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Abstract

3-Phosphoinositide-dependent protein kinase-1 (PDK1) plays a critical role in the
development of mammalian brain. Here, we investigated the role of PDK1 in purkinje
cells (PCs) by generating the PDK1 conditional knockout mice (PDK1-cKO) through
crossing PV-cre or Pcp2-cre mice with Pdk1™ mice. The male mice were used in the
behavioural testing and the other experiments were performed on mice of both
genders. These PDK1-cKO mice displayed the decreased cerebellar size and the
impaired motor balance and coordination. By the electrophysiological recording, we
observed the reduced spontaneous firing of PCs from the cerebellar slices of the
PDK1-cKO mice. Moreover, the cell body size of PCs in the PDK1-cKO mice was
time-dependently reduced compared to that in the control mice. And the
morphological complexity of PCs was also decreased after PDK1 deletion. These
effects may be contributed to the reduction of the rpS6 phosphorylation and the PKCy
expression in PDK1-cKO mice since the upregulation of pS6 by the treatment of
3BDO, the agonist of mTOR1, partly rescued the reduction in the cell body size of the
PCs, and the delivery of rAAV-PK Cy through cerebellar injection rescued the reduced
complexity of the dendritic arbour inPDK1-cKO mice. Taken together, our data
suggest that PDK1, by regulating rpS6 phosphorylation and PKCy expression,
controls the cell body maintenance and the dendritic development in PCs and is

critical for cerebellar motor coordination.

Key words: PDK1, cerebellum, purkinje cells, pS6, PKCy, cell body

Significance Statement:

Here, we show the role of PDK1 in PCs. The ablation of PDK1 in PCs resulted in a
reduction of the cell body size, and the dendritic complexity and the abnormal
spontaneous firing, which attributes to the motor defects in PDK1-cKO mice.
Moreover, the rpS6 phosphorylation and the expression of PKCy are down-regulated
after the ablation of PDK1. Additionally, upregulation of rpS6 phosphorylation by

3BDO partly rescued the reduction in cell body size of PCs, and overexpression of
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PKCy in PDK1-KO PCs rescued the reduction in the dendritic complexity. These
findings indicate that PDK1 contributes to the maintenance of cell body and the
dendritic development of PCs by regulating rpS6 phosphorylation and PKCy

expression.

Introduction

Purkinje cells (PCs) are the sole output neuron of the cerebellar cortex, serving as an
integration centre in this region, and are important for motor coordination and motor
balance (Lui et al., 2017; Edamakanti et al., 2018; Popa et al., 2019). Although the
neurogenesis and neuronal migration of PCs are completed during the embryonic
stage, the postnatal development process is critical for PCs and cerebellum-related
motor function (Liu et al., 2017; Lui et al., 2017; Edamakanti et al., 2018). During the
8-week postnatal stage, the soma size of PCs gradually increases and the
characteristic dendritic trees of PCs are also formed at this stage (Takeo et al., 2015).
Previous studies have demonstrated that mTOR (the mammalian target of rapamycin)
pathway may be involved in the postnatal development of PCs. For example, in
PC-specific deletion of mTORC1 mice, PCs are progressively lost due to apoptosis
that is paralleled by the age-dependent motor deficits (Angliker et al., 2015).
Moreover, the whole-brain mTORC2 knockout mice display the motor coordination
defects, which correlates with the reduced Purkinje cell body size, the developmental
deficits in climbing fibre elimination and the impaired dendritic self-avoidance.
Furthermore, the deletion mTORC?2 in cerebellum leads to a striking decrease in the
activation and expression of several protein kinase C (PKC) isoforms including the
gamma isoform of PKC (PKCy) (Thomanetz et al., 2013; Angliker et al., 2015).
Previous studies have reported that PKCy, which is highly and specifically expressed
in PCs, plays a critical role in the eliminating supernumerary climbing fibre synapses
form developing PCs (Kano et al., 1995; Hirai, 2018). Although various molecules
and mechanisms have been implicated in the regulation of PC morphogenesis, the
mechanisms that regulate postnatal maintenance and development of PCs remain

unclear.
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The 3-phosphoinositide-dependent protein kinase-1 (PDK1), a serine/threonine kinase
of the AGC kinase group, phosphorylates and activates at least 23 other AGC protein
kinases such as AKT (Protein Kinase B), PKC, ribosomal protein S6 kinase B1 (S6K1)
and serum- and glucocorticoid-induced kinase (SGK) (Castel et al., 2016; Leroux et
al., 2018) which contributes to many biological processes, including cell polarization,
neuronal migration, and neuronal differentiation (Oishi et al., 2009; Dainichi et al.,
2016; Itoh et al., 2016; Wang et al., 2017b). Our previous studies showed that PDK1
is required for the proliferation, differentiation, and migration of neural progenitor
cells (NPCs) during dentate gyrus (DG) development (Xu et al., 2019). Whole-brain
downregulation of PDK1-AKT signalling results in microcephaly, reflected in a
reduction in cell size rather than cell number (Lawlor et al., 2002; Cordon-Barris et al.,
2016). Additionally, PDK1 is a downstream antagonist of phosphatase and tensin
homologue (PTEN), and the hypertrophy of PTEN-deficient neuronal nuclei and
soma can be rescued by the PDK1 deletion (Chalhoub et al., 2009; Grego-Bessa et al.,
2016). Recent evidence indicates that the loss of PTEN in PCs results in autistic-like
traits, including motor learning deficits, sociability impairment, and repetitive
behaviour, which may be attributed to the structural abnormalities in neurite and the
late-onset cell death (Cupolillo et al., 2016). These data indicate that PDK1 is likely
involved in the postnatal development of PCs.

In this study, we investigated the role of PDK1 in the postnatal development of PCs

by crossing the Pdk1""

mice with the PV-cre or Pcp2-cre line. And our data showed
that the ablation of PDKL1 in PCs decreased the cell body size, reduced the dendritic
complexity, and was associated with substantial abnormal spontaneous
electrophysiological properties in PCs, which was paralleled by the motor defects. We
further showed that the reduced ribosomal protein S6 (rpS6) phosphorylation and
expression of PKCy was probably contributed to these phenotypes. Together, our
results suggested that PDK1 was important for the cell body maintenance and the

dendritic development in postnatal PCs and was correlated to the cerebellar motor

coordination and balance.
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Materials and Methods

Animals and mouse breeding

Pdk1™™ mice have been reported previously (Lawlor et al., 2002). Parvalbumin-cre
(PV-cre) mice were generously provided by Prof. Li - Huei Tsai (Picower Institute for
Learning and Memory, MIT, MA, USA). Pcp2-cre mice were generously provided by
Prof. Ying Shen (Zhejiang University, Hangzhou, Zhejiang, PRC) (Barski et al., 2000).
ROSA26-LSL-EYFP mice were generously provided by Prof. Chunjie Zhao (Southeast
University, Nanjing, Jiangsu, PRC) (Srinivas et al., 2001). The PV-cre; Pdk1™ mice
and the Pcp2-cre; Pdk1" mice were generated by crossing the Pdk1™ mice with the

1f|/f|

PV-cre mice and the Pcp2-cre; Pdk mice respectively. In this study, the PV-cre;

Pdk1™ mice and the Pcp2-cre; Pdk1™ mice were named cKO-PV and cKO-Pcp2

respectively, and the Pdk1™"

mice were grouped as control (Ctrl). All the mice are
maintained on a C57/B6 background and kept in a barrier facility, and all animal
experiments were conducted in accordance with the procedure approved by the
Animal Ethical and Welfare Committee for Institutional Animal Care and Use
Committee  (IACUC) of Nanjing Medical University (Approval No.

IACUC-1907019). The day of birth was considered as postnatal day 0 (P0).

Tissue collection

Mice (P14 - P120) were anesthetized by intraperitoneal administration of
ketamine/xylazine (ketamine: 100 mg/kg; xylazine: 10 mg/kg) based on body weight
and sacrificed by transcardial perfusion with phosphate-buffered saline (PBS)
followed by 4% paraformaldehyde (PFA) in PBS. The cerebellum was removed and
post-fixed in 4% PFA overnight at 4°C and processed into cryosections by using a

freezing microtome (Leica, CM 1950, 25 pm thick).

Genotyping

Genotype was identified by PCR with genomic DNA obtained from the toes or the
tails. The primers sequences used to identify specific genotypes were as follows:
Pdk1"™ 5 -CTATGCTGTGTTACTTCTTGGAGCACAG-3 and

6
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5-TGTGGACAAACAGCAATGAACATACACGC-3'; Pcp2-cre  and  PV-cre
5 -CATACCTGGAAAATGCTTCTGTCC-3 and
5 -TCCCCAGAAATGCCAGATTACG-3; ROSA26-LSL-EYFP
5-AAGACCGCGAAGAGTTTGTC-3 and 5-AAAGTCGCTCTGAGTTGTTAT-3'.
The PCR program used was; 94°C 5min, then 35 cycles of 94°C 30 seconds for

denaturation, 62°C 45 seconds for annealing and 72°C 45 seconds for elongation.

Behavioural Testing

All behavioural experiments were conducted on male mice between 09:00 hours and
16:00 hours. Each mouse was subjected to each of the following behavioural tests.
Footprint

Hind paws and forepaws of mice were painted with nontoxic blue and red watercolour
respectively. Mice walked through a tunnel (100 cm Long, 9 cm wide, 60 cm high)
with white paper lining the floor to a dark box with a hole. Each mouse was trained on
3 consecutive days with 3 trials per day. Footprint patterns were analysed for length of
stride, stance, and sway and distance between the front and hind footprints on each
side. For each measurement, the first and last 20 cm of the prints were excluded. If the
mouse stopped in the middle of the tunnel, the trial was repeated.

Rotarod assay

The rotarod apparatus (ZH-300) was used to measure motor coordination as
previously described (Carter et al., 1999). During the training period, each mouse was
placed on the rotarod at a constant speed (20 rpm) for a maximum of 60 seconds.
Mice received six trials per day for 4 consecutive days, by which time a steady
baseline level of performance was attained. Mice then received two trials at 6
independent speed levels: 10, 15, 20, 25, 30, and 33 rpm. The mean latency to fall off
the rotarod (for the two trials at each speed level) was recorded and used in
subsequent analysis.

Elevated beam-walk assay

The elevated beam-walk assay for evaluating motor balance was carried out as
previously described (Carter et al., 2001). Briefly, the beams consisted of long strips

7
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of matte-surface acrylic (130 cm) with a 28- or 12-mm square cross-section and a 30,
16, or 10 mm diameter. The beams were placed horizontally, 40 cm above the
platform surface, with one end mounted on a narrow support and the other end
attached to an enclosed box (30 cm square) into which the mouse could escape. In the
middle part of each beam an 80-cm long segment was marked. One angle poise light
(40 W) was positioned above and to one side of the start of the beam. During training,
mice were placed at the start of the 12-mm square beam and encouraged to traverse it.
Each mouse underwent 3 consecutive trials and was then returned to its home cage to
rest for 30 minutes, then another 3 consecutive trials were performed. Each mouse
underwent 6 trials per day over 4 days. On the 5" day, each mouse underwent three
consecutive trials on each of the round beams, from the widest to the narrowest beam.
The latency to traverse each 80-cm section and the number of times the hind paws
slipped off each beam were recorded for each trial. Mice were allowed up to 60s to
cross the beam. If the mouse dropped from the beam, the trial was repeated, and if it
could not cross the beam within 60s after 2 attempts, the trial was allocated a
maximum latency of 60s for inclusion in the latency analyses. Analysis of each

measure was based on the mean scores of the two trials for each beam.

Immunofluorescence

Immunofluorescence experiments were performed as previously described (Liu et al.,
2015). Briefly, brain tissue sectioning was performed using a freezing microtome
(Leica, CM 1950, 25 pum thick). For each genotype, at least three histological sections
at middle sagittal levels from three different animals were analysed for
immunostaining, and confocal optical sections were acquired. The primary antibodies
and working concentration were as follows: rabbit anti-calbindin (Abcam, ab49899, 1
pg/mL), anti-NeuN (Millipore, ABN78, 1 pg/mL), anti-PAX6 (Abcam, ab5790, 4
png/mL), anti-PDK1 (Epitomics, 3377-1, 2 pg/mL), anti-PDk1 (Abcam, ab52893, 0.36
ug/mL), anti-PKC (phospho T514) (Abcam, ab109539, 0.68 pg/mL), anti-Phospho-S6
Ribosomal Protein (Ser235/236) (Cell Signalling Technology, #2211, 3.8 x 102
ug/mL); mouse anti-NeuN (Millipore, MAB377,2 pg/mL), anti-GFAP (Millipore,

8
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MAB3402, 1 ug/mL), anti-GAD67 (Millipore, MAB5406, 1 pg/mL), anti-mCherry
(Bioworld Technology Inc, Louis Park, MN, MB2013, 1 ug/mL); chicken anti-GFP
(Abcam, ab13970, 2.5 pg/mL). The secondary antibodies included DyLight 488
donkey anti-rabbit (Thermo Fisher Scientific, SA5-10038, 1 ug/mL), Alexa Fluor 488
goat anti-rabbit (Invitrogen, A11008, 4 pug/mL), DyLight 488 donkey anti-mouse
(Thermo Fisher Scientific, SA5-10166, 1 ug/mL), Alexa Fluor 555 donkey anti-rabbit
(Invitrogen, A31572, 4 pg/mL), DyLight 550 donkey anti-mouse (Thermo Fisher
Scientific, SA5-10167, 1 pg/mL), Alexa Fluor 488 donkey anti-chicken (Jackson
ImmunoResearch Laboratories, INC, 703-545-155, 0.25 pg/mL). Secondary
antibodies were diluted in PBS containing 10% Fetal Bovine Serum (FBS), 0.1%
Triton X-100 and 0.5 ug/mL DAPI (4,6-diamidino-2-phenylindole).

Golgi staining

Golgi staining was performed using FD Rapid GolgiStain™ Kit (FD
NeuroTechnologies, INC, #PK401) following the manufacturer’s protocols. Briefly,
the cerebellum was dissected from P30 mice and incubated in premixed Solutions A
and B that were refreshed the next day. The cerebellum was kept in the dark for 2
weeks at room temperature, then incubated in Solution C in the dark for 5 - 7 days at
room temperature. The cerebellum was then sectioned into 250 um thick slices with a
vibratome (VT1000; Leica Microsystems) and stained according to the manufacturer's
protocols. Images of PCs and other cerebellar neurons were captured by Olympus
Fluoview FVV1200 confocal microscope.

The dendritic arbours of each PC was semi-autonomous traced by using NIH ImageJ
software as previously described (Stanko et al., 2015). Dendritic arborization
complexity was assessed using a Sholl analysis to examine dendritic intersections per
1 pum concentric radial interval from cell body (Ferreira et al., 2014). The schematic
representation of the Sholl analysis method described is shown in Figure 12 G and H.
The significance of the differences in complexity was determined using GraphPad
Prism software with a two-way ANOVA (genotype and circle radius as factors)
followed by the Bonferroni’s post hoc test.
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Western blotting

Western blotting experiments were performed as previously described (Xu et al.,
2019). Briefly, mouse cerebellums were collected and homogenized and the lysates
from at least four brains per genotype were clarified by centrifugation at 14000 rpm.
The protein concentrations were measured (Pierce Biotechnology, Rockford, IL).
Cerebellum lysates (20 pg) were separated by 10% SDS-PAGE and transferred to
PVDF membranes. After blocking the membranes with 5% non-fat dry milk in
Tris-buffered saline with 0.5% Tween-20, they were incubated at 4°C with primary
antibodies, followed by incubation with the HRP-linked anti-rabbit 1gG secondary
antibody (Cell Signaling Technology, 7074, 8.2 x 10 pg/mL), and signals detected
using SuperSignal West Pico Chemiluminescent Substrate (Thermo Scientific). The
primary antibodies used and the working concentration of these antibodies were:
rabbit anti-p-actin (Bioworld Technology Inc, Louis Park, MN, AP0060, 1 pg/mL),
anti-GAPDH (Cell Signaling Technology, 2118, 8.4 x 10° pg/mL), anti-PDk1
(Epitomics, 3377-1, 0.5 ug/mL), anti-PDk1 (Abcam, ab52893, 0.09 ug/mL), and anti
PKCy (Abcam, ab4145, 0.1 pg/mL).

Whole-cell patch clamp recordings on brain slices

Whole-cell patch clamp recordings on brain slices were performed as previously
described (Wang et al., 2017c). Briefly, cerebellar sices (300 um in thickness) were
prepared following the standard protocols. During whole-cell patch-clamp recordings,
PCs were held at a membrane potential of -70 mV and characterized by injection of
rectangular voltage pulse (5 mV, 50 ms) to monitor the whole-cell membrane
capacitance, membrane resistance and series resistance. PCs were excluded from the

experiments if the series resistance was not stable or exceeded 20 MQ.

3BDO treatment
3-benzyl-5-((2-nitrophenoxy)  methyl)-dihydrofuran-2(3H)-one (3BDO, Selleck
chemicals, S8317) was dissolved in 100% DMSO and stored in a stock solution of

10
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300 mg/mL at -20°C. A working solution was prepared immediately before injection
at a final concentration of 6 mg/mL 3BDO, 2% DMSO, 0.01M PBS. P14 cKO-PV
and Pdk1™ mice were injected intraperitoneally with either 3BDO (80 mg/kg body

weight/mouse) or vehicle once a day before harvest or behaviour test.

Virus vector construction

Total RNA extraction of the cerebellar cortices and cDNA synthesis were performed
as previously described (Liu et al., 2015). Full-length PKCy coding sequence was
amplified from cDNA taken from a wild-type C57/B6 mouse and inserted into a
pCAGIG plasmid (provided by Prof. Chunjie Zhao, Southeast University).
Recombinant adeno-associated virus (AAVs) were produced by the Taiting Biological
Co., Ltd (Shanghai, China) at the following stock titers (GC/mL):
AAV2/9-CAG-FLEX-Prkcg-3xHA-P2A-EGFP at 6.7 X 10%,
AAV2/9-CAG-FLEX-EGFP at 2.3 x 10** and AAV2/8-CMV_bGI-mCherry at 2.77 x
10™. Viruses were diluted in 0.01 mol/L sterile phosphate-buffered saline (PBS, pH =
7.4) before injection. The PCs in the Ctrl and cKO-Pcp2 mice was labeled using
AAV2/8-CMV_bGI-mCherry constructs that express mCherry under a CMV promoter.
Rescue experiments were conducted in Pcp2-cre; Pdk1™ mice using rAAVs
expressing enhanced green fluorescent protein (EGFP) or full-length PKCy. rAAVs
expressing EGFP under CAG promoters (AAV2/9-CAG-FLEX-EGFP) were used to
label PDK1-KO PCs in mice, and rAAVs expressing both EGFP and PKCy
(AAV2/9-CAG-FLEX-Prkcg-3xHA-P2A-EGFP) were used to label PDK1-KO PCs
and overexpress PKCy. The PKCy-expressing rAAV construct contained a CAG
promoter and a floxed stop sequence upstream of an independent EGFP and
full-length PKCy sequence (rAAV2/9 - CAG - FLEX - Prkcg - 3xHA - P2A - EGFP).
Thus, only Cre-positive PCs in the cKO-Pcp2 mice were able to remove the stop
sequence and to overexpress EGFP and PKCy. The rAAV2/9-CAG-FLEX-EGFP was
used to express EGFP and to label Cre-positive PDK1-KO PCs in the cKO-Pcp2 mice

without overexpression of PKCy.

11



s
O
p-
@)
7p)
-
-
®
=
O
D
e
O
)
@)
O
<
@)
0p)
O
| -
-
)
Z
-

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

Virus injections

All injections were performed on newborn mouse pups at postnatal age PO - P1 as
previously described (Gibson and Ma, 2011). Briefly, the PO or P1 mouse pubs were
divided into two groups: one group were injected with a mix of
AAV2/8-CMV_bGI-mCherry and AAV2/9-CAG-FLEX-EGFP in a 1:1 ratio, and the
other group were were injected with a mix of AAV2/8-CMV_bGI-mCherry and
AAV2/9-CAG-FLEX-Prkcg-3xHA-P2A-EGFP in a 1:1 ratio. Each pup was injected
with 1 - 1.5 pL of diluted rAAVs, and the concentration is 1 x 10' GC/mL for each
AAV vector so the final concentration is 1 x 10** GC/mL. A digital pressure pump and
a Hamilton syringe with a beveled 34G stainless steel needle were used. Pups were

then returned to their mothers and analysed at P30.

Microscopic analysis

The images were acquired on a Nikon (Tokyo, Japan) ECLIPSE Ti microscope or an
Olympus FV1200 confocal microscope (Tokyo, Japan). All images were processed
using Image-Pro Plus 6.0 software (Media Cybernetics), Adobe Photoshop CS6.0
software (Adobe Systems Inc, San Jose, CA), or the open source FIJI (NIH ImageJ)
software (http://fiji.sc/Fiji).

Analysis of PC dendrites

Confocal z-stacks were collected on an Olympus FV1200 laser scanning confocal
microscope (Tokyo, Japan). Confocal stacks of labelled PCs were collected from
anatomical positions throughout the cerebellum. GFP-positive or mCherry-positive
PC dendrites were manually traced to generate a skeletonized 2D reconstruction of the
entire arbour as previously described (Stanko et al., 2015). Total dendrite area was
calculated using the confocal stack images of each PC and total dendrite lengths were
calculated from the 2D reconstruction. Dendritic arbour complexity was assessed
using a Sholl analysis method, which was described in the methods for Golgi staining.
All processes described above were performed using the open source FIJI (NIH
ImageJ) software (http:/fiji.sc/Fiji).
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Morphometric analysis

The area of cerebellum, the thickness of ML of the cerebellum and the total number,
the cell density and the cell body size of PCs were evaluated in the lobule 11-111, V-VI
and IX-X of cerebellum of Ctrl, cKO-PV and cKO-Pcp2 mice at different ages.
Immunostaining of cerebellar slices with the specific antibody of calbindin was used
to label the cell bodies and proximal primary dendrites of PCs, and a combination of
immunostaining for calbindin and DAPI staining was used to label the outlines of
sagittal cerebellar slices and to distinguish the three layers of the cerebellar cortex.
The area of cerebellum was obtained by drawing the outline of sagittal sections of
cerebellum and then calculating the average enclosed area. The size of each purkinje
cell body was obtained by drawing the outline of PC body clearly showing a proximal
primary dendrite. The total number of PCs was obtained by drawing the outline of
purkinje cell layer (PCL) in the selected lobules of cerebellum and counting the
number of PCs in the lobule manually. The length of the PCL was then measured and
the density of PCs was calculated by dividing the total number of PCs by the length of
PCL. At least six slices/mice and three mice (excepted for vehicle-treated cKO-PV
mice) at each age point were analysed for each condition in parallel experiments. And
for the analysis of the cell body size of PCs, at least 32 PCs per mouse were analysed
for each condition in parallel experiments. All processes described above were

performed using the open source FIJI (NIH ImageJ) software (http:/fiji.sc/Fiji).

Experimental Design and Statistical Analysis

The male mice were used in the behavioural testing, and in the other experiments, .no
effects of ewe, fetus, or gender were observed. All the data were statistically analysed
using GraphPad Prism software (version 8, GraphPad Software). The data are
expressed as the mean + s.e.m. The error bars represent the standard error of the mean.
For morphometric analysis, western blotting, electrophysiological analysis and
behaviour tests, two-tailed unpaired Student’s t-test, one-way ANOVA followed by
the Bonferroni’s post hoc test or two-way ANOVA followed by the Bonferroni’s post
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hoc test were used to analyse statistical significance. The statistical methods used in
each experiment are described in the figure legends and the detailed description for
each statistical test, including the degrees of freedom and the sample size, are shown
in the figure legends or tables. If the P-values are less than 0.0001 or more than
0.9999, they were presented as p < 0.0001 or p > 0.9999 respectively. And in the other
cases, the exact P-values are presented in the figure legends or tables. In the figures,
P-values are presented as: ns, p > 0.05; * or # p < 0.05; ** or ## p < 0.01; and *** or

### p < 0.001.

Results

Cerebellar size was decreased in cKO-PV mice

Previous data demonstrated that Cre expression was evident in PCs no later than
postnatal day 8 in PV-cre mice (Buttermore et al., 2012). To confirm the specificity of
the PV-cre drivers, we generated PV-cre; ROSA26-LSL-EYFP mice and observed
yellow fluorescent protein (YFP)-positive cells located in the molecular layer (ML)
and PCL of cerebellum (Fig. 1A), suggesting that parvalbumin is expressed in PCs
and ML interneurons in the cerebellar cortex. Co-immunostaining for YFP and the PC
marker calbindin further confirmed that YFP was expressed in PCs (Fig. 1A - D).
Furthermore, our data demonstrated that PDK1 is highly expressed in postnatal PCs
(Fig. 1E - J). To better understand the role of PDK1 in the postnatal development of

1" mice with the

PCs and motor dysfunction, we deleted Pdkl by crossing the Pdk
PV-cre line. Immunostaining for PDK1 and glutamic acid decarboxylase 67 (GAD67),
which is expressed in the cell bodies, dendrites, and axonal projections of PCs,
showed a dramatic reduction in PDK1 abundance in PCs at P21, P40 and P60 in
cKO-PV mice (Fig. 2A - F'"), and the disruption efficiency was confirmed by western
blot at P60 (Fig. 2G) (Nam et al., 2019). Moreover, our data indicated that
PDK1-positive cells was detected in the granule cell layer (GCL) and the ML of
cerebellum in the Ctrl mice at P60, and in the cKO-PV mice, PDK1-positive cells was
detected in the GL of cerebellum but not in the ML of cerebellum (Fig. 2E - F’). We

found that nearly all cKO-PV mice survived to adulthood. Moreover, the cerebellar
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size was dramatically reduced, while the body weight, the brain weight and the brain
architecture of the forebrain or midbrain in adult cKO-PV mice were similar to those
in the Ctrl mice (Fig. 3A - D and Table 1). By immunostaining for PC marker
calbindin, we observed that the sagittal cross-sectional area of the cerebellar vermis
was decreased significantly beginning at P21 after the PDK1 deletion during the
postnatal developmental stage, while the PCs density, the overall cytoarchitecture and
foliation of the cerebellum were not changed in cKO-PV compared to those in Ctrl
mice at P14, P21, P30 and P60 (Fig. 3E - J and Table 2). Moreover, the total numbers
of PCs in cerebellar lobule V and VI from the Ctrl and cKO-PV mice were counted,
and no significant differences were observed at P60, however, both the density and
the total number of PCs was decreased at P120 in cKO-PV mice (Fig. 3J - L and Table
2). Moreover, to assess whether other types of cells were affected, the
immunostaining for NeuN and GFAP, which are expressed in the cerebellar granule
neurons and Bergmann glia respectively, were performed. As shown in Fig. 4, the
distribution and cytoarchitecture of cerebellar granule neurons and the morphology of
Bergmann glial fibres in the cKO-PV mice were similar to those in the Ctrl mice.
Together, these data indicated that the deletion of PDK1 contributed to the reduction

of cerebellar size in the cKO-PV mice.

The cell body size and the morphological complexity of PCs were decreased in
cKO-PV mice.

To further study the morphology of PCs in the absence of PDK1, the cell body size of
PCs was measured at P14, P21, P30 and P60. Compared to the Ctrl mice, the purkinje
cell body size was time-dependently reduced, and the significant reduction was
detected since P21 in cKO-PV mice (Fig. 5A - F and Table 2). As the cell body size of
PCs was decreased in the cKO-PV mice, and the PC dendrites are located in the ML
of the cerebellum, we next investigated whether the decreased cell body area after
PDKZ1 ablation affected the cerebellar ML thickness at P14, P21, P30, P60 and P120.
We observed that the ML thickness of cerebellar lobules V and VI was significantly
increased at P21 in Ctrl mice compared to that at P14, while not in cKO-PV mice.
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Moreover, the ML thickness of cerebellar lobules VV was markedly decreased since
P21, and the significant reduction of that in lobules VI was detected since P30 in the
cKO-PV mice compared to that in the Ctrl mice (Fig. 5G - J' and Table 2). To confirm
the presence of dysmorphic PC dendrites in the absence of PDK1, we used Golgi
staining to examine the morphology of PCs from P30 mice and observed a severe
decreased in the complexity of the dendritic arbour in cKO-PV mice compared to that
in Ctrl (Fig. 5K - L). Thus, our data demonstrate that PDK1 is required for postnatal
development and maintenance of PCs dendrites and suggest that the decreased

cerebellum is due to the reduced ML thickness.

The cKO-PV mice displayed motor defects.

We observed that the cKO-PV mice staggered and demonstrated ataxia-like behaviour,
indicating that PDK1 may be attributed to the proper motor control (Movie 1 and 2).
To quantitatively analyse their gait defects, we performed a footprint assay at 9 - 10
weeks after birth of mice (Fig. 6A and A’). Moreover, a statistic analysis was
performed by using the parameters illustrated in Fig. 6B. Our data demonstrated that
the stride distance was similar in between the cKO-PV and the Ctrl mice; however,
the stance lengths, the sway distance, and the overlap distance in the cKO-PV mice
were significantly greater than those in the Ctrl mice (Fig. 6C - F and Table 3). These
data indicated that PDK1 ablation resulted in wider gait and tottering steps in adult
mice. We then performed an elevated beam-walk assay to examine whether the motor
balance was affected after PDK1 deletion. A schematic diagram of an elevated
beam-walk assay is shown in Fig. 6G. Most of the cKO-PV mice fell from the square
beam (the side length: 28 mm) and could not finish the test at the age of 8 weeks (Fig.
6H). Furthermore, the rotarod test was used to investigate the effect the PDK1
ablation on the motor coordination. However, at the age of 8 weeks, ho cKO-PV mice
were able to stand on the rotating rod and to continue the test. These results indicated
that the ablation of PDK1 leads to motor deficits at adult stage in cKO-PV mice.

To test whether the motor deficits observed in the adult cKO-PV mice were existed in
developmental stage, the same behaviour tests were performed at 4 weeks after birth.
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The cKO-PV mice took significantly longer time and showed more hind limb
missteps to cross the beam with the diameters of 10 and 16 mm while not at 30 mm
round beam test than the Ctrl mice did (Fig. 61 - J and Table 4). In rotarod assay, the
cKO-PV mice fell off the rotarod in less time than the Ctrl mice did (Fig. 6K).
Furthermore, we analysed the gait and observed no differences in the stance lengths,
the sway distance, the overlap distance, or the stride distance between the cKO-PV
mice and the Ctrl mice at 4 weeks after birth (Fig. 6L - O and Table 3). These results
indicated that although the 4-week-old cKO-PV mice showed no significant gait
abnormality, they displayed the altered motor coordination and motor balance.
Together, our results suggest that the ablation of PDK1 in PCs and cerebellar ML

interneurons leads to progressive motor deficits.

PC-specific ablation of PDK1 resulted in decreased size of PCs and motor defects
Because the PV-cre mice express Cre recombinase in all parvalbumin-positive
interneurons in the nervous system, including PCs, basket cells (BCs) in the ML of
cerebellum and a part of cerebral cortical GABAergic interneurons, we could not
exclude the possibility that disrupted morphology of PCs and motor dysfunction in the
cKO-PV mice were due to a deficient interaction between PCs and cerebellar ML
interneurons or to the abnormal inhibitory signal from the cerebral cortical
PV-positive GABAergic interneurons. To determine whether the effects of PDK1 on
PCs were cell-autonomous or non-cell autonomous, Purkinje-cell protein 2 - cre
(Pcp2-cre) mice were employed. Cre recombinase-dependent DNA recombination is
evident in the PCs by P6 and fully established by 2 - 3 weeks in Pcp2-cre mice
(Barski et al., 2000). As the cKO-PV mice, the expression of PDK1 was efficiently
disrupted and the sagittal cross-sectional area of the cerebellar vermis was
significantly decreased after PC-specific deletion of Pdkl in cKO-Pcp2 mice at P30
after birth (Fig. 7A - B”, Fig. 8A - E and Table 5). Further analysis showed that the
cell body sizes of PCs in lobules II/III, V/VI and IX of the cerebellum was also
decreased in the cKO-Pcp2 mice at P30 (Fig. 8 A" - B"’, F and Table 5). Although
comparable PC density was detected in the Ctrl mice and the cKO-Pcp2 mice, the ML

17



s
O
p-
@)
7p)
-
-
®
=
O
D
e
O
)
@)
O
<
@)
0p)
O
| -
-
)
Z
-

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

thicknesses were significantly reduced after PDK1 ablation at P30 (Fig. 8G, H and
Table 5).

To further study whether specific deletion of PDK1 in PCs resulted in the same motor
deficits as that in cKO-PV mice, the elevated beam-walk and rotarod assay were used.
Consistent with the above results, the cKO-Pcp2 mice displayed the longer latency to
traverse the 10 mm beams, a greater number of missteps and the shorter latency to fall
off the rotarod than the Ctrl mice did at 9 weeks after birth (Fig. 81 - K and Table 6).
However, the latency and number of missteps in cKO-Pcp2 mice were similar to those
in Ctrl mice, when beams with diameters of 16 mm or 30 mm were used (Fig. 8I, J
and Table 6), suggesting that the motor balance deficits are only detectable in the
harder test in cKO-Pcp2 mice at the age of 9 weeks. Together, the results suggest that
specific ablation of PDK1 in postnatal PCs leads to the decreased body size, the
reduced cerebellar size and the motor deficits, indicating that the role of PDK1 in

postnatal PC development is cell autonomous.

Defects in spontaneous firing activity of PDK1-KO PCs

To test whether the electrophysiological properties of PCs were affected by the
absence of PDK1, we performed whole-cell patch-clamp recordings on PCs. To
exclude the influence of the cerebellar ML on the PCs, the cerebellar slices were
separated from cKO-Pcp2 mice at P21. From recordings of spontaneous PC firings,
we observed that both of the PCs from the Ctrl and cKO-Pcp2 mice exhibited regular
firing (Fig. 9A). We quantified the PC spontaneous firing patterns by testing the
coefficient of variation (CV) of inter-spike intervals (ISIs) and observed no diffidence
between PDK1-deficient and control PCs, however, the spontaneous firing frequency
was remarkably lower in PDK1-KO PCs than that in control PCs (Fig. 9B - D).
Furthermore, the membrane capacitance (Cm) of PDK1-KO PCs was decreased
compared to that of the control cells (Fig. 9E), which might be due to the decreased
cell body size of PCs after PDK1 ablation. Moreover, spontaneous excitatory
postsynaptic currents (SEPSCs) were recorded and analysed to test the synaptic
transmission to PCs with PDK1 knocked out (Fig. 9F). The amplitude and frequency
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of SEPSCs recorded in PDK1-KO PCs were similar to those in control cells (Fig. 9G
and H). Taken together, the ablation of PDK1 affected the electrophysiological
properties of PCs at P21.

The reduction of PC cell body size was partly rescued by treatment of 3BDO in
Pdk1 cKO-PV mice.

Previous studies have shown that downregulated catalytic activity of PDK1 causes
decreased rpS6 phosphorylation (Zurashvili et al., 2013). Immunostaining for the
phosphorylated form of rpS6 (pS6) was performed to measure the activation level of
mTORC1. We performed co-immunostaining for pS6 and GAD67, which is expressed
in the cell bodies, dendrites, and axonal projections of PCs, and observed that rpS6
phosphorylation was significantly lower in PCs at P14 in the cKO-PV mice than that
in the Ctrl mice (Fig. 10A - B"). Furthermore, the staining for pS6 in PCs was
completely disrupted at P21 after PDK1 deletion (Fig. 10C - D). These results
indicated that in PCs, PDK1 ablation decreased rpS6 phosphorylation.

To further test whether decreased rpS6 phosphorylation in cKO-PV mice results in
decreased cell body  size of PCs, 3-Benzyl-5-((2-nitrophenoxy)
methyl)-dihydrofuran-2(3H)-one (3BDO), an activator of mTORC1, was used (Peng
et al., 2014). The cKO-PV and Ctrl mice were treated daily with either 3BDO (80
mg/kg) or vehicle from P14 to P30, and the brains were harvested at P30. As shown in
the Fig. 10E - H”, the reduced immunostaining intensity of pS6 in the PCs and
Bergmann glia of cKO-PV mice was significantly increased by 3BDO treatments at
P30. Moreover, the reduced cell body size of PCs in the cKO-PV mice was partly
rescued after 3BDO treatment, although the PC body size was not as large as that in
the Ctrl mice and 3BDO treatment did not affect the cell body size of control PCs (Fig.
101 - M). And this 3BDO treatment also partly rescued some behaviour deficits in
cKO-PV mice. The latency to fall off the rotarod in the 3BDO-treated cKO-PV mice
was similar to those in vehicle-treated Ctrl mice in the lower rotational speed range (<
20 rpm) while not in the high rotational speed range (= 25rpm) (Fig. 10N). These
results suggest that when PDK1 is disrupted, decreased cerebellar mTORC1 activity
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contributes, at least partially, to the reduction of cell body size of PCs and the motor

coordination defects.

The decreased dendritic complexity was partly rescued by PKCy overexpression
in Pdk1 cKO-Pcp2 mice.

Moreover, PKCy, a member of the PKC family of protein that is highly expressed in
PCs, has been demonstrated to be involved in the impaired development of dendritic
trees in cultured PKCy-deficient PCs (Schrenk et al., 2002; Takahashi et al., 2017;
Hirai, 2018). To investigate whether the expression or the phosphorylation level of
PKCy was affected and contributed to the dendritic deficits after PDK1 ablation in
PCs, we performed immunostaining for phosphorylated form of PKCy (pPKCy).
Although the immunostaining intensity for pPKCy in PCs from cKO-PV mice was
similar to that from Ctrl mice at P21, it was significantly decreased at P30 and P40
(Fig. 11A - C’). The co-immunostaining for pPKCy and GADG67 further showed that
the staining intensity for pPK Cy was completely disrupted in PCs after PDK1 deletion
at P60 (Fig. 11D - E""). The western blot with the anti-total PKCy protein showed that
the expression level of total PKCy protein from cerebellar lysate in cKO-PV mice was
lower than that in Ctrl mice at P21 (Fig. 11F and F’). To test whether the reduction of
PKCy protein in PCs is specific, we performed the western blot with the
anti-calbindin and found that the expression level of calbindin protein in the
cerebellum is comparable in the Ctrl and cKO-PV mice (Fig. 11G and G’). Together,
our data demonstrated that PDK1 ablation in PCs lead to a reduction in the expression
of PKCy.

To test the function of PKCy in the dendritic defects of PDK1-KO PCs, we performed
rescue experiments by injecting recombinant rAAV into the cerebellum of cKO-Pcp2
mice at PO or P1 (Gibson and Ma, 2011). In this study, the Cre-positive PDK1-KO
PCs in the cKO-Pcp2 mice infected by the rAAV-PK Cy-EGFP constructs were able to
overexpress PKCy and EGFP or express EGFP only. Meanwhile, the PCs in the Ctrl
and the cKO-Pcp2 mice infected by mCherry - expressing rAAV construct were
labelled by mCherry. Then we analysed the morphology of the PC dendrites at P30.
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Our data showed that the complexity of dendritic arbours was significantly decreased
in EGFP-positive PDK1-KO PCs compared to that in mCherry-positive control PCs
(Fig. 12A - D and I). After the treatment of rAAV-PKCy-EGFP, the complexity of
dendritic arbours of PDK1-KO PCs was partly rescued (Fig. 12C - I). Furthermore,
we observed that the PDK1 deletion in PCs decreased the cumulative length of the
dendritic arbour and the dendritic tree area of PCs, which was also partly rescued by
infection with rAAV-PK Cy-EGFP (Fig. 12A - H, J and K). Our data demonstrated that
the abnormal dendritic arbours observed in PCs after PDK1 ablation were partly
rescued by PKCy overexpression, suggesting an important role for PKCy in PC

dendritic development.

Discussion

In this study, we provided novel evidences for the role of PDK1 in the postnatal
development of PCs and motor control. The deletion of PDK1 in PCs resulted in a
decrease in the cell body size, the reduced dendritic complexity, abnormal
spontaneous firing and motor defects. PDK1 was shown to regulate the rpS6
phosphorylation and the expression of PKCy in vivo. Additionally, upregulation of
pS6 in the cerebellar cortex partly rescued the reduction in cell body size, and
overexpression of PKCy in PDK1-KO PCs rescued the reduction in the dendritic
complexity observed after PDK1 ablation. These findings reveal an essential role for
PDK1 in the maintenance of cell body and postnatal dendritic development of PCs by

regulating pS6 phosphorylation and PKCy expression.

PDK1 regulates cell body size and dendritic development in postnatal PCs.

In previous studies, downregulation of PDK1-AKT signalling led to a smaller brain
size due to a reduction in neuronal cell size (Lawlor et al., 2002). Moreover, recent
work showed that simultaneous haploinsufficiency of Pdkl and contiguous gene
causes microcephaly, developmental delay, intellectual disability, and epilepsy
(Mucha et al., 2019). In this study, we showed that the ablation of PDK1 in PCs and
cerebellar ML interneurons using the PV-cre mouse line led to a reduction in cell body
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size, associated with a reduction in dendritic complexity. Meanwhile, we used
Pcp2-cre mice to specifically delete Pdkl in PCs and observed that the dendritic
complexity was also decreased compared to those in the Ctrl mice. Because the
dendrites of PCs are in the cerebellum ML, the decreased dendritic complexity and
the cumulative length of the dendritic arbour are likely to lead to a decrease in
cerebellar ML thickness and cerebellar size. Furthermore, in the cKO-Pcp2 mice, we
observed similar deficits in morphology and motor skills to those observed in
cKO-PV mice, which suggests that the role of PDK1 in regulating the maintenance of
PC body size is cell autonomous.

Previous work has shown that downregulation of PDK1-AKT signalling is essential
for neuronal survival; however, recent work suggests that PDK1 deficiency in the
forebrain causes neuronal apoptosis during cerebral cortical development (Wang et al.,
2017b; Xu et al., 2017; Xu et al., 2019). Our data demonstrate that the densities of
PCs are not affected by Pdkl deletion before P60 but are decreased at P120. Taken
together, our data indicate that PDK1 is indispensable for the survival of PCs during
postnatal development before adulthood and is likely to have different roles during the

ageing stage after adulthood.

Specific inactivation of PDK1 in PCs results in deficits in motor balance,
coordination and spontaneous firing.

A previous study demonstrated that the observed effects of whole-brain PTEN loss on
brain size and neuronal cell size are PDK1 dependent (Chalhoub et al., 2009). Recent
work showed that the loss of PTEN in cerebellar PCs results in defects in spontaneous
and evoked firing activity of PCs and autistic-like traits, including impaired sociability,
repetitive behaviour, and deficits in motor learning (Cupolillo et al., 2016).
Furthermore, PDK1 were upregulated significantly in patients with Parkinson's
disease (PD) when compared with normal healthy controls, indicating PDK1 may be
associated with the development of movement disorders (Wang et al., 2017a). In this
study, decreased cell body size and dendritic complexity of PCs after PDK1 deletion
suggest that Pdk1 deletion probably leads to deficits in motor control. Our data show

22



s
O
p-
@)
7p)
-
-
®
=
O
D
e
O
)
@)
O
<
@)
0p)
O
| -
-
)
Z
=)

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

that cKO-PV mice show progressive gait abnormalities with deficient motor balance
and coordination compared to Ctrl mice. Similar deficits in motor balance and
coordination are observed in adult cKO-Pcp2 mice, in which Pdkl has been
specifically disrupted in PCs. Together, these results demonstrate that PDK1 is
required for the postnatal development of PC-related motor function in mice.
Moreover, the deficits in motor balance and coordination are more severe in cKO-PV
mice than those in cKO-Pcp2 mice. PDK1 are widely expressed in the entire brain
including cerebellum, cerebral cortex and hippocampus (Yoshida et al., 1999).
Previous studies proved that PDK1 is required for the generation of neocortical
interneurons, and the neocortical PV-positive interneurons is required for motor
coordination (Oishi et al., 2009; Xenos et al., 2018). Additionally, increased
connectivity of BCs, PV-positive interneurons in the ML of cerebellum, are detected
in human Spinocerebellar ataxia type 1 (SCAL) patients characterised by progressive
loss of motor coordination (Edamakanti et al., 2018). In the cKO-PV mice, PDK1 is
disrupted not only in PCs but also in the neocortical PV-positive interneurons and the
BCs, but in the cKO-Pcp2 mice, PDK1 is only deleted in PCs in the cerebellum. Thus,
a wider range of PDK1 deletion in the cKO-PV mice than that in the cKO-Pcp2 mice
is likely to explain the more severe motor defects in the cKO-PV mice.

The motor defects and decrease in the cell body size of PCs after PDK1 ablation led
us to hypothesize that the electrophysiological properties of PCs would also be
affected. In PDK1-KO PCs, the spontaneous firing frequency and the membrane
capacitance (Cm) are lower than those of control cells, probably due to the decreased
cell body size of the PCs (Tolias et al., 2005). Our findings demonstrate a new role for
PDK1 in the development of PC-related motor function and, taken together, greatly

improve our overall understanding of the postnatal development of PCs.

PDK1 regulates the postnatal maintenance of PCs by inducing rpS6
phosphorylation and PK Cy expression.

Previous studies have shown that the PDK1-SGK1 (serum/glucocorticoid-regulated
kinase 1) axis activates mMTORCL1 by phosphorylating and inhibiting tubercular
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sclerosis complex 2 (TSC2), and the inactivation of mTORC1 in PCs leads to a
reduction in cell body size, dendritic degeneration, axonal swelling, and
age-dependent apoptosis (Angliker et al., 2015; Castel et al., 2016). We used the
phosphorylation state of rpS6 as a marker for the level of activation of the mTORC1
pathway in PCs. Our data show that the intensity of pS6 in PCs was disrupted
beginning at P14, suggesting that mTORC1 activation is disrupted after the ablation
of PDK1. Additionally, daily intraperitoneal injection of cKO-PV and Ctrl mice with
3BDO or vehicle was performed and our data showed that 3BDO treatment partly
rescued the reduction in PC cell body size in cKO-PV mice, indicating that PDK1
regulates the development of PC body size partly through mTORC1 activation.
Moreover, our data show that the motor coordination of the 3BDO-treated cKO-PV
mice is similar to those of the vehicle - treated Ctrl mice in the low rotational speed
range, but is disrupted in the high rotational speed. These data suggest that decreased
cerebellar mTORC1 possibly contributes to the motor coordination defects after the
ablation of PDK1.

There is fourfold greater expression of PKCy in the cerebellum than the average
expression in the rest of the brain, and PKCy is expressed solely in PCs in the
cerebellum (Takahashi et al., 2017). Previous studies have suggested that PKCy plays
a pivotal role in climbing fibre pruning in developing PCs, and cultured PCs from
PK Cy-deficient mice show impaired dendritic trees (Kano et al., 1995; Schrenk et al.,
2002; Hirai, 2018). Increased constitutive activity of PKCy may be one but not the
only cause of SCA14, a neurological disease characterized by motor dysfunction and
death of PCs (Takahashi et al., 2015; Shimobayashi and Kapfhammer, 2017;
Nakazono et al., 2018; Wong et al., 2018; Trzesniewski et al., 2019). In this study,
immunoblotting test with anti-PKCy antibody demonstrates that the expression level
of PKCy in cKO-PV mice is reduced to 66% compared to that in Ctrl mice at P21.
However, immunostaining with the anti-pPKCy (phospho T514) antibody shows that
a significant reduction of phosphorylation level of PKCy is first detected in cKO-PV
mice at P40. One possible explanation is that the remaining PKCy in cKO-PV mice
can be detected by immunostaining of cerebellar frozen section, further studies are
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needed to exclude other possibilities. Taken together, we show a progressive loss of
phosphorylation level of PKCy in cKO-PV mice after P30, which is probably due to
reduction of PKCy expression. we hypothesize that the deficient dendritic complexity
in PCs after PDK1 ablation is a consequence of the downregulation of PKCy
expression. To test this hypothesis, we overexpressed PKCy in PDK1-KO PCs by
injecting an rAAV construct into the cerebellum of cKO-Pcp2 mice at PO. Our data
showed that the dendritic size and complexity of the PKCy-overexpressing PDK1-KO
PCs are increased significantly compared to those of the PDK1-KO PCs. Thus, our
data indicate that PDK1 regulates the dendritic development of PCs by PKCy.
Recently, the RORa was reported to plays multiple roles in PC dendritic genesis,
dendrite regression and maintenance of mature dendrites, at specific time windows
during development and throughout adulthood (Chen et al., 2013; Takeo et al., 2015).
The possible role of RORa in the PDK1 ¢cKO mice is needed our further studies.

In summary, our data show that PDK1 contributes to cell body maintenance and
dendritic development in postnatal PCs by rPS6 and PKCy. Continued work exploring
the signalling pathway through which PDK1 regulates rPS6 phosphorylation and
PKCy expression will facilitate understanding of PCs postnatal developmental

program and cerebellar motor coordination.
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Figure and Table legends
Figure 1. The distribution of PDK1-possitive cells in the cerebellum. (A - D) YFP®
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cells are detected in the cerebellar PCs and interneurons in the PV-cre;
ROSA26-stop-EYFP mice. (E - J') Immunostaining for PDK1 at P14 (E - H) and P30 (I
- J"). PDK1 is expressed in PCs (arrows in F, J and J), the cells in the GCL (open
arrowheads in F, Jand J) and deep cerebellar nuclei (yellow arrowheads in H and J")
of the cerebellum. H is the boxed region in G. J, J and J’ are the boxed regionsin |
which are labelled 1, 2, and 3, respectively. Scale bars: 100 um for A - D, F, Hand J -
J’; 500 umfor E, Gand I.

Figure 2. The disruption of PDK1 in PCs and PV-positive cells in the ML of the
cerebellum in the cKO-PV mice. (A- F’) Theexpression of PDK1isdisruptedin PCs
and PV-positive cells in the ML of cerebellum in the cKO-PV mice.
Co-immunostaining for PDK1 (A, B, C, D, Eand F) and GAD67 (A’,B’,C',D’, E' and
F)at P21 (A-B"), P40 (C-D") and P60 (E - F"). In the Ctrl mice at P60, PDK1is
detected in PCs (arrows) and cells in the GCL (open arrowheads) and the ML (closed
arrowheads) of cerebellum (E - E), while in the cKO-PV mice, PDKL is detected in
cells in the GCL but not in PCs and cells in the ML of cerebellum (F - F”). (G) Western
blotting for PDK1 from P60 cerebellar cortical lysates confirms the dramatic reduction
of PDK1 protein level (left panel). The levels of PDK1 proteins were shown by the
relative density normalized to GAPDH (right panel) and were analysed using a
two-tailed Student’s t-test. The data are the mean + s.e.m.: 100.0 £+ 13.23 in the Ctrl
mice vs 37.29 £ 2.88 in the cKO-PV mice, n = 4 mice in each group, p =0.0320 (* p <
0.05). Scale bars: 100 pum.

Figure 3. Decreased cerebellar size in cKO-PV Mice.

(A) Gross view of brains from the Ctrl and cKO-PV mice at P60. (B) Decreased
cerebellar length and width in cKO-PV mice compared to those in Ctrl mice at P60.
(C and D) Brain (C) and body (D) weights of the 9-week-old mice were not affected
by the ablation of PDKL1. (E - H’') Immunostaining for calbindin at P14 (E and E’),
P21 (F and F'), P60 (G and G') and P120 (H and H"). (I) The sagittal cross-sectional
area of the cerebellar vermis. (J) The number of PCs per 100 um length. (K - L) Total
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number of PCs in the cerebellar Lobule V (K) and Lobule VI (L) at P60. The data are
the mean £ s.e.m. Data in B - D were analysed using a two-tailed Student’s t-test. A
two-way ANOVA with Bonferroni’s post hoc analysis was used in | - L. P-values: ***
p <0.001; ** p <0.01; * p <0.05; ns, p > 0.05; ### p = 0.0003. Scale bars: 5 mm for
A; 500 umfor E-H'.

Figure 4. The distribution and cytoarchitecture of cerebellar granule neurons and
the morphology of Bergmann glial fibers in cKO-PV mice were comparable to
those in Ctrl mice, but the ML thickness in lobule V was decreased after the
ablation of PDK1. (A - B"") Thedistribution and cytoarchitecture of cerebellar granule
neurons in cKO-PV mice were comparable to those in Ctrl mice. Immunostaining for
NeuN in Ctrl mice (A - A”) and cKO-PV mice (B - B”) a P21. (C - D) The
morphology of Bergmann glial fibers in cKO-PV mice were comparable to those in Ctrl
mice. Immunostaining for GFAP in Ctrl mice (C - C") and cKO-PV (D - D”) at P14.
Scale bars: 1000 um for A and B; 100 umfor A’, A", B’,B”andC-D"".

Figure 5. Decrease of PCs cell body size, ML thickness and morphological
complexity of dendrites in the cKO-PV Mice.

(A - E’) Immunostaining for calbindin at P14 (A and A’), P21 (B and B’), P30 (C and
C), P60 (D and D’), and P120 (E and E’) indicated the decreased cell body size of PCs
in cKO-PV mice. (F) Area of PCs cell body. (G - I') The ML was immunostained for
calbindin at P30 (G and G’), P60 (H and H"), and P120 (I and I'). The straight line
between the dotted line illustrates the thickness of the ML. (Jand J) The ML thickness
of the cerebellar Lobule V (J) and VI (J). (K and K’) Golgi staining of PCsin the Ctrl
(K) and cKO-PV mice (K’) at P30. (L) Sholl analysis: number of intersections of the
dendrite at different distances from the cell body of PCs in the Ctrl and cKO-PV mice.
A two-way ANOVA with respect to group effect; intersection number: F (1, 2142) =
988.3, P< 0.001; Bonferroni’s post hoc comparison: * p < 0.05 between 45 mm and 65
mm from the cell body and *** p < 0.001 between 70 mm and 95 mm from the cell
body. The data are the mean + s.e.m. Statistical analysis used two-way ANOVA with
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Bonferroni’s post hoc analysis. P-values: *** p < 0.001; ** p < 0.01; * p < 0.05; ns, p
> 0.05; ### p < 0.001 (P14 vs P21: p < 0.0001 in Lobule V and p = 0.0001 in Lobule
VI). Scale bars: 50 um for Ato E', Kand K’; 100 um for Gto I'.

Figure 6. Motor Defects in cKO-PV mice.

(A - A') Gait of 9 - 10 weeks old mice tested with a footprint assay was shown in red
(fore paws) and blue (hind paws) (A and A’). (B) Diagram of parameters measured in
footprint analysis. (C) The cKO-PV mice show similar stride length to the Ctrl mice.
(D) The overlap length. (E - F) Longer sway lengths (E) and stance lengths (F) of
forelimbs and hindlimbs in the cKO-PV mice. (G) Schematic illustration of the
elevated beam-walk assay for testing motor coordination. (H) The latency to cross a
28 mm wide square beam at 8 weeks after birth. The Ctrl mice 9.46 + 2.14s(n =8
mice) vs the cKO-PV mice 49.13 + 10.87 s (n = 4 mice), p = 0.0005. () The average
time 4-week-old mice took to traverse the round beams. (J) The average number of
missteps for hindlimbs of 4-week old mice to traverse the round beams. (K) The
latency to fall down from the rotarods in the cKO-PV mice (n = 8) was significantly
reduced than that in the Ctrl mice (n = 9) at 4 weeks after birth. A two-way ANOVA,;
Bonferroni’s post hoc analysis was used and P-values are: p = 0.0055 for 10 rpm test,
p <0.0001 for 15 rpm test, p < 0.0001 for 20 rpm test, p < 0.0001 for 25 rpm test, p =
0.0154 for 30 rpm test and p = 0.3137 for 33 rpm test. (L - O) Gait of 4-week old mice
tested by footprint assay. Bar graphs show that there were no differences in the
lengths of stride (L), overlap (M), stance (N), and sway (O) between the Ctrl and
cKO-PV mice at 4 weeks. The data are the mean + s.em. DatainC-F HandL-O
were analysed using a two-tailed Student’'s t-test and a two-way ANOVA;
Bonferroni’s post hoc analysis was used in | - K. P-values: *** p < 0.001; ** p < 0.01;

*p < 0.05; ns, p>0.05. Scale bar: 20 mm.

Figure 7. PDK1 disruption in PCs of cKO-Pcp2 mice at P30.
(A - B”) Co-immunostaining for PDK1 (A, B, A” and B”’) and GAD67 (A, B’, A” and
B") in cKO-Pcp2 mice (B - B”") and Ctrl mice (A - A”") at P30.
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Figure 8. Purkinje cell-specific ablation of PDK1 lead to decreased cell body size,
ML thickness and motor defects in mice.

(A-- B”") Immunostaining for calbindin at P30 in Ctrl and cKO-Pcp2 mice. Decreased
cell body size of PDK1-deficient PCs in the cerebellar Lobule II-III (A’ and B’), Lobule
V-VI (A" and B”) and Lobule IX-X (A and B""). (C and D) Immunostaining for
PDK1 at P30. (E) Decreased cell body area of PDK1-deficient PCs at P30. (F) The
number of PCs per 100 um at P30. (G) Decreased cerebellar size in cKO-Pcp2 mice at
P30. (H) The ML thickness of Lobules V and VI at P30. (I) Latency to traverse the
round beams. (J) The number of missteps. (K) Rotarod assay showed a defect motor
coordination in cKO-Pcp2 mice at 9-week old. The number of mice used in this
experiment are n = 9 mice for the Ctrl and n = 8 for the cKO-Pcp2 mice. A two-way
ANOVA; Bonferroni’s post hoc analysis was used and P-values are: p > 0.9999 for 10
rpm test, p >0.9999 for 15 rpm test, p = 0.0421 for 20 rpm test, p < 0.0001 for 25 rpm
and 30 rpm test, and p = 0.0065 for 35 rpm test. The data are the mean + s.e.m. Data
in G and H were analysed using a two-tailed Student’s t-test and a two-way ANOVA;
Bonferroni's post hoc analysis was used to analyse data in E, F and | - K. P-values:
*** < 0.001; ** p <0.01; * p<0.05; ns, p>0.05. Scale bars: 1 mm for Aand B; 100
umfor A" to A"’ and B’ to B”"; 50 um for C and D.

Figure 9. Defects in spontaneous firing activity of PDK1-KO PCs.

The electrophysiological characteristic of PCs was evaluated at P21. (A)
Representative traces of 1.5 s duration from the control PCs (upper panel in A) and
the PDK1-KOs PCs (lower panel in A). (B) The interspike-interval histogram of the
PCs. (C) The spontaneous firing frequencies of PCs. Control PCs: 54.78 + 7.82 Hz (n
= 10 PCs from 6 mice) vs PDK1-KO PCs: 31.07 + 4.50 Hz (n = 8 PCs from 6 mice), p
= 0.0259. (D) Coefficients of variation (CV) of spontaneous firing of PCs. Control
PCs: 0.11 £ 0.01 (n = 10 PCs from 6 mice) vs PDK1-KO PCs: 0.13 £ 0.04 (n =8 PCs
from 6 mice), p = 0.5343. (E) The membrane capacitance (Cm) of PCs. Control PCs:
720.10 + 81.52 pf (n = 10 PCs from 6 mice) vs PDK1-KO PCs: 291.60 + 46.35 pf (n
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= 8 PCs from 6 mice), p = 0.0006. (F - H) The spontaneous EPSC of PDK1-KO PCs
showed no difference compared to control PCs. (F) Representative traces 1.5 s SEPSC
duration from the control PCs (upper panel in F) and the PDK1-KO PCs (lower panel
in F). (G) The amplitudes of PCs sEPSC. Control PCs: 11.85 £+ 1.03 pA (n =5 PCs
from 3 mice) vs PDK1-KO PCs: 11.21 + 0.98 pA (n =5 PCs from 3 mice), p = 0.6649.
(H) The frequencies of SEPSC. Control PCs: 1.16 + 0.25 Hz (n = 5 PCs from 3 mice)
vs PDK1-KO PCs: 1.42 £ 0.33 Hz (n =5 PCs from 3 mice), p = 0.5434. The data are
the mean * s.e.m. Data were analysed using a two-tailed Student’s t-test. P-values:

**% 1) < 0,001; * p < 0.05; ns: p > 0.05.

Figure 10. Decreased phosphorylation level of ribosomal protein S6 and the
decreased PCs body size was rescued by 3BDO in the cKO-PV mice.

(A - D) Co-immunostaining for pS6 (A, B, C, and D) and GAD67 (A’, B’, C', and
D) at P14 (A-B”) and P21 (C - D). (E - H) Co-immunostaining for pS6 (E, F, G,
and H) and GAD67 (E', F, G, and H’) at P30. Arrows indicate the PCs and
arrowheads indicate the Bergmann glia in the cerebellum. (I - L) Immunostaining for
calbindin at P30. (M) Area of PCs cell body in mice at P30. The data are the mean +
s.e.m.: 323.70 + 3.57 um? for vehicle-treated Ctrl mice (n = 149 PCs from 3 mice);
333.40 + 8.24 um? for 3BDO-treated Ctrl mice (n = 159 PCs from 3 mice); 213.04 +
4.68 pm? for vehicle-treated cKO-PV mice (n = 85 PCs from 2 mice); and 254.00 +
4.45 pm? for 3BDO-treated cKO-PV mice (n = 144 PCs from 3 mice). The P-value:
Vehicle/Ctrl mice vs 3BDO/Ctrl mice: no significance; \ehicle/Ctrl mice vs
Vehicle/cKO-PV mice: p < 0.0001; Vehicle/cKO-PV mice vs 3BDO/cKO-PV mice: p
= 0.0137. (N) In the low rotational speed (15 and 20rpm), 3BDO treatment rescued
the motor coordination in the cKO-PV mice. P-values of 3BDO treatment cKO-PV
mice compared with vehicle treatment Ctrl mice: 10 rpm: p > 0.999, 15 rpm: p =
0.1228, 20 rpm: p = 0.2065, 25 rpm: p = 0.0047 and 30 and 33 rpm: p < 0.0001. The
number of the mice used in the experiments were n = 12 for the vehicle-treated Ctrl
mice group and n = 7 for the 3BDO-treated cKO-PV mice group. The data are the
mean * s.e.m. A two-way ANOVA,; Bonferroni's post hoc analysis was used to analyse
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data in M and N. P-values: *** p < 0.001, ** p < 0.01 and ns, p > 0.05. Scale bars:
100 umfor AtoH; 50 umfor I to L.

Figure 11. Decreased expression levels of PKCy in cKO-PV mice and rescue of
deficient dendritic complexity by overexpressing PK Cy.

(A - C') Immunostaining for pPKCy at P21 (A and A’), at P30 (B and B’) and at P40
(C and C') shows progressive loss of staining intensity in cKO-PV mice. (D - E”)
pPKCy was totally disrupted in the PCs after the ablation of PDK1 at P60. pPKCy:
green and GADG67: red. Scale bars: 100 um. (F) Representative blots with the
antibody of PKCy. (F') Quantification of PKCy levels in the cerebellum lysates from
Ctrl and cKO-PV mice at P21. Amount of PKCy was normalized to B-actin. The value
obtained in Ctrl mice were set to 100. The data are the mean = s.e.m.: Ctrl: 100.0 + 2.9,
n = 4 mice; cKO-PV: 66.0 £ 9.3, n = 4 mice, p = 0.0131. (G) Representative blots
with the antibody of calbindin. (G’) Quantification of calbindin levels. Ctrl: 100.0 +
2.1, n = 4 mice; cKO-PV: 111.6 £ 25.0, n = 4 mice, p = 0.6609. Data in F’ and G’
were analysed using a two-tailed Student’s t-test. P-values: * p < 0.05 and ns, p >

0.05.

Figure 12. The rescue of deficient dendritic complexity by overexpressing PKCy
in the PDK1-KO PCs from the PDK1 cKO-Pcp2 mice.

(A and B) Immunostaining for mCherry shows the rAAV-mCherry infected PCs in
lobule IV (A) and lobule IX (B) in Ctrl mice. (C - F) Immunostaining for GFP shows
the rAAV-EGFP infected PCs (C and D) and the rAAV-pPKCy overexpressing PCs (E
and F) inlobule IV (C and E) and lobule IX (D and F) in cKO-Pcp2 mice. (G and H)
The schematic illustration of the Sholl analysis of rAAV infected PCs. 20 mm radius
steps are shown in the illustration. AAV2/9-CAG-FLEX -EGFP infected PCs in
cKO-Pcp2 mice (G) and AAV2/9-CAG-FLEX-Prkcg-3xHA-P2A-EGFP infected PCs
in cKO-Pcp2 mice (H). (1) Sholl analysis for three groups of PCs in panel G - L at P30.
The red curve represented the rAAV-mCherry infected PCs in Ctrl mice (n = 18 PCs
from 5 mice). The green curve represented the rAAV-EGFP infected PCs (n = 21 PCs
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from 3 mice) and the blue curve represented the PCs overexpressing pPKCy (n = 43
PCs from 3 mice) in cKO-Pcp2 mice. The number of intersections of the dendrite at
different distances from the cell body of PCs and the data are the mean £ s.e.m.. A
two-way ANOVA,; Bonferroni's post hoc analysis was used: rAAV-mCherry/Ctrl mice
vs rAAV-EGFP/cKO-Pcp2 mice, *** P < 0.001 between 50 mm and 135 mm from the
cell body. rAAV-EGFP/cKO-Pcp2 mice vs rAAV-PK Cy/cKO-Pcp2 mice: ## P < 0.01
between 55 mm and 75 mm from the cell body and # P < 0.05 between 80 mm and
110 mm from the cell body. (J) The cumulative length of the dendritic arbour of PCs.
The data are the mean + s.e.m.: rAAV-mCherry/Ctrl mice: 6.31 + 0.20 mm, n = 18
PCs from 5 mice; rAAV-EGFP/cKO-Pcp2 mice: 3.45 + 0.35 mm, n = 21 PCs from 3
mice (p < 0.0001, compared to that in rAAV-mCherry/Ctrl mice); and
rAAV-PKCy/cKO-Pcp2 mice: 4.55 £ 0.12 mm, n = 43 PCs from 3 mice (p = 0.0007,
compared to that in rAAV-EGFP/cKO-Pcp2). (K) Dendritic tree area of PCs. The data
are the mean + s.e.m.: rAAV-mCherry/Ctrl mice: 16.59 + 0.65 x10% um?, n = 18 PCs
form 5 mice; rAAV-EGFP/cKO-Pcp2 mice: 12.19 + 0.96 x10° um?, n = 21 PCs form
3 mice (p = 0.0001, compared to that in rAAV-mCherry/Ctrl mice); and
rAAV-PKCy/cKO-Pcp2 mice: 14.26 + 0.42 x10° um?, n = 43 PCs form 3 mice (p =
0.0392, compared to that in rAAV-EGFP/cKO-Pcp2 mice). Data in | were analysed
using a two-way ANOVA,; Bonferroni's post hoc analysis and a one-way ANOVA;
Bonferroni's post hoc analysis was used to analyse data in J and K. P-values: ### p <

0.001, ## p < 0.01, # p < 0.05, *** p < 0.001. Scale bars: 100 um.

Table 1: The statistical data of brain morphology in the cKO-PV and Ctrl mice.

The data are the mean + s.e.m. P-vaues: * p < 0.05; ns, p> 0.05.

Table 2: The statistical data for morphological analysis of the cerebellum in the
cKO-PV and Ctrl mice. The data are the mean + s.e.m. P-values: *** p < 0.001; ** p

<0.01; * p<0.05; ns, p>0.05.

Table 3: The statistical data for footprint tests in the cKO-PV and Ctrl mice at 4
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and 8 - 9 weeks after birth. The data are the mean + s.e.m. P-values: *** p < 0.001;

**p<0.01; *p<0.05; ns, p>0.05.

Table 4: The statistical data for elevated beam-walk in the 4-week old cKO-PV
and Ctrl mice. The data are the mean + s.e.m. P-values: *** p < 0.001; * p < 0.05; ns,

p > 0.05.

Table 5: The statistical data for morphological analysis of the cerebellum in the
cKO-Pcp2 and Ctrl mice at P30. The data are the mean * s.e.m. P-values: *** p <

0.001; * p < 0.05; ns, p > 0.05.

Table 6: The statistical data for elevated beam-walk in the 9-week old cKO-Pcp2
and Ctrl mice. The data are the mean + s.e.m. P-values:; *** p < 0.001; ** p < 0.01; ns,

p > 0.05.
Movies

Movie 1. Pdk1™" mouse at P36.
Movie 2. PV-cre; Pdk1™™ mouse at P36.
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Table 1: The statistical data of brain morphology in the cKO-PV and Ctrl mice.

Ctrl

cKO-PV

p-value

The cerebellar length (mm)

The cerebellar width (mm)

Brain weight (g)

Body weight (g)

3.22+0.08 (n=4)

6.70 £ 0.20 (n = 4)

0.48+0.01(n=7)

2933+ 1.76 (n = 3)

275+017 (n=3)"
587+018 (n=3)"
047001 (n=8)"™

26.17+1.68 (n=6)"

0.0425

0.0324

0.8031

0.2823

The data are the mean + s.e.m.

P-values: * p < 0.05; ns, p > 0.05.



cKO-PV and Ctrl mice.

Table 2: The statistical data for morphological analysis of the cerebellum in the

Age P14 P21 P30 P60 P120
e 6.86 + 0.07 8.30 + 0.09 8.30+0.16 8.94+0.18  873+0.39
Q_ The area of Ctrl
u — (n=4) (n=4) (n=4) (n=4) (n=3)
S cerebellar
O 6.64 +0.13 7.35+0.19 6.88 + 0.15 6.72+0.22 4.90+0.34
CD middle sagittal cKO-PV
= (n=3)" n=4" h=3" h=5" = (=4
sections (mm?)
C p-value >0.9999 0.0140 0.0005 <0.0001 <0.0001
CU 4.20+0.10 4.05+0.14 4.04 +0.06 3.89+0.08 3.05+0.17
2 Ctrl
The number of (n=3) (n=4) (n=4) (n=4) (n=3)
U PCs per 100 um 3.96 £ 0.05 4.35+0.33 4.34+0.02 453+0.11 1.70 £ 0.27
q) cKO-PV
e length (n=3)™ (hn=4)"™ (h=4)" (h=5)"™ (n=3)""
% p-value >0.9999 >0.9999 >0.9999 0.1903 0.0005
O 79.74 £ 4.41 59.75 £ 3.89
o Total number of Ctrl
(n=14) (n=3)
< PCs in
. —_— 79.80+451  26.30+4.56
O cerebellar cKO-PV
(h=4" h=3)"
m Lobule V
O p-value >0.9999 0.0012
| -
3 Total number of 82.61+£3.32 60.83+2.00
Ctrl
q) PCsin (n=4) (n=3)
Z cerebellar 79.47+155 21.50+4.73
s ) cKO-PV
Lobule VI (n=4)" (n=3)"
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p-value 0.8988 <0.0001
31421 +1579 323.85+3.26 325.91+11.21 321.06 +8.07
Ctrl
(n=4) (n=4) (n=4) (n=4)
Area of PCs cell
302.29+15.10 243.71+13.88 21440+4.47 169.46 +5.33
body (um?) cKO-PV
(n=3)™ (n=4)" (n=4"" (n=5)"
p-value >0.9999 <0.0001 <0.0001 <0.0001
10220 £9.43  144.73 £6.50 15223 +158 167.49+4.30 158.08+5.96
The ML Ctrl
(n=4) (n=3) (n=14) (n=14) (n=3)
thickness of the
97.10 £ 3.99 121.94 £3.82 127.71+£4.27 110.24+3.66 63.59 £2.05
cerebellar cKO-PV
(n=3)"™ (n=4)" (n=4)" (n=4)" (n=3)"
Lobule V (um)
p-value >0.9999 0.0250 0.0072 < 0.0001 < 0.0001
112.27£11.13  163.44 £6.37 181.08 £2.63 196.98+5.18 188.18%7.71
The ML Ctrl
(n=4) (n=3) (n=4) (n=4) (n=3)
thickness of the
111.21 £ 6.58 139.97 £ 5.76 14858 +2.36 128.78 +8.21 7272+ 151
cerebellar cKO-PV
(n=3)"™ (n=4)" (n=4)" (n=4)" (n=3)"
Lobule VI (um)
p-value >0.9999 0.1030 0.0053 <0.0001 <0.0001

The data are the mean £ s.e.m. P-values: *** p < 0.001; ** p < 0.01; * p < 0.05; ns, p

>0.05.
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Table 3: The statistical data for footprint tests in the cKO-PV and Ctrl mice at 4

and 8 - 9 weeks after birth.

Age 4-week old 8~9-week old

Ctrl 63.17+221(n=7) 71.82+£1.75 (n = 14)
The stride distance cKO-PV 58.61+4.41(n=6)"™ 7323+131(n=14)"™

p-value 0.3543 0.5239

Ctrl 7.34+£090 (n=7) 7.75+0.45 (n = 14)
The overlap distance

cKO-PV 9.44+1360(n=6)" 10.85+0.45 (n=14) "
(mm)

p-value 0.2126 <0.0001

Ctrl 12.78 £0.58 (n=7) 14.93 £ 0.60 (n = 14)
The sway distance of

cKO-PV 1487 +1.66 (n=5)"™ 18.39+0.82 (n=14)
fore limbs (mm)

p-value 0.2064 0.0020

Ctrl 2488+1.05(n=7) 25.49 £0.69 (n = 14)
The sway distance of

cKO-PV 26.98+1.20(n=6)"™ 33.13+1.17 (n=14)""
hind limbs (mm)

p-value 0.2145 < 0.0001

Ctrl 33.70£1.00(n=7) 39.16 £ 0.83 (n = 14)
The stance lengths of

cKO-PV 3443+246(n=5)" 41.64+0.56 (n=14)"
fore limbs (mm)

p-value 0.7622 0.0205

Ctrl 4155+1.32(n=7) 44.38 £ 0.93 (n = 14)
The stance lengths of

cKO-PV 42.74+1.02(n=6)" 49.85+0.84 (n=14)""
hind limbs (mm)

p-value 0.5013 0.0002

The data are the mean £ s.e.m. P-values: *** p < 0.001; ** p < 0.01; * p < 0.05; ns, p

>0.05.



Table 4: The statistical data for elevated beam-walk in the 4-week old cKO-PV

and Ctrl mice.

The diameter of

30 mm 16 mm 10 mm
the round beam
_ Ctrl 475+ 0.65 (n=9) 4.81+0.92(n=9) 8.76 £1.97 (n=9)

Time to
traverse cKO-PV 6.97+074(n=8)" 9.68+159(n=8)" 1598+1.19(n=8)""
beam (sec)

p-value 0.6812 0.0293 0.0007

Ctrl 0.06 +0.06 (n = 9) 0.06 +0.06 (n = 9) 0.11+0.11 (n=9)
Nombers of

cKO-PV 056+032(n=8)"™ 206+050(n=8)" 144+050(n=8)"
footslips

p-value 0.7388 <0.0001 0.0108

The data are the mean + s.e.m. P-values: *** p < 0.001; * p < 0.05; ns, p> 0.05.
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Table 5: The statistical data for morphological analysis of the cerebellum in the

cKO-Pcp2 and Ctrl mice at P30.

Ctrl cKO-Pcp2 p-value
The area of cerebellar middle
9.14 + 0.05 (n = 4) 7.01+058(n=4)" 0.0104
sagittal sections (mm?)
Area of PCs cell body in the
34831+653(n=3) 22519+6.74(n=4)""  <0.0001
Lovbule II-IIT (um?)
Area of PCs cell body in the
334.75+6.96 (n=3) 213.67+1398(n=4)"" <0.0001
Lovbule V-VI (um?)
Area of PCs cell body in the
398.02+30.87(n=3) 21425+7.88(n=3)""  <0.0001
Lovbule IX-X (um?)
Average area of PCs cell body
353.87+6.81(n=3) 222.33+9.34(n=4)""  <0.0001
inthe CB (um?)
The number of PCs per 100um
3.26£0.10 (n=3) 3.73+014(n=4)"™ 0.1091
length in the Lovbule TI-1IT
The number of PCs per 100um
3.56 +0.10 (n=3) 391+012(n=4)" 0.3177
length in the Lovbule V
The number of PCs per 100pum
3.62+0.06 (n = 3) 4.06+020(n=4)"™ 0.1405
length in the Lovbule VI
The ML thickness of the
16456 +4.86 (n=4) 117.45+237(n=4)""  <0.0001

cerebellar Lobule V (um)




The ML thickness of the
194.81+4.16 (n=4) 140.65+584(n=4)""  <0.0001
cerebellar Lobule VI (um)

The data are the mean + s.e.m. P-values: *** p < 0.001; * p < 0.05; ns, P> 0.05.
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[ Formatted: Font color: Auto

Table 6: The statistical data for elevated beam-walk in the 9-week old cKO-Pcp2

and Ctrl mice.

The diameter of

the round beam

30 mm

16 mm

10 mm

) Ctrl
Time to

traverse beam  cKO-Pcp2

411+0.71(n=8)

4104033 (n=8)"

429+081(n=8)

518 +0.51 (n=8)"™

6.50+0.79 (n = [ Formatted: Font color: Auto

9.64+0.69 (n=8)""

(sec)

p-value >0.9999 >0.9999 0.0053

Ctrl 0.04+0.04 (n=8) 0.25+0.08 (n=8) 0.46 +0.15 (n = 8)

Formatted: Font color: Auto

Nombers of

cKO-Pcp2 025+0.16(n=8)"™ 067+020(n=8)"™  1.62+03(n=8)""
footslips

p-value >0.9999 0.4624 0.0006
The data are the mean + s.e.m. P-values: *** p < 0.001; ** p < 0.01; ns, p = 0.05. | Formatted: Font color: Auto




