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Single-molecule fluorescence detection in molecular biology
Submitted by Tomas Fessl

“Oponentsky posudek diserta¢ni prace”

Before going into details one has to state that the PhD thesis ,, Single-molecule
fluorescence detection in molecular biology” written by T. Fessl is based on 3 original
papers published in international journals and two research reports. According to the original
publications shown in the PhD work, T. Fessl acts as the first author in 2 original papers.
When going through those two papers, it becomes evident that T. Fessl has considerably
contributed to those papers. Thus those two papers can be considered as the core of this PhD
work.

The first paper “Depth of focus extended microscope configuration for imaging of
incorporated groups of molecules, DNA constructs and clusters inside bacterial cells“ is a
technical one. In this paper T. Fessl presents the implementation of an all-optical and a real
time technique of extension in the depth of focus that may be incorporated in any high NA
microscope system. Specifically, it is demonstrated how after the integration of special optical
element in high NA 100x objective lens of a single molecule imaging microscope system, the
depth of focus is significantly improved while maintaining the same lateral resolution in
imaging applications of incorporated groups of molecules, DNA constructs and clusters inside
bacterial cells. It is evident that by that project T. Fessl entered in the early stage of his PhD
work the field of fluorescence microscopy and his experimental skills led to the solution of a
specific experimental problem, which was worth of being published.

The second core paper “Towards characterization of DNA structure under
physiological conditions in vivo at the single-molecule level using single-pair FRET* was
published in a journal with a high impact factor. In this work the fluorescence lifetimes of five
DNA duplexes of a length of 8-16 bp terminally labeled with ATTO680 and
ATTO680/ATTO740 fluorophores in free solution and in living E. coli cells were
investigated. By that means the dependencies of FRET efficiencies on variable length inside
living bacterial cells versus corresponding modulation in vitro were compared. Interestingly
the absolute FRET efficiencies values strongly differ. These experiments were used to
estimate the precision for the interprobe distance determination from FRET efficiency values
acquired in vivo and in diluted buffers, with an medium encouraging outcome (~31% in
vivo). Moreover, the data was used to discriminate between A-DNA and B-DNA
conformations: “Statistical comparison between the experimental and model PDFs clearly
indicated better agreement of in-cell spFRET experimental data with B-DNA compared to the
A-DNA model”.

As | consider this paper as crucial, | do have 3 questions:

1) Figure 2: Step 3—“Fluorescence lifetimes from the constructs labeled with the
donor (ATTO680) and from the constructs labeled with the complete FRET pair
(ATTO680 and ATTO740) were acquired and used for calculation of the FRET
efficiencies (Erret).” Here original data TCSPC data (method not really specified
in the text) is shown and about 50 counts () were collected in the maximum. What
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Is the intrinsic precision in the determination of the lifetime having such a poor
photon counting statistics? To what extent is that precision already responsible for
the 31% precision of the entire multi-step approach?

2) Figure 2: C: “A representative photon-trace from DNA construct labeled with the
donor (ATTOG680) inside E. coli cell showing single step photobleaching. The
trace demonstrates that the fluorescence signal comes from single molecule” As
the labeled DNA should be located in the nucleus and was excited by TIRF
illumination, there might also have been cases when one found two labeled DNA
in the focus. Did one then find the two step bleaching pattern? This experiment is
important to prove that validity of the given interpretation of the bleaching pattern.

3) “As for the spectral properties of fluorophores, it is, unfortunately, experimentally
impossible to acquire Qg and J in the context of an intact living cell due to
technical difficulties with recording the absorbance spectra and quantum yield of
individual molecules. Therefore, to account for altered spectral properties of
fluorophores in a cellular environment, we acquired the extinction coefficient of
the acceptor, the fluorescence quantum yield of the donor, the orientation factor
and the overlap integral of the FRET pair using a bulk amount of DNA mixed with
the crude lysate from bacterial cells. Quantitative agreement between the
fluorophore emission spectra and lifetimes recorded both in vivo and in the crude
bacterial lysate indicated that the fluorophores’ spectral properties in the crude
bacterial lysate were similar to those in intact living cells”. As the structural
interpretation of the in vivo single molecule FRET data is fully based on these
experiments, it would be the natural step “in between buffer and cells” do perform
bulk lifetime experiments in the crude lysate. From statistical point of view those
experiments would be closer to the “in vitro” experiments, and as argued above
the DNA environment would be very similar to the in vivo situation. Did T. Fessl
do those experiments, and what was the outcome? If not, why did he not do those
experiments?

When reviewing the scientific value of this PhD work and the contribution of T. Fessl
to this work, the remaining three results listed in the PhD thesis have to be considered as less
important: The PCCP paper is exclusively a computational one. It appears that the “so-called”
in silico experiments were performed by the colleagues Kabelac and Lankas. The results three
and four were not yet really published. Here just one comment to chapter 4: Figure 2 and
figure 4 indicate that the quality of the original data was rather poor, which might not really
help when trying to publish this part.

The thesis is written in good English and is logically structured. In the introductory
part the thesis gives a very good overview on single molecule fluorescence techniques, which
| enjoyed reading. Overall the thesis certainly fulfills the Czech standards for obtaining a
PhD. Thus I do absolutely have no doubts that this PhD thesis should be accepted by the PhD
examination board. For the case T. Fessl will successfully defend his thesis, she should be
awarded with the title PhD.
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Prague, 07.02.2013 Prof. Dr. Martin Hof, DSc.
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Komentare a dotazy oponenta

Dizertacni prace je zamétena na popis principu a demonstrace uziti technik
zalozenych na detekci fluorescence jednotlivych molekul pii experimentech

v molekularni biologii.

V teoretické ¢asti prace jsou preciznim a zaroven hutnym zptsobem shrnuty metody
nejprve v historickém kontextu jejich vyvoje, dale z hlediska jejich vyuziti a nakonec
je ¢tenar seznamen se zpusoby pripravy vzorki pro méfeni. Mohu konstatovat, ze
teoreticka Cast sama o sobé muize dobfe poslouzit jako vynikajici studijni material pro
vSechny, kdo se chtéji dozvédét ditlezité zaklady fluorescencnich metod zamétenych

na detekci jednotlivych molekul.

Vysledkova ¢ast prace obsahuje celkem pét studii; jednu konstrukéné vyvojovou,
jednu teoretickou studii za pouziti molekulové dynamiky a tfi experimentalni studie
vyuzivajici fluorescencni piistupy k popisu dulezitych biologickych procest a
mechanismd. Velmi jsem ocenil pravé siroky zabér studovanych problému, ktery
ukazuje, ze se pan Mgr. Tomas Fessl béhem doktorského studia seznadmil s riiznymi

pristupy, které bude moci v budoucnu kombinovat.

Zavéry studii jsou piehledné shrnuty na konci prace ve formé ptiblizné

pilstrankovych sdéleni.



Celé usporadani prace je logické a dobie promyslené. D¢leni prace na jednotlivé
oddily odpovida zvyklostem prezentace védeckych vysledku. Prace je svoji odbornou
urovni a profesionalnim zpracovani zcela srovnatelna s disertacnimi pracemi

pochazejicimi z renomovanych zahrani¢nich univerzit.
Celkové tuto dizertacni praci s potéSenim doporucuji k obhajobé.

V ramci diskuse bych rad pozadal pana Mgr. Tomase Fessla o vyjadieni se

k nésledujicim dotaztim a podnétim.

Dotazy a podnéty k diskusi

1. Vysvétlete prosim pojem ,,Molar absorptivity* na str. 34 a uved’te pripadné
Ceské nazvy stejné veliciny. Navrhnéte, jak byste urcil hodnotu ,,Molar
absorptivity* v ptipad¢ zcela neznamého fluoroforu.

2. Kterd z metod uvedenych v piehledu na obrazku 8 na strané 32 je podle Vs
nejspolehlive;si v prostiedi Zivych bunék?

3. Jak by bylo mozné na zaklad¢ molekulové dynamiky urcit a nasledné
experimentalné overit jakd pomérna ¢ast fluoroforu je zhaSena vlivem interakcei
fluoroforu s nukleotidy v ptipad¢ kovalentné vazané molekuly fluoroforu k
DNA?

4. Vysvétlete, jakym zptisobem byla v ptipadé FRET experimentt provadéna
korekce na zhaSeni a pfimou excitaci akceptoru.

5. Navrhnéte podminky a experimentéalni uspotadani, které by vedlo ke zvySeni
piesnosti stanoveni vzdalenosti za pouziti spFRET v Zivych buiikach.

6. Mohl byste prosim v ramci prezentace obhajoby prace zminit, jaky byl Vas

ptispévek v pripad€ jednotlivych studii? Staci kratce jednou vétou.

V Brné dne 7.2.2013 //

Mgr. Ctirad Hofr, Ph.D.
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Oponentsky posudek disertacni prace Mgr. Tomase Fessla

Pfedlozena disertacni prace Tomase Fessla je nazvana ,Single-molecule fluorescence detection
in molecular biology“ a ma formu souboru 5 ¢lanku (resp. 3 ¢lankl v impaktovanych ¢asopisech a
2 nepublikovanych reportu) s pfehlednym Gvodem a kratkym zavérem — komentafem k ¢lankam.
Prace vznikla na JihoCeské univerzité (pod vedenim prof. F. Vachy a dr. F. Adamce) a na

Univerzité v Leedsu.

Téma prace predstavuje velmi aktualni problematiku, ktera se v poslednich 15 letech postupné
rozvinula v Siroky obor s velkou perspektivou do budoucna. Tomas Fessl zacal uz béhem
magisterského studia pracovat v laboratofi F. Vachy, kde pomahal dale rozvijet zakladni
aparaturu pro fluorescenéni zobrazovani a spektroskopii jednotlivych molekul tak, aby se dala
aplikovat na problémy molekularni biologie. Jak je vidét z této disertaéni prace, podafilo se mu
nakonec nékteré techniky SMFD, zejména spFRET (single-pair Fluorescence Resonant Energy
Transfer) a FCS (Fluorescence Correlation Spectroscopy), zvladnout prakticky i po strance

teoretické a vypocetni interpretace.

Prvni ¢ast prace predstavuje 40-ti strankovy prehled oboru, ktery je pomérné kvalitni a podrobny
(ma 191 odkazl) a je pfistupny i nepou¢enému ctenafi. TotéZ ovSem nemohu fici o souboru
vlastnich péti praci. Tento soubor je sice opatfen dodate¢nym zavérem, ale o rozsahu pouze 2,5
strany, coz viibec nepostacuje. Pfedstavoval bych si, ze zde bude nastinén obecnéjsi spojovaci
ramec a ideje spojujici jinak pomérné heterogenni prace. Zde se nespecialista pravdépodobné
ztrati. V odbornych ¢lancich, uréenych védcim z oboru, totiz je, pochopitelné, fada ,evidentnich®
véci vynechana. Proto by komentaf k pracim meél tyto mezery doplnit a poskytnout kli¢

k pochopeni geneze celé prace.
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Pfi podrobnéjsim pohledu na jednotlivé pfiloZené ¢lanky vyvstavaji otazky z nichZ nékteré by bylo

dobré probrat béhem obhajoby.

1. Prvni ¢lanek se tyka ovéreni techniky, ktera umozriuje zvysit hloubku ostrosti mikroskopického
zobrazeni (extended depth of fosuc — EDOF). Kli€¢ovou komponentou je zde ,fazovy prvek®, ktery
se umistuje mezi objektiv a vzorek. Nikde, bohuzel, neni uvedeno jak pfesné tento prvek vypada
(pravdépodobné jde o mezikruzi, nebo nékolik soustfednych mezikruzi, jakych rozmérd a z
jakych materialu?), jak se ustavuje do spravné polohy a kdo jej (fotolitograficky) vyrobil. Prosim
tedy o doplnéni a také komentar k otazce z jakého divodu neni tento prvek Sifeji vyuzivan - tedy,
jaké jsou jeho nevyhody? Zminéna je ur€ita ztrata kontrastu, ale s poznamkou, Ze neni zavazna.
Jinak, na prvni pohled, ma pouzity systém obrovské vyhody oproti jinym technikam; zejména
nevyzaduje zadné softwarové zpracovani digitalniho obrazu, takze je funkéni i pfi pohledu okem
skrze okular.

2. Druhy ¢lanek se tyka molekularni simulace interakce QSY 21 (,zhasec“) a Rhodaminu 6G
(fluorescenéni barvivo) s DNA, kde pro ob& molekuly byly nalezeny dvé vazebni konfigurace a
fada dalSich informaci. Zde bych poprosil o komentaf, jak vysledky téchto simulaci pfispély

k dalSi experimentalni praci na FRET.

3. Ctvrty ¢lanek se tyka sledovani dynamiky tvorby kapsidy bakteriofagu MS2 pomoci
fluorescenéni korelaéni spektroskopie (FCS). FCS ma rGzné pouziti, ale zde jde konkrétné
o0 méfeni hydrodynamického poloméru objektd z difusnich ¢asl. Tato technika ma mnoho vyhod,
pfedevsim pracuje s nizkou koncentraci sledovanych objektt a principielné funguje také in vitro.
Nevyhodou je, Ze z naméfené autokorelacni funkce je nutné hledané parametry ziskat navrzenim
vhodného modelu. Zde byly testovany rizné typy distribuce difusnich ¢ast (resp. velikosti
kapsid). Ukazalo se, ze dva stavy (po¢atecni a konecny) nestaci. Pouziti naro¢nych numerickych
vypoctl umoznilo ukazat, Ze existuje jisty prechodny stav kapsidy. Muzete, prosim, uvést s jakou
neurcitosti se daji urcit hydrodynamické poloméry difundujicich ¢astic (kapsid) témito postupy a

jak se da neurditost minimalizovat?

4. Nakonec bych poprosil o komentar k, trochu matoucimu, dvojimu vyznamu zkratky FRET,
nékdy se za ni skryva Forster Resonance Energy Transfer (v ¢lanku 2, 3), nékdy je prvni slovo

uvadéno jako Fluorescence (posledni ¢lanek).

Pres jisté (vySe uvedené) vytky je vSak prace velmi dobra a reprezentuje dlouhodobé usili
spojené se zvladnutim zcela novych technik. Doktorand nemél to Stésti, ze by pfiSel do hotové

laboratore, zapnul nékolik pfistrojl a vysledky by se hrnuly samy. Zde musel osvédcit vytrvalost a



(jak se v posudcich Fikd) ,schopnost samostatné védecké prace®. Nakonec, jako dobrou miru
kvality mGzeme také brat publikovani 3 ¢lankl ve velmi respektovanych ¢asopisech (nejlepsi ma
IF pfes 8) s naro€nym recenznim procesem. Pfitom u dvou praci je T. Fessl prvnim autorem a
jednou tfetim (Skoda, ze zbylé dva ,reporty“ nebyly také publikovany). Vyjadreni k autorskému

podilu na publikacich, které maji vice spoluautord, je uvedeno a je pro mé distacuijici.

Zavérem mohu konstatovat, ze prace T. Fessla, dle mého nazoru, splfiuje pozadavky kladené na

doktorské disertaéni prace a navrhuiji jeji pfijeti jako podklad pro udéleni titulu Ph.D.

Dne 23. ledna 2013

['/bc. RNDr. Jan Valenta, PhD.



