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Influenza A virus is an enveloped virus with a segmented, single-strand, negative-sense
RNA genome. Its virions show spherical or filamentous shapes of about 100 nm in diam-
eter and occasionally irregular morphology, which exemplifies the pleomorphic nature of
these virions. Each viral RNA segment forms a ribonucleoprotein complex (RNP), along
with an RNA-dependent RNA polymerase complex and multiple copies of nucleoproteins;
the RNPs reside in the enveloped virions. Here, we focus on electron microscopic analy-
ses of influenza virions and RNPs. Based on the morphological and structural observations
obtained by using electron microscopic techniques, we present a model of the native
morphology of the influenza virion.
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INTRODUCTION
Influenza A, B, and C viruses are members of the Orthomyx-
oviridae, which is a family of enveloped viruses with segmented,
single-stranded,negative-sense RNA genomes (Palese,2007). They
are classified according to antigenic differences in their nucleopro-
tein (NP) and matrix protein (M1), which are major structural
components of their virions. Of the three members, Influenza A
viruses, which are further classified into 16 hemagglutinin (HA)
subtypes and 9 neuraminidase (NA) subtypes on the basis of their
antigenic properties, cause annual epidemics in humans and recur-
ring pandemics that spread globally with severe consequences for
human health and the economy.

The genome of influenza A virus consists of eight single-
stranded, negative-sense RNA segments that form ribonucleo-
protein complexes (RNPs) together with the viral RNA (vRNA)-
dependent RNA polymerase complex [basic polymerase 1 (PB1),
basic polymerase 2 (PB2), and acidic polymerase (PA)] and many
nucleoprotein (NP) molecules. The genome encodes at least 12
viral proteins, most of which are necessary for efficient virus
replication in host cells and for virion formation. During virus
infection, the virus attaches to receptors (i.e., sialic acid linked to
galactose) on the cell surface via HA virion surface proteins and
enters the cell by clathrin-mediated endocytosis. The RNPs within
the virion are released into the cytoplasm by acidic pH-dependent
membrane fusion, again via the HA proteins, and are transported
to the nucleus of the infected cells. Unlike most negative-sense
RNA viruses, transcription and replication of the influenza virus
genome take place in the nucleus. After the RNPs are synthesized
in the nucleus, they are exported to the cytoplasm with the help of
two viral proteins, M1 (Bui et al., 1996, 2000) and nuclear export
protein (NEP/NS2; O’Neill et al., 1998; Ye et al., 1999; Baudin
et al., 2001), via the cellular chromosome region maintenance 1
(Crm1) protein-dependent pathway (Neumann et al., 2000; Elton
et al., 2001; Ma et al., 2001; Watanabe et al., 2001; Akarsu et al.,
2003; Iwatsuki-Horimoto et al., 2004). They are then transported

to the budding site of the apical plasma membrane of polarized
cells, through a Rab 11-dependent vesicular transport pathway
(Amorim et al., 2011; Eisfeld et al., 2011; Momose et al., 2011).
The transmembrane proteins HA, NA, and an ion channel protein
(M2) are conveyed to the budding site by a standard exocytic path-
way through the endoplasmic reticulum and Golgi apparatus. M1
is presumed to interact with both the RNPs and the cytoplasmic
tails of HA, NA, and M2 and to act as a bridge between them at
the budding site (Zhang et al., 2000; McCown and Pekosz, 2005).
Eventually, all of the viral components, including the viral trans-
membrane proteins, M1, and RNPs, are orderly assembled into
progeny virions. The progeny virions are released from the apical
plasma membrane into the extracellular environment, where NA
plays an important role in cleaving sialic acids bound to receptors
on the cell surface and HA proteins on the progeny virions.

Although the morphology of influenza A virions, whether bud-
ding virions or purified virions, has been investigated extensively
for many years by using various electron microscopic methods,
knowledge of the virion structure remains limited, mainly due to
pleomorphism, which complicates morphological and structural
analyses and impedes investigators efforts to draw conclusions
about the native structure of the virion. However, recent electron
microscopic analyses have revealed several important morphologi-
cal and structural features of influenza virions,which provide valu-
able information about the native morphology of these structures.
This review summarizes the current progress in virion morphol-
ogy studies and presents a model of the likely native morphology
of influenza A virion.

THE MORPHOLOGY OF THE INFLUENZA A VIRION
Virions possess a lipid envelope that is derived from the host cel-
lular membrane during the budding. They are generally spherical
or elliptical in shape, ranging from approximately 80–120 nm in
diameter and are occasionally filamentous, reaching more than
20 μm in length. Sometimes, however, they take on an irregular
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shape. Virions are covered with numerous membrane-spanning
glycoproteins, HA and NA, and small amounts of M2. The periph-
eral membrane protein, M1, which is one of the most abundant
viral proteins in the virion, binds to the lipid envelope to main-
tain virion morphology. The segmented genome is enclosed in the
virion in the form of the RNP. Although small amounts of NEP
are present within the virion (Yasuda et al., 1993), its localization
is unknown.

Most laboratory-adapted strains of influenza A virus are pre-
dominantly spherical or elliptical, whereas clinical isolates are
predominantly filamentous and their adaptation in eggs results in
the loss of this filamentous phenotype (Chu et al., 1949; Kilbourne
and Murphy, 1960). The filamentous phenotype is thought to be a
genetic trait, as shown by virus gene reassortment experiments
(Smirnov et al., 1991) and reverse genetics studies (Bourmak-
ina and Garcia-Sastre, 2003; Elleman and Barclay, 2004). Such
studies have demonstrated that the M1 and M2 proteins are impor-
tant determinants of filamentous virion formation (Hughey et al.,
1995; Roberts et al., 1998; Bourmakina and Garcia-Sastre, 2003).
In addition, the polarized cell phenotype and actin cytoskeleton
network also play important roles in the formation of filamen-
tous virions (Roberts and Compans, 1998), suggesting that several
factors are involved in determining virion morphology. The sig-
nificance of the filamentous morphology for virus replication
and pathogenesis remains uncertain; however, the fact that clin-
ical isolates, independent of HA and NA subtype, consistently
form filamentous shapes strongly suggests that this filamentous
phenotype is essential for virus survival in nature. The filamen-
tous morphology may, for example, facilitate cell-to-cell trans-
mission of progeny virions in the respiratory mucosa of infected
individuals.

In addition to the spherical, elliptical, and filamentous viri-
ons, irregular-shaped virions are sometimes observed when using
negative-staining electron microscopy (negative-staining EM) of
purified virions (Figure 1; Stevenson and Biddle, 1966; Almeida
and Waterson, 1967; Wrigley, 1979). Interestingly, such virions
have never been reported when ultrathin-section transmission
electron microscopy (ultrathin-section EM) or scanning electron
microscopy (SEM) is used to view budding virions. This discrep-
ancy is thought to be partially due to artifacts caused during sample
preparation for negative-staining, since artifacts can be introduced
into fragile biological specimens on air drying (Nermut and Frank,
1971; Ruigrok et al., 1992). However, other artifacts may also be
included, because such irregular-shaped virions are also reported
when using cryoelectron microscopy (cryoEM) of purified virions
(Harris et al., 2006; Nayak et al., 2009), which does not involve air
drying. Earlier reports suggested that the pleomorphism is intro-
duced during the storage of virions at 4˚C after they are harvested
(Choppin et al., 1961; Nermut and Frank, 1971). More impor-
tantly, it was recently demonstrated that virion morphology is sub-
stantially affected by ultracentrifugation, which is often involved in
the negative-staining process, resulting in the appearance of mor-
phologically irregular virions (Sugita et al., 2011). When virions
are chemically fixed with glutaraldehyde (GLA), which presum-
ably creates cross-links among the membrane-bound M1 proteins
that form the layer underneath the viral envelope as well as among
M1 proteins and the cytoplasmic tails of the HA, NA, and M2

FIGURE 1 | Electron micrograph of influenza virions. The virions were
purified by ultracentrifugation, and visualized by negative-staining EM. Bars,
200 nm. (A) Spherical virions [A/WSN/33 (H1N1)], (B) filamentous virions
[A/Udorn/307/72 (H3N2)], and (C) irregular-shaped virions [A/Puerto
Rico/8/34 (H1N1)].

transmembrane proteins, the virion morphology is relatively con-
served even after ultracentrifugation. This finding is consistent
with observations made when using ultrathin-section TEM and
SEM of budding virions, where morphologically irregular virions
have never been found; sample processing of the ultrathin-section
TEM and SEM usually begins with GLA fixation, and does not
involve ultracentrifugation. Taken together, the pleomorphism
of influenza virions observed when using negative-staining EM
and cryoEM is an artifact that is mainly introduced during sam-
ple preparation procedures that involve ultracentrifugation and
storage.

RNPs WITHIN THE VIRION
The eight vRNA segments, which contain conserved sequences at
their 3′ and 5′ ends that are partially complimentary to each other
and form the core promoter (Skehel and Hay, 1978; Robertson,
1979; Desselberger et al., 1980), range in size from 890 to 2341
bases. Each vRNA segment is separately encapsidated by NP to
form the RNP, which has a flexible, twisted rod-like structure that
is folded back and coiled on itself. The rod-like RNPs are approx-
imately 12 nm in diameter, but vary in length from approximately
30–110 nm (Pons et al., 1969; Compans et al., 1972). The length
of each rod-like RNP correlates with the length of each vRNA
segment (Compans et al., 1972).
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Although the morphology of the purified RNPs has been well
characterized, the conformation of RNPs inside virions had been
largely unknown for a long time. When virions were examined
by using negative-staining EM or cryoEM, a continuous strand
of 7–8 nm in diameter, which was regularly packed in the form
of a helix, was observed within disrupted virions (Hoyle et al.,
1961; Apostolov and Flewett, 1965; Schulze, 1972; Almeida and
Brand, 1975; Murti et al., 1980, 1992; Booy et al., 1985; Harris et al.,
2006). Although the strands were observed only at a low frequency,
they were the sole structure clearly visualized by using negative-
staining EM and cryoEM. Therefore, it was proposed that RNPs
exist as a single continuous helix, which would be fragmented
into multiple rod-like RNPs during the purification process of
RNPs (Almeida and Brand, 1975; Murti et al., 1980). Later, how-
ever, it was demonstrated by use of negative-staining EM (Ruigrok
et al., 1989) and cryoEM (Calder et al., 2010), that the continuous
helix found within disrupted virions was a layer of M1 proteins
underneath the lipid envelope.

How, then, are the RNP fragments arranged within the virion?
By using thin-section EM, it is shown that progeny virions bud-
ding from the plasma membrane of infected cells contain a distinct
arrangement of RNPs (Oxford and Hockley, 1987; Noda et al.,
2006). The RNPs are always suspended from the top of the bud-
ding virions and are oriented perpendicular to the budding tip.
Many transversely sectioned budding virions contain eight RNPs,
in which a central RNP is consistently surrounded by seven oth-
ers. Serial transverse ultrathin-sections of whole budding virions
have revealed that the eight RNPs within a virion differ in length,
suggesting that the budding virion contains different kinds of
vRNAs (Compans et al., 1972). Filamentous virions also con-
tain eight RNPs arranged in this distinct pattern. Interestingly,
the eight RNPs are confined to the top of the filamentous virion
and the reminder of the filamentous virion is empty, indicat-
ing that such filamentous virions do not randomly incorporate
multiple sets of eight RNPs (Noda et al., 2006). Recent cry-
oEM analyses of purified virions confirmed that they contain
eight RNPs arranged in a distinct pattern (Harris et al., 2006;
Calder et al., 2010). Furthermore, the RNPs are restricted to one
end of the filamentous particles that are released from infected
cells, which is consistent with the observations made by using
ultrathin-section EM of budding virions (Noda et al., 2006). Thus,
virions, regardless of their shape, incorporate an organized set of
eight RNPs.

A MODEL OF A NATIVE INFLUENZA A VIRION
Based on recent microscopic analyses, a schematic diagram of a
native influenza virion is depicted in Figure 2. Whether spheri-
cal, elliptical (Figure 2 left), or filamentous (Figure 2 right), the
lipid-enveloped virions are regular in shape and covered with HA
and NA glycoproteins and M2 proteins. Abundant HA proteins
are distributed over the virion surface. Single NA proteins can
be observed anywhere on the virion surface, whereas a cluster
of NA proteins is also found at the end of the virion that is
opposite to the end where the RNPs are located (Calder et al.,
2010). Because the RNPs bind to the inner leaflet of the enve-
lope at the distal end of budding virion (Noda et al., 2006; Calder
et al., 2010), the NA cluster would play a role in release from

FIGURE 2 | Schematic diagram of influenza virions. Left, an elliptical
virion; right, a filamentous virion. Note that both virions contain an
organized set of eight RNPs at the end of the virion.

the infected cell by destroying the HA binding to receptors on
the cell surface. Given that membrane scission is caused by M2
proteins (Rossman et al., 2010), M2 proteins are likely located
at the proximal end of the budding virion, on the same side as
the NA cluster. In addition, the M2 protein plays an important
role in RNP incorporation (McCown and Pekosz, 2005; Iwatsuki-
Horimoto et al., 2006), suggesting that it should also be present
at the distal end of the budding virion, where the M2 protein
and RNPs could associate with each other. The M1 protein forms
a matrix layer underneath the lipid envelope that is arranged
as an ordered helix composed of multiple copies of M1 pro-
teins that contribute to the virion morphology (Calder et al.,
2010).

The eight rod-like RNPs, which differ in length, are arranged
in a distinct pattern, in which seven peripheral RNPs surround a
central RNP (Oxford and Hockley, 1987; Noda et al., 2006). Such
an arrangement is observed not only in budding virions, but also
in isolated virions (Harris et al., 2006; Calder et al., 2010), sug-
gesting that there are interactions among the RNPs to maintain
this organization. The eight RNPs are consistently associated with
the inner envelope at the distal end of the budding virion and
oriented almost perpendicular to the budding tip (Oxford and
Hockley, 1987; Noda et al., 2006), indicating a polar organization
of the virion.
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CONCLUSION
Electron microscopic approaches are useful methods for investi-
gating morphological and structural features of viruses. However,
when fragile, lipid-enveloped viruses, including influenza viruses,
are examined by using electron microscopy, artifactual effects such
as ultracentrifugation, storage, and air drying should be consid-
ered. If not, misleading information can be visualized. Recent
electron microscopic analyses of influenza virions clearly show
that the native virion morphology is uniformly spherical, elliptical,
or filamentous. Irregularly shaped virus particles are mainly arti-
facts caused during sample processing, indicating that such virus
particles unlikely reflect the true virion structure. Accordingly, it is
important to pay close attention to sample processing, when struc-
turally examining influenza virions with electron microscopic
techniques.

Despite the fact that various electron microscopic analyses have
contributed to our knowledge of influenza virion morphology,

much about the internal structure of the virion remains unknown.
For instance, how do the RNPs associate with the envelope
at the tip of the virion? How are the eight RNPs arranged
in their distinct pattern? Do they interact with each other? If
so, where and how do they interact? Although solving these
issues by using conventional two-dimensional electron micro-
scopic methods, such as thin-section EM and negative-staining
EM would be difficult, if not impossible, they can be addressed
by using three-dimensional analysis of RNPs within the virion by
means of electron tomography, which provides higher resolution
images.

ACKNOWLEDGMENTS
I thank Susan Watson for editing the manuscript. This work is
supported by a Grant-in-Aid for Young Scientists from the Japan
Society for the Promotion of Science.

REFERENCES
Akarsu, H., Burmeister, W. P., Petosa,

C., Petit, I., Müller, C. W., Ruigrok,
R. W., and Baudin, F. (2003).
Crystal structure of the M1
protein-binding domain of the
influenza A virus nuclear export
protein (NEP/NS2). EMBO J. 22,
4646–4655.

Almeida, J. D., and Brand, C. M. A.
(1975). Morphological study of the
internal component of influenza
virus. J. Gen. Virol. 27, 313–318.

Almeida, J. D., and Waterson, A. P.
(1967). Some observations on the
envelope of an influenza virus. J.
Gen. Microbiol. 46, 107–110.

Amorim, M. J., Bruce, E. A., Reed, E.
K., Foeglein, A., Mahen, R., Stuart, A.
D., and Digard, P. (2011). A Rab11-
and microtubule-dependent mech-
anism for cytoplasmic transport of
influenza A virus viral RNA. J. Virol.
85, 4134–4156.

Apostolov, K., and Flewett, T. H. (1965).
Internal structure of influenza virus.
Virology 26, 506–508.

Baudin, F., Petit, I., Weissenhorn, W.,
and Ruigrok, R. W. (2001). In vitro
dissection of the membrane and
RNP binding activities of influenza
virus M1 protein. Virology 281,
102–108.

Booy, F. P., Ruigrok, R. W., and van
Bruggen, E. F. (1985). Electron
microscopy of influenza virus. A
comparison of negatively stained
and ice-embedded particles. J. Mol.
Biol. 184, 667–676.

Bourmakina, S. V., and Garcia-Sastre,
A. (2003). Reverse genetics studies
on the filamentous morphology of
influenza A virus. J. Gen. Virol. 84,
517–527.

Bui, M., Whittaker, G., and Helenius, A.
(1996). Effect of M1 protein and low
pH on nuclear transport of influenza

virus ribonucleoproteins. J. Virol. 70,
8391–8401.

Bui, M., Wills, E. G., Helenius, A., and
Whittaker, G. R. (2000). Role of
the influenza virus M1 protein in
nuclear export of viral ribonucleo-
proteins. J. Virol. 74, 1781–1786.

Calder, L. J., Wasilewski, S., Berri-
man, J. A., and Rosenthal, P. B.
(2010). Structural organization of
a filamentous influenza A virus.
Proc. Natl. Acad. Sci. U.S.A. 107,
10685–10690.

Choppin, P. W., Murphy, J. S., and
Stoeckenius, W. (1961). The sur-
face structure of influenza virus fila-
ments. Virology 13, 548–550.

Chu, C. M., Dawson, L. M., and
Elford, W. J. (1949). Filamentous
forms associated with newly isolated
influenza virus. Lancet 1, 602.

Compans, R. W., Content, J., and Dues-
berg, P. H. (1972). Structure of
the ribonucleoprotein of influenza
virus. J. Virol. 10, 795–800.

Desselberger,U.,Racaniello,V. R.,Zazra,
J. J., and Palese, P. (1980). The 3′ and
5′-terminal sequences of influenza
A, B and C virus RNA segments are
highly conserved and show partial
inverted complementarity. Gene 8,
315–328.

Eisfeld, A. J., Kawakami, E., Watan-
abe, T., Neumann, G., and Kawaoka,
Y. (2011). RAB11A is essential for
transport of the influenza virus
genome to the plasma membrane. J.
Virol. 85, 6117–6126.

Elleman, C. J., and Barclay, W. S. (2004).
The M1 matrix protein controls the
filamentous phenotype of influenza
A virus. Virology 321, 144–153.

Elton, D., Simpson-Holley, M.,
Archer, K., Medcalf, L., Hallam, R.,
McCauley, J., and Digard, P. (2001).
Interaction of the influenza virus
nucleoprotein with the cellular

CRM1-mediated nuclear export
pathway. J. Virol. 75, 408–419.

Harris, A., Cardone, G., Winkler, D. C.,
Heymann, J. B., Brecher, M., White,
J. M., and Steven, A. C. (2006).
Influenza virus pleiomorphy char-
acterized by cryoelectron tomogra-
phy. Proc. Natl. Acad. Sci. U.S.A. 103,
19123–19127.

Hoyle, L., Horne, R. W., and Water-
son, A. P. (1961). The structure and
composition of the myxoviruses.
II. Components released from the
influenza virus particle by ether.
Virology 13, 448–459.

Hughey, P. G., Roberts, P. C., Holsinger,
L. J., Zebedee, S. L., Lamb, R. A.,
and Compans, R. W. (1995). Effects
of antibody to the influenza A virus
M2 protein on M2 surface expres-
sion and virus assembly. Virology
212, 411–421.

Iwatsuki-Horimoto, K., Horimoto, T.,
Fujii, Y., and Kawaoka, Y. (2004).
Generation of influenza A virus
NS2 (NEP) mutants with an altered
nuclear export signal sequence. J.
Virol. 78, 10149–10155.

Iwatsuki-Horimoto, K., Horimoto, T.,
Noda, T., Kiso, M., Maeda, J., Watan-
abe, S., Muramoto, Y., Fujii, K., and
Kawaoka,Y. (2006). The cytoplasmic
tail of the influenza A virus M2 pro-
tein plays a role in viral assembly. J.
Virol. 80, 5233–5240.

Kilbourne, E. D., and Murphy, J. S.
(1960). Genetic studies of influenza
viruses. 1. Viral morphology and
growth capacity as exchangeable
genetic traits. Rapid in ovo adap-
tation of early passage Asian strain
isolates by combination with PR8. J.
Exp. Med. 111, 387–406.

Ma, K., Roy, A. M., and Whittaker, G. R.
(2001). Nuclear export of influenza
virus ribonucleoproteins: identifica-
tion of an export intermediate at

the nuclear periphery. Virology 282,
215–220.

McCown, M. F., and Pekosz, A. (2005).
The influenza A virus M2 cyto-
plasmic tail is required for infec-
tious virus production and effi-
cient genome packaging. J. Virol. 79,
3595–3605.

Momose, F., Sekimoto, T., Ohkura,
T., Jo, S., Kawaguchi, A., Nagata,
K., and Morikawa, Y. (2011). Api-
cal transport of influenza A virus
ribonucleoprotein requires Rab11-
positive recycling endosome. PLoS
ONE 6, e21123. doi:10.1371/jour-
nal.pone.0021123

Murti, K. G., Bean, W. J. Jr., and Webster,
R. G. (1980). Helical ribonucleopro-
teins of influenza virus: an electron
microscopic analysis. Virology 104,
224–229.

Murti, K. G., Brown, P. S., Bean, W. J. Jr.,
and Webster, R. G. (1992). Compo-
sition of the helical internal compo-
nents of influenza virus as revealed
by immunogold labeling/electron
microscopy. Virology 186, 294–299.

Nayak, D. P., Balogun, R. A.,Yamada, H.,
Zhou, Z. H., and Barman, S. (2009).
Influenza virus morphogenesis and
budding. Virus Res. 143, 147–161.

Nermut, M. V., and Frank, H. (1971).
Fine structure of influenza A2 (Sin-
gapore) as revealed by negative
staining, freeze-drying and freeze-
etching. J. Gen. Virol. 10, 37–51.

Neumann, G., Hughes, M. T., and
Kawaoka, Y. (2000). Influenza
A virus NS2 protein mediates
vRNP nuclear export through
NES-independent interaction with
hCRM1. EMBO J. 19, 6751–6758.

Noda, T., Sagara, H., Yen, A., Takada, A.,
Kida,H.,Cheng,R. H., and Kawaoka,
Y. (2006). Architecture of ribonucle-
oprotein complexes in influenza A
virus particles. Nature 439, 490–492.

Frontiers in Microbiology | Virology January 2012 | Volume 2 | Article 269 | 4

http://dx.doi.org/10.1371/journal.pone.0021123
http://www.frontiersin.org/Microbiology
http://www.frontiersin.org/Virology
http://www.frontiersin.org/Virology/archive


Noda Influenza virion morphology

O’Neill, R. E., Talon, J., and Palese,
P. (1998). The influenza virus
NEP (NS2 protein) medi-
ates the nuclear export of viral
ribonucleoproteins. EMBO J. 17,
288–296.

Oxford, J. S., and Hockley, D. J.
(1987). Orthomyxoviridae. Animal
Virus Structure. Amsterdam: Else-
vier, 213–232.

Palese, P. (2007). “Orthomyxoviridae,”
in Fields Virology, 5th Edn, eds D.
M. Knipe, P. M. Howley, D. E.
Griffin, R. A. Lamb, M. A. Mar-
tin, B. Roizman, and S. E. Straus
(Philadelphia: Lippincott Williams
& Wilkins), 1647–1689.

Pons, M. W., Schulze, I. T., Hirst, G. K.,
and Hauser, R. (1969). Isolation and
characterization of the ribonucleo-
protein of influenza virus. Virology
39, 250–259.

Roberts, P. C., and Compans, R. W.
(1998). Host cell dependence of viral
morphology. Proc. Natl. Acad. Sci.
U.S.A. 95, 5746–5751.

Roberts, P. C., Lamb, R. A., and Com-
pans, R. W. (1998). The M1 and
M2 proteins of influenza A virus
are important determinants in fila-
mentous particle formation. Virol-
ogy 240, 127–137.

Robertson, J. S. (1979). 5′ and 3′
terminal nucleotide sequences of
the RNA genome segments of
influenza virus. Nucleic Acids Res. 6,
3745–3757.

Rossman, J. S., Jing, X., Leser, G. P.,
and Lamb, R. A. (2010). Influenza
virus M2 protein mediates ESCRT-
independent membrane scission.
Cell 142, 902–913.

Ruigrok, R. W., Calder, L. J., and
Wharton, S. A. (1989). Electron
microscopy of the influenza virus
submembranal structure. Virology
173, 311–316.

Ruigrok, R. W., Hewat, E. A., and Wade,
R. H. (1992). Low pH deforms the
influenza virus envelope. J. Gen.
Virol. 73, 995–998.

Schulze, I. T. (1972). The structure of
influenza virus. II. A model based
on the morphology and composi-
tion of subviral particles. Virology
47, 181–196.

Skehel, J. J., and Hay, A. J. (1978).
Nucleotide sequences at the 5′ ter-
mini of influenza virus RNAs and
their transcripts. Nucleic Acids Res.
5, 1207–1219.

Smirnov, Y. U. A., Kuznetsova, M.
A., and Kaverin, N. V. (1991).
The genetic aspects of influenza

virus filamentous particle forma-
tion. Arch. Virol. 118, 279–284.

Stevenson, J. P., and Biddle, F. (1966).
Pleomorphism of influenza virus
particles under the electron micro-
scope. Nature 212, 619–621.

Sugita, Y., Noda, T., Sagara, H., and
Kawaoka, Y. (2011). Ultracentrifu-
gation deforms unfixed influenza
A virions. J. Gen. Virol. 92,
2485–2493.

Watanabe, K., Takizawa, N., Katoh, M.,
Hoshida, K., Kobayashi, N., and
Nagata, K. (2001). Inhibition of
nuclear export of ribonucleopro-
tein complexes of influenza virus
by leptomycin B. Virus Res. 77,
31–42.

Wrigley, N. G. (1979). Electron
microscopy of influenza virus. Br.
Med. Bull. 35, 35–38.

Yasuda, J., Nakada, S., Kato, A., Toy-
oda, T., and Ishihama, A. (1993).
Molecular assembly of influenza
virus: association of the NS2 pro-
tein with virion matrix. Virology 196,
249–255.

Ye, Z., Liu, T., Offringa, D. P., Mcln-
nis, J., and Levandowski, R. A.
(1999). Association of influenza
virus matrix protein with ribonucle-
oproteins. J. Virol. 73, 7467–7473.

Zhang, J., Leser, G. P., Pekosz, A., and
Lamb, R. A. (2000). The cytoplasmic
tails of the influenza virus spike gly-
coproteins are required for normal
genome packaging. Virology 269,
325–334.

Conflict of Interest Statement: The
author declares that the research was
conducted in the absence of any com-
mercial or financial relationships that
could be construed as a potential con-
flict of interest.

Received: 02 December 2011; accepted:
17 December 2011; published online: 03
January 2012.
Citation: Noda T (2012) Native
morphology of influenza viri-
ons. Front. Microbio. 2:269. doi:
10.3389/fmicb.2011.00269
This article was submitted to Frontiers
in Virology, a specialty of Frontiers in
Microbiology.
Copyright © 2012 Noda. This is an
open-access article distributed under the
terms of the Creative Commons Attribu-
tion Non Commercial License, which per-
mits non-commercial use, distribution,
and reproduction in other forums, pro-
vided the original authors and source are
credited.

www.frontiersin.org January 2012 | Volume 2 | Article 269 | 5

http://dx.doi.org/10.3389/fmicb.2011.00269
http://www.frontiersin.org
http://www.frontiersin.org/Virology/archive
http://creativecommons.org/licenses/by-nc/3.0/

	Native morphology of influenza virions
	Introduction
	The morphology of the influenza A virion
	RNPs within the virion
	A model of a native influenza A virion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


