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The cultivate characteristics and the wood rotting ability and type of
the Kuehneromyces mutabilis Sing. et A. H. Smith.

Dae-Ryoung Yun" and Jyung-Ki Chai"*

Y Department of Forestry Graduate School Chonnam National University

ABSTRACT : The mycdial mass of K. mutabilis greatly increased at pH 5.5~6.0 but decreased pH 6.0. The linear
mycdlial growth wsa mostly supported on sawdust of Quercus accutisma and the mycdial densty wsa high on sawdust of
Q. accutisma and corn cob. Much mycdial distribution could be showen in ray parenchyma cdl and ray tracheid. Severe
degradation of ray parenchyma cell was found but little degradation of ray tracheid cdl was found. The dry weight loss
wsa 5.9% after agar-block test. And the pH wsa acidified from 6.07 to 4.31 and hot water extractives was decreased after

degradation of Q. serrata sawdust by K. mutabilis.

KEYWORDS: Mycdia mass, Mycdlial densty, Dry weight loss

8] A Al (Kuehneromyces mutabilis Sing. et A. H.
Smith)-& FEWAE (Agaricales) =% ¥ A1 7} (Strophariaceae)
A Al 4= (Kuehneromyces) o] £8F1] WA 7] =

wE kel AA E - Ahae 52 U, 15H
7| ST soll Sk, AAA o FE ST

olggt FE A A e = FEES o] g3t
influenza virus 243 (Mentel R. et al., 1994), N a|8fk
(Wissig E. et al., 1990; Pashenova NV. et al., 1989), ¥
AHE S o] &% Al (Schmidt O. et al., 1985;
Reshetnikova IA. et al., 1988), @] 374 543} 2| &5
3l (Reshetnikova IA. et al.,, 1986; Reshetnikova IA. et
al., 1990), BEstx EA3 % (Reijnders A F M.,
1971), AR} e A5 (Pashenova NV. et al.,
1989; Pashenova NV. et al., 1990), A4 A 9] s}sh4]
A 2 7~ (Badalyan SM. et al., 1997) 5] 2]=ol|A X115
o] Qlout, oA 7kA] = FUell AfEAY A7 3
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CNU5—-32 AF83F921, Potato dextrose agar( ©]3}
PDA) A o]l AJE38to] 25E1TCollA 273 wijeF 5 ARG
st PDARIA] 20m0E- Petri dish (@ 87mm) of] #5-3%F
Fyuj Aol BES JEste] 1097 widet v 1A
A8l 2 Cork borer NO 3.(@7mm), 4AA32 Cork
borer NO 1.(@3mm), w4 ¢ Cork borer NO 7.(&
15mm) & AH&-sto] woj il dHS AT o= ARSIt

SAIRES] HA A vjA]E Astr] flste] A E
tablel.¥} o] ZAsF . e ul A= 100ml 4H 2 &2k~
Aol 50mA €& 5 3057 LA (121°C, 1.2kg/e)
sto] Aoz WA & FAltE HF, 2612 Hl
FeA 18Ut Ml & AAFE SA3ste] HA wxE
A7skedt. #AlF 579> Whatman No.2(110mm) o1
A7 oA & A FS AP Sl

FAIAE] HA 1A w2 F Addstr] flste] &
table2.9} o] ZAsitt. A uiA= 3047 11!
(1217C, 1.2kg/em) 5 petri dishel] 20m» F553}9]
B om 25+11C 2 wjekdelA 1047t vk 3}‘?1/‘
AP =4 9 AL EE S0 7 FALEe] H A
%) & Adksk) o)

ARGl A ghst HA L EE F1E3l7] 913t PDAN]
2] 20mE Petri dish(@87mm) ol L7gsHA =538
Hj#] o] BEtS AE ekl o HFE w4+ 15, 20, 25,
30 B 35C%E Xd® F27]olx 1043t wjekabdA

T AR S St AP EE SREO R FALeITh
FA AT #HA pHE Awstr] fske] Potato
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Table 1. Composition in submerged cultures

Medium and Composition(g/ ¢ )

Nutrition reagents Glucose

Glucose ‘MCM

Czapek Dox

pepton

Synthetic

Hennergerg

Lilly

Tryptone

Surose

KCl

KNO;

K,HPO,
KH,PO,
MgSO, - 7H.O
MnSO, - 5H,0O
ZnSO, - 7TH,0
FeSO, - 7H.O
CuSO, - 5H:20
(NH,).HPO,
(NH4)sMO,0.,
CaCl, - 2H,0
CaCl,

NaNO;
Glucose
Maltose
Thiamine-HCI
DL -asparagine
peptone

Malt extract

Y east extract
Trytone

30.0
0.5

1.0
1.0
0.5

0.01

3.0

10.0

10.0
15.0
10.0

0.01

0.003

10

0.5

0.03

0.001

0.001

200

0.01

50

2.0

0.05 1.0
0.05 0.5

0.1

2.0
50.0

20

20
0.2

0.2

10
0.5

10.0

20

5.0

3.0

* MCM : mushroom complete media.

Table 2. Composition of various solid nutrient media

Nutrition reagent

Medium and Composition(g/ £ )

MCM

MY PA

ME

YM

YMPG

YMG

HA

Lilly

Potato

K,HPO,
KH.PO,
MgSO, - 7H,O
Glucose
Maltose
Dextrose
Thiamine HCI
DL-Asparagine
Peptone

Malt extract

Y east extract
Agar

1.0
0.46
0.5
20.0

20

20
20.0

1.0
30.0
2.0
20.0

5.0
20.0

20.0

10.0

5.0
3.0
3.0
20.0

2.0
1.0
10.0

1.0
1.0
20
10.0
2.0
20.0

4.0

10.0
4.0
15.0

20.0

20

20.0

1.0

0.5

10.0

20

20.0

MCM : mushroom complete media, MY PA : malt-yeast-peptone agar, ME : malt extract agar, YM : yeast-malt agar, YMPG : yeast-
malt- peptone-glucose agar, YMG : yeast-malt-glucose agar, HA : hamada medium.
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dextrose broth(e]s} PDB)#j#] o] IN—HCI¥} NaOHZ
ARg-Sto] B2 9] pHE 915 4.0, 5.0, 6.0 2 7.0 o8 =3
3lo] 100me & et Aol 50ms Be 3 3087 At
(121°C, 1.2kg/em) STk o17]ell FAlTS HEskaL 25
+1Ce] Rl A 18Uzt vt & HAFS 579331
ot} A =74 Whatman No.20jd A2 o 3A|71 &
A A sk T A AT o] AR S-S
ek HA whad, Ao Adsy] f5te] A7) Ao
2HE 42 HA2A (5, viA], pH) & o] &3] tha3
o] zAFskSlTh

H7he ka2 table 37 o ghAA 0] A9 = A ul
A 0.1%E H7Fska, AU HAu el 0.04% %
H7rete] 18U7E wljokslte] ebd AXRAIZ #AlFS AT
sto] HA oFds ettt # A% 574> Whatman
No.2oJ A &2 o A7 & Al =Fa A= & sl

Table 3. Nitrogen and Carbon Sources

Nitrogen Sources Carbon Sources

Potassium nitrate Glucose

Ammonium tartrate Galactose

Urea Lactose

Glutamine acid Sucrose
Asparatic acid Dextrose
Sodium nitraite Inulin

2P AP AR O] QI Al A v A] A Eoof] whE uf k4]
548 A7) 98k 992.2 20.0em?] test tubedl] 2
% (Populus alba), 35 (Quercus serrata), oA
Y- (Robinia pseudo—acacia), "% (Pseudotsuga
menziesi)) /38U (Quercus acutissima), Corn cob
5 6714 wiA & AHEsk o, i 10~20mesh A2
7 & 17 20% (w/iw) & =33ete] SRR A i
= 656%% A8t Axd wiA= Ayl 31g4
13cmizol 2 F318ko] gttt 7oA 3087 At (1217,
1.2kg/em) 8t & 2202 Y2t RS F-gidlel A i
oko] 25 FAHS Cork borer NO 7. & HFslo]
Faldoh HEE A= 25E1CE 249 vk oA
3047t wiekalAA wAMIS S oH AT EE
Qo 2 skt

FelRHAN A SHHFFE S

Fem S o] &5k AlxH B4 Falle 2uAF 54
= #EE7] f1sko] PDARIA oA k8] wjeke -]
AR Aol 3ol A AR-91E 0.5mm X 0.5mm X 2
em= Z=AfsF] 4043 wijekatith. o A vijekE HH o
T3y e Rl FYEE AFsr] A AERE 2%
glutaraldehyde (GA) + 2% paraformaldehyde (PA) &

+ & 29 puffer® A A3 thS ethyl alcohol AIGE
TFAIZI
o]o] ethyl alcohol® xylene?] 1:1 33} 100%
xylene 2.2 77} A28l xylened} paraffin®] 1:1 &3+
Mof| 2] & paraffin QN2 X|3A|7] T} paraffin &
Z& W9 microtomes ARESFY] 15—20mm 7419 A
S A AHL 1% safranine® 2% astra blue®
TG o5 FIdAnA A AAsith e
%2 AW HFdn| g ol ALgsitl, FAME AL
7
=]

1AM (in 0.05M cacodylate buffer, pH 7.2) &3 *]
5

e oo

o] 9 2% GA + 2% PA E3uAgNog uAHA
FHAIBE ethyl alcohol Al €5 AA3F U2 —20C
7

o3 54 7x A7t o] A& jon sputterg AHS-3to]
gold coatingdle] FAFE A A (Hitachi S—4000
SEM) & Abg-sto] et T8 dxpdn s #32
(TEM)-2 LRWell 2Zuj Al3H-S ZA|3Fe] diamond knife
E AMEste] 70~90mm (urdH FA o Az gold
silver) 772 ¥t dH S A&ttt o] AHS 1%
KMnO4 (in sodium citrate) 2 1033+ G2t Al HS F3}
g At v o7 #Eskd)

L3E 7)1 u %] 20ml & e—naphtol ©]1} tannic
acidE 0.001 ~1% (in 1ml ethanoD) & 73l o, H+
S WA E petri dishell &F3to] Al 5 F sk
laccase¥&d 5= Bavendam WSO 7 <rolr gto
AT Bot 2AFsEITh 283 ofof] whE &4l Rl
Lo wet ZAdEe] EEds FA st S
HAAE 3x0.5%0.5ecmz FAG] AAFSE ST F
el 6A1ZE o) Hd A7 FHE AJEE 121T
(1.2kg/em) 1A 3047 At st 5, F-g]-e-AbHAlto]
&¥ PDA wiAlo] JFeth AFE wiAlE 2551CR £
Al vjeF oA 4041 BlQF ¥ Dry weight Z442&& 5
skt

Dry weight 7F42& L(%) ths 2ol 2Jsto] Ab=3stelch

L(%) =(S—=W/S) x 100%
#S foF W AAFA (), W vk 3 AAEA (9

FENE o) glow e 7 AR 2g5
200me AZFEEkAaTel Wil S/ 100mE 78t of
Zofae)] SRYTE FRAAA 3AZEERE Hle TR
oA Akt 1 % nle] %4 glass filter (1 G3) 2.
2 UYEES 32 A7 AL AR AlFste] 105+3T
of| A &sFo] & wf 7px] Azt st

2FFEE F H(%) © s Aol gsliA AtEst3itt.

H(%) =(S —=W/S) X 100%
#S AR AAFA (), W: FEIFEY $F (2

F
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Table.12} #o] &3kl wjx|efA] 25+1C=E 18Ut vl
o & HFAHEFS 543 A3+ Glucose peptonol A
202mg/ 18days o2 wAMYSo] 7} oFF k9l rh(fig
2.). MCM# Hennergerg M A el A= 7Hd A z=5F A %Q
Hlow thE wiXES Aol 2 fol k= elith
Ao Axf wx) 2] Aol whet FAMYS Jme XPOV}
Aty Bzt o]= ¥H(1978) Fo| Hadk upel 7o)
BolMA ] FAFFA] Bl A =/ el mhet JAF ASe] A
o7} Qhtkar gt ®y e} AX| k= A o] gl
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*Submerged culture medium
*Refer to table 1.

Fig. 1. Effect of various synthetic media on the mycelial
growth of K. mutabilis CNU5-3 in submerged cultures.

AR HA 1A wixE Aelr] flske] FAdRIRIE
table2.9} o] ZAst] HFs A= fig 2. 3.3 2t
MYPA#B|A] A 73mm/10daysZ 7 wE A4S B

*Refer to Table2

Fig. 2. Effect of various synthetic media on the mycelial
density of K. mutabilis CNU5-3 during growth on
solid nutrient media.
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o} wbd MCM, Lillyoll s A zs 8-S Ry #AF
9= YM, ME, MCMe] 718 z4dsH4] A3 a1 o@

Lillyell A 7} & 1w nof F9 ) A5k )
Hj Aol A o] FFalglom & folxh q—ﬂ—q-x] o}

oF

Skt
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*Solid nutrient m edia

*Refer to Table2

Fig. 3. Effect of various synthetic media on the mycelial
growth of K. mutabilis CNU5-3 during growth on
solid nutrient media.

Ak FARES] FARNYG HAREE s ¢t
71¥Hj %] = PDAMIA 2 15, 20, 25, 30 @ 35CE x4%
Incubatorel|A] 1047t s FatA] AR 2 AP =&
=Asto] HA 25 WS AR A= fig 4. 5.9 £t

= N W b OO D =
o o o O o o o
T R T 1

Mycelial growth(mm/10days)

o O

5C 20T 25T 30T 35T

Temperature
Fig. 4. Effect of temperature on the mycelia growth of K.
mutabilis CNU5-3.

Fig. 5. Effect of temperature on the mycelial density and
growth of K. mutabilis CNU5-3.
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AT HA pHE Awstr] §138te] PDBH|A 9
IN—HCI#} NaOHE AHg-sto] wlj#] 9] 2% pHY = 4.0,
5.0,6.0% 7.0 o8 z&ata, 25+£1TC2] wjkalelA 18
A7k wjeF & HAFS SH e A fig 6.9 A

fig 6.91141 2} Zo] pH 6.0014+= A Ze] 203mg/18Y
2 7P Wk o pH 5.5 o]kl ok AH] ol A= dAME
Fo] tha A== A gt 53] pH 6.0~7.0% oF
Fhe o= FA48 FAS BolFQit) o] Fa]9Ak
A2 vt ol AR ooy Aol A 2
At A8 Ho i)

210 r
200
190
180 r
170

Mycelial dry eight(mg/18days)

pH4.0 pH5.0 " pH6.0 pH7.0
Initial pH

Fig. 6. Effect of initial pH on the mycelial yield of K.
mutabilis CNU5-3.

T2 A A ] AR S-S 9l s H A whag, A4
= Aatr] flste] 71| (PDB) 9} 7] A3 o5 F-H
AE HAxA (X, viA], pH) 2 vjFsiel o gag
2 0.1%E A2YL 0.04%% H7Fste] 18U3E wljokstod
AH AFAI FA S 24 A= ve-a) gt

e gle] A9 fig 7.014 Hiznke} o] thd#<l Inulin
ol A 249mgl 2 71 %33l O DextroseE A9 sf
A= TARY SOl QlojA] 2 Apol= U] Sk

Ao A9 fig 8. A9} o] FE A A2
TAPY ) A ghet F7 e d A9 02 NaNO,o]l o,

250 —=—
B 245
o 240
£ 2 235 F —
5 = 230 =
£ B 235 |
$ £ 220 |
= 5 2156
2 210
3 206 |
200 ] |
Q\S\\Q & & & & &
¥ 5 o oF & N3
2 N kS I

Carbon sources

Fig. 7. Effect of various carbon sources on the mycelial
growth of K. mutabilis CNU5-3.

o Aa o)M= 2 ol xbs YEREA] Skt

£ v we f71H AAE T2 ARSH 7]
T8 Ao g3E vlush| & ol Hoh Bl
P AT ARE e Al A, 1
, SEFHALS 5349191 peptone
o] ARGl Sttty sklvk(3] F, 1994; & &,
1983; A &, 1987). F-718] A9 4-¢ Al g o2 mA
A Sl Yot A4 Aabe] ARt f2
shH(R 5, 1988) A A NaNO,ol|l A st

Zo] 574 Aol gLk,

B
o,
2
e
s

E 360
ol
T2 310
25
g £ 260
25

N l

. .. . . |
Urea PN AA AT GA SN

*Nitrogen sources

*Refer to table 3.
Fig. 8. Effect of various nitrogen sources on the mycelial
growth of K. mutabilis CNU5-3.

Fig. 9. Mycelial density and growth of various K. mutabilis
strains on different sawdust substrates.

DRI AT SRR FS A

2] 9-AbH A+ (K. mutabilis) CNU5—3 & PDA Hj#]

of HER T BHIF WA B o] WAl 402
Sk ujokeh U AV Aot FAAAR O B
29 A3k kgt 2ok Fel A ol B
P B 3 SR AT Qo] 451 A
E BN F0F0E WA ol vhlal Wgol 3
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Table 4. Mycelia growth of various K. mutabilis strains on different sawdust substrates

*Sawdust Substrate Quercus serrata agﬁ?;‘:ﬁa Corn cob Psenggggiga Populus alba psesgg-lggci a
Mycelia Growth
(mm/30days) %2 82+2 61+2 73+2 70+2 67+2

*Different species of sawdust substrates (10~ 20 mesh) were mixed with rice bran (20%, w/w) and tap water was added to keep the
moisture content at 65%(w/v).

Z= 9} (Fig. 10, 11). 23 (autolyse) ol o]l FHAshH, #ALS] o] F2 F-Ex7]
AR M T2 S AR 2l A YEFS AL, WS B34 °o]&3tm, 21 ¥ bore holes A 3te] o]

AF HAFAAE FAEe] A7t A4 YebsEl (Fig. &3t}

12), ol WrkxAlo] g3 oyt Aidss 233k 3l wheba] 2 A Ay FE A AT (K. muatabilis)

oJ4] (Core et. al., 1979) A} o] A &S o] &3taL Q17| CNU5—33tel &3 S5y WA ] 75 Jel=, Al x

2Rl Ao R Atg Tk =3 o #AM] Qe = U el S50 2 AR o7 Falshz A2 FA

el 28t HA2 fAE] vlE) 7 A E g MARS FEHE HolFa Qlrh

o]Fol x| A ekgktt (Fig. 10). 1e|vh L% F-57}F A std 3% s 712 A 20m tannic acidE 0.001~1%

AZA = = e Falo] #AE Y B4 Al EH E As F IS AFsH] Fa A 5

9] F7H5o] BallH = HEE et (Fig. 13). 5 % EAE getsielch

7] s8] wE oke] APt Alzu|Fel A HEE A R F- Bavendam testE &t &AM A AAMIREE

71 Ay EA AEZgH| A5 dAMe] S5 A7t ZAFst A3} tannic acid®] $Heko] Wold == AL A o)

Fig. 11. F2]-%AhH Al CNU5S-3 o o] 8t S35 A 9]
B sl(arrow) 4! 3 2] (arrow head)(SEMAFR).

Fig. 13. 7-2]-9-Ah 41 ONUB-3 370 &) o 3 B0 - 181 9]
13 (arow) 2 =3 €] 3124] (arow heed) (SEM AF)
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Fig. 14. Mycelia growth and density of K. mutabilis CNU5-3
on agar media and formation of brown pigmentation.

Table4. Mycelial growth and density of K. mutabilis
CNU5-3 on Bavendam Test

tannic acid
Growth 1% 0.1% 0.01% 0.001%
Characteristic
Mycelia growth
(mm/Sdays) 48 46 45 45
*Mycelia density ++ +++ ++ ++

*Myecelial density was examined with naked eyes and expressed
as + (thin), ++ (moderate) and +++ (compact).

o SE A, 2 2Pol= HolA| ekskth(Fig. 15. Table
4.). B3, tannic acid 1%7} S8 wiA A FAF B
97 Ao w Weldith el A Al Y] A
tannic acid®] o] wWolds= wA o] ¥ S5 e
Ao 2 e O™ tannic acid 1%7}F E-G% x| ol A] o
AP7F A B9 Ao g Wk A 07 Hol FaleAt
WA AR S o) 71 o 7 i g Qie) Fa]9-Ar Al
o] HiFE 3T A HS 0] 8319 dry weight 74
&5 574t A7 table 6.7 2ok SRU2 794
WAl oSt dry weight A4&S S 23 A
& 110mgl. 2 5.9%°] &S Hlrh

U= guaiacyl, syringyl, 718] 1. hydroxyl phenol
group? lignin monomers? ©E H|ZE o]Fo]A Ut}
(Serkmann & Ludiwig, 1971; Ander & Erikson,
1979). Tsk 9] sheha] 22408 AlEof whet thekei,
250 % g7l et = (o] 5, 1995). BEgh w A
T Folu v flellA Al w #d sshE
¥ AT HE2S A © 71th(Serkman & Ludiwig, 1971). Y
ol whe} lignocellulosic complex”} thekslr] wj&of
APF AESHE Ao zoli= wEo] Bl adel u
g} thE Zlolw, o= WAL AL A& 8] WHEEel w

£ Solgoleku 43¢ 47} AAck

J

o & o

Table 6. Growth of K. mutabilis on the Q. serrata(mesured
by weight |oss)

FEA REF gaw Uag
(mg) (mg) (mg) (%)
Quercusserrata 1,857 1,747 110 5.9

Zbzke] AR 2g& 200ml AFFEERAAC] ¥ SR
100mE 718t thg Zefnae] S92 75 F-2HA#A 34]
gt vlszol A Aelekiith 1§ S~ EH (1 G3)
O 7 WEES Fl o FA7I AL AR A FSke] 105+3T
o] &eFo] & uf) 7}x] Azt S =2 table 7.9} 2T}

Table 7. Hot water extractives of K. mutabilisonthe Q. serrata

methods )
extractives(%)
* Sawdust Substrate
Sawdust 12.98
K. mutabilis on the Sawdust 8.56

* Q. serrata of sawdust substrates (10~ 20 mesh) were mixed
with rice bran (20%, w/w) and tap water was added to keep
the moisture content at 65%(w/v).

0 w7 (41 w/w) 2] A9 12.98% 2] FEFE Ho
TRom T At Al o] wjeke wix] 2] 9 8.56%F
Ho]FQlt}, o] |- pAat Aol FRtyt uAte Qe
H3hE, tannin, W@ A & o] &3 F1 O F H It}

B AP A A anleke S S8
gov] A A% 7o FEel oM 1 o] Fof
E QoR wol vgst il $hulo] Ut BAL ol %
sl AT R0 B ATk HEHA G A9 T

A AS FEete] Rt eks ¥ wA] 9] pHE ZA}
st A7} HFHA 92 iAol A= pHZF 6.072 YEFLY,
Ho7F 59 vix| o] pHE 4.31 % FALE o] e Ak Al
o] A HAE AT = Ae & 5 USih

Table 8. Potential of Hydrogen in decaed of K. mutabilis on

the Q. serrata
* dust Substrate K. mutabilis
oH Sawdust on the Sawdust
pH 6.07 431

*Refer to the footnotes of Table 7.
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Glucose pepton®llA 202mg/18L = FAMYo] 7173
Egtor] wAMA = YMGHIAI A 81mm/8Y = 7}
&t

2. A HA L 20~25CoIH, H3 At pH
5.5~6.0 °1% 21} pH 6.0~7.014% Ago] H43]
FaENT =

3. A AR S] TAPAES 915 HA PGSO R '
AgefE= Rl Inuline] 929, Dextroses A 9)s
= dAMES ol lojA] & Aol WA eFokt) A g
o2 F7le 4499 NaNOsi o o2 4952
7o) A zxsk it

4. H A FA] Aol QlojA 3o 7 =%l

o

W 0], oA, ey, E5Y 208 AF
o] %k, Corn cob] % o] 7Hg AT,
5. WetAv A FAG AR Ao A v B
o AEH ] Aol FAH I AL WP F0E

o

2 A} GhobA| = v 5t @ 4do] R Qi

6. AR U= S ARA el A ek,
H BT wAFe] W) A Yebth =3
off ALS] WE7F A yebdel s Etstal SA41<)
Al el vlsl el 7k A <] o] Fol %A ekt

7. PDAMIA] ¢ tannic acidE % 7}3st Bavendam HE-§-ol| 4]
Hj x| o] 2 o] ekl o & WSk o W Kol g
I B3 &% sl laccase”t A o] 1]
pel=

8. Dry weightoll A 5.9%2] 74 &S B on o] wE
pH2| W3 6.070014 4.31% wj=]7} 4338} =9t
T3 2FFE=l oA Fwa v 41 w/iw) &l A
T 12.98%° FEFS HojFglom T A AL
o] ujeke wj=] 9] A5 8.56%F KT3It
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