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SI Text: Structure and possible role of Expansion segments  

Our structure shows various trypanosome-specific ESs forming contacts with functionally 

significant proteins that are extended or truncated in T. cruzi, when compared to their yeast 

counterparts. These ESs include ES9L, ES27L, ES7L, ES12L, and ES31L as well as those 

described in the main text, ES42L and the KSD. 

ES7L in T. cruzi is composed of two long bent helices while in yeast this ES is made up of 

only one long helix and a short helix (Fig. S16). The tip of the trypanosome-unique long helix 

interacts with proteins uL30 and uL4. Protein uL30 is conserved with respect to its yeast 

counterpart and uL4, situated between the two long bent helices, bears a C-terminal extension 

(Fig. S16). Considering that uL4 is a component of the protein exit tunnel, this unusual 

configuration of ES7L has a possible function in sensing or regulating the passage of nascent 

polypeptides through the tunnel. 

T. cruzi ES9L is composed of three helices instead of the two helices seen in yeast ES9L 

(named ES9L-h1-3). Helix ES9L-h3, with no homolog in yeast, surrounds one side of eL29, 

which bears an extended C-terminal portion exposed on the surface (Fig. S17). The other sides of 

eL29 are surrounded by ES9L-h1 and ES12. Together these three helices position the C-terminal 

of eL29 to be exposed stably on the surface, while the protein’s N-terminal domain threads 

through the rRNA core in the vicinity of the PTC. 

ES27L (located below srRNA1, as viewed from solvent side) and ES31L, which emerges 

from the base of the L1 stalk, have both increased in size compared to their yeast counterparts. 

The dynamic behavior of ES27L makes it visible only at low thresholds on the unsharpened 

density map (Fig. 1E). ES27L forms a novel intern subunit bridge as revealed in the T. brucei 

structure (1), and also provides a platform for the S-domain of the signal recognition particle 

(SRP) (2). Thus, it has been proposed to regulate access of factors to the peptide exit tunnel. 

ES31L, whose assembly is described in the main text, is anchored at the base of the L1 stalk and 

is a dynamic element instrumental in evacuating the exit-site tRNA (3). ES31L is composed of 

three helices instead of two as seen in yeast (Fig. 3B). The third, trypanosome-specific helix is in 

contact with protein eL8 and runs parallel with the L1 stalk. This helix also interacts with the 3’- 

end of the 5.8S rRNA via residue 865 (Fig. 3B). Moreover, ES31L contacts the N-terminal 

extension of uL23, a signaling protein for SRP (4).  

Altogether, these trypanosome-specific rRNA ESs form contacts with functionally 

significant extended or truncated r-proteins (summarized in Table S6), suggesting the architecture 

of the T. cruzi ribosome may be specialized to modulate nascent peptide conducting, protein 

targeting, and other translational events such as GTPase activation by the sarcin-ricin loop. 

 

Additional References 

1. Hashem Y, et al. (2013) High-resolution cryo-electron microscopy structure of the 
Trypanosoma brucei ribosome. Nature 494(7437):385-389. 

2. Anger AM, et al. (2013) Structures of the human and Drosophila 80S ribosome. Nature 
497(7447):80-85. 

3. Korostelev A, Ermolenko DN, & Noller HF (2008) Structural dynamics of the ribosome. 
Current opinion in chemical biology 12(6):674-683. 

4. Park E, et al. (2014) Structure of the SecY channel during initiation of protein 
translocation. Nature 506(7486):102-106. 
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Fig. S1 

 

Fig. S1. Classification of the Trypanosoma cruzi ribosome cryo-EM data set. First row, 

ten particles selected from 700,000. Second row, primary classification with K= 10 classes, 

generating six ribosome-like and four bad classes. Third row, further classification of ribosome-

like particles, again with K=10, yielding seven fully formed ribosome classes and three with 

broken 40S subunit. Fourth row, focused classification using K=6, with 60S subunit mask placed 

on all particles (345,000), yielding one dominant class. Fifth row, resulting focused 

reconstruction of the 60S subunit from 235,000 particles. 
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Fig.S2

 

Fig S2. Resolution estimation of the 3D-reconstruction (A) FSC of the 60S subunit 

reconstruction (dark blue: model region; green: whole map). (B-D) Local resolution 

evaluation using resmap. Shown are outputs of the resmap software: (B) histogram 

distribution of resolution values; (C) density sections and (D) resolution distributions in 

the same set of sections shown in (C).  



6 
 

Fig S3 

 

Fig. S3. Side chain features of 60S subunit of Trypanosoma cruzi ribosome.  (A) 

Densities for some of the amino acids. Top, three aromatic residues; middle, three hydrophobic 

residues; bottom, three basic residues. These residues are from the proteins uL3, eL37 and uL15. 

(B,C) Reproducibility of water molecule (B), and zinc ion (C) assignments through comparison 

of half-maps. These regions are also displayed in Fig 1.b. (D) Cryo-EM density of a highlighted 

rRNA region of LSU-α docked with atomic model. Bottom panel, examples for the four 

nucleotides in rRNA.    
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Fig.S4 

 

Fig. S4. rRNAs arrangement and atomic model of the 60S subunit. (A, B) Arrangement 

of the eight pieces of rRNA in the large subunit within the electron density map; r-proteins are 

omitted for clear display of rRNA. (A) Solvent and (B) interface view. (C, D) architecture of 

proteins in the large subunit, in solvent (C) and interface (D) view.  
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Fig.S5

 

Fig. S5. Cryo-EM allows identification of variations in rRNA and proteins. (A) 

Density map (gray mesh) of the fragment of a.a. 62-68 on eL37. Met-64 (blue) is clearly 

represented in the density although the sequence XP_807547.1. has a Cysteine residue (B) 

Density map (gray mesh) of the A-566 on LSU-β and A-63 on srRNA3, in conflict with the 

sequences which contain C and U at these locations, respectively. 
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Fig.S6 

 

Fig. S6. T. cruzi large subunit rRNA pieces and the corresponding rRNA domains in 

yeast. (A, B) The eight pieces of rRNA in the T. cruzi ribosomal large subunit, in solvent (A) 

and interface (B) view. (C, D) The domains of rRNA in yeast 25S rRNA, in solvent (c) and 

interface (D) view. (E) Correspondence between the different pieces of T. cruzi rRNA and the 

domains from yeast 25S rRNA. srRNA1-4 are denoted by sr1-4. 
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Fig.S7 

 

 

Fig. S7. Proteins for scaffold stabilization. (A) The scaffold encompasses the conserved 

region of LSU-α (sky blue) and LSU-Β (yellow), the whole 5.8S rRNA (blue), and its associated 

proteins. (B) Group-one proteins, which are buried in the scaffold.  (C) Group-two proteins, 

bearing large spanning domains. (D)  Group-three proteins, located on the surface.  
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Fig.S8 

 

Fig. S8. Anchoring proteins for small-rRNAs assembly. (A) Locations of the anchoring 

proteins connecting the scaffold and  small rRNAs. (B) uL3. (C) eL6. (D) eL33.  (E) eL34. (F) 

eL19. (G) eL31.  
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Fig.S9 

 

Fig. S9. Small rRNAs. (A) srRNA1 (magenta, left) and its homologous region in yeast (light 

green). (B) T. cruzi srRNA2 (cyan, left) and its homologous region, H94-97 of yeast (light green). 

(C), T. cruzi srRNA3 (forest green) and its homologous region ES39L of yeast (light green). (D) 

T. cruzi srRNA4 (orange) and its homologous region in yeast (light green). The arrow marks the 

shorter T. cruzi loop compared with yeast, which avoids conflict with the N-terminus of eL31. 

The un-modelled regions of the small rRNAs are connected by a dotted line according to the T. 

brucei model (4V8M.pdb) and our unsharpened density map.  
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Fig.S10

 

Fig. S10. T. cruzi and yeast 5.8S and 5S rRNAs. (A) 5.8S rRNA, upper is from our T. cruzi 

structure, bottom (light green) is from the yeast ribosome structure.  (B) 5S rRNA, left is from our 

T. cruzi structure, right (light green) is from yeast. The un-modelled regions of the small rRNAs 

are connected by a dotted line according to the T. brucei model (4V8M.pdb) and our unsharpened 

density map. 
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Fig.S11 

 

Fig. S11. rRNA and r-protein associations on the large subunit. (A) Interactions 

between U944 of LSU-α and C1279 and G1280 of LSU-β. (B) Interactions between A1387 of 

LSU-β and A1299 and G720 of LSU-α; Mg
2+

 takes part in forming the LSU-α - LSU-β 

interaction. (C) Modified rRNA nucleotides participate in forming interactions between LSU-α 

and LSU-β. Cm777 is a methyl-modified residue of LSU-α. (D) A hydrophobic region formed by 

modified nucleotides and r-proteins. The magenta spheres in rRNA model denote methyl groups. 
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Fig.S12

 

Fig. S12. srRNA3 and its homologous rRNA ES39L in yeast surroundings. (A), 

Overlay of srRNA3 and its surrounding region, which includes eL14, eL33, and uL22 of T. cruzi. 

For comparison, the ES39L region of yeast is also shown in grey. ES42L has been added by 

manual drawing. The arrows indicate the insertion of the eL33 (marked by magenta box in (D)), 

which occupies the position of the C-terminal of uL22 in the yeast ribosome structure. (B) 

Sequence alignment of r-protein eL14. (C) Sequence alignment of r-protein uL22. (D) Sequence 

alignment of r-protein eL33.  
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Fig. S13 

 

Fig. S13. Sequence alignment of 5S rRNA-associated proteins. (A) Sequence alignment 

of protein uL5, whose identity between the two sequences is 69%. (B) Sequence alignment of 

protein uL18, whose identity between the two sequences is 49%. 
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Fig. S14 

 

Fig. S14. Comparison  of some regions of 2.5 Å  T. cruzi  and 5.5 Å  T. brucei  

ribosome density maps, superimposed with their corresponding atomic models. (A) 

A double-helical region of LSU-β from the T. cruzi map and model. (B) The same region from 

the T. brucei map and model as in (A). (C) A single-stranded fragment of srRNA3 from the T. 

cruzi map and model. (D) The same region from the T. brucei map and model as in (C).  
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Fig. S15 

 

Fig. S15. Schematic representation of the large subunit rRNA genes (except 5S 

rRNA) from trypanosomatids. The names in the bracket are their respective old 

nomenclatures. 
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Fig. S16 

 

Fig. S16. ES7L and its contacting proteins uL4 and uL30. (A) ES7L (blue) taken from 

the T. brucei model (4V8M.pdb), and uL4 and uL30 from our model were fitted to the T. cruzi 

unsharpened map. (B) uL4 and uL30 superimposed onto the sharpened map, in the same view as 

in (A). The extension of uL4 is gripped by the long helixes of ES7L, as shown by combination of 

(A) and (B). (C) ES7L (light green), composed of one long bent helix and one short helix, and 

uL4 and uL30 (brown) from yeast shown in the same view as (A) and (B). 
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Fig. S17 

 

Fig. S17. C-terminal extension of eL29 contacts eL18 and is surrounded by ES9L 

and ES12L. (A) ES9L (magenta) and ES12L (green) taken from the T. brucei ribosome 

model (4V8M.pdb), and eL18 and eL29 from our model were fitted into the T. cruzi 

unsharpened map. (B) Interactions of eL29 extension with eL18. The models are fitted to 

the sharpened map.  (C) ES9L, ES12L, eL18, and eL29 in yeast, in the same view as in 

(A). (D) eL29 and eL18 of yeast in the same view as in (B). 
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Table. S1 

 

Table S1. The length of different pieces of rRNA (except 5S rRNA) for three 

trypanosomatids 
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Table. S2 

 

Table S2. 3D reconstruction and model statistics of T. cruzi large ribosomal subunit 
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Table S3 

 

Table S3. Summary of the T. cruzi ribosomal large subunit model 
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Table S4 

 

Table S4. Summary of the modeled ribosomal rRNA 
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Table S5 

 

Table S5. The unmolded ribosomal rRNA of LSU-α /β location 
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Table S6 

 

Table S6. The expansion segments with unusual size and Trypanosome-specific ES 
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Table S7 

 

Table S7. Modeled proteins of the T. cruzi 60S ribosomal subunit 

  



28 
 

Table S8 

 

Table S8. Residues of anchoring proteins involved in assembly of small pieces rRNA 
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Table S9 

 

Table S9. Expansion segments compared with human ribosome counterparts 
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Table S10 

 

Table S10. Proteins compared with human and yeast ribosome counterparts 


