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1. SUMMARY

The gene encoding the extracellular, active-site
serine B-lactamase of Actinomadura R39, previ-
ously cloned into Streptomyces lividans, has the
information for the synthesis of a 304 amino acid
protein, the amino terminal region of which has
the characteristic features of a signal peptide. The
Actinomadura R39 B-lactamase is another member
of the class A B-lactamases. In particular, it shows
high homology with the B-lactamase of Bacillus
licheniformis.

2. INTRODUCTION

In previous studies {1], DNA fragments con-
taining the gene that encodes the extracellular
B-lactamase of Actinomadura R39 were intro-
duced in Streptomyces lividans TK24 via the
high-copy number, promoter-probe plasmid plJ
424. Maximal level of B-lactamase secretion was
observed with Streptomyces lividans CM3

Correspondence to: J. Dusart, Service de Microbiologie, Uni-
versité de Liége, Institut de Chimie, B6, B-4000 Sart Tilman
(Liége 1), Belgium.

harbouring the recombinant plasmid pDML150.
Surprisingly, the estimated molecular mass of both
the wild and the cloned pB-lactamases greatly
varied, from 38000 to 57000, depending on the
procedures used. The DNA segment which in
pDML150 encodes the B-lactamase has now been
sequenced. The pB-lactamase precursor is a 304
amino acid polypeptide.

3. MATERIALS AND METHODS

Plasmid pDML150, the source of the Actino-
madura R39 B-lactamase gene [1], plasmid pBR322
[2] and Escherichia coli D1210 [3] were used. S.
lividans and E. coli were grown in YEME, Luria-
Bertani or M9 media as described [1]. Standard
DNA recombinant techniques {4,5] were used ex-
cept that DNA elution from agarose gels was
carried out as described in [6]. The DNA frag-
ments were sequenced by established methods [7].
Phages M13mpl10, mpl8 and mpl9 and tgl31
were used as subcloning vectors. Zones of base
compression due to the high G + C content of the
DNA [8] were resolved by using dITP instead of
dGTP (Sequenase kit, USB, Cleveland, U.S.A.) or
by performing the gel electrophoreses at 70° C in
the thermostated Macrophor (LKB Instrument,
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Uppsala, Sweden). Codon usage was assessed with
Staden’s program [9] and Fickett’s test. [10], using
the DD-carboxypeptidase encoding gene of Strep-
tomyces R61 [11] as reference. Homology searches
were made as in [12]. Synthetic oligonucleotides
were purchased from Eurogentec (Liége, Belgium).
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4. RESULTS

As shown in Fig. 1A, the 1800 base pair (bp)
stretch that was introduced in pDML150 between
the two hybrid BamHI/Bgl1l sites contains the
gene encoding the B-lactamase of Actinomadura
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Fig. 1A. pDML150 as derived from plJ424. The Pstl sites used to isolate the B-lactamase-encoding Actinomadura R39 DNA insert

are base-numbered from the unique BamHI site. 1B. pDMLI151 recombinant plasmid as derived from pBR322. 1C. Detailed

restriction map of the Pst1 insert and strategy of sequencing. The hatched zone corresponds to the Actinomadura R39 DNA. The

B-lactamase gene is positioned on the linear map. In the lower part of the figure, the arrows indicate the length of DNA sequenced in
each fragment. The black dot shows the position of hybridization of the oligonucleotide synthetic primer (see text).



R39. Pst1 digestion of both pDML150 and the
original plJ424 generated two common DNA
fragments of 4300 bp and 920 bp, respectively,
and a third DNA fragment of 1060 bp in the case
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Fig. 2. Nucleotide sequence of the gene encoding the Actino-
madura R39 B-lactamase and amino acid sequence of the
protein precursor. The nucleotides are numbered from the
BamHI-Bgl1l hybrid site. The amino acid numbering refers to
the protein precursor. Underlined bases may constitute a ribo-
some binding site. The amino acids of particular importance
are boxed (see text). The vertical arrow indicates a possible
processing site and the horizontal arrows a putative transcrip-
tion terminator signal.
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of pIJ424 and of 2900 bp in the case of pDML150.
Hence the 1800 bp insert in pDML150 lacked
pstl sites. The 2900 bp DNA fragment was iso-
lated.

The PstI digest of pDML150 was ligated to
pBR322 (previously cut with PstI and treated
with alkaline phosphatase) and the ligation mix-
ture was used to transform RecA™ E. coli D1210.

Out of 250 Tet®R transformants, only three were
Tet® and Amp® but each of these contained the
desired 2900 bp insert. The corresponding recom-
binant plasmid was called pDML151 (Fig. 1B).
The 2900 bp Pstl fragment isolated from both
pDML150 and pDML151 gave exactly the same
restriction patterns with seven different endo-
nucleases.

As shown in Fig. 1C, the PstIB-NialIl 1670 bp
stretch was sequenced on both strands for more
than 90%. In turn, the BamHI/Bg/II-Nialll se-
quence (which escaped analysis because it was too
far away from the universal primer in all the
possible subclones of the M13 constructs) was
sequenced on one strand by subcloning the indi-
cated PstI-Sall fragment and using as primer the
synthetic oligonucleotide 5’ = GGTCCTGCGG-
GCCGTGGG-3" (which was complementary to
nucleotides 330-347 of the sequence shown in Fig.
2).

5. DISCUSSION AND CONCLUSION

Fig. 2 shows the sequence of that 1902 nucleo-
tide stretch which in the insert originally intro-
duced in pDML150, contained the Actinomadura
R39 encoding gene. Staden’s program and Fickett’s
test (not shown) permitted identification of an
open reading frame (ORF) from nucleotide 321 to
nucleotide 1232. The percentage of G + C was 71
globally, and 73, 45 and 96 at the first, second and
third position of the triplets. Such a biased codon
usage (Table 1) is typical of all known Streptomyces
genes [13]. It has been also reported for genes of
Micrococcus luteus [14]. A putative ribosome bind-.
ing site occurs immediately upstream of the ORF
and a putative transcription terminator (i.e. a 46
bp inverted repeat containing only one unpaired
base) occurs downstream of the ORF (Fig. 2).
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Table 2

Amino acid composition of the Actinomadura R39 B-lactamase
as determined from the wild type (a) and cloned (b) proteins
and as deduced from the nucleotide sequence of the gene (c)

Amino acid % Residues in number

(@) (b) ©
Lys 1.6 1.6 0.74
His 1.6 14 1.8
Arg 5.6 3 52
Trp 32 2 0.74
Asx 11.2 13.8 11.8
Thr 6.4 7.8 8.11
Ser 4 4.6 48
Glx 14.4 15.8 15.87
Pro 4.8 5.6 4.8
Gly 9.6 11 8.5
Ala 104 78 10.3
1/2 Cys 1.6 0.6 0
Val 8 10 9.6
Met 1.6 0.8 1.8
Ile 2.4 2.4 2.6
Leu 8.8 8.4 8.5
Tyr 1.6 1 1.5
Phe 32 2.6 33

100 100.2 99.9

(a) ref. [15]; (b) ref. [16].

The ORF has the information for the synthesis
of a 304 amino acid protein, the amino terminal
region of which has the characteristic features of a
signal peptide, with two arginine residues occur-
ring at positions 7 and 8 and followed by a
Gly10-Val20 highly hydrophobic stretch. The ex-
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Fig. 3. Alignment of the B-lactamases of Bacillus licheniformis
[17] and Actinomadura R29. Strict identities are marked by
asterisks. The two marks (see text) are underlined.

245

act site of action of the leader peptidase is not
known. The putative Ala34-Pro304 extracellular
protein has a 29270 molecular mass. Its amino
acid composition is in good agreement with that
experimentally obtained for the wild and cloned
B-lactamases [1] (Table 2).

The Actinomadura R39 B-lactamase is another
member of the class A B-lactamases. In particular,
it has an overall 50% homology and shares 138
identities with the B-lactamase of Bacillus licheni-
formis (Fig. 3) though the G + C contents of the
corresponding genes are 71% versus 47%. Note
that unlike the other two Actinomycetes B-lacta-
mases of known primary structure {12,18], no in-
sertions or gaps are needed to obtain optimal
match. The Actinomadura R39 B-lactamase has
the two calibration marks found in all the serine,
penicillin-recognizing enzymes ( 8-lactamases and
penicillin-binding proteins [19]). Using the amino
acid numbering of the precursor, one mark is the
active-site serine tetrad Ser86XXLys and the other
is the tryad Lys248ThrGly which is known to be
also part of the enzyme active site [20].
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