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Oponentsky posudek

na doktorskou diserta¢ni praci Mgr. Jaroslavy Kohoutové nazvanou:
wStructural analysis of extrinsic proteins from the oxygen-evolving complex of

photosystem II from higher plants.*

Ve své doktorské disertacni praci se Mgr. Jaroslava Kohoutové zabyvé problematikou
pfipravy a studia strukturni analyzy proteinii PsbQ a PsbP z fotosystému II a jejich moznymi
interakcemi. Tyto proteiny jsou ¢asti tzv. kyslik-vyvijictho se komplexu, ktery se ucastni
fotosyntetického procesu. Strukturni znalost vnéj$ich proteint, ktera by vedla k predikci
usporadani téchto proteinti na lumendlnim misté vyssich rostlin PSII, je stale jeste relativné
malé a mize vyznamné prispét k pochopeni funkce téchto dilezitych bilkovin.

Ke studiu téchto proteini Mgr. Jaroslava Kohoutova pouzila rizné biochemické
techniky jako crosslinking a fadu biofyzikalnich technik jako je napf. NMR spektroskopie,
Ramanova spektroskopie véetné tzv. drop coating deposition metody (DCDR), modelovani,
rentgenova krystalografie, povrchova plasmonova resonance (SPR), mikroskopie atomové
sily (AFM). Prvni c¢ast prace obsahuje teoreticky uvod, ktery charakterizuje danou
problematiku, principy pouzitych metod, hlavni cile prace a struény piehled ziskanych
vysledkt s jejich diskusi. Druhd ¢ast prace se sklada ze tii jiz publikovanych praci a dvou
rukopistl v recenznim fizeni na diskutovana témata, na kterych je Mgr. Jaroslava Kohoutova
bud’ prvnim autorem nebo spoluautorem.

Prace Mgr. Jaroslavy Kohoutové na problematice vnéjsich proteinti vazajicich kyslik
pfinesla fadu novych vysledki. Byl pfipraven rekombinantni PsbQ protein expresi v E. coli,
byl vytvoten homologni model kompletni struktury PsbQ proteinu. Pomoci FTIR a
Ramanovy spektroskopie byla ur¢ena sekundarni struktura proteinu v roztoku. Prace ukézala,
ze odstranéni prvnich 12 aminokyselin vede k trvalym strukturnim zménam tohoto proteinu.
DalS$im studovanou bilkovinou byl protein PsbP, ktery byl také pfipraven expresi v E. coli
jako fzni protein s His-tagovou kotvou. Byla vyteSena krystalova struktura tohoto proteinu
(ze Spinacia oleracea) s rozlisenim 2.06 A. Nasledné byla konfrontovana krystalova struktura
tohoto proteinu s daty z DCDR a Ramanovy spektroskopie. Byla naméfena Ramanova spektra
proteinu v roztoku, déle pomoci DCDR a kone¢né ze vzorku proteinového krystalu.
Vzijemné porovnani spekter ukédzalo na rozdily v krystalové struktufe s ohledem na strukturu
v roztoku. Tyto informace nasledné umoznily domodelovat nevyfeSené (neuspoiadané) ¢asti
krystalové struktury PsbP. V dalsi ¢asti prace byla studovana interakce mezi PsbP a PsbQ.
Ukazalo se, Ze dvojstupiiova crosslinkova reakce neni specificka a tudiz neni mozno ur¢it typ
konjugatu a interakéni oblast. Proto byl navrzen experiment za pouziti afinitni chromatografie
a ukazalo se, vazba téchto dvou proteint je zavisla na obsahu soli. Pro interakce byla




stanovena disocia¢ni konstanta K4 pomoci povrchové plasmovové rezonance (SPR)
mikroskopie atomové sily (AFM).

Mgr. Jaroslava Kohoutova je autorkou 3 publikaci (prvni autorkou 2 publikaci)
otisténych v mezinarodnich ¢asopisech s IF, dalsi jeji dvé prace, na kterych je prvni autorkou,
jsou v recenznim fizeni. Doktorska disertaéni prace je psana anglicky, formalni Groven je
dobra, vyskyt preklept je minimalni. Zde mam pouze jednu piipominku tykajici se
obraceného umisténi posledni strany s posterem.

K problematice diskutované v doktorské disertacni praci mam pouze tii drobné
dotazy:

1. Pro interakéni studie vnéjsich proteint PsbP a PsbQ jste pouzivala chemicky crosslinking a
afinitni chromatografii. Byly zkouseny i jiné techniky, jako je napt. nativni elektroforéza, esej
na bazi zmény anizotropie fluorescence ¢i analyticka ultracentrifugace?

2. Jaka je presnost méfeni nové techniky Ramanovy spektroskopie — drop coating deposition
(DCDR)? Nemuze vysuSeni vzorku vést k denaturaci studovaného vzorku?

3. Jaké je vyhoda méfeni disociaéni konstanty metodou AFM oproti méfeni pomoci
povrchové plasmonové rezonance (SPR)?

Zavérem konstatuji:

Piedlozena doktorska diserta¢ni prace Mgr. Jaroslavy Kohoutové piedstavuje cenny
pfinos ke studiu kyslik-vyvijiciho se komplexu. Prace je psana srozumitelné, peclive,
vysledky byly publikovany v impaktovanych mezinarodnich ¢asopisech. Autorka ve své
diserta¢ni praci dokazala, Ze je samostatnou védeckou pracovnici, schopnou samostatné
vyzkumné prace.

Jelikoz piedlozena prace Mgr. Jaroslavy Kohoutové vyhovuje vem pozadavkim
kladenym na doktorskou diserta¢ni praci, plné ji doporucuji k pfijeti.
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Review of the PhD thesis

Structural analysis of extrinsic proteins from the oxygen-evolving complex of
photosystem Il from higher plants

submitted by

Mgr. Jaroslava Kohoutova

In her PhD thesis Mgr. Jaroslava Kohoutova worked on one of the most important enzyme complexes, the
photosystem |l. Green plants, algae and cyanobacteria make use of this amazing enzyme system to harbor
the energy from the sunlight and convert it to chemical energy. Thereby, ATP and NADPH are produced
under the consumplion of water and generate molecular oxygen. The success of the plants’ energy
production strategy led to the development of the today's earth almosphere, which contains ~20%
breathable oxygen and to the formation of the ozone layer. Together both events paved the way for life
outside the oceans. Despite many years of intense investigations crucial details of the function of the
pholosystem || complex, especially of the oxygen-evolving complex, remain unknown, The core structure of
photosystem Il of cyanobacleria has been solved to medium resolution in the last decade. Structure and
interaction of the extrinsic proteins PsbQ, PshQ, PsbP and PspH, which are nscessary for normal
photosynthesis, are the facus of this PhD thesis. Important contributions to our knowledge of these extrinsic
proteins are described.

The PhD thesis is divided into four main parts: a description of the involved proteins, explanation of the
used methods, discussion and inlerpretation of the results and a collection of the publications that resulted
from the work carried out during the PhD. The infroduction gives an overview on pholosynlhesis and a
thorough description of the slructures of the extrinsic proteins of higher plants and the knowledge of the
structural assembly of the oxygen-evolving complex. In the methods section protein purification and the
chemistry of the cross-linking experiments is outlined. Crystal structures of the PsbQ extnnsic protein
became available during the PhD work. Even though the structure was oblained at high resolution, a crucial
part of the structure was not resolved. Cambining a number of spectroscopic techniques with molecular
modeling, Mgr. Jaroslava Kohoutova was able (o build a model of the missing loop. Details of the
interaction between PsbQ and PsbP have been elaborated and it has been shown that the interaction is
driven by charge interactions.

In the manuscripts, a structural study of the integral membrane protein PsbH, parl of the photosystem I
complex, the dynamic studies of the PsbQ N-terminal loop, crystallization of the PspP protein are




described. In the submitted paper important methodological advances are achieved that allow in situ
assessment of the conformational integrity of proteins during crystallization.

Conformational flexibility of protein loops and entire proteins are a very important topic in general and are a
central topic in the presented PhD thesis. Further discussion of the {opic would be welcome.

*By which experimental lechniques can flexibilily be investigated on a per-residue basis?

=Protein model creation is a demanding task. Especially difficult is the building of long loops for which no
template is available? A discussion of the methodology and the chalienges is welcome.

Mgr. Jaroslava Kohoutava has published three publications, two of them as first author. An additional one is
submitled and a fifth is in the final stages of preparation. This underlines the outstanding achievement of
Mgr. Jaroslava Kohoutova. | can therefore state that the PhD thesis submitted by Mgr. Jaroslava
Kohoutova fullfills by far all requirements for being accepled as a basis for being awarded the PhD litle, and
recommend Mgr. Jaroslava Kohoutova for the admission to the PhD detence.

Best regards

Dr. Thomas Stockner



Report on Ph.D. Thesis of Mrs. Jaroslava Kohoutova

This thesis concerns structural studies of two lumenal extrinsic proteins of Photosystem II
PsbQ and PsbP stabilizing the oxygen-evolving complex in higher plants. Crystal structures
of recombinant proteins are used to model their possible interactions. This rather complicated
approach is necessary as detailed PSII crystal structures are available only for cyanobacteria
and even in them the lumenal proteins are not well resolved. Moreover, composition of
extrinsic proteins in higher plants and cyanobacteria is largely different so the use of the
cyanobacterial structure for higher plant OEC is limited.

The thesis is organized in manuscript format with three papers already published, one
submitted and another in preparation.

The Introduction is quite thorough in giving the background of the research — an overview of
PSII extrinsic proteins, their roles and different approaches how to study them.

From Material and Methods in both thesis and respective publications it is evident that Mrs.
Kohoutova devoted great part of her work to improve and modify protein isolation protocols
for individual proteins and their variants.

With regard to PsbQ, the thesis deals with the potentially important N-terminal loop of PsbQ,
not resolved in the available crystal structure. The authors used molecular dynamics
simulation to model this loop and infrared and Raman spectroscopy of the recombinant
protein to indicate relevance of several models. Modeling of the protein lacking the first 12
amino acids (physiolegically relevant) explained inability of this protein to bind PSIl.
Moreover, Mrs. Kohoutova devised protocol for the isolation of isotope-labeled PsbQ for
NMR spectroscopy.

Concerning PsbP, the protein from spinach was cloned, expressed in E. coli, purified as a His-
tagged protein and crystallized. Its structure was determined by X-ray crystallography and
compared with the available structure of the tobacco PsbP. Interestingly, both crystals failed
to show the structure in two loops of the protein. These loops were modeled, based on the data
from Raman spectroscopy, leading to a complete PsbP structure.

The last manuscript, for me the most interesting one, is dealing with PsbP-PsbQ interaction
and clearly shows that the two proteins do interact and that the interaction is salt dependent.
Unfortunately, this manuscript (to be submitted) is only torso consisting of several parts of
results written by different people, with missing Discussion, not providing the overall picture
for these nice data. As such, it would be better to include Mrs. Kohoutova data from this
manuscript into Chapter 3 and combine them with the crosslinking studies.

Overall, the thesis is well-written and easy to follow (with the exception of the last
manuscript). The English is understandable with reasonable number of mistakes.

An important asset of this thesis is that it is compact, well focused to the main topic —
structure of two proteins and their mutual interaction. The methodology is carefully chosen to
serve its purpose.

In summary, I find this thesis to be a solid piece of work clearly deserving the award of the
Ph.D. degree.




Specific questions:

There are numerous reports of PsbP and PsbQ having their cyanobacterial homologues
functioning in PSII. Would, in your opinion, solving crystal structure of cyanobacterial PSII
containing these subunits help to elucidate their structural and functional roles in plants?

There are multiple genes in plant genomes coding for PsbP. As various functions are
suggested for PsbP, do you think that it is possible that different PsbPs could be some-how
specialized? How it is in spinach, do you think that it is important to choose the “right” PsbP
for your study?

There is one report of PsbP being the Mn-binding protein. What do you think about this
report, would you see Mn in your structure?

As a non-specialist, I do not understand how the methods used in the last manuscript (together
with modeling) helped you to suggest the nature of the interaction and to propose amino acid
residues suitable for mutagenesis. Are there some other methods that could be used before
mutagenesis to make your list of residues shorter?

In the last manuscript you are stating that it is possible to separate PsbO protein from PsbP
and PsbQ, but that it is difficult to separate PsbP and PsbQ (as not shown data). As this is an
important finding, could you present the data — how difficult it is?

Could you compare previous models of PsbP-PsbQ arrangement (e.g. Fig. 10b) with your
interaction model (Fig. xx3, last manuscript)?
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