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Once thought to play a pas sive role in the stor age of ge netic 
in for ma tion, nu cleic ac ids are now known to be ca pa ble of
a wide range of func tions. Notable ex am ples in clude allo -
sterically ac ti vated ribozyme and deoxyribozyme sen sors,
RNA aptamers that en hance the flu o res cence of small mol -
e cule fluorophores, and poly mer ase ribozymes that can
gen er ate tran scripts of more than 100 nu cleo tides in a se -
quence-di rected man ner. Dis cov ery of these mo tifs has
been greatly fa cil i tated by a method of ar ti fi cial evo lu tion
called in vi tro se lec tion, in which DNA or RNA mol e cules
with use ful or in ter est ing func tions are iso lated from large
ran dom se quence li brar ies us ing mul ti ple rounds of se lec -

tion and am pli fi ca tion.  In spired by these ex am ples, in this
study we used in vi tro se lec tion to iden tify a novel deoxy -
ribozyme which cat a lyzes a chemiluminescent re ac tion. 
Un der op ti mized con di tions this deoxyribozyme gen er ates
light more than 10,000-fold more ef fi ciently than the
nonenzymatic back ground re ac tion.  Com par a tive anal y sis
of more than 100,000 vari ants ob tained us ing in vi tro se lec -
tion and high-through put se quenc ing re vealed the sec ond -
ary struc ture and se quence re quire ments of the deoxy-
 ri bozyme.  It also made it pos si ble to de sign a light- pro duc -
ing sen sor in which this deoxyribozyme was used as the
sig nal ing com po nent.
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Ev ery cell is pro tected by a semipermeable mem brane.
Pep tides with the right prop er ties, e.g. Antimicrobial pep -
tides (AMPs), can dis rupt this pro tec tive bar rier by for ma -
tion of  leaky pores. Un for tu nately, match ing pep tide
prop er ties with their abil ity to se lec tively form pores  was
re ported to both in crease and de crease antimicrobial ac tiv -
ity. We used com puter sim u la tions  and flu o res cence ex -
per i ments to show that a kink in he li ces af fects the
for ma tion of mem brane  pores by sta bi liz ing to roid al pores
but dis rupt ing bar rel-stave pores. The po si tion of
the  proline/glycine kink in the se quence fur ther con trols

the spe cific struc ture of to roid al pore.  More over, we dem -
on strate that two he li cal pep tides can form a kink-like con -
nec tion with sim i lar  be hav ior as one long he li cal pep tide
with a kink. The pro vided mo lec u lar-level in sight can
be  uti lized for de sign and mod i fi ca tion of pore form ing an -
ti bac te rial pep tides or tox ins. 

We ac knowl edge sup port from CEITEC 2020 (LQ1601)
pro ject with fi nan cial con tri bu tion made by the Min is try of
Ed u ca tion, Youths and Sports of the Czech Re pub lic within
spe cial sup port paid from the Na tional Programme for
Sustainability II fund.
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Nu mer ous im prove ments in ag ri cul tur ally im por tant pa -
ram e ters of plants have been achieved by ma nip u lat ing
cytokinin con tent in plants. Cytokinins are plant hor mones
and their lev els are reg u lated by a flavoenzyme fam ily of
FAD-de pend ent cytokinin oxi das es/dehydrogenases
(CKO/CKX). Thidiazuron (TDZ) and N-(2-chloro-pyri -
din-4-yl)-N´-phenylurea (CPPU) are well-known syn thetic 
cytokinins and CKX in hib i tors. These urea com pounds
com pete with cytokinin me tab o lites, bases and ribosides,
for the bind ing site of CKX. De vel op ment of novel po tent
CKX in hib i tors re flects the ban on ge net i cally en gi neered
food and crops in EU. These in hib i tors might in crease the
life time of en dog e nous cytokinins and af fect dif fer ent
cytokinin func tions, thereby hav ing pos i tive ef fects on
seed fill ing, de layed se nes cence and stress tol er ance to -
ward bi otic and abiotic stresses and thus im prov ing crop
yield. 

Here, we re port a de vel op ment and bi o log i cal ac tiv ity
of novel CKX in hib i tors, which are de rived mainly from

diphenylurea. Sev eral CKX isoforms from maize (Zea
mays) were used to study the in hib i tory strength of new in -
hib i tors by an a lyz ing en zyme ki net ics as well as their bind -
ing mode by X-ray crys tal log ra phy. We iden ti fied sev eral
com pounds with IC50 val ues in nanomolar range and
solved crys tal struc ture com plexes up to 1.6C res o lu tion.
These com pounds can al le vi ate stress re sponses to drought
and salt as well as in crease seed/grain yield in field tri als on 
bar ley, wheat and bar ley. Hope fully, they can find place on
the mar ket of plant growth sub stances.

Sup ported by the grant 18-07563S from the Czech Sci ence
Foun da tion, ERDF grant pro ject No. CZ.02.1.01/0.0/0.0/
16_019/0000827 (Plants as a tool for sus tain able global
de vel op ment) and grant No. CZ.02.2.69/0.0/0.0/16_027/
0008482 from the Min is try of Ed u ca tion, Youth and Sports, 
Czech Re pub lic. We ac knowl edge SOLEIL for pro vi sion of
syn chro tron ra di a tion fa cil i ties (pro pos als ID 20160782
and 20170872) in us ing Proxima 1 and 2 beamlines at
SOLEIL synchrotron.
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The or ange carotenoid pro tein (OCP) is a struc tur ally and
func tion ally mod u lar photoactive pro tein in volved in
cyanobacterial photoprotection. Re cently, based on
bioinformatic anal y sis and phylo gen etic re la tion ships, new 
fam i lies of OCP have been de scribed, OCP2 and OCPx.
The first char ac ter iza tion of the OCP2 showed both faster
photoconversion and back-con ver sion, and lower flu o res -
cence quench ing of phycobilisomes rel a tive to the well
char ac ter ized OCP1. More over, OCP2 is not reg u lated by
the flu o res cence re cov ery pro tein (FRP). In this work, we
pres ent a com pre hen sive study com bin ing ultrafast spec -
tros copy and struc tural anal y sis to com pare the photo -

activation mech a nisms of OCP1 and OCP2 from Toly -
pothrix PCC 7601. We show that de spite sig nif i cant dif fer -
ences in their func tional char ac ter is tics, the spec tro scopic
prop er ties of OCP1 and OCP2 are com pa ra ble. This in di -
cates that the OCP func tion al ity is not di rectly re lated to the 
spec tro scopic prop er ties of the bound carotenoid. In ad di -
tion, the struc tural anal y sis by X-ray footprinting re veals
that, over all, OCP1 and OCP2 have grossly the same
photoactivation mech a nism. How ever, the OCP2 is less re -
ac tive to radiolytic la bel ing, sug gest ing that the pro tein is
less flex i ble than OCP1. This ob ser va tion could ex plain
fast photoconversion of OCP2. 
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Fig ure 1. A. Lo cal struc tural changes in the Tolypothrix OCP1 and OCP2 upon light ac ti va tion as mea sured by XFMS. The changes in
sol vent ac ces si bil ity (> 1.5-fold changed) upon light ac ti va tion are plot ted on the OCP1 crys tal struc ture (PDB 6PQ1) and on the OCP2 
homology model show ing re gions be com ing less pro tected (red) and more pro tected (blue). The carotenoid in OCPR form is shown in
red sticks. The do main sep a ra tion is not shown. The con served Y201 and W288 are high lighted in ma genta. B. Charge dis tri bu tion of

the carotenoid tun nel in OCP1 (1) and OCP2 (2). b1 and b2 re gions are high lighted, col ored by elec tro static po ten tial from –6kT/e
(red) to 6kT/e (blue).


