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Production Conditions and Characterization of the Exo-biopolymer Produced by Submerged Cultivation
of Ganoderma lucidum Mycelium. Shin-Young Lee* and Tae-Su Kang. Department of Fermentation Engineering,
Kangwon National University. Chunchon 200-701, Korea Bioproducts Research Center. Yonsei University, Seou/
120-748, Korea — For the screening and the development of the new bio-material, cultural conditions for the
exo-biopolymer (EBP) production through the submerged cultivation of Ganoderma lucidum mycelium were inves-
tigated. Also, the fractionations and the purifications of the exo-biopolymer were carried out and the chemical
compositions of the exo-biopolymer were examined. The optimal culture conditions for the exo-biopolymer produc-
tion were pH 50, 30C and 100 rpm of agitation speed in the medium containing of 5% (w/v) glucose, 0.5%
(w/v) yeast extract, 0.1% (w/v) (NHy).HPO,, and 0.05% (w/v) KH,PO,. In the flask cuitivation for 7 days under
these conditions, the concentration of the maximum exo-biopolymer and the cell mass were 154 g/l and 18.8
g/l, respectively. The specific growth rate was 0.039 hr™'. In addition, the substrate consumption rate, and the
exo-biopolymer production rate were 0.043 gg~'hr™! and 0.025 gg~'hr !, respectively. The exo-biopolymer was
fractionated into BWS (water soluble exo-biopolymer) and BWI (water insoluble exo-biopolymer) by the water
extraction, and the sugar contents of two fractions were higher than 97% (based on dry basis). The components
sugar of BWS and BWI fractions were glucose, galactose, mannose, xylose, and fucose. Their molar ratios were

36:15:21:05:trace and 29:3.1:20: 16: 0.3, respectively.
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Fig. 1. Fractionation and purification of biopolymers.
2BWS: water soluble exo-biopolymer from culture fluid.

"BWI: water insoluble exo-biopolymer from culture fluid.
°MWS: water soluble biopolymer from mycelial cell.
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Table 1. Optimal culture conditions for the production of
exo-biopolymer

Inoculum size 5%(v/v)
Medium volume 10%(v/v)
Agitation speed 100 rpm
pH 5.0
Temperature 30T
Culture time 7 days
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g4, Fig. 204 Hi= nio} zbo] mub& %ol u}E pel-
lete] =7l RF 27 F713kel w2} 2ol Al 100
rpm W& 2~35mm Hxo)¢l 1, 150 rpm o] Atoll A=
1~25mm Hzolfr} metx HEe) JETREAY F
A ARSI #A e A A)E 2~35mm A%
olw, 100 rpme] w4k £x 7} el Ao 2 Aok gch

z7] pHe d8r& pH5olA A 2 AlE9 JE
F-AEe] Aike] 7B FEstelar, pHA~T7ol e A8
vy Fuatgiond, pH8NME 74 A% U AE9
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Fig. 2. Effect of agitation speed on the pellet size.
(A) 0 rpm, (B) 50 rpm, (C) 100 rpm, (D) 150 rpm, (E) 200
rpm, (F) 250 rpm
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Fig. 3. Time course of the exo-biopolymer production and
mycelial growth from basal medium.
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Fig. 4. Effect of carbon sources (top) and giucose concentra-
tion (bottom) on the exo-biopolymer production and mycelial
growth.
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Fig. 5. Effect of nitrogen sources (top) and yeast extract con-
centration (bottom) on the exo-biopolymer production and
mycelial growth.
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Fig. 6. Effect of inorganic salts (top) and KH,PO, concentra-
tion (bottom) on the exo-biopolymer production and mycelial
growth.
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Fig. 7. Time course of the exo-biopolymer production and
mycelial growth from modified medium.

Table 2. Kinetic parameters for Ganoderma lucidum in basal
media and modified media

Parameter Mi? M2°
Specific growth rate, u (h™1) 0.022 0.039
Specific production rate, 0.012 0.025

Oe (gg 'hhH
Specific substrate uptake rate, 0.021 0.043
g (gg~'h7h
Cell yield, Yy g/ 0.251 0488
Product yield, Y,s (g/g) 0.220 0.385

aBasal media, "Modified media
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Fig. 8. Two dimensional immunodiffusion precipitation test
with Concanavalin A in agarose gel plate.
A: BWS, B: MWS, C: Concanavalin A
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T 7)ol axzko] Aee] odE ASE AAH ok

&, ol AELEAY RS 223 A= Ta-
ble 42} 7t}

AES BEZFALYBWS, BWDHS 7 A8 2%
%F 97% oA+ @& FF3IA Sl i, FARASEE
(MWS)2 chl 23tk 48%, wd3tek 448%% A X9 A
Eafatels & ezl ek

g, Y =S GC A3 A= Fig 8olH,
BWSs} MWS+ 2.5 Table 50| 212} 3to] glucose, man-
nose ¥ galactose7} Wk, fucose ¥ xylosed Ak
3 v, BWIs 2719) v)ghal 23§ E33te] oo
glucose, galactose, mannose, xylose % A2F9] fucose
-3tk Sone S(6)% 9A 9] HA|ufge] 23}
AEL tFg 2o dFFatd T84 2 FEEA
8L oo, #844 FHY A= FL A A
H-o] glucose, mannose X A#F2] galactoses} 3o B
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Table 3. Color reaction of the biopolymers obtained from mycelia cell and culture fluid of Ganoderma lucidum

Mycelial biopolymer (MWS)?

Exo-biopolymers (EBP)

Reaction Nonhydrolysate Hydrolysate
Nonhydrolysate Hydrolysate
BWS? BWP BWS BWI
Anthrone + + + + + +
Lowry-Folin + + — — - -
Ninhydrin + + - - —
Fehling + + + + + +
Carbazole-Sulfate - + - - + +
Elson-Morgan - + - - + +
Seliwanoff - — — - — -
Biuret + + - - — -

2For illustrate of symbols, see Fig. 1

Table 4. Contents of total sugar and protein of the biopoly-
mers obtained from mycelia cell and culture fluid of Ganode-
rma lucidum

Component MWs: BWS? BWT
Total sugar (%) 448 978 99.0
Protein (%) 480 ND.> N.D*

3For illustrate of symbols, see Fig. 1
*Not determined

Table 5. Sugar composition of the biopolymers obtained from
mycelia cell and culture fluid of Ganoderma lucidum

Molar ratio

Sample
Glu- Galac-  Xyl- Man- Fuc-
cose tose ose nose ose
MWS? 4.1 25 0.9 1.2 0.5
BWS® 36 15 05 21 trace
BWI? 29 31 16 2.0 0.3

aFor illustrate of symbols, see Fig. 1

Ao Aztel fAlsld o, BEEA FEY A
glucose 20 A E o] qlcky B st 2B Alge] A3
s ztol7l slgdek ol TF9 AFolt widy o
FELEAS B, AR 59 Aold] 7|k AR
A 2] %ot

8 o

NZ2LE AEAEAL) 24 2 /AT dFtes
Ganoderma lucidum(3X] 1&) A1) A u) okel] <
sl Alxe AEREAS] A T HAH YAxASE
AEstgx, A WEIEAS 55 AAste] ole] A
FEAS A8l

AXS) FETER} PALE T FA Gz glu-
cose 5%, yeast extract 0.5%, (NH,)HPO, 0.1% ¥ KH:
PO, 0.05%(w/v)E 3 wiz]o]A pH5.0, &% 30C

galactase

galactose
$-glucose

galactose
24
unknown2

a-glucose
8-glucose

unknownl

a-glucose

S

2

25 2

i
°r
L

Retention time(min)
Fig. 9. Gas liquid chromatograpy patterns of monosaccharides

of the biopolymers.
aFor illustrate of symbols, see Fig. 1

A

4HEE 100 rpmdl W) QloiHTh o] EAsel A 7
Zb ERbaa kel W, o) A R AEe A
LA FEE 747 152 ¥ 188 g/lell e, BvlAS
&5, v7|AdaHSE 9 v QA e Zh2 0.039 hr ),
0.043 gg 'hr ' % 0025 gg~thr lolglch HEe] JE 1
A AL BEFE ot 544 2 BESA o
TRE FYE R, T AR BT 97% o) 2S¢
fratdch 44 AET A ZHBWS)3 E8-44 £
3 (BWI)-2> 25 glucose, galactose, mannose, xylose
fucose s Ff-3tdloem, +AEe] Euj= 747 361 1
$21:05:trace ¥ 29:31:20:16:0.3°]9ch

al
}

d

»

[92]

gt

1. Hseu. RS. and HH. Wang. 1991. A New system for
identifying cultures of Ganoderma Species. Pp. 51-56.



118 o/AIg - ZEl

£

N

12.

13,

In M.J. Maher (ed.), Science and Cultivation of Edible
Fungi. Vol.1. AA. Balkema. Rotterdam.

COKE |, JAEES. 1992 % 2 2o (L8 4{LE Pp. 213-

217, § BARB Bt

. X/ a0FikNE REERE & 191 ¥ /00 K

LB - BTG Pp. 111-119. Bk sgibit.

. Eyal. J. 1991. Mushroom mycelium hrown in dubmer-

ged vulture-potential food applications. Pp. 31-42. In
I. Goldberg and R. Williams (ed.), Biotechnology and
Food Ingredients. Van WNostrand Reinhold, New York.

. Jong. S.C. and J.M. Birmingham. 1992. Medicinal be-

nefits of the mushroom Ganoderma. Advances in Applied
Microbiology 37: 101-134.

. Sone. Y., R. Okuda. A. Wada, A. Kishida, and A. Mi-

saki. 1985. Structures and antitumor activities of the
polysaccharides isolated from fruiting body and the
growing culture of mycelium of Ganoderma lucidum.
Agri. Biol. Chem. 49: 2642-2650.

. Tseng, T.C. et al. 1984. Studies on Ganoderma lucidum

1. liquid culture and chemical composition of myce-
lium. Bot. Bull. Acad. sin (Taipei). 25: 149.

C AR ATIAL HEA, oladd AW 1981 f=ab o

Adel ket Eol ek A 37EE A 14: 101-112.

. Humfeld, H. 1948. The Production of mushroom myce-

lium (Agaricus campestris) in submerged culture. Science
107: 373-375.

. Humfeld. H. and T.F. Sugihara. 1952. The Nutrient re-

quirements of Agaricus campestris grown in submerged
culture. Mycologia 44: 605-620.

. Litchfield, JH., R.C. Overback, and R.S. Davidson.

1963. Factors affecting the growth of morel mushroom
mycelium in submerged culture. Agri. and Food Chem.
11 158-162.

Torev, A. 1968. Submerged culture of higher fungi my-
celium on an industrial scale. Mushroom Sci. T: 585-589.
Hunter-Cevera. J.C.. M.E. Fonda, and A. Belt. 1986.
Isolation of cultures. Pp. 4-21. [n Demain, AL. and
N.A. Solomon (ed.). Manual of Industrial Microbiology
and Biotechnology. American Society for Microbiology,
Washington, D.C.

. Torres. EF., J.J. Allais, and J. Baratti. 1985. Kinetics

of batch fermentation for ethanol production with Zy-
momonas mobilis growing on jerusalem artichoke juice.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28,

Biotech. and Bioeng. 18: 850-856.

. Miller, G.L. 1959. Use of dinitrosalicylic acid reagent

for determination of reducing sugar. Analytical Chem.
31 426-428.
Chaplin, M.F. and J.F. Kennedy. 1986. Carbohydrate
Analysis, Pp. 1-13. IRL Press, Oxford.
Bollag, D.M. and S.J. Edelstein. 1991. Protein methods
Pp. 56-57. Wiley Liss, Inc., New York.
KEF H, R 1971 BEIREE. Pp. 287372, &
SZHAR.
HARECREGRE ACBRBEE 1976. FEHEOLEB(T).
Pp. 367-381 (B LB RA.
ol &%, AR, AFE, o|H. 1990. Lentinus edodes TY105
de 259 RAALN ¥ FFFE 4
E3}3]4] 18: 571-577.
Mizuno, T., M. Kato, A. Totsuka, K. Takenaka, K. Shi-
nkai, and M. Shimizu. 1984. Fractionation, structural
features and antitumor activity of water-soluble polysa-
ccharide from “Reishi”, the fruit body of Ganoderma
lucidum. Nippon Nogeikagaku Kaishi 58: 873-879.
Natarajan, K. and N. Raman. 1980. In vitro production
of fruit bodies in Lentinus cladopus in liquid culture.
Indian Journal of Exp. Biology 18: 545.
g, A, e, oldd, 7E7h 1981 g &
Age] Gl e QT e A] 140 101-111
AAA, TEF 2, HA% e} 191 /A S o
ST A AL FAHA vk AR E
312 19: 61-65.
Litchfield, JH, R.C. Overback, and R.S. Davidson.
1963. Factors affecting the growth of morel mushroom
mycelivm in submerged culture. Agricul. and Food
Chem. 11: 158-160.
Moustafa, AM. 1960. Nutrition and development of
mushroom flavor in Agaricus campestris mycelium. App-
lied Microbiology 8: 63-67.
Crucger, W. and A. Crueger. 1990. Biotechnology. Pp.
64-74. Science Tech., Pub., Wisconsin.
Goldstein, 1J. and C.E. Hayes. 1978. The lectins: carbo-
hydrate-binding proteins of plants and animals. Pp.
128-334. In Tipson, R.S. and D. Horton (ed.), Advances
in Carbohydrate Chemistry and Biochemistry. Vol. 35,
Academic Press, New York.

(Received 8 August 1995)

s



