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ABSTRACT

Members of Chlorociboria are soft-rot ascomycetes that produce blue-green pigment. We
investigated the growth characteristics of two Korean species of Chlorociboria, eight strains of
Chlorociboria aeruginascens and Chlorociboria poutoensis, under various culture conditions
(solid media, temperature, pH) and screened them for extracellular enzyme activity. Although
the growth rate was slow, all tested strains of Chlorociboria spp. grew well on potato dextrose
agar (PDA; 16.3~42.6 mm after 60 days) or Sabouraud dextrose agar (SDA), but not on malt
extract agar (MEA). Compared with C. aeruginascens strains, C. poutoensis strains exhibited
higher expression of blue-green pigments on both PDA and SDA media. The optimal
a OPEN ACCESS temperature for mycelial growth was 20~25°C, and mycelial growth was lower at 30°C than at
10°C. All strains tended to have increased mycelial growth as the incubation temperature
increased in the range of 10 to 20°C. The optimal pH of potato dextrose broth (PDB) for
mycelial growth varied according to the strain under static culture conditions. Maximum
zllssggigggé i;i biomass production was obtained at pH 6.0 for NIFoS 579 (114.3 £+ 5.1 mg/60 days), but it
maintained a stable pigment expression under a broad pH spectrum. The activities of both
cellulase and laccase were observed in all tested strains of Chlorociboria spp. Enzyme activities
Received: May 16, 2018 of NIFoS 579 were remarkably higher than those of the other strains. From these results, we
Revised: May 25, 2018 suggest that C. poutoensis NIFoS 579 is a potential candidate for use as a source of natural
Accepted: May 25,2018 blue-green dye.
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(blue-green) 0 2 E-50]H, o} 53 7FSof 22 &t = FAf ko] AHAIE TheET A

A5 U =4O FAA 2 U A3 ¢Fo & F]sto] ek o] R A HH U £

2] 0 2 47 et = AR o] wPgS Foll LR HAAIZIT 1, 2], ol 52 BAl e E

07 ARDA APt F(soft-rotting ascomycetes)©]7] = SH|[3], FHE-Ft-2 21E2] o]
]

b Mo A] AL o] <ot Uehd= EA0] QtH4]. =3w(Chlorociboria
aeruginosay2 2 A2 G40 FA¥s 2], WgesH 574w Chlorociboria aeruginascens)
2 A P 115, 5] IRl FASks A 0= deA SITh5).

A 2w Chirociboria) @] 27514 J2]+= =7l Chlorociboriaceae) 11 FHA
E{(Helotiales) FAHA 7 (Leotiomycetes) AP Ascomycota) [6]°|H, S| Z]<of 2
ZHC. aeruginosa, C. aeruginascens) 2| =78 77F EE5H= 2105 B 1% HEQITH]1, 7).
L U2toll=35F(C. aeruginosa, C. aeruginascens, C. poutoensis) 2| = dw77} 3o}
A0 FT HUEQITH ). o] T = vt Hgeth=Adw-2 AFdA o] FEI7T - A
sb7] w2l S¢te 2 T F-3 sl oY, dAn WS Foflopst Eid 5750] 7t
gtz dA Slti2).

oF2] ol = HHFol
o] F7t AAikoh= AEA 0 A
= oH2], HZ7HA] ThdRE AN Fotell A-8517] 913t dqt-E0] EHehA ol Foi AL 9l
tH9, 10]. =7dato v ettt rdatalt 22 58 w-R7 7 FAAKS k= A=A A= ‘xylindein’
O = 1868'd Rommier’} 4Z2d 17]-87E ©1-8 =7gtol
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w70l 9lo12] #7180] A2l E AT 4918 A1e] 2 8eb1e 41 ek, et
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£ CA] §o1412 el ool §71:85et W71 SL= dichloromethane (DCM)] <)
o113, 14] Al %30] TR} olshAlch
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Table 1. List of Chlorociboria spp

(colorfastness) & A @A 11, 16, 17] -5l A7t A3 FEfE EA 010 72 A
a7ruvel tigk tiido] A1 & A6l ITH3). ol@lolle =2dw- 7o) M= thelst
A 7152, FAte), &A%, HAAA, o a8t 5782 cultivated crops)
Al Al 34z ol oA 2Rg-0] glo] ojerEat Al A T EolE- o] Tl o tivde] E 1L gl
tH{2]. o]} Zo] xylindein> FH A A 241 2] o] 7127} vl - = oL, ZAFAAA] =
Aol AaE HRE sl ] olgal a0 4SS SRS 4 gl die
]%ﬂﬂ]lﬂhxylindein ol Tt A 121 AT W o7 B A 52 Eoll A
28-S QAR A At 2SS FHoEL lH1, 2, 10]. 12 stljollis =32
/\HZP __T/\']_L}- /\Hﬁ\_ Aﬂﬂ]—oﬂ 3’4—6]— /\g =2 gf)j‘-;_q Cﬂ EO] O]—Z] _QJ-/\:ig/]-ﬂoi o] Z] ]'.% AJ'EH O]q-
2 A==l AR A 2k o] 4] J BE IS Aok Ao A AmAFEe
EEG IR Ao ' W= S WS A0 72 Y B AR o= 11 0

2 2 =Rl 275k B,
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Mapshel e Qejuete] AMYSH= S-S (Chlorociboria spp.) ws SRSHIAL
U, S, AR 2 HollA %Lzrg sk, ix}i—rlﬂ & ISk A4]. A
AA| o] P EAAS AR 5HTHC. aeruginosa) Tt H ;‘é;’-(C aeruginascens)
o7 Ax} FASIH oL, ITS13} ITS4 primers 0]30}01 ZA)Z1 'DNA9Q] internal
transcribed spacer (ITS) 79 G714 <€ EA4[18] 7‘:-5-‘4- Table 13} ]'O] C. aeruginascens2} C.
poutoensisA°| ﬂo]ﬂ‘ﬂ oI5 TAR A9 F-& 2T ottt &4 Belt =g+
& T HiSF EA-& A | 1ol Ka 514124 Jeonﬂ]' Ka [19]9] WR-& Zarsto] oA
*ﬁ@'ﬂil—}ﬁliﬂﬁ—l— d& Aldstelch

Chlorociboria spp.2| TAt4 75,*31 AL
A B AR e £2, ok ex Ao pH 5 HjoF o] wE &

. used in this study

Scientific name NIFoS strain no. GenBank accession no. ii‘:ﬁ;in(f;) Collection sites 151(12:: d
Chlorociboria aeruginascens 575 MH390717 99% Hamyang-gun, Gyeongsangnam-do 2001
Chlorociboria aeruginascens 576 MH390718 99% Hongcheon-gun, Gangwon-do 2001
Chlorociboria aeruginascens 577 MH390719 99% Hongcheon-gun, Gangwon-do 2001
Chlorociboria aeruginascens 1908 MH390720 99% Pyeongchang-gun, Gangwon-do 2012
Chlorociboria aeruginascens 2007 MH390721 100% Pyeongchang-gun, Gangwon-do 2012
Chlorociboria aeruginascens 2298 MH390722 99% Pyeongchang-gun, Gangwon-do 2013
Chlorociboria poutoensis 579 MH390723 99% Buan-gun, Jeollabuk-do 2001
Chlorociboria poutoensis 2295 MH390724 98% Pyeongchang-gun, Gangwon-do 2013

NIFoS, National Institute of Forest Science.
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(mycelial colony)®] Z7|ut A ¥, AR ] FefjA] B0 HEM M4 I 55
ZAFFET). a4 viRE AL AL 3F70] AR HIZ] potato dextrose agar (PDA;
Difco, Detroit, MI, USA), malt extract agar (MEA; Difco), Sabouraud dextrose agar (SDA;
Difco) S ©]-&31th. BIR|(pH 6.0)+= BF petri dish (bottom 85 mm x height 15 mm) 17}
g 25 mLA] 79t &, Fatl] Yol A g stetgiet. ZF A1 HiA| o] ol 2t w9] 3F
A(A78 6 mm)= 17114 FF5k0L, 25°C =2 vl F7 [0l 60 D7 el Fotlh. =08 wAF
e 7F #5-0] HEA(A7 6 mm)S PDA HIX|(pH 6.0)2] Ztoll 1714 =51, A
7 22(10°C, 15°C, 20°C, 25°C, 30°C) 7+ A2 TF2 5712 -2 vlif7| oA ZH2} 60 47t &
uieFstSiet. aAR] oA A7t w15-2] 37]+= digital vernier calipersE ©-8-51] S7(3
T 271= A Dstlct. AAEiR] o] pHE o S AR | sl pH7F A= the 5%
FHpH 4.0, pH 5.0, pH 6.0, pH 7.0, pH 8.0)2] potato dextrose broth (PDB; Difco)E A|5o

%A}, PDB HI2](20 mL/flask) 175 7 #5-0] 45 H(A7d 6 mm)= 1714 53 5, oF =
719125 + 2°CoflA 60 YT A2l Y static culture)SHATE o HIFAIE o2 H 1A3(70°C, 2
days)3}al, A5 mg/flask)S ZA5I3AT}

Chiorociboria spp.2| MZL| &4 EHd ZA}

i dats e AlEL| g4l Aol (cellulase)2} 2o (laccase) BAES
Ak, WARSdwhite rot fungi)dt 84 FAEE H|WS| & FE5HH
(Trametes versicolor KCCM 11502)2] &4 ST &7 S5 Tt WA ELS Fof gt
Aat7-o] A G4 B4 T (relative enzyme activity, REA)= Th22 Zro] AR5}

_‘|

Ao e

Mean value of enzyme activity zone in test strain
REA (%) = f enzy y

— - - %100
Mean value of enzyme activity zone in 1. versicolor

Cellulase 2/ 48 vl|2]= Kasana 5120]°] AIAgFHi 2] o] ZAdof whe} A|%513]T 10
mL 2] B 2|7} 1P 31E carboxymethylcellulose (CMC) agar plate (pH 6.0, petri dish size:
55 mm x 15 mm)2] FYol 2t 750 FEH(27 6 mm)= 1704 HE7t T, 25°CollA 8Y
7t tafeFalAnt. G4 AJokS 2= Gram’s iodine solution (KI 2 g, I, 1g, 574300 mL)=
ARESITE AAGH A= F 2 AT E 7T 2ol WIS, cellulase B4 % <(cellulolytic
zone) Rl FHN ] 273 (HEH 271 A= SHsITh Tt oA E T cellulase 24
A O] A& ZALSE| Slof HilA] /] AL A o Fe 9bA pkEkstit.

Laccase &g A48 v 2] 2= Crowe 2} Olsson [21]0] AA|FIE 2] A|Z2H-& AH ¥
sto] BEE{4, 19] 2, 2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) agar plate
= AR5 20 mL O] HiA|7F 13 ABTS agar plate (85 mm x 15 mm)2] Z<}o] 2t
759 FEH(A7E 6 mm)= 1704 7 T, 25°CollA] 5L7T afiefstaint. 540 o
o A7 A Aot dAPH AR Beolis 1L 2718 SAGHETYE 271 Z9bskal
t}. REAE AFEoto] WAES o] thgl =7dw-7-2] /d 4] laccase B 55 H7I5k3Ich
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8w RE A FEHE S0 vl Ak | mheel] 2 dollds A 8
Sl C. aeruginascens A= C. poutoensis= Z7J%H 8712] Al@w-& T 02 vif EAS
ZASITH Table 1, Fig. 1). A4 Ul =7gwt70] vy (A1 9] A, vl 717E, vl
i 558 SR A DA A e P A o
[1,2,22]. & Selie fRiuetold o488 =38d-R7E2] wAH Ao lu A A4tol 7
2} 25k5} Hjjok 7\742 2b71 A2 M4 bk 57} L5l HEE AEFsEr] 9] vjx]e] =

T, vk o] wis), wjZ] o] pH Hslel] whE wief 549 ZAFIAC

=

F

IAHHR|2| S0} W Chlorociboria spp.2| AL 42 E4

AR 02 A iAo el AR o Rl o R el ek, 2. SR ERE
15721 maltoseTHC 2 A5 29% maltose extract agar (MEA) B 2] o]} 4] A%k o] A
o2 A Q1oL 14], o] i Z]o| A & one-point 52 Fof| vl Z] A HS é At A==
o] AR = F=TH2]. 2% MEA B 2|4 B A] Robinson} Laks [1]-2 A A A]
Halel=yge g2 7)Y Hﬁokxﬂ,] #&0] 18 mm [1]2} 51311, Roblnson 5222 ¥
EXF=HTH(C. aeruginascens) w552 4702 & % 2717} 18~28 mm A2} 513 ©]

]

o}

Fig. 1. Blue-green ascocarps of Chlorociboria aeruginascens (A~C) and Chlorociboria
poutoensis (D) developed on the surface of decayed wood. A, NIFoS 1908; B, NIFoS 2007; C,
NIFoS 2298; D, NIFoS 2295; NIFoS, National Institute of Forest Science.
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183} 75 HleF AloT= five-point HERI(HIA 171 57H9) 1

Sauketel] AYSH= = E3t one-point HEH-S Sl ARl A] vkt A
L8 FAHS S5 5 UERITE PDA HiZ|of| 4] 60D HIYA| O] ++E 7 ]+=16~43 mm H 9]
At =47 JeonTt Ka [19]7F B 1Rt HAHEGA] B AlFof| SdohA|Th, oA A% &

= AR 19] H o} =2 A dTt{23]9] A S0} Hlssstlnh SR
g AotA BA shz w77t ot et AR AhdatFolAt BiAto]7 o] REA]l =
Hod wAl= oRE A 548 Uehd Ao =2 Helrt

=41+ 9 PDAS} SDA HiA| E = MEA HjZ|ol|A] AL 72 o] 71 wol it
Satolut PPl ALt 22 iy B8-S UERATE Aldwte] 63% (Sw/E 8 )=
PDA BiZ]ol|A] ] Z RSt Table 2). C. aeruginascens w5 % oAt 472 o] 713
2 d 5= NIFoS 5752, PDA v Z] oA 215t 60 BiUA| ] w5 T7|+=42.6 £ 1.2 mm %
t}. PDA%} SDA HjA] 1t o A7 2-& Blwshr] ol fola< 0.05914 SHEE - HAS
AXSRIT). 11 AT, 27FFH(NIFoS 575, NIFoS 2298)= 5-0] E+&(p-value)©] 005 &
oKp < 0.05) PDAL} SDA Hz|of|4] o] o A2 o] TAH 2 FolRt 2lo|7} Qa2 & &=
AR, wEkA] SDAKTE PDA BiZ|of|A] o A& o] 2 A 02 ZAFEQIL) o]et Eel 3
TS(NIFoS 576, NIFoS 1908, NIFoS 2007)+= PDA T} SDA HZ|ollA] o A72lo] 52
5] =34 tH(p < 0.05). NIFoS 577-2 PDAS} SDAZF wA A= o] -G-lqt 2o 7} 1Q1thp
> 0.05). C. poutoensis w52 SDAXT}F PDA HZ|oA wAF A= o] =itk C
poutoensis 5 5 A O] 7R =2 w5= NIFoS 22952, PDA i 2|04 2kt
60 BiFAIC] wF F7|+= 35.7 £ 1.5 mmRAtk. C aeruginascens a1 B2 C.
poutoensis 52 MEA B Z]ollA] Z5] 7512 ¢Skt Maltose” F o175 AABRZ] 1]
T SE|uteA] Belgt 54w 7RE2 MEA HiA| oA o Aol Azt He] sl
o= A 545 UERth 2% MEA HiX]elN s3d70] A AFEE ZARIE
Robinson®] 7K1, 2219} H| Wi HH, MEA B Z]olA9] AL 7o) ulhe- e 23S &
4= SItk. Maltose”} RH-E -5det 2Hd viz]o]Z|qt, 2 Alflof] ARERF MEA /-8 Hli%] U]
maltose T2 1.3%C]™, maltose 2]f| dextrin} peptone©] &-7-%0] 17| Thzo]] =+
o] FAF ko] thE2 A et 1 0 2 HQIth T3l PDAYSDA B X H T MEA HljZ|of|A]
A o] WS 22 wi2] of et e iR S Qloh Al HiR] 359] 'HA
SRS v Wt A1} SDA (4%) U PDA (2.4%) HIA HTHMEA (1.6%) Hi 2] 2] b4 glgo]
ket ?FH Robinson 51221 glucose2} sucrose 20| =2 5 H(wood particle)= $Hd
v 2] o) 713 o 5] oA A A A g Ado] EXIER A AHE Halsltt
£ A2] A9} Robinson 5122]9] A+ AitE Sl & o, AuiA] o eHAe gheko]
=2t 2] Aol 83t JFE 7IFITh= AL & o Atk

TAENR]A =gt w50 FEIA A S TAR 21}, g0l M, 35 34 o
B, AR W2 o7 52 vl 9] 7 E o] et o2 YebdthFig. 2). =47
O] Aztof] Qlo] M -2 ml- 59 B4 ZAL RO & dAH I o] S MA dH
0|2 G AV A A o] 2 MEA i R] oA s Ma B Wofth M4

1

=

[e]

ne 2
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T-5(°l: NIFoS 575, NIFoS 577)2] 74, 54 Tt o] 37)1= WAL At = ot 2
AFS Yett. C aeruginascens 5= PDA BiR|o]A] oA Ao 714 =9k
NIFoS 5757} 713 358 Al HHwS Ui, §-50] 2Rt g2 o} 759 9
Tho @ ZHE S A4} P 9ck(Fig, 2A). 0|9l NIFoS 22088 3t W 7.5
E(NIFoS 576, NIFoS 5772 PDAL} SDA o] =4 o]9]o] A M As

o] PRI}, A M AR Al Ao §A| wFofl EA =] QAL © 4
2 el 35 FRlo] A HRo] 2 Wl EAsI Ak AR 7FE T
L B R of] ZEA] A4 o] o] A A4S Atteh= H], o= xylindein o] Z-4]|0] 7
xylindein 2] 5] AF=<91 xylindein quinold 7Fsg0] ITHAl ?ITH 10, 22]. E5] AdA =
o)A == xylindein @] £5]] 4221 peri-xanthenoxanthenet= A2 = 7102 &

flo et

o
3
ol
:
1

Table 2. Mycelial growth of two Chlorociboria species strains on three different solid media

Mycelial growth at 25°C ( mm / 60 days)

Scientific name NIFoS strain no.
PDA MEA SDA

C. aeruginascens 575 426+1.2 45+0.1 18.1£0.3
C. aeruginascens 576 26.0+0.7 8.8+0.9 28.9+0.7
C. aeruginascens 577 163+1.3 1.2+0.3 16.9 +0.4*
C. aeruginascens 1908 212+ 14 54=+0.1 25.1+1.6
C. aeruginascens 2007 16.8+0.4 63+03 179+ 04
C. aeruginascens 2298 17.5+£1.2 39+0.6 11.9+0.5
C. poutoensis 579 334+03 0.0£0.0 26.6+1.0
C. poutoensis 2295 357+1.5 0.0+£0.0 303+1.0

The values (except for the inoculum size, 6 mm in diameter) are mean = SD of three replicates.
NIFoS, National Institute of Forest Science; PDA, potato dextrose agar; MEA, malt extract agar; SDA, Sabouraud dextrose agar.
*This mark indicates that mean value is not significantly different (t-test, p = 0.05) from that of PDA.

A B C D E F G H

PDA

MEA

SDA

Fig. 2. Cultural characteristics and pigment expression of Chlorociboria aeruginascens strains (A~F) and Chlorociboria poutoensis
strains (G, H) grown on different solid media (PDA, MEA and SDA) at 25°C for 60 days. A, NIFoS 575; B, NIFoS 576; C, NIFoS
577; D, NIFoS 1908; E, NIFoS 2007; F, NIFoS 2298; G, NIFoS 579; H, NIFoS 2295; NIFoS, National Institute of Forest Science;
PDA, potato dextrose agar; MEA, malt extract agar; SDA, Sabouraud dextrose agar.
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A= ATH10]. w=EA] NIFoS 5755 Eg e B wrojlA s S A4 xylindein©)
Ao AL Bl AFEE K oJx]= xylindein quinol ¥ 7FsAd¢] Itk C. poutoensis v
S MA AL = C geruginascens B TF-$5131TE NIFoS 5792 NIFoS 2295 X5 PDA
L SDA W04 4 8] 24 glo] AL Ao AT 71 AS AL shiokE )
SIck(Fig. 2G, 2H).

HiQF 20| (= Chlorociboria spp.2| THAt A2 EX
PDA HjZ] /JofA] 2= Halol| g =752 WA
20~25°CoIA wAH o] 7P ot SAE-S A {19] 0 Pt
A Table 3). 20°C2} 25°C 7F wAF AAAES WS th 2+=HNIFoS 1908,
NIFoS 579)+= w4 Aol 5-2Jgt 2k |71 GIAThp = 0.05). 10~20°C HYoM = =
TE0] i 257t SV dAF A E R Eoll= e UERLe ™, 30°Collit=
o] AL A ot 10°Coll M=ol P19K(10 mm 013]' ShAlRNE A ste] =2t
2 A 2E o= 2120 o 9iztehh= 74% —/F AR BHEAE, ol2et Ho] B
538 AR} 1-2of FoRRt ePdt o] & RIZF[23]1 -FARE O, 30°C A2
]:]— 10°C X%,Q_Oﬂ/\-] q-}\]- AHZ}Eﬂo] 14'8 %_]H Z—]?_] E'_XH_I___'_/H ]:H/l‘]—?—_,] _/K-][IQ]J,H: %—%}:]:]—
v 27t A5 A4 o] n| 2= kS AR A3, thFRo] 52 10°CH
30°CHT}20~25°Cof|A] A WAL 7} zof A o] 2 2k 7oA A e
T =2 78 4 5 K Fig. 3). &St EAL C. aeruginascens 2= C. poutoensis
FE0l14 o gsts] TS 4= Ql=t], NIFoS 5792FNIFoS 2295 30°CE A|€|5H HijoF &
T H9elM 27t S7FdE oA AT s BAert E0T(Fig. 3G, 3H). C
aeruginascens 2] 4=+(NIFoS 575, NIFoS 576, NIFoS 577, NIFoS 2298)+=20~25°C|A|
Hj%F A] xylindein quinol 2 =)= & A4S HFASIAATE C. poutoensis 2] d5-52 C.
aeruginascens W53 = G2 O W2 25(10~20°C)0 A A AA7H AGH AL B 4
At 531, A A 2= NIFoS 579 T NIFoS 2295 9] w-g-o|ut v #[of| A B o] ]

of _I
ol

Table 3. Effect of culture temperature on mycelial growth of two Chlorociboria species strains

Mycelial growth on PDA ( mm / 60 days)

Scientific name NIFoS strain No.
10°C 15°C 20°C 25°C 30°C

C. aeruginascens 575 7.5+0.2 18.1£0.1 312+£05 42.5+1.2 0.0£0.0
C. aeruginascens 576 104+0.8 143+1.1 19.8+22 26.7+3.2 02+0.2
C.a aeruginascens 577 8.8+0.2 10.5+£0.2 20.1+£0.7 16.3+£04 09+0.3
C.aeruginascens 1908 5.6+0.3 155+0.3 224+04° 209+ 1.1 0.0+£0.0
C.aeruginascens 2007 103+0.5 18.6+ 1.0 239+1.1 173+0.2 0.0+0.0
C. aeruginascens 2298 58+04 143+0.3 225+1.0 19.4+0.5 1.0+0.1
C. poutoensis 579 6.6+0.1 19.4+0.3 329+0.8° 343409 1.0+0.1
C. poutoensis 2295 32+0.1 16.5+0.5 222 +0.1 36.0+ 1.1 0.0+0.0

The values (except for the inoculum size, 6 mm in diameter) are mean + SD of three replicates.
NIFoS, National Institute of Forest Science; PDA, potato dextrose agar.
“This mark indicates that mean values are not significantly different (t-test, p = 0.05) from those of 25°C.
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Fig. 3. Cultural characteristics and pigment expression on PDA of Chlorociboria aeruginascens
strains (A~F) and Chlorociboria poutoensis strains (G, H) grown at various temperatures
(10°C, 15°C, 20°C, 25°C and 30°C) for 60 days. A, NIFoS 575; B, NIFoS 576; C, NIFoS 577;
D, NIFoS 1908; E, NIFoS 2007; F, NIFoS 2298; G, NIFoS 579; H, NIFoS 2295; NIFoS,
National Institute of Forest Science; PDA, potato dextrose agar.
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EA U=, FA-dimA #1910 A4 Aol A9ket 1 AHlA] o] pH ¥ 9= 2.5~7.5
= ARt o] QlEH2). gt 7ol Ala A dell G 718 o Qs E she] Q912 wA

o

Agreooh. A BjoRS 7o A} oA AR AAES STHAIZ17] SRt R o R
[10], AFAA12} A Y 124 w570 Aol 27| wizol o] At
A4 RS ZX1517] Slolf B 24 iy 202 Ak | T gt 10]. 2 A+ ERF 8l
2] Al Fol Bi%] 9] pH H2lo]| g =g 7o dAH Y EAS AR AC =R, 5
At HollA = ol whet 2o WA= LrEtdi= pH 97 FHEA] Lok A1g
9] 63%+= pH 5~6°lX, C. aeruginascens NIFoS 20072 pH 4.094, C. poutoensis
NIFoS 2295 pH 8.0¢1 Hj |04 A2l o] 71 =9kt Table 4). & 8712] Al 5 714
o RS AARSE F5= NIFoS 579 (114.3 + 5.1 mg/flask at pH 6.0) 3tk 35572] 11
AEA] % PDA (pH 6.0)o1A wAF A= 0] 71 =9k 205(NIFoS 575, NIFoS 579)+=
agars A|e]otal= iA] 203 A7t E YR PDB (pH 6.0)0M14 = 71 =2 A A%
S Yo} T #5-9] A 7]l ARt o 2] o] AMdEA= pH 6.0 & = ASITh
pH HASht o] what F AR O] A JFA = ThA 2o 7F QAR 87) = B o
AR oA BAE W= FAAIE ABAdste] R 204 Alze] MAsdS g
4= Q= 5o] Ql= 7 0 2 FAMEQIk(Fig. 4). 2 5{(NIFoS 576, NIFoS 2295)2 A| 2]t 6
= AR E o] 7 =08E viR]of| A HEA MA- o] {2 |Gl £5], NIFoS
5752} NIFoS 579+ thE w5501 HIol B pH Hlollx] 2454 A4 S -FA]skdrt.
W= ARet2 B4 pH 2200014 A=A A4 o] @fof] A Al A& HFASHSITE NIFoS 575+
pH 4.00114] =4 Ajao] dheo] =qko Lt pH 8.0 Foll 77ke<= A A A At
A= S WS 2 2ASIT NIFoS 576-> pH 4.0 47+ &4 A 471 HFH, NIFoS
2295+ = pH oA A MATH AR}, 5L3E C. poutoensis EO| AR, NIFoS
5792} NIFoS 2295 w5-2] A4 HHd o2 5 U2t pH o] AR <} HAufz]of| 4] F 2}o]
E Y}, 5 7 25 PDA (pH 6.0) Bl RO A= 54 A4 I e 7] o9 = 2|9k (Fig.

Table 4. Effect of initial pH values of PDB on mycelial growth of two Chlorociboria species strains

Mycelial biomass after 60 days (dry weight of mycelium, mg/flask)

Scientific name NIFoS strain no.
pH4 pHS pH6 pH7 pHS

C. aeruginascens 575 59.9+2.7 740+1.5 77.7+£2.0° 70.7+0.4 61.2+1.8
C. aeruginascens 576 81.3+19° 83.6+19 79.5+£24° 75.1+£34 75.9+£2.1
C.a aeruginascens 577 64.3+£5.0 61.7+£6.7 68.0+£1.7 78.0£3.0° 83.0+£2.6
C.aeruginascens 1908 81.3+1.5 96.3+1.2 94.3 +0.6* 76.7+8.1 713+1.5
C.aeruginascens 2007 88.0£2.6 72.7+0.6 62.0+£3.0 64.3+0.6 673+2.1
C. aeruginascens 2298 86.1+1.4 947+12 747+34 75.5+04 83.7+24
C. poutoensis 579 97.7+74 88.7+£4.5 1143 +5.1 74.7+0.6 86.7+1.5
C. poutoensis 2295 428+ 1.1 56.4+2.6 59.4+0.9 62.8+1.9 745+0.3

The values (including the weight of inoculum) are mean + SD of three replicates.

PDB, potato dextrose broth; NIFoS, National Institute of Forest Science.

*This mark indicates that mean values are not significantly different (t-test, p = 0.05) from those of pH 5.
*This mark indicates that mean value is not significantly different from that of pH 8.
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Fig. 4. Cultural characteristics and pigment expression of Chlorociboria aeruginascens strains
(A~F) and Chlorociboria poutoensis strains (G, H) at different pH values. All strains were
incubated at 25 £ 2°C for 60 days under static and dark conditions. A, NIFoS 575; B, NIFoS
576; C, NIFoS 577; D, NIFoS 1908; E, NIFoS 2007; F, NIFoS 2298; G, NIFoS 579; H, NIFoS
2295; NIFoS, National Institute of Forest Science.
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2G, 2H), PDB (pH 6.0) Hiz[ollAli= =4 A4 dredo] LAt NIFoS 5792 E2] NIFoS
2295%= A Al 4 o] BFlo] A5 th(Fig. 4G, 4H). T3 NIFoS 2295 NIFoS 579Xt
W2 25 HelollA A ATt e Eo] Alare] MAaE Ao glo] NIFoS 2295+
NIFoS 579t} vljef 25 o W 2173 o] ’slo]| o] & Fks = 210 2 UEyith

Weber 5{10]2 54472 50| A2 3 5= A v e HFoflA
225 d7gol(pelletsy FHI= k= 7ol Atk HATsolet. 2 Ao Ak HAulet
A+t 25 Bl 2] o] 2= pH HfjollA] 271 thekR] Rt pellets FHIE A4 ok= A
ATk ELL HEAM A HFA T 7T =2 NIFoS 579 w5 pH 7.0914 HEY
7 mycelial matE F/d5F7 | = sFItH(Fig. 4G).
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L EA RGO A BB E S 2 cellulose, hemicellulose, ligninS 212} H|S=gh &0
2 Foffoh= g, AR cellulose S WA] woffobal 2459 ligning wofick= 589=
Zkn Qlth4]. o= F o7 {He] AlEH AR Eolle2 thEX|Tl ARSwl S37R
T RS A SR EAE A/doto] Al gho g WES 7FsAdo] Sl oJulgt
o}, AFAANA = 7o] HERN S 5 8 7 2 173 54 5 shell shA|gL
AR Y IFHiR|ollA HieF Al 11 B4 FAlsHL Al o 4= qlrh Egh st
Robinson 5{22]9] & A3E HH, A4 U I-FHli2|of A7 bel= 5 H7H=o] 77t
SO A A=A A Aol RS 71 S Q7] wEel i Re] HAEsla s g
e B8-S 7R 54779 Q5aiA] el F835 FaFs 7131= 810l H 4= 9l
o oo} Z2 olfm B AN 5HTRY HEEoaA B AR H,
cellulase®} laccase S - 4P 4= Q= AR S-S v T .0 2 5iqint. e e
% 50], FEEHHAE BARAdS "ASEAY =4 HREAI] R8-S AlEsk= Hiell
AHEEIH[24], eSS HEAlo] A= cellulase 2t laccase= AP 2 Q) &80 112E T
FE 7 QL oA AR 7| & SITH25, 26]. WA £ Ao A= Sauatelld 44

S =S4T A1) G A (cellulase®} laccase) A4t A5, cellulase?} laccase A= 5T
e BRSO T versicolor KCCM 11502)0] th$t 540729 A4 84 AT
(REA), B4 2] AL vi2|(CMCLE ABTS agar plate) ol A] oA a4 S dadart
O] /g 5= APt

CMC HHz]of|A] 8 XY HHF 5 57357 0] wAH A o375 ZALRE A, NIFoS 5795 A
QJ5t mE A P2 CMC HiA] Aol 4] AAYa1A] Skofth(Table 5). 1L} AL AR oo}
‘Fglo] cellulase B/ AL W= A9 ol A LFEFGTH(Fig. 5). Al 5 NIFoS 579
= 7P =2 cellulase B/J(34.8 + 0.8 mm)= HEFH O W, F-55HHA(KCCM 11502)°]]
et REALE 71%E e 8709] Aol & WA Sl 7P 77k G4 BAEE H
Gtk o] W= AL} AR A] HFof| A B A A 7} 71 Q4R 0] 7] & of
T}, NIFoS 5792t @3] C. aeruginascens w5 % 1A|F BAMR]of| 4] X =40 A4 whed
7F 7P 243" NIFoS 575+ 54 w3 Wolklk: 7P REAZF WSIth36%). C.
aeruginascens o= WA REA 50%0°] 232 5= NIFoS 2298 (REA 49%) Tt
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ABTS HjZ|ol|A] 547t viefRt & =2dt-7-o] HAL A o5 ZARE 23t C. aerug-
inascens & 1:-d+NIFoS 576)%} C. poutoensis & 2w<+(NIFoS 579, NIFoS 2295) &5
ABTS #|2] Aol A 46190tk Table 6). TAF A HS] Z7]1= 10 mm ©]5l2 AR S
ol LEEHHA(KCCM 11502)2] 27](17.8 + 1.9 mm) At A= 2 ZQIrh A A of 1
o} dglo] laccase L4 W2 L AR ol A YERLOH(Fig. 5), wAF g tiet 2
o] 3717 AR 2HS 4= QISITE AlET 5 NIFoS 579% 7Fd %2 laccase 24
(46.3+ 1.7 mm, REA 67%)= HEIH 21, 0]2}-5YU &1 NIFoS 2295+=NIFoS 579X} oF
28} 2 Jaccase B2 UEFATE. C. aeruginascens w5 % 2w-F(NIFoS 576, NIFoS
2298)=REA 50%0°]| T8¢ HHH, NIFoS 5755 5 w55 Yol 74 Y- REA (18%) &
LiERT.

Table 5. Cellulase activity and mycelial growth of Chlorociboria species strains on CMC agar plate

Cellulase activity

Scientific name Fungal strain no. Mycelial growth -
Cellulolytic zone (mm) REA (%)*

C. aeruginascens NIFoS 575 N 17512 36

C. aeruginascens NIFoS 576 N 22.7+03 46

C. aeruginascens NIFoS 577 N 188+1.3 38

C. aeruginascens NIFoS 1908 N 21.1+1.6 43

C. aeruginascens NIFoS 2007 N 189+1.5 39

C. aeruginascens NIFoS 2298 N 242+0.9 49

C. poutoensis NIFoS 579 G 34.8+0.8 71

C. poutoensis NIFoS 2295 N 224+14 46
Trametes versicolor KCCM 11502 G 49.0+£0.0 -
The values (cellulolytic zone only) are mean + SD of three replicates. Cellulase activity assay was conducted on CMC agar plate (55 mm in diameter) for 8
days at 25°C.

CMC, carboxymethylcellulose; NIFoS, National Institute of Forest Science; N, no mycelial growth; G, mycelial growth; REA, relative enzyme activity.
“REA was calculated by comparing with the Mean + SD value of cellulolytic zone of white rot fungus (7. versicolor KCCM 11502).

A B C D E F G H
Cellulase
activity
—

Laccase
« . - . . . » »
activity

Fig. 5. Cellulase and laccase activities of Chlorociboria aeruginascens strains (A~F) and Chlorociboria poutoensis strains (G, H) on
two different enzyme detection media (CMC and ABTS agar plates). CMC agar plates (55 mm in diameter) were incubated for 8
days at 25°C. ABTS agar plates (85 mm in diameter) were incubated 5 days at 25°C. A, NIFoS 575; B, NIFoS 576; C, NIFoS 577,
D, NIFoS 1908; E, NIFoS 2007; F, NIFoS 2298; G, NIFoS 579; H, NIFoS 2295; NIFoS, National Institute of Forest Science; CMC,
carboxymethylcellulose; ABTS, 2, 2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid).
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Table 6. Laccase activity and mycelial growth of Chlorociboria species strains on ABTS agar plate

Laccase activity

Scientific name Fungal strain no. Mycelial growth (mm)* ; .
Blue-green zone (mm) REA (%)

C. aeruginascens NIFoS 575 N 124+1.3 18

C. aeruginascens NIFoS 576 8.8+0.3 32.8+2.1 48

C. aeruginascens NIFoS 577 N 14.8+3.5 22

C. aeruginascens NIFoS 1908 N 13.1+£0.4 19

C. aeruginascens NIFoS 2007 N 20.3+£0.6 30

C. aeruginascens NIFoS 2298 N 353+£1.2 51

C. poutoensis NIFoS 579 7.8+0.4 463+ 1.7 67

C. poutoensis NIFoS 579 6.4+0.1 235+2.1 34

Trametes versicolor KCCM 11502 178+ 1.9 68.8+0.3 -

The values are mean + SD of three replicates. Laccase activity assay was conducted on ABTS agar plate (85 mm in diameter) for 5 days at 25°C.
ABTS, 2, 2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid); NIFoS, National Institute of Forest Science; N, no mycelial growth; REA, relative enzyme

activity.

**The sizes of both chromogenic (blue-green) zone and mycelial growth zone include the inoculum size (6 mm in diameter).

‘REA was calculated by comparing with the Mean + SD value of blue-green zone of 7. versicolor KCCM 11502.
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