529 B 2 S s : 22 Vol.29,No.2
2008 &2 H & o £t RS Feb. »2008

ENVIRONMENTAL SCIENCE

BREEE#HR BN NFREMAR

AN, SO AR T, IINE

QR FEIERL 5 TR R IR v e i il K 3 0030 %, bl 100084)

FE N TR AR B R B BRI S A0 G R I T2 000k, 78— RGBT R A ah B, g TR s i &
P B AT SR I R (W 3l 7 2 A, ISR T 1 eV R A 2 PSR 45 1R T IR B 25 20 il R1 A 77 B AL % S 40 B
SE LR, R RITAETRE S R AR B IR I T R S AR PR G ZE AE 159% LAY ST B 2 R IR 4 R IS S 50K
W, “H BN B R AP R IR B 1.78 of Ls 1] 58 A 55 73 187 44 1) F 3G KOE %46 (0.668 3 ') KT H &R R F71H (0.514 4
d™'); H EHETERE IR AR 23 A A B A T AR AR R AR AR, [ 5 4k 35 2% v IR 2 A 44 0 T A 2R G, B B REEE IR
BRI i AR S AR TR B TR TR AT, W22 /N R 5 8 MnP(231 U/L), 3 MaP & 80HE ) 4 115.8 Us(ged) ™", Hi
WSS SR T LAOREF 26.1 Us(ged) ™", 1& & R FHAMEL- 23 it A e i S U4 i MinP 17 5 o FLR IR0 [l S A 3 90 4 11 1, TR A
A [F] I8 5 8 MnP(410 U/LOFT LiP(721 U/L), B3 LiP Fl MoP & 8 66 J) 76 B 3 i 02 5 W) 2 R B, 2330l HH 248.9 Us(gedD ™' I
80.1 Us(god) ™" FFERI 0 Us(god) ™' F1 6.04 UsCgod) ™", WA 7E % HEAMEE- 73 S R ASE IR, b ) AL R 32 B 77 15 5% b 1 Lip
Y MnP WA 2 T .

SHRIA): B BT B T s A R R AR I s ) ) A A R

PESES: X17 XEIFIRTE: A XEHS:0250-3301(200802-0494-06

Kinetics Model for Batch Culture of White Rot Fungus
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Abstract: In order to understand ligninolytic enzymes production process during culture of white rot fungus, accordingly to direct the design of
fermentation process> a kinetics model was built for the batch culture of Phanerochaete chrysosporium. The parameters in the model were
calibrated based on the experimental data from free and immobilized culture separately. The difference between each variable” s values
calculated based on kinetics model and experimental data is within 15% . Comparing parameters for the free and the immobilized culture; it is
found that maximum biomass concentrations are both 1.78 g/L: growth rate ratio of immobilized culture (0.668 3 d™') is larger than that of
free culture (0.5144 d™'D; very little glucose is consumed for biomass growth in free culture while in immobilized culture much glucose is
used and ammonium nitrogen is consumed at a greater rate. ligninolytic enzymes production process is non-growth related; fungal pellets can
produce MnP (231 U/L) in free culture with a production rate of 115.8 U*(g*d) ™" before peak and 26.1 U*(g*d) ™" after peak, thus fed-
batch is a possible mode to improve MnP production and fermentation efficiency. MnP (410 U/L) and LiP (721 U/L) can be produced in
immobilized culture; but MnP and LiP production rate decrease from 80.1 U+(g*d) ™" and 248.9 U*(g*d)™" 10 6.04 U*(g*d)™" and 0
U+(g*d)™", respectively, indicating a proper feed moment is before the enzymes peak during fed-batch culture.

Key words: Phanerochaete chrysosporiums ligninolytic enzymes; kinetics model; batch culture

FI S SR AR B R I R o, bl s R IR AT LS 3
A 5 25 A 25 10 4 1 % R T A K R %
R CLP) RV A B MnP) ) k22
G WA A 2 I 1T LA 0 0 A AR 355 5 ol ot B A A
BLA , DRI AL A58 ¥ B W v BE A0 Ik 2 B0 H 58 K 1)
P S04 A o 25 92 o I P PR 800 i) 2 — S
R REARS) N Al 80 AEAR 25 A i LKA
RIS , H AL = ML % A 58 B I 2508 .

LR BRSNS RN B R R R A
JRAE LA R AR 77 0 e 5 It e 1) 28 4 3 A T R i A
oL, —J7 1A By Tt — P A R I A A B v = i
T35 T A B 1 S8 VR ON A YR R P e g sk R L2

XFAHERE A% T2 A R 58 By B . H SR
TR U R G 3D ) S B B SR TE AR D
Zheng 2L IR Monod-Jacob BT £ LG T — A
[ A S I B (U B S S |
( Phanerochaete chrysosporium ) 1 H &k I 55 77 ik 72
(i) 0 A0 40 i AR o 3R e A Bl 5 15 O, G v UL
T AR LT Be A2 4k s Tavares 2517 M9 A [+
ZAFT Trametes versicolor T8 5 IS I ( Laccase ) (1) 15

Wt B #1:2007-03-19; & 1T B #7: 2007-05-04
HEEWE: [} K [ARR AT H (20677033)
TEE R : RE/NT-(1980 ~ 0, B, T E AT AR, LR FT )5 1) A R B 2R
HR, E-mail: xxp02 @ mails. tsinghua. edu. cn
% JEIRIE R A, E-mail: xhwen @ tsinghua. edu.. cn



2 AB/NA5 R BCR R 9 B ) A BT 5T 495

Ol G T M SR o R X SRR B 0 A
PR LR HG P i e 7, s I T B R A, T
L35 2 1 15 7R IR R A T % B i R )
7, Ay A R I I ) ) S AR Rt — 2B W9 A
WAL 3 M1 Phanerochaete chrysosporium 1= B f £
i b, K RS ) AR I 455 Phanerochaete
chrysosporium U258 FRF R, AEFREIH N SR HIAR Wi S5
SR REAT T E AR B E TR R IR R AR
TRRIROE S K 2k — 20 70 it 1 15 R 4 1
RSHRFENA 5 15 L4 3 i R KF, SEBLBEAE SO
s PR RIS A 1 B Al

1 #MR5E7AE

1.1 Bk

TR0 R 8 1 JE TR BRI AR A A S8 % DR AT Y
Phanerochaete chrysosporium BKM-F-1767.
1.2 Figrdk

[l {55 77 2 (PDA 55 7 25D H5 4% 235 L 200
g/ L, W% HE 20 /L, Bl 20 g/L.

VAR B IR - 2 SCHRE 8 JA BE Al 15 7= B HEAT T
B b R T T TR - T IR N 2% A
1.3 ik

I 5 AL B AR R TR R A B (0.5 em x 0.5 em
x 0.5 cm) . BARLEWE KT 28 20 min J5 H 2581 7KiE
Yo 33, T e K &
1.4 HiREAF

W DR AT (0 B A e b 1) PDA [ 4 5% % 2k b, Ak
37TCHATIBOREE TR 7~ 8 d Ja, &AL 3 HUd & 1
S /o1 N e P R TR S 9 QT €7 N
FIE A WAR K 77 2 250 mlL HETE ML A, & A 28 0
(BA TR 1 x 10° A /mlL. 25 )5 BT 37°CH
PEIR W EEFE, BEIR TN 160 remin™" .

H HETE R IR I HEE A S 50 mlL K97
B, T [ E A B IR I HE TR A A 50 mL B IR AR
0.9 g #fk.

FREFRAAT TR R I3 AN 78 38 K L BT K
PAVH B 28 s S R 52
1.5 ek

B Rl R v B IR A R 2 B R R R T DNS
W5t G AR SR P 2 - TR SRR Akl szt s A
AP I E Lip W ES, LD Mn® b I
MnP 35 PENY s R TR T 7 b B e e AR ik
W 22/NER, IF T 80 CHEA N T 2~ 3 d BIHEE,
TR Frt, VSR 22 1 8 [ AL R R v, oh S

20 T T BRI LG IR A A T
e I RRRI 3 ASHE 14T D0 5E &5 R BCH P
M.

2 HBR55H

2.1 ERFR R I At R
2.1.1 HHmEFESE

16 B B ETER IR T, AR B A ek
DU 1 BRI R P O A — ER AR I 2 Lip,
MAERTFRE 3 d LA 0T LU 2] MnP, 55 4 d TS Y
Ingfak B FL0E(H 230.75 U/L, Do VGl B, 2156 5
d 5%4% MnP W5 110K 62.76 U/L.

300

-8 MnP
-@- LiP

250 —

200 —

=2 150

2

%]00—
50 |-

0+

IR/

1 BHEFERFHTAREERESRER

Fig.1 Ligninolytic enzymes production during free culture
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Fig.2 Time course curve of biomass, glucose and ammonium

nitrogen concentration during free culture
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Fig.3 Ligninolytic enzymes production during immobilized culture
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Fig.4 Time course curve of biomass, glucose and ammonium

nitrogen concentration during immobilized culture
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Table 1  Estimation value of kinetics model parameter

of free batch fermentation

ZH fhvIE Z 41 (MnP) Ve
ky 0.514 4 a 0
ky 0.561 6 8 115.801 8
ks 0 Y 26.064 4
ky 0.6126 ks 0.2392
ks 32.5274 kg 1.6161
ky 0.2450

®2 BEELSMBEFRHHEERSHHEITER
Table 2 Estimation value of kinetics model parameter

of immobilized batch fermentation
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