Supporting Information for

Remarked Suppression of ABa.
Protomer-Protomer Dissociation
Reaction via Pentamer Dimerization

Ikuo Kurisaki*!, Shigenori Tanaka™!

'Department of Computational Science, Graduate School of System Informatics, Kobe

University, 1-1 Rokkodai-cho, Nada-ku, Kobe 657-8501, Japan

*Tkuo Kurisaki

E-mail: kurisaki@bear.kobe-u.ac.jp, Tel: +81-78-803-6472

“Shigenori Tanaka

E-mail: tanaka2@kobe-u.ac.jp, Tel: +81-78-803-6620



mailto:kurisaki@bear.kobe-u.ac.jp
mailto:tanaka2@kobe-u.ac.jp

SI-1 Construction of amyloid-f (1-42) protomer dimer

We used the cryo-electron microscopy (cryo-EM) structure (PDB entry: 5SOQV!) to
construct AP42 protomer dimer, APB42(N:N). AB42(4:4) derived from the cryo-EM structure
was used as the initial structure. Larger AP42(N:N) were generated by superposition of
two AB42(4:4) on the edges of the protomer dimers and following deletion of overlapped
monomer pairs. This procedure was repeated to obtain expected size of AB42 protomer
dimer, which was performed by using root mean square fit with cpptraj module in

AmberTools>.

SI-2 Unbiased MD simulation for protomer dimer system

For an APB42 protomer dimer system, the atomic coordinates of water and K™ molecules
were energetically relaxed by the following molecular mechanics (MM) and molecular
dynamics (MD) simulations. In each of the following MM and MD simulations, the
atomic coordinates of non-hydrogen atoms in the AB42 protomer dimer were restrained
by the harmonic potential with force constant of 10 kcal/mol/A? around the initial atomic
coordinates.

First, steric clashes in the system were removed by MM simulation, which consists of

1000 steps of the steepest descent method followed by 49000 steps of the conjugate



gradient method. Then the system temperature and density were relaxed through the
following five MD simulations: NVT (0.001 to 1 K, 0.1 ps) — NVT (1 K, 0.1 ps) —
NVT (1 to 300 K, 20 ps) — NVT (300 K, 20 ps) — NPT (300 K, 300 ps, 1 bar).

The first two NVT MD simulations and the other MD simulations were performed
using 0.01 fs and 2 fs for the time step of integration, respectively. The first and second
NVT MD simulations were performed using Berendsen thermostat! with a 0.001 ps of
coupling constant. Meanwhile the following three simulations were performed using
Langevin thermostat with 1-ps™ of collision coefficient. In the first NVT MD simulation,
the reference temperature was linearly increased along the time-course. In the NPT MD
simulation, the system pressure was regulated with Monte Carlo barostat, where the
system volume change was attempted by every 100 steps. Each set of initial atomic
velocities was randomly assigned from the Maxwellian distribution at 0.001 K.

Using each initial atomic coordinates derived from the above relaxation simulation, an
AP42 protomer dimer conformation also was structurally relaxed in aqueous solution
through the following 7-step MD simulations: NVT (0.001 to 1 K, 0.1 ps, 10 kcal/mol/A)
— NVT (1t0 300K, 0.1 ps, 10 kcal/mol/A) — NVT (300 K, 10 ps, 10 kcal/mol/A) —
NVT (300 K, 40 ps, 5 kcal/mol/A) — NVT (300 K, 40 ps, 1 kcal/mol/A) — NVT (300

K, 40 ps) — NPT (300 K, 1 bar, 30 ns). The first two NVT MD simulations and the



other MD simulations were performed using 0.01 fs and 2 fs for the time step of
integration, respectively. In the first two NVT simulations, the reference temperature was
linearly increased along the time-course. In the first 5 steps, non-hydrogen atoms in AP42
protomer dimer were positionally restrained by the harmonic potential around the initial
atomic coordinates. In each NVT simulation, temperature was regulated using Langevin
thermostat with 1-ps™! collision coefficient. In the last 30-ns NPT simulation, temperature
and pressure were regulated by Berendsen thermostat® with a 5-ps coupling constant, and
Monte Carlo barostat, where system volume change was attempted by every 100 steps,
respectively. The initial atomic velocities were randomly assigned from the Maxwellian
distribution at 0.001 K. The snapshot structure obtained from the 30-ns NPT MD

simulation procedure was employed for the following SMD simulations.

SI-3 Calculation of potential of mean force
SI-3.1 PMF calculation for protomer dissociation

Steered molecular dynamics (SMD) simulations were performed to prepare the initial
atomic coordinates for each window of umbrella sampling (US) MD simulations. As the
reaction coordinate for protomer dissociation, we consider the distance between center of
mass of Caw atoms in one pentamer and that in the other (explained in Figure 4).

The value of reaction coordinate was gradually changed through the SMD simulations
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by imposing the harmonic potential with force constant of 100 kcal/mol/A%. The target
distance of SMD simulations was set to 60 A. The SMD simulation was executed for 0.25
ns under NPT condition (300 K; 1 bar). The trajectory was recorded every 5-ps interval.
Temperature and pressure were regulated using Langevin thermostat with a 1-ps™! of
collision coefficient and Berendsen barostat® with a 5-ps coupling constant, respectively.
A time step of 2 fs was used to integrate Newton’s equation of motion. An initial atomic
velocities were taken over from the previous MD simulation. Using each SMD trajectory,
we prepared 45 snapshot structures for 45 umbrella windows (Table S1), where a value
of the reaction coordinate for each snapshot structure ranges from 20 A to 42 A with
interval of 0.5 A. For each system, this procedure was repeated 8 times and, the derived
snapshot structures were employed for the following USMD simulations.

Using each initial atomic coordinates derived from the SMD simulations, we
performed the relaxation simulation and the following USMD simulation. The relaxation
simulation consists of 5 steps: NVT (0.001 to 1.0 K, 0.1 ps, 100 kcal/mol/A?) — NVT
(1.0 to 300 K, 0.1 ps, 100 kcal/mol/A?) — NVT (300 K, 40 ps, 10 kcal/mol/A%) —
NVT (300 K, 40 ps, 5 kcal/mol/A?) — NVT (300 K, 40 ps, 1 kcal/mol/A?). The initial
atomic velocities were randomly assigned from the Maxwellian distribution at 0.001 K

in the first step. Backbone heavy atoms (Ca, C, N, O) of APa42 protomer dimer were



restrained by the harmonic potential around the initial atomic coordinates. In each of the
first two NVT-MD simulations, the reference temperature was linearly increased along
the time-course. Then, several nano second USMD simulation was executed under NVT
condition (300 K). For each system, the USMD simulation time length is determined by
evaluating the convergence of PMF (see Panels A-G in Figures S1). The reaction
coordinate of these USMD simulations is the same as that for the SMD simulations.
Minimum of the harmonic potential and the corresponding force constant for window of
each USMD simulation are summarized in Table S1. In an USMD simulation,
temperature was regulated using Langevin thermostat with 1-ps™' collision coefficient,
and the interatomic distance for reaction coordinate was recorded every 1-ps interval.
Using 8 sets of 45 USMD simulations, we made a complete histogram spanning the
reaction coordinate from 20 to 42. We confirmed 16% or greater overlap between
sampling of neighboring USMD windows, indicating accurate construction of potential
of mean force by WHAM®™>. Then the complete histogram was employed to compute a

potential of mean force, where width of bin was set to 0.5 A.

SI-3.2 PMF calculation for monomer dissociation
Steered molecular dynamics (SMD) simulations were performed to prepare the initial

atomic coordinates for each window of umbrella sampling molecular dynamics (USMD)
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simulations. As the reaction coordinate for monomer dissociation from tetramer, we
consider the distance between centers of mass of Ca atoms in the monomer and that in
the remaining pentamer (shown in Figure 6).

The value of reaction coordinate was gradually changed through the SMD simulations
by imposing the harmonic potential with the force constant of 100 kcal/mol/A2. The target
distance of SMD simulations was set to 60 A. The SMD simulation was executed for 0.25
ns under NPT condition (300 K; 1 bar). To avoid artificial rotational motion of the
pentamer during SMD simulations, the backbone atoms (Ca, C, N, O) in the remaining
pentamer were restrained by harmonic potential with the force constant of 100
kcal/mol/A? around the initial atomic coordinates.

The trajectory was recorded every 5-ps interval. Temperature and pressure were
regulated using Langevin thermostat with a 1-ps™! of collision coefficient and Berendsen
barostat® with a 5-ps coupling constant, respectively. The time step of 2 fs was used to
integrate Newton’s equation of motion. A set of initial atomic velocities were taken over
from the previous MD simulation. Using each SMD trajectory, we prepared 82 snapshot
structures for 82 umbrella windows (Tables S2 and S3), where a value of the reaction
coordinate for each snapshot structure ranges from 9 A to 40 A. Positional separation

between vicinal windows are 0.25 A and 0.5 A for range from 9 A to 18.25 A and range



from 18.5 A to 40 A, respectively. For each system, this procedure was repeated 8 times
for the following USMD simulations.

Using each initial atomic coordinates derived from the SMD simulations, we
performed the relaxation simulation and the following USMD simulation. The relaxation
simulation consists of 5 steps: NVT (0.001 to 1.0 K, 0.1 ps, 100 kcal/mol/A?) — NVT
(1.0 to 300 K, 0.1 ps, 100 kcal/mol/A?) — NVT (300 K, 40 ps, 10 kcal/mol/A%) —
NVT (300 K, 40 ps, 5 kcal/mol/A?) — NVT (300 K, 40 ps, 1 kcal/mol/A?). The initial
atomic velocities were randomly assigned from the Maxwellian distribution at 0.001 K
in the first step. The backbone heavy atoms (Ca, C, N, O) of AB42 molecules was
restrained by the harmonic potential around the initial atomic coordinates. In each of the
first two NVT-MD simulations, the reference temperature was linearly increased along
the time-course. Then, a several nano second USMD simulation was executed under NVT
condition (300 K). For each system, the USMD simulation time length is determined by
evaluating the convergence of PMF (see panels G and I in Figures S1). The reaction
coordinate of these USMD simulations is the same as that for the SMD simulations. The
minimum of harmonic potential and the corresponding force constant for window of each
USMD simulation are summarized in Tables S2 and 3. In an USMD simulation,

temperature was regulated using Langevin thermostat with 1-ps collision coefficient,



and the interatomic distance for reaction coordinate was recorded every 1-ps interval.
Using 8 sets of 82 USMD simulations, we made a complete histogram spanning the
reaction coordinate from 8.5 to 40.5. We confirmed 6% or greater overlap between
sampling of neighboring USMD windows. This observation indicating accurate
construction of potential of mean force by WHAM?*>. Then the complete histogram was

employed to compute a potential of mean force, where width of bin was set to 0.5 A.



Table S1. Equilibrium positions of biased potentials and corresponding force constants

for protomer dissociation umbrella sampling molecular dynamics simulations, common

with the seven AP42 protomer dimer systems.

force constant force constant
equilibrium position of [kcal/mol/A2] equilibrium position of [kcal/mol/A?]
biasing potential [A] biasing potential [A]

10 10
20.0 v 315 v
20.5 v 32.0 v
21.0 v 325 v
215 v 33.0 v
22.0 v 335 v
22.5 v 34.0 v
23.0 v 34.5 v
235 v 35.0 v
24.0 v 35.5 v
24.5 v 36.0 v
25.0 v 36.5 v
25.5 v 37.0 v
26.0 v 37.5 v
26.5 v 38.0 v
27.0 v 38.5 v
27.5 v 39.0 v
28.0 v 39.5 v
28.5 v 40.0 v
29.0 v 40.5 v
29.5 v 41.0 v
30.0 v 41.5 v
30.5 v 42.0 v
31.0 v

10



Table S2. Equilibrium positions of biased potentials and corresponding force constants

for monomer dissociation umbrella sampling molecular dynamics simulations with

regard to AP42(4:4).
force constant force constant
equilibrium position of [kcal/mol/A?] equilibrium position of [kcal/mol/A?]
biasing potential [A] biasing potential [A]
10 50 100 10 50 100

9.00 v 14.25 v
9.25 v 14.50 v
9.50 v 14.75 v
9.75 v 15.00 v
10.00 v 15.25 v
10.25 v 15.50 v
10.50 v 15.75 v
10.75 v 16.00 v
11.00 v 16.25 v
11.25 v 16.50 v
11.50 v 16.75 v
11.75 v 17.00 v
12.00 v 17.25 v
12.25 v 17.50 v
12.50 v 17.75 v
12.75 v 18.00 v
13.00 v 18.25 v
13.25 v 18.5 v

13.50 v 19.0 v

13.75 v 195 v

14.00 v 20.0 v
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Table S2. Equilibrium positions of biased potentials and corresponding force constants

for monomer dissociation umbrella sampling molecular dynamics simulations with

regard to AP42(4:4). (continued)

force constant force constant
equilibrium position of [kcal/moV/A?] equilibrium position of [kcalmol/AZ]
biasing potential [A] biasing potential [A]

10 50 100 10 50 100
20.5 v 31.0 v
21.0 v 315 v
21.5 v 32.0 v
22.0 v 32.5 v
22.5 v 33.0 v
23.0 v 335 v
235 v 34.0 v
24.0 v 34.5 v
24.5 v 35.0 v
25.0 v 35.5 v
25.5 v 36.0 v
26.0 v 36.5 v
26.5 v 37.0 v
27.0 v 37.5 v
27.5 v 38.0 v
28.0 v 38.5 v
28.5 v 39.0 v
29.0 v 39.5 v
29.5 v 40.0 v

30.0 v
30.5 v
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Table S3. Equilibrium positions of biased potentials and corresponding force constants

for monomer dissociation umbrella sampling molecular dynamics simulations with

regard to AP42(10:10).

force constant

equilibrium position of force constant [kcal/mol/A] equilibrium position of . caymoyA?]
biasing potential [A] biasing potential [A]
10 50 75 100 150 200 250 300 10 50 100

9.00 v 14.25 v
9.25 v v v v v 14.50 v
9.50 v v v v v v 14.75 v
9.75 v v v v v 15.00 v
10.00 v v v v v 15.25 v
10.25 v v v v v 15.50 v
10.50 v v v v v 15.75 v
10.75 v v v v v 16.00 v
11.00 v v v v v 16.25 v
11.25 v v v v v 16.50 v
11.50 v v v v v 16.75 v
11.75 v v v v v 17.00 v
12.00 v 17.25 v
12.25 v 17.50 v
12.50 v 17.75 v
12.75 v 18.00 v
13.00 v 18.25 v
13.25 v 18.50 v

13.50 v 19.00 v

13.75 v 19.50 v

14.00 v 20.00 v
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Table S3. Equilibrium positions of biased potentials and corresponding force constants

for monomer dissociation umbrella sampling molecular dynamics simulations with

regard to AP42(10:10). (continued)

force constant force constant
equilibrium position of [kcalimol/A?] equilibrium position of [kcalmol/AZ]
biasing potential [A] biasing potential [A]
10 50 100 10 50 100
20.50 v 31.00 v
21.00 v 31.50 v
21.50 v 32.00 v
22.00 v 32.50 v
22.50 v 33.00 v
23.00 v 33.50 v
23.50 v 34.00 v
24.00 v 34.50 v
24.50 v 35.00 v
25.00 v 35.50 v
25.50 v 36.00 v
26.00 v 36.50 v
26.50 v 37.00 v
27.00 v 37.50 v
27.50 v 38.00 v
28.00 v 38.50 v
28.50 v 39.00 v
29.00 v 39.50 v
29.50 v 40.00 v
30.00 v
30.50 v

14



—0-1ns 1-2 ns 2-3ns 3-4 ns 4-5 ns\

100, 100 100
8 (A) B) (©)
S
c .. 75] 751 751
53
£ £
58 50] 50 ] 50
® =
< 25] 25] e 25] /
Q
g p /
e . /
01 ol 0 \
20 25 30 35 40 20 25 30 35 40 20 25 30 35 40
100, 100, 100,
g (D) (E) F)
c . 75] 751 751
5
S
5% 50 501 //‘ 507 //h
w =
< 251 251 y 25] Y4
3 / /
0 0l—~< : 01—
20 25 30 35 40 20 25 30 35 40 20 25 30 35 40
100, 100 100,
§ (G) (H) (0]
‘c . 75] 751 751
53
€ £
5 Q50 50 501
5= /74
5 25 V4 25 251,
g J e ‘ P
0 / 0Lt 0l= =
20 25 30 35 40 10 15 20 25 30 35 40 10 15 20 25 30 35 40
distance between COMs [A] distance between COMs [A] distance between COMs [A]

Figure S1. Convergence of potential of mean force for protomer dissociation (A-G) and

monomer dissociation (H-I). (A) AB42(4:4). (B) AB42(5:5). (C) AP42(6:6). (D) ABa2(7:7).

(E) ABa2(8:8). (F) AB42(9:9). (G) ABa2(10:10). (H) ABaz(4:4). (I) APa2(10:10).
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