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Methods and Materials

Construction of two IDE structural models

The initial structure of the of insulin-degrading enzyme (IDE) that was applied in this
work is based on an experimental structure that was solved by cryo-EM, and that was
solved in the dimeric form that is complexed with an insulin monomer (PDB ID code:
6BF8).! The monomer with the largest open-state conformation between IDE-N and
IDE-C was isolated from the dimer and was used to construct two different structural
models of the IDE. It is important to note that this experimental IDE structure lacks the
Zn** ion in the catalytic zinc-containing binding site. Thus, one structural model was
taken as is, in absence of Zn*?2 ion at the active site, and in the second structural model
Zn?" ion was inserted into the catalytic zinc-containing binding site. The modeling
procedure was performed by using the Accelrys Discovery Studio software package.?
Constrain distances between the Zn?* ion and the atoms of the side chains of residues

H108, H112, E189 have been applied to conserve the active binding site.

Molecular Dynamics (MD) simulations protocol

The MD simulations of the solvated constructed models were performed in the NPT
ensemble using NAMD package® with the CHARMM?27 forcefield with the CMAP
correlation.* The energies of each cyclosporine phospholipid-enzyme were minimized
and the model explicitly solvated in a TIP3P water box.> ¢ Each water molecule within
2.5 A of the models was removed. Counter ions were added at random locations to
neutralize the models' charge. The Langevin piston method? 7-® with a decay period of
100 fs and a damping time of 50 fs was used to maintain a constant pressure of 1 atm.
The temperature 330K was controlled by a Langevin thermostat with a damping
coefficient of 10 ps.> The short-range van der Waals (VDW) interactions were
calculated using the switching function, with a twin range cutoff of 10.0 and 12.0 A.
Long-range electrostatic interactions were calculated using the particle mesh Ewald
method with a cutoff of 12.0 A.% 10 The equations of motion were integrated using the
leapfrog integrator with a step of 1 fs. The counter ions and water molecules were
allowed to move. The hydrogen atoms were constrained to the equilibrium bond using
the SHAKE algorithm.!" The minimized solvated systems were energy minimized for

5000 additional conjugate gradient steps and 20,000 heating steps at 250 K, with all
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atoms allowed to move. Then, the system was heated from 250 K to 300 K and then to
330 K for 300 ps and equilibrated at 330 K for 300 ps. The choice of the higher
temperature than physiological temperature is to investigate the stability of the
constructed models. Obviously, structures that are stable at higher temperature, will be
also stable at physiological temperature. Simulations ran for 200 ns for each variant

model. The structures were saved every 10 ps for analyses.

To ensure the production of the new closed-state IDE conformation, three further
trajectories of MD simulations were performed for a different initial conformation IDE
(Figure S4a). The velocities were differing between the three trajectories. In the first
trajectory the equilibrate temperature was at 310 K. In the second trajectory it was at
280 K and in the third trajectory it was 250 K. The MD simulation was ended until the
new closed state IDE conformation was observed. Our simulations showed that the new
closed state IDE conformation was observed for all three trajectories after 30 ns (Figure

S4b, S4c, and S4d).

Structural analyses

The structural stabilities of the two models were measured by using several analyses.
The convergence of domains within IDE and the partition of closed and open states of
IDE in both models were analyzed by the root-mean-square-deviation (RMSD)
analysis. The fluctuations evaluation was conducted for each residue within IDE via
root-mean-square-fluctuation (RMSF) analysis. To determine the secondary structure
of the IDE, the database of secondary structure of protein (DSSP) method!? has been
applied for the first 5 ns of the simulations to the open-state conformation and for the
last 5 ns of the simulations for the closed-state conformation of IDE in presence of Zn**
ion in the catalytic zinc-containing binding site. For the IDE in absence of Zn?" ion in
the catalytic zinc-containing binding site, the DSSP was calculated for the partially
open-state conformation and the full open-state conformation that were observed along
the MD simulations. This method was applied to provide the percentage of the a-helix
or B-strand for each residue within the IDE along the MD simulations. Examination of
necessary interactions and motions within IDE were performed by measuring the

distance between residues within IDE.
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Figure S1: The Root Mean Square Deviation (RMSD) values of IDE along the MD
simulations demonstrates convergence of the IDE structure which is in presence of Zn?*
at the catalytic zinc-containing binding site.
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Figure S2: The percentages of a-helix along the sequence of domain D1 of IDE for the
open-state IDE conformation (color: light blue) and for the closed-state IDE

conformation (color: blue). The door subdomain sequence is marked in the red
rectangle.
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Figure S3: (a) The distance between Ca atom of residue E191 in domain D1 and Ca
atom of residue K657 in domain D4 along the MD simulations; (b) The distance
between Ca atom of residue K192 in domain D1 and Ca atom of residue E664 in
domain D4 along the MD simulations.



Figure S4: (a) Initial minimized structure of IDE in presence of Zn?>* derived (taken
from 30 ns of the original MD simulations). This structure was used for further three
trajectories of MD simulations. (b) Simulated structure of the first trajectory at 250K,
observed after 30 ns. (c) Simulated structure of the first trajectory at 280K, observed
after 30 ns. (d) Simulated structure of the first trajectory at 310 K, observed after 30 ns.
Domain D1 (color: green), domain D2 (color: orange), domain D3 (color: purple),
domain D4 (color: yellow).



Figure S5: The structure of IDE in presence of Zn?" at the catalytic zinc-containing
binding site at (a) 1 ns, (b) 30 ns, and (c) 200 ns of the MD simulations: A shift between
the IDE-N and the IDE-C domain occurs (a) and then Domain D1 (color: green)
incoming to domain D3 (color: purple) (b); Superimpose structure of domain D1
(residues 46-285) of initial IDE structure (color: gray) and final simulated IDE structure
in IDE structure (color: red) which is (d) in presence of Zn?* and (e) in absence of Zn>*
at the catalytic zinc-containing binding site. Only the helices that are shown here in
colors red and gray are those that show the shift change along the MD simulations.
While in absence of Zn** the door subdomain does not swing and change, in presence
of Zn** the door subdomain is swinging, due to the movement to form electrostatic
interactions between domain D1 and domain D3.
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Figure S6: The distance between Ca atom of residue E133 in domain D1 and Ca
atom of residue E880 in domain D4 along the MD simulations.
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Figure S7: The percentages of a-helix along the sequence of domain D1 of IDE for the
partially open-state IDE conformation (color: light green) and for the fully open-state
IDE conformation (color: green). The door subdomain sequence is marked in the red
rectangle.
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Figure S8: The distance between atom Ne of residue H112 and the carboxylic O atom
of E189 in IDE in absence of Zn?* (color: green), and in presence of Zn?* at the catalytic
zinc-containing binding site (color: blue) along the MD simulations. Superimpose of
initial minimized IDE structure at the catalytic zinc-containing binding site (residues
H108, H112, E189) (color: gray) and the final simulated IDE structure at the catalytic
zinc-containing binding site (color: green) for IDE in absence of Zn?* (left), and in
presence of Zn?" at the catalytic zinc-containing binding site (right).
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Table S1: The averaged distances and the standard deviation in A, between the Zn2*
ion and the residues that bind the ion for the open-state conformation and the close-
state conformation of IDE. The measured values for the open-state conformation were
taken from 5-30 ns of the simulations, and for the close-state conformation were taken
from 50-200 ns.

Open-state Close-state

conformation conformation
Zn**- Ne (His108) 2.23+£0.07 2.22 +0.07
Zn*"- Ng (His112) 2.21 +0.07 2.23 +0.07
Zn**- O carboxylic atom (Glul89) 1.99 + 0.06 1.98 £0.05
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