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ABSTRACT The inducible resistance to alkylation muta-
genesis and killing in Escherichia coli (the adaptive response)
is controlled by the ada gene. The Ada protein acts both as a
positive regulator of the response and as a DNA repair en-
zyme, correcting premutagenic O6-alkylguanine in DNA by
suicidal transfer of the alkyl group to one of its own cysteine
residues. We have determined the DNA sequence of the cloned
ada+ gene and its regulatory region. The data reveal potential
sites of ada autoregulation. Amino acid sequence determina-
tions show that the active center for the O6-methylguanine-
DNA methyltransferase is located close to the polypeptide
COOH terminus and has the unusual sequence -Pro-Cys-His-,
preceded by a very hydrophobic region. These same structural
features are present at the active site of thymidylate synthase,
suggesting a common chemical mechanism for activation of the
cysteine.

Monofunctional alkylating agents such as N-methyl-N-nitro-
sourea (MNU), N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG), and the metabolically activated form of dimethyl-
nitrosamine are efficient mutagens and carcinogens. The
major mutagenic lesion introduced into DNA by these agents
is 06-methylguanine (O6MeGua), which mispairs with thy-
mine residues during DNA replication (1, 2), resulting in G-C
-* A-T transition mutations (3). The same base change has
been shown to occur during the in vivo neoplastic activation
of a rat ras proto-oncogene in MNU-induced mammary car-
cinomas (4).
The main biochemical features of O6MeGua repair are the

same in bacteria (5) and mammalian cells (6, 7). The methyl
group is transferred from an O6MeGua to a cysteine residue
located within the methyltransferase itself. The generation of
an S-methylcysteine residue leads to inactivation of the en-
zyme both in vivo (8) and in vitro (9, 10). The ability of a cell
to counteract alkylation mutagenesis is, therefore, limited by
the number of available methyltransferase molecules. The
Escherichia coli methyltransferase is induced on exposure of
the cells to MNNG (11, 12). This antimutagenic "adaptive
response" to alkylating agents contrasts with the mutagenic
SOS response and is not under control of the recA and lexA
genes (13, 14). Instead, the adaptive response is regulated by
the ada gene, located at 47 min on the standard genetic map
of E. coli (15-17). The O6MeGua-DNA methyltransferase is
a product of the cloned ada gene itself (18). A model for the
adaptive response to alkylating agents is shown in Fig 1. Ex-
posure of cells to alkylating agents generates an inducing sig-
nal, probably a modified form of the methyltransferase. In
response to this signal, the ada gene is increasingly ex-
pressed. The induced gene product repairs O6MeGua, the
minor lesion 04-methylthymine (19), and methyl phospho-
triesters (ref 20; unpublished data) by direct methyl group
transfer. The Ada protein is very susceptible in vitro to spe-

cific cleavage by a cellular protease (18). Consequently, the
methyltransferase is usually isolated as an active fragment
one-half of the size of the ada gene product (9, 18). The Ada
protein also acts as a positive regulator of its own synthesis
(17, 21) and of the expression of at least two genes located
elsewhere on the chromosome: the alkA gene (12, 22), which
encodes a DNA glycosylase that counteracts cell killing by
removing several different lesions (19), and the aidB gene
(23), which alters cellular resistance to alkylating agents
(Fig. 1). In addition, ada forms a small operon together with
alkB (17), a gene that counteracts lethal alkylation damage
(by an unknown mechanism) independent of the adaptive re-
sponse (24). We report here the complete primary structure
of the ada' gene and its protein product. We have located
the Ada methyltransferase active site and show that it bears
a strong similarity to the active center of another enzyme
with an active cysteine sulfhydryl group-i.e., thymidylate
synthase (5,10-methylenetetrahydrofolate:dUMP C-methyl-
transferase, EC 2.1.1.45) (25).

MATERIALS AND METHODS

Sequencing Procedures. The ada+ gene was isolated from
the recombinant plasmid pCS68 (18) by HindIII cleavage and
polyacrylamide gel electrophoresis. DNA sequencing was
performed by the dideoxy method of Sanger et al. (26) on
pEMBL subclones (27) using synthetic oligonucleotides as
primers or by the chemical method of Maxam and Gilbert
(28). O6MeGua-DNA methyltransferase was purified to ho-
mogeneity as described (9). Tryptic and chymotryptic pep-
tides of the fully reduced and iodoacetamide-alkylated pro-
tein were purified by reversed-phase HPLC, and their amino
acid sequences were determined by microscale sequencing
(29).

Isolation of Active Site Peptides. The homogeneous 19-kDa
methyltransferase (100-200 ug) was incubated with DNA
containing 0.15-0.3 nmol of 3H-labeled O6MeGua residues
(40,000-80,000 cpm) in a 1-ml standard reaction mixture
(10). After 5 min at 37°C, 1.5 mg of MNU-treated nonradio-
active DNA (containing 5-10 nmol of O6MeGua) was added,
and the incubation was continued. The reaction was stopped
after 10 min by addition of crystalline guanidine-HCl to a
concentration of 5 M. The solution (2-3 ml) was incubated at
370C for 20 min to denature the protein and then chromato-
graphed at 20°C on a column (1 x 108 cm) of Sepharose CL-
6B (Pharmacia) equilibrated with 6 M guanidine HCl/50 mM
Tris-HCl, pH 8.2/10 mM dithiothreitol/1 mM EDTA. The
automethylated protein eluted at 1.8 times the void volume
(9) and appropriate fractions were pooled. The material was
concentrated by vacuum dialysis using Spectrapor 2 tubing

Abbreviations: MNU, N-methyl-N-nitrosourea; MNNG, N-methyl-
N'-nitro-N-nitrosoguanidine; O6MeGua, 06-methylguanine.
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FIG. 1. Schematic model for the positive regulation of the adaptive response to alkylating agents in E. coli (see text).

(Spectrum Medical Industries, Los Angeles), and the re-
maining unmodified cysteine residues were blocked by addi-
tion of twice-recrystallized iodoacetamide to 20 mM. After 3
hr at 0C, the solution was dialyzed extensively against 0.1%

trifluoroacetic acid (which caused loss of up to one-half of
the radioactive material) and dried under vacuum at room
temperature. The resulting residue was redissolved in 100 1.l
of 0.1% trifluoroacetic acid and stored at -200C. For prote-
ase digestion, 30 Al of the methylated protein was diluted to
360 1.l containing 1 M urea and 0.1 M NH4HCO3 and incu-
bated at 37°C for 5 min before addition of 1 mg of chymotryp-
sin A4 (Boehringer Mannheim) per ml in 1 mM HCl to 1-2%
of the methyltransferase concentration by weight. The reac-
tion mixture was incubated at 37°C for 150 min; then a sec-

ond equal aliquot of chymotrypsin was added and the incu-
bation was continued for 90 min. The resulting peptide digest
was separated by HPLC (29) on a Dupont Zorbax C8 re-
versed-phase column (0.45 x 25 cm) using a linear gradient
of 0-60% acetonitrile in 0.1% trifluoroacetic acid at a flow
rate of 1 ml-min-'. The effluent was monitored for absor-
bance at 206 nm and 280 nm, and 0.5-ml fractions were col-
lected into polypropylene tubes.

RESULTS

Sequence of the ada Gene. The ada+ gene with its inducible
promoter was cloned by inserting a HindIII/Sma I restric-
tion fragment (1320 base pairs) of E. coli B DNA into the
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FIG. 2. DNA and protein sequencing strategy. A cloned HindIII/Sma I restriction enzyme fragment encompassing the ada+ gene of E. coli
B is shown. The horizontal arrows show the direction ofDNA sequence analysis. The interrupted line indicates the partial amino acid sequence
for the homogeneous 19-kDa domain (9) obtained by peptide sequencing that was carried out prior to DNA sequence analysis. The data
obtained in this way account for 85-90% of the total 19-kDa protein sequence, but the final ordering of the non-overlapping peptides was carried
out by comparison with the DNA sequence. Over 99%o of the DNA sequence has been determined either from both DNA strands or from one
DNA strand and the verifying amino acid sequence data.
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pAT153 multicopy plasmid (17, 18) and its sequence was de-
termined. The experimental strategy is shown in Fig. 2. The
origin of ada transcription is located between the HindHII
and EcoRI cleavage sites (left side of Fig. 2), as indicated by
subcloning experiments and by the molecular weights of sev-
eral protein fragments derived from ada genes with mapped
TnlOOO inserts (ref. 17 and unpublished data). A single open
reading frame of >1 kilobase, which is of sufficient length to
encode the entire Ada protein, follows this region. The ami-
no acid sequence of the 19-kDa domain of O6MeGua-DNA
methyltransferase, determined along the protein, agrees with
the distal half of the polypeptide predicted from the DNA
sequence (Fig. 3). These results .define the open reading
frame as the ada structural gene. There is only one transla-
tion initiation codon at the 5' end of the open reading frame,
an ATG at position 1-3, which is preceded by an identifiable
Shine-Dalgarno sequence (30) for a ribosome binding site.
This has recently been verified independently as the start of
the structural ada gene by NH2-terminal amino acid se-
quence analysis of the Ada protein (Y. Nakabeppu and M.
Sekiguchi, personal communication). The first translational
stop codon encountered at the 3' end (TAA at nucleotides
1063-1065) is preceded by a predicted heptapeptide se-

quence identical with that determined for a tryptic peptide of
the 19-kDa O6MeGua-DNA methyltransferase. The TAA
termination codon overlaps an ATG codon that may be the
translation start of the alkB gene (17, 24). A downstream se-
quence corresponding to a transcriptional stop signal is not
apparent and was not expected because the ada gene and the
distal alkB gene apparently form a small operon (17).
The Promoter Region. The presumed sequence for a ribo-

some binding site at residues -10 to -5 in Fig. 3. is preceded
by a noncoding region with translational termination signals
in all reading frames. Two possible RNA polymerase binding
sites, each with 4 of 6 nucleotides agreeing with the canoni-
cal regions "-35" and "-10" from a transcription initiation
site (31), are present close to the Shine-Dalgarno sequence,
as shown in Fig. 3. If these assignments are correct, synthe-
sis of the ada mRNA would start at a purine nucleotide only
1 or 2 residues removed from the ribosome binding site. The
distance between the two tentative RNA polymerase' binding
segments is just 15 residues, probably allowing only weak
transcription (32) in the absence of a positive effector. The
sequenced E. coli B ada gene contains the regulatory region
that allows induction of the adaptive response to alkylating
agents (17). Immediately upstream of the apparent promoter

0 @"-35- "-10" S.D. +1
-101 AAGCTTCCTTGTCAGCGAAAAAAATTAAAGCGCAAGATTGTTGGTTTTTGCGTGATGGTGACCGGGCAGCCTAAAGGCTATCCTTAACCAGGGAGCTGATT ATG AAA AAA GCC ACA

MET Lys Lys Ala Thr

16 TGC TTA ACT GAC GAT CAA CGC TGG CAA TCT GTC TTA GCC CGC GAC CCG AAT GCC GAC GGC GAA TTC GTT TTC GCC GTG CGT ACC ACA GGC
Cys Leu Thr Asp Asp Gln Arg Trp Gln Ser Val Leu Ala Arg Asp Pro Asn Ala Asp Gly Glu Phe Val Phe Ala Val Arg Thr Thr Gly

106 ATC TTT TGC CGT CCG TCT TGC CGC GCC AGA CAT GCT TTG CGG GAA AAC GTC TCC TTC TAC GCA AAT GCC AGT GAG GCA CTC GCC GCT GGC
Ile Phe Cys Arg Pro Ser Cys Arg Ala Arg His Ala Leu Arg Glu Asn Val Ser Phe Tyr Ala Asn Ala Ser Glu Ala Leu Ala Ala Gly

196 TTT CGC CCC TGC AAA CGT TGT CAG CCA GAC AAA GCC AAT CCC CGG CAA CAT CGG TTG GAT AAA ATC ACC CAC GCG TGT CGA CTG CTG GAA
Phe Arg Pro Cys Lys Arg Cys Gln Pro Asp Lys Ala Asn Pro Arg Gln His Arg Leu Asp Lys Ile Thr His Ala Cys Arg Leu Leu Glu

286 CAG GAA ACG CCT GTA ACG CTG GAA GCC TTA GCC GAC CAG GTG GCG ATG AGT CCA TTT CAT CTA CAT CGG TTG TTT AAA GCG ACT ACC GGA
Gln Glu Thr Pro Val Thr Leu Glu Ala Leu Ala Asp Gln Val Ala Met Ser Pro Phe His Leu His Arg Leu Phe Lys Ala Thr Thr Gly

376 ATG ACG CCT AAA GCC TGG CAA CAG GCC TGG CGC GCT CGC CGT TTG CGC GAA TCG CTG GCG AAA GGG GAG AGC GTG ACG ACG TCT ATT CTT
Met Thr Pro Lys Ala Trp Gln Gln Ala Trp Arg Ala Arg Arg Leu Arg Glu Ser Leu Ala Lys Gly Glu Ser Val Thr Thr Ser Ile Leu

466 AAC GCC GGA TTC CCC GAC AGC AGC AGT TAC TAC CGC AAA GCC GAT GAA ACG CTG GGC ATG ACG GCT AAA CAA TTC CGT CAC GGT GGC GAA
Asn Ala Gly Phe Pro Asp Ser Ser Ser Tyr Tyr Arg Lys Ala Asp Glu Thr Leu Gly Met Thr Ala LystGln Phe Arg His Gly Gly Glu

556 AAT CTG GCG GTG CGT TAC GCG CTG GCT GAT TGT GAG CTG GGT CGT TGC CTG GTG GCA GAA AGC GAG CGG GGG ATT TGC GCG ATA TTG CTG
Asn Leu Ala Val Arg Tyr Ala Leu Ala Asp Cys Glu Leu Gly Arg Cys Leu Val Ala Glu Ser Glu Arg Gly Ile Cys Ala Ile Leu Leu

646 GGC GAT GAT GAC GCC ACA TTA ATC AGC GAG TTG CAA CAA ATG TTT CCC GCT GCC GAC AAC GCG CCT GCC GAT CTG ATG TTT CAG CAA CAT
Gly Asp Asp Asp Ala Thr Leu Ile Ser Glu Leu Gln.Gln Met Phe Pro Ala Ala Asp Asn Ala Pro Ala Asp Leu Met Phe Gln Gln His

736 GTG CGT GAA GTG ATC GCC AGC CTC AAT CAA CGC GAT ACG CCG CTG ACG TTA CCG CTG GAC ATT CGC GGC ACT GCT TTT CAG CAA CAA GTC
Val Arg Glu Val Ile Ala Ser Leu Asn Gln Arg Asp Thr Pro Leu Thr Leu Pro Leu Asp Ile Arg Gly Thr Ala Phe Gln Gln Gln Val

826 TGG CAG GCA CTG CGC ACG ATA CCT TGC GGT GAA ACC GTC AGT TAT CAG CAA CTG GCT AAC GCC ATC GGC AAA CCG AAA GCG GTA CGG GCC
Trp Gln Ala Leu Arg Thr Ile Pro Cys Gly Glu Thr Val Ser Tyr Gln Gln Leu Ala Asn Ala Ile Gly Lys Pro Lys Ala Val Arg Ala

916 GTT GCA AGT GCC TGT.GCC GCC AAC AAG CTG GCT ATC GTT ATA CCC TGT CAT CGG GTA GTA CGC GGT GAT GGA TCG CTT TCA GGT TAC CGC
Val Ala Ser Ala Cys Ala Ala Asn Lys Leu Ala Ile Val Ile Pro Fyi His Arg Val Val Arg Gly Asp Gly Ser Leu Ser Gly Tyr Arg

ATG TTG GAT CTG TTT GCC GAT GGT GAA CCG
1006 TGG GGC GTG TCG CGT AAA GCG CAA CTG CTG CGC CGC GAA GCT GAA AAT GAG GAG AGG TAA

Trp Gly Val Ser Arg Lys Ala Gln Leu Leu Arg Arg Glu Ala Glu Asn Glu Glu Arg End

1095 TGG CAA GAG CCA CTG GCG GCT GGA GCG GTA ATT TTA CGG CGT TTT GCT TTT AAC GCT GCG GAG CAA CTA ATC CGC GAT ATT AAT GAC GTT

1185 GCC AGC CAG TCG CCG TTT CGC CAG ATG GTC ACC CCC GGG

FIG. 3. Sequence of the ada gene. The suggested RNA polymerase and ribosome binding sites are underlined and designated by convention-
al notation. Horizontal arrows indicate a stretch of dyad symmetry in the promoter region. The predicted protein sequence for the 354-residue-
long gene product is also shown. The NH2-terminal and chymotryptic and tryptic peptide sequences of the active 176-residue domain are
underlined. The longest contiguous polypeptide sequence (encoded by nucleotide residues 781-1017) was determined from eight overlapping
chymotryptic and tryptic peptides. The proteolytic processing site (vertical arrow) and the active site cysteine (box) are indicated. The nucleo-
tide residue 1065 is shown twice.
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FIG. 4. Active site sequence of E. cli O6MeGua-DNA methyl-
transferase peptides from [3H]methyl-labeled transferase. (A) HPLC
of chymotryptic peptides from the active 19-kDa domain. Twenty
micrograms of protein containing 5100 cpm was digested with chy-
motrypsin. Amino acid analysis was performed on an aliquot of each
radioactive fraction (indicated by arrows) as well as on major unla-
beled peptides. The dotted line indicates A206. (B) Location of S-
[3H]methylcysteine. Radioactively labeled peptides were subjected
to microscale sequencing by automated Edman degradation (29),
and the resulting phenylthiohydantoin derivatives were quantitated
by HPLC and scintillation spectroscopy. The peak fraction of the
second of the two labeled peptides, (fraction 91,*) contained a sin-
gle major sequence, as shown; similar results were obtained with the
adjacent fraction 90(o), although the latter also contained a contam-
inating peptide sequence. The first of the two labeled peptides, frac-
tion 87 (A), had the same features as the peptide in fraction 91, with
an NH2-terminal alanine residue and release of the radioactive mate-
rial in cycle 6.

is a region of dyad symmetry (residues -47 to -90). Close to
the center of symmetry is an octanucleotide sequence, 5' A-
A-A-G-C-G-C-A 3' that is also present in the promoter re-
gion of the alkA gene, adjacent to the putative RNA poly-
merase -10 binding site (22). Since the Ada protein positive-
ly controls both its own synthesis and that of the AlkA
protein, the region including this octanucleotide sequence
seems an attractive candidate for a protein recognition site.
The promoter region of the ada gene has also been se-

quenced by Le Motte and Walker (42) and by Y. Nakabeppu
and M. Sekiguchi (personal communication), who employed
E coli K-12. The DNA sequences (residues -100 to +150)
are identical. The DNA cytosine at position -13 would oc-

cur as a 5-methylcytosine residue in strain K-12 while re-
maining unmethylated in strain B (33), but this difference
does not appear to affect the inducibility of the Ada protein
(our unpublished data).

Site of Proteolytic Cleavage of the Ada Protein. The DNA
sequence predicts that the Ada polypeptide comprises 354
amino acids and has a molecular weight of 39,291. The pro-
tein is rapidly cleaved after extraction (18) to generate a spe-

cific 176-residue active fragment of molecular weight 19,289.
The proteolytic cleavage site is

(NH2)-Thr-Ala-Lys-Gln-Phe-Arg-(COOH).

This is the only Lys-Gln bond in the Ada protein. The se-
quence has no resemblance to the -Ala-Gly- site cleaved in
the LexA or X repressors in the presence of activated RecA
protein (21). The Ada protein is not cleaved by the Lon pro-
tease or by a serine protease (18). NH2-terminal amino acid
sequence analysis of the isolated 19-kDa fragment has indi-
cated that there is no (<1%) simultaneous cleavage at the
arginine that is only 3 residues removed from the susceptible
lysine. It is of interest that specific cleavage of a Lys-Gln
bond also occurs during the conversion of preprogastrin to
gastrin (34) in mammalian cells.

Site of Self-Alkylation. The O6MeGua-DNA methyltrans-
ferase is the only known example in which a protein cysteine
residue is used by an enzyme as a final methyl group accep-
tor. The 19-kDa methyltransferase contains 6 cysteine resi-
dues, only 1 of which acts as a methyl acceptor (9). To iden-
tify the active residue, the 19-kDa protein was incubated
with alkylated DNA that contained [3H]methyl-labeled
O6MeGua residues. After transfer of a [3H]methyl group to
the protein, sequencing from the NH2 terminus ruled out the
three cysteines 18, 23, and 33 residues from this end as the
methyl acceptor, since none of them was associated with 3H
radioactivity. To obtain [3H]methyl-labeled peptides from
other regions, the denatured polypeptide was digested with
chymotrypsin. After HPLC separation, the peptides were
identified by their absorption at 206 nm. More than 90% of
3H radioactive material was recovered as a split peak in the
chromatogram, representing two major labeled chymotryp-
tic peptides (Fig. 4A). Both peptides had the same NH2-ter-
minal amino acid sequence (consistent with a chymotryptic
cleavage at the leucine encoded by DNA residues 943-945),
with a S-[3H]methylcysteine residue being released in the ex-
pected amount of phenylthiohydantoin derivative during the
sixth sequencing cycle (Fig. 4B). Separate peptides contain-
ing the two remaining internal cysteines of the 19-kDa pro-
tein (encoded by DNA residues 850-852 and 928-930, re-
spectively) were also located and sequenced, and neither
contained a [3H]methyl group derived from alkylated DNA.
These results show that the cysteine encoded by nucleotides
961-963 in the ada gene (Fig. 3) is the sole 06MeGua methyl
acceptor in the protein. In separate experiments, we have
also found that ethyl groups from the guanine 06 position are
transferred to this same site (unpublished data), despite the
rate of repair of ethylated DNA that is slower by a factor of
100 (35). The two long [3H]methyl-labeled chymotryptic pep-
tides were not sequenced completely and may have differed
at their COOH termini due to incomplete proteolysis. Alter-
natively, the chromatographic heterogeneity observed might
have been due to partial oxidation of the S-methylcysteine
residue (5).

Active Site Homology with Thymidylate Synthase. Compar-
ison of the Ada protein sequence with about 3000 protein
sequences in two 1984 data banks (36) by the procedure of
Wilbur and Lipman (37) failed to reveal any closely related
species. Such a search using only the active center tripeptide
of the O6MeGua methyltransferase proved more interesting.
Maley et al. (25) have shown that the amino acids at the ac-
tive site of thymidylate synthases from prokaryotes and eu-
karyotes are highly conserved. A -Pro-Cys-His- sequence is
centrally located in this region, with an array of hydrophobic
short-chain amino acids present on the immediate NH2-ter-
minal side. These features also occur in the 06MeGua-DNA
methyltransferase (Fig. 5). In the reaction catalyzed by thy-
midylate synthase, an intermediate ternary complex is ap-
parently formed, involving covalent binding between the

Biochemistry: Demple et aL
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06MeG -DNA methyltransferase, E.coli - Ala - lie - Val - lie - Pro - Cys - His - Arg - Val - Val - Arg -

Thymidylate synthase E.coli -Met-Ala-Lou-Ala- Pro - Cys - His - Ala - Phe-Phe -Gin -

..,. T4 phage - Met-Ala - Lou-Pro-Pro - Cys - His - Met - Phe-Tyr - Gin -

L. casei -Met-Ala - Lou-Pro-Pro - Cys - His - Thr - Leu- Tyr- Gin -

yeast -Met-Ala- Leu- Pro-Pro - Cys - His- lie - Phe-Ser- Gin-

FIG. 5. Active site region ofE. coli 06MeGua-DNA methyltransferase compared with those of thymidylate synthases (ref. 25 and F. Maley,
personal communication) from several sources. L. casei, Lactobacillus casei.

cysteine at the active site and the 6-carbon position ofdUMP
(25).

DISCUSSION
The Ada protein acts as a positive regulator of its own syn-
thesis (17, 21) as well as that of other proteins (22, 23). There
is no genetic evidence for a separate repressor protein acting
on ada (15-17), and the tentative promoter structure of the
ada gene predicts weak transcription in the absence of pro-
tein effectors. It is thus likely that the Ada protein (or a de-
rivative of it) binds in the promoter region of ada to augment
transcription by direct interaction with RNA polymerase
(38).
The similarity between the active sites of thymidylate syn-

thase and 06MeGua-DNA methyltransferase probably re-
flects a common mechanism for obtaining a reactive cysteine
within a protein. The similar sequences are likely products of
convergent evolution. The proline residue might be of con-
formational importance for cysteine activation in the poly-
peptide by causing the cysteine to protrude or by bringing
the nearby hydrophobic residues into its proximity. The his-
tidine residue could act as a proton acceptor in the genera-
tion of a reactive thiolate anion, as seen in papain (39). The
appropriately positioned nucleophile would then attack the
substrate carbon atom, with direct transfer of a methyl group
to the protein in the case of the 06MeGua-DNA methyl-
transferase. One might predict that a potentially reactive
-Pro-Cys-His- sequence would be discriminated against as
part of a structural region of a protein. From a survey of
=3000 protein sequences this peptide appeared only 7 times,
compared to an expected 14 times. (The reversed sequence,
-His-Cys-Pro-, occurs 16 times in the data bank.) Moreover,
in some cases (such as a high-sulfur fraction of keratin) the
cysteine within the -Pro-Cys-His- tripeptide would be ex-
pected to occur as'a nonreactive half-cystine residue. The
-Pro-Cys-His- sequence also occurs in the E. coli sn-glycer-
ol-3-phosphate acyltransferase (EC 2.3.1.15) (40) and the
bacteriophage T7 gene 1.7 protein, which is an early but non-
essential viral function (41).
The suicidal self-methylation of the 06MeGua-DNA

methyltransferase results in threshold values for cellular
damage by small amounts of alkylating agents, with muta-
tions accumulating only above a certain level of drug expo-
sure (8). The delineation of the primary structure around. the
active cysteine allows more detailed mechanistic studies on
this unusual methyl transfer reaction. In addition, the gener-
al structure of the regulatory region of the ada gene has been
defined, and its particular elements can now be located by
mutagenesis and protein binding experiments.
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