4 ¥ T 18 % B 10(4):318—325,1994
Chinese Journal of Biotechnology

+ =W kB IR ERHA A8
B F B R E e A

ZRL) EHEZ R ORET

(FEXREEETREE, £F 100080

W FE AWTIESB-_IRARIBRSEUNRMES. X RERAGRERYS
FHATHR. BETHEEEK. EHERRRGHEEGDVEEE, MRASEETTHE
. MR TS, SRR, HENTFEMSNESEITE, THER
£%3.6%. FAFEREMPRVSEGTT SMHREEFTORMNTE, SRR, RE®
AEBEEEESEE. REES KR RBEASRT-REATRES AR
EBBRELE.

X4 FHES, T=8ER, TSR OTM, REShhE, DRER

B =8 TR (DCAL) it B Wik £ K BRI G fT T 0T, 5L T
Bk BORAD R AR, R AT T A O PR A K AT SRR AR R 1Y
LTS A ST DCA, & B B P PP BN R B =B R B gh 0 5, FH
F BT 60 5h 28 HE AU R 7 BRI E & MURTE S 0F T IO K BE BT, RIERAL R
TE &M

MPEHREBWS, FHRBKAFHEMGNEFRS S, WaHh ZEREERN
AR RS, UNXSKBEEYRIERMARNRT HEABER, WHE
HREEFNEMESENETNALE. NIEAES, WHARKANNHERL=M
AEEREERBE TR EYEBRES DCALERETH AR, HEM—RHE
MEBEKANECELES, E-RO ARSI ES, HEFHAERRRERE—F, T
£ DCA, KBRS TR e, 0 (4057 0 B 008 P Fh . 6 IR (KA R ESE, 2 RN A
FinC,,™ ., REETHEERY, REAAFLEFIEAME, BREIMM G R
16 T AR A B AR AT WG, DRI B (4 45 WA 3 0 A R LA & AL = A K BR IR SR AR
WO, R, i T O U R R AR . BN DCA, R BT B P i P BR HA A 3 3
F O A 7 il A T AR R AT 2L 4L

TR E MAERE R, A REXM A SCP h HMH A A B AR
WK AEHERT —RFTR" 7 BRI DR R AR ERLE
s K AT, B SRR BY A (T R o PR R SR A B ILEE , C T AR R AR AT
BWALE, P EAA, HTMITE, EWCHFRT SCP A/ P lkEK
AR OR EUESE -V N TR =Sy ENNEER RS ZPNEE

*METHRA, EHEIKFERIER, 7 M 510641,
PERLEATGEEREREEERRYIRE,
FXF 1993 4 A 6 AiF.
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K. BYHERERFWIERNIE, RACERE.
FEDCALRBLES, WEXM nC WBIMYLME S E %, HAXMER. &K
THUHMSIAEB R AL, ATEFF T i S X — R ey B (R R

1 A

)‘n‘ﬁ'[riii) . et OO 200 HHLO
2 HER5H1® R AR S Jow
2.1 PEAUSTIEN T P I -3

Pt 3 EA Py £ - E A U B R 1 U I A B
W, FEEBRYIP R4 R, TaCy “"‘ﬁ?&‘rgfﬁfﬁ
WEARW TR, BULE L, RN, W "
P A nC o7 AT FEREHE . 767 R 1) Bl 1 PRI R
B, EESEeE, 50 /NGRS L4 Fig. 1 The metabolic curves of production
K. BN MRS, BN phase
AR = 8. % 1 W 1. DCA,L T NPT
BRAEWEE KA RBOTE FFe, | |
BT M e 4 TR A LR O R AL |
RIPER < vt '

(62 %t T DCABI LA BAER ¢, b < | '
B A ER . 8 2 S DCALETE I,
BT ABS B AR, Bk ey Y T n
(1), WEFEY (1) RREFEY Timeth)
(N>, EREEM g, 1% 0.06h ', BT B2 RS SN R A A
FEREE RN MAR nCotiAFEM . £ Fig. 2 The curve of specific product forma-
BE RN BIN E £ T 45 DCALE tion rate

R RN S B, BT A PR R A

B BATE S0, TR TN B P RRIE i — B RS FR N SR ER .l BT
AREM & B B el i EH - MR . X e, ST TERER. B
BRITFTEI,

|1 DCA,FHIIFSBRELERER"
Table 1 The results of shaking flask on the product inhibitien

1 2 3
The concentration of DCAy added (g/L) 0. 00 20, 42 40. 84
The final concenmiration of DCA s (g/L) 52. 81 62. 36 65. 08
The net increase of DCA; (g/L) 5Z. Bl 41.94 24. 24

# The volume of the shaking flask is 300ml. the loadling is 30ml and the total fermentation time is 135 hours.
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ME1LTTR, A DCALHE R B, DCA LT BLE E 3081 , X320 DCA, R
B AR S TR A I R AR

MBTRE, RIS RERERY nCy, —BHETFHEER, B—BHNA
FHB. DCAs. Xk (90 #8, DCALRIRPIEAL . BT, EFB, RBUR
EEEMAFTREENE. ERETF oC KPS RERD, ERNTAHEERE
PARANE? X E R FIOAA MR B A R P IEE— MG RS, A R
WALE ., LT EAMRBHEBRYE, BRHAZ2EE, BT HEEHPRL™Y. B8
RYAME R AHH A EHE, ROFIRE R R ERILE, EHTEREX
— AR, EEHEMRAE — AT, TR S DCALK B Py — Xl
. IR E R RIS AP — RIS A0 AT, RS RIT IS AR A
S HAG R R Sh A R,

TRMEF, EEBURAKZ A LSRR, UEERERONRE
W A AR LA . X R B T KR e IR . B FREE
KA SRR RN PRI B A2 0 SRS K R BT AR AT 25 . SRk TR R A3
WF LR, ERREWFAS 0 A B R B RO S0 R JE B A TR RE £ B P AR 2 1 MOk
W (Cow) BIR, FAGANEE, HRENEKERFAANGREERSREGEIRE
(C). X¥EC, sEMMAKRIR (A) BEHE, 1A MG HEER, BEPENR
W PRRESA L, BN, BT SARMNEELRA: BT R
FEKY, REPEAT MR, ENERGENERREKYREER, HRE
B FP ST 15 A R Y R TR S LR R e . AR R, AT I e R X
i T K 2 (6 ) L TR B AR s MUR TS E0R, PRI E X R, X
BRI A UM C 8928k, SOk QL) 9, LT ARG N R R BE
AFPMA R A MERBHPNRETRMEL, WG RRERERBER, '

76 DCA,, % BET FE A PR 0T . LR — b IR BA 200, (B 0t B =R R 91
U (DO) M 40% LA Bk, EILFTLGAY . TEF-RINA, BOHARE, BIFMEM
YEEE.
2.2 HHFERNBRIREHDI
2.2. 1 RIREAR . MURTTE 04007, HPERIEM TLEME . () ARREERRBE
2, nCo R — RS . &) b KR R AR R BRI RZSKE
BIE Ho . (o) B F B4 A A6 0 Pty TE B 42 R0 T (7] — ol 0 R T 60 4 0 6 0 =4 T R
ZREEHTSENN, WO ERE K. () PYERTRPEEERY
MR
2.2.2 BHHEHK, RN HS R WA R KRR, PR R D R R
PR, (2) WP KCHIR . PRIV AR EY, HRRETARK, kR
A, RN KRR R R /N, WO KSR BRI,
PR R S W EIE . R REROR R AR, BT K E SR R RRA R,

AR EOSH, MEMBIAOR A KRIBL S O RPERTH LR, B
FRAT Abia BEE W HAY
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dC, C,
& T MERFC
(b) PRSI A FEE . ANENANTE, FUNEREERMEERKRE. K12
MHBRERTYRERRE, SR EEM 05 R 0 S A Michaelis 78
WERXEER, ME—EXRNEWTAREXERTR. BETXHAF, BHOTH>
WL L sh HF A

exp{— K,C, + C, (1

dc, C,

4 T 1K +C
() RYEFEN HZEBE . nCoEE AN =88 —HBrHTREENER, —H7 A
FRiEHNERE, HRMNATFERSY. BUHTHED Q) R RNRYHES %R
iU

c. — K,C, (2)

dCus _ 1 dC, 1 dG,
dt =~ Y, dt Y,. dt mC (3)
REHIYE - RRIEH
C. = KC,; (4)

EREAFRI AR AR, ST 0 TSN,
2.2.3 HRIZWETRER RS, LRz hEEI-- RN TERA, RAN
Bt Runge-Kutta iR M FEA, B EMNELERAEENSH. B3 LR HIEs EHE
BEIOAMERSHZE, FRAF 2, ¥R 2P ¢ EFE 28T, TRUEBUHAE
B 1] o f Ok BG P AR SR S M Y R e P T R R W 5 18 A 2 B
%2 BUSHEPREE

Table 2 The parameters in the kinctic models of the preduction phase

Parameter Ham2 K. Ka G K K, Yera Yprm s K
Umit b a/L LIG h-1 g/L = = = hot =
Value 0. 158 0. 0050 0. 0822 0. 0560 0. 0150 . 00B2 0. 084G 0.9142 0. 0015 0. 0529

AT H—S R R IR, A

S R RMER T T I, RERER ]
M3, Bl 3R, MBI &R, & e o
lﬁ‘[ﬁ;ﬁ]m%ﬁzl‘ﬁ]ﬁ”ﬂﬁk*ﬁﬂ'ﬁ%?ﬂglmo— 12.0f o0
9. 4%, FHIMX R 3. 6%, LR BF 3 [3 3
BB R R R - |S wod
EER. K HEERFHE SN, wol - sof oo
23 BHAFEBEEBLERMRLPH L oL L o o
EZ% Time(h)

ETEA TR, BRI gy sgmmninasERER
Loy ARG MAIEGERTER Cuw. T8 Fig. 3 Comparation between the calculated
DCAlng Cons WG T R E Coobl B B T values and the experimental values
i B8 A O RE e FE R P4 I A A FE SR

in production phase
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W mEE R R MRS RIS AEER (D) — O ARBEEFEEE
B X B WA G THFRIBETRIGTE, UL TZ RS
2.3. 1 HEAFEIMEM CREA RS ELRABSES. T HREE. B
ERVIORESH TN, PFENREYGIETE o FHENES. RIHHT SREERNEAE
B, o B9EALXS P BEHALE RO Y P4l IR Co Y R

F3 BAFBRHIETARS LE S MRENTZE

Table 3 Effect of time switching into production phase on the end product concentration

to/tei” 1.5 1.4 1.3 1.2 1.1 1.0 0.9 0.8 Q.7 0.6

Cre /Cpe X 100% 94.54 | 95-73 | 96.77 | 97.86 | 98.43 | 100.00 | 101. 05 | 102. 08 { 103.10 | 104. 14

* o= 15. Y2hours, Cpi=85.98g/L

MR 3R, o DY C I, RRVEDSRBMNEAEHHET, UDEKER
SART Rl AL (T ARE PR B IR, IR RE R P S R R
2.3.2 WEITIOEHIE ORI A TR, EA RN AR SRR
BE Y DCAL. HTEE A= REWIRS () ZICRRIRFE Coo R AF (2905 2. 5g/L) . TEERKTE
AR C B Wik zh. B WL, & 4 SR THAFREE DCALRE C.
®f B BE 28 1k o AT PRl K CL T B

T4 HAFRPR-HRENEBER S BRENZN
Table 4 Effect of Product concentration switchi'ng into production phase on the end product

c¢oncentration

Cpa/Crai* 3 2 { 1.5 L 0.5 0. 25 0l 0. 01

Cr. (g/L) B4. 90 85.28 l B4, &9 85. 98 36. 46 86. 74 86. 92 87.03
-y

# Coni—= 2. 47g/L
HE4AN, Cu KM Cu /b, BHALR D XEEENFTRUY DCALIRE
X P L B B R b
2.3.3 WETZTHGEREN RN, S HH THEAFBRAN nCLikE
Cono Xt K EELR L BFAY P4 B BE Cou9 M. tRIZ TR AT M, Caiso/CossifE 0. 65—1. 50 FEFE N
AR, Cawdf CoedBA TLRER : HY Cosa/Corgo /T 0. 65 B, Copgodt Co BE AT, X
Bl F Casod/N FEF=RE WIS WIABE DR Cou 30/, AT = BRI B W Con R
B, RIS RN Cou R8s, BT Co. bR 2R, kT, £XEEH, W
ER M oCuie A, WM N—Z &M nC,,
S VBTERRZRENERRENES

Table § Effect of initial tridecane concentration on the product concentration

Cuno/Coraai " El.sull.su 1.20 § 1.10 §f 1.oo | O0.90 | 0.8} | 0.70 | 0.65 | 0.62 | 0.61 [ 0.60

Cre/Cra X 100 Eun.lsmun.ng L0, 07100, 03| 100, 00| 99. 93 | 99.81 | 99.53 | 9%.13 | 98.23 | 97. 16 | 95. 36

* Coygoi=186. 92g/L
2.3.4 BHATRUMHMSEARENRGIBEAEW.  A~mBRs s
2y KEMC, A C, WEAK W], (K 4 8 T EABREGN0 I F i C a5l (H
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3t LERIRE AR Co=11.50g/L) 0%, 10%,
20% . 40% | S0 RHEY =4k BE C, HIBT IR
AR . BZE T W, Bk CLoREE FHuil
B Co.

235 EEWRFTURENCBEENE
e IR R Eh A S R AT AN 4 R BE
C, I F=YIE B B [ T 12 2 PR A0 i BV
RREWEREC, LRI RE R AC,/
de [¥ 5 450 T B R B B 479 45.60.75,
90 NEFEY, EEEWMEKE C, HITFERUR
BR A EE AT PR A A T R & dC, /de BB
BRI, dZld v 0. AR EER
B 4% 1 0 e V) it 5 0 7 o T A AR AR
HEC, AT LR RIAL R 2 E ML &’
EEERABIZAREERN. H6Hd 7R
BHa) % 60 /i, E AR FERMEKMY C,

13.0

_
s

1.0 = i
= z
. L s
8 E
= sl 2 3
x x
< Z
% ~ 3 =
~ 9
k=] o

T 4

- -~

N

5.0 ] i A 1 L 1 J

20.0 4.0 60U BOG- 66,0 1200 140.0

Timeth)
B 5 e & AT 4 70 Al 32 0
Fig. 5 Effect of semi-continuous fermentation
of the preduct Jormation rate

Fermentation time switching into semi-continuous

fermentation (h),

1.45, 2.60, 3.75, 4.90. 5.115

140.0

120,0

100.0

o W b —

86,0

C,tg/Ly

60.0
40.0

20.0

0.0
10.6 30.0 50,0 70.0

Time(h)

P 4 e 400 0 e B X P RA N A2 0 o0
Fig. 4 Effect of initial cell concentration on
the product formation
Initial cell concentration increased
by {%2); 1.50, 2.40, 3.20. 4.10, 5.0

90.0 1100 130.0

13.0 ~
11,0 =
L
9,0 |- i
- Z
7.0 = 3
i 4
5.0 1 1 1 1 '
40.0 6.0 80,0 100.0 120.0 1400
Time(h)

Fle REmMmEXTYREAEREZ Em
Fig. 6 Effect of decreasing product con-
centration on the product forma-
tion rate
Produet concentration decreased by (%)
{Switching time is 60h);

1.50, 2.70, 3.50, 4.0

SBIFEAL 50% . 70, 902 R AKEE RIELL B SRR R BRI B dC, /de HERT R A9 R (L T 2R
HOZIEE . S EE P, W =PE i Sl A, 550 5 KIS 6 WTLARL
X AT HENT . B IG IR R T TR 2 . FERERR R B T PR C, T LA B
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BERYBAER,
3 &  #

DU AR G R B AR A E K, AR BIMSES MER R A R e, B
BRWIIEH Aiba SIRIHGE W (R E R IFIE: YR ERN YR RAFHENMHES, TH
RYEX RN WIRBN =R RE . O (MR B R SR R RS P LR SR Y
FW B F Michaclis 77 B4 MRIEYREEE L T RY A D ERE, FIHXRY
BEBETHEHRBSRE, HMERMETTINEG, SREVFRUNE HERY
BT R R BT BB, T A L 2 18 B TR R R 2 2 3. 620, BRRHIN (M3
9.4%: MAUTHE R RN, BEEKELRPME, REEATBANEERERBEE
B P ERRE MR R RN T BER EATBERY nC R R, nC 3 ™
P RE R BWEE N B oCuBU/ M WS ERBEHH N —E&H nCu, FL3
PO B R AR 5 7 BRI 6 Py vk B 4 R R D

¥ &5 i B85
Co— BRI (g/L) Co— T=E=B_THMEEKE (g/L)
Co— T+ =ZREEHEFHRE /L) C.— Bk E (g/L)
K— Wi 7% Kai— =R EkEcgmb i /L
K—FDERGHEFN /L2 Ki— TERZEMERWSDELHINH AR
K.—#RERIHERE /L) m— AR EY W )
gu— DMAH=MAEE (b 1) p— B REE D
t—B[E] (h) yen— FEMERBEAY
Yor—BIRERBERAL mae— EERAHERER (b

TH 0. e #RIRTFRINFHEMNARRS: THIRRERREBRS.

2 F X M
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The Pseudohomogeneous Kinetic Models of Production
Phase in the Fermentation Process for Producing
Undecane Dicarboxylic Acid and Their Application

Li Yuanguang Cao Zhu'an Yuan Naiju Hou Zhizhong
(Department of Chemical Engineering. Tsinghua University, Beijing 100084)

Abstract  The metabolic characters of production phase in the fermentation of unde-
cane dicarboxylic acid were analyzed. The kinetic models of cell growth, product forma-
tion and substrate consumption in production phase were established respectively. The
parameters of the models have been estimated by regression. The calculated curves fit
the experimental date quite well and the average deviation between those over produc-
tion phase is 3. 6%. DBased on the kinetic models, computer simulations of production
phase were fulfilled. From the computer simulations, it can be seen that the product for-
mation rate could be increased markedly by the following ways; increasing cell concen-
tration befare switching into production phase, decreasing the peroid of cell growth

phase and lowering the product concentration of production phase.

Key words Petroleum [ermentation, tridecane ,undecane dicarboxylic acid, fermentation

kinetics, four phase system
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