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· Name of the Principal Investigator (PI): Chen Lesnik
· Name of the PI’s institution for the project: University of Haifa
· Proposal duration in months: 60	Comment by Editor/Reviewer: 1. This summary is critical for the first round, so I focused on it. There are many comments in the spirit of finding any potential improvements. 
2. The character count is now 1875 vs 2001 as written. This provides space to address the comments below if you accept them. 
3. Please read the summary carefully to be sure I have not altered your intent. I have compacted the writing and reorganized it where indicated. These are suggestions. The words and intent of the proposal should be yours. 

[image: ]The growing trend of delayed parenthood highlights a relatively understudied aspect of aging: reproductive aging. This phenomenon is attributed primarily to the qualitative and quantitative deterioration of oocytes and sperm. We and others have linked reproductive aging with mitochondrial dysfunction, reactive oxygen species (ROS), and environmental insults. Beyond the link, we do not understand the mechanisms governing reproductive aging. Which mitochondrial proteins and metabolic pathways maintain optimal ROS levels in oocytes and sperm during aging? Are the proteins and pathways sexually dimorphic? How do changes induced by environmental toxicants during reproductive aging propagate via transgenerational effects? To elucidate the mechanisms of reproductive aging, we propose to address three cutting-edge objectives. 1) Identify sex-specific mitochondrial proteins and metabolic pathways that maintain ROS levels in oocytes and sperm for reproductive longevity. 2) Elucidate cellular and molecular mechanisms by which environmental toxicants disrupt mitochondrial ROS regulation and induce reproductive aging in a sex-specific manner. 3) Investigate the sex-specific transgenerational effects of these disruptions. To achieve our objectives, we will utilize a multi-level approach from organelle to the whole organism in C. elegans, a uniquely qualified model due to its short lifespan, rapid reproduction, and tractability for genetic, biochemical, molecular, cellular, and high-throughput age-related assays. Our research will identify specific proteins and pathways differentially regulating sex-specific environmental reproductive toxicity. This detailed understanding will lead us toward gender-specific interventions to mitigate human reproductive aging and long-term reproduction across generations, with our ultimate goal of extending human reproductive longevity. 	Comment by Editor/Reviewer: Nice figure! This will be helpful to orient reviewers. 
1. This is labeled as Fig 1 but is not referred to in the Summary.  If it is a stand-alone figure only for the summary, I suggest leaving it unlabeled. 
2. Also, I could not find where Fig 1 was referred to in the Extended Synopsis. If that is the case, then I suggest starting the first figure referred to in the text as Fig 1. 
3. What is the significance of overlapping circles containing the C elegans images? The overlaps also change with age. Is this significant? 	Comment by Editor/Reviewer: “Shines a light on” seems like jargon. I suggest “highlights” or “illuminates” to save space. 	Comment by Editor/Reviewer: Does the link include sex-specific aging differences? The Summary discusses identifying sex-specific differences as integral to the project. Is there existing evidence for that? If so, I suggest adding that point in this sentence. 	Comment by Editor/Reviewer: ‘insults” seems like a human behavior and thus jargon. challenges? stresses?	Comment by Editor/Reviewer: What environmental toxins? This may not be clear to a non-expert reviewer.  See later comments. 	Comment by Editor/Reviewer: “across generations” and” trans-generational effects” seem redundant. 	Comment by Editor/Reviewer: “genetic tractability” seems redundant. 	Comment by Editor/Reviewer: 1. I suggest that a description of the model follow the Objectives (now at line 23) rather than precede them as written. In this way, the ideas presented flow in the order introduction, major questions, objectives to address the questions, methods/approaches, your model and why it is the best choice for the project. 
2. Because human health seems to be the long-term goal, perhaps it is worth mentioning that C elegans results will translate to humans as a desirable trait if this is true. 	Comment by Editor/Reviewer: 1. For lines 26 to 29, I suggest being specific about the output of the proposal. In this case, you will ID proteins and pathways for sex-specific ROS regulation during reproductive aging. This will make clear to reviewers what the deliverables are. 
2. Are there any other specific deliverables, such as maps of toxicity effects or egg/sperm aging, that might be a community resource I suggest stating them here succinctly. 
3. I suggest distinguishing the specific deliverables from the long-term direction to show your future direction and vision.  	Comment by Editor/Reviewer: 1. I suggest being more specific about the results of this proposal. You can then add the longer-term outcomes. This will help to clarify the direct deliverables vs. long-term promises for reviewers. 
2. Related to this comment, I wonder if you might make the legends of your Aims more specific. For example, for Aim 1, how will you know which proteins are “important”? Specifically, do you mean sex-specific proteins regulated or differentially regulated to reproductive aging? For Aim 2, do you mean identifying which proteins are differentially regulated or whose expression/turnover/quantity are disrupted by toxins? In other words, would these proteins would be markers for induced aging and transgenerational effects? 
3. In the the text these are referred to as Objectives. I suggest relabelling the panels as Objectives 1, 2, and 3 for consistency.  
4. Perhaps you would consider listing a few toxins in the figure as noted because toxins are not stated in the text for general reviewers. Teh figure is very simple and I dont think this will clutter it. 	Comment by Editor/Reviewer: I suggest that “elucidate how environmental contaminants differentially subvert mitochondrial pathways in oocytes and sperm to promote their aging” seems redundant with the previous statement (lines 26 and 27). I suggest removing it and adding that the identified specific pathways can “differentially” regulate sex-specific reproductive toxicity. 	Comment by Editor/Reviewer: OK? 

Fig 1: Research plan outline


Section a. Extended Synopsis of the Scientific Proposal 	Comment by Editor/Reviewer: Comments
1. In Part B1, I tried to compact the writing by using shorter words, reducing redundancy, and minor reorganization where indicated. The goal is to increase clarity and save space so each section can be better delineated visually with spacing.  
Motivation: The gradual decline in fertility with age affects women and men1,2 and is primarily due to oocyte and sperm deterioration1,2. With the increase of delayed parenthood3,4, it is timely and crucial to understand the mechanisms governing reproductive aging. Emerging evidence highlights mitochondria’s pivotal role in regulating reproductive health5–9. My postdoctoral research in Prof. Coleen Murphy’s lab showed a link between a ‘youthful’ mitochondrial protein profile, high oocyte quality, enhanced reproductive longevity, and a low level of mitochondrion reactive oxygen species (mtROS)10. Conversely, mitochondrial dysfunction and the consequent increase in aging-related ROS adversely impact oocyte13,14and sperm quality9,14,15 across species11,12, including human11. These results indicate that low mitochondrial activity and suppressed ROS production are crucial for oocyte quality. 	Comment by Editor/Reviewer: I would emphasize that the work is timely and aligned with ERC reviewer questions as we discussed. 	Comment by Editor/Reviewer: “have been shown to “makes it a fact. To save space and clarify, I suggest stating “adversely impacts”  in the present tense. 
Furthermore, mitochondrial metabolic regulators influencing reproductive aging and oocyte quality in C. elegans are likely conserved and are pivotal in reproductive health across higher organisms. Other potential contributors to reproductive aging are environmental insults, such as exposure to high concentrations of toxicants14,16. Toxicants can directly impair reproductive health in both sexes17,18 by increasing mtROS levels, which may propagate across generations17,19,20. Current research points to a clear gap in our knowledge. Despite evidence of the interplay between mitochondrial function, mtROS, environmental insults, reproductive health, and aging, the underlying mechanisms are unknown. Which mitochondrial proteins and metabolic pathways ensure optimal ROS levels in aging oocytes and sperm? Are they conserved or sex-specific? What are the mechanisms by which contaminants disrupt mtROS regulation and drive transgenerational reproductive toxicity? How do these factors translate to reproductive aging and age-related oocyte and sperm quality? In this project, we aim to surpass the state-of-the-art by dissecting the sex-specific interplay between environmental contaminants, mitochondrial dysfunction, and reproductive aging using C. elegans as a model organism21.  	Comment by Editor/Reviewer: stresses? effects? challenges? 	Comment by Editor/Reviewer: OK? 	Comment by Editor/Reviewer: I suggest indicating here that the results to date indicate a gap in our knowledge. I would than state the gap as you have. I suggest this will clarify what you are addressing that is new to reviewers. 	Comment by Editor/Reviewer: interaction? 	Comment by Editor/Reviewer: unknown OK? Poorly understood? 

A uniquely suitable model for reproductive aging: C. elegans is a powerful model for studying reproductive aging and environmental toxicity due to its short lifespan, rapid reproduction, and genetic tractability22, enabling high-throughput studies. Remarkably, C. elegans hermaphrodites undergo reproductive aging similar to human females, with declining oocyte quality over proportional lifespans23,24and governed by conserved cellular and molecular mechanisms23–26. The abundant oocyte production by hermaphrodites27 overcomes the constraint of limited human samples5,28, making C. elegans a powerful model for dissecting age-related reproductive decline. The model also offers a window into sperm aging. Whereas some sperm features appear unaffected by age29,30, age impacts embryonic viability29,31, suggesting unknown factors like metabolic processes32,33 affect sperm quality. C. elegans has a dual-sex nature, with males and hermaphrodites as well as mutants that can fully convert them into fertile females34. Additionally, its conserved reproductive components and utility in assessing transgenerational stressors35 and reproductive toxicity16,19 position C. elegans as a valuable system for novel insights into environmental impacts on reproductive longevity and potential mitochondrial regulation in both sexes. 	Comment by Editor/Reviewer: I suggest the subheadings be statements about the conclusions. In this case you are arguing that C elegans is the best system. Reviewers may skim this, but they will know your point based on the subheading. By placing a conclusion in the subheading, you are even inviting them to skim the section, which would be appreciated. because they are busy. 	Comment by Editor/Reviewer: the optimal? 	Comment by Editor/Reviewer: Did I preserve your intent? 	Comment by Editor/Reviewer: essential? unique? I suggest arguing that worms are the only useful system for these studies. This helps to position you as an important scientist for these studies. Why are you the best person for the job? 

C. elegans is an ideal system for reproductive aging: Notably, most reproductive toxicity studies in C. elegans utilize unmated hermaphrodites and do not examine age-related reproduction36. These studies focused mainly on larval or young adult stages, leaving toxicity exposure during reproductive aging and late-life or tissue-specific differences between sexes understudied19,37–40. Fewer studies involve males and have tested a limited set of specific compounds19,37,40. King DE et al.40 examined mitochondrial function in males and hermaphrodites after rotenone exposure; however, they did not investigate cell-specific effects, did not use mixed populations of ~50% males, and did not specifically analyze age-related changes40. Our major knowledge gap and the unique suitability of C. elegans underscores the need and opportunity for comprehensive investigations into sex-specific effects of toxicants on mitochondrial function and reproductive aging, particularly in older animals. 	Comment by Editor/Reviewer: You might consider adding a subheading here. Worms have been used to study all kinds of questions. Here, you are stating that they have not been applied to your problem, so it is an opportunity. Again, reviewers will see your point right away, and perhaps even skip this section to save time.  this is an example. The text of for you to decide. 	Comment by Editor/Reviewer: 1. Did I preserve your intent?
2. most? Only one reference is provided. There is one study? Does this site a review? I suggest being more precise than “most” or “primarily”.  In addition to being redundant, I suggest that these words invite reviewer questions. What other studies? As a general tip, I suggest avoiding inviting questions that make reviewers pause whenever possible. 	Comment by Editor/Reviewer: Did I preserve your intent? I suggest deleting the you will use cellular tools since you ate that in the next sentence. Also, again I suggest pointing out that C. elegans is an opportunity because there is a knowledge gap that it can address uniquely, if you agree this true. 

My lab is highly qualified to study reproductive aging. State this in a few sentences for reviewers. You can also incorporate text from line 122 describing your qualifications.     	Comment by Editor/Reviewer: I suggest an important element of the proposal is explaining why your lab is uniquely qualified to perform the research. While you do not want to boast, you do need to convey the point in this short format. Why should you be chosen for this research compared to someone else? I suggest this read that you will successfully address the problem because you are the most qualified. It is also a way of showing your scientific leadership and future potential.  One way to convey this idea is to state it directly as a subheading so it can’t be missed. 
2. Related, you may consider 
stating why this is research in your lab is timely. You have the skills and the questions are pressing for human reproduction, but answered, or something similar, if you agree. 

Objectives: Using C. elegans, we will investigate reproductive aging at the cellular, tissue, and whole-organism levels to uncover sex-specific mitochondrial regulators of reproductive aging. We will elucidate mitochondrial regulation of ROS and longevity in both sexes and characterize how contaminants disrupt these pathways in oocytes versus sperm. Critically, we will examine their transgenerational effects and provide insights to counteract multi-generational reproductive toxicity. To achieve these goals, we propose three Objectives. 	Comment by Editor/Reviewer: Your objective is to uncover regulators. It not to possibly uncover them.  	Comment by Editor/Reviewer: Will you elucidate mt regulation, or will you identify Mt protein regulators of ROS and their corresponding pathways? I suggest there is a difference. The latter is less specific. The former states what you will actually do as I understand it. While you will clarify later, I suggest making it clear as early as possible? 	Comment by Editor/Reviewer: 1. determine? “characterize” seems qualitative. Perhaps, “understand the mechanism of toxicant disruption of these pathways”? 
2. Is contaminant the same as intoxicant? I suggest one term for consistency. 	Comment by Editor/Reviewer: The heading is Objectives, which is also stated in the Summary. Thus, I suggest that these are three Objectives (not Aims) by which you will achieve your goals of understanding regulation and applying that knowledge toward countermeasures. 
1) Identify sex-specific mitochondrial proteins and pathways essential for maintaining mtROS levels in oocytes and sperm during aging: Utilizing our published protocol for isolating highly purified mitochondria from C. elegans hermaphrodites, we will profile the mitochondrial proteome of hermaphrodites and males (young vs. reproductively old). Building upon our extensive experience10,41–43 in imaging, biochemistry, age-related assays, and high-throughput assays, we will identify critical mitochondrial pathways regulating ROS accumulation with age and understand their impact on oocyte and sperm quality and reproductive aging.  	Comment by Editor/Reviewer: OK? 	Comment by Editor/Reviewer: Did I preserve your intent? I suggest being specific about what your extensive experience refers to. I presumed it is in imaging and assays, as stated. 	Comment by Editor/Reviewer: I suggest being more specific. As a friendly reviewer, it is not self-evident how these different methods will identify the relevant pathways. For example, will you do comparative quantitative proteomics to identify age and sex-specific proteins from which you will infer the affected pathways? What will the image and assays provide? Space is limited, but I suggest trying to the extent possible to convey how the different methods will result in the identification of pathways. This represents a significant amount of effort. Reviewers will look to the Objectives to inform their reading. 
2) Elucidate sex-specific cellular and molecular mechanisms by which environmental toxicants disrupt mitochondrial ROS homeostasis and accelerate oocyte and sperm aging: Given the link of mt ROS to oocyte and sperm longevity9,13–15, we will use it as a biomarker to assess reproductive toxicity. We will perform high-throughput toxicity screening, leveraging data from The Toxicity Reference Database (ToxRefDB)44, and quantify mtROS levels specifically in the aging male and hermaphrodite germline. We will utilize the MitoTimer reporter, which shifts fluorescence from green to red upon oxidation45. Our high-throughput approach will identify toxicants that increase mtROS in the male and hermaphrodite germline. We will further study candidate toxicants to understand their differential effects on reproductive aging in males versus females, focusing on elucidating the underlying mitochondrial regulatory mechanisms. 
3) Investigate if candidate toxicants induce transgenerational reproductive toxicity, focusing on sex-specific differences to uncover the underlying molecular mechanisms: The impact of environmental toxicants on inherited infertility can be extended beyond direct exposure to future generations17,19,46,47. This emerging field of transgenerational reproductive toxicity necessitates further research to elucidate the long-term, sex-specific consequences of toxicant exposure on reproductive health across generations. We will study the transgenerational effects of reproductive toxicant exposure in both mothers and fathers on subsequent generations’ reproductive health. By examining unexposed offspring across multiple generations, we will determine if toxicant-induced reproductive changes are heritable and differ based on parental sex to understand the molecular mechanisms of such inheritance. 	Comment by Editor/Reviewer: These sentences seem a bit out of place. They do not describe what you are planning, or how you will achieve the objective. Perhaps the sentences could be incorporated around line 122 where you describe your lab. Alternatively, perhaps this could be incorporated into the subheading suggested about line 82. Or the suggested subheading at line 82 could be located after the objectives list at about line 122. 	Comment by Editor/Reviewer: I suggest stating how you will examine the offspring. ROS assay? Proteomics? 
This study will profoundly impact our understanding of the molecular mechanisms underlying sex-specific reproductive aging and the effect of environmental toxicity on gamete quality and transgenerational reproductive health. The expected results could lead to targeted interventions for preserving fertility or mitigating environmental reproductive risks in both males and females.
My graduate (Yoav Arava, Technion) and postdoc (Coleen Murphy, Princeton) studies have laid a solid foundation for the current proposal. In particular, I mastered genetic, biochemical, molecular, and cellular biology approaches and gained experience in age-related assays and high-throughput methods to study reproductive aging and mitochondrial function. My research has significantly contributed to multiple studies, revealing key pathways in mitochondrial protein localization42,43, reproductive health10, and transgenerational effects48.	Comment by Editor/Reviewer: Can you cite your publications here? Also, perhaps it is worth mentioning the number of publications you have in this field. As you may recall, your background and expertise, including publications and other activities, are an important aspect of evaluation. 	Comment by Editor/Reviewer: I suggest pointing out if you are the lead or senior author on any of those publications. One review criterion is to show you are a leader. This can be established by publications, especially as an independent PI. 

Detailed description of objectives
Objective 1. Identify sex-specific mitochondrial proteins and pathways essential for maintaining ROS levels in oocytes and sperm during aging: Growing evidence indicates that mitochondria contribute to oocyte and sperm quality and reproductive longevity and are also the primary source of ROS49. We found that mtROS increases with age in wild-type oocytes but not in oocytes of a longevity mutant with an extended reproductive span10 (Fig. 2). Our results indicate the physiological relevance of low ROS levels to oocyte quality10. Furthermore, inactivating mitochondrial complex I in women’s early oocytes may prevent ROS production and promote oocyte longevity28. Whereas mitochondrial dysfunction and ROS are linked to reproductive aging, few studies have comprehensively examined sex-specific mitochondrial proteins and metabolic pathways that maintain ROS in oocytes and sperm during reproductive aging. Moreover, to our knowledge, age-related changes in the sperm mitochondrial proteome have never been characterized. 	Comment by Editor/Reviewer: I suggest Objective 1 rather than Aim 1 for consistency. 	Comment by Editor/Reviewer: To save space, I suggest it is not necessary to refer to “ROS levels”. It is evident you are referring to the quantity. 	Comment by Editor/Reviewer: “Suggest” and other terms such as maybe, perhaps, possibly are requivical and convey that you are unsure. As published results, your data would indicate or may indicate rather than suggest. Does this make sense? 	Comment by Editor/Reviewer: When referring to published studies, the conclusions can be stated as facts and written in the present tense. 	Comment by Editor/Reviewer: I suggest citing those studies since you are pointing out a knowledge gap. Fig 2: Wild-type oocytes show elevated mtROS with age, unlike daf-2 mutants. (A) mtROS levels increase on day 5 in mature oocytes of WT (N2) but not daf-2 animals (compared to day 1). (B) Quantification of mtROS (mean intensity) in −1 oocyte in WT vs. daf-2 animals on day 1  (top) and day 5 of adulthood (bottom). Day 1: N2 n=22, daf-2 n=10. Day 5: N2 n=19, daf-2 n=22). Two-way analysis of variance with Tukey’s multiple comparison. ns, not significant. **P = 0.0018; ***P = 0.0005. N2, wild-type worms. Adapted from Lesnik et al., 2024
Fig. 3: Isolation of whole-worm and oocyte-specific mitochondria from C. elegans for proteomic analysis (A) Western blot of cellular fractions showing enrichment in mitochondrial proteins (ATP5A, PDHA1) in purified mitochondria, with cytosolic (αTUB) and nuclear (HISH3) markers in respective fractions. T–total homogenate, C–cytosol, M–crude membranes, Grad frac–gradient fractions, Mp–purified mitochondria. *–non-specific band (ATP5A antibody). (B) Heat map of differentially abundant proteins in young vs. aged wild-type mitochondria. Label-free quantification (LFQ) intensities shown for proteins with q-value<0.05 and |log2ratio|>1. Adapted from Lesnik et al., 2024. (C) Workflow of oocyte isolation from C. elegans and mitochondria purification for proteomic analysis. (D) GO Term analysis of our proteomic data indicates an enrichment of mitochondrial proteins; top 10 annotations shown, ranked based on -log10 of the adjusted p-value. 

We will perform a comparative proteomic analysis of young versus reproductively aged male and hermaphrodite mitochondria by exploiting the genetics of C. elegans and its conserved reproductive aging. We will utilize an available strain with a background that produces a high incidence of males (DR466, him-5(e1490)). To enrich for  > 50% males in our population, we will use a filter separation demonstrated to separate males from hermaphrodites, achieving >95% male purity50. Identifying sex-specific mitochondrial proteins that maintain oocyte and sperm quality with age and comparing them with mitochondrial proteins that promote reproductive aging promises to reveal unknown mechanisms underlying age-related processes in oocytes and sperm.	Comment by Editor/Reviewer: Did I preserve your intent? 	Comment by Editor/Reviewer: 1. Did I preserve your intent? 
2. I suggest stating this as a hypothesis rather than a promise. We hypothesize that this comparison will identify key proteins and pathways. 
1.1 Analyze sex-specific and gamete-specific mitochondrial proteomes in young and reproductively aged C. elegans. We will biochemically purify mitochondria by subcellular fractionation and use mass spectrometry for proteomic analysis (Fig. 3C). While our previous proteomic analysis identified mitochondrial proteins whose abundance changes with age in hermaphrodites10 (Fig. 3B), here we will determine mitochondrial proteome changes in males as they undergo reproductive aging. In addition to whole worms, our analysis will use mitochondria isolated specifically from oocytes and sperm. Our experimental approach will enable us to isolate mitochondrial proteins and detect low-abundance proteins51. We recently isolated aged oocytes from wild-type C. elegans using our well-established published protocol52, and successfully purified mitochondria (Fig. 3C, D). We will isolate mitochondria from young adult (day 1) and reproductively old (day 5) males, as well as from young (day 1) and reproductively old (day 5) sperm and oocytes. These mitochondria will be subjected to proteomic analysis using LC-MS/MS at a proteomic core facility. Proteomic profiles will be compared to identify differences in protein abundances between young and old males, between males and hermaphrodites, and between whole worms and oocyte/sperm-specific mitochondria.	Comment by Editor/Reviewer: Did I preserve your intent? 	Comment by Editor/Reviewer: To avoid a reviewer question, can you state the percent mt purity based on blots in Fig 2A or other published results? GO terms in panel D do not directly address this either.  
1.2 Investigate the role of candidate mitochondrial proteins in regulating reproduction, oocyte quality, and sperm function in aged animals. We previously found that the mitochondrial proteome changes with age in hermaphrodites10. We hypothesize that similar age-related changes occur in males with sex-specific proteins. We will compare mitochondria from young/old males/hermaphrodites for sex-specific changes. Proteins that increase in abundance with age may be associated with age-promoting pathways (mitochondrial aged proteins). Conversely, proteins more abundant in animals with youthful characteristics may indicate mitochondrial pathways important for maintaining young cellular properties or inhibiting age-related processes (mitochondrial youthful proteins). We will prioritize candidate mitochondrial aged/youthful proteins based on adjusted p-value and fold change. Using adult-only RNAi knockdown of youthful proteins and overexpression of aged proteins, we will assess late-mated reproductive capability and mated reproductive span in both sexes. We will also assess oocyte quality in hermaphrodites, including morphology and fertilizability8,10,26,53,54, and sperm function in males, including the rate of activation55. We expect that manipulating these proteins will alter reproductive span, oocyte quality, and sperm function, resulting in the identification of specific proteins regulating reproductive aging. 	Comment by Editor/Reviewer: 1. “Potentially”. This is a hypothesis. It is either positive or negative. It cannot be “possibly”. 
2. I suggest bolding an entire sentence or statement for emphasis. 	Comment by Editor/Reviewer: aging? 	Comment by Editor/Reviewer: As a friendly reviewer, can you indicate how many proteins you might expect based on previous work? Do you have any predictions about the types of proteins you will be looking for? TFs? Metabolic genes in ROS synthesis? It seems a bit open-ended, and I presume that OE and RNAi take time and effort. 	Comment by Editor/Reviewer: I suggest that altering reproduction is not the key result. I suggest that the key result is the identification of specifc proteins whose genes OE or underexpression will result in prolonged reproductive health. From this knowledge, you will infer pathways as in step 1.3. I hope this distinction makes sense. 	Comment by Editor/Reviewer: predict? 	Comment by Editor/Reviewer: As a friendly reviewer, do you hypothesize that single gene alterations are sufficient to alter reproduction? Perhaps worms are different than other diploid models, but what if retention of reproduction capacity requires multiple genes, or single gene OE or knockdowns are lethal?   
1.3 Identify mitochondrial proteins that regulate ROS levels in aged oocytes and sperm and elucidate the mechanisms by which they regulate reproductive longevity. Candidate mitochondrial aged/youthful proteins demonstrating effects on reproductive longevity in Section 1.2 will be examined for effects on mitochondrial function and morphology in aged oocytes and sperm. We will visualize mitochondrial morphology and assess function by measuring mtROS, membrane potentials, and oxygen consumption rates in strains expressing the germline marker TOMM-20::mKate2. We will thus establish causal relationships between candidate mitochondrial aged/youthful proteins and mitochondrial characteristics in aged gametes of males and hermaphrodites. We will investigate how candidate regulators affect reproductive aging through transcriptional regulation and tissue-specific action in males and hermaphrodites because cellular metabolism is tightly coordinated with transcription56. For transcriptional analysis, we will perform oocyte- or sperm-specific RNA sequencing on aged oocytes and sperm under control and candidate protein knockdown/overexpression conditions. This result will reveal shared and sex-specific transcriptional signatures associated with high-quality aged gametes and identify additional targets regulating reproductive longevity. There is crosstalk between somatic tissues and the germline57,58 and a link between somatic aging and reproductive longevity26,53,59–63. To determine tissue-specificity, we will use strains allowing tissue-specific knockdown64,65 and overexpression of candidate proteins. We will assess reproductive span and late-mated reproductive capability in both sexes under various conditions. This data will indicate tissues where each candidate protein contributes to regulating reproductive aging. For non-autonomous proteins, we will investigate the crosstalk mechanisms between the relevant tissues and germline in both sexes. This approach will identify proteins that are somatic or germline.	Comment by Editor/Reviewer: I suggest that section 1.3 be written as one paragraph for consistency. To better separate the goals of each part section, I reorganized this sentence to state the goal at the beginning of sentence. 	Comment by Editor/Reviewer: Perhaps this is a small point, but proteins and regulators read as somewhat interchangeable. Proteins manipulated to alter ROS production are not necessarily regulators of the process. Regulators would be proteins that serve a signaling function or provide feedback regulation that affects the ROS production pathway. How will regulators be identified? This seems important because these regulators and synthetic/catabolic enzymes seem like potential drug targets in the future. 	Comment by Editor/Reviewer: targets and pathways? proteins and their pathways? 	Comment by Editor/Reviewer: I suggest a sentence stating the result of this experiment. This is just an example to convey the concept. The text is for you to write. 
Objective 1 will uncover sex-specific mitochondrial mechanisms regulating ROS and reproductive aging at the whole-organism and sperm/oocyte levels. Identifying mitochondrial proteins that actively promote reproductive longevity in males and hermaphrodites may point to crucial differences in how sperm/oocytes age, as well as how organismal aging impacts sperm/oocyte mitochondria. These insights may lead to targeted strategies for preserving fertility in aging organisms, addressing sex-specific aspects of age-related fertility decline in humans. 	Comment by Editor/Reviewer: The use of “may” seems redundant when followed by “potentially”. It reads as unsure.  

Objective 2. Elucidate sex-specific cellular and molecular mechanisms by which environmental toxicants disrupt mitochondrial ROS homeostasis and accelerate oocyte and sperm aging: We will use mtROS as a biomarker of reproductive toxicity during oocyte and sperm aging, leveraging high-throughput screening and the MitoTimer reporter45 to quantify mtROS levels specifically in the aging male and hermaphrodite germline. We will identify toxicants that affect mitochondrial function, uncover male versus hermaphrodite differential effects on reproductive aging, and elucidate mitochondrial regulatory mechanisms. 
2.1 Establish a high-throughput reproductive toxicity screen to identify sex-specific chemical effects on mtROS in aged germline. To identify chemicals that increase mtROS levels in the aged germline, we will use a novel high-throughput screening approach to distinguish between male-specific, female-specific, and shared effects (Fig. 4). This sex-specific screening platform utilizes transgenic C. elegans expressing the MitoTimer reporter45 under a germline-specific promoter in males and hermaphrodites (Fig. 4A). We will ensure robust analysis of both sexes by utilizing the him-5(e1490) mutant background to increase male production and filtration to enrich males further50. This innovative approach will assess chemical impacts on mtROS in aged male and female germlines simultaneously, providing unique insights into sex-specific reproductive toxicity (Fig. 4B). In collaboration with The Nancy and Stephen Grand Israel National Center for Personalized Medicine at the Weizmann Institute of Science, we will optimize and integrate high-throughput fluorescence-based screening protocols66 with established methods for assessing chemical toxicity in C. elegans67–70. Our initial screen will test 133 selected chemicals, chosen for their physiological relevance and potential for reproductive toxicity based on available public data sources67. 	Comment by Editor/Reviewer: Did I preserve your intent? 	Comment by Editor/Reviewer: novel?	Comment by Editor/Reviewer: I strongly suggest providing examples of the types of chemicals and their selection criteria. Why these 133? As a friendly reviewer, I would ask these questions earlier about line 110 when reading the Objective descriptions. Here, these seem like obvious questions for a non-expert or someone with drug screening expertise. There is a citation, but reviewers will not take the time to investigate it.  
2.2 Characterize the sex-specific impact of identified chemicals on germline function and reproductive aging. We will examine chemicals that increase germline-mtROS levels in 2.1 for effects on aged oocyte and sperm mitochondrial function. We will also identify mitochondrial proteome changes following toxicant exposure and their impacts on aged oocyte and sperm quality, reproductive span, and lifespan. Our high-throughput screen will determine whether known compounds decrease oocyte or sperm quality by modifying mtROS. Furthermore, chemicals with a known mechanism of action may point to additional cellular pathways crucial for reproductive capacity in late age.  	Comment by Editor/Reviewer: Did I preserve your intent? 	Comment by Editor/Reviewer: “will help” reads as unsure unless there are other methods you will use to find the answer.	Comment by Editor/Reviewer: This seems like an important point worth stating. Your approach will provide a positive loop that will increase our knowledge about the chemical mode of action and its target and perhaps identify new regulators of mtROS. 
Objective 2 will close a critical knowledge gap about how environmental toxicants affect reproductive health in a sex-specific manner. It will identify chemicals affecting reproductive health and uncover critical cellular pathways. Our findings will establish new biomarkers for reproductive toxicity and advance our understanding of environmental impacts on fertility, with potential applications in human reproductive health	Comment by Editor/Reviewer: “will help” reads as unsure. The objective is to close the gap. 	Comment by Editor/Reviewer: Did I preserve your intent? 
Objective 3: Investigate whether candidate toxicants induce transgenerational reproductive toxicity and uncover the underlying molecular mechanismsFig. 4: Sex-specific screening of reproductive toxicants affecting mtROS in aged C. elegans germline. (A) Germline-specific promoter driving expression of MitoTimer protein, which shifts from green to red fluorescence upon oxidation. (B) Workflow of simultaneous screening in male and hermaphrodite germlines.




Environmental toxicants may have long-lasting effects on reproductive health, extending beyond directly exposed individuals to future generations17,19,46,47. This phenomenon, known as transgenerational reproductive toxicity, is poorly understood, particularly regarding sex-specific differences. We will focus on how candidate toxicant exposure in mothers and fathers differently impacts subsequent generations’ reproductive health. 	Comment by Editor/Reviewer: Did I preserve your intent? 
3.1 Identify candidate chemicals inducing transgenerational reproductive effects. We will assess whether exposure of the parental generation to reproductive toxicants identified in Objective 2 is deleterious to the reproductive outcomes of unexposed progeny. We will focus on offspring reproductive span, oocyte quality, and oocyte fertilizability. We will also test if the mitochondrial function in the germline of the offspring is affected. This function may be a key mechanism in transgenerational reproductive toxicity. If transgenerational effects are discovered, we will study their persistence by examining multiple subsequent generations. 	Comment by Editor/Reviewer: 1. I suggest a separate sentence for more impact. 
2. Since proposals are typically hypothesis driven, can you state this sentence as such? I suggest looking for other opportunities to restate questions as hypotheses.  	Comment by Editor/Reviewer: 1. “persistence” OK?
2. Can you be more specific? How many generations and why?  I suggest that reviewers will need a sense of the effort and time commitment.  
3.2 Identify candidate chemicals that induce transgenerational reproductive effects through the mother, father, or both. Environmental insults during critical windows throughout an individual’s life may induce sex-specific modifications in gene expression patterns by epigenetic mechanisms, influencing sex-specific health outcomes across generations71. We will expose the father and mother separately to toxicants inducing transgenerational reproductive toxicity as in Objective 3.1 to determine if exposure of one parent is essential and sufficient to transmit the effect.	Comment by Editor/Reviewer: exposures? 	Comment by Editor/Reviewer: times? periods? 
3.3 Elucidate the underlying cellular mechanisms of transgenerational effects. To understand the mechanisms of transgenerational reproductive toxicity, we will conduct a transcriptomic analysis to assess progeny gene expression and provide mechanistic insights into reproductive toxicity.	Comment by Editor/Reviewer: 1. I suggest explaining how transcriptomics will provide the mechanism. From the differential expression, how will mechanisms be determined?
2. The use of chemicals and knowledge of their targets and related pathways may provide you with more useful information than transcription. As a friendly reviewer, 3.3. reads as a bit untethered to the rest of the objectives.  It seems that the combination of chemical identification, what is know or discovered about their MOA, the transgenerational effects identified, and perhaps transcriptomics will lead to mechanistic insights. I suggest pondering this. Maybe you can propose to combine all your information from Objectives 2 and 3 to understand mechanisms. In reality, this is how you would understand mechanisms. 
Objective 3 will uncover long-term environmental impacts on reproductive health across generations, informing risk assessment and interventions. The findings will significantly advance our understanding of epigenetic inheritance and environmental influences on reproductive health.
Risk Assessment. Our unbiased approach to identifying age-related mitochondrial proteins in males and comparing them to those of hermaphrodites encompasses both a whole-organism analysis and sperm- and oocyte-specific mitochondrial profiles. While there is a risk that no mitochondrial proteins will affect male reproductive aging, existing literature and conservation suggest the existence of additional pathways regulating sperm quality with age in C. elegans. We may likewise not find sexually dimorphic mitochondrial pathways regulating ROS and reproductive aging. We will mitigate this risk by examining tissue-specific mitochondria in aged animals. Even if no dimorphic differences are found, we will still identify mitochondrial mechanisms involving ROS that regulate reproductive aging, toxicity, and transgenerational inheritance, addressing a significant gap in the field.	Comment by Editor/Reviewer: The greatest risk seems to be that no proteins are involved in ROS regulation and aging. Since ROS does change during sexual aging, this seems unlikely. This statement highlights the issue. I strongly suggest arguing more vigorously that it is likely or even highly probable that you will find this. As written, it communicates that you should be funded for a short period of time rather than five years to do exploratory work to validate the hypothesis that there are real mechanisms during aging. I hope this makes sense! 	Comment by Editor/Reviewer: The Summary Statement reads as an abstract. I suggest using this statement to forcefully describe the impacts of the research scientifically and as a route to address human health. You can also use it as an opportunity to state why your lab will be successful. You have the expertise to do this beyond cutting research, and you are in the best position to overcome any obstacles. This or similar seems important because it is the last thing reviewers will read and thus is their final impression. 
Summary Our study aims to unravel the interplay between sex-specific mitochondrial regulators, ROS levels, and reproductive longevity, filling critical gaps in our understanding reproductive aging. Using a multi-level approach—from organelle to whole organism—we will elucidate mechanisms of sex-specific reproductive aging and mitochondrial pathways. We will also investigate how chemicals impact mitochondria and reproductive aging, exploring intersections with transgenerational toxicity. Ultimately, this research will enhance our understanding of reproductive health and suggest interventions to mitigate environmental stressors' adverse effects.
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