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Degradation of Japanese Beech Wood, Pure Cellulose, and
Lignin-Related Compounds by Pyrenomycetes and

Discomycetes

Hiromi Tanaka, Shuji Itakura, and Akio Exoxi

Department of Agricultural Chemistry, Kinki University, Nakamachi, Nara 631-8505,

Japan

Synopsis

The abilities of several Pyrenomycetes and Discomycetes fungi to degrade Japanese beech (Fagus crenata Blume) wood.
to degrade microcrystalline cellulose. and to degrade lignin-related dimeric compounds were examined. Changes in the lignin
component of the wood during decay were then measured. Phenol oxidase activity and one-electron oxidation activity which
can be measured by ethylene generation from 2-keto-4-thiomethylbutyric acid were also examined. This one-electron oxida-
tion activity is related to wood degradation by white-rot and brown-rot fungi. Some of the fungi examined caused large weight
losses of beech wood. Generally they caused larger weight losses on Duncan’s medium than on Kirk’s medium. Most of the
fungi examined expressed cellulolytic activity. The ratios of the percent lignin loss to the percent weight loss by several fungi
were 0.4-0.6. while the values by some others were 0.2-0.3. The fungi which showed higher ratios of the percent lignin loss 1o
the percent weight loss had usually phenol oxidase activity. However. their abilities to degrade lignin were lower than those ol

white-rot fungi. The activily ol one-electron oxidation was not related to the fungi’s ability to degrade wood.
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Table 1. Ascomycetous fungi used in this study.

Ascomycotina
Pyrenomycetes
Biscogniauxia nummularia WD 243, WD 480
Daldinia concentrica WD 227, WD 349
Graphostroma plarystoma WD 348, WD 357
Hypoxvlon howeianum WD 451
Hypoxylon multiforme WD 494
Hypoxvlon truncatum WD 434, WD 497
Rosellinia aguila WD 353, WD 496
Ustulina deusta WD 438. WD 488
Discomycetes
Choriactis geaster [FO 30658
Urnula craterium 1FO 30137

2. HEEEN

It O H7 212300 ml <1 7 7 A 712 Duncan D5
i (KH:PO: 5.0g, MgS0s-7H:0 4.0g, K:HPO: 4.0g,
NH:NO: 6.0g, 7L =1— 7 25g, A4k 1000 ml, pH
55) HAHVIEKirk DEs Y E50ml (2% HER) iR
MUM 2z, 22720 Kick O 3 iR E LT7
T — A 25g,20mM 7 ¥ L EERETILO A D 22
7 et pH 4.5 L, SEHE L TE1.2mM
MERET » ' axfluni,
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FLzfk, any K—7—CHEMREWHML, 77
A2 oM L 28 C TR L 7o, liAAY7 7 A
ORI < ST U7z, 7 AME L2 RK
77 23&7:0 3T L7z, g IS i
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dimethoxyphenyl} -1.3-dihydroxy-2- (4”-methoxyphenyl)
propane (I1) ' T, {iHIZit- THBL 720 300 ml

77 A (230 ml @ Duncan & % \ 213 Kirk D5 %
SE, 2%EREMAE L, ELatifk ThE
NOILG % 1 mgi& A 72200 17 4 b 2 F R
L7z T b raefusdsizo %, el
e ichl L 72 28°C Tl W HLES 26 2, BERE - L 30 ml
ENHEEHE 2 LT lmg @ 1- (3" 47 -dimethoxyphenyl) -
I-hydroxy-2- (4”-methoxyphenyl) ethane # N.N-
dimethylformamide 100 0 2R LIENL 720 2612
BifETF L 20 ml 2 2 [0ifRMNT 2 2 L2k - THRAFL
Ny BFMEEWEMILL, S0m OEFKT
Wi Lo BT F LR BR L, FOMEIZE) ¥ v
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Table 2. Degradation of Japanese beech wood blocks by
.Jsu)mygetous fungi in two media incubated at
28°C for I, 2, and 3 months.

Weight loss (%
Duncan's medium Kirk's medium
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2 flin Kt 1T o2 X D 7L H O Bk
LHEOFEREF L2 IR L, KO ff"k’}‘fi.
Duncan O HWT 3 gk 3472k B.
nummlaria WD 243 125 - T 46.9% Tdh - 7= JJ‘QL T
G. platystoma WD 348 (2 L - T 41.5%, U. deusta WD
438 |2 L =T 36.5%, U. deustaWD 488 |- L T 355
%, D. concentrica WD 349 [Z L T 26.6% T - 72
Kirk D57 % V725 513 UL deusta WD 48812 & - T
37 HER 2272k 53252%, KT U. deusta WD 438
(2L - T21.8%, H. truncatum WD 434 |- X T 17.2
%BTdhot, BAXBEOKEIITIEKirk DELE D
Duncan DEHETO N A7 Fillib & & oL 7z, U
deusta WD 438 = WD 488 (& Duncan O 57T B
nummlaria WD 243 O 2 KA o )y %03, B.
nummlaria WD 243 7 Kirk O 50 Cldd £ 0 o0 )~
Table 3. Degradation of filter paper by asmm\«.elous fungi

in two media incubated at 28C for 1. 2. and 3
months.

Months

Weight loss (%)

1 2 3 | 2 3
B. nummularia WD 243 34.1* 468 469 B3 140 16.6

WD 480 96 175 262 21 52 7.1
D. concentrica WD 227 0.1 18 24 03 08 12
WD 349 14 197 26 82 128 170
WD 348 2227 322 415 06 57 77
WD 357 0 02 03 05 1.0 1.2
H. howeianum WD 451 14 41 1.1 20 27 30
H.multiforme WD 494 02 05 08 0 03 13
H. truncatum WD 434 73 151 182 27 89 172

WD 497 69 99 104 101 129 143
R. aquila WD 353 0 0 0 05 11 1.4

WD 496 04 06 08 03 21 4.2

G. platystoma

U. deusra WD 438 180 307 365 128 196 218

WD 488 164 296 355 153 233 252
C. geaster [FO 30658 13 51 107 07 13 26
U craterivm  1FO 30137 4.1 11.8 125 33 97 10.7

* Values represent means of six replicates except G. plarystoma
WD 348,
Values represent means of three or four replicates.

Duncan’s medium Kirk's medium
Maonths
| 2 3 | 2 3

B. nummularia WD 243 37.7* 529 760 32 48 52
WD 480 31.7 741 BBB 116 149 163
WD 227 50 100 400 831 724 717
WD 349 714 836 832 390 808 826
G.plarystoma WD 348 44 93 144 78 93 10

WD 357 165 768 862 149 208 299
H.howeianum WD 451 30.0 59.0 8332 111 400 41.0
H.multiforme WD 494 44 460 668 01 05 16
H.truncatum WD 434 251 594 96.0 438 655 68.0

WD 497 184 593 69.7 234 447 522

D.concentrica

R.aquila WD 353 01 07 12 07 47 185
WD 496 0 0.1 02 05 28 3.1
U.deusta WD 438 591 767 805 123 497 629

WD 488 252 482 781 0.0 120 555
IFO 30658 18.2 67.8 887 282 542 797
IFO 30137 6.6 148 285 55 398 678

C.geaster
U.craterium

* Values represent means of three replicates.
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REBpolz0z3 L, TRHD2HIEKirk DEHLT
bRERGMOERLIGMOEHFHYREC R
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KOFEHA L, Duncan DG AN VT3% H H.
truncatum WD 434 (2 X - T 242 2 96.0%, K\
T B. nummularia WD 480 |~ £ - T 88.8%, C. geaster
IFO 30658 |- & - T 88.7% Td - 72, Kirk DE T
D. concentrica WD 349 [Z L - T 82.6%, C. geaster IFO
30658 |\ L - T 79.7%, D. concentrica WD 227 (2 X -
T77.7% T -7z Bkl O K47 1L Duncan 55 T
DOFBKik T L O TN HREVD, BEAY
[ LT& 7. D.concentrica WD 227 % U. craterium
IFO 30137 (X, Duncan D3t & ©) & Kirk 55 T o088 h)
Ao 720 G. platystoma (& 2 AR [H] T4 1) A5
Y, 7HOMIIHT L9 EIIEA LIRS Lho
72 G. platystoma WD 3577 }i 7%, G. platystoma WD 348
I Ll TORKIZHT LMK EDN T

(#2 L 3). R.aquila WD 353 = WD 496 [\ 341D
BT HHAOMEN G TR O FLEALTHE S
ﬁ’f—L o 1z,

T A H -s|:iln§i9“%f--"f’f’?ﬂ'“Jfﬁf’r"MO') 7
FooEh, )y 2, WIS D
T WAL EOE GRS IR L, Bl B.
nummularia WD 24313 14.5 % O it bn - 5, 1)
T ARIE30% THL, FO L XF R
Wty A dt 0145 L0021 £ 5D

ZOENI0DL E, SRR OLLO-A, A4
O—ALEHIZN V= EFLEHMETHRLTY
HILERT021 £ VA RWHOSEEEIZY 7=
LD LREE TR L TV b
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B. nummularia WD

Table 4. Percent weight losses of beech wood decayed by
ascomycetous fungi. lignin content, and the
percent loss ol lignin.

Weight Lignin Lignin LL/WL*
Months Medium loss(%) (%)  loss(%)

B. nummularia 3 Kirk S 19.2
WD 243 D# 145 217 30 021
| Duncan S 20.8
D 336 262 162 048
2 Duncan S 20.8
D 457 286 254 056
3 Duncan § 20.1
D 502 283 300 0.60
wD 480 2 Duncan S 21.4
D 231 25.1 98 042
3 Duncan S 215
D 299 256 167 036
D. concentrica | Duncan S 20.5
WD 349 D 132 228 34 026
2 Duncan S 19.8
D 235 240 7.1 030
3 Duncan S 20.2
D 327 274 86 0.26
G. plarysioma 1 Duncan § 225
WD 348 D 228 249 147 064
2 Duncan S 234
D 414 307 231 056
H. truncarum 2 Duncan S 19.8
WD 434 D 194 231 62 032
3 Duncan S 20.1
D 218 239 70 032
U. deusta 1 Duncan S 21.3
WD 438 D 151 232 75 050
3 Kirk S 21.0
D 217 236 120 055
2 Duncan S 20.9
D 251 239 144 057
3 Duncan S 20.0
D 369 259 185 050
WD 488 | Duncan S 220
D 192 248 9.1 0.47
3 Kirk S 20.2
D 276 248 11.0 040
2 Duncan S 226
D 334 27.5 19.0 057
U. craterium 2 Duncan S 20.5
IFO 30137 D 122 228 24 0.20

* LL: Lignin loss (%), WL: weight loss (%).
" S: Sound wood. ¥ D: decayed wood.

ANEp AR E N AD T 0 ) W T ANEA

THIOWIEIE L A DS e dr - 720 B nummularia
WD 243 = WD 480, G. platystoma WD 348, U. deusta
WD 438 » WD 488 (204 ~ 0.6 THh '), D.concentrica
WD 349, H. truncatum WD 434, U. craterium 1FO 30137
1202 ~03TH-1:

L LA T0) Bz L2 Y= 2T MLEY
[E AT LT RS IR
WD 243, D. concentrica WD 349, 15 X UFG. platystoma
WD 348 (2 Duncan DT N H BN H K E -
2. U. deusta WD 438 |4 Duncan D5 i, Kirk D55
OWLTIEWIE N &5 LA, (LEYNZE LD
£ Ol L7z U craterium IFO 30137 {4 Duncan 4%

., B. nummularia



BHin o manl

& B KRMaRIZ2onT 17

Table 5. Degradation of lignin-related compound I and Il by ascomycetous fungi.

Compound | Compound I
Duncan Kirk Duncan Kirk
Incubation days Incubation days

IS 30 45 15 30 45 15 30 45 15 30 45

B. nummularia WD 243 +* 4 === - + % - = =
D. concentrica WD 349 + o+ + + = = - -
G. platystoma WD 348 + o+ 4+ - -+ - - =
WD 357 = = = = = - = = - -

R. aquila WD 496 = - = — - = = .4
U. deusta WD 438 4 4+ + ++ 4+ 4+
U.craterium  1IFO 30137 — = -~ -+ - - - + o+ 4+

* Percent substrate degradation after indicated incubation days.

Incubation days were 20, 30, and 40 days.

I7 4-Ethoxy-3-methoxyphenylgrycerol- 7-guaiacyl ether.
117 1-(3" 4 -dimethoxyphenyl)- 1 3-dihydroxy-2-(4"-methoxyphenyl) propane.

=1 0-20 %, +: 21-40 %. ++: 41-60 %.

Table 6. Phenol oxidase reaction by ascomycetous fungi
in Duncan's medium containing glucose or
glucose and sawdust.

Glucose  Glucose + sawdust
B. nummularia WD 243 + "weak +weak
WD 480 - =
D. concentrica - WD 349 = =
G. plarystoma WD 348 t +
H. truncatum WD 434 -
WD 497 = =
U. deusta WD 438 + +
WD 488 2 +
C. geaster IFO 30658  + .o
U. craterium [FO 30137 + +

* +: Positive reaction, © —: negative reaction.
Glucose concentration was 0.25%. (for glucose or glucose and
sawdust medium).

I TIAWVTROLEW b 75 L %A - 7247, Kirk DB
Mol b & & 50 L 72 G. platystoma WD 357 &
R. aquila WD 496 (&7 F UM 120§ % 90 ) A5/ 3
Mot:Zbds, 2fioFEF VLS 054 5 500 )
BEEAEZDLEN LD

L a2—RZ (025%) OALZLa— AL T+HEKE
ERML7ERTO 7 2 /= VA F 5 ¥ —ERIEO#
$efr L6128 L 720 B. nummularia WD 2431254 7012
A 72 G. platystoma WD 348, U. deusta WD 438
~ WD 488, C. geaster IFO 30658, U. craterium IFO
301374386 L, 7=/ — A XL ¥— iR
SAL7Z. B nummularia WD 480, D. concentrica WD
349, H. truncatum WD 434 = WD 497 (LW 4L D8 H
TOHIGEE R 2 otz

%

% TR O KM 5 ) 2 fH il A 72812, 1
FRIZH L THWO N TEAREIEINLR S v B8

il 2L/ . 4 Z T Dunean id Chaetomium sp. % &
£ -0 9 [#1%° Graphium sp. % G HAVE 2R 7 SO
BREAT A DT, R 7L o — AJREE R T L
fo . T, FOEMATEIZ 7O BHLAEel
V2L DR IZ8 LT Duncan D8 & L THW S
NTELw FmN R 7= 3R ThH LT
¥ |4 {1 7 14 Phanerochaete chrysosporium Hv» T
N7 = 2T ALEHO T RELIGESOIUH 2 <5
To ORI S E & 4L72 . 2 S Kirk ORS L
& Le, 4 1LU{H“J O 1 £ 475 1 X 38 EE WG A 1 D
VTR e BT A0 IZHuLRTE
728 Tanaka 52 1L -0 ) [§ O Chaetomium sp. &
Xylaria sp., AN9C7%2 ¥ 9 Graphium sp. & W TR 4 O
Flf MO AR R BT Lo, £ O#R, oW 4
7 A %5 O Xylaria sp A3 Kick DET LT 4 & 2 FEED
JrBE ) A R L 723, Chaetomium sp. & Graphium sp. 1%
Duncan DM THMNAKE o720 ThEDIE
PHHMEHEFRIT bR by a0 147457
2T #, HF O ORI L 725
TLHLREAME M TELLOLEEDR L, L
Lo 10 3 B ANE 2 #i1d Kirk DR TIIAH %
HF )it T, Duncan DFiHL A Hl W T~ 5 L%
b

ek L7272 9 o KiB4rit, Duncan O¥iHb &
Kitk D5 O 17, & A Wiz T7 iM% &
, dDVIEH DT L2, 272 LEBRICHOV:
WO L TYETIE, SR aquila WD 353
LWD496(%, 7 HillME b T LR TE kb
72. D. concentrica WD 227, G. platystoma WD 357 {
B CHERFL, Ua‘iUiJ; LD, 7B %
BEAEGHTERD o7, LD LA™ IARKOK
X SRLERD I=(: &7: % 7%, D. concentrica WD 227 &
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R. aquila WD 4967 ]\ T, 7 74 D)
HIRT# 50% O MM Ad 5 2 L &8 L 7.
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'H D ENL O L ELLND

LR O—=ANFTHL OISR L IZEA LD
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WD 496 (- DWW T RSB Y Thho/obD L
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V7= A LTI RUR RS (WL 12
%UV:>H¢£(u.mMﬁH&MMMWJ%C
1OV Aotk £, iy 4 0T B. nummularia
WDMzWWLﬂW%mk_,LL#um% CLL/WL (%
0.6 Tdh -7 WD243 X WL 14.5% @ = 5L LL A
3.0% T0.21, TOHEEBIGESIZZ O T2 TH
KBh, V7= EhTnd I EauRshs,
D. concentrica WD 347 |2 WL 4% 13.2% 706 32.7% ~~ =
WML TH LWL izl 2 A Z 445 690.26 ~
030TH N, )= IZ8T 50,720 G
platystoma WD 348 (X Duncan O K5l Tl iz = - T
HEGTED 2 —O0 —adiGE b2 10 % X (L
72o 2O Z E1E WD 348 1 LL/WL 2L 12 ¢ 5
#GCRMTh D) 7= AR o o E-HT

Lo Ldd Zofid 2o Ecoofiz e 5 5]
EEA AT 10% 0 & 6, EIRMIZY 7 = 2 & 578
T A 1@ 8 O Poria subacida | Z L. L Ty /2 L
Foz koAt ro— A%t (L, Y7

FEBrZ6y
'fr:

versicolor | L1 1% 7

ZrLHLIBRESH LIV LN GRT L LA bdr o
720 LWL BT L 72 -0 9 @ Xylariasp. £ 1)
L% <, AR D Graphiumsp. £ 1) &5 <, WA
DAL 2L E Chaetomium sp. |ZIIV T & - 72,
Ape” IHFEO 7t A 74 S rHIZIBT A2 7D
W EEEN S, FROHOWHEIE A G, B
Fi, RO EDR Y — L2, Uy 25
I hETHL E LTS, Nisson 517
@PMU?U%fo?&HWPmﬁMiMVt¥$
e, N, yOEFFRATE LW L, A2id 3
LT A% GMTELRVI LhLABFH L ERL
HEL, 5 XA OB Zcaviy D { AT &
MBI LN THL E L LA LSS T &
gL,V =240 % Tl r s F i
TAHELLEAFLTYN A FRMN T2 TATY
W)y k0 XL, cavity IEIKIE O AT T
ATV EGRCELELID, 2L %
V7= OIS T AREERIIDVLWTIEHE S
Ty,

ANGEAE T O Trichoderma @ £ 9 % I HUTEE S MEE L
O—A& W TE2o%ehtL7—¥R(Z> FE3
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+—¥, HtoEte Fos—¥, 3—-ynas

—¥) EFLoTOTHAMETH]TE LV, A$frp
DL T—= 228N T —ERHEE LK ETT
iz, vvug—2370747)hExBE>Tw
2NT=r b LORH-RETLHIEHUET
DA OWRETOM 2 O EEPTHE &8
W w7 BAEF TOWER 26, #ICH iR
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