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Abstract
Barth syndrome (BTHS) is a severe X-linked recessive disorder, clinically 
characterized by (cardio)myopathy, neutropenia and abnormal growth. BTHS is 
caused by mutations in the tafazzin gene, encoding several tafazzin proteins by means 
of alternative splicing. Biochemically, BTHS is characterized by an abnormal profile 
of the mitochondrial phospholipid cardiolipin, which is essential for mitochondrial 
function. To date the pathophysiology of BTHS has remained poorly understood and 
no apparent link was found between genotype and clinical phenotype. Therefore, 
we characterized the changes that occur at the protein level as a consequence of 
tafazzin deficiency. To this end, we performed proteome analysis of mitochondria 
purified from wild type yeast and yeast in which the orthologue of human tafazzin 
was deleted (taz1Δ). We observed marked differences in the levels of mitochondrial 
proteins involved in energy homeostasis, protein import, mitochondrial biogenesis 
and stress response. Future research, including overexpression and deletion of these 
genes in the taz1Δ mutant as well as studies in human BTHS cells and/or tissues, 
will have to establish the exact role of these proteins as candidate modifiers of BTHS 
and is a crucial step towards the understanding of BTHS and the development of 
novel treatment strategies.

Abbreviations
BTHS, Barth syndrome
CL, cardiolipin
2D-DIGE, two-dimensional differential in-gel electrophoresis
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Introduction
Barth syndrome (BTHS, MIM 302060) is an X-linked recessive disorder, classically 
characterized by cardiac and skeletal myopathy, neutropenia and growth retardation 
[1-3]. The clinical presentation, however, can be highly variable which is one of 
the reasons that BTHS is thought to be underdiagnosed [4,5]. BTHS is caused by 
mutations in the tafazzin (TAZ) gene, located on chromosome Xq28 [6]. Based on 
sequence homology, it was hypothesized that the tafazzin protein functions as an 
acyltransferase involved in phospholipid metabolism [7]. This was substantiated by 
the finding that cells of BTHS patients have decreased levels of the mitochondrial 
phospholipid cardiolipin (CL) [8-10] and increased levels of monolyso-CL, i.e. CL 
lacking one acyl chain [5,8,9]. Recently, tafazzin from Drosophila melanogaster was 
reported to function in the transfer of a linoleic acid acyl chain from phosphatidylcholine 
or phosphatidylethanolamine to monolyso-CL [11], thereby remodeling the CL acyl 
chain composition. This remodeling process is an essential step in the metabolism of 
CL in order to synthesize tetralinoleoyl-CL [12], especially since, during the primary 
synthesis of immature CL, CL synthase shows no preference for substrates containing 
linoleic acid acyl chains [13-15]. As a consequence of the tafazzin deficiency BTHS 
cells have a specific reduction in the levels of unsaturated tetralinoleoyl-CL [8,16], 
besides the general decrease in total CL and increase in monolyso-CL levels.
Several proteins have been described that show optimal activity in the presence of CL, 
including the mitochondrial ATP/ADP carrier [17]. Besides the influence on individual 
enzymatic activities, CL has also been described to be involved in the maintenance 
of supercomplexes of the mitochondrial oxidative phosphorylation machinery and in 
different stages of mitochondrial apoptosis [18-21]. Although several reports have 
focused on these processes in tafazzin-deficient (i.e. BTHS) cells, the pathogenesis 
of the disorder has remained ill understood. Furthermore, a genotype-phenotype 
correlation is absent in BTHS [22] which could be explained by the involvement of 
modifying factors. In order to characterize the potential compensatory mechanisms 
and/or the modifying factors influencing the phenotype when tafazzin is deficient, 
we aimed to establish the proteome differences in tafazzin-deficient versus wild type 
cells. We used Saccharomyces cerevisiae as a model because CL metabolism is 
well conserved between yeast and human and because yeast mitochondria can 
be isolated without significant contamination of other organelles. Using isolated 
mitochondria from wild type or tafazzin-deficient yeast cells we performed a two-
dimensional differential in-gel electrophoresis (2D-DIGE) analysis comparing their 
protein composition.

Materials and methods
Yeast culture and isolation of mitochondria
Wild type and taz1∆ (in which the YPR140w gene was deleted [23] yeast (both 
w303 background) were cultured overnight at 28°C in rich ethanol medium, which 
contained 1% (w/v) yeast extract, 2% (w/v) peptone and 2% (w/v) ethanol. Isolation 
of mitochondria was performed as described previously [24]. Briefly, yeast cells 
were pelleted (3000×g for 5 minutes) from 1 liter of overnight culture (OD600 ~ 
1.6), spheroplasts were prepared according to the zymolyase procedure [25] and 
homogenized using a glass-teflon potter in homogenization buffer (0.6 M sorbitol, 
10 mM Tris-HCl pH7.4, 1 mM EDTA, 1 mM PMSF, 0.2% (w/v) BSA). A post nuclear 
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supernatant (PNS) was obtained by two subsequent 5 minute centrifugations of the 
homogenate at 1500×g and 3000×g, respectively. Organelles were spun down from 
the PNS by centrifugation for 15 minutes at 12.000×g. The resulting organelle pellet 
was washed with SEM (250 mM Sucrose, 1 mM EDTA, 10 mM MOPS, pH7.2), 
resuspended in 4 mL SEM and loaded on a discontinuous sucrose gradient (from 
top to bottom: 4 mL sample, 1.5 mL 15% sucrose, 1.5 mL 23% sucrose, 4 mL 32% 
sucrose, 1.5 mL 60% sucrose; all sucrose layers contained 1 mM EDTA, 10 mM 
MOPS, pH7.2). The gradients were centrifuged for 1.5 hours at 36.000×g and 
mitochondria were collected from the 60%/32% interface and stored at -80°C until 
analysis.

Purity of mitochondrial fractions
The purity of isolated mitochondria was established by the measurement of the 
activity of enzymes specific for different organelles. Fumarase (for mitochondria) 
and 3-hydroxyacyl-CoA dehydrogenase (for peroxisomes) activity were measured 
as described previously [26]. Phosphogluco-isomerase (for cytosol) activity was 
measured by monitoring NADPH production at 340 nm at 37°C. The reaction was 
started by the addition of 0.4 mM (final concentration) fructose-6-phosphate to an 
incubation mixture of 50 mM TRA-HCl pH 8.0, 0.3 mM NADP, 2.5 U/ml glucose-6-
phosphate dehydrogenase, 0.1% (w/v) Triton X-100 and 5 mM MgCl2. The activity 
of rotenone-insensitive cytochrome c reductase was measured as a marker enzyme 
for the endoplasmic reticulum, by monitoring the production of reduced cytochrome 
c at 550 nm at 25°C. The reaction was started by the addition of 0.07 mM oxidized 
cytochrome c to a reaction mixture containing 40 mM KPi pH7.2, 0.4 mM NADPH, 
0.1% (w/v) Triton X-100, 0.5 µM rotenone. Alkaline phosphatase (for vacuoles) 
activity was measured by monitoring the conversion of p-nitrophenylphosphate 
to dinitrophenol at 405 nm at 37°C. The reaction mixture consisted of 1 mg/mL 
p-nitrophenylphosphate (Sigma) dissolved in 0.1 M glycine-NaOH pH 10.4, 1 mM 
ZnCl2 plus 1 mM MgCl2 and the reaction was started by the addition of sample. 
Protein concentrations were determined according to the Bradford protocol [27].

Protein labeling
Proteins from isolated mitochondria from wild type and taz1∆ yeast cells were 
precipitated using a final concentration of 10% (w/v) trichloroacetic acid. The 
protein pellet was washed with acetone and dried. Proteins were resuspended in 
L-buffer (30 mM Tris-HCl pH 8.5, 7.7 M urea, 2.2 M thio-urea, 4% CHAPS (3-[(3-
cholamidopropyl)-dimethylammonio]-1-propanesulfonate; Sigma)). The equivalent 
of 133 µg of wild type or taz1∆ yeast protein sample was labeled with either Cy3 or 
Cy5 dye according to the manufacturer’s protocol (GE Healthcare). For quantification 
purposes, the experiment was performed six times, including a dye swap to exclude 
dye related artifacts. As an internal standard we labeled 133 µg of protein, half of 
which consisted of wild type protein and half consisted of taz1∆ protein, with Cy2. 
After labeling of the protein samples for 30 minutes at room temperature in the dark, 
the reaction was quenched by the addition of 1 µL of 100 mM lysine solution (Sigma). 
Labeled proteins from wild type and taz1∆ yeast were combined so that each sample 
consisted of 200 µg wild type and 200 µg taz1∆ yeast protein, i.e. 400 µg in total. 
The samples were adjusted to contain a final concentration of 2% (v/v) IPG buffer 
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containing the ampholines (3-10 NL; GE healthcare), 2 mM DTT and 0.5% (v/v) 
Destreak reagent (GE Healthcare) in a final volume of 450 µL L-buffer and was 
incubated at room temperature for 30 minutes.

Two dimensional Differential In-Gel Electrophoresis (2D-DIGE)
After Cy Dye labeling, protein samples were incubated overnight with 24-cm precast 
isoelectric focusing (IEF) strips (pH 3-10 NL; GE Healthcare). First dimension IEF of 
the strips was performed in parallel using the IPGPhor (GE Healthcare). The strips 
were focused at 20°C by a stepwise increase to 150 V for 3 hours, followed by a 
stepwise increase to 300 V for 3 hours, a gradient to 1000 V for 6 hours, a gradient 
to 8000 V for 5 hours, a constant voltage of 8000 for 3 hours and a gradient decrease 
to 500 V for 0.5 hours, with a maximum of 0.05 mA/strip. After IEF, the strips were 
sequentially incubated with 1% DTT and 2.5% iodoacetamide, both in 50 mM Tris-
HCl pH 8.0, 6 M urea, 30% glycerol, 2% SDS for 15 minutes to modify cysteine 
residues. The second dimension was performed by placing the strips on top of 10% 
SDS-PAGE gels between low-fluorescent glass plates and by running the gels in the 
Ettan Dalt-six electrophoresis system (GE Healthcare) at 35 mA/gel for 30 minutes 
and overnight at 7 mA/gel.

DIGE  image analysis
After electrophoresis the gels were scanned with a resolution of 100 µm using a 
Typhoon Trio image scanner (GE Healthcare) at wavelengths corresponding to 
each of the Cy dyes, according to the manufacturer’s guidelines. Differential-in-gel 
analysis was performed using the Decyder software (GE Healthcare). Spots were 
considered significantly altered if a) 1.3-fold up- or downregulated and present in 4 
out of 6 gels with p<0.05, b) 1.2-fold up- or downregulated and present in 4 out of 6 
gels with p<0.01, c) 1.1-fold up- or downregulated and present in 6 out of 6 gels with 
p<0.001.

Protein identification
After acquiring the Cy images, the gels were stained overnight with colloidal PageBlue 
Coomassie stain (Fermentas). The protein pattern of the coomassie stained gels 
was compared to the Cy images and protein spots that were differentially expressed 
were isolated from the gel for protein identification. Isolated protein spots were 
digested with unmodified trypsin (Roche) and extracted as described before [28]. 
Dried peptide pellets were resuspended in 6 µL of 60% acetonitrile, 1% formic acid, 
of which 0.7 µL was used for the identification. The peptide mixture was mixed with 
an equal volume of (aceton prewashed) 10 mg/mL α-cyano-4-hydroxycinnamic acid 
(Sigma) solution in acetonitrile-ethanol (1:1 v/v) with 0.1% trifluoroacetic acid (TFA) 
and 0.5 mM ammonium acetate. A volume of 1.4 µL was spotted and allowed to 
dry at room temperature. Matrix-assisted laser desorption ionization-time-of-flight 
mass spectra were acquired using a Micromass M@LDI (Micromass). The resulting 
spectra were used to search a nonredundant protein sequence database (Swiss-
Prot/TREMBL or MSDB) using the Proteinprobe program to obtain a masslist for 
the MASCOT search engine and database. If additional sequence information was 
required 1 µL of the sample was used for further LC-MS/MS analysis using a Q-
STAR XL (Applied Biosystems-Sciex) mass spectrometer. For LC-MS/MS analysis, 
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the peptide separation was accomplished using an Agilent 1100 series LC system, 
fitted with a true nanoscale reversed-phase HPLC setup involving Dean switching. 
The procedure used was as described in Van Breemen et al [29].

Generation of overexpression yeast strains
For overexpression of ACH1, HSP60, TOM70 and YHB1, we amplified the respective 
genes (primers in table 1) and subcloned these in pGEM-T. After sequence 
verification, the genes were cloned in the pYPGK18 plasmid [23] using the KpnI and 
BamHI sites that were included in the forward and reverse primer, respectively. The 
different constructs were transformed to yeast using the lithium acetate procedure 
[30]. Transformed yeast cells were typically grown at 28°C on minimal glucose plates 
(0.67% (w/v) yeast nitrogen base (YNB) without amino acids, 2% (w/v) glucose, 
2% (w/v) agar, containing the appropriate amino acids). Overexpression of Hsp60 
and Tom70 was checked by immunoblotting using polyclonal α-Hsp60 (gift of Dr. 
A. Horwich) and α-Tom70 (gift of Dr. C. Koehler), respectively. Unfortunately, no 
antibodies directed to yeast Ach1 and YHb1 were available for analysis.

Growth phenotype analysis
For growth phenotype complementation analysis, transformants were grown in 
minimal glucose medium and harvested in mid-exponential phase. Cells were 
washed with water and resuspended to OD600 = 1. Subsequently, the yeast 
suspension was diluted serially in water (from 300 to 72900 fold), and 6 µl of each 
dilution was spotted on either rich (1% yeast extract, 2% peptone) or minimal (0.67% 
YNB without amino acids) yeast culture plates containing different carbon sources 
(2% glucose, 2% ethanol, 2% glycerol, 2% galactose, 2% acetate, 2% lactate) which 
were placed at 28°C or 37°C.

Results and discussion
2D-DIGE analysis
In order to characterize the differential protein build-up of mitochondria from the 
tafazzin-deficient (taz1Δ) yeast mutant and the wild type yeast, we performed two-
dimensional differential in-gel electrophoresis (2D-DIGE) analysis. Approximately 
2000 individual protein spots were detected, of which only 41 were significantly 
changed in the taz1Δ as compared to wild type yeast (table 2). Using peptide mass 
fingerprint analysis, we identified 18 of the significantly changed spots, several of 
which corresponded to the same protein.
Four spots were identified as acetyl-CoA hydrolase (Ach1), and expression was 
reduced by approximately 50% in the mitochondria isolated from the taz1Δ mutant. 
Although the exact role of Ach1 in mitochondrial metabolism is not clear, it is thought 
that by the hydrolysis of acetyl-CoA Ach1 regulates the intracellular acetyl-CoA 
concentration thus influencing the acetyl-CoA utilization as well as protein acetylation 

Forward (5' - 3') Reverse (5' - 3')

ACH1 TATAGGTACCATGACAATTTCTAATTTGTTAAAGC TATAGGATCCCTAGTCAACTGGTTCCCAGC

HSP60 TATAGGTACCATGTTGAGATCATCCGTTGTTCG TATAGGATCCTATATTACATCATACCTGGCATTCC

TOM70 TATAGGTACCATGAAGAGCTTCATTACAAGGAACAAGAC TATAGGATCCGTCAATGTCATTGCTGCTCTTCC

YHB1 TATAGGTACCATGCTAGCCGAAAAAACCCGTTCC TATAGGATCCCAAACTGTGAAATCGAACAAGTG

Table 1. Primer sets used for amplification of yeast ACH1, HSP60, TOM70 and YHB1.
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Identified spots

T-test Ratioa Gene Protein M-Pb Function
1 0.0042 -1.2 YBL015w Ach1 Acetyl-CoA hydrolase 83-7 Regulation of acetyl-CoA levels, TCA cycle
2 1.00E-06 -1.56 YBL015w Ach1 Acetyl-CoA hydrolase 114-9 Regulation of acetyl-CoA levels, TCA cycle
3 2.00E-07 -1.5 YBL015w Ach1 Acetyl-CoA hydrolase 205-17 Regulation of acetyl-CoA levels, TCA cycle
4 1.30E-07 -1.64 YBL015w Ach1 Acetyl-CoA hydrolase 70-6 Regulation of acetyl-CoA levels, TCA cycle
5 2.50E-06 1.35 YGR234w YHb1 Flavohemoglobin 90-6 Oxidative stress response
6 5.70E-05 1.32 YGR234w YHb1 Flavohemoglobin 118-8 Oxidative stress response
7 4.40E-08 1.38 YGR234w YHb1 Flavohemoglobin 262-21 Oxidative stress response
8 1.30E-11 1.37 YGR234w YHb1 Flavohemoglobin 230-19 Oxidative stress response
9 3.40E-10 1.65 YNL121c Tom70 Translocase of the Outer Membrane-70 636-16 Protein import in mitochondria
10 2.50E-05 1.22 YLR259c Hsp60 Heat Shock Protein-60 167-18 Protein assembly, mtDNA stability and transmission, stress response
11 0.00012 -1.29 YLR163c Mas1 Mitochondrial Processing Peptidase 99-6 Mitochondrial protein processing during import
12 6.10E-07 -1.29 YLR163c Mas1 Mitochondrial Processing Peptidase 99-6 Mitochondrial protein processing during import
13 3.90E-05 -1.13 YLR069c Mef1 Mitochondrial Elongation Factor 86-5 Mitochondrial protein synthesis
14 9.80E-05 1.11 YMR108w Ilv2 Acetolactate synthase 112-10 Branched-chain amino acid biosynthesis
15 0.00048 1.16 YJR016c Ilv3 Dihydroxy-acid dehydratase 120-10 Branched-chain amino acid biosynthesis
16 0.00077 1.18 YJR016c Ilv3 Dihydroxy-acid dehydratase 185-17 Branched-chain amino acid biosynthesis
17 0.00011 1.14 YHR208w Bat1 Branched-chain amino-acid transaminase 204-13 Branched-chain amino acid biosynthesis
18 0.00045 -1.1 YPL004c Lsp1 Sphingolipid long chain base-responsive protein 206-14 Endocytosis, stress response, cell wall integrity

Unidentified spots
T-test Ratioa comment

19 1.80E-05 -1.1
20 2.80E-05 1.12
21 0.00011 1.19
22 0.00025 -1.19
23 2.70E-06 -1.26
24 4.90E-05 -1.27 localized near spot 11 and 12, likely a modified form of Mas1
25 2.90E-07 1.25
26 1.80E-06 -1.24
27 1.10E-05 -1.27
28 0.0012 1.22
29 0.00024 -1.22
30 0.0015 -1.2
31 0.0042 -1.25
32 0.0065 1.27
33 0.0084 -1.21
34 2.20E-06 -1.53
35 0.00099 -1.38
36 4.40E-05 -1.4
37 6.10E-06 1.41 localized near spot 5-8, likely a modified form of YHb1
38 4.10E-05 1.32
39 4.30E-07 1.38
40 2.10E-06 4.02
41 4.10E-05 1.32 three proteins identified in this spot: acetyl-CoA hydrolase, YHR198c, Porin1

aThe ratio indicates the fold increase (positive number) or decrease (negative number) in the tafazzin-deficient mutant (compared to the wild type)
bM-P indicates the mowse score (M) and the number of identified peptides (P)

Table 2. Significantly changed protein spots in tafazzin-deficient versus wild type yeast mito-
chondria

state [31]. A reduction in Ach1 expression, as observed in the taz1Δ mutant, could 
therefore result in increased availability of acetyl-CoA for the TCA cycle.
In the taz1Δ mitochondria we also observed a consistent 35% increase in the 
expression of flavohemoglobin (YHb1) which was detected in four independent 
protein spots. YHb1 has been reported to be involved in the oxidative stress 
response, as illustrated by the increased sensitivity to reactive oxygen species 
(ROS) of the yhb1Δ yeast mutant [32]. Additionally, it was shown that expression of 
YHb1 was increased by ROS [32] and by inhibition of the respiratory chain [33,34], 
although these results were disputed [35]. More recent studies have focused on 
the role of YHb1 in the nitrosative stress defense, showing that by virtue of its nitric 
oxide-consuming capacity, YHb1 protects yeast cells against protein nitrosylation 
[36,37]. Although no evidence has been reported that taz1Δ suffers from nitrosative 
stress, it seems plausible that the reduced respiratory supercomplex stability and 
the concurrent impaired oxidative phosphorylation of taz1Δ [38] could account for an 
increased YHb1 expression in order to scavenge potential ROS.
Expression of Tom70, a constituent of the mitochondrial outer membrane 
translocase, was increased by 65% in taz1Δ. Localized in the mitochondrial outer 
membrane, Tom70 serves as a receptor for nuclear encoded, often hydrophobic 
proteins containing a mitochondrial targeting signal [39]. A higher Tom70 expression 
could result in increased import of mitochondrial proteins, enhancing mitochondrial 
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biogenesis and/or metabolism. Additionally, enhanced import of proteins the function 
of which is compromised by CL abnormalities, such as respiratory chain complexes, 
might increase residual activity.
Expression of heat shock protein-60 (Hsp60), which is a multifunctional protein 
residing in the mitochondrial matrix [40], was increased by 22% in taz1Δ. Originally, 
Hsp60 was described as a protein involved in the proper assembly of newly imported 
mitochondrial proteins [41], but more recently other functions have been attributed to 
Hsp60 in providing mitochondrial DNA (mtDNA) stability [42] and facilitating mtDNA 
transmission [43]. Finally, Hsp60 has been shown to play a role in oxidative stress 
defense by protection of several iron-containing proteins, thereby preventing iron-
release with subsequent propagation of oxidative damage [44]. All functions that were 
described for Hsp60 are favorable for the functionally compromised mitochondria of 
taz1Δ by increasing levels of functionally active mitochondrial proteins and supporting 
proper oxidative stress defenses. In contrast to the observed increase in Tom70 
(mitochondrial protein import) and/or Hsp60 (folding), we observed a 29% decrease 
in the expression of the mitochondrial processing peptidase (Mas1). Also, we 
observed a slight, but significant (13%), decrease in the expression of mitochondrial 
elongation factor G (Mef1), which is involved in mitochondrial translation. How these 
seemingly contradictory decreased expression levels could relate to the overall 
increase in mitochondrial biogenesis remains to be established.
We also found a relatively small, but consistent, increase of three individual enzymes 
of the branched-chain amino acid (BCAA) biosynthesis pathway (Ilv2, Ilv3 and 
Bat1) which points towards a role for BCAA metabolism in the taz1Δ mitochondria. 
Although BCAA biosynthesis does not exist in humans, it is worth noting that one 
of the biochemical characteristics of BTHS is 3-methylglutaconic aciduria, which 
is thought to be caused by excretion of one of the intermediates of the BCAA 
degradation pathway. One could speculate that the presumably suboptimal ATP 
production in BTHS mitochondria results in an increased breakdown of amino acids 
to generate reduction equivalents for the respiratory chain. This in turn could lead 
to more breakdown intermediates and an increase of some of the biosynthetic 
pathways for aminoacids to replenish them, as illustrated in the yeast phenotype. 
In this context, mention should also be made of the fact that acetohydroxyacid 
reductoisomerase (Ilv5), involved in BCAA biosynthesis, also enhances mtDNA 
transcription by changing its conformation [45]. Intriguingly, this happens under 
conditions of amino acid starvation. Although this function was not attributed to the 
other BCAA biosynthetic enzymes, it would be interesting to further investigate these 
proteins and their possible involvement in regulation of mitochondrial metabolism.
Finally, we found a 10% decrease in the expression of Sphingolipid long chain base-
responsive protein (Lsp1) in taz1Δ mitochondria. Although most information on Lsp1 
points towards a role in endocytosis, while giving a cytosolic localization, it has been 
reported that Lsp1 is also present in mitochondria [46]. Deletion of LSP1 in yeast 
resulted in improved heat stress resistance [47]. Furthermore, Lsp1 was shown 
to negatively regulate cell wall integrity via the protein kinase C (PKC)-activated 
pathway [47], a process that is compromised in the pgsΔ yeast mutant which is 
deficient in the first step of CL biosynthesis [48]. It could be hypothesized that taz1Δ 
has a similar defect which is compensated by decreased Lsp1 expression, leading 
to increased activity of the PKC cell wall integrity pathway.
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Characterization of yeast overexpression and deletion mutants in taz1Δ 
background
In order to get more insight in the functional consequences of increased or decreased 
expression of proteins that were identified in the 2D-DIGE analysis, we aimed to 
overexpress four (ACH1, HSP60, TOM70 and YHB1) and delete three of these 
genes in Saccharomyces cerevisiae (hsp60Δ yeast is not viable). As a readout we will 
use the ability to grow on different carbon sources (i.e. glucose, galactose, glycerol, 
ethanol, lactate, acetate) and at different temperatures (i.e. 28°C and 37°C), aiming 
to characterize whether increased expression or deletion would result in amelioration 
or worsening of the growth phenotype of taz1Δ. For example, we have previously 
described that the taz1Δ mutant displayed retarded growth on rich ethanol plates at 
elevated temperature [23]. 
Unfortunately, data on the growth phenotype of the overexpression and deletion 
mutants in the taz1Δ background are not available to date. Ongoing experiments will 
have to establish the effect of the selected overexpression and deletion on the yeast 
growth phenotype and further clarify the role of these proteins in tafazzin-deficient 
yeast mitochondria.

In summary, the data described in this chapter show a difference between the 
proteome build-up of tafazzin-sufficient versus tafazzin-deficient mitochondria of 
Saccharomyces cerevisiae. Our data indicate that several pathways involved in 
mitochondrial biogenesis, energy production and (oxidative) stress response are 
upregulated following tafazzin deletion, most likely as a compensatory mechanism 
to increase residual mitochondrial function. Unfortunately, so far we were not able to 
properly investigate the effect of expression or deletion of these genes in the taz1Δ 
background. The proteins that were identified in this study, as well as the pathways 
in which they function, could serve as modifiers of the pathophysiology of BTHS and 
might further elucidate the link between TAZ genotype and BTHS clinical phenotype. 
More research in human BTHS cells and/or tissues, including single nucleotide 
polymorphism analysis of the human orthologues of the proteins described here, 
should clarify this matter.
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