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In the diagnostic work-up of a newborn infant with a metabolic crisis, lethal multiorgan failure on day six of life,
and increased excretion of 3-methylglutaconic acid, we found using whole genome sequencing a homozygous
SERAC1 mutation indicating MEGDHEL syndrome (3-methylglutaconic aciduria with deafness-dystonia, hepat
opathy, encephalopathy, and Leigh-like syndrome). The SERAC1 protein is located at the contact site between
mitochondria and the endoplasmic reticulum (ER) and is crucial for cholesterol trafficking. Our aim was to
investigate the effect of the homozygous truncating mutation on mitochondrial structure and function. In the
patient fibroblasts, no SERAC1 protein was detected, the mitochondrial network was severely fragmented, and
the cristae morphology was altered. Filipin staining showed uneven localization of unesterified cholesterol. The
calcium buffer function between cytoplasm and mitochondria was deficient. In liver mitochondria, complexes I,
III, and IV were clearly decreased. In transfected COS-1 cells the mutant protein with the a 45-amino acid Cterminal truncation was distributed throughout the cell, whereas wild-type SERAC1 partially colocalized with
the mitochondrial marker MT-CO1. The structural and functional mitochondrial abnormalities, caused by the
loss of SERAC1, suggest that the crucial disease mechanism is disrupted interplay between the ER and mito
chondria leading to decreased influx of calcium to mitochondria and secondary respiratory chain deficiency.

1. Introduction
Mitochondrial disorders (MD) are caused by mutations in either
nuclear or mitochondrial DNA (mtDNA) and result in primary defects in
mitochondrial energy metabolism. This heterogenous group of diseases
includes 249 clinically and genetically defined autosomal recessive MDs
with a life-time risk of 1 in 2000 people [1]. About three fourth of the
prevalence is due to four genes (SPG7, ACADM, POLG and SLC22A5),
whereas the majority of the remaining genes had a very low prevalence
each [1]. This group includes the SERAC1 gene (prevalence 0.09/
100000) with 68 identified variants, of which more than 40 are

pathogenic or likely pathogenic mutations causing the MEGDHEL syn
drome [1–4], characterized by 3-methylglutaconic aciduria (3-MGA)
with deafness-dystonia, hepatopathy, encephalopathy, and Leigh-like
syndrome. The most common phenotype presents in infants with hy
poglycemia and a sepsis-like disease followed by a delayed psychomotor
development being apparent usual at two years of age with sensori
neural deafness, spasticity or dystonia, and increased excretion of 3MGA [3–7]. Later onset is rare, but both juvenile-onset complicated
hereditary spastic paraplegia [8] and adult-onset generalized dystonia
have been reported [2,9]. Patients with onset in infancy usually survive
several years. The majority was reported to be alive at least at 7 years of
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media for 72 h, at a final concentration of 1.25 μM. The cells were fixed
with the fixative supplied by the kit for 10 min at room temperature,
followed by three washes and filipin incubation for 30 min in the dark.
After incubation, the cells were washed and imaged using 3i (Intelligent
Imaging Innovations) Marianas spinning disk confocal microscope with
405 nm laser line and selective emission filter, 40× water immersion
objective, and Orca sCMOS Flash 4 camera (Hamamatsu, Bridgewater,
NJ). Images were taken in Z-stack mode, and processed using Fiji [20].

age [2,3,8–16]. In the multinational cohort including 67 cases, the
median age at diagnosis was 7.2 years and the 50% survival was 15 years
of age [3]. Neonatal hepatopathy was initially described in four infants,
who survived more than 3 years [11], and thereafter the MEGDEL
syndrome [4] was renamed to MEGDHEL, an appropriate change as liver
disease or dysfunction is found in the majority of the patients [3].
Here we report a newborn infant with a lethal multiorgan failure,
increased excretion of 3-MGA, and a homozygous SERAC1-mutation
indicating MEGDHEL syndrome.

2.6. Ca2+ measurements

2. Materials and methods

For the Ca2+ measurements, the luminescent Ca2+ probe aequorin, a
calcium-activated photoprotein targeted either to the mitochondrial
matrix or to the cytoplasm, was utilized. The aequorin probes were used
and the measurements conducted, calibrated and analyzed as described
previously [21,22]. In brief, the patient and control fibroblasts were
seeded on to 96-well plates (10,000 cells per well). The following day,
the cells were transfected with the desired aequorin plasmid. Trans
fections were done using TurboFect (#R0531, Thermo Scientific)
transfection reagent and OptiMEM transfection medium (#31985-070,
Life Technologies). Twenty-four hours after the transfection the cells
were washed and incubated (for 1 h at room temperature in the dark) in
HBSS buffer (118 mM NaCl, 4.6 mM KCl, 10 mM glucose, 20 mM HEPES,
pH 7.4) supplemented with 5 μM coelenterazine (Synchem) and 1 mM
CaCl2. Thereafter, to record the luminescence produced by the aequorin
Ca2+ indicator, the cells were transferred to a HIDEX Sense plate reader
(HIDEX Corp. Turku, Finland) and subjected to the treatments (100 μM
histamine or 400 nM bradykinin, respectively). The sample rate was set
to one measurement per second. At the end of each measurement, the
cells were lysed with 100 μM digitonin in the presence of 10 mM CaCl2
to allow for conduction of calibration of the results as previously
described [21].

2.1. Ethics statement
At admittance to the neonatal intensive care unit (Skåne University
Hospital, Lund, Sweden) at one day of life the parents gave their written
informed consent to inclusion in a study concerning mitochondrial
disease investigations [17], and samples were accordingly obtained.
Control fibroblasts were cultured from a skin biopsy taken after parental
informed consent from a newborn infant with suspicion of a metabolic
disease, that turned out not to be the case. The regional ethics review
board of Lund, Sweden approved the study (59/2009 and 97/2009).
2.2. Genetic analysis
A standard method was used for DNA extraction from blood cells
[18] of the triad, the patient and her parents. Whole genome sequencing
(WGS) was performed on the patient's DNA sample using the
sequencing, variant calling and annotation platform of Knome Inc
(Cambridge, MA 02142, USA). Sanger sequencing was used to confirm
the SERAC1 variant in the patient's and parental samples.
2.3. Cell culture

2.7. Electron microscopy

All mammalian cells (fibroblasts and COS-1 cells) were cultured in
standard high-glucose medium (DMEM, 10% fetal bovine serum, Glu
tamax, penicillin and streptomycin). Adult and pediatric control fibro
blasts for the cholesterol staining and calcium imaging were obtained
from the laboratories of Peter Mattjus and Lea Sistonen (Åbo Akademi
University), respectively. The control fibroblasts for the SERAC1 West
ern blotting were from children with no symptoms of mitochondrial
disease [19].

The cells for electron microscopy (EM) were cultured on cover glass
in culture conditions described above. The cells were washed 2 times
with PBS, then fixed in 2% glutaraldehyde and 2% formaldehyde for 30
min at 4 ◦ C and then left in 2% glutaraldehyde in PBS at room tem
perature. The cells were embedded in Epon resin, and blocks were cut
into ultrathin sections and stained with uranyl acetate-lead citrate ac
cording to the standard procedure of the Laboratory of Electron Mi
croscopy, University of Turku, Finland. The grids were imaged with a
JEOL JEM-1400 plus transmission electron microscope equipped with
an 11 Mpx Olympus Quemesa digital camera.

2.4. Cloning and mutagenesis
SERAC1 coding sequence was PCR-amplified from human fibroblast
cDNA (primers EcoRI-SERAC1: ATGAATTCAGAATGTCCCTGGCTGCT
TATT and SERAC1-STP-SalI: ATATGTCGACTTAGTTTTCAAGGTCTT
TGGCTAAA) and cloned into pcDNA6A-V5-His vector without the Cterminal tags. The wild-type cDNA in pcDNA6A was modified by inverse
PCR mutagenesis (primers SERAC1mut-r TCAAAACCTGTTGGTTTCCA
CAGGTACCACATGGA and V5-f GGTAAGCCTATCCCTAACCC) to mimic
the patient mutation predicted to cause retention of intron 16 and
leading to four nonsense amino acids followed by a stop codon. The
constructs were verified by Sanger sequencing.

2.8. Cell transfection and immunostaining
The human fibroblasts were fixed with 4% paraformaldehyde, fol
lowed by immunofluorescence staining. The antibodies and concentra
tions used were Tom20 (1:500, Santa Cruz sc-11415), anti-rabbitAlexaFluor 594 (1:1000, Molecular Probes), anti-mouse-AlexaFluor488
(1:1000, Molecular Probes), anti-mouse anti-PDIA3 (1:1000, Prestige
Antibodies® Powered by Atlas Antibodies AMAB90988). Thereafter, the
cells were mounted with Vectashield mounting medium with DAPI (H1200, Vector Laboratories).
The wild-type and mutant SERAC1-transfected COS-1 cells were
fixed with 10% neutral buffered formalin, rinsed and permeabilized
with 0.5% Triton X-100 in PBS. Antibodies used were mouse anti-MTCO1 (ab14705, Abcam) (0.5 μg/ml) and rabbit anti-SERAC1
(HPA025716, Merck) (2 μg/ml), respectively. Anti-mouse Alexa
Fluor488 (Life Technologies) (2 μg/ml) and anti-rabbit AlexaFluor594
(Life technologies) (2 μg/ml) were used for fluorescence labeling. For
nuclear staining, Hoechst nuclear stain was used. Thereafter, the cells
were mounted with Fluoromount™ aqueous mounting medium (Sigma).
The epitope of the commercial SERAC1 antibody is the amino acids

2.5. Filipin staining
For the filipin staining, the fibroblasts were grown on glass bottom
plates in the same culture conditions as otherwise. The Cholesterol Assay
Kit (Abcam, ab133116) was used for filipin staining. The method is
based on the interaction of filipin with cholesterol, which alters the
filipin absorption and fluorescence spectra allowing the visualization of
the presence and location of cholesterol with a fluorescence microscope
(emission at 385–470 nm). For a positive control, the intracellular
cholesterol transport inhibitor U-18666A was added to the culture
2
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Fig. 1. Magnetic resonance imaging performed at three days of age showed diffusion changes. (A) T2-weighted and (B) T1-weighted images do not show any obvious
abnormalities and the myelinisation is normal for age. (C) Diffusion weighted imaging (DWI) and (D) apparent diffusion coefficient (ADC) map demonstrate
restricted diffusion in the posterior limb of the internal capsule (additional images not presented demonstrate extension to vertex but not involving cortex and
inferiorly in the pyramidal tracts, cerebral peduncles, pons and posterior medulla).

antibodies. Primary antibodies used were mouse anti-tubulin (DM1A,
Cell Signalling Technologies, 1:2000) and rabbit anti-SERAC1
(HPA025716, Merck, 0.4 μg/ml). Appropriate HRP-conjugated second
ary antibodies (anti-rabbit, #7074 and anti-mouse, #7076, Cell Sig
nalling Technologies) and enhanced chemiluminescence were used for
the detection. The blots were imaged with ChemiDoc MP digital imager
(Bio-Rad).
2.10. Analyses of mitochondria
A sample of the skeletal muscle was frozen in liquid nitrogen for
standard mitochondrial investigations in an accredited mitochondrial
laboratory. Determination of mitochondrial adenosine triphosphate
(ATP) production rate, respiratory chain enzyme activities, and citrate
synthase activity was carried out as previously described [18].
A blood sample was drawn at the age of 5 days in EDTA, and platelets
in MiR05 buffer were used for high-resolution respirometry with an
Oxygraph-2 k (Oroboros Intruments, Innsbruck, Austria) as previously
described [17].
Mitochondria were isolated from fibroblasts and used for Blue Native
PAGE analysis and immunoblotting of electron transfer chain complexes
with antibodies as previously described [19]. A liver sample from the
post mortem biopsy was immediately placed in ice-cold buffer and
mitochondria were isolated according to our research protocol [23] and
frozen for later analyses.

Fig. 2. Decreased amounts of complexes I, III and IV in patient liver mito
chondria. Blue Native PAGE analysis of patient fibroblasts and liver was per
formed to assess the amount of respiratory chain complexes I-IV (CI-CIV) in
isolated mitochondria from patient (P) and control (C) fibroblasts (A) and liver
tissue (B). Antibodies against complex I (CI, subunit NUDFA9), complex II (CII,
subunit 30kD), complex IV (CIV, subunit COX) and complex III (CIII, subunit
CORE-1) show no change in the respiratory complexes between the patient and
control (A). In contrast, in liver mitochondria there is a clear decrease in the
amount of complexes I, III and IV.

2.11. Statistics
Statistical analyses were conducted using One-Way Anova with
Tukey's post-hoc test. The GraphPad Prism 6 program (GraphPad Soft
ware Inc., San Diego, CA) was employed for statistical analyses. A Pvalue below 0.05 was considered statistically significant.
3. Results

320–394, which are not affected by the truncating mutation.

3.1. Clinical findings

2.9. Western blot analysis

The girl was born at 39.3 gestational weeks to consanguineous par
ents from Poland after a normal pregnancy (birth weight 2690 g, Apgar
scores 10–10). At one day of age she developed a metabolic crisis with
lactacidosis; pH was 7.15 (reference value 7.35–7.45), lactate 19 mmol/
l (0.7–2.5), base excess − 21 mmol/l (− 3.0 to 3.0) with compensating
hyperventilation (pCO2 1.86 kPa, reference value 4.6–6.0). She received
intravenous glucose infusion and did not develop hypoglycemia. She
was administered multivitamins, carnitine, sodium benzoate and
dichloroacetate. The disease progressed rapidly, she developed severe

The frozen cell pellets were lysed using lysis buffer containing 1%
SDS, 12.5% glycerol, 1 mM EDTA in 30 mM Tris-HCL, pH 6.8. The cell
lysates were homogenized, and the protein concentrations were
measured with Bradford assay. 20 μg of total protein was run in a 4–20%
polyacrylamide gel (Bio-Rad) at 2 W/gel. The proteins were transferred
to a 0.2 μM PVDF membrane (GE Healthcare) by tank transfer at 100 V
for 1 h. The filters were then imaged for total protein using Coomassie G250, blocked with 5% milk powder in TBST, and stained with primary
3
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Fig. 3. Mitochondrial abnormalities in the patient fibroblast. (A) The mitochondrial network was visualized using confocal microscopy. The red channel (immu
nolabeling for TOM20, a marker for mitochondria) shows a severely fragmented mitochondrial network in the patient fibroblasts. PDIA3 (in the green channel) was
used as a marker to visualize the ER. (B) Electron micrographs of control and patient fibroblast show altered mitochondrial cristae morphology and the presence of
autophagic vacuoles in the patient cells. Moreover, it shows fewer contacts between ER and mitochondria in the patient fibroblast (arrows). The scale bar is 2 μm.

hypotonia, seizures, unconsciousness and multiorgan failure. On fourth
day of life, she was connected to a ventilator. She died at 6 days of age
after disconnection from the ventilator because of serious multiorgan
failure. In the diagnostic work-up, the plasma bilirubin was within
normal range, the ammonium level slightly elevated, the transaminases
increased, and fibrinogen decreased below detection limit. Significantly
increased urinary excretion was found for lactate (12,000 mmol/ml
creatinine, reference value below 20), 3-MGA (160 mmol/ml creatinine,
reference value below 20) and 5-hydroxyphenyl lactate (870 mmol/ml
creatinine, reference value below 30). In cerebrospinal fluid, extremely
high concentrations of glia fibrillary acid protein (GFAP 10600 ng/l,
reference <450) and neurofilament light protein (NFL, 28800 ng/l,
reference <380) were found.
In cerebral magnetic resonance imaging (MRI), diffusion changes
were observed (Fig. 1), however MR spectroscopy was normal. The
echocardiography was normal. Fibroblast cells were cultured from a
skin biopsy as clinical routine. DNA was extracted from a blood sample
of the infant and her parents. Autopsy was not performed, but postmortem biopsies were obtained from brain, liver, and skeletal muscle
and prepared for further analyses as presented below. Routine histo
logical staining, including Perl's staining for iron and reticulin, was
performed on liver tissue.

3.2. Histological studies
The small brain sample obtained with needle biopsy indicated gliosis
and acute devitalisation, but no clear abnormality could be defined.
No morphological nor enzymatic histochemical abnormalities were
detected in skeletal muscle. With Sudan Black staining some fibres had a
slight richness of lipids but no general lipid accumulation was found.
The liver histology was clearly abnormal with fibrotic architecture,
bile congestion, and swollen hepatocytes with iron accumulation. Also
Kupffer cells showed iron accumulation.
3.3. Genetic analysis
The WGS showed that the infant had a homozygous mutation in
SERAC1
(c.1822_1828delTCAGCAGGTATTCACTCinsACCAACAGG)
previously identified in MEGDHEL patients [3]. This mutation deletes
the splice donor site of exon 16 and predicts truncation of the last 45
amino acids encoded by exon 17 [6]. There is a putative cryptic splice
donor site 19 bp upstream of the splice donor site deleted by the mu
tation. Usage of this cryptic site would also lead to a frameshift and
premature stop codon after just one nonsense amino acid from exon 17
(Fig. S1). The parents were heterozygous for this mutation. In addition,
the infant had 17 variants in 8 genes with potential influence on mito
chondrial function and 51 other homozygous rare or novel variants
4
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Fig. 4. Abnormal cholesterol distribution in patient fibroblasts. Filipin staining was used to visualize unesterified cholesterol. In the control cells a typical diffuse
cytoplasmic pattern is seen. In the patient cells, cholesterol is accumulated in the perinuclear region.

Fig. 5. Reduced Ca2+ response in the patient fibroblasts. (A) The patient and control fibroblasts were stimulated with 400 nM bradykinin, and mitochondrial (mit)
and cytoplasmic (cyt) Ca2+ flux responses, respectively, were measured. (B) The change (Δ) in mitochondrial Ca2+ concentration from non-stimulated resting level to
the bradykinin-stimulated maximum in adult control cells (AC), pediatric control cells (PC) and mutant cells (P), respectively. (C) As in (B) but for cytoplasmic Ca2+.
(D) The cells were stimulated with 100 μM histamine, and mitochondrial (mit) and cytoplasmic (cyt) Ca2+ flux responses, respectively, were measured. (E) The
change (Δ) in mitochondrial Ca2+ concentration from non-stimulated resting level to the histamine-stimulated maximum in adult control cells (AC), pediatric control
cells (PC) and mutant cells (P), respectively. (F) As in (E) but for cytoplasmic Ca2+. The bar diagrams show the mean for the respective delta (Δ) values. The error bars
show the standard error of the mean. n = 12 for the measurements shown in A–C; n = 10 for the measurements shown in D–E. *P < 0.05, **P < 0.01, ***P < 0.001,
ns = not significant.

(Supplemental Table S1). These were not studied further after the
SERAC1 mutations were identified in the patient.

3.4. Mitochondrial investigations
The respiratory capacity of complex I-related substrates for the pa
tient was in the lower range (Supplemental Fig. S2).
In Blue Native PAGE analysis of patient and control fibroblasts
5
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Fig. 6. Analysis of SERAC1 protein in patient fibroblasts and overexpressed truncated protein in transfected cells. (A) Detection of endogenous SERAC1 protein by
Western blotting. Three control fibroblast samples (C1, C2 and C3) and the patient sample (P) are shown. SERAC1 (~70 kDa) is undetectable in patient fibroblasts.
α-tubulin was used as loading control. (B) Subcellular localization of wild-type and mutant SERAC1 proteins in transiently transfected COS-1 cells was visualized by
immunofluorescence microscopy. Fixed cells were fluorescently labelled with anti-MT-CO1, which is a mitochondrial marker (respiratory complex IV), anti-SERAC1
and Hoechst to visualize the nuclei. The scale bar is 50 μm.

normal amounts of respiratory complexes were found (Fig. 2A), whereas
in liver mitochondria, the amounts of complexes I, III and IV were
clearly decreased (Fig. 2B), indicating deficient mitochondrial function.
Imaging the mitochondrial network in the fibroblasts by confocal
microscopy revealed it to be severely fragmented (Fig. 3A). An exami
nation of the cells by EM showed clearly less mitochondrial contact with
the ER, altered mitochondrial cristae morphology and the presence of
autophagic vacuoles in patient cells compared with control cells
(Fig. 3B).

throughout the transfected cells, including the nucleus and cytoplasm.
This finding indicates that the C-terminus is required for the correct
MERC localization of SERAC1 and that, if the mutant protein is trans
lated in the patient, mislocalization may lead to its degradation and loss.
4. Discussion
We present a newborn infant with early characteristics of MEGDHEL
syndrome, i.e. clinical picture of metabolic lactacidemic crisis with
hepatopathy and encephalopathy, and increased excretion of 3-MGA.
The diagnosis was confirmed by the identification of a homozygous
mutation, previously reported in six homozygous and eight compound
heterozygous patients [3], in SERAC1. An unexpected feature was the
severe disease, leading to death during the first week of life. Of the so far
reported 90 MEGDHEL patients [2,3,8,8–16] only three died during
neonatal period [3,13]. A Turkish infant died on day 5 because of res
piratory distress syndrome with a homozygous SERAC1 mutation
c.442C>T (p.Arg148), which predicted loss of protein function, a
Somalian infant on day 6 because of multiorgan failure with a homo
zygous mutation c.1228T>C (p.Trp410Arg, predicted impaired lipase
function) [3]. The third patient was a Pakistani boy, who died on day 5
with hepatopathy and multiorgan failure with a homozygous splice site
mutation (IVS13+1G>C, c.1403+1G>C) in SERAC1. He had a two-year
older brother, who had transient acute liver failure during his first days
of life of unknown etiology and had the same homozygous SERAC1
mutation. Our patient had the complex c.1822_1828delTCAGCAGG
TATTCACTCinsACCAACAGG mutation published in fourteen patients
from several European countries [3]. This rare mutation, removing a
canonical splice donor site in exon 16, predicts a truncation of the last 45
amino acids [6]. It seems to be more common in Poland as it has been
found there in four children as homozygous and in another three as
compound heterozygous [15]. None of these children had a similar se
vere disease as our patient, who was also of Polish origin, and they
survived infancy and developed the progressive hypotonia and spasticity
during childhood typical of MEGDHEL syndrome [7,24] and were fol
lowed until 5–36 years of age [15]. Our MEGDHEL infant had abnormal
diffusion findings in cerebral MRI, but no marked abnormalities despite
severe neurological symptoms, which is in line with previous MEGDHEL

3.5. Functional analysis of fibroblasts
Filipin staining showed an uneven localization of unesterified
cholesterol with abundance in the perinuclear region in the patient fi
broblasts (Fig. 4). Ca2+ measurements showed some variation in the
cytoplasmic Ca2+ between the patient fibroblasts and controls. Patient
cells (P), resemble adult controls (AC) more than pediatric controls (PC)
in these respects. But the mitochondrial Ca2+ response is consistently
and reproducibly lower in patient cells (P) than in either control, indi
cating that the calcium buffer function between the cytoplasm and
mitochondria was deficient (Fig. 5). This could be due to a problem in
ER-mitochondrial connections and/or due to the fragmentation
phenotype.
3.6. SERAC1 protein studies
The SERAC1 protein is located at the contact site between mito
chondria and endoplasmic reticulum (mitochondria-endoplasmic retic
ulum contacts or MERCs) and is crucial for intracellular cholesterol
trafficking [6]. We found that the patient fibroblasts had no detectable
SERAC1 protein (Fig. 4A), likely explaining the pathogenicity of the
mutation. We cloned the wild-type and mutant SERAC1-encoding plas
mids and investigated the localization of the overexpressed proteins in
transfected cells. Transient transfection of the pcDNA6-SERAC1
construct into COS-1 cells followed by immunofluorescence micro
scopy showed that the wild-type protein partially co-localizes with the
mitochondrial marker MT-CO1 (Fig. 6). The mutant SERAC1 protein,
with the 45-amino acid C-terminal truncation, was distributed
6
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cases, who showed typical MRI findings with “putamen eyes” devel
oping at the end of the first year of life [25].
We found that SERAC1 protein was undetectable in patient fibro
blasts. Transient transfection of the mutation-imitating plasmid into
COS-1 cells showed loss of the correct subcellular localization, which
largely overlapped with a mitochondrial marker. Interestingly, SERAC1
has a C-terminal ER retention signal-like (KKXX) sequence for trans
membrane proteins, KDLEN. Our results suggest that this signal is
required for the correct MERC localization [26] of SERAC1.
Our tissue and cellular investigations showed structural and func
tional mitochondrial abnormalities, indicating that the crucial disease
mechanism is, indeed, disrupted interplay between ER and mitochon
dria, leading to decreased influx of calcium to mitochondria and sec
ondary respiratory chain deficiency. Filipin staining for cholesterol
showed the same defect as reported [6] indicating SERAC1 dysfunction.
We demonstrated a decreased uptake of calcium into mitochondria that
can be ascribed to the fragmented mitochondrial network and disrupted
contact with ER resulting in inefficient propagation of the Ca2+ wave
and reduced mitochondrial Ca2+ response [27]. A similar fragmentation
and loss of calcium buffering was found in AFG3L2 knockout cells and
was proposed to explain the neurodegeneration occurring in spinocer
ebellar ataxia caused by AFG3L2 mutations [27]. The mitochondrial
fragmentation may cause the cristae abnormalities and decreased
amount of complexes I, III, and IV and thereby secondary respiratory
chain dysfunction. In line with that the platelet respirometry [17] sug
gested decreased respiration.
In consanguineous families, additional mutations and background
genome should be taken into consideration when evaluating the genetic
origin for the phenotype. In the Pakistani boy with a similar severe
MEGDHEL phenotype as in our infant, a homozygous variant was found
in the UBXN8 gene [13] encoding an ER protein. As WGS of our patient
revealed a homozygous variant in UBXN8, we PCR-amplified and Sanger
sequenced the coding region, but did not find any changes. Other factors
in the background genome may have influenced the disease severity in
our patient.

statistical analyses. VF wrote the manuscript draft and all authors
revised the manuscript and have contributed substantially to the work
reported.
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K. Kemppainen, D.M. Toivola, E. Dufour, A. Sanz, H.M. Cooper, J.B. Parys,
K. Törnquist, Sphingosine kinase 1 overexpression induces MFN2 fragmentation
and alters mitochondrial matrix Ca2+ handling in HeLa cells, Biochim. Biophys.
Acta Mol. Cell. Res. 2019 (1866) 1475–1486, https://doi.org/10.1016/j.
bbamcr.2019.06.006.
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[26] N. Ilacqua, M. Sánchez-Álvarez, M. Bachmann, V. Costiniti, M.A. Del Pozo,
M. Giacomello, Protein localization at mitochondria-ER contact sites in basal and
stress conditions, Front. Cell. Dev. Biol. 5 (2017) 107, https://doi.org/10.3389/
fcell.2017.00107.
[27] F. Maltecca, D. De Stefani, L. Cassina, F. Consolato, M. Wasilewski, L. Scorrano,
R. Rizzuto, G. Casari, Respiratory dysfunction by AFG3L2 deficiency causes
decreased mitochondrial calcium uptake via organellar network fragmentation,
Hum. Mol. Genet. 21 (2012) 3858–3870, https://doi.org/10.1093/hmg/dds214.

[14] A.Radha Rama Devi, L. Lingappa, Novel mutations in SERAC1 gene in two Indian
patients presenting with dystonia and intellectual disability, Eur. J. Med. Genet. 61
(2018) 100–103, https://doi.org/10.1016/j.ejmg.2017.07.013.
[15] K. Iwanicka-Pronicka, E. Ciara, D. Piekutowska-Abramczuk, P. Halat,
M. Pajdowska, M. Pronicki, Congenital cochlear deafness in mitochondrial diseases
related to RRM2B and SERAC1 gene defects. A study of the mitochondrial patients
of the CMHI hospital in Warsaw, Poland, Int. J. Pediatr. Otorhinolaryngol. 121
(2019) 143–149, https://doi.org/10.1016/j.ijporl.2019.03.015.
[16] M. Alagoz, N. Kherad, S. Turkmen, H. Bulut, A. Yuksel, A novel mutation in the
SERAC1 gene correlates with the severe manifestation of the MEGDEL phenotype,
as revealed by whole-exome sequencing, Exp. Ther. Med. 19 (2020) 3505–3512,
https://doi.org/10.3892/etm.2020.8658.
[17] E. Westerlund, S.E. Marelsson, J.K. Ehinger, F. Sjövall, S. Morota, E. Åsander
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