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Chapter 1

Introduction

5-Aminolevulinic acid (ALA) is the universal biosynthetic precursor of the

tetrapyrroles, such as porphyrin, heme, chlorophyll, and vitamins B12. It has several

physiological activities such as a photodynamic herbicides effect on several plants

(Rebeiz et al., 1984), a photodynamic insecticidal effect on several insects i.e.

Trichoplusia ni (Rebeiz et al., 1988), plant-growth-regulating properties and may

enhance agricultural productivity (Hotta et al., 1997). Moreover, further applications

of ALA in medicinal and pharmacological products were also reported (Sasaki et al.,

2002).

Research and development to reduce the cost of ALA production has been

carried out in various aspects. Relatively large amount of extracellular ALA

production from Rhodobacter sphaeroides was achieved by adding levulinic acid

(LA), a competitive inhibitor of ALA dehydratase (ALAD), intermittently (Sasaki et

al., 1987, 1990). In this condition, supplementing the precursors for synthesis (glycine

and succinate) enhanced ALA accumulation (Sasaki et al., 1991). In addition, ALA

could be produced extracellularly using volatile fatty acids (VFAs) medium

containing acetic, propionic and butyric acids as the carbon substrate (Sasaki et al.,

1993). Strain improvement by mutagenesis using NTG, a mutant strain CR-17 of

Rhodobacter sphaeroides was characterized by the low activity of ALA dehydratase

and secreted  large amount of ALA comparing to the wild-type strain (Tanaka et al.,

1991).   Following this approach, ALA production using mutants of photosynthetic

bacteria has been established (Nishikawa et al., 1999; Sasaki et al., 2002).

This investigation aims to increase the ALA yield from the halotolerant

photosynthetic bacterial isolates, both wild type strain and mutant strains, through

strain improvement and optimization studies.
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Literature Review

1.  Phototropic Bacteria

Phototropic bacteria can use light as an energy source and comprise a large and

heterogeneous group of organisms. They possess one or more pigment called

bacteriochlorophylls and can carry out light mediated generation of ATP, a process

called photophosphorylation. Two major groups are recognized, the purple and green

bacteria as one group, and the cyanobacteria as the other group. The basic distinction

between the purple and green bacteria and the cyanobacteria is based on the

photopigments and overall photosynthetic process. Cyanobacteria are oxygenic

phototrophs, employing chlorophyll a and two photosystems in their photosynthetic

process. Purple and green bacteria are anoxygenic phototrophs, employing

bacteriochlorophyll (of several different types), but only one photosystem in their

photosynthetic process.

In photosynthesis by the purple and green bacteria, water is not photolysed, and

O2 is not produced. Because the purple and green bacteria are unable to photolyse

water, they must obtain their reducing power for CO2 fixation from a reduced substance

in their environment. This can be either an organic compound, a reduced sulfur

compound, or H2. (Brock and Madigan, 1991)

1.1 The Purple Phototrophic Bacteria

Family 1. Chromatiaceae such as purple sulfur bacteria. Cells are

spherical, ovoid, spiral, rod- or vibrioid-shaped and multiplied by binary fission, with or

without gas vacuoles; motile or nonmotile. Motile forms have polar flagella and are

either monotrichous or multitrichous. The internal photosynthetic membrane system is

continuous with the cytoplasmic membrane and of vesicular type. Only one species

(Thiocapsa pfennigii) contains tubular membranes and bacteriochlorophyll b. All other

species contain bacteriochlorophyll a and carotenoids of group 1, 3 or 4. In general,

culture of strains with carotenoids of group 1 appear orange-brown to brownish-red or

pink; those of group 3, purple-red; and those of group 4, purple-violet (Pfennig and

Truper, 1984).
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Family 2. Rhodospirillaceae such as purple non-sulfur bacteria. Cells

are spiral or vibrioid- or rod-shaped, motile by means of polar flagella, divide by binary

fission, with or without gas vacuoles, and are Gram-negative. They are able to perform

anoxygenic photosynthesis with bacteriochlorophylls and carotenoids as photosynthetic

pigments. Growth occurs anaerobically in the light with reduced sulfur compounds as

electron donors. Sulfide is oxidized to elemental sulfur, which is deposited outside the

cells and may be further oxidized to sulfate. In nature, membrane of the

Ectothiorhodospiraceae are found in marine to extremely saline environments

containing sulfide and having neutral to extremely alkaline pH (Pfennig and Truper,

1984).

The purple nonsulfur bacteria are the most diverse and best studied group of all

phototrophic bacteria. This diversity is reflected in their morphology, internal

membrane structure, carotenoid composition, utilization of carbon sources and electron

donors, and various other characteristics. Most species are motile and have, besides

various types of carotenoids, bacteriochlorophyll a as their photosynthetic pigment. One

or more vitamins are generally required as growth factors, most commonly biotin,

thiamine, niacin, and ρ-aminobenzoic acid. These compounds are rarely needed by

species of the Chromatiaceae and Ectothiorhodospiraceae, which may require vitamin

B12 as the sole growth factor. Growth of many species is also enhanced by small

amounts of yeast extract, and some species have a complex nutrient requirement.

Photoorganoheterotrophic growth is preferred by most species, but many species are

also able to grow photoautotrophically or to respire under micro aerobic conditions

(Pfennig and Truper, 1984).

1.2 The Green Sulfur Phototrophic Bacteria

Green bacteria are morphologically quite diverse, including nonmotile rods,

spiral, and spheres (green sulfur bacteria), and motile filamentous gliding forms. Green

bacteria are also very phylogenetically diverse, as the green sulfur bacteria and

Chloroflexus represent two distinct branches of eubacteria. The gliding green bacteria

could easy be classified with the rest of the gliding bacteria, but it is generally

considered that the ability to grow phototrophically is a more fundamental

characteristic. Thus these gliding organisms are classified with the rest of the
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phototrophic bacteria. Several other green bacteria have complex appendages called

prosthecae, and in this connection resemble the budding and/or appendaged bacteria

(Brock and Madigan, 1991).

2.  Synthesis Pathway of 5-Aminolevulinic  Acid

2.1  The Shemin Pathway ( C4 Pathway )

The Shemin pathway is present in the group of purple sulfur phototrophic

bacteria, in yeast and in the mitochondria of mammalian cells. ALA is formed by the

enzyme ALA synthase which catalyzes the condensation of succinyl-CoA and glycine

(Nishkawa et al., 1999) with the liberation of carbon dioxide and CoA (Ano et al,.

1999).

 The two major substrates for ALA biosynthesis are glycine and succinyl CoA.

Succinyl CoA is an intermediate of the TCA cycle and its carbon atoms originate

therefore from acetyl CoA. It was then established that first (and committed) step in the

biosynthesis of porphyrins is a condensation reaction between glycine and succinyl CoA

catalysed by a pyridoxal phosphate-dependent synthetase, the product is 5-

aminolevulinate (ALA) (Figure 1).

This condensation takes place in two stages with the intermediate formation of

an enzyme-bound (Schiff’s base) derivative of α-amino-β-adipate which, on

decarboxylation and release from the enzyme, gives ALA. Two molecules of ALA then

condense, with loss of two molecules of water, to generate porphobilinogen. The

reaction is catalyzed by 5-aminolevulinate dehydratase. This product, with a single

pyrrole ring, has one acetate and one propionate side chain. Further condensation of

four porphobilinogen molecules then takes place in a head to tail manner to give an

enzyme-bound tetrapyrrole. The linear product (aminomethylbilane) is released, after

loss of ammonium ions, when each pyrrole ring is linked by a methylene group. Thus,

three ammonium ions are lost at this stage, with a fourth eliminated later on ring closure

to uroporphyrinogen III. This reaction requires two enzymes, uroporphyrinogen I

synthase which catalyzes a head to tail condensation of four porphobilinogen molecules,

and uroporphyrinogen III cosynthase, which inverts one of the units and closes the ring

(Packter, 1992).






























