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A Stopped-Flow Method for the Determination of Cysteine
and Reduced Glutathione

Kuniyo INOUYE
Masako MATSUMOTO

A kinetic method using the stopped-flow technique has been developed for the simultaneo-s determination
of cysteine (CYS) and reduced glutathione (GSH). This method is based on the reaction of CYS and
GSH with 5, 5-dithiobis (2-nitrobenzoic acid) (DTNB); DTNB reacts with GSH 2-3 times slower than
with CYS at pH 7.5-8.5, 25°C. The kinetic determinations are carried out by monitoring the absorbance
changes at a wavelength of 412nm and for the reaction of DTNB with a mixture of CYS and GSH,
calibration data are obtained between the half-life time (t172) and the molar fraction of CYS to the total
CYS and GSH. Since the total concentration of CYS and GSH is easily calculated from the total ab-
sorbance change (4Ato1), the respective concentrations of CYS and GSH in given solution can be
simultaneously determined by reading 4Aror and ti2 from the reaction curve. The detection limits of
CYS and GSH are 50nM-0.1mM. Only 10 sec or less is required for a single determination,

The present method has been applied to the determination of CYS,and GSH in human urine, tomato

and lemon juices, and the like.

F L ®» [

L-v A5 4 v (L-Cysteine) LETH rss4 v
(Glutathione; y-L-glutamyl-L-cysteinyl-glycine) %,
HERADIERAEF A -1 ORFHE 5D 2V, Mk
REFDZ N HOREOWEDTEREL, LKMEA 4+ ¥
REIRE (L2, R+ VIREE vAF vERL
Iha—2-6-DAEET e Ve rr—ERIBRE A%
FA YV E T 2 —ERIBRE) PIERRERE MR MmO R
REBEDEBICEETHD LEZ LR T W3, L»n
L, BLBOERAMF A+ — A OEEF - TEOREED
RUOCEBBIIHI L Tl b7, BRERECHT 5 Bk
AT, ZhLOEEREI R bR Tuwitl,

5 :CYS; 1~ 254 v,GSH ; M7y A 254+
DTNB; 5,5'-v 3+ 2 (2-= t n ZEBE)
TNB; 2-= b r-5-20 %7 } LAKHR
BSA;, vomiE7rs s v

—F, YT E T, LV AT vE A RS
%, MAEE EOERS, k2, FRERE
KA BT 2 BTEEE 0 AR, WaANZ, 7A=
N EVERDBRTRICOMER, BABE, REORMLE
KREL TR LELLRTWAY, L-YATAL VEE
TN & Fx v OFRY, WYL
CETBMBKE
AFRRABFOIEEAMEF 4 — L D BEEITEEIIIL A
N7 e FYAERORIEREAGC TR S kbhbicd, &
W, BFA - BLrzbhEWSY, BTH A+
VDL EETHHRINGEE LT, BRIV A4+
47—+ (Glyoxalase, EC 4,4,1.5) /15234 Vg
JuE¥ 3% (Glutathione Reductase, EC 1.6.4.2) % f\»
LHERBDY 25, BIEEMTHD, BERLDOL
[F QA IR
ABEL, -V ATFA VR IOBTE IV EF+ v D
SH AFETH 25 5-vFr 'z (2-= b e REFH) ©

(13)

WP Pl T LIV TN Py



14

REEEPEHRE 525% 15 (1981)

535 BUSHEO BN O 2 NS ER IGNELE, ~
Py 7 b - 78 —GWHEFEAGCCRE L, RIS
DEN D, WELFHEBEL LD ETHLDTHD,
ATETERC LB, RISHEORL LI 2 o
LW ERBTHINERT 2 1D T — B 5
5HDTHD,
AR THCL RIERE, KR THLHIhD 69,

co0®
S@NO:

R—S@ + | ]
S ' NO;

CcYS 00®

b5 DTNB
GSH o
coo® (ofe]y)
R—S—S@No, + @s@Noz
RS—TNB ‘ TNB
FIERAE—L4L 1

Ellman 319594, DTNB # &L, EHED SH
HOFEBHAT- 15", Zhix DTNB ' SH # ) K
LTHELB2-= Fr-5-42 15 7 N EAFE (TNB) 7
=XV, BRUEAYETLZZEZFMALEL DT H
Ho TOFER—fEZ, Ellman LI ¥h Tk b, SH
AEOHELOBEDOBH VEREME LTUEAVHRhT L
Z)IO)

CYS LGSH ©OSH #,oMises pKa %, HF
MR- ws (CYS ik 8.5—8.7; GSH it
8.6—8.9)Y, $t-T, CYS LGSH OFtHE, b
DR TWB I ENHFEIR, COEXFIRLTCH
FBryNEETH Z L RRAT,

1. BT R
SOCHEDTRBLL 72 2 Bisr & 3 BIEE T 5 B AW RE L
BERAIISID o EAT 5,
& A L B EBRIGLT, {baM C 2L T8

a

A+B—C (1)
W ¢ CRTARIEE v ik, kAL b5

b,
v =LAl _dB]_dC_po 4y @)

S [A] [B]l X0 [CIx, b8 A, B 1
O C DRl ¢t TOREE (BAZ:M) THbo, ko i3,
KODRIED 4 FRIGEEER (AL : Misec™!) ¢
Hbo [Alok [Blo ZXThFhittth A & B o
Ze=0 TRiTrRE FIEE) L35,

WE, [A]o>[Bly o ¥, KitHie [A]=[4], &
FPFTD o EnTE, RO, KXDLO LR T &
5o

” =—‘%5’]=k0[,4]0[31 3)

oT kO[Ale=k @
LR, k1T, B—UKIGEESESN (pseudo-first order
rate constant) TH %,

AW, [Alo R E T, KEEE v ik KAl
BICHATE Z EHBIRL T3, 6T, RE)EW@E
nh,

v=—Bl_prp; (5)
HXBo AOEEAITHI LICL Y,

[Bl=[BJoe ** ®)
wx%o [Blo=[Bl1+[C] Thrmrt

[CI1=[Blo(1—e~*1) )

zoe, (B1=LBlo y g cms ansm o o
(balf-life time) t12 & EH%T 5 &,
K6V B>

hpm 2. 0.693 ®

Bk

2 h,

WE, LB A BRIEHOBLB LIS By Rk
O By ERIGLT, ThFhaEM C 810 Cy %4
LnETHE, ROCELUTKRE LD,

A+B—C (9)
A+ By——C, )

RO& L CODBE—RRISHEER Y FhFh bk

IV ke 2T 5 ERMTHEST,
[Ci]=[B1]lo(1—e"*1t) @
[C2]=[Bz2]o(1—e#2t) a2

Bxbhb, 22T, A L B 8X0 B, L DRIGIT,

By & By OREFHWHACH > Th, MIIHETT2,

Tiebb, ROLODORIGE, HELCHEEL hbl -

BEYTS, RIGDEYEY, A & B 25 C, ~O%

#, KX A & By &b Cp ~OIPITHE b WL

LR TR IS BAEC, ThEhDBEDELXE

WARE (molar  absorptivity difference) % de; 45 &

O dey LF5E, BMNINZWKELL A 13, *k

KCEEhxo,

AA=4e1[C1]4 4e5[Cs] a3

ARB~NROF L CO* AT 2 &,

dA=4e1[B1]o(1—e~k1t)
+des[BaJo(1—e#2t) (4
Ligs,

(14)




Aby Fbh e 7o BEERCEYATA VEBRBTR I AR FF v DN RIERT 15

Wi, dey=de; (=de) THBHHERET D, 2D
HEE, AFROBATIIELY (FER L 0EE %
B, #€-T, R,

4A=4de{[B1]o+[B2Jo—([B1]oe k1!
+[Bz2Joe *2?)}) (@
EEWMTED,

TIZT, kKB NE(AEY B & B, OBEEOR B

Zxbds, B ODREOY a LEHETD,

[Bilo  _
(Bilod [Bat,—* O=e=D 19
[Bilo+[Bz2]e=8 )

Tihebb, e & B BRISHBEOEN T SH LR,
By & B: DRERRETE 5,

[Bilo=af it

[B2lo=(1—a)B a9
AOE@EIVYEnD,

AA=de-B{l—e k2t —a(e kit —e—k2t)) 9]
T

Y=1-—e*f2t —a(l—e k1t —e~k2?) A
LEET Do

kb & Rk ix, [Ado & AO k0 2R ENIIRECE
HETHY, FIEEHCEBOERTHD, KW I\
T, Y=y CHRHEED ¢ Offi () & « DBIfFY
FlEtEC X v ROB Z LD TES,

ETxbhic [tz vs. a DEAFR) (BELD X, HFED
[Aly D& ERCOLFERTELEGETHY, [Aly &L
THEOEYH W T Ex v, Lal, Ridx
AT, RWIRD L SCEX T ENTES,

Y=1—e~#:"l41ot — (1 —e~k1°[4dot — g —k20(ATot) ()

R &%, [tz vs. « OBFR] H2lcD 4
SRR, R@20n, T[Ale tyz vs. @ DEGR] 2%
ENTES, Thbb, ALy 7 7r—EETL
BT SUGHIERD BFWHE t1e BFEA LD, ZhiC, £
DEEHGE [A]ly DEEFELTL LIS ECH LT
% o Offik [[Aletyz vs. a OBIR| (BREH) 25
FiHmE Do

2. REMHBLEDUICRREX

C1) & #=

L= A 74 v (CYS) id, IR MENE, HrkaR
% (Lot MOK 8971) %, %7z, 5, 6/-vo4Er (2-=
P rREER) (DTNB) i3, I SME, <6
HAENERRFRAE (Lot MIE 9843) vty &
TR 7% 5% v (GSH) (Lot 87C-0011) k8w <
mE7 7 3 v (Lot 20F-0232) it /=4 L nBEAL
7o

v RR (BH) i, HRE, BEbic 180mM k) 2-
HCl & pH 7.9 T HRE, FALE,

VEY, V=T —-Y, BXUOr=< ML, RO
LDOTHAWT2Z bRy o —A% 0.2M Yy =-HCI
REMER PH 7.9 CLERFRL T, MEITH 2,

(2] REBH*

(D AEEHF

T2 pH IC X v, ROEERY BT KIGHK
HTOEhLhOREER, 90mM Th 2,

pH4.0—6.0  FERRIEGIW
pH6.1—7.5 hARE
pH7.5—9.3 by =x-HCl »#
pH8.5—~9.6 58 ~

pH #i% ¥, Hitachi-Horiba pH £ — % F—5 %5 I ¢
Radiometer pH 2 — % PM—64 % A\ T$T- 720

TRTORIGE X OCRERER, 25°C Ths,

(2) CYS %40 GSH K@k

CYS ffr¥is X 08 GSH BfE#iL, #hzh, 0.12
mg/mZ (0.99 mM) % L¢f 0.31 mg/m¢ (1.01 mM) &
B X5, BMREUICHKEZBGTHEE L, IECH:
5B, RBERD 5\ TIKT TR U,

CYS %t GSH #mygoEEsry, Ellman 3k b
£U% 412nm DRICEE(L (deye= 1.36x10¢ M1
cm™, pH8.0) ((fEF % L U#% %] Fig. 2 2R) A
TRE LIS,

DTNB ¥k, 0.6 mg/m¢ (1,51mM) &755 L 5,
REER D 5 \VIIHAKT THRE Lic, DINB B OEE
it, 323nm ODEKE (eg=1.66%x10* M~lcm~!, pH
8.0) &Rk XOEE]| Fig. 1 £B) ¥ THREL
o ThBLOBEWIL, BEEHFHL L OV LI, Bk
BEMITERE, = =4 vEFRIERE S EERT SM—401
ZRAWTTo1,

@ RbyF b7

AR THGICEBY, =+ vEHEALN, 7 -
7r—NKEH RA—401 KIOF—2 B % B
RA—450TH %, WEFHEIL 412nm ThH3, LBRE
A 10mm HA vk 2mm DA v, Ny #2fF
5.0kg/em? CHAELTco RIEH — 7%, &EH, 4~9
EEBEODY, 7F— 2 MBERBYET, X—YVrva—%
- TR E s, B—KRIGEE B, Rith—7
Dy v/~ A & (Guggenheim) 7w, IV Bt I
S5 ER I D RELT,

3. MRBIUER

(1] DTNB QIRRRRY bLD pH KHEH
Fig. 1A 11, [DTNB],=7,44x10*M, 90mM t

(15)




K ¥ | | B )
WAVELENGTH (nm)

16 REEEEGIEHE H25% B1 S (1981)
IA=O.20
20 310 @0 a0 a0
WAVELENGTH (nm)

Fig. 1A. An absorption spectrum of DTNB,
[DTNB]o=7.44x10~M, in 90 mM Tris-
HCI buffer, pH 8.05, 25°C.
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Fig. 1B. pH-Dependence of the molar absorpt1v1ty
of DTNB at 323 nm.
[DTNB],=7.44x10-°M, in 90 mM acetate
buffer (), 90 mM phosphate buffer (A), 90
mM Tris-HCl buffer (), and 90 mM borate
buffer ([]), at 25°C.
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Fig. 2A. An absorption difference spectrum observed
on the reaction of DTNB with GSH.
[DTNB];=4.11x10"*M and [GSH],=

7.57x10™*M, in 90 mM Tris-HCl buffer,

pH 7,50, 25°C.
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Fig. 2B. pH-Dependence of the molar absorptivity

difference at 412 nm observed on the reac-
tion of DTNB with GSH.
[DTNB]y=4.11x10°M and [GSH],=
7.57 x107*M, in 90 mM acetate buffer (),
90 mM phosphate buffer (A), 90 mM Tris-
HCI buffer) ), and 90 mM borate buffer
(C], at 25°C.
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Fig. 3. Stopped-flow oscillograms of time courses of

absorbance change at 412 nm on the reaction
of DTNB with (4) CYS, and (B) GSH.
[DTNB], = 7.37x10~*M, [CYS], = 5.50 x
10°M (&), and [GSHJ,=5.20x10-°M (B),
in 90 mM Tris-HCl buffer, pH 7, 90, 25°C.
—QO—: Guggenheim plots (Ln (Y, —Y})
vs, t plot). Pseudo-first order rate constants
(k) were determined to be 4, 14sec! for CYS
and 1 50sec™! for GSH.
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bimolecular rate
constants (k°) of the reaction of DTNB with
(4) CYS and (B) GSH.
[DTNB],=7.37x10~M, [CYS]o=5.50x
10 M, and [GSH],=5.20x10"*M, in 90
mM phosphate buffer (A\), 90 mM Tris-HCI
buffer (O), and 90 mM borate buffer ([7]),
25°C.

Solid lines are theoretical curves that are
obtained in Eq. 23 by setting (4) %0=1,99 x
10'M™tsec™!, Ka=525x10"°M, and (B
B0=1.69x10~M~! sec™!, Ka=1. 64 x 10~°M.
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Fig. 5. pH-Dependence of Log k°.
k%: bimolecular rate constant shown in
Fig. 4. Broken lines are guide lines that
are obtained by setting pKa for CYS to be
8.28, and pKa for GSH to be 8.79 in Eq.
23.
(8) Data in 90 mM Tris-HCI buffer, 25°C.
(O); for CYS, and (@): for GSH. Solid
lines are transformed theoretical curves from
those in Fig, 4.
(B) Data in 90 mM phosphate buffer (A, A)
and 90 mM borate buffer (], l), 25°C.
A, [: for CYS, A,MN: for GSH.
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Fig. 6. A stopped-flow oscillogram of a time course
of absorbance change at 412 nm on the reac-
tion of DTNB with the mixture of CYS
and GSH.

[DTNB], = 7.37 x 10~*M, [CYS]y =276x%
107°M, and [GSH],=2. 87 x 10~°M, in 90 mM
Tris-HCI buffer, pH 7, 90, 25°C.
a=[CYS]o/([CYS1s+[GSH],)=0.49. To-
tal absorbance change, 4Aror, is determined
to be 0.765, and half-life time, 1,2, to be
0.264 sec.

(O: Guggenheim plot Ln(Y a1 —Y,) vs. ¢
plot) Solid lines are theoretical one with
slopes (Pseudo-first order rate constant, k) of
4,14sec™! and 1,50sec™ "

IS, 90mM vy x-HCl $&%i% (pH 7. 90), 25
°C ¢fTv, Ko DTINB, CYS, % 1o GSH
DEREL, ThEh, 7.37x107'M, 2.76x10-5M, %5
L0 2.87x10°MTh %, RM9ifL, a=0,49 TH
%o
CCDRIGH =T, dAror=0, 765 TH o, JEH
WL 212=0. 264sec &R ht, FrhicsR L7 (@),
L, Guggenheim ~nm FTHY, 1 EADEME LTS
1\ 2 KDL, XA k(CYS) (=4.14sec™Y) 3
LU R(GSH) (=1.50sec™) ThzEMTHY, Gug-
genheim 7w, L LIRS L o TV B Tk

b, CYS & GSH oRgHRcHTL, CYS &
GSH i3nrzic DTNB & Kig4 3 ATREMEY R X h 5,
[DTNBJ,=7.37x10*M ® & %, [CYS], % O~
5.50x107*M s\ C, ¥7-, [GSH], % 0~5.20 x
107°M 3T, B4 BE X4 % EE (oL,
[CYS]o+[GSH]4<5.50x 10-5M), 90mM } Y % ~HC]
#EEw, pH7.90, 25°C ¢z BRILUGHEAEL B, 2
EHALD, Chi “(:%) 2t
LTFwmy b LIRS, Fig. T 10 ©) Txr+,

tiy (sec)
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Fig. 7. Relationship between the half-life time, t1/2,

and the molar fraction, a, of the CYS
concentration to the total concentration of
CYS and GSH. Values of tizz (O) are read
from the oscillogram traces oblained on the
reaction of DTNB and the mixture of CYS
and GSH in 90 mM Tris-HCl buffer, pH
7.90, 25°C,
[DTNB],=7.37x10~*M, [CYS],=0~5.50
x107°M, [GSH],=0~5,20x10"M. Solid
line is the theoretical curve computed from
Eq. 21 by setting %, and &, to be 4. 14sec—!
and 1,50sec™!, respectively.

—77, Fig. T 0L, RN\ T, k=ACYS)=
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Fig. 8. Relationship between tis2[DTNB]y and a
in 90 mM Tris-HCl buffer, pH 7.90, 25°C.
The solid line is computed according to Eq.
22 by setting k,0=5, 62 x 10°M~1sec™!, k,0=
2.04x10°M~1sec™!, and [DTNB], =7.37
x 107*M.
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Fig. 9. A stopped-flow oscillogram of a time course
of absorbance change at 412nm on the
reaction of DTNB with GSH.
[DTNB],=7.37x10~M, [GSH], = 2.08 x
10="M, in 90 mM Tris-HCI buffer, pH 7, 80,
25°C,

[CYS]y DBAWY ti2 11 0.18~0. 20sec ERD 5
iz,

CORERND, CYS $X¥ GSH i3, 5x10-°~
107*M DBRERICI\AT, KIGH — 755 tiz 3100
dAtor DFFHREDDUEETH S & LR hiz,
ALy 7 b 7r BB, EBRXOKEK E ) ER
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7.5x107'M BEOSEE ¥ CORMENTEETHS D,
R L7z&MFcix, DTNB OW%@EEs &, [DTNB],
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SOEBD &M (IDTNB]o>[CYS], %7:% [GSHI,)
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Fig. 10. A time course of absorbance change at 412
nm on the reaction of DTNB with bovine
serum albumin. The reaction was observed
with a UNION GIKEN spectrophotometer
SM-401.

[DTNB], =7.02 x 10~*M, [Bovine serum
albumin]y=7.46 x10-°M, in 90 mM Tris-
HCI buffer, pH 7. 80, 25°C.
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Fig. 11. A stopped-flow oscillogram of a time course
of absorbance change at 412nm on the
reaction of DTNB with human urine.
[DTNB],=7.02x10"*M, in 90 mM Tris—
HCI buffer, pH 7. 80, 25°C. Concentrations
of CYS and GSH are determined to be~
O0M and 6,6 1M, respectively.

mM + V 2x-HCl #&#&w, pH7.80 TUHRFHRE, <
Py 7 b 7 BRI HHTRT-> THBLRFTH
Ho TORENL, 2Rk, CYS iz ~0M, GSH
X 6.6 M EEhE I LaFEIhis,
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TIZN= DB LIEY & o TR S o — AT DN D
BIEH - 7%, ©2— 2k bic, EEE (180mM
bV A-HCL pH7.90) c#RE, MECH oo K
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Fig. 12. Stopped-flow oscillograms of time courses
of absorbance change at 412nm on the
reaction of DTNB with fruit juice.
[DTNB],=7.02x10~*M, in 90 mM Tris-
HCI buffer, pH 7.90, 25°C.

(A) Lemon juice. Concentrations of CYS
and GSH were determined to be 54,0 uM
and 2,57 pM, respectively.
(B) Grape jruit juice. Concentrations of CYS
and GSH were determined to be 40,0 M
and 54.4 pM, respectively.
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