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Supplementary Fig. 1| Cryo-EM data processing of neomycin-treated 2 

mitoribosomes. a Cryo-EM data processing workflow of mitoribosomes incubated with 3 

50 μM neomycin. Overall structures of mitoribosomes with bound tRNAs and cofactors, 4 

along with local resolution estimation results with the resolution scale (Å) are shown. b 5 

Fourier shell correlation (FSC) curves for the reported maps, indicating overall resolution 6 

at FSC=0.143. c-d cryo-EM density for representative cofactors from the same map as 7 

Fig. 1 are displayed: SPM1702 (c) and FES201 (d) bound to the non-rotated 8 

mitoribosome with A/A and P/P site tRNA (overall resolution=2.9 Å, σ=0.90). 9 
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 11 
Supplementary Fig. 2| Comparative analysis of h44 and H69, and neomycin binding. 12 

a-c Secondary structures of h44 and H69 from Escherichia coli (a), mitochondria (b), and 13 

Homo sapiens (c) ribosomes. d-f Schematic representation of h44 and H69 interactions 14 

with neomycin. 15 

 16 



 17 
Supplementary Fig. 3| Structural analysis of neomycin’s binding to mitoribosome's 18 

decoding center. a-b Superimposition of neomycin binding pockets within h44 (a) and 19 

H69 (b) with the bacterial ribosome (PDB: 4V529). c Overview of the mRNA decoding 20 

center with bound neomycin molecules. A zoomed inset highlights the bound neomycin 21 

molecules. 22 
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 24 
Supplementary Fig. 4| Cryo-EM data processing of neomycin-treated cytosolic 25 

ribosomes. a Cryo-EM data processing workflow of cytosolic ribosomes incubated with 26 

50 μM neomycin. Overall structures of cytosolic ribosomes with different bound tRNAs 27 

and cofactors, along with local resolution estimation results with the resolution scale in Å 28 

are shown. b FSC curves calculated for the reported maps, indicating an overall 29 

resolution at FSC = 0.143. 30 

 31 



 32 
 33 
Supplementary Fig. 5| Novel and conserved binding sites of neomycin on the 34 

cytosolic ribosome. a-c Neomycin (Neo1) binding to a conserved pocket within h44. a 35 

Superimposition of the neomycin-bound h44 from this study (yellow) and bacterial 36 

ribosome (PDB: 4V529, grey). b Neomycin molecules bound to the bacterial ribosome. c 37 

Neomycin molecules bound to human cytosolic ribosome. d Superimposition of H69 from 38 

this study (blue) and neomycin-bound H69 (grey) from the bacterial ribosome (PDB: 39 

4V529). Potential steric clashes are highlighted, with contributing nucleotides shown as 40 

sticks. The area size of the H69 pocket is indicated in blue (human) and grey (bacteria). 41 

e-g Interaction of neomycin (Neo15) with a novel cytosolic ribosomal pocket. e 42 

Superimposition of the neomycin-bound pocket from this study (blue) and bacterial 43 

ribosome (PDB: 4V529, grey). This neomycin binding pocket is typically occupied by 44 

RPL32 in the bacterial ribosome. f Neo15 is shown interacting with this novel cytosolic 45 

ribosomal pocket. g The corresponding pocket is occupied by RPL32 in the bacterial 46 

ribosome. 47 
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 49 
Supplementary Fig. 6| Cryo-EM data processing of mitoribosomes from neomycin-50 

treated cells. a Cryo-EM data processing workflow for native mitoribosomes isolated 51 

from 1 mM neomycin-treated cells. Overall structures of mitoribosomes with bound tRNAs 52 

and cofactors, along with local resolution estimation results with resolution scale in Å are 53 

shown. b FSC curves calculated for the reported maps, indicating an overall resolution at 54 

FSC = 0.143. 55 

 56 
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 58 
Supplementary Fig. 7| Cryo-EM data processing of cytosolic ribosomes from 59 

neomycin-treated cells. a Cryo-EM data processing workflow for native cytosolic 60 

ribosomes isolated from 1 mM neomycin-treated cells. Overall structures of cytosolic 61 

cytosolic ribosomes with different bound tRNAs and cofactors, along with local resolution 62 

estimation results with resolution scale in Å are shown. b FSC curves calculated for the 63 

reported maps, indicating an overall resolution at FSC = 0.143. 64 

 65 



 66 
 67 
Supplementary Fig. 8| In vivo translation assays and structural analysis of the 68 

decoding center. a Schematic representation of the NLuc (a) and CFTR (G542X) (b) 69 

lentiviral constructs used to create stable cell lines. c Luciferase reporter assays using 70 

the NLuc cell line at various time points following treatment with different concentrations 71 

of neomycin. d In vitro translation assays with luciferase reporters in response to different 72 

concentrations of neomycin and increased concentrations of 0.1, 1 and 10 mM GSH. e-f 73 

Structure superimposition of decoding centers from the cytosolic ribosome (e) and 74 

mitoribosome (f) undergoing different neomycin treatments. 75 
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 77 
Supplementary Fig. 9| Temperature-dependent MD simulations of neomycin-78 

ribosome interactions and neomycin contact modules. a-b MD simulations depicting 79 

the temperature-dependent binding stability of neomycin molecules (Neo1, Neo2, and 80 

Neo3) within mtSSU. The RMSD from their initial binding poses of both the binding 81 

pockets (a) and the neomycin molecules (b), across temperatures from 90 K to 310 K. c 82 

Representative mtSSU structures generated by temperature-dependent MD simulations. 83 

d-e MD simulations depicting the temperature-dependent binding stability of neomycin 84 

molecules (Neo1, Neo10, and Neo11) within SSU. The RMSD from their initial binding 85 

poses of both binding pockets (d) and their initial binding poses for neomycin molecules 86 

(e) are shown across temperatures from 90 K to 310 K. f Representative SSU structures 87 

generated by temperature-dependent MD simulations. g-i Interaction frequency of 88 

neomycin's moieties with the bacterial ribosome (g), mitoribosome (h) and cytosolic 89 

ribosome (i). The chemical structure of neomycin is represented in stick and surface, with 90 

contact frequency indicated by color (blue for low frequency, red for high frequency). 91 



 92 
Supplementary Fig. 10| Cryo-EM data processing of mitoribosomes from 93 

neomycin-treated cells. a Cryo-EM data processing workflow of native mitoribosomes 94 

isolated from 3 mM neomycin-treated cells. Overall structures of mitoribosomes with 95 

different bound tRNAs and cofactors, along with local resolution estimation results with 96 

resolution scale in Å are shown. b FSC curves calculated for the reported maps, indicating 97 

an overall resolution at FSC = 0.143. 98 
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Supplementary Table. 1| Cryo-EM data collection, processing, model refinement, 100 

and validation statistics for mitoribosomes incubated with 50 μM neomycin. 101 

 102 
  103 



Supplementary Table. 2| Neomycin binding pockets in in vitro and in vivo 104 

mitoribosome states. This table details the neomycin molecules bound in different 105 

mitoribosome states, including their respective binding pockets and proximal nucleotide 106 

information. Asterisks (*) denote the quality of the neomycin density, where the number 107 

of asterisks corresponds to the count of discernible organic rings of neomycin in the 108 

density map. 109 
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Supplementary Table. 3| Cryo-EM data collection, processing, model refinement, 112 

and validation statistics for cytosolic ribosomes incubated with 50 μM neomycin. 113 
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Supplementary Table. 4| Neomycin binding pockets in cytosolic ribosome states. 116 

This table details the neomycin molecules bound in various cytosolic ribosome states, 117 

including their respective binding pockets and proximal nucleotide information. Asterisks 118 

(*)denote the quality of the neomycin density, where the number of asterisks corresponds 119 

to the count of discernible organic rings of neomycin in the density map. 120 
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Supplementary Table. 5| Cryo-EM data collection and processing statistics for 123 

native mitoribosomes and cytosolic ribosomes isolated from neomycin-treated 124 

cells.  125 
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