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Extended Data Fig. 8 | See next page for caption.
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Extended Data Fig. 8| Inhibition of lipid peroxidation protects NE
morphology and function with age. a, Representative images of animals
stained with lipid peroxidation probe BODIPY™ 581/591 C11 grown on EV or
cco-1RNAi bacteria at Daylstage. b, Quantification of oxidized lipid ratio
based on the fluorescence of BODIPY™ 581/591 Cl1 staining as depicted in (a).
¢, Quantification of the intestinal nuclei is based on their circularity ratio, as
depicted in (Fig. 5¢). d, Quantification of the nuclei is based on their circularity
ratio, as depicted in (Fig. 5e). e, Representative images of intestinal NE
morphology in NPP-1::GFP animals in DMSO or FINO2 (2 mM). f, Quantification
ofthe intestinal nucleiis based on their morphology, as depictedin (e).

g, Quantification of the intestinal nuclei is based on their circularity ratio, as
depictedin (e). h, Quantification of the nucleiis based on their circularity ratio,
as depicted in (Fig. 5h). i, Representative fluorescent micrographs of intestinal
nuclear permeability in wild-type, cco-I RNAI, or fer-2 (5 mM) supplementation

animals injected with 70 kD dextran in the cytosol and corresponding
fluorescence intensity distribution curve. j, Quantification of the ratio of leaky
nuclei as depictedin (i). k, Representative fluorescent micrographs of intestinal
nuclear permeability in wild-type, cco-I RNAI, or fer-2 (5 mM) supplementation
animals injected with 500 kD dextran in the cytosol with age and corresponding
fluorescence intensity distribution curve. I, Quantification of the ratio of leaky
nucleias depicted in (k). n=21animals were analyzed in each condition(b). 100
nuclei from more than 20 animals were examined for each group (f), the exact
number of NE in each class was provided as source data; n =20 nuclei were
analyzed in each condition (c,d,g,h). n =3 independent biological repeats (f,j,1).
Scale bars, 10 um (e,i,k). 20 pum (a). Data are mean + s.e.m. Pvalues were derived
from two-sided unpaired t-test (b), two-sided Pearson’s chi-square tests (f), One-
way ANOVA (c,d,g,h,j,i). Source numerical data are available in the source data.
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Extended Data Fig. 9 |Iron chelation and anti-lipid peroxidation interventions
preserve NE integrity and extend lifespan. a, Representative images of
intestinal NE morphology in /mn-I RNAi animals grown on OP50 bacteria with

or without VE (5 mM) or fer-2 (2 mM) supplementation. b, Quantification of the
intestinal nucleiis based on their morphology, as depicted in (a). ¢, Lifespan
analysis of N2 animals grown on EV or cco-1 RNAi bacteria with or without NAC

(8 mM) supplementation. d, Lifespan analysis of N2 animals grown on OP50
E.colibacteria with or without fer-2 (2 mM or 5 mM) supplementation. e, Lifespan
analysis of N2 animals grown with or without FINO2 (2 mM) supplementation.

f, Lifespan analysis of N2 animals grown on EV bacteria with or without EPA
(C22:5,2 or 5 mM) supplementation. g, Lifespan analysis of N2 animals grown

on EV or cco-1RNAi bacteria with or without Fer-2 or FINO2 (Fer-25 mM, FINO2

2 mM) supplementation. h, Lifespan analysis of N2 animals grown on EV or cco-1
RNAi bacteria with or without 2,2’-bipyridyl (bpy, 10 pM) supplementation.

i, Lifespan analysis of N2 animals grown on EV or cco-1 RNAi bacteria with or
without 2 2"-bipyridyl (bpy, 50 M) supplementation. 100 nuclei from more than
20 animals were examined for each group (a); the exact number of NEin each
class was provided as source data. 3 independent experiments were analyzed
ineach condition (b). Scale bars, 10 um (a). Data are mean + s.e.m. Pvalues

were derived from two-sided Pearson’s chi-square tests (b); lifespan data were
analyzed with Kaplan-Meier (c,d,e,f,g,h,i). Source numerical data are available in
thesource data.
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Extended Data Fig. 10 | Anti-lipid peroxidation interventions preserve NE
morphology and delay cell senescence in normal and HGPS cells. a-c, Analysis
workflow of the roundness (a), smoothness (b), and invagination of nuclear
envelope (c) of the nuclei in BJ fibroblasts. d-f, Quantification of the roundness
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(d), smoothness (e), and invagination (f) of the nucleiin BJ fibroblasts. 20 nuclei
were analyzed in (b). 50 nuclei were examined for each group (d); Scale bars,

10 pm (a,b,c). Dataare mean + s.e.m. Pvalues were calculated using One-way
ANOVA (d,e,f). Source numerical data are available in the source data.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|X| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
|X| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Give P values as exact values whenever suitable.

|X| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|X| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Image collection: Zeiss, Observer Z1BImaris 9.7RILSM980 (Zeiss)& Zeiss Imager M2 microscopelILSM780 confocal microscope.

Data analysis Image processing: ZEN Imaging software (version 2.3); ImageJ (version 2.1.4.7); biomaRt R package (version 2.54.1).
Statistical analyses: GraphPad Prism (version 9.0); R (v4.2.3); fastp (v0.20.1); STAR (v2.7.8a); Feature Counts (v2.0.0); biomaRt R package
(v2.54.1).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The raw sequence data for RNA-seq generated in this study has been deposited in the Genome Sequence Archive in National Genomics Data Center with accession




number CRA009340. Source data in support of the findings shown in the Figures and Extended Data Figures are provided with this paper. All data needed to
evaluate the conclusions in this paper are present in the manuscript, supplementary informations and source data.
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Population characteristics NA
Recruitment NA
Ethics oversight NA

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size No statistical method was used to determine sample size. We determined sample size based on our previous experience with the
experimental model and techniques. For each experiment, the exact n number is provided in the legends and source data.

Data exclusions | No data were excluded from any of the experimental studies presented in the manuscript.
Replication All experiments in this study were biologically repeated at least three times independently and all attempts at replication were successful.
Randomization | Caenorhabditis elegans or cells were grouped according to genotype and were randomly chosen from siblings for all studies.

Blinding All NE morphology scoring was performed in a blinded manner, with the scorer unaware of genotype or treatment condition. Study was
blinded unless mutant phenotypes were easily observable.
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Antibodies

Antibodies used

Validation

anti-Lamin A/C antibody is purchsed from Santa Cruz Biotechnology (Santa, sc-376248, 1:500 dilution), goat anti-mouse antibody 1gG
(Biolegend, 405319, 1:1000 dilution).

anti-Lamin A/C antibody (Santa, sc-376248): https://www.scbt.com/p/lamin-a-c-antibody-e-1?gad_source=1&gclid=CjwKCAjw65-
zBhBKEiwAjrqRMGKsSFhcqditOvo-XTrbgw9EauDAhOe5WigK1lzMk2GPA_8Kqjs18xoClpwQAvD_BwE

goat anti-mouse antibody IgG: https://www.biolegend.com/en-ie/products/alexa-fluor-488-goat-anti-mouse-igg-minimal-x-
reactivity-9282

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

The monkey C1824T LMNA fibroblast cells (male) were provided by Dr. Daichao Xu (Shanghai Institute of Organic Chemistry)
and Dr. Yuyu Niu (Kunming University of Science and Technology); the BJ fibroblast cells (male) were provided by Dr. Tao Li
and Dr. Likun Wang (Institute of Biophysics).

Human BJ fibroblast: verified by morphological assessment which exhibit fibroblast-like morphology, characterized by
elongated, spindle-shaped cells with a flattened appearance.
Monkey HGPS fibroblast: verified by PCR to detect LMNA C1824T mutation.

Mycoplasma contamination All cell lines tested negative for mycoplasma contamination.

Commonly misidentified lines  The study did not involve any commonly misidentified lines.

(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in

Research

Laboratory animals

Wild animals
Reporting on sex
Field-collected samples

Ethics oversight

N2 (C. elegans wild isolate)

LW1089 (unc-119(ed4) IlI; jjls1089 [npp-1::GFP + unc-119(+)] I1)

BN228 (bgSi210 [lem-2p::lem-2::GFP + unc-119(+)] II. bgSi226 [emr-1p::emr-1::mCherry + unc-119(+)] IV)
CE548 (sbp-1(ep79) Ill; epEx141 [sbp-1::GFP::SBP-1 + rol-6(su1006)])

LTY2213 (jjIs1089 [npp-1::GFP + unc-119(+)] Il; bgSi226 [emr-1p::emr-1::mCherry + unc-119(+)] V)
LTY627 (daf-2(e1370) IlI; jjls1089 [npp-1::GFP + unc-119(+)] 1)

LTY1241 (glp-1(e2141) Il ; jjls1089 [npp-1::GFP + unc-119(+)] 1)

LTY1240 (eat-2(ad1116) Il; bgSi226 [emr-1p::emr-1::mCherry + unc-119(+)] IV)

LTY (atfs-1(gk3094) V; jjls1089 [npp-1::GFP + unc-119(+)])

LTY340 (lin-65(n3441) I; jjIs1089 [npp-1::GFP + unc-119(+)])

LTY815 (isp-1(gm150) IV; jjls1089 [npp-1::GFP + unc-119(+)])

LTY2214 (sod-2(gk257) I; sod-3(tm760); jjls1089 [npp-1::GFP + unc-119(+)] I)

LTY2922 (sod-1(tm776) II; sod-5(tm1146) II; jjls1089 [npp-1::GFP + unc-119(+)] Il)

LTY2218 (sod-4 (gk101) lll; jjls1089 [npp-1::GFP + unc-119(+)] I1)

LTY808 (gcn-2(0k871) IlI; jjls1089 [npp-1::GFP + unc-119(+)] II)

LTY1116 daf-16(mu86) I; jjls1089 [npp-1::GFP + unc-119(+)] 1)

LTY809 hif-1(0k2564) V; jjls1089 [npp-1::GFP + unc-119(+)] 1)

LTY1530 (skn-1(zu169) IV/nT1 [unc-?(n754) let-?] (IV;V); jjis1089 [npp-1::GFP + unc-119(+)] I1)
LTY2693 (gpx-1(tm2100) I; gpx-2(tm2895) II; gpx-6(tm2535) IV; gpx-7(tm2166) X; jjls1089 [npp-1::GFP + unc-119(+)] Il)
LTY3043 (ythEx634 [sod-2p::sod-2::gfp]; foxSi75 [eft-3p::tomm-20::mKate2::HA::tbb-2 3' UTR] I.)
LTY3044 (ythEx635 [sod-3::s0d-3::gfp]; foxSi75 [eft-3p::tomm-20::mKate2::HA::tbb-2 3' UTR] I.)
LTY2223( lgg-1(bp500);NPP-1::GFP)

LTY4052(atg-3(bp412);NPP-1::GFP)

LTY4093(mev-1(kn1);NPP-1::GFP)

The study did not involve wild type animals.
BJ cell (human, male), HGPS cell (monkey, male).
The study did not involve samples collected from the field.

No ethical approval or guidance required.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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