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Abstract: The aim of this study was to obtain new Penicillium simplicissimum mutants with high yield of ligninolytic
enzymes. UV induced mutagenesis of protoplast was performed on original strain Penicillium simplicissimum (Oudem.)
Thom BGA. Two genetically stable mutant strains J12 and J18 were selected from a large amount of the regenerative
mutants. The highest laccase and manganese peroxidase (Mnp) activities produced by strain J12 were 1.45 and 0.47-fold
higher than that by original strain, reached 44.0 U/g and 50. 9 U/g, respectively. The highest lignin peroxidase (LiP)
activity of 67.1 U/g was obtained by strain J18, which was 0.4-fold increased compared with its original strain. The
highest degradation rate of lignin also was obtained by strain J18, which increased 1.98-fold compared with its original
strain. Further experiment confirmed after seven generations successively propagating the activity of strain J12 and strain
J18 were stable and did not decrease generally.
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Table 1
ligninolytic enzymes by solid fermentation

HR Bk T
48.0+2.7
34.6£1.5
15.4+2.6

FAERE 12 FHARHE 18
444432 67.1+4.5%%
50.8+1.18%*  37.3+1.9
44.043.1%% 22242 7%

TiH
Al A AL BE(U/g)
HId SE A (U/g)

B (U/g)
H:#*P<0.01,%P<0.05

2.6.2 ARIEHEEMBREII T Kb A&
BRI RT AR 0 25 () SR B AR B ) SR 2 o, H
REFE T, AT J12 FHEAS H R 118 A
T AR R AN 9.94% - 16.65%K1 29.63%.
FEXTF R PR LB PR T12 F5 AR B bk
JI8 (MR i 5 B 2 2y 4 W T 67.5% Al
198.1%, 1 # 2 & ¢ 155 (P<0.01). P PEWE I 1 &5
B 32 B 2 48 FH A P e v R (pHL7 ) T Ak A 4 4l
JRLJ 1 TR R R I 4 P ), AL
i R REEGR M OB . Tk R A
KGR I R 2 R ) 4 A TR R (R A LA,
1 [ 245 R ATV IO 7 S i Bt AR 220 30d 1Y
(] 25 W O, ] 5 R MR 9% o 3 v A P PR ik 22



490 Hh 2N

BB ¥ 32 4

Bk 4 5 1 A D S T o, T BE R AR A
(212 Y 25 . 2 4 32 R 32 4 00 s T T j
(=8 R AR T J5AR B AR J12 175 A% 1 i
J18 [P YRR 2 B v 36 MK 12.85%

22.48%F11 30.80%, 5 M Wk 3 £ 151 (P<0.01). AH %)
T-HR R RE 1iEAR R 112 FIEAZ B AR 718 1
TP BRI R E R A T 74.9% A1
139.7%, A7 1t & $2 = (P<0.01).

#2 EBESEABIRARAHEZRESRETK
Table 2 Quality changes of lignocellulose components before and after solid fermentation
S HORHRR ) BT 12 BT J18

0d(g) 30d(g)  BEMEE%) 0d(g) 30d(g) PR %) 0d(g) 30d(g)  BRAEFE(%)
el eV SRR 2054027  2.31+0.18 12.85£031  1.974026  242+0.17 -22.48+125%% 1984026  2.58£036 -30.80+£0.25%*

e Yk 2.63+0.18 1.50+0.11  43.15£0.88  2.53+0.17 1.4440.13  43.03+1.87  2.54+0.18 1.4240.05  44.02+1.24
Y 3744036 3.144028  16.16£0.56  3.61£0.35  2.99+0.156  17.0741.22  3.61£0.35  2.767+0.13  23.33+1.83%*
KFFE 1612020  1.45£0.13  9.94£026 155020  1.29+0.07 16.65£0.55%*  1.55£020  1.0940.03  29.63+1.42%*

WA KRB FEEETE R 10.00£0.57 9524026  9.884028  10.0040.18  9.094021  10.72+£0.11*  10.00£0.19  8.661+0.13  14.98+0.26%*

HFR

27 Wik FRHS A LB BRI AR I, B PV

ARSI B T RO [ 2 e s R B R AN T
TKREREFFRNZE A A IANATAT H B8 T4 ot
X AKAREREAT BEAT AT T W AL . 2208 30d
P43 ] 285 2 B A0 R R J12 R T8 ) [ 25 Ak e B o
LA T3 B 28 ) 16.59% K1 29.68%. AHXT
EREEIE PN @ NI o S O T P R
Phanerochaete chrysosporium- Pleurotus eryngii-
Phlebia radiata. Ceriporiosis subvermispora #l
Ceriporiopsiss subvermispora %} A it 2 1 5 fif 5
6%~11%!"* "L AR KK 712 F1 718 X AR 2 1 1%
(e TE

HISEIG 45 Rl 50, VA AR T18 XA F
fif e ) Bt X e TR A AR J18 23U
AR L E A YRGS B K. AR R TR 2
1 =l B &5 g 10 A J5 3% B0 70 RV Iy 465 ) 1A AR Joit 32
TCA ) S5 R 2 B 2R I S ), AR B 4 1
I NVF i B T NES I I NI/ T S B 0
90%"2 A I T, ST AT 3R L S P G
ot 1 My &5 ) B AR Jit 2%, PRI I A o 32 0 S A )
AFE R /N AR 3R PR B i 5 M B =5 RV A
WIPE J18 FRdR i AR S (32 s % B AN
WA BPR T12, (5 HO0E AR 5T 3R 6 A At 0 20 240
THASTRAR 12 I A] AR S5 oA i 3 4
A AE R A 53R B A b IR A T 22 K 1L
by 2 Ao 2R gt il TR 25 R T AR

KR Bl AT R T 2 B R E 3K
AR AN EAE 200 30d (R A& R I, 15 97 15
ARFEIR 18 (R S FREE P b PRV B B
SN AR R T Y 2.46 £ AR T %
SRR B IR YRS 338 v ) AR BT 4k 31
BEAT AR, B 2y T B B9 4 e T AR 97 50

BARTIRR J12 (KA A A Y ARG
TR R DA R Ao A L e ) B
T T HURRIPR 1, IR OO A 3R A Bt
LR TR R T b e m] W AR AR S T
Wil L 4 A 0 Il X A i 3% 1) 3 R AT ) L ARV
AR I AAC Y (AR AN B AL
BR J12 RUE R AR IO 1 A R 2= IR AR R AR
JU8, (BT AR, T P T3l A W LB PR
FURIA Jo 2 [ e i [ iy [ 4 FH (0

3 4%it

3. JE b )] R R A AR AT R AMA AR,
EPE R BERE T IR T 2 B AR B S . 5 A B
PR 112 (PR R TG 3 145%. i AL s i
TR 47%. B4 HRR 18 HIA R E i Ak ity
R 40%.

3.2 FAJE MBI R R B AREE 158 T
B AR 118 WA R E BRI
198.1%. 5 A2 B bR J12 68 R i 35 % Al 6 42



3 44 AT

J5UAE AR ST AR e 4 71 B R R A E

491

67.5%.
3.3 BAWIRAI 7 YCELEALACH XA 5

DREF etk ) B At 3 AT AR R

3.4 ARJFEILE AN A F I B AR E 1K
THAl 2 BT P Al HAEA TR P AL 2
oS B ] O HLEAT R AR — 2D R AL

S 3k

[1] Novaes E, Kirst M, Chiang V, et al. Lignin and biomass: a
negative correlation for wood formation and lignin content in
trees [J]. Plant Physiol. ,2010,154(2):555-561.

[2] Guang Ming Zeng,Hong Yan Yu et al. Laccase activities of a soil

Penicillium  simplicissimum in relation to lignin
degradation [J]. World
Biotechnology, 2006,22(4):317.

[3]  HRLrHa, v e, 3 [ A2 6T &5 85 Penicillium simplicissimum K
JERBRRAES [J]. PRBERIE, 2005,26(2):167-171.

[4]  HSZLHE, 85 ' Y, 3 [ R, A5 A BT 2% A AP B0 1T ) 9 2 ™ Bl
[]. N SHEEAEYEIR, 2004,10(5):639-642.

[5] Gutarra M L, Godoy M G, Maugeri F, et al. Production of an

fungus

Journal of Microbiology and

acidic and thermostable lipase of the mesophilic fungus
Penicillium simplicissimum by solid-state fermentation [J].
Bioresour. Technol., 2009,100(21):5249-5254.

[6] Liew C Y, Husaini A. Lignin biodegradation and ligninolytic
enzyme studies during biopulping of Acacia mangium wood chips
by tropical white rot fungi [J]. World J. Microbiol. Biotechnol.,
2011,27:1457-1468.

(7] AR, BRI A U B AR SR Ol R G- Rl S
il EREERIAC T 20 S ARG 2 A TR OB LARD (0],
Yi2E, 2007,26(1):153-160.

[8] Archibald F S. A new assay for lignin-type peroxidases
employing the dye azure B. [J]. Appl. Environ. Microbiol., 1992,
58(9):3110-3116.

[9]  XUTLIDE, B0 G, B 1A A Bl o 1 TR T 44 2 S B X RBBR
MR EEVER (). AN TiEFE, 2004,2(1):21-24.

[10] BVHS, M 25 40 1 R 4L R Wi AR R Pk 9T [0, BE
W25, 2000,40(6):628-632.
[11] MET53E, AW T AE & R M) P B2 R AL,

2002:300-303.
[12] Tien M, Kirk T K. Lignin Peroxidase of Phanerochaete
chrysosporium [J]. Methods In Enzymology, 1988,161:238-249.
[13] Datta A, Bettermann A, Kirk T K. Identification of a specific
manganese peroxidase among ligninolytic enzymes secreted by
Phanerochaete chrysosporium during wood decay [J]. Appl.
Environ. Microbiol., 1991,57(5):1453-1460.

[14] Buswell J A, Cai Y, Chang S. Effect of nutrient nitrogen and

manganese on manganese peroxidase and laccase production by
Lentinula (Lentinus) edodes [J]. FEMS Microbiology Letters,
1995,128(1):81-87.

[15] Van Soest P J. Use of detergents in the analysis of fibrous feeds.A
rapid method for determination of fiber and lignin [J]. J.
Assn.Official Agr. Chem., 1963,46:829.

[16] Van Soest P J. Use of detergents in the analysis of fibrous feeds.

Determination of plant cell-wall constituents [J]. J.Assn.Official

Agr.chem., 1967,50:50.

RN R, G B, AE SR A A e R ) B T

D). hEERIERLA, 2008,28(9):807-812.

[17]

[18] Jose D, Gonzalo A, Susana C. Transformation of wheat straw in
the course of solid-state fermentation by four ligninolytic
basidiomycetes [J]. Enzyme And Microbial Technology, 1999,
25(7):605-612.

[19] Guerra A, Mendonca R, Ferraz A, et al. Structural
characterization of lignin during Pinus taeda wood treatment with
Ceriporiopsis subvermispora [J]. Appl. Environ. Microbiol., 2004,
70(7):4073-4078.

[20] Tuor U, Wariishi H, Schoemaker H E, Gold M H. Oxidation of
phenolic arylglycerol B-aryl ether lignin model compounds by
manganese peroxidase from Phanerochaete chrysosporium:
oxidative cleavage of an a-carbonyl model compound [J].

Biochemistry, 1992,31:4986-4995.

EBEINT: b 3(1982), 3 T8 BIRT KSR BRI 15 T
RE27 BRI 0 07, 32 BRI T 1) A B e AL A 3 0 S 2 .
KAWL 2 .




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


