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Supplementary Figure 1: DLS analysis of WT mt-AspRS and mutants as a function of
temperature. A shift in the auto-correlation function indicates a drop in diffusion coefficient (i.e.
increase in size). The temperature at which the shift starts is highlighted.
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Supplementary Figure 2: Secondary structure contents of WT mt-AspRS and mutants. The
percentage of helices, beta strands and turns was determined from SRCD spectra collected at 24°C
(as displayed in Figure 2) using CONTINLL and SELCON3 (see methods). The distribution of 2D
elements in the X-ray structure of mt-AspRS (PDBid: 4AH6) was determined using DSSP*.
Numerical data are listed in Supplementary Table 2.
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Supplementary Figure 3: SRCD spectra of WT mt-AspRS and mutants as a function of
temperature. The temperature was stepwise increased from 24°C (blue curve) to 80°C (red curve).
(Top right panel) Variation of ellipticity at 209 nm is plotted for each variant as a function of
temperature.
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Supplementary Figure 4: SAXS analysis of WT mt-AspRS and Q184K and R263Q mutants.
(Left, center, right) Experimental SAXS profiles, Guinier plots and P(r) distance distribution
functions for each protein population isolated by SEC in peaks 1-3.
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Supplementary Figure 5: Structure of mt-AspRS dimers in solution. Experimental SAXS
profile of mtAspRS (Q184K mutant - blue dots) was compared to theoretical curves computed for
atomic models corresponding to the crystal structure (PDBid: 4AH6) lacking the C-terminal
extensions (Top) and to a series of complete models generated by DADIMODO (Bottom). C-
terminal extension models and corresponding curves are depicted with the same color. The
goodness-of-fit (Chi) was determined using CRYSOL. Models including the C-terminal extensions
display a better fit with the data as indicated by lower Chi values.
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Supplementary Figure 6: Theoretical subunit composition of mt-AspRS dimers resulting from
LBSL associated mutations in alleles of heterozygote patients. Situations explored in this study
are boxed.

Supplementary Table 1: Phenotypes of LBSL patients with selected mutations

Allelic composition First
neurological Loss of unsupported Full wheelchair Agein 2013
Mutation 1 | Mutation 2 Signs at walking at years dependency at years in years
years
R58G T136S 3 - - 23
R58G T136S 2 - - 15
L613F L626Q 12 28 - 36
Q184K R76Serfs*5 6 - - 22
Q184K R76Serfs*5 7 18 - 20
R263Q R76Serfs*5 3 8 20 33
R263Q R76Serfs*5 5 28 - 29
R263X? | R76Serfs*5 2 6 - 20
R263X? R76Serfs*5 1 14 22 24

Adapted from *. ® not analyzed in the present study but added for comparison.

Supplementary Table 2: Secondary structure contents derived from SRCD spectra

Sample WT-mt-AspRS R58G T136S Q184K R263Q L613F L626Q

Method PDB CONT/SEL3 CONT/SEL3 CONT/SEL3 CONT/SEL3 CONT/SEL3 CONT/SEL3 CONT/SEL3
Helices 28,2 31,0/28,9  32,9/320  33,8/340  31,0/297  343/33,0 329/31,7 34,1/350
Strands 20,6 21,3/20,1  19,0/19,5  192/189  21,3/208  151/17.8  19,7/21,1  18,1/18,5
Turmns 104  12,8/11,9  13,1/12,7  12,6/124  128/11,6  13,0/12,0 13,3/12,0 122/124
Others 40,8 34,9/39,1  350/358  344/347  349/379  37.6/372  34,1/352  35,6/34,
RMSD 9.8/14,6 0,1/12.2 13,1/12,8 9,8/14,6 13,0/190 122/13,5 13,9/13,4

The percentage of 2D elements was assessed from the PDB entry of WT mt-AspRS using DSSP * and determined from
SRCD spectra collected at 24°C using CONTINLL (CONT) and SELCON3 (SEL3). The RMSD of the 2D element
estimation is indicated for each method.




Supplementary Table 3:

Analysis of amino acid conservation and changes in mt-AspRS sequences

Mutations R58G T1365 Q184K R263Q L613F L626Q
Location Antlcc(;docr)]:;liar:ndmg Antlcc(;icr)::i:)r:ndlng Catalytic domain Catalytic domain C-terminal extension C-terminal extension

Q

_g all seq. (180) no no no R/K (~97%) no no

§ mt mammals (11) mainly R yes yes yes only L/V yes

E mt others (49) no no no mainly R L (~60%), P (~40%) L (~80%), R (~20%)
c

o

5

S

S bacteria (120) no mainly T—a few S no mainly R L (~60%), P (~40%) L (~80%), R (~20%)
e

(]

(8]

Natural occurrence of
substituting residue

G in some bacteria

S in some bacteria

R/K in some bacteria;
R in mt of fungi

Q in one bacterium
and one mt arthropod

no

no

Structural environ-
ment of WT residue

Exposed to solvent.
No visible interaction
with neighbor
residues

Hydrophobic environ-
ment. Near L, V and
M residues

At the beginning of
dimerization helix. In-
volved in a network of

hydrogen bonds
(G253 from other
chain; L178 and R188
of the same chain)

Close to the enzyme
2-fold axis. Interacts
with E277 (from same
monomer) and T212
(from opposite
monomer)

In the vicinity of tRNA
binding site

Close to the enzyme
2-fold axis. In the
dimerization mini-he-
lix

Theoretical structural
impact of the muta-

tion

Loss of one positive
charge. No local re-
arrangement

Loss of a methyl
group and of van der
Waals interactions,
but compatible with
hydrophobic environ-
ment.

15 out of 18 theoreti-
cal conformers lead
to steric hindrances.

Loss of a positive
charge. Leaves a neg-
ative charge with no

interactant

2 out of 4 theoretical
conformers lead to
steric hindrances.

4 out of 16 theoretical
conformers lead to
steric hindrances.

—Conservation of WT residue— and —Natural occurrence of substitution— were analyzed in a multiple sequence alignment composed of 180 bacterial-type AspRSs, as
generated in®'. This alignment is made of 120 sequences of AspRS proteins from bacteria (encompassing all bacterial subgroups) and 60 sequences of mt-AspRS proteins
from eukaryotes (with representatives of mammals, arthropods, fungi and protists). For an objective evaluation of the sequence conservation or divergence, redundancy was
avoided by considering only non-identical sequences.



Supplementary Table 4: Analysis of amino acid conservation of mt-AspRS positions impacted by disease-associated missense mutations

of substituting res.

Mutations N52S (ref°)  R125H (ref>®) 1139T (ref>®) C152F (ref>>) R179H (ref>?) G206E (ref°)  L239P (ref.®) Q248K (ref?)  L249I (ref>*)
. anticodon-bind- anticodon-bind-  anticodon-bind- anticodon-bind- helix of dimeriza- catalytic domain . . . . . .
Location . . . . . . . . . . catalytic domain catalytic domain catalytic domain
ing domain ing domain ing domain ing domain tion (motif 1)
é all seq. (180) no R/K (~97%) no no yes (100%) no yes (100%) yes (100%) no
‘2 | mt mammals (11) yes (100%) yes (100%) yes (100%) yes (100%) yes (100%) yes (100%) yes (100%) yes (100%) yes (100%)
E mt others (49) no no (mainly K) no no yes (100%) no yes (100%) yes (100%) no (L/1/M/T)
c
o
k3
2 bacteria (120) no (never a N) yes (100% R) mainly I/V no yes (100%) no yes (100%) yes (100%) no (L/I/M/V)
2
8
E in some mt oth- lin some mt oth-
natural occurrence . .
. no no no no no ers, and in some no no ers, and in some
of substituting res. . .
bacteria bacteria
. .- Exon 3 splicing Exon 3 splicing Exon 3 splicing Exon 3 splicing  Exon 3 splicing de- Exon 3 splicing de- Exon 3 splicing
allelic composition C152F defect defect N525 defect defect fect fect defect
Mutations L250P (ref>®) G254S (ref>®) E284K (ref®) R336H (ref.®) P576S (ref>°) D560V (ref>?) R609W (ref®)  L626V (ref?)  Y629C (ref.”?)
. . . . bacterial-type C-
Location catalytic domain catalytic domain catalytic fiomaln catalytic domain catalytic domain  catalytic domain bac’ferlal type C bac’FerlaI type C terminal exten-
(motif 2) terminal extension terminal extension sion
é all seq. (180) L (~97%) G (~97%) yes (100%) R (~97%) yes (100%) no no no no
‘a | mt mammals (11) yes (100%) yes (100%) yes (100%) yes (100%) yes (100%) yes (100%) yes (100%) yes (100%) yes (100%)
E mt others (49) yes (100%) mainly G (some yes (100%) mainly R (some yes (100%) no no no yes (100%)
€ S/A) ¢/G)
k3
S .
o bacteria (120) malnll\ylll Lc(some yes (100%) yes (100%) yes (100%) yes (100%) no no no no
§ /C)
()
natural occurrence
no no no no no no no no no




Exon 3 splicing
defect

Exon 3 splicing Exon 3 splicing Exon 3 splicing Exon 3 splicing Exon 3 splicing Exon 3 splicing

defect defect defect defect defect defect R609W L613F

allelic composition

Mutations were taken from references ** *** as indicated. They were reported after the beginning of the present work (except for those from ref. *?). —Conservation of WT

residue— and —Natural occurrence of substitution— were analyzed in a multiple sequence alignment composed of 180 bacterial-type AspRSs, as generated in *'. This alignment
is made of 120 sequences of AspRS proteins from bacteria (encompassing all bacterial subgroups) and 60 sequences of mt-AspRS proteins from eukaryotes (with
representatives of mammals, arthropods, fungi and protists). For an objective evaluation of the sequence conservation or divergence, redundancy was avoided by considering
only non-identical sequences. Allelic composition recalls the situation found in patients.
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