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Our previous studies showed the existence of a pair of bacteriophage T4 overlap-
ping genes, 30.3 and 30.3', of which the smaller, 30.3', is completely embedded
within the other by one position downstream. Now we have determined the pri-
mary structures of the overlapping genes 30.3 and 30.3' for 15 T4-related phages.
The nucleotide sequences of genes 30.3 and 30.3' in most tested phages, as well as
the predicted amino acid sequences of the gene products, showed a more than
85% homology to those of T4. Only in case of gp30.3' of phage RB69 the conser-
vation level of the amino acid sequence showed only a 64.7% similarity to T4. It
is interesting to note that the gene 30.3' of phage Ox2 contains ACG as a putative
initiation codon. The sequence of middle promoter P,,30.2 located in the coding
region of gene 30.3 is conserved absolutely in all phage genomes studied.
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INTRODUCTION

T4, the archetype of the T-even phages, has been
the subject of intensive study and is one of the
best-characterized phages. Phage T4 has numerous
relatives, which are closely related genetically but
can infect different bacterial species [1]. More than
140 phages with a morphology resembling that of
T4 have been revealed in the catalogue of T4-type
bacteriophages [2].

We have previously showed that the genomic re-
gion between T4 early promoter P,128.2 and DNA
ligase gene 30 contains seven genes, 30.7-30.1 [3].
Moreover, in this region we have established the
existence of one more gene, 30.3', which is com-
pletely embedded within gene 30.3 by one position
downstream [4, 5]. Recently, two new T4 middle
promoters have been identified: promoter P 30
which is located just upstream of gene 30 and pro-
moter P, 30.2 located in the coding region of gene
30.3 [6].

Most genetic and sequence work has been done
with T2, T4 and T6, but interest has been growing
rapidly in the broader T-even phage family [7]. Com-
parative analysis of T4-related bacteriophages is
being used to gain the evolutionary origins and in-
terrelationships of these phages genes, and the func-
tions of their proteins [§].

The aim of our current work was to show the
existence of the pair of overlapping genes 30.3 and
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30.3" in various T4-related phages and to evaluate
the conservation level of genes and their products.

MATERIALS AND METHODS

Phages and bacterial strains. T4-related phages T2,
T6, M1, K3, Ox2 were kindly provided by Dr. U.
Henning (Tibingen, Germany), while phages RB2,
RB3, RB15, RB32, RB69, LZ1, LZ4, LZ6, LZ10
and LZ11 were from Dr. K. Carlson (Uppsala, Swe-
den). All phages were grown in Escherichia coli BE
(sup’) (provided by Dr. L W. Black), except for
RB69 grown in E. coli CR63 (supD) (supplied by
Dr. K. N. Kreuzer).

Amplification and sequencing of genes 30.3 and
30.3' of T4-related phages. Three synthetic oligo-
nucleotides based on the T4 genome were used to
amplify [9] DNA fragments with genes 30.3 and 30.3'
of T4-related phages: Pr. 1, a 20-mer, 5-GGA-
CCCTAACTGGCCAGTTG, corresponds with 123-
142 nt of the gene 30.4 coding sequence; Pr. 2, a
21-mer, 5-CAAGATACTCCCCGGCGTGG, corre-
sponds with 254-273 nt of the gene 30.3 coding
sequence; Pr. 3, a 20-mer, 5-AGGAAGGCCTG-
ATTGCCAGC, complementary to nucleotides 44—
63 of the gene 30.2 coding sequence. The oligo-
nucleotides were 5'-labeled by T4 polynucleotide
kinase with [y-**P]ATP (Amersham Bioscience). Se-
quencing was performed with a CycleReader DNA
sequencing kit (Fermentas AB).
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RESULTS AND DISCUSSION

The nucleotide sequences of the pair of overlapping
genes, 30.3 and 30.3', located in the genomic region
between P, 128.2 and ligase gene 30 (Fig. 1) have
been determined in 15 T4-related bacteriophages.
Nucleotide sequences of gene 30.3, as well as gene
30.3', were more than 90% identical to T4 in all
phages tested (Fig. 2A). The predicted amino acid
sequences of gp30.3 were highly conserved (>90%)
in all cases (Fig. 2B). In case of gene 30.3 the
occasional single-base differences were observed
mostly in the third base of the codon; that is why
it did not cause changes of amino acids. It should
be mentioned that 15-aa residues in gp30.3 of
phage RB69 are absent (Fig. 3A), and homologies
at nucleotide and amino acid levels of phage RB69
were showed to the corresponding sequence seg-
ments of T4 (Fig. 2). In case of gene 30.3', which
is completely embedded within gene 30.3 by one
position downstream, most base differences were in
the second base of the codon and therefore, as we
can see from the results (Fig. 2B), it caused a
change of amino acids. The predicted amino acid
sequences of gp30.3' in most phages tested showed
homology from 853% to 98.6% to those of T4,
while in case of phage RB69 a homology of only
64.7% has been shown. The low level of conserva-
tion of gp30.3' of phage RB69 coincides with the
observations that phage RB69 seems to occupy an
“intermediate” position between T-even and pseudo
T-even phages [7]. Neither of the 7-aa residues of
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Fig. 2. Homologies of genes 30.3 and 30.3', as well as
gp30.3 and gp30.3', between T4 and 15 T4-related phages
at the nucleotide (A) and amino acid level (B)

phage T2 and the 41-aa residues of RB69 are avail-
able in case of gp30.3' (Fig. 3B) and the nucleotide
and predicted amino acid sequences of those pha-
ges were shown to the cor-
responding sequence seg-

0 ments of T4 (Fig. 2).
- It is well established
that the initiation codon,
the Shine-Dalgarno se-
-10 quence, the spacing be-

-30
Middle Promoter Consensus Sequence: “t”t‘TGCTT%A 11-13 bp TANNNT tween those two elements
" and the secondary structu-
T4 P,302 GCACAGCATTGCT AGTGGTCTA  ACAAAAGATGA  TACAAT  ACTAACCGAA  re of the mRNA are im-
T2, T6, M1, K3, P,302 GCACAGCATGGCT AGTGGTCTA  ACAAAAGATGA  TACAAT  ACTAACCGAA .
o = portant determinants of
x2, RB2, RB15, SRR
RB32, LZ1, LZ4, translation initiation [10].
L26, LZ10, LZ11 The translation initiation
RB3 P,302 GCACAGCATGGCT AGTGGTCTA  ACAAAAGATGA  TACAAT  ACTAACTGAA . f th lapni
RB69 P,302 CCACAGCATGGCT AGTGGTCTA  ACAAAAGATGA TACAAT ACTAACTTGA  [C810MS O the overlapping

Fig. 1. Genes and promoters in the genomic region between early promoter P, 128.2
and the DNA ligase gene 30 of phage T4. A schematic outline of T4 DNA fragment
carrying overlapping genes 30.3 and 30.3’ is presented at the top of the figure. Shown
are the positions of genes, as well as the positions of the early and middle promo-
ters. The consensus sequence of T4 middle promoters [11] is given below. The se-
quences of putative P, 30.2 in 15 T4-related phages are presented at the bottom of
the figure. The matches between all given promoter sequences and the consensus
sequence of T4 middle promoters are shown in bold face type. Initiation nucleotides
for the transcripts directed from T4 P ,30.2 are indicated by vertical arrows. The

nucleotides that differ from T4 are underlined

16

genes 30.3 and 30.3' of T4
and 15 T4-related phages
are presented in Table. In
case of gene 30.3 most of
the phages tested have
UAAG as a Shine-Dalgar-
no sequence and AUG as
the translation initiation
codon. The translation ini-
tiation region of gene 30.3'
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gp30. 3
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T4 MSELEI RSNI‘:R\I\PSOALSNF‘AQ/\PFVI\/DGlQ:GGLEG:L(lXBCKVKN\/E(XlRRI FGLSGl.JAA@AGRSYAIlR’AQ]?GT
Ox2  MSELEI RSNFRWPSCAL SNFAQWPFVVDG QFGGL EGFL QGCKVKNVEQQRR! FGL SGLAAQQAGRSYARAQDRGT
RB32 MBELEI RSNFRWPSCAL SNFAQWPFVIVDA QFGGLEGFL QGCKVKNVEQQRRI FGL SGLAAQQAGREYARAQDRGT
LZ4  MBELEl RSNFEWPSCAL SNFAQAPFVIVDG QFGGLEGFL QGCKVKNVEQQRRI FGL SGLAAQQAGRSYARAQDRGT
LZ11 MBELEI RSNFRWPSCAL SNFAQWPFVVDG QFGGLEGFL QGCKVKNVEQORRI FGL SGLAAQQAGRSYARAQUEGT

LZ1 MBEL El RSNFRWPSCAL SNFAQWPFVMVDG QFGGL EGFL QGCKVKNVE! FGL SGLAAQUIGRSYARAQDRGT
LZ6 MBEL El RSNFRWPSCAL SNFAQWPFVMDGE QFGGLEGFL QGCKVKNVE! FGL SGLAAQUIGRSYARAQDRGT
LZ10 MSELEI RSNFRWPSCAL SNFAQAPFVIVDG QF GGLEGFL QGCKVKNVE FGL SGLAAQRAGRSYARAQDRGT

T2 MBEL El RSNFRWPSCAL SNFAQAPFVVDGI QFGGL EGFL QGCKVKNVEQQRRI FGL SGLAAQQAGRSYARAQDRGT
T6 MBEL El RSNFRWPSCAL SNFARWPFVVDGI QF GGL EGFL QGCKVKNVEQQRR! FGL SGLAAQQAGRSYARAQDRGT
ML MBEL El RSNFRWPSCAL SNFARWPFVVDGI QFGGL EGFL QGCKVKNVEQQRRI FGL SGLAAQQAGRSYARAQDRGT
K3 MBELEl RSNFRWPSCAL SNFARWPFVVDGI QF GGL EGFL QGCKVKNVEQQRR! FGL SGLAAQQAGRSYARAQDRGT
RB3  NMBELEI RENFRWPSCAL SNFAQAPFVMDG QFGGL EGFL QASKVKNVEQQRRI FGL SAL AAQRAGRSYARAQDRGT
RB15 MBSELEI RSNFRWPSCAL SNFAQWPFVVDGI QFGGLEGFL QGCKVKNVEQQRRI FGL SGLAAQQAGRSYARAQDRGT
RB2  MBELEI RSNFRWPSCAL SNFAQWPFVVDGI QFGGLEGFL QGCKVKNVEQQRRI FGL SGLAAQQAGRSYARAQDRGT
RB69 MEELEI RSNFEWPSCAL SNFAQWPFVIVDA QFGGLEGFL QGCKVKNVEQEE! FGL SGLAAQQRAGRSYARAQDRGT
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T4 L FV\L‘ G\/PFSRYSPA‘V\KELYTNAYIl: EAAI QNKGF I‘?DAL QASKGK\‘/L KHSI ASGL'll'KDDTI LTEAéFI DVLNLL RI|DSL*
x2 LFW.GVPFSRYSPAVKEL YTNAYFEAAI QNRGFRDAL QASKGKVLKI SG.TKDDTI LTEAEFI DVLNLLRDSL*
RB32 LFW.GVPFSRYSPAVKEL YTNAYFEAAI QNRGFRDAL QASKGKVLKHSFASGL TKDDTI LTEAEFI DVLNLLRDSL*
Lz4 LFW.GVPFSRYSPAVKEL YTNAYFEAAI QNRGFRDAL QASKGKVL KHSFASGL TKDDTI L TEAEFI DVLNLLRDSL*
LZ11 LFW.GVPFSRYSPAVKEL YTNAYFEAAI QONRGFRDAL QASKGKVLKHSFFASGLTKDDTI LTEAEFI DVLNLLRDSL*
Lz1 LFW.GVPFSRYSPAVKEL YTNAYFEAAI QNKGFRDAL QASKGKVLKHSNASGLTKDDTI L TEAEFI DVLNLLRDSL*
LZ6 LFW.GVPFSRYSPAVKEL YTNAYFEAAI QNKGFRDAL QASKGKVLKI SGLTKDDTI LTEAEFI DVLNLLRDSL*
LZ10 LPW.GVPFSRYSJJAVKEL YTNAYFEAAI QNKG-RDAL[FASKGKVLK SGLTKDDTI LTEAEFI DVLNLLRDSL*
T2 LFW.GVPFSRYSPAVKEL YTNAYFEAAI QNKGFRDAL{BASKGKVLKI SGLTKDDTI LTEAEFI DVLNLLRDSL*
T6 LFW.GVPFSRYSPAVKEL YTNAYFEAAI QNKGFRDAL QASKGKVLKI SGLTKDDTI LTEAEFI DVLNLLRDSL*
ML LFW.GVPFSRYSPAVKEL YTNAYFEAAI QNKGFRDAL QASKGKVLKI SGLTKDDTI LTEAEFI DVLNLLRDSL*
K3 LFW.GVPFSRYSPAVKEL YTNAYFEAAI QNKGFRDAL QASKGKVLKI SGLTKDDTI LTEAEFI DVLNLLRDSL*
RB3 LFW.GVPFSRYSPAVKEL YTNAYFEAAI QNKGFRDAL QASKGKVLKI SGLTKDDTI LTEAEFI DVLNLLRDSL*
RB15 LFW.GVPFSRYSPAWKEL YTNAYFEAAI QONKGFRDAL QASKGKVLK SGLTKDDTI LTEAEFI DVLNLLRDSL*
RB2 LFW.GVPFSRYSPAVKEL YTNAYFEAAI QNKGFRDAL QASKGKIL KHSI ASGLTKDDTI LTEAEFI DVLNLLRDSL*
RB69 LFW.GVPFSRYSEAVKEL YTNAYFEAAI QNKGFRDAL QASKGK{JL KHSJASGL TKDDTI LT*

gp30. 3'
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T4 MNNNVWYLGYPGLPPNKLEGLM. ELRTVGPSFGLEFRFQDTPRRGKNYTQVH LKGREKTRAFVVHYNPRKEKF*
T2 MNNNWYLGYPGLPPNKLEGLM. ELRTVGPSEGEEFRFQDTPERGKNY! QVHI LKQRFKTRAFVIVHY*

LZ10 M.NNNVVYLGYPGLPPNKLEGLM.EL RTVGPSEGL EFRFQDTPERGKNYTQVHI L KQRFKTRAFVNHYMPRKEKF*
RB2  M.NNNVVYLGYPGLPPNKLEGLM. ELRTVGPSFGL EFRFQDTPRRGKNYTQVHI L KQRFKTRAFVVHYEPRKEKE
M. M.NNNVVYLGYPGLPPNKLEGLM. ELRTVGPSEGLEFRFQDTPRRGKNYTQVHI L KQREKTRAFVVHY[RPRKEKF*
RB3  M.NNNVVYLGYPGLPPNKLEGLM. ELRTVGPSEGL EFRFQDTPRRGKEEJQVHI L KQREKTRAFVVHYSPRKEKF*
Lz4  MNSZBVYLGYPGLPENKLEGL M. EL RQVEE®S GL EFRFQDTPRRGKNYTQVHI L KQREKTEAFVVHYRPRKEKF*
LZ11  MNSEVYLGYPGPENKLEGL M EL RTVIZeS GL EFRFQDTPRRGKNYTQVHI L KQREKTEARVVHYRPRKEKF*
RB32 M.NNNVVYLYYPGLPPNKLEEL M ELRTVISReS Gl EF] SKTIEAFVVHYRPRKEKF*
T6  MNNNWYLGYPGLPENKLEGLM ELRTVGPSEGLEF SKTRAFVIVHYIPRKEKF*
RB15 M.NNNVVYLGYPGLPPNKLEGLM EFRTVGPSSGLEF] ] SKTRAFVIVHY[IPRKEKF*
§GL PPNKLEGL M_EL RTVGPSEGL EFRFQDTPERGKNYTQVHI L KQREKTRAFVVHYPRKEKF*
GLPPNKLEGLM_EL RTVGPSEGL EFRFQDTPSRGKNYTQVH LKQRFKTRYFVMHYRPRKEKF*
GLPPNKLEGLM_EL RTVGPSEGL EFRFQDTP@RGKNYTQVH LKQREKTRYFVMVHYRPRKEKF*
GLPPNKLEGLM_EL RTVGPSEGL EFJFQDTPRRGKNYTQVHI L KQREKIFEAFEMVHYRPRKEKF*
SKEEGL MSELRTVAISEGH

Fig. 3. Comparison of amino acid sequences of gp30.3 (A) and gp30.3' (B) of 16 T4-type bacteriophages. The protein
sequences of the 15 phages were aligned with the T4 sequence using the ClustalW program. Amino acids common
to all T4-related phages are indicated by white backround. Black background indicates non-conserved amino acids. An
asterisk (*) shows the end of the gene. A box indicates methionine coded by the putative translation initiation codon
ACG of phage Ox2. The nucleic acid sequences have been deposited in the EMBL/GenBank. Their accession numbers
are: AJ457990-AJ457994 (for phages T2, T6, M1, K3 and Ox2, respectively), AJ458392-AJ458395 (RB2, RB3, RB15
and RB32, respectively), AJ458397-AJ458401 (LZ1, LZ4, LZ6, LZ10 and LZ11, respectively) and AJ439452 (RB69)
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Table. Translation initiation regions of genes 30.3 and 30.3' of phage T4 and 15 T4-related bacteriophages
Bacteriophage | Gene | Translation Initiation Region *
T4, T6, M1, K3, Ox2, RB2, RB3, RB15, LZ6 30.3 UUGAAAUUAUAAGCAUUGAAAAUGUCU GAG
T2 30.3 UUGAAAUUAUAAAGUAUUAAAGAUGUCUGAG
RB32, LZ1, LZ4, LZ10, LZ11 30.3 UUGAAAUUAUAAGUAUUGAAAAUGUCUGAG
RB69 30.3 UUGAAAUUAUAAGUGUUAAAGAUGCCUGAG
T4, K3, RB2, LZ4, LZ11 30.3' CAAGGGUGUAAGGUGAAAAAUGUUGAACA
RB69 30.3' CAAGGAUGUAAGGUGAAAAAUGUUGAACA
T6, RB15 30.3' CAAGGGUGCAAGGUGAAAAAUGUUGAACA
Ox2 30.3' CAAGGAUGCAAGGUGAAAAACGUUGAACA
RB3 30.3' CAAGGUAGCAAGGUGAAAAAUGUUGAACA
T2, M1, LZ1, LZ6, LZ10 30.3' CAAGGAUGCAAGGUGAAAAAUGUUGAACA
RB32 30.3' CAAGGAUGCAAAGUGAAAAAUGUUGAACA
* SD sequences and the initiation codons of genes 30.3 and 30.3’ are in the underlined bold lettering. The grey
shading indicates nucleotides which differ from T4.
** indicates stop codon of T4 gene 30.4.

contains the Shine-Dalgarno sequences UAAGG,
AAGG and AAG. It should be noted that gene
30.3' of bacteriophage Ox2 starts with the unusual
translation initiation codon ACG. It is likely that
the alternate initiation codon ACG is a poor start
codon, temperature-sensitive and extremely rare [11].
On the other hand, we can not exclude that in case
of phage Ox2 translation of mRNA could be initi-
ated from the second codon of gene 30.3', UUG
(Table).

Although the middle promoter sequence
AGTGGTCTA shows a weak similarity to the -30
consensus sequence [12], the primer extension se-
quencing of RNA confirmed the presence of the
T4 middle promoter P, 30.2 in the coding region of
gene 30.3 [6]. The -30 and the -10 sequences of
P,,30.2 were identical in T4 and all the phages tested
(Fig. 1). Only a few nucleotide differences just
upstream the -30 sequence were detected. In case
of bacteriophages RB3 and RB69, the potential
initiation nucleotides for the transcripts directed
from promoter P,,30.2 differed from those of T4.
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T4 GIMININGU BAKTERIOFAGU PERSIDENGIANCIU
GENU 30.3 IR 30.3' NUKLEOTIDY SEKOS

Santrauka

Miisy ankstesniuose tyrimuose buvo nustatyta per-
sidengianc¢iy geny 30.3 ir 30.3' pora T4 bakteriofage.
Mazesnis genas 30.3' yra visi$kai iSsidestes gene 30.3 kitu
atviru skaitymo rémeliu. Siame darbe mes nustatéme

persidengianc¢iy geny 30.3 ir 30.3' pirming¢ struktiira
penkiolikoje T4 giminingy bakteriofagy. Daugelio tirty
fagy Siy geny nukleotidy sekos bei Siy geny produkty
amino ragsciy sekos buvo homologiSkos daugiau kaip 85%
lyginant su T4. Tik fago RB69 gp30.3' atveju amino riigsciy
konservatyvumas lyginant su T4 buvo 64,7%. Idomu
pastebeti, kad fago Ox2 geno 30.3' galimas transliacijos
iniciacijos kodonas yra ACG. Geno 30.3 koduojancioje
srityje esanti vidurinio promotoriaus P,30.2 seka buvo ab-
soliuciai konservatyvi visuose tirtuose faguose.

19



