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Abstract

Barth syndrome (BTHS) is an X-linked genetic disorder resulting from mutations in the fafazzin
gene (7AZ), which encodes the transacylase that remodels the mitochondrial phospholipid
cardiolipin (CL). While most BTHS patients exhibit pronounced skeletal myopathy, the
mechanisms linking defective CL remodeling and skeletal myopathy have not been determined. In
this study, we constructed a CRISPR-generated stable tafazzin knockout (TAZ-KQO) C2C12
myoblast cell line. TAZ-KO cells exhibit mitochondrial deficits consistent with other models of
BTHS, including accumulation of monolyso-CL (MLCL), decreased mitochondrial respiratory,
and increased mitochondrial ROS production. Additionally, tafazzin-deficiency was associated
with impairment of myocyte differentiation. Future studies should determine whether alterations in
myogenic determination contribute to the skeletal myopathy observed in BTHS patients. The
BTHS myoblast model will enable studies to elucidate mechanisms by which defective CL
remodeling interferes with normal myocyte differentiation and skeletal muscle ontogenesis.
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1. Introduction

Cardiolipin (CL) is a dimeric mitochondrial membrane phospholipid with multiple functions
that are conserved from yeast to humans [1-11]. Newly synthesized CL undergoes acyl
remodeling to produce CL species enriched with unsaturated acyl groups. Deficient CL
remodeling causes Barth syndrome (BTHS), a rare X-linked genetic disorder associated with
a broad range of clinical manifestations, including cardiomyopathy, skeletal myopathy,
neutropenia, and 3-methylglutaconic aciduria [12, 13]. Specifically, BTHS results from
mutations in the fafazzin gene (TAZ) encoding the transacylase responsible for remodeling
of CL. Mutations in 7AZ lead to decreased unsaturated CL species, reduced total CL
content, and an accumulation of monolyso-CL (MLCL), an intermediate of the CL
remodeling pathway.

Most patients diagnosed with BTHS exhibit pronounced skeletal myopathy, low muscle
mass, delayed gross motor development, exercise intolerance, muscle weakness, and focal
myofibrillar degeneration [14, 15]. Consistent with decreased mitochondrial function,
skeletal muscle O, utilization and peak work rate are significantly lower in BTHS patients
than control participants [16]. While it is widely accepted that skeletal myopathy associated
with BTHS stems from mitochondrial dysfunction, the mechanisms linking defective CL
remodeling and skeletal myopathy have not been clearly elucidated and likely extend beyond
compromised ATP generation. Myogenic differentiation is largely controlled by myogenic
transcription factors and is accompanied by major changes in mitochondrial metabolism
[17-20], mitochondrial energy production [20, 21], and mitochondria-mediated activation of
apoptotic pathways [22-24]. Given the central role of mitochondria in myogenic
differentiation, we hypothesized that mitochondrial defects associated with BTHS might
contribute to skeletal myopathy by interfering with normal myocyte differentiation.

To determine the effect of defective CL remodeling on the myogenic determination, we
sought to develop a tafazzin-deficient mammalian skeletal myoblast model. The C2C12 cell
line was derived from murine skeletal myoblast cells and represents a widely used model for
the study of skeletal muscle development [25], skeletal myopathy [26—28], and skeletal
muscle differentiation [29-31]. The cells readily proliferate in high-serum conditions, and
differentiate and fuse in low-serum conditions. Tafazzin-deficient C2C12 myocytes would
provide a metabolic model for which isogenic cells are available as controls, in contrast to
currently used BTHS patient-derived lymphoblast cells. Furthermore, they are
experimentally easier and cheaper to manipulate than tafazzin-deficient induced pluripotent
stem cells (iPSCs) [32].

In this study, we constructed a CRISPR-generated stable tafazzin knockout (TAZ-KO)
C2C12 myocyte cell line. The TAZ-KO cell line exhibits an increased MLCL/CL ratio,
decreased mitochondrial respiration, increased mitochondrial ROS production, and defective
myocyte differentiation. These results indicate that loss of CL remodeling influences
myogenic determination and provide a foundation for future studies to explore potential
mechanisms by which CL remodeling affects normal myocyte differentiation. Although
BTHS is the only known genetic disorder directly linked to CL, aberrant myocyte
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differentiation may contribute to the development of skeletal myopathy associated with other
mitochondrial diseases.

2. Materials and methods

2.1 Cell line and growth conditions

Wild type C2C12 cell lines were kindly provided by Dr. Steven Cala, Wayne State
University. Growth medium consisted of DMEM (Gibco) containing 10% FBS (Hyclone), 2
mM glutamine (Gibco), penicillin, (100 units/ml) and streptomycin (100 pg/ml)
(Invitrogen). Cells were grown at 37°C in a humidified incubator with 5% CO,. C2C12
myoblast differentiation was induced by shifting cells to DMEM medium containing 2%
horse serum (Gibco).

2.2 Construction of TAZ-KO C2C12 cell line using CRISPR

A gRNA targeting mouse TAZ exon 3 was identified using the clustered regulatory
interspaced short palindromic repeats (CRISPR) design tool at crispr.mit.edu (G2:
TCCTAAAACTCCGCCACATC). To express Cas9 and guide RNA in the mouse-derived
C2C12 myoblast cells, complementary oligonucleotides containing the gRNA sequence
preceded by a G (for expression from the U6 promoter) were cloned into the Bbsl site of
plasmid pX330 [33] (a gift from Feng Zhang; Massachusetts Institute of Technology,
Cambridge, Massachusetts, USA) [Addgene plasmid # 42230]). The sequence was verified
using oligonucleotide primer 330/335 (ACTATCATATGCTTACCGTAAC). The plasmid
pPGKpurobpa (a gift from Allan Bradley; Wellcome Trust Sanger Institute, Cambridge, UK)
was co-transfected to allow selection under puromycin. Cells were transfected with plasmid
pX330-TAZ and pPGKpurobpa using Lipofectamine 2000 (Life Technologies, Inc.). Cells
were selected in puromycin-containing DMEM with 10% FBS. Cells were then diluted and
put into 96-well plates. Single colonies were picked for screening. To screen for insertions or
deletions at the target sites, the following oligonucleotide primers flanking mouse Taz exon
3 were used: FOR: CCAACCACCAGTCTTGCATG; REV:
ATCCCTGCCTCCAAGACTTC. Wild type genomic DNA generates a product of 547 bp.
Clone No. 3 which generated 3 distinct bands were selected for further analysis. PCR
products were inserted into a pPGEM®-T Easy Vector (Promega) and 16 individual
transformants were analyzed by Sanger sequencing (Applied Genetics Technology Center,
Wayne State University School of Medicine).

2.3 Mitochondria extraction

Cells were grown to 100% confluency in 150 mm dishes and collected by scraping followed
by centrifugation at 800 rpm for 5 min. The cell pellets were washed with cold PBS and
suspended in mitochondrial isolation buffer (280 mM sucrose, 0.25 mM EDTA, 20 mM
Tris-HCI, pH 7.2). Cells were manually homogenized with a glass homogenizer. Cell debris
was removed by centrifugation at 800 rpm for 5 min. Mitochondria were subsequently
collected by centrifugation at 11,500 rpm for 10 min
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2.4 Determination of CL by mass spectrometry

Transacylation products were quantified by MALDI-TOF mass spectrometry using the
method of Sun et al. [34]. Lipid extracts were dissolved in chloroform/methanol (1:1) and
mixed 1:1 with matrix solution containing 20 g/L 9-aminoacridine in 2-propanol/acetonitrile
(3:2, viv). An aliquot of 1 pL or less of this mixture was spotted on a target plate.
Measurements were performed with a MALDI Micro MX mass spectrometer (Waters)
operated in reflectron mode. The pulse voltage was set to 2000 V, the detector voltage was
set to 2200 V, and the TLF delay was set to 700 ns. The nitrogen laser (337 nm) was fired at
a rate of 5 Hz, and 10 laser shots were acquired per sub-spectrum. The instrument was
operated in negative ion mode with a flight tube voltage of 12 kV, a reflectron voltage of 5.2
kV, and a negative anode voltage of 3.5 kV, and calibrated daily. We typically acquired 100
sub-spectra (representing 1000 laser shots) per sample in a mass range from 400 to 2000 Da.
Spectra were only acquired if their base-peak-intensity was within 10-95% of the saturation
level. Data were analyzed with the MassLynx 4.1 software.

2.5 Immunoblotting

Mitochondrial protein concentration was determined using the DC Protein Assay Kit (BIO-
RAD). Cell extract corresponding to 30 pg protein was analyzed by SDS-PAGE on a 10%
gel. Immunoblotting was performed using primary antibodies against tafazzin, NDUFB6,
and corresponding secondary antibodies conjugated to horseradish peroxidase.
Immunoreactivity was visualized using enhanced chemiluminescence (ECL) substrate
(Thermo).

2.6 MTT assay

3000 cells were suspended in 100 pL of growth medium and seeded into 96-well plates.
Viable cells were measured in triplicate using MTT (Fisher) after 3, 24, and 48 h. In brief,
10 pL of 5 mg/mL MTT was added to each well. The inclusion of an additional set of wells
treated with MTT but containing no cells served as a negative control. The plate was
incubated for 4 h at 37°C in a culture hood. The medium was carefully removed and 150 pL
DMSO was added to dissolve the MTT product. The plate was covered with foil and
incubated for 10 min at 37°C. Samples from each well were mixed well with a pipette, and
absorbance was read at 570 nm.

2.7 Mitochondrial respiration measurements

The Seahorse Extracellular Flux Analyzer XF®24 (Agilent, Santa Clara, CA) was used to
measure oxygen consumption rate (OCR) in WT and TAZ-KO cells. Measurements were
taken from intact cells using XF assay medium, pH 7.2, which was supplemented with
pyruvate and glucose. Basal OCR was determined for 3 sets of measurements in
undifferentiated cells as well as 7-days following a shift to differentiation media. 1 uM
oligomycin A, 1 uM FCCP, and 10 uM Rotenone plus 10 pM Antimycin A were added as
indicated. Oxygen consumption was normalized to total protein.
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2.8 Measurement of mitochondrial membrane potential via TMRM fluorescence

Cells were plated at 40% confluency in 96-well plates in growth medium. After 24 h, the
mitochondrial membrane potential was measured using the fluorescent dye
Tetramethylrhodamine methyl ester (TMRM) as described previously [35]. Briefly, cells
were treated with 150 nM TMRM in growth medium for 30 min at 37°C. The cells were
then washed 3 times with PBS, and TMRM fluorescence was measured on a microplate
reader (Excitation: 544 nm and Emission: 590 nm). Each assay was performed in parallel
with samples containing 10 uM carbonyl-cyanide-4-(trifluoromethoxy)phenylhydrazone
(FCCP), which collapses the mitochondrial membrane potential. All data were expressed as
the total TMRM fluorescence minus the FCCP treated TMRM fluorescence.

2.9 Measurement of ROS production using MitoSOX

ROS production was measured with MitoSOX ™ mitochondrial superoxide indicator
(M36008) (Fisher Scientific) following the manufacturer’s guide. In brief, the 5 mM
MitoSOX™ reagent stock solution was diluted in growth medium to make a 5 uM
MitoSOX™ reagent working solution. 1.0 mL of 5 uM MitoSOX™ reagent working solution
was applied to cover cells adhering to coverslips. Cells were incubated for 10 min at 37°C,
protected from light, then washed gently three times with warm buffer, counterstained with
DAPI, and imaged using a Z1 AxioObserver inverted fluorescence microscope equipped
with an AxioVision MRm camera (Zeiss). Images were taken using a 20X objective.
MitoSOX fluorescence was quantified in all cells within five randomly selected fields of
view from three biological replicates using fluorescence density analysis with ZenPro
software (Zeiss).

2.10 Immunofluorescence imaging of myotubes

Cells were seeded on gelatin and fibronectin-coated glass coverslips at 40% confluency.
Following overnight culture, the growth media containing 10% FBS were replaced with
differentiation media containing 2% horse serum. At the indicated times, the cells were fixed
with 4% paraformaldehyde. The coverslips were washed three times in buffer (PBS + 0.3%
Triton) and then blocked using 10% horse serum (Invitrogen). Coverslips were incubated
with primary antibody, mouse anti-MHC (Novus Biologicals; MAB4470), diluted in PBS
supplemented with 10% horse serum for 24 h. After washing with PBS, coverslips were
incubated with an AlexaFluor 488®-conjugated donkey anti-mouse secondary antibody
(1:1000, Jackson ImmunoResearch Laboratories) overnight. Fluorescence microscopy was
performed using a Z1 AxioObserver inverted fluorescence microscope equipped with an
AxioVision MRm camera (Zeiss) operated by ZenPro software (Zeiss). All images were
taken using a 20X objective. Myotube density was quantified using morphometric analysis
in five randomly selected fields of view from three biological replicates. MHC-positive
myotubes were manually traced, and the myotube density was calculated by dividing the
area occupied by MHC-positive myotubes by the total area of the field of view.

2.11 Lactate assay

Lactate production was determined in WT and TAZ-KO cells 7 days after induction of
differentiation. Lactate was measured with a kit (Pointe Scientific, Inc. Canton MI) using a
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modification to the manufacturer protocol to allow measurement in a 96 well plate and a
plate reader. Lactate was measured in triplicate using 2 uL of each sample. A standard curve
was generated using dilutions of the lactate standard provided by the manufacturer. Samples
were loaded into a 96 well plate, and the kit reagents were added following the
manufacturer’s directions and incubated at 37°C for 5 mins before reading the absorbance of
550nm. Lactate in the culture medium was then normalized to total protein.

2.12 Statistical Analysis

3. Results

The results are presented as mean = S.D. values from at least three biological replicates.
Statistical analyses were performed by unpaired Student’s t-test. The statistical significance
was set at p< 0.05.

3.1 Construction of a tafazzin knockout C2C12 cell line using CRISPR technology

We generated a TAZ-KO C2C12 myocyte cell line in order to interrogate a potential link
between CL remodeling and myocyte differentiation. C2C12 is a well-characterized
myoblast cell line that exhibits a high metabolic demand, similar to skeletal muscle cells
[25]. These cells proliferate as undifferentiated myoblast cells when grown in media
containing high concentrations of serum (10%), and terminally differentiate into
multinucleated myotubes when cultured in low serum-containing media. We used the
CRISPR approach to generate tafazzin-deficient C2C12 myoblast cells. The pX330-TAZ
and pPGKpurobpa plasmids were transfected into C2C12 myaoblasts, which were grown in a
selective medium. Following serial dilution, cultures derived from single cells were picked,
and PCR was used to identify the gene knockout (Fig 1A). Following an initial screen of
transfected myoblast cells, we identified 5 knockout strains via PCR. To further confirm
genome modifications, we performed a T7 endonuclease assay by mixing equal amounts
(100 ng) of both mutant and wild-type reference PCR products which were hybridized via
denaturation and annealing. T7 Endonuclease was used to detect mismatches. Using this
method, we identified 2 additional knockout strains. Given that the C2C12 cell line is
tetraploid with 4 copies of the X chromosomes [36], we selected knockout strain No. 3, in
which mutant PCR products differed from the WT reference strain. We then ligated the PCR
product into a T-vector, and 16 individual transformants were analyzed by Sanger
sequencing. Three different TAZ allele were identified. Allele 1 is a deletion with a G at 298
bp deleted, which leads to a frameshift mutation. Allele 2 has an 83 bp deletion from 243 to
324. Allele 3 has a 133 bp insertion at 298 bp. The WT allele was not detected (Figure 1B).
Furthermore, we confirmed the successful knockout by quantifying tafazzin protein level.
Tafazzin protein was not detectable via Western blot analysis (Fig 1C).

3.2 Increased MLCL/CL ratio in TAZ-KO cells

The most direct biochemical phenotype associated with tafazzin deficiency is an
accumulation of MLCL and a concomitant reduction in CL species containing unsaturated
fatty acyl chains. Using MALDI-TOF mass spectrometry, we confirmed that the TAZ-KO
C2C12 myoblast cells exhibit reduced tafazzin function, as indicated by the characteristic
CL profile of tafazzin deficiency. The MLCL/CL ratio was significantly increased in TAZ-
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KO cells compared to controls, and the degree of CL unsaturation was significantly reduced
(Fig 2).

3.3 Characterization of tafazzin-deficient C2C12 cells

We measured the proliferative growth of TAZ-KO myoblast cells using the MTT assay to
determine if the loss of tafazzin directly affects myoblast proliferation. Deletion of tafazzin
did not significantly influence the doubling time of C2C12 cells (Fig 3A). In other BTHS
models, including BTHS patient-derived lymphaoblast cells and iPSCs, loss of tafazzin
results in decreased mitochondrial membrane potential, decreased mitochondrial respiration,
and increased mitochondrial ROS production [32, 37]. We assayed these parameters in the
TAZ-KO myoblast cells. Assessment of mitochondrial membrane potential using TMRM
fluorescence indicated a significant reduction in membrane potential in TAZ-KO myoblasts
compared to controls (Fig 3B), which is consistent with other BTHS models [37, 38].
Mitochondrial respiration was measured in intact cells. Basal mitochondrial respiration was
significantly affected by tafazzin deficiency in the myoblast cells; however, the maximal
respiratory capacity of the TAZ-KO myoblast cells was not significantly decreased
compared to controls (Fig 3C-D). This observation contrasts with other BTHS models in
which both the basal rate and the maximal rate are decreased by tafazzin deficiency [32, 39].
To quantify mitochondrial ROS production in the myoblast cells, we employed MitoSOX
fluorescence staining. Mitochondrial ROS production was significantly increased in TAZ-
KO myoblast cells compared to controls (Fig 4).

3.4 CL remodeling is required for myocyte differentiation

C2C12 myoblast cells are routinely used to study skeletal muscle differentiation. These cells
grow as undifferentiated myoblasts in growth medium containing 10% fetal bovine serum,
and myogenic differentiation can be initiated in cells reaching confluence by shifting the
cells to medium containing 2% horse serum [40]. To investigate if myocyte differentiation is
affected by the loss of tafazzin, we initiated myogenic differentiation using the widely-used
protocol outlined above. As shown by fluorescence microscopy (Fig 5), control myoblast
cells morphologically responded to the serum depletion and expressed the skeletal muscle
contractile protein myosin heavy chain (MHC). In striking contrast, TAZ-KO myoblast cells
exhibited severely impaired phenotypic differentiation into myotubes. Defects in the
metabolic transition from glycolysis to mitochondrial oxidative metabolism may contribute
to defective myotube differentiation. To determine if the loss of tafazzin alters mitochondrial
metabolism associated with myotube differentiation, we measure mitochondrial oxygen
consumption rate and lactate production in WT and TAZ-KO C2C12 cells 7-days following
the switch to differentiation media. Both basal mitochondrial respiration and maximal
respiratory capacity were decreased in TAZ-KO cells (Fig 6A-B). Furthermore, lactate
production was significantly increased in TAZ-KO cells (Fig 6C). Taken together, these data
indicate that TAZ-KO cells exhibit an increased reliance on glycolysis and decreased flux to
mitochondrial oxidative metabolism when compared with WT cells following the switch to
myocyte differentiation media.
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4. Discussion

Previous studies have utilized tafazzin knockout or BTHS patient-derived iPSCs to generate
cardiomyocytes for studying the pathophysiology underlying the cardiomyopathy in BTHS
[41-43]. More recently, Lu et al. constructed a tafazzin knockout HEK293 cell line [44]. The
TAZ-KO C2C12 cell line generated in the current study represents the first tafazzin-deficient
mammalian cell culture model system established in an immortalized skeletal myoblast cell
line. Skeletal myopathy associated with BTHS is presumed to result primarily from impaired
ATP production owing to alterations in mitochondrial oxidative phosphorylation. In the
present study, we provide evidence for an additional link between dysfunctional CL
remodeling and disturbed myocyte ontogenesis. Our findings suggest that myocyte
differentiation may be affected in BTHS and may contribute to the skeletal myopathy
observed in these patients. The current study has generated a new BTHS model for the study
of skeletal myopathy. The TAZ-KO C2C12 cells provide an isogenic model system for
exploring the muscle-specific effects of tafazzin-deficiency. C2C12 cells are widely used for
biochemical and metabolic studies of skeletal myocytes are relatively easy and inexpensive
to manipulate. TAZ-KO C2C12 myaoblast cells display a mitochondrial phenotype similar to
that of BTHS patient tissues and other mammalian models of BTHS. Loss of tafazzin was
associated with a significant increase in the MLCL/CL ratio, and a reduction in the number
of unsaturated fatty acyl chains incorporated into CL. Furthermore, TAZ-KO myoblast cells
display decreased membrane potential, decreased mitochondrial respiratory capacity, and
increased mitochondrial ROS production.

Although we found that loss of CL remodeling leads to defective skeletal myocyte
differentiation, the mechanism by which myocyte differentiation is affected remains to be
elucidated. CL content is an important determinant of mitochondrial membrane structure
and cristae density [45], and structural changes resulting from the loss of remodeled CL or
from the accumulation of monolyso-CL may physically interfere with regular mitochondrial
network fusion status. In BTHS patient-derived lymphoblast cells, mitochondrial
hyperproliferation and increased mitochondrial network fragmentation are observed [37,
46]. Currently, little is known regarding the role of mitochondrial network dynamics in
controlling cellular differentiation. However, actively dividing blast cells have highly
fragmented mitochondrial networks that progressively fuse during terminal differentiation,
which is associated with increased respiratory capacity [47]. In general, highly fused
mitochondrial networks are associated with maximal respiratory capacity [48-50]. Thus, it is
tempting to speculate that loss of tafazzin may interfere with normal differentiation owing to
a reduced ability to form highly fused mitochondrial networks. Consistent with this notion,
increased mitochondrial network fragmentation and hyperproliferation have been linked to
IKK/NF-xB signaling, which partially inhibits myocyte differentiation (34).

What is the relationship between tafazzin deficiency, cellular energy metabolism, and
myocyte differentiation? To meet the anabolic demands of proliferation, actively dividing
blast cells limit mitochondrial oxidative metabolism to increase cellular biomass via
anabolic pathways. Consequently, differentiation requires the induction of mitochondrial
oxidative metabolism to support oxidation of glycolysis-derived pyruvate to CO,.
Differentiation is associated with a spectrum of changes in mitochondrial metabolic
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machinery, including upregulation of enzymes of the tricarboxylic acid (TCA) cycle and
subunits of the mitochondrial respiratory chain, and downregulation of glycolytic enzymes
[51-54]. This metabolic transition from glycolysis to mitochondrial oxidative metabolism is
necessary for cellular differentiation. Studies of pluripotent stem cell differentiation confirm
that inhibition of key glycolytic enzymes promotes differentiation, while impairment of
mitochondrial function with respiratory inhibitors improves pluripotency and inhibits
differentiation [51, 55]. Accordingly, it is plausible that defective mitochondrial oxidative
metabolism contributes to the observed differentiation defect in tafazzin deficient C2C12
myoblast cells.

Given their roles as energy and redox sensors, AMP-activated kinase (AMPK), and the
sirtuin family of NAD-dependent deacetylases has been implicated in regulating skeletal
muscle differentiation in response to metabolic status [56]. Although very little is known
about the role of these proteins in the development of skeletal myopathy, increased AMPK
and sirtuin activity have been proposed to inhibit differentiation [57, 58]. It is possible that
metabolic and/or redox signaling pathways that regulate myoblast differentiation are affected
in tafazzin-deficient cells. Future studies will determine what effect tafazzin deficiency has
on cellular metabolism and redox state in order to further elucidate the molecular
mechanisms regulating myogenic determination in the TAZ-KO C2C12 cells.
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Highlights
. A CRISPR-generated stable tafazzin knockout myoblast cell line has been
constructed.
. Tafazzin knockout cells exhibit mitochondrial deficits.
. Tafazzin knockout cells are consistent with other models of Barth syndrome.
. Tafazzin-deficiency was associated with impairment of myocyte

differentiation.
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Fig. 1. The construction of TAZ-KO C2C12 cells
Mouse C2C12 myoblast cells were transfected with CRISPR plasmid targeting the tafazzin

gene. (A) Genomic TAZ is altered in TAZ-KO cells. Cells were selected in puromycin-
containing DMEM with 10% FBS. The knockout strain was identified by PCR using the 547
bp region of the tafazzin gene targeted by the Cas9 gRNA followed by T7 endonuclease
digestion. (B) TAZ alleles were identified by Sanger sequencing as described in Materials
and Methods. (C) Tafazzin protein was not detectable in TAZ-KO cells. Cells were grown in
DMEM with 10% FBS, harvested, and lysed for protein extraction. 30 pg of total cell extract
from each sample were subjected to Western blot analysis using 10% polyacrylamide gels.
The mitochondrial protein NDUFB6 was used as a loading control.
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Fig. 2. CL profile of TAZ-KO cells
(A) MLCL/CL ratio of TAZ-KO cells was increased compared to WT controls. WT and

TAZ-KO cells grown in DMEM to confluence were extracted for CL and MLCL content
analysis by MALDI-TOF mass spectrometry. (B) CL saturation of TAZ-KO cells is
increased, consistent with defective CL remodeling. (Data from at least three biological
replicates were used for statistical comparisons, p<0.05).
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Fig. 3. Mitochondrial function is decreased in TAZ-KO cells
(A) C2C12 myoblast proliferation was not affected by tafazzin deficiency. WT and TAZ-KO

cell proliferation in DMEM media with 10% FBS was measured using the MTT assay. (B)
Mitochondrial membrane potential is significantly reduced in TAZ-KO cells. Membrane
potential of growing WT and TAZ-KO cells was determined by fluorescence quantification
of the Ay dependent dye TMRM. (Data from at least three biological replicates were used
for statistical comparisons, p<0.05). (C-D) Oxygen consumption was measured in intact
cells using a Seahorse analyzer. While maximal respiratory capacity was not affected by
tafazzin deficiency, basal mitochondrial respiration was significantly decreased in TAZ-KO
compared to control cells (p<0.05).
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Fig. 4. Mitochondrial ROS production is increased in TAZ-KO cells
(A) An increase in mitochondrial ROS was observed in TAZ-KO cells. ROS production was

measured via MitoSOX fluorescence using a Z1 AxioObserver inverted fluorescence
microscope equipped with an AxioVision MRm camera (Zeiss). (B) Quantitative assessment
of MitoSOX fluorescence was performed in all cells within five randomly selected fields of
view from three biological replicates using fluorescence density analysis with ZenPro
software (Zeiss). (Data from at least three biological replicates were used for statistical
comparisons, p<0.05).
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Fig. 5. Myogenic differentiation is reduced in TAZ-KO cells
(A) Myogenic differentiation was initiated in cells reaching confluence by switching the

cells to DMEM medium containing 2% horse serum. Cells were cultured for 1, 3, or 7 days.
Antibody detection of skeletal muscle contractile protein myosin heavy chain (MHC) was
used for immunofluorescent staining of differentiated myotubes. (B) Myotube density was
quantified via morphometric analysis using ZenPro software (Zeiss). MHC-positive
myotubes were manually traced, and the myotube density was calculated by dividing the
area occupied by MHC-positive myotubes by the total area of the field of view (Data from at
least three biological replicates were used for statistical comparisons, p<0.05).
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Fig. 6. Glycolytic metabolism is increased in TAZ-KO cells grown under differentiation
conditions

(A-B) Basal mitochondrial respiration and maximal respiratory capacity are decreased in
TAZ-KO cells compared to control cells following exposure to differentiation media for 7
days. Oxygen consumption was measured in intact cells using a Seahorse analyzer (Agilent,
Santa Clara, CA). (C) An increase in lactate production was observed in TAZ-KO cells
compared to control cells following exposure to differentiation media for 7 days. Lactate
was measured with a kit (Pointe Scientific, Inc. Canton, MI) and was normalized to total
protein. (Data from at least three biological replicates were used for statistical comparisons,
p<0.05).
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