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Odborny posudek doktorské dizertacni prace Mgr. Mileny Maryskové

Enzymatically activated filters for water treatment

Pfedkladana prace jak v dvodu, tak i v teoretické &asti popisuje nékteré teoreticke a zejména
experimentalnt aspekty pfipravy, charakterizace enzymaticky aktivnich filtrd a jejich vyuZiti pro
¢isténi odpadnich vod. Hlavn{ cile prace byly struéné vymezeny jiz v Gvodni kapitole, Zvolené téma
velice dobfe reaguje na soudasny stav a trendy v oboru biotechnologickych procest a jejich vyuZiti pfi
upravé odpadnich vod.

Prace je psana v anglickém jazyce, pfehledné ¢lenéna a je dopinéna 268 odkazy na odborné
¢lanky. Kompilaéni Cast prace plsobi kompaktnim dojmem a je wvelice {tiva. Text edukativnim
zplsobem Ctenafe seznamuje s dilimi kroky, jak ziskat enzymaticky aktivhi materidl vhodny pro
filtrace odpadnich vod s cilem zbavit je vybranych toxickych organickych [atek. Nékteré informace
uvedené v teoretické &3asti prace jsou nové a pfinosné, ale v 16 stranach teoretické ¢asti prevaiuje
text shrnujici zdkladni pfehled a ulebnicové informace. Je Skoda, Ze autorka text neobohatila o
pasaie komentujici aktualni stav fesené problematiky, soucasné trendy a sméry vyzkumu a vyvoje.

V experimentalni &asti autorka prokazala schopnost prakticky vyuZivat 3irokého spektra
metodik napfi¢ obory enzymologie, biochemie, analytické chemie, biotechnologie, nanotechnologie.
Témata jako je izolace a imobilizace enzymu lakazy na rlizné typy nanovldkennych nosicil jsou peclivé
a pfehledné popsana a logicky vedou jednotlivymi kroky pfipravy bioaktivniho nosite na bazi
organickych nanovldken. Vysledky jsou vidy doplnény o graf mapujici U¢innost degradace pro
jednotlivé organické latky a komehtovény v kontextu jinych odbornych praci vénujicich se podobné
problematice. Velice kladné Ize hodnotit i fakt, Ze prace obsahuje kapitolu popisujici navrhy, jak
uplatnit tyto katalytické systémy v praxi. Konkrétng se jednd o tii konstrukiné rozdiiné formy:
nanovldkenné membrany, nanovidkenné disky a reaktor s 3D nanovlakennou strukturou.

V dalsi ¢asti posudku uvedu pouze drobné pfipominky k textu prace:

1. Vpfehledu latek, které se pouiivaji ke stanoveni aktivity lakdzy chybi souhrn vyhod a
nevyhod zvolenych metod a chybi informace o citlivosti a rozsahu kazdé z danych metod {str.
39-41).

2. Na strané 43 dole je u ,SPME fiber” vzdvorce uvedeno (100 um polydimethylsiloxane) —
muZe autorka svymi slovy popsat princip mikroextrakce a pro¢ byl k extrakci pouZit pravé
tento material?

3. Na strané 44 autorka popisuje metodu identifikace a rozdéleni degradaénich produkti reakce
katalyzované lakazou. lednd se o metodu HPLC, kde byla pouZita kolona ,Phenomenex
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Kinetex F5 core-shell”. M{j dotaz zni, provddéla tyto separace autorka sama nebo tento krok
byl proveden ve spoluprdci s jinym pracovistém? Na zdkladé jakého separaéniho principu byly
degradalni produkty rozdéleny?

4. Jak si autorka vysvétluje rozdilnou aktivitu enzymu HRP méfenou pomoci ABTS (obr. 27, str.
54} ve srovnani s dalsimi dvéma substraty?

5. Vexperimentalni ¢asti, kapitola 11 a 12, prosim o vysvétleni, pro¢ byly experimenty
proméfovany pouze na tfi katalytické cykly. Dale u popisu metod autorka uvdadi, Ze vzorky
byly promérovany pouze v duplikdtech. Byl k tomu néjaky konkrétni diivod? Pro vyhodnocenf
vysledk(l prGmérnou hodnotnou s uvedenim smérodatné odchylky je adouci provadét
méfeni min. ve tfech opakovanich.

Poznamky k formalni strance textu dizertaéni prace:
1. Autorka nezvykle zafadila do seznamu zkratek i chemické vzorce latek.
2. Vabstraktu je pravdépodobné pieklep v nazvu latky ethinylestradiol,.
3. Nejednotné psani Cisel ~ v jednom odstavci je one U x 1 U, one pmol (str. 39).
4. Vkapitole 4.1 a 4.2 neni vhodné psat nékteré latky a materidly zvyraznénou formou.
5. V pfehledu chemikdlii u ndzvy firmy chybi sidlo firmy a stét, odkud firma pochdzi.

Na zévér bych méla na dizertantku nékteré dotazy a ndméty kdiskuzi tykajici se pFedlofené
problematiky. Prosim o struéné odpovédi.

1. Nastr. 26 autorka zmifiuje 3 optimalni kandidatni enzymy (lakaza, peroxiddza, tyrozinaza) pro
poufiti k imobilizaci a CiSténi odpadnich vod. Opravdu jsou dnes v praxi poufivdny nebo
v ramci vyzkumu vyvijeny systémy s enzymy pouze téchto tii skupin? Existuji je$té dalsf
enzymy, které se testuji, zda by byly pro tyto Gcely vhodné a pro¢?

2. Vysledky v kapitole 11 naznacuji, Ze enzym kienové peroxiddza ma lepsi katalytické vlastnosti
ve vzorcich pfirodnich a odpadnich vod (pH 6 — 8,1) ne enzym lakdza (obr. 31, 33, 35).
Prosim o vysvétleni, prot byl pro daldi experimentaini préci vybrdn enzym lakdza. Byl
divodem pouze poZadavek pfidavku H;0;, jak je naznageno v zévéru, nebo byly dal3i faktory,
které o vybéru rozhodly?

3. Vkapitole 4.2. na str. 28 autorka popisuje enzym lakdzu izolovanou z rdznych zdrojd a
vazanou na rlizné typy nosicl za (celem pouZiti k degradaci organickych latek ve vodé.
PrevaZuji prace z let 2003 — 2016, jedna préce je z roku 2018. Existuji nové préce na podobné
téma publikované v roce 2019 — 20207 Je tato problematika nadale intenzivng studovdna a
rozvijena, nebo dochazl opravdu k Gtlumu, jak naznacuje vy&et literdrnich odkazl? Jak je to
s uplatnénim podobnych systémi v praxi? Bylo by moiné také zhodnotit, které ztéch
systém{ se v soucasné dobé ukazuji jako vhodné pro praxi. Existuji informace o tom, ¥e
ackoliv v laboratornich podminkdch systém fungoval, tak v praxi se systém neosv&d&ir?



Prosim i o kritické srovnani jejich uZitnych parametrd svlastnim enzymaticky aktivnim

nanovlakennym systémem.

Na zavér bych rdda zdlraznila, Ze uvedené pfipominky a ndméty jsou pouze inspirativni a
nikterak nesniZuji vysokou odbornou Uroven predlozené préce. Kvalitu prace doklddaji opravdu
hodnotné publikace, kde je dizertantka prvni autorkou nebo spoluautorkou. Dizertantka prokézala
schopnost poutavé, ale presto na vysoké odborné kvalité popsat vymezenou problematiku, Fegit
sloZité védecké problémy a pro jejich feSeni vyuZivat nejmodern&j3i postupy. Autorka spinila vytéené
cile prace beze zbytku. Vzhledem kuvedenému doporutuji praci pfijmout k obhajobé a Mgr.

Maryskové po Gspésné obhajobé udélit titul Ph.D.

V Pardubicich 24. 4. 2020 prof RNDr/Zuzana Bilkova, Ph.D.
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Dissertation thesis of Ing. Milena Maryskova “Enzymatically activated
filters for water treatment”: Report of the opponent

The PhD thesis entitled “Enzymatically activated filters for water treatment”,
which has been submitted to the Technical University Liberec by Ing. Milena
Maryskova, addresses the problem of emerging (micro-)pollutants (e.g.
endocrine disrupting chemicals = EDCs, pharmaceutically active compounds)
in wastewaters and effluent-receiving waters, and the typically incomplete
removal of such compounds during conventional wastewater treatment. The
thesis aims to contribute to the development of biochemical (enzymatic)
(waste)water treatment methods for the removal of such pollutants, as an
alternative to physico-chemical methods (e.g. ozonation, treatment with
powdered activated carbon) currently also widely considered for the
aforementioned purpose. Without any doubt, the thesis is focusing on an
important issue of global relevance. The need for the development of adequate
wastewater treatment technologies (sometimes referred to as additional fourth
treatment stage) has initiated a wide range of related research activities during
the last decade. The application of versatile and robust enzymes in
immobilized form, an approach also taken by the present thesis, can be
considered as one of the most promising biochemical attempts to remove
micro-pollutants from waters.

To overcome known draw-backs of physico-chemical treatment methods was
a strong motivation for the focus on biochemical (enzymatic) treatment in the
present thesis. As a starting point, nanofibers were identified as promising
carriers for enzyme immobilization as these materials are easy to handle, safe,
and provide a high specific surface area. The cost efficiency of enzyme-
nanofiber materials was considered as another important factor for technical
applicability. Laccases and peroxidases were employed as promising
candidate enzymes. Among the multitude of different enzyme immobilization
techniques found in the literature, enzyme immobilization onto nanofibers
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influenced removal speed, and showed a more significant effect than EDC concentration.”
(page 95).”. | assume that the higher influence of the reaction volume (compared to the EDC
concentration) was deduced from the clearly different removal rates observed at 2 and 5 discs,
respectively (Fig. 54) — is this correct? In this context, what is known with respect to Km values
of the applied laccase (or of laccases in general) for the applied EDCs — are there related
literature data?

- Itis very well known that micro-pollutants (EDCs and others) occur in wastewaters typically at
very low concentrations. In the present work this problem was also adequately addressed
(EDCs were also applied at 100 pg/L in order to meet more environmentally relevant
conditions, compared to a rather high concentration of 10 mg/L). On the other hand, enzymatic
degradation rates would depend on the substrate (pollutant) concentration, and hence very
low pollutant concentrations in wastewaters could not always be favorable for the application
of enzyme-based technologies. In this context | have two questions: Are there types of
wastewaters/effluents (containing EDCs/pharmaceuticals), which would be expected to be
more favorable for enzymatic/biocatalytic treatment than others (e.g., typical domestic
wastewaters), because of presumably higher micro-pollutant concentrations? Also in this
context, are there ideas regarding technological solutions, which may lead to an improved
availability of pollutants for degrading enzymes/biocatalysts?

Generally, | consider this thesis to be very well organized and structured, well written, and easy to
follow. Both the introduction and the theoretical background section are very informative and clearly
point to the problems and objectives intended to be addressed within the present work. The
materials and methods section is sufficiently informative to enable a reproduction of the work. The
experiments seem well performed. The results are well presented with the help of numerous
meaningful figures, and seem sound and unambiguous. The respective discussions are relevant and
reflect the current state-of-the-art. The conclusions drawn in the conclusion section are justified by
the obtained results. The thesis ends with a comprehensive and up-to-date reference list.

| recommend this dissertation for defense.

With kind regards
Dr. Dietmar Schlosser
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