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Abstract The nucleotide sequence of the bacteriophage TS5
BgllI-BamH]1 fragment (4,835 bp in length) known to carry a
gene encoding the LTF protein which forms the phage L-shaped
tail fibers was determined. It was shown to contain an open
reading frame for 1,396 amino acid residues that corresponds to
a protein of 147.8 kDa. The coding region of /zf gene is preceded
by a typical Shine-Dalgarno sequence. Downstream from the /tf
gene there is a strong transcription terminator. Data bank anal-
ysis of the LTF protein sequence reveals 55.1% identity to the
hypothetical protein ORF 401 of bacteriophage A in a segment
of 118 amino acids overlap.
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1. Introduction

The adsorption of bacteriophage TS5 to the surface of Escher-
ichia coli F is characterized by two specific steps: (i) rapid and
reversible binding to the polymannose O antigen [1] and (ii)
irreversible binding to the FhuA receptor protein in the outer
membrane [2]. Binding to the O antigen is mediated by the
L-shaped tail fibers (LTF) and accelerates adsorption by a
factor of 15 [3]. However, it has been proven nonessential for
infection since phages lacking the LTF are viable [4], and E. coli
strains lacking an appropriate O antigen are infected by
bacteriophage T5 [1,3). The /tf gene was mapped within the
BamHI-D fragment of T5 DNA [5]. It is situated at the left end
of the late T5 gene region near the boundary of the early and
late genes, and their transcription is accomplished from differ-
ent DNA strands in the opposite directions [6]. The strong
transcription terminator from the boundary region (67.2% of
the T5 DNA length) has been sequenced and characterized in
our previous papers [7,8].

This paper deals with sequencing and analysis of the phage
T5Bglll-BamHI fragment containing the /tf gene.
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Abbreviations: LTF, L-shaped tail fibers; bp, base pair(s); kb, 1,000 bp;
Da, dalton(s); kDa, 1000 Da; aa, amino acid.

The nucleotide sequence data reported in this paper have been submit-
ted to the EMBL Data Library under the Accession Number X69460.

2. Materials and methods

Phage and plasmid DNA were isolated and purified by standard
procedures [9]. Construction and analysis of recombinant plasmids
pBR322-T5 and pUC-TS were performed as in [7,9]. The nucleotide
sequence was determined according to Maxam-Gilbert [10] and Sanger
[11] methods. The deduced amino acid sequence of the /tf gene was
compared with protein sequences in the Swiss Prot Database.

3. Results and discussion

To obtain the material for determining the nucleotide se-
quence, we decided to clone the BamHI-D fragment carrying
the /tf gene (Fig. 1). Phage DNA was digested with restriction
endonuclease BamHI. The restriction fragments were ligated
into the BamHI site of plasmid pBR322 and transformed into
E. coli cells. The BamHI-D fragment (5 kb)-containing plasmid
was characterized using restriction enzymes and Southern blot
analyses (data not shown). To sequence the LTF-encoding re-
gion, corresponding subclones pUC-TS of smaller restriction
fragments from the BamHI-D fragment were obtained and
both DNA strands were sequenced.

The nucleotide sequence of the Bg/II-BamHI fragment of TS
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Fig. 1. Location of the /tf gene on the bacteriophage T5 genome. The
upper line shows pre-early (PE), early (E) and late (L) regions and the
BamHI restriction endonuclease map of the T5 genome [6]. The hori-
zontal arrow indicates the position and direction of /tf gene transcrip-
tion. The transcription terminator situated at the boundary between the
phage TS5 early and late genes is indicated as ‘ter’.

R
Fig. 2. Nucleotide sequence of the /tf gene region. The deduced amino
acid sequence of the /¢f gene is presented in a single-letter code above
the nucleotide sequence. The stop codon is indicated by asterisk. The
ribosome binding site and transcription terminator are underlined.
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Fig. 3. Homology of a part of the phage T5 LTF protein (amino acids 81 to 198) and phage A hypothetical protein ORF 401 (amino acids 179 to
296). Identical and similar amino acids are indicated by asterisks and dots, respectively. Numbers in parentheses indicate the residues shown.

DNA, 4,835 bp in length, is shown in Fig. 2. A search for open
reading frames showed that the major one is found only in one
of the DNA strands and corresponds to a protein consisting of
1,396 amino acid residues with a molecular mass of 147.8 kDa.
This agrees with 150 kDa reported by Heller and Krauel [5] for
a precursor of the LTF protein. The direction of /tf gene tran-
scription is from the right to the left (Fig. 1) which is also in
accordance with the general transcription map of bacterio-
phage T5 DNA [12]. The Shine-Dalgarno sequence GGAG (at
nucleotides 295-298 in Fig. 2) is located 10 nucleotides from the
initiation codon ATG. Upstream from the /tf gene there are
several promoter-like sequences which show relative homology
to the E. coli promoters [13]. However, the sequences typical
of phage TS5 promoters [14,15] have not been found. Down-
stream from the stop codon TAA there is a strong bidirectional
rho-independent terminator of transcription (at nucleotides
4,691-4,721 in Fig. 2) [7,8]. This terminator is situated at the
boundary between the early and late phage T5 genes [6].

An analysis of the LTF protein sequence revealed high con-
tent of Ser (10.7%), Gly (10.2%), Ala (10.2%) and Thr (7.1%).
These are similar to those of the protein gp37 of bacteriophage
T4 forming a distal portion of long tail fibers which contact the
host receptors [16].

The study of codon usage in a number of genes [17] revealed
a non-random pattern of their distribution and the sequence of
the /tf gene of phage TS being no exception in this respect.
There is an obvious preference for codons ending with T and
A residues, which might reflect a high A + T content of TS
DNA. On the whole, 64.1% codons of the /tf gene end in T and
A residues with the greatest preference for codons ending in T
residues (38%). Similar distribution was observed for other TS
genes: the D9 gene encoding DNA polymerase [18], the D15
gene encoding 5’-exonuclease [19), the oad gene encoding the
receptor-binding protein [20] and the D10-D14 early genes en-
coding proteins whose functions have not yet been identified
precisely [21].

The comparison of the deduced amino acid sequence of the
lif gene with protein sequences in the Swiss Prot Database
showed that the polypeptide encoded by the /if gene revealed
a strong local homology to the hypothetical protein ORF 401
of bacteriophage A. ORF 401 belongs to the phage A fiber gene
group localized in a nonessential b-region at the distal end of
the Py operon [22]. A particularly high homology exists be-
tween amino acids 179 to 296 of protein ORF 401 and amino
acids 81 to 198 of the /¢f gene prodct, 55.1% identity and 68.6%
similarity in 118 amino acids overlap (Fig. 3).

The sequence of 1,396 amino acids encoded by the /tf gene
determines a protein of 147.8 kDa. Heller and Krauel have
earlier reported data on the cloning and expression of the phage

T5 Itf gene [5]. Using different approaches to study polypep-
tides, they identified the proteins encoded by a recombinant
plasmid with the BamHI-D fragment containing the /tf gene.
Only two proteins of 150 kDa and 125 kDa were identified. The
125 kDa protein corresponded to a polypeptide forming the
LTF and could arise from a precursor with a molecular mass
of 150 kDa, though it has not yet been detected in vivo [23]. This
is in good accord with 147.8 kDa for a polypeptide encoded by
the /tf gene sequenced in the present work. Thus, the knowledge
of the /tf gene sequence could help to construct plasmids
providing protein overproduction and study LTF protein
processing.
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