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Table 1. Primers used for the construction of recombinant expression plasmids
Recombinant plasmids Primer name  Primer sequence (5'—3')* Restriction sites Size/bp T,/°C

pCMV-HA-M

pCMV-Myc-KPNA1

pCMV-Myc-KPNA2

pCMV-Myc-KPNA3

pCMV-Myc-KPNA4

pCMV-Myc-KPNAS

pCMV-Myc-KPNA6

pCMV-Myc-KPNBI1

pEGFP-M

pDsRed-DN-KPNA1

pDsRed-DN-KPNB1

pDsRed-Ran-Q69L

HA-M-F
HA-M-R
Myc-KPNAI1-F
Myc-KPNAI1-R
Myc-KPNA2-F
Myc-KPNA2-R
Myc-KPNA3-F
Myc-KPNA3-R
Myc-KPNA4-F
Myc-KPNA4-R
Myc-KPNAS5-F
Myc-KPNAS-R
Myc-KPNAG6-F
Myc-KPNAG6-R
Myc-KPNB1-F
Myc-KPNB1-R
GFP-M-F
GFP-M-R
Red-KPNAI-F
Red-KPNAI1-R
Red-KPNBI1-F
Red-KPNBI-a
Red-KPNBI-b
Red-KPNBI1-R
Ran-Q69L-F
Ran-Q69L-a
Ran-Q69L-b
Ran-Q69L-R

TTGAATTCGGATGGACTCATCC
GCACTCGAGTTATTTCCTGAAAG
ACGTCGACCATGACGACCTCAGG
GAGGTACCTCAGAGCTGAAAGCCTTC
GCTGTCGACCATGTCTACTAATGAG
AAGATCTGCAGTGCCTAGAAGTTG
ACGGAATTCCCATGGCCGAGAACGCC
GACGCGCTGCTCGAGTTTGAACTTAAAAAT
ACGAATTCCCATGGCCGACAAC
CGCAACTCGAGTCTAAAACTGGAACC
GGCAGAATTCCGATGGACATCATGTC
CTTCTCGAGTTCACAACTGAAACCCC
CGGTCGACGATGGACAGCATGGCGA
GCCTGGGGTACCTTATAGCTGGAAGCC
AGGTCGACCATGAACCAATGGCCTGAGC
CCCGATGGTACCAGATCAAGCTTGATTCTTCAG
TCGGAATTCAATGGACTCATCCAG
GCAGTCGACTTATTTCCTGAAAGG
TACTCGAGGTCCAGAACAGCAGCTTTCAG
GAGGATCCTCAGAGCTGAAAGCCTTC
AGCTCGAGCTATGAACCAATGGCCTGAGC
GCAGGACGTTCTGGAGAGTAGCACAGAGGAG
CTGTGCTACTCTCCAGAACGTCCTGCGGAAG
CCCGATGGATCCAGATCAAGCTTGATTCTTCAG
AAACTCGAGGCATGGCCGCCCAAGGAG
ACCAAACTTCTCCAGGCCAGCTGTGTCCCATAC
GTATGGGACACAGCTGGCCTGGAGAAGTTTGGT
CTCCAGCTTGGATCCTCACAGGTCATCATC

EcoR |
Xho 1
Sal 1
Kpn 1
EcoR |
Xho 1
EcoR |
Xho 1
EcoR |
Xho 1
EcoR |
Xho 1
Sal 1
Kpn 1
Sal 1
Kpn'1
EcoR |
Sal 1
Xho 1
BamH 1
Xho 1

BamH [
Xho 1

BamH [

1115

1634

1611

1605

1588

1642

1632

2289

1115

1350

2032

677

57

60

60

60

60

60

60

60

57

60

60

60

*: restriction sits are given in italics and underlines.
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14 RT-PCR
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ddH,0  25uL 94 °C 5 min
94°C40s 60( 57)°C50s 72°C1min 25
72 °C 10 min PCR 1%

1.5
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PBS 3 36 h 4%
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PBS 3 1xRIPA 2 BRI
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3h I xRIPA protein A+G PCR
Agarose 3 20 uL SDS-PAGE (1
i DS-PAGE
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anti-Myc
pCMV-HA-M pCMV-Myc-KPNA1—
anti-Myc anti-HA
pCMV-Myc-KPNA6 pCMV-Myc-KPNB1
Western blot
3800 bp
1.10 (  2-A) pDsRed-DN-KPNBI
pEGFP-M pDsRed-Cl1 pDsRed-DN-KPNA1 pDsRed-Ran-Q69L

pDsRed-DN-KPNA1 pDsRed-DN-KPNBI pEGFP-M 4700 bp
pDsRed-Ran-Q69L HEK-293T ( 2-B)

3000
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1634 bp —1500
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—750
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—250

E 1. BrEEAR PCR P4 B kA&
Figure 1. Electrophoresis detection of PCR products of the target genes. M: DL5000 DNA marker; lane 1-11:
PCR-amplified M, KPNA1, KPNA2, KPNA3, KPNA4, KPNAS, KPNA6, KPNB1, Ran-Q69L, DN-KPNA1 and
DN-KPNBI1 genes, respectively.
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bp M1 2 3 45 6 7 8 bp bp M 1 2 3 4 bp
5000
3800 3000 iy

2289 2000 2032
1632 1500
115 1000 1115
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B 2. FAREHIFMEBYIEE
Figure 2. Identification of the recombinant plasmids by double restriction endonuclease digestion. A: M, DL5000
DNA marker; lane 1-8, enzyme-digested products of pCMV-HA-M, pCMV-Myc-KPNA1~pCMV-Myc-KPNAG,
and pCMV-Myc-KPNBI1, respectively; B: M, DL5000 DNA marker; lane 1-4, enzyme-digested products of
pDsRed-DN-KPNB1, pDsRed-DN-KPNAT1, pDsRed-Ran-Q69L and pEGFP-M, respectively.
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(B) HA-M  Myc-KPNA1 Myc-KPNA2 Myc-KPNA3 Myc-KPNA4 Myc-KPNAS Myc -KPNA6 Myc -KPNBI1
; B € i

3. EHEFEAE HEK293T T HFRESTHBRER S
Figure 3. Expression and subcellular localization analysis of the recombinant proteins in HEK-293T cells. A: M,
prestained protein marker; lane 1-8, recombinant proteins of HA-M, Myc-KPNA1-Myc-KPNA6 and Myc-KPNB1
expressed in HEK-293T cells, respectively; B: lane a—h, subcellular localization of recombinant proteins of HA-M,
Myc-KPNA1-Myc-KPNAG6 and Myc-KPNBI1 in HEK-293T cells, respectively. DAPI was used to stain nuclei. The
representative images are shown in the graph (200x%).
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4. REHNELEEM EASKEZZAREOHEEER
Figure 4. Interaction between M and nuclear transport proteins by co-immunoprecipitation assay. HEK-293T cells
were collectively transfected with plasmids and were then lysed at 48 hours post-transfection. A
co-immunoprecipitation assay was performed using either anti-HA (A) or anti-Myc (B) antibodies.
Immunoprecipitated proteins were detected by Western blotting using anti-Myc (A) or anti-HA (B) antibodies. The
input samples were shown in down panel.
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Fluorescent co-localization analysis of the recombinant proteins. A: M, prestained protein marker; lane
1-4, recombinant proteins of EGFP-M, DsRed-DN-KPNA1, DsRed-DN-KPNB1 and DsRed-Ran-Q69L expressed
in HEK-293T cells, respectively; B: fluorescent co-localization of EGFP-M and DsRed (a), EGFP-M and
DsRed-DN-KPNAT (b), EGFP-M and DsRed-DN-KPNB1 (c¢) in HEK-293T cells; C: Fluorescent co-localization of
EGFP-M and DsRed-Ran-Q69L in HEK-293T cells. The representative images are shown in the graph (200x).
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Figure 6.

The nuclear import process of NDV M protein. (i) KPNB1 forms a binary complex with NDV M protein

in the cytoplasm. (ii) The binary complex docks at the nuclear-pore complex (NPC) and (iii) translocates into the

nucleus. (iv) Binding of Ran-GTP triggers the dissociation of the binary complex in the nucleus.
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The nuclear import of Newcastle disease virus matrix protein
depends on KPNB1 and Ran protein

Zhigiang Duan'’, Xingin Ji', Hougiang Xu', Jiafu Zhao', Haixu Xu® Shunlin Hu*°,
Xiufan Liv* ™"
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Guizhou University, Guiyang 550025, Guizhou Province, China
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Province, China
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Abstract: [Objective] The aim of this study was to identify the transport proteins that mediates the nuclear import
of Newcastle disease virus (NDV) matrix (M) protein. [Methods] Chicken KPNA1 to KPNA6 gene and KPNB1
gene were cloned from DF-1 cells and then inserted into eukaryotic expression vectors. The constructed
recombinant plasmids with a combination of grouping were transfected into HEK-293T cells to identify the
transport proteins interacting with NDV M protein by co-immunoprecipitation (Co-IP) assay. Moreover, fluorescent
co-localization assay was used to verify the transport proteins by co-expressing M and Ran protein mutant or M and
its interactive protein deletant. [Results] The recombinant proteins could normally express in plasmid-transfected
HEK-293T cells. Indirect immunofluorescence detection showed that the recombinant proteins except for
Myc-KPNA2 displayed the same nuclear localization as NDV M protein. The results of Co-IP revealed that M
protein could interact with KPNA1 and KPNB1. Further fluorescent co-localization indicated that co-expression of
M and DN-KPNAT1 did not change the nuclear localization of M, whereas co-expression of M and DN-KPNB1 or
M and Ran-Q69L disrupted the nuclear localization of M, demonstrating that the nuclear import of M protein was
dependent on KPNB1 and Ran protein. [Conclusion] KPNB1 and Ran protein jointly mediated the nuclear import
of NDV M protein, showing that KPNB1 protein interacted with NDV M protein to form binary complex and then
entered into the nucleus with the assistance of Ran protein.

Keywords: Newcastle disease virus, matrix protein, transport receptor protein, nuclear localization
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