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#R#H 5. Investigation of Conformational change in
Ca2* ATPase. ({234 : M. Kulik

1. Background and purpose of the project,

relationship of the project with other projects

This research project was focused on employing the
flexible fitting algorithm implemented in GENESIS
to investigate a membrane protein system of calcium
(/M) . The
purpose of the flexible-fitting MD simulation is to

ATPase of sarcoplasmic reticulum

obtain a final model perfectly fitted to a density map,

obtained from cryogenic electron microscopy

(Cryo-EM) experiments. The Ca2* ATPase is an

especially interesting system for this kind of
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simulation, since it undergoes a series of non-trivial

large conformational transitions during its
physiological cycle. Additionally, a range of accurate
experimental structures from X-ray crystallography
is available for this system in protein data-bank

(PDB).

2. Specific usage status of the system and

calculation method

For this project, circa 3,700,000 CPU hours were
used, mainly on BW-MPC (the estimated number for
this project in application was 3,532,000 CPU hours
on BW-MPC). However, significant changes of the
research plan were made in the course of
calculations, since the flexible fitting simulations
using the all-atom model with a system containing
around 300000 atoms were proven to be very slow
and the fitting results were not satisfactory. Thus,
we focused on coarse-grained simulations, using
Go-like Co atom model. With a kind of
Replica-Exchange method in order to automatically
adjust the force constant which was driving the
fitted structure towards the map. Next, we joined the
coarse-grained level with all-atom level in implicit
solvent, by performing a targeted MD simulation
towards the Co positions of the best model from
coarse-grained simulations. Subsequently, another
flexible fitting simulation was done with an all-atom
model obtained from the targeted MD simulation in

order to refine the model. We name this protocol

“Multi-scale protocol” (Fig. 7).
3. Result
In the course of simulations, we have developed a

new protocol for flexible fitting simulations. The

scheme of this protocol is shown in the Fig. 7.

= CG model AA model

1) ® REMD @ MD
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o : :

b / $e. fitted >y Quided %0/ refined

o &% ‘ Ry

© %

© .

(3] [

(7] -

o o

= o

E o

= target target " E
©

25 | AAmodel Frait fitted c

) & g T -

o NSL w

s o

= ® MD y &

8L fexible fitting ??x?w ¥ >

2 & y

£ 24

» target <= f‘{,“

Fig. 7. Flexible-fitting protocols. Red spheres show
Cao atoms and blue-ribbon models show protein
backbone in AA models. White surface in this figure
shows a density map surface computed from a
protein 3D structure deposited in PDB for the test

simulation.

In Fig. 7, a fitting of Ca2* ATPase is shown at two
levels: coarse-grained CG level (presented as red
dots at Co positions) and all-atom AA level (shown in
blue in cartoon style). For comparison, a Simple
protocol was used, which is a longer fitting
simulation using only the all-atom MD simulation.
This kind of protocol was tested for many other
protein systems of various size, also including
systems with experimental density maps. The
quality of the final models obtained using the
Multi-scale protocol and the Simple protocol was
compared in terms of the Root Mean Square
Deviation towards the target structure, correlation
coefficients towards the density maps, the
MolProbity score, CaBLAM outliers, Ramachandran
outliers, secondary structure similarity and many
others. Overall, using the Multi-scale protocol gives
much better fitted structures than using the Simple

protocol for almost all tested systems, especially in

the cases involving challenging domain rotation.
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4. Conclusion

Performed simulations allowed us to propose a new
protocol for flexible fitting simulations, called the
Multi-scale protocol. This protocol was tested for
many systems and was shown to perform
significantly better than a single long flexible fitting

simulation.
5. Schedule and prospect for the future
The results of the work were presented as a poster at

one international conference and are currently

prepared for publication in a journal.

#18 6. Characterization of monomer structures of

full-length C99 peptide (1% : Pantelopulos)

1. Background and purpose of the project,

relationship of the project with other projects

Recently, many efforts to accurately determine and

understand the conformational ensembles of
intrinsically disordered proteins (IDPs) were devoted.
IDPs often take on particular folds and functions
based on molecular interactions with proteins and
other biomolecules, which can endow them with
various emergent functionalities or which can cause
them to malfunction. In Alzheimer's disease (AD),
the aggregation of specific lengths of Amyloid Beta
(AB), an IDP, causes for the formation of Amyloid
plaques conventionally implicated in AD. Potentially
toxic or non-toxic AP are produced based on the
cleavage of Amyloid Precursor Protein's 99-residue
C-terminus (C99), by y-secretase in the membrane.
Membrane properties and localization of y-secretase
and C99 select whether toxic or non-toxic lengths of
AB are produced from this cleavage. Thus, as C99 is
an IDP, it is critical to understand its molecular
changes in response to its

ensemble and

R E
environment in order to understand the genesis of

AD.

2. Specific usage status of the system and

calculation method

Sampling of the full C99 sequence, which contains

intrinsically disordered regions in its N- and

C-terminus likely critical to determining its
interactions with 7y-secretase, AP, and other C99
proteins, requires the careful application of

enhanced sampling techniques in MD simulation.
Recently, Sugita group developed gREST method, in
which parts of the molecular interactions in a system
are selectively attenuated (by an effective
"temperature") in several parallel simulations to
allow for rapid exploration of conformational space.
These parallel simulations exchange simulation
conditions periodically using a Metropolis-Hastings
type exchange conditions which allows us to sample
the conformational space of systems at "real",
equilibrium conditions despite employing these

attenuated molecular interactions.

3. Result

Simulations of full-length C99 in a simple,
POPC-only model of a cell membrane were initiated
from initial conformations of C99 identified as
representatives of populous conformational states in
previous implicit membrane simulations.
[Pantelopulos, G.A., J.E. Straub, D. Thirumalai, and

Y. Sugita. 2018. Biochim. Biophys. Acta - Biomembr.

our

1860: 1698-1708.] During FY 2018, we have
parameterized a suitable set of effective
"temperatures" for gREST simulation. In the
simulations, to use a flat-well pair distance

restraints was necessary to reduce computational

cost and to avoid periodic boundary condition (PBC)

artefacts.
We have found that attenuating only the
Lennard-Jones, dihedral, and CMAP (coupled
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protein dihedral angle) potential terms of C99
residues outside the membrane (residues 1-28 and
53-99) in addition to lipid head groups (up to the
ester group) in gREST will allow for rapid sampling
and nearly-ideal behavior in the exchange of replicas
over time, in which each trajectory should equally
sample all "temperatures". We have found that
employing 16 linearly-spaced effective temperatures
from 310 K ("real" conditions) to 340 K allows for
C99 to sample many secondary and tertiary
structure transitions, but that these can cause for
C99 to self-interact over the PBC at temperatures
over 334 K. To address this, we have applied
flat-well pair distance restraints from C99 residues 1,
87, and 99 to residue 44 (from the termini to the
center of the membrane) (Fig. 8). This restrains the
ensemble to within a "dry" or "molten" globule-like
state, which is expanded at higher temperatures to
permit secondary and tertiary structure transitions
while avoiding PBC artefacts. The use of these
restraints allows us to simulate the C99 in POPC
system as 120,000 atoms rather than 270,000 atoms,
which would otherwise be required to prevent PBC

artefacts.

4. Conclusion

To characterize the conformational ensemble of the
membrane IDP C99, we have developed a simulation
scheme that will allow us to accomplish the
otherwise 1impossible task of describing its
conformational ensemble. This scheme for enhancing
secondary and tertiary conformational states of C99
using gREST can serve as a basis for future efforts in
sampling proteins and other polymers that require
this type of expansion-collapse transition to quickly

sample states.

5. Schedule and prospect for the future

Simulation of C99 in a POPC membrane using

gREST will resume using the simulation scheme we

R E

have developed. We plan to perform these C99 in
POPC membrane calculations until achieving 500 ns
of sampling. In the future, following convergence of
this simulation, we will wuse representative
conformational states from its ensemble to study the

effect of changing membrane environments on C99

conformation and functionality.

Fig. 8. C99 in POPC system. Flat-well pair
distance restraints of 6.5 nm in length drawn in
red from residues 1, 87, and 99 to residue 44 of
C99. Space filling green (POPC) and blue (C99)
represent atoms selected for molecular interaction
effective

attenuation by

displayed. Gray atoms of C99 and POPC and

temperature are

unperturbed during gREST. Na* and Cl ions are
displayed in cyan and yellow to show the borders

of the PBC. Water moelcules are not displayed.

& 7. Computational investigation of Order to
Disorder Transition in Drk N-SH3 Domains (824 :
H. Dokainish)

1. Background and purpose of the project,

relationship of the project with other projects

Drk (Drosophila adapter protein) is a small protein
that mediate signal transduction from RTK to RAS
G-protein. It contains a Src homology 2 (SH2)

domain and two SH3 domains. In which, the isolated



Rk 80 4R

SH3 (N-SH3) domain has
experimentally shown to exist in 1:1 equilibrium of
folded and unfolded states. On contrary, the
C-terminal SH3 (C-SH3) domain is believed to form

stable folded structure. Notably, N-SH3 domain

N-terminal been

folded/unfolded equilibrium was found to shift
toward unfolding in the presence of the other two
domain (SH2 & C-SH3) in Drk.

In this project, we aimed to elucidate the origin of
such instability in isolated N-SH3 domain in
comparison to stably folded C-SH3 domain using
enhanced sampling techniques. In addition, since the
structure of Drk was experimentally solved, the
interaction between the three domains was
elucidated via classical MD simulations. Finally, the
unfolding pathways were investigated at higher

temperatures.

2. Specific usage status of the system and

calculation method

For this project, Drk and isolated N/C-SH3 domains,
5,794,500 CPU hours were used, mainly on GW-MPC.
In which, after modeling Drk system with homology
modelling, a total of 2.5 us classical MD were
performed in order to investigate the interdomains
interactions. Furthermore, the isolated N-/C-SH3
domains were simulated using gREST for a total of
13 us. gREST simulations were performed using
multiple replica in combination with multiple
temperature ranges to simulate unfolding process
and elucidate unfolding pathway. In addition,
preliminary mutations were also tested using the

same approach.

3. Result

Classical MD results shows different interdomain
interactions in comparison to Drk mammalian
homologue Grb2 crystal structure. Wherein, C-SH3
and SH2 domain were found to stably bind

throughout the simulation. On the contrary, the

R E

unstable N-SH3 domain were found to exist in three
states in which, it interacts with either of the other
two domains or exist free in the solution, see Fig. 9.
Multiple important regions for interactions were
elucidated and would be tested in the future upon

mutation.

Grb2 X-ray
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Fig 9. Heatmap of interdomain interactions in Drk

simulation vs Grb2 crystal structure.

gREST results of the isolated domains shows
unfolding of N-SH3 domain, at higher temperature,
due to destabilization via intradomain interactions.
Two negatively charged regions in N-SH3 domain
(hot spot) were identified to play an important role in
the domain instability (Fig. 10). However, unfolding
has not been observed at 300 K and would require

longer simulation in the future.
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Fig. 10. Distribution of charged residues in N-SH3
domain (left) and C-SH3 domain (right).

4. Conclusion

« Drk simulation suggest different
interdomain interactions from GBR2 X-ray
structure, where C-SH3 and SH2 binds.

. SH3N domain simulation suggest unfolding
due to presence of charged regions at distal

hairpin/p4, N-src loop and RT-loop.
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well as mutations will be tested theoretically and

5. Schedule and prospect for the future experimentally. We plan to represent the current

results within this year in international conference.

The obtained results will be further investigated Finally, after finalizing all simulations, the results

using multiple independent MD of Drk and will be submitted for publication.

simulating unfolding of isolated domains at 300 K as
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