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Abstract of the Thesis

The role of the Scribble Protein Complex in the regulation of Dendrite Formation

by

Bingru Sun

Master of Arts

in

Biological Sciences

Stony Brook University

2015

During neuronal development, the neuronal cell polarizes to specify the
structures of axons and dendrites. This polarized architecture regulates the
input/output functions of the neuronal cell. In my thesis, I studied the
molecular mechanisms of dendrite formation. My main hypothesis was that
dendrite specification results from local elevation of the cGMP signal. Solu-
ble guanylyl cyclase (sGC) is the major enzyme for the synthesis of cGMP in
the embryonic brain. I study the molecular mechanism that activates sGC
and leads to dendrite specification during neuronal polarization.Scribble is a
scaffold protein, part of a polarity complex that establish apical-basal polar-
ity in epithelial cells. In neurons, Scribble has been shown to associate with
neuronal nitric oxide synthase (nNOS) that produces the molecule NO. NO
activates sGC and can induce cGMP elevation. I hypothesize that dendrite
specification is regulated by a polarity protein complex consisting of Scribble,
sGC, and nNOS. In my thesis I found the following: First, I show that Scrib-
ble and sGC associate biochemically in the rat embryonic brain. Second, I
further characterized the interaction domain between Scribble and sGC and
found a protein domain named IMR to be significant. I found that this single
domain mutant of Scribble is a dominant negative inhibitor of the function
of wild-type Scribble. Last, using shRNA-mediated knockdown of Scribble
and sGC in dissociated hippocampal neuron culture, I found severe effects
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on dendrite development compared to control. Thus, based on my biochem-
istry studies and functional analysis in cultured neurons, I conclude that the
protein complex involving Scribble and sGC regulates dendrite development
through the cGMP pathway.
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Chapter 1

Introduction

Cell polarity is the asymmetric organization of cell structures including
both the cell membrane and the intracellular structures [1]. In neurons, one
cell can be divided into three regions, the axon, the dendrites and the soma
(cell body). Axons and dendrites are different from each other biochemically
and structurally. They have distinct functions in neurons with dendrites
receiving and integrating signal from other cells, and axons sends signals to
other cells. During neuronal development, the specification of axons and
dendrites is a primary event in neuronal polarization.

Here I hypothesized that in neuronal polarization, dendrite de-
velopment is regulated by a protein complex involving Scribble,
sGC and nNOS, that activates the signaling for the production of
cGMP.

Scribble is a large scaffold protein that contains different domains. It
belongs to the LAP (LRR And PDZ) protein family and contains 16 LRR
sequence and 4 PDZ domains[2].Here, we named the other regions as in-
termediate region-IMR domain (the region between LRR and PDZs) and
C-terminal tail (the region after PDZs, at the C terminus). Scribble can
interact with lethal giant larvae (Lgl)/discs large (Dlg) proteins to establish
the apical-basal polarity and asymmetry in epithelial cells[3]. In drosophila,
Scribble, Lgl and Dlg1 has also been found to regulate cell migration, pro-
liferation and tumor suppression[4, 5]. However, the function of Scribble in
neurons is still unclear. In a proteomic screening analysis, Scribble has been
found to associate with neuronal protein including nNOS, a neuronal specific
NO synthase. In neurons, NO is known to activate sGC, the major cGMP
synthase in cells[6].

My main hypothesis is that dendrite specification is triggered by cGMP
signal elevation. In cultured embryonic hippocampal neurons, axon initiation
is induced with an elevation of cAMP level in a single neurite while the cAMP
level is suppressed in other neurites. cGMP level arises in these neurites that
develop into dendrites in later time point. I therefore propose that signal
transduction to activate local cGMP is essential to dendrite development [7].
I suggest here that Scribble is the scaffold protein that associate with sGC
that can activate cGMP signal specify dendrite development.
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To test my hypothesis, first, I need to confirm the existence of the protein
complex in the nervous system. If the protein complex exists, next, I will
study what is the interaction domain of Scribble between Scribble and sGC.
By solving the interaction domains between Scribble and sGC, I can confirm
the specificity of the interaction; Also, I can isolate the interaction domain
of Scribble and construct Scribble mutants. This mutant can be used as a
dominant negative inhibitor to inhibit the association of wild-type Scribble
and sGC and becomes a powerful tool for functional studies in dendrite
development.

To study the actual function of Scribble complex in neurons, I will use
short hairpin RNAs against Scribble to knock down the expression of the
Scribble protein and investigate how it affects dendrite development. After
confirming the function of Scribble in neuronal development, I will continue
to inquire into the downstream molecular mechanism involving sGC.Thus, I
will include sGC knockdown into functional studies.

I will use dissociated hippocampal neuron culture as a primary system
to study dendrite development. The major cell type in the hippocampus
is pyramidal neurons. From dissected rat hippocampus, pyramidal neurons
can be dissociated and grow in culture with well-defined axons and dendrites
development. The easiness to manipulate and maintain the primary culture
can also facilitate my study on dendrite development[8].

Proper axon and dendrite development is essential for forming func-
tional neural circuits. Dendrite malformation is reported in many neuro-
logical disorders including mental retardation, autism spectrum disorders,
schizophrenia and Alzheimer’s disease with altered dendrite length, number
and spine structures[9, 10]. My research focuses on studying a novel candi-
date molecule, Scribble, that regulates dendrite development. The study can
provide a new insight on the intrinsic developmental programs in neuronal
polarization that uses a scaffold protein complex, which may be targeted for
therapeutic purposes in the future.
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Chapter 2

Material and methods

HEK293T cell growth and transfection
HEK293T cells are cultured in DMEM media with 10% FBS and 1X

Pen-Strep. The cells are split every 3 days to ensure cell quality. Cells are
plated 24 hours before transfection and grow to 50-60% confluency during
transfection. We do calcium phosphate transfection in HEK293T cells for
biochemistry analysis. For each 60mm dish, we use 40ul 2.5M CaCl2, 2ug of
plasmid DNA and 200ul 2x HEPES-buffered saline. Each dish will be added
400ul of Calcium-DNA-HEPES mix. Transfected cells are allowed to grow
for 24 hours before lysis.

Immunoprecipitation assay
HEK293T cells are plated one day before transfection and grow to 50-

60% confluency during transfection. Flag-sGC is coexpressed with HA tag
Scribble mutants in HEK293T cells for 24 hours and lysed in lysis buffer.
Lysis buffer is made as 1%CHAPS buffer with 0.15M NaCl and 20mM Sodium
Phosphate, cOmplete, Mini Protease Inhibitors and 1mM EDTA. The lysate
is incubated with mouse protein G agarose beads at 4 degree for 3 hours with
Sigma Flag M2 antibody. The beads and the total lysate is run on 7% Tris-
HCl SDS gel and transferred in Tris-Glycine buffer containing 20%methanol
to PVDF membrane. The membrane is blocked in 5% non-fat dry milk for
one hour and incubated with Flag HRP conjugated antibody at 1:20000 for
one hour an a half. The membrane is then developed with Pierce ECL2
substrate onto a film.

Hippocampal neuron culture and nucleofection
The tissue and protocol are obtained from BrainBits(R) complete cul-

turing kit (hippocampus). We chose E18 Sprague Dawley Rat. One pair
of E18 rat hippocampus is stored in 2 ml Hibernate(R) EB (Hibernate
E(R)/B27(R)/GlutaMAXtm;BrainBits(R) HEB 500ml)). Tissue is disso-
ciated in 2 mg/ml Papain in HE-Ca with 10 minutes incubation at 30 de-
gree water bath. Cells are resuspended in the growth medium, Neural Basal
Medium with 2% B27 supplement, 0.5nM GluMax, and 25uM/ml Glutamine.
Count cells on the glass cytometer and suspend cells in growth medium.
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200ul of the cell suspension is then used for one nucleofection reaction. A
final number of 2X104̂ nucleofected cells are plated in a 35mm cell culture
dish that contains 5 PLL treated coverslips with 2.5 ml neural basal medium
for future growth in a 37degree incubator with 5% CO2.

Immunohistochemistry
Cultured rat hippocampal neurons are fixed at 3 DIV of growth. The

cells are washed in PBS for one time and fixed in 4% PFA for 20 minutes.
We rinse the cells in PBS for three times and permeabilize the cells in PBS-
0.05% Triton. After 5 minutes of treatment in PBS-0.05% Triton for three
times. We block the cells in 10 NGS in PBS-0.05% Triton for one hour in the
dark. After blocking, the cells are put one primary antibody incubation for
24 hours. We use NOVUS CHICKEN MAP II antibody at a concentration
of 1:5000, and Mouse SMI-312 antibody at a concentration of 1:500.

Cells are washed in PBS-0.05% Triton and transferred to secondary an-
tibody incubation in the dark for 2 hours. We use Invitrogen Alexa Fluor
CHICKEN 633, Alexa Fluor MS 488 conjugated antibody at a concentration
of 1:1000 when the cells are coexpressed with GFP. The cells are mounted
onto slides using Fluoromount.

Data analysis
We did quantitive analysis on the number and length of the neurites of

cultured hippocampal neurons. Dendrites are specified by MapII signal and
Axons are specified by Smi312 signal. The cells are imaged at Olympus
confocal microscope. The images are then analyzed using Fiji software. We
measure neurite length from soma to the tip of a single neurite. We counted
any crossing that lengths over 5um from soma as a branch and we measure
the longest branch as the length of that neurite. Axons are measured and
counted under Smi312 channel; Dendrites are measured and counted under
Map2 channel.
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Chapter 3

Results

IMR region is the interaction domain between Scribble and sGC

In figure 1, Dr. Lee has illustrated that in a developing rodent brain
(E20) Scribble can associate with sGC β1 subunit. sGC is a heterodimer
of one αsubunit and one βsubunit. Each subunit has two types, α1, α2, β1,
and β2. This identifies a functional complex in dendrite development that
consists of nNOS, sGC β1 subunit, and Scribble. I characterized the domains
in Scribble that participate in these interactions. First, I have generated a
Scribble mutant variant that has single domain deletion, and cloned each sin-
gle domain mutant of Scribble into the mammalian expression vector pCAG
fused to HA-tag, as shown in figure 2.

Next, I conducted a coimmunoprecipitation experiment to study the asso-
ciation between Scribble and sGC. By coexpressing different scribble mutant
proteins fused to HA tag together with wild-type sGC tagged with protein
flag in HEK293T cells, I investigated the differences in the stability of the
complex among mutant Scirbble. As shown in figure 3, Flag immunopre-
cipitates Flag-sGC along with WT Scribble, LRR, LRR, and IMR mutants,
but not PDZ+CTERM, CTERM, and PDZ scribble mutants.This observa-
tion suggests that LRR and IMR domains can both associate with sGC.
However, the deletion of LRR domain in LRR mutants does not abolish the
interaction. This further shows that the presence of IMR domain is essential
for scribble and sGC interaction.

Inhibition of Scribble/sGC interaction interrupts dendrite de-
velopment

Next I have examined the functional importance of the IMR region in
Scribble and sGC interaction. I expected that the IMR mutant of Scribble
will act as a dominant negative inhibitor of this interaction, which means that
the expression of IMR mutant protein can interrupt the specific association of
the Scribble/sGC complex without interfering with the expression of scribble.
Thus, next I conducted a functional study to examine neuronal development
using over-expression of the IMR mutant of Scribble.

IMR mutant Scribble was coexpressed with the wild-type protein in the
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developing hippocampal neurons in culture. 3DIV hippocampal neurons were
fixed and immunostained with MAP2 and Smi312 antibodies. MapII is a pro-
tein marker for dendrites and Smi312 as a protein marker for axons. Com-
pared to the control cells that expressed the empty vector and wild type
scribble, the IMR expressing neurons exhibit shorter dendrites and less num-
ber of dendrites, as shown in figure 4 and 5. I also performed a quantitive
analysis of neurite length and number, using MAP2 specific labeling to iden-
tify dendrites. In figure 6, I show that the total dendrite length per cell
decrease for 50% from control to IMR mutants; the number of dendrites also
decreases for 40% from control to IMR mutant; each dendrite also has 40-
50% decrease length by comparing the control with the IMR mutants. The
effect of IMR mutant does not affect the axon length and numbers. In all,
this functional study has shown that expression of IMR mutants can inhibit
dendrite development.

However, we can not conclude that IMR has a dominant negative effect on
Scribble in regulating dendrite development. The next step is to knock down
Scribble protein in cultured hippocampal neurons and to compare the effect
of both manipulations on dendrite development. Therefore, we constructed
shRNA against the rat Scrib gene. We introduced either the shScribble or
empty shRNA vector into cultured dissociated rat hippocampal neurons. In
this experiment, we observed similar effect as IMR mutant inhibition. The
shScribble decreases dendrite numbers and length in dissociated hippocampal
neurons as shown in figure 7. In figure 8, I compare the number and length of
axons, dendrites, and neurites among the control and shScribble introduced
cells. The shScribble has decreased the number of dendrites per cell by 10%
while the length of dendrites per cell has decreased by 35%. The length of
the average longest axon in each cell increases as well. The average length of
the dendrites from longest to shortest all decrease from control to shScribble
cells and the longest dendrites from each cell show an aberrant decrease for
40% .

The effect of Scribble shRNA knock down is not as clear as the effect
of IMR mutant on dendrite development. A possible explanation might be
that the dominant negative effect can affect the function of a scaffold protein
and shRNA knockdown solely changes the protein expression level. The
inhibition of function of a protein complex is more severe than its expression
knockdown. We conclude that the interruption of the Scribble affect dendrite
development. The next question will be whether Scribble functions through a
protein complex with sGC to act as a regulator of dendrite development. So
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far, I observed that IMR is the interaction domain between Scribble and sGC
and IMR mutant affects dendrite development in a similar way to Scribble
knockdown. Next, it is important to examine whether the knockdown of the
downstream factor sGC will have a similar effect on dendrite development.

sGC knockdown inhibits dendrite development in culture hip-
pocampal neurons

We constructed two shRNAs against rat sGC, the shsGC 5 and shsGC
15. We introduce each shsGC and the control shRNA vector into culture
hippocampal neurons. I analyze the images in the same way as previous
described experiments of IMR mutants and shScribble. Interestingly, I ob-
served that shsGC 5 had a stronger effect on dendrite development with
a 50% decrease in dendrite number per cell and 70% decrease in dendrite
length compared to control cells. The shsGC 15 construct has a milder effect
with 30% decrease in the number of dendrite per cell and 50% decrease in
the length of dendrite per cell. The combination of both shRNA also has an
effect of 40% decrease in the number of dendrite per cell and 64% decrease
in the length of dendrite per cell. The strong effect of sGC knockdown has
confirmed the hypothesis that sGC signaling and Scribble both regulate den-
drite formation. Together with my finding that that IMR mutant interrupts
the Scribble association with sGC, resulting in inhibition of dendrite forma-
tion, I conclude that Scribble regulates dendrite development via a protein
complex formation with sGC.
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Chapter 4

Discussion

In this study, I examined a protein complex consisting of Scribble and sGC
in the regulation of dendrite development. I found that Scribble interacts
with sGC through its IMR region and this association is essential for proper
dendrite development. I observe that Scribble knockdown, sGC knockdown
and the dominant negative inhibition of Scribble/sGC all decrease dendrite
outgrowth or elongation during early neuronal development from cultured
hippocampal neurons.

However, to further confirm the specificity of the function of Scribble
in dendrite development, it would be necessary to perform overexpression
experiments and rescue experiments, where I will overexpress rat scribble
in dissociated hippocampal neurons and test if this will enhance dendrite
outgrowth. Also, for the shScribble experiment, I can try to rescue the
dendrite phenotype by activation of the sGC function. From this experiment,
I can confirm that Scribble indeed regulates dendrite development by sGC
downstream signaling

Now that I have tested the necessity of Scribble protein in dendrite devel-
opment in dissociated neuronal culture, it would be important to examine its
role in dendrite development in vivo using Scribble mutant expression. The
dendrite morphology in vivo is more complex than that in dissociated culture.
Scribble mutant mice exhibit neural tube defects and die before birth[11]. It
is not applicable to study Scribble in a knockout animal model, but only in
conditional knockout animals. With further observation from animal studies,
I will understand more about the function of Scribble in regulating dendrites
in early neuronal development.

The molecular mechanism that regulate dendrite development remain un-
clear. Here we reported that a scaffold protein Scribble shows regulation of
dendrite development. Other molecules have also been reported in this regu-
lation including extrinsic factors: Semaphorin 3A, neurotrophins, Notch and
intrinsic factors such as regulators of cytoskeletal components used to pro-
mote dendrite[12, 13]. As Scribble is a scaffolding protein, it is very likely
that it can also associate with other factors in dendrite development regu-
lation. Moreover, it can be a bridge from extrinsic factors to the intrinsic
program of dendrite development induction. In all, I expect more function
of Scribble will be discovered in neuron development.
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Figure Legends

Figure 1 Scribble associate with sGC and nNOS in rate brain lysate : E20
rat brain lysate are immunoprecipitated with different antibody. 1 total brain
lysate; 2 immunoprecipitate with mouse IgG alone; 3 immunoprecipitate with
sGC α1 subunit antibody;4 immunoprecipitate with sGC α2 subunit anti-
body;5 immunoprecipitate with sGC β1 subunit antibody;6 immunoprecipi-
tation with nNOS antibody;7 immunoprecipitation with STRAD antibodyA)
western blotting using scribble antibody, the total lysate, coimmunoprecipi-
tation with sGC β1 subunit and coimmunoprecipitation with nNOS all show
Scribble protein signal. B) western blotting using sGC α1 subunit antibody.
the total lysate, sGC α1 subunit, sGC β1 subunit antibody all show the in-
dicated sGC α1 signal. C) western blotting using sGC β1 subunit. The total
lysate, sGC α1 subunit, sGC β1 subunit antibody all show the indicated sGC
β1 signal. D) western blotting using sGC β1 subunit antibody and nNOS
antibody. Both sGC α1 subunit and sGCβ1 subunit pull down nNOS. This
experiment data is provided by Dr. Seongil Lee.

Figure 2: An illustration of the Scribble mutant constructs and Scribble
functional domains: The Human Scribble mutant genes are clone in to the
PCAG vectors along with an HA protein tag. The mutant clones are provided
by Dr. Seongil Lee.

Figure 3: Scribble associates with sGC through the IMR domain: HA tag
scribble mutants are transfected into HEK293T cells along with Flag-sGC.
Two blots are shown in this figure; the blot on the left is immunoblotted
with Flag antibody and detects the level of sGC in total cell lysate and im-
munoprecipitation samples. The blot on the right is immunoblotted with HA
antibody and detects the level of Scribble mutants in both total cell lysate
and immunoprecipitation samples. Each lane is one transfection of differ-
ent scribble mutants with Flag-sGC. The signal of PDZ-CTERM mutant
and CTERM mutant is completely lost after immunoprecipitation with Flag
which means that they can not associate with sGC. The loss of LRR domain
does not affect the assocaition of IMR to sGC.

Figure 4: IMR mutant of Scribble interferes with dendrite development.
A-C) 3DIV E18 rat hippocampal neurons cultured with control vectors with
Venus and show normal neuronal development. A GFP channel show the
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complete morphology of the cell; B MAPII signal shown in red color specifies
dendrites and proximal axon; C SMI312 signal specifies axonal structure in
blue color.

D-E) 3DIV E18 rat hippocampal neurons cultured with IMR mutant
Scribble construct with Venus and show decreased number of dendrite struc-
tures with shorter length. A GFP channel show the complete morphology of
the cell; B MAPII signal shown in red color specifies dendrites and proximal
axon; C SMI312 signal specifies axonal structure in blue color.

Figure 5: Soma and dendrite structures in control and IMR mutants. The
MAPII channel of 3DIV E18 rat hippocampal neurons cultured with control
vectors or IMR mutants. Dendrite number and length are decreased from
control to IMR mutant expressed cells.

Figure 6: The Quantitive analysis of the effects of IMR mutants on den-
drite development. A) the total length measurement of axons, dendrites and
neurites is divided by cell number. Total length of the axons per cell has
no difference between control cells and IMR cells. However, total dendrite
length per cell decrease by 50% and total neurite length per cell decrease by
20%.

B) The average primary axon length
C) The number of axons, dendrite and neurites averaged by cell number.
D) The individual dendrite length comparison between control cells and

IMR mutant introduced cells. The dendrites are number according to their
length. The error bar is obtained for the difference in two repetition experi-
ments.

Figure 7: Scribble protein knockdown affects dendrite development in
culture hippocampal neurons. A-C) 3DIV E18 rat hippocampal neurons
cultured with control vectors with Venus and show normal neuronal develop-
ment. A GFP channel show the complete morphology of the cell; B MAPII
signal shown in red color specifies dendrites and proximal axon; C SMI312
signal specifies axonal structure in blue color.

D-E) 3DIV E18 rat hippocampal neurons cultured with shScribble con-
struct with Venus targeted to Scribble and show decreased number of dendrite
structures with shorter length. A GFP channel show the complete morphol-
ogy of the cell; B MAPII signal shown in red color specifies dendrites and
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proximal axon; C SMI312 signal specifies axonal structure in blue color.

Figure 8: The Quantitive analysis of the effects of Scribble knock-down on
dendrite development. A) the total length measurement of axons, dendrites
and neurites is divided by cell number.

B) The number of axons, dendrite and neurites averaged by cell number.
C) The average primary axon length
D) The individual dendrite length comparison between control cells and

shScribble introduced cells. The dendrites are number according to their
length.

Figure 9: sGC knockdown disturbs dendrite development in culture hip-
pocampal neurons.First lane: 3DIV E18 rat hippocampal neurons cultured
with control vectors with Venus and show normal neuronal development. A
GFP channel show the complete morphology of the cell; B MAPII signal
shown in red color specifies dendrites and proximal axon; C SMI312 signal
specifies axonal structure in blue color.

Second lane: 3DIV E18 rat hippocampal neurons cultured with shsGC
construct no.5 with venus targeted to sGC and show decreased number of
dendrite structures with shorter length. A GFP channel show the complete
morphologuy of the cell; B MAPII signal shown in red color specifies den-
drites and proximal axon; C SMI312 signal specifies axonal structure in blue
color.

Third lane: 3DIV E18 rat hippocampal neurons cultured with shsGC
construct no.15

Fourth lane: 3DIV E18 rat hippocampal neurons cultured with shsGC
construct no.15 and shsGC construct no.5.

Figure 10: The Quantitive analysis of the effects of sGC knockdown on
dendrite development. A) The number of axons, dendrite and neurites aver-
aged by cell number.

B) the total length measurement of axons, dendrites and neurites is di-
vided by cell number.

C) The average primary axon length
D) The individual dendrite length comparison between control cells and

shsGC introduced cells. The dendrites are number according to their length.

11



Figure 1

12



Figure 2

13



Figure 3

14



Figure 4

15



Figure 5

16



Figure 6

17



Figure 7

18



Figure 8

19



Figure 9

20



Figure 10

21



References

[1] Anthony P. Barnes and Franck Polleux. Establishment of axon-dendrite
polarity in developing neurons. Annual review of neuroscience, 32:347–
381, 2009.

[2] Jennifer Zeitler, Cynthia P. Hsu, Heather Dionne, and David Bilder.
Domains controlling cell polarity and proliferation in the drosophila tu-
mor suppressor scribble. The Journal of Cell Biology, 167(6):1137–1146,
2004.

[3] Laura L. Yates, Carsten Schnatwinkel, Lee Hazelwood, Lauren Ches-
sum, Anju Paudyal, Helen Hilton, M. Rosario Romero, Jonathan Wilde,
Debora Bogani, Jeremy Sanderson, Caroline Formstone, Jennifer N.
Murdoch, Lee A. Niswander, Andy Greenfield, and Charlotte H. Dean.
Scribble is required for normal epithelial cellcell contacts and lumen mor-
phogenesis in the mammalian lung. Developmental Biology, 373(2):267–
280, 2013.

[4] P. O. Humbert, N. A. Grzeschik, A. M. Brumby, R. Galea, I. Elsum,
and H. E. Richardson. Control of tumourigenesis by the scribble/dlg/lgl
polarity module. Oncogene, 27(55):6888–6907, 0000.

[5] Mark Norman, Katarzyna A. Wisniewska, Kate Lawrenson, Pablo
Garcia-Miranda, Masazumi Tada, Mihoko Kajita, Hiroki Mano, Susumu
Ishikawa, Masaya Ikegawa, Takashi Shimada, and Yasuyuki Fujita. Loss
of scribble causes cell competition in mammalian cells. Journal of Cell
Science, 125(1):59–66, 2012.

[6] Nan Zhang, Annie Beuve, and Ellen Townes-Anderson. The nitric
oxide-cgmp signaling pathway differentially regulates presynaptic struc-
tural plasticity in cone and rod cells. The Journal of Neuroscience,
25(10):2761–2770, 2005.

[7] Maya Shelly, Byung Kook Lim, Laura Cancedda, Sarah C. Heilshorn,
Hongfeng Gao, and Mu-ming Poo. Local and long-range reciprocal
regulation of camp and cgmp in axon/dendrite formation. Science,
327(5965):547–552, 2010.

[8] Stefanie Kaech and Gary Banker. Culturing hippocampal neurons. Nat.
Protocols, 1(5):2406–2415, 2006.

22



[9] Walter E. Kaufmann and Hugo W. Moser. Dendritic anomalies in dis-
orders associated with mental retardation. Cerebral Cortex, 10(10):981–
991, 2000.

[10] Peter Penzes, Michael E. Cahill, Kelly A. Jones, Jon-Eric VanLeeuwen,
and Kevin M. Woolfrey. Dendritic spine pathology in neuropsychiatric
disorders. Nature neuroscience, 14(3):285–293, 2011.

[11] Jennifer N. Murdoch, Deborah J. Henderson, Kit Doudney, Carles
Gaston-Massuet, Helen M. Phillips, Caroline Paternotte, Ruth Arkell,
Philip Stanier, and Andrew J. Copp. Disruption of scribble (scrb1)
causes severe neural tube defects in the circletail mouse. Human Molec-
ular Genetics, 12(2):87–98, 2003.

[12] Yuh-Nung Jan and Lily Yeh Jan. The control of dendrite development.
Neuron, 40(2):229–242.

[13] Michel Bornens. Organelle positioning and cell polarity. Nat Rev Mol
Cell Biol, 9(11):874–886, 2008.

23


