B. & - FHik BIE)

4 4 ¥4, ADDC KFEE O RS T ¢
3% DDC | c. 315G>C, p. W105C (REEH3R) Bk
W, 385C>T, p. POIS (AHlhzk) #78b T\ 5,

8 AREGNZGBOTZT X AT, Tl MIg %
T7 2 BRGSO EAL

precl =]

WEINTWD, fEGfEE (Giardina et al.,
PNAS 2011) 76id, 2587 I /7 BILiEtEd oo
LEENChY, IEHEICREREELH-252
EEE I (13),

ik & /7 I 2 fE 1E, L-DOPA 83.5( IE
% fE <25 nmol/1). 3-0-MD437.7(<50) .
5-HTP110. 3(<10) & &H8 L, 5-HIAA : 43. (105-
299) , HVA;75.0 (211-871) &AL TWTE
0. ADCTEMHIETIZAE L T\ 5, Ei-migd
AADC BESEVEMEMERIEIL, F=2—V v B RZ/NR
JRBEICHRE L. 3.62 pmol/min/ml ( IE % fHE 36—
129) & TRREDOH 10%TH Y. BEAHEE L
T2, BFLY, AEEZSE-%. enl L L
Mg % 53 B USRI E L AV T,

5 ¥ I % 150 pl 1 0. 7mM Pyridoxal-5—
phosphate 15 pl & 167mM Phosphate buffer
(pH7.0) 900 pl Z{EAE L, 37°C T2HfEA
UF¥F aN— MLFEE L L T20mM L-dopa 300
pl 2z 7, 37°C T2 A v F 2 X —
k U Perchloric acid 120 pl % /i %2 X Jis
ZEIEL, NE = > bo—/ & LT 100ng/
ml DHBA(internal standard) % 100 pl hlx%.
3500rpm (2T 5 yfdlE L, 73T I i
% w b (Thermo Fisher Scientific Inc., MA)
PRHW, BT a 7 I oaHE L, Acclaim 120
C18 Reversed-Phase LC Column (4.6X150mm)
Z 8 L7 HPLC (H A6, LC-2000) % Fvy,
BR A FE ¥ 28 (Thermo Fisher Scientific
Inc, Couochem II) ZCH#iH L. DHBA % PNERHE
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el LTIERa Yy =k T2E LTEH
L=,

(fwER T~ D ELE)

MR Tz » T, BIRER KFZH B
B TIRIRRIRTT 7R AR RS, ARER K
BT L ERB S OB EET-,

KGBEFIIREAETH D, DORENLR W
DICEEDOHERIZTE R, Lo T, BEDE
HEL AR E U R BRI L2 BT, XX
EBCOA T —b Rarty N ERETERT
Do

C.#R

AADC T P BB 35 / 1E & it B& 13 0. 242+0. 061
(Mean+SEM) & 720 (FIFEFIEMED 24 %K T
BRERCX I,

H B
| 2
L i
Standard| | ‘:ﬁfl\;\ 'l';”‘ .f
1 ke »,/
yd ¢
s i
l y%
Control \ 3 - };
serum \éﬁ Ef H
Wl |
ol L 3,
Patient \ 4 ‘
serum L ]
qu
Woad
4
o s 10

B4 4 mAEdr o> AADC 12 & B L-DOPA @ Dopamine ~® 4y
fi#, =73 Dopamine IZX T 2 E—2 TH Y | ks (B
H/EFEzY ha—L) BIEGFEERT,

E, Epinephrine, ; NE, Norepinephrine; DHBA, 3, 4-di
hihydroxybenzylaminehydrobromine

D. &

BITE AADC RIBSE 1 ZERERAEIR TR, — B
DEERILEWRAE & . AMDC BEFHEIC T o
NTWDER, Bl FEENEH I N WEIRTE
ET D70, 25 OREFNTK L T EESETE M
EWLLDEEBWNEETH D, F-HENE
fli & UCOBEREEZENIL, EEE, T#%., 1R
FRIRICFEETH D, SERIENICBITS, MiF
RV AADCTEMRIEDREND FIFB 2 &
WTET,

E. b LUSHBDOER

AADC RIBRERRFE O, /Ry ERIZIEFFRTH
V. SBRELFIEELIEEIRE LT A9
WZiE, FAIT L CREZW O AT A% 2 5.1



ERNhDH, =TIV —AI—T T RIZLD, 2
Wr S BEFNEHZBILRT DML SH 5
25, BRI EEE T2 D M EILE & N E
kB EEZOND, RERFESL, KBEDOX
7, HEEEHEEICRD SN ERICH L
T, —WRAZ Y == T E2ITWV, TNHOHRT
FEEMERBVEMNICE LT, ZkRA S Y —=
7L LT, BaTHRESSERM L7z AADC O
BRI I E W IC EIEE TR, b &
BERETHEEORFIZED TH D, F7z 3-0-MD
FERO A b, MEEFTHLHEMLTEY,
BEMMHEZRAWERAZ ) == 7ORER S
D, ENTOEENEFZND, ZDBREEIIA
A AN—"T" MENREEETH Y (Chen et al.,
CCA, 2014), —RAZ U —=V7ICHELTEY,
WEEDOHRETH D,
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TRk 26 SFEE AR FNRE M E (RERERFR T RERE)
SRS &

AADC RIBJE DEA=T-Z T

WIEoHE MR LR (B RFEFEIH BT
W 1E ARE Bk RHE AR

/NIRRT
/NEFE

MREE

AADC KIBAEIZARBRIEIERFEVE L A M=T HAENFFHEHI TH VERRIVIZEE D Z E R TEHH,
W e IR E & B R TR ALETHY, ENIZRITS AADC KIBEZEIFIL 3
TR ABIDIHTH o, IR DERRAIC AADC KIBIEA SR, B T4 C DDC D
HE7Rd, EANSFIEE7e2 AADC KRIBIEA FiT-lZ2Wr Lz, ERIX 1% B, £% 30
ANBIREKMRALE A N=T BAEZR &7 L, A% 9 2 AICHERIRE T 5-HIAA, HVA, MHPG @
fKF. L-DOPA D LF 238D 7-, Sanger IEIZ X ABIFENTORER., HE~T nESMHEIAE

AR E (p. Tyr79Cys,

p.Asp252Gly) ZF8D7=, AADC KABAEDFEE ZWriZiX DDC £k D
FEMTAVETHY, BRI EERERE BT 0EN D B,

A. FIRE®

AADC RIBJEIX, DDCEBRTERIC L B E Y
BRLEEEBGOERENRBRFTETHY, F
FET X BEHREEEEE Aromatic amino acid
decarboxylase (AADC) DK TR EHK TH
%, AADC DEEE/ERIC L - T, 5KkB LN 7
K77 rmtEa h=212, L-DOPA 2 R/33 iz
THINA720, AADC KIIETITER =&
R LD 2RHDE ) T I U RMRIEEDWE
DEANERIERT T2, ERE LT, RBiE
B, VA M=T EFERE T D HERIEEE,
HEEMEFIRBGER, BITORERRZEDH
EaRER, e, MIREE 2 CENAED
SZRERARIER Z X 72 L, L ITEEORERE
EERL, AL L REER Z & 234V, AADC K18
JEDERDOEME L THREH LR DN D,
i, BRI TR T REEIREE
e COREERPLEL, REREIEL 2
D ERENEEXTL %, ZHOEOIZITRERD
)T IVREMEORENLETHY, BE
DO—fFBRE TIEZE SN2 V2D ERN TOMHE
ZMFIZIINETDEZAIRERRABDOHRT
bol-, £H., VA M=T7RELBEREIRKER
ZEIEIC AADC RIBIEMR SR, BIRHRE & &
faF RN CEWN S BB & 72 D AADC KIBJE D
EDBEIT oD THET 5,
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B. fiRA%

FEF : 1B, MERE IR WEEmRBO
BT, EE3THES B TR THAE, R
72 L, HIAEBHATE 2006 g, H#FE 45.5 cm, ¥
BH 32.0 cm, A% 320 AbEFIREER) (IR
ERIRAL) MHEL, SARNEENE <. %I
- AR BHEIEDL VR P =T RHERN 14
ReflFEe L, EAEEROLZ bbb oz,
BIERERMXEICITERIEHITEE T, TAD
AMERFERITRO T, VA b =T RIERC
IXEBEMN G 9-11Hz O N Rkt L 7=, FAED
MRIWZHBH O N2 EEIIRD N7, Y
¥l. FEERIE 2N B H/NERR B BRSO -
< VR BREEBEREDNZN, 7 aFEx
AT a N RTEHE -7, LEWICEFER
EREBNS B B U, AADC RIBIEA B i,
A% 9 M H OBIRHRE Tk, 5-HIAA <1.0 ng/
ml (21.8-64.2), HVA 1.4 ng/ml (53.7-169.8),
MHPG <1.0 ng/ml (9.4-20.6), L-DOPA 32.0
ng/ml (£2.0) & HFFHEAIZE{L %R L, AADC K18
iE L BREEMIICRra Nz, A 10 hA0gE
1£72.0 cm, K 7.9 kg, FHF 42.5 cm THI
JEHMICRELRDOT, SARTFEL o, 1
HCHEBEMR - BfIER, REETERY bR
BETHY, BRICIEDOY R F=T RIELED
BT,

BEFHEN  MEOREZE T, BEBLIW
B GERIM L, 4/ 5 DNA ZHEH L7=, DDC
BIEFOTI7 v 2Mhbx s Y 14ETO



G o — Nl & U A > b m % PCR CHYE
P T — BT KD R AL A R AT A AT
puy, BRAERI L U, BREZR O
VAT DWW, L O fiENT A B0 L ik A
FesB U7, [AE S22 A0 Tk, HGVS
(http://www. hgvs. org) CimEDOE DO ME
PolyPhen-2

(http://genetics. bwh. harvard. edu/pph2/) &
SIFT (http://sift. jevi. org) “CHiJEME O FRE
ERER LT,

(T E ~ D)
W R MR R R oK L2 (OF

FR224E1 A 18 B &5 137 B) . R b dE
BEs,
C. IRHER

DOC BAR T AT n G Ak o AR
(c.236A>G in exon 3, p.Tyr79Cys; c.755A>G
in exon 7, p.Asp262Gly) ZER DT, c. 236A>G
IEARE I, . TG X Th o 72, WA
B L b HGVS & B §k X 72 <. PolyPhen—2 TI&
probably damaging, SIFT Cix damaging O¥|)iE
Thh, FNEREEZ LN,

D. Z&

AADC K ABJE D fife 7E 72 Wi X062k AADC B3R 1o
DOREIZ LY 7 ST E M, T Tk AADC
% a— K92 DDC iBI5T DL BMENTIZ L - THT
bhdZ LN Z T 5D, AFITHEEEED
BIEIZATHOI TR WA, IRERERSU X b=
T #ANE e & ORI & BERT /7 I ARG
@ AADC KABJE A BA 2 BB 2. DDC &
EFIZENETNRB L OHHEORNER L&
ZbNB2O0DIRBUAEREHDIEZ En
B, AADC RIBJE & HeEZ W S u7z, AADC K iE
KEDBEHN L NEE CIIARGEZRIZE - T
IVS6+4A>T ZR B3 FBAE D 80% LA LoD 7 LV IZER
D HNBN, FILISMT AADC RABJE DA BT
BELIT R B 7 Y TS L TS, 4
DEF THHBOER TR/ > TEY, AADC K
BEOCERZR 7 ) —=v B Ciiexz s vV
VONBSLETH D,

AADC K8 E O i R IR I ITSE B Z & 121k
DAL, BEKFEA S L IXREKE R
YE oculogyric crisis &, VR h=T R EDE
FEEZI2MIEDND, SEOEFIZEN
THRIERNOIREKRBA & A F =T FIEM
AOOLNTEY, BHZHOEEREREET
H5, SEOERF TIEEIEED AADC KB D
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B e BRI B 0 5 T2 DI, FERIC
FNRE 2y B AADC RIBJE N B iv, ik E
AT, ST O 72 iz, AADC
KAE OB VIR T2 IS k72 BT
BT DR OREES 6 AT EodE
DI N2 T WENRBERIT LI 20
EEZEND, ITHE, GCCMS EE HWTRP O
VMA & 3-o-methyldopa % #H.A & 4> 7= AADC X
FEUE O JEIR BERGREIT 5150, TR AR B oD %6 23
MO BIT AEx 7 Y — MR X D 2Wn 7
ENTWDEN, TR ONERLLEND E T
AADC KARJE B IR O RS SR B S R 28 R i b 1
WCThD,

E. #5%

FEN 5 BB & 72D ADC KIBAE O &= F 2 T
AT, W7 L GERREDERTH - T,
AADC KARJE D E F2 W 1 DDC 5818 o ffAfT 23
WEETHY | B 7R RGN & 8 i 5 M
N5,
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JEAEGHF AT Bl G (BB R ESE IR R HAE SR 7 26)

53 e s

AADC RABFELZ K9 2 i s 11595 OO B R A28
A& NI 5 AAV X7 A —DBHFE & i

FHS

FHAERIRS: PIRFEIE AR PR Er Y

PR E

Mol

JEEZ3 AR A AU & AR O A AR ~ DR T A A FTREIC D W T 7/
RECE AR (M) <72 —ZBASE LT, SR AV GFP 2388l D228 R AV R 51—
EAERL~ T ADIEN & T3 = 7 A PV OREIEPITIR G- Uz, BERIRAT OFER,  TRFE7R X
FPE & AR O ML C GFP DFEIANTRO BTz, RAESUSLHLIIE %IR8 b

A TR B

FERT X/ BNREERZE (AADC) KIRJEC
. RO Kok >, AT Rty e
b= DR ZAC LY R O RS hE Eh 58 EE E
HELD, 2D, MEERD RRI U RZEH
WL EE AR E O EAS TR LT, B
RSO AADC s T A A FHH L TW5d, BEAE
BNIE. &V RGO AR AR, 25 D
FRR I BT D A RAP R & B AR T AN Y
BHERDARENRD DL, TDOD, MENHD
WITHEEN R Sl L VECE 57T REfEY
ANVA (BAV) R Z—%ERL L, ~Tv AL H=
7 A P THIERARRER & FEhi T 5,

B. IR 5%

9 B AAV  (AAV3) D AL # B BB & 3 AU AAV
(AAV3) 7 MRS % R4 7 U » K (AAVY/3)
T, MEEABEDTF L v A T 2 VT =
WER S ER A R Z—2fEH LT,
MRS R AY Synapsin 1 ' RrE—& —IZ &
D RkEBE Y E AE GFP 2RI 25 AV T & —
. <7 A|21E 10" vector genome (vg)/ L%
DEERNEE L, h=27 4P 1i21d 6.2 X 10% -
1.2 X 10" vg/ BAABEMERNIR G LT, H=2 4
P OBEFERNREICEE L Tk, XBRBHRT CE
HEEF TR LY h = o — L AFRA LSO
BEHER LT, 4 EMLBRICZERZ LT, ®E
FER I GFP DI BLD A0 &/ E RS DA &
ZREm L7,

(fWEE~DERE )
BT ER B RRIT, ERNER
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TR R SRR Z 2T R B L OB ERERS
DA e THEM L7,

C. MRHER ,

R B —F L ERNES Lo~ AT, e
FrBE O IR FE 72 fE I ORI C GFP D B FE
Do, BEHEHTLZEOF o KR
MERBEMRICBEFEA STV, 250
i ss Tk, Do A FEAR R I 1 & GFP 0 5%
BERRO LN, BEENERS L= 49
Tl BREREO PRI R O, /N D
Purkinje ffm, KINCIrIpngasE - {(WEEZE - GHTE
E . BEEEO VT IO KMEEIZ S GFP BBt
R N FE Lz, B CTIEERIZbEVIX
HE T GFP BBt SR bz, < v
A, =T AP NAOOTIUCEBWTH A LN
PRAE S CHRIEE IR O b o T,

D. Z&

SR AV XY 2 — T N T e X F
(LR ERANFEAEOTF R V2T ==
NT ToUZEBRTHZ EIZLD, BENICEE
THERY Z— ) AEEESCL, BEBERTO
FEEAPHEMISE D, 72, MR SEN T o
E—F — |2 X HRERMIE LI TSR B R T N %
W52 L 2MEILTWS, MEMEM, %
VN BEREAK RE Y 2 il 5 2 HEF OFEII AR T
DN, WENESTIE, BRHORALRIAD
IR AEIZHRRE L ORIMRIZIE > TREA L=/ 68
ML NI T IR ERERMEIZ T © THEDS 2 AT HEME A
WEIND, DENEETIE, FEOLE FEK
WZEF T AEAIERRD TR,
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EXNTVWAER, FrYy L EBRPEHEHSHLER
AAVY/3 TIZ 4. 5kb REE CTORBE I Y b2 #H
HATBETH D, 5. ADC REBIEICIE S 9%
D He RIMEEESR KABIE DB TIRE~ DG 2
FFTE D,
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Timeless was originally identified in Drosophila as an essential component of circadian cycle regula-
tion. In mammals, the ortholog of Timeless (Tim) has also implicated in cell cycle control and embryonic
development. In this study, we generated a specific antibody against Tim, and carried out expression and
localization analyses of Tim during mouse brain development. In Western blotting, Tim was detected
throughout the developmental stage. In immunohistochemical analyses, Tim was detected strongly in
neurons in the ventricular zone/subventricular zone and moderately in cortical neurons during cor-

ﬁ{l Vgloe';d:" ticogenesis. In adult mouse brain, Tim was observed moderately in cortical neurons. Notably, Tim was
Antibody enriched in the nucleus of cortical neurons from embryonic to early postnatal stages while it was dis-

tributed in the cytoplasm in the adult stage. Similar distribution change from nucleus to cytoplasm was
observed in the hippocampal neurons between PO and P30. In situ hybridization revealed that the tissue
expression profile of Tim-mRNA was similar to that of the protein. In differentiated primary cultured
mouse hippocampal neurons, Tim was detected in cell body, axon and dendrites. The obtained results
suggest that Tim is expressed in neuronal tissues in a spatiotemporally regulated manner and involved
in developmental stage-specific neuronal functions.

© 2014 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.

Cerebral cortex
Development

1. Introduction to cell cycle, and may have additional function in DNA damage con-
trol (Unsal-Kagmaz et al, 2005; Cotter et al, 2007). On the other

hand, genetic studies have shown that Tim is essential for early

Timeless was originally identified in Drosophila as an essential

component of the circadian rhythm regulation, and is conserved in
all eukaryotes (Eeppert, 1994). However, no consensus has been
established regardmg whether mammalian Timeless (Tim) indeed
plays an essential role in the circadian clock machinery (Gotter,
20036). While the Tim gene was shown to be expressed in the
suprachiasmatic nuclei (SCN), the brain circadian clock center, most
reports detected little or low circadian oscillations in Tim mRNA or
protein level in the SCN (‘@;«0 et al, 1998 Sangoram er al, 1948;
Takumi etal, 1889, Zvika ¢ 1%8) Although Tim function spe-
cificin the c1rcadxan clock mechamsm remains to be controversml
Tim has been implicated in the cell cycle control (McFariane et al.,
2(31¢). In addition, Tim was reported to link the circadian rhythrn

* Corresponding author at: Department of Molecular Neurobiology, Institute for
Developmental Research, Aichi Human Service Center, 713-8 Kamiya, Kasugai, Aichi
480- 0392 ]apan Tel.: +81 568 88 0811; fax: +81 568 88 0829.

kna 2 1 (K--i. Nagata).

htr i

embryonic development, as homozygous knockout produces early
embryonic lethality in mice (Gotter ot i, Z004). In this context, Tim
hasbeen reported to be crucial in the developmental process of lung
and kidney (Li et al., 2000, Xiac et al, 2003). Based on these results,

Timis possible to have an 1mp0rtant role during the development of
mammalian central nervous system (CNS). However, physiological
role of Tim in CNS remains to be elucidated not only in develop-
mental but also in adult stages. In the present study, we prepared a
specific antibody against Tim and performed some morphological,
cell biological and biochemical analyses of Tim by focusing mouse
brain development.

2. Materials and methods
2.1. Plasmids

Mouse Tim ¢DNA was a kind gift from Dr. Smithgall (Uni-
versity of Pittsburgh) (Genbank accession no. AF126480), and

0168 102/@ 2014 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
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Fig. 1. Production of an affinity-purified antibody for mammalian Timeless, anti-Tim. (A} Lysates (20 pg of protein per lane) from COS7 cells transiently expressing GFP-Tim
or control vector were subjected to SDS-PAGE (10% gel) followed by western blotting with anti-Tim (upper left panel) or the antibody preabsorbed with the antigen (upper
right panel). The blots were reprobed with anti-Sept11 antibody for the loading control (lower panels). Molecular size markers were shown at left. (B) COS7 cells were
transfected with pSuper vector or pSuper-Tim together with pCAG-GFP-Tim. After 48 h, cells were collected and lysates (20 pg of protein) were subjected to Western blotting
using anti-Tim. The blot was reprobed with anti-Sept11. (C) Immunoprecipitation of Tim by anti-Tim. Lysates (100 p.g of protein) from COS7 cells expressing GFP-Tim were
immunoprecipitated with anti-Tim. In the control experiment, rabbit 1gG was used. The precipitated materials (20%) and the input (5%) were subjected to Western blotting

with anti-Tim. IgG heavy chain was marked (*).

constructed into pCAG-EGFP vector (Addgene Inc., Cambridge, MA).
For RNAi experiments, the mouse Tim target sequence (GAA-
GAAACGGTTTCAGATT, 3555-3573) was inserted into pSuper-puro
vector (OligoEngine, Seattle, WA), which was named as pSuper-
Tim. Numbers indicate the positions from translational start sites.
All constructs were verified by DNA sequencing.

2.2. Preparation of anti-Tim antibody

Using glutathione S-transferase (GST)-fused mouse Tim C-
terminal fragment (aa 981-1198) expressed in Esherichia coli as
an antigen, a rabbit polyclonal antibody (anti-Tim) was generated
and affinity-purified on a column to which the antigen had been
conjugated.

2.3. Antibodies

The following antibodies were used; monoclonal mouse anti-
synaptophysin (Progen Biotechnik, Heidelberg, Germany), anti-
glial fibrillary acidic protein (GFAP) (Santa Cruz Biotech, Santa
Cruz, CA), anti-Tau-1 (Chemicon International, Temecula, CA),
and anti-MAP2 (Sigma-Aldrich, St Louis, MO). Polyclonal rabbit

antibody against a cytoskeleton-related protein, Septll (anti-
Sept11) was prepared as described (Hanai et al,, 2004).

2.4. Animals

Timed-pregnant and postnatal ICR mice were from Japan SLC
Inc. (Shizuoka, Japan). Anesthesia was carried out as follows. For
Western blotting, mice were deeply anesthetized intraperitoneally
with pentobarbital (100 mg/kg body weight). For immunohis-
tochemistry, anesthetic containing 1mg/m! of medetomidine
(Nippon Zenyaku Kogyo, Tokyo, Japan), 5mg/ml of midazoram
(Astellas Pharma, Tokyo) and 5 mg/ml of butorphanol (Meiji Seika
Kaisha, Tokyo) was injected intraperitoneally at 0.08 ml/10 g body
weight (Kirihara et ab, 2013). Deeply anesthetized mice were
perfused with 4% paraformaldehyde (PFA) in phosphate-buffered
saline (PBS). The brains were post-fixed by immersion in 4% PFA
overnight at 4°C. As for in situ hybridization, pregnant mice were
deeply anesthetized with sodium pentobarbitone (Somnopentyl)
at 100mg/kg body weight (Kyoritsu Pharmaceuticals, Tokyo).
Embryos were perfused transcardially with 4% PFA in PBS. Postna-
tal mice were also anesthetized and perfused with 4% PFA as above.
All mice were kept at ~37 °C until sacrifice.
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Fig. 2. Western blotting analyses of Tim in the mouse brain and in cultured cell lysates. (A) Developmental changes of Tim protein level in brain. Extracts (30 g of proteins)
at various developmental stages were subjected to Western blotting (10% gel) with anti-Tim (upper panel). The blot was reprobed with anti-GFAP to confirm the tissue
differentiation (lower panel). (B) Detection of Tim in cultured cell lines. Lysates (30 pg of proteins) of Ins-1, NIH3T3, B16, C6 and Neuro2A cells were subjected to western
blotting using anti-Tim (upper panel). The blot was reprobed with anti-Sept11 for the loading control (lower panel). (C) B16 and Neuro2A cells were double-stained with
anti-Tim and rhodamine-phalloidin (B16) or DAPI (Neuro2A). Merged images were shown. Bar, 20 pm.

We followed the Fundamental Guidelines for Proper Conduct
of Animal Experiments and Related Activity in Academic Research
Institution under the jurisdiction of the Ministry of Education, Cul-
ture, Sports, Science and Technology, Japan, and all of the protocols
for animal handling and treatment were reviewed and approved by
the Animal Care and Use Committee of Institute for Developmental
Research, Aichi Human Service Center (Approval number, M10).

2.5. Preparation of extracts from mouse brain

Whole brain extracts were prepared for the analyses of the
developmental change of Tim (Sudg et al, 2006). Concentrations
of protein were estimated with a micro bicinchoninic acid (BCA)
protein assay reagent kit (Pierce, Rockford, IL) with bovine serum
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albumin as the standard. SDS-PAGE (10% gel) and Western blotting
were done as described (Nagata et al., 2009).

2.6. Cell culture, transfection and immunoprecipitation

Ins-1 (rat insulinoma), NIH3T3 (mouse fibroblast), B16 (mouse
melanoma), C6 (rat glioma) and Neuro2A (mouse neuroblastoma)
cell lines were cultured essentially as described (Hanai ef ai, 2004).
Mouse primary hippocampal neurons were cultured as described
(fro e al, 2010). Transient transfection was carried out using Lipo-
fectamine 2000 (Life Technologies Japan, Tokyo).

Immunoprecipitation was done as previously described
(Murase et al. 2012). Briefly, COS7 cells expressing GFP-Tim were
homogenated with lysis buffer containing 50 mM Tris/HCI (pH 7.5),
0.1% NP-40, 0.1% Trion X-100, 10 pg/ml aprotinin and 10 p.g/ml
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(B)

Fig.3. Immunohistochemical analyses of Tim in the mouse brain during corticogenesis. (A) Cerebral cortex sections at E15 (a, b), E17 (c), PO (d), P8 (e) and P30 (f) were stained
with anti-Tim preabsorbed with the Tim-antigen (a) or with GST-p75NTR fragment (b), or without preabsorption (c-f). Counterstaining was performed with heamatoxylin.
Layers of each sample were indicated. MZ, marginal zone; CP, cortical plate; IZ, intermediate zone; SVZ, subventricular zone; VZ, ventricular zone; WM, white matter. Bars,
50 wm (a-d) and 100 pm (e, f). (B) Magnified images of neuronal progenitor/stem cells at VZ/SVZ (a, b) and neurons at CP at E15, and cortical neurons at P30 (c). Sections
were stained with anti-Tim preabsorbed with Tim-antigen (a) or GST-p75NTR fragment (b), or without preabsorption (c and d). Bars, 50 um (a, b and d) and 20 pm (c).

leupeptin. After insoluble material was removed by centrifugation 2.7. Immunohistochemical analyses

at 4°C for 60min at 10,000 x g, immunoprecipitation was done

using 1pg of anti-Tim together with Protein A-agarose beads Sections were processed essentially as reported ($ 3
(Sigma-Aldrich, St. Louis, MO). After washing the precipitates 2006). Briefly, tissues were cryoprotected in ice-cold buffered
three times with the lysis buffer, the precipitates were subjected sucrose (30% in 0.1 M sodium phosphate, pH 7.0), frozen in Tissue-
to SDS-PAGE (10% gel). Western blotting was then carried out with Tek 0.C.T. compound (Sakura Finetek, Tokyo, Japan), and sectioned
anti-Tim. at 10 wm using a cryostat (Leica CM1900, Leica Microsystems,
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