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ABSTRACT

The plgsnid po61 that was isolated fram an E.coli genamic DNA library and
codes for 0 -alkylguanine (0 AG) DNA alkyltransferase (ATase) activity (1) has
been further characterised. Subclones of the 9 Kb insert of p061 showed that
the ATase activity was encoded in a 2Kb Pstl fragment hut a i
restriction endonuclease map of this was different to that of the E.coli ada
gene that codes for 0 -AG and alkylphosphotriester dual ATase protein.
Fluorographic analyses confirmed that the mlgcula.r weight of the p06l-encoded
ATase was 19KDa i.e. similar to that of the 0 AG ATase function that is
cleaved fram the 39KDa ada protein but rabbit polyclonal antibodies to the
latter reacted only very weakly with the p06l-encoded protein. A different
set of hybridisation signals was produced when E.coli DNA, which had been
digested with a variety of restriction endomicleases was probed with 2Kb Pst 1
fragment or the ada gene. These results provided evidence for the existence
of a second ATase gene in E.coli. The 2Kb Pst-1 fragment of p061 was
therefore sequenced and an open reading frame (ORF) that would give rise to a
19KDa protein was identified. The derived ammg acid sequence of this showed
a 93 residue region with 49% hamology with the 0 AG ATase region of the ada
protein and had a pentamer and a heptamer of identical sequence separated by
34aminoacidsinbothproteies. The pentamer included the alkyl accepting
cysteine residue of the ada 0 AG ATase. The hydrophobic damains were
similarly distributed in both proteins. Shine-Dalgarno, -10 and -35 sequences
were identified and the origin of transcription was located by primer
extension and S1 nuclease mapping. The amino-terminal amino acid sequence of
the protein was as predicted fram the ORF.

INTRODUCTION

Alkylating agents can react at 12 sites in the purine and pyrimidine
bases in DNA and with the phosphodiester linkage to produce alkylphospho-
triesters (AP) (2,3). It has been shown that mammalian cells and bacteria
possess repair enzymes that can eliminate certain of these modifications from
DNA (4) and this can provide protection against same of the biological effects
of these agents. Active removal of one such lesion 06-a]kylguam'.ne (OGPG)
from DNA in E.coli (5) and rat liver (6) has been known for same time and the
mechanism in both cases has been shown to involve the transfer of the
alkylgroupattheospositiontoacysteineresidueintherepair
protein itself (7,8), a process that is autoinactivating.
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Having devised a sensitive and convenient assay for ATase activity we
used it to screen an E.coli genamic DNA library cloned in the expression
vector pUCS with the intention of isolating the 0°AG ATase gene (1). Two
bacterial clones expressing high levels of ATase activity were identified and
the corresponding plasmids called p061 and p062 were isolated. Although
extracts of bacteria harbouring these plasmids catalysed the transfer of
radiolabelled methyl groups from N-[H]-methyl-N-nitrosourea (MNU)-methylated
substrate DNA to protein, further characterisation showed that p061 coded for
an OGAG ATase function whilst p062 encoded both this and an additional ATase
function acting on AP. The 1.1Kb gene responsible for the dual ATase activity
was found to be a previously identified gene ada (9). The ada gene was known
to control the "adaptive" response in E.coli in which exposure of bacteria to
low doses of N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) increased their
resistance to the mutagenic and toxic effects of a higher "challenging" dose
of this agent (10).

Extracts of bacteria harbouring p061 contained an ATase protein of
closely similar molecular weight to one of the breakdown products of the ada
protein and transferred the methyl group from 0°-methylguanine (0°-meG) in DNA
to a cysteine residue in protein (1). For these and other reasons we
originally assumed that p061 was a truncated or rearranged section of E.coli
DNA in which the 3' region of the ada gene that codes for 06AG ATase activity
had come under the influence of the S-galactosidase promoter in the vector.
This assumes that the ATase coding region is in frame with the translation
initiation codon in the expression vector used (pUC8) and would give rise to a
fusion protein. In the present paper we initially explored this possibility
further by subcloning the original 9Kb insert in p061 and restriction
endonuclease (RE) mapping; Southern analysis of E.coli DNA using p061 or ada
DNA as probes and western blotting using an antibody to the OGAG ATase region
of the ada protein. The results were consistent with the existence of a
second ATase gene in E.coli. p061 was subcloned to a 2Kb Pst-1 fragment and
this was sequenced. Computer-derived amino acid sequence data, primer
extension and S1 nuclease mapping and amino terminal amino acid sequencing
were used to confirm the presence of a novel 0°AG ATase gene of E.coli origin.

A preliminary report of same of this data has been published earlier (11)

MATERIALS AND METHODS
Alkyltransferase assay

Bacteria (usually lml of a stationary culture) were collected by
centrifugation and sonicated (two pulses of 10 seconds at 10p peak to peak

9178



Nucleic Acids Research

distance with cooling in ice in between) in 1ml of buffer I (50mM Tris HCl,
1mM EDTA, 3mM dithiothreitol pH 8.3). Phenylmethylsulphonyl fluoride was
added to 0.5mM immediately after the last sonication. Sonicates were
clarified by centrifugation and supernatants assayed for ATase activity
essentially as described previously (1) except that the total incubation
volume was 1.1ml and the substrate DNA (5ug) was prepared by reaction of
purified calf thymus DNA with N-[ H]-methyl-N-nitrosourea of 23Ci/mmole
(Amersham International).

Extracts which were to be subjected to electrophoresis and fluorography
after radiolabelling were placed on ice immediately after incubation and made
0.25M with respect to HCl. The precipitate was collected by centrifugation
and washed twice in 90% ethanol, containing 25mM Tris pH 6.8 before
redissolving in PAGE loading buffer (12).

Polyacrylamide gel electrophoresis

Protein extracts were analysed by discontimious buffer SDS
electrophoresis using an adaptation (13) of the method of Laemmli (12).
Detection of the proteins was carried out using the silver-staining method of
Heukeshoven and Dernick (14). If western analysis was to be carried out,
proteins were transferred to nitrocellulose membranes (Hybond-C, Amersham
International) using a Bio-Rad Trans-Blot Cell. Transfer was conducted at 30v
overnight in a buffer containing 20% methanol, 192mM glycine and 25mM Tris pH
8.8.

Gels containing protein extracts which had been labelled by incubation
with substrate DNA were first fixed in 40% methanol containing 10% acetic acid
and then soaked in Amplify (Amersham International) for 30 mins. The gel was
dried between cellophane and exposed to film (Kodak XAR-5).

Plasmids

pUC8, pUC9 and the sequencing plasmids M13mpl8 and M13mpl9 were cbtained
fram Pharmacia.
Restriction endonuclease mapping and subcloning

RE were fram BRI~Gibco and were used with the reaction buffers provided.
Approximately 1lpg of plasmid DNA (isolated by the alkaline lysis procedure
(15)) and purified by Ultrogel A2 chramatography (16) was digested with the
appropriate enzymes and subjected to electrophoresis in 1% agarose gels.
Southern analysis

Following denaturation and neutralisation, DNA was transferred to
Hybond-N (Amersham International) using 6 x SSC (1 x SSC is 0.15M NaCl, 15mM
Na citrate). Filters were prehybridised in 6 x SSC containing BLOTTO (17) for
12 hours prior to hybridisation with 2 x 10° dpm per lane of [32P]-labelled
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nick translated probe which had been isolated from the appropriate plasmid by
recovery from low melting point (IMP) agarose gels. Filters were washed in
0.1 x SSC at 65°C before exposure to Kodak XARS5 or Hyperfilm MP (Amersham
International).
Western Analysis

Nitrocellulose membranes were incubated twice in 200ml of 20mM Tris-HC1,
pH7.5, 0.5M NaCl (TBS) containing 1% BLOTTO for a total of 1 hour. After
washing briefly in TBS containing 0.1% Nonidet P-40, the membrane was
incubated for 1 hour in 20ml PBS containing the primary antibody which was
rabbit anti-E.coli OG-MeG DNA methyltransferase IgG (Applied Genetics Inc.) at
a concentration of 5ug/ml. The membrane was washed twice in TBS/Nonidet P-40
before incubation with anti-rabbit IgG linked to alkaline phosphate (ICN
Biochemicals). After washing briefly in TBS/Nonidet P-40 the membrane was
developed with a solution of 4mg Fast Blue BBN (Sigma) in 19ml of 20mM Tris pH
8.8 mixed with 20mg naphthol AS-BI phosphate (Sigma) in lml 2-ethoxyethanol
immediately before use. A positive reaction gave a blue colour.
Nucleotide Sequencing

The dideoxy chain termination method (18) was employed and
7-deazadeoxyguanosinetriphosphate was used in GC rich areas (19). When the
maximm amount of sequence had been read with the M13 primers,
oligonucleotides 17 bases long were employed as synthetic primers. Altogether
14 such oligonucleotides were synthesised. Both strands of the 2Kb Pst 1
fragment were sequenced completely and the results were analysed using HOMOL
(20) , IDNA (21) and a hydropathicity programme (22) on a Systime Mainframe
camputer.
Primer extension

RNA was extracted from bacteria harbouring p061SP1 using a phenol
procedure and used in the primer extension reaction to determine the origin of
transcription (23). The primer was a 132 bp Hind ITI-Hae III fragment
isolated fram the 2Kb Pst 1 insert of p061SPl and 50 units of AMV reverse
transcriptase (Amersham International) were used in the reaction.
S1 nuclease mapping

A 1304 bp Mnl 1 fragment of the 2Kb Pst 1 region of p061SPl was cloned
into Sma 1 cut pUC9. A 461 bp Hind III fragment was isolated from this and
annealed to RNA (see above) after end-labelling. This was incubated with 2 or
8 units of S1 nuclease (BRL~Gibco) and the control was without nuclease (23).
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RESULTS

P061 subcloning
Extracts of bacteria harbouring p061 contained high levels of an ATase

that acted only on 0°-MeG in [3H]-MNU methylated substrate DNA (1). A variety
of RE were used to produce subclones of the original 9 Kb insert in p061 and
these were ligated into pUC9 and used to transform E.coli. Extracts of
bacteria harbouring plasmids containing the appropriate size inserts were
assayed for ATase activity using the standard assay. The presence of only
06AG ATase in the extracts was indicated by the amount of radioactivity
transferred to protein under substrate limiting conditions (usually 700 cpm
equivalent to 50 fmoles of methyl groups) and confirmed by parallel assays
using extracts of bacteria harbouring plasmids containing the ada gene (p062
HX see ref 24) or a truncated version (p062SX (25)) expressing only the 0°AG
ATase function of the ada gene. On no occasion did we abserve activity
corresponding to the dual ATase activity of the ada protein in extracts of
bacteria harbouring p061 or subclones thereof.
’I‘heOSAGATasecodingregionofp%lwas found to be contained within a
2kb Pst 1 fragment and the plasmid was designated p061SP1. Extracts of
bacteria harbouring p061SP1 showed only 0°AG ATase activity (Figure 1).
Subclones of p061SP1 involving Hind III lost their ability to code for the
ATase function. Since there is no Hind III site in the protein coding or
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FigE 1 Alkyltransferase activity in extracts of E.coli harbouring various
plasmids (0—O), p062HX; (®—@) p062SX (4&—A), p061SPl.
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Figure 2 Restriction endonuclease sites in p061SPl and p062HX. All sites for

the enzymes are shown. R.E. used: B, Bam Hl; E, Eco Rl; H, Hind III; Pst 1;
Sa, Sal 1; Sm, Sma 1; X, Xho II.

promoter region of ada this was already an indication that p061SP1 might
contain a different ATase gene. Furthermore the Pst 1 fragment was at the 3'
end (with respect to theﬂ-galactosidase pramoter in pUC8) of the p061 insert
and therefore unlikely to be expressed under the influence of this pramoter.
Finally the distribution of sites for same common RE bore no resemblance to
those of a 1.3Kb fragment of E.coli DNA spanning the ada gene (Figure 2).

These results suggested that p061SP1 contained an ATase gene different fram
ada. However, in the original E.coli genamic DNA library preparation, a rec
A" host had been used (1) and it was considered possible that this procedure
may have resulted in an internal rearrangement of the ada gene accounting for
the above observations. If this was the case, then probing E.coli DNA with
ada or the p061SPl insert should result in an identical pattern of
hybridisation signals. On the other hand, a different pattern would be
expected if the genes were not the same.

Southern analysis

Under conditions of high stringency (0.1 x SSC, 65°C) the 2Kb Pstl
fragment of p061 hybridised strongly to E.coli DNA which had been digested
with a variety of RE, electrophoresed in 1% agarose and transferred to a nylon
menbrane (Figure 3). Where this could be determined, the hybridising
fragments were of the size expected fram the results of subcloning the p061
insert. Thus the p061SP1 2Kb Pst I DNA hybridised to 0.6Kb and 3.0Kb Eco RI
E.coli DNA fragments agreeing with the restriction enzyme map for the parent
p06l1 clone. In contrast, the ada gene hybridised to different genamic
fragments exemplified by the 3Kb Hind IIT and 2.3Kb Sma I signals.

In addition when p061 was digested with several RE and cambinations and
probed with the 1.3Kb insert of p062HX the only signals that were detected
were of 2.8Kb or larger and due to the presence of vector DNA contaminating
the 1.3Kb insert that was isolated fram IMP agarose gels (Figure 4). These
results thus confirmed that E.coli was the origin of the 9Kb insert in
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Fi 3 Autoradiographs of E.coli DNA following hybridisation with the 2Kb
insert of p061SPl 1.3Kb insert of p062HX (upper) or the (lower). Pv, Pvu II.,
other R.E. as in Figure 2. O. and Hx control lanes containing p06l or pO62HX
DNA digested with Pst 1 or Hind III and Bam Hl respectively.

p061 and, together with the functional assays, demonstrate that E.coli
contains at least 2 distinct ATase genes ada and ogt i.e. 0°-alkylguanine-
DNA-alkyltransferase.
Western analysis

If the ogt protein is a novel ATase then polyclonal antibodies raised to
the 0°AG ATase region of the ada protein might be expected not to react in
Western analysis. Duplicate polyacrylamide gels were loaded with

9183



Nucleic Acids Research

1234 56178910 1N12131615 M Hx

Kb

12 3 4546 78 9101 1213 %15 Hx

Figure 4 Upper; photograph of EBr-stained 1% agarose gel of p061 digested
with various R.E. Lower; Autoradiograph of above after transfer to nylon and
hybridisation with the 1.3Kb insert of p062HX. The insert was contaminated
with a trace of vector DNA. R.E used. 1, Bam Hl; 2 Bam H1/Eco Rl; 3, Bam H1/
Hind III; 4, Bam H1/Pst 1; 5, Bam Hl/Sal 1; 6, Eco RI, ', 7, E0 Rl/Hmd I1I; 8,
Eco R1/Pst 1;9, 1 Eco RI 7Sa1 1; 10, Hind III; 11 Hind III/Pst I; 12, Hind III
Sal 1. 13, pst 17 14, 1/Sal 1; 15, Sal 1. Hx, p062HX digested with Bam
HI/Hind IIT.

approximately equivalent amounts of purified ada or ogt protein and silver
stained or electroblotted onto a nitrocellulose membrane and stained with the
antibody. Although the amounts of protein loaded were closely similar only a
faint reaction occurred with the ogt protein in contrast to the heavy staining
of the ada protein fragments that were generated by proteolysis during
extraction (Figure 5). In view of the similarity of action of the two ATases,
the slight cross reaction is probably due to common epitopes in the protein
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Figqure 5 Upper, photograph of a silver-stained polyacrylamide gel. Lane 1A
5ug of purified dual ion ada protein proteolysis cleavage fragments.
Lane 2A, 4ug of the 0 AG ATase cleavage fragment of the ada protein. Lane P,
3ug of purified 061 ATase protein (Wilkinson et al, in preparation). Lower:
Photograph of a western blot of the duplicate of the above gel except that
different size markers were used. (lane M).

molecules and suggests that there may be a slight degree of hamology at the
amino acid level.
Fluorographic analysis

Extracts of E.coli harbouring p061SP1, p062SX, p062HX or p062HSR (a
truncated version of p062HX that codes for AP ATase, K. Kleibl and G.P
Margison, unpublished observations) were subjected to fluorographic analyses
as described (see Materials and Methods and ref 1). In contrast to the
full-length or truncated ada gene products the ogt ATase produced a single
band on fluorography, even though in order to increase the ability to detect
fragmentation products, more labelled protein had been loaded onto the gel
(Figure 6). The multiple bands can be attributed to the proteolytic cleavage
sites in the ada protein (1,26,27) together with the p062SX and p062HSR coded
protein being fusion proteins having their translation initiation codon in the
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Figure 6 Fluorograph of extracts of E.coli harbouring various plasmids. Lane
1, p061SP1; lane 2, p062SX; lane 3, p062HSR; lane 4, p062HX. See Materials
and Methods for details.

vector. Even when a relatively large amount of ogt protein was loaded there
was little or no evidence for any fragmentation. This agrees with our
previous results (1) and provides further evidence that ogt and ada ATases are
different.

Nucleotide and derived amino acid sequence of p061SP1l

Having accummulated overwhelming evidence that E.coli contains another
ATase gene it was considered appropriate to undertake nucleotide sequence
analysis. Since the 2Kb Pst 1 fragment lost its ability to code for ATase on
further subcloning (data not shown) it was necessary to sequence the entire
fragment.

The derived amino acid sequence of one of the ORFs found in positions 788
to 1303 of the 2Kb Pst 1 fragment had a high degree of homology with the 06PG
ATase coding region of ada (26). Figure 7 shows the sequence of this ORF and
200 bases of the 5' untranslated region. A derived amino acid heptamer and
pentamer were found to be identical to sequences intheOGAGATaseregimof
the ada protein. Furthemmore the separation of these sequences was 34
residues in both proteins and many of the amino acid changes in this region
were of a conservative nature. An hamology plot of the amino acid sequences
of the ada and ogt proteins indicate this area of high hamology (Figure 8)
which gives rise to a closely overlapping hydropathicity plot (Figure 9).

A decanucleotide 4 bases upstream of the putative initiation codon
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bgu gy G}u G}u L‘)!'s Ile Ala Thr Pro Leu Gly Pro Leu Trp Val Ile Cys Asp Glu Gln Phe Arg Leu Arg Ala
880 890 900 910 920 930 940

n " " " M " "
GTT GAA TGG GAA GAG TAC AGC GAA GCC ATG GTG CAG CTG CTG GAC ATC CAT TAT CGC AAA GAA GGC TAT GAG CGC
Val Glu Trp Glu Glu Tyr Ser Glu Ala Met Val Gln Leu Leu Asp Ile His Tyr Arg Lys Glu Gly Tyr Glu Arg

950 960 970 980 990 1000 1010 1020
" " " "

n " " n

ATT TCT GCC ACC AAC CCA GGC GGT TTA AGC GAC AAG CTT CGT GAT TAT TTT GCC GGT AAT CTT AGC ATT ATT GAT
Ile Ser Ala Thr Asn Pro Gly Gly Leu Ser Asp Lys Leu Arg Asp Tyr Phe Ala Gly Ash Leu Ser Ile Ile Asp

1030 1040 1050 1060 1070 1080 1090

" " " " " " "
ACG CTT CCC ACT GCC ACA GGG GGG ACG CCA TTT CAG CGC GAA GTC TGG AAA ACA CTA CGC ACT ATC CCC TGC GGG
Thr Leu Pro Thr Ala Thr Gly Gly Thr Pro Phe Gln Arg Glu Val Trp Lys Thr Leu Arg Thr Ile Pro Cys Gly

1100 1110 1120 1130 11“0 1150 1160 1170

CAGGTAATGCATTACCOCCMCTGGCTGMCMTTGGGCCGC(‘E[GGCGCGGCGOGTGOCGTTGGTGCGGCAAAC
Gln Val Met His Tyr Gly Gln Leu Ala Glu Gln Leu Gly Arg Pro Gly Ala Ala Arg Ala Val Gly Ala Ala Asn
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GGA TCG AAT CCC ATC AGC ATC GTC GTA CCT TGC CAT CGG GTT ATT GGC CGA AAC GGC ACC ATG ACC GGA TAT GCA
Gly Ser Asn Pro Ile Ser Ile Val Val Pro Cys His Arg Val Ile Gly Arg Asn Gly Thr Met Thr Gly Tyr Ala

1250 1260 1270 1280 1290 1300 1310 1320
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GGC GGA GTT CAG CGA AAA GAG TGG TTA TTG CGC CAT GAA GGT TAT CTT TTG CTG TAA ACATTAAACAATTTGTG
Gly Gly Val Gln Arg Lys Glu Trp Leu Leu Arg His Glu Gly Tyr Leu Leu Leu TER

Figure 7 Nucleotide and derived amino acid sequence of a section of the 2Kb
Pst 1 fragment of p061SP1 including 200 bases of g'untra.nslated region. Amino
acid residues underlined were hamologous to the 0 AG ATase coding C-terminal
region of the ada gene product. In addition, those with asterisk were
detenm.nedbyam.mam.dsequencmg fram the amino terminus. The origin of
transcription is indicated by RNA START. The size of the predicted 171
residue protein is 19143 Da.
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Figure 8 Graphic representation of amino acid and homology between ogt and
ada ATases. A point is plotted when 3 homologous amino acids are found within
any pentapeptide group.
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Fi 9 Hydrophobicity plots of (upper) the 0%AG ATase region of the ada

protein and (lower) the ogt protein.

had a 50% hamwlogy with the consensus Shine-Dalgarno ribosome binding site
(28) . The origin of transcription was located by S1 nuclease (Figure 10) and
primer extension (Figure 11) reactions to be 48 bases upstream of the
translation initiation codon. The putative -10 and -35 promoter binding
domains had, respectively 80% and 50% hamology to the consensus sequences
(29) .
Amino temminal amino acid sequence

To confirm that the initiation codon in the putative ORF was correct and
to demonstrate that the ATase present in extracts of bacteria harbouring
P061SP1 was encoded by the plasmid, the amino terminal acid sequence of the
purified protein was determined. The purification procedure will be presented
elsewhere (Wilkinson et al, in preparation). Residues 3 to 8 were identical
to those predicted fram the nucleotide sequence and although residues 1 and 2
were ambiguous, methionine and leucine were amongst the possible candidates.
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Figuﬁ 10 Autoradiograph of primer extension reaction polyacrylamide gel. The
primer extension reaction mix (5, 10 or 20pl as indicated) was loaded onto the
gel. M, end-labelled BRL Gibco 123 bp ladder.

DISCUSSION

The ability to generate the p062SX subclones of the ada gene that coded
only for functional 0°AG ATase activity suggested that p061 might contain a
truncated ada gene. Because the 0°AG coding region was at the 3' end of ada
and hence without its own pramoter it was assumed that the ATase coding region
in p061 would be at the 5' end of the 9Kb insert and be expressed from the
lac 2z pramoter giving rise to a fusion protein analogous to that coded by
p062SX (25). However, subcloning of the insert in p061 showed that the ATase
coding region was at the 3' end (with respect to the lac Z pramoter) of the
insert so this explanation seemed improbable. Furthermore the Sau 3a I sites
in the ada gene that could account for truncation would give only a ca. 8KDa
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Fid %e 11 Autoradiograph of S1 muclease reaction polyacrylamide gel. The
on mixture contained 0, 2 or 8 units of S1 nuclease. M, see Fig 10.

protein. Also, no subclones of p061 employing Hind III gave rise to ATase
activity in the host. These observations also imply the non-ada origin of the
ATase gene in p061. The RE map supported these suggestions and the Southern
and Western analysis provided final confirmation that ogt is a novel E.coli
ATase gene. The relative resistance of the ogt protein to the proteolytic
cleavage undergone by the ATases encoded by the ada gene or its subclones
indicates the absence of similar cleavage sites in the former protein.

This systematic approach to exploring the origin of the ATase encoded by
p061 provided conclusive evidence for the existence of another ATase gene in
E.coli, the product of which acts on 0°AG and not AP in substrate DNA.
Although an exhaustive search was not made, the inability to isolate subclones
of p061SP1 that conferred ATase activity on the host necessitated sequencing
the entire 2Kb fragment.

Camputer analysis of the data revealed an ORF with a high degree of
hamology to the 0°AG ATase region of the ada protein (Figures 7-9). In view
of the functional similarity of the two ATases this might have been expected.
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One of the peptides cammon to both proteins is a pentamer which in the case of
the ada protein includes the cysteine residue that becomes alkylated during
the repair reaction. It seems likely that this will prove to have a similar
function in the ogt protein and this is being examined. The other common
peptide which also includes a cysteine residue may be involved in protein
tertiary structure or in DNA binding and since the penta- and heptapeptides
are separated by an identical mumber of amino acid residues, it is not
unreasonable to suggest that this separation may be critical for functional
activity.

The amino terminal amino acid sequence of the ogt ATase was as predicted
fram the nucleotide sequence and this confirms that ATase activity in extracts
of bacteria harbouring p061SP1 (or p061) is not due to a plasmid coded protein
ﬂmtupregulatesanexﬂogernxsosAGATasemttoﬂxeATasemodedinﬂxezm
insert. Further subcloning using the Eco Rl and Mnl 1 sites also confirms the
ORF (data not shown).

Exposure of E.coli to low doses of MNNG triggers the adaptive response in
which the expression of the ada gene is considerably increased resulting in
the increased capacity to repair the promitagenic lesions OGAG, 04AT and the S
stereoisamer of AP (26,30-32). Expression of alk A which codes for
3-methyladenine-DNA-glycosylase II is also upregulated and this increases the
capacity to repair 3-meA, 0°-meC, 3-meG, 7-meG and 7-meA (3,4). The
mechanism of upregulation of ada and alk A involves the binding of the
alkylated form of the AP ATase of the ada protein to a specific control
sequence, the ada box, in the pramoter regions of the two genes (27). The 5'
untranslated region of ogt contains sequences of reasonable hamology to the
Shine-Dalgarno, -10 and -35 consensus sequences but there does not appear to
be a region that could be considered as an ada box.

E.coli is also known to contain another 3-meA-DNA-glycosylase gene tag I
(4) the expression of which is constitutive and not affected by adaptation.

In the present paper we have demonstrated the existence of another ATase gene
in E.coli and this may be equivalent to the non-inducible tag I gene in
evolutionary terms. By analogy it may be appropriate to call the single
function protein ATase 1. Fluorographic analysis of ATase proteins in B.
subtilis support the suggestions of inducible and non-inducible forms of ATase
(33). Furthermore, 0%AG ATase activity is present in certain E.coli ada
mutants (34) Margison, G.P. unpublished results) and the possibility that this
is due the expression of ogt is being examined. It may be that the expression
of the non inducible ATase is sufficient to deal with very low levels of
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mutagenic alkylation damage generated in the DNA of bacteria by endogenous or
exogenous factors.

Circumstantial evidence for the lack of induction of ogt expression
during the adaptive response is that there are equal amounts of 06AG and AP
ATase activity in extracts of adapted E.coli (Margison, G.P. unpublished
results). If ogt was upregulated, the specific activity of the total 06AG
ATase would exceed that of the AP ATase. However, the question of whether or
not ogt is inducible by adaptation or under other circumstances is difficult
to resolve because of the absence of a specific assay method. For this reason
we are attempting to raise antibodies to the ogt gene product and to examine
the substrate specificity and other biochemical characteristics of the ogt
ATase.
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