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a, qRT-PCR showing expression levels of Fi/ in inducible iFhl epithelial kidney cell lines
clones 33 (iFh1"f33) untreated (NT) or treated with either vehicle (ethanol; EtOH) or 4-
hydroxytamoxifen (4-OHT) (iFh”-“t3%) for the indicated period of time. n = 5 independent

experiments. b, Mitochondrial respiration measured using Seahorse in iFh

CL33

cells. n = 3

independent experiments. ¢, Relative abundance of fumarate (left), S-(2-succinyl)cysteine

(middle) and argininosuccinate (right) in iFh

mass-spectrometry (LC-MS). Peak intensity is shown with A.U.= arbitrary units. n

1CL33

cells measured by liquid-chromatography

5

independent experiments. d, qRT-PCR showing expression levels of the transcriptional marker

of Fhi loss, Hmoxl, in iFh1" cells. n = 5 independent experiments. Bar graphs show the

fold change expression, for which the expression in control samples was set to 1. Indicated p-



values are relative to the corresponding vehicle (EtOH)-treated time point. e, qRT-PCR
showing expression levels of Ifnbl and Interferon-stimulated genes (ISGs) (Ifi202b, Ifitm10,
Areg and Ccl20) in iFh1°"33 cells. n = 5 independent experiments. Bar graphs show the fold
change expression, for which the expression in control samples was set to 1. Indicated p-values
are relative to the corresponding EtOH-treated time point. f,g, Percentage of iFhl33 cells
showing cytosolic DNA foci (f), and number of cytosolic DNA foci per cell (g). n = 3
independent experiments. h-j, Classification of mitochondrial morphology (h), quantification

of mitochondria number (i), and area (j), in iFhl33

cells. » = 3 independent experiments.
Indicated p-values are relative to the corresponding vehicle (EtOH)-treated morphology
category. k-m, Quantification of mtDNA copy number by digital droplet PCR (ddPCR) using
either a mtCo3 (k), ND1 (1) or D-loop (m) probe, from isolated cytosolic fractions of iFhl¢L3’
cells. » = 3 independent experiments. Data are mean * s.e.m. a,c-e, Students t-test corrected
for multiple comparison with the Holm-Sidak method, f,g,i-m, one-way ANOV A with Tukey’s

multiple comparison test, h, two-way ANOVA with Tukey’s multiple comparison test.
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Supplementary Figure 2

a, Schematic diagram for the generation of two epithelial kidney cell lines with chronic Fhl
deletion (cFh17-* and cFh17-““"?) from cFh1//. Ad-Cre = adenovirus-Cre. pFH = human FH-
expressing exogenous plasmid. b, Representative confocal images of mitochondrial
morphology (TOM20) in cFhl7““% cells with indicated mitochondrial morphology
phenotypes. Scale bar: 10 pm.
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Supplementary Figure 3

a, Top: Schematic diagram for the generation of two epithelial kidney cell lines with chronic
Sdhb deletion (cSdhb”“" and cSdhb”-L7) derived from the cSdhb"line’*. Bottom: gqRT-PCR
showing expression levels of Sdhb in cSdhb” and cSdhb"“*” compared to cSdhb™"

measured by qRT-PCR; Ad-Cre = adenovirus-Cre. n = 3 independent experiments. b, Volcano
plots showing the disregulated genes in cSdhb”-L (left) and cSdhb™"“t” vs Sdhb" kidney cell



lines. ¢, Volcano plot for the Gene Set Enrichment Analysis highlighting the differentially
regulated pathways in cSdhb”"“"’ (orange) and cSdhb’ L7 (red) vs Sdhb™ kidney cell lines.
NES=Normalised Enrichment Score. d, Representative confocal images of mitochondrial
morphology (TOM20) and DNA foci (DNA) in cSdhb cells. Scale bar: 10 um. e, Quantification
of mitochondrial morphology in c¢Sdhb cell lines. n = 3 independent experiments. f,g, Number
of cytosolic DNA foci per cell (f), and percentage of cells with cytosolic DNA (g), in cSdhb
cells from d. » = 3 independent experiments. h-j, Quantification of mtDNA copy number by
ddPCR using either a mtCo3 (h), mtNDI1 (i), or D-loop (j) probe, from isolated cytosolic
fractions of c¢Sdhb cell lines. n = 3 independent experiments. k, Expression of a panel of ISGs
(left) and negative controls HmoxI and Tfam (right), in c¢Sdhb cells measured by qRT-PCR. n
= 3 independent experiments. Bar graphs show the fold change expression, for which the
expression in control samples was set to 1. Data are mean * s.e.m. a,f-k, one-way ANOVA
with Tukey’s multiple comparison test, e, two-way ANOVA with Tukey’s multiple

comparison test.
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a, Representative confocal images of cFhI/ and cFh1/-¢"! cells stably expressing pEGFP
(cFh17-“'+EGFP) or pEGFP:NdI1 (cFhI”-“*'+EGFP:NDII). Mitochondria and DNA were

labelled using anti-TOM20 and anti-DNA antibodies, respectively. White arrows indicate
cytosolic DNA foci. Scale bar: 10 um. b, mRNA expression of NDII in cFhl cells measured

by qRT-PCR. n = 3 independent experiments. Bar graphs show the fold change expression, for

which the expression in control samples was set to 1. ¢, Quantification of oxygen consumption

in cFhl cells with Oroboros (left panels); panels on the right represent the percentage of ATP



dependent, spare capacity and rotenone sensitive oxygen consumption. » = 4 independent
experiments. d, Number of cytosolic DNA foci in c¢Fhl cells from a. n = 3 independent
experiments. e, Immunoblots of specified proteins in cFhl cells. f, Expression of the ISGs
Ifi202b, Ifitm10, Ccl20 and Areg; and negative and positive controls Tfam and Hmoxl,
respectively, in cFhl cells. n = 3 independent experiments. Bar graphs show the fold change
expression, for which the expression in control samples was set to 1. Data are mean * s.e.m.

b,d.f, one-way ANOVA with Tukey’s multiple comparison test.
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Supplementary Figure 5

a, Schematic diagram showing cell permeable form of fumarate, monomethylfumarate (MMF),
treatment of inducible iFhl epithelial kidney cell lines clones 29 (iFh /" €L2%) b, schematic
diagram showing cell permeable form of succinate, dimethylsuccinate (DMS), treatment of
iFhMCL29 ¢, Classification of mitochondrial morphology in iFh "L cells treated with
vehicle (DMSO) or DMS at the indicated concentration for 8 days. » = 3 independent
experiments. d,e, Quantification of mtDNA copy number by ddPCR using either a ND1 (d) or
D-loop (e) probe, from isolated cytosolic fractions of iFFh1/1L29 cells treated with DMSO or
DMS. n = 3 independent experiments. f, Expression of the ISGs Ifi202b, Ifitm10, Cc/20 and
Areg in iFh1"CL2% cells treated with DMSO or DMS. n = 3 independent experiments. g,

Schematic diagram showing MMF, aKG or 2-HG treatment of iFh /€129 cells. Data are mean



+ s.e.m. ¢, two-way ANOVA with Tukey’s multiple comparison test, d-f, one way ANOVA
with Tukey’s multiple comparison test, bar graphs show the fold change expression, for which
the expression in control samples was set to 1. p-values indicated above each bar are relative

to the DMSO control.
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Supplementary Figure 6

a, mRNA expression of siRNA-targeted genes in iFhl?? cells at 15 days post induction
transfected with indicated siRNA measured by qRT-PCR. n = 2 independent experiments. Bar
graphs show the fold change expression, for which the expression in control samples was set
to 1. b, mRNA expression of [fnbI and siRNA-targeted genes cGas, Sting, and Rig-I in iFh]t%’
cells, treated with either DMSO or MMF for 8 days, and with combinations of siRNAs for
cGas, Sting and Rig-I, measured by qRT-PCR. n = 4 independent experiments. Bar graphs
show the fold change expression, for which the expression in control samples was set to 1. Data

are mean * s.e.m. b, one-way ANOVA with Tukey’s multiple comparison test.
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Supplementary Figure 7
a, Representative confocal images of mitochondrial morphology (TOM20) and DNA foci
(DNA) in cFhI7-¢H cells untreated or treated with indicated siRNA. White arrows indicate

-/-CL1

cytosolic DNA foci. scale bar: 10 um. b, Immunoblots of specified proteins in cFhl cells

treated with indicated siRNA.
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Supplementary Figure 8

a, Immunoblots of pro-TFAM and TFAM in cFhl cells. b,e, Tfam expression in untreated
(NT), vehicle (EtOH)- or 4-hydroxytamoxifen (4-OHT)-treated iFhI"C?° (left) and
iFh "AICL33 (right) cells, measured by qRT-PCR. n = 5 independent experiments. Bar graphs
show the fold change expression, for which the expression in control samples was set to 1. Data
are mean * s.e.m. b,¢, Students t-test corrected for multiple comparison with the Holm-Sidak

method.
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Supplementary Figure 9

a, Representative confocal images of mitochondrial morphology (TOM20) and DNA foci
(DNA) in vehicle (EtOH)- or 4-hydroxytamoxifen (4-OHT)-treated iFhl/'CL?% cells
transfected with scramble (scr) or Snx9 siRNA for the indicated period of time. White arrows
indicate cytosolic DNA foci. Scale bar: 10 um. b, Quantification of the circularity of TOM20"
PDH'DNA" MDVs obtained from lattice super resolution SIM image of MMF-treated cFh "/

cells. n = 3 independent experiments.
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Uncropped Immunoblots: Main Figures
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Figure 4J
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Uncropped Immunoblots: Extended Data Figures
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Figure ED1b
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Figure ED6h
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Figure ED7f
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Figure ED9f
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Uncropped Immunoblots: Supplementary Figures

Supplementary Figure 4e
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Supplementary Figure 8a
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Uncropped gels and immunoblots from figures.
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Supplementary Table 1: RNASeq analysis of the FihI”~ vs Fh1*" mouse kidney at Days 5

and 10 upon tamoxifen treatment. See Excel sheet 1.

Supplementary Table 2: Biological processes analysis of the Fh1”- vs Fh1"* mouse kidney

at Day S upon tamoxifen treatment. See Excel sheet 2.

Supplementary Table 3: KEGG pathway analysis of the FhI”" vs Fh1** mouse kidney at

Day 5 upon tamoxifen treatment. See Excel sheet 3.

Supplementary Table 4: Mouse primers list.

Target
Mm Areg
Mm Ccl17
Mm Ccl2
Mm Ccl20
Mm cGas
Mm Cxcl10
Mm Fhl ex2-3
Mm Hmgb1
Mm Hmox1
Mm Ifi202b
Mm Ifitm10
Mm Ifnb
Mm 116
Mm Mx1
Mm Mx1
Mm Nqol
Mm Rplp0
Mm Snx9
Mm Snx9
Mm Tfam

forward
TGGCAGTGAACTCTCCACAG
AGTGGAGTGTTCCAGGGATG
AAGAGGATCACCAGCAGCAG
TTTTTGGGATGGAATTGGAC
TCAGCTACCAAGATGCTGTCA
CCAAGTGCTGCCGTCATTTTC
AACGTATGCCAATCCCAGTC
TGACAAGCAGCCCTATGAGA
GGTCAGGTGTCCAGAGAAGG
GAAAGGCTGGTTGATGGAGA
CGAGGTCTACCCGGACACTA
CCCTATGGAGATGACGGAGA
CCGGAGAGGAGACTTCACAG
GGTCCAAACTGCCTTCGTAA
GGTCCAAACTGCCTTCGTAA
AGGCTGGTTTGAGAGAGTGC

GATTCGGGATATGCTGTTGG
GCACAGCTCAAACCAACTCA

GCACAGCTCAAACCAACTCA
AAGGATGATTCGGCTCAGG

27

reverse
TTCTTGGGCTTAATCACCTGTT
TGGCCTTCTTCACATGTTITG
TCTGGACCCATTCCTTCTITG
AGGTCTGTGCAGTGATGTGC
GGCTTCCTGGTTTTTCCTTC
GGCTCGCAGGGATGATTITCAA
CATCTGCGGCCTTCATTATT
CTTTTTCGCTGCATCAGGTT
GCTTGTTGCGCTCTATCTCC
CCACCACTTTCATTGCTCCT
GTAGGCCAGAGCAATGAAGC
CCCAGTGCTGGAGAAATTGT
TCCACGATTTCCCAGAGAAC
TTCAGCTTCCTTTTCTTGGTTT
TTCAGCTTCCTTTTCTTGGTTT
CCCCAGTGGTGATAGAAAGC

TCGGGTCCTAGACCAGTGTT
AGGTTTGGGAGCATTCCAG

AGGTTTGGGAGCATTCCAG
GGCTTTGAGCACTAACTGG



Supplementary table 5: Human primers list.
reverse

target forward
AREG CGGGAGCCGACTATGACTAC GGGGGCTTAACTACCTGTTCA
CCL2 GCCTCCAGCATGAAAGTCTC GTGACTGGGGCATTGATTG
CCL20 TTTATTGTGGGCTTCACACG GATTTGCGCACACAGACAAC
CSF3 GTGCTGCTCGGACACTCTCT TAGAGGAAAAGGCCGCTATG
FH TGCAATAATGAAGGCAGCAG TGATCCAGTCTGCCATACCA
IFI16 TCTTCACAAACAAGCTTCAGGA CCTGAATTTCGTAGATTGTGGTC
GGCAGAACTGGTGATGTTGA

IFITM10 CTTCATCGCCTTGGCCTACT
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