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Supplementary Figure S1 | Image processing strategy to classify those images 

corresponding to UPF2 and UPF2-eRF3a. The peak from the SEC column obtained 

after mixing UPF2 and eRF3a was expected to generate two main species, free UPF2 
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and the UPF2-eRF3a complex. An image classification strategy was designed to 

identify the images corresponding to each of these species in the micrographs. The 

strategy relied on our prior knowledge of the images generated by UPF2 alone, 

analyzed before mixing (1). (A) A first round of classification was used to remove those 

images that did not correspond to molecule images but were incorrectly selected by the 

unsupervised automatic particle picking. These were easily identified, as they appeared 

as noisy and featureless average images. 73,057 images assigned to classes showing 

features, therefore corresponding to images of molecules, were then split and classified 

again (B). The data set of molecule images was subjected to 2D reference-free 

classification methods. Subsequently, the new 2D averages obtained were first 

compared with those averages obtained for UPF2 (1). Some average images were found 

to be identical to UPF2 and they were removed from the data set (i). The rest of images 

showed structural features apparently different to UPF2, with some additional density 

attached, and these were split to generate a new independent dataset (ii). These images, 

tentatively assigned as UPF2-eRF3a, were used to generate unbiased low-resolution 3D 

templates for refinement (see Supplementary Figure S2). (C) Maximum-likelihood 3D 

classification methods as implemented in XMIPP(2) and RELION (3) were used to split 

again the images into UPF2 and UPF2-eRF3a sub-groups. For that, the UPF2 model 

from Melero et al. (1) and the initial template for UPF2-eRF3a obtained using EMAN2 

(see Supplementary Figure S2) were used as seeds for 3D classification. (D) 

Following this strategy, 54,004 images were unequivocally identified as corresponding 

to the UPF2-eRF3a complex, and these were again split and used for a 3D refinement as 

described in Supplementary Figure S2 and Supplementary Figure S3. 
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Supplementary Figure S2 | Initial templates for UPF2-eRF3a refinement. Several 

methods were used to generate a collection of initial templates for refinement, a 

phantom blob with the approximate size of UPF2 (but with some additional density 

accounting for the extra density observed in the reference-free 2D averages of UPF2-

eRF3a) (orange color), a low pass filter version of UPF2 (1) (green color), and a volume 

generated using reference-free averages of the complex and EMAN2 initial volume 
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generator (command: e2initialmodel.py) (4) (yellow color). This later method 

tentatively assigns a certain orientation (Euler angles) to each reference-free average 

provided, and a 3D average volume is computed. Inspecting the similarity between 

projections of the 3D template in several orientations and the reference-free averages 

monitors the quality of the prediction. First round of refinements used reference-free 

averages as input, since they have a better signal to noise ration, but then, refinement 

was followed using the images of single molecules. We observed that after a few rounds 

of refinement, the three strategies converged to similar structures at low-resolution, 

supporting that the general structural features of the UPF2-eRF3a complex were 

genuine and not due to the bias introduced by the initial template. The model obtained 

from EMAN2, which is the most unbiased one, as this was built only from the 

information of the reference-free averages, was then selected for further refinement with 

smaller angular sampling. 

 

 

 

Supplementary Figure S3 | Electron microscopy of UPF2-eRF3a.  
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(A) Euler angles distribution of UPF2-eRF3a images in the dataset after refinement. 

The orientations found in the data set are represented as blue dots within a sphere. (B) 

The resolution of the UPF2-eRF3a structure was estimated using the Fourier Shell 

Correlation (FSC) method and a 0.5 correlation coefficient as roughly 20 Å. 
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