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Abstract: Expression of the replication genes of bacteriophage λ, O and P, is 
believed to be translationally coupled. However, it was previously noted that, 
under conditions of amino acid starvation, when O is not synthesized, P 
continues to be expressed at a relatively high level. The results presented in this 
report, contrary to the previously presented hypothesis, suggest that an 
AGACUGGAU sequence (an optimal context for translation initiation from non-
AUG codons in eukaryotes, and present upstream the P cistron) is inactive in 
Escherichia coli. Comparative sequence analysis confirms that such a signal is 
unlikely to be important for P synthesis. Instead, a weak Shine-Dalgarno 
sequence may be present upstream the P cistron, and be active in the absence of 
O gene expression. 
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INTRODUCTION 
 
It was previously noted that in amino acid-starved Escherichia coli cells carrying 
a λ plasmid (a plasmid utilizing the bacteriophage λ replication module), λ P 
protein is preferentially synthesized [1]. The λ P gene follows O (Fig. 1), and 
both genes code for λ replication proteins. The Shine-Dalgarno sequence in front 
of λ O (AACAGGA) is close to optimal (AGGAGGA), as is its distance (6 nt) 
from the ATG codon [2]. The stop codon of O (UGA) overlaps with the start 
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codon (AUG) of P (Fig. 1), and it is believed that P is translationally coupled 
with O.  

 
Fig. 1. The organization of bacteriophage λ (and plasmid λ) replication module. The 
inset shows the sequence of λ DNA (Accession Number NC_001416) at the end of O 
gene. The start codon of P is underlined, and the C terminal sequence of O is shown 
above the nucleotide sequence. The sequence of φ21(Acc.No. AJ237660) and φ80 
(Acc.No X13065), which show identical genetic organization, is presented for 
comparison. The 9 nt differences between λ and φ80 lead to 3 amino acid substitutions 
in the short region presented. The AGACUGGAU sequence is underlined; the potential 
Shine-Dalgarno sequence is in bold. 
 
In amino-acid starved cells, O protein is not synthesized but P continues to be 
produced [1], and therefore the model of simple translational restart [3] does not 
seem to apply. In a previously published paper [1], it was suggested that a 
different start codon (CUG) may be utilized for the initiation of P synthesis in 
the absence of O translation. The sequence around this codon (AGACUGGAU; 
Fig. 1) fits the optimal context for translational initiation from non-AUG codons 
(ANN---GAU, where --- stands for the start codon) used in eukaryotic cells [4]. 
Here, we aimed to test if this 9-nt sequence is active in translation initiation in E. 
coli by using the lacZ gene fused to different translation signals as a reporter. 
 
MATERIALS AND METHODS 
 
The E. coli lacZ gene was amplified using the primers lacZL (5’-GGGG 
TCTAGACTGGATCCTAGGAGGACTAGTATGATTACGGATTCACTGG) 
and lacZR (5’-GGAAGGCATGCTACACGTGATGGTGATGGTGATGACA 
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CCAGA CCAACTGG). The PCR fragment was digested with XbaI and SphI, 
and ligated to the vector pBAD24 [5], previously digested with the same 
enzymes. In the pBI0 plasmid thus created, several sites for enzymes that leave 
the same overhangs are present upstream of the lacZ sequence. This allowed for 
the creation of plasmids with different sequences preceding the start codon by 
digesting pBI0 with appropriate enzymes and religation: pBI1 (NheI-XbaI 
deletion and religation), pBI3 (NheI-SpeI), and pBI6 (AvrII-SpeI). The plasmid 
pBI7 was created by NheI- XbaI deletion and religation of pBI6. pBI10 was 
created as pBI0, but by first aplifying the lacZ gene using the primers lacZL1 
(5’-GGGGGGCTAGCAGACTGGATA CCGCGGATTCACTGGCCGT) and 
lacZR. The structure of all the plasmids was confirmed by restriction analysis 
and sequencing. E. coli K-12 strain XL1-Blue (recA1 endA1 gyrA96 thi-1 
hsdR17 supE44 relA1 lac [F´ proAB lacIqZ∆M15 Tn10(TetR)] ) [6] was used in 
all the assays. 
The activity of lacZ fusions was tested on S-gal (3,4-cyclohexenoesculetin-β-D-
galacto-pyranoside) [7] LB agar plates (Sigma-Aldrich) without arabinose (with 
activation, the observed differences in gene expression were less pronounced; 
data not shown), and in liquid cultures using a β-galactosidase assay as first 
described by Miller [8]. However, we found that although the bacteria carrying 
plasmid pBI7 grew black on S-gal plates (and blue on X-gal plates), no β-
galactosidase activity could be detected when liquid cultures were used in the 
classical Miller's assay, even in the presence of arabinose (data not shown). 
Therefore, in order to quantify the LacZ activity, we developed an S-gal based 
assay. 0.2 OD units of exponentially growing bacteria were spread on 10 cm 
Petri dishes with 20 ml of S-gal LB agar (Sigma-Aldrich). After 16h growth at 
37ºC, 1 ml of S1 buffer of the Qiagen Miniprep kit (Qiagen) was sprinkled on 
each plate and the cells were collected. After ensuring that an equal cell mass 
had been collected, 0.5 ml of lysis solution S2 from the same kit was added to 
0.5 ml of the suspension. Then, the cell debris was removed by centrifugation, 
the supernatant was diluted five times, and its absorbance measured at 380 nm. 
The plasmid DNA levels in bacteria carrying various constructs did not differ 
significantly (data not shown). This was ensured by densitometry (using Fluor-
S-MultiImager, Bio-Rad) after alkaline lysis, linearization by a restriction 
enzyme and agarose gel electrophoresis.  
 
RESULTS AND DISCUSSION 
 
Table 1 shows the results of the measurement of β-galactosidase activity using 
the S-gal assay for bacteria carrying plasmids of the pBI series. It can be noted 
that the presence of the sequence AGACTGGAT allows activity in strains 
carrying pBI7, but when the ATG codon downstream is absent in pBI10, the 
gene is inactive. This suggests that, contrary to previous speculations [1], the 
AGACUGGAU sequence acts at best as a weak Shine-Dalgarno sequence (in the 
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artificial context of pBI7), and not as an eukaryotic-like signal for the initiation 
of translation from non-AUG codons.  
The question remains, however, as to what translational signal is used to bring 
about preferential synthesis of the P protein in the absence of O translation (it 
must be added that such a signal would be expected to be conserved only if such 
expression were adaptive). A comparative analysis of the related, but not 
identical, sequences might be helpful in finding the answer. Two such 
sequences, of phages φ21 and φ80,  
are present in the public databases. Both phages show genetic organization of the 
replication/regulation module identical to that of λ, and can be expected to share 
simiar regulation signals. Although the sequences themselves are not identical, 
their  
 
Tab. 1. The activity of lacZ fusions to translation signals carried on pBI plasmids. OD380 
was meassured as described in the text relative to pBAD24 (empty vector) in three 
independent experiments. The mean ± squared standard deviation is shown. Shine-
Dalgarno and AGACTGGAT sequences are in bold. For pBI3 and pBI7, the underscores 
indicate the extent of deletions in comparison with pBI1. 
 

 
Plasmid 

 

 
5’ end of mRNA 

 

 
OD380 

 
pBI1 acccgtttttttgggctagactggatcctaggaggactagtatgatt 

 
1.2 ±0.1 

pBI3 acccgtttttttggg_____________________ctagtatgatt 
 

0.01 ±0.02 

pBI7 acccgtttttttgggctagactggatc_________ctagtatgatt 
 

0.40 ±0.06 

pBI10 acccgtttttttgggctagcagactggataccgcggattcactggccgt 
 

0.025 ±0.02 

 
similarity is very high. Therefore, one can only be certain which parts of the 
sequence are NOT conserved. The ANN---GAU sequence is apparently not (Fig. 
1), which can be interpreted as confirming the conclusion that CTG in the 
context of an eukaryotic-like signal is not used to bring expression of P when O 
is not produced. However, it can be noted that in the region coding for Tyr, Gly 
and Val, although all three codons are fully degenerated, only one difference is 
observed (in the φ80 sequence). This sequence (AC/TGGGG) might potentially 
function as a Shine-Dalgarno sequence (consensus AGGAGG [2]). After this 
region, the end of the reading frame is again not conserved.  
Although the results of this study allow us to dismiss the hypothesis of the 
activity of the AGACUGGAU sequence in prokaryotes, neither the results of the 
comparative sequence analysis nor those obtained with the artificial translation 
signals can be expected to be equivalent to direct experimental evidence 
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confirming the activity of a potential Shine-Dalgarno signal upstream P. We 
might only speculate that such a signal might be active in the absence of the 
expression of O and translational coupling, as was recently observed in another 
system [9]. We may note that further experiments using a similar system of 
plasmids, might help to investigate under what conditions upstream translation is 
inhibitory for the expression of a downstream cistron. This problem also has 
biotechnological implications, as translational coupling is sometimes used to 
increase the level of expression [10].  
We may also note that, using the classic Miller’s assay [8], we could not observe 
LacZ activity in strains carrying pBI7 and pBI10, even after induction with 
arabinose. Perhaps the conditions of growth in colonies allow for the 
accumulation of the LacZ protein (or the product of its activity) and thus the 
detection of gene expression. Such accumulation would not be observed in the 
Miller’s assay, where prolonged incubation leads to high background levels. If 
so, the values presented in Table 1 are not fully proportional to the levels of lacZ 
expression. However, the assay developed here might be helpful in detecting the 
activity of weak signals.  
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