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Review of the master thesis “Evaluation of negative stains for single particle analysis in
electron microscopy” by Bc. Eva Sykorova.

The submitted thesis by Bc. E. Sykorova aims to study alternative stains for use in single particle
electron microscopy analysis of proteins. Four heavy metal stains have been tested as an alternative
to the standard uranium acetate stain. The stains were tested on a sample of membrane-bound
pigment protein complex purified from pea plant. 2D projections of stained proteins have been
calculated and resolution has been evaluated based on the resolution metric from analysis software
and also on the basis of quality assessment of the obtained structure in comparison to known 3D
structure of the protein complex. The thesis is written in English. The thesis has fully adequate
length of 50 pages with 17 pages dedicated to Introduction and 13 pages of Results and Discussion.
This may be viewed as a bit light on results and discussion but may as well reflect the extent and
quality (see below) of the introductory section and topic-specific results description. The thesis
includes 102 high quality references which I praise highly.

In terms of format and style, the thesis is very nicely prepared, with clear writing, clean
graphic design and no significant errors or omissions in technical quality. Figures and Tables are
very well prepared and can serve as an example of excellent work. Figure and Table legends are
precise and understandable. Potential printing issues associated with the need to present image
analysis results have been avoided. If not for a few errors in English and small issues with
references, the technical aspects of the thesis could be described as perfect. At the risk of being
labeled as a pedant, I will point out a few errors. Chapter 4 (M&M) is twice erroneously referred to
as “Section 2” (Introduction, p. 10, p.11). I have noticed a few issues with plural/singular use of
verbs, e.g. p. 20 “PSI-LHCI complex contain approximately...” or on p. 24 “... data interpretation
deal with the problem of ...”. The use of the symbol ¢ for “noise” (on p. 27) is not explained nor
included in the list of abbreviations, I assume it has the standard physics meaning of standard
deviation. References are mostly well formatted but there are some omissions. Ref. 52 has no pages



listed: “n/a-n/a” (same for ref. 100); refs. 53 and 60 do not have bold type for issue number; ref. 73
has a mangled symbol in one of the author’s name; and the style of page listing is not consistent as
e.g. ref. 99 uses pp. “13319-23” but ref. 97 uses “4659-4665”. | believe also this list shows that the
work is of very high quality if these are the worst errors I’ve been able to find.

The Introduction section very nicely covers the used method and its principles, properties of
used staining agents and also provides a very good and succinct description of photosynthesis and
the studied Photosystem I. The introductory section is surely the strongest part of the thesis. The
Introduction is quite long as it is but I would welcome more developed description of the cryo-EM
method. It is obvious the author is more than capable of providing that and had to restrain herself
here. Obviously the thesis balance would be then skewed even more towards a review-type which
was not the aim here. If I’'m to criticize here, there are two minor points which the author probably
took up from the literature. First, in the description of the theoretical resolution of a microscope (p.
6), the factor of 0.612 in equation (1) does not come from “astronomical self-luminous points™ but
rather from the properties of the Bessel functions used for solving diffraction patterns of point
sources. Second, in the discussion of magnification (p. 7), the paragraph between equations (2) and
(3) is too short to provide clear explanation. Both of these comments again show that there really is
not much bad with Infroduction.

The Material and methods section clearly and in sufficient detail covers most of the required
topics and methods. The chapter names seem to be preliminary and should have been more precise
(“Isolation”, “Sample identification” followed by “Sample preparation™). I struggled in the
description of RELION analysis principle (p. 25) which is most likely my fault and not that of the
student. The description seems to suffer from too much unexplained jargon. This section could be
also served as part of the Intfroduction but I have no issue with it being here. As minor points, the
section on electrophoresis method could use some reference and more detail on the method (p. 22)
and there is a typo in the fluorescence spectrometer name “FLOUROLOG” (also p. 22). The author
also mixes the use of space between value and unit. E.g. on p. 21 there is no space in 350mM KCl
or -70°C but on the same page there are -70 °C and 0.5 mM NaEDTA. In summary, there are no
major issues but it is visible that this section received less attention than the other parts of the thesis.

The Results section is again very professionally executed with no issues whatsoever. I would
like to specifically point out beautifully rendered Figure 13 (p. 30) and Figure 15 (p. 32). On the
other hand in Figure 14 (p. 31) the axes tick labels are a bit small and spectrum of Z5 is very small.
Although otherwise everything is visible, the figure could use a bit more work.

The Discussion is comparatively the weakest part of the thesis in terms of content. While
there is nothing particularly bad about the text present, this section is quite short (5 paragraphs, 1.5
pages) and in several places the author could have been more elaborate. On the other hand the
discussion length is certainly a function of the results obtained and available published information
to discuss with.

Finally, the Conclusion section (p. 43) is comparatively long with respect to Discussion and
could have been shortened for a more succinct chapter providing better overview of the thesis.

Overall, it is obvious that the student mastered the required demanding techniques from
protein purification to electron microscopy, sample preparation, and image analysis and
interpretation. I believe it would be beneficial to include in the thesis experimental section an
analysis of another standard protein complex. There are two reasons — first, evaluation of any new
method on one test case is almost never enough to show that the method works (or doesn’t work,
for that matter). Second, the chosen Photosystem I is a notoriously difficult protein complex to
analyze in negative-stained electron microscopy. As a suggestion, the used sucrose gradient also
contained Photosystem II (zone 6, Figure 13), which would provide a convenient, large, well
characterized protein complex, much easier to analyze by the single particle method. Inclusion of a
second sample would strengthen the analysis of stain suitability and influence on resolution. In



terms of formal requirements on master theses, more data would provide bulkier Results and
Discussion sections which would help balance the thesis better. On the other hand, this is rather a
suggestion to the thesis supervisor than to the student and it is also possible that the work load
would then be too high to enable finishing the thesis in reasonable time.

In conclusion, it is my opinion that the submitted master thesis by Bc. E. Sykorova fulfills all
criteria required of such work and I recommend the thesis for the defense.

Questions to the student, to be answered during the defense:

Q1) You have used nitrate salts of lanthanides. Given that the standard uranium stain is an
acetate form, would it be possible to use acetates or some other salts of lanthanides? What kind of
result would you expect then?

Q2) The staining solutions you’ve used have wildly varying pH values between 1.0 and 5.0.
What would you say about the influence of different pH values on suitability for staining protein
complexes and membrane protein complexes specifically?

Q3) You mention, at the end of discussion, that different pH could be tried in the staining
procedure. I understand that the staining solution is deionized water plus the intended salt which
determines the pH. How would you change the pH of the staining solution? Is it possible to include
a buffer in the solution? Which would you use?

Q4) You have standardized the staining time to 10 s. Do you think it would change the results
if you used longer or shorter time? What is the interaction of stain concentration and staining time?
i.e. can you lower the stain concentration and compensate by increasing the staining time? Does the
staining effect depend on temperature during the staining process?

RNDr. Radek Litvin, Ph.D.
In Ceské Budéjovice, 18 May, 2018
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Bodovy ; Body

rozsah
hodnoceni?
(1) FORMALNi POZADAVKY
celkovy rozsah prace (pro bakalaiské prace min. 18 stran, pro diplomové 0-3 3
prace min. 25 stran), vyvazenost rozsahi jednotlivych ¢asti, logicka
struktura prace (u experimentalnich praci doporuéeni pro teoretickou ¢ast do
1/3 celkového rozsahu)
kvalita literarni reSer$e (pocet pouzitych pavodnich pramennych zdroju, 0-3 3
vhodnost vybéru, aktualnost zdrojl)
spravnost pouzivani citacnich odkaza (pfitomnost necitovanych udaju, 0-3 3
dodrzovani jednotného stylu citaci, pouzivani oficialnich zkratek ¢asopist)
graficka uprava textu a obrazku 0-3 )

Nehodici se skrtnéte

! Bodovy rozsah hodnoceni: 0-nevyhovujici, 1-vyhovuje, 2-primérné, 3-excelentni. U teoretickych praci hodnot'te

jenom (1) Formalni a (2) Vécné pozadavky, u experimentalnich praci i (3) Vécné pozadavky experimentalnich praci,
u praci v cizim jazyce i (4) Jazykovou trovei prace v cizim jazyce.



aroveri souhrnu/anotace (i v anglicting) 0-3 y)
jazykova a stylisticka uroven, respektovani platného nazvoslovi 0-3 2

spravnost a uplnost popisti u obrazki a tabulek (srozumitelnost bez zfetele k (-3 3
ostatnimu textu, vysvétleni znacek, jednotky uvadénych velidin) :

Formalni pozadavky - body celkem

(2) VECNE POZADAVKY

vystiznost formulace cill prace a jejich spinéni 0-3 : V3
schopnost porozumét vysledkam, jejich interpretace a jasny popis, 0-3 2
srozumitelnost diskuze a zavéra :

uroven diskuse - interpretace vysledku, zafazeni do kontextu v literature (-3 1
(absence diskuze vysledku s literaturou je nepfijatelna)

logika postupu pfi vlastni vyzkumné praci 0-3 3
uplnost popisu pouzitych metodik 0-3 3
experimentalni naroénost prace, samostatnost pfi praci 0-3 3
uroven zpracovani experimentalnich dat "0_3 2
aktualnost pouzitych metod “ 0-3 3
pfinos prace pro obor a publikovatelnost vysledka (po pFipédnérﬁ d;‘plnér"wij »0-3 1
Vécné pozadavky u experimentalnich praci — body celkem

(3) PRACE V CIZiM JAZYCE

jazykova a sfylistické uroven 0-3 2

CELKEM BODU (MAX/ZiSKANYCH)

2 Vyberte jednu z hodnot: 48 bodii pro experimentalni prace, 51 bodl pro experimentalni prace v cizim jazyce

3 Zadejte poéet pfidélenych bodi.



Komentar oponenta:

Diplomova prace se zabyva testovanim vyuZiti alternativnich kontrastnich &inidel
k vizualizaci proteinovych komplexd v transmisni elektronové mikroskopii a jejich pouZiti
pro trojrozmeérnou rekonstrukci pomoci Casticové analyzy. Prace popisuje pfipravu a
vizualizaci fotosyntetického PSI-LHCI komplexu pomoci negativniho zna&eni za pouziti
Ctyr alternativnich kontrastnich Cinidel na bazi hafnia (Hf), gadolinia (Gd), europia (Eu), a
samaria (Sm) a porovnava jejich vlastnosti s bézné pouzivanym, nicméné v budoucnosti
pravdépodobneé jiz ,legislativné nepodporovanym®, uranyl acetatem. Vysledky naznaduji,
Ze vlastnosti uranyl acetatu jako kontrastniho ¢inidla jsou lety provéieny, a chlorid hafny a
nitratové soli testovanych lanthanoidl nejsou vhodné pro negativni barveni proteinovych
komplext a jejich trojrozmérnou rekonstrukci pomoci &asticové analyzy.

Prace ma 50 stran v€etné odkazi na literaturu (102 referenci) a je standartné
rozdélena na Uqu, Material a Metody, Vysledky a Diskuzi.

Kapitola Uvod (15 stran) ctenafe detailné seznamuje s principy elektronové
mikroskopie, pfipravou vzorku, vlastnostmi kontrastnich Cinidel pro negativni barveni a
v kratkosti, se strukturou fotosyntetickych komplex(. Tato kapitola sice detailné popisuje
vlastnosti uranyl acetatu a hafnia, nicméné GpIné chybi popis zbyvajicich tfi lanthanoidl
pouzitych v této studii.

Material a Metody (9 stran) jsou popsany velmi ,Gsporné“, a v nékterych pasazich
chybi detailni informace o postupu a koncentracich jednotlivych slozek, které umozriuji
nezavislé zopakovani experimentu. Napf. jaké mnozstvi thylakoidnich membran bylo
pouZito pro sacharézovy gradient, doba inkubace s detergentem, jaké mnoZstvi proteinu
bylo nanaseno na SDS-PAGE, koncentrace polyakrylamidu v gelu, jaké roztoky byly
pouzity pro barveni a odbarveni gelu, typ pfistroje pro ,glow discharge” apod. Nicméné,
nejvetsi slabinou kapitoly Material a Metody je popis ,Single particle analysis“. Tato
subkapitola je psana tak, Ze Ctenafe sice seznamuje s principy softwaru RELION, ale
viilbec nepopisuje vlastni zpracovani ziskanych dat. Navic, obr. 11 je pfevzat zjiné
publikace, namisto toho, aby autorka ukazala sva data. Tato subkapitola by méla byt
sougasti Uvodu a jako takova v kapitole Material a Metody, dle mého nazoru, nespliiuje
formalni pozadavky na diplomovou praci.

V kapitole Vysledky (10 stran) jsou ziskana data detailné popsana a nechybi
biochemicka, biofyzikalni a mikroskopicka charakterizace PSI-LHCI komplexu. Nicméné
detailn&jSi popis asticové analyzy s vétSim poctem jednotlivych tfid ,class averages” (a
ne pouze s jednou vybranou), pfipadné i grafem FRC pro rozliSeni, je vhodné&jsi pro
prezentaci ziskanych dat.

V Diskuzi (2 strany) jsou ziskana data konfrontovana s jiz publikovanymi daty a
vzhledem k negativnim vysledkim a chybéjici literatufe na pouZiti nitratovych soli
pouzitych lanthanoid(, je diskuze velmi kratka.

Celkové na mne diplomova prace plsobi velmi dobrym dojmem a myslim si, Ze autorka
prokazala schopnost samostatné védecké prace, orientaci ve védecké literature a velkou
odvahu pfi své praci, ktera pfinesla ve vétSi mife negativni vysledky. Dale pak musim
ocenit, Zze cela prace je napsana v anglickém jazyce s minimem gramatickych a
stylistickych chyb. Autorce upfimné gratuluji k diplomové praci a i pfes vySe zminéné
nedostatky povaZzuji praci za vybornou a viele doporuéuji k obhajobé.

Dotazy k obhajobé:

Mezi lanthanoidy patfi vice nez 10 prvk(. Podle jakého kli¢e byla vybrana pouzita
kontrastni €inidla?



* Drobné chyby:

Pro¢ se na testovani alternativnich kontrastnich €inidel pouzival PSI-LHCI komplex?

Nebylo by vhodnéjsSi pouzit stabilni proteinovy komplex, napt. feritin apod.? PSI-LHCI

snadno podléha degradaci a navic obsahuje detergentovou obalku, ktera uréitym

zpUsobem ovliviiuje kvalitu negativniho znaéeni. Daji se ziskana data na membranovém .
komplexu PSI-LHCI transponovat i na znaéeni rozpustnych proteinovych molekul? f

Je dlouhodobé znamo, Ze piitomnost sacharézy ve vzorcich proteint ovliviiuje kvalitu
negativniho znageni. PSI-LHCI komplex po separaci v sacharézovém gradientu obsahuje
pfiblizné 0,5 M sacharézu.

Byla sacharéza odstranéna pfi pfipravé vzorku pro EM?

Pokud ne, myslite, Ze odstranénim sachardzy muzete pfispét k vylepseni vlastnosti
negativniho znaceni?

Figure 19, velikost PSI-LHCI Castice se dramaticky li§i u vzorki GdN a HfC oproti UA. Cim
si to vysvétiujete?

Anglicka gramatika (at 435 nm wavelength misto with 435 nm wavelength), str. 22

I misto We (prohlasujete, Ze jste praci vypracovala samostatné), pfipadné pouzit rod trpny
complexes were separated, str. 30

Typografickeé chyby:

napi. 50 mM misto 50mM, str. 21

4x107 misto 4x107

BDM, 1.5% w/w concentration, radéji pouZit molarni koncentrace, str. 21

Zkratky HfC, GdN, EuN, SmN, radé&ji pouzit pouze Hf, Gd, Eu, Sm, dalSi pismeno je
zbyteéné, str. 24

Zavér: Pracidoporucuji kobhajobé a navrhuji znamku vyborné

V Grenoblu, Francie, dne 21.5.2018 .




