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B

T L2 (selenium, Se) |3JEHIFR D 16 LR ITE L. RIEOHESST 1L L E
TALFHIME AT 5, Bl ride F2E0E < ORI W T, ARNoD
L Ry 7 2l 240 5 LIADERER TH D, 1817 FIZA Y =—F DL
# Berzelius IZ X > TRASNTUNR, BL3HEHE SN TE 7=, Marco Polo
NEEERE L RBEOBEWFRT CTICBT D E S ORR & R T RS L
TBY, ZOFEFEITELroOEEEREZZ 5N THD [1], LarL, 1957 4
(Z Schwarz & Foltz 28, gt L  AMUEHOHRENE X IV ERZIZEDT T A
DORFIREEEIZ L THETHL 2 &2 mE L2 & T, B L OAEBEREN T
Hanvd L olZhkeo7 [2],

B UDOAEBBEDZ X, BV RTINSV ) VAT AV
(SeCys) BHFZ /7L HHDTHY, B FTIL 25 FEOEL X /37 )
FEINTWD [3], FAVETFH L~ ULFF T F—8(GPx) 77 2 U —idf&kb &
<Ebhlck Loz oy T mgb /KSR KOt (R-OOH) % #EE 72K F
727 v a—))L (R-OH) ~ L iZE LT 2R TH D (4], SeCys x5 H T 5 GPx I
GPx1, GPx2, GPx3, GPx4 33 X OV GPx6 @ 5 FFAMN[FE STV H M, H T GPx4
U UIEEE P ®y ReEBELT LI LN TE OME—E DR T
HY . MWBEBBICBNTARAIRTHD [5-7], v VADGPx4 % /) v 7T T b
THLERETRBIICR->TLES 2D, BV DREAMNAZ 5,

BULUBRZTDHE, DIIESCH MR T 722 EOkx IERB G & Z Sh
5, B UV RZIEZHETE L UREOKVGHIR TR S, FHCITEme &2
D, REMLEL O RZIEL LT, TED Keshan <> Kashin-Beck {2351 H 4
TW5b, BRENIZBWTH, BEL 2B EFRWEIBRERZHEH L W55
AR ERMIFICE L RZBAECTFIRRES TS [8], BL ok



b AT, it L 2 (HaSeOs, SA) R0 L 12 (HaSeOu) 72 & D HEHEAL -7l |
SeCys o L /) A FH =2 (SeMet) 72 E O HLFHE/e &, Bixlnt L o FENF
ET 50, BKRBG Tt L U REIEDO FEHCIRED = DIZ, AW FHIF]HEE
DV SA BHVHITWD,

AIRAICEY IAENTZ SA X, IV ZTF A (GSHIZ K> T NVETF At
L/ FU AT 4 R(GSSeSG) ~L B LS D, T, BT A F(Se?). &
L/ U VB (H2SePOs) 4% T SeCys (ZHAIAE L, TEICE L & 7|z
BASND EEZ LN TWD (Fig. 1) [9], SeCys 1%, #&ik2 R Th D UGA IZ
LoTa—RanTWa7ed, BHOT I /EEITRR DRk EETEL
BUNRTITHFAESND, ITFEOEMOBEANT K o T Z OB ORI IXHE L TV
5705, SAIRILHD 5 HLAEKNTEDIFHENEH SN TV L0t L/ MU 2L
7 4 K(RSSeSR*) 721 T&H Y [10], SA 7’ SeCys &I FIH S D iBFEDFEMIIC

EENIRAY =R AN

GSH GSH

H,S5¢0; ;—) GSSeSG ;—) Se?

Selenophosphate synthetase
v

HzS(‘POS_

Selenocysteine synthase
v

Se-Cys-tRNA

v
Selenoproteins
(SeCys-containing proteins)

Fig. 1 Intracellular metabolism of selenious acid.
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—fIZ, 1) BLUBRMETERETHDH I L, 2) L OBETAHTE 4
R b E LD L, 3) L ALEMICHT DA e — T RN 2
NODRPE L ORFIBEMAORN MRy 7 ThdEEND, BEL Dk
SYERINIRIE, B E O L OENEIREA T 5 5k LTHEATH 2,
ZIVET, B PSe tERkILE Lot v 22 T wy MEZFHI LT, &
VUREEMAERTANRIMESY VX0 (BLUREE Y U8 E) BRI
T&7z [11-17], L2l ERoFETSNEMEE L OBBNIIZAHTH 508,
LU L Z U EOREEHEARCTFRICET D EREG D Z LR E LW,

WHFSEEE T, 2 E TIS SA OFRMLERN TOREHES L OFRILER D & M~
D HHAEE ORI Y FLA TE 72, MFIC A 572 SA I, FRIMERICHE R HY
IAEA, GSH IZ X 538 ILH 51T T GSSeSG 24U %, GSSeSG II~EZ/ 1B
(Hb) D B Y7 2= s OffEF A4 —/L & FA— /L5 L=t [18], FRifER DA
B/, JBE, MR~ L EREE S 4L, HRABITHRIMERSN D Mg 7 /L7 X L (HSA)
~EE SN D [19-21], X 5T, HSA IHEA Lot b UAFia~E D A &
b, RMERIZBIT D Lo OREEEIX, ¥ I EDOY AT A (Cys) D
WERfETF A —v & RSSeSR*DF A — VIS L5 H D TH 5 (Fig. 2) [22], =
D LB, RSSeSR'OFEMNE L VHEICBWTEHEETHDH Z ERbh b,



Fig. 2 Selenium export mechanism from red blood cell to plasma via thiol exchange

reaction [22].



Z Z TAMFZETIX, RSSeSRILIFED L USRI Z B E LT,
RSSeSR’ & S E G T2 4 L R GO 21T -7, £9 5 % T RSSeSR’
T UL EY EEEOITIEEAA D T, SA EIoH & oM Z T I E
BRI EDOEBEATO, BLURER S VRV OB EEE LT, H
TZOHERZ, BV DNEBEREREERZLTVWLEE2 bNLEEDOE L
fa 4 N HORFITICH Lo, 25 R TIE, llasfr R 2 REERE (B 5
Lo DMMaE e L UfEa s o RV EORRE T o7z, FEEE TR, By

RZIEEDEDLY OIEWNDIRICBIT AL UG X2 o XV EDYRZHIT -7,
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1-1. &

SA RITHD 9 HAKNTRIE SN TND DX RSSeSR’ 72T Th DA, —fi%
(2 RSSeSRMIFAEFIISME TIZEB WD TEFRINCAR L E TdH %, GSSeSG 1% GSH &
SA @ Painter GMZIESWTERKT DA (23], AFM pH 2B W THESMIT Y
RS IVTHREDOITLHEREL 24T TLE S (Fig. 3), —J. Cys D B RHEIT 2
fHDAFNEEEZEANLT-X=2F I (PenSH) & SA @ Painter iz TEK D
L-X=v7 I kL MY AT ¢ R(PenSSeSPen, Fig. 4) 1%, AEBMISME T T
24 B LA 3 iR B ICAFAET S [24,25], PenSSeSPen I3 Fig. 4 O X 95 72 F
T =N L > T, BRx R Z N VETF A=V ERIETHZ N TE D, £
LT, 2D X 572 PenSSeSPen DLt ZFIH L T RSSeSR’ A3 & L > DR ZE <>
AIfR s e SIS 5 2 & 2 MR E T A L C& 72 [18-21], Cys 74—
JUE SeCys B L/ — /L& FRWNT, RN T b 3RV REEAITH D, RSSeSR’ D
G REMHOFFL— b (S) IMERE LD bREFHEORmWE L VAR
BWEREE 325 2 LT, REEWRSOETH D T A — NV RHSOEDE Z 5,



H,Se0; +4GSH — GSSeSG + GSSG + 3H,0

Phosphate buffer
(pH 7.4)

A J

(Se°)
Fig. 3 Formation of glutathione selenotrisulfide by Painter reaction and its degradation

to the red elemental selenium in phosphate bufter (pH 7.4).

/f\>< I
Se
HO - s7 s OH
NH, NH,
PenSSeSPen
C RISH
PenSH
v
R,SSeSPen
R,SH
C PenSH
v
R;SSeSR,

(R;-SH, R,-SH: biogenic thiols)

Fig. 4 Chemical structure of PenSSeSPen and thiol-exchange reaction with biogenic

thiols.



HElgIL, B L7 L o DRI ifs S dligss TH 0 [26]0 B L
R OHLRI B ThH D, WIN S NIzt b o REITER 2 2 AR AR Tt
LA REALDESNTWD, FlEfTTECSNTE LT A NiE, fRO®
L g2 U T, GPx1 X Selenoprotein P (SelP) 72 KDt Lo & L oX 7 G RITH]
AN THERNICREE SN DD, KoL o~ S THRE S VD 03 D
HINDEZEZ BN TWD (Fig. 5) [27,28], LivL, BT A RIZIEFITLFH
FOSHER @<, B L ORBHEMZRD D LD RBEERMEFHETH D LITE R
IZ< W, EHE Cys & DOF A — )V ARHRISIZ LD RSSeSR* A TE L TH /37 E
IZHEA Lzt L g, BT ot L Abam L i L TLEICHFIET 5 Z Lo
H, ZOXIREBEVUEEZ N EREL AW TEEEEL -
TW5eE&EZXHND,

Hepatocyte

From inorganic selenium

\
N
\
Y

selenide —>—>  Sec-tRNA[ser]sec

N/

GPx1 and other
liver selenoproteins

Excretory Selenoprotein P
metabolites (SelP)
Excretion Other tissues

Fig. 5 Selenium metabolism in hepatocytes [27, 28].



Z ZTH BT, SABRICH L RSMEZ R~ 2 X7 B OBRRFIEDHESL
ZHEIE LT, BLUEENE S & L ACEIDTEFE 72 AR IR o Hl I B VR &
WTE LR 2 N7 E ORISR 21T 72, SA ORUSHERFE DET L
fb&4) & LT PenSSeSPen & IV, BESHTIEZMAGOE TIHHRE RO L

VHREEH NI EDRIEEITo T,
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1-2. fERBIUOELR
1-2-1. PenSSeSPen D& R

PenSSeSPen % BEHIZHEVVG Tk L7z [24, 25], & L iZiX 6 DR ERINL A
DMFETE L (Fig. 6a) , BB HT TIEZ V% RO U 72 FEEAY 7 AL 2 23 B
%, Ak L7 PenSSeSPen ® MALDI-TOF & A7 MLZEBWTH, BELr D
[FINLR B — 27 2 &4, PenS*SeSPen D4y 1A A > ¥ —2 (miz 376.3) I3t
i (376.2) & —%r L 7= (Fig. 6b), F7-. PenSSeSPen % WiAHE#igiks n~ 7' Z
THM LTzl Z A, BEEEK 9 iy v — TR E v — 7 NEIZ STz (Fig.
7o UEXY, BHEUELEDNAREB L ORETE TV Z &R INT,

a b

80Se
40 7

30

Intensity

8Se l
20—
82Ge

6Se 77§
10 - *

Natural abundance (atom%)

74Se

74 76 77 718 80 82 370 375
Atomic weight Mass number (nm/7)

Fig. 6 (a) Natural abundance of selenium stable isotopes. (b) MALDI-TOF mass
spectrum of PenSSeSPen. Positive ion mode, calcd for C10H20N204S2%°Se 376.2, found

m/z376.3.
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Absorbance at 210 nm

. g
a

2 4 — PenSSeSPen

5 l

28— L

2.

212 —

Fig. 7 Reverse-phase liquid chromatographic analysis of PenSSeSPen. Column:
COSMOSIL 5C18-AR-1I 150 x 4.6 i.d.mm (5 um), Mobile phase: 0.05 M acetate
buffer (pH 4)-methanol (9:1 by volume), Flow rate: 1 mL/min, Detection: absorbance at

210 nm, Injection volume: 10 pL.
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1-2-2. [FHAEERR & PenSSeSPen D S D T

AN E 2 o /X7 E & RSSeSR’ D UGS Z #iFt 35 728, PenSSeSPen 4L
it DT v MFIEEERT O L&l X OF 4 — &0 WE %17 - 7= (Fig.
8), 0.2—1.0 mM @ PenSSeSPen T 30 73f#A » F = ~— & FMIaE g o
B Ry BT ) O L&l PenSSeSPen ALERIEEE D EF IS o THIM L 72,
— ., BRI ETFA—NEFE LV CRICRHE LB R R LT, LEXD
JFABAE HIZIE RSSeSR & SUGEZ A3 5 & /37 B HMF(E L, PenSSeSPen H
KDV UNE U RTEF A= FREAE L TND Z R EINT-,

th
=
]

S
[—]

w
=]

[
=

[y
(=]

Selenium and protein thiol concn
(umol/g-protein)

0 0.2 0.4 0.6 0.8 1.0
PenSSeSPen concn (mM)

Fig. 8 Selenium and protein thiol concentrations in the rat liver cell lysate after reaction
with PenSSeSPen for 30 min at 37 °C. Solid circle: selenium concentration, Open

circle: protein thiol concentration. Data are mean and standard error (n = 4).
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1-2-3. FFHIRERET 2V UBE Y 7 B OBRE

RIZ, PenSSeSPen & i L7= % v 732 B % MALDI-TOF B &5 HTIZ L 0 £
W LT, ALY, # 2 X7 BILiERET 4 — /L %4t L T PenSSeSPen & i3 %
ZEWRBE NI, T A — /LT L F L EA] N-ethylmaleimide (NEM) Z FHUV T
Wil Cys &A1 2 v N7 B A RE LT, IERETF A — /VIENEM & OIS K > TT
b S, B EE 125 BN3 5 (Fig. 9a) , NEM ALERRF# O FHHIIR E AR
® MALDI-TOF E & A7 MLz ey % &, NEM LB L0 E #5008 125 4
MU0 e — 7 3@l Shi-, NEM QLBRRI#% OMEREhF 4 — L 8%
HIE L7z & 2 A, NEM ALPRIZ L0 LR D 529% (n=5) L R&E< @A L7, &
D Z LMD I E AR OWEEEF A — VI NEM ICE > TEE A ET A F L
k& s Z EDRE Tz, RIZ, PenSSeSPen ALEE L 7= Ml i & A D& e A~
M ERLEO S O LT % & NEM & s LT 2o E—27 2B LT,
BRKN 226 WMLl —s RO, ZOEEEOHEMNT,
PenSSeSPen @ Selenenyl-penicillamine (-SeSPen) #43 1Z4H 2 L (Fig. 9b) ., & v /X7
B F A —/ & PenSSeSPen D F A — VAZBMKIEDOFRERAE LT LB 2 b
(R-Cys-SH + PenSSeSPen — R-Cys-SSeSPen + Pen-SH) , AFHIIRE IRIR D~ A A
7 MUZHONWT, Bl X5 e EEBHOZLN A 6N/ —2 % Table 1 IZE &

Oz,
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a E-SH +

0O

I N—\—>

o

P -S P
ol

b P -SH + PenSSeSPen — > P -SSeSPen

Fig. 9 Reaction of (a) NEM and (b) PenSSeSPen with protein thiol.

Table 1 Observed molecular mass gain in MALDI-TOF mass spectra of the rat liver cell

lysate before and after the reaction with NEM and PenSSeSPen.

Original peak in m/z

before reaction (a)

Peak in m/z
after reaction with NEM

Peak in m/z

after reaction with

(a+125, +250 and +375) PenSSeSPen (at+226)
3494.8 3619.9 n.d.
4225.1 4350.7 n.d.
7159.7 7287.5 n.d.
7918.6 8044.4 n.d.
11240.0 11368.8 n.d.
11912.1 12038.1 12138.4
12347.7 12473.6, 12598.7, 12723.9 12574.4
11389.1 12516.2, 12641.8, 12766.3 n.d.
14313.0 14436.3 14539.8
15155.3 15282.2, 15407.6 n.d.
15199.1 15325.7, 15450.9 15429.8
15836.5 16088.7 16066.3

n.d.: not detected. NEM and PenSSeSPen concentrations used: 1.0 and 0.2 mM.

Reaction time: 10 and 30 min. Reaction temperature: 37 °C.
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FHREIIXERET A — V2 BT 20 FREBZERMHFEL, £0IH 5
PenSSeSPen & b L7 b OB EEMBIE S, TN HDOT Thiedh B — 27 GREE
Do tz, BEEML (M2 14313 OS5 FREICER Lz, 205 FHiT NEM
ALERZ X - T 125.0, PenSSeSPen ALERIZ K - T 226.3 DE &I % 7~ L 7= (Fig.
10), PenSSeSPen & [AIGef T SA MLER L 7= IFHIIEIRIIC DWW C S - & HT 21T
ST TAH Mz 14313 D=7 [ZBUITR. B o T2, SA LB D 2 X
7 &40 DL EERIET S E PenSSeSPen MLEEFD 16.6% ThH V. SA X

D ¥ PenSSeSPen D J5 M IIGZENZHE N FE T & D3r iz (Fig. 11),
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Intensity

r 3

Y

226 ¢

14250 14450 14650

Mass number (m/7)

Fig. 10 MALDI-TOF mass analysis of the PenSSeSPen reactivity to m/z 14,313 species
in the rat liver cell lysate. (a) Before reaction, (b) after reaction with 1.0 mM NEM for
10 min, (c) after reaction with 0.2 mM PenSSeSPen for 30 min. Reaction temperature:

37 °C. Dotted lines were drawn at m/z 14,313, 14,438 (NEM-adduct) and 14,539
(SeSPen-adduct).
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Selenium concn (umol/g-protein)

B

PenSSeSPen SA

Fig. 11 Selenium concentrations in the liver cell lysate after reaction with selenium
species. (a) After reaction with 0.2 mM PenSSeSPen, (b) after reaction with 0.2 mM SA.
Reaction time and temperature: 30 min and 37 °C. Data are mean and standard error (n

~4),
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RIZ, PenSSeSPen DALERYRE H5 I ONSISIFI#] 22 281k S B C ATl B R
BERESNICAE LT, 72 % PenSSeSPen i & THLEE L 7230k m/iz 14,313 D A
7 hV% Fig. 12 12779, PenSSeSPen i DA KIZfE - TREIGD miz 14,313
DE—=71F3/hS< 720 -SeSPen MM L7z — 7 33K L7z, PenSSeSPen &
DIISRERNZ DWW T O 21T o7& 2 A, miz 14,313 12-SeSPen 3N L 72 &
— 7%, BOGEEE 1 3BV T hEIZ Sz (Fig. 13b), Z4ud, Hb @ Cysp9o3
F A= & DRISIZILET 2 S Th o7z [25], AL DOFRER LD mz14,313
1% SA R EARE T /L Cd 5 PenSSeSPen & m\W\EUGHEE A L. & DORISIXE
ERIFICTh D Z DR INT-,
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Intensity

14250. o I14:150' o I146;50

Mass number (m/7)
Fig. 12 MALDI-TOF mass spectra of m/z 14,313 species in the rat liver cell lysate
treated with PenSSeSPen in varying concentration. (a) Before reaction, after reaction
with PenSSeSPen in varying concentration (mM): (b) 0.2, (c) 0.5, (d) 1.0. The rat liver
cell lysate was incubated with the indicated PenSSeSPen concentration at 37 °C for 30

min. Dotted lines were drawn at nV/z 14,313 and 14,539.
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Intensity

14250 14450 14650
Mass number (n/7)

Fig. 13 MALDI-TOF mass spectra of m/z 14,313 species in the rat liver cell lysate
treated with PenSSeSPen for varying reaction time. (a) Before reaction, after reaction
with PenSSeSPen for (b) 1, (c) 30, (d) 60, (¢) 180 min. The rat liver cell lysate were
incubated with 0.2 mM PenSSeSPen at 37 °C for the indicated time. Dotted lines were
drawn at m/z 14,313 and 14,539.
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1-2-4. PenSSeSPen & )it % /R LIz TR E # v /X7 B DFEIE

5 L NY G T —H ~_— A Protein Information Resource (PIR, http://www-nbrf.
georgetown.edu/pirwww/) TR L7z & 2 A, IFIESAENIEERE & & 732 & (Liver
fatty acid-binding protein, L-FABP) 7% PenSSeSPen & (& L 72 mVz 14,313 O 431D
Bt & LT 572, L-FABPIE 127 fHO T X 7 WA DA S, 69 3 R (IR

D Cys 25 1 DAE(ET % (Fig. 14), BEWiEg#E & 2 > 232 & (FABPs) I3 RSIENEE O

=

RN G LT o # i 7E T, Tl (L-FABP) | Lg% (H-FABP) . Jix7%!
(B-FABP) 72 £ D2 7297 2 A TINREH IR 94 % [29], L-FABP [
(BB JRT L-FABP (ZJRABE RS 2 B2 6 e L THIINT 5 2 & vl
INTEY [30], BHEE~Y—I—L LTERARICHEINTWS, F7=, L-FABP
FESRESNEZZ VNI BETHY, Ty MOV T A, Uy, b METOREZE
WYIRNT EbEmb TS [31],
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1 11
Met Asn Phe Ser Gly Lvs Tvr Gln Val GIn  Ser Gln Glu Asn Phe Glu Pro Phe Met Lys

21 31
Ala Met Gly Leu Pro GluAsp Leu Ile GIn  Lys Gly Lys Asp Ile Lys Gly Val Ser Glu

41 51

Ile Val His Glu Gly Lys Lys Val Lys Leu  Thr Ile Thr Tvr Gly Ser Lvs Val Ile His

61 69 71

Asn Glu Phe Thr Leu Gly Glu Glu Cys Glu  Leu Glu Thr Met Thr Gly Glu Lys Val Lys
81 91

Ala Val Val Lys Met Glu Gly Asp Asn Lys  Met Val Thr Thr Phe Lys Gly Ile Lys Ser

101 111
Val Thr Glu Phe Asn Glv Asp Thr IleThr  Asn Thr Met Thr Leu Gly Asp Ile Val Tyr

121 127
Lys Arg Val Ser Lys Arg Ile

Fig. 14 Amino acid sequence of the rat L-FABP.
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Mz 14313 DX /37 ES L-FABP Th 2 Z L zMET 270, BH MY 7
Y EAWET I T A eI T e T Tk Lic, ITMIREREZ b Y
T LTI b7 T 7 A v & MALDI-TOF E&75HT L, £D5 &
A2 T A 71 Z A Protein prospector & VTR U 7= 5H5HAE & bl L7,
Metl-Lys20, Metl—Lys36, Tyr7—Lys31, Lys47—-Lys80, Val79—Lys121, Ser100—Arg126
D7 T T A MIH LT, fHEEE BIFIC BT 20 FRBE— 7 BBl S
(Fig. 15), LA E & V| PenSSeSPen & )i L7- miz14,313 O % > /X7 'E |3 L-FABP

TH D ERESNTIZ,
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A w* A «
a b
£ £
z £
2 =
- -
T T T T T T L T T T T T T T ™
2250 2350 2450 4120 4220 4420
Mass number (m/7) Mass number (m/z7)
A - A
c d
£ £ N
= =
£ E
T T T T T T T T T 1 T T T T T T T 1
2900 3000 3100 3760 3860 3960
Mass number (m/7) Mass number (m/7)
A - A .
e f
£ £
= £
] 2
E E
' ' i 1 1 ' ' 4 1 ' ' ' ' I v ' ¥ ¥ I
4680 4780 4880 2970 3070 3170

Mass number (1m/7) Mass number (m/z)

Fig. 15 MALDI-TOF mass spectra of characteristic tryptic fragments from rat L-FABP.
(a) Metl—Lys20 (molecular mass calcd 2351, found 2347.4), (b) Metl—Lys36 (calcd
4220, found 4219.3), (c¢) Tyr7—Lys31 (caled 2988, found 2983.2), (d) Lys47—Lys80
(caled 3857, found 3857.1), (e) Val79—Lysl121 (molecular mass calcd 4758, found
4760.0), (f) Ser100— Arg126 (calcd 3063, found 3062.1).
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F LA U EFEA LT=T v b L-FABP O X ik st & Fig. 16 (2R3 [32],
B DR & RO B >— MEEDMICRINTWD CPK ET VRN A LA VBT
&%, PenSSeSPen & i L7z & & % H41 5 L-FABP OilEHf Cys 1%, FEifED#E
BENL L IEE2 Y . PO EME O — RSO B TR LIRS E LT
WD, ZAUIEERIBOE LR WLE TEH U | PenSSeSPen & 07T SOt L7
(Fig. BO)EHD 1 DTHDHEEXDHIENTE D,

Fig. 16 X-ray crystal structure of the rat L-FABP. Protein Data Bank ID: 1LFO [32].
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1-2-5. <7 X L-FABP O PenSSeSPen it DRz

PSe Ak L 72 UG SA &~ U ZJEERNEG-T 5 & ~ U ATl 14 kDa
DX 2RI PSe BAEET D Z L3 Bansal HIZ K-> THEEh TV [17],
VZAZ T Hy MEZEST, 20X /"7 EE~ 7 A L-FABP Th % L [FE
STz, ABFZETIX, SA B PHE L BEESriEZHWTT v F L-FABP 3t
LURER AR EThD LB R L, 22T, FUEM T~ T AR
BRI & 00T L. invivo TO® L RSB MEIVR &SN TV b~ 7 A L-FABP (2 b i
FHTE 20 EmEE LTz,

Ty FEFABROFIRT~ Y A MREREKRZFHE L, NEM * 720X
PenSSeSPen 4LFE L 7= Ml E ¥k % MALDI-TOF B &5 #ricfit L7z, Foni-g
BAY MV % Fig. 17 127379, miz 14298 D — 27|22\ T, 7 v b L-FABP
RO E =7 7 AT, T705 NEM AHIZ L - THEHN 1254
ML, PenSSeSPen ALPRIZ Lo THEHEHN 2264 H§ML 7=, ~ 7 A L-FABP @
7R ESNE. T > b L-FABP LAREIPED & < (92.5%) [17,32]0 7 > b &[A]
U < i#Hf Cys 28 69 FHIZ 1 DfF/ET 5 (Fig. 18), L7435 T, ¥ 7 A L-FABP
t. Cys 4 —/L %4 LT PenSSeSPen & )iz L7= & HEER X7z,

UL EEYD ~ D& L-FABP 28 RSSeSRSUSHEZ "IV EHTh D Z L3RS h
=0 HPERINARSCRE R HUARZ FHV T & b SA R & B &5 & /LA
BRI HEZL Y B LG Y VR BORER LORENHEICITZD 2
EMFER ST, o, RiETR VU EZ ORI EORERAEREITE o
THLHMTH D,
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Intensity

T T T T

1
14200 14400
Mass number (m/%)

Fig. 17 MALDI-TOF mass analysis of the PenSSeSPen reactivity to mouse L-FABP at
Mz 14,298 in the mouse liver cell lysate. (a) Before reaction, (b) after reaction with 1.0
mM NEM for 10 min, (c) after reaction with 0.1 mM PenSSeSPen for 30 min.
Reaction temperature: 37 °C. Dotted lines were drawn at m/z 14,298, 14,423 and 14,551.
Liver cell lysate was also prepared from a male ICR mouse (3-4 weeks old) by the same

procedure described in the Materials and methods section.
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1 11
Met Asn Phe Ser Gly Lys Tvr GIn Leu GIn ~ Ser GIn Glu Asn Phe Glu Pro Phe Met Lys

21 31
Ala Leu Gly Leu Pro Glu Asp Leu Ile GIn  Lys Gly Lvs Asp Ile Lys Gly Val Ser Glu
41 51
Ile Val His Glu Gly Lys Lys Ile Lys Len  Thr Ile Thr Tyr Gly Pro Lys Val Val Arg
61 69 71
Asn Glu Phe Thr Leu Gly Glu Glu Cys Glu  Leu Glu Thr Met Thr Gly Glu Lys Val Lys
81 91

Ala Val Val Lys Leu Glu Gly AspAsn Lys  Met Val Thr Thr Phe Lys Gly Ile Lys Ser

101 111
Val Thr Glu Leu Asn Gly Asp Thr [leThr  Asn Thr Met Thr Leu Gly Asp Ile Val Tyr

121 127
Lys Arg Val Ser Lvs Arg Ile

Fig. 18 Amino acid sequence of mouse L-FABP.
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1-3. /&

ARETIE, 7 v MNFRERKEE SA RFHMEoOET LA TH D
PenSSeSPen O SUGEZ it L, RSSeSR’ & i3 2 MIIE & v /37 B DRFRE
DIEEE %A 7=, PenSSeSPen MLERTZ DIFHISIEND » L /3 BEHEXS -V Ok
LUBRBIOTFA—VEOHS LV | TN EIZIE PenSSeSPen & fUGT 5 &
NI BEF A= NVIFET D T EMPRE S 72, PenSSeSPen AP L 72 il il B VK
% MALDI-TOF & &5 T2t L 72 /55K, miz 14,313 O v — 2 {47 12-SeSPen 23
MLleéZBx oD —7 B Snic, N T UHbT Z 7 X > b OfERT
£ V. PenSSeSPen & )i L7z # /37 E1LT v k L-FABP ThHH Z L HVRES
e,

ZHETIZ, BV OBGHERMIKE v 22 Z T a sy AP L2
12X > T, ¥ ALFABP A in vivo T L > LiEEMEZAET DX VI ETH
D2 ENMEINTWD, REHRIEEEEOINEEZ A DEEAREE~ Y
Z AR ERRIC b L7 & 2 A, ¥ 7 & L-FABP |& PenSSeSPen & S %
A L. RSSeSR’ & F A —/VAHA L Z 3 2 & RS HLTz,

LEX Y, RiETeVURA S v I BOBRRIEEN OB HIETH
DT EWNIRENT, e, ZURTBEITHEL TV L L DT EEET
ELHRICHBANENR D D,
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1-4. EBRIGiE
1-4-1. PenSSeSPen DAk [24, 25]
PenSSeSPen (%, Milli-Q 7k (> 18 MQ c¢m, Millipore #1:#¢ Biocel A10) |Z{&fE =

1 YUBOSA(TATATAIHR) & 4 98D L-=F I (PenSH, &
FALRK TSR 2IRA L, A¥— T —I2 X 0 IR T2 BERIHIR . Mk
JET—BeFHE L TER L7, S bz BaERZ Milli-Q /KT 2 [\, Kk A &/
—/L T 2 FIZENEE L L TR L%, iR CRIERE L7z b o2 EZERITHE
L7z, PenSSeSPen DifitH7 v~ k77 7 3411 i%, S65M AT s 45 SPD-10A
BEOT — ZWLPAERE C-R8A %4545 L7k m~ 7 Z 7 LC-10AT (J& 5
TERTHY) & F e,

1|

1-4-2. T v b E AT O TR 3
3 AR KENE Wistar 7 > N ((RE ~120 g, LEMWRSEHY) 2 = — 7 L CRERGTA .

JFlgZ Rt L, K L7z 10 mM Tris/HCl $2@E % (pH 7.4) H CHRET T A H—
(PT120E, POLYTRON #8)) 2 W CHRE I F A ALk, Tun—78y =/r—
% —250D (BRANSON ) THEE ML L7z, 5oz, XY —=R
Fo— b Sl Uy Bl RRBRE (38 X 102 mm, Beckman #E8Y) (28 L AL, Bz 0 &
— X% —TYPE45Ti |23 75 L #5E 0% L-80 ultracentrifuge (Beckman #1:8) ¢, 20000

rpm, 4 °C T 1 Rl OB L7z, G o7z RIE 2 IR ERK & Lz,

1-4-3. JIFHAE AR D PenSSeSPen ALEH

1-4-2 THR U 72 A E IR I A iR 1 mM N-ethylmaleimide (NEM,
NTATATHRE) ZHRML, 37 °C T 10 A > F =2X— L, NEM ALEf
L7z, 72, AR BRI &I EE 0.2 mM PenSSeSPen ¥R L, 37 °C € 30

S5A v F 22— K L, PenSSeSPen ZLFE & L7~
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1-4-4. FFRUBE AR DZEHT

1-4-3 D2 T PenSSeSPen ALHL L 7= TN E E R o0 ARGy - F A — /v &
OARBULG PenSSeSPen A FR< HRUT, BT &AT o7, "BHAWK 2 77 57 1 & 6-8
kDa DZEHTIE (Spectra/Por, Spectrum fH54) (Z Adv, FUBHAEEOK 100 50 5 mM

Tris/HC1 #E % (pH 7.4) 4 &k & LT, 4°C T—B@tr L7,

1-4-5. Z L DEE [33]

BT OFRENARICHSE 2 mL 22 C7 v v 7 b —# T140 °C £ THh~ (T
SR L 140 °C T 30 S [N U7z, SRl & CHEI%  IBIEFEEE 0.5 mL 23RN L,
175 °C £ T ICFEZ., AERIRD LN THDL S 5T 1 FEfIE EME LT,
iR FE THmAIE, Milli-Q /K2 mL Z/1% 7T 170 °C £ THRAIZMA L=, EiELE
TWHHEIE, SHIEMIlli-Q /K 2mL Mz, Z O#EEZFFEGRY K LT,

W oy iR 2 44 2 T BUBHAIRIZ . 0.1 MERE 13 mL, 0.1 M =F Lo o7 I I
FEfR — K3~ b U 7 A KR (EDTA) K¥E# 0.5 mL, 0.1 M 7 {7+ kU
LKYRWE 0.5 mL, 0.1% 2,3-V7 2/ F 7% L v (Br{bkkk SR /0.1 M
FRESHE 10 mL Z /%, 50 °C DK TIRE 5 L7222 5 20 43 UINE U 7=, mAlfE,
D BEORERIK TR TV IAA, 7 maF 210 mL 2012 T 5 45k
WAEE 5 L, KEEZDEELZ, Y7 a~SHh U BEiBilchil Lz, &
JEA HICEEFT FP-6600 (H A ikl i) 20 L <. hiik & 375 nm, &
JEE R 520 nm (2B T D EMIRE A WE Lz, BREHRKTE L &I, B L UAE
MR (RO . B b PR it 260 L TIER L 72 i D
L7,
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1-4-6. % XV BDFER [34]

R E R D 2 > X7 O ERIL, Lowry {EIZE VRO X 51217 - 72,
R A 1 (2% NaxCO0s, 0.1 M NaOH) . B i (1% CuSO4-5H20) . C K (2% A&
TR U T LK) iR (100:1: 1) LT, DiR& Lz, £z, filkD7 =/
— /LR Z Milli-Q K T2 &AL, Bk & L7z, BT OFEHARR 50 uL 12 D
W 2mL ZEA L, IR T 10 HMAE L72%, E#K 200 L # 1% TEIRTI 5
(T 30 SrIRIARE L7z, SRAN AT YRR V-660 (H Ay ekk it i) 26 H L
T, BN O 650 nm (2B 1T 2WEZHIE L, T OER L&t
MORENERT O X 37 BEEFEH LT, MERIX. Fmig7 vr 2 v (B
7V —, FOEMEE Tk A i) A A L TR L 72,

1-4-7. ZU NI EFA—NVDER [35]

BT OREHAW 500 uL (12 1 mM YF A B A= k% B ERE (DTNB,
SIGMA #H8) VA % 500 uL iz, 37°C T30 A > F=2_— h L=tk HE
450 nm (BT DWW A RIE Lz, M7 Va2 F A (GSH, THTA T A7
A ZfEdE L LCHY, REBRIECLX > TREFOFA—LEBZ2H T LT,

1-4-8. MALDI-TOF & &/74T

MALDI-TOF B & A7 ;L ORIEIZIX, Ultraflex TOF/TOF (Bruker Daltonics
8 & BB ¥ —%4 > RZIE AnchorChip var/384 TF (Bruker Daltonics #1-8) % i
ML, ¥~ Y w7 AT B8 (Fluka #H8) & 500N % 2,5- 08 R %%
B (DHB, HUR LA TEMASHED) 2 vz, 0.1% b U 7 v A aFEfg-7 &
F=hMU NV QDIBKICY TV BEfISE, TV mBEREem L, F
72, DHB &I 20% = % / — W ZEEN L CRBL L 72 (10 mg/mL) , o7 & U FRYR
W E 721X DHB i %, T2 | YEFEIT 3 YEORENAK L IREG L&,
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D&EERELZ —47 >~ AnchorChip (27 77 A Uiz, HIERAD/RT XA —H—T 7
A JWZi%, LP 3-20 kDa.par % 721% Lowmass 500Da.par Z i\, U =7 —HIF
AT AFrE—FTHIELEL, BEEMLELOKREIZEZ A A &
(SIGMA-ALDRICH #E8Y) . %7213 GSH & X QLA 7 v % 54 (GSSG., F 7
TAT A7) M Lz,

MU Z o (BT WIBHER) T 74 7 A7 8% AT, BEIRE 25
pg/mL Y 770l X OIZEEEIRE L 37°C TR A »F =2 X— KL,
R T UEBEEE Le, MU TV UEIBICR VBN 7T 7 A DGy
F+FEROFRRICIET. £ F A4 v 7 v 2 T 5 Protein Prospector

(http://prospector.ucsf.edu/prospector/mshome.htm) Z{# F L 7=,
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N L G & N7 B OIRER
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2-1. &

FH—ETIL, SA ORISR D E T /LG PenSSeSPen & B & 531 1%
BB DETFIEN, BL Va7 ORI EN SN2 FIET
HHZLER LT, FETIIZOHEZHWT, MHNOE L UG H 3T
BOBWBEEITo T,

X, REODT N 2%BREDCEHRETH Y 2N 6, BHEPHE T HEEFE DK
20%% 605 [36], Z DX D Aem R ELRIEICE . I TIEE R EE O TEMERR
F 8 (Reactive oxygen species, ROS) 234 U, ROS N T /LY A < —JF [37] <°X
—X Y U [38] 7p EOMREMIRE [39] ORECHATICE G5 & #RE
I TWD, M D ROS DIHEIZ GPx ITEHEETH V. GPx DIEMEZEAL & kA
PERIE & OBEM AR T 2 ME b H D [40-42], GPx DHFTH GPx4 [FNEHE il
itz EHEEILTE, BESEORE WM CIZIRICZOEERHITHEWVEE XL
N5,

UHFZER TILLLRT, Mt~ 22 L o R Z 61K (0.004 pngSe/g) & 5 VTS5
FEOEV LV ERA LIZEEH0.25 pgSe/g) T 8 HEE LI-Z D& L v
REDOZELEZTTNWD [43], B LU RZEEZ 5 2 7o~ 7 2 ORFE-C ik
DBV UREIX, REBORLUVE ST~ U AR THE R 2R —
F R TIERERENITRONT B RBREDOHAICE EF -7 (Fig. 19), 7.
DX AR U RN T DA 21T O 7o, T v MERERR
2 HT (Dorsal root ganglion, DRG) ffifid 2 W72 F 92 17> T % [44], DRG il
iz SA ZUSIN L7-R5HICTHE R L7241 SA 25 £ 72 I AZH# L ChE & T
% & .DRG il ot L B &l SA TN X 0 IRV H O D SA IINATE Y &
VRS CTHERE L7z (Fig. 20), 72, SA & 70V EHIZ 22 > THv D b GPx & ME

DR LZZ L6, DRG fifalx SA kDO L U ZMNICREFL TR L >
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BUNRTERIZFIFHL TWAZ ERHLNE R oT-, 2O DOFERIL, R

flZB T 5L OEBEHEL IO L ARFHBEOMFEL R L TEY |

MO© L AR - O EE L E X DI,

MR L DRFFICITE L Ui E 2 7 ERBEES LT S ATREMED

EAOLNDZEND, KETIE, AT LU IRFHEOMIAZ B L LTI

YL UREE S NI EDORREIT 0T,

1.57

1.0 1

Selenium concentration
(mg/g or mL)

0.47

0.2 1

[ 1

0.6

0.47

0.21

0 1

)

()

()

()

)

)

* Significantly different from the selenium-deficient diet fed group with P < 0.05.

Fig. 19 Dietary selenium status and organ selenium concentrations in 11-week old

mouse. (a) Liver,

(b) blood, (c) brain.

selenium-adequate diet.
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=
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Cellular glutathione peroxidase activity
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Incubation time after removal

of selenious acid (SA) (h)

Fig. 20 Changes in selenium concentration and cGPx activity in DRG neurons after
removal of SA from the culture media. Incubation conditions: time -24—0 h, 1 uM SA
plus 10% FBS-containing DMEM culture medium; 0-96 h, SA-free 10%
FBS-containing DMEM culture medium. Red circle: selenium concentration in the cell,
blue circle: cGPx activity. Data express mean and standard error (n = 4-5).

*Significantly different from the value at time -24 h with P < 0.05.
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22. RBRLUEBEZ
2-2-1. fUHIIREYAIR & PenSSeSPen DD

PenSSeSPen AL¥i2 D 7 » MMM ERIKT O L BB X OF A —LED
HIE 247V (Table 2) . RSSeSR’ & AN E Hh &7 o "7 B O ROSHE A RET Lz, T
I E IR IR DA & AR, PenSSeSPen SR IS U Iz IR AR o &
RIBERTZV OBV VEOBINBIOY VXV EFA—NVEORD R AL N
Z 2B, PenSSeSPen HRD & L > DSIMHNAE ISR D & /N7 ETF A — V&I

LTHET 22 EPRaii,

Table 2 Changes in selenium and protein thiol concentration in the brain cell lysate after

reaction with PenSSeSPen.

PenSSeSPen concn in Selenium concn Protein thiol concn
reaction mixture (mM) (umol/g-protein) (umol/g-protein)
0 0.025%0.003 24.13£1.506
0.001 0.364+0.035 20.99£2.729
0.01 3.944£0.155 13.05+£1.808
0.1 27.80£0.946 4.068£1.332

Reaction time: 30 min, reaction temperature: 37 °C. Values are the mean and standard

error (N=4).
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2-2-2. B L DFREASER DN

NI VAR & X 6 EE -9 6% (X-ray photoelectron spectroscopy, XPS) (&
L, REH OB L U EHFEOBLREARL 2 LT, Mg F o0& 3
BICHAT 28 LD RICET DG Ha ROz, XPS 1T, WEIZ X #x
FES 2 2 & CHRTELEOE AR S, BT & L TURTEIMIIIC &
ENDHRHZALDZHE T O LT —E) ZHELTND, ZOEIFTHEEZ
DFLIRBICEA TH D720, ZOMEMNHInFEOFE & BILIRB L ET 2 2
ENTED, £o, BET 2 XBOZHXALF— () T —ETHY ., KE1T1Y
ERICHBES N TOERORA = 3L X —Es) ZHHTHZ N TE 5 (Bk=
hv-Es-@, @ : HEE ORI,

PenSSeSPen ALEEFif D AMARALE AR D AT M VIZEB W T, ' L 3p #iE &
i ds 2p HLE O B — 7 1% 163-166 eV (ZH K % 7~ L 7= (Fig. 21a) , — )7, PenSSeSPen
RLERAZ 121, 162-166 35 L TV 167-172 eV D 2 DD B — 7 HM@lE S iz (Fig. 21b).,
ZALHDE—727 (% PenSSeSPen OZ 11 & FALL L TE Y (Fig. 21c) | i = R /L F —
OEBIZIE—F L7z (Table 3), LA EX D | MGMRERIE T & o "7 E~EE L
ek L E, RSSeSR'DILFEE TH D LB X bivic, Thhbb, I EFF
— /L7 PenSSeSPen D& L ANIREZHBEAHL Z L, W& H TF A — VAZHSE )
Z o> TWD Z L MRHEER S 7= (R-Cys-SH + PenSSeSPen — R-Cys-SSeSPen +

PenSH) ,,
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Fig. 21 X-ray photoelectron spectroscopy of selenium 3p and sulfur 2p electrons. (a)
Brain cell lysate before reaction with PenSSeSPen, (b) brain cell lysate after reaction
with 0.1 mM PenSSeSPen for 30 min, (c) PenSSeSPen. Black line: found, red line:
calcd Se 3ps3n2, purple line: caled Se 3pi, green line: caled S 2p3.2, blue line: caled S

2p1.2, orange dotted line: envelope calcd.
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Table 3 X-ray photoelectron spectroscopy binding energy of selenium 3p and sulfur 2p

electrons in the brain cell lysate after reaction with PenSSeSPen.

Binding energy (eV)
Atom level Brain cell lysate after reaction
PenSSeSPen
with PenSSeSPen
Se 3p3n 163.60 162.05
Se 3p12 168.04 167.61
S 2p3n 163.13 162.93
S 2pin 164.49 164.20
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2-2-3. MIRRERER T2V UREE 2 N B OBREK

RIZ, PenSSeSPen & i L7= % v 732 B % MALDI-TOF B &5 HTIZ L 0 £
R lToe 2:2-1 X0, Z "7 BITEREF A —/L % Jr L C PenSSeSPen & it
D EDIRBEE NI, B L [AFRIC NEM % WV Ciligl Cys &H % v /%7
BaRE LTz, NEM UEL L 723 UB OB & A7 FLZBW T, NEM IZ X 5 1E
fifi 2 R B 125 OBINAER 2 L2 v — 27 NMEEEE Sz, NEM LB O
B RGBT A — VEITALERT O 438£2.29% (n=4) & K& <P L, imieE
R OWERETFT A — WL NEM IZX > TUTEAET AT EIND Z PR
7, PenSSeSPen ALER L 7o Ml B ISR DE B AT MV ARILERD H 0 L HLig
T5&. NEM B Lo TRE SN TF A — L EHE—27 O—HIZ DN T,
-SeSPen DA INCAHY 2 B — 2 o7 b 3lE STz, BGIRE AR D~ A A~
7 MZHOWT, FiRD X5 R EEROELR A ONTI-E— 2 % Table 4 IZF &
Wiz,
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Table 4 Observed molecular mass gain in MALDI-TOF mass spectra of the rat brain

cell lysate before and after the reaction with NEM and PenSSeSPen.

Original peak in m/z Pea# n @z Peak il? mz ‘
before reaction (a) after reaction with NEM after reaction with
(at125,+250 and +375) PenSSeSPen (a+226)
4406.6 4532.1 n.d.
4562.6 4688.3 n.d.
7534.9 7660.6, 7786.4 n.d.
7924.5 8050.2 n.d.
11235.7 11361.2, 11487.7 n.d.
11790.9 11917.5, 12042.9 n.d.
12352.9 12476.9, 12602.0, 12727.0 12576.5
15155.5 15282.8 15380.1
15196.5 15322.7, 15447.8 15422.5
15847.0 16098.8 n.d.
17741.7 17867.6, 17991.0 n.d.
17791.2 17914.0, 18040.6 n.d.

n.d.: not detected. NEM and PenSSeSPen concentrations used: 1.0 and 0.2 mM.

Reaction time: 10 and 30 min.

Reaction temperature: 37 °C.

44



2-2-4. PenSSeSPen & Sz~ LT-AIIE % v /)7 B DIRIE

PenSSeSPen & M a R L7z 3 DOMMMILE Z 37 EIZBAL T, # L8
7 G T —H# _X—APIR TR AT 7=, Z OFEFR. . mz15,155.5 3 LU m/z 15,196.5
D4y FRIZZIZ 4L, Cystatin-12 precursor (CST12) L Hb D a S THH L E XS
Nz, Mz12,352.9 ([ZOWTUEREE T2 2 R BN e o iz,

m'z 15,155.5 D& —27 7 k% Fig. 22 \Z~9, mz 15,155.5 D4y F-FEIZOWN
T NEM #LEE|{Z - T 125.0, PenSSeSPen (2L~ T 226.1, TN EhB L —7 |
LU CEERN/EM LY —7 Mg s Tz,

CSTI2 1% 128 ZRHEDT I /e H R Y | Metl-Phe2l (X3 7 F LT F R T
bD, WETIZEL TS 5250 Cys DH b, Cysl9 OLNEEETH Y . o
Cys RIEIID TNTY A7 ¢ REES (Cys82-Cys92, Cys105-Cys125) Z kL TV
% (Fig. 23), PenSSeSPen |%, Cysl9 DEEfTFT A — NV RIS LTz b D EE 2 B
72 MZ 15,155 DX NN CSTI2 THDHZ EERET D20, b T
b7 7 7 X SO 21T -7, WlREREKRZ M) 7 Hk L TE bR
7=kt % MALDI-TOF BE&HMr L., D7 J 7 A ~®D4rf &% Protein
prospector Z W THE M L7 3 HEE & Hhi#g L 72, Metl-Lys22, Ser5—Lys28,
Asn29-Lys55, Asn29—Arg58, Thr80—Lys101, Cys105-Thr128 ® 7 7 7" A > M {Z-D\»
T, HEMEL BIFIC BT 520 FEOE—7 BB SN (Fig. 24), LAl EX v,

PenSSeSPen & [)is L7 Mz 15,155 X 771X CSTI12 TH 5 & [RIE I iz,
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Fig. 22 MALDI-TOF mass analysis of the PenSSeSPen reactivity to m/z 15,155.5
species in the brain cell lysate. (a) before reaction, (b) after reaction with 1.0 mM NEM
for 10 min, (c) after reaction with 0.1 mM PenSSeSPen for 30 min. Reaction

temperature: 37 °C. Dotted lines were drawn at m/z 15,282.8 (NEM-adduct) and
15,380.1 (SeSPen-adduct).
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1 11 19
Met Leu Trp Lys Ser Val Lue Pro Val Ala  Leu Ile Val Leu Gly Ile His Asp Cys Ser

21 31
Phe Lys Phe Ile Glu Ile Asp Lys Asn Glu  Glu Glu Phe Ala Met Ser Met Glu His Val

41 51
Leu Phe His Phe Asn Glu Asn GIn Asn Asp  Asp Phe Ala Tyr Lys Phe Leu Arg Val Arg

61 71
Arg Ser Leu Arg Lys Lys Tyr Thr Gln Lys  Tyr Leu Val Asp Leu Glu Met Gly Arg Thr

st | 91
Leu Cys Gly Lys Tyr Asp Glu Asp Ile Asp  Asn Cys Pro Leu Gln Glu Gly Pro Gly Glu
101 111

Lys Lys Val Arg Cys Thr Tyr Ile Val Glu  Thr Arg Val Trp Val Thr Glu Phe Thr Ile

121 | 128

Leu Asn Ser Thr Cys Val Gln Thr

Fig. 23 Amino acid sequence of the rat Cystatin-12 precursor. Two intramolecular
disulfide bonds between Cys82 and Cys92 and between Cys105 and Cys125. Cys19

has only free thiol.
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Fig. 24 MALDI-TOF mass spectra of characteristic tryptic fragments from rat CST12.

(a): Metl—Lys22 (molecular mass calcd for Met acetyl 2513.1, found 2517.7), (b):

Ser5—Lys28 (calcd 2656.5, found 2646.6), (c¢): Asn29—Lys55 (calecd 3335.4, found

3331.0), (d): Asn29—Arg58 (caled 3754.1, found 3755.6), (e): Thr80—Lys101 (calcd

2424.1, found 2423.7), (f): Cys105—Thr128 (calcd 2806.4, found 2801.6).
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CSTI12 %, Cys /a7 7 —B U\ AT T4 e e #—7T,
Cystatin A—/3—7 7 I U —|ZJ@ LT\ 5, Cystatin |%, HFHARECAMOEEIZ
BWTH N7 EORBIEEAR Y X7 F READOHIENZRES LT\ B x
S [45], BB [46-48] 07 WY A < —Jf 7 & OMREMER R [49-51]
~OREEZfER L2 ®E b H D, E7o. Cystatin CIIEHRE~— I — & L THIK
JSH SN TWD, CSTI12 LRV U Z37 L OBILZ L E TIC
WESINTEOLT, CSTI2 A& L DORFFRARFFHIZRES L TWaE 9 0
SBRBETT 20 ER D D,
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2-3. /N

TETE, B oETHELZFEZHVT, 7y M RERIKIZE T S
L URER Y N EORE HAT 572, PenSSeSPen L7 v N MANILE AR D &
YONBEF A= NEN LTS L, IRERFRZZREICEEZ R LTz, XPS 12XV
RRARE & o R 7 BT A L7z PenSSeSPen Ik D& L > DAL & it L7 #&
. RSSeSRPDILFHTHRHEAEL TWVDH I EBRRENT, BESHITED
PenSSeSPen & is L7 X /B HRF L, 3 DDB LV UG X T E AR,
HL7, SNHDHmz15155 DX XTI, T—FRN—ARFL Y T
VHIET T 7 A MENT OFER CST12 Tdh 5 L FAE ST,

LLEX Y, RSSeSR’DET /LA & LT PenSSeSPen % VY, B &/HTIC
LU CSTR2 Al E O LV G H IV EThDHZ L& R LT, CSTI2
ITHE T O® L ARG T2 R0 ED 1 D ThHHEEZ LR, I

BT DIERRFF A 22 U R L B D 0 2T DR B D,

50



2-4. EBRHIE
2-4-1. 7 > b RN E TR DR
3 WEIEME Wistar 7 v F B —T7 )L TREXRE. MAERE L, kK L2 10 mM

|

Tris/HCl B E#E (pH 7.4) F CHREV A F—FHNWTHREV A A LT, 71
— 7 WY = — 5 —250D CHEEHERE LT, HSoNTBERE, RY I—H*x
— MR BE RS 1T LA, B O 7 — % —TYPE4STI (2285 L, #
L% L-80 ultracentrifuge ¢, 20000 rpm, 4 °C C 1 Bl OB L7-, 551

7o BV & i B e & Lz,

2-4-2. FAHIRE YRR @ PenSSeSPen XLFE
2-4-1 CHRRL L 7= I B iR \ 2 B AR 2 1 mM NEM 2L, 37°C T 10

SEIA ¥ 2_X— K L NEM AL & U7, £ 7= I E SRS AR 0.1 mM
PenSSeSPen Z ¥ L., 37°C T304 A % =X— K L. PenSSeSPen WLFE & L

77‘/,
—o

2-4-3. X BB F kL

OB A IR & RS WL % (VD-800F, TAITEC #E#!) L . AXIS-ULTRA
(Shimadzu/Kratos #-8) Z FWT, L v ? 3p B L OFLFE D 2p $iEDHEF A
A7 RVERIE Lz, XBEIZIE, Befl L7 =7 L0 Ko ##(0.8339 nm,
1.486 keV) 2 L7z, JIEAT MVOFENTIZIE, XPSPEAK41 Software %

Y
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DB L UfE e o X7 B OERS
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—ETRVUME Y N EORRIEEMSL L, B ETIIZONEE
MREsFr R0 722 U IR PR 2 AT 2 MICE A L7z, F=m Tk, BELr e R2Z
iE & DD Y ORI~ O H 2 3l 72,

TUURZIEICIE, DIECH MR N, B REEIRE, TNER A Efkx e
WO D, DFEEZ FER &35 P EOE 1% & LT Keshan 23 H L
T %, Keshan Jiid, H[ED Keshan 5 & 45D &3 2 L& L REE DKW
gz A L [52,53], SA O GIZE > TEOERNPEET LD, L
Y RZ EDRREBRPIME SN TWD [54], £72. Keshan JHEH TIL, GPxl
ORBMET LTS Z EbHESNTWD [55], DTG FHE L Ty

IZIMEZE DT, REOZ RNV —2ET 5, RADOLIRIZEBW T, ATP
PG D 50-70%XARRGEE D B FRIL CTH U [56], ZAUITEEV ROS NEA SIS,
WAL DEREIZIE GPx T AL Rx v ool L2 "7 B L

W5 [57],

AARTIESEY B LU RZIETR SNRNA, ERIREEBHE TR BN
L UMTRETDRWEARETAONDG Z ERd D, TORE, EWFrFI
REDE SA BRIFICHWDOND, 2O LI, BLURZIAEE DD D OB
DI ITE L VRO R EICBET 0B L UG X VRV EBRFET DO

TRV EE X DIEHIE h 2 LA E 2 N BEOREEIT T,
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32. REBLUOEE
3-2-1. DMEHIE IS & PenSSeSPen O Kt DT

7 v MBI E R & RSSeSR’ D i & #9572, PenSSeSPen 4L
HEOME 2L VBER X OTF A — L EEZHE L=, PenSSeSPen D S
BEMRAFIIC . 2 U NV BICHES Lt Lo B L7228, DR e B v e o
DB X7 G F A — VR (20.98+0.57 pmol/g-protein, N = 5) ## 2 5 Z L1172
Zro7z(Table 5), ZDFEERNG ., DIEMILEICIX RSSeSR & s Z 7~ 3T A
—IVERZ R EPFAET H T E DRI T,

Table 5 Changes in selenium concentration in the rat heart cell lysate after reaction with

PenSSeSPen.

PenSSeSPen concn in Selenium concn
reaction mixture (mM) (umol/g-protein)

0 0.037%0.002

0.01 5.592+1.06

0.05 14.75+1.89

0.1 19.16+2.45

0.2 20.13+0.50

Reaction time: 10 min, reaction temperature: 37 °C. Values are the mean and standard

error (N = 4-6).
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322, DEMRERRY 2V URE X VN BEOBRE

RIZ, PenSSeSPen & i L7= % o /32 & % MALDI-TOF EH 3 HTIZ L 0 £
S L7z, Aifiidk V. PenSSeSpen & i B ¥ LRy BITEHETF A — N EH TS
EEZLNZTESD, NEM ICL D FA—VEAE—7 28E Lz, i\,
PenSSePen & iz S THBEHIZENDOH HE— 7 8 LT, NEM LFRIZ K->
TE & 125, PenSSeSpen JLEEIZ K - T 226 Bk D & - 7= B — 27 OO —% % Table
6 1R T, FA—NEAE =273 12 iR S, €D 55 PenSSeSPen & SUGE
ERLELDOIET O Thotz, ZNHD T 209 L, b E—IEDEI-
72 M217,026.6 1235 H L7z, 2 O4rFf#1X, NEM ZLER|Z 1 - T 125.4, PenSSeSPen

12k~ T 226.1 OEEEOEN% R LTz (Fig. 25),
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Table 6 Observed molecular mass gain in MALDI-TOF mass spectra of the rat heart

cell lysate before and after the reaction with NEM and PenSSeSPen.

Original peak in m/z Pea# n @z Peak il? mz ‘
before reaction (a) after reaction with NEM after reaction with
(a+125,+250 and +375) PenSSeSPen (a+226)

3636.6 3762.2 3862.9
4047.3 4171.7 4272.5
4183.4 4308.3 4410.5
11241.2 11366.1 n.d.
12347.9 12473.3,12597.9, 12722.8 12574.6
14997.7 15122.2 n.d.
15041.7 15167.8 n.d.
15154.4 15406.1, 15529.9 n.d.
15198.4 15324.4, 15449.5, 15574.2 15425.5
15837.9 16088.1 n.d.
17026.6 17152.0 17252.6
17235.8 17361.1 17462.4

n.d.: not detected. NEM and PenSSeSPen concentrations used: 1.0 and 0.05 mM.

Reaction time: 10 min. Reaction temperature: 37 °C.
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Fig. 25 MALDI-TOF mass analysis of the PenSSeSPen reactivity to m/z 17,026 species
in the rat heart cell lysate. (a) Before reaction, (b) after reaction with 1.0 mM NEM for
10 min, (c) after reaction with 0.05 mM PenSSeSPen for 10 min. Reaction temperature:
37 °C. Dotted lines were drawn at m/z 17,026, 17,152 (NEM-adduct) and 17,252

(SeSPen-adduct).
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PenSSeSPen & [AIS:fC SA ALER L 7= DI EIRIRIC DWW CH B & %
Tolcl TAH, Mz 17,026 DE—7 ICEALIZR SN o Tz, SA R D H
R BERTZ VOBV UEEZRET H E PenSSeSPen MLFEFED 10.1%TH YV . SA
F U Y RSSeSROD N Z X I B ENRBRIST 5 Z &R Sz (Fig.
26), SAMLFRIFRZER T 5 &, mz17,026 DB — 7 (E BN 385 N L7- &
— 7 DML & 72 (Fig. 27b) , 385 13-SeSG (selenenyl glutathione) [ZFHY L, SA 2%
FOSEWE T GSSeSG #E L TH VNI HF A — & FA— L T 5D
EBEZ DI, BB O GSH BENMERWTZDICRISHEAIZ S NWEE X SA
& GSH ZRIFFIZMZ TA o F a_X— F LIERICEBESITICH LT, ZORER,
SA BN TR L7285 £ 0 $-SeSG 3 L7 B — 7 R & < M S 7= (Fig.
27¢) s LAEX D SAIELRSSeSRE~NETLINTNOZ NI B ERISET DT LN
R I,

WA, $472 5 YR D PenSSeSPen THLER L 7= Uaigfi i B VAR & B B oA 1 ik
L 7= (Fig. 28), PenSSeSPen J&E DY KIZLE - TREIED miz 17,026 D E— 7 1
INEL 72D -SeSPen MM L2 — 27 XKLz, 2O &b, miz 17,026

I SA BRI TH 2 RSSeSR” & m W UGS Z A L Z O SO EARFRI T
o LRI,
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20

Selenium concn
(umol/ g-protein)

0 [

PenSSeSPen SA

Fig. 26 Selenium concentrations in the heart cell lysate after reaction with selenium
species. (a) After reaction with 0.05 mM PenSSeSPen, (b) after reaction with 0.05 mM
SA. Reaction time and temperature: 10 min and 37 °C. Data are mean and standard

error (N =4).
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Fig. 27 MALDI-TOF mass analysis of the SA reactivity to m/z 17,026 species in the rat
heart cell lysate. (a) Before reaction, (b) after reaction with 0.1 mM SA, (c) after
reaction with 0.1 mM SA and 0.05 mM GSH. Reaction time: 3 h, reaction temperature:

37 °C. Dotted lines were drawn at m/z 17,026 and 17,411 (SeSG-adduct).
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Fig. 28 MALDI-TOF mass spectra of m/z 17,026 species in the rat cell lysate treated
with PenSSeSPen in varying concentration. (a) Before reaction, after reaction with
PenSSeSPen in varying concentration (mM): (b) 0.01, (c) 0.05, (d) 0.1. The rat heart
cell lysate were incubated with the indicated PenSSeSPen concentrations at 37 °C for 10

min. Dotted lines were drawn at m/z 17,026 and 17,252 (SeSPen-adduct).
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3-2-3. PenSSeSPen & )itk 2R L7z DMigfiE &# o 73 7 B DEIE

PenSSeSPen & St Z 7~ L7 miz 17,026 D% /X7 EIZ-O\ T, PIR TH

REfTHoT2e TOFER, I A7 (Mb) IMEME L TEN-7=, Mb X 153

DT 2 B THERRL S, Z DOECHITPICFEED Cys 7% 66 HFHIZ 1 >H LT

% (Fig. 29), PenSSeSPen |£Z D Cys FRIEDF A — NV EROE LT b D EZE R B

iz,

1 11
Gly Leu Ser Asp Gly Glu Trp GIln Met Val Leu Asn Ile Trp Gly Lys Val Glu Gly Asp

21 31
Leu Ala Gly His Gly Gln Glu Val Leu Ile Ser Leu Phe Lys Ala His Pro Glu Thr Leu

41 51
Glu Lys Phe Asp Lys Phe Lys Asn Leu Lys Ser Glu Glu Glu Met Lys Ser Ser Glu Asp

61 66 71
Leu Lys Lys His Gly Cys Thr Val Leu Thr Ala Leu Gly Thr Ile Leu Lys Lys Lys Gly

81 91
Gln His Ala Ala Glu Ile GIln Pro Leu Ala  Gln Ser His Ala Thr Lys His Lys Ile Pro

101 111
Val Lys Tyr Leu Glu Phe Ile Ser Glu Val Ile Ile GIn Val Leu Lys Lys Arg Tyr Ser

121 131
Gly Asp Phe Gly Ala Asp Ala Gln Gly Ala Met Ser Lys Ala Leu Glu Leu Phe Arg Asn

141 151 153
Asp Ile Ala Ala Lys Tyr Lys Glu Leu Gly Phe Gln Gly

Fig. 29 Amino acid sequence of the rat Mb.
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mz17,026 D& /X7 EBMb Thd Z & FRET H72HIC, MY 7T
677 7 A MO & To72, b U 7Y UEICIE, 3-4-4 TRT 1A TR
U 72 DA E i & O Tz, % oE 2 BRIk ENCHE L, 17kDa D% >
RIBEERERTETND Z L 2R LT (Fig. 30b), BRSNStk Dkl Z h U 7
VUMb L, BEONTEIT o2, TOfER, Vall7-Lys34, Asn48-Lys56,
Gly80-Lys96, Tyr103-Lys116, Tyr119-Lys133, Ala146-Gly153 (2 —37 %/ &P
7T 7 A M= B &7z (Fig. 31), LLEX D PenSSeSPen & [t L7=

m'z17,026 ® X X7 /E X, Mb ToH D L RITE I,

M a 250 — - R b
100 — f &=
<—17026.5 —_ ==
£ 37— ——
= —
=¥
=
= 25— §
20 —
15 — e <
10000 1s000 20000 07
(kDa) 1 @

Mass number (m/7)

Fig. 30 Purification of 17-kDa protein in the rat heart cell lysate by ultrafiltration. (a):
MALDI-TOF mass spectrum of the rat heart cell lysate before ultrafiltration. (b):
SDS-PAGE of (1) before and (2) after ultrafiltration. Arrow indicates peak or band of

the 17-kDa protein.
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Fig. 31 MALDI-TOF mass spectra of characteristic tryptic fragments from rat Mb. (a)
Val17-Lys34 (molecular mass calcd 1913, found 1912.6), (b) Asn48-Lys56 (calcd 1124,
found 1127.6), (c) Gly80-Lys96 (calcd 1788, found 1786.1), (d) Tyr103-Lys116 (calcd
1695, found 1695.6), (e) Tyr119-Lys133 (calcd 1505, found 1505.2), (f) Ala146-Gly153

(calcd 942, found 942 .4).
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3-2-4. HERNIZBITA Mb DLV USRI L U RE~DBEE

3-4-4 THERIL7Z= Mb 2B L U EEICHE L, in vivo IZEIT D Mb O L i
AMEERFELTZ, TOME, B L7-MblgH=D 693137 ug (n=4) DL L
YIMEH S, Mb AN TEL U EREG LTS ZERH LN E o7, L
L7235, Mb-Se i IE Mb &I L TR ITARWEIS (1 %A3) T Lo
FAEL RNz, BRI Tl Shier o7z,

DED ' L AAREHTI 1T D Mb ORERER FiFtd 5728, 1.5 pgSe/kg/day T 1
W SA AL 21T o7z, BEHDOT v FOLEND Mb 2 L T L UE
BE2ITH2L. Mblgdhmh DL EiL6.1320.14 ug (n=3) &, SA FEHKHHF
ERIFRECTH T, MbDE L U EIX SA HHICL > TEL Lo 7223, (Dl
HARDNgARE R Y720 & L 2 &Eld SA 52K - T L Tz (Table 7), SA
BGIZ > THEMLEZDENOE LR L Z o7 BRICHIH ST
NE D MERRFIT D702, SA RGBS XL ORGHEOMIAE AR 2 v, it
fgf/k % (H202) B L O t-butyl hydroperoxide (tBHP) & FE & L 7= .Dig 0 fliaE
GPx (cGPx)VEMEDHIE 21T > 72, SA BGFED .U cGPx 1EMEIZ., &6 5 DEE
[ZBNTH SA FERGREICK L TAHERERZ R L, H02 T 1.73 f5, tBHP T
1.62 {5 Cd - 7= (Fig. 32a) , — 7. TFHHNZEAEHLD cGPx {EMEIZ DUV TIE SA & 5-

IZ X BEFR B0 - 7= (Fig. 32b),
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Table 7 Selenium content in rat organ after administration of SA.

pugSe/g-organ weight

organ

Non-administered SA-administered

heart 0.260.028 0.51%+0.070

muscle 0.15+0.010 0.18+0.0053

brain 0.1220.0081 0.27%0.0087
liver 0.60+0.069 2.95+£0.21
kidney 0.82£0.054 13.1£1.90
plasma 0.30*£0.079 0.80%0.057
red blood cell 0.19£0.028 1.53£0.31
whole blood 0.49%+0.11 1.73£0.24

Values are the mean and standard error (n = 4-6).

*

= 10 10 -
T | a ] b
_O *
£ 8- 8-
EF.
= 61 6
<
£ 4 4-
2
S
w2 2-
o
k]

0 0

H,0, (BHP H.0, (BHP

B non-administered [J SA-administered
Fig. 32 Changes in cGPx activity for hydrogen peroxide (H202) and t-butyl
hydroperoxide (tBHP) in the rat (a) heart and (b) liver cell lysate. Data express mean

and standard error (n = 5). *Significantly different from the non-administered group, p <

0.05.
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F 7o Dl E I O oGP IEMEDIE RN Z /37 B 'O NI L 5 6 D
MEMERT DD, VT AZ T ayT 4 7 K5 .00EMIE H GPx1 OFE &
%475 72. GPx1 132 < ORI OHBVE I AFET D GPx DY 7 X A 7 Th 5, SA
R G REO DB E A O GPx1 &% 1.0 &5 & [ SA EHHHIZH VT 1.73
%D GPx1 23gH &7z (Fig. 33a) . ZAUE, cGPx IEMEDIR L 1ZIFE—E T 5 4%
BThotl-e LER-T, GPxIEMOHIRKIZ, Z o V7 ERBEBEOKIZLD
boLEZ LN, —J7, SA BRGREOIFMIEERIZIIT 5 GPx1 &%, SA I
BEHRED 0.80 75 TdH > 7= (Fig. 33b), cGPx IETERIER, FEREGREE B B0,
H LI L TWD LW FERTH -T2, Tt v Ao .LrsesE %
HoTWDIEERTH D, HiEiTEL v Z2H RV iAZ, SelP & L TilfE~5
W LM~ L Uik A T o720 AR e L& LTRSS HRIEL 720
LTWn2, AEIFE LU RRZ L TWRWVIREET SA G217 o 72729, JIFET
IZBEIC GPx OFBfAFI L TR Y | gz ~0t L ofmikts LIRS v

O - HE O T~ o - DO TIER W EEZ NS,

1) 2) 1 (2)

A s W < GPx1 b e . <« Grx1
SA-administered/ non-administered SA-administered/ non-administered
1.73 £ 0.066 0.80 = 0.076

Fig. 33 Changes in GPx1 expression in rat (a) heart and (b) liver cell lysate. Values are

the mean and standard error (n = 4). Lane (1): non-administered, (2): SA-administered.

ZNOHDORK LY | Mb T OIEMIEE F o' L & —RICHS L. GPx 72
EDOB LB R EROBRE~E L MG T 2 kS0 X D ekl E2H -

TWDHEEMEA R ST,
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3-3. /NS

BT, T v MO R & PenSSeSPen O Kt & Mt L. /Lilligk
Nt LRSS X7 BDREZ1T > 72, PenSSeSPen X7 v .UMl i B a7
D& LRI ETF A — N EI LCRGR LTz, PenSSeSPen & it L7z & /X T &
% MALDI-TOF 'Z #5472 & 0 #ER L=, Mz 17,026 D &' — 7 £5712-SeSPen
PMLIZEB 2z onbE—rBRiainiz, NI TV UHb7 T 720 o
fRHT L 0 . PenSSeSPen & Xt L7 X /X7 EIET v b Mb ThH D Z & RIE S
M=, FIET)N S Mb 2 L T Lo EBICHE L, BN O Mb Ict L
PREE LTS ZENRHALNL o7, WRIT, Ty MIZSARAKREGEITVL, &
L REHIZEIT 5 Mb OREREA MRGE L 72, SA #GIZXK D Mb ~DE L A&
DOHEKIZR LN oT—F, DIEO® L U &, DIEIRE O cGPx iR IO
GPx1 FEELDOHRNBE ST, L7z2i > T Mb 23k Lo & —REICHS S L GPx

BREODBLUZ R EROF S E U THEREL TV D ATEEMEDS RIB X UT-,
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3-4. EBGE
3-4-1. 7 v MBI ERIR O TR
W ESHEME Wistar 7 v b &= —7 )V CRZRZ . DIigZfE L. okm L2 1 mM

|

Tris/HCl AR (pH 7.4) F CHREV A F—F HNWTHREV A X LT, 71
— 7Y =/ — % —250D CRG ML, GonREKE, KU —HRx
— NGRS BE RS 1T LA, i OH 7 — % —TYPE4STI (2285 L, #
1 L% L-80 ultracentrifuge ¢, 20000 rpm, 4 °C C 1 B LB L7-, 551

7o BYR & AT B iR & Lz,

3-4-2. DIEFIE IR D PenSSeSPen ZLE
3-4-1 THRL L 72 Dl IR B IS AR 2 1 mM NEM 23R L. 37 °C C

SREIA vF 2a_X—F L, NEM QU & U7, E7-. CDlEH R iR | o f e B
0.05 mM PenSSeSPen Z ¥/ L. 37°C T 10 43 A v =2X— K L. PenSSeSPen

RELE LT,

3-4-3. LA E ISR DT
3-4-2 DM C PenSSeSPen ALEE L 7= Mgl i/ E iAo | ARy F A4 — v

K ORI G PenSSeSPen % < BT, BT 21T > 7=, ENANL % 475y 1 & 6
8 kDa DZEMTIEIZAAL, AEHEDK 100 f5DEFED 0.5 mM Tris/HCI #Z &K (pH

74) ZAERE LT, 4°C T—WEMH L=,

3-4-4. DIEHBLE > Mb R
3-4-3 (R LIEFIMETENT 2170 AR+ F A — /v & Bru T Dl i B Pl
% (R4 A 24 E (Amicon® stirred cell, Millipore £E8) (2& » kL, 2 E57 T & 100

kDa & 30 kDa O EIZJIERET Z & T Mb (17 kDa) DAELZ1T - 7=,
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3-4-5. Mb R D ERIKE)

VKB AR EIIZ X, 0.1% K7 > ViR B Y 7 A (SDS) . 100 mM
Tris (hydroxymethyl) aminomethane, 50 mM K U o U ¥8#E % HV 72, 1% SDS. 20%
7' V%V, 1 mM Tris/HCl $2E{% (pH 7.4) 1.0 mL % Milli-Q /KIZIEfiE ¥, =
VA UL BE & LT, 3-4-4 THEEL L 72 Mb K 2 UBHLER K & 1:1 TIRA L.
90 °C T 1 3[Rl OBV 21T - 72, PKENEEE (pageRun AE-6531M, ATTO +tY)
ICERE L7215% R Y 727 U7 2 K%L (e-PAGEL, ATTO #:5) 12, 50K} 20 uL
Z VRN L. 20 mA/1 plate C 75 47 fH]i##E L 7=, Bio-Rad Laboratories @™ 10-250 kDa
EFTO 10 ARKDF /37 E~—J1—% 5T Precision Plus Protein Standards % %3
BOHEHEE LTHW, @ER D7 /113, EzStain Silver (ATTO +E5Y) 2 v THR

getalcfit L7z,

3-4-6. SA RO & 5

0.05 mM Y > AR TR (pH 7.4) ICIafR S E 7ok L U fe % | S I8 ek Wistar
T FOREL kg 72D 1.5 pgSe &85k 512, 1 H2E 1 BHEORD&ES %
1Tolz, BOEHHETHR, 7y MERBER L TBZML L, 3-4-1 1R LTz ik

Tl E R ORR 21T - 72,

3-4-7. FME GPx IEHERIE [58]

IR AIRIZ,0.05 mM U BRAREHRICIAfR ST 7o N F A L E T H—
£ (0.63 unit, FIOLAIEER) [0.63 mMEICH I N2 F AL (F 07 A7 A7 #HHY) |
2.34 mM NADPH (Fnefligid) . FE [3.14 mM H202(F 1 7 A 7 A 7 #1:#) F 7=
IZ t-butyl hydroperoxide (tBHP, Sigma-Aldrich #1:8) | ZNEXI 2., 0 ZHAE]
R L7-t%, R 340 nm (2381 2oL 2 RERFICHIE Lz, LT o (1) X%
v, 3B mL 720 @ 1 43 NADPH OW G 5> 6 cGPx IGTE D H %
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1T-o7-,

cGPx activity = (AAsam - AAsLk) X 20.6/emm/C (1)
APsam: FUBHEIR D 1 5318 & 72 D DY EERD
AAsLk: FRIETRIRD 1 53 & 7= D ORI
20.6: FBRAER
emM: 1| mM NADPH D /U 6A%E. 6.22 mMlem™!

¢ BREMEIE 5 > /S 7 P (ug)

3-4-8. MIREWEDO Y T RAZ L TuyT 47

F7,3-4-5 1TR L7 FIE THIFE R (10 pg-protein/lane) O FE kB 57 B &
Tofe, kBIth, EI RIA U= RE T ryT 0 J4EE AE-8750 B LW
AE-6677 (ATTO 18 2 W C v B & o327 B % Polyvinylidene difluoride
(PVDF) [l (ATTO #184) ITHA S U 7=, #55:4% D % TBS-T[25 mM Tris/HCI (pH 7.4),
150 mM NaCl, 0.1v/v% Tween-20] (Z X ¥ P L7= k. TBS-T IZIfF SHT2 1% A
FLINITERITIZRL, 1 FEHD o< D EIRE S S, TR yF U a2 To7,
feWN T, TBS-T |Z{afif < 7c — KPR (Anti-Glutathione peroxidase 1, rabbit-poly,
Gene Tex fH8) ¥ A 4 °C T—MiS S 72, iV T, HRP i IR BUAE IR
(Anti IGG, rabbit, goat poly, HRP, Santa Cruz Biotechnology f1:#4) % == T 1 Kffif] X
I T, PURPURRGE ., fr HHFEE (Clarity™ Western ECL Substrate, Bio-rad
FEED) 2 IV TR RIS K D X Rt Lz, 232 RO IZIE Chemi-Doc
Touch (Bio-rad Laboratories #) Z i/ L, f#HTIZ13 Image Lab Software ver.5.2.1

(Bio-rad Laboratories #) Z-{f ] L 7=,
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3-4-9. HEFHLER
FAHLEEIZ 1%, PRISM 4 (GraphPad Software #18) i L7-, &L &
R L B GHMOABZET, ME020 2 Bl O t BEIZ L - THIE L=,

P<0.05 D&, AEEVRHD & LT,
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AAFIETIE, SA OISNEREHY) T o 5 RSSeSRLARE DRI A2 HAY & L
T. RSSeSR’ & FUSMEZR AT D & R B ORI 21T - T2,

RSSeSR’DET /LALAH) & LT PenSSeSPen % F\ N, B E/HTIE L fAA D
5L THMRERTOE L UGS 7 EE LCL-FABP ZHE Lz, &5
(2O ER SRR LV k2R TIME . B VU RZIE S DD DO
WRIZHIEHT D L. ENENCSTR2 BEL UMb B LU/ Z 7 E &
LCRHENZ, LLEX Y, PenSSeSPen & /& &/t & A ¥ 7 RIENFE
THBIR BV U REEZ NI EDOREITIETH D Z L MRS, RSSeSR’DIEHL
D s L ORI ISR W THER A = AL Lo TV D ATREMED
RENT,
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L

ARWFFEZAT O HIZ 0 BU)RDEFEE, JTHHEZ B Y £ LRI R
TP mrAEsEATEsE il sPRE Bk, Wb RS dEEER. EH <56
B, WONCEHRARZERE R W BURICIR S EGEHHH L BT £,

K L2 BT 212H 720, BERLEIE. HiFELTHE £ LIERIFRS
FEEES W EAR ZdR. B B BaRIEHEILE L R E T

AWFFRICIBNT, BEREFREL W& E L bl =1l flit

R BT WRICRIFGRZEAME AR EOE T A, 2L, ROTIT
MR A DERICTR CREHIP L BT £,

BB, AR K OVRAEEIRICBW T, 2R D3R, i 1aie
PEELIER XA TS o BERICIR S Bt LA L BT £,
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