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Zavereéna karta projektu

Nazov projektu Evidenéné cislo projektu APVV-15-0069

Transformacia integralneho membranového proteinu na vo vode rozpustnui formu:
pripad GPCR

Zodpovedny rieSitel doc. RNDr. Erik Sedlak, PhD.

Prijemca Univerzita Pavla Jozefa Safarika v Kosiciach - Prirodovedecka
fakulta

Nazov pracoviska, na ktorom bol projekt rieSeny

Centrum interdisciplinarnych biovied, Technologicky a inovacny park Univerzity Pavla
Jozefa Safarika

Nazov a stat zahrani¢éného pracoviska, ktoré spolupracovalo pri rieSeni

Laboratorium Prof. Dr. Andreasa Pluckthuna z Katedry biochémie na Univerzite v Zurichu,
Svajciarsko

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

Ziadne.

NajvyznamnejSie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uved'te aj publikacie prijaté do tlace

RieSenie projektu viedlo k vyraznému narastu publikacnych vystupov nasho laboratéria.
Doteraz sme publikovali 16 prac v karentovanych ¢asopisoch, 4 rukopisy su v oponentskom
konani a viacero prac, ako priamy vysledok rieSenia projektu, bude pripravenych v
najblizSom obdobi.

Vysledky prace na projekte, resp. na projektoch uzko suvisiacich s rieSenym projektom boli
prezentované na 17 prednaskach (z toho 2 pozvanych) a 38 plagatovych oznameniach na
domacich a zahrani¢nych konferenciach.

Riesitelia projektu prezentovali vysledky aj v 8 popularizaénych prednaskach pre studentov
strednych 8kél a svojich kolegov z pribuznych Studijnych programov.

Rukopisy v recenznom konani (4):

(1) *Tomaskova N., Kozar T., Varha¢ R., Musatov A., Sedlak E. (2021) Anions specific
effects on alkaline state of cytochrome c.

Biochemistry (Moscow). F2019 1.978 Q4

(2) Nemergut M., Skrabana R., Pliickthun A., *Sedlak E. (2021) Efficient purification of MBP
fusion proteins on DARPIn affinity matrix.

Int. J. Biol. Macromol. 1F2019 5.162 Q1

(3) Sedlak E., Kozar T., *Musatov A. (2020) (invited review) Interplay between aggregation
state, subunits composition and tightly bound cardiolipin of bovine heart cytochrome c
oxidase. Physiological relevance.

Cells IF2019 4.366 Q2
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(4) Tomaskova N., Novak P, Kozar T., Petren¢akova M., Jancura D., Yassaghi G., *Man P.,
*Sedlak E. (2020) Modification of cytochrome ¢ upon interaction with hydrogen peroxide.
Int. J. Biol. Macromol. IF2019 5.162 Q1

Publikované prace (16):

(16) Garajova K., Sedlakova D., Berta M., Gazova Z., *Sedlak E. (2020) Destabilization
effect of imidazolium ionic liquids cation-Hofmeister anion salts on cytochrome c. Int. J. Biol.
Macromol. 164, 3808-3813. IF2019 5.162 Q1

(15) 1Petrentakova M., 1Filander F., 1Hovan A., Yassaghi G., Man P., Kozar T., Jancura
D., Schwer M-S., Plickthun A., Novak P., MiSkovsky P., *Bané G., *Sedlak E. (2020)
Photoinduced damage of AsLOV2 domain is accompanied by increased singlet oxygen
production due to flavin dissociation. Sci. Rep. 10: 4119. IF2019 3.998 Q1

(14) Petrencakova M., Varha¢ R., Nemergut M., Schwer M-S., Jancura D., *Sedlak E.
(2020) Conformational properties of LOV2 domain and its C450A variant within broad pH
region. Biophys. Chem. 259, 106337. IF2019 1.995 Q3

(13) Sedlak E., Sedlakova D., Marek J., Hancar J., Garajova K., *Zoldak G. (2019) lon-
specific protein/water interface determines Hofmeister effect on the kinetic stability of
glucose oxidase. J. Phys. Chem. B 123, 7965-7973. IF2018 2.923 Q1

(12) Sipo$ova K.*, Sedlak E., Kozar T., Nemergut M., Musatov A. (2019) Dual Effect of Non-
ionic Detergent Triton X-100 on Insulin Amyloid Formation. Colloids and Surfaces B:
Biointerfaces 173, 709-718. IF2018 3.973 Q1

(11) DuSekova E., Garajova K., Yavasger R., Varha¢ R., *Sedlak E. (2018) Hofmeister effect
on catalytic properties of chymotrypsin is substrate-dependent. Biophys. Chem. 243, 8-16.
IF2017 1.870 Q2

(10) Tomaskova N., Varha¢ R., Lysakova V., Musatov A., *Sedlék E. (2018) Peroxidase
activity of cytochrome c in its compact state depends on dynamics of the heme region.
Biochim. Biophys. Acta — Proteins & Proteomics 1866, 1073-1083. IF2017 2.609 Q1

(9) 1Schaefer J.V., 1Sedlak E., Kast F., Nemergut M., *Plackthun A. (2018) Modification of
kinetic stability of immunoglobin G by solvent additives. mAbs mAbs 10(4): 607-623. doi:
10.1080/ 19420862. IF2017 5.165 Q1

(8) *Sedlak E., Zoldak G., *Wittung-Stafshede P. (2018) Synergistic effects of copper sites
on apparent stability of multicopper oxidase, Fet3p. Inter. J. Mol. Sci. 19, 269;
doi:10.3390/ijms19010269 IF2016 3.226 Q2

(7) Garajova K., Dzurova L., Zimmermann M., Skultéty L', Zoldak G., *Sedlak E. (2017) The
molten-globule residual structure is critical for reflavination of Glucose Oxidase. Biophys.
Chem. 230, 74-83. IF2015 2.402

(6) Nemergut M., Zoldak G., Schaefer J.V., Kast F., Miskovsky P., *Pliickthun A., *Sedlak E.
(2017) Analysis of IgG kinetic stability by differential scanning calorimetry, probe
fluorescence and light scattering. Protein Sci. 26, 2229-2239. IF2016 2.523

(5) Belej D., Jurasekova Z., Nemergut M., Wagnieres G., Jancura D., Huntosova V. (2017)
Negligible interaction of [Ru(Phen)(3)](2+) with human serum albumin makes it promising for
a reliable in vivo assessment of the tissue oxygenation. J. Inorg. Biochem. 174, 37-44. doi:
10.1016/j.jinorgbio.2017.05.016. IF2016 3.205

(4) Sedlak E., *Musatov A. (2017) Inner mechanism of protection of mitochondrial electron-
transfer proteins against oxidative damage. Focus on hydrogen peroxide decomposition.
Minireview. Biochimie 142, 152-157. IF2016 3.112

(3) Musatov A., *Sedlak E. (2017) Role of cardiolipin in stability of integral membrane
proteins. Review. Biochimie 142, 102-111. IF2016 3.112

(2) Zoldak G., Jancura D., *Sedlak E. (2017) Utilization of fluorescence ratio in
determination of inflection point in pH, denaturant and temperature dependences. Protein
Sci. 26(6), 1236-1239. IF2016 2.523

(1) Garajova K., Balogova A., Dusekova E., Sedlakova D., Sedlak E., *Varha¢ R. (2017)
Correlation of lysozyme activity and stability in the presence of Hofmeister series anions.
BBA — Proteins & Proteomics 1865(3), 281-288. IF2015 3.016

Lectures (17) - z toho najvyznamnejSie:

(i) Sedlak E., Evolucia proteinov v skimavke.

Pozvana prednaska v ramci cyklu “Jesenné stretnutia v Parku” v spolupraci so Slovenskou
spolo¢nostou pre biochému a molekularnu biolégiu.

Konferenéna miestnost VP UK llkovicova 8, Bratislava, dnha 22.11.2019.
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(i) Nemergut M., Sedlak E., Affinity chromatography based on DARPin and maltose binding
protein complex formations,

Book of Abstracts, pp 33. ISBN 978-961-90942-4-2

8th Regional Biophysics Conference, 16.-20.5.2018, Zrece, Slovinsko

(iii) Nemergut M., Sedlak E., The use of DARPIns in the purification of MBP-fused proteins.
Book of Contributions (reviewed), p.32, short communications SC4.

8th Slovak Biophysical Symposium, ISBN: 978-80-973086-7-4

May 30 — June 1, 2018, KoSice, Slovakia

(iv) Sedlak E., Plickthun A., Analysis of kinetic stability of antibodies by microcalorimetry.
Book of Contributions (reviewed), p.28, short communications SC1.

8th Slovak Biophysical Symposium, ISBN: 978-80-973086-7-4

May 30 — June 1, 2018, KoSice, Slovakia

(v) Sedlak E., Role of cardiolipin for stability of cytochrome ¢ oxidase. (English)
(invited lecture) Regional Biophysics Conference RBC2016, 25-28 August 2016, Trieste,
Italy

Uplatnenie vysledkov projektu

Projekt APVV vyrazne prispel ku kvalitativnemu rozvoju laboratéria zodpovedného rieSitela
ako aj laboratdrii Centra interdisciplinarnych biovied na TIP UPJS v Kosiciach.

Projekt APVV viedol k etablovaniu metddy ribozémového displeja, efektivnej techniky vyvoja
novych proteinov a enzymov, v laboratériach CIB TIP-UPJS ako aj mnohych technik
molekulovej biolégie, biochémie a biofyziky akymi su:

(i) amplifikacia génov pomocou PCR, klonovanie génov, priprava DNA konstruktu, in vitro
transkripcia, in vitro translacia, selekcia, elucia mRNA, reverzna transkripcia,

(ii) expresia proteinov v baktériach a ich izolacia a charakterizacia technikami ako SEC a
SDS PAGE, western blot,

(iii) charakterizacia termodynamickej a kinetickej stability membranovych proteinov.

Tieto vysledky viedli k nadviazaniu, resp. prehibeniu, medzinarodnej spoluprace v ramci
akademického prostredia so skupinami:

(i) prof. Andreasa Pluckthuna z Univerzity v Zurichu a prof. Matthiasa Riefa z Technickej
university v Mnichove, s ktorymi sme ziskali projekt v ramci vyzvy H2020-WIDESPREAD-
2018-2020 (WIDESPREAD)-Twinning, ktorého hlavnym cielom je posilnit’ oblast’ vyskumu
proteinového inZinierstva v oblasti evoluénych technik na UPJS s vyznamom pre vychodne
Slovensko, ale s dosahom na celé Slovensko v tejto oblasti vyskumu. Prave skupina Prof.
Pluckthuna je jedna z veducich skupin na svete zaoberajuca sa metdédami evoluénych
technik vo vyvoji a dizajne proteinov.

(i) prof. Mgr. Jifiho Damborského, Dr., veduci Loschsmidtovych laboratérii na Masarykovej
univerzity v Brne, na téme vyvoja jednej skupiny enzymov, haloalkanovych dehalogenaz,
pomocou evolu¢nych technik. Haloalkanové dehalogenazy tvoria délezitu skupinu hydrolaz,
ktoré Stiepia vazbu medzi uhlikom a halogénom v halogénovanych uhlovodikoch. Vdaka
unikatnemu katalytickému mechanizmu maju tieto enzymy vysoky aplikacny potencial v
bioremediacii toxickych environmentalnych polutantov, dekontaminacii chemickych bojovych
latok, na biomonitoring znecistujucich latok v prostredi, znaCenie proteinov pri bunkovom
zobrazovani a na pripravu opticky jednotnych alkoholov vo farmaceutickom priemysle.

(iii) Dr. Babaka Minofara z In&titutu fyziky a biofyziky na JuhoCeskej univerzite v oblasti
teoretického Studia a predikcii vlastnosti proteinov pomocou pocitacovych simulacii.Tato
spolupraca predpoklada pochopenie efektu soli na katalytické vlastnosti biotechnologicky
vyznamnych proteaz — akou je napr. 3C proteaza.

Na zaklade dosiahnutych vysledkov v ramci tohto APVV projektu bolo vytvorené partnerstvo
s podnikatelskym subjektom Saftra Photonics, s.r.o., vysledkom ktorej je Ziadost o finanénu
podporu spolo¢ného projektu s nazvom: Vyvoj nanosenzorickych fotonickych systémov na
rychlu detekciu virusov vyuZitim metdd riadenej evolucie proteinovych platforiem: pripad
SARS-CoV-2 v Operacnom programe: 311000 - Operacny program Integrovana
infrastruktura v ramci vyzvy: OPII-VA/DP/2020/9.4-01. Predpokladany zadiatok rieSenia
projektu je 1.1.2021.

Hlavnym ciefom tohto projektu je vyvoj proteinovej platform na detekciu virusovych €astic,
resp. Casti povrchu tychto virusov s velkym vyznamom pre klinicku prax pre prakticku
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detekciu virusu COVID-19. Hlavnou vyhodou vyvijanej platformy je jej modulovatelnost,
vd'aka ktorej by malo byt mozné v kratkej dobe (niekolko tyzdriov) zmenit Speficitu
rozpoznavajucej ¢astice, napr. v pripade mutacie proteinov na povrchu €astice virusu, resp.
rozpoznavanie uplne inej virusovej Castice. Tato technoldgia je zaloZzena predovsetkym na
evolu¢nych technikach ako ribozémovy a kvasinkovy disple;.

NajdoblezitejSim vysledkom tohto projektu APVV preto povazujeme etablovanie techniky
ribozémového displeja a na zaklade ziskanych skusenosti v blizkej dobe aj kvasinkového
displeja, ktoré maju nesmierny potencial pri vyvoji novych proteinov a enzymov aj pre
biotechnolgicku sféru.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Projekt APVV vyrazne prispel k rozvoju laboratéria zodpovedného riesitela ako aj laboratorii
Centra interdisciplinarnych biovied na TIP UPJS v Kosiciach v niekolkych oblastiach:

(i) Tim zodpovedného riesitela vyrazne zvySil svoju publikaénu a prezentaénu aktivitu v
obdobi 2016-2020.

RieSenie projektu viedlo k vyraznému narastu publikaénych vystupov nadho laboratéria
reprezentovanych 16 publikovanymi pracami v karentovanych ¢asopisoch a 4 zaslanymi
rukopismi, 17 prednaskami (2 pozvané) a 38 plagatovymi oznameniami na domacich a
zahraniénych konferenciach a 8 popularizaénymi prednaskami pre Studentov strednych Skél.
(ii) Nadviazanie, resp. prehibenie medzinarodnej spoluprace so skupinami Prof. Dr.
Andreasa Plickthuna (Univerzita v Zurichu), Prof. Dr. Jifiho Damborského (Masarykova
univerzita v Brne) a Dr. Babaka Minofara (Institut fyziky a biofyziky na JuhoCeskej univerzite
v Ceskych Budsjoviciach).

(iii) Vytvorenie partnerstva s podnikatelskym subjektom Saftra Photonics, s.r.o0., s ciefom
vyvoja flexibilnych proteinovych platforiem evoluénymi technikami na detekciu (aj)
virusovych Castic.

Zakladnym cielom tohto APVV projektu bolo poskytnat ,proof of principle“ ohfadom
moznosti transformovat integralny membranovy protein na vo vode rozpustny analdg.
Uspesna realizacia experimentalnej &asti tohto projektu spoéivala na splneni niekolkych
Ciastkovych cielov:

(i) Etablovani displej technoldgie (ribozémovy displej) v naSich laboratériach. Tento ciel bol
spineny.

(ii) Identifikacia Specifickych pozicii aminokyselin v polypeptidovom retazci neurotenzin
viazuceho receptora a vo vSeobecnosti GPCR v lipidovej dvovrstve, ktorych nahradenie by
viedlo k zvySeniu rozpustnosti tychto receptorov. Navrhli sme kniznice pre 2 GPCR —
neurotenzin viazuci receptor (NTR1) a kappa-opioid receptor (hKOR).

(iii) Vytvorenie DNA kniznice pre GPCR. Ciel spineny pre obidva vybrané GPCR.

(iv) Selekcia analégov GPCR s vhodnymi vlastnostami. Vhodné analégy boli vyselektované
pre hKOR. Kniznica pre NTR1 pravdepodobne nemala pre potreby ribozémového displeja
dostatocnu diverzitu.

(v) Charakterizacia biofyzikalnych a biochemickych vlastnosti vybranych analégov GPCR.
Ciastkové ciele (iv) a (v) velmi Gzko suvisia. Podarilo sa nam doteraz charakterizovat
niekoflko vybranych hKOR, ktoré sme vybrali na zaklade ich primarnej sekvencie. Ukazali
sme, ze vytvaraju definovanu 3D Struktiaru, aviak vo vode, bez pritomnosti detergentov,
tvoria nehomogénne oktaméry. V su€asnosti sa snazime metédami molekulovej biolégie o
~rozbitie tychto oktamérov na mensie Struktury a zaroven zvysit homogenitu takto
vytvorenych Struktur. AvSak, existencia vo vode rozpustnych analégov GPCR detegovanych
tymito analyzami je mozné povazovat za ,proof of principle“ hlavného ciela tohto projektu.
Konecnym dbékazom a potvrdenim existencie funkéného vo vode rozpustného analéga
GPCR je urenie jeho 3D S&truktury, , €o je naSim ciefom pre buduci rok v spolupraci so
skupinou Prof. Dr. Plickthuna v ramci projektu CasProt (Horizon 2020 — Twinning).

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The APVYV project significantly contributed to the development of the laboratory of the
principal investigator as well as the laboratories of the Center for Interdisciplinary
Biosciences at TIP UPJS in Kosice in several areas:

(i) The team of the principal investigator significantly increased its publishing and
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presentation activity in the period 2016-2020.

The solution of the project led to a significant increase in the publication output of our
laboratory represented by 16 published works in peer-reviewed journals and 4 submitted
manuscripts, 17 lectures (2 invited) and 38 poster announcements at domestic and foreign
conferences and 8 popularization lectures for high school students.

(ii) Establishment, resp. deepening of international cooperation with groups of Prof. Dr.
Andreas Pluckthun (University of Zurich), Prod. Dr. Jifi Damborsky (Masaryk University in
Brno) and Dr. Babaka Minofara (Institute of Physics and Biophysics at the University of
South Bohemia in Ceské Budgjovice).

(iii) Forming a partnership with Saftra Photonics, s.r.o., to develop flexible protein platforms
by evolutionary techniques for the detection of (also) viral particles.

The main goal of this APVV project was to provide a "proof of principle" regarding the
possibility of transforming an integral membrane protein into a water-soluble analogue.

The successful implementation of the experimental part of this project was based on the
fulfillment of several sub-objectives:

(i) Established display technology (ribosome display) in our laboratories. This goal has been
met.

(i) Identification of specific amino acid positions in the polypeptide chain of the neurotensin
binding receptor and in general the GPCRs in the lipid bilayer, the replacement of which
would increase the solubility of these receptors. We designed libraries for 2 GPCRs -
neurotensin binding receptor (NTR1) and kappa-opioid receptor (hKOR).

(iii) Creation of a DNA library for GPCR. Goal met for both selected GPCRs.

(iv) Selection of GPCR analogs with suitable properties. Suitable analogs were selected for
hKOR. The NTR1 library probably did not have sufficient diversity for ribosome display.

(v) Characterization of biophysical and biochemical properties of selected GPCR analogs.
Sub-objectives (iv) and (v) are very closely related. So far, we have been able to
characterize several selected hKORs, which we selected based on their primary sequence.
We have shown that they form a defined 3D structure, but in water, without the presence of
detergents, they form inhomogeneous octamers. We are currently trying to "break" these
octamers into smaller structures using molecular biology methods and at the same time
increase the homogeneity of the structures thus created. However, the existence of water-
soluble GPCR analogs detected by these analyzes can be considered as a "proof of
principle" of the main goal of this project. The final proof and confirmation of the existence of
a functional water-soluble analogue GPCR is to determine its 3D structure, which is our goal
for next year in cooperation with the group Prof. Dr. Plickthuna within the CasProt project
(Horizon 2020 - Twinning).
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