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A time course for laccasp and cClllllasf' gpnps transcription of Agarirll.s hisporus compost 
culture arc examined. The results of assays for laccase gene feel show that the expression of 
this gene increased in the compost unt.il pinning stage of development. Tn tl"le fruiLing cultures 
the amowlt of leel declined rapidly over a 4-5 d period immediately. Cellulase gene eelS 
expre~sion contrasted sharply appeared \vith lec 1 expression by remaiTiing at a low level until 
after the pins were seen. The eel3 concentration then increased some lO-fold. The cel:3 
expression remained high for some time aml then declined during the later fruiling cycle. Gene 
expression for laccasf' and cellulase therefore correlates directly to the measurable If'vel of 
eX1.racdlular enzyIllf' act.ivity and to biosynthesis of en..,yme protein. 

INTRODUCTION 

The cultivated mushroom A. hisporns degrades the major plant polymers found in 
the growth substrate. Nutritional and enzymo!ogical studies have revealed the nutrient 
factors of substrate that arc utilized by the fungus, and the extracellular enzymes that the 
fungus secretes for substrate degradation. The secreted enzymes of mushrooms include 
both hydrolases and oxidases The activities of two of these enzymes, laccase and 
cellulase, are strongly regulated during fruit body development (",rood and Goodenough, 
1977; Ohga, 1992). This indicates that in addition to their direct nutritional role, 
regulation of their activity is coupled to the programme of fruit body morphogenesis. 

The alin of this study is to provide suitable enzywe targets of agronomic interest that 
could be manipulated by genetic engineering methods, particularly the use of DNA 
transformation techniques. Suitable transformed strains could then be analyzed for 
useful effects on bioconversion into mycelial biomass artd fruit bodies, and for effects on 
periodic fnliting of mushroom crop. The isolation of cloned DNA for laccasc (leel) and 
cellulase (eeI3) provides an opportunity to examine the genetic control of enzyme 
production during fruiting on compost (Raguz et at., 1992; Perl}' et al., 1993; Yague et al., 
1994; Chow et al., 1994). 

MATERIALS AND METHODS 

Culture of Agaricus bisporus 
A. b'isporus D64Y was grown on stra\v compost. Each cultures were harvested 
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various 8 grovvth phases, that is colonize, aggregate, pin, button, veil, senescent, harvest, 
and second flush. They were transported in dry ice and stored at -40 6C. 

Isolation of RNA 
Total RNA was isolated as follows: frozen colonized compost. was blended 'i\'ith solid 

CO~ in a coffee blender. Powdered colonized compost was mixed vlith TNS buffer and 
extracted with phenol-cresol:chloroform, ethanol-presipitatcd, resuspended in 311 
Na-acetate pH 5.0, and centrifuged at 5,000 X g for 10 min at rc. Total RNA was 
quantitated spectrophotometic:ally. 

Northern blot 
Glyoxylated RNAs were analyzed by electrophoresis in 1% agarose gels. Gelswere 

blotted onto Hybond-N membranes (Amersham) in 20 X SSC. 
Plasmids carrying A. bispo-r/ls eDNA were the follows: pSRc200, eel3: pKs45, leel 

prepared ~ith Prep-spin colullm CQiagen), then digested with restriction enzyme Eco RL 
A fragment of GelS: 1.1 kbp, aJld leel: 1.5kbp were random-primer labeled (Boehringer) 
using l a"Pj dCTP and hybridized to the membrances. These 2 hybridized to single 
mRNAs as detected by Northern analysis. 

Northern filt.ers were prehybridized and hybridized in formamide, SSPE, Denhardt's 
solution. Prehybridization was for 1-2h and hybridization was for 12-1{5h vvith the heat 
denatured rarliolabelled probe. The filters \-verc ,vashed at room temperature ,vith 1 X 
SSC-O.l% SDS and O.2XSSC-O.l% SDS at 42'C each and exposed to a Kodak X-Omat 
film with an intensifying screen at -70°C for 72 h. The relat.ive amount of radio label 
bound to the slots was quantified \vith a Phosphor Imager (Molecular D;~lnamics). 

Competitive PCR 
Competitive reverse transcript.ion-polymerase chain reaction CRT-peR) can be used 

to obt.ain quantit.ative information of mRNA levels comparable to traditional RKA blot 
teclrniques, with the added advantage of peR. 

Total RNA was used as· the template to generate first-strand eDNA in reaction 
mixtures cont.aining random hexamer primers, deoxynucIeoside triphosphates, RT buffer, 
Arv1V reverse transcriptase CPromega), and RNasin ribonuclease inhibitor. Reaction 
mixtures were incubated at 37"C for 1 h, and reactions were terminated by heating to 
95°C for 5 min. 

For peR amplification, each RT reaction mixture was mixed \vith the forward and 
reverse primers, buffer, deoxynucIeoside triphosphates, Dynazyme-DNA polymerase 
(Finnzymes), and genomic DNA. Amplification was performed in a DNA thermal cycler 
(Hybaid) "ith following thennocycling program: 30 s at 95 'c, :30 s at 56 'c, and 2 min at 
72'C (5 cycles); 30s at 95'C, 30s at 56'C, and 30s at 72'C (35 cycles); and Dmin at 72'C 
(l cycle). peR products were analyzed by agarose gel electrophoresis (1.5% agarose). 

RESULTS AND DISCUSSION 

A. bispOJ7lS degrades the major piant polymers found in composted material. Certain 
extracellular enzymes involved in this process, includ~ng laccase and cellulase, show 
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profound changes in activity during fruiling . We have analyzed the t ranscription of 
lacca.<:le ( lccl) and eellulase (eelS) genes to unde rstand how eontrol of transcription 
contribuLe~ to changes in eTIz:yme activity. 

\Vood and Goodenough (1977) has shown enzyme activily changes on the eompost. 
Large changes were fOlmd in the amounts of laeeasc and cellula..''>e \vhich vvere eorrelated 
\o\ith frui t body development. Laccase concentration increased during myeelial growth 

ami lJlen declined rapidly at the start. of fruiting. Cellulase activit.y could be det.~C:l.ed 

throughout. growth but ill<:reascd at fruiting. 
RNA was ohtained frolll solid substrate of A. b"i,r:.;J)Or?l,s groVi'l\ on compost.. The yield 

of total RI\A was 1 "-42J"g per gram wet weight . 
J\orthern analysis showed that the level of lee 1 t.ranscript.s was greatest ill colonized 

t:ult.u l'cS prior t.o fruiti ng, declined to non-det.ectable levels dUTing fru.iting and inereased 
ill harvested and second flush cultures. For the cel8 gene no transeripts were detectable 
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Fig. 1. Northem blot analysis of led amI cel8 rnRI\A rrom 
compost cultures or A. bisporus. 
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from colonized but prc-fruiting cultures. Levels rose t.o a maximum at the veil break 
stage, declined, and then increased again in the second flush (Fig. 1). 
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Fig. 2. Timp COUfSP for induct.ion of Icc! and eelS rnRNA 
studied by competitive reVPfse transcription-poly­
merase chain reaction (RT-peR). 
Abbreviations are same as in Fig. l. 

The results in RT-PCR analysis also indicated lee1 gene expression was maximum 
during colonisation and declined during each fruiting cycle, and cel,"j mRNA was 
maximally expressed in the myccliwn at the veil break stage of fruit body development 
(Fig. 2). 

These studies have been shovvTI that genetic manipulation of laccase and cellulase 
gene expression has the potential Lo produce useful agronomic effects on mushroom 
production such as control of fruit body growth rate, flush yield and flush timing. 
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