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ABSTRACI
The plgsmid p061 that wgs isolated fran an E.coli genanic 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 fragent btit a partial
restriction endonuclegse 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 confinned that the molgcular weight of the p061-encoded
ATase was 19KDa i.e. similar to that of the 0 AG ATase function that is
cleaved fran the 39KDa ada protein but rabbit polyclonal antibodies to the
latter reacted only very weakly with the p061-enxcded protein. A different
set of hybridisaticn signals was produced when E.coli DNA, which had been
digested with a variety of restriction erxdonucleases was probed with 2Rb Pst 1
fragment or the ada gene. These results provided evidence for the existence
of a second ATase gene in E.ooli. The 2Kb Pst-1 fragnent of p061 was
therefore sequenced and an open reading frame (ORF) that would give rise to a
19KDa protein was identified. The derived aning acid sequence of this shcwed
a 93 residue region with 49% harmlogy with the 0 AG ATase region of the ada
protein and had a pentamer and a h of identical sequen separatedy
34 amino acids in both proteies. The ptaner included the alkyl accepting
cysteine residue of the ada 0 AG ATase. The hdro ic dains 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 Si nuclease mapping. The amino-terminal amino acid sequence of
the protein was as predicted fran the ORF.

IN~TRODCICNI
Alkylating agents can react at 12 sites in the purine and pyrim'idine

bases in DNA and with the phosphodiester linkage to produce alkylphospho-
triesters (AP) (2,3). It has been shown that manualian cells and bacteria
possess repair enzynes that can eliminate certain of these modifications framn
DNA (4) and this can provide protection against sme of the biological effects
of these agents. Active reroval of one such lesion 06-alkylguanine (06AG)
framn DNA in E.coli (5) and rat liver (6) has been known for sane time and the

mechanism in both cases has been showm to involve the transfer of the

alkyl group at the 06 position to a cysteine residue in the repair
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 gencmic DNA library cloned in the expression

vector pUC8 with the intention of isolating the 06AG ATase gene (1). 10

bacterial clones expressing high levels of ATase activity were identified and

the corresponding plasmids called p061 and pO62 were isolated. Although
extracts of bacteria harbouring these plasmids catalysed the transfer of

radiolabelled methyl groups fran N-[3H] -mthyl-N-nitrosourea (MNU) -thylated
substrate DNA to protein, further characterisation showed that p061 coded for

an 06AG ATase function whilst pO62 encoded both this and an additional ATase

function acting on AP. The 1.lKb gene responsible for the dual ATase activity
was found to be a previously identified gene ada (9). The ada gene was krnwn

to control the "adaptive" response in E.coli in which exposure of bacteria to

low doses of N-sthyl-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 mnlecular weight to one of the breakdown products of the ada

protein and transferred the methyl group frn 0 6-rthylguanine (06-mG) in DNA

to a cysteine residue in protein (1). For these ard other reasons we

originally assumed that p061 was a truncated or rearrarged section of E.coli

DNA in which the 3' region of the ada gene that codes for 06AG ATase activity
had care under the influence of the ,6-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 06AG Arase 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 2b Pst-1 fra t and
this was sequced. Camputer-derived amin acid sequence data, primer
extensicn and S1 nuclease mapping and amino terminal amino acid sequcing1 ~~~~~~~~~6were used to confirm the presence of a novel 0 AG ATase gene of E.coli origin.

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

MTERIALS AND MES
Alkyltransferase assay

Bacteria (usually lml of a stationary culture) were collected by

centrifugation and sonicated (two pulses of 10 seconds at 10o peak to peak
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distance with cooling in ice in between) in lml of buffer I (50kM Tris HC1,
1M EDYA, 3uM dithiothreitol pH 8.3). Phenylbthylsulpionyl fluoride was
added to 0.5ntM imuediately 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
volue was 1.lml and the substrate DNA (Ogg) was prepard by reaction of
purified calf thynus DNA with N- 3H] -methyl-N-nitrosaorea of 23Ci/muole
(Anershan International).

Extracts which were to be subjected to electroporesis and fluorography
after radiolabelling were placed on ice imnediately after incubation and made
0.25M with respect to HCl. The precipitate was collected by centrifugation
and washed twice in 90% ethanol, containing 250M Tris pH 6.8 before
redissolving in PAGE lin buffer (12).
Polyacrylamide gel electrooresis

Protein extracts were analysed by discontimnous buffer SDS
electrophoresis using an daptation (13) of the method of Laemnli (12).
Detection of the proteins was carried out using the silver-staining ethod of
Heukeshoven and Dernick (14). If western analysis was to be carried out,

proteins were transferred to nitrocellulose irtbranes (Hybond-C, Anersham
International) using a Bio-Rad Trans-Blot Cell. Transfer was conducted at 30v

overnight in a buffer containing 20% methanol, 192zM glycine and 25rrM 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 (Izrsham International) for 30 mins. The gel was

dried between cellophane and exposed to fibm (Kodak XAR-5).
Plasmids

pUC8, pUC9 and the sequencing plasmids Ml3mp18 and Ml3apl9 were obtained
fram Pharmacia.

Restriction endonuclease mapping and subcloning
RE were fron BRL-Gibo and were used with the reaction buffers provided.

Approximately lgg of plasmid DNA (isolated by the alkaline lysis procedure
(15)) and purified by Ultrogel A2 chatoray (16) was digested with the

appropriate enzymes and subjected to electrophoresis in 1% agare gels.
Southern analysis

Follang denaration and neutralisation, DNA was transferred to

Hybond-N (Amershan International) using 6 x SSC (1 x SSC is 0.1i5M NaCl, 15uM
Na citrate). Filters were prehybridised in 6 x SSC containing BI1O (17) for

12 hours prior to hybridisation with 2 x 106 dpn per lane of [32P-labelled
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nick translated probe which had been isolated fran the appropriate plasmid by

recovery frmn low melting point (IP) agarose gels. Filters were washed in

0.1 x SSC at 65°C before exposure to Kodak XAR5 or Hyperfilm MP (Arersham

International).

Western Analysis

Nitrocellulose mebranes were incubated twice in 200ml of 20ITI Tris-HC1,

pH7.5, 0.5M NaCl (TBS) containing 1% BLOITO for a total of 1 hour. After

washing briefly in TBS containing 0.1% Nonidet P-40, the rbrane was

incubated for 1 hour in 20ml PBS containing the primary antibody which was

rabbit anti-E.coli 06-MeG DNA methyltransferase IgG (Applied Genetics Inc.) at

a concentration of 5tg/ml. The ireobrane was washed twice in TBS/Nonidet P-40

before incubation with anti-rabbit IgG linked to alkaline phosphate (ICN
Biochanicals). After washing briefly in TBS/Nonidet P-40 the membrane was

developed with a solution of 4mg Fast Blue BBN (Sigma) in 19ml of 20n:M Tris pH

8.8 mixed with 20mg naphthol AS-BI phosphate (Sigma) in lml 2-ethoxyethanol
iTnediately before use. A positive reaction gave a blue colour.

Nucleotide Sequencing

The dideoxy chain termination method (18) was employed and

7-deazadeoxyguansinetriphosphate was used in GC rich areas (19). When the

maximum 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 ccxrpletely and the results were analysed using HOMOL

(20), IDNA (21) and a hydropathicity programme (22) on a Systime Mainframe

computer.
Primer extension

RNA was extracted fran 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 III-Hae III fragment
isolated frmn the 2Kb Pst 1 insert of pO61SP1 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 2K Pst 1 region of pO61SPl was cloned

into Sna 1 cut pUC9. A 461 bp Hind III fragment was isolated fran this and
annealed to R (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
Ectracts of bacteria harbouring p061 contained high levels of an ATase

that acted only on o6_MeG in 3H-MU mthylated 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 transfonn E.coli. Extracts of
bacteria harbouring plasmids containing the aprcpriate 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 liniting conditions (usually 700 cpn
equivalent to 50 fles of rnethyl groups) and confinned by parallel assays
using extracts of bacteria harbouring plasmids containing the ada gene (pO62
HX see ref 24) or a truncated version (pO62SX (25)) expressing only the 06AG
ATase function of the ada gene. on no occasion did we cbserve activity
corresponding to the dual ATase activity of the ada protein in extracts of
bacteria harbouring p061 or subclones thereof.

6The 0 AG ATase codirg region of p061 was found to be contained within a
2Kb Pst 1 fragment and the plasmid was designated p061SP1. Extracts of
bacteria harbouring p061SPl shoed only 06AG ATase activity (Figure 1).
Subclones of pO61SP1 inrolving Hind III lost their ability to code for the
ATase function. Since there is no Hind III site in the protein coding or

1600-

0 o pO62HX

E 1200-

X 800 pO62SX

pO61SP1

>40014s
20 40 60 100

Extract vol. (Yl)

Figure 1 Alkyltransferase activity in extracts of E.coli harbourirg various
plasmids (-0), pO62HX; (_-) p062SX (A a), p061SP1.
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Figure 2 Restriction endonuclease sites in pO61SP1 and pO62HX. All sites for
the enzymres are shown. R.E. used: B, Bam H1; E, Eco R1; H, Hind III; Pst 1;
Sa, Sal 1; Sn, Sma 1; X, Xo II.

prainter region of ada this was already an indication that pO61SP1 might
contain a different ATase gene. Furthernore the Pst 1 fragment was at the 3'
end (with respect to thefl-galactosidase prawiter in pUCS) of the p061 insert

and therefore unlikely to be expressed under the influence of this praroter.

Finally the distribution of sites for sare camuon RE bore no reseiblance to

those of a 1.3Kb fragment of E.coli DNA spanning the ada gene (Figure 2).
These results suggested that pO61SP1 contained an ATase gene different fran

ada. However, in the original E.coli genmnic 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 pO61SP1 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

nerbrane (Figure 3). Where this could be determined, the hybridising
fragicents were of the size expected fran the results of subeloning the p061
insert. [hus the pO61SP1 2Kb Pst I DNA hybridised to 0.6Kb and 3.0Kb Eco RI

E.coli DN fragnts agreeing with the restriction enzyne map for the parent
p061 clone. In contrast, the ada gene hybridised to different genanic
fragnents exeplified by the 3Kb Hind III and 2.3Kb Sna I signals.

In addition when p061 was digested with several RE and combinations and

pribed with the 1.3Kb insert of pO62HX the only signals that were detected
were of 2.8Kb or larger and due to the presence of vector DNA cantaminating
the 1.3Kb insert that was isolated fran IMP agarose gels (Figure 4). These

results thus confinned that E.coli was the origin of the 9K insert in
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Figure 3 Autoradiographs of E.ooli DN& following hybridisation with the 2Kb
insert of pO61SP1 1.3Kb insert of pO62HX (upper) or the (lower). Pv, Pvu II.,
other R.E. as in Figure 2. 0. and Hx cntrol lanes containing p061 or O62HX
DNA digested with Pst 1 or Hind III and Barn Hi respectively.

p061 and, together with the functional assays, denonstrate that E.coli

contains at least 2 distinct Alase genes ada and o t i.e. 06-alkyyluanine-
DNA-alkyltransferase.
Western analys is

If the ogt protein is a novel ATase then polyclonal antibodies raised to

the 06AG ATase region of the ada protein might be expected not to react in
Western analysis. Duplicate polyacrylamide gels were loaded with
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40~~ ~ ~ ~ ~ ~~0

FigLure 4 Upper; phoftograph of EBr-stained 1% agarose gel of p,061 digested
with various R.E. Iawer; Autoradiograph of above after transfer to nylon and
hybridisation with the 1.3Kb insert of pO62HX. The insert was contaminated
with a trace of vector DNA. R.E used. 1, Barn Hi; 2 Barn Hi/Eco RI; 3, Barn Hi!
Hindl III; 4, Barn Hl/Pst 1; 5, Barn Hi/Sal 1; 6, Eco RI, 7, Eco RI/Hind. III; 8,
Eco Rl/Pst 1;9, Eco RI/Sal 1; .10, Hind III; 11 HidIII/Pst 1; 12, Hind III
Sal 1. 13, Pst 1; 14, Pst/Sal 1; 15, Sal 1. Hx, pO62HX disted j-Bti Bar
HiI7Hind iii.

approximnately equivalent amoKunts of purified ada or og protein and silver
stained or electroblotted onto a nitrocellulose nHnbrane and stained with the

antibody. Although the amocunts of protein loaded were closely similar only a

faint reaction occurred with the og protein in contrast to the heavy staining
of the ada protein fragmrents that were generated by proteolysis during
extraction (Figure 5). In view of the similarity of action of the tw ATases,
the slight coss reaction is probably due to camImon epitopes in the protein
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Figure 5 Upper, photograph of a silver-stained polyacrylamide gel. Lane 1A
5gg of purified dual tuction ada protein proteolysis cleavage fragments.
Lane 2A, 4jg of the 0 AG ATase cleavage fragment of the ada protein. Lane P,
3gg 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 pO61SP1, pO62SX, pO62HX or pO62HSR (a

truncated version of pO62HX that codes for AP ATase, K. Kleibl and G.P

Margison, unpublished observations) were subjected to fluorographic analyses

as described (see Materials and Mthods and ref 1). In contrast to the

full-length or truncated ada gene products the o ATase produced a single
band on fluorography, even though in order to increase the ability to detect

fragmentation prducts, more labelled protein had been loaded onto the gel

(Figure 6). The nultiple bands can be attributed to the proteolytic cleavage

sites in the ada protein (1,26,27) togetIer with the pO62SX and pO62HSR coded

protein being fusion proteins having their translation initiation codon in the
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do

Figure 6 Fluorograph of extracts of E.coli harbouring various plasmids. Lane
1, pO61SP1; lane 2, pO62SX; lane 3, pO62HSR; lane 4, pO62HX. See Materials
and Methods for details.

vector. Even when a relatively large amotnt of ogt protein was loaded there

was little or no evidence for any fragnentation. 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 pO61SP1

Having accummulated overwhelming evidence that E.coli contains another

ATase gene it was considered appropriate to undertake nucleotide sequence

analysis. Since the 2KbPst 1 fragment lost its ability to code for ATase on

further subcloning (data not shown) it was necessary to sequence the entire
fragnent.

me derived amino acid sequence of one of the ORFs found in positions 788

to 1303 of the 2Kb Pst 1 fragirent had a high degree of hcmology with the 06AG
ATase coding region of ada (26). Figure 7 shos the sequence of this ORF and

200 bases of the 5' untranslated region. A derived amino acid heptar and

pentarer were found to be identical to squences in the 06AG ATase region of
the ada protein. Furthenore the separation of these sequ was 34

residues in both proteins and many of the amino acid changes in this region
were of a conservative nature. An harmlogy plot of the amino acid sequences
of the ada and ogt proteins indicate this area of high homology (Figure 8)
which gives rise to a closely overlapping hydropathicity plot (Figure 9).

A anucleotide 4 bases upstrean of the putative initiation oodon
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610 620 630 640 650 660 670 680 690 700

TTCCACTGTTTCTTGGATTCCTGCAACGCTACAAACCAGACGCGAAACTGGGTACTTACTATTCGTTAGTCTTGccCTATcCGcTTATCTTTTTGGTGG

710 720 730 740 750 760 770 780 790

TATGGCTGCTGATGTTGCTGGCGTGGTATCTTGTTGGTCTGCCGATAGGTCCGGGGATTTCCCCACGTTTGTCTTAAGAGAGAACGG ATG CTG AGA
-35 -10 RNA START S.D. Met Leu Arg
800 810 820 830 840 850 860 870

TTA CTT GM GM AAA ATT GCC ACG CCA CTG GGT CCA CTG TGG GTG ATT TGC GAT GAA CAA TTT CGT CTG CGG GCG
Lou Leu Glu Glu Lys 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
to 01 to to n of

GTT GAA TGG GAA GAG TAC AGC GAA GCC ATG GTG CAG CTG CTG GAC ATC CAT TAT CGC AM 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 " ~ ~ ~ ~ ~~~toto to to to to

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 Asn 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 Lou Pro Thr Ala Thr Gly Gly Thy Pro Phe Gln Arg Glu Val Tr, Lys Thr Leu Arv Thr Ile Pro Cvs Glv

1100 1110 1120 1130 1140 1150 1160 1170

CAG GTA ATG CAT TAC GGC CAA CTG GCT GAA CAA TTG GGC CGC CCT GGC GCG GCG CGT GCC GTT GGT GCG GCA AAC
Gln Val Met His !Lr Gly Gln Leu Ala Glu Gln Leu Gly Arg Pro Gly Ala Ala Arg Ala Val Gly Ala Ala Asn

1180 1190 1200 1210 1220 1230 1240

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 Tvr Ala

1250 1260 1270 1280 1290 1300 1310 1320
"~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~n to tof"

GGC LGA 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 pO61SP1 including 200 bases of 'untranslated region. Amino
acid residues underlined were hailogous to the 0 AG ATase coding C-terminal
region of the ada gene prouct. In addition, those with asterisk were
detenrined by aino acid sequencing fran the amino tenminus. The origin of
transcription is indicated by RiA STARF. The size of the predicted 171
residue protein is 19143 Da.

160 /

140 /

120 .

a 100 /

80.

' 60

40/

20 ,

50 100 150 200 250 300 350

aJj protein sequence

Figure 8 Graphic representaticn of amino acid and hanology between ogt and
ada ATases. A point is plotted when 3 hanologous amino acids are found within
any pentapeptide group.
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Figure 9 Hydrophobicity plots of (uWer) the 06AG ATase region of the ada
protein and (lower) the 09t protein.

had a 50% haomlogy with the consensus Shine-Dalgarno riboscme 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
darains had, respectively 80% and 50% hcunlogy to the consensus sequences

(29).
Amino terminal amino acid sequence

To confirm that the initiation oodon in the putative ORF was correct and

to demnstrate that the ATase present in extracts of bacteria harbouring
pO61SP1 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 fran the nucleotide sequence and although residues 1 and 2

were ambiguous, nthionine and leucine were amDngst the possible candidates.
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5 10 20 M

-492

-369

bp

- ~ -246

Fi9ue2 10 Autoradiograph of primer extension reaction polyacrylamide gel. The
primer extension reaction mix (5, 10 or 20gt1 as indicated) was loaded onto the
gel. M,, end-labelled BRL Gibco 123 bp ladder.

DISCLJSSION
The ability to generate the pO62SX subclones of the ada'gene that coded

only for functional O6AG ATase activity suggested that p061 might contain a

trnmcated ada gene. Bcuethe 06AG coding region was at the 3' end of ada

andi hence without its own prcunoter it was assumed that the ATase coding region
in p061 would be at the 5' end of the 9IKb insert and be expressed frcam the
lac Z ratkoter giving rise to a fusion protein analogous to that coded by
p062SX (25). Howver, subcloning of the insert in p061 showed that the ATase

coding region was at the 3' end (with respect to the lac Z pramter) of the
insert so this explanation seemed isprcbable. Furthemonre the Sau 3a I sites
in the ada gene that could account for truncation would give only a ca. 8KDa
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Figure 11 Autoradiograph of SI nuclease reaction polyacrylamide gel. The
incubation mixture contained 0, 2 or 8 units of Sl nuclease. M, see Fig 10.

protein. Also, no subclones of p061 eloying Hind III gave rise to ATase

activity in the host. These observations also iTply the non-ada origin of the

ATase gene in pO61. The RE map suported these suggestions and the Southern

and Western analysis provided final confinnation 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 forner protein.
This systanatic 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 prduct of which acts on 06AG; 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 fragnt.

Cacputer analysis of the data revealed an ORF with a high degree of

homology to the 06A 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 auwmon to both proteins is a pentamer which in the case of

the ada protein includes thle cysteine residue that beccms alkylated during
the repair reaction. It seens 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 DN binding and since the penta- and heptapeptides
are separated by an identical number 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
fran the nucleotide sequence and this confinns that ATase activity in extracts

of bacteria harbouring pO61SP1 (or p061) is not due to a plasmid coded protein

that upregulates an endogenous 06AG ATase but to the ATase encoded in the 2Kb

insert. Further subcloning using the Eco Rl and Mnl 1 sites also confinns 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 prcmutagenic lesions 06AS, 04AT and the S

stereoisarer 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--mA, 02C, 3-irG, 7-meG and 7-eA (3,4). The

mechanism of upregulation of ada and alk A inmolves the binding of the

alkylated form of the AP ATase of the ada protein to a specific control
sequence, the ada box, in the prasoter regions of the two genes (27). The 5'
untranslated region of ot contains sequecs of reasonable hacology to the

Shine-Dalgarno, -10 and -35 consensus sequnces but there does not appear to
be a region that could be considered as an ada box.

E.coli is also knaon to contain another 3-imeA-DN-glycosylase gene t I

(4) the expressian of which is constitutive and not affected by adaptation.
In the present paper we have des trated the existence of another ATase gene
in E.coli and this may be equivalent to the non-inducible t I gene in
evolutionary terms. By analogy it may be apropriate to call the single
function protein ATase 1. Fluorographic analysis of ATase proteins in B.

subtilis suport the suggestions of inducible and non-inducible forms of ATase

(33). Furthermore, 06AGc 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 e i. 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 mrethod. 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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