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BN DBTFELL, CZOFHEANT IO EYOBNRER, A PE/OCVEHRT2 o 855 8
DBREBRTEMDOBRVCE > THBETE S, gz, AFV> « TNV—OFEET CRIERDO A AT OE
VETTEELIEBEI N, UEOBRID, b MRIRICBITZ XA PAET OV EROBRIZRD &
SiICEBLEZLND,

(@ B3%),

\
\‘(a“ﬂ”)z/)
Eiz, APANESUEYBLAD, FHEANES 0 E YR EORBRNEBESHLTA bAESOEY
RISEEEH 2B, 2O 26, RMIFTO NADH F b 7 0 — 4 b RITER £ NADPH £ t~E
7oy BUERD, A MAESOCYBEANOERELHEL, A MES o0 BEE 2R~
NTHRET L7z,

(a,3+/33+)2 (a2+ﬂ2+)2

b MIRIIER, % bAES o by B, X EFREAE o
By

Key words

FERIE~Ea Y (LIT Hb LRET) HEr S
BSUERARTHD, BROEREELBEILL
TWBZriFkidashnTws, Z0@BEBTEMFE
Bz Dizid, Rk O Hb #5BITIREE (Fe ™ )
THDZeHBBHETHY, Hb L& T A + Hb(Fe
"IELT D LBRBEEEKS. HhiZ 4HOAL
ELOMNEBEY R 7ETHDY, BEELIZL-T
At HbWZE{LT 3, £ MRIMERTIE 1 BOBEEIIE
Hb D#2~4 % THB b3, Afkahic A b

B . A Fv~E70s %3 %Y Hb H2 013 (a2 %),,
(@ B3) S vy —end 7Y w N (a?837),, (a¥
L) N e A T Yy RE (a3 B2),, A A
E7OEYE AN HbHBEWIE(a¥ ), L R”T

Hb i, FRMERTD 2 P BETERICL>TRTY Hb i
B3,
FRIMBR I 1Z 2 FEEED X M BICEERENFELTEHY,

&2 NADH (Nicotineamide Adenine Dinucleotide,
NADH & % 3) & ) NADPH (Nicotineamide
Adenine Dinucleotide Phosphate, NADPH L#7)
FRBER L LT 229 §iEL, BETIE NADH 7+
70— A bBILERETH 22 LBHHLNICR - THEIY
#E %5 % (Embden - Meyerhof £ 8) THER s h b
NADH L #£%&L T A b Hb BIR % 1TV, RIIKTD A
b Hb O2BIEED 70 %A L % - T 59, &EL,
NADPH 7 S v v BEHR L LTSN TEY, L0
Bz L34 Hb OBTIRER 6 B RELIEVTY

Reduction of Methemoglobin in Human Red Cells. Masayoshi Ida, Department of
Biochemistry, Kanazawa University School of Medicine.
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f;=1.0+f§—(f,+fz) .......................................... (3)

ZI7T, f, 6, LikEhER, REtICBIT 52 Hb
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(BB B ZheDERTRT,
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¥y ¥

Fig. 1. Isoelectric focusing pattern of samples on
Ampholine polyacrylamide gel plates.  Gel
photographs relating to samples obtained at
intervals during methemoglobin reduction of red
cells in the absence of methylene blue.
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BRI & b T % ¥ Hb 2L 72,

213, 16 BRHIBICEER LU O S L« 25 4
Sy TR = THBH, A+ Hb £ A b Hb Mk
WZ(a® %)y, (& B%) 36T 3 2 DD — 7 iy
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IS DSE, FROERREETIRTS :,
&2, #%v Hb:19.9%, (a*F%),:21.6%, (a*
B7), 1 26.4%, A+ Hb:32.1%TH-1z,

ZDEIFET, B1OBRIZDWT A+ Hb, 2
t B hRS{E Hb, % ¥ > Hb OF &% 7L 7-05% |
ThH 3,

ZOZ ki, RIOBKPTO 2 b Hb OBTRISERD
FOWCEDILERLTVWS (K3).

kB, ZOHE, (@) NI (@™ %),k0 %
notz,

MetHb

] e

Fig. 2. Gel - scanning pattern of the samples at 16
hrs. The 16 hour incubated sample in Fig. 1 was
gel - scanned at 630 nm.
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Table 1. Fractions (%) of methemoglobin, (a3+82+)s, («2+83+)2 and
during methemoglobin reduction in nitrite-treated erythrocytes

methylene Blue.
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oxyhemoglobin
in the absence of

The gels shown in Fig. 1 were scanned and the fractions of hemo-

globin derivatives such as methemoglobin, (o*+8%*) 2, (¢** 83+) 2 and oxyhemoglobin

were estimated.

B () 0 4 8 10 16 20 24 28 32
A b~ Hb 89.0 75.4 56.9 53.7 32.1 19.4 10.6 11.3 5.9
(e37B2t)2 8.2 15.9 23.0 21.8 26.4 26.9 28.8 26.9 20.0
(a?tB3%) 2 2.8 7.6 16.1 17.2 21.6 20.1 11.4 12.0 10.0
4+ %3 Hb 0 1.1 4.0 7.3 19.9 33.6 49.2 49.8 64.1
NGHN @ ~Em
) ~ep— GO
60
3
@
T
MetHb Intermediate Hb HbO, « 40
° ™),
Fig.3. Schemes of methemoglobin reduction by : 2 *(°2+93+)]
the enzyme systems.
0 Q
4 8 12 16 20 24 28 32
Time(hour)
Fig. 4. Fractional changes in methemoglobin,

l4a)%%§ﬁ'€T MB%M; A b Hb BICEIGS, (@
£, [(aﬁ*ﬁ“)2 (a® %), ]&(af“ﬁ“)“@i?
ETT 5 LREL, MR, 2), OR1OE
EMITIYE2a—F—T¥aib—rL7z3bDTH
3,

ZOFEE, A b Hb, » L&k Hb, £ % Hb
DEEREFZOMBIZ XL Do Tz, 23 v Ea—
Y=z & B TRD T 2 DO R E EH ki, ki
£2. (1.138+0.038) X 10-*min~!, (0.802%0.030) X
0*min™' TH - 7z,

I x2Fve s FA—FEFTTO A Hb ELTKE

APV TN—FHETTA N Hh BERIGETTD &,
IOBE L RGBT RSV B 4 KD Ny F s
AooNn[ES5 1 &(=)EIL D, A~ Hb, (a®p%),

(a#p), BL UA %3 Hb THotz), B L & 0 12%

gL,
CORERE, RO L3N e AF v TR
T, Zheao Hb 04 Hb et 3 2 Ea s EHL -

intermediate hemoglobins, and oxyhemoglobin
during the reduction of methemoglobin in the
absence of methylene blue. The results in fig. 1
were analyzed by scanning at 630 nm and the
fractions of methemoglobin, intermediate hemo-
globins and oxyhemoglobin were plotted against
time. (@®): methemoglobin, (O): (& 8*"),+
(a®*8%*),, (O): oxyhemoglobin. The curves
drawn through the experimental points were
obtained by the computer analysis.

(£2).

ZORER, A b Hh BILRIGE 80 3 TIZIFHKT L,
AF U v T L—HREFE LR OLFEICEA A M Hb BT
RIEHZE L BEENTWAE I EHEIIE ST
$ 7z, 2RO A NEREE HD &, (22 82) .05
(a2 f%), & D A BIEEELL ZRODER® 5,
AFVTV—FETTH AN Hb BRRTIEE 312
RLfea—RAElroTHeEZLLNS, E0ICT
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A4
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Fig.5. Isoelectric focusing pattern of samples on
Ampholine polyacryamide gel plates. Gel photo-
graphs relating to samples obtained at intervals
during methemoglobin reduction of red cells in
the presence of methylene blue.

Table 2. Fractions (%) of methemoglobin, (a3+82%) 2, (a2+A3+) and

H

noDEE, K5 (a0, (o
£).) G ), 08 3R EE 2T, BeARE
R(1), 2), ERALI Y Ea—F—Toa Loy
Uk, £OfER, A & Hb, 258D A b Heb Rk gy
BLUF o Hb OEEBRIER, MHEESR) ¢
&7 (26).

100 - —1

°/s of Heme

[(u3+32+)2+(u2+83+)2]

0 b |
20 40 60 80
Time (min)

Fig.6. Fractional changes in methemogiobin,
intermediate hemoglobins, and oxyhemoglobin
during the reduction of methemoglobin in the
presence of methylene blue. The results in fig. 5
were analyzed by scanning at 630 nm and the
fractions of methemoglobin, intermediate hemo-
globins and oxyhemoglobin were plotted against
time. (@): methemoglobin, (O): (a**g%**),+
(a2 f%*),, (O): oxyhemoglobin. The curves
drawn through the experimental points were
obtained by the computer analysis.

oxyhemoglobin

during methemoglobin reduction in the nitrite-treated erythrocytes in the presence of
methylene Blue. After isoelectric focusing of the samples obtained during the redu-
ction of methemoglobin in the presence of methylene Blue, the gel plate was fixed
and was the scanned at 630nm. By this procedure the fractions of methemoglobin,
(e3+p2+) 3, (a2+£3+) 2 and oxyhemoglobin were estimated.

IS IC) 0 6 10 20 40 60 70 80
A+ Hb 85.5  77.3  63.8  47.1  26.8 0.5 1.3 0
(e3+82%) 2 9.4  16.6  26.2  35.1 32.9 203 175 5.7
(?+f3%) 2 4.9 5.7 7.8 13.3 15.4 7.0 5.4 3.2
4%y Hb 0.2 0.4 2.2 4.4 249 722 758 911
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NADH cytochrame by reductase
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Fig.7. Mechanism of methemoglobin reduction by
methemoglobin reducing systems.

o DERBRA R —~ROBRRIETHY, *»
b Hb &2 M EIfE Hb 288 T4 % ¥ Hb ki
EysEEZOND, ZOBEDORIGHEEEK kY,
Kok, &(37.4740.36) X 10-*min~!, (29.2940.27) X
103 min~ ' TH -7z,

* %=

t hFROERTIX, Embden - Meyerhof 3 & Pentose
phosphate 2D 2 DDRBRLHFEERLT, S Va—2A
RINsDRIGHRTRE &SNS, ROBKFD 2 b Hb B
ERGE, ZVI—ABFEELZVBFTRIFELAY
#TL AL (HHE, RER). SROERBEOL I IV
I-REETTA b Hb BRERIEHEL L5 2 L,
FIMERD A + Hb BIEKISH R B & U Pentose
phosphate M & HE L TWBA I L ERLTW3S (K
7).

Scott? Bz &k B &, FRIMBEMFETO A M Hb D&
TNT 252 b Hh BBEROHEE X, Embden -
Meyerhof #2 % % f|f ¢ 2 NADH » hBITER 2
73% T, Pentose phosphate [@#& % I3 %2 NADPH
A HbBITEZEN 6% THD L), TNHOHED
TOF FROMBIZH Tz 5% 61E, NADPH X + Hb
BUEEREEER, AFL v 7L —3EEE T T, NADH
AMHbBEBROH /12w 2tk b, —7A,
AFL e TN —OEINC & D ARIMERD 2 + Hb BITiE
HEAECREE N, ZRIEAFLY s TL—IC
& DFRIMERD Pentose phosphate [A1# 35K F RV ITIEE
ftxh, #0#EE Pentose phosphate BIEE & & L7
NADPH % + Hb BILERRZS RSB EI> 5L 51
Bolel:®ThHB, TEREMITHEEHL L LT, Pentose
phosphate EIRDRBERTHH 7L —RA-6-Y VBIK
REESRIBLIBE (LK G-6-PD KIBE) O

FRIERTIE, # b Hb IVELT | E I SRIBETH A
FL e T L—DBREZIRM LV ENRHITON B,
EXEORMBMOFEE, FERTRLLLIIZAFV
Ve TA—pV L kI RKELIRERT, KERIC
L oT, AF VT N—FHET k= (37.47+0.36) X
107*min~!, kj=(29.29+£0.27) X10-*min~']TD £ b
Hbh BTEMEE, A F Vv PA—FEET [ki=
(1.138+0.038) X 10~*min~!, k 5= (0.802%0.030) X
10-*min~ 1T LERTH 30 ERBEES N T3 T £ H3HH
S ote, ZOZEF, AFVY e TA—EFRO
PRIE, EEOFRMBRP TR 400 EBCd -T2
ZEERLTCOS, TN, BEWIC NADH ¥ h 7 o
— i b BTCEEESRIE Lz 2 b Hb MUEV D BHFIZ A
FLy e TN—nE523N03ZEnHBH, ITNRE
#L T3 NADPH »  Hb BTEERZEERLELT»
BT ETENE SR,

g, B1, 2@RLE& D, RMEkD 2 + Hb &
TSV LT 2 HEED A b EFREE Hb [(2%6%),,
(a®f3), ] ERE NS Z LSBTk oz, BRiIC
(a®* %), DV R (a® f*), £ D b BWCE SFEEL
7ehs, ZOZ e AN HbBREIZEWL a LD b B
#oA» NADH 8 LU NADPH » + Hb BTEERI
FoTBEINPTVILEERLTWS, #0HEEL
LT, CNoDEERDA ~ Hb ORKETFI5ET
BoFLIu—Lbbe AFLr e TN—DBEBRTE
A Hb D o $8, LD LEVLHTHE Z LFE
25 b [(B8#H=0.113v) 9> (o #=0.052v)'¥>
(FF270—0bs=0.02v)9>(AFL ¥ TN—=
0.011v)19], A H ™94, Bk L H ML %~
NADH # b 7 u—2 b BB & NADPH 77>
BEEEPAVTA M HbBETEHAN, 2O L2HELDIC
LTw3, BEa, BERTENS 8 #HE o oM
WHBTAINE (B[ V]=0.058)22 & 5 2 b Hb
BITEIETE, THEEEL L T(@® ), LhEELY
Vatzzn,

%5, BIEME NADH # 7 u—2 b B TEERE X
FEDBERMER T (¥ 62), & (¥ %), BRVBE
TEELTWA ZERHES MR T3, 2D
Eb (@™ 62),> (a® %), £ ) BHMEL D 3iL> T
5, ZOFRMERTIEA b Hb BILRSF EA LBV TY
ZLOT, ZhHOA Bk Hb i Hb O B BRI
WEoTELRADEEZON, ZOHEITHD O o $#
DOFRLELD IBEINPTOIEERLTYD,

72, (a®B%), (e f%),0 & 57 A Bk
Hb 138708 Hb[ (o %), & D & ERFEBIIMEL
2329, ZhiEvapH 3 Dahling Roughton 21820 L L
TEIBEMND L. Tabb, X MV Hb 8T 2220



800 H

THREENEAEL R LI bDTHE, DI L
25, A b Hb IUEDRMEROEE FEREEIL LB R
rEZONB. ZOBRE, ROROBBHRLEELHIC
ETFLTWw3 eEzoh, EENCITRETHS.
L# L, Versmold 524, iB{ZEM NADH 7 + 7 v —
2 b BIEBRKBEDBERMIRD 2,3 -YRAKTY
¥ ) > (BT Hb & L TERRE 2R 9) »1E
BWRINBROW 2 EHEET I EERLTED, A b Hb il
CETO A SRR Hb O8I0 & 2 AR INERES R AU
BRI R DEELTVWAZ EETRBL TS,

M.E,NADH # } 7 0 — 4 b B TEE#, NADPH £
N Hb BUERIC LD A + Hb BSFHFMERICBWTED &
HIRBTLENE BRI, RIGHO 2 - Hb, X b
HhRE Hb, A %Y Hb OFEBE I v Ea—F —it &
BHRMEE J—BLTBY, WHYd—RERRE
TETTB BT R 0T, £z, AFL e
TL—DEFEETTHIEFLETTH, ki & kDA H Z
DERBNWIELS [AFL Y Th—(+) ki=
(37.47£0.36) X 10™3min~?, k% = (29.29+0.27) x10-3
min!; AFL e N—(—) I ki=(1.138%£0.038) X
10~°*min~!, kj = (0.802:0.030) X 10~3min~!], # + Hb
A MEIRREE Hb ORI EE L LTORIGHICH %
DENEVWEEZONS,

S, Zhen A b Hb BILRVEL OFEBIZBWT
EDXI @0 2FLIRNT24END B LED
s,

# B

bt FRMERFTB I 5 4 Hh BTRIG 24 HN&
#T (37°C, pH7.4) KBWTHEN, ZORIEOE
PYERS NVEBESBRIKENEE AW TOHTL L.

1. t FRMMBRFDO X Hbid, 2F Ve n—0
b5, 2BED A B P& Hb [(o8
L)z (¥ f%),] 2R TCA Y Hb KB E NI,

2. AFVvy e TN—DFEIrPDLLY, 2HEE
D 4 B Hb OBMBIFRIZE I (o 82) D H
(@*63), &0 b %o, Th o0 BHBEHE RN
CHANRICEEERZHEL. 20 &5 % BHIEHR
BEMCRTEMIC L > THBES NS,

3. AFVITN—FETTEA + Hb BRKGIX
ELCETLI. ZO{E#IL, Pentose phosphate [A]
L1 L7 NADPH 2 b Hb BEBERRMNIEEI S
N3ZEickdeEZoN, FRIMERDTIEZH 400 75
HEENTHBLHEEEN S,

# [
BERDCHD, HHIEY, ABRMESE-> 7, KIUREHK

BICREOHBEERL £ 7. &7, KPR EET+ 30510
ST, @BREEC:RKERRMEEL D, B4
FHEEEMICELEILAL BT,

51T, RISOBBFTICIRL, BELHE, Mnhs
Hu/e, AFIEPE, TERRICEI RSO L

X [

1) Bodansky, O.: Methemoglobinemia ang
methemoglobin - producing compounds. Pharma.
col. Rev., 3, 144 - 196 (1951).

2) Scott. E. M. & Hoskins, D. D.: Hereditary
methemoglobinemia in Alaska Eskimos ang
Indians. Blood, 13, 795 - 802 (1958).

3) Kiese, M.: Die Reduktion des Hamiglobins,
Biochem. Z., 316, 264 - 294 (1944).

4) Sugita, Y., Nomura, S. & Yoneyama, Y.:
Purification of reduced pyridine nucleotide de.
hydrogenase from human erythrocytes and methe-
moglobin reduction by the enzyme. J. Biol. Chem,,
246, 6076 - 5078 (1971).

5) Passon, P. G. & Hultquist, D. E.: Soluble
cytochrome bs reductase from human erythrocytes.
Biochim. Biophys. Acta., 275, 62 - 73 (1972(.

6) Scott, E. M., Duncan, I. MW. & Ekstrand,
V.: The reduced pyridine nucleotide dehydro-
genase of human erythrocytes. J. Biol. Chem., 240,
481 - 4 (1965).

7) Yubisui, T., Matsuki, T. Tanishima, K,
Takeshita, M. & Yoneyama, Y.: NADPH flavin
reductase in human erythrocytes and the reduction
of methemoglobin through flavin by the enzyme.
Biochem. Biophys. Res. Commun., 74, 1469 - 1474
(1977).

8) Gibson, Q. H.: Reduction of methaemoglobin
in red blood cells and studies on cause of idiopathic
methaemoglobinaemia. Biochem. J., 42, 13-23
(1948).

9) Huennekens, M. E., Kerwar, G. K. & Kajita,
A.: Hereditary disorders of erythrocyte metabo-
lism. (Beutler, E. ed) p.87 - 101, Grune and Stratton,
New York, 1969.

10) Bunn, H. F. & Drysdale, J. W.: The separa-
tion of partially oxidized hemoglobins. Biochim.
Biphys. Acta., 229, 51 - 57 (1971).

11) Huisman, T. H. : Studies on the heterogeneity
of hemoglobin. Arch. Biochem., 113, 427 - 434 (1966).
12) Tomoda, A., Takeshita, M. & Yoneyama, Y.
Characterization of intermediate hemoglobin




E FIRIIERKD 2 F~E 7 0 B VBT 801

produced  during methemoglobin reduction by
ascorbic acid. J. Biol. Chem., 253, 7415 - 7419 (1978).
13) Tomoda, A., Yubisui, T., Tsuji, A. &
Yoneyama, Y.: Kinetic studies on methemoglobin
reduction by human red cell NADH cytochrome bs
reductase. J. Biol. Chfm,, 254, 3119 - 3123 (1979).
14) Tomoda, A., Yubisui, T., Tsuji, A. &
Yoneyama, Y.: Changes in intermediate haemo-
globins during methemoglobin reduction by
NADPH flavin reductase. Biochem. J., 179, 227 -
231 (1979).

15) Metzler, C. M. Technical Report no. 7292/69/
7292/005, Upjohn, Kalamazoo.

16) Rosen, P. J., Johnson, C., McGehee, W. G. &
Beutler, E.: Failure of methylene blue treatment
in toxic methemoglobinemia. Ann. Intern. Med., 75,
83 - 86 (1971).

17) Secott, E. M.: The relation of diaphorase of
human erythrocytes to inheritance of methemo-
globinemia. J. Clin. Invest., 39, 1176 - 1179 (1960).
18) Banerjee, R. & Cassoly, R.: Preparation and
properties of the isolated alpha and beta chains of
human hemoglobin in the ferric state. J. Mol. Biol,,
49, 337 - 349 (1969).

19) Velick, S. F. & Strittmatter, P.: The oxida-
tion - reduction stoichiometry and potential of
microsomal cytochrome. J. Biol. Chem., 221, 265 -
275 (1956).

20) Ball, E. G.: Studies on oxidation reduction.

Reduction of Methemoglobin in Human Red Cells

J. Biol. Chem., 118, 219 - 239 (1973).

21) Tomoda, A., Tsuji, A., Matsukawa, S.,
Takeshita, M. & Yoneyama, Y.: Mechanism of
methemoglobin reduction by ascorbic acid under
anaerobic conditions. J. Biol. Chem., 253, 7420 -
7423 (1978).

22) Tomoda, A., Imoto, M., Hirano, M. &
Yoneyama, Y.: Analysis of met-form haemo-
globins in human erythrocytes of normal adults and
of a patient with hereditary methaemoglobinaemia
due to deficiency of NADH - cytochrome bs reduc-
tase. Biochem. J., 505 - 507 (1979).

23) Nagai, K. : The effect of ferric ligands on the
oxygen affinity of the ferrous subunits in valency
hybrid haemoglobins. J. Mol. Biol, 111, 41-53
(1977).

24) Darling, R. C. & Roughton, F. J. W.: The
effect of methemoglobin on the equilibrium
between oxygen and hemoglobin. Am. J. Physiol.,
137, 56 - 68 (1942).

25) Versmold, H., Hohne, E., Riegel, K., Betke,
K. & Kleihauer, E. : Oxygen carrying functions of
blood in hereditary methemoglobinemia: Ambi-
valent effects of 2, 3 - diphosphoglycerate. p 171 -
174. In E. Gerlach, K. Moser, E. Deutsch & W.
Wilmanns (ed.), Erythrocytes,” Thrombocytes,
Leukocytes, Georg Thieme Publishers, Stuttgart,
1973.

Masayoshi Ida, Department of Bio-

chemistry, School of Medicine, Kanazawa University, Kanazawa, 920 — J. Juzen Med. Soc., 91,

794802 (1982)

Key words: Human red cell, Methemoglobin, Methemoglobin reduction,
Intermediate hemoglobin.

Abstract
The reduction of methemoglobin in the nitrite treated human red cells was studied in the

presence or absence of methylene blue under the physiological conditions (pH 7.4, 37°0).
It was found that the two intermediate hemoglobins such as (a2*8**), and (a®*B?*), were

produced during the reduction of methemoglobin, by using the isoelectric focusing electro-

phoresis on Ampholine polyacrylamide gel plates. Regardless of the presence or absence of
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methylene blue, the contents of (¢ 52"

)2 were always greater than those of (o**$*"), during the
reduction. In the presence of methylene blue, the reduction of methemoglobin in the cells were
cbnsiderably accelerated. The differences in the contents of the intermediate hemoglobins were
explained by the differences in redox potentials of @ and f chains in methemoglobin. From these
results, the course of methemoglobin reduction in human red cells was suggested as follows;

('),

@), (67",

(@),
The actual contribution of methemoglobin reducing systems including NADH cytochrome bs
reductase and NADPH methemoglobin reductase was estimated by the comparison of the re-
action rate constants of methemoglobin reduction. On the basis of these results, the mechanism

of methemoglobin reduction in human red cells was discussed.




