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Abstract
Background: Membrane fusion requires the formation of a complex between a vesicle protein (v-
SNARE) and the target membrane proteins (t-SNAREs). Syntaxin 2 and 3 are t-SNAREs that,
according to previous over-expression studies, are predominantly localized at the plasma
membrane. In the present study we investigated localization of the endogenous syntaxin 2 and 3.

Results: Endogenous syntaxin 2 and 3 were found in NRK cells in intracellular vesicular structures
in addition to regions of the plasma membrane. Treatment of these cells with N-ethylmaleimide
(NEM), which is known to inactivate membrane fusion, caused syntaxin 3 to accumulate in the
trans-Golgi network and syntaxin 2 in perinuclear membrane vesicles. Kinetic analysis in the
presence of NEM indicated that this redistribution of syntaxin 2 and 3 takes place via actin
containing structures.

Conclusion: Our data suggest that syntaxin 2 cycles between the plasma membrane and the
perinuclear compartment whereas syntaxin 3 cycles between the plasma membrane and the trans-
Golgi network. It is possible that this cycling has an important role in the regulation of t-SNARE
function.

Background
Membrane traffic is needed for the synthesis and process-
ing of proteins and lipids as well as the maintenance of
the compartmentalization of the cell. Trafficking of intra-
cellular membranes involves the budding of vesicles from
the donor membrane and the fusion of vesicles with their
respective target membranes. Several proteins are
involved in membrane fusion events, including the N-
ethylmaleimide (NEM)-sensitive factor (NSF), soluble
NSF attachment proteins (SNAPs) and SNAP receptors
(SNAREs). SNAREs are a super family of integral mem-
brane proteins characterized by α-helical motif. The
SNAREs that are functioning in neuronal exocytosis are

best characterized. They include the vesicle SNARE synap-
tobrevin (also referred to as VAMP, vesicle-associated
membrane protein) and the membrane proteins SNAP-25
and syntaxin 1 [1]. The pairing of target SNARE (t-SNARE)
with the vesicle SNARE (v-SNARE) (trans complex) pulls
the membranes together and this is possibly the driving
force in the mixing of the lipid bilayers. SNAREs form
bundles which contain four α-helices in a parallel
arrangement [2]. In the middle of the hydrophobic bun-
dle, there is a hydrophilic section which either contains
three conserved glutamines (Q) or one conserved arginine
(R). This led to the classification of SNAREs into Q-
SNAREs and R-SNAREs [3]. For instance, SNAP-25 and
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syntaxins are Q-SNAREs and VAMP is an R-SNARE. Three
helices of the helical bundle come from Q-SNAREs and
one from an R-SNARE. Syntaxins and VAMP contain one
helical SNARE motif but SNAP-25 contains two motifs
[2]. The disassembly of the SNARE complexes that are
formed is mediated by NSF attachment proteins, SNAPs,
and the ATPase activity of NSF [1,4].

A unique set of SNAREs is located in distinct intracellular
compartments. Liposome fusion assay has demonstrated
that SNAREs do show high specificity in forming com-
plexes with each other [5]. The formation of functional
trans complexes was mostly restricted to physiologically
relevant SNARE combinations. The specificity of the com-
plex formation resides in the SNARE motifs [6]. However,
v-SNAREs are present in both anterograde and retrograde
vesicles and therefore other proteins are needed to con-
tribute to the specificity of vesicle targeting [7]. Those pro-
teins include inter alia small Rab GTPases, Sec1 proteins,
and complexins [8,9]. Recently it has been reported that
the formation of non-cognate SNARE complexes that are
non-fusogenic might have a regulatory role. These inhibi-
tory SNAREs have been suggested to increase the specifi-
city of membrane targeting by inhibiting membrane
fusion outside their specific compartments [10].

Syntaxins belong to a t-SNARE family of which over a
dozen have already been cloned [11]. Over-expression
studies have suggested that syntaxin 1, 2, 3, and 4 are
located predominantly at the plasma membrane. Syntaxin
1 is mainly expressed in brain tissue and is thought to
function specifically in neurotransmitter release, whereas
syntaxin 2, 3, and 4 have a wider tissue distribution [12].
We have previously demonstrated that syntaxin 4 is local-
ized, in addition to the plasma membrane, in intracellular
vesicular structures as well [13]. These structures co-local-
ized with rab11 staining. Treatment with NEM caused
accumulation of syntaxin 4/rab11 positive labelling to
actin filaments [13].

In this study, we investigated subcellular localization of
endogenous syntaxin 2 and 3 in NRK cells. Similar to syn-
taxin 4, syntaxin 2 and 3 were found to localize in intrac-
ellular vesicular structures in addition to regions of the
plasma membrane. In the case of syntaxins 2 and 3, NEM
treatment resulted in the accumulation of these proteins
in perinuclear membrane vesicles and the trans-Golgi net-
work (TGN), respectively. Kinetic analysis in the presence
of NEM suggested that both syntaxin 2 and 3 were redis-
tributed to the perinuclear sites through actin containing
structures.

Results
Characterization of syntaxin 2 and 3 anti-sera
Previous over-expression studies have suggested that syn-
taxins 1, 2, 3, and 4 are primarily localized at the plasma
membrane [12,14]. However, we have previously found
that endogenous syntaxin 4 is localized in rab 11 positive
intracellular membranes as well as at the plasma mem-
brane [13]. Therefore in this study we investigated the
localization of endogenous syntaxin 2 and 3. Anti-sera
against syntaxin 2 and 3 were raised by immunization of
rabbits with the amino terminal cytosolic domains of rat
syntaxin 2 and 3. Since syntaxins 2, 3 and 4 are highly
homologous to each other [12], we first determined the
specificity of the anti-sera. Both syntaxin 2 and 3 anti-sera
specifically recognized only their respective antigens and
did not cross-react with the cytosolic domain of other syn-
taxins on Western blotts (Fig. 1A). Enriched membrane
fraction of NRK cells was resolved with SDS-PAGE and
blotted with syntaxin 2 or 3 anti-serum. Syntaxin 2 anti-
serum blotted a band migrating close to the calculated
molecular weight of syntaxin 2 monomer 34 kDa (Fig. 1B,
lane 1). This band was abolished with pre-incubation of
the syntaxin 2 anti-serum with syntaxin 2 GST-protein
(Fig. 1B, lane 2). When the membrane fraction was blot-
ted with syntaxin 3 anti-serum two bands appeared
migrating with the apparent molecular masses of approx-
imately 33 kDa and 40 kDa. Both of these bands were
abolished by the pre-incubation of the syntaxin 3 anti-
serum with recombinant syntaxin 3. These bands most
likely represent two different forms of monomeric syn-
taxin 3. This conclusion is supported by previous observa-
tions, which indicate that mouse brain contains four
different forms of syntaxin 3 and two forms of syntaxin 1
that migrate at different molecular weights [15,16]. Our
syntaxin 3 anti-serum has also been previously shown to
blot syntaxin 3 at the apparent molecular weight of
approximately 40 kDa in Caco-2 cell extract [17].

Endogenous syntaxin 2 and 3 were found to be localized in 
intracellular compartments
Syntaxin 2 and 3 anti-sera stained intracellular vesicular
structures and regions of the plasma membrane in NRK
cells (Fig. 2A). These stainings can be totally blocked with
recombinant syntaxin 2 and 3 proteins (Fig. 2B). Since
these syntaxins are thought to be located at the plasma
membrane it was considered possible that the syntaxin 2
and 3 positive intracellular vesicles were constitutive exo-
cytic vesicles carrying syntaxins as cargo. To study whether
this is the case, we treated cells with cycloheximide for two
hours to deplete newly synthesized proteins from the bio-
synthetic pathway membranes (Fig. 3). This treatment did
not abolish the intracellular vesicular labelling, demon-
strating that the syntaxin 2 and 3 positive membranes did
not represent the newly synthesized syntaxins on their
way to the plasma membrane.
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Characterization of the syntaxin 2 and 3 anti-seraFigure 1
Characterization of the syntaxin 2 and 3 anti-sera. (A) 
Equal amounts of syntaxin 2, 3, and 4 cytosolic domain GST 
fusion proteins (2 µg) were incubated with thrombin (0.3 U) 
for two hours to cleave off the GST (27 kDa, indicated with 
arrow) and analysed by SDS-PAGE, transferred to nitrocellu-
lose filters and probed with syntaxin 2 or 3 anti-serum fol-
lowed by alkaline phosphatase-conjugated secondary 
antibodies. (B)The Western blotting of enriched membrane 
fraction of NRK cells were probed with syntaxin 2 anti-
serum (lane 1), syntaxin 2 anti-serum pre-incubated with syn-
taxin 2-GST protein (lane 2), syntaxin 3 anti-serum (lane 3) 
and syntaxin3 anti-serum preincubated with syntaxin 3-GST 
protein (lane 4) as well as horseradish peroxidase conjugated 
secondary antibodies. Each lane contains 25 µg protein. All 
the samples were boiled for 3 minutes in the presence of 2% 
SDS in Laemmli sample buffer.
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Syntaxin 2 and 3 anti-sera stained intracellular vesicular structures and regions of the plasma membrane in NRK cellsFigure 2
Syntaxin 2 and 3 anti-sera stained intracellular vesic-
ular structures and regions of the plasma membrane 
in NRK cells. The cells were fixed with 0.0 8 M lysine-0.01 
M periodate-2% paraformaldehyde and permeabilized with 
0.05% saponin. Syntaxin 2 and 3 were visualized using syn-
taxin 2 and 3 anti-sera and LRSC-conjugated goat anti-rabbit 
IgG. Conventional fluorescence images were viewed using an 
Olympus AX70 fluorescence microscope. Bars,10 µm.
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In the presence of NEM syntaxin 2 accumulates in 
perinuclear vesicles and syntaxin 3 in the TGN
Next we investigated how the inhibition of the SNARE
complex disassembly with NEM affects the localization of
syntaxin 2 and 3. NEM is a sulphydryl alkylating reagent,
which has been reported to inactivate the membrane
fusion component NSF [18]. We have previously shown
that NEM treatment stopped membrane transport from
the TGN to the plasma membrane [19]. We have also
found that NEM treatment caused the majority of the syn-
taxin 4/rab 11 positive staining to move from intracellular
vesicular structures to actin filaments [13]. Since NEM
treatment resulted in a dramatic redistribution of syntaxin

4, we studied the localization of syntaxin 2 and syntaxin 3
in similar experiments. Interestingly, NEM treatment
affected the localization of syntaxin 2 and syntaxin 3 dif-
ferently from syntaxin 4. In the presence of NEM endog-
enous syntaxin 2 and 3 accumulated in perinuclear
membrane structures and very little staining of these syn-
taxins can be observed in vesicles or at the plasma mem-
brane (Fig. 4). We used markers to study the site of
accumulation of endogenous syntaxins. In the presence of
NEM endogenous syntaxin 2 partly co-localized with
transferrin receptor and did not co-localize with a late
endosome marker, lyso-bis-phosphatidic acid (not
shown) (Fig. 4). Some endosomal association for syntaxin
2A and 2B has been reported previously as well [20].
Endogenous syntaxin 2 was found to be partly co-local-
ized with v-SNARE, cellubrevin in the perinuclear com-
partment. In the presence of NEM endogenous syntaxin 3
accumulated in perinuclear elements which co-localized
with the TGN marker, TGN38 (Fig. 4). Similar redistribu-
tion of syntaxin 2 and 3 in the presence of NEM can also
be observed when syntaxin 2 or 3 is transiently expressed
from the cDNA in NRK cells (Fig 5). In control cells the
syntaxins were seen both at the plasma membrane and in
intracellular sites (Fig. 5A). After NEM- treatment the
labelling of expressed syntaxins at the plasma membrane
was greatly reduced and the syntaxins were seen accumu-
lated in intracellular perinuclear elements similar to the
endogenous syntaxin 2 or 3 (Fig. 5B). The different distri-
bution of syntaxin 2, 3 and 4 in the presence of NEM sug-
gests that these syntaxins are not only present at the
plasma membrane but are also cycling between the
plasma membrane and different intracellular compart-
ments of the cell. According to the present results syntaxin
3 might be the SNARE responsible for the fusion of the
exocytic carriers to the plasma membrane in NRK cells.
This is supported by the previous observation that syn-
taxin 3 is present in zymogen granules of pancreatic acinar
cells [21,22].

Redistribution of syntaxin 2 and 3 takes place via actin 
containing structures
We have previously observed that in the presence of NEM
syntaxin 4 accumulates on actin filaments and is directly
associated with actin. In contrast to this, syntaxin 2 or 3
did not cosediment with polymerizing actin filaments
suggesting that these syntaxins are not directly associated
with actin [13]. However, syntaxin 2 and 3 positive vesi-
cles were not redistributed when microtubules were
depolymerised with cold treatment and repolymerization
was prevented with nocodazole (not shown). Therefore
we investigated the possible involvement of actin fila-
ments in the transport of syntaxin 2 and 3 vesicles from
the plasma membrane to the intracellular sites. Little is
known about the role of actin cytoskeleton in membrane
transport in animal cells. However, recently some

The intracellular syntaxin 2 or 3 antibody labelled structures do not represent newly synthesized syntaxin 2 or 3 proteinsFigure 3
The intracellular syntaxin 2 or 3 antibody labelled 
structures do not represent newly synthesized syn-
taxin 2 or 3 proteins. The NRK cells were treated with 50 
µg/ml cycloheximide for two hours. The cells were fixed 
with 0.08 M lysine-0.01 M periodate-2% paraformaldehyde 
and permeabilized with 0.05% saponin. Syntaxin 2 and 3 were 
visualized using syntaxin 2 and 3 anti-sera and LRSC-conju-
gated goat anti-rabbit IgG. Conventional fluorescence images 
were viewed using an Olympus AX70 fluorescence micro-
scope. Bars,10 µm.
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evidence has emerged suggesting that in addition to
microtubules actin cytoskeleton is involved in mem-
brane/organelle transport. The actin cytoskeleton pro-
motes internalization of ligands and vesicle trafficking
along the endosomal pathway as well as the movement of

Syntaxin 2 localized in perinuclear membrane vesicles and syntaxin 3 localized in the TGN in NEM treated NRK cellsFigure 4
Syntaxin 2 localized in perinuclear membrane vesi-
cles and syntaxin 3 localized in the TGN in NEM 
treated NRK cells. The NRK cells were incubated in the 
presence of 1 mM NEM for 15 minutes and then further 
incubated for two hours. Both syntaxin 2 and 3 accumulated 
into intracellular compartments in the presence of NEM 
(A,B). The cells were double stained with syntaxin 2 (A) or 
syntaxin 3 (B) anti-serum and LRSC-conjugated goat anti-rab-
bit IgG as well as antibodies against transferrin receptor 
(Ox26) (C) and TGN38 (D) mouse monoclonal antibodies 
and FITC-conjugated goat anti-mouse IgG. The yellow colour 
in merged images (E and F) reveals the co-localization. Con-
focal fluorescence images were viewed using a Leica SP1 
microscope system. Bars,10 µm.
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The effect of NEM on the localization of expressed syntaxin 2 and 3 in NRK cellsFigure 5
The effect of NEM on the localization of expressed 
syntaxin 2 and 3 in NRK cells. Syntaxin 2 and 3 were 
expressed in NRK cells and stained with syntaxin 2 or 3 
antiserum. (A) Control cells show localization of expressed 
syntaxins both at the plasma membrane and in intracellular 
sites. The control cells were treated with 50 µg/ml cyclohex-
imide (controls). Also expressed syntaxin 2 and 3 accumu-
lated into intracellular sites in the presence of NEM. (B) 
NEM-treated cells were double stained using syntaxin 2 or 
syntaxin 3 anti-serum and monoclonal antibodies against 
transferrin receptor (Ox26) or TGN38 as in Fig. 4. The yel-
low colour in merged images reveals the co-localization. 
Exposure in the pictures was adjusted so that only expressed 
syntaxins can be seen. Conventional fluorescence images 
were viewed using an Olympus AX70 fluorescence micro-
scope (A). Confocal fluorescence images were viewed using a 
Leica SP1 microscope system (B). Bars, 10 µm.
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membrane elements such as lysosomes [23-25]. We used
an actin monomer binding protein cofilin/actin depoly-
merising factor, ADF, as a marker of dynamic region of
actin cytoskeleton [26]. Both syntaxin 2 and 3 co-local-
ized with ADF at the plasma membrane (Fig. 6). Also
another actin marker, Oregon Green phalloidin, co-local-
ized with syntaxin 2 and 3 in actin rich areas at the plasma
membrane (Fig 7A–7D). When we studied the time
course of the localization of syntyaxin 2 and 3 we
observed that both syntaxin 2 and 3 were associated in fil-
ament-like structures after one hour's treatment with
NEM (Fig. 7E–7H). These structures co-localized with
actin. After two hours' treatment with NEM syntaxin 2 and
3 accumulated at their perinuclear destinations without
actin association (Fig 7I–7L). This result with syntaxin 2
and 3 is in contrast to our previous observation which
indicated that syntaxin 4 stays associated with actin fila-
ments even after two hours of NEM treatment [13].

We have previously observed that the disruption of the
actin cytoskeleton with cytochalasin D accumulated syn-
taxin 4 into actin containing aggregates [13]. However,

when we investigated the effect of cytochalasin D on syn-
taxin 2 and 3 labelling no accumulation into actin aggre-
gates was observed (Fig. 8). Both syntaxin 2 and 3 stayed
in vesicular structures.

Discussion
In the present study, we have shown that endogenous
plasma membrane t-SNAREs syntaxin 2 and 3 are not
exclusively localized at the plasma membrane. In addition
to the plasma membrane localization, syntaxin 2 and 3
were found to localize in intracellular membrane com-
partments as well. Treatment with NEM caused syntaxin 2
to accumulate in perinuclear vesicular structures which
partly co-localized with the transferrin receptor whereas
syntaxin 3 accumulated in the TGN. It is therefore possi-
ble that syntaxin 2 might cycle between the plasma mem-
brane and the perinuclear membrane vesicles, and
syntaxin 3 between the plasma membrane and the TGN in
NRK cells. Kinetic analysis suggested that actin cytoskele-
ton is involved in recycling of syntaxin 2 and 3 to the peri-
nuclear sites.

Our immunofluorescence microscopy studies indicate
that endogenous syntaxin 2, 3 and 4 are located only in
short sections of the plasma membrane and they are not
dispersed all over of the plasma membrane. Syntaxin 2, 3
and 4 co-localize with ADF, a marker for highly dynamic
regions of the actin cytoskeleton. This indicates that each
of these syntaxins is present in the same section of the
plasma membrane and these syntaxins cycle between this
active section of the plasma membrane and different
intracellular sites. In previous reports it has been
suggested that syntaxin 2 is present both at the apical and
basolateral portion of the plasma membrane and syntaxin
3 at the apical portion of the plasma membrane in polar-
ized cells [21,27,28]. Therefore it is possible that syntaxins
are targeted to the active sections of the plasma membrane
in non-polarized cells as well. The cycling of syntaxins
would make it possible to ensure that all the components
of the fusion machinery are correctly targeted to an active
site in an active form.

We have previously observed that syntaxin 4 is directly
associated with actin as examined by using a cosedimen-
tation assay. Syntaxin 2 and 3, on the other hand, are not
directly associated with actin [13]. Kinetic studies indi-
cated that syntaxin 2 and 3 transiently co-localize with
actin containing filaments when transported to the peri-
nuclear sites, whereas syntaxin 4 accumulates into actin
filament like structures in the presence of NEM [13]. These
actin bundles are morphologically distinct from stress fib-
ers and may result from altered assembly kinetics of actin
filaments [29]. Disassembly of actin fibers with cytochala-
sin D causes the accumulation of actin containing aggre-
gates. Syntaxin 4 accumulates with actin into these

Syntaxin 2 and 3 staining coincides with actin at cortical regionsFigure 6
Syntaxin 2 and 3 staining coincides with actin at cor-
tical regions. The NRK cells were fixed, permeabilized and 
then double stained with syntaxin 2 (A) or 3 (C) anti-serum, 
LRSC-conjugated goat anti-rabbit IgG as well as guinea pig 
anti-α-ADF (B,D) and FITC-conjugated donkey anti-guinea 
pig IgG. Conventional fluorescence images were viewed using 
an Olympus AX70 fluorescence microscope. Bars, 10 µm.
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aggregates [13]. In contrast, syntaxin 2 and 3 stay in vesic-
ular structures in the presence of cytochalasin D. This sug-
gests that syntaxin 2 and 3 are not as tightly attached to
actin as syntaxin 4. Interestingly, depolarization of
Madin-Darby canine kidney epithelial cells (MDCK)
caused relocalization of the apical and basolateral plasma
membrane to functional apical and basolateral vacuoles,

respectively. These vacuoles are associated with actin
cytoskeleton [28].

In a few previous investigations endogenous intracellular
syntaxin 2 or 3 labelling has also been observed. In those
studies it has been suggested that syntaxin 2 and 3 have
another role in intracellular membrane fusion processes

Syntaxin 2 and 3 can be transported to their intracellular sites along actin filamentsFigure 7
Syntaxin 2 and 3 can be transported to their intracellular sites along actin filaments. The NRK cells were incu-
bated in the presence of 1 mM NEM for 15 minutes and then further incubated for one or two hours. Syntaxin 2 and 3 were 
visualized using syntaxin 2 and 3 anti-sera and LRSC-conjugated goat anti-rabbit IgG; actin filaments were stained with Oregon 
Green phalloidin. Enlargements of the boxed areas are shown below. The arrows show the colocalization of syntaxin 2 and 3 
staining with actin staining in filament-like structures after one hour of NEM-treatment. Conventional fluorescence images 
were viewed using an Olympus AX70 fluorescence microscope. Bars, 10 µm.
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besides the fusion process at the plasma membrane. It has
been reported that syntaxin 2, 3 and 4 are present in
phagosomal membranes and suggested that they are
involved in phagosomal maturation [30]. Similarly, syn-
taxin 3 was found in granular membranes of the
zymogenic cells and a role of granule-granule fusion was
suggested [22]. Also in over-expression studies intracellu-
lar syntaxin labelling has been observed and it has been
thought to be caused by over-expression or mislocaliza-
tion [12]. We used lysine-periodate-paraformaldehyde
fixation and saponin permeabilization in our studies to
preserve the intracellular vesicular structures and therefore
made them more visible than if a standard paraformalde-
hyde fixation had been used.

Conclusion
The present study clearly indicates that syntaxin 2 and 3
are not solely localized at the plasma membrane but are
also present in intracellular compartments and that they
may cycle between these compartments and the plasma

membrane through actin containing structures. This
cycling of syntaxins is likely to have an important role in
the regulation of t-SNARE function.

Methods
Materials
Mouse monoclonal anti-rat TGN38 antibody was a gift
from Dr. G. Banting (University of Bristol, Bristol, UK.)
and mouse monoclonal anti-rat transferrin receptor Ox26
hybridoma cell line was obtained from Peninsula Labora-
tories, Inc. (San Carlos, CA). Actin monomer binding pro-
tein cofilin/actin depolymerizing factor (ADF) guinea pig
affinity purified anti-serum [31] was a gift from Dr. P. Lap-
palainen (Institute of Biothechnology, Helsinki, Finland).
Plasmids encoding full length mouse syntaxin 2A and rat
syntaxin 3A cDNAs in pBK-CMV vectors (Stratagen, La
Jolla, CA USA) were gifts from Dr. V. Olkkonen (National
Public Health Institute, Helsinki, Finland). Lissamine
rhodamine (LRSC)-conjugated, Rhodamine Red™-X-con-
jugated and fluorescein (FITC)-conjugated secondary
antibodies were purchased from Jackson Immuno
Research (West Grove, PA, USA). All other reagents were
of analytical grade and were obtained from commercial
sources.

Production of fusion proteins and antibodies
The cytosolic domain of mouse syntaxin 2 (1–265), rat
syntaxin 3 (1–263) and rat syntaxin 4 (1–272) in pGEX 2T
vectors and syntaxin 2 and 3 antisera were gifts from Dr.
V. Olkkonen (National Public Health Institute, Helsinki,
Finland). The production and the purification of GST
fusion proteins were performed according to the manu-
facturer's instructions (Amersham Pharmacia Biotech AB,
Uppsala, Sweden). The anti-serum for syntaxin 4-GST pro-
teins was produced in New Zealand White rabbits.

Cell culture
Normal rat kidney (NRK) cells were grown at 37°C in 5%
CO2 in DME supplemented with 2 mM L-glutamine, 100
U of penicillin, 10 mg/ml of streptomycin, and 10% (v/v)
foetal calf serum (Biological Industries, Beit Haemek,
Israel). NEM-treatment was performed by incubating cells
in 1 mM NEM for 15 minutes and then further incubating
in serum free DME medium.

Western blotting
The samples were dissolved into SDS-Laemmli buffer,
separated in SDS-PAGE, and transferred to Hybond ECL
nitrocellulose membrane (Amersham Pharmacia Biotech
AB, Uppsala, Sweden). Nonspecific binding of antibodies
was blocked with 5% fat-free milk in TBST buffer (0.15 M
NaCl, 0.05% Tween 20, 10 mM Tris-HCl pH 8.0). Second-
ary antibodies were conjugated with either alkaline phos-
phatase (Sigma, St. Louis, MO, USA) or horseradish
peroxidase (Bio-Rad Laboratories, Hercules, California,

Syntaxin 2 or 3 staining does not accumulate into actin con-taining aggregates after depolymerization of actin filamentFigure 8
Syntaxin 2 or 3 staining does not accumulate into 
actin containing aggregates after depolymerization 
of actin filament. The NRK cells were treated with 10 µM 
cytochalasin D for 30 minutes to disrupt the actin filaments. 
The cells were fixed, permeabilized and then stained with 
syntaxin 2 or 3 anti-serum and LRSC-conjugated goat anti-
rabbit IgG as well as Oregon Green phalloidin. Conventional 
fluorescence images were viewed using an Olympus AX70 
fluorescence microscope. Bars, 10 µm.
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USA). Alkaline phosphatase and ECL reactions were per-
formed according to the manufacturer's instructions
(Promega, Madison, WI, USA and Amersham Pharmacia
Biotech AB, Uppsala, Sweden, respectively).

The preparation of membrane fraction
NRK cells were grown as confluent monolayers on 10 cm
dishes. The cells were washed with hypotonic swelling
buffer (10 mM KCl, 5 mM MgCl2, 10 mM Tris-HCl pH
7.2) and scraped in transport medium (115 mM Kacetate,
3.5 mM MgCl2, 1 mM EGTA, 1 mM DTT, 0.1 mM PMSF,
25 mM Hepes-KOH pH 7.4) in the presence of 1 mM phe-
nylmethylsulfonyl fluoride, 10 µg/ml leupeptin and 2 µg/
ml pepstatin A. The cells were then distrupted by repeated
passage through a 23-gauge needle. The homogenate was
first centrifuged at 5 000 g for 20 minutes and then the
supernatant was further centrifuged at 100 000 g for one
hour to precipitate membranes.

Immunocytochemistry
NRK cells were grown as confluent monolayers on cover-
slips in DME. The cells were fixed with 0.08 M lysine-0.01
M periodate-2% paraformaldehyde [32] and permeabi-
lized with 0.05 % saponin to maintain vesicular struc-
tures. Conventional fluorescence images were viewed
using an Olympus AX70 fluorescence microscope with a
SenSys CCD camera (Photometrics, Ltd., Munich, Ger-
many). Images were converted using the Image-Pro Plus
version 3.0 software (Media Cybernetics, Silver Spring,
MD, USA). Confocal images were recorded using a laser
scanning Leica SP1 confocal microscope. One layer was
superimposed in the image.
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