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The amino-terminal sequence of the Tn transposase protein was determined to
be Pro-Val-Asp-Phe-Leu-Thr-Thr-Glu-Gln-Val-Glu-Ser.... This was deter-
mined both from an active transposase protein purified from a transposase-
overproducing mutant strain and from a hybrid transposase-p-galactosidase
fusion protein. The amino acid sequence corresponded to the DNA sequence of
the transposase gene beginning at an ATG initiation codon, as previously
predicted from the analysis of transposase--p-galactosidase gene fusions.

Tn3 is one of a group of genetic elements
capable of transposing to new DNA sites with
little or no homology (2, 15). It has been found to
contain a gene (tnpA) that encodes a transposase
protein which is essential for transposition (6, 9,
10, 11). Tn3 also contains two other genes: the
bla gene for a P-lactamase that confers resist-
ance to penicillin antibiotics, and the tnpR gene
for a protein with two functions, repression of its
own gene (5) and the adjacent divergently tran-
scribed tnpA gene (6, 9) and specialized "site-
specific" recombination between loci of two
Tn3 elements present on the same DNA mole-
cule (1, 8, 18; J. Chou, unpublished data).
To further characterize the process of DNA

transposition, the purification and characteriza-
tion of the transposase protein have been under-
taken (7). As the transposase protein is present
in wild-type Tn3-containing cells in very low
concentrations, mutations which overproduce
this protein and increase the rate of transposi-
tion were isolated and characterized (4; M.
Casadaban, J. Chou, and S. N. Cohen, Cell, in
press). However, an ambiguity arose as to the
site of initiation of the wild-type and overpro-
duced proteins (6, 10). In the present study, we
resolved this question by determining the amino-
terminal sequence for the wild-type protein and
an overproduced transposase protein.
DNA sequence analysis of this region shows

two possible initiation sites for translation of the
transposase protein: an ATG codon and, 33
nucleotides upstream, a GTG codon (6, 10) (Fig.
1). Mutations which result in overproduction of
the transposase protein and an increase rate of
DNA transposition have been isolated, and five
of these have been mapped by DNA sequence
analysis to be single base changes in the initia-

tion region of the transposase protein (4; Casa-
daban et al., in press). Four of these are
located between the GTG and the ATG triplets,
and the fifth is located in the GTG triplet,
changing it to ATG (Fig. 1). Because these
mutations are located in the region for transla-
tion initiation for the transposase protein, it is
possible that they create a new translation initia-
tion site.
The transposase protein from the overproduc-

ing mutation qll99 was purified to homogeneity
as described previously (7). (This protein has
been shown to have a single-strand DNA-bind-
ing activity [7].) Transposase coded for by the
wild-type tnpA gene was not purified because it
is synthesized at a very low rate (6) and there is
no convenient assay. To show that the overpro-
ducing mutation did not alter the transposase
protein sequence, a hybrid transposase-f3-galac-
tosidase protein was also purified to determine
the original transposase amino-terminal se-
quence. The hybrid transposase--galactosidase
could be readily purified without an overproduc-
ing mutation because of the very sensitive enzy-
matic assay for f-galactosidase which can be
used to monitor its purification (17).
The transposase-43-galactosidase hybrid pro-

tein from the tnpA-lacZ gene fusion on plasmid
pMC995 (6) (Fig. 1) was used. This fusion has
the first 45 amino acid codons of the tnpA
transposase gene joined in frame to the eighth
and following codon of the lacZ gene and results
in a hybrid protein that is enzymatically active
for -galactosidase (but not for transposase).
Transcription and translation for this fused gene
are initiated from the tnpA gene control se-
quence (3).
The procedure used for the isolation of the
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FIG. 1. Tn3 tnpA translation initiation region and the pMC995 tnpA-transposase fusion with the lacZ 1B-
galactosidase gene. The top line shows the 4,957-nucleotide Tn3 element with three identified genes. The arrows
above depict the directions of transcription. The middle line depicts the 356-nucleotide SaullI A fragments of
Tn3, which contains the promoters, translation initiation sites, and control regions for both tnpA and tnpR (6).
The first 12 amino-terminal amino acid codons for the transposase are shown. The alternatively proposed GTG
initiation codon is underlined. The base changes for five mutations which result in transposase overproduction
are shown. The lower part shows the pMC874 lac gene fusion plasmid vector into which the 356-nucleotide
SauEll A fragment was inserted, by DNA cloning, to form pMC995. This creates a tnpA-lacZ fused gene
encoding a hybrid transposase-f3-galactosidase protein which retains ,B-galactosidase enzymatic activity but has
45 amino-terminal amino acids from the transposase, replacing the first 8 nonessential amino acids of -
galactosidase (6).

fusion protein was a modification of that de-
scribed for the wild-type ,B-galactosidase (17).
Eight liters of MC1O50 (lac deletion strain) cells
carrying pMC99S were grown to the early sta-
tionary phase and harvested. Lysis was carried
out by the procedure of Ikeda et al. (13). The cell
extract was adsorbed to a DEAE-52 column. 1-
Galactosidase activity was found to be included
in 0.25 to 0.40 M NaCl fractions. The peak
fractions were pooled and precipitated by 33%
saturation with ammonium sulfate. The pellet
was suspended, dialyzed, and loaded on a three-
step sucrose gradient in an SW41 rotor. Centrif-
ugation was run for 10 h at 40 krpm. The
fractions were collected and assayed for 1B-
galactosidase activity. The active fractions were
pooled to yield 50 pLg of a 122,000-molecular-

weight protein which was at least 98% pure as
judged on a 7.5% SDS-polyacrylamide gel (16).
The buffer used throughout the isolation was 50
mM Tris (pH 7.5)- 1 mM EDTA- 5 mM mercap-
toethanol (13).
The amino-terminal amino acid sequences for

the proteins were analyzed by the microse-
quencing technique described previously (12).
The first 12 amino acids sequenced for both
proteins were identical and corresponded to the
DNA sequence for the start at the ATG codon
(6) (Table 1). From this we conclude that transla-
tion of the wild-type transposase is initiated at
the ATG site. We cannot, however, rule out the
possibility that translation is also initiated at the
GTG codon at a very low frequency (<5%).
Indeed, the most upstream of the overproducing
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TABLE 1. Amino acid sequencing yieldsa

Yield (pmol)

Overprduced Hybrid
Cycle Amino acid Overproduced tsposae

protein f-galactosidase
protein

1b Proline 30 25
2 Valine 28 50
3 Aspartic acid 19 30
4 Phenylalanine 25 45
S Leucine 29 45
6 Threonine 5 8
7 Threonine 5 8
8 Glutamic acid 19 35
9 Glutamine 6 19
10 Valine 15 27
11 Glutamic acid 14 22
12 Serine 4 5

a Approximately 4.0 F.g of the overproduced tran-
sposase protein and 8 to 12 ,ug of the pMC955 hybrid
transposase---galactosidase protein were analyzed by
automated Edman degradation as described previous-
ly (12). The phenylthiohydantoin amino acid-derived
fractions for the first 12 cycles were identified by high-
pressure liquid chromatography. The yields were cor-
rected for background levels, which varied from 2 to 5
pmo per amino acid. The variation in individual amino
acid yields reflects the relative instabilities of the
particular phenylthiohydantoin amino acid. No sec-
ondary sequences, including one for a start at the GTG
site or one for retention of the formylmethionine, were
present at the limit of detectability, which was 5% of
the main sequence.

b This first cycle also shows appreciable quantities
of serine, glycine, aspartic acid, and glutamic acid,
presumably arising from contamination of the sample
with free amino acids. No other amino acid residues
were detected in each of the later steps other than the
one shown.

mutations we isolated (q1272; Fig. 1) may result
in efficient initiation of translation from the GTG
site which is changed by the mutation to ATG.
Alternatively, this G/C-to-A/T base change mu-
tation may create or improve a promoter site for
initiation of transcription since it is located in a
region resembling a promoter. The other over-
producing mutations, including.the qll99 muta-
tion used for our purification, appear from their
position just before the ATG site to result in
increased translation initiation (4). This conclu-
sion that the ATG site is used for translation
initiation is consistent with the DNA sequence
of the related transposon -yb, which has an
equivalent ATG site but no equivalent GTG site
(18). On the other hand, we should point out that
the transposase gene of the unrelated transposon
TnS has been shown to have two translation
initiation sites which are used at approximately
equal frequency (14).
Our location of the start site for tnpA transla-

tion further clarifies the genetic structure of the
complex region of Tn3 between the tnpA and
tnpR genes. These genes are divergently tran-
scribed from adjacent or overlapping gene con-
trol regions. In the space between these genes
the tnpR gene product acts to repress transcrip-
tion of both genes (5, 6, 9) and also to site-
specifically recombine between two Tn3 ele-
ments (1, 8, 18; J. Chou et al., unpublished
data).
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