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Unfolding of a TTR monomer and CCS calculations 
Unfolding calculations were started from the folded form of the TTR monomer extracted 
from the X-ray structure (PDB entries 1F41 and 1GKE were both used for folded TTR 
coordinates1). All computational unfolding was performed using Tinker.2 The protein was 
heated rapidly from 320 K to 5000 K in the absence of solvent. Energy was minimized to 
reach a final conformation. Structures were allowed to explore conformational space and 
equilibrate at the end of each cycle. A snapshot of the structure was recorded after every 
100 cycles.  A large number (250) of unfolded snapshots of the TTR monomer were 
created.  Six snapshots, representative of a range of unfolded states observed for the 
monomer were then used for subsequent modeling described below. An additional 16 
unfolded structures were generated from the most unfolded snapshot generated by 
simulated heating using PyMol3 In addition to a completely extended structure, an all α 
helical form of the sequence was also generated. Molecular docking of unfolded 
structures into representations of a native trimer was accomplished using Hex.4 In some 
cases, several different docking orientations were generated for the same unfolded 
structure; however, such variations did not produce significant variations in calculated 
CCS. All CCSs were calculated using Mobcal.5
 
The values for the radius of the most unfolded monomer are approximately 1.3-1.4 times 
that of the folded tetramer after 6000 cycles of heating. Extremely unfolded structures 
range up to 2 times that of the folded tetramer and the monomer was subsequently 
arranged in various permutations to simulate multiple unfolding events. Coordinate files 
(in pdb format) for any of the structures described here are available upon request. 
 
Table S1 shows cross-section data for all 52 model structures generated and compared 
against experimental data.  Collision cross-sections for structures where only one 
monomer is unfolded are shown on the left hand portion of the table and collision cross-
sections for structures where multiple monomers are unfolded are shown to the right.  To 
simplify the modeling, only monomers at three levels of unfolding were used to generate 
tetramer structures containing more than one unfolded monomer.  These monomers are 
approximately 11 (pink), 28 (yellow), and 49 (blue) percent unfolded, as indicated in 
table S1.  The arrangement of the monomers within the framework of the tetramer is 
indicated by the ‘type’ nomenclature indicated at the bottom right of the table.  This 
nomenclature indicates the unfolded state of each of the monomers within the tetramer 
and their relative position (cis versus trans).  The table is ordered relative to a % unfolded 
scale that is in reference to the collision cross-section calculated for the completely 
extended monomer docked to remaining folded TTR.  On this scale, model structures 
extend up to 186% of the size of the reference structure.  The collision cross-sections 



calculated for all model structures range from the folded TTR crystal structure (3030Ǻ2) 
to 4 ~50% unfolded monomers docked together (8622 Ǻ2).  These models were compared 
against the data presented in figure 3 in order to asses which of these generated structures 
was consistent with experimental results. 
 
Table S1.  Collision Cross-section of Model TTR structures containing one, two, 
three, or four unfolded monomers.  
 

 
 
 
Additional Activation Voltages for the 15+ TTR charge state 
 
In figure S1, we show an extended version of figure 3, where we have included ATDs 
recorded at 80V, 200V, and 230V acceleration voltages.   Note that the intensity of the 
15+ tetramer ions at 200V and above is low in comparison to other data shown here.  The 
data is compared against the CCSs of three different structures: The crystal structure 
coordinates for TTR (3030 Ǻ2), one monomer having unfolded by 21% (3670 Ǻ2), and a 



completely extended monomer docked onto a folded TTR trimer (6069 Ǻ2).  Data 
observed for 80, 200, and 230 V is similar to that already presented in figure 3. 
 
 
 

igure S1.  A series of IM arrival time distributions recorded at acceleration voltages 
 as 
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indicated to the right of each plot.  The CCSs of three modeled structures are indicated
dashed lines on the plot.  The CCS of the crystal structure coordinates, single monomer 
unfolded 21% are shown and a completely extended monomer docked onto a folded TTR
trimer is indicated by the red dashed line.   
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