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Figure S1. RNA sequencing and proteomic analysis upon mitochondrial stress. (A) Smear plots of RNA sequencing analysis in each condition, repre-
senting the relation of the logarithm base 2 of the fold change (logFC) relative to control and the mean of counts per million (logCPM) of each gene.  
(B) Volcano plots of quantitative proteomic analysis in each treatment, representing the relation of the logarithm base 10 of the p-value using a Bonferroni 
correction and the logarithm base 2 of fold change (log2FC). For both smear and volcano plots, genes significantly up-regulated are depicted in red and 
those significantly down-regulated are in blue using an FDR < 0.05. Also, the number of transcripts and proteins up- and down-regulated are shown.  
(C) Boxplots showing profiles of mitochondrial transcripts and proteins in RNA sequencing and quantitative proteomic analysis, respectively, showing 
changes in mitochondrial proteins upon treatment with the different drugs without changes in mRNA levels. (D) Venn diagram comparing the number of 
transcripts and proteins detected in both RNA sequencing and quantitative proteomic analysis. (E) Venn diagrams of differential expressed transcripts and 
proteins in RNA sequencing and proteomics in each condition using the 7,885 common transcripts and proteins detected in both analysis. Overlapping 
percentage of differential expressed proteins and transcripts for each condition is represented. (F) Spearman correlation analysis between the logarithm 
base 2 of the fold change in proteomics and RNA sequencing using the previous 7,885 transcripts/proteins. Spearman coefficient and p-value are depicted 
in each plot. Acti, actinonin; Dox, doxycycline; MB, MitoBloCK-6.
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Figure S2. Mitochondrial stress inhibits mitochondrial translation and decreases MRPs and OXP HOS complexes. (A) Gene enrichment analysis using 
Gene Ontology (GO) categories of the 101 commonly down-regulated proteins. Enrichment is represented as negative of log10 of P value after Bonferroni 
correction. (B) Boxplots showing the expression of the transcripts and the relative amount of proteins of the mitochondrial ribosomal proteins (MRPs) in each 
condition. (C) Boxplots showing the transcript levels and relative amount of proteins of the OXP HOS components in each condition. All total complexes 
together (OXP HOS) or individual complexes are shown. Note that except for actinonin, in which are greatly increased, all treatments decreased the ex-
pression of all respiratory complexes. (D) Western blot analysis of OPA1 upon treatment for 6 h with each stressor. Long OPA1 isoforms (L-OPA1) and short 
OPA1 isoforms (S-OPA1) are represented. Acti, actinonin; Dox, doxycycline; MB, MitoBloCK-6.
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Figure S3. Mitochondrial stress increases biosynthesis of amino acids. (A) Gene enrichment analysis of the 59 genes (left; black bars) and 17 proteins 
(right; gray bars) commonly up-regulated in mitochondrial stress using GO categories. Enrichment is represented as negative of log10 of P value after 
Bonferroni correction. (B) Table representing the results obtained from GSEA of all mitochondrial stress conditions from RNA sequencing. GSEA was 
performed against the gene sets from CGP category (chemical and genetic perturbations). (C) Proteasome activity measured in cells treated with selected 
drugs for 24 h. Bars depict the relative slope in fluorogenic suc-LLVY-AMC peptide cleavage compared with control cells (n = 3 independent experiments; 
mean ± SEM). (D) Heatmap and hierarchical clustering analysis of the more than 300 unique metabolites detected in our mitochondrial stress experiment. 
(E) Relative protein levels of glutathione cycle enzymes. Expression data were extracted from the proteomic analysis (mean values ± SEM). *, P < 0.05;  
**, P < 0.01; ***, P < 0.001. Acti, actinonin; Dox, doxycycline; ES, enrichment score; FDR q-val, false discovery rate adjusted p-value; FWER, family-wise 
error rate; MB, MitoBloCK-6; NES, normalized enrichment score; NOM p-val, nominal p-value.



JCB   • 2017S24

Figure S4. ATF4 mediates the mitochondrial stress response independent of the UPRer and UPRmt. (A) Triple Venn diagram of ATF4 and CHOP targets with 
common up-regulated genes, showing that 26 genes overlap with ATF4, of which 13 overlap with CHOP targets. (B) Sanger sequencing of individual dele-
tion clone of ATF4, showing a biallelic deletion c.995delT in the exon 1. (C) Western blot analysis showing the absence of ATF4 upon addition of 50 µM 
actinonin (Acti) or 2.5 µg/ml tunicamycin (Tn) for 6 h. (D) Heatmap analysis of UPRer transcript levels in RNA sequencing showing that this pathway was not 
activated under mitochondrial stress. (E) Heatmap analysis of prototypical UPRmt genes in RNA sequencing showing that this pathway was not activated in 
a coordinated fashion by the different mitochondrial stress conditions. (F) Western blot analysis of mitochondrial stress protease LONP1 and UPRmt proteins 
(HSPA9, HSPD1, and CLPP) upon transfection with empty plasmid pCAG GS (mock), wild-type ornithine transcarbamylase (OTC), and ΔOTC in HEK293T, 
HeLa, and Cos7 cells for 48 h. Note: ΔOTC was only detected in the insoluble fraction. (G) mRNA expression analysis of Atf4 and its target genes, Chop 
(Ddit3), Atf3, Asns, and Trib3 in mouse embryonic fibroblasts (MEFs) 24 h after the addition of different mitochondrial stressors at the same concentration 
as was used in HeLa cells. Data are presented as mean ± SEM of two independent experiments and were analyzed using multi t test against control (Ctrl) 
cells. *, P < 0.05; **, P < 0.01; ***, P < 0.001. Dox, doxycycline; MB, MitoBloCK-6.
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Table S1. List of primers

Gene Organism Forward (5′–3′) Reverse (5′–3′)

ACTB Human GTC ATC ACC ATT GGC AAT GAG CGT CAT ACT CCT GCT TGC TG

ASNS Human ATC ACT GTC GGG ATG TAC CC TGA TAA AAG GCA GCC AAT CC

ATF3 Human GGA GCC TGG AGC AAA ATG ATG AGG GCG TCA GGT TAG CAA AA

ATF4 Human CAG CAA GGA GGA TGC CTT CT CCA ACA GGG CAT CCA AGTC

ATF5 Human GAG CCC CTG GCA GGT GAT CAG AGG GAG GAG AGC TGT GAA

BIP Human CAC AGT GGT GCC TAC CAA GA TGT CTT TTG TCA GGG GTC TTT

CHAC1 Human GTG GTG ACG CTC CTT GAA GA TTC AGG GCC TTG CTT ACC TG

DDIT3 Human AGC CAA AAT CAG AGC TGG AA TGG ATC AGT CTG GAA AAG CA

CLPP Human AAG CAC ACC AAA CAG AGC CT AAG ATG CCA AAC TCC TGGG

GAP DH Human TTG GTA TCG TGG AAG GAC TC ACA GTC TTC TGG GTG GCA GT

HSPA9 Human TGG TGA GCG ACT TGT TGG AAT ATT GGA GGC ACG GAC AAT TTT

HSPD1 Human GGG TAA CCG AAG CAT TTC TGC CTG CAC TCT GTC CCT CAC TC

HSPE1 Human AGT AGT CGC TGT TGG ATC GG TGC CTC CAT ATT CTG GGA GA

LONP1 Human CCC GCG CTT TAT CAA GATT AGA AAG ACG CCG ACA TAA GG

PCK2 Human CAT CCG AAA GCT CCC CAA GT GCT CTC TAC TCG TGC CAC AT

PHG DH Human GCA AAG AGG AGC TGA TAG CG TTC TCA GCT GCG TTG ATG AC

PSPH Human GAG GAC GCG GTG TCA GAA AT GGT TGC TCT GCT ATG AGT CTCT

FH Human GGA GGT GTG ACA GAA CGC AT CAT CTG CTG CCT TCA TTA TTGC

HRI Human GTT CGT CAG GAT CCT TGT GAGG ACG TGA AGT TTG TGC TTC CAA

PKR Human TCG TTG CTT ATG AAT GGT CTC AG AGG TCA AAT CTG GGT GCC AA

PERK Human GCA CTC AGA TGG AGA GAG TCA AAC CAT CAC GTA CTC ACA AGGA

GCN2 Human GTG AAA TTG AAA TTC TGG CTG TGG ATG CCT GTT CAT CAG CAT CC

tRNA-Leu (mtDNA) Human GAT GGC AGA GCC CGG TAA TCGC TAA GCA TTA GGA ATG CCA TTG CG

POLG (nDNA) Human AGC GAC GGG CAG CGG CGG CGG CA CCC TCC GAG GAT AGC ACT TGC GGC

Actb Mouse TGT TAC CAA CTG GGA CGA CA GGG GTG TTG AAG GTC TCA AA

Asns Mouse GAG AAA CTC TTC CCA GGC TTTG CAA GCG TTT CTT GAT AGC GTT GT

Atf3 Mouse ATG ATG CTT CAA CAC CCA GGC TTA GCT CTG CAA TGT TCC TTC

Atf4 Mouse GCC GGT TTA AGT TGT GTG CT CTG GAT TCG AGG AAT GTG CT

Chop Mouse CGG AAC CTG AGG AGA GAG TG CGT TTC CTG GGG ATG AGA TA

Gapdh Mouse TGT GTC CGT CGT GGA TCT GA CCT GCT TCA CCA CCT TCT TGAT

Trib3 Mouse TGT CTT CAG CAA CTG TGA GAG GA CAG TCA TCA CGC AGG CATC

Table S2. List of shRNAs

Gene Clone

HRI TRCN0000194754
HRI TRCN0000195265
PKR TRCN0000197012
PKR TRCN0000196400
PERK TRCN0000197197
PERK TRCN0000262380
GCN2 TRCN0000300851
GCN2 TRCN0000300850
LONP1 TRCN0000291803
LONP1 TRCN0000310154
FH TRCN0000052464
FH TRCN0000052465

Provided online are six Excel tables. Table S3 shows RNA sequencing results of mitochondrial stress. 
Table S4 shows TMT-based quantitative proteomic analysis of mitochondrial stress. Table S5 shows 
common differential expressed genes and proteins in mitochondrial stress. Table S6 shows gene enrich-
ment analysis of each stressor in RNA sequencing analysis. Table S7 shows enrichment analysis of each 
stressor in TMT-quantitative proteomic analysis. Table S8 shows nontargeted metabolomics raw data 
of mitochondrial stress.


