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us to assess a stability of the forming water
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chains as well as an overall stability of the
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4. GBOHE -BE) 5D 2L — 3 T, system includes qNOR enzyme water volume map in
K &R T~ A 7 n bl 5 RHIOFH % the K-channel
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3. (# %) Our simulations have provided many
important dynamical details which were
obscure in a static crystal structure. We have
described water behavior inside the proteins
and fully characterized water channels and

transiently forming H-bonded networks, which
[Proton and ion transport in membrane proteins]

1. (EEOMENCE R, BW, BKRTHI vY =
7 F L DBEMR) Nitric oxide reductase (NOR) is

can be utilized for efficient proton transport.
Some of the found pathways confirmed those

suggested on a basis of crystal structures

a membrane protein which catalyzes the key part ) )
(namely, Channel 1 in c¢NOR and K-channel in

of the denitrification cycle in anaerobic ) )
gNOR). However, other previous experimental

bacteria, namely the reduction of nitric oxide. ) )
suggestions (e.g. Channel 2 in cNOR) were not

This enzyme is also an important step in the ) ] ]
supported by dynamical simulations and we

evolution of a respiratory system, since it is
concluded that they are not relevant for the

related to proteins involved in aerobic ) )
function. Furthermore, we have established

respiration, in particular to cytochrome c ) )
new pathways (Channel 3 in ¢cNOR and possible

oxidase. The goal of our project is to describe ) ) ) )
connections to periplasm in gNOR), which had

the detailed mechanism of NOR functioning « y
problems™ in the X-ray structure and could

through computer simulations ) o
be identified only by means of computer

simulations. Finally, we have proposed that

2.  (BfEMRFIANE. HEFIE) The first step
was to identify plausible pathways for the

our predictions can be verified by future

mutational/biochemical studies of selected

proton transfer in NOR. We have performed the )
proteln groups.

first fully atomistic molecular dynamics (MD)

simulations of NOR (two types: cNOR and gNOR o ) )
4. (% & ¥ ) Summarizing, despite a high

enzymes) 1in a natural environment, 1i.e. o )
structural similarity between cNOR and gNOR,

embedded in membrane and water solvent. The ) ) o
MD simulations have revealed strikingly

timescale of the simulations (300 ns) allowed
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different proton uptake mechanisms utilized
by these enzymes. Namely, in cNOR protons for
catalytic reaction are taken up from the
periplasmic side of the membrane, while in
gNOR — from cytoplasm, though connections to
periplasm can also form in gNOR, but require
protein dynamics on a longer timescale. These
findings, along with  comparisons to
cytochrome ¢ oxidase structures, allowed us to
hypothesize about the evolution of proton

transfer pathways and of respiratory enzymes,

in general.

(RICC DAkERI A ZH/ET 255 « FIARE)

1) In order to validate our simulations, we
have to reproduce and explain the results of
previous mutagenesis  experiments. That
requires additional MD simulations for the
mutant systems.

2) In order to get complete understanding of the
NOR functioning, one needs to explain the
details of the enzymatic reaction (i.e. nitric
oxide reduction) at the enzyme’ s active site.
For this purpose, we will utilize quantum

chemistry and QM/MM approaches

[Structure prediction of transmembrane proteins

MIR1, MIR2]

1.

(FBREOMEDE R, BHY, BRTI7a V=
7 b & DBA4R) Kaposi’s sarcoma—associated
herpes virus (KSHV), which causes a serious
cancer “Kaposi’ s sarcoma” in human, encodes
two membrane—bound E3 ubiquitin

ligases, modulator of immune recognition (MIR)

1 and 2, and evades the host immune system
through the ubiquitination—mediated

degradation of the immune recognition—related

proteins (MHC I, B7-2, ICAM-1) [1]. Therefore,
it is important to reveal how MIR1 and 2
ubiquitinate their substrates. The proposed
evasion mechanism is illustrated in Figure 1
(Left); ubiquitination is initialized by the
interaction (binding) between the
transmembrane (TM) regions of the MIRs and
their targets. However, it is still unclear how
MIR1 and 2 recognize different set of target
membrane proteins: MIR1 ubiquitinates MHC I
only, while MIR2 ubiquitinates B7-2 and ICAM-1
in addition to MHC I. In order to understand how
MIRs function, it is necessary to study the

interaction between MIRs and their targets at

the atomic level.

(BAERRFIANE, B GEE) A temperature
replica—exchange molecular dynamics method
with the GBSW implicit membrane model is
employed to predict the structure of the TM
helical hairpin of MIR2 and the structure of
B7-2.

(#ER) We tested several parameters for the
membrane and found the proper parameters for
the MIR proteins. We have predicted the
structure of MIRZ2 and B7-2 and found out that
the juxtamembrane region of them are important
for the recognition and identified several

possible hot spot residues for the recognition.

(¥ & ®) In the next year, we will predict the
MIR1 and MHCI structures and three complex

structures.

(5% DEHE - BH) Currently we do not have any
publication yet. However, we are in the final
stage of writing the paper about the MIR2 and
B7-2 recognition mechanism. We are performing
one extra simulation of the MIR2 mutant and

waiting the results of MIR2 mutant experiment.
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