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Fig. 1 Sulfur-related compounds and reactive sulfur species.
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Fig. 2 Pathways of the production of cysteine persulfide by the enzymes.
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Fig. 3 Forms of polysulfide in cysteine and protein.
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Fig. 4 Alkylation and reduction method for measuring polysulfide.
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Fig. 5 Detection of sulfide released from polysulfide of low molecular weight sulfur compounds
after sulfide anti-oxidant buffer (SAOB) treatment.

Methylene blue assay with SAOB was performed to low molecular thiol compounds, GSH;
Glutathione, DTNB; Ellman’s reagent, GSSSG; Glutathione trisulfide, DAT; Diallyl trisulfide. These
compounds (400 uM) were reacted with or without SAOB for 4 hr at 25°C. N.D., not detected.
**p<0.01 vs. SAOB (-). n=3.

10



222 TRaLbE U BEERIZLDARY 2)v7 4 FROBITHIOEEAL

AR DAY SAOB IX HoS OFLBLIEA & L TR SN D THLTED, RY A7 ¢
R ITCAI~ OIS AT E ORISR O LD RO BiLDH, ZOMRFTEITHIC
RYANT 4 ROFEIENRLEL 72573, EMSP {EO BT S T~ 72 X 9 Iz & o
Mgk 2 R BIZZENDR I ANT 4 ROFEETHDH, £ T, LLFORGE T,
EFT HSADNARY ANT 4 REGE NI ETHD EIEL, HSA Db AL T 4 R
WS 2 X 9. SAOB DM USRI DIRFS 21T o 72, £ Dk, Faifk L72 & T
WT, HSA DB ALT ¢ ROERET 5 2 L 2 L7,

F7°. SAOB & MV TR B I ORISR Ddcidifb 2 ik A 7o, £ ORGSR, 25°C £V
t 37°C TRIS SHIE TR ERNRIZANT 4 REERES Y72, £72. 37°C TGS E78;
By ANVT 4 ROFEAIT 6T T h—I#ET 5 Z LR &Nz (Fig. 6),

20

—_
=
|

—_
&}
|

o0
l

Number of liberated
sulfide / HSA

Time (h)

Fig. 6 The time course of formation of sulfide by reaction of HSA with SAOB.
Liberated sulfide concentration of the HSA sample reacted with SAOB for each time was measured

by methylene blue assay. **p<0.01 vs. 25°C (n=3).
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Fig. 7 Effect of component of SAOB on the formation of sulfide from HSA reacted with SAOB.
‘SAOB w/o Asc’ or ‘SAOB w/o SA’ or ‘SAOB w/o NaOH’ indicates a solution removing ascorbic
acid or sodium salicylate from SAOB, respectively. **p<0.01 vs. SAOB. n=3.
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Fig. 8 Evaluation of the effect of each component of SAOB on the concentration of sulfide

released from polysulfide of HSA.

(A) The time course of sulfide formation by HSA reaction with sodium salicylate, and L-ascorbic
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acid in the presence of NaOH or KOH. n=4. (B) The sulfide formation by HSA reaction with various
concentrations of KOH (0-2 M) and L-ascorbic acid (0-0.45 M). The sulfide derived was detected

by using methylene blue assay.

2-3 RY RNVT 4 FHRIEOHERRER

LAl HSA B ANVT ¢ &S 2 OIZha@E R 5&FE, 03 M 7T AL E U, 1M
KOH I C37°C IC T ARG THZ L THHZ LN LTz, 22T, ZOEMHETI IV
BF I VANLT 4 R (GSSG) BLOT X FAFr NI A7 4 K (GSSSG) # Kt &
WO, WAL T 4 RRIZOWTHHME Lz, ZOREER, GSSG b A7 ¢ Rid4<
WEBE L 7222 o 7= DIZxk L, GSSSG 22 HiE 1 3 7-H 720 ) 0.5 O ALVT ¢ RHEHEL 7=
(Fig. 9A), F7=. M{bM N-acetyl cysteine (NAC) DR Y Av7 ¢ RMUIRIZEBITHANLT 4 F
DIEREN IOV T HFHIT L7, £ OREHR. BH O NAC (NACox) HIXA/NLT ¢ K
IXIEE A EEREL 722> 72Dkt L, NAC O AT ¢ REES ORI sulfane sulfur 25 1 -
A->T=H D (NACSI) BLO2DA-72HD (NACS2) it TNEN AN T ¢ KAl
L7 (Fig.9B), NACS2 7> 5l L 7= A /L7 ¢ RIZ NACS1 2Bl L 7= BRI 2 {5 Th -
Teo P> CTARIEICHBIT D ANV T 4 ROWEREHIARY 2L 7 4 RIZHKT 5 Z & sulfane sulfur
DEIIS U TBIESIND Z LRSSz, LR, 03M 7 A2/ 2B KLUV I MKOH %
37°C, 4 Bl CRUG &8, BT A2 AL T 4 REAF LU T A—IRICTCERT D HiEE
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Fig. 9 Detection of sulfide from polysulfides. Numbers of liberated sulfide from NAC species (A)
and glutathione species (B) by the treatment of 0.3 M ascorbic acid and 1 M KOH were measured

by methylene blue assay.
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RIZ, HSA IZBWVWTH EMSP IZK > THOMN D AT 4 KRR 207 4 RICHKRT
DD OV TR L 7=,

F9. EMSP TRt SN D AT 4 RT3 AT A L OFEGIZOWTHHME L7z, &
W7 2 BRI, VAT A VI TRS AF A= (Met) bIFET 5, HSA 121X 1 0+
720 7T{HO Met 3 EFEND, Fig. 5 IZTT I /liEE LTO Met 2 HILANVT ¢ RILlFHES
NN DN T2, Z X7 EHRD Met FRIEICBWTHREIBETH B GO T
BET 2 0ERDH D, TAT7 I VIEHAER BT AT A ORI FES T D —
7. Met DI« DFETHERIp>TWD, T2 T . Met 31 D THDHUST /LT I R Met
20T 5= N T AT I 7Y, Met DEDF72 % HSA %\ T EMSP #E%1T -
e ZAH, EOTATIUNEY 11-16 DANLT 4 R S, Met OEUT%T D IKTFE
MEITRL B 72 > 72 (Fig. 10A),

Flo, TNAT I VPN DE R BEIZX LTS EMSPIEE TSl L ZAV AT A U 1
D, Met # 92H T Da 17 F FY 7T (uPl) RVATA %S5O, Met & 1| OFT
Do -BRMENES XD AIMATART AT I b bilERE L7 AV 7 ¢ KRB I
(Fig. 10B), BURIENZ 212, ZAOT AT IVR0F LRI BICEENDEHT X ) Bk
FEEHIZ , EMSPVEIC Lo TR SN2 AV 7 ¢ RZ&HERICEY 72 v L7z & 2 A, CysSH
FERE IS ORI AR L7z — 7 T (Fig. 10C), Met FEEEITE 7= RIEL 2o
7= (Fig. 10D),
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Fig. 10 Detection of sulfide released from polysulfide of different species of albumins and other
proteins by after EMSP treatment and the relationship between liberated sulfide and number
of Cys or Met residues.

Sulfide released from polysulfide of (A) four albumin species and (B) other proteins were measured
with methylene blue assay after EMSP treatment. Polysulfide of o-anti-trypsin (oPI), ou-acid
glycoprotein (AGP) and ovalbumin (OVA) were measured with methylene blue assay after EMSP
treatment. The relationship between polysulfide and number of (C) Cys or (D) Met residues were
analyzed using the data of polysulfide of albumin species and other proteins. Data were presented as

means + S.D.

P EIOR LTz E 212, BN MIGERMICTEMSP 21795 &, HSAL 73+ &72 0 9 16 {#
HOWE LT ANT 4 RS ES D, —F . DTT % 4°C T | IRefiLBE4 2 & | B@ooR
YANT 4 RHRDANT 4 RPEHESI D Z &R RESN TS, £Z T, EMSPIET
B SND ANV T 4 RPETLHARY 207 4 FHRTH 20 E0HET 572912, 1 mM
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® DTT % HSA (2 4°C T 1 Rifilpill L7z b SN/ AV 7 ¢ K& 7 VBRI TR
£ L., EMSP #17-7-, ZDfER, DIT Z4LE L2 LB LT EMSP I L W S5
RYANVT 4 RIZEL LZeooTz (Fig. 11), — 5, B{LRA Y 27 4 REFIEH &
\Z L > THEEE/RT 7' 1 —7 T 5 Sulfane Sulfur Probe-4 (SSP4) ZRijAULEET 5 & EMSP
BIZ L > CTlEBET 2 AV 7 ¢ RBEREICHD LTz (Fig. 11), £ - T, EMSP TR S
HANT 4 RIFBRERIARY 27 4 RThHDH T BRI T,

20

Number of liberated
Sulfide / HSA

DTT-treated  SSP4-treated

HSA HSA HSA

Fig. 11 Identification of the source of sulfide from HSA after EMSP treatment.
Amount of sulfide released from 1 mol of HSA, DTT-treated HSA or SSP4-treated by EMSP

treatment. **p<0.01 vs. HSA (n=3) Data were presented as means * S.D. (n=3).

T BHETHRA L@, 7 A2/ E R E NaOH |2 & - Tl % A7 ¢ KiZ SH
HETIXAe W E WS b 625, ZOmEH ST < EMSP {i#% T HSA @ SH &
INEALT 23 E DTl L7z, BARRIZIR, EooHl & SO S 72 HSA Z 7Vl L, SH
HaEFRVIETCAITH D tris(2-carboxyethyl)phosphine) (TCEP) THLER L 7=t%. Z7/ViEiH
2> T TCEP %% LC SH &% HIE L7 (Fig. 12A), = DfEH:. SH &% EMSP LF D
X > TEL L o 7= (Fig. 12B), 7=, TCEP ALEEL D HSA IZAR Y =F L 7Y
21—/ (PEG) &ffi~ 1L 4 I K (PEG-MAL) % <)i =&, SDS-PAGE THBfd 5 Z &IC Xk
> Th SH BEDTFEEHER LTz, EMSP QLELIZ X Y HSA DX R~ X —I122 51D
®., PEG-MAL DG LB T8OV 7 M7 » 7% EMSP Witk TEL Lieh o7
(Fig. 12C), L7=2-> T, (X3) DX IHICTSHMNOH L7252 L TANT 4 RINEEET S
EWV ) BUSIEA IO EMSP TIEAEURWNWZ E RS,
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———> Neutralize = S. ” \ " (DTNB, PEG-MAL)
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Fig. 12 Thiol contents of HSA after the incubation with or without EMSP.

(A) HSA and EMSP-treated HSA were incubated with tris(2-carboxyethyl) phosphine (TCEP) to
reduce all disulfide bonds. (B) The thiols of HSA were quantified by DTNB assay. (C) The thiols of
HSA were modified by PEG-maleimide. N.S., not significant.

EMSP JEIC L > T, HSA X 1 3 7H720 16 5 TLAEDO AT ¢ RBNEEL TS D2 L
ND, ENHNV AT A MEIFINTHAAE N TV D ATREMEZ FLIH L7c, HSA 1% 35 @0
VATAVERLTNDN, 2O BHLIEHIRO AT AT 1 D THY, &Y O 34 {HiZ
AL LT 17 ROV ANLVT 4 FIEGEBR L T D, RIS, A A 0 7234 CliifE
DY AT A (Cys3d) [THAAENTNDETDHE, 16 HOAFTRFD 1 DO AT
A VBRBNTENE ST D T TR D A A VIRFIE 8 O D L BRIR DB Ss A LILE
LTLEIED, EBIZIZZO LI R TIIFEL TV RWVWEEZE X Hivd, 6> T, HSA
WHET D 16 HOR Y 27 ¢ RO—{RILEE{EAY SSH (RSSSR) & L TY ALV T ¢ NfEH
DOHFIZHHAIAENTWBE Z ENTHIND,

EMSP IENFRERIAR Y 207 4 REBRHE LTS E W GREZFEAT 5729, LA F O
iz4T > 72, HSA IZ Na,S ZWIN9 5 &, EILMARY 27 ¢ FRELD Z LENmbIT
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WD M FEERIZ HSA IZH & D Na,S # M2 T 37°C TRISELIZEZ A, AF LT N—T
EREIND AT 4 RidH &2 /eo>7= (Fig. 13A), ©2F Y, NS HED AL T ¢ K
M HSA ~EGTAARY ZAVT7 4 RELTHALIZEZEZ LD, 2D L X, [F#E% EMSP
B, AT 4 ROBEE AT LT N—{EICTER L, EORRER, NaS OO
I 53 EMSP TR S D AL 7 ¢ RIFZE(L L7272 (Fig. 13B), L7223-> T,
EMSP WLER|Z L » TETTHAR Y 207 ¢ RIZANLT 4 REHEHEL /W2 LRS-,
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Fig. 13 The levels of sulfide after the co-imcubation of Na,S with HSA.
(A) Free sulfide in samples was measured by methylene blue. (B) Sulfide liberated from samples by

EMSP was measured using methylene blue. Data were presented as means + SD.

WA KR D FTREMEIZ DWW TR LTz, Y AL 7 ¢ Rik, 70k UV EBREE FICBW\ T,
UTOX kG REND Z ERMmbNTHnD (K42, LEER->TEMSP DXL 57T
WA VEREE T TIE, AU ANLVT ¢ RBIKGHESID Z & Tttt 720 Z ERRESh
2

RSSSR + OH + E — RSSE + RSSOH (= 4)

—H.TFurrOroe RaXx s 7 = = VEEEMBFEET D & 2 ORI
END I ERREINTND 2, KHRHT, VA RAIMKS R RET HILEMTH D *
“ommﬁﬁﬁiof%@ﬁﬁibékﬁék\%Dvymibxw74F®ﬁ%%$m
WML, PARANACL > TR THZ R TFHRIND, £Z T, FrYUHLWITV AR
VAEETFIZBWT, EMSP I K VRS 5 2L 7 ¢ RSN &0 &3 i L=, D
FEd, HSA MOilFldT 5 AL 7 4 RiZ, TRV VROV A RUVOHFETFTEL LD T
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(Fig. 14), L7223 7T, EMSPEREE FTix (X 4) DX I RA Y RV T ¢ ROJKIRIL
LW EARBENT, [MHNDIETT AL E IR Z B 1 LT % ATRENE
MEBEZHILD,
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Fig. 14 Effect of tyrosine and dimedone for efficacy of EMSP.
Polysulfide of HSA (10 uM) was measured by EMSP in presence of tyrosine (1 mM) or dimedone

(1 mM). Data were presented as means + SD.

UbEDZ &t EMSPIEIT Y UV BITHET DIERRY AV T ¢ REERTED
T EDIRENT, Fig. 15 ITARMIE CTHENL L 72 EMSP IEORIE FIEZ 7R3,

— free H,S
[
\
7
2 + zinc acetate
= +FeCly )
o + zinc acetate > +DPDA [~
37°C, 4hr 8,0008, wash
—— Smin 3 times
D
- ZnS |
Zn(OH), | OD 600~680 nm
EMSP

Jfree H,S + sulfane sulfur

Fig. 15 Scheme of EMSP.

2-4 BEBREEZHWVEALT 4 FORIEDRH

EMSP EIZOBRERIAR Y 2L 7 ¢ RS ORI A A o Ok OO L KkFEA A
FEORED 25O AT v FIZ K VR EIND, BEQDHILMA A OREICIZ, AT L
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YIN—iEEFEA LTS, LinL, ODAT v 7 THWDBETAINATF L T IL—iED
PSS —EHEST 2 Z &0 WEICITRIISRETAIDREART v TRBEL Y |
EREMECH D, 22 C. Wik A A UREE AT LU T NV—1EThL, A AV EMET
7oL, ODKIGREEREZDEEDRETERTE DL EE LT,

A F B LD ANT 4 ROWPEZEAN UTFER, A A EmE W5 Z & T, EMSP
S & o THE UL KRFEA 4o ZfENOREICHIE TE 5 2 L& A L, EEIC
HSA H ORI 20T 4 RERET D E, AT LU T /—1EE Il LT 4%LAN OFE 2 CH
ETHIENTE I, ZHICED, IEROAF LT —IET 1.5 B> T 7o #fE
10 DRREICETHEMT 2 Z LIk Lz, — /5T, A AV EBIEC X D bKFEA A
YOPEITRAENKE S, ZNEZIHITHEOICA X —TF =2 L 5 EREENLETH -
T2 Db A A BB X DRECITMIE RN 0.5 mL ML ESEE  fEROAF LT
L L IR LT 50 (52 VWETH DL Z ENMER E LTHETLND, TiuE, FEEIKRIC
BOWTHEEZRBETIIRWS, v~ A& W invivo BB EOMiER L TEZ iz, L
BOBRFTIIATF LU T NV—ECCALVT 4 REERTDHZLELTE,
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Fig. 16 Measurement of sulfide in EMSP by Ion Selective Electrode (ISE)
(A) Standard curve of sodium sulfide measured by ISE. (B) Measuring sulfide by ISE with string.

Fig. 5 T/RL7Z L H1Z, SAOB X L- AT A 72 D SH GHILEM N DI AL T 4 K
EHE L 72 o7z, S BT, SAOB I3 HSA LRSS % & A/VT ¢ Rl L7723, HSA
® SH O a LB S hoT-, AT, RY AVT 4 REAILEMNSDIRANT 4 K
WS T2 Z LA EE L, SAOBICBEA L TULF oG (X5) Z#HEE LT,
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RSSSR’+2KOH — RSSR’+K,S+20H (= 5)

SEIORFHZI LY, TRV BEROEEEHWTRY AVT 0 REALVT ¢ RIZE
T HETAIEERLT DN TE, ZNEHWTRY 2V 7 ¢ ROFHBLUERIEZ LT
HZENTE, ZOEMSP LT, BEFORY A7 ¢ REEEIZHAT, N> ER
PEIZHEANTVD B, ATF L7 — ORISR T 96 well deep plate Z1EHT 5 Z & T/ A
AN—"Ty FREBRZARELETIFEEZHLTVD,

FI3f b NEGSRBEFICEET IRV ALV 4 FOEER

2-1 (ZCHEST L7z EMSP {£I2TC, HSA X° AGP 72 E DI /X7 ZIZHRY A7 4 R
IMTAET 2 Z L VI L7z, HSA IRLEICIR b Z < AFHET DX /7 HTHY . T DIRE
FEEFRFICH) 40 mg/mL (9 600 uM) TH 5, 143 TH720 16 HOR Y AT 4 RBAFLE
FTHEWRETDHE, MHPARY 27 4 RIZK 10mM IZET 5, £ 2T, MiFeo 4§
e U CIiECiiik. W, 8t KR OR Y 207 4 F& EMSP IEIC X » TEREZ AL
Too TNENDORY 207 ¢ FREIZ, MIEAK) 7.5 mM, JEIE3K 1 mM, FEEDK) 41
uM, &3t K 400 pM, KA 600 uM TH - 7= (Fig. 17), 728, BIERR O AT 9 4
FSHBBEETHY, 2055 4X4LOREZEIL LTz, FEF T 28.44 5% T, BMI O
#J1% 20.85 T > 7= (Table 1),
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Fig. 17 Sulfide concentrations of biological fluids from human subjects.
Sulfide levels of plasma, saliva, tear, semen and nasal discharge from healthy human subjects (n=4-

9) were treated with EMSP. Data were presented as means = S.D.
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Table 1 Characteristics of healthy human volunteers for analysis according to age, BMI, sex

and results of polysulfide level.

n (male) 9(5)
Age (years) 28.44 * 7.62
BMI 20.85 £ 2.86

Polysulfides (pM)

Plasma 7469.4 * 656.68
Tear 953.55 * 24498
Saliva 40.854 * 27.348
Nasal discharge 397.61 + 399.84
Semen 594.68 * 244.98

RIORG IR 72 & OEREIL, i EEET 22 0V BERHLTNDHZ &b, [F—{H
RIZEBWTHEERIEAR Y AT ¢ RIREDFHBET 2 /RN B 2 bivd, 2 TRIC, fi
HNDMIECHERR, RIRICINZ . FRB X O EEN LR Y 27 ¢ R E—EE L
VBT D52 LICh 0, ZNENOAEEKEHRY 27 4 RIREOHEBRR A TN L 72,
FP. MIERY 2T ¢ RRE & ZOMOKAEREOFHBEBRIZOVWTHRE L, 0k
By TRIROMERR Syt & TfE & OMBIBIRIZA SR o 7o (Fig. 18A-C), —J7. KK
IZOWTIEE, nBEDRLNTWD OO, IEOFEIRERE R L7= (Fig. 18D),
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Fig. 18 Correlation between the plasma polysulfide level and that of a biological fluid.
Each polysulfide level was measured by EMSP. (A) tear polysulfide, (B) saliva polysulfide, (C)
polysulfide in nasal discharge and (D) seminal polysulfide.
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W, MAFAR Y 27 ¢ R &, 72, BMI Z A L7z, £oRR, HE L

AN (22-43 %) TIFERAEWIZEMER Y ALT7 4 REEWZ RS/ (Fig
19A), —J5, PE7ES° BMI & OBEIIFED Hiv7e - 7= (Fig. 19BC), MEHIZOWTIE, 7
27— RIS OMBBRERAE L, TOME, METORY AT ¢ RREEREWIZ
E T 7—BEEL SV EBRE R (Fig. 19D),

(A) (B) © ®)
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2 z 2 . = R>=0.7348 ¢
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Fig. 19 Comparison of the plasma polysulfide level to biological parameters, (A) age, (B) sex
and (C) BMI. (D) Investigation of interrelation between salivary polysulfide and amylase activity.
Calculated polysulfide level was analyzed by EMSP. Amylase activity was measured by amylase

monitor.

FRPORY 27 ¢ FREIL, WST-8 THIE S VAR 78 & @V IEOHEBERR %
R L7Te (Fig. 20A), —J7. SPEESCHFNE & 3B Lo~ 7= (Fig. 20BC), =L oBEL7- &
ZAH RV ALVT 4 ROZFaE b B, DF D RBERNERPICE END Z LRSS h
TeM —ERDOR Y A7 4 Rz Dtk OWE:, BN R IZ 63 £ TV e (Fig. 20D),
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Fig. 20 Comparing seminal polysulfide with related factors. Polysulfide level in seminal fluids
was investigated for its correlation with (A) sperm activity was measured by WST-8, (B) weight of
total semen, (C) age. (D) Semen was separated by differential centrifugation at 2000x g for 5 min.
The precipitate was washed with PBS for 10 times and redissolved to the initial volume by PBS.

Polysulfide level was measured by EMSP.

FA4Hi ~TVRCBIIRTFEHEERY 2vT7 4 RO

4-1 BFITBIDRY 2Vv7 4 FOBRH

H2HOE FOAKIKREZ AWTZRBRIC T, HIROAR Y V7 ¢ RE LR OEEH O
BV RENTZ, T2 T, ZOZ EIZHOWTE BIZFEIICAT <, ~ 7 A& W T=§F
fhZz4T -7,

T B THORY Z2LT 4 RIZOWTRY AVT7 4 RO®ENTa—7Ths SSP4 %
FAWTEAl L7, FEBR L, ~ U ZAORIKRA BT 2 DIXREETH D72, KR LIREH
O EHERGHE 2 [BIN L7z, 2R C 10 3 MBUS#, SOCBRMERIC TREE L7z, & Of R,
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K1 OFRGERF X OMhZEHEIC T, e Iz (Fig 21),

Fig. 21 Detection of polysulfide in mice sperms using by SSP4.
SSP4 (5 uM) was treated to mice sperms and incubated 10 min at a room temperature. A fluorescence

probe was observed by a fluorescence microscope.

4-2 BFRY R)VT7 4 RERREESR DR

WIZ, FEFHRY 207 4 ROFEAEFRIZOWTIHMEIT < | HBFOARE L OO
Tob HAGHR LR LORRIZE T 5 HoS AR OFBUZ DWW TEHMIE L 72, #E5 Tik~7z
L 912, HoS AE#ZE T 5 CSE B LN CSE 13, CARS2 OIEE T 5 CysSH DA HN
SEDHZLITRY, MEADORY ALVT 4 REREZIRET 5, £ 2T, WO
RO BRI TEITT 2 2 &b R EARSIRBS KO RICEHIT 5 CSE 5
LN CBS OFBLZFHN L7z, EORER, R Al L ORRIZEB W TR CBS D3 BlE
iR+ 52 L3 TE 2 (Fig 22,23), CBS OFEIUTMMAL (74 7~ E#lla) (238D B,
R B RS 36 I OV AR CIRi RS /AE N ORIfRIZ & — BN A 6Tz, Z2D—F T,
CSE DFEHUZ SN TIL, ABETTITRE O b o7,
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Fig. 22 Epididymis sections from C57BL6 mice were double stained with anti-CSE and anti-
CBS antibodies.

DAPI
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Fig. 23 Testis sections from C57BL6 mice was immunostained with an anti-CBS antibody.
4-3 IERHERIEE TV~ 7 2 % AT 3

RIT, DRI L DR 2T ¢ RORELZFHIT 2720, RIEET AV E L TN~ ¥ A
R L7-, CSTBL6 M~ 7 AZEIZ 1 FE 10 O~ 7 2 L QR S®, REdT 52 L%
MR LD bITHE~ 7 AN ERT 2EFG 25 i L7z & 2 A, 100 HELIEICZ RO T
WEEL S LTz, 2 2T, 110-120 O~ U A Z RO M~ w7 A & L, g - o R
U Z/N7 4 REIZOWT EMSP ICTRMli L7z, £ ORER, 10 BElsDE s~ v A & g L
T N~ 2ADMIEFRR Y ZAL7 0 RIEBENGEIZIKT LTV (Fig. 24A), #12,25,000
sperm/uL & 725 K O ITEE M CAR L2 T OR Y A7 ¢ RIRE S, IR X KT 3
LM NS LT (Fig. 24B), F72. BA{LA b LRI FOEEL LD S, RIEDOJR
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RNERDZENMBNTNDE Y, ZZT, BIELA MLV ADIRELE LT, MHFET7LT I
VAT A IR E ESI-TOF/MS ICTHIE L= 2 A, VAT A APz L v
AT HMMNF O (Fig.25), L7eRn-> T, A~ w7 ADBLA b L ARTLHE L T

LT ENRENT,
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Fig. 24 Quantitation of polysulfide in serum and sperm.
Polysulfide was measured using by EMSP in (A) serum and (B) sperm. *p<0.05 vs. Mature (n=3)

Data were presented as means = S.D. n=3.
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Fig. 25 Cys-albumin ratio measured by ESI-TOF/MS.
Ratio of cysteine modificated mouse serum albumin was analyzed by ESI-TOF/MS. Data were

presented as means * S.D. n=3.
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€4 R, ZFnEnziR L mOIEOMBERERZ R L7 (Fig. 26BC), 7z, MiE7 /L7 I~
DY AT A HINE G ZHERITH L CAOMEIBER 27~ L7z (Fig. 26D),
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Fig. 26 Corerationship between feriility and sulfur parameters.
Sperms were corrected and incubated with ovums. (A) Fertilities were counted after the incubation.
Corerationship between feritlities and sulfane sulfur in (B) serum, (C) sperm and (D) cys-albumin

ratio. Data were presented as means = S.D. n=3.
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(Fig.27), BHBRIZEWNZ &1Z, M~ T A OREFEMR T 3 IEH R THIEREL TEB Y | Il EE
17 L ERE S 725 Tz (Fig. 28),
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Fig. 27 Measurement of polysulfide in tissues.
The concentration of polysulfide in (A) semen (B) seminal vesicle (C) liver (D) kidney were
measured by EMSP. Data were presented as means £ S.D. n=3.
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Fig. 28 A change of tissue weights and apparence of seminal vesicle by aging.
(A) Tissue weights were measured after sacrifices. An apparence of seminal vesicle in (B) mature

(C) aged. Data were presented as means * SD. n=3.
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EMIBWTHRFORY 27 ¢ FIIZREERLEEWEOHMRKREA L TV Z &
O, MOENOBEMEZAE L TWD D EHEINLTZD, SHBD I 672 557 a2

EFhd,

EsE MIERY 2T 40 FOARNEE)

MAFFORY ZVT ¢ FREZ2FIZHITHBEA NV ADOEEE LTUSHT 5729
(ZiE, BRI ORERIHIC K 2 RN W FRNCHERE L TR RERHH, £ 2T, MR
UANLT 4 ROABNEBIZOWTHRAE L, 2B, HREOREB LY RIZF—DH O
ZRFFCER L7z, £9°. EMSP THIE SN A MFEF AR Y 217 ¢ RREIZOW TR
1230 2 HARIC/TT2130 # =22 ER L BB ETIC TR T 2BERNBIEI NS
DD, wR%ZE L TEBOEIX 10%A5 Th -7 (Fig. 29A), 7=, MIEOKRY 217 ¢
RIBEIZOWT, AU ALY 4 RO®NT v —7Thod SSP4 % HW-llE bikAi-, &
OFEFR, FAEZHD OO, 1530 2 =271 EH L, K330 2 —ZIC T+ L
DR STz (Fig. 29B), 2 ORE, 15:30 O XL & 3:30,  6:30 O FEH LA 21X

BRERD T, T SHIREIZOWTUIRERICOT DI THRT 00, FFZU X
LD B LHEEITA SN/ o7 (Fig. 29C), KRIZ, MAEDOTIELIEMIZHOWT, AAPH 7
THNHERBRZ A TRME L7z, ZORR, FibERIL 1530 26— 27 I EA$5 2
LR E NI (Fig. 29D), MAEH T V7 I AREEIL EMSP THIE S NVH R Y AV7 ¢ R
FE & RIERIT 21:30 IZH KA A 7~ L 7= (Fig. 29E),

ZDREDKINT A — 2 —OMBEBRICOWTIENT L7z & 2 A, SSP4 OH bR & AAPH
DZ T HNAHEEME E OMIZIEOFBINGED H vz (Fig. 29F), ZiuH OFEEN S, M
DAY ZN7 ¢ RIRED HNZEENIL 10%AT5 Tldd 5 b 00, FIREZR R U BRI R 4 i 2.
HLEND D EE Db D,
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Fig. 29 Circadian rhythms of plasma redox parameters.

Diurnal variation of (A) plasma polysulfide measured by EMSP, (B) sulfane sulfur detected by SSP4,
(C) AAPH radical elimination activity, (D) thiol performed DTNB analysis were assessed and (E)
albumin concentration measured by BCG assay. (F) Association between SSP4 and AAPH radical
elimination activity by different time. Longitudinal axis shows the ratio of eliminated AAPH radical
by plasma. Horizontal axis is the mean fluorescence intensity (MFI) of SSP4. Each point is the

average score of the plasma samples collected from healthy subjects at the same time.
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DIV NRFFEMMNORY AT ¢ RO S (Fig. 30A), KRIZ, Ziuh Y NTF B
FEM OHUR{EIEMEIZ- DUV T, 1,1-Diphenyl-2-picrylhydrazyl (DPPH 7 271 /V) JHZERER % H
WCRHI L7z, ZDRER, BBD 5 b2 RHBLIENZ AT 5 2 LA LMo
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Fig. 30 Detection of polysulfide and analysis of nti-oxidative activity of honeybee-retalted
products.
(A) Samples were performed EMSP. (B) Radical scavanging activities of samples were analyzed by

DPPH radical. Data were presented as means = S.D. n=3.
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R L7z, BEREIIST 7V A FOBRERL TS BLEIIHE T, 57U A R
DEIHTOWRE LT T, 1| » AMEARA S E72, IRARIEROAEKIERFORY 27
4 FIREZICHOWT, IFIEARARTE 1Bl REI X ORISR AT IZ 3 [IERER L T
L7z, ZORER. EOV T U A FORMIZEW TS, IRAETE Tl L OVRKH
DAY ZNV7 ¢ FREITE( L) 5T (Fig. 31),
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Fig. 31 Levels of polysulfide in an oxizided form before/after the administration of the products.
Polysulfide in (A) serum and (B) tear was measured using by EMSP. Data were presented as means

+ S.D.n=3.

WIT, FERIZRET 2 B2 30 L7z, IRARI# 3 AR, BRI L 72 icon T,
EFERIEZ 1T > 7o, BB OFPEEDN L TH o720, BRIEKIIRLNA TN D L DD,
2 —YLEBY —ORAICEVARY ZAVT ¢ KB ERT M350 (Fig. 23A), L
L. W roEEHEEIZe—Y LB Y —ORAICE Y EFET (Fig. 32B), BROEEIZH

BREIR b - 7z (Fig. 32C),
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Fig. 32 Effects of honeybee retlated products to human semen.
(A) Polysulfide in semen was analyzed by using EMSP. (B) Sperm activities measured using WST-

8. (C) 3-days-average of seminal weight.
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17 A2 RMAT 2 2 LiE, MiFPIRK R EDARKHORY AV ¢ NREA I
FTRHIFEL R Tz, BRIZBWTIX, BREERN 20D s0D, n—vLEY —
DRI E D RY 27 ¢ FREDR R L, A, BEBREHBE 2L, ARA I 2 5
i L7 BRRRBR 21TV S DICFEMZ MmN EEN D,

EBIHEH MEPRY 2LVT 4 FMEEHEORE

RIT, B MEFREF TR ORY AVT ¢ FEEORE S TZMEIZE R L, ORI O
TR 52 & & Uiz, BUF, mEORbICmEEZANCTEM Lz, £, by b47
il 10 kDa DFRIMEE B T 2% FV T fLiE OIS Ty 2 458 L7, &b -RiEh o R
YANT 4 RZ BEMSPICCTERLIZE ZA ARG FEGITIIR Y A7 4 RiiE e A EfF
fEL TV o7z (Fig 33A), £ 2 TRIZ, MiEX V7 ED I bbb &< 25D T05D
BRI ETHDHHSAICER Lz, HSA IS 2 F o7 7 4 =T 4 — T L ThH D,
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HiTrap Blue HP Z\""T HSA Z# /0 L7c, 2Ol &, FL— I TH T EEH—L

SDS-PAGE ZAT\, ZHEDORREZ R LTz, L —2 2 OIFFEGHE ST HSA DN R3iE
EAERNWZ L BEXUL—2 3 O NaCl & HiE5r T HSA B STV D Z L HER T

%72 (Fig. 33B), 2 C. ZNHREORY ZA)L7 ¢ KEZ EMSPIEICTHIE LTZ, D
fER., WY AL T 4 FIZEICHSABESIZEEND Z &Rz (Fig 330),
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Fig. 33 Polysulfide concentrations of serum fraction from human subjects.

(A) Polysulfide level of serum with removing protein fraction was detected using by EMSP. (B) HSA
was purified using by affinity chromatography. CBB-stainned SDS-PAGE gel of serum whole (lane
1), serum removed HSA (lane 2) and purified HSA (lane 3). Polysulfide in the fractions of (B) was

measured by EMSP. Data were presented as means + SD.

RIZ, HSA D R AA UHIORY A7 ¢ REIZOWTEMIT L7z, HSA 1L, RAA > 1-10
DIDDRAALANTRVERINTEY, SHIZINHITENEN A, B OV T KA AL
IS ND (Fig. 34), T2 T, D RAAL VEHIZUIWT 50 1& LTRILY T
(CNBnIZ#A& H L7z, CNBr (%, A FA=VFRIER TH V3 B & JEREE RO 25 2
ERFBN TV D, HSA IZBWWTIE, Table 2 1Z/RT X OIZIERETHKIE T TR AL 1
A, RAAL L IB-IA, RAA VOB 322, BN T TIEEBICEERTT DD
F RIZUIM SN D 2 ENEHE S TS (Table2), & Z T, FEEIT F T HSA |2 CNBr %
MERL . ZNENDORTTF REFRE L CTHRY AT 4 RINEDOW R EENTWDHMNIZ
DOWTCEHMHE L7z, CNBr RS, SISz % RA A 37 & b UikBic ik s &,k
BERELEZOL, PBS THIEE L, SDI2, METNLVT I VT 74 =T 4 T L TH
% HiTrap Blue HP Columns (235 &, IWEDOERESCIEOE A2 b SE5 2 & TFh
S Ay Ay
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SEEL 72T F RIXFig. 35A O X 512720 | Ay (@) ICRAAL Y TAN, IM
fbF F U 7 & (NaCl) (®) ioctU\OSMKSCN(@) EHESIC K AA COAB-N, 1M F
F>T S ) T L (KSCN) EHHESY (®) I IB-TANREGEND Z ENHLMNIR->T,
Z T, HARRBIEBE LZ0b, EMSPIEICK Y 2NHR_TF RFDORY ZL7 ¢ KE%E
S L7, T OFER RTF R 1B ORI AT 4 REIT Fig. 35B IRT X 912,
BTCOXTF RIZHRY ALVT 4 RREEND Z DRI NTZ, —J, &XTF Ko A
TAYHEYVDORY ANT 4 FEELTEET 2L, IB-TAIZOTNIEZNHEDD, 4
IR R & 72251338 B ey~ 7= (Fig. 35C), L7228 > C . HSA DR U AL 4 RiZ
HSA (2RI 34T LT D T & DRI STz, 7236 . CNBr BUGKFIZ IV D 70% & 1%
HSA DR Y ANVT 4 REIZEE LR o720, OO BERTOFEIR DR Y V7 ¢ KK
RLBRD HSA & AT LTV Z Eh, CNBr 20T 5 2 LI K> TARY Av7 o
RR—E KD Z BRI NI,

Table 2 Cravage of HSA by CNBr.

Domain | Amino acid DTT(+) ‘ DTT(-)
IA 1-87 9.8 kDa
77777777 88-123 | 4.1kDa 13.9 kDa
IB-TA| 124298 | 20kDa 20 kDa
299329 32 kDa
330-446 13.5 kDa
UB-MT 1 447 548 11.6 kDa 322 kDa
549-585 3.9 kDa
YeeM
SH § M
s
M

Fig. 34 Crystal structure of HSA colored by subdomains.
The illustration was made with MacPyMol PyMOL v1.7.4.5 Edu Enhanced for Mac OS X.Protein
Data Bank (PDB) ID: 1A06*.

36



(A)

N ONONOLORO)

250 1A IB-1II IB-ITA
150 —
100 —
75 7/
50 —
37 —
25 —
20 —
15 —
10 —
B C
(,216 ( )0'6
E
%12 5 0.5
% 520_4.
E i3
E £30°
S gZ
% =£,
S 4 Z
3 £ 01
=
=
Z 0 - o]
=3
T O @ ® ® F X O ® 6 O 6
= v &
¥ Nad
€ §

Fig. 35 Polysulfide distribution in HSA domains.

HSA was treated with CNBr in 70% HCOOH. Claved peptides were isolated using by a blue affinity
colum. Fragmants were shown as (D; before the separation, (2); with 25 mM sodium phosphate
buffer (NaPB) 3); with 1 M NaCl in 25 mM NaPB @); with 0.5 M KSCN in 25 mM NaPB (®);
with 1 M KSCN in 25 mM NaPB. (A) CBB stained SDS-PAGE gel without the reduction. (B)(C)

Polysulfide in each peptide was measured using EMSP. Data were presented as means + SD.

8B PEG-MAL ZHEMBL L7 N7 FEICK B HSA ORY 2)v7 4 ROBH

RIC, HSA NTAFAET DR Y AT 4 ROFAETZHED . ARHIC RSSSR*D K 9 7Rt T
LM ENPEWLNIZT R, RO ORAFE LAY =F L 7Y a—) (PEG) -
Maleimide based gel Shift Assay (PMSA) ¥ Z 5772, PMSA (%, SH ESUSRIEDORKEE M D
WZEFIH LT SSH 275 51k Th %, Fig.36 (2, PMSA OElE & 7/~rd, Z 2T, tris(2-
carboxyethyl)phosphine (TCEP) |%., RSS,.SR’#EA T L. sulfane sulfur % - 72 & £iE T
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LGS ED L, SHHDWESSH &G L, i FEMPHEG L7 PEG OEE 7 M7 >
74 %, ZZ T, PEG-MAL FLORHNIC SH DT VX /UbFITHHI— KT T K
(IAA) I[ZTHRELAZIT S &, SH & TAA ORUSHEMLIZIX, £ D% PEG-MAL S TH
FEE L72WDS, SSH & TAA OUSENLIZ, RU AVT 4 RERFLIEEET L b3
L2, IAA LV EWREMEE SO PEG-MAL &G L, O F&EIFV 7 N7 v 745, =
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Fig. 36 Scheme of PEG-Maleimide based gel Shift Assay (PMSA).

HSA IZ351F % PMSA OfER % Fig. 37 1Z7~x9, TCEP 4LEE L 7= HSA IZ PEG-MAL 721 %
FISSED L RUBEBETHEINTOEAY RRNE L, &0 b0 R
MNBIESNDDHRTHoT-, ZOIMEE LT, HSA DA T A VT 35 %K TH
V. ZDOATIT 20 kDa @ PEG-MAL 2300 L 7= HEE 531 &1% 767 kDal £ 725 2 L v b,
EEAEKE L 2ol B bID, —J7, IAA ZRILER L 723 0EHT PEG-MAL % i
SHIZHETIE, IO PEG DA LIELEZEZOND VT N7 v 7 LIy RRE L BIE
ENT, ZOREEND, HSA I, BY RV T ¢ ROFIESM N7 &b T IR
ET 52 LARBENT,
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Fig. 37 Image of PMSA for HSA sample.
TCEP-reduced HSA was reacted PEG-MAL with/without pre-incubation with IAA. Samples were

Tt

separated by electrical electrophoresis.

FOHI DITZHWERY ALY 4 RERBEORKES

AIEI D PMSA % W23l 24 % T, TCEP DbV iz F 4 F LA b—/L (DTT) %
LAl E LTHWD & TAA 7€ FC PEG-MAL [31Z & A A L7en > 7= (data not
shown), £ Z°C, DTT IR Y AT ¢ R&EHET 2O TIERWNEEZ, LT, DITIZ X
BIRY AT 4 DAL T 4 R~OIBEBEC SOV TR L=, LATF. DTTIZ & v T 5 2
NT 4 RERAF L7 — (MB) {ETRD L FEZ DTT-MB &7 5,

F9. 100uM O HSA IZ3mM O DTT ZiRINL, L7 ANVT 4 REATF LT —
BT L7z, Zo&E &, WEREL7ZANLT 4 RINHS TA E L TEXPIZHITHZ &
N7V E 9| DTT O CHECFAN T, 2227 B U R FTH5 pHS.0 & Lz, TDfk
Ry LFFH O DTT ISIZE D, HSA1 3 & 720K 0.08 [HD A7 ¢ KA Sz, %

Z T, HSA & NapS Z i Jis &, A UE AR Y 2V 7 ¢ RIZ[ESGAFEO DTT 2088 L7
BR.HONALT 4 RIZIETC SN D I ED % 7l L 72, 250 uM @D NaoS 125 L, [FlREE D HSA
HIRFNT 5D & 1 RERITR 50%D AV 7 ¢ RN Uiz, —05, RISHOFEHT DTT % ¥
mu, WEPOANLNT 4 RERE LTIE ZA, AVT7 4 REEFDITH L, AEIZE
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5 U7 (Fig.38), L7=2-> T, 3mM @ DTT % pH8.0 T 1 FFHIGT D &, X6 ITRT K
IS TIEITTHARY AT ¢ RIRANVT 4 RIGEILSND Z E DRI,

HSA-SSH + DTT(ed) — HSA + HS + DTT(ox) (X6)
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Fig. 38 Liberation of sulfide from polysulfide with the treatment of DTT.

Sodium sulfide was treated with HSA. Sulfide levels were measured by methylene blue assay. (A)
Scheme of the reaction of HSA and sulfide with/without DTT. (B) The levels of free sulfide with
HSA. (C) After the reaction of sulfide with HSA, DTT was treated with the sample. Data were

presented as means + S.D.

VIED X 9123 mM, 1 RO DTT SOSERETIE 1 27572 9702 0.08 fHD AL T 4
RSB L 7= DA T o7, T, EMSP TR ENAHR Y A7 4 RS 10 HEB 25
ZLEEBETDHE, BMOTHOTINTHDH, DITIZV AT 4 RiEAEZRAE ST 5B THIT
HHTD, KVBOEE TGS D ELRIARY 2T 4 RvD b AT ¢ R il S
HHZENTELHDTIERWNEZ X T2, £ TRIZ 100 uM @ HSA (ZXFL 10 mM @
DTT % 20 mM Tris-HCI (pH 8.0) (I C—ERRISIS ST DH | WEREL 72 ANV T 4 K& AF
L7 —IEIZCER LT, Fig. 39AB Offtillix, A TF Lo 7 —DRLEZRL TS,
37°C CRUGSE-HEEIE, 9-13 B2 B — 22 AL 7 ¢ FNEHEL . S DICIGEE5
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ERHENDEERY AT 4 R Lz (Fig. 39A), 60°C 12 TG SE7-5E1, 5 FFH
E—JIZANT ¢ R3EREL 72 (Fig. 39B), Z D, HSA fE{ERFDIRIRD A F L TV
—DOWIEEITIFAER LV b3S @m o128, bFrichtisnr, Lin->T, Lk
DR TIHRELIS DD DR Y AT ¢ ROBADOFAREMEZ BB T D720, REHEFET
T DTT Z[AFRICIG SEIBEOWSEZ 2 LW THEIN Lz, REMMGEED L AT
Ly T N— DRI N LoDk, WEEEL 72 AV 7 ¢ RS HLS H A L L T2~ L
L7772, B LIEANT 4 RBBILESNTDE B2 bND, ZORIGIANLT 4
REREL TWDH ETORRIZ AT TS ETRRESND, 2F 0, DTTIC LV iF#ET %
ZNNT 4 REERTARFETIT, R ALY 40 FEE L TUES BB > TLE H>ZANMN
HLHTeH, ZORITEWTIZEMSP O BERTWDS EE XD, 4%, BEFIFTTOR
P HS EEHHVNE, B L= ALV T f ROERR EZR{TV, WEEL7Z AL T f ROA
REZEFTRER FEFRICT L, BRDIUBRNEEND,

(A) (B)
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Fig. 39 Eliminated sulfide by DTT in defferent incubation-time.
Sulfide was eliminated with the incubation of DTT at (A) 37°C and (B) 60°C for each time and
colored by N,N-dimethyl-p-phenylenediamine (DPDA) with forming methylene blue. Absorbance

of methylene blue was detected by microplate reader.

LIk, 10 mM @ DTT % 0.1%SDS 777E F T 60°C {2 T 5 R SUS S &5 5 F 28 A L,
DTT-MB (strong) & L7=, ®HBAYIZ, DTT (3 mM) T 37°C (2T 1 BRSNS &85 5% LA
T CiX DTT-MB (weak) &35,

WIZ, DTT-MB{EIZ TR SN DR U A7 ¢ ROFHERIZ DWW THR72, HSA (Z SH @

7 NV AL TEH D N-ethylmaleimide (NEM) % i S ¥, BIUH THEEL TWAH T AT A
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VEEMIL ., RGO NEM BT TRELEZ, 20 & x, DINB EICT SH IZHiH &
N NWZ L ZHER LT, 2D NEM L L7- HSA I2DOW T, ZDORY ZA)VT 4 REZRD

7o T OFfER, EMSPIETORY A7 ¢ FEBMIZIE, NEMALIC L 583 Bg s
o7z (Fig. 41A), —J7. DTT-MB (strong) TORY A/ 7 4 RERE[EIZ, NEM {LIT

TR ESNDAY A7 0 KA 1Ll L7 (Fig. 41B), L7235 T, DTT-MB (strong)
TR ESNDARY 2V T ¢ RII—&E AR Y A7 ¢ REfgitd 52 & S HICNEM
BIZE > TEREL LT LBIAR Y 207 ¢ RIS RN ExR s, — ., RIC
0.1%SDS., 20 mM Tris-HCI (pH 8.0) 2T 10 mM DTT & 60°C T 5 hr S SH72 HSA %
0.1% SDS H TH#EHT S, DTT ZH Y Bru 7= D% EMSP YA THIE L7z, £ DOREHE. 0.1%
F1O DTT ARLEED HSA & L, DTT AR KV &N D R Y Av7 ¢ RIEK 3 fE
b U7z (Fig. 41A), 1> T, DTT-MB (strong) (Z TR S AR Y Av7 ¢ RIZETCHD E
DE—EHDOBEARY 27 4 RO G EGEieZ L3RSz, D Z &6 HSA IZ
B EAIR ) 207 4 RBTFEEL TS EWH Z A EMSP UM L > THEES R
72o X T, DTT-MB (strong) TR AIRE/RERERIAR Y 2L 7 4 FiX, NEMfKIZ XL > T
LE LTBERIAR Y 207 ¢ R3S, EMSP IEIC L > THRHEN SR Y 217 4
RO—HThHDHZ b, BILAARY 27 ¢ NITEISHERIT, RSO O %2 A
TEHRYANVT 4 RTHDH I EPRBI T,

(A) (B)
14 - ok 4 -
<12 _
wn
T 10 - 53-
%z 8 =
N2 @ 2 4
5} =
24 2
£ 5 A
0 h T T T 0
HSA NEM-HSA HSAin DTT-HSA NEM-HSA

0.1%SDS

Fig. 40 Levels of polysulfide in NEM-HSA and DTT-HSA.
Polysulfide in each sample was measured by (A) EMSP and (B) DTT-MB (strong). Data were

presented as means =+ S.D.

F2HIL D EMSPIZ X2/ Tid, IiEHFR Y A7 4 KD 99%LL EAS 10kDa LA ED
O TICEENTWND Z ERH LN~ 72 (Fig. 34), % Z TIRIZ, DTT-MB (strong) (Z
BWTHRY ZLT 4 RPMRS TG E D THGOED LIZE £ 50 %27 L 7=, Fig.
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34 & [RERRICERAMEEIZ L 0 MiE2S 10 kDa A EDO LD ERELIZEZA, SN DR
U274 RiX 99%LL BB UT- (Fig.42), L7=A > TIiEIZBWCiE, EueMAR Y 2
74 REBLRAR Y 2V T 4 RO NES T HEGICHAELTWND Z LR ST,

Polysulfide (mM)
&~ o

\S)
1

whole >10kDa

Fig. 41 Levels of polysulfide in serum with removing proteins.

Polysulfide in serum removed protein was measured using by DTT-MB (strong). Data were

presented as means + S.D.

FA0HT TAFNMEBTICEARY 27 4 FRHEOSHE

Pk, BIHOECMKSREZFIET 2 LIk, RIETARY 27 4 RO
ARBILCTERT DI LTI LI, —F, BuoMARY 2Vv7 4 REERET S DTT-MB
(weak) [ZBWTIE, PERMENMES T 70D & —HEBERAY Av7 0 R L TL
EHIENGIoT, T T, MTETARY ALT 4 RERHTEZRELT, 7%
AR ICIEIZE B LT,

AREE 1 HIlZ TR 510, 7AX/RETCEITRETMARY AV T ¢ RE+ 5 F
ELE LTI SN TV D, ZRETIZEELIL, TAF LAl L TE~ X Red-
maleimide 72 EDHEIEHNZ L VAR Y Av7 o REEL, Zivad DIT TEILTHE WD F
D BTN, . FO%ROMIIZLY . b B R MAL I, sulfane sulfur % {8
BLRNOLRIALT 4 REFEELTLEI Z &G, 207D, REFIH TRLIZEX
IIRARY AT 4 RORHEIZHND DIZIIAME ThH D Z & EE S iz, XTHRJIZ TAA
!X sulfane sulfur ZHEFFL7EEERY AL T 4 RITHEARTAHIENTELHLEEDNL TV,
% 2T, IAA OEIHFEFRAKRTH 5 5-iodoacetamido-fluorescein (5-IAF) % AW \ZFRIZ S DTT
SLBERZ DO DI L VAR Y AV 7 4 REMmHTE 520805 L7z, Fluorescein-IAA
DV IZ MAL 23FEE L 72 S-maleimideS-IAF (5-MAF) % S-IAF & el L7z, #EefAR Y
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ANT 4 RORTT 472y b —WZE NaS % K& L7 VBB X 0 F8L L 7= HSA %
FAWT, RAFED HSA & Wi L7, £72. E~U°MAL AR Y 2L 7 4 REHETSHZ
EEWE LM B W TSRENEIR ThH o720zt L, EFEOLRRE LB~ X
MALIZE AR Y A7 4 ROMHNEIZB W T, 4°C TH D, £ 2T, SEEDENH
WY AT 4 FRRIIZE 2 2B OV TH O TR L 72,

ZDOFER, 4°C TG W 72BEIT S-IAF 3 L OV 5-MAF Dfij 512C, NaS ZLEE HSA (14
%O DIT BT a—T7 R34 N5 2 EBRH LT/ > 72 (Fig. 43AB), FFIZ 5-IAF THE
ik L7257708 5-MAF & W2 B L 0 DTT AUFit: CTEL L2 DBIE R KRENoT2, F
72, 5-IAF % 4°C TG S/ D50 F Tld, NaoS L HSA D1t 012 HSA & 7= BRIC
t DTT ALELIC X 0 805ENEBICEA L= (Fig. 43C), 2% V. HSA 1T 0.08 fEIF(ET 518
ﬁ@ﬁwa74F®ﬁﬁ%ﬁ%?%ékwo_&fkéo

VL, S-IAF (Ko THREEEISGETCMAR Y 27 ¢ RBRHTE 52 EBH LN -
Teo o, BUSRENEWE DTTICE > THED LIZ< <D, 2F V| JAAR MAL IZ
HEINDRI ALT 4 ROFIGNREL 2D T ERRENT,

(A) 25000 - (B) 40000 -

z &

'Z 20000 z

E . £ 30000 T
g g

8 15000 - s

= =

g BDTT(-) £ 20000 - = BDTT(-)
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0 4 ,

Na,S-treated HSA HSA
Fig. 42 Detection of polysufide in a reduced form using 5-IAF or 5-MAF.
(A) 5-IAF or (B) 5-MAF was incubated with Na,S-treated HSA. (C) 5-IAF was incubated with HSA
and Na,S-treated HSA. Probes were removed by gel filtration and DTT was added. After the
removal of excess DTT, the fluorescence was measured. Data were presented as means £ S.D. **p <

0.01 vs. DTT(-). n=3.
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B B8

CysSH (Z1%, &t (R-SH) & EA(LM (R-SS-R’) BTF(ET B2, RY AT 4 RIZEW
THiEeA (R-SSH) LRk (R-SSS-R’) DOi i DFIERRENH D L EZ BND, T D=
D AEMEA F T 2 LT ARIE R MERER 2 B S 2 72 1R, W 2 2 Eh0E BRI f#E
452 ENMETHD,

ABFFEIZ T, BN U 2V 7 ¢ ROBEREZ I BT TR T2 2 &N TE 72, 2
DZELITEY | BAERIBREEIZ SR S5 ME 72 £ OIS II1T 5 RSS DI RIZE -T2,
My, FEkR. MR, SR LOREIROP T, MiFTRbmBEICR) AL 0 REf L,
TROWENR . ST DR Y AV 7 ¢ RIREEIZMIE &AL L TWeds, FRPORY 217 4
RIZMIER Y 207 ¢ RIRE &L EOMBBRE R L Tnie, RO TICHFET 2R A
VT 4 Rid, BFOEFICER LTI EnD, BiKERIZMEORY 27 ¢ RigE
X, FIEOFEIEIZ/2 5 5 D AR RE S N7z, BIfE, REMELEBARO T, @705
IEAIEDONRBE ORGIR LD D Z L Z BB L TR Y | A% AR 27 1 KL ORI
DNT RV MR IIRTE D,

MyHEHRY A7 4 RDOIFZEAEITHSAIZHK L TV, HSA X3 DD RAAL U ZH LT
WD, WY AT 4 RIES R AL i 7e < ML TWe, fislic Tk~ 72k o1z,
VAT A ORI T EBIDIFIERIEIZ sulfane sulfur Z4 L TV 5D 2 EAHE LTV 5, HSA IX
BEDVATA L EHALTNWDZLEEET H L, EMSP IEIC L - T &41 5 HSA
DRV AT 4 R 140, 5F 0, BEZE 5 EN sulfane sulfur 2H L TWAHERIT, H
LREZNBRBETHL EEZHND,

F o Bl BT A A D HE R & L C DTT-MB 5% 37 L 72, DTT-MB (weak) (.
BRI BICBWTTRTAAR Y 207 0 RBMIES NS, —J7, 10mMDTT & 60°C T
oS85 &, B E —HOBARY 2v7 0 RSN, LR -> T, #ETA
[Zxf LC HSA OITRIAR Y 207 0 RN K W BUBICSURT D 2 Lo OBRLAIR U 2
W7 4 ROROSHEEZ AT 52 BN o7,

2L, 2L OFHEIIMERICHEENE > TV 5, EMSP & DTT-MB T, HIEx%
DETDORY ZNVT 4 RPNANLT 4 RIRHHHRT, AL TIIMRERIC NaS ZHu,
ERLTWD, L LRSS EMSP SUGIZ & 0 izl L 7= A v~ ¢ KRB K 1D GSSSG
R NAC KU A7 4 RTHEEDK 50-60% Th o7, TD7=8H, IZ GSSSG <> NACSI
EREHE L THWS L, REPORY 217 4 REREITN 2 EEWE O L 70 5 A hek
N %, DTT-MB (strong) (23 NTlE, HSA D HIEIILINTZ ANV T 4 ROKNET TO%R
TEPEDMENTZ 8, FERICHRH L TWDEEID B DALT 4 RBRRY ZVT ¢ Kbl

45



BEL TV LHEZE L TV 5, $E9E, Fig.39 ® X 512, DTT & OJSERIAY 5 BRI L&D 3
RERDE, FE—CORETHEM LI AL 4 RBRHELTWDZ ERbND, 20O
A E[E L=, DTT-MB (strong) (&L ViERET 2 A7 ¢ Rk, BUERH ST
W5 HSA 1 3 F®H72D 4 DEWVWIHIEID bR 2 FIZELL RLATREMER & D, KRiw L
IZ. EMSP ®D A /L7 ¢ FiE wMLm4%Dﬂwm@m%)®L%thw74hwﬂmg
AN L TRWew, Bl 72 B OERSC AN T 4 FOEKOIFEINE % ORETH
D

SS.H

XT
/SSHS\

EMSP _
T nHS

(strong only)

nHS-

Methylene blue Abs. 665 nm
Fig. 43 Dection method of polysulfide with the combination of methylene blue assay.
FRALRIAR Y 207 4 RIZOWTIE, ZHETHIT SN TORWI Linb | ZOAMEM
OWTIIZE AV ERMIATH D, ARl BIUMRY 207 ¢ FOERIES RIRHICHEN TE

722 B, AEREFRY A7 0 RO 2B ERN b0 LW/ TE 5, RETIE
TS DO JEREME L T, HSA RILIEF DR U AT ¢ N OREREMAT %2 58 7=,
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F12E /NME

ARETIE, RY AVT 4 FOFREREZRFE L, ERRTORY 207 1 Pt
iz, LIS, o iz /MET 5,

1)

2)

3)

4)

5)

6)

TAANEUEREKEBIEE Y ORI, B ERERY AT 4 RINALT 4 R
ICIB TSN, BONTZANLT 4 REAF L U7 —ER0EmEIC L @&
T 52 LT, BERIRY 207 4 ROWJIENAIRE & 2o 77,

WL L7 bR Y 207 ¢ REEIEIC KV MiECHRIR. MER, iR o
AR ORRCIIR Y 207 ¢ R S iz, MiER Y 2V 7 ¢ FREITR
AR A7 ¢ NIREE L IEOMBARREZ A L Tz, HEERFARY AT ¢ R
77 —BIEMEE, BRPAR Y AL T 4 RITAEFRE RIS ENEEICHEB L
7=

DR Y A7 ¢ RIZEAE I L ORISR L T\ e, FFIERE L ORK
ROWE ThH DR ERCHBICRY 207 4 RERICHEET 5iEETH D
CBS OFBNRD b, FhEZ R Lo~ 7 2280 L, iER L O%E
THORY ANV T 4 RPFMEICH Y, LA L 2AOTLHEDL RS b,
INOHRY AT ¢ FREX, BIVZEICIBT 25RO L IEICHBE LT,

MAFERRY ZAV7 4 RO H B, w7 a—7 THIETREZR S DOIE 15:30 25K
EITAHHNY RALZALTCWE, TAILEUERB I OUKER{LL Y 7 ALY
HESNABLEIARY 27 4 RIZENTIRIE—EThHo T,

IVUNRFEHEEHO S br—FY LB —RDF, 7L IRERRY AL
A FEALTCW, Zabad 1 7 ARIRAL TH, IEPIRIEF R Y AL 7 ¢
RIZZB L Lo 2y, v—Y A8 Y —OEBEIZ L W FRH AR Y AL7 ¢ KA
ERTLEMG S,

bt MIFEFORY AT 4 KD 99%LL Fix 10 kDa LA EDE S FHESICE £
TEBY, D95 85%LL EIX HSA IZ1FFE L7z, HSA @R YU A/ 7 4 KX HSA
EWERT D 3OO RAAL NI GHLTEYD, YATA L 1 FHZDOR
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UANT 4 RIZRAAL L IB-TAIZBWTOTNIE -T2,

7) PEG-Mal 2 _X— R L L7277 MEICE D HSA ITEERIAR Y 2L 7 ¢ ik
BEITNEEEFET D Z ERHALNI o T,

8) EILAITH 2 DIT ODSULTFEEEZDHZ LT, RY ANVT ¢ RinbilElET 2 A
VT 4 REEGIET 2 Z LTI Lz, HSA 1238V TiE, 3mM @ DTT % 37°C
TS SE 5 EETRARY 217 4 K25, 10mM @ DTT & ZEWAIFE T
T 60°C T 5 KIS S5 LB KO LAY 27 ¢ RINALT ¢

RIBITL SN, ZNbiE, AF LU T NA—IECTCERARETH- T,

9) BEUAIRY ALY 4 ROERIETH DT VI NMALIEITLIED 5 HE T V¥ vk
Bl AW TZHIEEIZOWT, ZAVE TICEH STV 7z 5-MAF % S-IAF ICAH
THZEICEY, IBBISRTARY AL T 4 RERMD XD Z LISk LT,

LB, BB K ONESTCROMBREDR Y AV T ¢ REEET D HIEDOMHNICE >
Too FRZZ N7 BHRORERIARY 207 ¢ RORHEIZHERUZ BRI TN T& 72
ML, INETRMEHTH -T2 L 52K Y AT ¢ ROBRBOEEIEINCE IR T
XA LHEEANS, FEEE. IROOFEICLY . MFEEITUD ETHAEEETICKRY
ANVT 4 RREENTNDZ L FFCHSARR Y AVT 4 RZEDEL 25D TNDH 2
EEAGMI LT, LLEOFREIL, EEREOLV Ry 7 ARG A& X LD & LER
PEMERFRIZ T 72 B 72 R Cd 5,
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H3E HSAWKBITARY Z)VT7 4 ROBSEEEAT

EI1E F

R A N LA, RSO BORE IR . AR AR 72 & AR50 O FIE R I W
THEREEZRZLTWD, 207D, Hx O{EA L AZE 2 A HFICRHET 5 2
E, LA N L ABEERO R RICBWTEERSNS LR ->TE, ZhE
TOBRLA LV AEED —2E LT AU ARNTEDV AT A VERIES T V2 F 4D SH
DAL % & BANCIRNT 3 2 FEDS A ST 503, BEIDRIZREMEA R L 23 HETT L
TREEICEBWTEBTOMIEA R L A —H—THV ., NRVIERY 27 R8T L TLE
STWDAREMEDR EV, £ D72, HEFHIFR RS TH OB BIE, XV IRBYIH OB
B % SRS D B B b A R L AR — I — DN LE L 2D,

CysSSqH 1T CysSH & ki U CHUEBL/ERDNBREIZE W Z & D  BBEA N L RIZHK LT
L VGBI SIET D2 ENBESND, LI > T, EMSP A DTT-MB 5% 2R Y
AT 4 ROFERIL, FHIBEA PV ADRIEE R 2 ENEIHFIND, LIPLARRG,
INETIFEFORY A7 ¢ REREDHEL SN TV 72720 JREERFIZI T 5 R
UZANLT 4 RL-YULDOEBICOWTUIIRIEAHTH 5, KEDOE|~ U X% AW ET
L IR Ko THER Y 207 ¢ R3S DT 25 Z LB LNI R o7, £Z2T, REIZ
THRY AT ¢ ROJFFRERERL A b L ATt B 2T W TR L 7=,

fam Cuk 7= X 912, CysSSH ® pKa I/ & < SEICETe =12, BELMAR Y 217
4 RIT— @& W PbEf 2 H LT\ 5, F£72. PTEN X° PPARy/: EDfifaN & o /3
7 ClX, CysSH |Z sulfane sulfur 2311 L C CysSS,H & 725 Z & TAMIEMEZFRE L T
Do TOXIIT, BRREARY AT 4 ROFHECHEREN DM S Dd — 5T, BLEIR
VAT 4 ROMWEIXIZE A ESDo TR, RIS, BREBIARY 207 ¢ RBRZE L
BILMARY 207 ¢ NIZZELT 20 ThiuX, BuolAR Y Zv7 ¢ N e @V Iiib
TER AR D ATREME H D | %mﬂfjxw74h%IEA®#&m%@+® &L
THRELTWD Z ENREESND, AT, 17 RFET D HSA OV RANLVT 1 RfES
(RSSR?) (., a~VU v 7 ZIZETe HSA [EA ORG24 E CHEERZEZ R-L
TWNWDZEND, VAT 4 REERIZET 5 sulfane sulfur OFHIN, T72bbHARY A7 4
RfEE (RSSaSR’;n=1) DOAFIEIX, HSA OREIERHEICH G L TV D ATREHEN+95 2 6
ns,

Z ZTCARBETILZ HSA DR Y Z)VT 4 RO 2T A FREEZE £ 0 BT
DNWT, TIFIALFIZIGH LIe 7 vy 7 MEIZ IV RE L7z, £72. HSA DR Y A7
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1 FO&EIZ, OFIRILIER & @QSLRHEIEHERF D 2 S OB ST LT,

F2HI ARYRLVT 4 FOB| &k E B X OHREEE LA
2-1 SSP412X % HSA FRY Z)v7 ¢ RO &k& B L OEETE MR

WY ANVT 4 ROEREN R D HSA i35 2 & T, HSA ICBITF AR Y A7 4
RO 2Tz, ek, AU AT 4 ROREIZEDN 58067 7 —7 SSP X, K
U274 RERIERE T 0 —7 BHHITHERF MG T 52 LT, ZF biA idst
NTENEEZRT, AEIEZOBEEZFHALTRY 27 ¢ FiEAEN D720 HSA % /EH
L. RFO GO & ik U= (Fig. 44) , BARMZ2 7 0 2L 2L PR,

SSS SH /9 S
+ 1.‘.V —> 55 +<ﬁf+ ‘.LS
HSA SSP4

Fig. 44 Preparation for polysulfide-removed HSA by SSP4.

F 9. HSA % SSP L RiR T 1 RIS S 7-0h, 78 bk S EEERE LT,
WIZ, L% ) RER (PBS) ICCTHIEMISE 52 & T, RIS LT SSP R UK
D SSP %#BRE LT, SSPIC L > TEDRERY AL 7 4 RN KDL= EMEND HT2DIZ,
A CHEZE L7z EMSP JEIC T HSA 1 3 772 DR Y A7 ¢ REEEHERE L& 2
2. SEHTIEDEY 2T 4 ROBEY RTINS 2 LK L7 (Fig. 45A), FE.
ZOFERE B L T, SSP & KH S BRICRAET D0t LI LTz (Fig. 45B),
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Fig. 45 SSP4 decreased the number of polysulfide from HSA.
HSA (150 uM) were reacted with 1 mM of SSP4 for 1 hr at room temperature. After the reaction,
abundant SSP4 were removed. (A) polysulfide contents were measured by EMSP. (B) Polysulfide in

samples were detected by SSP4. Data were presented as means + S.D. *p<0.05 vs. HSA (n=3).

WIT . HSA DOSIARKEERMEIZ KT RY 27 4 ROEEZRFT <, 2-2 H TE#
L7z SSP ALHL HSA OSLHEE 2l LTz, £, H @M (CD) A~7 F2HlEL
LA, IRKEE (Figd6A) % XM 2 im SR AMEIB N OV = ki iE (Fig. 46B) % KM %3k

SMEIR D W FUZIBNTH AT M E b3 Bl Shviz, Fig. 46A @ 210-230 nm f

TDARY NJEH R TEDoa~Y v 7 A RLTWBZ EMDL, RUANLT 4 K
DF|EREIZIL ST, HSA Do~V v 7 AGENED LizZ L E2REBLTW5D, ITERIE
ik (Fig. 46B) TlX, Y A/N7 ¢ FHEEIZHEKT D 260 nm I %@WEWMﬁﬁ 23

722 Emh, RYRLT 4 ROB|IEIKEFIZEL - TI AT 4 REESITA SO E b 7=
O5LIEAREMENEWEEZBND,
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Fig. 46 CD spectra of SSP4 treated HSA.
(A) Far-UV spectra and (B) near-UV spectra of SSP4 treated HSA (10 uM) were measured in PBS

at room temperature.

RIZ, CD AT FVPSNOHEEREICET 2B WEG 0~ RY ZLVT 1 FelRE
L7ZHSAD MU 7 R 7 7 CHRT 28 E2RE L2, Y7 M7 7 i, 280 nm DJih
BN K> THNZTRTHERT I /B THY . HSA X214 FHICHE—FET 5, 2D
FUZ K77 % HSA OPWNZIFE L, HSA OEENZILLCRY 7 b7 7 U T T
LE, EHHTRAX—NRESRDIENL, NI T M T7 7 roatnBe L, WEL R
WRMA~T T T2 ZENMESNTVD, fMiRE LT, SSP AL L7z HSA TR D
HSA &LHE LT KRU 7 7 7 o tn3wd LTz (Fig. 47AB), £/, £OE—7 %
FlRMA~L 7 b LTV (Fig. 47C), Z ZT. SSP4 HKEDE Y (ex. 457 nm, em. 514
m){FIEE A EBERINLRN-T2Z LD, SSP4 DFREIZKZI L TRV, HSA IZ SSP4 3
fae Le 2 & CHEEZ b ER S TRe I/ h S W e HEEL S D (Fig. 47B),
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Fig. 47 Fluorescence of tryptophan in SSP4 treated HSA.
3D fluorescence scanning of (A) HSA and (B) SSP4 treated HSA. (C) Absorption spectra with 295

nm excitation.

WIZ, BOKEIZKHEET 5 Z & Tt EFRT 2 BUKEKER 72 —7 Th 5 sypro orange
Z D CTHEERFYE 2 5EA L 7=, Sypro orange % HSA & LS, N ERELI-E 2 A,
SSP JLBLHE THOE DM RPMENTBIE S, R Y A7 1 F&RE L7z HSA T, BUKiH

NEDRPECHEHR L CTWD Z R LMNE 72> 7- (Fig. 48),
100 -
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Fig. 48 Effect of SSP4 treatment on the fluorescence of sypro orange.
SSP4 treated HSA (10 uM) was mixed with 500 time diluted sypro orange. The fluorescence was

measured at ex. 470 nm, em. 520 — 620 nm.
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2-2 B-NADHIZ L BRY ZNT 4 FDB| ik & EEME

KIZ, B -Nicotinamide-adenine dinucleotide reduced form (B-NADH) (Z L5 AR Y A7 4 N
DR X P x #3747, Peng 513, B-NADH BAEEKNTHRY A7 4 ROBEIILEHS>TND
DTN EARGHNL T, 2% B-NADH (ZHEl L= AL &% CTH 5 Hantzsch ester 33
L O 1-benzyl-1,4-dihydronicotinamide CREM] L7z, Peng HIZ X HB-NADH &4 U AL~
R OF RS E TRRlRd,

N

B-NADH + R-S<(S)-S-R —— NAD* + R-S<(S),;-S-R +HS"

(X 7) Reaction between NADH and polysulfide proposed by Peng®.

FROISNFEEIZB-NADH T2 Z 7LiX, HSA OR Y 2L 7 4 KOG EHEIZHINHT
XpHLEEZLND, £ T, B-NADH 28525 HSA R U AL T 4 R~DEEEZ I L7,
10 mg/mL @ HSA (Z%f L 100 mM ®B-NADH % 0.1 M Tris-HCI (pH 8.0) H1°C 24 Wffi s X
BT, RIGH., BHTICTB-NADH ZFREL, RY ALT 4 REIZOWTHHEi L7z, BLF,
B-NADH #L# L 72 HSA % NADH-HSA & #5294 %, DTT-MB (strong) ¥ X NEMSP TE&
ENDHRY AT 4 Rid, HSA 1 0 1FH7- 0 2210 4 fEF X O% 2 @) Lz (Fig.
49AB), 52, DTT-MB IZ TRt EN DA U AL 7 ¢ RiZ, B-NADH IR LW =D £<
BEROTNWHIZ LD, EMSP IETHIESNDHRY AT 4 K& TEIERIZB-NADH
WX DB TLEZT DI EINREIN-, ZDLE, DINBEEZHAWCTFA—LEZERE L
EZAHHSA L FH-0 O SHIEHD LTEBY, L &bV AT A UEOFEE ORI
AT TWRWNZ &R (Fig.49C), Lh . B-NADH (X HSA AR Y A)L7 1 K&
TOEITHEFHRLS ZEBRENT,
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Fig. 49 Sulfur parameters of f-NADH-HSA.
Amont of polysulfide measured using by (A) DTT-MB (strong) and (B) EMSP. (C) Thiol contents
of B-NADH-HSA. Data were presented as means + S.D.

B-NADH (%, #9 340 nm ([ZWINZFFOZ ENH LI TWD, £ 2T, B-NADH L% D
HSA [ZB-NADH 23FEA(F L TWRWWZ & 2RI 5720, WIRA~Y MERIE LT, £D
fE . Fig.50A T/REN D K 9 72B-NADH D A7 kL%, NADH-HSA 3B 2138152 S
7o 7= (Fig. 50B), L7=723-> T, PABEODEBRICHEAE L 7-p-NADH 824 5.2 % AlHE
PEIHRD TIRWE F 2 5,
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Fig. 50 Absorption spectra of NADH-HSA.
Absorption spectra of (A) B-NADH (100 uM) and (B) HSA or NADH-HSA (10 pM) measured by

microplate reader.

% ZC. B-NADH OHEETEYEIC DWW TR L7z, £, M =tk (CD) A7 MLl
LT, TORER, “iEEERT 200-250 nm OUTHRAMEIRICBW T, a~l v 7 A E&
DD PBIEE ST (Fig. 51A), £7o. =REEZ RS 250-350 nm DOEARIMETRIZ BT
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H. 258mm BLON286nmm # B —27 LT 5L 270nm B — 7 LT HRIpE AT hL
DAL NBIE X 7= (Fig. 51B),
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( ) Wavelength (nm) ( ) 30 Wavelength (nm)
=0 : ~
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= '50 T E
<
9 e
B -100 - s
g
v (5]
* -150 A =
o0
< o
g -200 =
~ S 72Tt NADH- E
§ -250 A RRTT =
-300 -

Fig. 51 CD spectra of -NADH-HSA.
(A) Far-UV spectra and (B) near-UV spectra of NADH-HSA (10 uM) were measured in PBS at room

temperature.

W, BEOENEZBKE O HSA NEO M) 7 v 77 romtallE e Li-E 2 A, B-
NADH AEIZ L 0 @ OWEERBE S, N P N7 7y OBMP RS (Fig. 52A),
T, BUKEICHES L CEEE2RT e —7 Th D bis-ANS 2GS W72 E 2 A, HSA &
s LTz BE oz Y62 kE L, B-NADH-HSA & OGS L V&SN ®m B Emno7=Z L
. BUKEOFE MR S V- (Fig. 52B), L7=23-> T, SSP4 ALBR[FEIEE, B-NADH 4LEE|Z
£ o TH HSA D 3WMEENZEM L TWVD Z LRI N,

B -
(A) 500 - (B) 700
£ £ 600 A
2 g
E 150 i 500 A
g g 400 -
3100 - 3
g $ 300 -
St St
= E 200
= b= 4
= 50 A =
> 3 100 A
= =
0 T T T 1 0 . )
300 325 350 375 400 400 500 600
Emission (nm) Wavelength (nm)

Fig. 52 Stractural analysis of f-NADH-HSA.
(A) Fluorescence of tryptophane of HSA and B-NADH-HSA (10 uM). (B) Fluorescence of HSA
and B-NADH-HSA with bis-ANS.
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HSA IZIZHA R L&A M EFHENDFEMFEG R 7 v FBMFET D, £2C, 2%
YA L FA R IICRFRAICHE L TELZRT e —T7 Thor ¥ v L7 I FB X
U'BD140 % AV TB-NADH-HSA O FMpts G R & 54 L 72, & Db 3 B-NADH-HSA Tl
485 nm DN AHE— 27 LT DX T I ROWEMITHSA SIZEAEEDLRN>T-D
2L, 590 nm % ¥ —727 L 9°% BDI140 OFEATEMENZE L < LTz (Fig.53). -
T, NADH (2 X D5 & bR Y A7 ¢ Rid, HSA OFFZH A b 11 TfE O EHERr
[CEHEEREEZH S TN D Z L DURIB S LT, 7238 RALEED HSA |2 BD140 &6 St
50 LA L EOB-NADH %12 CTH BD140 O IF 2L Bl LR o722 Lind, EiFL
72B-NADH 728 HSA O A kI ~fEE LICFER TIT W L 2R L TV 5,

800 -

——HSA
------- NADH-HSA

600 -
400 -

200 4 ¢

Mean fluorescence intensity

0

400 500 600
Emission (nm)

Fig. 53 Binding efficacy of dansylamide and BD140 to f-NADH-HSA.
Emission spectra of dansylamide ( A max = 480 nm) and BD140 ( A max = 585 nm) with HSA
(straight) and B-NADH-HSA (dash) was measured by a microplate reader. A exc =365 nm.

2-3 SAOBIZTHRY RV ¢ K%zl S 87 HSA OE&EEMFHME

DR ANVT 4 ROBI&HFEHEL LT, BIETHWET 23/ v v igs L OMERIC
& H L72, EMSP TEB{LARIAR U 27 4 REEET HBRICAET 5 6 O L [FSF:T HSA IZ
TAINVE B LUK VO LB L, B LTz E 2 A, Ral iyt (R3¢
ECLEol, 22T, L0ERCHCRY 27 4 REERDY R 72DI2, SAOB Z v iz,
SAOB |, 7AW U@t U F AT MU U LATHRINL, RUALVT 4 REALT
# RICETT DR/ CTH D, & 2 T, HSA Z#EIFHJIZ SAOB &S SHEHZ LT, R
AT 4 RO XHEHDOEI 5 HSA % L7 (Fig. 54A), = 2 C, W[ SAOB 4LEE
L 72 HSA OREETEMEIZDOWT, CD A7 MLV ZRIELIZE 2 A, SSP4 IC L 55 & k&
[FIRRIC . HERSMRBEIIC BT Do v 7 A G EDJEADRC 260 nm 1T D A7 R L DZEAL,
NBIEL S 7= (Fig54BC), /-, BFELIEAR Y AVT 4 RO Lo~V v 7 AEEITIED
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FIRHZ 7R L7z (Fig.54D), X512, MU T b7 7 ook Zb b BE Sz (Fig.54EF),
ZIZT, FUT R T7 7ot EBNC ex. 310 nm. em. 400 nm fFITIZHRWEDEBABIER S
72D, ZHIERG LY U T U U AHEEROENETH D EHEEIND,
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Fig. 54 Structural change by removing polysulfide with SAOB.

(A) Numbers of liberated sulfide from HSA reacted with SAOB were analyzed by EMSP. Data were
presented as means + SD. (B) Far-UV spectra and (C) near-UV spectra of SAOB treated HSA (10
uM) were measured in PBS at room temperature. (D) Correlation between « helix contents and
liberated polysulfide. 3D fluorescence scanning of (E) HSA and (F) HSA witch treated SAOB for 4
hr.
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2-4 AFNKER MeHg)BL O CN ZHWERY 2V 7+ FBBEIC X 2HEEEL

RKIZ, MeHg LINCN IZX D HSA 2HAR Y 207 4 ROMiBEZ 772, MeHg 13:K7E
THEAE <. SSH & BUS SHBRICRY 207 ¢ REBEEL . R F 4 — /112 MeHg
DiEE LIIREBZ IS Z L niE S Tunbd, S 512 RS-MeHg (% CN-MeHg % £ &
LTCCNIZLD&EILE%IT, RSH &£ 725 (Fig.s5), £ Z CZOIGZFA L. HSA 725K
UANT 4 REBIE W HSA ZR L7, 2O, TRV ALT 4 REEE AR
T, WEEEO AT A V1 OFT 0. 7T M) T (o Pl) XA T 47 ar ha—
NDERTEELTHERL,

HS 5
SSS +TCEP +MeHD DS +KCN : }
CN-(MeHD

HSA SSH S SH

Fig. 55 Reduction of polysulfide by MeHg and CN.

F9. MeHg LO'CN ([ZXE > THRY AT 4 KRG &2 %, RY ALT 4 R
B 7T 0 —7 T 5 SSP2 LGS Z LIC k> THER L=, TORE, HSA KL
o PLOWVWTIIZBWTE, R AT 4 FOJ|&RE DB SN (Fig.56),
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Fig. 56 Change a polysulfide level by MeHg and CN.

Fluorescence of SSP2 with MeHg and CN treated HSA (A) and o,PI (B) were detected on ex/em
457 nm/490-580 nm. (C) Numbers of polysulfide were analyzed by EMSP. Data were presented as
means + S.D.**p<0.01 vs. HSA. n=3.

W, Y T OREEIEMEZ CD AT MUK > TRl L7z, ZOFEFR., 0 1FNIZ
VANT 4 RiEBERTZ720 o PI TlX, MeHg & CN THLEL L T H LS O 2138
BENENoT-, MEAYIZ, HSA TlX, MeHg & CN OJHIZE Va~l v 7 ZAEEDIK
TABE ST (Fig.57TAB), F72. 3 KIS &2 /R T UTERIMRAEIRIZ 35 CTid 290 nm £
DAY "IV OZEALN R BT, BIED SAOB IZ & 55 & & LT 5 & DZE{biT
HI M TH -7z (Fig. 57C.D),

FRIZ, RV 7ZAD R 7 R T 7 AZHRTHHNMART PLVZAELIZE 2 A, o
PI ChUZ N7 7 Ui OZRITBIE SN0 >7-— 7T, HSA O NV 7 v 7 7 v
1% MeHg K TNCN & D FUGIC & » THEZE TG L= (Fig. 58),

(A) 4 B) 4 -
~_~ O L.‘
E Z
5 E o
X 4 = 200
g E S
a . g a,PI
D - g)n
R W il ¢
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16 8
C D
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E 4 ] 0
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NE 6 5
X g :ﬁ_ - o,PI
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g-109)/ E.
had ) = _—
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U
4
-14
16 5

Fig. 57 Change a CD spectra by MeHg and CN.
Far-UV spectra and (C) near-UV spectra of MeHg and CN treated HSA and o1 PI (10 uM) were

measured in PBS at room temperature.
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Fig. 58 Change a fluorescence of tryptophan by MeHg and CN.

3D fluorescence scanning of (A) HSA, (B) MeHg and CN treated HSA, (C) a1 PI and (D) MeHg-

CN treated o1 PI.

2-5 TAXNMEEBTEZAWERY ZVv7 4 FOB| &K EIZX 2BEE

%A, SH AR & U727 L% )U{EAI T & % methyl methanethiosulfonate (MMTS) & T
ZILH DTT Z2 W2 ) 2V 7 ¢ RO5| &8k & il 72, MeHg [FlBk, MMTS (X SSH &
BOGT 24558, R 27 ¢ K&t L RS-MMTS O THRAT 2 Z E8mbnTnb
051 ZD%, RS-MMTS (X DTT &S5 2 &I k- TilEBET 2729, RSH ~&i&EIC

S5 (Fig.59),

HS

SSS +TCEP + MMTS
0

HSA SSH ol S

H,CSS
+DTT

SSCH;

Fig. 59 Reduction of polysulfide by MMTS and DTT.
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F9. MMTS X ONDTT WLFRIZ L - TAHRY A7 ¢ K2 HSA 76 EEE X5 DEnico
WT BEMSP IEIZ L D2 T -T2, ZORER, MMTS L ONDTT ALBRiZ XV, HSA 1471
B2 45ORY 27 ¢ RBNWEREST S 2 EAVRENTZ (Fig. 60),

18 -
16
214
skek
T2 L
g 10
QD
g %
2 6
£ 41
2 4
0 .
HSA MMTS, DTT
treated HSA

Fig. 60 Elimination of polysulfide from HSA with MMTS and DTT.
Polysulfide concentration was analyzed by EMSP. Data were presented as means + S.D. **p<0.01

vs. HSA. n=3.

WIZ, o=V TV ONRREE ZRIE Lz, CD A7 FVIENTOFER, MMTS &
ONDTT ZLEE HSA Tld, a~V v 7 AG@EOIK TR Iz (Fig. 61A), ITEEAMEIKIZE
75 CD A2 MVOEARITFE D Bz -7 (Fig. 61B),
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4 0 T T Smamm it
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Fig. 61 Change CD spectra by MMTS and DTT.
The CD spectra of (A) HSA, (B) MMTS-DTT treated HSA (10 uM) were measured in PBS at room

temperature.
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Wiz, N7 v 77 oHRO@ENEEMELZE A, MMTS & OVDTT ALFE HSA THE
DD RBIESNT- (Fig 62), T ODFEENS, MMTS X O DTT (12X % 7 L4k -
BICICLAARY A7 4 ROF|&EkE TH, HSA OEES(LZ2 BT 5 Z LR SN
7~

(A) 200 (B) 2000

€ £
=500 =500
= =
g e
~ o
2 400 © 400
Y ©
- =
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Em Wawelength [nm) 0 Em Wawelength [nm] 0

Fig. 62 Change a fluorescence of tryptophan by MMTS and DTT.
3D fluorescence scanning of (A) MMTS, (B) MMTS and DTT treated HSA.

HIE BEAR FLABKIET HSA RY 2VvT7 1 ROZEAL

WIT, BB A R L RIZHT 5 HSA KR Y AT 4 ROISZEIZHOWTEME L7=, DI
ARV RAEZITHE, HSA BERLEM 25215 Z EAMESNTND 72, 22T, R
\ZHE > THRML HSA ZFR L, AR Y AL T 4 RO Z T L7z, BERIZIEVY, HSA &7

IV T(CT)”, @fEb/KE (H.0.), HilksH 55\ SAMR (UVYS, Btz t. (MCO)
T T, ENENDORY AT ¢ R M L7z, £ DGR, EMSP TH#L
BINDHBEAARY 27 ¢ RIZETOBLTIEIC L > T L7z (Fig. 63A), £72.DTT-
MB (weak) |2 &> TRILEIR Y ZAL7 ¢ RERDIZEZ A, BILARY ZALT ¢ Rix, 7
77 2 TS CuSOs, UV, MCO (T X BEIKIT & - THEI L Tz (Fig. 63B).
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Fig. 63 Change of HSA polysulfide by oxidation.

Polysulfide of oxidized HSA was measured by (A) EMSP and (B) DTT-MB (weak). Data were
presented as means = SD. *p<0.05, **p<0.01 vs. HSA (n=3).

% ZCWRIZ, FR{E HSA OHIERLIER %2 DPPH 7 ¥ W ViR BRIC CRlfli L7z, B _R& 2 L
IZ CT=° UV, MCO |Z L 5882 T DPPH 7 ¥ B /Wi EIEMEMN EH- LTV /- (Fig. 64), 4
WY ANT 4 e T VHNAREEVEDORBBR A FI~ZL 2 A, EMSP THRIHSN DAY
A7 4 RITHRABIEEIC ) LA DR 2 DTT-MB (weak) TR ESIAR Y A7 4 R
IZIEDFABI % 7~ L7= (Fig. 64BC),
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Fig. 64 Anti-oxidant activities of oxidized HSA and relationship between polysulfide.
(A) DPPH radical were measured in the presence of oxidized HSA. Data were presented as means =+

S.D. **p<0.01 vs. HSA. n=3. Correlationships between anti-oxidant effect and polysuklfide
measured by (B) EMSP and (C) DTT-MB (weak).

WIZ, UVIC K DBAGIZOWT, R Z2 b 2 Bl%2 L7z, 254 nm DS Z HSA (ZH]
L, BEEIZARY 2L 7 ¢ REWIE LT, ZOfEE, DTT-MB (weak) (2 TR S IL5E
AR Y 27 ¢ RIS BRI IFRICEY 2 72— 7. EMSP IZ CTHIE SN HEREAIR Y 2
VT 4 RIdE L7z (Fig. 65A), Z OFED HSA OHIELIERIZ ST, DPPH 7 ¥ /LY
ERBIC TR L7z & 2 A, B2 R < 72 512-941C, HSA @ DPPH 7 V1 /LR
12 < 72 o 7= (Fig. 65B),
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Fig. 65 Effect of UV irradiation on HSA polysulfide.
(A) HSA in PBS was irradiated of 254 nm of UV and the contents of polysulfide was measured using

by DTT-MB (weak) and EMSP. (B) Radical scavenging activities of UV-irradiated HSA was
measured using by DPPH. Data were presented as means + S.D. **p<0.01 vs. HSA. n=3.
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Z ZTIRIZ, CT & MCO 12 X 2LIZ DV T, Mk 22 2 b 2 JIE L7z, ZOfEE, CT
WL DEBIZ LD, DTT-MB (weak) (2 TR SILAHRY ZAv7 ¢ Rid 1 K% B — 2 |28
ML, ZD#%ED Lz (Fig. 66A), MCO (2 X DB L DOBE b RIERICERILBIAA D 1 BFREI#:
BB TR U AL T ¢ RBENZ E /RS (Fig. 66B), DTT-MB (strong) THlljE X
IWORY X7 4 i3 LOVEMSP THIE SAVH LMY Zv 7 RiZ CT & DRISIZ XL
D HERERYIZ I LT (Fig. 66CE), MCO 2 X BEgfbics Vi, m(bBItAE% D DTT-
MB (strong) (2 E VD MIESILHARNY AT 4 3D Lic—T7, BWRIARY 207 1 Ri
AL L7275~ 7= (Fig. 66DF),

UV % HSA IS L72 BRI, BERIAR Y 27 ¢ RO R EEIORY AVT 47
ROBMBETIZEFRBE CTh o7, o, BuMARY 217 ¢ RiT 48 KOS O T
—EDOEE THINZRKET 7= (Fig. 65A), —J7. CT ° MCO (2 & » Tk L7=BRix, — e
IMUTRETE BN U A0 7 ¢ Rk, REERGE & 2l Ui 72 (Fig. 66AB), Z DiEWIID
WCLUIBTERIR Y AL 7 ¢ RZETZ MCO IZ X Db a2 5 L HSA OF r vV Nk s
D ERFEENTNDE Y, Fa NHEZnlliRY ALT 4 RELELSEDLZ LD
2 MCOIZEVFrY U NBEEND Z LICkoT, RY ALY 4 RRKbRL TV o2 H]
REbZEZX LD,
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Fig. 66 Shift of polysulfide contents in HSA by oxidation.

presented as means + S.D. **p<0.01 vs. untreated HSA. n=3.
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HSA was oxidized by (A) CT or (B) MCO and the contents of polysulfide in a reduced form were
measured using by DTT-MB (weak). HSA was oxidized by (C) CT or (D) MCO and the contents of
polysulfide were measured using by DTT-MB (strong). HSA was oxidized by (C) CT or (D) MCO

and the contents of polysulfide in a oxidized form were measured using by EMSP. Data were

*7- . Z OBEOHERLIEMIZOW T DPPH 7 ¥ I LiHERERIC X 0 5]l L 72, F Ofs 5.
CT 2 X AW bBHaED & 1 KRR ISR LB O3 /e < 47 (Fig. 67A), MCO |2 &
HIALDOSE T FRILIE X 0 HSA OFURRLIEMEN AN L2 (Fig. 67B), W T ILOHE S,



it Al & ORISR E L 72512280, S U= Pl biEthi3sEs Uiz, EaofA ) 27 ¢
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(Fig. 67CD),
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Fig. 67 Change of the antioxidative activity of HSA by oxidation.
Radical scavenging activity of HSA oxidized by (A) CT and (B) MCO. Comparison of anti-oxidative
activity with polysulfide in an reduced form of HSA oxidized by (C) CT and (D) MCO.
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Fig. 68 Levels of polysulfide of oxidized NADH-HSA.
NADH-HSA was oxidized by MCO and measured the levels of polysulfide by DTT-MB (weak).

Data were presented as means + SD. **p<0.01 vs. MCO (-). n=3.
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Fig. 69 Polysulfide levels of patients’ sera.
Polysulfide in sera were measured by (A)(B) EMSP and (C)(D) DTT-MB (weak). Data were

presented as means = S.D. **p<0.01 vs. Healthy subjects.
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Fig. 70 Change the level of polysulfide in serum of CKD patients.
The levels of polysulfide of sera were measured using DTT-MB (strong). Data were presented as

means = S.D. **p<0.01 vs. Healthy subjects.
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Fig. 71 Polysufide contents of CLD patients and ICU-inpatients.
Polysulfide in sera of (A) CLD and (B) ICU-inpatients were measured by EMSP. Data were presented

as means + S.D.
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Fig. 72 A schedule in the model of rhabdomyolysis.
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Fig. 73 Kidneies after the administration of glycerol.

Right kidneies were sampled after the perfusion by PBS. Data were presented as means + S.D.

*p<0.05 vs. control. n=3.
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Fig. 74 Urine after the administration of glycerol.

Urine of the model mice was collected directly from the bladders.
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Fig. 75 Urine after the administration of glycerol.

Urine of the model mice was collected directly from the bladders.
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Fig. 76 Change in the renal functions on glycerol-administrated mice.
The levels blood urea nitrogen (BUN) and serum creatinine (SCr) were measured aftert the

treatment of 50% glycerol. Data were presented as means + S.D. *p<0.05 and **p<0.01 vs. control.
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Fig. 77 Levels of urine protein.

The concentrations of protein in collected urine from the bladders were diluted in 40 times and
measured using by Bradford method. Data were presented as means = S.D. *p<0.05, **p<0.01 vs.

control. n=3.
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Fig. 78 Histological assessment of the kidneies of glycerol-induced rhabdomyolysis.

The right kidneies of the mice after the administration of glycerol stained by hematoxylin and eosin.
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Fig. 79 Anti-oxidative activity of serum and the levels of serum polysulfide

(A) The levels of polysulfide in a reduced form in mice sera of glycerol-induced model mice were
measured using by DTT-MB. (B) Mice sera were co-incubated with AAPH radical and linoleic acid.
Peroxidized lipid were analyzed by measuring the absorption of 234 nm. (C) Polyaulfide in mice
sera was detected using SSP4. (D) Corelationshop between polysulfide in a reduced form and radical
scavenging activity of the sera on glycerol-iunduced AKI model mice. (E) Corelationshop between
polysulfide detected by SSP4 and radical scavenging activity. (F) Corelationshop between

polysulfide in a reduced form and polysulfide detected by SSP4.
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Fig. 80 Relathionship between oxidative stress and polysulfide.
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Fig. 81 Oxidation of disulfide bond and trisulfide bond.
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Fig. 82 HSA structure with coloring CysSH nearby siteIl.
The data of the HSA structure was obtained from PDB (ID:2BXG)*. Cys392-Cys438 is colored
magenta. Cys437-Cys448 is presented orange. Cys476-Cys487 is colored cyan. Ibuprofen is

expressed red.
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Fig. 83 Dynamic characters of cysteine residues in HSA®,
(A) Total solvent accessible surface area and (B) average B-factor calculated by Bocedi. Each red

line shows the average.
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Ramifed 25 2 & IEA b L AR OTIENR L 72 0 152 lREME S I S D,
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FAE KRY RNVT 4 NI HSA O#FEE X OE HHEEM
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H2, SEICTRER LM@Y . NIHKZ HSA IZ81) 5 RSS OIFENHEGR S, D4
PR ERE LT, U LERSCYL A E ORI B W TEHEEREH AR L T0nH T
EMTFEEE T, BT, HSA OBICAIAR U 207 4 RIZEIMEOHFEEME Th 5 2 &3
IRENTZ, TDO—F T, HHAHDORY A/L7 ¢ KA, #ix 72RO TE « BEAEE I
BOL TN ZEEEEIEDE, ZRHDZ 0D, R AT 4 ROSR BRI,
Bt A b L AR B OFIE - EERITK L, MBIRICE< Z LW S s, FFEL RSS
. BWHTRBLIERZH LTV A 7210 TRl SIRIEEAHEHEERZRA LWL Z &n
O, BRx RIBEASOICHNRAAL LN TWD, L Lans, A U5 TH 5L h
b N Y T A (NagSy) 1, FHERIER T TOREENSELS , fF BRI b TRV 290
~ U A O E T invive Z0F T I, MR GLEE SR TORMMTONTE
D, & b~OICHICIERAN T RRMATH D, £, ==X v XFXICEENLA
FMEMTH D =L T VU FE A A AT XA Z U7 0 BMELS, EHMLE L TOISHBG]
ITRE =570, 207D, RSS AR L L CHKICHT D 72012id, RV ALVT 4 F
DFHHIEE Y AT LOBBBMLATH 5,

HSA 1%, ZOmWARESHECEN 2 M PR & | itk e LTS T
W5, BIFREETH ZNETIC, REERT AT Th b —i{bEFRE% HSA @ Cys34 O

(ZAF I & 472 mono-S-= bk & > {k HSA (mono-SNO-HSA) <° HSA @ U ¥ 7% L2 SH %
AL, BEMED NO Z A7 &8 7= poly-SNO-HSA A NO DO F ¥ U 7 & L TEATWS Z
EEEFELTND T ZZTEHIL, ZNHD SNO-HSA DL HIZ, HSAIZRY A7
A RZMMEED 2 ENTEIIE, RSS ORERF v V7T & LTRIET 2O TIXen s
Zxle. UTFIC, Bohmilaerd,
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% 2 #i Sn-HSA DO{ERL X ¥4
2-1 Na;Sp 12 X D HSA ~DORY ZVv7 1 RO

IEEA T U O E LT, 2k =7 b U U A (NaS,) KO =Fifk7 Vv, o AF L
FUZVT 4 RNETFT HD, ZHALT U @ WOIRENE B QYR OFERME D 72912 HSA
EHENRE LS 2V E PRI NZZO, NS IZFH L7z, NaxS, D nid, ilkSH T3 1-
4 7= iz,

1992 /NI B, Bt /K FEO L Z2AEH 2 W5 U<, s mL =7 v >
X ¥ (Sulfur Bound Albumin, LA SBA) OERIFF]ZH2E L T D, SBAIXT v kDT
L7 v — AORBBACIEEEE A I L7, SRR S, D% SBA OAYTEMEICEE T
HHET RV, SBA X, UUMIET LT 2 v (BSA) LHffb/AkFET R YU A (NaHS) %R
9% Z & CRIEICTHEIC & | HSA OERED Cys34 124 A V123 1 DL T 5 FH
HOMIENTWND, T T, NaxSe % HSA LS SH 2 Z LI & » THEMEA A o407
NT X OVERIZ T2 (Fig. 84), Z DFE. REUGD NasSa 1377 /VIEIEIZ K> THY R
72o VAT, NaxSa & HSA OIS % Sn-HSA (n=1-4) &£ T D,

RYANT 4 RO®NT a0 —T7ThDH SSP ZHWT, fERL L7 Sn-HSA IZR Y Av7 ¢
ROEE LTV DG 0E L7z, £ OREER, Sn-HSA 13 SSP2 & s LT k& 4 2 i
£F b U o AOMEARAFINH e 2 B R S8 72 (Fig. 85A), £ 72,55 2 T2 CHESL L 7= DTT-
MB (weak) JEIZ X > T, S4-HSA IZBIFHHRY AT 4 REEEZHELI-EZ A, HSA 1
DFETEVRKAEDORY A7 4 REA L= (Fig. 85B),

+Na@§%m £ @@@H

S8 Sn-HSA

Fig. 84 Preparation of Sn-HSA by sodium polysulfide.
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Fig. 85 Valance dependency sulfur addition of HSA reacted with Na,S,.
Polysulfide of Sn-HSA samples were detected by (A) SSP2 and (B) DTT-MB (weak). Data were
presented as means + S.D. *P<0.05 vs HSA. n=3.

2-2 A FUNIMBRICEEE RIETHFOEEK

SNO X° SOH 72 &', "[iif7efg{t %517 7= SH X, BRI L > TRIERE £ 5, LTz
Ro T, fifkT B U DAL HSA OFISEE T ~OLAIOWRIIL. HSA ~DA A 74470
bRz B35 2 iR S D,

% Z T, HSA & NaS OUSERFIC Fe*X° Fe'', Zn*", Cu', Cu™ZHfF& ., Kbk
FVIEIERIZ T HSA ZHEEL 7=, SSP2 # HWTAHR Y ANVT ¢ ROGHEEMR LI Z A,
FE RO Cu & Woio b 12/ T H8RA A4 OFIE T THSA DR Y A7 4 ROft
Ingh=RA3E L7 (Fig. 86),
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Fluorescence intensity vs Na,S

(=]

:ﬂﬂﬂﬂ,m,

Fe2+ Fe3+ Zn2+ Cu+ Cu2+

Fig. 86 SSP2 fluorescence rate with treatment Na,S/ untreated.

Polysulfide level was analyzed by SSP2. HSA and metal ion were co-incubated with/without Na,S.
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ZZ T VATA VORBLIRIER R Y A7 ¢ B EDRIGIZE 2 5 5B DU CRHf L
72o HSAIZ 1 mM @ DTT % 4°C T 1 G SEL Z LITE D, P ALVT 4 NG %
GIWrEIE TR U AL 7 ¢ RO 720y HSA (DTT-HSA) Z/ERL7= 7, 7=, HSA %
Cys-Cys ERSSHED T EITLED . Cys34 IZIEFE 100%D T AT A B LTIREED
HSA (Cys-HSA) Z{ERLL 7= 7, 2 5 IZRED NaS &1 2 . MB 75 TFE17 L 7= NasS %,
DTT-MB {ECiEGCRAR Y A7 ¢ RERE LTz, ZORES, HSA 3L Cys-HSA 128
WTIHETTAR Y 27 ¢ ROFEER R 6N H DD, DTT-HSA IZ8\\TiE NasS 134

<HKEA Lo 7- (Fig.87), L7z T, Cys34 DE{LIRFEDS HSA DR Y A /v7 ¢ Rk
ICRELSHET DL ENTRBEINT,
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Fig. 87 Effect of redox ondition on Cys34 for S-sulfydration efficacy.
HSA or DTT-HSA, Cys-HSA (100 uM) were treated with Na,S (100 uM) at 37°C for 1 hr. Free
sulfide and polysulfide in a reduced form were measured by MB and DTT-MB respectively. Data

were presented as means + S.D. **P<(0.01vs DTT-MB. n=3.

%5 3 i Sn-HSA D X 5 = PEEAIMEIER

{ERL L 7= Sn-HSA OF#MWEE, KEIZBITDHA T =V DERRTRFI LIz, REDAZ
J YA I AR (UV) 72 EOBLIIR A NV ADTFIEIZ L > T, Fr v 2 FEHT A
TV EEESND, TOBEO—DIZ, IEEEFEFE (ROS) ° NO Ol KA vty
Vx—ThDHcGMPIZLY, Fu s —ERNEHEIND Z ERRESINTND, IEMHEA
A IEE WV ROS HEEREZATHZ LD, Sn-HSA XA 7 =V EEAMGIER 283 2 0
RMENREZZ LD,

ZZT BRI TY U ARA T ) —<HlldTh 5 Bl6 Mifllzd F v o o EREHI TR &
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L. AT =V ORFEAZRESETBEE TIZHBUWT Sn-HSA 2N L7= & 2 A, #8HD Na,S,
DMEARAFANT A T = > DOpEANIIH Sz (Fig. 88), BAMEEIC L A BIZRDFEF, Sn-HSA
WIMBEICBIT D, AT =V EABMEMBOEE N LTWD Z ENRE S (Fig

89) .
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Fig. 88 Effect of Sn-HSA for melanin synthesis in B16 cells.

Melanin contents were measured by the absorption of 405 nm per protein contents after the 72 h
treatment of Sn-HSA in the presence of 0.4 mM tyrosine and 10 mM NH,4CI. Cells were washed and
dissolved by 1 N NaOH. After the 2 hr incubation on 60°C, the absorption were measured by micro-

plate reader. Protein contents were analyzed by BCA protein Assay. Data were presented as means +
S.D. n=3.

Fig. 89 Cell image after the treatment of Sn-HSA in B16 cells.
The photo were taken after the 72 h treatment of Sn-HSA in the presence of 0.4 mM tyrosine and 10
mM NH4Cl. a; HSA, b; S1-HSA, ¢; S2-HSA, d; S3-HSA, e; S4-HSA, f; commercial lotion containing

arbtine.

IR D@ Y Sn-HSA D A T = FEAMGIERIZZ OFRRILERIC L 2D TH D L E 2

87



Hivel=®, £9. DPPH 7 ¥ ViR % T Sn-HSA OFifgfb 1% iR LTz, £ Ofk
B Sn-HSA 134 47 DN\ ME L@V DPPH 7 2 4 Wi EREZ A L T = (Fig. 90A),
KIZ, Sn-HSA N —WfrZEH#E T VL (NO) DWMEEMZA L TWDENZ 3 L7z,
NO A TdH 5 NOCT &R T 30 s S 720 b, IR F OELF NO % Griess 1512
TEE L7, ZORER, S4-HSA 1T Control X° HSA MLFLRE & b L CHEIZIEI T D NO
D &H 72 (Fig. 90B), Z OfFhiE. NO 2% S4-HSA 12 SNO L &7z 72 D TlEiaunmnk
EZ. THNEMEND DL KR (Hg™) 2RV atE21T-o72, Hg*'ld., SNO %%
FTLLTNO Z S5 Z ENMBNTWATD, S4-HSA & NOCT & OSSR % Hg™"
THLEE L= & 2 A S4-HSA ERIRIEN HIZ L AV ERTONO B L7, 2D Z &b,
S4-HSA 1 SNOfb &I L TNO Z2iHET D 2 E0VRIB STz,
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Fig. 90 Anti-oxidant properties of Sn-HSA.

(A) DPPH radical scavenging activity of HSA and Sn-HSA. The concentration of DPPH radicals
was measured by the oxidation of linoleic acid in the presence of HSA and Sn-HSA samples. (B)
Scavenging of NO by Sn-HSA. NO concentration was measured by a Griess assay after the reaction
with Sn-HSA (50 uM) and NOC7 (200 pM). Each value represents the mean + S.D. n = 3. *p<0.05,

**p<0.01 as compared with control. #p < 0.05 as compared with HSA.

RIZ, Sn-HSA 7% UV IZ K A kA b L AT LT H IR 2 54 5 Daa i~ ft
T, B16 A Wb A N L ARBROMEE 2R T, Blo Miflic, ReD 2 SO
DUV ZME L, EAIID ROS R°NO ZH#OL 7' 7 —7 Th 5 CM-H,DCF-DA } Uf DAF-
FM-DA & FHWCHIE L7z, M7 e — 7%, MRaNIZE D A E L CRIFARNIC TOf S s 2
ETIEME AR L, oMM bR LIZ< W2 &G Ml O ROS KT NO Oz
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WL TWD, TOFEE, 254nm KT 365nm OWFHLORHIFICIW T, REFEFRIKLE
AIIZHIIRPN O ROS K ONNO D PEAEN T L 72 (Fig. 91AB), Z D & & [A U4 F T SSP4
EHWTRY ZALVT ¢ REJELIZE Z A, BRENW &2, UV BFHZ K> TEHRY 21
7 4 RIZEe 2 LTz (Fig. 91C),
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Fig. 91 Time profiles of ROS, NO and polysulfide productions in B16 cells under the irradiation
of UVs.

B16 cells were irradiated of 2 different UV spectra, 254 nm and 365 nm. (A) ROS production was
detected by a fluorescence probe, CM-H,DCF-DA. (B) NO synthesis was measured by DAF-FM-
DA. (C) Sulfane sulfur was detected by SSP4. Each value represents the mean + S.E. n=3.

Z Z T, Sn-HSA OfFE T T, & UV % 15 73S L7BRIC, PEAE S D MIlaN ROS % f
M L7& 2 A, Sn-HSA ALEEEETIX, PBS HEK& Y HSA #EOWTHUICK L THAEIZ ROS
ZIHEL TV (Fig. 92), NOIZHOW T [AERDOFER G b7z (Fig. 93), 26 DOF5R
225, Sn-HSA 1%, HSA £V $587)72 ROS K TN NO FEAMIGIN R A MG L T D Z & A3
L7z, 76> T, Sn-HSA DOENT-HRRLEIEN A T = 2 OFEAZ N L 7= WTREMED T <
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Fig. 92 ROS scavenging effect of Sn-HSA under the irradiation of UV.

ROS in B16 cells was detected by CM-H,DCF-DA in the presence of HSA and Sn-HSA with 15 min
irradiation of 2 different UV, (A) 254 nm, (B) 365 nm. Each value represents the mean + S.E. n=3.
**p<0.01 as compared with control. ##p<0.01 as compared with HSA.
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Fig. 93 NO composed effect of Sn-HSA under the irradiation of UV.

NO in B16 cells was detected by DAF-FM-DA in the presence of HSA and Sn-HSA with 15 min
irradiation of 2 different UV, (A) 254 nm, (B) 365 nm. NO synthesis was measured by DAF-FM-
DA. Each value represents the mean + S.E. n=3. **p<0.01 as compared with control. ##p<0.01 as

compared with HSA.
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TS, 2T, v vy al—r@KEOF I —EEHWT, Sn-HSA 23 F 1
— VIG5 2 DB A LTz, e —E LWl E PO ST 10 Es%,
FuF—BDEEThH%S L-DOPA N =FIR T 30 eS8, Fri—8iEMkE
LC. L-DOPA ZHEIZA U AT = 8% 490 nm OWIEEZRET S Z EI2L VKD
T2o T DFER Sn-HSA [ HSA & lER_TTF u v —VBiE2 GBI T SH72 (Fig 94A),
Flo, AT=VITRET DHEEZFFoTRY . ZHUICED LABRELD ZERDNn-T
W5, &I TKIZ, Sn-HSA DA T = REEICK T DB asih L7z, FriF—EL L-
DOPA ZfG S, AT =B LIz, & LIEAT =L Sn-HSA Z{RF L T 3 Kfi
RIS SEEOL, BOLTEE LA T = 2B S, BEOWEERZRETH Z &
TVEELTWRNWA T = EL2E L, TORE., Sn-HSA EUnSESH &, PBS &
s L CEEFR DA T = BRED -T2 &5, Sn-HSA 13 A 7 =V BEMGI R 2 A
LTWBZENRHLNTR -7 (Fig.94B), — . AFEIFHSA L - ThERIN-Z
LD, MR TR S NI A T = CIHIEERIZ, A T = BRI L2/ R &
L2bDTERLS, AT=VAHAEERICL 26D TH D Z LAVRIR ST,

SH (B)

OD 490 nm

PBS HSA ¥ H & S

Fig. 94 Sn-HSA inhibit the oxidation of L-DOPA by tyrosinease.

(A) Melanin synthesis from tyrosinase and L-DOPA incubated with HSA and Sn-HSA. Tyrosinase
and samples were mixed and incubated at room temperature for 10 min. After the reaction, L-DOPA
was added and incubated after 30 min. (B) Non-aggregated melanin contents in supernatant.
Tyrosinase and L-DOPA were co-incubated for 10 min and added HSA samples. After 3 h, the

mixture was centrifuged for 20,000 g, 15 min. White arrow showed the aggregation.
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LR U2 L 912, Sn-HSA 1 IH LIEHB KO NO HEEHZ M L TA T =V EE S
WHS 2 2 &no | REIC®BMT 52 L TEREAMYEM E Lo S D, £ 2T,
PR I BRFEHERE (OECD) DA A R T A KA = 3D K5 RS 2 I 7= e i
PEFBR C, Sn-HSA O 2MEZ R L=, = OfER, PBS IR K OEA] (7 U —2) F o
WP ORRE T M EME IR SR o - (Fig. 95),
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Fig. 95 Safety test of Sn-HSA for 3D cultured human epidermis.
(A) Cell survival test was performed using Autologous Cultured Epidermis kit with in PBS solution
(white column) and in cream (black). (B) Cell damage test was performed using LDH Cytotoxicity

Detection Kit.
P E. Sn-HSA [ZRAMER IS 72 E123 4725 ROS ° NO ##ifil 42, BLO@F =~

F—BIEMEZIET ALV 20D A D=L LEY AT =V FEAZIET A 2 LR
W XAL7- (Fig. 96),
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Fig. 96 Melanin-inhibition mechanisms of Sn-HSA.

FAH IA T BREBEA VAT D Sn-HSA OMEHIZIE

WIZ, BbA b L ARBISHT DI R ETHE << 347 8 EUERORNEE
EEICER Lz, SA 70 NINLZ T D1 HOTHY . BEEUHBARIE 2 E A2
B L-Bcm T 5, LI A7 a3 7 =2 R U ROSIZ K0 g
fEA RV RZEIRAEL, BEELEET S, £ 2T, Sn-HSA B I A7 v B UFEROBRLA
N LR &AM % 2 o & A L7z,

F7°, Sn-HSA IZ LV MINIC A U AL 7 ¢ RO S 2 DB ARG L=, 7 %3
NERAVE BRI T 5 LLC-PK1 HIfRIZ HSA, Sn-HSA 1 X OV NapS, Z UL, 2 K]
%. REZBRELTIHIZPBS (V) [Tz iy Uiz, RiEZREE, RmiEslc
HD CTAB & L HIZRY AT 4 RO T v —7Th2 SSP4 2RI L, flaICfit
fa SR Y AT ¢ Raiili L7z, £ OF5R, IR D NaxSy & Hfg LT % Sn-HSA 1%
BIRE LR Y AT ¢ REMINICHEE T 2 2 & AVRIE S 7z (Fig. 97).
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Fig. 97 Intracellular uptake of polysulfide by Sn-HSA.
Samples (20 M) were treated to LLC-PK1 cells for 2 hr. After the treatment, cells were washed
and treated SSP4 (5 uM) with CTAB (1 mM) in PBS (+). The fluorescence intensity was measured

using a microplate reader. Each value represents the mean+S.D. n = 3. **p<0.01 vs. PBS.

RIT, Sn-HSA (2 X Db 2 b L 2 il sh R 2 ¥ L 72, LLC-PK1 #if@lZ ROS Dt
7'va—7 T 5H CMH,CDF-DA #H D iAEH, BiEEZRELTZOL, I 427 1B % HSA
F 7213 Sn-HSA, NayS, &[RRI L7z, 2 BE#E#% . MO ROS 2~ 7 17 L— b
J—F =2k ER L,

T D F. Sn-HSA | HSA & i U TN OTEPERR SR 2 A B4 25 2 & 2V
SRz (Fig. 98), T OHIFLIENEITFFIC n=2 @ Sn-HSA IZB W T < . [FIEEE D NayS,
X 0 EZhERIZ ROS il L7,
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Fig. 98 Sn-HSA supressed the intracellular ROS induced by myoglobin.
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Intracellular ROS was measured using CMH,DCF-DA. CMH,DCF-DA (5 uM) was treated to
LLC-PK1 cells for 30 min and washed well. 0.1 mg/mL of myoglobin and samples (10 uM) were
treated to the cell and incubated for 2 hr. After the treatment, Fluorescence intensity (ex. 485 nm/
em. 535 nm) of each well was measured by a micro-platereader. Each value represents the mean +
S.D. n=3. **p<0.01 as compared with Mb (-). ##p<0.01 as compared with PBS (Mb(+)). 11p<0.01
as compared with HSA.

%58 Poly-NACSn-HSA DYERL & & HEFEAM

5-1 Poly-NACSn-HSA DE*EHE X O H:FEAf

RTEICIN T, BIURIAR Y AV 7 ¢ REAMIILT HSA Z{E$ 5 Z Ligsh L, &
TR Y 27 ¢ RIZRIMEOFIL 2B L Tnb, — ., fALT 2 LTk s
T W EDTAY vy hEHFLTWD, £ZTC, RYUALT 4 KO RKF—Toh% NAC
AU ANVT 4 RIZEH LT, NACHR Y ZAL7 ¢ RIZI(LAIR Y ZAv7 4 RTHY | KR
P CHETHD Z ENWME SN TWD, —J, NAC O H-5di3f 2 ke & 8 <
BANCITIZ TRAMETH S 5, £ T, NAC KU Z/L7 ¢ R%& HSA ~EAT 5 Z
& T, CRERIRIEE A BB L, REFRIEMARIE 222 Z E B3 MIfFENHARY AL7 ¢ KK
—DFIZET LT, NACKY A7 ¢ RIFILARICTH DH7-, SH & SS G &1
LCHREATDZ NI/ TE 5, ZRETIZ, HSA(Z VU VUi SH 28 A4 538
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M, HSAZA X/ T4 T %Ki & H7= Poly-SH-HSA #FH# L, NAC KU AL~ 4 K
ERIGEEDHZ LT, NAC AU A7 ¢ ROFHINL7 HSA (poly-NACSn-HSA) D1
Z kA7 (Fig. 99),

HS. SH NACSS,S SS,SNAC
H SH  + NAC-S-S,-S-NAC —» NACSS, SS,SNAC
H SH NACSS, SS,SNAC

Poly-SH-HSA Poly-NACSn-HSA

Fig. 99 Scheme of synthesis of poly-NACSn-HSA.

F9, FKFE L SH ZEIZHOWT, SH DOEREIETH D DINB IEZHWTEHHMEI L7z, 2D
R, AT AT 1280 HSA ~F 5 o SH AEA X, £D H B 3 {#A NAC
CANT 4 RRNAC R Y A7 4 REDRISIZE Vb Sz (Fig. 100), &kIZ, EA
SRR 2T 4 ROMEEKIZHOWT, EMSPIEIC K W Rz & 2 A, HSA L H#L T
poly-NACS1-HSA 1347 4 fE @ poly-NACS2-HSA (3 5.5 HDORY ZA)v7 ¢ K&
BHFLTCNDZ EBRHALMNI/ > T (Fig. 101),
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Fig. 100 The levels of thiol in poly-SH-HSA and poly-NACs-HSA.

SH/HSA

Poly-SH-HSA was synthesized by the treatment of iminothiolane with HSA. NAC disulfide
(NACox) and NAC polysulfide (NACS1 and NACS2) were incubated with poly-SH-HSA. The
levels of thiol in the samples were measured using by DTNB. Each value represents the mean+S.D.

n=3. **p<0.01 vs. Poly-SH-HSA.
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Fig. 101 Numbers of polysulfide in an ozidized form in Poly-NACS2-HSA.
The levels of polysulfide in an oxidized form were measured using by EMSP. Each value represents

the mean = S.D. n = 3. **p<0.01 vs. HSA.

5-2 HIMIANERIL R b L RIZXd 5 poly-NACSn-HSA D#t|zh R
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DOFETIM L7z, ZOfER, NACS2 28 LLC-PK1 HIfRIZ AR Y ZAv7 ¢ K& L7Z0
(Z%F L, Poly-NACSn-HSA [TMIfEN~2= R Y 27 ¢ REfHs Leho 72 (Fig. 102),
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Fig. 102 Intracellular uptake of polysulfide by poly-NACSn-HSA or NAC polysulfide.
Samples (20 M) were treated to LLC-PK1 cells for 2 hr. After the treatment, cells were washed
and treated SSP4 (5 uM) with CTAB (1 mM) in PBS (+). The fluorescence intensity was measured

using a microplate reader. Each value represents the mean + S.D. n = 3. **p<0.01 vs. PBS.
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% Z G, poly-NACs-HSA OHIFR{L I DWW T, 247 1 B VEROBREA b L AT
HIFIRN R ZWET D Z & TRl L7, £ DOfE R, poly-NACS1-HSA $ X ¥ poly-NACS2-
HSA TN O@ILA FL 2%y ha—/L L~ E THfH L7z (Fig. 103), Poly-
NACSI1-HSA. poly-NAC-S2-HSA DOHUFE{LIENEILFIRREE D poly-NACox-HSA XV &iho
e lint, ZOMBLEED D72 L b —HBITRY 27 4 RENTLTNWD Z LR
Ba3hb, £, o OHERLEEIZFEO HSA 0 5 58D NAC K Y AL7 4 R X
D HLBEEICE N ST Z END, HSA EHEA S D 2 & THEMZRPIERE R 2815 Lz
AREMED N B D
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Fig. 103 Effect of poly-NACSn-HSA and NAC polysulfide to the intracellular ROS induced
by myoglobin.

Intracellular ROS was measured using CMH,DCF-DA. CMH,DCF-DA (5 uM) was treated to
LLC-PK1 cells for 30 min and washed well. 0.1 mg/mL of myoglobin and HSA or poly-NACs-
HSA (10 uM), NACs (50 uM) were treated to the cell and incubated for 2 hr. After the treatment,
Fluorescence intensity (ex. 485 nm/ em. 535 nm) of each well was measured by a micro-platereader.
Each value represents the mean = S.D. n=3. **p<0.01 as compared with Mb (-). ##p<0.01 as
compared with PBS (Mb (+)). $1p<0.01 as compared with HSA.
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FHofHi 7V Eu— LB AKLIZHTERY ALVT 4 K R FP—DiEEDER

B%IZ. S4-HSA X° poly-NACS2-HSA, NACS2 @ in vivo (28T IR FIZ OV TRE
i L7z, JWHEET /L& LT, & 3 B 6 HilC TRl L 72 B RUARIES 7 AKTL & FH v
7o ORI, BILA P L AET U v — G500 BIC R340 2 Enb,
RYZALT 4 RRF—13 7 U o — 5 OREICIT> 72 (Fig. 104), #2575 24 B
%, MIECR 2 BRE L, MR L 7= 0 HIC B & B L 72, BHEEED TS & LT, BUN
BIOME 7 V7 F =, BEEZNE Lz, ZOMRE, TTABEOBENKE WD
ICABZITRA LN 272 b DD, poly-NACS2-HSA #5-/£T BUN X° SCr O/ ME[H]
B L O ERAL O #7253 8l52 S 7 (Fig. 105),

PBS (5§ mL/kg, i.v))

S4-HSA (1 pmol/kg, i.v.)
Poly-NACS2-HSA (1 umol/kg, i.v.)
NACS2 (100 pumol/kg, i.v.)

24 (hr after the treatment)

: {
ICR, male T @
6-weeks-old 50% Glycerol Sacrificed

(10 mL/kg, i.m.)

Fig. 104 Schedule for evaluation of polysulfide donors on glycerol-induced AKI model mice.
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Fig. 105 Effect of kidney functions of polysulfide donors on glycerol-induced AKI model mice.
Change in the levels of (A) BUN, (B) SCr and (C) kindey weight were measured after the injection

of glycerol and donors. Each value represents the mean + S.D. n = 3-4.
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REIZ, 7V Ea— L OGN D 24 RifitR O BRI A 2 E L HE A 2R A7,
ZORER, 7V — BV ERSNDHIER EOBREIL, AV ALT 4 KR
F—ORRFEE G L0 —ERImH S A MBS S (Fig 106), 5%, sEHI A L
TINHRY ANVT 4 KT —DIRFEIZONWT LY HERFTHEAMLETH L0, Z0O%)
BN HRECE DR & o T,

Sham Saline S4-HSA Poly-NACS2-HSA NACS2

Fig. 106 Effect of polysulfide donors on kidney damage caused by rhabdmyorosis.

H.E. stained kidney section at 24 hr after the administration of glycerol.

FI1E B

ZhtfbFT Y U AL HSA 2SS EH Z LIk 0| FlliEtEA A Uik 54]TH 25 Sn-
HSA OBIFEIZAE L7z, Sn-HSA (TmW b iEM. NOEEEREZA L TR, 2T/
YA D UV RIS B LB A M L AZIHIT 2 2 & T, AT =V EAMBWER 2R
L7, —MKIZ, ERABHERICE £ D P I X FHF LBOT VT F 03, RIEICHED 7'r
AR T TV HOEANRIRCTa B e TFu v o OfREIEAEAEEL LTE
D, BRILA L RICKIT DREDRITAL TRV, L L, AT =0 OFEERIT,
BOMRIZ L Db R L AZE0REEZ LN D TH D72, BEA N L A %R
ELRVWEFICAT =V OEAZIZ D Z EITEEORESCEIICER > TLE I RN
WD, FD., Sn-HSA 1%, B A ML A& RETDHZ LT, AT =0 OEAZ LT
WS WERREZHER 5 2 LN TE D20, IR OE Akl & L TORMMEREIRGT S
no,

FEFIL, BORARY ZALT 4 RER L, BIEWEOBERLA L 725 2 L AR S
% Sn-HSA & %FRAIC, BERIAR Y A7 4 RO RF—"Td 5 poly-NACSn-HSA % B
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L7z, Poly-NACSn-HSA % Sn-HSA EH L TWABRY A)VT ¢ ROFEENELRDZ Lo
5, WHEOESIRY AV ¢ LAl UTHIET 2 Z E IR S LD (Fig 107), AT
ZECIE, S4-HSA ITAMRENIZ AR U A7 4 REBHSCDIIHHET 5 DIZ%F L, poly-NACS2-
HSA [THIFEPICER Y 27 4 REHE Lieoo Tz, IRIE BRI Z AN in vitro 5
BRICEBUWTIE, S4-HSA & poly-NACS2-HSA Dl )7 3 i W HiigfbidEtE 27~ L=, NACS2
THECMCR Y 2T ¢ REMBEPNICHHE L72Z E2vD, HSA EfEASED Ltk -
T NACS2 ORY A)VT ¢ RIZRADFEEZES LI bDEEXOND, —F., T
RERTIEH D b OO BB RRIEF ¥ AKI ©F /L~ 7 2 2BV T, poly-NACS2-HSA
INEEE 2 ME S 2R ARG, 5%, & N —oRENRBRE O, BIEA L
AFBIGFRIE L LT X0 3FEMA RSk D b2,

BEHROARY 207 4 ROAEEOHRICIE, FiBbIEELSMCmE 2 FAT 52 & T
IR b H D, BIZIE, AT A U~ ERFPEGT 2 2 & TH R EOIEE %
ZARSHEDLZLIZESTHELD DR H D, N—=F DUV ATA PRRY ZANVT 1 Nt
ToHE, BEX LRI EO X T ALDMERE Shu, BN O DAL B S
L ERRESINTWD P, Eo, BEREFOAEREEE S L TRNELT 5616
b5, PIZIE, RV ALT 4 K3 MeHg & KT 5 &, BEARTHSD (MeHg).S &Ik
L. MeHg # #8795 Z E BN BTV S 7, Sn-HSA <° poly-NACS2-HSA (%, HifR{blE
AUSMCE AR Y AVT 4 R RF—& LCEERERZ R ARRENSHIfFCE 5,

Low molecular compounds HSA derived polysulfide

Na,S, NAC S2 S4-HSA Poly-NACS2-HSA

g5 NACSS,S SH
NAC-S-S,-S-NAC HS SS,SNAC
NACSS, SS,SNAC

Not provide polysulfide in
cells

Fig. 107 Defferent characotors of polysulfide donors.

Provide polysulfide in cells
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ESE /NG

ARFETIE, FUB LA E LTS A2 BRI, HSA Z L L72R Y 27 ¢ R RF
—EER L7, DTS o m A a2/ N NET 5,

1) NaSy & HSA ZnSH5 2 LT, @R 27 4 R3FES L7- HSA TH D

2)

3)

4)

5)

Sn-HSA Z{EHLU7-. RIS ESH D NaSy Dt OIIE U TS T HARY 27 ¢
RiZm <, &K THSAL 73 1H7= Y 4 DO sulfane sulfur 2356 L7z, Cys34 23fR1b
REEICH HIF E . NasS, DFEEZNERE -T2,

Sn-HSA 1%, AT/ —<~HIZB T AT =V pEEZR Y A7 ¢ RIRIERIZHINH
L7z TOAH=ALELT, HWROSBLUNO OHEEERZAE L TW-Z &,
BXOTFo o —BEEZME L2 2 ERRB ST,

WA PR bR AR 2 FAVN = in vitro 3RBRIZ T, Sn-HSA XN ~KR Y 2L 7 4 R
LIS RIRE/ e Z E R &SN, £/ Sn-HSA 1X, S A7 v v rlnicky BEEZEESNn
HER{LA N LA Z HSA <° NasS, & bhifis U CEzh=R I L7-,

LAY 207 ¢ ROMERE LT, NAC KU A7 ¢ RAES L7 HSA Th
% poly-NACSn-HSA Z{Ff L7, HSA Z{bFEM L TEALTZAS DOSHD O 5
3 fHAS NAC KU ALT 4 REFREA L, AFtT 5 DOBEEIARY ZAv7 4 KR
HSA ~3E A ZF172, Poly-NACSn-HSA [T RME ERAANICARY Av7 ¢ K&
AT £, IA T v UBEROB LA F L ADHEEEEREEZA L TV,

F43 2RI IEE > TR NS DD poly-NACS2-HSA (7)) Ea— /L& 5\
RESU EMERE R 58 AKL BF /L~ 7 A BT, B E S BT 2@ nsGE S,

VLB, #EurMB IR Y) A7 0 KRR F—%2ERT 52 LIk L, 512z
NOENE W ILIEEZBE L WA Z E2 /R Lz, 2o R —Id, HSA "En<

o

SREDORY ZAVT ¢ REFH L THIBLERZ " T 2 2B L-bDTHY | £

FEEMEOEWHIRIA & L TOISHREIRFTE %,
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FEHE WiE

ZAVET HaS & SH OFUEH] LB Z HALTWER Y AT ¢ RS, FITERNTHE
ﬁ%:Aﬁéﬂé’kﬁ%%w:&@iﬁﬁfﬁﬁﬁwi*wsﬁﬁfk%<QMLko

BT 2 BRE U 72 R0t 7 e — 7 DB 22 EREEM O E V., R 2T
4Fﬂﬁ%%#%%ﬁ?é_k%?yﬂ&www:%ﬁﬁé_k#Mﬁk%%ﬂmﬁo
T& 7z, —H. invitro IZTMIEIZ NaxS NN 5 & iyl & o /37 BITk& L TALT
A4 RELTBIRESNRRD LN, EF NIV EIAT VDT —ANRDDLLEED
LT D 36 HoS X AT IR LR FEICH 5 SH E IS L TR Y A7 ¢ REEKRT S 2 2
EMB, TOT—/VDOFERILIRSS THDHZ ERHELEIND, Ll MiEIXB LIRS
ZhHZ e, BEU, BEAARY 27 4 ROEREIEDKRIBA LRy 7 2720
ERZEOMOERIEFTDORY 2T 4 ROFETBUEE THE D RE STV, K
DFIZEE LTI, CysSS\H OFFENREINTNDHODO, ZOREITHuM & HkkT
RY AT 4 REBE L ThINTHY, [7—] ERESIZITZ LV 5, %5 1E, RSS
DOAFEREME 2 R T L HER Y 207 ¢ FIRIEEDOHSL 2Tz (528, &5

. WESL LT FHETAKIKTORY ZV7 4 Raefp L, £ OREIH 2R A7 (56 2.
3F), HFLAETE, GoONTHREZIGHL, RY A7 ¢ REFH LR LA o
BHZEIZHL Y AHLA T,
LU, ARBFEIC TR DIV L 2 i3 5,

F2® RV 2T 4 ROFHUERIEDBA%E & A RIEIRIE ~D Ji

TAANE B LOEERRY ZAVT 4 ReALVT 4 FIOERTHZEaFHAL, 2
NECHT 2L T, RYALVT 4 ROERIEZA BT THENLT 2 Z STl L
7o ZOEEARIC IV MG EOEMRERPIZRY 2V T 4 RBFETDHZ LR,
HSA DNERLAAR Y 27 ¢ REEREICRF L TNWD Z RN E ol MiEH D
B LAY 207 ¢ RIZOTNICHBE UV XAZAG L TWeZ &b, gAY A7 ¢
R Z b4 5 BRIZFRFZNC B L2 yE 2 H WD Z EDREE LW o Te, 7
LERWE BRI LY MIEOBREAIR Y 27 ¢ RO 85%LL Eid HSA IZFEA L2k
RECHFMEL TWD Z ENRENT, BIRTFORY 2L 7 4 RO IR W AF
FELTEY, ZHRICEAGT 2N R I N, Y, BERARY 2L 7 ¢ K&
DT, RY AT ¢ RRIERDO IR EERE T2 2 LT Lz,
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3% HSAIZBUILRY 2T 4 RO

FP B2 EICTIAERHA LI/ 72 HSA IZTFET DR Y AT 4 RIZHoNW T, £
DOEEBIRIAZ AT, VAT A VOGS v 7 B OSIRNERE % TRk 5 EEK 1
D—>Tdh%, B-NADH 72 EIZL Y HSA MHARY AT ¢ REFI&HL &, ZONAK
ENZE LIZZ End, RY ZVT 4 RiZv AT A VRO S O Bk E R+
LEENZH L TWDARBMEDN RE S L7z, £72, LA MU AZ521T % & HSA Okl
WU AT ¢ RRBRE L, BIARY 2VT7 4 F&5ELZLI2X 0 Hi /R BE
ENDZENRENT, FIZ, BEA NUVARETT D L, WEEORY 217 ¢ K3
THE SH, HSA OFBLIER LIS T 5 2 LAV R E Tz, AR N L AEL, BR1b
A bV ABHEIREAD 1 O Th HFERFEBESCSMEBRERICLBIEINTZZ L0 D,
RYANT 4 ROWREEZE=X D 7T 52 LI X0 MiFORREZ X 0 327
TE D AMREMED RIE ST,

FATE KUY AT 4 REIIHSA O%EHES KO A TERHE

FHIEICTHLMNI L, BBIEA N L ARHEIT LEZEEICR Y 2v7 ¢ RRkbhd 2
CIWZEBL, AU ALT 4 FEFRICEDBIEA L RARBORFNRZTHH T~ K
UANT 4 R RF—ORF LA T, BuuMARY V7 4 KR —& LT, NaS, & HSA
EREASEDH T EIZLD Sn-HSA Z/EfL L7z, Sn-HSA IZ, "YU A/L7 ¢ K&/ L TEW
PR biEME A R L, AT = PEAZISI LTz, BRI Y ZAv7 ¢ RO R —& LT,
SH %##E A L72 HSA T& 5 poly-SH-HSA % NAC 7R U AV 7 ¢ RERIEEEDHZ & T,
poly-NACSn-HSA % {E#L L7z, Poly-NACS2-HSA %, Sn-HSA [FIRRICHIERILIE 2 A L.
IA T m RO ROS 2 L7z, E7o, BEUHRAIESI AKL 7 /L~ U ZIZEH
WC, BRREE A T A M A D72, Poly-NACS2-HSA OFIEE(LIENEIZ, RV Av
7 4 R&FF2720 poly-NACox-HSA & il L TRl o 722 & vB | poly-NACS2-HSA 13
RYANT 4 RENLEHBRE D EZH/ L TNDZ ERENT,

PLEBRANTEZ LI, R TITMIEZITI LD & T HMEARE FTORY ALT 4
RIZBIT 2 MR R A2 S D 720 OFHAR Y 27 ¢ RIEEORRE EIT-> 7, ARIEIC
L0 HSA AR ANVT 4 RBFAETDHZ L0, AU AT ¢ RBFILIER O EHER
WCHERRFTHDLZ xR 1bDiz, BT, LA MU ARBRFICIIERY ALv7 4 R
M T 52 ERALNERST, ZHOFEIE, RSSIZL D ¥ X7 EOMREHIH O
FRIACIR(E A b L AR OB~ — I —DH72 5T, Fi T8 - 1BRGIEOHESLDT- DD
HEEREBER LRV 2B DND,
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EBROH

FEBE e

b MIET VT X T AEFEROIMIEREN ST L 723 =F Y 7. XX ANLHAL
72b D% Chen HDHIEIZIEWIENIIRAZERE L. @I L72O LB Lz b 0 & FERIC
it U7z, S 81T 66,500 & Lz, -7 > F bU 722 (auPl) OV on-FetilE & o3
7 (AGP) 13bZF R QIMIEHIEM T DG Sz b O &2 H L7z, GSSSG 8 L TU'NAC
polysulfide |TREAR R FE FLIEMF 08 O BHBIR LV ESWE W2, AF 1L
TN—T7veA Xy b (1% EifEdSH, N,N-dimethyl-p-phenylenediamine (DPDA), FeCls
KO fidk T R Y 7L (NasS) KOt ZhifkF MY v AR /AFELIVES S Zb 0%
ERRIZHEH L7z, &AY A7 4 K fluorescent probe 2 (SSP2) 33 LN 4(SSP4) (V> kv
JNSZRF: Ming Xian -1 1 0 EH W22\ e, I Y NTBIEREMIE, (LH#EES 0 fth
W72z, DTT, Kb R U O A I EF 40 (Bl KO bR) | 5,5 -dithiobis-
2-nitrobenzoic acid (DTNB), £ A h VT U B IO FAUEEFT R O NI T T4 T A7
KOBEA Lz, TRV BV DIT, 70270 T, 12-¥V7 ==L 2-¥'7 ULk T
Ve TRT A ™M VT F=r 24 2 FAT UERIE, ¥R B o g
HCh) X8 L7 4 v 2 Feidi L v AN L 72, 5-lodoacetoamidofluorescein (%, Tharmo
Sciencific & Y i A L 72, BUN Clolorimetric Detection Kit %, Invitrogen & Vi A L 7=, ICR
~ A%, HASLC L YA L7, Dimethyl disulfide 33 & O dimethyl trisulfide {33 LA
THI VAL, Wik A 4 EMiL. HORIBA ®t O & #H L7z, Diallyl trisulfide |
Cayman ft7ft L D iEA L7, Pierce™ BCA Protein Assay Kit | Thermo Fisher Scientific £t
L Vg A L7z Dulbecco's Modified Eagle Medium (DMEM) (& gibco f:D & D ZIEA L7=,
Medium 188 3 L ONAEEE T Y v A, 7 Ab D U U A, U UIIET VT X i Sigma-
Aldrich £E:D b D ZHEA L THM L7z, BRI, REPLIGEN tED A7 ~ T R7 7 ZiT
B (S35 F-58=3,500) Db D ZMEA L, BHTHRIC THEAT TR L7 Lz, EAEHD
71 2 (Bond Elute-C18 EQP 200 mg/3cc) % Varian O H D& EH L7=, UV 7 73,
TAT DT 4—UV T (BRRER-EBREDVEBEX ¥ A 7 SLUV-4) ZfH L7,
O, BRI, WEEIX A TR 2 L7=, HiTrap Blue HP Columns 35 & UF Blue
Sepharose 6 Fast Flow, HiTrap Desalting |% GE ~/V A7 7 A = 25XV IEA LTz, KiZ
Merck Millipore #: D # ik f &2k CRamtiK 2 SR LT Lz,
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KT
EERT — 2 T R E R LT, 2 BEMEEE O A B =M EIT Student D t-FREE
AWTITo 72, ZEEMOAEZEHEIZIL. ANOVA e a2 V-, fERED 0.05 LT Th

DL EMEIFRINCHEREN O D LW LT,

B2 EITHT 5 ER

ATV TN—EICEDANT 4 ROER

200 pL DFREHZ 1% HEBRIEEN /KIAEHE Z 200 pL. 1.5 N NaOH % 25 uL ¥ LIEA L7z,
WL L TREEZBREL, DA A ALEEKT2EWESE L, b —EEd L THELNIL
B 200 pL DOt A A ALFREAKEMNZ, 1E LD BT 1% BEBRHEER/KIATR 300 L,
20 mM DPDA/ 7.2 N HCI {&#% % 50 uL. 30 mM FeCls/ 1.2 N HCl IARIA# % 50 uL #An L.

SIRIZ T30 s ~A 7 a7 L— k) —&—% H\T 665 nm OWEE ZH1IE LT,
FREFRIZIZ NasS Z# FHV, W ENSIREZFEH LT,

WAL AT OERICIL, B2 KEE ImM 725 X 912 DIT 2%, 37°C T 104
IR S ¥ 7-% . [EIREOBEEIT o7,

Sulfide Anti-oxidant Buffer & Ot AV 7 4 REDIER

SAOB % 125g @ HUFA@T MY A, 3125mg @ L-T A UfEE 22N O
NaOH (25 mL & 725 X 91T+ 52 L T3 x SAOB & LTI L7=, 133.3 uL Ok
12 66.7 uL @ 3XSAOB % iz 200 uL & L, 25°C F£721% 37°C T4 FEM S &7, Kk
. HREHT 1%HERR SR KA Z 600 uL N L, X <EE L7z, 8,000Xg T 5 4yt L
L7=Db, tEEE A W72 512 EifZ 650 uL bR Uiz, 5 5 L=k s A 4 o 284K
Z1mLMxCTES Xy T 0 7L, WEMEIZ< LTz, 8,000Xg TS5 syl Lizd
H. WEEW DR E DI BiEE 1mL BE Lz, 5572 BIC 200 uL A 7 254
KaeMz, BLEXyT 4 7 L TILEMEZI1E< Lz, 1%EE SR /KK % 300 uL, 20
mM DPDA /7.2 N HCl &% % 50 uL. 30 mM FeCl;/ 1.2 N HCI & ik % S0 uL i L., k<&
T UIRA Uiz, =R T30 20 MS Lz, 8,000Xg T 1 47l L, 96-well plate |2 _iF
Z 200 uL § 20U L 72, 665 nm DY A4 JIE L NapS |2 X Dt HIREZ KD 7z,
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EMSP i

133.3 uL OFREHT 66.7 L D 3XEMSP (0.9 M L-7 A2 2L & &/ 3 N KOH ) %z 200
puL & L. 37°C TARRIBUS ST, BUSHE ., AlEHT 1%FERR SN /K HE 2 600 pL #N
L., K<E& L, 8,000Xg TS5 oMm L Li-0b, WEiZWHZnE 512 % 650 ul
Br&E Lz, SOk A A A iKkE 1 mLIMATEL EXy T o7 L, kYD
ZIES Lo, ZOPEFEEL I HIC 2BV IR LTz, 5572 E I 200 uL DA A %8
BORKEZIZREE LT DB 1%HR SRR #K Z 300 uL, 20 mM DPDA / 7.2 N HCl &k &
50 uL. 30mM FeCls/ 1.2NHCI &% SOuL #shn L, K< EZ ULIRA L7z, =R T30 70
Fs Li=#. 8,000X g T 1 4rflizmds L, 96-well plate (2 EiE% 200 L J" 2RI L7=, 665
nm OWSEEZHIE L, NaS I L ABERNOIEEZRDT-,

BN B

H 7 B DPEEEIL, BCA 5 £ 7213 Bradford 512 & W R 7-, FEANICIE BCA kA& f#
AL, RYZLVT 4 REIT VT X > OFERIZIE Bradford V54 Wz, BEMRIZIE, 7
M7 V7 I &= FEH L,

5.5'-Dithiobis(2-nitrobenzoic Acid) (DTNB) {2 L% SH DJE &

DTNB 1.98 mg # 10 mL @ 100 mM VU > 20 U 7 Lf%fE K (KPB)/1 mM DTPA &% (pH
7.0) ¥ L. DTNB &R 2 gl Uz, BaEficid, B 7 v 2 4 0 % iz, 96 well
plate (ZFEH N O EAR %2 20 ul F %A L. DTNB AR & 45 well 12 100 pl T2z 7=, =
5T 30 SRS, 412 nm DY 2 HlE L=,

2.2'-Azobis(2-methylpropionamidine) Dihydrochloride (AAPH) T ¥ 4 /LiHERER

37°C ® PBS (920 uL) % 1.5mL =X F a2 — T AL, & HIZ 20 uL OFEHAWR (HSA:
100 uM F 72130 : 10 AR L7Z2b D) 2z 7, 10 uL ®© 16 mM Y J — )VERVETR & )N
Z\ Z 5250 uL @ 50 mM AAPH &K F 7213 A A v 2 HaK & I 2 72, 37°C ~C 90 43 itk .
96 well UV 'L — ~Z 200 uL 92437 E L, 234 nm OWSEEZHIE Lz, L TFORITHE-
T, FVINMEEREZEH L,

S vy Lk ek o/ — (£ OD234 AAPH (+) — 30k} OD234 AAPH(-))
7Y AIARER () = NGRS 0D234 AAPH(+) _ PBS OD234 AAPH())

X100
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DPPH 7 ¥ H WE EIETEDHIE

TH ) —)VIZVEME L 72 DPPH &R (250 uM) % [F1 &> 50 mM MES FEEi (pH 7.4) & IR Fn
L. PBS T40uM [ZFH%E L7=7E L 30 0 =RIE TG S0 B, 540 nm OWLEHE % I E
L7z LFD X512, BB VI PBS ZEH L7z b O OS5I 2 3B oWk &
DbE TV HNHERE LTEHE LT,

(3£} OD517 DPPH (+) — &8t OD517 DPPH(-))
(PBS OD517 DPPH(+) — PBS OD517 DPPH(-))

TV ANEER (%) = X 100

wmN T e —TEHWEARY 2T 4 Ko

1 mM Hexadecyltrimethylammonium Bromide (CTAB) / PBS (pH 7.4) {AHRIZFENZ N Z |
DMSO [Z¥Efi# L7= 5 uM @ SSP2 & =i C 10 MG SE7=0 5 it K 457 nm,
MR 490-580 nm D HOETREE & HOR A O EERE (A A, FP-8200) (2 CHIE L7z,

T4 =T 4—ra~ b IT7 4 —|Z X% HSA O

5mL @ HiTrap Blue HP Columns % 25 mM U » &5 b U 7 AR (pH 7.0) 12 CFiL
L7=ob, BEE DT 22z, 25mL @25 mM U VT b U o L4EER (pH 7.0) T
T LEWHF LD, 1.5MNaCl/ 25 mM U Vg kU ¥ AFETER C HSA Z¥aH L7,

FAb> 7 >~ (CNBr) IZ &% HSA DYWL

B D A F A= LRI (Met) 12X LT 200 5D F /LD CNBr Z ik E 70% X BRIA K
H1C 24 W], S|IRICTRIS STz, UG, -20°0C TPHLTWET ® 2 4 f5EMNZ
RNVT w7 A TR L2 6, -20°C T 2 REEGHI L7z, 382 15,000 X g T 30 izl
L. BIEZMELTIEA 25mM U UlET b U w7 SRR (pH7.0) (2 CHfiE L 7=, 50mL
® Blue Sepharose 6 Fast Flow Z 25 mM U &7~ U 7 AREMEHR (pH 7.0) (2 Cfig{k L7z
Db, BE N T L LTz, 20k, FENCETESr. 1 M NaCl % HE 5y, 0.5 M KSCN %
R 5372 5 TN 1 MKSCN & H 53 2 43 B L. SDS-PAGE OFfE RN 6| £AZEH D HSA 7
TR NOMEEHER LT,

PEG-Maleimide based gel Shift Assay (PMSA)

1 mg/mL OFEF 2378 500 pL 12 100 mM TCEP % 5 uL 92012, =R T 1 Frfij K
I SHTz, G25 AV AT ATHIHE LT, 10uL @ 0.3 mg/mL k¥ > /R 7 B2 2mM D
IAM Z 10 puL iz, 37°C T 1 RFEBOG L7z, & H1Z 3 ul @ 2.5 mM PEGao00-Maleimide %
Mz, 37°C T 1 BEMAE S, SDS-PAGE #47\, $RYA % 1T 72,
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DTT-MB (strong)

KRN Z 24 50 mM Tris-HC1 (pH 8.0), 10 mM DTT, 0.1% SDS & 72 % K 9 (ZikE
200 L ZFHE L7z, SUEHIIMTE %G 40 5T, MG 7 L7 2 U O8%A13 1020 uM &
725X HIT LTz, 60°C TSHEHA V¥ a_—F L7=Dbh, 300 ul O 1%HFEE SR KA R
XOV75uL ® INNaOH iz, K<iBFiL7=, 8,000Xg TS5 fiEi L, EEE W7
WEDIZ BRI 450 pL BRE LTc, O N T2 iRBIC A A 288Kk 0.5 mL 2 TR B
RyT 47U, WBWEIES Lz, ZOWEEEELS 9> —ERVIE L, S/t
Y% 500 uL O#EHK TR L. 20 mM DPDA /7.2 N HCI 3 X OY 30 mM FeCls;/ 1.2 N HCI &
WRAERTT 11 TRMUERZ 100uL Nz, X<EEURE Lz, =R T30 oG
L7=#. 8,000Xg T 145 L, 96-well plate | %% 200 uL " >%M L 7=, 665 nm O
WESEHE 2B L, NaxS I K DREMR HIREZ R,

DTT-MB (weak)

KPR PE N AV 4L 50 mM Tris-HCl (pH 8.0), 3 mM DTT & 72 % K 9 1Z#0UEF 200 pL % 744
L7z, #BHIMIE OHE 1020 (54T, MG 7 V7 I DAL 20-100 uM & 725 K9
IZ L7, 37°C T1HHA ¥ a_X—FL7=Db, 300 uL O 1%FERE IS KRR LN 7.5
puL ® INNaOH #/nz., X<IEFL7=, 8,000Xg T 5 flim DL, EkElbiank Hic
FiEE 450 pL BRE L=, B OB A A4 28Kk E 05 mL M2 TELL By T o
YU, WEWEIES L, ZOBWEEREEZ D ) RV IR LT, BozitEE 500
uL O T L. 20 mM DPDA /7.2 N HCI 3 X 08 30 mM FeCls/ 1.2 N HCI 1A % [ELA(
T1:1 TEMULEEKRZ 100 uL iz, K<ERBURE Lic, =R T30 oMbUs L7c#,
8,000 X g T 1 syl Lr L, 96-well plate | _E3E % 200 uL 32U L 7=, 665 nm O %
HE L, NaS IZ K DB HRE ZKRD T,

T VR ARH E VTR TR Y 2V T ¢ RO

25mM U g R U U ARREIRIZ T, BB S S-IAF F 7213 5-MAF ZIRFfI L, 4°C 7213
37°C T2 BRI RS Lz, BUS#. I 500 ul %2 25mM U “ R b U 7 AFEfEi © Pk
LTRBWEG25 A AT A (BT LFE 2ml) [ZIZ, 1,000 Xg T2 4mi L,
357308 200 uL (2 1 M DTT % 2 uL iz, 37°C T 6 RIS LTz, S O %
25mM U T B U U SRR THEE RS KON L L TR W2 G25 AV T MDA,
1,000 X g C 2 4o L, 3 H L7z#k 2 96-well plate (2N L, ex=395nm/em =485 nm
DHNERNE LTz,
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HI3EITHT HER

RY 27 4 RERZE HSA OFH
O S A A P F =
HSA (150 uM) % 1 mM @ SSP4 £ 721X DMSO & R T 10 s SE=nh, REOH
TR N EMZ, XY E ST, 1,000X g T 10 sy Loyl BiEZBRE L, Ik
B % PBS |2 TR LT,
@B-NADH |2 X 5
HSA 10 mg/mL & B-NADH 100 mM % 0.2 M Tris-HCI (pH 8.0) 1 CiEFI L, 37°C T 24 i
OGS, BHTIC LY HSA 2R L 7=,

CD A7 hLVORE
JASCO J-820 HU45 elm it 2 iz, % v 727 & % PBS (pH7.4) T2 T 10 uM DT
2B X O LT, EARAMEIKD CD A7 R UL 10 mm BV E | EIRSMEO CD i 1
mm B &AW TERENREEIT -T2,
a~VU v 7 AE T Chen b O FIEIZHEV, 222nm (BT 5[0 AW T, X ®)ICXL W EH
L7z,
a-helix contents (%) = ~([ @]222 am +2340) / 30300 X 100 ®)

WHT T —T I L D EYEE YA S OfidT

BD140 (3 uM), DNSA (10 uM), HSA (10 uM)F X TF samples (100 uM) % 10 mM U > fig
FEMEHR (1% DMSO, pH 7.3) I C=HIRIC TS S EZ (& 1 mL), B2 T 7 ALK
L. #HEHIER (FP-6600, HASYSE) % AWV T, 365nm THbE L7200t E A% v
»E— RICTHIE Lz,

717 I T(CT) IZK% HSA Ofigfk

20mg/mL @ HSA # 67mM U T~ U U LFEE K (pH8.0) (2T 100mM 7 12 J I
T & XS T T 37°C T 6 REFISUST. . A A L 28K TBIT LT, BT T, 120 &
D 20X PBS &% 72,

B AR Y (MCO)
Meucci & D& %552, HSA % MCO L7- 9, 20 mg/mL ® HSA % 50 mM HEPES (pH
7.4),100mM H LBV 7 A 10mM b~ 7327 AFT25mM 7 AL E VB LD
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100 uM FeCls & 4755614 T T 37°C. 6 REfISE . A A U RHIKITTHEMT LT, BEHTHET
&, 1/20 #D 20XPBS # Mz, FEERIZHEL 7=,

7V a— VR AMEERREE (AKD) ET /L~ T AOVER

6 HHERD ICR HEME~ 7 A2 24 KRl OAKAE ZTE L7=D 6, A Y 70T R AFREE T
T 10mg/kg D 50% 2 VU & v — L& Y8 OmA RIS E Lo, k5%, £3 =
T 1, 6, 12, 24 BEFIfRIC, 4 B TIX 24 BERIC, 4 Y IV T VAR F T~ 7 AD
PRt L D IREZ, TREIRE U Mg Z2 B L7z, i) > DI P~ U 2B L TE
Wz, PBSIZ TR KL W &8 M 23 L, Bz R L7,

FHAEICHET HER

Sn-HSA O

300 uM (20 mg/mL) ORifEE MfyE7 /L7 2 > 1 mL {2 100 mM @ NayS, % 10 pL iz,
SR C 1 B BOS S 72, Otk. HiTrap Desalting 77 7 2 % AW T/ VBB 21TV, KK
JERD NagS, ZFRE LTz,

B16 #AEF KX OV LLC-PK 1 M D553 & fkft

B16 Ml D55 {#kIZ. DMEM IZ 10% FBS, 100 U penicillin/mL, 100 pg streptomycin /mL
UL CARE L 7=, LLC-PK 1 Al O 857 #7213 Medium 188 1 10% FBS, 100 U penicillin/mL .
100 pg streptomycin /mL Z 00 L TR Lo, RIRERITTRE L7oMila4 37°C IZ 8L
7o BRI 10 mL CHE GICEM L0 B (BRI, 1000Xg, 57 L7c, BRIl EREL,
BT\ RIR TR, 77 AF v 7R T v v 2 TR L, 37°C. 5% COx A %
aN—F—NTHEE L, 30 7AVT MIETDHRICCO A »FaX—F—nbT 4
VarO L, Bk EEERE LD, PBS THFR L7z, 2Dk, b 7T U REBEY
To5H TrypLE ICTREIY L, &K ZMNZ, BEHIZEO0BE (iR, 1000Xg, 547,
FEEREL, BERBEEREZMZTHBLEZOL, BET 4 v 2 BT 5 2 & T
21T o7,

AT =V PEABORIE

B16 #lfin % 2.5X10* cells/well & 725 X 9 (2 24-well plate (ZHEFE L 7=, 24 FEfif%. k%
DMEM (+) IZCAIRL7=T 7Y VB I ONHCL 2224 0.4 mM & 10 mM ORI
2B XU LTz, 37°C. 5% CO, THi#& L, 72 K§fif% PBS THEE L7=D 5 1 N NaOH %
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200 L 9202, 60°C T 1 REES L7e, AMARESAREE 2 B0 L, 405 nm OWEFE % &
L7z, 405 nm OWEE BCAEICTHE LIZZ RV ERTHRLELDEZ A T =V A
gL L,

UV 5

96-well plate |ZH5FE L 7= B16 ffifd~D UV HUHIX, o7 4 —UV 72 7% plate ® T
D 5em OFEEN ST 72, 7B, AW UV 7207 % 5 cm B U 72 B3O SRR 38 %
1%, 254 nm B L U365 nm IZBWT, TR 614 BL 743 pWiem? Th D Z & Z i
LTWb,

NO 35 L' SNO DJE &

Griess iFE & LT, 2% (W/V) sulfanilamide in 4% phosphoril acid & 2% (W/V) sulfanilamide
in 4% phosphoril acid #EA] TIRA L7z b D& HVW 2, #HEEWRIZIE, 0.1 M NaCl+ 0.5 mM
DTPA+10 mM EEEE T kU o7 AEETEHR (pH 5.5)) % 7=, Griss 733 X O%EER, b
KERYAHZ (3 mM HgCl in 10 mM EEEE T R U ¥ AEEMEWL (pH 5.5)) % 11:3:6 TIRFIL., Z
DYAERE 100 mL & 3k 20mL % 96-well plate FC 37°CC 15 43t S 872, RIS, 540 nm

B OWNEARE LT, MEFICITEMEET N U L2 H0T,

B16 2817 2N ROS & L TXNO OlE

B16 |Z81F DN ROS 38 L' NO OREIL., ENZENOwENHAIEK TH H CM-H.DCF-
DA 15 X OV DAF-FM-DA % F\WT{T -7z, B16 #lild% 96-well plate (2 1X 10" cells/well TH&
FEL.COy A ¥ & 2 _X—& — T 24 FFfHjE588 L7=, £ D% . PBS (+) (2 THAR L 7= CM-H.DCF-
DA (Fc &R 5uM)® L < 1% DAF-FM-DA (5cf&iREE 10 uM) Z3shi L., 37°C C 30 23 i
T5H5Z LT, M@~ e —T7 WV iAEET, TD%, EEZEREL TPBS IZRfEL
AEFZRINL, #AERE L0 UV S E2 Lz, BEH%, M E (Ex.485nm, Em.
535nm) x~vA 7 L— R —Z—ICLOHELT],

B16 (23 1F HHIANA U AV T ¢ RO

B16 ffifid % 96-well plate |Z 1X10* cells/well THERE L, CO» A F = X— & —T 24 IfH]
Be& L7z, PBS(+) IC EEZEB L C—ERFM UV 2K L7-0b, EEEREL, 5SmM
SSP4/2mM CTAB/PBS Z /% 7=, =R T 10 73)& L7=D 5, Ex. 485nm, Em.535nm O
WHHE AL~ A 70T L— ) —&Z— 2 THIE LT,
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Fa v —RiEtEoRE "

20uL D~ v ¥ ab—AHEF v —+F (537U/mL) & 100 L @ Sn-HSA % 7= 13 HSA,
60 uL @ PBS % 96-well plate ETIEFM L, & 5125 mM @ L-DOPA % 20 L % 72, =2k
T30 REISUSH . 490 nm OWLIEE 2 HIE LTz,

A 7 = ARE O

<~ v va/l—AHEFr T —F (KIEE 53.7U0/mL) & L-DOPA (X2 0.5 mM) & =
X F a—TNTRML, FiRT 105032, Kb#E., &IRE 20 uM OFEHZ N
Z. FIRT 3 RIS LT, RO DOEIR % 20,000xg T 15 4yfEimo L, B3 200 L %
96-well plate (2%, 490 nm DOWLIEE 2 HIE LT,

AR AR AT 38 40 J OV AR 5 544 D B Af

K (30 mL) B LOHRANN (15 mL), ALY v 7 X (5 g) & 60°C CTHEREFT 2
ZET 7V —aERHL, RIBEETHAILZOL, KEE 20uM £ 725 K 912 Sn-HSA
IR L7, b MEFREMEZEREERE L F3IRILEERKLZET LVE LT, 748
A~ =& -ETVEAL, B IR (OECD) DA K7 A 2 (TG439) 123
W TR SR 2 54 L 7-, BARB9ICIZ, =8 - =5 0% 24 B, 37°C. 5%CO, BB T
THIEELZOL, 7 U —AIZ{EF L7 Sn-HSA F 721X PBS (2 T¥&fi# L7- Sn-HSA % 15
rTHIERERE LT, 7 V) — A& BRER, PBSIC TR LD b 42 FEf#ER#E Lo, K% MTT
FREBR IS TR FE %, LDH RBRIC Tl E L2 RO,

A7 v e i % ROS DRIE

LLC-PK1 #fifid & 96-well plate (Z 1X10*cells/well THEFE L. 37°C, 5%CO, % | C 24 FF
Wi L7z, 0%, B CM-H,DCF-DA (Fc#&HRE 5 uM) 22U, 37°C T30 73X
JETHZ LT, RN~ =T ERVIAE T, D%, BiEERE L TPBS IZIAfEL
7B B L N0 1 mg/mL DI A7 v B 2L, 37°C, 5%CO, T2 Rt L7, &
%, HOETRE (Ex.485nm, Em.535nm) 2@t~/ 7 a7 L— Y —Z—|Z XD HE LT,

Poly-NACSn-HSA D%

FEIEEE 150 uM D HSA ZHIEE 3 mM D 2-A X ) F 45 U E 01 M U Ul Y
U LREER (pH 7.8) / 1 mM Y=F L2 U T R U HEERFIZT 37°C T 1 REEIG S
Too BUGE, FBRE 1 mM &2 D X HITNACHY 2v7 ¢ K&, 37°C T 3 Bl MUG
L7z, Bk, #EH% HiTrap Desalting 77 7 A2 TR L 72,
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