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Nitrite reductase activities of heme proteins and their biological significances
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[ ABSTRACT]
such as hemoglobin (Hb) , myoglobin (Mb) , cytochrome C ( CytC) , neuroglobin (Ngb) and cytoglobin (Cgb), exhibit
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Heme proteins play vital roles in biological systems.  In hypoxia conditions, a series of heme proteins,
nitrite reductase ( NIR) activities, by catalyzing the reduction of NO; to NO, which is complementary to the pathway of NO
generation via the oxidation of L-Arg in normoxia conditions. It showed that the protein conformation, the heme coordina-
tion state, intramolecular disulfide bond, and H-bond network may regulate the NIR activity, which was also affected by
microenvironment, such as the concentration of NO, and pH values.  This review compared the NIR activities of different
heme proteins and discussed their biological significances, especially for the important role of the nitrate-nitrite-nitric oxide

(NO;-NO,-NO) pathway in mediating the homeostasis of cardiovascular system.
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[mol/(L-s)] T

Hb( T-state) 0.12 25  Huang 215
Hb( T-state ) 0.2 37 Gladwin 250
Hb( R-state) 6 25  Huang 2"
Hb( R-state) 12 37 Gladwin 216
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Figure 1. Nitrite reductase activity of myoglobin

LEPFIE R Lu 2O A BA RS A Mb 44
BT 4/ Cu Fl Fe 254G 4755, i it CCO Al
NOR Zr PRI 20 AE IR b ARSI 5 T
Cu 0 X Mb (1 NIR Ak 5 2 52 0, 45 5 & 80,
Cu™ P25 AT DL o LA b ) i i 238 %8 /0 3 % L)
X R AREE CCO 30 NIR AL R4 AL T
FEMER Y, BAh, AT Mb EAER, iE
BT TR AL ey, RO I 2T 28 0 ANAR | FE
BLLT R AR T Cu® 45 A7 4 (R1ISH Mb
FIR118M Mb) . BFREARIL, A B LLZR Fe®* s
FHTAI Y Cu® O R EAT NIR L6, AT
ST W —E A S FEA AR SRR
EP'[L‘[SI] .

5 Hb 1 Mb —#¥,Ngb FI Cgb )& F il 21 KBk
1 (Globins ) ZE A AL 51, AT ZABLY) = 4k 5[]
2Ry, SRIMANTR] Y /2, Ngb Fil Ceb 27 H AT X2 & iR
ez A9 I £T R oL 254, i LR B A — AN
P R 739K Cysd6-Cys55 il Cys38-Cys832%!
W58 KB, Ngb F1 Cgb 43T N it i 1) S Ak 38 SR
ASRENS A 45 1M 21 2 v o0 (0 TE A5 25 4, 1 i A 4
NIR #EAL IS, 1140, Neb 4% 7 h — B B8 15 W]
W NIR LTSGR R 20 2 5" 51 Ngb 43 8
P RS TR NIR AL 2 50 502 T2
& I, Cab JE 4> F N B S A R 4540 H AT
A SCHERIRTE . el , F A3 s 78 Mb 43 F HiA
AL Cgb F Y5> F N B, I i S AR A
AT TUESEP ) B R, RAEKREH V21C/
V66C Mb JE 5 F N Bk e , H NIR L6 2y
& WT Mb iy 2.4 f5 (3£ 1) i#b—PIESE Tor N =
TSR R A

BRIt 2 A, — S FLAd A [R) D) il A9 1 41 2 8
BB SR E A NIR fifLiG e, filan, 2013 424 5
FAF R A Z 2 A AN TR AT TR AL A 1, 55 — R AF
FEUESE s NS AT S IR I U B (soluble guanylate
cyclase,sGC) fEN NO f£)8%4% , [A]I I8 B A NIR fifk
DIRE (£ 1), NTiE /R 13X — 5 %2 i 21 K 8K 1 19 3L
AW IRES 2016 4F, Carballal 45120 fF 5% %
B, NUE A Bk B-5 BT ( cystathionine B-synthase,
CBS) , —FhiA AL 7= H,S SR 2 5HAVE
FERRAC I LR M, R P NIR LIS R (K1)
BT, Lim 2527 WF 58 & 80, A TR WE R 2, 3-XUHn 48
fif# (indoleamine 2 ,3-Dioxygenase 1,1DO-1) TEH AR
B ALl L-Trp A AL Wi7EZ RS T, 3
H NIR fEfLTfg, g5 Mb 2R I(£ 1) .



CN 43-1262/R " [E s fikalifb 24 it 2020 455 28 %55 12 4 1023

2 THERHEREREENFEN

IEWGE K, NO VBN AR S Tk
Yk R EEZENEN ., TEZ 28RS T, EWiRN
fE5E I H eNOS 1L 51k L-Arg 7242 NO B3 52
FPPH], BLBT NO FEZRIE T NO, Mk (K 2),
AL R E A HA AR LR 1),
HA AL 3 0 2 24P NOS BRI LA K pH HIS2 IR
(FE1A) , R, AL XA N NO 1A 5L
FTHRAN A, Kim-Shapiro 281 84 % — 26 1ff 21 % &
FEVRPIEIL NO; A2 B NO Y R B 17 T A3,
I, Hb 7£ 50% 0, .0. 01 mol/L IML4L. % 100 nmol/L
NO; .pH6. 5 B, A= NO Fs %A1 8 nmol/ (L - s)
T4 TR H NO; 3G e B (A5 1 IR B = SR 0 B 25 4%
AEREE NOS 5 #7049 NAR BEVEF T
AR NO; , B 2, 47 1), NO A9 A= i e 2R 1] i 3k 80
nmol/ (L« s), MOMHLIE 1% ZHARETF, 4

Traditional e
NOS-derived —R(NO) +citrulling

NO pathway: \ L-Arg+0)

Normoxic state

Hypoxic state

XO/eNOS ceruloplasmin
NOp -~ MO ||(NO -~ ®Op

30% Mb H4AbF R AECRAS | LR NO B AL Bl R 24
10 nmol/ (L - s) , [AIAREA G A W

T SR A TELL AR A ™ A2 1) NO 23R PR
PGS Hb Bl , A= AR Hb FIRS FR AR 251
(NO+0,-HbFe®*—HbFe® +NO; , K 2, ) . H1T NO
FETERI TR T (1 ps) , BRI BE S 25/ T 0. 1
wm , LT 4R P T = AR 1 NO U ek 25
YA 5 55— P 42 AT RE R A At 2 AL Y 43
N,O, Jo#k B2 40 e, T AT NO Y A= 9 2= 1) e
(B2, 22) , Bl nl US0 i /NG G 75 AL 250 5
MLLTZ0HE A9 Hb A O LR Mb AR 298
300 wmol/L, H: /™ A= ) NO £ 7E i B} ] G K 3k 70
ws, HOE B IE B A0 0.3 wm , 76738 WLAR i rh
TR E K R, B Mb 4k 4214 NO 1]
DLYES Zobr (A0 W AR 0o I T | St ot P9 3 0k
FEH AN BRI E T, DA 28 5 1 40T 380l 8
gK%[lS»lQ,SS] R

Food/excreted
«* from plasma

1L

Oral bacterial
nitrate reductase

« smooth

muscle
cells

endothelial
cells

deoxy-
Hb l\'1&1emoglobin

Ik t-
Ei@naerwfglobin

B 2. WEH-THBEHS-—SLAERRONERGF—SXENFEEDERUIEED

Figure 2. The nitrate-nitrite-NO pathway and simplified nitrite chemical biology in the vasculature ™
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