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ABSTRACT: A strain of Dictyophora echinovolvata AST 32002 showing good fruiting body formation was selected.
Analyses of chemical and nutritional components as well as antimicrobial activity of different parts of the mush-
room such as mycelium, egg, and fruiting body were carried out. There were differences in the chemical com-
positions and the quantities depending on developmental stages of veiled lady mushroom, D. echinovolvata ASI
32002. Nitrogen, phosphate, magnesium, and calcium in inorganic chemicals were abundant in mycelium, and potas-
sium and mineral elements were abundant in the egg and fruiting body. Mannitol and trehalose were abundant
in free sugar contents. Glutamic acid and arginine in myceliumm and aspartic acid and glutamic acid in egg and
fruiting body were abundant in free amino acid contents. Linoleic acid, an pelyunsaturated fatty acid, was abundant
in all parts of the Dictzyophora species, but compositions and quantities of other fatty acids varied depending on
the different parts of the mushroom. It was detected that malic acid, lactic acid and acetic acid in mycelium, formic
acid, acetic acid and fumaric acid in egg, and malic acid, citric acid, lactic acid, formic acid, fumaric acid in fruit-
ing body were abundant. The methanol extracts of D. echinovolvata ASI 32002 mycelium showed antifungal activity
with minimal inhibition concentration (MIC) of 62~125 ug/m/ that was similar levels of cyclohexamide against
Aspergillus awamori, Hypocrea nigricance and Trichoderma virens. The MIC of extracts from mycelium and fruiting
body against Candida albicans was 250 ug/ml, similar to that of tetracycline. In addition to the above results, further
studies on the effectiveness and function of D. echinovolvata will promote the development of new materials such
as food additives and ingredient of cosmetics.

KEYWORDS: Antimicrobial activity, Components, Dictyophora echinovolvata, Veiled lady mushroom

el ¥ A <(Dictyophora spp ) B84} E-Fo}7} (Gas- A MEERE, TEHULE, TERBA 5 13se

teromycetidae) LFH A E-(Phallales) T Al 7} (Phallaceae)
A &5 WAoZ $eelE BlRs FRoeyH 8
slol7lx] AAHez de] BExsoe] 9low D. indusiata
S 8% 201F 1iFol RIHQ(4HE, 1979; Burk and
Smith, 1978; Du et al., 1992; Jia, 1990; Fan ef al., 1987;
Fischer, 1927; Tominaga et al., 1989; Tomio, 1990; Zeng
et al., 1988). 18|31 Fol| A= dvtF £ AT 9,
T WHAWD. indusiata)t AEHAN s 337
HHNA(D. indusiata f. luteaye] B TG0 5A, 1987
B}, 1991; o}, 1988).

FTHAME FEi7h o R gto)

A

ZAAste] A-gmAL

*Corresponding author <E-mail: jccheong@rda.gokr>

B3 205-5+450-29(2)=2

79

o]-g-g Futoh]el K<t A seElstd AFe] WA
a7 glek A sgict. gk o] WAL ofeA8- M
e B2 ¥R s 953 8% FHHE
F WFo 53 559 A4 A F F A
ol FE3 A¥o] slo] o2 ot VM Ao
Z+Ech3E, 1991; Chang and Miles, 1984). =l -
= Aol A 2= dictyophorine A& 4173437
19l RAHNGF; nerve growth factor)®] ¥A& ZR 8=
37} Qloh(Kawagishi et al., 1997).

SeHARE o]HY 8 sFeAde] w2
P & 5 SHA YoM LA Ao YE£7)
o ul-¢- Zholr AldAte] o] AZHH 7] wiiel] $
gl o o] 8o st Z deA A stk



80 THE KOREAN JOURNAL OF MYCOLOGY, 29(2), 2001

b o WAl e AFAALE T S Y Avise)
Aggo2n AUAE Ao B¢ 47} At

gl 2 AP A TR B4 248
AL QB AW F PL ARE o4l FAAY A
AAel Y4 R g e 24 wimsla, g
B E 2Abs%5

Mz ¥ Uy

BAEF

£ Al AHE F5E sdAed A ES
ol XEFe] Sl FEV UMM LA, Dictyophora ech-
inovolvata) ASI 32002¢]c}.

9] $4]& PBA(potato bamboo sawdust agar; potato
200 g, bamboo sawdust 20 g, sugar 10 g, malt extract 7 g,
peptone 1g, KH,PO, 1 g, MgSO, 0.5 g, agar 20g, DW 1,000
ml, pH5.0) ¥iAE AHE-3l et FATTE WX HEd
e 25°CellA] 3047 wiksla 4°Coll BA3bHA A4}
A4

BMARS =

ARG AAA o] AEEAE A’ A8E 97 93
of TAH W 13150 AAFTE WP AHesle
PMB(potato malt extract broth; potato 200 g, sugar 20 g,
malt extract 7 g, peptone 1g, KH,PO, 1g, MgSO, 0.5g,
DW 1,000 m/, pH5.0) ¥iA] 100 HETE 200miE 4
25°CoAIM 3047 F71ARE (96 U e
R F A9}, FAAZRs ARSI gt AR 9
NS ABe 29 A% AdEr] A, AAlE Xep)
A3 AR AReIM AR 2 ARe AR
B}ed Cyclotec Sample Mill (Tecator Co.) 0.5 mmA) S AR&-
LEE ST

AR W XaiRie] MEEN

HUEE: ANBY ZAHE A 2 92 EaEe ol
L8l AF BAAA (Fibertec system, Sweden)2 &4
slget. = k2 Kjeltec-1035(Auto sampler system,
Sweden)E AMS-3le] ADPoz FALIEH(TN)S 73t
F A A S 6258 F3lod AAE3lao. 2AE Soxhlet
2 (Soxtec-2050, Sweden)22 EBA 3G} 37 I
< 550°Ce] 3stzelM Aoz BHEHT. PO,
E uAgeg KO0, CaO, MgO, FeO ¥ W&t
ACACH S 3l BAsleloh A, 1985 A.0.A.C., 1990).

BralE: 99 Az s $U3le) AR 18
15 m/ conical tubedl] Y 85% ethanol 10 mi& 7}8he] 2
A 16/ Al WXE F 94182) (3000 ipm, 10%)
3t ASAE 5 AR 15mid] A4S O1g
W E3 o (A48 (12,000 pm)ste} B8 A%
AE 5 42T 9L 331 FFF 0.1mdl FeolI 045

pm membrane filter® o}Fsled EAAEE A
¥4-2 HPLC(high performance liquid chromatography;
Waters Co)Z #HE7]%x RI-410(refractive index; Waters
Coye °18-319 3 ZHL high performance carbohydrate
column(4.6x250 mm, Waters Co)& ARg3lgde. £vie=

75% acetonitrileS ARE-Std $452 1 miminE 312

ARE 10w FAEA. fEldY A BFEEAS
arabinose, fructose, fucose, glycerol, innulin, mannitol,
mannose, melezitose, melibiose, raffinose, ribose, sucrose,
trehalose, xylose(Sigma Co)3& SXHIE XA F
Millenium 2010 program(Waters Co.)& AR&3je] o] 52
BEEIAE AT 4 ARe] $£AE ddste] Al
e, | -

CHMA:  f2lolm| Ak ¥ML Pico-Tag HPYH (Bidling-
meyer et al., 1984)dl Wl AAsgct. A8 ofu]|xAb
kol A0mg A=l HEF AAlsle 1g AEY Folr
50 m! volumetric flasko] ¥ 0.1 N HCIE ¥ 2087
sonicationdF tHg &} #}A](Advantec, Toyo 63)F 333}
o ofzjale At 42E AA] Asted Sep-pak C,
cartridge® THA] ]3}38}31 Pico-Tag system(Millipore, Nilford,
MA)S o]&3le] PITC H5A13 - Al BAL
HPLC(Waters Co.)Z Waters Pico-Tag 3.9x150 mm column
o ABZ 5u FY3ldh $ui= AlESE Eluent A%

‘al3} Eluent BE(Waters Co.)S AHE3slY f4S 1ml

minZ skgew UV A&7 (Waters Co.)S AHSSI. %,
FZA-L olmxAl BFEA Pierce-H(Pierce Co., USAYE
5, 10, 25, 50, 100 w/mi¥] ¥E2 ZAST Millenium
2010 Program(Waters Co.y& °]-83le] &3 ssiet.

X fe)A Al B4 Wi¥E Folch®] HPyel ulet
E471 %8 A& 1 g9l methanol 10 mk& 3718 o5 13
7+ &1 20 mie) chloroforme A7kshe] 287 &3k
% o 7= (Advantec, Toyo 6Z)2 FH3pHTt. 2o
0.88% potassium chloride 584 1/4wE o & st
F AAsiAo 49 3¢ AFYS HeEZ 23 Hiwks
S 1: 12 EFst] ARAY 140 E st &%
& F AAsgT AR AAZ 5% F 4T
chloroformel] &3] AlAA -20°Cel] BaAsliet. ZAE A
F ¥ BF3-methanol(0.5 M sodium hydroxide, 12~15% boron
trifluoride, heptane, light petroleum, sodium chloride) 8-}
£ ARgEle] AUARS f-= A 3HFAMESs: fatty acid metyl
esters) 3 tHHamilton 5, 1992). ¥4 FAMEsE 100
mg/mi2] FEZ A3 Gas Chromatography(HP 5890,
USAYE ARE-3klt. 29 SP-2560(100 cmx0.25 mm ID,
0.20 um film; Supelco Co.yg AHE3l9i A&7+ FIDE

AR 717] W) 2B 25 2] 5ET 140°CE

$AHT, ¥ 408 ASAA AFLES U0CE B o
& 1582 $A89 879 AR FYFY LEr

260°C2 A8 EW/kAE HeZ AN Sn 7<%

2 20cm'/sec® 3L split ratio= 100: 1& A F A
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242 Sp37 component. FAME Mxx(Supelco Co)E A}

43t 479 BT YT ARIAE =AY TS F
9 retention timed] 1} peake) E"i’-q‘% FA3ld T
€49 34} wlmsle Aaksia.
"Rk Az AE 0.1gE 80% methanol 10 mil 3
239 5% A TPl HEF B gl 29
1 mFE Amberlite IRC-50(Sigma Co.)o) & $2] HHo)
loadmgfﬂ-» o2 F9e] E2 A3 £ T 01N HA
=2 %—%6]@] T4 Y speed vac. 02 lf—:,—s]-.:. 0.1%
°W%f&] 0.1 mil| FdA] J0°Cell BRAslch. BFEoR
<+ oxalic acid(1 mg), citric acid(5 mg), tartaric ac1d(5 mg),
malic acid(5 mg), succinic acid(5 mg), formic acid(5 mg),
acetic acid(20 mg)S 0.1% <UYAMEH 950 wiell =<l <&
fumalic acid(5 mg/m)E 50wl 78t A F 919 &
AE 1, 172, 1/4, V10002 FAsle] AMgsiqch. 342
HPLC(Waters Co.)S5 ©]-€3}532 o] column? Supelco
gel TMC-610 H(30 cmx7.8 mm ID)S ARg-3teit} $uj=
01% AAHEHE AMgale R4S 05mi/minZ 39T,
ABE 10 FY35te] A HAel 210 nmell M EA st
At

& Y AIH

HElE H&32 =Al ASI 32002 FF(D. echinovol-
vata)?] TAE 9} &, AAA E DSTHAE A8 AALA)
2 A, Aupd, A Fep] F F9EE FEARSIGA. 7
A& Table 73 Zo] Agor wigho] 48A17F AXg
o A3 (A7 110 mm, Whatman 28)5 2322 dhE
o] I3, 40°CAM FY 553l Wghe $EES o
At & F5HEE kg ol43le] 10,000 ugmiE 5

EF PFoiA "3?@’@ o] ARE-ElE . Al FEE9
A A2 Kobayashi $(1994)2] ubid] Fste A8}
a9,

ZEOIO] chE M FYe) FF: KACCGFUH
7149 v BRSOl A Relbe Aspergillus awamori
KACC 40771, Hypocrea nigricans KACC 40523, Tricho-
derma virens KACC 40554% S|Z#22 AMgsiget. ol
= TFE PDA Apgulzlel]l Fsgo] Fapiol AshAq 4
w2} (0.2% glucose, 0.11% yeast extract, 0.1% citric acid,

0.37% NaHPO, »12H,0) -2 miE#47}3le] fel$o2F
go] EAE EEAF)T o5 HA] AZE o3yt 1
A3}Y-& 96 well plate®] Tl 100 w8 53813 w7
22 JAEA A9 =t lom’ B Ix107F HEE
g74x] BAE%c}. 10,000 pg/mleE AZH AEE =
W M3l 96 well plated] 7}3l3L 27°Coll A 24412
E< bk F ez apdolyl AsEE e
FEZ QYD dERTFEN ARE WA g T
¢} cyclohexamideZ H7Hg F2 Pl wlamsigich

MzZa &30 gt #Md: AT 8 &S Age
SAFe = WAFQ Escherichia coli KACC 10115, %
X B&F9 Candida albicans KACC 30062(ATCC 10231)
E o831} AT E. coli= LB ¥lX|(bactotryptone 10
g, yeast extract 5.0'g, NaCl 10g) 10 m/ie *7 25mm A
o] HT3LAL 28°ColA 12817 ot wieksted 2 &
et & LB wiAlo)] 200802 3Msle] FAT Al ALS-
el X C albicanse YM Wi X|(dextrose 1%, 0.3%
yeast extract, 0.5% peptone, 0.3% malt extract)ollA] wjF3}
et WiAIS 96 well plate®] R HA Foll 1000 pg/mie
52 Y3 =AF FA dgAL BFsie] iy 3N
sPEA 1,000 ug/mAE 7.8 ugmiZtA] FEE RS
o] AL 28°CollA 24417t Bt GEA] wiFsEAM Ha
QM]%-E(MIC; minimum inhibitory concentrationyg T3}
gt Q2TEA ARE F/RHA 42 T tetracycline
< AH7per FE o] ulEaisieh

an ¥ nF

ME B4 :

S =7V MA(D. echinovolvata)?) 534 2 AE5E
AAAY A, 2, =AM 9 gl JEE
2A8 Az SV AR Addd o 29
2 2Aake] o] Eshew, & A7l 2R
o] TR A&A|7]ol vlE] ESlrh(Table 1). A5E AAIA
2 B9dE AR 29 &, °, Avt 3919 Ag 22
el gafo] 2 wbd wiFviue] A9 ZAFe ekl
Eokoh A8 Gl W2 AR ¥ HAEAVE &
st A A G Blste] A, QA v, ZEe] B o
3 AAA = Zeleh vEdae el w2 AFlA

Table 1. Approximate composition in different stages and regions of fruiting body of D. echinovolvata ASI 32002* (unit : %)
Stage Region
Component - -
Mycelium Egg Fruiting body Cap Stipe . ~ Velum Volva

Cride fiber 6.8 . 100 31 14 59 . 9.9
Crude protein 362 21.3 189 33.1 11.5 23.6 73
Crude fat - 24 1.9 20 1.6 17 5.1 04
Ash ) 57 7.1 111 6.8 74 98 63

*Analysis method: acid and alkali decomposition method (crude fiber), Kjeldahl method (crude protein), Soxhlet method (crude’ fat), and ashing

method (ash).
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Table 2. Mineral contents in different stages and regions of fruiting body of D. echinovolvata ASI32002%

Stage " "Region’
Component : —
: Mycelium Egg Fruiting body Cap Stipe ©Velum Volva
Macroelement (%) T
P,0, 0.51 0.29 0.29 0.60 0.27 050 0.17
K0 0.49 1.98 1.87 1.16 2.56 2.29 1.81
MgO 0.29 0.12 0.14 0.12 0.09 0.13 0.14
Ca0 034 0.05 0.07 0.05 0.07 0.03 1.14
Na 0.03 0.13 0.15 0.69 0.14 0.14 0.25
Microelement (ppm)
Fe 387 319 604 464 717 1063 647
Mn 7 150 262 30 41 33 198
Zn 151 89 144 209 183 119 164
Cu 89 151 152 41 20 33 66
Al 550 175 574

228 196 400 514

*Analysis method : calotimetric method (P,O,) and A.0.A.C. method (the others).

Table 3. Contents of carbohydrates in different stages and regions of fruiting body of D. echinovolvata ASI 32002* (unit : g/100 g)

Stage Region
Carbohydrates
: Mycelium Egg Fruiting body Cap Stipe Velum Volva

Fructose 2.1 0.3 2.8 4.0 2.1 3.6 0.6
Glycerol 02 0.1 0.4 0.8 - 04 0.6
Innositol 0.7 0.2 03 0.5 03 0.1 -
Mannitol 7.8 43 18.0 134 299 19.6 3.6
Trehalose 1.6 12.3 8.5 17.8 5.6 1.7 1.9
Xylose - 0.3 0.7 1.5 - - -

*Analysis method : HPLC (high performance liquid chromatography; Waters Co.), RI-410 (refractive index; Waters Co.), high performance carbo-

hydrate column (4.6x230 mm, Waters Co.).
- : not detected.

o AAA Y FeER e gkal Xvlo) A} Qe], AF
Huylels Zge] W A gkl (Table 2).
FE7IANE 2, 2 o Ak gafol
AL A 2D A 3o g} zolx= o AsH
AL AFHUE A RE A=TM MR
kol 10% olelm zwwe] 101A 30% ool e
o 2R 5% olyelgitt. o9} 2L A WEH F
(1992)°] B33k WA fe] 2y, 22 9 2442
T $FAQ 24%, 4% Z 10%} ¥153t 7ol vigk
R[4 AS Pleurotus tuber-regium(Fasidi, 1993), Lentinus
edodes R Schizophyllum commune(Longvah et al., 1998),
Termitomyces microcarpus 2| 6%52] WAl F(Aletor, 1995)%]
d, ZE, vkl @ 2ed skl 58 A fAkst
Aot AE7IREAL OE WAFe o] YR 9
ulFdae] el Q1o A8A XY} QAEY s
AW 223 AsE A F97e] ubAdE o mjekd
a0 e HEEe Aol e e A& 2AF
& 718t & A1718] AJRo] AR Fol 9l & Ao= A}
B8 ASE A9 GFeid E8le 9 KB

D 2R FFo| Fol o1F o143 A2 Aoldf

& AL FPsAe]l AAMET
FEZ A AgDA B0 o} A5E AAA

2 BT glycerold W]EE 659 FH7l EAslH o,
E3] mamitol} trehalose?] el ¥ AFS HAo
(Table 3). o1& A= EE 5(1992)°] B3st ¥AlF
o) s g 34 Aok} fAMslTh =3, mannitol?]
greko] TAMA Al7)el 7.8 gollM & A7 43 g0
a8t AAA A7l 18.0 g2 F7BH= S HI
or AAA HAF GFeUE AL ZE FHAM =
2 A B, ol Wannet 5(1998)0] A oA
A A2 Aol A3 4= mannitol FF o] S718IA
g= B39l Y3kt Hammond(1985y= #WAlel &+
9 trehalosest glycerol®] 749 FAMA Al7]ell HAFHE A
A FE2 Qoo A= oAy Bat ol o 3
A 2= AT Tl WEe AL RusigEd, 8
E7) e Ae] A4 glycerole] B8 2719 FARA Al
Al 100g2 02golA] & Al7ledl 0.1 g2 ZAAFGEIT
AAA A 04 g2 2 F718e AE HolX, wehalose?}
FAA Al 16 glA & A7lel 12302 5% 9
S AAA FAF 8502 s AL By oY
& Z¥3= Hammond(1985)y7} ¥ 318t ZA3te} ok A5t
AEA) 710l whet SHEE Ade| F Fiell Fol7t o]
olEe] AR AA W A7t A Bar) A+
HE71EHAS] T = AR 1g2 glutamic. acid
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Table 4. Amino acids composition in different stages and regions of fruiting body of D. echinovolvata ASI 32002* (unit : pmol/g)

. Stage Region
Amino acids -
Mycelium Egg Fruiting body Cap Stipe Velum Volva
Alanine 15 0.2 0.2 03 - - -
Arginine 30 - 0.2 0.8 - - -
Aspartic acid - 33 35 35 3.8 39 33
Glutamic acid 33 29 3.2 33 - - 2.9
Glycine 12 0.6 0.8 - - - 05
Histidine 0.6 0.5 0.5 0.5 - - -
Leucine 0.6 0.3 0.6 0.6 0.2 0.3 03
Lysine 1.5 - - - - - -
Proline 0.3 - 0.3 0.2 02 - -
Serine 1.1 0.2 0.2 1.7 - 0.3 -
*Analysis method: Pico-Tag method (Bidlingmeyer et al., 1984).
- : not detected.
Table 5. Fatty acids composition in different stages and regions of fruiting body of D. echinovolvata ASI 32002* (unit : %)
Stage Region
Fatty acids -
Mycelinm Egg Fruiting body Cap Stipe Velum Volva
Cuo’ 0.5 0.3 - - - - -
Ciso 44 04 03 05 - - 1.6
Ciso 229 16.3 11.2 143 19.0 6.8 215
Ciea - 04 1.8 0.7 - 3.5 -
Co 1.2 3.7 32 2.5 24 5.6 -
Cieo 30 87 1.6 31 1.6 0.8 2.8
Ciat ane 11.5 179 15.1 18.7 7.1 21.4 7.9
Ciat e - 133 8.0 6.3 3.7 12.7 -
Cp. 564 384 577 533 66.2 47.5 66.2

*Analysis method : modified Folch’s method.

14 1 0, myristic acid; 15:0, pentadecanoic acid; 16 : 0, palmitic acid; 16 : 1, hexadecanoic acid (monoene); 17 : 0, margaric acid; 18 : 0, stearic acid;

18 : 1, octadecanoic acid (monoene acid); 18 :2, linoleic acid.
- 1 not detected.

7} 3.3 M, arginine®] 3.0 uMZ BT, A3 LA ol A
EFAHA &2 lysinse®] FIFel TAANAME 1.5 uMe]
AEAN N (Table 4). ¥hdel] 43} 2AAANME Z47] 335
35 uM=E @& aspartic acid7} EAME 2 AR A=
EAHA dskeh. I} AdA= aspartic acid®} glutamic
acid®) ¥&Fe]l o, FAM vlmA ol o]
%13= serine, glycine, arginine, alanine, lysin 93} 2HAIA)
N HAY SAHA At AA FAERE Ao
HE FHEG olw)xAle] FHIL okl &=
= AR o} Xule aspartic acid7} 3.8~3.9 uM/
go= ¥lwH w2 7l o= o olul:Ale)] {2 A
%4}, Cheung(1997)y= Volvariella bombycina®] 23] WA
FellA FAA S AR 25 lysineo] ¥-E31IL §FEF Y
EE o] AR BRasigich ubd 3E7) A
o] A% lysineo] TAKA A)7)elwt FAHZ U3} A
ANE EAeA] dskon A4S Ao wel olw|ieAte]
X ool A 5EF BAE Ho) =3, 453 A
Ae] B2 olmjiAle) X Fife] IE AYL B
At A FHE olvleAl TR ER (1992
Longvah(1998) 5] X318t wAl{o ofnjxal F7

Fekell w8 AL AFE BHH.

HE7)ge A fRIRAE SolMe B3 Auat
ol linoleic acid®dl #eEkel 7F4 E9kvH(Table 5). Linoleic
acids AAA G| 57.7%, TAHA ) 56.4%2 B3, el 8.4%
2 Ayet. AA Fepd s o diFeurt 47 66.2%
2 1R g3 7ol 533%, Aupr} 47.5%% ok =
B FABI IS Chup Cuser Creolpalmitic acid) 5 A FX| ¥4k
o] & 2 AA o] Hlste] WA, YellE Cpup Ciy®l ¥l
A gtk AR Fele o8 F7 Aupake] o-E
Bonas ulwa 127 $FI5c 2 H9f 95
U“’]l\:— Cl6:0:‘1+ CIS:ZO] E%"Sd-:’" ;‘(]u]-o]]—t— c16:0:,+ Cisor st;zﬂ'
AL whg Cp & Che Cpu®l B o188t A= ER
£(1992)% Longvah(1998)°} B 113 WAFo) A9t &
oFAa fAkel o, FARAS} APAAZR] AL B3E
oFAF2 Cheung(1997)7} V. bombycina®l 2%2] #AlFollA]
Bagk W43 AR

AE7)FEAARL S (FAR, &, A el Wt
AR EE #5714 279} ol Zel7t A eH(Table 6).
FAA o) A= malic acid, lactic acid, acetic acid?}, GollA
> formic acid, acetic acid, fumaric acid’} ZAE= %2
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Table 6. Organic acids contents in different stages and regions of fruiting body of D. echinovolvata ASI 32002  (unit : mg/100 g)
Sta i
Organic acids - £e Region
Myecelium Egg Fruiting body Cap Stipe Velum Volva

Acetic acid 187.3 198.0 - - - - -
Citric acid - - 53.8 59.7 - 535 537
Formic acid - 105.2 115.0 123.1 109.0 1116 944
Fumaric acid - 106.2 110.1 1124 168.3 117.3 108.4
Lactic acid 99.8 - 959 83.1 843 82.3 814
Malic acid 71.0 - 90.4 - 87.0 106.2 -

- 1 not detected.

A A MM = malic acid, citric acid, lactic acid, formic
acid, fumaric acid’} &S 22 FAA 9} doll &
o] & acetic acid7} AMANME HAEHA dgron,
AN E AEFA) -2 formic acid, fumaric acid’} &
F AdA N vl g ool FHHel Ut o)
AHoz2 w|Fo] ojm A AN PAHH 1AL giAt
HA Foll §A AEe AFAZ o4V sp= Als
Azt

ol AAE FYsid AEVILNS BE F
(1992)°] B3k A7) AL FAlgE AAE Hol=z
A 3y AFoR A2g ALFFEAME A
7FsAE AARR ubdel] A8 GAlSe defvis= &
B, 2l olulxAl, Al @ fUAe) e foA
< BeolA] o} A" A7rt Qs

g E2HAE

Table 72 HEFRXEE H7EHA 42 F)oll vlasted
TFol9] EApdol: A Axsl: FHAg] vEE
yehd Aol wigke 2EE-E 1,000 ug/mi~7.8 ug/mizk
A == A Asded Tl A awamoriol
A AS7|geA FAAY vigke 2289 MICE
62 ugmio 22X 74 ¥ FATHAL Rd. zelely
A Aujrlell 2 FHE F= H. nigricans®} T, virens(F-2
o)l HAME MICT} 125 pg/mi=} 62 pg/misA)
33 AIQl cyclohexamide®} V&gt $Fo)gl.om WAl
FEEEG: 45N & B9 AT AL T

271 5-9) () +X e >R A A A =dsH Ty >H o] o]
ek, wetd el A (Dictyophora spp) S A2
FHrEAe 2] AA T2 Tl ZIHEH.

AT E. coli) Hale 384 tetracycline©] 125 ug/mi
ol wisted PR AIA FEEL 500 pug/miE
FAo] o} AlRwAle] JAFAE HolA] & AH
= g xAolgdet. ERF C albicansl WA= FAA
F2E3 AAA AA B9 FEEAA MIC} 250 ug/
mE ¥l23 22 FAE HHEd oA tetracycline
frAaksl o Aldwial A 280 500 pg/ml R}
e

HE=71ge e wehE FE2E8L2 AT E coliell Wk
s o] kot Fge] i ERe] Wit UdE
e B3t 71eA IEY Ay A HAEA
2] o|gol #A3 A¥rt 7=,

§ o2

£ A7 WeMAL(Dictyophora spp.) T T4 &
A ANEe d¥EHN AFTANE B3 ALA L] A
o] 7lsgt AEr|efAQl D. echinovolvata ASI 32002
FFo] A3 FAA|, &, AST A T dsAE
7k, Zul, o, gFeid 5 AL Fopdz AR-EAn
A A HE 533} . D. echinovolvata ASI 32002
5 AEEAAME A, &, A 53 2P A9
2ol wiet ERs) kol Xol7) e TR F A

Table 7. Antifungal activity against harmful fungi and antibacterial activity against E. coli and C. albicans on methanol extract in different
stages and regions of fruiting body of D. echinovolvata ASI 32002 (unit : ug/ml) (MIC”)

) Stage Region
Fungi g - - Control
Mycelium Egg Fruiting body Stipe Stipe+velum Volva
Aspergillus awamori 62 125 125 >1,000 62 250 62”
Trichoderma virens 62 125 125 500 125 250 62°
Hypocrea nigricans 125 125 125 500 125 250 1257
Escherichia coli 500 1,000 500 1,000 >1,000 1,000 1257
Candida albicans 250 500 250 1,000 500 ~ 500 2507

MIC : Minimum inhibition concentration value against bacteria and yeast were determined by the serial 2-fold dilution method. The spore ger-

mination of fungi was examined under a microscopy.
Cyclohexamide. '
*Tetracycline.
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4, M, vk, 2 dAble] g3, 93 2l
A Zee) niskiae) o)l FAARS ¥ FE
32 mannitol?} trehalose?} Wkt}. -l ofm| AR FA}
Aol glutamic acid®} arginine, &3} A Aol aspartic acid
9} glutamic acidZ7} @skel. APAS 28 H9ld Bx3
Akl B AHC,,)0] Baken, & Ak &
A2 et ol Zol7t ddddh friAts EAR o
malic acid, lactic acid, acetic acid, <ol formic acid, acetic
acid, ‘fumaric acid, AAAGNA  malic acid, citric acid,
lactic acid, formic acid, fumaric acidZ} 1A el A&
e}, 8, D. echinovolvata ASI 320022 #Hehg 3%
EollA FFo] Aspergillus awamori, Hypocrea nigricans,
Trichoderma virens®| A& AT FTAA F5E9
MIC7} 62~125 pug/mi®. 44| cyclohexamides} w523} 4
Foldtt. ERF Candida albicans®) S siME TAA 2
A FE2EA MIC?} 250 ug/miZ. tetracyclined} H]$=
3t 50 B B} §¥8 AT Escherichia colidl] H3F
FTEA2 500~1,000 pg/m! FFELZ2 w9 P Holgiot
2 47F B3l wsiA AE7LeHAD. echinovolvata)
o] A T o] WA %ol Hd 72T o
o 7154 AFE/AY AL g SAE Y8 Fo89
o] &o AF A7} Zid=E
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