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Material and Methods

Antibodies
Mouse monoclonal anti-ATP5A Abcam Cat#ab14748
Mouse monoclonal anti-COX4 Molecular Probes Cat #A21348
Mouse monoclonal anti - GAPDH Abcam ab9484
Mouse monoclonal anti-GRP75 Abcam ab82591
Mouse monoclonal anti-HSC70 Santa Cruz Cat#sc7298
Mouse monoclonal anti-HSP60 BD 611562
Mouse monoclonal anti-LONP1 Abcam Cat# ab82591,
Mouse monoclonal anti-MT-CO1 Molecular Probes Cat #459600
Mouse monoclonal anti-MTHFD2 Abcam ab56772
Mouse monoclonal anti-NDUFA9 Molecular Probes Cat#459100
Mouse monoclonal anti-NDUFB6 Invitrogen Cat#A21359
Mouse monoclonal anti- NDUFS4 Abcam ab87399
Mouse monoclonal anti-SDHA Molecular Probes Cat#459200
Mouse monoclonal anti-OXPHOS cocktail
(ATP5A, UQCRC2, COXl1, SDHB, | Abcam ab110413
NDUFBS)
Mouse monoclonal anti-p62 Abnova H00008878-MO1
Mouse monoclonal anti-UQCRCI1 Molecular Probes Cat#459140
Mouse monoclonal anti-UQCRFS1/RISP Abcam Catitab14746
[5A5]
Goat polyclonal anti-Klotho 3 R&D Systems AF2619
Rabbit polyclonal anti-ATF4 (CREB-2) Santa Cruz Sc-200
Rabbit polyclonal 4E-BP1 CST #4923
Rabbit polyclonal 4E-BP1 (phospho
Thr37/46) ST #2855
Rabbit polyclonal anti-AFG3L2 Elena Rugarli, Uni. Cologne N/A
Rabbit polyclonal anti-BECLIN-1 CST 3738
Rabbit polyclonal anti-Calnexin (CANX) | Calbiochem 208880
Rabbit polyclonal anti-CLPP Sigma Cat#HPA 040262
Rabbit polyclonal anti-elF2a Abcam ab26197
ls{g‘;);bit monoclonal anti-EIF2a (phospho Abcam ab32157
Rabbit monoclonal anti ERK1/2 (phospho
hr202/Tyr204) CST #9101
Rabbit polyclonal anti-LC3B CST #2775
Rabbit polyclonal anti-LONP1 Abcam ab103809
Rabbit polyclonal anti-MTHFD1L Proteintech 16113-1-AP
Rabbit polyclonal anti-NDUFS2 Abcam ab96160




Rabbit polyclonal anti-NDUFV?2 Proteintech 15301-1-AP
Rabbit polyclonal anti-PRAS40 CST #2610
Rabbit polyclonal anti-PRAS40 (Phospho #2997
CST
T246)
Rabbit polyclonal anti-PYCRI1 Abcam ab94780
Rabbit polyclonal anti-P5SCS (ALDHI18A1) | Proteintech 17719-1-AP
Rabbit polyclonal anti-SHMT?2 Abcam ab224428
Rabbit polyclonal anti-TFAM Courtesy of N.Larsson’s Lab N/A
qPCR Primers
mAtf4 F (5' AACATCCAATCTGTCCCGG 3") This paper
mAtf4 R (5' GTTCTCCAGCGACAAGGC 3") This paper
mNppa F (5° ATGGGCTCCTTCTCCATCA 3°) This paper
mNppa R (5" CCTGCTTCCTCAGTCTGCTC 3°) This paper
mNppb F (5° GGATCTCCTGAAGGTGCTGT 3°) This paper
mNppb R (5" TTCTTTTGTGAGGCCTTGGT 3°) This paper
mFgf21 F (5 GTGTCAAAGCCTCTAGGTTTCTT 3°) (13)
mFgf21 R (5 GGTACACATTGTAACCGTCCTC 3°) (13)
mFgfrl F (5° TATGTCCAGATCCTGAAGAC 3°) This paper
mFgfrl R (5° GAGAGTCCGATAGAGTTACC 3°) This paper
mKIb F (5° CTAAACCAGGTTCTTCAAGC 3°) This paper
mKIlb R (5° GATCTGCTTGTAGTAATGAGC 3°) This paper
mSirt] F (5 GCAGGTTGCAGGAATCCAA 3°) This paper
mSirt] R (5 GGCAAGATGCTGTTGCAAA 3°) This paper
mPpara F (5" AACATCGAGTGTCGAATATGTGG 3) This paper
mPpara R (5 CCGAATAGTTCGCCGAAAGAA 3°) This paper
mUcpl F (5° AGCCATCTGCATGGGATCAAA 3°) (13)
mUcpl R (5" GGGTCGTCCCTTTCCAAAGTG 3) (13)
mDio2 F (5° CAGCTTCCTCCTAGATGCCTA 3) (13)
mDio2 R (5° CTGATTCAGGATTGGAGACGTG 3)) (13)
mCidea F (5 TGACATTCATGGGATTGCAGAC 3°) (13)
mCidea R (5 GGCCAGTTGTGATGACTAAGAC 3°) (13)
mFgfl19 F (5 CCAGAGAACAGCTCCAGGAC 3) This paper
mFgfl19 R (5" TCCATGCTGTCACTCTCCAG 3’) This paper
mFgf23 F (5 TGGGCACTGCTAGAGCCTAT 3’) This paper
mFgf23 R (5" CTTCGAGTCATGGCTCCTGT 3°) This paper
mGrp78 F (5" TGGTGAGCGACTTGTTGGAAT 3°) This paper
mGrp78 R (5" ATTGGAGGCACGGACAATTIT 3°) This paper
mPsatl F (5° AGTGGAGCGCCAGAATAGAA 37) This paper
mPsatl R (5° AGTGGAGCGCCAGAATAGAA 3’) This paper
mPhghd F (5" GACCCCATCATCTCTCCTGA 3°) This paper
mPhghd R (5" GCACACCTTTCTTGCACTGA 3’) This paper
mLonpl F (5° ATGACCGTCCCGGATGTGT 3°) This paper
mLonpl R (5° CCTCCACGATCTTGATAAAGCG 3°) This paper




mAfg312 F (5" GTTGATGGGCAATACGTCTGG 3°) This paper
mAfg312 R (5 GACCCGGTTCTCCCCTTCT 3°) This paper
mHsp60 F (5 GCCTTAATGCTTCAAGGTGTAGA 3’) This paper
mHsp60 R (5" CCCCATCTTTTGTTACTTTGGGA 3°) This paper
mShmt2 F (§' CCACCACCACTCACAAGACACTGCG3") This paper
mShmt2 R (§' TGTAGGGATGG GAACACAGCGAAGTTG 3") This paper
mPycrl F (5*GATGCTCTGGCTGACGGTGGTGT 3" This paper
mPycrl R (§'GCTGGCTGGGATGCTGTTCTGAG 3') This paper
mMthfd2 F (5' CCACTCCCAGAGCACATTGAT 3" This paper
mMthfd2 R (5' GTTGGAATGCCTGTTCGCTT 3") This paper
mChopl0 F (5' CTGGAAGCCTGGTATGAGGAT 3" This paper
mChopl10 R(5' CAGGGTCAAGAGTAGTGAAGGT 3" This paper
mAldhi8al F (5" AATCAGGGCCGAGAGATGATG 3°) This paper
mAldhi8al R (5 GGCCTCTAAGACCGGAATTGC 3°) This paper
mcMyc F (57 AGCCCCTAGTGCTGCATGA 3°) This paper

Label-free quantification of the cardiac proteome

Mass spectrometry: The samples were further processed using a ‘Q Exactive Plus Orbitrap’
(Thermo Fisher Scientific) mass spectrometer coupled with an ‘EASY nLC’ (Thermo Fisher
Scientific). An in-house packed analytical column (50 cm — 75 um LD., filled with 2.7 pm
Poroshell EC120 C18, Agilent) was used to load the samples with solvent A (0.1% formic acid in
water). Chromatographic separation was performed at a constant flow rate of 250 nL/min using
the following gradient: 5-28% solvent B (0.1% formic acid in 80 % acetonitrile) within 220.0 min,
28-55% solvent B within 5.0 min, 55-90% solvent B within 5.0 min, followed by washing and
column equilibration. The mass spectrometer was operated in data-dependent acquisition mode.
The MSI survey scan was acquired from 300-1750 m/z at a resolution of 70,000. The top 10 most
abundant peptides were isolated within a 2.1h window and subjected to HCD fragmentation at a
normalized collision energy of 27%. The AGC target was set to Se5 charges, allowing a maximum
injection time of 60 ms. Product ions were detected in the Orbitrap at a resolution of 17,500.
Precursors were dynamically excluded for 20s.

The generated mass-spectrometry (MS) raw data were analyzed using MaxQuant analysis software
and the implemented Andromeda software . Peptides and proteins were identified using the mouse
UniProt trembl database (downloaded 08/2019) with common contaminants. All parameters in
MaxQuant were set to the default values. Trypsin was selected as the digestion enzyme, and a

maximum of two missed cleavages was allowed.



Methionine oxidation and N-terminal acetylation were set as variable modifications, and
carbamidomethylation of cysteines was chosen as a fixed modification. The label-free
quantification (LFQ) algorithm was used to quantify the measured peptides and the “match
between runs” option was enabled to quantify peptides with a missing MS; spectrum.

Subsequent statistical analysis was performed using Perseus (1.6.10.50) software. Potential
contaminants and reverse peptides were excluded, and values were logx transformed. Welch’s
Student #-test with Sp=0.1 and a permutation-based FDR of 0.05 or 0.01 with 500 randomizations
was performed to obtain differentially regulated proteins between the two groups. Identified
proteins were annotated with the following Gene Ontology terms: Biological Process, Molecular
Function, and Cellular Compartment, and the Reactome Pathway database. Finally, graphical

visualization was achieved using Instant Clue software.

RNA sequencing (RNAseq) of cardiac total mRNA

Adapter and read quality trimming was performed with fastp v0.21.0 (59) ,psuedo-alignment to
The Mus Musculus genome (GRCm38.p6 Ensembl Release 97) was performed with Kallisto
v0.46.1 (60) and differential gene expresion analysis was performed in R v4.0.3 (2021-08-10) (R

Core Team. 2021. R: A Language and Environment for Statistical Computing. Vienna, Austria: R
Foundation for Statistical Computing. https://www.R-project.org/.) with EdgeR v3.32.1 (61).

Raw counts were read with tximport v1.18.0 (62) and subject to variance stabalising

transformation (VST) using DESeq2 v1.30.1 (63) for the purposes of plotting expression levels.
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Figure S1. Tissue-specific loss of FGF21 in DARS2 does not additionally exacerbate stress
responses.

(A) Breeding scheme for generation of wild type (WT), FGF21fL, DARS2FL and DKO*! mice.
Allele nomenclature: wild type (+), transgene (tg), floxed (L). DARS2FL, FGF21FL or DKO' stand
for specific depletion of DARS2, FGF21 or both under Ckmm-Cre promoter in heart and skeletal
muscle. DARS2FL carries also a heterozygous FGF21 depletion, while DARS2X© does not. (B)
Western blot analysis of steady-state levels of proteins in cardiac lysates of 6-week-old WT,
DARS2FL, DARS2K0 and DKOF! mice. Antibodies used were raised against protein indicated in
the panel. HSC70 was used as loading control (n=3). (C) Enzymatic cytochrome c oxidase/
succinate dehydrogenase (COX/SDH) staining; scale bars: 50um (n=3). (D) Relative transcript
levels of Nppa and Nppb cardiomyopathy markers determined by RT-qPCR (n=3-4). (E) Western
blot analysis and quantification of ATF4 protein levels in heart lysates of 6-week-old mice. CANX
was used as a loading control (n=3). (F) Western blot and quantification of UPR™ markers in 6-
week-old hearts. HSC70 and CANX were used as loading controls (n=3). (G) Western blot
analyses of proteins involved in mTOR pathway in 6-week-old hearts. HSC70, PonS and CANX
were used as loading controls (n=3). (H) Western blot and quantification of markers of autophagy
in 6-week-old hearts. HSC70 and CANX were used as loading controls (n=3). (D, E, F and H)
Bars represent mean + SD (one-way ANOVA and Tukey’s multiple comparisons test, *p<0.05,
*%p<0.01, ***p<0.001, ****p<0.0001).
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Figure S2. Overall changes in DARS2 were not altered upon tissue-specific FGF21 loss both
in earlier and later stage.

(A) Western blot analyses of individual OXPHOS subunits in 3-week-old heart lysates. Antibodies
used were raised against proteins indicated in panels. HSC70 and PonS were used as a loading
control (n=3). (B) Volcano plots of whole heart proteome comparing changes between DKO* and
DARS2 at 3 (left) and 6 weeks of age (right). (C) 1D enrichment pathway analysis showing
commonly enriched pathways between DARS'./WT and DKO'L/WT. Data are represented as the
mean values +- 95% confidence interval (CI). (n= number of specific proteins identified in listed
GO terms). (D) Western blot analyses of MTHFD?2 levels in heart lysates at 3 and 6 weeks of age.
HSC70 was used as a loading control (n=3). (E-F) Relative transcript levels of designated genes
involved in FGF21 signaling or (G) adipose tissue browning determined by RT-qPCR (n=3-5).
Bars represent mean + SD (one-way ANOVA and Tukey’s multiple comparisons test, *p<0.05,
*#%p<0.001, ****p<0.0001).
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Figure S3. Full-body FGF21 depletion in DARS2 KO does not lead to changes in molecular
phenotype.

(A-B) Western blot analyses of different OXPHOS proteins (A) and phosphorylated forms of 4E-
BP1 and elF2a (B) in heart lysates from WT, FGF21X0, DARS2X© and DKO at 6 weeks of age.
Antibodies used were raised against proteins indicated in panels. HSC70 and CANX were used as
loading controls (n=3). (C) 1D enrichment analyses showing enriched pathways in tissue-specific
DKOF! (left) and DKO (right) relative to WT. Data are represented as the mean values +- 95%

confidence interval (CI). (n = number of specific proteins identified in listed GO terms).
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Figure S4: OXPHOS is not additionally affected upon FGF21 depletion in CLPP KO mice.

(A) Blue native polyacrylamide gel electrophoresis (BN-PAGE) in the presence of digitonin and
subsequent western blot analysis of OXPHOS complexes and supercomplexes in mitochondria
isolated from WT, FGF21 KO, CLPP KO and DKOY® animals. The membranes were incubated
with antibodies raised against NDUFA9 (CI), COXI (CIV), UQCRCI1 (CIII) and ATP5A (CV)
(n=3). (B) Complex I in-gel activity of heart mitochondria in the presence of n-Dodecyl-B-D-
Maltoside (DDM) at 17 weeks of age (n=3). (C) Western blot analyses of OXPHOS subunits in
total heart lysates of older mice (60-70 weeks of age). Antibodies used were raised against proteins
indicated in panels. HSC70 and CANX were used as loading controls (n=3). (D) Glucose tolerance
tests were carried out in 15-week-old animals following a six hours fast. Blood glucose levels were

determined at 15, 30, 60 and 90 min post-glucose injection.
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Figure S5: One-carbon-metabolism is changed predominantly in cardiomyocytes upon
FGF21 depletion in CLPP KO mice.

(A-C) Relative transcript levels of selected genes in heart (A) or skeletal muscle (B-C) determined
by RT-qPCR (n=3-5).). (D-G) Western blot analyses of (D-E) skeletal muscle, (F) iWAT and BAT
protein lysates from WT, FGF21X°, CLPPX® and DKO at 17 weeks of age. Antibodies used were
raised against proteins indicated in panels. HSC70 and CANX were used as loading controls (n=3).
(G) Relative transcript levels of selected genes in BAT determined by RT-qPCR (n=3-5). (A-C,
G) Bars represent mean = SD (one-way ANOVA and Tukey’s multiple comparisons test, *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001).



Supplemental Tables:

Table S1. Label-free quantification of the cardiac proteome in WT, FGF21FL, DARS2 KO and
DKOF! at 3 weeks of age.

Table S2. Label-free quantification of the cardiac proteome in WT, FGF21ft, DARS2 KO and
DKOF! at 6 weeks of age.

Table S3. Label-free quantification of the cardiac proteome in WT, FGF21X°, DARS2 KO and
DKO at 6 weeks of age.

Table S4. Global changes in the transcriptome in FGF21 KO, CLPP KO and DKOY8 vs. control
hearts.

Table S5. GO Term and KEGG pathway analyses of transcriptome changes in FGF21 KO, CLPP
KO and DKOWB vs. control hearts.

Table S6. Label-free quantification of the cardiac proteome with all significant changes
(FDR<0.05) between DKO and CLPP KO mice at 16 weeks of age.

Table S7 GO Term and KEGG pathway analyses of changes in proteome in FGF21 KO, CLPP
KO and DKOWB vs. control hearts.
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