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Abstract Genes for p and r:J. polypeptides of the light
harvesting I I complexes in Rhodobacter sphaeroides 2.4.1 
are encoded by the pucBA operon, and their expression 
is highly regulated by oxygen level and light intensity. 
8-Arninolcvulinic acid (ALA) in this bacterium i~ syn
thesized by ALA synthase isozymes encoded by hemA 
and hemT. Recombinant plasm ids carrying either a 
pucB'-hemA transcriptional fusion (pAS608A) or a 
pucB'-hemT translational fusion (pAS607A) have been 
constructed. Derivatives of Escherichia coli SASP19 
(hemA- mutant), harboring either pAS608A or 
pAS607 A. still required exogenous ALA supplementa
tion. However, each of these functions could be 
expressed in R. sphaeroides ATI (hemA- and hemT
mutant of R. sphaeroides 2.4.1) such that A Tl could 
grow in the medium without exogenous ALA supple
mentation. Introduction ofpAS608A into R. sphaeroides 
2.4.1 resulted in the increase of ALA synthase activity 
under both aerobic and photosynthetic growth condi
tions, while the introduction of pAS607 A resulted in the 
increase of ALA synthase only under aerobic conditions. 
The production of extracellular and intracellular ALA in 
R. sphaeroides 2.4.1 (pAS608A) or R. sphaeroides 2.4.1 
(pAS607 A) was not significantly different from that of 
the wild-type strain in either aerobic or photosynthetic 
growth conditions. 

Introduction 

Low-input sustainable agriculture (LISA) will be one of 
the most promising alternatives for agriculture practices 
in the future. The use of naturally occurring biological 
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materials to increase the yield of agricultural crops while 
still preserving the biodiversity inherent to that ecolog
ical habitat will be one of LISA's goals. 

The aim of our research is to develop a photodynamic 
bioherbicide or laser herbicide (Rebeiz et al. 1984; 
Spikes and Bommer 1991) based on the ability of 
8-aminolevulinic acid (ALA) to generate photosensiti
zation derivatives in certain plant species (Rebeiz et al. 
1988). Although ALA is readily available, its use is 
limited to small-scale biochemical investigations and 
its current cost for field application is relatively high 
when compared to commonly used chemical herbicides 
(Rebeiz et al. 1984). 

ALA is the first committed precursor that is common 
to the biosynthesis of tetrapyrroles in all living systems, 
and its availability within the cell is highly regulated 
(Beale and Weinsten 1991; Lascelles 1964). In fact, the 
addition of exogenous ALA to the wild-type strain of 
R. sphaeroides has been shown to inhibit both bacte
riochlorophyll synthesis and growth in general (Lascelles 
1966). 

In R. sphaeroides, ALA is formed from glycine and 
succinyl coenzyme A (succinyl-CoA) by ALA synthases 
[succinyl-CoA:glycine C-succinyltransferase (decarbox
ylating), EC 2.3.1.37]. The ALA synthases present in this 
bacterium exist as two isozymes encoded by the hemA 
and hemT genes (Tai et al. 1988). These genes have been 
sequenced and mapped on the R. sphaeroides chromo
somes (Neidle and Kaplan 1993a, b). 

Genetic tools have been developed and exploited for 
use with R. sphaeroides (Donohue and Kaplan 1991). 
Moreover, physical and genetic maps have been con
struoted for the R. sphaeroides genome which facilitate 
further analysis of genome structure and dynamics 
(Suwanto and Kaplan 1989a, b; 1992a, b). Studies of the 
genes encoding components of the light-harvesting 
complexes in this bacterium have provided further 
insight into the regulation of their expression by light 
and oxygen, including detailed characterization of cis
and trans-acting factors involved in these processes (Lee 
and Kaplan 1992a, b). 
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