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Analysis of Mycological Characteristics and Lignocellulose
Degradation of Gyrodontium sacchari

In-Cheol Park*, Soon-Ja Seok, Jeong-Seon Kim, Jae-Hong Yoo and Jae-Hyung Ahn

Agricultural Microbiology Division, National Institute of Agricultural Sciences, RDA, Wanju 55365, Korea

ABSTRACT : Two fungal strains were isolated from rods of Quercus sp. (NAAS02335) and Pinus densiflora (NAAS05299) in Korea.
These strains were identified as Gyrodontium sacchari by their morphological and mycological characteristics. The optimal growth
temperature of NAAS02335 and NAAS05299 are 25°C and 30°C, respectively. Production of cellulase, xylanase, and ligninase
was tested on agar media supplemented dyes or substrates. Production of cellulase and xylanase of NAAS05299 was higher than
those of NAAS02335, however ligninase activity of NAAS02335 was higher than that of NAAS05299. The activities of cellulase,
xylanase, and amylase of strain NAAS05299 were estimated at 6.7~10.2 times higher than that of NAAS02335. Laccase activity
was only estimated by strain NAAS02335. The lignocellulytic enzymes are induced by substrates such as rice straw, wooden chips
of pine, oak, and poplar. The NAAS05299 was able to degrade filter paper completely after 4 weeks of culturing in liquid media
containing a piece of filter paper at 28°C with continuous shaking. NAAS05299 was able to degrade rice straw, pine chips, and
oak chips after 4 months in solid culture, however NAAS02335 decomposed only rice straw among tested 4 kinds of biomass.

KEYWORDS : Cellulase, Gyrodontium sacchari, Ligninase, Lignocellulose, Xylanase
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22 ZINHATE (Gloeophyllum trabeum) Tl g A7}
FZ o] Fo|A gt ARSI g adS o] 4E]
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At (Trametes  versicolor), BTHMAT (Ceriporiopsis
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WA (Pleurotus ostreatus), O}l Al (Phlebia trem-
ellosa) & B2 1t o] JoH o] H#&52 of7] 74| gl
d Askas AdeEo] el Blads adHew
Eofohes Aoz deiA ATH4).
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Fig. 1. Morphological features of Gyrodontium sacchari. Fruit
bodies (HCCN18337).

o}, IAHIA = PDA, malt extract agar (MEA), yeast ext-
ract peptone soluble starch (YPSS) 5 HlA| 3%-S e85}
of Azt 18FS71ET (121°C, 20 min)g+ MRS
petri dish (bottom 90 mm x height 15 mm)°l] 20 mL¥
EFate] 2371 5, 2 v ol AFLEAE 5 mm)ys
I HEskaL, ol 250 w2 dFFEHAle] wAL
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ase®} ligninase®] 4] oH-E AR A 43T
A7 A= 71E BIA]Z yeast nitrogen baseE AM-SIH
o, B0 2= cellulase A AAS 951 0.4%2
carboxymethyl cellulose (CMC)E 371541, xylanase 7
2 B =]ell= birchwood xylane 0.4% E=5% H7t3tt
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AR Bl A= 71 8] 0.05% remazol brilliant blue
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W3 & A R0 FAEE 2 Al 7)) A2
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Amylase, cellulose, xylanase €/3¢] & 42 Dinit-
rosalicylic acid (DNS)Ho.Z 48§31t} (10, 11]. Amylase
o] AFRAL F5 oz AT ZaAW 4 uLE
S5 96 pL}t 3313l 20 mM phosphate buffer (pH
7.0)°l 10 mg/mLe] FE=Z 521 soluble starch 8 100
uLE 71AE H7Isl 37°CollA] 587 WESAIZ 3 A4
IS DNS AJoRS 7Fste] WAAIA 540 nm] 3}
oA S8t S-S 10 mg/mL FE9] maltose
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Cellulase &/ a4 100 uLE 0.2 M sodium ace-
tate buffer (pH 5.0)° 10 mg/mLe] FE= =<1 CMC &
4} 100 uLE 71EE F7ste] Ejtslal 37°CollA 3083t
HESAIZ] 3 A3 S-S DNS AokS H7tate] Al
Al1A 540 nm®] 3ol A S4BT SAEE 10 mg/mL
EEY glucose RO T AT FFAIE FaE St
ST

Xylanase F#S- 918llE 2849 100 uL=Z 0.1 M pho-
sphate buffer (pH 7.0)¢ll 10 mg/mLe] FEZ 52 birch-
wood xylan &4 100 uLE 7|A=Z 78] £ s}al 37°C
ol 2087k REGAIR] §- 73 B91E DNS Aleks
H7¥ste] BAAA 540 nme] 3PFelA S8t 34
2 10 mg/mL F=2] xylose 802 A T4
S = et S4E 240 e B 1 uM
S B3 S 1 unitE FL unit/mLE EASFCH

Laccase 284 100 uLE sodium acetate buffer (pH
4.0)9 ABTS [2,2-azino-bis (3-ethylbenzothiazoline-6-sul-
phonic acid)]E 0.5 M 52 521 7|28 Hrlste] H2
oA 587F HSAIZ] & 420 nmollA] ABTSS] 4tslo] 2
& =S S7HES SHseH, £9 oDwke Wst
Fe unit2 Z skt

Lignin peroxidase (Li-P)9] &4 Z a4l 95} ver-
atryl alcohol®] 4Fs}=]o] AJH veratraldehyde =351
oH12]. RFS-2 /RS2 108 3]A4gE 2849 720 Lo
50 mM®] veratryl alcohol 40 pL2} 0.5 M9] sodium tar-
trate buffer (pH 3.0) 200 LS 3H7Fste] 35t < 10 mM
°] H,0, 40 uLE F7I8laL Ao 4] 583 §RESAIH T vt
& % AH veratraldehyde 2 310 nmollX| SA3IAL,
£ 23E 7129 F= (uM)E unit® “g2J5H] unit/mL

= EASAT.

Filter paper &3 &N

AFEHAe Aia Eelss sk $5k] filter
paper 23l 3H-& AASIAT}. Yeast nitrogen base HA|HA]
5 mLo| filter paper (Whatman No.2; Whatman, Piscata-
way, NJ, USA) 2718 ¥al PDA wj#of| njest A8
Fo] IS HES - 28°ColA] 150 rpmO=E g} 4|
FsPAA filter paper®] -3l HEE HE3I T
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100 mm)°ll €3l 1553} autoclavedt & PDAIA] vl <3
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TARIE A5 5 mme] cork borerZ |3t agar plug 37
A FFsto] 28°CollA wiFshaA nlolemjze] Faff &
Hlsh 94 o} 58 Setow AT

Zm o oz

rsEHATRe Y SN

A AAehE AFEHA w9 AT} 2ol
Al 7HA] B A1 S E-83te] AEsE A7} PDACNA dAMER
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o|fx] WA 7|9} R o] TR Alo|2 HA A
T7F O A AREA] WA 3Hg0] o] = H= HiedE A
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HYSE A 502 w|Fo] Wi, 11 o] Aoy f8l &
ol 2 A&t A F e FAE g535t] vERd
23z st

ATFEHA TAA 9] A FElE AR 23, NAAS
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o] YeERaL F] AR A EEEE AMSE
© 2 AASIATH w1Fe] T AL vl 2710l 34
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Al [Gyrodontium sacchari (Spreng.) Hjortstam]
& FANHE (Basidiomycota) ©2 A7} (Coniophoraceae)
TFEWMAE (Gyrodontium)oll 430 [13]. IU]oll= 1991
Hol| JFATHRIA ] o2 7|FEJTH14]. EE
I F 54 7I= Fol glo] =it A o] BaEle
B 2 AqellM 27 F B 7Iss shalt gt

APAAE W, W 2= a2 ol A whilR ol 2k
AL F-L 50~80 mm, TS Aol A] Sl o
to] Tajole. ot gl Felw g, §A WA =
= Bt gllo)n RER S §0L Az ek
7b w1 s e AEA, FAS 5~10 mm, 3t oFE
of ApFERe: HhsH ARl WA 2710) Wy

ot} ¥ X e ASSA Axshd b, oz
FAS do. ¥AE A5k 9] Zole 5~10 mmE 2
I, 715 0.5 mmo|H o] Qe Aeke dobjoz w
3R] gt} TARE Al TAR ol Al S92 = Slok
A= g o g g@ebdao)n e HEsit), 4.5~5
x 2~2.5 umz Blopd Z o]t o1 EAMEQ] A|~E]T]o}
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Fig. 4. Activities of cellulase (A) and xylanase (B) by Gyrodontium sacchari NAAS02335 (1) and NAAS05299 (2) on agar medium.
The medium was made by yeast nitrogen base containing 0.4% carboxymethyl cellulose (cellulase) and 0.1% birchwood xylan

(xylanase) as substrates.

¢} xylanaseE A8 Aol FRIFI O NAAS02335
T Hau Aol Zaigko] YehtA] B9kt (Fig. 4).
HAFEE |83t lignin F3 &4 7oA = NAAS05299
T oA FHol 24 SAis FYeHA] Bker
NAAS02335 = 359] ARl 24 2RivE ¥4
3t o] F gallic acid®} guaiacolS H7I8IAS o 4
B3k FAE FAsIATHFig. 5). Al RS 2 75
b A B3l §49) lignin w38 E40] ATdE A}
o7} Bkt NAAS02335 T lignin -3 F40] &4
S YERA ¥FH NAAS05299 T Alfrd 3l 549
cellulase®} xylanase ©/3°] AT, Yeast nitrogen base
HA RN wiSRE W Fts FEAROR AT
A A% NAAS05299 7} cellulase 8.34l, xylanase 6.7
Hll, amylase 12.8¥] B o] WA= Q01 lignin £3 &

Remazol brilliant
Blue R

Gallic acid

491 laccaser= NAAS05299 T#52] vljeklox= Al A
Z5A] 9L NAAS02335 T-= 120.47 unit/mLo] AY
592 Li-peroxidase®™ NAAS05299 T5HT} 3.7H)
o] Wo] A=A (Fig. 6). uHE oz ZAMRot2 g
ad B8 845 A AR & FeE dEA e
U NAAS02335 v 2l1d w38 a4 &S veh
A}, B AFM = 2 T AFFEHAN tisA T
B0 48 ARIHCERE o] i Fol| &= v
55 SHHste] F7149 v, 3Rlo] "ad 7oz |
At

SFA| Hlo|2ohA Hl0| ME HRSEHN 2Tl B2

2y
APFENA T 7140 T fd BHE ZA]

Guaiacol

Fig. 5. The formation of brown-zone by ligninase on yeast nitrogen base agar medium containing 0.05% remazol brilliant blue
R, 0.1% gallic acid, and 0.01% guaiacol. The fungal strain Gyrodontium sacchari NAAS 02335 (A) and NAAS05299 (B) were
inoculated on center of plate by agar plug and incubated at 28°C, for 7 days.
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Fig. 6. Production of lignocellulytic enzymes by Gyrodontium sacchari NAAS02335 and NAAS05299. The enzyme activities
were determined by cultures which were shaking cultured in yeast nitrogen base medium at 28°C for 7 days. The results are
means of three replicate samples. A, Cellulase; B, Xylanase; C, Amylase; D, Laccase; E, Lignin peroxidase.

skl WA wix]e] AFEE Wol AMgE= HA B
I u|g, IR, IZ8 FRRS 0.1% H7EeH uiR|elA 7Y
7t jeste] wofle] g4 s BTt 71 -o ot
E g0 ZAL Table 13} 2T}, Cellulase= W3S 37}
31599S ) NAAS05299 7} NAAS02335 H5-HT} ok
28] 71F EAdo] kot I Bk A7kAS -
o= NAAS02335 =7} 28l ©o)d &2 S48 Ve
o} vE 2EHE A7BIE W Tt 84 84 3
o7} A YehA] 2Tt Xylanased] 442 LZHE
718t 789 NAAS05299 -2] &/do] 1188l =3k
a3t 2 Aole it glad B8 a4 F sl
laccase= NAAS02335 ol A7t €448 e =t 3+
U 55 71AE S19S o) 7P w2 84S e
o YT 943t &S BT Lignin peroxidase?]
7495 NAAS05299 57} g 7|24 o] o] =t

o Fhprel Bzl 7IAR sds A9t skt
71845 H7VebA] odal widRt AR BEA Aiart
23HE npolmiAE HrbeIle ) e Bl aaot
lignin H3fjo] WHHE &4x0] Fo] S7HAAT. 2ARS
30| Fomitopsis palustris®] 735 B0l &3 =
S gado® Wrkelas o s Eallol #dd &
28] o] AAsHAl oAl= Ao Hauskl=t (16]
& ATl M= vl el 7ol ojste] Adfans) gld
Tl 5ao] g4 STk

TP FEHM B2 filter paper &5l

ATFEHA NAAS023359F NAAS05299 T2 A
B RO A celluloseZ /3% filter paper E3lE4dS A}
S Ay} vk oF 45 5 NAAS05299 T+ filter paper]
PA} HolA] k& AT $A3] a5t o, NAAS

Table 1. Lignocellulytic enzyme activities of Gyrodontium sacchari NAAS02335 and NAAS05299 by different substrates

Cellulase (unit/mL)

Xylanase (unit/mL)

Laccase (unit/mL) Li-peroxidase (unit/mL)

Substrate NAAS02335 NAAS05299 NAAS02335 NAAS05299 NAAS02335 NAAS05299 NAAS02335 NAAS05299
Rice straw  257.63+£7.08 553.32+7.68 259.90%5.79 273.31%+6.13 408.60+11.38 0.6+0.02 97371419 123.73£10.1
Pine chip 23128 £2.04 251.04%£6.09 255.85+6.48 253.01+6.13 176.00+11.02 4.0£0.17 43.01£320 53.76%+1.96
Oak chip  833.27+11.98 370.70+6.42 259.51+9.36 266.82+6.48 585.57+11.94 0.0+ 0.00 7049 +£2.74  93.79+£293
Poplar chip 242.99£5.82 238.60+6.09 273.72£6.97 32448+8.10 166.20+7.75 2.4%0.15 83.63+£3.84 128431453

Values are means * standard errors, calculated from three replications.
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Fig. 7. Degradation of filter paper by Gyrodontium sacchari.
The fungal strains were cultured in yeast nitrogen base broth
containing a fragment of filter paper at 28°C, for 4 weeks. 1,
Uninoculated control; 2, Inoculated G. sacchari NAAS02335;
3, Inoculated G. sacchari NAAS05299.

02335 T2 Y% 23l E37} A1 filter paper 27t
o] FEIE FA3la YTt WEb NAAS05299 T5-¢] &
dgo] AR = AoE Yelith(Fig. 7). E=ElHAl
T Z iR FZEZ filter papers walIg A7} 10A1F
Sof 2FA3] 3= Novozyme (Bagsverd, Denmark)l]
A RSt 238318 Cellucaste} t)53h #3350l A=
< Hagh bl lov11], TS HES £ AP filter
paper®] $H E3fjol] oF 47U 9] 7I7to] AQH T

STSEHA BFe| SEA Hio| oA 2l

uto] Qul 2 el k= WA wE, T, 2529
e e g Agsioltt. Hae of 3 amo] dole &
gow =4 FY 2 mmd] A2 A s SR
FAAA Disiar A-FEHATES FEst] 28°CollA
37 vt vl F 2~3Y 702 wijAE I EA
ool HF ol a2 EAE TS siqinh. vl a8
77} 3 WZle NAAS02335 9} NAAS05299 T A
g2 FallE= Aol FFHUL, VIS = NAAS
05299 T HEoAMRt Bafj=Hlou ¥Zul= s 23
2] o} Aok Al Aol7t AL 1At Eaf
gS Kol nlo]uzoMe HEre] wAL Aol
HAE Ao FF FolNE NAAS05299 2] X
A7} v AAAE AL, Fe] A2t EalE = o] B
Aok (Fig. 8). TS 7IAZ S o NAAS02335
T A cellulose, laccase, Li-peroxidase®] &-do] T =
ot iy FWhel #al#e NAAS05299 T+7} H
ekt ol o] 29 Bl A 23 S 22 A
=2 allolyg w57t Aikehs A4 £l s B
2 Agog FHAY. AR Ailske glad &
3 4w ¥ 7HA] 232 EF5=H) lignin peroxidase
(LiP)-Mn peroxidase (MnP), MnP-laccase, LiP-laccase -
oAl MnP-laccase o] 2] 3l &&o] & S
2 wusjod (17], plolewise] Balolie ofe) 74 &t
B0z F3sps Aoz YeiA Aok

HRo] QI AZHE cellulosic AEHE2] A4F Fp7goll A up
SELERTE S SR S R

Fig. 8. Degradation of lignocellulosic biomass by Gyrodontium sacchari NAAS02335 and NAAS05299. The fungal strains were
inoculated to autoclaved biomasses and incubated at 28°C, for 4 months. The black lined boxes are shown degradation of
biomass by G. sacchari. Column 1, Rice straws; 2, Pine wood chips; 3, Oak wood chips; 4, Poplar wood chips; Row A,
Uninoculated control; B, Inoculated G. sacchari NAAS02335; C, Inoculated G. sacchari NAAS05299.
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31 A= ROl A] 28 NAAS02335 T+ 25°C
oA, AT EAjol| A 28 NAAS05299 T+ 30°Cell
A 7P e S Btk AR 238l 349 cellu-
lase} xylanase, amylase®] 832 G. sacchari NAAS05299
57} 6.7~12.840 ¢ 9ko glad B8] §4% G. sac-
chari NAAS02335 7177} 3.7~138.58)] E4d0] 1 Egkom
E4A ARAE Yo HAUEIAS W 840 844
453 STIeIATE. 524 vloleux RaEs HPS
A3} G. sacchari NAAS05299 T filter paperS 45-%F
o gkds] Fefisiar HEH vE, IS Eelletie
Y G. sacchari NAAS02335 T+ HZoAgt =S
YehHo] G. sacchari NAAS05299 <=7} 1] 93} n}o]
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