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Supporting Material: 
 
a) Analysis of the time-resolved neutron interferometry data:   
 The formalism describing the conventional x-ray or neutron reflectivity experiment was 
first developed for an amphiphilic macromolecule spread in a Langmuir monolayer at the liquid-
gas (e.g., water-helium) interface (1), although it applies to the solid-gas and solid-liquid 
interfaces as well.  Using monochromatic x-rays or neutrons, the reflectivity experiment involves 
recording the elastically reflected x-rays/neutrons as a function of the angle of incidence (a) 
which is maintained equal to the angle of reflection (b) for the case of specular reflectivity, both 
angles measured with respect to the plane of the interface.  For the incident x-ray photon/neutron 
momentum vector kI!!!⃑  and reflected x-ray photon/neutron momentum vector k$!!!!⃑ , whose 
magnitudes are each 2p/l for elastic scattering where l is the photon/neutron wavelength, the 
photon/neutron momentum transfer vector for the scattering process is  
Q&		!!!!!!⃑ = ( k$!!!!⃑  - kI!!!⃑ ) which is parallel to the normal to the interface z⃑, where (Qz

!!!!⃑ ( ≡ Qz = (4psin 𝛼)/l.  
Note that for specular x-ray/neutron reflectivity, kI!!!⃑  ,	k$!!!!⃑   and Q&		!!!!!!⃑  all lie in the same plane 
perpendicular to the interface.  In this formalism, the Fresnel-normalized reflectivity 
R(Qz)/RF(Qz) is defined as the specular reflectivity R(Qz) divided by that from an ideal (flat and 
smooth) interface RF(Qz) described by an analytic function.  Furthermore, the Fresnel-
normalized reflectivity R(Qz)/RF(Qz) = |𝐹(𝑄34 )|5, where 𝐹(𝑄34 ) 	≡ 	

6
789:

∫ <7(3)
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𝑒>?@A3𝑑𝑧 and 

(𝑄34 )5 = 	 {(𝑄3)5 − 𝑠𝑖𝑔𝑛(𝜌LMN)(𝑄3)OP>Q5 }  with (𝑄3)OP>Q	defined as 𝑄3 at the critical angle for 
reflection.  In this formalism developed in the Born approximation for elastic x-ray/neutron 
scattering, 𝐹(𝑄34 ) is proportional to the Fourier transform of the gradient of the scattering-length 
density profile 𝑑𝜌(𝑧)/𝑑𝑧.  In general, 𝐹(𝑄34 ) = |𝐹(𝑄34 )|𝑒>T(?@

A) where  |𝐹(𝑄34 )| is the modulus 
and 𝜙(𝑄34 ) is the phase of the Fourier transform, the latter being lost upon recording the Fresnel-
normalized reflectivity data R(Qz)/RF(Qz).  This missing phase information must be recovered in 
order to unambiguously derive the gradient of the SLD profile 𝑑𝜌(𝑧)/𝑑𝑧 from the data, and 
hence the scattering-length density profile itself, 𝜌(𝑧), via integration.  Note that in this 
formalism, with 𝐹(𝑄34 ) defined as the Fourier transform (FT) of the gradient SLD profile 
𝑑𝜌(𝑧)/𝑑𝑧, then 𝑑𝜌(𝑧)/𝑑𝑧 is the inverse Fourier transform (FT-1) of 𝐹(𝑄34 ), where both 
transforms are mathematically unique.  Interferometry is a well-developed method for recovering 
this missing phase information that employs a so-called inorganic multilayer reference structure 
positioned sufficiently near the bio-organic ultrathin film, including immediately adjacent, for 
the interference effect to occur (2).  Its application for the neutron case, using the above 
formalism, has been thoroughly documented in numerous references, beginning with reference 
(3).  Our approach utilizes a constrained refinement to determine the unknown phase 
information, which is particularly well-suited to this formalism as described below.  Briefly, 
𝑑𝜌(𝑧)/𝑑𝑧 is of finite extent Δ, i.e., it is bounded, for an ultrathin bio-organic film with an 
adjacent inorganic multilayer at either the solid-liquid or the solid-gas interface because the SLD, 
𝜌(𝑧), itself becomes constant for distances along the interface normal sufficiently far from the 
film.  As a result, the autocorrelation of 𝑑𝜌(𝑧)/𝑑𝑧, namely W<7(3)

<3
∗ <7(Y3)

<3
Z,  which can be 

obtained from the inverse Fourier transform of the data R(Qz)/RF(Qz) = |𝐹(𝑄34 )|5 without any 
phase information, is similarly of finite extent 2Δ, possessing no information content for |𝑧| >
	Δ, thereby providing a key constraint on the to-be-derived gradient SLD profile.  Since the SLD, 
𝜌(𝑧), of the inorganic multilayer reference structure is essentially known from its fabrication 
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specifications, as can be confirmed by x-ray reflectivity in the absence of the adjacent bio-
organic film, the phase of the Fourier transform of its gradient SLD profile 𝑑𝜌(𝑧)/𝑑𝑧 is also 
known by simple calculation.  The constrained refinement is initiated, utilizing an inverse 
Fourier transform (FT-1) of the experimental |𝐹(𝑄34 )| modulus data for the ultrathin bio-organic 
film adjacent the inorganic multilayer reference structure combined with the known phase of the 
reference structure's gradient SLD profile to calculate the first approximation to the gradient 
SLD profile for the ultrathin bio-organic film adjacent the inorganic multilayer reference 
structure.  The key constraint is then applied by truncating this first approximation to the gradient 
SLD profile for |𝑧| > 	Δ/2 and a new phase function 𝜙(𝑄34 )	is created for the so-truncated 
gradient SLD profile via Fourier transformation (FT), which is then combined with the 
experimental |𝐹(𝑄34 )| modulus data for the ultrathin bio-organic film adjacent the inorganic 
multilayer reference structure to calculate the second approximation to the gradient SLD profile 
via inverse Fourier transformation (FT-1).  This process is then repeated until convergence is 
achieved, usually within less than 10 iterations.  The converged gradient SLD profile 𝑑𝜌(𝑧)/𝑑𝑧 
is then simply integrated to provide the SLD itself, 𝜌(𝑧). 
 There is a further consideration with regard to the formalism developed in reference (1), 
which is important to the "pump-probe" neutron interferometry approach described below.  The 
reflectivity itself, R(Qz) decays over six to seven orders of magnitude with increasing momentum 
transfer Qz (4).  The Fresnel function RF(Qz) is a precise analytic function, and hence division by 
the Fresnel function to result in the Fresnel-normalized reflectivity R(Qz)/RF(Qz) has no effect on 
the statistical accuracy inherent in the reflectivity data.  However, the normalization does result 
in the Fresnel-normalized reflectivity being of comparable amplitude over the entire range of 
momentum transfer Qz accessed in the experiment.  Since the changes in the membrane nSLD 
profile 𝜌(𝑧), which are dependent on the applied transmembrane voltage, are expected to be 
relatively small due to the nature of the profile projection, the Fresnel normalization of the 
reflectivity data makes it much less difficult to readily ascertain whether the voltage-induced 
changes are statistically significant. 
 
(b) Specimen-to-specimen reproducibility: 
 
 Four different KvAP-POPC membrane specimens were investigated that differed slightly 
in terms of the separation between the membrane and the surface of the SiGeSi multilayer 
substrate at the 1-2Å level, and the Fresnel-normalized neutron interferometry data, 
R(Qz)/RF(Qz), are exquisitely sensitive to this separation.  Thus, it might appear that specimen-
to-specimen reproducibility in terms of their dependence on the transmembrane voltage could 
only be ascertained from a complete analysis of the data through to the nSLD profiles for the 
membrane itself, which includes recovering the otherwise missing phase information, as opposed 
to a simple inspection of their respective R(Qz)/RF(Qz) data.  However, the autocorrelation of 
𝑑𝜌(𝑧)/𝑑𝑧, namely W<7(3)

<3
∗ <7(Y3)

<3
Z, can be obtained from the inverse Fourier transform of the 

data R(Qz)/RF(Qz) = |𝐹(𝑄34 )|5 without any phase information, as described in section (a) above, 
and can thereby provide a different assessment as to whether the four specimens investigated 
exhibit any significant dependence on the transmembrane voltage.  Figure SM 2 contains the 
autocorrelation functions calculated for the four specimens investigated S2-S5, along with that of 
the control specimen S1 comprised of only the Si-Ge-Si multilayer substrate and the organic self-
assembled monolayer used to tether the KvAP channel protein to the surface of specimens S2-
S5, all at a contrast provided by 90%D2O/10%H2O.  As can be seen, the autocorrelation function 
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for S1 contains significant larger amplitude fluctuations only for |𝑧| < 100Å, the smaller 
amplitude fluctuations for larger z-values arising from truncation of the inverse Fourier 
transform at the maximum value of Qz accessed, namely ~ 0.2Å-1.  For specimens S2-S5, the 
autocorrelation functions contain significant larger amplitude fluctuations extending further out 
to |𝑧| ~ 200Å due to the presence of the KvAP-POPC membrane on their surface, and only 
smaller amplitude fluctuations for larger z-values arising from truncation of the inverse Fourier 
transform.  Using for reference the minimal voltage dependence exhibited by specimen S1 
lacking the KvAP-POPC membrane for  |𝑧| < 200Å, specimens S2 and S5 show a substantial 
dependence on the transmembrane voltage extending over the entire range for  |𝑧| < 200Å, and 
particularly in that region due to the presence of the membrane on the multilayer substrate's 
surface for 100Å < |𝑧| < 200Å.  Specimens S3 and S4 show a distinctly smaller dependence on 
the transmembrane voltage over the entire range for  |𝑧| < 200Å, the voltage dependence 
essentially only appearing in that region due to the presence of the membrane on the multilayer 
substrate's surface nearer the boundary of the autocorrelation function, namely for ~ 140Å < |𝑧| 
< 200Å.  On this basis, two of the four KvAP-POPC membrane specimens exhibit a substantial 
dependence on the transmembrane voltage while the other two exhibit a smaller dependence on 
the transmembrane voltage, but still not approaching that of the control specimen lacking the 
membrane.  Not surprisingly in view of the above, like the R(Qz)/RF(Qz) data shown in Figure 3 
for specimen S2, the R(Qz)/RF(Qz) data for specimen S5 also show experimentally significant 
differences in the mean of the R(Qz)/RF(Qz) data that exceed the standard errors consistently over 
small ranges of momentum transfer Qz for both contrasts, becoming progressively more evident 
with increasing Qz, and being somewhat larger for 60%D2O/40%H2O.  On the other hand, while 
the R(Qz)/RF(Qz) data for specimens S3 and S4 do show differences in the mean of the 
R(Qz)/RF(Qz) data over small ranges of momentum transfer Qz, these differences do not exceed 
the standard errors, i.e., the errors overlap.  As a result of the above considerations of both the 
R(Qz)/RF(Qz) data and their respective inverse Fourier transforms, the autocorrelation functions, 
the dependence of both specimens S2 and S5 on the transmembrane voltage is clearly 
experimentally significant, while that for specimens S3 and S4 is more difficult to establish. 
 The difference ΔnSLD profiles at the two contrasts for the KvAP-POPC membrane of 
specimen S5 were entirely similar and of comparable amplitude to those shown in Figure 3 for 
specimen S2.  Despite the difficulty in establishing the experimental significance of the 
dependence of specimens S3 and S4 on the transmembrane voltage noted at the end of the 
preceding paragraph, the changes in the difference ΔnSLD profiles for these two specimens were 
very similar to those for specimens S2 and S5, but smaller in amplitude by a factor of 2, thereby 
likely explaining the difficulty noted. 
 
(c) Molecular dynamics simulations: 
 
Kv1.2/2.1: For the Kv1.2/2.1 chimera channel embedded within a POPC bilayer, details of the 
long MD simulation trajectories in which both large depolarizing transmembrane voltages and 
subsequently large hyperpolarizing transmembrane voltages were applied to the membrane are 
provided in reference (5), and the corresponding Supplemental Information.  With reference to 
Figure 1 in reference (5), the authors provided coordinates from "simulation 6" for the 
transmembrane domain of the Kv1.2/2.1 chimera channel, designated as Kv1.2/2.1-T1(-), 
sampled at intervals of 2.2 µs over the 220 µs trajectory.  This sampling provided only six 
instantaneous configurations for the activated, open (depolarized) state of the channel from the 
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first 13.2 µs of the trajectory.  For consistency, we selected only six instantaneous configurations 
over the last 13.2 µs of the trajectory for the deactivated, closed (hyperpolarized) state of the 
channel.  For the membrane, the atom selection included the protein, water and lipid within the 
entire MD cell of dimensions 125Å x 125Å x 145Å.  Each selected atom was binned into 0.5 Å 
steps along the transmembrane-axis for each of the sampled configurations. The neutron atomic 
scattering lengths were summed for each bin and these values were averaged over all 6 
configurations to construct the time-averaged nSLD profile for each state of the Kv1.2/2.1 
chimera channel. The origin was defined as the protein center of mass for each configuration.  
Different deuteration ratios were achieved by randomly selecting a fraction of the hydrogen 
atoms on water and polar hydrogens on the protein to replace with deuterium.  The same 
approach was employed to calculate the separate time-averaged nSLD profiles for the protein, 
lipid and water components of the membrane as determined by the atom selection.   
 
Kv1.2: Initial structures for the activated, open and deactivated, closed states of Kv1.2 were 
based on the models originally obtained via ROSETTA membrane protein structure prediction 
(6) and subsequently refined by molecular dynamics (MD) simulation in a hydrated POPC 
bilayer membrane environment coupled with experimental restraints (7).  The cytoplasmic T1 
domain was removed at residue 150 to provide just the transmembrane domain of the Kv1.2 
channel, thereby including residues 151 to 421.  Three of the crystallographic potassium ions 
from (8) in sites S1 and S3 of the selectivity filter and one in the internal vestibule were included 
in the simulations. The protein was solvated with POPC lipid molecules using the CHARMM-
GUI (9), then placed in a water box of dimensions 120Åx120Åx100Å, and KCl was added to 
neutralize the system and set an ion concentration of 150 mM using the VMD Autoionize plugin.  
The final system had 140,889 atoms for the deactivated, closed state and 144,944 atoms for the 
activated, open state.  
 MD simulations were performed using NAMD software version 2.11 (10) with the 
CHARMM36 forcefield for the protein and lipids (11-14) and TIP3P waters (15).  The 
simulations used a 2 fs timestep with a Langevin dynamics scheme for temperature control and 
the Nosé-Hoover Langevin piston for pressure control (16-17).  Lengths of bonds involving 
hydrogen were fixed using the SHAKE (18) and SETTLE (19) algorithms.  The smooth particle 
mesh Ewald method (20-21) was used to calculate electrostatic interactions with a cut-off at 11 
Å, employing a switching function.  Visualization and analysis of the trajectories were 
performed using VMD (22).  

 After 10,000 steps of minimization, the Kv1.2 systems were run in the NVT ensemble at 
300 K for 2 ns with the protein held fixed. They were then run in the NPT ensemble at 300 K and 
1 atm for 2 ns with harmonic restraints on the protein heavy atom positions using a force 
constant of 1.5 kcal/mol/Å2. The protein restraints were removed over 1 ns. Both systems were 
then run in the NPT ensemble at 300 K and 1 atm for 55 ns. Harmonic restraints were placed on 
the three selectivity-filter potassium ions for the entire simulation with a force constant of 1 
kcal/mol/Å2.  

 We applied a depolarizing transmembrane voltage of 150 mV for the activated, open state 
and polarizing transmembrane voltage of -150 mV for the deactivated, closed state by applying a 
constant electric field along the transmembrane direction.  Given the magnitudes of these voltage 
gradients and the very short lengths (55 ns) of the MD trajectories compared with those required 
to actually change the conformation of the Kv-channel (e.g., see reference (5)), the voltage 
gradients were only intended to help stabilize the respective states of the Kv-channel within the 
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hydrated bilayer membrane.  The deactivated, closed state simulation had two additional 
restraints to ensure the pore remained closed.  The first was a distance restraint between alpha-
carbon atoms on residue 410 for opposing subunits.  A harmonic potential, with a force constant 
of 5 kcal/mol/Å2, was applied if the distance between the alpha-carbon atoms was greater than 
11.5 Å.  To maintain the alpha-helical secondary structure for the S6 helix, harmonic restraints 
with a force constant of 200 kcal/mol were applied to the helix backbone phi and psi dihedral 
angles. This was done using the Extrabonds feature in NAMD. 

 The last 50 ns of the trajectories for the activated, open and deactivated, closed states of 
Kv1.2 in the hydrated POPC bilayer were sampled at 100 ps intervals to generate 500 
instantaneous configurations of the system used to calculate the time-averaged nSLD profiles.  
For the membrane, the atom selection included the protein, water and lipid within a cylinder of 
radius 50 Å extending outward from the center of the protein perpendicular to the 
transmembrane-axis.  Each selected atom was binned into 0.5 Å steps along the transmembrane-
axis for each of the sampled configurations.  The neutron atomic scattering lengths were summed 
for each bin and these values were averaged over all 500 configurations to construct the time-
averaged nSLD profile for each state of the Kv1.2 protein.  The origin was defined as the protein 
center of mass for each configuration.  Different deuteration ratios were achieved by randomly 
selecting a fraction of the hydrogen atoms on water and polar hydrogens on the protein to replace 
with deuterium.  The same approach was employed to calculate the separate time-averaged 
nSLD profiles for the protein, lipid and water components of the membrane as determined by the 
atom selection.   
 
KvAP: An improved model for the activated, open state of the KvAP protein within a hydrated 
POPC bilayer was constructed with respect to that in reference (23).  The model was constructed 
by splicing the activated state of the VSDs, obtained from a 10µs MD simulation of the isolated 
VSD within a hydrated POPC bilayer at a depolarizing transmembrane voltage of 120mV (24-
25) in which the S4 helix was in its outwardmost position, onto the presumed activated, open 
state of the pore domain (PD) obtained from a MD simulation of the complete homo-tetrameric 
KvAP within a hydrated POPC bilayer at a non-polarizing transmembrane voltage of 0mV (23).  
The VSD consisted of residues 24-147 and the PD contained residues 148-240.  The splicing was 
accomplished by replacing the presumed activated VSDs (unpolarized) of the complete homo-
tetrameric KvAP with the activated VSDs (depolarized) after aligning the Ca-atoms of only the 
S1 and S2 helices and then making minor manual adjustments to avoid overlap between the 
activated VSDs and the open PD.  POPC lipids, waters, and ions were retained from the 
complete channel simulation (23).  Following deletion of overlapping molecules, 50,000 steps of 
energy minimization were performed.  The system dimensions were 165Åx165Åx100Å and 
contained 256,669 atoms in total: 13,832 protein atoms, 47,129 TIP3P waters, 755 POPC lipid 
molecules, 136 K+ ions, and 144 Cl- ions.   

A MD simulation, otherwise similar to that described above for Kv1.2, was run in the NPT 
ensemble at 1 atm and 300 K with a depolarizing transmembrane voltage of 150mV to help 
stabilize the activated state of the VSDs.  The protein heavy atoms were held fixed for 6 ns, 
followed by harmonic restraints on atom positions using a force constant of 10 kcal/mol/Å2 for 8 
ns, followed by harmonic restraints on just the protein backbone atom positions with a force 
constant of 1 kcal/mol/Å2 for 20 ns.  The last 10 ns of this restrained trajectory was sampled at 
20ps intervals to generate 500 instantaneous configurations of the system used to calculate the 
time-averaged nSLD profiles.  Note that the activated (depolarized) state of the VSD in the 
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simulation in reference (24) was stable over the last 5µs of the 10µs trajectory following 
application of the depolarizing transmembrane voltage.  Thus, despite the short length of the 
restrained trajectory, this sampling was deemed sufficient because its primary purpose was to 
allow for the relaxation of the lipid and water molecules in response to embedding this activated, 
open (depolarized) state of the KvAP protein in the POPC bilayer.   

The structure for the deactivated, closed state of KvAP was taken directly from the targeted 
MD simulation of reference (23).  Following removal of the targeting restraints used to induce 
this state, the trajectory was continued unrestrained under a polarizing transmembrane voltage of 
-100mV for 280ns.  The unrestrained trajectory was sampled at 5ns sampling intervals to 
generate 56 instantaneous configurations of the system used to calculate the time-averaged nSLD 
profiles. 
 For both the activated, open (depolarized) and deactivated, closed (polarized) states of the 
KvAP protein in the hydrated POPC bilayer, the atom selection for the nSLD profiles included 
the protein, water and lipid within a cylinder of radius 44 Å extending outward from the center of 
the protein perpendicular to the transmembrane-axis.  This selection yielded a molar ratio of 
about 130 POPC:1 KvAP, approximately that for the experimental KvAP-POPC membrane.  
Each selected atom was binned into 0.5 Å steps along the transmembrane-axis for each of the 
sampled configurations. The neutron atomic scattering-lengths were summed for each bin and 
these values were averaged over all of the sampled configurations to construct the time-averaged 
nSLD profile for each state of the KvAP protein. The origin was defined as the protein center of 
mass for each sampled configuration.  Different deuteration ratios were achieved by randomly 
selecting a fraction of the hydrogen atoms on water and polar hydrogens on the protein to replace 
with deuterium.  The same approach was employed to calculate the separate time-averaged 
nSLD profiles for the protein, lipid and water components of the membrane as determined by the 
atom selection. 
 
(d) Effect of the spatial resolution on detecting smaller translations of the S4 helix: 
 
 With respect to the three main features in the experimental difference DnSLD profile 
(hyperpolarized - depolarized) at a contrast of 60%D2O in Figure 7A, the larger maximum 
occurs near the cytoplasmic surface of the membrane separated from a second maximum within 
the cytoplasmic half of the membrane by 28Å while the minimum occurs within the extracellular 
half of the membrane separated from the first maximum by 50Å.  The two separations of these 
three main features are the only unique attributes of the experimental DnSLD profile.  The 
experimental nSLD profile for the KvAP-POPC membrane is dominated by the KvAP protein.  
As a result, it is notable that the DnSLD profiles for both the simulated Kv1.2/2.1 chimera 
protein and the simulated Kv1.2 protein within their respective POPC bilayer membranes exhibit 
the same three features, namely two maxima and one minimum that span their respective 
membrane profiles.  From Table 1 in the main manuscript, the two unique separations for the 
DnSLD profile of the Kv1.2/2.1 chimera protein match those of the experimental KvAP-POPC 
membrane to within less than 1Å.  However, the two unique separations for the DnSLD profile of 
the Kv1.2 protein are 6-8Å smaller than those for the experimental KvAP-POPC membrane.  
Hence, the question arises as to whether our time-resolved neutron interferometry experiments 
could have detected these smaller separations given the relatively low spatial-resolution of the 
experimental nSLD profiles for the KvAP-POPC membrane at hyperpolarizing and depolarizing 
transmembrane voltages.   
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 To address this important issue, slab models (4) were generated for the nSLD profiles of 
the experimental KvAP-POPC membrane, based on a finite sum of error functions and 
designated as Model 1 in Figure SM 4A.  Least-squares fitting was employed to match the 
features of the experimental nSLD profiles for the membrane at both a depolarizing 
transmembrane voltage of -20mV and a hyperpolarizing voltage of +150mV, as well as the 
features of the modulus square of the Fourier transform of the gradient nSLD profiles, the 
experimental Fresnel-normalized neutron reflectivity.  The difference DnSLD profile 
(hyperpolarized - depolarized) for the slab models is shown in Figure SM 4C.  The 
corresponding resolution-limited nSLD profile for Model 1 in Figure SM 4B was calculated via 
Fourier transformation of its gradient nSLD profile into momentum transfer space (Qz), followed 
by inverse Fourier transformation back into real space (z) at the experimental resolution defined 
by the maximum value of Qz to which the experimental Fresnel-normalized neutron reflectivity 
was observed.  This was followed by integration to produce the resolution-limited nSLD profiles.  
The difference (hyperpolarized - depolarized) of these resolution-limited profiles produced the 
DnSLD profile shown in the Figure SM 4D.  Since the largest feature in the experimental 
DnSLD profile occurs near the cytoplasmic surface of the membrane, we decided to investigate 
the effect of the experimental spatial resolution on our ability to detect translations of the 
cytoplasmic interface in Model 1 toward the centroid of the membrane nSLD profile, while 
maintaining all other features constant.  Two additional slab models were generated in which the 
translation was 8Å for Model 2 and 12Å for Model 3.  The resolution-limited nSLD profiles 
were calculated for Models 2 and 3 as described above for Model 1, followed by calculation of 
the corresponding difference DnSLD profiles shown in the Figure SM 4E.  As evident in Figure 
SM 4E, the first maximum near the cytoplasmic surface remains distinguishable from the second 
maximum for both Model 2 and Model 3 at the experimental spatial-resolution.  From the 
parameter Table in Figure SM 4, the two unique parameters for the DnSLD profile of Model 2 
are 2Å larger than for the DnSLD profile of the Kv1.2 protein while those for the DnSLD profile 
of Model 3 are 1-2Å smaller than those for the Kv1.2 protein.  Thus, it appears that a translation 
of the cytoplasmic interface by ~10Å would have matched the parameters for the DnSLD profile 
for the Kv1.2 protein, while no translation represented by the DnSLD profile for Model 1 
matches the parameters for both the Kv1.2/2.1 chimera protein and the KvAP protein.  The 
DnSLD profiles for both the Kv1.2/2.1 protein and the Kv1.2 protein are dominated by the VSDs 
throughout the membrane profile, although the PD also makes a contribution near the 
cytoplasmic surface of the membrane, as shown for the Kv1.2/2.1 chimera protein in Figure SM 
3.  Thus, the smaller translation of ~7Å for the S4-helix within the VSDs of Kv1.2 would have 
indeed been distinguishable from the larger translation of ~15Å for the S4-helix within the VSDs 
for Kv1.2/2.1, given the experimental spatial-resolution of the nSLD profiles for the KvAP-
POPC membrane (hyperpolarized and depolarized). 
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Supporting Material Figure Legends: 
 
Figure SM 1: Typical Electrical Impedance Spectroscopy (EIS) data shown as Nyquist plots. 
(A) The SAM (circles) on a monolayer graphene on Si-Ge-Si substrate. 
(B) The KvAP-POPC membrane (circles) on the same monolayer graphene on Si-Ge-Si 
substrate. 
(C) The KvAP-POPC membrane (circles) on a Si-Ge-Si substrate.  
The best model fits to the respective EIS data (red) utilized one R-RC circuit to represent the 
substrate and a second RC circuit in series to represent the bio-organic overlayer on its surface.  
The EIS data were acquired using a CHI660D Electrochemical Workstation (CH Instruments). 
The electrochemical cell was either that used in the time-resolved neutron interferometry 
experiments or a similar cell to accommodate the smaller area (e.g., 1 x 2cm2) of the substrates 
employed in the x-ray interferometry experiments. 
 
Figure SM 2: Autocorrelation functions W<7(3)

<3
∗ <7(Y3)

<3
Z.  

The autocorrelation functions for the hyperpolarizing transmembrane voltage are shown in blue 
and those for the depolarizing voltage are shown in red.  For clarity, the ordinate and abscissa are 
labeled only for the specimen S1 SAM in Panel (E). 
(A) Specimen S2 KvAP:POPC membrane at a contrast of 90% D2O/10% H2O. 
(B) Specimen S5 KvAP:POPC membrane at a contrast of 90% D2O/10% H2O. 
(C) Specimen S4 KvAP:POPC membrane at a contrast of 90% D2O/10% H2O. 
(D) Specimen S3 KvAP:POPC membrane at a contrast of 90% D2O/10% H2O. 
(E) Specimen S1 SAM at a contrast of 90% D2O/10% H2O. 
 
Figure SM 3: Decomposition of the  DnSLD(z) profile (hyperpolarized – depolarized) for the 
transmembrane domain of the Kv1.2/2.1 chimera. 
(Blue)- DnSLD(z) profile for the transmembrane domain of the Kv1.2/2.1 protein within a 
hydrated POPC bilayer from Figure 7. 
(Green)- DnSLD(z) profile for only the VSDs within the transmembrane domain of the 
Kv1.2/2.1 protein. 
(Red)- DnSLD(z) profile for only the PD within the transmembrane domain of the Kv1.2/2.1 
protein. 
 
Figure SM 4: Modeling the three main features in the difference DnSLD profile (hyperpolarized 
– depolarized) for KvAP. 
(A) Slab model (Model 1) profiles for the nSLD(z) profiles of the experimental KvAP-POPC 
membrane at a contrast of 60% D2O/40% H2O (hyperpolarized, blue; depolarized, red). 
(B) Resolution-limited nSLD(z) profiles calculated for the Model 1 profiles in (A) at the spatial-
resolution of the experiment. 
(C) The difference DnSLD(z) profile (hyperpolarized-depolarized) for the slab model (Model 1) 
profiles in (A). 
(D) The difference DnSLD(z) profile (hyperpolarized-depolarized) for the resolution-limited 
nSLD(z) profiles in (B). 
(E) Comparison of the resolution-limited DnSLD(z) profiles for slab Model 1 (black) with those 
for slab models in which the cytoplasmic interface in panel (A) is shifted by 8Å (Model 2, 
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magenta) or 12Å (Model 3, turquoise) toward the centroid of the membrane nSLD profile at 
~75Å.   
(Table) The two unique separations of the three main features in DnSLD profiles are compared 
for the KvAP protein within the experimental KvAP-POPC membrane, for the Kv1.2/2.1 
chimera protein within the simulated Kv1.2/2.1-POPC membrane, for the Kv1.2 protein within 
the simulated Kv1.2-POPC membrane, and for the resolution-limited Models 1-3. 
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Figure SM 1:  
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Figure SM 2: 
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Figure SM 3: 
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Figure SM 4: 
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