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MABREXERABEL EXFAFEEHNHR
ERY Kk AHE

L REETR AN 310027)

M F RAEAREHHEEEBEAE (Trichoderma reesei Rut C) ML MM, BEE
HHARELKREEAS TEEMMER A KRNI RETRTFRENOMNRE L
GE-NREFTHEEHT. £ 30C. WK pHAS. BIEHE 150 / min WEHA T, EEEY
HET R KA HERRR. SHERFARN 60g / L IEHEAW 4.5d, 3t 54d. HFRM b
SR IS 125 0.701U / ml, R 26.41g / L L3R 0B (1 89.11%. Eefblig
RESER BREHE 105/ LEL. CHEENESF. EXFERNERTRER
120g / L. 7d J5 i MR P35 52.81g / L LR 3 89.20%. 1M 2 10 2 B A B 8 P M
RACHMA TN TENE. RAER. BT EEALRE B £AEHBTEESS
EHEEMFRE.

XWIB  EECHE, 6 XKW, EKRH, B

%8 TQ9.1

FEEHFADKBN REABERNEREIRTE, TEEEYFRERY T
FIRESIRS A0 TR R, A ERME S R TR 0 7 ) 0 50,
BEFER AAREORHEERTS, HEFNEN2RBB+IEX. EF%
RENOBRELIZS . FEEMNENBARESRES ARRMN T L AGRE
FHBITH., FER AN CERRFETFRT KBNPFR T, BRKAT — &
EOHR EEAMTRAANE —CEY. 6 A MRS 8K BON AL R
MUERIAK MERARBHE=RENAMEY, SR BRNAREEEEEBAT
RERABELAMO IR, ERFHEENOEREG, TUFFERBH SRS Ek
RHOEBELASE - MRESPANES, IREHNTRETZ. RO R &0 %A
EFERE, FXIEEREF RIS EOTRSR.

1 M eFe %
1.1 M

KM B R 5 B KK (Trichoderma reesei) 945 B 2458k Rut C30, 3% & L E B #b
fR# [ (American Type Culture Collection)., ¥ EHBEADR Y #ulE. BILsE
L. ENCEBETHERELE, TRETERESA.

* WHNANERRESTEIE.
*« AT MGy, BT KRG,
WA E 8. 1996-10-21
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1.2 BHE

B A B A& B A RN 3% 3 B Mandels S M Bl RCH.

EEXBRABELEIARAHNERBRBUEEREB)Y, BEXRTERN.8H
¥R & P& KH,PO, 2.0 g, CaCl,. 2H,00.4 g, Mg50,. 7TH,0 0.3 g, *tiHl 80 1.0g. LU K
FeSO,. 7TH,O 2.5 mg. MnSO,. H,0 8.0 mg, ZnSO,. TH,O 7.0 mg, CoCl, 10mg. pHi#:
BEREMHRAE 438,

PRFHFEE 21CTEMKE 30 min, EHEEA.

13 ERASMZamaERE”

250 mI= AR MA SOmlEKIFHE, BEAFEEMS, T 28C. 150r / min &
BT 55 48 h, TR ARE .

PIEARREAKARELRT 90% A ESH A7) 8% RHEZTERKAS
MELER. $RENA --ERAPEXx2x1cm), BRAEREFEDRA S Z LB,
£ 121C FTXE 30 min, BEGEA 10% KBAEM: T 30CEREMTHF G,
ZHAKERR. ETRHECEREK LN HLMRER.

14 BR{BRABOARBRRL&HE

BRER 4% R_EERZ. 1% RREET. ALEREIIR K. COMRETRE
SR, RAASHEMNER, B TRHMFERE TR 8B,

1.5 EXEFHOMLE '

Ak ERERRREE0ELEL. N 2% W NaOH ZERERKE Y 14,7 85CTF
. KB ZpHPH, 100 g EXBH (THE) S MLHES, FERETIEA %
K499 KEK 6.4 g(E B 62.4%).

1.6 EXFEFHOML

KRG 4E 250 ml I =AM 1000 M S ARy, YEZARKETCERE.
HiFZBRALEEFR, R RE, SEERY (S HL4BN ERBFERELT
FTHEIBRERNGFEMA. B=AEE T 30C . 150r / min BHE K E IR IS5, & BB
MEERE TR EERTE N pHESSE, X HEARERS . WREE. WA
FHBIEAEAEXENAE 58 ERSHE,. EXEHNBELRETAHE.

AL (%) = HEES R <09 x 100
EPHEaEETHR

1.7 SHMEHZE

HEXME NEERELHEALED S RENER FEFEREY, -1 B4E
MIENFPABRRECUETEABEREYE AR lumol AKX KA.

BIEHR DNSG.5-“HEABB)ENE. EARTMBRN RS (WER. A%
M%) RA B,~Rad HPX-S8TPE MM €3 1 i,

2 BFAiti
21 EEAREEZMBEEYL
ERABH LY RESHEABZUTEHLEHEE. HBEARHRIEZAN,FE
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BEERTHNOELE ShEXLERLLBBRETEH, EREHRMER. B
HMEEAEMHLERKLEFENRROGG REH ST REE, EHHGHERR
EEI1-A). £20EREERRKLFBEHRRTED 12g(FE), lWGh T

=7

1 BRABRARMEAHEERAL

Fig.1 SEM photographs of immobilized Trichoderma reesei Rut C30
A(XB AR EZABEK LB ZHBLZ The immobilized hyphae on the porous supporter;
B( x 406). M A 54 XS H9E EH WL The immobilized hyphae afier used for 54 days.
FEFHFHEEAER . EEAH MM,
1 FRAAHDERNERA, E o Hx%
17 HTEREER 4G, BELHWELERK

5

“T 6 Mgz EKRERBAULE R, BTk
3 @ 2, ds MUBBER ERMY@EI-B). X
g t oz BOUER, BRI 4 TLAR A B S O
7 wof | 1, mmEmsemE R R e e
8 e, EFTERBAMMOECRRSERGN

(X3
=
|

BAeEKHEE B CRECLARESRE
’ ¥ ENHATH ATER T KB %

T T R TR SR a7 H. :
i} @ Time(h)
22 EXFEFAOH#AMLTR
B2 BRI R & B 5 1 B S AR R AL 9 2 1

Fig.2 Time course of com stover saccharification

in baich process TR —HE A 60 /LB EXFEF (R
I WAL % (SE) Saccharification efficiency; 2pH® T B KRG BRI RN 2964 /L), 3
pH value; 3.# BXM o B (RS) Concentration of 48 hig, KB AT HEMO LWL, B
reducing sugar. WHBEER, FeEEBKEENTE, B

108 hiff JGOB ¥ [ 3K 27.1 /L, HE R BAL R 91.4% (H 2).
EEXHAERBEFIBRT, KESRFEHTREENA K SRBM, BT ERE
RERE. RNYRABSLERABEPrFEREN AR P RWRE —BE
0.5g/LEEY, EARRP, BTRATEERHANSLERE, BEtHzaRe0ERE
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K+, X, —fj'ﬁf’ﬁﬂa&ifﬂiﬁ?”%ﬂ‘lﬂiﬁﬁﬂﬁﬁ?“im. By g wslbiA
R bR R AL RR, TE XA MRS LEa R,

EfMATLE£4T. RRESHERABER #ITEREH (60g/ L) WE{LiA%R,
SHASd, EE 12,35 54d. AR 1 HTLES, HH AR KER b8 — 5, LTy
%38 i {85 49 89.11%, PFA ¥ ¥ % 0.70IU/ mL, 4 LW E S H B (TE)EXRFE
10g/LES. BFRATELRBERS, HHLBH pHRIGE 45~48 20, M EE
EABRAENE IR, ARIBFREAMEYERAR.

BT REMY SRS &R YERBLRSER — RS DT, RTeTZ.
BARERE. EEETEAS AN, a THEARLATEKRIMNRBERS RTHZ
BEA KN AR R WA YA R, 1 E AR5 107 A WS BB, BT EUSUATT K AR,

21 BESRIEFXRER

Table 1 The results of repeated baich processes using immobilized Trichoderma reesei cells

#ox® FPA A B (/ L) EEM(e/ L) AL (%)
Baich (TU/ mi) Immobilized cells Reducing sugar Sacchanification efficiency

0.62 912 2440 8232
0.75 9.62 27.09 91.40
0.71 10.44 27.24 91.90
0.65 10.81 28.26 95.34
D.48 10.88 27.71 93.49
0.55 10.25 26,85 90.60
0.82 10.55 25.03 84.45
1.02 10.03 24.59 82.96
(.66 9.66 25.52 $6.10
0.85 9.23 26.23 88.49
11 0.60 9.56 27.18 91.70
12 0.73 . 1028 26.84 90.55

2.3 B ML TR ch G4 REETE SR IEILIHIE

ERATTEAT, SEEXMNEAEDN L FHBK (H3), ¥ 12h/5 PFAKSP
0.431UMml. ZEBMTRELERARNBRE EABY 10 /LNREKT. HETEFHK
VR BT MR R, BT R S RE. AMESEENRE 220G, BHFET
MFPAFEREREE RAHATHE. XTERATEIAEEMBEBEKTEREDR
BB 8. ¥ Lars Vallander # Kad-Erik. Eriksson i &, E K A X FH BRI E
o, AR L S RN E R TR, X SRS ARBOBRRARL. R
 12h~ 60 hiX B2 B [|] g, B AR WA P B B 69 FPA 1R/, BB A FORFF B K #4H
S AU E S B EMERERANGEE. AF AN EEBRKRRERNEDR
B FF 0 0, — EL4F o 2% 5 W BK AR, F 4 T W U VTSR [ U b A BB 3 R B, 35 3F 60h
B, FPA A S, Wit E S SRR AN S, B T ERXRERE: R
BT 4 2 5 K AR Y — 2 b ) P (s o S S MR S A AR A, BT 96h SR B A ML
f# FPA 53T 0.75TU / ml. Eﬂsiﬁs&%ﬁ?,iﬂ&ﬁﬂmﬁﬂ‘aEﬂ:ﬁggmﬁﬁﬂﬁ
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R AHEAERBSSRHEBREPMRE S, GBI EANLHRTHEE &, IHRESH
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Fig.3 The time course of cellulase activity

changing in batch processes

1. SR B (FPA) Cellulase; 2. ERBEFIE(S)

Concentration of com stover.

24 EXREFMUCABMBS D0

FRARABHEENNE EhBERATGELERETVEAEYRATSFEN, 2
B EE Y 54.4%, KB 35.7%, S48 7.5%. A2 2.4% (B 4)., T 580

B4 TRBHKBEENR
B

C. &% Xylose.

5 90.1%, BT T A HAREL. HH. AN-THEZR™ 5.
2.5 EEERLE

HALZH, EXFREEFEFES - KENMA, BTEHAEON AR, it E&E
EHBRERSE—EZH, BUHAERYHREZIRG. ATRELX-YHIHEHIR,
RAVEST 7 B A5, EMAEREHFERE -BRMIRT (120g/ L. KR EH %

K592/ L), RAARRMBRTR, K 7d GBS R (FE 2).

WRSREY. ERESEARR, #0058 SO F e #h i & 9% £ 07 LUR BB 4h 3%
' ®2 AMERRRER

Table 2 The results of fed—batch process using immobilized Trichoderma reesei cells

Fig.4 High performance liquid chromatogram
of hydrolysate derived from com stover
A H#T Cellobiose; B. W& # Glucose;

BHAEAX  Feeding Manner 1! o’ m' m
% Glucose(g/L) 18.08 25.51 29.02 25.60 30.13
A Xylose(g/L) 17.82 18.05 18.28 18.01 18.32
I Reducing Sugar(g/L) 42.83 48.32 51.82 47.40 52.81
mi® Saccharification '

Efficiency(%) 72.34 81.62 87.54 80.06 89.20

Note: 1. Feeding in two times(60g/Lx2); II. Feeding in three times(40g/Lx3); II. Feeding in four times

(30g/Lx4).

1.Not adding autrient salts; 2. Adding nutrient salis,
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B, R2IPICHRALEEZET 89.20%, SHA T Y #4 THALRNY LHEMAM (F 1), &
HATZ P, GHXBNAFHERYARA 60g / L, AW 4.5d; TR 8 IH B R K =,
HEEYHSNBTRED 120/ LAY 7d AR U T 4B 0k, 7 B8
BT A AR &,

R E B AR SR IR SR, LI A 4 5N i R ek, &
THARBNEAAA LR -HHERNER. XFENEAFLEA TSN L ROER
W] 8 2 PR T R

2 £ x w

(1] ®EE EWMTEEM. 1989.5(1):6~7.

[2] Mandels M, Medeiros J E, Andreotti R E er al. Biotechnol Bioeng, 1981, 23; 2009~2026.
(3] ERH. KRB Z dEHbREEE. 1993.17(D): 1~6.

[4] Ghose T K. Pure & Appl Chem, 1987, 59; 257~1268.

[5] Turker M, Maviuma F. Enzyme Microb Technol, 1987, 9: 739~743.

[6] Vallander L, Kriksson K E. Enzyme Microb Technol, 1987, 9: 714~720.

[7] Yu A H C, Lee D, Saddler ] N. Biotechnol Appl Biochem, 1995, 2i: 203~216.

SACCHARIFICATION OF CORN STOVER BY IMMOBILIZED
TRICHODERMA REESEI CELLS

Xia Liming Dai Shumei Cen Peilin

(Department of Chemical Engineering, Dhefiang University, Hangzhou 310027)

Abstract The mycelia of Trichoderma reesei Rut C30 were adsorbed and immobilized
within the porous polyurethane supporter. It was found that the synthesis of cellulase
by the immobilized cells and the enzymatic hydrolysis of comn stover were able to be
carried out in a nitrogen source—limiting medium. Under repeated batch processes with
60 g/ L com stover pretreated by 2% NaOH at 85C, the average cellulase activity
(FPA) was 0.70IU/ mi, the concentration and yield of the reducing sugar were
2641g/ L and 89.11% respectively after shaking culture at 150 r/ min, 30T, pH4.8
for 108h. Total of 12 repeated batches were performed in 54 days. The immobilized
cells kept the weight around 10 g/ L. The fed-batch process was also studied with the
same immobilized cells. Total of 120 g/ L corn stover was added in different feeding
manners. The reducing sugar of 52.8 g/ L was produced after 7 days and the
saccharification efficiency (89.2%) was almost the same as the batch process. The
results indicated that the cellulase production and cellulosic material saccharification in
situs by the immobilized Trichoderma reesei cells is an convenient and effective
process for conversion and utilization of renewable biomass.

Key words Immobilized cells, Cellulase, Comn stover, Saccharification
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