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Supplementary Figure 1
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Supplemental figure 1 related to Figure 1. Drp1 knockdown partially rescued cellular senescence in MITOL KO 
MEFs.
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Supplementary Figure 2
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Supplemental figure 2 related to Figure 2. Generation and characterization of heart-specific MITOL-KO mice.
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Supplementary Figure 3
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Supplemental figure 3 related to Figure 3. Enhanced cell death by MITOL deletion.
(A) Cardiac dysfunction in MITOL-cKO mice six months after tamoxifen-treatment. Echocardiographic analysis of left 
ventricular dimensions and cardiac function in mice. LVIDd; diastolic left ventricular internal diameters. LVIDs; systolic left 
ventricular internal diameters. Mean ±SEM (n=3). *P<0.05.
(B and C) Increased TUNEL-positive cells in MITOL-cKO heart. Representative views of cross-sections of control and cKO 
PRXVH�KHDUW�VL[�PRQWKV�DIWHU�WDPR[LIHQ�WUHDWPHQW�VWDLQHG�ZLWK�781(/�DQG�'$3,�WR�GHWHFW�DSRSWRWLF�FHOOV��%���%DUV������ȝP��
The percentages of TUNEL-positive cells were measured (C). Mean ±SEM (n=5). ***P<0.001; Student’s t-test.
(D) TUNEL positive cardiomyocyte in MITOL-cKO. Representative image of control and cKO mouse heart six months after 
WDPR[LIHQ�WUHDWPHQW��&DUGLRP\RF\WHV�ZHUH�LPPXQRVWDLQHG�ZLWK�7URSRQLQ�7��%DUV�����ȝP�
(E and F) Cleaved caspase-3, a marker of apoptosis, was upregulated in cKO cardiomyocytes. Immunoblotting assay was 
performed on the lysate of cardiomyocytes from control and cKO mice six months after tamoxifen-treatment with 
anti-caspase-3 and anti-cleaved caspase-3 antibodies. Bar graph shows the ratio of cleaved caspase to total caspase. Mean 
±SEM (n=4). ***P<0.001; Student’s t-test.
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Supplementary Figure 4
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Supplemental figure 4 related to Figure 4. Contractility and Ca2+ handling of single cardiomyocytes isolated from 
control-TAC and MITOL-KO-TAC mice.
(A) Lipofuscin deposition in cardiomyocytes. Troponin T staining was performed on frozen heart sections in cKO mice six 
months after tamoxifen-treatment. Lipofuscin was detected as autofluorescence. Scale bars, 20 µm. All images are from 
MITOL cKOs.
�%��,PSDLUHG�V\VWROLF�IXQFWLRQ�LQ�0,72/�.2�7$&�PLFH��0,72/IOR[�IOR[�PLFH��DQG�0,72/IOR[�IOR[�Į0+&�&UH0HU�PLFH�RQH��
three, six months post tamoxifen treatment were subjected to TAC surgery. Systolic function was monitored one or two 
weeks after TAC surgery. Graphs show the percentage of FS (n=3). FS, fractional shortening of left ventricular diameter.
�&��+HDUW�ZHLJKW�WR�ERG\�ZHLJKW�UDWLR�RI�PLFH��+HDUW�WR�ERG\�ZHLJKW�UDWLR�LQ�FRQWURO�7$&�DQG�0,72/�.2�7$&�PLFH��0HDQ�
±SEM (n=5). *P<0.05, Student’ s t-test.
(D) Intracellular Ca2+ transients were measured using Indo-1 AM. Peak amplitude of Ca2+ transient. Data were normalized 
to control-TAC mice. *p < 0.05 compared with control-TAC mice.
(E) Ca2+ transients obtained by measuring the mean cellular fluorescence from six consecutive Ca2+ transients. SR calcium 
content was estimated using rapid application of caffeine.
(F) SR Ca2+ content estimated from peak amplitude of caffeine-induced Ca2+ transient. Mean ±SEM (Control-TAC=5, 
MITOL-cKO-TAC=7). Data were normalized to control-TAC mice. *p < 0.05 compared with control-TAC mice.
(G) Myocardial fibrosis in control-TAC and MITOL-KO-TAC mice. Representative photographs show Masson’ s trichrome 
staining for collagen.



Supplementary Figure 5
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Supplemental figure 5 related to Figure 5. Delivery of dominant negative Drp1 into cardiomyocytes decreased cell 
death by MITOL deletion.
(A) Study design for the transduction of K38A-Drp1 in MITOL cKO mice. Three months after MITOL knockout, mice were 
introduced with AAV vectors driven by a cardiac cTNT promoter (GFP: AAV-GFP and GFP-P2A-K38A-Drp1: AAV-K38A-Drp1) 
packaged in AAV-9 capsides via intrathoracic injection. Three months after virus injection, hearts were dissected and the 
expression of GFP and Drp1 was assessed by immunoblotting. 
(B) Drp1 was upregulated in cardiomyocytes of MITOL cKO mice transduced with AAV-K38A-Drp1. IB assay of Drp1, GFP and 
tubulin was performed on lysates of total mice heart cells. Data are standardized to tubulin levels and are expressed relative to 
AAV-GFP injected mice.
(C) Myocardial fibrosis in cKO mice was attenuated by AAV-K38A-Drp1. Representative photographs show Masson’ s 
trichrome staining for collagen. Fibrotic areas were measured. Mean ±SEM (n=4). **P < 0.01.
(D) AAV-K38A-Drp1 delivery blocked the increase in heart weight of MITOL-deficient hearts. Heart-to-body weight ratio in cKO 
mice as described in (A) was shown, respectively. Mean ±SEM (n=4). Analysis was performed with two-way ANOVA followed 
by Bonferroni post hoc analysis. *P < 0.05.
(E) AAV-K38A-Drp1 delivery blocked cardiomyocyte hypertrophy. Frozen heart tissue sections were stained with FITC-conju-
gated wheat germ agglutinin (WGA) to detect cardiomyocyte borders. The ratio of cardiomyocyte area was measured from 100 
FHOOV��0HDQ��6(0��Q ����3���������%DU�����ȝP�
(F) AAV-K38A-Drp1 delivery reduced the senescent marker lipofuscin. Frozen heart tissue sections were analyzed for lipofus-
cin by fluorescence microscopy. Relative content of lipofuscin (area of lipofuscin granules/field of the myocardium) was ana-
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Supplementary Figure 6
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Supplemental figure 6 related to Figure 6. Downregulation of MITOL in ischemia-induced rodent heart.
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