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Scientific background 
As women age, oocytes undergo a noticeable decline in quality, contributing to the onset of reproductive aging1. The decline in reproductive ability typically begins in a woman's mid-30s, approximately 15 years before menopause, and is one of the first phenotypes associated with aging in humans1. As the maternal age for first childbirth has risen in recent years2, elucidating the mechanisms that govern reproductive aging has become crucial.  
While we have yet to fully identify and understand the cellular factors involved in reproductive aging, accumulating evidence suggests that organelles, particularly mitochondria, play a crucial role in regulating oocyte quality with age3–5. Mitochondria are the most abundant organelles in fully-grown human oocytes (similar to other mammals)6. However, as the oocyte ages, mitochondria activity and number decline, negatively impacting oocyte quality7. Despite the critical role of oocyte mitochondria in reproduction, and although mitochondrial dysfunction is linked to reproductive aging7, it is still not fully understood if specific mitochondrial proteins and metabolic pathways, rather than other factors such as mitochondria number, directly promote oocyte quality and reproductive longevity7. Furthermore, the potential for manipulation of these mitochondrial pathways to maintain or even rejuvenate oocyte quality constitutes an important avenue for future research. Thus, the main goal of this proposal is to elucidate the mitochondrial proteins and their associated metabolic pathways that directly govern the traits of high-quality oocytes and to gain a comprehensive understanding of the mechanisms underlying this regulation. Additionally, we aim to find whether manipulating these attributes improves aged oocyte quality and extends reproductive longevity (Fig. 1). Figure 1. The role of mitochondria in reproductive aging: our research be focused on understanding how mitochondria regulate oocyte quality and reproductive longevity and on how reproductive aging can be delayed. 











To address these questions, we will use the multicellular model organism C. elegans8, a powerful model organism for studying aging. Despite having vastly different reproductive chronologies and strategies, there’s remarkable conservation of cellular and molecular components governing oocyte quality and reproductive aging from worms to humans9–11. Like humans, C. elegans adult hermaphrodites also undergo reproductive aging as a result of a decline in oocyte quality10, and both women and C. elegans hermaphrodites have similar reproductive aging profiles, with a comparable proportion to their lifespan9,10,12. Given that C. elegans exhibits reproductive aging regulated by highly conserved genes and pathways that govern oocyte quality with age13, it is a powerful model organism in studying age-related reproductive decline in a biologically meaningful context. C. elegans offers unique advantages for oocyte biochemical assays; unlike the scarcity of samples and technical constraints with human oocyte3,14, C. elegans hermaphrodites produce hundreds of oocytes throughout their reproductive lifespan, providing an abundant and accessible source for studying oocyte biology15. Moreover, C. elegans possesses a transparent body, enabling direct visualization of oocytes, which is challenging in mammalian models. Another advantage of using C. elegans as a model organism is the availability of well-established mutants in different signaling pathways that have an extended reproductive span, including the daf-2 insulin/IGF-1 receptor mutant10,13,16–19, the dietary restriction model eat-210,16,17 and the TGF-ß Sma/Mab signaling mutants10,13. Each mutant is involved in reproductive span regulation through its distinct transcriptional targets. Interestingly, Luo et al10,13 and Templeman et al20 previously found that signaling pathways could non-autonomously regulate oocyte quality with age, suggesting an additional layer of complexity in the interplay between the soma and the germline in regulating reproductive aging. Therefore, the C. elegans longevity mutants are distinctive valuable resources for identifying novel regulators of reproductive longevity and understanding the causal relationships between cellular pathways and reproductive aging. The short lifespan, rapid reproductive cycle, and ease of genetic manipulation in C. elegans enable high-throughput studies and facilitate the investigation of various experimental conditions and genetic perturbations, making it an excellent model for studying the causal relationship between cellular pathways and reproductive aging. Moreover, the existence of longevity mutants may help to identify new mechanisms that improve reproductive longevity. Importantly, C. elegans is a whole living organism with distinct tissues, enabling the study of both autonomous and non-autonomous effects on reproductive aging in the context of a whole animal system.

Research objectives and expected significance: 
A growing body of evidence indicates that mitochondria contribute to oocyte quality and reproductive longevity. Identifying mitochondrial proteins important for maintaining oocyte quality with age vs. mitochondrial proteins that promote oocyte aging offers a promising avenue to reveal yet undiscovered mechanisms underlying age-related processes in oocytes. Our proposal involves studying reproductive aging at multiple levels, including organelle, cellular, tissue, and organismal levels. We aim to investigate how mitochondria (both autonomously and non-autonomously) contribute to the onset of oocyte aging and to investigate the potential of different existing interventions to delay age-related deteriorations in oocytes by manipulating this contribution. To study this, we will use C. elegans as a model organism, and, importantly, we will utilize longevity mutants with an extended reproductive span. Our hypothesis is that the mitochondrial proteome changes with age, affecting mitochondrial activity and metabolic pathways, and promoting reproductive aging. However, the mitochondrial proteome of longevity mutants may undergo fewer changes with age, resulting in better mitochondrial activity and high-quality oocytes that promote reproductive longevity. Since each of the mutants has its own unique transcriptional targets that regulate age-related reproduction, the mitochondrial proteins that regulate reproductive aging may vary between these mutants. The specific aims of this proposal are:
Aim 1: To profile the changes in mitochondrial proteome that regulate reproductive longevity.
Aim 2: To characterize the mechanisms by which the relevant pathways regulate oocyte mitochondria and oocyte quality with age.
Aim 3: To find innovative manipulations and interventions to alter mitochondrial function to delay reproductive aging.
This study aims to provide comprehensive insights into how the mitochondrial proteome changes with age. It is expected to identify novel regulators of reproductive aging. Furthermore, we expect this research to yield a deeper understanding of how mitochondrial proteins autonomously and/or non-autonomously affect oocyte quality. Additionally, our study will integrate various approaches to comprehensively investigate the downstream effects of each regulator on aged mitochondrial features within oocytes, as well as on oocyte quality and reproductive aging at multiple levels. By enhancing our understanding of the fundamental biology of reproductive aging, this study has the potential to pave the way for identifying targeted non-invasive interventions to mitigate age-related oocyte deterioration and promote healthy aging. In addition to addressing the questions related to mitochondrial proteome changes and reproductive aging, our research proposal contributes to the broader understanding of aging. By investigating the role of mitochondria and their impact on cellular pathways, we gain insights into the fundamental mechanisms underlying age-related cellular dysfunction. Understanding how organelle dysfunction contributes to age-related deterioration can have implications for multiple tissues and organs beyond the reproductive system. Furthermore, this research holds promise for identifying novel therapeutic strategies to combat age-related dysfunctions. 

Detailed description of the proposed research: 
Aim 1: To profile the changes in mitochondrial proteome that regulate reproductive longevity. 
We wish to profile the mitochondrial proteome changes in young and reproductively aged animals. We will exploit the genetic tractability of C. elegans and its conserved features of reproductive aging to address this through a comparative proteomic analysis. We will utilize three distinctive well-established signaling mutants: the daf-2 insulin/IGF-1 receptor mutant, the dietary restriction model eat-2, and the TGF-ß Sma/Mab signaling mutants, all are longevity mutants with extended reproductive spans. Notably, these pathways are conserved from worms to humans13,19,21,22. Mutations in daf-2 improve various aspects of aging, including life- and reproductive span extension10,13,16–19,23,24, making daf-2 a model for studying healthy aging. Interestingly, utilizing daf-2 Cota et al found that mitophagy regulates reproductive span18, indicating the importance of mitochondria for daf-2’s reproductive longevity. eat-2 mutants also have long lifespans and long reproductive spans17,25,26. Transcriptional and metabolomic profiling of daf-2 and eat-2 suggest shared metabolic regulators of longevity27. However, whether these profiles are similar in aged adults, and whether these pathways regulate reproductive longevity haven’t been tested. It is highly important to specifically test which regulators affect the animal’s reproductive span, as longevity and reproductive span can also be uncoupled; Unlike daf-2 and eat-2, TGF-β Sma/Mab mutants regulate reproductive aging disproportionately to its effect on somatic aging10. Luo et al found that TGF-β Sma/Mab signaling mutants regulate gene expression in oocytes, including genes involved in mitochondrial function13. We thus hypothesize that mitochondrial pathways contribute to reproductive longevity and that each signaling mutant may regulate mitochondria through its unique transcriptional targets. Furthermore, we expect that the mitochondrial proteome changes detected in reproductively aged mutants will differ from those detected in wild-type animals. Accordingly, our objectives are:
1.1 To profile the mitochondrial proteome of young (i.e., Day 1) and reproductively old (i.e., Day 5) wild-type animals, and young and aged-matched longevity mutants (i.e., daf-2, eat-2, sma-2)- to achieve this aim we will combine subcellular fractionation, to biochemically isolate highly purified mitochondria, and proteomic analysis approaches. Although proteomic analysis of C. elegans lysates previously identified proteins whose abundances change with age28, in this proposal we aim to specifically study the mitochondrial proteome changes with age in wild-type as well as in longevity mutants, and to focus on reproductive aging. These will allow us to isolate mitochondrial proteins, including mitochondrial multiprotein complexes. Moreover, it will allow us to specifically isolate proteins localized to mitochondria and to detect low-abundant proteins29. Mitochondria samples will then be subjected to LC-MS/MS for proteomic analysis to compare the different samples.  Therefore, we will isolate mitochondria from young adults (day 1), and reproductively old (day 5) wild-type and mutants and will subject the samples to mass spectrometry for proteomic analysis. Sample processing, MS instrumentation, and proteomic analyses will be conducted by a proteomic core facility. 
1.2 To investigate whether the candidate mitochondrial proteins regulate reproduction in aged animals- we hypothesize that the mitochondrial proteome changes with age in wild-type animals. Furthermore, we expect the mitochondrial proteomic profile to undergo fewer changes with age in the longevity mutants than in wild-type animals. Mitochondrial proteins more abundant in aged wild-type animals may be associated with age-promoting pathways (henceforth “mitochondrial aged proteins”). Conversely, mitochondrial proteins that are more abundant in animals with youthful characteristics may be indicators of mitochondrial pathways important for maintaining young cellular properties and/or inhibiting age-related processes (henceforth “mitochondrial youthful proteins”). We will prioritize candidate proteins identified in Aim 1.1 based on their adjusted p-value and fold change and test the reproductive span of both wild-type animals and the different mutants, under either control or after manipulating the expression of candidate proteins. These manipulations will include the downregulation of youthful proteins, using adult-only knockdown RNA interference (RNAi), and the overexpression of mitochondrial aged proteins. We expect the knockdown of youthful proteins, and similarly- overexpressing mitochondrial aged proteins, that regulate reproductive aging will be sufficient to shorten reproductive span. 
1.3 To investigate whether the candidate mitochondrial proteins regulate oocyte quality in aged animals- in both C. elegans and humans, the pivotal factor for regulating age-related reproduction is oocyte quality17,30. Healthy, young, and reproductive C. elegans animals maintain uniformly sized, cuboidal-shaped oocytes, aligned next to each other in the proximal end of the gonad13,18–20. However, oocyte abnormalities, such as smaller oocytes, misshapen oocytes, etc., are accumulated with age and can be imaged and quantified13. Oocyte quality decline is also a cause of human age-related infertility31. In addition to the age-related clear morphological changes in the germline, and similar to humans, wild-type C. elegans accumulate age-related oocyte defects and produce an increased number of unfertilized oocytes12,13. Our reproductive span experiments described in Aim 1.2 will be followed by testing oocyte quality in these animals.  We will assess oocyte quality by imaging aged animals, either with or without manipulating (i.e., knockdown and/or overexpression) the candidate proteins, and scoring oocyte quality based on defined quality criteria13,18–20. Under these conditions, we will also count the fertilized vs. unfertilized oocytes produced by hermaphrodites during adulthood. 
Overall, these experiments will help to identify mitochondrial proteins whose changes in their abundance promote (rather than merely associate with) oocyte quality and reproductive longevity.
Preliminary results: we have modified and optimized previously published protocols32–36 to isolate highly purified mitochondria from C. elegans. First, we isolated highly purified mitochondria from young and reproductively aged wild-type animals and young and age-matched daf-2(e1370) mutants using this protocol. These mitochondrial samples were then subjected to LC-MS/MS and proteomic analysis (sample processing and MS instrumentation by the Princeton Proteomics and Mass Spectrometry Core, Princeton University, NJ, USA, analysis by The De Botton Protein Profiling Institute of the Nancy and Stephen Grand Israel National Center for Personalized Medicine Weizmann Institute of Science, Israel). GOTerm analysis of our proteomic data demonstrates that we successfully isolated mitochondria from C. elegans. Principle component analysis of our samples suggests that daf-2’s mitochondrial proteome is more similar to the mitochondrial proteomic profile of young wild-type (compared to aged wild-type) and undergoes fewer changes within these days of adulthood than does wild-type (Fig. 2A). We first focused on mitochondrial youthful proteins. After prioritizing and testing the proteins, we found that the branched-chain amino acid (BCAA) degradation pathway, specifically the first enzyme of this pathway- BCAT-1 is among the mitochondrial youthful proteins, and regulates reproductive aging in both daf-2 and wild-type animals (Fig. 2B, C). Adult-only knockdown of bcat-1 reduces the late-mated reproductive capability of daf-2 mutants and shortens the reproductive span of wild-type animals. Importantly, we found that bcat-1 is required for maintaining high-quality oocytes in aged daf-2 animals (Fig. 2D).
Figure 2. BCAT-1 is a mitochondrial youthful protein that regulates age-related reproduction and oocyte quality: (A) Principal component analysis of mitochondrial proteins shows similarity between young wild-type and daf-2, and distinct clustering from the aged wild-type mitochondria proteome. (B+C) bcat-1 is required for age-related reproduction in both (B) daf-2 and (C) wild-type animals. (D) bcat-1 is important for maintaining oocyte and germline quality in daf-2 animals.


Expected results, pitfalls, and alternative approaches: we anticipated finding the proteins whose mitochondrial abundance changes with age. Each of the longevity mutants we will use is expected to regulate longevity through a different mechanism, thus we predict that our study will provide a comprehensive list of candidates. Since we are interested in identifying autonomous and non-autonomous regulators, we will isolate mitochondria from whole worms, rather than germline-specific mitochondria. It is possible that by utilizing this approach, the abundance of mitochondrial proteins from other tissues will obscure their abundance in the germline. We will therefore test each candidate to validate its effect on age-related reproduction. Since we already have a list of candidate mitochondrial proteins retrieved from daf-2 analysis, we are confident we will have a list of candidates to further study. Another challenge may be knocking down the gene of interest by RNAi, as not all clones effectively downregulate the gene’s expression. In this instance, we will use available mutants, or will genetically generate mutants using CRISPR37,38. 

Aim 2: To characterize the mechanisms by which the relevant pathways regulate oocyte mitochondria and oocyte quality with age.
We aim to better understand the coordinated interplay between mitochondrial pathways and other molecular and cellular mechanisms required for regulating reproductive longevity. To gain a broader knowledge of the mechanisms underlying this interplay, we will:
2.1 Examine whether each mitochondrial candidate protein is involved in regulating mitochondrial function in aged oocytes- mitochondrial morphology is linked to mitochondrial function and cellular bioenergetics39. As we focus on mitochondrial proteins, we will examine whether the reduction or overexpression of each candidate protein alters germline mitochondrial function and morphology in aged animals. These may help to reveal causality relationships between candidate proteins and oocyte mitochondrial function. Furthermore, these may help to find whether specific mitochondrial morphologies and other characteristics are associated with reduced oocyte quality. To test germline-mitochondria morphology, we will image germline mitochondria in an available strain expressing an outer mitochondrial membrane protein (TOMM-20) fused to mKate2 specifically in the germline32. Another indicator of mitochondrial function is mitochondrial Reactive Oxygen Species (mtROS), and mitochondrial impairment is associated with elevated mtROS levels40. We will assess mitochondrial ROS levels and mitochondrial membrane potential in aged oocytes. 
For this purpose, we will use specific commercial fluorescent dyes and will dissect germline for imaging. We will further test mitochondria activity by measuring oxygen consumption rates, using the Seahorse XF96 respirometer in aged worms41.
2.2 Identify the transcriptional targets of candidate proteins in oocytes- cellular metabolism is tightly coordinated with transcription42. To determine whether candidate proteins transcriptionally affect oocyte quality, we will isolate and carry out RNA sequencing on control vs. knockdown/overexpression aged oocytes. These experiments will be conducted in the spermless fem-1 mutant background, to ensure we isolate oocytes, rather than eggs. Library preparation, next-generation sequencing, and analyses for RNA samples will be performed by a genomics core facility. These experiments will help to identify whether high-quality aged oocytes share similar transcriptional signatures and may help to reveal additional transcriptional targets that regulate reproductive longevity. Moreover, it will provide a better understanding of the interplay between metabolism, transcription, and reproductive longevity. 
2.3 Determine in which tissue each mitochondrial candidate protein functions to regulate reproductive span (i.e., autonomous vs. non-autonomous regulation)- increasing evidence indicates that somatic tissues can regulate reproductive aging, and vice versa43. To determine the tissue in which candidate proteins are required to regulate reproductive aging, we will use available C. elegans strains that allow knockdown (by RNA interference) of mitochondrial proteins in specific tissues44,45. Alternatively, we will overexpress candidate proteins in a tissue-specific manner. We will then test the reproductive span and/or the late-mated reproductive capability of the different strains and conditions. Changes in reproductive span would indicate where the protein is crucial to regulate reproductive aging. If we find proteins that non-autonomously regulate reproductive aging, we will further study the crosstalk mechanism between the tissue of interest and the germline. Figure 3. Downregulating bcat-1 alters mitochondrial features in aged daf-2 oocytes: (A) On day 5 of adulthood, mtROS levels are elevated in mature oocytes of wild-type animals, but not daf-2. (B) mtROS levels in daf-2 mature oocytes on day 5 are increased upon adult-only bcat-1 knockdown.

2.4 Further investigate whether candidate pathways are known to interconnect with other cellular pathways to shed more light on a possible cellular mechanism. 
Preliminary results: By assessing mtROS levels specifically in oocytes, we found that mtROS levels are higher in old vs. young wild-type oocytes. However, daf-2 mutants maintain low mtROS levels in aged oocytes (Fig. 3A). In addition, we found that bcat-1 regulates various aspects of mitochondrial function in aged daf-2 oocytes, including mtROS and mitochondria morphology (Fig. 3B, C). By sequencing mRNA from isolated aged oocytes, we found that bcat-1 is required for the expression of a subset of genes expressed in the youthful aged daf-2 oocytes. Interestingly, our results also show that bcat-1 is required in the germline or neurons (but not in other somatic tissues- the intestine, hypodermis, or muscle) to regulate reproduction (Fig. 4). Figure 4. bcat-1 is required in germline or neuronal tissues to regulate age-related reproduction. bcat-1 knockdown in the germline or neuronal tissues reduces the reproductive capability of aged animals. However, bcat-1 knockdown in the hypodermis, intestine or muscle does not affect age-related reproduction.

Expected results, pitfalls, and alternative approaches: we expect the candidate proteins we found in Aim 1 to regulate age-related reproduction will also affect mitochondrial features. However, it is possible that it will be challenging to see mitochondrial changes, and these may require settings beyond our current imaging protocol. Despite that, we expect that mitochondrial activity will be less challenging to measure, using Seahorse XF96 respirometer. Since when studying a whole worm, mitochondria from all tissues contribute to the OCR, it is possible that will have to specifically measure oocyte-specific mitochondria activity to see different effects. Luckily, we have recently isolated oocytes from C. elegans and successfully measured oocyte-specific mitochondria activity (Fig. 5). Figure 5. Oocyte-specific mitochondria activity can be measured with isolated oocytes. Electron flow assay and mitochondria activity in oocytes isolated from young adult C. elegans.









Aim 3: To find innovative manipulations and interventions to alter mitochondrial function to delay reproductive aging.
Interventions that alter different mitochondrial aspects have the potential to improve oocyte quality18,46,47. We, therefore, hypothesize that identifying novel key regulators of reproductive aging will allow us to discover yet unknown manipulations and interventions to delay reproductive aging. To find these, we will:
3.1 Manipulate the expression of candidate mitochondrial proteins- we hypothesize that mitochondrial protein abundance regulates reproductive longevity. By either overexpression of youthful proteins or knockdown of mitochondrial aged proteins, we will test if each manipulation alone is sufficient to promote young-characteristic mitochondria in oocytes, improve oocyte quality, and extend reproductive longevity.
3.2 Aim to find treatments other than genetic manipulations to manipulate the relevant pathways to delay reproductive aging- we expect to identify metabolic pathways involved in regulating age-related reproduction. We will next test if other interventions, such as dietary supplementations, that are known to regulate a given metabolic pathway, could improve reproductive aging as well. To achieve this goal, we will treat adult worms with relevant available supplements, and test their effect on reproductive span. Successful interventions that will be found to promote oocyte health and to delay reproductive aging, will be further studied, and we will then test their effects on oocyte quality and oocyte mitochondria. In addition, we will identify how these interventions affect the oocyte transcriptome with age, as detailed above.
3.3 Test if other age-related phenotypes are affected due to the manipulation- we aim to find interventions that improve age-related reproduction. However, it is important to validate that these interventions do not have deleterious effects on other age-related phenotypes, such as lifespan shortening. We will hence treat adult worms with the relevant supplements and test the effect of candidate interventions on lifespan and animal motility with age using the well- established thrashing assay48.
Preliminary results: since BCAT-1 was among the mitochondrial youthful proteins, we tested whether its overexpression in wild-type animals would delay reproductive aging and promote oocyte health. Our data shows that overexpressing bcat-1 is sufficient to maintain low levels of mtROS in aged oocytes, to maintain high-quality aged oocytes (Fig. 6A), and to extend reproduction (Fig. 6B). Besides its effect on oocyte morphology, bcat-1 also transcriptionally regulate, and shares targets with daf-2(RNAi) oocytes (library preparation and next-generation sequencing were performed by the Genomics Core Facility of Princeton University, Fig. 6C, D, E). Excitingly, we found that vitamin B1 (thiamin), which functions as a cofactor for the enzyme that catalyzes the rate-limiting step of the BCAA metabolic pathway, promotes reproductive longevity; adult-only vitamin B1 supplementation was sufficient to significantly extend wild-type reproductive span (Fig. 6F), by maintaining high-quality aged oocytes. Importantly, we found that vitamin B1 supplementation has almost no effect on lifespan. 








Figure 6. Manipulating BCAA metabolism delays reproductive aging. (A+B) Overexpressing bcat-1 (A) reduces the fraction of unfertilized oocytes with age and (B) extends reproductive span. (C) The gene expression profile of aged bcat-1 oocytes is distinct from oocyte-specific wild-type transcriptome. (D+E) GSEA shows enrichment of (D)upregulated genes in Day 8 daf-2 oocytes with those isolated from bcat-1 overexpression, and (E) a similar pattern for downregulated genes. (F) Adult-only vitamin B1 supplementation is sufficient to significantly extends wild-type reproductive span. (G) Vitamin B1 supplementation slightly extends wild-type lifespan. 

Expected results, pitfalls, and alternative approaches: using several approaches, we expect to find interventions for manipulating metabolic pathways to delay reproductive aging. As detailed in Aim 2, it is possible that we will have to manipulate the expression of the protein of interest in a tissue-specific manner to test its effect. Due to silencing in the germline, it may be challenging to specifically express a transgene in C. elegans germline49. To overcome this potential problem, we will use a germline-specific RNAi strain45 for knockdowns, or a CRISPR-based protocol, using a germline-specific promoter, for overexpression37,50. 

Available resources
I am a new principal investigator in the Faculty of Natural Sciences at the University of Haifa, currently establishing my lab. My lab will soon be fully equipped for conducting C. elegans-based molecular and cellular biology as well as biochemistry research. During my scientific academic career, I have mastered various genetic, biochemical, molecular, and cellular biology approaches. Specifically, as a postdoc in Dr. Coleen Murphy’s lab at Princeton University, I gained knowledge and experience in age-related assays, including high-throughput assays, to uncover mechanisms regulating reproductive aging. The experiments detailed in this proposal will be performed with the department microscopy facility. Mass spectrometry and RNA sequencing services will be performed with the Smoler Protein Research Center (Technion) and the Technion Genomic Center. Combining my background and expertise, the above research aims are anticipated to reveal mitochondria-associated mechanisms underlying reproductive aging that will help to identify universal principles in other organisms.

Time Schedule 
	Objective
	Beginning
	End

	Aim 1: To profile the changes in mitochondrial proteome that regulate reproductive longevity.
	10/2024
	10/2026

	Aim 2: To characterize the mechanisms by which the relevant pathways regulate oocyte mitochondria and oocyte quality with age.
	06/2026
	06/2028

	Aim 3: To find innovative manipulations and interventions to alter mitochondrial function to delay reproductive aging.
	06/2027
	10/2029



Explanatory Notes: we will start working on isolating mitochondrial proteins simultaneously from all mutants. Once we have lists of candidates, we will begin characterizing the mechanisms underlying their effect on reproductive aging in both wild-type and the relevant mutant strain. In parallel, we will work on finding successful interventions. Given the age-related nature of the above proposed experiments, an extended timeline is anticipated. Furthermore, the high-throughput assays may further extend the duration of suggested experiments. Thus, the proposed project is expected to last approximately five years. 
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