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Sekce stredoskolskych studentt

Terénni studie prirodnich repelentt proti klistatim

Vojtéch Cihal
Stredni prlimyslova skola chemicka a Gymnazium, Brno

MUNI, Masarykova univerzita

Tato prace se zabyva zkoumanim repelentnich ucink( esencidlniho oleje ze zazvoru lékatského (Zingiber officinale) vici klistéti obecnému (/xodes
ricinus). Motivaci pro vyzkum byly predeslé studie poukazujiciStanoveni pesticid( v exotickém kofeni a znamych pochutinach

Zuzana Konecna (RECETOX — Prirodovédecka fakulta Masarykovy univerzity), Stfedni primyslova skola chemicka a gymnazium Brno, Vranovska, p. o.

“Dopady pesticidll v nasem Zivotnim prostredi jsou zavazné. Tyto latky se vyskytuji v fekach, snéhu, desti, mlze, vzduchu, pldé, v potravinach, a
dokonce i v organismech lidského téla. Chemické pesticidy predstavuji hrozbu nejen pro skldce, ale také pro lidi. Chemické pesticidy jsou nejznaméjsi,
nejucinnéjsi, ale také toxické, a to nejen pro cilové organismy [1].” Proto bezpecnost potravin patii mezi klicovd témata soucasného potravinarského
pramyslu i vefejného zdravi.

“Pesticidy jsou latky navrZzené k ni¢eni, odpuzovani nebo kontrole skiidct. Mezi né patfi fungicidy, herbicidy a insekticidy, které jsou specificky toxické
pro cilové organismy, ale mohou také ohrozit lidské zdravi, domaci zvifata a Zivotni prostfedi. Pesticidy mohou vyvolavat lokdlni a systémové reakce,
kratkodobé ucinky (akutni toxicita) a maji také dlouhodoby dopad na ekologické systémy. Jejich nadmérné pouzivani mlze vést k znecisténi vody a pudy,
ohroZeni biodiverzity a Ubytku opylovac, jako jsou vcely, coZ ohroZuje potravinovou bezpecnost [2].”

Pro stanovenim pesticidd v exotickych kofenich a zndmych pochutindch bylo celkem pouZito 16 vzorka: vanilkovy lusk, skofice mletd, pepr cerny
mlety, chilli (kajensky pepft), kakao prazené holandského typu, kakaové boby neprazené celé, kdvové boby, zelena kadva bio neprazena, Earl Grey, Lung
Ching, muskatovy ofisek, kurkuma, hiebicek a tfi slepé vzorky pro zajisténi kvality vysledkd.

V teoretické ¢asti jsou rozepsany kapitoly o pesticidech a toxikologii. V praktické ¢asti je v€etné materialu, chemikalii a pracovniho postupu popsa-
na analyza, kterd zajistuje presné vysledky s pouzitim kombinace vysokouéinné kapalinové chromatografie a hmotnostni spektrometrie, jez umoznila
kvantifikaci Siroké Skaly pesticidl s vysokou citlivosti. Cilem této prace je analyzovat pfitomnost pesticidli v exotickém kofeni a znamych pochutinach
dostupnych na ¢eském trhu a identifikovat rozdily mezi analyzovanymi produkty. Vybér vzorkl zahrnoval Sirokou skalu produkt(, véetné koreni, ¢ajl
a kakaovych produktl. Vysledky ptispéji k pochopeni rizik spojenych s konzumaci exotického koteni a pochutin.

Analyza 16 vzork( odhalila celkem rezidua 10 druhi pesticid(, pricem? jejich koncentrace se pohybovaly v rozmezi od detekéniho limitu az po 347,04
ng/g, coz bylo zjisténo u temefosu v chilli. Nej¢astéji se ve vzorcich objevil carbendazim, pficemz jeho nejvyssi hodnota byla naméfena v ¢erném pepfi
(50,83 ng/g). Naopak u prazenych kavovych bobl nebyly detekovany Zadné pesticidy. Celkem 5 vzorkl prekrocilo maximalni limit rezidui, a to pepf
¢erny mlety (pfekroéeni o 23,25 ng/g u acetochloru), ostatni 4 vzorky nedodrzely limit u chlorpyrifosu, coz byly: skofice mletd (prekroceni o 4,99 ng/g),
chilli (pfekroceni o 34,99 ng/g), zeleny ¢aj Lung Ching (pfekroceni o 31,40 ng/g) a hiebicek (prekroéeni 0 9,16 ng/g), u vzorku chilli bylo jesté zjisténo, ze
vzorek prekroCil limit i u dal$iho pesticidu temefos s hodnotou o vyse 337,04 ng/g neZ je maximalni limit rezidui.

Vysledky ukazuji, Ze Uroven kontaminace pesticidy je silné zavisla na konkrétnim typu produktu a podminkach jeho péstovani. Prazené kavové boby
neobsahovaly méfitelné mnozstvi pesticidd, coz poukazuje na mozné vlivy technologického zpracovani na konecény obsah rezidui. Prace zd(raznuje nut-
nost monitorovani pesticid v potravinach a disledného dodrzovani maximalnich rezidualnich limitl (MRL), zejména u produktl dovazenych ze zemi s
odlisSnymi pravidly pouZivani pesticidd.

Do budoucna by bylo uZitecné zaméfit se na Sirsi spektrum vzorkl a analyzovat vlivy péstitelskych a zpracovatelskych technik na obsah pesticid(.
Vysledky této prace mohou poslouZit jako podklad pro dalsi vyzkum a zlepseni legislativnich a kontrolnich mechanism( v oblasti bezpecénosti potravin,
nebot zdlraznuji daleZitost pravidelné kontroly a prevence v oblasti potravinové bezpecnosti.
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skytla mi cenné podklady a odborné rady, které byly pro tuto prdci zdsadni. Dale bych chtéla podékovat Ing. Tomdasovi Buridnkovi, Skolnimu vedoucimu
prace, ktery mi poskytl odborné rady a pfipominky, které mi pfi praci hodné pomohly.

na mozné biocidni a repelentni Ucinky rostlin z celedi zazvorovitych (Zingiberaceae), zejména kurkumovniku dlouhého (Curcuma longa) ¢i galganu
Iékarského (Alpinia officinarum) [1][2].
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V teoretické Casti prace je popsana Celed zazvorovitych, jeji vyznamné druhy a moZnosti vyuZiti v oblasti farmacie, kosmetiky a gastronomie. Dale
jsou rozebrany zakladni pojmy z oblasti biocid(i, predevsim repelentl, a podrobné je predstaven parazit klisté obecné — jeho morfologie, vyvoj, zplso-
by vyhledavani hostitele, vhodné Zivotni podminky i pfirozeni predatofi. Soucasti je také prehled nejéastéjsich nemoci pfenasenych klistaty, zejména
lymské borelidzy a klistové encefalitidy, véetné jejich priznak(, diagnostiky a prevence.

Prakticka ¢ast se zaméruje na testovani repelentnich Ucink( esencialniho oleje ze zazvoru Iékafského a na monitoring vyskytu klistéte obecného v
lokalité Brno—Pisarky metodou vlajkovani. BEhem monitoringu bylo nasbirano pfiblizné 500 jedincd rodu Ixodes, pficemz prevladalo vyvojové stadium
nymfa. Experiment prokazal, Ze oSetreni vlajek esencialnim olejem vedlo k niz8imu poctu pfichycenych klistat ve srovnani s kontrolnimi vzorky, coz naz-
nacuje, Ze zazvor lékafsky mlze mit urcité repelentni ucinky. Tyto vysledky by vsak mély byt dale ovéreny v dalSich nezavislych studiich.
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Zejména ze veskeré cennérady, materidly, které jsem mohl pti vypracovavani prace vyuzit a za vedeni mych terénnich studii a pomoc s jejich vypraco-
vavanim, ale zejména za trpélivost, kterou se mnou méla. Dale bych také rad podékoval Skolni vedouci moji prace PhDr. Marcele HeleSicovézaveskerou
pomoc pfi psani a moznosti vyuziti laboratore ve sSkole.
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Evolucni adaptace kardiovaskularniho systému na vyssi krevni tlak

Lota Dvorackova!
! Stfedni pramyslova Skola chemickd a Gymnazium, Brno, Vranovska,

p.o., Vranovska 65, 614 00 Brno-Husovice; dvorackova.lotka@gmail.com

Tato prace se zabyva analyzou krevniho tlaku jako zdkladniho parametru popisujiciho spravnou funkci kardiovaskularniho systému, a to u mladych
lidskych jedinct. Cilem bylo najit jednotlivce s dédi¢né vazanym vyssim krevnim tlakem. Tito jedinci by méli byt evolu¢né adaptovani na tuto zatéz bez
negativniho dopadu na jejich délku Zivota. Tato hypotéza vychazi z pozorovani primatd a jinych socialné Zijicich savc(, kde je u tzv. alfa jedincd pritomny
vyssi krevni tlak neZ u ostatnich jedinct jejich socialni skupiny a jejich kardiovaskularni systém je na toto zatiZzeni adaptovan (silnéjsi cévy a tzv. sportovni
srdce). K potvrzeni této teorie byl dobrovolniklim, ktefi se prihlasili do studie a podepsali informovany souhlas, zméfen krevni tlak, provedena rodinou
anamnézu a vypocital se index télesné hmotnosti (body mass index — BMI). Do prace byli vyhledavani dobrovolnici ve vékovém rozmezi 15 — 25 let.
Pro takto mladé jedince je vyssi krevni tlak nezvykly, proto se do prace nepodafilo dostatek dobrovolnikd s vy$sim krevnim tlakem. Z dobrovolnik( byl
nalezen pouze jeden mlady clovék (17 lety muz), ktery trpi vysokym tlakem. Kromé néj se jako dobrovolnik prihlasila 50 letd Zena, ktera trpi vysokym
krevnim tlakem jiz od mladi a jeji pfipad je v praci vyuzit jako prikladny, protoze by mohl souviset s hypotézou.

Cil prace byl ¢astecné splnén, ale k potvrzeni hypotézy o dédic¢né vazanosti vyssiho krevniho tlaku by bylo zapotrebi najit vice dobrovolnikid s vyssim
krevnim tlakem a provést podrobnéjsi vysetreni.
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tecnit, za jejich odbornou a pohotovou pomoc a cenné rady. Dékuji, Ze jste si na mé udélaly ¢as a s trpélivosti a vlidnosti mé provazely celou praci.

Dale bych chtéla podékovat své byvalé tfidni ucitelce PhDr. Mgr. Marcele HeleSicové za finalni kontrolu prace, podporu a rady, které mi poskytla.
V tomto podékovani nemohu opominout méfené dobrovolniky, kterym jsem velmi vdécna za jejich ochotu a nasazeni do tohoto projektu.
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Transformacia bioetanolu na uzitocné chemikalie

Tomas Goralka?, Matej Suska?, BlaZej Horvath3

12 Gymnazium Hlinska, Hlinska 29, Zilina, Slovensko, ‘tomas.goralka@gymza.sk, Zmatej.suska@gymza.sk

3 _QOddelenie organickej technolégie, katalyzy a ropy, Fakulta chemickej a potravinarskej technolégie STU, Radlinského 9, Bratislava, Slovensko

Trend spotreby ropy v nasej spolo¢nosti ndm ukazuje, ze je nevyhnutné hladat moznosti, ktorymi vieme ziskavat potrebné suroviny, ktorych pévod
bude iny ako ropny. Populdrnym alternativnym neropnym zdrojom je bioetanol vyrobeny z biomasy. Z bioetanolu je moZzné pomocou Lebedevovho ka-
talyzatora pripravit butadién a iné vyznamné petrochemické produkty.

Katalyzatory na baze oxid hore€naty — oxid kremicity sa ukazali byt efektivnymi katalyzatormi (Cisté ¢i dopované kovmi s kyslymi centrami). MgO
poskytuje bazické centrd a SiO, kyslé (Lewisove) centra. Vyskumy ukazali, Ze bazické centrd magnézie su v reakcnom mechanizme zodpovedné za aldo-
lové adicie a dehydrogendcie, kym kyslé centra siliky su zodpovedné za dehydratacie. Pridavok prechodného kovu zlepsuje dehydrogeniaciu etanolu na
acetaldehyd. [1, 2]

Etanol Acetaldehyd
Dehydrogenacia
——_
T OH e P o
r.?JlN:JU.'wa kondenzacia
OH
Butadién ){;aldi
M X0
Dehydratacia 1(5) ra)lME\ymaram
H,0 H.0
Krotyl alkohol ~“SOH Krolonaldehyd

MPV reakeia
f/\\\\/\ OH " {2] M 0

Reakéna schéma transformacie etanolu

Pripravili sme sedem heterogénnych katalyzatorov: MgO+SiO,, MgO/siO,, Si0,/MgO, Zr0,/SiO,(NO,), Zr0,/SiO,(Ac500), ZrO,/SiO,(Ac600) a ZrO,/
SiO,(Ac700). Pomer hmotnostného zlomku MO (M = Mg, Zr, x = 1 pre Mg, 2 pre Zr) ku SiO, bol 1:1. Katalyzatory boli testované v prietokovom reaktore.
Pre kaZdy pouzity katalyzator bola vykonana GC analyza plynnej fazy. Pri katalyzatoroch Si0,/MgO a Zr0,/SiO,(Ac500) boli pozorované najvyssie prie-
merné vytazky acetaldehydu a butadiénu. Pri pouZiti tychto dvoch katalyzatoroch bola vykonana aj GC-MS analyza zachyteného kondenzatu na uréenie
pritomnosti moznych polutantov.

GC-MS analyza zachyteného kondenzatu jednoznacne preukdzala vyhodnost pouZitia ZrO,/SiO,(Ac500), vzhladom na moZnost opadtovného vrétenia

nezreagovaného bioetanolu (jedina latka, ktorej pritomnost bola uréena pomocou GC-MS v kvapalnom kondenzate) do reakéného systému pre zvysenie
vytazkov bez nutnosti dodatocnej purifikacie.
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Vliv RNA acetyltransferazy NAT10 na nukleotidovou excizni reparaci

Benedikt Gross
Benedikt Gros, Biofyzikalni Gstac AV CR, v. v. i.; Oddéleni Bunééné biologie a epigenetiky; Brno, Kralovopolska 135

Oprava genetické informace je zdsadni proces pro Zivot, protoZe umozniuje organismlim udrzet stabilitu svého genomu a dosahnout dlouhovékosti.
Genom se muZe opravovat nékolika mechanismy a jejich efektivita je ¢asto ovlivnéna vnéjsimi podminkami [1]. Ve své prdci jsem se zaméfil na drahu
nukleotidové excizni reparace (NER) a zkoumal jsem, jakym zplsobem ji ovliviiuje enzym N-acetyltransferaza 10 (NAT10) [2]. Ke studiu byly pouZity dva
typy bunék Hela — pfirozené a geneticky upravené linie se snizenou produkci NAT10. Poskozeni genomu jsem indukoval vystavenim obou linii UVC za-
feni, coz umoznilo sledovat rozdily v reakci bunék na DNA stres. Vysledky ukazaly, Ze NAT10 ma patrny vliv na proteiny zapojené do NER drahy. Pomoci
Western blotu jsem analyzoval hladiny NAT10 a nékolika dalSich klicovych opravarenskych protein(, pficemz snizeni mnozstvi NAT10 mélo negativni do-
pad na jejich expresi. Ddle jsem imunofluorescenci a mikroozarenim sledoval aktivaci a shlukovani opravarenskych proteind v misté poskozeni DNA. Za-
jimavé vsak je, Ze celkova ani lokalni efektivita opravy nebyla drovni NAT10 vyrazné ovlivnéna, coz naznacuje komplexnéjsi regulacni roli tohoto enzymu.
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Vliv vyvbranych faktora preanalytické faze na stanoveni acidobazické rovnovahy v krvi

Nela Kolackova!, Gabriela Vintrova?

1 578 a VOSZ Brno, Merhautova (pracovisté Lipova 18), nkolackova@szsbrno.cz

2 575 a VOSZ Brno, Merhautova (pracoviété Lipova 18)

Acidobazicka rovnovaha (ABR) je klicovym parametrem pro hodnoceni vnitfniho prostfedi organismu a jeji presné stanoveni zavisi mimo jiné na
spravném provedeni preanalytické faze odbéru a zpracovani vzorku krve. Cilem této prace bylo experimentdlné posoudit, jak ¢asova prodleva mezi od-
bérem a analyzou ovliviiuje hodnoty pH a parcialniho tlaku kysliku (pO,) ve srovnani se STATIMovym vySetfenim. Vzorky byly analyzovany na analyzatoru
RapidPoint 500e a byly rozdéleny do tfi skupin: ihned vySetreny STATIM, vzorky se zpozdénim 1-3 hodiny a vzorky se zpozdénim 3-5 hodin. Ziskané vy-
sledky ukazaly, Ze s rostouci ¢asovou prodlevou dochazi k méfitelnym zméndm v hodnotach pH a pO,, pficemz nejvyraznéjsi rozdily byly patrné u vzork
s delsim zpozdénim, a to zejména u pripadu, kde pravdépodobné nebyla spravné dodrzena preanalyticka faze (napf. prfitomnost vzduchovych bublinek,
nedostatecné uzavreni stfikacky). Studie tak potvrzuje zasadni vyznam spravného odbéru, rychlého transportu (idedlné do 15-30 minut) a vhodného
uchovavani vzorkl pro ziskani spolehlivych vysledk( krevnich plynt a minimalizaci rizika chybné interpretace klinického stavu pacienta [1].
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Stanoveni pesticidu v exotickém kofeni a znamych pochutinach

Zuzana Konecna

(RECETOX — Prirodovédecka fakulta Masarykovy univerzity), Stfedni priimyslova skola chemicka a gymnazium Brno, Vranovska, p. o.

“Dopady pesticidi v nasem Zivotnim prostredi jsou zdvazné. Tyto latky se vyskytuji v fekach, snéhu, desti, mlze, vzduchu, p(dé, v potravinach, a
dokonce i v organismech lidského téla. Chemické pesticidy predstavuji hrozbu nejen pro skidce, ale také pro lidi. Chemické pesticidy jsou nejznaméjsi,
nejucinnéjsi, ale také toxické, a to nejen pro cilové organismy [1].” Proto bezpecnost potravin patfi mezi klicova témata soucasného potravinarského
pramyslu i vefejného zdravi.

“Pesticidy jsou latky navrZzené k ni¢eni, odpuzovani nebo kontrole skiidcd. Mezi né patfi fungicidy, herbicidy a insekticidy, které jsou specificky toxické
pro cilové organismy, ale mohou také ohrozit lidské zdravi, domaci zvifata a Zivotni prosttedi. Pesticidy mohou vyvolavat lokdlni a systémové reakce,
kratkodobé tcinky (akutni toxicita) a maji také dlouhodoby dopad na ekologické systémy. Jejich nadmérné pouzivani mlze vést k znecisténi vody a pudy,
ohroZeni biodiverzity a Ubytku opylovadd, jako jsou vcely, coZ ohroZuje potravinovou bezpecnost [2].”

Pro stanovenim pesticidd v exotickych kofenich a zndmych pochutinach bylo celkem pouZito 16 vzork(: vanilkovy lusk, skofice mletd, pepr cerny
mlety, chilli (kajensky pept), kakao prazené holandského typu, kakaové boby neprazené celé, kavové boby, zelena kava bio neprazena, Earl Grey, Lung
Ching, muskatovy ofisek, kurkuma, hiebicek a tfi slepé vzorky pro zajisténi kvality vysledku.

V teoretické ¢asti jsou rozepsany kapitoly o pesticidech a toxikologii. V praktické ¢asti je v€etné materialu, chemikalii a pracovniho postupu popsa-
na analyza, ktera zajistuje presné vysledky s pouzitim kombinace vysokoucinné kapalinové chromatografie a hmotnostni spektrometrie, jez umoznila
kvantifikaci Siroké skaly pesticidd s vysokou citlivosti. Cilem této prace je analyzovat pfitomnost pesticidll v exotickém kofeni a zndmych pochutinach
dostupnych na ¢eském trhu a identifikovat rozdily mezi analyzovanymi produkty. Vybér vzorkl zahrnoval Sirokou skalu produktt, véetné kofeni, ¢ajl
a kakaovych produktl. Vysledky prispéji k pochopeni rizik spojenych s konzumaci exotického kofeni a pochutin.

Analyza 16 vzorkl odhalila celkem rezidua 10 druh( pesticid, priéemz jejich koncentrace se pohybovaly v rozmezi od detekéniho limitu aZ po 347,04
ng/g, coz bylo zjisténo u temefosu v chilli. Nejéastéji se ve vzorcich objevil carbendazim, pficemz jeho nejvyssi hodnota byla namérena v cerném pepfi
(50,83 ng/g). Naopak u prazenych kavovych bobl nebyly detekovany Zadné pesticidy. Celkem 5 vzorkl prekrocilo maximalni limit rezidui, a to pepf
cerny mlety (pfekroéeni o 23,25 ng/g u acetochloru), ostatni 4 vzorky nedodrzely limit u chlorpyrifosu, coZ byly: skofice mleta (prekroceni o 4,99 ng/g),
chilli (prekroceni o 34,99 ng/g), zeleny ¢aj Lung Ching (prekroceni o 31,40 ng/g) a hiebicek (prekrodeni 0 9,16 ng/g), u vzorku chilli bylo jesté zjisténo, ze
vzorek prekrodil limit i u dal$iho pesticidu temefos s hodnotou o vySe 337,04 ng/g neZ je maximalni limit rezidui.

Vysledky ukazuji, Ze uroven kontaminace pesticidy je silné zavisld na konkrétnim typu produktu a podminkach jeho péstovani. Prazené kavové boby
neobsahovaly méfitelné mnozZstvi pesticidd, coZ poukazuje na mozné vlivy technologického zpracovani na koneény obsah rezidui. Prace zdlraznuje nut-
nost monitorovani pesticidl v potravinach a disledného dodrzovani maximalnich rezidualnich limith (MRL), zejména u produktd dovazenych ze zemi s
odlisnymi pravidly pouzZivani pesticidd.

Do budoucna by bylo uzitecné zaméfit se na Sirsi spektrum vzork( a analyzovat vlivy péstitelskych a zpracovatelskych technik na obsah pesticid(.
Vysledky této prace mohou poslouzit jako podklad pro dalsi vyzkum a zlepsSeni legislativnich a kontrolnich mechanism( v oblasti bezpecnosti potravin,
nebot zddraznuji ddleZitost pravidelné kontroly a prevence v oblasti potravinové bezpecnosti.
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Monitorovani prachovych (PM) ¢astic ve vnitfnim prostredi

Lucie Prochazkova

Stiedni pramyslova $kola chemickd a Gymnazium Brno, Vranovska 65, 614 00 Brno, Ceska republika

Prachové castice neboli PM, je pojem pro mikrocastice, které dosahuiji velikosti jen nékolika mikrometr( (um). DlleZité je jejich slozeni, PM nemUze-
me vnimat jako jednu znecistujici latku, ale spise jako smés rliznych chemickych druh(. Tato smés je slozena z pevnych latek a aerosolu. Dle jejich veli-
kosti, je tak mlGZeme i popisovat jako napf. PM2,5 (Castice o velikosti 2,5 mikrometrd). Jejich velikost a mnoZstvi v nasem okoli, je pro nas velmi dalezité
pozorovat, z ddvodu moznych plicnich a dychacich onemocnéni.

Cilem prace bylo analyzovat data z péti vnitfnich prostor(, a to hospoda, kde se miZe koufit, kufacka a nekuracka domacnost, kadernictvi a kuchyn v
restauraci. Tyto prostory byly po dobu nékolika tydnt monitorovany a z namérenych dat byly vytvoreny grafy, které ukazuji mnozZstvi PM2,5. Pro kazdé z
téchto prostredi bylo zhotoveno 7 grafu z kazdého dne. Nasledné k nim byly vytvoreny i grafy pro korelaci mezi PM2,5 a PM10. Déle v daném prostiedi
se vypocitala i primérna koncentrace PM2,5. Z téchto koncentraci byl vytvoren jeden celkovy primér pro dany prostor. Tyto finalni priiméry se, spolec-
né s grafy, vyhodnotily a porovnaly.

Podékovani

Timto bych rada podékovala vedouci mé prace Ing. Ozge Edebali ze odborné vedeni pfi zpracovavani praktické i teoretické &asti. Déle bych
chtéla podékovat Ing. Irené Oupicové a Mgr. Simoné Rozarce Jilkové, PhD. za vyznamnou pomoc pfi jejim zpracovani.
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Tato prace se zabyvd zejména optimalizaci jiz existujicich syntéz nanocastic vykazujicich lokalizovanou povrchovou plasmonovou rezonanci, kon-
krétné se jednalo o nanocdstice zlata a stfibra. Cilem byl zisk monodisperznich nanocastic, které budou dobfe charakterizované, budou vykazovat
absorbanci kolem vinovych délek 600-650 nm, budou v roztoku stabilni a jejich syntéza bude dostatecné reprodukovatelnd pro experimenty v optické
mikroskopii.Syntéza probihala redukci prekurzorovych roztokl za vzniku jader nanocastic, které nasledné narustaly v prostfedi iontovych surfaktantd.
Nanocdastice byly z reakéni smési izolovany pomoci centrifugace nebo sedimentace.

Purifikované nanocastice byly charakterizovany prevazné optickymi metodami. Prvnim z nich je dynamicky rozptyl svétla, ktery slouZzil pro orientacni
stanoveni Cistoty a velikosti nanocastic ve vzorku. Na zakladé namérenych dat byly vybrany vzorky s nejvétsi mirou monodisperzity pro skenovaci elek-
tronovy mikroskop. Spektralni vlastnosti vzork( byly posouzeny jak spektrofotometricky, tak i vizualné. Pro stanoveni hmotnostni koncentrace nanocas-
tic ve vzorku bylo pouzito gravimetrické stanoveni.

V této praci byly pfipraveny stiibrné nanotrojuhelniky a nékolik typl zlatych nanocdstic — konkrétné nanokuli¢ky, nanotycinky, nanotrojuhelniky a na-
nobipyramidy. VSechny zminéné typy nanocastic byly nejen Gspésné pripraveny, ale i pfi respektovani postupu byly syntézy opakovatelné s konzistent-
nim vysledkem. Jejich stabilita byla testovana za rtiznych podminek a byl vybran nejvhodnéjsi zplsob povrchové Upravy, ktery jim zajistil dlouhodobou
chemickou i koloidni stabilitu.

Podékovani

Rad bych podékoval mym odbornym vedoucim prace Ing. Julii Weisové a Mgr. Antoninu Hlavackovi, Ph.D., za umoZnéni vykonani prace, odborné
pomoci, ochotu a ¢as jak pfi jejim vykonavani, tak i pfi vypracovani prace. Také dékuji Mgr. Radku Matuskovi za konzultace a opravy prace.

15


mailto:protom11@seznam.cz

Sekce stredoskolskych studentt

Povrchové zesilena Ramanova spektroskopie

Marie Prokopova?, Patrik Zidlicky?

1 SPSChGBr, Stfedni priimyslova skola chemicka, Brno, Vranovska 65, sikma.plocha7 @gmail.com,
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Ramanova spektroskopie je kvalitativni i kvantitativni metoda, ktera vyuzivd Ramanova rozptylu - pohlceni a nasledné vyzareni svétla o jiné vinové
délce molekulou. Konvenéni Ramanova spektroskopie avsak vykazuje jen slabé signaly, které jsou Spatné méfitelné. Proto signdly zesilujeme povrchem,
obvykle pomoci nanostruktur stfibra. Nase prace srovnava dvé metody povrchového zesileni v Ramanové spektroskopii: pomoci jiskrového vyboje a

pripravy anodickych substrat(. Tyto substraty chemicky predupravujeme a tim zesilujeme signal mérené latky. Tato metoda by mohla mit uplatnéni v
mediciné nebo analytické ¢i forenzni chemii.

Podékovani

Dékujeme nasemu vedoucimu Vitu Pavelkovi a Hemzalu Dusanovi. Také nasemu vedoucimu ve skole panu Vitézslavu Klimovi. Dékujeme Masarykové
univerzité za financ¢ni podporu.

16


mailto:sikma.plocha7@gmail.com

Sekce stredoskolskych studentt
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Bioluminiscence je biologicky fenomén, ktery popisuje schopnost Zivych organismu svétélkovat. Viditelné svétlo organismy generuji pomoci chemic-
ké premény substratové molekuly luciferinu, kterou katalyzuji enzymy oznacované jako luciferdzy. Navzdory hojnému rozsifeni bioluminiscence v pti-
rodé, zejména pak v morskych ekosystémech, byl prozatim strukturné a funkéné popsan pouze zlomek téchto fascinujicich enzymu. V tomto prispévku
reportuji o experimentech, které vedly k objevu a biochemické charakterizaci nové luciferazy z ostnokoZce hadice vlaskovité (Echinodermata: Amphiura
filiformis). Podafilo se nam identifikovat gen, ktery kdduje funkéni luciferazu v tomto druhu. Tuto luciferdzu jsme poté laboratorné pfipravili a vykry-
stalizovali, tak abychom mohli vizualizovat jeji atomarni strukturu pomoci rentgenové krystalografie. Struktura této luciferazy s navazanou emitorovou
molekulou (coelenteramid) odhalila prostorové usporadani aktivniho mista enzymu, diky cemuz jsme pak mohli odvodit molekularni mechanismus oxy-
genolytické katalyzy. Experimenty se savéimi burikami pak ukazaly, Ze tato luciferdza ma potencial byt vyuZitelna jako nastroj pro neinvazivni biologické
zobrazovani v rdmci zdkladniho ¢i aplikovaného biomedicinského vyzkumu.

Podékovani

Je mnoho lidi, bez kterych bych tuto praci neméla ¢as, moznost ¢i odvahu napsat. Nejvétsi diky si vSak zaslouZzi a Karolina Sedlackovd Martin Marek,
ktefi mi pomahali v laboratofi, pfi analyze dat i sepisovani prace.

Tento vyzkum finanéné podpofila Grantova agentura CR grantem ¢. GX25-17329X.
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Syntéza, charakterizace a katalyticka aktivita metalosilikatu

Vaclav Sauer

Stredni prlimyslova skola chemicka a Gymnazium, sauervaclav22 @spschbr.cz

Prispévek se zaméfuje na syntézu, charakterizaci a studium katalytické aktivity cinosilikatti pFipravenych metodou nehydrolytického
sol-gelu (NHSGQG), kterd umozniuje kontrolovatelnost reakce a homogenni distribuci kovovych center v silikaéni matrici. Tento postup po-
skytuje vyhodu pfi lepsi kontrole nad porézni strukturou materialu. Pfipravené metalosilikaty se liSily molarnim pomérem Si/Sn, ¢imZz bylo
mozné sledovat vliv koncentrace cinu na strukturu i katalytické chovani. [1][2]

Vzorky byly podrobeny komplexni fyzikalné-chemické charakterizaci zahrnujici infracervenou spektroskopii, dusikovou adsorpcni-de-
sorp¢ni porosimetrii, rentgenovou fotoelektronovou spektroskopii (XPS), optickou emisni spektroskopii s indukéné vazanym plazmatem
(ICP-OES), termogravimetrickou a diferen¢ni skenovaci kalorimetrii (TG/DSC) a nukledrni magnetickou rezonanci v pevné (NMR). Povr-
chova modifikace cinosilikati byla provedena pomoci kvarterni amoniové soli jodidu bis(3-trimethoxysilylpropyl)-N,N-dimethylamonné-
ho, jejiz navéazani bylo potvrzeno spektroskopickymi metodami a zménou porosity.

Katalytické testy byly provedeny na reakci oxidu uhli¢itého s 1,2-epoxybutanem a katalyzatorem ve form¢ cinosilikatu. Tato reakce
predstavuje ekologicky vyznamny zpiisob ukladani CO: do hodnotnych organickych karbonatt. Diky této reakci by se daly snizit emise
CO, a ¢astecné zmirnit globalni oteplovani. Vznikly karbonat by se dal dale vyuZzit v chemickém priimyslu jako napiiklad polarni rozpou-
stédla, v lithiovych iontovych bateriich ¢i v syntézach ve farmaceutickém primyslu. [3]

Z katalyz bylo zjisténo, Ze samotny obsah cinu ma velmi maly vliv na konverzi reakce. Zatimco pfitomnost bazickych a nukleofilnich
center spojenych s navazanou kvarterni amoniovou soli vyrazné zvysuje katalytickou uc¢innost. Nejvyssi konverze dosahovaly modifikované
vzorky s nejvétsim obsahem dusiku a jodidu stanovenym pomoci XPS.

Tyto vysledky mohou piispét k vyvoji ucinnéjsich a environmentalné Setrnych heterogennich katalyzatort pro organické syntézy.
Literatura
[1] Adam Blasko. (2024). Syntéza, charakterizace a katalytickd aktivita poréznich kfemicitant s kovalentné vdzanymi aminovymi skupinami.
[2] Leonova, L. (2020). Priprava a charakterizace mesoporéznich aluminosilikdatu pro katalytické tcely.

[3] Bui, T. Q. Konwar, L. J., Samikannu, A., Nikjoo, D., & Mikkola, J.-P. (2020). Mesoporous Melamine-Formaldehyde Resins as Efficient Heteroge-
neous Catalysts for Continuous Synthesis of Cyclic Carbonates from Epoxides and Gaseous CO ,. ACS Sustainable Chemistry & Engineering, 8(34),
12852-12869. https://doi.org/10.1021/acssuschemeng.0c03123

Podékovani: Dékuji Mgr. Alesi Styskalikovi, Ph.D., za odborné vedeni prace a cenné rady.

Rad bych podékoval vedoucimu prace Mgr. Alesi Styskalikovi, Ph.D., za moZnost realizovat stiedoskolskou odbornou ¢innost na padé Ustavu chemie
Prirodovédecké fakulty Masarykovy univerzity, za jeho cenné rady, trpélivost a ¢as, ktery mi vénoval. Zvlastni podékovani patfi Mgr. Lucii Leonové za jeji
neocenitelnou pomoc pfi vSech syntézach a mérenich, za ochotu vse srozumitelné vysvétlit a za mnoho ¢asu, ktery se mnou stravila jak v laboratofi, tak
pfi konzultacich. Dékuji také vSem pracovnik(im Ustavu za jejich vstficnost a ochotu pomoci.
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Tato prace se zabyva problematikou vyskytu mikroplastl v plidnim prostfedi mésta Brna, se zamérenim na jejich mnozZstvi, mozné zdroje a dopady
na ekosystémy. Cilem bylo porovnat obsah mikroplastl ve tfech typech lokalit — v okrajové ¢asti mésta, v méstském prostredi a v primyslové oblasti — a
posoudit miru jejich kontaminace. Soucasti prace je také vyuziti a ovéreni spolehlivosti analytické metody infracervené spektroskopie (FTIR), ktera slouzi
k identifikaci mikroplast( v padnich vzorcich.

Teoreticka ¢ast shrnuje poznatky o vzniku, Sifeni a dopadech mikroplastl na Zivotni prostredi, organismy i ¢lovéka, a popisuje metody vyuZivané k je-
jich detekci. Prakticka ¢ast zahrnuje odbér tfi pldnich vzorkd z rozdilnych lokalit, jejich laboratorni zpracovani a naslednou analyzu pomoci metody FTIR.
Pro uréeni koncentrace mikroplastl byl pouZit postup kalibrace, p¥i které byly poéitany obsahy PET z oblasti vinovych délek 1800-1600 cm™, 1300-1200
cm™a 1100-800 cm™. Tyto hodnoty byly ndsledné prepoéteny na hmotnostni zastoupeni PET v 1 g plidy. Nasledna validace dat pomoci graft Prediction
vs True hodnotila spolehlivost méreni u jednotlivych vzork( a smési.

Vysledky ukazaly, Ze Uroven kontaminace mikroplasty se mezi lokalitami vyrazné lisi. V oblastech vinovych délek 1800-1600 cm™a 1300-1200 cm™
byl nejvice kontaminovany vzorek z méstského prostredi, nasledoval vzorek z pridmyslové oblasti a nejméné kontaminovana byla okrajova ¢ast mésta.
V oblasti vinovych délek 1100-800 cm™ se potadi zménilo, nejvyssi kontaminace byla u vzorku z primyslové oblasti, za nim nasledoval méstsky vzorek
a nejméné kontaminovany byl vzorek z okraje mésta. Validace dat potvrdila spolehlivost méreni u vzorkd A a C, zatimco u méstského vzorku B byla
presnost nizsi. Celkové tyto vysledky ukazuji, Ze priimyslové aktivity vyrazné ovliviiuji znecisténi plidy mikroplasty a Ze okrajové Casti mésta jsou méné
zatiZzeny. Zaroven naznacuji potfebu dalSiho vyzkumu, zejména pro zpresnéni méreni v méstském prostredi a lepsi porozuméni procesim Siteni mik-
roplastl v krajiné.

Podékovani
Dékuji Mgr. Helené Dolezalové Weissmannové, Ph.D. za Cas, ktery si na mé vyhradila, abych mohl na této stredoskolské odborné cinnosti pracovat.

Také dékuji za jeji ochotu, trpélivost a jeji rady. Dékuji Ing. Tomdasovi Buridnkovi za moZnost zkontrolovani prace a za to, Ze byl ochotny délat mého
konzultanta. Dékuji organizaci JCMM za moZnost zpracovani stfedoskolské odborné cinnosti na toto téma.
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Sucasny trend spotreby ropy naznacuje, ze otdzka hladania alternativnych paliv je namieste. V suic¢asnosti sa do paliv pre vznetové motory pridava
bionafta, ktord predstavuje biozlozku, vzhladom na to, Ze bionafta nie je ropnym produktom, ale vyraba sa transesterifikaciou olejov. [1]

Celosvetovo sa pouZiva najma palmovy olej, sine¢nicovy olej ¢i repkovy olej. [2]

My sme pouzili olej ziskany z kdvového odpadu, ktory predstavuje moznost valorizacie odpadov kazdodenného Zivota.

Kdvovy olej, tak ako aj iné oleje je, z chemického hladiska, tvoreny triacylglycerolmi, teda rovnako ako napr. repkovy alebo palmovy olej, je mozné
takyto olej transesterifikovat s metanolom a pripravit z neho bionaftu (metylestery mastnych kyslin). [3]

Experimentalna Cast sa skladala z niekolkych krokov. Pripravili sme heterogénny katalyzator na baze zmesnych oxidov pripravenych z hydrotalkitov
kalcinaciou. Nésledne vo vsddzkovom reaktore prebiehala dvojstupfiova transesterifikacia kdvového oleja s metanolom pri Specifickych reakénych
podmienkach. Po jednotlivych stupfioch transesterifikdcie sme pomocou GC analyzy uréovali obsah metylesterov mastnych kyselin vo vzorke, vzhladom
na to, Ze bionafta je charakterizovana urcitym minimalnym mnozstvom FAME (Fatty Acid Methyl Esters).

o] R'
Y O Bionafta

o 3 (FAME)
o) ~o

R*
JJ\ 18 eq MeOH
i o
- ) Ni/MO (3 hm. % ku TAG) HO

R 2%3h(n=9913 hm. %)
p, =5 bar

0 e} T=140°C Glycerol
Olej OH
R? (TriAcylGlycerol, TAG)

OH

Reakéna schéma s parametrami transesterifikdcie kavového oleja s metanolom

Po prvom stupni transesterifikdcie sme GC analyzou urcili 77, 31 hm. % FAME vo vzorke.
Po druhom stupni transesterifikacie sme GC analyzou urcili 99,13 hm. % FAME vo vzorke.

GC analyza dokazala vysoké zastupenie FAME v analyzovanych vzorkach po jednotlivych stupfioch transesterifikacie. Po findlnom stupni bol obsah
FAME vyssi ako normou stanoveny minimalny obsah metylesterov mastnych kyselin (min. 96,5 hm. %).

Literatura
[1] Kamil, M.; Ramadan, K. M.; Awad, O. I.; Ibrahim, T. K.; Inayat, A.; Ma, X. Science of The Total Environment. 2019, 675, 13-30.
[2] Tarigan, J.; Ginting, M.; Mubarokah, S. N.; Sebayang, F.; Karo-karo, J.; Nguyen, T. T.; Ginting, J.; Sitepu, E. K. RSC Adv. 2019, 9, 35109-35116.

[3] Zahradnik, P.; Meciarova, M.; Magdolen, P. Organickd chémia. 2. vyd. Bratislava: Vydavatelstvo UK, 2019. ISBN 978-80-223-4589-7, 283-295.
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Tato prace se zaméruje na prvkovou analyzu energetickych napoju, které se tési znacné popularité zejména mezi mladsi populaci. Sleduje obsah vybra-
nych biogennich prvk( a stopovych tézkych kov(, jejichZz pfitomnost v potravinach je legislativné omezena. Cilem prace bylo porovnat pfimou analyzu
vzork(l s prekoncentracéni technikou difuzniho gradientu v tenkém filmu (DGT), pfi které dochazi k akumulaci analyt na sorpénim gelu, coz umoznuje
analyzu i stopovych mnoZstvi analytll po eluci gelu, pficemz zaroven i dochazi ke zjednoduseni matrice vzorku, coz mize zajistit lepsi opakovatelnost pfi
instrumentdlni analyze.

Energetické napoje k analyze byly zvoleny na zakladé dotaznikového Setreni, konkrétné se jednalo o vzorky RedBull, Monster a Tiger. Pfi experimen-
talni ¢asti byly pfipraveny agardzové difuzni a sorpcéni hydrogely s adsorbentem Chelex-100 a zkompletované vzorkovaci jednotky byly nasledné umisté-
ny do nafedénych energetickych ndpojl po dobu 24 hodin na magnetické michadéce pfi 200 ot./min. Po expozici byly analyty ze sorpénich gell eluovany
1M HNO, a po fedéni byly replikaty vzorkd proméfeny technikou ICP-OES. Z biogennich prvki byla zjisténa nejvy3si koncentrace u Zeleza (105,00+6,93
pg.I"! pfi pfimé analyze vzorku RedBull; 124,32+1,41 pg.I™* po prekoncentraci DGT téhoz vzorku). Nejnizsi koncentrace byla u vSech analyzovanych napo-
ja zjisténa u manganu. Z tézkych kovl byly u vSech analyzovanych vzork zjisténa zvySena koncentrace hliniku (az 286,323+22,14 pg.I™? pfi pfimé analyze
vzorku Monster), ktery se miZe do ndpoju uvolfiovat z obalu plechovky, pficemz migrace muzZe byt jesté podporena kyselym pH a délkou skladovani.
U vzorku RedBull byla zjisténa rovnéz zvysena koncentrace niklu a olova (78,07+6,52 ug.I™ po prekoncentraci DGT), ktera se bliZi legislativné stanovené
limitni koncentraci 100 6,52 pg.I". Namérené vysledky také koreluji s dalSimi studiemi [1].

Na zakladé dosaZzenych vysledkl Ize tvrdit, Ze energetické napoje nelze povaZovat za hodnotny zdroj biogennich prvkd, nebot dle namérenych vysled-
kd nepokryji ani 1 % doporucené denni davky. Rovnéz byla v energetickych napojich zjisténa zvysena koncentrace hliniku a dalSich tézkych kovd, které

se mohou akumulovat v organismu a zpUsobovat chronickd onemocnéni. Z vysledku také vyplyva pfinos techniky DGT pfi analyze stopovych mnozstvi
analytl, zejména v lepsi opakovatelnosti vysledka.

Literatura
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Soucasné pesticidy v koreni

Veronika Vesela

1 Stfedni prdmyslova skola chemicka, Vranovska 1364/65, 614 00 Brno, veronika.vesela.2006.jr@gmail.com

Tato prace se zabyva analyzou obsahu pesticid( v kofeni (konkrétné v kurkumé, bobkovém listu a mletém pepfi). Cilem této prace je porovnat mnoz-
stvi pesticidli ve vzorcich z BIO a neBIO produktd a poté posoudit, zda BIO koreni doopravdy obsahuje nizsi mnozstvi chemickych latek. K analyze byly
pouzity laboratorni metody QUEChERS a LC-MS.

Vysledky ukazuji, Ze neBIO produkce obsahovala vétsi mnoZstvi pesticidd. Napriklad u mletého pepre byl primérny obsah acetochloru v neBIO
vzorku 31,35 ng/g, pficemz u BIO vzorku to bylo pouze 5,86 ng/g. Naopak u bobkového listu obsahovala BIO produkce vice rezidui pesticidi nez neBIO

produkce.

Ziskané udaje dokazuiji, Ze BIO kofeni obsahuje obecné méné pesticidd, coZ zvysuje jeho zdravotni hodnotu. Prace pfispiva k diskuzi o vyznamu eko-
logického zemédélstvi a jeho prinosech pro bezpecnost potravin.

Podékovani

Rada bych podékovala Mgr. Simoné Rozdrce Jilkové, Ph.D., za odborné vedeni prace a poskytnuté rady. Podékovani patfi také Mgr. Marcele HeleSico-
vé za odbornou pomoc pfi psani této prace.
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Vliv slozeni extrakcniho cinidla a vnéjsich podminek pfi skladovani na celkovy obsah fenolic-
kych latek v bylinnych extraktech

Kristyna Vrbova', Zuzana Prusova?

1 575 a VOSZ Brno, Merhautova (pracovisté Lipova 18), kvrbova@szsbrno.cz

2 578 a VOSZ Brno, Merhautova (pracovisté Lipova 18)

Tato prace byla zamérena na optimalizaci podminek pfi extrakci fenolickych latek (TPC) z vybranych susenych bylin a na posouzeni vlivu
vnéjsich fyzikalnich faktord na celkovy obsah fenolickych sloucenin v bezinkovém sirupu. Struktura susenych bylin byla analyzovana pomaoci
SEM a FT-IR pro identifikaci charakteristickych funkénich skupin. BEhem extrakce byl sledovan vliv sloZeni rozpoustédla a délky extrakce na
mnozstvi uvolnénych fenolickych latek. Stanoveni TPC probihalo spektrofotometricky pomoci Folin-Ciocalteuova cinidla, které v zasaditém
prostiedi poskytuje s fenolickymi latkami modry komplex detekovatelny pfi vinové délce 765 nm. Jako referencni latka pro kalibraci byla pou-
Zita kyselina gallova a obsah TPC je tak vyjadren v ekvivalentech kyseliny gallové (GAE) na susinu vzorku.

Nejvyssi obsah TPC byl naméren u vzorku Salvéje (28,54+1,87 mg GAE/g susiny) pfi extrakci 60% ethanolem po 30 minutach, zatimco
trakénich parametrl také koreluji s dalsimi studiemi [1-4]. Nefiltrovany domaci bezinkovy sirup obsahoval 363,1243,99 mg GAE/g. Pfi kratko-
dobém skladovani sirupu (23 dni) byl sledovan vliv oxidace, svétla a zvySené teploty na obsah TPC v bezinkovém sirupu. Nejvyrazné;jsi odchylka
byla zaznamenana pfi uchovavani sirupu pfi 40 °C, kde bylo zaznamenano zvyseni TPC v pribéhu skladovani az o 32,62 % oproti pocatecni
hodnoté. Tato odchylka mize byt dana chemickymi zménami termolabilnich latek béhem skladovani ¢i lepsi extrahovatelnosti fenolickych
latek pfi zvysené teploté. Naopak vystaveni vzorkl sirupu svétlu, skladovani v temnu ¢i pfistup vzduchu pres parafilm nemély na obsah TPC
béhem kratkodobého skladovani vyrazny vliv. Na tuto praci Ize navazat dalSimi experimenty pro zlepseni vytéZznosti extrakce fenolickych latek
z biologického materialu, napf. testovanim dalSich rozpoustédel ¢i jejich kombinaci nebo zménou teploty pfi extrakénim procesu.
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Chemické pokusy

Martin Zapletal

Stredni prlimyslova skola chemicka a gymnazium Brno, Vranovska 65, p.o.

V soucasnosti vznikd mnoZstvi multimedialnich vyukovych material(i, které rada studentl preferuje pred konvencénimi vyukovymi materialy.
V této praci byla fotograficky a videem zdokumentovana kolekce chemickych pokus( doplnéna o popis déje, bezpeénosti prace a pracovniho postupu
pro jejich replikaci. Tyto materialy je tedy mozné vyuZit pro popularizaci védy na internetu, védecky zamérenych festivalech a prezentacnich akcich
odbornych instituci. Zaroven je lze zaradit do bézné vyuky chemie, kde by takova videa mohla byt pro studenty atraktivnéjsi nez standardni zptsoby
vyuky. Vzhledem k nizkym pozadavkim na laboratorni vybaveni a bezpeénost vétSiny pokust by nemél byt problém tyto pokusy replikovat i ve skolach
s omezenym zazemim, co se moznosti vyuky pfirodnich véd tyce.

Béhem této prace tak byla naptiklad zdokumentovana interakce dvou béznych chemikalii v kuchyni, jimiz je jedla soda a ocet a schopnost vzni-
kajiciho oxidu uhli¢itého nadnaset malé, lehké objekty. Proved| jsem nékolik pokusu, pfi kterych se méni barva smési, at uz vlivem chemické reakce nebo
vlivem indikatoru. Déle byla napfiklad prokazana schopnost hofeni smési amonnych hnojiv a zinku, ktera vzplane pfi styku s vodou a v neposledni fadé
byla extrahovana barviva z listi a bylo provedeno jejich TLC.

Podékovani

Pral bych si timto srdec¢né podékovat mému vedoucimu — panu doktorovi Zderiku Moravci a celé Pfirodovédecké fakulté Masarykovy univer-
zity v Brné. Vazim si toho, Ze si pan doktor vyhradil ¢as, kdy mi v laboratofi béhem dokumentace pomahal a dohliZzel na mé a za zapujceni kvalitniho
fotoaparatu a kamery. Fakulté jsem vdécny za to, Ze mi byla pracovnim zazemim a mohl jsem vyuzit jeji vybaveni. Mé podékovani patfi také Mgr. Radku
Matuskovi, ktery je Skolnim vedoucim mé préce.
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Inteligentni kryti ran pro diabetickou nohu: Vyuziti bakteridlni celulézy
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Tomas Novak!, Radim St¥iz?, Adriana Koval¢ik?

1 Gymnéazium Brno-Reckovice, prispévkova organizace, Terezy Novakové 2, Brno-Reckovice, 624 00

2 Vysoké uéeni technické v Brné, Fakulta chemicka, Ustav chemie potravin a biotechnologii, Purkyfiova 464/118, Brno

Cilem této Stredoskolské odborné ¢innosti bylo vyvinout a charakterizovat inteligentni kryti ran na bazi bakterialni celuldzy (BC) s vyuZitim dvou od-
liSnych metod suseni a vyhodnotit jejich strukturalni a funkéni vlastnosti pro potencialni medicinské aplikace.

Teoreticka Cast je zamérena na charakterizaci BC, coz je pfirodni biopolymer produkovany bakterii Komagataeibacter xylinus, ktery se diky trojroz-
mérné strukture sité vldaken, biokompatibilité a vynikajici absorpcni schopnosti jevi jako slibny materidl pro aplikace v oblasti kryti ran [1].

Membrany BC byly podrobeny dvéma rdznym procesiim suseni: lyofilizaci a suseni na teflonovych deskach. Tyto metody suseni vyznamné ovliviuji
fyzikalni a strukturni vlastnosti vyslednych film( BC [2]. Lyofilizované vzorky obecné |épe zachovavaji pérovitou strukturu nez vzorky susené na teflonové
desce. Pro charakterizaci morfologickych rozdild mezi obéma pripravami vzork( byla pouzita skenovaci elektronova mikroskopie (SEM), kterd umoznila
tyto rozdily mezi obéma typy suseni pozorovat.

Dale byla stanovena schopnost absorpce vody, kde byly tyto rozdily pozorovany také. Bobtnani vzork( bylo zjisténo v rozsahu od 11 do 184x plvodni
suché hmotnosti BC. Rozdily v charakteristikdch bobtnani mezi témito dvéma metodami suseni odrazeji rozdily v poréznosti.

Pro dalsi vyhodnoceni funkéni schopnosti kryti BC jako bioaktivnich skafold(i byly na vzorky imobilizovany enzymy, které se pfi reakci z glukézou
v pritomnosti indikatoru projevovaly zménou barvy. Byl pouzZit enzymaticky systém vyuzivajici glukdzooxidazu (GOx) ve spojeni s horseradish peroxidase
(HRP; kfenova peroxidaza) a ABTS (2,2'-azino-bis(3-ethylbenzothiazolin-6-sulfonovou kyselinou)). Byly testovany rdzné koncentrace glukdzy a odpovéd
pripraveného materialu na né.

V této praci byla potvrzena moznost funkcionalizace BC pro vyuZiti v rdmci enzymatické imobilizace pro detekci glukdzy a kryti ran. Metoda vyuZita
v této praci ma potencidl na vyuZiti jako inteligentni kryti ran pro diabetickou nohu, kdy detekce glukdzy hraje kli¢ovou roli.
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Priprava a charakterizace napoje s obsahem chilli

Tobias Zlamal,Pavel Divis, Marek Lamplot, David Hlozek
1 Stfedni prdmyslova Skola chemickd a Gymnazium Brno, Vranovska 1364/65, Brno-Husovice 61400, zlamaltobi@gmail.com

2 Vysoké uceni technické v Brné, Fakulta chemickd, Purkyriova 118, Brno 61200

Tato prace se zaméfila na vyvoj a komplexni charakterizaci nealkoholického chilli ndpoje obohaceného o suseny Sipek, kyselinu askorbovou a ptirodni
sirupy (bezovy a jahodovy). Cilem bylo vytvofit senzoricky atraktivni a funkéni produkt s potencidlnimi zdravotnimi benefity. V ramci prace byla navr-
Zena a optimalizovana receptura napoje obsahujici susené chilli papricky odrlidy Habanero, které se vyznacuji svou vyraznou palivosti a aromatickym
profilem. Experimentalni ¢ast zahrnovala analyzu antimikrobialni aktivity, méreni palivosti (vyjadiené v jednotkach Scoville Heat Units — SHU), stanoveni
obsahu sacharid(i a stanoveni obsahu vitaminu C pomoci vysokoucinné kapalinové chromatografie (HPLC) s diodovym polem (DAD) a detektorem roz-
ptylu svétla odparovanim (ELSD). Dale byla provedena senzorickd analyza pfipravenych napoja. Vysledky ukazaly, Ze ndpoj je stabilni z chemické stranky
i z hlediska vyskytu mikroorganism pfi rGznych podminkach skladovani (lednice a laboratof). Testovanim na agarovych gelech byl zjistén mirny antimi-
krobidlni ucinek napoje proti bakterii Escherichia coli (E. coli). Analyzou byla prokazana pritomnost kapsaicinu v napoji, pricemz palivost této latky byla
Castecné harmonizovana sladkosti vnesené do napoje pridavkem prirodnich sirupd, jak bylo potvrzeno senzorickou analyzou. Vzorek s pfidavkem bezo-
vého sirupu byl v senzorické analyze vyhodnocen hodnotiteli jako senzoricky nejpfijatelnéjsi. Vysledny ndpoj ma potencial jako funkéni potravina, ktera
nabizi vyuziti naptiklad pfi zimnich sportech, pro podporu metabolismu a k prohtati téla, nebo pro lidi, ktefi maji radi produkty s obsahem chilli papricek.

Podékovani

Autofi dékuji za podporu internimu grantu VUT ¢. FCH-S-25-8818.
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Vliv aplikace alginatovych hydrogel( s obsahem PGPR na charakteristiky pudy

z zoval, in Sukenik!,Mi i
Tereza Baraboszova!,Martin Sukenik?,Michal Kalina*

1 Ustav fyzikalni a spotiebni chemie, Fakulta chemicka, Vysoké uceni technické v Brné, Ceska republika, Tereza.Baraboszova@vut.cz

Rhizobakterie podporujici rdst rostlin (PGPR) predstavuji vyznamnou skupinu pldnich mikroorganism, které pozitivné ovliviujirQist a vyvoj rost-
lin prostfednictvim celé fady biochemickych a fyziologickych mechanism(. Patfi mezi né biologicka fixace dusiku, solubilizace fosfat(i, produkce
fytohormont, siderofor(, a ochrana rostlin pfed pddnimi patogeny. Tato prace se zaméfruje na hodnoceni vlivu aplikace alginatovych hydrogel(
s obsahem PGPR na fyzikdlné-chemické a mikrobialni charakteristiky pQdy a jejich potencial pro udrzitelné zemédélstvi, kde by mohly byt vyuzivany
jako pldni stimulanty. S rostoucim ddrazem na ekologickou rovnovahu a sniZzovani pouzivani syntetickych hnojiv roste potencial vyuZiti téchto bio-
logickych inokulantl na vyznamu.

Experimentalni ¢ast prace se zaméruje na hodnoceni Ucinkdl PGPR v rlizné aplikacni formé (suspenze bakterii, alginatovy hydrogel s obsahem
PGPR, lyofilizovany algindtovy hydrogel s obsahem PGPR, Cisty alginatovy hydrogel, kontrolni vzorek bez osetreni) na fyzikalné-chemické charakteris-
tiky pady (pH, konduktivita, obsah organické hmoty a Zivin v plidé), na mikrobialni aktivitu, Zivotaschopnost bakterii a enzymatickou aktivitu vybra-
nych pldnich enzym(. Soucasti prace bylo také posouzeni vlivu jednotlivych osetfeni pidy na vybrané PGP efekty (schopnost solubilizace fosfata,
produkcesideroford a indol-3-octové kyseliny). Tyto testy byly realizovany na rhizosferické pidé ziskané po ukonceni kultivaéniho experimentu, ve
kterém byla locika setad(Lactucasativa) péstovana po dobu 1 mésice v fizenych podminkach (osvit, zavlaha, kontrolovana teplota a vlihkost).

Vysledky prace prokazaly, Ze aplikace PGPR v hydrogelové formé nema zasadni vliv na fyzikdlné-chemické vlastnosti pldy, ale mizZe pozitivné
ovlivnit mikrobidlni aktivitu a tim pfispét k dlouhodobé stabilité pldnich ekosystému. Bylo potvrzeno, Ze enkapsulace PGPR do alginatovych hydro-
gell zlepsuje jejich stabilitu, Zivotaschopnost a Ucinnost v pldnim prostredi. Tyto poznatky potvrzuji, Ze vyuZiti hydrogelovych nosicli predstavuje
ekologicky Setrny pfistup pro moderni zemédélstvi zamérené na udrzitelnost a ochranu Zivotniho prostredi [1].
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Biouhel jako nosic rhizobakterii pro aplikace do pudy
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Biouhel je organicky materidl vznikajici pyrolytickou transformaci biomasy. Diky vysokému obsahu stabilniho uhliku a pérovité strukture se nabizi
jeho aplikace do puldy, kde zlepsSuje fyzikalné-chemické vlastnosti (pH, obsah organické hmoty, zastoupeni mineral(, strukturu a kationtové-vyménnou
kapacitu). Zaroven biouhel poskytuje vhodné prostiedi pro pldni mikrobiotu. Tento material Ize proto vyuZit nejen jako pidni kondicionér, ale také jako
nosi¢ ptdnich rhizobakterii, které nasledné mohou pozitivné plsobit na efekty podporujici rist rostlin (PGP) pldnich rhizobakterii jako je biologicka
fixace atmosférického dusiku, solubilizace nerozpustnych fosforecnan( a komplexaci Zeleza, produkce hormon( a stimulant( ristu a obecné zvySovat
mikrobidlni aktivitu v rhizosfére.

Pro imobilizaci bakterii do struktury biouhlu Ize vyuzZit rGzné pristupy liSici se nacasovanim jeho pfidavku — od soucasné kultivace bakterii v suspen-
zi biouhlu, pfes dvoufdzovou metodu s navazanim odseparovanych bunék v salinnim prostfedi, aZz po postkultivaéni pfidani biouhlu k bakteridlnimu
inokulu [1].

V této praci byla hodnocena vhodnost vybranych biouhll Carbohran (tvrdé difevo, 680-740 °C, Srbsko), Sonnenerde GmbH (kukufi¢né a sluneénicové
slupky + ovocny kal, >650 °C, Rakousko), Novocarbo GmbH (mékké drevo, >720 °C, Némecko) a Zera (Cistirenské kaly, INTEKO) jako nosicli rhizobakterie
kmene Azotobacter vinelandii CCM 289.

Pro experimentalni ovéfeni byla zvolena postkultivaéni metoda imobilizace, pfi niz byl biouhel ptidan k dfive pfipravené kulture bakterii. Optimalizace
koncentrace u biouhlu Carbohran (5-50 hm.%) potvrdila jako vhodnou aplikaéni ddvku 20-25 hm.%. Pro nasledny experiment byla zvolena koncentrace
25 hm.%, pfi niz byly pfipraveny bakterialni lyofilizované gely s jednotlivymi typy biouhlu a aplikovany do plidy s modelovou rostlinou Zea mays L. con-
var. saccharata.

Kultivaéni experiment je naplanovan na 90 dnid a v dobé konani konference nebyl dosud ukoncéen. V jeho pribéhu jsou pribézné sledovany pH
plady a agronomické parametry rostlin (vysSka, pocet listll, vyskyt kvétenstvi a pocet klas(l). Dosavadni vysledky naznacuji, Ze z pohledu agronomickych
vlastnosti vykazuje nejlepsi odezvu osetfeni lyofilizovaného gelu Carbohranu s bakterialni kulturou, ndsledované lyofilizovanym gelem Novocarba s bak-
teridlni kulturou. Naproti tomu osetrené rostliny lyofilizovanym gelem ze Zery s bakterialni kulturou vykazuje pomalejsi rist v porovnani s osetfenimi
biouhly bez PGPR i kontrolnimi vzorky bez osetreni.

Po ukonceni experimentu budou dale rovnéz vyhodnoceny vlivy jednotlivych oSetfeni biouhll a biouhld s PGPR bakteriemi na fyzikalné-chemické pa-
rametry (pH, vodivost, TGA, ICP-OES), mikrobiologické charakteristiky pady (post-kultivacni ovéfeni rlst podporujicich efekt(, BIOLOG™ EcoPlate) a ris-
tové charakteristiky rostlin (biomasa nadzemnich a podzemnich ¢asti, kofenova morfologie, chlorofyl). Ziskané vysledky umozni komplexné posoudit
interakci biouhlu, mikrobidlnich inokulantt a rostlin v pldnim prostfedi s ohledem na potencialni vyuziti téchto materiall jakozto pidnich stimulant(.
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Rhizobakterie podporujici rlst rostlin (PGPR) se radi do skupiny pldnich bakterii, které mohou svymi mechanismy ovliviiovat rist rostlin. V posled-
nich letech dochazi k narlstu pouzivani raznych typd pldnich kondicionér( s obsahem PGPR ve formé bioinokulant( s cilem zvysit vynosy a zlepsit rist
plodin v nepfiznivych podminkach, ekologicky Setrnym zplsobem. Enkapsulace mikroorganism( do vhodné zvoleného polymerniho nosic¢e ve formé
hydrogelu prinasi kromé lepsi manipulace se vzorky (oproti kapalné formulaci) i celou fadu dalsich vyhod. Mikroorganismy jsou lépe chranény proti
stresovym faktorlim (zména podminek, osmoticky stres) a postupna degradace polymerni matrice umozZnuje jejich fizené uvolfiovani, coz jednak zvy-
Suje Sanci na preziti a tim dochazi ke zvyseni ucinnosti jejich plsobeni [1].

Tato prace se zaméruje na studium vlivu aplikace riznych forem PGPR (gel, lyofilizovany gel, biomasa v PBS, gel bez PGPR, v porovnani s kontrolou
bez oSetreni) na fyzikalné-chemické charakteristiky pldy (vlhkost, pH, obsah organického a mineralniho podilu TGA analyzou), na vybrané PGP mecha-
nismy (solubilizace fosfatl, produkce siderofor(), mikrobialni aktivitu pddy pomoci komeréni sady BIOLOG EcoPlate a na rust lociky seté (Lactuca sativa)
v fizeném kultivaénim experimentu. Ristové charakteristiky rostlin (pocet listd, vyska, sitka) byly sledovany kontinudlné v pribéhu kultivace a rovnéz
po jejim ukonceni (délka rostliny, ¢erstva hmotnost a hmotnost susiny, hustota a vétveni kofenl obrazovou analyzou). V kultivacnim experimentu byla
pouZzita artificialni plida s nizkym obsahem organického podilu simulujici mdlo Urodnou ptdu v obdobi sucha a na ptipravu vsech aplikacnich forem
PGPR byl pouzit kmen rhizobakterie Azotobacter vinelandii CCM 289. Pro ovéreni vlivu aplikace jednotlivych forem PGPR na mikrobidlni charakteristiky
pudy bylo provedeno respirometrické méreni biologické spotreby kysliku.

Z vysledk( vyplyva, Ze vsechny formy aplikace PGPR mély pozitivni vliv na mikrobidlni aktivitu v pouZité plidé. U pridavkd PGPR ve formé gelu a lyofili-
zovaného gelu doslo k narlistu hmotnosti susiny jednotlivych ¢asti rostlin v porovnani s neosetfenymi vzorky. Vysledky rovnéz ukazaly, Ze pridavky PGPR
nemeély statisticky vyznamny vliv na rlstové parametry (pocet listl, délka a cerstva hmotnost) modelovych rostlin a na hodnocené fyzikalné-chemické
vlastnosti pldy v porovnani s negativni kontrolou bez pfidavku. Pfidavky gelu s bakterialni kulturou a pridavek jeho lyofilizované verze predstavuji
potencialné atraktivni formy aplikace PGPR pro budouci experimenty posuzujici agronomicky potencial téchto preparatd.
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Soucasnymi zemédélskymi postupy dochdzi k nadmérnému uzivani syntetickych hnojiv coz ovliviiuje fyzikdlné-chemické i mikrobidlni charakteristiky
pudy. V posledni dobé jsou tendence davky anorganickych hnojiv sniZovat. Nabizi se jejich kombinace s dalsimi pddnimi doplriky jako napfiklad biouhel
(BC), které umoznuji efektivnéjsi pisobeni anorganickych hnojiv v ptidé. Biouhel je latka pfipravena tepelnym rozkladem biomasy. Na zakladé pyrolytic-
kych podminek a typu pouZité biomasy lze upravit vlastnosti BC pro docileni co mozna nejlepsiho efektu pfi jeho aplikaci.

V rdmci prace byly nejprve charakterizovany pouzité vzorky BC (NovoCarbo, Sonnenerde, Karbohran, Zera). Nasledné byla sledovana jejich biokom-
patibilita pro zvolené pldni rhizobakterie (Azotobacter vinelandii CCM 289, Azotobacter vinelandii DSM 87) a byly optimalizovany techniky stanoveni
efektl rUst-podporujicich rhizobakterii (PGPR) — schopnost produkce sideroford, fytohormonu kyseliny indol-3-octové (IAA) a schopnost rozpoustét
fosfaty. Fyzikdlné-chemické charakteristiky biouhll (obsah organické a anorganické slozky) byly studovany pomoci termogravimetrické analyzy (TGA).
Na vodnych vyluzich z BC bylo méfeno pH a konduktivita. Pro zjisténi prvkového sloZeni byla pouzita optickd emisni spektrometrie s indukéné vazanym
plazmatem (ICP-OES). Biokompatibilita biouhl byla posuzovana pomoci metody pritokové cytometrie. Na zakladé ziskanych dat bylo ovéfeno, Ze byly
pouzité biouhly netoxické vici plidnim mikroorganism({m a mohly tak byt aplikovany do pudy.

Studované biouhly byly nasledné pouZzity v kultivaénim experimentu (celkova délka 3 mésice), pro ktery byla zvolenou modelovou rostlinou kukufice
seta cukrova (Zea mays L. convar. Saccharata Koern.). Byl sledovan vliv aplikace biouhlu na rlistové charakteristiky kukurice (vyska, pocet list(i). Po ukon-
ceni experimentu byly ziskané padni vzorky analyzovany metodami TGA, ICP-OES a pomoci méreni pH a konduktivity. Pfipravena Zivna agarova média
pro sledovani mikrobialni aktivity byla zaockovana vyluhy ze ziskanych rhizoptd. Mikrobialni aktivita byla rovnéz pozorovéana s vyuzitim komercni sady
BIOLOG EcoPlate™. Na pfipravenych agarovych plotnach byla nasledné sledovana schopnost produkce siderofor( a rozpustnosti fosfati PGPR bakterii.
Schopnost produkce IAA byla stanovena spektrometricky pfi vinové délce 530 nm.

Bylo prokazano, Ze pldy oSetfené biouhlem obsahovaly vyssi podil organické slozky neZ plida neosSetfena. Aplikace biouhlu do pldy vyrazné neo-

vlivnila vysku rostliny ani pocet listl. U oSetteni s BC byl pozorovan vliv na délku a hmotnost koren(, kdy kofeny byly del$i a mohutnéjsi nez osetieni
bez BC. Rovnéz bylo zjisténo, Ze biouhel podpofil rozpousténi fosfatl, produkci sideroforll a IAA, coZ z néj ve vysledku déla vhodny padni kondicionér.

Podékovani

Rada bych podékovala Bc. Petru HaleSovi a Bc. Barbore Hlavackové za pomoc pfi feSeni experimentalni ¢asti prace. Podékovani patfi i pani Leoné
Kubikové a Ing. Jaromirovi Pofizkovi, Ph.D. za provedena méreni TGA a ICP-OES.

31



Sekce student( bakalarskych a magisterskych studijnich programi ,,Chemie Zivych véd”

Nové trendy vo vyskume a vyvoji nosicov mikroorganizmov pre polnohospodarske aplikacie

Martin Rohaé?, Petr Sedlacek?, Martin Sukenik®

1) Vysoké uéeni technické v Brné, Fakulta Chemicka, Ustav fyzikdlni a spotiebni chemie, Purkyriova 464/118, 612 00 Brno, Ceska republika

Nosi¢ové systémy pbédnych rizobaktérii podporujucich rast rastlin (PGPR) predstavuju moderny spdsob nahrady konvencénych hnojiv v polno-
hospodarstve. PGPR sa prirodzene vyskytuju v pode a disponuju pozitivnym vplyvom na rast a vyvoj rastliny. Problémom konvencnych hnojiv je ich
nesetrnost k pdde, ktora s ich pouzitim straca na kvalite. Tradi¢né hnojiva na baze dusika a superfosfatové hnojiva nepriamo spdsobuju eutrofizaciu
prifahlych vodnych telies. Zaroven syntetické dusikaté hnojiva zvysuju kyslost pddy, ¢im nepriaznivo vplyvaju na vyskyt mikrobidlnych kultir v péde. Pre
zachovanie kvality pody sa javi ako vhodna alternativa dopravit PGP mikroorganizmus do pody, ktory je enkrustovany v polymérnom nosi¢ovom systéme
na prirodnej baze. Enkrustacia je potrebna pre zachovanie Zivotaschopnosti mikroorganizmu pred aplikaciou bioinokulantu do pody.

Cielom prace bolo navrhndt a pripravit rozne formulécie bioinokulantu s pouzitim mikroorganizmu Azotobacter vinelandii a nosicom pren bol al-
ginatovy hydrogél. Hydrogél bol chemicky sietovany pomocou roztoku CaCl,. Modelovou rastlinou pre testovanie Gcinnosti bioinokulantov bol hlavkovy
Salat Lactuca sativa. Zakladnymi formuldciami bioinokulantu boli tie, pripravené tzv. ,mokrou cestou”. To znamena, Ze semeno Salatu bolo namacané
najskor do kultdry A. vinelandii, a potom do sietovacieho ¢inidla CaCl,. Pre tento typ bioinokulantov sa pracovalo s kmerimi A. vinelandii CCM 289, DSM
87 a DSM 720. Zarover boli niektoré semena vrstvené viacnasobne, a sucasne boli pozorované rozdiely v pouZiti réznych koncentracii roztoku CaCl, (2
% hm.; 1% hm.; 0,5 % hm.). Taktiez boli bioinokulanty pripravené vrstvenim praskom lyofilizovanych kultur, ktory bol resuspendovany vo vode. V tomto
pripade sa jednalo len o nanesenie vrstvy alebo viacerych vrstiev a vysusenie. KaZzdé osSetrenie bolo vykonané vo viacerych opakovaniach pre kvanti-
fikaciu. VSetky semienka oSetrené bioinokulantmi boli zasadené do priehladného agarového gélu, ktory bol umiestneny do skimaviek. Pre kontrolu boli
do agaru zasadené aj neoSetrené semend Saldtu. VSetky skiimavky boli po dobu experimentu umiestnené v prostredi s vysokou vlihkostou a kazdy den
prebehla dokumentdcia a kvantifikacia rastu $alatu.

Bolo zistené, Ze najvhodnejSim kmeriom sa javil CCM 289. Najvhodnej$im bioinokulantom z hladiska povahy vzniknutého gélu sa ukazal ten vzniknuty
sietovanim s 2 % hm. CaCl.. Rychlost rastu neosetrenych kulttr bol pozorovany ako negativna kontrola. Rychlost rastu semien oSetrenych lyofilizo-
vanymi kultirami bola velmi podobna rychlosti rastu negativnej kontroly. V pripade bioinokulantov pripravenych mokrou cestou neboli vysledky medzi
jednotlivymi oSetreniami dostato¢ne spolahlivé, aby bolo mozné stanovit presny trend vplyvu koncentracie sietovacieho ¢inidla a pocet vrstiev bioi-
nokulantu na rast rastliny. Podozrenim na pomalsi trend rastu u bioinokulantov pripravenych mokrou cestou bola pritomnost Cl-iénov v bezprostrednej
blizkosti semena, a tym dochadzalo k urcitej forme inhibicie rastu.

Na zaver experimentu bola vykonana morfologicka analyza pripravenych vrstiev oboch typov bioinokulantov metddou rastrovacej elektrénovej
mikroskopie (SEM). Zaroven boli stanovené vybrané PGPR efekty pripravenych bioinokulantov.

Prinosom prace bola priprava a optimalizacia bioinokulantov sledovanim ich efektu na modelove;j rastline a polozenie podkladu pre budicu ¢innost
v tejto problematike.
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Kyselina ferulova (FA) patri medzi najrozsirenejsie fenolické kyseliny rastlinného pévodu a predstavuje vyznamny medziprodukt pri biosyntéze
vanilinu, vanilylalkoholu a kyseliny vanilovej = zli€enin s pridanou hodnotou pre potravinarsky a kozmeticky priemysel. Ich biotechnologicka vyroba
predstavuje ekologicky udrzatelnu alternativu k chemickej syntéze, no vyzaduje mikroorganizmy schopné tolerovat a transformovat tieto aromatické
substraty.

V ramci tejto Studie bola skimand biotransformacia FA vybranymi halofilnymi a termofilnymi mikroorganizmami. Bol sledovany a zhodnoteny
biotransformacny potencial tychto mikroorganizmov pri premene FA na jej derivaty, ako aj schopnost syntetizovat polyhydroxyalkanoaty (PHA) v pod-
mienkach pritomnosti FA.

Polyhydroxyalkanodty (PHA) su biologicky odburatelné polyméry, ktoré mikroorganizmy syntetizuju ako intraceluldrne zasobné latky za podmie-
nok nadbytku uhlika a obmedzenia inych Zivin, napriklad dusika, fosforu alebo kyslika. V tejto Studii boli sledované preto, Ze produkty biotransformacie
kyseliny ferulovej st extracelularne, zatial ¢o PHA sa akumulujd vo vnutri bunky. Cielom teda bolo overit, ¢i pritomnost FA ovplyvni nielen vonkajsie
produkty biotransformacie, ale aj vnitrobunkovu syntézu zasobnych polymérov.

Boli testované baktérie rodov Halomonas, Aneurinibacillus, Caldimonas a Brevibacillus, ktoré boli kultivované v minerdlnych a komplexnych
médiach doplnenych 0,5 g/l FA. Bol merany mikrobidlny rast, zmena pH, kvantitativna a kvalitativna analyza biotransforméacie pomocou HPLC a produk-
cia PHB pomocou GC-FID.

Na zaklade vysledkov boli za najsfubnejsie kmene zvoleni zastupcovia Halomonas salina a Aneurinibacillus sp. AFN 11, ktoré vykazovali vysoku
konverziu FA a sucasne produkovali PHB. Kmen Halomonas salina konvertoval FA najma na vanilyalkohol a v nizSich koncentraciach aj vanilin. Aneurin-
ibacillus sp. AFN Il konvertoval FA taktie? najma na vanilylakohol, no stcastne produkoval aj relativne vysoké koncentracie polyhydroxybutyratu (PHB).
Charakter pouzitého produkéného média mal tiez vyrazny vplyv na biotransformaciu.

VyuZzitie extrémofilnych baktérii v tomto type biotechnologickych procesov je perspektivne, pretoze dokazu rast a metabolizovat aj v ndroc¢nych
podmienkach pritomnosti inhibi¢nych latok, akou je kyselina ferulova, ktora sa nachddza aj v lignocelul6zovych odpadoch. Extrémofilné mikroorganizmy
by mohli rover premienat kyselinu ferulovu na latky s pridanou hodnotou a syntetizovat biologicky odburatelné polyméry, ako st polyhydroxyalkanoaty.
Takyto pristup spdja spracovanie odpadovej biomasy s principmi cirkularnej bioekonomiky a predstavuje ekologicky udrzatelnu cestu k vyrobe cennych
bioproduktov.
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Globalny rast produkcie plastov na baze fosilnych paliv a ich environmentalna zataz zvysuju potrebu vyvoja udrzatelnych alternativnych materiélov.
Jednou z najperspektivnejsich skupin st biodegradovatelné biopolyméry polyhydroxyalkanoaty (PHA), ktoré mikroorganizmy syntetizuju ako zasobné
latky uhlika a energie. Termofilné baktérie, ako Aneurinibacillus sp. AFN2, umoznuju efektivnu produkciu PHA pri vyssich teplotach, ¢im znizuju riziko
kontaminacie a mo6zu zniZit cenu priemyselnych procesov. Cielom tejto prace bolo identifikovat kli¢ové komponenty kultivatného média a optimal-
izovat podmienky kultivacie s cieflom maximalizovat produkciu polyhydroxybutyratu (P(3HB)) tymto novym termofilnym kmeriom.

Experimentalna Cast prace zahfniala sériu kultivacii na komplexnom (Nutrient Broth, NB) a minerdlnom (MM) médiu s glukézou ako zdrojom uhli-
ka. Hodnotil sa vplyv zloZenia média, inokulacného pomeru, doby kultivacie inokula a teploty inokula na rast biomasy a produkciu P(3HB). Produkcia
polyméru bola stanovena gravimetricky a plynovou chromatografiou (GC-FID), pricom vysledky boli statisticky vyhodnotené metédou ANOVA.

Vysledky ukazali, Ze Aneurinibacillus sp. AFN2 dosahoval vyrazne vy$Siu produkciu P(3HB) na komplexnom médiu, pri€¢om optimalizacia
(NB bez NaCl, inokulaény pomer 10 %, 24-hodinové inokulum) zvysila vytaznost z 0,83 g/l na 1,32 g/I, ¢o predstavuje nérast o 60,4 %. Pri min-
eralnom médiu (MM) bolo zachované pévodné zloZzenie, kedZe sa preukazalo ako najvhodnejsie pre rast kultury. Experimenty, v ktorych bol vynechany
MgS04-7H,0, vsak viedli k vyraznému poklesu produkcie P(3HB) (z 0,24 g/ na 0,05 g/l), ¢o potvrdilo esencialnu ulohu hor¢ika (Mg?*) ako nevyhnutného
kofaktora v biosyntetickych procesoch. Optimalny inokulacny pomer pre MM bol stanoveny na 15 %, ¢o viedlo k zvySeniu produkcie P(3HB) na 0,32 g/I
(ndrast 0 31 %). Zistenia poukazuju na vyznam vhodne zvoleného média a podmienok kultivacie pre efektivnu biosyntézu PHA termofilnymi mikroorga-
nizmami a potvrdzuju biotechnologicky potencial kmena Aneurinibacillus sp. AFN2.
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Current cultivation of microorganisms utilizes modern, semi-automated platforms with various sensors monitoring the whole process. One of the
examples is Chi.Bio, an open-source bioreactor, originally developed as a small and affordable platform for in situ cultivation [1]. Unfortunately, its mea-
suring capacity is limited to mostly optical and thermal sensors. Some of the basic and useful parameters, including pH, are not available in commerci-
ally available setup. In our study, we expanded Chi.Bio’s capacity for a pH measurement allowing continuous monitoring with a commonly available pH
probe.

Our approach builds on recently published work by Denton et al. (2024) [2]. However, we introduced numerous hardware and software modifica-
tions to both, the original Chi.Bio system and the augmentation by Denton et al. The project began as a breadboard prototype that combined the orig-
inal bioreactor hardware with an Atlas Scientific Embedded pH Circuit, an Arduino Nano, and a Mikroe pH Click board. This basic hardware setup was
used to develop and improve the software components, implemented in Python, HTML, and JavaScript. The final assembly, however, eliminated the
need for any additional microcontroller, and the integration of a voltage transformer reduced the pH-electrode hardware to a compact 5 x 5 cm low-cost
module with a single connection cable to the bioreactor.

The resulting setup was tested in a simple two-day in vitro experiment based on E. coli cultivation, evaluating the relationship between sample
optical density (used as a proxy for cell number) and externally modified pH achieved by gradual additions of 30% NaOH. During the experiment, five
additions of lye were performed (10, 20, 30, 80, and 200 pL). Each addition resulted in a stepwise pH increase accompanied by a moderate decrease in
optical density. Results showed that the pH module can be reliably used for experimental purposes. It provides stable readings, is easy to handle, and
allows straightforward retrieval of pH data directly from the data table after the experiment.

Thus, our custom-made Chi.Bio platform now supports real-time pH monitoring in a small-scale, low-cost setup, and represents a perfect platform
to integrate additional sensors in our future work.
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Ziskani vysoce kvalitnich map analytl pomoci zobrazovaci hmotnostni spektrometrie s laserovou desorpci/ionizaci za Ucasti matrice (MALDI MSI) a
reprodukovatelnost této techniky silné zavisi na protokolu ptipravy vzorku. Kritickym krokem je aplikace MALDI matrice na vzorek biologické tkané, ktery
se Casto spoléha na drahé sprejovaci nebo sublimacni aparatury.

V této praci predstavujeme novou dualni matrici pro MALDI MSI: Basic Blue 7 (BB7), ktera patfi do skupiny triarylmethanovych barviv. Diky své dobré
rozpustnosti ve vodé tato matrice umoznuje rychly a jednoduchy protokol ptipravy vzorku bez nutnosti sofistikované instrumentace: ponofeni skla s tka-
ni do roztoku barviva. Tato technika se velmi podoba metodam barveni pouzivanym v klasické histopatologii. Technika je demonstrovana na MSI lipid( v
fezech mysiho mozku v pozitivnim a negativnim ioniza¢nim mddu za pouZiti subatmosférického MALDI zdroje spojeného s hmotnostnim spektrometrem
s orbitalni pasti. Vysledky jsou porovnany s tradi¢nimi matricemi, jako je kyselina 2,5-dihydroxybenzoova (DHB) a 1,5-diaminonaftalen (DAN).

BB7 vynika zejména v reZimu negativnich iontd, nabizi nizké signdly pozadi a vysokou intenzitu signalu mnoha tfid lipidd. Obarvena tkan umoznuje

snadnou vizudlni kontrolu véetné zakladni histopatologické anotace pred MSI. V praci demonstrujeme, Ze barveni nabizi vynikajici kvalitu MS zobrazeni,
reprodukovatelnou pfipravu vzorku, potencial pro automatizaci a vyuziti pro MSI s vysokym prostorovym rozlisenim.
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Enantioselektivni SERS detekce hexahydrokanabinolu s pouzitim zlatych chiralnich nanocastic
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Vibracni spektroskopie sice bézné nepatfi do domény chiroptickych metod, nicméné pouzitim chirdlnich agentl nebo nanocastic Ize dosahnout
rozliSeni enantiomer(i pomoci povrchem zesilené Ramanovy spektroskopie (SERS) [1].

Jako chirdlni agenty a zesilovace signalu byly v této préci pouZity zlaté chirdlni nanocastice (AuNPs) helikoid IV, pfipravené v ptfitomnosti enantio-
merl cysteinu jako chirdlnich selektort [2]. Modelovym analytem byly zvoleny R- a S-epimery hexahydrokanabinolu (HHC). AuNPs byly charakterizovany
pomoci spektroskopie cirkuldrniho dichroismu pro prokdzani chirality a pomoci dynamického rozptylu svétla a skenovaci elektronové mikroskopie pro
potvrzeni rozméru a tvaru nanocastic. Analyty byly proméreny v ¢tyrech riznych kombinacich, kazdy epimer HHC s L-AuNPs nebo D-AuNPs. Jako pod-
loZzka byla pouZita desticka nevodivého kifemiku. Kazda z kombinaci analytu a nanocastice byla promérena v ¢tyfech rGznych koncentracich pro ovéreni
limith enantioselektivni detekce.

Bylo zjisténo, jaké kombinace NPs a analytu poskytuji spolehlivé vysledky pro detekci enantiomer(. Ziskané vysledky mohou slouZzit jako zaklad
pro detekci jinych organickych sloucenin, zejména v oblasti analyzy 1éCiv, kde enantiomery stejné latky mohou vykazovat odliSnou aktivitu na organis-
mus.
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Rozvoj metod strojového uceni, zejména umélych neuronovych siti (ANN), otevirad nové moznosti v oblasti monitoringu polutantl ve vodnim prostie-
di. Mezi vyznamné zastupce téchto polutanti patii farmaceutické latky, které se do vodnich ekosystémU dostavaji prevazné v disledku exkrece pacientl
nebo nevhodného nakladani s nepouzitymi lécivy [1]. Diky své chemické stabilité a biologické aktivité mohou jiz ve stopovych koncentracich ovliviiovat
jak vodni organismy, tak i lidské zdravi [2]. Proto je zapotiebi vyvinout spolehlivé a expresni metody detekce polutant(

V této prace jako modelova latka byl zvolen diklofenak. Pro jeho detekci byla vyuZita povrchové zesilend Ramanova spektroskopie (SERS). Jako plaz-
mon aktivni material slouZilo mezoporézni zlato (porAu), pfipravené elektrochemickou depozici z roztoku HAuCl, a blokového kopolymeru PS-b-PEO.
Mezoporézni zlato poskytuje vysoky specificky povrch, velkou vodivost, homogenni distribuci pord a vyraznou plasmonovou rezonanci, ktera zajistuje
silny SERS signal [3]. Pfi testovani excitacni vinové délky 532 nm byla pozorovana vyrazna fluorescence, kterd omezovala kvalitu spekter, proto byla pro
méfeni zvolena vinova délka 785 nm. Nové byla zavedena i elektrochemicka depozice cilového analytu ze simulovanych odpadnich vod (10 ng-17'-100
mg-17") pfimo na porAu substrat. Ziskanad SERS spektra byla pouZita pro trénink ANN, kterd umozZnila spolehlivou identifikaci diklofenaku i v nizkych kon-
centracich a v komplexni matrici. Dale byla ovéfena prenositelnost metody depozice také pro dalsi farmaceutické polutanty — karbamazepin a ibuprofen.
Elektrochemicka depozice u obou sloucenin poskytla reprodukovatelny spektralni vystup, vhodny pro nasledné experimenty.

NavrZzena kombinace SERS, elektrochemické depozice a ANN tak predstavuje univerzalni a efektivni pfistup k tvorbé spektralnich databazi farmace-
utickych latek s potencialem vyuziti v automatizovaném environmentalnim monitoringu.
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Bioinspirované SERS substraty z kfidel motylu rodu Morpho
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V poslednich letech je velkd pozornost vénovana vyvoji bio-inspirovanych SERS (surface enhanced Raman spectroscopy) substrat(, které kombinuji
vysokou vykonnost s nizsimi vyrobnimi naklady a ekologickou udrZitelnosti. Jednim z pfistupl je vyuZiti motylich ktidel jako pFirodnich Sablon. Kridla
motyll vykazuji unikatni mikro- a nano-struktury, které diky své hierarchické morfologii funguji jako efektivni fotonické povrchy [1,2]. Po pokovovani
plazmonickym kovem, napfiklad zlatem, dochazi pfi osviceni téchto struktur ke vzniku hotspotd, tedy mist se silnym lokdlnim elektromagnetickym
polem, kterd jsou klicova pro povrchové zesileni Ramanova signalu [3]. Tato prace se zabyvala pfipravou a charakterizaci bio-inspirovanych SERS sub-
stratl zaloZenych na strukturach kfidel motyll rodu Morpho pro detekci sulfanu (H,S). Z hlediska mediciny je sulfan vyznamna plynna signalni mo-
lekula, ktera se podili na fadé fyziologickych procesl, véetné regulace krevniho tlaku, zanétlivych odpovédi a neuroprotekce [4]. V prvnim kroku prace
byly stanoveny optimalni podminky ptipravy substratd, respektive replik mikro- a nano-struktur motylich k¥idel. Repliky byly nanaseny na vodiva FTO
sklicka a pokoveny tenkou vrstvou zlata pomoci riznych metod (naprasovanim nebo elektrochemickou depozici). Cilem bylo dosdhnout maximalni
intenzity Ramanova signalu. Prostfednictvim modelového analytu krystalové violety byla stanovena SERS odezva pfi vinovych délkach 532, 633 a 785
nm. VSechny pfipravené vzorky byly charakterizovany metodami SERS, SEM-EDX a UV-Vis spektroskopie. Ve druhém kroku byla provadéna funkcio-
nalizace substratll s nejvyssi intenzitou SERS signalu pomoci diazoniové soli ADT-NH, [5], ktera po diazotaci vytvarela -Ph-N=N* skupinu plsobici jako
ligand pro selektivni interakci s H,S. V disledku toho se pti poufZiti ziskanych SERS aktivnich substrat podaftilo detekovat H,S jiZ pfi koncentraci 8 uM.

Obr. A - motyl rodu Morpho, B - SEM (skenovaci elektronovy mikroskop) snimek kfidla, C - SEM snimek vyssiho rozliseni motyliho kfidla s naprasenou

vrstvou zlata.
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Chromones as C. Albicans Inhibitors: From Library Repurposing to Target Protein Identification
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Candida albicans is the most prevalent cause of opportunistic yeast infections, which can enter the bloodstream in immunocompromised pati-
ents, drastically increasing mortality. This work presents new C. albicans inhibitors identified from a 26member library of chromonebased com-
pounds, synthesised via a multistep route from variously substituted hydroxyacetophenones. Using the broth microdilution method, four derivatives
displayed the ICso values below 20 uM, with the most potent compound showing an 1Cso of 2.0 = 0.1 puM. The inhibitors demonstrated significant
selectivity over human cells. Building on literature evidence, C. albicans topoisomerase Il is hypothesized as the molecular target. This hypo-
thesis was refined using machine learning and molecular dynamics methods, which provided insight into the observed selectivity and suggested
structural optimizations of the hits. The library was originally purposed to target the DCSIGN receptor, a lectin of major importance in the human
immune response. Despite the activity of structurally similar quinolones, the chromones did not bind the receptor, as shown by the chemical shift
perturbation method (HSQC NMR).

IC50=2.0 £ 0.1 uM IC50=3.8%0.4 uM
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Role mikroRNA v regulaci bunécné plasticity
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Totipotence bunék je jednou z kli¢ovych podminek pro vyvoj nového mnohobunééného organismu. Zivociné buriky tuto vlastnost v priibéhu
ontogenetického vyvoje ztraceji, avsak u rostlin z(stava zachovana i v diferenciovanych pletivech. Pfeprogramovani specializovanych bunék pfi procesu
dediferenciace je ovsem velmi sloZity biologicky proces vyzadujici pfesné regulacni mechanismy. Navic je spojovan s genetickou i epigenetickou nesta-
bilitou. Rostliny v tomto ohledu disponuji pozoruhodnou schopnosti bunécné plasticity. SloZita sit genll zapojenych do vyvojovych drah rostlin mdze byt
vyznamné ovlivnéna praveé funkci nekddujicich mikroRNA (miRNA). Tyto kratké molekuly maji schopnost regulace genové exprese na nékolika Grovnich
— transkripcni, posttranskripcni i translacni.

Cilem studie byla identifikace a charakterizace mikroRNA izolovanych v pribéhu rliznych stadii kultivace rostliny Nicotiana tabacum (rostlina, kalus,
regenerant). Vzorky byly sekvenovany a nasledné bioinformaticky vyhodnoceny. Pozornost byla zaméfena zejména na potencidlni miRNA ovliviujici
proces dediferenciace a regenerace. Pomoci diferen¢ni expresni analyzy DESeq2 byly stanoveny odlisné exprimované miRNA v jednotlivych stadiich
kultivace. Pfi sledovani pocetnosti konkrétnich molekul v rostlinném pletivu a u prvnich mikrokalust (proces dediferenciace) byl pozorovan statisticky
vyznamneé vyssi vyskyt u skupiny miR172 a miR156. Tyto molekuly se pravdépodobné pfimo podileji na indukci a udrzovani kalusu (linie dediferencova-
nych bunék). Déle byly jako zvysené identifikovdny miRNA souvisejici se stresem, a to zejména miR397, miR398 nebo miR408. Naopak nizsi exprese byla
pozorovana napfiklad u miR171, pravdépodobné souvisejici s giberelinovou signalni drdhou.

Vyzkum fidici role miRNA v procesech dediferenciace somatickych bunék v kalus a jeho opétovné regenerace ma zasadni vyznam naptiklad v oblasti
biotechnologické produkce, genového inzenyrstvi nebo také enviromentalni adaptace. Z pohledu biotechnologii mohou byt kalusy vyuzivany pro pro-
dukci cennych sekundarnich metabolit(. Zejména v tomto ohledu je nutné popsat a zajistit podminky pro udrZeni epigenetické a metabolické stability
kalusu. Ddle i samotné molekuly miRNA mohou byt potencidlnim cilovym produktem s ohledem na jejich studovany terapeuticky potencidl. Zdjem o
studium této problematiky roste tedy nejen v oblasti rostlinné biologie a biotechnologie, ale také v medicinském a farmaceutickém vyzkumu.
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Petr Tesak*

1 Ppetr Tesak Vysoké uéeni technické v Brné, Fakulta chemicka, Ustav potravin a biotechnologii, Purkyriova 464/118, 612 00 Brno, 226036@vutbr.cz

Ma prace se zabyva modelaci membran v mikrocipech na bazi PDMS a CYTOP. Popisuje rozdily mezi jednokanalovymi Cipy a novym designem Cipu
s mikrokomuUrkami. Mikrofluidni Cipy jsou vyhodna mala zatizeni, které je mozné pouzit k provedeni danych laboratornich postupli v mensim métitku,
co? je energeticky méné naroéné. Cipy jsou také levné na vyrobu, pfenosné a lehce aplikovatelné. K realizaci rliznych chemickych procest je potfeba jen
malé mnozstvi roztoku, v rozmezi nano az pikolitru [1,2].

Cilem prace je zhotovit mikrocip, ktery bude umoznovat vznik membran v mikrokomurkach, vyleptanych do polymeru CYTOP. Pak je tfeba porovnat
novy Cip se starym jednokanalovym, vyrobenym z PDMS, vybrat vhodnéjsiho kandidata a doporudit Upravy ¢i nové postupy, které by umoznili lepsi sle-
dovani membran nebo prostup latek skrz né. Napftiklad by se mohlo jednat o inkorporaci transportnich proteini do natazenych membran [3].

K vytvareni membran jsou pouzity pufracni roztoky, které slouzi jako fyziologické prostfedi, a roztoky s lecitinem, jakoZto zdrojem fosfolipid(. Do Cipu
se tyto roztoky injektuji v tomto poradi: fyziologicky roztok, roztok lecitinu a opét fyziologicky roztok. Vzniklé membrany Ize poté sledovat za pomoci
konfokalniho mikroskopu. V pfipadé Cipu s mikrokomurkami lze pouze pouzit fluorescencéni sondy [3,4].

V pripadé jednokanalového Cipu byla vyhodnocovana tvorba membran, ve tfech rizné velkych kanalcich. V nich bylo experimentovano se tremi
raznymi pratoky. Membrany byly sledovany konzistentné na tfech mistech v Cipu. Do tabulky bylo zaznemano zda a kolik membran vzniklo. Bylo zjisté-
no, Zze vhodna sitka kandlku je 200 um, ve kterém lze pouzit pridtok az 300 nl-min? aniz by nastaly komplikace pfi natahovani membran. Méreni u Cipu
s mikrokom(rkami bude doprovazené spisSe obrazky, jelikoZ se v tomto druhu Cipu vyskytuje pfilis mnoho direk.

Oba typy Cipu Ize vyrobit vcelku jednoduse a zaroven jsou velmi flexibilni co se tyka vyuZiti. Avsak jednokanalové Cipy jsou méné ¢asové narocné na

Vv

prohlubni pro natazeni membrany, zatimco Cipy na bazi CYTOP miZe mit az 1000 komurek podle toho, jak je nastaveny design pro leptani. Avsak tyto
komirky jsou hire detekovatelné a v pripadé kdy jsou v nich natazené membrany, tak je tfeba pouZzit fluorescenéni sondu na rozdil od jednokanalového
Cipu, kde lze sledovat membrany pouhym okem.
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Tato prace se zabyva vlivem porozity a tloustky vrstev grafitického karbonitridu (g-CsN4) na jeho fotokatalytickou aktivitu. Material g-CsN4 predstavu-
je perspektivni bezkovovy polovodi¢ s mozZznosti absorpce viditelného svétla a sirokym uplatnénim pfi rozkladu organickych polutant( ¢i produkci vodiku
[1; 2]. Jeho praktické vyuZiti viak limituje kompaktni, malo porézni struktura a rychla rekombinace fotogenerovanych nabojl [1; 3]. ZvySeni porozity pa-
tfi mezi efektivni zplsoby, jak zlepsit dostupnost aktivnich mist a podpofit fotokatalytické procesy [3]. Jednim z pristupll je pouZiti porogennich Cinidel,
napfiklad kafru, ktery se diky nizké teploté sublimace dokaze z prekurzorové smési odstranit a vytvofit péry v pevné matrici [4].

V ramci experimentdlni ¢asti byly pfipraveny Ctyfi typy vrstev g-CsNa: tenké a tlusté, vidy v porézni a neporézni varianté. Porozita byla zajiSténa
pridavkem kafru do kapalné formulace a jeho naslednou sublimaci. Pro ovéreni vlivu povrchové Upravy podloZek byla pouZita mikroskopicka sklicka s
mélkymi a hlubokymi gravirovanymi vanickami, jejichz zdrsnény povrch mél zlepsit pfilnavost vrstev. Porézni struktura a rozdily v tloustce vrstev byly
charakterizovany pomoci SEM a profilometrie.

Fotokatalyticka ucinnost byla hodnocena pfi rozkladu modelovych latek: azobarviva AO7 (sledovan pokles absorbance) a resazurinu (sledovan narust
fluorescence produktu resorufinu). PfestoZe pouZiti kafru mélo vést ke vzniku vyrazné poréznich struktur, vysledky ukazaly jen omezenou tvorbu poru.
Fotokatalytické testy dale odhalily pouze minimalni rozdily mezi poréznimi a neporéznimi vrstvami, a to jak u tenkych, tak tlustych variant. Tyto vysledky
naznacuji nutnost optimalizace kapalné formulace g-CsN4, pfipadné Upravy zplsobu nandaseni vrstev pro dosazeni poZzadované porozity a zvyseni foto-
katalytické aktivity.
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Direct Ink Writing (DIW) is an emerging Additive Manufacturing (AM) technique with potential within multiple fields of materials research. DIW
printers utilize extrusion of paste or gel from a reservoir through a nozzle. The materials used are generally referred to as inks. Desired objects are then
printed on a build platform in a layer-by-layer fashion, same as with other 3D printing methods. Due to its inherent simplicity, versatile ink materials
such as metals [1], ceramics [2] and much more [3] can be printed using DIW.

The spread of this method requires the ability to predict how different materials will behave during printing. The printing of ink is therefore divided
into three sub-functions, which are described separately with their specific features [3]. (i) Extrusion/printability: How continuous and uniform is the
flow of ink. (ii) Solidification: The bead must retain its as-deposited shape according to physical-chemical processes proceeded (drying, gelation etc.).
(iii) Layer support/buildability: The material must hold the weight of subsequent layers. How well the ink will perform while printing can be predicted
if its rheology is known [4].

In this work an FDM 3D printer was custom-modified to operate as a DIW. A nozzle with a diameter of 1.8 mm was used. The suspension of metaka-
olin and alumina with carboxymethyl cellulose as an additive to modify rheology were used as ink’s starting materials. To tailor the rheology of suspen-
sions, different water-to-solid ratios with varying concentrations of carboxymethyl cellulose (CMC) were used. The conducted experiments led to prepa-
ration of inks that mainly met the requirements of the first sub-function, extrusion. A satisfactory solidification and layer support has been approaching.
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Predmétem této prace byla pfiprava a charakterizace povlakli na bazi podvojnych vrstevnatych hydroxidd (LDH) na Mg kompozitnich substratech
ptipravenych praskovou metalurgii. Jako plnivo byl pouzity hydroxyapatit (HAp). Depozice MgAILDH povlakd na povrch kompozitl probéhla v reakéni
smési obsahuijici AI(NO,), pfi pH 10 a teploté 95 °C. Morfologie a struktura vzorkd byly charakterizovany pomoci rastrovaci elektronové mikroskopie
(SEM). Prvkové slozZeni jak samotnych kompozitd, tak i pfipravenych povlakl, bylo charakterizovano energiové disperzni spektroskopii (EDS). Ana-
lyzou struktury MgHAp kompozitl bylo zjisténo, Ze se vzristajici koncentraci vyztuze dochazelo k narlstu ¢etnosti aglomeratl HAp. Nejvyssi Cetnost
aglomeratQ byla detekovana ve vzorcich obsahujicich 20 a 50 hm. % HAp plniva, u kterych bylo zarover zaznamenano na rozdil od ostatnich vzork(
vyrazné zhorSeni koroznich vlastnosti. Naopak nejlepsi korozni odolnost vykazoval vzorek s 1 hm. % plniva. Ostatni vzorky s obsahem plniva od 0 do
10 hm. % byly z hlediska korozni odolnosti relativné podobné.

Potenciodynamické testy prokdazaly, Zze povlakované vzorky vykazuji radové vyssi korozni odolnost ve srovnani se vzorky nepovlakovanymi. U po-
vlakovanych vzork( s obsahem HAp do 10 hm. % véetné byla pozorovana uniformni vrstva LDH. Na vzorcich s vy$sim obsahem vyztuze, tj. s 20 a 50 hm
% HAp, byla detekovana pfitomnost trhlin souvisejici s pfitomnosti objemnych HAp aglomeratd. V téchto mistech byla pozorovana i nizsi adheze
povlaku.

Bylo zjisténo, Ze pro dosaZzeni vysokych kvalit LDH povlakld je optimalni mnozstvi HAp vyztuze michanych a nasledné lisovanych MgHAp kom-
pozitl do 5 hm. % HAp. Vyssi obsah HAp ve vzorcich vedl| zpravidla ke vzniku defektd nebo zhorSeni koroznich vlastnosti.
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Hydrogély su trojrozmerné polymérne materidly schopné absorbovat velké mnoZstvo vody bez narusenia svojej Struktuary, vdaka ¢omu aj pri vyso-
kom hydratovanom stave zachovavaju svoje mechanické vlastnosti a pruznost. Vdaka tejto vlastnosti nachadzaju uplatnenie v medicine (napriklad ako
nosice lieciv, kryty ran, v tkanivovom inZinierstve), farmacii ¢i polnohospodarstve, kde st cenené najma pre svoju biokompatibilitu. Zaujimavostou hy-
drogélov je moznost cielene ovplyviiovat ich transportné vlastnosti a regulovat difuzie latok do alebo z polymérnej matrice, o umoZruje optimalizovat
ich pouzitie v aplikaciach s poziadavkou na presné davkovanie alebo uvolfiovanie ucinnych latok.

Hlavnym cielom prace bolo stadium transportnych vlastnosti hydrogélov na baze polyetylénglykol diakrylatu (PEGDA) a ich modifikacii semi-inter-
penetrujucimi polymérnymi sietami (semi-IPN) s vyuZitim polystyrénsulfonatu sodného (PSS). Praca zahffiala optimalizaciu pripravy PEGDA hydrogélov,
pricom bol kladeny déraz na opakovatelnost syntézy a rovhomerné pdsobenie UV Ziarenia pocas fotopolymerizacie.

Zavedenim semi-IPN Struktdry s PSS v nizkych koncentraciach (0,001 a 0,0001 g/cm?) bola sledovana zmena fyzikdlno-chemickych a transportnych
vlastnosti hydrogélov. Charakterizacia zahffala hodnotenie napuciavacieho spravania, kinetiky uvolfiovania fotoiniciatora Irgacure 2959 a transportu
metylénovej modrej. Vysledky experimentov preukazali, Ze pridavok PSS v testovanych koncentraciach vyznamne neovplyvnil schopnost hydrogélov
napuciavat. Na druhej strane, uZ nizke koncentracie PSS spomalili difuziu metylénovej modrej, ¢o poukazuje na to, Ze semi-IPN siet umoZiiuje cielene
ladit transportné vlastnosti pomocou pridavku vhodného polyelektrolytu aj vo velmi malej koncentracii. Tento efekt mozno pripisovat elektrostatickym
interakciam medzi kladne nabitou metylénovou modrou a zaporne nabitymi zlozkami semi-IPN siete.

Zistenia naznacuju, ze modifikdcia PEGDA hydrogélov semi-IPN struktirou méze byt efektivnym nastrojom pre riadenie difazie aktivnych latok,
¢o je vyznamné pre vyvoj systémov s kontrolovanym uvolfiovanim. Vysledky poskytuju pevny zéklad pre dalsi vyskum v oblasti dizajnu funkénych hy-
drogélovych materidlov s optimalizovanymi transportnymi vlastnostami.
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Prace je zaméfena na optimalizaci pfipravy hydrogelll na bazi PEG (poly(ethylenglykol)) s gradientovou strukturou a jejich naslednou
charakterizaci vhodnymi instrumentalnimi technikami s ohledem predevsim na prokazani gradientu mechanickych vlastnosti. Pti pfipravé hyd-
rogell byla pouZita metoda UV fotopolymerizace za pouZiti fotoinicidtoru Irgacure 2959 s cilenym fizenim expozice za pomoci clony, pricemz
délka osvitu se v jednotlivych ¢astech lisila. To umoznilo vytvorit materidly s rozdilnym stupném zesiténi v rlznych oblastech struktury. Experi-
mentalni Cast byla zahdjena pfipravou vzork( suniformni strukturou za uUcelem optimalizace doby osvitu pfi fotopolymerizaci, na
kterou nasledné navéazala pfiprava hydrogelll s gradientem zesiténi. Hodnoceni vzorkd zahrnovalo méreni viskoelastickych vlastnosti pomo-
ci metody oscilacni reometrie, stanoveni obsahu pevného podilu ve vzorcich hydrogel( (susiny), botnaci testy (v podobé resorpce disperzniho
prostfedi) a sledovani transportnich vlastnosti na zakladé difuze barviva Rhodaminu 6G. Prostfednictvim reologickych méreni byly prokazany
rozdily v mechanickych vlastnostech mezi jednotlivymi ¢astmi gradientovych hydrogell, kdy delsi doba osvitu vedla ke zvyseni komplexniho
modulu. Stanoveni susiny jednoznacné gradient nepotvrdilo, avSak botnaci testy prokazaly rozdily ve schopnosti jednotlivych ¢asti gradiento-
vych hydrogell absorbovat vodu, coZ souvisi s proménnou hustotou polymerni sité. Vysledky této prace ukazuji, Ze fizenou UV fotopolymerizaci
Ize pripravit hydrogely s rozdilnymi vlastnostmi vramci struktury, které jsou perspektivni zejména v oblasti tkanového inZenyrstvi a systéma
fizeného uvolfiovani aktivnich latek.
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Ladle furnace slag (LFS) is one of the by-products of secondary steelmaking processes. Its composition is inconsistent, and it contains a large amount
of y-C,S compared to B-C,S, which has a very negative effect on its ability to react with water. For this specific reason, ladle furnace slag lacks a wider-
-scale utilization, and currently, most of the ladle furnace slag produced is landfilled. However, the problem, which is its utilization might be solved by ac-
celerated carbonation to form insoluble carbonates, and this method could also lead to the utilization of industrially produced CO, and its sequestration.

This work deals with the investigation of the carbonation properties of ladle furnace slag and, in particular, the individual phases of which it is com-
posed. The main phases of LFS, namely y-C.S, B-C.S, C,AF, C _A_, and also a’-C.S, were prepared in a pure state and their carbonation activity was then
studied together with the carbonation activity of LFS itself. By far the highest carbonation activity was observed in the y-C_S sample, and increased
carbonation activity was also observed in a’-C,S, LFS and B-C,S. For the aluminate phases, i.e. CAF and C A , carbonation activity was observed only
to a very small extent or not at all. As the main carbonation product, carbonates, resp. CaCO, in various modifications and forms, were observed. To a
smaller extent, hydration products were also formed, especially in the case of aluminate phases, which reacted very quickly with the added water even
before the onset of the carbonation.

The results hence indicate that the carbonation activity of ladle furnace slag is primarily caused by the presence of calcium silicate phases, mainly
y-CS.
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V kontextu globalni klimatické zmény je prechod na obnovitelné zdroje energie kli¢ovy [1]. Pfestoze emise sklenikovych plyn(i v Ceské republice mezi
lety 1990 a 2023 klesly o pfiblizné 50 % [3], zUstava vyzva splnit cil EU o 55% sniZeni do roku 2030 [1]. S ro¢nimi emisemi ptiblizné 99 miliond tun CO,
ekvivalentu a nizkym hodnocenim v CCPI (Index vykonnosti v oblasti zmény klimatu) 2025 [12] je nutné urychlit instalaci systém( jako fotovoltaika
[1,3]. Tato prace analyzuje pfinosy fotovoltaického systému. [2,3]. ZaméFuje se na problém znecistovani Zivotniho prostfedi, zejména emisi do ovzdusi
zpUsobenych spalovanim fosilnich paliv za Ucelem vyroby elektrické energie, s cilem navrhnout fotovoltaicky systém pro studentské koleje k podpore
udrzitelného rozvoje a zvySeni vyroby energie z obnovitelnych zdrojd [6-9].

Na zakladé analyzy spotreby elektrické energie, stejné jako s ohledem na technické mozZnosti instalace a dispozi¢ni podminky stfechy, byl navrzen op-
timalizovany systém s 125 fotovoltaickych paneld [9]. Pomoci softwaru PVGIS [11] byl simulovan fotovoltaicky systém s celkovym ro¢nim vykonem 51
134,7 kWh, pticemz jednotlivé panely mély vykon 400 Wp a byly umistény pod Uhlem sklonu 50° s orientaci na jih. Na obrdzku Cislo 1 vidime graf vykonu

foltovolatickeho systemu [5].
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Obr. 1 Ocekdvané mnozstvi vyrobené elektriny pfi instalaci panelll pod thlem 50° s orientaci na jih

Druhy systém mél celkovy ro¢ni vykon 55 643,5 kWh s orientaci na jihovychod (obr. 2) [5].
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Obr. 2 Ocekavané mnoizstvi vyrobené elektfiny pfi instalaci panel(i pod thlem 50° s orientaci na jihovychod

V navaznosti na ptvodni navrh byla zohlednéna integrace s fluidnimi systémy, konkrétné systém chlazeni vodou zezadu, kde se voda cirkuluje v paralel-
nich trubkach pripevnénych k zadni strané panel(l, coz odvadi teplo a snizuje teplotu panelli o 10 az 20 °C, zvysuje elektrickou Ucinnost az 0 10 az 15 %
oproti nechlazenym modullim [4,5]. Tento systém je integrovan s ¢erpadlem pro cirkulaci vody-propojenym s bazénem nebo zasobnikem teplé vody, kde
zachycuje tepelnou energii s tepelnou Ucinnosti pres 40 % [4,6-8].
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Na zakladé realnych udajli ziskanych mérenim bylo vypocitane niZeni uhlikové stopy o priblizné 21 tun CO, ro¢né [1,3]. Navrh ukazuje soucasny smér
rozvoje fotovoltaiky v Ceské republice. Po nar(istu nové kapacity pres 1 GW v roce 2023 a obdobném tempu v roce 2024 doslo v roce 2025 ke zpomaleni
instalaci. Presto se oCekava pridani az 1 GW, pricemz tento rlst je podporovan pravnimi predpisy zamérenymi na velké i stfesni systémy. [2,3]. K cené
investice 1 645 000 K¢ s DPH se predpoklada zvyseni o 23,2 %, cozZ vede k celkovym nakladlm pfiblizné 2 024 000 K¢, coZ nie je podstatné [2]. Ndvrh
prindsi environmentalni prinosy, v€etné sniZeni zavislosti na fosilnich palivech a zlepseni kvality energetické spotfeby budovy prostfednictvim snizeni
tepelného zatiZeni, integrace solarni ventilace a zvyseni vykonu panel(l [10]. Celkové prispévek hodnoti efektivitu systému, ekonomickou navratnost a
jeho pfinos pro snizeni emisi CO,, zlepSeni energetické tfidy budovy [1-3]. Toto navySeni ndklad(l je kompenzovano vyssi energetickou ucinnosti a delsi
Zivotnosti systému, coz ukazuje na prechod k udrzitelnéjsSimu energetické mu mixu s dlirazem na integraci obnovitelnych zdroj [4,5].
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So zvys$ujucim dopytom po prenosnych zariadeniach rastie potreba najst udrzatelné redoxne aktivne materidly pre batérie. InSpiraciou pre takéto
materialy mozu byt priamo zivé organizmy, ktoré na prenos elektrénov vyuzivaji kofaktory obsahujice vitamin B,, riboflavin. Derivaty riboflavinu a jemu
podobnych molekul sa oznacuju ako flaviny a vykazuju podobné elektrochemické vlastnosti.

Tato praca poklada prvy krok ku flavinovym batériam vytvorenim postupu, pomocou ktorého je mozna predpoved redoxnych potenciadlov derivatov
flavinu. V praci bolo skimanych devat derivatov flavinu, ktorych redoxny potencial bol ziskany experimentalne pomocou cyklickej voltampérometrie
a teoreticky pomocou metddy tedrie funkcionalu elektrénovej hustoty.

Pri vypocCtovom postupe bola uvazovana jednoelektrénova redukcia flavinov na redukovany radikal. Boli vyuZité dva funkcionaly, B3LYP a M062X,
a dve sady bdaz, Aug-CC-pVDZ a def2SVP. Redoxny potencidl bol ziskany pouZzitim termodynamického cyklu, pricom bol vyuzity solvataény model SMD.

Najvyssi koeficient determindcie dosahovala koreldcia experimentalnych dat v acetonitrile a vypoctovej metddy s vyuzitim Bornovho-Haberovho
cyklu, a to 0,91. Zahrnutie solvatacie vo vypoctovom procese prinieslo zanedbatelné zlepsenie korelacie.
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Termooxidace vulkanizati prirodniho kaucéuku za pfitomnosti primési Zeleza
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Ptirodni kaucuk patii mezi klicové technické polymery diky svym vyjime¢nym mechanickym vlastnostem, které umoziiuji jeho vyuziti v
Sirokém spektru aplikaci. Jeho dlouhodobou stabilitu v§ak vyznamné omezuje citlivost k termooxidacnimu starnuti. Tyto degradacni pro-
cesy mohou byt vyrazné zrychleny pfitomnosti stopovych pfechodnych kovl — tzv. kauc¢ukovych jedi — jez i pfi velmi nizkych koncentra-
cich katalyzuji tvorbu radikalti. Mezi nejbéznéjsi kontaminanty patii zelezo, které se do kauc¢uku dostava jak z technologického prostredi,

tak z pouzitych surovin.

Prezentovand prace se zaméfuje na systematické studium vlivu riznych chemickych forem zeleznatych sloucenin na termooxidac¢ni de-
gradaci pfirodniho kaucuku. Porovnavany jsou rozdily v chovéni anorganickych i organickych komplext zeleza. Hodnoceny jsou zmény
mechanickych vlastnosti po definovanych dobach tepelného namahani a dale je diskutovana role jednotlivych slou€enin pfi iniciaci radika-

lovych reakénich drah (ROe, ROO¢) a §tépeni polymernich fetézct.

Ziskané poznatky mohou piispét k lepSimu pochopeni procest starnuti kaucuku a k vyvoji smeési s vyssi odolnosti vici oxidacnim vliviim,

coZ ma prakticky vyznam v oblasti vyroby a dlouhodobé stability elastomerti.
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V oblasti materidlového inZenyrstvi se pfiprava a vyzkum chiralnich nanomateriall v poslednich letech stava dalezitym tématem pro fadu vyzkum-
nych zaméfeni a aplikaci. MoS,, ktery i sam o sobé pfedstavuje perspektivni material pro Siroké spektrum uplatnéni, se da pfipravit ve formé chiralnich
struktur s vynikajici optickou aktivitou a také fadou vlastnosti, které jsou dané morfologii vzniklého nanomaterialu [1]. V rdmci této prace bylo zjiSténo,
Ze dotovani chiralniho MoS, atomy pfechodnych kovi (Fe, Ni, Co, Mn, Rh) vede ke zménam jak jeho morfologie, tak i optické aktivity. Této prace je za-
mérena na sledovani korelace mezi témito zménami a také na hledani pavodu vzniku optické aktivity u zkoumaného materialu.

Chiralita u pripravenych materialQ, ktera pochazi z jejich struktury, poskytuje mozZnost ovladat spinovou orientaci elektron(i pomoci CISS efektu (angl.
Chirality-Induced Spin Selectivity) [2], dotované atomy pUsobi jako redox-aktivni centra, coz dohromady pfinasi moznost vyuzZiti téchto nanomateriall
pro ukladani a konverzi energie. Vzorky dotované atomy niklu se projevily jako efektivni katalyzator pro reakci OER (vyvoj kysliku béhem elektrochemic-
kého Stépeni vody), zatimco vzorky dotované rutheniem ukazaly svoji aktivitu pfi reakci NRR (elektrochemicka redukce dusiku na amoniak). Elektroche-
mické reakce nejsou jedinym uplatnénim pro chiralni MoS,, ten miiZe byt vyuZit i pro analytické ucely v rdmci detekce chiralnich sloucenin.
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Pokrocilé funkéni organické materialy predstavuji vyznamny smér soucasného materialového vyzkumu s vysokym aplikacnim potencidlem. Vyznam-
nou Ulohu v modernich optickych a fotonickych aplikacich hraji dynamické materialy, které Ize pfipravit s vyuZitim kapalnych krystalt — latek vykazujicich
fluidni usporadani s molekularni organizaci podobnou krystalickym Iatkdm. Reakce kapalnych krystal( na vnéjsi podnéty se vyrazné zvysuje zavedenim
chirdlnich, fotosenzitivnich ¢i magnetickych skupin do jejich molekularni struktury. DalSi mozZnosti je rozpusténi multifunkénich latek v komeréné dostup-
nych kapalnych krystalech (napt. 5-CB), ¢imzZ dojde k pfenosu pozadovanych vlastnosti dopantu na hostitelsky systém [1].

V této praci byly ptipraveny dopanty na bazi opticky Cistého 1,1-binaftalen-2,2‘-diolu (BINOLu) jako chiralni jednotky. Do poloh 2 a 2° BINOLu byly
zavedeny fotosenzitivni skupiny, zatimco do poloh 6 a 6 byla pfipojena postranni ramena nesouci terminaini fosfonovou skupinu umoznujici vazbu
na magnetické nanocastice kobalt ferritu (CoFe,O,). Pro porovnani afinity ligandu k nanocésticim byla pfipravena druha série ligand( obsahujici pouze
jedno postranni rameno v poloze 6.
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Obrézek 1: Struktura pfipravenych ligand
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Spiropyrany jsou chytré organické materialy zndmé zejména jako fotoprepinace, tedy molekuly podléhajici svétlem tizené reverzibilni transformaci.
Svoji pozornost si v dnesni dobé ziskavaji hlavné proto, Ze béhem fotopfepinani méni nejen svoji geometrii, ale rovnéz dochazi i k zasadni zméné polarity
molekuly.

Spiropyrany jsou zaroven nositelem chirality diky asymetrickému spiro-uhliku. Izolace opticky Cistého spiropyranu, ktery otevira prostor pro novou
dimenzi potencialnich aplikaci, je vSak u béZznych latek nemozna, jelikoz samotna povaha fotochemického prepinani spiropyrant vede k jejich spontanni
racemizaci. Nasi strategii pro feSeni tohoto problému je zavedeni definovaného sekunddrniho centra chirality do polohy 3’ ¢imz je ziskana dvojice ste-
reoizomerl s rozdilnou relativni konfiguraci (anti, syn). Rozdil energii téchto epimer( poté definuje jejich relativni zastoupeni. V krajnim pripadé tak lze
ziskat témér vyhradné jeden opticky Cisty epimer.

Na zakladé dfive ziskanych vysledkt (1. generace) [1] byla pfipravena série spiropyrant 2. generace substituovanych v poloze 4°. PouzZity strukturni
rys ma za nasledek zvyseni sterické repulze minoritniho syn-epimeru, ¢imz dochazi ke znaénému navyseni diasteromerniho poméru (de = 86 %) oproti
drive studovanym materialim (de < 58 %).

NO,
] uv uv
Syn-epimer
(nepreferovany)
R, NO,
. =1Bu, Ar (7 latek)
1. gen.: 51 =H
f ?=H, B
R2 @ 1 . = ’ u
\ . © 2.gen.: 51 = Me
Merocyanin 2

Obrézek: Rovnovaha epimerniho paru spiropyranu.
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The ability of specific chemical sequences to selectively bind to or interact with only selected other specific chemical motives or metal cations is a key
feature in supramolecular chemistry[1]. Specifically, the ability to select appropriate metal cation is a key for metallodriven self-assembling coordinati-
on complexes. The synergistic coordination between metal nodes and ligands gives rise to well-defined multivalent structures, such as supramolecular
grids[2].

Multivalency is a concept in molecular interactions, which refers to the ability of a molecule to simultaneously bind to multiple sites[3]. This principle
finds applications in various bioactive compounds such as Proteolysis Targeting Chimeras (PROTACs)[4], a newly emerging class of pharmaceutically in-
teresting drugs. They work by binding a target protein and E3 ubiquitin ligase to produce a ternary complex, which leads to ubiquitination and degrada-
tion of the respective protein[5]. Unlike classic inhibitors, the big advantage of PROTACs is their catalytic mode of action. In this work it is hypothesized
that these molecular recognition features could be enhanced by increasing binding valency using coordination architectures as multivalent platforms.

Two sets of organic compounds functionalized with a protein-degrading moiety have been prepared, coupled with bis(hydrazone) foundation and
self-assembled into grids. The products were characterized using analytical methods, particularly *H NMR, **3C NMR and ESI-MS. Activity of the prepared
motifs was evaluated and compared with the literature-known model compound in cooperation with the Department of Biochemistry and Microbiology
of UCT Prague.
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Microwave-assisted direct arylation offers a promising route toward more sustainable C-C bond formation by combining improved energy
efficiency with the inherent atom economy of direct arylation. This project investigated the microwave-promoted arylation of pivalic acid
with iodobenzene and selected substituted iodobenzenes, with the goal of optimizing the reaction (Figure 1) while applying green chemis-
try principles. Reaction parameters such as catalyst type, solvent choice, and reaction setup were systematically explored.

O ! katalyzator
CH Ag CO,, K HPO o
3 AN &,-Ys Kz 4 CH3 =
HO + - |
HC CH, /\/ NaOAc, rozpustadlo ~ HO \\
3 130 °C, 30 min H,C R
R 3
1 2 3

R = H (2a), -CH, (2b), -NO, (2¢)

Figure 1: Reaction scheme - Direct arylation of pivalic acid

Screening of greener solvent systems identified y-butyrolactone (GBL) and y-valerolactone (GVL) as particularly effective media, providing higher
yields than the solvents used in conventional thermal protocols [1] and offering advantages in terms of safety and environmental impact. Although ef-
forts to replace palladium with more environmentally benign catalysts were unsuccessful, optimization allowed the palladium loading to be significantly
reduced without loss of efficiency.

Overall, the results demonstrate that microwave irradiation can enhance both the performance and sustainability of direct arylation processes. The
optimized conditions offer a greener and efficient approach that highlights the value of integrating alternative heating methods with careful solvent and
catalyst selection in modern synthetic methodology.
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Interakce svétla s organickymi latkami je vyuzivdna v mnoha biologickych, chemickych i medicinskych aplikacich. Absorpce svétla viditelné ob-
lasti spektra mlze vést k excitaci elektrond do vyssich elektronovych stavll a ndsledné deexcitaci fadou zafivych i nezafivych proces(. Fotosenzitizéry
vyuZzivaji téchto déji at uz ke tvorbé singletového kysliku nebo jinych reaktivnich forem kysliku. Této schopnosti je vyuZivano ve fotodynamické terapii,
kdy jsou po ozareni fotosenzitizéru svétlem specifické vinové délky produkovany ROS, ktery poté nici buriky patologické tkané [1]. Mezi v ptirodé se vy-
skytujici fotosenzitizéry patti kromé porfyrinu nebo kurkuminu také flaviny — skupina heterocyklickych organickych slouéenin odvozenych od struktury
riboflavinu (vitaminu B,). Flaviny vykazuji fotochemickou aktivitu, schopnost generovat singletovy kyslik a moZnost Ucastnit se redoxnich reakci jako
prenasece elektrond. Diky své inherentni biokompatibilité jsou flaviny zkoumany jako potencialni fotosenzitizéry nové generace pro vyuziti v ekologicky
Setrnych fotochemickych procesech, napfiklad pro efektivni purifikaci odpadnich vod [2], nebo mediciné [3].

Tento prispévek se zaobira vyuzZitim novych flavinovych derivatii jakoZto fotosenzitizérli nové generace, jejich syntézou a charakterizaci.
Jako syntetickd cesta byla navrZzena kondenzace 1,2-diketonu s 5,6-diaminouracilem. Podstatou syntetické modifikace je rozsifeni konjugovaného
aromatického systému 1,2-diketon(i, ¢imz dochazi ke zméné optickych vlastnosti a bathochromnimu posunu absorpce a emise molekuly. Pro syntézu
1,2-diketont byla zvolena Sonogashirova cross-couplingova reakce s naslednou oxidaci trojné vazby. Byly vytipovany cilové nekondenzované flavinové

derivaty, jejichZ syntéza je doplnéna optimalizaci reakénich podminek jednotlivych krokl syntézy.
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Bacterial cellulose (BC) is a pure nanostructured polysaccharide that is produced predominantly by acetic acid bacteria of the genus Komagataei-
bacter through aerobic fermentation. BC differs from plant cellulose not only in the absence of lignin and hemicellulose, but also in its specific mecha-
nical and physical properties. These include exceptional tensile strength, high flexibility, the ability to retain large amounts of water, and excellent bio-
compatibility. Its unique properties make BC an attractive biomaterial for biomedical, pharmaceutical, food, and cosmetic applications [1, 2]. BC is most
commonly produced in carbohydrate- and nitrogen-containing media such as Hestrin—-Schramm medium or media based on food-industry by-products.
The composition of the culture medium and fermentation conditions can significantly influence the final structure and functionality of BC.

This work focuses on bacterial cellulose as a carrier of bioactive compounds with antioxidant activity. We investigated in situ modification of BC
during its biosynthesis using catechin and caffeic acid at concentrations of 0.1-1.0 mg/ml. The obtained BC-based composites were characterized for
their antioxidant properties. Depending on the concentration of the incorporated phenolic compounds, the antioxidant activity increased in the range
of [169.17-338.31 mg_/mg] compared to neat BC, while the content of bound polyphenols in the BC matrix reached [0.014-0.044 mg_, /mg].

The results confirm that in situ functionalization of bacterial cellulose with catechin or caffeic acid is a suitable method for obtaining BC-based ma-
terials with high antioxidant activity without negatively affecting BC production. It was shown that in situ functionalization of bacterial cellulose with
catechin or caffeic acid enables the production of BC with significant antioxidant activity while maintaining yield and quality.
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This diploma thesis deals with the investigation of microbial activity in soil using microcalorimetric methods. The main objective of the work was to
closely monitor the thermal manifestations of the metabolism of various soil microorganisms. Furthermore, the thesis provides a comprehensive eva-
luation of the influence of different conditions on their activity. Experiments were carried out using isothermal microcalorimetry (TAM lll) together with
respirometry (OxiTop IDS B6). The reaction of microbial communities in soil to storage, temperature changes and different nutrient additions was also
assessed. The results show that microcalorimetry is suitable method to monitor changes in microbial activity in soil, with the initial energy flow related
to sample hydration and the subsequent signal progression indicating the metabolic activity of microbial communities.
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Antimicrobial agents play a key role in combating pathogenic microorganisms not only in medicine but also in the cosmetic and pharmaceutical in-
dustries. Due to the growing problem of antibiotic resistance, research increasingly focuses on natural plant-derived antimicrobial compounds, which
often also exhibit antioxidant properties. Combining such agents can enhance their overall efficacy through synergistic effects while reducing the risk
of resistance. Promising delivery systems include nanofiber materials and emulsion gels, which enable controlled release, improved stability, and
better interaction with the skin.

This study investigates the synergistic effects of antimicrobial agents, their encapsulation into composite nanofibers, and incorporation into emulsion
gels, aiming to evaluate their potential for cosmetic and pharmaceutical applications. Four plant-derived antimicrobials (eugenol, carvacrol, thymol,
berberine) and three antibiotics (gentamicin, erythromycin, streptomycin) were tested for antioxidant activity, minimum inhibitory and lethal con-
centration against two gram-positive and one gram-negative bacteria. Among eighteen tested combinations, the strongest synergistic effects were
observed in pairs berberine-thymol, carvacrol-eugenol, and berberine-streptomycin.

These synergistic combinations were successfully encapsulated into multilayer nanofibers, which exhibited pronounced antioxidant and antimicrobial
activity. In contrast, incorporation into emulsion gels led to significantly lower efficiency. Biocompatibility tests confirmed that the prepared nanofi-
bers are non-toxic and suitable for skin application.

Overall, the results demonstrate the potential of the developed materials for their use in cosmetic and pharmaceutical formulations such as facial
masks, acne patches, or wound dressings. Moreover, the observed synergistic combinations suggest a promising strategy to prevent the development
of antibiotic resistance.
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Brewer’s spent grain (BSG), a by-product of beer production, is a rich source of lignocellulose containing valuable polysaccharides, proteins and
phenolic compounds. The carbohydrate fraction contains up to 48% of complex polysaccharides and oligosaccharides, including approximately 8.1%
arabinose, 25.2% xylose and 8.6% glucose, which are all bound within polymers [1,2]. To utilise these components in biotechnologies effectively, it is
necessary to pretreat the BSG, for example by using chemicals to make the polysaccharides accessible for enzymes and increase hydrolysis yields [3,4].

However, the pretreatment of BSG can also lead to the formation of lignocellulose-derived inhibitors, which may have a negative effect on the
growth of microorganisms [5].

Several methods were tested to find the most efficient way to hydrolyse brewer’s spent grain in terms of time and financial costs, while achieving ma-
ximum release of carbohydrates such as glucose, xylose and arabinose. These monosaccharides then serve as the main source of carbon for the growth
of microorganisms. The experiments compared methods using dry and raw BSG, as well as optimising acid pretreatment and enzymatic hydrolysis.

The results showed that the most effective in achieving a high carbohydrate yield was acid hydrolysis using spent grain with a solid content of 22%
and a sulfuric acid solution of 3%. Correlation analysis confirmed a strong positive linear relationship between glucose and xylose production. Regarding
enzymatic hydrolysis, it was demonstrated that the duration of enzyme action significantly impacts the quantity of carbohydrates released, and that
the quantity of enzyme employed has a statistically significant impact on the yield of glucose and xylose, though not arabinose. During the analysis,
relatively low concentrations of inhibitors, including hydroxymethylfurfural, ferulic acid, coumaric acid and furfural, were detected in the hydrolysates.
Selected hydrolysates were subjected to cultivation experiments to verify their potential for microbial cultures.
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The increasing pressure for sustainable and environmentally friendly farming practices has created a strong demand for innovative technologies
capable of achieving yields comparable to those obtained with conventional fertilizers, while preserving soil health and preventing irreversible degra-
dation of fertile land. Among such approaches are biofertilizers that inoculate soil with plant growth-promoting rhizobacteria (PGPR), a diverse group
of microorganisms known for their beneficial contributions to plant nutrition and stress resilience. These include nitrogen fixation, phosphate solubi-
lization, and the synthesis of siderophores and phytohormones. Many PGPR, including Azotobacter vinelandii, also produce protective extracellular
polysaccharides such as alginate and intracellular polyhydroxyalkanoates (PHA), which serve as carbon storage granules under stress conditions.

This study presents an innovative method for biofertilizer production using Azotobacter vinelandii capable of in situ self-encapsulation within a gel
carrier formed through the crosslinking of alginate produced during bacterial cultivation. This self-gelation concept, proposed by our group, simplifies
the preparation of bioinoculants, reduces production costs, and enhances the efficiency and sustainability of bacterial formulation. To validate this
approach, selected A. vinelandii strains (DSM 87, DSM 720, and CCM 289) were subjected to gelation experiments under alginate crosslinking conditi-
ons, using 2% (w/w) CaCl; as a cross-linker. Among them, A. vinelandii CCM 289 demonstrated superior alginate production, gelation performance, and
plant growth-promoting potential.

The biological activity of the produced bioinoculants was assessed by wide variety of plant-growth promoting experiments (qualitative assays for
phosphate solubilization, and spectrophotometric determinations of indole-3-acetic acid and siderophore production).

Plant cultivation experiments were carried out using lettuce and maize under controlled irrigation and illumination, employing different carrier com-
positions (cells in PBS, gel without cells, gel with cells, freeze-dried gel with cells, and negative control without inoculation). Variations in soil quality
and irrigation frequency were found to influence plant growth response and soil microbial composition. As these conditions became more limiting, the
benefits of the bacterial treatments became increasingly evident, reflected in higher fresh and dry biomass, longer plant components, and favorable
shifts in the soil microbiome.

The root architecture of the plant was subsequently examined employing ImagelJ analysis. Through this methodology, the variations in root system
morphology were documented. The results confirm that self-encapsulated Azotobacter vinelandii bioinoculants produced by in situ alginate gelation
offer a promising, sustainable alternative for enhancing plant growth and soil health in green agriculture.
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Endornaviruses represent an unusual and still underexplored group of persistent RNA viruses that inhabit plants and fungi without inducing typical
disease symptoms [1,2]. Unlike most plant viruses, which are pathogenic and cause yield losses, endornaviruses form long-term, vertically transmitted
associations with their hosts—often resembling symbiotic rather than parasitic interactions [3,4,5]. These features make them an intriguing model for
studying coevolution and molecular adaptation between viruses and plants.

This study focuses on Phaseolus vulgaris alphaendornavirus 1 (PvEV-1), a member of the family Endornaviridae found in various cultivars of common
bean (Phaseolus vulgaris L.) [6,7,8]. The main objectives were to detect and characterize the genomic structure of PvEV-1, assess its prevalence among
Slovak commercial and local bean cultivars, and evaluate its molecular variability. Viral RNA was extracted from bean leaf samples and analyzed using a
two-step RT-PCR approach with newly designed primers targeting conserved regions of the helicase and RNA-dependent RNA polymerase (RdRp) genes
[9]. Amplified fragments were verified through agarose gel electrophoresis and sequenced using the Sanger method, while next-generation sequencing
(NGS)of total RNAs on the Illumina platform enabled a comprehensive genomic characterization. Subsequent bioinformatic analyses included sequence
alignment, domain annotation, and phylogenetic reconstruction based on reference sequences available in GenBank.

The results confirmed a high prevalence of PvEV-1 across several tested bean cultivars, indicating its stable vertical transmission through seeds [2,7].
Comparative and phylogenetic analyses revealed limited genomic variability, suggesting a long-standing coevolutionary relationship between the virus
and its host [5]. Conserved enzymatic domains typical of Alphaendornavirus—including methyltransferase, helicase, glycosyltransferase, and RdRp—
were identified, supporting the close taxonomic affiliation of Slovak isolates with known PvEV-1 sequences worldwide [10].

These findings contribute to a broader understanding of persistent, asymptomatic plant viruses and their subtle yet potentially beneficial roles in
plant physiology. The characterization of PvEV-1 provides a valuable framework for future research into virus—host symbiosis, genome evolution, and
the ecological relevance of nonpathogenic members of the plant virome.
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Waste streams (WS) from the production of methylolalkanoic acids are highly saturated solutions of the target product, from which solid crystals of
the desired compound are separated. In this study, we investigated the biodegradability of crystallization waste streams, which contain water (54.6%),
DMPA (10.3%), trimethylolpropane and syrups (18.2%), N,N-dimethylcyclohexylamine (DMCHA) (10.0%), formic acid (2.8%), propionic acid (1.5%),
formaldehyde (0.07%), and inorganic components (2.6%). Due to the high chemical oxygen demand (COD), it is assumed that the WS could be partially
biodegradable and suitable for biogas production.

In the experiments, the chemical constituents of the waste streams (WS) were analyzed, and six WS samples originating from three collections were
examined — from each collection, one sample after a single (“/1”) and after a double (“/2”) centrifugation was tested. To assess the anaerobic biodegra-
dability, a biochemical methane potential (BMP) test was performed according to the methodology of Angelidaki et al. [1] in triplicates. The composition
of the produced biogas was determined using a portable gas analyzer. Aerobic biodegradability was evaluated based on BODs, COD, and respirometric
measurements.

The highest cumulative specific biogas production (SBP) among the components was achieved by propionic acid — 402.5 mL/g COD. Although propi-
onic acid shows the highest potential for anaerobic degradation, its content in WS is only 1.5%, and therefore its influence on the overall biodegradabi-
lity of the WS is negligible. Conversely, the dominant components — syrups, DMPA, and DMCHA — showed lower SBP values. Among the components,
the highest methane content was obtained for formic acid (41.2%) and DMPA (38.5%), but due to the low gas yields, their contribution is not signifi-
cant. All six WS samples achieved similar cumulative SBP values, and their biogas production curves over time followed a similar trend. The difference
between samples after the first and second centrifugation was not significant.

The results of BODs tests and BODs/COD ratios revealed substantial differences among individual components. Propionic acid (0.628) and formic
acid (0.636) proved to be well biodegradable, while DMPA, TME, and DMCHA exhibited negligible values, indicating poor aerobic degradability. For the
WS samples themselves, the BODs/COD ratios were very low (0.032—0.049), meaning that only about 3—-5% of the organic matter is biodegradable. WS
after the first centrifugation showed slightly better biodegradability than after the second one, but they can still be classified as poorly biodegradable
materials. Respirometric tests confirmed these findings. DMPA exhibited an inhibitory effect, and with increasing substrate dosage, the respiration rate
decreased. WS after the second centrifugation showed even lower activity, confirming their biological inertness.

Based on these results, aerobic treatment is also not a suitable method for processing these WS, as no sufficient degradation of organic compounds
occurs. Future research should focus on optimization of pretreatment processes and on the potential application of advanced oxidation methods to
enhance the biodegradability of these specific wastewater streams.
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This work focuses on evaluating the stress tolerance and metabolic properties of selected strains of the thermophilic bacterium Caldimonas ther-
modepolymerans, a producer of polyhydroxyalkanoates (PHA). Three strains were studied: the wild type DSM 15344 and two mutant strains AphaC
(deficient in PHA synthesis) and AphaZ (lacking intracellular PHA depolymerase). The aim was to compare their responses to acute and mild stress
conditions and to assess the role of PHA metabolism in the resistance of thermophilic microorganisms.

In the first part of the experiments, the viability of cultures was evaluated after short-term exposure to extreme temperatures (80 °C and 10 °C) and
during repeated cycles of freezing and thawing. Viability was determined by flow cytometry. Subsequently, growth characteristics and poly(3-hydroxy-
butyrate) (PHB) accumulation were monitored during cultivation in production and complex media at different temperatures (40-55 °C); PHB content
was analyzed by GC-FID.

The results show significant differences in stress tolerance among the individual strains. The AphaZ mutant showed the best growth performance
under mild osmotic and cold stress, but was the most sensitive to repeated freezing cycles. In contrast, the AphaC strain was the most resistant to freez-
ing, but showed the poorest growth and accumulated almost no PHB. The wild type strain was most sensitive to thermal shock, but achieved stable
growth and the highest PHB production, especially in the production medium.

The study provides a detailed insight into the link between PHA metabolism and stress resistance in C. thermodepolymerans and confirms the im-
portance of these mechanisms for the biotechnological use of thermophilic PHA producers.
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Poly-3-hydroxybutyrate (P3HB) is a biopolymer from the polyhydroxyalkanoate (PHA) family, a class of biodegradable bioplastics. Owing to its favo-
rable technological and functional characteristics, including biocompatibility, biodegradability, non-toxicity, hydrophobicity, and low gas permeability,
P3HB represents a suitable alternative to petroleum-derived plastics, whose major drawback is their long-term persistence in the environment and
the associated ecological risks. Industrial P3HB production relies on microbial fermentation, with the most commonly used production strain being the
bacterium Cupriavidus necator, which is capable of accumulating the biopolymer up to 80% (w/w) of its dry cell mass. The primary barrier to broader
commercial deployment of P3HB is its production cost, which remains three- to four-fold higher than that of conventional plastics, largely due to the
price of carbon feedstocks. Consequently, current research focuses on the valorization of low-cost secondary raw materials and waste streams as al-
ternative carbon sources. However, a key limitation in using such substrates with C. necator is its restricted range of utilizable components due to the
absence of key enzymes required for the hydrolysis of oligo- and polymeric compounds necessary for efficient metabolic uptake. Therefore, the aim of
this work was to investigate the feasibility of a simultaneous process combining the fermentation-based production of P3HB with the enzymatic hydro-
lysis of sucrose as a model carbon source representative of secondary feedstocks intended for cost-efficient P3HB production.
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Ophthalmic surgery is an ever-evolving discipline, with a constant commitment to finding innovative solutions to improve the effectiveness and
safety of the procedures for the treatment of several eye problems[1,2]. There are numerous opportunities to optimize the performance of substances
for use in ophthalmic surgery. Currently, particular attention is paid to polymeric substances with adhesive and sealing properties, especially for the
treatment of retinal breaks[3]. These materials represent a promising perspective in retinal detachment treatment due to their ability to give chemical
or physical crosslinking[4,5]. They can also be functionalized with various molecules to provide additional benefits, such as inflammation reduction or
acceleration of the healing process. Depending on their specific application and anatomical parts involved in the medical intervention, the designed
materials should respect some fundamental requirements, such as biocompatibility, non-toxicity, adhesion to the ocular tissue mimicking its mechan-
ical and permeability properties.

Adhesives can be designed starting from natural (e.g., proteins, polysaccharides) or synthetic (e.g., cyanoacrylates, PEG, dendrimers) polymers to
adapt to the physical properties of the native ocular tissue and to adjust their adhesion strength[4,5]. While natural-derived adhesives possess a more
limited pool of starting polymers, those obtained from synthetic molecules have a higher degree of variety and tunability. Another interesting category
is that of biomimetic adhesives, polymers inspired to the adhesive mechanisms observed into the animal kingdom[7]. Among them, particular attention
can be put on mussel inspired adhesives: they rely on L-3,4-dihydroxyphenylalanine (DOPA) and Fe(lll) to perform a rapid catechol-Fe** complexation.
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Figure 1. Schematic structure of a dendrimer. A dendrimer is composed of
three main structural zones: a central core (G,), the internal branching layers
(G1-G,.1), and peripheral groups(G,)[8].
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This contribution focuses on the advanced characterization of new membrane systems using fluorescence spectroscopy. The subject of inte-
rest is vesicular system based on ionpair amphiphiles (IPA), which, due to physical stabilization, form pseudodoublechain surfactants that are capable
of forming colloidal systems in aqueous solutions [1]. The chosen IPA is SeptonexDBS, and the vesicles are formed by injecting a concentrated ethano-
lic solution of IPA into water. In the vesicles prepared in this way, the physical properties of the membrane are investigated, such as fluidity, determined
using the fluorescence anisotropy of the DPH probe, and the degree of membrane solvation, quantified using the Laurdan fluorescence probe. The fluidity
and solvation of the membrane are investigated at various temperatures and compositions [2]. The method of studying the lifetime of the excited state
is also used to interpret the degree of solvation, which allows obtaining a timeresolved emission spectrum (TRES), a timeresolved areanormalized
emission spectrum (TRANES), and a decay associated spectrum (DAS). These techniques allow to distinguish different fluorophores and their
possible relaxation processes due to water relaxation in the immediate vicinity of the probe [3]. By subsequent analysis of the change in the centroid
of the TRES spectrum during the lifetime, the rate constant of water relaxation in the membrane can be determined, which is associated with the
change in water mobility due to the change in compactness due to temperature and composition.
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In medicine, photochemical reactions serve as non-invasive alternatives to difficult cancer treatment methods such as an operation, chemotherapy
or radiotherapy. The most famous method based on photochemical reactions is called photodynamic therapy (PDT), which is used for skin, prostate,
lungs, breast, and even head and neck cancer treatment. Photodynamic therapy is based on the reaction of light-activated photosensitizer (PS) with
molecular oxygen or a biomolecule, to form singlet oxygen and other reactive oxygen species (ROS). These photochemical products have cytotoxic ef-
fects on cancer cells, and/or can start a reaction cascade, leading to cancer cell destruction [1]. Photothermal therapy (PTT) is an alternative procedure.
Its principle states in molecular bond vibrations of PS by infra-red irradiation, to produce released heat and leads to cancer cell destruction. For the
effective course of this method, the presence of oxygen isn’t necessary, and can take place with PDT in the exact same moment [2].

This research focuses on the synthesis of PS and its intermediate products, suitable for photochemical reactions in medical application. Synthesis
of PSs was inspired by the structure and properties of vitamin B,, riboflavin, which is already used as a PS in medical application [3]. During research,
synthetic approaches were suggested for the final structures. Flavins were prepared by a condensation reaction of diketones from chosen materials,
with uracil hydrochloride, with the focus on two main structural archetypes from acenaphthene [4] and isatin [5] systems. From the point of view of
researched properties, acenaphthene flavin is predicted for PDT usage, whereas flavins with indole motive show a potential for PTT usage.
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In this work, we studied the complex response of soil environment to long-term (90 days) irrigation of model plants Allium schoenoprasum with
plasma activated water (PAW). Simultaneously, the effect of PAW on the model plant vitality was also assessed using photosynthetic pigments and po-
lyphenols determination. This study brings a new perspective on the PAW interactions with soil environment, which need to be characterized before
PAW utilization in agriculture.

Microcalorimetry is a reliable method for studying the thermodynamics and kinetics of physicochemical interactions in soil. The following parame-
ters were determined from the measured dependences of the normalized heat flow on time: the maximum normalized heat flow P__, the time t
when the maximum value of the normalized heat flow was reached, the thermodynamic parameter X, which is related to the initial amount of soil
microorganisms, and the microbial growth rate constant k [1]. These data were used together with soil dehydrogenase activity to evaluate the metabo-

lic profiles of soil microorganisms.
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Extracellular vesicles are membrane-bound sacs that are secreted by all cells. These vesicles are involved in cell-to-cell communication, among other
processes. One specific type that is currently attracting a great amount of interest is exosomes. They are typically tens of nanometers in size. Exosomes
play an important role in oncology. For instance, it is known that one mechanism by which cells resist treatment is the excretion of drugs via exosomes.
However, if the parental cells and culturing conditions for exosomes are appropriately selected, they could potentially be used in the future as targeted
carriers for non-specific drugs, such as platinum derivatives. Compared to synthetic nanomaterials, exosomes have the advantage of better bioavailabili-
ty because they carry surface protein tags that enhance cell endocytosis, making drug delivery more likely. In addition to drugs, exosomes can also carry
anti-cancer proteins or other substances that can further enhance treatment. However, using exosomes derived from unsuitable cells or inappropriately
engineered exosomes may put patients at risk, as the lipid bilayer membrane of exosomes, which carries protein tags and receptors on its surface, is
similar to the membrane of the source cells and thus may not properly target exosomes. This means that under the incorrect procedure, healthy cells
could be targeted for treatment instead of cancerous ones. One cause of this inappropriate phenomenon may be associated with changes in exosome
morphology during cultivation and isolation from the culture medium.

One of the first steps is to characterize the morphology of exosomes. This requires reliable imaging methods. This is challenging given that they are
nanoparticles of biological origin. The aim was to find an efficient method of imaging extracellular vesicles that did not require immunolabelling or
cryo-techniques. Although cryogenic techniques enable highly sensitive imaging, they are disadvantageous in that they are time-consuming and costly.
Additionally, the resulting images have low contrast, which can hinder the successful imaging of vesicles. Furthermore, samples prepared using this
method are highly susceptible to electron beam damage.

The first experiments examined the use of SEM, but this solution was deemed unsuitable as it required the sample to be coated, which prevented
sufficient resolution when imagining such fragile structures. For this reason, STEM and TEM microscopes began to be used. Various procedures were
tested in the preparation of samples for analysis, including comparing the effect of rinsing samples before staining.

In the end, a procedure was successfully developed that enables the rapid and effective visualization of vesicles. This made it possible to compare
different populations of exosomes based on size. No significant morphological differences were observed between the populations.
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Dengue virus (DENV) and Yellow Fever virus (YFV) are mosquito-borne members of the Flavivirus genus. Both possess a positive-sense, single-stran-
ded RNA genome and are primarily transmitted through Aedes aegypti mosquitoes. While both pathogens represent significant public health threats
in tropical and subtropical regions, Yellow Fever has been effectively controlled by the live-attenuated 17D vaccine. In contrast, dengue prevention
remains largely dependent on vector control measures and the limited use of available vaccines. In recent years, however, the global spread of Aedes-
mosquitoes—driven by climate change and globalization—has facilitated the expansion of these diseases into previously unaffected temperate regions,
leading to a rising incidence of infections in the Western world. Despite ongoing efforts, there is still no fully effective antiviral therapy available.

Although DENV and YFV differ in certain biological aspects, their replication cycles share substantial similarities. Notably, both viruses employ a
mechanism of immune evasion that involves virion maturation within the endoplasmic reticulum (ER), where non-infectious immature particles are
initially assembled. A critical component in this process is the membrane-associated polyprotein segment NS4A—-2K—NS4B, which is subsequently clea-
ved by the viral protease complex NS2B/NS3 [1]. Inhibition of these proteins can severely disrupt viral replication, representing a promising strategy for
therapeutic intervention.

In this study, we investigate the mechanism of action (MoA) of selected antiviral candidates using molecular modeling approaches. Experimental
data supported the identification of binding sites via molecular docking, and complex stability between protein and ligand was evaluated through mo-
lecular dynamics simulations and binding free energy analyses. Comparative studies between DENV and YFV proteins revealed differences in ligand
affinity despite structural homology. Furthermore, protein—protein interaction simulations provided insights into the loss of binding affinity following
complex formation, leading to a proposed mechanistic hypothesis for the observed variations in antiviral activity.
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For decades, research on clays and calcined clays has primarily centred on kaolinite and calcined kaolinite. However, recent economic fluctuations
have significantly increased the cost of these materials. Consequently, scientists and the industry have begun developing alternatives to reduce cement
cost and CO, emissions.

This work presents the potential of locally sourced non-kaolinitic clays as SCM in blended cements. A comprehensive characterization of these clays
was conducted using techniques such as isothermal and isoperibol calorimetry, thermogravimetric analysis (TGA) coupled with differential thermal
analysis (DTA), evolved gas analysis (EGA) and rheological measurements. These methods were employed to assess hydration kinetics, calcination be-
haviour, flow kinetics, and CO, emissions during calcination. Based on these results, mixtures with different levels of cement replacement were prepa-
red and evaluated for workability and compressive strength over time. Results indicate, that calcined non-kaolinitic clays can improve early hydration
strength and speed. Additionaly, dynamic viscosity increased, however absence of sheer-thickening behaviour was observed [1]. Our results indicate a
strong potential for further aplications of non-kaolinitic clays.
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Hydrogels are three-dimensional polymer networks with a high water content and broad possibilities for tailoring their properties. Owing to their
soft texture, elasticity, biocompatibility, and responsiveness to external stimuli, they are regarded as promising materials for biomedical applications,
including drug delivery systems [1]. Chemically cross-linked hydrogels based on poly(ethylene glycol) (PEG) are among the most widely used due to their
non-toxicity, excellent solubility, and high flexibility"[2]. Moreover, PEG diacrylate (PEGDA) enables rapid and spatially controlled photopolymerization,
making it highly suitable for extrusion-based 3D printing [3].

The aim of this study was to formulate an ink suitable for 3D printing hydrogels and to evaluate its printability, rheological properties, and gelation
behavior. Various concentrations and molecular weights of sodium alginate were tested as thickening agents, with the optimal formulation identified as
3 wt.% SA (313 kDa) and 6 wt.% PEGDA with an added photoinitiator. This formulation exhibited pronounced thixotropic behavior, excellent stress rela-
xation, and stable flow characteristics required for extrusion printing. Subsequently, UV—Peltier rheology was used to investigate the polymerization of
PEGDA directly within the ink, including systems containing a semi-interpenetrating polymer network (semi-IPN) component. The results demonstrated
that the presence of the semi-IPN phase does not influence the gelation time.

The optimized ink enabled successful 3D printing of multilayer hydrogel structures without deformation prior to complete network formation. The-
se findings confirm that the prepared hydrogels possess properties suitable for future investigations of transport phenomena and controlled release,
where the concentration of the semi-IPN component may serve as a tool for tuning diffusive parameters.
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Vehicles are complex unique indoor environments composed almost entirely of synthetic materials containing a wide range of plastic additive
chemicals. High concentrations of flame retardants (FRs) have been consistently reported in vehicles interiors, reflecting their extensive use to meet
flammability requirements. Compared to homes or offices, vehicles are unique microenvironments subject to frequent temperature fluctuations, solar
radiation, and material ageing, all of which can influence the release and degradation of polymer additives. Substances such as FRs, per- and polyfluoro-
alkyl substances (PFAS) and plasticisers can migrate from interior materials into air and dust through volatilisation, abrasion, or direct transfer between
solid and gaseous phases [1,2]. Their semi-volatile nature enables partitioning between air and surfaces, and several studies have demonstrated that
elevated temperature accelerates emissions of these compounds [3-5]. This work examines how both the age of vehicles and environmental conditions
affect FR concentrations, profiles, and emission behaviour.

First, the variability of FRs and PFAS according to vehicle age was investigated using dust samples from ten cars of different production years. To
reduce variability associated with different manufacturing practices, all cars were deliberately selected from a single manufacturer and included two
commonly produced models representing a broad production timeline and final assembly in Europe. The results revealed consistently high FR levels
without clear time trends, suggesting continued use of halogenated flame retardants in vehicle interiors. Considerable heterogeneity was observed,
even among cars of similar age and model, indicating inconsistent use of additives across production periods. Low but measurable levels of restricted
FRs were detected, suggesting the possible reintroduction of banned compounds through recycling.

Secondly, seasonal influences on FR emissions to car interiors were investigated through real-world scenario sampling during contrasting winter and
summer conditions. Air, dust and car material samples were analysed to assess how temperature and solar radiation affect chemical distribution within
the cabin. Elevated temperatures markedly increased FR concentrations in air, while levels in dust were relatively stable, reflecting long-term accumu-
lation and indicating background levels that are important for assessing chronic exposure.
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Deep eutectic solvents (DES) are innovative, environmentally friendly liquids formed by mixing hydrogen bond donors and acceptors such as
sugars, organic acids, urea, or choline chloride at specific molar ratios. Their low toxicity, biodegradability, and biocompatibility make them promising
green alternatives to traditional organic solvents [1]. Cinnamon, obtained from the dried inner bark of Cinnamomum trees, contains characte-
ristic compounds such as cinnamaldehyde, cinnamic acid, eugenol, and coumarin (regulated in certain cinnamon food products due to its proven
toxicity) [2]. Recently, DES have been gaining considerable attention as extraction media for plant and food samples, yet the mechanisms of DES—
analyte interactions remain insufficiently understood. This study explores DES as unconventional solvents for extracting phenolic compounds and
coumarin from cinnamon containing foodstuffs and as model systems for investigating analyte—solvent interactions.

Several DES mixtures with different molar ratios of choline chloride and lactic acid (1:2—1:5) were tested as solvents in ultrasoundassisted extraction
(UAE) and microwaveassisted extraction (MAE). Extraction methods were optimized by evaluating the effects of solvent composition, water content
(DES/HZO: 90/10-50/50, v/v), temperature, microwave power and extraction time. The highest extraction efficiency for target compounds (cou-
marin, cinnamaldehyde, cinnamic acid and eugenol) was achieved using UAE with DES 1:5/H20 70/30; at 55°C for 20 minutes and MAE with DES 1:5/
H,O 90/10; at 231 W for 1 minute. Extracts were analyzed using developed and validated HPLCDAD method.

Cyclic voltammetry (CV) was employed to investigate DES—analyte interactions, using coumarin as a model compound. In the first stage, electro-
chemical response of coumarin in different pH (212) of Britton—Robinson buffer was studied. Then CV measurements were carried out for DES (cho-
line chloride—lactic acid 1:21:5; mol/mol), DES/water mixtures (70/30, v/v), and DES—coumarin systems using a glassy carbon working, platinum
counter, and argentochloride reference electrode. Voltammograms were monitored over time to further elucidate analytesolvent interactions,
where the results revealed different redox behavior compared to traditional solvents (methanol).

The results demonstrated that choline chloride—lactic acid DES are efficient green solvents for extracting phenolic compounds from cinna-
monbased food samples. Moreover, CV offered valuable insight into the redox behavior of analytes in DES, contributing to a deeper understanding
of DES—analyte interaction.
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Barium titanate (BaTiOs), renowned for its robustness and structural simplicity, has played a pivotal roleinthedevelopmentofferroelectricceramics.lt-
wasthefirstmaterialemployedinthefabrication of multilayer ceramic capacitors (MLCs) and remains a cornerstone of dielectric technology. When appro-
priately doped with donor and acceptor ions, BaTiOs serves as the functional base material for PositiveTemperatureCoefficientofResistance(PTCR)
ceramicsusedinself-regulatingheaters,inrush current limiters, and SMD temperature sensors [1,2].

Over time, ferroelectric materials undergo gradual degradation, commonly referred to as aging. Although the exact microscopic mechanisms re-
sponsible for aging are still under discussion, the prevailing hypothesis attributes it primarily to the behaviorof stable charged defects, suchas oxygen
vacancies V**[3,4]. Aging effects are typically less pronounced in high-purity or “soft” compositions but become significantly more evident in “hard”
materials containing acceptor dopants [5].

Unexpectedly, when the PTCR ceramics were subjected to accelerated degradation at elevated temperatures of 100 °C and 150 °C, the electrical
resistance increased rather than decreased, contrasting with the typical behavior observed at room temperature (25 °C). In contrast, moderate heating
to 50 °C resulted in a more stable and predictable evolution of resistance, consistent with conventional aging mechanisms. Similar temperature-depen-
dent behavior has been reported in studies of donor—acceptor-doped BaTiO; ceramics, where the interplay between oxygen vacancy mobility and grain
boundary potential barriers critically determines the PTC response [6].
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xConventional agriculture relies on pesticides and chemical fertilisers that negatively affect the environment and human health. Non-thermal plasma
offers a sustainable alternative. In agricultural applications, the reactive species generated during cold plasma discharge play a pivotal role, particularly
reactive oxygen and nitrogen species (ROS and RNS). These reactive compounds can improve seed germination, plant growth, and pathogen resistance.
[1] Plasma-activated water (PAW) further enables easy application under field conditions, and recent trials with several crops have shown improved
germination, root development and yield.[2]

The aim of this study was to determine whether plasma treatment could enhance onion growth while maintaining or increasing the concentration
of key volatile compounds, especially propanal and dimethyl sulfide. The work also includes the characterization of soil and PAW, as well as analytical
methods for determining and characterizing volatile substances, such as UV-VIS spectrometry, atomic absorption spectrometry (AAS), proton transfer
reaction time-of-flight mass spectrometry PTR-TOF-MS and gas chromatography-mass spectrometry GC—MS.

Planting experiments were carried out in 2022 at seven locations using five treatment variants: untreated control, corona discharge plasma tre-
atment with two 10-second applications or two 40-second applications, soaking in distilled water for 24 hours, and soaking in PAW for 24 hours. After
harvest, twenty onions from one site were weighed, converted into liquid samples, and analysed by PTR-TOF-MS to quantify volatile compounds; selec-
ted samples were further examined by GC-MS.

Although statistical significance was not achieved, all plasma treatments showed consistent positive trends compared to the control. The most no-
table improvement in onion growth and fragrance content was observed after two sequential 10-second corona discharge treatments. Future research
should include larger experimental replication across multiple sites and seasons to confirm these effects with stronger statistical reliability.
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Developing functional nanocomposites that can non-invasively monitor material structure is an important area of modern materials science.
Clay nanofillers are of particular interest because they can serve as well-dispersed structural fillers and as carriers for embedded analytical markers after
intended chemical modification. This study presents nanocomposites containing functionalized clay with integrated Raman-active alkyne functional-
ities. These nanocomposites allow for local spectroscopic analyses without destroying the sample or requiring special preparation.

The nanocomposites were prepared by melt extrusion to ensure uniform phase distribution in a polystyrene matrix. Raman spectroscopy con-
firmed the effective incorporation and preservation of alkyne functionalities; the spectra demonstrated distinct peaks in the spectral silent region. This
region is typically free from interfering signals, which allows for the precise detection of these functional markers and confirms their stability within the
nanocomposite structure.

Additional thermal analysis using thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) was carried out to evaluate the
thermal stability and structural transitions of the nanocomposites. These methods corroborated the Raman findings, revealing the modified clay’s good
stability and measurable influence on the polymer matrix’s thermal behavior.

These results suggest that these materials are suitable for use in intelligent condition monitoring systems, such as polymer packaging, sensor
coatings, and adaptive composites for engineering applications.
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Protection of film materials against microbial contamination is essential for the preservation of cultural heritage. More than 80 % of the stored
film material in the Slovak National Archives has a polymer support made of cellulose acetate. The physicochemical stability of such films is limited by
vinegar syndrome, which accelerates their degradation and increases the risk of microbial contamination. When microbial contamination is detected,
effective decontamination is required. lonizing radiation in the form of an electron beam could represent an effective and promising solution for the
mass decontamination of film materials due to its precise, controlled application and the absence of residual substances [1].

The aim of this study was to determine how electron beam irradiation affects the stability of black-and-white negative films based on cellulose tria-
cetate (CTA). Black-and-white Fomapan 100 Classic films (Foma Bohemia Ltd., Czech Republic) with different optical densities were irradiated in air on
one side at ambient temperature with doses of 5, 10, and 25 kGy using a 10 MeV electron beam generated by the linear electron accelerator Elektronika
10/10 at the Radiation Sterilization Plant of Medical Devices and Allografts (Institute of Nuclear Chemistry and Technology, Warsaw, Poland). Dosimetry
was carried out using a graphite calorimeter according to ISO/ASTM 51631:2020. Colorimetry, densitometry, and FTIR spectroscopy were used to cha-
racterize the films.

The results showed that color changes were proportional to the irradiation dose and depended on the initial state of the sample and the optical
density of the photographic image. The film with high initial optical density (D) was minimally affected by irradiation (AD at 25 kGy = 0.5 %), whereas
the film with low initial optical density showed a decrease in D of 4 % under the same conditions. Partially exposed films were most susceptible to irra-
diation with a maximum AE* = 4.8. Overall, changes at the studied doses were minimal, consistent with the literature reporting that irradiation doses
up to 10 kGy are safe and do not significantly alter the properties of CTA-based photographic and cinematographic films [2].
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Faceted metal oxide nano/microcrystals have gained significant attention in fields like sensing, catalysis, and energy conversion. Recently, the focus
has shifted to the exposed facets of these crystals, which are more critical for achieving enhanced catalytic performance compared to other characteri-
stics such has their size, or shape. However, a major challenge in harnessing facet-dependent performance lies in the successful synthesis of polyhedral
crystals with well-defined Miller index facets. Each facet exposes a unique atomic arrangement, and it directly influences surface energy, electronic
structure, and reactivity, ultimately impacting the catalytic behaviour. Metal oxide crystals have different facets depending on their Miller indices, which
can be categorized into low-index and high-index facets. Low-index facets, such as (001), (111), and (110), are more thermodynamically stable, however
featuring less reactivity, while high-index facets, like (012), have higher surface energy, making them more reactive and offering more active sites. Achie-
ving a balance between these properties is essential for designing materials that optimize both performance and durability in photo/electrochemical
(PEC) water splitting, CO, reduction and alcohol oxidation reactions [1].

Faceted metal oxides, particularly indium oxide (In,Os) and iron oxide (Fe,0s), are crucial in various applications, including catalysis, energy storage,
and photoelectrochemical processes [2]. In our work, we successfully synthesized Fe,Os; (hematite) cubes with exposed (012) facets and In,0s cubes
using a solvothermal method (Fig. 1) [3], [4] and characterized by SEM, HRTEM and temperature dependent XRD. Both nanostructures feature narrow
size distribution and high uniformity, which has been difficult to achieve before. We further explore photocatalytic properties of the Fe,0; cubes towards
light-driven alcohol oxidation, primarily focusing on methanol oxidation. In future work, we plan to utilize faceted-In,0; cubes modified with co-catalytic
Pd, Ag, etc. for electrochemical CO, reduction. Overall, these findings offer valuable insights into the design of faceted-In,0; and Fe,0s; materials for
advanced energy and environmental applications while also bridging the “materials gap” important to connect surface science and real-world applica-
tions [5].
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Fig. 1. SEM images of (012) Fe203 and In203 with average size of 250 nm and 2.5 LM respectively.
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The sustainable utilization of industrial byproducts is a key strategy for reducing environmental impact and promoting circular economy principles.
This study explores the use of two secondary materials — red gypsum and fluidized bed fly ash — as sustainable material for geotechnical applications.
Utilizing these materials reduces reliance on primary raw materials, thereby lowering the ecological footprint of construction and remediation activi-
ties. The research focuses on three critical aspects: (i) rheological characterization, (ii) grouts stability analysis (iii) and in situ Xray diffraction (XRD).
By integrating these methods, the study provides a comprehensive understanding of the performance of these materials under realistic conditions of
recultivation and throughout aging after placement. Preliminary results indicate a positive effect of fly ash on the rheology of red gypsum grouts and
confirm the crystallization of ettringite during hydration, which supports structural stability. The findings contribute to the development of environmen-
tally responsible formulations that support sustainable infrastructure and land rehabilitation.
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Contaminants in construction and demolition waste represent one of the largest waste streams and pose a significant environmental and health risk.
These materials may contain heavy metals, petroleum hydrocarbons, persistent organic pollutants, and other toxic substances that limit the possibilities
for their safe reuse. Special attention is devoted to polycyclic aromatic hydrocarbons (PAHs), a key group of persistent organic pollutants primarily asso-
ciated with asphalt mixtures. The historical use of coal tar in road construction constitutes a long-term source of contamination, which, due to recycling
and changes in production technology, may also be present in newly manufactured materials.

To select a suitable method for assessing PAH content in asphalt mixtures, the existing methodology for sludge and soil was optimized to provide fast,
robust, and cost-effective asphalt sample preparation and analysis. The chosen method was used to study contamination levels in roads with different
traffic loads located in the Czech Republic. Over 300 core-drilled asphalt samples were collected, and each construction layer was separated. Mixed
samples were created from up to four core drills. Various sample types were also tested, including fine and coarse pieces of asphalt from demolition.

The results showed that a significant amount of contaminated asphalt material is still present in older road construction layers. Roads with heavier
traffic loads were generally less contaminated than roads with lighter traffic. The largest differences in PAH concentrations were found between con-
struction layers, with lower asphalt layers showing contamination levels more than ten times higher.

Additionally, newly produced asphalt containing recycled material collected from construction sites as well as from asphalt plants was tested. These
samples also contained PAHs; however, the concentrations did not exceed 12 mg/kg (sum of 16 PAHs).
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The advancement of innovative materials with enhanced structural and functional characteristics is crucial for a wide range of fields, including con-
struction, engineering, personal protective equipment and biomedical applications. This study presents an advanced strategy for fabricating 3D-printed
biomimetic structural composites via frontal polymerization (FP), a self-sustaining and energy-efficient polymerization technique that offers distinct
advantages over conventional methods.

FP offers an advantage through its rapid, localized polymerization front, which promotes uniform curing, strong interfacial adhesion, and excellent in-
tegration even within complex architectures. The feasibility of this process is demonstrated by the fabrication of 3D-printed biomimetic auxetic structu-
res reinforced with frontally polymerized epoxy resin infill. The combination of frontal polymerization with polyethylene terephthalate glycol-based
auxetic scaffolds allows for precise control over scaffold architecture and optimization of mechanical performance. Notably, bioinspired reinforcement
significantly enhances specific energy absorption, with auxetic structures outperforming non-auxetic counterparts. Compression tests reveal approxi-
mately a 2.5-fold increase in specific yield strength in filled versus hollow scaffolds, alongside strong interfacial bonding confirmed by adhesion measu-
rements. This synergy overcomes the common limitations of brittleness and low toughness inherent to individual components, resulting in composites
with superior mechanical strength, remarkable energy absorption, and robust structural integrity.

Importantly, this approach is versatile and not limited to specific material. Demonstrated by the fabrication of biodegradable polylactic acid scaffold
filled with acrylic-based hydrogels, the approach holds promise for biomedical engineering, regenerative medicine and tissue engineering applications.
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Portland cement is the most widely used binder in the world, and calcium silicate hydrate (C-S-H) gels are the main binding phase within hydrated
cement. A comprehensive understanding of C-S-H gel formation mechanisms is essential for predicting the material’'s mechanical properties. In this
study, C-S-H gels were synthesized via the sol-gel method, employing calcium nitrate as the calcium source and various silicon precursors, including tet-
raethyl orthosilicate (TEOS), sodium metasilicate pentahydrate, aqueous potassium silicate (commonly known as “potassium water glass”), and colloidal
silica. The syntheses were performed under various conditions, including varying initial pH in an unbuffered system and different aging temperatures.
An inert atmosphere was maintained throughout the procedures to inhibit the formation of undesired carbonate species. Fourier-transform infrared
(FT-IR) spectroscopy served as the principal characterization technique to differentiate between bridging and non-bridging Si—-O bonds. The aim of this
work is to elucidate the correlation between synthesis parameters and the molecular structure of the resulting synthetic C-S-H gels, thereby advancing
understanding of hydration processes and primary C-S-H formation within cementitious systems.
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Electric discharges in gaseous mixtures offer a controlled way to study how atmospheres on various cosmic bodies may originate and evolve. Such
experiments can also mimic chemical processes thought to occur in Earth’s prebiotic environment, where simple inorganic molecules, activated by an
electrical discharge, can transform into more complex organic compounds. The conditions of different atmospheres depend primarily on temperature,
pressure, chemical composition and the discharge used.

Carbon monoxide is a common constituent of interstellar space and planetary atmospheres. Some studies [1,2] suggest that carbon monoxide in
mixtures with other gases could be a suitable precursor for the synthesis of more complex organic compounds, that are considered to be direct precur-
sors of life.

This work investigates how varying the composition of CO-rich reaction mixtures affects both the type and yield of plasma-generated products. The
plasma was characterized using high-resolution optical emission spectroscopy, while the gaseous products formed through discharge-initiated chemical
reactions were analyzed in situ by proton transfer reaction ionization mass spectrometry with a time-of-flight detector. The investigated systems inclu-
ded pure CO, binary mixtures of CO with either nitrogen or hydrogen, and CO mixed with both nitrogen and hydrogen.

The presence of many hydrocarbons, nitriles, amines, aldehydes and alcohols was confirmed by means of mass spectrometry. Optical emission ana-
lysis revealed that the main reactive species in plasma were atomic hydrogen, carbon and oxygen, along with the C; molecule and CN radical. The largest
amount and the broadest range of compounds were formed in a mixture of CO with an admixture of both hydrogen and nitrogen.

These findings provide a good basis for future research aimed at better understanding the chemistry of Earth’s early atmosphere, as well as chemical
processes in interstellar space and in the atmospheres of exoplanets.
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