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Atomistic simulation of hPGK conformational
transition with string method
(#124 :Ren)

1. Background and purpose
PGK

enzyme that catalyzes the transfer of the phosphate

(Phosphoglycerate kinase) protein is an
group from 1-3-biphosphoglycerate (1,3-bPG) to
MgADP generating phosphoglycerate (3-PG) and
MgATP in the first ATP-generating step of the
glycolytic pathway. It is consisted of two domains
the N-

respectively. The N-terminal domain binds the

termed as and C-terminal domains
phosphoglycerate species (1,3-bPG or 3-PG) and

the C-terminal domain binds the nucleotides
(MgADP or MgATP). In apo state (without ligand
binding), PGK exists in an open conformation. The
catalytic reaction requires a large-amplitude
conformational change of PGK to bring the two
domains close to each other and to provide the
micro-environment for the phosphate group transfer.
It's found that the open conformation of PGK is more
stable due to the exposure of a hydrophobic region
of the protein upon domain closure. This implies that
the closed conformation will exist for catalysis to
occur and that the overall thermodynamic preference
for the open conformation will eventually destabilize
the closed conformation, leading to the release of
products and rebinding of substrates. So we want to
use MD simulation to study the mechanism of the
conformational transition of PGK(with and without

substrate binding).

Fig. 2.1. The substrate induced conformational transition of

PGK (M.W. Bowler / FEBS Letters 587 (2013)).
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2. Usage, Computational methods

In this project, firstly we performed replica path(rpath)
sampling simulation of PGK by using the cartesian
cooridnates of several Ca atoms located at the
interface between the N- and the C-terminal domains
as the CV to obtain the minimum free energy
pathway of the conformational transition. The
closed(2WZB) and the open(2XE7) crystal structures
were chosen as the intial and end state respectively.
20 ns rpath simualtion with 24
performed for different ligand-bound PGK. After that

20ns umbrella sampling simulation with 24 replicas

replicas was

along the minimum free energy pathway were
performed to get the free energy surfaces of PGK

conformational change.

3. Result

From the simulation, we verified the previous finding
that PGK exists in the open conformation in the apo
state. Substrate binding will stabilize the closed
conformation and shift the equilibrium toward the
closed conformation. In addition, we observed an
meta-stable half-closed state of apo-PGK for the first

time.
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Fig. 2.2. The 2D free energy surface of apo-PGK projected
onto the RMSD with respect to the closed and the open

crystal structures.

4. Summary
In this project, by using the some enhanced

sampling methods (replica path sampling and

umbrella sampling), we simulated the conformational
transition of PGK(w and w/o ligand binding). We
successfully characterize the mininum free energy
pathway and the free energy profile of PGK
Moreover our MD

conformational transition.

simulation revealed an meta-stable half-closed

conformation of apo-PGK for the first time.

5. Future perspectives
In the next fiscal year, we will perform more
ligand-bound PGK at

different salt concentration or at different nutrient

simulations on different

concentration to study how the PGK respond to the

different cellular envronments.

Computational investigation of Order to Disorder
Transition in Drk N-SH3 Domains
(#4 : Dokainish)

1. Background and purpose

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 N-terminal SH3
(N-SH3) domain has been experimentally shown to
exist in 1:1 equilibrium of folded and unfolded states.
Notably, N-SH3 domain 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, as continuation of previous year
project, we aimed to elucidate the origin of N-SH3
domain instability of full length Drk. In which we aimed
to elucidate the effect of intra and inter-domain
interactions on the domain stability. In the previous
year (2018), we used MD simulation of Drk at low salt
conc., in this year we extended our investigation
wherein we ran 2 us of Drk in 150 mM KCI at two
different temperatures to match experimental
conditions. In addition, we extended our investigation to
the human homologue Grb2, wherein we used classical

MD as well as enhanced sampling (gREST) to
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elucidate the conformation of this adapter protein.

2. Usage, Computational methods

For this project, Drk and Grb2, 8,653,650 CPU*hours
were used, mainly on GW-MPC.
classical MD (cMD) of full length Drk in 150 mM KCI at
298 K and 278 K for 2 us each.
simulated full length Grb2 protein using both cMD and

In which, we ran
In addition, we

gREST approach. cMD were performed for 2 ys and
gREST were performed for 500 ns per replica using 12
replica. The simulation covered temperature range
between 300 -650 K and a novel solute selection
approach was used to enhance the sampling. In
addition, preliminary mutations were also tested using

the same approach.

3. Result

Drk results at different condition show that the
conformation is quite different from X-ray structure of
the dimer protein. More importantly, High salt cMD
trajectory show that the stability of N-SH3 domain is
correlated to inter- and intra-domain interaction (salt
bridge), see figure 3.1. As a result, important residues
that influence N-SH3 domain were identified and

currently tested by experimentalist.

sm
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Figure 3.1, Partially unfolded and folded structures’
contact map from the first and last 500 ns of the cMD,

respectively.

Grb2, cMD results show that the formation of multiple
salt bridges between the three domains which hindered
the Applying gREST

approach significantly enhanced conformational search,

conformational sampling.

see figure 3.2, and allowed the identification of multiple

stable conformations.
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Figure 3.2, Free energy
components (PC1/PC2 and PC1/PC3) using both cMD

and gREST approaches. Representative structures of

landscape of principal

stable basins are also included.

4. Summary

e We were able to unravel important residues that
affect the stability of N-SH3 domain in full length
Drk.

e We proposed a new approach to significantly

enhance conformational sampling in Grb2 protein

5. Future perspectives

First, Drk results will further be confirmed by our
experimental collaborator. Second, we currently
investigating the conformation of Grb2 in the presence
of RTK based peptide including phosphor tyrosine.
Third, we will apply our new gREST approach to other
multi proteins. Finally, after finalizing all simulations, the

results will be submitted for publication
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