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The nucleotide sequence of the amiE gene, encoding the aliphatic amidase of Pseudomonas aeruginosa, has
been determined. The sequence of 1038 nucleotides shows a strong bias in favour of codons with G or C
in the third position, and only 44 different codons are utilised.

Aliphatic amidase; Coding sequence; Codon usage; ( Pseudomonas aeruginosa)

1. INTRODUCTION

The utilization of short-chain aliphatic amides
by Pseudomonas aeruginosa depends on the activi-
ty of an inducible aliphatic amidase (EC 3.5.1.4)
[1,2]. The structural gene for the enzyme, amiE, is
capable of high rates of expression under positive
control by the product of a linked regulator gene,
amiR [3—5]. The amidase genes of PAC433, an up-
promotor mutant of Ps. aeruginosa strain PAC1
[6], have previously been cloned in a bacteriophage
vector and expressed in Escherichia coli [7].

The molecular mass of the aliphatic amidase
determined by sedimentation equilibrium was
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found to be 200000 Da. The enzyme is a hexamer
of identical subunits whose molecular mass, deter-
mined by gel electrophoresis and gel filtration, was
reported as 33000—-35000 Da [8]. The amino acid
sequence of the amidase has been substantially
determined [9,10]. Mutants with altered substrate-
specificities have been isolated [11—13] and two of
the amino acid substitutions have been identified
[13,14].

We present here the nucleotide sequence of the
amiE gene of Ps. aeruginosa. The accompanying
paper [10] documents the amino acid sequence of
the amidase protein determined by protein
chemistry.

2. MATERIALS AND METHODS

2.1. Materials

Deoxy- and dideoxy-nucleoside triphosphates,
ampicillin, dextran sulphate and dithiothreitol
were from Sigma; restriction endonucleases were
from BRL (Gibco) or Pharmacia, T4 DNA ligase
was from Boehringer and large fragment (Klenow)
E. coli DNA polymerase 1 was from Pharmacia.
All other reagents were of Analar or greater purity
and obtained from local suppliers.
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2.2. DNA preparations

Plasmid DNAs were prepared from E. coli by
detergent lysis and CsCl-ethidium bromide
equilibrium centrifugation [15]. Bacteriophage
M13 RF DNA was isolated from infected cultures
of E. coli strain JM101 [16], using the method of
Birnboim and Doly [17].

2.3. Preparation of sequencing templates

Required fragments of DNA for sequencing
were separated by electrophoresis on low melting-
point agarose gels, excised and purified by extrac-
tion with hot phenol, recovered by precipitation
with ethanol and ligated to M13mp8 or M13mp9
vector DNA [18] by conventional methods [19].
Recombinant DNAs were recovered as phage in
colourless M13 plaques following transfection of
E. coli strain JM101 and single-stranded DNAs for
use as templates were purified by standard
methods [20].

2.4. DNA sequencing

The DNA sequencing methods using *S-dATP,
dideoxynucleoside triphosphates and buffer-
gradient gels were used as previously described
[20]. Universal primer and oligodeoxynucleotides
as internal sequencing primers were prepared by
John Keyte by the method of Matthes et al. [21]
with modifications to the wash-cycle as described
by Sproat and Gait [22]. The strategy for sequenc-
ing the amiE gene is shown in fig.1. Difficulties
were sometimes encountered in obtaining readable
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Fig.1. Strategy for sequencing the amiE gene. The map
shows the positions of some restriction enzyme sites
flanking and within the gene. (The amiE coding
sequence is shown as the thickened line.) The horizontal
arrows beneath the map show the directions and extents
of sequencing reactions using universal primer to
sequence from known restriction sites () or specific
oligonucleotides as internal primers (O—). The
restriction enzyme sites are: HindIIl (H); Smal (S); Sst11
(Ss); Pstl (Ps); Taql (T); Pvull (Pv) and Hinfl (Hf).
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sequence data in specific regions. These were
usually overcome by carrying out the polymerase
reaction at 37°C or by the use of sequencing gels
containing 20% formamide.

3. RESULTS AND DISCUSSION

The nucleotide sequence encoding the aliphatic
amidase of Ps. aeruginosa strain PAC433 is shown

10 30 a0
AAATAACAACAGGAGGTGATACCCATGCGTCACGGCGATATTTCCAGCAGTAAVGACACT
MetArgHisGlyAsplleSerSer "+ tis '5pThr
70 90 i
GTCGGAGTGGCCGTGGTCAACTACAAGATGCCGCGCCTRCACACCGCLLE GLALGTCLTR
ValGlyValAlavalValAsnTyrLysMetProArgleuHisThrAlaaas) Valleu
130 150 170
GACAACGCCCGGAAGATCGCCGACATGATCGTCGGCATGAAGCAGGGU TGOS, GGCATG
AspAsnAlaArglysIleAlaAspMetllevalGlyMetLysGlaGlvi.euPr.
190 210 250
GACCTGGTGGTGTTCCCGGAGTACAGCCTGCAGGGCATCATGTACGA Y LRGGILGAGATG
AspLeuValValPheProGluTyrSerLeuGlnGlylleMetTyrAspPr oAl aG]luMet
250 270 220
ATGGAAACCGCGGTGGCGATCCCCGGCGAGRAAACCGAGATATTCTCCC GCGU T TGCOGE
MetGluThralavalAlalleProGlyGluGluThrGlullePheSerArgAlaCysArg
310 330 3560
AAGGCCAACGTCTGGGGCGTATTCTCCCTCACCGGCGAACGGCACGAGGAGCATCCGCGE
LysAlaAsnValTrpGlyValPheSerLeuThrGlyGluArgHisGluGluHisProArg
370 390 410
AAGGCGCCGTACAACACCCTGGTGCTGATCCGACAACAACGGCGAGAT( LTC( AGAAGTAC
LysAlaProTyrAsnThrLeuValLeulleAspAsnAsnGlyGlullevalGInLysTyr
430 450 470
CGCAAGATCATTCCCTGGTGCCCCATCGAGGGCTGGTATCCCGGTGGCCAGACCTACGTC
ArglLysIlelleProlrpCysProlleGluGlyTrpTyrProGlyGlysIinThrTyrval
490 510 530
AGCGAAGGGCCGAAGGGCATGAAGATCAGCCTGATCATCTGCGACGACGHLL AATTACCCG
SerGluGlyProLysGlyMetLyslleSerLeullelleCysAspAspGlyAsnTyrPio
550 570 390
GAGATCTGGCGCGACTGUGCGATGAAGGGCGCCGAGCTGATCGTGCGCTHCCAGGHETAC
GlulleTrpArgAspCysAlaMetLysGlyAlaGluLeulleValArgCysGIinGlyTyr
810 630 650
ATGTACCCGGCCAAGGACCAGCAGGTGATGATGGCCAAGGCCATGGCCTGGGCCAACAAC
MetTyrProAlaLysAspGlnGlnValMetMetAlaLysAlaMetAlaTrpAlaAsnAsn
670 680 710
TGCTATGTGGCGGTGGCCAACGCGGCCGGCTTCGACGGTGTCTATTCCTACTTCGGCCAC
CysTyrvValAlaValAlaAsnAlaAlaGlyPheAspGlyValTyrSerTyrPheGlyHis
730 750 770
TCGGCGATCATCGGCTTCGACGGCCGTACCCTCOGTGAGTGUGGCGAGGAGGAAATGLGT
SerAlallelleGlyPheAspGlyArgThrLeuGlyGluCysGlyGluGluGluMetGly
790 810 830
ATCCAGTACGCCCAGCTGTCCCTTTCGCAGATCCGCGATGCGCGCGCCAACGATCAGTCG
1leGInTyrAlaGlnLeuSerLeuSerGlnIleArgAspAlaArgAlaAsnAspGInSer
850 870 890
CAGAACCACCTGTTCAAGATCCTCCACCGCGGCTACAGCGGUTTGCAGGCGTCCGGCGLAC
GlnAsnHisLeuPheLysIleLeuH1sArgGlyTyrSerGlyLeuGlnAlaSerGlyAsp
910 930 950
GGCGACCGGGGCCTGGCGGAGTGTCCGTTCGAGTTCTACCGCACCTGGGTCACCGACGCC
GlyAspArgGlyLeuAlaGluCysProPheGluPheTyrArgThrTrpValThrAspAla
970 990 1010
GAGAAGGCGCGCGACAATGTCGAGCGACTGACCCGCTCGACCACCGGCGTGGCGCAATGE
GluLysAlaArgAspAsnValGluArgLeuThrArgSerThrThrGlyvValAlaGinCys
1030 1050
CCGGTCGGCCGGCTGCCCTATGAGGGACTGGAGAAGGAAGCCTGA
ProValGlyArgLeuProTyrGluGlyLeuGluLysGluAlaEnd

Fig.2. The nucleotide sequence of the coding region of

the amiE gene. The DNA strand shown has the same

orientation as the messenger RNA. The nucleotides are

numbered from an arbitrary start-point that precedes the
putative ribosome-binding site.
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in fig.2. An open reading-frame of 1038
nucleotides is initiated by an ATG codon and com-
pleted by a TGA translation-termination codon.
The protein encoded by this nucleic acid sequence
contains 346 amino acids and has a molecular mass
of 38378 Da. Starting 14 nucleotides upstream of
the ATG initiation codon is a pentanucleotide se-
quence (-AGGAG-) that is complementary to five
nucleotides near the 3'-end of Ps. aeruginosa 16 S
ribosomal RNA [23], and which presumably con-
stitutes the ribosome-binding site. This same se-
quence is part of a decanucleotide ((-AGGAGGT
GAT-) that has perfect complementarity with a se-
quence near the 3’-end of E. coli 16 S TRNA [24].
As noted by Atkins [25] for E. coli sequences,
UAA and UGA termination codons are found
closely preceding the translation-initiation codon.

The codon-usage within the amiE gene is shown
in table 1. The bias in favour of G or C in the third
position of the codons is striking: of 346 codons,
only 33 (9.6%) have A or T in the third position.
Seventeen of the possible sense codons are not used
in the gene, with bias against codons rich in A or
T. Thus all 20 arginine codons are the CGX type,
AG not being used; 19 leucine codons are of the
form CTX, the only other one being TTG. The on-
ly codon used to encode the 13 threonine residues
is ACC, while AAG is used exclusively to encode
the 15 lysines. It is not the case that Pseudomonas
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species are incapable of utilising certain codons
because of the absence of the cognate transfer
RNAs, since the entire codon repertoire is used in
genes such as xyIS of Pseudomonas putida mt-2
[26]. The highly biased codon usage appears to be
characteristic of genes that are expressible at high
rates, including the mercuric reductase gene of
Tn501 [27], the xy/E gene on the Tol plasmid [28]
and the carboxypeptidase G2 gene [29].

The complete sequence of the aliphatic amidase
now allows the amino acid replacements found in
substrate-specificity variants to be placed within
the primary structure. The B6 mutation, a
substitution of phenylalanine for serine that poten-
tiates hydrolysis of butyramide, involves a C —
transition within codon 7 [14]. The A13 mutation,
a threonine to isoleucine change that allows utilisa-
tion of acetanilide [13], involves an ACC —» AUC
change in the codon for thr103. In the absence of
information about the tertiary structure of the pro-
tein, we cannot tell whether the amino acids at
positions 7 and 103 are involved in the substrate-
binding site, or whether they simply influence
substrate-binding at a distance by more general ef-
fects on enzyme-conformation. Knowledge of the
coding sequence of the amiE gene should facilitate
the determination of the nature of the mutational
events giving rise to other variants, via cloning and
sequencing using a set of internal primers.

Table 1

Codon-usage within the amiE gene

Phe UUU O Ser UCU 0
uuCc 9 ucc 6
Leu UUA O UCA 0
uuG 1 UucG 4
Lew CUU 1 Pro CCU 0
cuc 3 CCC o6
CUA O CCA ©
CUG 15 CCG 10
Ile AUU 2 Thr ACU 0
AUC 18 ACC 13
AUA 1 ACA O
Met AUG 15 ACG 0
vVai GUU 0 Ala GCU ¢
GUC 11 GCC 17
GUA 1 GCA 0
GUG 11 GCG 15

Tyr UAU 4 Cys UGU 1
UAC 13 UGC 8
Ter UAA 0 Ter UGA 1
Ter UAG 0 Trp UGG 6
His CAU 1 Arg CGU 2
CAC 6 CGC 13
Gln CAA 1 CGA 1
CAG 13 CGG 4
Asn AAU 2 Ser AGU 0
AAC 12 AGC 6
Lys AAA 0 Arg AGA 0
AAG 15 AGG 0
Asp GAU 4 Gly GGU 4
GAC 15 GGC 27
Glu GGA 6 GGA 2
GAG 20 GGG 1
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