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Proton coupled electron transfer on copper-containing nitrite reductase
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[Abstract] The details of enzyme reaction on copper-containing nitrite reductase including
the inter- and intra-electron transfer and protonation of catalytic residues were investigated by
using ONIOM calculation. The unoccupied d orbital of Cu T1 site was lowered to f-LUMO
by the nitrite binding to the resting state of CuNiR. Adding the electron to the nitrite binding
state decreased the spin density of Cu T1 site, while the spin density of the resting state was
not changed. The electron transfer from T1 to T2 Cu sites was induced by the protonation of
the hydrogen bond network composed by two catalytic residues and a water molecule. We
concluded that the inter-electron transfer follows the nitrite binding, and the protonation of
two catalytic residues induces the intra-electron transfer from T1 to T2 Cu sites.
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QM/MM model 1Z T1, T2 Cu¥ A FBIW122 D7 2/ ERFREL L 16 OFESAKD D
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[#5 8 « &22] resting REE[TICU(IN)-T2Cu(11)-H,0 Asp98-COO°H His244N°] (LARE
Structrure 1(0x)) 35 J ONHE filf 8 & &k f8 [T1Cu(11)-T2Cu(I1)-NO,” Asp98-COO°H
His244N°®] (Structure 11(Ox)) (Z31F HiICFENM % Table 1 (2”77, HEAHEERS G IRAE

(Structure 11(Ox)) Tix e OEIGITEVEITLEMDBRKE S ET D, EDeizBNTH
resting JIRHE (Structure 1(Ox)) D7 MEITLEMITR XV, HAEEAEAIREE (Structure
11(0x)) TiZ B-LUMO % CuT1 ¥ k@ dorbital % 5 A TV 2 A3, resting K EE (Structure
I(Ox)) TiL CuTl ¥ A K dorbital DG IX EHFOHGEDHIEE D, FEE L7z HaglE
DIBTCIZIE 2 DO EL Asp98 & His244 D7 1 % AMAeB IO Cu T2 41 M=
WREETHDH 2 ENEETH D Z & &R DFT FHEICBWCEE L7 2, resting :REE

(Structure 1(Ox)) . HERYEAFEAVIRAE (Structure 11(0X)) (IZBWCEFZ2 — 2065
ZTZMRBETIZ Cu T2 A R OBHROAE UVEEIZELIZR SN &2v6, Cu T2
YA FA~OBETBIHNIAON2WNWEEZX LD, L, AspI8 & His244, Z DT
FIET DK CTHERR T D KFREA Ry NV —7 127 a ho 2T 2 81280,
CuT2 A MZETHEBEITLZ ERbroTz, T OIRRE[TICU(I)-T2CuU(1)-NOy
Asp98-COO°H His244N°H*] (Structure 111(Red)) Ti% HOMO, LUMO J&381Z Cu T2 #
A b dorbital BLUENEF E D, —H. FEICT T Nz L 7RRE TILESTEAM A
INE L EA ORI
L<RDHI LD 2 Table 1. Reduction potentials[ V] for the structures L, I and III.
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