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L1

TAU GEN ER ATES PRO TEC TIVE EN VE LOPES ON MICROTUBULES

Zdenìk Lánský

In sti tute of Bio tech nol ogy, Czech Acad emy of Sci ences, BIOCEV

Tau is an in trin si cally dis or dered microtubule-bind ing pro -
tein in volved in a num ber of neurodegenerative dis eases.
Mal func tion of tau and its de tach ment from axonal
microtubules is cor re lated with axonal de gen er a tion. How -
ever, mech a nis tic un der stand ing of this pro cess is still
miss ing. Em ploy ing in vi tro re con sti tu tion ap proach com -
bined with sin gle mol e cule im ag ing, we re cently showed
that tau mol e cules co op er a tively form co he sive, se lec tively 

per me able en ve lopes on the microtubule sur face. We
found that the for ma tion of tau en ve lopes is gov erned by
struc tural changes in the microtubule lat tice. Im por tantly,
these tau en ve lopes can pro tect microtubules from
microtubule-de grad ing en zymes. I will dis cuss the mech a -
nism of the tau en ve lope for ma tion and the ef fect of es tab -
lished neurodegenerative fac tors on the en ve lope struc ture
and sta bil ity.
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L2

STRUCTURAL CHANGES OF CAROTENOID ECHINENONE IN ORANGE
CAROTENOID PROTEIN STUDIED BY FEMTOSECOND RAMAN SPECTROSCOPY

M. Kloz1, P. Èubáková1, T. Friedrich2 , T.Polivka3, E. Maksimov4

1ELI-Beamlines, In sti tute of Phys ics, Praha, Czech Re pub lic
2Technische Universität Berlin, In sti tute of Chem is try PC14, Berlin, Ger many

3In sti tute of Phys ics, Fac ulty of Sci ence, Uni ver sity of South Bo he mia, Èeské Budìjovice, Czech Re pub lic
3Fac ulty of Bi ol ogy, M.V. Lomonosov Mos cow State Uni ver sity, Mos cow, Rus sia

miroslav.kloz@eli-beams.eu

The or ange carotenoid pro tein (OCP) [1] shown in the fig -
ure 1 is a per fect sys tem to study changes in co fac tor struc -
ture dur ing photoswitching of pro teins by Raman
tech niques. It hosts a sin gle xanthophyll mol e cule and un -
der goes well-stud ied (but not yet fully un der stood)
photocycle that is as so ci ated with the loss of vi bra tional
struc ture in the absorption spec tra.

1. Yaroshevich, I.A., Maksimov, E.G., Sluchanko, N.N. et al.
Commun Biol 4, 539 (2021).

L3

Nedd4-2 BINDING TO 14-3-3 MODULATES THE ACCESSIBILITY OF ITS CATALYTIC
SITE AND WW DOMAINS

R. Joshi1, 2, T. Obsil1, 2, V. Obsilova1

1 De part ment of Struc tural Bi ol ogy of Sig nal ing Pro teins, Di vi sion BIOCEV, In sti tute of Phys i ol ogy of the
Czech Acad emy of Sci ences, 252 50 Vestec, Czech Re pub lic

2 De part ment of Phys i cal and Macromolecular Chem is try, Fac ulty of Sci ence, Charles Uni ver sity, 
12843, Prague, Czech Re pub lic

rohit.joshi@fgu.cas.cz

Neu ral pre cur sor cells ex pressed de vel op men tally
downregulated pro tein 4-2 (Nedd4-2), a ho mol o gous to the 
E6-AP Car boxyl Ter mi nus (HECT) ubiquitin ligase, trig -

gers the endocytosis and deg ra da tion of its down stream tar -
get mol e cules by reg u lat ing sig nal transduction through in -
ter ac tions with other tar gets, in clud ing 14-3-3 pro teins. In

Fig ure 1. The or ange carotenoid pro tein con sists of two sub units that get mu tu ally loose af ter carotenoid ex ci ta tion that switches it be -
tween the so-called “red” and “or ange” states. In that form, it binds to other light-har vest ing pro teins while greatly in creas ing their
non-ra di a tive de cay of excitons. Both the mech a nism of OCP photoswitching and its sub se quent role as a trig ger of non-pho to chem i -
cal quench ing is yet to be un der stood. We stud ied the wild type and two types of mu tants (in clud ing uti li za tion of non-ca non i cal
amino ac ids) to un der stand the role of hy dro gen bond for ma tion in the photoswitching mech a nism by Stim u lated Raman scat ter ing.

(fig ure is with cour tesy of Eugen Maksimov)
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our pre vi ous study, we found that 14- 3-3 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. Here, we used
time-re solved flu o res cence in ten sity and ani so tropy de cay
mea sure ments to gether with flu o res cence quench ing and
mass spec trom e try to fur ther char ac ter ize in ter ac tions be -
tween Nedd4-2 and 14-3-3 pro teins. The re sults showed
that 14-3-3 bind ing af fects the emis sion prop er ties of
AEDANS-la belled WW3, WW4 and, to a lesser ex tent,
WW2 do mains and re duces their mo bil ity, but not those of
the WW1 do main, which re mains mo bile. In con trast,
14-3-3 bind ing has the op po site ef fect on the ac tive site of
the HECT do main, which is more sol vent ex posed and mo -
bile in the complexed form than in the apo-form of
Nedd4-2. Over all, our re sults sug gest that steric hin drance
of the WW3 and WW4 do mains com bined with
conformational changes in the cat a lytic do main may ac -

count for the 14-3-3 bind ing-me di ated reg u la tion of
Nedd4-2.

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

2. T. Ichimura, T. Isobe, J. Biol. Chem. 280 (2005) 13187-94.

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

4. 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 jects 20-00058S), the Czech Acad emy of Sci ences (Re -
search Pro jects RVO: 67985823 of the In sti tute of Phys i ol -
ogy) and by Grant Agency of Charles Uni ver sity (Pro ject
No.348421).

L4

PHOSPHOMIMICKING MUTATIONS ¹ PHOSPHORYLATION – A CASE STUDY OF
14-3-3 PROTEIN

A. Kozeleková1,2, A. Náplavová1, T. Brom2, Z. Trošanová1,2, P. Louša1,2, J. Hritz1,3

1Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Kamenice 5, Brno, 625 00, Czechia
2Na tional Cen tre for Biomolecular Re search, Masaryk Uni ver sity, Kamenice 5, Brno, 625 00, Czechia

3De part ment of Chem is try, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5, Brno, 625 00, Czechia
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Pro tein phosphorylation is one of the most com mon
posttranslational mod i fi ca tions that af fects pro tein struc -
ture, in ter ac tions, or lo cal iza tion. To study the ef fect of
phosphorylation on pro tein prop er ties, a fully and spe cif i -
cally phosphorylated sam ple is usu ally re quired, al though
not al ways achiev able. There fore, phosphorylation is of ten
re placed by phosphomimicking mu ta tion, i. e. mu ta tion of
phosphorylatable Ser/Thr/Tyr by neg a tively charged Asp
or Glu [1]. How ever, how re li able is this ap prox i ma tion of
phosphorylation? 

In this study, we have fo cused on dimeric 14-3-3 pro -
teins, reg u la tory hubs in ter act ing with hun dreds of
phosphorylated part ners [2]. Phosphorylation of 14-3-3
pro tein at Ser58 has been pro posed to in duce 14-3-3
monomerization and changes in pro tein func tion [3, 4].
How ever, dif fi cul ties with prep a ra tion of the phospho -
rylated sam ple of ten led to the us age of phosphomimicking 
and monomeric mu tants [5, 6].

Here, we have pre pared the 14-3-3z pro tein fully and
specifically phosphorylated at Ser58 and we have com -
pared its prop er ties with the phosphomimicking mu tants
(S58D, S58E), fre quently used in the lit er a ture. We have
re vealed sig nif i cant dif fer ences in pro tein oligomeric state, 
ther mal sta bil ity, and hydrophobicity [4, 7]. For in stance,
we have ob served dis par ity in the dimerization dis so ci a tion 
con stants of four or ders of mag ni tude. For this rea son, we
en cour age proper ver i fi ca tion of pro tein prop er ties be fore
em ploy ment of phosphomimicking mu tants.

1. G. Pérez-Mejías, A. Velázquez-Cruz, A.
Guerra-Castellano, B. Baños-Jaime, A. Díaz-Quintana, K.

González-Arzola, M. Ángel De la Rosa, I. Díaz-Moreno,
Comput. Struct. Biotechnol. J., 18, (2020), 1852–1863.

2. N.N. Sluchanko, D.M. Bustos, Prog. Mol. Biol. Transl.
Sci., 166, (2019), 19–61.

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

4. Z. Trošanová, P. Louša, A. Kozeleková, T. Brom, N.
Gašparik, J. Tungli, V. Weisová, E. Župa, G. Žoldák, J.
Hritz, J. Mol. Biol., 434, (2022), 167479.

5. N.N. Sluchanko, I.S. Chernik, A.S. Seit-nebi, A. V
Pivovarova, D.I. Levitsky, N.B. Gusev, Arch. Biochem.
Biophys., 477, (2008), 305–312.

6. N.N. Sluchanko, M. V Sudnitsyna, A.S. Seit-nebi, A.A.
Antson, N.B. Gusev, Biochem., 50, (2011), 9797–9808.

7. A. Kozeleková, A. Náplavová, T. Brom, N. Gašparik, J.
Šimek, J. Houser, J. Hritz, Front. Chem., 10, (2022), in
press.

This study was fi nanced by the Czech Sci ence Foun da tion
(no. GF20-05789L). AK ac knowl edges the Grant Agency
of Masaryk Uni ver sity (MU) for the sup port of an ex cel lent
di ploma the sis within the rec tor’s pro gram (no.
MUNI/C/1562/2019). We ac knowl edge CEITEC (Cen tral
Eu ro pean In sti tute of Tech nol ogy) Proteomics Core Fa cil -
ity and Biomolecular In ter ac tions and Crys tal li za tion
Core Fa cil ity of CIISB, In struct-CZ Cen tre, sup ported by
MEYS CR (LM2018127) and Eu ro pean Re gional De vel op -
ment Fund-Pro ject ‘UP CIISB’ (CZ.02.1.01/0.0/0.0/18_
046/0015974). We ac knowl edge the CEITEC Core Fa cil ity 
Cel lu lar Im ag ing sup ported by MEYS CR (LM2018129
Czech-BioImaging).
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L5

NEUTRONS FOR STRUCTURAL BIOLOGY AT THE INSTITUT LAUE LANGEVIN

Mark John son

Institut Laue Langevin, Grenoble, France

The ILL is a Eu ro pean re search fa cil ity, in which the
Czech Re pub lic is a prom i nent mem ber, along with neigh -
bour ing coun tries like Slovakia and Aus tria. The ILL re ac -
tor pro vides the most in tense, con tin u ous neu tron beams in
the world, in par tic u lar for low en ergy neu trons that are
used to study the struc ture and dy nam ics of macro -
molecular com plexes. A ma jor, 60 M€, fa cil ity up grade
programme is un der way in which all of the in stru ments for
struc tural bi ol ogy are be ing sig nif i cantly im proved. In par -
tic u lar, a sec ond pro tein crys tal log ra phy in stru ment has re -
cently been com mis sioned and the small an gle scat ter ing
in stru ments are ben e fit ting from larger de tec tors, which in -
crease count rate and dy namic range. In this way, sig nif i -

cant new ca pa bil ity is be ing cre ated for struc tural bi ol ogy,
sup ported by ser vices for sam ple prep a ra tion (crys tal
growth, se lec tive deuteration of pro teins and nat u ral lipids,
etc) and flex i ble beam time adapted to the needs of the bi ol -
ogy com mu nity. While neu trons are not the most widely
used an a lyt i cal probe in this field, they do of fer unique in -
sight through the sen si tiv ity to light at oms (in par tic u lar hy -
dro gen) and con trast vari a tion pos si bil i ties by
hy dro gen-deu te rium substitution.

In this talk, I will pres ent an over view of new de vel op ments
at ILL and il lus trate their ap pli ca tion in struc tural bi ol ogy
with re cent ex am ples, in clud ing, of course, a range of
COVID-re lated experiments.

NEUTRON DIFFRACTION FOR DECIPHERING LECTIN-CARBOHYDRATE
INTERACTIONS IN BACTERIAL INFECTION

L. Gajdos1, M. Blakeley1, M. Haertlein1, T. Forsyth2, J. Devos1, A. Imberty3

1Institut Laue-Langevin, 71 Av e nue des Mar tyrs, 38000 Grenoble, France
2Fac ulty of Med i cine, Lund Uni ver sity, BMC Bio med i cal Cen tre , LINXS In sti tute for Ad vanced Neu tron and

X-ray Sci ence, IDEON Build ing: Delta 5, Scheelvagen 19, 223 70 Lund, Swe den
3Université Grenoble Alpes, CNRS, CERMAV, 38000 Grenoble, France

gajdosl@ill.fr

Lectins are car bo hy drate-bind ing pro teins that play im por -
tant roles in cell rec og ni tion and host-patho gen in ter ac -
tions. Many patho genic bac te ria pro duce lectins that are
spe cific for glycans pres ent on the host sur face and that
par tic i pate in ad he sion at the early stages of in fec tion.
Lectin-car bo hy drate in ter ac tions are mostly formed by hy -
dro gen bonds be tween the sugar hydroxyl groups and the
amino acid res i dues of the lectin bind ing sites. Other types

of in ter ac tions can also be in volved in clud ing CH-p stack -
ing, hy dro pho bic in ter ac tions, wa ter-bridg ing or metal co -
or di na tion. 

Neu tron macromolecular crys tal log ra phy (NMX) of -
fers unique in sights into the hy dro gen-bond ing net work as
it di rectly lo cates and vi su al izes all hy dro gen (or deu te -
rium) at oms. Perdeuteration where all hy dro gen at oms are
re placed by deu te rium at oms en hances their vis i bil ity in the 
neu tron maps. While perdeuteration of re com bi nant pro -
teins is al most rou tinely car ried out in ded i cated fa cil i ties,
the pro duc tion of perdeuterated sug ars is still very chal -
leng ing.

Us ing NMX, we have un rav elled the de tails of pro -
tein-car bo hy drate in ter ac tions in two fucose-spe cific
lectins, with the unique fea ture of pro duc ing perdeuterated
monosaccharide fucose us ing a glyco-en gi neered strain of
E. coli bac te ria for prep a ra tion of co-crys tals [1]. PLL
lectin from bac te ria Photorhabdus luminescens was cho -
sen as a model sys tem for a de tailed de scrip tion of the
H-bond ing net work in volved in sugar rec og ni tion, in clud -

ing di rect and wa ter-bridged hy dro gen bonds and CD-p
stack ing in ter ac tions be tween the apolar face of fucose and
ar o matic amino ac ids [2, 3]. 

LecB lectin from Pseu do mo nas aeruginosa, a hu man
op por tu nis tic patho gen that causes le thal in fec tions in cys -
tic fi bro sis pa tients, is cur rently viewed as a po ten tial drug
tar get for glycomimetic com pounds with antiadhesive
prop er ties. LecB dis plays an un usu ally high af fin ity to -
wards fucose with two cal cium ions in volved in the bind -
ing. The neu tron study en abled a com plete de scrip tion of
the hy dro gen-bond ing net work and the protonation states
of charged amino ac ids in volved in the sugar bind ing in -
clud ing the ob ser va tion of a low-bar rier hy dro gen bond be -
tween fucose and the pro tein [4]. The new struc tural data
may help in the de sign of new po tent glycomimetic
antiadhesive com pounds for fight ing an ti bi otic-re sis tant
bac te ria.

1. L. Gajdos, V.T. Forsyth, M.P. Blakeley, M. Haertlein, A.
Imberty, E. Samain, and J.M. Devos, Glycobiology 31,
(2021), 151.

2. A. Kumar, P. Sýkorová, G. Demo, P. Dobeš, P. Hyršl, and
M. Wimmerová, J. Biol. Chem., 48, (2016), 25032. 

3. L. Gajdos, M.P. Blakeley, A. Kumar, M. Wimmerová, M.
Haertlein, V.T. Forsyth, A. Imberty, and J.M. Devos,
Struc ture, 29, (2021), 1003.

4. L. Gajdos, M.P. Blakeley, M. Haertlein, V.T. Forsyth, J.M. 
Devos, and A. Imberty, Nat. Commun., 13, (2022),  194.


