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Effects of Preservation Period at Low Temperature on
the Mycelial Growth and the Lignocellulolytic Enzyme

Activities of Basidiomycetes

Yeun Sug Jeong' and Kang-Hyeon Ka*

Division of Wood Chemistry & Microbiology, Korea Forest Research Institute, Seoul 130-712, Korea

ABSTRACT : Subculture is the most common method for preservation fungi, but has a disadvantage of accumulation of sponta-
neous mutations during the repeated subculture. To reduce the subculture frequency, the effect of preservation period at 4°C in a
slant culture was examined on the mycelia growth and lignocellulolytic enzyme activities of various basidiomycetes. Mushrooms,
including Stereum ostrea, Coprinellus micaeus, Trametes versicolor, Hypholoma fasciculare, Wolfiporia extensa, Pleurotus pulmo-
narius, Piptoporus betulinus and Canoderma applanatum were not affected by the preservation period more than two years,
indicating that they can be maintained by subculture every two years. Some other tested fungal strains showed a significant
decrease in both viability and enzyme activity when they were maintained for two years, suggesting that they should be
subcultured at least once in a year. A little correlation was found between the recovery of mycelial growth and extracellular
enzyme activity. In conclusion, mycelial activity and enzyme activity according to storage period is expected to be a way of

deciding on subculture times for fungal preservation.
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Al BE 55 WSk Jrh4]. THAEASH] PDA AL
HHjR] o] HESH= = vy 13] Algjul e 333k
Ik T 54} SolfRA o) A 2

2] Fo] Sk 53 qlck. webd TR Acuore] 3
TE =Y T U REE A} 7] REV] &
R BARFRS SO 2AIAT oln) A
SF WP AR O3 A SRS EAR cellulase
9} laccased] FA)E FAFSIY 1 2AE vldEsta ) 519

F

2

M2 %

>

2 2

WA o278k (Korea Forest Research Insti-
tute, KFRI)ol|A] Potato Dextrose Agar (PDA) AFHH|Z]9]
A wjgste] a°coll Bas?l A F Y wFolA] HEY)
Zro] 1d3} 2:do] gk A 242} ARS-SFATH(Table 1).

TAL A AL

HE7IZr] 193 21 d AAsE AFHEi A= AldHo =R
B 8A] JAE w) Jo] 7 HETLeE A8  IEE
cork borers ©]€std 27 6 mm? Y23 FHE =
o] &3ttt o] W wAF A73E- vl A= PDA (Difco AH)
RAaL, HiA] ARE- AFES wsith WA YT ET
(121°C, 20 min)3F § petri dish (85x15 mm)°l] Z} 25 mL
A BFsle] Pl RE TRET 18]a FHE wijA|e]
TGN VA HESL 25°Coll A 2103F M=t 5, A
o] A& SH3I

EM

A B AR HEEE BEVIRe] 197 2ido]
gt 215 12k PDA BIA|ol] wj gzt AL o83kt
B B AR WA TARAE EA 92 BEshe AlE
Q] EAE = cellulase®} laccaseES Z43}5T). Cellulase
o FHZARE KasanalsP7h AAIE wj2le] 24l wle)
NaNO, 2 g, K.HPO, 1g, MgSO, 0.5g, KCI 0.5g, carboxy-
methylcellulose sodium salt 2 g, peptone 0.2 g, agar 15 g,
SHT 1 LS EHBIATHPH 6.0). 257 E3 (121°C, 20
min)$t HIA|E petri dish (55x15 mm)°ll 10 mm?¥] 53}
At 27 6 mmo] HEUS v o Tl Y HES
5, 25°CollA 83t Aujdsiaint. viAS] TGl Gram's
iodine solution (KI 6 ¢, I, 3 g, 3~ 900 mL)S 1 mL 8
ofe=dd F xRAdElolA] oF 2A13F B Ad2olA] XS
2, 1A W cellulase SAF A Fravhe] 27-S S7d8)
SATH6].

Laccase 8/ FAE 2,2-azino-bis(3-ethylbenzthiazoline-
6-sulfonic acid, ABTS)E 7|4= dest] S78313AT}H6].
ABTS A= 75 &% 55N (KHPO, 2 g, KCl 2 g,

o

[

MgSO,7H,0 2¢g, 575 1L, pH 5.0) 50 mLe} ABTS
0.5487 gl 775 F7Fl 119 EFAE vhE F, agar
15 g& #7I8ke] ST 1he 3Tt 01 petri dish(85
x15 mm)°l| 20 mL# 53t w25 Azt HEd
(A7 6 mm)E VI HET F, 25°CollA] 593t il
SIATH4]. HAEYY TA4low 2o dgurade] &
o dlit) o] 3715 S48t 71531t

A vjF o] EASH= ME 9] laccase S AR
Cehn(7]9] "ol wt 37331t AAiAIE= Potato
Dextrose Broth (PDB, Difco)E AFZZ2+~=(100 mL)l|
20 mL¥ £53 7, I8k ES St FHE o
AR e Z¥2}F g 709 27 6 mme] HELS HE3HA
25°COllA 647 B3t kel AZAIZ] filter pa-
pers F31 3|43} t}. Sodium citrate buffer (pH 5.0)
300 puLe} 0.03% ABTS -84 1 mL, ¥]%F] 300 LS &5+
sted 30°CollA] 103F HiFetaitt. =21 02 Alo] Wal=
AEE BPBEAE o183l 420 nme] IFol|M FHE=E
=43t Laccase®] 432 1352t 1 umol®] ABTSS}
HRS-3h= laccase®] 92 1 Unit/mLE TH83}] AXketS]
=3

Zm o oz

AL & AL

REZ|IZro] 193} 2do] Adgt F943 WAl 237) i
£ PDA H|A|eA 21971 w8t 2F HET]7T
e FAe] S =4S (Table 1). 221
Al (Stereum  ostrea), AN HEMA (Coprinellus micaceus),
T-EWA (Trametes versicolor), &7 (Wolfiporia extensa), 1t
E}2] (Pleurotus pulmonarius), AFFHA (Piptoporus
betulinus), TP E-Z 3 (Ganoderma applanatum)= RHE
71210l we #A}e) A9 Fol7) el eiskek. kel
ol A& (Polyporus umbellatus)> 60.1%, B FHA (Arm-
illaria mellea)2 25.0%, 25°HA (Sparassis latifolia)<
13.4%7} 7430t} NI (Hypholoma lateritium), =5
T TJo] (Hericium erinaceus), M A (Agrocybe praecox)
T ghol] gAk= o) to]7} vt
HE 7759 A A BE W met g2

7397t BAE, 152 Foll it wslsiAlE ko,
F Al w2} o2 A Jerdtt, dE0] BEVREERLE
AH W] AN TS} FAfo] YepA = Ef
23k A S dolubA ab, slo| =2 2RI e
AL A Tste EEEC] Wzl w2 /fAS] A
A7 o] GEfAAl Hrh8]. BREVIZFE A2l HiA]
o] FEAY, WHE AR 93t LR Al e] APdo
of3)] AR Ao ZHAsEA|RH[9], BETITHel HI|s)A
a5-0] Adeo] Hadhke AL oflH, RETTE A%t
317] Heo] &85} K=, o] Lolof] o8l BE 15
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Table 1. Mycelial growth of preserved fungal strains on PDA plate for 21 days at 25°C

Mycelial growth (mm)

Family name Scientific name Strain No.
One year Two years Reduction rate (%)
Fomitopsidaceae Piptoporus betulinus KFRI 1040 85.0+0.0 85.0+0.0 0
Ganodermataceae Ganoderma applanatum KFRI 1523 85.0£0.0 85.0+0.0 0
G. applanatum KFRI 1815 85.0+0.0 85.0+0.0 0
Hericiaceae Hericium erinaceus KFRI 1622 82.1£3.0 78.7+4.4 4.1
H. erinaceus KFRI 1950 71.9%1.8 65.5+1.4 8.9%
Hymenochaetaceae Phellinus linteus KEFRI 320 36.5+1.0 33.2+1.1 9*
Physalacriaceae Armillaria mellea KFRI 1617 46.4+3.2 34.8+4.1 25
Pleurotaceae Pleurotus pulmonarius KFRI 1914 85.0£0.0 85.0+0.0 0
Polyporaceae Polyporus umbellatus KFRI 1820 33.9+1.5 13.5+0.9 60.1*
Pycnoporus coccineus KFRI 1160 85.0£0.0 77.61£3.4 8.7
Trametes versicolor KFRI 1528 85.0+0.0 85.0+0.0 0
T. versicolor KFRI 1913 85.0+0.0 85.0+0.0 0
Wolfiporia extensa KFRI 1107 85.0+0.0 85.0+£0.0 0
Psathyrellaceae Coprinellus micaceus KFRI 1291 85.0£0.0 85.0+0.0 0
C. micaceus KFRI 1768 85.0+0.0 85.0+0.0 0
Sparassidaceae Sparassis latifolia KFRI 1713 45.2+0.8 39.1+0.9 13.4*
Stereaceae Stereum ostrea KFRI 1300 85.0+0.0 85.0+0.0 0
S. ostrea KFRI 1527 85.0+0.0 85.0+0.0 0
Strophariaceae Agrocybe praecox KFRI 1282 34.5+1.2 35.2+1.0 0
A. praecox KFRI 1789 51.5%2.7 48.0+1.6 6.7*
Hypholoma fasciculare - KFRI 1587 45.4+1.8 47.4+2.0 0
Hypholoma lateritium KFRI 1098 51.5+1.4 49.5+1.8 3.8*
H. lateritium KFRI 1613 58.8%1.6 58.5+0.7 0

Data are shown as means+S.E. of 7 replicates of the mycelial growth on PDA. Significant different in means from two years compared to

the one year are indicates as *p<0.05.

o] A= o] wjg] AA == A-57F Brh10].

PDA APHE|R|O A F57-2] BEV|7ro] 197 23 A3
Sk AoA] 22 A ES e dFE2 WS- 3T
o] GEE AT F ISS ¢ T UG ol
FE-2 2ol A FF9] Ak sl 2 FAlE ¢l
Ao 7 FAFI}. vhd, BE7|7ko] 13} 21 do)|A] 2}o]
Kol w59} v &¥o] F43] WolAle a5
Wol| shH 59 Altjulj o] Z3st Ao Z KRl
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T84 cellulose =42 YF] CMCE cellulaseol] <]
3l 782 4 A= B-1,4-glucosidic bond7} EA|SH=
71do™, cellulaseE AAkslE 55 AMshE vl
831 7)o] Ht}[4]. Table 20 YEeFt 3} o] PDA Hi
Aol Ae] AL e o] vt I ZAEEHA (C
micaceus), T=HS (T, versicolor), 7§ A (KFRI 1613),
AR AP betulinus)2 CM-cellulase®] 843 7447}

UeRA] ettt "hA | rAke] e 7R YERA]
LU AT EHA(S. ostrea), IR EZZ(G. appla-
natum), 5 (W, extensa)> CM-cellulase®] &4do] B=
717r0] AoAFE A S E 5 AT TARe] A
ZH o] wo] 7443t A% (P umbellate)S CM-cellulase?]
T 16.7%= THE d5500 Hlal Bol sttt 2
AN E WAL (KFRIT 1300), WA (KFRI 1789), 55 (W,
extensa), X198 (P umbellate), BIF-HAl (A. mellea), AR=E}
2] (P pulmonarius), S AZZHA (Phellinus linteus)2]
d a7 g2 A dARIEC HIsiA 2 AoE YRt
o}

TFE9] laccase 8BS ZABH] $J8l ABTSE 7|1A =
she Fj Aol -5 HE3st] 25°CollA] 5YRT AulF
3I3ATE. ©] W2 laccase®] EES 1FASH S8 5 9L
o= o] e, ABTS7} 9] laccasedl] ¥H3-5}
A7 HEA At o] 2715 S5t (Table 2). 75
WA(T. versicolor), 7§ A (KERI 1098), AFRFEH AL (P



AenEsRio] YAkERe] AN BaAralitel 340 nae 9%

325

Table 2. CM-cellulase and laccase activities on agar plate of fungal strains according to preservation periods (one year and two

years)

Cellulase activity (mm)a

Laccase activity (mm)b

Laccase activity (Unit/mL)c

Scientific name  Strain No. Reduction Reduction Reduction
One year Two years rate (%) One year Two years rate (%) One year Two years rate (%)

A. praecox KFRI 1282  34.3+0.6 31.7+2.5 7.5* 47.7+14 47.1+14 1.2* 16.33 11.18 31.5%
A.praecox KFRI 1789 46.0+0.4 38.7+0.6 15.8* 55.840.9 55.2+.9 1 1.42 1.06 25.3*
P, betulinus KFRI 1040 43.7+0.9 44.0+0.6 0 0.0+£0.0 0.0+£0.0 0 0.19 0.19 0
G. applanatum ~ KFRI 1523  29.6+1.3  27.4+2.0 7.4* 489109 42.7+2.1 12.6* 0.84 0.33 60.7*
G. applanatum  KFRI 1815  35.4+1.3  33.6+0.9 5% 46.2+1.2 47.7+1.7 0 5.63 3.13 44 .4*
H. erinaceus KFRI 1622  20.3+0.7 19.3+0.3 4.9* 30.6£0.7 24.8%1.1 18.9% 3.18 1.09 65.7
H. erinaceus KFRI 1950 19.7+#1.8 19.7+£0.3 0 19.4+1.1 17.6%0.7 9.2% 1.24 0.77 37.9*
P, linteus KFRI 320 154+1.5 13.0£0.7 15.5% 59.4+1.5 56.4%0.5 5% 494 33.77 31.7*
A. mellea KFRI 1617 34.1+1.2 28.4+2.1 16.7* 33.9+4.0 26.5%1.7 10.3% 1.55 091 41.2*
P pulmonarius ~ KFRI 1914 41.2+04  35.2+2.1 14.5* 36.7+x1.7  32.9+0.9 10.3* - - -
P. umbellatus KFRI 1820 31.6+0.8 26.3t1.4 16.7* 18.2+1.1 15.2+1.3 16.4* - - -
P, coccineus KFRI 1160  50.0+0.0 50.0+0.0 0 40.6x1.5 373%£0.9 8.1* 291 1.77 39.1*
T. versicolor KFRI 1528  50.0+£0.0 50.0+0.0 0 38.8+£0.5 38.5+0.6 0 11.34 9.05 20.1*
T. versicolor KFRI 1913  50.0£0.0 50.0+0.0 0 37.7+£0.7  37.9+1.2 0 25.43 19.02 25.2*
W. extensa KFRI 1107 41.9+1.5 37.3%1.3 10.9* 27.6£3.4 16.9%5.9 38.7* 0.41 0.34 17*
C. micaceus KFRI 1291  50.0+£0.0 50.0+0.0 0 43.840.5 38.8+1.0 11.4* - - -
C. micaceus KFRI 1768  50.0£0.0  50.0+0.0 0 40.8+0.7  39.5+1.0 3.1* - - -
S. latifolia KFRI 1713  24.0+0.4 24.8+0.3 0 0.0+£0.0 0.0+£0.0 0 0.29 0.28 3.4
S. ostrea KFRI 1300 34.0+1.9 29.9+1.7 12* 23.9+1.2 16.4=1.1 31.3* - - -
S. ostrea KFRI 1527  31.4+0.8 30.2+1.0 3.8* 20.5+0.9 20.1%1.1 1.9* 0.99 0.75 24.2*
H. fasciculare KFRI 1587 45.6+1.0 42.5+1.3 6.7* 36.8£1.8 35.0x1.4 4.8* 0.84 0.67 20.2*
H. lateritium KFRI 1098  45.5+2.3  43.6t2.2 4.1* 34.6+1.3 35.7x1.3 0 1.39 1.2 13.6*
H. lateritium KFRI 1613  44.6+0.7 44.6+0.7 0 36.4+1.1 34.1t14 6.3* 1.7 1.17 31.1*

Hydrolysis circle on carboxymethylcellulose(CMC) agar plate after eight days of inoculation.
Chromogenic zone on 2,2’-2,2"-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)(ABTS) agar plate five days of inoculation.
One unit of enzyme activity is defined as the amount require to oxidese limol ABTS for a minute.
Data are shown as means+S.E. of 5 replicates of extracellular enzyme activity. Significant different in means from two years compared to
the one year are indicates as *p<0.05.

betulinus), FrJH]E-Z 3 (KFRI 1815)+ laccase®] & 7+

KA (L. leucothites), THHIEZ 2 (G. applanatum), H2
Z

27F VERR] RSkt 2o AL (S. latifolia) @ AR
WHA(P. betulinusy2 23] laccaseE 35k 20| §le
Ao VRt AP AR 2RSS o] EA4S e
A E WAL (KFRL 1300), 55 (W, extensa), A% (P
umbellate), '=F-a <] (KFRI 1622)2] 73-¢ HE7|7to] 2d
o] At o] o] 1do] A HFo) Hlg| E Fog
7 AL B Aok 23 5Y Zo| Ak, 757} T
Eoll W} laccase®] BAEAI] Zpol7}F LhERaL UATH(
ZAZILEZR A (S. ostrea), WA (H. lateritium), =F3
YoM (H. erinaceus), ZHHIEZ3%(G. applanatum)). -
H WA (Pycnoporus coccineus), Z2NHEWMA (C. mica-
ceus), WA (H. lateritium), TR (T, versicolor), B

15 AP linteus)> T 5590 BI8) =2 laccase &
3 e oM, AT EWA(S. ostrea) EH (W,
extensa)< ] WA dFEHTE e &8 YERS]

o}

HAghe] & =AY H7HE o] U= ABTS )
A7} ohd St B BETT AFel| o]-85hk= PDB ¥
off Z}Zte] #FES HEsI 157U vl ¥ laccased]
(Table 2). Homolka[11]l] 8} lac-
cased] EJo] HYr|zto] AAAFE FFsb ) a3t
Al B AL 31 4= e, o]F Harske] 647t Hj
&F &, vl 9] laccase®] B35 S8
AHEHALS: A9t e d552 BE7ITR] dojd
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o] W} laccased] o] THAadl= AL & 4 Juh. =F
TTYO] (KFRI 1622), FH]EZ 2 (KFRI 1523)= ABTS
PR e} o] T 5ol H3l =2 HAaES
UERATHEAE 60% ©17d). 7HH AL (KFRI 1098)2 T
5ol Hgl gl Y2 AR Yehgor, tE o
T2 20%H L]0l A 40%0) 3] S TAES UERTH
TN (H. lateritium), ‘=T (H. erinaceus), B2
A (A. praecox), TP EZ 2 (G. applanatum)= I A]
ANNHH 2 F7)E] Hlustis A5 Fadke =Tt
22 78RS RIS, whAe] FEWAI(T versicolor)S
Wit o] Aas VAT, v S AT versicolor)
o] B¢ tk& wF=0l Bldl laccase®] &4 AA7F =71
ol THAas-2 BFANF 24 AHA Y] SR e 15
HJ3) wom, o= HZAWA (KFRI 1282)9F HAZIEHA
(P linteus)= PIE7EA o]}, HAWMAL (A, praecox)e] 73-5-
KFRI 1282 79| €/ 7h47} KFRI 1789 w5-0l] HI]A]
T] ZX|9F, laccased] /3 KFRI 1282 w57} T =4
et

Laccase®] BHEE 545 F+ 7] WRiolA Y BE7]
7hol] mE 4] 7HAFo] thE 7 YElsith. PDB vl
of| A mikel TFEClAY] B4 FHAFo] o FA YER
o}, ZA0 2 ARl = s 31 W] 79 )
28] FREEC] vF- FOH, laccasedl] ¥Hg-Sh= 712<1
ABTSE A|&JsPd 22 o] Aabsvro] Hrieof 9l
t}. o]ol= W2 PDB HiYHS St fIgh vk o=
A1, ABTS 3| =Rjol] H]3)] Fio] o So107] Wi
o FZo] WE A4S HolA Bk, BE/RI0| 2d0]
A T} 1] A F52] B3 PDB WA
o) A% 9 A o] ZaRk S} HE/RE
o) 19 8 e FHEol o W] o] Jjos o
U7 BEslo] Y9 RS vls) EE Bk BYL v
e, 12 st &439] Fhago] kAo HIs| T
EZog 7143t Ao g Hlt)

TARe] Aol =831l 2H88hs F 4R cellulase9}
laccase”} 71-2] HE7|Ztol| whe} W= JFo] dFE vt
oF 242 b8 2ts 1S = AT F A4S F laccase
7} REZIZ] me}t gAasEe Rlee o Btk B8 (W
extensa), X% ,(P. umbellatus) ZNZEZT-EHA(S. ostrea)
= 52:0] Blo] 7H4BR Aol RARILE. A (R
coccineus), AHNHEHA(C. micaceus), 7NFHA! (KFRI
1613)2 laccase¥ro] BE7|7o) Qdaks wigkom, 7i9hH
AU(KFRI 1098), =F3 ] (KFRI 1950)= cellulase¥Ho]
At AL E 4 ok

TTE9] A o] ME 9 540 A7 viEA]
vl A Atkale & 4= §it}. Jeon[12]> CMC agar
plate’dollA]  CM-cellulase@/de] Fohal 3iA] dF=0]
cellulaseE ©]-83ll CMC agar platecl] 7} = CMC
£ HlE g o2 o]gate] S s 3lo] o7 o

woll TAFS] A7 o] CM-cellulase®] 23} W4 &
Al JA & = vkl AFeT. & v Gl
laccase®] 73-F-oll% o]} 22 73S YER=T], Voyron
[8], Homolka[13]9] ATME BETFES] TAF A
I #5240 FAdo] ghAgk ulE| A7} obd Ao E duH
o} B Ao ANHA (H. lateritium), ZTRIHEZ 3
(G. applanatum), ZAZET-ZHA(S. ostrea)S TARY] A7
Hol| vlaf] 4o FAjo] e Holw, Ba (W, extensa)
TAR] Al mlg] a4 S-S Uehlle A7 =717t
A YeRdtt. o8 FlM REDFE] dAP} HjA]
A ARSh= St uix|olM Uehs Eae] Bido] o
AL PPAE = AT, BEFR 59 EES
FARhE Hlelle ded aadtar & 4 ik

TTFeES BE7R] LflEd4s o4do] H7] 49™ &
A FAS BES] ofgar 4317 o] wstsih,
A 599 Wslrt vehi, w5ee] g Adelel wet
gelo] Wg} Bl SRk AR Ae] yepdt), ExA
EEI} 2 AR 77334 8a50] W7} dojubd
A FeZR] BFollA d@dAdSs vehlle dFEE veht
Al HTH1, 8], B2 AR 7 FYEAE B
wor, 25 W= Ao ezl g vIzFsl7 ]l [14],
HESh= 57t w52 Ae]d 249 3 wAke] Fejr) wig)
& = ot A7) o 8 aRlel g ~EH A
o}7]2o] gl AEAIAN =517t oy Hopd
REZ TARC 732 ®lol7h dofd 4= 1710l 8, 11,
F71H o gEs SAsFolof gt

P& BES 3l TAAZ WL 5E3 X7
88 @om, 7PHal & o FskA] o, e A&
He WeR, A, Ak, ol TR HE o
Sol Jnt. 22y AMFE Tt 2 B A WAL 4R
288 735 FAAx v WizteiHar Barso] 3l
T}, Amanita, Cenococcum, Laccaria, Lactarius, Lepista,
Paxillus, Pisolithus, Rhizopogon, Russula, Scleroderma, Su-
illus, Tomentellas-< “5A% WM AES 1A X3
Ao HalEo] QITH15]. HAEALE o] 83 2ARHE
WS 2 HEUYoR sh, 3] dAdAE He
sHof &17] wjEol], otk BE WS Hls) w9 B
Hlgo] Sol7A drki6]. ol sl 3 IS
Fejo|Eol| HAAA w55 HESh= o] 7o
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