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Lentinula edodes by Chromogenic Reaction-based Plate Assay
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ABSTRACT : Shiitake breeding requires the procedures of mating of two different parental strains and selection
of hybrid strains that have good traits for the mushroom production. In this study, we tested the possibility of
the use of chromogenic plate-based assay for extracellular enzyme production in order to assess and find good bio-
chemical properties-possessed hybrid strains that were generated from genetic cross of the monokaryotic strains
derived from two different parental strains of Lentinula edodes Sanjo-101ho and Sanjo-108ho. We observed that
there was difference in the ability of producing B-glucosidase, avicelase, CM-cellulase, amylase, pectinase, xylanase,
and protease among the monokaryotic strains. We could also comparatively assess that the ability of the seven
extracellular enzymes production in the hybrid strains depended on the mating combination of the monokaryotic
strains. Our results demonstrate that the assessment method for extracellular enzyme production using chromogenic
plate assay could be usefully applied to the assessment of the hybrid strains derived from the breeding procedure

of L. edodes.
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B-glucosidase Pectinase
Avicelase Xylanase
CM-cellulase Proteinase
S M
s M w

Fig. 1. Examples of observation of extracellular enzyme production shown by hybrid strains of L. edodes on chromogenic media. Arrow
indicates clear zone (enzyme production zone). S : Strong production, M: Moderate production, W : Weak or no production.

Table 1. Degree of extracellular enzyme production shown by the monokaryotic strains derived from their parental strain L. edodes
Sanjo-101ho and Sanjo-108ho

Enzyme Degree of production Parer?tal strain Parel'ltal strain Monokaryo.tic strain Monokary(')tic strain

Sanjo-101ho Sanjo-108ho from Sanjo-10lho  from Sanjo-108ho
B-glucosidase Strong /1% 3/20 18/20
Moderate 5/20 2/20
Weak 11 12/20 0/20
Avicelase Strong 3/20 4/20
Moderate 3/20 8/20
Weak 1/1 11 14/20 8/20
CM-cellulase Strong 0/20 9/20
Moderate 3/20 6/20
Weak 1/1 11 17/20 5/20
Amylase Strong 0/20 7/20
Moderate 2/20 3/20
Weak 1/1 11 18/20 10/20
Pectinase Strong 1/1 2/20 1/20
Moderate 2/20 7/20
Weak 11 16/20 12/20
Xylanase Strong 0/20 6/20
Moderate 0/20 1/20
Weak 11 11 20/20 13/20
Protease Strong 1/1 0/20 0/20
Moderate 1/1 15/20 9/20
Weak 5/20 11/20

*Number of strains shown the enzyme production/total number of strains.
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Table 2. Degree of extracellular enzyme production shown by the 163 hybrid strains generated by combinational mating between the
monokaryotic strains derived from L. edodes Sanjo-101ho and Sanjo-108ho

Parental strain
(Sanjo-101ho)

Enzyme Degree of production

Parental strain

(Sanjo-108ho) No. of hybrid strain

B-glucosidase Strong
Moderate
Weak

Avicelase Strong
Moderate
Weak

CM-cellulase Strong
Moderate
Weak
Amylase Strong
Moderate
Weak
Pectinase Strong
Moderate
Weak
Xylanase Strong
Moderate
Weak
Protease Strong
Moderate

Weak

*

1/1

1/1

1/1

1/1

1/1

1/1

1/1

88/163
18/163
57/163
84/163
24/163
55/163
90/163
17/163
56/163
29/163
54/163
80/163
65/163
52/163
46/163
41/163
22/163
100/163
18/163
130/163
25/163

1/1

1/1

1/1

1/1

1/1

1/1
1/1

*Number of strains

shown the enzyme production/total number of strains.
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Table 3. Analysis of the 163 hybrid strains showing different degree of extracellular enzyme production based on mating combination
of the monokaryotic strains having different degree of extracellular enzyme production, derived from L. edodes Sanjo-

101ho and Sanjo-108ho

Mating combination resulted in hybrid strain

Total no.

production "S1x 82 SIxM2 SIxW2 MIxS2 MIxM2 MIxW2 WIxS2 WIxM2 WIx W2 of strains

Enzyme Degree of
B-glucosidase  Strong 16" 3 36 24
Moderate 1 8
Weak 10 1 25 17
Avicelase Strong 2 3 5 5
Moderate 1 1
Weak 1 1 4 1
CM-cellulase  Strong 5
Moderate 8 2
Weak 2
Amylase Strong 1
Moderate 2
Weak 5
Pectinase Strong 4 6
Moderate 1 2
Weak 1 5 2
Xylanase Strong
Moderate
Weak
Protease Strong
Moderate
Weak

4 5 88
9 18
2 2 57
12 3 11 23 20 84
2 1 4 7 8 24
7 7 9 14 11 55
2 42 19 19 87
2 3 5 20
1 28 14 11 56
1 2 14 2 9 29
2 5 8 7 30 54
2 5 23 8 37 80
1 4 5 13 32 65
4 2 10 33 52
2 3 2 4 27 46
11 2 28 41
1 21 22
20 4 76 100
12 4 1 1 18
40 62 11 7 120
7 12 2 4 25

*Mating type combination. **Number of hybrid strain.

S: strong production, M: moderate production, W: Weak or no production.
1: Monokaryotic strains from Sanjo-10Tho, 2: Monokaryotic strains from Sanjo-108ho.



104 a4y

o] Azl=e] U7t wzto] oA
o] ﬁiﬂ‘:‘ oAw gt 7)zke] EAjek= A& AlAkgT
T 405 e R wike] s s A
B B-glucosidase ¢ -9 2F21015.9F AFE1085 27
H g S 5 26 5] 2 1018 Fel
dellatote] ZgtollA AR &9 &
—r7]- B2} Avicelase & A=
ol LAl Be oA FEA 8] 5ol ¢
Tfﬂ wgttF7E ek ol oA avicel FE 2]
cellulose 7]12& ©]§3h= a4 FAo| HaFFIA =
HHA o7 EAlshs SAUAE ZEL. oo uksl CM-
cellulase®] A= 54 ZF oAM= d3] 8v] s8o| %
st wHF7F $l=1h Carboxyl-methyl JE]2] cellulose

A7} Frke] 3

JE
o
iy
o
K
?1_‘
=1

714 o] 82 T HAAQ 5402 Holx| A4
th 2 el g UHR) A5 54 2o )
TEo] A wAEa BNk o} ofdh WA 23
THEoAA] b= 230 EEE B o= ol 3k
9] 7§ 718 & ol8she wHo] axtshs WeldTl f+
WA Qe A7) S ARt mE #3444
°1°ﬂ weh AlEegae] wulsd Frrt 9l w5
%‘o}—tﬂ LAES- me 29 5 9= Table 3

_/] g A xgg}tﬂ-zq EA] z}o]
dl"f: Ao M ol dotutol= AS

9 a & (isozyme)s EA5I=
= ol F=34 94, &
A71719] #9s 8 F s
oL ABserA x| A3 71es QE]
ol St Al F2elelle A AL el ol
whs)| AR & o]8-5F 7ko] H7PH-E St A A
SR A28 s ¥H T8 AR 28 T+ = AH
= AY AL Aot o2& Aol Y] HZ FAHA, Fol
AL SollM e wiAlge] AlEL)ah 7S 9lste] A
A2 AREEATHJo ef al., 2009, Jo et al., 2010). LS
ZRE AxJaALE A AHIZE BFoly YT
2 BAES 7147 0]8-3 Mata®} Savoie(1998), Silva 5
2005y & < Utk 2 AF7HA skt AlEelA
frefsle aEol tigk AAZ H7HE st wm) A
% Wslele 5AS Hrishket 2Aukgaix| e &8 7t
TS HAFE Al B A frdsi

\1?3

Eapseel] o3k awfo}
A 2 FAe Ad wgtFe] Aol a7
th 2 AFoME AR TE F AT BiL BtFollA
Fref g et o5 G| a2 HE vhEo

A dgtol] tiste] EAREE iR E o835t A2
el g EHsY ZéE—% Hlaste] Agstets 57do)
g doll thate] ZAFs AT Bt
FRRE St ‘%_Pﬁl.]&—rg Z¥oll B-glucosidase, avicelase,
CM-cellulase, amylase, pectinase, Xylanase, protease2]
5] Zol} g2 FAsAn marETel o]
A% SelFe 3l weh B4 Fulseoe] gebe
A& = At olol up2h BAREZjAE o] &3 A
o FA Hrhgel Bxe £33 Fol AHHE 2R
FFEe] Wl H8 ¥ 5 e Ao Aawnh

B ATE TEFET 571 EA (306008-
05-3-WTO011)°ll 2J3l o] Fo]x A Y.

Cannon, P. F, David, J. C., Staplers, J. A. and Kirk, P. M. 2001.
Ainsworth and Bisby's Dictionary of Fungi. 9th ed. CABI
Publishing.

Chang, S. T. 1999. World production of cultivated edible and
medicinal mushrooms in 1997 with emphasis on Lentinula
edodes in China. Int. J. Med. Mushroom. 1:291-300.

Hyun, M. W., Yoon, J. H., Park, W. H. and Kim, S. H. 2006.
Detection of cellulolytic activity in Ophiostoma and Leptographium
species by chromogenic reaction. Mycobiology 34:108-110.

Jo, W. S, Bae, S. H., Cho. D. H,, Park, S. D., Yoo, Y. B. and Park,
S. C. 2009. Optimal medium conditions for the detection of
cellulolytic activity in Ganoderma lucidum. Mycobiology
37(4):313-316.

Jo, W. S, Bae, S. H.,, Choi, S. Y., Park, S. D., Yoo, Y. B. and Park,
S. C. 2010. Development of detection methods for cellulolytic
activity of Auricularia auriculajudae. Mycobiology 38(1):74-77.

Kwon, H. W., Back, 1. J., Ko, H. G, You, C. H. and Kim, S. H.
2008. Extracellular enzyme activities of the monokaryotic
strains generated from basidiospores of shiitake mushroom.
Mycobiology 36(1):74-76.

Mata, G. and Savoil, J. -M. 1998. Extracellular enzyme activities in
six Lentinula edodes strains during cultivation in wheat
straw. World. Microbiol. Biotechnol. 14:513-519.

Ohnuma, N., Amemiya. K., Kakuda, R., Yaoita, Y. Machida, K.
and Kikuchi, M. 2000. Sterol constituents from two edible
mushrooms, Lentinula edodes and Tricholoma matsutake.
Chem. Pharm. Bull. 48(5):749-751.

Silva, E. M., Machuca, A. and Milagres, A. M. F. 2005.
Evaluating the growth and enzyme production from Lentinula
edodes strains. Process Biochem. 40:161-164.

Yaoita, Y., Amemiya, K., Ohnuma, H., Furumura., K., Masake, A.,
Matsuki, T. and Kikuchi, M. 1998. Sterol constituents from
five edible mushrooms. Chem. Pharm. Bull. 46(6):944-950.

Yoon, J. H., Park, J. E., Suh, D. Y., Hong., S. B., Ko, S. J. and
Kim S. H. 2007. Comparison of dyes for easy detection of
extracellular cellulases in fungi. Mycobiology 35:21-24.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


