Supplemental Material

Methods

Animals. All animal experiments were approved by the Insbtual Animal Investigation Care and Use
Committee or governmental committé&ox4i2” mice were generated as describ@hly littermates
(WT or Cox4i2™) were used for the experiments. Mice of eitherwere studied at 2-3 months of age.

Hemodynamic measurementsin isolated, perfused, and ventilated mouse lungs

Lungs of either WT o€ox4i2” mice were isolated, perfused and ventilated asrittesi previousl
Briefly, mice were deeply anesthetized intrapeetly with xylazine (20 mg/kg body weight, Bayer
Healthcare, Leverkusen, Germany) and ketaminerfig)Rg body weight, Pfizer, Karlsruhe, Germany),
and anticoagulated with heparin (50,000 I.E./kgybedight). After reaching deep anesthesia mice were
intubated via a tracheostoma and ventilated witmrair with a tidal volume of 300 pl, at a frequgnc
of 90 breaths/min and a positive end-expiratorysguee of 3 cm kD using a piston pump (Minivent
Type 845, Hugo Sachs Elektronik, March-Hugstettébermany). Subsequently, midsternal
thoracotomy was performed and catheters were @geénto the pulmonary artery and left atrium.
Perfusion with sterile Krebs—Henseleit buffer (gevdiessner, Naila, Germany) was initiated through
the catheter in the pulmonary artery using a matistpump (ISM834A V2.10, Ismatec, Glattbrugg,
Switzerland), with a buffer temperature of 4°C anffiow of 0.2 ml/min. In parallel with the onset of
artificial perfusion, ventilation was changed freoom air to a pre-mixed gas (21% 6.3% CQ,
balanced with Y. The lungs were removed from the thorax whileticwrously ventilated and perfused
and were freely suspended from a force transdwcehé monitoring of organ weight in a temperature-
equilibrated, humidified chamber. After rinsing thengs, the perfusion circuit was closed for
recirculation, left atrial pressure was set atrar Hg, the flow was slowly increased to 2 ml/miman
the entire system heated to 37°C. Pressures ipuin@onary artery and the left atrium were registere
via small diameter catheters with pressure trarexguc

For determination of acute HPV and the vasocoristeicesponse to KCI the following protocol was
applied. After an initial steady-state period, Isngere ventilated three times for 10 min with adwip

gas mixture (1% & 5.3% CQ, balanced with B, each time followed by a 15-min period of norneoxi
ventilation (21% @, 5.3% CQ, balanced with By. Afterwards, a bolus of KCl was infused into the
pulmonary artery three times each for 25 min dunfggmoxic ventilation. The strength of the
vasoconstrictor response to hypoxia or KCl was gfied from the second hypoxic or KCI challenge,
respectively. For determination of the prolongedogmnstrictor response to alveolar hypoxia, lungs
were ventilated according to the following protocafter the initial steady-state period, a shortrte
hypoxic ventilation was performed (10 min, 1%) Jollowed by a nhormoxic ventilation period of 15
min and subsequent hypoxic ventilation for 180 (i O).

In order to determine the effect of MitoTempo, S3QENnd SkQ1 on HPV, or the effect of MitoTempo
and S3QELZ2 on hypoxia-independent vasoresponsisafdale pulmonary vasculature, six repetitive
hypoxic or KClchallenges in absence or presenacogasing doses of MitoTempo, S3QEL2 or SkQ1,
respectively, were performed. The effect on U46BiRiced vasoconstriction was tested either with
repetitive challenges in presence or absence oéasing doses of MitoTempo or by application of
U46619 after the last repetitive hypoxic challeirgpresence of the highest dose of S3QEL2 or SkQ1.

Arterial pO, measurement and airway fluid challenge

Anesthetized (1.5-2.5% isoflurane) and heparinirécke were artificially ventilated (MiniVent Type
845, Hugo Sachs Elektronik, March-Hugstetten/Gegpamith a isofluran/oxygen mixture (tidal
volume 250 ml, 60 breath per min, 21% oxygen). Blgases drawn from the carotid artery were
measured by an ABL 500 (Radiometer, CopenhagernmnBsk) directly before and 2 and 10 min after
tracheal instillation of 25 pl of saline (0.9% NxGls described previously

Mouse PASM C isolation

Mouse PASMCs were isolated from precapillary pulengrarterial vessels as described previcusly
Mice were anesthetized with xylazine (20 mg/kg bagyght, Bayer Healthcare, Leverkusen, Germany)
and ketamine (100 mg/kg body weight, Pfizer, Kaitigr, Germany), anticoagulated with heparin



(50,000 I.E./kg body weight) and killed by exsamgion. A catheter was placed in the pulmonary
artery and the pulmonary vasculature was rinseld @dtd PBS following infusion of growth medium
199 (M199 containing Earl’s salts and 100 mg/l utaine; Gibco, Invitrogen, De Schelp,
Netherlands) containing 1% penicillin/streptomy¢i®000 U/ml penicillin, 10 mg/ml streptomycin,
PAN Biotech GmbH Aidenbach, Germany), 0.5% low-ingHhpoint agarose (type VII, Sigma-Aldrich,
Munich, Germany) and 0.5% #& particles (Sigma-Aldrich, Munich, Germany). Thenduwas
removed and placed in cold PBS until the agarosdifsed. Afterwards the lung was mechanically
chopped with scissors, lung fragments were suspkade washed twice with PBS by using a magnet
to retain the iron-containing fragments. The lungcps were incubating in M199 medium containing
collagenase (80 U/ml) at 37°C for 1 hour. Finalhg digested lung pieces were disrupted by drawing
them through 15 and 18 gauge needles 5-6 timesagattollagenase digestion was stopped by washing
3 times with M199 medium containing 1% penicillinéptomycin and 10% fetal calf serum (FCS,
PromoCell, Heidelberg, Germany) by use of a magrailder. The tissue was resuspended in smooth
muscle cell growth medium 2 containing supplemeixt{fromoCell, Heidelberg, Germany), normocin
(1%, Invitrogen, De Schelp, Netherlands) and 20% &6d transferred to cell culture dishes. PASMCs
were incubated at 37°C in an atmosphere contaliiff Q, 5% CQ, balanced with bfor 5 to 10 days
without passaging (passage 0). During this timepiteeapillary PASMCs migrate and adhere to the
dish. Microvascular PASMCs in passage 0 (4 day®)were used for experiments. We obtained 91.7
+ 1.7% of cells that were positive farsmooth-muscle actin in each cell isolation.

Calcium measurement

The fluorescent dye Fura 2-AM (Sigma-Aldrich, Muni&Germany) was used for detection of changes
in intracellular C& concentration ([C4];) in PASMCs (passage 0) isolated from WT &@ux4i2”
mice. Cells were cultured on 60 pum glass bottoreadiglbidi, Martinsried, Germany) for 4 days under
normoxic conditions (21% £5% CQ). Cells were loaded with 5 uM Fura 2-AM in HEPESfer
solution (5.6 mM KCI, 136.4 mM NacCl, 1 mM Mg{R.2 mM CaCl, 11 mM glucose, 10 mM HEPES;
pH 7.4) with 0.1% BSA at 37°C for 30 min. After vidrisg twice with HEPES buffer, dishes were
mounted on the stage of an Olympus IX71 invertedriscence microscope (Hamburg, Germany)
coupled to a Polychrome V monochromator and a samstamera (PCO, Kelkheim, Germany). Fura
2-AM was excited with 340 and 380 nm wavelength872C. In all experiments, [€4 of multiple
cells in a single field was measured every secdnw recording protocol consisted of 3 min
measurement with normal HEPES buffer (to recordbéeeline C4 concentration), application of 2
ml normoxic (room air) or hypoxic (1% sObalanced with By HEPES buffer at minute 2. The
experiment was stopped after 10 minutes. Resukls epressed assdfFsso ratios, (including
background fluorescence correction), and normalteeithitial Fz40/Fsso ratios measured in the initial
minute of the experiment. The acquired images wayeessed with TillVision software (Till Photonics,
Gréfelfing, Germany).

Site-directed mutagenesis

Cox4i2 mutant plasmids were generated using overlap sixterpolymerase chain reaction (PCR).
Briefly, wild-type Cox4i2 cDNA present in the pCINeo mammalian expressiaitorewas amplified
using RedTaq polymerase (Sigma) and primers cantpieelect point mutations to alter codon
sequences for cysteine to alanine or serine. Fdrwagrimers were C41A, 5'-

TACGTTGACGCCTACGCCCAGCGCTCC-3 CA41S, 5'-
TACGTTGACAGCTACGCCCAGCGCTCC-3', C55A, 5'-
ATGCCGGATGAGCCCTTCGCCACAGAGCTCA-3’; C55S, 5'-
ATGCCGGATGAGCCCTTCTCCACAGAGCTCA-3', C109A, 5'-
GAATGGAAGACAGTGATGGGCGCCGTCTTCTTCTTCATT-3’; C109sS, 5'-

GAATGGAAGACAGTGATGGGCTCCGTCTTCTTCTTCATT-3' (mutatebases are underlined) to
amplify the 3’-part of the cDNA using the counteinper 5-
CCGGGTCGACTCTAGATCACTTTTTCCA-3', containing a Sallestriction site for cloning
(underlined). Another set of reverser primers wasiegated containing the reverse-complement
sequences of the above site-directed mutagendésiergrto amplify the 5’-part of the cDNA using the
counter primer 5-ACTGAATACGCTAGCCTCGAGATGTTTTCCAGA-3' containing a Xhol
restriction site. The resulting 100-300bp fragmemese agarose gel purified using the Wizard SV Gel




Purificaton kit (Promega) and subjected to ovedagension PCR using the restriction site-containing
primers. Fragments were digested with the corredipgrrestriction enzymes (New England Biolabs)
and cloned into the pCINeo vector using T4 ligdReche) and transformed into competent DHS

coli cells following plasmid isolation with the QIAPregpin kit (Qiagen). Isolated plasmids were
sequence confirmed.

Lentivirus production and transduction of primary PASMCs

Full length Cox4i1, or wild type or mutated Cox#i2re subcloned into the pWPXL plasmid (Addgene,
Boston, USA) and packed with a second-generatiativieus transduction system with pMD2.G as the
envelope and psPAX2 as a packing vector (AddgemstdB, USA). lentiviral transduction was
performed with a titer of at least 1X1(particles according to established protocols (see
http://tronolab.epfl.ch/ for more details). Aftéarée days of transduction, PASMCs were used for ROS
measurements.

Stable expression of Cox4i2 and Cox4ilin CMT 167 cells

Mouse cDNA of Cox4il, wild-type, or of mutated Cax4vere subcloned in the pCl-neo plasmid. CMT
167 (mouse lung carcinoma cell line) cells weredfacted with the corresponding plasmids using
TurboFectin 8.0 transfection reagent. Transfectdls$ evere passaged in flasks containing 0.5 mg/ml
G418 (Geneticin, Thermo Fisher Scientific, Darmgtadsermany) in 10% FCS, 1%
penicillin/streptomycin Waymouth's medium (Thernistter Scientific, Darmstadt, Germany). After 1-
2 weeks, transfected cells were passaged in 6platdls and these cells were further passaged ves i

in medium containing 0.5 mg/ml G418. At this tinse|onies of stably transfected cells were obtained.
These populations of cells were cultured underhtligelective pressure” of medium containing 0.2
mg/ml G418 and used for experiments.

SOD activity assay

Briefly, the PASMCs from WT and Cox4i2mice (70 000 cells each sample) were homogenizami

cold 0.1 M Tris/HCL (pH 7.4) containing 0.5% Tritod100, 5 mMp-mercaptoethanol, and 0.1 mg/ml
phenylmethanesulfonyl fluoride (PMSF) and centr&@d@t 140009 for 5 minutes at 4°C to remove cell
debris. The assay was performed as described maheafacturer’s protocol (Abcam, Cambridge, MA,
USA). After incubation at 37°C for 20 minutes alimorce was measured at 450 nm using a microplate
reader.

SIRNA transfection

Selective targeting of Cox4i2 in mouse and humasM&s was performed using ON-TARGETplus
SiRNA against Cox4i2 (GE Healthcare, Little Chatfodnited Kingdom). As a control, a scrambled
siRNA was employed that does not target any gertbéngenome (GE Healthcare, Little Chalfont,
United Kingdom). Mouse PASMCs in passage 2 or huRABMCs in passage 3-9 were transfected
using lipofectamine (Thermo Fisher Scientific, Datadt, Germany). Experiments were conducted
three days after transfection. To verify the effigy of SIRNA transfection real-time PCR was catrie
out.

RNA isolation, cDNA synthesis and real-time polymer ase chain reaction (PCR)

Total RNA (1 pug) was extracted from mouse PASMCRINeasy Micro Kit (Qiagen N.V., Hilden,
Germany), or human PASMC or human lung materialglhomogenate, bronchus, pulmonary artery,
media, adventitia) by RNeasy Mini Kit (Qiagen). RMAs reverse-transcribed using the iScript cDNA
Synthesis Kit (Bio-Rad, Hercules, USA). Real-timeéRPwas performed using the iTaqg SYBR Green
supermix (Bio-Rad, Hercules, USA) and the Mx3000PCR System (Agilent Technologies, Santa
Clara, USA). The Ct values for each target geneewatculated by Ct = Ct reference gene — Ct target
gene. Primer sequences are given from (5’-3’): ra@uld (p2-microglobulin, NM_009735.3, reference
gene) (FP: GGT GAT TTG GTG GCA GCG AG; RP: GCC CTAT GGG GTT GCT CT), mouse
Cox4i2 (NM_053091.2) (FP: AGC CCA AGA CCG TCT ACTGGRP: TTC TTT CTG CGT GCA
TAA ATT G), mouse Kv1.2 (NM_008417 ) (FP: TGG AAACT TGC CCATCT TC; RP: GGA GGT
GGA CTG CTG GTA CC) mouse Kv1.5 (NM_145983) (FP: GGECC GCT CCT GCC TAG; RP:
GGC AAG CAA AGA AAC GCA C), mouse Kv2.1 (NM_008420yP: CTC CAC CAT TGC CCT
GTC AC; RP: CAC ACA GCC TCC ACG TGT G), mouse KvBNIM_008421) (FP: GAG ACT CAC



GAG CGC TTC AAC; RP: AGG CCT CCG TCT CTG CTT C), use Kv9.3 (NM_173417) (FP: ATA
TGG GCA AGG TGG TCC AG; RP: TCA GTG TGG CCC CAA GABC), mouse Taskl
(NM_010608.2) (FP: CCT TCT ACT TCG CCA TCA CCG; RRCA TGA CTA GTG TGA GCG
GGA), mouse Cu/ZnSOD1 (NM_011434.1) (FP: GCA GGGABAT CCA CTT CG; RP: CCT GCA
CTG GTA CAG CCT TG), mouse MnSOD2 (NM_013671.3) (R&G GTG GTG GAG AAC CCA
AA; RP: TAT TGA AGC CAA GCC AGC CC), human PBGD (A82926) (FP: CCC ACG CGA ATC
ACT CTC AT; RP: TGT CTG GTA ACG GCA ATG CG), hum&ox4il (NM_001318794.1) (FP:
GGC CTT GCT CTC TTC CGG T; RP: ATT GCT CGC TTG C@LET AGG) and human Cox4i2
(NM_032609.2) (FP: GTT CTC AGT TGC TCG CTG GG; RBBAG CTG TGC ATC CCT CGT CT).
The primers were intron spanning.

Western blot analysis

For expression experiments of HIk;IPASMCs in passage 2 were exposed to hypoxia (196%
CO,, balanced with pat 37°C) in a water saturated hypoxic cell incubé&ithermo Fisher Scientific,
Waltham, USA) for 36 h prior to protein extractidtroteins from PASMCs were extracted using a cell
scraper. Proteins were extracted from tissue saniplePrecellj24 Homogeniser (Peglab, Erlangen,
Germany) or by grinding in liquid nitrogen. PMSFntaining RIPA buffer was added to PASMC,
mitochondria or ground tissue. After incubation ioa, samples were centrifuged (20,000 x g, 15
minutes, 4°C). The protein concentration in theesogtant was determined by a spectrophotometric
assay (BCA assay, Pierce). A 20pg/pL quantity ofgan containing supernatant was used for Western
blotting. Protein extracts were separated on ar115% sodium dodecyl sulfate (SDS) polyacrylamide
gel, followed by electrotransfer to a 0.45 pm paoiylidene fluoride membrane (PVDF, Pall
Corporation, Dreieich, Germany). After blocking w%-6% non-fat dry milk in TBS-T buffer (Tris
Buffer Saline + 0.1% Tween 20) for 1 h, the membraas incubated overnight &Qlwith anti-Cox4i2
(dilution 1:1000, Novus Biologicals, Littleton, U$AHIF-10 (1:1000 dilution; 10006421; Cayman
Chemical Company, MI, USA),SOD1 (1:1000 dilutioln18831; Abcam), SOD2 (1:1000 dilution,
NB100-1992; novus Biologicals) or afiactin (dilution 1:50000, Sigma-Aldrich, St. LouigdSA)
antibodies. After washing the membranes in TBS-Tfdouthree times for 10 min, specific
immunoreactive signals were detected by enhancemmitiminescence (GE Healthcare, Little
Chalfont, United Kingdom) using a proprietary setdany antibody coupled to horseradish-peroxidase
(W4011; Promega, WI, USA) diluted 1:5000 (incubatwas 1 h at room temperature).

Mitochondriaisolation
Mitochondria from CMT cells were isolated accordthg manual of the mitochondria isolation kit for
cultured cells (Thermo Fisher Scientific, WalthahgA).

M easurement of super oxide by electron spin resonance spectr oscopy

Intracellular and extracellular ROS concentratiomswneasured using an EMXmicro Electron Spin
Resonance (ESR) spectrometer (Bruker Biospin Gnitit¢jnstetten, Germany) using 0.5 mM of the
spin probe CMH (1-hydroxy-3-methoxycarbonyl-2,2%tetramethylpyrrolidine; Noxygen, Elzach,
Germany). The superoxide portion of ROS was detegthby subtracting the ESR signal of the sample
with polyethylen-glycol conjugated superoxide disase (pSOD) from the sample incubated for 90
min without 45 U/ml pSOD in ESR-Krebs HEPES bu{f9.0 mM NacCl, 4.69 mM KCR.5 mM CaCl

X 2H,0, 1.2 mM MgSQ@x 7H0, 25 mM NaHCGQ, 1.03 mM KHPQ;, 5.6 mM D(+) Glucose, 20 mM
Na-HEPES, 25 puM deferoxamine, 5 uM diethyldithibzamat¢> % 100,000 precapillary mouse
PASMCs in passage 2 from wild-type a@dx4i2”~ animals or CMT cells were used for each sample.
After the treatment with or without pSOD, the saespivere incubated with CMH for 30 min under
normoxic conditions at 21% oxygen and 37°C. In peliaacute hypoxia was applied by incubation of
the cells in half of the samples in a hypoxic chaml€oy Laboratory Products, Michigan, USA) for
the last 5 min of the total CMH incubation timel& O, and 37°C. Following this procedure all cells
were collected into 1 ml syringes and flash froretiquid nitrogen. The X-Band (9.65 GHz) ESR
measurements were performed at room temperature 220C). The experimental parameters were as
follows: G-factor 2.0063, center field ~ 3360 Gerowave power 2,000 mW, receiver gain 50 dB, time
constant 10,24 ms, modulation amplitude 2,999 Gjutation frequency 100 GHz.



For the measurements in presence of oligomycin orarbonyl cyanide-4-
(trifluoromethoxy)phenylhydrazone (FCCP), the sabsts were dissolved in dimethylsulfoxid
(DMSO) and applied 20 min prior to freezing. Thepective amount of DMSO was applied as control.

Patch clamp recor dings of cellular membrane potential and Ky-channel currentsUsing a perfusion
insert for cell culture dishes (Warner Instrumemtamden, Conneticut/USA), mouse (passage 0) or
human PASMCs (PromoCell, Heidelberg, Germany), growglass bottom dishes (35/10 mm, Greiner
Bio-One, Frickenhausen, Germany) were continuopasfused with extracellular analogous bath
solution (composition in mM: 126.7 NaCl, 5.4 KCI8LCaC}, 1.05 MgC}, 0.42 NaHPQ,, 22 NaHCQ,

10 Glucose, pH 7.4, 0.5 ml/min). Bath solution Wwabbled with either normoxic (21 % (.3 % CQ,

rest N) or hypoxic (1 % @ 5.3 % CQ, rest N) gas mixture and preheated to 37\i@ an in-line
solution heater (SHM-8, Warner Instruments, Ham&t). Acute hypoxia was applied by switching
from normoxic to hypoxic bath solution and the p@ar the cell was recorded by an optical needle-
type oxygen sensor (Firesting, Pyro Science, Aagdenmany).

Due to its instability, KO, was freshly dissolved for each individual experiméirectly before
application. For determining the effective®i-concentration inside the measurement chambgd, H
(to reach a calculated final concentration of 1kd)s added to the perfusate and delivered to the
measurement chambeda the perfusion system. Samples were taken outeofrtbasurement chamber
immediately after infusion to determine effectiveCzconcentration by Amplex® Red Hydrogen
Peroxide/Peroxidase Assay Kit (Invitrogen, De Sghdlletherlands) according to the suppliers
instructions.

Fire-polished patch pipettes with a tip resistao€& — 5 M2 were pulled from borosilicate glass
capillary tubes (Sutter instruments, Novato, Catifa, USA) using a DMZ universal electrode puller
(Zeitz, Martinsried, Germany) and filled with inbedlular analogous solution containing (in mM):510
K*-asparate, 25 KCI, 4 NaCl, 1 MgCh Mg-ATP, 10 EGTA and 10 HEPES, pH adjusted fwith

1 M KOH. Experimentally determined liquid junctiopotential (+12.4 mV) was corrected
electronically. Cells used for experiments werdagitrelaxed or partially contracted and exhibited
spindle-shaped morphology - round and fully conedcells were discarded.

All patch clamp experiments were performed usingB&10 USB single amplifier (HEKA, Lambrecht,
Germany) controlled by Patchmaster software (HEKa&#mbrecht, Germany). Data were filtered at 2.9
kHz and sampled at 50 or 200 Hz (current clamp)linkHz (voltage clamp), respectively. For analysis
Fitmaster (HEKA, Lambrecht, Germany) and IGOR PRvy§Wavemetrics, Lake Oswego, OR) were
utilized.

Cellular membrane potential was recorded usingéteh clamp technique in current clamp mode (I =
0, whole cell configuration). Stability of membrapetential was determined for at least 1 min before
the recording was initiated. For determination diole cell voltage-dependent*urrents (L),
PASMCs were voltage-clamped at a holding poterdfai70 mV. k,-amplitudes were elicited by
applying 1 sec voltage steps between -80 mV andm80n 20-mV increments. Mear/amplitudes
were subjected to offline leak subtraction, norzedito cell size (whole-cell membrane capacitance),
plotted against the respective test potential #tetifusing the Boltzmann-equation. For isolatirg |
from other K-conductances, paxilline (1 pM) and glibenclami@i® M) were present in the bath
solution in order to inhibit C&activated and ATP-sensitive¥¢hannels, respectively.

M easurement of mitochondrial membrane potential by JC-1

Mitochondrial membrane potential was investigatgdlborescent microscopy using JC-1 (5,5',6,6'-
tetrachloro-1,1’,3,3'-tetraethylbenzimidazolylcadyanine iodide) as described previodsC-1 is a
lipophilic, cationic dye that accumulates withintoghondria in relation to mitochondrial membrane
potential, where it forms JC-1 aggregates. Aggregadf JC-1 changes the emission spectrum from
green (530 nm) to red (590 nm) upon excitation9& dm. Precapillary PASMCs of passage 2 seeded
on coverslips were incubated in 50 nM JC-1 dilutechouse growth medium for 20 min and were then
transferred to a closed perfusion chamber (PeCdradi, Germany). Acute hypoxia was prompted by
switching from normoxic perfusion buffer (Hepes-&an buffer containing 136.4 mM NacCl, 5.6 mM
KCI, 1 mM MgCh, 2.2 mM CaCJ, 10 mM Hepes [4-(2-hydroxyethyl)-1-piperazineetsuifonic acid],

5 mM glucose, pH 7.4) to hypoxic buffer, which Hsekbn pregassed with, kesulting in a concentration
of 1% Q& in the measurement chamber. Flow rate was helstaonat 1 ml/min. For control experiments



the normoxic perfusion buffer was switched to absdcnormoxic perfusion buffer. Fluorescent signal
was analyzed by the Polychrome Il monochromatoplamlito IMAGO CCD camera (Till Photonics,
Gréafelfing, Germany) and to an inverted microsc@p&0; Olympus, Hamburg, Germany). Changes
in the ratio of red and green fluorescent signasevanalyzed in comparison to baseline data.

M easurement of mitochondrial membrane potential by TM RM

To measure mitochondrial membrane potential tettayitnodamine methyl ester (TMRM), which is
a lipophilic, cationic fluorescent dye that accuates within mitochondria according to thaipn, in a
Nernstian fashion, was used in non-quenching mP&SMCs were loaded with 30nM TMRM in
mouse growth medium for 1h at°®7in cellular incubator. Afterwards, cells were wad three times
with buffer (composition in mM: 126.7 NaCl, 5.4 KCl.8 CaCl, 1.05 MgC4, 0.42 NaHPQ, 22
NaHCQ;, 10 Glucose, pH 7.4). Acute hypoxia was inducedugyerflow of 0.5% @ 5% CQ, rest N
hypoxic gas in a chamber (PeCon GmbH, Erbach, Ge&jman the microscope stag@ym
hyperpolarization caused an increase of mitochahdfiiMRM concentration, which resulted in
increased emission of light at 580nm, when excit@ti 550 nm measured by confocal microscopy
(TCS SP5X, Leica Microsystems, Manheim, Germanylades were acquired before and 2 minutes
after hypoxic exposure. In experiments with S3QERASMC were incubated 5 min before the
experiment with 20uM S3QEL2.

Determination of cytosolic hydrogen peroxide (H202) concentration by HyPer

For intracellular HO, detection, HyPer sensor subcloned into the pwWPkKismpid (distributed by
Addgene, Boston, USA) was used from Evrogen Comgiloscow, Russian Federation)ertiviral
transduction was carried out with a titer of at least 1%p@rticles according to established protocols
(see http://tronolab.epfl.ch/ for more details).pEsiments were carried out as outlined for the JC1
imaging in precapillary PASMC seeded on coverslgags afterdntiviral transduction. HyPer has two
excitation peaks with maxima at 420 nm and 500 anmd, one emission peak with a maximum at 516
nm. HO. increases the excitation at 500nm and decreasesxtitations at 420nm of the HyPer
construct.

Determination of mitochondrial matrix pH by SypHer

Mitochondria-targeted SypHer (plasmid #48251 froadgene, Boston, USA) was used to measure
matrix pH €). SypHer is a genetically encoded fluorescent piteiator with a ratiometric readout and
is targeted to mitochondrial matrix. 100 000 PASMCpassage 1 were transfected with 0.5ug SypHer
plasmid using electroporation by Nucleofector™ riza Group, Basel, Switzerland), afterwards
PASMCS were seeded on coverslip. 5 days afterfeatien matrix pH measurement were performed
as described for JC measurement. SypHer was exuitéd0 and 490 nm through a 515 dichroic filter.
The increase of 490/420 fluorescence ration i®cedld the increase of matrix pH, as the fluoreseenc
intensity of SypHer increased with pH at excitatwawvelength 490 nm.

High resolution respirometry

Oxygen consumption rate was determined at 37°Cguaim Oxygraph-2k (Oroboros Instruments,
Innsbruck, Austria). PASMCs from passages 2 wegresinized, washed two times, and resuspended in
M199 medium containing 1% penicillin/streptomycimdal0% HEPES for measurement using intact
cells, ESR-Krebs HEPES buffer for hypoxic measurgsieor Mir05 buffer (0.5 mM EGTA, 3 mM
MgCl, x 6HO, 60 mM K-lactobionate, 20 mM taurine, 10 mM ¥, 20 mM HEPES, 110 mM
sucrose, 1 g/l BSA, pH 7.1; Oroboros Instrumenis)sbruck, Austria) for measurement using
permeabilized cells. Intact CMT cells were measune@aymouth's medium (Sigma-Aldrich, Saint
Louis, USA) containing 10% HEPES. In intact celie €ndogenous unstimulated respiration (basal),
oligomycin (2ug/ml) inhibited respiration, FCCP (increasing camcations in 0.5 pM steps up to a
total concentration of 4 uM) stimulated respiratiaand antimycin A (5uM) dependent non-
mitochondrial respiration were measured. In hyp@xperiments, oxygen concentration in the O-2k
chamber was decreased by application pintb the opened chamber, subsequent equilibratidhe
buffer at the air-liquid phase, and immediate alesaf the chamber. After stabilization of the signa
pO; and oxygen consumption rate were determined duhiegourse of the experiment until oxygen
was completely consumed by the cells and thevadlie reached zero. For substrate-specific regpira

of permeabilized cells a standard substrate-intnilptotocol using pyruvate (5 mM), glutamate (10



mM) and malate (2 mM), ADP (1 mM), succinate (10 mMCCP (increasing concentrations in 0.05
UM steps up to a total concentration of 0.4 uMY antimycin A (5 uM) was applied. Complex IV
dependent oxygen consumption was determined byasatioin of the oxygen consumption rate in the
presence of azide from the oxygen consumptionafe application of ascorbate (2 mM) and TMPD
(0.5 mM). Oxygen consumptiomas calculated from the recorded data as the tienwative of the
oxygen content in the chamber standardized to wethber using DatLab software (Oroboros
Instruments, Innsbruck, Austria).

Quantification of hypoxia-induced pulmonary hypertension by in vivo hemodynamics, right
ventricular mor phometry, vascular remodeling, and echocar diogr aphy

Mice were exposed to normobaric hypoxia (109 for 4 weeks. Invasive quantification of pulmonary
hypertension was performed as described previtushesthesia was induced with 3% isoflurane in
oxygen and maintained via nose cone with 1.5%usafle (balanced with oxygen). Mice were laid
supine on a heating pad and connected to a smalabhmentilator MiniVent type 845 (Hugo Sachs
Elektronik, March-Hugstetten, Germany). The rigigijlar vein was cannulated by a fluid-filled Hyman
mouse pressure catheter (Numed. Inc, Hopkinton, )JU8measurement of right ventricular systolic
pressure (RVSP). The digital signals were recondsidg LabTech Pro software. After RVSP was
recorded, the animals were exsanguinated and hwegs flushed with saline. Lungs were fixed by
perfusion with 3.5-3.7% formaldehyde (Otto Fisc@anbH&Co KG, Saarbruecken, Germany) with a
constant pressure of 22 cra@in the pulmonary artery and 11 craCHin the trachea. The lung and the
heart were removeegh bloc. Lung lobes were embedded in paraffin, and sestwdi3 pum were cut from

all lobes. The degree of muscularization of smatipgheral pulmonary vessels was assessed by double
staining with an antix-smooth muscle actin antibody (1:900 dilution, ddm\4, Sigma-Aldrich, Saint
Louis, USA) and anti-human von Willebrand factortibody (1:900 dilution, Dako, Hamburg,
Germany). Sections were counterstained with mejregn and examined by light microscopy with the
use of a computerized morphometric system (Qwincd,eNetzlar, Germany). At 40x magnification,
100 intra-acinar vessels (10-50 um in diameterpmpanying either alveolar ducts or alveoli were
analyzed. Each vessel was categorized as non raugeal (no apparent smooth muscle), partially
muscularized (with a partial smooth muscle layer)fully muscularized (with a complete smooth
muscle layer). The percentage of pulmonary vessadach muscularization category was determined
by dividing the number of vessels in that catedmyryhe total number counted. The right ventricl¥(R
was dissected from the left ventricle and septul®), and these dissected samples were dried for 3
days at 50°C and weighed to obtain the right toveftricle plus septum ratio (RV/LV+S).
Measurement of transthoracic echocardiography weafoqmed in the mice prior to measurement of
invasive hemodynamics with the Vevo2100 high-resmtuimaging system equipped with a 40-MHz
transducer (VisualSonics, Toronto, Canada). Anasiheas induced with 3% isoflurane in oxygen and
maintained via nose cone with 1.5% isoflurane (oegd with oxygen). The mouse was laid in a supine
position on a heating platform while all four limlvere connected to ECG electrodes in order to rapnit
heart rate. The body temperature was monitoredguairrectal thermometer (Indus Instruments,
Houston, TX). After shaving the chest area andafing pre-warmed ultrasound gel over the chest,
echocardiographic studies were performed. Fonia taieart function evaluation, the cardiac indeX (Cl
was measured as described previously

BrduU proliferation assay

For assessment of proliferation after stimulatiagtthnwecombinant mouse PDGF, mouse PASMCs (5000
cells per well) from passage 1 were seeded in 24pleges in smooth muscle cell basal medium
(starvation) containing normocin (1%, Invitrogere Bchelp, Netherlands). After 24 hours of starvetio
medium was replaced by either smooth muscle celllimedium containing normocin (starvation) and
Bromdesoxyuridin (BrdU, 1:1000 dilution, Roche, BasSwitzerland) to measure newly synthesized
DNA in proliferating PASMC or smooth muscle cellsba medium containing normocin, BrdU and
recombinant mouse PDGF (10 ng/mL, R&D systems, apolis, USA). Cells were either exposed to
normoxia (21% @ 5% CQ) or hypoxia (1% @ 5% CQ) at 37°C in water saturated incubators
(Thermo Fisher Scientific, Waltham, USA) for 24 hauThe proliferation assay was performed
according the protocol of the Cell ProliferationIlBA (Roche, Basel, Switzerland). The absorbance of
the substrate reaction was measured after 20 msinotaibation at 370nm (reference wavelength
492nm).



Statistics

Sample size for chronic hypoxic experiments wetertd@ned by SPSS statistics software (SPSS Inc.,
Chicago, USA). One experiment was excluded fromisbtated lung experiments with MitoTempo
(Fig. 2d) which showed an increase of PAP in respda the control application of KCI below the pre-
established treshold of 0.4 mmHg. Two outlier detgédoy ROUT method using Prism 6 (GraphPad
Software Inc., San Diego, USA) were removed in ¢ixperiments of Fig. 2 h, i and Fig. S 4 a,
respectively, and one in each data set of Figi2lj4 b, d. Animals were randomly assigned for Rigo

or normoxic treatment. All analyses except analgdisessel muscularization after chronic hypoxic
exposure were performed unblinded. Normality distibpn of the sample sets was determined by
Shapiro Wilk normality test. For sample sets wituSsian distribution, student’s two-tailegkst or 2-
way-ANOVA were used. For the sample sets with a@anssian distribution, Mann-Whitney-test and
Kruskal-Wallis-test was used. Multiple comparisamsng the same group in more than one analysis or
hypothesis, were adjusted using Bonferroni comectiAll analyses were considered statistically
significant at p<0.05. Statistical analysis wasfgraned using Prism 6 (GraphPad Software Inc., San
Diego, USA).
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Online Fig. I. Phenotypical characteristics of Ci@X4mice

(A) Average number of living offspring per litte®(T: n=6 litters from 3 matings, Cox4i2n=9
litters from 4 matings).

(B) Representative histological lung sections of Wil Cox4iZ mice of 2-3 months of age. I: von
Willebrand (brown: endothel}-smooth muscle actin (violet) and methyl-greennstthi hematoxylin
and eosirstain.
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Online Fig. II: Effect of mitochondrial superoxidibitors on pulmonary vasoconstriction induced
by the thromboxane mimetic U46619 and the effe¢thefmitochondrial antioxidant SkQ1 on
pulmonary vasoconstriction

(A) Strength of pulmonary vasoconstriction indutgdhe thromboxan mimetic U46619 (n=4 isolated
lungs for solvent, n=6 isolated lungs for MitoTemdetermined as an increase of pulmonary arterial
pressureAPAP) in presence (MitoTempo) and absence (solventp) of MitoTempo in WT mice.
MitoTempo was applied in increasing concentratiorthe same lung 5 min before each repetitive
maneuver of U46619 application, respectively, angared to the respective increase of PAP in
presence of the solvent only. *p<0.05, analyzetilmytailed Mann-Whitney test.

(B) Strength of pulmonary vasoconstriction indubgdhe thromboxan mimetic U46619 (n=4 per
group) determined as an increase of pulmonaryialrfmessureAPAP) in presence and absence of 20
MM S3QEL2 in WT mice. U46619 was applied afterrdgetitive hypoxic maneuvers.

(C, D) Strength of hypoxic pulmonary vasoconstoiet{HPV) (C) and potassium chloride (KCI)- or
U46619-induced pulmonary vasoconstriction (D) deteed as an increase of pulmonary arterial
pressureAPAP) in presence of SkQ1 or the control substafie®;, in WT lungs (n=4 isolated lungs
per group). SkQ1 or TPRvas applied in increasing concentrations in theeskmg 5 min before each
repetitive maneuver of hypoxic ventilation. U46648s applied after the last hypoxic maneuver.
*p<0.05, analyzed by two-tailed Mann-Whitney test.
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Online Fig. lll. Expression of Cox4i2 after knockdo and overexpression.

(A) Knockdown of Cox4i2 with siRNA in PASMCs culated under normoxia and hypoxia (See Fig.
2B).

(B) Overexpression of Cox4il and Cox4i2 mutant€im4i2” PASMCs (See Fig. 2F).
(C) Overexpression of Cox4il and Cox4i2 mutantShT cells (See Fig. 2G).
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Online Fig. IV: Effect of mutation of Cox4i2 on hgyia-induced superoxide release in CMT cells.

(A) Intracellular superoxide concentration duringpbxic exposure (1% £5 min) of CMT cells.
n=6-13 per group. Data are from at least 3 indepenelxperiments. The WT, Cox4il, Cox4i2,
C109A and C109S groups are the same as in Figur&pzi0.05 comparing the normoxic and
hypoxic group (analysis by t-test). Data are pressbas mean and individual values.

(B) Lack of hypoxia-induced superoxide productioaswnot due to failing expression or increased
degradation of mutated proteins because Westetrahklysis showed that the mutated Cox4i2 was
expressed in the mitochondrial fraction of thescell
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Online Fig. V. Expression superoxide dismutasear4i2’- PASMCs.

A) Expression of mRNA of the superoxide dismut&®[)) 1 and 2 in mouse PASMCs displayed as
difference of the Ct value of porphobilinogen de@ase (PBDG) and the respective gene (WT: n=5,
Cox4i2": n=4). *p<0.05.

B) Protein expression of SOD1 and 2 in mouse PASHI§dayed as relative expression compared to
B-actin (WT: n=5, Cox4i2: n=4).

C) Activity of the superoxide dismutase in mouseSRACs (n=4 each group).
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Online Fig. VI. Partial restoration of hypoxia-irchd cellular membrane potential in CoxX4RASMCs
with low dose application of ¥D..

(A, B) Representative tracings of hypoxia-inducetiutar membrane depolarization in WT (A) and
Cox4i2" PASMCs (B) in presence and absence of hydrogemxjoler (HO,) H.O. was applied in a
dosage that should result in a concentration ohl/6idx the buffer fluid. However (see Figure xy)ing

the same protocol an amount that should result porcentration of 1uM only reached a final
concentration of 124 nM due to a loss efxrelated to technical reasons of the applicatidre gray
tracings show the oxygen concentration in %, the laind red tracing the cellular membrane potential
in WT (A) andCox4i2"- PASMCs (B), respectively.



(C, D) Cellular membrane potential during normoiDX), acute hypoxia (HOX) and acute hypoxia
after application of hydrogen peroxide (HOXAP4 same concentration as in A,B) in WT (C) and
Cox4i2" PASMCs (D). n=14 for WT, and n=10 f@ox4i2” PASMCs from 3 and 2 individual
isolations, respectively. *p<0.05, **p<0.01 compdute respective NOX group. #p<0.05, ##p<0.05
compared to WT.

(E) Change of cellular membrane potential comp#metbrmoxia in WT andCox4i2”- PASMCs, and
Cox4i2" PASMCs in presence of,B, Data are calculated as delta values from measutsroé Fig.
3C and D.

(F) Cellular membrane potential during the courfseosmoxia. Data are taken during baseline
normoxia (NOX) and at minute 4 of the normoxic meament (NOX 4min) to parallel the protocol
of the hypoxic experiment. n=6 PASMC each from tespective cell isolations.
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Online Fig. VII. Expression of cellular potassiutraanels and superoxide dismutase in Cok4i2
PASMCs. Expression of mRNA of different voltage degent potassium channels(kind the
potassium channel subfamily K member 3 channel @B3Sn mouse PASMCs displayed as
difference of the Ct value of porphobilinogen de@asie (PBGD) and the respective gene (n=3-5).
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Online Fig. VIII. Hypoxia-induced hyperpolarizatiaf the mitochondrial membrane potential

(A, B) Mitochondrial membrane potential determinesl fluorescence intensity of TMRM staining,
given as percent (%) of the normoxic value at neniin PASMCs from WT mice in absence and
presence of S3QEL2 (B). Data are from n=158/105 ¢blypoxia: WTCox4i2") or n=85/123 cells
(normoxia: WTCox4i2") for Fig. A and n=31/59 cells (normoxia/hypoxia) Fig. B from at least three
individual PASMC isolations. *** significant diffemce (p<0.001) between normoxia and hypoxia
analyzed by two-tailed Mann-Whitney-test compamngraged values from minute 2 to 3.

(D-F) Mitochondrial membrane potential determinedlaorescence intensity of red/green ratio of JC-
1 staining in PASMCs from WT (A) @ox4i2” (B) mice, and in WT PASMCs in absence and presence
of MitoTempo (C). The horizontal bar indicates ghesence of hypoxic medium for the hypoxic group.
Data are from n=180/207 cells (hypoxia: Zo4i2") or n=107/95 cells (normoxia: WTHx4i2")

from at least three individual PASMC isolations fig. A and B and n=31 cells from one PASMC
isolation for the MitoTempo group in Figure 3C. Timermoxic group in Figure 3C is identical to and
taken from Figure 3A.

(G) Effect of mitochondrial hyperpolarization (Gdignycin) and depolarization (FCCP) on superoxide
concentration in PASMCs (n=6-24). *p<0.05 compartxd the respective solvent (DMSO)
concentration.

(H) Mitochondrial matrix pH determined as fluoresce intensity of SNARF1 staining, given as percent
(%) of the normoxic value during minute 1 in PASM@sm WT (blue lines) oCox4i2” (red lines)
mice. The horizontal bar indicates the presené¢g/pbdxic medium for the hypoxic group. Data are from
n=22/23 cells (hypoxia: WOox4i2") or n=32/39 cells (normoxia: WTbx4i2") from at least three
individual PASMC isolations. *** significant diffamce (p<0.05 or p<0.001) between normoxia and
hypoxia analyzed by two-tailed Mann-Whitney-tesinparing values averaged over one minute.
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Online Fig. IX. Respiration of PASMCs isolated frakfT andCox4i2” mice (Supplemental
Information for Fig. 3D-F).

(A) Respiration in intact CMT cells overexpressiegher Cox4i2 or Cox4il given as oxygen
consumption (@consumption) in pmol/s per million (Mio) cells wrdunstimulated conditions (basal)
and in presence of oligomycin (oligo), FCCP, andinaycin A (Anti A). Data are from n=11
experiments per group containing 100,000 to 300¢#}3 isolated from one mouse per experiment.
Data were analyzed by 2-way-ANOVA with Bonferromwisthoc test. **p<0.01.

(B) Respiration in permeabilized PASMCs cells isatsfrom WT andCox4i2” mice defined as in (A)
after permeabilization with digitonin (digi), andpresence of pyruvate/malate/glutamate (PGM), ADP,
Succinate (Succ), FCCP, antimycin A (Anti A) or qaex IV specific respiration (CIV). Data are from
n=11 experiments per group containing 100,000 t6,&W cells isolated from one mouse per
experiment.

(C) Respiration in permeabilized CMT cells. Detaitsin (B).

All data are given as mean+SEM
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Online Fig. X. Expression of Cox4i2 in the humandu

(A) Protein expression of Cox4i2 in lung homogentte bronchus, and the pulmonary artery (pulm.
artery) of a human donor lung (double samples),iamahg homogenate of Cox4i2zand WT mouse

lungs as controls.

(B) Expression of mMRNA of Cox4i2 in lung homogenatehuman donor lung, the human pulmonary
artery (PA), the media of the human PA, the adtiantf the human PA, primary cultivated human
PASMCs and the bronchus of a human donor lung.

(C) Knockdown of Cox4i2 in human PASMCs incubatath siRNA for 24, 48 and 72 h.
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Online Fig. XI. Hypoxia-induced pulmonary vasocoitsion (HPV) after exposure of WT (n=5
isolated lungs) and Cox4iAn=3 isolated lungs) mice to chronic hypoxia (W& 10 %0@). Data of
normoxic lungs are the same as presented in Fighre*p<0.5 (by Mann-Whitney-test), **p<0.01
(by two-tailed student’s t-test).



