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Neuropeptide transmitters are synthesized throughout the CNS and play important modulatory roles. After synthesis in the neuronal cell body,
it isgenerallyassumedthatpeptidesaretransportedtononspecializedsitesofrelease.However,apartfromafewcases, thisscenariohasnotbeen
thoroughly examined. Using wild-type and NPY(GFP) transgenic mice, we have studied the subcellular distribution of neuropeptide Y (NPY), a
prototypical and broadly expressed neuropeptide. NPY puncta were found in the dendrites and axons of hippocampal GABAergic interneurons
in situ. In contrast in hypothalamic GABAergic interneurons, NPY was restricted to the axon. Surprisingly this differential trafficking was
preserved when the neurons were maintained in vitro. When hippocampal and hypothalamic neurons were transfected with NPY-Venus, the
distribution of the fluorescent puncta replicated the cell type-specific distribution of endogenous neuropeptide Y. The NPY puncta in the axons
of hippocampal and hypothalamic neurons colocalized with the sites of classical transmitter release (identified by staining for synapsin and the
vesicular GABAergic transporter, VGAT). In hippocampal neurons, most of the postsynaptic NPY puncta were clustered opposite synapsin-
containing varicosities. When neurons were stained for a second neuropeptide, agouti-related protein, immunoreactivity was found in the axon
and dendrites of hippocampal neurons but only in the axons of hypothalamic neurons, thus mimicking the polarized distribution of NPY. These
results indicate that the trafficking of neuropeptide-containing dense core granules is markedly cell type specific and is not determined entirely
by the characteristics of the particular peptide per se.

Introduction
Neuropeptide Y (NPY) is a widely distributed neuropeptide in the
CNS and peripheral nervous system and modulates a variety of phys-
iological processes including blood pressure, feeding, and anxiety
(Blomqvist and Herzog, 1997). In contrast to classical transmitters,
neuropeptides including NPY are synthesized in the cell body and
stored within dense core granules. The sites of release of these trans-
mitters are distinct. Classical transmitters are released at specialized
presynaptic varicosities. In contrast, granule fusion can occur at the
cell body, axon, and dendrites (Huang and Neher, 1996; Hartmann
et al., 2001; Shakiryanova et al., 2006; Sobota et al., 2010).

Despite these observations, many aspects of neuropeptide
trafficking remain unclear. In particular, there appears to be
no clear pattern to their subcellular localization. Neuropep-
tides are found at presynaptic or postsynaptic sites, and some
have been found at both. Thus, hypothalamic magnocellular
neurons in the supraoptic and paraventricular nuclei synthe-
size oxytocin and vasopressin. In these cells, oxytocin-containing

granules are found in the axon and dendrites. Axonal projec-
tions release oxytocin into the bloodstream. Conversely, den-
dritic release of the same peptide occurs within the CNS
independently from axonal exocytosis (Ludwig and Leng,
2006). Clearly, polarized trafficking in these neurons has func-
tional importance.

The consequence of disrupting the trafficking patterns of
dense core granules is exemplified by the Val66Met mutation in
the BDNF prohormone. This polymorphism prevents dendritic
targeting of BDNF and is associated with reduced episodic mem-
ory (Egan et al., 2003). BDNF is found in presynaptic and post-
synaptic compartments (Conner et al., 1997; An et al., 2008). The
signals that regulate the distribution of the BDNF-containing
granules are complex; dendritic localization is determined by the
3�-UTR and an exon-located targeting signal (An et al., 2008;
Chiaruttini et al., 2009). Thus, the trafficking of dense core gran-
ules is surprisingly variable in comparison to the synaptic vesicles
that contain classical transmitters. In addition to the transmitter-
specific trafficking signals, might the characteristics of granular
trafficking also be determined by the neuronal cell type?

The most direct way to address this question would be to
compare the trafficking of the same neuropeptide in two different
types of neurons. We have therefore examined the distribution of
neuropeptide Y-containing dense core granules in hippocampal
and hypothalamic GABAergic interneurons. This peptide was
chosen because it is a prototypical peptide that is synthesized
endogenously in both of these regions. Using this approach, we
conclude that the characteristics of peptide trafficking can also
vary between different neuronal populations.
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Materials and Methods
Cell culture. Hippocampal (Mitchell et al., 2008)
and hypothalamic neurons from C57BL/6J mice
[postnatal days (P) 1–3] of either sex were main-
tained in inverted cultures over purified cortical
astrocytes (P1–3, DIV � 7) in Neurobasal/B27
medium with 0.5 mM L-glutamine. Cultures were
used 8–14 d after plating. INS-1 cells were cul-
tured and transfected as described previously
(Whim, 2011).

Neuronal transfection and reverse transcription
PCR. Neurons were transfected 5–8 d after plat-
ing with 1.5 �g of pNPY-Venus using calcium
phosphate (Mitchell et al., 2008) and fixed 2–4 d
later. The agouti-related protein (AgRP) expres-
sion plasmid was made by subcloning the mouse
AgRP cDNA (clone identifier 30611244; Open
Biosystems) into pIRES2-AcGFP1 (Clontech).
Reverse transcription (RT)-PCR was as described
previously (Ramamoorthy and Whim, 2008) and
used 200 ng of mRNA from hippocampal and
hypothalamic tissue (P22). AgRP primers were
previously described (van den Pol et al., 2009).
For the PCR, a ratio of 1:10 (hypothalamic:hip-
pocampal) cDNA was used.

In vitro immunocytochemistry. Cultures were
processed as described previously (Ramamoor-
thy and Whim, 2008). For double-staining
experiments, antibodies were applied sequen-
tially. Control experiments showed no significant
bleed-through of the fluorescent labels or cross-
reactivity between antibodies. Images were ob-
tained with a Nikon TE2000U microscope with a
60� oil-immersion objective and a Retiga 1300
monochrome camera.

In situ immunohistochemistry. Coronal brain
sections were prepared from P8–13 mice [wild-
type C57BL/6J or NPY(GFP) transgenic animals;
van den Pol et al., 2009)] as detailed previously
(Ramamoorthy and Whim, 2008). For double
staining experiments, primary antibodies were
coapplied followed by coapplication of the sec-
ondary antibodies. Images were taken with an
Olympus Fluoview 300 (Pennsylvania State Uni-
versity, Huck Institutes, State College, PA) or a
Leica DM IRE2 (Louisiana State University Health Science Center, New
Orleans, LA) confocal microscope.

Sources of antibodies. Primary antibodies were rabbit anti-NPY (1:200;
Peninsula Laboratories), sheep anti-NPY (1:200; Millipore), rabbit anti-
synapsin (1:200; Millipore), guinea pig anti-VGAT (1:1000; Millipore), goat
anti-AgRP (1:200; Santa Cruz Biotechnology), and mouse anti-MAP2 (1:
200; Millipore). Secondary antibodies were donkey anti-rabbit TRITC, don-
key anti-mouse TRITC, goat anti-mouse FITC, donkey anti-guinea pig
FITC, donkey anti-sheep FITC, and donkey anti-goat TRITC (1:100; Jack-
son ImmunoResearch). The specificity of the rabbit NPY antibody was con-
firmed by first testing that staining was absent in NPY knock-out mice and
then showing that transfection of an NPY-containing plasmid conferred
NPY-immunoreactivity (ir) onto cerebellar neurons that normally lack ex-
pression (data not shown).

Image analysis. Images were analyzed using ImagePro Plus (Media
Cybernetics), OriginPro7 (MicroCal Software), and Excel as described
previously (Ramamoorthy and Whim, 2008).

Results
NPY-ir puncta have a differential distribution in
hippocampal versus hypothalamic neurons in vitro
Using a selective antibody (see Materials and Methods), we ex-
amined the distribution of NPY in hippocampal and hypotha-

lamic neurons at 8 –11 DIV. These regions endogenously express
NPY (Chronwall et al., 1985; Kohler et al., 1986). The cells were
costained for MAP2, a protein found in the soma and dendrites of
CNS neurons (Dotti et al., 1988). In hippocampal neurons,
NPY-ir was found in the cell body as well as MAP2-positive and
negative processes, consistent with a distribution in both axons
and dendrites (Fig. 1A,B). In contrast, in hypothalamic neurons,
NPY-ir was observed in axonal (MAP2 negative) processes but
rarely in the cell body or dendrites (Fig. 1C,D). When NPY-ir was
examined at earlier time points in culture, immunoreactivity was
prominent in the somata of hippocampal neurons from 2 to 11
DIV (Fig. 1E). However, while somatic staining was present in
hypothalamic neurons up to 5 DIV, NPY-ir was restricted to
MAP2-negative processes by 8 –11 DIV (Fig. 1F). Thus, in polar-
ized hippocampal neurons NPY is found in axons and dendrites
while in hypothalamic neurons NPY-ir is mainly present in
axons.

Differential trafficking of NPY-ir puncta is also seen in CNS
neurons in situ
To determine whether the differential distribution in vitro re-
flected a genuine difference in neuropeptide trafficking, brain

Figure 1. NPY-ir puncta have a differential distribution in hippocampal (Hippo) versus hypothalamic neurons (Hypo) in vitro. A,
Hippocampal neurons costained for NPY and MAP2. Boxed regions show that NPY-ir puncta are found in the axon (MAP2-negative
process) and dendrites (Dend) (MAP2-ir processes). B, Group data showing, in hippocampal neurons, that NPY-ir is present in
MAP2-positive and -negative processes (mean � SD; 86 measurements from n � 3 cultures). C, In hypothalamic neurons NPY-ir
puncta are mainly observed in axonal processes (two examples are shown). D, Group data showing that in hypothalamic neurons
NPY-ir puncta are almost exclusively present in the MAP2-negative processes (mean � SD; 67 measurements from n � 3
cultures). E, F, Somatic NPY-ir (arrows) is present in hippocampal neurons at all time points examined, but in hypothalamic
neurons NPY-ir becomes restricted to axonal (MAP2-negative) processes by 8 DIV. Since peptide synthesis occurs in the soma, the
absence of somatic staining suggests that newly synthesized NPY is rapidly transported to the axon in hypothalamic neurons. Scale
bars, 20 �m.
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sections were costained for NPY and MAP2. The results con-
firmed the observations made in vitro. In the hippocampus,
NPY-ir was observed in MAP2-positive and -negative processes
and in the cell body (Fig. 2A,B). In contrast, in the hypothalamus
NPY-ir was not present in neuronal cell bodies, and no convinc-
ing colocalization with MAP2-ir was seen. Rather, the NPY-ir
processes were fine-beaded structures consistent with the pres-
ence of NPY in axons (Fig. 2C,D).

Because of the density of the MAP2-ir, it was difficult to trace
NPY-ir within the multiple processes of a single hippocampal
neuron. Therefore, we also examined NPY-ir using a transgenic
mouse in which NPY neurons express cytoplasmic GFP (van den
Pol et al., 2009). Figure 2E shows a low-power view of GFP and
NPY-ir in the hippocampus. In the cell shown in Figure 2F,
NPY-ir can be observed in two GFP-containing processes. Thus,
we can minimally conclude that NPY-containing granules are
present in hippocampal dendrites (at least one of the processes
must be a dendrite). Similar experiments in the hypothalamic
arcuate nucleus revealed that the fine NPY-ir did not convinc-
ingly colocalize with GFP-labeled cells bodies or processes (Fig.
2G,H). A possible interpretation is that GFP is not present in
distal axonal processes. Nevertheless, these results are consistent
with the idea that NPY is differentially localized in hippocampal
and hypothalamic neurons.

NPY-ir differentially colocalizes with axonal markers in
hippocampal and hypothalamic neurons
To confirm the expression of NPY in hippocampal and hypotha-
lamic axons, cultured neurons were costained for NPY and the

vesicular GABA transporter (VGAT). The latter is a marker of
presynaptic GABAergic varicosities (Chaudhry et al., 1998). The
majority of NPY-ir processes from both the hippocampus and
the hypothalamus were VGAT-ir (81 and 86%, respectively; �63
processes were analyzed from one culture). VGAT-ir puncta co-
localized with NPY-ir puncta in both types of neurons (Fig.
3A,B). Quantification indicated that the majority of axonal
NPY-ir puncta colocalized with VGAT-ir in hippocampal
(94 � 10%, mean � SD; 10 processes from n � 3 cultures) and
hypothalamic neurons (99 � 1%, mean � SD; 10 processes
from n � 3 cultures). Thus, most of the presynaptic NPY
puncta were located at synaptic varicosities.

These results are consistent with an axonal and dendritic dis-
tribution of NPY in hippocampal neurons. Conversely, in hypo-
thalamic neurons NPY was present in the axon with negligible
dendritic expression. To more precisely define the location of the
NPY-ir puncta, cultures were costained for synapsin, a presynap-
tic vesicle protein. In the axons of hippocampal neurons most
NPY-ir puncta colocalized with synapsin-ir puncta (Fig. 3C), in-
dicating that NPY-containing granules were clustered at the sites
of classical transmitter release. The low levels of NPY-ir in the
interbouton regions may reflect a low level of spontaneous NPY
secretion in culture (and hence little need for store replenish-
ment). In the dendrites, about half of the NPY puncta were lo-
cated opposite synapsin puncta. This suggests that NPY might be
released dendritically in a location that could regulate presynap-
tic transmitter release (Fig. 3C, bottom). In contrast, in hypotha-
lamic neurons almost all NPY-ir puncta were colocalized with

Figure 2. Differential trafficking of NPY-ir puncta in CNS neurons in situ. A, Coronal section of hippocampus (Hippo) costained for MAP2 and NPY. B, Magnification of boxed region in A shows
NPY-ir in a neuronal cell body and a MAP2-ir dendrite (filled triangles). In the same field of view, NPY-ir puncta are also seen in an axon/MAP2-negative process (open triangles). C, Hypothalamic
region (Hypo) (from the same slice as A) costained for MAP2 and NPY. D, Magnification of the boxed region in C illustrates that NPY-ir processes (open triangles) do not overlap with MAP2-ir,
consistent with the presence of NPY in axons, not dendrites, in hypothalamic neurons. E, Coronal section of hippocampus from an NPY(GFP) transgenic mouse. F, NPY-ir is present in the cell body and
two processes of a GFP-expressing hippocampal neuron (filled triangle indicates one process). G, Coronal section showing the hypothalamic arcuate nucleus in a NPY(GFP) transgenic mouse. H,
NPY-ir processes do not colocalize with GFP, which is present in the cell body and proximal processes (filled triangle) of an arcuate hypothalamic neuron. Scale bars: A, C, 10 �m; E, G, 100 �m; F,
H, 20 �m.
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synapsin-ir (Fig. 3D). These results are
again consistent with the pattern of NPY
distribution seen in the brain slices.

Heterologously expressed NPY mimics
the polarized trafficking of
endogenous NPY
The cell type-specific trafficking of NPY
implies that the prohormone does not
play a major role in determining granular
distribution. To test this idea, we took two
approaches. First, we examined the distri-
bution of NPY-containing puncta in cells
transfected with an NPY prohormone
tagged with Venus. In transfected hip-
pocampal neurons, the NPY-Venus puncta
were present in the cell body and axonal and
dendritic compartments (Fig. 4A,C). In hy-
pothalamic neurons, NPY-Venus puncta
were found almost exclusively in the axon/
MAP2-negative compartment (Fig. 4B,C).
Thus, the heterologously expressed NPY
shows the same distribution as endogenous
neuropeptide Y, even though the fusion
construct contains only the minimal pre-
prohormone required for peptide expres-
sion (i.e., lacks the NPY promoter and an
intact 3�-UTR).

Agouti-related protein shows the same
differential trafficking pattern as NPY
Second we examined whether the subcel-
lular distribution of another polypeptide
matched that of NPY. For these experi-
ments we looked at the expression of
AgRP, since this polypeptide is present in
the hypothalamic arcuate neurons that
synthesize NPY (Broberger et al., 1998).

When AgRP-ir was examined in hip-
pocampal cultures, it was apparent that a
subset of the NPY-ir neurons were also
AgRP-ir (34 � 13%, mean � SD; 60 neu-
rons from n � 3 cultures). Some cells were
costained (Fig. 4D) while others lacked
AgRP-ir (Fig. 4E). However, all of the
AgRP-ir neurons were NPY-ir. In these neurons AgRP-ir was
colocalized with NPY-ir throughout the cell (Fig. 4D). Since NPY
is found in both axons and dendrites in hippocampal neurons
(Fig. 1), this means that AgRP is also found in both of these
compartments.

In hypothalamic cultures most of the NPY-ir neurons were
AgRP-ir (94 � 3%, mean � SD; 67 neurons from n � 3 cultures).
In these neurons, AgRP-ir was not found in the cell body but was
only observed in the NPY-ir axons (Fig. 4F).

Because hippocampal expression of AgRP was not observed
previously (Broberger et al., 1998), we used RT-PCR to confirm
that AgRP mRNA was present in hippocampal tissue, albeit at
lower levels than in the hypothalamus (Fig. 4G). In addition, the
AgRP antibody was selective, because when the INS-1 endocrine
cell line was transfected with a plasmid encoding mouse AgRP,
punctate immunoreactivity was only observed in transfected cells
(Fig. 4H) and no staining was seen when the primary antibody
was omitted (Fig. 4 I). Finally, although INS-1 cells express NPY

(Whim, 2011), none of the NPY-ir cells were AgRP-ir, confirm-
ing that the antibodies did not cross-react (Fig. 4 J).

These results are therefore consistent with the idea that NPY
trafficking can be determined on a cell-type basis (rather than
solely by the characteristics of the peptide per se).

Discussion
Here we have investigated the subcellular distribution of NPY-ir
within hippocampal and hypothalamic neurons. Our primary
conclusion is that NPY trafficking is cell type dependent. In hip-
pocampal neurons NPY-ir puncta are present in the axon and
dendrites. In contrast, in hypothalamic neurons NPY-ir puncta
are present almost exclusively in the axon. Four pieces of evidence
suggest that this arises from a fundamental property of certain
classes of neurons or perhaps granules (see below). First, differ-
ential trafficking is observed in neurons in situ under minimally
disturbed conditions. Second, the same features are observed
when the neurons are maintained in cell culture. Third, the dis-
tribution of heterologously expressed NPY mimics that of endog-

Figure 3. NPY-ir differentially colocalizes with axonal and synaptic markers in hippocampal (Hippo) and hypothalamic neurons
(Hypo) in vitro. A, NPY-ir puncta are colocalized with axonal VGAT-ir varicosities in hippocampal neurons. B, In hypothalamic
neurons a similar overlap of VGAT-ir and NPY-ir varicosities is seen. C, In hippocampal neurons some NPY-ir puncta colocalize with
synapsin-ir varicosities (filled triangles show three examples; line scans are below). Since synapsin is a presynaptic protein, this
process is an axon. Bottom panel is an example of an NPY-ir process that is juxtaposed to synapsin-ir varicosities. This is consistent
with the additional presence of NPY in hippocampal dendrites. Line scans confirm that the two fluorescent signals do not super-
impose. D, In NPY-ir hypothalamic neurons the majority of synapsin-ir varicosities colocalize with NPY-ir puncta, indicating the
latter are present in axons. Group data are shown in the right column (mean � SD; 1– 8 neurons quantified from n � 3 cultures).
Line scans were normalized to the maximum signal in each fluorescent channel. Scale bars, 4 �m.
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enous NPY. Fourth, granular distribution is not determined by
the neuropeptide prohormone, because both neuropeptide Y and
AgRP-containing granules show the same distribution in differ-
ent neurons. These features argue that the difference in granular
trafficking between hippocampal and hypothalamic neurons is
not an experimentally induced artifact (point one). It is an intrinsic
property of these neurons (points 2 and 3), and cell-type differential
trafficking is not limited to a single polypeptide (point 4).

How do these results compare to those of other neuropeptides
from the same brain regions? The hypothalamic peptides oxytocin
and vasopressin are transported to axonal terminals and released as
hormones into the blood. They are also found in dendrites and re-
leased within the CNS (Ludwig and Leng, 2006). This distribution
appears very different from that of NPY. The hypothalamic neurons

that we studied in situ and in vitro sent the NPY-containing granules
only to the axon. Curiously, however, an “oxytocin-vasopressin-
like” distribution was found when NPY was examined in hippocam-
pal neurons. In this brain region NPY-containing granules were
present in the axons and dendrites, consistent with an earlier study
(Deller and Leranth, 1990). A dendritic and axonal localization has
been shown for BDNF (Hartmann et al., 2001) in hippocampal neu-
rons. However, only a small fraction of BDNF granules cluster at
presynaptic release sites (Swanwick et al., 2004) in contrast to most
NPY-containing granules, perhaps reflecting a difference in function
(neurotrophin vs classical neuromodulator). Many neuropeptides,
including CGRP and somatostatin, are present in hippocampal ax-
ons (Kunkel et al., 1994; Freund et al., 1997), but whether they are
also present in dendrites is less clear.

Figure 4. The NPY prohormone does not play a major role in determining granular distribution. Heterologously expressed neuropeptide Y (A–C) and endogenous AgRP (D–F ) show the same cell
type-specific trafficking as endogenous NPY. A, A transfected hippocampal neuron (Hippo) expressing NPY-Venus. Costaining with MAP2 reveals that the NPY-Venus puncta are present in the MAP2-ir dendrites
and in the MAP2-negative axon. B, Example of an NPY-Venus-expressing process from a transfected hypothalamic neuron (Hypo). Note that no NPY-Venus-labeled puncta are present in the soma or dendrites
(MAP2-ir processes). However, NPY-Venus puncta are visible in the axonal process that projects from the MAP2-ir cell. C, Group data for heterologous expression of NPY-Venus (mean � SD; 10 –22 neurons
quantified from n�3 cultures). D, In hippocampal cultures a subset of NPY-ir neurons was also AgRP-ir. In these neurons the NPY-it and AgRP-ir were colocalized. Thus, in hippocampal neurons AgRP is present
in axons and dendrites. Insets show somatic staining. E, Some NPY-ir hippocampal neurons lacked AgRP-ir. F, In hypothalamic cultures NPY-ir processes are also AgRP-ir. Since NPY in hypothalamic neurons is
present in the axon, AgRP-ir must also be restricted to this compartment. G, RT-PCR experiment showing that AgRP mRNA is present in the hippocampus and hypothalamus. H, INS-1 cells transfected with
pAgRP-IRES-GFP are AgRP-ir, whereas no staining is seen in two GFP-negative cells (white circles). I, No AgRP-ir was observed in transfected cells when the primary AgRP antibody was omitted. J, Untransfected
INS-1 cells are NPY-ir but not AgRP-ir, confirming that the antibodies do not cross-react. Scale bars: A, B, 30 �m; D, E, 20 �m; H–J, 10 �m.

Ramamoorthy et al. • NPY Trafficking in CNS Neurons J. Neurosci., October 12, 2011 • 31(41):14783–14788 • 14787



While the dendritic localization of peptide appears to be quite
rare, neuropeptides are often localized after colchicine injection
to prevent microtubule-based transport. This increases somatic
immunoreactivity but is also likely to alter the relative distribu-
tion of peptidergic granules. Dendritic localization of peptides
has been reported in the hypothalamus and locus coeruleus (Old-
field et al., 1985; Vila-Porcile et al., 2009). Dendritic trafficking
may therefore be more common than is generally appreciated.

The colocalization of NPY-ir and synapsin-ir in hippocampal
and hypothalamic neurons suggests that presynaptic peptide re-
lease occurs from the same varicosities that release classical trans-
mitters. Most of the hippocampal NPY-synthesizing cells we
studied were GABAergic. In these cells, NPY has been found in
axonal and dendritic processes (Deller and Leranth, 1990). Exog-
enous NPY application presynaptically inhibits hippocampal
glutamatergic transmission (Qian et al., 1997). Release of axonal
NPY could play this modulatory role.

The function of the dendritic NPY that we observed is not
clear. However some mossy fibers make synaptic connections
onto dendrites of NPY-ir neurons (Deller and Leranth, 1990).
The dendritic NPY-ir puncta were often in close proximity to
synapsin-ir varicosities, suggesting that dendritic release of NPY
could modulate presynaptic glutamate release. The postsynaptic
release of BDNF from hippocampal neurons has been demon-
strated (Hartmann et al., 2001).

In the hypothalamus, NPY-synthesizing neurons are mainly
located within the arcuate nucleus (Chronwall et al., 1985), and
such neurons regulate food intake (Luquet et al., 2005). The ax-
onal location of hypothalamic NPY that we observed is consistent
with a study showing that axonal varicosities of neurons in the
arcuate nucleus contain GABAergic synaptic vesicles and NPY-
containing granules (Cowley et al., 2001).

The mechanism underlying the cell type-dependent traffick-
ing that we observed is not known. Presumably it reflects the
existence of distinct populations of granules, only some of which
can access the dendritic compartment. It is clear from work on
other preparations that subsets of dense core granules do exist
(Landry et al., 2003).

Although the mechanisms that guide neuropeptides into
dense core granules are the subject of debate, the diversity in
targeting we observed occurs with a single polypeptide. Thus,
cell-type-specific factors probably contribute to directing the
type of trafficking that we describe here.
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