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Abstract

The have been many reports that phenoloxidase are correlated with development
in many fungi. C. congregatus,one of nushroom-forming basidiomycetes, which
requires light for its development also has phenoloxidases.

In C. congragarus, there are two sets of membrane-associated phenoloxidase
(PHO 1 and PHO ) which are differentiated by their isozyme patterns, and each
enzyme set consists of two different subtrate specific enzyme protein; o-tolidine
reacting enzyme, and DOPA reacting enzyme. PHO I which is localized by a
protoplast-concanavalin A technique by using a new solidifying agent, Pluronic
Polyol F 127, instead of agar appears in the vegetative hyphae, and PHO IT
appears at the early primordial stage on agar and at the sclerotial stage of liquid
shake cultures. Inhibition of PHO I with the enzyme inhibitors inhibits mushroom
formation as well as melanization of the vegetative hyphae at concentrations
which do not inhibit the vegetative growth. PHO I deficient mutants do not
form mushrooms or melanins, and the mutants show abnormal nuclear migration
patterns. PHO II has roles; possibly cementing the adjacent hyphae during the
actual three dimensonal structure formation, and melanizing mushrooms and
sclerotia. The possible roles of PHO I in the light reception complex and in melanin
formation, the function of malanin, and possible roles of postulated post
translational modifying enzymes which regulate the phenoloxidases, nuclear
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migration pattern, and self-nonself recognition mechanism are discussed.

A =

Eool: YtHew Bl Loy Adte] o2 ATEL WaEehE o
W, gepe] 24, COel $ES dadetsl THelY FHol Wk G2 A2 o

e

AdA S Yol A% JEAS) 23 2 A4l ¢ EF
H24& 43 phytochromeo] @& Ax FEHo oo Lelts A%
¥ %7 2. FHdel: chlorophylle]y} phytochromes] gl wk®
FEAL FHole A Fag a9lo] Hrj(Senger, 1982). oF £
Phycomyces(Bergman et al.,1969; Cerda-Olmedo, 1977) s}
Trichoderma(Galun, 1971)9] photophorogenesis,  Cochliobolus 2
sporulation(Chang, 1980), Cyathus(Lu, 1965)$} Coprinus (Manacherse,
1977)2] fruiting body¥ A5 Fwolg reproductionzd o] A ddHH
AEo] don Phycomyces(Bergman et al., 1969; Cerda-Olmedo, 1977)%}
Neurospora(Zarokar, 1955)¢] photocarotenogenesis, Phycomyces(Bergman er
al., 1969; Cerda-Olmedo, 1977)9} Pilobolus(Page, 1962)¢] phototropism$-
o o9& B2 Fo FHo]le metabolisma} development7t g whe
G A% AL AE FolA dHE YEAA Jehts £33 53U 257
gE 7% & 7H3 2 A(tissue)s] Aol A} £ EHIE Ao FE AL
FATF ALH HAolgtn # 4 ).

B8 THole £2 9 EAYAH7N RS 54, 24, F % phenoloxidase 2]
AHE- ¢l melanin# 2§ 712 & A $-71 e phenol oxidase 7} &g o] 2 £ 39}
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- o] I~ o= Lol e}, Podospora(Esser, 1968)
Schizophyllum(Leonerd, 1971)% & phenol oxidaser} fruiting body & AJej) & &
da=slo] Qe Aspergillus nidulans(Clutterbuck) 79 conidiospore2]
A< (maturation)o] o] A A7 Hget. WA YAFF el Coprinus
congregatus= A HAo WL HBQF 3 1 o]d) phenol oxidases} F 8%
g8 o= Ao @ 1elyten phenoloxidasedr mutantE o] E3fed o] H L7}

C. congregatus®] 3o WX 9FE 2482

+ =

Coprinus congregoms®)  ARA(life cycle)= Figls Ad. d& Coprinus
spp.9t= @8 C. congregatus=  clanp connectione] glew, HA4Hes
dikaryongle] WjA2 HAE 4+ A=dl dikaryong W=E Eufj(mating)= multiple
allele, unifacto- mal mating type systemey &J&te o]FojZItH(Ross, 1979). C.
congregatusi= Hol= 3ol g widlgk ¥(445nm)e] ATl XER £ A
FAe] E3E(hyphal tip)e] phenol oxidase activity7} 7h4 o WAl |4 4o
23 & wokS BAle] hyphal tipal Hzlv} (Fig.2). 4ol glE RollAl s Y cultured]
A9 39mRE] Y A 2= zoneo] Wo] ATFo HHFYE 4 A 2 A Y(previous
day)oll A2} &= zoneg WHE5HL ArAsie] 3UelA At cultureo] WE FA
& 391% ¢ zuli zoned H]F phenol oxidase activity7} EAdk o] Aol HREE
%4g A4 g (Ross, 1985).

Qo] 3 Bt $EE 204 vbE & Yo 50 B misece] g SzuiA

3087} ZA}sel(Fixation I step) phenol oxidase activity’} #et= 2 melanin4 o]
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Fig. 1. Generalized life cycle and dikaryon formation.

A. Life cycle. 2n; diploid, n; haploid, al & a2; two compatible mating type
alleles. B. Two compatible heterokaryons with uninucleate cells branching at
right angle. C. Same after fusion of apical cells & reciprocal migration of
nuclei to make dikaryotic cells. D. Same after new growth from the dikaryotic
cells branching mow acutely.
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Fig. 2. Light effect on dark-grown culture.

A, Grow in the dark at 25C after innoculation. B. After 4 days give light for 3
hrs, then back to the dark. C. After 10 days, mush- rooms grown on the
hyphal tip zome where light was given.

A1ZEg del4d B3 FYS o R ek} Fixation I stepd] 347 1A
FUF Y ¢ 4 zAsbd(Fixation 1T step)E3he] AAMH2 dde] A=z
< 3¢ %< At zones] Yoil 3 uH53 2] A= vebdeH(Ross, 1985).
Phenol oxidase: monophenol oxidase(E.C.1.14.18.1), catechol
oxidase(E.C.1.10.3.1)8} laccase(E.C.1.10.32)& i} 4 ledi(Mason, 1957) C.
congregatus'= catechol oxidase$} laccase activityg 7443t 9.2 5 (Choi, 1986) 2}z} 9]
enzyme substrate® catechol oxidasex 3, 4-dihydroxyphenylalanine(DOPA)E
laccase= o-tolidineg A}-g-st¢ich. WHE 2 fungal phenol oxidases}= 2] C.
congregatus®] 7}$ membrane-associated enzymeo]™ mediune 2 Fu]=A|
eb=th(Ross, 1982). & #FFE dAFF eigete] mycelial pellete 23
protoplast® ¢le] phenol oxidase activity7} cell membrance o] R50]
By eil(Swords, 1984) JAzlgt wFo A= wlale] A= A gkx Sclerotiazk
HAdsjgon] o]y phenol oxidaseE non-denaturing polyacylamide gel
electrophoresis(tPAGE)ol] o] ¢jated ¥aldt A3} agar culture?] hyphal tip
enzyme(POXD)#+= o & band patternd R H(Choi er al., 1987). 3x37=2E
g=Sw] & Sclerotiun®} primordium(z7]8)4t)ell g+ phenol oxidase(POX II)ef
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PAGEd] 2/¢ band pattern® AR FU&2E agar culture ¢ hyphal tip
enzymeo] membrane associated enzymeol@= RS FHE Zo] Wodh o]
Agarg]4l cold temperature liquifying agent¢l Pluronic Polyol FI27(Gardener &
Joner, 1984)& AL-g-stey A¥st%c}. agarti4l Pluronic Polyolg& 25%(wh)sE=
solidifying agent®#] A&t #-& wjeksli hyphal tipg samplingdt ¥ 4 Ceoll4
F 17 HE B3 oy A8 2 § & mediumg F2 F A¥s=2 hyphal
tipo]lA]  protoplast® @i cell | membranced]) enzyme activity?} UaE
9389 c}H(Choi, 1986).

Phenol oxidase inhibitor& 37}#] P-aminobenzoic acid, phenylthiourea, sodim
thioglycollate Al-g38fe] & 2] E3o @ %S 243 A 4o A4 &
YL pXNA e AE 2 enzyme activitys: AR w melanind L P4}
WA Ao B ALFHY AFHE FEsR e} ol 5359 enzyme-catechol oxidases}
laccase®] activityg Z 2] BlslA| ﬁﬂlﬂ% wal olvzg POX Izt POX II
activity 25 A3z FAHe] o oxidoreductaseg] activityo] £ #H3}E
S-S 7H5 Aol e} 3=7] wiE o] phenol oxidase activityz} g1At} ¥ #¥ phenol
oxidase mutantg AH-8-3te] 1 &2 A¥ sl

Mating typeo] a;¢l homokaryon% ofdZle} wiokdk ¥ waring blenderg 4=x7)
Aeleled P2 suspensiono] UVE ZAdted mutantE L), Wild typed
catechol oxidase$} laccase® 7}Alm Q=d| wH]3ted M3F7 mutant: catechol
oxidasert 7}Am g5t M3G2E= PAGE$ band patterno) £ laccaseqh-2
A2z o oH(Fig.3).

o] & mutantF a, mating type-s 717 wild typed} mefelql 2 o] 2H P
dikaryons #HAA}Pen o)m 4™ dikaryone] hyphal tip enzyme(POX I)2

2% wild type dikaryon#] POX I3} § 9% band patterng 7}z Q. 4%
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Fig. 3. Non-denaturing, native polyacrylamide gel analysis of crude extract. |
13x16; dikaryon(alxa2), 16; homokaryon{al), A4, mutant M3A4, F7;
mutant M3F7, G2; mutant M3G2, Left half; stained with o-toluidine, Right
half; strains with DOPA.

mutants] AL Ad a3 a5 i eL wol= dikaryone] 44Jo] o]Fo]x]A)
gtet A2 £ mutante] AL A a; Fa,e] FelE AFHeR o]Fo ).
(Fig4). A2 & mating type2 713 5 homokaryone] mej¥ w2 nuclear
migratione] % homokaryonZ 2.2 % Alol] dejrt=d) (Fig.l) POX I mutants} wild
types] meljAlollz mutant7k A F zonee] wl@Foaigt  wAle] A
mutanty= Ao nucleusg wWelEolA:= k@ Aale] AL FIgksE nuclar
migration mutant o]7]% 2}, Phenol oxidase?’} nuclear migrationd =Hs}=x]

A%%7] A F wild type homokaryon (a;, a,)& 37}#]¢] phenoloxidase
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Fig. 4. Cross of compalible mutant strains with different phenotypes.
M3F7(al) x M3G2(a2).

inhibitorg @-2 wiz] o)A mefdt Za enzyme activity7} 90%o]4 A =HUL
wo] =  nuclear migration2 A4 ez dojyrenmz POX Io] nuclear
migratione)] 23 Jd#H Ae] oy, POX I mutantEL enzymee| band
pattern© & Mo} structural gene mutationo]l@’] Mrle= post translational
modification systemoj] mutatione] el Ao 2 ZZxn o] A o] phenol oxidases}

nuclear migration-g ragulationd}= 7% & 7/}A 3 Q= Ao T PoiHc}.
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Phenol oxidase: 9ul4eo 2 melanin Aol Fdslir Yo vbg F7t 4Eo]
in vitrooA] cell membrancee] permeabilitys ¥ 3}4]7)12(Cory,1967) DNA <]
Eogted 4Hs  dRAye(Miranda er al,1984) kg AEF 53
quinoneF-5o] hyphae#] surface component$} oxidative polymerlizationd]] 2]3}oq
cross-linkingg § = #v}(Leatham & Sthamann,1981;Moore,1965).

C. congregatus= developmental stageol] iz} PAGES®] band patterne] t}2
POX Iz} Pox 7} glewm e¢)E& 1 substrate specificity2 Xo} 2}z catechol
oxidaseg} laccaseE F Aol 7} A3 L. POX I solid medium culture#] hyphal
tipel] 2.e. ¥ POX II+ sclerotium¥} primordiume] $lv}. POX [2 W& w2 &
(Fixation I step) = activity7} Eu}2 WHojxo Fixation II stepdl= POX I<]
activity7} flo]= E37 4oz dojvng Wl A5& HAdds Fixation I
stepoll Fodd= Aoz FHE 2 F enzyme activitye] s reactive
quinoned ¢l o] WEA ¢ Fo24 A4ldA HE 7] AF AgMelE E 5
¢}, Primordion ¥ 4 A] POX 117} veh}= ZA2 oxidative polymerizationol] ¢] &+
hyphale] cross-linkings 9l ZAez Fess POX I activity = primordiumse]
717k 1 emAE YR ool o]n] 1 activitys} A9 A @A Ao g Heol a4l
yrojzhg-olgt e & 4= At

ol9fgto] C. congregatuss E3F FAlel ©HE phenol oxidaseFe] AR
Vel o]5Z o4 solid medium culture¢] hyphal tip enzyme light signalg

A 7152, primordiume] enzyme2 hyphale] cross-linkingg f=8H= 71%5S

--165—



R .

¥ e NSk e

= e
N = O

—
W

15.
16.
17.
18.
19.

20.
21.

22,
23.

¥ 2 E Y

Bergman, K. et al. (1969). Bact. Rev. 33; 99-157.

Cerda-Olmedo, E. (1977). Ann. Rev. Microbiol. 31; 535-547.
Chang, H.S. (1980). Trans. Brit. Mycol. Soc. 74; 642-643.

Choi, H.T. (1986). Ph.D. Thesis U.C.Santa Barbara, Calfornia.
Choi, H.T. et al. (1987). Mycol. 79; 166-172.

Clutterbuck, A.J. (1972). J.Gen.Microbiol. 70;423-435.

Cory, J.G. (1967). J.Biol.Chem. 242;218-221.

Esser, K. (1968). Genet. 60; 281-288.

Galun, E. (1971). Plant Cell Physiol. 12; 779-783.

Gardener, S., & J.GJones. (1981). J.Gen.Microbiol. 130;731-733
Leatham, G.F., & M.A.Sthmann. (1984). J.Gen.Microbiol. 125;147-157.
Leonard, T.J. (1971). J.Bact. 106;162—167.

Lu, B.C. (1965). Am. J.Bot. 52:432-437.

Manchere, G. (1977). In Biotechnol. & Fungal Differentiation.
J.Meyrath & J.D. Bulock(ed). 43-65. Academic Press.

Mason, H.S. (1957). Adv. Enzymol. 19;70-233.
Miranda, M. et al. (1984). Mol.Gen.Genet 193; 395-399.
Moore, E.J. (1965). Am.J.Bot.52:389-395.

Page, R.M. (1962). Sci.138;1238-1245.

Ross, LK. (1979). In Viruses & Plasmid In Fungi. P.A Lemke(ed). 485-
524. Marcel Dekker Inc.

(1982). J.Gen.Milcrobiol. 128; 2763-2770.

(1985). In Develop.Biol. of Higher Fungi. D.Moore et al(ed). 353-
373. Cambridge Univ. Press.

Senger, H. (1982). Photochem.Photobiol. 35; 911-920.

Swords, KMM.S. (1984). MA Thesis. U.C. Santa Barbara,
California. ‘

—166—



I IS

2% o G E)

1974. 2 A&Tim o) 4EI o5

1979. 2. Agisz olEry ojAE (o] HAD

1987. 3. w|Z Californiat] 313 Santa Barbara 4§ &-%3} (Ph.D.)
1987-88 ] San Diego, Scripps @74 FAFEHETL 9T4H
1988. 5 - ¥ AYdw o| Y 2

—167—



