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O ARSI R T D HAREE A R IR ORI SR 2 BB, AR R I AR AT R R,

B IEAREARE S 30 gL, FEIHHOE T TR J (4~6)x10° mL™Y, fA: i 32~40 h, & R4 8%(¢), 75517 100 g/L
AR IR R R SRR R W T2 h )G, B R IR R Ik 53.51 gL, WS & BRI, AT LU ACHE A A 2 B kA T
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FESES: TQ92 SEKFRIRRD: A
LW s

DR A EZE AN, AT R
B BIE. frhh. BESEGUR. T DR R
PR At ik, B A B2 H aiktie,  AT5¢R
T A= 0 A A0 T 5 5 R T 4% TR Ay SR AT,
FII /D AR 25 (Rhizopus  arrhizus) % 22 (R B 1# 28 FEAA K
TP TH IR, T (¥ SR 2 B A A R, i AR
BAOAS KE Eik, S ECT AR W IR A R
I, TEIE CLBRAN AE RS ) 36 ST 46 Th BRFAAE AL AT

AJFETYEZ R T FORFERT . TR HIEA . R
AR TRNIEFY), 2t Ef = w A B .
YNIEAR > Vi N CRIRSEIDW S P ESIUE SR YN
BRI LA 250 A 2 B 2T 4 3 KA, LT AR 35 ]
TA BT 300617, X ACHE 1y v k£ BB P SIS SR
IR THEA R OCHE. H AT AR A AR b e
FEARE S AR A T SO DB R S
A LLR AR A & R . FLRR S AT HLRC ™, (H ik
AR RGP R T L OB TR e A A IR A5 )
Kautola %5V UACK Ay ME— Bt /b AR 25 R4 T i 52 4k
IRk 9~10d, W DiREm RN 15.3 g/L, B
PRI T mgl(L-h). AT LA AR BEAT A
IR E P TR, W2 T ARBER kAR

AT AR FH AR 36 0 B 4 20 R TR 4
TR (R OB SRS, REACHE ] T RUAR B A1 15 9%, DA 4
BEABRIERE IR 7 5 IR, HAT, AR R R o)
AR 2% DRI L 2 A MR AT, 12T
G T M AR A SR AR S R, ) A
FIAR LT 4 22 B U 4% e TH IR 55 Ak

gt H#A: 2008-03-27, f&[E HER: 2008-06-12

XEHS: 1009-606X(2008)04-0794-04

2 MHETE

2.1 HFh

/AR % (Rhizopus arrhizus)ME-F22-2, £ A SEH %
P RS P,

2.2 EFHE

PRI IR A (g/L): % 4, FLBE 6, Hih 10,
(NH,),S04 1, MFFE 3, KH,PO, 0.4, MgSO,-7H,0 0.3,
ZnS0,-7H,0 0.1, FeSO,-7H,0 0.25, NaCl 30, i/l 50.

TR IRIE(Q/L): HIZTHE EUACKE 40, (NH4),SO, 2.5,
IR 2.4, KH,PO, 0.8, MgSO,-7H,0 0.4, ZnSO,-7H,0
0.05, FeSO,-7H,0 0.01. ] H,SO, 7 pH % 3.5.

PR KRS IR I (g/L): HI%EHE 100, (NH4),SO, 1.8,
W 1EE 0.4, KH,PO, 0.4, MgSO,-7H,0 0.4, ZnSO,-7H,0
0.05, FeSO4-7H,0 0.01. L CaCOs Ay AIF, ¥ il 5
(1] CaCOs fRFFIEFREEN pH HEAY 5.5.

2.3 BHRAE

BRAE = Rt 8597 5~7 d, FHE 1 1) 0.05 mol/L
IR ZZ B (pH 6.8)31WE, ik A 107 mL™ fift 1=
FR

TET AT 50 mL AKEFP T 55 IR FE 1 250 mL MRS R K
NG ERTEITE, &T 34 CHRIK, 120 r/imin ks
7% 18~50 h.

TES A 50 mL 4 B -1 7R R 250 mL VIR RE
P NG B AR, BT 34°CHREIK, 220 r/min
R:9% 18~50 h.

HU 4 mL M-y 55 IR0 T 447 50 mL 77 R R
FRHE) 250 mL [MIAEREE T, IS IK B CaCO;, B
T 34 °CHEFR 160 r/min KR 5%

SERTH : [HEAREREILE VB (%5 20576054); [H KK i BOARWF TR e 11X (863) H:t e I H (%5 :  2006AA02Z240); [ 5% i i FERIIT 5 A i

FKIN(973) 4 0t Wh 35 H (4 %5 2007CB707805)

EERIN: X057(1982-), L, WHAbALE A, WL, AW Tk SR, GEIRBER A, Tel: 025-86990023, E-mail: biotech@njut.edu.cn.
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R T DRREE M T ACHE A 20 20 20 B il 4% o 1R 795

2.4 HHEZE

FER IS 45 1 RIS VR INiE & 1 mol/L HCI, i
TR AR RRYE I I Ty RV, Bl e b
T T3 Al

AR 52 K SAC-40 AEMIAE KA, AHE I 532 2K
FH DNS .

WO RRY EWE s SO A 3 vk (HPLC)
DIONEX HPLC P680 T fEuli, Alltech 13 HLEZ (i kT 250
mmx4.6 mm, EAMENH A 210 nm, #E 1 mL/min,
HEREE 20 pl, BN 25 mmol/L KH,PO,, pH 2.5, F:if
by &S

AT EAE : g, JCE/KVEm, #£2 14 60°C
M REERG, RESSIRATE, MAKREH gL &
AR(TFE, FH).

s R

3.1 FEERIEXDIRIREBEKBIS N

A3 AL 40 of L 3 24 Bl AN ACRE Ay B 1 B S5, L
BUDHARBE M RAR K . FERE RT3 pH, 255 LI
1. AR R s IR D RAR BRI, R, 20 h
JEIERIREY, EYWRLA 5.32 g/, TSR
HEREO A NLR, B pH FRORIE, SEOS A4
KA, 20 h G AR A I 3. LAAKHE
R T D MAR I, BT s AR A KA 2218, 30 h 4=
YA 5.42 g/l HH T /DA BRI P AR = iR,
BRI R pH T REZENS, B RSN, BE
50 h Ja /DHAR (2 E ) ik 2 6.39 g /L. AT WL /DRRAR A
FUAAREEA TR AR K, AT RARAH S i 2B
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Fig.1 Effect of carbon sources on growth of Rhizopus arrhizus
3.2 FIREXFFIEFRIZIT
SRR IR 107 mL™ (TR IR A
40 gl ARWEROFT 7 HiIRAE, B3R 36 h o, WAL

L ARBERRIREE LRSI 1 PR, WA R EEA
TURPEBE TGN, ACHE A AR R L Bt AR5 88 o B4
%, R B E AT S, iR 2%~
6%(@) N, Fh 7 HEFRTEA NS I BRI R 22 Bk, Fpf
L 8%(p)a, WLLGESE LR AIHIR, DRI EE A0
RPESEMAR, — e od BUT o 22 2R 5 T B SR A S
fAlits, b =R A FIUA. & Ay e R AT 2 55
R, LA TR LA(4~6)x10° mL™

F 1 TR FIRERFFIEROZME
Table 1 Effect of spore concentration on seed culture

Inoculum  Spore conc. Residual ~ Biomass

Morphol
(%, 9  (x10°mL™) xylose (g/L)  (g/L) orpholegy

2 2 27.3 4.44 Discrete pellets
4 4 18.5 5.54 Discrete pellets
6 6 16 5.96 Discrete pellets
8 8 13.7 5.98  Clumped, coalesced growth
10 10 11.4 6.18 Clumpy growth

3.3 Mt ESERFFERF N

FEAN 4%( ) > MR B 1 A8 V7 VR 2R AR Al 5 57
FEREFE 18~48 h, LI 8% (o) F5 8 N7 100 g/L Fi %
B = PR K R FR 0, R AR KB 72 h 5 5k
Bl R R 2 T, RIS (<24 h)Rh i
P RID, RGN 2, 7o IR/ PR id K (>40
h) AR AR A iR %, (R G PR AE ) 22, JEFEFh
WA 32~40 h IRl 1, WL EZ MM E, Ak
TREFE R ARG ), XA R, & SRR

%2 MRW AR E DRIV
Table 2 Effect of seed age on the fermentation

Seed age Biomass Residual glucose Fumaric acid
() (@/L) (@/L) (@/L)
18 2.83 24 311
24 4.37 11 42.9
32 5.47 3 52.4
40 5.96 5 48.2
48 6.13 13 33.8

3.4 KEREMEMER LB EDERAIF MM

FEARBEAE )y 20~50 g/L F A5~ B3R EE 5 5% 36 h )i
P25 100 /L HI 4GB 0 MR AR R IE R, Bl
TRIABER A AW s SR R AR 3. Bl )
FRIETAKEYIGHIRE Ay 20 glL A A I, ACHEFI I ks
97%, (HMIREZM YRR, Jadlkme s HiR &
i ABERILEAE ) 30~40 g/L I, /DHUAREE I EY &=
P IR R AN B AR IR 4 i 6294 42
45%; ABEVIUHIREE ) 50 g/L I, B FaEFR AL R R
WR 2, AR 202 320%, X a4k IR R el f
AR A T KRR, SR AN
41.4 gIL. ZEE 5 BT HRIOACHE R I 23 S IR 45 R
FRIE AR L L+ 30 g/L.
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Table 3 Effect of initial concentration of xylose on
the seed culture and fermentation

Initial Residual Availability Biomass Fumaric
xylose (g/L)  xylose (g/L)  of xylose (%) (g/L) acid (g/L)
19.4 0.4 97.9 4.01 34.2
30.2 11.3 62.6 5.49 51.9
421 22.8 45.8 5.63 53.1
50.4 34.1 323 5.52 414

3.5 EMEXN LB E DRI

DL 30 g/L MUAKERD 13572364557 36 h Ja, 43l A
ANl B R R 255 100 gfL 450 (1) 7 R e I 1 9
L ORISR ()5 Ak R b & AR K SR
AR WAR 4. BRI /N B T R AR K R
FrHE T AR B, R BRI RO, By
A%(P I, FIRRKFEL R KNS, 72 h s
h 5.79 gL, & LR r= Ak 29.6 /L. HREA 12%(¢)
B, PR R R RPN K, 1A% 7.059/L, FE
PEIEAR R, IR R, S EUR BT E A
A&, EWE BRRA I, PR TR B, bk
Ty 8%( ).

R4 EMENFEEAETEDRIFD

Table 4 Effect of inoculum volume on the fermentation

Inoculum Time Residual Biomass Fumaric
(%, ¢) (h) glucose (g/L) (g/L) acid (g/L)
24 82 191 6.25
4 48 55 2.88 17.9
72 28 3.59 29.6
24 56 4.72 12.9
8 48 20 6.84 41.8
72 3 7.25 52.5
24 36 5.51 11.6
12 48 8 6.71 40.1
72 0 7.05 36.7

3.6 LIAKEMBEEEAMFIERENTEDERNZMN

K377 20 h AT RERR I B 36 h A
R, LAEeM & 8%(@)Hefl 4215 100 ofL #iZHk i ™
PR R Wb R b, R Il R P T 25 T FE S A4 1
JE IR ARG DL K] 2 s, RIERT 12 h, 2 RS
WIS EE IR IR X T R R FE R 2 AN 3, {1 12
h J5 R ACHESS 75 1R B A A KR ™ s T IR
FARIR NS, R ] WAEF PR FR I BRI ARRE . IR
REWY BRI B A B, 38 TS AT 1,
PRGN 5 208 N AR R A B R R, AR
(R BE RAE ) i SR AR A A AR B30 DA 44 Bl A o
BRI, PR K 1% 60 h I & DR B f =ik 53.72 g/L,
RER TR PRI ARERY, RREE R A FE B 1R,
PEIEAT N AR AR i, PeRRKRE60h H
=tk 50.4 gL, FFEIRIEAR T2 h, & SR s

155351 g/L. R L, AT DUR AR AR A B A
DHARBE I BR7 557, 5325 B A48 26 B 1 45 s 5
PR (1 T e 2 HAT B 1Ryl A7k
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Fig.2 Fermentation results with glucose and xylose as carbon
sources of seed culture medium

R st B, DA A R 100 g/L ACKE K e
P D e e AN 7.3 g/l 1T /D MR A 2 L AR
PRV 2T R e | RN, Fh R 7RI ACHE R H %
X 62.6 %, & G mr A 53.51 g/L, A T Al
FHACHE 2 e TRl AT ) i 0. SR P AR . 250 20 0
B T2 G, B 55 % w0 F0 = 1 I I ) 35 418 24
10~12 h, A ERARNKATH TRIWILEFTFA A 45, K
ESNCATTIEN; S S = eV N 7L (E PO E SR
16, AT LSR5 T 2 e AT, DRI AR A B8 43
BARHIZERE, P K% w SR B 45

K DA AKE BRI ) T i ST FLIR AR
TP, TR AR A0 S AT LRI 104 Qg A B ) 3= 22
PEAE SR ) NADPH B AEMIR 5 1~ WA IR 55 (¥ i v 22
T A K a4 AHIE 58 R e AR i A
BERE AU BRI TSR DR G AR ARG, ke T
AR A AN 28 5 T IR K AL A A 1), TG4k
$& AR T A RN 26005 73 20 R I 1 S

4 &%

AT GO AR 55 3 48 23 0 TR B A1 5
TSR B B, /DA R ACHE 4 b1 15 TR st
i, BOEAREAE 30 g/L, FEHLEHOEE T (4~6)x10°
mL™", S tER S 32~40 h; LA 8%(p)Befh BRI A5 100
o/l HIZERE I IR R I RE AR T, R T2 h W R
WRPEIR 53.51 g/L. /AR ER R FH ACHE R 208 23 20 A I
7 Ly R IR BT L2 O R T A 4 3 0 s ) A R R
HEFT AR
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Stepped Utilization of Xylose and Glucose in Fermentation of Fumaric Acid by Rhizopus arrhizus

LIU Ning', LIShuang!, HE Hao!, WU Hua', HUANG He', JI Song-yang®

(1. College of Life Science and Pharmaceutical Engineering, Nanjing University of Technology, Nanjing, Jiangsu 210009, China;
2. WinHonor Bioscience Limited Corporation, Beijing 100086, China)

Abstract: The fumaric acid production by Rhizopus arrhizus using xylose as the carbon source of seed culture medium and glucose as
carbon source of fermentation medium was studied. In the seed culture, the biomass of Rhizopus arrhizus obtained using xylose was
more than that using glucose. The conditions of the seed culture were optimized. The results showed that the optimal xylose
concentration was 30 g/L, the suitable spore concentration range (4~6)x10° mL™ and the seed age range 32~40 h. The final
concentration of fumaric acid was 53.51 g/L in the fermentation medium containing 100 g/L glucose. The result implies that the problem
of low conversion rate of xylose could be avoided, and the availability of xylose improved, which would facilitate further study on the
stepped utilization of lignocellulose hydrolysate in fermentation of fumaric acid.

Key words: fumaric acid; xylose; glucose; Rhizopus arrhizus; stepped utilization



