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Supplementary Fig 1: In situ single-particle cryo-EM results. a A representative transmission 18 
electron micrograph of FIB-milled lamellae. b Typical micrographs collected by in situ single-19 
particle cryo-EM. Prominent features such as ribosomes, microtubules, mitochondria, and nuclear 20 
envelope can be visibly identified. c The Fourier shell correlation (FSC) curves of the consensus 21 
80S reconstruction with data form untreated HEK293A cells and cells treated with HHT and CHX. 22 
d Example differences of rRNA nucleotides between in situ and in vitro structures. e Cross-map 23 
resolution between our consensus map and EMD-29782. f Rosenthal-Henderson plot of resolution 24 
vs. particle numbers. g Angular distribution of particles contributing to the final 3D reconstruction, 25 
displayed as a hemisphere projection.  26 
 27 



 28 
Supplementary Fig 2. Polyamine and ion environment differences comparison with in vitro 29 
studies. a Native polyamines observed in situ in human HEK293A cells. b Ion environment 30 
differences between in situ and in vitro structures.  31 



 32 
 33 

Supplementary Fig 3. Image processing workflow of the dataset from the untreated cells. 34 
Diagram of the in-situ single-particle data analysis workflow for the untreated cells. 16,636 motion 35 
corrected micrographs were used for particle picking by a 60S reference in GisSPA. 2,921,209 36 
particles were extracted by RELION3 and imported into CryoSPARC for further processing to get 37 
a 2.6 Å resolution consensus map. The 2.6 Å map was used as reference to repick particles from 38 
16,636 micrographs using GisSPA and cisTEM, leading to a final consensus map of 2.2 Å 39 
resolution.  The 40S subunit, tRNA and cofactor masks were used to classify the 80S ribosome to 40 
obtain the final structures.   41 



 42 
Supplementary Fig 4. Local resolution maps and FSC of ribosome states. a Local resolution 43 
maps of ribosome states in the untreated cells.  b FSC curves of the untreated ribosome states using 44 
the 0.143 criterion. 45 
 46 



 47 
Supplementary Fig 5. mRNA densities at the A, P, and E sites in different ribosome states. a 48 
mRNA densities (white density) at A, P, E site in different ribosome states from the untreated cells. 49 
The last panel shows the relative positions of mRNA in different rotation states. Certain mRNA 50 
regions, especially those not base-paired with tRNAs, exhibit reduced resolution due to increased 51 
conformational flexibility. For example, in the P-E state, the mRNA density at the A site is notably 52 
weaker. b mRNA densities at A, P, and E sites in different ribosome states from the HHT+CHX-53 
treated cells. The same contour level is used for all panels.  54 
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 56 
Supplementary Fig 6. The AT-tRNA and Z-tRNA in active translation ribosomes. a AT-57 
tRNA movement between the codon-sampling (2a) and the post GTP hydrolysis (2a’) states shows 58 
different interactions of tRNA with the 60S ribosomal subunit. b Alternative conformations of 28S 59 
rRNA G3922 compared with the in vitro study. c The conformational differences of 28S rRNA 60 
G3922 in different states as measure by the occupancy (integrated cryo-EM map value) ratios. d 61 
The Z-tRNA is held by the L1 stalk, eS25, H68, and eL42. The anticodon loop of the Z-tRNA and 62 
eS25 are displaced by ~3.8 Å in the A-P-Z (3b) state (grey) relative to its position in the eEF1-63 
A/T-P-Z (2b) state (yellow). e A comparison between the eEF1-A/T-P-Z state (2b) and the eEF1-64 
A/T-P-E state (2a). Top inset: cryo-EM maps of the L1 stalk (surfaces) showing it moves towards 65 
the solvent in state 2b (cyan) relative to its position in state 2a (gray). Bottom inset: Unlike the E-66 
tRNA (orange ribbon), the Z-tRNA (yellow density) does not contact the mRNA (dark blue 67 
density). The cryo-EM map of tRNAs, eEF1A, and the mRNA in the eEF1-A/T-P-Z (2b) state is 68 
in surface representation. An E-tRNA model (orange ribbon) is shown for comparison.  69 



 70 
Supplementary Fig 7. The 40S subunit body domain rotation and head domain swivel for the 71 
untreated ribosome states. a The model (28S rRNA and 16S rRNA, surface representation) of 72 
the unrotated P state (1c) containing the 60S subunit, 40S subunit body and head domains. b-e 73 
Comparisons of 40S subunit body domain rotation of different states (ribbon) with unrotated P 74 
state (transparent density). f Comparisons of 40S subunit head domain swivel of different states 75 
(ribbon) with unrotated P state (transparent density). 76 
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 83 
Supplementary Fig 8. Ribosome binding factors in cells. a The EBP1 and NAC𝛽 occupancies 84 
of different 80S conformations and free 60S subunits in the untreated cells. b The AlphaFold 85 
predicted model aligned to manually built model based on the experimentally determined cryo-86 
EM map. c The predicted alignment error (pAE) plots of the predicted interactions of SERBP1 N- 87 
or C-terminal regions with surrounding ribosomal regions. 88 



 89 
Supplementary Fig 9. Cryo-EM maps of in situ polysomes of different ribosome states. a 90 
Densities of the polysome of different states in untreated cells. The particles of different states 91 
were re-extracted using a large box size (bin4, 240 pixels) and refined. The maps are displayed 92 
using the same threshold. b Same as in a, for HHT+CHX-treated cells. 93 
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Supplementary Fig 10. Image processing workflow of the di-ribosome reconstructions.  96 
 97 
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 99 
Supplementary Fig 11. Image processing workflow of the dataset of the HHT+CHX-treated 100 
cells. a Diagram of the in-situ single-particle data analysis workflow. 5,726 motion corrected 101 
micrographs were used for particle picking by a 60S reference in GisSPA. 1,349,313 particles were 102 
extracted by RELION3 and imported into CryoSPARC for further processing. 40S, tRNA and 103 
cofactor masks were used to classify the 80S ribosome to obtain the final structures. The refined 104 
80S density was used as reference to repick the particles and resulted in a 2.4 Å resolution 105 
consensus map with 463,982 particles after polishing. b Local resolution maps of ribosome states 106 
in the HHT+CHX-treated cells. FSC curves using the 0.143 criterion. 107 
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 110 
Supplementary Fig 12. Translation state distributions of different ribosome states in the two 111 
untreated datasets. The translation state distributions were similar between the two datasets, but 112 
the first dataset contained more hibernating ribosomes, possibly because the cells were incubated 113 
with a nutrient-free live cell imaging buffer prior to freezing and were thus in a stage of starvation. 114 
Only dataset2 was used for analyzing the translation states distribution. 115 
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Supplementary Table 7. Polyamines identified in the ribosome 126 
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