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2) Computer simulation of cbb3 oxidase
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Sarco(endo)plasmic  reticulum Ca2t pump

(SERCA) transports two Ca2* ions across the

membrane and against the concentration
gradient, and is a prototype system for the
P-type ATPases. Although a number of crystal
structures in different states of the SERCA
enzymatic cycle are now available, many details
of its functioning at the molecular level are still
missing. In particular, the pathways and
mechanisms of transport of Ca2?* ions and
counter-transport of protons remain largely
unknown. Recent molecular dynamics (MD)
simulations, in several states and at different
protonations, showed formation of water
channels, which might serve as proton pathways.
Our objective is to verify these pathways by
performing explicit proton transfer (PT)
simulations with the empirical valence bond
(EVB) method. Currently we focus on the

E2-to-E1 transition.

(R RFIANE., FEGE)
Empirical valence bond (EVB) calculations were
carried out for multiple PT steps in the SERCA

E2 state using the Molaris program.

(FER)
By taking multiple snapshots from MD
simulations at different protonations (by Dr. C.
Kobayashi) as the initial configurations, we
performed the EVB calculations for proton
translocations along the hydrogen-bonded
networks of water molecules and protonatable
amino acid residues. Two proton pathways (in
the N-terminal and C-terminal regions) were
studied. We obtained the barriers for multiple
individual PT steps between proton sites and, as
a combined result, the overall free energy

profiles for exit of protons from the metal
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binding sites (in the middle of membrane) to the

cytoplasm.

(£L®)
Our EVB results, together with the results of
MD simulations, yield a consistent picture of the
proton exits from the metal binding sites during

the E2-to-E1 transition in SERCA.

(ABROFHE - BE)
The methodology will be applied to describe the
coupled Ca?* and proton transport in all
intermediate states of SERCA, and also can be

used for other similar enzymes.
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5) Structure prediction of transmembrane proteins
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Kaposi's sarcoma-associated herpesvirus, a
human tumor virus, encodes two
membrane-bound E3  ubiquitin  ligases,
modulator of immune recognition 1 (MIR1) and
MIR2, to evade host immune system through the
ubiquitination-mediated endocytosis and
lysosomal degradation of the proteins involved
in immune recognition. MIR2 downregulates the
surface expression of MHC I (major
histocompatibility complex class D,
co-stimulatory proteins (B7-2, ICAM-1), and
platelet endothelial cell adhesion molecule 1
(PECAM-1). Recent experimental results have
shown that the palmitoylation of MIR2 Cys146
is essential for MHC I and PECAM-1
downregulation, but not for B7-2, ICAM-1. This
observation raises questions about the function
of palmitoyl Cys146 (Cypl146) in the MHC-I
dowregulation. To gain insight into the
molecular basis of MHC-1 recognition by MIR2
and the role of Cyp146 of MIR2, we performed a

series of molecular dynamic simulations.

(BRI RS, SHESE)

A temperature replica-exchange molecular
dynamics method with the GBSW implicit
membrane model is employed to predict the
complex structure of palmitoylated

MIR2/MHC-1.
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(FER)
We have predicted the complex structure of
palmitoylated MIR2 and MHC-I and found out
that the palmitoylated Cysl146 of MIR2 is
important for the complex formation. The
simulation results suggest that the
palmitoylation of MIR2 enhances the complex
formation through the interaction between the

palmitoyl chain and MHC-I (Fig. 1) , thus

promotes the downregulation of MHC-I.

Fig. 5. Simulated three-dimensional structures
of MIR2 and MHC-I in membrane. Overall
structure of simulated MHC-I (JM + TM regions)
and MIR2 (TM1 + ITM + TM2 regions) in the
membrane environment. Main chains are
depicted as a cartoon model; pink and gray show
MHC-I and MIR2, respectively. Palmitoylated
Cysl46 involved in MIR2-medicated MHC-I
downregulation are represented by spheres;
cyan, red, and yellow show carbon, oxygen and

sulfur, respectively.

(2L®)
We have predicted the complex structure of
palmitoyl MIR2/MHC-I, which clarified that the
palmitoylated C146 is involved in the complex
formation. Simulation results suggested that
the palmitoylated C146 is located at the complex
binding interface and contacts A320, V321,G324,
and A325 of MHC-I (HLA-A2). Therefore, the

interaction between palmitoylated C146 and

HLA-A2 is expectedly dominated by the
hydrophobic interactions. We also found out
that mutation of these four contact residues of
HLA-A2 to hydrophobic residue do increase the
MIR2’s function experimentally, and it further

support the reliability of complex model.

(SR OFE - BRE)
In the next year, we will calculate the
association energy for the complex structure of
MIR2/MHC-T and MIR2(palmitoyl)/MHC-I and

compare the results with the mutant

experiment.
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