Volume 197, number 1,2

FEBS 3459

March 1986

The nucleotide sequences of the heterologous region
between the genomes of Bacillus phages M2 and Nf that
indicate the two phages are originally identical

Yukiko Mizukami, Takao Sekiya* and Hideo Hirokawa™*

Life Science Institute, Sophia University, 7-1 Kioi-cho, Chiyoda-ku, Tokyo 102 and * National Cancer Center, Research
Institute, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104, Japan

Received 27 November 1985; revised version received 7 January 1986

It has been suggested that the heterologous population of Bacillus phage M2 is derived from an original

clone, which is identical with phage Nf, by the deletion on a particular region of the genome. We have de-

termined the nucleotide sequence of this region of M2 subclones and Nf genomes. The results clearly indi-

cate that the homologous recombination through the short direct repeated sequence is the main cause of
the varied deletions found in the genomes of M2 subclones.

(Bacillus phage) Nucleotide sequence

1. INTRODUCTION

There have been precedent cases where strains of
an identical phage isolated independently in dif-
ferent laboratories contained minor rear-
rangements of the nucleotide sequence in their
genomes [1]. The case of Bacillus phages M2 [2]
and Nf [3] has been suggested to be similar to those
precedent cases. Both phages, like phage ¢29, have
a unique genome structure which is a linear
double-stranded DNA with the terminal proteins
covalently linked to the 5’-ends [4,5]. In consider-
ing our previous results on the formation of
heteroduplex molecules between the genomes of
M2 and Nf and the comparison between the
physical maps of the two phages [6], it has been
shown first that the genome of M2 original stock
has heterogeneity of length in a particular region,
and secondly that each genome of the subclones of
M2 original stock is the same as that of Nf except
in the region described above. Furthermore, the
genome of subclone H6, which has the largest
molecular size among the genomes of M2
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subclones, is identical with that of Nf as shown in
the results. Thus, it was suggested that the
heterologous population of M2 is derived from an
original clone, which is identical to phage Nf, by
the deletion on a particular region of the genome.
To investigate further the relationship between M2
and Nf, we have determined the complete
nucleotide sequences of the heterologous region
between M2 and Nf genomes and revealed the dele-
tion end-points and their flanking sequences in the
genomes of M2 subclones.

2. MATERIALS AND METHODS

Phage Nf was obtained from Dr Takagi. The
subclones of phage M2, H1, H2, H3, HS and H6
are the single plaque isolates of our laboratory {6].
The phage DNA and restriction fragments were
prepared according to [7]. The nucleotide sequence
was determined by the Maxam-Gilbert chemical
method [8].

3. RESULTS AND DISCUSSION

As described previously, the heterologous region
among the genomes of M2 subclones and Nf has
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Fig.1. (a) DNA sequencing strategy of the HB region with the labeled restriction enzyme cleavage sites. Horizontal
arrows indicate the direction and the extent of sequence determination. B, Befl; D, Ddel; d, HindIll; H, Hinfl; h, Hhal;
P, Pvull; T, Taql. (b) Complete nucleotide sequence of the HB region of the Nf genome. The corresponding sequences
of the short direct repeats found on the deletion end-points of M2 subclones H1, H3 and HS are indicated in boxes.
The deduced amino acid sequence is presented under the open reading frame. * Potential ribosome binding sequence.
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been mapped within the region between the
cleavage sites of Hinfl and Bc/l on the Hpall-D
fragment [6]. Therefore, the nucleotide sequence
of this region (the HB region) was determined. The
sequencing strategy and the resulting nucleotide se-
quences are shown in fig.1.

By comparing the nucleotide sequences among
the DNAs of M2 subclones and Nf, it was seen that
the nucleotide sequence of the HB region of
subclone H6 DNA was identical with that of Nf
DNA. The DNA of the other subclones of M2, HI,
H2, H3 and HS had deletions of 681, 585, 544 and
650 bp, respectively. Moreover, these deletions
had different end-points from each other. The
flanking sequence of the novel joint in the HB
region of each subclone DNA was the same as the
corresponding sequence of Nf DNA. These results
clearly indicate that the various deletions have ac-
tually occurred in the genome of M2 original clone
which is identical with Nf. In other words, the two
phages are originally identical. This result is sup-
ported by the previous study that has shown the
identity of the terminal repeated sequences of the
genomes between both phages, M2Y (one of the
M2 subclones isolated by Yoshikawa) and Nf [9].

H1 5'-AAT AT ~3' Nf 113-133
5 ' -AATI'TCTTATG T-3' HY 113-133

5 ' -ACAPTCTTATR T-3' Nf 794-814

H2 5'-TACCCATTAGTT-3' Nf 198-209
5% “TACCCATGGTTA-3' H2 198-209

5% - AACAGCTGGTTA-3' Nf 783-794

H3 5'-CATRTGCAAAQICTGA -3 Nf 46- 65
5 ' ~CATRTGCAAAQTICTGA -3 H3 46 -65
5'-7T CAAACYLCT ~3' Nf 591-609

HS Nf 121-135
H5 121-135

Nf 772-785

Fig.2. Nucleotide sequences of the novel joints of M2
subclone DNAs. The short homologous sequences are
indicated in boxes.
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Fig.3. Potential hairpin structures containing the short
direct repeated sequence which exists at the
corresponding region of the deletion end-points of the
H3 genome in the Nf genome. The solid triangles
indicate the short homologous sequence.

At the nucleotide sequence of Nf DNA cor-
responding to the deletion end-points of the
genomes of M2 subclones, but not of subclone H2,
there exist distinct short direct repeated sequences
of 8-16 nucleotides long (fig.2). This suggests that
the homologous recombinations through the
repeated sequences are mainly the cause of the
varied deletions found in the genomes of M2
subclones. Interestingly, in the Nf genome, we
found a potential hairpin structure containing the
short direct repeated sequence at every corre-
sponding region of the deletion end-point of M2
genome. Fig.3 shows the possible hairpin struc-
tures at the corresponding region of the deletion
end-points of subclone H3 genome. These struc-
tures may possibly function in recognizing the
homology between the two short repeats and/or in
forming the mismatch pairing between them [10].

In addition, an open reading frame (ORF) of
381 nucleotides long was found in the HB region of
the Nf genome where the nucleotide sequences
were deleted in the genomes of M2 subclones, ex-
cept in subclone H6 (fig.1b). This ORF has a
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reasonable Bacillus ribosome-binding site (AG =
—14.7 kcal) preceding the initiation codon ATG
[11], and is able to code for a protein of 14.7 kDa.
Our previous electron-microscopic observation has
shown that the deletions affect the phage mor-
phology, namely, the presence of head projections
in the phage head [6]. Furthermore, the molecular
size of the projection was indicated to be 24 kDa
by electrophoretic analysis, and the 24 kDa protein
was synthesized in minicells which were infected by
M2 subclones as well as by Nf (not shown).
Therefore, it is implied that the product of the
above ORF is not the protein of the projection
itself, but a factor which probably participates in
the assembly of the head projections.
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