PAH (Polycyclic Aromatic Hydrocarbons)
(aromatic ring) 2

3
(derivative) PAH
PAH
PAH
PAH
Alsberg (1985)

PAH 4 1

96 1

Putch ~ Domach (1993)

(carcinogen)
(teratogen)

10 PAH

PAH
PAH

PAH

0.15

PAH

PAHS

PAHs
(mutagen)



1 PAH (Alsherg

PAH (

anthracene

anthanthrene

benzo[Cijanthracene

benzo[a]pyrene

benzo[bfluoranthene  benzo|£ffluoranthene
benzo[g]pyrene

benzo[g/ti] fluoranthene

benzo[g/ijperylene
benzof/]fluoranthene

chrysene

COronene
cyclopentano[cJ]pyrene
fluoranthene
Indeno[123-cd\ fluoranthene
Indeno[l23-a/]pyrene
perylene

phenanthrene

pyrene

. 1985)

0.70
0.75
580
320
545
440
880
945
100
110
925
14
1700
0.60
265
040
215
2950
11685



(.. Environmental

Protection Agency) PAHs 16 1 2
16 8

(Menzic 199) PAHS

n&&mo’

Naptcduiene Acelupicibese Acempnaryleue FJaorerie Anthcscene
Bcnmx,unhnm
mbnnz(x,h.zuhm Indeno(1,2 3-cd]prrene Benzofghilpertiene
CH,
) ‘_‘ “ “ OQ
PEfﬂ' r-ViéHing Dibenzofacan Benzopnaphehol23-dlduoph

LWJM

1 PAHs 16
(Menzic , 199)



2 PAH 16

.. Environmental Protection Agency

(. .EPA19%)

PAH

naphthalene
acenaphthylene
acenaphthene
flourene
phenanthrene
anthracene

pyrene

fluoranthene
benzo[ajanthracene
chrysene
benzo[6]fluoranthene
benzo[c|fluoranthene
benzo[ajpyrene
dibenzofa, b]anthracene

indenofl 2.3 Ql0yrere
benzojghi] perylene

Number of rings

Y OO O U1 Ol Ol B B PEPE 0o LWOwoL LW oLW P

Molecular weight

128
15
14
166
178
178
202
202
28
28
202
252
202
218
216
216



(chemobiokinetics)

PAH PAH

1- hydroxypyrene, benzoMpyrene 7, -8-diol 3 - hydroxybenzoMpyrene
pyrene, benzoMpyrene (Linhachev et al, 1993; Van Rooij et al,
1993) 1 - hydroxypyrene
benzoMpyrene
benzoMpyrene (Buckley and Lioy, 1992; Hecht et al., 1979)
PAH

hamster benzoMpyrene
10

3 (Wolff et al., 1989; Weyand and Bevan, 1986;

1987) PAH Chang (1943)
PAH benzoMpyrene

38 - 58 anthracene 53- 74 phenanthrene 4-7

benz[a]anthracene, chrysene  pyrene
benzManthracene chrysene 16 156
1-2
3-4 (Bartosak et al., 1984)
[uc] - benzoMpyrene
> > > (Withey etal., 1991)
[H] - benzoMpyrene [H] -
benzoMpyrene 2 -8  (Yamazaki and Kakinchi, 1989)
benzoMpyrene benzoMpyrene
(Yamazaki 1987) benzoMpyrene



benzo[a]pyrene

benzo[a]pyrene (Neubert and Tapken, 1988)
naphthalene 3l
naphthalene
naphthalene ' naphthalene 1
naphthalene
PAHS
PAH
PAH
PAH  aromatic hydrocarbon hydroxylase
(AHH) cytochrome P- 450 microsomal enzyme PAH
AHH  epoxide
1 epoxide dihydrodiol epoxide hydrolase
AHH dihydrodiol epoxide  dihydrodiol epoxide
2 tetrads
glutathione (GSH) glutathione - S - transferase glutathione conjugate
mercapturic acid
2 epoxide glutathione - § - transferase
mercapturic acid
3 epoxide phenol, quinine  phenol - diols 3

glucuronic  sulfuric acid glucuronide  sulfate conjugates

(metabolte) ~ PAHSs 450
(cytochrome P450) (OH)
(epoxide)  PAHSs PAHS



(Vo-Dinh, 1989)

(mammalian t oxicity)

PAHSs PAHs
PAHs mouse
1,000 naphthalene mouse
LD 354 - 710 D3  PAHs 3
PAH
anthracene (photosensitivity)
anthracene
(IT11,1982)
chrysene chrysene mouse 0.0125
2 2 (melanocyte)
(Iwata etal., 1981)
naphthalene (hemolytic anemia)
(cataract) 2
5

polymorphonuclear leucocyte  lymphocytes

6 naphthalene 2 naphthalene
114 - 2142
10 (. .EPA 199%)



3 LDY)

anthracene

mouse

benzo[a]pyrene

MOuSe

chiysene

Mouse

fluoranthene

MOuSe

naphthalene

mouse

phenanthrene

pyreng

Mouse

Mouse

PAH

LDjo

18,000
>430

> 1,600

250
50

>320

100
2,000
3,180

354-710

150-400

490-9,430

1,000-1,600

700-1,000
700
56

514-678

Montizaan (1989),
Salamone (1981)

Awogi  Sato (1989),
Salamone (1981)

Montizaan (1989)

Simmon (1979)

Montizaan (1989)
Smyth (1962)
Smyth (1962)

Plasterer (1985),
Shapp (1984)
Sax  Lewis (1984),
Warren (1982),
Plopper (1992)

Montizaan (1989),
Gaines (1969),

. .[EPA (1978)
Bolonova(1967),
Plopper (1992)
Montizaan (1989)
Simmon (1979)
Montizaan (1989)

Salamone (1981)
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(Special toxicity studies)
(biochemical interactions)

PAH
\ L carboxylesterase microsome ,
anthracene, phenanthrene, benz[(janthracene  benzo[tfJpyrene A
carboxylesterase
2. aldehyde dehydrogenase (ADH) (cytosolic enzyme)
ADH
PAH benzo[li(Jpyrene
ADH anthracene, chrysene phenanthrene
(Torronenetal., 1981)
3. aromatic hydrocarbon hydroxylases (AHH) microsomal mixed
function oxidases cytochrome P - 450 AHH PAH
PAH AHH Ah receptor
PAH
(carcinogenicity)
PAH 2
PAH LARC (1999)



2A

2B

PAH  International Agency for Research on Cancer (IARC) (1999)

(probable carcinogenic to humans) 3

benz[aJanthracene
dibenz[a,AJanthracene

benzo[G]pyrene

(possibly carcinogenic to humans) 11

benzo[b]fluoranthene
benzo[AJfluoranthene
dibenzo[«,/z]pyrenc
dibenzo[u,/]pyrene
dibenzo[a,/zJacridine
naphthalene

carcinogenic to humans) - 23

anthracene
benz[clacridine
benzo[a]fluorene
benzo[c]fluorene
benzoMphenanthrene
chrysene
cyclopentalc, Jpyrene
dibenzoffl] anthracene
dibenzol2r, Jpentaphene
fluorene
phenanthrene
triphenylene

PAHS IARC

PAHS

benzof/]fluoranthene
dibenzo[a,e]pyrene
dibenzo[a, ijpyrene
dibenzo[aj]acridine
indeno[1,23-cd\pyrene

, (unclassifiable

benz[a]acridine
benzo[g/zz]fluoranthene
benzo[b]fluorene
benzo[g/zz'perylene
benzo[e]pyrene
coronene
dibenzo[a,/z]acridine
dibenz[u, cjanthracene
dibenzo[a, ] fluoranthene
fluoranthene

perylene
pyrene

13
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(mutagenicity)
PAH PAH
cytochrome P- 450 epoxide DNA
(IPCS, 1998)
/ (potentiation/antagonism)
PAH
PAH nicotine PAH
PAH
PAH PAH
PAH
DNA, RNA
PAH | PAH
PAH (.. DHHS,
1995) benzo[a]pyrene benzo[a]pyrene
PAH benzo[g?]pyrene,
benzo[gA/Jperylene, - fluoranthene pyrene
benzo[a]pyrene benzole], fluoranthene pyrene
benzo[(]pyrene benzo|g/ti]perylene (Van Duuren et al., 1967)
benzo[a]pyrene  DNA (DiGiovanni et

al., 1982; Lauand Baird, 1992; Rice etal., 1986)

(neurotoxicity)

PAH naphthalene

(kemicterus)
(hemolytic anemia) ( . . EPA, 1998)

acenaphthene, anthracene  fluoranthene
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3 PAH 3
(.. EPA, 1998, 1989, b)

(primary irritation)

PAH PAH
anthracene (photosensitivity)
anthracene
anthracene anthracene
1
anthracene
(International
Labour Office, 1983) anthracene
Singha  Chignell (1983) 295
anthracene
mouse anthracene
40
anthracene
(Forbes etal,, 1976)
pyrene
8 5 5
pyrene (Kochevar etal., 1982)
benzo[a]pyrene
benzo[a]pyrene benzo[a]pyrene

PAH

(Cottni and Mazzone, 1939)
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benz[a]anthracene
benz[a]anthracene
(nfiltration)
granulocyte ~ mononuclear cells

(fibroblast)
(fibrosis) (Topping et al., 1978)
(embryotropic action)
PAH
benzoMpyrene mouse benzo[(]pyrene

(MacKenzie and Angevine, 1981)

(immunotoxicity)
PAH benzo[a]pyrene
benzo[a]pyrene
allergic contact hypensensitivity

macrophages, T- cells  B- cells (Blanton etal., 1988; Zhao etal., 1990)

(reproductive toxicology)

PAH PAH 2
acenaphthene, acenaphthene
benzo[a]pyrene acenaphthene mouse
acenaphthene 0- 700
13
acenaphthene 700

| (.. EPA 198%)



benzo[a]pyrene  mouse CD- 1 benzo[a]pyrene
160 10

benzo[a]pyrene 10

(MacKenzie and Angevine, 1981) mouse
Swiss benzo[a]pyrene 133
(Rigdon and Neal, 1965)

(teratogenicity)
PAH
benzo[a]pyrene benzo[a]pyrene

(MacKenzie and Angevine, 1981)

17

PAHs
(chemical decomposition) (photooxidation)
(volatization) (movement by runoff and watertable)
(hioaccumulation) (bioremediiation)
PAHs
(Cemiglia, 1992)
(chemical - physical treatment) (Incineration)

(land disposal)
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1 1137 01"1 ,MB | (e, 199
PAH
naphthalene PAH
.. 2538
2535 naphthalene 2
( 2538)
6( . .2540)

.. 253 PAH 8 benzo[ajanthracene, benzo[ajpyrene,
chrysene, dibenzo[(l,/z]anthracene, dibenzo[G,/Jpyrene, fluoranthene, indeno[l,2,3-ct/]pyrene
naphthalene (toxic hazardous chemicals)

PAH ( )
PAH
(treatment) (disposal)
(chain treatments) PAH
1 (physical
treament) 2. - (physical/chemical treatment) 3.
(chemical treatment) 4. (biological treatment) 5.

(thermal process for treatment andior disposal) 6.
(stabilization/
fixation/solidlification processes) 7. land treatment and/or disposal
8 1 1



(reuse/ recycle)
(solvent recovery) (oil recovery) (acid regeneration)
(metals  recovery) (fuels  blending)

(co - incineration in industrial kilns/fumaces)
(wastes  exchange)

(bioremediation)
PAHs

PAHS
(mineralization)
PAHS (partially transformed)
(Cemiglia, 1992)
PAHs
5 (Cemiglia, 1997)



PAHS
Acenaphthene

Anthracene

Phenanthrene

Fluoranthene

Fluorene

Pyrene

Benz[aJanthracene

Benzo[a]pyrene

Chiysene
Benzo[e]pyrene

20

PAHs (Cemiglia, 1997)

PAHS

Cunninghamella elegans

Bjerkandera sp, Cunninghamella elegans, Naematolomafrowardii, Phanerochaete
chrysosporium, Phanerochaete laevis, Pleurotus ostreatus, Pleurotus sajor-caju,
Ramaria sp, Rhizoctonia solani, Trametes versicolor

Aspergillus niger, Cunninghamella elegans, Naematolomafrowardii,
Phanerochaete chrysosporium, Phanerochaete laevis, Pleurotus ostreatus,
Syncephalastrum racemosum, Trametes versicolor

Cunninghamella elegans, Naematolomafrowardii, Laetiporus sulphureus,
Pénicillium sp, Pleurotus ostreatus

Cunninghamella elegans, Laetiporus sulphureus, Phanerochaete chrysosporium,
Pleurotus ostreatus, Trametes versicolor

Aspergillus niger, Agrocybe aegerita, Candida parapsilopsis, Crinipellis maxima,
Crinipellispemiciosa, Crinipellis stipitaria, Crinipellis zonata, Cunninghamella
elegans, Fusarium oxysporum, Kuehneromyces mutablis, Marasmiellus ramealis,
Marasmius rotula, Mucor sp, Naematolomafrowardii, Pénicillium janczewskii,
Pénicilliumjanthinellum, Phanerochaete chrysosporium, Pleurotus ostreatus,
Syncephalastrum racemosum, Trichoderma harzianum

Candida krusei, Cunninghamella elegans, Phanerochaete chrysosporium,
Phanerochaete laevis, Pleurotus ostreatus, Rhodotorula minuta, Syncephalastrum

racemosum, Trametes versicolor

Aspergillus ochraceus, Bjerkandera adusta, Bjerkandera sp, Candida maltosa,
Candida maltosa, Candida tropicalis, Chrysosporium pannorum, Cunninghamella
elegans, Mortierella verrucosa, Naematolomafrowardii, Neurospora crassa,
Pénicillium janczewskii, Pénicilliumjanthinellum, Phanerochaete chrysosporium,
Phanerochaete laevis, Pleurotus ostreatus, Ramaria sp, Saccharomyces cerevisiae,
Syncephalastrum racemosum, Trametes versicolor, Trichoderma sp, Trichoderma
viride

Cunninghamella elegans, Penicillum janthinellum, Syncephalastrum racemosum

Cunninghamella elegans



Compounds

Acetosyringone

Vanillic acid

1-(3.5-Dimethoxy-4-hydroxyphenyl)-2-
(3.5-dimethoxy-4-ethoxyphenyl)propane-

1.3-diol: p~\ lignin model compound

1-(3.5-Dimethoxy-4-hydroxyphenyl)-2-(2-
methoxyphenyl)-1.3-dihydroxypropane: j3-

04 lignin model compound

4.6-Di(ferf-butyl)guaiacol: aromatic ring

compound

[-(3.4-Dimethoxyphenyl)-2-phenoxy-
ethane-1.2-diol: non-phenolic 3-\ lignin

model compound

Reaction patterns

Single electron transfer

Polymerization

Depolymerization

Ca oxidation
Alkyl-aryl cleavage
Ca-Cf] cleavage

Depolymerization

C a oxidation
Alkyl-aryl cleavage
Ca-Cp cleavage

Ring cleavage

Ca-Cp cleavage
(+ABTS)

6 (Cemiglia, 1997) 2
(Cemiglia, 1997)

Major products

Acetosyringone phenoxy radical
2-Methoxy-6-(2-methoxy-4-carboxyphenyl)-1-4-

benzoquinone

-(3.5-Dimethoxy-4-hydroxyphenyl)-2-(3.5-
dimethoxy-4-ethoxyphenyl)-3-hydroxypropanone
2.6-Dimethoxy-/?-hydroquinone and I-(3.5-
dimethoxy-4-ethoxyphenyl)-3-hydroxypropanal
Syringaldéhyde and I-(3.5-dimethoxy-4-
ethoxyphenyl)-2-hydroxyethanone

1-(3.5-Dimethoxy-4-hydroxyphenyl)-2-(2-
methoxyphenyl)-1-0X0-3-hydroxypropane
2-(2-Methoxyphenyl)-3-hydroxypropanal and 2.6-
dimethoxybenzoguinone

Guaiacol and syringic acid
2.4-Di(ter/-buty)-4-(methoxycarbonylmethyl)-2-
buten-4-olide

Veratraldehyde and benzaldehyde

A /\11



OH/ O-Glucoside
Ijr —= O -G lucuronide
\.

\ O-Sulfate

’f(’*."yf"a'/ Phencl O-Xyloside

j@ L Fi»*

H OH
irans-Dihydrodiol

0. (1 P4D
jse
mmm\\/ hite-rot fungi Ring fisson
MOT lgnirs perckfcases. Hisses

Par 7\ G oxygmest o

Quinone COOH

Bacteria Crhe
fiss

\< 5 A SLG-l IIOH cls ce conic acid
* igenase
/% 4 " Ch 77 OH “Tela OHO

fission
C/S-Dihydrodiol Catechol | OOH
ZSon

2-Hydroxymuconic semialdehyd

Fungi/® Arene oxide

COOH

2 PAHS

PAHS
pyrene 3
Pénicillium glabrum pyrene
pyrene quinones Mycobacterium 9. PYR-1
hydroxyperinaphthenone

22
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P L &

1-Methory pyrene 1-Pyreny1 suifate

OH O‘O‘ H
L™ el

ol B \
OH 1,8-Dihydroxypyrene
1. 6-Dihydroxypyrens

1,8-Fyrenequincne

1.5-Pyrenequnone

3 pyrene - Pénicillium glabrum

pyrene

COC+

4-Phenanthroate

4-Hyflroxypenn3ohthenone

ctinaniate

4 pyrene  Mycobacterium sp. PYR-1
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PAHS

7 7 A 1 ’ 1 " O A
PAHs , ((Cemiglia, 1997)) PAHs
fluorene anthracene benzo[a]pyrene
quionones quionones
(Cemiglia, 1997) 5
oo 80 . 00
QI (o (e
. @
000 o+ oo
Benzo[apy 1.e-ﬂemofa‘I:)yrene quinone MWOHM e12-aonm(apyromqmu
0 —~ OB — O -
; ’ o — @ —> oo,
7‘° \‘o @ cosooH
Phonm:\oho-qm
Q-OL—» 0‘0 :3
5 PAHs

(Cemiglia, 1997)

PAHS

Pleurotus ostreatus Phanerochaete chrysosporium P. ostreatus

PAHs p. chrysosporium
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3 ' PAHS
(Harayama, 1997)

PAHs
(Cemiglia, 1997) Zygomycete Cunninghamella ¢legans
Ascomycetes Aspergillus niger White-rot - basidiomycetes Phanerochaete
chrysosporium, Pleurotus ostreatus, Trametes versicolor Brown rot basidiomycete
Lentinus lepideus PAHs
2-6 PAHs
(nonbasidiomycete
fungi < Ats
P £ y 27) f 1 DAL
PAHs
PAHSs dihydrodiols phenols quinones  dihydradiol epoxides
glucuronicles
xyiosides  glucosicles  sulfates
oxidation products

quinones  dihydrodiol epoxides
PAHS intracellular cytochrome P450
extracellular lignin peroxidase manganese peroxidase |accase
PAHs

PAHS

PAHs

(Call, 1994) (Martinez et al.,



1994)

(Cantarelli et al., 1989, Giovanelli

Chlorinated
compounds

Nitro-
Substiuted
compounds
Polycyclic
aromatic
hydrocarbons
Dyes

urushiol

1

2.4-Dichlorophenol,

2,4 5-trichlorophenol,
pentachlorophenal,

24- D, 245-T, DDT, lindane,
3.4- dichloroaniling,
polychlorinated dibenzo-/>dioxines,
polychlorinated biphenyls
2A-Dinitrotoluene, TNT

Anthenantrene, phenantrene, pyrene
benzo(a)pyrene

26

Ravasini 1993)

Bumpus et al., 1985; Bollag et al., 1988;
Valli and Gold, 1991; Valli etal., 1992;
Field et al., 1992; Bollag et al., 1988; Call
and Miicke, 1997,

Barr and Aust, 19%4a.

Hammel, 1995; Field et al., 1992: Collins
etal., 1996; Pickard et al., 1999.

Polymeric dyes (poly R-481, poly B-411,  Field etal., 1992; Ollikka et al., 1993,

poly Y606, remazol brillant blue-RI)

Paszczynski and Crawford, 1991;

azodyes (sulfonated and non-sulfonated)  Rodriguez et al., 1999,

{) Yoshida 1883

Rhus vemicifera (

.. 1894 - 1896 Bertrand
1896 Laborde
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copper ( multicopper enzyme) blue-colored

oxidase L 4 _

o (reducing  substatre) . A
copper

(reducing substatre)

(reducing substrate after one electron oxidation) ,
(Mester and Tien, 2000)

4RH +02 - 4R* + 2H20
RH = reducing substrate

R* = reducing substrate after one electron oxidation

monophenols o-diphenols
p-diphenols methoxyphenols aminophenols arylamines

p-diphenols
p-diquinones p-diphenols oxicase
6

H : OH
1202 H,0
2 N 2 - o
R R R R
H OH OH 0

6 p-diphenols p-diquinones



Rhus

quinone
radical intermediate)
oxidase 1

H
20, H,0
N d |

Z—Z=0

Q=

OH

syringadazine

free radical intermediate
semiquinone
dimethoxyphenol oxidase 8

28

syringadazine
(free
syringadazine

OH 0 )
cuao\@,ocm cu;m@mcm CH30\¢/OCHJ
CH CH
Il |
N

N
If [
CH CH

CH CH3 cuao’©ﬁncm cmo/@ocu;
0 0

2,6-

0

CH3 Ha
OCH3 H3
W 402 MO0 ] G,
2 &4 2 —_—
Ha OCH3

CH3l CH3

(o]

2,6-dimethoxyphenol oxidase

quinone
urushiol

free radical intermediate
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&0" ‘r OH urushlol O Q (CH )
A HO 15H31 + 27
(cnzm'mm"c CrMa .Jt:glmltoon 5 H’ . i CusHay
‘lsn: ‘othet biphenyls
and other nuclcus-side-chain dlmers
9 Rhus Laccase
monolignols
dimers trimers 10
é £ semiquinone
enzymat«c radlca
OCHj, coupling
OCH4
HJCO (H5" linkage
-5 linkage
10
syrinpylglycol quaiacol
aldehyde carboxylic acid ester quinone

OCH;, OCH 3 oc Hi

QOCH + insoluble coupling
enzyma(lc 3 H:CO OCH, products

H

H3CO ocu, Hyc0” OCH,4 H,CO
M o

1
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di-phenols tri-phenols methoxy amino phenols phenylamine phenylamine
heterocyclic 2, 2'-azino-his-(3-ehylbenzthiazoline-6-sulfonic
acic: ABTY) 12
OH B B OH il OH NHz
<A ¢ i« B¢
NH2 NH2
catechol pyrogallol p-aminophenol p-phenylenediamine
OH H3C CH3
T PR ala e
H
guaiacol 5,6-dihydiv,. iole o-tolidine
?H :0" H2N . NH2
CH2)7R O ‘
urushiol diaminofluorene
(I:H) (I:Ha
?Hz QHz
H4NO3S©\?1N-NJ\;j©\SO3NH4

2,2'-azlno-bis (3-cthylbenzthiazoline-6-sulfonic acid) diammonium salt

12

oxidoreductase  (benzenediol:

oxygen oxidoreductase; EC 1.103.2)
p-diphenol:oxyen oxidoreductase EC 1.10.31
13-diphenohoxyen oxidoreductase EC 1.14.18.1
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1928 Bavendamm (tannic acid) (gallic acid)
0.5
(Harkin 1973) Nishida (1989)
gallic acid guaiacol rhemazol-brlliant blue R (RBBR) potato

dextrose agar (PDA)

Eqgert (199) 8



8 (Eggertet ., 199)

White-rot fungi Lip MnP Lac

Bjerkandera sp. - ¥ 1
Bjerkandera adusta (Poluporus adustus) ¥
Ceriporiopsis subvermispora

Cyathus stercoreus

(Ganoderma colossum

Ganoderma lucidum

Ganoderma voleciocum

Lentinus (Lentinula) edodes

Perenniporia medulla-panis

Phlebia brevispora 1
Phlebia radiata t
Phanerochagte chrysosporium +
Phanerochaete sordida

Pleurotus ostreatus t
Pleurotus sapidus 1
Pycnoporus cinnabarinus
Trametes cingulata
Trametes giggosa
Trametes hirsutua
Trametes versicolor
Trametes villosa

+ + + + 4+ +

+ + + + + + + + + + + + +

+ 4+ + +
+ + + + 4+ + + +

+ 4+ B 4+ +

+
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ultracentri-filgation size exclusion electrophoresis — gene sequence
40 -
100 kDa 60- 80 kDa
monomeric  subunits dimeric
multimeric

1 500- 550 (Messerschmidt 1975 Thurston 1994)
N- O-linked glycosylation sites
copper 4 (4 copper atoms site) disulfide 2 - 3
N-terminal  leader
translation x-ray crystallography
secondary
tertiary structures
ascorbate oxidase ceruloplasmin copper-binding sites
2 secondary tertiary structures

ascorbate oxidase ~ ceruloplasmin
[-barrell/?-strand
| pleated sheets [T-sanawich 2
fi-pleated sheets a-helices 3
five-/?-pleated sheets 2 [T-harrel - a-helices stretches (Coll
1994)

disulfide [T-pleated
sheets a-helices



ascorbate oxidase ceruloplasmin, plastocyanin
azurin (Messerschmidt 1975 Thurston 1994)

|soforms
Isoforms
Isoforms
(Mansur 1997)
Isoforms
(Perry 1993)

kaKm

34

Km kalKrl

(Solomon
9

1996)



t-butylcatechol
catechol
caffeic acid

chlorogenic acid

coniferyl alcohol
p-coumaric acid
Coumaryl alcohol
p-cresol
2,6-dimethoxyphenl
dopa

gallic acid
hydroquinone

femlic acid
hydroxycinnamic acid
veratryl alcohol
quinol

ferrocyanide

5, 6-dihydroxyindole

(Solomon 1996)

min 1(Bao, 1993)

35

Mediator

4-methoxy-a-naphthol 0- andp-aminophenols

4-methoxylcatechol o- andp-anisidines

a-naphthol 4-amino-N,N-diethylaniline

orotocaechuic acid 2,2"-azino-his(3-ehylbenzthiazoling

-6-sulfonic acid: ABTS)

phloroglucinol benzidine

pyrogallol 3,3 -diaminobenziding

resveratrol 2,T-diaminofluorene

resorcinol n-dimethylaniline

quercetin 3,3"-dimethylbenzidine

toluginol p-phenylenediamine

urushiol 5,6-dihydroxyindole

quaiacol 1.8-dihydroxynaphthalene

vanillic acid 6-hydroxydopamine

sinapyl alcohol phenylhydrazine

sinapic acid syringaldazine

eugenol o-tolidine

ascorhic acid 1,24 5-tetramethoxyhenzene
01 - 10

(Solomon 19%) hydroxyindole
Km 0.1
70- 2,000 'L(Solomon 19%)  100- 3,600

T QVix



syringic acid

2
(Sariaslani, 1989)

10

3-

{

10

(35 -

36

3-6)

35

80 )

50



10
Laccase source PH pH stability
optimum
Fungal

Coriolus hirsutus 3.5-4.5

Schizophyllum commune 5.4-6.0

Rhizoctonia practicola 6-7

Coriolus versicolor 4-5

Agaricus bisporus 3.6,56

Pleurotus eryngii | 4 5-1

Pleurotus eryngii N 35 §8-12

Basidiomycete PML 45 3-9

Trametes villosa 123 5-5.5

Pleurotus ostreatus POXC tm 30 min @ pH 3

POXAL tm 24h @ pH3
POXA2 tm2h@pH3
Monocillium indicum 3050 2-6
Cerrena unicolor 5.0-5.6 6-8
Plant
Schinus molle 6.2
Acerpseudoplatanus 6, 6.8 4-10

copper chelators reducing agents detergents
copper chelators ~ EDTA CN sodium azide

Cetyltrimethyl-ammonium bromide (CTAB)

Temperature
optimum (°c)

65

80

50-60

45-65

25-35
60
60

37

Temperature
stability (°c)

tv240 min @ 60
1230 min @ 50
225 min @ 55
60 min @ 60

tv230 min @ 60
11200 min @ 60
tm 10min @ 60
tia 10 min @ 70

free readical scavengers

diethyldithiocarbamic acid



(competitive)

(Kreuter, 1991)

38

(noncompetitive) (Walker, 1980)

Halides F (Xu, 199)
F 0.02- 05 C1 0.05- 600
50
N-Hydroxyglycine Murao
(1992)
copper 3
Type 1 copper center
Type 2 copper center
Type 3 copper center
Type 1 copper center (TI) 600
le
electron paramagnetic spectrum (EPR) Type
2 copper center (T2) normal copper center ,
EPR Cu
(Cu complexes) Type 3 copper center (T3) Cut2
EPR (330 )
Type 2 copper center ~ Type 3 copper center
trinuclear copper cluster de

Solomon

(199)

Type 1 copper center site
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T2-T3 copper center site reduction copper center sitt 3

3 copper center site mediator
mediator copper center site (Yarpolov, 1997)
spectrophotometric
1-3 OXygen consumption
assays 3-4

2, 6 dimethoxyphenol

(DMP; ) ABTS ( ) syringaldazine (SYR; ) o-tolidine (TOL;
) i
1 molar extinction coefficient (Mlcm )
molar extinction coefficient
( ) (Mlem')
DMP 468 14,800
ABTS 420 36,800
syringaldazine 525 65,000

DEAE cellulose QAE
mono Q columns

NaCl 0- 05 T 1r | |

size exclusion
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chromatography gel filtration chromatography Superpose-12
Superdex 75 Sephadex G-100  Sephacyl -200

Trametes villosa

Amicon S1Y100 ultrafiltration
Q-Sepharose (Pharmacia) 10

Tris 1.1
@ )
NaCl (0-0.5 ) 3
size exclusion chromatography Superdex 75 (Pharmacia) TS
10 NaCl 150 8
3 neutral form neutral acidic form acidic form
12

12

Volume Totgl Total activity Speciic acpwty Purification Yield
Sample m) protein (ol min) (//mol min'v T
(mg) mg protein)

Culture filtrate 1500 11,000 1,800 0.16 1 100

cone. Bulture filtrate 280 460 1,500 33 2 83
Q-Sepharose

neutralform 0.40 51 210 53 330 15

neutral-acidicform 042 9.6 108 1 69 6

acidicform 0.2 140 430 3l 190 24
Superdex-75

neutralform 4.0 17 122 n 450 6.

neutral-acidicform 70 4.1 117 29 180 6.5

acidicform 45 2.0 131 66 410 13



SDS-PAGE 60- 70 kDa
size exclusion chromatography 130 kDa neutral form ~ pi
6.2 65 6.8 neutral acidic form  pi 566265 6.8 acidic form
35
(Eaton 1982)
T ~0N X y 0

PAHs

41

pi
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