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i 0,

T &, F 4,

FREEAGHEEREEEER

KoL, F A

(F R 25 5 A dnBhat o e, ARG TREE KT A %, Y095 Wit 210009)

B F: SCIHEHE T W IR B R ORAR A LSRR R IR . S5 RRY, K 16 h i
NVRIEE 15 mg/L 1A 0k T A KR 2 o P2 i 1) DAy g L iy g W AT 48.7 %, 17 342 SR 12 1t S i 1] 0y Bl ) 40
ARA WIS, AR SR LR A > 37.1%, 10 L3 RIRAN R RS 54.6%, 1A% 21.7 /L. WAL KA
B TR L5 ) S A R A P RE SRS KR B R IR AN AR el LSRR ) & IR AL, TR AR

T LR,

KEERE: LRI KRS MR F RN = 5R

hESES: TQ921.7; Q935 XHEkERIRAD: A

LW s

KA (Rhizopus oryzae) &2 52 [5 FDA WAIE 1) %42
WK, TZ N T L-FLERAE DR A e, iRy
I, KRR35 R FHAH [ Y R R A S i, B
CO, [ AU AT, {8 = 28 S W W R
], IR IR I L3 SR K s A 53
PR TR 2 S I ORI AE . 767 IR R B fE
L-3E SR BRATATAE I — RS R I, R 5 AT
PEEARL. I BRI AR TR — D R A L R
(BLE ) 2 Sy B it 2% (Aspergillus flavus) ERER, Hkk:
ARG P AT REATAE AT N A K S WA S50 A F 3 ith
BER, 24 Be R ARG R T BOR F KRR
BORBEERS LSE R B AWK, I itk
AR P TR 1) 22 A 12 ) AL

Ji 25 1 Wi (Cycloheximide) f& — Ff i 22 5 47 118 35 310
HHEHRPTAEE, AR 7 A0S TR EAZ AW 8 A0
. Peleg 5 1HRIE T 02k B X KA R R T R
FATHHIE T, KA 25 M5 s SRR L0 R
ol s B, Bk, JREk T 2R TR ORI R 1)
AR =4, AT EE T I8 I B T 5 R AR 7 7 |
P R P ol R R R AR A KL SRS ) B AR )
SR, A R AT R 45 T BOR KRR 37 B AR 25 L3R
FRPL AL T WSS,

2 MHE T

2.1 EfRIRF
KARFE (Rhizopus oryzae)ME-M15 Bk, I Lk

It H#A: 2008-10-13, f&[E HER: 2008-12-02

XEHS: 1009-606X(2009)01-0153-04

KA 25 55 2 i B 2 A TR S0 & i AR e AR
k.

TR It EHEVE EIER AT PR 2 vl A wl iR, B
R BRI G oA A R IR B 2 R IR A A
P70, R T A (Cycloheximide) 4 [ BBI A ], mi4lig,
A AR A = 23 B 4l
2.2 IEREREFFE
2.2.1 RHAF=fIkEFR

AR ™ R IR 3 2 I SCHR[7]. 45 A K AR 22 (i 1
B, F 34°CHFE 7~8d.

2.2.2 Ty

(1) FhrEsgRik(g/L): W%RE 20, JKE 1, FOKK
3, KH,PO, 0.3, MgS0O,-7H,0 0.25, ZnSO,-7H,0 0.066,
FeCly6H,0 0.01, Zflif 1.0, #J4h pH 3.5.

(2) WiFR&t: WBOKMR B T RIFIIRE A 107
mL™, HL 2 mL %R0 % 50 mL Fh a5 3edkeh, BT 34
CHEREIR, ik 200 r/min N7 24 h,

2.2.3 TR IRRE 7

(1) FFIRIEFEEE(g/L): A HE 80, (NH,).SO, 1,
KH,PO, 0.15, ZnSO,7H,0 0.05, FeCl;-6H,0 0.068,
MgSO,-7H,0 0.1, CaCO3 60, 14X pH.

(2) #EFR4AM: B4 mL Bl PR FRIEEFP 2 50 mL
KRR, 34 CHEIR, HT 24 h #EAK#E 44 160 r/min,
24 h JE % 120 rimin, 3L 96 h.

2.3 HREImiE MR EF RS RS B

U T 7 B i B P KR 5 7 4 FH T 1l 2 40 B 1 [

ThEEEIC. 2R R L 08, ARG R 2 4R

HEWB: HEKARBRAIEETBIH 'S 20706031); [E 5 s SERIHIFTUR KN (973) M8 I H (% %5 - 2007CB707805);  [F 5K il ARBIFFU A i

TR (863) KL B W 15T H (%5«

2006AA02Z240); L7548 FARFEAIL GBI E (S5

BK2007186)

fEE R (T5(1982-), 53, DU EENA, BLE, AW Ttk 2R, GEBER A, Tel: 025-86990023, E-mail: biotech@njut.edu.cn.
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L. B2 g Wi AR K 2244 M 15 mL 10 mmol/L
pH 7.5 fJ Tirs-HCI Z2 13 (% 2 mmol/L MgCl,, 1 mmol/L
EDTA & 187 mmol/L H #% .62 mmol/L ¥ . 10 pmol/L
PMSF) T &k 411 B 4ih 45 9 1 53 21 4y 5 1l 46 1ok 72 2 ]
Osmani ZBU 73 AR Sl , 2k AR i 5 4113 0 43 B
IR A A TR AR
2.4 BEEHNE

& IR (LAE SRR A JIEA)) . NAD-3F SR I
(CATEIE 12 R JEA0) % 00 5 J7 v WL SCHR3,9], A 1R
TR AR W0 € J5 vk B SCHR 8]/ kit LeiE e
XA 30CTHK 1 mg A 1 min FAuRY) ok b &
[umol/(min-mg)].
2.5 EREENE

K H Bradford M0 5 2 1 TR, bRUEER (1 R 2
L3 F 2 1 (BSA).

2.6 HIAE

FEA A2 5 1R R RSV INiE & 6 mol/L HCI, i
R R 2R R A AR e B P, ks X E
T T FrRs .

R TS B e R SBA-40C A9 sk
80 L3R M I B HPLC kM s,

WAED ST . i, CRKER, Bk
60 ‘CHET 2 fH H 5 IR .
3 HEXREH®
3.1 HPHIFI AR A0 A (8] X K AR B A& B B9 22010

1) Kb R AN R B B 1A = R 4% 7 3 v 4 Sl s I 42
T 9 TR IR TR TR, o SRR B 2 K S 7 R A S i)
Wk 1 pon.

F 1 BT RAR B A KA RE RS20
Table 1 Effects of inhibitor on mycelial growth and acid production by R. oryzae ME-M15

Inhibitor Concentration (mg/L) Addition time (h)

Relative result (%)

Growth Fumaric acid L-Malic acid
Control - - 100.0 (4.23 g/L) 100.0 (18.9 g/L) 100.0 (14.4 g/L)
0 81.6 66.5 74.3
. 8 83.2 69.0 105.8
Cycloheximide 10 16 896 715 1429
24 93.9 95.1 99.7
M 1 a] WL, KR %R th A RE R N IR R 9 0 I 22 A
Y S b e /7, = 2y 9 =
(0 hY, N O T A T A A K2 B, R T IR A p fg L
2] ~ iomass
L3 LR B T I, I 3k 33.5%F1 25.7%; E 16)
MREN TR B, (ERREREFE 24 h IO N RIR, K = 1‘2‘ F
A& DR L-3F R R AN 25T &AM, HIREKE S 10l
— . NN i) [
SREZEN T AN, (AR EIN(6.1%); 1 24 KRR s A
J5 16 h E AT I 10 mo/L AL BT, L3 4L g af Z1 178 I
PR BRI 42.2%, & D™ e I 28.5%, 5% 3 il ‘ ‘ ‘ ‘
W B . WACZE S5 2250 56 v 328 s B T 16 h I I N2k B Control 10 15 20 25

W A — 2D 52
3.2 W& REARRMEN KIRE & B %200
FEREFAIREE SR 16 h 5 1) A IR P 8 I e v i
W, LR EE 4300 10, 15, 20, 25 mg/L, o KAR
AR PRSP 1P, hEara, BEEwR N
TR T E RGN, KR TS & R (FAYIK - B A
B s L-3E R (L-MA) = e L PR AR B8 N, A2
R R M A 15 mg/L I TA S gy, M 0k TR A 5 3k
—IE I, SRR R E D, TR P 16 h S0 15
mo/L PR RI G, WA Z B, E SRR
B 19.4 g/L FKE 12.2 g/L, Y/ 37.1%, 1ff L-3ER
MRAA R HE NI 14.1 g/L i 1 54.6%, ik 21.7 g/L, f&
IS A A S R KR - R S e fe Ay 35

Concentration of cycloheximide (mg/L)

P 1 SRS R KRR 2 A AR R (14 5 W)
Fig.1 Effects of addition concentration of inhibitor on biomass
and acid accumulation by R. oryzae ME-M15

3.3 MEZLBREARIMGERIREM A B TIE
MRS A A I T, #55R% 12 h HORE(24 h i
oM 0, 8, 16 h HURE) I & W AR E ) i e L-F SRR =, %
GORMBE RS R KGRI, 45w 2 fior.
R 16 h ¥ 0 15 mg/L RIS 2w i 5, SKAR % ME-M15
[ 2E K e S A e 38 0 2 Ak, SO FEARLE 16 h
Jei AR AR KR, B A kb 34.1%, XK 4.17 gL
M LSRR ) AT BRI BE RS N, AE 16 h Vs Inis &
PR i RO 6 B IR, 7EAR S 11 80 h RN BL Y IA
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I A% TR DO KR FE AR B L3 R RACHTR AR A 42 41 155

2] 0.21 g/(L-h), A R~ RRIE A 0.11 g/(L-h).
FEHE th 22204, W9 & KR E0OR KEUH R, 76 %1% 12~48 h
W BT 5 BT AR B D, K A S R AR SR A B A A K 1)
FER B

80 - 30
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Fig.2 Fermentation results with cycloheximide addition
during the acid accumulation stage

3.4 MBI E X HEEGE N8R0T
FEKARBE 5 L2 IR LT (1 40 M A g A, P I P 2
S BRI A S -3 R 21 3 B34 2,
G P = SR M S P L 3 A7 () Dy g B TR P 2 A
Pt e L ke T LA FH (0 GBI, 110 K19 16 h S Nk e
i i KA B 7 TR o 1 AR Ak AR A B A T AR i 1 O
BRI T ISR . AR IR S5 AN IR TR, BER% 12 h HYX
FE(24 h {24 8 F1 16 h HUFE) 73 il & S 1R & 4ot
AN IR AR IR IR DO IR 3 ), 45 RNl 3 B,

~ 30 —— 600

- ; Cycloheximide

D [ Mitochondrial isoenzyme —A— —A— 1

; 25 + : Cytosolic isoenzyme —@— —0— 41500 =)
© L ° FA—=— —0— £
@ _— 1 £
g X l400 2
g I 2
E s
2 {300 &
© i S|
g 10 1y &
B t - 200 é
3 O 1 8
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Fig.3 Effect of cycloheximide on the activity of
fumarase in R.oryzae ME-M15

i 3 o7, KAREE ME-M15 B U@t s B IR
7 B R I B I ()RS 1T 32 A2 19 ik, 7185 5% 60 h Ik
e EEG ) 463.5 Ulmg, 5500 T A2 B SR AR B A
PRIZE N, FEREIR 72 h IR SR EA Rl O 20.5

o/L. KEFEFE 16 h USR], ME-M15 fid i
e SR )52 2] 4], T 7E 16 h J5 s SR
KOS, PRI L TR gD 34.8%. TS N
TR 5 7 R A T A AR Y S RIS ) W Sk 5,
57 BRI I AT e T M JBade A [ D g, (L%
I 12 h Ji 120 T4 53 1 e S R R
JA/NFESEDOR I B B R A B LSRR I R
ORI, AR OCHEBGE— T BRI A M« R SR M S
At TR MR A A AR AR S S e
4% CO, [ e i AR A RN R — T HEAT , A B i TH
O A AT KRR B A 9% 16 h NS Dk v
i SR A R PRI 58, BRI ) 5 KR 2
M R AR R AR OGS 1) 5 B I AT G, TR
Wi 1 — A E 7 2O TR B B A 3, R
B g RLIAN RIS TS 0, A Ak T AN [R] 5 B 390 ) 2% A il
B BIA IR RE IS0, R G AR A, TR
O ) Wt A 0 I 5 208 A e B 5, X
AR ) A A PR i R, DT S A i 0 T i N I
AN, AR L0 SRR A E DR ™ AN\ At
oo LEHF T B FRBEEN P TREEIRFENT (0 h) I TR 15
Fid, A5 DU 70 IR TR AN 32 AR OC A Tl 5 1 G 42 v
M A A BRI, KAREE ME-M15 (1) 24K
WP s IR AISE IR TR A IR NI KIREIRIG 24 h
NI, & SR A L0 SRR B G W A,
KW 36 h N TS B I o L 2 A T n (GBS als oA
FIH), TR A RS A IRERT T 24 h 5 ST S SRR i A
il I o SRR ) PR A SE I, 36 h i FLAd A S 1Y
SRR TR S Y], TR A N R T, T2k
T ] PR 000 N ASE G 3% 2 4840 ) AN T A8 AT AT P 3 A S A
YRR R 8~24 h I, SRR A5 1k
ARE LG T IR S, T S MR T A2 ) L il
HIE AL TP A b B, s I N O VR A 1 4F 955 T
FO g, A S5 R, LSRR AR R KR n
X 7 R K PR i B AN [ Iy U1 Jr 45 B 4 T 255 1 5 SR TR
Jld S L5 ) Dy 1l S AT R R AL R D AT, R
R 2 M E B RER i S & A ERBR ¥R (L BETE N F2m
Table 2 Effects of cycloheximide on the activity of NAD-malate

dehydrogenase (MDH) and pyruvate carboxylase (PC)
in R. oryzae ME-M15

Fermentation Specific activity of enzymes (U/mg)

time (h) MDH?Y MDH? pcY pCc?
16 115.9 126.8 101.6 98.7
24 176.3 200.4 85.2 77.6
48 2241 256.4 62.5 73.8
72 187.1 191.7 73.1 81.8

Note: 1) Enzyme activity in the presence of cycloheximide;
2) Enzyme activity in the absence of cycloheximide.
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KWE 16 h SIS RN ) AR fonf L, 2Rk 2
JI7as s AW N T Vo i i A i s R Tl 2 il i i
A R DIy P S S WL 0 A /NI REAG T A
R AU G 1 LT AN 56, 3% Peleg 251 4iiE
B IR R [R) D i A R R O 2, (HLE
DIt S I AS DB R A A AT A L3RR AR R K
i LT

4 2 i

BFF ST VAN 0T824 T P ) KR 7 R I e L IR
W AR AR L SRR ) B B i s, 153
W giig:

(1) KRB RFERUE L-3p FE R 1) i S 1R T fe 3 Vs
IS TR) Ay A9 16 h, S IR JE R 15 mg/Ls KB L-
SRR BRI R 217 g/l E IR R D 37.1%.

(2) &% 16 h s 15 mg/L (IR w5, KR
) 2 ik 5 [ D g LT 0 WA A 48.7%, T 2kl
Per s E R 0 s T R A AN S R
JI 8 )5 () Dy s ) A A AN 2

(3) FHIKAR AT B 1 IR M o [+ Dy g e ol 25 o 59 L
W EAR AR L= R I & SRR AL, Sk
MREBERW LW, ik L- 3 RN 5.
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Effect of Cycloheximide on Regulation of Metabolic Pathway for
L-Malic Acid Accumulation by Rhizopus oryzae

HE Hao, LI Shuang, XU Qing, ZHANG Kai, HUANG He

(State Key Lab. Materials-oriented Chem. Eng., Col. Life Sci. Pharmacy, Nanjing Univ. Technol., Nanjing, Jiangsu 210009, China)

Abstract: The effects of fumarase inhibitor cycloheximide on fermentation of L-malic acid and fumaric acid by Rhizopus oryzae
ME-M15 were investigated. The results showed that the addition of cycloheximide (15 mg/L) during the acid production stage after 16 h
incubation greatly affected the metabolism of Rhizopus oryzae ME-M15. The activity of cytosolic isoenzyme of fumarase was decreased
markedly by 48.7%, but the activity of NAD-malate dehydrogenase in the cytosol fraction did not change significantly in the presence of
cycloheximide. Fumaric acid production was severely decreased in the presence of cycloheximide with 37.1% in comparison with the
control mycelium. In contrast to the inhibitory effect of fumaric acid fermentation, the addition of cycloheximide caused the increase of
L-malic acid accumulation to 21.7 g/L, which was 54.6% higher than that of the control. The analyses revealed that the inhibition of
fumarase isoenzyme in the cytosol fraction could reduce the metabolic flux from L-malic acid to fumaric acid in the pyruvate
carboxylation pathway (cytosolic pathway), promoting the L-malic acid accumulation by Rhizopus oryzae ME-M15.

Key words: L-malic acid; Rhizopus oryzae; cycloheximide; fumarase; fumaric acid



