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A review of PhD thesis of Karolina Ranglova “Cultivation, Monitoring and
Application of Microalgae Cultures”

The present thesis is focused on highly interesting as well as highly up-to-date topic of microalgal
biotechnologies. Algae sensu latissimo (in this case also including Cyanbbacteria) influence our
everyday lives more than one is usually aware of. Contrary to products of fossil algae and macroalgae
the large-scale utilization of microalgae in wide array of applications is still in early stage. Candidate’s
publications included in this thesis are a contribution to further development of mass cultivation
techniques of microalgal strains.

Karolina Ranglova performed her PhD study and research in Centre Algatech in Tfebon, one of
institutions which significantly contribute to development of microalgal biotechnologies for 60 years
(in this year 2020). Hence, Karolina Ranglova’s research was tightly bound with institution’s research
topics and favorite organisms, mostly from their “pet” genus Chlorella,

The thesis consists of four chapters and seven annexes in form of published and submitted papers
co-authored by the candidate. First chapter serves as a kind of General introduction. Especially first
section of this part shows that its author pays attention to field-specific literature only and does not
consider primary or more specific sources of information she works with. Since this is Ph.D. thesis, |
would expect more sophisticated description of microalgae than the first paragraph with information
on level of high school (no specification of evolutionary lineages where photoautotrophic
microorganisms occur etc.). Another example is on page 3, where the author states: “Microalgae can
be divided to four groups according their light-harvesting photosynthetic pigments: Rhodophyta (red
algae), Chromophyta (brown algae), Chlorophyta (green algae) and cyanobacteria (Masojidek et al.
2013).” The cited work is a chapter from a field specific book, on the other hand, Chapter 1 of the
thesis is more general, so more general information should be given and more general literature
should be used - there is additional group of phototrophic microorganisms, which has another
composition of photosynthetic pigments, i.e. Cryptophyta. Part 1.1 is dedicated to short overview of
microalgal biotechnology including main types of product and, cultivation technologies. In this part
were omitted photobioreactors and raceways, which are both widespread technologies of
commercial microalgae production. Why? Part 1.2 is more focused on mass cultivation of microalgae.
Here it is noticeable that this topic is author’s cup of tea and provides decent amount of information
for reader outside the field in sufficient depth.

The second chapter is dedicated to monitoring and maintenance of mass cultures and is bound with
Annexes | and II. | have mixed feelings concerning this chapter. Its introduction is written clearly, but
in some parts the text would need to be polished. E.g. just at the beginning the second sentence (on
biological examination) does not make sense between the first and the third one (both on
physicochemical variables). In the part 2.3 both papers contribute with no doubt to knowledge on
optimization methods for mass cultivation of particular strains and on suitable Selenium
concentrations for production of Se enriched biomass. However, there are some points to be clarified
in both publications. In the first study included in this section authors used two strains of Nostoc sp.
and Cylindrospermum alatosporum among others. These three organisms are soil or benthic and
form larger colonies contrary to the other strains, which are more or less planktic, thus forming
uniform suspension. This could influence the photosynthesis measurements: How was this factor
reflected during the experiment? In the second paper in this section authors present three
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experiments — test of three concentrations of Se in one light intensity, test of one concentration of Se
in three light intensities both indoors, and test of one concentration outdoors. Why the indoor tests
were performed in duplicates only? How was chosen the concentration of Se for test 2? On page 18
the candidate states “...According to these results, the effective concentration of 16 mg Se g-1 DW
was used to study changes of photosynthetic activity under various light intensities...”, but the above
mentioned concentration was not tested. In conclusions of this chapter the last paragraph does not
make sense in context of previous text — it is just a repetition of the first sentence of section 2.1
written in other words.

In the third chapter candidate the focused onto mass cultivation systems. The introduction and parts
3.1t0 3.3 are well written with some relatively minor issues. E.g., there are many superfluous
citations in last paragraph at page 25 - all papers are on the same topic with some alterations so why
not to cite just the most recent one (which is missing in the references)? Other, and according to my
opinion more important is the work with literature. More than half (9 of 16) of citations in this
chapter has was written or at least co-authored by staff of Centre Algatech. The rest of references is
seven years old or more, which is a lot in such dynamic field like algal biotechnology. This means the
candidate is not very familiar with other publications and her overview of trends in the field may be
limited. As an example may serve last paragraph of section 3.3 on productivity of photobioreactors —
the candidate states that “In PBRs, despite some disadvantages, higher biomass density can be
achieved than in open systems (with the exception of thin-layer systems). “, but there exist
publications (reviewed e.g. in Nwoba et al. 2019) reporting even higher productivity than thin-layer
systems. In this chapter | have to leave a comment also on Annex IV. Formally it is a regular review
published in an international journal. On the other hand, it is mare a PR text on workplace’s
achievements published in special volume of the journal. | would be restrained in including such
paper in the dissertation thesis, especially in case of the candidate, who has many other publications.

In fourth chapter the candidate deals with use of microalgae. Its introductory part is more or less
sufficiently informative but should be more comprehensive. E.g., in section 4.2 Human and animal
nutrition is completely omitted consumption of whole biomass of microalgae, which in some part of
the world is traditional and even vital! The section is also imbalanced in terms effects of consumption
— only positive effects are mentioned even though there exist published reports on negative effects.
Another example is in subsection 4.2.2, where mostly “Chlorella” is mentioned even there are more
taxa used in animal nutrition (Limnospira spp., Aphanizomenon flos-aquae). In following parts 4.3 and
4.4 are described methods of testing of antimicrobial, antifungal, and partially also biostimulating
activities. They are well described. | am missing such a methodological overview for assessment of
germination assay, and bioaccessibility assay of Se- amino acids (part 4.5.2). Why the author omitted
results auxin- and cytokinin-like assay from chapter 4.5.3? In conclusions of chapter 5 the author
states “The disintegration process influenced the bioaccessibility of Se-AAs in the Se-Chlorella
biomass.”, which is definitely correct, but based on current knowledge, this is not a new finding. The
fact, that green algal biomass has to be disintegrated before consumption in order to make cell
content available/digestible, is known for many years and also mentioned by the candidate on page
41.

Overall, my feelings concerning the thesis are rather mixed. On one hand it is supported by very
decent number of papers and one submitted manuscript and substantial part is well written. On the
other hand, a PhD candidate should be able to keep an overview on literature in broader field than
field of thesis’s topic and should be able to take advantage of such literature in the thesis. In case of
this thesis 1/5 of references originated at least in some extent at candidate’s workplace; primary
literature is not used very often (e.g. Masojidek & Torzillo 2014 were not the first nor the most
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recent, who estimated age of Cyanobacteria). Another point I would rise is scientific exactness of the
theses. The candidate often uses generic names without any specification. As an example, may serve
“Chlorella”. There exist 97 species names within the genus Chlorella, 31 of them nowadays belong to
the genus (Guiry & Guiry 2020), the rest was transferred to other genera or is invalid. And there is
even more strains of Chlorella and former-Chlorella. In this context, which “Chlorella” is the
candidate talking about?? In some case she uses strain numbers, which is correct, but most cases the
statements lack proper identification make no sense. The whole text feels like it has been finished in
rush without proper proof-reading — 23 (!) cited works are missing in references (those with obvious
typographic errors like Liy vs. Liu or Zittelli vs Zitelli not counted); citation Velusamy & Das 2014
occurs twice in References; there is incorrect usage of plural in several places; historical photographs
in Chapter 3.4.3 and many other graphs, tables and figures have no source cited.

Despite my objections listed above, the present work still meets the requirements for Ph.D. theses
and | recommend it to be accepted for defense.

In Ceské Budéjovice, 23. 11. 2020

b Digitally signed by
RN Dr_ Tomas RNDr. Tomas Hauer,

PhD.
Hauer, Ph.D. pate:2020.1123
' 13:03:10 401'00°

Tomas Hauer

Questions for the Candidate:

1) 1am aware that taxonomic changes are not quickly reflected in biotechnologies, e.g. because
of “rigidity” of certification processes. How many genera contain now species produced
under commercial name Chlorella?

2) Could you estimate what is a real share of PBR’s, TLC's, and RWP’s on biomass production?

3) AnnexV deals with mass cultivation of Arthrospira platensis M2. What is the origin of the
strain? Which of the tested technologies is more feasible for production of this organism in
terms of capital and operational costs?
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Posudek na doktorskou prdci Karoliny Ranglové: Cultivation, Monitoring and A pplication
of Microaloae Cultures

PiedloZend doktorskd prace obsahuje celkem 4 kapitoly. Préace je zaloZena na 6 impaktovych
publikacich (I1x je K. Ranglové prvai autor) a jednom rukopisu, opét prvo-autorském. Podil
Karoliny na jednotlivych publikacich Jje uveden na zagatku prace a vSechny publikované &lanky a
rukopis tvori pFilohu této préce.

Prvni Kapitola zahrnuje obecny uvod, kde je predstavena fasova biotechnologie a hlavni
kultivaéni  podminky ovliviiujici  rist mikrofas. Rozhodng& bych uvitala presnégjsi
charakteristiku/rozdéleni mikrotas. Je ticba si uvédomit, Ze eukaryotické mikrofasy netvofi 4dnou
evolu¢ni jednotku a patii do riiznych Fisi eukaryot (supergroups) vétsinou i s mnohobun&énymi
pribuznymi. V podstaté se jednd o nepfibuzna protista (=jednobuné&iné organismy), ktera dokazala
b¢hem evoluce ziskat a udrret si chloroplast. At uz procesem primérni, sekundarni & seridlnich
endosymbidz. Z rozdilného evoluéniho piivodu mikrofas plyne mimo jiné i ohromna rozmanitost
Jimi produkovanych bioaktivnich latek. Sinice jsou bakterie (konkrétng gramnegativni) ne jejich
blizei ptibuzni. Podminky ovliviiujici rist fasovych kultur jsou velmi komplexni a asto provazané
(ne pouze osvit, teplota a Ziviny, ale tfeba i pH, sedimentace, vyména plyni, evaporace, pFip.
kontaminace jinymi mikroorganismy). Bylo by asi spravné zdlraznit, Ze se autorka vénuje jen tém
nejdilezit&jsim, v kapitole o Zivinach bych uvitala zminku o mikronutrientech.

Druhd kapitola pojednava o sledovani a udrzovani kultur. Pfedstavuje soubor analyz
fluorescence chlorofylu jako rychlé, citlivé a obecn& pouZivané metody pro okamzité zjisténi
fyziologického stavu péstované fasové kultury. Autorka prehledné popisuje jednotlivé metody a
vysvétluje jejich princip. Jako komplementarni metodu pro optimalizaci riistovych rezim@ pip.
detekci nevhodnych podminek pfedstavuje méfeni produkce O,. Souddsti této kapitoly je i
rekapitulace obsahu dvou impaktovych ¢lankd, kde je analyzovana fluorescence chlorofylu, tato

srovnana s ristovou kiivkou a vyuZita pro hodnoceni ristovych charakteristik (teplotni optimum
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ristu nékolika kmenti — Annex I a davky anorganického Se, kterd jiz zplsobuje inhibici ristu. Tato
davka je ovlivnéna intenzitou zafeni — Annex 1D).

Jadrem celé price je treti kapitola, kterd se zabyva kultivaénimi systémy. V tivodu jsou
popséany zakladni principy laboratorni kultivace, venkovni oteviené systémy (né€kdy pro redukci
vnéjSich vlivii umisténé do skleniku) a fotobioreaktory. V uvodu této kapitoly autorka porovnava
vyhody a nevyhody Jjednotlivych velkoobjemovych kultivagnich systémi jako srovnavaci kritérium
pouZiva max. vyt&zek jednotlivych systémi. Chybi mi tu daj, jak dlouho jednotlivé kultivace
probihaly, tj. po jakou dobu Je moZné tento vytézek udrzet (dny, mésic/e). Text je vhodng doplnén
obrazky riiznych typa kultivaénich systémil. Soudasti jsou shrnuti t¥f IF publikaci; jeden prehledovy
Clanek typu review (Annex 3), pojednavajici o vyvoji zafizeni pro kultivace fas v tenké vrstvé a dva
¢lanky zaloZené na origindlnich datech (Annex 4 a 3).

Ctvrta kapitola se zabyva vyuZitim mikrofas (potravinové dopliiky, biopesticidy a
biostimulanty). Tady bych uvitala odd&leni komercné vyrab&nych produkti z fas a sinic (vétsinou
se jednd o potravinové dopliky z velkoplosné péstovanych kmen sinice Arthrospira a zelenych Fas
Chlorella, Dunaliella a Haematoccocus) od laboratorné testovanych aktivit (antifungalni,
antibakterialni, stimulujici rist rostlin). V lidské vyzivé (potravinové doplriky) hraji dileZitou roli i
kmeny jinych rodd nez zmingné Arthrospira a Chlorella, napt. eustigmatofyt Nannochloropsis,
ruducha Porphyridium nebo Jiz v ivodu zminéné Dunaliella a Haematoccocus. Nasledn¢ jsou
v uvodni kapitole pichledné popsany a obrazové dokumentovany testy stimulacnich/inhibi¢nich
ucinki latek (obecné) na rist patogen a testy pro zjisténi biostimula¢ni aktivity fasovych extraktti a
suspenzi. Sou€asti této kapitoly je shrnuti obsahu impaktového ¢&lanku, testujictho velmi
komplexnim zptisobem dostupnost Se-aminokyselin v Se-obohaceném preparatu chlorely a
srovnani obsahu a dostupnosti s riznymi na Se bohatymi potravinami (Annex 6). Rukopis zaslany
k publikaci do &asopisu s IF (Algal Research) srovnava kultivaci kmene Chlorella MACC-1 ve
dvou riiznych venkovnich systémech, v anorganickém médiu a méstské odpadni vode.

Ve svém posudku se snazim komentovat a kriticky hodnotit predevisim uvody jednotlivych
kapitol. TéméF vSechny ¢lanky prosly recenznim #izenim a byly publikovany v respektovanych
oborovych &asopisech. PFinaSeji velmi zajimavé védecké poznatky a posunuji teoreticka zjisténi
blize k praktickému vyuziti.

Predlozend prace predstavuje tematicky ucelené dilo. Doklada, 7e Karolina Ranglova zvladla
zaklady védecké prace a je schopna pracovat v tymu. Predlozend publikace mohou tvofit odrazovy
miistek pro jeji dalsi védeckou kariéru. Doktorska prace rozhodné spliiuje pozadavky kladené na

tento typ prace a ja ji doporuéuji k obhajobé.
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K praci mam né&kolik dotazi:

Pozn.

. Jaké formy N vyuzivaji fasy prednostné a proc?

Chlorella vulgaris R 117 (Annex 1) vykazuje velmi sirokou teplotni valenci. Do jaké miry
se jedna o evolugni pamét a do Jjaké miry se dokaze adaptovat?

Historie kultivaci fas v tenké vrstvé — 1963-70 — primérny vytézek kolem 10 g/m?/d;
v letech 2000-17 uz cca 15 g/m%d. Co vedlo k takto vyraznému zvySeni? Kolik dni trva
primeérné kultivace?

Pro€ je Arthrospira dobfe stravitelna? Maji v8echny chlorely celulézni bun&&nou sténu?
Jaké druhy fas se mohou vyskytovat v produktech (prasek, tablety) komeréng nazyvanych
,chlorela“? Gors et al. 2010 J Appl Phycol (2010) 22:265-276

Jakd je optimalni hodnota Fy/Fy, pro fasové a sinicové kultury? Lze mluvit o jednom

konkrétnim &isle tak, jak to viceméng plati u cévnatych rostlin (0.83)?

Sinice rodu Cylindrospermopsis byly pfevedeny do rodu Raphidiopsis na zakladé

molekuldrnich dat (Aguilera et al. 2018; https://doi.org/10.2216/17-2.1). Rodové Jjméno

Raphidiopsis ma ptednost, protoze bylo publikovéno dfive. Spravné Je tedy pouzit rodové jméno

Raphidiopsis (viz. Annex 1).

V Praze 18.11. 2020

Doc. RNDr. Yvonne Némcovd, Ph.D.
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Review of PhD thesis of ing. Karolina Ranglova

Cultivation, Monitoring and Application of Microalgae Cultures

General evaluation

The presented thesis is mostly focused on the monitoring and optimization of microalgal
cultures for biotechnological application.

The thesis consists of four chapters. Chapter #1 represents a general introduction about
microalgae. Chapter #2 describes the application variable chlorophyll fluorescence
measurements for monitoring of algal cultures. Chapter #3 describes various designs of
cultivation units. Chapter #4 describes the practical utilization of algae for human or animal
nutrition. Special attention is payed to Se-enriched Chlorella. Each chapter is contains an
introduction part and one or two cases studies representing the experimental work. The cases
studies correspond to the seven publications enclosed, two where the PhD candidate is the
first author and five chapters in co-authorship.

The submitted thesis clearly demonstrates the student’s ability to orient himself in the
scientific literature, summarize the current knowledge, identify research questions, perform
original research, as well as to summarize and publish the obtained results. The thesis is a
solid piece of work of good quality. English is good. There are only few typos and
misspending. The author presents new information and expanding our knowledge how
chlorophyll fluorescence can be applied for monitoring of physiology of algal cultures.

Despite of that the text contains some problems which I am listing bellow.

Abbreviations:

Definition of Fo and Fr’ is incorrect. Please revise.
HPLC-APCI-HRMS — the full name incomplete

Chapter 1

Page 3. The presented division of microalgae on Rhodophyta, Chromophyta, Chlorophyta and
Cyanobacteria is very old-fashioned. More modern system should be adopted.

Page 4. The paragraph starting Light intensity and temperature ... does not really fit here.
Probably should be move to the next subchapter.



~

Chapter 2

The author cites mostly publications from Prof. Masojidek and colaborators. She should cite
also some original papers from Prof. Schreiber, Prof. Strasser, Prof. Nedbal, Prof. Falkowski
etc. There is a whole book about Chlorophyll fluorescence published in Advances in
Photosynthesis and Respiration series in 201 0, definitely worth to read.

Experiments with Selenite do not have an optimal design as there are no replicates. It is not
possible to calculate experimental error (i.e. as the standard deviation calculated from three
replicates).

Chapter 3

There seems to be a mistake in the Legend of Fig. 10.

Growth of Chlorella in a photobioreactor — authors talk about exponential growth between
day 3 and 9 of the experiment. From the difference between the two light regimes it seems
that the cultures were light limited. In this case growth is probably only linear — biomass
would be proportional to the delivered light energy. The Exponential growth can be only
observed under light saturating conditions.

Pages 33-34 have strange formatting.

Chapter 4

From the text at page 51-53 it is not clear how the tests were performed. The description is
very superficial. It is the pity as this is author’s own work. The details of the extraction is not
clear even in attached MS #7. F ig. 21 — what the lower case letters above the bars mean? It is
not described in the legend. Also in Fig. 6 of the MS#7. Tables 2 and 3 in MS #7 are not very
clear.

The thesis lacks general discussion of the main findings and clear conclusion.

In summary, the thesis contains original and interesting work which contributes to our
knowledge of algal biotechnology. The work meets standards for a PhD thesis and 1

recommend its acceptance.

In Tiebori, Nov. 9th, 2020

Doc. Michal Koblizek Ph.D.
Inst of Microbiology CAS, Tiebori



Posudek na PhD prici

Karolina Ranglova (2020): Cultivation, monitoring and application of microalgal cultures — Jihoteska
univerzita v C.Budé&jovicich, Fakulta zemédéiska, 174pp.

Téma prace: MikroFasy maji velky vyznam v pFirodsé, podili se téméf polovinou na globalnich cyklech
Ci 0. 0d 2 sv. vélky pak roste i jejich vyuZiti v biotechnologii. Piivodni idea produkce laciné bilkoviny
jako potrava lidi se ale pfilig neujala. Spise se nyni ukazuji zajimavéjsi aplikace jako producenti
karotenoid, mastnych kyselin, biologicky aktivnich latek atd.

Literarni dvod: Jmenovang zfejmé obsdhla velké mno%stvi literatury. Doplinil bych pouze malo znamy
fakt, Ze viibec prvni publikace o kultivaci mikrofas ve vétsim objemu byly z doby 2 sv. vélky kdy
Harder a Witch v r. 1942 publikovali vysledky z kultivace rozsivek jako zdroje oleji, coby maziva pro
armadu. Hned za nimi v r. 1946 publikoval R. Retovsky préci s vysledky kultivaci rozsivek Naviculg a
Nitzchia v objemu 70 L a zelené Fasy Scenedesmus obliquus ve stejném objemu. Rozsivky ale uvaZoval
spi$ k produkci fukoxanthinu. Teprve po nich pfisla slavnd publikace Burlew (1953). Jinak ale tento
Uvod je perfektni informaci pro zacinajici v oboru.

Vlastni publikace: Jmenovana uvadi 6 jiz vyslych a 1 publikaci podanou do tisku. To je vice neili
dostacujici podil v oboru. Za velice cenné povazuji vysledky dokladajici korelaci mezi rychlym testem
zaloZenym na fluorescenci chlorofylu a ristem. Nicméné dlouhodoby rust po nékolik (nejméné 3)
generaci je nejspolehlivéj$im dakazem pfijatelnosti fyzikalnich ale i chemickych podminek (napt. pro
testy toxicity Se). Zde bych doporuéil zavést si kultivaci ve zkfiZzenych gradientech teploty a svétla.
Tato metoda umoZiuje v realném &ase exponovat fasy do viech kombinaci teploty a svétla, déle je
mozno zavést dali rozmér, napf. koncentraci Zivin & néjakého prvku. Kultury mohou byt iv suspenzi,
v sérologickych desti¢kach od 0,2 mL az po Petriho misky s objemem 20 i vice mL, méfeni rastu jako
OD 750 nm, nebo fluorescenci chiorofylu aZ po analyzy biomasy z Petriho misek.

Pro diskuse o rozdilech mezi tenkovrstevnou kultivaci a vanou & meandry je pravdou, Ze silng vrstva
suspenze je vyhodnéjsi z pohledu produkce na plochu ale tenké vrstva zase na objem. To posledni je
samoziejmé vyhodnéj&i pro biotechnologii, centrifuguji se mensi objemy suspenzi.

V posledni dobé se diskutuji i vyhody heterotrofni kultivace. Ta produkuje isty produkt po cely rok,
nezavisle na Slunci & pocasi, ale 33d4 si organicky substrat, cukry, glycerol atd. Dalgi perspektivu
fasové biotechnologie vidim v bioprospekei, ¢ili hledani zcela novych kmend sinic a fas obzvla&te
extrémofill, ti mohou produkovat zcela nové latky a navic rozdiFovat kultivaéni sezénu (kryofilni
fasy). Stejné tak sviidné téma jsou immobilizované fasy a sinice.

Uprava prace: je velmi dobra. Pouze je ponékud nejasnd kombinace strankovani prace a publikaci.
Anglictinu nejsem schopen hodnotit, ale je &tiva a srozumitelna.

Zavér: PredloZena prace splfiuje poZzadavky na udéleni titulu PhD a proto ji rad doporutuiji k pfijeti. Po

Uspésné obhajobé doporucuji udélit adeptce titul "doktor".

-

RNDr. Jaromir Lukavsky CSc, Botanicky ustav AV CR, Dukelsk3 135, 37982 T¥eboni.
Jaromir.lukavsky @ibot.cas.cz



