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A 260-kDa Filamin/ABP-Related Protein in Chicken Gizzard Smooth 
Muscle Cells Is a New Component of the Dense Plaques and Dense 
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A 260-kDa protein, termed cgABP260, which localized in the dense plaques and dense 
bodies of smooth muscle cells, was found in a low-salt alkaline extract of chicken gizzard 
smooth muscle. An antibody against cgABP260 was used to screen a chicken gizzard cDNA 
library, and the nucleotide sequence of the partial cDNA encoding this protein was 
determined. Comparison of predicted amino acid sequences revealed that the protein had 
significant homology with human ABP-280 and chicken retina filamin [Barry, C.P. et al. 
(1993) J. Biol. Chem. 268, 25577-25586], but despite the high homology, cgABP260 was 
immunologically distinguishable from filamin. Immunoblot analysis showed that an anti-
cgABP260 antibody reacted exclusively with the cgABP260 band of smooth, skeletal, and 
cardiac muscle tissues. By indirect immunofluorescence, the membrane-affinity-purified 
antibody against cgABP260 intensely stained the dense plaques of the isolated smooth 
muscle cells. Immunoelectron microscopy showed that immunogold particles representing 
cgABP260 were found abundantly on the dense plaques and less abundantly on the dense 
bodies. Its amino acid sequence, molecular size, immunological reactivity, and localization 
in smooth muscle thus indicated that cgABP260 is a new component of the dense plaques 
and dense bodies of smooth muscle cells.

Key words: dense body, dense plaque, filamin/ABP-related protein, immunogold, smooth 
muscle.

Dense plaques are specific structures of the smooth muscle 

cell membrane to which bundles of actin filaments attach 

themselves. In the cytoplasm, smooth muscle cells have 

dense bodies where actin filaments from opposite sides are 

bundled together (2, 3). They transmit force generated 

inside a smooth muscle cell by the contractile system, 

including myosin and actin, to the cell surface. As a result, 

the smooth muscle cell contracts. Many constituent pro

teins of the dense plaques and/or dense bodies have been 

found, although their physiological roles there have not 

been fully elucidated. The distributions of vinculin (4-7), 

talin (6, 7), paxillin (8, 9), and zyxin (10) are restricted to 

the dense plaques in smooth muscle cells. ,ƒÀ-Actin (11) is a 

common component of the dense plaques and dense bodies. 

ƒ¿-Actinin , a major component of the dense bodies, also 

localizes in the dense plaques (4, 12). Antibodies against 

zeugmatin (13), which was recently found to be part of the 

Z-band region of titin, which is identical to connectin (14), 

stain the dense bodies intensely and the dense plaques less 

intensely (15). Filamin (16) is also found in the dense

plaques, although it is mainly distributed in the cytoskele

tal channel of smooth muscle cells (17). Filamin is closely 

related to ABP-280, which was first isolated from mam

malian leukocytes (18) and has been found widely in 

nonmuscle tissues (19-21). Several cytoskeleton-asso-

ciated proteins, such as ƒ¿-actinin, filamin, vinculin, talin, 

and zyxin, have been isolated from the low-salt alkaline 

extract of avian gizzard smooth muscle. Recently we iso

lated fulcin and a 36-kDa protein from the low-salt alkaline 

extract of chicken gizzard. Fulcin, a 450-kDa filamin/ABP-

related protein, localizes at the peripheral regions of dense 

bodies and dense plaques (22). The 36-kDa protein is a 

component of dense bodies and not dense plaques (23). In 

this study, we found a new filamin/ABP-related 260-kDa 

protein component of the dense plaques and dense bodies in 

a low-salt alkaline extract of chicken gizzard smooth 

muscle. Here, we refer to this protein as cgABP260 

(chicken gizzard actin-binding protein of 260 kDa), from its 

apparent molecular mass on SDS-PAGE.

MATERIALS AND METHODS

Extraction of cgABP260-All procedures were per-
formed in an ice box or a cold room. Two hundred grams of 
chicken gizzard smooth muscle was washed with 0.15 M 
NaCl and 20 mM sodium phosphate buffer, pH 7.2 (PBS), 
containing 10 mM EDTA and 0.1 mM phenylmethylsul-
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Aliquots of 2,41 of supernatant were applied to each well of 
the acrylamide gel.

Fig. 1. SDS-PAGE of each step in the extraction of cgABP260 

from chicken gizzard. (a) Myofibril-rich fraction; (b) soluble 

fraction in the low-salt alkaline solution (12.5 ƒÊg); (c) soluble fraction 

in 300 mM NaCl (12.5 u g); (d) residue insoluble in 300 mM NaCl; (e) 

soluble fraction in buffer A (12.5,ƒÊg); (f) flow-through fraction from 

a hydroxylapatite column (crude cgABP260, 12.5 ƒÊg). The arrow 

indicates the cgABP260 band, and the arrowhead indicates the filamin 

band. F, filamin; M, myosin; a, ƒ¿-actinin; D, desmin; A, actin.

fonyl fluoride (PMSF). The myofibril-rich residue (Fig. 1a) 
was washed 3 times with 1 mM EDTA, pH 7.2, containing 
0.1 mM PMSF. The resultant residue was collected by 
centrifugation at 7,000 x g for 10 min, washed with an 
equal volume of low-salt alkaline solution (2 mM Tris, 1 
mM EDTA, and 1 mM PMSF, pH 9.2) developed by 
Feramisco and Burridge (24), and extracted twice with the 
same solution for 1 h. These extracts were combined and 
clarified by centrifugation at 7,000 x g for 20 min (Fig. 1b), 
solid ammonium sulfate was added to 10% saturation, and 
the mixture was left to stand overnight. The precipitate 
was collected by centrifugation at 20,000 x g for 10 min, 
washed sufficiently with 300 mM NaCl and 25 mM MES-
NaOH buffer, pH 6.0, then washed 3 times with distilled 
water. Filamin was soluble in the supernatant (Fig. 1c). The 
residue (Fig. 1d) was collected by centrifugation at 
20,000 x g for 10 min, suspended with buffer A (5% ethyl
ene glycol and 50 mM sodium phosphate buffer, pH 8.0), 
and left to stand for 30 min. The supernatant was then

 collected by centrifugation at 20,000 x g. This process was 
repeated twice. The supernatant (Fig. le) was directly 
applied to a hydroxylapatite column (2.5 cm x 6 cm) which 
had been equilibrated with buffer A, and the flow-through 
fraction was collected. This fraction (Fig. 1f, crude 
cgABP260 fraction) contained actin, cgABP260, and other 
minor proteins. The yield of the crude cgABP260 was 11 
mg.

Measurement of Protein Concentration-Protein concen
tration was determined by the biuret reaction.

SDS Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

and Immunoblot-SDS-PAGE was carried out by the 

method of Laemmli (25), using 3-15% gradient separation 

or 10% gels. Immunoblotting was performed essentially as 

described by Towbin et al. (26). For electrophoresis, 

chicken gizzard smooth muscle, breast muscle, and cardiac 

muscle were respectively homogenized in 5 volumes of an 

SDS solution (2% SDS, 65 mM Tris-HCl, pH 6.8, 2.5% 

2-mercaptoethanol, and 10% glycerol), incubated at 100•Ž 

for 5 min, and centrifuged at 10,000 x g for 10 min.

Antibodies-Antiserum against cgABP260 was raised in 

a rabbit by our usual method (27). The crude cgABP260 

fraction (Fig. 1f) was electrophoresed on SDS-PAGE gel. 

The cgABP260 band was cut out from the gel, emulsified in 

Freund's incomplete adjuvant, and injected 3 times into a 

rabbit at intervals of 2 wk. The antiserum was collected 

from the ear vein 10 d after the last injection. The antibody 

against cgABP260 was purified from the antiserum by 

membrane affinity adsorption (28). The affinity-purified 

antibody was stored at 4•Ž in PBS containing 1% bovine 

serum albumin (BSA) and 0.01% NaN3. An anti-vinculin 

monoclonal antibody (clone VIN-11-5) was purchased from 

BioMakol. An anti-chicken gizzard filamin rabbit anti-

serum was purchased from TRI and affinity-purified in the 

same manner as cgABP260. An anti-ƒÀ-galactosidase anti-

body was obtained from 5 Prime-3 Prime.

Immunofluorescence and Immunoelectron Microscopy-
Gizzard smooth muscle cells were isolated without using 
protease, as described previously (22, 23). Isolated smooth 
muscle cells were mounted on a glass slide and covered with 
a glass slip. The cells were washed with PBS containing 10 
mM EDTA and 0.1 mM PMSF, fixed with 3% formalde
hyde in PBS, washed with PBS, and incubated with 1% BSA 
for 30 min. The cells were then incubated with affinity-
purified antibody against cgABP260 or filamin for 2 h at 
room temperature, washed well with PBS, incubated with 
the FITC-labeled goat anti-rabbit IgG antibody (Cappel) 
for 1 h, and washed well with PBS. For double immuno
staining, the cells were successively incubated in the same 
way with the mouse anti-vinculin first antibody and rho-
damine-labeled goat anti-mouse IgG second antibody (Cap-
pel). The specimen was washed with PBS, fixed with 3% 
formaldehyde in PBS, washed again with PBS, and embed-
ded in the glycerol/PBS solution of Citifluor (Agar). For 
immunoelectron microscopy, small blocks (1 mm) of chick-
en gizzard smooth muscle were dissected and fixed with 3% 
formaldehyde in 150 mM NaCl, 10 mM EDTA, 0.1 mM 
PMSF, and 20 mM sodium phosphate buffer, pH 7.2, for 30 
min. Blocks were washed 3 times with PBS for 20 min, 
dehydrated, and embedded in LR white (London Resin). 
Samples were ultrathin-sectioned, blocked with 1% BSA in 
PBS, reacted with the affinity-purified antibody against 
cgABP260 for 2 h, and rinsed 5 times with PBS. Sections 
were all labeled in the same manner with colloidal gold 
particle-conjugated goat anti-rabbit IgG antibody (E-Y 
Laboratories). Immunostained sections were fixed with 
2.5% glutaraldehyde in PBS, stained with 2% uranyl 
acetate and 0.1% lead citrate, and observed under an 
electron microscope (JEOL 100CX).

Screening of the cDNA Library-A chicken gizzard 
cDNA library (CLONETECH Laboratories) prepared in 
;L gtl1 was screened with antiserum against cgABP260. For 

preparation of antigen-bound nitrocellulose membrane 
filters and antibody screening, the method of Huynh et al. 
(29) was used with slight modifications. Nonspecific bind-
ing sites on the filters were saturated by preincubation for 
30 min with 500 mM NaCl and 20 mM Tris-HCl buffer, pH 
8.0 (TBS) containing 3% gelatin. Filters were then washed 
with 0.05% Tween 20 contained TBS (TTBS), incubated 
with antiserum diluted in TTBS (1:25,000) overnight, 
washed with TTBS to remove unbound antibodies, and
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incubated with horseradish peroxidase conjugated goat 
anti-rabbit IgG antibody (Bio-Rad) for 1 h. They were 
washed well with TTBS, then with TBS, and the color 
reaction was using a Konica immunostaining HRP kit. Color 
development proceeded for a maximum of 20 min and was 
stopped by washing with distilled water.

Cloning and Sequencing-The EcoRI inserts were ex
cised from the immunopositive A gtll recombinant and 
subcloned into plasmid vector pBluescript KS+. Recom
binant plasmid vectors were sequenced by the chain termi
nation method, as described by Sanger et al. (30). Nucleo. 
tide sequences were determined using the program GENE-

TIX-MAX 6.2.0 (Software Development). Homologies 
were analyzed by computer sequence search of the Geno-
meNet database (http://www.tokyo-center.genome.ad.jp/ 
SIT/BLAST.html). It was confirmed that determined 
sequences of both strands of the cDNA were consistent.

Production of ƒÉgt11 Fusion Protein-To obtain the 

cgABP260 and ƒÀ-galactosidase fusion protein, crude lysate 

of ƒÉgtll recombinant lysogen in Escherichia coli Y1089

Fig. 2. Immunoblot analysis of muscle tissues with the anti-

cgABP260 antiserum. Samples were run on a 3-15% gradient gel. 

The left half of the gel was stained with Coomassie Brilliant Blue, and 

the right half, containing the same samples as the left half, was 

analyzed by immunoblotting. Lane 1, gizzard; lane 2, heart; lane 3, 

breast muscle; lanes 1'-3', immunostaining patterns of the corre

sponding samples. F, filamin; M, myosin; a, ƒ¿-actinin; A, actin.

Fig. 3. Immunological difference between cgABP260 and 

filamin. Five micrograms of crude cgABP260 (a) and 1,ƒÊg of chicken 

gizzard filamin (b) were each run on 3-15% gradient gels and blotted 

onto PVDF membrane sheets. Lane 1, staining patterns with Amido 

Black lOB; lane 2, immunostaining patterns with anti-cgABP260; 

lane 3, immunostaining patterns with affinity purified anti-filamin. 

The arrow indicates the position of cgABP260 band. F, filamin; A, 

actin.

Fig. 4. Nucleotide sequence and predicted amino acid sequence of partial cDNA encoding cgABP260. The nucleotide sequence data 
reported in this paper will appear in the DDBJ, EMBL, and GenBank nucleotide sequence databases with the accession number AB000832.

J. Biochem.
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was prepared as described by Huynh et al. (29). Recom

binant lysogen was cultured in 50 ml of LB medium 

containing ampicillin (50 ƒÊg/ml) at 32°C to A600=0.5. 

After incubation of cells at 42°C for 20 min, isopropyl-ƒÀ-

D-thiogalactopyranoside (IPTG) was added to a final con

centration of 10 mM. Incubation was continued at 37°C for 

2 h, then cells were pelleted, resuspended in sample buffer 

(4 M urea, 50 mM Tris-HC1 buffer, pH 6.8,1.5% SDS, and 

50 mM dithiothreitol) at 3% original volume, and mixed 

well by passage several times through a 21-gauge needle. 

The / ƒÀ-galactosidase fusion protein was subjected to im

munoblot analysis.

RESULTS

Immunoblot Analysis-The whole SDS extracts of adult 
chicken muscle tissues were electrophoresed on a poly
acrylamide gel and transferred to a polyvinylidenedifluo
ride (PVDF) membrane sheet. In the chicken gizzard, the

Fig. 6. Immunoblot analysis of the cgABP260 and ƒÀ-galacto-

sidase fusion protein. Lysates of ƒÉgtll-260a lysogenic Y1089 

bacteria (a) and control Y1089 bacteria (b) were subjected to 10% 

SDS-PAGE and blotted onto PVDF membranes. Lane 1, Amido Black 

10B staining patterns of the PVDF membranes; lanes 2, 3, and 4, 

immunostaining patterns of the PVDF membranes with anti-,ƒÀ-ga-

lactosidase (lane 2), anti-cgABP260 (lane 3), and anti-filamin (lane 4) 

antisera.

Vol. 122, No. 2, 1997

TABLE I. Identity (%) of the amino acid sequence.

aABD
, actin-binding domain.

Fig. 5. Comparison of amino 
acid sequence of cgABP260, fila
min (1) and ABP-280 (31) over 
their homologous region. A part of 
the actin-binding domain is included 
in this region. Bold characters indi
cate the position of the identical 
residues. Underlines indicate the 
partial potential actin-binding re
gion.
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antiserum against cgABP260 reacted exclusively with the 
cgABP260 band (Fig. 2, lanes 1 and 1') just beneath the 
filamin band. This antiserum did not react with filamin, 
although the primary structure of cgABP260 is similar to 
that of filamin (Fig. 5). In the cardiac muscle (Fig. 2, lanes 
2 and 2') and breast muscle (Fig. 2, lanes 3 and 3'), an 
immunoreactive band appeared with similar mobility on 
SDS-PAGE to that of cgABP260. The affinity-purified anti-
cgABP260 antibody also reacted exclusively with a single 
band in the whole peptides of chicken gizzard. The affinity-
purified anti-filamin antibody did not react with the 
cgABP260 band of the crude cgABP260 fraction, while the 
affinity-purified anti-cgABP260 antibody did react with it 
(Fig. 3a). Conversely, the affinity-purified anti-cgABP260 
antibody did not react with the chicken gizzard filamin 
band, while the anti-filamin antibody reacted with it in-
tensely (Fig. 3b). The concentration of anti-filamin anti-
body used for these two reactions was the same.

cDNA Clones Encoding cgABP260-A cDNA clone 

encoding cgABP260 was isolated from a A gtll gizzard cell 

cDNA library using the antiserum against cgABP260. The 

immunopositive ƒÉgt11-260a clone contained a cDNA insert

of 1,545 by (Fig. 4). The nucleotide sequence and the 

predicted amino acid sequence of cgABP260 were compar-
ed with sequences in the GenomeNet database. Chicken 
retina filamin (1) and human ABP-280 (31) were shown to 
have significant homology with cgABP260. Based on the 
alignment shown in Fig. 5, the calculated percentage iden
tities of the amino acid sequence between cgABP260 and 
these two proteins are shown in Table I. The identity in 
partial potential actin-binding region (Fig. 5, underlined) 
was higher than that in the rod region.

Immunoblot Analysis of cDNA-Encoded Protein-The 

,1 gt11-260a clone was used to generate a A lysogen after 

infection of E. coli Y1089. As Fig. 6 shows, cgABP260 and 

ƒÀ-galactosidase fusion protein (asterisk) reacted with the 

anti-cgABP260 antiserum (Fig. 6a, lane 3), while the fusion 

protein did not react with the anti-filamin antiserum (Fig. 
6a, lane 4). These results confirmed that the isolated clone 

is a partial cDNA of cgABP260.

Immunofluorescence Localization of cgABP260 in 
Smooth Muscle Cells-Isolated chicken gizzard smooth 
muscle cells were examined by indirect immunofluores
cence microscopy using the membrane-affinity-purified

Fig. 7. Immunofluorescence localization of cgABP260 and 
filamin in chicken gizzard smooth muscle cells. (A) A phase-
contrast image and (B) an immunofluorescence image with anti-
cgABP260 of a single cell. (C, D) Higher-powered views of the same 
cell. In the thin part of the cell, the cell surface is in focus. In the

central part of the cell, the inside of the cell is in focus. (E) A phase-

contrast image and (F) an immunofluorescence image with anti-

filamin. The middle of the cell body of an isolated smooth muscle cell 

is in focus. Bar, 10 ƒÊm.

J. Biochem.
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Fig. 8. Double immunofluorescent staining pattern of a 
smooth muscle cell using antibodies against the cgABP260 and 
vinculin. (A) Immunostaining pattern with the affinity-purified 
anti-cgABP260 antibody; (B) immunostaining pattern with anti
vinculin monoclonal antibody. The arrows indicate the same dense 
plaques. The focus was adjusted to the upper surface of the cell body. 
Bar, 10µm.

anti-cgABP260 (Fig. 7, B and D) and anti-filamin (Fig. 7F) 
antibodies. Phase-contrast (Fig. 7, A, C, and E) and im
munofluorescence (Fig. 7, B, D, and F) images of a single 
cell were obtained in the same focal plane. Fluorescent dots 
were regularly aligned at the surface of the single cell (Fig. 
7, B and D, large arrows). Inside the cell, small fluorescent 
dots were often observed (Fig. 7D, small arrows). The 
staining pattern of a gizzard smooth muscle cell with 
affinity-purified anti-filamin antibody (Fig. 7F) was essen
tially the same as reported previously (17). The cyto
skeletal channel (filamentous structure in the cytoplasm, 
Fig. 7F, small arrowhead) and dense plaques (Fig. 7F, large 
arrowhead) seemed to be fluorescent. The staining patterns 
of gizzard smooth muscle cells with the anti-filamin and 
anti-cgABP260 antibodies were clearly distinguished from 
each other. An isolated smooth muscle cell was then double 
stained with the anti-vinculin and the anti-cgABP260 
antibodies (Fig. 8). The focus was adjusted to the upper 
surface of the cell. Both antibodies stained the cell in the 
same manner. The arrows in Fig. 8 indicate the same dense 
plaques. Vinculin is well known to be localized at the dense 
plaques (4). The fluorescent dots stained with the anti-
cgABP260 antibody were, therefore, confirmed to be dense 
plaques of the cell membrane.

Immunoelectron Microscopic Localization of cgABP260 
in Chicken Gizzard Smooth Muscle-In post-embedding 
immunoelectron microscopy, colloidal gold particles (10 
nm) representing cgABP260 were found on the plasma 
membrane-bound dense plaques (Fig. 9A, large arrows) of 
the ultrathin section of the plasma membrane rich-region of 
chicken gizzard smooth muscle. Some gold particles were 
also found on the cytoplasmic dense bodies (Fig. 9, A and B,

Fig. 9. Immunoelectron microscopic localization of cgABP260 

in chicken gizzard smooth muscle cells. (A) An ultrathin section 

of the plasma membrane-bound dense plaque-rich region of chicken 

gizzard smooth muscle. (B) An ultrathin section of the cytoplasmic 

dense body-rich region of gizzard smooth muscle. Immunogold 

particles are observed along the dense plaques (A) and on the dense 

bodies (A, B). Large arrows, dense plaques; small arrows, dense 

bodies. Pairs of arrowheads indicate the position of the plasma 

membranes of neighboring smooth muscle cells. Bar, 1 ƒÊm.

small arrows). The frequency of the immunogold particles 

on dense plaques was approximately 33 (number of parti

cles/,ƒÊm2) and that on dense bodies was 29, while the 

frequency of the gold particles on the background was 0.4. 

The total number of gold particles counted for these 

calculations was 208.

DISCUSSION

We have described a filamin/ABP-related 260-kDa protein 

developed in muscle tissues. This protein (cgABP260), of 

which the apparent molecular mass on SDS-PAGE is a little 

smaller than that of filamin (270 kDa), was extracted with 

the low-salt alkaline solution of Feramisco and Burridge 

(24). Isolation of cgABP260 was not successful, because of 

its low content in smooth muscle and low solubility in the 

solutions normally used for column chromatography. Many 

proteins localized in the dense plaques and/or dense bodies, 

such as ƒ¿-actinin (24), vinculin (24), talin (32), paxillin 

(8), zyxin (10), fulcin (22), and chicken gizzard 36-kDa 

protein (23), were extracted in low-salt alkaline solutions. 

Low-salt alkaline extracts of chicken gizzard seemed to be 

good starting materials to search for components of dense

Vol. 122, No. 2, 1997
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plaques and/or dense bodies.
Analysis of the partial amino acid sequence of cgABP260 

showed that cgABP260 has significant homology with the 
actin-binding domain and rod region of the human ABP-280 
(31) and chicken retina filamin (1). ABP-280 is antigeneti
cally and functionally homologous with filamin. However, 
cgABP260 has its own unique sequences (Fig. 4), and 
despite the high homology in the primary structure, 
cgABP260 was immunologically distinguishable from 
chicken gizzard filamin (Figs. 2 and 3). For the immuno
staining of muscle tissues, the antibody against cgABP260 
was membrane-affinity-purified in order to prevent errors 
caused by contaminating antibodies. In chicken gizzard 
smooth muscle cells, strong immunofluorescence of 
cgABP260 was observed in the dense plaques (Fig. 7, B and 
D, and Fig. 8), while filamin localized in the cytoskeletal 
domain and the dense plaques (Ref. 17, Fig. 7F). By 
immunoelectron microscopy, immunogold particles repre
senting cgABP260 were abundantly found on the dense 

plaques (Fig. 9, large arrows). Some gold particles were 
also found on the dense bodies (Fig. 9, small arrows). The 
frequency of the gold particles on dense bodies was lower 
than in the case of a -actinin (22) and the 36-kDa protein 
(23), which are localized in the dense bodies. The anti-
cgABP260 antibody stained the Z-disks of the skeletal 
muscle, which are thought to be homologous structures to 
smooth muscle dense bodies (data not shown). Small 
immunofluorescent dots stained with anti-cgABP260 anti-
body were often observed inside the cell (Fig. 7D). 
cgABP260 is, therefore, also thought to be a component of 
the dense bodies of gizzard smooth muscle. Although the 
complete amino acid sequence of cgABP260 remains to be 
elucidated, its immunoreactivity and localization in the 
smooth muscle suggest that it is a different protein from 
filamin. The correspondence of a part of its cDNA to the 
actin-binding domain suggests that cgABP260 has actin-
binding ability (Fig. 4). In vivo, cgABP260 may play the 
role, directly or indirectly, of bundling the ends of actin 
filaments and biinding them to the cell membrane at the 
dense plaques. It is unclear whether cgABP260 bindssss to the 
cell membrane. It is also unclear how the physiological roles 
of filamin and cgABP260 differ in dense plaques. Complete 
sequencing of cgABP260 might offer more information on 
these questions.

Recently, we isolated another filamin/ABP-related high 
molecular mass protein, named fulcin (22), from the low-
salt alkaline extract of chicken gizzard smooth muscle. It 
localizes at the peripheral region of the dense plaques and 
dense bodies of smooth muscle. In invertebrates, an ABP-
related protein, ABP-120, has been found in the cortical 
cytoplasm of Dictyosterium (33). Its amino acid sequences 
show significant homology in the rod region. Our findings of 
fulcin and cgABP260 showed the existence of the filamin/ 
ABP family proteins in vertebrates. It would be most 
interesting to consider how these molecules have evolved 
and function in their own places in vivo.

REFERENCES

1. Barry, C.P., Xie, J., Lemmon, V., and Young, A.P. (1993) 

 Molecular characterization of a multipromoter gene encoding a 
 chicken filamin protein. J. Biol. Chem. 268, 25577-25586

2. Bond, M. and Somlyo, A.V. (1982) Dense bodies and actin

polarity in vertebrate smooth muscle. J. Cell Biol. 95, 403-413
3. Small, J.V., Furst, D.O., and Thornell, L.-E. (1992) The cyto

skeletal lattice of muscle cells. Eur. J. Biochem. 208, 559-572
4. Geiger, B., Dutton, A.H., Tokuyasu, K.T., and Singer, S.J. 

 (1981) Immunoelectron microscope studies of membrane-micro-

 filament interactions: distributions of ƒ¿-actinin, tropomyosin 

 and vinculin in intestinal epithelial brush border and chicken 

 gizzard smooth muscle cells. J. Cell Biol. 91, 614-628

5. Shear, C.R. and Bloch, R.J. (1985) Vinculin in subsarcolemmal 
 densities in chicken skeletal muscle: localization and relationship 
 to intracellular and extracellular structures. J. Cell Biol. 101, 
 240-256

6. Volberg, T., Sabanay, H., and Geiger, B. (1986) Spatial and 
 temporal relationship between vinculin and talin in the develop
ing chicken gizzard smooth muscle. Differentiation 32, 34-43

7. Draeger, A., Steltzer, E.H.K., Herzog, M., and Small, J.V. 
 (1989) Unique geometry of actin-membrane anchorage sites in 

 avian gizzard smooth muscle cells. J. Cell Sci. 94, 703-711
8. Turner, C.E., Glenney, J.R., Jr., and Burridge, K. (1990) 

 Paxillin: a new vinculin- binding protein present in focal adhe
sions. J. Cell Biol. 111, 1059-1068

9. Turner, C.E., Kramarcy, N., Sealock, R., and Burridge, K. (1991) 
 Localization of paxillin, a focal adhesion protein, to smooth 

 muscle dense plaques, and the myotendinous and neuromuscular 
 junctions of skeletal muscle. Exp. Cell Res. 192, 651-655

10. Crawford, A.W. and Beckerle, M.C. (1991) Purification and 
 characterization of zyxin, an 82,000-dalton component of adher
ens junctions. J. Biol. Chem. 266, 5847-5853

11. North, A.J., Ginoma, M., Lando, Z., and Small, J.V. (1994) 
 Actin isoform components in chicken gizzard smooth muscle cells. 
 J. Cell Sci. 107, 445-455

12. Fay, F.S., Fujiwara, K., Rees, D.D., and Fogarty, K.E. (1983) 
 Distribution of a -actinin in single isolated smooth muscle cells. J. 
 Cell Biol. 96, 783-795

13. Turnacioglu, K.K., Mittal, B., Sanger, J.M., and Sanger, J.W. 

 (1996) Partial characterization of zeugmatin indicates that it is 
 part of the Z-band region of titin. Cell Motil. Cytoskel. 34, 108-
 121

14. Maruyama, K., Kimura, S., Ohashi, K., and Kuwano, Y. (1981) 
 Connectin, an elastic protein of muscle. Identification of titin with 
 connectin. J. Biochem. 89, 701-709

15. Maher, P.A., Cox, G.F., and Sanger, S.J. (1985) Zeugmatin: a 
 new high molecular weight protein associated with Z lines in adult 

 and early embryonic striated muscle. J. Cell Biol. 101, 1871-
 1883

16. Wang, K., Ash, J.F., and Singer, S.J. (1975) Filamin, a new 
 high-molecular-weight protein found in smooth muscle and 
 nonmuscle cells. Proc. Natl. Acad. Sci. USA 72, 4483-4486

17. Small, J.V., Furst, D.O., and De Mey, J. (1986) Localization of 
 filamin in smooth muscle. J. Cell Biol. 102, 210-220

18. Hartwig, J.H. and Stossel, T.P. (1975) Isolation and properties of 
 actin, myosin, and a new actin-binding protein in rabbit alveolar 

 macrophages. J. Biol. Chem. 250, 5696-5705
19. Bechtel, P.J. (1979) Identification of a high molecular weight 

 actin-binding protein in skeletal muscle. J. Biol. Chem. 254, 
 1755-1758

20. Wallach, D., Davies, P.J., and Pastan, I. (1978) Purification of 
 mammalian filamin. Similarity to high molecular weight actin-
 binding protein in macrophages, platelets, fibroblasts, and other 
 tissues. J. Biol. Chem. 253, 3328-3335

21. Brown, K.D., Zinkowski, R.P., Hays, S.E., and Binder, L.I. 

 (1993) Actin-binding protein is a component of bovine eryth
rocytes. Cell Motil. Cytoskel. 24, 100-108

22. Terasaki, A.G., Nakagawa, H., Kotani, E., Mori, H., and Ohashi, 
 K. (1995) A high molecular mass protein isolated from chicken 
 gizzard: its localization at the dense plaques and dense bodies of 
 smooth muscle and the Z-disks of skeletal muscle. J. Cell Sci. 
 108,857-868

23. Ohashi, K., Nishimura, M., Terasaki, A.G., and Nakagawa, H. 

 (1994) A 36-kDa protein of the dense bodies and dense plaques of 
 smooth muscle cells. J. Biochem. 116, 1354-1359

24. Feramisco, J.R. and Burridge, K. (1980) A rapid purification of



A New Filamin/ABP-Related Protein in Smooth Muscle 321

ƒ¿-actinin
, filamin, and a 130,000-dalton protein from smooth 

muscle. J. Biol. Chem. 255, 1194-1199

25. Laemmli, U.K. (1970) Cleavage of structural proteins during the 
 assembly of the head of bacteriophage T4 . Nature 227. 680-685

26. Towbin, H., Staehelin, T., and Gordon, J. (1979) Electrophoretic 
 transfer of proteins from polyacrylamide gels to nitrocellulose 
 sheets: procedure and some applications . Proc. Natl. Acad. Sci. 
 USA 76,4350-4354

27. Ohashi, K., Mikawa, T., and Maruyama, K. (1982) Localization 
 of Z-protein in isolated Z-disk sheets of chicken leg muscle. J. 
 Cell Biol. 95, 85-90

28. Smith, D.E. and Fisher, P.A. (1984) Identification, develop
mental regulation, and response to heat shock of two antigenically 

 related form of a major nuclear envelope protein in Drosophila 
 embryos: application of an improved method for affinity purifica
tion of antibodies using polypeptides immobilized on nitrocel
lulose blots. J. Cell Biol. 99, 20-28

29. Huynh, T.V., Young, R.A., and Davis, R.W. (1985) Constructing 
 and screening cDNA libraries in 1 gt10 and ; gt11 in DNA 
 Cloning 1. A Practical Approach (Glover, D.M., ed.) pp. 49-78, 
 IRL Press, New York

30. Sanger, F., Nickken, S., and Coulson, A.R. (1977) DNA sequenc
ing with chain-terminating inhibitors. Proc. Natl. Acad. Sci. 

 USA 74,5463-5467
31. Gorlin, J.B., Yamin, R., Egan, S., Stewart, M., Stossel, T.P., 

 Kwiatkowski, D.J., and Hartwig, J.H. (1990) Human endothelial 
 actin-binding protein (ABP-280, nonmuscle filamin) : a molecular 
 leaf spring. J. Cell Biol. 111, 1089-1105

32. Burridge, K. and Connell, L. (1983) A new protein of adhesion 
 plaques and ruffling membranes. J. Cell Biol. 97, 359-367

33. Cox, D., Ridsdale, J.A., Condeelis, J., and Hartwig, J. (1995) 
 Genetic deletion of ABP-120 alters the three-dimensional organi

zation of actin filaments in Dictyosterium pseudopods. J. Cell 
 Biol. 128, 819-835

Vol. 122, No. 2, 1997


