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Translational coupling in a penP-lacZ gene fusion
in Bacillus subtilis and Escherichia coli:

Use of AUA as a restart codon
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Summary. An out-of-frame fusion between the penicillinase
gene (penP) of Bacillus licheniformis and the p-galactosidase
gene (lacZ) of Escherichia coli was shown to direct the syn-
thesis of an active p-galactosidase with the same electropho-
retic mobility as the wild-type protein, both in B. subtilis
and E. coli. This synthesis was dependent on translation
of the truncated penP gene and appeared to result from
translational coupling. The fusion point between penP and
lacZ contained the sequence AUAG, in which the UAG
and AUA codons were in-frame with the penP and lacZ
reading units, respectively. N-terminal amino acid sequence
analysis of the p-galactosidase protein suggested that, both
in B. subtilis and E. coli, reinitiation of translation occurred
at the AUA codon present at the gene fusion point.
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translation. Exceptions to this have been reported, how-
ever: within the E. coli lacI gene OOG and GOG have
also been shown to reinitiate translation (Files et al. 1974;
Steege 1977).

In the present work we have investigated the require-
ments for the expression of the lacZ gene in the penP-IacZ
fusion in pGP1. The results suggested that both in B. subtilis
and E. coli, the synthesis of enzymatically active p-galactosi-
dase resulted from translational coupling, in which AOA
was used as the restart codon.

Materials and methods

Bacterial strains and plasmids. B. subtilis DB104 (hisH
nprR2 nprE18 aprA3; Kawamura and Doi 1984) and E.
coli MC1000 [F- araD139 Lf ( araABC-leu) 7679 galU galK
Lf (lac)X74 rspL thi; Silhavy et al. 1984] were used in this
study. Plasmids pGP1 (Fig. 1 A) and pGP2 (Fig. 1 B) con-
tain, respectively, out-of -frame and in-frame fusions be-
tween the penicillinase gene (penP) of B. licheniformis 749/C
and the p-galactosidase gene (lacZ) of E. coli. Plasmid pGP1
(10.4 kb) was constructed by linearizing pGK13, a 4.9 kb
derivative of pGK12 which replicates in B. subtilis, E. coli
and lactococci (Kok et al. 1984), with BamHI, filling-in the
sticky ends using Klenow DNA polymerase, and ligating
this DNA to the 2.4 kb penP-containing PvuII fragment
described by Gray and Chang (1981). The resulting plas-
mid, pGK1660 (7.3 kb), was linearized at the Ndel site (po-
sition 1026 of penP; Neugebauer et al. 1981) and the ends
were filled-in using Klenow DNA polymerase. Subse-
quently, a 3.1 kb Smal-Ahal11Iragment ofpMLB1034 (Sil-
havy et al. 1984), containing the lacZ gene (for the nucleo-
tide sequence of lacZ, see Kalnins et al. 1983) deprived of
its promoter and controlling elements as weIl as the first
eight nonessential codons, was inserted into pGK1660. In
the resulting plasmid, pGP1, the entire export signal se-
quence and about 80% of the sequences encoding the ma-
ture penicillinase are fused (out-of-frame) to the lacZ se-
quences. Plasmid pGP2 was constructed by ligating the
lacZ-containing Smal/AhalIl fragment of pMLB1034 into
the Scal site (position 283 of penP) of pGK1660. In pGP2
only the first six codons of the penP signal sequence precede
(in-frame) the lacZ sequences. Plasmid pGK1034 was ob-
tained by joining the 3.1 kb lacZ-containing Smal/AhalIl
fragment ofpMLB1034 to pGK13 (into the filled-in BamHI
site). In the absence of appropriate transcription/translation
signals, the lacZ gene will not be expressed in pGK1034.
Plasmid pGP1-LfBgl was obtained by self-ligation of Bg/1l-

Introduetion

Previously, we have described a system based on plasmid
pGP1 for studies on structural plasmid instability in Bacil-
lus subtilis (Peijnenburg et al. 1987; Peijnenburg et al. 1988).
pGP1 contains a fusion between the penicillinase gene
(penP) of B. licheniformis and the p-galactosidase gene
(lacZ) of Escherichia coli. Although the genes were joined
out-of-frame, the fusion gave rise to p-galactosidase activity
in B. subtilis and E. coli. One possible explanation for this
is that translation al coupling would enable the expression
of lacZ. The major aim of the present work was to study
this possibility.

Translational coupling refers to situations in which
translation of a downstream coding sequence requires
translation and translational termination of an upstream
sequence at or near the initiation codon for the downstream
sequence (Oppenheim and Yanofsky 1980). The phenome-
non has, among others, been described for the E. coli trp
operon (Aksoy et al. 1984; Das and Yanofsky 1984; Op-
penheim and Yanofsky 1980). Also theexpression of certain
heterologous gene fusions in E. coli (Michaelis et al. 1983;
Zaghloul and Doi 1986), and in B. subtilis (Sprengel et al.
1985; Zaghloul et al. 1985) has been ascribed to transla-
tional coupling. In most cases reported so far, reinitiation
of protein synthesis occurred at AUG codons, which are
also the most frequently used initiation codons in normal
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HC1, pH 7.4; 10 mM EDTA; 1 mM phenylmethylsulfonyl
fluoride). After resuspension in TEP buffer and sonication,
cellular debris was removed by centrifugation at 10000 x 9
for 20 min at 4° C. The supernatants were used for the
determination of p-galactosidase activities, protein concen-
trations, polyacrylamide gel electrophoresis, and purifica-
tion of p-galactosidase proteins.

Assay of p-galactosidase activity. p-Galactosidase activities
were determined essentially as described by MilIer (1972).

Protein concentration assay. Proteill COllcelltratiollS were de-
termilled as described by Bradford (1976) with boville se-
rum albumill (Sigma, St Louis, Mo.) as a stalldard.
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Polyacrylamide gel electrophoresis and Western blotting. So-
dium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) was performed in 7.5% gels according to
Laemmli (1970). Supernatants of sonicated cell extracts
were mixed 1: 1 with 2 x SDS-sample buffer, prepared ac-
cording to Laemmli (1970). Samples were boiled for 10 min
prior to loading onto the gels.

The penP-lacZ gene fusion products were immunologi-
cally characterized by Western blotting (Towbin et al.
1979). After SDS-PAGE, proteins were transferred to ni-
trocellulose membranes (BA 85; Schleicher and Schuell,
Dassel, FRG) by electroblotting. The membranes were sub-
sequently processed with mouse monoclónal anti-p-galacto-
sidase antibodies using the ProtoBlot immunoblotting sys-
tem (Promega Biotec, Madison, Wis.). Alkaline phospha-
tase (AP)-anti-mouse IgG conjugates were used to detect
p-galactosidase protein.

BamHI 'BamHI BglII NdeI

(ScaI/SmaI) (Aham/ScaI)

Fig. lA and B. Restriction sites and nucleotide sequences f1anking
the penP-lacZ joints in the 5.5 kb BamHI fragrnent of pGPl (A)
and pGP2 (B). The restriction sites shown in brackets indicate
the joints between penP and lacZ sequences ; the original restriction
sites were destroyed. =, penP sequences; -, lacZ sequences;
Eo:3 stop codons in-frame with the lacZ sequence. P and SD, penP
promoter and Shine-Dalgarno sequences, respectively; Tpen and
T lac' translation termination signals of penP and lacZ, respectively.
Nucleotide sequences: blow-ups of the gene fusion points. The
amino acid sequences were derived from the nucleotide sequences

Prorein purificarion. p-Galactosidase (fusion) proteins were
purified by immunoaffinity chromatography using proto-
sorb lacZ columns (Promega Biotec, Madison, Wis.). The
column matrix (1 ml bed volume) consisted ofmouse mono-
clonal anti-p-galactosidase antibody (2.1 mg) coupled to
cross-linked agarose beads. Chromatography was per-
formed essentially as recommended by the supplier of the
columns.

linearized pGPl DNA (position 574 of penP), af ter the co-
hesive ends had been filled-in using Klenow DNA polymer-
ase. Amino acid sequence analysis. Analysis of the amino acid

sequence of the N-terminal part of p-galactosidase (fusion)
proteins was performed with a gas-phase sequenator (model
470A, Applied Biosystems, Poster City, Calif.) using 25%
trifluoroacetic acid (TP A) in H2O as the conversion re-
agent. The resulting phenylthiothydantoin (PTH) amino
acids were analyzed on-line by. reversed-phase HPLC on
a PTH analyzer (model 120A, Applied Biosystems, Poster
City, Calif.) with a PTH C-18 column of2.1 mm x 220 mm.

Media and chemicals. TY and minimal media were as pre-
viously described (Peijnenburg et al. 1987). Chlorampheni-
col (Cm) was used at final concentrations of 5 and 2 ~g/ml,
and erythromycin (Em) at 5 and 50 ~g/ml for B. subtilis
and E. coli, respectively. 5-Bromo-4-chloro-3-indolyl /3-D-
galactopyranoside (X-gal) was obtained from Sigma (St
Louis, Mo.) and used at 40 ~g/ml.

DNA manipulations. Standard molecular cloning proce-
dures, as described by Maniatis et al. (1982), were followed
throughout. Restriction enzymes, DNA polymerase I
(Klenow fragment), and T4 DNA ligase were obtained from
Boehringer (Mannheim, FRG) and used as indicated by
the supplier.

DNA sequence analysis. Novel nucleotide junctions within
the penP-lacZ gene fusions were sequenced according to
Sanger et al. (1977) using the Sequenase kit (United States
Biochemical Corporation, Cleveland, Ohio).

Preparation of cell extracts. Unless noted otherwise, cell
extracts were prepared as follows. Overnight cultures in
TY broth containing selective antibiotics were diluted 1: 100
in thé same medium and grown at 37° C to an A6oo of
0.8. Cells were washed twice by centrifugation (9000 x g,
10 min). The washing buffer was cold TEP (100 mM TRIS-

Results

Nucleotide sequences flanking the gene fusion points

As expected from the cloning procedure and as verified
by sequence allalysis, in plasmid pGPl the penP gene was
fused out-of-frame to the reporter gene, lacZ (Fig. 1 A).
At the fusion point a TAG triplet was created in the reading
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Table 1. p-Galactosidase activities in extracts from Bacillus subtilis
DB104 and Escherichia coli MC1000 cells harboring recombinant

plasmids

Plasmid Strain Unitsa;mg total protein

pGK1034 DB104

MC1000

DB104

MC1000

DB104

MC1000

DB104

MC1000

0
0

19
17

2507
2408

0
0

pGPl

pGP2

pGP1-L1Bgl

frame of penP (position 1026, Neugebauer et al. 1981).
Therefore, translation was expected to termillate at the cor-
responding UAG stop codon (about 80% of penP will be
translated), thus preventing the formation of a p-galactosi-
dase fusion protein. Unexpectedly, the presence of pGP1
in B. subtilis DB104 and E. coli MC1000 resulted in colonies
which turned moderately blue on X-gal-containing agar
plates. Unlike pGP1, in pGP2 the penP sequences were
joined in-frame to lacZ sequences. This will result in a p-
galactosidase fusion protein that is one amino acid residue
longer than the wild-type protein (Fig. 1 B). As expected,
pGP2 gave rise to dark blue colonies on X-gal-containing
agar plates.

As a possible explanation for the production of active
p-galactosidase by cells carrying pGP1, translationally cou-
pled initiation at or near the gene fusion point could be
envisaged. AUG, GUG, and UUG have been identified
as codons used for reinitiation of translation in the E. coli
lacl gene (Files et al. 1974; Steege 1977; Cone and Steege
1985a, b). None of these codons is present in the vicinity
of the UAG stop codon at the penP-lacZ fusion point.
Belin (1979) showed that the AUA codon can also be used
as an (inefficient) start codon in normal translation in E.
coli, an observation that was more recently confirmed by
Shinedling et al. (1987) and Miki et al. (1988). Because the
UAG stop codon at the penP-lacZ fusion point is preceded
by A, and the resulting AUA is in-frame with lacZ, it was
conceivable that the latter triplet lunctioned as a restart
codon. If this were true, the synthesis of a protein that
would be four amino acid residues longer than wild-type
p-galactosidase would be expected. The possibilities ofreini-
tiation occurring upstream ofthe AUA triplet are extremely
limited: in the reading frame of lacZ there would be UAA
and UGA stop codons only six and seven codons upstream
of the putative AUA reinitiation codon (Fig. 1 A). Support
for the idea that reinitiation started at the AUA codon
is presented below.

a p-Galactosidase activities are expressed in MilIer units

E. coli and B. subtilis amount to 35-40, and 5, respectively
(unpublished results), it was surprising that the p-galactosi-
dase activities of pGP1 or pGP2 were nearly the same in
both hosts. This could possibly be explained by lower levels
of expression of penP in E. coli than in B. subtilis. Evidence
for this was presented by Brammar et al. (1980).

To determine the size of the p-galactosidase proteins
encoded by pGP1 and pGP2, sonicated B. subtilis DB104
and E. coli MC1000 cell extracts were subjected to Western
blotting using anti-p-galactosidase antibody (Fig. 2). All
clones yielded p-galactosidase proteins of the same size as
the wild-type protein (116 kDa; Kalnins et al. 1983). This
was the expected size if translational restart of lacZ se-
quences had occurred at the fusion point with penP se-
quences (Fig. 1 A). Size differences of -4 (pGP1), or + 1
(pGP2) amino acid residues with wild-type p-galactosidase
would not be detectable in 7.5% polyacrylamide gels. The
relative amounts of p-galactosidase proteins estimated from
the Western blots (Fig. 2), and the relative levels of p-galac-

A B
1 2 2

Expression of lacZ from pG P I depends on translation of
penP

If translational coupling occurred at or near the gene fusion
point, termination of translation at sequences further up-
stream in penP would be expected to prevent the expression
of the lacZ part of the fusion. To test this prediction, the
Bg/II site at position 574 of penP (Neugebauer et al. 1981)
was filled-in. As a consequence, 4 b p were added, resulting
in plasmid pGP1-L1Bgl, which carries a frameshift and sev-
eral stop codons in the penP reading frame beyond the
Bg/II site (about 30% of the penP gene will be translated).
As predicted, E. coli MC1000 and B. subtilis DB104 cells
carrying pGP1-L1Bgl produced only white colonies on X-gal
plates (results not shown). This indicates that translation
of the truncated penP gene beyond the Bg/II site was re-
quired for expression of lacZ.

Fig. 2. Analysis of penP-lacZ gene fusion products. Sonicated cell
extracts of Bacillus subtilis DB104 (lane 1) and Escherichia coli
MC1000 (lane 2) containing plasmid pGP1 (A), or pGP2 (B) were
run in 7.5% SDS-polyacrylamide gels and analyzed by Western
blotting. The lanes indicated by arrows contained pure wild-type
p-galactosidase (Sigma, St Louis, Mo.). Lanes A1, A2, B1, and
B2 contained 140,120, 10, and 5 I!g oftotal cellular protein, respec-
tively

Analysis of p-galactosidase proteins

The p-galactosidase activities in extracts from B. subtilis
DB104 and E. coli MC1000 cells carrying pGP2 were at
least 100-fold higher than those in extracts from cells carry-
ing pGP1 (Table 1). This difference is most likely due to
a low efficiency of translational reinitiation at the gene fu-
sion point. Since the copy numbers of pGP plasmids in
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MC1000(pGP1), purified by immunoaffinity chromatogra-
phy, and submitted to N-terminal amino acid sequence
analysis. This analysis (Fig. 3) revealed that, irrespective
of the host, proline, valine, valine, leucine, and glutamine
residues were present at positions 3, 4, 5, 6, and 7, respec-
tively. Furthermore, in steps 1 and 2 of the analysis, glycine
and aspartic acid were present (the relative order of these
two amino acids was difficult to establish). This is the ex-
pected sequence (Fig. 1 A) if the first amino acid residue,
assumed to be N-formyl-methionine, is cleaved off during
post-translational processing. These results strongly suggest
that the AUA codon was used to start the synthesis of
the p-galactosidase protein, both in E. coli and B. subtilis.

Ref.

2

3

4

5

7

Fig. 3. N-terminal amino acid sequence analysis. The tracings of
the cycle with the reference amino acids (Ref; top of the figure)
and those of the first seven experimental cycles (numbers 1-7)
are shown. One letter symbols are used for the amino acids in
the reference mixture. DPTU, diphenylthiourea; DMPTU, dimeth-
ylphenylthiourea

Discussion

In this study we have compared penP-lacZ fusions in the
plasmids pGP1 and pGP2. In pGP1, sequences encoding
the penP expression signals and the N-terminal 251 amino
acids (including the signal peptide) of penicillinase were
joined out-of-frame to the structural part of the lacZ gene
lacking the first eight codons. In this fusion, translation
of penP terminated at a U AG stop codon at the gene fusion
point. In pGP2, the transcription/translation regulatory se-
quences and the first six codons of penP were joined in-
frame to lacZ. Surprisingly, pGP1 gave rise to p-galactosi-
dase activity, both in E. coli and B. subtilis, although at
a much lower level than pGP2. ,

Several results and considerations suggested that in
pGP1 the expression of lacZ was translationally coupled
to that of upstream penP sequences, and that translational
reinitiation occurred at an AUA codon, two nucleotides
of which overlapped the UAG stop codon of penP:

1. The introduction of stop codons in the penP reading
frame (by filling-in the Bg/II site) prevented expression of
lacZ.

2. pGP1 encoded a protein with the same electrophoretic
mobility as wild-type p-galactosidase, which was expected
if translation started at or near the penP/lacZ fusion point.

3. Examples of translational coupling in other systems,
in which the stop codon ofthe upstream sequences partially
overlaps the initiation codon of the downstream sequences,
are known (Sprengel et al. 1985).

4. N-terminal amino acid sequence analysis of the
pGP1-encoded p-galactosidase in both B. subtilis and E.
coli showed the predicted sequence for the first 12 amino
acids (7 of which are shown in Fig. 3). We assume that
the starting amino acid encoded by the AUA triplet, pre-
sumably N-formyl-methionine, is cleaved off post-transla-
tionally.

The possibility that translational reinitiation of lacZ se-
quences would occur at other sites is very unlikely. Since
all amino acids encoded by the sequences following the
AUA codon were present in the pGP1-encoded p-galactosi-
dase, eventual alternative start sites would have to be 10-
cated in penP sequences upstream of the fusion point be-
tween the proteins. Only five codons immediately upstream
of the AUA triplet are potential candidates for such a res-
tart, since in the lacZ reading frame the sixth and seventh
upstream triplets are stop codons (Figs. 1 A, 4). The pre-
dicted amino acids encoded by these codons were not found
at the N-terminus ofthe p-galactosidase product. The possi-
bility that a small N-terminal extension ofthe protein would
be cleaved off proteolytically and, therefore, escape atten-

tosidase activity (Table 1), are roughly similar. This sug-
gests that the differences in p-galactosidase activity ob-
served between pGP1- and pGP2-containing cells were not
primarily due to differences in specific activities ( caused
by differences in the N-terminal amino acid sequences), but
rather to the relative inefficiency of the reinitiation process
in the case of pGP1.

To obtain more support for the idea that the fusion
pointof penP and lacZ in pGP1 was indeed used as the
translational restart site, the p-galactosidase proteins were
isolated from B. subtilis DB104(pGP1) and E. coli
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sequence shown in the middle part of the figure corresponds to the C-terminal part of the truncated penP gene. The 3' regions of
the 16 S rRNAs were derived from Hager and Rabinowitz (1985). L1G values of binding of the potential ribosome binding site upstream
of the AUA translation reinitiation codon to the 3' end of the 16 S rRNA were calculated according to the rules of Tinoco et al.
(1973). Upstream stop codons in-frame with lacZ are indicated (~)
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close to, or overlapped (as in pGP1) the reinitiation codon
of the downstream gene. Likewise, translational coupling
in a fusion between penP and the neo gene from Tn5 in
B. subtilis was found to be most efficient when the stop
codon of the first and the initiation codon of the second
gene overlapped (Sprengel et al. 1985).

Analogous to the models proposed by Oppenheim and
Yanofsky (1980) for translational coupling in the E. coli
trp operon, at least two models for translational coupling
in the penP-lacZ fusion can be envisaged. The fust assumes
that a ribosome, upon termination of translation at the
UAG stop codon, does not dissociate from the penP-lacZ
mRNA and continues translation of the lacZ part of the
mRNA from the AUA restart codon. In the second model
it is conceived that the movement of ribosomes along the
mRNA alters the secondary or tertiary struc'ture ofthe mes-
senger in such a way that ribosome binding at the RBS-like
sequences just upstream of the AUA restart codon would
be possible. In the absence of penP translation, the mRNA
would exist in a conformation which would not allow effi-
cient binding of the ribosomes. Several results reported by
others do not support the latter model, which requires a
RBS. For example, translational reinitiation in the E. coli
lacI gene (Steege 1977), and the r IIB gene of bacteriophage
T4 (Napoli et al. 1981) occurred in the absence of prototype
RBS sequences. Furthermore, translational coupling in an
out-of-frame penP-neo fusion in B. subtilis has been shown
to be independent of a RBS close to the AUG reinitiation
codon (Sprengel et al. 1985). In contrast, Das and Yanofsky
(1984) showed that RBS-like sequences were required for
efficient translational coupling at the E. coli trpBA inter-
cistronic junction. Although the RBS-like sequence just up-
stream of the AUA restart codon in the lacZ-penP fusion
on pGP1 was not able to initiate de novo translation, we
cannot entirely rule out the possibility that it will facilitate
translational reinitiation.

The suggestion that AUA can function as a restart co-
don in E. coli and B. subtilis is of interest. So far, most
reinitiation events referred to above, have been shown to
use AUG codons. An exception has been described for the
E. coli lacI gene in which, in addition to AUG, other codons
(GUG and UUG) seem to be used for restart of protein
synthesis (Files et al. 1974; Steege 1977; Cone and Steege
1985a, b). With respect to start codons for regular transla-
tion initiation more data are available. In E. coli, in addition
to AUG, the codons GUG and UUG (Gren 1984; Shine-
dling et al. 1987; Stormo 1986; Gold 1988) are known to
constitute (efficient) initiaton codons, and AUA and AUU
can be utilized with relatively low efficiency (Belin 1979 ;
Brombach and Pon 1987; Miki et al. 1988; Shinedling et al.
1987; Gold 1988). Even more degeneracy in initiation co-
don recognition is seen in B. subtilis. In this organism, GUG

tion, is very unlikely. The extraction of the p-galactosidase
proteins used for N-terminal amino acid sequence analysis
was carried out in buffers containing EDT A and phenyl-
methylsulfonyl fluoride, which inhibit neutral and alkaline
proteases, respectively. Moreover, this protease activity
would have to be identical in B. subtilis and E. coli. Alto-
gether, we consider the possibility of restart sites at other
positions than the AUA codon highly unlikely.

Conceivably, the synthesis ofthe pGPl-encoded protein
could be accomplished in two ways. In the first, the AUA
start codon, possibly in conjunction with a potential up-
stream ribosome binding site (RBS), would mediate de novo
initiation of translation. In the second, translation of penP
would terminate at the UAG stop codon, and reinitiation
would occur at the AUA codon by translational coupling.
The latter explanation is more likely to be correct, because
no p-galactosidase protein was synthesized when penP
translation was halted upstream of the fusion point by a
frameshift mutation. Interestingly, in the region just up-
stream ofthe putative AUA start codon, the sequence 5'-A-
U-A-A-A-A-C-U-G-G-A-G-C-G-3' is present, which
shows complementarity to the 3' terminal region of B. subti-
lis and E. coli 16 S rRNA (Fig. 4; AG values -14.0 and
-13.6 kcal/mol, respectively), and is somewhat similar to
sequences found in a variet y of ribosome binding sites of
efficiently translated genes in B. subtilis and E. coli (average
AG values of -16.7 and -11.7 kcal/mol, respectively;
Hager and Rabinowitz 1985). The spacing between the
AUA codon at the gene fusion point of pGPl and the
A in the G-G-A-G sequence just upstream of the AUA
codon is 9 bases. Both in E. coli and B. subtilis the optimal
length of the spacing between this nucleotide in the Shine-
Dalgarno sequence and the initiation codon ranges from
9 to 12 bases (Hager and Rabinowitz 1985). Despite this
similarity with natural ribosome binding sites, our results
indicated that the sequence upstream of the AUA codon
did not function as a ribosome binding site in de novo
initiation of translation.

Translational coupling was first described for the tryp-
tophan operon in E. coli: translation of the proximal trpE
gene appeared to be necessary for efficient translation of
the distal trpD gene (Oppenheim and Yanofsky 1980). Sub-
sequently, translational coupling was reported for other
gene pairs in E. coli operons, such as galTK (Schiimperli
et al. 1982), rplKA (Baughman et al. 1983), and trpBA (Ak-
soy et al. 1984). This phenomenon also seems to occur at
the hisDC gene border of the Salmonella typhimurium histi-
dine operon (Riggs and Artz 1984). Furthermore, the ex-
pression of an aprA-IacZ gene fusion in E. coli (Zaghloul
and Doi1986) and B. subtilis (Zaghloul et al. 1985) was
ascribed to translational coupling. In most of these cases,
the translational stop codon of the upstream gene was very



is used mucb more rrequently as a natural start codon tban
in E. coli (Hager and Rabinowitz 1985). Even sucb a "de-
generate " codon as AUC can be utilized as a powerrul

initiation codon in B. subtilis (C ben and Paulus 1988). How-
ever, so rar, tbe use orAuA as an alternative (re)initiation
codon in B. subtilis bas not been described.
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