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Abstract Previously, we have identified the association of G protein b subunit (Gb) with mitotic spindles in
various mammalian cells. Since microtubules are the main component of mitotic spindles, here we have isolated bovine
brain microtubules and purified Gb subunit to identify the close association of Gb subunit with purified brain
microtubules and have shown the direct incorporation of Gb subunit into the microtubules both in vitro and in vivo. It
was found that: (1) microtubular fraction isolated from bovine brain contained Gb subunit, (2) coimmunoprecipitation
demonstrated that Gb subunit could be coprecipitated with tubulin, (3) addition of purified Gb subunit into cytosolic
extract for microtubule assembly caused direct incorporation of Gb subunit into assembled microtubules and increased
the association of microtubule-associated proteins with microtubules, and (4) incubation of exogenous Gb subunit with
detergent-permeabilized cells resulted in direct incorporation of Gb subunit into microtubule fibers and depolymerized
tubulin molecules. We conclude that G protein b subunit is closely associated with microtubules and may play an
important role in the regulation of microtubule formation in addition to its regulatory role in cellular signal transduction.
J. Cell. Biochem. 70:553–562, 1998. r 1998 Wiley-Liss, Inc.
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Heterotrimeric GTP-binding regulatory pro-
teins (G proteins) are a family of signal cou-
pling proteins that function in the transduction
of signals from a variety of transmembrane
receptors to appropriate intracellular effector
proteins, such as adenylyl cyclase, phosphatidyl-
inositol-specific phospholipase C, cGMP phos-
phodiesterase, and ion channels [Gilman, 1987;
Neer and Clapham, 1988; Bourne et al., 1990;
Simon et al., 1991, Chen et al., 1997]. The G
proteins consist of two functional units: an
a-subunit that binds GTP and a bg-subunit
that functions as a single entity. Activation of
the G proteins by receptors is achieved by ex-
change of bound GDP for GTP. The binding of
GTP promotes the dissociation of a-subunit from
bg-subunits, except that GTP binding to Gs
does not promote subunit dissociation in vitro.

in certain condition [Basi et al., 1996]. The free
GTP bound-a subunit and bg subunits each
activate target effectors. The functional state of
G a-GTP is hydrolyzed to GDP by the intrinsic
GTPase activity of a-subunits. All isoforms of a
subunits are GTPases, although the intrinsic
rate of GTP hydrolysis varies greatly from one
type of a-subunit to another [Carty et al., 1990;
Linder et al., 1990]. Once GTP is cleaved to
GDP, a and bg subunits reassociate, become
inactive, and return to the receptor. Although
the bg subunit does not bind GTP, its active
lifetime depends on the rate of GTP hydrolysis
by an a subunit.

Mammalian cells have . 21 different G pro-
tein a subunits (17 gene products, some with
alternatively spliced isoforms) [Simon et al.,
1991; Kaziro et al., 1991]. Most a subunits are
widely expressed. Individual cells usually con-
tain at least four or five types of a subunit [Neer
et al., 1994; Neer, 1995]. The b subunit consists
of five subtypes and the b 5 subunit has been
identified in the vertebrate retina [Watson et
al., 1996]. The amino acid sequence of each has
between 53% and 90% identity [Watson et al.,
1994; Simon et al., 1991].

Contract grant sponsor: National Science Council; Contract
grant number: NSC-87-2314-B-002-316; Contract grant
sponsor: Academia Sinica, Taipei (CTL).
*Correspondence to: Dr. Chin-Tarng Lin, Department of
Pathology, National Taiwan University Hospital, Taipei
100, Taiwan.
Received 24 March 1998; Accepted 26 March 1998

Journal of Cellular Biochemistry 70:553–562 (1998)

r 1998 Wiley-Liss, Inc.



In the past, Gbg were thought to be only a
negative regulator to stabilize, localize, and
reverse the action of Ga by reforming the inac-
tive heterotrimer and guiding Ga back to the
receptor for reactivation. Recent experiments
have shown that bg subunits can also direct
downstream regulation [Clapham et al., 1993].
For example, Gbg and Ga both activate the
cardiac K1 channel [Codina et al., 1987; Logo-
thetis et al., 1987; Logothetis et al., 1988] and
muscarinic potassium channels [Reureny et al.,
1994]. Gbg also regulate the activity of ad-
enylyl cyclase by activating type II [Chen et al.,
1997] and IV, inhibiting type I, and have no
effect on type III, V, and VI [Tang and Gilman,
1991; Federman et al., 1992; Taussig, 1993] and
activate the b-subfamily of phospholipase C
(b3 . b2 . b1) [Boyer et al., 1992; Camps et
al., 1992; Katz et al., 1992; Park et al., 1993;
Smrcka and Sternweis, 1993]. Gbg modulate
receptor function by controlling receptor phos-
phorylation and subsequent desensitization
[Haga and Haga, 1992; Inglese et al., 1992;
Pitcher et al., 1992] and activate phospholipase
A2 [Jelsema and Axelrod, 1987; Kim et al.,
1989] and phosphoinositide 3 kinase [Stephens,
1994]. Gbg is also the major mediator of the
yeast mating pheromone pathway [Whiteway
et al., 1989].

G proteins are not only present in the plasma
membrane of each mammalian cell type, but
also in the intracellular organelles, e.g., Gai-3
on Golgi membrane [Stow et al., 1991; Wilson et
al., 1994], Gia in RER [Audigrer et al., 1988],
and within lysosome [Lewis et al., 1991] and in
the nucleus [Takei et al., 1992], and Gn in
neutrophil cytoplasm [Bakoch et al., 1988].

We have shown the association of Gb protein
[Lin et al., 1992] and Goa protein [Wu and Lin,
1994] with mitotic spindles. Since microtubules
are the major component of mitotic spindles, in
this report we describe the observed association
between Gb protein and microtubules. Our re-
sults show direct association of the Gb subunit
with microtubules both in culture cells and in a
cell-free system.

MATERIALS AND METHODS
Preparation of Antibodies Against Gb Subunit

Polyclonal rabbit antibodies against the
N-terminus of b2 subunit of G protein was
previously described [Lin et al., 1992]. Other
antibodies, such as anti-a- and -b-tubulins, were

purchased from Sigma Chemical Co. (St. Louis,
Mo). The peroxidase and fluorescence-labeled
antirabbit antibodies were purchased from
Jackson ImmunoResearch Laboratories (West
Grove, PA).

Procedures for Purification
of Microtubule Proteins

Two methods were used for the purification of
microtubule proteins. The first method used
temperature-dependent reversible self-assem-
bly of microtubules [Vallee and Borisy, 1978;
Vallee, 1986a] and the other used taxol to pro-
mote assembly [Vallee, 1982; Vallee, 1986b].
Briefly, bovine brains were obtained from a
local slaughterhouse. The brain tissue was ho-
mogenized with a Teflon-in-glass homogenizer
in 1.5 volumes of PEM buffer (0.1 M PIPES, pH
6.6, 1 mM EGTA, 1 mM MgCl2). The homog-
enate was centrifuged at 30,000 xg for 90 min.
The supernatant was recovered and centri-
fuged at 180,000 xg for 90 min. The recovered
supernatant from this step is referred to as the
cytosolic extract. GTP and ATP were then added
to the cytosolic extract until a final concentra-
tion of 0.1 and 2.5 mM, respectively, was
reached. The cytosolic extract was warmed to
37°C for 15 min with gentle swirling to induce
microtubule polymerization. Prewarmed su-
crose underlayer solution (PEM buffer contain-
ing 10% sucrose and 1 mM GTP) was carefully
introduced to the bottom of the tube with a
Pasteur pipette. The centrifuge tubes were care-
fully placed in a prewarmed rotor and centri-
fuged at 30,000 xg at 37°C for 30 min. The tubes
containing the microtubular pellets were rinsed
with PEM buffer and resuspended by addition
of ice-cold PEM buffer containing 1 mM GTP.
The resuspended microtubules were incubated
on ice for 30 min to depolymerize the microtu-
bules and then centrifuged at 30,000 xg at 4°C
for 30 min. The supernatant containing depoly-
merized microtubule proteins was warmed to
37°C for 15 min again to induce microtubule
polymerization. The supernatant was centri-
fuged further at 30,000 xg at 37°C for 30 min.
The tubes containing the microtubular pellets
were rinsed with PEM buffer, immersed in liq-
uid nitrogen, and stored at 280°C. Microtu-
bules were also purified by using taxol to pro-
mote assembly. The above cytosolic extract
preparation was mixed with 20 µM taxol and
1 mM GTP and then incubated at 37°C for 15
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min for microtubule assembly. The sample was
centrifuged at 37°C at 30,000 xg for 30 min and
the pellets were rinsed with PEM buffer. The
pellets were resuspended in PEM buffer contain-
ing 20 µM taxol and 1 mM GTP. The microtu-
bule fraction was then analyzed by Western
blotting.

Western Blot Analysis

The cytosolic extract, the partially purified G
protein from bovine brains [Lin et al., 1992] and
microtubular pellets were subjected to Western
blot analysis using 12% SDS-PAGE [Lin et al.,
1992]. Proteins were transferred electrophoreti-
cally to polyvinylidene difluoride (PVDF) micro-
porous membranes using a Hoefer Transblot
apparatus (Hoefer Scientific Instruments, San
Francisco, CA) in a transfer buffer (25 mM Tris
base, 190 mM glycine, 0.01% SDS, and 20%
methanol). The PVDF membranes were incu-
bated with 5% skim milk in TBS solution (50
mM Tris-HCl, 150 mM NaCl, pH 7.4) to block
nonspecific binding sites on the blot and then
incubated with primary antibodies at 37°C for
1 hr. For the negative control, the antibodies
were pretreated with excess peptide antigen.
Peroxidase-conjugated goat antirabbit IgG was
used as the second antibody. The blot was im-
mersed in the substrate solution (0.05% 3,38
diaminobenzidine-4HCl plus 0.01% H2O2 in 50
mM Tris-HCl, pH 7.4) at room temperature
with agitation until the bands appeared.

Immunoprecipitation Experiment

For immunoprecipitation experiments [Lin
et al., 1992], the cytosolic extract solution that
contained protease inhibitors (1 mM PMSF, 50
µg/ml aprotinin, and 50 µM leupeptin), 150 mM
NaCl, 0.1% SDS, and 1 mM EDTA in 0.1 M
PEM buffer (pH 6.6) was mixed with affinity-
purified anti-GbN antibodies at 4°C for 1 hr.
Antibodies were precipitated by incubation with
protein A Sepharose (Sigma) for 1 hr at 4°C.
The proteinA-Sepharose pellet was then washed
three times with 25 mM Tris-HCl (pH 8.0)
buffer, containing 50 mM NaCl, 0.5% sodium
deoxycholate and 0.2% NP-40. Finally, it was
dissolved in the sample buffer for Western blot
analysis by 12% SDS-PAGE.

Isolation of bg Subunits of G Protein

Pertussis-toxin substrate G proteins were par-
tially purified from bovine brain according to a

previously published method [Sternweis et al.,
1981] with some modifications [Lin et al., 1992].
These G proteins were dialyzed against buffer A
(20 mM Tris, pH 8.0, 0.1 M NaCl, 0.3% cholate,
6 mM MgCl2, 1 mM EDTA, 10 mM NaF, 10 µM
AlCl3, and 1 mM DTT), then applied to Octyl
Sepharose column equilibrated with buffer A.
After the column was washed with a twofold gel
volume of buffer A, bg subunits were eluted
with linear gradients of NaCl (100–50 mM) and
cholate (0.3–1.2%). The purity of the bg sub-
units was determined by 12% SDS-PAGE, and
the gel was stained with silver reagent.

In Situ Incorporation of Purified Gbg
Proteins Into Microtubules in Permeabilized Cells

Permeabilized cells were produced by a proce-
dure described by Shiina et al. [1994] with some
modifications. Briefly, human fibroblasts (HFY)
were treated with 80 PME [80 mM Pipes (pH
6.8), 1 mM MgCl2, 1 mM EGTA, 0.2 mM PMSF,
leupeptin (2 µg/ml), pepstatin (2 µg/ml), 1%
aprotinin, and 1 mM DTT] containing 0.5%
Triton X-100 for 2 min at 37°C. The cells were
then washed with 80 PME buffer and incubated
with 80 PME buffer or 80 PME buffer contain-
ing different concentrations of purified Gbg pro-
teins at 37°C for 30 min. The cells were washed
with 80 PME buffer and fixed with 3% parafor-
maldehyde for immunofluorescence staining.

Immunofluorescence Staining and
Double Localizations of Gb and Tubulin

The localization of Gb and tubulin by immu-
noflurorescence staining was performed accord-
ing to our previously published method [Wu
and Lin, 1994]. Briefly, fibroblasts were fixed in
3% paraformaldehyde for 10 min, then incu-
bated overnight with affinity purified rabbit
antibodies against Gb protein [Lin et al., 1992]
or monoclonal antibody against tubulin, respec-
tively, followed by incubation with fluorescein
or rhodamine-labeled second antibodies, and
then mounted for fluorescent microscopic obser-
vation. For double localization of Gb and tubu-
lin, a similar immunofluorescence method to
that described above was used, except that two
mixed primary and two mixed secondary anti-
bodies were applied. The antibodies anti-Gb
protein and anti-b tubulin were used at a con-
centration of 2 µg/ml and 1 µg/ml, respectively.
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RESULTS
Identification of Gb Protein in
Purified Microtubular Fraction

To elucidate the actual relationship between
the microtubules and Gb protein, the tempera-
ture-dependent reversible assembly method
[Vallee and Borisy, 1978; Valle, 1986a] and the
taxol stabilization method [Vallee, 1982; Vallee,
1986b] were used to isolate microtubules from
bovine brains. When the in vitro assembled
microtubule preparations from bovine brain
were analyzed by Western blotting, a Gb pro-
tein band of Mr 35 6 1 kD was identified in the
purified microtubular fraction by a specific
anti-Gb antibody (Fig. 1, lane 2). An a-tubulin
band was also found by an anti-a tubulin anti-
body (Fig. 1, lane 3). The specific Gb protein
band was not seen if the antibodies were prein-
cubated with excess Gb peptide antigen (Fig. 1,
lane 1). When microtubules were prepared by
the taxol stabilization method, Gb protein was
detectable in the cytosolic extract, postmicrotu-
bular supernatant, and microtubular fraction
by Western blotting.Aclear Gb band was shown
in the cytosolic extract (Fig. 1, lane 2) but
reduced in the postmicrotubule supernatant
(Fig. 1, lane 4); Gb protein was markedly en-
riched in the microtubular fraction (Fig. 1, lane
6). When anti-Gb antibodies were incubated
with cytosolic extracts of bovine brain and pre-
cipitated by protein A-conjugated beads and
immunoprecipitates then analyzed by Western
blotting using anti-Gb, anti-a-tubulin, and anti-
b-tubulin antibodies, a clear Gb protein band
(Mr 35 6 1 kD) and an IgG heavy chain band
were detected (Fig. 2A, lane 1). Similarly, an
a-tubulin (Fig. 2A, lane 2) and a b-tubulin band
(Fig. 2A, lane 3) were also identified in the
immunoprecipitate. If a preimmune serum was
used to precipitate the protein, no specific pro-
tein band (Fig. 2B, lane 4, 5, 6) could be seen
except for the IgG heavy chain band (Fig. 2B,
lane 4).

Gb protein Is Incorporated Into Microtubular
Fraction in Cell and Cell-free Systems

For further confirmation that Gb protein can
be incorporated into the microtubular fraction,
Gbg proteins were purified from bovine brain
and tested for their ability to be co-purified
during microtubule assembly in a cell-free sys-
tem. When Gbg proteins obtained from par-
tially purified bovine brain G proteins were

analyzed with 12% SDS-PAGE and stained by
the silver reagent, a single band of Gb protein
(Mr 35 6 1 kD) was seen (Fig. 3). (The g sub-
unit has a molecular mass of 8 kD and did not
show in the gel.) If these purified Gbg proteins
were added in increasing amounts to the brain
cytosolic extracts and the microtubules were
purified by temperature-dependent assembly-
disassembly, the SDS-PAGE analysis of these
microtubular fractions showed one enriched Gb
band in a concentration-dependent manner.

Several possible microtubule-associated pro-
tein bands also appeared in the lanes that had
25 and 50 µg/ml of Gbg protein added (Fig. 4A,
lanes 3 and 4). The nature of the prominent
band at ,40kD was not clear. However, in the
postmicrotubular supernatant (Fig. 4B), no Gb
band, but a prominent BSA band in lane 5 could
be seen. The presence of Gb protein in the
microtubular fraction and the gradual increase
in its quantity were confirmed by Western blot-
ting using anti-Gb antibodies (Fig. 5). When
human fibroblasts were permeabilized with a
detergent (0.5% Triton X-100) and then incu-
bated with different concentrations of purified
Gbg protein, a direct incorporation of Gbg pro-
tein into the microtubular region was shown,
especially when 5 and 50 µg/ml of Gbg protein
were added (Fig. 6D,F). In the 5 µg/ml of Gbg
case, the association of Gbg protein to the micro-
tubules may be limited to the peripheral part
and certain central region of the cytoplasm only
due to the low dose of Gbg protein (Fig. 6D).
But in the high dose of Gbg protein (50 µg/ml)
case, not only the peripheral microtubular ar-
eas, but the central cytoplasmic region also
revealed fibrillar and granular staining of Gbg
protein (Fig. 6F). The immunofluorescent stain-
ing of antitubulin in those cells (Fig. 6ACE)
revealed partial depolymerization (granular ap-
pearance) of microtubules, mainly because in
the present experiment we have permeabilized
the fibroblasts with 0.5% Triton X-100 for 2
min. The effect of this detergent on the indi-
vidual fibroblast may cause leakage of some
important soluble cytosolic proteins that are
important for microtubule polymerization. Since
some microtubules showed different degree of
focal depolymerization in these damaged cells,
the distribution of Gbg protein could also re-
veal partial overlap with microtubules and par-
tial overlap with disorganized, rearranged tubu-
lin molecules (Fig. 6D,F).
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DISCUSSION

To investigate the relationship between Gb
protein and microtubules, we have isolated mi-
crotubules from bovine brains by two methods:
one used temperature-dependent reversible self-
assembly of microtubules and the other used
taxol to promote microtubule assembly. The
microtubules isolated by both methods all
showed a prominent tubulin band and several
weak bands, including the ,36kD band, in the
Coomassie staining of SDS-PAGE gel (data not
shown), and a clear Gb band in Western blot-
ting (Fig. 1), indicating that Gb protein is asso-
ciated with microtubules. In addition, in the
immunoprecipitation experiment, the a and b
tubulins could be coprecipitated with Gb pro-
tein by antibody against Gb protein (Fig. 2),
suggesting that Gb protein may interact with

tubulin directly or indirectly. Furthermore, with
the addition of purified Gbg protein into the
brain cytosolic extract, the exogenous Gb pro-
tein was clearly incorporated into the microtu-
bular fraction, and the quantity of incorporated
Gb protein was dose-dependent (Figs. 4, 5).
These results strongly indicate that Gbg pro-
tein can be incorporated into the polymerized
microtubular fraction. To further support this
finding, an in situ visualization of incorporation
of exogenous Gbg proteins into permeabilized
cellular microtubules was performed. Results
showed a fraction of exogenous Gbg subunits
incorporating onto the microtubule fibers and
depolymerized tubulin molecules in the deter-
gent treated cells, and the degree of incorpora-
tion was variable in each cell and also dose-
dependent (Fig. 6). The above experiments

Fig. 1. Western blot analysis of the purified micro-
tubular fraction from bovine brain. A. Microtubules
purified from temperature-dependent reversible as-
sembly method and stained with IgGs anti-Gb and
anti-a-tubulin. The microtubules were obtained from
two cycle-purified fraction (20MT). Each lane con-
tained 4 µg of purified microtubules. Lane 1: Stained
with anti-Gb antibodies pretreated with excess anti-
gen; Lane 2: Stained with anti-Gb antibodies; Lane
3: Stained with anti-a-tubulin antibodies. A single
band of Gb protein (Mr 35 6 1 kD) in lane 2 and of
a-tubulin in lane 3 is shown. B. Microtubules puri-
fied by taxol stabilization method and stained with
anti-Gb antibodies. Each lane in lanes 1,2,3, and 4
contained 60 µg samples, and each lane in lanes 5
and 6 contained 3 µg samples. Lanes 1 and 2 from
bovine brain cytosolic extract (CE), lanes 3 and 4
from post-microtubule supernatant fraction, and
lanes 5 and 6 from purified microtubules. Lanes 1, 3,
and 5: stained with anti-Gb antibodies that had been
pretreated with excess antigen; Lanes 2, 4 and 6:
stained with anti-Gb antibodies. A strong single
band of Gb is shown in lanes 2 and 6, and a weak
band of Gb in lane 4.
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suggest that the Gb subunit is closely associ-
ated with microtubules and may play some role
in regulation of microtubule formation.

It has been shown that the structure of the b
subunit contains seven repeating units (WD
repeats) as described by Neer [1995] and Garcia-
Higuera et al. [1996]. This family of proteins is
engaged not only in signal transduction, but
also in control of cell division, cytoskeletal as-

sembly, vesicle fusion, etc. In addition, the WD-
repeat protein IC78 has also been shown to
bind to tubulin [King et al., 1991] and to be
regulated for assembly of dynein onto flagellar
microtubules [Wilkerson et al., 1995]. The pres-
ent experiments provide evidence to support
the notion that Gb protein can bind to microtu-
bules and may engage in microtubule assembly.

It is well known that the extent of microtu-
bule stabilization by the microtubule-associ-
ated proteins (MAPs) depends on the affinity of
these proteins for the microtubules and that
this affinity is under cellular control. Phosphor-
ylation of MAPs often suppresses microtubule
assembly [Gelfand, 1991; Lindwall and Cole,
1994]. Several MAPs have been reported to be
phosphorylated by protein kinases, such as tau
protein [Correas et al., 1992; Baudier and Cole,
1987] and MAP2 [Hoshi et al., 1992]. In our
experiments, the quantity of microtubule-asso-
ciated proteins (MAPs) in the microtubular frac-
tion was also increased when the amount of
incorporated Gb proteins in polymerized micro-
tubules was increased (Fig. 5A, lane 4). This
may be due to a modification of MAPs by the Gb
subunits and, subsequently, increased affinity

Fig. 2. Coimmunoprecipitation and Western blotting of Gb

protein and tubulin from bovine brain cytosolic extracts. The
cytosolic extracts were immunoprecipitated by affinity purified
IgG anti-Gb and second antibodies (A, lanes 1, 2, 3) and by a
preimmune serum (B, lanes 4, 5, 6). The precipitates were
analyzed by 12% SDS-PAGE and immunoblotting, and stained
with antibodies anti-Gb (lanes 1 and 4), anti-a-tubulin (lanes 2
and 5), and anti-b-tubulin (lanes 3 and 6). Lane 1 shows a Gb

protein band, one IgG heavy chain band and a nonspecific
band; lane 2 reveals a single band of a-tubulin, and in lane 3 a
b-tubulin band and a nonspecific band appears. No specific
band in lanes 4 (except for the IgG heavy chain band), 5, and 6
is seen. NRS: normal rabbit serum.

Fig. 3. SDS-PAGE analysis of purified Gbg subunit proteins.
The gel was stained with silver reagent. Lane 1 contained 0.1
µg; lane 2, 0.2 µg; and lane 3, 0.5 µg of Gbg subunit. A single
band of Gb protein (Mr 35 6 1 kD) in each lane is shown. The
Gg band is invisible in this gel due to its small molecular weight.
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of the MAPs to microtubule assembly. However,
the detailed mechanism of Gb protein in regula-
tion of microtubule assembly needs further in-
vestigation. Currently an intensive study using
transfection of Gb antisense oligonucleotide into
NPC cells and fibroblasts and observation of
the change of microtubules and cell behavior in
these target cells is underway.

Fig. 4. Demonstration of incorporation of purified exogenous
Gbg subunits into microtubular fraction. SDS-PAGE analysis of
Gbg subunits in the microtubule-assembled (MT) and postmicro-
tubule supernatant (post MT sup) fractions. The cytosolic ex-
tracts from bovine brain were added to 0 µg/ml (A and B, Lane
1), 5 µ g/ml (A and B, Lane 2), 25 µg/ml (A and B, Lane 3), 50
µg/ml of Gbg proteins (A and B, Lane 4), and 50 µg/ml of bovine
serum albumin (BSA) (A and B, Lane 5), respectively, then the
microtubules were assembled at 37°C for 30 min. The microtu-
bular fraction (A) and postmicrotubular supernatant (B) were
analyzed with 12% SDS-PAGE and stained with Coomassie
blue dye. In A, Lanes 3 and 4, one Gb band and several possible
microtubule-associated protein bands are seen; no other spe-
cific band is revealed in Lane 2 when compared with Lanes 1
and 5. In B, Lane 5 shows a prominent BSA band, but no clear
Gb band is seen in Lanes 1–5.

Fig. 5. Western blot analysis of Gb protein in the microtubular
fractions obtained from (Fig. 4A). Lanes 1 and 2 were added
with 0 µg/ml, Lanes 3 and 4 with 5 µg/ml, and Lanes 5 and 6
with 50 µg/ml of Gbg subunit proteins. Lanes 2, 4, and 6 were
stained with anti-Gb IgG, and Lanes 1, 3, and 5 were stained
with the same antibodies pretreated with excess antigen. A
strong band of Gb protein is seen in Lane 6, a weaker band in
Lane 4 and the weakest in Lane 2; no band is shown in Lanes 1, 3, 5.
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Fig. 6. In situ visualization of exogenous Gb protein-incorpo-
rated microtubules in permeabilized cells by double localiza-
tion of tubulin (tub) and Gb protein. The permeabilized fibro-
blasts were incubated with 0 (A, B), 5 (C, D), and 50 (E, F) µg/ml
of purified Gbg proteins for 30 min, washed and fixed for
double immunofluorescence staining. A, C, E show microtubule
distribution. The detergent-treated cells reveal marked depoly-

merization of microtubules with individual or aggregated granu-
lar appearance of tubulin distributed in the cytoplasm. B, D, F
reveal anti-Gb staining. More Gb staining was shown in D and F
when the cells were incubated with exogenous Gb proteins.
However, some fibrillar and aggregated granular staining also
can be seen, roughly corresponding to the tubulin distribution
in C and E (Scale bar 5 10 µm).
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