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Figure S1. Recombinant ScElongator purification. (A) Maps of plasmids used for overproduction 
of yeast Elongator in yeast cell cultures. (B) SDS-PAGE gel with fractions from full yeast Elongator 
purification process. (C) Immunoprecipitation (IP) study to test for copurification of Acc1 protein with 
endogenous yeast Elongator subunit Elp1 and Elp5. Asterisk denotes characteristic N-terminal 
proteolysis signal of Elp1 (1). 



 

Figure S2. ScElongator cryo-EM reconstruction. (A) Representative cryo-EM field of yeast 
Elongator complex. General processing pipeline. Fourier Shell Correlation curve for yeast Elongator. 
The red line indicates FSC=0.143 with the labelled resolution cutoff. The resolution range of yeast 
Elongator map displayed on the local resolution filtered map visualized at indicated map contouring. 
Particle orientation bias of yeast Elongator map. (B) SDS-PAGE showing BS3 stabilized yeast 
Elongator complex and cryo-EM maps comparing the stabilized and native complex. Front view map 
with coloring according to the scheme from Figure 1D. Only the density, corresponding to the smaller 
subcomplex, is colored in the Elp456 view. 



 

Figure S3. ScElp456 cryo-EM reconstructions. (A) Representative cryo-EM field and general 
processing pipeline of ScElp456 subcomplex. Fourier Shell Correlation curve. The red line indicates 
FSC=0.143 with the labelled resolution cutoff. Reference-free 2D class averages, scale bar 100 Å. 
The resolution range displayed on the local resolution filtered map visualized at indicated map 
contouring. Particle orientation bias. (B) Comparison of yeast crystal and cryo-EM apo Elp456 with 
the one from Elongator structure. Models were fit into cryo-EM density of yeast Elongator and 
visualized at indicated contouring. (C) Comparison of yeast cryo-EM free and tRNA bound Elp123 
with the one from Elongator structure. Models were fit into cryo-EM density of yeast Elongator and 
visualized at indicated contouring. 



 

Figure S4. Phenotypic analyses of yeast strains carrying mutations in selected subunits. (A) 
TBE-UREA gels showing in vitro γ-toxin cleavage of isolated yeast bulk tRNA. Mutations disturbing 
Elongator activity render yeast cells insensitive to anticodon cleavage by γ-toxin. (B) Endogenous γ-
toxin assay. Indicated yeast strains were transformed with the vector pLF16 carrying the γ-toxin gene 
under the galactose-inducible GAL1 promoter. Ten-fold serial cell dilutions were spotted on SD media 
containing 2% glucose (Glc: γ-toxoff) or 2%galactose (Gal: γ-toxon) and were incubated for 3-4 days at 
30°C. Mutations disturbing Elongator activity render yeast cells resistant to growth inhibition by γ-
toxin. (C) Canavanine assay. Toxic arginine analog uptake from the environment prevents yeast cells 
from growing. For more information, see the main text and Materials and Methods section. 



 

 

Figure S5. Further ScElongator model validation. (A) Crosslinking mass spectrometry of yeast 
Elongator. On the left circular map representing all detected cross links, followed by yeast Elongator 
model with mapped intersubunit (left) and intrasubunit (right) crosslinks. (B) Additional 3D variability 
(top) and 3D classification (bottom) analyses to resolve density of the second lobe. In blue colour 
mask designed on BS3 stabilized Elongator reconstruction (see Figure 1D), in green focus mask used 
during 3D classification. 



 

 

Figure S6. Purification of mammalian Elongator subcomplexes. SDS-PAGE gels with fractions 
from the last step of the purification process and corresponding size exclusion chromatography 
profiles. Red and blue lines represent UV absorption at 260 and 280 nm respectively. Peaks 
corresponding to specific subcomplexes are indicated with a black arrow. (A) mouse and (B) human 
Elp123 and Elp456, respectively. 



 

Figure S7. Cryo-EM reconstructions of MmElp123 alone and in complex with tRNA. General 
processing pipeline and representative cryo-EM field of (A) MmElp123 and (B) MmElp123–tRNA. The 
red line in the Fourier Shell Correlation curve indicates a FSC=0.143 – the respective resolution cutoff 
is indicated. In addition, selected reference-free 2D class averages are shown (scale bar 100 Å). At 
the bottom, the resolution range is displayed on the local resolution filtered map (visualized at 
indicated map contouring levels) and the orientation bias of the particle sets are shown. 



 

Figure S8. ScElp123 in complex with tRNA cryo-EM reconstruction. Representative cryo-EM field 
and general processing pipeline of ScElp123–tRNA complex. Fourier Shell Correlation curve. The red 
line in the Fourier Shell Correlation curve indicates a FSC=0.143 – the respective resolution cutoff is 
indicated. In addition, selected reference-free 2D class averages are shown (scale bar 100 Å). At the 
bottom, the resolution range is displayed on the local resolution filtered map (visualized at indicated 
map contouring levels) and the orientation bias of the particle sets are shown. 



 

Figure S9. tRNA binding comparison between yeast and mouse Elp123 subcomplexes. Elp3 
and Elp1 C-terminus are shown with distinguished residues that take part in the interaction with the 
tRNA molecules. 



 

Figure S10. MmElongator cryo-EM reconstruction. Representative cryo-EM field and general 
processing pipeline of MmElongator. Fourier Shell Correlation curve. The red line in the Fourier Shell 
Correlation curve indicates a FSC=0.143 – the respective resolution cutoff is indicated. In addition, 
selected reference-free 2D class averages are shown (scale bar 100 Å). At the bottom, the resolution 
range is displayed on the local resolution filtered map (visualized at indicated map contouring levels) 
and the orientation bias of the particle sets are shown. 

 

 



 

Figure S11. Mammalian Elongator reconstitution, biochemical and mutational analyses. (A) 
SDS-PAGE analysis shows, the FLAG pull-down assay of in vitro reconstructed mouse and human 
Elongator complex, via FLAG-tagged Elp6 subunit. FLAG-tag indicated on Elp6 subunit. (B) Mean 
acetyl-CoA hydrolysis rate of yeast Elongator (green) shows no stimulation of Elongator activity using 
human bulk tRNA. n = 3. (C) Mean relative acetyl-CoA activity of Elp123 (blue) and Elongator (green) 
from yeast, mouse and human in presence of yeast and human bulk tRNA. n = 3 (D) Sample inputs 
for FLAG pull-down assays from Figure 5C. FLAG-tag indicated on Elp6 subunit. 



 

Figure S12. Mammalian Elongator reconstitution is not affected by ATP or tRNA presence. (A) 
SDS-PAGE analysis of in vitro reconstitution of human Elongator in presence of varying ATP 
concentrations. Twin-Strep-tagged Elp3 subunit (Elp3-2ST) was used in the pull-down assay. (B) 
Sample inputs for the Elp3 Twin-Strep (Elp3-2ST) pull-down assays from Figure 6B. (C) Elp6-FLAG 
pull-down showing the in vitro reconstruction of mouse Elongator using2.5 mM ATP and 2 µM bulk 
yeast tRNA.  



Table S1. Used yeast strains. 

Strain Relevant genotype Source 
UMY2893 MATα SUP4 leu2-3,112 trp1-1 can1-100 ura3-1 ade2-1 his3-11,15 (2) 
ySF88 UMY2893, elp1Δ::KlURA3 This study 
ySF90 UMY2893, elp3Δ::KlURA3 This study 
ySF91 UMY2893, elp4Δ::KlURA3 This study 
ySF92 UMY2893, elp5Δ::KlURA3 This study 
ySF93 UMY2893, elp6Δ::KlURA3 This study 
ySF135 ySF88, elp1_Δ191-237::KlTRP1 This study 
ySF136 ySF88, elp1_Y1254A/R1261A/R1265A::KlTRP1 This study 
ySF137 ySF88, elp1_D1160A/Q1164A/R1171A::KlTRP1 This study 
ySF138 ySF88, elp1_Δ1176-1200::KlTRP1 This study 
ySF139 ySF88, elp1_Δ1201-1225::KlTRP1 This study 
ySF140 ySF88, elp1_Δ1226-1251::KlTRP1 This study 
ySF141 ySF90, elp3_R399A/D402A/L403A::KlTRP1 This study 
ySF142 ySF90, elp3_W341A/K342A::KlTRP1 This study 
ySF143 ySF90, elp3_N352A/D356A::KlTRP1 This study 
ySF144 ySF91, elp4_Δ1-66::KlTRP1 This study 
ySF145 ySF91, elp4_E401A::KlTRP1 This study 
ySF146 ySF91, elp4_Y369A/S371A::KlTRP1 This study 
ySF147 ySF91, elp4_Q372A/K375A::KlTRP1 This study 
ySF148 ySF91, elp4_Δ357-376::KlTRP1 This study 
ySF149 ySF91, elp4_Δ172-195::KlTRP1 This study 
ySF150 ySF92, elp5_Δ1-7::KlTRP1 This study 
ySF151 ySF92, elp5_Δ1-20::KlTRP1 This study 
ySF152 ySF93, elp6_Δ271-273::KlTRP1 This study 
ySF153 ySF93, elp6_T226A/F228A/K230A::KlTRP1 This study 
BY4741 MATα his3Δ1 leu2Δ0 ura3Δ0met15Δ0 Euroscarf 
ATCC 
201388 

MATα his3Δ1 leu2Δ0 met15Δ0 ura3Δ0 (3) 

ySF312 BY4741, ELP1-(c-myc)3x::KlLEU2 This study 
ySF313 ATCC 201388, ACC1-GFP::HIS3MX6, ELP1-(c-myc)3x::clonNAT This study 
ySF314 BY4741, ELP5-(FLAG)3x::KlLEU2 This study 
ySF315 ATCC 201388, ACC1-GFP::HIS3MX6, ELP5-(FLAG)3x::KlLEU2 This study 
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