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FACS analysis
The cell surface expression efficiency of mutant HN pro-
teins was detected with fluorescence-activated cell sorter
(FACS) analysis. At 36 hpt, the cell monolayers were re-
moved from 6-well plates to EP tubes with PBS-EDTA
(5 mM EDTA), pelleted, washed twice with PBS, and
blocked with PBSA for 30 min at 4 °C. The primary anti-
body and the secondary antibody used here were the same
as those used in the IIFA analysis. Then, after fixation with
PBS containing 4% paraformaldehyde for 10 min and
resuspending in 0.4 ml PBSA, the cells were subjected to
FACS analysis with the CytoFLEX S Flow Cytometer
(Beckman Coulter, Inc., California, USA). Cells transfected
with the pBSK+ empty vector and wt HN were used as
negative and positive controls, respectively.

Syncytium formation assay
Co-transfection with HN mutants and wt F was per-
formed as soon as the monolayer was grown to 80%
confluency. At 24 hpt, the cell monolayers were washed

twice with PBS, fixed with methanol for 10 min and then
stained with Giemsa Stain solution (Solarbio, China) for
15 min. Photographs of the syncytia were captured by
inverted microscope (OLYMPUS, Japan). Cells co-
transfected with the pBSK+ empty vector and wt F and
co-transfected with wt HN and F were used as negative
and positive controls, respectively.

Reporter gene method
To quantify the fusion promotion ability of HN mutants,
a reporter gene method was performed as previously de-
scribed [19, 20]. BHK-21 cells were plated in both 12-
well plates and 60-mm culture dishes. As the confluency
reached 80%, the cell monolayers in the 12-well plates
(monolayers A) were infected with recombinant vTF7–3
for an hour and then co-transfected with the desired HN
mutants and wt F genes. The cell monolayers in the 60-
mm culture dish (monolayers B) were infected with wt
vTF7–3 and transfected with plasmid pG1NT7� -gal en-
coding� -galactosidase. At 16 hpt, equal numbers (1 × 105)

Fig. 1 Identification and location of the desired amino acid residues.a Identification of the conserved amino acids in the second receptor
binding site by sequence alignment using BioEdit 7 software. Residues in yellow indicate completely conserved amino acids in the HN protein of
NDV, hPIV1–4, PIV5 and SV. Residues in orange show the previously characterized partially conserved amino acid R516, which was pointed out
that its side chain was involved in the interaction with thiosialoside in a previous study [10]. The numbers correspond to the amino acid
sequences of NDV HN.b The location of the desired amino acid residues. The homology modelling was generated by PyMOL 2.0 based on the
crystal structure of NDV HN (PDB ID: 1USR), which shows the structure of the globular head domain of the NDV HN monomer. The residues are
shown in space-filling mode
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