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AQS3 SEE CHANGE IN PROTEIN CHARACTERIZATION

Pat rick King

Specion/Redshift

In fra-Red (IR) anal y sis has been long ac cepted as a pow er -
ful tool in pro tein char ac ter iza tion, par tic u larly in the Am -
ide I band (~1600 - 1700 cm-1), which gives de tailed
sec ond ary-struc tural in for ma tion that can be crit i cal in de -
ter min ing pro tein struc ture-ac tiv ity re la tion ships, sta bil ity,
batch-to-batch com par i sons and in for mu la tion stud ies as a
few ex am ples. Tech nol o gies tra di tion ally used for sec ond -
ary struc ture anal y sis, such as bench top Fou rier Trans form
IR (FTIR) or Cir cu lar Dichroism (CD), suf fer from a num -
ber of is sues that have pre vented their rou tine use in this
area, pre vent ing this ap pli ca tion from reach ing its full po -
ten tial. These in clude con cen tra tion and buffer re stric tions, 
in com pat i bil ity with a range of ex cipi ents, a lack of au to -
ma tion, low spec tral reproducibility and for FTIR, wa ter
sub trac tion prob lems.

Microfluidic Mod u la tion Spec tros copy (MMS) is a
new key tech nol ogy that was brought to mar ket in 2019 by
RedShift Bioanalytics. It fo cuses on the IR Am ide I re gion
to pro duce ex cep tion ally high data qual ity and repro du -
cibility that aim to solve the afore men tioned is sues en coun -
tered with tra di tional tech nol o gies. It is fully au to mated,
run ning sam ples from 24- and 96-well plates, com pat i ble
with a very broad con cen tra tion range (0.1 to >200 mg/ml), 
and is also com pat i ble with a wide range of com plex buffer
sys tems and ex cipi ents, in clud ing those that ab sorb in the
am ide I re gion, sur fac tants and or ganic sol vents. The plat -
form in cludes a pow er ful soft ware pack age that fa cil i tates
data anal y sis, and can be in cluded in the au to ma tion pro ce -
dure. This pre sen ta tion high lights the tech ni cal ben e fits of
MMS and its ap pli ca tion in the pro tein struc tural wor -
kflow, giv ing rel e vant ap pli ca tion ex am ples.

Thurs day, March 19, Session II
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STRUCTURAL ALPHABET FOR STRUCTURAL ANALYSIS OF NUCLEIC ACIDS

Bohdan Schnei der and Jiøí Èerný 

In sti tute of Bio tech nol ogy of the Czech Acad emy of Sci ences, Prumyslova 595, Vestec, 
252 50, Czech Re pub lic 

A newly de vel oped struc tural al pha bet [1] is the first al pha -
bet uni ver sally ap pli ca ble to both types of nu cleic ac ids,
RNA and DNA. In the talk, I will dem on strate some of the
ap pli ca tions of the al pha bet. It can be used to sta tis ti cally
weight se quence pref er ences of dif fer ent conformational
forms and to dis cover RNA and DNA struc tural mo tifs.
The al pha bet is based on 96 dinucleotide conformational
classes, NtC, that were iden ti fied by anal y sis of struc tures
of ~60 thou sand RNA and ~60 thou sand DNA steps. The

re sult ing au to mated as sign ment of the conformational
classes to any nu cleic acid struc ture is avail able at the
website dnatco.org [2] and is an ex ten sion of our pre vi -
ously pub lished al go rithm as sign ing only DNA struc tures
[3].

1. Božíková et al., to be pub lished 2020. 

2. Èerný et al., Nu cleic Ac ids Re search 2016, 44, W284.

3. Schnei der et al., Acta Cryst. D 2018, 74, 52-64. 
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PHYLOGENETICALLY DIVERGED STRUCTURAL MOTIFS IN TELOMERIC DNA

M. Gajarský1,2, M. Lenarèiè Živkoviæ3, K. Beková1, J. Plavec3, L. Trantírek1 
1Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Brno, Czech Re pub lic

2Na tional Cen tre for Biomolecular Re search, Masaryk Uni ver sity, Brno, Czech Re pub lic
3Kemijski in sti tute - Na tional In sti tute of Chem is try, Ljubljana, Slovenia

mar tin.gajarsky@ceitec.muni.cz

Telomeres, spe cial ized nucleoprotein com plexes, cap and
pro tect the phys i cal ends of chro mo somes and are es sen tial
for ge nome sta bil ity. Telomeric DNA buff ers the end rep li -
ca tion prob lem caused by the DNA polymerases in abil ity
to copy the very end of the mol e cule.[1] In vast ma jor ity of
so matic cells this chro mo some short en ing in ev i ta bly leads
to cell death, how ever, in germ, stem, and can cer cells it is
coun tered by telomerase, or ALT path way (Al ter na tive
Length en ing of Telomeres).[2,3] 

Full un der stand ing of bi o log i cal role and func tion ing of 
telomeres is there fore a cru cial part of can cer and age ing
re search. Our fo cus is on struc tural be hav iour of telomeric
DNA. Its typ i cal fea tures in all eukaryotic king doms are
sin gle stranded, gua nine rich 3’-over hang, con served re -
peats of pri mary se quence (T2-4AG2-3) and in her ent abil ity
to adopt a non-ca non i cal DNA struc ture, G-quadruplex.[4] 

Our study fo cuses on the ab er rant ex am ples in phylo -
gen etic tree, in hope to better un der stand con served char ac -
ter is tics cru cial for proper func tion ing of telomeres.
De spite ap par ent strong con ser va tion of DNA pri mary se -
quence in telomeric re peats and ca pac ity of G-quadruplex
for ma tion pres ent in al most all spe cies (see Fig ure 1), our
data sug gest that the cru cial char ac ter is tic of telomeric
DNA that is pre served through out evo lu tion is not the pri -
mary se quence, nor the G-quadruplex fold ing, but the abil -

ity to form var i ous, sta ble, non-ca non i cal struc tures in
gen eral. Con sid er ing abun dance of un usual non-ca non i cal
mo tifs re cently dis cov ered on telomeric se quences, telo -
meres are also an ex tremely use ful source of in for ma tion
about struc tural be hav iour of the DNA mol e cule for fu ture
bio tech no log i cal, drug-tar get, or aptamer re search.

1. Greider, C. W.; Blackburn, E. H. Sci. Am. 1996, 274 (2),
92–97.

2. Greider, C. W.; Blackburn, E. H. Na ture 1989, 337 (6205),
331.

3. Bryan, T. M.; Englezou, A.; Gupta, J.; Bacchetti, S.;
Reddel, R. R. EMBO J. 1995, 14 (17), 4240–4248. 

4. Tran, P. L. T.; Mergny, J.-L.; Al ber ti, P. Nu cleic Ac ids Res. 
2011, 39 (8), 3282–3294

This re search was sup ported by the grant from Czech Sci -
ence Foun da tion (19-26041X), by the grant from Min is try
of Health of the Czech Re pub lic (NV19-08-00450), and by
the pro ject SYMBIT (CZ.02.1.01/0.0/0.0/15_003/0000477) 
funded by the Eu ro pean Re gional De vel op ment Fund and
Min is try of Ed u ca tion, Youth, and Sports (MEYS) of the
Czech Re pub lic. MEYS is also ac knowl edged for its sup -
port of ac cess to re search in fra struc ture (CEITEC 2020
LQ1601; CIISB-LM2018127).

.

Fig ure 1. Non ca non i cal DNA struc tures in telomeres of eukaryotic king doms. 
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FORMATION PROPENSITY OF PSEUDO-CIRCULAR G-HAIRPINS

Beková Kateøina1,*, Lenarèiè Živkoviæ Martina1,3, Gajarský Mar tin1, Stadlbauer Petr2, 
Šponer Jiøí2, Vicherek Lukáš1, Fiala Radovan1, Rosenberg Ivan3, Petrová Magdaléna3, 

Plavec Janez3, Trantírek Lukáš 1

1 Cen tral Eu ro pean In sti tute of Tech nol ogy, Masaryk Uni ver sity, Brno, Czech Re pub lic
2 In sti tute of Bio phys ics of the AS CR, v.v.i., Brno, Czech Re pub lic

3 Kemijski in sti tute - Na tional In sti tute of Chem is try, Ljubljana, Slovenia
4 In sti tute of Or ganic Chem is try and Bio chem is try of the ASCR, v.v.i, Praha, Czech Re pub lic

*katerina.bekova@ceitec.muni.cz, lukas.trantirek@ceitec.muni.cz

Re cently, Gajarsky et al. [1] showed that 11-nt long se -
quence, 5´- d(GTGTGGGTGTG)-3´ (SC11) from telo -
meric DNA of Saccharomyces cerevisiae3, adopts novel
type of mixed par al lel/antiparallel foldback DNA struc ture
sta bi lized by G:G base pairs, re ferred to as pseudo- cir cu lar
G-hair pin (PGH). 

Here, we an a lyzed the PGH struc ture and its pri mary
se quence to iden tify the min i mal se quence re quire ments
for PGH for ma tion. We dis cov ered more than ten SC11 se -
quence vari ants that are able to form PGHs. Our bio -
informatics anal y sis re vealed that the se quences with PGH-  
for ma tion po ten tial are both abun dant and nonrandomly
dis trib uted in metazoan genomes. These se quences are
overrepresented at evolutionarily con served reg u la tory
geno mic foci, par tic u larly in gene introns, which sug gests
their ac tive bi o log i cal role(s). Most im por tantly, by de ter -
min ing the high-res o lu tion struc ture of ex tended SC11 se -
quence, we show for the first time that pseudo-cir cu lar
G-hair pins might ex ist in at least two dis tinct top o log i cal
forms. The struc ture of the novel top o log i cal form re veals
un prec e dented atomistic de tails of the junc tion be tween the 
pro trud ing sin gle stranded DNA and the pseudo-cir cu lar
el e ment of the PGH. Al to gether, our data pro vide novel in -
sight into the prin ci ples of the fold ing of G-rich oligo -
nucleotides that could be ap plied to the pre dic tion of

nat u ral and/or the de sign of ar ti fi cial DNA rec og ni tion el e -
ments.

1. Gajarský, M., Živkoviè, M. L., Stadlbauer, P., Pagano, B.,
Fiala, R., Amato, J., ... & Trantiìrek, L. (2017). Struc ture
of a sta ble G-Hair pin. Jour nal of the Amer i can Chem i cal
So ci ety, 139(10), 3591-3594.

This pro ject was sup ported by grants from the Czech Sci -
ence Foun da tion (19-26041X), pro ject SYMBIT (CZ.02.
1.01/0.0/0.0/15_003/0000477) funded by the Eu rope-an
Re gional De vel op ment Fund and Min is try of Ed u ca tion,
Youth, and Sports (MEYS) of the Czech Re pub lic and by the 
grant from Min is try of Health of the Czech Re pub lic
(NV19-08-00450). This pro ject was also sup ported by the
pro ject MSCAfellow2@MUNI (CZ.02.2.69/0.0/ 0.0/18_
070/0009846) funded by MEYS. MEYS is also ac knowl -
edged for their sup port of ac cess to re search in fra struc ture 
(CEITEC 2020 LQ1601; CIISB-LM2018127; Czech-
BioImaging LM2015062; EATRIS-CZ LM20150 64). This
pro ject was sup ported by NCBR, Fac ulty of Sci ence,
Masaryk Uni ver sity. Com pu ta tional re sources were sup -
plied by the pro ject “e-Infrastruktura CZ” (e-IN FRA
LM2018140) pro vided within the pro gram Pro jects of
Large Re search, De vel op ment and In no va tions In fra struc -
tures.

L8

NACHRDB: SOLVING THE PUZZLE OF STRUCTURE-FUNCTION RELATIONSHIPS IN
NICOTINIC ACETYLCHOLINE RECEPTORS (NACHRS)

A. Chareshneu1,2*, P. Pant1,2, R. J. T. Ramos1,2, T, Gokbel C.-M.3, Ionescu1,2, J. Koèa1,2

1CEITEC - Cen 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 Mo lec u lar Bi ol ogy and Ge net ics, Izmir In sti tute of Tech nol ogy, Izmir, Tur key
479052@mail.muni.cz

The nic o tinic ace tyl cho line re cep tor (nAChR) is an evo lu -
tion ary an cient large (~300 kDa) allosteric mem brane pro -
tein me di at ing the syn ap tic trans mis sion [1]. This proto -
typic mem ber of the fam ily of pentameric ligand-gated
ion-chan nels is in volved in many phys i o log i cal pro cesses
(from learn ing to mo tor con trol), neu ro log i cal dis eases
(Alz hei mer’s and Par kin son’s dis eases, schizo phre nia, ep i -

lepsy), and ad dic tions (al co hol, to bacco) [2]. Since its bio -
chem i cal iso la tion in 1970, ex ten sive stud ies gen er ated
huge amounts of struc tural-func tional data. How ever, the
cu mu la tive knowl edge on nAChRs, span ning ~50 years of
re search, is not sys tem at i cally ac ces si ble. The wide va ri ety
in re cep tor types, res i due num ber ing schemes, and meth -
ods used, to gether with di verse ter mi nol ogy, the ab sence of 



com pre hen sive struc tural an no ta tion, and the scat tered na -
ture of the ex ist ing find ings make it harder to sum ma rize
the cur rent knowl edge and ap ply it ef fi ciently to pro mote
fur ther dis cov er ies. There is no sin gle re source pro vid ing
an ac cess to and vi su al iza tion of such di verse, com plex,
and ex ten sive in for ma tion. To fill this gap, we de vel oped
NACHRDB(https://crocodile.ncbr.muni.cz/Apps/NAChR
DB/) – a web-ac ces si ble man u ally curated da ta base which
not only pro vides in tu itive and fast ac cess to rel e vant struc -
tural-func tional data on nAChRs, but also fa cil i tates its in -
ter pre ta tion by in te grat ing the res i due-level an no ta tions
with in ter ac tive and highly re spon sive vi su al iza tion of se -
quence and 3D struc ture [3]. Be sides, NACHRDB can pro -
vide the us ers with a pre dic tion of res i dues po ten tially
rel e vant for the allosteric reg u la tion of nAChRs, based on
the anal y sis of par tial atomic charges pro file. We be lieve
that NACHRDB not only can guide the fur ther stud ies in
the field of nAChRs, help ing the re search ers to de tect hith -
erto un known as so ci a tion be tween struc ture and func tion
of nAChRs, but also serve as a key start ing point in uni fi ca -
tion of the state-of-art knowl edge in the broad field of ion
chan nels.

1. Changeux J-P. The nic o tinic ace tyl cho line re cep tor: a typ i -
cal “allosteric ma chine”. Philos Trans R Soc Lond B Biol
Sci. 2018;373. doi:10.1098/rstb.2017.0174.

2. Al bu quer que EX, Pereira EFR, Alkondon M, Rog ers SW.
Mam ma lian Nic o tinic Ace tyl cho line Re cep tors: From
Struc ture to Func tion. Physiol Rev. 2009;89: 73–120.
oi:10.1152/physrev.00015.2008.

3. Chareshneu A, Pant P, Ramos RJT, Gökbel T, Ionescu
C-M, Koèa J. NAChRDB: A Web Re source of Struc -
ture-Func tion An no ta tions to Un ravel the Allostery of Nic -
o tinic Ace tyl cho line Re cep tors. bioRxiv. Cold Spring
Har bor Lab o ra tory; 2020; 2020.01.08.898171.
doi:10.1101/2020.01.08.898171

We would like to ac knowl edge Dr. Da vid Sehnal for his
help with the im ple men ta tion of 3D viewer based on the
LiteMol suite.
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Fig ure 1. The NAChRDB workspace. The Home tab con tains: (1) an in ter ac tive 3D vi su al iza tion of nAChR
model, (2) an no ta tion re cords for a se lected res i due, (3) 3D visu ali sa tion set tings, (4) a search sec tion for que ry -
ing struc tural, func tional, and lit er a ture-re lated in for ma tion; (5) a se quence align ment viewer. The Re sults tab
(B) pro vides the search re sults in the form of an in ter ac tive sorted ta ble. All re sults are avail able for down load in. 
csv and. json for mat. The Sub mit tab (C) pro vides an op por tu nity for the us ers to re port an no ta tion in for ma tion,
contributing to NAChRDB data maintenance.

https://crocodile.ncbr.muni.cz/Apps/NAChRDB/
https://crocodile.ncbr.muni.cz/Apps/NAChRDB/
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LARGE-SCALE ATOMISTIC SIMULATIONS OF THE RIBOSOME AND ITS EXIT
TUNNEL

Michal H. Koláø

De part ment of Physical Chemistry, Uni ver sity of Chem is try and Tech nol ogy in Prague, Technická 5, 16628
Prague, Czech Re pub lic

kolarh@vscht.cz

A vast ma jor ity of pro teins in liv ing or gan isms are syn the -
sized by ri bo somes. The ri bo some is a biomolecular com -
plex of ri bo somal RNA and a few dozen pro teins. The
ri bo some con sists of two sub units, which have dis tinct
roles. While the small 30S sub unit reads the ge netic in for -
ma tion stored in mes sen ger RNA, the large 50S sub unit
cat a lyzes pep tide bond for ma tion. The cat a lytic cen ter is
lo cated deep in the 50S sub unit, so the na scent pep tide
chain leaves the ri bo some through a 10-nm long tun nel. A
grow ing body of ev i dence has been gath ered sug gest ing
that the exit tun nel is not a pas sive en vi ron ment but a func -
tional part of the ri bo some. For in stance, cer tain na scent
pep tide se quences in ter act with the tun nel walls and cause
ri bo somal stall ing. The translational ar rest is also in volved
in the ac tion of a large class of an ti bi ot ics.

Tra di tional bio phys i cal tech niques such as X-ray crys -
tal log ra phy or cryo-elec tron mi cros copy have dif fi cul ties
in re solv ing the tun nel con tent due to the high in trin sic
flex i bil ity of the na scent pep tide. All-atom com puter sim u -
la tions can pro vide in sights into the pro tein syn the sis on ri -

bo somes at mo lec u lar de tails and com ple ment the
struc tural in for ma tion by dy nam ics and en er getic data [1].

This con tri bu tion gives a brief over view of our re sults
re lated to the ri bo some exit tun nel. In par tic u lar, we de -
scribe a stall ing pep tide called VemP, which forms a com -
pact sec ond ary struc ture within the ri bo some tun nel and
causes translational ar rest. We show that var i ous amino ac -
ids of VemP play var i ous roles in se quence sen si tiv ity of
translational stall ing pre vi ously re ported by bio chem i cal
ex per i ments. While the amino ac ids near the tun nel con -
stric tion act as an an chor which likely slows down the
trans la tion, the C-ter mi nal di rectly in hib its the ri bo some
cat a lytic cen ter. Fur ther through bioinformatic anal y ses,
we ex plain how the tun nel walls are mod u lated by the pres -
ence of a na scent pep tide or an an ti bi otic.

1. L. Bock, M. H. Koláø, H. Grubmüller, Curr. Opin. Struct.
Biol., 49, (2018), 27.

A part of the sim u la tion re sults was ob tained through Open 
Calls of IT4Innovations Ostrava in pro jects OPEN-12-9
and OPEN-15-49.

CL1

WHEN PROTEIN STABILITY MATTERS 

Piotr Wardega

NanoTemper Tech nol o gies spzoo

Pro me theus char ac ter izes ther mal and chem i cal un fold ing
un der na tive con di tions us ing nanoDSF tech nol ogy. Our
tech nol ogy is com pletely la bel-free; it pre cisely mea sures
the in trin sic flu o res cence of a pro tein while it is be ing sub -
jected to ei ther chem i cal, time-re solved or most com monly, 
ther mal de na tur ation.

The flu o res cence of tryptophan in a pro tein is strongly
de pend ent on its close sur round ings. By fol low ing changes 
in flu o res cence var i ous sta bil ity de scrib ing pa ram e ters can
be as sessed in a truly la bel-free man ner. The dual-UV tech -
nol ogy de vel oped by NanoTemper al lows for rapid sig nal
de tec tion, pro vid ing an un matched scan ning speed as well
as data points den sity. This ap proach yields an ul tra-high
res o lu tion un fold ing curves which trans late to very ac cu -
rate de tec tion of even min ute un fold ing sig nals, al low ing
for better eval u a tion and un der stand ing of stud ied pro tein’s 
struc ture. Fur ther more, since no fluorophores , for pro tein
la bel ing, are re quired as in his tor i cal DSF, sam ple so lu -
tions are an a lyzed in de pend ent of buffer na ture or com po -
si tions. 

NanoDSF uses high qual ity glass cap il lar ies to pro -
vide— im pres sive sam ple sav ing- only microliters are re -
quired, -wide range of con cen tra tions which are quickly
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mea sured in so lu tion, and hard-to-mea sure vis cous sam -
ples are ex am ined with no prob lem.

Ex per i ments per formed with Pro me theus plat form de -

liver Tm, Ton set and Tagg , Cm, DG and DDG as well as time
re solved pa ram e ters in iso ther mal con di tions. 

Our Pro me theus al lows for par al lel mea sure ment of
pro tein ag gre ga tion pro pen sity of tested sam ples, pro vid -
ing valu able in for ma tion on their col loi dal state. 

All above make nanoDSF, and spe cif i cally Pro me theus
plat form,  the method of choice for easy, fast and pre cise
anal y sis of pro tein fold ing and sta bil ity. 

On the prac ti cal note; Pro me theus does not re quire
main te nance, flush ing, equil i bra tion or any other be tween- 
ex per i ments in ter ven tions, mak ing it money sav ing and
multi us ers- friendly, as sam ples so lu tions do not come in
di rect con tact with the in stru ment.

To dis cuss your spe cific re search in ter est we in vite you
to visit our com pany booth dur ing the meet ing.

Friday, March 20, Ses sion III
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 MOD U LAT ING FOXO3 TRANSCRIPTIONAL AC TIV ITY BY SMALL, DBD-BIND ING
MOL E CULES  

K. Kohoutova1,4, V. Docekal2, J. Vesely2, M. J. Ausserlechner3, V. Obsilova4,  T. Obsil1 
1Department of Phys i cal and Macromolecular Chem is try, Fac ulty of Sci ence, Charles Uni ver sity, 

Hlavova 8, Prague 2, 12843¨
2De part ment of Or ganic Chem is try, Fac ulty of Sci ence, Charles Uni ver sity, Hlavova 8, Prague 2, 12843

3De part ment of Pe di at rics I, Med i cal Uni ver sity Innsbruck, Innsbruck, Aus tria
4De part ment of Struc tural Bi ol ogy of Sig nal ing Pro teins, Bio tech nol ogy and Biomedicine Cen ter of the 

Acad emy of Sci ences and Charles Uni ver sity in Vestec (BIOCEV), In sti tute of Phys i ol ogy, Czech Acad -
emy of Sci ences, 14220 Prague, Czech Republic

kohoutk6@natur.cuni.cz

FOXO3 is a mem ber of FOXO Tran scrip tion Fac tor fam -
ily. FOXO pro teins share a con served DNA-bind ing mo tif
called winged-he lix DNA-bind ing do main (DBD).
FOXO3 rec og nizes spe cific DNA se quence. Thourgh in -
ter ac tion with tar get DNA it mod u lates 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 its abil ity to in duce cell 
cy cle ar rest it is con sid ered a tu mor sup pres sor. How ever,
in cer tain cases, it has been shown that FOXO3 pro motes
tu mor de vel op ment and angiogenesis via main tain ing can -

cer cell en ergy ho meo sta sis. FOXO3 can also en hance tu -
mor cell resistence to chemoterapeutic agents [2]. There -
fore, tar get ing of 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 small mol e -
cule com pound that phys i cally in ter acts with the
FOXO3-DBD and mod u lates the FOXO3 transcriptional
pro gram in hu man cells. The mode of in ter ac tion be tween
this com pound and the FOXO3-DBD was char ac ter ized by 

Figure 1 – Graph i cal scheme of ab stract


