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Iron, heme and oxygen regulation of hemA. B. japonicum produces ALA, the universal
precursor of tetrapyrroles, in a reaction catalyzed by the product of the hemA gene.
Expression of the B. japonicum hemA gene is affected by iron availability (Page et al.,
1994). Activity of a hemA-lacZ fusion is increased approximately 3-fold by iron and RNA
analysis indicates that iron regulation is at the level of mRNA accumulation. Deletions of
regions upstream of the hemA promoter, including a putative "iron box", did not eliminate
this differential expression (Page, 1994). However, deletion of most of the 5' untranslated
region, excluding the Shine-Dalgarno sequence, eliminated the increased expression
observed in the presence of iron (Page, 1994). This deletion also resulted in overall
expression which is less than 20% of that seen for cells grown in the absence of iron;
however, this same fusion is still subject to oxygen regulation. Because regulation by
oxygen is known to occur at the transcriptional level, via the fixLJ system (see below), this
result demonstrates that, although expression is lower, transcriptional regulation of hemA
expression still occurs and suggests that regulation by iron may occur via changes in mRNA
stability.

To address the question of how the 5' untranslated region of the hemA transcript is
involved in iron regulation, we constructed evenly spaced 10 bp deletions within the hemA
leader region and determined their effect on hemA-lacZ expression. Deletions were
constructed such that 16 bp of wild type sequence were replaced with the 6 bp recognition
sequence for the restriction enzyme BglII resulting in an overall change of 10 bp. The
deletions were designed to eliminate potential "stem loop" structures within the hemA
transcript as well as disrupt two potential peptides upstream of the hemA structural gene.
The Bglll restriction site provides a screen for identification of plasmids containing the
deletion. Cells containing hemA-lacZ fusions with each of the four 10 bp deletions were
grown in minimal xylose medium with and without added iron. Assays of B-galactosidase
activity showed that fusions containing deletions 3 and 4 are expressed at wild type levels
under all conditions. Expression of the fusion containing deletion 2 is ~30% of wild type
when grown under both conditions but the fold induction by iron is the same as the wild-
type fusion. The fusion containing deletion 1 is also expressed at 30% of wild-type under
iron deficient conditions but is no longer induced by the presence of iron.

The hemA gene of B. japonicum is also regulated by oxygen (Page and Guerinot,
1995). Up to 9 fold induction of 8-galactosidase activity is seen when cultures of B.
Jjaponicum containing either a plasmid encoded or chromosomally integrated hemA-lacZ
fusion are shifted to restricted aeration. The oxygen effect is mediated via the FixLJ two-
component regulatory system that regulates the expression of a number of genes involved in
the nitrogen fixation process in response to low oxygen conditions (Anthamatten and
Hennecke, 1991); oxygen induction is lost when the hemA-lacZ fusion is expressed in
strains of B. japonicum carrying mutations in fixL or fixJ. The B. japonicum hemA
promoter region contains a sequence identical to the E. coli For binding site (-46 to -33
relative to the hemA transcription start). Fnr is a regulatory protein necessary for the
oxygen-regulated expression of anaerobic respiratory genes (Spiro, 1994). Activity of a
hemA-lacZ fusion construct in which the Fnr box-like sequence was replaced with a BglIl
site is not induced in B. japonicum cultures grown under restricted aeration. The far
homolog fixK has been cloned from several rhizobial species, including B. japonicum, and
transcription of fixK is FixLJ dependent. Collectively, these data suggest a role for the
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of hemA with symbiotically important genes via FixLJ is consistent with the idea that hemA
is required in the nodule as well as under free-living conditions.

The hemA deletion strain MLG! of B. japonicum is an ALA auxotroph (Guerinot and
Chelm, 1986) and therefore cannot synthesize heme without the addition of ALA. However,
MLG1 is capable of growth without ALA supplementation in a glucose/salts/yeast extract
medium (Frustaci et al., 1991). Remarkably, and most importantly for our studies, such
cells appear to have no measurable heme. By introducing a hemA-lacZ fusion into strain
MLGI1, we have been able to examine whether heme itself regulates hemA expression.
Heme is a strong negative regulator of hemA (Page, 1994); B-galactosidase levels are 8 fold
higher in the hemA mutant than in wild type cells carrying the same construct. Addition of
ALA or hemin to the culture restores the level of hemA-lacZ expression to that of wild type.
Therefore, we tentatively conclude that heme is normally repressing expression of hemA in
wild type cells. MLGI is totally deficient in ALAS activity, lacks heme, and is relieved of
this negative control of hemA expression. Levels of hemA-lacZ fusion mRNA do not
change with differences in heme availability, suggesting that heme regulates remA
posttranscriptionally.
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