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Evaluation of the Ph.D. thesis of Eliska Kuthanova

Committee member: Roberta Croce, professor of Biophysics of photosynthesis, Vrije Universiteit
Amsterdam.

The thesis focuses on the mechanisms of photoprotection, especially NPQ, of two interesting
secondary endosymbionts algae, Chromelia velia and Rhodomonas salina.

The thesis is composed of an introduction providing the background to understand the regulatory
mechanism of photosynthetic light reactions, a description of the methods used, an overview of the
thesis, and a general discussion. The introduction is followed by five research articles which are all
already published. The first research article focuses on the effect of violaxanthin on antenna
quenching. In the second article, acclimation of C. velia to high light is studied by combining
physiological and biochemical measurements. In chapter 3, a detailed study on the effect of pH-
induced aggregation on the lifetime of the antennae of C. velia is presented. Finally, the last two
chapters are dedicated to the study of the photosynthetic components of the alga Rhodomonas
salina, with emphasis on the Chl a/c-binding antennae and on the PSI supercomplex (chapter 4) and
on the photoprotective strategies of this alga (chapter 6). The thesis is multidisciplinary and presents
a combination of biochemical and biophysical approaches applied to the understanding of a
fundamental biological process: photosynthesis.

The work is original and interesting and helps in shedding light on the large diversity of
photoprotection mechanisms in algae. | particularly appreciate the use of non-model algae that
permits to explore biodiversity. This is very challenging since all methods need to be optimized,
which can be hard, especially for the biochemical work. The candidate did an very good job. The
thesis is, in general, well written, and the candidate gives the impression to master the topic well as
can be seen by the research articles and the discussion. It is also important to highlight that she is an
author of several papers that are not part of this thesis. The choice of what to present in the thesis is
well justified and has permitted her to deliver a coherent manuscript, focused on high light
responses.

Based on the arguments above, | recommend admitting Eliska Kuthanova to the thesis defense to
obtain the title of doctor in Plant Physiology and Developmental Biology.

Since due to Covid-19 | am unable to attend the defense, | am adding below a few personal words for
the candidate and some questions for the defense.

With my best regards

Roberta Croce

Amsterdam 10 June 2020
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Dear Eliska,

First, | would like to congratulate you on your very nice thesis. | enjoyed reading it, and | learn a lot
about these very interesting algae that you have studied. | would have loved to be there to discuss
your results in person, | hope we will have another occasion. | am writing below some questions in
case there is the time during your defense. Enjoy your day!

In the research chapter 1 you are attributing the difference in lifetimes between the three antenna
bands to the difference in their violaxanthin content. However, these bands seem to differ in the
protein composition (see gel) and in their molecular weight, since they have different mobility in the
sucrose gradient. Their absorption and fluorescence spectra are also different, indicating changes in
the protein and pigment organization/composition. In addition, fraction 1 seems to contain some
free pigments. Considering all those differences between the bands, could you please explain how
you can conclude that the main effect on the lifetime is directly due to the change in the violaxanthin
content?

Regarding the aggregation experiment, did you check the effect of other xanthophylls added to the
mixture compared to the effect of violaxanthin (inset in figure 4, chapter 2)?

In chapter 2 you show that C. velia acclimated to high light decreases the number of PSII, while
keeping a large antenna. We observed the same effect for the green alga C. reinhardtii in
photoautotrophic conditions (Polukhina et al. 2016), suggesting that this is a more general strategy
of algae. However, in C. reinhardtii NPQ is very large and relaxed very fast, while in C. velia it does
not seem to relax (figure 1). This is puzzling because you also show that the photosynthesis rate of
high light acclimated C. velia is high at light intensities in which sustained quenching should be
present (figure 4a). Could you please help me to understand how | can combine the results in figure
1 and figure 4a?

In Chapter 3 you are looking at the quenching by pH-induced aggregation comparing LHC with CLH.
The difference in pl well explains the experimental results in isolated complexes. However, while the
pl is calculated on the whole structure, in vivo, the protonation is most probably only possible at the
lumen exposed residues. Do you think that the protonation of the three acidic residues of the luminal
exposed loop is sufficient to explain aggregation in vivo?

In Chapter 4 the first decay component for PSI is very short (13 ps) compared to other organisms
with similar red form content. The spectrum also has a deep around 715 nm, which might suggest
that this component is a mixture of trapping and excitation energy transfer from blue to red Chls.
Could you comment on it? Did you try to fit the decays with more components to see if it was
possible to disentangle the two contributions? How do you explain the large difference in amplitude
between the two components (13 and 80 ps)?



Oponentsky posudek disertacni prace

Autor: Mgr. EliSka Kuthanova

Nazev: Regulation of photosynthetic activity of pigment protein complexes in
thylakoid membranes

Vyznam tématu disertace v kontextu rozvoje oboru:

Diserta¢ni prace je zaméfena na studium fotoprotektivnich mechanismi u dvou doposud z tohoto
hlediska nepiili§ prozkoumanych fas (Chromera velia a Rhodomonas salina). Téma préce je aktualni
a prace jednozna¢né vyznamné piispéla k poznani variability (specifickych charakteristik) nezafivé
disipace absorbované excitatni energie (NPQ) ve svétlosbérnych anténach a aklimace
fotosyntetického aparatu na zvy3enou urovenn FAR u fotosyntetizujicich organismu, v souvislosti
s jejich evoluci.

Obsah price a obecné hodnoceni:

Prace ma klasické ¢lenéni (1. Teoreticky uvod; 2. Hlavni a dil¢i cile prace, 3, Materidl a metody, 4,
Piehled vlastnich vysledki; 5, Zavér a dalsi perspektivy; 6, Reference; rozsah 80 stran).

Stru¢né by se dalo fici, Ze celd prace je kvalitni, je napsana piehledné, je ¢tiva a nebyla odbyta
struénym uvodem a piepisem abstraktii a zavér publikaci, jak tomu nékdy byva u disertaci, které
jsou podlozeny bohatym souborem publikaci. V této souvislosti bych obzvlast' ocenil kapitolu 2
(Hlavni a dil¢i cile), ktera jednozna¢né a podrobné vysvétluje koncepci vyzkumu a zacletuje do ni
jednotlivé diléi cile (subprojekty). V praci je citovano témét 200 relevantnich publikaci, véetné
nejnovejsich praci.

K préaci je pfiloZzeno 5 publikovanych ¢lankid (z toho 2x 1. autor, 1x sdileny 1. autor) v kvalitnich
impaktovanych cCasopisech. Z prvoautorskych ¢lankt bych chtél vyzdvihnout ¢lanek ,,Antenna
proton sensitivity determines photosynthetic light harvesting strategy*, nejen protoze byl publikovan
v J. Exp. Bot. (1. decil v kategorii Plant Sciences), ale pfedev§im, ze v tomto ¢lanku byla objasnéna
jedna z kli¢ovych specifickych charakteristik svétlosbérnych komplexti C. velia (CLH) spocivajici
v zvySené citlivosti vi¢i protoniim (protonaci), ktera vysvétluje usnadnénou indukci NPQ v CLH.
Autorka se, krom¢ uvedenych 5 publikaci, podilela na dalSich 4 publikacich (jedna je velmi
Cerstva), které nejsou soucasti piedlozené disertaéni prace, byt’ se minimalné okrajové problematiky
disertani prace tykaji. Za 4 roky se tedy pani Kuthanova podilela na 9 publikacich, coz je na
doktoranda impozantni pocet.

Formalni hodnoceni prace:

Prace je psana kvalitni angli¢tinou, je vhodné doplnéna obrazky (schématy). Celkove se prace velmi
dobfe ¢te. Jedind mozZnost, kterd mne napada pro jesté lep$i orientaci v textu — zfetelné vyznacit
v kapitole 1 citace praci, které jsou soucasti disertatni prace.

V praci se vyskytuje pouze nékolik nepiesnych/nejednoznaénych formulaci (napt.) :

Str 18: 1 véta kapitoly 1.5.1. ,,The most commonly accepted theory states that NPQ in higher
plants and green algae resides in the light-harvesting antennas which change their conformation
responding to this ApH .......... “ L, This*“ pouZivite pomérné Casto, napriklad v tomto pripadé je
Jjeho pouZiti matouci.

Str. 34: ,,C. velia NPQ shares similarities with higher plants mechanism (the presence of
violaxanthin cycle) on one side (Belgio et al., 2018; Kotabova et al., 2011; Quigg et al., 2012), and
with diatoms (e.g. variable fluorescence below minimal fluorescence and the presence of “NPQ




lock™ (Ruban et al., 2004)) on the other.” Variabilni fluorescence je obvykle definovdina jako rozdil
mezi Fyand Fy, spojeni ,,pokles variabilni fluorescence pod Fo“ mi pFilis neddvd smysl.

Str. 37: ,,.Crocoxanthin and monadoxanthin are additional less abundant carotenes (Kana et al.,
2012; Kuthanova Trskova et al., 2019) with one more triple bond.” V souvislosti s pFedchozi vétou,
by toto tvrzeni znamenalo, Ze crocoxanthin a monadoxanthin maji 3 trojné vazby.

Za mirny formalni nedostatek 1ze povazovat skute¢nost, Ze tiSténa verze a elektronicka verze prace
nejsou uplné identické: V tisténé verzi je na strané 9: .,..... that can lead to the reduction of harmful
products like reactive oxygen species — ROS. V elektronické verzi je jiz spravné “... production
....". Navic v ti§téné verzi jsou ,,prazdné stranky* 26, 32, a 46, které v elektronické verzi chybi. Je
to opravdu minoritni zména, ale spravné by mély byt obé€ verze identické.

Komentire a dotazy / Comments and questions (vzhledem ke skutecnosti, Ze autorka plinuje
vést obhajobu v angli¢tiné, jsou uvedeny v angli¢tin€). For better orientation questions are
written in bold italics.

Page 4: ,,All light-harvesting antenna complexes share properties and fulfill the following crucial
functions ...... ii) a widening of the spectral range of photosynthetically active irradiation by means
of various pigments or proteins with different absorptions (see e.g. (Horton and Ruban, 2005;
Horton et al., 2000)).“ I think this is a bit oversimplifying / inaccurate statement. Can you explain
how proteins with different absorptions (I would rather use absorption spectrum) contribute to
broadening of the spectral range of photosynthetically active radiation?

Page 13: ,For example, high light treatment in higher plants usually increases Photosystem
I/Photosystem II ratio (Boardman, 1977; Kendrick and Kronenberg, 1994), .....“ . According to my
knowledge increasing PS I/PS II ratio is not a typical acclimation response of higher plants to
high light (for review eg. Schottler and Toth, Frontiers in Plant Sci 2014). Can you comment on
this?

Page 20: Among different types of light-induced xanthophyll cycles in different organisms you have
mentioned: ,, iii) Lutein cycle involving lutein-5,6, epoxidase observed in cuscuta species (Bungard
et al., 1999). Is lutein cycle limited to cuscuta genus? Is it true that lutein-5,6, epoxidase has
been confirmed as the enzyme involved in this cycle? Is it clear which enzymes are involved?

Page 38: ,,Culture cultivation®. You have described that C. velia and R salina were cultivated
under different light égime (continuous light x 12/12 h day/night cycle). Can you explain why?

One of the main findings and conclusions of your work was that “CLH antenna are highly sensitive
to protons, which makes them ready to quench (Kuthanova Trskova et al., 2018).” The quenching
of CLH fluorescence in vitro was induced at higher pH as compared to LHCII, however still it
was not saturated at pH 5.5. On the contrary for C. reinhardtii NPQ titration curve shows that
the quenching is activated at pH 6.7 and saturates at pH 5.5 (Tian et al. PNAS 2019). Can you
comment on the different pH (A pH) sensitivity of NPQ in C. reinhardtii and C. velia in relation
to the evolution of NPQ mechanisms?

Page 49: You have mentioned that “organisms with antennas not that efficient in light harvesting
(i.e. antennas ready to be switched into the quenched state), such as CLH from C. velia, have to
carry a high concentration of free (lipid phase) violaxanthin to improve their light-harvesting
(Kuthanova Trskova et al., 2018, the model on Fig. 11). The potential role of lipid phase
xanthophylls in regulation of CLH function is very attractive possibility, indirectly supported by



lower relative violaxanthin content in isolated CLH as compared to intact cells of C. velia (Karia
et al. 2016). However this should be taken with caution as washing out of loosely bound
violaxanthin from CLH during isolation cannot be ruled out. Do you have another evidence for
the violaxanthin/zeaxanthin presence in the bulk lipid membrane?

Zavér

Jak teoreticka ¢ast disertacni prace, tak prilozené publikace jsou velmi kvalitni. Je
ziejmé, ze autorka odvedla opravdu velky kus poctivé experimentialni prace. Jednotlivé
prezentované vysledky svéd¢i o nesmirné koncepénim a ndpaditém pristupu k FeSené
problematice s vyuZzitim biofyzikalnich, biochemickych i bio-informatickych pFistupi. Praci
jednoznaéné doporucuji k obhajobé a po uspéSné obhajobé price doporucuji udélit Mgr.
EliSce Kuthanové titul Ph.D.
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V Ostravé dne 14.6. 2020 Doc. RNDr. Vladimir Spunda, CSc.
KF PiF OU



