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E MRmMERILYFH o BRBER (GR) OATEORE(CHT 3HMER, I, ERe
LTO®BREMBREUBMZADORAR, AHTREBELHEACKXELE LOMESR, BXKE
HICRETEE, #BER, Rick pH, FAD (C&3FHRECODVWTRF L. Tk
BERD Michaelis % &H (GSSG) Ru#Esk (NADPH) [COWTREL, Hhb
T, BARUFHEROFMmE GR FHICOWT, EREEESRELL.

Several practical problems in the determination of glutathione reductase (GR)
activity in human red cells were studied, such as processing washed red cells and
hemolysates for crude enzyme preparation, performing spectrophotometry with
an automatic recorder, and dealing with several factors affecting the GR activity.
Michaelis constants of red cell GR for oxidized glutathione (GSSG) or for reduced
nicotinamide adenine dinucleotide phosphate (NADPH) were determined. Normal
values of GR activity were established in red cells of normal adults and of
normal newborn babies in the Japanese population.
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Ry GSH BEED, A EROMO R 3
% &, FEEE (70~100 mg/dl RBC) = &
BIHEBRMFT TS,

LzAT, o GSHIiL, 200K, Bb
de novo HFFR HBH L, BLE s xF o+
v (GSSG) b DEAER, WFhhic EAER
PMRIEEL TS, BEEX I 2FF VBTLER
(gutathione reductase : GR) 1€ X 2 EERKIG
CroTnb.” 22T, 0GR FEEI4EK
RBR, FHC(t - BTRCHETHERIVER
ENB. O KBTI, 2D GRIZDOWT,
Z DIE/RIE, FOMER RO HFRIC 20T,
EEBRy, RO RIENEEE Inxic OTHRET
5.

I s 3

B GR FHEOREIIL, EIRERMC X -
TELRE £MAb, T HERORE FHk
L, ChalEEREME LT, BB
F4+ v (GSSG) #HEBEKL, BBl vy ov=x
7 VA F FTHh% NADPH (nicotinamide ade-
nine dinucleotide phosphate) #J5 L L C,
ORI HIE L.

(1) PelEARMmERIF R D TR

iR % FrER (~-Y v, EDTA ¥
T X\ TEEL, 3000 rpm, 2053flE
DIREC X » T, Ml L0 buffy coat #fk
F L1, FRIMER 2E 1B LTI0EOER
R REAR T3 E B, ~<r2 )y b &
0% FRBML, ERMRFER 2B, 2D
R oW, (1D FrfmBkg, (2) HbBE,
(3) Ht fi, (4) MARMMREE L «HE L.

WD EIZ DT, GRIEMED 5 b,
JEEMT GR 12 FAD OFFEC L - T, EHER
GR &705 728,09 MPRELRTHTH 5
L, Mg fFETS FAD IR X » T, FEEME
% GR DIEMEAE AN IERECIRITE B3R/ AT BEMEAS
H5H. Larl, EFe +MsfEho FAD fHiig
Wit h, RMERFAD B (17.3+£2.92%)
HBLC, »ieh KL (2.4£0.38%),"0 k
WD XS I EERIFRIT 2 LIt X » T, M

FAD 3+okEIh, EECXMELIIRD
Tehsofo. .

i sg, B HICHRGEARORIFER 2 FR L,
Wb~ % GR EROPE X Tz, LivL,
% EY, ROREFEEZITILENELS
A, ROER GR {ESERIE S EM L 7ediutis
BB AL, BRI BRI R & AR
L CHRETHING, BLAL~2HETHN
E, &m0 F ¥ (R 2L - AREET
BEMTT) 4°CHRETH L E L. Tl
MmERREEREBE L LHERT 2881, ©
LAEBIC BIMKE AL T, hx —80°C
W CHRERE Lic. s & L EGBRIE GR &
PEZEENIFRD Dhich Tz,

(2) GR FEHEOEIE

GR FHITFEY 0 —HEELC L > TT-
Fo. Fio, EPY I oWTH - HER
ﬁ‘o 7.

(3) GRp|EHAFEHFEI(Long and Carson

7))

(A) EDTA-Tris &% (pH7.6).

EDTA (2 Na#): 0.0435M tris (tris-
hydroxymethylaminomethane) 0.177TM
tris 5.365¢g % F A 200ml i IfEL, SN
HCl#5.5mlic T pH A 7.6 gL, Z
HITH S UDFREAK A0 mIITEFRL T
EDTA 4.14¢g %#fnx, 8N NaOH # 1ml iz
pH % 7.6 CHAEL, BEKC TLE% 250m]
L, BRECREF L.

(B) ®{tE 7 A x5+ v (GSSG): 0.0318
M. GSSG 190 mg # FEEK 10 ml & BFEEL,
—20°C REFL 1.

(C) NADPH (nicotinamide adenine di-
nucleotide phosphate, reduced) : 0. 0087M.
NADPH 7.3mg #FEK 1. Oml o5 L7z,
REEDID, WEBBINCIERLERL .

(D) FAD (flavin adenine dinucleotide) :
1 M. BEKCTHEL.
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(4) GR HEHEHESR

FAD FAD
© @
EDTA-tris #2E& 2.20ml | 2.20ml
GSSG #% (31.8 mM) 50041 | 500 ul
wimn CHEER) B’ 200 pl 200 pl
FAD (0.3 mM) — 10 4l

BLE% 37°C, 20 4RIBEL, BEN—EE
fiof:fﬁ;

NADPH (8.7 mM) ' 1mp1} 100 1

HHML, X< EM%, 340nm TREIE L.
EEEIEM 13 ¥4z IU (pmoles NADPH
oxidized)/10t RBC (minute) % % - THERL
fo. o4, KRMmERE (ml RBC) %1 5%
Wik ~Ese v EE (g Hb) ¥h LT
I\,

I g ®

(1) GR EHHIE EOEBEA

GR &0 BIE EEi: NADPH-NADP o
THREBCHHDOT, MEIBREENECH
BONKEFHOFEHCHD LB\ 5.

(a) [EREOFEH

AEERGIREKRFEETHLOT, —ER
ETERFAHEIMIRTTRTHS. EED
1 37°C R FEA L, Zhik, BEDORLE,
FERMZEHCINR Y LR TA0T, 20~25°C
ELTRERRETHE, BB HEZ L
ABEETHIERKY, BEa VY e —AMn
Rl 7c%., T, 37°CIa&#s FhE L
<, BE, MEOWME EDZ LD DTERK
NEBTHAHZEE, BEMT HoTh ZEA
VCHEBXAHZEXMTHDI 0D, Th
PERE, ERHTH»AZENHoT. T,
37°C iR D EFERE LT, JEHEOLE
HERDMRICY > TRITHAS .

wiz, PERIE 37°C IR REORENEL
TWARLERDS. Zhie LT, SKKE
HeRBIR WS EREOSFC L HIEE
L, &E#kEy fih fFEMC BT HEI

(3B10% 35 1984)

X, ZOIREE (FiR 37°C LTOHE)
e ) ORI EST 5 2 LI 5 DT, KD
HELy PEF 2Ny FPHCTFHDARTEE,
FE (e —&— Ty Z2HP I LT
3) LTELE, BERIVZ LR S,
Bicit, F2y MVEREBCEELTWS
FHBRMN L <, Fh, RESTREE, %
BE (4°C) RELTH 5 REX T, ZHRI
ELTkzEd, ZofER (37°C) ©ET5
Br R MRS Z LiTin D,

(b) F a2~y PHDORIEAEDOEM
ZORMIMERA L, KR THD. KIGH
1B, BEENIGIC & % recorder DEBAREIC
REETH o), RIGEECATHRELRD
TEHEEE, CORMBRTHTHSHZ 034
WODT, Fay FHRERIGAEL LR,
RS T 4 AARER LT, IFay bE
Bolcth, RERET? Lt X-TEML
2. TOBE, BBEATST, ¥y M
RIGRENBNIT, F2Ny FEEXRBTZ L
BB E, SEKEFHNTHRRICEE LTS
Zreinh, ZoHED, recorder DIFEH
KX IIHboL KRS, TOHA I,
FaNy PEF IS ER I S TRRTE
BT ENH ST

(c) HIEFHEREDOERA
EERSUGE 340 nm CTRIET 548, 47,
BREHRIGEY T = » 7 T % BT RE blank
¥R ENKRYITHY, RIGHKTH, blank
DETHIETHLERHSH. 4 NADPH X
NADP & W35 &, FRENBILEZT
FTUDOTHEENLETHS.
ERATHHRETCREZ TS Teco-
rder IZ X »Th R %A, recorder OEENE
AR ERTHENKREITHE. IO,
TEBNIR & S B CIERD 5 X BIRIESR S = &A%
WL, OB, BRNLOEERARDL
DT H(ERIE 0. D. TH 5% HHICE
% bh b self-compensatord R XT3
recorder ¥, ThIHFERCELTCERNLZ &
N T, APFFRTIL, Gilford Automatic
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Spectrophotometer Model 2000 2 {#/H L #-.

¥, BRRIGOBAIE, Fa~Xy FHADOR
HKEREOERM (37°C) A 2kdicd, &/
BEORERMTAZ - b TBENEFL L.
X Hi NADPH (1 G RRET H 5 DT,
ORI L DBERP S EIEELW. Th
b OB TEE L, NADPH B & -,
RIGHBtaT 2R & ot GR BREHD
ARG B9+ 5% conformation s b & R
W, fiommEFEED b, ThihoR
HAHD, TWEEZBR.

RGHE T #, recorder ICEnsk X hic RKIGHE
BASFHED LD, OBE, EEO
recorder bV —RFRDZLHRETEN, K
BOFESEDOBMIBTHZENEEL L2 &
Dot Fay PESBREFCHEAT
LEDIRERT, RICBMH E COREHRERMD
B« RIG, TOMOBEBHI XA &« 5 7%E
DIcHTHD. TOLET, EFfMED v ko
6 ~127HD b Vv — 23E AV TEBERERIGDOE
ftEXEEL .

Ff, 4% 2~y F CTRBRAIEHER DB EC
i, FEERZ L, EERFEL1H .,y b
ARTELZEDIWVWEELZLN S,

(2) e bR GR EXHRDIEFE

Long and Carson ## AWTHIE L 7o &
FARIMER GR {EHEIX ROBT H o7z, 783,
Beutler iz o\WTH FDIEFEX BT .

Long and Carson ¥
EERA FAD ©
(n=57) FAD @ 4.40+0.39

JEiEMER 1.30+0.38
EHRIEER 69.4+3.2%

# 4 B FAD ©  5.46+0.51 IU/101 RBC

(n=18) FAD @  7.07+0.46
JEEMR - 1.614+0.26
EMRILR 77.244.8%

Beutler #:

F#mA FAD © 7.18+1.09 1U/g Hb
FAD @ 10.40+1.50 "
JEEMA 3.2240.41 "

EERIER  69.0+8.9%

3.10+0.38 IU/10*RBC,

* XE15) XA,

(3) GR EHFOWROBKER

AiMEk GR EHEEARET 5 Lsbhe, GR B
FOREIX, FOXEE (GSSG) H 5\ 1fHsE
5% (NADPH) = %3 % Michaelis &3 (Km)
RRETH L LT MBI ENTE
5. ¥z, HROOEFGRIZFADR X T, £D
apoenzyme AMEHILIND Z LR HBR T
5.9 2= FAD 2 X %5 RIBE(EDE, k&
Oz DRI LETL apoenzyme D FIREHIC D
WThBE L. 7ok, ABEROMRIIBERE
ENC R 5 B LR e AR X - THREH
KB, AETIIEKL .

(a) LR 71 x5+ v (GSSG) Xt
%GR D 3 #=) REH (Km GR for GSSG)
DPE

(i) ¥mE CH GRBREK) DOFRH

TRk (Het 30%) 200 pl
B OB K 1. 80 ml

2D 1: 10/ BMEK) 200 pl % &« /4
L.

(ii) @ E & (Table 1)

FEROHIER 2.70 ml
1:10&Mm¥g (1) 0.20 ml

37°C, 20 MIMEL, * =y FHEEI—
B LB, NADPH (8.7 mM) 100 ul
ERIL, RIGEBALL. DT 2 fxRE
BlELT B, WEHEDFHE kL0 Km GR

Table 1 Assay System of Km Red Cell
Glutathione Reductase for Oxidizd
Glutathine (GSSG)

EDTA- GSSG 3
WE R e e o)
5 W mM #% | mM g | “M
1] 2.20ml 0 500 pl 5300
2| 2.20 450 pl 50 530
3] 2.2 480 20 212
4] 2.20 490 10 106
5] 2.20 495 5 53
6 | 2.20 480 20 pl 21
71 2.20 490 - 15 11
81 2.20 495 5 5
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Table 2 Michaelis Constant
(Km GR for GSSG)

(i) Case 1
mE | GSSG £ W E | GRIE %
&2 | wEE | (AOD/84) | (U/101 RBC)
1 5300 xM 0.273 2.76
2 530 0. 267 2.70
3 212 0.231 2.33
4 106 0.174 1.76
5 53 0.134 1.35
6 21 0.090 0.91
7 11 0.072 0.73
8 5 0.055 0.56
(ii) Case 2
HiE | GSSG = B f§ | GR & &
xE2 | #&®E | (AOD/84)| (IU/10RBC)
1 5300 uM 0.424 4.94
2 530 0. 400 4.66
3 212 0.336 3.91
4 106 0.244 2.84
5 53 0.166 1.93
6 21 0.101 1.18
7 11 0. 080 0.93
8 5 0.068 0.79

for GSSG ##EF# (Table 2).

E® 26 fliconTHaLiE 25, Km GR
for GSSG 1 111+£15 M TH 7.

(b) % NADPH o35 GR o Mich-
aelis €% (Km GR for NADPH) DfHE

#i8 Km GR for GSSG &/t h » T, HIE
B2 HEL: (Table 3).

(510% #3%5 1984

Ll ko 5% NADPH & kT, ZHhIZ 1:10
ysimyg 0. 20 ml & fn 2 T 37°C, 20 4fE 8 &
L, BEN—FL kol kiio NADPH
Brx&AGMLT, RIGxHBL ., EFE
#3523, Km GR for GSSG OBHFICEL T
FEICR T HIEREEL S, KX b Km GR
for NADPH #757.

EHBRA (26 61 FRfuBkic DT HRE Lic
L =%, Km GR for NADPH ¥, 19.8+
2.7uM TH otz

(c¢) FAD ik %7kMmE GR E:DORIEL

FrIEk GR EHERIE AR 2 HEEREM &
L COWMKIC ZigED FAD imL, 7
B+5ZLick T, GRIEMHDRIELAY B
L7 (Table 4). fiE{LicET2% FAD BEIX

Table 4 Activation of Red Cell GR
by FAD (n=38)

FAD f#REs FrifiEk GR bk
0 pM 2.85 + 0.32 IU
0.2 3.62 + 0.45
0.5 3.90 + 0.47
1.0 4.32 + 0.56
5.0 4.28 + 0.62
10.0 4.30 + 0.54

LOuM BB T HH, Th ko HRETIX
(10 pM # ) —ZEfEIC EL T BEmHRITES
Rich otz $6-TiEMR GR (FAD ©) I,
FAD WRinc X » T B bhB8mey, b JEHE

% GR (FAD@-FAD ©) LD

Table 3 Assay System of Km Red Cell GR

PRI Y > TiX, BHOHETIL,

for NADPH

sz EDTA- NADPE % | R R E FAD 1puM T +4r& Exbhic.
tris_ HEK | GSSG | g7 o5 NADPH) 72, FRIiEk GR i&#: (FAD ©) »33%
2 2 W % mMyg | mMyg |\ AM U< &% AT X 5 ERITIE, 4
1| 2.20ml| Opl| 500ul| 100 pul 290 GR & (FAD @) BEEE R T &
2| 2.20 50 500 50 145 R+ 5 L, FAD I & T 86
B2 R0 el w PRI GREREGR) mkE <
5| 2.20 20 500 80 23 % DT, 2 5 LIERTIX, FAD
6| 2.20 40 500 60 17 Ex % VEBDERET DD, H5HWVIL
7| 2.20 50 500 50 15 FAD g% 1 pM T—F L LB E
8| 2.20 60 500 40 11 AL, BE O FBEERE(10~309)%

9] 2.2 70 500 30 9 S B CELD £ X\ EE L DD,
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H7e i Km GR for FAD % 0. 24+ 0. 07 uM
TH ot Fi, 2D FAD © GR iZx+ %4
HixE ¢, 4°C XUk 37°C it s\~ T 14BSRIRE
LT EHRECELIIRD bhish iz,

(d) FimEk GRiEHED pH KFHE

EEBAFRMEK GR &M pH A7 BT
L. BUEix Table5 D@ b Th 7. HEib,
R pH % 6.0~7.8 DEERT »32T, R
BGR % BIEL, ToOHK EMHMESL 100 &L
T, % pH KIS GR EMELY % TERL
7=, DH 6.2~7.6 DI T (2T s BkIE
R ESRTED, PH6.0H 5k pH 7.8
DR BT h, Pin & #7180 %D iEMH:
fERB LR,

(e) #FIMmEk GR o apoenzyme o H¥5H!
& FAD 1 X 31EH1L

FRIMER GR DHRA 83 $5 fedic, B
W AT, FAD # A3tk »T
apoenzyme DML AIER L. ®

F o 1: 108K 5. Oml 2 AZFAR
22 6ml %inz, 0.1N HCl =T pH 3.0
EL, 4°Clz Tl ~ 2R FEDH, &
I (3000 g, 304, 4°C) It X » T L
¥, Wk IM tris HCl #&#% (pH
8.0) 0.3ml & @Al Oml % %,
BERB LI, ABFERETDHZ LI
Lo T, GRERMEER £ RT3
2, BHVIXFRAE HEHED B bR
W GR HERRE LRI, Zhic FAD
(1~10 sM) %FRIMTHC EIC X -,
FERCHELEL Tz GR fEED6. 3+
3.7%%EIEL 2 7.

(4) Bk GR &k & MR ILERE

FRIfER GR G 3 5 h35 AR ERD
Bz D\ T, MRMEREAHEL LT
Bt L (Fig. 1. #@7RIMER BANE X
ELRE RMEREY FH L. 2B
ik, R GRERIITTERZRTLOD,
FER I BRHE INAE DRREE & 1 XAEBIAGRD B
Ricdsoitc. #oT, SERMBERD 5\
EmEROB S oWT, GR EHIL,

GR Activity (IU/ 10" RBC)

Table 5 pH Dependency of Red Cell GR

§ I U I
0 1 2 3 4 5 6 7 8

IKFRA A VIRE FRiER GR yEHAE

(pH) (RARIEEC T 5%)
6.00 84.8 + 3.9
6.20 89.7 + 3.5
6.40 92.4 + 2.2
6.60 94.5 + 1.6
6.80 9.6 + 2.1
7.00 94.3 + 2.3
7.20 92.0 + 2.4
7.40 88.2 + 2.7
7.60 87.4 + 3.2
7.80 76.7 + 3.1

IRBMBADEEICL 5T, EAEVEEFF —
%, G-6-PD OFED L 57, ZLEMLE
AEH5 LB I o1,

¥ie, $ERMIMOBIGEDOWTIEL, SR
MAEFID 5\ ix B HIMEE G i, RBAR I ERE

Fig. 1 Relationship between red cell glutathione

reductase activity (FAD ©/FAD @) and
reticulocytosis

Total Active
GR form

(FAD®) (FAD®)

*—- Severe wuremia

o= — = -0 Mild uremia
—a Severe cirrhosis
——-=--a Mild cirrhosis
A——— G6PD deficiency

- ot Miscellaneous T

:I[ If‘s [ |

T [ p——
—
[ L
————
o-——-u
1 1

1 1 1 1 1 (TE—

9 10 37

Reticulocytes (%)
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I LT 5BETI, TONEECOWTE
BBl wvwoT, LA G6-PD {Ei%n
FOWEBELETHHFNET LR,

v = %

FRIMER GR IFRMIRFEBERD 5 B, EAE
TEREAILEL 3 2 THTRBRNREDE St
BERLEZOND. TOUECEHET>HEER
BEBRE L., ABERIARLERS L 27+ v
#Ho kT, key enzyme O—2>ThHbH, L
3, flavin RKEMERTH D b, flavin
RBEEED BRI BT HERE Exbh

X

£ 5 (510% #$3%5 1884
s

%. oo flavin @ 5 b, KEBERO MWEERIT
FAD T» 5%, IffEfo riboflavin s B AR
BT FAD s b finb#Ex T, ABEOHE
PEfiEiix, holloenzyme 1T BHE AL\ & RET
g, Mmoo riboflavin AT ¥R BIEL
TWwb E#E % Sh, riboflavin REZFEDFKRIC
XIS LI LTS K, 4%, FMCK
HOFETHS.

o 23

AFRO—HIEREIEEKKOBIT L o7l
LEREL, TREHTA.

ik

D SHeE  BERSDEEN. BPIEEE 73 1 1269—1284, 1984

2) Beutler, E.: Hemolytic anemia in disorders of red cell metabolism. New York, Plenum
Press. 1978, pp. 1—226

3) Proceedings of a U. S. -Japan Cooperative Science Program: Red cell enzymes and abnor-
malities. Hemoglobin 4 : 575—844, 1980 Huisman et al. (ed.)

4) Weatherall, D. J.: Advances in red blood cell biology. New York, Raven. 1982

5) Colowick, S., Lazarow, A., Racker, E., Schwarz, D.R, Stadman, E., and Waelsch, H. (ed.):
Glutathione. A symposium. New York, Academic Press. 1954, pp. 1—-341

6) Prins, H. K. and Loos, J. A.: Glutathione. In Biochemical methods in red cell genetics, ed.
by Yunis, J.J. New York, Academic Press. 1969, pp. 115—137

7) Brewer, G. J.: 6-Phosphogluconate dehydrogenase and glutathione reductase. In ibid. 1969,
pp. 139—165

8) Beutler, E.: Effect of flavin compounds on glutathione reductase activity: In vivo and in
vitro studies. J. Clin. Invest. 48 : 1957—1966, 1969

9) Bamji, M. S.: Glutathione reductase activity in red blood cells and riboflavin nutritional
status in humans. Clin. Chim. Acta 26 : 263—269, 1969

10) Yawata, Y. and Tanaka, K. R.: Studies on glutathione reductase and regeneration of reduced
glutathione in normal human adult and cord red cells. Clin. Chim. Acta 46 : 267—275, 1973

11) Yawata, Y. and Tanaka, K.R.: Red cell glutathione reductase: Mechanism of action of
inhibitors. Biochim. Biophys. Acta 321 :72—83, 1973

12) Yawata, Y. and Tanaka, K. R.: Regulatory mechanism of glutathione reductase activity
in human red cells. Blood 43: 99—109, 1974

13) Cutts, J. H.: Cell separation. Methods in hematology. New York, Academic Press. 1970

14) Long, W.K. and Carson, P. E.: Increased erythrocyte glutathione reductase activity in
diabetes mellitus. Biochem. Biophys. Res. Commun. 5 : 394—399, 1961

15) Beutler, E.: Red cell metabolism. A manual of biochemical methods. 2nd ed. New York,
Grune and Stratton. 1975, pp. 69—71

16) Icén, A.: Glutathione reductase of human erythrocytes. Purification and properties. Scand.
J. Clin. Lab. Invest. Suppl. 96 : 1—67, 1967




