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Table. 1. Composition of basal culture medium,
Urea 2.5 g/
(NH4)2804 1.0 g/2
KH,PO, 2.0 g/%
K,HPO, 7.0 g/2
MgSO, 7H,0 0.1 g/
Mi-eki 12 mh/2
Yeast extract 0.3 g/2
Biotin 0.5 ug/L
Thiamine HC1 100 ug/2
FeSO, 7H,0 10 mg/2
MnCl, 4H,0 7 mg/%
pH 7.5
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Schematic diagram of experimental apparatus,
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Fig., 2. A system for measurement of ethanol concentration.
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Fig. 3. Time course of ethanol concentration,

The intended ethanol concentration were as follows;

1. 50 g/4, 2: 35 9/%, 3: 25 g/4, 4: 15 g/4,

5: 10 g/¢, 6: 5 9/4, 7: 1 9/2,

8: 5->25 9/, 9: 535 g/%,
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Fig, 4. A typical time course of the fed-batch culture at
constant ethanol concentration of 10 g/%.
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Fig. 5, The metabolic pathway from ethanol to L-glutamate.
( From Okumura, S.: Hakko Kyokai shi, 33, 185(1875) )
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Fig. 7. Effect of ethanol concentration on the cell growth
o: 1 g/, a: 54a/¢, o: 10 g/%, ®: 15 4a/%,
a: 25 g/%, s 35 g/%, v: 50 a/%,
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Fig. 8. Effect of ethanol concentration on the specific

production rate of giutamic ccid.
O: 1 g/%, o: 10 g/%, ®: 15 qg/2, m: 35 g/2,
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Fig. 8, Time course of shift-up fed-batch culture,
Ethanol concentration was increased from 5 g/2 to
25 g/% in the shaded period.
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Fig. 10,  Time course of the fed-batch culture in which

ethanol concentration was kept constant at 5 g/2,

v: Citric acid, a&: Acetic acid, O: Cell mass,

o: (0,, A: Glutamic acid.
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Fig. 11, Time course of shift-up fed-batch culture.
Ethanol concentration was increased from 5 g/% to
35 g/¢ in the shaded period.

A Glutamic acid,  o: Cell mass, a: C0,.
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Fig. 12, Time course of intracellular and extracellular

glutamic acid concentration,
Ethanol concentration was increased from 5 g/*% to 30 a/2

in the shaded period.
m: Intracellular glutamic acid, O: Cell mass,

A Extracellular glutamic acid.
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Fig., 13. Changes in specific oxygen uptake, specific
carbondioxyde evolution rate and intracellular concent-
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Fig, 14, Flow diagram for simulation.

Step 3: Euclid TeBf tHE L | (EHEL oKBEAK

SO HhIRBT -ty R,

Stp 4. BRHKERT-IXs03, s, V, K HE
LPORET - I RBTI2BEHET D,
Stp S RERT-I R nTE@BIM A0, £R

BOFHES LK TEHBERBEOELRET S,

Stepb: WEINKINT L -9 2H o ORI EN

-28-




RN U Runge = Kadbe - Gill k1< £ ) #CY B p ot 0K
BLHEET D,

Step 7. 1,X,5,@, V, GE:EEXRY,

Step7: BmMEFRITHEEHRAT 2,

e Yiail-yva vHE
Frg. 15 ix 19/ - IV BE & - TR % L e Rmb & RER
(T9)- ILRHE I1g/e, Sale, 103/2, IS8/, 25%e , 359/2

S= S=259/l
< 25
v_;~ Sg/l DD
o a
% 20
N
O
(@]
~ 15
)
3 > 10
o > \
g
£
o E
3:‘3 O A i L
© 0 20 40 60 80

Culture time(hr)

Fig. 15, A simulated result of a shift-up culture (1)
Data used for multiple regression: Constant ethanol
concentration.
Symbols represent experimental data, and calculated
values are drawn with solid lines; @ Cell concent-
ration; @ COy; () Glutamic acid concentration.

a : Glutamic acid, o: Cell mass, a: C0,.
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Fig. 16. A simulated result of a shift-up culture (2)
Symbols and lines were used in the same way in Fig. 15.
Data used for multiple regression: Constant and changed
ethanol concentration ( 5—>30 g/% ),

a: Glutamic acid, o: Cell mass, o: CO,.
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[Read experimental datal

Determine the set of the points for calculation
at tr and set: k = N, P(Xy, ty) =0

k = k - 1, Determine the set of the points for
calculation at ¢

?{ Go to the next point for calculation

Select experimental data set around the point
for calculation

e
stimate the parameters of the multiple regression
model using selected data

N
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Fig.

Calculate the optimal trajectory by connecting
the results of former calculatings
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Flow diagrom of the optimization.
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Fig. 18, Results of preliminary optimization.
Data used for multiple regression: Constant
ethanol concentration.
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Fig. 19. Results of optimization by use of more
adequate data.
Experimental data of fed-batch cultures with a sudden
increase in ethanol concentration were added to the
data used for the regression cnalysts.
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Fig. 20. Structure of algorithm for adaptive optimal
control of fed-batch culture for glutamic acid production.
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Fig. 21, Flow diaoram of prooram 2 for the determination

of the optimal trajectory with current data of culture state.
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Schematic diagram of the hardware confiauration

Fig. 23,

of the presented system for the simulation of the adaptive

optimization system,
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Fig. 24, Data flow for the adaptive optimal control
of the fed-batch culture for glutamic acid production.
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Alphabets

as bi’ s di; =1, 2 or 3: Partial regression coefficients
derived from multiple regression analysis ( - )

p : Euclid distance defined by Eq. (6) ( - )

EF : Buclid distance defined by Eq. (19) ( - )

7 : Volumetric feed rate (&/hr)

f Defined by Eq. (15) (g-glutamic acid)
Concentration of glutamic acid k(g/R)

¢* : Aeration rate (&/hr)

J : Objective function defined by Eq. (16) (g-glutamic acid)

N : Number of stage ( - )

» ¢ Number of experimental data ( - )

p : Defined by Eq. (17) (g-glutamic acid)

g : Metabolic activity of the culture, herein § = QCOZ
(mole COz/g—cell-hr)

S : Ethanol concentration in culture broth (g/%)

S, Ethanol concentration in Feed (g/4)

S#* : Ethanol concentration in effluent gas (g/4)

7 : Total culture time (hr)

+ 1 culture time (hr)

+ : Initial culture time (hr)

V : Volume of culture broth (&)

X : Cell concentration (g/R)
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X : State vector (X, S, 4, V)
K : Rate of QCOZ change (mole COz/g—cell-hrz)

...l)

U ¢ Specific growth rate of microorganisms (hr
p : Specific production rate of glutamic acid (g-glutamic
acid/g-cell-hr)

v : Specific consumption rate of ethanol (g-ethanol/g-cell‘*hr)

0 : Standard deviation defined by Eq. (7) (g/%)

Subscripts
¢ : Experimental data
f : Final

1, k: Stage number

M : Maximum value
o : Initial
s : Selected experimental data
Superscripts
: mean
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