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A

&z 7 100 mlx & (3% glucose)z- 250 ml = &g ¥ &7 > U
eth 2 FAT S FME RS AP 1 om’ size > 12 25°C ~ AzdipH 6.0
A 108 % e Rt AR o 2 pik aove ¢ 5 pE(EPS)
Zoeph SEEIPS)AE B F - A W7 081 gLz 0.18 g/L; i # 48
BEREAAY D R (10% ~ 15% ~ 20% > 88 A/ LA
V/V) > 11 10%e cEPSZ IPSA £ 5% » ~ 5 5 0.87g/L% 020¢g/L; #
Fg 4% #(100 rpm~ 150 rpm 2 2 150-100 rpm+= £2) # > 12 100 rpm7EPS
2IPSAE 5% 4 H7F 0.87gL% 0.18 g/L; % 100 mlst % &> 7 10%

TRV iAo B PS5 R 5 L HATHES F A 0 P

TYRMTEAI A4S B E R PRITAMER RS T

% 8.85g/L EPSZ2IPSE 4 4 ¥ T357% 445 4 0.64 g/L% 0.20 g/L o
7L eSS A Y F o I SLos & A8 10%(vv)

R0 3§ B2 02vvm BT S F T BB AT X 5

PR BRI FMER 1.82 g/L~EPS 2 IPS A £ 4 %] 5 044 g/L
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Abstract

Trametes versicolor is a common polypore mushroom. Its
polysaccharide extracts has been widely used for the medical therapy for
treatment of cancer in China, Japan and some European countries. To
overcome the time-consuming disadvantage of culturing fruiting body of
T. versicolor, study was carried out to produce the mycelium and
polysaccharides using submerged fermentation with immobilized cells.

The polypropylene foam and scrub sponge were used as carriers
(lem’ size 10%, carrier volume/medium volume v/v) for cell
immobilization. They were cultured for 10 days in 25°C, initial pH 6.0 in
250ml erlenmeyer flasks containing 100 ml medium (3% glucose). The
polypropylene foam is more conducive to mycelium attach. The
extracellular polysaccharides (EPS) in fermentation broth and
intracellular polysaccharides (IPS) production were 0.81 g/L and 0.18 g/L,
respectively. The carrier load (10%, 15%, 20%, v/v) were tested. The
10% have the best yield, EPS and IPS were 0.87 g/L and 0.20 g/L,
respectively. The shaker speed (100 rpm, 150 rpm ,150-100 rpm
two-stage revolution) of flask incubator were compared. The 100 rpm
have the best EPS and IPS production of 0.87 g/L and 0.18 g/L
respectively. The immobilized cells in the shake flasks can be repeated
use for 4 times, after replaced by fresh medium in each batch of 5 day
fermentation. The highest production of suspension cell in the broth was
8.85 g/L, and the best production of EPS and IPS were 0.64 g/L and 0.20
g/L respectively.

The 7L bubble column fermentor study shown, the aeration rate 0.2

III



vvm were more conducive than 0.5 vvm for cells attach on the carrier
(10% v/v) in the fermentor. The suspend cell concentration in
fermentation broth was 1.82 g/L, production of EPS and IPS were 0.44
g/ and 0.14 g/L, respectively, in 7 day. The immobilized cells can be

reused 3 times in fresh medium, and run for 4 days.
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Fig 1-1 The fruiting bodies of T. versicolor.
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SEANMZIC RIS 0 T AR AR
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¥ X 5 94 kDa (Tsukagoshi et al., 1984) » 2 B-(1,6) ~ B-(1,4) =
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A EMS G Red it B4 £ R (A 1) (X E
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% 1-1 Z z_pE*<(Polysaccharide peptide, PSP){rZ 7~ %

“~

(Polysaccharide krestin, PSK)2_ % fL f& ' = & 47 o

Table 1-1 The amino acid composition of polysaccharide peptide and

polysaccharide krestin.
- ¥ k) PSP(%) PSK (%)
U Rk 0.482 0.063
B VRpE 1.378 2.209
B 6 v 0.933 1.122
B 0.651 0.688
R 1.265 1.898
EES 0.904 1.325
B VRS 0.222 0.271
I e 0.979 0.386
R 1.052 1.733
SR S 1.818 2.609
BRI 0.954 1.013
SRR 0.980 0.995
N 2.261 3.335
st v 0.803 1.285
+ Maefk 1.060 1.546
B 2L 0.233 /

(3E % £ » 1998)
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BB s T R 2 R RE S fdR w e o 2 (Chow etal.,
2003 ; Hsieh et al., 2002) o d 4 f%ik P & Becife ¢ 5 pE L 3 3 PReny

APE o 73 B-(13)3 4afep-(13) ~ B-(L6)5 A4 D-§ 5z £

PR

99.2% >~ + 2 200kDa > 2@ pEir? Rz G S 2 Pde s fodf
B FPEAE ~ - FR R = FRAE(R 1-2) 1 fodr 18 fE A R AT 7 R
fried ZBi~By Bek 4~ 47 42X F A M U E ~ R (B

1996)

v\\é*

() 2 P4 miEM
Z ez A LE et LA A S F (biological

response modifier, BRM) » S 7T £ 7 T 7 5 A4 MEM

1. 2 LR

my

PHEEFRAAAG RS EFTET RS IF
2(0L-2) z & » B2 A §8 % # & ¥ H = 'w %% (peripheral blood
lymphocyte, PBL)s3 4 8 % 6(IL-6)2- % IR » /& it 6 x 3R fw P2 12 3 4o
IL-a,y £ & 2-4 & (Lee et al., 2006)° 3 33 p X # £ ‘oz (natural killer

cell, NK cell)i5 4 183899 ’ﬁu? HuEe T w2 @ T 'wmie 38 4 > 12
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Coriolia (1) Deoxycoriolic acid (II)
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Bl 1-2 ¢ #F 22 anF e irani- 224 (Chuetal, 2002) -

Fig 1-2 The chemical structure of T. versicolor activity component.
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Bo® H 4o > ¥ UEPBLH 4 (B 1-3)%3% (v o F 4 i3 2 ch i 5

v\\&

#0235 PERe ¥ PR iR <(cyclophosphamide)id = ¢ w I
TR 2V AREY R e (R R P e TR AR YRR IL-2 {oNK
fmie g S ehdrd| T > £ PIRE AR R A 3 P BB ER

atg F R(Yang, 1997) o
B imee LR R ES AR T M L e T
fmre feprd [ T iz ant B L F SNK wfe fop @ e gt #
BREETRG BN o FHRET > RT L IEE TR
Fpme R L1 BT Lo BA TR P AL
By efER X D F S PE S S YK dn e o0k BUSUWE v
RS RRMBI S BN > 2

PR i end £ grd 5V i 8096~99.9% 0 ¥ E rElm e i E

Z
4

=

N

T REEH (% 1996) -
2. FFA R (T H
PSK ¢ |37 fmPe AHI3 wmPe 5 4 > 7 @ B {r T w

P i 7B ¥ E Y YB3k 5 ]+ (tumor necrosis factor, TNF) ~ + 3§ %
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Fig 1-3 Mechanisms of proteoglycan and B-glucan enhanced immunity.
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(IL-7 )~ 52540 & Ik 5 F|F > £ 25d & (v i fedr b /Em bm 2
25 HR BIFHIF L T770% B R 23S 5 48 W E Y
B~ R G R PR RS ,&-ﬁi’a?ﬁ.% # 7% % (Kikuchi et al.,
1988 ; Hayakawa et al., 1993)

PSPt 4= 88 ¢ ic 59 $HHUE R o e A ] Pl o] B/
FUIE SR HAUIR R e e g S EERTRE S P et o] BUH
ok g = gl el 0 4 BB o] B CoAt B8 3 E (serum
complement Cs3) (Zhou et al., 1988 ; Liet al., 1990) o H frd 7 % 41
o B AR HIRR R TR BT Frd|fE % DNA
£~ FER e 4w BN 5 S R FRpE Y R Pl
(B 1-4) -

3. ¥l e

PSK § 2l S s S TR S R R
SR % Bk o PSP At drdll Y & Bine ¥ RO e R
dm¥e W tmiE 4 Koo frd A MR~ X B mE B FE
EERRE TLARL VLR BEFSCEUEE PR L
AR TR R B R S MER o @ PSP A B G
0% < R 0% LK fm % 3 ) 22 % = 6 e+t PSK(Parris, 2000) -

PSP #ufi # #1(Lee et al., 200677 5 % 5 (1)at & % 0% % fr
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e At 5 2 DI R e R o (2)Fr i Sm ' DNA
feRNA h& 2 Q) Eppmie 4 d PR - (DHELAS N o
PSK enrig iv% & pAp iR frdihiL R mie L b 3 &7 4 &
234k s PSK A& iFLARM LR » AFRIER o oo 7
BT o gE T e MG R e 11 & 3 4 TNF i 3 e (7
* o pbovb > PSK i A E R FFEMRIE- § Y §F (NO)E & mRNA & F
Mt ¢ thd T e NO A 2 > 4Bt 5 PSK Fuiimg (£ % 2 — o
4. FAFEH
SERE L NS R B § LB E B A 1 4 1 AF(Superoxide
dismutase, SOD)/# 14 %% (Marklund > 1984) » 4+ — k7|4 $ % i ifF
AP T ALY P A FRY RAFFEAI 2 BT
FEF C@gr BERFERFT -4 ?‘)ﬁk?gﬁfri??%’fj‘ &
(Tumor-bearing mice) ** % SOD /& £ T % » & p - fF
(Malondialdehyde, MDA) B] 2 % £ 2 3 § %2 % B (Coriolus
versicolor polysaccharide, CVP)PR #* 3 = » 7 & 2 SOD /& {4 fr ' i
MDA 3 £ (%% + 1996) -
<RI PSP T F KCCLY 4 W R MR B
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E BB PR S 1S 2 0] Bleig 70 o (3) 18 % A0ITHRR R G f K
+ #5(reduced GSH) @ & | 1k 5§ » 22 GSH % & 25 % B H 4+ i L8
TREME Y T WA T enfa4 (5% (4 > 2008) o
5. ¥ A (w7

PSP % BER%A € &2 A Hf{ 2 LA H L% - ApF HIV-1) %

& @+ 3 HIV-1 4 &2 & 4 8 4?2 (CD4 lymphocyte receptor)

v

~ 2 S — 4
ETEE

BEG T AR AR AR Y G oandrd] HIV-1 & #&ps
(reverse transcriptase) & |2 (Collins and Ng, 1997) -
6. LA i L iEn
207 R F T Bcho R B D (R E 2 )~ T T EERE i AR
PR G B ShiE A A SRR N HR R B398 4 45 (£ o p
AT NHT T WAL EE T RN R R A S B

LA™ B A p RMER F ki B ATAF (T (BRE L 2004) o

Z ZHEPR(PSP) it E T B Mg Rl A K IR(MBH) R i (4 F
A5 1994) s F|p R B FI R 0 PSP T oy s ¢ 3T P G
AP RMEAER k Sum g HARF (T (DT:—; A 5 1996)

7. FiF (%) fe
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o t AL & §H®FSODEN ~ ' MLPORT > 1R %3
GSH-Px/#: » 5 72 g AT @A 5113 75 > S DR A
BT o 2573 4 5 pE(CVP)it § sk B 2k FIMh % 2% 45 5151 A2 en
SOD/E T "% » F i 4423 it 4~ L it f* (manganese superoxide
dismutase, MnSOD)i® * § 53 (Weietal., 1996) o & #3253 % it
@4 RER B R A Pk (GSH) T E 0 F 1 3] ok 4 s
(glutathione disulfide, GSSG) & ] + = » % & & GSSG/GSH* I #% =
3 & o HO,# GSH-Pxi®#* ™ & * GSG# i* = HyOf-rGSSG » F]*
GSSG/GSHIE t = » % 71 GSH-Pxi& 143§ 5 » RGEH,0,if %% (Yeung et
al., 1994) - PSKit 3% EmRNA4 > & 1Y P F B efimie | ehdk
B+ PReig 3 1 fis(glutathione peroxidase, GPx)f# ik % ¥ ¥ it i3 2
(Pang et al., 2000) » # ¢ X F|4x 7 L & 8 F 1 4~ (tert-butylhydroxide,
TBH) # 3% efes &3 BF ] o

PR LDV B4 5 % F AMSODFE M {oif 56 A # i 0 A
Wal ¥ SBpRETALARF pd A0, - )friBF & (HOy% £
AEERI S THIS A F AT » G ol P
Balqen 5 A e foig i ey 3§ R 2@ g R Ko a2 SN
F iy Bg o aind [ for g S T B (s fret o

2005) -
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8. Fube PR A L T
PSP it ' i 5 vgimrz ph fg B i § 1t 4 (lipoperoxide, LPO) 7
F > 74 O-LDL fri ™ £ & B F 1 4+ (TBH)#F5 1422 & v im " o
R W T > WA TEF A G o 2t PSP R
Wo4v B eimPe ¢ gm 5 B H Pk § 1t P (selenium dependent
glutathione peroxidase, SeGSH-Px)mRNA 77 € > 3 3% SeGSH-Px
R FAE o MY P PR e
SE 5o E ME R s A (F F 4 1995) o
9. H
PSP i #i i %55 HAEEAER (cyclophosphamide) | & 1 & 25 » 7
el o] BUY FRAY 5k siqr's M p 3 (spontaneous) & 1+ (Yang,
1997)» -] Blpedt 3 RAET E 7 RE a3 a2 P f7Ad
Bk Fedlh F AT (Hoetal, 2004)1 2 F s % (8% o
() Z2ihpez
ik pF(laccase) 5 — fBAR LA 30 KB B o [ &' f2ps
CREREC T SR SN E R LT Y

SENT O ZIAHENF RS B RS R BB R 2 AR

.).\
i
Y
o

frdgd %2 £ 5 Ev 1¥% (Guimaraes et al., 1999)> F]p* 2 3~

PR M AERBTAY B EFE LT
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d 3R PR ARG ASETE R RE R AR
R F B S et § o K 7 R SRR T (10230
96) > feac % frA — FLEAF(D 0 2002) 0 @ ¥ LK § PR S TR
PASHE S F F 2 AL DT @S ET R TS H R
feiddf g Iy foe B85k 0 2001) -

R*YREREFASHEFT U2 el P RR—R B AR
VR R 8 R R K fE3 & (submerged cultures) o b {3 & 2
LRI PFPREATNRERBRAY HABELAO -pHY B R ~H §

R e T e I R S L ER S RS v

SN

FARERONHAE P o A IR E FSMA G nard 2 A g e

® 4 & 5 (4 > 2008) ©
* R E AT 0T S a4 ER(3E 0 2001 5 k0 2002) :

(=) R HBB > 2 AT ] o



(Z) FFMBAEBET 4 > A ERAFUBIFT L e
%

\Tm
A,‘_.
ﬂ,
‘4’?&
i
~D—
N %
jull
=
.y

)

I

(

(2) #c2 38 chd B2 W RJTAE T U R G PE2

(I) /—l,‘,’ﬁﬁ-—)’@agp\ ai.v‘*%z}gﬂ mﬁg?ﬁ’ %;Tiju‘b(}‘ B EEI?E{AJ

B RIDN DG A G0 HEFM L £ 2 R o
DN R SRR P - 4

§
FAfeF F A @ock g BB EI S PA Pl b o BPRES
BN A& e RN - FASEE FIR G M A R

R R ERAEAEF RS ARE < M B2 1-)FF o4 > 2001 ;
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%12 LAE ik s & PRIk FAS

A% TS

Table 1-2 Fungi mycelium pellets forming affect by submerged fermentation.

Factor

Fungus

FU R T A F’] ShzRAG =

Acremonium diospyri

A

Floezk = | 2% R 2 A 4B B

R M

Asperigillus awamori

91‘ e EDTA~CDTA = DTPA ¢ 2 = 3] % &
,ﬁ‘ P SRIR 0 B R LR S SR AT
E:] /J /j:

SRR T ORI TR

Asperigillus niger

MR T RERREART JIRSIRAE S
ey § R R PR
MOERTE T BRERT T FSIA S Asperigillus oryzae

MORR T HER T ISR &

Caldariomyces fumago

A AR R G 1) R BERE

Myrothecium

% & K FenpE Sk verrucaria
7 4r 100 mg/L Troton N-101 § 1 7 3k 3k 2 & Neurospora crassa
o e o 1a aes Penicillium
MR R I FIERFRT TIF SR A =
chysogenum

Penicillium patulum

% peptone k& = 1-5 g/L ¢ 2= F stk

Rhizopus arrhizus

/,T e Carbopol € & i g 5k3k + )

Asperigillus niger

20
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ERUES SR VSR RS I quz,» FsiTko € F B A E
% pE A & (Baeetal., 2001 ; Park et al., 2002 ; Sinha et al., 2001) ; X &

TR ARF R B R BT 0 R R L RS B ORB
S~ S PR A & (Leeetal, 2004) 2 2 w4 2 ’fﬁ fi& (Arachidonic

acid) 2 & (Park et al., 1999) -

&
aﬁ
Rie

IR 8 A 2 B B et SR 0 30 ¢ BT B
FHEEPM L EGE o MEFHEE SRS S FERATN
FEFEEIRIARRTF]? FFRFET oA D FSE
EFIFERARER A AP (FF > FL A IR SIRDT) S o L B
Aspergillus = Aspergillus nidulans # iz w7 + &M@k R FI Y €
A5 = #7553k (Metz and Kossen, 1977) « 4p & ¥ » 3% F & $ 3
Ganoderma lucidum (CCGMC 5.616) (Fang et al., 2002) & = % *
BHA P AT P 4y 0 MR F R (70 mg DW/L) 3 s 33 % #72) &

S (>16mm): FpEAE S B EFE(670 mg DW/L)
BA& S FASRESERCN(<12mm) > S@mHMAEE S 2 T

SHSHY Y R e lde g A A HAF DAL T 1 kB

R oo
Ll
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g e o B R RSR R R T J p A

Sk BT RGBSt M ehd £ o 7 g

1% & PEE(two-stage)sid 4] = ;4 (Rau et al., 1992) » 3 fi% w0 Hp 3

il F R AM S B2 KNS M f R G R A S e
4 A o

(z) BAhe=R

FOROBGEER D THFAMZ LS AHAFE S PET
EXTHAMAULE - 2 Y N2 R FRERRRE A Moruerella
FRASMAET R FRTF ERSER SRS &
A5 R o FPIT s & AR et § v 4p B (Park et al., 1999) -
&% % KAk R (100-500 mmol NHNO3)F » & 4 #& 5 T i h m‘p%‘]'
A M F Rk B (1-5 mmol)T Bl & AT 0 1994) -
BB ER T € R BAM A ] R A BA P g e ] 7
Ie B Rk & ¥ % > Paecilomyces japonica (Sinha et al., 2001) > &
SEIRFAT A ST F AR B A 40 (20 g/ 4r 3 60 g/L) @ 3 4o o 1
40 g/L sucrose™ 33 & “TH # il d < & 2.19 mm > Flkgc £ & e o
A0 kB AR o AT

e §_% 32 % Ganoderma lucidum:# % (Fang

and Zhong, 2002)® % 3 > glucose/k & 3 4r (20 g/L3 4r ¥] 65 g/L)
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""‘ ‘;‘; I-J—:AL‘/{«: ,‘ ﬂg’\ 1 6 mmﬁ'{& /)é‘ 'r’l:\ 1.2 mmﬁjﬁ‘f‘l:‘v‘/fﬁﬁi

B e HRIN IR 2 FIRE A ] £ PIRRER T A g 2 RS R

-. N..

4 R R B (Zhangetal., 1995) > FsiqcE ~fe b S pEZ & IR
trglucose S0 g/L™ 7 5% A & o
(Z)pH i

pH By M2 2 L et FHAF it 29 B3 F

o pH e T R R A S AR T S ¥ & R 4

F VB RERE B R RS TR Y

[
3
«
/\ -
R
whi

%32 & Penicillium chrysogenu 427 # > 35 248 3 &

3

i

BRI E St RIS SR b §EF A

fem B4 o F o BTG RE ié\ﬁ*glﬂ\x%iﬂ—"\i,&&\*ﬁﬂ

» 2

fenkg

‘S":p'

S
~

N
-~
A

Floidd > REFRGHMEART TR A FE AL S

#(Metz and Kossen, 1997) -
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(~) 7 I3 AR
WS F RN BRI T R e upEg A G

W EE L LIRS % - SN AR P sl 3 "p{f’]ﬂlﬁ%ﬁn‘:”\ oA EFI TR

o

ARl o e 4 fr g S FE e BRI o F BN H
W2 F R R It AL A g ik o 2 T
SRR A PO F T I T R G L B ) g
)1 - RIS T

(1) pH~jz

A Penicillium chrysogenum % Aspergillus nidulans 32 % &

\4-\

A2l FROMIFRPEFRNIREF p A A fRR % F 2 (Metz and

Kossen, 1977) # * & % ¥ (Park et al., 2002) - 438 5 & T 3 % 7]

1)1’<
13>i

BERENEARI AR TRALFETRIREE £ R

o

ERMEEE AT A LA g WA R

('L) ;'7%3(” g\‘%ﬁm/’k 4
BAAY PEMAL AWt R KGR §F FI0 IR
Eﬁmfiié‘i%’ﬂﬁg\'m I]‘i ’} ’H’ 4tg%;][»ﬂ?‘—v|zlé,p§:]»z,, ,1

B GREA G H A Rk 0 A G ARG f e
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Z_i* (Immobilization)dp F1 % * 1 Fojie > w14 3Lt F 1§ 3

7V -4 P ff g (biocatalyst) 545 # 14 (mobility) 4e 12 P4 P s 4
o fJ 4L 154 % 2 5 (Scott, 1987) ¢

U] A e enfs B T AR BB U e 2 AR L 4F

PR kg 5o L5 E kR AR T 1 1 F
fm¥2 % f% % (Gerbsch and Buchholz, 1995) -

(=) FMA TN o= 2 (B 1-5)
e EE N AR NmA R A AT A
¥ % Fi 2 (Cross-linking) ~ *#f % §* 48 > (Binding to carrier) ~ "} §8 ¢

1 ;% (Matrix entrapment) ~ j& % ¢ % ;> (Membrane enclosure)

1. % B ;% (Cross-linking)

F_L
g

2R BT 0 I B A IR 1B 2 3 e e
HE - A o Fenim e BEd 94k § pE(Peptidoglycan) B & @ & o pE
BRI ET 75 pd R TIPS Aot =
Az (Glyoxal) & ~ = fg(Glutaraldehyde) it 5 < B » 22 wmve B4 = 47
"%(Imine)(Fried, 1995)% = * § it kg - 1 W2 cnlgfpf et iz > Lt

BAF i S e IR A R
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Immobilization by binding _] LImmubiL by physical retention I

Binding to carriers |r Cross-linking J | Matrix entrapment H Membrane enclosure i
Ionie or Covolent Cross- Co-cross- Ercapsu- Hembrone
edsorptivel binding linking linking lation reactors
NWeNe S e N
E‘\C N bﬁ‘ c N @E’!jﬁiﬁa L) @®\1 | & @l
kA = S o ) 1@

. N gt &% @y | ®)
%\ k\\ ‘55-"" \‘-...-"J lg B

C :carrter B ! biocatalyst (cell/enzyme)

Bl 1-5 ‘e B2 it ek g B (Luetal, 1996 ; Winfried H., 1988)

Fig 1-5 Various types of immobilized cell.
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“if ¥ §“ 48 /% (Binding to carrier)
R X ;EJ‘{‘?:}I] * hn e 81 2L KA M ?‘WF& e TR s BT 4

A g

“H—

BIER o e FERON R o F P kA a4 7
fex A & e M2 (Adsorption) ~ #4552 (Ionic binding) ~ & i 4

%72 (Covalent binding) > % %340 (G5 » 2004) :

ot iE (Adsorption) i - ARG EHEEM 2 HA & RIT
*ﬁf‘é PIenie® 4 F AP o AR &
4% od MBS 38 A e R L IIRRY R

2,

#1542 % (Ionic binding) © ‘e %%‘ d p 2R ¥ (attachment) &% #2

N7

7 ¥ 3| 4 (Electrostatic attraction)®x ¥ % ;‘3 Bie >3- 4 Fow
(Bio-film) H 4t % 4 iz s e £ v 25 H i § o033 kR pH

%2 N D , — o

AR R Ak T

+

+ # 4% (Covalent binding) : %ﬁ ERRRE- SuERT AR LR oL | 2
BAAEES MR A AE I A BN E S 0 F A F
Iv gAY F R B ik iE o

. "} %8 ¢ ;% (Matrix entrapment)

oy
\\\-i-'
F_&
Sl
&
4
&
£
3
d},

FI* %4 FREF LFBF > i s

ﬁf
ko
o
=
R
(Ud\
\\\+—

R SRR IR gt e RIS B 0 W
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chaim e 1 9 e i3 R T8 A AT e 2 S A A T B AL
- pE TR R R

4. &% ¢ % ;# (Membrane enclosure)

i

3
\4
=N
ETTRS
-~
A
=

G R R ST R CETRR L
RIS Bk TR Y 0 TR R F L 92 & % P (Yoo et al,

1996) » fe 4 Bk LB 2 B A -

o~ 3 E A pE e R

fl*r 2 pPFHEFmMLtFr B XEHFS2EFRBE
(Bioreactor) 2 4 fi% #, (Fermentor) o % ¥ 2 4~ $itrevgd B > 1% i
B R E A LM SR A f o )Y it b e ] R B U

AEFIIEE w5 R R 2 B LA P

ED “,/TT T S R SN 3 BE 1 (Mechanically stirred tank fermentor) 2
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(@)

=%

B5-E]
I oy B
s

I

Mechanically agitated fermentor

® Y © Y @O —

D

I |
|

N P
e

Pneumatically agitated fermentor

I

Bl 1-6 & 6% L2 3 % (Chisti, 1989)  (a) 3N 5 (b) ¢4

o) FENMMPEN) ) oFENCHERY) -
Fig 1-6 The common types of fermentors. (a) Mechanically agitated

fermentor ; (b) Bubble column fermentor ; (c) Airlift fermentor

(internal loop) ;5 (d) Airlift fermentor (external loop) °
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% 1-3 7 g i 2 Bt B o

Table 1-3 Characteristics of different fermentors.

B B B
WA R, 1 Renk i l. A4 #E
2. FEFARE R 2. BB A4
3. = AiEB
=l 4 l. BHHE 1. ®RE»c% 4
(* FFEEN) 2. A 2. PR EBAAE LR
3. T4 i
4., 2PREAE
F RN 1. HEmsck 1. ¥4 FiaRt
2. f i 4 2. FiEEBAR R

(& > 2001)
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o 3 F B pE ) (Pneumatically agitated fermentor)4eie 415 2%
% # (Bubble column fermentor)fef & ;% 3 f% ) (Air-lift fermentor) %
? Ie AL 30 2 5 e e B ) (B 1-6 ~ & 1-3) (2 o » 2001)
(=) #4358 p2 4 (Mechanically stirred tank fermentor)
PRI SN 5 P IR R oA Y (B 1-7)k 2R & e
05 T R ka0 B EER R R B ()& N D)2 W b

(H/D #E)id ¥ A 2~3 =+ ot f;ﬁ.’% ﬁ?—ﬁ% W AR O WEER g#&—

WP EF R R e AE AE R R F A5 R

B d B4 R MR AR AT bW A SR

BAa g es M BB F o 2 Y R s

SBE T BAE AR RE RAMIAF N B EF 2 €T

oo d B E e KL o

(=) #F #3435 % pE # (Pneumatically agitated fermentor)
FERRENFEYOHD B ¥ <33T 526100 &

HELE B 0 S RIS L 0 BT B o TR PG BB

LA R R B R ARY KT B R AR L2

FOE B L o F e FALRE o ARETR R Bk (TR AL

1. Je 413" % p% # (Bubble column fermentor)

PRI A LE A ¢ R R W
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;-

P ¥ ) 2

(e)
(=S0=0

(d)

B 1-7 AR E ¥ 25358 ¢ (a) disc turbine ; (b) vaned disc ; (c) open turbine,

variable pitch ; (d) marine propeller (Solomons, 1969) -
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EAoF MASCE R TS 2 E 15 2~ faeng & A
FRAKCRR F g RN FRRY FFHRMRL .
2. F BV pE A (Air-lift fermentor)

- AN F N F R LB A F RN RN W A
Yin g (Drafttube) % » Hin g 7 MR P AUTRR AL RS EF W
et Ao % (Rise) » &2 2L § % 3 0T 'F i # % (Downcomer) o d
WEF RV G KEB g Wik 5 (Gas holdup) 0 i iE B w D

AR KT F BB R 0 FlA i SRR R RIR

33



$ o

B
\\\

- &R
(-) #F& A
A 3# 5% F Tk = Trametes versicolor (Linnaeus : Fries) Pilat.
(BCRC37118) pp A7 8 1 ¥ HF B T2 F FThik 3 2 &
;L'“ ¢ Lo
(=) RRE S
1. 3,5-dinitrosalicylic acid f-p & 27 Panreac Quimica S.A.U.=
a .
2. D-(+)-glucose F-p # B Sigma 2> @ o
3. Corn steep liquor o # & # {2 P p¥ % o
4. Yeast extract ~ Malt extract ~ Potato dextrose agar (PDA) - Potato
dextrose broth (PDB) % jic 4 # % % F.ptp &¢ & Himedia = & -
5. KoHPO fosk — i@ & pt g p Aok B &1 £ € Ak o
6. Potassium sodium tartrate ~ KH,PO,4 ~ NaOH -~ Phenol ~ H,SO, %
BE- MR ST MR P
7. FHFREEE RP L1 2 F(95%) -

8. ij i & KM-72S pp AT H 1 L x5\ ¢4+ o
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() Br e

1. £ 5 2 % A ! Potato dextrose agar (PDA slant)

2. T 5 2 % A ! Potato dextrose agar (PDA plate)

3. FfT# & 4 | Potato dextrose broth (PDB)

4. #5332 % 2 * Glucose 30 g/L ~ Yeast extract 3 g/L ~ Malt extract
3 g/L ~ Corn steep liquor 45 g/L ~ K;HPO, 0.1 g/ ~ KH,PO,4 0.1
g/L o

5. % p%H 32 % A ' Glucose 30 g/L ~ Yeast extract 3 g/L ~ Malt extract
3 g/L ~ Corn steep liquor 45 g/L ~ K;HPO, 0.1 g/l ~ KH,PO,4 0.1

g/L ~ i) e Al 0.165 g/L -

C o REZRA
1. pH meter (SP-2200 - } ij& ®REW>F T @ > Taiwan) o

2. %~ %k R 3+ (Spectronic 20 Genesys, model 4001, + = ik % >

3. ZF 2 3% A £ (Huxleyhl-340 » -k ~ P % ¥ » Taiwan) °
4. FF PR ALCYS PR E > Taiwan) o
5. 2§ 3 % $4(Firstek, model : RI-150 » — 2 # 3£ > Taiwan) °

6. i 3 ;% & ¥ 3¢ % $a(Firstek, model : S302R > — < fL 3L > Taiwan)

7. (R R BIRICE 0 % KR F R 7 0 Taiwan) -

35



8. 32 (Oster regency) e

9. £ A3 i 3w 5 (EBA 12 » Hettich » Germany) °

10. 425 A & F B (Power sonic 405 » Hwashin Technol. Seoul -

11.

12.

13.

14.

15.

16.

17.

Korea)

S E 4 4R B (EBCA-20PTS» #etk % 4 12 7 > Taiwan) -
F B 78 pE Y (air-lift fermentor > 7L S AR 4 R E) L BWAH
TLFFEFEHF I 6L *2HEFMHA S SLp X3 E0
F(MET7S5cm> B2 2mm > % A 20 cm) e

# AL 208 -k if # (Firstek model : B-101 > — 2 L3 > Taiwan) o
MR % 3 A Tk F (Firstek model : B401L » — = 3L > Taiwan) -
% # ¥ /¥ (ORSOAMP 5000 > ¥ 354+ 5 *T = & > Taiwan) ©

ABAFAEESCERFAERFF L2 P Taiwan) o

W ¢l %8 : BISCHOFF RI-DETECTOR 8110 -

# »~ & : Chromatocoder 21 ©
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R R

P2 3 AT PDA 3 & x (plate)® > 1 25CET T 288
P-4 8 FSEHY 5 100mLPDB & % % 9250 mL = £35g¢ o B F
4 6% (25C 100 rpm)> & = cHEFFE B FHIDT 30 42 B~ 5% (VIV)
FFeR 583 AT FF P ¢ 7 L ARk IE R s & TR T
AT L iE R T2 £ AR5 o BB g BRI L R A (Whatman
No.d, 3“jZ+ ] 5 20-25 pm)i& {74 § BiR 17 Pl S M 2 5 pR i >

A ML FSIEE e N SRR A BRI BRI LR R B

¥pbp AfAY w2 I F 0 d R4 PDA slant ¢ B F Sk AT

e W e PDAslant + > 32 25CT AL 32 2 F FsA 0 2 (54~

Kty

H REZEEEAG BT ACHFFHFT -
(=) FfE=E"
B3 2 LA PDAslant ¥ 24 b @4 > JI BAERPGE R
41405 PDAplate ¢ » £ 25°C T3 4 6 R e - = FpEs 1 - =
YR E T 6 mm 2 pLIF B AR B 552 PDA plate 2 B~ 5k

Bu(R@3%0 - BEJE 6 mm 2 FURTAL | H ) B350

PDAplate + > 3*25CF 4 £ 6 % o
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(=) Fpes %

e - = F v PDAplate P P4 B i FSiH AT 75 100 ml
PDB £ % i 51250 ml = & 5L ¢ > 2 25C #iE 150 rpm i 2 T 2 iF 3
£6% o33k nd L FFSr ST AR £ 0 T A B AR A

FREH TR

Mgt 2 FAFTLBR I FF <P (ARFREHL7 L cm’
FAFHSELHL IXIX09 cm) » A8l &k 5 1 H o ik F R
o L UROREE - 1S #oRREE 0 Bets BT H o
() #¥ %

fe @3 % AL >0 ¥ U NaOH#pHEA I 6.0 » B[:EF LT
Lofeagsg i

5% 100ml 2% A2 250ml = £3557 > & %l4e » 10 H =
e 2 FAF > 0 121°C ~ 20 min BF # R B4 PR R FRES

ml> 3 & REDTHSMAS ERWAGFRE - B Lo d

FE% o g7 100ml 3 & A2 250ml = &5gP o & w4
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» 10% ~ 15%% 20%35 % ARk H (V)R8 0 R RS R RS
ml B RBREFLZIFASLENEIBERAL
3. #HAE
KRB 3 F 100ml 3% A2 250ml = £ 5TY 0 & w4
rEc2 PP B E iE > REAGERAFRFES mlo B2 Y
B g i 32 % 48 cdgad 2 B 242 100 rpm ~ 2 A 150 rpm % A2 4

150 rpm = % 5z & 100 rpm 9% Ff B3 £7(two-stage)ifh > 12 %

%

C SO AR R R IR L E e S

Eri
o

BL%

LI

X
g

4 HAgr HE S ZERP AR BRI IR E L ER
Ry @b L i EFE -2 5 Run0- % #AH
HESF L AME AR A 8 X 0 R F RN OTRET Ay

P BB FMZ AR AN 0 4o~ 100 ml AR F A 4

() B £
ZEEREREE I FENZ BN B FHY S8

2
“~

B

AN

B e R B D T E A S K nE S e o 5 BB e

/= = T —
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1. §F F# %

IR 1 8 W (size 1 om®, 10% v/v) B 3T S0 F ] 4 5
PR L TR S NGBS A TLF
BN 4o » SLERBNE R A 2 121°C ~ 21 minif 2 7 -
FEAAPIS R ORFE250ml BEE 5 5% (V/v) o

pRRERTIEE 3. 3

A F RS E RN A0 E A% EEIRE S B A
Fogeht Ao A HL FAUORM AP pd i o F P
S MR A RIEANP L R AL ITHES R S A A

e BRI o BT

TEFFR AT 45U NE P FS 0 £ 2 RO KiF sk
Ko BTOCHEHY LI EE o
(=)pH &
1 * pH meter P % f¥aik s pH & -
(=) AAELE

*E AT B g (8 = B AR &2 (Dinitrosalicylic acid,

DNS)(Miller, 1959)ip] A #E > 2 R i fI* BRB(AB%H 5§ F
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WY R S o RRBB Y 2 A &k R (DNS ; 3,5
dinitro-salicylic acid):® i = /% ¢ 2. 3-% A 5-#W A kFpe > H 2 H %
o0 wST5nm FERARKE o FRAMLMFFRAFEIES
RPN Iml SRR Y T r ImDRRFTRE(ZY 2
21 ml RO KB~k &) 0 38 100°C-kig ® g% 15 2 4ais By o J‘\ét
05ml CirufEEgpd » Bts 2 25°C T -KiF 10 &~ 484 v > 718 =3
dEF R L kLRSS mm TEFREFHEKE > Bk E R
S I EIE PELESET T

A % ¢ 1% 3,5-dinitrosalicylic acid ~ 0.2% Phenol ~ 1% NaOH -

Bi% : 0.05%Na,SOy, °

C % : 40% Potassium sodium tartrate °

D% : 99%A % +1%B % (4 & pel) -
(z) 42 ipz £

F* i3 i s B fk /2 (Phenol-sulfuric acid method) (Dubois et
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Bl4-1 25 PDAS S r 2 Fud £ e (a) HaE™ 6

% 5 (b) = =iEI o
Fig 4-1 The mycelia growth of T. versicolor on PDA plate.

(a) 6 days after activation ; (b) 6 days after subculture.

Fl42 PDBE % AR% 622 3 XHARTE -

Fig 4-2 The mycelial mass of T. versicolor after 6 days of growth in PDB
medium.
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2 LG (b) 3 10 X B2 LT (0) i i AR & PR -
Fig 4-3 The mycelium attachment on polypropylene foam carrier of
culture T. versicolor. (a) culture day 0; (b) culture day 10; (c)

culture in shake flasks.
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Fig 4-4 Effect of carrier types on residual sugar content of culture of T. versicolor during
fermentation.
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Fig 4-5 Effect of carrier types on pH of culture of T. versicolor during fermentation.
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Fig 4-6 Effect of carrier types on the production of mycelium biomass from T. versicolor
during fermentation.
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Fig 4-7 Effect of carrier types on production of extracellular polysaccharides from T,

versicolor during fermentation.
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—— Polypropylene foam ---2--- Scrub sponge
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Fig 4-8 Effect of carrier types on production of intracellular polysaccharides from T,
versicolor during fermentation.
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Fig 4-9 The mycelium attachment on scrub sponge carrier of culture T.
versicolor. (a) culture day 0; (b) culture day 10; (c) culture in

shake ﬂasks.\
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Fig 4-10 Effect of carrier loads on the production of mycelium biomass from T. versicolor during
fermentation.
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Fig 4-11 Effect of carrier loads on residual sugar content of culture of T. versicolor during
fermentation.
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Fig 4-12 Effect of carrier loads on pH of culture of T. versicolor during fermentation.
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Fig 4-13 Effect of carrier loads on production extracellular polysaccharides from T. versicolor
during fermentation.
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Fig 4-14 Effect of carrier loads on production intracellular polysaccharides from T.
versicolor during fermentation.
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Fig 4-15 Effect of shaker speeds on the production of mycelium biomass from T.

versicolor during fermentation.
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Fig 4-16 Effect of shaker speeds on residual sugar content of culture of T. versicolor
during fermentation.
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Fig 4-17 Effect of shaker speeds on pH of culture of T. versicolor during fermentation.
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Fig 4-18 Effect of shaker speeds on production extracellular polysaccharides from T. versicolor
during fermentation.
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Fig 4-19 Effect of shaker speeds on production intracellular polysaccharides from T.
versicolor during fermentation.
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Fig 4-20 Production of mycelium biomass from repeated-batch fermentation with immobilized T.
versicolor cells.
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Fig 4-21 The residual sugar of culture at repeated-batch fermentation with immobilized T.

versicolor cells.
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Fig 4-22 The pH of culture at repeated-batch fermentation with immobilized T.
versicolor cells.
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Fig 4-23 Production of extracellular polysaccharides from repeated-batch fermentation with
immobilized T. versicolor cells.
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Fig 4-24 Production of intracellular polysaccharides from repeated-batch fermentation with
immobilized T. versicolor cells.
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Fig 4-25 The modified draft tube in air-lift fermentor with
carriers inside.
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Bl 4-26 § B wpE Y 2 I RSHE AR 25

Fig 4-26 T. versicolor mycelia aggregated on the top of steel net
in air-lift fermentor.

Bl 4-27 e F £ 0.5 vvm B AR ¢ R F R o R

Fig 4-27 T. versicolor mycelia flaked from the carrier and suspended
in the broth in bubble column fermentor with aeration 0.5 vvm.
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Fig 4-28 Production of mycelium biomass from repeated-batch fermentation with immobilized T. versicolor cells

in the bubble column fermentor (Each batch run for 5 days).
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Fig 4-29 The residual sugar of culture at repeated-batch fermentation with immobilized T,
versicolor cells in the bubble column fermentor (Each batch run for 5 days).
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Fig 4-30 The pH of culture at repeated-batch fermentation with immobilized T. versicolor cells in the

bubble column fermentor (Each batch run for 5 days).
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Fig 4-31 Production of extracellular polysaccharides from repeated-batch fermentation with immobilized T.
versicolor cells in the bubble column fermentor (Each batch run for 5 days).
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Fig 4-35 The residual sugar of culture at repeated-batch fermentation with immobilized T.
versicolor cells in the bubble column fermentor (Each batch run for 4 days).
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Table 4-1 Effect of carrier type on production and molecular weight of polysaccharides from T.

versicolor.
Carrier EPS (g/1) IPS (g/1) Molecular weight (Da)
EPS IPS
Polypropylene foam 0.717 £ 0.057 0.182 +0.023 3.87x10° 3.48x10°
Scrub sponge 0.235+0.011 0.101 +0.003 1.47x10° 1.35%10’

Values are means =+ S.D. of triple determination.

EPS : extracellular polysaccharides ; IPS : intracellular polysaccharides.
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Table 4-2 Effect of carrier load on production and molecular weight of polysaccharides from T.

versicolor.
Carrier EPS (g/1) IPS (g/1) Molecular weight (Da)
(v/v) EPS IPS
10 0.717 £ 0.055 0.182 + 0.023 3.78x10° 3.39x10°
15 0.688 + 0.009 0.172 +0.019 3.64x10° 3.31x10°
20 0.458 £ 0.033 0.199 +0.017 3.56x10° 3.37x10°

Values are means =+ S.D. of triple determination.

EPS : extracellular polysaccharides ; IPS : intracellular polysaccharides.
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Table 4-3 Effect of shaker speed on production and molecular weight of polysaccharides from T.

versicolor.
Revolutions per Molecular Weight (Da)
Day 4 Day 8 Day 4 Day 8
100 0.717+£0.057  0.182+0.022 3.23x10°  3.89x10°  3.57x10° 3.42x10°
150 0.333+£0.029  0.124+0.012 3.25%10°  3.90x10°  3.74x10° 3.51x10°

Two-stage 150-100  0.581+0.035  0.158+0.014  3.33x10°  3.78x10°  3.56x10°  3.77x10°

Values are means + S.D. of triple determination.

EPS : extracellular polysaccharides ; IPS : intracellular polysaccharides.
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Table 4-4 Effect of repeat use on production and molecular weight of polysaccharides from
immobilized T. versicolor.

=g

Culture time EPS (g/1) IPS (g/1) Molecular weight (Da)
(day) EPS IPS
8 (Run 0) 0.644+0.035  0.185+0.021 3.77x10° 3.58x10°
13 (Run 1) 0.711+0.015  0.126 + 0.044 4.36x10° 4.89x10°
18 (Run 2) 0.500+0.059  0.181 +0.068 3.43x10° 3.76x10°
23 (Run 3) 0.556+0.002  0.124 +0.039 2.81x10° 3.22x10°
28 (Run 4) 0.674+0.021  0.163+0.036 3.73x10° 4.78x10°

Values are means + S.D. of triple determination.

EPS : extracellular polysaccharides ; IPS : intracellular polysaccharides.
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Table 4-5 Effect of repeat use on production and molecular weight of polysaccharides from

immobilized T. versicolor cells in the bubble column fermentor. (The fermentation cycle

was 5 days)
Culture time EPS (g/l) IPS (g/1) Molecular weight (Da)
(day) EPS IPS
8 (Run 0) 0.565+0.019  0.116 +0.040 2.72x10° 6.62x10°
1.82x10* 6.72x10°
13 (Run 1) 0.797 +0.009  0.176 + 0.037 2.88x10° 6.37x10°
1.09x10* 6.54x10°
18 (Run 2) 0.684+0.036  0.115+0.040 2.64x10° 7.14x10°
1.61x10* 6.47x10°

Values are means =+ S.D. of triple determination.

EPS : extracellular polysaccharides ; IPS : intracellular polysaccharides.
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Table 4-6 Effect of repeat use on production and molecular weight of polysaccharides from
immobilized T. versicolor cells in the bubble column fermentor. (The fermentation cycle

was 4 days).
Culture time Polysaccharide production (g/L) Molecular weight (Da)
(day) EPS IPS EPS IPS
7 (Run 0) 0.438 +0.027 0.142 £ 0.030 2.70x10° 7.41x10°
1.71x10* 6.37x10°
11 (Run 1) 0.570 + 0.027 0.236 £ 0.011 2.73x10° 6.66x10°
1.27x10* 6.78x10°
15 (Run 2) 0.616 +0.011 0.187 + 0.030 2.68x10° 6.27x10°
1.33x10* 6.52x10°
19 (Run 3) 0.815 + 0.040 0.230 + 0.023 2.69x10° 6.38x10°
1.21x10* 6.82x10°

Values are means =+ S.D. of triple determination.

EPS : extracellular polysaccharides ; IPS : intracellular polysaccharides.
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