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Abstract

Bacteriophage T7 gene 2.5 protein, a single-stranded DNA binding protein, is required for T7 DNA replication, re-
combination, and repair. T7 gene 2.5 protein has two distinctive domains, DNA binding domain and C-terminal do-
main, directly involved in protein-protein interaction. Gene 2.5 protein participates in the DNA replication of Bacte-
riophage T7, which makes this protein essential for the T7 growth and DNA replication. What gene 2.5 protein ma-
kes important at T7 growth and DNA replication is its binding affinity to single-stranded DNA and the protein-pro-
tein interaction with T7 DNA replication proteins which are essential for the T7 DNA synthesis. We have constructed
pGST2.5(WT) encoding the wild-type gene 2.5 protein and pGST2.5A21C lacking C-terminal 21 amino acid resi-
dues. The purified GST-fusion proteins, GST2.5(WT) and GST2.5A21C, were used for whether the carboxyl-terminal
domain participates in the protein-protein interactions or not. GST2.5(WT) and GST2.5A21C showed the difference
in the protein-protein interaction. GST2.5(WT) interacted with T7 DNA polymerase and gene 4 protein, but GST2.5
A21C did not interact with either protein. Secondly, GST2.5(WT) interacts with gene 4 proteins (helicase/primase)
but not GST2.5A21C. These results proved the involvement of the carboxyl-terminal domain of gene 2.5 protein
in the protein-protein interaction. We clearly conclude that carboxyl-terminal domain of gene 2.5 protein is firmly

involved in protein-protein interactions in T7 replication proteins.
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Introduction

Four proteins, T7 gene 5 protein, T7 helicase/pri-
mase, T7 gene 2.5 protein, and E. coli thioredoxin, ac-
count for the fundamental reactions that occur at the
replication fork of bacteriophage T7."* The product of
gene 5 (80 kDa) is a DNA polymerase, catalyzing the
polymerization of nucleotides with low processivity. E.

coli thioredoxin confers gene 5 to high processive DNA

! Corresponding author

polymerase. Gene 4 encodes two proteins of 56 kDa
and 63 kD that supply helicase and primase functions
to allow leading and lagging strand DNA synthesis at a
replication fork on duplex DNA.>"® The product of
gene 2.5 is a single-stranded DNA binding protein that
is essential for T7 DNA replication, recombination and
repair.**" 1 And it has been suggested that gene 2.5
protein interacts with other essential proteins of the T7

DNA replication complex ;: T7 DNA polymerase and
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the T7 63- and 56- kDa gene 4 proteins.>®'"'" Gene
2.5 protein stimulates DNA synthesis catalyzed by the
T7 DNA polymerase on single-stranded DNA templates
and increases the processivity of the reaction.’®”'" The
ability of gene 2.5 protein to stimulate synthesis of pri-
mers by gene 4 protein, has also been confirmed by af-
finity chromatography.®'° ' Gene 4 proteins exist as
heterohexamer of helicase/primase complex.'® The 56-
kDa gene 4 protein is a helicase that catalyzes the un-
winding of duplex DNA at the replication fork. The 63-
kDa gene 4 protein of an additional 63 amino acids at
its amino terminus is a primase catalyzing the synthesis
of tetraribonucleotides on single-stranded DNA, which,
in turn, serve as primers for T7 DNA polymerase on the
lagging strand.*”®’

Recently, the carboxyl-terminal acidic domain of gene
2.5 protein was thought to play a role in the interaction
of this protein with other replication proteins.””'® The
carboxyl-terminus of gene 2.5 protein is highly acidic.
The acidic domain plays an important role in the intera-
ctions of this protein with other replication proteins.'®
Kim and Richardson have constructed a truncated form
of gene 2.5 lacking the carboxyl-terminal 21 amino acid
residues.'” The deleted mutant of gene 2.5 protein can-
not support the growth of T7 phage lacking gene 2.5.
To confirm the protein-protein interactions of gene 2.5
protein with T7 DNA polymerase and gene 4 protein
(helicase/primase), we have constructed gene 2.5 fusion
proteins fused to Glutathione S-transferase (GST) gene,
named wild-type gene 2.5 to GST gene as GST-2.5
(WT) and 21 C-terminal amino acids deleted gene 2.5
to GST gene as GST-2.5A21C, respectively. GST fusion
system is a integrated system for the expression, purifi-
cation, and detection of fusion protein produced in E.
coli. In the present study, we describe the purification
and characterization of fusion proteins purified from the
bacterial lysates by Glutathione-Sepharose-4B affinity
chromatography and shows the direct protein-protein

interactions of fusion gene 2.5 proteins and T7 replica-

186 / A4 7}5H3] )

tion proteins using Western blot analysis.

Materials and Methods

Bacterial strain, Plasmid, and Bacteriophages

E. coli HB101(F-AlmerCmrr) leu supE44 arald lacYl
K2 proA2 rpsL20(Str) xl-5 mil-1 recAl3) was used in
this study. The expression vector, pGEX-3X was from
Pharmacia. The growth and manipulation of bacterial st-

rain and bacteriophage T7 was described previously.>”

Proteins and Other materials

Antibodies of gene 5 protein plus thioredoxin (T7
DNA polymerase), gene 4 protein (helicase/primase),
and gene 2.5 protein were from Harvard medical school.
Restriction enzymes were from U. S. Biochemical Corp.
and New England Biolabs. Goat anti-rabbit IgG Alkaline
phosphatase was purchased from Gibco BRL. Gluta-
thione-Sepharose-4B was obtained from Pharmacia. NBT
and BCIP were from Gibco BRL. Protein standards and
Coomassie Brilliant Blue were from Bio-Rad. Benzami-
dine hydrochloride and Phenylmethylsulfonylfluoride

were from Sigma.

Construction of pGST2.5 and pGST2.5A21C

DNA fragments were prepared and cloned by stan-
dard procedures.’® E. coli HB101 was transformed with
the designated plasmids. To construct pGST2.5, pGP2.
5-1 containing wild-type gene 2.5 was digested with
BamHI, filled in, and cleaved with Ndel (Kim and
Rchardson, 1993). pGEX-3Xb, a derivative of pGEX-3
X, which was constructed by Polymerase chain reaction
using two primers, 5-AAT TAA CAC AGT CTA TGG
CCA-3 and 5-TAT ACG TGG ATC CCC AGA TCC
GAT TTT GGA GGA Tg-3’, was digested with EcoR],
filled in with E. coli Klenow fragments, digested again
with Ndel and then ligated with the insert containing
the wild-type gene 2.5(Fig 1A). To construct pGST2.5A
21C, pGP2.5A21C was amplified with 5-end primer ; 5™
CGT AGG ATC CAT ATG GCT AAG AAG ATT TTC
ACC TC-3 containing BamHI site and 3end primer



Functional Studies on Gene 2.5 Protein of Bacteriophage T7 : Protein Interactions of Replicative Proteins

A B

T7 ¢10 T7 910

BamHI

Gene 2.5 Gene 2.5

Gene 2.5
pGST2.5(WT) ' pGST2.5A21C

r r
amp amp

Fig. 1. Construction of pGST-2.5 and pGST-2.5A21C.
A. Gene 2.5 was digested from pGP2.5(WT) and ligated into pGEX-3Xb at Ndel and Bam HI sites, a deriva-
tive of pGEX-3X as described under “Experimental Procedures”. B. Gene 2.5A21C was amplified by PCR
and ligated into pGEX-3X at BamHI and EcoRI sites.

i 5-TTT GGT GCG ATT CTT AAG AGC-3’ containing Overexpression and Purification of GST2.5(WT) and
EcoRI site. The amplified product was purified, digested GST2.5A21C

with BamHI and EcoRI, and then ligated into pGEX-3X The purification of GST fusion proteins could be
digested with the same enzymes(Fig. 1B). achieved in a simple one-step procedure from crude cell
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lysates. E. coli HB101/pGST2.5 or/pGST2.5A21C were
grown overnight in 2 ml of 1.6% tryptone, 1% yeast
extract, 0.5% NaCl, 2% glucose (pH 7.0) and 100pg
/ml ampicillin with aeration at 37TC. These cultures
were diluted 1 I 10 into fresh pre-warmed 10 ml of 1.6
% tryptone, 1% yeast extract, 0.5% NaCl, 2% glucose
(pH 7.0) and 100um! ampicillin. At a cell density cor-
responding to Asco=1, 100 mM isopropyl-B-D-thiogala-
ctopyranosid was added to a final concentration of 0.5
mM to induce the expression of GST2.5(WT) and GST
2.5A21C fusion proteins. After induction, the cells were
incubated for another 2 hr and then harvested by cent-
rifugation at 6,000Xg for 10 min in a Sorvall ss-34 ro-
tor. The cell pastes were resuspended in 1 ml of ice-cold
1XPBS (150 mM NaCl, 2.7 mM KCl, 10 mM Na,HPO
4, 1.8 mM KH,PO, (pH 7.3)) containing 0.1 mM phe-
nylmethylsulfonylfiouoride and 1 mM EDTA, and 250
pml of lysozyme {10mg/ml). The suspensions were ly-
sed and centrifuged for 10 min at 12,000Xg at 4C.
The supernatants were collected. One hundred microlit-
res of the 50% slurry of Glutathione-Sepharose-4B
equilibriated with 1XPBS was added to the supernata-
nts, and incubated with gentle agitation at room tempe-
rature for 30 min. The suspensions were centrifuged for
5 min at 500Xg at 4C to sediment the matrix. The su-
pernatants were removed and the Glutathione Sepha-
rose-4B pellets were washed 3 times with 1 ml of 1X
PBS. GST2.5(WT) and GST2.5A21C proteins bound to
the matrix were used as a affinity chromatography.

Preparation of Phage-infected Cells and Cell Extract

This procedure is a slight modification of and Kim
and Richardson.?*'® E. ¢coli HB101 was grown at 37C
in LB broth(1% trypton, 0.5% yeast extract and 1%
NaCl). At a cell density of 109/ml(A590=2.0), T7
phage were added at a multiplicity of 5. Fifteen minutes
after infection, the culture was chilled quickly to 4T
and then harvested by centrifugation at 6000Xg for 10
min. The cell paste were resuspended in 50 mM Tris-
HCl, pH 7.5, 25 mM EDTA and 10% sucrose and
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again harvested by centrifugation. The cell paste were
resuspended in 50 mM Tris-HCl, pH 7.5, 1 mM EDTA
and 10% sucrose at a cell density of 8X10' cells/ml
and stored at —80T.

To prepare cell extract, frozen cells were thawed and
incubated with 250uml of lysozyme at 0C for 15 min
in the presence of 100 mM NaCl, 10 mM benzamidine
hydrochloride and 0.5 mM phenylmethylsulfonyl fluo-
ride. The suspension was incubated in a 37T water
bath until the temperature reached to 20T and was
then quickly cooled on ice to 4C. The lysate was clari-
fied by centrifugation in Sorvall ss-34 rotor at 20,000
rpm for 30 min.

Reactions between GST2.5(WT) and GST2.5A21C,
and T7 phage-infected cell extract

GST-fusion proteins, GST2.5(WT) and GST2.5A21C,
respectively, were incubated with phage-infected cell ex-
tract for 15 min at 30C with little agitation. The reac-
tion mixture were centrifuged at 500Xg for 5 min. The
interactive proteins with GST2.5(WT) or GST2.5A21C
bound to affinity resin were copurified, and washed 10
bed volume of 1XPBS, and treated with loading buffer
(60 mM Tris-HCl, pH 6.8, 1% ¢ a-mercaptoethanol, 3
% SDS, 10% glycerol, and 0.001% bromophenolblue).
Samples were run on 12% polyacrylamide gel electro-
phoresis in the presence of 0.1% SDS and stained with

Coomassie Brillant Blue.!®

Western Blot Analysis

The GST-fusion proteins, GST2.5(WT) and GST2.5A
21C, and copurified proteins including T7 replicative
proteins were fractionated by SDS-PAGE. The proteins
were transferred from gel onto the nitrocellulose filters
for 2 hrs at 220 mA. The filters were agitated in the
blocking buffer 1 hr, then in the diluted antibodies of
gene 5 protein plus thioredoxin, gene 4 protein and gene
2.5 protein, respectively, and incubated at room tempe-
rature for 1 hr. The filters were washed with PBST, in-

cubated in the goat-anti rabbit-IgG-alkaline phosphatase
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conjugate solution, and then developed in the NBT/BCIP

solution.

RESULTS

Overexpression and Purification of GST2.5(WT) and
GST2.5A21C

GST fusion proteins, GST2.5(WT) and GST2.5A21C
were overexpressed on the plasmids, pGST2.5 and
pGST2.5A21C, respectively, under the control of fac
promoter. These proteins were purified by a single step

1 2 3 45 17

Fig. 2. Purification of GST-fusion proteins.

GST-fusion proteins, GST-2.5(WT) and GST-2.5
A21C, were purified by affinity chromatography
and resolved by 12% polyacryamide gel electro-
phoresis in the presence of 0.1% sodium dode-
cyl sulfate. Purification of GST-fusion proteins
was described under “Experimental Procedures”.
Lane 1, uninduced cell extract of pGST-2.5
(WT) 5 lane 2, induced cell extract of pGST-2.
53 lane 3, uninduced cell extract of pGST-2.5A
21C s lane 4, induced cell extract of pGST-2.5A
21C; lane 5, GST protein as control ; lane 6,
purified GST2.5(WT) : lane 7, purified GST-2.5
A21C. The molecular mass standards are indica-
ted at the left.

affinity chromatography using Glutathione Sepharose-4
B. The protein-protein interactions were monitored with
protein bands by SDS-PAGE and Western blot analysis
using antibodies raised against wild-type gene 2.5 prot-
ein.

Approximately 30ug of GST-fusion proteins were re-
covered from 10 ml of induced cells. The purified GST
2.5(WT) and GST2.5A21C proteins appear to be ho-
mogeneous as judged by SDS-PAGE(Fig. 2).

Protein-protein Interactions

The purified GST2.5(WT) and GST2.5A21C were
used for affinity chromatography to confirm whether
gene 2.5 protein interact with T7 replication proteins :
T7 DNA polymerase and helicase/primase through the
acidic carboxyl-terminal domain of gene 2.5 protein.
Kim and Richardson have previously shown that puri-
fied T7 DNA polymerase interact with gene 2.5 protein
as one to one complex and gene 4 proteins also interact
with gene 2.5 protein,'®'" However, gene 2.5 protein
lacking 21-arboxyl terminal amino acid residues do not
interact with T7 DNA polymerase and gene 4 proteins
(helicase/primase).'® 1217

Ten micrograms of purified GST2.5(WT) and GST2.5
A21C were reacted with T7 phage infected cell extract
containing T7 DNA replicative proteins as described in
“Materials and Methods.” The proteins copurified with
GST2.5 (WT) and GST2.5A21C were resolved onto a
SDS-PAGE, transferred onto nitrocellulose filter. And
protein-protein interactions were detected with antibo-
dies raised against T7 DNA polymerase and gene 4 pro-
tein, respectively(Fig. 3).

Interaction of GST-gene 2.5 fusion proteins and T7 DNA
Dolymerase

T7 DNA polymerase was copurified with GST2.5
(WT) as a complex form and detected with antibodies
raised against T7 DNA polymerase, indicating that GST
2.5(WT) interacted with T7 DNA Polymerase(Fig. 3
A). While GST2.5A21C containing C-terminal deletion
gene 2.5 protein less effectively interacted with T7
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DNA polymerase, indicating that the carboxyl-terminal
domain of gene 2.5 protein responsible for protein-pro-
tein interaction between T7 DNA polymerase and gene
2.5 protein(Fig. 3A). GST2.5A21C could not form the
complex with T7 DNA polymerase. These result obtai-
ned here strongly support the report that carboxyl-ter-
minus of gene 2.5 protein plays a crucial role in the
growth and replication of T7, and interaction with T7

2,11)

DNA polymerase.
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Fig. 3. Western Blot of T7 DNA replication proteins.
Detection of a interactive proteins with GST-fu-
sion proteins as described under “Experimental
Procedures”. The proteins from the SDS-polyacy-
lamide gel were transferred to a nitrocellulose
membrane. T7 DNA polymerase and gene 4
proteins were detected using the antibodies rai-
sed against each protein. The Western blot was
developed using the chromogenic substrate 5-
bromo-4-chlorl-3-indolyl phosphate/nitrobluetet-
razolium (BCIP/NBT). The detected proteins
were as follows s A. T7 DNA polymerase. B.
gene 4 proteins (helicase/primase).

Interaction of GST-gene 2.5 fusion proteins and T7 heli-
case/primase
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T7 gene 2.5 protein increases the frequency of initia-
tion of lagging strand DNA synthesis by greater than 10
fold, suggesting specific interaction of gene 2.5 protein

with gene 4 proteins 507 111571%

It plays an regulatory
role at the DNA replication fork for the coordination of
leading and lagging strand DNA synthesis of bacterio-
phage T7."¥ As shown in Fig. 3B, gene 4 protein inte-
racted with GST2.5(WT), not with GST2.5A21C. GST
2.5(WT) containing the carboxyl- terminus could inte-
ract with gene 4 proteins (helicase/primase). This data
also confirmed that carboxyl-terminal domain plays an
essential role in gene 2.5 protein-gene 4 protein interac-

tion.

DISCUSSION

Gene 2.5 protein is essential for T7 DNA replication
and growth.”’ GP2.5A21C protein lacking 21 carboxyl-
terminal domain cannot support the growth and replica-
tion of bateriophage T7, indicating that it cannot inte-
ract with T7 DNA replication proteins.!”’ This data
means that the carboxyl-terminus of gene 2.5 protein
plays an essential role in the T7 DNA replication th-
rough the protein-protein interaction with T7 DNA pol-
ymerase.

T7 gene 2.5 protein increases the frequency of initia-
tion of lagging strand DNA synthesis by greater than 10
fold, suggesting specific interaction of gene 2.5 protein
with gene 4 proteins.>**!” Gene 4 protein plays an re-
gulatory role in the DNA replication fork for the coordi-
nation of leading and lagging strand DNA synthesis of
bacteriophage T7.'® At the T7 DNA replication fork,
leading and lagging strand synthesis are coupled and the
replication proteins are recycled. Taken together, the
protein-protein interaction at the replication fork of T7
plays an essential role in the DNA synthesis.

The most update experiments that were performed at
the minimal replication fork have revealed that at the
replication fork of bacteriophage T7, the T7 replication
proteins are regulated to couple the leading and lagging
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strand DNA synthesis through the recycling of replica-
tion proteins. The recycling mechanism, not yet known
well though, is thought to be controlled by the gene 4
proteins and the gene 4 proteins is the powerful candi-
date for coordinating events on the leading and lagging
strand. This coordination can be described in terms of
coupling and recycling. Coupling can be defined as the
interaction between proteins responsible for leading and
lagging strand synthesis, an interaction that results in
interdependent synthesis of both strands. Recycling can
be defined as the repeated use of the same lagging st-
rand replication proteins in Okazaki fragment synthesis
through interactions with the leading strand replication
proteins. In the experiment performed by Debyser et al.,
1994, the processivity of leading and lagging strand
DNA synthesis dramatically increased in the presence of
gene 2.5 protein."® It has been interpreted that the co-
mplex of gene 4 proteins requires the T7 gene 2.5 pro-
tein to remain bound to the replication fork during DNA
synthesis. The previous results strongly suggested that
the protein-protein interactions at the T7 DNA replica-
tion fork are important for those coordination. The re-
sults obtained in this study demonstrate that T7 DNA
replication proteins interact one another.

The precise role of gene 2.5 protein i wivo is not
known well so far, but this protein interacts strongly
with T7 DNA replication proteins. This protein-protein
interactions make gene 2.5 protein essential for and
make possible the recycling and coupling of DNA syn-
thesis in Bacteriophage T7.

Acknowledgments

This work was supported by a grant No. KOSEF, 951
—0502—019—1 from the Korea Science and Enginee-

ring Foundation.

REFERENCES

1. Richardson, C. C.: Bacteriophage T7 i Minimal re-

quirements for the replication of a duplex DNA mo-
lecule. Cell, 33, 315—317(1983).

2. Kim, Y. T., and Richardson, C. C. ! Bacteriophage T
7 gene 2.5 protein ; an essential protein for DNA
replication. Proc. Natl. Acad. Sci, USA., 90, 10173
—10177(1993).

3. Dunn, J. J., and Studier, F. W. ! Complete nucleotide
sequence of bacteriophage T7 DNA and the loca-
tions of T7 genetic elements. /. Mol. Biol., 166, 477
—535(1983).

4. Bernstein, J., and Richardson, C. C.  Purification of
the 56 kDa component of the bacteriophage T7
primase/helicase and characterization of its nucleo-
side 5-triphosphate activity. Proc. Natl. Acad. Sci., U.
SA., 85, 396—400(1988).

5. Bernstein, J., and Richardson, C. C.: Characteriza-
tion of the primase and helicase activities of the 63
kDa component of the bacteriophage T7 gene 4
protein. J. Biol. Chem., 264, 13066 —13073(1989).

6. Reuben, R. C., and Gefter, M. L. © A DNA binding
protein induced by bacteriophage T7. Proc. Natl.
Acac. Sci, USA., 70, 1846—1850(1973).

7. Araki, H,, and Ogawa., H. A T7 amber mutant de-
fective in DNA binding protein. Mol Gen. Genet.,
183, 66— 73(1981).

8. Nakai, H.,, and Richardson, C. C. . The effect of the
T7 and Escherichia coli DNA binding proteins at the
replication fork of bacteriophage T7. J. Biol. Chem.,
263, 9831—9839(1988).

9. Kim, Y. T., Tabor, S., Bortner, C., Griffith, J. D., and
Richardson, C. C. : Purification and characterization
of the bacteriophage T7 gene 2.5 protein. /. Biol.
Chem., 267, 15022—15031(1992).

10. Kim, Y. T., Tabor, S., Churchich, J. E., and Richard-
son, C. C.: Interactions of gene 2.5 protein and
DNA polymerase of bacteriophage T7. ] Biol
Chem., 267, 15032—15040(1992).

11. Kim, Y. T., and Richardson, C. C. : Acidic carboxyl-
terminal domain of gene 2.5 protein of bacterio-
phage T7 is essential for protein-protein interac-
tions. J. Biol. Chem., 269, 5270—5278(1994).

12. Kim, Y. T.: Biochemical and Molecular biological
studies on the DNA replication of bacteriophage T7.
J. Korean. Fish. Soc., 28, 209—218(1995).

13. Debyser, Z., Tabor, S., and Richardson, C. C. : Coor-
dination of leading and lagging strand DNA synthe-
sis at the replication fork of bacteriophage T7. Cell,
77, 157-166(1994).

14. Meyer, R. and Laine, P. S.: A single stranded

Korean ], Life Science, Vol. 6. No.3(1996. 9) / 191



Hak-Jun Kim and Young-Tae Kim

DNA-binding protein E. coli. Microbiological Reviews., ring the assembly of the head bacteriophage T4.
54, 342—380(1990). Nature, 277, 680—685(1970).

15. Sambrook, J., Fritsch, E. F., and Maniatis, T.:In 17. Kim, Y. T, Lee, S. G., and Kim, H. J. : Molecular
Molecular Cloning 3 A Laboratory Manual, Cold Sp- Biochemical studies on the DNA replication of bac-
ring Harbor Laboratory (2nd Ed), Cold Spring Har- teriophage T7 . Functional analysis of amino-termi-
bor, New York(1989). nal region of gene 2.5 protein. /. Biochem. Mol. Biol.,

16. Laemmli, U. K. : Cleavage of structural proteins du- 28, 484—489(1995).

=2 : wef2| 2ol T72) 7)ol B3t 917 | BHEMZII0| T AAg

A%E - A (2R MR

U2 2 32) T7 gene 2.5 BMAL single-stranded DNA 2% @A e ez o3x) T79] DNA
B, Az, 2 54 BeHen 279 Gene 2.5 protein T72 DNA §H43 Aatd d549)
@ Aotk Gene 2.5 protein®] F8A] He olf& o] Bl o] 779 thE B4 H4-wh A2l T7 DNA
polymerase € gene 4 proteins(helicase/primase) %t M2 45248 Foz AAHAU7] BFo|th(Kim
and Richardson, J. Biol. Chem., 1992 5 1994). o] d¥jdo] child — i F5 288 b5 st
domain2 carboxyl-terminal domaind Ae& o8] AHA hFHU7|ol, o] domain®] EAE slets}
7) A8 R T Hol A gene 2.5 BMAEE 77 GSTo §8E F fusion BHEL A A AL
o] &% YHAL9 carboxyl-terminal domain®] T7 &4 Y HEY JF 24L& FAHERAE 2AE}HY)
93} affinity chromatography® ©]&3tHcth. A% ZAs, ofAE GST-gene 2.5 §FANA(GST-2.5
(WT))E T7 DNA polymerase & 3248 34T, Hold §HWA(GST-2.5A21C) % interac-
tion® &4 EF} o] AHE carboxyl-terminal domaine] W¥) A -l A FE2teS e FHH
2 Bodte AL $Hsgh 3, GST2.5(WT) T gene 4 protein(helicase/primase) ¢ 33 432

£ 3} GST2.5A21CE 233ES 34 Rdle 2oz vtk whelA gene 4 proteinss}te] 43
Ao % gene 2.5 protein®] carboxyl-terminal domain©] #F # ke HAo) FHHYTh o4 A
ol A gene 2.5 protein BE|E] L.3A] T79) FHA EA A G-l A 33280 Hefdtn], 53,
gene 2.5 protein®] carboxyl-terminal domain®] ©|#¥ FE A& 2HH o2 HASE domainolZhe
AL & 7 AT

192/ 4 # &



