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Figure 1. Structure of human mitoribosome and modeled L7/L12 stalk. (A) Overview of the human mitoribosome model. The mitoribosomal proteins
are shown in cartoon with transparent surface, rRNA is shown as spheres. Zoomed in regions are indicated. (B) View of the improved model of the N-
terminal mitochondrial extension of bL12m (cyan) and its contacts with mL53 (magenta) and uL10m (grey). The protein uL10m is shown with transparent
surface colored by hydrophobicity, with red indicating most hydrophobic, revealing a hydrophobic patch involved in bL12m binding. (C) The modeled
loop of mL54 (wheat) forms hydrophobic interface with uL11m (grey with transparent surface colored by hydrophobicity). These interactions between
mitochondria-specific elements contribute to the stability of the stalk.

Aibara et al. eLife 2020;9:€58362. DOI: https://doi.org/10.7554/eLife.58362 20of 19


https://doi.org/10.7554/eLife.58362

e Llfe Research article

Structural Biology and Molecular Biophysics

311,655 particles autopicked from 3481 micrographs.

Re-extract unbinned particles for 3D Auto-refinement

143,851 Particles Ratchet 1: 100,288

3.1 A Resolution

Class 1 Class 2
45,831 45,831
FCwSS
around RRF-like density
Class 2-3
24,934
FCwSS FCwSS

around A & P-site

around P & E-site

B00E

192,970 particles saved after 2D and subjected to 3D classification

LSU: 3.0 A

3D classification with exhaustive coarse angular searches (7.5 degrees)

Fine-angular 3D classification (0.9 degrees +/- 5.4 degrees)

Ratchet 2: 31,366

Masked Focussed Refinement on Individual Subunits.

Focussed classification with signal subtraction (FCwSS) around A & P-site

Class 3

32,094

FCwSS
around P & E-site

S =N

RRF ‘ A&P-hybrid P&E-hybrid A&P—site A, P&E—SIte P-site P&E-site “E”
14,502 4,966 19,968 14,745 13,350 6,692 24,491 36,165

Aibara et al. eLife 2020;9:€58362. DOI: https://doi.org/10.7554/eLife.58362

30of19


https://doi.org/10.7554/eLife.58362

e Llfe Research article

Structural Biology and Molecular Biophysics

Figure 1—figure supplement 1. Cryo-EM data processing. 2D and 3D classes of the mitoribosome represent a variety of orientations. The
classification strategy for separating different states is shown, which resulted in eight classes (tRNA blue, mtRRF yellow, involved mitoribosomal
elements indicated). For the purposes of clarity, the inset showing the tRNAs have been filtered to 7 A resolution.
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Figure 1—figure supplement 2. Fourier shell correlation (FSC) curves for mitoribosomal complexes. FSC plots for the consensus map of the
monosome; masked refined maps of the large and small subunits; 8 maps of different states. Resolution is estimated based on the 0.143 FSC cut-off

criterion (dashed line).

Aibara et al. eLife 2020;9:€58362. DOI: https://doi.org/10.7554/eLife.58362 50f 19


https://doi.org/10.7554/eLife.58362

ELlfe Research article

Structural Biology and Molecular Biophysics

bL12m (6)

bL12m (5)

bL12m (4)

bL12m (3)

& veipaee 7 -

Ny bL12m (2)

Figure 1—figure supplement 3. Map and model of human mitoribosome L7/L12 stalk. Map and model of six

copies of bL12m-N-terminal domains bound to uL10m C-terminal a-helix (light grey).
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PDBID: 6GAW Current work

Figure 1—figure supplement 4. Map and model human mitoribosome mL54. Comparison of maps and corresponding models of mL54 (wheat) in our
human mitoribosome structure and porcine mitochondrial initiation complex (PDBID: 6GAW). Equivalent residues are shown in both structures for
comparison.
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Figure 1—figure supplement 5. Map and model human mt-RRF. (A) Model and density of mt-RRF (purple) bound to the A- and P-sites on human
mitoribosome. (B) mt-RRF modeled in this work is superposed with RRF from E. coli (PDBID: 1EK8) and S. oleracea (PDBID: 6ERI). (C) Comparison of
mitochondria-specific N-terminal extension of mt-RRF modeled in our human mitoribosome-mt-RRF complex and the human mitoribosome-mt-RRF
complex (blue) (PDBID: 6NU2) published previously.
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Figure 2. Interactions of mL40-mL48 in the tRNA binding sites and the central protuberance. Views of the tRNA binding sites of human mitoribosome
showing interactions of mL40 (green) and mL48 (yellow) with A-tRNA (white/aquamarine) and P-tRNA (white/blue). In the central protuberance, mL40
and mL48 interact with mL46 (brown), bL31m (salmon) and CP-tRNA (white/pink). In the right panel, P- and E-tRNA are removed for clarity.
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Figure 2—figure supplement 1. Topology and interactions of mL40 and mL48 in the central protuberance and with tRNAs. Topology diagrams for the
structural domains of mL40 (green) and mL48 (yellow). B strands from mL40, mL48 and bL31m form B-sheet in the central protuberance. CP-tRNA is
involved in extensive interactions with mL40 and mL48. N-terminus of mL40 extends to the A- and P-tRNA binding site.
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Figure 2—figure supplement 2. Hydrophobic interface between mL40 and mL48 involved in tRNA interactions. (A) Interactions of mL40 N-terminal
helix (green) with A-tRNA (cyan) and P- tRNA (blue). (B) Hydrophobic interface between mL40 N-terminal helix and mL48 C-terminal helix (yellow)
displayed in transparent surface colored by hydrophobicity, red indicting most hydrophobic.
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Figure 3. Translocation of mt-tRNA and involvement of mitoribosomal proteins. (A) Overview of tRNAs bound to
the A-, P- and E-site in the rotated and non-rotated mitoribosome. The models were superimposed using the mt-
LSU as a reference The classical tRNA binding sites are outlined. (B) Comparison between mt-tRNA in the A-site
(outlined) and A/P state (light blue/white). (C) Comparison between mt-tRNA in the A/P state (outlined) and P-site
(blue/white). (D) Comparison between mt-tRNA in the P-site (outlined) and P/E state (blue/white). (E) Comparison
between mt-tRNA in the P/E state (outlined) and E-site (pink/white).
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Figure 3—figure supplement 1. Interactions of mitoribosomal proteins with tRNAs. uS9m C-terminal tail (brown) interacts with P-site tRNA (blue/white)
anticodon stem loop. uS7m (violet) approaches the major groove of E-site tRNA (pink/white) anticodon stem. bL33m (olive) interacts with E-site tRNA

acceptor arm. Dashed line represents distances below 4 A.
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Figure 3—figure supplement 2. Interactions between mitoribosomal proteins and tRNA. (A) Cryo-EM density for the APE occupied state, focusing on
proteinacious elements involved tRNA interactions. Front top: mLé4, P-site fingers (mL40 and mL48), and uS7m. (B) Schematic representation of
proteins involved in tRNA interactions. As the structure obtained in this study represents an average of multiple tRNAs, the sections are represented as
areas of elbow (blue), anti-codon stem (green), and acceptor stem (orange). Residues numbers and identities are given with their color representing

their chain assignment.
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Figure 3—figure supplement 3. Unmodeled density between A-site and P-site tRNAs. Unmodeled density bound
between anticodon stem loops of A-tRNA and P-tRNA is represented as a black mesh.
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Figure 3—figure supplement 4. L1 stalk movement in ratcheted and non-ratcheted states. The figure shows density of L1 stalk in rotated (white) and
non-rotated state (purple) along with E-tRNA (pink) and P/E-tRNA (white) and mL64 (magenta), superposed on the large subunit for comparison. All
components from the rotated state are shown in white.
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Figure 3—figure supplement 5. Density of mRNA in P-site tRNA bound mitoribosome. A continuous density of
mRNA (purple) is observed in P-site tRNA bound classes (right) but is absent in classes lacking P-site tRNA (left).
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Figure 3—figure supplement 6. Density of LRPPRC-SLIRP complex in mRNA-bound mitoribosome. (A) Large
density adjacent to mS39 corresponding to LRPPRC-SLIRP complex is observed in P-site tRNA bound classes
(shown state: APE-site tRNA bottom panel). No such density is observed in classes lacking P-site tRNA (shown
state: E-site tRNA, top panel). (B) Top panel shows the superhelical spiral shell of mS39 that interacts with the
density. Bottom panel the density displays a two-parted volute architecture that is characteristic of PPR proteins.
(C) Comparisons of the density from our study and the previously published in situ cryo-tomography
reconstructions (blue).
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Figure 4. Schematic of the mt-tRNA moving through the mitoribosome based on the solved structures. Top left, mt-tRNAs bound to A-, P- and E-site
and coordinated by mL40 (green) and mLé4 (red), mRNA (purple) and LRPPRC-SLIRP module (blue) bound to mS39 (yellow). Seven structures with
bound tRNA are arranged in the order representing tRNA translocation through the translation cycle. The conformational changes of mL40 and mL64

are indicated.
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