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Development of On-line Monitoring Techniques for Fumaric Acid and

Succinic Acid by Flow Injection Analysis
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On-line monitoring techniques for fumaric acid and succinic acid were developed by flow injection analysis (FIA). For the
determination of fumaric acid, two enzymes, fumarase and malic dehydrogenase were immobilized on VA-epoxy Biosynth
E3-carrier and integrated into a FlA-system with a fluorescence detector. For the analysis of succinic acid, isocitrate lyase
and isocitrate dehydrogenase were also immobilized on VA-epoxy polymer support and used in a FIA system. The
immobilized enzymes in two FIA systems were characterized systematically, e.g. optimum pH and temperature, inhibitory
effects etc. Two FIA systems were also used to on-line monitor the concentrations of fumaric acid and succinic acid in
biotechnological processes. Good agreement between on-line monitored data and off-line data measured by HPLC showed

extensive application of the FIA systems in bioprocesses.
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Figure 1. Schematic diagram of a FIA system for the determination of fumaric acid or succinic acid with immobilized enzymes.
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Table 1 (a). Reference operating conditions of a FIA system for fumaric acid
Parameter Values
Carrier flow rate (mL/min) 1.0
Sample
flow rate (mL/min) 0.3
injection volume (uL) 75

Temperature (°C)
Activity of enzymes immobilized (U)

room temperature
3.5 U (fumarase)
40 U (malic dehydrogenase)

NAD solution
concentration (mM) 1.0
flow rate (mL/min) 1.0
addition time (sec) 50
Cycle time (sec) 300
Recording frequency (Hz) 1.00

Carrier buffer solution (pH 9.0): 4.35 g/L K;HPOq, 1.8 g/L NaHPOs, 3.0 g/L
NaCl, 4.0 mL/L hydrazine

Enzyme unit represents the amount of enzymes added initially to epoxy carrier
support.

Table 1 (b). Reference operating conditions of a FIA system for succinic acid

Parameter Value
Carrier flow rate (mL/min) 1.5
Sample
flow rater (mL/min) 03
injection volume (yL) 125

Temperature (°C) room temperature

Activity of enzymes immobilized (U) 5U(ICL)
40 U (ICDH)

NADP" solution

concentration (mM) 1.0

flow rate (mL/min) 1.0

addition time (sec) 50
Cycle time (sec) 300
Recording frequency (Hz) 1.0

Carrier buffer solution (pH 9.0): 4.35 g/L. K;HPO,, 1.8 g/l NaH>PO,, 3.0 g/L
NaCl, 5 mM glyoxylate, 0.1 mM cysteine, 2.0 mL/L hydrazine

Enzyme unit represents the amount of enzymes added initially to epoxy carrier
support.
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Figure 2. Effects of pH values on the activity of the immobilized
enzymes, Fum and MDH.
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Figure 3. Effects of sample injection volume on the peak heights of the
FIA system for fumaric acid.
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Figure 4. Effects of carrier buffer flow rates on the peak heights of the
FIA system for fumaric acid.
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Figure 5. Effects of NAD concentrations and flow rates on the peak
heights of the FIA system for fumaric acid.
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Table 2. Effects of some components (substrates, salts and metabolites)
contained in sample on the activity of the immobilized enzymes, fumarase and
malic dehydrogenase

Components added | Relative peak | Components added | Relative peak
to sample height [%] to sample height [%]

None 100 10 g/L (NH4),80,4 100

40 g/L CaCOs 96 50 g/L glucose 101
2.0 g/L K;HPO,4 94 50 g/L starch 100
1.0 g/L. MgSO4 100 1.0 g/L urea 98
2.0 g/L acetate 70 2.0 gfL lactate 101
1.0 g/L citrate 93 1.0 g/L succinate 96
10 g/L ethanol 100 all compounds 97

The peak height of 0.5 g/L fumaric acid without addition of salts, substrates and
metabolites was set to 100 % as reference value.
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A oA gurgolos HEPES ¢h&89 (pH 7.0, 10
mM glyoxylate, 20 mM MgCL, 0.1 mM cysteine)S AH-23}
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93 7% LuEAL Azl FAUFIA AxTe] Aol
Agsid. Adel AT Be TR i 8o Fo4
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o gHkgdo g AREEHATh

Table 3. Influence of some components added to carrier buffer solution on the
activity of the immobilized enzymes, fumarase and malic dehydrogenase

Components added to | Relative peak | Components added to | Relative peak
carrier buffer height [%] carrier buffer height [%]

No 100 0.05 mM DTT 99
1 mM IMD 55 0.1 mM DTT 96
3.4 mM EDTA 111 1 g/L SCAD 108
5 mM Na-azide 85 2 g/l SCAD 121
10 mM Na-azide 69 4 g/L SCAD 147
15 mM Na-azide 67 8 g/L SCAD 167
0.5 g/L Triton X-100 91

The peak height of 0.5 g/L fumaric acid with addition of activating or inhibitory
compounds to the standard buffer solution was set to 100 % as reference value.

SAAFIA AAHNAE FEvfZALFIA A 260] s Lol
o £ mBz} Ao nYstY FA ICL/ICDHS] 27 <14

& WA ZASEG. Gt | gLE BH AR2 oo
24 27904 4% &

S

FIA A)2=¥ o)A Table 1(b)9} 2+&
sty 27] FAzo)E 7|F0E 2447 B¢ ZUEHE ?&
A3} uAst a4 B4 27 849 94 %E FASAL,
4 T 8% BaA A% AP 304 B &7 A 95
% o4 FrAHAT

110

100 |- ]
90 |
80 7

70 |

Relative peak height [%

60 —L

pH -]

Figure 6. Effects of pH values on the activity of the immobilized
enzymes, ICL and ICDH.
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Figure 7. Effecis of carrier buffer flow rates on the peak heights of the
FIA system for succinic acid.
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Figure 8. Effects of NADP concentrations and flow rates on the peak
heights of the FIA system for succinic acid.
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Figure 9. Effects of temperature on the peak heights of the FIA system for
succinic acid.
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Table 4. Effects of some components (substrates, salts and metabolites)
contained in sample on the activity of the immobilized enzymes, isocitrate
lyase and isocitrate dehydrogenase

()

Nutrient compounds | Relative peak | Nutrient compounds | Relative peak
added to sample height [%] added to sample height [%]
No 100 1.0 g/L MgCl, 98
1.0 g/L CaCl, 110 1.0 g/L NaCl 97
0.1 g/L FeSO, 87 1.0 g/L (NH4)2SO4 100
1.0 g/LL K;HPO, 97 - -
®
Substrates added to | Relative peak | Substrates added to | Relative peak
sample height [%] sample height [%]
No 100 10 g/L lactose 101
10 g/L. L-arabinose R 10 g/L maltose 113
10 g/L D-fructosel 96 10 g/L mannose 95
10 g/L glucose 101 10 g/L sucrose 98
10 g/L D-inositol 91 - -

©

Metabolites added to | Relative peak | Metabolites added to | Relative peak
sample height [%] sample height [%]
No 100 3 g/L malate 124
3 g/L acetate 87 3 g/L oxaloacetate 127
1 g/L citrate 116 2 g/L pyruvate 107
5 g/L fumarate 90

The peak height of 2.0 g/L succinic acid without addition of salts, substrates and
metabolites was set to 100 % as reference value.

Table 5. Influence of some components added to carrier buffer solution on the
activity of the immobilized enzymes, isocitrate lyase and isocitrate
dehydrogenase (The peak height of 2.0 g/L fumaric acid without addition of
salts, substrates and metabolites was set to 100 % as reference value)

Components added to | Relative peak | Components added to| Relative peak

buffer solution height [%] buffer solution height [%]
No 100 1 g/L SCAD 101
3.4 mM EDTA 101 2 g/L. SCAD 104
1 mM IMD 98 3 g/L SCAD 105
5 mM Na-Azide 97 0.5 ¢g/L Triton X-100 105
10 mM Na-Azide 96 2 g/l Urea 102

0.1 mM DTT 96 - -

The peak height of 2.0 g/L succinic acid with addition of activating or inhibitory
compounds to the standard buffer solution was set to 100 % as reference value.
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Figure 10. On-line monitoring of the concentrations of fumaric acid in a
continuously stirred tank reactor (IER1/2 or 1/4 means an immobilized
enzyme reactor with 1:2 or 1:4 packing ratio of fumarase and malic
dehydrogenase). Symbols (ll, @) are off-line data measured by the HPLC
system.
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Figure 11. On-line monitoring of the concentrations of fumaric acid
during a cultivation of Rhizopus oryzae KCTC 6946. Symbol (H) is
off-line data measured by the HPLC system.
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Figure 12. On-line monitoring of the concentrations of succinic acid in a
continuously stirred tank reactor. Symbol (@) is off-line data measured by
the HPLC system.
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