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Summary: Here, we investigate the role of CL in modulating the MCUcx function using high-resolution

patch clamp recordings of MCUcx currents (IMCU) in the native IMM. Our results show that IMCU is almost
completely abrogated in the cardiac tissue from a murine model of BTHS. Additionally, there is a differential
reduction in MCU activity depending on whether isolated mitochondria were from muscle or non-muscle tissue.
We propose that tissue-specific diversity in CL species might be responsible for tissue-specific alteration in
protein function and bioenergetic deficits observed in BTHS patients.

Reference: 1. Shaun DMello. 2021. Barth Syndrome - Glossary. Medindia. 2. Falabella, M., et. Al. Trends in Endocrinology & Metabolism, Volume 32,

Issue 4, 2021. 3. Garg, V. and Kirichok, Y. Methods Mol Biol. 2019. 4. Barth, P. G. et al. Journal of the Neurological Sciences 62, 327-355, 1983. 5. Claypool,
S. M. & Koehler, C. M. Trends Biochem Sci 37, 32-41, 2012. 6. Houtkooper, R. H. et al. Anal Biochem 387, 230-237, 2009.
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Material and Methods

Cardiolipin (CL) is a signature phospholipid of the inner membrane of mitochondria (IMM) that plays a critical role in maintaining
mitochondrial function. Aberration in CL level can cause severe neurological, developmental, and myopathic disabilities in humans.
Barth syndrome (BTHS) is a genetic disorder due to mutations in the Tafazzin gene (Taz) that lead to altered CL remodeling. Its cardinal
features include life-threatening cardioskeletal myopathy, growth retardation, and neutropenia. Altered CL levels markedly affect
mitochondrial bioenergetics and the activity of several IMM proteins; however, a detailed molecular understanding of CL regulation of
membrane proteins is lacking. The Mitochondrial Ca2+ Uniporter complex (MCUcx) is a macromolecular Ca2+ channel in the IMM, where
it unidirectionally transmits Ca2+ into the matrix and, in turn, accelerates the rate of ATP production. We are investigating the exact role
of CL in the regulation of MCUcx stability and function, primarily using a high-resolution mitochondrial patch clamp technique.

Introduction

Mitochondrial Calcium Uniporter Complex (MCUcx)

MCUcx is a macromolecular complex
composed of a pore-forming MCU subunit,
an essential regulator EMRE, and EF-hand
containing paralogs MICU1‒3.

Mitochondrial Patch-clamp: Representative current traces recorded in the whole-mitoplast mode. The
voltage protocol is shown above. All indicated voltages are within the mitochondrial matrix relative to the
bath (cytosol)3.

Results and Discussion
1. Mitochondrial Ca2+ uptake assay detects predominant changes only in the  cardiac tissue of TAZKD animal

3. IMCU is reduced in TAZKD Heart and Skeletal Muscle
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2. Mitochondrial morphology changes due to TAZKD are visible in isolated mitochondrial samples

Altered mitochondrial morphology was observed in isolated mitochondria from Heart samples of TAZKD animals.
As TAZ expression decreased, the mitochondrial network showed a decrease in connected tubular structures
and an increase in discontinuous punctate granule structures, indicating impaired mitochondrial fusion and an
aberrant mitochondrial network structure. Isolated mitochondria from TAZKD heart samples had a higher
proportion of small fragmented mitochondria.

• CL speciation is very diverse, as represented by more
than 100 different molecular species

• In mammals, tetralinoleoyl (linoleic acid (18:2) in all
four acyl chains) CL is enriched in highly oxidative
tissues, such as heart and skeletal muscle, and
composes up to 70–80% of total CL content.
However, human lymphoblasts CL contain
predominantly oleyl chains (C18:1)4.

• CL in the colon has short and mostly saturated fatty
acids, whereas CL in the brain primarily constitutes
long and unsaturated CL species5.

• The heart has a unique CL pool consisting primarily
of tetralinoleoyl-CL (CL(18:2)4). Interestingly, the
highest proportions of oxidized CL were found in the
heart (1.8% ± 0.7%) and skeletal muscle in BTHS.6

• We propose that different species of CLs have
varying efficacy in maintaining optimal MCUcx
function depending on saturation and length of the
CL pool. We plan to test that in the CRLS1KO cell line.
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Mitoplast: The red arrow shows eight
shaped mitoplast, and the yellow arrow
shows a pear-shaped mitoplast
pointing towards the outer
mitochondrial membrane (OMM) cap.
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4. Future Plan

Single-channel iMCU recordings 

The IMCU is almost completely obliterated in the heart (~88%
reduction, Fig. A and B), & SkM has ~63% reduction (Fig. C
and D), while the kidney has minor reduction (Fig. E and F).
This suggests that there might be other CL species in non-
muscular tissue that can rescue optimal MCUcx function
(we also plan to test IMCU in the liver and brain also.

Several Ca2+ channels/transporters and buffering

proteins play an important role in inter-organelle Ca2+

transfer and regulation of cytosolic Ca2+

concentration.

CL functions:
Membrane architecture:
support of cristae
structure; Mitochondrial
bioenergetics: assembly
and stabilization of

respiratory chain complexes, ATP synthase, ANT and MCU; Membrane
dynamics & Mitophagy; Protein import: Structural support of protein
carriers TIM/TOM2.
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