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D(AF~ELBEY, A MHb) i3, bIEPEELE
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54 +Hbik, 2Hb O¥%BETHILEELONT
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MA@l Tc0a" ERoExHREEF. 1) 7R
CaAE VB BREOLYF A4 o EOBSTYE I &
BIEERNIEITRE . 2) NADH R f, NADPH (k%
o2 rHb BrBRRTH 2. EHRMOKAT
iz, NADH- (&% 4 + Hb BTERH, Eio 2 b
Hb O BILAITIE » TV 305, & OREENS, BEMNIIR
187 5 # b Hb IMfE 45, Gibson 5K 8. Scott 5%
k- THEsN, COBFER, BEEICH-
7. Hultquist & Passon® J tf Sugita 5% & »
T.NADH- # + s osabs BBETH 2 T L A
Shicans. —%, NADPH (kiEtE # r EnBETE,
He0BED S, EEKRMERPTIR, »  HbBic R
THRERDEWEZEZ ShTVWA. LhL, Lok
3, #iEE A b Hb MAEDIEAIIE, & OBEFEH, £
F Hb O&%, RESE BVLAITHW, o, 207
AL, BECET>VWTVWEDT, 20EEESRR
RKThad. ek, B, » +r Hb BrLoHES
=, NADPH ik FHERERDS, REMMBETHZ 75 &
YTRARERENZ L, RUY, TOBRICLS 2
FHb 0 #EEh, 75 viRMTLEanB T &
ZROHLY, CoBEN, 750 v BRiEKEE-T
WAIEEBASHIZLEY, KBFET Ik, NADPH- &
FHhEEL, SHECKEEL, zotB2HorcT
BLLbic, ABFRICLB 2 » Hb 0B Ruc
g 37505 Ic>WTHShICT B E
2BEHE L THEEM#ED .

EBRHMLFE
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0. SesriniE

SIOLERIRIE IR, B 124 BE B4R, Ry,
2=z SMA] BB RREHERHOTIT -1

II. BREHORIE

a) 75 vExiEkR, 75 £ v (FMN, FAD £1-
&, riboflavin) #BFEFGEL LT, TEOKIEH
T - Y B 2.0 nl o RS, 50mM ) ¥
Beidim (pH4.8 /212, 7.5), 100uM 7 5 &
v, 100uM NADPH, ImM EDTA %0z, &#%ic, &
YROBREMA TREEMBE L. RIGE, BE
FET Tk, 340nm TD NADPH 2 & 2 BHAED B
DEEE, o, MERRETIE, 340nm TOBLE
DY, £1701d, 75 vig & 3, 445nm % k-
3, 40nm TOWMNEOR/LEELEH L TRAEL
<.

b) » + Hb BmiE#id, 576nm TOWNEEOHE
m, 713, 630nm TOBRAKEOH/DEEBHL Y. K
N 2.0 mlicid, 50mM ) v EREE E (pHT.0).
100uM NAD(P)H, 100uM FMN, (% 713, b EFiE
#E), 50uM # + Hb, ImM EDTA &%, Rikic
BUBOMREMA TRISE MBS S,

Qv 7T & 5 - ¥ &\ ¥ . 2.6
Dichlorophenolindophenol (DCIP) # & FZ &k &
LCRIEL 2% BUS#E 2.0 midhic, 50mM Y v Bt
# (pH7.5). 100uM NAD(P)H, 75u4M DCIP, 1mM
EDTA #&%4., Bi%lc, BREMA TRIE£HEBS
. 600nm T DCIP O BLEDORDEREL 2.
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V. BEXHKE

RYTIZY LT KRy LVELRKE (PAGE)
i, Orstein'® Ber, Davis'"" o FE - THE -
fo. £1o, WkEIHR. BESRIEMER. Kaplan & Beutler'?
o FEi WV, 3- (4, 5-dimethyl-2-thiazolyl) -
9, 5-diphenyl-2H-tetrazolium bromide (MTT) %
BRETZEGKELCHRELL. FBSEEKY
ix. Svesson'® @ Kt - TFT 78 » 7. Carrier
ampholine &, pH fiFlM», 6 ~90s02HV, &
BBEN, K1 BIBBLSCMA. KFETE,
EEBEAREORY &, BROZE/DLDBIZ, 7'
) VL PBRENR, 0~30 %AV TITEL, &
E{bHFE LT 512, 0.2mM Dithiothreitol (DTT)
A FEEBIUKENL, 40 ~ A BERITIS - 72

V. 2FRORIE

BEOSTERE, » V8 E. R U, sodium
dodecyl sulfate (SDS) # & PAGE H:ic & » THRIE
L. # v @& @& &, Sephadex G-75. £ %«
i, Ultrogel AcA 54 # T, Andrews'® @ Fik
-T2, ¥V h 54 (2.8 % 8cm) i, F
L, 50mM ) v B (pH7.5, ImM EDTA,
0.ImM DTT 2 &€) TEM{LL ., BR%E, Hiuc,
ok, STEHMOBENEL L bz, YLrikb%
770 - 7=. SDS-PAGE i3, Weber & Osborn's o &
B, YVBEL%E13. 102 TELKEIET
Lot FFREMOMEL LT, vv0HF oD
Lc(12,400), 7 ¥5 3 x7ay (17,800 ), &R
Y RNMTIFEF-3- Y VB KSEBESE( 36.000 ),

Brr7 ey (46.000), v omiEy LT s v

(68.000) =MW,

VI. BeZo Rm®,

EFEe blgEE, £3F (3,000 @) & 0L, miE,
BIMERS &2 BFE L%, S 512,00 2 EBaEAT
3 EBERS B LEHRMER 1 At L, 3EOA ImM
XNWAT by - (MSH) 0z, e, AMms
5. 30 4tk BMKD pH % 8T, 6.4~6.51c
WEL, FONEL, B2L0BRETS. LBEIES
i2, NaOH TdhfiL, 2 hiz, 1.58® ImM MSH %
MARRT 2. Chz, FL», M) v BEHRE
(pH7.0. ImM-MSH % &) THE&L L = diethyl
aminoethyl (DEAE) # v o — 245 4 (6§ x 30cm)
winld, BRARESY, Hb 28 . /Al 415
LEWmNEZE, IMMMSH 2486 5mM v v BIEH
#w (pH7.0)' T, #5 2icB-TWA Hb 2 Hka#
WEEWRLA S &, 100mM ) v BE&HE (pHT.0.
0.ImM DTT 2#&8) T, BEXBHLEL. SEish
REBHEDS S, BREROBVESEEYD, BES
BTV, BFIEE, 40 %~ 10 0B itilis 5 &
SEED. BHEBE, BVEO S0mM Y v EBE
#i#® (pHT.5, ImM EDTA, 0.1mM DTT % &%) i<
&> L, Ultrogel #5 4 (5 x 85cm) kehit 3. B
Fid, BLEBEHRTAKNL, BlEoBOESEED,
FLEEE. RILEETT0EYT. 2BEHO Y Vil
BE, EFEELITHY, BET 2 NADH- &
U. NADPH- v 7+ 5 - ¥4 8T 2. DL«
NADPH- ¢ 7+ 5 — ¥HE4 %, B, bh&T, @ME

®1. BEOZLH

Fractions Total = Protein Specifii:b) Yield

activity (g) activity (%)

1 Hemolysates 380 4070 0.093 100
2 DEAE-cellulose 116 46.3 2.51 30.5
3 Ultrogel AcA 54 73.6 10.7 6.88 19.4
4 DE-32 65.5 8.2 8.0 17.2
5 (NH,);SO,, (40-70%) 63.0 4.3 14.7 16.6
6 Ultrogel AcA 54 58.1 2.63 24.6 15.3
7 CM-32 16.2 0. 055 296 4.3
8 Ultrogel AcA 54 11.8 0.035 333 3.1
9 Electrofocusing 6.03 0.021 281.7 1.6

a) Total activity; & moles hemoglobin reduced/min.
b) Specific activity; #moles hemoglobin reduced/min./mg.
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9Q0cm) KM 5. 15 4%, RILBEERTHEI L. &
LEEIR, 2THATLE L. BRiEG. ) VBREFR
®, 10mM 4 5 100mM (pH6.8 ) DEEHEZH VT
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75V BRBREEEAEL T, BRESETED,
Bk, REiEBH L, carrier ampholine &< 7o
iz, Ultrogel 75 ATHABBETRV, BHRERE
8.
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BOERREERIE L /o SR, B MPF-4 33k
EaEREHEAVTREL .
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ShTHB.

I. BuBEROHE

1) B R -~y b -8B, 278nm RN
K. 283nm i BART D, AR, £ <R
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2) 7 EVER-BURRO7 S v ERE HY
SETRIE L4, BED 5% TCA EiEICIE, FRA
EHFBEADSNT, HELE, BRI.2T x 10° 2y
D, FMN 1 AL FLA  HBEL, 75 VAR
3. 0ThHsEEZ OB (NI).

3) BEOATER-BFRONTERE, »VikE, kU
SDS-PAGE 7, 2.1 ~2.2 FE#EEL.

4) BFRAK-BUBROETZRKISVLVT.E
ZDYBEIOVWTHANLERE, H21RLE. KK
MEDYL, 75 v0DaH, PRI EFEZEL
ehS, A P Hb®, 5 b oo 6878 E FRA & OMIEN,
BTFZRELNLOEBHEL-1. ATBETIZ, DCIP,
AFULYT—1EN, BRICEFEZELL.
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BrEticwd 2 pH oE%E R4wrli.75¢€
vBUTEROEBPH 3 4.8 TH - /2. DCIP & i
Hit, BERITHED - 25, pHE LIT T, EBEN
B, BENKRETLIOT, @FIZ. pHT.H T
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3. RuUBRO7SEVER
BigR- FMN, E8-B %0 5% TCA, LiF, A&
ERO /10 27—,

HIEL .

6) NADPH- 7 5 &£ v BuiEM-BRIc L 27 5 &
v <&, NADPH o B{t @ o YRk EsFH <7z, v v~
WIEOEZEI BRE 75 €& BIEIC., NADPH
EAN BRLTQ #2(99.05%~)94+0.95%
Tyv) LBBLEOL, MAEEAL TRIGE RS
EE, 27 pAEEREL 2. 333nm £
2. 340nm T NADPH 0% 1t% . 445nm <., FMN
FbEMEL /2. £ 3 1C/RT &5 1c NADPH o B (L&
L, FMNoBITREG. EY 1 : 1 TH-12. 5,
FMN 0 B0 &t i R0 . B%ED. NADPH Kk

)
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3 d
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pH

K4, BEREHICEZ 2 pHopR
E&-NADPH- 7 5 & v@riEn
HH#-NADPH- U7+ 5 — ©iEiE
O, A-v b L — b= vEBHEEIK
®. A-) UEEESK

£2. BUBROBTEERERN

Electron acceptors Concentration (#M) A340nm/min x5
None — 0
FMN 50 0.080
FAD 50 0.036
Riboflavin 50 0. 056
GSSG 50 0.0012
Menadione 50 0.003
Hemin 50 0. 001
Methylene blue 50 0.124
2, 6-Dichlorophenolindophenol 50 0.718
Ferricyanide 50 0. 006

A340nm/ min= 0 : Methemoglobin, Cytochromes bs,¢c and P-450, Biopterin, Ferredoxin,
Adrenodoxin, Pyridoxal-5’-phosphate and its derivatives.
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¥, FMN riboflavin, FAD icd 3 1~z ) R EH
i, ghzh, 2uM 50uM. 50uM, $0uM TH 1.

1) B oRdEoEIHTAHR-77 £ v BT
EHICEA 2B/ RZoRB B~ BRE2E "
AL, 753 v QRBETHET7F TV v, o7
¥y, 72U /-, 0.5mM TEWEEERL
1. & /-, bathocuproine  sulfonate, diethyl
dithiocarbamate S & D+ L — FH T, FFWIAE,
o, HESL(ADONT, F7-, %, WEH<
BETAILEMHOATWS V7 v THE HENR

%

HoNhoto, &6, ¥, WAA 43RGk
MATHEEALB RS AT, &L AR 4+ > ClE,
Ronf:. Thoniiy, BRC, %, Ao
BA4HBEELT, BclMELTVWA LW T
HEEETL60TH 5. EOEDO SHEIEAT 2
LA HE S5 h T W 3 Nethylmaleimide,
monoiodoacetate i3, ImM T, &< AEEFsn
- 7o H5, p-chloromercuribenzoate, HgCl, iz,
107°M THWEESRL, SH B, fohofT, &
HIEEELTHWAIEERELTVWS. £BA4v0

£3. BEICLBNADPH- 7 5 £ v BLRIEO Y B HRIE

NADPH FMN NADPH FMN NADPH
Experiment ad(ded added Time oxidized reduced —@(—%‘%
“M) (#M) (nmoles) (nmoles) reduced
1 74 51 40 min 21.8 16.0 1.36
2 142 154 150 min 116.6 88.0 1.30
3 66 58 65 min 17.6 10.7 1.04
£4 75 VBREHELA 2B EEOHE
Addition Concetration Relative activity
None - 100 %
Atebrin 0.5 80
Proflavin hemisulféte 0.5 42
Acrinol 0.5 45
Bathocuproine sulfonate 0.5 20.3
o-Phenanthroline 0.5 40.6
8-Hydroxyquinoline 0.5 77
Diethyldithiocarbamate 0.5 120.3
Catalase (500 units) 97.1
Superoxide dismutase (27 units) 54.3
Potassium cyanide 1.0 119
PCMB 0.01 34.8
HgCl, 0.01 14.3
N-Ethylmaleimide 1.0 100
Monoiodoacetate 1.0 110
Inositolhexaphosphate 1.0 111
2, 3-Diphosphoglycerate 1.0 65.7
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5%, Fe™, Fe® Mg, Co™ Mn", Ca™ 1. iEtkic s
2 EALD - 12h, Cu™ Zn™ Se*t Se0:™ &, §5VHE
ZERLI.

§) » b Hb O BEE-BRIL L5 2 + Hb D&L%E,
BAEETTAELRL, BblRT &, BFlnE
REBEELEVE BRE.2< 4 P Hb 2EBLEL
(control). L# L. FMN, riboflavin % 50uM
25&, Emohlca b Hb s@xxxh, FADTSH, Rl
—EOHPHSOEET, » tHb MBSOl 2 F UL
v7u—id, HE(0.5uM) T, 75 £ v LERED,
ArHbOBIREGL ST EMHKS.
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6. BRicks s+ HbEL
a) control, b) FMN 50uM c) riboflavin
50uM,d) FAD  50uM, e) methylene blue
0.54M,

it. Scott S"MDHELIK, FEOHEETH S N E A
b Hb O BriEsgguntsic, 8% DCIP 0&ET. o
¥, UTH - EiENL, BELLTHAESED S
TR, Fh, COBEER, 2FLVYITV-—FETF
THEPPE A P Hb BxiEHERT LM N
RO Lok, BRENAL VL OBRE, B
BREDBONLTVWE VS RHARLEELELEE, £
AREHBLLEShEb 7o e 3, &, » » Hb BT
AWgduc, EEMHETEZ 75 E VY, VbW
[NADPH- # + Hb BrE#] 2 TELY, 55,
A+ Hb BrAREET s L2 RBVWHLE. T07 35
EvOMRIZ, LirL, NADH- # b 2 o 4 bs Bl
TR, 2 Ronuh -1 BUBROETZRKE
LT, HHEORRYBEIC>WTHENKBO TR,
75 PR HRICETFE2ERTA 601, Bo
MoTWEWL, £/, LOBEILLEI 7S VB,
EHALT 26 0RMTOMERI LAY, Rblolih
St BHBROTSE EHTA I Ay RER
ix. FMN, riboflavin € 50uM, FAD T 90uM & » &
DAREVWY. L L, b bRIBkPOBEE 7 5 £V BE
i, BEIELED (W1eM) 0T, EFKETE,
COBERESBELTVWEVWEELI NS, OB
Fiewds7s5evopRicoLTtoMBESREELT
i, 75 Uh, COBRCBR(EALT, WhWb
BRADFHEE LTERT A0 EIDEVWITE, HD
Wi, TOBERM, K, 75 EBALLEBE
TH B, BRdc, BREHck-T, 75278
BELELOTREWALLWI TENEZLNDE. IO
foo  BEROLE/HAE LT, FMN, EDTA, NADPH),
MSH, DTT 5 &%, MATHELTE -, WTh
DBAL, 75 VEEERNVEENESNL. BE
T 2758 v OEAE, EbHTHE, 758 Y
L, BB v s R— LT, ¥YLEBTESI,
BYRERI, 73 vEBREMKS. KBERN. Kk
73 VERELEETEET AL E 2P Ik20VWT
1. RREARIMEBRIC A B —BRMERTO . RAMERIC, <
OBEN, 753 v EFEELLETEET 2 E I B
EPENBET, BEEIE, REN, BONETH
55,

bR, o, KBRIE, 756 v BITEEE S
SBFETHD, KEERiIcL 22 r Hb Bz, 9. B
FLLB75EVvORBABBCY, 20T, Bl Y
sEvickd A » Hb OFBRNETICL 5 & B
#%. BBl vicksd s » Hb o JEBEFRIIE T
12, BIOEERRIC L ERS L.

# b Hb MAE 34 2iREA & LT, ik KBER%E
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EMALT 31epic, 2 7Ly T — BB s W TR,
LHE, AFL YT -0, #SMENE21-BTeH
> Teh, BROLBNETZEEL, RIEMHIC
BEoBEANE b S BV kB Thd-72. Lo L,
73UV, COBEOABNEFSAKTHBIL
DPHEILARE, 758 v ik, BELEOBRSETED
NBXIREWERZ, b8 BVRIFH 2 + Hb I
FEDMRERE U THR RS .

#® B3

1) b b ARMOERS &, £k, NADPH- # + Hb &7t
BELITENT W ABERE, BRIKDMICE— OB
L., KEFEN, 75 vBIBETHIZIE%, HS
izl rz.

2) BEICE, ~Ivd, 75y, ghiILBa
TVYREDHRAFHEIE, EFhTuniu,

3) AEERE, £ b Hb 2 BB 3BT HRT WA,
TISECEMARL, EPrBBTMHECHRE. 75
EVE, MBOAF LY TN —TBEMZI BT EHMH
3.

4) 75vid. EERNYBETHY, BFE (X FL
YIN-BE) #HWEEBESERSh A LS BEWER
W< BEHEA N Hb M. BYic & 3—BH0 2
- Hb MiED RIFHSEHEE LTkt 3.

HEH, @EMER - RLBEERE BV L ET.
Tl AWARITER, 7, WEEOLEVE, HEEA
KB LET.
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Abstract

1) A NADPH-dehydrogenase, which has

been called “NADPH-methemoglobin

reductase”, was exhaustively purified from human erythrocytes to a homogeneous
protein judging from the electrophoresis on polyacrylamide gel in the presence of
sodium dodecyl sulfate. The enzyme was found to be a NADPH-flavin reductase based

on its electron acceptor specificity.

2) The enzyme did not contain a prosthetic group such as hemin, flavin or metal
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ion.

3) The enzyme could not reduce methemoglobin directly, but in the presence of
favin in the reaction mixture, a rapid reduction of methemoglobin was observed. The
flavin in the reaction mixture could be replaced by methylene blue.

4) Flavin, a physiological substance, will be a good therapeutic agent for the
patients with hereditary methemoglobinemia or drug-induced acute

methemoglobinemia, because flavins will not give side-effects which are observed with
the artifitial dyves such as methylene blue.



