fine ment was per formed us -
ing pro grams PHENIX and Isolde. My poster pre sen ta tion
high lights the lat est ad vances in cryo-EM data pro cess ing
and their di rect us age in re fine ment of pro tein-RNA com -
plexes.
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