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Inhibitory Mechanism of Melanin Synthesis by Glutathione
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Glutathione dose dependently inhibited melanin synthesis in the reaction of tyrosinase and L-DOPA. The inhibition
of melanin synthesis was recovered by increasing the concentration of L-DOPA, but not recovered by increasing
tyrosinase. Glutathione inhibited the binding between tyrosinase and L-DOPA. Although the synthesized melanin was
aggregated within 1 h, the aggregation was inhibited by the addition of glutathione. These results indicate that
glutathione inhibits the synthesis and agglutination of melanin by interrupting the function of L-DOPA.
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1. A7 ERHRE U >R (8.0 g/1
NaCl, 0.2 g/1 KCl, 2.9 g/1 Na,HPO, - 12H,0, 0.2 g/1
KH,PO,, pH7.2) ZRHWTKEREEZRML, L-
DOPA (SIGMA-ALDRICH, 5,4-Dihydroxy-L-phenyl-
alanine) & U*F 0O+ —+ (SIGMA-ALDRICH,
5370 units/mg) AR = J L /=. L-DOPA A K
(final 0.5 mMm) &F 0O+ —FEW (final 53.7 u-
nits/ml) %, 96 X7 AF v 7L —bk (Nun-
clon Delta Surface, Nunc) N TiEfI#, 37°C T 30
SrfEERE U7z, ROBHE 74, ImmnnoMini NJ-2300
(Inter Med, USA) 7% il \» T OD490 nm 1 % H| &
L, INZEASZEgEE L.

2. WG FANCEDATZAMBEER

IV FF > GEILHE. Nacalai tesque) 13, U
CBEER IR U ERICHER L. Ty F A
IR DB BTk %2, L-DOPA V¥ (final 0.5 mMm)
EFOTF—YEk (final 53.7 unit/ml) DRI
Mz, Aib&EFBEOHETAT Z AR EZHIE L
7z,

TIWEFFNCEBDATZHARBEEICKHT 2
L-DOPA OB G #Mad 57202, VIVWIFH >
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AR (final 0.8 mM) & F O3 7 — iR (final
53.7 unit/ml) ORKIZ, WE DS L-DOPA &
WEMAMN <%, AR ERBEOHETATZE
Fk & 2 JE U7z,

iz, TNIFFATELDATZ O HRRAEICH
TrFO0 S —tEolEERET 50, TIVY
FF ¥R (final 0.8 mM) & L-DOPA &% (final
0.5mM) DRIKIC, BEORLSLSZFOSF—ER
WahnA, AR EFEOHEZHNWTA T Z ARk
BZEHEL.

3. JLFALICLDFNLF—+-L-DOPA
BAMEE Ny FACo, FOorrF—tEi-
DOPA IZH T 25 GHEM R Z, KEFERTF~ 1
70N X (QCM) ARGy 7 [AH BLAE F @A
& Affinix Q (Initium) ZHAWTHFLZ. 374D
5, FOLF—EEiK (0.1 mg/ml) 2ul 2t H—
Fov7EREIEELL, 20k Y —Fv T %
Affinex Q AKICH O 17205, 10ml OV >
B CREENZETHSETHRELL. >
Y—F v TOEELENEELZDE, 10.5mM L-
DOPA 10ul] X 1% 70.5mMm L-DOPA 10ul & O
03mMZ IV F A 10ul) %) > EEHEE R T ICTHE
FL, Eo¥—FyvTJICEEtINzFOIF—F
EDORINMEZE, FEEBROE N SHIEL .

4. TINIFX LD AT BREBEDHR

L-DOPA ## (final 0.5mM) &F DO+ —tiE
W (final 53.7 units/ml) #2Tw RX>F a2 —THNT
BAL, 37°C T30 pHfFEL =, TD&, ZILY
FF VAR (final 0.8 mM) Z RN, 37°C TRIRS
H, 30 03I, ORISR DE L BiEH 2 I L
7=. LiE®H @ OD490 nm fif Z HE L, OD490 nm
EDWDNS, AT EEMOEREEREHL 72

5. #EraiE EERKEHLT, Student’s +-HREIC
KD HEHLEE 21T 5 7=,

] R

1. JIWL9FFC&DA7= AN
FOF—tYEL-DOPA ZREAELIZATZ
RRSORRIZ, TIVEFA D EMA, AT Ak
MITHEZRMN L. ZORE, TV FA R
TREKGFEICA = BRENHAD L, 7V F
FURMEBEN0.8mM L ETIE, AT BN
TERICHE S NZ (Fig. 1). ZORKRNS, 7L
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Fig. 1. Effect of Glutathione on Melanin Synthesis

Glutathione was mixed with tyrosinase (final 53.7 units/ml) and L-DO-
PA (final 0.8 mm), and incubated at 37°C for 30 min. After incubation, the
amount of melanin was measured as described in Materials and Methods.
These results were shown as mean+S.E. (n=4).

FFAE, AT ARERETZ29ROH S
ZEDNBHSMNTIED Tz,

2. TS FALICED AT EREERED
BT TINITFF DA ERHESRIZ,
TIVE FF 2 &K% L-DOPA O ARIEMHALBE S L
TWah Rt EfTo /. ZIVIF4 2 (R&REE
0.8mM) ZEFE AT U HMKIGHKIC L-DOPA %
BEIRIML, ZIVYFA LD AT =GR
ENEETLE2NENERFLIZEZA, TIVYFF
CEEERVWKIGRTIE, ATZ2OBRNRED S
N7=7 (Fig. 2, Positive control), 7 )V ¥ F7 i
M#ETIE, AT amknitlEnsz (Fig. 2, L-
DOPA HA&EE 0.8mmM). LL, ZOMIFIIREE
W, KOS O L-DOPA EBEZBEINS 52 & T
[18 L, L-DOPA OEA&EEN 3.2mM B 1T, A
T EREENTERICEE L. £z, VY TFF
JIEBATZUHRAENTF O F—F OBER
MTHEIETEDZNENTDONWTHRF 21T 7228,
ROSHEH O F 0 >+ —CIRE &2 @E O RKINEE  (f-
nal 53.7 units/ml) @ 10 fZ& (final 537.0 units/ml)
ICHEWIMEETH, ZINITFF LB ATZ U HRL
PNHPR VL [E1E L /n/n > 7= (data not shown).

X5IT, AT L L-DOPA O#BIT KT TS
WA FF > DEEEE Afinix Q ZFHWTHHE L= &
A, Furtr—rtEEEksELt Y—F v
L, ZIIVEFF IEFE T TIE, 1.61+£0.25ng
@ L-DOPA fEG LM, VWY FAEEFT
i, Fortr—tEEkt—F v TITHT S
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Fig. 2. Effect of L-DOPA on Inhibition of Melanin Synthesis
by Glutathione

L-DOPA was mixed with glutathione (final 0.8 mm) and tyrosinase (fi-
nal 53.7 units/ml), and incubated at 37°C for 30 min. After incubation, the
amount of melanin was measured as described in Materials and Methods.
These results were shown as mean+S.E. (n=4) . Positive control: The mela-
nin synthesis by the reaction of tyrosinase (final 53.7 units/ml) and L-DOPA
(final 0.8 mm) without gluthatione.

L-DOPA % &%, 0.10+0.08ng T, FOI F+—
TAD L-DOPA BHENHEREITH AL Tz (p<
0.001, n=3).

3. T FALICED AT REHEDR
AEBRTIT O ATZ O EKIGTIL, KNG
EHMNS FEFO 0OD490 nm I R L, it
1530 3% T, TOMIIE—VIZETSEN, TOD
%, KINERMTHZ AT E - LT 57
B, EES O OD490nm fEiL, RAICKTFT S
(data not shown). BJRNAERYIDEE « Lk & BiF
H1 D OD490 nm fE DK FIZAHREI T2 2 &5, &
D FEF O OD40 nm fEZHET S LT, AT
ZOBEMOEREEERIE L. AT AKX
INBREE 30 RTINS FA ERML, wMEN
5 R I O B H O OD490 nm i 2 ] L 7=
ETA, TINETFFRIRMETE, #EOEERO
OD490 nm fEITRERFHN P L TW2h, VLY F
FWMBEETIE, #=.O EEH O OD490 nm il O i
PR e NBMho7e (Fig. 3). ZORERMNS,
TG FF HRMEETIE, AT = BEMO LR
HHZNTND Z EDRHLNITE .
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Fig. 3. Effect of Glutathione on Melanin Aggregation

L-DOPA (final 0.5 mm) and tyrosinase (final 53.7 units/ml) were mixed
and reacted at 37°C for 30 min. Then, glutathione (final 0.8 mm) was added
to the mixture, and reacted at 37°C for the indicated time. After reaction, the
supernatant was collected by centrifugation. The amount of melanin in the
supernatant was measured as described in Materials and Methods. These
results were shown as mean+S.E. (n=4).

BRdD, KEOXRKR NEORKECEZDER
IREWTHBAT ) HA b (EEME THRINS.
ATZRAK, RIVRICXDEENS KEEFD
HEZELTWDHN, ZEOERIMEEIRVDEATZ
CINBREPEEIN, FRHCZA T A S OB M
T5. @bz I K DHBUCHOK T TERE D A
T UPEHEENDMER R T 5 E, AT UNKEICIL
AL, LA, BIhTEHRETIEEZON TN,

BIEA S Z VAR EERZ2FFObOEL T, W
SOMDE TR A RRTIVAT R, 59 7 )T
FIVRENBHNENTBY, FJIWIFFHATZ
CERHESRODDZMED 1 DTH .

EERNIZBIT 2705 F4 > OEERIZ, 7L
Y FAAEE L THS NS MRHEEES IR E
ELUTOERBENMIENTVWSY, TIVY FF >
MAT = HMAEZEFIEREIT AN ZLLIZDN
TiE, HshicEInNTWARWY, KFETIE, LY
FFMATZ U ERERET 2 AN A LIZDN
T 2T 2.

AT ZUIFL-DOPA & F O+ —F EDRIRIT
Lo THBENTART S ZEMNA[ET, A5
BRSDHETTT 5 & OD490 nm DEA EFHT 5
ZEMHLNTNS. Y AT HRINRIZT IV
& FF > wMA, OD490 nm OZLZRIEL =& T
A, TIEFF ARRMEETIL, OD490 nm fEAS |
A5 EME, ATZABROEITHRBI N
(Fig. ). —%, ZIFZFF 2 HRMETIL, OD490
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nm B2, ZI)VFFF RBEKGFRICHHR I N TS

0, TIWVEFFIMNATZ AR ZH L T
LENASNIR S, 51T, TIVIFFITK
HATZUERHEA N Z AL E@ENTT S HPT,
TIWEFF LD AT Z A REER R & R
H D L-DOPA & L DRERICD W TR 21T
. FORER, Fig. 21TRLELDIT, ZIVFFF
JICERDATZ U ERBEERIT, RIBET O L-
DOPA BEZ LA IBBHZETHEIN, A7
CEMROEENRD 6N, £k, TV FF I
KDATZUAREEDR, KINEFOFOTF—+¥
RBEZ FERIE5ZETHETEZS2NENDOREZ
To/M, AT AERKRBKRICEENSF OV
F—VIRE (53.7 units/ml) % 10 fFHEIMSHTH,
TIWEFF & B AT =GR EEIREIZEE T
ERINo . INSDORERNS, TIVYFF I,
AT Z VAR ISR F O L-DOPA IZERA L, L-
DOPA :F OIS —VYEDKIEZHELTNVWS Z
EHERINGZ. £ I T, L-DOPA &F DO F—
Y ORGHITKITTTIVEY F4 > OFE % Affinix
QZMWTHIW L. TO#%, L-DOPA &)L
G FFDREGM, TIVEFF > DEFEE T T 90
B EHEINS ZENHSNERD, BEEILE
OBFEDIE TN AT ARHEOERTHS Z
EAURBE I N,

L-DOPA L F0 3 F—VYORIETIE, R—=/)NF
JUDVEREN, INDEIE - BEETAHIEITKD
ATZUMERENS., AEBRCTHEMALZATZ>
BRI TS, L-DOPA EFOTF—tFZEM
%, BEXZ 30 BRI D OD490 nm fEIFE —
DITEL, FO%, BADASZVEEMNBR S
717~ (data not shown). AT EEMWI, FBHE
UWEICELD LA, ZENTORKICTARS Z ENTH
SN, ATZVREEHETSILIE, ATZE
RRBHEE & FARIC, U, FENToRAEZNGETS
HEREREEZONS., TIT, JIWIYFA2OD
AT VBEHESRICIOVWTHRFN 2T /2. L-
DOPA & F O3 F—VIZLDATZ U HRKIED
BIEL, XS TOEANIEE DR (KIS
U630 538%) 12, ZIVIFAERML, AT
BEMOERREBZHE L. TORE, 7Ly F
F2REEF T, bR ZELLTESNS 1T
1D OD490 nm fE S FERFHIZIE DL TH O, KIS

WHTATZVREMMNAERINTND ZENHS
MiZle-o 7= (Fig. 3). —JF, VI FF > &2HRM
U 7= O D3 O E1E TiE, OD490 nm fi§ D JE 13
ROLNT, AT VEEMOERDN, TV FF
JIE O THEIN TS ZENHLENIR S /2.

L-2ATA 2RI IVEFF I EDETILEY
&, FOT >R L-DOPARFOLF—EENL T
AR X 1% DOPA F ) LM KIET 5 2 &
MHISNTHY,” FIVYFF 2N DOPA F /) 1T
WAETHIEICEDT, ATZCOERERELT
WD HREMED R I NS DY, AT, O
EHOMITAH I LI TERND .

TIWEFF L, BN SEBET S50, M
FAINTHEGHKRINSED TH DN, T DOERNEE
BIIIMEICHENET 5,19 @& T, LA, <
WX T OFEETBAL NGNS B EMIAD 23, E D
KD 1D, 7V FA4 EEROK FNBERL T
W2 ZENHERINZ. EFE, AROEEHERNE
K720, HALUWEZZRD I & OREENRAEREZ
#£5FETHEEREHERSDTETVWS, ZNETIK
WREIRTIERMOMAEZ BN E LN
TONTERED, JIWIFFHEOT O FL—T
TWREENEBODNSZETIIOWT S, KM dmo
R 2T HSEE LT, SBRRAINDINET
HBHEEZS.
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