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Poly (A) tail length of human mitochondrial mRNAs is tissue-specific and a 
mutation in LRPPRC results in transcript-specific patterns of deadenylation 

Shamisa Honarmand a,b, Eric A. Shoubridge a,b,* 

a Department of Human Genetics, McGill University, Montreal, Quebec, Canada 
b Montreal Neurological Institute, McGill University, Montreal, Quebec, Canada   

A R T I C L E  I N F O   

Keywords: 
LRPPRC 
RNA binding proteins 
Leigh syndrome 
Polyadenylation 
Mitochondrial translation 
Oxidative phosphorylation 

A B S T R A C T   

Mutations in LRPPRC cause Leigh Syndrome French Canadian (LSFC), an early onset neurodegenerative disease, 
with differential tissue involvement. The molecular basis for tissue specificity in this disease remains unknown. 
LRPPRC, an RNA binding protein, forms a stable complex with SLIRP, which binds to, and stabilizes mito-
chondrial mRNAs. In cell culture and animal models, loss of LRPPRC function results in transcript-specific al-
terations in the steady-state levels of mitochondrial mRNAs and poly (A) tail length, the mechanisms for which 
are not understood. The poly (A) tail length of mitochondrial mRNAs has not been investigated in human tissues 
from heathy subjects or LSFC patients. Here we have mapped the 3′-termini of mature mitochondrial mRNAs in 
three tissues (skeletal muscle, heart, and liver) from a healthy individual and an LSFC patient. We show that the 
poly (A) tail length of mitochondrial mRNAs varies amongst tissues, and that the missense mutation in LRPPRC 
that causes LSFC results in tissue- and transcript-specific deadenylation of a subset of mitochondrial mRNAs, 
likely contributing the nature and severity of the biochemical phenotype in different tissues. We also found a 
relatively large fraction of short transcripts lacking a stop codon, some with short poly (A) tails, in patient tissue, 
suggesting that mutations in LRPPRC may also impair proper 3′ end processing of some mRNAs.   

1. Introduction 

Leigh Syndrome French Canadian (LSFC) is an autosomal recessive, 
neurodegenerative disorder with onset in infancy that is characterized 
by delayed psychomotor development, lesions in the brain stem and 
basal ganglia, and microvesicular steatosis in the liver [13]. The gene 
responsible for LSFC was identified in 2003 as LRPPRC [12], an RNA 
binding protein containing multiple pentatricopeptide (PPR) motifs. 
Proteins in the PPR family bind specific RNA targets in a modular 
fashion, and are involved in many different aspects of organellar RNA 
metabolism [19]. LSFC is a founder effect disease in the Saguenay-Lac- 
Saint-Jean region of Quebec [13], where the carrier frequency of the 
founder missense mutation is ~1/23. Affected individuals are frequently 
diagnosed during fatal metabolic crises, and mortality occurs as a result 
of acidosis, coma, and multi-organ failure [11,13]. 

LRPPRC forms a stable complex with SLIRP [16], a mitochondrial 
protein that harbors an RRM domain (RNA Recognition Motif), but 
which has limited ability to bind RNA on its own [20]. Rather, SLIRP 
functions to stabilize LRPPRC at a protein-protein interface. The 
LRPPRC/SLIRP complex acts as an RNA chaperone to stabilize 

mitochondrial mRNAs, promoting polyadenylation and translation, and 
suppressing mRNA degradation [18], and recent structural studies show 
that it likely functions in delivery of mRNA to the ribosome [1]. In the 
eukaryotic cytosol polyadenylation stabilizes mRNA transcripts, and in 
bacteria, archea, chloroplasts, and plant mitochondria this post-
transcriptional modification is a signal for mRNA degradation [8,9,21]. 
In mammalian mitochondria, the precise role of polyadenylation in 
mitochondrial gene expression remains unclear. 

Human mitochondrial mRNA poly (A) tail length is regulated by a 
mitochondrial poly (A) polymerase (MTPAP), which mediates mRNA 
polyadenylation, and by the polynucleotide phosphorylase (PNPase), 
which mediates mRNA degradation [5,6]. The polyadenylation profile 
of mitochondrial mRNAs following siRNA-mediated suppression of 
LRPPRC and SLIRP in Hela cells showed a specific reduction in the poly 
(A) tail length of several mRNAs including COX1, COX3, ND2, ND3, 
ND5, and CYTB [6]; however, other studies of LRPPRC patient fibro-
blasts failed to identify significant changes in poly (A) tail length in the 
mRNAs analyzed (RNA14, COXI or ND3) [14]. Investigation of heart- 
specific LRPPRC knock-out mice showed a marked reduction in the 
length of the poly (A) tail in all mitochondrial mRNAs except ND6, 
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which does not contain a terminal poly (A) tail [15]. We previously 
showed that the poly (A) tail length of a subset of mitochondrial mRNAs 
was decreased in the liver-specific LRPPRC knock-out mice; however, 
there was no clear correlation between the decrease in steady-state 
mRNA levels and poly (A) tail length [7]. It is not known how or if 
LRPPRC regulates the tail length of mt-mRNA poly (A), as no data have 
suggested an interaction of MTPAP with LRPPRC or SLIRP. Thus, the 
role of LRPPRC in polyadenylation may be linked to RNA chaperone 
activity of this protein that makes the 3′ end sites of mitochondrial 
mRNAs recognizable by RNA binding proteins and MTPAP. 

Although it is clear that mutations in LRPPRC or modulation of the 
level of LRPPRC protein are associated with alterations in poly (A) tail 
length and stability of mitochondrial mRNAs, different results have been 
obtained with different cell lines and tissues, and to date there is no 
animal model carrying a germline missense mutation as a model of the 
human disease. Marked tissue-specific differences in the nature and 
severity of biochemical defects in oxidative phosphorylation (OXPHOS) 
exist in LSFC patients [17]: complex I and IV defect in skeletal muscle, 
severe complex IV defect in liver, and a mild complex IV defect in heart, 
so we set out to investigate whether tissue-specific differences exist in 
poly (A) addition in the same tissues from an LSFC patient. 

2. Methods 

2.1. Subjects 

Human tissues used were obtained from an LSFC patient homozy-
gous for the common missense mutation c.1061C > T (p. A354V) in 
LRPPRC with typical clinical features of the syndrome, and from a 
control subject. The study was approved by the human ethics review 
panel of the Montreal Neurological Institute. 

2.2. Total RNA isolation 

Total RNA was isolated using the TRIzol reagent (Invitrogen). 
Approximately100 mg of human tissue (liver, heart, skeletal muscle) 
was homogenized in 1 ml of TRIzol reagent and incubated at room 
temperature for 5 min. Then, 200 μl of chloroform was added and the 
mixture was shaken vigorously for 15 s and incubated at room tem-
perature for 2–3 min. The sample was centrifuged 15 min at 12,000g at 
4 ◦C. The aqueous phase, the colorless upper phase that corresponds to 
60% of the volume of TRIzol, was transferred to a fresh tube. The RNA 
was precipitated by mixing the aqueous phase with 500 μl of iso-
propanol, incubated at room temperature for 10 min, and centrifuged 
for 10 min at 12,000g at 4 ◦C. The RNA pellet, which was visible on the 
side of the tube, was washed with 1 ml 75% ethanol, centrifuged at 
7500g for 5 min at 4 ◦C, air dried, and solubilized in RNase free water. 

2.3. mRNA poly (A) tail length (MPAT) assay 

This assay was based on the method described by Temperley et al 
[21]. A universal linker DNA oligonucleotide 5′-phospho-ATG TGA GAT 
CAT GCA CAG TCA TA-3′-NH2 was ligated to the 3′ termini of total RNA 
(2.5 μg) by T4 RNA ligase (New England Biolabs) at 37 ◦C for 3 h. The 
ligated RNA was extracted with phenol/chloroform extract and precip-
itated with ammonium acetate/ethanol. Briefly, 1 ml of acidic phenol/ 
chloroform was mixed with 40 μl of chloroform/isoamylalcohol, 200 μl 
of this mixture was added to the ligated RNA, vortexed for 1 min, and 
centrifuged for 2 min at room temperature at 12,000g. The aqueous 
phase was transferred to a fresh tube containing 200 μl of chloroform/ 
isoamylalcohol, vortexed for 1 min, and centrifuged for 2 min at room 
temperature at 12,000g. The aqueous phase was then mixed with 100 μl 
of 10 M ammonium acetate and 500 μl of 100% cold ethanol, vortexed 
and stored at − 80 ◦C overnight. The sample was centrifuged for 10 min 
at 16,000g at 4 ◦C. After removing the supernatant, the pellet was 
washed with 70% cold ethanol and centrifuged for 10 min at 16,000g at 

4 ◦C. The ligated RNA pellet was air dried, solubilized in RNase free 
water, and amplified using one-step RT-PCR kit (QIAGEN) with a primer 
complimentary to the linker. A first round of PCR (35 cycles) was 
applied using a gene-specific upper primer and the linker primer, fol-
lowed by a second round of 10-cycle PCR using a gene-specific lower 
primer and the linker primer. Half of the reaction product was resolved 
by 10% polyacrylamide gel electrophoresis in TBE buffer, dyed with 
SYBR green (Invitrogen) and visualized by on a Molecular Dynamics 
PhosphorImager. The remaining half was cloned in the TOPO TA cloning 
vector (Invitrogen) and 183 clones (see Fig. 2) were subjected to Sanger 
sequencing. DNA oligonucleotides are listed in Table 1. 

3. Results 

3.1. Poly (A) tail length of mt-mRNAs is shorter in LSFC tissues 

Analysis of liver tissue in mice with a liver-specific knockout of 
Lrpprc, showed that the steady-state levels of several mitochondrial 
mRNAs including COX1 and COX2 were reduced while the levels of 
others, such as ND3, remained unchanged [7]. We therefore selected 

Table 1 
List of oligonucleotides complementary to human mitochondrial genes used in 
the MPAT assay.  

Primer Sequence 

Linker 5′ TAT GAC TGT GCA TGA TCT CAC AT 3′

Upper COX1 5′ AGA ACC CTC CAT AAA CCT GGA 3′

Lower COX1 5′ CAC ATT CGA AGA ACC CGT AT 3′

COX2 5′ ACG ACC GGG GGT ATA CTA CG 3′

COX3 5′ AAC ATC ACT TTG GCT TCG 3′

ND1 5′ GAA TTC GAA CAG CAT ACC 3′

ND2 5′ ACC TCA ATC ACA CTA CTC 3′

ND3 5′ AAT TGC CCT CCT TTT ACC C 3′

ND4 5′ CTC CCT CTA CAT ATT TAC CAC 3′

ND5 5′ CAT CAT ACT CTT TCA CCC AC 3′

ND6 5′ AGT TGG AAT AGG TTG TTA GC 3′

CYTB 5′ ATC ATT GGA CAA GTA GCA TC 3′

ATP6 5′ CCC TCT ACA CTT ATC ATC TTC 3′

Fig. 1. LRPPRC deficiency alters the polyadenylation profile of a subset of 
mitochondrial mRNAs. Upper, middle, and lower panels show the amplicon 
from the MPAT assay for COX1, COX2, and ND3 mRNAs in liver, heart, and 
skeletal muscle from a healthy control and an LSFC patient, respectively. The 
arrowhead indicates non-adenylated and poly-adenylated mRNAs. 
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these three transcripts for further investigation in human tissues. Using 
the MPAT assay, we measured the polyadenylation profiles in liver, 
heart, and skeletal muscle from an LSFC patient homozygous for the 
common missense mutation c.1061C > T (p. A354V), and a control 
subject. 

Visualization of the amplicons by SYBR green for the three tran-
scripts showed a rather diffuse band from heart tissue compared to 
skeletal muscle and liver, and clear differences in size amongst the tis-
sues. In addition, the amplicons were fainter in the tissues from the LSFC 
patient (Fig. 1), refelecting lower levels of these mRNAs in patient tis-
sues. There were marked differences in the length of the poly (A) tails 

amongst tissues that were transcript-specific. For instance, the poly (A) 
tail on the COX1 mRNA in skeletal muscle was much longer (>40A’s) 
than in heart or liver, and even in the patient skeletal muscle about half 
of the COXI transcripts were oligoadenylated (Fig. 2). Strikingly, there 
was a large proportion of short fragments, lacking a stop codon and the 
majority with a short and variable poly (A) chain length in patient tis-
sues, especially liver and heart. 

The pattern for COX2 mRNA was slightly different in that the poly 
(A) tails were on average longer in heart and liver than those for COX1, 
but still shorter than in skeletal muscle, and short fragments were only 
found in liver tissue in the patient (Fig. 2). These data suggest that the 

Fig. 2. The poly (A) tail length of COX1, COX2, ND3 mRNAs is tissue-specific and is reduced in an LSFC patient. Panels A and B show the relative proportion of poly- 
(>40), oligo-(10–40), and non-adenylated (<10) COX1 mRNAs in tissues of a healthy control (A) and an LSFC patient (B). Panels C and D show the relative pro-
portion of poly- (>40), oligo-(10–40), and non-adenylated (<10) COX2 mRNAs in tissues of a healthy control (C) and an LSFC patient (D). Panels E and F show the 
relative proportion of poly- (>40), oligo-(10–40), and non-adenylated (<10) ND3 mRNAs in tissues of a healthy control (E) and an LSFC patient (F). Short fragments 
(SF) refer to transcripts that terminate before the stop codon. 
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large fraction of short fragments seen for COX1 is not an artifact due to 
degradation of the mRNA. The pattern for ND3 mRNA was different 
again: about 75% of the transcripts were polyadenylated (>40 A’s) in 
skeletal muscle, 80% were oligoadenylated (10–40 A’s) in liver, and, 
unexpectedly the majority of transcripts in the heart was either non- 
adenylated or appeared as short fragments. In contrast to the COX 
transcripts, the majority of ND3 transcripts remained oligo- or poly 
adenylated in all tissues examined (Fig. 2). 

3.2. The 3′ ends of liver mitochondrial mRNAs 

The 3′ ends of mitochondrial mRNAs have been previously deter-
mined in human Hep G2 cells [21], but to our knowledge not in human 
tissues, and the 3’end of ND6 mRNA remained controversial. We 
investigated the 3′-ends of mitochondrial mRNAs isolated from liver, 
and although our results generally reproduced what was reported in 
HepG2 cells, we observed some significant differences in the 3’ UTRs of 
ND5, COX1 and we were able to define the 3’ UTR of ND6 mRNA, which 
is not polyadenylated, as 630 nucleotides composed of ND5 sequences 
(Table 2). We also observed a range of poly (A) tail lengths for most of 
the mRNAs between ~30–70 A’s. 

4. Discussion 

In this study we have characterized the poly (A) status of mito-
chondrial mRNAs in tissues from LSFC patients and controls. We 
demonstrate tissue- and transcript-specific differences in poly (A) tail 
length in control tissues, and that in general, the length of the poly (A) 
tail is reduced in LSFC tissues in agreement with previous studies on cell 
lines and animal models [6,15,17]. Despite the general reduction in 
polyadenylation, a significant proportion of transcripts remain oligo- or 
polyadenylated in the patient tissues, the only apparent exception being 
the COX2 transcript in patient liver tissue. We also demonstrate that a 
substantial proportion of transcripts have aberrant ends, with no stop 
codon and the majority with a short poly (A) tail, even in control tissues. 
Exactly what these transcripts represent, or how they arise, remains 
unclear, but they could be errors of processing the primary polycistronic 
transcript, and they are almost certainly are non-functional. 

Mitochondrial gene expression is primarily regulated post- 
transcriptionally. The primary polycistronic RNAs transcribed from 
the mitochondrial genome are processed and matured in mitochondrial 
RNA granules (MRGs), non-membrane delimited structures that are 
juxtaposed to the mitochondrial nucleoid [2,3,10]. Transcripts punctu-
ated by tRNAs are released by the activity of the processing enzymes 
RNase P and Z that cleave tRNAs at the 5′ and 3′ ends, respectively. Non- 
canonical mRNAs, not flanked by tRNAs, which include ATP8/6, COX1, 
COX3, CYTB, and ND5 are required FASTKD5 for maturation [3], and 
perhaps other proteins of the FASTKD family [4]. MRGs also contain the 
enzymes that regulate poly (A) tail length: MTPAP [22] and the SUV3- 
PNPase complex that comprises the RNA degradosome [5]. 

LRPPRC does not specifically localize to MRGs (but neither is it 
excluded), it seems likely that the LRPPRC/SLIRP complex is involved in 
stabilizing mature mitochondrial transcripts while, and after, they are 
processed in MRGs by acting as an RNA molecular chaperone [18]. Such 
a chaperone function might be essential for promoting mRNA poly-
adenylation, regulating poly (A) tail length, inhibiting the degradation 
of mRNA by SUV3-PNPase complex machinery, and presenting the 5’- 
UTR to the ribosome for translation. What is perplexing is the fact that 
alterations in poly (A) tail length caused by loss of LRPPRC or MTPAP 
function [22] have such variable effects on the stability of specific 
mRNAs and their translation in cell culture models. In contrast, in tissues 
of LSFC patients, the steady-state levels of all mRNAs are reduced, but to 
varying degrees depending on the tissue [17]. These reductions in 
mRNAs correlate with the alterations we report here in poly (A) tail 
length, but the biochemical consequences at the level of assembly of the 
OXPHOS complexes, which are quite distinct in the three tissues we 
examined, are not entirely explained by the post-transcriptional alter-
ations in mRNAs [17]. It is however clear that all three tissues have a 
reduction in complex IV assembly, and all exhibit shortened polyA tails 
in COX I and COX II mRNAs. This is most pronounced in the liver, where 
there are no adenylated COX I mRNAs, and almost no detectable fully 
assembled Complex IV [17]. On the other hand Complex I is only 
reduced in patient skeletal muscle, though the level of ND3 mRNA and 
it’s polyA Tail are similarly affected in all tissues. Although we have not 
been able to directly assess mitochondrial translation in the tissues, it 
seem clear that translation of oligoadenylated mRNAs is sufficient to 
support assembly of some OXPHOS complexes. This problem requires 
future study, which would be greatly facilitated by the development of 
an animal model faithfully modeling the human disease. 

Acknowledgements 

This research was supported by a grant from the Canadian Institutes 
of Health Research (CIHR MT-15460) to EAS. 

References 

[1] S. Aibara, V. Singh, A. Modelska, A. Amunts, Structural basis of mitochondrial 
translation, Elife 9 (2020). 

[2] H. Antonicka, F. Sasarman, T. Nishimura, V. Paupe, E.A. Shoubridge, The 
mitochondrial RNA-binding protein GRSF1 localizes to RNA granules and is 
required for posttranscriptional mitochondrial gene expression, Cell Metab. 17 
(2013) 386–398. 

[3] H. Antonicka, E.A. Shoubridge, Mitochondrial RNA Granules Are Centers for 
Posttranscriptional RNA Processing and Ribosome Biogenesis, 2015 (Cell Rep). 

[4] E. Boehm, S. Zaganelli, K. Maundrell, A.A. Jourdain, S. Thore, J.C. Martinou, 
FASTKD1 and FASTKD4 have opposite effects on expression of specific 
mitochondrial RNAs, depending upon their endonuclease-like RAP domain, 
Nucleic Acids Res. 45 (2017) 6135–6146. 

[5] L.S. Borowski, A. Dziembowski, M.S. Hejnowicz, P.P. Stepien, R.J. Szczesny, 
Human mitochondrial RNA decay mediated by PNPase-hSuv3 complex takes place 
in distinct foci, Nucleic Acids Res. 41 (2013) 1223–1240. 

[6] T. Chujo, T. Ohira, Y. Sakaguchi, N. Goshima, N. Nomura, A. Nagao, T. Suzuki, 
LRPPRC/SLIRP suppresses PNPase-mediated mRNA decay and promotes 
polyadenylation in human mitochondria, Nucleic Acids Res. 40 (2012) 8033–8047. 

[7] A. Cuillerier, S. Honarmand, V.J.J. Cadete, M. Ruiz, A. Forest, S. Deschenes, 
C. Beauchamp, L. Consortium, G. Charron, J.D. Rioux, et al., Loss of hepatic 
LRPPRC alters mitochondrial bioenergetics, regulation of permeability transition 
and trans-membrane ROS diffusion, Hum. Mol. Genet. 26 (2017) 3186–3201. 

[8] M. Dreyfus, P. Regnier, The poly(a) tail of mRNAs: bodyguard in eukaryotes 
scavenger in bacteria, Cell 111 (2002) 611–613. 

[9] D. Gagliardi, P.P. Stepien, R.J. Temperley, R.N. Lightowlers, Z.M. Chrzanowska- 
Lightowlers, Messenger RNA stability in mitochondria: different means to an end, 
Trends Genet. 20 (2004) 260–267. 

[10] A.A. Jourdain, M. Koppen, M. Wydro, C.D. Rodley, R.N. Lightowlers, Z. 
M. Chrzanowska-Lightowlers, J.C. Martinou, GRSF1 regulates RNA processing in 
mitochondrial RNA granules, Cell Metab. 17 (2013) 399–410. 

[11] F. Merante, R. Petrova-Benedict, N. MacKay, G. Mitchell, M. Lambert, C. Morin, 
M. De Braekeleer, R. Laframboise, R. Gagne, B.H. Robinson, A biochemically 
distinct form of cytochrome oxidase (COX) deficiency in the Saguenay-lac-saint- 
Jean region of Quebec, Am. J. Hum. Genet. 53 (1993) 481–487. 

[12] V.K. Mootha, P. Lepage, K. Miller, J. Bunkenborg, M. Reich, M. Hjerrild, 
T. Delmonte, A. Villeneuve, R. Sladek, F. Xu, et al., Identification of a gene causing 
human cytochrome c oxidase deficiency by integrative genomics, Proc. Natl. Acad. 
Sci. U. S. A. 100 (2003) 605–610. 

Table 2 
Features of the 3′ ends of human liver mitochondrial mRNAs. All mRNAs except 
ND6 are polyadenylated. Only COX1, COX2, ND5, and ND6, have 3′ UTRs.  

mRNA 3′ Trailer Poly A tail length 

COX1 63–71 35–62 
COX2 25 30–68 
COX3 0 33–45 
ATP8/ATP6 0 39–53 
CYTB 0 34–43 
ND1 0 36 
ND2 0 33 
ND3 0 27–66 
ND4L/ND4 0 37–49 
ND5 300–362 40 
ND6 630 0  

S. Honarmand and E.A. Shoubridge                                                                                                                                                                                                        

http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0005
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0005
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0010
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0010
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0010
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0010
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0015
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0015
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0020
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0020
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0020
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0020
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0025
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0025
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0025
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0030
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0030
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0030
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0035
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0035
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0035
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0035
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0040
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0040
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0045
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0045
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0045
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0050
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0050
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0050
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0055
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0055
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0055
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0055
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0060
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0060
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0060
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0060


Molecular Genetics and Metabolism Reports 25 (2020) 100687

5

[13] C. Morin, G. Mitchell, J. Larochelle, M. Lambert, H. Ogier, B.H. Robinson, M. De 
Braekeleer, Clinical, metabolic, and genetic aspects of cytochrome C oxidase 
deficiency in Saguenay-lac-saint-Jean, Am. J. Hum. Genet. 53 (1993) 488–496. 

[14] M. Olahova, S.A. Hardy, J. Hall, J.W. Yarham, T.B. Haack, W.C. Wilson, C. 
L. Alston, L. He, E. Aznauryan, R.M. Brown, et al., LRPPRC mutations cause early- 
onset multisystem mitochondrial disease outside of the French-Canadian 
population, Brain 138 (2015) 3503–3519. 

[15] B. Ruzzenente, M.D. Metodiev, A. Wredenberg, A. Bratic, C.B. Park, Y. Camara, 
D. Milenkovic, V. Zickermann, R. Wibom, K. Hultenby, et al., LRPPRC is necessary 
for polyadenylation and coordination of translation of mitochondrial mRNAs, 
EMBO J. 31 (2012) 443–456. 

[16] F. Sasarman, C. Brunel-Guitton, H. Antonicka, T. Wai, E.A. Shoubridge, 
L. Consortium, LRPPRC and SLIRP interact in a ribonucleoprotein complex that 
regulates posttranscriptional gene expression in mitochondria, Mol. Biol. Cell 21 
(2010) 1315–1323. 

[17] F. Sasarman, T. Nishimura, H. Antonicka, W. Weraarpachai, E.A. Shoubridge, 
L. Consortium, Tissue-specific responses to the LRPPRC founder mutation in French 
Canadian Leigh syndrome, Hum. Mol. Genet. 24 (2015) 480–491. 

[18] S.J. Siira, H. Spahr, A.J. Shearwood, B. Ruzzenente, N.G. Larsson, O. Rackham, 
A. Filipovska, LRPPRC-mediated folding of the mitochondrial transcriptome, Nat. 
Commun. 8 (2017) 1532. 

[19] I.D. Small, O. Rackham, A. Filipovska, Organelle transcriptomes: products of a 
deconstructed genome, Curr. Opin. Microbiol. 16 (2013) 652–658. 

[20] H. Spahr, A. Rozanska, X. Li, I. Atanassov, R.N. Lightowlers, Z.M. Chrzanowska- 
Lightowlers, O. Rackham, N.G. Larsson, SLIRP stabilizes LRPPRC via an RRM-PPR 
protein interface, Nucleic Acids Res. 44 (2016) 6868–6882. 

[21] R.J. Temperley, M. Wydro, R.N. Lightowlers, Z.M. Chrzanowska-Lightowlers, 
Human mitochondrial mRNAs–like members of all families similar but different, 
Biochim Biophys Acta 1797 (2010) 1081–1085. 

[22] W.C. Wilson, H.T. Hornig-Do, F. Bruni, J.H. Chang, A.A. Jourdain, J.C. Martinou, 
M. Falkenberg, H. Spahr, N.G. Larsson, R.J. Lewis, et al., A human mitochondrial 
poly(a) polymerase mutation reveals the complexities of post-transcriptional 
mitochondrial gene expression, Hum. Mol. Genet. 23 (2014) 6345–6355. 

S. Honarmand and E.A. Shoubridge                                                                                                                                                                                                        

http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0065
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0065
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0065
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0070
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0070
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0070
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0070
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0075
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0075
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0075
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0075
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0080
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0080
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0080
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0080
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0085
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0085
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0085
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0090
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0090
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0090
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0095
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0095
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0100
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0100
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0100
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0105
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0105
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0105
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0110
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0110
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0110
http://refhub.elsevier.com/S2214-4269(20)30133-6/rf0110

	Poly (A) tail length of human mitochondrial mRNAs is tissue-specific and a mutation in LRPPRC results in transcript-specifi ...
	1 Introduction
	2 Methods
	2.1 Subjects
	2.2 Total RNA isolation
	2.3 mRNA poly (A) tail length (MPAT) assay

	3 Results
	3.1 Poly (A) tail length of mt-mRNAs is shorter in LSFC tissues
	3.2 The 3′ ends of liver mitochondrial mRNAs

	4 Discussion
	Acknowledgements
	References


