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Optimization and control in fed-batch cultures. —Monograph— SuTeaki Sniova (Depart-
ment of Biotechnology, Osaka University, Suita, Osaka 565) Hakkokogaku 70: 395-404,
1992.

A method for obtaining maximum production of the bioproduct in fed-batch cultures is
explained, and its validity is demonstrated by experimental data. The approach is based on
a model which describes the relationship between the specific production rate, 9, and specific
growth rate, #. Using a mathematical model, an optimal profile of the specific growth rate
could then be obtained easily by the Maximum Principle. Finally, the optimal profile was
realized by changing the feed rate of the substrate in a practical fed-batch culture. Practical
examples of bioproduction, such as histidine, lysine, and glutathione, as well as production
of an enzyme, showed that the two-stage production process could be realized experimen-
tally, thus demonstrating the validity of the method.
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Fig. 1. Three steps for optimal production in a process.
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Fig. 2. Procedures for maximum production in a fed-
batch culture by usual method and proposed
method.
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Fig. 3. Mathematical model of specific production rate
o by specific growth rate p.
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Fig. 5. The result of pH control and estimation of the
growth rate.
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Fig. 7. The relationship between specific histidine pro-
duction rate py and specific growth rate y.
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Fig. 8. The result of maximum histidine production in
fed-batch culture.
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Fig. 11. The result of maximum GSH production in

fed-batch culture by the proposed method.
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Fig. 13. Actual specific growth rate in the realization
experiment and total GSH production of the optimal
strategy in comparison to constant control of .,
or /.

FARERTLTWA. Zhb0F — 21X, EEHM
EBER»LBOLRTH D, HWHEEEE 1 13E—
FEOBREERELL-TW5. —F, MMEXELZ
BTCZDperERLI> ETHEMMEENLE D
Tz, B BRAAHTEETS. Z0ER
BERESOBIERFEO T ALY ER L TRESRIEY
Rfcbzd, ERLRVEZORERFORE L L
THbhd. £2C, ZZTHAVWEEREERRETL
LESTHVETFALEDETFABEORBRCS LS
B8y O VRETOT - 2% b LR LI
5.2 YU AEICKTZEFIBELREYE 2T,
Corynebacterium glutamicum W2 X % Y & v FREC D\ THE
BF—-2%BTAHI5. p&ponBfRiX, Fig 141
RTIOREZ LR Z0F — 2% LEHTHEL
T58 (% Model-1 &£35) i3, ETRDIX
SIERBENRAEL LB, LrL, Zh% Tablel
CRT L) A EEMRBE : TROIRAAKEALELY
EF L (Model-2 £75) ¥BUWTREEREBEED,
EHRTHLRFOBBOL OB,
EBbNTF—Z I BT BN E RV 2 7E
M ZTiE, KIZ Model-2 AIELWEL X 3. W ¥,
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Specific growth rate, i (1/h)
Fig. 14. Comparison of Model-1 (straight line) and
Model-2 for prediction of ¢ from g at a quasi-steady

state. Symbol: O, experimental data.
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Table 1. System equation of Model-2.
0.21
L S ik =twaxS L
di ( V) » TR S Kt L _
aS__ L F R =019
o XTS5 S) , ve=m T YP/SP E
a _ Eog - 2,017
TR v X+ 7 Le—L) , v=m+ Yxn,#
dar_ . F _ amaxS 015
a P : K, +5°
i—— —uE— = .__A_?_ -
5 Kmp—pE—KE JT(M—zfll-’rl_h(xaLn £
(9]
Model-2 % b & CRKREERXRRICT HWMED S B
F—vkvialb—vavhbRDBLFig 150F 3
BOLSERES. RKEL, FINEDOSBRHTOL = o
TRz ek - TREXRETZ2 L5527 K 0 2 A 6 8 10
OB LA X 51 Model-1 & Model-2 TiXE&H) ¢ Feeding time (h)
DBRATET g EVEET5 X 5 e EMILITY  Fig. 15, Optimal policies calculated from Model-1b

HHD0DETOEIDDLS>THSB. L, FHEES
BiEDZEL, $95% L @iESaLlE LTIER VLR
bhd. Tihbb, ZOFTREFAF Iy 7 ARER
TAHZ L XAER, ERLIMERVEETHD,
I TRELEKGERL FANCAVWbhD DL
Zzbhb.

6. & » Y [T

HHEEE ¢ %L TAMMEERTOET A
b, BBELELZTOER LS FEREYEML, o
Bt r—, ZOBBRCERCHER L THER L.
AHERIEDERERCEMERERCOIILETES D
DEBbh%. ESEETCIITTR, EEEFCLS
RORSHIRECRETEABE L BORERT, R
EREVDVEBARMBCERBTELRC L RLC. 9K
FERTRRROBRIFE CTHHEEMIEE & HIEE
BE p OMOBFROEF UL BRELOICDDOEELR
ELTRABVTELT, $iflctT, TEALTHE
BoOLDOESHLZEELTWS. LT, BEHN
CIRZOHERTHITHD EBbhS. Tihbb,
AHETIRREDETF ML EENETEECHOR
BRRETEEY, BRAOp LR LTOp
EDF v o TEHLAD IS ELTERD, HLOBE
ZOFH, EEROETALS ESLBRREILL D
BECEANLHEL LEZLNE. T, ZOHE
TELDENLVEE, ThbbrlpolMicth
13 RGBSR X S Te B A, ol 2 EHAHED

(---) and Model-2 ( ).

& 5 IR L A ERRC I EEN I EREY RV
LIZ WBEIZ OV TS BB INCEETH 5.

FRFEL, ABRAXFEIFETICAEHTER R TThhld
DT, Ktk BELHTHERXTIVE L ER—HBIIR B
fLRLEFET. ¥, (AWREL LTERLIB IR VIR
FILCERRBOEME, T4, EFEHR, SIURER
KRR CRE NG ERCESRBBRLET. $EO0X
KB xD 7 -7 CiibhiECH LTS bhicdb D L%
2TED, EENRLTORRE LTEERBLICLDLEESTED
T OIIRBECEMLET.
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