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We have established the primary structure and activity of sequence-specific endori-
bonuclease RegB encoded in the genome of T4-related bacteriophage Tula. The
nucleotide sequence of gene regB of phage Tula is 73.2% identical to that of T4.
The amino acid sequence of the RegB endoribonuclease of phage Tula diverges
more than 23% from that of T4. Nevertheless, we have demonstrated that RegB
endoribonuclease of phage Tula retains the same specificity as T4 RegB and intro-
duces cuts in the GGAG motif of the Shine-Dalgarno sequence of Tula early mRNA.
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INTRODUCTION

The T4 endoribonuclease RegB is involved in the
inactivation of the phage early messenger RNAs [1-
5]. This nuclease recognizes the GGAG motif in
the Shine-Dalgarno sequence of these messengers
and specifically cleaves between the second G and
the A in the tetranucleotide sequence [6]. Surpri-
singly, GGAG motifs carried by middle and late
mRNA escape RegB processing [1, 2, 4, 5]. The
tetranucleotide GGAG located in a coding sequen-
ce is poorly recognized, if at all [2]. Thus, the se-
quence-specific endoribonuclease RegB is specifical-
ly required for normal turnover of early mRNAs
and regulation of translation of several early genes
[4]. This endonuclease activity is found to be en-
coded by the regB gene. The regB gene is transcrib-
ed from a typical early promoter located immedia-
tely upstream of the gene. The expression of the
regB gene seems to be regulated autogenously by
attacking its own mRNA within the GGAG motif
in the Shine-Dalgarno sequence and at three addi-
tional GGAG motifs within its coding sequence [7].
The regB gene is found in several other T4-related
phages [8], but only in the case of phage T4 the
primary structure, activity and specificity of the se-
quence-specific endoribonuclease RegB have been
determined.

Recently, it has been shown that T4-related pha-
ge Tula is evolutionarily distant from the T4 [9].
We wished to determine if a sequence-specific en-
doribonuclease RegB analogue is also encoded in
the genome of phage Tula and cuts specifically in
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the GGAG motif of the Shine-Dalgarno sequence
of early mRNA.

MATERIALS AND METHODS

Bacteriophage and bacteria strains. Bacteriophage
Tula was obtained from Dr. U. Henning. T4D wild-
type was kindly supplied by Dr. W. B. Wood, T4
regB- (regBL52) was a gift of Dr. M. Uzan. The
following Escherichia coli strains were used: CR63
(supD) (supplied by Dr. K. N. Kreuzer) was used
as the host to prepare phage stock of Tula, BF (sup’)
obtained from Dr. L. W. Black was used for propa-
gation of phages T4D wild-type and T4 regB-.

PCR and sequencing procedures. The PCR re-
actions were carried out as described [11]. The con-
ditions used for the amplification reaction involved
30 cycles consisting of a 60 s denaturation at 92 °C,
a 60 s annealing at 55 °C and a 60 s extension at
72 °C. In some cases the annealing temperature had
to be adapted for some of templates. For example,
Tula PCR products with primers Pr. 1-Pr. 2 were
obtained at the annealing temperature of 48 °C. The
DNA template for the reaction was either in the
form of purified phage DNA [12] or denatured pha-
ge particles [13]. PCR was performed using Taq
DNA polymerase (Fermentas AB) with Pr. 1, 5'-
CAATGAGGTAAGCATGAGAAAAGCAC, corres-
ponding to 457-483 nt of T4 gene regB, Pr. 2, 5'-
ACTCCGCCAAAGCTTTCTTGCC, complementary
to 223-201 nt of T4 gene 61.4 and Pr. 6, 5'-
GAGGAGAATAACATGACTATCAA, identical to
the sequence starting at 1 nt upstream the Shine—
Dalgarno sequence of the T4 gene regB.
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The sequencing reactions were carried out using
a CycleReader DNA sequencing kit (Fermentas AB).
The DNA template for the sequencing reactions was
in the form of phage DNA purified and digested
with restriction enzyme Sspl (Fermentas AB) [14]
or a PCR fragment. The primers Pr. 3, 5'-ATA
CGCATGGTGACCTTTCTTATC, complementary to
256-232 nt of Tula of gene 61.4, Pr. 4, 5'-GCCT
GGTAGTCCAAGAGACTTTGCAGC, complemen-
tary to 120-94 nt of Tula of gene regB, and Pr. 5,
5'-GACTCCTGCTGCTTTTGATGCCTC, comple-
mentary to 118-91 nt of Tula of gene regB were
used in these sequencing reactions. The oligonucleo-
tides were 5'-end-labeled by T4 polynucleotide kina-
se (Fermentas AB) with [y-*P]ATP (Amersham Bios-
cience). The nucleotide sequence of gene regB of
Tula has been deposited in the EMBL/GenBank
database. The accession number is given in the ap-
propriate figure.

RNA preparation and primer extension analysis
of phage mRNAs. Total RNA from phage-infected
E. coli cells was phenol extracted as described [6].
RNA was analyzed by primer extension under con-
ditions of primer excess, using avian myeloblastosis
virus reverse transcriptase as described [6]. Two oli-
gonucleotides were used to prime reverse transcrip-
tase Pr. 7, 5'-GTATCAATAGAACCTGCAATACC,
complementary to 62-39 nt of the gene 30.7 coding
sequence of phage T4, and Pr. 8, 5'-GGAGTCATG
CACTGTTCGATTTCAC, complementary to 123-97
nt of the gene 30.7 coding sequence of phage Tula.
Oligonucleotides were 5'-end-labeled with [y-**P]ATP
(Amersham Bioscience).

RESULTS AND DISCUSSION

We have amplified and sequenced the gene regB in
the genome of T4-related phage Tula. Initially, we
tried to obtain PCR products of gene regB of Tula
with a variety of primers based on the T4 regB cod-
ing sequence or promoter sequence upstream the
gene, but the phage did not yield the expected PCR
fragment.

Using two PCR primers
based on the T4 sequence,
one at the 3' end of gene _35
regB, Pr. 1, and the other 4
at the beginning of gene
61.4, located just downstre-
am the gene regB, Pr. 2,
[15] we obtained two PCR
products, 220 bp and 250
bp, from the Tula genome
under specific PCR condi-
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Fig. 1. The genomic region with genes 62.2, regB and
61.4 of bacteriophage T4. The position of early promoter
is shown. Boxes with arrows indicate oligonucleotide pri-
mers used in PCR analysis and sequencing reactions

tions (see Materials and Methods) (Fig. 1). The frag-
ments were sequenced and shown to contain a gene
61.4 analogue. Primer Pr.3 based on the obtained
sequence of gene 6/.4 of Tula was used to sequen-
ce the genomic DNA of Tula (Fig. 1). The comple-
te nucleotide sequence of gene regB of Tula was
determined using the same method with specific pri-
mers for phage Tula Pr. 4 and Pr. 5. To confirm
the sequence of the gene regB of Tula, a PCR frag-
ment of 570 bp with a pair of primers Pr. 6-Pr.3
was obtained and sequenced.

The deduced nucleotide sequence of gene regB
of phage Tula indicates that it is 73.2% identical
with the regB gene of T4. In the case of phage
Tula, the regB early promoter -35 and —10 boxes
exhibit some changes (Fig. 2). The spacing between
—35 and -10 boxes is reduced by 1 bp. The Shine-
Dalgarno sequence and a start codon are exactly
the same as in T4, but separated by 8 bp instead of
6 bp in T4. The coding sequence of gene regB in
Tula is shortened by one codon and the termina-
tion codon is changed from UGA (in T4) to UAG.

Comparison of the amino acid sequence of the
RegB endoribonuclease of phage Tula revealed a
substantial amino acid sequence divergence from T4.
The Tula RegB endoribonuclease amino acid se-
quence was 76.8% identical to that of T4 (Fig. 3).

The early gene 30.7 of T4 carries the GGAG
motif as a Shine-Dalgarno sequence [16]. This tetra-
nucleotide could be a potential RegB cleavage site.
Our primer extension experiments show that new 5'

-10 SD

ACTETTTACTTT[ICCTCTTGACTGTGGTATAATITTTTCTATCAGTTAAGAGGAGRA-T-AACATG

Tula GTABTTTACTTCICCTCTAG-TTGTGTTACTATAGACCTGTCAACTA-GRGGAGRAATCARAATG

Fig. 2. Alignment and comparison of the early promoter sequences, Shine-Dalgarno
sequences and the start codons for the regB gene of T4 and Tula. The positions of
the promoter’s —35 and -10 boxes and the Shine-Dalgarno (SD) sequences are
indicated in the first line of the panel. The initiation codons are underlined. A dash
(-) indicates that the nucleotide at this position is deleted and a double dot (:) that
the nucleotides are identical
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Fig. 3. Comparison of the amino acid sequences of the RegB endoribo-
nuclease of T4 and Tula phages. The protein sequence of phage Tula
was aligned to the T4 sequence using the ClustalW program. An asterisk
(*) means that the residues in the column are identical; a double dot (:)
means that conserved substitutions have been observed; a dot (.) means
that semi-conserved substitutions are observed; a dash (-) stands for a
deleted amino acid. The nucleic acid sequence has been deposited in the
GeneBank Database under accession number AJ490327
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Pe30.7 SD
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GTTTACTCTCCTGTAGGATGTGTTACTATAGACTTGTACCACCTAATCGATAAAACAAACCGGAGAATAAAATG

Fig. 4. Primer extension reaction of transcripts for the gene 30.7 of
bacteriophages T4D wilde-type (A), T4 regB- (B) and Tula (C). The
nucleotide sequences of the 5' flanking region of gene 30.7 of phages T4
and Tula are shown in (D). Primer extension reactions were performed
as described in Materials and Methods, using total RNA isolated from
E. coli BE cells 7 min post infection with phage. The sequencing lanes
are labeled with the dideoxynucleotides used in the sequencing reactions.
The initiating nucleotide for early transcripts, the 5’ end nucleotide of
RegB processed transcripts, as well as the initiation codon for gene 30.7
are noted.

ends resulting from post-transcriptio-
nal RegB cleavage event appear at the
nucleotide A positioned 9 nt upstre-
am gene 30.7 initiation codon in a
T4D wild-type phage infection (Fig.
4A). The latter 5' ends are absent in
the case of infection with the T4 mu-
tant lacking RegB processing activity
(Fig. 4B). Figure 4C shows that
transcripts for the gene 30.7 of phage
Tula are efficiently processed in the
middle of the GGAG Shine-Dalgarno
sequence by endoribonuclease RegB
during phage infection.

Thus, in spite of the endoribonu-
clease RegB of Tula sequence diver-
gence from that of T4, our results in-
dicate that post-transcriptional control
of gene expression with the participa-
tion of RegB endoribonuclease is ty-
pical of both bacteriophages, T4 and
Tula. The activity of sequence-speci-
fic endoribonuclease RegB was de-
monstrated by primer extension ana-
lysis of mRNA for gene 30.7 in the
case of phages T4 and Tula.
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BAKTERIOFAGO Tula ENDORIBONUKLEAZES ReGB
PIRMINE STRUKTURA IR AKTYVUMAS

Santrauka

T4 giminingo bakteriofago Tula DNR fragmentai regB ge-
no srityje buvo gauti pritaikius specialius pradmenis ir
polimerazines grandininés reakcijos salygas. Nustacius bak-
teriofago Tula regB geno nukleotidy seka matyti, kad ji
73,2% homologiSka fago T4 regB sekai. Be to, fago Tula
geno regB ankstyvojo promotoriaus —35 ir —10 sritys yra
pakitusios ir atstumas tarp jy sumazejes. Taciau Tula regB
Shine-Dalgarno seka ir transliacijos iniciacijos kodonas is-
lieka absoliuciai konservatyvis. Fago Tula RegB endori-
bonukleazés homologija T4 RegB nukleazei — 76,8%. Pa-
aiSkéjo, kad abiejy fagy atveju ankstyvojo geno 30.7 in-
formacine RNR yra skaldoma per Shine-Dalgarno sekos
GGAG motyva. Taigi nustatyta, kad potranskripciné geny
ekspresijos reguliacija, kai RegB endoribonukleaze inakty-
vuoja ankstyvyjy geny informacines RNR perkirpdama jas
per Shine-Dalgarno seky GGAG motyvus, yra budinga
T4 giminingam fagui Tula.



