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Porovnani metod MALDI-TOF a
biochemickych testt pro identifikaci
bakterii

Kristyna Blazkovd

Kristyna Blazkovd, pracovni instituce: SEVARON PORADENTSTVI, s.r.0.
Blanenskd 2034/12b, 664 34 Kutim, studijni instituce: Stiedni priimyslovd skola
chemickd, Brno, Vranovskai 65

Tato prace se zabyva porovnanim metod pro identifikaci riznych druht
bakterii. Konkrétné jsem vyuzila metodu MALDI-TOF, jedna se o matrici asisto-
vanou laserovou desorpci/ionizaci s detektorem doby letu hmotnostni spektrome-
trii. Pomoci této metody lze identifikovat aerobni i anaerobni bakterie, kvasinky,
mykobakterie, ale také urcit rod a druh vlaknitych mikromycet. Dale jsem vyuzi-
la metodu biochemickych testfi, a to konkrétné API testy od firmy Biomérieux a
MIKRO-LA-TEST od firmy Erba Mannheim.

Cilem prace bylo identifikovat 55 nezndmych vzork bakterii pomoci jednot-
livych vybranych metod a analyzovat jejich klicové parametry, mezi tyto parame-
try jsem zaradila ¢asovou efektivitu jednotlivych metod (od pfijmu vzorku, ptes
subkultivaci az po identifikaci bakterie), ti¢innost identifikace, finanéni néklado-
vost, pfesnost identifikace, rozsah databaze, prakticka proveditelnost

a aktualizaci a rozvoj téchto metod do budoucnosti.

Vysledky ukazuji, Ze metoda MALDI-TOF pfinasi vyznamné vyhody v case,
ucinnosti a pfesnosti identifikace, ackoliv je nutné na zacatku zvazit finan¢ni in-
vestici (vysokd pofizovaci cena). Zatimco biochemické testy API a MIKRO-LA-
-TEST prokazaly svou hodnotu v nékterych aspektech, jejich omezeni v rychlosti
a Sife identifikace by méla byt brana v tivahu pfi vybéru diagnostické metody.
Tato studie poskytuje uceleny pohled na klicové faktory rozhodujici pfi vybéru
mikrobiologické diagnostické metody a nabizi perspektivu pro budouci vyvoj
v oblasti mikrobiologie.

Podékovani

Réda bych podékovala své konzultantce a vedouci Diagnostické laboratoie
SEVARON PORADENTSTVI, s.r.0. Mgr. Dité Kellnerové, kterd mi zprostiedkovala
tuto praci a pomohla s jejim zhotovenim.
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Vliv vysolovaciho efektu na acinnost
mikroextrakce na tuhou fazi pfi analyze
vin

Tomas Budinsky?, Michal Gross?

1) Stiedni priimyslovd $kola chemickd Brno, Vranovskd 65, 614 00 Brno, Cesko,
budinsky.tomas20@spschbr.info
2) Vysoké ucenti technické v Brné, Fakulta chemickd, Ustav chemie potravin a
biotechnologit, Purkyriova 118, 612 00 Brno, Cesko

Analyza potravin je zdsadni ndstroj pro kontrolu jejich kvality a bezpecnosti,
at uz je jejim cilem zjistovani nutri¢ni hodnoty vyrobku, jeho mikrobidlni stability,
(ne)pfitomnosti kontaminantt nebo stanoveni latek typickych pro danou komodi-
tu jako priikaz dodrzeni vyrobnich postupti, pouZiti pfedepsanych surovin apod.
Zejména u produktii s vysokou pfidanou hodnotou, napf. u olejti, syrti nebo vina,
je kontrola kvality ai¢innou prevenci proti klamani spotiebitele a umoznuje staho-
vani falSovanych vyrobkii z trzni sité.

V posledni dobé se jednim z nejpouzivanéjSich extrakénich postupti stala mi-
kroextrakce na tuhou fazi (SPME). Mezi jeji hlavni pfednosti patii Siroka vyuzi-
telnost, vysoka citlivost, absence rozpoustédel a minimalizace nutnych pfedaprav
vzorkl. Ma vsak i jistd negativa, v analyze potravin jde zejména o matricovy efekt,
ktery se pfi SPME projevuje. Navrh a optimalizace dostate¢né robustnich metod
jsou proto vyzva pro dnesni analytické chemiky. V pfipadé analyzy tékavych latek
révovych vin v uspofddani HS-SPME je jednim z problémt kvantitativnost jejich
prechodu z kapaliny do plynné faze. Jednim z moznych fesent je vyuziti vysolova-
ciho efektu, tedy zvySovani iontové sily roztoku napt. pfidavkem soli. Cilem prace
bylo ovéfit, ze pfidavek chloridu sodného zvysuje Gc¢innost HS-SPME, a urcit jeho
optimalni velikost pro dalsi rutinni analyzy vina pomoci GC-MS.

Vysledky méfeni ukazaly, Ze pfidavek NaCl m4 na ti¢innost extrakce pozitiv-
ni vliv, protoZe mnozstvi extrahovanych tékavych latek vyznamné vzrostlo. Jako
optimalni byl uréen pfidavek 1,0 g NaCl do vzorku 3 ml vina. Vedlej$im pozitivnim
efektem bylo i sniZeni relativni odchylky naméfenych hodnot u jednotlivych ana-
Lyt pfi opakovani méfeni.
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Nanocastice médi deponované na oxidu
kfemicitém a jejich katalyticka aktivita
pti dehydrogenaci ethanolu

Tereza Jelinkovd, Jakub Sotolir

Stiedni priimyslovd skola chemickd Brno, Vranovskd 65, 614 00 Brno, Ceskd republika,
Sotolar.kuba@seznam.cz, jelinkovat05@gmail.com

Tato prace se zabyva pripravou katalyzatoru pro dehydrogenaci ethanolu,
jakozto alternativu zisku acetaldehydu. Jenz se v nynéjsi dobé ziskava z ropy.
V této praci pfedstavime nanocastice médi deponované na oxidu kfemicitém. Bylo
proméfovano chovani katalyzatord o rtizné koncentraci médi, teploté kalcinace ¢i
typu noside. V ramci SOC byl pfipraven synteticky oxid kfemicity, ktery byl nasled-
né také pouZit jako nosic.

V préci pouzivame k deponaci metodu suché impregnace, ktera se z pfedcho-
zich studii ukazala jako nejucinnéjsi a zaroven nejjednodussi.[2] Pro charakterizaci
nosict jsme pouZili porozimetr. Pfipravené katalyzatory byly pak proméfeny na
rentgenovém praskovém difraktoru, IR spektrometru a transmisnim elektronovém
mikroskopu.

Samotna katalyza probihala v koloné napojené k plynovému chromatografu,
ktery vysledky katalyzy charakterizoval

Podékovani

Timto bychom radi podékovali vedoucim nasi dlouhodobé maturitni prace
Mgr. Alesi Styskalikovi, Ph.D. a Mgr. Tomasi Pokornému za vSestrannou pomoc,
poskytnuti materidli a moZnosti konani praktické casti prace. Také za mnoZzstvi
cennych rad a napadii na zlepSeni prace, podnétii, doporuceni, a hlavné za velkou
trpélivost a ochotu. Dale velké podékovani patii také Skolnimu konzultantovi Ing.
Tomasi Buriankovi, ktery ndm poskytl moznost podilet se na této praci a ochotné
s nami konzultoval vSechny jeji okolnosti a nejasnosti.
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Analyza pritomnosti bilkovin v
polysacharidech pomoci voltametrie se
stfidavym proudem

Vit Rumlena, Jan Sklddany

Stiedni priimyslovd skola chemickd Brno, Vranovskd 65, 614 00 Brno, Ceski republika
vitekrum@seznam.cz

Nase prace se zabyva studiem polysacharidii, a to hlavné polysacharidem
PS 5 izolovaného z rostliny Haberlea rhodopensis, na nabitych povrsich pouZzitim
elektrochemické metody tzv. voltametrie se stfidavym proudem.

Nasim cilem bylo zjistit, zda je tato elektrochemicka metoda vhodna pro de-
tekci kontaminace polysacharid proteiny. Porovnali jsme voltametrické odpovédi
polysacharidu PS5 a proteinu, v nasem piipadé sérového albuminu. Voltametric-
ké odpovédi se lisily zejména pfi vysoce negativnich potencidlech a bylo mozné
detekovat sérovy albumin v koncentraci 200 ng/ml v roztoku polysacharidu PS 5.
Podobné vysledky jsme ziskali i pro jiné polysacharidy.

Z nasich vysledkt vyplyv4, Ze navrZzend metoda je schopna rozliit pfitom-
nost proteinti v roztocich polysacharidi. Metodu je nutno jesté optimalizovat, aby
mohla najit $irsi uplatnéni.

Podékovani

Ré&di bychom podékovali nasi skolitelce Dr. Veronice Ostatné z Bioifyzikalni-
ho tstavu AV CR, v.v.i. a grantové agentuie GACR za poskytnuti finanéni podpory
projekt ¢. 22-26590.
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Dysregulace mikroRNA jako marker
relapsu u pacientt s mnohocetnym
myelomem

Kristyna Uhljarovd

Stedni priimyslovd skola chemickd Brno, Vranovskd 65, 614 00 Brno, Ceski republika
kikina.u@email.cz

Mnohocetny myelom je druhé nejcastéjsi hematoonkologické onemocnéni
stargich 1idi s incidenci 6/100 000 lidi v CR. Posledni desetileti pfineslo vinu no-
vych 1€k, které zdsadnim zptisobem zménily pfezivani pacientti s touto nemoci.
Problémem je, Ze i pfesto vétSina pacientti relabuje, coz vede az k refrakternimu
onemocnéni.

Z tohoto dtivodu jsou pro dne$ni medicinu zabyvajici se 1écbou onkologic-
kych, ale i jinych onemocnéni, diilezité tzv. biomarkery. Tyto biomarkery slouzi
jako ukazatel, diky kterému je mozné vcas zachytit nadchazejici relaps, a tak zabra-
nit zhorSeni zdravotniho stavu pacienta. Jako mozny marker nadchazejiciho relap-
su muze slouzit dysregulace v expresi mikroRNA.

Dysregulace mikroRNA je potencidlni marker, diky némuz miize dojit ke
zkvalitnéni lékafské péce o pacienta — konkrétné zavedenim tekuté biopse. Vyho-
dami této diagnostické metody oproti tkaniové biopsii jsou: méné bolestivy odbér
vzorku, snadnéjsi a neinvazivni piistup ke vzorku, opakovatelnost a rychlejsi zisk
laboratornich vysledki.

Tato prace se zamétuje na identifikaci dysregulace mikroRNA v periferni krvi
pacient(i v prvnim relapsu mnohocetného myelomu. K analyze byly pouzity vzor-
ky pacientii po prvnim relapsu onemocnéni, ktefi byly rozdéleni do skupin A a E.
Skupina A obsahovala vzorky pacientti, jenz prodélali prvni relaps béhem 6 mésicti
po vyléceni a skupina E se skladala ze vzorkt pacientd, jenz prodélali relaps po
vice nez 5 letech. Z této analyzy nelze zatim zjistit jednoznacny vysledek, jelikoz
se nepodafilo ziskat vzorky v dostatecné kvalité. Dale je potieba samotny vyzkum
provést v mnohem vétsim méfitku tzn. s nékolikandsobné vétsim poctem rtiznych
vzorkd.

Podékovani

Chtéla bych podékovat Ing. Tomasi Buridnkovi za pomoc pii vybéru zamé-
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Plasty, zejména mikroplasty a nanoplasty v této dobé zdsadné znecistuji zi-
votni prostiedi, a to je zdvaznym ekologickym problémem. Mikroplasty mohou
byt nalezeny viude kolem nés — ve vodé, v ptidé, i v ovzdusi. Skodi organismtim,
které si je mohou poziit, a kviili faleSnému pocitu sytosti zahynout, ale mohou je
netimyslné konzumovat i lidé. Je tu proto snaha navrhnout alternativy k béznym
konvenénim plastiim. V této praci pojednavame pravé o mozné alternativé, a to
biodegradabilnim plastim. Tyto plasty maji podobné vlastnosti jako syntetizované
plasty, ale rozkladaji se ptisobenim mikroorganismii jako jsou bakterie, houby ¢i
fasy. Tato biodegradace vSak miiZe byt casové narocny proces a prozatim neni do-
statecné prozkouman vliv rozloZenych polymerti na zivotni prostiedi.

Prace se zabyva hodnocenim vlivu poly-3-hydroxybutyratu na riist a viabilitu
rostliny Lemna minor. Poly-3-hydroxybutyrat (P3HB) byl testovan ve dvou veli-
kostnich frakei (¢astice <63 pum a 63-125 um). Na zakladé pfedchozich testt s touto
rostlinou, kdy jedinou sledovanou zménou byl nartist délky kofene, byla vybrana
pouze koncentrace 100 mg mikrocastic P3HB na 1 litr média, doba expozice rost-
liny v suspenzi P3HB byla 12 tydnti. Suspenze byla jednou tydné ménéna a byly
hodnoceny sledované parametry. Pro kontrolu byla rostlina L. minor inkubovana
v samotném médiu.
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Kultivace bunéénych linii pro
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Nad rakovinnym bujenim se snazime vyzrat jiz velmi dlouhou dobu.

Kultivace i lyze bunék muize velmi efektivné posunout vyzkum lécby ra-
koviny na vys$si troven — hlavné co se analyzy jednotlivych proteinti, enzymii a
signdlnich drah ve zmutovanych burikach samotnych tyce. Mtize se ndm zdat, ze o
signalnich drahach a rakovinném bujeni vime jiz téméf vse, ale zdani klame. Jako
kazdy zivy organismus se i rakovinné bunky dokazi evolucné vyvijet a ziskavat tak
vy$si odolnost viici riznym léktim ¢i zptisobtim 1écby proti zhoubnym nadorovym
onemocnénim. V momenté, kdy diky lyzi jednotlivych bunék budeme moci velmi
dtikladné prozkoumat jeji zivotni procesy, zvladneme rozsifit i povédomi o detail-
néjsich funkcich kazdé casti jejich organel nevyjimaje tfeba proteinu p53.

Mikrofluidika patfi mezi nejnovéjsi a nejpopularnéjsi zptisoby zkoumani
v oblasti bioaplikaci i pro studium bunék, zivych soustav a biomolekul. Mikrocipy,
do kterych jsou privadény chemické latky a zkoumané buriky, si laboratof Ustavu
analytické chemie AV vyrabi sama — na miru upravené kazdému experimentu.

Prevést osamostatnéné buriky do jednotlivych kapek v mikrocipu neni lehky
tkol. Abychom mohli v budoucnosti fddné prozkoumat jednotlivé organely bu-
nék, je zapotiebi zlyzovat bunéénou membranu. K tomu ndm velmi dobfe poslouzi
lyzacni ¢inidla. Vychozi ¢inidlo, se kterym zapocala nase prace, byl Triton X-100.
Predmétem vyzkumu bylo uréit hodnotu co nejnizsi koncentraci ¢inidla pro tplnou
lyzi bunék s ohledem na finan¢ni naklady.

Po sérii experimentti s riznymi koncentracemi lyzacniho ¢inidla bylo po vy-
hodnocovani jednotlivych snimkti bunék urceno, ze koncentrace Tritonu X-100,
ktera jesté zptisobovala témét 100% lyzi byla 0,008 %. Tato koncentrace byla nasled-
né uzita i pro lyzi bunék pfi nasledné kapénkové mikrofluidice, kde dochazelo k
rozkladu stény jednotlivych HeLa bunék v samostatnych kapkach roztoku.
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Odstranovani tenzida z odpadnich vod

Leona Bacovskd
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S rapidni urbanizaci a rozvojem pramyslovych odvétvi, naptiklad farma-
ceutického, textilniho, pradelenského a tézebniho, roste mnozstvi odpadni vody,
ktera obsahuje perzistentni a toxické organické slouceniny. Tyto biologicky obtizné
rozloZzitelné slouceniny mohou vykazovat karcinogenni a toxické t¢inky, a mohou
tak vést k vaznému poskozeni zdravi a Zivotniho prostfedi. Proto se vyvijeji tech-
nologie, které umozni efektivni ¢isténi téchto odpadnich vod a minimalizuji tak
jejich negativni dopad na Zivotni prostfedi. Mezi tyto technologie se fadi napfiklad
pokrocilé oxida¢ni procesy, které se ukazuji jako vhodné technologie pro odstrané-
ni organického znecisténi. Vyuzivaji se pfedevsim pro ¢isténi odpadnich vod. Vy-
hodou je, Ze jsou schopné odstranit i latky, které konvenéni mechanicko-biologicka
Cistirna odpadnich vod nedokéaze ti¢inné odstranit.

Tato prace sleduje aktudlni pohled na problematiku odstranovani tenzidu
z odpadnich vod se zaméfenim na pokrocilé oxidacni procesy.

Tenzidy jsou velmi perzistentni a ve vodé rozpustné kontaminanty. Jako mo-
delovy tenzid byl vybran dodecylsiran sodny (SDS), nebot je pouZivan nejcastéji
v mnoha domaécich i primyslovych detergentech. Vyuziti SDS se zvySuje rok za
rokem. Odhaduje se, Ze SDS dnes pfedstavuje okolo 40 % ze vSech vyuZzivanych
detergentti. Nebezpecnost SDS tkvi v jeho akumulaci v Zivotnim prostfedi a orga-
nismech. SDS se fadi mezi xenobiotika a pokud se dostane do povrchovych vod,
muze zpusobit vazné poskozeni vodnich ekosystémi.

Degradace SDS byla sledovana v destilované vodé a v pradelenské mode-
lové vodé. VSechny experimenty probihaly na poloprovozni AOP jednotce a byly
pouzity tyto tfi reakéni systémy: UV/H202, UV/O3 a UV/H202/O3. V destilované
vodé a v pradelenské modelové vodé byla prokazana ti¢innost véech zminovanych
systémi, kdy doslo ke snizeni koncentrace dodecylsiranu sodného o 68 — 69 %
v destilované vod¢, a 0 53 — 56 % v pradelenské modelové vodeé.

18



Vplyv substituentov na entalpiu
disociacie O-C viazby metoxylovej
skupiny derivatov guajakolu

Lucia Boldisovd, Erik Klein, Monika Biela

Oddelenie fyzikilnej chémie FCHPT STU v Bratislave, Radlinského 9, 812 37 Bratislava,
xboldisoval@stuba.sk

Guajakol sa v Sirokej Skale pouziva v priemyselnych aplikaciach alebo medi-
cine. Okrem hydroxylovej skupiny naviazanej na benzénové jadro, ktord umoziuje
guajakolu posobif mechanizmami primarnych antioxidantov, je v sucasnosti pred-
metom $tadii aj metoxylova skupina predstavujiica ddlezité reakéné centrum pri
roznych chemickych a biochemickych procesoch.

Nasa praca sa zameriava na teoretické stiudium entalpie disociacie O-C vazby
metoxylovej skupiny 15 para-substituovanych derivatov guajakolu a prislusnych
fenoxidovych aniénov. Vypocty sa uskutoc¢nili pomocou metddy funkcionalu elek-
tronovej hustoty (DFT) s funkciondlom M06-2X a bazou funkcii atémovych orbita-
lov 6-311++G**.

Porovnanie vypocitanych reakénych entalpii s dostupnymi experimental-
nymi a teoretickymi hodnotami vypocitanymi ab initio metédou G4 potvrdilo
vhodnost zvolenej metddy. Entalpie disociacie O-C véazieb v molekulach, BDE,
a aniénoch, BDE(A), para-substituovanych derivatov guajakolu sa Studovali vo
vodnom prostredi. Na zohl'adnenie efektu rozpuastadla bol pouzity implicitny mo-
del solvatacie. Ziskané entalpie disocidcie O-C vézby boli korelované s Hammetto-
vymi konStantami o_p a Brownovymi a Okamotovymi konStantami o_p”+.

Vysledky ukazujui, Ze pritomnost elektréonovo donornej hydroxylovej sku-
piny a jej zapojenie do intramolekulovej vodikovej vazby s OCH3 skupinou spo-
sobuje pokles entalpie disocidcie O-C vizby metoxylovej skupiny v molekulach
para-substituovanych guajakolov. Pre fenoxidové anidény guajakolov, vzniknuté
deprotonizaciou fenolovej OH skupiny, pozorujeme dalsi pokles entalpie disoci-
acie O-C viazby. Deprotonizacia OH skupiny stcasne vyznamne tlmi efekt Studo-
vanych substituentov.

Podékovani

Tento prispevok vznikol s podporou projektov VEGA 1/0461/21 a APVV-19-
0024.
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Polyhydroxyalkanoaty (PHA) jsou polymery produkované mikroorganismy,
které jim slouzi jako zasoba energie a zdroj uhliku. Jejich vyhodou oproti synte-
tickym polymertim je biokompatibilita a biodegradabilita, avSak vyrobni cena
biotechnologického procesu je vy38i. SniZeni vyrobnich nékladi by mohlo byt do-
sahnuto pouzitim odpadnich materialii jako substrath ¢i vyuzitim extremofilnich
producentt.

Extremofilni organismy jsou takové, které vyzaduiji pro Zivot extrémni pod-
minky. U termofilti je to vy3si teplota a napfiklad u halofilii vysoka koncentrace
soli. Tyto organismy se zdaji byt idedlnimi kandidaty pro biotechnologické tcely,
je 1ze kultivovat v semisterilnim ¢i dokonce nesterilnim prostfedi.

Cilem této prace bylo prostudovat schopnost rtiznych kmenti termofilni
bakterie Schlegelella thermodepolymerans inkorporovat do struktury polyhyd-
roxyalkanoat (PHA) rtizné monomerni jednotky a tvofit tak kopolymery. Byly
testovany prekurzory pro produkci monomert mclPHA, 4hydroxybutyratu (4HB)
a 3hydroxyvyleratu (3HV). Byly pouzity ¢tyfi bakteridlni kmeny S. thermodepoly-
merans pochazejici z riiznych vefejnych sbirek mikroorganismt. Po sérii prvotnich
screeningti byla jako nejvyhodnéjsi prekurzor vyhodnocena kyselina levulova, kte-
ra je prekurzorem 3hydroxvaleratu. Pouzité kmeny dosahovaly nejvyssich vytézki
produkce kopolymeru PHA, pokud byl prekurzor pfidan na zacatku produkéni
faze. Také byla provedena kultiva¢ni série koncentra¢ni fady daného prekurzoru,
kde bylo zjistovano, jak mnozstvi prekurzoru ovlivni riist bakterialni kulturu a také
sloZeni kopolymeru. Pfi zvySovani mnozstvi prekurzoru klesalo mnoZzstvi bioma-
sy a PHA, avsak vznikly velmi zajimavé materidly s vysokym obsahem 3HV. Pii
pridani 8 g/l bylo dosdhnuto 52 mol. % zastoupeni 3HV v kopolymeru. U vysled-
nych kopolymerti byla take stanovena molekulova hmotnost. Nejvyssi molekulova
hmotnost byla naméfena u vzorku s nejniz$im zastoupenim 3HV. Zaroven bylo do
toho vzorku pridano nejméné prekurzoru. Druhd nejvyssi molekulova hmotnost
byla vSak naméfena u vzorku s nejvétsim zastoupenim 3HV a nejvétsim mnoz-
stvim piidaného prekurzoru.

Podékovani

_ Tato studie byla podpotena projektem GA22-108455 Grantové agentury
Ceské republiky (GACR).
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Prvni totalni syntéza selamoelleninu
A a B a ohodnoceni jejich biologické
aktivity

Barbora Dopitovd

Univerzita Palackého v Olomouci, Prirodovédecka fakulta, 17. listopadu 1192/12, 779 00
Olomouc, baru.dopitova@gmail.com

V rostlinach miiZzeme nalézt malé organické latky (sekundarni rostlinné me-
tabolity) s Sirokym spektrem biologické aktivity, tyto latky se vSak v rostlinach vy-
skytuji jen v mikrogramovych mnoZstvich a tim padem nemtiZzeme stoprocentné
determinovat jejich strukturu a zhodnotit s pfesnosti jejich biologickou aktivitu. [1]

Tato prace se zabyva piipravou dvou strukturné velmi podobnych pfirodnich
latek, selamoelleninu A (izolovan v roce 2017) a selamoelleninu B (izolovan v roce
2018).[2,3] Obé zminéné latky obsahujici benzofuranovy skelet byly izolovany z
rostliny Selaginella moellendorffii Hieron.[2,3] Selamoellenin B byla nasledné také
izolovan v roce 2021 také z citrusu Citrus medica L. var. Sarcodactylis.[4]

Cilem préce byla jejich pfiprava, na kterou jsme cilili ze dvou divodii: (a)
pripravit dané latky a tak nezavisle (porovnanim fyzikalné-chemickych dat s izo-
lovanymi latkami) potvrdit strukturu izolovanych pfirodnich latek, (b) otestovat
biologickou aktivitu nejenom obou latek, ale také jednotlivych pfipravenych inter-
mediath.

Syntéza probihala dvéma postupy, pfi nichZ bylo vyuZito reakci katalyzova-
nych tranzitnimi kovy, mikrovinnym zafenim ale i standardnich a dlouho znamych
reakci. Biologickd aktivita byla zkoumana pfedevs$im s ohledem na anthelmintic-
kou a cytotoxickou aktivitu.

Podékovani

Nejprve bych chtéla podékovat panu doc. Jifimu PospiSilovi Ph.D. za to Ze mé
prijal jako nejmladsiho ¢lena do své skupiny, také za jeho odborné vedeni, pomoc
v laboratofi, trpélivost, ¢as a také za velkou pomoc pfi sepisovani moji prace. Déle
bych chtéla podékovat Mgr. Markété Fuksové a Mgr. Danieli Chrenkovi za pomoc
v laboratofi.
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Vliv prirodnich latek z caje na
G-kvadruplexy a vazebné a
transaktivacni vlastnosti proteinu p53
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nécného cyklu pii poskozeni DNA. Kromé zastavy bunécného cyklu a navozeni
apoptdzy, interaguje protein p53 s jinymi proteiny a DNA. Mutace genu TP53
kédujici protein p53 jsou spole¢nym znakem lidskych nddorovych onemocnéni.
V nasi praci jsme zkoumali pfirodni latky z ¢aje, které by mohly hrat pozi-tivni roli
v aktivaci proteinu p53 u nddorovych onemocnéni a uplatnit se v podpore lécby.
V teoretické ¢asti této prace byly popsany sekundarni struktury DNA, konkrétné
struktura a vlastnosti G-kvadruplexti, déle protein p53 a jeho vazebna aktivita
k sekundarnim strukturam DNA. Dale jsme se zaméf¥ili na charakterizaci kyseliny
gallové a apigeninu — tedy pfirodnich latek vyskytujicich se v ¢ajich a potravinach,
u kterych byla zaroven ukazana interakce s nukleovymi kyselinami. V experimen-
talni ¢asti jsme ovéfili schopnost téchto latek interagovat se strukturnimi motivy
DNA, tzv. G-kvadruplexy, in vitro a také moznost jejich stabilizace v kvasinkovém
expresnim systému. V tomto modelovém isogennim systému jsme testovali vliv na
intenzitu transaktivace proteinu p53. Interakce kvartérnich struktur s G4 ligandy,
véetné kyseliny gallova a apigeninu, byla ovéfena in vitro pomoci ThT fluorescenc-
niho testu a luciferdazového reportérového testu. Bylo zjiSténo, ze G4 ligandy o kon-
centraci 30 uM po 20 hodinach inkubace nevykazuji vyraznéjsi vliv na testované
kvasinkové kultury. Pfi koncentraci G4 ligandd 60 uM bylo pozorovano navyseni
produkce proteinu p53 a zvyseni transaktivace, patrné vlivem bunécného stresu
zpt~sobeného pfitomnosti G4 ligandii. Vysledky ukazuji na moznost regulace ge-
nové exprese pomoci malych pfirodnich molekul.
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Indolyl substituted benzazepinediones

Bc. Ema Freudovd, doc. Ing. Dusan Berkes, CSc
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New methyl 1-substituted 5-hydroxy-2-oxo-2,3-dihydro-1H-benzo(b)azepi-
ne-4-carboxylate with estimated excellent drug-like properties have been recently
found. These compounds exhibited potent cytotoxic activities in various cancer cell
lines. Data support the idea that seven-membered lactam-based analogues could
be valuable for further development as a new type of antimitotic agents and kinase
inhibitors.

In our laboratory, we focused on modifying position C-3 which has yet not
been explored. New derivatives which show high antibacterial activities against
methicillin-resistant Staphylococcus aureus (MRSA) were synthesized using oxo-,
aza-, sulfa-, and phospha-Michael addition to new highly electrophilic benzazepi-
nedione.

We aimed to synthesize derivatives with the formation of a new C-C bond.
We focused on the reaction with indoles because of the construction of medicinally
crucial molecular framework. The targeted indolyl benzazepinediones feature the
bent structure of the skeleton and stable enol form.

We were able to find optimal reaction conditions using a molecular iodine ca-
talyst. No desired product was observed in the absence of the 12 catalyst even after
a week. Products were easily isolated by filtration and recrystallized in appropriate
solvents.
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Optimalizacia extrakénych postupov na
stanovenie rezidui pesticidov vo vcelich
produktoch
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Zivotné prostredie je zataZované mnozstvom polutantov, ktoré ohrozuju zi-
vot vyznamnych organizmov v prirode. Jednym z nenahraditelnych organizmov je
vcela medonosna, ktora ndm poskytuje vysokohodnotné produkty, ako vceli vosk,
pel, propolis, med, ¢i matersku kasicku. Rezidua skodlivych latok sa z tela vcely
dostavaju aj do jej produktov, a nasledne s nimi prichadzaju do kontaktu aj Iudia
ako konzumenti. Hoci je kontrola kontaminacie nevyhnutna, vyskum sa doteraz
venoval prevazne medu a vceliemu pelu, a stadium dalsich vcelich produktov je
zatial relativne obmedzené, najma co sa tyka komercne dostupnych spracovanych
foriem propolisu, ako su cukriky, tinktary ¢i kapsuly.

Propolis je komplikovana zmes, ktorti tvoria najma zivice, vosky a esencialne
oleje. Pri analyze rezidui latok v propolise sa kvoli tomu stretavame s vyraznymi
matricovymi efektami, ktoré by nam bez vhodného extrakéného a cistiaceho postu-
pu znemoznili stanovenie. Pri tiprave vzorky vcelich produktov sa preukazal ako
vhodny postup QUEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe, teda
rychla, jednoducha, lacna, i¢inna, robustna a bezpec¢na). Ide o dve rozne za sebou
idtce extrakcie, a to LLE (extrakcia v systéme kvapalina-kvapalina) a d-SPE (dis-
perznd extrakcia tuhou fazou). Na analyzu extraktov vcelich produktov sa prevaz-
ne vyuziva plynova a kvapalinova chromatografia s hmotnostno-spektrometrickou
detekciou.

Tato praca je ststredena na optimalizaciu tpravy vzorky propolisovej tinktu-
ry za tcelom minimalizovania matricovych vplyvov a dosiahnutia pozadovanych
hodnot extrakcnej vytaznosti pre 47 pesticidov. Postupy upravy vzorky, ktoré
porovnavame, sa lisia vyuzitim réznych kombindcii sorbentov v postupe QuE-
ChERS, ako napriklad C18 (silikagél modifikovany oktadecylovymi funkénymi
skupinami), PSA (primarny sekundarny amin), ¢i Florisil, lisia sa krokom filtracie
propolisovej tinkttry, pridavkom citratovych soli na tpravu pH, ¢i tpravou tzv.
EMR-Lipid (Enhanced Matrix Removal - Lipid). Instrumentélne analyzy boli re-
alizované plynovym chromatografom GC 6890N (Agilent, USA) s hmotnostnym
spektrometrom 5975. Testovali sme pouzitie a vyhody pristroja GC 8890 (Agilent,
USA), kde sme poukazali na potencial vyuzitia nosného plynu vodika ako alterna-
tivneho nosného plynu.

Vyznamnym ciefom prace je aj Stadium matricovych efektov. Porovnavali
sme vysledky analyzy matricového standardu a porovnavacieho zmesného rozto-
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ku pesticidov. Pre kazdy sledovany pesticid boli vyhodnotené a kategorizované
matricové faktory. Identifikovali sme niekolko interferujucich latok, ¢co nam pomo-
ze pri urcovani dalsich potrebnych modifikacii postupu tpravy vzorky. Studium
metabolickych vlastnosti bakterie Schlegelella thermodepolymerans v kontextu
biosyntézy polyhydroxyalkanoat

Podakovanie

Tato praca bola podporend Agentirou na podporu vyskumu a vyvoja na zé-
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Studium metabolickych
vlastnosti bakterie Schlegelella
thermodepolymerans v kontextu
biosyntézy polyhydroxyalkanoati
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Polyhydroxyalkanoaty (PHA) jsou skupina biodegradabilnich polymert, kte-
ré produkuji nékteré druhy bakterii, mimo jiné i termofilni bakterie. Tyto biopo-
lymery jsou mnohem udrzitelnéjsi, jelikoZ jsou vyrabény z obnovitelnych zdrojti
a jsou biologicky rozlozitelné. Vyhodou produkce polyhydroxyalkanoatti pomoci
termofilnich bakterii je, Ze se sniZuje riziko kontaminace mezofilnimi bakteriemi
a tim se snizuje i finan¢ni narocnost, jelikoz samotna produkce nemusi byt vedena
sterilné. Termofilni bakterie jsou mikroorganismy, které dokazou pfezivat a pro-
sperovat pii teplotach nad 45 °C. Mezi slibné termofilni producenty PHA patii
Schlegelella thermodepolymerans.

Cilem prace bylo pochopeni metabolismu a utilizace rtiznych sacharida ter-
mofilni bakterie S. thermodepolymerans v zavislosti na case kultivace. V praci byly
pouzity dva bakterialni kmeny, M 15344 a DSM 15344, a jako substraty byly pou-
zity xyloza, glukéza, celobidza a jejich kombinace. V ramci jednotlivych riistovych
kfivek byl sledovan nartst optické hustoty, mnozstvi biomasy, produkce polyhyd-
roxyalkanodtti a také byl stanoven pribéh utilizace sacharidti, pomoci méfeni zbyt-
kového sacharidu metodou HPLC. U vyslednych polymerti byla také stanovena
molekulova hmotnost.

Vysledky obou bakterii byly mezi sebou porovnany a vyhodnoceny. Bakte-
rie DSM 15334 prokazovala vyssi produkci P(3HB), nez kmen M 15344 a jako nej-
vhodnéjsi substraty pro produkci P(3HB) se zda byt kombinace sacharidti xylozy
a celobidzy, kde polyhydroxyalkanoaty dosahovaly az 52 % PHA v suché bioma-
se. Dale se zjistilo, Ze bakterialni kmeny se lisily ve schopnosti utilizace sacharidt.
Bakterialni kmen M 15344 byl schopen utilizovat glukézu, ale ne xylézu, kdezto
u bakterialniho kmenu DSM 15344 dochazelo k opacnému piipadu (utilizace xylo-
zy, ale ne glukozy). Také je pozoruhodné, zZe kmen DSM 15344 preferuje celobidzu,
ktera je slozend ze dvou glukézovych jednotek, ale glukdza mezi preferované sa-
charidy nepatfi, coz ovliviiuje riist na celobi6ze, protoze dochazi ke stépeni celobi-
ozy i extracelularné.

Podékovani 5
Tato studie byla podpofena projektem GA22-108455 Grantové agentury Ces-
ké republiky (GACR).
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Fotokatalytické kompozitni
povlaky grafitického karbonitridu a
siloxanového pojiva

Michael Kubdt

Ustav fyzikdlni a spotfebné chemie, Fakulta chemickd, Vysoké uceni technické v Brné,
Brno, Ceskd republika, Michael Kubat@vut.cz

Rychly rtist urbanizace a industrializace vede k masivnimu vyuzivani zdroji
fosilnich paliv, coz vyvolava rostouci obavy z globalni energetické krize a environ-
mentalnich problémt. V zdjmu feseni této vyzvy se neustale hledaji technologie
Setrné k zivotnimu prostiedi, jako je fotokatalyza se schopnosti pfemény slunecni
energie na chemickou. V poslednich nékolika desetiletich byly vyvinuty a pouzity
rtizné druhy fotokatalyzatorti a jednim z nich je grafiticky karbonitrid (g-C3N4),
ktery vzbudil znacnou pozornost jako polovodicovy material reagujici na viditel-
né svétlo. Diky relativné snadné syntéze za pouziti levnych prekurzort bohatych
na dusik s vynikajici tepelnou a chemickou stabilitou, tizkym zakazanym pasem
(2,7 eV) a nizkou toxicitou se jevi jako zajimava alternativa k oxidickym polovo-
dictm (WO3, TiO2). Avsak cisty g-C3N4 ma nizkou elektrickou vodivost a rychla
rekombinace nosicti naboje omezuje jeho praktické vyuziti v elektrochemickych
aplikacich. Velkou vyzvou je také jeho imobilizace a pfiprava fotokatalyticky aktiv-
nich vrstev, ¢imz se zabyva i tato prace.

Cilem prace bylo prostudovat moznosti piipravy vrstev grafitického karboni-
tridu a siloxanového pojiva, které jsou citlivé na svétlo a vykazuji fotokatalyticky
ucinek na modelové polutanty. Experimentalni ¢ast této prace se proto soustfedila
na optimalizaci kapalné formulace pro depozici vrstev grafitického karbonitridu.

Déle bylo cilem prostudovat nanesené vrstvy grafitického karbonitridu po-
moci metody doctor blade a také prostudovani elektrickych a chemickych vlast-
nosti pfipravenych vrstev, které jsou pouzity jako fotoanody, pomoci choppované
linearni voltametrie a chronoamperometrie. Zvlastni dtiraz byl kladen na efektivitu
vyuziti svétla pro indukci redukénich a oxidac¢nich tcinki materialu. Fotokataly-
tické aktivity grafitického karbonitridu byly sledovany pomoci tibytku fluorescen-
ce thodaminu B, ktery byl degradovan pomoci zafeni z 365 nm LED diod. Jedna
z dtilezitych casti byla tprava vrstev pomoci nizkoteplotniho plazmatu, ktera by
mohla zlepsit fotokatalytické vlastnosti vrstev bez nutnosti termalnich tuprav za
vysokych teplot.

Na zakladé provedenych méfeni byla potvrzena fotokatalyticka aktivita vrs-
tev pfipravenych z kapalné formulace, ktera se skladala z grafitického karbonitridu
(g-C3N4), siloxanového pojiva (Sibi 120 hm. %) a a-terpineolu v poméru 3:1:1. Tato
skutecnost byla demonstrovana méfenim fotokatalytické aktivity nanesenych vrs-
tev pomoci degradace roztoku rhodaminu B. Elektrochemicka méfeni s vyuzitim
pripravenych vrstev jako fotoanody prokazala velmi nizké hodnoty fotoproudt,
coz si vysvétlujeme nizkou mobilitou fotogenerovanych nosicti naboje ve studova-
nych vrstvach. Pfipravené povlaky jsou tak vhodné pro fotokatalytické oxidativni
procesy.
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Stanoveni rezidui fosetylu a kyseliny
fosforité v lyofilizovaném ovoci

Be. Eva Ludvickovd?, Ing. Jana Ryparovd Kvirencovd?, doc. Vojtéch
Hrbek, PhD.2
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Zivotniho prostredi, Purkyriova 464/118, 61200 Brno, Leona.Bacovska@uutbr.cz

Fosetyl je pesticid pouzivany na potravinafskych a krmnych plodinach jako
fungicid acinkujici proti riznym chorobam. V prabéhu ¢asu miize fosetyl degra-
dovat na kyselinu fosforitou a jeji soli. Z tohoto diivodu je maximalni limit rezidua
(MRL) fosetylu vyjadfen jako suma fosetylu, kyseliny fosforité a jejich soli. Fosetyl
byva casto aplikovan napfiklad na jahody a dalsi drobné cervené ovoce. Zminéné
druhy ovoce jsou ve vétSiné pouze sezénni zalezitost. Pokud si konzument chce
dopftat jahody po cely rok, musi vyuZzit bud cerstvé jahody z dovozu nebo mrazené
plody. Cerstvé jahody prodavané mimo hlavni sezénu ale dasto nemaji oéekavanou
chut zralych jahod a maji obvykle vyssi cenu. Dalsi moZnosti jsou mrazené plody,
které se ale nehodi k bézné konzumaci jako ovoce, pouZzivaji se spiSe na vafeni nebo
peceni. Alternativou, jak uchovat chut a vzhled jahodovych plodt s vyuZzitim pfimé
konzumace je lyofilizace.

Lyofilizace neboli suSeni mrazem je moderni metoda zaloZena na sublimaci
zmrzlé vody pfi nizké teploté a tlaku. Voda pfestupuje z pevného skupenstvi pri-
mo do plynného, aniz by doslo k pfeméné na kapalnou fazi. Nedochazi tak k po-
Skozeni struktury suroviny vlivem vysokych teplot a ovoce si zachovava nutri¢ni
hodnotu véetné vlakniny, vitaminti a minerald.

Lyofilizované ovoce je v poslednich letech oblibenou svacinou nejen pro do-
spélé, ale hlavné pro déti. Pouziva se do snidafiovych smési, granoly nebo dezertti.
Byva casto oznacovano jako “zdrava” svacinka a inzerovano s obrazky déti, které
konzumuji tento produkt.

Dle stavajici legislativy se nalezy rezidui pesticidi v lyofilizovaném ovoci
prepocitavaji na ptivodni surovinu (v tomto pfipadé — cerstvé jahody), pii lyofiliza-
ci ale dochazi ke znac¢nému zakoncentrovani zminénych rezidui. V pfipadé, Ze jsou
lyofilizované jahody konzumovany pfimo, mze dochdzet k ndsobnym pffjmtm
rezidui pesticidt (v pfipadé, Ze jsou v jahodach pfitomny), coZ je alarmujici hlavné
u déti.

Cilem prace bylo provést pilotni screening lyofilizovaného ovoce dostupného
v trzni siti Ceské republiky, a to zejména jahody a maliny. Otestovat rtizné zptisoby
pripravy cerstvych plodii pfed lyofilizaci a ovéfit hodnotu procesniho faktoru mezi
Cerstvymi a lyofilizovanymi jahodami.

Pro zjisténi obsahu rezidui pesticidii v ¢erstvych jahodach byla vyuZzita meto-
da pro stanoveni polarnich pesticidii, metodika QuPPe. Pro pfipravu vzorkii lyo-
filizovaného ovoce byla provedena optimalizace této metody extrakce. Jako analy-
tickd koncovka byla pouzita vysokot¢inna kapalinova chromatografie ve spojeni s
tandemovou hmotnostni spektrometrii (UHPLC-MS/MS).
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Prvotni vysledky monitoringu lyofilizovanych plodt ukazuji, Ze na trhu exis-
tuji produkty, které maji vyssi obsah zejména kyseliny fosforité a jejich soli, proto
je potieba provést monitoring v Sir$im méfitku a zamé¥it se i na analyzu Sirsiho
spektra nejen rezidui pesticidii, ale I dalsich kontaminantti.
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Je lignin odpad, alebo obnovitelny
zdroj pouzitel'ny v energetickom
priemysle?
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Praca pojednava o novom experimentalnom pristupe k priprave a modifikdcii
ligninu s ciefom vylepsit findlne vlastnosti. Skimalo sa pouZitie r6znych druhov
&ernych lahov (CL), ktoré obsahovali rdzne vstupné suroviny. Cierny Iah je vedla-
j8i produkt sulfatového procesu, ktory sa v celulézovo-papierenskom priemysle
pouZziva na premenu buni¢iny na papierovinu. Je to vodny roztok, ktory obsahuje
zvysky ligninu, hemiceluldzu a anorganické chemikalie. V praci sa dalej porovna-
vali findlne vlastnosti ligninov v zavislosti od pouzitia r6znej koncentracie kyseliny
sirovej, ktord sa pouzila pri zraZani ligninov z CL. Z viacerych moznosti pripravy
ligninu sa vybral postup, kedy sa pripravil pozadovany sulfatovy lignin, ktory po-
chadzal z dierneho vyluhu (Mondi SCP, RuZomberok). Vyrobeny bol postupnym
okyslovanim ¢ierneho Itthu pomocou CO2. Pri procese zrdzania ligninu sa sledo-
val vplyv podmienok (pH a teploty) na vlastnosti ligninu. Cielom bola optimali-
zacia celkového procesu a podmienok — teplota, pH pri priprave ligninu. Aby sa
zjednodusila komplexna naroc¢nost experimentu urobil sa planovany experiment.
Vysledky z pripravenych ligninov sa porovnali a ocharakterizovali pomocou ana-
lytickych met6d. Z optimalizacie procesu sa vybrali najvyhodnejSie parametre (pH
a teplota) na pripravu findlneho ligninu (FL — lignin s najlep$imi vlastnostami).
Finalny lignin sa modifikoval pomocou r6znych modifikatorov. Tu bolo cielom vy-
uzif chemickti modifikdciu na ipravu ligninovej matrice a tym zlepsit jeho konecné
vlastnosti. Pripravené vzorky ligninov s vybranymi modifikdtormi sa porovnali na
zaklade ich fyzikalnych a chemickych vlastnosti. Nasledne sa vyhodnotila tc¢inno-
st modifika¢nych postupov na zéklade dostupnych analytickych metéd UV-Vis,
Kalorimetria (HHV), Termogravimetrickd analyza (TGA) a FTIR analyza. Vysled-
né stanovenia sa porovnali a vybrali sa ligniny s najlepsimi vlastnostami, ktoré
predstavuju vhodny zdklad obnovitelného zdroja pouzitelného v energetickom
priemysle, alebo ako nahradzajticu surovinu na vyrobu syntetickych polymérov,
o prispeje k hladaniu trvalo udrzatelnych, obnovitenych alternativnych zdrojov.

Podakovanie
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Tenké tisténé vrstvy oxidu
wolframoveého pripravené
materidlovym tiskem z vodnych
prekurzort
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Heterogenni katalyza je zajimava zejména jako technologie pro odstrafiovani
organickych nedistot z vody, protoZe je schopna zajistit kompletni oxidativni mi-
neralizaci Siroké Skaly organickych sloucenin. Jako jeden z fotokatalyzatorti pro
heterogenni katalyzu se vyuziva oxid wolframovy.

Oxid wolframovy (WO3) ma Sitku zakdzaného pasu pfiblizné 2,7 eV, coz
umoznuje vyuZiti slunecni energie pro fotokatalyzu. PouZziva se tedy pro Setrné ¢is-
téni vod i vzduchu, coz ma dobry vliv na Zivotni prostfedi. WO3 je také diilezitym
materidlem v elektrochromnich zafizenich a chemickych senzorech. Pomoci riiz-
nych imobiliza¢nich technik se nanasi na povrchy substréatii a vytvaii na nich tenké
transparentni vrstvy. Jeho vyuZiti mtiZeme najit v Siroké skale aplikaci, napfiklad v
solarnich panelech, detektorech plynti, ,chytrych” oknech, displejich, fotoelektric-
kych senzorech nebo se vyuZziva pro fotokatalytickou dezinfekci.

Tato prace se zabyva zkoumanim fyzikdlnich a chemickych vlastnosti ten-
kych tisténych vrstev WO3, které byly pfipraveny materidlovym tiskem. WO3 byl
pripraven z vodnych prekurzori metodou bottom-up a pro vyslednou kompozi-
ci byly pfidany vhodné filmotvorné latky, které upravovaly vlastnosti kompozi-
ce pro inkoustovy tisk. Jako filmotvorné latky byly pouZity polyvinylpyrrolidon,
polyoxyethylen(20)cetylether, polyethylenglykol a Pluronic 123. Z téchto tenzidli
byl vybran jeden, ktery byl pouzit pro inkoustovy tisk. Tiskova formulace se skla-
dala z roztoku DoPTA, Pluronicu 123, isopropylalkoholu a isobutylalkoholu. Tyto
alkoholy byly pfidany kviili snizeni povrchového napéti a viskozity. Na tiskarné
Dimatix byly na FTO skla vytiStény vrstvy o plose 1 cm2 s rznymi tlouStkami.
Tyto natiSténé vrstvy byly charakterizovany pomoci profilometrie a pomoci elekt-
rochemického méfeni.

Na zdkladé snimani struktury povrchu vrstev bylo potvrzeno, Ze vrstvy ne-
jevi zadné zndmky porozity a Pluronic lze povazovat za filmotvorny. U nejsilnéjsi
vrstvy byla naméfena hodnota proudové hustoty okolo 0,14 mA/cm?2 pfi osvitu UV
zatenim.
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Studium vlivu faradaickych reakci na
elektroporaci
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Elektroporace, fyzikdlni metoda kterou lze zvysit permeabilitu bunéénych
membran, naléza vyuZziti v molekuldrni biologii, genovém inZenyrstvi, ablaci nado-
rli ¢i potravinafském pramyslu. PfestoZe je tato metoda bézné vyuzivana, jeji me-
chanismus je nezndmy. Podstata metody spociva v aplikaci kratkych napéfovych
pulzii, obvykle v fadech stovek mikrosekund, které vyvolavaji zménu ve struktufe
bunééné membrany. Dochazi k tvorbé hydrofilnich p6ri, skrz které mohou do buni-
ky difundovat nabité ¢astice, ¢i makromolekuly, které by pies fosfolipidovou dvoj-
vrstvu jinak samovolné neprosly, nebo pouze omezené. Latkova vyména probiha
také smérem z buriky do média, pficemz ztrata intracelularnich molekul ovliviiuje
viabilitu bunék

Existuji studie, které jako pricinu otevieni pdra pfisuzuji pohybu transmem-
branovych molekul vody vlivem elektrického pole, nebo napfiklad peroxidaci lipi-
du ve fosfolipidové dvojvrstvé, tedy produkci reaktivnich kyslikovych forem (ROS)
faradaickymi procesy. Tyto studie zkoumaji elektroporaci z pohledu molekuldrni
dynamiky, tedy pomoci simulaci. Neexistuje vSak experimentdlni studie, ktera by
se zabyvala vlivem faradaickych reakci, pfesnéji ROS, na ti¢innost elektroporace.

Je pravdépodobné, Ze ROS hraji klicovou roli pfi permeabilizaci bunécné
membrany a spolu s elektrickym polem jsou nezbytné pro efektivni elektroporaci.
Pro ovéfeni hypotézy byly navrhnuty elektrody s vrstvou dielektrika, které zabra-
nuji tvorbé ROS.

Pfi pouziti standardnich elektroporacnich kyvet byla spektrofotometricky po-
tvrzena pfitomnost ROS po pulzovani elektrickym polem. Bylo provéfeno znacné
mnozstvi elektroporacnich protokolt v napétovém rozmezi 100-1000 V a délkach
pulzii 5 mikrosekund az 25 milisekund. Pro srovnani byly vyrobeny kapacitni elek-
trody z titanu, u kterych nebyla zjisténa piitomnost reaktivnich kyslikovych forem.
Kapacitniho charakteru elektrody bylo dosaZeno anodizaci jejtho povrchu tj. vytvo-
fenim vrstvy oxidu daného kovu. Tato tiprava povrchu umoziiuje pfenos elektric-
kého pole a méla by zamezit pfesunu elektronti mezi médiem a kovem.

Dal$im logickym krokem je porovnani efektivity elektroporace pii pouZziti
elektrod, které produkuji vyznamna mnozstvi ROS a kapacitnich elektrod, které
jejich produkci zamezuji. Vysledek by mél objasnit roli reaktivnich kyslikovych fo-
rem pii elektroporaci.

Podékovani

Chtél bych podékovat doc. Ericovi D. Glowackimu, Ph.D., jeho vyzkumné
skuping; Bioelektronické materialy a systémy (CEITEC VUT), a vedoucimu mé ba-
kalaiské prace, Ing. Jifimu Ehlichovi, Ph.D. za cenné rady a pomoc pfi feseni této
préce.
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Vyvoj analytickej metody na detekciu
a stanovenie polyaromatickych
uhl'ovodikov, ftalatov a alkylfenolov vo
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Polyaromatické uhlovodiky (PAU), ftalaty (FA) a alkylfenoly (AF) st zluce-
niny, ktoré st vysledkom najma Iudskej ¢innosti. Dnes su stcastou kazdej zlozky
zivotného prostredia, su silne perzistentné a tiez toxické pre zZivé organizmy. Ram-
cova smernica o vode nariadzuje Statom Eurdpskej tinie sledovat vyskyt a mnoz-
stvo niektorych prioritnych analytov tychto skupin s ciefom zabezpecit dobry stav
povodi. Voda ja komplexnou, ale zaroveri pomerne jednoducho spracovatelnou
matricou a tak sa analyty skupin PAU, FA a AF stanovuju najcastejSie prave vo
vode. Pri stanoveni tychto analytov z vody je ale nutné vediet spolahlivo detegovat
a stanovit tieto latky na vel'mi nizkych stopovych koncentraciach. Analyza z vody
zaroven nemusi vypovedat o skutocnom stave vodnych tokov. Zluceniny skupin
PAU, FA a AF sa zvyknu koncentrovaf v sedimentoch na dne vodnych tutvarov.
Praca so sedimentom nie je pre rutinné laboratdria atraktivna. Vzorkovanie sedi-
mentov je komplikovanejsie ako pri vode, predtiprava vzorky si vyZaduje pouZitie
velkych objemov rozpustadiel aj casu, a to je neekonomické. Za posledné roky bolo
publikovanych niekol'ko desiatok ¢lankov, ktoré sa zaoberali analyzou vzoriek se-
dimentov. Simultanna izolaciu PAH, FA a AF ale nie je bezna]. Najcastejsie apliko-
vanymi extrakénymi technikami st extrakcia rozptistadlom a Soxhletova extrakcia,
ktoré ale nedosahujii optimalne validacné parametre. Mikrovinnym Ziarenim a ult-
razvukom podporend extrakcia realizovana v ultrazvukovom kupeli sa preukazali
ako tcinnejsie metddy, avSak k tispore objemov rozpustadla nedoslo.

Cielom prace je vyvinut a validovat analytickii metédu, pri ktorej by sa na
izolaciu analytov zo vzoriek sedimentu pouzilo ¢o najmenej extrakéného roz-
pustadla, skratil sa proces predtpravy vzorky a zaroven by sa dosiahli pozadované
valida¢né parametre.

Doteraz boli analyzované Standarné zmesné roztoky s koncentraciou PAU
a FA 100 - 10000 ng/g a s koncentraciou AF 50 — 50 000 ng/g. Na separaciu a de-
tekciu analytov sa pouziva HPLC chromatograf Agilent 1200, ktory je vybaveny
detektorom diodového pola a fluorescenénym detektorom. PAU uhlovodiky (17)
a FA (2) spolu s butylovanym hydroxytoluénom (BHT), pre ktory je na Slovensku
povinny monitoring, sa separuji na koléne ZORBAX Eclipse PAH a na separaciu
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AF (4) sa pouziva chromatograficka koléna Arion. Vyhotovené boli kalibracné kriv-
ky, ktoré boli linedrne cez 3 dekadické rady s koeficientom determinacie R mini-
malne 0,99 pre vsetky analyty, ¢o znaci dobrt linearitu metody.
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Moderni svét je zatizen fadou vyzev a jednou z nich je feSeni ndhrady kie-
miku jakoZto hlavni komponenty pro vyrobu polovodicovych soucastek jako jsou
tranzistory, svétlo emitujici diody ¢i solarni ¢lanky. Kfemik se pro své polovodico-
vé vlastnosti pouziva uz fadu let.

Jeho vyroba je ale energeticky ndrocnd, coz pfinasi zatéZz pro Zivotni pro-
stfedi. Déle jsou také problémem jeho fyzikalni vlastnosti, jelikoz je tézky, kiehky
a neflexibilni. Odpovédi na tyto problémy se ukézaly byt organické molekuly
s konjugovanym systémem dvojnych vazeb, které taktéz prokazuji polovodicové
vlastnosti, ale na rozdil od kfemiku se daji aplikovat v tenkych vrstvach na flexi-
bilni substraty, ¢imz vznikaji lehké a flexibilni zafizeni s Sir$§im spektrem vyuziti.

Jednou ze skupin latek zkoumanych pro tento ticel jsou polymery zaloZené na
vysoce vykonnych pigmentech, jakymi jsou naptiklad diketopyrrolopyrroly (DPP).
Molekula DPP je $iroce modifikovatelnd, coz ji dava velky potencial pro jeji mozné
vyuziti.

Piprava polymert na bazi DPP byla nejprve provedena pomoci Stilleovy re-
akce pfes organocinaté intermedidty. Syntéza intermediati véak obsahovala vétsi
mnozstvi syntetickych krokt, které byly ¢asové narocné a pro piipravu rozsahlych
sérii nevhodné. Dale vyzadovala extrémni podminky z hlediska teploty a pouzi-
tych chemikalii, coZ zahrnovalo uZiti toxickych organocinatych sloucenin. Z tohoto
dtvodu byl piistup piipravy zménén na pfimou arylaci s vyuzitim palladiového
katalyzatoru. Doslo ke sniZeni poctu reakcnich krokii a absence extrémnich pod-
minek pfipravy. Aktudlné se pfipravuje rozsahla série citajici celkem 25 polymert,
které se odlisuji kombinaci pfitomnych postrannich alifatickych fetézcli a aroma-
tickych komonomernich jednotek. Na této sérii bude nasledné provedena studie
optoelektrickych vlastnosti.
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Well established high-throughput screening (HTS) assays are a cornerstone
for the enzyme characterisation, directed evolution and protein engineering. This
project aims to develop such an assay for the screening of alkane monooxygenases.
The focus of this study is an alkane monooxygenase system from Pseudomonas
putida GPol (AIkBGT). Among many chemically interesting reactions, this system
catalyses the w-oxyfunctionalisation of medium-chain alkanes. Its regio- and ste-
reoselectivity, together with its broad substrate spectrum, makes it attractive for the
synthesis of fine chemicals and building block compounds for the polymer produc-
tion from renewable feedstock. For the efficient screening of the engineered AlkB
variants, the AIKBGT system was coupled to the bioluminescence luxAB-based sen-
sor system from Photorhabdus luminescens by the alcohol dehydrogenase Alk]J (P.
putida GPol), for the in vivo detection of aldehydes.

The AIKBGT system, AlkJ] and luxAB were successfully expressed in E. coli
RARE, together with the transporter protein AIKL (P. putida GPo1). The co-expre-
ssion of AIKBGT, AIKL, Alk] and luxAB was successful in small-scale (50 ml) ex-
pression tests. To increase the assay throughput the expression was optimised and
downscaled to deep-well plates. The assay could then be performed directly in the
cultivation medium, greatly simplifying the screening process. Herin, the artificial
enzyme cascade was tested on alkanes (n-octane, n-dodecane and n-tetradecane).
To increase the uptake of longer substrates, the effect of using cell-permeabilising
agents was shown. In addition to this, a positive effect of the AIkL transporter co-
-expression on substrate uptake was reported. Several technical aspects of the assay
were fine-tuned. The assay was finally applied on the characterisation of the se-
lected AlkB variants and homologs. Differences between the wildtype and mutant
strains could be observed in the screening.

In the current state, our luxAB-based bioluminescence HTS assay is suitable
for the identification of new AlkB homologs. It can also be employed to uncover al-
kane monooxygenases’ substrate scope or the influence of different transporters on
substrate uptake in whole-cell systems. To apply the screening assay to distingu-
ish improved monooxygenase variants, the method requires further optimisation
to increase its sensitivity. Finally, the substrate independent HTS assay can open
the doors for further engineering and industrial applications of these enzymes.
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Nové derivaty diketopyrrolo[2,3-f]
indolu (DPI) pro organickou
elektroniku

Ji¥i Stpekl, Martin Cigdnek?, Josef Krajcovic!

1) Vysoké ucent technické v Brné, Fakulta chemickd, Ustav chemie a technologie ochrany
Zivotniho prostiedi, Purkyriova 464/118, 61200 Brno Jiri.Sipek@uut.cz

V 21. stoleti jsou mimo jiné celosvétovym tématem energie a jejich cena. V
soucasné dobé je stale dominantni zisk energie z neobnovitelnych zdroja jako je
napftiklad uhli ¢i zemni plyn. Od neobnovitelnych zdroji se vSak pomalu upousti,
a v otdzce obnovitelné energie prichdzeji na scénu alternativy z oblasti organické
elektroniky a fotoniky v podobé novych technologii. Technologie, ve kterych se
organické polovodice uplattiuji, najdeme napiiklad v organickych polem fizenych
tranzistorech (OFET), v organickych solarnich ¢lancich (OSC) nebo organickych
svétlo-emitujicich diodach (OLED).

I pfes to, ze vykonem stdle dominuji kfemikové technologie, organické po-
lovodice se stale vice pfiblizuji a té$i velkému zdjmu z dtvodu jejich zcela vyji-
meénym vlastnostem, jakou jsou levnd priprava, nizkd hmotnost, mechanicka
flexibilita, snadné zpracovani, vyladéni funkci molekuldrnim designem a bohata
dostupnost ve srovnani s anorganickymi materialy.

Pravé molekula diketopyrroloindolu (DPI), systematickym nazvem 1,3,4,6-te-
trarylpyrrolo[3,2-b]-pyrrol-2,5-dion, ktera se fadi do skupiny vysoce-vykonnych
organickych pigmentti a barviv, vykazuje slibnou vykonnost v technologiich orga-
nické elektroniky, jako jsou organické tenkovrstvé tranzistory a organické solarni
clanky.

Prace se zaméfuje na piipravu zakladniho skeletu molekuly DPI tfikroko-
vou syntetickou cestou a nasledné pripravé série N,N'-alkylovanych derivatii DPI
mechanismem nukleofilni substituce (SN2). Byly uspésné pfipraveny 3 vysledné
produkty: s rozvétvenym postrannim fetézcem 2-ethylhexylem, a 2 nové dosud
nepopsané derivaty s linedrnim dodecylovym fetézcem a objemnym adamanty-
lovym substituentem. Pfipravené produkty budou studovany z pohledu zakladni
charakterizace jak fyzikalné-chemickych vlastnosti, tak jejich funkcionality v dfive
uvedenych technologiich organické elektroniky.

Podékovani

Rad bych podékoval vedoucimu prace doktoru Martinu Cigankovi,
Laboratofi syntéz pokro¢ilych materidlti, Ustavu chemie a technologie ochrany Zi-
votniho prostfedi a Fakulté chemické za moznost realizace této prace.

37
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Analyza klinicky relevantnych biomarkerov u onkologickych ochoreni je
v mnohych ohladoch kritickd, nakolko st zo svojej podstaty castokrat vysoko he-
terogénne, dynamicky sa meniace a rychlo progredujtice, a preto je dolezita ich
vcéasna diagnostika. Jednou z diagndz, u ktorej bol identifikovany a validovany Spe-
cificky biomarker, BCR-ABL1 onkogén, je chronicka myeloidna leukémia.

Analyza pritomnosti a mnoZzstva BCR-ABL1 mRNA sa uskutocniuje pomocou
metodiky vyuZivajlcej polymerdzovu refazovu reakciu s monitorovanim v redl-
nom ¢ase (RT-qPCR). Ako vstupny materidl pre RT-qPCR analyzu sa Standardne
pouziva celkova RNA, avsak konkrétna klinicky relevantnda BCR-ABL1T mRNA
predstavuje len zanedbatel'nt frakciu celkovej RNA, ¢o v kone¢nom ddsledku zna-
mend, Ze material vstupujici do RT-gPCR analyzy je zna¢ne nariedeny. Stucasny
stav techniky tak otvara priestor pre nové metodické postupy, ktoré by umoznili
cielent1 izolaciu konkrétnych biomarkerov v purifikovanej podobe bez pritomnosti
Klinicky nerelevantnych molekul. Tato praca takyto izolacny postup prinasa.

Originalny izola¢ny postup popisany v tejto praci je zaloZeny na tcelovej
modifikdcii povrchu SiO2 a Fe304 nanocastic sondou s ndzvom ASP210. ASP210
je vysoko-Specificky terapueticky oligonukleotid vyvinuty pre selektivnu inhibiciu
BCR-ABL1 mRNA a v tejto praci bol pouzity ako zachytdvacia sonda.

Robustnost predmetného popisaného izola¢ného postupu bola testovana na
diametralne odliSnych platformach nanocastic, z ktorych kazda prinasa do procesu
izolacie jedinecné benefity, ako aj iskalia. Kazda platforma bola testovana v dvoch
nezavislych postupoch, kedy sa 1) najprv biotinom funkcionalizovana ASP210 son-
da nechala naviazat na biomarker, a nasledne sa takto vytvoreny duplex izoloval
prostrednictvom vazby na streptavidinom modifikovany povrch nanocastice, alebo
2) najprv sa biotinom funkcionalizovana ASP210 sonda imobilizovala na streptavi-
dinom modifikovany povrch nanocastice, a nasledne sa biomarker zachytaval na
sondou modifikovanej castici.

Pre vybrany metodicky postup bola ti¢innost izolacie stanovena pri koncen-
taciach analytu v rozsahu 103 - 107 molekul/uL, a to samostatne, ako aj v modelovej
zZmesi.

Pouzitie SiO2 nanocastic viedlo k takmer kvantitativnej izoldcii biomarkeru
bez ohl'adu na zvoleny metodicky postup, v pripade Fe304 nanocastic bola vysled-
na efektivita o viac ako 35% nizSia. V kazdom pripade, obe testované platformy
nanocastic a oba testované postupy umoznili izolaciu biomarkeru, ¢o by mohlo aj
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pri najnizsom dosiahnutom ¢iastkovom vysledku izolacie ~20% stale predstavovat
vyrazné, ~10 000-ndsobné, zvysenie citlivosti nadvazujucich diagnostickych analyz
oproti sti¢asnym postupom vyuZzivajucim ako vstupny material celkovii RNA.

Kltucové slova: Chronicka myeloidna leukémia; biomarker; nanocastica; izolacia
RNA
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Romandolide, prominent member of linear musks family was discovered by
replacing the gem-dimethyl moiety of Helvetolide with a carbonyl group. Posse-
ssing fruity, musky character with a camphor nuance, with its threshold of 0.4 ng/L
air, Romandolide found its place in perfumes like "Murmure’ (Van Cleef & Arpels,
2002) or "Absolu” (Rochas, 2002).
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Romanddide

Despite the vast effort on the SAR studies in this area, only one report deals
with the effect of contraction and/or expansion of cyclohexane ring of Romando-
lide. In order to scrutinize the effect of ring size on the olfactory properties of such
homologues, 5-, 7- and 8-membered ring analogues have been prepared. The result
of previous study showed, however, that none of the newly prepared molecules
emanated any musky scent, which could lead to the assumption that (substituted)
6-membered ring is crucial for muskiness of Romandolide. However, analogous
3- and/or 4-membered rings have not been prepared. Therefore, we decided to scru-
tinise the effect of cyclobutane analogues of aforementioned molecule and evaluate
their fragrance.

Synthesis of designed targets started with Steglich esterification of commer-
cially available cyclobutylmethanol with chloroacetic acid in the presence of water-
-soluble carbodiimide (EDC.HCl) and DMAP as a catalyst. The pure chloroester
was obtained after vacuum distillation. Subsequently, this common intermediate
underwent a series of parallel SN reactions with various in situ made carboxylates.
The pure target diesters were obtained after FLC.

o
/JL\,/ HC-DH NaH (1.1-12 eg DJ\
';i'.' S0"C.2-5h
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The sensory evaluation by panel of trained perfumers (Symrise Ltd.) showed
that none of our molecules emanated musky scent. However, they weren't left
scentless, all the products possessed pleasant fragrance, mostly with fruity, choco-
late and banana notes.
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Izoflavony st prirodné zlticeniny, ktoré sa vyskytuja v rastlinach, najma v so-
jovych béboch a ich produktoch. Vdaka antioxida¢nym ti¢inkom izoflavonov mdze
mat pravidelna konzumdcia potravin bohatych na izoflavény mnohé zdravotné
vyhody. Patria do skupiny flavonoidov.

Na rozdiel od flavénov je v izoflavénoch kruh B pripojeny k atému C3. Tato
zmena bodu pripojenia kruhu B z uhlika C2 na uhlik C3 prerusi e-konjugaciu
v celej molekule v dosledku neplanarnej Struktary izoflavéonov. V porovnani s fla-
vonolmi potom chybajiica OH skupina na atéme C3 mo6ze obmedzovat ich schop-
nost zachytavat radikaly.

Ich molekuly casto obsahuju jednu alebo viaceré metoxylové a r6zny pocet
hydroxylovych skupin naviazanych na aromatickych kruhoch. Pritomné hydro-
xylové skupiny zodpovedaji za ich antioxida¢ny tuc¢inok. Hoci je tiloha hydroxy-
lovych skupin réznych flavonoidov v sticasnosti pomerne detailne preskiimand,
pozornost metoxylovym skupindm sa v doterajSom vyskume nevenovala napriek
faktu, ze O-C vizba v metoxylovej skupine je slabSia ako O-H vézba fenolovych
OH skupin.

V oblasti teoretického vyskumu latok st veImi uZzitoéné kvantovochemické
metddy, ktoré umoznuju ziskat aj informacie, ktoré zatial nie st experimentalne
dostupné. Tieto metédy umoznuju detailné skiimanie Strukttry, termodynamiky a
kinetiky pdsobenia antioxidantov v r6znych prostrediach. Ich ti¢inok a dominantny
mechanizmus posobenia vyrazne ovplyviiuje prostredie.

Zamerali sme sa na vypocty reakénych entalpii pre homolytické Stiepenie
O-C vizby metoxylovych skupin v prostredi vody. Vypocty sme uskutocnili pro-
strednictvom metddy funkciondlu elektrénovej hustoty B3LYP s bazou funkcii at6-
movych orbitdlov 6-311++G**. Efekt rozpustadla sme do vypoctov zahrnuli pomo-
cou IEF-PCM pristupu. Entalpie disociacie O-C vézieb sme vypocitali pre skimané
izoflavény, ich termodynamicky preferované aniény a dianiény. Zvolena skupina
zlcenin umoznila posudit efekt Struktarnych odlisnosti jednotlivych izoflavénov
a ich deprotonizovanych foriem na entalpie disocidcie O-C skupin. Vypocitané re-
akéné entalpie sme porovnali aj s entalpiami disociacie O-H vizieb skiimanych
izoflavénov, ich aniénov a dianiénov dostupnymi v literattre.
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Slitina platiny a iridia se fadi k bézné vyuzivanym materidlim v medicinské
praxi, pfevazné v oblastech elektrické stimulace. Pro tento materidl byly zkoumany
elektrochemické déje, které mohou pfi vyuziti neurostimulacnich protokol ne-
vratné probihat, obzvlasté pak reakce, pfi nichz dochazi k redukci kysliku (Oxygen
Reduction Reaction — ORR).

Kyslik se mtize redukovat na vodu nebo peroxid vodiku pomoci 2- nebo
4elektronovych chemickych reakci:

0, +2H +2e ->H, O, 1)
O, +4H* +4e~ ->2H, O @)

Peroxid vodiku se v nizsich koncentracich vyskytuje v tkanich, kde slouzi
jako signalni molekula. Béhem ORR dochézi ke zméné téchto koncentraci, pficemz
nasledna akumulace peroxidu vodiku, lokdlni pokles koncentrace kysliku, piipad-
né az hypoxie mohou byt nezZaddoucim efektem neurostimulace, ¢imz miize dojit
k poskozeni nervové tkané nebo k bunécné smrti.

Cilem je provéfit zavaznost téchto déji a kvantifikovat zmény koncentraci
kysliku a peroxidu vodiku v blizkosti povrchu elektrody v rtiznych elektrolytech
s pouzitim stimulac¢nich protokolt ve stejnosmérném a stiidavém proudovém re-
zimu.
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Elektronika zaloZena na kfemikovych polovodicich je jiz desitky let nedil-
nou soucasti bézného Zivota. Jeji pouZiti je ale v nékterych oblastech omezené. Jeji
funkci v téchto pfipadech miiZze doplnit organicka elektronika. Misto bézné pou-
zivanych materidlii se vyuZziva specificky upravenych organickych molekul, které
mohou nahradit funkci vodicti, polovodi¢t nebo senzorti. Timto organicka elekt-
ronika predstavuje dynamicky se rozvijejici obor v mnoha oblastech, zejména pak
energetiky a mediciny. Bio-inspirované materialy v organické elektronice nachazeji
stale vétsi uplatnéni diky pfedpokladu biokompatibility, specifické modifikovatel-
nosti a funkcionality vychazejici z jejich roli v pfirodé. Flaviny pfedstavuji jednu
ze tiid téchto bio-inspirovanych materialii. Tyto derivaty riboflavinu (vitaminu B2)
své optické a redoxni vlastnosti ziskavaji diky struktufe izoalloxazinu. Diky vSe-
stranné uplatnitelnosti téchto materiali je potieba nalézt univerzalnéjsi syntetické
cesty, kterymi bude mozné pfipravit Siroké spektrum struktur s pozadovanymi
vlastnostmi

Tento piispévek se zaobird syntézou 1,2-diketonti jakoZto prekurzort pro
syntézu substituovanych nekondenzovanych flavinovych derivat. Pro syntézu
téchto prekurzorti byly zvoleny tfi syntetické metody jejich syntézy: Sonogahirova
cross-couplingovd reakce s naslednou oxidaci trojné vazby, Friedel-Craftsova acy-
lace a benzoinova kondenzace. Tyto syntetické cesty byly ovéfeny s vyuZitim riiz-
nych reakénich podminek, jednotlivé intermediaty a cilové molekuly purifikovany
ajednotlivé pristupy byly kriticky zhodnoceny. V posledni fazi byl z pfipraveného
1,2-diketonu syntetizovan N-substituovany nekondenzovany flavin.
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V soucasné dobé projevuji farmaceutické spolecnosti véeobecné velky zijem
a co nejpreciznéjsi zacileni lécivych latek za ticelem optimalizace davkovani a do-
sahnuti co nejefektivnéjsiho vyuZziti v cilové oblasti. Mezi nejcetnéjsi diivody toho-
to zdjmu se pak ¢ita snaha o sniZeni pfipadné toxicity latky pro cely organismus
a 0 omezeni naklad na vyvoj novych latek. Takto pfesného zacileni 1ze dosdhnout
pomoci tzv. ,chytrych nanocastic”, které jsou schopny uvoltiovat lé¢ivou latku na
zakladé specifické afinity v aktivné postizeném misté.

Program COMSOL Multiphysics umoziiuje kombinovat, a po vytvoreni mo-
delu simulovat co nejpfesnéjsi reakce na okoli a fyzikalni vlivy v rdmci srdce. Je
schopen napodobit pravdépodobné chovani jednotlivych ¢astic, coz bylo také sle-
dovano.

V samotném modelu byly nejprve nastaveny parametry pro jednotlivé ¢as-
ti modelu, zejména geometrie, vlastnosti materialti, tlak a velikost ¢astic. Difusni
koeficient krve byl nastaven podle provedené studie. [1] Nasledné byly vyuZity
fyzikdIné-vypocetni moduly ,Transport of Diluted species (tds)”, ,Laminar Flow
(spf)” a ,Particle Tracing for Fluid Flow (fpt)” aby bylo moZno sledovat pfirozeny
tok jednotlivych ¢astic napfi¢ modelem srdce. Pomoci tohoto modelu je mozné ur-
Cit rychlost pritoku jednotlivych ¢astic srdcem. Alternativné mtiZe byt, na zakladé
tohoto modelu, vytvofen i model, ve kterém bude mozné definovat aktivné posti-
Zena mista, kterd jsou schopna vazat piipadné lé¢ivé nanocastice.
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In clinical practice, the treatment of infections is frequently complicated by
the resistance of microorganisms to antibiotics. Since the development of new anti-
biotics is limited it's difficult to fight against multiresistant strains of infectious bac-
teria, so-called superbugs. The effective lifetime of antibiotics can be shortened by
using broad-spectrum antibiotics. The overuse of these antibiotics can be avoided
with improved diagnostics of clinically relevant pathogens.

The non-destructive analytical technique called Raman spectroscopy (RS) is
based on Raman scattering. RS is considered an emerging alternative method for
the identification of pathogenic bacteria. The main drawback of RS is its low sensi-
tivity which can cause the inability to effectively detect the pathogen. Improvement
of the signal intensity can be achieved by advanced RS modifications such as sur-
face-enhanced Raman spectroscopy (SERS) that allows Raman signal amplification
by several orders of magnitude due to plasmonic features of metal nanoparticles or
nanostructured metal surfaces.

The short range of SERS (below 5 nm) presents a significant disadvantage
in the direct use of SERS substrates for the identification of live bacteria since the
majority of SERS signals originate only from the cell wall. Inter-species differences
in the cell wall composition are usually insufficient for reliable identification of the
bacterial pathogen using SERS.

There is a specific form of detection of microorganisms through SERS that
uses Raman active labels so-called SERS-tags which are based on modified gold
(Au) nanoparticles. SERS-tags are used due to their selectivity, biocompatibility,
high electron density, water solubility, and stability. The selectivity of SERS-tags
is based on the combination of gold nanoparticles with strain-specific antibodies.
The surface of gold nanoparticles is also modified with Raman reporter molecules
which have intensive and specific responses in the Raman spectrum. The signal of
Raman reporters is amplified when multiple gold nanoparticles are attached to the
surface of the bacterial cell. In these conditions, so-called hotspots are formed be-
tween the nanoparticles, which results in the amplification of the Raman spectra of
the reporters using SERS. The specificity of SERS-tags can be modified by the type
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of antibody on their surface. The antibodies react with specific antigens in com-
plex biological systems such as bacteria or other microorganisms. SERS-tags can be
combined with nanoparticle-based magnetic separation or gold-covered glass chip
modified with antibodies, for tandem immobilization and detection of pathogens.

In our experiments, we realized the so-called sandwich immunoassay for
Escherichia coli detection by a combination of anti-E. coli-antibody-based immobi-
lization of E. coli cells on a gold-covered glass chip, followed by a selective tagging
of the immobilized E. coli with the SERS-tags prepared from gold nanorods surface
modified by an anti-E. coli antibody and a Raman reporter 5,5'-dithiobis-2-nitro-
benzoic acid (DTNB).

The arrangement of our SERS-labeled nanoprobes enables sensitive, selective,
and rapid identification of bacteria especially for advanced medical diagnostics.
The described sandwich immunoassay can be easily implemented on a microflui-
dic platform, allowing automation of the analytical procedure. In addition, the use
of several SERS-tags with different antibodies and reporter molecules enables the
simultaneous identification of several bacterial strains in the studied sample.
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Plasma Activated Water (PAW) has recently come to the forefront of new cold
plasma applications. Based on the cold plasma treatment of water, it can gain new
properties, such as antibacterial effect or stimulation of plant growth. Apart from
short-lived reactive oxygen and nitrogen species (RONS), such as NO-, -OH or -O2-,
which are present in the plasma, long-lived RONS, such as hydrogen peroxide,
nitrites, and nitrates, can be present in the water treated by cold plasma. These
RONS are responsible for PAW properties. Thanks to these properties, PAW can
be a new and environmentally friendly tool to increase germination of seeds and
subsequently, to increase and sustain agricultural production, while it may also
protect the seeds from bacteria.

In this work, PAW was utilized to increase the germination of maize (Zea mays)
and growth of radish (Raphanus sativus). Apart of the study of increased germi-
nation and plant growth, effect of PAW on growth of plants contaminated with
heavy metals was studied. In a short-term toxicity test, Cannabis sativa was grown
in hydroponic medium consisting of PAW and different concentrations of cadmium
and lead. Solutions of cadmium and lead in distilled water were used as a negative
control. The effect of PAW was assessed by toxicological tests, and the distribution
of heavy metals in plants was studied by the means of Laser-induced Breakdown
Spectrometry (LIBS).
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A range of pharmaceuticals plays a key role in the management of diseases.
However, up to 90% of the drug dosage can be excreted in the form of faeces or
urine. These residues may subsequently enter the soil environment, e.g. throu-
gh irrigation with wastewater, application of animal manure, or treated sewage
sludge. Studies have shown that crops grown in contaminated soil may contain
trace amounts of drug residues, raising concerns about the potential human health
risks associated with long-term dietary intake of these substances and the deve-
lopment of antibiotic-resistance genes. Currently, it is estimated that around 1.2
million deaths worldwide and another 2.6 to 4.8 million are associated with AMR;
by 2050, this number will rise to 10 million deaths per year. Furthermore, studies
suggest that uptake of these compounds by earthworms can occur, which raises
concerns about the potential decrease in soil quality and secondary poisoning of
their predators.

Although many studies have focussed on the investigation of the fate of ve-
terinary antibiotics in terrestrial environments, there is still a lack of knowledge on
the uptake of these compounds and their metabolites by plants and soil organisms;
therefore, potential environmental and health risks are not investigated thorough-
ly. Some studies have also suggested that these compounds could also be removed
from animal manure or soil by vermicomposting (ex-situ vermiremediation).

Therefore, this novel work focussed on the quantification of enrofloxacin in
earthworms after its uptake in contaminated soil environment (sampling after 1;
3 and 5 days of exposure) via extraction using the QuUEChERS method, followed
by LC-ESI-TQ analysis. Furthermore, the mechanism of earthworm uptake was
investigated by MALDI-TOF analysis, specifically by characterising the spatial dis-
tribution of enrofloxacin within the earthworm tissue. In addition, metabolic chan-
ges in earthworms due to soil contamination were investigated by complementary
mass spectrometry analyses (LC-ESI-qTOF and MALDI-TOF).
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Exosomes are a type of extracellular vesicles that provide a form of cell-to-cell
communication. Their role in the interaction between the cancer cells and plati-
num derivatives is not well known yet. However, exosomes have been found to
have a role in the efflux of platinum derivatives from cells. The aim of this work
was the confirmation of existing scientific hypotheses and the refinement of these
hypotheses in the light of new information. The influence of the concentration of
the drug and the duration of the treatment on the uptake and efflux of platinum by
the cells was the subject of the study. All experiments were performed on ovarian
adenocarcinoma cell lines. A2780 was selected to represent the treatment-sensitive
line, A2780cis has acquired resistance and as the naturally resistant line SK-OV-3
was used.

Solution nebulization inductively coupled plasma mass spectrometry (SN ICP
MS) was used to analyze the exosome and cell samples. Depending on the con-
centration of the drug in the treatment, both influx and efflux of the drug follow
alinear trend. While the sensitive line excreted about 50 % of the drug at all concen-
trations, the two resistant lines effluxed up to 90 % of the drug. The dependency on
the duration of the treatment reveals that the cells start to secrete more of the drug
via the exosomes after 12 hours, but more research is necessary for better under-
standing on this issue.

Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS)
was used for 2D imaging, especially for the visualization of the spatial distribution
of platinum. The obtained results showed that platinum accumulates in the regions
of the cell nuclei. LA-ICP-MS was also used for bulk analysis of single cells. The
measurements confirmed the linearity of the trend in the dependence of the amount
of platinum in the cells on the concentration of the chemotherapeutic agent during
treatment.
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Biochar, a carbonaceous material resulting from the thermal decomposition of or-
ganic biomass under oxygen-limited conditions, is on the rise as a significant player
in various technological fields, namely, agriculture, environmental remediation,
energy storage and electrochemistry. Given its origin, biochar is often presented
as a versatile alternative to traditional carbon-based materials, which, despite the
diversity of their applications, all share the same disadvantages — their dependence
on fossil fuels and energy-demanding synthesis. The versatility of biochar lies in its
ability to be customized to suit specific applications by influencing the preparation
method and feedstock composition. The synthesis of biochar results in a highly
stable material, with distinctive structural characteristics such as high surface area,
porosity, and an abundance of surface functional groups. These qualities indicate
excellent sorption capabilities of this material; therefore, it can find promising use
in the issue of water system pollution.

Micropollutants in water systems include a wide range of chemicals from per-
sonal care products, pharmaceuticals, pathogens, and household chemicals, such
as biocides, pesticides, and surfactants. The main goal of this work is the use of
biochar as a functional eco material for the removal of micropollutants in waste-
water and the determination of its sorption capacity. Adsorptive removal of micro-
pollutants typically relies on physical adsorption, however, this work shows, that,
the application of an electrochemical potential may significantly improve biochar’s
abilities as an adsorbent, achieving a similar or even greater pollutant removal rate
in just minutes, compared to hours of physical adsorption. The effective removal of
various micropollutants from water systems is achieved using an electrochemical
sensor, mirroring the appearance of screen printed electrodes.

Moreover, a future goal for this work goal is to develop a flow-through simul-
taneous system for their real-time pollutant removal and monitoring.

53



Acknowledgement

This work is supported by the Operational Program Integrated Infrastructure
for the project: , Strategic research in the field of SMART monitoring, treatment and
preventive protection against coronavirus (SARS-CoV-2)”, Project no. 313011ASSS,
co-financed by the European Regional Development Fund.; by the project BIN
5GS02_2021_001 funded under the Norway Grants 2014-2021 and co-funded by
state budget of the Slovak Republic, by the project under the Call-3B TRONDHEIM
for water pollution submitted under the Programme CZ- ENVIRONMENT finan-
ced from Norway Grants 2014-2021, and by the STU Grant scheme for Support of
Excellent Teams of Young Researchers under acronym , BIOCHAR”.

54



Study of IFI16 Protein Binding to DNA
G-quadruplex Secondary Structure

Libuse Kratochviloval?*, Natdlia Valkovad?, Viclav Brdazdal?

1) Brno University of Technology, Faculty of Chemistry, Department of Food Chemistry
and Biotechnology, Purkyriova 118, 61200 Brno, Czech Republic; Libuse.Kratochvilova@
vut.cz
2) Institute of Biophysics of the Czech Academy of Sciences, Department of Biophysical
Chemistry and Molecular Oncology, Krdlovopolskd 135, 61265 Brno, Czech Republic;
kratochvilova@ibp.cz

Interferon-gamma-induced protein 16 (IF116) belongs to the highly homolog-
ous mammalian HIN-200 protein family. The IFI16 protein contains two tandemly
located C-terminal DNA binding HIN domains and an N-terminal PYRIN domain.
Both HIN domains show a highly conserved topology with a different surface
charge distribution that affects their binding to DNA [1]. The HIN domains of the
IFI16 protein interact in vitro with both ssDNA and dsDNA through electrostatic
interactions that are affected by salt concentrations [2], with the full-length IFI16
protein showing structure-specific binding to the G-quadruplex (G4) secondary
structure [1, 2]. G4s are non-canonical local structures of DNA (or RNA) that readily
form under physiological conditions in important regulatory regions of the genome
or are part of the genomes of viruses and pathogens [3].

In this study, the binding of the IFI16 protein to DNA was analyzed. We tested
G4 sequence from Kaposi‘s sarcoma-associated herpesvirus (KSHV) and its mu-
tant variants where one, two or three guanine tracks were replaced with adenine
(KSHV-1no, KSHV-2no, and KSHV-3no). The biophysical characterization of the
formation of secondary structures was tested by CD spectroscopy, the ThT assay,
and electrophoretic mobility shift tests in a physiological environment without and
with the addition of stabilizing potassium ions. The binding properties of the IFI16
protein to the formed DNA structures were studied in vitro (through binding and
competitive binding EMSA) and in vivo (by functional assays in a yeast isogenic
system).

The results show that the analyzed sequences form G4 structures in vitro.
However, compared to original KSHV derived sequence which form intramolecu-
lar G4s, the guanidine-track mutants formed mainly intermolecular complexes. In
vitro binding and competitive binding experiments demonstrated specific binding
of the IFI16 protein to G4 structures. Stabilization of G4 structures by IFI16 protein
in vivo behind the p53 responsive element in the reporter gene promoter induced
transcriptional repression of the given gene, while loss of G4-forming potential le-
ads to increased p53 transactivation by its protein-protein interaction with IFI16.
Our results point to the importance of structural features of DNA for exact gene
regulation.
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This work aimed to design a formulation and prepare a native skin cream
and skin creams enriched with liposomal particles with encapsulated vitamin E.
The raw materials for creams were selected after thorough research. The liposomal
particles were prepared by sonication method using an ultrasonic homogenizer.
The prepared liposomes were stored at 4°C and the creams at a laboratory tempe-
rature of 25°C during the measurement period.

After the preparation of the skin creams, their stability and rheological pr-
operties were studied at given time intervals during storage for 12 weeks. The sta-
bility of the prepared samples was determined using a LUMiSizer analytical cen-
trifuge with STEP-Technology. Among the rheological properties, changes in the
rate of structure recovery of the formulations were monitored, as well as changes
in zero and infinite viscosity, which can be presented as changes in viscosity du-
ring product storage and changes in viscosity during application and spreading on
the skin. All stability and rheological tests were performed for a temperature of 25
°C, which also corresponded to the storage temperature, and for a temperature of
37 °C, which approximately corresponds to the human body temperature.

Stability tests showed that at laboratory temperature the sample of the native
skin cream was the most stable, while the sample with the addition of 20 wt.% of
liposomal particles was determined to be the least stable. At increased experimen-
tal temperatures, the stability of all samples decreased. The sample with 10 wt.%
liposome addition showed the highest stability at increased temperature initially,
however, the native lotion sample again proved to be the most stable during aging.
In contrast, creams with a higher addition of liposomal particles were significantly
unstable at increased temperatures.

At the storage temperature, the sample with 10 wt.% and 30 wt.% liposome
addition showed the smallest changes over time in the zero-viscosity measurement.
In contrast, at increased temperature, the sample with 10 wt.% liposome addition
and the native sample showed the highest changes in zero viscosity. When the infi-
nite viscosity was analyzed at laboratory temperature, it was found that the viscosi-
ty changed the least over time for the lotion without adding liposomes. In contrast,
the most significant changes were observed for the sample with 10 wt.% addition of
liposomal particles. When analysed at increased temperature, it was found that the
sample with 10 wt.% addition immediately after preparation should be the most
spreadable in practice. In contrast, the sample with 30 wt.% liposomes at 12 weeks
of age was found to be the least spreadable. When thixotropic properties were stu-
died, it was found that the native lotion sample showed the highest recovery rate at
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both laboratory and increased temperature. For all samples, a general decrease in
regenerative ability with aging time was observed.

The size and stability of the prepared liposomal particles with encapsulated
vitamin E were monitored by DLS and zeta-potential determination. The prepa-
red particles showed the smallest particle size (197.2 + 2.9 nm) and polydispersity
(0.218 + 0.014) at 4 weeks of age after preparation, while the largest particle size
(260.1 + 34.1 nm) and polydispersity (0.398 + 0.059) were measured after 8 weeks of
age. Using stability analysis, it was found that except for the particles at 8 weeks of
age, all reached values below -30 mV, thus exceeding the stability limit of +30 mV
and can be considered stable.

58



The influence of different wheat bran
pretreatment methods on the yield
and purity of isolated ferulic acid after
alkaline hydrolysis

Jakub Ndabélek, Pavel Divis, Jaromir Pofizka

Brno University of Technology, Faculty of Chemistry Purkyriova 464/118, 612 00 Brno,
Jakub.Nabelek@vut.cz

Ferulic acid (FA) is a highly valued bioactive substance known for its signifi-
cant antioxidant, antimicrobial, anticancer, antiallergic, hepatoprotective, anti-in-
flammatory, and antiviral effects. Due to these properties, the use of FA in the food,
pharmaceutical, and cosmetic industries is growing. Recently, substantial efforts
have been made to isolate this compound from residual biomass with the aim of
overcoming production by petrochemical means. One of the interesting materials
containing ferulic acid available in large quantities is wheat bran. According to FA-
OSTAT, the world’s processing of wheat produces more than 120 million metric
tons of wheat bran.

In this study, the effect of applying different pre-treatment methods to wheat
bran before alkaline hydrolysis and the isolation of FA was tested. A single-step
pre-treatment was examined using hot water or 0.05 M NaOH, as well as a two-step
pre-treatment, involving both of these steps sequentially. The yield and purity of
ferulic acid obtained through these procedures were compared with the process
using alkaline hydrolysis without bran pre-treatment. The alkaline hydrolysis was
performed using

0.2 M NaOH at a temperature of 50°C with 2 hours of stirring. For the isola-
tion of ferulic acid from the hydrolysate, adsorption and desorption using XAD-16
resin were performed.

The yield of FA using alkaline hydrolysis without bran pre-treatment was
1.5 mg/g; however, the purity of the isolated FA was relatively low (12%). By pret-
reating wheat bran with hot water, a lower yield of FA was achieved (0.99 mg/g);
however, the purity was slightly improved (16%). When 0.05 M NaOH was used for
the pretreatment of wheat bran, the yield of FA was 0.87 mg/g, and the purity inc-
reased to an average of 21%. The simultaneous combination of both pretreatment
methods did not lead to further improvements in the yield or purity of FA.

Tests are currently underway using hydrogen peroxide in the process of FA
extraction, and preliminary results show that satisfactory yields and purities of FA
over 40% can be achieved using this process.
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The quality and shelf-life of plant oils play a very important role in the food
industry. The stability, physico-chemical properties, and nutritional value of oils
are related to their fatty acid (FA) profile. Each type of plant oil has diverse propor-
tions of saturated fatty acids (SFAs), monounsaturated fatty acids (MUFAs), and
polyunsaturated fatty acids (PUFAs). Oxidative stability, an indicator of shelf-li-
fe, primarily depends on the content of MUFAs and PUFAs. A higher degree of
unsaturation increases the likelihood of oxidative degradation. Several factors such
as the presence of oxygen, light, a catalyst, and temperature can contribute to the
degradation processes of oils like hydrolysis, oxidation of PUFAs, and cis/trans iso-
merization [1,2].

Many of the analytical methods traditionally used to assess the quality of fats
and oils, including peroxide value, iodine value, and acid value, are destructive,
time-consuming, often employing harmful reagents and generating toxic waste.
Consequently, Fourier-transform infrared (FTIR) spectroscopy has emerged as
a simpler alternative to conventional methods namely due to its simplicity and
reliability. FTIR spectroscopy seems to be a convenient method both to assess oil
degradation and to conduct oil authentication, often coupled with chemometrics.
Chemometrics classification approaches include principal component analysis
(PCA), hierarchical cluster analysis (HCA), linear discriminant analysis (LDA), par-
tial least squares discriminant analysis (PLS-DA), multiple linear regression (MLR),
etc. [3].

The aim of this work is to apply FTIR spectroscopy using the measurement
of attenuated total reflection (ATR-FTIR) together with chemometrics to evaluate
the stability of selected plant oils (i.e. olive pomace, extra virgin olive, soybean,
sunflower, rapeseed) during storage. To determine the stability of plant oils, oil
samples were stored both in the dark and in the light in parallel for 1 year to simu-
late different ways of storage in a household. The progress of the experiments was
monitored at regular intervals of 1 month. In addition to the ATR-FTIR analysis,
sensory and visual evaluations were also conducted. The oils stored in the light ex-
hibited the most significant colour changes, indicating the formation of undesirable
sensory substances characteristic of rancid oils. The results demonstrate that ATR-
-FTIR coupled with the chemometrics data analysis is a rapid and straightforward
method well suited for assessing the stability of plant oils.
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In recent years, there have been major advances in industry, medicine, phar-
maceutics, and other scientific fields. This shift has caused an increase in the stan-
dard of living for most of humanity, but also there has been a significant increase
and accumulation of human waste, especially plastic waste. This phenomenon
could be reduced by materials that are degradable, such as polyhydroxyalkano-
ates (PHAs). These bioplastics are the products of the metabolism of various mi-
croorganisms that can later broken down into water and carbon dioxide. One of
the promising producers of PHAs is the G- mesophilic bacterium Rhodospirillum
rubrum, mainly it is interesting for its versatile metabolic apparatus that allows it
to produce various metabolites such as PHAs, hydrogen, etc. using waste gases (for
example CO2), or other waste substrates (for example waste from food industry).

This work is focused on the production of PHAs and its connection with
the stress response, particularly in the bacterium Rhodospirillum rubrum (DSM
467). In the first part of this work, PHA-producing the wild-type (R. rubrum) and
its PHA-non-producing mutant in terms of cell morphology. These strains were
also exposed to various stresses (elevated temperature, osmotic stress, freeze-thaw
cycles) and the effect of PHA on the stress response was determined by advanced
analytical techniques (flow cytometry and electron microscopy). Firstly, both
strains were cultured under aerobic conditions in the dark for 48 and 72 hours.
The viability of these samples after exposure to selected stresses was found using
a fluorescent probe (propidium iodide) by flow cytometry, while cell disruption
was also examined by electron microscopy (cryo-SEM and STEM). Last an addi-
tional experiment was carried out under microaerobic conditions in the light for 120
h for both wild-type and the mutant strain. Where both strains were exposed to the
same selected stresses and the collected samples were also analyzed by the same
analytical methods as in the previous experiments.

We were able to repeatedly confirm the ability of the wild-type strain to pro-
duce copolymer P(3HB-co-3HV) during experiments where acetate was the sole
carbon source. Also, the hypothesis of the cryo-protective effect of PHA granules
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during exposure to multiple freezing and thawing cycles was confirmed. In con-
trast, the protective properties of PHA granules against osmotic stress were not
proven. Lastly, a negative impact of the prolonged time of cultivation on the viabil-
ity of both strains of Rhodospirillum rubrum was observed.
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The aim of this work was to study the interactions of low-temperature mi-
crowave plasma and streamer corona discharge with yeast Candida glabrata and
bacteria Staphylococcus epidermidis and Escherichia coli. Co-cultivations of these
microorganisms were also treated. The microorganisms were treated on selected
solid media.

With microwave discharge, microorganisms were treated locally. The surface
wave microwave discharge was used, with argon as the working gas. Throughout
the experiment, a constant gas flow rate of 5.0 SIm and power fluctuating between
8-10 W were maintained. The microorganisms treated with the surface wave mi-
crowave discharge were inhibited and uncultivable after the plasma treatment, al-
though their cytoplasmic membrane remained intact.

With streamer corona discharge, microorganisms were treated locally and also,
they were surface scan treated. The streamer corona discharge was used in the form
of a corona pen. Throughout the experiment, a constant voltage of 14 kV was main-
tained. The distance between the needle and the agar surface was 1.0 cm. For these
experiments with the streamer corona pen, metal wires were attached to the bottom
of the Petri dishes. These wires had a protruding end by which the treated samples
were grounded. The microorganisms treated with streamer corona discharge were
inhibited, and it was found that surface scan treatment leads to better inhibition
than localized treatment.
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Today, infected and chronic wounds represent a significant challenge in the
field of regenerative medicine, primarily due to their potential to lead to severe
complications, such as sepsis, a life threatening condition. In numerous cases, tradi-
tional antibiotics have proven ineffective due to the resistance exhibited by multiple
strains of bacteria. There has been a growing focus on the development of new ma-
terials enriched with antibacterial nanoparticles to target bacterial strains that have
acquired antibiotic resistance. In recent years, numerous drug and nanoparticle de-
livery systems have been developed, featuring pH-triggered release designed for
the acidic pH environment in cancer treatment. Surprisingly, there have been only
a few studies that aimed to create pH-responsive delivery systems for release in the
alkaline pH region of infectious wounds.

The primary objective of our work was to synthesize and characterize anti-
bacterial copper nanoparticles using straightforward and robust method, favorably
with faster release in the alkaline pH region of infectious wounds. The secondary
goal was to develop a delivery material suitable for on wound application.

The synthesis of copper nanoparticles starts with chemical reduction, follo-
wed by stabilization with chitosan of both, low and medium molecular weight.
We characterized prepared samples using transmission electron microscopy, dyna-
mic light scattering, and UV-VIS spectroscopy. Copper nanoparticles coated with
medium molecular weight chitosan had an average radius of 203.9 nm, while low
molecular weight chitosan coated copper nanoparticles had an average radius of
170.4 nm. As a delivery material, we are developing pH-responsive reduced albu-
min-based hydrogel.

In conclusion, these antibacterial particles can enrich various delivery mate-
rials besides albumin based hydrogel, for example scaffolds or wound dressings.

Acknowledgement

This work was supported by the Internal Grants of BUT (Specific Research)
Reg. No. BD622303001 and by the Jaroslav Koca Bridge Fund for Veronika Pola-
kova 2023. CzechNanoLab project LM2023051 funded by MEYS CR is gratefully
acknowledged for the financial support of the measurements at CEITEC Nano Re-
search Infrastructure.

64



Lyophilisation as a useful method of
carrier system preparation

Marek Rihdk?, Vojtéch Enev?, Tereza Venerovd?

1) Brno University of Technology, Faculty of Chemistry, Institute of physical and applied
chemistry, Purkyriova 464/118, 602 00 Brno, Czech Republic, Marek.Rihak@vut.cz
2) Brno University of Technology, Faculty of Chemistry, Institute of physical and applied
chemistry, Purkyriova 464/118, 602 00 Brno, Czech Republic

The aim of this study was to prepare native hyaluronan-based carrier systems
using lyophilisation as a suitable method to ensure an interaction between certain
drugs and the polymeric structure which would lead to an increased solubility of
hydrophobic drugs. For the preparation of such a system, the tert-butyl alcohol was
used as a co-solvent with the ability to support the hydrophobic effect between the
drug and a hydrophobic domain of hyaluronan. Previous studies have confirmed
that freeze-drying is a useful method for carrier system preparation. However,
this study focuses on the preparation of such systems with samples of real drugs,
which were previously replaced by fluorescence sondes. Since all drug samples
have good fluorescence characteristics, fluorescence spectroscopy was used as the
main method to determine the success of the preparation. Other methods included
a thermogravimetric analysis and the Fourier-transform infrared spectroscopy.
All the mentioned methods have confirmed that lyophilisation is a useful method
for the preparation of the carrier systems with real drugs. Great results have been
achieved in terms of the solubility of freeze-dried systems. In the last step, the co-
solvent residues were determined by head-space solid phase microextraction. This
method also provided some valuable information as well as gave the direction for
future research.

Freeze-drying is a gentle technique for drying samples that could be degraded
by high temperatures. We are talking primarily about biological samples such as
proteins, enzymes, saccharides etc. During the process of freeze-drying, samples
in vacuum are frozen. As the temperature is then slowly raised, the solvent sub-
limes from the sample. The drying is divided into two parts; during primary drying
nearly 95 % of water sublime, therefore the aim of secondary drying is to get rid of
water residues, which are the molecules of water attached to the sample surface by
adsorption. Once secondary drying is complete, the samples are fragile but retain
their biological function.
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Recently, high demands have been placed on sustainable farming to achie-
ve similar yields using less conventional fertilizers, because of the effort to impro-
ve the environment and avoid irreversible damage to fertile land. The aim of this
work was to select and characterize specific mechanisms in plant growth promo-
ting bacteria (PGPR), commonly found in the rhizosphere of plants. The selected
PGPR strain, Azotobacter vinelandii, is credited with a number of interesting plant
growth-promoting mechanisms, such as nitrogen fixation, phosphate utilization,
production of siderophores and phytohormones, and can produce the protective
exopolysaccharide alginate and intracellular polyhydroxyalkanoates in the form of
granules serving as a carbon source pool.

An original concept of bacteria self-encapsulation via cross-linking of algi-
nate directly produced during their culturing was proposed by our group for the
preparation of gel bioinoculants based on these PGPRs. To validate the efficacy of
this concept, all selected strains had to be subjected to gelation experiments with
the crosslinking agent CaCI2 2 wt. % under alginate gel formation. Three specific
strains of Azotobacter vinelandii DSM 87, DSM 720, and CCM 289 were selected for
the preparation and characterization of the bioinoculants. The material properties
of the formed gels were characterized by oscillatory rheometry (amplitude test). All
strains were subjected to gravimetric determination of alginate and biomass concen-
trations. Flow cytometry with fluorescent probe PI was used to verify cell viability
immediately after culturing. To confirm the biological activity of the bioinoculants,
the ability of all strains to dissolve and utilize phosphate from the agar medium
was qualitatively assayed. Furthermore, the production of indole-3-acetic acid was
spectrophotometrically studied for all strains. The production of siderophores was
also verified qualitatively and quantitatively. Pilot cultivation experiments on the
lettuce (Lactuca sativa) plant were performed with the addition of both liquid and
gel carrier PGPR compositions; as a negative control, the plant was left without the
addition of carrier PGPR composition. The diversity of soil microbiomes collected
from the soil without the addition of PGPR composition, with the addition of liquid
PGPR composition, and with the addition of gel PGPR composition was analyzed
using BIOLOG EcoPlate™ plates. The content of chlorophyll a, chlorophyll b, and
carotenoids in the leaves was spectrophotometrically detected in plants.

The ratio results from the pilot growth experiment showed a positive growth
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effect of both gel and liquid PGPR compositions on the plants. At the end of the
growing experiment, leaf and root system lengths were recorded after the applicati-
on of both forms of PGPR composition to the soil, the average leaf length increased
with the addition of gel carrier PGPR composition by 203+38 % and 203+41 % for
the liquid carrier PGPR composition, the average increase of the root system length
was by 132441 % and 125+46 %, respectively. Plants grown with the addition of gel
and liquid PGPR compositions increased average dry biomass by 467+76 % and
468+74 %. The highest increase of chlorophyll a, chlorophyll b, and carotenoids in
the leaves was detected in plants grown with the addition of liquid PGPR com-
position, precisely for chlorophyll a by 158+21 %, chlorophyll b by 130+34 % and
carotenoids by 20516 %. All values are relative to a negative control that was not
treated with any PGPR composition.
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Water that has been exposed to plasma is usually referred to as plasma acti-
vated water. The term plasma treated water (PTW) is also newly used. Thanks to
the interaction of the plasma with the liquid, reactive species with long and short
lifetimes are formed. Short lifetime species include hydroxyl, oxygen and hydro-
gen radicals, excited electrons, etc. while long lifetime species include hydrogen
peroxide, nitrates, nitrites, peroxynitrite, ozone, etc..

In this work, plasma activated water was prepared by three different plasma
systems. The first system generating plasma above the water surface was based
on a dielectric barrier discharge with a liquid electrode. In the second system, the
plasma is generated directly in the liquid by a high-frequency voltage applied to the
pin-hole based main electrode. The plasma reactor consisted of two electrodes — the
main high voltage electrode and the second (counter) electrode. The main electrode
was constructed from a tungsten wire inserted into a ceramic head and an outer
glass tube serving as a holder. The second (counter) electrode was a flat aluminum
plate. In the third system, the plasma was not in a direct contact with the liquid.
Gaseous products from an ozonizer operating in synthetic air were bubbled into
the liquid. The activation time of 2 minutes was the same for all plasma systems.

PAW was characterized by measurements of pH, conductivity and concentra-
tion of RONS. For the detection of hydrogen peroxide, nitrates and nitrites formed
in PAW produced from distilled water, colorimetric methods combined with the
UV-VIS spectrometry were employed. The antimicrobial activity of PAW on selec-
ted microorganisms E. coli, S. epidermidis and P. acnes was also investigated.
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Modern techniques of nucleic acid isolation and the processing of archaeolo-
gical samples are constantly leading to advances and new insights into the genetic
information of prehistoric Neandetals or Denisovans. Today, based on the latest
data, we assume that modern humans Homo Sapiens sapiens are related to Ne-
nadrtals and share 3-4% of their genetic information. What is the reason, then, that
the Earth today is exclusively inhabited by us as representatives of the so-called
modern human race?

We compared the number of G-quadruplexes in genomic and mitochondrial
DNA of H. sapiens, Neanderthals and Denisovans and found a significant differen-
ce in mtDNA in the first place. In mtDNA, G-quadruplexes are mostly localized in
completely identical places with one exception. But this exception is substantial,
it is a long sequence of guanines directly in the D-loop region of mtDNA, which is
responsible for mitochondrial DNA replication. This region is directly responsible
for the quantity of mitochondries and thus also for efficient energy metabolism of
the cell. Therefore, it seems that the selection advantage of better mtDNA replica-
tion in modern humans may have been one of the aspects that led to the extinction
of Neanderthals.
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Some bacteria naturally produce polyhydroxyalkanoates (PHA) in order to
intracellularly store carbon and energy. From a technological point of view, PHA
have great potential as biodegradable versions of conventional plastics. However,
their main disadvantage compared to them is the high cost of production (primarily
associated with the biotechnological process itself). Therefore, the research is focu-
sing on ways to overcome this obstacle, by screening many bacterial strains that can
survive extreme conditions. The main advantage that extremophiles bring from the
perspective of biotechnology is a reduction in the cost of sterility of the work, which
is what benefits in conjunction with PHA. Additionally, there is limited research
devoted to psychrophiles, microorganisms living in cold areas.

The results of the screening involving seventy-eight cold-adapted bacterial
strains isolated from East Antarctica are presented in this work. Both genotypic
and phenotypic methods were used for the selection of potential PHA producers.
The polymerase chain reaction demonstrated the presence of genes encoding PHA
synthases, namely PHA synthases class I and II. From the phenotypic testing, stai-
ning with Nile Red and Sudan Black B, FTIR spectroscopy in combination with
a high-throughput microculture system (Duetz-MTPS), and gas chromatography
were used to explore the bacterial biomass for the presence of PHA. Cultivation was
conducted on five different media, four of which were limiting nutrients.

Based on the results the highest biomass production and PHA accumulation
(0.6 g/L) showed Pseudomonas sp. belonging to the green snow isolates. Interestin-
gly, a high synthesis of PHA, specifically P(3HB), was observed on complex BHI
medium with extra glucose addition, which did not provide the nitrogen limitation
that is typical for the stimulation of the PHA accumulation. Although fluorescent
staining did not provide indicative results for psychrophiles and/or psychrotole-
rants, it can be assessed that the presence of promising producers among polar
bacteria was confirmed by PCR, FTIR, and GC, and the yield of PHA can be further
increased by optimizing the media composition and growth conditions.
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Current research focused on cold plasma water activation for agricultural
application comprises an increasing number of relevant publications. So called
plasma activated water (PAW) contain various chemical species with high redox
potential — short-lived species such as hydrogen or hydroxyl radicals, or long-lived
species such as hydrogen peroxide, nitrites, nitrates, peroxynitrites, etc. (reactive
oxygen and nitrogen species — RONS). Those species increase seed germination,
the rooting speed and stimulate plant growth, which leads to higher crop yield.
However, due to the presence of H202, NO2- and NO3- and at low pH values,
PAW shows also a very strong antimicrobial effect.

To prepare PAW, specially constructed device using dielectric barrier dis-
charge with the liquid electrode was used. It was operating at high frequency vol-
tage with the total power supply of (36+2) W. PAW (treatment time 0, 2, 5 and 10
min) was applied in a pot experiment to a model plant Lactuca Sativa for total
of 90 days. After 90 days, soil dehydrogenase activity was determined using the
2,3,5-triphenyltetrazolium chloride (TTC) test. Plate count method was used to me-
asure the population of P-solubilizing and N-fixing soil bacteria. Total culturable
bacteria were enumerated by plating soil suspensions (100 pl) using Pikovskaya‘s
and Ashby’s mannitol agar respectively. The spread plates were incubated at 30°C
for 7 days.
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With the ever-increasing resistance of microbes against antimicrobials, there
arise an urge to find alternative treatments for many diseases not only in the human
world but also in the animal and plant kingdoms. One of the diseases that needs
a special attention is otitis externa (inflammation of the ear canal) in mammals.
Otitis externa or so-called swimmer’s ear is a condition that causes inflammation
of the external ear canal, which is the tube between the outer ear and the ear drum.
The disease can develop in all mammalian species but due to several different fac-
tors the dogs are the main patients for the treatment. Due to the lack of efficient
treatment methods for this multifactorial disease, the veterinary doctors are stri-
ving for a new alternative treatment. In this study, the cold atmospheric pressure
plasma (CAP) generated by the plasma gun with a capillary design was tested.
As a model microorganism a yeast Candida glabrata was chosen. The preliminary
tests were done on the Petri dishes to establish the basic plasma parameters. To
render this research more appropriate to real life application, more complex inocu-
lation substrates (pork skin and 3D printed models of dog ear with the ear canal)
were used. The use of the plasma gun with a thin capillary allows for an endosco-
pic treatment inside the complex structures. It was found that the thickness of a
capillary does not influence the inhibition efficiency, when the plasma parameters
are adjusted accordingly. The plasma inhibition is stable in time and the microbial
cells do not regain their viability even after one week time. It was also proved that
using a cover (enclosed treatment) tremendously enhances the treatment efficien-
cy. This fact is mainly caused by the accumulation of the active species (reactive
oxygen and nitrogen species - RONS) under the cover. A generation of the RONS
is highly dependent on the target, which is why several different inoculation sub-
strates were tested. The results confirm high inhibition efficiency of CAP against
the yeast C. glabrata on different surface materials. Multiple models can be used to
proceed towards a real life situation.
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Drying methods in the food industry are employed to convert food into a
storable commodity. Thanks to the development of scientific knowledge, there has
been a transition from traditional hot air-drying methods to lyophilization, invol-
ving the sublimation of water directly from the food’s solid state. These methods
offer the advantage of preserving nutritional and organoleptic properties while
creating a highly porous structure, ensuring rapid regeneration of food to its origi-
nal state. As this technology has evolved, economic demands in the process have
decreased, leading to its gradual adoption in ready meals and, increasingly, in food
field rations for the armed forces.

The experiment aimed to observe the impact of various drying methods on
aromatic compounds in samples of selected exotic fruits (kiwi, pineapple, pitahaya,
mango, and banana). Additionally, the experiment was extended by color measu-
rement and water activity assessment after long-term storage (4 months) at 5 °C, 25
°C, and 40 °C. Aromatic substances were determined by utilized gas chromatogra-
phy with solid-phase microextraction and mass spectrometry. Color was measured
using the ColorFlex EZ device with the EasyMatch QC software, while water activi-
ty was determined by the WaterLab device, following ISO standard 21807. Sensory
analysis was compiled according to the STANAG 2937 document.

Lyophilization emerged as a more suitable drying method for fruit sam-
ples, considering aromatic profile, sensory evaluation, and color change, with air-
-dried samples exhibiting larger deviations. While freeze-drying minimizes tempe-
rature-induced changes in fruits, some alterations in packaged fruit can still occur.
It cannot be conclusively stated that freeze-drying is universally gentler for every
fruit type. In most samples, a more varied aromatic profile is created during dry-
ing, with a more pronounced preservation of characteristic substances compared
to air drying. All dried samples, based on measured water activity, were deemed
suitable for long-term storage. However, freeze-dried samples stored at 40 °C were
the least sensorially acceptable and did not meet the organoleptic requirements of
STANAG 2937. Dragon fruit and kiwi samples were not recommended for further
research based on sensory evaluation and gas chromatography measurement of
volatile substances.

For future research, regarding potential applications in food field rations
for the Czech Army, consideration of local fruit availability and the use of suitable
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packaging that prevents moisture penetration is advisable. This ensures that dried
fruits retain their properties for several years.
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Organic electrochemical transistors (OECTs) are increasingly used in the field
of bioelectronics, as they can be a powerful platform for a variety of devices, inclu-
ding neuromorphic devices, stimulation elements, and biosensors. Organic elect-
rochemical transistors (OECTs) offer several advantages: they can amplify weak
electrical signals, are highly sensitive, cheap, easy to operate, and compatible with
flexible and wearable devices. Compared to other ion-impenetrable transistors,
OECTs can achieve over a 100-fold higher transconductance, improved biocompati-
bility, reduced mechanical mismatch with biological tissues, and suitable long term
electrical stability in aqueous environments .

The essential component of organic bioelectronic devices is mainly polymer
with a conjugated m-system and mixed ion-electron conductivity. Several such po-
lymers have been developed, but they often show some limitations, including low
conductivity, sensitivity, stability, or biocompatibility. The synthesis of new sui-
tably functionalized semiconductive polymers is one of the ways to minimize the
limitations.

This work is dedicated to the synthesis of a series of semiconductive polymers
and copolymers with a new bioinspired side chain. Its design is inspired by poly-L-
-lysine, a water-soluble biopolymer consisting of repeating units of L-lysine, which
possesses such properties as non-antigenicity, antibacterial activity, biocompatibi-
lity and biodegradability. The side chains of the synthesized polymers carry the
amino acid L-lysine, which is linked to the main chain by glycol linkers of various
lengths.
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Meat products are prone to spoilage, as they contain a high content of pro-
teins. The spoilage can be usually spotted by the smell of the food, which is an
unpleasant experience. By using intelligent packaging, we would be able to detect
a spoiled food visually, by using a color-changing indicator. That would allow the
consumer to spot the spoiled food right at the store, resulting in not buying it, or
throwing the food away when storing it at home.

In this contribution, a printed amine indicator is introduced. The indicator is
printed using Mayer’s rod on a PET foil. The dried indicator is coated with a UV-
-curable coating, which acts as a barrier between the indicator and the food inside
the packaging.

The indicator’s sensitivity to amines was tested by exposing the indicator to
butylamine. The sensitivity was evaluated by the change in the indicator’s color.
The color change measurements were performed with a fiber-optics spectrophoto-
meter. Reflectance spectra together with L*a*b* values were gathered.

The results show that the indicator is sensitive to butylamine, and the color
change can be detected by the naked eye in 80 minutes.
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Artificial photosynthesis mimics natural photosynthesis, producing stra-
tegic and economically valuable substances (molecular hydrogen, methane, or
methanol). Thus, the energy of the largest, could-be-claimed infinite, available
energy source, the Sun, is stored in the chemical bonds, introducing convenient,
storable, and transportable clean chemical fuels that can be used when sunlight is
unavailable.

The presented study is predominantly aimed at homogeneous partial water
splitting, which is the best option for primary research. Specifically, it focuses on
synthesising and applying molecular-based systems employing chromophores fla-
vins as nature-inspired metal-free photosensitisers. Flavins are in the scope due
to possessing unique properties with excellent potential for hydrogen or oxygen
photocatalytic evolution, which the former studies showed.

Our research demonstrates the photocatalytic system consisting of flavin
photosensitiser for light capture and electron transfer platinum co-catalyst provi-
ding active sites for the reaction. To substitute oxidative half-reaction, a sacrificial
reagent was utilised. The ratio of photosensitiser to co-catalyst concentration was
determined, while the system showed continuous hydrogen production over 29
hours, indicating sufficient photostability and reproducibility by repeated measu-
rements.

Since flavins are synthetically available organic molecules with easily tune-
able properties through structure modification, this family of compounds offers
anew possibility in sustainable green hydrogen production.
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The skin is the largest organ of the body. The skin has an immune system
that protects the body from toxins and infections, and attempts to prevent autoim-
munity, in addition to being a physical barrier against the external environment.
Biomaterials used in skin injury have a significant effect on the production of skin
extracellular matrix (ECM). This work focuses on protein-based biomaterials that
have the ability to mimic the ECM and also help control biomechanical processes at
the cellular level, such as cell migration, cell proliferation, and cell differentiation.

Collagen is a widely used biopolymer in regenerative medicine and tissue
engineering due to its biocompatibility, low antigenicity, biodegradability, and
cross-linking ability. It is used in a broad range of medical applications including
pharmaceuticals, cosmetics, drug delivery, cell regeneration, and wound dressings.
Additionally, its high hydrophilicity promotes moist healing, which is crucial for
effective epithelium restoration. Wound healing is a multicellular process that re-
lies on a complexly regulated signaling network. In this study, porous 3D collagen
scaffolds were prepared by the freeze-drying method. To investigate the effect of
additives the scaffolds were modified with antimicrobial chitosan. The hydrolytic
stability of prepared scaffolds was supported by crosslinking process. Subsequent-
ly, bioactive molecules were incorporated into the scaffolds, and its release was mo-
nitored using UV-VIS analysis. The prepared carriers were characterized through
various methods and analysis, including scanning electron microscopy to examine
morphology and porosity, as well as FTIR, swelling and hydrolytic degradation.
Cytotoxicity of the prepared samples was evaluated by in vitro testing on 3T3 fib-
roblast cells and the vasculogenic potential was evaluated via in ovo chick chorio-
allantoic membrane (CAM) assay. Newly prepared scaffolds may have a potential
application in surgery and regenerative medicine of soft tissues.
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Hydrogels are systems that are known in biomedicine mainly due to their
application possibilities as a drug carrier, but they can also be used in tissue engi-
neering. In recent years, natural hydrogels have been replaced by suitable synthetic
ones, which have typically a well-defined structure that can be modified to provide
adaptable degradability and functionality. A candidate from synthetic polymers is
polyethylene glycol (PEG), which is characterized by significant toxicological safe-
ty, and which is of application for biomedicine.

This work focuses on the preparation of polyethylene glycol hydrogels and
the subsequent characterization of mechanical and transport properties. A signifi-
cant part of the work is the optimization of the preparation of PEGDA-thiol hyd-
rogels created from 4-arm polyethylene glycol thiol (PEG-45H) and polyethylene
glycol diacrylate (PEGDA) by step-growth polymerization. Then, PEGDA hydro-
gels were prepared using radical polymerization to compare the mechanical and
transport properties of another type of cross-linking. The mechanical properties of
the prepared hydrogels were determined using rheological measurements. During
transport experiments, the ability of the hydrogel to sorb and desorb the Rhodami-
ne 6G was monitored using free diffusion. Molecular absorption spectrometry (UV/
VIS) was used to characterize the course of these experiments.

In this work, it was found that PEGDA-thiol hydrogels stand out compared
to PEGDA hydrogels with much higher values of the elastic modulus G’. Disulfide
bonds, which arise between thiols because of oxidation, also play a large part in
this. In sorption experiments, PEGDA hydrogels sorbed the dye more slowly, but
absorbed a larger amount of dye than PEGDA-thiol hydrogels, from which it can be
concluded that they have a greater sorption capacity. In the case of desorption with
PEGDA hydrogels, the maximum was reached after 24 hours. On the contrary, with
PEGDA-thiol hydrogels, gradual dissolution occurred after 48 hours both during
sorption and desorption. In conclusion, it can be said that different type and density
of cross-linking influences the different mechanical and transport properties of the
resulting hydrogel formed by PEG.
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Wheat straw, as a byproduct of wheat production, is an annually renewable,
cost-effective, and rich source of natural fibers. It is considered one of the most
abundant lignocellulosic agricultural residues worldwide, with a global annual
production exceeding 800 million tons. Unfortunately, a significant portion of this
residue is commonly disposed of through open-air burning, landfilling, or incine-
ration.

The use of lignocellulosic biomass, which includes agricultural residues, usu-
ally re-quires the use of isolation processes to separate the main and minor com-
ponents. Different types of pretreatments are used to remove lignin from biomass,
such as organosolv, ionic liquids, ozonolysis, and many other physicochemical
pretreatments. In recent years, attention has been paid to the use of green solvents.
These represent an alternative and sustainable approach to the fractionation and
further refining of biomass components into various end products such as biofuels,
furan derivatives and other high-value chemicals.

The goal of this work was the delignification of wheat straw using a green sol-
vent, namely deep eutectic solvents-like mixtures (DES-like mixtures) in the com-
position of choline chloride and lactic acid in a molar ratio of 1:5. Part of the work
is also the evaluation of delignification under different conditions according to the
rotation experiment. We monitored three factors affecting delignification, namely
temperature, time, and the ratio of used biomass to solvent. The boundary parame-
ters of the observed factors were as follows: temperature in the range of 80-160 °C,
time 60-240 min, and the ratio of the amount of wheat straw to the solvent 1:10 to
1:60. Our goal was to achieve the lowest possible lignin content in delignified wheat
straw fibers, i.e., the greatest possible removal of lignin from the original biomass
after the application of DES-like mixtures. Subsequently, the next task was to cha-
racterize the obtained fibers after the application of DES-like mixtures using several
methods, such as optical microscopy, FT-IR, or Ultraviolet—visible spectroscopy.

The percentage of lignin remaining in the samples after delignification varied
between 16.13% and 35.49%, while the cellulose content fell within the range of
43.77% t0 69.53%. To pinpoint optimal conditions for delignification, we performed
calculations. The ideal lignin content of 16.44% was achieved at a temperature of
111 °C, a duration of 60 min, and a biomass to solvent ratio of 1:27.
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The Ceramic PTCR thermistor, commonly known as a posistor, functions as
a semiconductive element in electrical circuits. Its electrical resistance undergoes
a significant increase within a specific temperature range after surpassing the Curie
temperature (TC). At TC, barium titanate undergoes a phase transition from a te-
tragonal ferroelectric phase to a paraelectric cubic phase. This unique characteristic
makes posistors valuable in diverse electronic applications, such as indestructible
fuses for overload protection in electric motors, self-regulating heating elements,
and specialized uses like compressor motor starters in refrigerators.

However, a drawback of PTCR BaTiO3-based ceramics is the decrease in one
of its crucial parameters, the resistance at room temperature (R25), over time. The
literature discusses various aging mechanisms, with many attributing this pheno-
menon to the short- and long-range motion of oxygen vacancies.

Experiments on so called de-aging of aged samples is considered by many as
a promising method from which can be learned much.

In this work, change of resistance due to de-aging of aged samples with diffe-
rent composition in various time steps was measured. Based on data analysis, proof
of stabilized lattice point defects is given.
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Propene polymerization kinetic profiles with a commercial diether based Zie-
gler Natta MgCI2 supported catalyst were investigated in a stainless steel batch
reactor. The initial 10 min period characterizes various temperature levels in con-
stant volume of liquid propene. The lowest temperature level corresponds to the
usual prepolymerization temperature (10 °C) and the highest level corresponds
to the usual main polymerization temperature (70 °C). The effects of the starting
temperature levels were evaluated by polymerization kinetics patterns computed
namely from the second polymerization period carried out at 70 °C for the next 90
min. The kinetic profiles based on the heat transfer data were fitted to suitable semi-
-empirical equations derived from fundamental kinetic approaches using the first
and the second order of the catalyst active sites decay. Both approaches adequately
describe the dependence of the initial activities and deceleration constants on the
temperature during the initial period.
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Tissue engineering represents a promising and contemporary method for the
restoration of bones. It possesses the capability to replace bone auto- and allografts,
which are frequently scarce and challenging to obtain, with artificially manufactu-
red. The ideal bone tissue scaffold is characterized by its biocompatibility, osteo-
conductivity, and osteoinductivity. Additionally, the scaffold material needs to be
bioresorbable and gradually degrading to enable a formation of new tissue.

Due to its inherent characteristics, the scaffold should be designed to be both
accessible and permeable to cells, requiring an appropriate 3D structure with in-
terconnected open porosity. Achieving this can be challenging using conventional
methods resulting to 3D printing techniques experiencing huge interest.

The aliphatic polyester polylactide (PLA) and its composites are the favoured
materials for 3D printing in tissue engineering. The inherent limited mechanical
properties of PLA can be enhanced by the blending with polyhydroxybutyrate
(PHB). The combination of these two polymers exhibits a synergistic effect, offe-
ring appropriate printability as well as mechanical properties suitable for medical
applications.

Irrespective of the scaffold material used, the initial point of contact with the
host environment is its surface. Characteristics like surface free energy (SFE), we-
ttability or surface roughness play a crucial role in governing the adsorption of
proteins, thus influencing the interaction between cells and the scaffold.

This study aims to investigate how the surface characteristics of 3D printed
scaffolds influence their suitability for supporting the growth of Saos-2 cells. Two
materials, both composed of PHB/PLA plasticized blend, were studied. One of
them also incorporating bioactive tricalcium phosphate (TCP). 3D printed surfaces
demonstrated a notable increase in water contact angle (WCA) due to enhanced
surface roughness. These alterations in wetting properties strongly impacted the
behaviour of Saos-2 cells on the printed surfaces. The number of cells, quantified
by DNA analysis, exhibited a linear decrease with increasing surface WCA. The
highest cell density was observed on pressed samples and 3D printed surfaces com-
posed of simple lines and with 50 um gap between the lines. The results suggest
that surfaces with a WCA below 80° are preferred for the future design of scaffolds.
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High energy demands of modern-day societies grapple with unstable oil and
gas markets, which increase efforts to create more effective and independent ener-
gy systems. While the fossil-fuel era slowly ends, new materials emerge as cheaper,
cleaner, and more effective energy converters. Metal halide perovskites (MHPs) are
one of the most perspective energy harvesting materials recently emerged. Their
unique optoelectronic properties: tunable bandgaps, high absorption coefficients,
high charge carrier mobilities, and long diffusion lengths enabled them to cover
a broad spectrum of applications — solar cells, photodetectors, LEDs, betavoltaic
devices, memory devices, and artificial synapses. In less than 13 years of active
research, power conversion efficiencies of MHP-based solar cells grew from 3.8 %
(2009) to a remarkable 25.7 % (2021), which is higher than other thin-film photovol-
taics (CdTe and CIGS) and even close to single crystal silicon solar cells (26.1 %).
Tandem, perovskite-silicon solar cells can achieve efficiencies of around 30 %. Com-
pared to the traditionally used semiconductors, MHPs are solution-processable ma-
terials that can be prepared and deposited using a variety of “cost-like” techniques.
This advantage further ignited their rapid growth. Nevertheless, the presence of
toxic lead Pb2+cation in the commonly used MHP and their poor moisture stability
hinder the commercialization of these materials. Thus, it is of great importance to
find an alternative, environmentally friendly lead substitution, that would retain
the optoelectronic properties and enhance the stability of the halide perovskites.
However, the performance of the chemically tailored lead-free perovskites still did
not achieve the state-of-the-art form of their counterparts. Bismuth (Bi) has shown
the potential to be an efficient lead replacement Recent studies have shown outstan-
ding stability and reduced toxicity compared to Pb-based MHP. Moreover, a higher
average atomic number of Bi-based halide perovskites enhances their interaction
with electromagnetic radiation. Therefore, they could be potentially used as radia-
tion detection materials.

In this work, we present the optical properties of millimeter-sized Cs3Bi2X9
(where X is halide chloride Cl-, bromide Br— or iodide I-) single crystals prepa-
red by the hydrothermal (HT) method. The key properties, optical bandgap and
excitonic peaks were determined by applying the Critical Point (CP) analysis to
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data collected by spectroscopic ellipsometry. To give a better understanding of the
studied properties, we supported this analysis with x-ray diffraction spectroscopy
(XRD) and density theory calculations (DFT), and measured our samples in the
temperature range of —90 to 90°C
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This work presents an analysis of a radiofrequency-driven low-pressure
argon plasma source. The source is analysed by measuring extracted ion, electron
current and by optical emission spectroscopy (OES). The results are compared with
respect to the variations in operating conditions of the source.

While the extracted current shows us the general view of the optimal opera-
ting conditions, the optical emission spectroscopy reveals the relative distribution
of excited states. This combination, together with a wide set of input parameters
(such as the set radiofrequency power, magnetic field strength or background pre-
ssure) overcomes the relative nature of the OES results. Although we are still not
able to conclusively model the whole distribution of the excited states of argon (and
electron temperature), we successfully coupled the changes in the ratio of selected
Ar emission lines to the general performance of the plasma source and to the vari-
ation of the input parameters.
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Since the discovery of the photocatalytic activity of graphitic carbon nitride
(GCN) in 2006, this material has attracted many interests, although, the substance
is not new at all. Graphitic carbon nitride consists of tri-s-triazine rings cross-linked
by trigonal N atoms One of the main advantages is that GCN is metal free, with
high thermal and chemical stability, a tuneable electronic structure, and it is a medi-
um-band-gap semiconductor. Electronic band gap of GCN is located around 2.7 eV
which is less than the electronic band gap of a photocatalytic standard, titanium di-
oxide (TiO2) which is 3.2 eV [3]. From the electron structure it is also apparent that
the GCN should be capable of oxygen and hydrogen evolution by water splitting.
Next, it is material easy and inexpensive to synthesize, which makes this semicon-
ductor extremely attractive also for the larger scale usage.

While slurried GCN exhibits a very high specific interface area which gene-
rally (but not necessarily) results in high reaction rates of photocatalytic reactions.
Immobilization inevitably results in the decrease of available active surface, but the
adverse effects of immobilization can be to a certain extent reduced by controlling
the roughness and porosity of the catalyst coating.

Thin layers of GCN can be prepared by numerous techniques, both from va-
por and liquid phases. In this study we focus on wet coating and direct patterning
processes. We report on the fabrication and properties of durable GCN coatings the
adhesion a cohesion of which are secured by using proprietary oligomeric siloxane
binder.

GCN was synthesized from a melamine-cyanurate complex. Crude GCN was
subject to wet ball milling in isobutanol to prepare suspension of GCN particles
anarrow size distribution suitable for coating. After milling, a coating formulations
were mixed by adding the variable amount of oligomeric siloxane binder. Plain
soda-lime glass slides and FTO substrates were coated by a Mayer film applicator.
Mechanical, physical, and chemical properties of the resulting coatings were in-
vestigated in detail by various methods a photocatalytic activity was evaluated by
decomposition of model dye.

We obtained durable formulation for GCN coatings with high photocatalytic
activity which was strongly influenced by particle size and corresponding surface
roughness. The siloxane binder provides excellent adhesion and cohesion of the
coating. Thus, a delicate compromise between the mechanical properties and pho-
tocatalytic activity was found.
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Nowadays, there are many contaminants in the environment that have ne-
gative effects on human body. This also applies for nitroaromatic compounds.
They are dangerous for human because they are toxic and carcinogenic substances.
Pollution and contamination of the environment with explosives occurs during the
production or handling of explosives, testing, military training, and activities such
as mining. Treatment and preparation of samples is an essential part of the develo-
pment of analytical methods. It has a very significant impact on the quality of the
data and the next steps in the analysis. Microextraction in packed syringe (MEPS) is
anew technique for miniaturized solid-phase extraction. The packed syringe can be
used more than 100 times, can be fully automated and takes only about one minute
for each sample. This technique can be used for complex matrices.

Matrix effect describes the changes observed in the detection or quantification
of an analyte when other substances are present in the sample. This influence can
be positive or negative, but in any case, the signal is affected, resulting in a distor-
ted, false determination result. Therefore, matrix effects must be evaluated when
validating a method.

Sample preparation method based on MEPS coupled with gas chromatogra-
phy utilizing-electron capture detector (GC-uECD) was developed for the determi-
nation of 10 nitroaromatic compounds (NB, 2-NT, 3-NT, 4-NT, 1,2-DNB, 1,3-DNB,
1,4-DNB, 1-CI-2,4-DNB, 2,4-DNT, 2,6-DNT) and 5 explosives (PETN, EGDN, NG,
TNT, RDX) in water samples. The aim of the work was to determine the appro-
priate extraction parameters of a fast, efficient, and solvent-minimalized analytical
method based on MEPS which influence the extraction recovery. As part of the me-
thod validation, linearity (expressed using a coefficient of determination — R2), limit
of detection (LOD), limit of quantification (LOQ), lowest calibration level (LCL),
precision (expressed as RSD) and recovery were evaluated. The validated method
was used to investigate matrix effects in 6 different types of water samples (deio-
nized water, river water, lake water, drinking water, wastewater, sea water). The
matrix effect tests were performed by evaluating the matrix factors of various sam-
ple types. Experiments with seawater showed problems because the seawater salt
clogged the sorbent in the microsyringe, so it was necessary to optimize the wa-
shing step of the microsyringe in MEPS. The method was applied on real water
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samples from different origin. From the analysis, we found that nitroaromatic com-
pounds were not detected above the detection limit in real samples.
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Banning cars with internal combustion engines will dramatically increase the
number of electric vehicles containing lithium-ion battery cells. New technology
may bring risks in firefighting that are not fully understood yet. One of the main ris-
ks is the appearance of a thermal runaway phenomenon. It occurs when the battery
cell is under thermal, mechanical, or electrical load. The cause is usually by a failure
of the separator by direct connection of cathode and anode. A battery cell in thermal
runaway releases heat and smoke and may result in fire and explosion. The smoke
contains high volume of toxic gases and fine particles released into the air. Heavy
metals in fine particles may be dangerous for the human body when inhaled.

In this study cylindrical 18650 lithium-ion battery cells were subjected to con-
trolled heating until thermal runaway occurred. The cathode chemistry of battery
cell LGDBHG21865 was NMC and Sony US18650VTC5A was NMC/LMO. The state
of charge of battery cells before the experiment was 100 %. The failure of the battery
cells led to an explosion caused by the release of flammable electrolytes, followed by
a fire. The explosions occurred within an enclosed apparatus to retain the released
particles. The inner air circulated through a single filter, to capture particles across
a wide size range. The following experiments employed the same battery cells and
utilized a cascade impactor Dekati HT-DLPI+ to collect the released particles. The
impactor captures particles in 14 stages according to their size from 14 nm to 10
um. The particle size distribution was assessed gravimetrically. The highest mass
of particles was in fraction 252 nm to 377 nm for battery cell LGDBHG21865 and 152
nm to 252 nm for battery cell Sony US18650VTC5A.

Each filter containing particles was subsequently analyzed using atomic ab-
sorption spectrometry (AAS) to determine the elemental composition of Ni, Mn,
Co, Cu, and Al. The sample was atomized using an electrothermal atomizer. Samp-
les of filters with particles were decomposed in aqua regia by microwave digestion
system and determined for tested metals by AAS in device ContrAA 800. In all the
filters, Nickel or Aluminum had the highest concentration among other elements.
In the majority of the 14 stages filters between 4 % and 12 % of mass were detected
elements. The rest remains unclear. Single filters contained 25,8 % of detected ele-
ments for LGDBHG21865 and 49,0 % for Sony US18650VTC5A. The results obtained
from the study will serve to determine the negative impact on the environment
and human body and to develop safe ways of firefighting with electric vehicles.
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Torrefaction is a promising thermal pretreatment of biofuels which enhances
mechanical and chemical properties. Torrefied product is among others characte-
rized by lower moisture content, higher hydrophobicity, lower H/C and O/C ra-
tios and additionally by heating values comparable to coal. Such pretreatment thus
allows pellet production from agricultural crops, its co-combustion with coal and
combustion in extant devices. As a result, poor-quality agricultural crops could be
an inexpensive alternative to commonly used biofuels such as softwood or to fossil
fuels. Increasing interest in torrefaction motivates multiple researchers, however,
to this day it is impossible to find studies which sufficiently describe influence of
torrefaction on combustion and emissions. Therefore, the aim of this work is to
analyze gaseous emissions and mainly provide quantitative and qualitative ana-
lysis of polycyclic aromatic hydrocarbons concentration in particulate matter and
exhaust gas.

Three raw materials (sunflower, grain residues and softwood as reference
material) were torrefied under temperature 300 °C and pyrolyzed at 550 °C. Subse-
quently, all materials were burnt in an automatic pellet boiler. During the combusti-
on gaseous emission were measured by online analyzer and more importantly par-
ticulate matter samples were collected using quartz fiber filters. The extraction was
carried out in an ultrasound bath with a mixture of solvents hexane and dichlorme-
thane (50:50). For the quantification of PAHs standard of 16 EPA PAHs was used
and the quantification was performed on a Bruker EVOQ TQ (GC/MS/MS). The
results showed significant influence of thermal pretreatment on gaseous emission
which was related to unstable combustion conditions. In terms of PAH concentrati-
ons in particulate matter, no significant impact of torrefaction was detected.
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Digital Light Processing (DLP), also called microstereolithography, is an addi-
tive technology used to print photocurable parts (traditionally containing photo-
curable resin) layer by layer using UV light. The efficiency when using DLP print-
ing of ceramic materials depends on many parameters such as exposure time, layer
thickness or dynamic viscosity of the printed medium, which should not exceed the
limit of 3 Pa-s at a shear rate of 10 s-1. Ceramic suspensions for DLP printing contain
ceramic powder (with suitable properties such as a small specific surface and suit-
able sinterability) and a photocurable resin.

If filling with ceramics occurs, highly filled suspensions have a viscosity that
is too high for successful DLP printing. Therefore, different types of dispersing
agents are used, such as Disperbyk, Triton or stearic acid, which act as surfactants.
Furthermore, in addition to reducing the viscosity value, the given agents should
effectively prevent particle agglomeration and phase separation (flocculation).

In the presented work, zirconia suspensions (filling 30 vol.%) with two types of
Disperbyk reagent (specifically Disperbyk - 103 and Disperbyk - 111) were inves-
tigated, while reagents were compared on the basis of dynamic viscosity values,
FTIR spectrometry, particle size analysis and kinetic stability using a unique meth-
od of evaluating the ideal concentration of the reagent on the LUMiSizer analytical
centrifuge. By comparing both reagents using all the above analyses of suspensions
containing ZrO2, Disperbyk - 103 was evaluated as a more effective reagent. To con-
firm the correctness of the analysis of the suspensions, zirconia ceramics samples
were printed on a 3D printer Original Prusa and subsequently sintered objects were
analyzed by scanning electron microscope, their Vickers hardness, density and po-
rosity were determined.
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Hemicroconaines and croconaines are a class of polymethine fluorescent
dyes. They are higher homologues of squaraines with a five-membered central
carbocycle in the chromophore. Due to their narrow and intense absorption band,
good photo and thermal stability, and strong solvatochromism, such dyes have
attracted considerable interest toward possible applications in photodynamic and
photothermal therapy.

We prepared a small library of these dyes by condensation of croconic acid
with aromatic heterocycles through the exocyclic methyl group.

The hemicroconaines possess strong absorption and emission in the visible
region, while croconaines, analogously to heptamethines, in the so-called tissue
transparent window (600-900 nm). In both cases, the dyes are showing relatively
small Stokes shift.

The photophysical properties of the dyes in our library and their stability and
photostability are studied in polar protic solvents, which are relevant to biological
conditions. We are also using quantum chemical calculations to further support our
observations.
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Mercury (Hg) is an ubiquitous trace metal widely distributed in the natural
environment, with high toxicity and bioaccumulation properties. Among the Hg
species, the methylmercury or MeHg stands as one of the most pernicious contami-
nants. MeHg owns its high toxicity to its pronounced binding affinity with proteins.
Consequently, this prompts biomagnification throughout the entire spectrum of
the food chain, spanning from plankton to upper-level predators. A primary path-
way for Hg entry into the food chain is the uptake and bioconcentration by phyto-
plankton. Evidence suggests that exposure to high concentrations of both inorganic
Hg and MeHg causes toxic effects in primary producers, including reduced growth
rate, decrease in photosynthetic activity, and heightened oxidative stress. This stu-
dy aims to shed light on the effects of methylmercury exposition and its biomagni-
fication and subcellular distribution by two extremophile microalgae strains from
Huelva province, Spain. To the best of our knowledge, such study has not yet been
performed.
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Light-induced production of reactive oxygen species (ROS) by nanoparticles
has been discussed due to its high spatial and temporal resolution, non-invasive-
ness, and potential applications in diverse fields, including tissue regeneration. Li-
ght serves as a wireless power source, facilitating the transduction of energy into
stimulation current, heat, or chemical reactions. The heat and/or chemical reactions
can result in the generation of ROS, particularly hydrogen peroxide (H202), which
offers the capability to open peroxide-sensitive ion channels, thereby triggering an
action potential. Researchers use the photoexcitation of organic polymer nanopar-
ticles to undergo an autooxidation process, thus inducing ROS production. Alterna-
tively, a plasmonic photothermal mechanism has been employed, generating ROS
simultaneously by heating gold nanoparticles

Our research focuses on the light-induced redox reactions at the surface of
photovoltaic particles, aiming to control H202 generation as previously studied
with macroscopic devices [3]. Utilizing organic semiconductor materials, we have
successfully established photovoltaic particles, even at thickness levels less than
100 nm. The photoactive layer absorbs light in a tissue transparency window (660
nm) enabling further in vivo applications. H202 production is achieved through an
oxygen reduction reaction on the photoactive layer, with the concurrent oxidation
of an electron donor on a conductive layer during continuous light exposure.

This study examines the optimization of the photovoltaic microparticles pro-
duction and characterization of H202 evolution using spectrophotometry assay.
Our findings show the potential of light-induced redox reactions on photovoltaic
nanoparticles, with implications for a wide range of applications, particularly in the
context of controlled tissue stimulation.
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There is a limited amount of fresh water in the world. Almost everyone knows
this fact, so companies are considering water reuse. In some cases, however, the
thought of what waste we produce when we reuse water is overlooked.

This article deals with the classification of concentrate from membrane process-
es, specifically reverse osmosis concentrate. Membrane technology was used for
water reuse in an industrial laundry. It is necessary to consider how the concentrate
is subsequently handled in membrane processes. The concentrate may be concen-
trated to the point that it no longer meets the legal limits. The following limitations
were monitored: Decree No 428/2001, which defines the sewer regulations and De-
cree No 8/2021, which defines hazardous waste. This work aims to determine if it
is possible to discharge reverse osmosis concentrate into the sewerage system and
whether it is hazardous waste or not.

The results of this work show that the monitored parameters present in the
reverse 0osmosis concentrate osmosis are above the limit for discharge to the sewer.
Still, at the same time, they are below the limit to be classified as hazardous waste.
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Hydrogels are becoming the focus of increasing interest in research due to
their unique properties, especially in transport and release of substances. These
three-dimensional hydrophilic systems have the ability to retain large amounts of
water and biological fluids, which increases their biocompatibility and widens the
spectrum of applications. The research of these materials makes it possible to in-
vestigate and model the transport and release of substances into the biological envi-
ronment]. Understanding the basic parameters controlling the release of substances
through the polymer membrane is crucial for accurate simulation and prediction
of the overall release profile. A common mechanism used in modeling is diffusion
governed by Fick’s law with constant or variable diffusion coefficients.

The aim of this work was to develop and evaluate a two-dimensional axisy-
mmetric model with defined materials, for which different values of porosity and
diffusion coefficients were included. The diffusion coefficient is a less interesting
variable in the field of transport properties,

as it is influenced by the size of the molecules and the characteristics of the
polymer network. By changing such a variable, the course of release of the model
substance can be influenced, which makes it possible to change the properties of the
designed hydrogel systems according

to the required applications.

The creation of the model was carried out in the COMSOL Multiphysics soft-
ware environment. Transport of Diluted Species physics was used, in which the
Porous Medium condition was included, and Laminar Flow physics were also pre-
sented in the model. Although the flow rate was zero, the gravity condition was
introduced. The obtained graphs of the dependence of concentration on time and
the model describe the course of transport, respectively. releasing the substance
through the polymer membrane into the biological environment. The designed mo-
del should correspond

to a real sample of fertilizer or gel balls containing a medicinal or bioactive
substance. Model dye

(e.g. methylene blue) was used to determine the release properties using the
appropriate experimental methods.

Using COMSOL Multiphysics, we were able to quantitatively evaluate the re-
lease process of a model substance through a polymer membrane into the biological
environment and investigate the influence of various factors, including changes in
the values of the diffusion coefficient and porosity

of the polymer membrane. In the study devoted to time dependence, all the
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obtained data indicate that by changing the diffusion coefficient or porosity, the
course of release of the model substance can be influenced, which makes it possible
to change the transport or release properties of hydrogel systems according to the
desired applications.
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