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On-line Glucose Concentration Prediction and Control for
Improving Glutamate Fermentation Performance

CAOYan" DING Jian DUAN Zuo-Ying LIU Li-Ming SHI Zhong-Ping

(Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University,
Wuxi, Jiangsu 214122, China)

Abstract: In industrial glutamate fermentation, intermitted feeding glucose with the help of off-line glucose
measurement is generally necessary. This kind of feeding strategy could cause large variations in glucose
concentration so that it is not favorable for the achievement of efficient and stable glutamate fermentation.
Glutamate fermentation is characterized with typical non-growth association behavior, and during glutamate
production phase glucose consumption is closely correlated with ammonia consumption. In this study, glu-
cose concentration was controlled at various pre-determined levels by predicting glucose consumption
amount and thus its concentration with the aid of on-line monitoring ammonia consumption. When glucose
concentration was controlled around a lower level of 5 g/L~10 g/L, the final glutamate concentration could
reach a relatively higher level of 80 g/L. In this way, the huge osmotic stress change due to the large glucose
concentration variation with the intermitted feeding method could be avoided and the glutamate fermentation
performance enhancement be expected.
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(1]

2] 31,
pH s 1 mol 1 mol
1 mol s s
(
)
1 MEShE
1.1 H#
Corynebacterium Glutamicum
S9114»
1.2 EFE
(g/L): 25, K,HPO, 1.5,
MgSO, 0.6, 2.5( ), FeSO, 0.005,
MnSQO,0.005, pH 7.0~7.2
(g/L): 140, K,HPO, 1.5,
FeSO, 0.002, MnSO,4 0.002, MgSO, 0.4, 5.5(
), 5, 5.0x107°,
3.0x107°
£ 50% (VIV)
13 Sthha®
131 BRKRE:
(UV-2100, ) 620 nm
OD620
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132 AR, AFEEMARKENNE:

(SBA-40C)
133 AEBERIEEEENE:
o-
NADPH o- ,
340 nm (ODs340) ,
Doo- +
NH,"+ NADPH <> + NADP!!
, 8000 r/min 10 min pH
7.5 50 mmol/L Tris-HC1 4°C
10 min, 4°C
10000 r/min 20 min ( )
3 mL 37°C ( o-
13.3 mmol/L, NH4Cl 15 mmol/L, NADPH
1.67 mmol/L) s 200 pL
s 1 min  ODs3y U)
:37°C pH 7.5 ,
1 umol NADP , NADPH pmol/min

(U/mg)=60x AOD;4, xV, /(AtxexV, xd xC)

AOD3y0: ; Ve (mL); At:
(s); e: , 6.22 mL/(mol - cm);
Vi (mL); d: (cm); C:
(mg/mL)
134 HpEERZIEMNE: 133
R Bradford )

[5]
1.3.5 BEIEZFE(Oxygen uptake rate, OUR)F1I_F
1L Bk & X E % (Carbondioxide evolution rate, CER):

R__ Fin [ Mo, out XM, in
= AAaans | Molin T
0.0224V( ™7 1-ng, ot —Nco, out

Fin Nco, out X NN, in
R= 02 | 1 ~ Mo
. - r]Oz,out - nCOz,out

. 3. v/ 3. .
Fin: (m’); V: (m7); Ny, in

( ) N, 5 r]Oz,out : 0,
5 noz,in : 0, 5 nCOZ,out :

C02 ; ncoz’in : C02
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14 KREEFNIZFEMH

) , 32°C

200 r/min 8 h,

10 L (
GUJS-10 )
, 5 L, 8% (VIV),

25% (WIW) pH 7.2~7.3,

1.0 vvm, 34 h

(0~10 h) (10 h~26 h) (26 h~

34 h) , 32°C,

) 10% ; )

34°C, 20%~30%; ,
36°C, 15%~20% 1!
(LKM2000A, LOKAS )

(JA1102, ), RS232
(PCL-812PG, )
pH OUR CER

(10 h~12 h)

(Microsoft Visual Basic version 6.0) 10 min,

D/A
(BT00-50M, )

15 BHEBEEBELSANMEMNITENEERERENE
e E

(
) k
k+1
S(k+1)V =S(K)\V +SgL(k)—G(k) (1)
LV (L), S(k) S(k+1)
k k+1 (g/L), Sk
(g/L), L(k) G(k) k
k+1 L) (g
G(k)
k+1
S(k+1) S, Sk+1)=S,
(1)
L(k)

[§—S(k)]v +G(K)

L(k)= S ()

F
k+1 S(k+1) (3)
S(k+1)=5(k)+%(k)—%k), 5(0) (3)

2 HR5R
21 AEBABFRABRBESEINEEXR

> >

1 mol 1 mol
1 mol
1 > G(k)=5.82 x ryn3(k), rnus(k)
k k+1 ,
, 10.6( ) ;
1 mol s 1 mol
; pH ,
5.3,
(5.82)

22 BRBRAEEEENERE SR L TN A0
R HIERE

(100 g/L, 20 g/L, 10 g/L, 5 g/L) 2a

1000

Symbol: Experimental data Line: Fitting line
ro runl o run2
A mun3 <4 runé

=5.82462x
R*=0.9954

g

600

g

Glucose consumption (g)

200

50 100 150

Ammonia consumption (g)

1 HIEEENXAR
Fig. 1 The relationship between the consumption amounts
of ammonia and glucose
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a V4 b o Measured concentration
v v vvvvv \vi Predicted concentration
~ 100 < vV 100 -
.ﬁ AN % 0og -
E 80 F A Symbol: Measured concentration = 80 O -
z | A Line: Predicted concentration ‘% O O
E 0 - 9 FAN o 5glL o 10glL E 60 - Ono
§ o A 4 20gL v 100gL g
% 40+ % 40 b
5 5 -
0 © 20 (m
0 1 0 '} '} '} '} L '} J
0 5 0 5 10 15 20 25 30 35
t(h)
B2 FEHEKRKEHIMNEMELEEEILR
Fig. 2 The comparison of measured and on-line predicted glucose concentrations
pa: ; b:
Note: a: Constant control manner (at different levels); b: Intermitted feeding manner.
, 40 g/L :
R , 68 g/L,
2b , 15% ,
_ [91
[10,11]
2.3 A REHEEEHREX ZEREREME R > o
SES(GDH)E RS20 ;
10% , :
7 Kim  © 1 12h  32h
( ) , (10 h~12 h 34 h)
1 )
100g/L 10g/L  Sg/L ) )
5 g/L~10 g/L (Oxygen uptake rate) OUR
, 80 g/L 3 OUR
; 100 g/L , , 100 g/L

F 1 [EERAMRIFIISHE R EEHIZE 100 /L. 10 g/L 1 5 g/L BY B9 & B2 1t 88 & A S8 it S B8 (GDH) & 1t

Table 1 Fermentation performance and GDH activity when using intermitted feed and continuous feed by
controlling glucose concentration at different levels

(GDH)
Glucose concentration Glutamate concentration Conversion ratio GDH activity (U/mg-raw protein)
Control mode o

(g/L) (g/L) (%) 12h 32h
5.0 78.0 50.0 0.42 0.16

10.0 78.7 55.6 - —

Constant glucose

conc. control 100.0 37.6 34.1 0.18 0.13
10.0~80.0 68.0 41.7 0.23 0.16

Intermitted feed
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< 10017 72
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3 A RE#HEZEHIKTETH OUR
Fig. 3 The OUR at different glucose control levels
10
OUR g 8 |
s % E 6
= o
S £ 4.—
24 WEEEMFMAGR K 5 2f = "
S 0 M E— 1 . 1 M|
24 26 28 30 32
t(h)
5 g/L) 4 FEEPEFERE pH DO BT
g Fig. 4 The changes of pH and DO when glucose is ex-
5 g/L , hausted
0( ) s pH )
2) (5 g/L~10 g/L),
, pH
(4
2 % x i
60 g/L pH (Dissolved
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, 2003,
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