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Enterococcus faecalis RKY1 cells were immobilized in an asymmetric hollow fiber bioreactor for application to the
continuous production of succinic acid. The media was fed into shell-side of the module using a peristaltic pump, and
the products were collected through fumen-side outlet. The number of hollow fibers within the module did not affect the
bioreactor efficiency in the transverse operated hollow fiber bioreactor. The steady state at the outlet of hollow fiber
bioreactor was reached after 24 hr cultivation at flow rate of 0.25 mL/min, 12 hr at 0.5 mL/min, and 9 hr at 1.0 mbL/min,
respectively. The succinate and fumarate concentrations within the hollow fiber bioreactor, however, were as changeful
as increasing the flow rate. During continuous operation with the flow rates between 0.5 and 2.0 mL, the productivity
of succinate was 8.0-10.9 g/L - hr at 30 g/L fumarate, 4.9-149 g/L - hr at 50 g/L fumarate, and 7.2-17.1 g/L - hr at
80 g/L fumarate, respectively.
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Figure 1. Experimental setup diagram for bioconversion of fumarate
to succinate using hollow fiber bioreactor. [P, P2, Pis, Ps, Ps;
sampling port of shell side]
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Figure 2. Scanning electron micrograph of a cross sectional hollow
fiber unit (A) and E. faecalis RKY1 immobilized in the fiber matrix
of hollow fiber bioreactor (B).
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Figure 3. Effect of the number of hollow fibers on the succinate
production and pH change by E. faecalis RKY1 immobilized in a
hollow fiber bioreactor. [A; number of hollow fibers 50, B; number
of hollow fibers 200, initial fumarate; 30 g/L, flow rate; 1.0 mL/min,
temperature; 387
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Figure 4. Distribution profiles of succinate at each port duting

bioconversion of fumarate to succinate using hollow fiber bioreactor.
[A; 0.25 mLfmin, B; 0.5 mL/min, C; 1.0 mL/min, number of hollow
fibers; 200, initial fumarate; 30 g/L, temperature; 38 (']
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Figure 5. Distribution profiles of fumarate at each port during

bioconversion of fumarate to succinate using hollow fiber bioreactor.
[A; 0.25 mL/min, B; 0.5 mL/min, C; 1.0 mL/min, number of hollow
fibers; 200, initial fumarate; 30 g/L., temperature; 38 (]
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Figure 6. Time profiles of bioconversion of fumarate to succinate by
E. faecalis RKY1 immobilized in a hollow fiber bioreactor. [A;
0.25 mL/min, B; 0.5 mL/min, C; 1.0 mL/min, number of hollow
fibers; 200, initial fumarate; 30 g/L, temperature; 38C)

ek Figure 404 B ule} o] wix] Fg<4=7t 0.25 mljmin
d ZAFEGE 05 mL/ming] ol Jojat z}b portol| A 4
e =gshe Alzke] @EHASS & & AT, HiF|

Korean J. Biotechnol. Bioeng., Vol. 17, No. 2

FFEE | mUming] A9 2700 A7 FEHE $2ol

port (P)E gl S Akl 493 AdsE A

& ¢ 5 Y o A& k2 Asel 279 =98
A=}

FutEito] wiA Fg FROIME

T HFBRS FH3ldAM A3} S4latog
AL ou)gth Figure 5ol B3, #l#] FF4% 025 mL/min
o] A% Azl HMiATE T Ze] Hold port
(Ps)ell Frt2ste] thF R 2u 24470 = &
£ porte]d) Fojzao] Aol AHHAGI T FolE Piol
Ael Frlaa st g Sk $4e wslth WA
FTEFEE 05 mL/min®] 3¢ 7] 3A A= 0.25 mL/min
Aoo wlsd e BYon] 6AZE L 48AZA)E
ool Frizsol o Bel ARAT ALL T & Ak
A FEEE 1.0 mLymine] 9 7|9 P 2 PollA]
Eohzabe] 2u7h mAT Aol Aol ueh AwA
Gadhe 49e 2T =@ 99 ge xasz 4
A} ZA lumenside® G99 v]x] 2 pHY A7)
slof] #3}e] Figure 60 JERAITE Figure 6914 Hi
uke} o] wjAlel FFETIL TUIE £F FAdH &
e Aol ©®EHJIT. F, 025 mlymin®] 79 3647,
0.5 mL/min®] 7<% 12A)7h 1.0 mL/mine 739 9A17F
2 3FHd0] 25T o] ETeE AL
et o]e} 7ro] HFBRE transverse modeZ Z {3+ 4
£ shellside Yolrle) 714 2 2B BES} fo)
o] FEE JEREX Y lumenside® $FE2HE FHEAE9)
55 9 7139 $EE el S8 el A9 wabl
gl Aoz oyt ol FFH Fulzalo] shell-side
el 1A3lElo] Q1= E faecalis RKY13 A AHZshdA
HFBR lumen-side® Folo] #2Ucke AL oJn)ict

d

it o jo or B N Lo

£ o gL o
L2 4 jo

FOl2A S50 G2 SAN ASMN
Az AENIINE olEse] HANS AxAsEY 9
A

71491 Futaite] Fxol gk FFS golrr] st

SX 30, 50, 80 gL EFsE wjAE o] &3
A FEFEEE 05, 1.0, 2.0 mL/min2 HIAFHA A
gatxct olel i3k Z#AE Table 1o VeISIc) Table 1
A B upel Zo] Ful2Al TE 30 gL 2 WA FF
44 05, 1.0, 20 mL/min®] 7A$ 247+ 29.7, 28.5, 272 g/L

Table 1. Continuous production of succinate using E. faecalis RKY1 immobilized in hollow fiber bioreactor.

Fumarate concentration [g/L] Flow rate [mL/min]

Succinate produced [g/L]

Yield [g/g]® Pswen [g/L * hr]°  Prow [g/L - hr]

0.5 29.7 0.99 14.9 30
30 1.0 28.5 0.95 285 5.7
20 273 0.91 545 10.9
0.5 49.3 0.98 24.7 49
50 1.0 45.2 0.90 45.1 9.0
20 37.2 0.75 74.5 14.9
0.5 72.1 0.90 36.1 7.2
80 1.0 55.6 0.69 55.6 11.1
20 42.8 0.54 85.6 17.1

“yield, succinate produced (g) / initial fumarate (g), byolumetric productivity based on the shell side volume, ‘volumetric productivity based on

the total reactor volume
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