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The 5-HT1A receptor (5-HT1AR) is the most extensively characterized serotonin (5-HT) receptor mainly because of its involvement in the
mode of action of antidepressants. The 5-HT1AR is confined to the somatodendritic domain of central neurons, where it mediates
serotonin-evoked hyperpolarization. Our previous studies underlined the role of the short 5-HT1AR C-terminal domain in receptor
targeting to dendrites. We used this 17 aa region as bait in a yeast two-hybrid screen, and identified, for the first time, an intracellular
protein interacting with the 5-HT1AR. This protein is homologous to the yeast Yif1p, previously implicated in vesicular trafficking
between the endoplasmic reticulum (ER) and the Golgi apparatus, but not yet characterized in mammals. We confirmed 5-HT1AR–Yif1B
interaction by glutathione S-transferase pull-down experiments using rat brain extracts and transfected cell lines. Yif1B is highly ex-
pressed in the brain, and specifically in raphe 5-HT1AR-expressing neurons. Colocalization of Yif1B and 5-HT1AR was observed in small
vesicles involved in transient intracellular trafficking. Last, inhibition of endogenous expression of Yif1B in primary neuron cultures by
small interfering RNA specifically prevented the addressing of 5-HT1AR to distal portions of the dendrites, without affecting other
receptors, such as sst2A, P2X2 , and 5-HT3A receptors. Together, our results provide strong evidence that Yif1B is a member of the
ER/Golgi trafficking machinery, which plays a key role in specific targeting of 5-HT1AR to the neuronal dendrites. This finding opens up
new pathways for the study of 5-HT1AR regulation by partner proteins and for the development of novel antidepressant drugs.
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Introduction
Serotonin [5-hydroxytryptamine (5-HT)] is a neuromodulator
acting through a large family of receptors for the regulation of a
wide range of physiological functions in the CNS as well as in the
periphery (Barnes and Sharp, 1999). Among these receptors, the
5-HT1A receptor (5-HT1AR) is a Gi/Go-protein-coupled receptor
(GPCR) that modulates adenylyl cyclase and MAP (mitogen-
activated protein) kinase activities (Kushwaha et al., 2006; Turner
et al., 2007), and acts as autoreceptor and heteroreceptor in brain
(Lanfumey and Hamon, 2004). It is localized at the plasma mem-
brane of soma and dendrites (Sotelo et al., 1990; Kia et al., 1996;

Riad et al., 2000), where it controls the excitability pattern (Haj-
Dahmane et al., 1991). In addition, the 5-HT1AR is critically in-
volved in the mode of action of antidepressant drugs, because its
delayed desensitization is responsible, at least in part, for the
delayed therapeutic efficacy in chronic treatment (Le Poul et al.,
1995).

Because the 5-HT1AR localization in dendritic membrane is
closely related to its inhibiting effect on raphe neuron firing, it
was important to investigate the mechanisms responsible for this
localization. In contrast to other classes of receptors, little data are
available on the intracellular trafficking and sorting of the sero-
tonin receptors. Numerous studies on GPCRs have revealed that
interaction of their carboxyl C-terminal domain with PDZ
domain-containing proteins plays a critical role in the regulation
of their desensitization/resensitization and trafficking (for re-
view, see Bockaert et al., 2004). However, the 5-HT1AR C termi-
nus is a very short domain without any PDZ recognition motif. In
previous studies, we have demonstrated that the C terminus of
the 5-HT1AR is implicated in its basolateral localization in epithe-
lial cells (Darmon et al., 1998) and its dendritic targeting in neu-
rons (Jolimay et al., 2000). Furthermore, we showed that a
dileucine motif in the short cytosolic C-terminal domain is nec-
essary for 5-HT1AR export from the endoplasmic reticulum (ER)
to the plasma membrane (Carrel et al., 2006). However, the pre-
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cise molecular mechanism by which the C terminus regulates
receptor export to the dendrites remained to be clarified. Thus,
we searched for proteins that would interact with 5-HT1AR C
terminus and contribute to 5-HT1AR trafficking in neurons. Us-
ing the yeast two-hybrid screening procedure, we identified
Yif1B, a homolog of the yeast Yif1p, as the first known protein
interacting with the 5-HT1AR C terminus. We confirmed this
interaction by glutathione S-transferase (GST) pull-down exper-
iments performed on Yif1B-transfected cell lines and brain ex-
tracts. Coexpression of 5-HT1AR and Yif1B in the rat brain and
their subcellular colocalization in transfected LLC-PK1 cells
strongly support this partnership. Small interfering RNA
(siRNA) inhibition of endogenous Yif1B expression in cultured
neurons from rat embryos clearly demonstrated its decisive role
in 5-HT1AR dendritic targeting.

Materials and Methods
Antibodies. The following primary antibodies were used: rabbit anti-
green fluorescent protein (GFP) antibody (Millipore Bioscience Re-
search Reagents; 1:1000), mouse monoclonal anti-�-tubulin antibody
(GE Healthcare; 1:5000), rabbit anti-actin antibody (Sigma; 1:2000)
sheep anti-tryptophan hydroxylase (TPH) antibody (Ehret et al., 1991)
(1:1000), mouse monoclonal anti-Flag M2 antibody (Sigma; 1:3000),
rabbit anti-calregulin antibody (Santa Cruz Biotechnology; 1:100),
mouse monoclonal anti-CTR433 antibody (Jasmin et al., 1989) (median
Golgi; 1:200), rabbit anti-giantin antibody (CRP; 1:2000), and affinity-
purified anti-5-HT1A rabbit antibody (1:500) (el Mestikawy et al., 1990).
The secondary antibodies used were CY3-conjugated donkey anti-rabbit
IgG (1:1600 dilution; Jackson ImmunoResearch), Alexa Fluor 488-, 568-,
and 546-conjugated antibodies from Invitrogen (1:1600), and HRP-
conjugated anti-rabbit and anti-mouse antibodies (Sigma). Yif1B anti-
serum was produced by immunization of rabbits with the N-terminal
cytoplasmic 12TPRLRKWPSKRRV 24 peptide (see supplemental Fig. S1,
available at www.jneurosci.org as supplemental material) coupled to
ovalbumin (NeoMPS). The antibody was affinity purified as described
previously (Doucet et al., 1998).

Animals. Adult male Sprague Dawley rats (250 –300 g body weight)
were housed in agreement with the institutional guidelines for use of
animals and their care, in compliance with national and international
laws and policies (Council directives no. 87-848, October 19, 1987, Min-
istère de l’Agriculture et de la Forêt, Service Vétérinaire de la Santé et de
la Protection Animale, permission 75-116 to M.H. and 75-974 to M.D.)

Plasmid constructs. The C-terminal cytoplasmic domain (amino acids
406 – 422) of the rat 5-HT1AR (Albert et al., 1990) was PCR-amplified
and cloned in a yeast two-hybrid vector (Hybrigenics) and in pGEX-6p1
(GE Healthcare), for GST-tagged fusion protein production. The rat
5-HT1AR sequence (Albert et al., 1990) without the stop codon was in-
serted between the HindIII and AgeI sites of the pEGFP-N1 plasmid
(Clontech) generating the 5-HT1A-enhanced GFP (eGFP) construct. The
rat 5-HT1A�407 plasmid was constructed by PCR inserting a stop codon
at amino acid 407 and resulted in a truncated 5-HT1AR (Jolimay et al.,
2000). The plasmid encoding the C terminus (CT1A) fused to cyan flu-
orescent protein (CFP) was obtained by cloning the last 18 aa of the rat
5-HT1A receptor between the SacII and the BamHI sites of the peCFP-C1
vector (Clontech). The cDNA of Yif1B was synthesized with reverse
transcriptase from rat brain RNA, amplified with the forward primer
5�-AAGCATGCACGCGACAGGTTTG-3� (nucleotides 38 –59 of
NM_198734) and reverse primer 5�-CAGTTCACCGTACAAGG-
TGGAA-3� (nucleotides 960 –981), and cloned into pCB6 vector (Brewer
and Roth, 1991) downstream of the CMV promoter, or in frame down-
stream of the flag epitope of the pFlag-CMV-6a vector (Sigma). The 425
nt probe for Northern blot was amplified with forward primer 5�-
AAGCATGCACGCGACAGGTTTG-3� (nucleotides 38 –59) and reverse
primer 5�-TGTCCTGTTGGTACTGGACCTC-3� (nucleotides 441–
462), and cloned into TA cloning vector (Invitrogen). The Yif1B siRNAs
were double-stranded stealth RNAs from Invitrogen: siRNA(Yif1B-1),
5�-CCAGCCAUGGCUUUCAUAACCUACA-3� (nucleotides 509 –533

of Yif1B); the control siRNA(contr-1) was 5�-CCAGUACUUC-
GUACUCCAAUCGACA-3�; siRNA(Yif1B-2), 5�-CGGUACUCAUG-
UACUGGCUCACCUU-3� (nucleotides 937–961 of Yif1B), and the control
siRNA(contr-2) was 5�-CGGACUCAUGCGGUCACUCCAUCUU-3�.
All plasmid constructs were checked by sequencing the entire insert. The
plasmids encoding sst2A-eGFP (Lelouvier et al., 2008), P2X2-eGFPR (Boué-
Grabot et al., 2003), and enhanced yellow fluorescent protein (eYFP)-5-
HT3A (Grailhe et al., 2004) have already been used and described.

Yeast two-hybrid screening. A rat hippocampus random-primed cDNA
library transformed into the Y187 yeast strain and containing 10,000,000
independent fragments was used for mating. High mating efficiency was
obtained by using a specific mating method (United States patents no.
6187535, 6531284, and 6913886). The screen was first performed on a
small scale to adapt the selective pressure to the intrinsic property of the
bait. No autoactivation of the bait was observed. Then, the full-scale
screen was performed in conditions ensuring a minimum of 50,000,000
interactions tested, to cover five times the primary complexity of the
yeast-transformed cDNA library (Rain et al., 2001). Fifty-nine million
interactions were actually tested with the C-terminal cytoplasmic do-
main (amino acids 406 – 422) of rat 5-HT1AR. After selection on medium
lacking leucine, tryptophan, and histidine, 210 positive clones were
picked, and the corresponding prey fragments were amplified by PCR
and sequenced at their 5� and 3� junctions. Sequences were then filtered
and contiged as described previously (Formstecher et al., 2005) and com-
pared with the latest release of the GenBank database using BLASTN
(Altschul et al., 1997). A Predicted Biological Score was attributed to
assess the reliability of each interaction, as described previously (Wojcik
et al., 2002). Briefly, the Predicted Biological Score relies on two different
levels of analysis: first, a local score takes into account the redundancy
and independence of prey fragments, as well as the distributions of read-
ing frames and stop codons in overlapping fragments; second, a global
score takes into account the interactions found in all the screens per-
formed at Hybrigenics using the same library. In addition, potential
false-positives were flagged by a specific “E” Predicted Biological Score.
This was done by discriminating prey proteins containing “highly con-
nected” domains, previously found several times in screens performed
on libraries derived from the same organism. The Predicted Biological
Scores have been shown to positively correlate with the biological signif-
icance of interactions (Wojcik et al., 2002).

Northern blot experiments. The mRNA Northern blot NBA (Normal-
ized By Amount of RNA; BioChain Institute) was hybridized using
[�- 32P]dCTP (GE Healthcare) labeled probe made following the Re-
diprime II Random Prime Labeling System (GE Healthcare). After expo-
sure to a MP Hyperfilm (GE Healthcare) for 24 h, the blot was scanned
with a digital camera.

Western blot experiments. LLC-PK1 cells expressing Yif1B were grown
on 90 mm dishes, and tissues were dissected from adult male rats and
then homogenized by sonication in sample buffer (Laemmli, 1970). The
protein content in supernatants was measured using the BCA protein
assay kit for reducing agents (Pierce). Proteins (1 �g) were analyzed by
SDS-PAGE followed by blotting to polyvinylidene difluoride (PVDF)
membrane, and incubation with Yif1B affinity-purified antiserum (1:
500), and reprobed with a rabbit actin antibody (Sigma; 1:2000). For
normalization with �-tubulin, the proteins were blotted to nitrocellulose
membrane, which was then incubated with anti-�-tubulin monoclonal
antibody (1:1000).

Cell culture and transfections. LLC-PK1 cells and COS-7 cells were
grown in DMEM GlutaMax I (Invitrogen) supplemented with 4.5 g/L
and 1 g/L glucose, respectively, 10% fetal bovine serum, 10 U/ml penicil-
lin G, and 10 g/ml streptomycin (Jolimay et al., 2000; Carrel et al., 2006).
LLC-PK1 and COS-7 cells (50% confluent) were transfected using Lipo-
fectin reagent (Invitrogen) and FuGENE (Roche), respectively, accord-
ing to the manufacturers’ protocols. For GST pull-down experiments,
LLC-PK1 cells were transfected by electroporation using Gene Pulser
Xcell electroporation system (Bio-Rad; 135 V, 1800 �F in 200 �l of
DMEM containing 5 � 10 6 cells and 10 �g of plasmid DNA). Hip-
pocampal neuron cultures from 18-d-old rat embryos were performed
according to the procedure described previously (Boué-Grabot et al.,
2004a,b). Hippocampal neurons were transfected after 7– 8 d in vitro

8064 • J. Neurosci., August 6, 2008 • 28(32):8063– 8073 Carrel et al. • Yif1B, a 5-HT1AR Dendritic Targeting Protein



(DIV) with Lipofectamine 2000 (Invitrogen) (Boué-Grabot et al.,
2004a,b). For cotransfection experiments in the presence of siRNA, the
plasmids (2 �g) and the siRNA (2 �l of a 20 mM solution) were thor-
oughly mixed before the addition of Lipofectamine 2000 (1.25 �l/cover-
slip). All cells were used 48 h after transfection.

GST pull-down assay. GST-tagged fusion proteins were produced in
the BL21DE3 strain of Escherichia coli (Stratagene). After induction at
28°C with 0.5 mM isopropyl-�-D-thiogalactopyranoside, the bacterial
pellet was sonicated in PBS, 0.1% Triton X-100, and protease inhibitors
(Sigma) and centrifuged at 14,000 � g for 15 min. Supernatants were
incubated overnight with glutathione-Sepharose beads (GE Healthcare)
at 4°C, then washed in PBS. Extracts from LLC-PK1 cells expressing
Yif1B or from hippocampus and cerebellum dissected from Sprague
Dawley rats were homogenized by sonication in buffer A (20 mM HEPES,
pH 7.4, 150 mM NaCl, 2 mM EDTA, 0.5% NP-40, protease inhibitors, 100
mg of tissue/ml of buffer). After centrifugation at 15,000 � g for 10 min,
100 –200 �g of proteins from cell lysates or 1 mg of proteins from tissue
homogenates were incubated with glutathione-Sepharose beads coupled
to the different GST fusion proteins in buffer A containing 2.5 mg/ml
bovine serum albumin, overnight at 4°C. After washing three times, the
proteins retained on the beads were eluted in sample buffer (Laemmli,
1970) and loaded on SDS-PAGE gel, followed by blotting to PVDF mem-
brane and incubation with Yif1B affinity-purified antiserum (1:500).

Immunofluorescence. For brain section immunofluorescence, rats were
deeply anesthetized with pentobarbital (60 mg/kg, i.p.) and perfused
with 4% paraformaldehyde (PFA) in PBS. Brains were postfixed in the
same fixative for 24 h, and sections (30 �m) were obtained using a
vibratome. For immunofluorescence on transfected cells or neurons,
coverslips with attached cells were washed three times with PBS� (PBS
containing 0.1 mM CaCl2 and 0.1 mM MgCl2) at 37°C, and fixed for 15
min at 37°C with PBS� containing 4% paraformaldehyde and 4% su-
crose. For brain slices and coverslips, immunofluorescence experiments
were performed as described previously (Boué-Grabot et al., 2004a,b).
Immunofluorescence images were generated using a Leica TCS-400 laser
scanning confocal microscope (100� oil-immersion lens) or a TCS SP2
AOBS laser scanning confocal microscope (63� oil-immersion lens).
The percentage of colocalization was calculated on confocal images ac-
quired with a pixel size of 100 nm (objective 63�, zoom 2.5), without any
saturation of the two labels, and was calculated with the “colocalization
threshold” program of ImageJ (Costes et al., 2004). The total dendritic
tree length was measured with the “length measurement” of the Lucia 4.7
software (Nikon).

Quantification of dendrite fluorescence. Contrast and brightness of con-
focal images were chosen to ensure that all relevant pixels were within
linear range and were maintained identical for all measurements. For
double-labeling experiments, pictures were generated using Adobe Pho-
toshop 7.0. Fluorescence profiles along dendrites were generated using
the Lucia 4.71 software (Nikon). For the comparison of 5-HT1A-eGFPR
distribution, all neurons showing intact morphology along their longest
dendrite, with unambiguous visual identification of the axon, were ana-
lyzed (one dendrite per neuron). The variability of distribution in indi-
vidual neurons was eliminated by using the cumulated fluorescence pro-
files obtained for 20 neurons in each group.

Results
Identification of Yif1B as a 5-HT1AR C terminus-interacting
protein using the yeast two-hybrid assay
To identify proteins interacting specifically with 5-HT1AR, we
performed a yeast two-hybrid screening of a rat hippocampus
cDNA library using the 5-HT1AR cytoplasmic C terminus (resi-
dues 406 – 422) as bait. Five clones corresponded to amino acids
22–311 of a protein recently named Yif1B (accession number:
NP_942029), and were scored B as a Predicted Biological Score
(Wojcik et al., 2002). This protein, not yet characterized in mam-
mals, appeared as the ortholog of the Saccharomyces cerevisiae
protein Yif1p, a 35.5 kDa transmembrane protein that was first
described as a Yip1p-interacting factor (Matern et al., 2000).
Yip1p is localized in the Golgi membrane and ER-derived antero-

grade transport COPII vesicles (Otte et al., 2001). Yif1p was
shown to interact with Yip1p and with transport Rab GTPases,
and to play a critical role in ER–Golgi trafficking (Matern et al.,
2000).

Rattus norvegicus Yif1B is a 311 aa protein. Transmembrane
prediction with TMHMM2.0 (Krogh et al., 2001) showed that it
contains five transmembrane segments clustered in the
C-terminal moiety, a long hydrophilic N-terminal domain
within the cytoplasm, and a very short C terminus turned to the
ER lumen (Fig. 1A). Bioinformatics analysis revealed that Yif1B
protein is well conserved across species, with the following iden-
tity scores to Rattus norvegicus: Saccharomyces cerevisiae 28%,
Xenopus laevis 76%, Mus musculus 97%, and Homo sapiens 89%
(Fig. 1B). Yif1p is present as only one gene in yeast and Caeno-
rhabditis elegans and corresponds to two closely related genes in
mammals. In rat, Yif1A and Yif1B display 50% identity in amino
acids clustered after the first 60 aa (as shown in the alignment in
supplemental Fig. S1, available at www.jneurosci.org as supple-
mental material). These two related genes belong also to a family
already described as a five-passed transmembrane protein family
sharing homology in the transmembrane domains (Shakoori et
al., 2003)

High expression of Yif1B in brain tissue
The expression of Yif1B in various tissues was analyzed by North-
ern blot. The hybridization revealed a single band of �1.4 kb
corresponding to the size expected from the length of the se-
quenced cDNA (1193 bp) plus the polyA-tail (�200 residues). As
shown in Figure 2A, Yif1B mRNA was expressed in a wide range
of tissues, but was particularly abundant in brain. In addition, we
detected high levels of Yif1B mRNA in rat heart, kidney, and lung
and lower levels in spleen, muscle, and intestine. The negative
data with human lung mRNA (Fig. 2A) confirmed the specificity
of our probe under the used hybridization conditions.

The pattern of expression of Yif1B protein was well correlated
to that of its mRNA in all tissues. Western blots were performed
on 1 �g of proteins from various tissues using the polyclonal
antibody obtained after immunization of a rabbit with an
N-terminal peptide from the protein (Fig. 1A). The antiserum,
tested on LLC-PK1 cells transfected with rat Yif1B, recognized an
�34 kDa band (Fig. 2B) corresponding to the size expected from
the open reading frame of Yif1B. The faint labeling correspond-
ing to the same size was also observed in untransfected cells that
most probably reflected cross-reaction of rabbit antibodies with
porcine Yif1B protein endogenously expressed in LLC-PK1 cell
line. Yif1B was particularly abundant in whole brain extract, kid-
ney, and spleen, present at lower levels in heart and lung (Fig. 2C).
Loading control experiment performed using actin antibody
shows that the level of Yif1B is low in the muscle in comparison
with that of actin. Yif1B was also well detected in raphe extracts.
The �45 kDa band observed in brain and raphe (Fig. 2C) corre-
sponded most probably to a nonspecific cross-reaction of the
antibody with brain tissues on Western blot.

Direct interaction of Yif1B with the 5-HT1AR C terminus is
revealed by GST pull-down experiments
Direct interaction between 5-HT1AR and Yif1B was assessed by
GST pull-down experiments on extracts of cells transfected with
Yif1B or rat brain tissue homogenates as a source of native Yif1B.
We used a fusion protein made of the 5-HT1AR cytoplasmic C
terminus coupled to GST (GST-CT1A) and for controls, a fusion
protein made of GST coupled to the third intracellular loop of
5-HT1AR (I31A) and a fusion protein made of GST coupled to the
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cytoplasmic C terminus of the 5-HT1B re-
ceptor, which did not interact with Yif1B
in yeast two-hybrid screening. GST-CT1A,
but not GST, GST-I31A, or GST-CT1B,
was able to pull down Yif1B from the three
regions tested (Fig. 2E–G) (hippocampus,
raphe, and cerebellum), and from LLC-
PK1 cells transfected with Yif1B cDNA
(Fig. 2D). The nonspecific band at �45
kDa observed on Western blots of hip-
pocampus or cerebellum extracts is not
detected when the protein was retained by
the GST-CT1A beads (Fig. 2E,F), attest-
ing thereby to the specificity of such
interaction.

Together, the yeast two-hybrid and the
GST pull-down data demonstrate that the
C terminus of 5-HT1AR and Yif1B are ca-
pable of direct physical interaction.

Yif1B is expressed in serotoninergic
neurons of the rat brain
In the next series of experiments, we
checked for the presence of Yif1B in brain
areas known to express 5-HT1AR, such as
the anterior raphe (Sotelo et al., 1990).
Direct immunolabeling of Yif1B and
5-HT1AR could not be performed, because
their respective antibodies were both
raised in rabbits. This was overcome by la-
beling serotonin neurons of the anterior
raphe either with sheep antibodies di-
rected against TPH (the first enzyme for
serotonin synthesis) or rat antibodies di-
rected against serotonin. This was com-
bined with Yif1B immunofluorescence la-
beling using crude rabbit antibodies.
Microphotographs in Figure 3 show that
Yif1B is well expressed in serotoninergic
neurons labeled either with anti-5-HT
(Fig. 3A) or with anti-TPH antibodies
(Fig. 3B). Superimposed immunofluores-
cence images clearly showed that in these
neurons, Yif1B is present in intracellular
vesicles different from those labeled by the
5-HT antibody (Fig. 3A). The specificity of
the Yif1B labeling on slices was attested by
control experiments with the serum satu-
rated with the immunization peptide or
with the 45 kDa band seen on Western blot
(data not shown).

Yif1B colocalizes with 5-HT1AR in vesicles of the
intermediate compartment
The nature of the intracellular compartment where Yif1B is lo-
calized was investigated in COS-7 and LLC-PK1 transfected cell
lines using specific markers of the ER (calregulin) and of the
median Golgi apparatus (CTR433). In these cell lines, Yif1B an-
tibody revealed a punctate immunolabeling pattern. The speci-
ficity of this peculiar pattern was confirmed by using a Flag
epitope-tagged Yif1B cDNA (Fig. 4A1,A2). The colocalized
pixels are shown in white (Fig. 4A4). Subsequent double-
immunofluorescence experiments showed that the punctate la-

beling observed for Yif1B partially colocalized with calregulin
(Fig. 4B), a marker of the ER, and with CTR433 (Fig. 4C), a
marker of the Golgi apparatus. The percentage of colocalization
(Fig. 4B4,C4) was quantified as the ratio of the colocalized pixels
to those labeled by Yif1B and reached 47.44% (�2.23, SEM; n �
26) for the ER, and 24.45% (�1.063, SEM; n � 52) for the Golgi
apparatus. Therefore, Yif1B appeared to be present in vesicles
partially overlapping the ER and the Golgi apparatus and partially
excluded from these compartments (Yif1B�/ER�/Golgi�) as
expected for vesicles belonging to the intermediate compartment
(IC). Such localization is in agreement with the function of Yif1p
in yeast (Matern et al., 2000).

Colocalization between the 5-HT1AR and Yif1B was investi-
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Rat           INAPDLYIPAMAFITYILVAGLALGTQDRFSPDLLGLQASSALAWLTLEVVAILLSLYLVTVN--TDLTTIDLVAFLG 
Mouse         INAPDLYIPAMGFITYILVAGLALGTQDRFSPDLLGLQASSALAWLTLKVVAILLSLYLVTVN--TDLTTIDLVAFLG 
Human         VNAPDLYIPAMAFITYVLVAGLALGTQDRFSPDLLGLQASSALAWLTLEVLAILLSLYLVTVN--TDLTTIDLVAFLG 
Xenopus       INAPDLYIPVMAFVTYILVAGLALGTQSRFSPEILGMQASSALAWLIVEVLAILLSLYLVTVN--TDLTTVDLVAFTG 
Saccharomyces VNSPDMYMPIMGLVTYILIWNTQQGLKGSFNPEDLYYKLSSTLAFVCLDLLILKLGLYLLIDSKIPSFSLVELLCYVG 
 
                 240       250       260       270       280       290       300       310 
                   |         |         |         |         |         |         |         | 
      ---TM3---------     ---------TM4---------         ----TM5-- 
Rat           YKYVGMIGG-VLTGLLFGKIGYYLVLAWCCVSIFVFMIRTLRLKILAQAAAEG----VPVRGARNQLRMYLTMAVAAA 
Mouse         YKYVGMIGG-VLTGLLFGKIGYYLVLAWCCVSIFVFMIRTLRLKILAQAAAEG----VPVRGARNQLRMYLTMAVAAA 
Human         YKYVGMIGG-VLMGLLFGKIGYYLVLGWCCVAIFVFMIRTLRLKILADAAAEG----VPVRGARNQLRMYLTMAVAAA 
Xenopus       YKYVGMISG-VISGLLFGKTGYYIVLAWCCISIVFFMIRTLRLKILSEAAAEG----VLVRGARNQLRMYLTMAIAAV 
Saccharomyces YKFVPLILAQLLTNVTMPFNLNILIKFYLFIAFGVFLLRSVKFNLLSRSGAEDDDIHVSISKSTVKKCNYFLFVYGFI 
 
 
                   320 
                     | 
      ----------- 
Rat           QPVLMYWLTFHLVR 
Mouse         QPVLMYWLTFHLVR 
Human         QPMLMYWLTFHLVR 
Xenopus       QPIFMYWLTYHLVR 
Saccharomyces WQNVLMWLMG---- 
 

B

Figure 1. Interspecies comparison of Yif1B sequence. A, Schematic predicted topology of the Yif1B protein in Golgi membrane
with five transmembrane domains and a large cytoplasmic N terminus. B, The amino acid sequence of Yif1B from rat (Yip1-
interacting factor homolog B, Rattus norvegicus, accession numbers: NP_942029 and XP_214879) is aligned with those of
homologous proteins in mouse (Yip1-interacting factor homolog B, Mus musculus, accession number: NP_084163.1), human
(YIF1B protein, Homo sapiens, accession number: AAH91477.2), Xenopus (LOC443676 protein, Xenopus laevis, accession number:
AAH73660.1), and yeast (Yif1p, Saccharomyces cerevisiae, accession number: NP_014136.1). Identical amino acid residues be-
tween rat Yif1B and other Yif1Bs or the Yif1p ancestor are in white in black box. Putative transmembrane domains are marked
TM1–TM5. The rat sequence (TPRLRKWPSKRRV) represents the peptide used for the production of specific polyclonal anti-Yif1B
antibody in rabbit.
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gated in LLC-PK1 cells stably expressing the 5-HT1AR coupled to
GFP (5-HT1A-eGFP), and transiently transfected with Yif1B. As
shown in Figure 5A, the 5-HT1A-eGFP was mostly localized at the
plasma membrane, as previously shown (Carrel et al., 2006). In-
terestingly, 5-HT1A-eGFP was also found to colocalize with Yif1B
in vesicle-like puncta (Fig. 5A). The quantification of the colocal-
ization (Fig. 5A4) showed that only 12.95% of the 5-HT1A-
labeled pixels were colocalized with Yif1B (�1.86, SEM; n � 68).
The level of colocalization was highly heterogeneous, probably
depending on the amount of intracellular receptor in the traffick-
ing pathway, which may vary from cell to cell, and with the level
of expression. In Yif1B-overexpressing cells, the 5-HT1AR was
highly colocalized with Yif1B (supplemental Fig. S2, available at

www.jneurosci.org as supplemental mate-
rial). In hippocampal neurons also, Yif1B
colocalized with the 5-HT1AR, mostly in
the soma but also in small dots in the den-
drites (Fig. 5B). These results provide
strong evidence that Yif1B partially colo-
calizes with the 5-HT1AR in intracellular
vesicles, where Yif1B can play a role in traf-
ficking. The partial colocalization proba-
bly reflects a transient interaction occur-
ring during the intracellular trafficking of
the receptor.

Inhibition of Yif1B expression prevents
the distal dendritic targeting
of 5-HT1AR
To delineate the implication of Yif1B in
5-HT1AR trafficking, we inhibited the en-
dogenous expression of Yif1B and ana-
lyzed the effects on 5-HT1AR localization.
We first selected a small double-stranded
siRNA sequence that was effective in in-

hibiting rat Yif1B expression in LLC-PK1 stably transfected cells
(supplemental Fig. S3, available at www.jneurosci.org as supple-
mental material). Then we inhibited Yif1B endogenous expres-
sion in primary cultures of hippocampal neurons in which the
recombinant 5-HT1AR remained mainly confined to the somato-
dendritic compartment (Jolimay et al., 2000). Inhibition of en-
dogenous Yif1B expression reached �80% 48 h after transfection
with a double-stranded siRNA as assessed by Western blot (Fig.
6A1) and relative quantification with respect to �-tubulin (Fig.
6B). As controls, we used neurons transfected with eYFP as trans-
fection itself could, on its own, modify protein expression
level. The siRNA (Yif1B-1 or contr-1) was also cotransfected
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Figure 2. Yif1B mRNA and protein expression in rat tissues and direct interaction of Yif1B from rat brain homogenates with the 5-HT1AR C-tail. A, Yif1B mRNA expression in rat tissues was analyzed
by Northern blot. Each lane represents 3 �g of mRNA from each rat tissue; the human lung is used as a control for the hybridization specificity. The 32P-labeled Yif1B probe consisted of 425 bp in the
5�end of the rat cDNA. B, C, Yif1B protein expression in LLC-PK1 cells untransfected or transfected with Yif1B (B) and in rat tissues (C) was analyzed by Western blot using anti-Yif1B affinity-purified
polyclonal antibody (1:1000). Each lane represents 1 �g of total protein, and the same Western blot was also revealed with actin antibody at the bottom. D–G, GST pull-down experiments on
Yif1B-transfected LLC-PK1 cells (D) and brain tissue homogenates: cerebellum (E), hippocampus (F ), or raphe (G). Extracts were incubated with beads coupled to GST alone or to GST fused with CT1A,
I31A, or CT1B. Interaction was analyzed by Western blot with anti-Yif1B affinity-purified polyclonal antibody (1:1000). “Input” represents 2.5 �g of proteins (tissue extract prepared as in C). Results
are representative of at least three independent experiments.

Figure 3. Yif1B expression in serotoninergic neurons in the dorsal raphe nucleus. A, B, Rat dorsal raphe nucleus sections
immunolabeled with anti-TPH antibody (A; red) or with anti-serotonin antibody (B; red) and polyclonal crude anti-Yif1B anti-
serum (1:5000; in green). Overlay shows the superposition of the two labels. Insets correspond to enlargement of a double-labeled
cell. Scale bar, 75 �m.
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with eYFP. The chosen siRNA sequence
was therefore effective to inhibit the en-
dogenous Yif1B expression in neurons
48 h after transfection. Another siRNA
[siRNA(Yif1B-2)] was also tested and
proved efficient in inhibiting the Yif1B en-
dogenous expression (Fig. 6A2,B).

The siRNA(Yif1B-1) was used to inhibit
Yif1B expression in neurons cotransfected
with 5-HT1A-eGFPR. In line with previous
studies (Carrel et al., 2006), neurons trans-
fected with 5-HT1A-eGFPR alone or with
siRNA(contr-1) displayed immunofluores-
cence in dendrites, where it overlapped
�-tubulin labeling (Fig. 7A). The 5-HT1A-
eGFPR labeling of neurons transfected with
both 5-HT1A-eGFPR and Yif1B(siRNA-1)
was confined to the proximal portion of the
dendrites. To ensure that this effect was not
caused by changes in dendrite structure, we
measured the labeling of �-tubulin and 5-HT1A-eGFPR in trans-
fected neurons along the longest dendrite for each neuron as
exemplified in Figure 7B. The curves depicted in Figure 7C rep-
resent cumulated fluorescence intensity for 5-HT1A-eGFPR and
tubulin along dendrites in transfected neurons versus the
distance from the soma. Immunofluorescence analysis showed
that 5-HT1A-eGFPR and �-tubulin had a similar distribution in
neurons transfected with 5-HT1A-eGFPR alone or with
siRNA(contr-1). Indeed, the total dendritic length of neurons is
the same in the three different conditions as shown in supple-
mental Figure S4 (available at www.jneurosci.org as supplemen-
tal material). In addition, inhibition of Yif1B did not change the
pattern of expression of Golgi markers as shown in supplemental
Figure S5 (available at www.jneurosci.org as supplemental mate-
rial). In the case of cotransfection with siRNA (Yif1B-1), the pat-
tern of �-tubulin labeling was not significantly different from
that of control neurons, whereas that of 5-HT1A-eGFPR extended
along dendrites on a much shorter distance than �-tubulin. The
clear-cut difference observed between the corresponding curves
demonstrates that Yif1B interferes with the 5-HT1AR transport to
the distal part of the dendrites without affecting tubulin
distribution.

Similar experiments were performed on neurons cotrans-
fected with other receptors, i.e., the somatostatin sst2A receptor,
the purinergic P2X2, or the serotonin 5-HT3A, each receptor be-
longing to a different class of receptors: seven-transmembrane
GPCR, two-transmembrane nucleotide receptor, or four-
transmembrane channel receptor, respectively. No effect of the
siRNA(Yif1B-1) was observed on the dendritic localization of
sst2A, P2X2 receptors, or 5-HT3A localization (Fig. 8Ab–Ad), in
comparison with the effect observed on the 5-HT1AR (Fig. 8Aa).
For each receptor, we represented the cumulated fluorescence
intensity of the receptor along dendrites in transfected neurons
versus the distance from the soma (Fig. 8, right). Except for the
5-HT1AR, no effect of Yif1B inhibition could be visualized. This
confirms the specific effect of Yif1B in targeting 5-HT1AR to neu-
ronal dendrites.

As a control for the specificity of siRNA, inhibition was made
by transfecting a second siRNA(Yif1B-2) in neurons together
with 5-HT1A-eGFPR. Endogenous expression of Yif1B was also
efficiently inhibited by �40%, as shown by Western blot experi-
ments (Fig. 6A2). The effect of this second siRNA on 5-HT1A-
eGFPR targeting to dendrites was the same as that observed for

the first siRNA, by comparing Figure 8Aa and Figure 8B. The
inhibition of 5-HT1A-eGFPR dendritic targeting was similar with
the two siRNAs, suggesting that the effect was specific to the Yif1B
sequence and did not result from an off-target effect of a partic-
ular siRNA sequence, as has already been described in neurons
(Alvarez et al., 2006).

5-HT1A receptor distribution in the dendritic tree is
dependent on the C-terminal segment
We analyzed the localization of a 5-HT1AR without its C terminus
(5-HT1A�407) (Jolimay et al., 2000) and showed that it is local-
ized in the soma, which confirms that the C terminus plays a role
on the dendritic 5-HT1A-eGFPR localization, probably via the
interaction between Yif1B and the C terminus of the 5-HT1AR. In
Figure 9 is plotted the cumulated fluorescence intensity of the
5-HT1A-eGFPR and 5-HT1A�407 receptor along dendrites in
transfected neurons versus the distance from the soma; compar-
ison of the two plots shows clearly that the truncated 5-HT1AR is
restricted to the cell body. We also performed a competition
experiment by overexpressing the C terminus of the 5-HT1AR
together with the full-length 5-HT1AR and analyzed the localiza-
tion of the 5-HT1A-eGFPR. In Figure 9, the cumulated fluores-
cence intensity of the 5-HT1A-eGFPR cotransfected with CT1A-
CFP reveals that its dendritic localization is impaired in
comparison with the 5-HT1A-eGFPR alone. This experiment sug-
gests that the overexpression of the 5-HT1AR C terminus pre-
vented the interaction between the full-length receptor and
Yif1B, and confined the 5-HT1AR in a proximal dendritic com-
partment. This result confirms that the role of Yif1B in the
5-HT1AR dendritic targeting is mediated by a direct interaction
between the C terminus of 5-HT1AR and Yif1B.

Discussion
In the present study, we identified for the first time a protein
(Yif1B), which interacts with the 5-HT1AR and plays a key role in
its targeting to neuronal dendrites. Direct interaction between
Yif1B and the 5-HT1AR C terminus was demonstrated by yeast
two-hybrid screening and GST pull-down assays. Such interac-
tion probably takes place in vesicles located in the IC (between
the endoplasmic reticulum and the Golgi apparatus), where
Yif1B is confined. Yif1B is expressed in serotoninergic neurons of
the raphe area, and inhibition of its expression in cultured neu-
rons prevents the transport of 5-HT1AR to the distal part of the

Figure 4. Yif1B subcellular localization. A–C, Transfection of COS-7 cells (A) with Flag-Yif1B or Yif1B and of LLCPK1 cells with
Flag Yif1B cDNA (B, C). Yif1B labeling (anti-Yif1B affinity-purified polyclonal antibody; 1:1000) is in red (A1, B1, C1). Flag,
calregulin, and CTR433 labeling are shown in green (A2, B2, C2), and colocalized pixels are shown in white on the superposed
labeling (A4, B4, C4 ). Some punctate colocalizations are shown by arrows in insets. Scale bars, 10 �m.
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dendrites, but of no other receptors that we have tested (soma-
tostatin sst2A, purinergic P2X2, and serotonin 5-HT3A). This re-
sult suggests that a ubiquitous protein plays, in addition to its
ubiquitous role, a specific function in a specialized cell, such as
the dendritic targeting of a specific receptor in a neuron.

Yif1B is the ortholog of a yeast protein involved in
ER-to-Golgi trafficking
Yif1B and Yif1A are the two mammalian orthologs of the Saccharo-
myces cerevisiae protein Yif1p. As reflected by its name (Yip1p-
interacting factor 1), Yif1p was first described as a partner of another

yeast protein named Yip1p (Matern et al., 2000). Via their
C-terminal moiety, these two proteins form a tight complex in Golgi
membranes, and both interact with the transport of GTPases Ypt1p
and Ypt31p (Yang et al., 1998). Furthermore, deletion experiments,
which resulted in yeast death and alteration in conditional mutants,
highlighted the role of Yif1p in ER-to-Golgi protein trafficking and
secretion. Indeed, Yif1p is localized in COPII vesicles that are re-
sponsible for the anterograde transport from ER to Golgi (Otte et al.,
2001). It has also been shown that Yif1p interacts weakly with Yipt1,
the yeast ortholog of rab1 (Calero et al., 2002). More recently, the
Yip1p–Yif1p complex has been more precisely implicated in the fu-
sion process between ER-derived vesicles and the Golgi apparatus
(Barrowman et al., 2003).

In comparison with the data available in yeast, the functions of
Yif1p mammalian orthologs are poorly documented. Few studies
showed that Yif1A (also called Yif1 as the first described Yif1p
ortholog) is an early secretory pathway protein cycling between
ER and Golgi, with a Golgi localization depending on its interac-
tion with Yip1A (Yip1p ortholog) (Breuza et al., 2004; Jin et al.,
2005). On the other hand, the only study mentioning a protein
corresponding to Yif1B showed that it belongs, together with
Yip1p and Yif1p, to a family of ER and Golgi transmembrane
proteins. Indeed, Yif1A and Yif1B on one side and Yip1p, Yip4p,
and Yip5p on the other side have been considered as members of
the same protein family (FinGER) sharing a common structure
with an N-terminal hydrophilic region, followed by five con-
served transmembrane regions (Shakoori et al., 2003).

This is the first study demonstrating a role for Yif1B in mam-
mals. Northern or Western blot analysis of Yif1B expression in
several tissues showed that, although ubiquitous, Yif1B is notably
expressed at higher levels in the brain, where it may play a specific
role. Subcellular distribution patterns of recombinant Yif1B in
different mammalian cell lines substantiate its involvement in the
ER-to-Golgi trafficking, in mammals as well.

Yif1B interacts with the short C terminus of the
5-HT1A receptor
Our data clearly show that Yif1B interacts with the short C ter-
minus of the 5-HT1A receptor in brain extracts and in transfected

Figure 5. Yif1B colocalization with 5-HT1AR. A, Transfection of 5-HT1A-eGFP-stable LLC-PK1 cells with Yif1B. Yif1B immunofluorescence is shown in red (anti-Yif1B affinity-purified polyclonal
antibody; 1:1000; A1), and eGFP autofluorescence is shown in green (A2). B, Primary cultures of rat hippocampal neurons (DIV 7) were cotransfected with a plasmid encoding the 5-HT1A-eGFPR and
Yif1B. Superposition of labels shown in 1 and 2 is visible in 3. In 4, the colocalized pixels are shown in white. Arrows show Yif1B and 5-HT1AR colocalization in insets. Scale bars, 10 �m.
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Figure 6. Downregulation of the protein Yif1B by siRNA in primary cultures of rat hippocam-
pal neurons. A1, A2, Yif1B was detected by Western blots (anti-Yif1B affinity-purified poly-
clonal antibody; 1:1000) of protein extracts, 48 h after transfection of neurons at DIV 7;
�-tubulin was detected by Western blots on the same sample (mouse antibody; 1:1000) to
normalize the amount of extract. A1, siRNA(Yif1B-1); A2, siRNA(Yif1B-2). All neurons were
cotransfected with a control plasmid (encoding eYFP). “Control” corresponds to eYFP alone,
“siRNA(Yif1B-1/2)” to eYFP plus siRNA(Yif1B-1/2), and “siRNA(contr-1/2)” to eYFP plus siRNA-
(contr-1/2). B, Quantification of Yif1B protein expression (normalized with reference to
�-tubulin expression) in transfected neurons (n � 5, in 3 independent experiments). Bars
represent mean, and error bars represent SEM.
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mammalian cell lines. Yif1B represents the
first partner protein identified for the
5-HT1A receptor.

No protein interacting with the C ter-
minus of class 1 serotonin receptors has
been identified before. These receptors
contain a short C terminus with no known
binding consensus sequences, in contrast
to class 2 (5-HT2A and 5-HT2C) serotonin
receptors, which interact with several pro-
teins through a PDZ ligand in their long C
terminus domain. These receptors interact
with a network including scaffolding pro-
teins containing one or several PDZ do-
mains, signaling proteins, and proteins of
the cytoskeleton (Bécamel et al., 2002,
2004) involved in the regulation of recep-
tor function (Gavarini et al., 2006).

Characterization of Yif1B as a routing
protein interacting with the 5-HT1A recep-
tor C terminus can therefore be considered
as a first step toward the molecular identi-
fication of 5-HT1A receptor regulatory
pathways. In addition, it was recently
shown that genetic manipulation (down-
regulation in knock-out mice or overex-
pression in transgenic mice) of a protein
interacting with the 5-HT1B serotonin re-
ceptor can modify the response to antide-
pressant agents (Svenningsson et al.,
2006). Thus, it will be of interest to assess
whether inhibition of Yif1B could influ-
ence 5-HT1A receptor desensitization that
follows administration of antidepressants
as mentioned before.

Yif1B is implicated in 5-HT1A trafficking
in dendrites
Our results show that Yif1B plays a major
role in the targeting of 5-HT1A receptors to
the neuronal dendrites. An 80% decrease
of endogenous Yif1B protein content in cultured neurons by
siRNA caused a marked impairment of 5-HT1AR transport to the
distal portion of dendrites. Under these conditions, 5-HT1AR was
restricted to the proximal dendrites, with no alteration in the
general structure of the dendrites as estimated from tubulin la-
beling. A control experiment performed with a second siRNA
sequence, siRNA(Yif1B-2), confirmed the specificity of siRNA
inhibition on the 5-HT1AR localization and excluded any off tar-
get resulting from siRNA inhibition (Alvarez et al., 2006). We
used two controls to further assess the direct implication of the
5-HT1AR C terminus in the interaction with Yif1B. The first one
consisted of a truncated 5-HT1AR, which remained confined in
the soma of neurons, because it lacks the 5-HT1AR C terminus.
Another control performed with competitive overexpression of
the 5-HT1AR CT1A confirmed that a direct interaction between
the 5-HT1AR CT1A and Yif1B was necessary for the proper den-
dritic targeting of 5-HT1AR.

This is the first report of a protein implicated in the specific
transport of a serotonin receptor along the neuronal dendritic
tree. Indeed, among the GPCR-interacting proteins that have
been identified so far, several of them play a role in membrane
localization or selective retention at presynaptic or postsynaptic

sites. This is particularly the case for PICK1 (Xia et al., 1999),
GRIP (Wyszynski et al., 1999), SHANK (Lim et al., 1999) and
Homer (Brakeman et al., 1997; Ango et al., 2002), known to
interact with glutamate receptors. On the other hand, some neu-
rotransmitter receptors were shown to interact with intracellular
trafficking proteins. For example, dopamine D1 receptor has
been shown to interact with Drip78, an ER protein, and with
COP-1, a coatomer protein (Bermak et al., 2002). Overexpres-
sion or ER sequestration of Drip78 results in ER retention of the
D1 receptor. Yif1B is the first protein reported to be involved in
intracellular trafficking of a GPCR and to mediate its targeting to
distal dendrites. Also, this role seems to be receptor-specific, be-
cause inhibition of Yif1B expression did not alter the distribution
of sst2 somatostatin, P2X2 purinergic, or 5-HT3A serotonin
receptors.

A further question raised by this study is how Yif1B controls
dendritic targeting of 5-HT1AR. Yif1B is a transmembrane pro-
tein localized in vesicles of the IC, which can participate in the
ER–Golgi trafficking as its yeast ortholog. Although widely dis-
tributed, Yif1B may assume specific functions in specialized cells
such as neurons, in addition to a more general function common
to all cell types. This specialized function could depend on Yif1B

Figure 7. Altered 5-HT1A receptor distribution in the distal part of dendrites after Yif1B RNA interference. A, Primary cultures of
rat hippocampal neurons (7 DIV) were transfected with a plasmid encoding the 5-HT1A-eGFPR (Control, left), cotransfected with
the 5-HT1A-eGFPR plus the siRNA(Yif1B-1) (middle), or cotransfected with the 5-HT1A-eGFPR plus the siRNA(contr-1) (right).
Immunofluorescence was performed with anti-GFP antibody to enhance the GFP signal (green, top) or anti-�-tubulin antibody
(red, middle). Bottom, Overlay. Note the drastic reduction of 5-HT1A-eGFPR fluorescence in the distal part of dendrites in
siRNA(Yif1B-1)- but not in siRNA(Contr-1)-transfected neurons. B, 5-HT1A-eGFPR (green) and tubulin (red) fluorescence profiles
along the longest dendrites (arrows) of the corresponding neurons. C, Cumulated fluorescence profiles for each group (60 neurons
analyzed). siRNA(Yif1B-1) reduces 5-HT1A-eGFPR fluorescence in the distal part of dendrites without affecting their average
length, as shown by the tubulin fluorescence distribution. Scale bar, 50 �m.
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level of expression and its interaction with surrounding proteins.
Therefore, specific receptor targeting to neuronal dendrites could
imply the interaction of Yif1B with dendrite-specific IC. In this
context, another IC protein, Rab1, has also been implicated in the
intracellular trafficking of some GPCRs to the plasma membrane.
Experiments inhibiting rab1 expression led to the characteriza-
tion of rab1-dependent and -independent pathways from the ER
to the plasma membrane depending on the GPCR studied (Wu et
al., 2003; Filipeanu et al., 2006). Similarly, concerning another
family of receptors, the regulation of a nicotinic acetylcholine
receptor subtype trafficking has been recently described in Cae-
norhabditis elegans, revealing that its traffic depended on UNC-
50, an endoplasmic reticulum-Golgi intermediate compartment

(ERGIC)-associated protein (Eimer et al.,
2007). Furthermore, UNC-50 displays an
organization and size similar to Yif1B, i.e.,
five transmembrane segments clustered in
the C-terminal moiety, a long hydrophilic
N-terminal domain within the cytoplasm,
and the C terminus turned to the ER lu-
men. But no sequence homology could be
found between Yif1B and UNC-50, con-
firming that they belong to different pro-
tein families exhibiting similarities: they
are both ubiquitous ERGIC proteins that
are also involved in the specific trafficking
of one type of receptor, in a differentiated
cell type.

Although these small proteins regulat-
ing the intracellular traffic are ubiquitous,
they may play specific roles according to
the cell type or the receptors that transit
from the ER to the plasma membrane (Si-
vars et al., 2003). The existence in mam-
mals of several proteins (Yif1A and Yif1B,
or Yip1p, Yip4p, and Yip5p), as opposed
to only one in yeast, may reflect the diver-
sity of intracellular vesicular trafficking in
differentiated cells (Shakoori et al., 2003).
Such an idea is supported by differences in
IC protein composition observed between
soma and neurites of differentiated PC12
cells. Indeed, Rab1, P58, and COPI IC pro-
teins mainly colocalize in the ER exit sites
(ERESs) at the soma, whereas only Rab1 is
present in dynamic vesicular-tubular
structures at the neurites, suggesting the
existence of neurite-specific ERESs (San-
nerud et al., 2006).

In neurons, a secretory pathway has
been identified in neuronal dendrites, as
far as in dendritic spines (Pierce et al.,
2000, 2001). Furthermore, the existence
of dendritic ERESs may enable endoge-
nous proteins to exit from the ER at dif-
ferent levels in the dendritic tree (Aridor
et al., 2004). In addition, proteins of the
secretory pathway, such as Sar1, affect
dendritic growth both in vivo in Dro-
sophila mutants, and in vitro, in the early
differentiation of primary neuronal cul-
tures (Ye et al., 2007). Yif1B would sim-
ilarly participate in the dendritic differ-

entiation, including the distal dendritic targeting of the
receptor, but without affecting the dendritic neuronal mor-
phology, because we have shown that inhibition of Yif1B does
not change the length of the dendritic tree, nor the morphol-
ogy of the Golgi apparatus.

Yif1B could belong to the pool of chaperone proteins involved
in the exit from the ER (through IC vesicles) of proteins finally
targeted to the dendritic cell membrane, such as 5-HT1AR. There-
fore, the identification of Yif1B as a 5-HT1AR-specific dendritic
targeting protein makes an initial ground for the discovery of
other members of the intracellular machinery involved in the
dendritic targeting of the 5-HT1AR, and more generally of other
GPCRs with a short C terminus.

Figure 8. Yif1B RNA interference effect is specific for the 5-HT1A receptor. A, No effect of Yif1B RNA interference on sst2A, P2X2,
and 5-HT3A receptor distribution in the dendritic tree. Primary cultures of rat hippocampal neurons (7 DIV) were transfected with
plasmids encoding the following receptors: 5-HT1A-eGFP (a), sst2A-eGFP (b), P2X2-eGFP (c), and YFP-5-HT3A (d), and either
transfected alone (left), cotransfected with siRNA(Yif1B-1) (middle), or cotransfected with siRNA(Contr-1) (middle right). Immu-
nofluorescence was performed with anti-GFP antibodies to enhance the GFP signal. Cumulated fluorescence profiles along the
longest dendrite for each group (15 neurons analyzed) are shown on the right. Note the drastic reduction of fluorescence induced
by siRNA(Yif1B-1) in the distal part of dendrites in 5-HT1A-eGFP-transfected neurons but not in sst2A-eGFP-, P2X2-eGFP-, or
YFP-5-HT3A-transfected neurons. The higher variability in fluorescence intensities compared with Figure 7 is attributable to the
lower number of neurons analyzed. Scale bar, 50 �m. B, Inhibition of 5-HT1A-eGFP receptor distribution in the dendritic tree by
another siRNA specific to Yif1B (nucleotides 937–961). Neurons were transfected with a plasmid encoding 5-HT1A-eGFP (left),
cotransfected with the siRNA(Yif1B-2) (middle), or cotransfected with the control siRNA, siRNA(Contr-2) (middle right). As above,
cumulated fluorescence profiles along the longest dendrite for each group (15 neurons analyzed) are shown on the right. Scale bar,
50 �m.
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léotti N, Dumuis A, Bockaert J, Marin P
(2004) The serotonin 5-HT2A and 5-HT2C receptors interact with spe-
cific sets of PDZ proteins. J Biol Chem 279:20257–20266.

Bermak JC, Li M, Bullock C, Weingarten P, Zhou QY (2002) Interaction of
gamma-COP with a transport motif in the D1 receptor C-terminus. Eur
J Cell Biol 81:77– 85.

Bockaert J, Fagni L, Dumuis A, Marin P (2004) GPCR interacting proteins
(GIP). Pharmacol Ther 103:203–221.
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