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Summary:  The nucleotide seguence of the promoter region of the melibiose
operon of E. coli was determined. Consensus sequences for the -35 region,
the Pribnow box and the binding site for cyclic AMP receptor protein were
found in this region. The possible secondary structure of this DNA region
was very similar to that of the promoter region of the lactose operon. A
possible initiation ATG preceded by a Shine-Dalgarno sequence with proper
spacing was present just downstream of the promoter region. The possible
sequence of 52 amino acid residues in the NH2 terminus of the 0-galactosidase
were determined.

The melibiose operon of E. coli is located at about 93 min on the
genetic map (1). This operon contains structural genes for a-galactosidase
(melA) and the melibiose carrier (melB) (2). The gene composition of this
operon is similar to that of the lactose operon which contains genes for
B-galactosidase (lacZ) and the lactose carrier (lacY) (3). The properties of
the melibiose operon are also similar to those of the lactose operon. These
operons are both inducible (3,4), and are under the control of catabolite
repression (3,5).

Previously we reported construction of recombinant plasmids carrying
various portions of the melibiose operon (6), and we determined the
organization of the melibiose operon to be promoter-melA-melB (6). Sequence
analyses of the 3'-flanking region of the melB gene suggested the presence of
a third structural gene downstream of melB (7). Since there is a third gene

in the lactose operon that codes for transacetylase, the putative third gene

(tentatively designated as melC) in the melibiose operon might code for a
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Abbreviations: CRP. cyclic AMP receptor protein.
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similar enzyme. From genetic and biochemical studies, we estimated the

Tocations of the promoter and melAB on the DNA fragment (6.7).

In the present study, we determined the nucleotide sequence of the
promoter region of the melibiose operon encompassing the first portion of the
melA gene. We also examined the structural similarities of these regions to
those of the lactose operon.

MATERIALS AND METHODS

Bacteria and Plasmids E. coli strain RA11 (8), a derivative of K12, was
used for plasmid propagation. The plasmid used for isolation of the DNA
fragment was pSTY81-30 (6) carrying the EcoRI-BamHI fragment of the melibiose
operon cloned in pBR322 (Fig. 1). CelTs of RAT1/pSTY81-30 were grown in L
broth (9).

Preparation of DNA Plasmid DNA was amplified 1in the presence of
chToramphenicol (10) and prepared by a published procedure (11). DNA
fragments digested with restriction endonucleases were separated by poly-
acrylamide gel electrophoresis and eluted from the gel (12). 32
Nucleotide Sequence DNA fragments were 5' labeled with [y-"“PJATP and T4
poTynucTeotide kinase (13). The nucleotide sequence was determined by the
method of Maxam and Gilbert {(12).

RESULTS AND DISCUSSION

Nucleotide Sequence Previously we determined the organization of the

melibiose operon to be promoter, melA ‘and melB in this order (Fig. 1) (6).
Furthermore, we found that the promoter was located on the left-hand side of

the Pstl site, while functional melA was located on the right-hand side of

promoter melA melB
o= —C )
E P B B E
pSTY81  ammsem ‘& ! " —
EHpH H p 8
pSTY81-30 - 1Pl VeiBo o Hotp Mo B —_—
N 1,000 bp
v ] .~.I b
N Ha HpP B85 Moo A He
- —

—

100bp
Fig. 1. Restriction map and sequencing strategy. The locations of the
promoter, melA and melB on the plasmid pSTY81 are shown at the top. Regions
shown as solid bars are derived from vector pBR322. The lower portion shows
the sequencing strategy. Arrows indicate the directions and extents of
sequences obtained from the labeled end of each fragment. The sites of
action of restriction enzymes are as follows: E, EcoRI; P, Psti; Bg, Bglll;
8. BamHI; Hp. Hpall; Ha, Hhal; A, Alul. bp. base pair. -
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ACTGCGAGTACGAGCACGGTTTTCACCCTC T TCC CAGAGGGGCGAGBGBACTCTCCOAGT

AAAGTGGGAGA
CRPRS.

ATCATGAGGCCGAARACTCTGCTTTTCAGG TAATTTATTCCCATAAACTCAGAT TTACTG
-35 P.8.

-—— — —— Pstl
CTGC TTCACGCAE%ATCTGAGTTT@;GAATGCTCAACCTGAAGCCGGAGGTT T ETGC

GEEE]yMetLeuAsnLeuLysProGluVa]PheCys

AGATTCGCCTGCCATGATGAAGTTATTCAAGCAAGCCAGGAGATC TGCATGATGTCTGCA
ArgPheATlaCysHisAspGluVallleGInAlaSerGInGlul TeCyetMetSerAla

CCCAAAATTACATTTATCGGCGCTGGTTCGACGATTTTCGTTAAAAATATTCTTGGTGAT
ProLysIleThrPhelleGlyAlaGlySerThrilePheVallLysAsnlleleuGlyAsp

GTGTTCCATCGCGAGGCGC TGAAAACGGCGCATATTGCCCTGATGGACATTGACCCCACE
ValPheHisArgGluAlaleulysThrAlaHisIleAlaLeuMetAsplleAspProThr

CGCCTAGAAGAGTCGCATATTGTGG
ArgleuGluGluSerHisIleval

Fig. 2. Nucleotide sequence of the promoter region of the melibiose operon.
The -35 region (-35), Pribnow box {P.B.), Shine-Dalgarno sequences {S.D.)
preceding ATG, and the Pstl site are indicated. A possible CRP binding
sequence (complementary strand) (CRP B.S.) is also shown. Dyad symmetries
are indicated by arrows. The possible amino acid sequence of the NH2
terminus of a-galactosidase is also shown.

the PstI site (6). Thus the promoter seemed to be located close to the Pstl
site. We determined the nucleotide sequence of a DNA segment of about
380-bases long covering the regions upstream and downstream of the Pstl site
(Fig. 2). Consensus sequences for the -35 region (14) and the Pribnow box
(15) were present in this region. Althcugh the nucleotide sequence of the
-35 region (GCTTTTCA) was not very typical, it was very similar to that of
the -35 region of the lactose promoter (GCTTTACA) (14).

Since expression of the melibiose operon is under the control of
catabolite repression {5), a consensus sequence for the binding site of CRP
was expected to be present upstream of the -35 region. The consensus
sequence for CRP binding proposed by 0‘Neill et al. (16) is shown in Fig. 3.
A seguence which 1is very similar to the complementary sequence of the
consensus sequence is present about 50 nucleotides upstream of the -35 region

(Figs. 2 and 3). The structure of double stranded DNA in this region must be
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consensus sequence 5'——AAAGTGTGACA—3'
mel 5 —AGAGGGTGAA —3"
lac 1 5'——TTAATGTGAGT -—3"'
lac 2 5'——AATGAGTGAGC —3'
gal 5'— AMAGTGTGACA —3'
araBAD 5'— AMGTGTGACG—3"
araC §'——AAAGTGTCTAT—3*

Fig. 3. Alignment of possible CRP binding sites. A possible CRP binding
sequence (complementary strand) of the melibiose promoter is aligned for
homology with other promoter CRP binding sites. Identical nucleotides to the
consensus sequence are marked. Sequences other than that of the melibiose
system are cited from ref. 16.

very similar to that of the binding site for CRP proposed by 0'Neill et al.
(16). The possible secondary structure of this region supports the view that
this region is the binding site for CRP, as shown below.

Possible Secondary Structure The possible secondary structure of the

promoter region of the melibiose operon is shown in Fig. 4, in comparison
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Fig. 4. Possible secondary structures. Possible stem-loop structures found
in the melibiose promoter region are shown in comparison with those of the
lactose promoter region. The reported CRP binding site and operator of the
Tactose system are indicated. Consensus sequences for the CRP binding site
are indicated by lines. The -35 region (-35) and Pribnow box (P.B.) are
boxed. Homologous sequences found in stem-loop structures are indicated by
dots.
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with that of the lactose operon. The Pribnow box of the melibiose promoter
is followed by a stem-loop structure. A very similar structure has been
reported in the lactose operator (17,18). Almost identical sequences (10 of
11 nucleotides are identical) were found in the stem-loop structures (Fig.
4). Therefore the stem loop structure present following the Pribnow box of
the melibiose promoter seems very likely to be the operator, the binding site
for repressor. It is reasonable to suppose that the melibiose repressor, if
present, and the Tlactose repressor are structurally similar to each other.
The fact that melibiose is a common inducer for the expressions of both
operons {(3,4) supports this view. It should be noted that a longer stem-loop
could be formed in the melibiose promoter region, as indicated by the arrows
in Fig. 2.

As mentioned in the preceding section, a probable region for the binding
of CRP was found upstream of the -35 region. This region can form a
stem-loop (Fig. 4). A structural characteristic of the binding site for CRP
in the lactose promoter region is a stem-loop form (19). Therefore, the
stem-Toop structure Tlocated upstream of the -35 region seems to be the
binding site for CRP.

Deduced Amino Acid Sequence of the NH, Terminus of a-Galactosidase As we

reported previously (6), functional melA is located downstream of the Pstl
site (Fig. 1}. We have identified the melA gene product as a protein with an
apparent molecular weight of 50,000 daltons (6)}. We have also determined the
whole nucleotide sequence of the melB gene (7). Judging from the size of the
melA gene product and the Tocation of the melB gene on the DNA segment, melA

seems to start immediately downstream of the Pstl site.

A Shine-Dalgarno sequence {20) (AGGAG) followed by ATG with a spacing of
6 nucleotides was found just downstream of the Pstl site (Fig. 2). In the
nucleotide sequence determined the frame starting with ATG is not interrupted
by a termination codon. It seems highly 1ikely that this ATG is the
initiation site for a-galactosidase. Thus a-galactosidase seems to start

with Met followed by Met, Ser, Ala, Pro, and other amino acids, although it
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is not known whether processing of the polypeptide occurs. 0On the other
hand, another Shine-Dalgarno sequence (AGGA) followed by ATG with a 9
nucleotide spacing was found just upstream of the Pstl site (Fig. 2). The
frame starting from this ATG was the same as that described above. But this
ATG is less likely to be the initiation site for a-galactosidase, because a
spacing of wmore than 9 nucleotides has been reported to be rare (21).
However, if this ATG can function as the initiation site, the first 28 amino
acid residues shown in Fig. 2 (in parentheses) are not necessary for the
function of a-galactosidase.
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