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Influenza B virus BM2 is a type III integral membrane protein that displays H" ion channel activity.
Analysis of BM2 knockout mutants has suggested that this protein is a necessary component for the capture
of Ml-viral ribonucleoprotein (VRNFP) complex at the plasma membrane and for incorporation of vRNP
complex into the virion during the assembly process. BM2 comprises 109 amino acid residues and possesses
a longer cytoplasmic domain than the other 3 integral membrane proteins (hemagglutinin, neuraminidase, and
NB). To explore whether the cytoplasmic domain of BM2 is important for infectious virus production, a series
of BM2 deletion mutants lacking three to nine amino acid residues at the carboxyl terminus, BM2A107-109,
BM2A104-109, and BM2A101-109, was generated by reverse genetics. Intracellular transport and incorpora-
tion into virions were indistinguishable between truncated BM2 proteins and wild-type BM2. The BM2A107-
109 mutant produced levels of infectious virus similar to those of wild-type virus and displayed a spherical
shape. However, the BM2A104-109 and BM2A101-109 mutants produced viruses containing dramatically
reduced vRNP complex, as with BM2 knockout mutants, and formed enlarged, irregularly shaped virions.
Moreover, gradient separation of membranes indicated that membrane association of M1 from mutants was
greatly alfected by carboxyl-terminal truncations of BM2. Studies of alanine substitution mutants further
suggested that amino acid sequences in the 98-109 region are variable while those in the 86-97 region are a
prerequisite for innate BM2 function. These results indicate that the cytoplasmic domain of the BM2 protein
is required for firm association of the M1 protein with lipid membranes, vRNP complex incorporation into

virions, and virion morphology.

Influenza A and B viruses are enveloped viruses that assem-
ble at the plasma membrane of infected cells and release by
budding. The core consists of a helical ribonucleocapsid (RNP)
that contains the eight RNA segments encapsidated with nu-
cleoprotein (NP) and polymerase proteins. The envelope ac-
commodates three to four different transmembrane proteins:
hemagglutinin (HA) glvcoprotein; neuraminidase (NA) glyco-
protein; and either M2 in influenza A virus or BM2 in influ-
enza B virus. Influenza B virus contains an additional trans-
membrane protein, NB. The M1 matrix protein forms a layer
underneath the viral envelope and also surrounds the viral
RNF (vRNP) complex. M1 is thought to play a pivotal role in
virus assembly, interacting with the vRNP complex and the
cytoplasmic domain (endodomain/tail) of glycoproteins, as
well as with membranes of infected cells (30).

The cytoplasmic domains of the HA and NA glycoproteins
have also been shown to play regulatory roles in virus assembly.
In the influenza A virus, HA and NA significantly enhance the
membrane association of M1 (6, 10) and recruit M1 to lipid
rafts (1, 53). Deletion of the cytoplasmic domains of the HA
and NA glycoproteins has drastic cffects on virus morphology
(1,17, 27) and genome packaging in virions (52). Furthermore,
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a recent study demonstrated that the cytoplasmic domains of
HA and NA are required for efficient incorporation of M1 into
virus-like particles (4). These observations have suggested that
the specificity of the assembly process is governed by interac-
tions between cytoplasmic domains of glycoproteins and the
M1 protein. The importance of the cytoplasmic domain of viral
glycoproteins in virus assembly and budding has already been
confirmed for other enveloped negative-strand RNA viruses
(7, 26, 33, 40, 41, 46).

The BM2 protein of influenza B virus is a phosphoprotein
that is synthesized in the late phase of infection and is incor-
porated into the virion as a relatively minor component (32).
This protein, like M2 in influenza A virus, functions as a proton
channel that is essential for dissociation of vRNP from MI
during the uncoating process and for preservation of the native
conformation of HA during transport to the cell surface (28).
Reverse-genetics studies have shown that BM2 knockout virus
lacking the ability to synthesize the BM2 protein does not grow
substantially in cell culture, indicating that the BM2 protein is
necessary for the viral replication cycle (12, 14). In addition,
BM2-knockout virus shows dramatically reduced incorpora-
tion of vRNP and M1 into virions (14). These findings further
suggest that BM2 plays crucial roles in the virion assembly
process in addition to the uncoating process,

BM2 is a tetrameric type I transmembrane protein with a
C,,N,,, orientation and comprises a 23-amino-acid transmem-
brane domain and an 86-amino-acid cytoplasmic domain (35,
47). The transmembrane domain of BM2 can act as an ion
channel for protons (28). Mutant virus with a BM2 protein
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