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Induction of the adaptive response to alkylation damage results in the expression of four genes arranged in
three transcriptional units: the ada-alkB operon and the alkA and aidB genes. Adaptive-response induction
requires the ada gene product and occurs when cells are treated with methylating agents. In previous studies
we noted that aidB, but not alkA or ada-alkB, was induced in the absence of alkylation damage as cells were
grown to stationary phase. In this note we present evidence that didB is induced by anaerobiosis. Thus, aidB
is subject to dual regulation by ada-dependent alkylation induction and ada-independent anaerobic induction.

The adaptive response to alkylation damage is induced
when cells are treated with methylating agents (7, 10, 16).
This induction requires a functional ada gene (4, 11, 12). Ada
protein functions as a methyltransferase that removes
methyl groups from specific sites in DNA and transfers them
to two of its own cysteiné residues: methyl groups removed
from OS%-methylguanine and O*-methylthymine are trans-
ferred to cysteine residue 321, while methyl groups removed
from methylphosphotriesters are transferred to cysteine
residue 69. When the Cys-69 site is methylated, Ada protein
becomes a transcriptional activator that binds to a site
adjacént to the ada and alkA promoters (8, 14) and, presum-
ably, the aidB promoter.

The aidB gene was originally identified as one of several
methylation-inducible genes during the screening of random
insertions in the Escherichia coli chromosome of the fusion
vector Mu d1(bla lac) for increased B-galactosidase activity
upon treatment with methyl methanesulfonate or N-methyl-
N'-nitro-N-nitrosoguanidine. The function of the aidB gene
is unknown. Two phenotypic variants have been identified
among the seven independent isolates of aidB fusion mu-
tants. One class of aidB mutants is more resistant to N-
methyl-N'-nitro-N-nitrosoguanidine than is the wild type;
the other class is identical to the wild type and has no known
phenotype. ,

In addition to its induction by methylating agents, induc-
tion of aidB gene expression has been noted when cells are
grown to stationary phase (17). This induction is unique to
aidB; ada-alkB and alkA do not show increased expression
under similar conditions. In this study we examined the
induction of aidB in undamaged cells. Induction of aidB was
monitored by assaying B-galactosidase activity in extracts
obtained from strains containing fusions of Mu d1(bla lac) to
aidB. Strain MV1563 carries the aidB2::Mu d1(bla lac)
allele, and strain MV1701 is an ada-10::Tnl0 derivative of
MV1563. Cells were grown at 30°C in minimal medium
containing E salts (15), glucose (0.4%), Casamino Acid
hydrolysate (0.2%; Difco Laboratories), and thiamine (0.2
pg/mil). All experiments were repeated at least three times,
and representative data are shown in Fig. 1 and 2.

Since cells were not aerated during treatment in our
previous studies, we first examined the effects of aeration on
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aidB gene expression. Cells were grown overnight, diluted in
fresh medium, and grown with aeration to a density of 5 X
107 cells per ml. Cultures were then divided into two
aliquots; one was incubated with aeration and the other was
incubated without aeration. Aerated cultures were grown in
flasks in a water bath shaker and agitated at a rate of
approximately 300 rpm. Unaerated cultures were grown in
tubes incubated in a water bath without agitation.

B-Galactosidase activity remained low in the aerated cul-
ture, indicating that aeration inhibited induction of aidB::Mu
d1(bla lac). However, aidB::Mu d1(bla lac) was induced to
high levels in the unaerated culture (Fig. 1). This induction of
aidB was independent of ada, since it occurred in both ada™
and ada-10::Tnl0 derivatives. The ada-10::Tnl0 mutant
consistently showed a slightly lower level of aidB::Mu
d1(bla lac) induction than did the ada™ strain. We presume
that this was due to the lower growth rate of the ada-
10::Tnl0 mutant strain (Fig. 1). Since the unaerated culture
conditions were sufficiently anaerobic to cause induction of
a lac fusion to frdA (data not shown), a gene that is induced
by anaerobiosis (5), we suspected that aidB may be induced
by anaeérobiosis.

To test this directly, aidB::Mu dl(bla lac) cells were
grown overnight, diluted in fresh medium, and grown aero-
bically to a density of 5 x 107 cells per ml. Cultures were
then divided into two 15-ml aliquots; one was grown aero-
bically by forcing air through the culture, and the other was
grown anaerobically by forcing 95% N,-5% CO, through the
culture. Both gas mixtures were passed through a filter to
maintain sterility and bubbled through the culture at a rate of
1 to 2 ml/sec. Induction of aidB::Mu d1(bla lac) occurred
only in the cultures that were grown anaerobically (Fig. 2).
Induction of aidB::Mu dl(bla lac) was also seen when
cultures were grown in small volumes incubated in an
anaerobic tank containing an atmosphere of H, and CO,
(data not shown).

The aidB gene maps to a locus near the anaerobically
inducible fumarate reductase (frd) operon (95 min) (1, 18).
To define its locus more precisely and to determine whether
it is an frd allele, aidB was mapped relative to frdA and
mutL by P1 transduction in a three-point cross. P1 grown on
MV2018 (aidB* mutL218::Tnl0 frdAll) was used to trans-
duce MV1563 [aidB::Mu d1(bla lac) mutL* frdA*]. Tetra-
cycline-resistant (Tet") recombinants (mutL218::Tnl0) were
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FIG. 1. Induction of aidB::Mu dl(bla lac) in aerated cultures
(open symbols) and in unaerated cultures (closed symbols). Sym-
bols: O and @, MV1563 aidB2::Mu d1(bla lac); A and A, MV1701
aidB2::Mu d1(bla lac) ada-10::Tnl0. Hourly time points are shown.
B-Galactosidase activity is expressed as units per optical density
unit (600 nm).

selected and screened for loss of the aidB::Mu d1(bla lac)
allele by testing for ampicillin sensitivity. Incorporation of
the frdAll mutation of the donor was determined by testing
for inability to grow anaerobically on glycerol fumarate
plates (13).

Of frdA™* transductants, 33 and 31% exhibited unselected
phenotypes Ap" and Ap®, respectively. Of frdA mutant
transductants, 21 and 14% exhibited Ap" and Ap®, respec-
tively. A total of 159 Tet" transductants were tested. These
results indicate that frdA and «idB exhibit cotransduction
frequencies with mutL218::Tnl0 of 35 and 45%, respec-
tively, and lie on opposite sides of mutl.. When the Tn/0
insert present in the donor strain is taken into account, frdA
and aidB are placed approximately 0.45 and 0.6 min from
mutL. The genetic map location, together with the finding
that anaerobic induction of aidB is unaffected by the nirRI
mutation (also called fnr-1) (data not shown), a mutation that
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FIG. 2. Induction of «aidB::Mu dl(bla lac) during anaerobic
growth. MV1563 aidB2::Mu d1(bla lac) was grown in the presence
of air (O) or 95% N,-5% CO, (@). Hourly time points are shown.
B-Galactosidase activity is expressed as units per optical density
unit (600 nm).
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blocks induction of frdA and several other anaerobically
inducible genes (2, 6, 9; data not shown), allows us to rule
out the possibility that aidB::Mu d1(bla lac) is an allele of the
frd operon and shows that anaerobic induction of «aidB is
nirR independent.

Our results lead to the conclusion that the «idB gene of E.
coli is induced by anaerobiosis in an ada-independent fash-
ion as well as by alkylation damage to DNA in an ada-
dependent fashion. Thus, there are at least two links be-
tween alkylation damage to DNA and anaerobiosis: the dual
regulation of aidB described here and the requirement for
anaerobiosis for alkylation induction of aidC. aidC is an
ada-independent gene that is induced by treatment with a
variety of alkylating agents only when cells are grown
anaerobically (3, 18; H. H. Volkert, F. H. Gately, and L. I.
Hajec, Mutat. Res., in press). Further work will be required
to define the effects of anaerobiosis on alkylation damage
and its repair and to determine the regulatory elements
involved in anaerobic induction of the aidB gene.
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