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Abstract

A dark brownish pigment from fruit body of Auricularia auricula was isolated and characterized in this report. The
pigment was obtained with a yield of 0.61%(w/w) by alkaline extraction and subsequent purification steps. It
showed the positive FeCl, test which was the indication of phenolic compounds. A synthetic melanin showed a sim-
ilar spectrometric characteristics to the pigment extract regarding a characteristic UV absorption between 200-250 nm
and infrared absorptions profiles in the finger print region including absorption peaks at 1701 and 1624 cm™. Its ele-
ment analysis indicated that its atomic copmposition is close to that of DOPA melanin (eumelanin). With the result
of its antioxidant activity in the TNBT (5-thio-2-nitrobenzoic acid) assay, we concluded that the dark brownish
pigment from A. auricula is a melanin-like compound having a powerful antioxidative activity.
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WAL L33 nAEo] WA Mrs =S 93
WolEA 2] 2831 (Hunt & Fogel, 1983), £3], F=
Sago|FoA AAEE S W29 melaning 23} THA}
AEEA 23 9RO ZHE AAE BRI JTs
sto] 2 8+a] % th(Mironenko et al., 2000).

°] & melanine |35 F(phenolic)¢} $1%E F(indolic) 43
o) ald HFgow WAEE TRA Aol thLiu &

Simon, 2003). 2= A I - ofYA|Th =
3l A A Q5 slekd E”o) U3k AL X1 A
o] Ay=HS 73IA7IthBell & Wheeler, 1986). 53], =}
M, AR F AbstA ] PAS AU, FE458 24
sl Aslek A (redox  buffer)Z2A %= ZHR-3TH
(Nosanchuk & Casadevall, 2003). w2tx AMEA F2 o
b= A me]anin—o— ksl myg=Rg3e B2, AIDS
ABAZA ] & T AT Ao diide] = At
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(Tu et al., 2008; Montefiori & Zhou, 1991).
A HH melanin 2N EE AL F, AL
R, TR FE5A](Osmanthus fragrans) 52 &0y H
A 22 47 FHel Aol o]&H i AtNicolaus,
1968; Zherebin et al., 1982; Xu et al.,, 2005; Wang et al.,
2006). °]F X TF melanine WAl o] AYHF3FHA] A
She M JEOFE A Al Eu} Afolo] 9]X]ate] A
29 F2E FA8 Tt 470 we o 79
melaning A4 3t=d], AddF L ESHAFE

7, shvke]

] 7-¢-ell=
1,8-dihydroxy napthalene(DHN) melanin, ~L2] 3. B2l
= =2 L-dihydroxy phenylalanine(DOPA)©] 4} glutaminyl
1-3,4 dihydroxy benzene(GDHB) melaninS 33 $Hc}(Elliott
1995; Bell & Wheeler 1986; Henson et al., 1999). &, o]&
melanin®] FR{H< A4E AR oo mep FEF o,

DHN melanin polyketide &4 Z=E o|&sh= ¥4, 1
9]9] melanin tyrosinase, laccase, catacholase 52
phenoloxidase®l] 2]&ll $4 ®th(Joshua et al., 2003). A}

A & 2AAA = o9} o] HdE melanind] 25 S
< YA =W, EHQ Ao ZE FEHA, =l A
27 Al So] LA AtHHarki et al., 1997; Selvakumar
et al., 2008; Babitskaya et al, 2000).

BEA 7 §71AERE QoA E o|E MAAdRe 1
e A E A wek AF, oF U SAE Al 2
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A 2A FE LIS o] &H L At FHZoll= A T
SN0l anthocyanin & tanninA] AAEo] 2] W 24
ey =3 ‘/]‘E}lﬁb 7o 7 gaA Ad3F 9 sz Halo]
0 2ZFHI JdE AAo]thHsu & Guo, 2002). 53],
S A A4 o) 7:10‘_ %9 AEVR 9] s =& ]‘ﬁ"i
A AR ofof SH= EOIUA T A S ES] 7]
Alglso] g Ao EN S| Ae I AL )
o HEolgolM 2 = uie} Pol, 03]l 4o 7
HE Hole &H|Fo] sold AAo]tHChung & Lee,
2003).

oje} #Hste] H5o] WAl AdAle FANE HH,
Lt HFadE g AREO] AR A
A7 we wvd vt gink

whebd S4)2 el Tl o] 3z R w4
3% 5 FF o] M AYH o|§9 o} S A
W) SIS ol ol el A2AE sl

o

e ol

A% 5 ES Fo] Ml AU

= o
)
off
X
sy
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Aol A Sz Ao FAgEte] ok §3 2 &5
AL ATsien, o|ZFH o] MA7} melanin-like &3

o 7FsAd ol FFE AT

2 AFeM s o] H gk Heoll Ztate] o] MAl A A
2HE S MAs e, ZAskaL, o] *”/\9] %ﬂﬁ}a
H QAE Al 45k, ok&d, o]9 FitslsS
TNB(5-thio-2-nitrobenzoic acid)H ol ]3] 5_/\]—0} Gk

M=
oAz AgE Axd Z&o] wAlolH, = 194
abol AL A FAT AL (F)FRIFZZRE Ao} AL

SZIA Mao| == al K|
Anbz oz oA Aitse depd Hie] 5 9

HH (Sava et al,, 2001)& th& %5&0}04 Fig. 132} 7+
o] 4N MAZ BHIsPTh = (100 mesh)
A& 50gS 1M KOH €9 1L 7} =gl %‘%ﬂmﬂ 4
37, autoclaveol A 100°CE 2417+ F¢t =31t F&59
< 10,000xgol A 108 7+ YA E2](Hanil Co., Super 25K,
Incheon, Korea)3}l o, 5o <F 2ufake] 2N HCI
(Dae Jung Chemical & Metal Co. Ltd., Seoul, Korea, &
% 35%) €98 71Eke] pH 1.0-1.57F == &3, IAd

b=

A2 A4 el A FAES AT 4719 6 N
HCl &4 1

gl 100 mLS M7k &, utoclaveoﬂfﬂ 100°CE 2
A7 Bt Aglste] ghrstE 9w S A ASH A ok
Al o E+-2(Dae Jung Chemical & Metal Co. Ltd, Seoul,
Korea, &% 95%) 2 ZZ=Z X E(Junsei Chemical Co.
Ltd, Tokyo, Japan, =% 99%)2.2 AW AHAE-S A A3
3L, 2N HCl §4o=2 APA Ao =8 S/TE
7Vl AlAe & 54 AxXste 244 A A (melanin-like
pigment) A/ 55 AUt A|FE desiccatorol] R THS}HA
Ao ARSI

sfers| Ha A
Tomas(1955), Elinov et al.(1976) ¥ Lyakh(1981)7} A A|
St melanin®] 2] 7}A] 3184 EA ol th3s] melanin-like
pigment ¢} synthetic dopa melanin® 2 H]_LL A& skt |
A, &S S7T, 359 F718 IS, veE, opAl
=) 2 gz o] AlEE I mgml =2 F71E U2,
IXNZE &Rt =505 o 8ol galE Aad] FE - EE
AR 230 nmel A o] 2 EE S5kl A48T
H,0, AtsiA|el ¢t AFshih-g-2 0.1 M phosphate buffer
(pH 8.0)° 0.1%Z AIEE =21 ¥, 10% H,0,5 M7t
of 24A7F B ALOlN WA T BT 3t B2
stk &, K,.CrO, AFshAlol] )&k 4bsiuh-g-2 01N
NaOH &4l 0.01%% A EE =< ¥, 11 mmol/g K,CrO,
A7Vl AFeold WAsaL, Al A RE &<t

g , 94 €

dEEATE 9, ZEdsel] e AN koAt
TUg 2704 K,Cro, tAl 0.5% FeCl,E 37tk 2
;ﬂoqllj“% 11’ -ﬂ_—é'o]—)\,\

UV ATEZ EA

dojx A7} el (synthetic dopa melanin, Sigma
Co., St. Louis, MO, USA)S 0.1 M phosphate buffer(pH
8.0y ¥ F EFFEA(UV-Vis  spectrophotometer,
Varian CarylE, Sydney, Australia)Z 200-600 nmol|A] F=A}
(scanning)dte] UV FF2HERS AUt

FT-IR AHER 2A

FT-IR(Fourier transformed infra red) spectra:= melanin-
like pigment ¢} synthetic dopa melaning 22} 2mg &
3k KBr disc® ZAstZ 3cem'e dAEZE  Bio-Rad
Model Excaliber Series(Bio Rad, Cambridge, USA) 7]71&
AR5} 4,000-500 cm™ H 1 = A A

24 M (elemental analysis)
:‘

YaEAS AE 2 ddede] A4 FHC H, N, S
2 0)2 elemental analyzer(Fisons EA 1108, Milan, Italy)
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£ AHE-ste] A5
SIS #4429 =SX(TNB method)

A& ¢} 34 2l (synthetic dopa melanin, Sigma Co.,
St Louis, MO, USA)2] dF4tst &44-2 Ching et al.(1994)
o] Bk ¥|wA Zhaslal Al4sk TNB Wel wet &
A3ttt o] WH-2 ARSHAI(H,0,) &A1 3tellA] TNB(5-
thio-2-nitrobenzoic acid)2] AFs}E AA]7]+= scavengere]
A5 SHste 2122, TNBE= 5mM EDTAE i3t
50mM sodium phosphate buffer(pH 6.6)& ©]-8& 3}
ImM DTNB (Sigma Co., St Louis, MO, USA) &g
THE o, 7)o 20 mM sodim borohydrideE 3 7}3kaL

37°COllA 303 &<F W8t Azttt ¢§/dE TNBO
ETEE 412mmol X 8] FHRE ghe g ALtEien, A
Aol ARE F3% AlS e W2 13,600 mol/L-emE AR
A THWu et al., 2008).

2FsHAIQ1 100 uM H, 0,00 5= (20-100 pg/mL)Z EH]

A g gEEtd S ¥ i #F 597} 1mLo] =
30 uM TNBE ¥ TME} olE F&d] T F,

, TNB 43

> jo oy [ oloom b r&ﬁ

2 - ol
Z -t
SZAH Miaol Fa(et M|
SEolo] AAAZRE S MAELS 3] 9
8 S&o] WAl Az AAA (100 mesh)oll 352 #7] &
o (OFA1E, dlehE, WErS) 9 4] g2 Sul(GAkshy
Ef, FASEE, SV ER, BREER)E AF2olA 1117

Bt 3%, 2otk ARstAE wgtort, AHgE =
£ f718ml e Akl F2o]

" (KOH, NaOH) A& S244 i FFo] SUo=
= At

wEbr] MAGEe FE SWlE g &l 1M
KOHE A4 3i o™, 100°CoAA 2A17F 5ot &, Hals)
Qrk. E, Wapde Ak golo] Bgiolme A Id 2
A 7}TTOH e B 2 FA 48 AXtHHarki et al,
1997). whebA 28 =ke] 1, 2, 3, 4 2 5N HCIZ ©]-&3}o]
FET A FEHS 4 o8 ARAANAeH, 1 Az
A 2EIEA = &9 gur 2N HCl & o]
A7S Bk ojd], A H7F & §¢] pHe 1.0-1.5 ¥
20121t} Sava et al(2001)8] B wie} HEHow o
W g S AAGA ol9F o] Aol A RE A

AR S, olF HA e N E
HeR AT

Fig. 19] ¥4l we} dojzl 4 TE&
2 % 061%°1ReH, o] e HAL MEFEL] pure
melanin &(0.34%) 2.t =3O 1 (Wang et al.,, 2006),

Fig. 19l &gt

JAl | Mamde

Auricularia black auricula (dried fruit bodies)

Grinding (100 mesh)

Powdered fruit body ( S0 g)

Extraction with 1M KOH( pH 10.5,100T , 2 hr)

l— Cooling

Centrifugation ( 10,000Xg, 10 min)

Precipitate

Supernatant

Precipitation with two folds volume of 2 N HCI (pH 1.0

v

Cold overnight (4°C)

Repeatedly centrifugation

!

Precipitate

Supernatant

Hydrolysis(6 N HCI),

—  Extraction with organic solvents (Ethanol)

and repeated precipitation(2 N HCI)

Melanin-like pigment (0.61%, w/w)

Fig. 1. Flow diagram for extracting the melanin-like pigment from fruit body of Auricularia auricula
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Table 1. Diagnostic tests for Auricularia auricula and synthetic melanin

Tests

Melanin of Auricularia auricula

Synthetic DOPA melanin

Solubility in H,O at 25°C
Solubility in organic solvents
(ethanol, methanol, acetone, chloroform)
Solubility in 1 M KOH at 100°C
Reaction to oxidizing test
- 10% H,0, (24 hr)

- K,CrO, 11 mmol/g
Precipitation by 2 N HCI
Reaction for polyphenols with FeCl,

+ +

+ +

+ +
+at pH 2.0 +at pH 2.0

+ +

+Positive response.
-Negative response.

£(12-136%) Hole @
S 7k HeloltH(Sava et al., 2001). A|F7HA] Hd 2
E 2 rAdES 53 4ol melanin®] FE 5 0.34-
2.97% H$] o] tH(Wang et al., 2006; Xu et al., 2005).

Z}(tea)ZF-E] melanic pigment

sfstx| =
Tomas(1955), Elinov et al(1976), Lyakh(1981) %

Casadevall et al.(2000)9] B3 AMNS EUIZ 3}8Hd] ®F
HheS B3 8% AMA ARLS AXEa dojR A F59

o= o=
a}318 542 2AEHE0m, 7 A3 Table 13} Pk,
NEE FRE D A71800E B8O 1M

12

KOH(100°C) &M= &al =tk &, H,0, % K,Cro,
59 AskA|o] ol e E o], Alg & TFo TS
A wE HHo R WalEe BRY & ATk E 2N

A7tk pH 2.0 ©]st7t =™ A58 OH»—O—ET
=do] w7 Hge] A=A, 53], FeCl,]
e AR o] WA BHYO RN B a7}
= Ao AnEglon, dA= &7
A3, 236. O+6 30 mg/g«] =S Zay)
’B

s

]
o,
Oft
2 ;g

2 4

A

H
o
® o
IS
;
_{
.
l

Jo
>~
Rl
i
i
re
>,\1

o= JJrDPo} 1ﬂf(Casadevall et

AYERE A7
AR 98 &
A depd S vu T2 BEEEAE ol& 6}04 200-600 nm
ol AL, 7 A= Fig. 29k 2t

ARE UV 55 & EHE spo] Frtds
ol Aol AX¥(linear) o2 7HAslgl o, UV
250 nm)AllA] et F5E B AFAA 77 2
I %) 5} 0 H (Bell and Wheeler, 1986), =<1 g4 de}
UaE vf-9- FAFskeich

SHA, Daniel(1938) Hetde] 54 o2 yv 2 EH
B2 A, 34 vs. §3 % 22%k(log absorbance) L2 Z7}

Mg zElH, 71€7] Fel -0.00159F -0.0030 912 &
ol 717l %<& Adv SHATHChet et al, 1967;
Ravishankar et al. 1995; Bartnicki-Garcia and Reyes,
1964)

0.8 \ Synthetic melanin
'\ — - — Sample pigment
g 06
-1
z
g
< 04
<
02

200 250 300 350 400 450 500 550 600
Wavelength (nm)

Fig. 2. UV spectra of sample pigment and synthefic melanim

0
0.2 ——  Synthetic melanin
=-=-+ A auricula pigment
g 04
«
=
£
2 0.6
= y =-0.002x + 0.189
on 2
5 _ ‘N R =0.9751
S 08 F y——0.9019x+0.0858 -3
R’ =0.9766
-1 + N

280 330 380 430 480 530 580 630
Wavelength (nm)

Fig. 3. A plot of log optical density against wavelength
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Fig. 4. Intra-red spectrum (transmittance and absorbance) of
brownish black pigment from Auwricularia auricula (a) and
synthetic melanin (b)

AN gl zHzF -0.002 2 -0.00198 72| FL3 &9 7]
&7 & YeERATE Ellis & Griffiths (1974)2] H.310)
w2, Epicoccum nigrum® SEXEA}S] WAL 0.001
o] 71€7] %<& YERNW, Harki et al.(1997)% Tuber
melanisporum®] AR A FZ¢ Haldo] -0.0022] 7]
7] & Ao sk

2 A8 7187] % olEH A dAEte S5 H
Aol S MR depd §AF A4S glsklth
FT-IR & AHEY 24

dahd AR G5 28 - A" Ak e

a
F25 B4L 9] 9 FLIR 29 =82

o, I A= Fig. 49 YeERAAT

agels B whsh 7], -OH 7l$k -NH, 7]¢|
stretching &3] 37} 224 28] o]F = o] Yeh=
depde] 5ol 3,200-3,400 cm'o A o] 7t

S 2=

oA e 42 BHAL, 2 9 =0 AEHFoeR I
HEE 1700 cm™ F22 F57F 2= A hFilip et al.,
1974; Schnitzer and Neyroud, 1975; Paim et al., 1990;
Russell et al., 1983). A& (a)2 thx7¢ D (b)S
Hwell S o, Eebde] Z9dl= C-H stretching %
ol dojuA] eke Ag A9t e FAFSE peak FHE H
Atk 2 AR o]#e IR T 542 AFHA #7 2
ghde] Bue 543 & I sh(Bilinska, 1996).

=

& AEM (elemental analysis)e| S

] - AAE A4 A8 e T8-S 218
stem, 2 AxE 4 Fdebd Hlaste]
HeRl AT

AlEe C, H, N ¥ 0= 7Zt7Z}t 5552, 5.72, 592 &
30.04%%1 WHA, $gdEide] ¢ H, N ¥ o 77
49.61, 2.98, 6.59 = 3828%% A|F7+e] & Ao|E Ho|X
ottt £ A5 YAaFA2 S2WHA(Tuber melanosporum
vitye] HERA(C: H: N: 0=2.10: 420: 6.16: 28.31%)% ©j
¢ AL A WH(Harki et al., 1997) %o] WAlS] EAIE
e 28 d "@EPd(C: H: N: 0=57.9: 3.8: 8.8: 0%)
Fe= 2polE HYTHRast et al, 1981). o] $EHA 2
FEo] 2ol Wepbd2 717 DOPA % GHB melanin®
2 o4 ch(Harki et al., 1997; Rast et al. 1981). w2}
Al Al&= DOPA Hebdel Zlog B &+ e, o=
AE 25 S UAE TRl A 22 Ade & dA
st} dwtd o2 dWEhde FA pheomelanin eumelanin
(DOPA melanin)©. 2 &3h=t], AAe =2 S TS A
e ¥, 3231 S 948 SHEA Aoz dHA
SITHTu et al., 2008).

S, A F® M 7 Y949 H(C/H, CN ® O/C

Z1zF 0.81, 10.94 2 04191 W, 3HA Hahde]

A5 139, 878 % 0582 A|87He AolZ B &
3], C/H ratio?] =Fol7} Z=dl, ©]+= Kukulyanskaya
al.(2002)0] &3 M A A& o)A aromatic ring T3]
Fo] =25 vt A AR Aie g Wepdat
ul3E7FA] 2 eumelanin(DOPA melanin)©] A % aromatic ring

TE7F M E T2 o2 A7E T

RESRR

Table 2¢1|

[SIACN
o -

ratio)=

et

3}
=

T
(Bilinska, 1996)¢} C-H stretching X&°] dojub=  TNB Holl 2|5t ghtst &by
2900 cm’! H-Zol M &7 #EEHUC. I aromatic WS ortho-0|E44 8t 29| WekE 23| & o] F
C=C, C=0 ¥ COO- 1&g EFst= 1620-1650cm™ - ¥, &34 2E#H 20 o8] Wdsh= fal Atngs A7
Table 2. Elemental composition analytical data of melanin
Mass (%) Atomic ratio
Samples
C H N (0] S CH C/N o/C
Auricularia auricula pigment 55.52 5.72 5.92 30.04 0 0.81 10.94 0.41
Synthetic DOPA melanin 49.61 2.98 6.59 38.28 0 1.39 8.78 0.58
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B Synthetic melanin

WA auricula

TNB content (%)

[~
=]

20 40 80 100
Pigment concentration (ug/mL)

Fig. 5. Antioxidant activity of A. auricula pigment and synthetic
dopa melanin at concentrations of 20, 40, 80, and 100 pg/mL in
the presence of H,O,

3l redox buffer24 ] kS =3 3ch(Bell & Wheeler,
1986). weba] 8l Ak Foll ek A& &0 v E2v ]
o 2] melanized Cryptococcus neoformans M ES] 73
nonmelanized A 3Zo] H]sjA AkAo} Ao =-H- ‘j/]":]%}
A st A ik 10u o] ASES 2= FoRE HiwQ]
TH(Nosanchuk & Casadevall, 2003).
uebs, ROS 2htjzel] RIZHe TNBS o]-8-8fe] d4ts
G4E SAHR e, 2 3= Fig 53 At o] A=
A8
H] 3

i‘l

TNB £9& 7122 3lod 2kslAel H0,9 tid °]
PiratsS E TNB FH(%) 02 tEpd Ao vl

TR RS ARl
agelA B npel 3ol AlE H7be] sk
20-100 ug/mLAlA FEoEH o2 F715te], 20 ug/mLell

H 62%2]1 210 40 pg/mLAlAE 88%, 100 pg/mLol|A]
= 95%=2 =715} . A8 AiAE dgdalde vl

AR BE & FolA ditskse U £ FES B
t} 53], A8 % 100 pg/mLolA ] & &ﬁ}”(95%)~
:‘}T‘E =9 Aspergillus nidulansZ5-8 FZ&3F dzhd
i85 (353%) 2t Wl =2 Fholw, Hypoxylon
archerli—rﬂ T4 dahde] &4heE(80.95%) Tt =
2 S Z(Goncalves & Pombeiro-Sponchiado, 2005; Wu
et al., 2008), "j-%- -3+ FA3sS ke 5L B
S, AIZE At wE tskse] Wske Fig 63 2
o AIEE BA B3 SHRTE ¥ dx2edAe 102
k] 3.0221 mmol/L'min =2 WE=4 TNB $HaFo] 54
3] graste] A9 ool =2t AT, A RE %47}?‘&
o= 102704 0.0882 mmol/L'min 52 72 TN
shafo] f-AE Tt 10208 AFolel 0.6324 mmol/L-min®] &
T2 AU Al 20301 Abole]  @hRbgh ZRA
(0.2426 mmol/L'min)7} & oy} 30% 16011% 24 g TNB
FFS Uehliglen, ojuo] itsks2 66.67%C1et. 1

o & 38
olo
o

~
g

=l

=]
E

8

Q

=]

8 —— A, auricula pigment
2 —{ Authentic melanin

5t —o—Control

0 5 10 15 20 25 30
Time (min)

Fig. 6. Dynamic curves of TNB consumption in the presence of
100 pg/mL A. auricula pigment and synthetic dopa melanin in
H202

A, gAaddatde] ASole TNB ol 108 7HA
0.3456 mmol/L'min &=2 93] A E T 10208 A}
ool A|8&} H|S=3F £5(0.6912 mmol/L-min)E 7F43he]
20-30% Alolel] ThA] 0.2574 mmol/L'min X2 QFUPSHX%
30 o] % dAT #e FA8 56.67%2] FAitsteS
eI wEbd 2 Al 8= TNBO tial A7) J*Jﬁ}
T2 Y= =2 84S AV E o E AZE A

4 =

=232

o] & % 2N HCl 99 JAE Faf Hasd
o} olw o] &2 0.61%C1ATh M AEZH-L AFsAI(H,0,)
of &gk A WsHEA A, Aol &gk IS, F718
ol theh B84 2 dZAEuel it & ToE
melanin?} &Y 31545 AW 2H, FeClel ek A2t
A ZARESe oA HlEFRE 2 A0 E e B,
A5 UV &4 2HE-LS UV 9 9(200-250 nm)oll A

3t 45 HolH, wavelength vs. log absorbance L2
zeo] 71€7] #ol 59 A -0.00195 vepfe] A<
melanin®] UV & 29 EY 545 HATh o2, IR &
HEHJM= -OH @ -NH, 9] 3275cm™ peak 3 aromatic
C=C, C=0 ¥ COO- 152 XE3}Is}l= 1620-1650 cm™ F-°]]
A 738k S5 Ho] 4 melanind 5L 3 542 BT
A4EA Aot G H, 0 ¥ Ne| 7H2}F 5552, 5.72, 30.04 3
5.92%% VFEFROL, SO o] UEREA] ot AR e
eumelanin®] 20 & sl =t} 3, A|F¢] TNBS o] &
3k ﬂ/‘Pi} A4 NE FE 100 pg/mLOﬂH 95%2] Ul
rtstsS Haiow, BlawA A7k St 3Hatks)

—[o

E‘_ \__
o] FAE 308 A FolE 66.67%2] FAtstee B
ol ZLoE YEyh.
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2 ATe 2507 R e} s=td e Tl A Al
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on, olo] A=Y
Ho=23
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