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PR 3 Analysis of NO diffusion pathway in the
NOR-NiR complex

1. AFEOZDOY =,
~ & DR

Denitrification 1is an

HE, BT 27mo =2

important microbial
anaerobic respiration by some bacteria living in
anaerobic environment:

NO3—>NO2—>NO—N20—-N:

This process sequentially reduces nitrogen

compounds into dinitrogen as an end product and is

R E
coupled to bioenergy production. Pathogens like P.
aeruginosa utilize this process to survive in patients’
cystic fibrosis lungs, where limited oxygen is
provided. As shown in the equation, cytotoxic NO
molecules are produced as an intermediate, yet
denitrifying bacteria can grow unaffected, a fact
suggesting that an effective NO decomposition is
occurred inside bacteria.

Recently Prof. Shiro’s group at RIEKN Spring-8
has solved a new protein complex structure using
X-ray crystallography, where membrane-bound NO

reductase (NOR) and periplasmic nitrite reductase

(NiR) are coupled:

NO, +2H" +e”
2NO+2H" +2e”

NO+H,0
N,0+H,0

NO is the product of NiR and also the substrate of
NOR, so it is of great interest to examine how NiR
interact with NOR to channel NO and to prevent NO

leakage to the celluar environment.

2. BARMZRRIHWNEA. FHETE

We have built a system with 1 NiR, 1 NOR,
78837 water, membrane (439 POPE, 92 POPG, and
91 PVCL2), and 4 NO. Two NO molecules are placed
at the active site and 2 additional NO molecules are
in a protein cavity close to the active site pocket. For
each replica we performed 100 ns simulation using
GROMACS 5.1.2 and initial velocities taken from
Maxwell-Boltzmann distribution at 300 K. The
forcefield is CHARMM36 and the isothermal-isobaric
ensemble is maintained at 300 K using Nosé-Hoover
thermostat and at 1 atm using Parrinello-Rahman
barostat. The electrostatic interaction is treated
using Particle-Mesh-Ewald method and the cut-off
distance for van del Waals interaction is 12 A. In
total we have 20 100-ns trajectories and 60 NO trials

were analyzed.



Wk 28 4EJE

NORt@Brotein@avity®@hatds?
close®ohectiveBiteocket

sitefocket ]
periplasmJ

DT Ee

c;/top\asml:l

SR AR
< [o];{m]
(Water@nolecules@re®mitted.)!

3. R
We have observed the following findings:

(1) Out of 60 trials, 41 NO molecules can diffuse out
of NiR within 100 ns. Among these 41 events, 6
NO successfully enter NOR.

(2) The 41 NO molecules that leave NiR can be
divided into 2 groups: 21 from upper NiR and 20
from lower NiR, i.e. no preference is observed.

(3) Tracing the 41 NO molecules, we have found 3
pathways for diffusing out of NiR, one of them
accounting for 66% of total flux.

(4) 33 out of 41 NO molecules entered the
membrane within 30 ns.

(5) One of the cavities inside NOR identified in MD
simulations agree well with the Xe-binding site
found in experiment.

The major diffusion pathway and relative

kinetics can be visualized in the following figure.
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We successfully observed NO molecules
diffusing out of NiR and migrating through water
and membrane until they reach the active site of
NOR within 100 ns simulation time. Three NO
pathways inside NiR were found, one of them
accounting for 66% of total flux. NO can quickly
move into membrane once it leaves NiR in that

hydrophobic NO is 4-to-5 more soluble in membrane

M &

than in water.

5. Ao - EY

The current study has revealed the NO
diffusion pathways inside NiR but the Kkinetics
obtained from this approach is very rough. In the
near future, we will perform more simulations and
calculate the NO diffusion rate into NOR using our
Markov state model methodology. The calculated
results will be compared with experiment and the
controlled NO dynamics in Dbacteria will be

understood in this context.
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