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On-line Monitoring of Glucose and Acetate by Flow-Injection Analysis in

Escherichia coli Fermentation Process
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Flow-injection analysis (FIA) systems for on-line monitoring of glucose and acetate are described and employed in E.coli
fermentation process. Glucose oxidase (GOD) for the detection of glucose is immobilized on epoxy polymer support, which is
packed in a small cartridge, and applied to a GOD-FIA system. The detection of acetate is based on the inhibition of acetate to
the oxidation of sarcosine by sarcosine oxidase (SOD). SOD is also immobilized on epoxy polymer support and used for a
SOD-FIA system. GOD-FIA system is characterized as well as SOD-FIA system by the investigation of the effects of pH,
temperature and metabolites in samples on the peak height. GOD-FIA and SOD-FIA systems were also applied for on-line

monitoring of the concentrations of glucose and acetate in E£.coff cultivation on minimal defined medium and

complex medium.

On-line measurements by FIA were in good agreement with off-line measurements.

Key words; flow-injection analysis, bioprocess monitoring, E.coli, glucose, acetate
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Figure 1. Two channel flow-injection analysis system.
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Table 1. Operating conditions of FIA systems.
GOD-FIA SOD-FIA
carrier flow rate 1.5 mL/min 2.0 mL/min
_ sample flow rate 0.2 mL/min 0.2 mL/min
pH value of carrier flow 75 70
temperature 26 26T
sarcosine concentration | = ———-- 0.03 g/L
sampling loop volume 5 ¢L 30 x#L
cycle time 300 sec 300 sec
recording frequency 2 Hz 2 Hz

SOD)I7t A UE 2¥ETLNS7E AU AE7](Detector)
of oJ2rh ANEFY, BEVIFTY AEE ¢ AFRML Y3
ZFEH AFE4 2 AojA A"l CAFCA (Computer Assi-
sted Flow & Control Analysis)& A8z, Hixo d%g)
g2 Zo7] 98 9% $HE7(Pulsation damper)® HX Fo
’SZ] stelct.

FRE EAS A8 AMAS ZR3ax AgE
(GOD, EC 1.1.34) © Aspergillus niger ZXE 927
Sigma 3A} 2XE FASAT. Pseudomonas species
P2 A2z AFSFEA(SOD, EC 153.1)% €A Sigma 342
FH Pt 208 Z3sed AMEsgdh GOD ®E SOD
E 1A s E ¢4 HE3 %Y pative EAZ 600
#L potassium phosphate €&2A(0.1 E)off £33HE 200
mg Epoxy TEA @30 xm, Riedel de Haen Co.)7b A A
g 1 mL 2¥AAE371(MobiTec Co. Germany)o] F¢)3tc},
Ao 24 A7k #A&F potassium phosphate &2 H(0.1
)02 Hojich AbEAL Sigma AA FUsGm 29 ¢
FEAE AJoFE Fluka Al A #9)8bsd )

R

4387] 98l Yellow Springs
Instruments 3AHe] FFE I~ FA7)(YSIModel 27)E AH-3}
Aok et xAtel FEE 248798 Perkin Elmer3]Alo)
ZtzazetEasta(Ega#e PT 10 % SILAR 10C 2 1Y
AE AHEstgr

“LE 7‘4°ﬂ AHEE diAte JM109(DSM, Braunschweig,
Germany) 24 SPA:EcoRl A#ZAE AAs798 A =
20l = (pEcoRd, pRK248cl, pMTC48)7F #4383 0 2 cloning
S ATH28). 3 L Wy AERke7)E Algste) 30 °C, pH 7.0
dA TS widEtsdn EE, widdogyE gagdorn 5
g/l 25327 g8 A4 wldd (6 g/l NaHPO,, 3 g/L
KH:PO,, 1 g/L NH.Cl, 05 g/L NaCl, trace element
solution) X+ 2 vt (5 g/l yeast extract & FHA )
Gl Galsh) S AHESH oM (28), 3 EuY 2 A&ujge 3
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Figure 2. Effect of temperature on glucose peak height with
30 U GOD-cartridge.
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Figure 3. Effect of various metabolites on glucose peak height.
(Gl : glucose Py :pyruvate, Et:ethanol, Ac: acetate, Su: succ—
inate, Lc:lactate, Gy : glycerol. For example, GI0.5Ac8 indicates
8.0 g/L acetate added to 05 g/L glucose. Met means sample
which contains 0.5 g/L glucose, 8 g/L acetate, 0.5 g/1 ethanol,
0.5 g/L glycerol, 3 g/L lactate, 2 g/L pyruvate, 05 g/L
succinate dissolved)
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Figure 4. Detection signal during the injection of 156 g/L

acetate in carrier buffer solution including 0.03 g/I. sarcosine
with 100 U SOD-cartridge.
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Figure 5. Dependence of signal form during the injection of
156 g/L acetate on sarcosine concentration in carrier buffer
solution with 100 U SOD-cartridge.
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Figure 6. Effect of various metabolites on acetate peak height
with 0.1g/L sarcosine and 50 U SOD-cartridge (Gl : glucose
Py : pyruvate, Et : ethanol, Ac :acetate, Su: succinate, Lc:
lactate, Gy : glycerol. For example, Ac4Et0.5 indicates 0.5 g/L
ethanol added to 4 g/L. acetate. Met means sample which
contains 3 g/L glucose, 4 g/L acetate, 05 g/L ethanol, 0.5 g/L
glycerol, 3 g/L lactate, 2 g/L. pyruvate, 0.5 g/L succinate
dissolved).
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Figure 7. Effect of temperature on acetate peak height with
100 U SOD-cartridge.
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Figure 9. Time course of acetate and glucose concentration
during E. coli fermenation on minimal medium.
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Figure 10. Time course of acetate and glucose concentration
during E. coli fermenation on complex medium.
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