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Recently, the complete nucleotide sequence of the bacteriophage T7 genome was determined and 50 genes 
were identified on the genome. We compared amino acid sequences of all the gene products of T7 and repli- 
cation-related gene products of E.coli. As a result, we found that T7 and E.coli share homology for each 
pair of exonuclease, DNA primase and helix-destabilizing protein. For E.coli, these gene products are 
known to be involved in the process of discontinuous DNA replication. These observations suggest that 

T7 and E.coli have a common origin for a part of their replication systems. 

Bacteriophage T7 Homology 5’-3’-Exonuclease DNA primase DNA polymerase I 

Helix-destabilizing protein 

1. INTRODUCTION 

Bacteriophage T7 is a double-stranded DNA 
phage, whose particle contains a linear DNA 
genome of about 40000 bp long. Recently, the 
complete nucleotide sequence of T7 was deter- 
mined and 50 known and potential genes were 
identified on the genome [l]. 

Ollis et al. [2] reported that the amino acid se- 
quence predicted from the DNA polymerase gene 
of T7 is homologous to that of DNA polymerase 
I (Pol I) of Escherichia cofi, which is known to 
play important roles in the repair of damaged 
DNA and the processing of Okazaki fragments. 
This observation suggests that these 2 proteins 
have evolved from a common ancestor. 

Motivated by this observation, we carried out 
further comparison of the amino acid sequence 
between 50 gene products of T7 and replication- 
related proteins of E. coli. As a result, we found 
that T7 and E. cofi share homology for 3 pairs 
of replication-related gene products, i.e., 
5 ’ -3 ’ -exonuclease, DNA primase and helix- 
destabilizing protein. These observations, together 
with the previous work, delineate more clearly the 

evohttionary relationship between bacteriophage 
T7 and E. coli. 

2. MATERIALS AND METHODS 

Amino acid sequence comparison is one of the 
most useful methods for investigating the evolu- 
tion and function of protein [3-61. Therefore, our 
analysis described here was carried out by means 
of computer-assisted sequence comparison. 

Amino acid substitution of a gene product that 
occurred during the evolutionary process is conser- 
vative and the degree of conservation of an essen- 
tial gene product is high [7]. Therefore, we com- 
pared amino acid sequences between all the gene 
products of T7 and replication-related gene 
products of E. coii, because replication-related 
gene products are thought to be essential for any 
organisms. 

The complete nucleotide sequence of T7 genome 
was taken from the paper of Dunn and Studier [ 11. 
We selected polA, rnh, ssb, dnaA, dnaG, dnaK 
and dnaQ as replication-related genes and the 
nucleotide sequences of these genes were taken 
from the following papers: Joyce et al. [8] for 
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polA; Kanaya and Crouch [9] and Maki et al. [lo] 
for mh; Sancar et al. [l l] for ssb; Hansen et al. 
[12] for dnaA; Smiley et al. [13] for dnaG; Bard- 
well and Craig [14] for dnaK; Maki et al. [lo] for 
dnaQ. 

Initial homology search by the matrix method 
was made with the program of Toh et al. [5]. Ac- 
cording to the information from the homology 
matrices, the regions which share homology were 
aligned. Significance of the similarity was 
calculated with the program of Toh et al. [5], 
which subjects a pair of aligned sequences to the 
jumbling test [15]. In the calculation of percent 
homology and averaged scores for jumbling test, a 
continuous gap is counted as one substitution 
regardless of its length, whose score is given as 
-60. 

3. RESULTS AND DISCUSSION 

Amino acid sequence comparisons between 
replication-related gene products of E. coli and 
known and potential 50 gene products of T7 were 
made by means of the computer-assisted matrix 
method. As a result of the comparison, we found 
that each of 3 compared pairs of amino acid se- 
quences shares extensive homology. Fig.1 shows 
the homology matrices of the 3 pairs. According to 
the matrices, each of the 3 homologous pairs was 
aligned (see fig.%). 

Fig.1 (al) shows the amino acid sequence com- 
parison between T7 exonuclease and E. coli Pol I. 
For reference, amino acid sequence comparison of 
T7 DNA polymerase and E. coli Pol I is also 
shown in fig.1 (a2). The latter homology was 
reported by Ollis et al. [2]. The homologous region 
indicated by fig.1 (al) was aligned (fig.2a). The 
degree of homology of this region is 34%. The 
significance of this homology is 7.02 SD, which in- 
dicates that the probability of occurrence of the 
homology by chance is less than 10m9. Thus the N- 
terminal region of about 100 residues long of E. 
coli Pol I shares homology with exonuclease of T7. 
E. coli has 3 DNA polymerases; Pol I, Pol II and 
Pol III [16]. Pol I, which is encoded by the polA 
gene of E. coli, is a multifunctional single-subunit 
enzyme, which is involved in the repair of damaged 
DNA and the processing of Okazaki fragment. 
Three enzymatic activities have been assigned for 
this molecule; a DNA polymerase, a 3 ’ - 
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Fig.1. Homology matrix comparisons of amino acid 
sequences. Matrices (a) show the comparisons of E. coli 
Pol I (ordinate) against T7 DNA exonuclease (abscissa, 
al) and T7 DNA polymerase (abscissa, a2). Matrix (b) 
shows the comparison of DNA primase between E. coli 
(ordinate) and T7 (abscissa). Matrix (c) shows the 
comparison of helix-destabilizing protein between E. 
coli (ordinate) and T7 (abscissa). Each diagonal line in 
matrix (al) indicates a segment of 25 residues long that 
shows similarity above a threshold level, at which 
diagonal lines were generated with the probability of 
occurrence by chance of less than 6.4 x 10V4. In matrix 
(a2), a diagonal line indicates a segment of 25 residues 
long and the probability of occurrence of a diagonal line 
by chance is less than 9.7 x 10m4. In matrix (b), the 
segment is 25 residues long and the probability is less 
than 4.4 x 10-4. In matrix (c), the segment is 20 residues 

long and the probability is 4.3 x 10m3. 

5 ‘-exonuclease and a 5 ’ -3 ‘-exonuclease. Pol I is 
cleaved into 2 fragments by proteolysis [ 17,181. 
The large fragment is derived from the C-terminal 
region of Pol I and is called ‘Klenow fragment’. 
This large fragment has a DNA polymerase activi- 
ty and a 3 ’ -5 ’ -exonuclease activity. The 
3 ‘-5 ‘-exonuclease activity is seen in all 3 E. coli 
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Fig.2. Alignments of amino acid sequences. Amino acid sequences were aligned according to the homology matrices 
in fig.1. In each alignment, the upper sequence is derived from T7 gene products and the lower from E. coli. (a) 
Alignment of DNA exonucleases between T7 (182-266) and E. coli (113-205). The numbers in parentheses indicate the 
residue sites from the N-terminal of the aligned region. (b) Alignment of DNA primases between T7 (155-219) and E. 
coli (262-324). (c) Alignment of helix-destabilizing protein between T7 (73-160) and E. coli (23-89). Gaps ( - ) were 
inserted to increase the homology. Positions occupied by identical or chemically similar amino acid residues are boxed. 

(0) Sites occupied by identical residues. 

DNA polymerases and is involved in editing out 
mismatched bases during the DNA polymerization 
process [16]. Ollis et al. [2] reported that T7 DNA 
polymerase shows homology to the Klenow frag- 
ment of Pol I. Fig.1 (a2) shows the homology 
matrix of the comparison between DNA 
polymerase of T7 and Pol I. Diagonal lines ob- 
served in the C-terminal region on the matrix cor- 
respond to the homology reported by Ollis et al. 
[2]. Based on this homology, they suggested a 
possibility of common ancestry of these 2 poly- 
merases. On the other hand, the smaller fragment 
is derived from the N-terminal region of Pol I and 
has a 5 ’ -3 ’ -exonuclease activity. 5 ’ -3 ’ -Exe- 
nuclease activity exists only in Pol I and is involved 
in the excision repair and the removal of RNA 
primer from Okazaki fragments during discon- 
tinuous replication [ 161. Our finding is consistent 
with these observations. Therefore, we speculate 
that the DNA polymerase of T7 may take a subunit 
structure with the exonuclease, which may act in 
the processing of Okazaki fragment during the 
replication of T7. 

Fig.lb shows the amino acid sequence com- 
parison between T7 DNA primase and E. coli 

dnaG gene product. The matrix shows extensive 
but limited homology shared between the com- 
pared pair. The homologous region was aligned 
(see fig.2b). The degree of homology of this region 
is 34% and the significance of this similarity is 5.95 
SD, which indicates that the probability of the 
homology occurring by chance is 2.0 x 10e9. The 
dnaG gene encodes DNA primase of E. coli [ 131. 
DNA primase is involved in the synthesis of primer 
RNA during the discontinuous replication process 
[ 191. The homologous region may be important for 
the primase activity. 

Fig.lc shows amino acid sequence comparison 
between helix-destabilizing proteins of T7 and ssb 
gene product of E. coli. The alignment of the 
homologous region is shown in fig.2c. The degree 
of homology of this region is 31% and the 
significance of this homology is 3.09 SD. The 
probability of occurrence by chance corresponding 
to the standard deviation is 1.0 x 10v3. The ssb 
gene encodes helix-destabilizing protein, which is 
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also called single-strand binding protein, and is in- 
volved in DNA replication. In addition, this pro- 
tein is known to participate in recombination, 
repair and SOS response [20]. The helix-de- 
stabilizing protein of E. coli can be divided into 3 
domains based on the secondary structure 
predicted from its amino acid sequence [l 11. The 
homologous region is included in the first domain, 
which has a high degree of secondary structure and 
is suggested to be important for DNA-binding ac- 
tivity [ll]. 

These 3 cases of homology, together with the 
work of Ollis et al. [2], strongly suggest that a part 
of the replication system of bacteriophage T7 has 
a common origin with that of E. coii. Further com- 
parison of other gene products between E. coli and 
T7 may uncover the evolutionary relationship be- 
tween them. On the other hand, the functions of 
the some of the T7 gene products remain 
unknown. Therefore, sequence comparison be- 
tween gene products, whose functions are already 
known, and potential gene products of T7 may 
provide information on the function of the T7 
potential gene products. 
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