(S6-C) PHANEROCHAETE CHRYSOSPORIUN®] 2|1\l ¥3ji 4

1. 4 &

Fade NERZR, HuAEZ R A Exjo Fo FAEA
2 Fale] 20-30%F xx]3t g}, 2lad Al EAMEY 14 g9 2%}
Z030] o] B3 ME M FHA g i E £ o
B2 PEE T3t Erh

232 Cc-C, C-0-Co 3AAYLE F=2 /1A HLZI TUZ o] F
oA ¢lon methoxyl groupe] #7]E2 £o] & BEIY 2EFZE 4BY +
Aol g ¢ B4 Exo|r). oY ¢ HaH} MESLZ, HuHdEER
oz9t A ZAYE ol AJ] wjBol 2lade EaN32Y ol EAxIUY
HE&H o] & m-¢ Fasdic}

-2 Bjad £33 njRES 25IFFEU AYdE U gAFel &3
o 53 walFdys £ WM R 3Q Phanerochaete chrysosporiumE xjT & wglo]
A1Elo] gt} o] F& BEFALRE Corticiaceae} Aphyllophorales<sol <3}
o T}E x| £33 vy dFAER AP qoix] 5IJE Za dch
&, HHPZLEI} 40CE tlE Fol vzl o HEA RAoA FGEAE
b ol SAHEAE A FHE £ A3, ad FHEE thEF] vl
453 &rH(1,2). 7N E 2lad e T3t FB TLASE ¢
lignin peroxidase(LIP), Manganese peroxidase(MNP) @ Hz0; I AL EY
A, 98 9 222 AFANE] olE ALY VA wigd RIAE
A B3zt el

o 4

2. Lignin peroxidases(LIPs)

Forney5(3)o] Hz2028} 2l Ealiete] #AQZE R ol TienF
(4)2} Glenn%(5) 2 zad EIHFL AU H0:E& L73t= &4l
Phanerochaete chrysosporium o &xg¢& X3  3Jgch. o]  lignin
peroxidase(ligninase)= ¥Xx}8to] 38-43KDa, PIZte] W71 3.3-4.7d w2 &
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# X4 (nultiple isozymes)Z o] FoX hemeg 713 Al]Z4olth(6). o] F¢
BAFL o]2A¥SA Fog AW 4 9lkd, I 4 wWYRA, 2F, £
271&o] ulel 2-15702 o] folA Qriz Bad B} 9lth(6-9). ol& & Dass
5(9)8] R3] &J3}H P.chrysosporium BKMF-17673322, ujz|o] acetate
buffer& A}2 3PH H2, H67F F¥ peak® L}EIL}SL dimethyl succinate(DMS)
buffere] Z-9olli= H8, HI00] ¥ Tel&ELE yeldria Rusigch I
Farrell5(6)o]] &3} HPLCE A}23}o] P.chrysosporium BKMF-17672 ¥ 10
N8 isozyme& Heldlel: o]F 67§ (Hl, H2, H7, H8, HI0) lignin
peroxidase (LIP), 47§+ (H3, H4, H5, HI) Mn - peroxidase (MNP)2] H9|&H A
Q& uigr}. LIP isozymed E5 veratryl alcohol& veratraldehyed® Ar}st
3 YT P 38KDaE A} sttt Tigt wigr)tel ulel 7 FHEA9
883 (unit)o] TIEA el s]d-o] ciyt AxYo] Zty] xlolz}p ylt}
(Table-1). ©ol2H Z} ZHFAELS ad o ojN ZzH
(synergistic effect)& 'U#|31A| Ut FEHAR of = 1 4% o Ex] 9
oof tisiM = o d-FFojof & Holrt.

LIPS] UAL & oo o] T4e] B2} HEHH d7x TUstA o F
olFrh ojg AFAE(7-20)] A7 ZIE H2, H8, H100] #jsh= HAxtY
base sequence I ofmliit Mdo] WAL ol FHAL HFZE 2 base F2
otu]:Ate] F-ALE (homology)ts Tha xtol7b gleon} oiet 70-90% Wl & F=3}
3 Qlti(Table-2). E¥ o]&E2 77| tiE FZ{-Axle] o3 wWHHE S Ar}3}

3 mRNA leveloA o8] B 2ol &3] (o, nitrogen, carbon starvation)
control%-g- Llehj i Qlch :

LIP®] Fufinhg-& tiedyt AP 713 2lad 2d 338 28§
SEA| g AR H 0271 #3le eiol# whgos Mdwsta 9cHFig.1 : 21).
&, LIPo] H2029} HF-83}o] compound I (2e- oxidized)& RHEIL ©] compound ]
2 2layd }YE3} 331 compound I (e~ oxidized)$} g2y #3tEojA &
EH‘& gir]Z H3}E(aryl cation radical)& BQdgch o] eic| PELS W

< B (¥] AAANES) S doH iRt v AEES HETE LIPE gt
’a“” 22 FHAY JABo|Z S YehiiA g WSAIE S JiEes ¥ u 2

uh-gorate I A X FheRe|E sS4 AtH2l). &, @ benzylic alcohol
oxidation, @ carbon-carbon bond cleavage, @ hydroxylation, @ phenol
dimerization(or polymerization), ®demethylation%o]t}.

3. Manganese - dependent peroxidases (MNPs)
LIP&} ZHo] Hz0: & 873l extracellular heme proteinE % 5o 9l

o1} o] fiAx LIPYE Y] veratryl alcohol& A 3}stx] ¢tom (pH 5.00]
A) oA Mn(I)E Ma(I)E 23310 o] Mn(I)e] 2lad 33EE ez
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Aests S Zteth ER LIPY oA R 4-6718 BHEAE 2= 2o
2 g8 odoni(6, 22) PIZS 4.2-4.90|0 FAFL i 46KDaP EolT},
MNPE LIPS} A2 fARY Zof £8NESS JhAU Ho0: 9 b8 A48 F34t
ol uiZ 22UHYEI} sl ¢ HA Ma(I)8} 2Hg3tel Mn(I)Z A
3319 o] Mn(H)o] 2ad HUES IHAIlE 4B S Ztett welA o] &
A BEE 3130 H202 % ohet Mn( )7t 835E Zolth,

Paszczynski%(23)ol] ¢]3td LIP7} ¥l slEAd HEd glad 7Y 3
3}1E (non phenolic and phenolic lignin model compounds)ey th3l Ab¥}z}8-&
st=dl vl3) MPE mled HUE, 531 AN 48 syringyl HYPE
o th3l £ UYL Zth= AR o] A Fo4E AAsch EY
MNP= Mn( IL )& =R3tollA] NADPH, GSH, dithiothreitol B! dihydroxymaleic acid
& AMsle] H:0; & ATk AL gorh ol8H o] X AL peroxidasel
olug} oxidase?] 7%= Rcth= ZE& Ho Focl. uwiely o] T4 e 2lad
H3ollA] laccase®} & phenol oxidizing enzymeZ} Hp0: 85 T 3Z3= e
ISR vt ‘?J’{\]i‘}ﬁt}(l). Bonnarme5(24)%] ¢ FZAz}e) ula} PerezE(25)
2 0jA] JE F M(I) e g AU ZH LIPS} MPEAZYY S 4] F2 &
Fsto] LIP,MNP 2t F4-9] [14C] DHP ligninoll cigt 238 ZAIRF A, MNP
+ [14C] DHP lignin £3}2} #A & A S B Foch. ey LiPo] &
NH SQHO|FES A% A2 (Table 3)ofl &J3}d 14C0, WA Zo] oA F
o vl g ol 4xo]dEH e BT JAHY 4 9lo] PerezF(25)8] A=
el oFF MNP2} [14C] DHP lignin F-318te] 43 BAL S wiA¥Y + Q). =
¥ xdA ¥ 54 Feldl Manganese7t FAE e RS JHUY
Blanchette(26)2] A7 ZAz}h} Mn0z7} LIPS #H & XA Sl Kern(27,
28)8 AxE 8 o gl 2d oA Manganesesl 7] MNP F28& AAMSH
3 glch MNPe BEE ExF BEHH dFE&= 2719 cDNAZE €833 (MnPl,
lambda MP1)(29, 30) ©ol& <TAZE MnP13} YXx|3l= mnp genomic clone?]
transcriptionZd 3} @714 Qo] WA Aefolrh(3l).

4, H0; BHLE

gl 29} Ha020] AT HAAL S H20:71 75 = LIPS MNP A
o7 FasAon H,0,8 BFHULE glucose-l-oxidase7} F+H il AF
ZA3H32)7} UL ol A AT ¢} glucose-l-oxidase: 2l &3
3 VIR E Aot gad 27 23} iAol BEEE 2o o
= alt}. glucose-1-oxidaser} ZALH mutant(GOX)EL 2|2y 23S ¢ £ ¢
< ¥% olel LIP, MNP = LIERLER] kAT GOX* revertantE&L 2]y
T3eS T ¥HE3Art. o224 60X~ mutantd] Elad FIls AYLS
glucose oxidase ¥4t oju]g} LIP, MNPZAHol 2&j3t R B 4 glon olE
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FALEL o]H 5 U regulatory geneoll &3] ZAEE Hoz AZCH33).
Zeu 32 LIP nutant R thddt mutantES] 54 BT A3t N2 ot
ZARFAREol o8] ARl 2-HA et FFHTH3Y, Table 3).

" 8] Ha02 8 R4St HAZRE glucose-2-oxidase(35), fatty acyl
CoA oxidase(36), methanol oxidase(37, 38), glyoxal oxidase(33) W aryl
alcohol oxidase(40, 41)%Fo] dalx 2dom glyoxal oxidase: extracellular
2 gl M e Syt H02 FFULE KerstenF(39)o] 23] Higul 9l
th, FEAHLE o AMALE] H02 FILLE o] FFol 3l BE=H=
Aoz Mol ey Ralold 2 maE ¥ % grBANel W7ol
of & Zojt}.

5. 7]e} &4

2d3 ¥8 23y Esjel DSl A7 AL laccases} T,
o] A A¥E copperd prosthetic groupl ¥ 7IX|2 glom HE3Eo|A one
electron oxidationg& F3] mli& itz FAHL Fufdly o] ¥IEE F3 Ca
-oxidation, aryl- Ca cleavage W Ca-CB cleavagetl-o| oLt HAEE Q1x]
TH(42), o] eltjHEL LIP, MPeteE ] ozl wlE4ad jigoE® F3i
(polymerization) g2 2lad Eafolde] J¥o] &JFA] =it gy of
gjt]| A EL2 cellobiose?} cellobiose:quinone oxidoreductase(43)2] Z}2o =
& Z¥3}(depolymerization)Hthe ZE& Yl v} gk ZYsiz tiEHQA g
I\l E3)Ql Phanerochaete chrysosporiume o] laccase’} ZARNH AFZ,
2l F3lollA o] AL Aol JEE AISIAY hF-EY glad B3 &
Eo| o] 4EF EHItUthes A v[Fo] & of 2l2d 3ol wjA ¥ ¢
= 34T ZBZHH
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Table 1. Catalytic Properties of lignin peroxidases with three substrates,

" Veratryl ’ [B-0-4 . 1, 4-Dimethoxy

alcohol Model? benzene
Lips Kmd N4 Ko TN Km N
H1 86 3.2 99 1.4 42 1.5
H2 250 8.3 78 3.1 132 3.0
H6 122 6.6 27 1.1 78 4.2
H7 433 5.5 88 0.8 20 3.4
H8 . 89 1.3 111 0.5 73 8.6
H10 190 2.8 444 0.4 192 0.8
From Ref. 6

1-(3, 4-dimethoxypheny! )-~2-(0-methoxyphenoxy)-propane-1, 3-diol
Km= units are micromolar

W

TN= turn over number
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Table 2. . Nucleotide and amino acid homology among P. chrysosporium
' lignin peroxidase genes and the proteins encoded by these
genes? (Naidu and Reddy 1990). ‘

Amino acidsc

LIP2 LIPS LIP6 0282 ML4 ML5 GLG3 GLG6* LIG1 PLGl

72 66 70 71 71 72 72 70 72

LIP2
LIPS 73 82 95 99 91 98 88 90 99
LIP6 72 80 81 81 79 81 82 79 82
0282 73 87 77 95 89 95 86 89 95
ML4 73 98 80 87 91 99 88 90 98
Nucleotidest ML5 73 85 79 83 85 91 86 93 91
GLG3 73 99 80 87 99 86 88 90 99
GLG6* 72 82 79 80 81 80 82 88 88
LIGI 71 82 78 81 83 89 83 81 90

PLG1 73 99 80 87 98 86 99 82 83

a, 'The numbers in the lower left triangle of the table give % nucleotide
homologies and are separated by a diagonal space from the upper right
triangle in which % amino acid homologies are given. The GLG6 gene
and the GLG6 protein are highlighted in the first vertical column and
horzontal row,

b. Percentage of matched nucleotides within exons as determined by GENEPRO
program,

c. Percentage of matched amino acids between various LIPs are given.
LIP2, LIPS and LIP6 genes of P. chrysosporium BKMF-1767,
respectively, encode lignin peroxidases HZ2, H8 and H10. Genes 0282,
ML4, ML5 and GLG3 are genes isolated from P. chrysosporium BKMF-1767
(1, 12, 22).LIP genes LIGl and PLG! were isolated from P.
chrysosporium strain ME-446(9, 10 ) and are closely related to the
LIP6 gene.
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Table 3. Characteristics of some mutants of Phanerochaete chrysosporium,

LIP

~ GlyoX

14C0z(R)

Mutants MNP GOX 140, (S)
ME446 143 1930 0.41  30.9  40.4 (100) 18.0(100)
GOX6 — _ — 0.04 3.02 (7.5) ND
931-2 — 642 0.15 0 19.4 ( 48) 5.5 (30.5)
-M — 58 ND 0 1.04 (2.6) ND
71b9 — 888 0.04 0.06 20.7 (51.2) 7.7 (42.6)
981-10 — 294 — 0,08 9.95(24.6) 3.9 (21.8)
LIP; lignin peroxidase (u/1)
MNP:  Mn peroxidase (u/1)
GOX: glucose oxidase (y/mg protein)

GlyOX: glyoxal oxidase (n mole/min/ml)

14C02(S): 14COz from 2’-14C-labelled lignin

14C05(R): 14C02 from [14C] lignin

ND :

not determined

ME446: wild type

-M

Relative percentages in parentheses

: mutant(931-2) cultured without Mn( 1)

Unpublished data from Dr.C.A. Reddy.
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