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NEDERLANDSE SAMENVATTING

Het onderzoek dat in dit proefschrift wordt gepresenteerd, heeft ten doel om
meer te weten te komen over het suikermetabolisme, de regulering en de
evolutie ervan in de melkzuurbacterie Lactococcus lactis. Speciale aandacht voor
deze processen gaat uit naar de individuele cel. Het hoofddoel was om de rol van
populatieheterogeniteit tijdens verschillende substraatveranderen te beoordelen.
We hebben ontdekt dat een complex systeem van specifieke en globale
reguleringsfactoren het gedrag van een enkele cel in de populatie bepaalt en dat
de populatie cellen uit veel metabolische fenotypen bestaat. Ons evolutionair
mode] suggereert dat de waargenomen fenotypische heterogeniteit een voorbeeld
kan zijn van een bet-hedging strategie die een evolutionair voordeel kan
opleveren.

Dit proefschrift was ook toegewijd om de onopgeloste intrigerende fenomenen in
L. lactis, zoals de groei van lactose-/cellobiose- of galactose-negatieve stammen op
respectievelijk lactose, cellobiose of galactose te bestuderen. Al deze
gebeurtenissen zijn al eerder waargenomen, echter zijn ze nog nooit
toegeschreven aan  specifieke  metabolische systemen. Verschillende
activatiemechanismen bleken vereist te zijn om de genclusters die plantsuikers
kunnen utiliseren weer in gebruik te stellen, die vervolgens nieuwe functies
konden verwerven en de cellen helpen om aan stressvolle situaties te ontsnappen.
Om de adaptieve capaciteit van deze nieuwe stam met opnieuw geactiveerde
lactose-utilisatievermogen verder te onderzoeken, is deze voortdurend in een
chemisch gedefinieerd medium met lactose gepropageerd. Alhoewel a priori
veranderingen in suikeropname- en metabole systemen voor de hand liggen,
hebben wij ontdekt dat de geévolueerde stammen hun stikstofmetabolisme
aangepast hebben. Deze experimentele evolutiestudie illustreert het belang van
arginine in het energiemetabolisme van L. /actis en biedt aanvullend bewijs dat
‘carbon catabolite repression’ van bepaalde genen onder invloed van fluctuerende
omstandigheden de microbiéle fitheid kan verlagen.

Een regulatoire schakelaar die het metabolisme voor pyrimidine koppelt aan de

biosynthese van de celwand, werd ook opgehelderd. De competitie tussen twee
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enzymen voor hun gemeenschappelijke substraat asparaginezuur bepaalt de
plasticiteit van de celwand en dient als een zeer gevoelige regulatoire schakelaar.
Verder geven we een overzicht van verschillende groen-fluorescerende eiwitten
die beschikbaar zijn voor de Gram-positieve bacterién L. /actis, S. pneumoniae en
B. subtilis. Naast GFP varianten van Aquorea victoria werd ook een verzameling
Obelia sp. GFPs getest in L /Jactis om meer te weten te komen over het
codongebruik van deze bacterie.

316



ACKNOWLEDGEMENTS






ACKNOWLEDGEMENTS

hank you to all of you whom I met throughout these years. You made this
PhD a very special experience. I have been delighted to work in such a
wonderful and supportive environment.

Firstly, I would like to express my deep appreciation and sincere gratitude to you,
Oscar, for your excellent mentoring. I enjoyed every day of my work with you. It
was fun, motivating, exciting and overwhelming. Thank you for your continuous
support, for your patience, your jokes and immense knowledge. I could not have
imagined having a better advisor and mentor for my PhD. I especially enjoyed
travelling with you to various conferences and meetings because of the relaxed
and mellow atmosphere you create around you. Thank you for showing me that
science is not only about hard work, but about enjoying and having fun while
creating it.

I am indebted to Jan for countless discussions that helped me in all the time of
research and writing of this thesis. You were always willing to help and give your
best suggestions, keeping the track of all historically important L. /actis strains
and lactococcal genetic tools. Besides sharing the passion for L. /actis, it was fun
dancing and listening to music with you.

I would like to thank you, Jan-Willem, for your help with the gfps and the
heterogeneity story and for being an inspiring example of doing science with
such a pleasurel!

My sincere thanks also go to Herwig Bachmann and Bas Teusink. I am truly
fortunate to have had the opportunity to work with you on the heterogeneity and
many other stories. I've learnt a lot from our exciting periodical meetings.

I would like to express my gratitude to Saulius Kulakauskas, Ana Rute Neves and
Beatriz Martinez, for the friendly guidance, thought provoking suggestions, and
the general collegiality that each of them offered to me over the years. I would
like to thank Franjo Weissing for his valuable input on the bet-hedging paper,
Lorena Diez and Fernanda Ruiz-Larrea for the pleasant collaboration on ethanol
stress paper.

I would also like to thank my coauthors: Jordi, Wout, Katrin, Harma, Ruud, Akos,
Ard Jan, Jeroen, Lorena, Sjoerd, Lieke. We were not only able to support each
other by deliberating over our problems and findings, but also by talking about

things other than just our papers.

319



ACKNOWLEDGEMENTS

Thank you for all the help with MA data and my research Anne de Jong, Claire,
Aishwarya and Michael.

Wonderful secretaries, Emma, Mirelle, Klazien, Jannet and Manon, thank you for
taking care of all these complicated matters with databases and documents, and
for friendly chats. Anne Hesseling and Siger, thank you for so many things you do
for us every day.

Anna van Dijken, Moses Litaay, Peter Hes — thank you for making our research
so much easier!

I would like to express my gratitude to my Paranymphs. Qian, since the moment
you appeared in our office it became clear that you belonged there with us. I
admire your cheerfulness and the very wise way you look at things. Thank you for
sharing joyful, funny moments as well as serious scientific and private
conversations. I am so glad we met and became friends. Sjoerd, I am extremely
grateful for all the scientific discussions; mushroom picking, cooking, gardening,
fishing, crustacean biology, domestic biotechnology, psychology, ... consultations,
whistling, singing and dancing sessions! Sharing an office with you guys was
amazing and it definitely made my time in MolGen much more enjoyable.

It cheers me up to remember other friends and colleagues with whom I have
shared The Office which was full of frog sounds and grill smoke on Wednesdays.
Tom, the other part of the AnaTomy phenomenon, thanks for your countless
jokes, your scientific suggestions and your friendship. I truly cherish it. Taketo, &
A& 5 T EULVE LTz for sharing your amazing culture with us, for taking care
of the frogs, plants and axolotls, for everything! Amanda, I am glad that you
joined MolGen and our office, your presence made our Wednesdays even better!
My special thanks go to my dear friends that I met during my PhD: Julija, Katrin
and Laetitia. How many coffees, beers, wines and cocktails, how many
conversations and dances we shared! I am truly fortunate to have met you!

Thank you to all the students that worked with me, it was a great experience and
a lot of fun: Paula, Shirin, Amanda, Anna, Jhonatan - good luck with your PhD
projects. Laura, Peter, Jouke, it was a pleasure meeting you.

I was lucky to be a part of The Big L /actis lab. It has good science, incredible
atmosphere and the best music! Thank you, Lab DJs: Manolo (the sounds of
suffering men — flamenco - and your “favourite” “Aventura”), Auke (the Friday’s
tune “Fish fish fish”), the cheerful Mexican duo - Patricia and Jhonatan - thank
you for laughter and the rrreggaeton! Jakob, “are you ready to go?”, Andrius, your

metal music was always revitalizing. Maike, Jingjing, Ruben, Fleur, Barbora,

320



