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a  Picking ERMES
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b  Randomization of Spin Rotation

ER and OMM proximal positions of bridging structures found in tomograms 
at locations of Mdm34-mNeonGreen cryo-FM signals were manually clicked 

as two points using Dynamo and stored as dipole models. The centres of 
these dipoles were used as extraction points for STA using subTOM

Randomization of spin rotation around z-axis to minimize missing wedge dominant alignments

c  Coarse Alignment

The STA after spin randomization was filtered and 
masked to produce a template for 3 iteration of the 

described coarse angular alignment
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The STA after coarse alignment was filtered and masked to 
produce a template for 3 iterations of the described secondary 

alignment with coarse angular alignment

d  Secondary Alignment
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e  Spin(Φ)-free Aligment

The STA after secondary alignment was filtered and 
masked to produce a template for 3 iterations of alignment 

without spin (Φ) rotation

f  Fine Alignment

The STA after spin-free alignment was filtered and masked to produce 
a template for 3 iterations of a fine angular search alignment

h  Final STA
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g  Alignment Including OMM

The STA after spin-free alignment was filtered and masked 
to partially include the OMM as a template for 3 iterations 

of a coarse angular search alignment
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a  ERMES Bridge to OMM STA/Alignment

Subtomograms were first aligned to ERMES 
bridges as described
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b  z-Shift Reference

z-shift applied to subtomograms to 
center the OMM proximal end within the STA map

Ψ Rotation Angle

c  OMM Alignment

Coarse angular search for membrane at 
OMM proximal position of ERMES bridges

1 iteration
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d  OMM-Aligned STA Map

STA map obtained following
OMM search

The bridge angle to OMM 
normal was calculated from 

difference between the zenith 
(θ) angular rotation of ERMES 

bridge aligned and OMM 
aligned subtomograms  
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f  ERMES Bridge to ER STA/Alignment

Subtomograms were first aligned to ERMES 
bridges as described

z xy
z

x
y

x
z

y

g  z-Shift Reference

z-shift applied to subtomograms to 
center the ER proximal end within the STA map

Ψ Rotation Angle

h  ER Alignment

Coarse angular search for membrane at 
ER proximal position of ERMES bridges

1 iteration
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i  ER-Aligned STA Map

STA map obtained following
ER search

The bridge angle to ER 
normal was calculated from 

difference between the 
zenith (θ) angular rotation of 
ERMES bridge aligned and 
ER aligned subtomograms  

j  Zenith (θ) Comparison
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