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We determined the full cDNA sequences of chicken gizzard filamin and
cgABP260 (chicken gizzard actin-binding protein 260). The primary and secon-
dary structures predicted by these sequences were similar to those of chicken
retina filamin and human filamins. Like mammals, chickens have 3 filamin
isoforms. Comparison of their amino acid sequences indicated that gizzard fila-
min, retina filamin, and cgABP260 were the counterparts of human FLNa (filamin
a), b, and c, respectively. Antibodies against the actin-binding domain (ABD) of
these 3 filamin isoforms were raised in rabbits. Using immunoabsorption and
affinity chromatography, we prepared the monospecific antibody against the ABD
of each filamin. In immunoblotting, the antibody against the gizzard filamin ABD
detected a single band in gizzard, but not in striated muscles or brain. In brain,
only the antibody against the retina filamin ABD produced a strong single band.
The antibody against the cgABP260 ABD detected a single peptide band in
smooth, skeletal, and cardiac muscle. In immunofluorescence microscopy of mus-
cular tissues using these antibodies, the antibody against the gizzard filamin ABD
only stained smooth muscle cells, and the antibody against the retina filamin ABD
strongly stained endothelial cells of blood vessels and weakly stained cells in con-
nective tissue. The antibody against the cgABP260 ABD stained the Z-lines and
myotendinous junctions of breast muscle, the Z-lines and intercalated disks of car-
diac muscle, and dense plaques of smooth muscle. These findings indicate that
chicken gizzard filamin, retina filamin, and cgABP260 are, respectively, smooth
muscle-type, non-muscle-type, and pan-muscle-type filamin isoforms. Cell Motil.
Cytoskeleton 61:214–225, 2005. ' 2005 Wiley-Liss, Inc.
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INTRODUCTION

In vertebrate, filamin family proteins are thought to
work in the maintenance of myofibrils and actin cytoske-
leton via regulation and/or cross-linking of actin fila-
ments during muscle contraction and cell movement.
Recent findings indicate that they participate in cellular
signal transduction [reviewed by Stossel et al., 2001; van
der Flier and Sonnenberg, 2001; Feng and Walsh, 2004].
In 1975, Wang et al. first named a chicken gizzard high-
molecular-weight protein as filamin, because antibodies
against this protein decorated the filamentous actin-rich
stress fibers in chicken fibroblast. And ABP (actin-bind-
ing protein), another well-known member of this family,
was first isolated from rabbit alveolar macrophages by
Hartwig and Stossel in 1975.

In 1990, Gorlin et al. completed the full DNA
sequencing of ABP-280 from human endothelial cells.
Using that sequence and rotary shadowing images of
ABP-280, they estimated the molecular structure of it.
ABP-280 is a dimeric protein that contains an actin-bind-
ing domain in the N-terminal of each subunit, adjacent
to a rod domain consisting of 24 tandem repeats. It con-
tains 2 hinges, between repeats 15 and 16 and between
repeats 23 and 24, which confer flexibility to the other-
wise rigid rod domain. Repeat 24 contains the self-asso-
ciation site. This is the common basic structure of human
filamins.

Several studies have demonstrated that the human
filamin family of proteins consists of 3 species encoded
at orthologous loci on chromosomes X, 3, and 7. ABP-
280 has been mapped to chromosome X, ABP276/278
[Xu et al., 1998] or b-filamin [Takafuta et al, 1998] is
the orthologue mapped to chromosome 3 [Gorlin et al.,
1990; Gariboldi et al.,1994; Maestrini et al., 1993], and
ABPL [Xie et al., 1998], filamin 2 (FLN2) [Thompson
et al., 2000] or g-filamin [van der Ven et al., 2000], is the
orthologue mapped to chromosome 7. These proteins
have basically the same molecular structure as ABP-280.
In 2001, Stossel et al. proposed a new naming system for
filamin and filamin-related proteins. In that system,
ABP-280, b-filamin, and g-filamin are designated
hsFLNa (Homo sapiens filamin a), hsFLNb, and
hsFLNc, respectively. hsFLNa is widely and abundantly
expressed in various tissues, and hsFLNb is widely but
less abundantly expressed in various tissues [van der
Flier et al., 2001; Xu et al., 1998; Takafuta et al., 1998;
Gorlin et al., 1993; Hock et al., 1990]. In contrast,
hsFLNc is only expressed in muscles [Thompson et al.,
2000; van der Ven et al., 2000].

In chicken, there are 3 known types of filamin: giz-
zard filamin [Wang et al., 1975], retina filamin [Barry
et al., 1993], and cgABP260 [Tachikawa et al., 1997].
Of these 3 types, only retina filamin has been fully
sequenced at the nucleic acid level [Barry et al., 1993].

The amino acid sequence predicted by this nucleic acid
sequence suggests that chicken retina filamin is the
homologue of FLNb [Stossel et al., 2001; van der Flier
et al., 2001]. It has a molecular structure similar to that of
hsFLNa, but lacks the hinge between repeats 15 and 16.
A clone isolated from a chicken gizzard cDNA library
containing part of the cgABP260 gene has been
sequenced [Tachikawa et al., 1997]. The sequence data
suggested that it may be the chicken counterpart of
hsFLNc [van der Flier et al., 2001]. Although there have
been many biochemical and immunohistological studies
of gizzard filamin, it has not yet been fully DNA
sequenced. Most studies of filamin localization in various
cells and tissues have been conducted using anti-gizzard
filamin antibodies [Gomer and Lazarides, 1981, 1983a,b;
Small et al., 1986; Koteliansky et al., 1986; Fujimoto and
Ogawa, 1988; Pavalko et al., 1989; Price et al., 1994].
Little consideration has been given to cross-reactivity of
the antibodies with other filamin isoforms. Formally, it
was generally thought that gizzard filamin [Wang et al.,
1975] was muscle-specific and ABP-280 [Hartwig and
Stossel, 1975] was non-muscle-specific. Therefore, local-
ization of filamin has been studied in detail, especially in
muscle tissues [Gomer and Lazarides, 1981, 1983a,b;
Small et al., 1986; Koteliansky et al., 1986], using immu-
nofluorescence and immunoelectron microscopy with
anti-gizzard filamin antibodies. In the present study, full
DNA sequencing of gizzard filamin and cgABP260 was
completed. Using DNA sequence data, we prepared spe-
cific antibodies against the ABDs of chicken gizzard fila-
min, retina filamin, and cgABP260. Using these antibod-
ies to analyze their localization in muscular organs, we
found that chicken gizzard filamin, retina filamin, and
cgABP260 are smooth muscle-, non-muscle-, and pan-
muscle-type filamin isoforms, respectively.

MATERIALS AND METHODS

Screening, Cloning, and Sequence Analysis

Four cDNA libraries were used for cloning of
chicken filamins. A chicken gizzard cDNA library utiliz-
ing lgt11 was purchased from Clonetech (Palo Alto,
CA), and a chicken skeletal muscle Lambda cDNA
library was purchased from Stratagene (La Jolla, CA).
Two new cDNA libraries were prepared by the present
authors. mRNAs were prepared from gizzard and breast
muscle from 2-month-old chickens. Unidirectional
cDNA libraries were constructed using the lZAP II
library construction kit (Stratagene).

These cDNA libraries were screened using a com-
bination of immunoscreening, plaque hybridization tech-
nique, and RT-PCR. For immunoscreening, the anti-fila-
min antiserum and the anti-cgABP260 antiserum, both
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of which were described in a previous study [Tachikawa
et al., 1997], were used. Screening, cloning, sequencing,
PCR, and RT-PCR were performed using standard meth-
ods. The primers used for the sequence of retina filamin
and cgABP260 are shown in Table IA. A minimum of 5
independent clones were sequenced for each protein, to
prevent introduction of errors by PCR. The Blast pro-
gram was used to search the DDBJ/databases.

Protein Expression and Purification

For expression assays, we used the ABD sequences
of gizzard filamin and cgABP260 isolated by PCR and

the ABD sequence of retina filamin isolated by RT-PCR
using mRNAs of adult chicken brain. The primers used
for PCR and RT-PCR are shown in Table IB.

Recombinant ABDs carrying a histidine tag at their

N-terminal were expressed using the pRSET vector sys-

tem (Invitrogen, Tokyo, Japan). Histidine-tagged pro-

teins were purified using Ni-NTA Agarose columns

(Qiagen, Tokyo, Japan). Recombinant proteins with a

glutathione S-transferase (GST) tag at their N-terminal

were expressed using the pGEX vector system (Amer-

sham Biosciences, Piscataway, NJ). Recombinant pro-

teins were purified with a Glutathione Sepharose 4B col-

TABLE I. Sequence of RT-PCR and PCR Primers*

Primer Sequence

A
Retina filamin ABD 50-ATGAGCACGCAGGCGCGG-30

50-GGCTCAATTCCTCTGCCATAAGCTCTTGC-30

Retina filamin tail 50-CGGGATCCACAGGACAGCGACTGGTCA-30

50-CGGAATTCTTAGGGAACCGTGACATGGA-30

cgABP260 rep.5-6 50-CCCACTGAGTTCTGTGTGGA-30

50-AGCACCATGACGGTGAGCAG-30

B
Gizzard filamin ABD 50-TCGGATCCATGAGCGCGGCGGGG-30

50-CATTGGATGCATCCCGTAGGCGCGCGC-30

Retina filamin ABD 50-ATGAGCACGCAGGCGCGG-30

50-GGCTCAATTCCTCTGCCATAAGCTCTTGC-30

CgABP260 ABP 50-CCGGATCCATGAACTCTTCGGGC-30

50-CCTTGGATGCATTACCCATATGCGCGGAC-30

*A: Primers used for the sequence of retina filamin and cgABP260. B: Primers used for the sequence of the

ABDs of gizzaed filamin, retina, filamin, and cgABP260.

Fig. 1. Cloning and sequencing

of gizzard filamin and cgABP. The

relative positions of the nucleotide

sequences obtained by immuno-

screening, plaque hybridization,

and RT-PCR are shown. A: Giz-

zard filamin. Lines 1, 6, and 9:

cDNAs obtained by imunoscreen-

ing, Lines 2–5, 7, 8, and 10:

cDNAs obtained by plaque hybrid-

ization. B: cgABP260. Lines 1, 5,
and 6: cDNAs obtained by plaque

hybridization, Line 2: cDNA pre-

viously obtained by imunoscreen-

ing [Tachikawa et al., 1997]; Line

3: sequence obtained by RT-PCR

(primers are indicated in Table I,

rep. 5–6), Line 4: cDNA obtained

by immunoscreening.
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umn (Amersham Biosciences). These procedures were
performed according to the manufacturers’ protocols.

Production of Antibodies

Antibodies against histidine-tagged ABDs of
chicken gizzard filamin, retina filamin, and cgABP260
were raised in rabbits. Using immunoabsorption and
affinity chromatography, the monospecific antibody
against each ABD was produced. The antiserum against
the cgABP260 ABD was diluted 5 times with a solution
containing 0.15 M NaCl, 20 mM sodium phosphate buf-
fer (pH 7.2), and 0.1% NaN3. It was then passed sequen-
tially through 2 affigel-10 columns (Bio-Rad, Hercules,
CA) containing GST-tagged ABDs of gizzard filamin
and retina filamin; this step was repeated more than
5 times. After having, thus, removed antibodies that
cross-reacted with the ABDs of gizzard filamin and ret-
ina filamin, the antibody against the cgABP260 ABD
was affinity-purified using an affigel-10 column contain-
ing GST-tagged cgABP260 ABD. The affinity column
chromatography was performed according to the manu-
facturer’s protocol. Purification of antibodies against the
ABDs of gizzard filamin and retina filamin was per-
formed using the same procedure as for cgABP260.

SDS Polyacrylamide Gel Electrophoresis
(SDS-PAGE) and Immunoblotting

SDS-PAGE was performed according to the
method of Laemmli [1970], using 5 and 10% gels. West-
ern blotting was performed essentially as described by
Towbin et al. [1979]. The proteins electrophoresed by
SDS-PAGE were electrotransfered to polyvinylidene
difluoride (PVDF) membranes (Immobilon-P, Millipore,
Bedford, MA). The PVDF membranes were blocked
with 1% BSA, 0.5% casein, and 0.1% gelatin in a solu-
tion of 0.5 M NaCl and 20 mM Tris-HCl (pH 7.5), and
were then incubated with the first antibody for 2 h at
room temperature. Next, they were washed with a solu-
tion containing 0.5 M NaCl, 0.05% Tween-20, and
20 mM Tris-HCl (pH 7.5), and were then incubated with
the second antibody for 1 h at room temperature. The
alkaline phosphatase-labeled goat anti-rabbit IgG second
antibody was purchased from Cappel (Durham, NC).
Detection of alkaline phosphatase activity was per-
formed using the standard method.

For electrophoresis, chicken gizzard, breast muscle,
heart, and brain were homogenized in 5 volumes of the
SDS solution (4% SDS, 125 mM Tris-HCl, pH 6.8, 5%
2-mercaptoethanol, and 25% glycerol); the resulting
homogenate was incubated at 1008C for 5 min and then
centrifuged at 10,000g for 10 min. We then applied 2-ml
aliquots of supernatant to each well of the polyacryla-
mide gel.

Immunofluorescence Microscopy

A strip of breast muscle (approximately 1 mm in
diameter) stretched to its resting length by forceps was
fixed for 5 min in PBS (0.1 M NaCl and 20 mM sodium
phosphate buffer, pH 7.2) containing 10% formalin,
10 mM EGTA, and 0.1 mM phenylmethylsulfonyl fluo-
ride (PMSF) to avoid the contraction of myofibrils. Giz-
zard, heart, and aorta dissected from an adult chicken
were fixed in the same solution. After being thoroughly
washed with PBS, the tissue was embedded in Tissu
Mount (Chiba Medical, Tokyo, Japan) and frozen directly
in a jar filled with liquid nitrogen. Each sample was thin-
sectioned at 10 mm and sections were mounted on glass
slides. The sections were fixed with PBS containing 10%
formalin, washed well with PBS, blocked with 1% bovine
serum albumin (BSA) in PBS, and reacted with the first
antibody for 1 h at room temperature. They were then
washed well with PBS and reacted with the second anti-
body, the anti-rabbit IgG goat antibody conjugated with
Alexa Flour 488 (Molecular Probes, Inc., Junction City,
OR), for 30 min. After again being washed well with
PBS, they were fixed with 10% formalin in PBS, washed
with PBS, and then embedded in PBS containing 1% 1, 4
diazabicyclo [2.2.2.] octane and 50% glycerol.

RESULTS

Full-Length Amino Acid Sequences of
Filamin and cgABP260

By immunoscreening of cDNA libraries of chicken
gizzard and breast muscle using anti-filamin antiserum
and anti-cgABP260 antiserum, both of which were used
in a previous study [Tachikawa et al., 1997], we isolated
several clones encoding partial DNA sequences of giz-
zard filamin and cgABP260. To obtain the full sequences
of gizzard filamin and cgABP260, we screened the libra-
ries with DNA probes based on the cDNA clones iso-
lated by immunoscreening. RT-PCR was also used for
sequencing of the ABD (amino acid numbers in Fig. 1,
aa 1–282) and C-terminal region (aa 2460–2590) of
chicken retina filamin, and repeats 5 and 6 of cgABP260
(aa 678–836). The primers are listed in Table IA. These
nucleotide sequences have been deposited in the DDBJ
nucleotide sequence database, with accession numbers
AB056474 (gizzard filamin), AB056475 (cgABP260),
AB095192 (ABD of retina filamin), and AB095193
(hinge and repeat 24 of retina filamin).

Analysis of the DNA sequences resulted in identifi-
cation of open reading frames encoding chicken gizzard
filamin, retina filamin, and cgABP260 (Fig. 2). The giz-
zard filamin open reading frame consisted of 7,833 bp,
and encoded a 2,610-amino-acid protein with a calculated
molecular mass of 273 kDa (Fig. 3). The cgABP260 open
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reading frame consisted of 7,977 bp, and encoded a 2,658-
amino-acid protein with a calculated molecular mass of
281 kDa (Fig. 3). There were minor differences between
the translated sequence of retina filamin obtained in the
present study and a previous report [Barry et al., 1993], at
the ABD (aa 1–284 in Fig. 2) and C-terminal region (aa
2,460–2,590). The previous sequence [Barry et al., 1993]
seemed to have a few misreadings of cDNA in each
region. The retina filamin open reading frame consisted of
7,773 bp, and encoded a 2,590-amino-acid protein with a
calculated molecular mass of 278 kDa (Fig. 3).

All 3 proteins contained an ABD at the N-terminal
adjacent to a rod domain consisting of 24 tandem
repeats, and contained a hinge between repeats 23 and
24 (Fig. 3). This seemed to be the common basic struc-
ture of chicken filamin isoforms. Chicken gizzard filamin

has the longest hinge (46 amino acids) of any vertebrate
FLN so far sequenced; FLN hinges usually contain
approximately 35 amino acids [Stossel et al., 2001; van
der Flier et al., 2001]. The hinges of retina filamin and
cgABP260 contain 31 and 32 amino acids, respectively.
As shown in Figures 1 and 3, cgABP260 contained an
extra sequence in Repeat 20. The inserts of cgABP260
and hsFLNc contained 76 and 82 amino acids, respec-
tively (Fig. 4). At the amino acid level, the insert of
cgABP260 was approximately 75% identical to the insert
of human muscle-type filamin (hsFLNc).

Structural Comparison Between Human and
Chicken Filamin Isoforms

We compared the translated sequences of human
and chicken filamin isoforms. Amino acid identities (%)

Fig. 3. Structural comparison between human and chicken filamins. Human and chicken filamins are

shown schematically. Numbers in white boxes indicate the numbers of tandem repeats of the rod domain.

Molecular masses (kDa) are also indicated. Chicken filamins have a single hinge between repeat 23 and

repeat 24, corresponding to the second hinge (hinge 2) of hsFLNs. hsFLNs have another hinge (hinge 1)

between repeat 15 and repeat 16 of the rod domain. hsFLNc and cgABP260 have inserts in repeat 20.

Fig. 2. Aligned sequences of chicken gizzard filamin, retina filamin,

and cgABP260. The predicted amino acid sequences of gizzard fila-

min, retina filamin, and cgABP260 are aligned. In the sequence align-

ment, missing residues are indicated by hyphens. Shading indicates

identical amino acids. Arrows indicate the first amino acid of the

ABD, the 24 repeating units, and the hinges. The arrowhead in repeat

1 indicates the end of the peptide sequence used as the antigen.

cgABP260 has an insert of 76 amino acids in repeat 20. Accession

numbers of g. filamin and cgABP260 in the DDBJ nucleotide

sequence database are AB056474 and AB056475, respectively.
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of whole-protein, ABD, and rod domain sequences
among human and chicken FLNs are listed in Figure 5A.
Gizzard filamin, retina filamin, and cgABP260 each had
their highest homology with hsFLNa, hsFLNb, and
hsFLNc, respectively. Both cgABP260 and hsFLNc had
an insertion in repeat 20 (Figs. 3 and 4).

Hereafter, for convenience, we will use the names
ggFLNa (Gallus gallus filamin a), ggFLNb, and ggFLNc
to refer to gizzard filamin, retina filamin, and cgABP260,
respectively. Unlike human FLNs, chicken FLNs had no
hinge between the 15th and 16th repeats of the rod; other
than that, the basic structure of human and chicken FLNs
was generally the same (Fig. 3).

Distribution of Chicken FLNs in Chicken Organs

Whole ABDs and part of the first repeat of chicken
FLNs were used as antigens. The C-terminal amino acids
of these peptides are indicated by arrowheads in Figure
2. Because of the high identity between chicken ABDs
throughout their sequences (Figs. 2 and 5), the antibodies
against them tend to cross-react. Therefore, we purified
each anti-ABD antibody using immunoabsorption and
affinity-purification. Specificity of the antibodies against
chicken FLN ABDs was assessed by immunoblotting.
As shown in Figure 6, each antibody against the ABDs
of ggFLNa, b, and c reacted only with the recombinant
ABD of the appropriate corresponding isoform. Using
these antibodies, we examined distribution of ggFLNa,
b, and c in chicken gizzard, breast muscle, heart, and
brain. Antibodies against ggFLNa ABD detected a 270-
kDa protein band only in gizzard (Fig. 7A). Antibodies
against ggFLNb ABD produced a strong single 270-kDa
band in gizzard and brain and a faint single 270-kDa

band in heart (Fig. 7A,C,D). Antibodies against ggFLNc
ABD detected a single band of approximately 260 kDa
only in muscular organs (Fig. 7A–C), and detected noth-
ing in brain (Fig. 7D).

Immunofluorescence Localization of Chicken
FLNs in Adult Chicken Gizzard, Breast
Muscle, and Heart

Strong fibrous immunofluorescence of the anti-
ggFLNa ABD antibody was observed throughout
chicken gizzard smooth muscle cells, but no immuno-
fluorescence was observed in striated muscle cells (Fig.
8B–D). Anti-ggFLNb ABD did not stain muscle cells,
but strongly stained the endothelial cells of blood vessels
(Fig. 8A,C,E; arrowheads in C and E indicate the blood
vessels), and weak immunofluorescence was seen in
some cells in the connective tissues (Fig. 8A). The anti-
ggFLNc ABD antibody stained the Z-lines (Fig. 8B) and
myotendinous junctions of breast muscle cells (Fig. 8C)
and the Z-lines (Fig. 8D), intercalated disks of cardiac
muscle cells (a white arrowhead in Fig. 8F), and dotty
fluorescence was observed in the cell membrane of giz-
zard smooth muscle cells (a white arrow in Fig. 8A).

Immunofluorescence Localization of Chicken
FLNs in Adult Chicken Aorta

Cross-sections of chicken aorta were used for
immunofluorescence microscopy with anti-ggFLN ABD
antibodies. Antibodies against ggFLNa and ggFLNc
ABD stained the smooth muscle layer of the aorta. There
was less obvious difference between the staining patterns
of these antibodies in the aorta than in gizzard smooth
muscle cells. Anti-ggFLNc ABD antibody strongly
stained the cell fringe (Fig. 9C), but anti-ggFLNa ABD
antibody stained the interior of the cell (Fig. 9A). Anti-
ggFLNb ABD strongly stained the endothelium, weakly
stained the connective tissues, and did not stain the
smooth muscle layer (Fig. 9B).

DISCUSSION

Filamin and filamin-related proteins have been iso-
lated from various organs and cells of both vertebrate
and invertebrates. A few years ago, some filamin iso-
forms had been given several different names. This had
caused some confusion and inconvenience in study of fil-
amin isoforms. In 2001, Stossel et al. proposed a naming
system for filamin and filamin-related proteins. We
believe that this system is simple and applicable to all
organisms, and have adopted this system for naming
chicken filamins. As with mammals, there are 3 known
types of chicken filamin [Wang et al., 1975; Barry et al.,
1993; Tachikawa et al., 1997]. The full DNA sequencing
of chicken gizzard filamin and cgABP260 confirmed that

Fig. 4. Comparison of repeat 20 between filamin, cgABP260, and

hsFLNc. The hsFLNc peptide sequence was derived from cDNA

sequence data reported by Maestrini et al. [1993]. In the sequence

alignment, missing residues are indicated by hyphens. Shading indi-

cates identical amino acids. The amino acid identity between the

inserts (in the box) of cgABP260 and hsFLNc was approximately

75%.
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the 3 types of chicken filamin are homologues of
hsFLNs. Comparison of molecular structure (Figs. 2–4)
and homology of amino acid sequence between human
and chicken filamins (Fig. 5A) indicated that they are
homologues of each other. In this report, we replaced the
names gizzard filamin, retina filamin, and cgABP260
with the names ggFLNa, ggFLNb, and ggFLNc, respec-
tively.

There were some differences between hsFLNs and
ggFLNs in molecular structure and distribution in tis-

sues. The molecular structures of hsFLNs and ggFLNs
are shown schematically in Figure 3. The most marked
difference in molecular structure is that ggFLN lack the
hinge (hinge 1 of hsFLN) between repeats 15 and 16 of
the rod domain. Although hsFLNb and c each have a
variant that lacks hinge 1 [Maestrini et al., 1993; Xie
et al., 1998], it appears that 2 hinges are typical for
human FLNs [Stossel et al., 2001]. hsFLNa has higher
actin gelation activity than ggFLNa [Brotschi et al.,
1978], in spite of the high sequence homology between

Fig. 6. Specificity of the anti-ggFLNa ABD, anti-ggFLNb ABD, and anti-ggFLNc ABD antibodies.

Monospecificity of the affinity-purified antibodies against ABDs of ggFLNa, ggFLNb, and ggFLNc was

tested by immunoblotting. ABDs of ggFLNa, ggFLNb, and ggFLNc were tagged with GST. CBB: Coo-

massie brilliant blue staining pattern. a: Staining with anti-ggFLNa ABD. b: Staining with anti-ggFLNb

ABD. c: Staining with anti-ggFLNc ABD.

Fig. 5. Identity (%) between human FLNs

and chicken FLNs at the amino acid level.

Homology among human and chicken FLNs

is shown by amino acid identities (%).

A: The amino acid identities among human

and chicken FLNs. B: The identities among

chicken FLNs. Shading in A indicates the

counterparts of human and chicken FLNs,

based on degree of homology.
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them. The presence of hinge 1 in hsFLNa may contribute
to this difference. Drosophila FLN also has 2 hinges
[Sokol and Cooley, 1999; Li et al., 1999]. This raises the
interesting molecular evolutionary question of when ver-
tebrates obtained the first hinge or avians lost it.

There was a major difference in tissue distribution
between ggFLNa and hsFLNa. Studies of the localiza-
tion of filamin in various chicken cells and tissues have
usually been conducted using anti-gizzard filamin anti-
bodies [Gomer and Lazarides, 1981, 1983a,b; Small
et al., 1986; Koteliansky et al., 1986; Fujimoto and
Ogawa, 1988; Pavalko et al., 1989; Bloch and Hall,
1983], without considering cross-reactivity of antibodies
with other filamin isoforms. First, we tried to prepare
specific antibodies against the C-terminal region of
ggFLNs (hinges and repeat 24). Identity in rod domains
of the 3 chicken filamins was not as high as for ABDs
(Fig. 5B) but the attempt was not successful. Despite the
high level of identity between their ABDs (Fig. 5B), we
successfully obtained highly specific antibodies against
the ABDs of ggFLNa, b, and c (Fig. 6). Although anti-
ABD of ggFLNb antibody reacted with two higher
bands, which seemed to be minor contaminants or aggre-
gates in the protein sample (Fig. 6), it reacted with a
single band in each tissue (Fig. 7). Therefore, we consid-

ered that this antibody was available for immunological
studies.

In immunoblotting, the anti-ggFLNa ABD signal
was only detected in gizzard. In adult chickens, expres-
sion of ggFLNa was restricted to smooth muscle of giz-
zard and blood vessels (Figs. 8 and 9). In contrast,
hsFLNa is the most abundantly and widely expressed
FLN in human tissues [Stossel et al., 2001]. ggFLNb was
detected in non-muscle cells, but not in muscle cells
(Figs. 8 and 9). In adult breast muscle and heart, blood
vessels and connective tissues were stained by anti-
ggFLNb ABD antibody. Endothelial cells of the aorta
were much more strongly fluorescent than fibroblasts in
the connective tissue. We also detected anti-ggFLNb sig-
nals in the non-muscle cells of gizzard and heart (Fig.
7A and C, lane b). Pavalko et al. [1989] demonstrated
the existence of a filamin isoform that had low mobility
on SDS-PAGE and was enriched at the ends of stress
fibers; it may be ggFLNb. However, in the present elec-
trophoresis, ggFLNa and b appeared to have the same
degree of mobility (Fig. 7A). Mammalian FLNb is
expressed widely in non-muscle cells, but in smaller
amounts than FLNa [Stossel et al., 2001]. Unlike the
case with mammals, ggFLNb appeared to be the only
chicken FLN expressed in non-muscle tissue. In immu-

Fig. 7. Immunoblot of chicken organs with antibodies against ABDs of ggFLNa, ggFLNb, and

ggFLNc. Whole extracts of gizzard (A), breast muscle (B), heart (C), and brain (D) were transferred to

PVDF membranes. CBB: Coomassie brilliant blue staining pattern. a: staining with anti-ggFLNa ABD.

b: staining with anti-ggFLNb ABD. c: staining with anti-ggFLNc ABD. GF: gizzard filamin. M: myosin.

a: a-actinin. SP: spectrin.
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Fig. 8. Immunofluorescence localization of ggFLNa, ggFLNb, and

ggFLNc in chicken gizzard, breast muscle, and heart. Cryosections of

gizzard (A), breast muscle (B), myotendinous junction of breast

muscle (C), and cardiac muscle (D) were reacted with anti-ggFLN

ABD antibodies. E: Higher magnification view of the region in white

boxes in A. F: Higher magnification view of the region in a white box
in D. A white arrow in A indicates a dense plaque. Arrowheads in C

and E indicate blood vessels, and an arrowhead in F indicates an inter-

calated disk of cardiac muscle. Top panels: phase contrast images.

Bottom panels: immunofluorescence images. Bars ¼ 10 mm.
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noblotting, anti-ggFLNc ABD produced the strongest
reaction in striated muscle organs (Fig. 7A–C). Contrary
to what their molecular masses would suggest, on SDS-
PAGE, the mobility of ggFLNc was greater than that of
ggFLNa (Fig. 7A), as shown in a previous study [Tachi-
kawa et al., 1997]. Although, at present, we cannot make
clear the reason why ggFLNc had a higher mobility than
ggFLNa and b, we have another example. Chicken Lasp-
1 and Lasp-2 have 258 and 273 amino acids, respec-
tively. However, Lasp 2 has a higher mobility (apparent
molecular mass, 34 kDa) than Lasp 1 (38 kDa) [Terasaki
et al., 2003]. Also, ggFLNc immunofluorescence was
observed in muscle cells but not in non-muscle cells
(Figs. 8 and 9). The main localization of ggFLNc was in
dense plaques in smooth muscle, as in our previous study
[Tachikawa et al., 1997]. ggFLNc localized in the Z-
lines (Fig. 8B) and myotendinous junctions (Fig. 8C) of
breast muscle and the Z-lines and intercalated discs of
cardiac muscle (Fig. 8D,F). It appears that ggFLNc, like
mammalian FLNc, is a muscle-specific isoform that can
be used as a marker of muscular cells.

In chicken, smooth muscle cells appear to be the
only cells that have significant amounts of 2 types of
FLN simultaneously (Fig. 8A). Although hsFLN-binding
properties have been reported for many proteins [Stossel

et al., 2001; van der Flier et al., 2001; Feng and Walsh,
2004], no protein has been reported to have ggFLN-bind-
ing properties. What protein(s) anchor ggFLNa to the
cytoskeletal domains of smooth muscle and anchor
ggFLNc in the dense plaques of smooth muscle? The
molecular mechanism of cohabitation of ggFLNa and c
in the same cell with different intracellular localization
is an interesting issue. Mittal et al. showed that chicken
gizzard filamin labeled with fluorescence dye incorpo-
rated into the stress fibers of non-muscle cells and the Z-
lines of striated muscle cells when it was added to per-
meabilized cells [Mittal et al., 1987]. In chicken striated
muscle or non-muscle cells, the anchor proteins for
ggFLNc or ggFLNb seem to have the ability to bind to
ggFLNa. Studies of ggFLN localization in non-muscle
cells and organs are currently being conducted. Ultra-
structural localization of ggFLNs in various cells and tis-
sues should also be examined, to aid in clarification of
the roles of ggFLNs in situ.
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