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Hereby, | present the evaluation of PhD thesis ‘Activity and occurrence of methane oxidizing
bacteria in the water column along the River Elbe’ written by Anna Matous( (University of
South Bohemia, Faculty of Science, School of Doctoral Studies in Biological Sciences, Ceské
Budéjovice, Czech Republic).

It was recognized that freshwaters actively process and transform received organic carbon.
About half (1.4 Pg C yr™) of the received carbon is emitted to the atmosphere as carbon
dioxide and methane. The degree of carbon degradation pathways and contribution to the
atmospheric greenhouse gas budget in running waters are significantly impacted by
environmental parameters as e.g. temperature, hydrodynamics. Emissions of methane are
generally much lower than carbon dioxide; however methane has 28 times higher global
warming potential on a per mass basis. As methane is a sparingly soluble gas (~27 times less
soluble than carbon dioxide) it is estimated that about 50% of freshwater methane
emissions are due to methane bubbles, which accounts for ~10% of all global emissions. A
smaller part of methane emits via diffusion to the atmosphere. Another part of
methanogenic Archae produced methane never reaches the atmosphere since it is microbial
consumed and oxidised by either anaeorobic oxidation (mostly in deep sea) and/or by
aerobic methane oxidising bacteria (MOBs, methanotrophs). However, the ‘loss’ of methane
by MOBs has a great range (5-70%) and its mechanism behind and the understanding is still
not yet totally clarified but is important to know for the global carbon balance.

The thesis by Anna Matousl contributes to our understanding of methane cycle on running
waters (River Elbe) by applying field measurements and using a set of complementary and
advanced methods to investigate the occurrence of methane concentration, its consumption
and their drivers. Large-scale intensive field measurements along the River Elbe —a key
strength to the present study - help to understand the distribution and oxidation of methane
related to environmental factors as e.g. hydrology, temperature, landscape structure and
nutrients.

Anna Matoust doctoral thesis consists of five chapters: an overall overview and three
already published papers and one manuscript. The former one contains the background/
introductory of the thesis, hypothesis, a very short results and discussion part for the given
publications and a conclusion.

One paper and the manuscript are written as a first author, the two others as a co-author.
All three published papers are published in leading, renowned aquatic journals. The
manuscript seems to be ready soon for a publication in an international journal.
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Comments to the overall overview (the written frame of the thesis):

The papers and the manuscript have such interesting scientific outputs which unfortunately
get lost in the overall overview since this kept too short. The introductory and the discussion
parts are good referenced and set the context for the entire study. However, the
introduction, the results and discussion parts could have been done into a more general
ecological and environmental perspective and a little bit more detailed. It would have been
also nice to see an overview e.g. a scheme for principle mechanism for methane cycling in
the Elbe (different methane production/emission pathways). At the beginning it would have
been also informative to get an outline about the Elbe River, estuary and the connection to
the North Sea and its different parts. Emphasising on the different parts (natural,
impounded, lowland) would have been easier for the reader for the entire understanding.
An outline could have given also information about why it is reasonable to study such divers’
ecosystems, for instance.

In general, most of the information’s are given but sometimes the ‘red line’ and the
important points are not very well worked (e.g. anoxic methane production, oxic is missing)
out which is a pity since it is a very interesting and good data basis. Sometime the readers
lose the ‘red line’ since it jumps from one part to another. For instance, the methods section
and the para about the culture growing doesn’t fit at all in the given context and should have
been put at the end of the introduction to not disturb the reading flow of MOBs.

Though, it was very interesting to read the section part of the Archae, AOM, MOBs in general
and its ecology since this gave a good overview. It would be very informative and interesting
for the overview if the given information about e.g. the environmental influence on MOBs
has been set into the context of the investigated ecosystem and what does it seem to imply
for the river Elbe (e.g. combination with the own data).

In the discussion, at the end it would have been wonderful if you could come back to your
introduction and answer scientifically open interesting discussion points, e.g. adding a ‘new
number’ for the different parts of this heterogeneous river for microbial methane oxidation
in the running water column.

Comments to the paper/ manuscripts:

A great strength of the thesis was the method development before starting the field
campaigns. This was a fundamental basis for reliable and significant data collection and
analysis. The citations of the paper show that this is also recognized by the scientific
community.

| wonder why the paper by Osudar et al. is included as it doesn’t really fit to the subject of
the thesis since it is dealing with distribution and methane oxidation in the North Sea and
not in the River Elbe.

The paper and the manuscript by Matoust seem to very similar, just on different sections in
the Elbe River. As the ms is written now, the reader wonders if we really needed both
investigations to come to the given findings. There are a lot of interesting data in the ms but
it seems that there are hidden. Would be nice to read what we can learn out of this study
and why it was important to run it as well.
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Overall, the work by Anna Matousl is of good quality and it is good presented and written.
The sampling seemed to be carried out with great scientific rigor and the results exhibits a

good contribution for the scientific community. Key strengths of the thesis are the

application of method development, advanced analytical approaches and models, which
allow fundamental insights into the underlying mechanisms controlling methane dynamics
and composition of MOBs in the river ecosystem, Elbe. There is no doubt that the research
results will be well-recognised by the scientific community and stimulating further research.
With this work Anna Matous( showed that she is able to produce a good scientific research
by being able to perform field studies, analysing and publishing data and being able to work

in a team, even for longer periods and on reduced ‘habitat’ conditions (boat).

In conclusion, the written thesis by Anna Matous$( meets the requirements requested to get
the scientific degree. Thus, | fully recommend the written thesis to be accepted as a doctoral

work.
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Question for the disputation

o Ebullitive emissions from aquatic systems are still likely underestimated due to the
stochastic nature of ebullition events but very importance for the global carbon
balance. Just discuss briefly why this point is not included in the discussion of the
methane fluxes

e In general methanogenesis occurs under strictly anoxic conditions as it is pictured in
the thesis. However, very lately several investigations came up that described
methane production in oxic waters (Keppler et al. 2006, Nature; Grossart et al. 2012
Proc.Natl.Acad.Sci; Bogard et al. 2014, Nature Communications; Tang et al. 2016,
ES&T) which is unfortunately not discussed in the thesis. Please address also the oxic
methane production, the ‘methane paradox’, and its relevance for the global
methane production estimates. This might put your investigations in another
framework.

e In the thesis you state that microbial methane oxidation in running waters water
column is less efficient than lakes or other freshwater habitats. Please explain your
assumptions in more detail and what is the mechanism behind.

e You state that a key issue is to understand the T impact on MOBs community
structure and enzymatic activity. Unfortunately this is an important issue and could
be more specified. Discussed and explain more in detail why T is influencing i)
enzymatic activity of the MOBs and ii) what does it means for the ecosystem Elbe
when type | is favoured by type Il at a specific temperature?

e | haven’t fully understood your methane concentration and oxidation water sampling

from the boat. How was this exactly performed? As it is known that disturbance,
turbidity and pressure change the methane concentration and MOX, how do you put
these parts into the discussion with your data?

e It wasn’t really clear for me how water velocity was measured (surface and depth?)
and how deep the river was at the different points when taking bottom water? ‘Im
above the river bed’ can come from 20m or 2m.

» The basis for the river section classification is not clear. Would be nice if you can
clarify.
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Oponentsky posudek doktorské prace Anny Matoust , Activity and occurence of methane oxidizing
bacteria in the water column along the River Elbe”

Disertacni prace A. Matousu je vypracovand velmi peclivé a nemam k ni tedy zadné velké
formalni pfipominky. Sklada se z obecného Gvodu a zédvéru, které vytvari ramec 3 publikovanym
pracim a 1 rukopisu v pfipravé. Autorka publikovala (prozatim) jeden ¢lanek v IF z listu publikaci jako
prvni autor a splfiuje tak predpoklady k obhajeni disertacni prace. Tematicky se prace zabyva
metodickymi aspekty méreni a kvantifikaci aktivity aerobnich metanotroft ve vodnim sloupci podél
rfeky Labe a také aplikaci navrzené metodiky méfeni ve vzorcich spadajicich do nékolika terénnich
kampani. Téma prdace je unikdtni a zajimavé a véfim, Ze i dosazené data a jejich interpretace jsou
velmi pfinosné pro védeckou obec.

Uvod préce je velmi piehledny, ¢itelny a obsahuje véechny informace, které potiebuje ¢tenaf
k obezndameni s tematikou. Vysledky jsou také popsané velmi prehledné a jednoznacné, ackoliv
autorka nebyla schopna na zakladé dostupnych informaci vysledky dostatecné vysvétlit. Tento fakt je
dan zejména obecnym nedostatkem dostupnych dat a metodik, které by cilené mohli odpovédét na
otazku jak presné souvisi aktualné namérena metanotrofni aktivita s jednotlivymi faktory prostredi,
jejichz vliv je velmi komplexni. Souvisi to také s velkou variabilitou rGznych prostredi, které se podél
toku feky vyskytuji a u kterych s velkou pravdépodobnosti funguji rizné faktory, véetné
antropogennich) ovliviujici dynamiku metanu ve vodnim sloupci. Autorka naznacuje, Zze v obecném
smyslu byla metanotrofni aktivita mnohem mensi nez se predpokladalo, a mne by zajimalo, jestli to
bylo spise i) malou abundanci a tedy nizkym potencialem MOB komunity, i ii) inhibici metanotrofie,
Ciiii) ,grazing” efektem, nebo iv) néc¢im Gplné jinym? K ¢emu se autorka nejvice priklani. Zavérem
autorka naznacuje noveé vysledky, které nejsou prezentované v disertacni praci, ty naznacuji, Ze se
timto tématem chce déle zabyvat.

Vyvoji metodiky s podrobnym praktickym ndvodem se vénuje prvni ¢lanek. V tomto pripadé
musim velmi ocenit zpUsob, jakym byly vedeny experimenty a testovani riiznych podminek méreni ve
vodnich vzorcich, v€etné pouzitého laboratorniho materialu. Z préace je vidét, Ze autofi mysleli témér
na vsechny mozné detaily, které v praxi mohou nastat, a myslim, Ze silné ¢erpaly ze zkuSenosti
erudovaného tymu. Vyvoj metodiky zaloZeni na radioizotopickém znaceni metanu byl veden velmi
precizné a dukladné, a tym, ktery se vyvojem metodiky zabyval, jej dale pouZiva. VyuZziti metanu
s radioaktivnim H namisto C pfineslo urcité metodické vyhody. Podobnymi pfistupy se nezabyva
mnoho laboratofi a tento tym a jeho vysledky jsou v tomto sméru unikatni. Zajimalo by mne, jestli by
autorka méla napad jak princip pouzité metodiky aplikovat na stanoveni metanotrofni aktivity
v pudnim prostredi.

Druhy ¢lanek se zabyva podminkami prostredi, které ovliviuji distribuci metanu a aktivitu
metanotrofli od Usti feky Labe a v ¢asti Severniho more (Némecky zéliv) smérem k Helgolandu.
Autorka ve vysledcich popisuje ¢asovou variabilitu aktivity metanotrofd, ktera je ziejmé zavisla na
teploté prostredi. Tento trend byl viditelny zejména pfi inorovych mérenich. Mne by zajimalo, jestli
jsou k dispozici pro vodni (fi¢ni) ekosystémy denni pribéhy koncentraci a emisi metanu, pripadné
metanotrofni aktivity. Ze zkuSenosti s pidnim prostredi je zndmo, Ze metanogenni aktivita dosahuje
¢asto vyznamny vrchol v dopoledni, ¢i polednich hodinach, a pak prudce klesaji. Podobné jsou rocni
prabéhy dosahujici vrchol ¢asné na jare, kdy se teploty pudy rychle zvedaji a zaroven plda obsahuje
mnozstvi anaerobnich mikroprostredi diky zimnim precipitacim a tdni snéhu. Pokud by podobné
zavislosti platily i pro vodni habitaty a metanotrofii, hrala by v mérenich vyznamnou roli i doba
odbéru ¢i méreni. Méli jste tento faktor v pribéhu vzorkovani néjak standardizovany?




Treti ¢lanek posuzuje distribuci metanu a jeho oxidaci v Usti feky Labe. Vysledky ukazuji na
silnou zavislost oxidace metanu na jeho koncentraci a mensi zavislost na teploté prostredi. Ostatni
meérené parametry neovlivnily aktivitu metanotrofd méfitelnym zptisobem. Zajimavym zjisténim je,
Ze v tomto ekosystému nevykazovaly namérené koncentrace metanu korelaci se salinitou, zfejmé
kvali silné fluktuaci v prostfedi, které si autofi vysvétluji silnym pfilivem a znaénym michanim morské
a fiéni vody a zdroven zvySenou adaptaci mikroorganizmd na takové prostfedi. Zajimalo by mne, jestli
jsou dostupné néjaké nové informace o toleranci vodnich metanotrofd na zvySenou ¢i rychle se
ménici salinitu. Dale by mne zajimal ndzor autorky na moznost ¢asového a prostorového oddéleni
metanogen( a metanotrofl ve vodnim sloupci, eventudlné jejich hot-spotd, protoZe prezentované
data (Supplement Fig. 4, 5) néco podobného naznacuji. Zavérem autorsky tym usuzuje, Ze Usti feky
Labe neni vyznamnym zdrojem ani zasobnikem metanu.

Tyto prace prosli kvalitnim recenznim fizenim a nemam k nim moc pfipominek ani otazek.

Ve Ctvrté studii sepsané ve formé rukopisu se autofi snazi popsat dynamiku metanu
v ekosystému feky Labe od jejiho horniho toku aZ po Usti. Autofi popisuji rozdilné koncentrace
metanu a rdznou spotfebu metanu v rozdilnych habitatech podél toku feky Labe. Tyto rozdilnosti
jsou vysvétlovany zejména charakterem vodniho toku (pfirozeny, vysoce regulovany technickymi
konstrukcemi, ¢i nizinny pozvolnéjsi tok reky na némeckém Gzemi s tzv. groynes). Pfidavnym
faktorem je silny antropogenni vliv v prostfednim habitatu diky rozvinutému primyslu. Je
pravdépodobné, Ze uz tento rukopis byl odevzdan do redakce vybrahého casopisu a je mozné, ze
autorka uz ma k dispozici néjaké pripominky, ¢i komentare. Zajima mne, jestli uz autorsky tym nasel
novéjsi vysvétleni pro ,,contradictory findings”, pfipadné jestli ma autorka v planu provést néjaky
cileny experiment, ktery by pomohl zodpovédét nezodpovézené otédzky. K této ¢asti prace mam vice
technickych ¢i vécnych poznamek:

- Nastrané 133 autorka uvadi, Ze k vypocCtu ,turnover time“ pouziva ,given CH4 oxidation
rate” — z textu jsem nepochopila, co to presné znamena, jestli autorka pouzila néjakou
konkrétni namérenou hodnotu, nebo néjakou konstantu?

- Vrovnici €. 5 nebo souvisejicim textu je zfejmé preklep (neshoda E/F)

- Vtabulce €. 2 chybi idaje o TDN (dle zéhlavi tabulky, naopak je tam uvedena
konduktivita)

- autorka uvadi, Ze v nékterych vzorcich nebyly zaznamenany zadné buriky metanotrofa.
Ztejmé se pri méreni dostali pod limit detekce. Navrhla by dnes autorka jinou metodu
kvantifikace methanotrofd, ktera by byla citlivéjsi?

- Na strané 149 autorka uvadi fakty, které si odporuji s témi, které prezentuje v tabulce 1
v Gvodu. Informace se tykaji ekologie a preference jednotlivych typd metanotrofu.
Informace autorka pouZiva jako argumenty své diskuze. Dle mne je to trochu zavadéjici a
pravdépodobné bude muset svoji argumentaci a vysvétlovani namérenych dat zménit.

- PFi pouZiti metody CARD-FISH je dulezity vybér spravné DNA sondy, jeji specificita a
nasledné hybridiza¢ni podminky. Autorka pouZzila k detekci ,,group specific probes” pro
typ | = My84, pficem? cituje praci Eller et al., 2001. Tato prace ovSem doporucuje pouZiti
jesté dalsi DNA sondu My705. Zajimalo by mne, jestli toto rozhodnuti autorka udélala na
zédkladé empirickych méreni a testovani na typovych kmenech ¢i kulturach, kdyz si
vybrala jenom jednu z uvedenych hybridizacnich sond?

- Zajimava doplriujici data by autorka ziskala pfidatnou detekci ¢i kvantifikaci metanogend.
Proc¢ autorka nevyuZila tuto moznost k ziskani komplexnéjsiho obrazku o
mikroorganizmech, které se podileji na cyklu metanu?




V uvedenych 4 ¢lancich autorka ve spolupraci s kolegy optimalizovala a testovala novou metodiku
méreni a postupné s vyuzitim nékolika vétsich i mensich vzorkovacich kampani popsala koncentrace
metanu, ¢as obratu metanu, ¢i jeho toky od 8. km toku feky Labe aZ po jeji Usti a déle po ostrov
Helgoland, ktery leZi ca 60 km od pobrezZi. V posledni studii obohatila metodické pfistupy a osvojila si
metodu detekce a kvantifikace metanotrofnich bakterii pomoci CARD-FISH. MnoZstvi zvladnutych
kampani i mnoZstvi namérenych a zpracovanych dat naznacuji, Ze kandidatka je urcité velmi platnym
¢lenem védeckého tymu jak na lodi, tak v laboratofi, a predpokladam, Ze si dokaze také dobfe poradit
v riznych krizovych situacich, které v terénu mohou nastat. Myslim, Ze Anna Matoust ma velmi
dobré predpoklady uplatnit se ve védeckém tymu jako samostatny védecky pracovnik a pokracovat
Uspésneé ve své kariére. Celkové dosahuje predloZend prace vysokou kvalitu prezentovanych
vysledkd, jednotlivé studie na sebe velmi hezky a logicky navazuiji.

Zavérem doporucuji praci k obhajobé.
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