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Bi ol ogi cal
Response Modifier, BRM

D6

(€

B-1 3Dgl ucan
ganodermi £Zaci d T
ganoder maiBc&cDd A

chitin
(72,22 Mat heichall991



cell ul®se

G.

l uci dum

©)

95

13CS

2

i gnin
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2-1-1
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(17,28,29,
30) (29, 31) crust

hymeni oder mel ement scbhaektgat e
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% a
( ) (Triterpenoids)
( ) (Protein)
(L-2) (Gl ycoprotein)
(
)
()

(Ge32) (K)

(Ca)(P) (Mg)...
( 0.0109%

?(Adenosine? (RNA) (Adenine)
(Uracil)



2-1-3
() proteogfcan
ganoder a( B
B-( ®6) PB-( PI-
() 9, 34)
B-( 3)-D B-D
()
1985Sone, Y (Malt extr,act

Yeast extr,aGtub6od&edd 0. 0,5 KRO0. 0,5 MgSO
7 0.p5 28
(47

1. 0. 93%0.13

(Fi g-2)2
() 30 0500 0 0
() 10020000
() 30000

anomeri c
GC mass NMR

GPC
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(2)
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2530
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(14

25
30
25

1

Tabl-&.

(©)

2530
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Tabll 2

EN #

] |
W F (0,21 - 0.7%) A #Hh H (98,3 - 99.8%)
r | r 1

TEMS Tt e MRS RMEM Ra
1 r i g T# LR g ]
BB ORAR-ERAY EMEEEEHBETEs
=K fe 1L A, 8 1t 1L 8% .3
&7 S 55 8k 1Lt & = 1

B 4 %% %
i HE 45 &
sk 7
W Ik
7%
&
(3)
(4)
0.1
(35) ® 1
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2-3

1960

Martinez

(©)

Hesdtine

Ishida

13

(58)

(58)

15080000

Aspergillus flavus

Pl
A. oryzae
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(36)

()
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(36)
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(36)

2-3-2
(36)
2-3-3
() (Moisture)®” %59
3080 (w/ w)
3035 ( w/ w)
40 80

( )  (Temperature)l®®
1030KYy/ m

16

6 08 0

(4B60kd/ m
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( )pH®O
pH
pH 4
pH
pH
pH p H
pH
pH Aspergillus
niger pectinases
2-3-4 (39,40, 41, 42, 43)
1. ATP
2 .
3. /
(glucosamine)
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2-4

t humb r ul

senpiiundament al met hods
(44)
2-4-1
(44)
()
l i neaerx ponentogl stic ,
| ogi stic equation
| ogi stic equatgion

(specific gyowth rafma&xi mum

bi omass concentration

relationships

(itnacti yation
Arrhehype equation
()

Mi tchell
glucoamyl ase

bi ofil m

18

Arr he-hypes
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( bi ofi |l m) -

( biofi |l)m
2-4-2
(Bioreector Engineering)

(45, 46, 47)

() (Tray bioreactors)
5cml5cm
(44)
() (Packed-beds bioreactors)
Pl at e)

65

Zymoti s
(44)

19



() (Discontinuoudly rotating drums)

(44)
() (Continuoudy rotating drums)
() (Intermittent tirred beds)
5
2
(a4)

()

(a4)



2002 w n (48, 49)

(49)

Co (2

(49)

2-4-3
pH

(bi omass)
(51)

()

3/ cm

Rai mbaul t col umn

(51)

()
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( JpH

p i
()

A WODN P

()

CoO

CoO

(51)

pH

(51)



( s c aul pe)

(Scaewn)

()

(Submerged

Fermentation)

D

50000 g
2
520 kg
(downstream processing)
) pH
©)

506000 kg
(4)
251000 tonnes

( ) (52)
)

(Variant)

@

(subculturings)

Fer maBrmtnkt i on)

(Solid

CoO

St at e

(52)
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©)

15 120

(4)
(forces agration)

Ka

©)

(6)

()

909 8

(8p H

36
(a)

(Evaporative cooling)
80

24



p H p H
pH
pH
pH
9)
pH
(20 Downstream pProcessing
(@) percolaion

(b) multiple-contact counter-current leaching
(©) pulsed plug flow extraction in column
(d) hydraulic pressing
() supercritica fluid extraction
(11)

(a) biogas
(b)

(12)

( ) (52)
Q) (Scaling-down)

25

(c)

pH

(d)



A WDN P

(ATrial and error
Tria and error

55

©)

(4)

()

(limiting step)

500

26

(53)



Saucedo-Castaneda

modified Damkohler number
1)
( Tin)
(53)
()
Vz/H
(53)

27

Peclet number  Biot number

(V2)

Da,, number

“ar-channelling”



( ) (44)

(quantitative)

)
Zymoti s 5cm
2 vvm
(e. g. RHD headspace
(moving bed)
2 di mensionl ess number
di mensionl esdi membieombleerss nu
©)
2-6 54

() -
Fi g-32 - CDAE
© -
2

28



28 e ¥ (np/p) TxMias
C D A B ¥ (og/p)

& on

FE 2884 0 004150 0.001005 0 018900 0. 042000 0. 066
FZFXE 0867250 0024150 1. 557500 1. 102500 1. 550

EERFH 0108125 0.003175  0.097250 0. 208

Fi g-32 -
) -
Fi g42 -
RE® A ¥ae/s)
B I EEMBEETITHE L 3

:ltr'.%!_.!t___ 7.4 5.0 62
B 47 2.9 3.7
LS R 3 6.0 3.0 56
FE® 39, 5 5.3 40. &
HAM 7.1 13 6.0
LR 2 6.1 3.3 5.4
hEm 4.0 1.8 38
R A 8.3 8.6 7.5
ZEM 2.4 0.7 27
ARAH 5.9 2.2 56
¥ .00 9.8 3.3 5 8
ik 5.6 i, 7 1.7 4.6
LS F 8 ¥ 17 7.0
LR 3.7 1.5 3.9
fa .8 3.2 0.8 29
A 7-3 1.9 73
LER 1 126 36 12.4
EaM - 0.0 0.0 0.0

Fi g-42 -



(

)

Fi

Fi g52
RS e S

Ex [REME FEIA4 L B
Ca Ta9. 5--_- 134 6130
K 18ES 9540 1334
Ma 1443 2989 2668
P 3035 5350 1399
5 1626 1308 927
Na 144 5 232 263.9
Fe 148 5 184, 3 1839
Al 37. 96 78.8 3, 2
B 6. 596 14. 29 6. 045
Ba 7. 505 B, 765 1200
Cd 0. 140 0. 415 0. 004
Co o, ooo 0. aon 0. 000
Cr 18. 8% 22.TD 20. 40
Cu 1446 T4 71 1814
Mn 34. 36 59,90 32,55
Mo 0. 000 0. 000 0. 1 44
Mi 0, 000 2. 235 1. 530
Ph . 000 5. 652 (. 000
Zn 17. BO 39.96 37,80
Se 0. 051 0.120 0. 095
Ge 0. 163 0. 156 0. 125

g-52 -



3-1

Ganoder ma dQrRd d3u6enml 2 3

PDA

3-2

Tabl-&28 3

Tabl-&8 3

30

MERCK

DI FCO

NH4H2PO4

959

HPLC

EP

EP

PDA

DI FCO

NH4CI

KH2PO4

K2HPO4

MgSO, 7H,0

NaNO,

KHSO4

NH4OSO2NH;

31




MBTH SI GMA
FeCl; 6H,0
D-Glucosamine S| GMA
Acetonitrile HPLC
Ethyl Acetate HPLC
Bacto Peptone DI FCO
Fructose S| GMA
3-3
Tabl-2 3
T a b3k 2e
HE350
( HUXLEVY HE3 40
CORNI NG Stirrer/ H
R sen DwV52
Ni kon
Thermollyn@7600 Mi
osteri Xer Cyceblend
TKS 0Sl-500
( )
MASTERHL E X7 5 5730
1/ P
GAST DOR 1 0MA
TKS Kc-8
HI T ACH]l 05P1
YI-BER BE3 O
SANYO WS044. MH
Sartorilus

32
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HI T ACH]

U1100

BRANSON| 5210

YS | 2300 STAT
TKS
FI RSTEIK
MI'LLI PORE
PH meter SUNTEX
UV Detector HI T ACH]|
R Detector BI SCHOFF
Agi |l enit

258 RPL8n)(5

HPLC Col umn Li Chro CARCRT

GPC Col umn TSKO000 $WXL

3-4

3-4-1 p H

1g 50ml 30 100rpn

SUNTEX pH mpHer

3-4-2
cm
3-4-3 (39,40, 41)
1
(1)
(2)
5ml BAO 25 130r pm 30min

54 ml 121 2hr 10M0. 5M

NaOH pH=7 (colorimetric method)



(1)

60 5
(2)
0.49g
0.4g

3. — (bl anlnl sampl e and 3ml

(1)1ml sampllreb KHSEOL mb NaNO

(2) 15min

(3) 1mhihL2. BIKSDIH 5mi n

(4) 1mD. 5 MBTIBD 10min

(5) 1mD.5 Fe:Co D 30min

(6) 650nm

(7) ( A)
3-4-4 @
1.

1 On®I 90
(100r1p2m ) 55mm
2 .
(1)2 1 5 % 5 10
25 15
(2) 490nm ABS
(  B)



4-1

20

1-2

250 ml
20

75

4
5mm x5mm

PDA

4-1-1
1 39 g/L  PDA (Potato Dextrose Agar)
2 PDA
3

1.2kg/ cn? 121
4
30

4-1-2
1 100mL 39g/L  PDA
2

1.2kg / cnt 121
3 4
20
4
5 1
6 30
4-1-3
7 PDA
4-2
PDA 30 7
2x5 ¢’m
5x5 Mim
4-3
4-3-1
3
0.1
0.153

30



0.05
0.05
0.05

4-3-2

4-4

100 ml 250ml

30 100rpm 10
10

4-5
PDA

B (- E a-

4-5-1

(1)

12

(1) 5ml

(2) 30 7



(3) pH

(1 59 59
( 3) 30
(4) p H
(1 20
1~20
(3) pH
pH

(1)
(2)0. 1N HCILN
(a) pH=4

(b) pH=5
(c) pH=6
(d) pH=7

(e) pH=38
(f) pH=9
(3)

30
(4) pH

7
50 25 ml
5 ml
pH
pH
59 25 ml
NaOHpH
5 ml

37

30



(1)
2 5m
(2)

30

(3)

(a) 20
(b) 25
(c)30
(d) 35
(e) 40
(3)

(4)

(3)

50 5mli10miL5mPkO0ml

5 ml
pH
50 25 ml
5 mli
pH
59 5 ml
5 7 10 14
30
pH

59



(1) 59 25ml
2) 7 I1mI3mI5ml7 ml9 mli
30

(3) pH

(1) 59 25 ml

(2)

(a)

( b)) +1 Gl ucose

(c) +1 Saccharose

(d) +1 Fluctose

(e) +1 PBtato Starch

(5) 5 ml
30

(6) pH

Fruct ose

(1) 59 25 ml

(a)

( b)) +1 Fluctose

(c) +2 Fl os e

(d) +4 Fluctose

(e) +8 Fluctose

(3) 5 mi
30

(4) pH



(1)
(2)
(a)
( b:)

(d)

(a)
( b:)
(c)
(d)
(e)

30

(a)
( b:)

pH
pH

59

+1 Yeast extr
+1 Malt extra
+1 Bactopepto
+1 NHPO

pH

Mal t extra

59

+1 Malt extra
+2 Malt extra
+4 Malt extra
+8 Mat extract

pH

59

+1 KMHO

25 ml

act
ct
ne

ct
pH

25 ml

ct
ct
ct

25 ml



(c)
(d)

30

+1 KPRO
+1 Mg SO

pH

+4
+4
+4
+4

pH

+0. 25¢g
+0. 5¢g
+1g
+29g

59

59

41

25 ml

25 ml



(1)
109 50 ml

(2)
30

(3)

(1)250ml
(2)

30 14

(3)

(1)250ml
30
(2) 5
30
(3)

pH

250m00mMli0O00ml

10g

pH
1 2 3
pH
50 ml
7 9 10g
16
pH

42

10 ml

2 0 ml
10 ml

5 ml



(1)250ml 15¢g
39 3gFr uct3gse 19 100 ml
(2) 15 ml
30 3 6 9 12151821
(3) 1LPM
(4) pH

4-5-3

(1) 200¢g 400 ml 121 2
uv
(2)
121 2 uv
(3) 200mi

(4)

30
(5) 5 5L PM 14
14

(1) 2 0 0 g300g 4 0 0 mbOoOml
121 2 uv
(2) 121 2

( 3) 200ml 300ml

(4)
30
(5) 5 5LPM



4-6

(GPC)
90 12
20p L
1. TSK-4000 SWXL
2.
3. Iml/min
4. RI-Detector 8110
4-7
(29
E F G H I K
P QRSTUV WX Y Z
Uu Vv W XY Z
A B CRST
(HPLC)
80
thymol 0.22u m
1. LiChro CARCRT 250-4 RP18 (5u m)
2. 2 CH3COOH/CHsCN=66.7/33.3
3. Iml/min
4. L-4250 UV-VIS Detector
5. 254nm
4-8

(57

(  Fig.5-36) "

0.22u m

A B CCl C2 D
Na~Nk O
B DFHIK SY

250ppm
20u L



5-1

CCRC 36123 CCRC

37200 30

CCRC 36123
CCRC 36123
10 CCRC 36123
7.1cm CCRC 37200
10
CCRC 36123

5ml
30 7 Figs-2
7 1.165g dry weight/g substrate
0.478g dry weight/g substrate
14 CCRC 36123

CCRC 37200

Fig5-1

CCRC 37200

2.7cm
CCRC 36123

pH

CCRC 36123
CCRC 37200

13
CCRC 36123



1)
2
3)
(4)

Diameter (cm)

E -
_|-_1_ -
2 i .4(/
,—F"’F‘_——FH
f_ﬂ_,lr
—8— Time (Daylvs CCRC 36123

e —h— Time (Day)vs CCRC 37200

I:I F T T T T |: :IIII:I T
a 2 4 G g 10 12
Time (Day)

Fig-15

CCRC 36123 CCRC37200
1 0.5cmx0.5cm
30 1~10
59 25mi



Eiomass concentration (g dry weight/q substrate)

D
@
©)
(4)

CCRC 37200

1 Biomass concentration
774 Final pH

Fig-25

CCRC 36123 CCRC37200

5ml
30 7
5S¢

CCRC 36123

Strain

25m|

47

Final pH



CCRC 36123
5mi 30
14 Fig.5-3 14 CCRC 36123
1.73g dry weight/g substrate
1.59g dry weight/g substrate



Eiomass concentration (g dry welght/g substrate)

D
@
©)
(4)

49

2 7
-
-
4
17
— 3
— 2
— 1
0 0
wheat bran rice bran
[~ Biomass concentration | Substrate type
=] Final pH
Fi g-35
CCRC 36123
5ml
30 14
59 25mi

Final pH



Fi g-45 pH

pH
dry weight/g substrate 15

15 2.298 g

Fg.5-5



Eiomass concentration (g dry weight/a substrate)

D
@
©)
(4)

3 10
— 9
— g
— 7
2 -
— B
— 5
— 4
1 |
— 3
— 2
— 1
I:I T T T T T T T T T T T T T T T T T T T T I:I
o1 2 3 4 5 6 7 8 9 1011121314 1516 17 18 19 20 21
—8— Biomass concentration Time (day)
—— Final pH
Fi g-45
CCRC 36123
5ml
30 1~20
59 25mi

51

Final pH



100

T T T T
] ] ] =
jum) ia =+ [

(a1ensgns B/EW) uonelusauoD sapueyI2esiiod

20

15

16

14

12

1a

Time {day)

)

) CCRC 36123
@) 5l

©)
(4)

1~18

30

25m|

59
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5-1-1
pH

pH
pH 5~6
pH 5~6
Fig.5-6
1.39g dry weight/g substrate

pH pH
pH

pHS8

pH
pH

pH
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Initial pH

[~ Biomass concentration

F===1 Final pH

pH

g-65

Fi

CCRC 36123

D
@
©)
(4)

5ml

30

25ml

4~9

pH

59



pH

pH5~pH6 Fig.5-7
10ml 1:2 1.72gdry
weight/g substrate
1 ;i 1nbl
1:2~1:3 66 ~75
80
10mi~15ml



Eiomass concentration (g dry weight/g substrate)

e P T R T B A

0
a b C d
1 Biomass concentration | Initial water content (%6 )
E==A Final pH
Fi g-75
a. 5 0( =1 1)
b . 6 6( =1 2
C . 7 5( =1 3
d. 8 0O =1 4)
e. 8 3( =1 5)
Q) CCRC 36123
2 5ml
3 30 7
4 59 5ml

10ml

15m

20n|

25ml

Final pH



~35
pH
20 40

subgtrate
20
35
40

25 35

25~30

25
20 25

Fg.5-8

20
30
30
40

3~4
25

57

25
pH4.5~5.5
30
1.18g dry weight/g

25 30
30

20



D
@
©)
(4)

Biomass concentration (g dry weight/g substrate)

15 20 25 30

F—1 Biomass concentration | | emperature ("C)
== Final pH

Fi g-85

CCRC 36123
5ml
20 ~40 7
59 25mi

35

Final pH



pH
pH5.5~6.5 7
( Fg59)
1.24g dry weight/g subgtrate 14
0.99g¢g
dry weight/g substrate

14

( Fi ¢g1.05) pH pH5~pH6
9ml
5g oml
59
oml 1.34gdry
weight/g substrate

59



Eiomass concentration (g dry weight/g substrate)

D
@
©)

(4)

2 7
— B
=5

[ 4] L,
5
o*q' — 3
1*1'
g
%
s
] L
s
o
0 R 0
a 1] C
774 Biomass concentration | 11Me {day)
== Final pH
Fi g-95

a

b. 7

C. 10

d. 14

CCRC 36123
5mil
5 7 10 14 7
30
59 25mi

Final pH
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Inoculum (ml)

(arensgns Baubem Ap B) uonesusiuod sseog

A Biomass concentration

X3 Final pH

g-1%

Fi
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D
@
©)
(4)

Iml 3m 5Sml 7m  9ml

30

25m|
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5-1-2

Gl ucose

SacchaFobaset Bose Starch 1
30 7 Fig.5-11 1
Fructose 1 . § @y weight/g substrate 1 Gl ucose
1.13g dry weight/g substrate
pH
5~6
Fructose
Fructose
1 2 4 8 Fructose 30
7 Fig.5-12 4 Fructose
1.569 dry weight/g substrate
1 ~2 pH

pH5.5~6.5

62



Eiomass concentration (g dry weightg substrate)

Q2 Q Q O Qo

D
@
©)
(4)

Final pH

a 1]

== Biomass concentration
=3 Final pH

Fi g-18

+1  Glucose

+1  Saccharose
+1  Fructose

+1  Potato Starch

CCRC 36123
5ml
30 7
59

Fr uct & sPetato Starch

C d =

Carbon source

1 Gl ucols8acchatose
25ml



Eiomass concentration (g dry weight/q substrate)

4

E— 1 Biorass concentration

= Final pH
Fi g-1%2

a
b: +1  Fructose
c +2  Fructose
d: +4  Fructose
e +8  Fructose
Q) CCRC 36123
2 5mil
3 30 7
(@) 59

Fructose 8 Fructose

h C i 2]

Fructose concentration { %a )

Fruscto

1 Fructose 2 Fructose 4
25ml

Final pH



Yesst

extract Mal t e x Bact@Peptone NH4H»PO, 1
30 7 Fig.5-13
1 Malt extract 1.33g/ g dry weight
1 Yeast extract 1.07g dry weight/g substrate
pH NH4H2PO4 4. 19 5-6

Mal t extract

Mal t extract

1 2 4 8 Malt extract 30
7 Fig.5-14 8 Mlt extract
1.84g dry weight/g substrate
Malt extract Malt extract
2 ~4
Malt extract 4
pH 8 Malt extpHa @9
4 ~8 Malt extr apHi pH4
pH



Eiomass concentration (g dry weight/g substrate)

Q2 Q Q O Qo

D
@
©)
(4)

T R R R R R R R ]

-1 Biomass concentration
== Final pH

Fi g-13

+1  Yead extract
+1  Malt extract
+1  Bacto Peptone
+1  NH4H>PO4

CCRC 36123
5ml
30 7
59

Mitrogen source

e x t r alc BactoPeptone 1 NH4H,PO,

1 Yesstextract 1 Mal
25 ml

t

Final pH
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a B d
[274 Biomass concentration | wqalt extract concentration (% )
k=1 Final pH
Fi g-1% Malt extract
a
b: +1 Mat extract
C +2  Madt extract
d: +4 Mat extract
e +8  Madt extract
(@) CCRC 36123
2 5ml
3 30 7
4 5¢ 1 Mal t ex 2 rhacltt
extr adcMal t e X B rhhacl tt extr adsm
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KO KkHPOMg § G 1 30
7 Fig.5-15 Mg 8 DD
1.24g dry weight/g substrate K:H P O
1.17g dry weight/g substrate
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D 7] — 5
=
=
=
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T
o — 2
o
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0
@ — 1
5 k2
i o
0 2! 0
a b C d
A Biomass concentration Salt source
4 Final pH
Fi g-1%
a
b: +1 KH>PO4
C. +1 KoHPO,
d: +1 MgSO4 7H,O
) CCRC 36123
) 5ml
©) 30 7
(4) 59 1 KH;PO; 1 KoHPO4
MgSO4 7H20 25ml
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1

Final pH



Fig.5-16
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