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[R&E C]
structures of the C99 peptide and enhancing

Characterizing monomer and dimer

methods for complex membrane

(#834: Pantelopulos)

simulation

environments

[Background]

Amyloid beta (A) protein is implicated in the onset
of Alzheimer's disease (AD) and dementia, and it has
been the subject of vast body of experimental,
theoretical, and computational work. AB is thought
to trigger the AD mechanism via oligomerization and
fibrilization. AP is formed from the cleavage of a
99-residue fragment of the Amyloid precursor
protein C-terminus (C99). C99 can be cleaved at
many sites in its transmembrane (TM) domain by
y-secretase (Figure 6), forming a variety of lengths of
AB. Only the longest AB are implicated in AD, but
the mechanism of C99 cleavage leading to formation
of particular AB lengths are not understood. Because
of this,
understand the structure of the TM domain of C99,

there have been several studies to
however, the structure of extramembrane residues

has received relatively little attention. The

extramembrane domains interact with many
cytoplasmic proteins involved in apoptosis signaling,
and the N-terminal side of C99 interacts with
y-secretase as well as AP outside cells. Additionally,
the structure of C99 and the propensity of C99
cleavage to form long AB fragments are known to be
sensitive to the composition and the structure of the

cell membrane.

Enhanced sampling methods for rapid equilibration
of complex mixtures of molecules in the lipid
membrane, which is a process far beyond the
capability of current MD simulation methods, is
critical to modeling realistic membrane
environments. Development and testing of soft-core
nonbonded interactions between lipids in cell
membrane simulations is a possible approach for
enhancing dynamics of lipids by creating more free

volume and permitting lipids to more easily move

past each other in the membrane.

N-terminal side

y-secretase

/ cleavage site

transmembrane
region

C-terminal side

Figure 6. Illustration of C99 structure

[Usage of the system and calculation method]
BW-MPC was used to perform analysis of previously
performed implicit membrane MD simulations of
C99 in a variety of membrane thicknesses. BW-MPC
was used to perform MD simulations of C99 in
explicitly detailed lipid bilayers initiated from initial
structures found from the analysis of the implicit
membrane simulations. Additionally, GW-MPC was
used for wvalidation and testing of soft-core
nonbonded interaction code in “GENESIS”, also used

for aforementioned C99 simulations on BW-MPC.

[Result]
A study of full-sequence C99 structure in implicit
membrane was completed and has been submitted
for peer review. This work provides the first-ever
view of the C99 extramembrane domain structural
ensembles, which are shown to be intrinsically

disordered but sensitive to membrane thickness.

Comparison of equilibrium simulation data against
experimental observation is displayed in Figure 7,

accompanied by a visualization of C99 structure in
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different membranes after coming to equilibrium.
This validation of equilibrium ensembles of C99
permitted wus confidence in interpreting the
intrinsically disordered structural ensembles of

extramembrane C99 domains.

Explicit solvent simulations of C99, initiated from
C99 structural states identified in implicit
membrane simulations, were tested with a variety of
force field parameter sets. The results of this are
incomplete, but they suggest that the CHARMM36
force field combined with TIP3P water model are
reasonable for achieving ensembles of C99 structures

observed in experiments.

Soft-core nonbonded interactions were successfully
implemented in “GENESIS”. Modifying nonbonded
interactions in this made it possible to achieve a
significant enhancement to the dynamics of lipids in
model membrane simulations while maintaining

lipid bilayer structure.

[ Conclusion]
We performed the first-ever characterization of
full-sequence C99 structure via simulation, revealing
of C99

ensembles extramembrane

which

structural

domains reproduce ensemble-averaged

experimental measurements on C99 structure.

We also found soft-core nonbonded interactions to
provide significant enhancement dynamics in lipid
bilayer simulations without disturbing the structure

of membranes.
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Figure 7. (A) Mean and standard deviation residue
insertion depths to the membrane defined by Ca
positions (Dins). Shading represents relative signal for
experimental hydrophilic (cyan) and hydrophobic
(blue) residue probes, and stars are insertion depths
from EPR experiments. (B) Co chemical shifts at
equilibrium predicted using SHIFTX2 and compared
with micelle experiments. (C) Representative
structures of C99 once equilibrated in implicit

membranes of various thicknesses.

[Schedule and prospect for the future]

Explicit solvent model simulations of C99 are
continuing to be tested, initiated from implicit
membrane-derived structures of C99 in early 2018.

Discussion of current results with experimental
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experts is underway to guide future investigations of

C99 structure.

Simulations of the C99 dimer, which is thought to be
important to enhancing production of AP, will be
performed first using implicit membrane models in
early 2018, and refined using explicit membrane

models in late 2018.

Comparison of soft-core nonbonded potentials in
enhancement of lipid bilayer dynamics and effect on
structure against other proposed methods for
enhancement in complex membrane mixture
equilibration will be approached in early 2018.
Refinement of the soft-core nonbonded potential code
in GENESIS will be performed in late 2018 to

prepare for release for use by the general public.

M &
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