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Abstract

Succinic acid was produced by Enterococcus faecalis RKY1 cells immobilized in hollow fiber
bioreactor as an alternatively immobilized culture in bioconversion of fumaric acid to succinic acid.
The feed was pumped through the shell side. As the flow rate of the feed was increased, the
steady state was obtained more quickly. The steady state was reached after 24 hr cultivation in
0.25 ml/min, 12 hr in 0.5 ml/min, and 9 hr in 1.0 ml/min, resbectively. The effect of medium pH
on succinate production was also investigated. By changing the medium pH of 8.0, the succinic

acid produced was increased about 16% than that of pH 7.0.
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2 By B ApAoa] AlRo]l BB Enterococcus faecalis RKY10] 4212 A B
€ #3td Algs e, FFE Bl <l &37A 24T N 1247 PHLE SHAE
Fol2Ad S == Auld A elA HFWM AT 72 F71EHA RS fsiA
Foll 2 YEE 6 ml vpo]del] vk 1 miz Z2AE | mlE EFsES -20TeA K st
fod, vigd Aldiste] AL At

B R] 2 AJef B AlFHo| AL H v x]e] ZALS glycerol (Yakuri, Osaka, Japan) 20 g/l, sodium
fumarate 30 ~80 g/l, yeast extract (Difco, Michigan, USA) 15 g/l, KoHPOs (Yakuri) 10 g/l, NaCl
1 g/l, MgCl, - 6H,0 0.05 g/l, FeSOs - 7H,0O 0.01 g/l ©|th. T 8] BE Alefe AlFZFo 2 A
A}-g-3h .

27 A Ey-2 7] HFBRS Sambo Globe A}2] GUF-Lab 2d-& FUste] Al&staed, whg
7] 2529 A7)= 254 cm X 60 cm, A2 YAL 09 mm ¥ 272 1.6 mmeo|t}t. A #9
z] 22 polysulfoneo] B 20,000 MWCOE zre=roh =3 A9 FeHls 2FEXEY T2 2= H
A Adelm, ole] 3 SEME o] &7 At S Fig. 1o Yehiuch wg7]e] 232 01 N
NaOHE AFg8ted 124125 <t A3 F, 200 ppm NaOClE& AH&3Fe] 12A12HF < A A g2
o DAEL HEFE7]A FIFE NaOH % NaOCle] A AE 98t BFFTHFTFE ©l83kd 124
TG ARSI ol 22 FF R AFH =L AFHZ (MP-3N, Eyela, Japan)E °| &
3l 2 mV/min f&52 2 AASA T AAYZ 7] vl F2 shell sidee] HF portE T3l 124]
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o 20 kV Al AP wME&2 PFAsAT AL R Fop=42 HPLC (Waters Lid,
USA)o| 9)dle] aAHPH S Z A Aminex HPX-87H ion-exclusion Z 3 (Bio-Rad Co., USA, 300 X
7.8 mm), ©] 54 5 mM H;SOs, % 0.6 ml/min, ZZ&7] UV 210 nm ¥ ZHL2% 35C2 =2
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2 lactic acid FAHAl A 7ttt F7HES5S 4ol SUhsiAT T R W u A,
o] wle] wr27] FPWA] S lumen side® 7|AS FF3+4] lumen sideZ {FZFA]7]+= direct
modeZA] B Aol Ae] Zdur2] el transverse moded] 72 $ol= AF 7hge] Fo 2 FFS
WA = Qo ARAch AT W] WPelAMel Aol BE HUN EEE Yoprl 9
sted wrg7le] TEAC 524 (10 cm)2 2 sampling portE 743t AUt viAFF
&% 025, 0.5 1.0 ml/min 522 93 sampling portd A4k E 3o 3t Fig. 49
el 2t} Fig. 4ol A X E=utel o] WA ZF S5 =7) 0.25 m/mingl ZA-FE = 0.5 ml/mingd
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742 W) opslglch. Fig. SolM Mizupsh o] pH 7.00.2 mjokg 2§ ok 24N s ol 432 g/
SA4E S A8 en, pH 603 wix2 ZA A o FA49 FEE 41.6 g/L, pH 8.0%]
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56~5.7742 ZAd7] Q7o) MEL Aol AHstsEo] £44F A4te] 23R AIE pH 8.00 wj
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Fig. 1.
sectional hollow fiber.
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Fig. 3. Effect of a number of hollow fiber on the
succinate production and pH change by E. faecalis
RKY1 immobilized in a hollow fiber bioreactor.
A: 50 ea, B: 200 ea
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Fig. 5. Effect
production and
fiber bioreactor.

of medium pH on the succinate
residual fumarate using hollow

Fig. 2. Experimental
fumarate  to
bioreactor.

1, product reservoir; 2, sampling port
inoculum port; 4, thermocontrolled
hollow fiber bioreactor;, 6, peristaltic
reservoir; 8, magnetic stirrer; 9, water

setup for
succinate  using

bioconversion of
hollow  fiber

of lumen side; 3,
water jacket; 5,
pump; 7, medium
circulator; P1, P2,

P3, P4, PS, sampling port of shell side
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Fig. 4. Distribution profiles of
each port during bioconversion

succinate at the
of fumarate to

succinate using hollow fiber bioreactor.

A: 025 ml/min, B: 0.5 ml/min, C:
fumarate 30 g/L

1.0 ml/min, initial



