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SUPERNOVA: A DEOXYRIBOZYME THAT CATALYZES A CHEMILUMINESCENT
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Func tional DNA mol e cules are use ful com po nents in
nanotechnology and syn thetic bi ol ogy. To ex pand the
toolkit of func tional DNA parts, in this study we used ar ti -
fi cial evo lu tion to iden tify a glow ing deoxyribozyme called 
Su per nova [1]. This deoxyribozyme trans fers a phos phate
from the 1,2-dioxetane sub strate CDP-Star to its 5’
hydroxyl group, which trig gers a chemiluminescent re ac -
tion and a flash of blue light. Com par a tive se quence anal y -
sis of 135,000 vari ants of Su per nova ob tained us ing in
vi tro se lec tion and high-through put se quenc ing in di cated
that the cat a lytic core of the deoxyribozyme is made up of
38 con served nu cleo tides and 46 to tal po si tions. It also re -

vealed the un usual sec ond ary struc ture of Su per nova,
which con sists of a pu rine mo tif tri ple he lix and two pu -
rine-rich el e ments. An en gi neered ver sion of Su per nova
can be pro grammed to only pro duce light in the pres ence of 
an oligonucleotide com ple men tary to its 3’ end, dem on -
strat ing that cat a lytic ac tiv ity can be cou pled to ligand
bind ing. We an tic i pate that Su per nova will be use ful in a
wide va ri ety of ap pli ca tions, in clud ing as a sig nal ing com -
po nent in allosterically reg u lated sen sors and in logic gates
of mo lec u lar com put ers.

1. K. Svehlova, O. Lukšan, M. Jakubec, E. A. Curtis, Angew.
Chem. Int. Ed. Engl., 61, (2022), e202109347.
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NEW CLASS OF STRUCTURALLY ROBUST NON-ANTIBODY PROTEIN SCAFFOLDS
FOR DIRECTED EVOLUTION

Maroš Hulièiak

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

En gi neered small non-an ti body pro tein scaf folds are a
prom is ing al ter na tive to an ti bod ies and are es pe cially at -
trac tive for use in pro tein ther a peu tics and di ag nos tics. The 
ad van tages in clude smaller size and a more ro bust, sin -
gle-do main struc tural frame work with a de fined bind ing
sur face ame na ble to mu ta tion. This calls for a more sys tem -
atic ap proach in de sign ing new scaf folds suit able for use in
one or more meth ods of di rected evo lu tion. We hereby de -
scribe a pro cess based on an anal y sis of pro tein struc tures
from the Pro tein Data Bank and their ex per i men tal ex am i -
na tion. The can di date pro tein scaf folds were sub jected to a
thor ough screen ing in clud ing com pu ta tional eval u a tion of
the mu ta bil ity, and ex per i men tal de ter mi na tion of their ex -

pres sion yield in E. coli, sol u bil ity, and thermostability. In
the next step, we ex am ined sev eral vari ants of the can di -
date scaf folds in clud ing their wild types and alanine mu -
tants. We proved the ap pli ca bil ity of this sys tem atic
pro ce dure by se lect ing a monomeric sin gle-do main hu man
pro tein with a fold dif fer ent from pre vi ously known scaf -
folds. The newly de vel oped scaf fold con tains two in de -
pend ently mu ta ble sur face patches. We dem on strated its
func tion al ity by train ing it as a binder against hu man
interleukin-10, a med i cally im por tant cytokine. The pro ce -
dure yielded scaf fold-re lated vari ants with nanomolar af -
fin ity.

Fig ure 1. Pro duc tion of light us ing the Su per nova deoxyribozome.
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ATOMIC FORCE MICROSCOPY IN STRUCTURAL BIOLOGY 
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Atomic force mi cros copy (AFM) can gen er ate im ages
within ranges of res o lu tion that are of par tic u lar in ter est in
bi ol ogy [1]. Al though atomic res o lu tion may not be pos si -
ble with bi o log i cal sam ples, a great deal of in for ma tion can
still be ob tained from im ages that pro vide struc tures at a
slightly lower level of res o lu tion.
Our lab o ra tory is per form ing re search in the field of im ag -
ing of biomolecules [2], map ping the elas tic prop er ties of
cells and their clus ters [3], and char ac ter iza tion of con trac -
tile prop er ties of cardiomyocytes and their clusters [4].

The lab o ra tory’s flag ship is the large AFM mi cro scope
JPK NanoWizard 4XP in stalled on a Leica DMi8 op ti cal
mi cro scope with a flu o res cence mod ule. Both mi cro scopes 
can op er ate si mul ta neously in the so-called directoverlay
mode, thus com bin ing AFM and op ti cal mi cros copy abil i -
ties. More over, this mi cro scope is not only an im ag ing tool, 
how ever helps to map elas tic prop er ties of var i ous sam ples
with nanometer res o lu tion. One of the main ad van tages is
the abil ity to work in semi-phys i o log i cal con di tions.

Com bin ing the AFM with microfluidic, so-called
FluidFM en ables the pos si bil ity to as pi rate and/or de liver
ex tremely low vol umes. This fea ture can be used when in -
ject ing or re mov ing small vol umes from in di vid ual cells.
Us ing stiffer can ti le vers, the sys tem can in ves ti gate cell ad -
he sion on new types of im plant ma te ri als.

Keep ing on the cut ting-edge cur rent AFM tech nol ogy,
the new gen er a tion of the MultiMode AFM mi cro scope,
ver sion 8HR, was built for im ag ing with the max i mum res -
o lu tion that cur rent com mer cial set ups al low. This AFM

setup will help the struc tural bi ol o gist im age the
biomolecules (DNA, pro teins, mo lec u lar com plexes) on a
sin gle mo lec u lar level.

More over, the multielectrode ar ray (MEA) can be si -
mul ta neously con nected with an AFM mi cro scope, thus
study ing mechanoelectrical feed back of car diac cells,
tightly con nected with some heart pa thol o gies, such as
catecholaminergic poly mor phic ven tric u lar tachy car dia
(CPVT).
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Fig ure 1. DNA struc ture stud ied by the AFM.
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STRUCTURAL MASS SPECTROMETRY – AN ADVANCED TOOL IN PROTEIN
STRUCTURE ANALYSIS

Petr Pompach, Pavla Vaòková, Jan Dohnálek

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

Struc tural mass spec trom e try is a fast-grow ing field on an -
a lyt i cal chem is try rep re sent ing a new ap proach for pro tein
struc tural stud ies. 

The Struc tural Mass Spec trom e try fa cil ity of fers ac cess 
to an ul tra-high res o lu tion 15T-Solarix XR FT-ICR
(Bruker Daltonics), timsToF Pro (Bruker Daltonics) and to
a MALDI-TOF Bruker Autoflex Speed (Bruker Daltonics)
mass spec trom e ters. 

This in stru men ta tion al lows de ter mi na tion of pre cise
mass of bi o log i cal macromolecules, char ac ter iza tion of

posttranslational mod i fi ca tions, pep tide mass fin ger print -
ing, de tec tion of small mol e cule/me tab o lites and mon i tor -
ing of pro tein struc tural changes/pro tein-pro tein
in ter ac tions un der phys i o log i cal con di tions by hy dro -
gen-deu te rium ex change, chem i cal cross-link ing and na -
tive mass spec trom e try. 

In the Cen tre of Mo lec u lar Struc ture, the tools of struc tural 
mass spec trom e try are well es tab lished and al low to look
be yond the edge of tra di tional struc tural techniques.
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STRUCTURAL CHANGES AND THEIR CONSEQUENCES FOR AZURIN OXIDATION
 IN VACUUM AND ON GOLD INTERFACES
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Charge trans fer pro cesses fa cil i tated by metalloproteins
play an es sen tial role in bi ol ogy and tech no log i cal ap pli ca -
tions, in clud ing novel vac uum-based nanobioelectronic
de vices. De tail un der stand ing of the charge-trans port
mech a nism and its de pend ence on the en vi ron ment of a
pro tein is thus very de sir able. In an aque ous so lu tion, elec -
trons flow through biomatter by se quen tial, ther mally-ac ti -

vated hop ping be tween the avail able re dox sites. How ever,
the in ter ac tion of the pro teins with metal sur faces has pro -
found con se quences on the elec tronic struc ture, as sug -
gested by the tem per a ture-in de pend ent cur rent-volt age
re sponse mea sured in vac uum junc tions [1]. Such be hav ior 
could be, in prin ci ple, ex plained ei ther by co her ent tun nel -
ing mech a nism or by sub stan tial low er ing of the so-called

a) b) c)

Fig ure 1. Ob served loop twists be tween His117 and Met121 (dark grey) next to the re dox Cu site (or ange).
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re or ga ni za tion free en ergy con trol ling the bar rier heights in 
the hop ping mech a nism.

We in ves ti gated such en vi ron men tal ef fects on struc -
ture and ox i da tion re or ga ni za tion free en er gies of the
Azurin pro tein, as ex tracted to vac uum and con se quently
ad sorbed to clean gold sur faces. For that, we em ployed mo -
lec u lar dy nam ics (MD) com pu ta tional tech niques and
QM/MM sam pling [2] within the frame work of den -
sity-func tional the ory (DFT). We re pro duced the ex per i -
men tal value of the re or ga ni za tion free en ergy in the
so lu tion (~0.7 eV). How ever, the en ergy is not re duced
upon the ex trac tion of Azurin to vac uum due to its in -
creased flex i bil ity near the re dox Cu site (c.f. Fig. 1). On

the gold sur faces, the re or ga ni za tion en ergy var ies be tween 
0.6 and 0.9 eV, de pend ing on the par tic u lar ad sorp tion
struc ture. The struc tural flex i bil ity is bal anced there with
the metal ad sorp tion and po lar iza tion ef fects. In ei ther
case, the re or ga ni za tion free en ergy is kept rel a tively high,
which does not sup port the hop ping mech a nism of elec tron
trans port on vac uum biometallic in ter faces.

1. Garg, K. et al.: Di rect Ev i dence for Heme-As sisted
Solid-State Elec tronic Con duc tion in Multi-Heme c-Type

Cytochromes. Chem. Sci. 9, 7304-7310, 2018.

2. Futera, Z. et al.: Co her ent Elec tron Trans port across a 3 nm 
Bioelectronic Junc tion Made of Multi-Heme Pro teins. J.
Phys. Chem. Lett. 11, 9766-9774, 2020.
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MICROFLUIDIC MODULATION SPECTROSCOPY (MMS): A NOVEL IR-BASED
TECHNIQUE PROVIDING AUTOMATED, HIGHLY-SENSITIVE PROTEIN SECONDARY

STRUCTURE CHARACTERISATION IN IN SITU CONDITIONS

Pat rick King

RedShiftBio Inc.

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
reproducibility 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 workflow, giv ing rel e vant ap pli ca tion ex am ples.


