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Expression and Subcellular Localization of the ORF4 gene
of Barley Yellow Dwarf Virus GAYV Strain in Baculovirus-
insect Cell Expression System
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Abstract According to published nucleotide sequences ORF4 gene of barley yellow dwarf virus GAV  BYDV-GAV  was
synthesized by reverse transcription-polymerase chain reaction RT-PCR . The BYDV-GAV ORF4 gene was expressed in
baculovirus -insect cell expression system efficiently and western bolt analysis confirmed its expression product. Confocal laser
scanning microscopy showed that GFP  ORF4 fusion protein was associated with the nuclear envelope of insect cells. By
expressing the N- and C-terminal regions of ORF4-encoding product P4 in insect cells combined with structure prediction it
was found that the N-terminal region of P4 containing four a-helices is required for targeting P4 to the nuclear envelope. These

results provide a base for biological function of ORF4 gene during systemic infection of BYDV-GAV in host plants further.

Key words barley yellow dwarf virus baculovirus-insect cell system subcellular localization
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Barley Yellow Dwarf Virus E . coli DH10Bac Bacmid
BYDV Luteovirus pFastBac GIBCO
GAV ORF4 pGEM-GAVORF4
2 " T4 DNA Taq
MAV Promega
PAV SGV RPV RMV GPV GAV i
GAV 1.2 PCR
o7 ORF4
BYDV-GAV ND CD pGEM-GAV ORF4
> BYDV-GAV RNA 5.7kb 6 1 PCR
ORF ORF1 - ORF6 Lamin B receptor LBR
BYDV ~ PAV MAV  RPV cDNA 1 PCR
BYDV-PAV ORF4
17kD 1.3
Nass ’ BYDV-PAV ORF4
17kD pFastBac-GFP  ORF4 pFastBac-
BYDV-GAV ORF4 GFP ND pFastBac-GFP CD  pFastBac-GFP LBR
EcoR 1 BamH [
- pFastBac -GFP GFP ORF4
GAV ORF4  GFP ND CD  IBR BamH1  Not 1
GFP ORF4 pFastBac-GFP ORF4 pFastBac-GIP ND
pFastBac-GFP CD  pFastBac-GFP LBR 4
ORF4
ORF4 GAV -
pFastBac-GFP "
ORF4 GUS
1 ORF4 Hind Il
1.1 pJIT166 p35S-ORF4 GUS
521
1
Table 1 PCR primers used in this study
Gene Primer name Primer sequence Enzyme sites
GFP GFP F 5" AGT GAATTCATGGTGAGCAAGGGCGAGG 3’ EcoR |
GFPnsc R 5" TAA GGATCCCTTGTACAGCTCGTCCATG 3’ BamH |
MP I-MP F 5" GAA GGATCC ATGGCCCAAGGAGAGCAA 3’ BamH |
I-MP R 5" TCT GCGGCCGCTCACCGTACTCTCCCTG 3’ Not |
O-MP F 5" GAT AAGCTTATGGCCCAAGGAGAGCAA 3’ Hindlll
O-MP R 5" TGG AAGCTTCCCGTACTCTCCCTGAAT 3’ Hind[ll
ND I-MP F 5" GAA GGATCC ATGGCCCAAGGAGAGCAA 3’ BamH |
I-ND R 5" GAC GCGGCCGCTCACTTCACCTGAAAGCGCTG 3’ Not 1
CD I-CD F 5" CTAT GGATCCATGTACTCAAGTCCTACCAC 3’ BamH |
I-MP R 5" TCT GCGGCCGCTCACCGTACTCTCCCTG 3’ Not 1
LBR LBR F 5" GCAT GGATCCATGCCAAGTAGGAAGTTTGTITG3’ BamH [
LBR R 5" TATG GCGGCCGCTCACTGTAAATGTAGGGGAATATGC3’ Not 1
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1.4 Bacmid DNA Sf21
DH10Bac

Bacmid DNA Si21

GIBCO Bac-to-Bac

Western blot
S21 48 ~72h

1.5 SDS-PAGE

90%
80001/ min
Smin  20pL 12.5% SDS-PAGE
AP GFP BCIP/NBT
Western blot
1.6
ORF4
Olympus
GFP 48
~72h
1.7 GUS
GUS
100mmol/L 0.5mmol/L
0.5mmol/L 1.0mmol/L X-gluc 50mg/mL
DMSO 0.1% Triton X-100 37C 95%

Nikon DIGITAL CAMERA

2

2.1 BYDV-GAV MP
META Predict Protein Server http //www. embl-
heidelberg. de/predict protein/doc/meta intro . himl
BYDV-GAV ORF4 154

ORF4 P4 N 4  a-
al a- C

MAQGEQGALAQFGEWLWSN PIE PDONEE LVDAQEEEGQIL YLD QOAGLEYS Y 505
ol o2 o3
TTLRPTPQGQSSSVPTFRNAQRFQVEYS SPTTVIRSQTSRLSLSHTRPPLOS AQC
a4
LLNS TLRAHNQPHVATL THS PS QNQOPK PSP PHRLTGRS § GRVE

1 BYDV-GAV ORFK4
Fig. 1 Amino acid sequence of BYDV-GAV ORF4
The putative four a-helices al o2 o3 and a4 are marked.
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2 BYDV-GAV ORF4 4 o-
Table 2 Four putative a-helices in BYDV-GAV ORF4
a-helix Residule position Sequence

al 4-16 GEQGALAQFGEWL

a2 29 -39 LVDAQEEEGQI

a3 42-52 LDQQAGLRYSY

od 71 -81 TFRNAQRFQVE
2.2 BYDV-GAV ORF4 -

11-13

ORF4 GI'P pFastBac-

GFP ORF4 GFP 72 h
90%
ORF4
pFastBac-GFP ORIF4  pFastBac-GFP
AP GFP
Western blot pFastBac-GI'P
ORF4 43kD
pFastBac-GFP 26kD

GFP 26kD P4 17kD

2 ORF4
Bacmid
M 2
kD
75—
250—=

2  BYDV-GAV ORF4 sf21
Western blot

Fig. 2 Western blot analysis of expression products of
BYDV-GAV ORF4 in sf21 insect cells
M protein marker 1 GFP 2 GFP ORF4 fusion protein.
2.3 BYDV-GAYV ORF4

ORF4 P4

40
GFP ORF4
3 A
3C

B, GEP » ,
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D
LBR )
LBR  GFP pFastBac-GFP LBR
LBR
P4
4 P4

BYDV-GAV ORF4

3 BYDV-GAV ORK4  GFP

Fig. 3 Subcellular localization of BYDV-GAV
ORF4 in sf21 insect cells
A B subcellular localization of GFP ORF4 in insect cells C D
subcellular localization of GFP alone in insect cells. The left panels A
C  show images under fluorescent-field illumination ~and the right panels
B D show images under an overlay of bright and fluorescent

illumination. Bars = 50pm.

4 LBR  GFP

Fig. 4 Nuclear envelope localization of the mouse

LBR in sf21 insect cells

A showing the image under fluorescent-field illumination B showing
the image under an overlay of bright and fluorescent illumination. Bars =
50pm.

2.4 N o- ORF4
ORF4

N N-terminal
Domain ND C C-terminal Domain CD
ND a CD

ORF4

5 BYDV-GAV ORF4 N C
GFP
Fig. 5 Subcellular localization of truncated versions

of BYDV-GAV ORF4 in sf21 insect cells
A B subcellular localization of GFP ND in insect cells C D
subcellular localization of GFP  CD in insect cells. The left panels A
C  show images under fluorescent-field illumination and the right panels

B D show images under an overlay of bright and fluorescent

illumination. Bars = 50pm.

GiLIs ORF:GLUS

6 BYDV-GAV ORF4  GUS

Fig. 6 Subcellular localization of BYDV-GAV
ORF4 in onion epidermal cells

ORF4
ND CDh ORF4
ND CD
ATG TGA
pFastBac pFastBac-GFP ND
pFastBac-GFP CD 2 Bacmid
ORF4-N ND ORF4
5A
B ORF4-N GFP CD
GFP 5C D
N o ORF4
C ORF4

3
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1111

17kD

protein
BYDV-PAV ORF4
ORF4

ORF4

BYDV

ORF4

GAV

movement
8

BYDV-GAV
17kD PAV
69.9%

BYDV-GAV ~ ORF4

cDNA

- GAV

ORF4

ORF4  GUS
ORF4 6
ORF4

ORF4 GAV ORF4

ORFK4

GAV ORF4 N N

ORF4

P4
HIV

ORF4

Vpr

BYDV-GAV ORF4 P4
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