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ZH (browning) o)W, AW 2Zo 3

Agric. Food Chem. 44 (3), 631-653, 1996; %

HA oA LA = vhhA A o @A_q_g_
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HE Fe=s A A=A e aad Atslel o

U(melanin)& 4= Aom el
5, Wzt 4 w9
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2 to

E]ZAJUA (tyrosinase)= Hed IS Fulste
E% + 9t} (Science, 217 (4565), 1163-1165, 1982)
= &4 54 271y T8 4AE 7 ld.

(catecholase) &AdolA Akh ®Ae] EA) 3Slo

(hydroxylation) 2

o] A 9]
Z}Z}  monophenol °| A
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Technol. 6 (6), 195-200, 1995). <lIzte]

91t} (Trends Food Sci.
Ak QA dehd Ao Bare ofs] AAgErh (FASEB J. 5 (14), 2902-2909. 1991).
(ultra-violet radiation) o ZH-¥ I
1 9lth (J Photochem Photobiol B. 3, 637-675, 2001).
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A (metalloprotein) Lol 43+ E]|ZALHA]
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32 FH2¥ (luteolin), FH|
(luteolin 7-0O-glucoside), Y
trihydroxyflavone) o] +%Z= YE}

LY 5-0-FFFAo|= (luteolin 5-0-glucoside), FHSH 7-0-FF3A}0]
& 2~# 29 (neohesperidin) @ 3',4' 7-Egslo]=EAZ}E (3',4',7-
Eul

i

H

4= 71AEA L-HEA (915 3id) 2 L-DOPA (o} se)E ARgsto], FHSR, FHEH 5-0-2F3A}
ol FHELH 7-0-FFFAAtol=, dHedzdd, 34" 7-Eftol=EAZ R 9@ kA el mA
(kojic acid)ell tigt WA ElZA|UA x| AL B3 ZA3E bl AHoltt (error bare SEM (standard
error of the mean)< ElH).

K

= 5F 7|ARA L-E2AS AREEe] | FEHS ™o g wA ElZA YA 9] oA &A-S Lineweaver-Burk plot
(A) ¥ Dixon plot (B)o& A3 AxE ekl Ao},

A

o]

]

T 72 J|AEA L-EHEANES ARESte], 3'4'7-Ef o] EEAEEE digk WA E
Lineweaver-Burk plot (A) % Dixon plot (B)2& #¥X3F AxE vjeldl Ao},

6 712424 L-E]241 (A, B) 2 L-DOPA (C, D)E A&&to], FHSH 5-0-FF Aol =0 T3k E]
UA e oA &84S Lineweaver-Burk plot (A, C) & Dixon plot (B, D)o & A3 AxE ekl c}.
=

AvAel oA B4

=

rlo

~

= 8% oxy-form® WA E]EZA|YA L-E]2Al (blue stick)o] Age F9 FEHILSH (green stick), FH|
LY 5-0-FFFZA| = (yellow stick) L FHEH 7-0-=F3Ao|= (magenta stick)® A ER=E veRd
Aot} (F8 o]2: orange sphere; % 4F3} o] £ red stick).

H

9= E|ZAIAl Aol Wigk 2D velofaomA, (A) L-E=A; (B) A4k (C) FH&™; (D) FHE™
—0-2FIAe| = 8 (B) FH SR 7-0-2FIAL| =5 YERd Flelt),
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(@]
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sihAe st Zie tdehd wAE

olt}.

Wy A7 Hek FAF g
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ER LR )
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<
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| DBA(Cirsium maackii)2HH FEES F=317] 943 A-s &2 FHoz gy e {78z
ol AL AMEIE FHEH, & EE f7]E8HE AT 9o, old AlgHAE o, oF Eol,
AA G, dE-E(methanol), o€k (ethanol), X2 (propanol), ©lAXZZHZ(isopropanol), H-EHZ
(butanol) & XE&3tE ©aF 1 WA 49 ¢3E, ofMlE(acetone), °lElZ(ether), WAl(benzene), E=E=E
X & (chloroform), ol€olMHo]E (ethyl acetate), WEHMEZe}o] = (methylene chloride), #F4l(hexane)

=
Al EF 285 (cyclohexane) 59 ZFE |ulE dxo2 F& E3sle] AE = Qla, bR A= WEgEd

d 59, B o] A& ¥3y FEELS AV A FF T &1 &

Hog 22y 13 FE2EL 729 27 4 54 7Ax £ BR Ax 53 2o 742 1A o) B A

B2 Axd & ok, &3, AV 12 FEES A Ay Z2vtEadY(silica gel column
A=

chromatography), Y& ZFZulE78]3(thin layer chromatography), A% NA A=ZwE1#8Y(high
performance liquid chromatography) &3 #2 U3 ARvEIHIE o] &3l FV/t2 AAlE #3838 95

FE e,

Wb, 2 el Q01N BB (Cirsion maackii) FEES 3%, B8 T A9 7 wAelA dojAe
£ G50, $AE W AAT, 159 A4, $E BE A2ES BF £ Aol
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AAld 1. 4348 2 ¥y
1.1. 8523 2 A%

L-E]2A1(L-Tyrosine), L-DOPA (L-3,4-dihydroxyphenyl-alanine) % WA EZA YA (tyrosinase, EC
1.14.18.1)% Sigma Aldrich (St. Louis, MO, USA)ellA F4stitt. 3'4'7-Eg|slo|=EAZ2E (3'4'7-
trihydroxyflavone)2 Indofine Chemical Company, Inc. (Hillsborough, NJ, USA)ollA G943}, K,HPO,
(dipotassium phosphate)¥ Junsei Chemical Co. Ltd. (Tokyo, Japan)olA +<43}313L, KH.PO, (monopotassium

phosphate)& Yakuri Pure Chemicals Co. Ltd. (Osaka, Japan)olA] T3t ct. o & 3}stE4d 2 oo &
Wl Ago] gle 8, E. Merck, Fluka %3 Sigma-Aldricholl Al F+<stgitt.

1.2. &A=

977 (Cirsium maackii, Korean thistle) A& 3=, koA 2001 8€ol HESIATE. ol F, 2
B 2 Fuk(Tsukuba) 9] oAt 785 (National Museum of Nature and Science)?] 2

JAF B3k AE70 Y. Kadota YMAIZEE Fa= Q. o], AES Mgl ) o 9 %
FoasdA Adxsglh. AA AEe 8, AFuke] FyxAsutEd 9@ RAga AE

-
RIS

ZehR o] = (flavonoids)e] %, 3 2 Al v]Ed Z1AE wkeb o] F&H T} (Food Chem Toxicol .
47 (11), 2790-2797, 2009; 2 % AzE 9 (198 k) mAL WS (2.5 L A 33))S o] &3
o &AWL F, 9L FEE (3163 ¢

BeE (10:1:9)9 ¥ ¥, gF

)S F5EAL, HEE FEE (310 9 vIF=z2ve:
S AT, FEA BEEM ¢aFor 135

(e}
(125.8 g)& dA. T3, FE

.

2~#HAEg fglolg]e} TLC (thin layer chromatography) #29¥} $7] H-NMR (nuclear magnetic resonance) % e
MRS} 22 ohggt £371E ol &3 WS AEste], FHSYU-5-0-FFFAFelE (luteolin 5-0-glucoside,
1, FHLH (luteolin, 2) @ FHSH-7-0-FFFHAo|= (luteolin 7-0O-glucoside)E &<latdtt (The
Netherlands, 134-320, 1989; % = 1). ¥3¥ g3E9 +x2= Ued2dH2ld (neohesperidin) % 3',4',7-
Egdto]|=EAZ T (3',4",7-trihydroxyflavone) @ 37 = 3o vFehiict.

1.4. HPLC (high-performance liquid chromatography) Al &4

HPLCE Jung et al.oll 23] g% AW (Food Chem Toxicol. 47 (11), 2790-2797, 2009)ellA] kgt W& ]
o] LU, Eo 0.1% EZE2AF (solvent A) 2 100% WELE (solvent B)E ¥ &3}= linear gradient
solvent system= 75% (solvent A): 25% (solvent B) o4l 0% (solvent A): 100% (solvent B)o. =2 3}o] 0.5
ml/min®] E2% HE2 60 & ¢t APstem WY, FEE R 2719 SR =0]=9] stock solution

100% MEkEel 2 mg/mle] T2 =91, 584 A E (insoluble precipitates) 2 ol€olAE|o]E (EtOAc)

TEES 47 250 pg/ml 2 0.5 mg/mle] X2 QY. o] %, ZF AEoA 10 ple THHE &do] FHHU
o}, FEHEH-5-0-FFFA o) =9 B FEE Al7H(retention time)S 27.87 #ola, FHEHL 42.04 Ho)gtt.

1.5. AFA N(In vitro) B|A EHEZAYA 94 o)Ao] (mushroom tyrosinase inhibitory assay)

HA E]ZA LAl A ofAlolol A= Kang et al. 9 S3EA HHS 7 wygste] 83193 (Arch. Pharm.
Res. 27 (12), 12261232, 2004), FZAAF (Kojic acid)& %4 tiz+o=z AL&3H9Tt.
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1.6. WA EZAIUA] A g A FFEY 59 A9 H (Kinetic parameters)
HA E|Z2AUA] dAS 93 94 = 2 A A4 (L)E Lineweaver-Burk plot 2 Dixon plot &2 AAE

t} (J. Am. Chem. Soc. 56 (3), 658666, 1934; % Biochem. J. 137 (1), 143144, 1974). Ut} =9 7]
(0.5, 0.75, and 1 m) F JAA (L-E]ZA1 7|l digk FEH&H R 3'4'7-Egslo|E5A|ET2] 55
10, 30 % 60 uMg& A8 L-E|241 7]™ol| gt FH&H-5-0-=FIA=Y FE5= 0, 1, 2, 4 2 6 uMs
AFE; @ L-DOPA 7] ”e| gt B LAU-5-0-FFFAO)EY EEE 0, 2.5, 5, 10 Z 20 uME AFR)o] g &
938 matulElEo] dojxth. Z#ITE SigmaPlot 12.0 (SPSS Inc., Chicago, IL, USA)E o]&3l]
LEF AT

s
o = X

1.7. WA EBlZAUA] B2 =7 AlE# oA (molecular docking simulation)

A =7 BAL8 AutoDock 4.2 3 A (J. Mol. Recognit. 9, 15, 1996), 18]= W& Autogrid
program®. 2 WS M T, UFo|MA (Agaricus bisporus) 3 ElZA|YUA|2] deoxy form (2Y9X)2] X-ray Z2A
%% RCSB PDB (Protein Data Bank)ollAl 2.78 A< dY=Z AU (Biochemistry, 50 (24), 54775486,
2011). 2Y9X2] chain A2] binuclear copper-binding sitet oxy—-form enzymel @ LA == oF7F HEHE Q)
(J. Mol. Catal. B Enzym. 125, 615, 2016). AA<}t UA thxaolAe 3HdstsE 43S ADT (AutoDock
Tools) & = Qch. FEH-EY (5280445), FEH&H 5—&%2@#&5 (5317471), FEIEH 7-0-2F IO =
(5280637), HZAAF (3840) % L-E]Z4 (6057)2] %+ PubChem Compound (NCBI) dlo]Ejo]2elA] A,
Marvin Sketch (v17.1.30, ChemAxon, Budapest, Hungary)oﬂ o8] 3D Fx=E WA, Dt fdg gzt
= BS99 v ZREZS 20749 ES9d 471 dugEe ¥3eqivh. =7 A= PyMOL (v1.7.4,
Schrodinger, LLC, Cambridge, MA, USA) % Discovery Studio (v16.1, Accelrys, San Diego, CA, USA)2 = 7}
R AR R e R

1.8. ALY

EA2 F94E one-way ANOVA 2 Student's t-test (Systat Inc., Evanston, IL, USA)S.& H7lEQtt. RE
S A W S5 FFEAY. HolE+= H + SEM (standard error of the mean) (n = 3)2 =2 YER)

A 2. YBAC. maackii) FEF R EYE AT EZAIYA AA 4 A3}

A By, 7], £ 2 doMY wEgE FEE s HEAYA 9A 54S 9 238dS 100 n
g/mle] FroA FPEUTE. 1 AT, 47H4 g2 Wee 55 FollA @ deAnt 65.53 + 0.57 %=
Ju)slA vEbEaL, 1Cs (half-maximal inhibitory concentration) %t 55.67 + 2.73 pg/mlS HUTH(E

3 FEAA WA EZAUA oA oAelE FaEla, S4S Kol 4 BEs W

St L-E|2Ale gk @48 Hole oA olE REES] G %k— 36.16 + 0.53 pg/ml oAz,

S (nBuOH) #EE9 1Cy at-> 468.94 £ 0.52 pg/ml ollow, tFzaver $3&E 2 & F3EA
= frolmek oA @4do] vERA ekt (£ 1).
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#£ 1
Extract/Fractions Parts Inhibition percentage (%0) ICs0 values
at 100 pg'ml {pg/ml)®
Root 3056151 -
Stem 22.48+3.71 =
MeOH extract
Flower B 5 e e . =
Leaves 6553 +£0.57 35671273
CH:Cly fraction Leaves B15=x362 =400
EtOAc fraction Leaves 64.52+£506 36.16 =053
n-BuOH fraction Leaves 26.63 +2.40 46894 =052
H:0 fraction Leaves 235+1.19 =400
Kojic acidP = = 1.29+0.01

350% inhibition concentrations (ICsp, ng/ml) are expressed as mean + SEM of triplicates using L-
tyrosine as substrate.
YPositive control.

AN 3. I9AFAY BEEZHY 2719 &4 EFgExo]=9 HPLC (high-performance liquid chromatography)

A7AY QoA ElZAIYUA A EAS B i), o FEE U FEEJ 3}e] reverse phase HPLCE
3l A4 BAE sy, o 23, A2nEag e 22sd2 Ry FHEY 2 FHEY 5-0-3F3IA
ol=9] MEE AlZk(retention time)d LAY (& 2). o]24, JAF Ao HaE FEE4 X£¥Hd F8
getEo ZH A (retention time, ¢ 42.04 min) ¥ FHEH 5-0-FFFA}o]= (retention time, fx

27.87 min)Ql Aoz FJAHY. oeolAHoE £IEL2 ~AEY FFoA FHSH JFES FEAIAT
w3, AAF o] dEolAEH o] E-E (EtOAc-H,0) =& EIozRE B84 HAHEC] FHIH 5-0-FF
Ao = At (& 1). FAE] thak HPLC HAolA 337} 27.87 o2 Ugn, FHSH 5-0-F

AAe] 4. FBFAAA EEE BAFES HEAGA A4A 24

2 Ay EL 5-tEA FHEZH (3'4'7-Eslo|EEAIETE) 2 vedadedy g/ &4 FIE e
358 tiste] ElZAUAe] RudEeiA (L-E24]) 2 =kl (L-DOPA) &4 oA 7FsAdol uist 2
S ST, 3'4'T-ESO)EEAI S FEHEHUY 5 A Fo|=FA aFY FFALs RolE X
o] FoAS Folslry] st AEFEAY. 2 A3, FHEY 5-0-FFFAIE=E e E2AA 9A &
s BAEd, 7122A L-E2AE AR A9 FEEY 5-0-FFFZAOIE9 10y ah2 2.95 £ 0.11 uM o]
93, 71AZA L-DOPAS AFE3F A 10, S 8.22 + 0.18 pM 24, 7|22 A L-E|221<S AFE-3F 4 okAy
gzt ZAqk] 1C # (9.78 £ 0.12 upl)ol vl&] ik 3u] A= A EAdo] A Aoz yewtau, 713
2] L-DOPAS A} A% 10, 3k (9.21 + 0.10 pM)<S FASE $FolYt) (£ 2)

=

w3k, ol=gl& (aglycone) F-#9 FEHEHL 7|E2A L-EZAS A3 H9 1C, ko] 17.40 £ 0.62 p
A fonE A S BT (R 2). 3'4'7-ESo|EEAZHEE VAR A L-EEAS AL A9
ICs %ol 18.69 £ 0.50 pM 2A Fou|d JA] A4S v oy, 7|d=A L-DOPAS AFE3F H-$olE 10,
] 155.14 £ 5.62 puM 24 FF A= oA &5 Bt (£ 2). YxHo=, FHEH 7-0-3FFAo|=
= 71EEA L-ERAS AREE F9 10y Fhol 177.03 £ 0.77 pM o]ar, 7|24 L-DOPAS AME3 ZH$-

>
=
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399.08 + 3.89 uM o= YElRT) (% 2)

# 2
ICsovalues® (uM) K value (uM)P. mnhibition mode®
Compounds
L-tyrosine L-DOPA L-tyrosine L-DOPA

Lutechn 37455+ 18.12. Non-

1740+ 0.62 —d

202 competitive
Luteolin 5-0-
: 295011 8§22+£0.18 302, Competitive 1136 Competitive

glucoside
Luteohn 7-0- 39908 =

177.03 £0.77 = =
glucoside 3.89
Neohesperidin =400 =400 = =
347 15514 +

18.69 £ 0.50 19 88, Competitive
Trihydroxyflavone 5.62
Kojic acid® 978+0.12 921+010 = =

250% inhibition concentrations (ICsy) are expressed as mean + SEM of triplicates.
"Determined by Dixon plots.

“Determined by Lineweaver-Burk plots.

9Not determined.

=Positive control.

e Bgteael et WA BRAIGA] oAl el A= S 7R Y]l tiske] se-ofEH o R oA 24
o] T7kst= AL® yEon, E} , FHESRE 27lols s=-oE4d ol 2ds weloy 60 uMe &

H
=
ENEE fad g4s Bod (=

i

2 AR ES A7) AAd 49 ARRREH AA| o] Agk EHoluRks MYste] a4 9% 24
2 L-DOPAE AHE3 FHI&H

S AHES 34 7-ESlol EE A EEE (= 7)d digk WA El=

S Lineweaver-Burk plot @ Dixon ploto.& ®243}9th. == A¥}, Lineweaver-Burk plots
He v-AFAY JAAQL Aoz T} (& 5h). FHSHL 7|H2A L-E|Z24AS& AFE
WA E|ZA A 93k 712 B bk Ho &% (V.02 ZFAAFH 3L, Lineweaver-Burk plot o A
K, #H& WA 71x] ekdty. E3H, Dixon plot olAE AAAZE S48 FS FAA9 7]&7] 2 y-dA A9 W

s AFEQ T, L e 18.12 uM gtk (= 5B).

U'I mlo

fxzer FHH 5-0-FFFAo)|= D 3'4'7-Eslo]| E2A| Z8}H S Lineweaver-Burk plot oA oA A1¢]
FE7F SUHs ot g2 AAME HAAIRE 389 FERS U Ae® Yeldo s AAH dAAQ AL
2 Za9Urt (= 6A, 6C © = 7). T3, Dixon plot oA FEHEH 5-0-FFFA|=9] L e 3.02 puM &
11.56 pMe2 ALFEAY (&2 6B 2 6D). Ki#ke]l A&55 dAA L a4 Aol Ajg#Hoe] AXER, FHEH

S-0-=FaAte] =0 AEE oA avkE AT 5 UG

rﬁ e}

ﬂl}o

M

AAd) 6. EJZA VA Al B 22 =7 AlEH oA (molecular docking simulation)
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3 ZA Atk FEHSY B o]o] SFFAte| =9 A wAUSFS ERleta g4 A
= =olslr] ¢Yste] AutoDock programeS E&ll in silico AFEY RdE
H&d 5-0-2F3ZAo| =7t tdlEebAldd vld] EidlsmefAlda dAg g &4 Honmg,
A L-DOPA®R stol=4d3kA7]a o 91 2] o] (copper ion) Atolell 27¢] #3kst o] (peroxide
ion)E 7FAE= oxy-forme] E]ZA|UAE EfA §42 AMEsSEQT

I A, FHESUN o]8 FFFAAle|=o] A H9je= L-HEAY A% B¢ dES IRl KxHEet
Al oAl Ft=gl L-E 2412 EZAUAS] Sl 706 sfo]=54 HolE S Hﬂilﬂl, van der Waals
S Ball 2/le e ol Habs) o]2o® ATAES G} (® 8). L-E|REAl sle]=54 Hl o] 23l
t2 52 RelElE 77 Net280 X His244 residuest 4 A FHAAT. EF, S35k NHZ Folg=
2 AFE B3 Asn260 residuest salt-bridgeE F3l Glu256 residue®t A28 33Tt (= 94). ¥4 o
ZTel FAARE ElZ2A YAl Fu Ag HYol =AW, Met280 residuest A Ag ¥ 27 g o]}
van der Waals AS JAsAT (= 9B).

=]

:L_YE
o

[‘
¢

3, FHEYU 5-0-FFIA| = L-E2A 2 mAaby} go] e 2 PJr*Pﬁ} 12 2A0lA =AEA o,
FHSH 9 FHSH 7-0-2FIAI = 18X %S A8 (2 8 ¥ £ 9). S, FHESH 5-0-F
F3Ao]=9] B ring?d] ol & HES 2719 Fg ol (Cu400 2 Cud01) /\]-O] oAl T}At3}l o] (Perd02)3}
A FAaA%s B8 (= D). fAbskAl, 7 oA el o] (Cud01)] #RF=Q] Ser282, Val283 o
Ala286 residue: His263 % His2599} @74 B ringd A2FA A328S Aot (&2 9). =3, FgHad
5-0-=FFAte] =€) A ring¥ His244 AtelellM = Ad714 Fs 8ol dojwtth. A ringolld 5 91Ad A= =
FAQ 2~ HolEE B ZAILHAS] Arg268 residuest 2719 FAARS ST, FHIEY 7-0-2F Ao =9
AL FFEIFQ A HOEE Glu322 residuedt ARA o2 A3524S st9Ed, ol FHEH 5-0-FFAAlo)
9o} o] A H9| residuedlA ATAES FA &drt (= 9E). oxy-forme WA E]ZA|YA] (modified
2Y9X) o &4 F-flell A o] Eat s zhgel #ate] sh7] i 3o YERH AT

# 3
Bdug  Ho. H-bond yade Electrostatic H}'dfOPhC'blC mtera':t'mn
Compounds  energy of H- . Waals i a Pi- Pi-P1 PiPi Aml_de— Pi-
(Kcal/mol) bonds mleraction interaction mberaclins o T- Ps 5
sigma shaped stacked stacked Alleyl
L-tyrosine? —6.31 5 His244, Cud(0,
Asn260,  Cud0l,
1 3 A
?3}11:2458? Ferild Val283 His263 Ala?86
(Salt-
bridge)
Kojic acid® —~55 1 Met280 Cu400, Val283 His263 Ala286
Cud01
Luteolin® —6.19 4 Cys83, Gla322
ii:;j; His85 Val248
Val248
Luteoln 3- =B 3 Perdd2, Cud00, His244 Val283,
- Arg268, Cudll Val283 His259 His263 Ser282 Val248,
glucoside Ala286
Luteolin 7- —4.49 5 Tyrbs,
O- Asn8l,
glucoside Arg321, Ala80 Ala323
Glu322,
Ala323

*Competitive ligand of the oxy-form of tyrosinase.
"Reported competitive inhibitor of mushroom tyrosinase.
“Reported non-competitive inhibitor.
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=y
EH]
Cirsitm leaves (dry weight: 1,28 kg)
l MeOH
MeOH extract (316.33 g)
l CHLCly: MeOH: HLO = 10: 1: 9
EtOAc
CH,Cl fraction
(6877 g)
Insoluble precipitate EtOAc fraction
(32,858 g, compound 1, (47.67 g)
luteolin 5-0-glucoside) r-BuOH
MeOH
recrystallization
Compound 2 n-BuOH H.O fraction
{2.76 g. Luteolin) fraction (125.76 g)
(30,66 g)
EH2

A oo™
BT

20E-05

Log-0H
w0805
OB
A
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HO

Inhibition % (L-Tyrosine)

Inhibition % (L-DOPA)

53 2 8

o

100 -

20

Luteolin

e L IR OlIR

— | uteolin 7-0-glucoside
— 3 F-Tribydroxyflavane

Neohesperidin

g LUtEOlIN 5-O-glucoside
Nechesperidin
e K Ojic BCid

1

et LUteolin 7-0-glucoside
e 3 4 7-Trihydroxyflavone

20 &0 100 200

Concentration (pM)

e LUteolin 5-0-glucoside
Meohesperidin
=== Kojic acid

10 20 100 200 400
Concentration [pM)
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]
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Concentration (pAL)

B Wlye 0.5mM
o 0.75 mM
wol™ 1 mM
2

120
2 100

80

3

0 2 4 B

@
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@

D 250
& D5mM
< D75 mM

200{ » 1mM
150
100/
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Concentration (pid)}
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Concentration (uM)
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GLY 245

ALA-246
EH9
A @ . B 0 =
@ %8 2 s o a8
¥ : "
i % %
' : b L) ;
% w B :
- T At : .
e a5 _ & a
EH10
tAntl-tyrosmase

activity

Cirsium maackii

Tyrosinase *ryr_oglfﬁu-

" i " I . Melanin
- 2 = :

J@A’«* mﬁ/f“ m Hon-erlzym:% formation

L-Tyresine L-3, 4 d.ﬁ,‘_,, il LDy
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