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5FU 5 fluorouracil 
ACh acetylcholine 
AD Alzheimer’s disease 
AMPK adenosine monophosphate-activated protein kinase 
ATF-4 activating transcription factor 4 
ATFS-1 activating transcription factor associated with stress 1 
ATP adenosine triphosphate 
C. elegans Caenorhabditis elegans 
cDNA complementary DNA 
CHRNA2 cholinergic receptor nicotinic alpha 2 subunit 
CR caloric restriction 
CS Cockayne syndrome 
D. melanogaster Drosophila melanogaster 

DAF-16 C. elegans homolog of FOXO3 
DAVID database for annotation, visualization, and integrated 

discovery  
DEG differentially expressed gene 
DMSO dimethyl sulfoxide  
DR dietary restriction 
DRP1 dynamin-related protein 1 
ER endoplasmic reticulum 
ESCs embryonic stem cells 
ETC electron transport chain 
EV empty vector 
FDA Food and Drug Administration (USA) 
FOXO forkhead box O family of transcription facgtors 
GFP green fluorescent protein 
GO term gene ontology term 
HAT histone acetyltransferase 
HD Huntington’s disease 
HDAC histone deacetylase 
HGPS Hutchinson-Gilford progeria syndrome 
HLH-30 helix loop helix 30 
HSP heat shock protein 
IGF1 insulin-like growth factor 1 
IMM inner mitochondrial membrane 
IPTG isopropyl β-d-1-thiogalactopyranoside 
KEGG Kyoto encyclopedia of genes and genomes 
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L1-L4 stage larval stage 1-4 in worms 
LINCS library of integrated network based cellular signatures 
M. musculus Mus musculus 

MDVs mitochondrial-derived vesicles 
MFF mitochondrial fission factor 
MFN mitofusin 
MRPS-5 mitochondrial ribosomal protein S5 
mtDNA mitochondrial DNA 
MTFP1 mitochondrial fission process 1 
mTOR mechanistic target of rapamycin 
MVBs multivesicular bodies 
NAD+ nicotinamide adenine dinucleotide 
nDNA nuclear DNA 
NGM nematode growth medium 
NHANES National Health and Nutrition Examination Survey 
NMJ neuromuscular junction 
NRTI nucleoside reverse transcriptase inhibitor 
OMM outer mitochondrial membrane 
OPA1 optic atrophy 1  
OXPHOS oxidative phophorylation 
PARP poly ADP-ribose polymerase 
PD Parkinson’s disease 
PGC-1α proliferator-activated receptor gamma, coactivator 1 alpha 
PI3K phosphoinositide 3-kinase 
PLS-DA partial least squares-discriminant analysis 
RMSE root mean square error 
RNAi RNA interference 
RNAseq RNA sequencing 
ROS reactive oxygen species 
S. cerevisiae Saccharomyces cerevisiae 

SKN-1 transcription factor skinhead 1 
SNP single nucleotide polymorphism 
TCA cycle tricarboxylic acid cycle 
TERT telomerase reverse transcriptase 
TFEB transcription factor EB 
TSA trichostatin A 
UNC-38 C. elegans homolog of CHRNA2 
UPR unfolded protein response 
UPRER ER unfolded protein response 
UPRmt mitochondrial unfolded protein response 
VIP score variable of importance score 

A

160990 McIntyre BNW.indd   361160990 McIntyre BNW.indd   361 26-08-2022   13:3026-08-2022   13:30



362 
 

 

Authors’ contributions 

 

 
Chapter 2: Integrating the hallmarks of aging throughout the tree of life: a focus on 
mitochondrial dysfunction 
 

  All authors contributed to the writing and editing of the manuscript.  
 
Chapter 3: Mitochondrial fission and fusion: A dynamic role in aging and potential 
target for age-related disease 
 
  All authors contributed to the writing and editing of the manuscript. 
 
Chapter 4: Mitochondrial translation and dynamics synergistically extend lifespan in 
C. elegans through HLH-30 
 

YJL and RHH conceived and designed the project. YJL, RLM, and PY 
performed experiments. YJL and RLM analyzed the data. GEJ, EGW, JL, RA 
performed proteomic and bioinformatics analyses. NNvdW and HvdV 
performed electron microscopy analyses. BS and MvW performed and 
analyzed metabolomics. WBM provided worm strains and advice. YJL, RLM, 
AWM and RHH interpreted data and wrote the manuscript with contributions 
from all other authors.  

 
Chapter 5: From molecular promise to clinical results: HDAC inhibitors in the race for 
healthy aging drugs 
 
  All authors contributed to the writing and editing of the manuscript. 
 
Chapter 6: Biological age prediction from a wearable device identifies nutritional and 
pharmacological interventions for healthy aging 
 

RLM, RHH and GEJ conceived and designed the project. RLM, MR, SAV, and 
GEJ performed experiments and analyzed the data. RLM, RHH and GEJ wrote 
the manuscript with contributions from all other authors. 
 

Chapter 7: Pharmaceutical and nutraceutical activation of FOXO3 for healthy longevity 
 
  All authors contributed to the writing and editing of the manuscript. 
 
 
 

160990 McIntyre BNW.indd   362160990 McIntyre BNW.indd   362 26-08-2022   13:3026-08-2022   13:30



363 
 

Chapter 8: Inhibition of the neuromuscular acetylcholine receptor with atracurium 
activates FOXO/DAF-16-induced longevity 
 

RLM, RHH and GEJ conceived and designed the project. RLM, SWD, RK and 
MM performed experiments. RLM, SWD and GEJ analyzed the data. MR, SG, 
MT and SAV conducted, analyzed, and interpreted the microfluidic lifespan 
assays. AJ and GEJ performed bioinformatic analyses of the RNA sequencing 
data. MP, BVS and MSK aided in interpretation of data and provided advice. 
RLM, GEJ and RHH wrote the manuscript with contributions from all other 
authors. 
 

Chapter 9: Anti-retroviral treatment with zidovudine alters pyrimidine metabolism, 
reduces translation, and extends healthy longevity via ATF-4 
 

RLM, RHH and GEJ conceived and designed the project. RLM, MM, BVS and 
RK performed experiments. RLM, MM, BVS, MvW and GEJ analyzed the data. 
BVS and MvW performed, analyzed, and interpreted metabolomics data. AJ 
and GEJ performed bioinformatic analyses of the RNA sequencing data. RP 
aided in interpretation of data and provided advice. RLM, GEJ and RHH wrote 
the manuscript with contributions from all other authors. 

 

  

A

160990 McIntyre BNW.indd   363160990 McIntyre BNW.indd   363 26-08-2022   13:3026-08-2022   13:30



364 
 

Authors’ affiliations 

 

Laboratory Genetic Metabolic Diseases, Amsterdam Gastroenterology 
Endocrinology Metabolism, Amsterdam Cardiovascular Sciences, Amsterdam 
University Medical Centers, University of Amsterdam, Amsterdam, The 
Netherlands 
 
Sanne van der Rijt 
Marte Molenaars*  
Eileen G. Daniels 
Yasmine J. Liu 
Man Hu 
Simone W. Denis 
Rashmi Kamble 
Michel van Weeghel* 
Bauke V. Schomakers* 
Alyson W. MacInnes 
André B. P. van Kuilenburg 
Georges E. Janssens 
Riekelt H. Houtkooper 
 
Core Facility Metabolomics, Amsterdam UMC, University of Amsterdam, 
Amsterdam, The Netherlands 
 
Bauke V. Schomakers* 
Michel van Weeghel* 
 
Bioinformatics Laboratory, Amsterdam UMC, University of Amsterdam, 
Amsterdam, The Netherlands 
 
Aldo Jongejan 
 
Electron Microscopy Center Amsterdam, Department of Medical Biology, 
Amsterdam UMC, University of Amsterdam, Amsterdam, Netherlands 
 
Henk van der Veen 
Nicole N. van der Wel 
 
Department of Biology, Institute of Molecular Systems Biology, Swiss Federal 
Institute of Technology in Zurich, Zurich, Switzerland 
 
Evan G. Williams 
Jiayi Lan 
Ruedi Aebersold* 
 
Faculty of Science, University of Zurich, Zurich, Switzerland 
 
Ruedi Aebersold* 
 

160990 McIntyre BNW.indd   364160990 McIntyre BNW.indd   364 26-08-2022   13:3026-08-2022   13:30



365 
 

Department of Genetics and Complex Diseases, Harvard T.H. Chan School of 
Public 
Health, Harvard University, Boston, MA, USA 
 
Pallas Yao 
William B. Mair 
 
 
Department of Chemical Engineering, Texas Tech University, Lubbock, TX, 
USA 
 
Mizanur Rahman 
Siva A. Vanapalli* 
 
NemaLife Inc., Lubbock, TX, USA 
 
Siddhartha Gupta 
Marton L. Toth 
Siva A. Vanapalli* 
 
School of Medical Sciences, University of Sydney, Sydney, New South Wales, 
Australia 
 
Brian J. Morris* 
 
Department of Research, Kuakini Medical Center, Honolulu, Hawaii, USA 
 
Brian J. Morris* 
Bradley J. Willcox* 
Timothy A. Donlon* 
 
Department of Geriatric Medicine, John A. Burns School of Medicine, 
University of Hawaii, Honolulu, Hawaii, USA 
 
Brian J. Morris* 
Bradley J. Willcox* 
 
Department of Cell and Molecular Biology and Department of Pathology, John 
A. Burns School of Medicine, University of Hawaii, Honolulu, Hawaii, USA 
 
Timothy A. Donlon* 
 
Center for Healthy Aging, Department of Cellular and Molecular Medicine, 
University of Copenhagen, Copenhagen, Denmark  
 
Michael Petr 
Morten Scheibye-Knudsen  
 A

160990 McIntyre BNW.indd   365160990 McIntyre BNW.indd   365 26-08-2022   13:3026-08-2022   13:30



366 
 

Laura and Isaac Perlmutter Cancer Center, New York, NY, USA & Department 
of Pathology, New York University Grossman School of Medicine, New York, 
NY, USA 
 
Marte Molenaars* 
Richard Possemato  
 
 
*indicates author has multiple affiliations and is therefore listed more than once

160990 McIntyre BNW.indd   366160990 McIntyre BNW.indd   366 26-08-2022   13:3026-08-2022   13:30



367 
 

List of publications 

 

Liu, Y. J., McIntyre, R. L., & Janssens, G. E. (2022) Considerations regarding public 

use of longevity interventions. Frontiers in Aging, 3:903049.  
https://doi.org/10.3389/fragi.2022.903049 
 

McIntyre, R. L., Liu, Y. J.*, Hu, M.*, Morris, B. J., Willcox, B. J., Donlon, T. A., 
Houtkooper, R. H., Janssens, G. E. (2022) Pharmaceutical and nutraceutical 

activation of FOXO3 for healthy longevity. Ageing Research Reviews, 78:101621. 
https://doi.org/j.arr.2022.101621 

 

McIntyre, R. L., Rahman, M., Vanapalli, S. A., Houtkooper, R. H., Janssens, G. E. 
(2021) Biological age prediction from wearable device movement data identifies 

nutritional and pharmacological interventions for healthy aging. Frontiers in Aging, 
2:708680. https://doi.org/10.3389/fragi.2021.708680 
 

McIntyre, R. L., Denis, S. W., Kamble, R., Molenaars, M., Petr, M., Schomakers, B. 
V., Rahman, M., Gupta, S., Toth, M. L., Vanapalli, S. A., Jongejan, A., Scheibye-
Knudsen, M., Houtkooper, R. H., Janssens, G. E. (2021) Inhibition of the 

neuromuscular acetylcholine receptor with atracurium activates FOXO/DAF-16-

induced longevity. Aging Cell, 20(8):e13381. https://doi.org/10.1111/acel.13381 
 
Zapata-Pérez, R., Tammaro, A., Schomakers, B. V., Scantlebery, A. M. L., Denis, S., 
Elfrink, H. L., Giroud-Gerbetant, J., Cantó, C., López-Leonardo, C., McIntyre, R.L., 
van Weeghel, M., Sánchez-Ferrer, Á., Houtkooper, R.H. (2021) Reduced nicotinamide 

mononucleotide is a new and potent NAD+ precursor in mammalian cells and mice. 
FASEB Journal, 35(4):e21456. https://doi.org/10.1096/fj.202001826R 
 
van der Rijt, S.*, Molenaars, M.*, McIntyre, R. L.*, Janssens, G. E., Houtkooper, R. 
H. (2020). Integrating the hallmarks of aging throughout the tree of life: a focus on 

mitochondrial dysfunction. Frontiers in Cell and Developmental Biology, 8:594416. 
https://doi.org/10.3389/fcell.2020.594416 
 
Liu, Y. J., McIntyre, R. L., Janssens, G. E., Williams, E. G., Lan, J., van Weeghel, M., 
Schomakers, B. V., van der Veen, H., van der Wel, N. N., Yao, P., Mair, W. B., 
Aebersold, R., MacInnes, A. W., Houtkooper, R. H. (2020). Mitochondrial translation 

and dynamics synergistically extend lifespan in C. elegans through HLH-30. Journal 

of Cell Biology, 219(6):e201907067. https://doi.org/10.1083/jcb.201907067 
 
Liu, Y. J.*, McIntyre, R. L.*, Janssens, G. E., & Houtkooper, R. H. (2020). 
Mitochondrial fission and fusion: A dynamic role in aging and potential target for age-

related disease. Mechanisms of Ageing and Development, 186:111212. 
https://doi.org/10.1016/j.mad.2020.111212 

A

160990 McIntyre BNW.indd   367160990 McIntyre BNW.indd   367 26-08-2022   13:3026-08-2022   13:30



368 
 

 
McIntyre, R. L., Daniels, E. G., Molenaars, M., Houtkooper, R. H., & Janssens, G. E. 
(2019). From molecular promise to preclinical results: HDAC inhibitors in the race for 

healthy aging drugs. EMBO Molecular Medicine, 11(9):e9854. 
https://doi.org/10.15252/emmm.201809854 
 
Liu, Y. J., Janssens, G. E., McIntyre, R. L., Molenaars, M., Kamble, R., Gao, A. W., 
Jongejan, A., van Weeghel, M., MacInnes, A. W., Houtkooper, R. H. (2019). Glycine 

promotes longevity in caenorhabditis elegans in a methionine cycle-dependent 

fashion. PLoS Genetics, 15(3):e1007633. 
https://doi.org/10.1371/journal.pgen.1007633 
 
McIntyre, R. L., Kenerson, H. L., Subramanian, S., Wang, S. A., Kazami, M., 
Stapleton, H. M., & Yeung, R. S. (2015). Polybrominated diphenyl ether congener, 

BDE-47, impairs insulin sensitivity in mice with liver-specific Pten deficiency. BMC 

Obesity, 2(3). https://doi.org/10.1186/s40608-014-0031-3 
  
Kenerson, H. L., Subramanian, S., McIntyre, R. L., Kazami, M., & Yeung, R. S. (2015). 

Livers with constitutive mTORC1 activity resist steatosis independent of feedback 

suppression of Akt. PLoS One, 10(2):e0117000. 
https://doi.org/10.1371/journal.pone.0117000 
 
Kenerson, H. L., Yeh, M. M., Kazami, M., Jiang, X., Riehle, K. J., McIntyre, R. L., 
Park, J. O., Kwon, S., Campbell, J. S., & Yeung, R. S. (2013). Akt and mTORC1 have 

different roles during liver tumorigenesis in mice. Gastroenterology, 144(5), 1055–
1065. https://doi.org/10.1053/j.gastro.2013.01.053 
 

Manuscripts in revision 

 

McIntyre, R. L., Molenaars, M., Schomakers, B. V., Kamble, R., Jongejan, A., van 
Weeghel, M., van Kuilenberg, A. B. P., Possemato, R., Houtkooper, R. H., Janssens, 
G. E. Anti-retroviral treatment with zidovudine alters pyrimidine metabolism, reduces 

translation, and extends healthy longevity via ATF-4. (submitted March 2022). 
 
Costa-Machado L. F., Garcia-Dominguez, E., McIntyre, R. L., Tapia-Gonzalez, A., 
Ballesteros-Gonzalez, A., Lopez-Aceituno, J. L., Eisenberg, T., Gomez, J., Plaza, A., 
Sierra-Ramirez, A., Perez, M., Villanueva-Bermejo, D., Fornari, T., Herradon, G., 
Hofer, S. J., Magnes, C., Frank Madeo, del Pino, I., Galindo, M., Houtkooper, R. H., 
Megias, D., Viña, J., Gomez-Cabrera, M. C., Fernandez-Marcos, P.J. Peripheral 

modulation of antidepressant targets MAO-B and GABAAR by harmol induces 

mitohormesis and delays aging. (submitted February 2022) 
 

*Denotes equal contribution 

160990 McIntyre BNW.indd   368160990 McIntyre BNW.indd   368 26-08-2022   13:3026-08-2022   13:30



369 
 

PhD Portfolio 

General courses Year 
Hours/

ECTs 

   

Bioinformatics 2020 1.1 

Teaching skills 2019 0.2 

Advanced qPCR 2019 1.1 

Computing in R 2019 0.4 

Practical biostatistics  2019 1.1 

Project management 2019 0.6 

   

International conferences   

   

8th Aging Research and Drug Discovery (ARDD), Copenhagen, Denmark 2021 1 

Keystone Metabolic Decisions in Development and Disease, Online 2021 1 

Center for Basic Metabolic Research (CBMR) Metabolism Month, Online 2021 1 

7th Aging Research and Drug Discovery (ARDD), Online 2020 1 

Nature Ageing, Health and Rejuvenation, Rotterdam, Netherlands 2019 1 

   

Presentations   

   

Poster presentation: Dutch Translational Metabolism Conference, 

Wageningen 
2022 0.5 

Oral presentation: Utrecht worm meeting, Online 2022 0.5 

Oral presentation: Lab GMD Departmental Presentations 2021 0.5 

Poster presentation: 8th ARDD, Copenhagen 2021 1 

Oral presentation: AGEM Retreat 2021, Online 2021 0.5 

Poster presentation: Keystone Metabolic Decisions, Online   2021 1 

Poster presentation: CBMR Metabolism Month, Online 2021 1 

Oral presentation: ACS Symposium Diabetes & Metabolism, Online 2020 0.5 

Oral presentation: Dutch Society for Research on Ageing, Leiden 2019 0.5 

Duo oral presentation: AG&M Retreat 2019, Garderen 2019 0.5 

   

   
A

160990 McIntyre BNW.indd   369160990 McIntyre BNW.indd   369 26-08-2022   13:3026-08-2022   13:30



370 
 

   

National meetings   

   

Dutch Translational Metabolism Conference, Wageningen 2022 1 

Dutch Translational Metabolism Seminar Series, Online 2022 1 

Utrecht worm meetings (quarterly), Utrecht 2022 1 

AGEM Retreat 2021, Online 2021 0.5 

Dutch Translational Metabolism Seminar Series, Online 2021 1 

Utrecht worm meetings (quarterly), Utrecht 2019 1 

Dutch worm meeting, Utrecht 2019 0.2 

Dutch Society for Research on Ageing annual meeting, Leiden 2019 0.2 

AMGRO meeting, Lemmer 2019 0.2 

AG&M retreat, Garderen 2019 0.5 

Dutch Mitochondrial Meeting, Amsterdam 2018 0.2 

Dutch Society for Research on Ageing annual meeting, Leiden 2018 0.2 

   

Teaching    

   

Co-supervision of 2-month Master thesis of Taiyu Ge 2022 0.3 

Translational Metabolism Master Course 

     Co-coordination, supervision and lectures 
2021 1 

Supervision of 2-month Master thesis of Esmée Hoen  2021 0.3 

Translational Metabolism Master Course 

     Co-coordination, supervision and lectures 
2020 1 

Supervision of 2-month Bachelor thesis of Damla Baspinar 2020 0.3 
Supervision of 2-month portion of Master internship of Rick Ursem 2020 0.3 
Translational Metabolism Master Course 

     Co-coordination, supervision and lectures 
2019 1 

Supervision of 2-month PhD exchange of Kim Reid 2019 0.3 
Translational Metabolism Course 

      Supervision of student assignment 
2018 0.1 

   

   

   

   

160990 McIntyre BNW.indd   370160990 McIntyre BNW.indd   370 26-08-2022   13:3026-08-2022   13:30



371 
 

   

Conference organization   

   

Dutch Translational Metabolism Conference, Wageningen 

       Chair of organizing committee 
2022 2.4 

Dutch Translational Metabolism Seminar Series, Online 

       Organizer and session chair 
2022 1.2 

Dutch Translational Metabolism Seminar Series, Online 

       Organizer and session chair 
2021 1.2 

Dutch Translational Metabolism Conference, Lunteren 

       Secretary of organizing committee 

       (cancelled due to COVID-19 crisis) 

2020 2.4 

AG&M Symposium: Complex Genetics of Metabolic Disease, Amsterdam  2019 0.8 

   

   

Other   

   

Weekly Research Meeting Laboratory Genetic Metabolic Diseases  3 

Reviewing article for Nature Aging 2022 0.2 

Chairing seminars - Dutch Translational Metabolism Seminar Series 2022 0.5 

Chairing session - AGEM Retreat 2021 0.5 

Chairing seminars - Dutch Translational Metabolism Seminar Series 2021 1 

Reviewing article for Nature Metabolism  2019 0.2 

   

   

 

  

A

160990 McIntyre BNW.indd   371160990 McIntyre BNW.indd   371 26-08-2022   13:3026-08-2022   13:30



372 
 

Acknowledgements 

 

I gladly lean into the unoriginality of saying we have come to the most important part 

of the thesis, and indeed the section that everyone turns to first. I admit I’ve 

procrastinated writing this section, as I’m nervous to miss someone or not say 

something that should be said. I hope that is not the case, but if it is, know you are 

appreciated. 

Riekelt, I will always remember in my first week as an intern student, you came to 

where I sat in the DNA diagnostics section to ask how everything was going. I was 

shocked that someone so important (the group leader of so many PhDs!) would take 

the time to check in with me. I know now that this was a ridiculous thing to be surprised 

by, not because you have loads of free time to throw around, but because you 

genuinely care so much about your students. Thank you for allowing me to join the 

group as an intern, and then for taking me on as a PhD student after that. You have 

provided so much support in my projects, career, and development. I have learned a 

lot from you not only about science and the research process, but also how to balance 

tasks and work effectively with others. I appreciate the opportunity to develop outside 

of research projects through organizing the master course and the DTMC. I always 

enjoyed as well when we just had the chance to chat about real life things instead of 

science. You are a leader worth emulating, and I hope we continue to work together 

in the future. 

Georges, I am so grateful for your leadership in all of my research projects. You never 

stop generating new ideas and I was the lucky recipient of several of those lines of 

inquiry. Thank you for going over every detail of every project with me several times 

over, for listening to me vent frustrations, for your dry sense of humor, and for 

answering every question about R I’ve ever had. I really enjoyed going to ARDD 

together and getting the chance to get to know each other outside of work. You are 

incredibly patient and supportive, and I still cannot believe how many ideas and 

projects you’ve developed in the last five years. I really can’t wait to see where your 

career takes you, and hope this is not the last time we work together. 

This thesis would not be possible without the evaluation and approval of my PhD 

committee: Prof. Ellen Nolen, Dr. Joris Hoeks, Prof. Carla Hollak, Prof. Stanley 

160990 McIntyre BNW.indd   372160990 McIntyre BNW.indd   372 26-08-2022   13:3026-08-2022   13:30



373 
 

Brul, Prof. Eric Reits, and Prof. Eline Slagboom. Thank you all for the time and 

energy you put into reading and evaluating my thesis, as well as the discussion during 

the defense. 

I also sincerely appreciate all my collaborators: Thank you Alyson, Henk van der 

Veen, Nicole van der Wel, Evan Williams, Jiayi Lan, Ruedi Aebersold, Pallas Yao, 

and Will Mair for their contributions to chapter 3. Thank you to Mizanur Rahman, 

Siva Vanapalli, Sid Gupta, and Marton Toth for their NemaLife experiments for both 

chapter 6 and chapter 8. Aldo and Perry, thank you for all the bioinformatics work with 

my RNA sequencing data in chapter 8 and chapter 9. I really appreciate the 

contributions and FOXO expertise of Brian Morris, Brad Willcox and Timothy 

Donlon for chapter 7. Thank you to Michael Petr and Morten Scheibye-Knudsen 

for testing my many compounds in flies, and your contributions to chapter 8. Thank 

you to Marte and Richard Possemato for the polysome profiling of worms treated 

with zidovudine for chapter 9. And for those projects not in the thesis: André, I really 

enjoyed working together to test your patient mutations in worms. Good luck with the 

rest of the submission process! And finally, Pablo, it was wonderful to work together 

all throughout these four years and watch your harmol project develop and grow. It is 

almost there! To all of you, it was a pleasure to work together and my PhD could not 

have been nearly as successful without you all.  

Looking forward, thank you Zach for helping me continue my career with a post-doc 

position as part of your group in Copenhagen. I appreciate you taking the time to meet 

me and for being so easygoing and patient with my planning. I really look forward to 

working together.  

This thesis surely could not have been accomplished without the entire lab GMZ, both 

past and present. Marte, schat, you have been such a major support to me both inside 

and outside the lab. I could always come to you with a mitochondria or worm-related 

question and, despite the fact that you always had plenty of your own work to do, you 

would never hesitate to put it aside and talk me through it. I always knew that if I 

needed you, you were there, even in the hardest moments. You are even supporting 

me from afar as a collaborator on the zidovudine project. Thank you for singing to the 

worms with me, and for the laughs, the drinks, and the Zumba. I know we have lots 

more ahead of us.  
A

160990 McIntyre BNW.indd   373160990 McIntyre BNW.indd   373 26-08-2022   13:3026-08-2022   13:30



374 
 

Jia, thank you for being such an excellent teacher in the first year of my PhD. I really 

enjoyed working with you on the mitodynamics project, and our adventures to an 

international conference in Rotterdam. I admire your deep understanding of the topics 

you work with, as well as your passion and work ethic. Good luck with your post-doc; 

I know you will do exciting things! Suzan, Ntsiki and Iedan, thank you for the 

gezelligheid in our office room! Iedan, I’m so happy you found your career calling, 

even though it wasn’t what you expected. Ntsiki, thank you for the deep talks, the 

parties and the laughs. I hope your travels take you where you want to go. Suzan, you 

were the best deskmate I could have asked for. Thank you for laughing and venting 

with me, and for the many good party nights. Good luck in Utrecht! 

Rubén, part of me still wishes you would decide Spain really isn’t for you and just 

come back to us. I am so impressed with your hard work in your postdoc, and really 

enjoyed organizing the DTMC together. Most importantly, I appreciate your friendship. 

I’ve always had the most fun texting you during meetings and conferences when we 

should be listening. Thank you for always being up for a beer, and, ok, one more after 

that. Marco, I’m not sure anyone has ever made me laugh the way you do. You see 

the world with a rational clarity that I think we all need more often. Thank you for 

teaching me that I should plan the holidays first and make the experiments fit around 

them. Andy, thank you for all the banter, the fun nights out and for hosting our Covid 

Christmas. Good luck with the rest of your PhD in Leiden, and whatever comes next! 

Michel, your positivity and openness makes the lab GMZ a more enjoyable place to 

be. Thank you for your efforts to make me understand metabolomics, for inviting me 

for borrels, for letting me practice speaking Dutch with you, and for teaching me to 

describe my current emotional state as a percentage rating. I will miss you scaring me 

by knocking on the glass walls of the worm room.  

Arwen, how cool is it that you are both a past and a present GMZ-er? Thank you for 

being such an amazing supervisor during my time as an intern. Your clear 

communication and easygoing attitude made it so easy to integrate into Riekelt’s 

group. Thank you for being the original worm girl, and for setting up the worm lab for 

us all. Now that you are back, not only is your experience invaluable, but your relaxed 

leadership and infectious laughter make the lab a more fun place to work.  
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To the rest of the worm girls, Sanne, Man and Weisha, thank you for creating such a 

fun atmosphere in the worm room these last couple years. Your hard work and 

eagerness to learn inspire me. Sanne, thank you for always checking in on how I’m 

doing or how my weekend was. I really appreciate your care for others, your sense of 

humor, and your dedication to your work. I will never again see the gif of the lonely 

guy on the swing without thinking of you. Man, I am so impressed by the way you think 

about the scientific process, and your openness to new experiences. Keep trying all 

the new things available to you, both inside and outside the lab! Weisha, thank you 

for letting me teach you the basics of worms, and for being patient with me when my 

own projects pulled me away from supporting you like I wish I could have. You are so 

positive and enthusiastic, I hope you can keep that attitude even when you are 

discouraged. All three of you ladies have made such amazing progress on your 

projects so far. Keep it up and good luck with the remaining years! I’m sure someday 

the NemaLife will work… 

Frouwkje, thank you for being my lab buddy during lockdown. It made it so much 

easier to come in knowing you would be there too, even during the phase when we 

only dared to wave at each other. I always appreciate our coffee chats, and our 

commiseration about insecurities. Keep plugging away at your projects, they are going 

great and you are almost there! Serhii, I have never met someone with passion and 

capacity for scientific thinking like yours. Thank you for the many discussions, both 

about science and outside life. I know this past year has been difficult for so many 

reasons, but I hope it hasn’t dissuaded you too much from your career in science, as 

I am certain you will do great things. Yorrick, during your first research meeting 

presentation you explained mass spectrometry in a way I could (almost) understand, 

which seriously speaks highly of your communication and teaching skills. I appreciate 

your friendly attitude, your sarcasm, and the fact that you call weights a lot of people 

would be proud to lift ‘baby weights’. You are in the home stretch, good luck with the 

last months!  

Signe, I am so glad you joined our group to finish up your PhD and continue with your 

postdoc. You are so very thoughtful - I always appreciated your sticky notes wishing 

me a nice trip or good weekend. It was so kind when you sent flowers after I returned 

from a tough trip home. It was a joy to work on the DTMC with you, particularly when 

we could vent our frustrations in person. I look forward to your advice about my next 
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chapter in Denmark. Berith, I am so glad you were on the DTMC team as well. Your 

organizational skills are amazing and I know the speakers were all so impressed with 

you. I am also glad to hear you’ll be working with Sanne on the master course. I think 

that will be great fit. Eileen, it was a pleasure to work on the master course and the 

first round of the DTMC together! I admire your ability to find the aspects of science 

that suited you most and pursue them. Good luck with the science communication side 

and with finishing up your thesis! Kelly, we’ve missed you around the lab since Covid, 

but good luck with rest of your PhD, and congratulations on your growing family. Ellie, 

good luck in the clinic! I miss having you in the office so that we could have our 

unexpectedly deep and emotional conversations. Marit and Loek, I am glad for the 

times we had you around the AMC. Good luck with finishing everything! Anne and 

Adriana, welcome to the group and I wish you all the best with your projects! 

Rashmi, thank you for managing the worm room for us worm girls. Thank you for 

teaching me so many techniques around the lab, for all the buffers and stock solutions 

you made, and for ordering so many plates for my many experiments. Thank you for 

all the experiments you’ve performed for me over these years, and especially for the 

many, many qPCRs. I so appreciate your friendly and helpful attitude, and I will miss 

having lunch together.  

Simone, Lodewijk en Carlo, dank jullie wel voor alle feedback, antwoorden, en 

ideeën voor mijn projecten. Simone, we hebben helaas niet zoveel samen gewerkt, 

maar was altijd leuk met je bij de koffiemachine even te kletsen. Lodewijk, ik ga onze 

ochtend chats en jouw humor missen. Jij bent ook zo belangrijk voor de VMT en hoe 

alles daar loopt, en ik vond het altijd heel handig dat je precies zegt wat je denkt. 

Carlo, bedankt voor jouw enthousiasme met, echt, alles, en dat ik altijd mijn eigen 

muziek op mocht zetten in de VMT.  

Angelique, thanks for being such lovely deskmate. I have always enjoyed our 

spontaneous chats and your easygoing sense of humor. Jill, Jorg and Jennifer, I’m 

glad to have gotten to know you all in this last period between drinks and board game 

nights. Ronald, André, Hans, Stephan, Fred, Rob O., Judith, Rutger, René, Inge, 

Janet K., Heleen, Marisa, and Marjolein, thank you for answering my many random 

questions, for providing feedback during research meetings and for creating a friendly 

and easygoing atmosphere in the lab.  
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To Martin, Annelies, and Carin, thank you for making the lab GMZ world go around. 

I appreciate always feeling I could come with any question, from courier pickups to 

conference finances, and my problem would be immediately solved. Merel, Carin, and 

Elise R., thank you for making lab reconstruction as painless as it could have been. 

Elise, I will never forget our attempt to protect the fluorescent microscope from short-

notice AMC construction with cardboard boxes and trash bags. Thanks to Elise vd S., 

Hyung, Eric, and Kelly for being my team in organizing Labdag 2019. To Gajja, thank 

you for keeping things running smooth even in times of rebuilding and a global 

pandemic. I enjoyed cooking with you and getting to know you during the labuitje. And 

to all the rest of my GMZ colleagues - Abdellatif, Jaap, Rob B., Femke, Peter, 

Jeroen B., Albert, Giovanni, Birthe, Cor, Luthshaira, Conny, Marie, Mirjam D., 

Silvy, Fariza, Marjon, Sacha, Matilde, Karen, Susan, Janet H., Gerard, Ulbe, 

Helen, Youssra, Lyanne, Jan Bert, Henk, Grace, Lia, Yvette, Lieke, Petra, Ana, 

Mia, Monique, Jeroen R., Evelien, Jos, Henny, Moniek, Elsbeth, Jan, Desiree, 

Martin, Mijram W., Lida, Sanne Z., and Wendy -  thank you for the smiles and 

smalltalk in the hallways, and for making me feel welcome during these last five years. 

I additionally appreciate my scientific journey prior to the lab GMZ. Firstly, to Heidi and 

Dr. Yeung, thank you for giving me my first research experience as a bachelor student, 

and for teaching me how a lab works. Upon reflection, you trusted 19 year old me with 

a lot of responsibility, and I learned so much. I sincerely appreciate the opportunity to 

take on an independent research project so early in my career, and especially the 

chance to publish it. Also, to Laura, Gertien, and Stanley, thank you for taking me on 

for the first internship of my master. It had been a few years since I had been in the 

lab, and I appreciate your patience and clear communication throughout the project.  

To Maaike, Joris, and Patrick, thank you for being such an excellent team to build 

the Dutch Translational Metabolism conference. We had quite the disappointment in 

2020 with cancelling our first edition just one day before, but together with Riekelt, 

Signe, Berith, Charlotte, Kaja, Marit, and Ligia, we really built something exciting. 

Thank you all for working together to make the 2022 edition everything we envisioned.  

Hugo, Richard, Jelmer, and Amber, bedankt voor mijn training buddies zijn! Ik ben 

heel blij dat ik zo leuk een groepje heb gevonden bij het ASC. Hugo, ik ga onze chats A

160990 McIntyre BNW.indd   377160990 McIntyre BNW.indd   377 26-08-2022   13:3026-08-2022   13:30



378 
 

tijdens hip thrusters en ‘abs’ zeker missen. Veel succes met de laatste maanden van 

je PhD! 

To Henriette, Andre, and Adia, thank you for bringing me to the Netherlands and 

welcoming me into your home, now so many years ago. I am grateful to have kept 

contact with all of you, and especially getting to see Adia grow up into such an 

wonderful young lady. Thank you as well to Sven, Sophie, Gianna, Julia, Bella, 

Thirza, and Ruth, for being my support system both during my years in Almere and 

also for maintaining our friendships in the years since. To Natascha, thank you for 

being my festival buddy, for our board games nights, and for always having a fun and 

creative plan for our times together. 

It is a bit ironic that climbing has been so critical to my time in the Netherlands. 

However, the climbing meetup were really my first friends as an au pair, and I’ve been 

lucky enough to keep those relationships. Marieke, thank you for trusting me to belay 

you in Luxembourg, being so generous with your climbing shoes that don’t fit, and 

giving me my first real hug during covid. Ken, I am so excited for your new adventure 

in Vancouver, but it is already difficult not having our weekly chats mixed in with 

bouldering. Our walks during lockdown helped save my sanity, and I admire the 

insightful way you approach life. Lastly, Babette, you are among the people I know I 

can count on the most. If I’ve needed help during my time in this country, you have 

never asked questions besides how you can be there for me. Amsterdam misses you, 

but I’m so glad you’ve found your new happy place. 

Bauke and Alex, thank you for standing up with me at the defense as my paranymphs. 

Bauke, I think I can best describe our relationship by saying that you hold a dedicated 

spot in my WhatsApp ‘most contacted’ list. Thank you for all of the memes, jokes and 

updates on current events. I appreciate the outlet for my dark sense of humor, the 

education on ophthalmic acid, and I’m pretty sure you know more about American 

politics than I do at this point. Thank you for always taking the time to discuss my 

projects with me and provide feedback. Your careful reading of my articles saved me 

a lot of typos and made my writing clearer. Thank you for the Dutch translation of my 

summary chapter – I can’t imagine that would have gone so well without you. Most 

importantly, thank you for understanding and recognizing my aspirations in the 

cleansing of glassware. Alex, I did not expect that the project management course 
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would find me such a  close friend, but how could I not become friends with someone 

with such great taste in tattoos? Our many coffees and lunches kept me grounded, 

particularly when things weren’t going the way I’d hoped. I am still so impressed by 

your communication skills; watching you win every step of FameLab was inspiring. But 

most importantly, your sense of what is right, and your bravery and resilience in fighting 

for that, is something I am awed by. Thank you for listening and supporting me every 

step of the way, even at moments when your plate was already full to bursting.  

Anabel, thank you for introducing me to being an au pair and to the Netherlands. You 

made the transition so much easier and generously welcomed me into your life. I’m so 

glad we’ve maintained our friendship all these years now, through new jobs, 

relationships, breakups, losses and a lot of Restaurant Week dinners. I admire your 

openness and easygoing attitude. I’m impressed with how you’ve built yourself a life 

here, and am really excited to see what comes next.  

Nadia, how is it that we have only known each other for three years? We all know it is 

challenging to make new friends at this stage in life, but that evening of Pride in 2019 

really feels like fate. Thank you for being so open and friendly to actually follow up on 

our drunken decision to hang out. Thank you for keeping me fit and sane every day of 

lockdown, and for listening to all my anxiety spirals then and since. These last few 

years haven’t been the easiest, and I am so grateful to have you to lean on.  

To Shanel, Sally, Hannah, Bronte, Kristi and Lauren, thank you ladies for staying 

so close while being so far. I am so grateful for the many calls, visits, and weddings to 

bring us all together. We are spread all over the US and the world now, but that never 

dulls the care and support I have felt from you all. I am certain the bonds we made in 

Seattle will last our lifetimes.  

Thank you to my family for all the love and support. Avis, Marta, Ron, Jordan, Joelle, 

and Brynne, I don’t get to see you all nearly as much as I’d like. Our lives are all over 

the world, but we always have a home together. Martha, we may not be blood related 

but you are my aunt just the same. You have always given me the best life advice, 

and I thank you for being such a role model of love and joy. 

It is especially challenging to realize that several very important people will never read 

this. Jimmy, you and Martha helped raise Scott and I, simple as that. You gave 

energy, joy and laughter to my childhood (and adulthood) and I will forever be grateful 
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for you. Grandma, you were the strongest woman I’ve ever met. You were never 

willing to sit down on what was right, even in times when it wasn’t considered 

acceptable for you to stand up. I strive to live up to your capacity for care and fortitude. 

And, lastly, Dad, you would have been so proud to see this day. You worked hard your 

whole life so Scott and I could achieve our goals. Your capacity for learning and 

fascination with history instilled in me a curiosity about the world. Thank you for 

teaching me that life can be challenging, and setbacks inevitable, but that we don’t 

have to let them define us.  

Sören, even though you are a recent addition to my life in the grand scheme of things, 

you are certainly my family, and there is not one day in the last two years you have 

not made me better. Your logic, patience, and calm were much needed in the moments 

when I was…let’s just say…less calm. Thank you for teaching me to communicate so 

much more effectively, for putting in the energy to build a life with me, and for daring 

to uproot your life again to start our next adventure in Copenhagen.  

Shannon, thank you for adding a whole new layer of love and support to our family. I 

admire your openness and sassy sense of humor. I am so happy to call you my sister. 

Scott, as you know, I’ve looked up to you my whole life, and for good reason. Thank 

you for being there in the toughest of moments, of which we have had a few these 

past few years. And on, a lighter note, thank you for teasing me endlessly as children. 

I really think you laid the foundation for my ability to handle reviewer comments. 

Finally, Mom, how do I even start? You are the ultimate role model, and seeing your 

passion for education, teaching, and knowledge started me on this path a long time 

ago. Thank you for raising me to be adventurous, and for accepting the fact that it led 

me far from home. Thank you for listening to every detail of my life when we have our 

weekly calls. Thank you for being there for me in the moments I felt alone. You are my 

hero and I am so lucky to have you.  

To sum this all up, I will say that I would not be at the point of writing this thesis without 

the many wonderful people in these pages and in my life. I don’t suppose the time 

spent on a PhD is ever easy, but the last years have included the added chaos of 

major global events and personal losses. That being said, you all made that easier, 

better, and full of so many joyful memories. So, I close by saying, once again, thank 

you.    
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and (3) utilizing these pharmaceuticals to deepen understanding of aging 

mechanisms. The findings are presented in this thesis. Starting in early 2023, Rebecca 

will begin a postdoctoral project in the group of Zach Gerhart-Hines at the University 

of Copenhagen Novo Nordisk Center for Basic Metabolic Research.  
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