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1.1 ##)
1.1.1 B #: KR E (Rhizopus oryzae) MEF12

(ATCC 20344 {152 KD » B Ht Tk K2 AR T
T 52 56 = AR
1.1.2 5 EE A (g/L)  Fh 75 35 5 5 %4 0
30, MgSO0, 0.5, KH,PO, 0.6, ZnS0, * 7H,0 0.0176,
FeSO, *7H,0 0. 000498, g 2 2, CaCl,0. 5, 3 Fl 37 14
T pH N 2.5 KBRS IR K BE 60, MgSO, 0.5, KH,
PO, 0.6, ZnSO,*7H,0 0.0176, FeSO, * 7H,0
0. 000498, J£ 2 0. 15.0.3.0.6.1.2.2.4 (XF N A [
T & H 43 B A 400.5.200.5.100.5.50.5.25.5) ,
CaCo, 50.
1L1.3 $EFAE: BRGNP EAN
10" /mL, B 1 mL 4% Ff & 50 mL Ff 7 8 77 3%, & T
35°C LK, B3 4 200 r/min, 5537 30 h J5 &8 F 1
WK S mL Bl AE 8000 x g4 C AL Y PR g
L2 min, 7 B, B AR ANZER 40 mL B KW K
BB R LI P2 D, BT 35°C FR IR, #3200 v/
min, £2 7% 84 h.
1.2 HEREBNE

KEEHUAE 1 mL,5000 x g+4°C .0 1 min BUE
i B3 RH 3,58 3K 4 i (DNS) vl &
AR BE A
1.3 HETFEMNE

¥ R TR R Al 08 5 2 R K R
1.4 BHHERONE

P 680 Y #; 2 & %1, Chromeleon T 1F ¥k ; Sepax
HP-C 18 {4 i 4% (46 mm x250 mm, 5 p,m) Wi ah A6
V (0.1% #iR) V(L) =65:35; fFilh 25°C ; % 4b
Ky K 210 nm; 3K 0. 6 mL/min; JEFER 20 pl.
1.5 #HeR 4EFBEMNITE

FEAGRE R T g H AR W BT RE R B
AT g/ g AR R RN IS AR R B R R L
Bf7 g/ (Leh) . NADH.NAD " .NADPH.NADP" [fj
W MR BRI S % Yu S0 07 R
BB 5% Lin 5T
1.6 ®gERME

fig 7% ¥ & W 4 SpectraMax M5 ( Molecular

3 K, 60°CHE T 2 A

Devices v 1)) b iEAT $HIEU LA 37°C, [ Y P

R AW N B A g be I, S5 S N 4 i il 52
Yﬁlﬁk%f&ﬁ%ﬁ?ﬂﬂé\%idﬂ 1 mL, Jf H A 8 [ We 7E
P K 340 nm W F NADH.NADPH ({725t . 5 540
B 1t U € SO0 B0y Bl ik 2 50 A T EE A6 1 umolL
JEE ) BT it F B Ml ) B e RS RE R P AT E 3 IR A
PR E R R W F o ABEE ™ 100 mmol /L DA
BE,50 mmol /L e 22 i (pH 6.5) ,0.2 mmol/
L NADPH ; 64 ¥ 4 % B Jii 2056 ™ 0. 1 mol /LTris—
HCl (pH 7.5) ,6 mmol/L MgC1,,2 mmol/L 6 &
HIZHE, 1 mmol /L. — % 75 ¥ B¥ ( DL-Dithiothreitol) ,
Immol /L. NADP*

2 RIS

2.1 RENFREKREMARREBEYER TN

DLACHE g B 5t DR 3 08 S0 i A R SRR il
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25.5, Heai W 1 Piose
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Figure 1. Effects of nitrogen concentrations on xylose consumption

and biomass accumulation.

KMRFBAEATE] N JEREZMAE N, KI#E0-12 h
YRl RE T S R A ) B B R R 2 e N B3 TR
%24 h FAAEWE ZR. NEREAEO03-2.4
g/L I N Y5 B 5 ARORE T FE M 2 F AR i LR
WEIEM K. NJEFEEMEEFRED (C/N 4 25.5),
ANKEWSFEIR R, e 48 h ARKE JL-F- W K50 L, A2
Ik H] 18.01 g/ L, REH-FI W FEH AN 1.2 g/ (Le
h) s d R AEM ATk 2. 1 g/ (Leh) ;i B B BR N 4% A



APEAE L KM A A EUR R T 1 AR A U R S B A M. /AR 2R (2013) 53 (11) 1191

T~ (C/N 2y 400.5) , K% 24 h J5 ABEJLF A 1 4%
FEo 1 24 h IARBE P M FEH %4 0.6 g/ (Leh) , 5%
WA FE 35 45.78 g/L, W) AL 4. 02 g/L; C/N 53 j
7 200. 5.100. 5 F1150. 5 I, ACHH W FE 2 H Bt N Y5k
FE BT 1, A g 4 2 491, 9. 11 1 15.79
g/L. Ding 25 ™ 76 R F 80 g/ L 446 %5 B vk 3 % 1%
BRI, N WA 0.1 g/L L@ E 1.0 g/L, i
EBENFEE M 1.1 g/ (Leh) #5 K% 2.2 g/ (Leh) .
Fig s TR W, A R C/N R I, AR
WRURI AR R e RN R BT S AR

OB R JFE R R BT AEM R R ZIE
[IEYA G ol e S T N N A B o I N G RAERE 7/ N
s O R R AR TR K S T RN A
J 2 E N U O B K g i a A B R AR
PEAE T T AL JEURE, AT A0 D A R 0 B R 2
Ko
2.2 FENRBRREMRRELBAE~FIEKLN
A

FEANTA) N YEIBETT I A 9 84 h IR A v o
A HURR I 5 &, 8 R WK 1 Jror

RLABNRKEMKRIRELBEAE=ZEIBRNFZI

Table 1. Effect of different nitrogen concentrations on fumaric acid production

Nitrogen Residual L-malic Citric aKetoglutaric Fumaric Yield of
concentration/ (g/L) sugar/ (g/L) acid/ (g/L) acid/ (g/L) acid/ (g/L) acid/ (g/L) fumaric acid/ (g/g)
0.15 44.07 £0. 69 1.87 0. 06 0.58 £0. 14 0.37 £0.09 6.55+0.25 0.41

0.3 29.79 £0.77 3.72 £0.23 1.06 +0. 19 0.68 +0. 13 8.31+0.19 0.27

0.6 12.27 £0.43 5.84 £0.17 1.47 £0.22 0.91 £0. 11 12.28 £0.21 0.26

1.2 3.31£0.55 1.35£0.22 0.55+0.12 0.29 £0.08 5.36 £0.28 0.09

2.4 1.05 £0.26 0.36 £0.03 0.46 £0.07 0.25+0.13 0.27 £0. 11 0. 005

HI 1 Al W, 7E3% N JE 41~ (C/N 2y 400 -
100) , #- Bl A AR 1O B SR P2 BB N 95 3 J3E 189 Jon v 44
TN YEIREE N 0.6 g/L N, 25 Rl LR ) B2 296
BiE R & R R EIA 12.28 g/L, HiZ 4 1F
N SR A I AR K AT OCTE A R R Y
NSRBI IA B T 5.84 g/Le M N JHIKREEKT-0.6 g/
L, R A HURR A B RE N 5 7R 389 KT 2 35 0D »
WK N PR 48 2.4 g/ L, RIBEW P LT A e &k
BEEH. SE- 1 PRFEEBERE R A
HHE T ORI AR AE N & o A B R
IR AR S 77 ) 1) AT HL TR 8 /5 i B ) NI, PR
B Ay e VR AT A DA SR A58 10 AT BIL IR AR B 5 ke W Ak
B e Ding 25 DL A B N 8RR, Y IR 2K S N
0.2g/L i} (C/N £52 400) , & SR B 2 525 37g/L;
AT A C/N S 400 I, ACHE AR 5 C 09 5 52 2130
il B Bl vl 44/ L, 2 B KL B A A R 0 A 2 A
RS E M2 .

N S 4 0.15.0.6.2. 4 g/L B, K AR
B ) AR 1 AR 25 e e K BB A S R o IR
ONATE S0 2 1 A 2R AR ARCIR YO0 > K B 3 I S A N UK
JEE R K AR 25 ) FH AW 1) 5% )

2.3 FENRBERKEMKREBANLEFENKERE
SR & R R
ANTE] N BE TR KR 27 40 i P 3 T g 1 KD

F 238 iF NADH/NAD* F1 NADPH/NADP* {4 3
H L KON YUK R K MR L 9 NADH/
NAD * \NADPH/NADP ' ()0 UL & & Dy g P~ &, It
i 2 Pros.

TEE M4 NI R B b, KIS A
NADPH/NADP ™ % 5 B 5 14 0K 5 B AIC 16 A %
NADH/NAD " £ I 4 75 K 1 J5 19 (36 - 72 h) &l 35 3
e KALEE LN NADPH/NADP ' 5 N Jwk % H 4
R OE A G, R B B R R BT & 482 (Pentose
phosphate pathway, PPP) NADPH [¥] 3% i, % 8 N
F 5 B PPP ARV BR, 77 AR K e R ), AR A
JSC RN R REAT 53X 45 R A W) TR R L1 s
WS AR R MK SRR RN PR
JE40.15 g/L JRZ I, i 9 NADPH/NADP " /K- #%
fiG, 11 NADPH AE 2 K M 5 RAEACE 26 — 20 ) AR
B I Jo5 I ) i 5 3 SO ARG T R AIG, SX AR T
KIRFAEZ M T K BE 24 h J5 JUT- A #5315 FE A8
IS . M NADH/NAD ™ 75 & ¥ ob J5 391 38 s
g N BWEZ N 0.6 ¢/ JRFEN, BN NADH/
NAD "3k f KAH & B R &R R K, R A HLIR
GRS NADH =2 HAT — & AR G .

2.4 NFEREMRKRERGIEZPXEHEIN

=AU
2.4.1 K#EIXER (Xylose Reductase , XR) : K
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Figure 2. Effects of nitrogen concentrations on intracellular redox ratio

(A) and fumaric acid accumulation (B) .

B AL 5 Bl (XR) 2 A A ABE AR 26— 20 S L 1 1 » T
ARG T S WA AR L o R N R
N ME KT XR 35 ) (XR activity) , I v 5 AR Bl
T #E1# F (Xylose consumption rate, XCR) , 45 5 41 [&]
3,

XR & 71 5 XCR H A AL AR 44 i 3, 15 2% Bl
N Y5 B2 1 385 i n ke NOUEWKR O 0.15 g/L i
(i Pl 3-A) , KT8 24 h I XR 3 J7 ik e KAE 4 9. 89
U, i XCR ik d5 KAE 4 0. 81 g/ (Leh) , & ¥ 36 h
i XR 3% ) BRI 4 2.92 U, XCR Bt 2 [ &
0.02 g/ (Leh) , $bJ5 XR % J7 4 45 72 B ACIK P Ak
JUFAFRIHEFE. BEE N JEIR T & XR G )
XCR #5832 8, N Y5k Bk 2. 4g/L N, XR 3 )
ik 33. 14U, XCR & K1{fik 2.03 g/ (L*h) . 5
it N YA 6L HE T 4 NADPH 1y 45 ™', 3k 4
KT XR B 54 ™ 5 8, K AE 10 XR 35 )
BE N YA 385 0 vy 1 58 o IF'"‘J N JEHRE T, XCR 5
XR¥E Jy ke 5 — 20 (B 3) , R8T XR 35 J) s ik
T 5 e DK AR 2 B AR AR 1 T A
242 #HE BB K S8 (Glucose 6-
phosphate Dehydrogenase, G6PD) : G6PD 5t PPP
TR OB, e R H I NADP " i b ] 2 B -6k

(A) 36 3 B 36 3 O 4, 3
-= XRA _ A XRA | _ *XRA |
D oXCR |, =2 2 2 XCR |, = 5 S+ XCR |, =
= 244 25 3 241 23 S 244 \ 2§
= - A\ a =
g i1z 3 /‘ 112 3 11
12 J 12{ & SEECIRPY U

—o—0—0 {o A—a {0 \33 {0

ol RE—u_u 3 1 S
12 24 36 48 60 72 12 24 36 48 60 72 12 24 36 48 60 72

t/h

t/h

B 3. NFEREXAELEEE (XR) & HFAKREREEEE (XCR) B0

Figure 3. Effect of nitrogen concentration on xylose reductase (XR) activity and xylose consumption rate (XCR) . A: 0.15 g/L; B: 0.6 g/L;

C:2.4 g/L.

1% 4= i NADPH 1 649 /% i %5 H 2  Ii > 5 3 ]
— AR STERR AR 4 — R AN 5 A 3-
ot T ol B B 6 g T SR W 5 OE ONOWH I8 A O A5 4k 42 AR
Yo ZEAR A N YRR R W K B K GOPD i
41 (G6PD activity) , &5 L & 4 7o

GOPD & J) UL 5 XR & J7 AH AL LA, BB
N PRI B, C/N 98/, GOPD 3iF J1 34 . ¢
N J59 B 4 0. 15 g/L(C/N 3y 400) B, G6PD 3% J1 )\
12 h f/19.69 U B&AK 2 30 h (# 1. 11U, Wk 5 L

TN YR EER A 0.6 g/L I, G6PD [193% 7
12 h 5 13. 81U BHiEMEE 72 h (9 1.19 U, fii24 N
VR EE R 2.4 g/L, fbif C/N 3k 25.5 F, G6PD [f13F
JIAE R WE 24 h d5 K, ik 17,80 U, Ji5 AH G 22 18 Hb [E A%
£ 36 h(f11.63 U, 5l e 48 h fFLE 2.54 U
I G NA 1.54 Us

G6PD LI NADP * 3y i Ji & 52 14, 40l g ) NADP *
KV¥ BB m GOPD (3% 77, Itk N ¥ % NADP*
TR R T G6PD 3% f1. N YR



ARVESE T AN RO PR (¥ AR AR O B W5 4 /A 2% 4R (2013) 53 (11) 1193

—m—0.15g/L
—A— 0.6g/L
——24g/L

G6PD activity/U
hid

4. NRiREX 6B ABER S EH (GOPD
activity) B9 5 g

Figure 4. Effect of nitrogen concentrations on G6PD activity.
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KAREEAEA R N LT AU % 7 R W) - i
FERRS (0. 15 g/L 3D IN R AR B2 ML A 38 Jid g /K1
TR AHHE A AT, 40 B 224 B AT A HLIR AR R
AN E A AR B N YR E R HE T PPP AR
WHE D, ML AR 5 ) = R B A B AR R AL
T e Al A B AIG 3 e N R B A A W BL 3R A
AR R L H AR IS

DR 5 DL 25 5 A AR D i U S A2 AT TR R CY
N ZAF T (C/N 2 400) 32 BL 4858 AN 7] 1 £ 1 &
R A BEHE— 20 30 B % 41 AE O 5TOR 48 s 41 A
U 25 S OS2 Sk AR AR 34 AR 0 ol 4 it 4y 1
filh o
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Effects of nitrogen-dimitationon xylose metabolism and key
enzymes activity in Rhizopusoryzae

Yang Yu, Qing Xu, Shuang Li
College of Biotechnology and Pharmaceutical Engineering, Nanjing University of Technology, Nanjing 210009, China

Abstract: [Objective] We studied the effects of nitrogen concentration on xylose metabolism and organic acid production
in Rhizopus oryzae. [Methods] We studied the effect of different nitrogen concentration in media on biomass, organic
acids accumulation, activity of key enzymes (xylose reductase, XR, glucose-6-phosphate dehydrogenase, G6PD) involved
in the metabolism and intracellular redox ratios of R. oryzae. [Results] Both intracellular redox ratios and key enzymes
activities stayed low, resulting in 4. 02 g/L biomass, 6. 55 g/L fumaric acid production and high concentration of residual
xylose under nitrogen-imitation conditions (0. 15 g/L urea). Intracellular redox ratios and activity of key enzymes
increased under rich nitrogen culture (2.4 g/L urea) , leading to high biomass 18.01 g/L, high xylose uptake speed
2.03g/(L+h) but low fumaric acid production (0.27 g/L). When concentration of urea was 0. 6 g/L, biomass 9. 11 g/L
and fumaric acid 12. 28 g/L, NADPH/NADP ", XR and G6PD activities were medium whereas NADH/NAD " reached the
highest compared to those in rich nitrogen or nitrogen limitation. [Conclusion] Sufficient nitrogen source strengthened the
xylose metabolic activity by promoting the key enzymes activity and intracellular redox ratios in R. oryzae. Optimized
nitrogen concentration will enhance fumaric acid production with R. oryzae.

Keywords: Rhizopusoryzae, xylose, nitrogen limitation, organic acid, fumaric acid
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