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TO THE SCHOOL OF DOCTORAL STUDIES IN BIOLOGICAL SCIENCES
UNIVERSITY OF SOUTH BOHEMIA IN CESKE BUDEJOVICE
FACULTY OF SCIENCE

Report by Dr. Thomas Flatt (Rapporteur) on the Doctoral Thesis of Jan Rynes

Ph.D. Thesis, by Jan Rynes, entitled "Role of the bZIP protein Atf3 in metabolic and immune
homestasis and Molecular interactions of the insect juvenile hormone receptor Met",
supervised by Prof. RNDr. Marek Jindra, CSc, Biology Centre of the Academy of Sciences of
the Czech Republic, Institute of Entomology, Ceske Budejovice, 2012.

To whom it may concern:

| herewith provide a formal and structured evaluation of the Ph.D. thesis by Jan Rynes,
entitled "Role of the bZIP protein Atf3 in metabolic and immune homestasis and Molecular
interactions of the insect juvenile hormone receptor Met" (Thesis Advisor: Prof. Dr. Marek
Jindra).

Overall structure of the thesis

The thesis consists of two main parts, which are already mentioned in the title: the first part
deals with the role of the bZIP protein Atf3 in regulating metabolic and immune homeostasis,
whereas the second part deals with the molecular interactions of the insect juvenile hormone
receptor encoded by the methoprene tolerant locus, Met. Each of these two main parts
consists of a peer-reviewed published paper and is framed by a statement of the research
objectives, a general introduction, and a final section with conclusions. The structure of the
thesis is extremely clear and logical; the research objectives at the beginning of each thesis
main part are outlined very clearly, with each of the two parts addressing an important
unresolved question in insect physiology. Similarly, the introductory parts as well as the
conclusions, which frame the published research papers, are succinct and very well written. Of
course, one could have tried, as an alternative, to write an overall introduction, which would
have attempted to tie the two thesis parts together, however, | think this would have been
difficult and somewhat artificial. Overall, therefore, | find the structure of the thesis excellent. |
also especially appreciated the clear statement, at the beginning of the thesis, of what the
candidate has directly contributed to each of the two publications.

Peer-reviewed, published research papers
The most important parts of the thesis are the two peer-reviewed, published research articles.

The first paper, entitled "Activating Transcription Factor 3 regulates Immune and Metabolic
Homeostasis", with the candidate as the first lead author, has been published in Molecular
and Cellular Biology, which is a very respectable international journal. This very nice paper is
the first to investigate in detail the functional role of Activating Transcription Factor 3 (Atf3) in
Drosophila. Mammalian ATF3 is known to be a negative regulator of innate immunity, and its
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paralog JDP2 plays a role in lipid metabolism and obesity; however, not much is known about
the detailed physiological functions of these genes/proteins. In a beautiful and very well-
performed set of experiments in Drosophila the candidate and his collaborators now identify
Drosophila Atf3 as the single ortholog of ATF3 and find that it integrates the functions of both
mammalian ATF3 and JDP2. The results of these experiments in the fly are all highly novel,
interesting and important, especially as they establish a major novel regulator of immune and
lipid/energy homeostasis in the fly. This is particularly interesting in the light of the common
but not yet well understood physiological links between fat metabolism and immune function.
The candidate and has collaborator have used an impressive array of genetic, molecular,
cellular, and physiological tools to investigate the function of Atf3 in the fly. As neatly laid out
in the paper as well as in the conclusions section of part 1 of this Ph.D. thesis, these
experiments have lead to 7 very clear-cut and important results: (1) Atf3 has an essential
function in the growth of Drosophila larvae, with loss of atf3 function severely impairing larval
viability; (2) atf3 mutant larvae suffer from chronic inflammation and stress, as evidenced by
transcriptional changes; (3) atf3-deficient larvae exhibit an altered intestinal microflora; (4) atf3
mutants are obese yet at the same time seem to be experiencing starvation; (5) human ATF3
normalizes the fat content and gene expression in atf3 mutants, thus clearly demonstrating
the functional role of Atf3 in regulating these processes; (6) when immunity is genetically
attenuated by reducing the gene dose of Relish or FOXO in Atf3 mutants lipid metabolism as
well as survival are improved, thus clearly establishing an important link between immunity
and lipid metabolism; in conclusion, therefore, (7), it seems clear that Drosophila Atf3 is a
novel, major regulator of both immune and metabolic homeostasis and that it integrates the
distinct functions of the mammalian orthologs, ATF3 and JDP2. To my mind, these are highly
interesting results that will be of major importance for the field. In addition to these beautiful
results, | am impressed by the broad range of methods used in this paper for studying the
functional role of Atf3 in the fly. Just to give one specific example, the rescue of fly Atf3
function by the human wildtype ATF3 protein represents a clever and very elegant rescue
experiment that clearly proves the functional involvement of Aft3 in the processes discussed
above. Overall, | find this to be an excellent research paper, and | am sure that it will be widely
read and cited by people working in the field.

The second paper, which represents the main core of the second part of this thesis, is entitled
"Ligand-binding properties of a juvenile hormone receptor, Methoprene-tolerant”, published in
the prestigious high-impact journal Proceedings of the National Academy of Sciences USA
(PNAS), with the candidate as one of the co-authors. This paper is an important landmark
contribution in our understanding of juvenile hormone (JH) function, a hormone whose
receptor and detailed molecular function have remained mysterious for many decades. The
Jindra group has recently made major discoveries that suggest that the protein encoded by
the methoprene-tolerant locus, Met, migh actually really be the long-sought-after bona fide JH
receptor. The current paper is therefore to be seen as part of a number of seminal
contributions towards resolving the molecular details of JH signaling. Using an impressive
array of biochemical, genetic and in-vivo experiments (e.g., ligand binding assays, protein
structure modeling, protein interaction studies, RNAi and hormonal treatments in vivo, etc.) the
candidate, in a collaboration with his colleagues, establishes at least 6 highly novel, major
results: (1) Met ues the ligand binding pocket within its PAS-B domain to sense JH; (2) binding
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of JH to this domain seems to cause a conformational change, disrupting the Met-Met
homodimer and establishing the association of Met with the transcription factor taiman; (3) in
this Met-Tai complex the Met part is the JH-ligand-specific sensor; (4) the Met-Tai association
is mediated by the PAS-B domains of both Met and Taiman; (5) Met is also known to interact
with Tango, however, although the Met-Tgo dimer activates transcription, JH does not affect
Met-Tgo dimerization and transcriptional activity of this complex. In summary, these results
provide extremely important additional evidence for the notion that the MET protein encodes a
(or perhaps THE) functional JH receptor; together with previous papers they make MET the
best candidate for the JH receptor. Importantly, the data clearly demonstrate that MET binds
JHIII as well as synthetic analogs of JH, methoprene and pyriproxyfen, through its C-terminal
PAS domain; this specific binding of JH to MET is functionally required for the ligand-
dependent interaction between MET and its partner Taiman. In my opinion, this is beautiful
and very important paper that will have a major impact on the field of insect endocrinology. It
is clear (see below) that the candidate has made crucial contributions to this important paper.

Candidate's contribution to the two research papers

In the context of the first research paper the candidate performed colorimetric measurements
of saccharides and triacylglycerols in Drosophila larvae, cultivated and identified the bacterial
microflora, and performed respirometry, electron microscopy imaging as well luciferase
reporter assays. The candidate also collaborated with others to analyze gene expression
(involving RNA isolation, cDNA synthesis and qRT-PCR), to perform survival, rescue and
starvation experiments using mutant Drosophila and participated in the analysis of the data. It
is clear from these contributions that the candidate played the leading role in this project, a
fact which is fairly reflected in his first-authorship on this paper. In general, | am impressed by
the breath of molecular, cellular and genetics tools and methods the candidate has employed
to answer the question at hand. Thus, in my opinion, the candidate's contribution to this
research project is excellent. For the second research paper, the candidate has, as part of a
collaborative team, made active and important contributions to the research by preparing
plasmid constructs, expressing recombinant proteins in mammalian cell cultures and by
testing JH-dependent protein-protein interactions using immunoprecipitation from transfected
HEK293 cells. It is clear from my reading of this paper that the candidate's contributions to this
project have been essential for the successful completion of this research and for the final
publication in a high-profile, high-impact journal. Again, it is obvious from this paper that the
candidate is an excellent experimentalist with a highly versatile experimental toolkit. Overall, |
find the contributions of the candidate to both research papers excellent -- both projects
clearly involved many non-trivial, rather complex and demanding laboratory experiments, both
in vivo and in vitro, and with his excellent contributions the candidate has clearly established
his ability to successfully apply a wide array of methods to solve such difficult experimental
problems.

In conclusion, | find this Ph.D. thesis excellent: it is well written and presented; the methods
are sound and experimental designs robust; the results novel, interesting, and innovative; and
the thesis has resulted in two published papers in very good journals. | am very impressed by
the high amount and quality of the scientific work produced by Jan Rynes in his dissertation
work. | am therefore very happy to declare without hesitation that in my opinion the present




Ph.D. thesis by Jan Rynes fulfills all the academic requirements for a successful Ph.D. thesis
defense at your institution and that the candidate should be granted the Ph.D. degree.

Vienna, 12 September 2012
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OPONENTSKY POSUDEK NA DISERTACNI PRACI

Autorka prace: Mgr. Jan Rynes

Nazev prace: Role of the bZIP protein Atf3 in metabolic and immune homeostasis and

Molecular interactions of the insect juvenile hormone receptor Met

Oponent: doc. RNDr. Jan Vondracek, Ph.D.

PredloZzena disertaéni prace ptedstavuje shrnuti dvou experimentalnich studii,
zabyvajicich se jednak tlohou transkripéniho faktoru Atf3 v regulaci metabolismu a imunity,
a molekularnimi interakcemi PAS proteinu Met, jako kandidatniho receptoru juvenilniho
hormonu. Obé tyto prace (v prvnim ptipadé se jednd o prvoautorskou publikaci) byly jiz
publikovany ve vysoce kvalitnich impaktovanych Casopisech, s velmi naronym recenznim
fizenim, coz doklada, ze se jedna o prace na velmi dobré védecké urovni, které predstavuji
kvalitni zaklad pro disertaéni praci. Prace je vhodné clenéna na shrnuti teoretickych
pfedpokladi a soucasného stavu poznani, ze kterych autor vychézel, prezentaci vlastnich
vysledki ve formé publikovanych ¢lankd (vCetné pouzité metodiky) a také dosud
nepublikované vysledky, které jsou komentovany v zavérecné Casti obou experimentalnich
oddili. Uloha autora a jeho podil na jednotlivych studiich jsou jasné vymezeny, i kdyz je
potfadi z neznamych divodi prehozené. Po formalni strance je piedlozena disertani prace

velmi dobfe zpracovana, jen s minimem drobnych chyb a nepfesnosti.
Konkrétni pripominky:

1) Cast L.

Teoreticka cast struéné¢ a piehledné¢ shrnuje zékladni informace nezbytné pro
interpretaci vysledkl prace. Vlastni vysledky i experimentalni piistupy autora jsou soucasti
prezentovaflého Clanku. Jedind vytka, podobné jako v ¢asti II., se tyka toho, Ze by bylo
vhodné alesponi Caste¢né komentovat data, kterd jsou soucasti ¢lanku jako Supplementary
Data. V ramci disertacni prace by byl jist¢ prostor vénovat jim vice pozornosti, neZ v rdmci

¢lanku, kde je rozsah nutn¢ omezeny.

2) Cast II.




Druhd c¢ast shrnuje vysledky studie, ke které autor vyznamné piispél piedevsim
konstrukei plazmidi, analyzou rekombinantnich proteini a proteinovych interakci proteint

ektopicky exprimovanych v bunikach HEK293.

3) Diskuse

V ramci vysledki a diskuse jsou prezentovany vysledky, které jiz prosly oponentnim
fizenim v pribéhu publika¢niho procesu. Proto nebudu podrobné rozebirat vysledky, ani
komentafe k nim. Nicmén¢, vzhledem k tomu, Ze se jedna o velmi zajimavé poznatky, rad

bych autorovi polozil nékolik otazek, které vesmés vyplyvaji z prezentovanych vysledku:

1) Je znamo, ze sav¢i Atf3 je transkripéni faktor, jehoz aktivita je v fadé pfipadl aktivovana
environmentalnim stresem, at’ jiz se jednad o genotoxiny, hypoxii, podvyzivu apod. Podobné i
z prezentovanych vysledka vyplyva, ze napi. hladovéni zvySuje hladinu atf3 mRNA. Prestoze
studie ¢. 1 byla primarn€ zaméfend na ulohu a#f3 v regulaci imunity a metabolismu, a ne na
mechanismy regulujici jeho transkripéni aktivitu, da se z vysledkti usuzovat, Ze podobné jako
u savcl muze byt aktivovan i riiznymi toxiny a zprostfedkovavat jejich dopad na imunitni

systém hmyzu, funkce tukového télesa apod.?

2) V ramci studie II jsou prezentovana data dokladujici, ze Taiman funguje jako transkripéni
partner Met a aktivita Met-Tai dimeru je regulovana pfitomnosti ligandi Met. Zaroven bylo
v posledni dobé publikovano i nékolik praci naznaujicich, Ze Taiman je kofaktorem
ekdysonového receptoru. V ptipadé sav¢ich PAS proteini AhR a ARNT bylo popsano, ze
mohou samostatné ¢i spoleéné vytvaiet komplexy se steroidnimi receptory a riznym
zpusobem modulovat transkripci gend primarné regulovanych napf. estrogennim receptorem
alfa. Da se predpokladat, ze komplex Met-Tai by mohl analogicky regulovat transkripci

cilovych gent EcR, nebo, Ze by mohlo dochéazet k ptimé interakci mezi Met a EcR?

3) Vposledni dobé se ukazuje, ze jiny PAS protein, savéi Ah receptor, by se, vedle
zprostiedkovani aktivity celé fady endogennich a exogennich ligandl, mohl podilet i na
regulaci geni CLOCK a PERIODI. Da se ptedpokladat, Ze funkce Met receptoru je
regulovana cirkadidnnimi rytmy, nebo existuje moznost, Ze tento protein muize piimo

interagovat s dalSimi ¢leny PAS rodiny, které se podileji na regulaci cirkadiannich rytma?




Zavérem konstatuji, ze piredlozend disertatni prace piedstavuje, po obsahové i
formalni strance, vysoce kvalitni vystup postgradudlniho studia. Autor prokazal své tvirci
schopnosti a piedlozena prace zcela splituje pozadavky v daném oboru. Proto doporucuji, aby
byla prace piijata k obhajobé a dalSimu fizeni. Rovnéz doporucuji, aby byl Mgr. Janu
RyneSovi po uspésné obhajobé prace piiznan védecky titul Ph.D. dle § 47 Zakona o vysokych
Skolach €. 111/98 Sb.
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