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Supplemental Methods

Untargeted proteomics

Sample preparation: Tissues were homogenized separately in 400 pL lysis buffer
containing RIPA and Extraction Buffer, protease inhibitor, phosphatase inhibitor and 8
M urea using the gentleMACS Dissociator (Miltenyi Biotec). Extracted proteins were
reduced and alkylated respectively with 10 mM dithiothreitol (Sigma-Aldrich, #D0632)
and 15 mM iodoacetamide (Sangon Biotech, #A600539). Samples were precipitated
with cold acetone at 1:5 volume ratio and centrifuged to retain the sediment, which was
resuspended and digested with trypsin (Promega, #V5117/V5111) for 16 hours at 37°C
(1:50, enzyme-to-substrate). After desalted on SepPak C18 cartridges (Waters,
#WAT036945), peptides were vacuum dried using Speed Vac.

LC-MS/MS: Digested peptides were first trapped on a precolumn (5 pum particle, 350
um x 5 mm, ThermoFisher Scientific, #174500), and then separated on a C18 analytical
column with an integrated CaptiveSpray Emmitter (1.6 um particle, 250 mm % 75 um,
IonOpticks, #AUR2-25075C18A-CSI) on a nano Elute liquid chromatography (Bruker
Daltonics). Buffer A and buffer B were 0.1% formic acid in water and 0.1% formic acid
in acetonitrile, respectively. The column temperature was maintained at 50°C and the
gradient was 2%-22% B in 90 min, 22%-37% B in 10 min, 37%-80% B in 10 min,
80%-80% B in 10 min. The eluted peptides were then subjected to a timsTOF Pro
(Bruker Daltonics) that operated in dia-PASEF mode. The dia-PASEF scheme
contained 37 x 25 Th windows covering m/z from 375 to 1300 and 1/K0 from 0.6 to

1.6.


https://www.sangon.com/productDetail?productInfo.code=A600539

Database searching: Raw files were analyzed against the Mouse Swiss-Prot database
(downloaded in January 2023, containing 17132 entries) with DIA-NN (version 1.8.1)!
under library-free search with default settings. Briefly, Trypsin/P was protease with two
maximum missed cleavages. Quantification strategy was Robust LC (high precision)
with MBR enabled. The FDR cutoff at both precursor and protein level was 0.01. The
proteome data generated can be viewed in integrated proteome resource iProX with
IPX0006466000. Normalized data file is provided as Supplemental Table 1.

Proteomic data analysis: We identified a total of 6963 proteins in 22 samples.
Proteome data were normalized via median centering and then log2 transformed.
Proteins with > 40% missing values were excluded from downstream analysis.
Difterentially expressed proteins were filtered with fold change > 1.3 and Student's t
test p wvalue < 0.05. PCA plot was plotted via MetaboAnalyst
(https://www.metaboanalyst.ca/). Gene set enrichment analysis (GSEA) was performed
on WebGestalt (http://www.webgestalt.org/) to identify enriched KEGG and Reactome
pathways. Heatmaps were generated with the R package ‘ComplexHeatmap’.? Protein-
protein interaction was analyzed on STRING and visualized via Cytoscape (version
3.9.1). Uniprot Keywords were further added to these interacting proteins by a

Cytoscape plug-in stringApp with default settings.

Supplemental Table
Supplemental Table 1: 6240 quantified proteins in proteomics analysis

Supplemental Table 2: Table of RT-qPCR primer sequences


http://www.webgestalt.org/

Gene Species Forward sequence (5'-3") Reverse sequence (5'-3")

GAGAGACGGCAGTGCT CGTGACACACCACAAGGG
Nppa Mouse

TCTAGGC CTTAGG

AGGCGAGACAAGGGAG
Nppb Mouse GGAGATCCATGCCGCAGA

AACA

CGGACCTTGGAAGACC GACAGCTCCCCATTCTCTG
Myh7 Mouse

AGAT T

GAGCGGAGAGTACTGG CTGACCTGTCTCCATGTTG
Collal Mouse

ATCGA CA

CTGTAACATGGAAACTG CCATAGCTGAACTGAAAA
Col3al Mouse

GGGAAA CCACC

CAGCCGTCTCTGTGTCA GCACCGAGGAACTACCTG
Sirtl Mouse

CAAA AT

TATGGAGTGACATAGA CCACTTCAATCCACCCAG
Pgcloo  Mouse

GTGTGCT AAAG

GGAATGTGGAGCGTGCT ACAAGACTGATAGACGAG
Tfam Mouse

AAAA GGG

AGCACGGAGTGACCCA TGTACGTGGCTACATGGA
Nrfl Mouse

AAC CCT

TTACGGTTCCCTAAACT GTCACGGGCAACCTTTTA
Drpl Mouse

TCACG CGA




TGTCCAAGAGCACGCA  CCTCGCACATACTTTAGA

Fisl Mouse

ATTTG GCCTT

ATGCCAGTGTGATAATG
Mff Mouse CTCGGCTCTCTTCGCTTTG

CAAGT

CCTACTGCTCCTTCTAA AGGGACGCCAATCCTGTG
Mfnl Mouse

CCCA A

AGAACTGGACCCGGTTA CACTTCGCTGATACCCCTG
Mfn2 Mouse

CCA A

GGTCCTACAGACAGGG CTGGCCTTTCCTCACACCA
Prkn Mouse

CAATA C

TTCTTCCGCCAGTCGGT CTGCTTCTCCTCGATCAGC
Pink1 Mouse

AG C

AGGTCGGTGTGAACGG TGTAGACCATGTAGTTGA
Gapdh  Mouse

ATTTG GGTCA
18sRN GGACAGGATTGACAGA ATCGCTCCACCAACTAAG
Mouse
A TTGATAG AA
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Supplemental figure and legends
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Supplemental Figure 1. 1-month-old Lmna’" mice show decreased body and heart
weight, increased markers of heart failure and fibrosis.

A. Design diagram showing knockout of LMNA exons 8-11 through non-homologous
recombination repair introducing mutation using CRISPR/Cas9 technique. B. PCR
analysis of WT, Lmna”" and Lmna™"mice. A 679 bp fragment was observed in WT mice,
a 353 bp fragment was observed in Lmna’~ mice, and both fragments were observed in
Lmna*" mice. C. Heart weight (HW), body weight (BW) of 1-month-old WT and Lmna
" mice (n=7). D. qPCR quantitative analysis of genes related to heart failure (Nppa,

Nppb, Myh7) and fibrosis (Collal, Col3al) in 1-month-old WT and Lmna™" hearts

(n=6). Data are presented as mean = SD and compared by t-test in figures C, D (nppa,



myh7, collal, col3al) or by Mann-Whitney U test in D (nppb). **P < 0.01, ***P <

0.001.
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Supplemental Figure 2. 2-week-old Lmna’”~ mice show no significant DCM
phenotype.

A. Representative exteriors (scale bar: 2 cm) and cardiac appearances (scale bar: 2 mm)
of 2-week-old WT and Lmna”™ mice. B. Heart weight (HW), body weight (BW),

HW/BW of WT and Lmna™ mice (n=5). C. Representative echocardiography of WT



and Lmna’™ mice. D. Left ventricular ejection fraction (LVEF), shortening fraction (FS)
and heart rate (HR) in WT and Lmna™ mice (n=7). E. Left ventricular end-systolic
volume (LVESV)/BW, left ventricular end-diastolic volume (LVEDV)/BW, left
ventricular end-systolic diameter (LVIDs)/BW, left ventricular end-diastolic diameter
(LVIDd)/BW in WT and Lmna™" mice (n=5). F. Representative HE staining (scale bar:
1 mm) and Masson Trichrome staining (scale bar: 100 um) images of the ventricular
transverse section of WT and Lmna’™ mice. G. Quantification of the percentage of
collagen in myocardial tissue of WT and Lmna”™ mice (n=3). Data are presented as
mean £+ SD and compared by t-test in figures B (BW, HW/BW), D, E, and G or by

Mann-Whitney U test in B (HW). *P < 0.05, **P < 0.01, ns: no significant difference.
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Supplemental Figure 3. Volcano blot, networks analysis and hierarchical

clustering.

A-B. Volcano blot of all proteins detected in 2-week (A) and 1-month-old (B) WT and



Lmna’™ mice. C. Spiral plot summarizing 257 consistently changed differentially
expressed proteins (DEPs) in 1-month and 2-week-old WT and Lmna’™ mice. D.
Protein-Protein Interaction (PPI) networks analysis illustrating functional protein nodes.
Node colors represent different Uniprot Keywords. Node label colors represent up and
down-regulated DEPs. E. Heatmap summarizing differential expressed oxidative
phosphorylation proteins in 1-month-old WT and Lmna” mice. F. Heatmap
summarizing differential expressed cristae formation proteins in 1-month-old WT and

Lmna™" hearts.
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Supplemental Figure 4. Lamin A/C knockdown leads to aberrant oxidative



respiration capacity.

A. Representative WB images of lamin A/C in NC and LKD NRVMs. B. Quantification
of lamin A/C level normalized to B-actin (n=3). C. Quantification of proton leak, non-
mitochondrial oxygen consumption in NC and LKD NRVMs (n=6). D. Representative
fluorescence images showing mitochondrial superoxide in NC (negative control) and
lamin A/C knockdown (LKD) neonatal rat ventricular myocytes (NRVMs) stained by
MitoSOX. Scale bar: 200 um. E. Quantification of MitoSOX intensity (n=3). Data are
presented as mean + SD and compared using t-test in figures B, C, and E by two-tailed t

test. **P < (.01, ns: no significant difference.
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Supplemental Figure 5. Lamin A/C deficiency causes abnormal expression of

Mitotracker & Hoechst



genes related to MQC and aberrant mitochondrial morphology.

A. qPCR quantification of genes related to mitochondrial biogenesis (Sirtl, Pgcloa,
Tfam, Nrfl), fission (Drpl, Fisl, Mff), fusion (Mfnl, Mfn2) and mitophagy (Parkin,
Pinkl) in 1-month-old WT and Lmna’~ hearts (n=4). B. Representative 3 pairs of
fluorescence images showing mitochondrial morphology of NC and LKD NRVMs
stained by Mitotracker (red) and Hoechst (blue). White arrows denote perinuclear
mitochondria. Yellow arrows denote intermyofibrillar mitochondria. Scale bar: 10 um.
C. Mitochondrial network quantitative analysis of mitochondrial footprint, individuals,
networks, mean branches per network in NC and LKD NRVMs (NC, n=30; LKD,
n=37). Data are presented as mean + SD and compared using t-test in figures A, C
(footprint, individuals, networks) or Mann-Whitney U in figure C (mean branches per
network). *P < 0.05, **P < 0.01, ***P < 0.001, ns: no significant difference.

Abbreviations as in Supplemental figure 4.



*kk *kk

-

£
WT Lmna™ ©
AAV-Control AAV-SIRT1 AAV-Control AAV-SIRT1 Q‘.‘_
o (R e
x
Bactn | s - - - ——— 2D O

4“'??
WT Lmna™ WT Lmna*-

AAV-Control AAV-SIRT1 AAV-Control AAV-SIRT1 AAV-Control AAV-SIRT1 AAV-Control AAV-SIRT1

2mm 2mm

ok k *kk
120 ns 20 ns

®

©

=
o
<

HW(mg)
o
BW(g)
B
ol
HW/BW(mg/g)
»

N

o T T T T
N > N N N N N N
&€ £ & & S & & L€
o' 2 o 2 o o 2 o 2 o 2
R R S RIS Y S RIS SR
. & W &
& & '\,xvy. 3 & & ,.x?y' X% & & Ax\’y X
N & N & N &
\

Supplemental Figure 6. AAV-SIRT1 injection results no improvement in exteriors,

BW, HW, or HW/BW of Lmna’~ mice.

A. qPCR quantitative analysis of sirt] mRNA level in WT and Lmna™" mice hearts pre-
treated with AAV-CMV-SIRT1-mNeonGreen (AAV-SIRT1) or AAV-CMV-
mNeonGreen (AAV-Control) (n=5). B. Representative WB images of SIRT1 in 1-
month WT and Lmna™ hearts pre-treated with AAV-SIRT1 or AAV-Control. C.

Quantification of SIRT1 expression level normalized to p-actin (n=4). D.



Representative exteriors (scale bar: 2 cm) and cardiac appearances (scale bar: 2 mm) of
WT and Lmna™ mice pre-treated with AAV-SIRT1 or AAV-Control. E. Heart weight
(HW), body weight (BW), HW/BW of WT and Lmna’" mice pre-treated with AAV-
SIRT1 or AAV-Control (n=6). Data are presented as mean = SD and compared using
ANOVA with Tukey post-hoc test in figures A, C, and E. **P <0.01, ***P <0.001, ns:

no significant difference.



