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CRMP-5 interacts with tubulin to promote growth cone 
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Abstract: Collapsin response mediator proteins (CRMPs) have been reported to control axonal guidance during neu-
ronal development and degeneration. Among these proteins, CRMP-5 has been indicated to play an important role 
in growth cone development. However, the mechanisms underlying the linkage between growth cone development 
and the cytoskeleton remain to be elucidated. Here, we report that CRMP-5 interacts with tubulin to mediate growth 
cone development in cultured hippocampal neurons. We found that CRMP-5 physically interacted with tubulin in 
the growth cones of developing neurons. CRMP-5 colocalized with tubulin in lamellipodia in HEK293 cells and in 
the growth cones of cultured hippocampal neurons. Genetic silencing of CRMP-5 using RNA interference led to 
abnormal growth cone morphology in neurons. Overexpression of CRMP-5 led to significantly increased filopodial 
formation and enlarged growth cones. These results suggest that CRMP-5 interacts with tubulin to regulate growth 
cone dynamics, thus complying with the restrictive intracellular guidance cues.
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Introduction

During neural development, neurites undergo 
strictly defined routes and come into contact 
with precise target neurons, thus forming the 
functional neural circuit. Neuronal outgrowth 
and axonal guidance are highly regulated by 
extracellular and intracellular signaling mecha-
nisms [1, 2]. Neurites are tipped with motile 
growth cones that receive extracellular guid-
ance cues to determine the extending direction 
[3]. However, how extracellular signals operate 
locally to control cytoskeletal elements within 
growth cones is not fully understood.

Collapsin response mediator proteins (CRMPs) 
are a family of five cytosolic proteins (CRMP 
1-5) that are highly expressed in developing 
and adult nervous systems [4-6] and were origi-
nally identified as mediators of Semaphorin3A 
(Sema3A) signaling [7]. CRMP-5 was first iden-
tified as the CRMP-associated protein, desig-
nated CRAM, and it is the member of this pro-
tein family that has the lowest homology with 

other CRMP members [8]. CRMP-5 is highly 
expressed in post-mitotic neural precursors 
and the fasciculi of fibers in developing brains, 
but its expression decreases in adult brains [9]. 
Previous reports show that CRMP-5 can inter-
act with tyrosine kinase Fes/Fps [10] and the 
mitochondrial protein septin [11], but the func-
tional significance of these interactions remains 
unclear. The localization of CRMP-5 in the filo-
podia of growth cones suggests its role in medi-
ating filopodial dynamics and growth cone 
development [12]. However, the detailed mech-
anisms of CRMP-5 regulation of growth cone 
development remain to be explored. 

In this study, we found an interaction between 
tubulin and CRMP-5 using pull-down assays 
with the fusion protein GST-CRMP-5. When 
CRMP-5 and tubulin are coexpressed in 
HEK293 cells, these proteins will be immuno-
precipitated together. Endogenous CRMP-5 and 
tubulin in neurons were also co-immunoprecipi-
tated. CRMP-5 colocalized with tubulin in the 
lamellipodia of HEK293 cells and in the growth 
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cones of cultured hippocampal neurons. Knock- 
down of CRMP-5 inhibited growth cone devel-
opment, whereas overexpression of CRMP-5 
enlarged growth cones. These findings suggest 
that CRMP-5 directly associated with tubulin, 
modulating the cytoskeleton to mediate growth 
cone development.

Materials and methods

Plasmids and constructs

Using PCR-based methods, the full-lengths of 
the cDNAs encoding rat CRMP-5 and tubulin 
were determined [13]. The full-length CRMP-5 
cDNA was inserted into the pGEX-5x-3 (Amer- 
sham Pharmacia Biotech, Piscataway, NJ) and 
pCMV-Tag2 vectors (Stratagene, Santa Clara, 
CA). Tubulin cDNA was cloned into the pEGFP-
C1 vector (Clontech, Mountain View, CA). All 
constructs were verified by sequencing. GST-
CRMP-5 was used for GST fusion protein pull-
down assays. GFP-tubulin and pCMV-Tag2-
CRMP5 were used for co-expression 
experiments in HEK293 cells and neurons.

Cell culture and transfection 

Hippocampi were dissected from postnatal rat 
pups (days 0 to 1, Sprague-Dawley), and disso-
ciated hippocampal neurons were obtained 
using 0.125% trypsin and plated at a density of 
1 × 104 cells/cm2 onto poly-D-lysine-coated 
glass coverslips. Cultures were maintained in 
Neurobasal-A medium containing 2% B27 and 
0.5 mM glutamine supplement at 37°C in a 5% 
CO2 humidified incubator. One-half of the cul-
ture media was replaced every 3 days. Calcium 
phosphate transfections with different con-
structs were carried out on 9-10 days in vitro 
(DIV), and all experiments were performed on 
11-12 DIV. Human embryonic kidney (HEK) 293 
cells (a gift from Dr. Mingtao Li, Zhongshan 
School of Medicine, Sun Yat-Sen University, 
China) were maintained in Dulbecco’s modified 
Eagle’s medium supplemented with 10% fetal 
bovine serum and penicillin/streptomycin 
(Invitrogen, California, USA) in a 5% CO2 37°C 
incubator (Thermo, USA). Calcium phosphate 
was used to transfect the constructs into the 
HEK293 cells. Five micrograms of FLAG-
CRMP-5 and GFP-tubulin (1:1) with the same 
ratio were used for immunoprecipitation 
assays. After transfection, cells were grown 
36-48 h before harvesting. 

Growth cone particle isolation

The methods were performed according to pre-
vious reports [14, 15]. Briefly, brains were dis-
sected from fetal rats at 18 days of gestation 
and homogenized by a Teflon-glass homogeniz-
er in ~ 8 volumes (w/v) of 0.32 M sucrose con-
taining 1 mM MgC12, 1 mM Tes-NaOH, pH 7.3, 
and the following protease inhibitors: 3 I~M 
aprotinin (Calbiochem, San Diego, CA), 20 mM 
benzamidine, 1 mM leupeptin, 1 mM pepstatin 
A, 0.6 mM phenylmethylsulfonyl fluoride (all 
from Sigma). The homogenate was spun at 
1300 r/min for 15 min. The low speed superna-
tant was loaded onto discontinuous sucrose 
density gradient consisting three layers: 0.75, 
1.0 and 2.66 M; the gradients were spun to 
equilibrium at 35000 r/min for 200 min in a 
Beckman SW40Ti vertical rotor (Beckman 
Instruments, Palo Alto, CA). A-fraction was col-
lected as growth cones for further analysis.

Recombinant protein expression and GST pull-
down assay 

GST fusion protein expression and pull-down 
assays were performed as previously described 
[16]. To purify GST-fused proteins, GST-CRMP-5 
isoform constructs were transformed into the 
BL21 (DE3) strain of Escherichia coli (Invitrogen, 
Grand Island, NY). Production of fusion proteins 
was induced by incubation with 0.2 mmol/L 
isopropyl-1-thio-b-d-galac-topyranoside for 3 h 
at 30°C. Cells were spun down and resuspend-
ed in buffer containing (in mmol/L): 30 NaCl, 
30 Tris, 0.2 EDTA, 1 DTT, pH 8.0, and a cocktail 
of protease inhibitors (Merck, Whitehouse 
Station, NJ). The cell suspension was treated 
with 0.1% lysozyme followed by 0.5% deoxycho-
lic acid and placed on ice for 20 min. After soni-
cation, the cell debris was removed by centrifu-
gation (15,000 g for 30 min). Triton X-100 (1%) 
was added to the supernatant, and the GST 
fusion proteins were purified from this solution 
using glutathione-Sepharose beads. 

Western blotting and antibodies

Western blot analysis was performed as previ-
ously described [17]. Briefly, lysates were sepa-
rated using SDS-PAGE and electrophoretically 
transferred to a polyvinylidene difluoride mem-
brane. Membranes were blocked in Tris-
buffered saline with 5% milk and 0.05% Tween 
and probed with primary antibodies at 4°C 
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overnight. Antibodies against CRMP-5 and GFP 
were purchased from Santa Cruz Biotechnology 
(Santa Cruz, CA); FLAG and tubulin were pur-
chased from Sigma (St. Louis, MO, USA). After 
washing, the membranes were incubated with 
horseradish peroxidase-conjugated goat anti-
mouse or anti-rabbit secondary antibodies 
(Jackson ImmunoResearch, West Grove, PA) 
and visualized using the ECL reagents.

Immunoprecipitation 

Immunoprecipitation (IP) assays were per-
formed as described previously [17, 18]. For 
immunoprecipitation of hippocampal neurons, 
extracts were prepared by solubilization in 400 
μl of cell lysis buffer (1% Triton X-100, 150 mM 
NaCl, 20 mM Tris-Cl (pH 7.4), 1 mM EDTA, 1 mM 
EGTA, 1 mM Na3VO4, 2.5 mM pyrophosphate, 1 
mM glycerol phosphate, and protease inhibitor 
mixture) for 10 min at 4°C. After brief sonica-
tion, the lysates were cleared by centrifugation 
at 15,000 × g for 10 min at 4°C, the cell extract 
was immunoprecipitated with 4 μg of antibod-
ies against CRMP-5 (Santa Cruz) or tubulin 
(Sigma), and then the samples were incubated 
with 60 μl of protein G plus protein A-agarose 
for 16 h at 4°C by continuous inversion. 
Immunocomplexes were pelleted and washed 
three times. The precipitated immunocomplex-
es were boiled in Laemmli buffer and assayed 
using Western blot analysis with anti-CRMP-5 
or anti-tubulin antibodies. For HEK293 cell 
immunoprecipitation, 2.5 μg of GFP-tubulin and 
2.5 μg of FLAG-CRMP-5 were co-transfected 
into HEK293 cells. Twenty-four hours after 
transfection, cells were lysed and immunopre-
cipitated with 2 μg of GFP (Santa Cruz) or FLAG 
(Sigma) antibodies. The precipitated immuno-
complexes were assayed using Western blot 
analysis with anti-GFP or anti-FLAG antibodies.

Immunofluorescence

Hippocampal neurons or HEK293 cells were 
grown on coverslips (Fisher) and processed for 
immunofluorescence according to the standard 
protocol described previously [19]. Cells were 
fixed with 4% (w/v) paraformaldehyde (Sigma, 
St. Louis, MO) for 5 min at room temperature 
and permeabilized with 0.1% Triton X-100 in 
PBS for 20 min. The cells were blocked in 3% 
normal donkey serum in TBS + 0.1% Triton 
X-100 for 1 h at room temperature and incu-
bated with rabbit anti-CRMP-5 antibody (Santa 

Cruz) and mouse anti-tubulin (Sigma) or anti-
FLAG tag antibody (Sigma) at 4°C overnight. 
The cells were washed 3 times for 10 min with 
PBS + 0.1% Tween20, and incubated with 
monoclonal donkey anti-rabbit IgG Dylight 549 
(Jackson ImmunoResearch) or monoclonal 
donkey anti-mouse IgG Dylight 488 (Jackson 
ImmunoResearch) for 2 h at room temperature. 
After three washes, cells were mounted on 
glass slides with Fluoro Gel II containing DAPI 
(EMS, Hatfield, PA). Microscopy and image anal-
ysis were carried out using the same optical 
slice thickness for every channel (488-nm laser 
1 AU=0.7 µm, 543-nm laser 0.71 AU=0.7 µm) 
using a confocal microscope (LSM 710; Carl 
Zeiss, Germany).

RNA interference

A validated CRMP-5 siRNA (siCRMP-5) frag-
ment and NC (scrambled sequence, negative 
control) were synthesized by Shanghai Gene- 
Pharma Co., Ltd. (Shanghai, China) [12, 13]. To 
determine the efficacy and specificity of the 
siRNA, co-transfection was performed using NC 
or siCRMP-5 together with rat FLAG-CRMP-5 
plasmids into HEK293 cells. Expression of 
FLAG-CRMP-5 protein was examined by 
Western blot analysis using a FLAG antibody. 
Hippocampal neurons were transfected with 
siRNA using a calcium phosphate protocol [19]. 
To transfect neurons in 24-well tissue culture 
plates, 100 pmol of siRNA was combined with 
37 μl of 2 M CaCl2 solution in sterile, deionized 
water to a final volume of 300 μl and then 
mixed well with 300 μl of 2 × HEPES-buffered 
saline. The mixtures were vortexed and incu-
bated at 25°C for approximately 4 min. In each 
well, 30 μl mixture was added drop-wise to the 
cells and allowed to incubate for another 25 
min. The GFP expression plasmid was co-trans-
fected with the siRNAs to mark the transfected 
cells. Transfection efficiency in the neurons 
was determined by calculating the percentages 
of GFP-positive cells out of the total cell num-
bers. The total number of neurons counted for 
each treatment group was more than 100. 

Statistical analysis

Data are presented as the mean ± SEM. 
Significant differences were assessed with 
one-way ANOVA followed by Bonferroni or 
Tamhane post hoc tests. P<0.05 was consid-
ered to be statistically significant.
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Results

CRMP-5 interacts with tubulin in growth cones

CRMP-5 has been reported to be distributed in 
the filopodia of growth cones in a manner that 
is independent of the filamentous actin [12]; 
thus, functional roles for CRMP-5 binding pro-
teins within growth cones remain to be explored. 
In mouse brain extracts, MAP2 and tubulin 
associate with CRMP-5 [13]. Thus, we asked 

whether CRMP-5 would interact with tubulin in 
the filopodia and promote growth cone develop-
ment. To test this idea, reciprocal co-expres-
sion/immunoprecipitation experiments were 
conducted using lysates of HEK293 cells co-
transfected with FLAG-CRMP-5 and GFP-
Tubulin. We detected FLAG-CRMP-5 signals in 
the complexes associated with GFP antibody 
but not with the rabbit IgG (Figure 1A). Similarly 
GFP-Tubulin was also detected in the complex 
associated with FLAG antibody, but not the 

Figure 1. CRMP-5 physically interacts with tubulin. A, B: FLAG-CRMP-5 and GFP-Tubulin were transiently transfected 
into HEK293 cells. FLAG-CRMP-5 or GFP-Tubulin was immunoprecipitated with FLAG or GFP antibodies tagged with, 
respectively, in samples containing equal amounts of protein. Immunoprecipitates were separated by SDS-PAGE 
and detected by Western blot. A: Blot results were obtained using an anti-GFP antibody for the IP assay, and the blots 
were detected with anti-Flag or anti-GFP antibodies. B: Blot results obtained using and an anti-Flag antibody for the 
IP assay and detected with an anti-Flag or anti-GFP antibody. Similar results were obtained in three independent 
experiments. C: GST-CRMP-5 expression and purification. D: Pull-down of tubulin from enriched brain growth cone 
lysates by GST or GST-CRMP-5 conjugated to glutathione-Sepharose beads. Western blots of the pellet were probed 
for tubulin immunoreactivity. Each result is representative of three to five separate experiments with similar results. 
E: Tubulin was detected in complexes immunoprecipitated by the CRMP-5 antibody. F: CRMP-5 was also present in 
the complexes immunoprecipitated by the tubulin antibody.
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mouse IgG (Figure 1B). These results are con-
sistent with a previous report [13]. We next 
applied a GST pull-down assay. Growth cones 
from rat brain extracts were collected and 
enriched as previously described [14, 15]. As 
shown in Figure 1C, recombinant GST-CRMP-5 
was expressed and purified. Tubulin was 
detected in the lysates of enriched rat brain 
growth cones using GST-CRMP-5 immobilized 
on glutathione-Sepharose beads (Figure 1D), 
suggesting their co-assembly in vivo. To obtain 
additional biochemical evidence for an in vivo 
interaction between CRMP-5 and tubulin in 
growth cones, a co-immunoprecipitation assay 
was carried out. Growth cone lysates were incu-
bated with the CRMP-5 antibody. The immune 
complex was purified and immunoblotted with 
the tubulin antibody. As shown in Figure 1E, 
tubulin was detected in complexes immunopre-
cipitated by the CRMP-5 antibody. Moreover, 
CRMP-5 was also present in the complexes 
immunoprecipitated by the tubulin antibody 

(Figure 1F). These data indicated that CRMP-5 
physically interacts with tubulin in growth 
cones.

CRMP-5 colocalizes with tubulin at the lamel-
lipodia of HEK293 cells and at growth cones in 
hippocampal neurons

To visualize the distribution of CRMP-5 and 
tubulin, immunofluorescence was used. In 
HEK293 cells immuno-labeled anti-CRMP-5 
and anti-tubulin antibodies, the immunofluo-
rescence showed that both CRMP-5 and tubu-
lin were distributed in the cytoplasm but not in 
the nucleus. Moreover, CRMP-5 and tubulin 
immunofluorescence signals were intense at 
the tips of the lamellipodia. CRMP-5 was clearly 
colocalized with tubulin in the cytoplasm and 
tips of the lamellipodia (Figure 2). In hippocam-
pal neurons, most of the CRMP-5 and tubulin 
immunofluorescence was distributed through-
out the cells (Figure 3A). Detailed confocal 

Figure 2. Colocalization of CRMP-5 and tubulin in HEK293 cells. Anti-tubulin and anti-CRMP-5 were used to detect 
endogenous tubulin and CRMP-5 proteins in HEK293 cells; DAPI was used to stain the nuclei. The merged images 
show the colocalization (yellow spots) of tubulin (green) with CRMP-5 (red). Enlarged images of cells show details of 
the lamellipodia. Scale bar, 20 μm.
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microscopic analysis of the growth cones 
showed that CRMP-5 immunofluorescence was 
distributed mostly in the C-domain, revealing 
that CRMP-5 signaling colocalized with tubulin 
signaling (Figure 3B). These data indicated that 
CRMP-5 colocalized with tubulin in lamellipodia 
in HEK293 cells and in growth cones in cul-
tured hippocampal neurons.

CRMP-5 is critical for growth cone develop-
ment in cultured hippocampal neurons

The localization of CRMP-5 in growth cones 
encouraged us to investigate the role of CRMP-
5 in growth cone development. First, we stud-
ied growth cone development after CRMP-5 
knockdown using siRNA. The target sequence 

used against CRMP-5 for these experiments 
was selected from previous reports [12, 13]. 
FLAG-CRMP-5 together with siRNA fragments 
or NC was co-transfected into HEK293 cells to 
confirm the siRNA efficacy. As shown in Figure 
4C, the FLAG antibody revealed the FLAG-
CRMP-5 protein, demonstrating that transfec-
tion with CRMP-5-targeted siRNAs significantly 
suppressed the expression of FLAG-CRMP-5, 
whereas the level of FLAG-CRMP-5 in the NC 
group or the level of an unrelated gene (GAPDH) 
was unaffected. In hippocampal neurons, the 
use of this siRNA fragment also resulted in a 
60-80% knockdown of endogenous CRMP-5 
(Figure 4A). After transfection with CRMP-5 siR-
NAs, we observed that silencing CRMP-5 
impaired growth cone development in neurons. 

Figure 3. Colocalization of CRMP-5 and tubulin in hippocampal neurons. A: Anti-tubulin and anti-CRMP-5 antibodies 
were used to detect endogenous tubulin and CRMP-5 proteins, respectively, in hippocampal neurons cultured for 72 
h. The merged images show the colocalization (yellow) of tubulin (green) and CRMP-5 (red). B: Confocal microscope 
scans of growth cones in cultured hippocampal neurons. The merged images show the colocalization (yellow) of 
tubulin (green) and CRMP-5 (red). Scale bar, 10 μm.



CRMP-5 associates with tubulin in the growth cone

73 Int J Clin Exp Med 2014;7(1):67-75

The average area of the 
growth cone in the CRMP-5 
siRNA group was reduced 
by approximately 50%. To 
further understand the eff- 
ect of CRMP-5 expression 
on growth cone morpholo-
gy, FLAG-CRMP-5 was over-
expressed in hippocampal 
neurons. As shown in 
Figure 5A, anti-FLAG immu-
noblotting signals showed 
clear expression of CRMP-5 
after transfection of the 
FLAG-CRMP-5 plasmid but 
not with the control vector. 
When FLAG-CRMP-5 was 
co-transfected, neurons ex- 
hibited enlarged growth co- 
nes compared to the con-

Figure 4. CRMP-5 is necessary for growth cone development in cultured hippocampal neurons. A: Hippocampal 
neurons cultured 48 h were co-transfected with scrambled siRNA (NC) or CRMP-5-siRNA together with a GFP-encod-
ing plasmid; after 24 h, the neurons were fixed and subjected to the immunocytochemistry protocol. Endogenous 
CRMP-5 was detected by an anti-CRMP-5 antibody. Typical images of the CRMP-5 immunostaining are shown (left 
panel). A non-targeting siRNA was used as the negative control (NC). The percentages of CRMP-5-positive neurons 
with each treatment were quantified (right panel) as the mean ± SEM for three independent experiments. *Denotes 
P<0.05; Scale bar, 10 μm. B: Typical growth cone morphology in neurons with each treatment (left panel). The 
growth cone area of transfected cells was determined and plotted. Comparisons were made using one-way ANOVA. 
*Denotes P<0.05 (n=30-40 cells from 3 independent experiments). Error bars indicate SEM. Scale bar, 10 μm. C: 
HEK293 cells were co-transfected with scrambled siRNA (NC) or siCRMP5 together with the FLAG-CRMP-5 expres-
sion plasmid. Lysates were probed with anti-CRMP5 antibody. The GAPDH antibody was used as a loading control.

Figure 5. CRMP-5 is sufficient for growth cone development in cultured hip-
pocampal neurons. A: HEK293 cells were transfected with the FLAG-CRMP-5 
expression plasmid or the control vector. CRMP-5 expression was detected 
by immunoblot using an anti-FLAG antibody. The GAPDH antibody was used 
as a loading control. B: Representative images of growth cones from neurons 
transfected with the FLAG-CRMP-5 expression plasmid or the control vector are 
shown. The growth cone area of transfected cells was measured and plotted. C: 
Comparisons were made using one-way ANOVA. Data are shown as the mean 
± SEM from three independent experiments. *Denotes P<0.05; Scale bar, 10 
μm.
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trol. The average area of the growth cone was 
markedly increased (Figure 5B, 5C). Taken 
together, these results suggest that CRMP-5 is 
necessary and sufficient for neuronal growth 
cone development, which is consistent with a 
previous report [12].

Discussion

CRMPs are reported to function in axonal guid-
ance, neuronal polarity and dendritic growth. A 
previous report shows that CRMP-5, an isoform 
distinct from the other four CRMPs, localizes in 
the filopodia of growth cones, independently 
from actin assembly [12], leaving the role of 
CRMP-5-associated proteins in regulating 
growth cones to be further elucidated. All of the 
CRMP proteins (CRMP 1-5) have been implicat-
ed to associate with tubulin [13, 20]. Thus, in 
this study, we provided evidence for a CRMP-5 
interaction with tubulin to mediate growth cone 
development. We enriched growth cones from 
hippocampal extracts, and using GST pull-down 
and co-immunoprecipitation; we found that 
CRMP-5 directly interacts with tubulin. Further- 
more, in HEK293 cells, CRMP-5 colocalized 
with tubulin in the growing lamellipodia cells 
and also in the developing growth cones in hip-
pocampal neurons. Genetic knockdown of 
endogenous CRMP-5 disrupted growth cone 
formation, whereas the overexpression of 
CRMP-5 enlarged growth cones, indicating a 
critical role for CRMP-5 in regulating growth 
cone development.

In the CRMP family of proteins, the role of 
CRMP-2 in regulating axonal elongation and 
neuronal polarity has been studied extensively. 
CRMP-2 localizes in the growth cones of hippo-
campal neurons at stage 3, and the overex-
pression of CRMP-2 promotes axonal growth 
[21, 22]. The expression of CRMP-5 is high in 
fetal and neonatal rat brains, and its expres-
sion decreases to very low levels in adult brains 
[8]. The spatiotemporal distribution of CRMP-5 
in cultured hippocampal neurons varies at dif-
ferent developmental stages in the dendrites 
and axons. At stage 3 after neuronal polarity 
occurs, CRMP-5 is present in growth cones. 
After stage 5, neurons display a polarized mor-
phology and CRMP-5 signaling decreases to 
low levels. The distribution of CRMP-5 contrib-
utes to the dynamic regulation of the develop-
ment of dendrites, axons and neuronal polarity 
[13]. Our results are consistent with a previous 

report [12] showing that CRMP-5 distributed in 
the growth cone is necessary and sufficient for 
growth cone development. Our results suggest 
that CRMP-5 functions through its interaction 
with tubulin. In hippocampal neurons, CRMP-5 
has been reported to inhibit dendritic growth 
[13]. However, in cerebellar Purkinje cells, 
CRMP-5 promotes dendritic development and 
synaptic plasticity, as shown in studies using 
crmp5-/- mice, where aberrant dendrite mor-
phology is revealed [23]. The differences in the 
results from these previous studies suggest 
that CRMP-5 actions may be cell-type specific 
or may be due to differences in its efferent dis-
tribution. These suggestions are worthy of fur-
ther investigation. Taken together, we have pro-
vided new evidence for CRMP-5 regulation of 
growth cone development.
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