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Summary

To understand the role of nucleocapsid protein (NP) of hantaviruses in viral assembly;,
the effect of NP on intracellular traffic of viral glycoproteins Gn and Gc was
investigated. Double staining of viral and host proteins in Hantaan virus
(HTNV)-infected Vero EG6 cells showed that Gn and Gc were localized to cis-Golgi, in
which virus particles are thought to be formed. When HTNV Gn and Gc were expressed
by a plasmid encoding glycoprotein precursor (GPC), which is posttranslationaly
cleaved into Gn and Gc, Gn was localized to cis-Golgi, whereas Gc showed diffuse
distribution in the cytoplasm in 32.9% of Gc-positive cells. The ratio of the diffused
Gce-positive cells was significantly decreased to 15.0% by co-expression of HTNV NP.
Co-expression of HTNV GPC with NPs of other hantaviruses, such as Seoul virus,
Puumala virus and Sin Nombre virus, also reduced the ratios of diffused Gc-positive
cells to 13.5%, 25.2%, and 11.6%, respectively. Among amino- and carboxyl-terminally
truncated HTNV NPs, NP75-429, NP116-429, NP1-333, NP1-233, and NP1-155
possessed activity to reduce the ratio of diffused Gc-positive cells, while NP155-429
and NP1-116 did not. NP30-429 has partial activity. These results indicate that amino
acid region 116-155 of NP is important for the activity, although amino acid region 1-30
is partially related. Truncation of the HTNV Gc cytoplasmic tail caused an increase in
diffused Gc-positive cells. In addition, the effect of coexpression of HTNV NP was
weakened. These results suggest that HTNV NP has a role to promote Golgi localization

of Gc through a mechanism possibly mediated by the Gc cytoplasmic tail.
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1. Introduction

Hantaviruses are classified into the family Bunyaviridae, genus Hantavirus.
Hantaviruses have been found in animals belonging to the Orders Rodentia,
Soricomorpha and Chiroptera. To date, only rodent-borne hantaviruses have been
thought to be pathogenic to humans. Hemorrhagic fever with renal syndrome (HFRS)
and hantavirus pulmonary syndrome (HPS) are severe diseases caused by infection of
hantaviruses. HFRS is characterized by renal dysfunction and hemorrhage and is caused
by Old World hantaviruses such as Hantaan virus (HTNV), Seoul virus (SEOV),
Dobrava virus (DOBV) and Puumala virus (PUUV). HPS is characterized by acute
respiratory distress and is caused by New World hantaviruses such as Sin Nombre virus
(SNV) and Andes virus (ANDV). The number of HFRS cases is estimated to be more
than 100,000 per year with a case-fatality rate of less than 10%. In contrast, although
the number of HPS cases is estimated to be only a few thousand per year, the
case-fatality rate of HPS has reached as high as 40%. Specific treatments and vaccines
against HFRS and HPS remain to be developed (Jonsson et al., 2010).

Hantaviruses are enveloped spherical or polymorphic viruses with a diameter of 80
to 120 nm. The genomes of hantaviruses are composed of tri-segmented single-stranded,
negative sense RNA, designated as small (S), medium (M) and large (L) segments.
Each segment encodes nucleocapsid protein (NP), glycoprotein precursor (GPC) and
RNA-dependent RNA polymerase (RdRp), respectively. GPC is posttranslationally
cleaved into Gn and Gc (Lober et al., 2001). NP is associated with the genome and is
involved in transcription, translation and replication together with RdRp (Mir et al.,
2008a, 2008b, 2010). Glycoproteins Gn and Gc are transmembrane proteins and

constitute an envelope with a lipid membrane derived from host cells. Gn and Gc are
3
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involved in receptor binding, membrane fusion and induction of protective immunity
(Arikawa et al., 1992; Ogino et al., 2004; Ray et al., 2010). In some hantaviruses such
as Tula virus, PUUV, and ANDV, nonstructural protein (NSs) is also encoded in S
segment (Jaaskelainen et al., 2007; Vera-Otarola et al., 2011).

Formation of progeny particles of hantaviruses is thought to take place in the Golgi
complex as is the case in representative viruses of the Bunyaviridae family (Schmaljohn
and Nichol, 2007). However, the mechanism leading to assembly of viral components
remains unclear. In many other viruses, matrix protein has a key role in the process of
assembly and particle formation (Chen et al., 2008; Craven et al., 1999; Harty et al.,
2000). However, matrix protein is not encoded in the hantaviral genome, raising the
possibility that other viral protein has a role alternatively. Formation of virus-like
particles of HTNV was shown in both GPC and NP expressing cells (Li et al., 2010),
but not in GPC expressing cells, implying that NP has a role in particle formation.
Indeed, interaction between NP and cytoplasmic tails of Gn and Gc has been reported
(Hepojoki et al., 2010b). In addition, it was reported that NP is localized at endoplasmic
reticulum (ER)-Golgi intermediate compartment (ERGIC) prior to its movement to the
Golgi compartment and that inhibition of transport of NP to ERGIC resulted in
reduction of virus replication (Ramanathan et al., 2007). Taking into account these
findings, we hypothesized that NP has alternative role of matrix protein in the process
of assembly and particle formation. In this study, to elucidate the role of NP in viral
assembly, the effect of GPC and NP expression on their intracellular traffic was

investigated.
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2. Materials and Methods
2.1. Cells and viruses

Vero E6 cells (CRL-1586; American Type Culture Collection) were maintained in
Eagle’s minimum essential medium (Life Technologies) supplemented with 5% fetal
calf serum, 1% insulin-transferrin-selenium (Life Technologies) and 1% MEM
non-essential amino acids (Life Technologies). HTNV strain 76-118-derived clone-1
(Tamura et al., 1989), which was provided by Dr. K. Yamanishi (Osaka University

Medical School, Osaka, Japan), was propagated in Vero E6 cells.

2.2. Preparation of virus-infected cells

2 x 10° cells/ml of Vero E6 cells were mixed with a equal volume of medium
containing 2 x 10° focus-forming units (FFU)/ml of HTNV (multiplicity of infection =
0.01). 20 pl of the mixture was seeded on 24-well 4 mm HTC slides (Thermo Scientific)
(2 x 10° cells/well). After incubation for 3 days, cells were fixed with 3%
paraformaldehyde in PBS for 10 min at room temperature and then permeabilized with

0.2% Triton X-100 in PBS for 4 min at room temperature.

2.3. Construction of plasmids

pCAGGS/MCS (Niwa et al., 1991) was used as a vector for expression of GPC and
NP in Vero EG6 cells. pPCHTNM and pCHTNS encoding GPC and NP of HTNV strain
76-118, and pCSEOS encoding NP of SEQV strain SR-11 were constructed previously
(Ogino et al., 2003; Yoshimatsu et al., 2003). pCPUUS encoding NP of PUUV strain
Kazan were constructed by digesting the pGEM-T-based plasmid including cDNA of

the NP gene of PUUV (Lundkvist et al., 1997) with Sphl and Spel and cloning the
5
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cDNA fragment into Sphl and Nhel sites of pPCAGGS/MCS. pCSNS encoding NP of
SNV strain SN77734 was constructed by digesting the pFastBac-based plasmid
including cDNA of the NP gene of SNV (Koma et al., 2012) with EcoRI and Xhol and
cloning the cDNA fragment into pPCAGGS/MCS. A series of amino and carboxyl
terminally-truncated HTNV NP expressing vectors, pPCAGGS-HTNV-NP30-429,
PCAGGS-HTNV-NP75-429, pCAGGS-HTNV-NP116-429,
pCAGGS-HTNV-NP155-429, pCAGGS-HTNV-NP1-333, pCAGGS-HTNV-NP1-233,
pCAGGS-HTNV-NP1-155 and pCAGGS-HTNV-NP1-116, were constructed by
amplifying cDNA fragments with primers flanked by EcoRI and Xhol sites and cloning
into pPCAGGS/MCS. For expression of NPA35-74 lacking amino acid region 35-74 of
HTNV NP, pPCAGGS-HTNV-NPA35-74 was constructed by utilizing overlap extention
PCR (Higuchi et al., 1988). pPCAGGS-HTNV-GPC-ZF1 and
pCAGGS-HTNV-GPC-ZF2 encoding HTNV GPC with mutations in CCHC-type zinc
finger motif 1 (H to Q and C to S at amino acid positions 561 and 565) and 2 (H to Q
and C to S at amino acid positions 587 and 591) in the Gn cytoplasmic tail, respectively,
was constructed by utilizing overlap extension PCR (Higuchi et al., 1988). Primers
flanked by EcoRI and Xhol sites and primers for introducing the mutations were used.
pCAGGS-HTNV-GPC-AGe-3 and pCAGGS-HTNV-GPC-AGe-6 encoding HTNV GPC
with 3 or 6 amino acid deletions in the carboxyl terminal region of the Gc cytoplasmic
tail, respectively, were constructed by amplifying cDNA fragments with primer
containing stop codon and Xhol site and then cloning into Hindlll and Xhol sites of

pCHTNM. Primer sequences are available upon request.

2.4. Expression of recombinant proteins
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Vero E6 cells on 24-well 4 mm HTC slides (Thermo Fisher Scientific Inc.) were
transfected with various combinations of pPCAGGS-based plasmids using TransIT LT1
(Takara Bio Inc.) according to the manufacturer’s instructions. After incubation for 24

hours, the cells were fixed and permeabilized as described in section 2.2.

2.5. Immunofluorescence assay

To stain Gn, Gc and NP, mouse monoclonal antibodies 3D5, 5B7 and E5G6
(Arikawa et al., 1989; Yoshimatsu et al., 1996) were used as primary antibodies,
respectively, and Alexa Fluor 488 goat anti-mouse IgG (Life Technologies) was used as
a secondary antibody. To stain ER and cis-Golgi, rabbit anti-Protein disulfide isomerase
(PDI) polyclonal antibodies (Sigma-Aldrich) and rabbit anti-Mannosidase 11 (Man I1)
polyclonal antbodies (Merck KGaA) were used as primary antibodies, respectively, and
Alexa Fluor 594 goat anti-rabbit 1gG (Life Technologies) was used as a secondary
antibody. Cells were incubated with primary antibodies at room temperature for 1 hour.
After washing with PBS three times, cells were incubated with secondary antibodies at
room temperature for 1 hour. After washing, slides were mounted with glycerol for
fluorescence microscopy (Merck KGaA) diluted with PBS (1:1), covered, and sealed
with clear nail polish. Fluorescence was observed using ECLIPSE E600 (Nikon) and

confocal laser microscopy system Al (Nikon).

2.6. Evaluation of the effect of NP on diffuse localization of Gc
Ratio of diffused Gc-positive cells was determined by counting Gce-positive cells and
diffused Gc-positive cells in each well. The number of Ge-positive cells in each well

was more than 300.
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2.7. Statistical analysis
Student’s t test was used to determine statistical significance. P values of <0.05 were

considered statistically significant.
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3. Results
3.1. Localization of Gn, Gc and NP of HTNV in infected cells

To determine the localization of Gn, Gc and NP of HTNV in infected cells, the viral
proteins and the cis-Golgi or ER markers were doubly stained with Alexa Fluor 488-
and Alexa Fluor 594-conjugated antibodies, respectively. Gn was stained with a
granular pattern and colocalized with the cis-Golgi marker but not with the ER marker
(Fig. 1). Similarly, Gc was colocalized with the cis-Golgi marker. On the other hand, NP
was also stained with a granular pattern but only partially colocalized with the cis-Golgi
marker. These results indicated that Gn and Gc were localized to cis-Golgi, while NP

was localized to cis-Golgi as well as other compartments in infected cells.

3.2. Localization of Gn, Gc and NP of HTNV in GPC or NP-expressing cells

To determine whether the localization of Gn, Gc and NP in GPC or NP-expressing
cells was the same as that in infected cells, \ero E6 cells were transfected with a HTNV
GPC or NP-expressing vector and their localization was analyzed in the same way.
Expressed GPC is posttranslationally cleaved into Gn and Gc. Most of Gn was localized
to cis-Golgi in GPC-expressing cells as in infected cells (Fig. 2 and Fig. 3A). In contrast,
some Gc showed diffuse distribution in the cytoplasm in GPC-expressing cells (Fig. 2
and Fig. 3A). The ratio of diffused Gc-positive cells among total Ge-positive cells was
32.9%. Diffused Gc was not observed in infected cells. NP was localized to the
cytoplasm diffusely in NP-expressing cells (Fig. 2B). Thus, the localization of Gc and

NP in GPC or NP-expressing cells was different from that in infected cells.

3.3. Effect of coexpression of GPC and NP of HTNV on their localization
9
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To determine whether Gn, Gc and NP each affect their localization, Vero E6 cells
were co-transfected with HTNV GPC and NP-expressing vectors. Co-expression of NP
caused reduction of the ratio of diffused Gc-positive cells in a dose-dependent manner
(Fig. 3A and 3B). To show time course of the effect of NP, cells were examined at
15~48 hours post transfection. The ratio of diffused Gc-positive cells reached a plateau
level (12.9~14.9%) around 24 hours post-transfection, which was a significantly lower
level than that in cells without NP (Fig. 3C). These results indicate that NP has activity
to reduce the diffused localization of Gc. On the other hand, the localization of NP was
not affected by co-transfection of a GPC-expressing vector (data not shown). In later

experiments, cells were examined at 24 hours post-transfection.

3.4. Activity of NPs of SEOV, PUUYV, and SNV to reduce diffused localization of
HTNV Gc

To determine whether the activity of NP to reduce diffused localization of G¢ was
conserved among other representative hantaviruses, NPs of SEOV, PUUV and SNV
were co-expressed with HTNV GPC. NPs of SEOV and SNV caused reduction of the
ratio of diffused Gc-positive cells to 13.5% and 11.7%, respectively, which were
comparable with that in the case of HTNV NP (Fig. 4). PUUV NP also caused reduction
of the ratio of diffused Gc-positive cells to 25.2%, though the degree of reduction was
lower than others (Fig. 4). To confirm the expression level of NPs, NPs were stained by
immunefluorescence assay (Supplementary Fig. 1). Expression level of NP of PUUV
was relatively low compared to those of NPs of HTNV, SEOV and SNV. To examine
whether the low expression level of PUUV NP was related to the low activity to reduce

diffuse distribution of Gc, increasing amount of pCPUUS was cotransfected with
10
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PCHTNM. As a result, the ratio of diffused Gc-positive cells was decreased in a
dose-dependent manner (Supplementary Fig. 2B), indicating that PUUV NP also has the
activity. Thus, despite the heterologous relationship between NP and GPC, each NP

reduced the ratio of diffused Gc-positive cells.

3.5. Amino acid region of HTNV NP that is important for activity to reduce diffused
localization of Gc

To determine the amino acid region of NP that is important for activity to reduce
diffused localization of Gc, a series of truncated NP-expressing vectors were transfected
with a GPC-expressing vector. In the case of amino-terminally truncated HTNV NPs,
NP155-429 did not reduce the ratio of diffused Gc-positive cells, while NP75-429 and
NP116-429 reduced the ratio of those cells as did whole NP (Fig. 5). NP30-429 showed
only a slight reduction of the ratio of diffused Gc-positive cells. In the case of
carboxyl-terminally truncated HTNV NPs, NP1-333, NP1-233 and NP1-155 reduced
the ratio of diffused Gc-positive cells, while NP1-116 did not (Fig. 5). When expression
vector of NPA35-74 lacking amino acid region 35-74 was transfected, the ratio of
diffused Gc positive cells was reduced. To confirm the expression level of NPs, NPs
were stained by immunefluorescence assay (Supplementary Fig. 3). Expression level of
NP30-429, NP155-429, and NP1-233 were relatively low. To examine whether the low
expression level of NP30-429 and NP155-429 were related to the low or no activity to
reduce diffuse distribution of Gc, increasing amount of the expression plasmids of
NP30-429 and NP155-429 were transfected. As a result, slight reduction of the ratio of
diffused Gc-positive cells was observed in NP30-429 expressing cells (Supplementary

Fig. 2C). In contrast, the ratio of those cells was not changed in NP155-429 expressing
11
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cells (Supplementary Fig. 2D). These results indicate that amino acid region 116-155 of
HTNV NP is important for activity to reduce diffused localization of Gc, although

amino acid region 1-30 is partially related.

3.6. Effect of mutations in HTNV Gn and Gc cytoplasmic tails on their localization
Glycoproteins Gn and Gc of hantaviruses are transmembrane proteins consisting of
an ectodomain, transmembrane domain and cytoplasmic tail and they form a hetero
complex. Considering the topology of NP and glycoproteins, NP may affect the
localization of Gc by binding to the cytoplasmic tails of Gn and Gc. To examine this
possibility, the effect of mutations in two CCHC-type zinc finger motifs in the HTNV
Gn cytoplasmic tail and the effect of deletions of short HTNV Gc cytoplasmic tail were
investigated. Both of the regions are thought to be important for the binding of NP to
cytoplasmic tails (Hepojoki et al., 2010b; Wang et al., 2010). ZF1 and ZF2 were
mutants with amino acid mutations in zinc finger motif 1 (H561Q and C565S) or 2
(H587Q and C5915), respectively. AGc-3 and AGce-6 were mutants with deletion of 3 or
6 amino acids in the carboxyl terminal of Gc cytoplasmic tail, respectively. Expression
levels of wt GPC, ZF1, ZF2, AGc-3, and AGe-6 were similar (Supplementary Fig. 4).
Ratio of diffused Gc-positive cells in ZF1 or ZF2 expressing cells were comparable
with that in wild type GPC expressing cells (Fig. 6). In contrast, deletion of 6 amino
acids in the carboxyl terminal of Gc cytoplasmic tail caused an increase in the ratio of
diffused Gc-positive cells in the absence of NP. In addition, the effect of coexpression of
NP was weakened in AGc-6 expressing cells (Fig. 6). These results indicate that the

HTNV Gc cytoplasmic tail is important for efficient cis-Golgi localization of Gc.

12
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4. Discussion

Particles of hantaviruses are thought to be formed in the Golgi complex (Schmaljohn
and Nichol, 2007). Therefore, Golgi localization of viral glycoproteins Gn and Gc
should be an important step for their life cycle. We showed that Gn and Gc were mainly
detected in cis-Golgi in HTNV-infected cells (Fig. 1). We speculate that the quantity of
Gn and Gc in ER is very small, since Gn and Gc are transported to Golgi complex
immediately after synthesis in ER. In contrast, when HTNV GPC was expressed by
transfection, Gc showed diffuse distribution in some cells (Fig. 2 and Fig. 3A),
indicating that factors other than GPC are involved in efficient Golgi localization of Gc.
In this study, we found that HTNV NP has a role in promoting the Golgi localization of
Gc.

Some studies have shown that Gn and Gc form a hetero complex (Antic et al., 1992;
Hepojoki et al., 2010a). It has been also reported that the presence of both Gn and Gc is
essential for their Golgi localization (Pensiero and Hay, 1992; Ruusala et al., 1992).
Based on the results of those studies, we speculate that formation of a hetero complex is
a prerequisite for their transport to the Golgi complex. Interestingly, Gn was localized to
cis-Golgi in GPC-expressing cells regardless of the presence of NP, suggesting that
formation of a hetero complex before transport to the Golgi complex is accomplished
without NP and that Gc may be dissociated from the hetero complex after transport to
the Golgi complex. Therefore, NP may play a role in increasing stability of the hetero
complex after transport to the Golgi complex.

The instability of Gc may be due to its short cytoplasmic domain. The cytoplasmic
domain of Gc consists of only 6 amino acids. Deletion of the cytoplasmic domain

resulted in an increase of diffused distribution of Gc. In addition, the deletion decreased
13
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the effect of NP. It has been reported that NP interacts with the short cytoplasmic
domain of Gc (Hepojoki et al., 2010b). Therefore, NP may stabilize the hetero complex
through interaction with the Gc cytoplasmic domain.

Analysis of deletion mutants of HTNV NP showed that amino acid regions 1-30 and
116-155 in NP were important to promote Golgi localization of Gc. The amino acid
region 116-155 seemed to be more important for the activity, since NP30-429 caused
slight reduction of diffused localization of Gc. In addition, NP75-429 and NP116-429,
which lacked amino acid region 1-30, were still functional. In the amino-terminal region,
there was an intramolecular coiled-coil structure consisting of two alpha-helixes (Wang
et al., 2008). Alpha-helixes 1 and 2 were located in amino acid regions 1-34 and 39-74,
respectively. Deletion of amino acid region 1-30 may disrupt folding of the
amino-terminal region and interfere with the activity of NP to promote Golgi
localization of Gc. The amino acid region 116-155, especially 135-148, in NP was
relatively conserved among hantaviruses including Thottapalayam virus that is one of
the shrew-borne hantaviruses and genetically distant from rodent-borne hantaviruses
(Fig. 7). These conserved amino acids may have an important role in the mechanism.
Old and New World hantaviruses have evolved differences in their interaction with host
cell machinery as well as in pathogenesis. HTNV enters cells via clathrin-mediated
endocytosis, while ANDV entry is clathrin-independent (Ramanathan et al., 2008).
HTNV requires an intact microtubule network for replication, while ANDV requires
actin. However, in this study, we found that NPs of SEOV, PUUV and SNV exerted a
similar effect over HTNV glycoproteins, suggesting that the activity of NP may be a
primitive feature common to hantaviruses. In other members of the Bunyaviridae family,

importance of cytoplasmic tails of the glycoproteins in viral assembly has been reported.
14
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Shi et al. showed that the cytoplasmic tails of both Gn and Gc of Bunyamwera virus,
member of the Orthobunyavirus genus, play crucial role in virus assembly and
morphogenesis. The cytoplasmic tail of glycoprotein Gy of Uukuniemi virus, member
of the Pholebovirus genus, is important for Golgi retention, binding of nucleoprotein,
and genome packaging (Andersson et al., 1997; Overby et al., 2007). Overby et al.
showed the importance of a lysine at position -3 from the C terminus of the short
cytoplasmic tail of Uukuniemi virus G¢ in Golgi localization and particle formation.
Interestingly, the lysine is highly conserved among members of the Phlebovirus,
Hantavirus, and Orthobunyavirus genera. In this study, we showed that the short
cytoplasmic tail of Gc is important for the correct localization of Gc and for receiving
support from NP. Considering these reports and findings, interaction between the
cytoplasmic tails of glycoproteins and nucleoprotein may be conserved feature for the

Bunyaviridae family that lacks matrix protein.
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Legends to figures

Fig. 1. Viral glycoproteins Gn and Gc were localized to cis-Golgi in HTNV-infected
Vero E6 cells. (A) Localization of viral proteins (left column) and ER marker (center
column). (B) Localization of viral proteins (left column) and cis-Golgi marker (center
column). Right columns show merged images. Mouse monoclonal antibodies 3D5, 5B7,
and E5G6 were used as primary antibodies for staining of Gn, Gc, and NP, respectively.
Rabbit anti-PDI polyclonal antibodies and rabbit anti-Man 11 polyclonal antibodies were
used as primary antibodies for staining of ER and cis-Golgi markers, respectively. Alexa
Fluor 488 goat anti-mouse IgG and Alexa Fluor 594 goat anti-rabbit 1gG were used as

secondary antibodies.

Fig. 2. Appearance of diffused Gc in HTNV GPC-expressing cells. (A) Localization of
Gn, Gc (left column) and cis-Golgi marker (center column) in HTNV GPC-expressing
Vero EG6 cells. (B) Localization of NP (left) and cis-Golgi marker (center) in HTNV
NP-expressing Vero E6 cells. Right columns show merged images. Vero E6 cells were
transfected with 30 ng/well of pPCAGGS/MCS and 30ng/well of pPCHTNM or pCHTNS.

After 24 hours, cells were fixed, stained and examined under microscope.

Fig. 3. Co-expression of HTNV GPC and NP promoted cis-Golgi localization of Gc.
(A) Localization of Gn and Gc in cells transfected with 30 ng/well of pPCHTNM and 30
ng/well of pPCAGGS/MCS (left column) or pCHTNS (right column) at 24 hours post
transfection. (B) Dose-dependent effect of NP on localization of Gc. Vero E6 cells were
co-transfected with pPCHTNM (40 ng/well) and increasing amounts of pPCHTNS. After

incubation for 24 hours, ratios of diffused Gc-positive cells were determined by
22
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counting Ge- and diffused Ge-positive cells. (C) Time course of the ratio of diffused
Gce-positive cells. Vero E6 cells were co-transfected with 30 ng/well of pPCHTNM and
30 ng/well of pPCAGGS/MCS (open bar) or pPCHTNS (filled bar) and incubated for
indicated periods. Error bars represent standard deviation of values determined by three

independent experiments.

Fig. 4. Co-expression of GPC of HTNV and NP of HTNV, SEOV, PUUV or SNV
promoted cis-Golgi localization of Gc. Vero EG6 cells were co-transfected with 30
ng/well of pPCHTNM and 30 ng/well of pPCAGGS/MCS, pCHTNS, pCSEOS, pCPUUS
or pCSNS and incubated for 24 hours. Error bars represent standard deviation of values
determined by three independent experiments. Asterisks indicate significant differences

between empty and each NP expressing plasmid. *p<0.05. **p<0.01.

Fig. 5. Identification of the amino acid region in NP that is important for activity to
reduce diffuse localization of Gc. Vero E6 cells were co-transfected with 30 ng/well of
pCHTNM and 30 ng/well of pPCAGGS/MCS, pCHTNS or pCAGGS-based truncated
HTNV NP-expressing plasmids and incubated for 24 hours. The bars on the left of the
graph are pictorial representations of the portions of truncated NPs. Error bars represent
standard deviation of values determined by three independent experiments. Asterisks
indicate significant differences between empty and each NP expressing plasmid.

*p<0.05. **p<0.01.

Fig. 6. Effect of Gn and Gc cytoplasmic tail mutations on localization of Gc. Vero E6

cells were co-transfected with 30 ng/well of pPCAGGS-based wild type (wt) or mutant
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HTNV GPC-expressing plasmids and 30 ng/well of pPCAGGS/MCS (open bar) or
pPCHTNS (filled bar) and incubated for 24 hours. Error bars represent standard deviation
of values determined by three independent experiments. Asterisks indicate significant

differences. *p<0.05. **p<0.01.

Fig. 7. Alignment of partial amino acid sequences of NPs of representative hantaviruses.

Asterisks indicate conserved amino acid residues.
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Legends to Supplementary figures

Supplementary Fig. 1. Expression level of NP in Vero EG6 cells transfected with 30
ng/well of pPCHTNM and 30 ng/well of pPCHTNS, pCSEQS, pCPUUS or pCSNS at 24
hours post transfection. Mouse monoclonal antibody E5G6 and Alexa Fluor 488 goat

anti mouse 1gG were used for staining of NP.

Supplementary Fig. 2. Dose-dependent effect of HTNV NP (A), PUUV NP (B),
HTNV NP30-429 (C) and HTNV NP155-429 (D) on localization of Gc. Vero EG6 cells
were transfected with 20 ng/well of pPCHTNM and increasing amount of pPCHTNS,
pCPUUS, pCAGGS-HTNV-NP30-429 or pCAGGS-HTNV-NP155-429. After
incubation for 24 hours, ratios of diffused Gc-positive cells were determined by
counting Gc- and diffused Ge-positive cells. Error bars represent standard deviation of
values determined by three independent experiments. Asterisks indicate significant
differences between empty and each quantity of NP expressing plasmid. *p<0.05.

**p<0.01.

Supplementary Fig. 3. Expression level of NP in Vero E6 cells transfected with 30
ng/well of pPCHTNM and 30 ng/well of pPCAGGS-based truncated HTNV
NP-expressing plasmids at 24 hours post transfection. Mouse monoclonal antibody
E5G6 was used for staining of NPs except for NP1-155 and NP1-116. Mouse
monoclonal antibody ECO2 was used for staining of NP1-155 and NP1-116. Alexa

Fluor 488 goat anti mouse 1gG was used as secondary antibody.

Supplementary Fig. 4. Expression level of Gc in Vero E6 cells transfected with 30
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ng/well of pPCAGGS-based wild type (wt) or mutant HTNV GPC-expressing plasmids
and 30 ng/well of pPCAGGS/MCS at 24 hours post transfection. Mouse monoclonal

antibody 5B7 and Alexa Fluor 488 goat anti mouse IgG were used for staining of Gc.
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