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The nucleotide sequence of a 250-base pair segment 
of L-arabinose operon DNA containing the 150-base 
pair regulatory region has been determined. This seg- 
ment includes the promoter for rightward araBAD 
transcription, p&&s, the promoter for leftward araC 
transcription, PC, and sites responsible for repression. 

The L-arabinose operon of Escherichia coli is subject to 
both positive and negative regulation (l-3). The presence of 
arabinose stimulates synthesis of the arabinose catabolic en- 
zymes B, A, and D several hundredfold by increasing the 
transcription initiation frequency at the promoter PBAD (4, 5). 
This stimulated synthesis requires araC protein, the catabo- 
lite activator protein CAP with cyclic AMP, and RNA polym- 
erase. In the absence of arabinose or in the presence of the 
structural analogue D-fucose, arc& protein represses the ac- 
tivity of ps~n by acting at a site upstream from PBAD (6). The 
promoter for synthesis of araC mRNA pc, is also in the ara 
regulatory region, but it is oriented in the opposite direction 
to pa~u (7) (Fig. 1). In vitro transcription experiments and 
high resolution electron microscopy studies have indicated 
that arc& and araBAD mRNA begin at sites that are about 
150 base pairs apart (8, 9). Synthesis of uruC messenger is 
stimulated by CAP and it is repressed by arc& protein itself. 

EXPERIMENTAL PROCEDURES 

Enzymes-Restriction nuclease Hae III (Haemophilus aegyp- 
tius), Hha I (Haemophilus haemolyticus), Eco RI (Escherichia coli 
RY13), Bum HI (Bacillus amyloliquefaciens H), and T4 polynucle- 
otide kinase were purchased from New England Biolabs. The Ther- 
moplasma acidophilum restriction enzyme Tat I which cleaves 
CGCG was a gift from David McConnell from Harvard University. 
Bacterial alkaline phosphatase was purchased from Worthington. 

Source of the DNA and Sequencing Strategy-DNA fragments for 
sequencing were obtained from the plasmid pMB9ara440 and a 
hparaBAD phage. The phage was isolated as described by Lis and 
Schleif (10). The ara DNA on the plasmid is the central 44%base 
pair fragment containing the ara regulatory region that is produced 
by Hae III digestion of a lOOO-base pair ara DNA fragment originating 
from the heteroduplex 114/116 (8, 11). This DNA was ligated into the 
plasmid pMB9 so as to recreate Eco RI cleavage sites at each end 
(12). All manipulations were performed using Pl-EKl containment 
procedures in accordance with the National Institutes of Health 
guidelines. 

DNA sequencing by the Maxam-Gilbert technique (13) was inward 
from both Eco RI cleavage sites (Fig. 36)’ and outward in both 
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directions from the Barn HI and Tat I sites. Sequence information 
could be unambiguously read for about 110 base pairs from each 
position. The sequences at the Barn HI and Tat I sites were confirmed 
by sequencing across them from external sites. Except for the region 
from the Tat I site toward the araC gene, both strands of the 250- 
base pair segment were sequenced. 

RESULTS 

Using the Maxam-Gilbert DNA sequencing methods, we 
have sequenced a 250-nucleotide segment containing the L- 

arabinose regulatory region (Fig. 2). It includes the promoters 
for uruC and araBAD syntheais, pc and p&%1), as well as the 
site or sites responsible for repression of each promoter (8). 

Parts of the two promoters may be identified from previous 
work on the uru operon which approximately locates the 
promoters and by comparison to the sequences known for 
other promoters (14-18). High resolution electron microscopy 
located complexes of RNA polymerase on the DNA to an 
overall precision of +20 base pairs (8,9). In vitro transcription 
located the start sites of mRNA from ps~o with precision f3 
base pairs and the start site from pc with precision 230 base 
pairs. Finally, the sequence following ps~o closely agrees with 
the sequence of the 5’ end of araBAD messenger (19). 

Pribnow (14) observed that promoters often contain se- 

quences similar to TAT%G located 6 to 8 residues before 

the start of transcription. The Pribnow sequence TCTACTG 
precedes the uraC mRNA by 6 base pairs and the sequence 
TCTACTG precedes the araBAD mRNA by 10 nucleotides. 
The sequence ACACTTT has been found to occur about 30 
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FIG. 1. The L-arabinose operon. Transcription of araB, araA, and 
araD proceeds rightward from the promoter paAn and transcription 
of araC proceeds leftward from the promoter pc. The fragment 
derived from Eco Rl digestion of pMB9ara440 is shown below with 
the approximate location in base paira of the Hae III, Hha I, Tat I, 
and Bum HI cleavage sites. 

ing and Figs. 3,4, and 5) are presented in miniprint at the end of this 
paper. Full size photocopies are available from the Journal of Biolog- 
ical Chemistry, 9650 Rockville Pike, Bethesda, Md. 20014. Request 
Document No. 78M-417, cite author(s) and include a check or money 
order for $1.20 per set of photocopies. 
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FIG. 2. Nucleotide sequence of the ara regulatory region. The 
start of araBAD messenger is designated position +l. The RNA 
polyrnerase recognition sequence ACACTTT is indicated by arrows 
and palindromes are indicated by lines under tke sequence. The pc 
and ps~n Pribnow sequences (14) are enclosed in a box. The ATG 
trinucleotide corresponding to the start of araB and the likely start 

nucleotides before the start of mRNA in the bc and gal 

operons (15, 16) and similar sequences are found in corre- 
sponding positions in front of pc and ps~o. Such sequences 
could occur by chance in stretches of several hundred nucleo- 
tides although it is unlikely that their location should at the 
same time correspond to that in the other promoters. Thus, 
we feel these are associated with the promoters pc and polo. 
There exists another ACACTTT sequence beginning at 88 
Ed a sequence similar to the Pribnow sequence beginning at 
57. Any significance of these is as yet unknown. 

The lac and gal CAP binding sites are similar in that they 
both contain Is-base pair hyphenated palindromes centered 
about 60 bases before the mRNA start, are A-T-rich, and 
display sequence homology (15,16). Four sizeable hyphenated 
palindromes exist in the ara regulatory region. They are 
centered at 51.5 and 59.5 base pairs ahead of PC and 59.5 and 
75 base pairs ahead of PBAD. They possess 20/32,10/M, 12/l& 
and 14/15 palindromic bases, respectively. These sequences 
are not obviously homologous to the lac and gal CAP binding 
site sequences and therefore are not demonstrably CAP bind- 
ing sites in ara. 

Although the sequence analysis of the ara regulatory region 
has located parts of RNA polymerase interaction sites and 
precisely determined the distance between the two parame- 
ters, it does not yet provide a clear picture of how the operon 
is regulated. Comparison of this sequence with others suggests 
that regulatory proteins and RNA polymerase can interact in 
a variety of ways and many regulatory region sequences must 
be analyzed before reliable predictions of mechanisms can be 
made. 
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