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SHHM (Pycnoporus cinnabarinus SCH-3)°]

Laccased]| 2|5t Acridine 25}

o8l - iRty - 2H5H*
SRS MASiTy st HESkt

Acridine- fungal laccase®] 7] o] opd o] & B-7-8}31 acridine € Pycnoporus cinnabarinus SCH-3 vl ¢} o] 3 7}
3-&) acridone -2 AFB = 9l o} P. cinnabarinus SCH-3 T3 vl ¢} Zo T}89)] laccase$} 3-hydroxyanthranilic
acid (3-HAA)$} cinnabarinic acid (CA)E- A A $1o}. A A € laccase$} acridine-S $+38-f o A] =4 kg1 31 o)
acridine ¥ 3}5 2] kgl 181} laccased] 717 ¢l 2,2'-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS)
1} 3-HAA £ laccase$} acridine &g of] 7}3]-& 7 -$-o] = acridine®] acridone &2 AF3}= g1t} E3] ABTS H
7H 3-HAA A7FF-B.5} acridine Ab3H-0] 2u)] o] A 9tc}. 8 A A 9 laccases} 3-HAAS ¢3 o] A ul-&
AR & 9 3-HAAE CAZ AFH . o] 9} 22 AP ANEL P, cinnabarinus SCH-39] laccase} ¥l & Zol] A At
¥ 3-HAAE vl /) A 2 A48} o] acridine - acridoneo-2 AF8}3} 3L CAE laccased]] 2] 3}e] 3-HAAZ Y E] FA Y

& vepag,
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Acridine (benzo[b]quinoline)} coal tardl|A HZ=Z E&E &
49 FHuAR A5} ¥E ok Az dsg AT
(D). Acridine2 371, B, 3, BFEEE, X3, de 5
TR oA AE 21, 22) AEAC] B4, B, 717,
s A S Qe fEle EEE 9EiA Uk Acridine
Salmonella typhimurium™F Chinese hamster A|¥2] SAAE ¥
oJAI7)1L(15, 23), 53] 5ol e 2E oF) Aol 450
Al S 71E Bt ople} IS UI I AR} o
AE=ZZF WS AABlaL ARSFS BHE, 2ot 59
& Fole T FEAHA A4 93 730H2, 3, 13).

Laccase (EC 1.10.3.2)7 T-8](Cu)E 3= polyphenol oxidase
E I, AE, TF5 Tl A Ex3tH(16). 53] lignin
< Hdske BA9 ligning E3ishs 75 Sl Bo)] &A1)
Laccase= lignin®] AAEAG, 2152} HAA, A BAzH Z3),
Z%9] 78] (sclerotization)s T}UEF 7)%-S ZH=H| laccased] ©]
g 71552 WEE A (aromatic substances)®] A18}s} B o
AT, 14, 24). 2 o]2gh Ak3ke] ke WS tE 4 9
o AAllE e s 28e £ Ut 9F EW AR
laccase™ monolignolsE 4+8}8}od polymeric ligninsE HA3h=
o) whated WS accaser ligning a8ty 2233}
gt H2oll lignin AV TN laccase BT G st
o AAE HAJAEH(7) laccaser phenolic 7]Z o]t} aromatic
amine?} 22 EAEE 23181l YwbE 02 nonphenolic 313HE
< AgfekA] e ok 18y H 2o mediatorgh . s1E
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AEA T e &4 31914 laccase”} nonphenolic 3HHES

X85l BHA3E aromatic lignin model 3}FHES AkgE 4=
A= o] HugArk4). o9 & laccase-mediator 713 <]

TAE Fxol Y5t F817)(redica)E A3}E = ARA 2] 3}
E-S ARk Aot ol¥A AR FElvle AkshEdeA
A (redox mediator)Z Z-8-5}] laccase2] 7] o] obd T 33}
E& Atglette Aoluh H2dle 329 laccase®] mediator®
AME-H 22-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
9} 1-hydroxybenzotriazole (HBT), violuric acid (VIO), ZL&]1L
N-hydroxyacetanilide (NHA) 53 22 $1F mediators2} aceto-
syringone, syringaldehyde, 4-hydroxybenzoic acid, Z12]11 aniline
T 22 A mediatorsS ©]-83F nonphenolic 22 +5}712}
A7t BIsHAl W= 1Tk, 12). 53, Egeert 58 T4
S AWM A (Pycnoporus cinnabarinus)? A] laccase®] mediatorg] 3-
hydroxyanthranilic acid (3-HAA)7} 2SS gh8]31 o]k
mediator 84 laccases7} veratryl alcohol®} 1,2-diarylpropane-
1,3-diol#} #-2 nonphenolic lignin model 3FgE-L A18ke 4= 2
= Ar Rk e

wEpa] H AP M= laccases}t 3-HAAS AYrksh= FA4H
AP cinnabarinus SCH-3yS o]&3tod Aol a3t acridine
< AQA el EAE AR

M=z 3 by
o3 W o
B A} A8 FHEHHA (Pycnoporus cinnabarinus SCH-
[e]

3 1998 A71% RN AH A THE WARFTFEHA
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HF el lignin peroxidase, Mn-dependent peroxidase, tyrosinase
o WAIZ AAReEA] @51 ThEe) laccase$t SAwke] peroxidase
< ks o oh20).

175 Al AMEE wie Potato Dextrose Agar (PDA, Difco)
A9 Tl 2] FAAE HESIA 28°ColM 8UZE Wi
3?— IAE A3t TAL Hehd(9.6x107 SPOICS/ml)Q RhEaL,

Zﬂ% HELoE ARSI 779 wldS Eggert 5(10)9]
A3 g glucose, 1g KH,PO,, 026 g NaH,PO,, 0.317¢g (NH,),S0,,
0.5 ¢ MgSO, + TH,0, 2.2 g C,H,0,, 0.5 mg CuSO, - SH,0, 74 mg
CaCl, - 2H,0, 0.6 mg ZnSO, - TH,0, 0.5 mg FeSO, * 7TH,0, 0.5 mg
MnSO, + 4H,0, 0.1 mg CoCl, - 6H,0, 1,000 ml DW, pH 4.5,%
7V 2 LSt IALEE N 10 miE HET F g
(Operon-SI-130C)*1 A 28°C, 100 rpm 2 vl ksl ATt

::._,l".?l'z:n

Laccase Z |

Laccase®] AT 1 520)2) ol we} Axssct 712
HiR] 4] 8UZE iRt vl S AR 4°C, 15,000 rpm, 10
rnln)"-'TF7 A5NE milipore filter (0.45 um filte= o331},

% AL ultrafiltration system (10,000 Da membrane,

Amicon 8400y AHE3lY] 6 miE =5 &
A13}al, 50 mM potassium phosphate 2= (pH 6.0, KPB)O.2
AFA It BAAE U hFdoz HHY3lH DEAE-
cellulose column (1x15 ecm)ell ZAEZ 50 mM= 100 mM KPB
(pH 6.005 DAIFoZ FHL3ld 03 m/min® £2 At &

H £ 7120 laccased] S Y= 45 288 A
3}3L ultrafiltration systemS- ©]-8-3t] 3 mlE F&390)

THTE 95 F

Acridine 215}

€% 500 ml AH4EER2aAe] 100 mle) 7)1 EEIAE ©3L 1 ml
o ZAHGNG HFate] 247 WS F 01 mM
acridineS F7F81A). 1 £ 2 21402 1 mi wikAS A3
3t 4 ml ethyl acetate (EA)E 2, 9|3(PVDF syringe filter,
0.45 pm, Whatman)dte] BiFHiol ] acridined} AMSlAES
HPLCE £33t} 3H8 AA)H laccase”} acridineS AH8lsle=
A5 ] Aste] HhE-H[0.1 mM acridine, 50 mM sodium
tartrate buffer (pH 3.0), 0.4 U/ml laccase]= A &35 ¥ 1 mM
2,2'-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS)} 1
mM 3-hydroxyanthranilic acid (3-HAAYE 2z} #7pel A8
(experiment)¥} ABTSY} 3- HAA-E—' '47}6]-X] e thZT(control)
2 ALR-ELe] 24271 B A7 & BH2-E-2 HPLCE BEAEgc)

3-HAA @43 CASl &Y

59 wiF B7g Fol wiRUell 3-HAAS} cinnabarinic acid
(CA® BAE ZABH7] A8l FFE2 100 ml 712 x| o] A
RerfeFaten 29 HH02 vl AfFsta] 4oCol A 108
ZF 15000 ipmoE A4ARET & AZAS yv.RGBTAS
o]83te] 200004 600 n7HAS] ER =S A6k, TA|H A

(]

S9S EAE g3l HPLCE AZstgth shy ASo

rulo

Laccaseol] 93}t acridine 28} 111

Freeze dryer ED5508 (ED5508, Ilshin Lab Co)Z 53 & &
%58 methanolZ =] TLCE silica gel plate (GF grade,
Uniplate, Analtech) (200x200 mm)°l] 423} butanol:acetic
acidiwater (4:2:1)E A7N&le] 2819}

vkt Fof AJALE = 3-HAAYL CAR HBHEAS Fels)
7] 93 1 mM 3-HAASH AAE laccase (400 U/ml)g— 50 mM
sodium tartrate buffer (pH 3.0)014] ¥8-A1Z1 & HPLCE £4
Ev =g
24

uiok=o]l vl o] EEFaES dinitrosalicylic acid B (18).8
2 24319} Laccase B4-2 ABTSS 7|12 = AME-81 Niku-
5199 WHo R SAHIL FA B A9 18
7+ 1 uM®] ABTSE ARslsletl] AREE 840 ko E FAISHS
o} Acridine™} acridone®] %2 Sigma A}F9] acridineX} Aldrich
AFe] 9(10H)-acridones EFEH 02 ARESIY] HPLC (shimadzu,
SPD-10A)2 418151 th A3z v £t} uBondapak™
C,s revers phase column (3.9x300 mm, 5 pm, Waters), 254 nm
oA o] FAOE acetonitrile:water (85:15, vivyE ©]83t] 1 ml/
min Tuﬁi 1587 EA8Hct.

Paavola

3-HAASES Aldrich A AEF-S& HEFFO0F ALE3le] HPLCE
4%—5}95@, CA+= Eggert 5(8)% W& AMS3tY §3w9}

HPLCE A#stol ¥A513th 3-HAAS CAY] £48 913
HPLC Z7-& 99} 72 Z7oA methanol:Water (85:15, v/v)
o)A 0.086%2) phosphoric acidE 7 Fshe] BA18153t}.

?=:l

Ac|

b2 ErZ ol st
P. cinnabarinus SCH-35 0.3% Y538 E3gh 71 Eu)=] o)A
28°CE el S92 uf, vik 27l Tl HH wx]7} 2
of AU AT =PAE AH (Aol Re Ao W)
A}, Laccase TA-L 2d¥E e} ]3}0}04 ek 1020
ﬁl 18 Vel 2538 A&A o 74391 3-HAAS
BRI dehs) ASle] W% 49e] A0 vehd
28] Zraste] Mg gdell= ¥ ®is} givich dHH ca
AT Tl A& 02 F7IeISThFg. 1).

BHXILHOIIAM acridine 22}

T 2970l acridineS v o] 5‘47}@ 29 ez
vorl-S- AFHEt acridine®} AF3HEC] acridone® HPLCE &
At Az}, vz 5 acridine BIF 4URE 8U7A] HA
433, acridone Wi 6URE 104714 ZA SV
(Fig 2). Bi%F Foll acridine®] 4Fe}E&-2 HEWH laccase BAdo] =
W acridine AFHEE E9ITE &, EA48A0) 27.14 ULY 7
of Absl&-2 24.72%PaL EAE/J0] 4181 ULY o Ak

42.49% CH(Table 1).
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Fig. 1. Time course of the enzyme activities, glucose, 3-HAA and CA
in the extracellular fluid of P. cinnabarinus SCH-3 grown in the basal

medium. ( ) laccase activity, ( A ) glucose, ( @ ) 3-HAA, (O) CA.
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Fig. 2. Oxidation of acridine in the liquid culture of P. cinnabarinus
SCH-3. ( M ) laccase activity, ( @ ) acridine, ( O ) acridone.

Laccase0| 2|3t acridine 2+3}

Acridine®] laccase®} Z|H Ao =2 v =RE g7) 95k P
cinnabarinus SCH-3ZHE AA R laccaseS 50 mM sodium
tartrate buffer (pH 3.0) 8-Jol| A acridined} ¥HEA|ZTh 1 A=}
acridine 18] acridone 2 AFH A Rk, 7)o 1 mM2
3-HAAY ABTSE 717} H710E Wi acridine®] acridone. &
HABH AL &3] ABTSH 3-HAAY FEE Z/MAAS o

Kor. J. Microbiol

Table 1. Oxidation of acridine in the liquid culture of P. cinnabarinus
SCH-3

Culture time  Laccase activity Concentration (Lg/ml)

(day) (UL) AC ap P

0 0 18 0 0

2 0.13 17.98 0.001 0.06
4 0.64 17.85 0.013 8.85
6 7.48 16.78 0.133 10.85
8 27.14 16.24 0.435 24.72
10 41.81 16.11 0.803 42.49
12 40.51 16.08 43.13

0.828
AC, acridine; AD, acridone; %, oxidation rate ’

Table 2. Effect of mediator concentration on oxidation of acridine in
the incubation with purified laccase and 3-HAA or ABTS

Con 3-HAA ABTS
- — % — g
(mM) AC AD AC AD
0 17.98 0 0 17.87 0 0
0.1 1656 056 3889  16.50 093 62.07
0.5 1645 062 4000 941 606  70.55
1.0 1649 063 4172 564 971 7856
2.0 1653 065 4422 002 1484 8254

acridine AH8}E-& Z7}3}93 3 (Table 2), laccase®] 712 E A5
= ABTS H7H5E 3-HAA H7FF B} A4skgo] 4] ol =
SFTHTable 3).

HiX|LH 3-HAA MM 3t cA Y

P. cinnabarinus SCH T52] W95l 3-HAAS} CAS] A4
oJB-E spectrophotometer®} TLC, HPLCE o]&-3le] 213t 4
7, vl A5 NE 450 nmoll A H3l FREE JeRaFg. 3)
TLC AollA 3-HAAE R, 0860|303, CAE R, 0.62%THFig.
4), 21831 HPLC “J9l~] 3-HAAS RT (retention time)’} 3.579]
213l, CAE RT7} 3.88%THFig. 5).

Table 3. Oxidation of acridine through reaction of 3-HAA or ABTS with purified laccase from P. cinnabarinus SCH-3

Laccase Laccase + 3-HAA Laccase + ABTS
Hour % % %
AC AD AC AD AC AD
17.98 0 0 17.98 0 0 17.76 0 0
17.84 0 0 17.23 0.09 11.69 16.10 1.26 66.32
12 17.85 0 0 16.55 043 29.66 10.48 5.54 73.67
24 17.84 0 0 16.45 0.58 3742 5.64 9.71 78.56
48 17.86 0 0 16.39 0.63 39.13 2.28 13.24 84.22
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Fig. 3. Absorbance spectra of samples from the cell-free medium of P
cinnabarinus SCH-3 grown in shake-flask (3 g/L glucose). Spectra
were recorded at 2 day intervals from days 2 to 12.

254 nm 365 nm

Fig. 4. TLC analysis in the extracellular fluid of P. cinnabarinus SCH-
3 at 2 and 4 day cultures exhibited a single band with an R, value of
HAA (0.86) and CA (0.62).

Cinnabarinic acid (CA) &4

3-HAARRH CA7} AEEAE 27 98te] 3-HAASY A
AE laccaseS sodium tartrate buffer (pH 3.0)0l 4 ¥-3- A7)
F WSES AFSte] HPLCE 24K 23, 3-HAAZRE] CA
B2 ATEE vAIZRe] 102U W 65% (0.666 pg/ml), 60%-Y
o 94% (0.963 pg/ml), 12054 W 100% (1.021 pug/mhE 3t
=H3Ach(Fig. 5).

Laccase®ll 23}t acridine 2K} 113

Abtenild
CA B8 ‘
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Fig. 5. HPLC-profile of the reaction products separated after 0 min, 60
min and 120 min incubation of 3-HAA with purified laccase.
Retention time; 3-HAA (3.57 min), CA (3.88 min).

Ao 2 MG, laccase?} CAT A|EHH O Z7)
2]3L 3-HAAYE WiFR71RE A7) Alste] g
Huxe =gk & FAT] 7HAste] g 8 ole A
A7 gldtkFig. 1. oleF B2 5] wigeE ws)
Eggert 5(8)°] T HAustralia, qucensland) P cinnabarinus PB
TFE o183t 3-HAARRE CAZ} A4 ths 8-S 5719
ato] T E TR ACNA] wkls o FHAY vy
kel

(pale yellow)e A* A2 A (dark red)oZ H

D
ita

o
o

O
N
o

e i it

o] o

T
Ar oorr W

S a1 -2 A2 phenoxazinone F=A Q) CA
=4 ol Birdk A3 vlszsit)

Acridine2 AEA ol 38t 2R A8l de] Bxs)
o AEA rXe d¥E el AT Tkt
McMurtrey 5-(1984)2 F ZtollA F23b aldehyde oxidases
acridinedl] WF2-AZ2 W acridine®] 9-acridone® 2 8511 PCB
2 A3 7 7oA FE8 P450 EAE acridine® 2,3- or 3.4-
dihydrodiol® F&Hgke #ESIITH(17). 18]l Sutherland 5-(25)
< acridine X&3F= Sabouraud BAWNAANA Cunninghamella
elegans (ATCC36112) 755 wl¥aS v acridine®] acridine
trans 1,2-dihydrodiol3} 2-hydroxyacridine®.2 H2HHS 815131
28 27970l cytochrome P-450 monooxygenase”} acridine=
4kelate] acridine 1,2-oxide® [T Aolgtar FA3IHL). o]}
o) acridine®] AF8h= acridinedl] F-E-dh= @4of whe} thekst
EAE FEET B Aol TFelek 2gAol niA]e] Hrisk
acridine-2 BJFAIZES] Ao}l BB AL acridone©]
laccase9} S S7)el ATt vk S0l A acridine®] acridone &
AhstElE S dotry] flste] HAIE laccase$t acridines 2+
ZEAol A A YEEAHE w= ol FY WS AT glRoy
laccase®} acridine®] &3 HFg-No] 3 HAAS H713lE ul=
acridine acridone®-E 4Fs}E SITH(Table 2 and 3). THE FHHo
2 oA CA B4 T delrr] ¥8td P cinnabarinus
SCH-3 Hj%foo g2 RE] AA 3 laccase®t 3-HAAE sodium
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tartrate buffer (pH 3.0)°14 §R&-AIZE w) cAZF HAE S 9l
3l HFig. 5). o9 22 APAI= P cinnabarinus SCH-3)
laccaseZ} T5-2] B Foll AAHE 3-HAAS vi/iA) 2 ARR-3led
acridineZ acridone® E 418}3}31 3-HAAE CA ATEAYS =
weitt. weEb B A7o)X P cinnabarinus SCH-3 T30l <3t
acridine 2F3F71 22 WA laccase7} Aol EA) SlollA T
F7} BT 48] 3-HAAS AIslete] 4709] 3-HAA radical
S FABIAL 2% 209 3-HAA radicale #HMS-S E3lo] 17]9)
3-HAA%} 1719] o-quinone imine& A3} I F o-quinone
imine2 3-HAAS} A3l CAE ¥/43the, 8, 26). 3 3-
HAA radical?2: SRAZHE 22 radical™ 2331 3-HAAR
H3 T thE 3-HAA radicale acridine®] 99)X)ol] Qe 449
A5 #3ted 3-HAAZF Bk 283l EE2Y] OH radical-&
acridine®] 9$9]X|oll 4~2F8}H(hydration)s]®] 9-hydroxyacridine®] |
11 o] AkElE o] B acridone . & AT ALE HT}

HAle| &

o] =2 200603% AT wsAFAA Y sl o
TS
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ABSTRACT : Oxidation of Acridine by Laccase of Pycnoporus cinnabarinus SCH-3
Hyoun-Su Lee, Man-Deuk Han, and Kyung-Ha Yoon* (Department of Life Science, Soon-
chunhyang University, Asan 336-745, Republic of Korea)

Acridine was not a substrate for fungal laccase but it was oxidized to acridone in the culture medium of P, cin-
nabarinus SCH-3. During the cultivation of P. cinnabarinus SCH-3, Laccase was the predominant extracellular
phenoloxidase, and 3-hydroxyanthranilic acid (3-HAA) was produced in the early culture. Cinnabarinic acid
(CA) was observed to accumulate in the culture medium. When P. cinnabarinus was grown in the culture
medium containing acridine, acridine was oxidized to acridone. But when the laccase purified from the culture
medium of P. cinnabarinus directly reacted with acridine in sodium tartrate buffer (pH 3.0), The oxidation of
acridine did not happen. In contrast, when 3-HAA was added to the buffer that was mixed with laccase and acri-
dine, the acridine was oxidized to acridone. While in vitro studies, the CA was formed from 3-HAA in the pres-
ence of purified laccase. The results suggest that the acridine should be oxidized to the acridone through the
mediation of 3-HAA by the laccase in the culture medium of P. cinnabarinus SCH-3.



