THE KOREAN JOURNAL OF MYCOLOGY Vol. 29, No 1, p22-27 April 2001

Copyright @ 2001 by The Korean Society of Mycology

Nl Hxuf bt FALHS MZ20] 2§t 17

* 1 2 =13
otM* - LR - =48 ]

PUE sY7)ed FFEYANEY, ' EFSF I} ) FY G A}
'TERYEY vYHIe SEAES (ST sYEGT

Printed in S. KOREA

Studies on Submerged Culture and Mycelial Components of

Naematoloma sublateritium Mycelia

An-Seok Kang®, Tae-Su Kang', Soo-Muk Cho’ and Seung-Hun Yu'

Kangwon Provincial Rural Development Administration, Chunchon, 200-150, Korea
'Department of Food Science and Biotechnology, Chungbuk Provincial University of
Science and Technology, Okchon 373-800, Korea

*National Institute of Agricultural Science and Technology, RDA, Suwon 441-707, Korea

‘Department of Agricultural Biology, Chungnam National University, Taejeon 305-764, Korea



THE KOREAN JOURNAL OF MYCOLOGY
Copyright ©@ 2001 by The Korean Society of Mycology

Vol. 29, No 1, p22-27 April 2001
Printed in S. KOREA

Nt M| HA[ufek2t FARN Sl dE0f Zhet A4
ZotM* - e - 25 F - fSY’

FYUE §g7led FFEGANEY ' EYFFIHGH G F YT H
"FEUEY sYHIed SEUHES FHAYE HEYH

Studies on Submerged Culture and Mycelial Components of
Naematoloma sublateritium Mycelia

An-Seok Kang®, Tae-Su Kang', Soo-Muk Cho’ and Seung-Hun Yu'’

Kangwon Provincial Rural Development Administration, Chunchon, 200-150, Korea
'Department of Food Science and Biotechnology, Chungbuk Provincial University of
Science and Technology, Okchon 373-800, Korea
*National Institute of Agricultural Science and Technology, RDA, Suwon 441-707, Korea

‘Department of Agricultural Biology, Chungnam National University, Taejeon 305-764, Korea

ABSTRACT: This study was carried out to get the basic information for the submerged culture and analyze the
biochemical components of Naematoloma sublateritium mycelia. The optimal temperature, pH, agitation speed and
cultural time for the mycelial growth of Naematoloma sublateritium were 25'C, 5.5, 150 rpm and 20 days, respec-
tively. The proximate composition of mycelia was as follows; carbohydrate 55.8% (total sugar 48.7%), crude protein
22.4%, fat 4.1% and ash 4.7% respectively. Among the free amino acid contents, phenylalanine, alanine and lysine
were predominant component. The linoleic acid and palmitic acid were found to be the highest among the free
fatty acids. The biopolymer extracts of mycelia was identified to be protein-bounded polysaccharide by color reac-

tion and sepharose CL-4B gel chromatography.
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WAl (Naematoloma  sublateritium(Fr. Karst))=
gH o2 AFF(Eumycota), FAFToHE-(Basidiomycotina),
22 F2# 7} (Basidiomycetes), T84 E-(Agaricales), 5
w4 2}(Swophariaceae)el] &3t AFE7| el BA) R
T2 93 SUoHCkFk, 1982).

o] MAlZ moko] 31, utx} & 9 Mzo] FIH op
2t A£%F Fasciculol-F 5 (48 5, 1981)°] Sle} o871
7} e ubd, FARE o] osle] AFuR| M AAe] o
o] AALA HAdo| o A T2 FAA] J2EE 9
o} 22 FA7} siEdd o= Aol 7 A
A= 7sslEEr A4

HAL FAEAS] A u) ¢k (Gentao, 1979; Humfeld, 1948;
Natarajan and Raman 1980; 7}, 1995)2 #u]&°o= ZF2
7120 el Tdg 49 TARIE dEAE 4 9leH,
A AR ERE §8EAe 5, E=7l 093y
aR77 xS QS EA Y BA 2 TARIER Y A%
AlFae] N 5= 7Fss.

HAl A F2E 5 A=824E Y A=
F2 FAEAS 22 HER] ZHEAH OFF =

e e
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g 59 2¥AEAZ oE P (Fukushima, 1989).
53], 2EAEAY A3F, 21 FHAEE TEAEAY H
FEAE, FF2 P L3= Sl wE) xelr) 9led, o F
E FdME HEHQ Zo] Fglucan(Mizuno 5, 1982)
22 FAHe ¢ Sl E Il el €A ATk
e} JIlA, 1992).

2 AF= AR dAMS] dAuFEAS THEES
Al A Foll S e AEEANC 23 A
2 ANGHATY] A kel BT 7|ZAER o]-83fA}
Fyslgom, 1 AAE Buslaxt ok

=135
oH

Mz =

SAIZFE, X 2 HEH s
N3 A (Naematoloma sublateritium (Fr.) Karst) 45+
FTUANT|ELY S8 ST BEF ASI 110058
Fopdol PDA WX AW wieFabe REIch e
A A daleikE A% FTE AFYY wiok &
AgE B9 A FTAAZ AAE GYMP A (glucose
10 g/l, peptone 10 g/l, yeast exetract 10 g/l, malt extract
15 g/) 50 miZ FA|ste] 250 mie] A7 E=faIo] Yol
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Hslal, PDA HiA|dA &3 FAEEIE 27 8 mme)
cork borerZ A 3}, ‘_’1 AH 45705 HEF oS, 25+
1°Ce] A ekwekrlolA] 747F wjokste] AREaleic).

25, pH ¥ mHkSTo| dEt

A FARY] HA =5 FAP] $ldte
GYMP 1] 50 miS 250 mi2] Abzt Z=fAzel| 451
D@ o, Auikd 5%(vivyE AFskar, 25+1°C2] A
hfekrlol A 2247 wioFst F AzFAES s
= F4 pHY Z$= GYMP #iA|Z pH 4-87}x] %43}
o 50mP4, 250 mi®] Atzt Fefisge] Yi, dF F Al
N 5B(vIvE AEI, 7] LRI e 270
ZAs

Rk whE AR ] WHEE golRy] sy
GYMP iR S ZA|8}ed 250 mie] AbztZebAzel 50 mPA
WMAE 25t "ddk F, vw|E wigst SIS 5%
vyt =, 2% k=7 100, 150, 200, 250 rpm
L2 zAE AghuelrolA] 25£1°Ce 22 22Uz Wik
A AR e A I Az FARS FEA

HiRS7|Zte] A&k

W FAI Rl W2 AR HIE doprr] £}
GYMP ®iAE ZAISIE A7) a4 AFEHS o] 43}
o 2897k voksbH A uf kA Zhe] e}l uiekd-S sampling
st TAMIR= pH W3S AR

A2 diknt DEX 22
A Aol o8 d=F AAlslr] $1sle] Fig. |

Fig. 1. Schematic diagram of bioreactor for submerged cultivat-
ion of Naematoloma sublateritium.
1; air-out filter, 2; air-in filter, 3, 4; water in and out
tube 5; clamp, 6; inoculation and sampling port, 7; ther-
mometer.

3} 72+2 bioreactors AHA| A 2}sle] ARL-3}¢i)

Z 31 872 7HAER A7 E21239) silicon rubber,
silicon tube 3 stainless steel pipe 5= °©|&3lgom, Ak
2o 483 FTFL 918l 1 E:Av)e AlFE PES
Azrsle] 474 HAsigch 575 2AS A8 flow
meters AARFUTo| Ao, 2x2AEE 3l
bioreacter W]5-oll 2702] stainless steel®@2 A x]3}e] e
Z2HE dAHL5e] EL dE3HE FINFY. 7
AFT= stainless steel pipe®} silicon tubeS- o] £3}e] -
T3 g E27) 7Fssl=S 95903, bioreactor®)
Y7 FAE #3ked silicon rubberZ stoppers W
o] F-Zsloct.

°] bioreactorg °]-83 AR Wl GYMP wiA] 21
= ZA4|3le] bioreactore] Al 121°Cel| A 3037 et
3 o, AU AR TAR ek 100 miE A
F72 S TR AHEC 25°CY 2:=eA
0.5 vvm®| F7]F22 A ulF(submerged culture) 5192
o, ojuf wjeF 7)ol F7lol o3 AFol AAFEE o
S 7] $lsled antifoamSE A1 8-f 2 m/S wix]e] H7}
3ot

T, AN FAE 2B FE2ES EEle AR
HjoFel & o] 3}A] (Whatman No. 5)¢} 222 o] 8-ale]
A agt g3, TAHE SRR S5 SR F 5
A Z1Z71(0.05 o)l A Zz3tg el Az FAR e A
o] FH4E 715k 95°C2] water bathell A 2447 #5735
=3 F, FEA9Y L 53, sk F509] ) &
Fog 718 o, 4°CAM 197 wRsse. G487
5 ol43led 2,500xgol M 1587 A ReEl e, o2
5E AAES 39 5ARRY 1A F2F A

22 39

1
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TAHel MEEY _

TAH ] AR BA S AOCACH(1983)% 7|22 @
o A

TERFZ 105°C WAz 7|23t $E5A7
(Denwer Ins. Mark 2HP, U.S.A)Z, A4} 32F2 Soxhlet
FZ9(Soxtec, 2050, Sweden)o-2 A sledc), Frhuzl
ek Adel 9)3le] Kijeltec(Auto sampler system, 1035
analyzer, sweden)>.2 Az AgtekS 73} o}-S thial §
g ALAe 6258 Fdhe AREsAC fE olvlx
Abe] ML Ax FAAR 05g2 S0mi®] 0.1N HCI
2 FE3] AH43 oF, o9 10miE Sep-pak Cl18
cartridge2. AR 2|3le] BMAIER dhgom], ¥4 pico-
Tagilell F3lo] AAlsldT ofn|xAl ZFE4-2 pierce
H(pierce co., US.A)S AH8-3}9] 31, millenium program(Waters
c0.)} watersAF2] pico-Tag system(Millipore, Milford, M.A.)
2 UV detector(Waters co.) = ARE3}93t}.

9, | AAE £42 2% AR 1gS W3S Folch
el el AWE &3 O, methylation 3} fatty
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Table 1. The condition of gas chromatography for analysis of fatty

acids
Instrument Hewlett-Packard 5890
Detector Flame ionization detector (FID)
Column SP-2560, 100 mx0.25 mm 1D,
0.20 ym film, Supelco co.
Oven temp. 140~240°C (4°C/min, after Smin)
Injection temp. 260°C
Detector temp. 260°C
Carrier gas He
Flow rate 20 m//min

Table 2. The conditions of high performance liquid chromato-
graphy for analysis of sugar

Instrument Waters co.

Detector Refractive index (RI)

Column High performance carbohydrate column
(4.6x250 mm)

Mobile phase  75% acetonitrile

Flow rate 1.2 m//min

acid methyl esters(FAMEs) =43 3l3dth. FAMEs:=
100 mg/m/®] FFE=2 A8t gas chromatography(HP
5890, USA)Z Table 13} 22 7 o2 FAsledr. 38
ek 550°Ce 3EtROA Aoz EMIH,
3RS Aol Ao R TRl Sslded, =
Afe A 2 SRS o83l 24F EXNAA
(Fibertec system, Sweden)2 743l ow, Hat gk o
ub AR F3hS 73 oFg, 100004 3dste] AlAlsieid
E, fede] TAARE EH2 A=Rd AR 01gs 85%
ethyl alcohol 10 mioll #H7}sle] 16417 Ah-2ofA ulx]3t
o, YA R F A4S 1 mig FH3 sl 25
4= 0.1 mlell =o] 0.45 yum membrane filter2 o 3}sle] H-
A EE AFEsleldl, 242 HPLC(Waters co.ys ARE3}
o, ¥AZ2AL Table 29} R} ojd] EEEAHL glu-
cosed BIRT 20459 IFF, olFF U @ ¢EFRE
AHg-31 e

IEX FEEQ| FMENM ¥ A

TAAZH TEA FEFANEES 0.1%wWN) TEE FF
ol &3llsle] FAIS}3L UVivis spectrophotometer(Spec-
tronic, Fenesys-5)%5 ©]-&a}ed IH2F 200~700 um *H$ ol A
scanning3}iet. o] F-5-5 ZAP7] $18ked DNS
(dinitrosalicylic acid)¥3} Fehling ¥h-8-&, 5-24k2] AAIE
A2 $]3}e] carbazol-sulfuric acid ¥Hg-2, shA3} o}n]
i/\}_q ZAF-FE5 #15l7] 918led Ninhydrin % Biuret
uks, 2 5'-! obm|=Fe] &<lS 9|3 Elson-Morgan
v-g-S FaElsY ol AYE AlE: JeEE & A
32 A2 2328 T3l st TRl Ay
£ 1M2 HCl 4| Lk 3Bzl 2558 Y3, 95~
100°C2] oil bathell A 24A]2F F<tb wlAEA wwksbEA

7EElat ¥, NaOHZ F3}5le] SA2slx, 2 & 5
3l 7his AlEE A3

182l FEE2] A Sepharose CL-4BE AR&-3)o]

AzazZriEaelE] S il F, FHeol 34U P&
2171 Sepharose CL-4BE Z 3 (P2.0x81 cm)el] F3213}ar,
phosphate buffer(pH 6.8)8-<} 2 175t 333127}
MEHA FAA 32 255 A% phosphate buffer
Lol FolF, AFEEE] EFES AAsLE AL
AL o, o5 #AF AMFel| F239t}. Phosphate
buffers 20 m//hre] 492 4-3A)7|9 fraction collector
(Waters, Japan) 2 H-¥ot 40m4 weteny =z 232
phenol-sulfuric acid®d 3} Lowry®] 22 Z+z} oz} ohajad 3t
ZFS BEA59T}. o] void volume2 blue dextran (M.W.
2,000,000)2-2 ZAs}A},

a1 # O

2T, pH N DikkEo| ¥g
<5, pH ¥ 2= & A
A= Table 33 2ch
EZoA Hi uls} o] HAY == 25°Colglen,
15°Cs} 35°Cell M= TARA AAlse] Zrisiedet. = #A
pHS| 73-%-, pH5.0~6.5 Pl eA vl <f33fe] FAbY
WA 442 pH WSlellH AEo] ¢l dubgoz ok
HA Fgel e A% HA 9l dAspad=.
aEHEE] 739~ 100~250 rpm W] A 2.47~2.93 g/iZ
AR 2 2 Aol7h (2™, 150 rpmell A F S 2
Aot metA FAR wikE 1T T v 52 Akt

2RSS 249

Table 3. Effect of temperature, pH and agitation speed on mycelial
growth of Naematoloma sublateritium

Parameter Mycelial dry weight' (g/l)

15 1.54+0.37

Teiipetitis 20 1.90+0.35
o, 25 2.20+0.44
30 1.84+0.14

35 1.62+0.31

4.0 1.38+0.28

4.5 1.44+0.11

5.0 2.00+0.48

5.5 2.30+0.34

pH 6.0 2.18+0.10
6.5 2.10+0.08

7.0 1.88+0.19

745 1.50+0.33

8.0 1.44+0.23

100 2.47+0.34

150 2.93+0.24

bebal 200 2.81+0.16
250 2.77+0.25

“The data presented are the meansstandard deviation of three samples.
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Fig. 2. Effect of agitation speed on pellet morphology of Nae-
matoloma sublateritium (scale bar = 500 um).
A; 100 rpm, B; 150 rpm, C; 200 rpm, D; 250 rpm.

Sle] 150 rpme F A wHkEEEE Ao

dubtge 2 WAR: 37MelrE mHlLErl Foks
A Hy F71E = AAA A AASFE o] muksL
oM AtHe] FARA S| zHEdled 238 TAA 2
Afo| s 7oz "37—}51‘3:] Song 5(1987)= Lentinus
edodes®] A FA] THHEEETE 150 pm o] el A= F
AR 8] AYAkeFe] 71:1'5‘—5P°;itl‘-3— X3k vl gl

ghA, wHkE R wE AR el A Al
(Fig. 2), 3ol A2} o] FAG7t F713tel whel pelletd]
2717} g4 ZHAasg v, 100~150 rpme] W $lell M= o
AH ] o] 2 w3t gigleh 28Yh 200 rpm o] el
A= 22 371 AR pellete] $7F 71515129 pellet
o] FPERlE| = A& aRkEEo|A R sinkst e E o
el o= A7t F7isbE AR e AH8sls A
g3 AAH ARG A e dAPE AwE7
el Aoz A=

;&_4|
4+

BiF7|ZH0| e ZA|Ee| His}

v ef7] kel - wjokele] pH Y TAMA Y] A4 W
32 AEsS £ A3, Fig. 39 o] FAMIEEE v 7Y
ol ¥ FA43% F7I8IA L, sk 20d Foll HAHFES Ro
7} 2 o] FHE = AMAE] AT = ujofde] pHE
wjek 7U7A] okA ZhAslelrl 2 o] F5-E uiek 16U A
= FlslEen, 52 208744 ZHAagt F 2 o F4E
ujeF 28Y 7HA]= dAF Fe el

AA wl kel &3t FAMAIS] AALS #3E widdeE
Ao EZef wel o2 AeE dejx ¢):d, Sone =
(1985) °JA|TAHAS] AARE i3] 7dzF YA wiFE 3}
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Fig. 3. Time course of the mycelial growth of Naematoloma
sublateritium.

92, Kosaric 5(1973)2 MorchellaZr2] A vieFS- ¢
& 99zt wickslHck BEarske gl

mebA 919 AY ZI2HE AGHA TAH ek
A3t QA k] HHLLE 2092 .

TAH ® DEX 8Fe Y284

AR FAAS] GRS B S 23 Table 49}
R},

FeAA vheped uheh o] gh43HE-S 55.8%% X5k
o #Horo] gheke| 48.7%F v E=9bal, Fuhzl &wk
L 22.4%, _—a]_,_ 47% =2 Avt 4.1%°]gc). ik =2
FRE, DI, oFF 3 PUB P ohn] 9
sl HPLCE &3] ¥M38 Z3}= Fig 49 2

Table 4. Approximate composition of Naematoloma sublateritium

mycelia (dry basis)
Crude Crude  Crude fat Carbohydrate (%)
protein (%) ash (%) (%) Crude fiber Total sugar
224024  4.7+0.15 4.1+0.13 7.120.27 48.7+0.36

The data presented are the meanzstandard deviation of three samples.

180,00

Trehalos s

000 <
ceo 200

Fig. 4. Pattern of free sugar of Naematoloma sublateritium
mycelia.



26 THE KOREAN JOURNAL OF MYCOLOGY, 29(1), 2001

Table 5. Composition of free amino acids from the mycelia of
Naematoloma sublateritium

Amino acid Content (umole/g dry weight)
Agpartic acid 27
Glutamic acid 23
Serine 29
Glycine 0.4
Histamine 0.8
Threonine 0.2
Alanine 4.0
Proline 0.2
Phenylalanine 6.9
Lysine 37

TAH = o8] 712 B Re] FiEe] glsled,
a2 ME o]Fal trehalose?] ¥aFo] 7} E9kow,
FdE<]] mannitol’®= B2 o] FF-Ee] ]t} Crisan
I Sands(1978) = WA 9] B3l SEA d4n o}
et o FbF Fo] FfHe] glvkal B33t ul gl

g, frEjolr|=AkS BA317] 913led phenylisothiocy-
anate(PITO)E. 53 the, Aoid elv|xAl fr =45 ¥
g A= Table 59 2o}

HeAl FARE F 1082 oln|xAbe] §f-5 o]
UL, TFAME P4 olw|xAto 2 kel phenylal-
anine®] ko] 714 =SI3L, alanine % lysine® H]H
wWol| =] Qgich dutd e WA A= 5
ol :xAte] rEe] glon, AFME FF ojn]xAlel
lysine®] ¥&Fo] 7 =31, tryptophans} methionineo]
2 7le= <=#x g)vH(Chang and Miles, 1989).

frel A Al 248 GCE B4 3F A= Table 63 2t}

3 8TEFAMAL 55, XA 3F)9 fre] A
Abe] AEFHRLH, 2 FAME 7154 AF] 242 F
od2A gle E-EEAHbAkel linoleic acid(C18:2)7} 68.2%
2 7P wel =] s, A palmitic acid
(C16: 0% 18.7%2 v|A o] =] Qs

HA wHARLA L] AAE §EFEol = linoleic acid7}
53 w2d, B3 76%, FEol 69% 2 EHA 70%
AEZ ¥ 3ET glck(Chang and Miles, 1989).

g, FAH 35 28R E22] UVAis scanningdt 4
= Fig. 58} 2}

a7 el A B ule} 7ho] 260~280 nm Abe]ell A 2 peak
E e, ofrlxAtel} Tl g ik F P 3
el FirEe] UL ¥ F A = FEIEAY
AAdEA Y] d3ko s WA3-S ZESE 3= Table 73

Table 6. Fatty acid compositions of Naematoloma sublateritium
mycelia

Molar ratio of fatty acid methyl esters (%)
Cl14:0 C15:0 C16:0 C180 C18:1 Cl18:2 C24:0 (C24:1
0.4 29 18.7 32 39 682 1.5 1:3

35

el
o W

LS

Absorbance (AU)
&
e

o
w

(=]
L

00 w0 500 600 700
Wavelength (nm)

g

Fig. 5. Chromatogram of UV/vis scanning on the mycelial
biopolymer extracts of Naematoloma sublateritium.

Table 7. Color reaction on the mycelial biopolymer extracts of
Naematoloma sublateritivm

Mycelial extracts

Reaction
Non-hydrolysate Hydrolysate®

Dinitrosalicylic acid - +
Fehling +

Carbazol-sulfuric acid B =
Ninhydrin + +
Biuret + +
Elson-morgan - -

‘Hydrolysis with 1 M-HCI solution at 95~100°C oil bath for 24 hrs,

7o},

7hrEslE 9 vizleEslE =5 DNSY 3 Fehling 4b
oA FAo2 velbA 3RITe] dEe] o car-
bazole-sulfuric acid HF&ol| A= 2412 v}eld|e] uronic acid
E 9 AL ¢ 4 9J<io}. Ninhydrin 8- 3 Biuret ¥}
SollA BF S veple] IEAA RS AT o}
o) xxAbe] il Zle 2 o592, Elson-Morgan HF§-
A, w7l gl 24019, TS A
= vehle] ool theF i wichg 22 oo
A2 o FE 9]

duizo s WHAFe AETAAF, IUESAE e E
AR F2 ogireln, IFAME Bglucan(Mizuno 5,
1982)0] 714 2 &3 U, aitel® FuHA {9
lentinane| v} FFHA FAM FEE<Q krestin(PSK) 5-2
5 A, o] 2 Ao} sefe| =5 G A
= protein-bounded polysaccharide(Fukushima, 19892 <
A 9l

g, A AR ER Y 53 28R AlRE R
g - AHA8}7] 9138k Sepharose CL-4BE o] &3t AY =
EutEoete]E 8 I Fig. 64 Zoh

Void volumee] ¢F 75mi A Ee|germ IEA A8
void volumeT#] 8] BE3loj|A]Xe] i Bo] 7AZE5o] Ral
ol & 3R] G5l EXFE & o+ UK, 38
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Fig. 6. Gel permeation chromatography of the mycelial biopoly-
mer extracts from Naematoloma sublateritium using the
Sepharose CL-4B.

TH 48 237 7 € 2 DA peako} F4lo0
HEH, o] ¥8L 384 b (protein-bounded poly-
saccharide)d 7FsAde] v]$¢ =2 7oz HoiEglg

X o
b | i

= A7 A AT O 722 E vl
32 AEHA FARY AR A AR B
Aot AAFA] A FAAY ALY X, pH
4 kSR 77t 25°C, pHS.S B 150 rpmel Gom, vl
G717 2040 FokT FARY gubgEe wigsE
55.8%, WA 22.4%, A4}, 3Ro] Z+z}t 4.1%, 4.7%°)
AL, AFeFe] 48.7%1A . FAAS f)obn|xAl &
& phenylalanine, alanine & lysineo] o] #-55¢] <)
A3, TR A 2= linoleic acid®} palmitic acid7?} B
sket. @AM TEA $5EE 4} Sepharose CL-
4BE °|-8% Az2rlEazlyd o3 AAG A3}, F2
3 childgo 2 gosgd
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