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Inorganic sulfur compounds, such as S2~, SO3 ™~ and S,03 ", are produced from sulfur- containing amino acids as in-
termediary metabolites in mammalian tissues through complex pathways and are ultimately incorporated into sulfate.
Reduced sulfur is also produced via the desulfuration of cysteine by several sulfurtransferases present in mammalian tis-
sues; these enzymes include y-cystathionase (y-CST), and 3-mercaptopyruvate sulfurtransferase (3-MST) . This reduced
sulfur is then incorporated into pools of active reduced sulfur (sulfane sulfur; polysulfides, polythionates, thiosulfate,
thiosulfonates and elemental sulfur) that are involved in the detoxication of cyanide and in the biosynthesis of iron-sul-
fur cluster. Sulfane sulfur is labile and is reduced to H,S by reducing agents. The physiological function of these sulfur
species is less clear. We have found that a reduced sulfur species is commonly present in mammalian sera and tissues as a
high molecular weight material and as both a high and a low molecular weight material, respectvively; we designated this
sulfur species as ‘‘bound sulfur.”” Bound sulfur can be easily liberated as sulfide by reduction with DTT. This review
describes sensitive and specific assay method for determining the presence of inorganic sulfur compounds as well as
bound sulfur and related sulfurtransferases in biological samples. The physiological functions of bound sulfur in rat tis-
sues were also evaluated using these assay methods. Bound sulfur was found to be located primarily in the rat liver cyto-
solic fraction in the form of high molecular weight components. The capacity of bound sulfur production was enriched
in the cytosol fraction and depended on y-CST. Bound sulfur also affected redox regulation by modifying active thiol
residues in some liver cytosol enzymes and effectively inhibited cytochrome P-450-dependent lipid peroxidation induced
by CCl, and #~-BuOOH.
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CSA) Z4RkT 5 (B 1). CSAIITSITREKS
ERRCIEBRMNICEILE L SO 1T n,
SO} |3 HiffiEE e (L B% % (EC 1.8.3.1, sulfite oxidase)
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FA+F—t¥ (BEC 4.4.1.1, cystathionine p-lyase; y-
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Fig. 1. Pathways of Cysteine Catabolism in Mammalian

(1) Cysteine dioxygenase, (2) Cysteine aminotransferase, (3) p-
Cystathionase, (4) Cysteinesulfinate decarboxylase, (5) Aspartate amino
transferase, (6) 3-Mercaptopyruvate sulfurtransferase.
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Fig. 2. Various Forms of Reduced Sulfur Defined as Bound
Sulfur, Sulfane Sulfur, and Protein-associated Sulfur
*Sulfane Sulfur Atom.
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TRBWNETELE., #51, Iy bEHWE
BSKEF AN T 7 A F T O EGRBICKD, B
INBSS0; F NI EDOFENEO N
Ems, AT 7 A F T in vivo THEZE#H S
NTWBZEZBHSMNTL .Y Figure 2 13 X)L 7
7 OAFUVRFEEDIEGYERL TS, Wes-
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5., UL LEHIE, CN- EIGUTSCN™ &2 %
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(EC 2.8.1.1, thodanese) OEREE L2V ES 1T
FERHRL TN T 7 A F T ERATHSN, £
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M b E e S ORERAA > E2N Ty A4 F
TS B MIE L & AR DISH Z LR T 5.
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ERUNAY W‘ﬁ&?)\fﬁﬁ DOWTHRR, ZOHEAER
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2. EMERLEMEESTERERIEEA A DS
iE

2-1. Fe(ll) ZHHAEL LW EHEE
14> DO—F ke LTI, Small 5258%F L /-
AF>roux s I 74— (IC) WNEWHETH
WHENTWS, Lo LAEKREIOSHTICIE, EEH
ICRHABD /NS WA F 2k E AW, BERIC
BAF P HEOITRTCIINE T 2ER/REERIERZ
WS 7=0RIREICRE, ERSITICIEIAMETH
5. £/, UVIKIUL, Cl-, POI~, SO;” &Ww-o iz
FEBRA A OB TERN. Y Fe(ll) 13FEER
IR A > CHEBOKERRT S (Table 1),
TITEHESIE, MREHAEE L TFe() 2HWS
DER O 2 &0 BRI 4 > O R KR
B TE S0k ERTEL 72

2-1-1. AL hFLKCEBE MR, MFEPODE
B S0}~ RUMEAT S0, SCN- OFE ik
SO;~ OHIEF, AT kEweEmY X /oK
B, BHESOBERKREEZMS ETHEETHD, O
DV UBRIT R B HAAED, RPOWMEERITIGH S
NTHBN, ClIm BREWEFICXDRADALE SN
S5METORAIXKEETH > /2. 19 %EH 513 Fe,
(SO4) 3 54K D UV UL (340 nm, Table 1) 7% it
9 % HPLC IZ X Bl et Z HWT, flETH
DKE DO X W, R OlEEE SO &ita Rl
SO;” OWEZEFTo /2.0 71T AIeRE MR 4
DA HARE, PREEWRIZ S mMFe (NO;); 2 & T 0.1
mM HNO; Kigik &z W, HI L ETERLEZAER

D Fe, (SOy) 5 SR & sy B IS 5. itiEfE SOF~ HIE
DG, Rl S ERIRR 10 1l 2, iERHT,
20% b U 7 OOfEEE (TCA) TRy >\7 L=k
B 100 ul ZEHEEAT S, FEAR SO HIE D
G, Akl & B 3 MR TEIK S R, R
@D Cl- % Ag,O T L /= LK ZH WS, @#%
NIiEEEH (n=8) ERE SO~ &A5H % SOF 1
FNFN 3.43mg/dl[(3.04-3.76) mg/dl, c.v.=8.5
%7,1.50mg/dl1[ (1.14-1.99) mg/dl, c.v.=22%] T,
SOi™ WEICIXEAZN Dotz —F, Rk
i (n=7) OiE#ESO;” LHERRI SO X, ThE
1 1.41 mg/ml[0.28-2.85) mg/ml, c.v.=57.4%],
0.26 mg/ml[(0.07-0.49) mg/ml, c.v.=57.5%] &l
EMEICEANZENASNTZ, RETO DY VEIEIC
N, IMERE T 16 £5, RiEENT 5 f5&mEE T,
Cl- R EWiEWME O EEZ T, RFiCmigatec
KU TIZEIEDIEET TR TICEINTE S
BETH 5.

SCN~ %, SOi &[F4k Fe(Il) & A ADSKZE
F%9 % (Table 1). ZOHRHERNA— K7 F T F—
ICHAAEN, BEDY —h— & U THRREICH
WHENTWBA, KEMICHENH 5. 12 Konig X
e AWt EEe, D ETiERE R E WD
A7 8AX T 5T 40— (GO)WIE, B, RO
MTFe(IDSEARBRIZELVENTVND Y, EEE
TEWNERET IV —F > o ftiidmaTunian, EH5
X, A—hr7F I F—DREELET L, Fe
(SCN) 8tk &4 > /15 L ETHERR S H, HPLC T

Table 1. Complex Formation of Inorganic Anions with Fe (1)

Anion Amax (nm) Detection limit (nmol) Anion Amax (nm) Detection limit (nmol)
Cro3~ 305, 344 0.4 S0%~ 308 12.7
SCN- 310 1.3 P03~ — 24.8
Fe (CN) 4~ 305 1.6 H,PO; — 28.8
Fe(CN)¢~ 305 1.9 105 — 73.7
S02~ 306 2.8 co — 141.3
Cl~ 335 4.8 Br- — 144.3
P,0%~ 310 5.2 B,O3~ — 206.4
I- 306, 350 5.6 BrOj5 — 931.7
P03, 310 6.4 CN~- — 392.2
S2- — 7.1 Sio}~ — 285.7
S,0%" 308 8.1 NO; — —
NO5y 372, 360 10.8 F- — —
PO:~ 310 11.8 Clo; — —

Reactions were carried out in 0.8 M HCIO, containing 0.05 M Fe (C10,4) ;. UV spectra were measured within 5 min using a reagent blank as a reference.
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SrEER S 2 R et & E U 5 20 TR K O i A
o SCN- OfEE BIEE ML L7121 5riEh 5
DT R ELMERE 1 A A Ha G, VARERIZ 0.02 mM
Fe (ClO,); % & %> 0.06 M HCIO, 15 ¥R, 1 E
460 nm Z W5 Z & THAERR 1 F > KO BEEE O
&7 <, 0.25-10nmol ® SCN~ ZHIET S Z &
MTER., AEoEER, mERBHho7IL 73>
fE e & IERE S B D 43 B %E & % chaotropic £ 5 D
KEWHCIO, ZFRS > /N7 Bl & iEERIZ W T
5ZET, BRECNIBEOREZ, MIEDORINA
WK LD IERE ST SCN- OHIEMNTIRE/R Z & TH
%, E¥HANR (n=6) 1% 39.6-171.4 umol/1 & H|E
EICHENH D, M (n=6) IZDWTHH SCN-
#13 0.6-8.3 umol/1, JE#EAHIIZ 0.4~5.0 umol/dl
& RECRHA R HIE [ g2 D o 72748, #E A H SCN-
B ¥ SCN~ &3 39.1+7.85% & 25 ) i B A3k
ZEMNGghote, £, mfE (R ¢ 171.4 umol/l,
I : 8.3 umol/1) Z/RL7ZDITT X TEEHETH
o7z,

2-12. RZAMHFLHPLC [CLDEMEA A
O—FFH  Fe(ll) THEAKRZERT 5 MWK
faf 4> (Tablel) ORZA KT L HPLCIZLS
—FomiEER A 19 RERISHET S > 70
WA AS 300 nm T ICEIE I NSO T 340nm & L
7z. ZOET CrOi” 75 SO3™ £ T 14 il D M
Bt o > MR ARTIEED 60-70% THRIHTE 5. 4
WHIT LIV NROAF 22T 5 L TSK-gel
IEX-520 QAE, Fe(Il) i#RI3BALMEND7n <33R
75 27 DWIEE H/NE W 0.05 M Fe(ClOy) ;2 &8
0.8M HCIO, {§¥#i & fi\n7=. PO}, Cl-, NOj,
SO7 7, S,057, I7, SCN~ % k& #+ > 13 0.1 M NaNO;
KEEW T 30 s ANIZ e &I it S 7z [Fig. 3
(@)]. Fe(CN)§~, Fe(CN)¢ 13 Z D4R Tldktig
W LIREECTE 8> 7248, 0.05M NaNO; % &
0 0.05M FEERFE R (pH5.48) ZWVW2 2 & T

0 3 LANIZER D D T DD IR 4 > & & HIT5E
LI EETE - [Fig. 3(b)]. A, Cl-, SO
SCN~ 7% 2-500 nmol, PO}, NO;, S,03™ 73 8-5000
nmol DHIF THELSHETES. HiKkLD Cl-
& SOi™ /% [Fig.3(e)], R¥ &b PO, Cl,
SOi~ &M ED SCN~ 7% [Fig. 3(d)] 10 ul Dtk
THETE. £/, ICITHNTEHEEREZHA
HERICHWTWS DT, AT T ARGREHT

@ 2 (b)

~

Inject

-
o
~
wv
<— Inject
o

T R W T T T N 1 1 1 1 Il
4 8 12 16 20 24 28 32 0 4 8 12 16

o

Retention time ( min ) Retention time ( min )

1 2

.

1 1 1 1
4 8 12 16

L

1 1 1
4 8 12 16

o 1(———Inject

Retention time ( min ) Retention time ( min )

Fig. 3. Chromatograms of a Standard Mixture of Inorganic
Anions (a, b), Waste Water (c) and Human Urine (d)

(a) Eluent, 0.1 m NaNO3; flow-rate: 0.32 ml/min. Peaks: 1=PO3} ;2=
Cl-; 3=NO,, 4=S0%", 5=S,0}", 6=I-, 7=SCN-. (b) Eluent, 0.05
M acetate buffer (pH 5.48) containing 0.05 m NaNO;, flow-rate: 0.8 ml/min.
Peaks: 1=PO}", 2=Cl-, 3=NO; , 4=SO2", 5=S,02", 6=I-, 7=SCN-.
(¢) Sample size, 10 ul//ml. Peaks: 1=C1~ (200 nmol), 2=S03~ (15 nmol).
(d) Sample size, 10 ul//ml. Peaks: 1=PO3~ (257 nmol), 2=CIl- (1800
nmol). 3=S0;~ (100 nmol), 4=SCN~ (1.4 nmol).

INHTES.

22, EMEHRILEMONIT

2-2-1. $?-, SCN-, S,03%7, SO%~, NO; DEES
W OAERNTRI AT > ORIERT S,
S037, S,03, SCN-, RSO; 72 E@ 2R &t
L EMMNELET S (Fig. ). ZNHIETRE
LQIICERETH D, BEREREE (ECD) A&
RESWICE I 2 R8T 5. EE 513, ERAEMmIC
M2 7z ECD B (0.9
Vvs. Ag/AgCl) 2 & % SCN-, S,0}, S03™ &
NO, ® HPLC IZ X% —F ot OEMBENRG 2, 7
#t 71 5 L 12 TSK-GEL IEX-520 QAE, V% B ¥R 12

k% (glassy carbon)
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0.05M NaNO; 2 &1 0.05 M U > EEFEE K (pH 7.5)
ZRHWTITWY, 20 32 ANIZK A F > % 0.015-15,
0.05-15, 2.5-80, 0.012-1 pg/ml D &ipH TH|E T
T Lnl, BRPIZBELKTIE SRS
%< OB TIIAERABHTEH T2 Z LI LW,
1983 4 Sérbo 5 (X A 73 TIE 72w A3, SHE &
FRH D S0 2EREMIC/KBEMZEZ H Wik
ECD-#f§ HPLC TH#lE L TW5.® {5 O Hik
3, EESOREFEEMEMA NS HELD, BE, E
WHETENTHBD, 0.3 umol/l £T S0} T
E5N, MHBNEREOZDINHM TR N>
7z. E#H5I1E, ECD ORHFTH HERMEZERT
X<, glassy carbon disk TT& /= 2 DDOIEHEBM
(Wi, W,) 2R (0.18 M NaNO3) D 2 i
123 & L 7= dual electrochemical detector (DECD :
W,=0.7V, W,=0.9V) &HW/iEERE1 4>
ZHRHIEIC X %5 HPLC T, b MR &K MmEH D
S,05” % Sorbo b D ik EFRKE THIE TE 2 (E
WR T n=5;31.2+159umol/d, M4t : n=5;
2.68+0.23 nmol/ml). 19

Ce(IV) IX Ce(Il) ITIBILS NS LHEEET B,
ZOHEZFMLTNO;, NO;, S,037, I 23 ppb
LRI TREFH SN TN S, 20 EH 513, 0
HFICEHL, Ce(lV) ZatMMHHIEICHWAEZRZ
k4 < 4 HPLC IT & % S27,SCN-, 5,05 & O
NO, O—FiihiEZM7AEL, & bHEERH D SCN-
& NO; KUNMEH DR SCN- OHRIE IR L
72.20 53871 5 A3 ECD-HPLC O & EFEU N 5
LZRV, EEERIC 0.05 M NaNO; /KiEiK, Ce(IV)
DHCEETE <TZDICEATAETF MU DA Z
Z, ORIV % 80°C TISHIZTHEDZ &ETrinzg
KA SE S, BHIFER K 260 nm (2517 % #O6
WE360nm TEZ4—95%. REUCMmMERXEHT
Amicon MPS-1 micropartition system TFE#} 2@
%, TOAMW20ul 7T LITHEAT S, B
1 NO5;, SCN~ T 0.1 nmol, S,03~ T 0.3 nmol, S2~
T0.8nmol, 41 A2 EHAD/< EH 10nmol
FTCEETE /A, MHRMIZ ECD-HPLC O]
20 ThHo7z. LU BB U 7z i LHEE 2 C AR AL
SrOEiEEZIFY, MR O SCN- & NO; & Ifi ik
D SCN- 2NHIE TE /-, SCN- B |IBES (HE
W% :0.89 & 1.30 mM, IfiiF : n=4, 50.2£11.4 um)
DFPIEBREE (R © 0.40 mM, 0.13 mM, [y :

n=6,12.6+33um) XDHSMNIEMEZERLZ
—7%, NOj \IMEE (HEW : 0.03 &£ 0.19mm) &
JEBREEE (MEWR : 0.13mM) TRRAERETIASN
Bho . BBIMETD NO; KU S05 13, Ak
TREERRAUTTHo =, ORI, BEDE
&) 27 T < MEGEC 0 BRI R
HAETHAH I EERBL TND,

Lundquist % |3 Koénig & Jix & il \» T SCN~ % ¢
BEZHE L TWB AL, 19 Fe () h#% fl 5%
B 5 DOHED X0 EEERIEDEME THIEREIZR U
Thotk. TITEELHIE, INHDHEEZEL,
KN CN~ J O8N SCN~ O Kénig i & F V7= 7R A
~71 5 A HPLC I K2R ERIEZMHBIL L /2.2
SYBET D LT AF L 2 RO A 4 2%
ks, % EHHIC 0.2 M NaClO, 2 & & 0.1 M iR
EAER (pHS5.00 2V, Rl Tros 3
CTRKBERENIVEY —)VBE—E Y 22 OIEHRE
MEKZRL, S80nm TEZY—F 5. W1+ >
DEBR 1T 20 pmol T Funazo 5 OH A7 0O< k
T 74 =L £z, SCN™IZDWTIX
Fe (Il) ${K -HPLC X U ) 100 5= E Th > 7.
WA & JEMLE PRI D WL THIE U 7= f5 5 (n=6),
SCN~ ZFNZF4 171 uM, 17.4 uM, CN~ |3 B2 fE
TERRKLT, EEFIIMLINLEN>/k. £
o, REETHNEEAYEIZRVWEEZRL &
(bl £ 583 nm, H L 607 nm). 2 = I TH
FEERURA N AT L HPLC 44T, 2 4T
ZH—THIELZEZ A, HAIZKABEITHE
10 {5 T CN—, SCN~ (F&EE5 : 2pmol) @
FEREBNATREE 720D, b MK OFRMEkR$ D
CN-, SCN- OHIFEIZIHA L7z, 2 CN- OHIEIX
Conway Cell #A#i% TR L, NaOH WK 1<
I SN/~ CN- % HPLC T/H#r9 5. SCN- Aidk
FI2MmEREEHT, ¥ —F 777 Fx CN- AD%y
R <D ANV EBEMAS. EkF D
SCN™ &, NaClo, Z& &Y > fz i (pH 8.0)
EMA, BA»#EL, AHzEHARET S, mfEHO
SCN- O HIEZ, HCIO, fr% >\ 7 L= LBk %
HAWws, CN- JIERICOAFIEL, TDIFEAE
1% “‘stable cyanaide’” (n=7, 0.13-0.42 uMm) TH >
7. 77, ¥ (n=17, 12.0-90.0 uM) & [F]%% D
ETImERkFIZEH SCN- (n=7, 8.0-84.7 uMm) 73R
N/,
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2-2-2. Monobromobimane (MBB) Z A\ /=& |
mEHRHFER 2~ & S057, $,05” DA Shea
& Howell 13, 20 FF —)L O #5% Z X)L LA MBB
ZHW3 7L 515 A HPLC THKEE® S,03 %
0.16 nmol/50 ul injection £ THRIEL TS, 5
DHFED R T, Rk O R HL D
MBB NIK R RO — 7 B E BRI T
BRNZETHo. EEHSIR, BMEHLEEYMOH
H T NIUEHIE L TO MBB O K2 FERRa L,
S,03” DIFMT S27, SOF™ Mg T Hr I L& R
W L7/, £ZTMBBZHW3% S, S0%, S,03"
D7V H1F L HPLC 12 X % [R] FRE G 72 O BR 76 2 6l
ATz HEFEEARIIE, MBBOTY M= MU
AW, BEFT 60 3 fEl, =R TITS. MBB i
RIZ, S9HEFEMERE A 4 > 2K T AcHERi S N
1 ODS 1 5 L2 X % coupled columun T, 25mM
NaClO, # & DA W®R (pH3) -7k = UL
(13 : 3 v/v) OBEHHIZEL B isocratic IAH TH#ES
%. $27, 8037, S,05” @ MBB %8 RII5E 21 57 B
I (Fig. 4(A)), #mHx#EEE=%— (Ex. 39
nm, Em. 476 nm) Tfr-o7z. f@&% At bk
% Amicon MPS-1 micropartition system TFE4+ 518
L, »#k% MBB A8 RbEAEZ AW THIELZ
LA, S,057 @ MBB @F#AE — 27 OB
E - RBL<ERIHBEEIN [Fig. 4B)]. [EIY
%13 100.8-96.0% T, IEHIMEH D S,05" L X))
13 0.61£0.07um (n=5) T, DECD-HPLC T#5
N OREMS KOKMETH > 720, B
HETEDAREDLINIEHTEN TS EBbN%.

MmiEH O SO IIHNRED Y 2V 7 1 Ribah &
RIiGLEEL THAER O S-sulfonate 8 & LU THETE
LTWBH, 2829 2= HNEEDO(LEY &k &1
FUELTHELRE I NN BEak(1 4D
& SO} 13 10mM DTT Tigtd % 2 & T, MmiEN
5 $27, 805" & LTl &, BRSL»i#% MBB %
B Z{TWERE HPLC 2175 &, Fig. 4(C) IR
TEOWMEF DT 2T 1 RIb &Yk F A+ —
JV-MBB #EARE — 7 Nl F > o8 —r LHR
DMIEARETH -, I T, millEEEE L TH
KEOHEGHRNAT X BT EE % (ERR U AT LEE 2175
7z, PBHAWR 500 ul 2 20% V) ERIRIKICIE AL,
EREL 72 HS 2 PFT fi 2@ LU THLH S &, 10 mMm
77+t > & 5mMEDTA 243 0.1 M NaOH 1%

>
)
=
a
sulfide
-
sulfit

<«—— sulfide (1.0 #m)
«—— sulfite (0.4 um)

i
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Fig. 4. Chromatograms of Standards (A) and Human Serum
Treated with Ultrafiltration (B), and with (D and E) and
without (C) Gas Dialysis Treatment

(A) 1, sulfide (0.5 um), 2: sulfite (0.5 um), 3: thiosulfate (0.5 um). (C:

human serum spiked with sulfide and sulfite at 1 um each, (D): DTT, (E):

human serum.

IHRIZIRIN S5, 50 ul DWIHK %%, MBB %
EBRIL L 72 HPLC 7 #E#475. Figure 4(E) IZ7%
TR, HEE—7 OZEESWA A 2 NERiC
BNz, EEHEIX, S* T 0.5-20 uM, SO
T 0.2-20uM, [EYLEIE 1.0uM FINIT, S 13
100.2%, S0} 13 101.1% EBHFTH o7z, MiEH
DTT ;2 c Tt 3 245 &8 S 13 1.30£0.60 uMm,
FE G SO3™ 1% 0.47+0.25 uM &R AT S N M
DFEGH A F > ODFEENHS N &R T2,

2-3. RANT 4 BEOGH AT ACOEL
FREETHERT D CSA & HT X AL 7 « > EEFHER
(R-SO,) T, RIEKCEFHELGKR (R-SO;) THD
o) ERROEERFREATHS (Fig. 1).
DATA R EEMEOABEREMS LT,
HEVIHAET O CSA, HT B2 HIET 2 Z S I3EE
ThHod. ARICBIHHPEITT <HMET, nmol
LRIVOREEEBEET S, EH ST, CSA &
HT 2"t I NS W &ICEHL, ECD-HPLC i
KB B IR R QRIREE &5 2 il & 72, 30 CSA
& HT 13 pH 2-8 ITHB T Ag/AgClLIZ% L T 0.86
V TAAMAEE(L 22 5. EINEALZ2 X 512 B
HEMPEDL AR ABEEMT 55, 1.0V L E
TR—=ZATA PAREICIRDDT, HMEAMIZX
095V & L7/=. CSAIZHT &0 bEEEWMET, B
A& OB TR I NN, I THFEDS)
BEVX, BEIMHE L TSOmM 7 T Y F 7 A kEE
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# (pH2.50) ZHW, G174 2 5giifis 1 5 LT
HT %, [&1 F > 2Zbtis 71 5 1T CSA Z 3 BiEd
BL2HRNINLATLERVNDANSTLARLF T
AT LEBALKL., BAFHITLITREL TNWDS
AR D ARFYNIR D H T L THEEL TWABRIZ
Ve d. AIEZ 40 AN Tl E 25708 % 2
EMTE, 0.5pmol/25ul ETHRHEEINAZ. Sv k
BREDOBE D F— 2 AW EIEIZ 91-105%
ERIFT, Tv M, K BES (=5 ON
K CSA & HT 13, T Eh 2.7+250m/g &
349+ 11.2nM/g, 0.15+0.30nM/g & 32.5+15.7
nM/g, 6.1£3.8nM/g & 153.6+£82.9nM/g TH >/~
Ida & Kuriyama®? ¢ X Hirschberger 53?2 |3, o- 7
)75k R (OPA) #Yt#it HPLC T v b
4, g, BRSO CSA BERIEL TWD
2, BIFIEHAA TEFE S KD 10 f5E 0 EZ,
BEIImE I NS EREL TS, EE 513,
OPA #)¢# it HPLC T CSA & HT ZHliE L /- &
Z %4, ECD-HPLC T#H 51 7= CSA &13, OPA &%
Jeitt HPLC TlIBHRALULFTH O, Wik S
O HT b namn-7z. Lhrl, KO
A% o HT 813, =N Z£h 39.7£15.4nm/ g,
192.24+22.7nM/g & ECD-HPLC T# 5 N /=& E
ERUA—F THIESI N

2-4. BAREAXT, BEBAAIOAH

2-4-1. BERRLRTEA A TDHH Westley 5 723
ERKID (AN T7oAFT), BEESNERT S
s AR A7), Sérbo ENEFKET S (¥ )NrE
MR AT OBMRILFig. 2ITRLTHSB. Z
NSAFTTEOA F TIXHEAMIIT 2~ ITEH|L T
HETDHZEITRD, IS Y0ABENESES
T2 LTS OREENEEESA T UEE
ST BRIV E DM G NWAE & 72 5. Savage 5
13,33 O DR E BIRTT OMAREN D &
N, N-dimethyl-p-phenylenediamine & FeCl; 77 £
AFL 7)) —fE#E (B E 670 nm) (T4 4
U, 775 LAFEEREEHE HPLC THIZEL TW
%, AL, 100pg-200ng O 2~ MERBTE, IF
W A AR AN E A A D A% 166+ 31.0 nmol/
g wet weight,3® <7 2, K&, BIEHESH T2
NZ 68.9+11.3 (n=25), 144.5+12.4 (n=9),
200.1+46.4 (n=9) nmol/g wet weight3¥ &H[T X
NTWS,. Goodwin 5%, FILEIZH X BT 2 A

W7z IC-ECD IT X 5 & S2~ Otk z L,
AR OBALREA AT OREITIEAL T
5.3 b, v bhOKHME IV IUETEREDY
F— LU, B OBAZE A AU % B TA
YD ZnS & L, Technicon gas dialysis 2 Y5
HGRAT A BT E & VY, HCL CTilsEL 7z H,S
JJ A % NaOH iR Tl L 7=dp &, $R{EFH -
ECD # i IC THH L TWwa. MHERIE 0.02 ug/
g A% T, & MEImEREEl (n=45) T3 0.69-
0.59 ug/g MdfH#%, = v HMRKHARH Tid 1.57-2.30
ug/e WA DR AR EA AU REZHEL TW
5. LML Goodwin 513, #ififlaw Mgy IV 7
2 UMBIE S BRI NN ERRTNS,

2-42. FEEBAFTTREDIHD - ([CHER
TERERDEDORRE  £# 50 MBBIETH
TFLZDITEIICICELD S~ ZF#Ed % b MiiEH
DAFTE, 7 #EEMTHEEL TWEIALEAS T
T, TOMFUEMEHAFYEEE L, BAR
EA T TITHRTHERA T3 ET, ST
LTuM LNV OIRENBETH S, um LLF
DS EHETESHikEL T, FPD-GC® %
ECD-IC® 2 EN¥F 6%, UL, #iFIIsH
MoWiEZZT5<, Welz BEMaaTlEIc X Ok
FMLUTHhEoEALRBRTUIRST, BETDEEDR
BETON T LNOEEKR OB D5, KR
ETOBERECZLY. JUHSNEAFL > TI)—
ARRIC K B AL, ERERAAN 1X1075M
BET, BKENATHTHS.

%% 513, S % p-phenylenediamine & FeCl; T
FHEAEOTF A= FERILL DB (Fig. 5),%7
HPLC T X U 7, Ot 3 2 i COER %
72 S OiriTiE AL 2.3 HPLC I, F4 =
MHFF > MiadT (Fig. 5), 7=A>2xELT
40 mM SDS &3 50mM U > EEFEE R (pH 4.0)
ETERZMUIVER (1:1) ZEEERICHN, W
%R C8 AT LTHEEL, #EEZY— (Ex.600
nm, Em.623 nm) THIET 5. 27 1%, S5nM-1uMm
O THEAMEZRL, BREEREAIZ 1.50m (S/N=
3) THol, RFEEIAFL T IV—IEITHRK 15
f5LAE, MBB FEAR(IEITEE K 5 fEm T,
GC-FPD % IC-ECD (2Lt 9 %, & k7RI ERVE I
AMEHI D W THEBEHLFERL 2TV 2~ O
AN, i Nanho/z. I T, RINikzZE
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NH,
Fe3+ H+
H,N “oxidation. HoN 7 Cl= + NH, + H*
Fel | ch
/N
Cl- + 4H+
HoN T NH,
S Hel

Fig. 5. Fluorogenic Reaction of Sulfide with p-Phenylenedia-
mine and Fe3* to Form Thionine

Conway JE# )L T UBEALE A A 2HE L
mEZA, HEATY (n=5) THT 0.165+0.025
uM (packed cells), ZZ+ 0.151+0.013 um (packed
cells) DEEALEA A > PHREIN, b MIRILERF
WCOBARENFTIUNFET DI EE2HSMNITL
7. UL, FRMERICBIT S S2- O EmEIL =R
X, —8F ST MAES O > ERAHE A A
ZAE D I UL AR IMER L 57 O s/ T IR b
INDB7D 54-61% (R WNEERL 7=,

243, MEBEPHEERA A0S E£E51E
S EEEETCTRHRAENICHE CESF A2
HPLC &, MBB-HPLC O gFjQLERIZ W 7= iR 4
HABHD ZHREL, MIHEHOREEEA F 7 OHEE
WAL, EOEFEEREZ TR, a8 4D
EEMEEMEL TS RUOTCHERA AT EHES
U miE7IV7 2 > (SBA) Z W, (Mgt e
OENRBRZIfT>7/2E 24, 10mM DTT 2 W
pH 9.0, 37°C, 15 /2 O KR TlZIF 72 - N IME
MHEINE N Mg ﬁ@ﬁﬁ%%&bf &+
el Ay, YAFRUZINT 4 R (CT) &
NaS T L2 & 25 0.1-10 uM D & B T
BEORBROMBEEN K LZDT, KEEEA A4 U
ﬁwﬁﬁwgtbeﬁ%ﬁmbt CT, 7tHEA1
FoEEEIEZE MOIET IV T I > (HAS-Sul-
fur complex) N5 S2™ NFENFN102%, 95% & B
HREINRTESN, YAF>, AT >, 7}1/
YFF >, S05, SO; M D P OB
Nizmolz. LNL, InNsEITWEL iij%é*ﬁﬁu
uﬂﬁ’%bmﬁmﬁiéﬁzt#,éﬁﬁmﬁﬂ

TIRERICHEIEEE S N, BEAME (n=10)
KOWTHABRHAFTUEHELZEZA, BHET
1.16£0.09 um (n=5), 2T 1.07£0.18 uM (n=
5) OMEMMNESN, EEIAOSNBNSE. &

FEMW O ME (n=5) IZDOWTHER 47 2H
FLZEZA, THFIT1.5540.33uM, T M
1.88+£0.65uM, EILEw MF 1.65£0.25uM, <7
13 1.55+0.86 uM, 13 6.184+0.96 uM T, 7
SPUAMIE RERIL NIV THo = MiETHIES N
oA FIRITDONWToHRBEIEZ1T> 720, DTT R
M DESy TR OE S FESDNWT NS H S
BRI ENT, EEEROBARES A IIIFEELT
Wizino iz, £, #EERA T VMRS FE SN S
EI S NS & T HESICOAEFEL T,
TS INHE U2 i O &8 A 4 R
Westley 5027 J U A THIELZZAIV T 7 /’f
ZF & (100 nmol/g)*0 T kX THEAMITE S, ©
L 5 Sérbo 5 @ TPP & #E{R{l FID-GC TE 51/~
& 2N EREGRIA F U EITE W, 30

MEH OFEETIA 3T DETEBREIZDNT, bEkE
SH R D {##%|T&H % N-ethylmaleimide (NEM) 7%
HAWTHN7. NEM idihifk (R-S-S7) &< X F
>Z7' L, R-S-S-NEM ffinfkz 4k L, DTTEITIC
£ % S DOl # M A %, Table 2 IZFEEHEYE & 1t
Hil B ORE ST A F U HEITH T 5 NEM OgE %
RS, NEMALEIZL>T, 2~ CTUHELAZE bl
1% (sulfide-treated HAS) [ZHH S NITHES T A
AL TV e, miEEE T, B S &7z i
THH) 55%, kD > iE & RHIE —20°C THRE
Lzt }‘[ﬁl/ﬁi)‘b O NERI Nz Z
OFEFIT, &S TEPFOREEEA T T DN Sh
EmRIEY (20T protein-S-S-) & U THELT
WHZEERBLTNS,

¥/, v MEREZE 20mm U > B R iR
(pH7.1) ZHWT, NaClEEICL D ATV T
AXTTIN—t Ty O—2AN 5 LKD) HEZT
W, FEERAFTOITIVT I AL TE
FELTWEN, TOREBMO THINTH-o /.

3. WEEAFAVEERXEHAT DMAGLBE
ROFEMHREE

3. 3-A)NATFELE BA A VEGEBES
(3-MST) 3-MST 1% 1953 4 Meister 512Xk > T
7y NMFEN S RN S NZBER T, 40 EWRITA
KOMLTHY, WALEY TR, B THRDIE
HmE <, RMERKITHIEEZRT. MBEANTIE,
frEEI Fa> RUTIZMLTWS, Ty bHE
MHAEHE L 72 3-MST 13 33kDa DHEHRT, T v
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Table 2. Effect of NEM on Assay for Various Serum Samples
Bound sulfur found (um)®
Sample Recovery ratio (%)%
With NEM Without NEM
Standard©
Cystine trisulfide 6.02 6.61 91
HAS-sulfur complex 6.55 6.68 98
Sulfide-treated HAS 1.56 6.52 24
Serum
Fresh human serum 0.43 0.95 45
Human serum stored at —20°C for 3 months 0.7 0.98 71
Commercial bovine serum 3.49 3.97 88

a) Each assay was carried out three times with the results expressed as means. The concentrations found (um) are the final concentrations after mixing with 50
mwm borate buffer with or without NEM. b) With NEM/without NEM. ¢) Theoretical concentration: 10 um equivalents as S2~.

NFgED & %=t D7 X J BB A & 66 % O HH [F M
EZRT.VERE BERIMSTEOYR—FDT I
J BEECH DR RN 59.7% T, 43 ik O & B
REDMERIEN R I N TN D, 49 ABEHEIT Fig. 11
IRT XD, PATADT7 I BEBRKINICES
TR L= 3-MP % CN-, SO}, RSO; ZDZ%4K
WKAFTRTFEEBIBEINE VBICERIE DK
IRt %, 3-MST D /EBAEEAREIX, 1 A iz
BIZkd CN- O EE AN TERD, HER
BEIX SO, CSA DIE5 e <, HI2 S0i &%
KREHELRZEE, BHNA S0 OAERREE
ABNTWS, F7=, ferredoxin TREZINDH—
AFTE NI EDER, W FH 2 F UgIEEE T
RESINDEY 7T VEERDOIEVERIAN D FHERR DB
BOWRBINTNS,

3-MST DIEHHEIEERIL, 3-MP 238 & U TARL
TOENECED), (FURTOZELEIERL
THIESINTWS., EIVECBIZER L HEEL
Tix, 7JV AU T 2,4-dinitorophenylhydrazine &
FBOERTIY VHEEKREL, ZOWCEZ 435
nm Tl & 3 % fjiE% &, lactate dehydrogenase
(LDH) #THlli#F L, NADH IZH D < 340 nm D%
HEELENSEINE VBEEZRD D HIEDDNH
L. WA, R, BUE, BEOfEIORNSE
KB P O ERIEERREICEIAMETH D, —
H, ZHREBICEHLUERIEE L T AU ALY
IZKCN Z iy, 4pkd % SCN- % Fe(I) 14>
EHED Fe(SCN) $HKRIZ L, Z DU (460 nm)
ZHELT3-MSTEMH RO TNS. ¥ ZDFikE
fEETH 20, BREMEBRBEOBDOI —F >

IELTHWSN TS,

EF S IIERAEIP OME R 3-MST &L T, &
IZb bARIMERT @D 3-MST 12X 3% 5 & 7 3 )
EFEIZ DWW TR 2T 2. MIEHEOBRRBITYSZo
T, HETHLEMERIMP AT TEhho7
DT, GREDOREGZ&RICIT> k. WRE
13, 4950 g4 H,S 77 A & 3-buromopyruvic acid % f
WT 3-MP ZA L TWizns, #BIENEMTINE S
B, MR TRERERELTHLZZEN#E LN
Z. EESWE, FAIMEHIE L THS T ADE
D0 E A E 72 NaHS #5552 v, 4°C F 3-
bromopyruvic acid E RIS 2 EITE>T60%
DOINERT, mHiE (97.9-98.6%) 7% 3-MP - Na %
MR THRLDZIENTEL.SY G L7z 3-MP 2 W
7RI ER R @ 3-MST {6 P I E 14 O B % DL R 12K
@—' 52)

ST _
OTT pyruvate + S,0%

3-MP+S03%~

excess substrate + NEM — NEM complexes

POP
2_
pyruvate+ O, +HOPO;3 —>TPP, en H,0,

+acetyl phosphate+ CO,

POD
2H,0,+TOOS+4-AA L)

quinine imine dye (A 555 nm)

ZRHEE & LT 100 mM Na,SO; 2 H Ly, 50ul @
IR (2.5X 104 FRIMER/ wl) & FOSEHERTH %
10 mM DTT % & $ft 538 25 mM 3-MP Z 1% %
(J)Jix pH 8.0). KUBNIR &K Z 37°C T 15 Z3fEl A1 >
FaXxR—=rL7ZDSE, 0.11 M NEM 7% 1A i % 15
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9%, 590, FAHK TH S 4-aminoantipyrine
(4-AA) & sodiumu N-ethyl-N- ( 2-hydroxy-3-sul-
fopropyl) -m-toluidine (TOOS), thiamine pyropho-
sphate (TPP), Mg?*, KH,PO,, peroxidase (POD)
& pyruvate oxidase (POP) Z&UHEMIKK (pH
6.5) #=inA, 371°C T10 Rl > FaUXRX—=KL
DB, 555nm BT LRICEEREL, 3-MST
WHEzERKRD S, NEM T, @BREEOHLE 3-MP &
SO3™ & RIGARNSMOBR< 72®IZMA %. TOOS
& 4-AA I POD #1E &, @ERIL/KFE S BRALAYITHE
BLTEADF ) 1 I AF (555nm) Z Rk
9 5.

AIEITIWERETH S LDH iED L DK 15 155 %
JET, 3-MST {E1EAT 2.5X 104 FR1fLER/ul ¥ ifn 3% T
ETE5., f@% At baRImERH O 3-MST & 14 Z
ELZEZ A, T 64 units/10° JRIfEk (n=30)
NES5N, ZOfEld LDH # THl%E L 7= Valentine
& Frankenfeld*” OF5REFRL NIV TH > 7z,

32 o xr—+ 04 % —+t (thiosulfate :
cyanide sulfurtransferase) 1% S,05" O X IV 7 7 >~
A AU EZHEEKRTHS CN™ 125 %, SCN- &AL
95z T SR & T, 1933 4F Lang 51T &K
STHAINL, 0¥ x—FIddH 55 EMIKRITIA
<AL TWDH, WHABHYOMMTIE 3-MST &
[ UKD I & BRI RbmWEEZRL, €0
EHEXIT XTI hORY Y RNY w7 XITHELEL
T35,

O *—FOEETOE—DOEEIZ, 7 1At
DIFFmBCTHBHEZEZALNTER., LML hOVER
V7BEATH 205 +—FI, TOHGHERALETH
%80 M haYRUTHEZEBLES, >
7 OEER O OB —-DOBE LT HE
fRICEMHET 2L &0 H 5.7 Nagahara 5 1,
3-MST Lo r—YO@HEDENE, THFHk
D1 -3-MST Hifkz W 7= B (L R O i 2
FIFETT v bR, M, NRETONMhZH
X, FMSTIZMEEI O RY Y OMAIZH
ELTWAHZEZHSNIILAE. P ZLTCN- D
R, EIHIFLE T 3-MST Ik > T SCN- IZfig
BN, MBEINTESZCN I ha>RU7
ICAD, 3-MST & 0¥ x—tEOH.FEIE¥(THET
ZHERELTNS. P HS1D0FEEL T, O
T2 —BIEWANWARBRZIN T 7 M 5ERNL B &

SO;™ ERIGL T S,05” 24EKTAHZ EMS, S
DEFLEZMET D2 ENEZSHNTNDS, D

ABFREIFREEDOBEDD EL TR, BRXEOT T
S IRFEHE RABAE Td 5 Leber i (FH A% 25 e I 32
Y EOEBMNEDLNTERD, HoEVNIZX
STOF X —VEHIFIEFMEERLUALZDIKMETH >
20 E—FEDORBEMNESNTWRW, HIETIZ,
Leber j%iZ X h > KUY DNA ORAERIZE S
THIEEZIINBDEREEL TEBEIN TNV D,

sy r—tHERICHBIT 205 32— OiE
HEEE LTI, #5588 &L T NayS,0,, =&/
B & LU TKCN ZHW, A9 % SCN- % Fe(I)
$Hfk & LT 460 nm THAAFE R T % Sorbo 1559 M3k
bA<HWSsNTWS, UL Sorbo i£id, 0.1
pumole LLF @ SCN— I ZHIETEY, KEDMATIM
EHFDOKIGHERARINDISHIZRETH 2. Z D,
Sérbo {E TR T % S0} ICiEH L, BB ZEDE
&I TV HIEFE X, nitroblue tetrazolium
(NTB) ZEILL THERT DRI Y EEZE 530
nm CTHIFET 5 EKERIEFERDS>N TN
%50 KL T 0.5-2nm (5-100 um @ SO} ) DO
Hx—VHHIETE, Sorboikk DK 3 EEmET
HBD, ERT D EFENANENED O EEEITRT
5. ERAMICHEDNTND DL Sérbo D A T,
M 7e EETEHEFRHIIRENA T+ Tho 2. &
Hod, fEREEL TS0 U4 ED
thiosulfonate 53 /K, methanethiosulfonate (MTS),
ethanethiosulfonate (ETS), benzenethiosulfonate
(BTS), p-toluenethiosulfonate (TTS) Z&HELL,
TS ORGEREFNR, MTS 2 S,03 12K 95
BERBEENENZ EZRWE LA, UL, 17
DD CN™ ANDHFENEBE B $,05 ITHATH 12
KL, Lal, 0¥ x—EOREATHDOI
EALFIE L THNA = DTT 28 MTS O B R F 7
DB EMA D ZENFND, MTS ZH W5 Ekk
Eauyx—tOEHEREEZRDOX D ICHELL
7":' 58)

CH;S0,5~ (MTS) +CN- + DTT -hedanase,
SCN-+CH;SO;

CN-+HCHO — H,C(OH)CN
SCN~+Fe (C104)3 —> Fe (SCN) 3

(orange, Apax 460 nm)
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ZRMEEELT62mMKCN 2y, 0.03mMm
DTT & fft 53 E 0.017mM MTS 21z % (Kt
pH8.6) .25°C T1 7L A >FaX—rL72dH
&, B EINA S, KINE 25°C TS TS, &+
WATIVTE RTRINEEIELEZDS, EitHlE L
T Na,S,0; & i Hl Fe (ClO,); % & T HCIO, (28
%) KEWRZEMA S, RINBEEWRZZ LR, R
4 D Fe (SCN) 3Kz & O B8R O WL E %2 460
nm CTHIEL, OFx—ViEHERD 5. KL,
Sorbo {EIT LK) 95 R E T, W Ak b IE
O 32 —CEEHREICNHLZEZA, WO TZED
EEZERET S 2 EMNTE, 20.9£20.0 units/1 (n=
31) OIEHEMEZE%S7-. &kl chaotropic H| TH %
HCIO, i Z WA Z & T, MET7INT I &fEH
U7z (K140%) e CTHEML 2 SCN™ 2584
WS E 2R ZAL TVD,

33. - RHFAF—+¥ (y-CST)  y-CST
IEEALENM ORI < 2 L, MK TEiEEz
RY.5Y p-CST O FLEMMLIT BT 5 E/= 2 HaE
1%, AFF=>M# D trans-sulfuration pathway 2
BWT, PRI FHZ D EGRABEL L- > X T A1
CEERTDHEEBIT, L- AT A O RIEER
295 (Fig. 1). UL, AEEFEIL multifunc-
tional lyase ©, YA FAZCERUELDITEL
DY IO B-IT y- RIS Z AT 5. -
CSTIZT AF > &I/ L T, FAHTR
TA2, ENWESREY BT EERT S .

y-CST & 1 1%, L-homoserine 72 & & L3 5 2-
ketobutyric acid Z 7 )L 51 U 14 T 2,4-dinitrophenyl-
hydrazine & it &, JRfAD hydrazone & L, %
DS Z 515nm TRIET 20,0 2 X5 FF =
SO ERT AL ATA CEBREZCE RY 2 TH
B, ALEOERY Z 560 nm THIEE % HlED
BN —F U ENRFEHNTWS, Ohmori 513, @
EEIZ AT FH &2 MW, ALz 2-ketobu-
tyric acid % %t J¢ i & K {k i ¥ 1,2-diamino-4,5-
dimethoxybenzen T quinoxalline &k & L, 7L
T LEIEFH BRI HPLC TEEREIC T v MFR
HOy-CSTIEHZHEL TWD, 2 DDk
3, BEOME TELOSEEC AN MDD, £z
HPLC EIE&E&E T Mg D 0Bt E BI23@E L C
WD, HEHITHTIN—F EE L TEEHESIC
miF5 .

FESIINSORZZEL, i TREER
y-CST IGEMEHRIEE Z M E Z v I y-CST = A
W F L7z, 8 & U T L-homoserine O i % %
100% &L/ &E, YA FHZ 2 OHEER
20.0%, > AF 13 12.1%, B-chloro-L-alanine (S-
CA) 12 130.0% T, B-CA ® yp-CST iz 9 2 Hi%f
I&PE A L-homoserine K D EWZ ENho 7. B-
CA, ApMmELTEIE BREHEASDT, K&
BELTPB-CAZMAW, POP & POD D% %2 A&
BOEIMSTHERMES AT LZHEL (31
ZH), D SREIRIEVEREE L Lz, 0
y-CST

PLP
CH;COCOOH +NH;+HCI
Enzyme-SH (active y-CST) +4-PDS —>
Enzyme-S-4-tyiopyridine (inactive y-CST)

CIl-CH,CH (NH,) COOH (8-CA)

+4-thiopyridone

POP
_—
TPP, Mg2*

H,0,+ CH,COOPO}™ +CO,
POD

CH,COCOOH +0,+HOPO3~

H,0,+DA-64 (leuco dye)
Bindschedler’s Green (A, 727 nm)

BRI, fFERESY 2> By (PLP) OFTE
F, pH8.0, 37°C T 15 ffT 2. RIMEIEANZIZ,
SHE DY A F > U Hl &l 2 Miat Uz, p-CST
D HZRNMHEE TH 5 p,L-propargylglycine (PG) &
FARIC 100% 3G EZ HE L 7= SH B EMiH TH %
4,4-dithiopyridine (4-PDS) ZMHW/=. KL 7ZE
JVE B, POP T#MRIL/K=RICRR{LE N, POD
& N- (carboxymethylaminocarbonyl) -4,4"-bis (dime-
thylamino) -diphenylamine (leuco type, DA-64) %
fe{t. L, Bindschelder’S Green (6=8.5X10% Anax
727nm) ZAERSE, REGEEORICE E p-CST
EHEE L THIET 5.

AIEZ, 0.1-1.6 ug ® 7 v IS B y-CST
IEMEAYE T, hydrazine 12 LK 10 1% 5 K
Thd. KEEZHNTT v Mg E Bk (n=10)
D p-CST{EMZREL LIS, K% 8.03+2.43
unit/g wet weight, 3.85+0.40 unit/g wet weight D
Refdlz. KiEF, SBEMA AT & p-CST IR FE
LTt OWF7E <, p-CST O A HEEHEIC
BITAMERICHEDITH 5.
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4. FEEBA A DEBESFRIBAEST
EFESMEFELZF A -HPLC iEIC K % S
(2-4-2 1) LHEG T A F 0 (2-4-3 18) 3 O WIEIE
KOZINT 7 oA F T &ERT DA F SRR,
3-MST (3-1 £i)5? & p-CSA (3-3 i) 63 O M Hl &
FEEANWTHEGEA 4 04 BEBEE 2 31 L 7=
4-1. T MABRRUHMRABEEA 47 LB
REAATDRHE Ty FEHEBOEEEYSZD
DIEETA AT, BAREA T T DEREE 3-MST
&) p-CST iM% % Table 3 129, DTT 8T T
"o NRIERA AU ERIIFEN KL<, 20D
K1 90%IIFEBTIA AT TH o7z, LIRDEWEEEA
FUEBIIBRICONWTEL, TDIEFEAETER
REAFTUT, HEA AT TIIMEBREALT (1
nmol/g LAF) TH-o7z. M M, MEiEOKREIT
BT HB D, 0 60-80% 134 & RIA A 70
HOTW5S, BER1gHZDORKEHA AT URE
&, FONVEMAEMAFY (S0 ZHEL &
Sorbo & DFER LIk 2 &, B TH 12 £,
i TH 8 1%, IR TR 4 5 EmMEZ R U=, i
TSy, L& (Sérbo B : 35.6nmol/g) Tk
EEBA Ao I Nan o EE S BNHEIEN
RETDHAMA I, BAEDS ¥ 1T
GEEMED) O A TRFIEND T, ¥ X7
BOIATA VEREICHEG L L& e, -
FIATA VIR EDKS i, S XF Y
IV T 14 BRI EDLHALED DTT Bt T S? % lF
Bt 245 HA 47T (Fig. 2), Sorbo HALLMET
57z SO &L, BIEICERMZET 220, BAR
EAFTTNBILINTLE R EEZEZ SN S,
FEOA A o3 MR & 0 B lEdE I SR E THEE
U, BARZEATUDHEEL TWE I EZHSNT

Lz, —7, #EaRA 4 DARICES 3% 3-MST
& y-CST MG IR & Bl T i <, fhDligds Tl
bIhULhrEgananho iz, FiZ yp-CST L, iF
ik & B g2 D ATE B S Nz

Table 4 13, HEEBRAAVEENEL, 3-MST &
y-CST iEMEA & W (Table 3) fHFlig & B ik o # & Bl
AF Y, BMARLEA LD, 3-MST, y-GST O AN
iR L TWD, R, B Al D
F U mDK 42-45% TP K —)VES3IZ, 21—
27%13H a2 RU THEGICHEEL Thb, #KilE
A A TDO5, BEMAFTTDIFEALEITHTA
N —)VE Sy (PR : 90% LA E, B : 70% LA L)
WRTEL, MEMA AT 0%, BHRO%. BAR
EAFTEEICHI a2 RY 7EPIZFHEL TN
5. —F, HiEety o 3-MST 15D 60% 13
MM PO RYTHESIZ, 0% A1 M —IVE
SICRIEL, BROEGEIE, K70% 2051 b
= )VEMZRIEL TW5.  p-CST I M 13 i HH %
EHEITHY A MY —IVESICREL TV,
AR AN A N =)V E N E NS
RiT, #EEBA AT DA, FFROGNY A b —
WTHDIENHREING. £/, BALEAS Y
2%, HAETTIOE, MEN/NRE TR Fa > RY
THEPICELSEETDHENHIHERIL, TDEFEALE
ME—AF T NI EERRT 51 FVETF O
MM EEZ 5N, 46

fHig, YA N —IVES 07V Ai#Es 0%
T574—X0, #HEHAF DL IEESTED
WCHEAL TWEe (g : #Er R4S T ES T,
g 5 ). EEBRICBVWTIE, &2 THESO
ENTHTE 1 T TS FESICIES NI E
OREERA FUNE S TREFABEFEL TV,

Table 3. Tissue Distribution of the Bound and Acid-Labile Sulfur and the Enzyme Activities Related to the Desulfuration Pathway

in Rats?
Releasable sulfur
Tissue 3-MST? (U/g) y-CST? (U/g)
Total (nmol/g) Bound? (nmol/g) Acid-labile (nmol/g)

Liver 66.74+8.89 40.76 =11.42 25.97£2.96 472+55.6 8.031+2.43
Kidney 363.9+104.8 324.1+£100.7 39.85+7.36 4254+80.7 3.854+0.40
Heart 128.6+17.8 Not detected 129.3+£16.5 95.7+17.3 0.0440.02
Brain 31.05+6.24 18.53£8.09 12.51£2.13 38.7£5.01 0.094+0.03
Spleen 40.91+13.81 34.06 +14.21 6.830+0.63 64.81+6.43 Not detected

a) All values represent the means+S.D. for triplicate determinations on tissues from five male rats. ») Bound sulfur =total sulfur-acid-labile sulfur. ¢) Unit=

umol product/min.
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Table 4. Subcellular Distribution of Bound and Acid-Labile Sulfur and Enzyme Activities Related to the Desulfuration Pathway in Rat Liver® and Kidney?

Releasable sulfur

Marker enzyme activity (U/g)?

G6PDH?

Cyt.Red.?

GDH?

p-CST®
(U/g)

3-MST?
U/

(nmol/g)
73.57+£12.12

Acid-labile
84.35+6.13

Bound
(nmol/g)
41.82+11.65
337.42+25.50

Protein
(mg/g)

Fraction

1.03£0.29

6.74+0.80
2.29+0.28
0.20+0.07
0.214+0.03
0.80+0.29
0.58+0.13
4.50+0.81

103.20+£19.33

5.33+1.20
2.79+0.58
0.04+0.05
0.04+0.01
0.14+0.11
0.18+0.04
0.40+0.21
0.12+0.01

188.70£34.70

255.80+£44.00
17.20+2.76
16.00£3.57

116.60+8.85

133.15+14.22
138.82£10.47

Lver

Whole extracts

1.52+0.14
0.01+0.01
0.03+0.01
0.08+0.05

57.95+5.47

Kidney

13.87+03.27
5.57+0.45
64.821+23.37
31.45+3.53
20.90+4.08
12.82+1.05

6.52+0.71
13.22+0.46
22.14+0.62
35.77+6.98

2.21+1.41

25.61+2.21

9.871+4.50
10.00£1.71

Liver

Nuclei

Kidney

1.08+1.35
52.38+8.16

34.02+3.98
31.07+3.88
36.121+8.26
44.50+£3.43
58.07+8.09
62.12+8.26

Liver

Mitochondria

0.20+0.02
0.05+0.05
0.16+0.03

86.20+18.10

Kidney

6.50+2.45

3.94+1.19
77.20£11.90
186.00£30.00

8.78+2.94
8.81+1.69
7.88+1.67
16.78+1.26

1.70+1.98

31.88+2.20
27.65+11.71
172.02+12.87

Liver

Microsomes

1.58+£0.09

Kidney

0.77£0.44

1.38+0.76
0.65+0.11

3.09+0.74

2.62£0.54

1.41+0.25
0.61+0.11

Liver

Cytosol

1.38+0.14

Kidney

umol product/min. ¢) GDH: glutamate dehydrogenase. d) Cyt.Red.: NADPH

a) All values repreaent the means+S.D. (per gram wet weight tissue) for triplicate determinations on tissues from four male rats. b) Unit

cytochrome ¢ reductase. ¢) G6PDH: glucose-6-phosphate dehydrogenase.

Z AR T 53 DG N BRI R A T d 2 00 3B
BEETIIAHTH 20, fEERA AT O¥mia<n
BT &L THEEL TS Z EIZBREN,
42. BWEBAAVERROBT  HBERA A
TINVERNTAER, PR, FIASNS X TOBTIE
BEZORBIIOWTHIRZGE SO, Ty Mk
KON B I BT B BmiEEE 1> X751 > %
HEE U invitro R T L 72. 9 £7z, Wik
PRICBE 59 % 3-MST & y-CST DiEM: & DBERIZD
WTHHR, FifiETEE, DTTEITIC K DR
BEE g 420 1 oMiIcERT 2 S BL L.
Zv hOEFMBIOFALL MR ONWT, v
T4 > EIEEE U LBEENZ Table 5 1279, it
WG (S @A) 1%, y-CSTIHRMITHFIL T
(Table 3) fFiEimbd@E<, DNWTERTH o 7=
F7z, 7 v MHRK BB D> X T 1 RN
2k D S DAERIE, y-CST O HARMNHERITH
% PG T 80-90% FHE S 117274%, O CTIXHE
INmiho Iz,
B0 3-MST ROHEAMHEEXTHS L- 7 Z)NTF
CEEROEINTIX, HHiE, B OB E R A S
BINR oMM, KT OS2 £ 40% HE
L7z (Table5). ZDXDIT, AERITHBT S PikE
P, 3-MST &L D % y-CST RICEKBEL TWB &
Bbhns. ®

PATA 2RI U T A B OV R R oD
B S BAME L, S ORI IER IR <,
DTTEILTZOENEML, 1ZEAENFEEIT
FIEL TW e, O /NEE ICODHY RDOREA
REAFT T XIHEERA T UDNEEL TS (Ta-
bles 3 and 4). F/=, Bl ORERE S 13T L
DK SELNDIZH L (Table 3), BHGRE M ATl

—7J5, cysteine aminotransferase %

Table 5. Effect of Propargylglycine and Aspartate on the Sul-
fide Production Capacity from Cysteine in Rat Tissues?

Released sulfide (nmol/g/min)

Tissues

Convat THOPTBII AT
Liver 38.0 8.59 (22.6%) 36.29(95.5%)
Kidney 18.9 2.22 (11.7%) 17.91(94.8%)
Brain 1.78 1.94(109.0%) 1.02(57.5%)
Heart 1.52 1.63(107.2%) 1.10(72.9%)
Spleen 0.89 1.31(147.2%) 0.69(78.1%)

a) Average of three rats.



894

Vol. 128 (2008)

DL FTHD (Table 5). T DFEHEIE, AEN
THNRPEA F DIk 2 EE N FEET 5 2 &N
#REIND, IT7abs, HEOYA ) —IVTHERK
L7z 270, #eniCHadA A oIcE#fIn,
OB E > ik I NS, I AR
U7k I N AT, A A VEBER, A
WO r—tCOERTH T T T A5 —HITH
DIAENDZINE LNIRWN. D A M) —)VE3 IR
BINZHEGRA AT, WROEDICY 2 INIY
WIREBRMIZHESG L TVWRIEND TR, Y1k
VoIVBERICAERICIDIAEN, HLMOEREODIE
PHALICBEE T2 (Bik).

4-3. HEEBAXTICEZHK—AAIIZTRT —
OBEMR 7zl R+ (Fd) cffEINS
BALREA T T EEZOH— A5 NV ER, 7
OO07 2RI NI RYTZIZHELTNEET
LRIERITHEEEITRE OV TWS, —1F D5 >
IND B DR TR O RIL, FEAL
in vitro TOHEBRRATITONTWS N, BARLE
A F T OEHENEGIRISNEEAHETH S,
ASA DA SCARIRITIL < 94 L TV B BIL— AL E
A A 2960 (IHET S2T ITA I NS, —F,
FUEHBEEFZE TH D 3-MST 2 0% Rx—HIidE%H)
WMOE—A AT T AY—DEKIZEEEG L Tns &
EZHNTWSDY, AMEEICIIER N> T
%,

EESIT, BEMAFTINEANLH—AF TS >
INTBEDOBAREATTELTHAINS D, RV
L 2FE O Fd 2 W2 EE R THREL 7z, 8 B
FRIS TR S N 28— T 0 T A5 —IREE
T, 1AV NI EHIEIMETH D0, FHi
BSOS A I, Bk E— K@ TSK-GEL phenyl §
PW S LZz2HW, WY >EZULEZAHO0IMY
SR EW (pH7.0) TH V7 I35 v 7 TilaHiZsy
BEL 72, #EEEA AU DR FETIVEEMEL T
CT, @ TtamE L TSBA ZHW, KRy L VE
apo-Fd TH ML XS %17 > 7=, Figure 6 |3 AL
RISZEATO TN D7 O 7 57 LZERL TN
%. SBA KU CT HER DO GEIA F 71, ExY
Bk ROURE (DHL)® & Fe(Il) DEFELE R,
FisD TENRANTHR T L EERD 2 5 7O 7 = L
RF >, FAdI, FdI OREICFIH SNz [Fig. 6
(C,D)]. 75 X%—D 100% FE#ERlL, CT0.25

A (Native) c
Fd 1L
Fd 1~ *
S B D
~
=
g FdlI
'g FdI— *
B
«
| p— | T T 1 mTT T 1
0 10 20 0 10 20
Elution time (min) Elution time (min)

Fig. 6. Typical Chromatograms of Native Ferredoxin in So-
lution and Reconstitution Reaction Mixtures Using Cystine
Trisulfide (CT) or Sulfur-bound Albumin (SBA) as a Sulfur
Donor

(A) : standard solution containing 1 nmol of purified native ferredoxins

from spinach, (B): reaction mixture containing 0.1 mm apoferredoxin, 5 mm

p,L-dihydrolipoate (DHL) and 1 mwm ferric nitrate (for blank), (C): 0.25

mwm CT added to mixture (B), (D): 1 mm SBA added to mixture (B). The

reaction mixtures were incubated for 60 min at 37°C. All samples were dis-

solved in 0.15 m Tris/HCI buffer, pH 7.3.

mM, SBA 1mM ZH W& EIZ/H5N/Z. 0.25mM
UED CTIRIMTHEERRMEN L2 &S, #
Flix 2= 37 A5 — Bk ehiET S, Lo
T, @7 TETH % SBA DHMNEEBMEARTH
0, NEMIZFHINS EEZ NS,

In vitro ® Fd B ER T, PRIV EITTHNT
DHL TH-o7=M, GSH ST X571 > % CT %
SBA /05 S ZERET 5. FRERGR TH W2 Apo-
Fd i3, TCAWETY I 2% —%5HikREL TR
L7=DT, TOWNE T AT VRENBILI Nz
LEZS5ND. Invivo lZBIT 3 Fd DEARICH
WT, Apo-Fd I X7 A DEENBKIL SN TNV
WIREE T X5 — 25 L Tnwd &9 4 DHL
FEDEILNINERL, TDHAE, GSHIZEN
RICWE & U T Fd EGRRICEEG 9 % nJREE® & 7E
TERW,

In vitro TO Fd B OEBREBEENS, &5 <
y-CSTIZ X > THA b =)L TIES N =BT A
%7 (Tables3and 4 : FIZITF AT AT A )™
MBI RYUTITBITL, $h—1F U5
RiCEbns EEZ 605,
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4-4. HEEBA A OBREMHEEE 5 IND
BOSHHEEZZIN T 4 REOF A=)/ T AT
1 RIS EERIEE 2 T2 2 3K <A S
NTns, £S5, BEMAFTIRHEY 1 b
V=)V DfFRE R R R R OIETEICED X S

BB ERTTM, p-CST-2 A F >R THEKT S
MEMAFTEXFEFRMUP AT RTHS
BeALRZ7 )% F4 > (GSSG) DEhEZELEET 57z
W, IFOY A M —IVERIIDNT, ENH6 DM
M2 ZRE Lz (Table 6).70

DAFVIRMTEMENE N L AZDIE, 6-pho-
sphofructokinase (PFK) & pyruvate kinase (PK)
THo7=. —74, GSSG iE, glucose-6-phosphate
dehydrogenase & hexokinase (HK) DiE{% > X
FoROBE<SHEELL, SAFHRMMTEDET
L 7= PFK & PK {E1%, DTIT OiRMick> T
PFK IZIZIF5E21C, PKIIK 80 % IEENEE L /=

(Table 7). 7=, 5SmM GSH QLI T 82%, 0.2
mM NADPH O YLHEE T 78% DiEMEAEE L, Wi
DAGHLETIEIGSHAUE EED S Iaho /=2 &
/N 5, thioltransferase, thioredoxin reductase X &
glutathione reductase N{EHEIEICE G595 Z &
R EIN ) £, B LU PFK EMEZ, CT
(10 um LA F) ORMTHEEFRIEEDK TR Z D,
60 73 DFET 10% £ CTHEEMME T L. T v b
g SAEE U /2 p-CST, KB PFK & A F 2% H
Wz PR % C PFK TG RIS y-CST R ITKFIYIC
ﬁ?bt[mg7MH F7z, ZOEHEOEK TR
DTT TiZiF ZEEL, ﬁ%ﬁffPG@@b
ty@T@@MTi PFK {& P DX T i35 X
72/no 7= [Fig. 7(B)].

INET, BESHEDO )V T 1 RMEEMIZX
ZIEVEEANE, 1T GSH BEEICIKEFET 5 IR R
BRI TH DT ENS, ERFAGE NS EHENSIX

Table 6. Effects of Disulfide Compounds on Various Enzymes in Rat Liver Cytosol®

Remaining activity % (mean=+S.D.)
Enzyme

Control Cystine? GSSG?
Hekisokinase 75.7+17.1 84.2+12.8 55.2+21.4
Fructose-1,6-bisphosphatase 119.2+15.7 96.9+6.8 N.T.
6-Phosphofructokinase 80.6+9.3 40.4+10.0* 61.71+7.68
Fructose-1,6-bisphosphate aldolase 95.61+6.5 89.5+5.1 99.4+8.4
Phospho enol pyruvate carboxykinase 99.4+11.6 96.3+11.6 N.T.
Pyruvate kinase 94.1+0.9 19.6+7.4* 92.4+0.9
Glucose-6-phosphate dehydrogenase 75.3£2.0 61.8+£8.1* 55.1+9.8*
Adenylate kinase 101.2+8.6 93.5+12.2 N.T.
Alcohol dehydrogenase 89.4+4.0 81.9+2.8 84.9+4.7

a) 37°C, 60 min incubation, b) Final conc.=0.2mwm, N.T.: not tested. * p<<0.05 (for control), # p<0.05
(for GSSG) . Rat liver cytosol was incubated at 37°C, 60 min with 0.2 mm cystine. Remaining activity was calcu-
lated as a percentage change in specific activity, taking initial activity of each enzyme before incubation. Values

are mean=S.D. of three independent determination.

Table 7. Inhibitory Effects of Trisulfide Derivatives and Referential Compounds on Lipid

Peroxidation induced by Various Systems

Induced Inhibition?

system TC NT CT Cystine Cysteine
Fe?t-Asc 3.6+0.82 —1.6+£1.31 18.9+5.56 8.6+6.15 1.9+4.72
CCly 47.8+£1.97 2.0+£1.00 29.8+5.90 6.2+2.89 10.0+3.76
t-BuOOH 34.8+4.66 3.6+0.67 14.4+£1.72 4.7£5.15 5.1+£2.37

TC: thiocyclam, NT: nereistoxin, CT: cystine trisulfide. Microsomal suspensions were preincubated at 37°C for
5 min in the presence or absence (control) of 100 um test samples, and each assay of lipid peroxidaton was per-
formed at 37°C. @) (%) Inhibition of the accumulation rate of TBS-RS as compared to controls performed in

parallel.
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~—O— Cystineonly —i— 003 Wm CST
—&— 01 UmMICST ~—A— 0.10 WmICST

Remalning Activity (%)

Remaining Activity (%)

0 30 60

Incubation time (min)

100 ¢ B
8G 1
60 4 —0— Control
—k— 4 CST

04 —t— 4 PG-CST
20 4

0 T T

0 30 60

Incubation time (min)

Fig. 7. Effects of y-CST Concentration (A) and PG-pretreated y-CST (B) on PFK Modification in Reconstitution System with Cys-

tine

Incubations were carried out in PBS (pH 7.4), containing 0.25 mm ATP, 0.5 mm Mg2+, 0.01% BSA, and 5 ug/ml PFK, (A): in presence of 0.05 mm cystine
only (O), 0.05 mm cystine plus 0.01 U/ml y-CST (A), 0.03 U/ml y-CST (M), or 0.10 U/ml p-CST (A) at 37°C, (B): in presence of y-CST (A), PG-yreatedy-
CST (A), or none (O). Percentage of activity was calculated based on initial activity before incubation. Values shown are means=S.D. for triplicate experiments.

S SN TE /-, Valentine 513, b kRIMER
IR 2 JEBEFEAYIC PLP 1 R AF > 6 ARk
B 3-MP TRETDHE, MHEOR
FIEMENHEZZT D ZE2RELTNWD. 215
OHIZiE, PFK, PK XU HK g ENTWs, L
mU, 1513, AV b AR I3me T
EDIAF 2 EPLP KOERENTHBD, X F
CINEBZENIRABONT LD SH B R SIRG D A
T4 RERHRLTVWS ZEBHEHIND. EHLSN
RUTRARIA 4o X DBERIE BN S P 2L 7
1 REZHAROS E R, EERNORILETD/NT > A
WK LRI EEZ6NDN, BRDP 271

RSN K D HZREZHF L, 10uM L X)L O
BISRESRIA 0 THBUCKIENT 28R DOFEEH
5T U 7z,

4-5. [EEBAR(LEHEARAAY FTA—IHE
WSO A B L AU TP HIVAANS Y
r—&E LU TEL. #ERA 4T OROAEMMIERE&
LT, 2oEREBIZEHL, ROyTFLmn e
RIA F 7 OIEMERFHERRIC D W TIEE MR O
RN HEE L7z

4-5-1. BAFHRABAAIICEZ T MY
0L P-450 (KT ELARRE DB K PR a8
A4 F & U T E L trisulfide 7584 2 W
(Fig. 8), 270V —AIZBT 5 I5E BRI
THMRE, TONINVAAR Dy —ELTO
fE»N S, FA—=I, PAIT 1 RMEAY & ik

o 3 J=54
¢H2 ?Hz CH, (I:Hz (l:HZ
NH:-IFH NH,-CH H?—NHZ NH,-CH H?—NH;
COOH : )
COOH COOH COOH COOH
Cysteine Cystine Cystine trisulfide (CT)
CHy %t e =
;N S N |
CH; S/ CH; S
Thiocyclam (TC) Nereistoxin (NT)

Fig. 8. Trisulfide Derivatives and Reference Thiol and Disul-
fide Compound
*Bound sulfur.

U7z ™ 58 EfE ki, Felt-ascorbic acid, CCly,
t-BuOOH & 3 DD R TIr\y, TBAETEHMEL 7=,

CT&EFAT Y I A (TC) X CCl, t-BuOOH & 1iZ
K5 RE BRI E, FA—I, PAINT 1 RMEEW
K ORI E L7zdy, Hil bR TC ohn
CTXDHENTWE (Table7). UL, FEBREFE
B 72 BB (L A B L R % < Fe*-ascorbic acid 7 1%
Ui, trisulfide B OB HEBIRIZ D78 <, FFIZ TC I
FEAEZTORERI BN, ZORERXD,

trisulfide $i13 7 U — F P A7)V icxt U TEEHFER)
HAZRET, cytochrome P-450 (k775 & m B {L &
HEY 2 EE 2 505, Trisulfide 3D 5 E @b
DR R Z TS S /2, trisulfide FFIE F,

cytochrome P-450 & & & cytochrome p-450 NADPH
reductase 1§ £ 2 H|E L 7= (Table 8). Trisulfide 58
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HFOREGR A F 1% CCly, O t-BuOOH % Tk
INBTy MiFgEI 70V — A P-450 12 X B EE
HEE L2 ATEMEE Uz,

Diethyldithiocarbamate (DDC) (34 {KN T ik
fbRFICRB N, ISITEEAAVET GEEHE
AFD) R0, v 70V —ALD CCl-i#E
fe i b~ A& 7 0y — 4 O NADPH-
FHEFE BRI EHET S, Trisulfide HH OfE A
A % DDC & [H] UK THEE iR b & A4
HEEZLND., TOXDIT, ERNIEBEELRITHR
THRERA T OB R EHD TRL .
Trisulfide $812 & 2 L1, cytochrome P-450 k7%
MEE @R 2 RAVICRHEFE L, FkME Ry EEE
DHEEZBEHS S D RN D 5.

4-52. ERTFHEEABEAATIICELD Ty IR S
70V —LORREBBRLOMBRLIFE  AHME
fEClE, & MEHRREGRA A 13T RTE ST H
SPICHEEL, TOEEZ0.5-3um E(KEE T,
P e L CoBENIH T O TERn, L
U, AR L 72& D IS B IciE, »iaD &R
EOESFREGHATINHEEL TNDE. W 2
T, BOTHAERATIOET IULEHEL TS
SBA 2\, v IOV —LAIKBITSIEE R
B b DMFI R 2R T2, i 7 IV T 2 A
TS N2 A A7 2 DR~ h% T 2 B R+
YUY —E LTSN TN S, ™ SBA 13K A RIA
FUIFEFEHEEL TS, ZOSED2FETIIA
BT, I 1 DIIWMEL ik E UTHEEL

Table 8. Effect of Bound Sulfur in Trisulfide Derivatives and
SBA, and Reference Compounds on Lipid Peroxidation
Relative Enzymes in Rat Liver Microsomes

Recovery (%)@

Cytochrome NADPH Cyt.
P-450 P-450 Red?

None 100 100

Thiocyclam 32.8 82.2
Nereistoxin 87.5 102.2
Cystine trisulfide 55.9 88.0
Cysteine 93.7 100.7
Cystine trisulfide 85.0 96.4
SBA® 32.8 82.2
BSA® 87.5 102.2

a) Values are relative to control (=100) and reported as means from
two independent experiments. 5) NADPH cytochrome P-450 reductase.
¢) 2.3 mg albumin/ml (100 um as bound sulfur). d) 2.3 mg albumin/ml.

TWa, ZIWVTIOM—DE#HFA—ILTH5
Cys-34 3 AT A >R T INEFF > DiEGIiE
T, FA IR K > Ttk [Alb (*Cys) -
S-S7] ZW%. SBAD T v MK 7 0V — Al
B 2PUEEBRR LR, Ko TEERA Y0
Ba ERERIC, EBERNFEER TH S Fe?t-ascor-
bicacid 2 &, BMEMFEERTH 5 CCL & -
BuOOH %D 3 DDA TITWY, 7 BSA &gl
fz. ¥7, ®¥Y77a3>br0—J)L &L T aToco-
pherol Z 1/~ (Table 9) .

Fe?*-ascorbic acid IZxf 97 % HiEe L AE A 1L, o
Tocophenol & BSA TlIZEMN7/2 WAy, SBAIT3 D
D JEE i FR AL A R I U TR E K AR L
7. 7z, v MFEI 70V — L BRERZE AWz
NEE BRI X DR #H 1L, +-BuOOH, Fe?*-
ascorbic acid & T SBA |3/ ¥ 7/=2%, BSA I r-
BuOOH % THMIERIIZ & D, Fe?*-ascoribic acid
RICBVWTREFEEAEEEN M. £z,
SBA T O AT A 4 T O A1k, Fe?'-ascorbic
acid R T I #17/-. CCly XU -BuOOH &7/ 5
DTV =5 TAIVITHERT DEFERITHT 5 SBA
DR % Table 8 IZ/x9. SBAH DGR A F
FESFRERMKIE, HFKRI 720V — A
cytochrome P-450 % 53 fi# 9 %. Cytochroe P-450 &
fEERA AT OMAEEROFMIIEZIZ>E0LT
WD, FEERIA F 13T ARMNIT cytochrome
P-450 ERIGL RS 5. Fiz, EORIDY )XY
B8 A 4 U ERERNRIEEERELITHT 5
PN R 2 /R g MMBEIRIE N E 2 A TH 5.

5. &HYIC

PAE, EFESIIEEER A, FCEmERLEE

Table 9. Inhibitory Effects of SBA on Lipid Peroxidation In-
duced by Various Systems

Induced Inhibition (%)%

systems  , Tocopherol? SBA® BSA Y
Fe2t-Asc 8.1%£5.46 13.8+7.80 7.91+4.78
CCl4 7.7+3.59% 22.1£6.11*% —8.5+0.98
t-BuOOH 29.6+1.93¢ 18.2+4.64*% —4.41+2.48

Lipid peroxidation was determined by TBA-RS test. Values are present-
ed as means+S.D. from three independent experiments. @) Inhibition
(%) = (control-sample/control-blank) X 100, control: without sample,
blank: without inducer and sample, b) 50 um, ¢) 2.3 mg albumin/ml (100
uM as bound sulfur), d) 2.3 mg albumin/ml. # Significantly different from
the value of BSA, p<<0.01.
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M DNWTHEERF TOWMESTIE, AT 7 A4 F
U TRESINDREEEA A0 OWELEEFERERIC
DNWTRAZ, AERHIE, WAWAREDOA F A
FEL, $—AF U A5 —THREIND LM
AE RIS ETa>TWwa, 2 ZTRRLUEEE
1%, TERFETO S FREHBERRKZE S TO
K10 EEFTITo 2 DT, BENSHAHD EK 10 4E
DAz TS, MITITEIRE ORI+ >
MEEL TW5S, ZRICHEH LU /K EDO LR
HEICHET2HANRDER ITTTODNTWS, #HE
D& B hfb/kF ORI MIE & U THK NSNS,

BT INETCOROMIEE LA TCHEEXL
Fo, TERZFHEZEN (0 WOR—-BEFHR, A
PICBIT ORI EIREL TIHE L L 2FH&
ERAEER, 4R E &It P HEE
B OORERE, BB I LVICTHE#H WL
T HRERRZFICE S T o1, JIMEEAEH
£, WRAEHDO <D EHRITEERZ EBITL 2RI
BUEREEIR, GH—ITHEBER, INEFERBIEEAT,
REREBE, WHIEETF RO EEE, &
Al fs BREARERE) KR¥ER, FHAED
BEIAIODMEEHNZLET. ZZICRLENE
3, EESWIET I —T ORED—ETTA, Az
IAUDUIRERE L TEZMERRETH L L2
BTHEEZXT.
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