




Figure S3. Cryo-EM image-processing workflows for HA in the presence of DM. A representative micrograph and 2D class averages
are shown. Selected particles pertaining to structurally detailed classes were used to generate ab-initio reconstructions (two classes) and
subsequently refined by heterogeneous refinement to four classes. Particles from the well-resolved heterogeneous-refinement class were then
re-extracted to the full box size and refined by non-uniform refinement without symmetry and subsequently with imposed (C3) symmetry,
yielding the final reconstructions reported to 3.1 Å and 2.9 Å resolutions, respectively. The cFAR plot is shown for both reconstructions, and
the viewing direction distribution is shown for the C3-symmetric map. The final C3 map was post-processed with EMReady2. The map
colored by the local resolution estimation is shown alongside a transparent map with an atomic model fit to show the quality throughout the
structure. The densities corresponding to DM are colored magenta.
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Figure S4. Cryo-EM image-processing workflows for asymmetric aldolase in the absence of detergent. A representative micrograph and
2D class averages are shown. Selected particles pertaining to the structurally detailed classes were used to generate ab-initio reconstructions
(two classes) and subsequently refined with heterogeneous refinement to four classes. Particles from the well-resolved heterogeneous-
refinement class were then re-extracted to full box size and refined by non-uniform refinement without symmetry, yielding the final
reconstruction with a reported resolution of 3.0 Å. The cFAR and viewing direction distribution of the asymmetric reconstruction is shown
below, alongside the map colored by local resolution.
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Figure S5. Cryo-EM image-processing workflows for aldolase in the presence of DM. A representative micrograph and 2D class averages
are shown. Selected particles pertaining to the structurally detailed classes were used to generate ab-initio reconstructions (two classes)
and subsequently refined by heterogeneous refinement to four. Particles from the well-resolved heterogeneous-refinement class were then
re-extracted with a full box size and refined by non-uniform refinement without symmetry imposed and subsequently with D2 symmetry,
resulting in maps with reported resolutions of 3.3 Å and 3.1 Å, respectively. The final map was post-processed with EMReady254. The
model-to-map FSC, with the cutoff at 0.5 denoted, is shown on the left, and the local resolution map (estimated in Å), is on the right.
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Figure S6. Asymmetric reconstruction of aldolase in the presence of DM. A representative micrograph and 2D class averages is shown.
The gold-standard FSC plot reports an overall resolution of 3.3 Å at a 0.143 cutoff. The conical FSC plot with a cFAR of 0.71 indicates
nearly isotropic directional resolution. The viewing-direction distribution and precision-directional distributions (below) reveal broad angular
sampling. The resulting 3D reconstruction (far left panel) is shown (surface colored by each protomer), with density corresponding to the
C-termini colored magenta. A close-up of the C-terminus is shown on the right, with residues fit into transparent EM density. The asymmetric
map density (gray map) and fitted atomic model (colored by each protomer) is shown alongside the map colored by local resolution (estimated
in Å).

18

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 5, 2026. ; https://doi.org/10.64898/2026.04.02.716008doi: bioRxiv preprint 

https://doi.org/10.64898/2026.04.02.716008
http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure S7. Cryo-EM image-processing workflows for TTR in the presence of DM. A representative micrograph and 2D class averages
are shown. Selected particles from good classes were used to generate ab-initio reconstructions (two classes) and subsequently refined by
heterogeneous refinement in four classes to isolate a well-resolved class which was further refined by non-uniform refinement. Particles
were then re-extracted to full box size and refined by another round of hetero and non-uniform refinement with C1 symmetry. D2 symmetry
was imposed to expand particles, further classified by 3D classification and class with best resolution was locally refined with and without
symmetry, yielding the final reconstruction 3.2 Å and 3.3 Å respectively. Global resolution, cFAR and viewing direction distribution is shown
for both asymmetric and symmetric reconstructions. Local-resolution estimation in Å is shown.
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Figure S8. Asymmetric reconstruction of TTR in the presence of DM. A representative micrograph and 2D class averages are shown.
The gold-standard FSC curve reports an overall global resolution of 3.3 Å at the 0.143 cutoff. The conical FSC (right panel) shows a cFAR
of 0.61. The viewing-direction distribution and precision-directional distributions (center panels) reveal angular sampling with moderate
preferential orientation, consistent with the cFAR value. The resulting 3D reconstruction (bottom left panels) is shown (surface colored by
each protomer) alongside the map colored by local resolution (bottom right).
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Table S1. NPM1 screening conditions used in this study

Protein conc. (mg/mL) Grid type Vitrification Detergent Conc. (mM) Type

2.5 / 5.0 Open hole Manual LMNG 0.01 Non-ionic
2.5 / 5.0 Open hole Manual DDM 0.17 Non-ionic
2.5 / 5.0 Ultra-thin carbon Manual LMNG 0.01 Non-ionic
10 Open hole Manual FC 3 Zwitterionic
10 Graphene Manual GDN 0.018 Non-ionic
10 Graphene Manual CHAPSO 4 Zwitterionic
8 Open hole Manual CHAPSO 4, 2 Zwitterionic
20 Graphene + Poly-lysine Manual FC 0.75 Zwitterionic
0.25 Graphene Manual None None
0.25 Graphene affinity grids Vitrobot None None
10 Open hole Manual DM 1.8 Non-ionic
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Table S2. SPA Cryo-EM data collection parameters and image
processing of NPM1, Aldolase, and HA. (NA: not applicable)

NPM1 Aldolase (C1) Aldolase (D2) HA (C1) HA (C3)

EMDB ID EMD-75715 EMD-75098 EMD-75198 EMD-75047 EMD-75400
PDB ID 11IJ 10DS 10IM NA NA

Data Collection
Microscope Arctica Arctica Arctica Arctica Arctica
Camera Falcon 4i Falcon 4i Falcon 4i Falcon 4i Falcon 4i
Magnification (nominal) 190,000 190,000 190,000 190,000 190,000
Voltage (keV) 200 200 200 200 200
Total dose (e−/Å2) 50 50 50 50 50
EER Fractions 40 40 40 40 40
Pixel size (Å/pixel) 0.74 0.731 0.731 0.731 0.731
Defocus range (µm) -2.0 to -0.8 -2.0 to -0.8 -2.0 to -0.8 -2.0 to -0.8 -2.0 to -0.8
Recorded movies 2639 750 750 3524 3524

Image Processing
Processing software CS (v4.6) CS (v4.7) CS (v4.7) CS (v4.6) CS (v4.6)
Final particle images 383832 195442 179416 325210 325210
Symmetry imposed C5 C1 D2 C1 C3
Resolution (FSC 0.143) (Å) 2.41 3.36 3.10 3.10 2.95
Local resolution (Å) 2.0–2.8 3.0–3.8 3.0–3.8 2.8–3.8 2.6–3.4
cFAR 0.82 0.73 0.85 0.78 0.78
Sharpening B-factor (Å2) -93 -109 -153 -115 -129

Model Refinement
Initial model 8AS5 6V20 6V20
FSC map-to-model (0.5) (Å) 2.5 3.5 3.2
MolProbity score 0.84 1.48 1.36
Clash score 1.24 5.64 6.44

Composition
Chains 5 4 4
Atoms 7765 21872 21884
Protein residues 530 1436 1448

Bonds (RMSD)
Length (Å) 0.002 0.002 0.002
Angles (◦) 0.441 0.442 0.386

B-factors (min/max/mean)
Protein residues 3.25/77.09/15.05 20.66/147.39/67.60 34.11/155.15/83.48

Ramachandran plot (%)
Favored 99.04 96.71 98.89
Allowed 0.96 3.29 1.11
Outliers 0.00 0.00 0.00
Rotamer outliers (%) 0.00 0.70 0.69
Q-score 0.81 0.67 0.71
Ligand NA NA NA
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Table S3. Microscope parameters for collection of cryo-ET data

Parameter Value

Microscope Titan Krios
Magnification 53,000
Camera K3
Voltage (kV) 300
Electron dose per image (e−/Å2) 2.84
Fractions per image 10
Tilt range (increment) −45◦ to +45◦ (3.0◦)
Defocus range (µm) -4 to -6
Pixel size (Å) 1.6626

Appendix A. Supplementary data
Movie S1: HA trimer with no detergent
Movie S2: HA trimer with detergent
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