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Mammalian mitochondria: pathology-related mutations
Nucleus

Cytosolic translation

Mitochondria

 19 mt aminoacyl-tRNA
synthetases (mt-aaRSs)
2007 => leukoencephalopathies,
neurodegeneration, …
 22 mt-tRNAs

1989 => neurodegenetation, myopathies, …

Studied cases
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cord involvement and lactate
elevation

van der Knaap et al., Ann Neurol. 2003
Scheper et al., Nature Genet. 2007
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Studied cases
Mt-AspRS

• ~120 patients (2015)
• 153 different mutations

LBSL: Leukoencephalopathy
with brain stem and spinal
cord involvement and lactate
elevation
 Progressive neurodegenerative
disorder. Manifests in childhood, with
slowly progressive cerebellar ataxia,
mild cognitive deficit or decline

van der Knaap et al., Ann Neurol. 2003
Scheper et al., Nature Genet. 2007

Mt-ArgRS

• 25 patients (2016)
• 14 different mutations

PCH6: Pontocerebellar
Hypoplasia Type 6

 Severe neurodevelopmental
disorder. Manifests at first days of
life, with early onset seizures,
progressive microcephaly and
developmental delay
Edvardson et al., Am J Hum Genet. 2007
Kastrissianakis et al., Arch. Dis. Child. 2013

Studied cases
Mt-AspRS

• ~120 patients (2015)
• 153 different mutations

LBSL: Leukoencephalopathy
with brain stem and spinal
cord involvement and lactate
elevation
 Progressive neurodegenerative
disorder.

Mt-ArgRS

• 25 patients (2016)
• 14 different mutations

PCH6: Pontocerebellar
Hypoplasia Type 6

 Severe neurodevelopmental
disorder.

 Autosomal recessif
 Mainly compound heterozygotes
van der Knaap et al., Ann Neurol. 2003
Scheper et al., Nature Genet. 2007

Edvardson et al., Am J Hum Genet. 2007
Kastrissianakis et al., Arch. Dis. Child. 2013
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Regarding mitochondrial tRNAs
Non-canonical features of mammalian mttRNAs:
• most have biased nucleotide composition:
AUC >> G (14 out of 22 mt tRNAs)
• extremely variable D- and/or T-loop sizes
• some/most of the highly conserved residues
required for 3D folding are missing

?

⇒ Folding ? 3D structure ?
⇒ Higher flexibility ?
⇒ D- and T-loop interaction?
=> Mammalian mt-tRNAs are “bizarre” ?
=> Recognition rules by partner proteins ?
Helm et A2
al. (2000)
RNA, 6, 1356-79
=> Poster
: Agnès
GAUDRY
Florentz et al. (2003) CMLS, 60, 1356-1375

1. Dual genetic origin: mt-RNAs degeneracy
Example of human mt-tRNAAsp
E. coli tRNAAsp

Human mt-tRNAAsp

2D representation

3D representation
3D model based on:
- chemical and enzymatic
probing
- bioinformatics and base
conservation analysis

Messmer et al., (2009) NAR 37:6881
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1. Dual genetic origin: mt-RNAs degeneracy
Example of human mt-tRNAAsp
E. coli tRNAAsp

2D representation

Human mt-tRNAAsp

Missing identity
elements

3D representation

Fender et al., (2006) JBC 15:15980
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1. Dual genetic origin: adaptative rules
The human mitochondrial AspRS

Modular proteins of
same type/origin
=> Share 43% of identity

Catalytic domain
Eco AspRS

Hsa mt-AspRS

Bacterial insertion
domain
Anticodon-binding
domain
Eiler et al., (1999) EMBO J. 18:6532

Neuenfeldt et al., (2013) NAR 41:2698
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Hsa mt-AspRS

Mammalian
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1. Dual genetic origin: adaptative rules
Site specific adaptation of mt-AspRS
Eco AspRS

Hsa mt-AspRS

WT Hsa mt-AspRS (Gly269)
asp-tRNA (pmol)

wt (A73)
G73
U73
C73

t min

1. Dual genetic origin: adaptative rules
Site specific adaptation of mt-AspRS
Eco AspRS

asp-tRNA (pmol)

Mutant Hsa mt-AspRS (Asp269)

Hsa mt-AspRS

G73

Asp269

wt C73
U73
t min
Fender et al., (2006) JBC 15:15980

Summary: part 1

 Evolution of mitochondrial machinery
Reciprocal molecular adaptation of mt-DNA
encoded tRNA and nuclear-encoded
mitochondrial aaRS
 Human mitochondrial aspartyl-tRNA
synthetase
- of bacterial origin
- coded by slowly evolving nuclear genome
- same global architecture than homologous
bacterial synthetase
- accommodates to “bizarre” tRNAAsp and to
mitochondrial environment thanks to
selected and site-specific amino acid
changes
 Examples of “relaxed” properties
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2. Intramitochondrial properties of mt-aaRSs: N-termini definition
Nucleus

Mitochondria

Precise maturation of precursor proteins is difficult to predict
because of :
 numerous mitochondrial peptidases
 possible multiple proteolytic steps
 the absence of clear consensus sequences

- Precurors with mitochondrial
targeting sequence (MTS)
- Import/translocation
- Removal of MTS inside
mitochondria

mitochondria

Cytosolic translation

cytosol

 all proteins for mitochondrial
genome maintenance and
expression (~1200 proteins)

2. Intramitochondrial properties of mt-aaRSs: N-termini definition
Vaca Jacombe et al., Proteomics (2015)
Protein extracts from
purified mitochondria
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 numerous mitochondrial peptidases
 possible multiple proteolytic steps
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Doublet N-Terminal Oriented
Proteomics (dN-TOP)
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TMPP: trimethoxyphenyl
phosphonium

N-terminal peptides
+ internal peptides

LC-MS/MS

+
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Internal peptides

 Collaboration with Christine Carapito (LSMBO-IPHC, Strasbourg)
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2. Intramitochondrial properties of mt-aaRSs: N-termini definition
Doublet N-Terminal Oriented
Mt-AspRS
Proteomics (dN-TOP)
Vaca Jacombe et al., Proteomics (2015)
Protein extracts from
purified mitochondria
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13C
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TMPP: trimethoxyphenyl
phosphonium
SDS-PAGE Gel Separation
Systematic cutting
Trypsin in-gel digestion

N-terminal peptides
+ internal peptides

Co-existence of TWO forms of mt-AspRS
after maturation (Carapito et al., Methods
2017)
 Biological relevance/role of the two forms
of mt-AspRS ?

LC-MS/MS

+

N-terminal peptides

Internal peptides

 Collaboration with Christine Carapito (LSMBO-IPHC, Strasbourg)

 In line with: two mature forms of the
mammalian MRPL12 generated by a twostep cleavage during import, implicated in
translation and transcription regulation
(Nouws et al., J. Biol. Chem. 2016)
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3. Impact(s) of disease-associated mutations:
Mt-AspRS
Reported cases (allelic combinations of mutations in patients)

Investigated mutants

Mt-ArgRS

3. Impact(s) of disease-associated mutations: on localization
Mt-AspRS

Mt-ArgRS

Investigated mutants

=> Poster A3 : Elena GONZALEZ-SERRANO

3. Impact(s) of disease-associated mutations:
Mt-AspRS
Investigated mutants

 Investigations using unique
integrated combination of approaches
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Messmer et al., Biochem. J. 2011; Van Berge et al., Biochem. J. 2013;
Sauter, Lorber et al., Scientic Rep. 2015; Gonzalez, Karim, in preparation



 Collaboration with Gert Scheper, Marjo van der Knaap (VU
Medical center Amsterdam); Laurence Drouard (IBMP,
Strasbourg); Frank Wien, Pierre Roblin (SOLEIL)

 Leaves unsolved the question of pathological mechanism

Mosaïcity of impacts = Individual molecular signatures
for disease-associated mutants of mt-AspRS

Two studied cases: two contrasting situations

 Basic/fundamental knowledge
 Intra-mitochondrial location
 Mode of membrane-anchorage
 N-termini after importation
 In cellulo partners (preliminary)
 Severity of the associated-pathology
 Impacts of pathology-related
mutations
 Conservation of the affected positions

Mt-AspRS

Mt-ArgRS

well studied

barely studied

matrix/membrane

membrane

electrostatic interactions

hydrophobic interactions

TWO mature forms

FOUR N-termini (preliminary)

cross-linking (preliminary)

no cross-linking (preliminary)

“mild” – progressive neurodegenerative
disorder

very severe – developmental disorder

idiosyncratic/individual = no common
pathological mechanisms

not investigated

not conserved (100% conserved in mammals)

~ conserved

=> Two mt-aaRSs likely implicated in the same cellular
process but with many distinct/contrasting properties

3. Impact(s) of disease-associated mutations


Integrate knowledge and expertise into “MiSynPat”
(Mitochondrial aminoacyl-tRNA Synthetases and
Pathologies)
- Database that semi-automatically compile ALL newly
reported mutations within human mt-aaRSs
(152 mutations in 19/19 mt-aaRS – Feb. 2017)
-Web server to integrate all reported mutations into Sequence
/ Structure / Conservation context
(3D models of any mutant available on-the-fly)

 for fundamental researchers and for clinicians

 altogether: 70% of the mutations impact residues
NOT conserved
 for some systems (e.g. mt-AspRS): 100 % of the
mutations impact residues conserved in solely the
restricted phylum of mammals,
=> further supporting for alternate role of mtaaRS that will need to be unveiled
Moulinier, Ripp et al., Submitted

 Collaboration with Olivier Poch (CSTB, Icube Strasbourg)

www.misynpat.org
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What to do next
1. Dual genetic origin, dual evolution
and reciprocal molecular adaptation
of RNAs and proteins
 mt-RNA degeneracy
 adaptative partnership

2. Intramitochondrial properties
of mt-aaRSs
 definition of N-termini after
importation
 sub-mitochondrial localization

3. Impact of diseaseassociated mutations
 on molecular,
biophysical, structural
and cellular properties of
mt-aaRSs

Mitochondrial translation and Pathologies
=> Every parameters we looked at reveal
peculiarities
=> Call for further studies to decipher how
mitochondrial translation is integrated, with specific
modulations or connections with biological
processes that would be tissue-specific or tissuedependent
Identify neuron-specific
peculiarities of mt-aaRSs
Further understand the fundaments of
integrated biological processes
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