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Abstract — Aminolevulinic acid (ALA) was shown to be synthesized via active pathways of either
Cs or Cs ALA biosynthesis in cells of a photosynthetic bacterium, Rhodocyclus gelatinosus KUP-
74, where the C; pathway was appeared to be preferentially expressed in the cells. It was strongly
suggested that L-glutamine might be utilized more effectively than L-glutamate to synthesize ALA
via Cs pathway in this bacterium from the fact of relationship between the cellular uptake rates
of glutamate and its y-derivatives and corresponded ALA productivities m vitro and n vivo.
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Table 1. Increases in extracellular ALA production by supplementation of the C; and Cs precursors during cultiva-

tion of Rhodocyclus gelatinosus KUP-74

Growth (O.D at 660 nm) ALA (uM)
by supplying at by supplying at
Precursors (mM)
[nitial Mid-log Initial Mid-log
None 1.42 1.42 ot 8
Glycine, Succinate (10, 10) 1.25 1.14 21 183
L-Glutamate (30) 1.40 1.42 144 204

Each precursors were added initially, or at the mid-log phase (72 h) of cell growth, to basal medium containing
10 mM LA. Determination of cell growth and extracellular amount of ALA was carried out after 96 h of cultivation.
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Fig. 1. Precursor dependent AL.A biosynthesis in the
cell-free extracts of Rhodocyclus gelatinosus KUP-74.
Time course analysis of ALA generation i wvitro was
carried out in the absence () or presence of 50 mM
Cs (@) or Cs (v) precursors. Cell-free extracts were
prepared from the concentrated cell suspension ((J.D.
3.0 at 660 nm) by French press as described in the
text. For other conditions, see "Materials and Me-
thods' .
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Table 2. Effect of precursors supplemented cultivation on the ALA forming rates in cell-free extracts of Rhodocyclus

gelatinosus KUP-74

Conc. ALA forming rates(Vy)® by using
Precursors {mM)
C, pathway Cs pathway Control”
None 1.2(1.7) 1.0(1.3) 0.2(0.5)
Glycine + Succinate 10(60) 1.8(2.3) 1.2(1.1) 0.3(0.5)
L-Glutamate 30(30) 1.1(1.6) 1.7(2.0) (0.3(0.5)
Cs+Cs precursors 10+ 30(60+ 30) 1.5(1.7) 1.3(1.8) 0.3(0.5)

a) The values of initial velocity (V) indicating moles

of ALA formed in 1 m/ of cell-free extract per hour were

estimated by the method of extrapolation of rate decreases in the ALA biosynthesis followed by time course
plotting of extracellular ALA contents in the course of the reactions as described in *Materials and Methods’.
Conditions of the systems in which ALA was synthesized in vitro were in "Materials and Methods’ except
the control, b) that the system contained no cofactors for enzyme activities involved in both pathways. For compari-
son, the above experiment was performed simultaneously using the cell-free extracts of Khodobacter sphaerordes
and the resulted data were presented in parentheses.
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Fig. 2. Effect of glutamate and its y-derivatives on
KUP-74.

A, Cell growth; B, Extracellular ALA production.

the growth and ALA production of Rhodocyclus gelatinosus

Arrows indicate the time to add 30 mM of each compounds along with 30 mM LA. Symbols used for L-glutamate,

(); D-glutamate, (@®); L-glutamine, (~); D-glutamine
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Fig. 3. Effect of glutamate and its y-derivatives on the growth and ALA production in intact cell system of Rhodocyc-

lus gelatinosus KUP-74.
A, Cell growth; B, Extracellular ALA production.

1 m! of intact cell systems were consisted of initial concentrations of 50 mM each of compounds along with 10 mM

LA and 035 mg dry cells (Agp=

1.0} in 10 mM phosphate buffer, pH 7.0, and incubated at 30C . Symbols used

for L-glutamate, (O); D-glutamate, (@®); L-glutamine, (¥); D-glutamine, (¥); GSH, (_); y-L-Glu-OEt, (M); no addi-

tion, {~).
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Fig. 4. Discrimination of cellular uptake rates of gluta-
mate and its y-derivatives in intact cell system of Rho-
docyclus gelatinosus KUP-74,

Relative uptake rates were shown by percent ratios
of uptake rates of the compounds relative to that of
1 mM L-glutamate. Uptake rates were calculated from
the residual amounts of primary amino groups in exi-
racellular spaces as described in "Materials and Me-
thods'. Symbols used for L-glutamate, (C3); D-gluta-
mate, (®); L-glutamine, (¥); D-glutamine, (¥); G5H,
(()); v-L-Glu-OEt, (m); y-L-Glu-pNA, (»).

Table 3. Effect of glutamate and its y-derivatives on
the ALA forming rate in cell-free extracts of Rhodocyc-
lus gelatinosus KUP-T74

Conc. Maximun ALA forming
Compound (mM) ALA vield at rates (V)
(h) (nmole/mi/h)
L-Glutamate 100 10 1.1
D-Glutamate 100 10 (.95
L-Glutamine 100 8 1.21
D-Glutamine 100 8 0.81
GSH 100 8 0.9
v-L-Glu-OFEt 100 8 1.0

For condition, see Table 2.
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