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Title: ,Structure and function of pigment-protein complexes of photosynthetic
microorganisms”

Author: Ms. Herbstova, Miroslava

The main aim of the PhD thesis to be defended by Ms. Herbstova is to contribute to the
understanding of the structural organization and function of several photosynthetic
pigment-protein complexes from the red alga Cyanidium caldarium and the
cyanobacterium Prochlorothrix hollandica; two microorganisms with unusual pigment
and protein composition that makes them of interest in the evolution of photosynthetic
organisms. In order to achieve the PhD thesis goals, the author makes use of both
biochemical techniques to purify the photosynthetic complexes and characterize their
pigment/protein composition and biophysical and spectroscopic techniques to find out
the supramolecular arrangement of the complexes and the ultrafast energy transfer
processes taking place inside. The PhD thesis is presented in five chapters: an
introduction section with a list of references (Chapter 1), three papers (Chapter 2-4)
and a summary (Chapter 5). It is written in a precise and understandable English
language and it contains 113 pages and 22 figures. The author’s work has rendered
three peer-reviewed papers, two of them already published in the prestigious journal
BBA Bioenergetics and another submitted to Biophysical Journal, which gives us an
idea of the grade of excellence of the present PhD thesis.

In the first paper (BBA 2010, Chapter 2), the author carries out a thorough
biochemical approach to determine the location of the peripheral antennae PcbA, PcbB
and PcbC in thylakoids from Prochlorothrix hollandica. By combining denaturing and
non-denaturing polyacrylamide gel electrophoresis techniques and size-exclusion and
analytical liquid chromatographies, the author reaches the conclusion that PcbA and
PcbB are loosely bound to the photosystems and function as low light-induced mobile
antennae, while PcbC is attached to photosystem I forming an antenna ring.
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In the second paper (submitted to Biophysical Journal, Chapter 3), the purified
PcbC and PcbC-photosystem I complexes are used to investigate ultrafast energy
transfer processes. Particularly, the characterization of the singlet-singlet energy
transfer pathway between carotenoid and chlorophyll molecules is the main goal of
this study. The most outstanding result is the fact that singlet energy transfer from the
strongly allowed S2 excited state is marginal and that only the forbidden S1 excited
state before relaxation (hot S1) is responsible for the excitation energy transfer to
chlorophyll; a finding that notably differs from studies performed in other antenna
complexes belonging to the same phylogenetic group such as the iron stress-induced
cyanobacterial IsiA complex or the photosystem II inner antenna CP43, where the S2
state plays the main role in excitation energy transfer from carotenoid. Additionally,
the author concludes that the S1 excited state of zeaxanthin in PcbC would play a role
in quenching the excess of excitation energy based on the fact that the S1 energy level is
below the one of the Qy state of chlorophyll a.

In the third and last paper (BBA 2007, Chapter 4), the author addresses several
questions about the oligomeric state of photosystem I and II from Cyanidium caldarium,
the location of the PsbQ’ protein on the donor side of photosystem II and the
arrangement of the peripheral antenna of Photosystem I under different light
conditions. By means of single particle analysis and by comparing the particle’s
projection maps with the cyanobacterial and higher plant X ray models of photosystem
IT and I, the author is able to propose a model for the supramolecular organization of
photosystem I and II in this read alga and to conclude that red algae are on the border
between cyanobacteria and higher plant evolution.

During the time needed to complete her PhD thesis, the author has learned and
put in practice several biochemical and biophysical techniques to achieve the main
goals of her study. Her results are original, represent a significant progress in
photosynthesis and will be of interest in the scientific community. In conclusion, the
submitted PhD thesis fulfils the requirements for the doctoral thesis at the University
of South Bohemia and I recommend it to be accepted.
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Comments:

The introduction section (Chapter 1) gives an overall view of photosynthesis. The
introduction is well written, but it is difficult from its reading to anticipate what the
PhD thesis will be about. One has to go to chapters 2-5 to know the motivation and
main objects of the present PhD thesis. The introduction should have been more
focused on the state-of the-art of supramolecular arrangement of photosynthetic
complexes and should have explained why the two selected photosynthetic
microorganisms are relevant for the better understanding of the evolution of
photosynthetic organisms.

In Chapter 2, the carotene and chlorophyll peaks of Fig. 6 inset have identical
kinetic properties, relaxing with biexponential kinetics with characteristics times of 1.3
and 84 ps. Is the experiment performed under aerobic or anaerobic conditions?
Aerobic conditions could explain the presence of the fastest decay rate. Apart from this
matter, it is very relevant that both carotene and chlorophyll have identical kinetic
properties, suggesting that the bleaching peak ascribed to chlorophyll (672 nm)
represents the interaction peak between chlorophyll and carotene. Has the author
investigated further this issue?

Chapter 3 shows very interesting results about the carotenoid-to-chlorophyll
singlet energy transfer. The author concludes that S2 pathway is marginal in PsbC,
when the carotenoid in the PcbC and CP43 is the same. Interestingly, the S2 pathway
accounts for 30% of the energy transfer in the latter complex. What is the reason for
such a difference? In this chapter, there are some results classified as supporting
information that it is not available in the PhD Thesis. This information should have
included in this chapter.

In Chapter 4, the location of PsbQ" between PsbV and PsbU is based on
previous results by Enami et al. (1998). Although this task is not trivial at all, the
removal of some of the extrinsic proteins with selected buffers containing high
concentrations of NaCl or CaCl2 or reconstitution experiments with the purified
extrinsic proteins could have given some hints about the location of PsbQ’. Did the
author try to run this type of experiments? In the same chapter, the projection maps of
photosystem I show some heterogeneity in the particle size, no matter the experimental
conditions, high light or low light. Is this heterogeneity due to a natural distribution in
the thylakoid membrane of Cyanidium caldarium or is it a consequence of the isolation
method? Did the author try to use milder detergents or a combination of detergents to
keep the integrity of the supramolecular arrangement of photosystem I?
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Oponentsky posudek dizertacni prace doktorandky Mgr. M.
Herbstové na téma “Structure and Function of Pigment-
Protein Complexes of Photosynthetic Microorganisms*

VoW

tii odborné ¢lanky doktorandky uveiejnéné v letech 2007 az 2010 ve védeckych
periodikach J. Phys. Chem. a Biochim. Biophys. Acta, coz jsou velmi
renomované Casopisy s vysokym impaktnim faktorem. Krom toho je Magr.
Herbstova spoluautorkou dalSich dvou publikaci z roku 2009 a 2010 a osmi
prezentaci na sjezdech a konferencich. Jeji publikacni Cinnost je tedy rozsahla.
Pobyvala i na zahrani¢ni stazi (2008 a 2009) v ustavu: Institute for Natural
Resources and Agrobiology, Salamanca ve Spanélsku, kde studovala oligomerni
stavy fotosyntetickych pigmentoproteinovych komplexa.

Uvod prace — 42 stran — véetné citaci a s nékolika nazornymi obrazky ¢i
schématy, které autorka sama sestavila, je sepsan dobrou kultivovanou
angli¢tinou, prehledné, vystizné a srozumitelné. Doktorandce se podafilo
shrnout dosavadni informace o lokalizaci a zakladnich principech fotosyntézy,
jakoz i fotosyntetickych pigmentech a membranovych komplexech, které tvori
v thylakoidech fotosynteticky aparat.

Tato kapitola je zakoncena vytyCenim cilil prace a seznamem pouzitych
citaci. Referenci je 193 a ztoho vice nez 60% jsou publikace z posledniho
desetileti. Svéd¢i to nejen o peclivosti autorky, ale i o aktualnosti tématu.

Kapitoly 2, 3 a 4 jsou jiz uvefejnéné publikace a prosly tudiz — vzhledem
k vyznamnosti danych védeckych ¢asopisii — naroénym recenznim fizenim.

Prvni dva ¢lanky/kapitoly se vénuji studiu sladkovodni zelené oxybakterie
Prochlorothrix hollandica, a to jednak jejimu specifickému svétlosbérnému
aparatu. jednak uloze karotenoidl ve svétlosbérné anténé, tzv. Pcb komplexu a
komplexu Pcb-fotosystém I.




Ctvrta kapitola, tieti publikace, pojednava o dal3im, tentokrat z evoluéniho
hlediska zajimavém organismu. Je to ruducha Cyanidium caldarium, ktera
piedstavuje zfejmé vyvojovy stupen mezi sinicemi a chloroplasty eukaryontu.

Vsechny vysledky v téchto pracich jsou originalni, zajimavé, ziskané
evidentné na zakladé experimentt, které byly promyslen¢, peclivé planovany a
vyuzivaly fady biochemickych metod v  kombinaci s metodami
spektroskopickymi, ¢i elektronovou mikroskopii véetné analyzy obrazu (tzv.
single particle image analysis).

V posledni kapitole je souhrn celé prace. Je vystizny a dokazuje, zZe
vytyCené cile prace byly zcela splnény.

Pfipominky a dotazy:

1. Str. 14, . 19 zdola: citace Mustardy and Garab 2003 chybi v seznamu
referenci.

2. Str. 16, 7. t. shora: galaktolipidy (MGDG, DGDG) nelze fadit mezi
nepolarni lipidy.

3. Rada bych Mgr. Herbstovou pozadala, zda by nas mohla informovat o
souCasném stavu znalosti o oligomerizaci/oligomerech jednotlivych
fotosystémt u eukaryontd, prokaryontl, event. u prechodovych
vyvojovych forem autotrofnich organismu.

4. Prace je témér bez chyb a pieklepi. Pokud jsem vibec néjaké nasla,
seznamila jsem s nimi, event. s dal§imi, zcela marginalnimi, poznamkami
autorku osobné.

Zavérem bych rada konstatovala, ze Mgr. Miroslava Herbstova v piedlozené
dizertatni praci prokazala svoji schopnost a pfipravenost k samostatné védecké
¢innosti dle % 47, odst. 4, zdkona ¢. 111/1998 Sb. o vysokych Skolach a proto
doporucuji ptijmout jeji praci k obhajobe.

‘r' / ,_,)

V Praze, dne 20. 6. 2010 Prof. RNDr. D. Sofrova, CSc.



Posudek doktorské diserta¢ni prace

predloZené na PFirodovédecké fakulté Jiho&eské univerzity v Ceskych Bud&jovicich

Autorka disertace: Mgr. Miroslava Herbstova

Nazev disertace: Structure and function of pigment-protein complexes of photosynthetic microorganisms
Doktorsky studijni program: P1511 Fyziologie a imunologie

Studijni obor: 1511V Fyziologie a vyvojova biologie

Rok odevzdani: 2010

Jméno oponenta: Mgr. David Kaftan PhD.

Pracovisté: Laboratof nanobiologie, Ustav fyzikalni biologie JihoZeské univerzity v Ceskych Bud&jovicich

Kontaktni e-mail: kaftan@ufb.jcu.cz

Posuzovana prace shrnuje na vice nez sto stranach vysledky nékolikaletého vyzkumu struktury a funkce
pigment-proteinovych komplexti fotosyntetickych mikroorganizmi. Disertace je napsana velmi piehlednym
zpisobem. Uvodni kapitola obsahuje na &tyficeti dvou strankach zakladni shrnuti fotosyntetickych procesii se
zaméfenim na podstatu déji zavislych na svétle. Podrobné popisuje strukturu fotosyntetickych membréan
v bakterialnich bunkéch a v chloroplastech fas a vysSich rostlin. Autorka se detailné vénuje struktufe a funkci
obou fotosystému, ATP syntazy, komplexu cytochromu bgf, funkci elektronovych prenasecu a roli kofaktord pfi
prenosu néaboji, zachycovani a premeéné svételné energie. VEtsi Cast prvni kapitoly pojednava o strukture a
funkci jednotlivych typt svétlosbérnych antén. Velmi ocefiuji pfitomnost originalnich obrazka doprovazejici

text.
Zbylé tii kapitoly obsahuji po jednom publikovaném ¢lanku:

Z. Gardian, L. Bumba, A. Schrofel, M. Herbstova, J. Nebesafova and F. Vacha (2007) Organisation of Photosystem I and
Photosystem II in red alga Cyanidium caldarium: Encounter of cyanobacterial and higher plant concepts. Biochimica et
Biophysica Acta (BBA) - Bioenergetics, Volume 1767, Issue 6, Pages 725-731.

Pocet citaci = 6, IF = 3.835

M. Herbstova, R. Litvin, Z. Gardian, J. Komenda and F. Vacha (2010) Localization of Pcb antenna complexes in the
photosynthetic prokaryote Prochlorothrix hollandica. Biochimica et Biophysica Acta (BBA) - Bioenergetics, Volume
1797, Issue 1, Pages 89-97.

Pocet citaci =0, IF = 3.835

M. Durchan, M. Herbstova, M. Fuciman, Z. Gardian, F. Vacha and T. Polivka (2010) Carotenoids in energy transfer and

quenching processes in Pcb and Pcb—PS I complexes from Prochlorothrix hollandica. Journal of Physical Chemistry,

accepted.




V3sechny Clanky, které autorka zarhnula do své disertace ptedstavuji vysoce kvalitni prace. Dvé z nich zkoumaji
strukturné funkéni vztahy fotosyntetickych komplext u sinice Prochlorothrix hollandica. Autorka zde studovala
strukturu svétlosbérnych komplexi a fotosystému s pomoci elektronové mikroskopie a zcela samostatné pouzila
biochemické a biofyzikalni experimentalni piistupy pro studium svétlosbérné funkce Pcb anténnich komplexi.
Jist¢ neni pochyb o tom, ze prevazna cast vysledki byla zméfena a vytvorena autorkou disertace. Pfesto bych
uvital formélni vyjadfeni o jejim procentualnim ptispévku v jednotlivych ¢lancich véetné popisu metod, které
pro jednotlivé projekty zajistovala.

K praci samotné nemam zasadni pripominky ani namitky. Odborna uroven prace, metodika zpracovani a
graficka, jazykova a formalni Uroven jsou vynikajici. Texty publikovanych ¢lanki jsou psany velice dobrou
anglictinou. Pfekvapujici je proto mnozstvi formalnich nedostatkii v Gvodnim textu, pfedev§im chyb v
anglictin€. Jsem si ale jist, Ze autorka na své dalsi, jisté uspésné védecké draze ziska potiebné znalosti i v tomto

sméru. Doporucuji proto predlozenou praci k obhajobé.

Otazky pro obhajobu a naméty do diskuze:

Prace veénujici se lokalizaci Pcb antén v sinici Prochlorothix hollandica piedklada pro mne neuspokojujici
vysvétleni absence fotosystému 2 ve vzorcich solubilizovanych membran. Na zakladé nize uvedenych
pochybnosti 1ze jen obtizné pfijmout autorCiny zavéry o interakci (nedetekovaného) fotosystému 2 s anténami
PcbA a PcbB. Znamena neschopnost solubilizovat fotosystém 2 to, Zze ho v bunkéach kultivovanych za nizkého
svétla opravdu mnoho neni (tato domnénka je jen ¢astecné podpotrena praci Burger-Wiersma a spol., kde uvadi
polovi¢ni rychlost vyvoje kysliku a téméf dvojnasobny pomér fotosystému 1 ku fotosystému 2 proti bunkam
rostoucim na vysokém svétle), nebo je lokalizovan do bunéénych kompartmentd, které byly ztraceny pfi izolaci
tylakoidnich membran? Nebo jak autorka tvrdi na strané 68, avSak bez piedlozeného dikazu, je vétsi ¢i mensi
Cast populace fotosystému 2 pritomna v malém, ale dostatené méfitelném mnozstvi v tylakoidnich
membranach, které ale autorka nebyla schopna solubilizovat pomoci dodecyl maltosidu? Ve svétle star$i prace
autord Miller a Burger-Wiersma zroku 1988 se nabizi dal$i mozné vysvétleni které souvisi s nasledujici
otazkou. Na strané¢ 68 popisuje autorka neuspéSnou extrakci fotosystému 2 za pouziti zwitterionického
detergentu pfi solubilizaci bun¢k. Byly solubilizovany celé buiiky nebo mechanicky homogenizované bunky?
Jaké dalsi detergenty byly testovany pii solubilizaci fotosystému 2 z izolovanych tylakoidnich membran? Prosim
timto autorku o poskytnuti dat, které by tyto problémy vyjasnily. Autorka zjistila vysokou aktivitu fotosystému 2
v intaktnich bunikdch pomoci parametru Fv/Fm zméfeného z chlorofylové fluorescence. Byly provedeny dalsi
analyzy, které by mohly napovédét, jaky je napiiklad stochiometricky pomér fotosystému 2 a 1 v zivych

bunkach? Jaké metody by $lo pouzit k lokalizaci fotosystémi 2 v bunkach Prochlorothrix hollandica?

Mgr. David Kaftan PhD. 4 \ V Novych Hradech, 20. ¢ervna 2010



