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Optimizing the Production of 5-Aminolevulinic Acid by Recombinant Escherichia coli Containing the
Rhodobacter capsulatus hemA Gene. Yang, Dong-Soo*, M oon-Won Park?, Soo Jin Lim, Min Jeong Kim,
Yuri Shin, Chan Soo Park?, Young Hyun?, and Dae-Kyung Kang*. Department of Animal Resources Sci-
ence, Dankook University, Cheonan 330-714, Korea, 'Abson BioChemica Lab, Ansan 425-220, Korea, “FASY
BIO System, Inc, Cheonan 330-811, Korea - Recombinant Escherichia coli BLR(DES3) harboring the hemA
gene from Rhodobacter capsulatus under the control of a constitutive promoter, which we constructed previ-
ously, was used for the extracellular production of 5-aminolevulinic acid (ALA). The effects of several factors
on ALA production were investigated in flask culture. ALA production by the recombinant E. coli was more
efficient at 30°C than 37°C. The glycine concentration had an important effect on cell growth. Glycine and
succinic acid concentration of 5-10 and 10-20 g/L, respectively, resulted in high ALA production. In addition,
the partial replacement of succinic acid by sodium glutamate increased the ALA production. The ALA pro-
duction was inhibited by the presence of glucose in the medium. Using the optimal conditions, an ALA con-
centration of 8.2 g/L was achieved in jar fermentation without an added inducer or ALA dehydratase inhibitor;
thisisthe highest reported concentration.
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USA)E 28315

us A%

wiFA|glol] AMSEE 7148 wiR] 2 SGYP ] (succinic acid
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Lell si=slaict. Succinic acide] A2 ¢4 Aminex
HPX-87H organic acid column(Bio-Rad, USA)S AM8-3191
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o] frEld 4= qlont 7|Aof] o3t AR A 2RE- wlj o] [11,
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Fig. 1 Effects of temperature on the growth of recombinant E. coli and ALA production in SGYP medium (initial pH 6.3) contain-

ing glycine 5 g/L (A series) or 10 g/L (B series).

E AEAA] Al A E NS #at ek, ALA A
Aes AdE o2 m)ekslodoh(Fig. 2A). 8, succinic acid
20 g/L A7} 7-9<ll= succinic acid 10 g/L 377} v}
F7HA 2 glycine FE7F oS A 2R A o] A2
A= G, ALA A SHel| A 323 g glycine 5-
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2B).

Qin 5[26]-2 Agrobacterium radiobacter hemA F-32-=
=813 Axg Al 2ledA succinic acid 13 g/L7HA]=
M EZAAE AsEhA] G ALA A A1 5 Qv
a1 3}y 2}, Fu 5[11]-= Rhodobacter sphaeroides hemA
RS =3 A miFA el aleix] 10 gL o]4He]
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ol ALA Akl A= o33ks ARSI Fig. 3iA B
= v}e} o], succinic acid A¥-Z glutamate® o) A 32
Afolle MEAA I ALA AAEFe] 71 wheket. 3,
succinic acide} glutamatesS- 1:1°] ]2 8308 7%
+ succinic acid 20g/L &5 ARG Al A 2
ALA A Swol| A fe]ssich.
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Fig. 2. Effects of glycine concentration on the growth of recombinant E. coli and ALA production in SGYP medium (initial pH 6.3)
containing succinic acid 10 g/L (A series) or 20 g/L (B series).
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Fig. 3. Effect of the substitution of glutamate for succinic acid on the growth of recombinant E. coli (A) and ALA production (B) in
SGYP medium (initial pH 6.3). Suc, succinate; glut, Na-glutamate.
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YAkl glucoses 718l A2 viAlEA] o Hlew
=5
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Fig. 4. Effects of glucose supplement on the growth of recombinant E. coli and ALA production in SGYP medium (initial pH 6.3)
added Na-glutamate 10 g/L. A. cell growth; B. ALA production. The arrows indicate the time at which glucose was depleted.
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Fig. 5. Cdl growth and ALA production profilesin fed-batch fermentation of the recombinant E. coli containing hemA gene on pH-
stat control. A. cell growth; B. ALA production. SGY P medium added Na-glutamate 10 g/L was used for jar fermentation. The arrow indi-
cates the time of feeding succinic acid 5 g/L and glycine 5 g/L, respectively.



158 YANG et al.

Al ALAAARFe] S718l7] AlAbslel e, wiek 24717
o 6.8glL Tl =3I =3t o] A|Hel| 7]AQl
succinic acid7} 79 12Z= 1 7] ol succinic acid}
glycines Z+7t 59/l FF3 A, ALA AR x4
o= et ek 2817k Fell= 829/l rell o] 23]
g, 3 HL?E“—“. HE ARSI Soll e B8k Al E A

Hep ofh =2 AARE ALA AAbe] A= SEHl, ALA
A L% /‘ﬂi A7zt vlEsle] HEEE o= 24

ﬂxl“} ALAZ} A EE AI7E 2 A Sl ALAZ Al
e Ejale] AE ko= ot Alzte] 28] wE
oz ZAud.

E ATelA AR EY AT 2N E ALAS %
2 QA 5 Qe FAS AT S8 jees, 714
o 5%, S 3 glutamates] 3, b B3 5
S A9l Lee S{17] Bradyrhizobium japonicum
hemA -F-21E A hate2HE 39gL 2] ALA
£ d9lem, Choi 5[7]< Rhodopseudomonas palusiris
hemA A= %}?"4/\]7] o] wioF 2H3E F3l 5.15
gL S ALAS Q9lchy wasige =, 2T 5
RES R ww W H45E Falel 66gL T
o AFE ALAZ 9S4 gkl Hoarwl ul gloi1d).

Ak, A F7HA] HaEALA AR FH) 7= ALA
dehydratase #] 3| #l ¢l levulinic acid(LA)l/} d-glucoseZ- i}
oF ol A7ksl= 796, 18, 19, 26], == ALA A E
29 W8S 98] 7719 inducere] IF’I'G—ET 7o 2 x4
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