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Acridine (benzob]quinoling)e cod tardllA] HzxE E®
|49 FAIAR duol R oA Az dEE ARR-ET
(11). Acridine2 371, &, 34, BEAE, Ak, H 5
ThFSE oA w1 (21, 22) AEA ] 54, B0, 719,
&E A e felle 222 4EA Ao Acridine®
Salmonella typhimurium®} Chinese hamster A|322] GAAE
o|A17]131(15, 23), 53] FEolME R ofF9] Ao FH = o
EAdA SiE 71 R opel JE0E 3] AR o

AE=mZ2F7] S AAlstaL ﬁEZE@r th‘ﬁ‘, Zu 59
fres Fole 5 FAE A Aze daFs 713TH2, 3, 13).

Laccase (EC 1.1032)= —?ﬂ( E@"él—‘:— polyphenol oxidase
2 I/, AE, &% 5 3 Z3th(16). 3] lignin
< sk FA9 ligning: E3lst= %—Oﬂ o] EAgt
Laccase= lignin®] A3Hd, 21&2 Az o] Za,
) ﬁ?z}(sclerotization)* okt 715
g 7155 WIPSE A (aromatic substancesH 2Fake} wdol
Arhd, 14, 24). 1L} o]&dt Aksle] k= wjg- e 4 9
o ARlole wopske 2 283 4= gt olE 51 AEY
laccase= monolignolsS 4+3}3te] polymeric ligninsS A435h=
o] Rksto] wlARLS O] |accases ligning alstal E5ds
ghet. HZo lignin A2 llA laccase A/37 A& oist
o AHE FHA=H(7) laccase= phenolic 7] 2oy aromatic
amine?} 22 EFAES 4H8lslal YA 22 nonphendlic 33HE
< AksksiA|

Far skt 2@y 2ol mediatorgtal sh=
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ABA = 31gHEo] £4) 314 laccase’} nonphenolic 3HHE-S-
F3tate] A3 aomatic lignin modd 3HEE-S ARt 4=
ATH= Zlo] RaEUThd). ole} 22 laccasemediator 7]'d 2]
27 a0l Sfslel )7 (retica) 2 A8 ARG o)
RS AL HolTk. o2 AAE Helvle AsEAg
Xﬂ(redox mediaton)2 2H-8-51o] laccase?] 712 0] opd thE 3}t

E5 Ahsleitte Aolt) #odle Hx9 laccae?] mediator=
*F%% 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
2} 1-hydroxybenzotriazole (HBT), violuric acid (V10), 181l
N-hydroxyacetanilide (NHA) 53 22 ¥ mediaorse} aceto-
syringone, syringaldehyde, 4-hydroxybenzoic acid, 22| 3L aniline
T 22 A medigorsS ©]-8-3t nonphenolic =& 418712}
A7} A FPE L JTh5, 12). 531, Egget S8R T4
%A Al (Pycnoporus cinnabarinus)ol| 4] laccase®] mediator?] 3
hydroxyanthranilic acid (3-HAA)7} AAFES 93w o] 3
mediator 3}ol A laccases’} veratryl acohol=} 1,2-diarylpropane-
1,3-diol#} 72 nonphenalic lignin moddl 3F3E-< k818 4= 9l
thal B asketh

b 2 AFANME laccasedt 3HAAS k= F249
HA(P. cinnabarinus SCH-3)2 ©]-8-3}od AAol #3013t acridine
< oJgA Aste=AIE ARSI

al
ES

HpEH
oH-d

F24HW Al (Pycnoporus cinnabarinus SCH-
3ol A3t BHT WARFHREN
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i<k Zof lignin peroxidass, Mn-dependent peroxidese, tyrosinase
55 HiA 2 ALkelA] 9ar Theke) laccasee}t =HA#e] peroxidase
< ke TFo]tH20).

52 A9l A8 vl Potato Dextrose Agar (PDA, Difco)
HiR] O] Ftol L] FAKIE HEste] 28°CollA] 87t vk
gt & RS AFSte] EA} AN (9.6x107 sporedml)S TR,
RS FTYSE ALESIHT w59 w2 Eggert 5(10)<]
] 2)(3g glucose, 1g KH,PO,, 0269 NaH,PO,, 03179 (NH,),SO,,
059 MgSO, - 7H,0, 2.2g C,H.0,, 0.5mg CuSO, - 5H,0, 74 mg
CaCl, - 2H,0, 06 mg ZnSO, + 7H,0, 0.5 mg FeSO, + 7H,0, 0.5 mg
MnSO, - 4H,0, 0.1 mg CoCl, - 6H,0, 1,000 ml DW, pH 45)Z
718u) R 2 ARR-Ele] A E 10 mE FES T F e
(Operon-S1-130C)ell A 28°C, 100 rpmo-=2 Hjkatsact.

Laccase M A|

Laccase®] AAl= H 5(20)9] WHol whel AAlSks) 71
v R A 8A7E v S wl S 4T (4°C, 15,000 rpm, 10
min)alal 25998 milipore filter (0.45 pm filter)= J7}3}dct.
I % o3RS ltrafiltration system (10,000 Da membrane,
Amicon 8400 AMgEle] 6 ME 53 & SHFE A& F
213}a1, 50 mM potassum phosphate £+5-9(pH 6.0, KPB)O.2
ANEA sTE FA9S FUS Fdoz HYslE DEAE-
cdlulose column (1x15 cm)oll A8k 50 mM3} 100 mM KPB
(PH 6.0)2 GAIH g g3l 03 m/ming 8% A &
=9 29 7kt laccased] A4S Uehlle 85 85 A
SkaL ultrafiltration systemS ©]-8-35ko] 3 mlZ F=3F

Acridine 2k}

&% 500 ml AZEER~F 100 mie] 7]EMAE ¥ 1 ml
o] ZAHERNS HFste] 2¢zt JBuFSE & 01 mM
acridineS Z7Fetdth L & 2 1Mo 2 1 ml wjddS AH
3to] 4 ml ethyl acetate (EA)E 5=, oZHPVDF syringe filter,
045 pm, Whatman)te] Bl kil A2] acridine2] A3l =S
HPLCZ #3319t} 38 AAE laccase’} acridineS 42H}sl=
AZ B21817] ste] wh3-H[0.1 mM acridine, 50 mM sodium
tartrate buffer (pH 3.0), 0.4 U/ml laccased S A|Z3 3 1 mM
2,2"-azino-his-(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS)Y 1
mM 3-hydroxyanthranilic acid (3-HAA)YS Z+zt 3713 AT
(experiment)?} ABTSH 3HAAE H71SHA] 22 o=+ (control)
£ ARg-3te] 244131 BhG- AZ] F RE3E-S HPLCE 493151t

3HAA d43 CAS| &Y

T2 vt FA ol viAWel 3-HAAS} cinnabarinic acid
(CA)] S ZAFSH] flste] 5 100 ml 78] =2 ol A
g slA 2 7HA o= wigddS AjFH st 4°CollA 108
7+ 15,000 rpmo.Z YR T AeAE UV-EBBTAE
o]-g-3fe] 200014 600 nHA1e] FREE SA3taL, sAl 4
S9S EAR AP sle] HPLCE A #3lgict 3 AsdS

Laccasedll 23} acridine A3} 111

Freeze dryer ED5508 (ED5508, llshin Lab Co)Z2 &3 ¥ &
=55 mehandlZ 59 TLCE slica gd plate (GF grade,
Uniplate, Andtech) (200x200 mm)ell & 3}e]  butanol:acetic
acid:water (4:2:1)= A7 ste] EA3519c)

Hjokad Fol] WAMElE 3-HAAYE CAR A3E] =22 218}
7] 918 1 mM 3-HAAS} gAE laccase (400 U/myE 50 mM
sodium tartrate buffer (pH 3.0)°14 HH-A]Z1 & HPLCE £
=

M
A

g WiANY =S dinitrosdicylic acid ¥ (18)2
Z =431} Laccase 842 ABTSS 7|12 E ARE-31] Niku-
Paavola 5(19)9] #Ho R A3 B4 49 wele 17
Zb 1 pMe] ABTSE 2bstehet] ARS-E f4-0] o= FAISH
o). Acridine?} acridone?] “d#-2 Sigma A2 acridineZ} Aldrich
A}e] 9(10H)-acridones ¥FFE 02 A3k HPLC (shimadzu,
SPD-10A)2 E-A31c}. A@dzAe t23 2t} pBondapak™
C,g revers phase column (3.9x300 mm, 5 pm, Waters), 254 nm
oA o]F O 2 acetonitrilewater (85:15, viv)S ©]-&3dl] 1 ml/
min 402 15%7F 24313t

3-HAAYS Aldrich A} AIFS EFFO 2 AME3te] HPLCE
gFetalal, CA= Egget 5(8)°] WHE ARt FR:=o}
HPLCE A st A8k ATE 3-HAASH CAS 45 <I%H
HPLC 22 99} 22 =14 methanol:Water (85:15, V/V)
o]/l 0.086%2] phosphoric acidE H718te] B35}t

HI

2d
=

Ac|

etz o| M3}

P. cinnabarinus SCH-3%2 0.3% EE%9-S ¥3F5t 7| Eul =)ol A
28°CE ZIuhl g 3t o, vl 7)o F-Ao)Q w7} 2
o] AUHA A =TS AX 644 e R Aoz Hal
At Laccase 279 2UFE UERY] AlFfete] HiSF 10900
H12g Jepth 5L AEH 02 AT 3FHAAE
HiF2715E UeRr] Alzste] mjF 4del] HaxE JERd
F43] 745k vl sdoll= E W) figid 3 CA
4897 Tl A&H R F7leIthFg. 1).

fr o

B X|LHOIM acridine 2t5}

Tl 2870l acridines viA|oll H7hgh &, 29 Ao =
Hjetl-s AFHste] acridine?} AFsHERQ] acridoneS HPLCE =
At A}, 7|7 F acridine #jF 49FE 8A71RA] ZA
743811, acridone Bl 6UFE 109714 FA| F7FeAT
(Fig. 2). ¥l Sl acridine] AFsl&-S B laccase 4] =
< o aridine A% w9kt &, 484 0] 27.14 ULY
$of] M-S 2472%G 3 FATA0] 41.81 ULY w) Ak3kS
< 42.49%3TH(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.

Laccase activity (U/L)
Acridone (ug/ml)
Acridine (ng/ml)

0 2 4 6 8 10 12
Incubation day

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

Laccased| 2|8t acridine 25t

Acridine?] laccase®} A A 02 ¥hEs=AE ¢7] fste] P
cinnabarinus SCH-3Z % AA|E laccaseS 50 mM  sodium
tartrate buffer (pH 3.0) §-AllA acridinez} ¥H-3-AJHTEH 1 A3
acridine2 3| acridone®. 2 HZEX] 29dar, 7)o 1 mMY]
3HAAY ABTSE 77}t 37138 W= acridineo] acridone® =
A At} E3] ABTSH 3HAAY 52 Z/HAAS

Kor. J. Microbiol

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

Culturetime Laccaseactivity ~Concentration (g/ml)

(da) (ULL) Ac ap

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 0.828 43.13

AC, acriding; AD, acridone; %, oxidation rate

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

Con 3HAA ABTS
-y — = %

(mM)  AC AD AC AD

0 17.98 0 0 17.87 0 0

0.1 1656 056 3889 1650 093 6207
05 1645 062 4000 941 6.06 70.55
1.0 1649 063 4172 564 971 7856
20 1653 065 4422 002 1484 8254

acridine 2F8}-8-8 Z71319 31 (Table 2), laccase®] 7|H & AFEH
= ABTS 7172 3-HAA I7 B} Akslgo] ) o) =
HcH(Table 3).

HYXILH 3-HAA MMt CA &Y

P. cinnabarinus SCH 9] w59l 3-HAAS} CAS] XA
o|B-Z gpectrophotometer?} TLC, HPLCE o83} gl 2
7}, v e AL 450 nmol| A 3L FEEE YERAIL(Fg. 3)
TLC “JollA 3HAAE R, 0860311, CAE R, 0.62%THFig.
4). 28]3L HPLC “dollA 3-HAA= RT (retention time)”} 3.579]
%131, CAE= RT7} 3.88%tH(Fig. 5).

Table 3. Oxidation of acridine through reaction of 3-HAA or ABTSwith 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 0.43 29.66 10.48 554 73.67
24 17.84 0 0 16.45 0.58 3742 5.64 9.71 78.56
438 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 samplesfrom the cell-free medium of P.
cinnabarinus SCH-3 grown in shake-flask (3 g/L glucose). Spectra
were recorded at 2 day intervalsfrom days 2 to 12.

254 nm

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

365 nm

Cinnabarinic acid (CA) &M

3FHAAZRE CAZ} ARHEAE ¢7] st 3-HAAS 3
AE laccaseZ sodium tartrate buffer (pH 3.0)0llA #8271
HLS-E-9 2)F el HPLCE %AIe A7}, 3HAAZRE CA
Z3E-2 HEgAIZIo] 102U W 65% (0.666 pg/ml), 60
94% (0.963 ug/ml), 1205 w 100% (1.021 ug/m)= 3k
HATHFig. 5).

=T

P. cinnabarinus SCH-37& X x=9°] X33
S wf vjz|e] AL T A A =S AX e

Laccasedll 23} acridine A3} 113

Atten:10

CA 3.88 =
120 min

60 min

400

200

0 2 4 6 min

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 = WMalGalL, laccase®t CAE A& 02 F7bslth 1
231 3FHAAE HS2717E AGE7] Azt Blg 4=
Hiuxo| Tegt & F243] 7rAste] #g 8Y o]Fele A9
a7l gllth(Fg. 1). o9 22 T3 wiYEHE Wile
Eggert 5(8)°] &F2HAustralia, qucendand) P. cinnabarinus PB
5 ©]83l 3IHAAZRE CAZl AT A3S 719
st TE TGN wigdS of FHd uijek
o] A%t =gt (pde yelow)s AX L& A (dak red o= ¥
33k AL B Fe HAS phenoxazinone §-E4%] CA
9] =2 wjFo|gla Budk Ag ) vS=sic),

Acridine BEA o fralgt BH2A A de] Ex3}
H AEA ] vAe dFE thFst gARMER st
McMurtrey 5(1984)2 # ZtollA] FZ3F ddehyde oxidases
acridinedl] WHS-AIZ-S ) acridine®] 9-acridone® 2 %134=| 31, PCB
2 X3t F 7ol FE3 P450 EAe aidineS 23 or 34
dihydrodiol 2 &3-S #Ea1TH17). L8]al Sutherland 5(25)
& avidineS Z&sh= Sabouraud HERR]el A Cunninghamella
gegans (ATCC36112) 5 WIS  acridine®] acridine
trans 1,2-dihydrodiol®} 2-hydroxyacridine®. & gkg-g elslar
28 Zz7|dA el cytochrome P-450 monooxygenase’} acridines:
AFelste] acridine 1,2-oxide® 7138 Aolekal FA5I4). o)<}
Zo] acridine®] A8l acridinedl] F-8-51= 4o wke} thokst
EA=E gL B Aol A Tl 2 Aol iAo Aol
acridine W FAIZEe] el tlEo] 7433l acridonel]
laccase®} S| S718FATE. vl SollA] acridine®] acridone®- 2
AstElE S golr ] ffste] FAIE laccase} acridines ¢+
8o 2R WSAIAS we obFd WA} gl
laccase®} acridine®] &3 whg-dle] 3HAAS FH7HAS W=
acridine acridone® Z 4| Qlti(Table 2 and 3). Th2 $HAC
2 wjgFHeA] CA B4 AAS Lobr 7] 91t P cinnabarinus
SCH-3 Hjd oz HE] AT laccase®t 3-HAAE sodium



114 Hyoun-Su Lee e al.

tatrate buffer (pH 3.0)14 WFEAIZ S W CAZ} AEES &1
S THFig. 5). ol¢t 22 A3 EF+= P cinnabarinus SCH-39]
laccase7} 9] Wi Toll AAFE 3HAAE wiZiA = AME-3to
acridineS acridone® & 4ksllal 3HAAE CA ATEEAES &
Wit} wEbs] 2 AFelA P cinnabarinus SCH-3 T3l &%
acridine 2F8}712-e vl AW 9] laccaseZ} AHAQ] EA) SlollA o
71 AR 4Ale] 3IHAAE Attt 47l1e] 3-HAA radica
S FAstaL a5 2719 3HAA radicadS #Huk3-S E3e] 17]9]
3HAAS}L 1719] o-quinone imines F/d3ttl. 1 ¥ o-quinone
imine& 3-HAAS} Agste] CAZ FA3ITHe, 8, 26). T 3-
HAA radical e BEAZRE 4 radicd™ 2gste] 3-HAAZ
Hi & o2 3HAA radica acridined] 9910l = 49
A2 3] 3-HAAY} Aok 283 BEEAY OH radicdS
acridine®] 99)x]oll =2k} (hydration)=]©] 9-hydroxyacridineo] =
31 o) AkslE|o] A acridone®. 2 HEHE AL ALE HTH
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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 Kored)

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-HA A 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.



