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Abstract

Pseudorabies virus (PRV) is a member of Alphaherpesvirinae
Herpesvirus DNA-binding protein (DBP) is essential for viral DNA synthesis.
Several researches also suggested that DBP might play a role in the process
of recombination. To study the biochemical properties of PRV DBP, we
cloned and sequenced the PRV DBP gene. PRV DBP gene has an open
reading frame of 3531 nucleotides, capable of coding a 1177-amino-acid
polypeptide of 125-kDa, and the amino acid sequences share a 58.5%
similarity with herpes ssimplex virus 1. In order to characterize the PRV DBP,
this protein was expressed in Escherichia coli with the use of a pET
expression vector to produce an N-terminal fusion with six histidine residues.
The bacteria were induced with 0.1 mM IPTG when the ODgyg reached to 0.6
and a 125-kDa recombinant protein was observed in SDS-PAGE. The
recombinant protein was further purified by nickel-affinity chromatography
to homogeneity. The recombinant DBP exhibited a DNA-binding property by
electrophoretic mobility shift assay, and it bound to both single-stranded and
double-stranded DNA. The base preference of DBP was evauated by
competitive binding assay and showed that the binding preference was listed
in the order G, C, T, A. Moreover, PRV DBP could promote the renaturation
of complementary single strands of DNA, indicated that PRV DBP possessed

a similar function as bacteriaphage T4 gp32 protein and A phage f3

protein, two proteins involved in DNA recombination. Thus, the PRV DBP
involved in viral DNA recombination was suggested in this study and the role
of PRV DBP in the process of DNA recombination that occurred during PRV

infection will be further elucidated.



(pseudorabies virus) (suid
herpesvirus 1) (Herpesviridae)
(Alphaherpesvirinae) (Varicellavirus)
(herpessimplex virus1 2)
(varicella-zoster virus) (equine herpesvirus
1) (bovine herpesvirus 1) (Roizman, 1996)

(nucleocapsid) tegument

(envelope) (spike)
150-186 nm 140 kbp DNA
954F10° (Daltons)(Ben- Porat et al., 1979)
140 kbp DNA
(unigue short region) (unigue long region)

(inverted repeat)

(internal repeat) (terminal repeat)



(herpes simplex virus 1)

(Ben-Porat et al., 1985)

(inversion) (isomer)
a
a
a (Jenkins et al., 1986)
0.1 0.4 mapunits (Davison
et a., 1983)
(Kupershmidt et al., 1991) (Wu et d., 1986)
954-10° 74
(Roizman et al., 1993)
(cascade-like
fashion) (Feldman et al., 1979)



DNA

5 7 DNA

(Roizman et a., 1996)

DNA

(rolling circle)

(head-to-tail concatemers) (Roizman et al., 1996)

(Ben-Porat et al., 1981)

(Wu ¢ d., 1986)

(Whedly et d., 1991)



DNA

DNA
(leading) (lagging) (Skaliter, 1994)
7 (Boehmer and Lehman, 1997)
(1) (origin-binding protein)
UL9 83410°
AT
(Elias et al., 1988) DNA
DNA
2 DNA (single-strand DNA-binding protein)
UL 29 | CP8(infected cell polypeptide 8)
128,342 DNA DNA
DNA
3 - (Helicase-primase complex)

UL5 ULS8 UL52
ssDNA-dependent ATPase 5 -3 DNA helicase DNA primase
(Cruteeta. 1991)
(4) DNA (DNA polymerase)

UL30 140,000 DNA



polymerase 3-5 (exonclease) (Crute

and Lehman, 1989)

(5) DNA (DNA polymerase accessory protein)
uL42 62,000 DNA
DNA (Gottlieb et 4.,
1990)
DNA
DNA DNA RNA
DNA DNA DNA
DNA (Kornberg and Baker.,
1992) Epstein-Barr
DNA

(Anderset al., 1986 Tsurumi et al., 1998 Andersetal., 1996 Ward et
a. 1998 Bdl etal., 1993)
DNA DNA
Chase and Williams., 1986
DNA DNA

DNA infected-cell polypeptide 8



(ICP8) DNA ICP8
Bayliss et a., 1975
ICP8 |CP8 Littler
et al., 1983 |CP8 DNA
ICP8 prerplication site
DNA DNA Bush et a.,
1991 Knipe, 1989 ICP8 helicase-primase complex
DNA
Lauren et al., 1996 |CP8
origin-binding protein  DNA helicase-primase
DNA
|CP8
Boehmer et al., 1993 ICP8 DNA

helicase = DNA-dependent ATPase
1998 |CP8

ICP8

Leeetal., 1999

Leeet d., 1997 Boehmer et a.,

DNA

Makhov et al., 1996

|CP8

|CP8

DNA



ICP8 DNA DNA

DNA |CP8

Boehmer and Lehman., 1997

|CP8
helicase-primase helicase-primase
UL5 UL8 ULB2 UL5
UL52 helicase  primase UL8
UL5 ULb52 UL5/52 uL8
ICP8 ICP8 UL5/52 3

Gaceta., 1996 Fakenberg et a., 1997
ICP8 DNA DNA
Ruychanetal., 1984 O’ Donnell et al., 1987
ICP8 DNA
ICP8
DNA Dutch and
Lenman, 1993 |CP8
Boehmer and Lehman, 1993
ICP8

Chen and Knipe, 1996
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Circular Dichroism

-sheet 16.1%

34.5% a -helix 8.6%

DNA

ICP8

23.4%

DNA

DNA

cDNA
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ICP8 ICP8
B -sheet 6.8% B
Spatz et al., 1999
DNA
ICP8



DNA 0.17 map unit
Kpn Ho et a., 1996
Kpn | 15 kb
Hinf | 3.7kb
5 overhang
Sma | pBKS/DBP
DNA pBKS/DBP
RI Bam HI Eco RI
pPET-28c(+) (Novagen) pET/DBP
N histidine

electroporation

DNA

DNA 1m

cell

25 mF

Luria-Bertani

37

0.2 y M ampicillin

125V

(transformation)
phenol
40 p |
Cuvette

600 Q

200 rpm

Luria-Bertani

12

Ccuvette

puUC18

T4 DNA

pBluescript® 1 KS(+)

3.7kb

Bam Hi Eco

1 pET/DBP
competent
1ml

37



DNA
DNA 0.2 y M ampicillin 40 ml
Luria-Bertani 37 250 rpm 5000 g
5 1ml | 50 mM glucose, 25 mM Tris-HCI,
[pH8.0] 10 MM EDTA, 2 mg/ml Lysozyme 2 ml
Il 0.2 N NaOH, 1% SDS 10 1.5 ml
3 M potassium acetate [pH5.0] 10
15,000 g 15

Leader phenol (Phenol : Chloroform : Isoamyl

acohol=25: 24 : 1) 1/10
3 M sodium acetate (pH5.2) -70 30

15,000 g 15 DNA 70 %

15,000 g 5 DNA TE 10 mM

Tris-HCl, [pH8.0], 1 MM EDTA -20 DNA

DU 640i spectrophotometer (Beckman)

DNA DNA sequencing

TaqTrack?® Sequencing System (Promega) DNA
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8 ug( 40pmol) DNA 4pul  2MNaOH 2mM

EDTA 40 y | 37 5
DNA 14 p | 3 M sodium
acetate (pH 5.2) 14 p | 150y | -70
15 DNA DNA
135 p | 25yl  formamide 2 p 1150 M 5
M| Tag DNA 5 250 mM Tris-HCI [pH 9.0] 50mM

MgCl, 2 pl Extension/Labeling Mix (7.5 y M each of dGTP

dTTP dCTP) 37 30 1l
Taq DNA GU) 1pl ao-2PdATP] (10 p Ci/u I) 37
5 6 ul 1l dddATP
d/ddGTP d/ddCTP  d/ddTTP 72 15
Mo (100 mM NaOH 95 % formamide 0.05 %
xylene cyanol) -20 DNA 6 % M
DNA  DNA 80 5
1,900 V

3MM X
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DNA

heat shock
pET/DBP im 100 m
BL21(DE3)pLysS DNA
30
42 90
900 m Luria-Bertani 37 200 rpm
0.03 y M kanamycin
37
BL21(DE3)pLysS T7
RNA |ac operator IPTG
isopropyl-f3 -D-thiogalactopyranoside T7 RNA
pET
DNA oD
pET/DBP 1 mi 003 u M
kanamycin  Luria-Bertani 37 ,250rpm
1 50 5ml  kanamycin Luria-Bertani
37 40-160 20

600 nm oD IPTG
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0.5 mM 10%
DS SDS-polyacrylamide gel electrophoresis;
SDS-PAGE

DNA IPTG

oD
IPTG 0.1 mM, 0.25 mM, 0.5 mM, 0.75 mM, 1

mM 10 % SDS-

IPTG 5000 g 5
50 mM Tris-HCI (pH 8.0), 2 mM EDTA lysozyme
100 ng/ml 1/10 1 % Triton X-100

30 10

4 12,000 g, 15

10 % SDS-PAGE

Novagen pET

16



10 % SDS-PAGE

SDS- SDS-polyacrylamide gel electrophoresis;
SDS-PAGE

SDS-PAGE 10 % separating gel,
375mM Tris-HCI, [pH 8.8], 10 % acrylamide/ bis [29:1], 0.1 % SDS, 0.05 %

ammonia persulfate, 0.05 % TEMED
5 %
stracking gel, 125 mM TrisHCI, [pH 6.8] 5 % acrylamide/ bis
[29:1], 0.1 % SDS, 0.05 % ammonia persulfate, 0.1 % TEMED
comb comb
well 1X SDS-PAGE
running buffer (25 mM Tris base, 0.1 % SDS, 205 mM glycine)
wash solution (45 % methanol, 10 % acetic acid) 10
BLUPRINT™ Fast-PAGE Stain Solution (BRL) 20
10 % acetic acid 60 % methanol, 1%

glyceral

DNA

17



pET/DBP 1

50 100ml  Luria-Bertani 37 ,250rpm
OD

IPTG 0.1mM

4 5,000 g 5 1X phosphate

buffered saline (pH 7.2), (PBS; 137 mM NaCl, 2.7 mM KClI, 4.3 mM

Na;HPO,, 1.4 mM KH,PO,) -70

10ml 20% (w/v) 1 mg/ml

lysis buffer (50 mM Tris-HCI, [pH 8.0], 1 mM EDTA, 100 mM NaCl,
1 mM dithiothreitol (DTT), 0.1 mM phenylmethylsulfonyl fluoride

(PMSF)) 20 - -70 ~37
20 10 3

20,000 g 10 1 % (v/v) Triton

X-100 lysis buffer 15 20,000 g 10

8M binding buffer (5 MM imidazole,

0.5 M NaCl, 20 mM Tris-HCI [pH 7.9])

20,0009 10 -70

- nickel-affinity chromatography

18



4 His Bind resin

(Novagen) 2.5ml  resin JA-20 1,000
g 3 3 5
charge buffer (50 mM NiSO,) 3 binding buffer

(5mM imidazole, 0.5 M NaCl, 8 M urea, 20 mM Tris-HCI [pH 7.9])

resin 4 His Bind
resin 6 Histag resin

10 8M binding buffer resin 6

8 M wash buffer (60 mM imidazole, 0.5 M NaCl,

20 mM Tris-HCI [pH 7.9]) 8M elution buffer

(1 M imidazole, 0.5 M NaCl, 20 mM Tris-HCI [pH 7.9])

DBP renaturing buffer A (50 mM
TrissHCI [pH 8.0], 2 mM EDTA, 10 mM ZnCl,, 0.1 mM PMSF, 0.5

mM DTT, 0.5 M NaCl, 6 M urea) 100 mg/ml DNA
renaturing buffer A

renaturing buffer B (50 mM Tris-HCI [pH 8.0], 2 mM EDTA,

19



10 mM ZnCl,, 0.1 mM PMSF, 0.5 mM DTT, 0.5 M NaCl, 4 M urea)
renaturing buffer C (50 mM Tris-HCI [pH 8.0], 10 mM ZnCl,, 0.1 mM

PMSF, 0.5 M NaCl) renaturing buffer D (50 mM Tris-HCI [pH 8.0],

10 MM ZnCl,, 0.1 mM PMSF, 15 %(v/v) glycerol) renaturing buffer E
(50 mM Tris-HCI [pH 8.0], 10 mM ZnCl,, 0.1 mM PMSF, 25 %(v/v)

glycerol) DNA storage buffer (50 mM

TrissHCI [pH 8.0], 10 mM ZnCl,, 0.5 mM DTT, 20 %(v/v) glyceral,

0.1 mM PMSF, 0.2 %(v/v) NP-40) storage buffer
DNA -70 SDS-

Bio-Rad protein assay reagent

DNA
1. DNA- DNA
(1) DNA
20 pmol 10U T4 polynucleotide kinase 5X T4
polynucleotide kinase buffer 50 p Ci [y -*P]ATP 37 1
5 [y -*P]ATP 68 10
Chroma Spin-10 Column
(Clontech) DNA

DNA

20



ORF5M2 (27-mer): 5 -CCTTCTCGACCGTGCTGTCATGAC-3
TATAINP(53-mer):5" -GATGATCCGCTATAAAAGCGATGAATTCGA
GCTCGGCCCTCATTCTGGAGACGGAC-3

TATAINP-TATAINrM (53-mer): TATAINP
Homooligomer: poly d(A)2 poly d(T) poly d(C)x poly d(G) o
(2) electrophoretic mobility shift assay
6 % 6 % acrylamide/ bis[19:1], 0.25 X TBE,

0.05 % ammonia persulfate, 0.05 % TEMED

EC175, EC Apparatus comb 200 V
20 DNA DNA
10m 0.5 pmol *P DNA DNA

DNA-binding buffer (20 mM Tris-HCI [pH 7.6], 1 mM

EDTA, 125 mM NaCl, 1 mM DTT, 5 % glycerol) 25 20
well 200 V 1.5
3MM
X
2. competitive binding assay
DNA 20

T4 polynucleotide kinase [y -*PJATP

21



@D

(2)

5 20 DNA
DNA 100 1ny DNA
DNA-binding buffer 10 m
25 5 DNA
0.5 pmol 25 20 6 %
( )
DNA DNA renaturation assay
DNA

Qiagen midi plasmid purification kit puUC19 DNA

pUC19 DNA Eco Rl

phosphatase 5
[y -*“P]ATP 5
Column

Renaturation assay

Dutch
100 5
DNA

DNA

akaline
T4 polynucleotide kinase

DNA Chrom Spin

Lehman(1993) pUC19 DNA
DNA
10 DNA 2nM

Buffer A (20 mM TrissHCI [pH 7.5], 5

mM DTT, 10 % glycerol, 0.05 ng/m BSA) 37 30

22



2.5m (6 % SDS, 10 % glyceral,
0.25 % bromophenol blue) 1.5% 1X TAE agarose
gel (40 mM Tris-acetate, 2 mM EDTA)
X DNA
DNA 0, 10, 15, 20,

25, 30

DNA

DNA 3957

23



354 3884 DNA
(open reading frame)
TATA box DNA 151

polyadenylation signa (AATAAA) DNA

43
DNA 3531
1177 125,000 DNA
354 2 GCG
PileUp DNA
|ICP8 58.5%

DNA 496 509 (residue)
zinc-finger motif 784
830 DNA-binding motif DNA

DNA
DNA
DNA PET

BL21(DE3)pLysS IPTG
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SDS-PAGE DNA

OD 1 50 40 160
20 IPTG
IPTG 3 ODgo 0.6
IPTG DNA
IPTG DNA
ODexy 0.6 IPTG 0.1, 0.25, 0.5, 0.75, 1 mM
IPTG DNA
4 IPTG 0.1 mM
IPTG
DNA
pET/DBP BL21(DE3)pLysS IPTG
125,000 DNA
DNA

DNA histidine

25



100 nmg/ml

500 g DNA

DNA
DNA
DNA
2p

53-mer

d dC

-DNA
DNA band
27-mer 53-mer

DNA

27-mer

TATA-InrP - TATA InrM

DNA
DNA

DNA

100 ml

DNA
DNA DNA
-DNA DNA
ORF5M2 53-mer  TATA InrP
DNA
Poly
DNA
Poly dI dC
DBP/ DNA
DNA
6(A), 6(B) DNA

DNA
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DNA DNA
dose-dependent manner
DNA
53-mer

DNA

DNA

DNA
DNA

DNA

band

1999

DNA

DNA

2p DNA

(C

DNA
DNA
DNA
DNA
DNA
ICP8  poly d(T)s

DNA

DNA

DNA

DNA

27

6(D)
DNA
band

DNA

Spatz et al.,

DNA



DNA DNA DNA

band 7 DNA

poly d(G)z > poly d(C)x > poly d(T)x > poly

d(A)20
DNA DNA
DNA pUC19 DNA
37 DNA
2 nM P DNA DNA
DNA DNA 30
DNA DNA
DNA 8
DNA DNA DNA
0, 10, 15, 20, 25, 30
20 DNA DNA
9
DNA DNA
DNA DNA DNA

20 DNA DNA
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DNA
DNA well DNA
DNA DNA
Saccharomyces cerevisiae  strand-exchange
DNA
well

DNA Heyeretad., 1988

Hinf | Hinf |
Kpn | Kpn |

pUC18/K 2

DNA

protein-DNA



Hinf |
Smal Smal

Bam HI h/ Eco RI

Bam HI \ / Eco RI

DNA

30
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DNA
DNA 358 3884

TATADbox  polyadenylation signal zinc-finger motif
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3 SDS-PAGE DNA
marker lane M
Lane 1: IPTG Lane 2: refresh 40 min,
ODgp:0.15  Lane 3: refresh 60 min, ODgp:0.18 Lane4 refresh 80
min, ODgo:0.28 Lane 5: refresh 100 min, ODgy:0.4 Lane6: refresh
120 min, ODepp:0.6 ~ Lane 7: refresh 140 min, ODgy: 0.84 Lane 8:
refresh 160 min, ODgg: 1.1

IPTG
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4 SDS-PAGE DNA

IPTG marker lane M
Lane 1: IPTG Lane 2: IPTG 0.1 mM
Lane3: IPTG 0.25mM Lane4: IPTG 0.5mM Lane
5 1PTG 0.75mM Lane6: IPTG 1mM

IPTG
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5 SDS-PAGE
marker lane M
Lane 2: IPTG
Lane 4:

125 kDa

(A)

35

(B)

DNA

Lane 1:

Lane 3:

Lane5:

IPTG



DNA
A
0.5 pmol

1 02y M lane 2
g M lane5

B 0.5 pmol
1 02y M lane 2
g M lane5

(©)

DNA

04 p M

DNA

04 p M

DNA

36

DNA

ORF5M2 (27-mer)

lane 3 08 u M

TATAINP (53-mer)

lane 3 0.8 u M

(D)

-DNA

Oy M lane

lane 4 1

Oy M lane

lane 4 1



6 DNA DNA
(C) 0.5 pmoal TATAINP-TATAINrM (53-mer) O
MM lanel O2puyM lane2 04p M lane3 08 pu M

lane4 1 p M lane5 DNA

(D) 0.5 pmol TATAINP  lanel, 2
TATAINP-TATAINfM (53 bp) (lane3,4) O p M lanel, 3

1uM lane2 4 DNA

(A) (B)
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(©) (D)

DNA
0.5pmol 5 DNA 50 pmol DNA
lug DNA Lane-:

DNA LaneA: DNA  poly d(A) LaneT: DNA

38



poly d(T) LaneC: DNA polyd(C), LaneG:
(B) DNA 5 poly d(T) (C) DNA 5

poly d(C)x (D) DNA 5 poly d(G) 2
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DNA DNA
2nM 5 pUC19 DNA Ou M lane3
O2puyM lane4 O4pM lane5 08 puy M lane6 1
MM lane7 DNA Lane 1

pUC19 Lane 2 pUC19
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9 DNA
2nM 5
DNA
5 20 (lane 6) 25

puUC19

Lane 2

DNA

DNA
0.17 map unit DNA

1177 125,000

DNA
pUC19 DNA 1y M
10 (lane4) 15 (lane
(lane 7) 30 (lane 8) Lane 1l
puUC19 Lane 3
3531
DNA
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DNA
DNA 496 509
zinc-finger motif
CXLCX4RX,CXH ICP8

lysine tyrosine
DNA DNA T4

tyrosine  tryptophan phenylalanine  lysine DNA

Doan et a., 1984 Khamis et a., 1987 Neale and

Kitchingman.,1990

refolding
posttranslational modification

posttanslational modification

N- mannose

42



Cleland and Craik, 1996

DNA
pET
DNA T7
IPTG
125,000 IPTG
ODeyw 0.6 IPTG
IPTG 0.1 mM~1mM
DNA
inclusion body
DNA N 6 Histag
DNA DNA DNA
DNA DNA
DNA DNA

DNA
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DNA

DNA DNA
DNA DNA DNA
DNA 27-mer  53-mer DNA
DNA DNA
DNA
DNA poly d(G), > poly

d(C)20 > poly d(T)20 > poly d(A)20

DNA GC
GC 74 poly
dG)xn  poly d(C)xn DNA well
G C DBP
DNA DNA
DNA
ICP8 SSB gp32

Dutch and Lehman, 1993 Christiansen and Baldwin.,1977 Alberts and

Frey., 1970 DNA
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ATP

DNA

ICP8
well
cerevisiae strand-exchange

eta., 1988

DNA
DNA

|CP8

DNase

(5 -exonuclease) 3

DNase
DNase
RecBCD
DNA

DNA well
DNA
DNA
-DNA Saccharomyces
DNA Heyer
-DNA well
DNA
ICP8 58.5%
(endonuclease) 5
(3 -exonuclease)
RecBCD Hsiang et al., 1998
RecBCD chi site
DNA RecA
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DNA DNA

DNA DNA
DNA DNA
DNA 1
T4 gp32 ANoB DNA
ICP8 DNA
Bortner et a., 1993 ICP8 DNase Thomas
etal., 1992 ICP8
RecBCD Hsiang et dl.,
1998 DNase RecBCD ICP8 RecA
DNA
DNA
Chen and Knipe, 1996 DNA
DNA
DNA

Costa et 4.,
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1997 DNA

Loregian 1999 B
DNA polymerase  peptide DNA polymerase
5 B 1 A B
glycosphingolipid B
DNA polymerase DNA polymrase
DNA -
DNA polymease C 27
27 DNA polymerase DNA polymerase
nuclear localization singal
DNA polymerase DNA

polymerase DNA polymase

DNA

DNA

DNA

DNA DNA DNA
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DNA 53-mer 27-mer DNA

DNA poly d(G) o >
poly d(C)zo > poly d(T)20 > poly d(A)zo DNA
DNA DNA
bacteriaphage T4 gp32
DNA
1 DBP DNA
Binding Binding Base  Renaturation Helix-destabili
dsDNA sDNA  ssDNA>dsDNA pr efer ence zing
PRV DBP + + + G>C>T>A + ?
HSV-1 + + + ? + +

ICP8
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E-B virus + + + ? ? +
DBP

Adenovius + + + ? ? +
DBP

T4 gp32 + + + T>G>C>A + +
phage - + + ? + +
B proten

E.coliSSB + + + ? + +
“

u?’
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