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Variation of Ergosterol Content in Lentinula edodes Culture™
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ABSTRACT

Ergosterol is an indicator chemical of fungi and involves in fungal cell growth as a major component
in fungal cell membranes. Thus, this chemical can be used to estimate live fungal biomass within
various solid substrates. Ergosterol content in liquid culture of Lentinula edodes had a linear relationship
(r=0.98) with the hyphal mass of the fungus. This chemical content differed depending on the fungal
strains, age of culture and water content levels of sawdust substrate. Ergosterol content was 0.13% in
the 10 weeks old liquid culture while it was 0.10% in 20 weeks old one. The chemical content in the
sawdust cultures of the fungus varied 0.015% to 0.042% depending upon strains and water content
levels within sawdust substrate. Ergosterol content in the culture of a L. edodes strain, Sanrim 4, was
higher by 20ug to 140ug/g dry substrate than those of strains, Mok-H and Sanrim 6. And the chemical
contents in the sawdust cultures with 125% or 175% water, 297 to 425 ug/g dry substrate, were higher
than those with 75% or 225% water, 148 to 286ug/g dry substrate. We conclude that ergosterol analysis
can estimate the fungal biomass within solid substrate such as logs and sawdust,
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2 n2el&(ergosterol) & LEFF (AdFolyd
g7/ X e FaF 2HE2A HE
oji} t& wHAEdE A glu, AHolle THY
HFEAT lE BEYEAT (Weete & Gandhi, 1996;
Ekblad et al, 1998). o} B3 Fr19} ¥a19] 99
At PR EAN, AEHTA R 71%(chitin)
Bt} Fgol(FH)9 A JFEA 2] WE
d o 712 EdUlel & FHole TAFE FH
&=t o532 Ut} (Pasanen et al, 1999; Hart
& Brokes, 1996, Seitz et al., 1979; Pennanen et
al., 1998).

dznrHEL F2 FAHETY AxA 259
ol #2 €48 dzeRol= Felo|RAER EA}
7] W] AEere] vl HAZ(microviscosity)E
EolUA, AEA FA, 79 FAELE 2FH, Al
EAE Co FAslraissl ATPESS 22 A%
o] Y ALEY BHNE 9%E F= HoE A
Z+5l32 Qitd (Hart & Brokes, 1996). dl212HE
& 28709) wael 349 23AFEE AU, EARLS
396, [22E, 24R]-24-methyl-cholesta~5,7,22-trien-3
B-ololn], 2324%Y X9 dEE MK U=
oA FH2HEDE a0 (Weete & Gandhi,
1996). old EAoz JEnrHEL UVEFIA
168 He8e Ko 282nmolM Hovl H3, wlEl
D28] ATFEAZA zgAE Zold uElw D22
Ho, oJAe2H FEolU A agu FFo] old
9 TE mAEd E 2HEFdE= 44 FEEY
(Weete & Gandhi, 1996). ¥¥tdez #&F =3
danAHEs g 0.1~50 % F=oH(Nylund
& Wallander, 1992), ©] %2 #9 FH9 wFd
717y, 79 AAggwd, adn ag2d(A, pH,
&%) 59 we} th2o (Schnurer, 1993).

ol AL o&dd EZUAHEL FRo|E2
79" T (Seitz et al., 1979), HEM (Gessner
& Chauvet, 1993), E% (Stahl & Parkin, 1996),
A& A8 ((Pasanen et al, 1999), FAAUY &3
(Saraf et al., 1997) Folx EA < Hlolerj2E >
Agted ojgEHAY. BuH AN d2u2HE §
Zo BAle] BAY AMA g4 we dExv
0.15% ~ 043%¢°l o}&t} (% %, 1995). 2= o=
TAEHEL AolglE FFo] 29| nlo|onj2s} #
ol oA FFHY 1 AFEo]y] HEd, HA

Ao Yoy BY T TAY wlA] & A T
At ey 4 e FodAe HlojonAg &
e doE ol8E 4 & Hojoh

o] A7 BEHE 1) ¥ FAF wjgA dEns
Hlge i B4 F&dd oE o8 HAsT,
2) EnAl wikAe] A d2niy g §aga
o] #A, 3) FviAY FEEFI dFo B o
2a2HE9 gF HelE 4v] $% Aol

2. Mz o EY

2.1 B0 TARHER|

BEadg Wk 44 WiXe FF5 18y 7 2
2324 g O2EAAEYE 2g KHPOs lg,
MgS047TH0 05g, CaCh.-2H:0 05g, ME 2g& ¥
o 121CoAM nadaEddeh A4 WgAE o
of Helq B ¥ kA Alold W A FEE
AAG ¥ FAE 23 grpApde Zold E4Aa
2 AMSEE T Y% ARE 105TAA 2 & AF
TAZ% 8E 7ok En FyuigAE 2ecmX
15cm N¥#AA wF 10%E A5 Asa i
A 207 B¢ 718 RoE iAW SELS AFF
NEO2 5%, 125%, 175%, 225%% ZA3Ych
o] Fytuixe]l FEui, dGdATY, 4d9¥E2E v
AE AFieA B w2 4719 F3 FHR(E-H,
AY4E, A 635, JY 18)9 A ug FANE
FZaPd £ 3TFE 33 EAo OE e
2 FEHAA (o] F, 1997) ALk o] F¢
u)A] wigHe] MFF 05g8 B A

2.2 o|20AEIE B4

Pasanen et al. (1999)3 Nylund & Wallander
(1992)¢] WHES AYst ARG == FHuL
d ¥ FAAY dznrHE §%2 UL A
2 ¥4sdd 1) AlEUsk ARE 2emX15cm Al
@ ¥ 5% dgd = 10% KOH 8mlE
He & 80THA 60F A= T2 Fo £
a2z GEE 10% KOHEY 2ml o 78tz 30
2+ o F93l9ch 2) hexane & AIEUEE A
BE &0 43in 7 A 3mle B& A7
o] nEd2g aPgste 4L ¥ hexane 2mlE
#A71sa Aol B Ed hexane®Hol 454
oz FEHY y2HzZ ¥yoz Byt g
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hexane 2ml& ¥ o ¥Wol 4& ¥ Y5de =23
t}, 2olA hexane F8& F%7]e) ¥olA hexane
& AN F G e g AR E 995% o
g 2miol %91 ¥ 02m el AHA3GH 3)
HPLC £4: oztd A8 100E 3l Waters
510 HPLC #=Zd Fisi¥th HPLC &24& UV
Detector2 % 282nm, mobile phase: HPLC#
wWet-g, reverse-phase EHL Waters Nova-Pak
C18, BE $USE 14 m/minZ 3% @, 22
2HE¢9 MAar 468 Fo vebdrt Waters 746
Integratore] UElrd F2E dJEIAHE EFEHAM
o gidste e FEH FEFHE Nylund &
Wallander (1992)9) Hgel w2} Sigma AF o=
RAHEL B dggd 9 F AZA, IAE
¥ 100 ppm EFEHS wHEOIH FL HPLCAA
T3

2.3 ME #4

i oG e d2a2HEE ALEJ
71 9% gdozN dggo} WEsdege EF
Ao AFE &) A5t 95% HEEH 5% ee
£ AHg3tRen, o9 Efule 41 ol F2
& 7t SR U Hhe) FEFELE FUHG
Aol dhste] 2RHEIH D, EI FAA FF A2
T2H &S FFAAE 7] AT T4 L AAuEA
F7 30, 70, 140, 210mg'd & 2¥HE3H Tt FylY

AU denrdgg B4 4] 5 dato 45
£ WA £E §FEE 3R

3. dnt % 1@

3.1 B0l 28t o= NAEE BENEAL| 0]

FiiYE En FAAUY e d2irHES
28 4 vggoit dggverds EFEAE
AMg-3ledr BA% A= Aozt g (Table
1). d2urgg 44 ¢ F /A9 F&4d9e
FiiAw 8 $9dE dgsle AHgdds o
FEgd0] o Aol 26+135u/g FUEA,
t=1602.24 10% FA5E(ta610%=1.80)014 Z}o]7}
gl a2y o] eatde FyuiAY ££ 3
8 F#3U9 &x ¥ ©E 434 AN
2F Q4 AYx TFE FHolgm A
Pasanen et al. (1999)4] W2d, 4Az o8 71X
ZF9 F%old dg dzurHE ¥F F4A9
EZ "AE 5~16% AEAL, o] Holy F2 &4
Y AAe] Zd@dn @k o] AYolA 4 A&
s F24ddE JEF EHXY AP o
212HE 39 1~9% At

dezuseE BAWHE & §93 2% AT
o ojA] =Rl wat Aty Aels) vt A€ B
B FME-= & AFABANE 80TAA 90ET

Table 1. The effect of extraction solutions of methanol or methanol-ethanol mixture on the analysis of ergos-
terol content in Lentinula edodes sawdust culture.

i

Water content in

Ergosterol (ug/g culture fresh weight)

sawdust substrate-rep. Methanol Methanol + Ethanol Difference
75(%)-1 110 124 -14
75(%)-2 105 124 -19
125(%)-1 138 125 +13
125(%)-2 165 149 +16
175(%)-1 101 100 +1
175(%)-2 102 121 -19
225(%)-1 154 162 -8
Mean+SD 2.6+13.5

t=1.60 < t 4rs10%= 1.89; rep.=replication
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(Pasanen et al, 1999), SjA4FZolAE 100TAA
15-20%-7 (Nylund & Wallander, 1992), Z18]2 E
S e AEg + ey 41EHYAA 0CE
90#-7t (Zelles & Alef, 1995) =+ wlgh-oiA 90T
2 1A)Z (Hart & Brokes, 1996) Eolth. A}
o dig dZu2ugE EHAME FEL59 AlZhe]
2Ae @ed, FdRd A$ 40ToA 083t
(Ohga, 7918 HZ), ESuiRI B¢ 75CoIA
4587 (Okeke et al., 1997) &3 FAld Al¥d
A

8 & 257 £ Ao AFE &0
2 A3 digkgo] #Hwdle dold o] Az
2 #2439 ANAH 23 ¢ AXae} 47,
HAZ o FEAM, vigg fHo] t} HAY 7
e HF dEZn2HE BYAIL Foul JxE
itk (AR AAGHA k). ol FEAM= 60
B AT FEE Fo dolsle FE8d4¢ sl
2e 249 2miE o Yk Rel #4 oAE
Foled &3t AUk

3.2 TAL iAo FEin 2 TAHE BE

AAuiR| A 1052 WSFE TAASE 20522 W)
48 Ao ENFE 2y J2axHEL 43
9 d, o] B39 ¥Fe F FAMAN BF FAL
A FFo vlEASHed (Figure 1), 4844E 10
F Aol =099 Il: 20F  wl%AA
r=0.98°1tt. o3 FHAHQA FETFAL oln] o
A7 AF=H Yk (Newell, 1994; Stahl &
Parkin, 1996). ¥4°] #AH3e 2% WY 569 5
¢t FAEF F718 dEan2dE §Fd YEAs
(r)7} 0997 (Matcham et al., 1985), E%H &
e B9 TAY BTUAEY d=2arHE FEe
AN AgAFE 08 Nylund & Wallander,
1992), ZM wXA|gel 4ol Sl FBole) 4} o
2n2dE g3 4#AFME 06 F=IH
(Saraf et al., 1997).

gz dE2n2dE I A TAELE) 48
#A A T FF 7ol o83 Ade BF
utg} zjol7l dtk & €W IAE 4A ¥43c
73 FAE FE YAse R Aort Yon,
AxAge] £7 Fudl wel a2 £ HEEH Fol
gt I AaA e 0.18 - 0779 WolE BY
t} (Pasanen et al., 1999).

AN vk EanFAANY dEn2HE FEE

“©= 10 wooks = 20 weeks
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Fig. 1. Ergosterol content in 10- and 20-week-old
mycelial cultures of Lentimda edodes grown
in a liquid medium.

1053 wi%ke o] 2057 widd Ard 299
(Figure 1). i@ A9 d=326& HEE AXTA
Al F39] 013%%¥3, LAY HE F 0.10%Adh
AFIAME Yo7l BeldeE g3 od=2us
HE F57t wolAle o] gaizied 114 & &
2N 02%, 7Y € AL 0.05%9th (Ekblad
et al, 1998). olZ& TH7} LAEFE §& Y&
AT o] F7ME] QRo2 AZEd. a1 ZH
37l & HA g dAHEYY FAGEQ J1”
o #¥FE TL ABIME dEZa2HE HERT
70% W =& 72%7F dvk (Nylund & Wallander,
1992).

¥ Figure 1944 FAHEW d2n2HEY F
58 Adste B9 AMRE AlRS o] FlgsE
ol &l (0.03%AH 01% AER), ol vz
NEE HFHEA 470 A9 F(dHA] Feo &
4 &7ld 4 B FA)oldn ALY F o
% 100ppmAE 21 AHE EFHHL HPLCY
25 - 20 p FYEAE W BYXE FYS Ay
AEHD JIAENe] o33 A U7 HEoirt
(REEA A FE).

3.3 BuuiX|el SRR B0 FFY TAb Y
M ojzAEE Bt

4719 RIAFFE 4] TEFEY AFHUT FY

RN 2053 WY A3, FY WA d=x
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Ergosterol
(40/0 substrate d.w

Fig. 2. Ergosterol concentrations in the oak sawdust
cultures of Lemtimila edodes strains grown
under four different water content levels.
Each value is an average of three repli-
cations and the error bar is from standard
deviation. d.w.=dry weight.

Ae@ SHe YA A3B9 0015 - 0.042%
doh AR (Figure 2). WMD) A=32689)
gL YvAos WAS F8E 7% 25%1A
BY SEE 125%5 1T6%N BT, £ 44 4
334N AR 1gF AEn2AES S O
2 2350 AAE N, BAE 140ue] O BT
HA% d2irdEe) FEE 23 WAY &
&9 BHAE QR & B-HERE FEYR W
Sl Tse] $E& BHAN B2AA 1gF 150
g AEZ 1 BRI, FE& 15%ANE 400me
2 71 wateh ol Mgl 49 62e 44 €
Ugste) 7565 2104 175%NH 320 B
2 Wol7t 8-H 25u0 A Wolsirh Hu4tst
62 29T YYIE FFE RAPD #3% BHoN
£ N2 ga 2ges ¥ASN (o] § 197, 4
e, Euwsl A%e M SEYRA 2
#4953 FFULE @AW we BARL] o
2the R (Han et al, 19814 REYHT U,
AT YB3} Y 44 ARG EaFAS AA
e 243 WL AUIA g5k, d=a
~eBEA WA EX FARE 248 ATE A
o. 82 Ohga (19990 s8¢ Bz ByhAahy
d2a2dE BEe A YA g WA
A 004%E WMU7IZ B WBst glonk, RuA
7 YARE WAGAE 008%AH 025718 238
FrhT7E AT AEu Wel 338 dasg

o}, ojRAL dE2uleiio] EnHAle] 7Y E
A& YehlE Aotk 1BR d2asHE
AL BygAe A4 5EHE A=z
o]$¥ = & FHolztm Ao

4.8 B

dzi2dE ¥4 ¥4 HPLC (Ekblad et
al., 1998; Pennanen et al, 1998; Nylund & Wal-
lander, 1982; Ohga, 1999; Zelles & Alef, 199501}
GC-Mass Spectrometer Detector (Pasanen et al.,
1999) s} #& ARY FH/7E AHESE oA
E 2PEL =f get 234 gach of §3
o F4A] £FgdozA ojEggely rEgg+dEe
o] EY§do] AESHEY, ERFY WP o=
A2HEE BAY $29 A¥dME F £4300
atel7} i 28ln Bagrkel AN wigAel §
3 wAE sHAD dE2uidH@¢ BHY F9 o8
IPARY o] B9 S wWITFAMSY AR
HNAN JREA7 o w3, FFY @R, RS
3¢} WM E gA-E Hetsiich

deansdge] 4oz YRt By &9 sle
TAMY AAFE FAE ¢ Jer oJRAL o
M7t 4Eoly BewiAd EaFAlY AP niX
+ EE FAsed o4d 4 SlE Aosxn 44
Lig=4

e g dansdHE P TS ¥¥, TAE
A&E, ALY Yo O B39 BT A
83 waAY, o] §ds ¥4& B3y Hu) A%
A EasiA A% Fgo] TSR 449,
o}7} Bl B9k olujel E%ol7l BYUE ¥HEL
43 vAE B9 AT (Saraf et al, 199N % o
49 ¥H& sadA 489 5 U& 3ot

AR} o] dFE 384T Brain pool T2
3 FH/1edT ANt 208021-39 4@
2 FYSfFUD o] TR #dd d=23
2HE E40 E&E FAI A¥AAE
AR HFA 2RA%E TR 2P,
Ade 2ed, 2 SFaAdqeGny oy
A a5dA A=Y

- 69 -



10.

S RECT R RN s DR LR

2o es

. Ekblad, A., H. Wallander and T. Nasholm 1998.

Chitin and ergosterol combined to measure total
and living fungal biomass in ectomycorrhizas.
New Phytol. 138: 143-149,

. Gessner, M.O. and E. Chauvet 1993. Ergosterol-

to-biomass conversion factors for aquatic hypho-
mycetes. Appl. Environ. Microbiol. 5§9: 502-507.

. Han, Y.H,, W.T. Ueng, L.X. Chen and S. Cheng.

1981. Physiology and ecology of Lentinus edodes
(Berk.) Sing. Mushroom Science XI: 623-658.

. Hart, M.R. and P.C. Brokes. 1996. Effects of

two ergosterol inhibiting fungicides on soil ergos-
terol and microbial biomass. Soil Biol. Biochem.
28: 885-892.

. Matcham, S.E., B.R. Jordan, and D.A. Wood

1985. Estimation of fungal biomass in a solid
substrate by three independent methods. Appl.
Microbiol. Technol. 21: 108-122.

. Newell, S.Y. 1994. Total and free ergosterol in

mycelia of saltmarsh ascomycetes with access to
whole leaves or aqueous extracts of leaves. Appl.
Environ. Microbiol. 60: 3479-3482.

. Nylund, J.-E. and H. Wallander 1992. Ergosterol

analysis as a means of quantifying mycorrhizal
biomass. /n Methods in Microbiology Vol 24,
Techniques for the Study of Mycorrhiza, Ed J.R.
Norris, D.J. Rad, and AXK. Varma. Academic
Press, London. pp 77-88.

. Ohga, S., D.S. Min, C.D. Koo, TH. Choi, A.

Leonowicz. and Nam-Seok Cho. 2000. Culture
maturity of Lentinula edodes sawdust-based
substrate in relation to fruiting potential. Mokchae
Konghak 28: 55-64

. Okeke, B.C., A. Paterson, J.E. Smith and LA.

Watson-Craik 1997. Comparative biotransformation
of pentachlorophenol in soils by solid substrate
cultures of Lentinula edodes. Appl. Microbiol.
Biotechnol, 48: 563-569.

Pasanen, A.-L., K. Yli-Pietila, P. Pasanen, P.
Kalliokoski, and J. Tarhanen 1999. Ergosterol
content in various fungal species and bioconta-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

- 70 -

minated building materials. Appl. Environ. Micro-
biol. 65: 138-142.

Pennanen, T., H. Fritze, P. Vanhala, O. Kiikkila,
S. Neuvonen, and E. Baath 1998. Structure of a
microbial. gommunity in soil after prolonged
addition ‘of low levels of simlated acid rain.
Appl. Environ. Microbiol. 64: 2173-2180.

Saraf, A., L. Larsson, H. Burge and D. Milton
1997. Quantification of ergosterol and 3-hydroxy
fatty acids in settled house dust by gas chro-
matography-mass spectrometry: Comparison with
fungal culture and determination of endotoxin by
Limulus amebocyte lysate assay. Appl. Environ.
Microbiol. 63: 2554-2559.

Schourer, J. 1993. Comparison of methods for
estimating the biomass of three food-borne fungi
with different growth patterns. Appl. Environ.
Microbiol. 59: 552-555.

Seitz, L.M., D.B. Sauer, R. Burroghs, H.E.
Moohr, and J.D. Hubbard 1979. Ergosterol as
measure of fungal growth. Phytopathology 69:
1202-1203.

Staddon, W.J., L.C. Duchesne, and J.T. Trevors
1999. The role of microbial indicators of soil
quality in ecological forest management. The
forestry Chronicle 75: 81-86.

Stahl, P.D. and T.B. Parkin 1996. Relationship of
soil ergosterol concentration and fungal biomass.
Soil Biol. Biochem. 28: 847-855.

Weete, J.D. and S.R. Gandhi 1996. Biochemistry
and molecular biology of fungal sterols. In The
Mycota. A comprehensive treatise on fungi as
experimental systems for basic and applied research.
Ed. K. Esser and P.A. Lemke. III Biochemistry
and Molecular Biology. edited by R. Brambl and
G.A. Marzluf. Springer, Berlin, pp. 421-438.
Zelles, L. and K. Alef. 1995. Biomarkers:
ergosterol. Methods in applied soil microbiology
and biochemistry. Ed. K. Alef and P. Nanni-
pieri. AP. London. pp. 422-424,

T4, 294, YA4=, =4, 1995. EIBAH,
AMEg Auigt Y. FUNNEFAL AL, p320.
oy, A, FaH, AAYE, WHE, o},
oj7, TFA. 1997. RAPD(Random Amplified
Polymorphic DNA) A& ol &% &= EIFF



	f: 


