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Bacteriophage T7 gene 2.5 protein, a single-stranded DNA binding protein, has been implicated in 77
" DNA replication, recombination, and repair. Purified gene 2.5 protein has been shown to interact with
the phage encoded gene 5 protein (DNA polymerase) and gene 4 proteins (helicase and primase) and
stimulates their activities. Genetic analysis of T7 phage defective in gene 2.5 shows that the gene 2.5
protein is essential for T7 DNA replication and growth. T7 phage that contain null mutants of gene 2.5
were constructed by homologous recombination. These mutant phage (T7A2.5) cannot grow in
Escherichia coli. After infection of E. coli with T7A2.5, host DNA synthesis is shut off, and T7A2.5 DNA
synthesis is reduced to less than 1% of wild-type phage DNA synthesis (Kim and Richardson, 1993,
Proc. Natl. Aca. Sci. USA, 90, 10173-10177). A truncated gene 2.5 protein (GP2.5-A21C) deleted the
21 carboxyl terminal amino acids was constructed by in vifro mutagenesis. GP2.5-A21C cannot
substitute for wild-type gene 2.5 protein in vivo; the phage are not viable and exhibit less than 1% of
the DNA synthesis observed in wild-type phage-infected cells. GP2.5-A21C has been purified to
apparent homogeneity from cells overexpressing its cloned gene. Purified GP2.5-A21C does not
physically interact with T7 gene 4 protein as measured by affinity chromatography and immunoblot
analysis. The mutant protein cannot stimulate T7 gene 4 protein activity on RNA-primed DNA synthesis
and primer synthesis. These results suggest that C-terminal domain of gene 2.5 protein is essential for
protein-protein interactions.
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Introduction Notarnicola and Richardson, 1993). The 26-kDa gene

2.5 protein binds specifically to single-stranded DNA

Three proteins, T7 DNA polymerase (gene 5 pro-
tein), T7 helicase/primase (gene 4 protein), and Es-
cherichia coli thioredoxin, account for the basic reac-
tions of leading and lagging strand synthesis at the
DNA replication fork of bacteriophage T7 (Richard-
son, 1983). The product of gene 5, a DNA polymerase,
forms a tight 1 1 complex with the 12-kDa thioredo-
xin of E. coli to achieve processivity of DNA synthesis
(Modrich and Richardson, 1975; Tabor et al, 1987).
Gene 4 encodes two polypeptides of 63-kDa and 56-
kDa, the latter resulting from an internal start site in
the same frame as the former. The 63-kDa gene 4
protein has both primase and helicase activity, while
the 56-kDa protein has helicase activity but is devoid
of primase activity (Bernstein and Richardson, 1988;
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(binding constant of 2.5X10° M™!) with a stoichiome-
try of approximately 7 nucleotides per monomer of
gene 25 protein (Kim et al, 1992a). The gene 25
protein has been implicated in T7 DNA replication,
recombination, and repair (Reuben and Gefter, 1973;
Kim et al, 1992a, b). Recently, Kim and Richardson
(1993) have shown by genetic analysis that gene 2.5
protein is indeed essential for T7 DNA replication and
growth; after infection of E. coli with T7 phage lacking
gene 25 protein, host DNA synthesis is shut off and
phage DNA synthesis is reduced to less than 1% of
phage DNA synthesis in wild-type T7-infected E. coli
cells.

Gene 2.5 protein is a dimer of two identical subu-
nits in solution (Kim et al, 1992a). In addition to
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its ability to interact with itself, it also physically inte-
racts with the T7 DNA polymerase (Kim et al., 1992
b). The interaction between gene 2.5 protein and the
gene 5 protein/thioredoxin complex has been demon-
strated by affinity chromatography and fluorescence
emission anisotropy (Kim et al, 1992b). The complex
contains one monomer each of gene 2.5 protein, gene
5 protein, and thioredoxin. In addressing the essential
role of gene 2.5 protein in vivo, one must consider
both the ability of the protein to bind to single-stran-
ded DNA and to interact with other replication pro-
teins. Gene 2.5 protein stimulates DNA synthesis ca-
talyzed by T7 DNA polymerase and increases the
processivity of polymerization on single-stranded tem-
plates (Kim et al, 1992b), a result consistent with a
'role of a single-stranded DNA binding protein (SSB)
in removing secondary structures that impede DNA
polymerase on single-stranded DNA. E. coli SSB pro-
tein, on the other hand, is even more effective in sti-
mulating T7 DNA polymerase (Kim et al,, 1992b), yet
it cannot substitute for gene 2.5 protein i vivo (Kim
and Richardson, 1993). One approach to determining
the specific roles of protein-protein interactions invol-
ving gene 2.5 protein is to identify the domain of
gene 2.5 protein involved in the ‘interaction and to
characterize mutant gene 2.5 proteins altered in this
domain. The carboxyl terminus of gene 2.5 protein is
highly acidic. This acidic region is thought to play a
role in the interaction with other replication proteins
(Burke et al, 1980). We have constructed a truncated
form of the gene 2.5 protein lacking the acidic carbo-
xyk-terminal 21 amino acid residues (Kim and Richar-
dson, 1994). The purified deletion mutant of gene 2.5
protein retains its ability to bind to single-stranded
DNA, but cannot interact with itself or with T7 DNA
polymerase. Additionally, mutant gene 2.5 protein no
longer stimulates DNA synthesis by the T7 DNA pol-
ymerase (Kim and Richardson, 1994). In this paper
we show by in vitro mutagenesis and biochemical ana-
lysis, that (i) the carboxyl terminal domain of gene
25 protein is essential for T7 growth, (ii) the gene

2.5 protein interacts with the 56-and 63-kDa gene 4
proteins, resulting in stimulation of primase activity of
gene 4 protein, and (iii) the carboxyl terminal mutant
gene 2.5 protein cannot interact with gene 4 protein,
resulting in no longer stimulatory effects on RNA-pri-
med DNA synthesis by gene 4 protein.

Materials And Methods

Bacterial Strains, Plasmids, and Phages— Strains
used in this experiment are listed in Table 1. E. coli
HMS 262, AN1, and JH21 strains lack the chromoso-
mal thioredoxin {(trxA). T7A25: :trxA was constructed
by homologous recombination and has a deletion of
gene 2.5 with an insertion of the E. coli trxA (thiore-
doxin) gene at the position of gene 2.5 (Kim and Ri-
chardson, 1993). Construction of pGP25-WT, which
encodes wild-type gene 2.5 protein, has been descri-
bed (Kim and Richardson, 1993). Gene 2.5 protein la-
cking the carboxyl terminal 21 amino acids (GP25-
A21C) has been described (Kim and Richardson,
1994).

Table 1. Escherichia coli strains used in this
study

Strains Genetic markers

HMS157  FrecB21 recC22 sbcAS endA gal thi sup
HMS174  FhsdR K12~ mK12" recAl

HMS262  FhsdR pro leu™ lac™ thi”

supE tonA™ trxA

JH21 F'pcnB80, AtrxA307

AN1 F Atrx307 metE::Tnl0

HB101 F A(merCmrr) leu supE44 arald lacYl

galK2 proA2 rpsL20(Str") xyl-5 mtl-1
recAl3

Proteins and Other Materials— Wild-type gene 2.5
protein was purified to apparent homogeneity from E.
coli cells overexpressing gene 2.5 protein as described
(Kim et al, 1992a). T7 gene 2.5 A21C protein (GP2.
5-A21C) was purified as described (Kim and Richar-
dson, 1994). T7 DNA polymerase (T7 gene 5
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protein and E. coli thioredoxin complex) was purified
from cells overproducing both polypeptides (Tabor et
al,, 1987). T7 gene 4 proteins consisting of both 56-
kDa and 63-kDa forms in equimolar amounts and 56-
kDa (small form) alone were purified as described
(Nakai and Richardson, 1988). Other enzymes were
from United States Biochemical Corp. T7 [*H] DNA
(10cpm/pmol) (Hinkle and Chamberlin, 1972) and
unlabeled T7 DNA (Richardson, 1966) were prepared
as previously described. Single-stranded M13mp7
[*H] DNA (45cpm/pmol) was prepared as described
by Matson and Richardson (1983). Unlabeled nucleo-
tides were from Pharmacia. [*H] labeled nucleoside
triphosphates were from Dupont-New England Nuc-
lear. DE81 filter discs were from Whatman, Affi-Gel
15 was from Bio-Rad Laboratories.

Measurements of DNA synthesis—DNA synthesis
was measured essentially as previously described
(Saito and Richardson, 1981). E. coli cells used in Ta-
ble 2 were grown with shaking at 30C in M9 CAA
medium. At a cell density of 3X10° cells per ml the
bacteria were infected with the indicated T7 phages
at a mo.i of 7. At the indicated times, aliquots (0.2
ml) of the phage-infected cells were removed and
placed in tubes containing 10ul of [*H] thymidine (50
uCi/ml) in order to measure DNA synthesis. After 90
sec incubation at 30T, growth was terminated by the
addition of 3ml of cold 5% trichloroacetic acid. The
acid-insoluble material was collected on GF/C filters
(Whatman) and washed three times with 3ml of ice-
cold 1M HCI and two times with 3ml of 95% ethanol.
The acid-insoluble radioactivity was measured in a to-
luene-based solvent in a liquid scintillation counter.

Affinity Chromatography—wild-type gene 2.5 pro-
tein (2mg) and GP2.5-A21C (2mg) were coupled to
Affi-Gel 15 as described (Kim et al, 1988; 1992b).
The efficiency of coupling to the resin was greater
than 90%. T7 gene 4 proteins (1mg/ml) were dialy-
zed against Buffer A (20mM TrisHCl, pH 75,

Table 2. Plating efficiencies of T7 phages on
various £, coli strains

Efficiency of Plating'

Strains/Plasmid - T T7A2s. e
AN1 <107° <107°
AN1/pGP25 (WT) <107° 092
AN1/pGP2.5A21C <10°* <107°
JH21 <107° <107°
JH21/pGP25 (WT) <107° 0.93
JH21/pGP2.5-A21C <10°° <107®
HMS262 <107° <107°
HMS262/pGP25(WT)  <107° 0.96
HMS262/pGP2.5-A21C  <107° <107?
HMS174 1 <1078

'Efficiency of plating is calculated by dividing the
number of plaque forming units on a given strain by
the number of wild-type T7 plaque forming units on
E coli HMS174.

*T7A2.5: trxA s selected and amplified on E. coli JH
21/pGP2.5(WT) cells.

0.1mM EDTA, 0.lmM DTT, and 10% glycerol), and
concentrated by centrifugation through an Amicon
Centricon 30 filter. The concentrated T7 gene 4 pro-
teins (0.25ml, 0.5mg) was mixed with 0.25ml (drained
volume) of the Affi-Gel 15 resin covalently linked to
wild-type gene 2.5 protein and GP2.5-A21C, separa-
tely. After incubating the mixture for 20min at 4T
with gentle mixing, the slurry was applied to a lml
Pasteur pipette column. The column was washed with
2ml of Buffer A. T7 gene 4 proteins were eluted from
the column with a step gradient of increasing NaCl
concentration; each step (2ml) contained buffer A
plus either 50mM, 100mM, 150mM, 200mM, or 250
mM NaCl. All steps were carried out at 4C and a flow
rate of 1ml/h. Fractions of 250ul were collected, the
absorbance at 280nm was measured, and aliquots
were assayed for gene 4 enzyme activity. Affinity ch-
romatography using BSA (5mg) as a control experi-
ment was carried out using the same procedure desc-
ribed above.

Enzyme Assays—The DNA polymerase assay
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was performed as described (Kim et al, 1992b). The
RNA-primed DNA synthesis assay for measuring pri-
mase activity of the 63 kDa gene 4 protein has bheen
described (Mendelman and Richardson, 1992). The
assay for primer synthesis by gene 4 protein was per-
formed as described (Nakai and Richardson, 1988).

Other Methods—Plating efficiencies of T7 wild-
type and T7A2.7: #rxA phages on various E. coli st-
rains were measured as follows. Bacterial strains were
grown at a density of 2X10® cells per ml. 0.1ml dilu-
tion of various T7 phages in LB were mixed with 0.2
ml bacterial culture and 3ml of top agar, plated on LB
'or LB/ampicillin plates. All plating were carried out
at 30C. [*H] Thymidine uptake into DNA after T7
phage infections on various E. coli strains has been
described (Kim and Richardson, 1993). The protocols
for immunoblot analysis of gene 4 proteins have been
described (Mendelman and Richardson, 1992). Absor-
ption spectra were recorded with a Shimadzu (Model
UV-160) and Hewlett Packard (Model 8452 A) spect-

rophotometer.

Results

Functional Analysis of Carboxyl Terminal
Domain of Gene 2.5 Protein

Growth of Phage T7—In order to examine the
role of the acidic C-terminal domain of the T7 gene
2.5 protein, The coding sequence for the carboxyl ter-
minal 21 amino acids of the protein was deleted (Kim
and Richardson, 1994). A plasmid (pGP25-A21C) ca-
rries the mutant gene 2.5 protein (GP2.5-A21C), lac-
king the 21 carboxyl terminal amino acids. In order
to determine if mutant gene 2.5 protein (GP2.5-A21
C) could support the growth of phage T7, we exami-
ned the ability of T7A2.5: -trxA (see Kim and Richar-
dson, 1993) to grow on strains in which GP2.5-A21C

is expressed. T7A2.5::trxA has the entire gene 2.5
replaced by the thioredoxin gene (trxA) of E. coli; T7
A25: :trxA phages are not viable and are defective in
DNA synthesis (Kim and Richardson, 1993). Wild-
type T7 and T7A25; :trxA phages were plated on E.
coli AN1 (trxA’) that contains plasmids producing ei-
ther wild-type gene 2.5 protein or GP2.5-A21C (Table
2). Growth of T7 phage in E. coli AN1 depends on
the expression of the phage encoded E. coli thioredo-
xin gene since T7 requires thioredoxin and E. coli AN
1 lacks the chromosomal thioredoxin gene (trxA). As
shown in Table 2, GP2.5-A21C does not complement
T7A25: trxA phage (efficiency of plating <107%),
whereas the plating efficiency of T7A2.5: :trxA phage
on cells containing wild-type gene 2.5 protein is nor-
mal. Other thioredoxin mutant strains, JH21 and HMS
262, also give similar results as shown in Table 2. We
conclude that the acidic C-terminal domain of gene 2.5

protein is required for gene 2.5 activity in vivo.

DNA Synthesis—T7 gene 2.5 protein is essential
for T7 DNA replication; in the absence of gene 2.5
protein, phage DNA synthesis is less than 1% of that
observed in wild-type phage infected cells (Kim and
Richardson, 1993). The kinetics of DNA synthesis af-
ter infection of E. coli HMS174/pGP2.5-WT and E. coli
HMS174/pGP2.5-A21C with T7A2.5; :trxA were com-
pared with those obtained with a wild-type phage in-
fection and T7A2.5; :trxA infection of E. coli HMS174
(Fig. 1). As shown previously (Kim and Richardson,
1993), there is a decrease in DNA synthesis in HMS
174 cells after infection with T7A2.5; :trxA, presuma-
bly due to the shut-off of host DNA synthesis and
there is no detectable DNA synthesis observed at any
time after infection. The defect in synthesis can be
overcome by complementation with a plasmid enco-
ding wild-type gene 2.5 protein. In striking contrast,
however, the C-terminal deleted gene 2.5 protein (GP
25-A21C) cannot restore any detectable DNA synthe-
sis in T7A25: :trxA phage infected cells (Fig. 1).
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Fig. 1. Time courses of rates of DNA synthesis
after infection,
The rates of DNA synthesis were measured
(see text) at intetvals after (A) infection of
E. coli HMS174 cells with T7 wild-type (@)
or T7A2.5::texA () phages, (B) infection
of £ coli HMS174/pGP2.5-WT ([0) or HMS
174/pGP2.5-A21C (@) with TA2S5: trxA
phages at a multiplicity of infection of 7 at
30C. The values of each point are an ave-
rage of data from two experiments.

Protein-Protein Interactions

Gene 25 Protein Affinity Chromatography—To
determine whether T7 the primase/helicase (gene 4
protein} could interact directly with gene 2.5 protein
using affinity chromatography, we examined its ability
to bind to gene 2.5 proteins covalently coupled to a
resin. Gene 25 proteins (wild-type and C-terminal
deleted mutant) were coupled to Affi Gel at a conce-
ntration of 2.0mg of proteins/ml of resin as described
under “Material and Methods.” The Affi-Gel resin co-
valently linked to wild-type gene 2.5 protein (0.25ml
of drained volume) was mixed with 0.5mg of T7 gene
4 proteins (56-kDa and 63-kDa proteins at equimolar
ratio). After incubation for 20min. at 4C with gentle
mixing, the mixture was applied to a column and elu-
ted with Buffer A containing increasing concentrations
of NaCl. In the absence of NaCl, greater than 90% of
the T7 gene 4 proteins bound to the resin (Fig. 2A).
Less than 10% of the T7 gene 4 proteins eluted with
NaCl concentrations of 50 and 100mM. However, upon
the addition of 150mM NaCl,~80% of the bound T7
gene 4 proteins eluted from the column. Eluted frac-
tions showed the activity of gene 4 proteins assayed
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by RNA-primed DNA synthesis (Fig. 2) and were re-
cognized by Western blot analysis using polyclonal
antibody raised against T7 gene 4 small form (Fig. 3).
In the experiments described above, the form of
the T7 gene 4 proteins applied to the column was the
helicase/primase (an equimolar ratio of the 56-kDa
and 63-kDa peptides; Nakai and Richardson, 1988),
bound to the column in the absence of NaCl, and both
peptides eluted together from the column in the pre-
sence of 150mM NaCl (Fig, 24, 3A). Neither peptide
was retained by the Affi-Gel resin coupled with BSA.
Thus the affinity of T7 gene 4 proteins for the resin
coupled to gene 2.5 protein is due to an interaction
of T7 gene 4 proteins with gene 2.5 protein, and not
to any nonspecific interactions between the gene 4
proteins and the resin. A preparation consisting solely
of 56-kDa gene 4 protein, that has helicase activity but
lacks primase activity (Bernstein and Richardson, 19
88), also bound to the Affi-Gel resin coupled with
gene 2.5 protein, and eluted at the same NaCl conce-
ntration (150mM) as the mixture. Thus T7 helicase/
primase interacts with gene 2.5 protein, albeit with a
weaker affinity than the interaction between gene 2.5
protein and T7 DNA polymerase (Kim et al, 1992b).
However, T7 primase/helicase does not bind to the
Affi-Gel resin coupled to C-terminal deleted gene 2.5
(GP2.5-A21C) protein (Fig. 2B, 3B). Approximately
95% of the gene 4 protein was eluted from the co-
lumn with Buffer A in the absence of NaCl. The re-
maining 5% was eluted with 50mM NaCl. This result
with GP-A21C is in marked contrast to that of obtai-
ned with wild-type gene 25 protein, concluding that
the acidic C-terminal region of gene 2.5 is responsible
for protein-protein interaction with gene 4 protein.

Stimulation of T7 Primase Activity—GP25-A21C
does not physically interact with T7 DNA polymerase,
yet retains its ability to bind to single-stranded DNA
(Kim and Richardson, 1994). We compared the ability
of wild-type gene 25 protein and GP25-A21C to
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% RNA-primed DNA Synthesis Activity (A--A)

Fraction Number

Fig. 2. Gene 2.5 Proteins affinity chromatography
of T7 gene 4 proteins.
T7 gene 4 proteins were applied to Affi-Gel
resin coupled to GP2.5 protein (A) or GP2.
5-A21C protein (B) as described under
“Materials and Methods.” T7 gene 4 pro-
teins were eluted from the column using 2-
ml step gradients containing 0, 50, 100,
150, and 200mM NaCl (top arrows). 4004
fractions were collected, the absorbances at
280nm were determined (@), and aliquots
were assayed for RNA-primed DNA synthe-
sis (A). T7 gene 4 proteins eluted from
Affi-Gel resin coupled to GP2.5 protein at
150mM NaCl (A) and GP2.5-A21C protein
at OmM NaCl (B}, respectively.

stimulate RNA-primed DNA synthesis by gene 4 pro-
tein and T7 DNA polymerase as described under
“Material and Methods” (Fig. 4). Wild-type or mutant
gene 25 protein was added to a constant amount of
T7 gene 4 protein and RNA-primed DNA synthesis
was measured. As shown in Fig. 4, wild-type gene 2.5
protein is very effective in stimulating RNA-primed
DNA synthesis, while GP2.5-A21C does not stimulate
T7 gene 4 protein activity significantly. RNA-primed
DNA synthesis, when used to measure gene 4 pri-
mase activity, measures the amount of DNA synthesis

2 3456 789

A 1

B 123456789

Fig. 3. Western Blot Analysis of gene 4 proteins
after affinity chromatography.
T7 gene 4 protein (both 63 kDa and 56
kDa) was chromatographed to Affi-Gel re-
sin coupled to GP2.5 protein (A) or T7
gene 4 small form (56 kDa) to GP2.5-A21C
protein (B) as described under “Materials
and Methods.” Aliquots (10~2041) from
eluted fractions were treated with loading
buffer (60mM Tris-HCl, pH 6.8, 1% p-mer-
captoethanol, 3% sodium dodecyl sulfate
(SDS), 10% glycerol, and 0.01% bromo-
phenolblue), heated to 95C for 5 min, and
loaded onto a 10% SDS-polyacrylamide gel.
The procedures for transfer of proteins to
nitroceliulose membrane and detection of
gene 4 protein by immunoblot analysis
have been described (Mendelman and Ri-
chardson, 1992). (A), lanes represent T7
gene 4 protein (63-kDa and 56-kDa) from
Affi-Gel resin coupled to wild-type GP2.5
protein; eluted fractions are 50mM (lane 1-
2), 100mM (lane 3-4), 150mM ( 5-7), 200
mM (8-9) of NaCl. (B), lanes represent
gene 4 small form (56-kDa) eluted from
Affi-Gel resin coupled to GP2.5-A21C pro-
tein; OmM (lane 1-2), 50mM (fane 3-4),
100mM ( 5-6), 150mM (7-8), 200mM (9)
of NaCl.

initiated by primer synthesis. An important effect to
consider is the ability of the gene 2.5 protein to
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promote strand-displacement synthesis because st-
rand-displacement DNA synthesis cannot be promoted
by the gene 4 protein (Engler and Richardson, 1983).
In the presence of gene 2.5 protein, it is possible that
strand-displacement DNA synthesis beyond the RNA
primers may take place, promoting processive st-
rand-displacement synthesis by T7 DNA polymerase.
Moreover, T7 gene 2.5 protein also stimulates CMP
incorporation (gene 4 primase activity) by 4-fold
whereas C-terminal truncated gene 25 protein (GP
2.5-A21C) is much less potent stimulating primer sy-
nthesis (Fig. 5). This result suggests that T7 wild-
type gene 2.5 protein stimulates RNA-primed DNA
synthesis not only by stimulating primase activity but
also by promoting efficient usage of primers by T7
DNA polymerase and that C-terminal region of gene

25 protein is essential for stimulation of T7 primase

activity.
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Fig. 4. Effect of GP2.5 Proteins on RNA-primed
DNA synthesis by T7 gene 4 proteins.
The incorporation of [*HIdTMP into DNA
was determined as described under “Mate-
rials and Methods.” Each reaction mixture
(50u) contained 50mM NaCl, 0.3mM each
of [*H1dTTP (85cpm/pmol), dATP, dGTP,
dCTP, CTP, and ATP, 1.0ug of M13mpé6
DNA, 125ng of T7 DNA polymerase (27
nM), 21ng of T7 gene 4 protein (7nM),
and the indicated amounts of T7 wild-type
gene 2.5 protein (), GP2.5-A21C (e).
Incubation was at 30T for 20min.
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Fig. 5. Stimulation of the gene 4 primase activity
by GP2.5 Proteins. )
Reaction mixtures (254) contained reaction
buffer TmM TTP, 0.3mM ATP 50uM [a-*2P]
CTP (8000cpm/pmol), 0.5ug of M13 DNA,
42ng of T7 gene 4 protein (14nM), and the
indicated amounts of T7 wild-type gene 2.5
protein ([J), GP2.5-A21C (®). Incubation
was at 30C for 20 min. The products of the
reaction were treated with calf intestine
phosphatase, absorbed to Norit, dried, and
counted in a noaqueous liquid scintillation
mixture as described (Nakai and Richard-
son, 1988).

Discussion

Author has recently shown that T7 phages with a
deletion of gene 2.5 do not grow in E. coli and they ,
are defective in DNA replication (Kim and Richard-
son, 1993). The essential nature of gene 2.5 protein
for T7 growth and DNA synthesis could be explained
for its specific interaction with other phage encoded
replication proteins, and for its role in recombination
and repair. Biochemical studies on the purified gene
2.5 protein have previously demonstrated its physical
interaction with T7 DNA polymerase by affinity chro-
matography and fluorescence emission anisotropy
analysis (Kim et al, 1992b). The one to one complex
is stable at moderate ionic strength but dissociates
when the ionic strength of the medium is increased
above 250mM. T7 gene 25 protein stimulates the
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activity of T7 DNA polymerase (gene 5 protein/thio-
redoxin complex) on single-stranded DNA templates
( Kim et al, 1992b). '

In this study it has been evaluated that gene 2.5
protein physically interacts with another replication
protein, the gene 4 proteins of T7 that provide for
helicase and primase function. The specific interaction
between gene 2.5 protein and T7 gene 4 proteins was
detected by affinity chromatography. Furthermore, T7
wild-type gene 2.5 protein greatly increases the rate
of initiation of RNA-primed DNA synthesis and pri-
mer synthesis not only by stimulating primase activity
but also by promoting efficient usage of primers by
T7 DNA polymerase. However, the reason for these
interactions in T7 is not known in detail. This effect
“can partly account for the increased initiation rate of
RNA-primed DNA synthesis. The specific interaction
reflects a requirement for a highly ordered structure
at the replication fork to coordinate leading-and lag-
ging-strand DNA synthesis.

In order to gain insight into the role of the protein-
protein interactions discussed above, the domain of
gene 25 protein likely to be involved in these intera-
ctions was deleted. We deleted 21 amino acids from
the carboxyl terminus of gene 2.5 protein, a highly
acidic domain thought to be involved in protein-pro-
tein interactions in other single-stranded DNA binding
proteins (see Chase and Williams, 1986). The trunca-
ted gene 2.5 protein, GP2.5-A21C can not substitute
for wild-type gene 2.5 protein in vivo.

In view of the effect of the carboxyl terminal dele-
tion on gene 2.5 protein, we were particularly interes-
ted in determining if the truncated gene 2.5 protein
still retained the ability to interact with T7 gene 4
protein or stimulate its activity. The purified trunca-
ted protein does not physically interact with T7 gene
4 protein. T7 gene 4 protein does not bind to the Affi-
Gel resin coupled to C-terminal deleted gene 2.5 pro-
tein, demonstrating that C-terminal acidic domain is
important for physical interaction between gene 4
protein and gene 2.5 protein. Additionally, wild-type
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gene 2.5 protein is very effective in stimulating pri-
mer activity, while GP25-A21C does not stimulate
primase activity of T7 gene 4 protein significantly.
This result suggests that C-terminal region of gene
2.5 protein is essential for protein-protein interactions
with gene 4 proteins and for stimulation of T7 pri-
mase activity. Results from the studies on the DNA
replication of bacteriophage T7 using biochemical and
molecular biological techniques will be applied to in-
vestigate on the replication system of marine microor-

ganisms.
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£ d7dME f4dA BEAVIFE A8, EANETH WS AHESS bacteriphage T7S o2
H73Ah. Bacteriophage T79 F3zF &4, A2, $44] 4 GBAZ ZL35 % gene 25 THAY A
AW 7150 g FH83 A7 dfAE 2 AAGS 24 dNAEgy 52 g dFE
“FtAth AT Z gene 25 FH AL DNA EAA B4 FAGRAR 850] EMAAHNAN G482 A
#dste A4 W FAE DNA polymerase, helicase/primasest 3 “ A auld 435 5 284S 3=
AE FYIAAT. 53 gene 25 B A9 C-terminal domain®] FHE oo H$ B thAES 435
Zgo] Ao HA waA Cterminal domain®l gene 25 B A9 7|5o) BfLH o2 RoeS Y&s4.
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