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HREFOERZELC, Z<OEALLRZ2—2 - OFBICLSH ERHRT
XV, o RO S EE LR LOBERRERY, BECLY
T HEHRZEE S, 20 MR RN~ E R 2 BEEFE TS, 29 L
EMED D Db D Tth, —OD = o —a L OFIAERD 6, BHREE D KR
iR AERICED, MEMEOEREZRADOEFL TiEy

— D= DN =2 — 1 L OFECRNFERICET S Y, T a—u oRE
SFRE R TEET S L THEORNRE TS, Golgl hoFE R LI, HAEIZELET
e OhFETH—ma—a OB AIThRTE. LiLahib, BiE
WZHoTHLEE, —2Oma2—ar2RKOEERZ DT LI# L, H—=-
— 0 DGRBS B RO ECH D LR D,

AHFSECLL, ATRE - M Z B W TEBFEICED D 2 ) AAFERENE s 2 —
nAZEH L, FOREREFRRT AT 7.

“Ca—a rOEOESLLLRVHEEMRETOERPFIZENTWAT 2L
ISENRT L, MEROEED DI RN EE A R 2 LT
Xpv, ARETFEALE T, EESFAFIZ b A 2 ) AEEEIRO R b T — 2
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HEDE =

o Y AR s 2 — 2

U AR e i, A THES = -0 R ERBERICH ST
EED - H ARSI, IR TR, BURMARIEEAR, M - MEEAR L
(Z 8o THEEER O, EESFH, MHI-EELR S ORI s 57
E, R - PiERRL BV TEERERH - Tws (F1-1) . Thitod
b, WEoEH=a—a RO LI ETNERERET R -2 —n
> (projection neuron) & L Cf%, —3BiLlbin@ EERE CIERA{s=E L,
PREE RIS O B NS 217 O fiff = = — o > (interneuron) & L CHW TS,

FHRARERIZB WO T o U bARBMENE= = — o 2id, BTNOBEE, A
RS S, FTEUZIED £ TREREMICHEET D,

IO LSRR ) FEEN E s s —n DM h o T, THRMBED o
EH = 2 — 0 NI EEV T T AT D ma—a VA RITER shsH TV S, AT
FEATAD o BB = = — 0 A2 T 7 AT 5 2 ) AR E = 2 — 0 i,
C-terminal & FEITA 5 FHBEV PR AL L B D, RIROBERRE AL, HHo0E
ittt ey Ren s, KR - FEOC-terminal DAL - 2052 )
PRENMME M = = — 12 o OB EEFABRIC ST, SR RHARANEL, &I

WA THTE R AOEENHKRV TG,



C-terminal

C-terminal DS = HEGE

FE % X % o EE = o — v O b NI EREE R,
KA, %< ¢ spherical synaptic vesicle 7 2 T BB 24P R IZ L Ty
LB ORPRAEE O o F 7 A KR T 21 subsurface cistern & ITEE7L 72T
10 nm FEEONREEEEESELCRBY, Zokd Conradi HiZ L~
C-bouton & £ it B30 0, MAETIZZ O#FE R "C-bouton” £ 7213 ‘C-terminal’

EREFREN TS, C-terminal (X, FHRIAD o EH = a—a DL LT,
MBI IC B T D o BE ma— 0 2 B VT T AR ERRT D

C-terminal [Z{LFRNZIZ = U AFEWETH Y 2.0, P 7 2ABTIZIESEHEF
&£ LT muscarinic 2 TEE (m2) #F> 7 P 7 AT EMKTN Ca
F¥ AN ThHD Cav22 ZREFERICFEL, 7 2H%EO m2 TEEON
Rz, BAKAEK Fv 20T o Kv 2.1 ZFEER O, M Ca BEICK:
CCHET 2 SK F v An#iEd % 9. F/-, subsurface cistern 1:iZlfo 1
ZRMEBPEFICTFEL TG 0D, i 6 Crterminal (O3 # L CIEET D
Sy T1E Cterminal DFA~—A—L LTEANLATHS (¥ 1-2).

C-terminal OFMABENTEIHAALO L LWL TR L VN,

C-terminal 7 m2 ZFFEZ I LT ER)—a—0 O KHELHEAIES &



W5 EE 12952, Cterminal OIRRER- BB A BN EANNETEFE 2T Lz s

WHRE WREFEEL, KR U TER = —u C OEELLRE§ D24

FFoZ LAHMESISN w35, Cterminal @ 2+ 7 A% IEE T2 H % subsurface

cistern [T O/NIE L ER L TW D TRESEHR I TEY 14,

C-terminal 3> 7 249 L THIAR GO Z L7 DIBIEC 847 = LT, &

S ABEOERARME LT AN L EZ LA, T, BElma—o

Ve FRRANAR TR SN SRR (LE (ALS) OEFFHE S ALS =7 A3 o

FHIZBWT Cterminal OFHE « B — = —nu » FOESEE LTS LS

g 1180 subsurface cistern LIZEFIZFET D o 1l EBEROBRFERT

FHEN O ALS & RIET HFFROHE 192008 5 4728, C-terminal [H/AAEE

KRBITOEEI - — 2 OBEHEEFICGEE L TWDAEELRH D

el C-terminal £ 457844 > partition cell

C-terminal 48— = — 2 22 EAAMIDOATERENIL, B<THOEF
Thoin. Aa2HOEFREBEER 220, BESMIULTOIA o EEh—
— 2 k@ C-terminal 2SR &7z, HHED C-terminal AT
KT HFEA CUHERE W RF L ELI M o —n ThA D & TIRIR T
T2 72 > C Nakata?®, Miles!?, Zagoraiou!® 5 25 FHEVIIEMH - X

C-terminal flisfln A2 R E L, fARGTHELTEBY, Zh b OMiE TGk~



IZEAAPEDH TS,

TV I g2 U ARSI N o — 0 VTR T S T BT LA O R

T/ 242D, Barber, Phelps 513, Zh b =—a—a o BVIBE L HZAD
il S WCAFET D Z & 5, ‘partition cell’ & & fFiT 7= 24,28, Partition
cell i1, T.0ELGOERECIE- T, medial group/intermediate group/lateral
group @ 3 BEIZ/METE A L Sivd (M 1-3). Zagoraiou &HOFEIZ L7,
FHE O C-terminal EiGHIIT Z 0 9 5 medial group ORHIEEEI- H 725 13,
C-terminal EiHfNC, TREBF0ERE =V AFBMO Mo — o U Th

7 partition cell ¢, FAENLITA S TS L OO0, MMOFER ERESEL R
FUITHIOZETHY, L HMILOEEERNERL, RaVlbhdidi-
TUNEL,

WAL ds it S C-terminal #8455847

T C-terminal FAEHINN O 7272 53, fd#td C-terminal FRAEAHELIZ D1
T, Blr#E SE Lo T s, Haizuka & HE TiPREIZ Cterminal 4 2%
LM OEFEEBAEEL, Tn o EEEERERRICEFET 2 2 8
TRl L7 29, HAED & T A g OES ML C-terminal %3% % EAAMAL
DIFETEBI DWW COH T3 0T, I FARGRAE LA O s EEME IR

C-terminal %% 2 RO FIEFEEIZT O EEIZR s THD
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PR A RE B 4 O = — 0 L OBREELGRY, BRI IEE
Mo =a—n B HAR YR FHEREEOR Yy NU—7 THEREND.
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it A Bfedbo b, MRERE L ToESRIT2ER T2 L0006
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Bh. DB ZoTHIRERAREOFSHER LML Z L, Hrdhoma—o
XA SN FROGERBAIET S 2 L ThS. MREMFLOER
FIRIEROFNLELETHD LIS, FROFTLL 2 LB~ OMIRONZEE
AENL T L, MREROPIBCENWTIRO TEETH L.

W—r o — o ORI I X USE A et ORE R I d <, Golgl #a4 BifE LT
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Golgi VD K G a4 R HFEE L TR REESFEIE SN 2. ZOFE
i, ERE A TRE LT RAERNERE )T, RN EEEP R — L
Ny F 77 o FECLVAROMEER BRI, 2a—n & RaT35E
THD. FBEIAMOZOFETIHE, RSP ROTILITREE > 7223,
Frio AR EORELR Sy, FEORREBEATHND.

1970 TARED &, MR R E 2 T 0 A F 8, HEREE AR T2 2
ECHRENIREEAERT O FERBELCEL., A7 P47 7 74—k
REETYHELARF—E (HRP) E3¥L, TV FiEkoRnTRY
HCHEEENITZLOTHS. 1980 FUiidffia i A3 (Diamino Yellow,
Fast Blue, True Blue, Fruolo Gold 72 &) 34305, WGA (2 AFEEESR)
W, LT RE YL 0 PHAL (A w7 <ALy o) Wi PoaE
AR E AR S L, 1980 FURY~1990 EUCHREICECE U A
FolBefEE L7 %A 7 (BDA : biotinylated dextran amine 7z &)
WO WO b OB ERELER ) AF L v —Xa VRERIR-
340, = 5 LR E &) W ic M B IS W A, B
DAREFEAEN W L FIHAERTH LS. 2N OFEIRA G HREEROIAEC
RESHBLL TV 5 15118,

1990 B Z A BB LFEE RV - HiLSTE L s md TE k. 4



2, UANARY F—RICL Y, SFXERMEEOEGFEMBNICE
ALT, AW OMEMRE B—=a—a UL TERIGT 2 Z ERTe & i
ot ZOFEEZ invivo DRICBOTLEY BRICEWVEO = o — o 2823 C
X, HAL T D= — B EERAIC Golgi Yeft b Mk iR E T 2
ZEBHELS . LRI T AR oo o OEEEER SR D ik
BADR | REFED = 2— 1 R OBEE 4 BN IR BR K3 2 ik 50507
LRABREINTEY, UANART Z—EE, Aol s E£ L0 EN
SR 0ETH D

F7z, Crellox v A7 L% Avicfilafliss Rt s, R AV hi
T %, Crerecombinase (Cre) 4, P1 NI F U A7y —UIIHRTHER
Ars B0 2 S O—TE T, DNA Lo lox A4 & MRERL DA 2305k L,

AP R BEFHAAMA 2R 329, COMEERNALT, 22—
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e RO A TTRMET 5 W0, BED = 2 — 2 LTS T A4

AT TR B e Fp i B ST D

BT LITE W FRE, tkr RELRTFRESD, 71 VA%, ERmH,

e 7 A S2FH L CEUREDEATEY, SE%LHMREEREN ORE R

RETHIRTDITHAI EEZALND.
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BB BB MRS F50T B C-terminal EASHIE O TArEBIIE Iz o0 T

FHED C-terminal EEEAIRE 22U TiX, 2007 T2 Miles 5 23% O {F1F 1B

B THRE L2 12, £0O%, FH Cterminal fLbHRE, Pix2 L 285E

N T A S R HBIT 5 2 L bRENE

C-terminal (TFHED 470 & TIHEROBENEMBEE I L Z {EbH B A 7.06:68)

SRBR R SN O fAR EERE Tt C-terminal (TR HAvZevy 7 L IR D IRz &

C-terminal DJEENRRL W ETLWMELH LY, HLAFHEN == —n b

[Fls L 2 Bidee o S AR RS D = = — 2 2t Crterminal FE0A LTV D

Haizuka S35 FTHESE ~ C-terminal 435 7 2 G R0 A3 ZEEE o0 7RV f B2

CHEET LI e R U @, PR RN OEEN ThH L XE O

WABERRERE TH Y ™, IERIO RMISVEREIE GERINHERZAE AT, T IRHEER

trn o N E R MEREREL) 1SRV, VI OWRIE RIS T D 06D, ATHE

ZEWT Cterminal A A VIERMAIZH D, WEOEEH =2 —o r~ b &

BILTWAHZEEEZ20ED L, KMEEH—a—2 o~ 4T % C-terminal

ARG DM R D BB ECHEL TS LEBEZ oD,

Z O LD AR EIEERM RN T S C-terminal OFRESMEL — 5 C, &

EHEIEITAE L IR R D b A N = X LR Ol iR (=30,



BEANRE, BEEE) ~EE T 5 Cterminal BN RIE S TE LY, +
DTFFEBIIFFAOCEETH S, S 51, L OHMIEDS T C-terminal 45
A & FRICER B R T Pitx-2 238 L OO0 S0 E0EA L A THZR D,

AT THEHWVEER L NTRWY, NEaflsEBMRgBECsm T2
C-terminal &4 O FETIERE BR T L2~ HTHE L —Y—TH D
biotinylated dextran amine (BDA) # H W {TFFEMEFEOMRTE LT/, F
f7, BE% C-terminal EAGHIFZZS3EHE C-terminal AL & LB D FHEAF 5

LOMEBE TS in situ hybridization @ FiE4EH W TMERIZE T 5
Pitx-2 DIFEFER AT o1z,

Jifgi® C-terminal SN O FEE AV 520 LRGSR, Z 9 LiefrfE—m =
— 1 AZDWT, HE & OTEREZARE A FEN T 20N BH D & Bbhiz
PATF ORJF5E & 5T L 72

= W AfERE = = — i R B A R OB s T o T

INETOHRSED, HIREHL OFEMLHORE HIZ, HECTERE
B 5 Cterminal TWAGHNTIE, DRI THD o BE = o — 12 2 DITHFICHE
E4 5. C-terminal IGHAI D REFERFEAHEE T S0 8y, Hiza )
TEEMHER R 2 MR P RAE T A R4 R A oM, BY TRy, FlziEms

Dz )RR O — I — e A s ERARLEE R ST,
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C-terminaliid thf#a Y, OBl H 5 o Bl — 0%, WLl

gt o —n L Th ALY, £ OMAP—FIZTElbinsd, Foln,

B2 QAR ORI RIS O A % — o POERIIEL T LE S 2 b

25,

e U AMREME = o — OEERIE, TUZIEfTAEfTE b =it XD

T L, EEB LR SRR LTS L TRITEN TE T,

fl—tr =l o a0 o OBREEEEE o[RBT D@L TWAR, &

EYE DO TIEREMII S s —u SRV IAEN DY, 2 AAEEM

ma—a DR EHRNC LT SEHTICII AR M E THh L, SSEARIEEE AR S

AU A SRR AR DS P RE T3, —EILE L Do a— 1 R T L S

o, e = a—0 OB P ET D O REE - 70 D

e o — o 2 L O TR IR0, R REFENT o 70 - BERERY IR

D LCHEONRTEHED L, fanEmE T Lo R B iEaiT & T —

Sa—n LY TERTE L PENRERROELTHA.

FIZC, CrelloxiBEMD L F—F—BEHUREBLREZF)IL, BEET7F /710

ADRATEAMS L A MRS R B THAR L 2T 2 L Ca VU e

Za-n ONATHER S ERT SR ETE L. BEICLCrellox AT L L

TTSUANAERMA UL, MREREEA R = 2 — o AR RO R T &
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NTWHE, RFEETHNCHE—= o — 0 2 bULORTIZ R s T

o7, C-terminal FLAGHIE O EAFAT (IO RS B0 7, MBEEOSWFRE

RLELEEZ, PIRICEELE.

¥, RUFEOREFICHL, Credviverv~ 7V AZFEFH T L2 LT, = U AHME

Btt= o —o DAt e s a— 0 VR BN RGEROME LSRR L 2

NHBHEZEZTND,

B #E partition cell DS FRIFFBEODFBEN (- 2010 T

HFhEA, 2 ) AMEEME = 2 — 2 e — A —T% 5 choline acetyltransferase
(ChAT) CHEMB(LERETL L, REhITTE 202 ) AfEtE—m - —o
VL RHT I BT E L, T, EEh o — 1 o, partition cell, central
canal cluster cell, 22T~ a— 2, A2 Y AFEME- = —0 2 ThH
7 (X 1-2). 7k, wEERERT S 2 — o LI TICEET D, e o

5 %, partition cell I iEEh = = — o o OFMFIZAFATE L, TTHRKES~FHE L
Z 78, LATTAYE C-terminal ELAAREALOERT & 5 2 LT,

Partition cell X! .03 5 DIRBEIZ L7275 » T medial/intermediate/lateral
DIFRHCATEND L ENGE. ZRED B, BLRLEISECFHET S medial
group |%, HHEICET %S Cterminal FHAAIL L2 2 S5 2 225 2009 4R

HEENW, 25, 2O R AT Steplen SITEERTERIF Y A AT HU,
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F AR D R RN A BH 5 AT L2 89, 2 X 9 12, partition cell 727
7>C% medial group ([ZITITTHTRBEE - TWAHD, Mol —7E2EHi
partition cell £{&IZEET HHE I 7w, Bz b0z ) R =
A= EE YW EET 3 BILGITohL O, El, ThOOMBIEE
O IZBHRER AL L, Yo L) RERENREASE D 05, Elork
RV SCATIRZE CIEFFRA S 4 Cuvie vy, Crterminal #LASHER 2540, FFEEVIVE I
FETL 2 ) AMEEENF = o —a COREZNESIE, REAHTHD IR
HOMIFFOMIRE L BT HDIZLEETHD

FDizw, LALAFFEIEH 2. CR4E Uiz U REE = o — o R R e R A
MG AWT, FRVIIED 2V AFEME N E = o — 0 O TR TR R E A

= o — 1 o L L TR DR 3T L7

AGHCCILES 2 BT UL o) C-terminal AL AAHRINF/ESER OB TRIZ- OV T
BREIR, B3 BT AR = — o R LAY 2 R OE OTE LT o
WS, ABICE 4 BCERVIBO o U EEBEAF S o — 2 O EE T
ORI DWW TR TS R AR A, 8 5 BT I ORELZBIFL, UED

Mo REI DN THRALS,
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52 E . MRS ERIEMESIZIT 5 C-terminal AR O FFIEFIRME
Bl E% - BH

@8 =ma—nr RlcRonD, a2 AMEEEORBIGREERTHD
C-terminal 1%, FREOH 2 L THBICBWTHRO BRS. FHAEE TIZ, TR
ThRERE, AMEpRelE, S XRGEENE, AmihRE, B, FTOREECE
VT Crterminal OFFEAMEGR 4L T A 79658,

R ER ML, F ORI L 2 C2 2D A A= Bl D,
Tizhh, REEIEERY S, MEEIEEE TH S, BIF IR ARE
B, SMERAEREE, R E T, B S X RE S, B,
BENTEND. WTHOZ— 71280 T, Cterminal IR B0 8, %
DR AL OFFFERERC BT 2 #5120 Th D, IRPEEEE O MRz IZ
W, & TR~ C-terminal 4 5 % AAMEIE OO A E SRR & BRI L 72
Haizuka © O#ENRFRIZH 5 29, — 5 THEEH MM~ C-terminal 4 %
7 AR ORI TH Y, e O B B RtEEh ek
&, R EESEMRRE & C, Crterminal AT O FEFEEMS R0 D D, 3
BTHDLDONILGH2 TRV

TR - REO®RD T, S5 EIEmRE B AT

BIMES 20 B, KBS D LRI EET D LR EATH



56469 X517, WEHEIZIHWLTIE, KA PR O—ERT o U RE AR

PEETLEVIRELSHL . ZnLOWRESD, WSESE ~HE S

A5 5 Y ARV = o — 0 ORISR R R T S T & AR T

XD, FEE, = U AREMEE = oo PR B, = M ROEE

R, BB~ T 5 Z &R LZHE TV 0H D ,

M1 REEE~ C-terminal #3525 MR OEFEFBEEOES S L-Cik, KMEREES:

ERR L E LT,

, BEEIZE W T Cterminal BEAAMAND Pitx2 L\ S ERERA 2R

BUZHBR L CWD & LA Bn & e o7 W, Piex2tX, LG ORI RLR,

IR, o, TEEE, Ol {77e ZOTERR, R ERR MO0 > migration

R FIIEBEEESTHD TR, WREOFTH T, VIBRAIZH D

C-terminal BIAMITO A TRH E LTS 1879, fjiek L eI C-terminal i

sEHR IR LiME 2o LRET D &, T b RGO AR

Pitx2 DFEBPR D LB HNA.

F G, ETHERICBITS C-terminal FEASHMIAOTEFEERK A RZET 2 O/

T, MERC RIS Prx2 OREFFNABE L7z, S50, FGlEmRE~O

NEATHE b L — P~ AEBR AT, SIS ESEMFEL -~ C-terminal %25

HERIAR DT TE R 2 T TE L7,
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B2 AREFE

FERIC 1L 25-40g D ICR 7 A (SLC, #f, A=) &, ICR-C57BL/6J &
mor-<r7 A5 24 38E M L 7=, 3 F8!Z in situ hybridization (ISH) (Zfit L,
21 FHILIEATME b L — AR, AR EER KSR ER
i ZE B S ORB AR TITON, EREGOROBECE L TIE, EREMT
TFESHIE > TIT o 72,

In situ hyvbridization

~ 7 2 Pitx2 @ RNA 7’0 — 71X Donna M. Martin &+ X 0 it G252 17z,
= 07 ARIPERNIZ 5 %4aK 7 27— 0.40-0.45 ml & FEE L7, 77 L ER
BICLENGHERL, WELE, F0%, METHARLL, T 71 g
ML, 8 um BORT7 4 QR EFER L. B35 7 02, KA,
0.3 %triton-X 4% 7 phosphate bufferd saline (PBS) (0.3 % triton-X/PBS) T
5 AP L=, F0i% 0.2 M HCL T 20 4 [EATEL, PAEEOT AL T 7 o
AT 7 A ORESLET 72, &51220 pg/ml proteinase K/PBS T8-12
REE2LFR#, 4 %paraformaldehyde (PFA) % % %¢ 0.1 M phosphate buffer (0.1
M PB) (4 %PFA/0.1 MPB) CHEEL. #V T 02%7 U o /PBS 2%

ERfDl, Tl T EA =19 o (50 % foramide, 10 % dextran

16



sulfate, 5 X SSC, 1 xDenhardt’s solution, 1 % sodium dodecyl sulfate, 100 4
g/ml heparine, 10 mM dithiothreitol, 1 mg/ml ssDNA) (= & ¥ 2 FER4LE L 7=,
# "% Digoxigenin (Dig) Gk L7- 70— kv, 70°CC 14 WA 1)
FAE—ayr (NATFTVFASE—2 g VBEHEIE, Tl 7 ) a 4P =33
PR 1mg/ml tRNA 2 MA 72 80) #7272 ~A TV HF AL —a
fHik 4 1 X (8 0.1 Xsaline-sodium citrate buffer (SSC) (Z LV 65°C T
L-fes

LRI, U Dig AR (1:500 7 74 AT w2 — B
pt Dig #t & (Roche Diagnostics, Mannheim, Germany), blocking
reagent(Roche Diagostics, Mannheim, Germany) &, Nitro blue tetrazolium
(NBT) /5-bromo-4-chloro-3-indolyl phosphate (BCIP) 4 Fv 7=,

= BiZ, Px2IGVEMENL & = U AFBYWEMRE L O w s S 72, ISH

K AT o T MRR OBMEY) A & VW, ChAT (x5 iE ik b 5= th 217 - .
Thptoh, AN ST 7 v, EAKRIOIZ 0.01 M 7 o o iEFEETH (pH6.0)
WoT=A a7 e— 4R % 10 77817 =72, Tris bufferd saline (TBS) ¢
B, 0.3 %IRERfLkFE- A X/ — WIS TCERT 30 oA L /2%, M TBS
THEE, TSAblocking reagent  (TSA Biotin system, Parkin Elmer life

sciences, MA, USA) (2T 60 ol 7o w7 L., —RAMENE (1:200 7
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F s b ChAT {4 (Merck Millipore, Billerica, MA, USA), TSA
blocking reagent, 0.5 %triton-X) (&L 0 4°C T 12 KIS S#724%, TBST

(0.05 % Tween 20-TBS) Tyhis L, iRPufAEmE (1:400 7~ HER ¥ ¥ IgG
LI (Vector laboratories, Burlingame, CA,USA) FUZTEIR T 60 71 o
Fa~i— kL7, F®iE TBS-T 7T L, ABC & > | (Vectastain Elite, Vector
laboratories) A M T 30 WG EZTo7=. F0k, TBS THERL &Iz
3,3-Diaminobenzidine (DAB) (Dojindo, Tokyo, Japan) (“H (k= & /L& RN
LT ZrnamHlrk.

A Lr—t—F A

EEREM & 5 %k 7 0T —r (500 mg/Kg) THREEL 7=, VEER|L L5 S

(Narishige, Tokyo, Japan) [Z|5@E L, )80, AR S O%ICBIE L.
AHF42 T, biotinylated dextran amine (BDA) (3000 MW ; Molecular
Probes, Eugene, OR,USA) #JEfTFt b L —F—& LTHER L7=. BDA E AL
BXKENZ L0772, BAZEWLTHA T AT 7 o~y b & EER
i (CS3, Trans Kinetics, Canton, MA, USA) % )1 vC, 5~8 u A OEHR %,
8 AR -8 FHRIE D 7 A7C 20 4 RIEA LT BALFITC 31T D AR,
Paxinos & Franklin 7 b7 A W% &8 CRE LT,

BDA EANG T B, EBREY L 5 %k 7 07—/ TRREE L, 4 %PFAN.1
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MPB TRERIEE L. £0%, AL, 4 %PFA/0.1 MPB #5% T 2 #5H
BEEL, TH20% 2 V1Y 2/0.1MPB C 48 IFfiliRiE L. F0#%, 2
71 h—i (HM440E; Carl Zeiss, Oberkochen, Germany) 2T L 7=
40 pm FOUGEELR ZER L, U E 42V —Xiooid. 25 LTERL
dRwah, U= 2 ERIZETME b 2wt e D HEY T
L7=. HI%, ABC (avidin-biotin-peroxidase complex) v & H\ T 4C
T CBRSUS SET2R, DAB L=y AL L DRBRITETT 2. £
WhEESFra— b LnAT A K772 RCERY 17, dhEieaazd

Nissl dufa 5 7o 77,

SRR T

BDA i AR 41T - I EEIZ-20 T, BDA TR S 7tk o 2 3,
Erpsa ) AREIETH eI D0, Y —X 1 OWREAWT,
BDA X vesicular acetylcholine transpoter (VAChT) ) —®E¥u(H 4 {1 ~7=.
Zpiot, HIR A& TBS (2T 10 53[#] 3 [EI¥EE L, =R T 1R = oo & o0 Vil

(TBS '['{Z 5 %normal donkey serum, 0.5 % trinton X-100) (22, —ik
PLIREETE (1:11600 v M Ehi7 » b VACKhT #iff (Merck Millipore) ,5 %
normal donkey serum, 0.5 % triton-X100, TBS) T dsst7-. iz

TBS T 10 5 3 [E¥ed L, 2 WHAEREIZL Y =R T 2 BEOS S g, 2
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RPUSTERE L, 0.5 %triton-X 2500 L 72 TBS 12, 400 {54 L 7= Cy3 5
AHFPY F IeG Hiik (Jackson Immuno Research, West Grove, PA,USA)

&, 600 AR L 7~ Cy2 25k $71 Streptavidin H1F (Jackson Immuno Research)
EEERLELOTHD. 2 KIEICLDIRICHK, BUHREL, RT4 P77

AGZUERE L, B, ML BANLUTEEL-.

i

et S g Zeiss LSM510 (Carl Zeiss, Jena, Germany) Tz L7, g
FEHL D K 4511 Paxinos & FlankrinHZ4E - /-
HIE MR

HEFIZ I 5 = U AFEI IR & Pitx2 o) BEI RO HERY

FTFREIZB W T C-terminal E4EHN O~ —h— L ST HBERF Pitx2 Ol

BEAAZ O L~ BT Pitx2 B AERT L, HETHBAR I REREEE o LR )

FHOTER TR LT ([ 2-1A, 2-1B 42). HsroWfAl~ & Bt 5 &, &

THEEEM L~z BT, Pitx2 MM, AR BTG LT

&, Ef, PRMASTERESEZ-CP AR 2 E DM DEMIZ RO L s LD

WCir o7 (E2-1C, 2-1D ). 610, TRk o P BIE L-r L g gl ¢

i Pitx2 DI PRS N ot
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DWT, IEEERMITR Hig Pix2 IR, FEE L R = ) FEPE
T HDERRRE L f=. Pitx2 0334 ISH THR L9 R opzg 4 )1
= ) ARSI — 51— T % 5 choline acetyltransferase (ChAT) o fa/& kL
AR T, Pix2 B -, ChAT RO ST, OB T
LB BWT R —83 503, R CIrmE O mia— L7 <
A PEESN ., RISV Tt ChAT BAEMER O /0 28 Pitx2
HAREDSAE L BT A, ZOWMETRa ) SR -2 T, B
EIIRIC Pitx2 B 68 L TWAH LB R bhvs, S 612, M—OfMiuns 2 2o
WEIBIRICEZR>THEAEL, —HIZISH T Pix2BEE 720, L H— ki
MEHAR L A T ChAT Bt > TS BbnaflbBEsnr- (
2-1E-F). ZO#EL, EHEEMAICEWTa ) ARt == —u 3 Pitx2 &
EELTWL I LE2BHETLILOTH D,

PEAAZZ X0 WEITIE, HM T ChAT 233§ D HHER0, Pirx2 & 3315
AR IR D h 0 00, I & RIRFI 3R T D I R iAo 7= ([ 2-1D).
S hlo, ETAE D ME L 0 o LoUL T, BRI Pitx2 B IERIE A )
LI Ze ot Lar L7 6 ChAT Bt i LiEemal, &, e Xic®

5 ET, KREEFEENCRD b (K 2-1G-d).
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2. pEEBMRAEEE T C-terminal 3% 5 F M ) FEIE iR O LEE

ML EIEEN P EEEE ~ C-terminal 432 ARG OTEFEE ZFHET H 20
(2, BDA iEA & VACHT o Lo®E a2 AL EbEERETo 2. OF
HRIEEI R REIZ 3T D C-terminal Ui DY FSHBBERAAR IR IZER O BT
WH &, @EATHIRT, RIS A ST IR = U AR E R R AR
BEhTwH I, QLo FERT, 18RI T Piex2 B 4 i
AlfatEERE (Z o h, KWEEERED -HTho) T b,
D 3 FAEE L KRR R A T DR & B &

# 2-112, BDA OEAF LAWY, # 22 (2, BDA & VACKT &
T BEESA T RIRR ST T N LTERRAR L. HAERERS T
21 ¢ F 18 #)T, AR EEN R LI C-terminal #WEgd S 2 2 &8 CT&E T2,
REMRREAFTOEARMELE 2-2 1R

PERAZ O b O PRI SRR b 1 OVE B R AR FE R e N L7
BIcrs, & TR, RRER, BAIRTRRGEE, =OMRGEEIE ORGSR BDA
B L o7 (K 2-2F). ZhOHOMBERAED S L, REOLDHRa Y AAE
B THLN LI R BTS00 BDA & VACKT O HEEL{TFo .
FOFER, EEIFRAMR O MRS TR AR IR #E T B RO R ATl

BDA & VAChT BT h B L 722, 26 ORI A%ED Cterminal TH
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LR TE s (X 2-2G-H).

S S lC o R MR AR, ERERE MR, OMIR R O S

TN LT G, & T it Set, BRmeist, e EE i o5 (4-60

) OMEEENABDABEEE 727, 29 Lis, =< ¥ ® C-terminal L7

BDA (i &7z b il BT RS, BERE, AmARREEE, " XROER

DT RTIZRBWTEEEIZ BDA B C-terminal #5856 % -7 (A

2-2D). ZOEREEF T DL, ERRETERI T L BDA SRV AE N2

WIBETE, L5 LA IR T RICESRP T SEL L BHR LT

Wh. b, EEOMFEE L ARICERE TS Cterminal FAGHIID T

ETAHT e RBETLEELZ2 S, Fofh, 30 C-terminal @) 275

AR vl Tk, AHMAEAL (FIMR) : 28.3 %, *HMAJ: 71.7 %) (235 T,

BEAZ, S XAROEENZIT S 2 L S 7o ) (X 2-2E) <, st AIEEAL ([FMRL: 14.3 %,

XA 85.7 %) (= ANRIBEIRL DI AR 7 ) (K 2-2A) R KL 5D,

#3 LY C-terminal ELAAMERL O I —RE T Z B3 HEE S .

SMAE RS & B AL I BDA SIS pl Tk, & P,

Eebk, OMESERIEE, ERmeriEkZlc BDA Bt Crterminal 78 Bz (¥

2-2B).

FEHLT -0, SEREIHAD AR (R 0 VI E L AifiE T b 2 MfEEEIZ BDA
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A L7861, 8 =Bl 112 BDA BB C-terminal (1385 722 4o 7=,

A ER

JiHEIZ 3515 5 Pitx2 MO 577

Aoa], MR T Pitx2 OFERAR AR 525 2 & C, iLHEiEMO C-terminal

EAGRILE, FHIZBIT 220 EMBERAEH Y EARLNERoT

FEEIZHBW T Cterminal EHGHIIIFRHVIE AL L OXBIZBWL T,

WL DI ISR L 121888, Pix2 2R RAJICEHE L T BEEhD, &

[FlOMETTI, GEEREANCEWTER & R, L IR oMmiEigEidic =

U ARENETC Piex2 B ORIy 2 B - LS e &, D OfiTiL, FhE L

FHRIZ, Pitx2 5 PE¢ C-terminal EASHE D T.OEMAITIZ ST LTINS £ 8 2

BID. L LR n, & s EE L~ X0 B IR oo i e BRI T R

Pitx2 BRI S R 670 < P o7, 2% v, FHUmHEAICBW TIE Pitx2

h 3R G 7 Cterminal FLAGHIMLSAFFE L T D48, L 0 Rl oo fEN T,

C-terminal ICe5HIfEIE Pitx2 28 Lip{ e H 0 L 52 6505,

29 LiziEaL, Pitx2 OFEBIL, EEWEIC Lo THESR W LA E

WA, FE, Pix? OFFE, LT Lb2 U EEMRBOAICRELENAD

CER e, BlAE, R R O Pitx2 bl GABA PEEMEATIRICRIEL L T Y

W), E M EII B TIE A Z 2 L ERIEE R Pitx2 MR LTV D
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IEBRHOLNTNS T, oF 0, ZOEREEKNFOEHEN, MRl ozESmE

WHESNADO T L, BT MO KR o RET NI L - THE

SNTND EFR LS. SEIOATE T, IEFEIM L 0 b [HRIZ I8\

Pitx2/ 1 Cterminal il 5RO~ — A — LI 0 252 LB FHTH LN E

ol ol

U EENEMFEEE~ C-terminal 155 F IO [FIFiBm OB Z

SEIDOBFTEC, D EE MR~ C-terminal #3355 EEMEL, & M4

%44~ C-terminal % i= 2% EAHHARL & FIERIZ, RMIRMEESEICTAT S Z

BE LML o7, IREAEDEITE, FAERMEREERAD & P ] o 8= 5 dn

fAEE~ C-terminal DS R H07-. S, T A0S REM~ BDA

DAL R BBV TS, —ORRAPERRRE S, FRlOEED

A= EEMW R~ C-terminal 25 &8 L TV 2 O3BIZE S durz. )2 13 M467

WZEBWTHE, 3D Cterminal B AEFHARIZ L 2> BDA B D IAZ DG B 7L T

RWNZH b Y, MAlOE TR, BEmEReE, =R, <Al

DEEE~ C-terminal &4 %3207, WITHEEHEZ)JWiRhE2ORETE,

RAMALHEREIR AR D e = o — 2 U, BE SR PR ~ T i 5 5

LOWHDHZ LRI ST 66769 SROFERICGETDLE2D. K

BRI VT, C-terminal #CAEHINNOE] 5O Yol Mz S L, Z£HFDIEE D
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A T HER = o — L~ b Cterminal 355 2 ERWES LTINS
63, C-terminal AT, 48 - R TIIWMA OB =2 — 1 o~ FRHCER
5L, I hopping 72 & DA —HE L - EHORBICEET I B2 0N 5.
Al OFE RN, M ERMEMREIC C-terminal % 2% 5 fl AR 25 7075 oo #h
PR~ RIRRHZ R LT S Wi a @< R T 28 O Tho7z, Lavl, fdx
OEIGHIES X 9 Do BRENBEE L, Yo L 9z U CEaPE i~
BEBELTCVDNIEALPERG R 25 LIFR T 217 5 11,

BH——n—n i UL TR ST 5 FENLE L E R b,
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L

REOFEREELDDE, UTOLIITRERMSTLNE.

(DIn situ hybridization @7k F:, MR C-terminal EZiEAIf0L, TRECISUTS
hedin & 20, EREAMN LD PO L~ TV TIRERE N Pitx2 %

LW ERHEL AL,

DS EEME AR T Cterminal &= S EIGMAIT, FTFREEC

C-terminal #1625 GG & RIS, RAURRMESEEICEFE T2 Z BB

Mkiraol. &5, The® Cterminal AT, EIOEHROMES

EE SRR LTV D EEZ B,

@C-terminal ELIEFHIT O X B IZFEM 72 BFIER AN 212, Hi—ma—o

VLI T O O TZREFRR A A L 3 2 LT,



BWIE: ol EBME= o — v VR RN R EIEERE DR

E1f YR BB

AETHLNE o fc L 57, B Cterminal fEA5HAITL O FEETE A & 5

(TR D i, M=o UL T BT AR O HEE A3 2AE

ThHL AEEBEBA LTS 2 MBI E = o — o OFBESITET 5728100,

MR T, HARRN A RRTERRE L Z A, TIRIEF L.

e, MMPREE O A ER-CIERDEOFEA, SERESEOFES

RAWTHED BT & 346,59, 1990 X2 A b, Bint+ LFEDIEERIZE

ST T A N ARG A AT 2 B A R T BT A TR0 R G L, ARG E S

FEAT O FEEFLANZI G LB E 23T T g,

TF ) UANALL8KD PO A XK EWIE L IMAZ BV RRAR T,

&

EOAHETORMLES T, SABTHADHEBICLBETEALT Y D R
TE LT, 2O, TF U4 VARSI 28 Ly 2 — L
09D, I, VRS —EAIERTY AR S D T, RRE
D\ VAPRRERSTAT £ 8T 4 FES T 41, L0 EEMARATAS /TR & 7
o - 4T 808D,

— ¢, MR ERE RN B R LA AL DTS LT Creflox & AT 4y

5288, 82 4y RN WS LA L 9222 TE T, Cre recombinase (Cre)



(3, P17 VA7 7 — Pk 4 5 S BAA AR 2 fEREO— T, DNA
o lox EQF1 & MEIEAL 2 507 & 58aek L, S FF L7 B (R A2 A8 24,
TF S GANARART H—b Crellox AT Lk AT, EAE
By - MIRERBENATRELE DI ToY, FNERBEEITMEDL FET
L6 L L b, TR Tl — = o — 1 o LUl TR H RS AT
TN TELT, oL BICEELIZHROGMESD EH AT,
SEIOHTETIET T /) 7 A VAT 4L Crefllox ¥ AT AOFLE
J 0, 2 U AEEEER O M e B BEAT 4 [ BEIC T D iEOBIE 4 A .
RELEE, BESEEY T RAEET TS DL G OMpFR TR AT IR A
ARETHY, IWBARECENFETHL L EZTND.
H2H B EFHE
ARBIVHERNREREYERGFREESORRED T, WEER KPR
L7 72 DNA F2B58H 6 K O ER R PR EBREMEARE RS2 5
DNTAT T2

EBBYE RT T o AR —

E&i~ 1, choline acetyltransferase (ChAT) 7 riE—# — {2 Cre &
BT EMHAALT W7 A =y 7=2 A (ChAT-Cre =7 A : GM24Sat)
8, ZOEREME, ) AAFEMIRE R Cre ZRET O
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AT H. ChAT-Cre = 7 A3 Y 7 4 /427 K557 — B2 Mutant Mouse
Regional Resource Center MMRRC) L W EEA L, ZEE3o 71 L AT AL,
ChAT-Cre v 7 A ¢ B4R ICR w7 A (SLC, i, AZR) » &2l Eid
Tew g AL o7z, ChAT-Cre v 7 A LHAMICR v~ v R O TOhE<wy
ADERE RS DORIOAZLLL, polymerase chain reaction (PCR) 2k D
RIS L7z, EERIZIL, 25-50 g O~ 7 A3 106 BHAEN Lz,

BRT T S A NART F—=E, JLETEE TH L0 B E AR T EE
WEt Lo th et s, SEONMRICHBLET T/ A NVART X —
MiFHe D (F3-1).

G720 %, DAdnDsRed/myrGFP & L8, @Ad-STOP/myrGFP-WPRE
2 fEHiTH 5. AdnDsBedmyrGEP 7 7 —id, Cre 77(E FTiL, fmoet
Yo7 Td % Green Fluorescent Protein (GFP) % MR Z B TR
L, Cre JEFTE T Tl OE L ERTH D DsRed 2N THET .
Ad-STOP/myrGFP-WPRE <7 # —%, Cre £EF T TiZ GFP % TiZHjbE |z
BWTEBLL, Cre dFEFE FCIILR—4—BHEHEILL 20,

ChAT-Cre =7 AL, gk Uiz 2 fEEHDER T 7 ) A VAT ¥ — L 2 H

WCHAEREZITY, o) fEEhR o W R LI RE R SR 2 EF L7z
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AN RNL Z—DVEA

FRREL LT02%7 but'y @QmeKe) #ERIH~HLL, TO%5%
fuk s 27— (500 mg/Keg) % 5 LR L 7. SEMEEEE CEE L, £
B L UESTHER O RBEZ TV, PRI IRE~EAT DSV TR, F
BE~EANET DHNZ- DTSN C6 MR UIBR AT Lz, 75/ UA LA
g A —Z NaCl Z ¥ L 7=#5E 50-700 nl Z/~I /b b)) oy NICFEEL,
W7 AE RO NS R ) VAR o 7R 7 (Ultra Micro
Pump 11, World Precision Instruments, Sarasota, FL, USA) {245 L C, <
7 AHFRAER NS T A S AT BB LA LT, A AR H TR D
NaCl BE L, EITHEIT BV, EAERSFIZEBNT1IMIZHRE L.

o AR D U A VA EANE, BARE, AR, HEoH LT
TTo 70, AP PRERE O AT FEN e 25 L ATE-3 T, EBRZRAHY
FMBVICERT S &M T 2 HIWT T o7, 26 OFITIIFEMR 5
FHE T, 700~1500nl O 7 A LAY F—EE AL, HEAE 514 AO4F
N o CHER R E L.

TRV A LG, A AR 2 — A B AR O AT
DVVTRRT L 72 EAZEIL50~700 nl O&EFACZAETE L, 7 A& O EFF I 3-28

BEOFEETERT Lz, BmAEEE, FALSALIZE D &9 £4T 100 nl/min
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& LTz 7oA A Z—D FifflE, Ad-nDsRed/myrGEFP 75 1.0 X 109 pfu/ml,
Ad-STOP/myrGFP-WRPE 73 3.0 107 pfu/ml T 7=, iEAiX Paxinos &
Franklin @7 k5 R 6 % J[J\ T EMBNI AT L 77,
AR R
HIEE TR L7z o & [FRE o HiET, SmAERZIZENRFROAEE LB
T, 4%PFA0.IMPB {2 T~ 7 ADEmBE T 41TV, s KUFHEL T L,
HAEEAAAFR L/, B LR E WC2 72 h—2 (HM 400E, Carl

Zeiss) 210 40 pm OEEU A EZIER L, SR A 4 U —X2507 7.

:

IEEAEDOET, B LIZYIF O ) —X 2 111 GFP fLikic X S0k
{LZEGA TV, EADRGRAITIHIEY OT<TOH L ) —AThEATLAE
i, BEICEV I —X1, 3L GFP & VAChT O%E—
ZAEALE (Fik - BRTZARCESR). vV —X4TFHe L.

s o I

fERE LB O ) —X 2 5 T HEWT, AL AT Z—HBEED GFP

falli o= O REHR LT R AT T
g% TBS i Cikigr L, BIRCIBBEM 72 o 7Rl (72w 7o—RA
0.5 % triton-X100, 2%

R DS AAFT 7 —< AT 1 Ttk R, M),

BAK) ICREREL, TO% 1RIERETE (11400 B0 Y BT
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b GFP fifs, 7oy % 2 75, 0.5 % triton-X100) FTICHWTER T
FUG ST, 0% TBS THE- LT, RIC 2 RFUATRIZ (1500 &5 F AR
Ry S H kBT 7 ¥ IgG Fiil (Vector laboratories), TBS, 0.5 % triton-X100)
(ZEEIE T 2 BERIERE L, & 52 TBS TS OZ ABC % v AW T 11
s aiT-7. =ik, TBS THf L, DAB IZHE{b= v 702 MU TEE
AT, ATA R ZRLFR, BAGEML CEIALEE L.

o H

A N AR H =2 LD GFP RN 2 ) LV ERMEARRAR B IS & T
5k EFERT L2, —HOEICGFP & ChAT (2 >W T\ BT 7.
TR 4 TBS Tikig1%, 7o v & 7 (TSAblocking reagent, 0.5 %
triton-X100) (2T 1 REIRG S W, T L RAKER (1:1000 B F#IE
KW FHEITT v b GFP 518, 1:200 Y Bk + ChAT #ifs (Merck
Millipore) , TSA-blocking buffer, 0.5 % triton-X100) H C— i S d iz
FDFE X I TBS Tl L, 2 A (1:500 7 F 8y S ki v
= IgG $1{5 (Vector laboratories), TBS, 0.5 % triton-X100) iZ58{R.C 2 I
MRERE L, & 50 @Ego®, #Ehim (1:200 Cy2 255 Streptoavidin
fifE (Jackson Immuno Research), 1:400 Cy3 £33 ek v & IgG ik

(Jackson Immuno Research) , TBS, 0.5 % Triton-X100) T 2 FH S =1

33



T, ELITHRBPOBR T A FIT AWM, K, B L TEALEIE L.

v S s% ECLIPSE 801 (Nikon, Tokyo, Japan), &£ SFE#%E Zeiss
LSM510 {Carl Zeiss) T#IZ L7z, —# @ f]T, Stercoinvestigator system

(MBF bioscience, Williston, VT, USA) &, i@ Y 7 ~Th D
Neurolucida(MBF bioscience) % H\ CHIAEFRED - L— AR & 1Eak L7,
Rt EE 0 [X 451 Paxinos & Flankrin™2 &5 72,

EIH R

A ARRET DI, BEOREN G 7 AEEVEFRED FIE A R &
AT D IR R O 2 i icwf L, 77/ A v AR AERE{T- 7.

R - RAIFR~DIEATIE, VANLART Z—HAZI VR LI-ED
ORETHEAEAPR LN (K32, A, B). 7, HAOREFZEITiE
Gh ez THIRZELZE b L—AT A2 L LTRETH- 7 (K 3-2, C). L GFP
kL, =V AEEMERO~—5—CH 5 ChAT O Z EHPRE LTV,
ChAT-Cre =7 A~D T A N AT S —FEAR, =2V AEEP MR-
GFP B AFHFET S L LR L (K 3-2, D-F).

L LB s, 7oA 2A%KEBICEANT D Z L THEAS LA BOMRE
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MM 23BN « BT D72, MR ORI O AICERT o2zt v A
I ATEABRTEAGRDAETEROSRFEPLETH L EBHALE (F
3-2, GH). 2o, BEVIERHIEALCE, Sl AZOEFH -
TT ST NARFEANED R R T T

2. BEREVIE I EAL T L85,

FHREVIERAEAS (K32, I'K) ©i, FAROLENME LU Y112
EARDBREETANC T, ZHOOEFHL, 2MHDT 7/ U A LRy
HF—DENERIZ DN TIT o 1.

2-1. Ad-nDsRed/myrGFP TofEz/

2-1-1. i E e AR OfTT

A NAR TR, 5H -8H 10 HTMEI L., ARS8 H
% £ Tl GFP sk A 2 6T 245, 10 B3I AR I E W A0
WS R i (K3-3). 2O, w71 b AR A iy k& (700 nl)
EALESRAETYH, 28 80~150nl) HEALEHATH, RECRD
Hiv7e. AdnDsRed/myrGFP #HH#i~TAT5E5121%, 8 HE %
BARETFHMEZL 2. T A A T00 nl FEATE, FEARCITE T2
U AEBE N s a2 OB LY, BE s EORE LA

VAR SRR ST, E DS TELTETLRBRO VANV ZEEANT, R
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b T NI 00 20 BT 7 2R PR A AR L7

212 JEABOLES,

HEBRECOWTIE, ZOUA LRI E—THEIZLZLN% 8 B
TR LTz, UANAFEAREFO TIZ00, GFP 2 XD ERITEAT
DIEFEORZIRF L, £, ANET2HHIRBAMNO =) AR
a—art, T<AEVAULTARIETE S L) iZhkol (K34, U
AR LB ) AR = oo AR RS GFP BEREE L TR
HENLHEPEARIL, 80~150nl THY, LR EARTI
VIR— 4 —EADRBPETE Lol

2-2._Ad-STOP/myrGFP-WPRE T 7t

2-2-1. RO

AN AYE 7000l A%, 8 H-14 H - 28 HIZ THETL -,

22, Ad-nDsRed/myrGFP @] & el LT, #iRMER T GFP 3
HILFVEmM A RO, B LERABETH S 28 BEORAIZE
WCh, B Giial s 2Rl o T, AR ERIC A0
T, EAFEMELEAT I Z T anigin Uy, B——ma—1
O REPRASE D RERCTI R B S OREAT SR L 2 DS BT (B 3-5).

F, AFEEES ZERC D IZo0 T, EARLLWET MIIZEEN
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PRI A < MRS L d K D in o dn. AL ER

— B PR E N SHBAITETEIEICEL LT —ETH D I LD,

& DM FE T AN B 72 B 4y RS IAR LS, VEA DO Ot A

MBI E T o b O L HEH L, AR L BB ERAL O
S TN TN, IR REOITIR A RET o 7.

I L OB EEENL, Ad-STOP/myrGFP-WPRE | ITIEARER L
WL~y F—ThhHEEX BT LB T, 14 BEEOHITD
ERITIER AR IT 6T, e OMIREDOREIRIZE LT o, L

Z DR TIEREOEIES RO, EAFLH,LYRICHEL - F0 T
ATV, & 5 1 T MMRIZBR S AL T e,

2-2-2. HABOHE]

Ad-STOP/myrGFP-WPRE (25T, A L A O ABOHET 417 -
7. AEABENE, LRiomR THRE &Pk L7z 14 BEICRREL, T
AEEAZIE 300 - 700 n] TRELE. ZowA A —Th, HA
EIG U CV T ABERET L LN o7, 7281, KEDA -
D EFEANTNOSEETE, FOLERCOMIEFREOERYT LR~ - 7.
= o 12 b UL T O REIEAT S AT EE /2 D0, PRI ER S - f

BIZB SN TWe (JB36). D, ZO7A AT B —% B -
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TTERRORRATIL, EAT G GRS TIT 9 Fi2 L7z, 300 nl

UTOEATREE LB RIIG AR 7.

FHA~TANVATAERT 2L ROERFER S, LITO X 9 IShEmATT 7.

BTRE~D 07 A AAEAZER BT ;

(DAd-nDsRed/myrGFP Tif, a. i@/ LAEMEILI8 A THS. b, AR

ISCT, LDIRB LN ORTA2IT I HERAHETH Y, B L sl T,

80~150n] DiFEAMRE -0 UL OFENTIIEEYS TR A, ¢ DED Y

A NAFENTE, EARLEICERARE T 2HMMAH Y, TEmRIEL ER

BT BT D DI TS

@DAd-STOP/myrGFP-WPRE (%, a. AFEMERE < RDIZ080, ¥ 7L

MZmiTs, SEHMET LR, H—rma—o UL JZRERRTICHE 14

AEEEOEEMEARETHS. b, HAREMEH L TL, EARLIIOME

IR TH S, ¢ INEWOFETIHEREE ZJENADH D20, DRV

B & T PRI REAT 3 A OIS A .

w

WA EE

F IS A T RN K kBB AR

T T N A S 3m M O NE S C, BRAMR TORIETR

HBRNE <, FORMII BBERFRETHL, A ZOREVEETES

38



M

HRAIAT Z EBTIRETH D DO LFHAT, sTFHE SN > FLRAT T T
ANVANRG H =L, ek 36Kh £ TOLA L ETE 580, 25 LIFRG,
TT S TA VAR B IR T N T 5 B CRAIA LI LR TE 7.
AR, MRROBEITICHCORD 7A AR 2 —L LTI, fICERFBY
AR, L REAGANA, LirF oA A 75 JEtE7A A
(adeno-associated virus : AAV) 7o K035 5 8589, A (e FEE R I Creflox
VAT LAEFALTODIEHICRNA VA VA THLHERINTIA VA, Vo F
EATALR, LT UAAAAEA74—L LTHRIATHZ Lk, £
7o, AAV A TE LB A XN EWEH, <7 —L LTERLZN®
27,

B D Frf o b 72 B TS

AElOEEO L 917, Crefllox VAT LETF 2 A A7 52—l s

s

TP AR A R T AR T I ET T oSN B D 60, T oG,
FH BB OBV = 2 — 1 2 Cre £ 8IR L7-+ 7 2 (CamKIl o -Cre <™ A)
DR, loxPRANEHET LT T / DA NVARY #—&E AL, BREOHEH
= 2 = DGR EA LT H 2 L ZRAIZLDTH DS, ZDIITHE
20, MARRERRARTHEICRIAL T A L0, BifE= e EO

ARLICE E>TRY, i—= a0 — 0 > LU TORMEITIIIT O TR,
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SATERIE :, Fox O LETHREBEOEVARL LN SMBE, 285202 L0
s,

9, TR BT, v U ADEREIZB00nl D7 A AT KT
AET>TED, SEOEY OBEFTLEEARL Y LIEDNIKREORST ¥ —
EHERLTWS., SEOBRETL, VAAARY Z—REFEABERK & Ebh
AP DM - PSR ST, TSV, REFAIC LY

PEAMLL O - BHRZSE: £ DRSNS L, BRI RENT & 51 TV 2

Ei, EATHE L, SROMEIZBEW T, VR—¥ —EAOBETEISE
WD L. EATARETHE, VER—-F—&EATHD GFPIZ, BWE R HTH
7 GAP43 # 737 & N KIRFICFEE T 2 palmitoylation sitedV 301 & 41T
W5, SEOMFE T, GFPIZNT L7 "2 LT Fyn #7278 N
FEEIZH 2 myristoylation/palmitoylation sitef®2# R L=, Zh D ¥
RUFIIWT Y, F o7 ERRE O GFP SHKE~BIT L, X0 B
BECMiEMIR DRSNS D Z e 2 AL LTHINENTW D, WE DI
i, MM FIEAC DRI ERED LZEZ LN TEY, Fyn #3570
myristoylation/palmitoylation site Z 0L 7 GFP (myrGFP) (%, GAP43

& 237 @ palmitoylation site /I L 7= GFP (palGFP) &ltsé LT, X9
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g

SR E IR A TR T A 2 A RE IR TWAS 0, oS, LG

AR LAV BT 7 A S ERI L tab, SEAFIFE L D b

CEAfE A CE o LB s.

R TR, FEARMEREEL L, BVIKE CHEMEE TREL Y Do a
ARG Z—ZRMAT 58T, B a—o AR EER LT, D72,
TR LE D LEWMEE T, AN ET H o 2—r DAL THRINTH I &8
Dz bEZ S,

2 A RN K — DI

TF ) TA ALY, MR AR A S UG e 12 G D INEA TR B L—t—
FLTORAA I EFL 3 TT00) v L AJREE ORISR 9D, RN 2 B 92)
REZLVETE R L= = LTLFIHL 2 22 8P @E s TWw D,
SEIRAWE 2O YA VAR Z—iCBWTEH, —FHIETTE L —9—
LT, & 9—FIZdf T hb—H—r L TORMEB R BT,
Ad-nDsRed/myrGFP 1%, fEHTIZ@E S 2 AR A i <, AR
DT B SRR T A 72D THE b L—F— & L COFNICE L Tz, 2
kL, Ad-STOP/myrGFP-WPRE 124/ 1C -+ 27T AFHMTRE <, =
T, WAF LG IEVERE A TR R T S 0T R L — =L LT
FIRZE L TWe, 29 LEMEOEWNL, FhAfnoa A 77 MY
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E@F

HEINLEETFEARZOERIZKET AL E2 0615,

Ad-nDsRed/myrGFP 1L, Cre T7F F T#35 GFP £#R& 55 L 23k & T
WADICH L, Ad-STOP/myrGFP-WPRE (% Cre % TTh, 43 L % GFP
A LA, £, AdnDsRed/myrGFP i Cre FE(F{ET Tl DsRed % %53
T5 X ARFIEN TV D A, Ad-STOP/myrGFP-WPRE i+ Cre 35FE T T Lo
P—d—BEEHRB LWL SRFENTHWS., ZHLOENODR, XY #—

DEFROBZEVE o TERATWD EEDNS.

AR

4% 5 < Ad-nDsRed/myrGFP (2% L/ Cre FBIEMANIZ b - CrE, RERA
7t GFP BBLSEARICEIN L, B b B RARDITE GFP JAHiNIcE
1o LBbhD. GFP #5Hhw b # o7 3—RCEE LT VHBM B
TWEG 9, F0is, Ad-nDsRedmyrGFP @id A Tik, RiZEEY <7
OFEBIZ L > THRRMROBEREE S RES W 2RSS 5. TORMA,
GFP i CREICHATH Z LI L0, EARLEFHSAR I THREE
LDTHAHIEBEZEBERD. E6IZ, Cre FEETCHEIT S DsRed & E 77,
EBERAE D DT UVMHIARH D728, MIREMA T & E 21 rTiRtEs e &
CWB 9, DsRed i Lo TEBOZ Y TMIRENREMELEZZ_$Z 806,
Ad-nDsRed/myrGFP COMAZZEDBI R NEE T &, DWW Tidilite o= EA

FEIANENT SIZEE L TWADE LB,

42



Zhizxl L, Ad-STOP/myrGFP-WPRE Tit GFP |17 7 LAlB X,

ez

A7 F =R T GFP EREDOEEIIERA D L TH DL EEL NS,

3

%72, Cre ZF57/- 72\l ¢ DsRed B335 Z & 4,720 /2,
Ad-nDsRed/myrGFP » teie U CRABMOMBOREE L apie, REFO45FH
a2 LaTWREROE L Bbh s, F0OKHE, GFP R REIZ - TE
WIZEINT S ClidRd, WRATHMHARRELTH,

Ad-nDsRed/myrGFP & lbEed 25 SO REE LG LIRS0 9 R R

HONLDTHASD.
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R

REOFREELDL L, UTOL I ICHEmTT LD,

D75 oA NARY H =L Crellox VAT A%&IWT, 2l A=
— RGBT D N TE, S B, VARSI =D
FEASEMAROELT D 2 8T, e TIRIR L7 o MingER 2 i L, H
— = a— 1 UL O TR A (e N i

@EEIOFE L EUOFEE AWEETHTEL Y b, W RESE TR A
FEHRTE., VANART 2 —FAOFLEEELTE LD LU EED
BB S EER LD, itk b kB,

QW EIT ST 2 BOT T J UA VAT H— 5, —FIIETIE R L—3
— L LTORAIZELTED, & 95—Fdfiit b r—3—L LTOREIC
WLTWD, EWassERR ST, —OEEOEWE, &x OFG A

P OB AR L TWDH LD EEZR T,
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% 4 % : ¥ partition cell OFFRRFAV IR OEIT
Bl E% - BH

FHICBITA 2 ) MEEME = o —2 12, EE) = =12 I, partition cell,
central canal cluster cell, #ZJRHMFEEETIRI = = — = U ofEEE=
0t B 7 2

729> C 4 partition cell [, @ —3F(8 C-terminal DEGHBTEH A L £ %
LT G 1263 Barber, Phelps 502 Lo T, #DOFEFERHRE S TLE,
partition cell DFEREIZE T S E 72 <, #1¥ T partition cell 23R H &4
ToEABEIC BT S 2, RTZIC T 0 B OB OTER 2 FE B R IHT & 92T,

¥ 7=, partition cell (ZEF+ 5 DT, MBIOLICERL TWNAR
1218 82 9596) - FEEELER T o TIEET 4 THh S 5 partition cell > 7K 72
FRRIZETEMAI TOmET LS 2 oidTE vt Bbid

LDz, ARFEE T, Barber, Phelps © (2 £ 5 partition cell ¢ K4y 4 /5
L, MOBESAREATA LML, S 6IZHEWAIZEITS partition
cell DM EMIET L &2 AN E LT, BRICBTOBRIET-72

Partition cell D REFHIRHEAD AR\ Z [ - T, FIETHE L, 22U

{RENE R AT RA 2R ERE T AW S Z B iC L.
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B2HE HREFE

EBEII LN D RN H—

AT ChAT-Cre v 7 AB LT 7/ U A LAY ¥ — 2T, FEEVIE
NOFEANEREFT T EH Lo ChAT-Cre w7 A L BRI ICR w7 & &
DOMNTEDHLEw T AIBETHL., FHLEYVADIEERL25-50g Tho7-.
7oA NVARY A=, G T Uiz 2 BB 7 A LAY F—F s,

A RN B fEA

* ", partition cell O Z A ZHIB T 2L DD EMEIT - /2.
Ad-nDsRed/myrGFP (Z-5W 1 Tix 80-700 nl A L, 5-10 B OEFHIRI 4 0
7. i, Ad-STOPMmyrGFP-WPRE (Z-2\ Tl 300-700 nl 1A L, 828
H O A TFEIIE 4 E 7z,

DONT, H—ma—orOfHbE BN E LER 2T, TIETHRE L
X912, AdnDsRedmyrGFP (2o Ttk AR 4 80-150 nl & L, A{£H
M4 8 Hiz L. Ad-STOPmyrGFP-WPRE (=5 TIEii A &4 300-700 nl
L, EFHIME 14 BlcgRE L7

EEREMWICIL, BIEE CCREODE Y BRI - S UIBRA TV, 2 C56
PG B TEAE AT LT, = AN AL, BT o

EBRLFERRZ, NIA M) VRN T ARG ERWTIT o 0,
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Partition cell 7)FEF

FHIZELh D2 1EoE==

#)— =12 ., central canal cluster cell, ZZEEERTHI = ~—

MNEERME s e B H D

T2 partition cell &if, LLTIZaR

@ EE = o — TRk
FHEAIO o L, IR L

central canal cluster cell |1, /3%

fwHREE L T

CWNRE OB 7o,

— 2.+ LCid, partition cell &}z,

“hiboal) A= —r L, VI

&2 k

BT, ZMEIEORBEL LD,

TEOMIZ R 2 5. ASEEINT— o —

18117~ & VL

REbHDEND

LT, BRI

G TIFEIET D

HA%, T BN VIUE A B B T
ERIBEM O 2 5 LI B R 2,

SCI DR S5 partition cell LA D = = —

OFEFHTIN A 22T,

BERM~VIBIZTEEL, TR E

LS TERER) e A 0.

H O,

o E, BEELL T IZ S Y

TN D MRt

%=

mMiE iz

FHET S

2y, A

B

LA ARIBRE LB WS D.

VIE L v & BEda e

WCHEEOREWVHMBEAZMR L T D £,

<, POERAREERY R LS CREL,

SERET OB CRISHMA I Z L

, FPLVE O

EEKTEEVAD

U AEEIME = o — o

Hah s Lo Vb

24 48}

ED:J ;) ﬁ)ECVH)% 7 E) %ﬁ:hvk @T'_l—_; L/, FE-TJ.%

Ly EHETCEDSLOE, SE



Vit s w7

FEREE & L U ERE AR, piEICER L fJEEERTH D, T4bh
B, 4 %PFA FR CHEMEE 217, 273 h—A%IWT 40 pm EOHEE
Th%4 ) —2fER LI,

2o LTHRE L8R 5 6, FEEVIE 2 BT 5 partition cell & 4577 g4
IR U =22 DU & Hu s, Partitioncell @M —= o — 3 2 LUl

FEAIL, MUERONRAE ENDHEETEY ) - A& Ra LT,

2 5, WEA IR T X i partition cell DEREZER DRV BT 5 /28,

TANANRY H—F AN LIF & R—EEO~ 7 AFH & B CEBEAR A7
Bl OANANT F—EAH LABRIZ 40 pm BOETMR 2/Fk L, *
Y% Nissl fefa L7z, 25 LTELNHEMEI TG, <2 &% —1FAHT
partition cell BT 2T L F—OFHEMOLOLBOELE. Z0
Nissl #em & /=9 Lz, bk L-— A L7 partition cell i A EiEid, #f
RIBEPTHROEDEETILEB ST WD R L7,
SRR T

T A NART =il Lo THEE = ) AR R AR B I R L /- GFP i,

AIE Lol L 7= 0 & MR el e 4e & TRl L7,
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A ERE
TA VAR F—EAIC LD GFP B 2 ) AEEE = o —u R

RETWAZELZ2EMT S0, GFP &, o) EEEMEE LD~ —H—T
B D VAChT o s R {77, B2y ) —X1, 3 2 AW TROE T
L7z, Fiedod, G %E TBS THITE, 1% HoOp 280 L7 A Z 7 — K
(1RFERIE L, & 500 TBS T L, 1 bk (1:2000 7 > b i sEht
GFP fifs (FH 747 A2, &, A7), 1:1000 ¥ HkEHi VACKT #iiE

(Abcam, Cambridge, UK) , tris-NaCl-blocking buffer, 0.5 % triton-X100)
T1BRE S ®7. 20k, TBS THFHE, GFP OEO7Z80 2 IRFLIKEIR

(1:500 7 FEFMT v + IgG HfR (Vector laboratories),
tris-NaCl-blocking buffer, 0.5 % triton-X100) (2T 1 BF[EIR)SETTVY, S 51
TBS THREFIZHE L. VT, ABC % v M2 X 22 VACKT #it o7
DD 2 WHAS G AT CiT-72. T742bh, ABC v bRULHRIZ 2 IRiT
AR (1:400Cy3 ik o S S & 1egG s (Jackson Immuno Research),
0.5 % Triton-X100) Z/MNZ 726 QT &RIE L 2 FFE=IR CRn S 7z, 7
5, UTFORIGETNCEY FTfTo/z. TBS TikigD#%, TSA (Tylamide
Signal Amplification) #&# (1.25 ;M biotinylated tyramine, 3 1 g/ml

glucose oxydase (777 4 7 A7, 2#, BA), 2 mg/ml beta-D-glucose, 1 %
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bovine serum albumin, 0.1 M PB) (Z L 54 30-45 51TV, HUTBS
THEE L, b —FD 2 RPUAER  (1:600Cy2 iR 0T Streptoavidin HL{4
(Jackson Immuno Research), TBS, 0.5 %Triton-X100) T 2 5T S 4,
P L, R4 N7 RITEE, BARERLTERELE.
e
) — X efs L= O —HZ 3T, Stereoinvestigator system (MBF
bioscience) &, {H Y 7 kTh % Neurolucida (MBF bioscience) # Hv T
HRUTERED b L — AR ZAERE Lz, b L— AR, B A 2 Z0ooFm B¢
HBEROGb®EL 2 ETHLNIEE L LIS Lz, MREEORITIC
Neurolucida A OEAT Y 7 T % Neuro explorer (MBF bioscience) 4 H
Wz,
P HELT
Partition cell O#EAREFFIZE-D< 7 7 A ¥ —FHTloiE, #El Y 7 N JMP 10
(SAS institute, Cary, NC,USA) & H 7.
BIH MR

1. Partition coll DFEBERER

1-1.  Partition cell &5

ChAT-Cre « 7 ZAHFMVIBR~T 7 / 7 A NART H—LFEANTDHZ LT,
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VB ZEET 5 o U AFEWME A {E = o — o 2 37230 % partition cell A3 ARk
ENH Lol (3 )., IALOMRICOWT, MiFEO e A 7
FAEN L ZS, SRIEZSEEE RTINS (K 4-1). £ZT,
partition cell ®HfEIRIEE 7 T AF—Hth L= 25, ZTAbd=a—u iy,
AIAmFESS 84.5+30.2 undDEEE, FEFEA 226.9+69.1 u i DEE LT 0L
LI EDHER LT

gD R/ A els, AR i3 99 O partition cell #7712 »» L
LA, IO a—u i N RTVAR O LLEE 2 A 2 e v b, RE T
W LIRAEOHIMIE TR GH L TND T Ehimhots (K4-2).

EBIZ, TLE N B OBRHIG UMY RO SRS Ko L 9%k
ToHMERNIEZ A, FLEND 100 pm PAFOFEE TIL KBNS E <

(BEL:35.3 %, <AL :64.7%) 100~400 pm OFEMIZ B2 < ()

Bl 60-66.7 %, AF!:33.3-40 %), 400 pm £V EEAL 7o oEh L R URORERH

MupZ<tshds (M 36.3%, KA :63.7% LW aHmAHSH T

3
'i-

BHL 7= (1¢4-3).

T LB DB W D, VI A 3 DM XS L., Bils, &

LENE 100 pm LINOPRRITER, 100-400 »m OFPREER, F.0E 75 400

um P BN - OAEE TH S, S5, TSR OEBIZSEND
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partition cell %, medial/intermediate/lateral group (25384 5 = &2 L7z,

1-2.  Partition cell DFEEEFH95F

BE TR b L RECITAERAIT) 2Lk, BERE—=a2—a
LT partition cell % Tk L& 7= 726, TWEEARHIC 21 T
Neurolucida # T | L— A& FR Lz, b L—RMIE, BEEGIR TE
TetED b HHPRRSER &, 32T 2 Mot EmICRE T 5 Z & THER LT, 5,
L= ARZRAERT 2 2 & THMRISE DR 0 ol ol a BRF LS
Froa—uid, HEETHS (K4-4).

AN DOER TR LB b0 a—a it ilRo k5 icFniEs
FEBGIZ K> T3 H#EIZARIL 7. Z b OMARIZ W T, it 4 i,
RRRZEE AR T 2 ME L, BRIRZEE N B MO To B HR EREE -
BHIE LT, 209 27T, ZRENODS o—1 23 B O~ 2 5 f
WA EM PR ETENDT. fRELT, 3 BOSz—a ritEnEh,
RORZEE A LT HFMICEESH D Z EBSHEL o7 (E 4-5). F7-,
ENEND =2 — B DV TTEREOFHEACORE Y 2 Lz & 2
S, 3 RD=a—n dEA, BRMEDIKAYICLECDRHD ZLDEHL

nEieo7- (H4-6). LATZ, foa—nr ORFREE T,
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1-2-1.  medial group

OLRMCTFEET 52— Th 5 (K44, EOHE). BHRERIZEIC
B~ R B R o 7-(K 45, RO ST 7). VIEBWIZE X A #Hh5E
A EERR TR E D 41.3~61.1 % T, HV OLIVIF - KEAIC#ED -
Tz, VI - IR OBHE SRR 2 R @ 37.3~51.3 % T, 3 fEH
THRLERIIM-XEPLAAZZ TS a—a &2 b (K46,
FEDF)) . BURRE O AERMTHEO D = 2 2 (M659, M668)
& s SRR AT s s - (M630) @ 2 FREA MR TS

7=, ZOEECHIIEE AT T X ok, WL KB s v— BT

-

Z) J\EHHﬂ V-f‘ g") Z) .

1-2-2.  intermediate group

Vi@ O PEEHICEET D ma—a U E#ETH S (14 4-3 RO . #
TRZEIL 4 AT ks K ORI~ & R R o 7 (K45, PEED
77 7). RREEED 2, T45-77.6 %ARMAIOVIERIZE £ - T
7o, M641 iTAHAVIEIC £ TRIRARZ MR L Tk Y, ZE50VIE H A
HEZIFTWBEEEZ LN, ZOBO=2—u rOBHRSER, iz
PFNTUN KSR TRIETDHHOBE, XEBEKALET S HoRd N

Ronl (46, hor). ZoRETIE, DIME (M610) & REH
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(M641, M660) DOEEDEELRBITT 4 Z LA HEEE, W Fho=
22— 12 AT L BRSNS FE IR L T,

1-2-3  lateral group

Hok LbHOENLENTHETIHTH IR 44, FROMR). #

PRZER OIS FINZ R & 2RI o 728 2e v o 7. Hel i R bk
ZEEAE < RO, BRI CE mBREE I SRR £ » TR D,
RIS DAA SIS ma—a b E L SR, BHRZEE O KISy

(83.3-92.5 %) VIBHIZE > Tz, £/, 3BEoF Criluhy, 7
MOVE - VIBZ SiciboehEng < Raonk (B 46, D7),
TOMTHL AT (M622), RAVHKD (M628) OJEREMRITAITO Z &
BTER, MR- T EREENEEF L Tz,

2. C-terminal & /4577 5 partition cell 7EZH

Partition cell 23 FH{b S - flizks T, REMPRGE AR G Rz TRk E 2
R R G I ORBMREECREE SR, LiIELIEaE» LIRS
BA~EEL LT (M 4-7AB). ZOWRELSERS = o —2 > RIET
s RN (M4-7C)

Partition cell & RAEFFIFHRZFRFZFRO G0 —FE T, 20 AE#

iR~ — 3 —T5H 7% VAChT &, GFP = o " iEita%iT -, FDOfk
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B, partition cell » [FIEFIZTHRAL &40 A REHHERSHEE L Cterminal THH 2
EBMER SN, N7 X = A LY RS e figo—# X, C-terminal
RIEATH S Z EOEMITEEL (K4-7D).

F 7=, partition cell ¢> medial group 277 C-terminal @ {LAEHIAN Tdb 25 4>
ERERT O HNT, v ) —ROUWREANEREETo7. By ) -k
B L7 M619 (285w, AlfRfk &E217= C-terminal 35 L (F partition cell # %2
L7 & Z A, C-terminal & BRI a[#84{E 417 partition cell I3, intermediate
group © L < i1 lateral group @ partition cell DA THh -/, 72, M619
T4k C-terminal (X V{RE SN TWS L 0@, medial group ¢ partition cell
ISR T v 70 (1K 4-8).

X512, 26 BlE BWaBIET AT - 72, — OBIREFHIZIS VT, partition

.

cell & C-terminal & OFHALOMERIZIE, 1THEEICOE 4 2 ) —ZfFpk L7E
OO B, 1 VI —=ADHERAWE., Z3LTRFELELOD S b,
parrtition cell = C-terminal 2FFFZH R SN FNZ 14 FITH -T2, &
14 1oy 9 iz v T 4, medial group (X RMRE S03, [V EI~MAlEEREC O

7> partition cell ZF8¥ 7z (& 4-1).
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Al BB

Partition cell DFREZ 0155

FREVIIE O AU BV 7 o THEET 2 ) HEaEO T =2 — a2
iZ Barber, Phelps HiZ X THRHE =4, ‘partitioncell’ & FIzL Tz, 2
ALE OfiErE, OE S S OBBEIZS U T medial/intermediate/lateral group
OIFIHEIN TR H®, FoREETRKTCHY, 3BHOa—a B
BAFE S EWE A L T A0, 5kl o i, SEIOHFTEC, partition
cell D EZ MBMAALTEEL, FARLAEO S LT3 FICTTH 2 L
TX, ZH6OEEENRFEEBTTL 2 L&,

A [AHER T & 7= partition cell LW FLofEL, BRIRZERR ORES 40 %L E
BVIBIZ#Eb-»TEY, "D a—o o AATO—2 1 5FRVIE

LEEBEZLNS. Ei, BEDOESIZIE VT partition cell i,
medial/intermediate/lateral W 2ULOfE S, TFRERTA -~ & FRER AT D ATEEME
BIETEE LT NA 202 Z DI 2avk, 38O partition cell 1, TV
Bho ANEZT, Ke~LIUNT 580 ) BORHFRZ/F>Z &0 FE
Ahd. S50, partitioncell (X, FOEOD = o —v o RITEBNC L UCHE
EE AT Z EPRFBERLE SN TWALED I, 3HD=2—1 (%, BEED
LT, HEERMEZED Ly s i@ tE e 0L E I LN D,
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i, C-terminal AL Ta fifE= = — 0 2 (T a i b A2 %7,
THPLED OIEE = = — 2 ACHIHNICE =2 — 1) ~U T AERED LD
eSS B ZoRiEl, Ta BHOMREEEZ T HVIE @
(Z, partition cell DERKTEELOEZ ORG B R HND T b EILEERTE N
NG, Tizih, S RFERE L7 partition cell & —&F, B H U e TR,
[ afffEd OO ATERY =, — 5Tl Cterminal #47 L CiEHl =2 —a
OFRERHZITV, G Cla =2 =1~ AFT 5 2 & TEEF &
FOMB2BRCBNTHIOELEELI L.

S u|Fezd L 7= 8 #£ 0 partition cell 2 133B L BEARE S H—HFT, %
BN a—a A EENFNRRSEIEREFORELA LTV, Fhbiddx
Do —0 COBREHZEN SR L TWD O L D

Medial/Aintermediate group )= = — 7 2%, WAHL G KA S VI e o
VIDEIZAAE L, =7, VIlgk JOVIEIZ2 <ERREE 2 I FTun e, Vg &,
ZOIHFOVIERANIIE, *MUOED = = — v S Z#RERY 5 2B N 7E
= z— 12 (commissural interneuron) BTEET H Z LAEIHAL TN D 100,
INED=a—a IRIGIN TS IARBMEL LT ) VUM TCE
HEZBZLNTOER, —Filid 2 ) oAME = —n L TRET D 9. S

OFERTY, EAMD LA~ 2 = U AFEE ORI R S, 22



WEMENTE= o — o L, s b ik, VIEREM, VI Iz 3 HMdeRiaHaans
WODSPATEEHFHERS 10270 O AR &2, FHED DI group [ #RAEC group I #
HEL O OATN 2T A Z LRGN T A 103105, S EHEFE L 7 partition cell
¢ 5 £ medial group < intermediate group = = —rr L, —F LI 9 L=
S 2 — o  THLEESELH L.

F 77, group | #HESC group NARHES AHAZVT, BM, MO ER) = =
=R AR T AR = BB H L Z LR LA TEY 1061089, of
FOE|ME T, VIE TEHRMEHALIMINZIEBZ R TnD. 23 Lk
= w—m b, VBN THRER IR 2 2 S il = LRSI TED,

i

0

=

Bz, S EFER L7 lateral group )= = — 1 2 LHEL L7= & s X
YNNG,

i, VIgHPREARW LAMUISRIZEFE L, B RO = 2 — 1
FEEEFT AU AR a— e BB D L RIARE SN TV
109 SEOFERTH, 23 LEEREITo TS E B 28E SR bk,
L [Elf%:E L 7= intermediate group “®, lateral group ¢ partition cell (X, Z @
Lo AD —a—n Al FERAAERLELLND.

78, M630 TR &7 medial group D= = — R0 M641 TR BT

intermediate group = =—w Y (F4-4) L HIZ, MANIERHRZER 280
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LHoa—w bk, BRREEARENTHEDL L O L IE0RR R AMEBER L H &5
%2 B4, Medial/intermediate group 90— = — 12 (%, BRI AL S E
B, R Ko CELICHIBERTIECH 576 LivAgu,
WPHIIZ LTS, SEE#E L= —a B LEEERREEE L E, &
oo IEEERT O Eo e — o R RECRES LTINS
Partition cell (X, FHCHFEE L OAAEHES L, BFiloa—2 o~ A
Lo, BT EOEIEROPEIE - ThH EEDLRD.
Ao & 25, BRIk PG & 7 L partition cell ~® AJHIDUWTI,
medial group ® %05 GABA {Edhts: - 2w b= AREE - 70 L o fREE
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C—terminal

GaV2.1
CaV2.2

KV2.1

CEJbsurface cistern

motor neuron

1-2. C-terminal * {5 OH#EEE7S T

Ach, acetylcholine; CaV2.1, P/Q type voltage gated Ca channel ;
CaV2.2, N type voltage gated Ca channel; KV2.1, voltage gated potassium
channel; m2R, muscarinic 2 receptor; SK2/3, small conductance Ca activated

potassium channel; ¢ 1R, sigma-1 receptor; VAChT, vesicular acetylcholine

transporter.
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1-3. #B5® Choline acetyltransferase (ChAT) BRI,

(CHR 28 % ST iz PR
(D : motor neuron. (2 : partition cell. (medial/intermediate/lateral group)
@ : central canal cluster cell. @ : spinal autonomic neuron.

® : cholinergic dorsal horn cell.
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Mouse Injection site AP G T
# Core Halo

427 Sub(, PnC -5.02 0.9
426 SubC PnC -5.02 1.0
428 PnC 1Rt -H.94 0.6
129 TRt, PnC - -5.10 0.8
583 LPGi, VIIm IRt, Gi -6.00 1.0
584 LPGi, VIIm 1IRt, Gi -6.24 0.8
416 113t Gi, PCRt, Sol, VeM -6.36 0.9
469 TRt (i, PCRt, Sol, VeM -6.36 1.0
468 Sol IR, PCRL, VSpO -6.36 1.1
418 IRt, VeM Gi, PCRt, Sol, VeSp -6.40 09
167 IRt, Gi PCRt -6.64 0.8
466 113t (#1, PCRt, Sol, VveM 6.72 0.8
195 TRt, Gi PCRt, VeM -6.72 0.8
496 1131 Gi, PCRL, Sol, VSpl -6.84 0.9
497 IRt, i PCRt, VeM -6.96 0.6
580 MdV 11t -7.56 0.6
581 Mdv 113t -7.64 0.5
579 MdV, 10 IR( -7.76 0.6
a7} 1t MdV MdD, Cu -8.12 0.6
568 1Rt, MdV MdD, Sol, Cu, Xd, XITm -8.24 0.4
569 IR, MdV, MdD Cu -8.24 0.6

7% 2-1



# 2-1. BDA & AGRAL.

HEB AT » B ARz 2T, BDA OEAF &, LALLM C, BDA
S EWEETER LT AEEE Core L, OB Tama—a 00
7 RIA O AR H TN AL B ORZEPIFRFEICER S T A EMALE Halo

) %

A-P, anterior-posterior; Lat, lateral; DV, dorsal-ventral.

VSpO, oral part of spinal trigeminal nucleus; VSpl, interpolar part of spinal
trigeminal nucleus; VIIm, facial nucleus; Xd, dorsal motor nucleus of vagus
nerve; XIIm, hypoglossal nucleus; Cu, cuneate nucleus: Gi, gigantocellular
reticular nucleus; 10= inferior olive; 1Rt, intermediate reticular nucleus;
LPGi, lateral paragigantocellular nucleus; MdD, dorsal part of the medullary
reticular nucleus; MdV, ventral part of the medullary reticular nucleus;
PCRt, parvicellular reticular nucleus; PnC, caudal part of pontine reticular
nucleus; Sol, nucleus of solitary tract; SubC, subcoeruleus nucleus; VeM,

medial vestibular nucleus; VeSp, spinal vestibular nucleus.



Vm VIIm Amb
i/[ouse Ipsi Cont Ipsi Cont Ipsi Cont
427
426
128
429 1 6
583 GO 15 93 18 1
581 5 1 9 1 1 2
416 3 1
469 b 1 15 1
168 1 1
118 3 1 1 1
467 5 1 1 1 A
466 H
495 2 6
496 2 2 1 1
497 2
580 22 2 3
581 10
579 12 12 1
570 12 51 192 190
H68 227 263 107 212 ] 1
569 69 24 1 27 1




% 2-2. AN Cterminal @41,

BDA T AL K o THEATIE IR & 7z Cterminal 3% B 7 b Lz, #569
D& HIZEHD Cterminal ZEBMOMPEE Tl L &5 —F T, BDA &
ABIRF L, Z<AED Cterminal UAERENR2WAGH-7-. 29 Lid
¥ C-terminal OAPER S T-HITh > T 6, #584 #4667 O X 9 ([T ED

Al o #8 S E S FiC Crterminal ZFR 7.

Ipsi, ipsilateral side of injection site; Cont, contralateral side of injection site.
Vm, trigeminal motor nucleus; VIIm, facial nucleus: XIIm, hypoglossal

nucleus; Amb, ambiguous nucleus.
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2-1. MBI 5 Pitx2 MR & = ) AREMEARR O A oS 4 —
(AC) EEFIRMHIICIVWTIL, Pix2BRMEdllE (k) &, ChAT il ()
P RDETICEWT A —S L TR LN, (BD)EEET R BT Pitx2
O ISH (Z£) & ChAT Oo@mfEmlfnfbFautn () &A170, AR/ 5% — 2 L HiEh
L (f, AdEELEGE ). ROLE(MIT O M REREEE (IRt
CBWTHE, Pirx2BEMEAlE (CRAD o4k, ChAT BefEdlia (RL ) o4
fr—®mL T, (BF) Pitx2b, ChAT 23 BBI L TWA EEZ BILAH
fubEb iz, (G-I ST TR (CD) L0 &l L~ T,
Pix2 B TR T & A< 2y, PRMRutERERE (H) <, EftiurkiE
R (D, SMUIEANTSHEEEEE (), 7 ¢k ChAT BANEM O = o —n )R,
2F (WP R Nt fall
Scale bar: (A-D,3)=200 zm, (E,FH-J)=20 um.
PRE DL TIZmR LB, 91 OELZ =T,

(ff] : Br -8.48 =7 L /=i 848 mm Bl L~)

VSpC, caudal part of spinal trigeminal nucleus; Xd, dorsal motor nucleus of
vagus nerve; XIm, nucleus of accessory nerve; XIIm, hypoglossal nucleus;
Amb, ambiguous nucleus; cc, central canal; Gi, gigantocelullar reticular
nucleus: Gr, gracile nucleus; IRt, intermediate reticular nucleus: LPGi,
lateral paragigantocellular nucleus; MdD, dorsal part of the medullary
reticular nucleus; MdV, ventral part of the medullary reticular nucleus; pyx,

pyramidal decussation.

91



Br -6 36 &

Ge_ gy M2 MSGB
; \%wt‘
\.’ r‘ VSpC
Cu 0 ‘ M /
A

Br-756: . o~ . '|Br-8.24 -
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B 2-2. {RERILREANL

(A-F) BDA {EATLOBMETEL LY, vy~ (BELIAAK). ZLiA
HEORVIREILTEAIZBIT S Core 23> L, H ikt Halo 2777, (GH)
#568 TR b7 C-terminal %35 . BDA T Eh iz KRR (G, &
C0) ik, mAloL PR (XTIm), 22 (Amb), EOWEE (VIIm), =
XAFESEINE (Vm) TRONT-., 2o dsZilfib Z 5 @a ¢ BDA (hrEa),
VAChT (7)) W biRE<Th o H, RUV), R#O oY AREWEHER,
T4 Cterminal THE LB B A,
Scale bar: (A-F)=200 pm, (GH)=20 pm.
Vm, trigeminal motor nucleus; VSpC, caudal part of spinal trigeminal
nucleus; VIIm, facial nucleus; XIIm, hypoglossal nucleus; Amb, ambiguous
nucleus; AP, area postrema;Br, bregma; BDA, biotinylated dextran amin;
CGPn, central gray of the pons: Gi, gigantocelullar reticular nucleus; Gr,
gracile nucleus; 10, inferior olive; IRt, intermediate reticular nucleus: LPGi,
lateral paragigantocellular nucleus; MdD, dorsal part of the medullary
reticular nucleus; MdV, ventral part of the medullary reticular nucleus;
PCRt, parvicellular reticular nucleus; PnC, caudal part of pontine reticular
nucleus: Pr, prepositus nucleus; pyx, pyramidal decussation; SO, superior
olive; Sol, nucleus of solitary tract; VAChT, wvesicular acetylcholine
transporter; VeM, medial vestibular nucleus; VeSp, spinal vestibular

nucleus.
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Adenovirus vector

» - Target (hypothetical origin of C-terminals)
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3-1. 75 / A AT 4 — L ChAT-Cre = 7 A% F\ - =2 V) oAREIL iR
FrReiEw i OBER.

LB, EBRAOHMELRT. loxP &5 (EEM) 2F07 7/ WA VAR
42— A AdnDsRed/myrGEFP % ChAT-Cre = 7 A @ C-terminal f #5505 15
EfEfiiCIEAT A L, DA A7 Z—0%, Crerecombinase (Cre) M{F(E
LTWdal AFEE = oo— 2 0 ClF, EICAEM T GFP #3451 5. £07
¥, C-terminal 35 L OMEEAHIIEZS GFP 2 L 0 ATH L & 215, Cre 32FE O
XY A AT 2 — [ 3Hil0E%E T DsRed % 3395,

TECL, SFER LA 2EOTF S UAARRI A —Da A T T bER
. Ad-nDsRed/myrGFP 'L bk L 5 12 Cre FF FCHUERATY 7 A% 5
-3 GFP #2288 L, Cre #F777E F CiL DsRed # 3£ 5.
Ad-STOP/myrGFP-WPRE &, Cre 47E F TIRET I & 7 7% 4 GFP %7

FBRZRBL, Cre FFEETFT TR LVR—F—H 7 £2FB LN,

CAG, CMV-enhancer + chiken actin promoter; CMV, Cytomegalovirus
promoter; Cre, Cre recombinase; GFP, green fluorescent protein: MN, motor
neuron; myr, myristoylation/palmitoylation site of Fyn; NLS, nuclear
localization signal; STOP, transcription terminate sequences; WPRE,

woodchuck hepatitis virus posttranscriptional regulatory element.
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3-2. Ad-DsRed-myrGFP @ ChAT-Cre =~ 17 A R ABEE A ~DIE AL R
(A-C) BER A), WRITRE B) (oA VAR Z—&TALILLEZA,
Sa—nryPUREENRT (21). EAOREFREITHE, MESEIZEVTERR
O b L—APEEER 57 (C). (D-E) REIFEZEAM T GFP (D), ChAT
(B) O ZEGEAEIT, DA NARTZ—EANI LS GFP BHn =V - EH
Moo —a IRBRIIEEThD ZEEMR LT (F). (GH) A ARy
F—EABRDLOATHR, HAZIZE > TEAPLEE C=a—a OB
MR, UANAAZ Z—700n] A - AR S HIEERES (G) THEFAIHAE
ftEhd=a—u rOEMRIENTW DA, 15000l FEA - 7 R4S (H)
Tl —urOEMRIA LN o, (IFK) E¥E ARl Partition cell (J)

BLO, Ed=o—w K) PRFCTEES TN D,

Scale bar= 100 m

ac, anterior commissure; CPu, caudateputamen.
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€ 3-3. Ad-nDsRed/myrGFP Offite A 7FHIM O

700 nl {EA TR EATFAM A Lo, iR b H Tl 7T nadEdicg < (=
1), =a—nrOFEOFMILINEE ~7-. 1% 8 B Ti, 7 iiilsi+
A, BRI Hma—wy (ZF) UAD T FALE, RS
HE7E o 7oL IR 10 B TIE AR LOE R TEI A MRS 23RO T
ATARDFENT A E, RCRLCHEBERETEEOUFOMEZ T, FVE
Fmx, Arfdbaniza ) AR ES o —a v ERT. B0, B
AL SN ER ma— 0 ERY. A 7 A R ETORHRANORE EIF,

A EnsE s — OB AR LTS,

Scale bar= 100 g m.

C, cervical segment; Th, thoracic segment,
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3-4. Ad-nDsRed/myrGFP i A REOFEET.
W8 HOEHT, TANARY Z—DIEAEEBRESF Lz, EAEZFEL T
LR T, BT THL =2 ) AR TEm = —u Y (FHED=M) Lisk

ORI 7 (A0 =F) ZEST ZEBRHES. 100 nl AT, (ZITH

—Za— Y- Tal) AMEEM N e~ DI IR S EN TR 2

oy

Scale bar= 100 g m.
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Ad-STOP/myrGFP-WPRE : 700 nl injection

8d 14d 28d
A
»

c2 -
ca ] | =3 | C3_ =21

| \ cal "

. =63 ; =110

o :

Th3 | ! Tha |
Th4 Th4a

3-5.




3-5. Ad-STOP/myrGFP-WPRE o fifii4 4 75 i i O

700 nl {EACTROE AT FEAM o Lz, g 8 H Tk 77 ingg
AT RE O S INEE -7 14 B, 28 A L AGFHBESEE ST D200 T, 4
HWEh Ao (FHOAO=F) BEAFLITHECHEML, &6IEARLD
LYRCEEN A T H R AR DD LS TR .

MARD TAL, WROENTHM TS 2 S OEAT, MITOXRE LA

ol nER LT3,

Scale bar: =100 um
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Ad-WPRE-myrGFP : 14d survival
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3-6. Ad-STOP/myrGFP-WPRE DA EO

itk 14 H OEMET, TA VAT X—DIEARERBF L., EAEEMEL L
T, EARLITF TSN ZE A NI EDL -7 (AC).
EATLPLMN-EM TR, Sa—nr—o—20ERIRER T AEEICE

o g E LR (BD).

Scale bar= 100 p m.
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C-terminals in the mouse branchiomotor nuclei originate from the \!) S
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highlights

C-terminals in branchiomoetor nuclei originate from brainsiem cholinergic ncurons.
These C: lerminal origins include both Pitx2-pusitive and Pitx2-negative populations.,
Crterminals show simultaneous hilateral prajections to branchiomotor nuelei.
C-terminals may function in the modulation of synchronized orofacial hehaviors.

» & & &

article 1nfo abstract
Articla history: Large cholinergic svnap lichoutons called “C- lerminals” conlact mo o neurons and regulate Lheir excitabil-
Received 2 Fehruary 2018 ity. C* terminalsin the spinal somatic motor nuclei originate from cholinergic interneurons in laminae VII

Received in revised form 13 May 2013

and X that express a transcripdon factor Fiex2. Cranial motor nuclei contain another type of motoncuron:
Accepted 51 May 2015

branchiomolor neurons. Although branchivmotlor neurcns receive abundant C-terminal projeclions, Lthe
neural souree of these (M terminals remains unknown. In the present study, we first examined whether

Feywords:
C-terminals
Branchiomotor neurons

Chelinergic neurons . . ) 5 : . . 5
Heticular formation in the brainslem tegmentum. We next explored the origin of G terminals in the branchiomowr nuclel

Beuiiisto by using biotinylated doxtran amine (TDA). BDA injections into the magnoecllular reticular formation of
the medulla and pons resulted in the labeling of numerous C- terminals in the branchiomotor nuclei: the
ambiguous, facial, and trigeminal motor nuclei. Our results revealed that the origins of C-terminals in the
branchiemator nuclei are cholinergic neurons in the magnacellular reticular formation nat anly in the
caudal medulla, but also at more rostral levels of the brainstem, which lacks Iitx2-positive neurons.

© 2013 Hsevier Ireland Ltd. All rights reserved.

cholinergic neurons express Iilx2 in lhe reticular formalion of the adull mouse brainslem, as n the
spinal cord. Although Pitx@-positive cholinergic neurons were ohserved in the magnocellular reticular
formation and region around the central canal in the caudal medulla, none was present mare roserally

Abhrevialinns: Vin, Weigeminal mator nueleug; VEpC caudal part ol spinal trigeminal nueleus: VSpl interpolar part of spinal trigeminal nuelews; VSpO), cral parl ol epinal
trigeminal nucleus: VIIn, facial nucleus! VIIn, facial nerve; Xd, dorsal motor nucleus of vagus nerve; XIm, nucleus of the accessory nerve Xlm, hvpoglossal nucleus; Amb,
ambiguoug nuclous: A%, arca postrema: ec, central canal; Cu, cuneate nuelous) G gigantoccllular reticular nueleug; Gr, gracile nucleus: 10, inferior clive; IRt intermediate
peticular nucleus: [PGI lateral paragiganiocslular nuclsus) TRy lateral reticular nucleus; MdD. dersal part ol the medullary relicular nucleus; MdV. ventral parl ol the
medullary reticular nucleus: PCRE, parvicellular reticular nucleus: Ini, caudal part of pontine reticular nucleus: T, prepesitus nucleus; py, pyramidal tract: pyx, pyramidal
deeussation: BE reticular lormation 80O, superioralive; Sol nuclsus o the solitary wact; Ve, medial veslibular nucleus: Vebp, spinal vestibular nueleus,
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1. Introductlion

The somata and proximal dendrites of motoneurons are con-
tacted by large cholinergie synaptic torminals [1-4,12,17]. Those
lterminals have very Lhin membrane-bound struclures—iermed
subsurface cistern—in the postsynaptic strueture, and were hence
namad “Crterminals (or C boutons)” after the cisterns. The mus-
carinic m?2 receptors are closely aligned with C-terminals on the
postsynaptic motoneurons [9], and activation of the m2 recep-
tors increases motoneuron excitability [16]. The genetic deletion
of functional Crterminals causes impairment of the gastrocnemnius
muscle activation in a swimming task [26]. These physiologi-
cal and behavioral studies indicate that C-terminal inputs inte
gpinal motoncurons play a key role in the modulation of loco-
motor behavior. Spinal Crlerminaly originate [rom cholinergic
interneurons located in Kexed laminae VI and X [16,21.26].
Pitx2, a homeodomain transeription factor, is essential for laft-
right asymmetry and normal development of eye, tooth, pituitary,
heart and muscle, and required for neuronal migration and dif-
ferentiation in the hypothalamus and midbrain [10,15,24]. In
the spinal cord, Pilx2 also labels the subuype of cholinergic
interneuron called partition cells, which give rise to C*terminals
[5.26].

In the brain, Crlerminals are presenl in some cranial motor
nueclei [9,17,25]. The cranial motor nuclei that innervate skeletal
muscles are categorized into 2 groups based on their differ-
cntiation: branchiomotor (trigeminal motor (Vm), facial (VIIm),
and ambiguous (Amb) nuclel) and somatic motor (eculomotor,
trochlear, abducens, and hypoglossal (X1hm) nuelei) nuclei [20]. We
have previously identified the origin of C-terminalsin the rat XTIm,
which is the rostral extension of spinal motor columns [8] —the
motoneurons in the XIhn receive C-terminal projections from neu-
rons in the reticular formation (IRIY near the target. Althongh the
origin, and somo functions, of C-terminals in the somatie motor
nuclei have emerged, those in the branchiomotor nuclei have not
vet been determined. Some studies using retrograde tracing have
revealed that the brainstem RF contains cholinergic interneurons
with direet projections to the branchiomotor nueclei |6,7,22]. These
findings suggest that C-lerminals in the branchiometor nuclei may
originate from a population of cholinergic premotor neurons in
the RE.

In this study, our aim was Lo identily CHierminal origins in the
mouse branchiomotor nuelei. We first investigated Pitx2 expres-
sion in cholinergic ncurons in the brainstem RF to determine
(lerminal projeclion candidates. Whereas cholinergic neurons
in the RF of the caudal medulla were positive for Pitx2, ne
Ditx2 expression was deteeted in the rostral portion of the
RFE. which has been shown previously to contain premotor
neurons [6,7.22]. We next performed anterograde tracing exper-
iments Lo confirm whether these cholinergic neurons gave rise
to Cterminals., Our results show that Crlerminals on bran-
chiomotor neurons originate Ifrom the magnocellular reticular
formation mot only in the caudal medulla, but alse at more
rostral lTevels of the brainstom, which lacks Titx2-positive nou-
rons.

2. Materials and methods

Adult male and female ICR (SLC Shizuoka, dpan) and ICR-
Ch7B/6Jdmixed- background mice weighing 25-40 ¢ were used for
in situ hybridization (n=3) and anterograde tract-tracing study
(n=21), Allprocedures performed on anim als were approved by the
Animal Care and Use Committee of the National Defense Medical
(ollege.

2.1, Insilu hybridization

An RNA probe corresponding to the 37 LTI of Pitx2 was used
for in situ hybridization [14]. Mice wore deeply anesthetized using
chloral hydrate (600 mg/kg) and perfused transcardially by using
Bouin’s solution. The brains were removed and embedded in parat-
fin.

Tissue sections (8 um thickness) were deparaffinized, and pre-
treated with 0.2 M 11CL After washes, the sections were digested
with 20 pg/m| proteinase K and post-fixed in 4% paraformalde-
hyde (PFA) before treatment with 0.2% glycine. The sections were
pre-hybridized and then hybridized with a Dig-labeled probe for
14h at 70 "C. Lmbound probes were washed with 1x and 0.1
saline—sodium citrate buffor. The signals were detectod using anti-
Dig alkaline phosphatase-conjugated antibody (1:500 dilution;
Roche Diagnosties, Mannheim, Germany) and NIZIY13CIP.

To compare the distribution between the [Mix2-positive and
cholinergic neurons, the adjacent sccelions were subjected Lo
immunohistochemical analysis apainst choline acetyltranferase
(ChA'D) (1:200; Merck Millipore, BBillerica, MA). The distribution of
Pilx2- and ChAT positive cells was plotled using adjacent 3 secr
tions in the same series. Images showing co-distribution of Pitx2
and ChAT in single nenrons were produced by overlaying images
of the adjacent sections by using Photoshop (Adobe Systems, San

Dse, A,

2.2, Anlerograde tractl Lracing combined with
immunochistochemical analyses

The animals were ancsthotized using  ehloral  hydrate
(500 mg/kg) and placed in a slereolaxic apparalus (Narishige,
Tokyo, dpan). Biotinylated dextran amine (BDA) (3000 MW
Molecular Probes, lingene, Ol) was used as an anterograde tracer.
Unilateral injoetions of 10% BDA in distilled water wore made
iontophoretically through a glags micropipette by using a positive
current pulse for 20min (4 A 8s on/8s off). The stereotaxic
coordinates were determined using a mouse brain atlas by Paxinos
and Franklin |18].

Altera7-day survival period, the mice were deeply anesthetized
and perfused transcardially with 1% PFA in 0.1 M phosphate buffer
(PR} (pH 7.4). The brains ware eryoprotectad in 20% glyecrin in
PE and [rozen on dry ice. Serial [rozen sections 10 pm thick were
cut coronally using a sliding microtome (HM440E Carl Zeiss, Fna,
Germany) and separated into 4 series. For anterograde axonal
labeling, [ree- floaling seclions of one series were incubaled with
avidin-bictin-peroxidase complex (ABC) solution (3 drops per
10 m1TES: Veetor, Burlingame, CA overnight at 4 °Cand developed
with diaminobenzidine- nickel solution. Sections were mounted on
gelatin-coated slides and counterstained with thionin for cytoar-
chitectonic identification.

To clucidate whether the BDA-labeled terminals in the motor
nuclei were cholinergic, one series of sections were processed both
far BDA and immunofluorescence staining for vesicular acetyl
choline transparter (VAChT). Tn brief, the scetions were blocked
with 5%normal donkey serum in Tris-buffered saline (TBS) (pH 7.3)
containing 0.5% 'Iriton- X, and incubsated in goat anti- VACh'l' anti-
body (1:1600; Merck Millipore, Billerica, MA). Then the sections
were washed with TBS and incubated in Cy3-conjugated anti-
goat lp(3 (1:400; ackson hnmunoResearch. West Grove, PA) and
Cy2-conjugated streptavidin (1:600: dckson Imm unoResearch) for
BDA detection. After washing, the sections were mounted and
cover slipped with DPX. Flunrescence images were acquired with a
confocalmicroscope (TSM 510 Carl Zeiss, .kna, Germany). Weiden-
tified putative C-lerminals based on cholinergic specificity (VAChT
Immunoreactivity), size (length ranging from 3 to 7 um) and prox-
imity to the motoncurons. n a series of double immunolabeled
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seetions, we Lypically obscrved Vm on 3 seelions, VIim on 6 see:
tions, Amb on 10 sections, and XIlm on 11 sections, respectively.
The number of C-terminals was counted on the all sections w hich
include cach motor nucleus using the confocal images.

3. Results
3.1. Cholinergic neurons and Pitx2 expression

We first investigated Pitx2 expression to confirm whether
presumptive C-terminal origins in the RFhave similar genotic char-
actoristics as those in the spinal cord (Fig. 1). At the level of the
pyramidal decussation, Pitx?" neurons were present around the
central canal and the IRt (g 1A and B - left). At the caudal level of
the Xllm, Pitx2™ neurons were also located laterally in the [l& and
in the MdV, and their number decreased rostrally (Fig. 1C and D —
left). In contrast, no Pitx2 expression was found in the RF neurons
more rostrally than the middle of the Xlhm (bregma - 7.56).

We next determined whether Pitx2™ neurons in the caudal
medulla were cholinergic by comparing the distribution of Pitx2-
and ChAT-positive neurons. Fig. TA and ! shows the locations of
Pitx2* (black dots) and ChAT* (green dols) neurens at 2 different

rostro®caudal levels. In the adjacent seetions processed Tor ChAT
immunchistochemical analysis (Fig. 1Band D = center), ChAT neu-
rons were observed, congistent with the results of a previous study
[11]. Morging the images showed that ChAT™ neourons overlapped
the distribution of Fitlx2 neurons around the central canal and the
13t in the caudal medulla (Iig. 18 - right). A comparative observa-
tion betwcen adjacent seetions indicated few Titx2* nourons elearly
labeled with ChAT on the other half of cells (Fig. 1E and F). Colo-
calization of Fitx2 and ChAT' were not found at more rostral levels,
although neuronsexpressing these 2 markers were closely situated
(Fig. 1D - right). In contrast, with the disappearance of Pitx2™ neu-
rons in the RF of the rostral medulla, pons, and midbrain, ChAT'
neurons were present in the magnoeellular RIY of the &%, (H, and

TIGi (Fig. 1G4,

3.2, Identification of the C-terminal origins projecting to the
branchiomator nuclei

In order Lo identify whether cholinergic neurons in the RF
were origins of the C'terminals in the branchiomotor nuclei, we
used anterograde tracing in combination with immunohistochem-
ical analyscs for VAChT. Cholinergic neurons in the laterodorsal
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Table 1

Injection sites and number of doubls-labeled Lerminals, pulative O lermingls. in sach moelar nucleus
Mousc# Injection site Vm VIIm Amb Kl Total

Core Halo® Ipsi® Cont® Ipsi Cont Ipsi Cont Ipei Cont

487 Sub(?, P2 - - - o - - — — - -
426 BubC PnC - - - - - - - - -
428 Pni 1R - - - - - - - - -
424 IRt, PnC - 1 5 - - - - - - 7
585 LPGL Vil 1R, Gi a0 18 93 - 18 1 12 1 208
584 LPGL, VIin IRt, Gi 5 4 g 1 1 2 g 8 39
416 IRt Gi, [XCRt, S0l, VeM 3 - 4 - - - b - 9
469 LRL i, PORL, Sol, Vel 5 1 15 1 - - G - 28
468 Sol TRt, TRt VispO - - 4 - - 1 - - 5
418 IRt VeM Gi, ICRt, Sol, VeSp 3 1 1 - - 8 1 15
467 IRt, (3 PORY 5 1 4 1 - 4 1 3 19
466 IRt Gi, ICRt, Sol, VeM - B - - - - 1 B 11
495 IR1, Gi PCRL Ve M - & & - - - - - 8
486 IRt Gi, FCRt, Sol, Vpl 2 2 1 1 - - - 1 7
a7 IRt Gi DCRt, VeM 2 - - - - - 2 - 1
B8U Mav Rt - 22 - - 2 I 16 18 G0
581 Mav TRt 10 - - - - - - - 10
h79 MdV, 10 IR 12 - - 12 - 5 12 42
B70 Rt MV MdAD, Cu 12 3] 198 190 = = 169 43 647
has IRt, MdV M), 8el, Ca, Kd, Xlim 227 263 107 212 n 1 165 174 1154
BGY It MdV, MdD Cu 659 24 1 27 1 - 4 7 1383

Foranterograde Lracing, we lgjecled BDAinlo the brainstem releular ormation, Blghleen injeclions resulled in BUA-labeled C-lerminals in the trigeminal molor (Vm), laeial

(VIm), ambigucus {Amb), and hyvpoglossal (XIIm) nuclei,

2 Halo! adjacent aress where the Lracer might be taken up and cause anlerograde lubeling

» Tpsi: ipsilateral side of injection

¢ Conl contealateral side.

and pedunculopontine tegmental nuelei were excluded from the
injections, as the results of our previous study revealed that BA
injeetions into these nuelai label only small-size terminals in the
ral motor nuclei [8].

Table 1 showsthe BDAinjection sites and the number of double-
labeled terminals with BDA and VAChT in cach motor nucleus.
Highteen injections resulted in BDA labeling of large cholinergic
terminals, putative C-terminals, in the Vim, VIIm, Amb, and XIIm.
Schematic draw ings and photomicrographs of the representative
injection sites are shown in lig. 2A-1°

In 3 experimental cases (MBGE-570), the injectionsinvalved the
regions conlaining PitxZ~ cholinergic neurons al the level of the
pyramidal decussation. In MBEGE, which had an injection centered
on the TRt and MdV (Fig. 2P, BDA labcling was detocted on both
small and large lerminals in the XIIm, Amb, VIIm, and Vm (Fig. 20).
To assess whether BDA-labeled large terminals were cholinergic,
we performed a double: labeling [or BDA and VAChT (Fig, 210, BDA-
labeled terminals overlapped with VAChT on the large cholinergic
terminals that contacted the somata and proximal dendrites of the
motoneurons, indicating anterograde labeling of Cr terminals. In the
motornuclei, we identified atotalof 1 1534 double-labeled terminals
on hoth the ipsilateral (43.7% of the total labeled terminals) and
contralateral (58.3% sides. In the VIIm, labeled Crlerminals were
distributed predominantly in the intermediate subnucleus. In the
remaining 2 mice (M569 and MET0), we also found anterogradely
labeled C-terminal nuclei among the XIIm, Amb, VIIm, and VIIm.

In 13 experimental cases, the injections involved the IRt, MdV
and Gi between —7.8 and —5.4 mm rostracaudally. In these cases,
double-labeling was deteeted on 4-60 terminals per case in 1 to
1 nuclei of the XIIm, Amb, VIIm, and Vm. In M467, the injection
was ecentered on the it and Gi at the level rostral to the Xlm
(Fig. 2D) and 19 double-labeled torminals (T 52.6% 0 47.4% wore
identified in the bilateral XIIm, VIIm, and Vm and in the contralat-
eral Amb. Although a small nimber of labeled Cterminals were
revealed in this case, they were all found in the Xlhm, Amb. Viin,
and Vm. This result suggests the existence o TCHerminal origins that,
project throueghout some ofthe branchiomotor nuclei and the XIIm.
In MA580, the injection involved the MdV with some spread into the

IRt at the level of XThn (Fig. 25). Atotal of 60 Crterminals (I 28 3%
(t 71.7% were labeled with a contralateral predominance in the
XThm, Amb, and Vm. In M429, which had a BDA injection contered
on the IRV and PnCin the puns (Fig. 24), 7 double-labeled term inals
were found only in the Vim (I 14.3% C 85.7%. M468 also showed
double-labeling ol terminals, probably due L tracer spread into the
IRt.

In 2 experimental cases (ME83. 5384), the injections involved the
IPCiand VIIm . In these cases, the terminals in the ipsilatoral medial
subnuelei of Vlim were excluded from the counts, because these
terminals were loeated within the injeetion sites and masked by
very dense labeling. In M583 (Fig. 2B, 203 double- labeled term inals
(L 79.6% (X 20.4%) were found in the bilateral Xlhn, Amb, and Vm
and in the ipsilateral VIIm. Tn another case (M384), 39 labelad O
lerminals were observed in the bilateral XIIm, Amb, VIIm, and Vm.

n 3 cases (M426-428), BDA injections were administered into
the subcocruleus nucleus (Sub () and the caudal part ol the pontine
reticular nucleus (PnC), which are the rostral extensions of the IRt
and (3, respectively. "These cases showed no BDA labeling on (F
terminals, whercas BDA-labeled axons and small terminals were
found in the branchiomotor nuelei.

4. Discussion

Branchiomotor neurons play an importantrole in intricate orof-
acial motor behaviors, such as mastication, daglutition, suckling,
and phonation. In the present study, we have demonstrated that
C-terminals in the branchiomotor nuelei originate from choliner-
gie interneurons in the magnocellular RF of the medulla and pons
in the mouse. Our findings suggest that exeitability of neurons that
control orofacial behaviors may be modulated by these interneu-
rons Lhat provide excitatory inpul to moloncurons via Crlerminal
synapses.

Our data on Pitx2 expression show both similarities and differ-
eneas hetween (CCterminal origing in the ecaudal medulla and those
in the spinal cord. C-terminals in the spinal cord originate [rom
a cluster of cholinergic interneurons in Rexed laminae VI and X
[16,21,26]. These neurons are identified as a small Pitx2-positive
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Fig. 2. O lerminas originated [rom cholinergic neurons located in the magnoeellidar reticular formation. (A-F) Chematic drawings Gosels) and pholomicrographs show

rep

respeclively. (0 and HY In M5G8 (F), BDA-lubeled largs lerminals (arrewheads in Q) were delecled bilaterally in the hypogplo

cntative locations of BDA injoction giteg in the magnccellular reticular formation. Dark green and light green arcas indicate the core and halo of injection sites,

(XTIm), ambigueus (Amb), Cacial (VIm), and

trigeminal motor (Vin) nuelei. Immuncstaining with BDA (green) and VACKT (red) resulted in double-labeling (vellow: arrowheads in H) of the large cholinergic terminals

in the motoneurons putative C-tarminals. Scale har! (A-F) 200 ym, (G and H) 20 pm.

neuronal subsetofthe VO population, and they arve distributed clase
to the central canal and along the rostrocaudal axis of the spinal
cord [3,26], Owr present data revealed the presence of a Pitx2 pop-
ulation in the magnocellular RIF of the caudal medulla, a similar
distribution to the spinalpopulation.This result suggests that [ftx2”
cholinergic neurons in the caudal medulla m ay belong to the equiv:
alent subset in the spinal cord. Our BDA injections also showed that
the magnocellular RIYof the caudal medulla, which contained both
Pitx2* and Fitx2~ cholinergic neurons, was a source of Ctterminals
in the brainstem motor nuclei. Together, in the caudal medulla, both
Pitx2' and Pitx2~ cholinergic neurens ave likely to be Crterminal
arigins.

We did not find Pitx2 expression in Crlerminal origins that were
located at more rostral levels of the brainstem RF In the develop-
ing hindbrain, Titx2™ neuronal populations in ventral rhombomere
1 differentiate into GABAcrgic neurons [23]. Al more rostral lovels
in the midbrain. Pitx2' populations contribute to GARAergic neu-
rons in the superior colliculus and glutam atergic neurons in the
tegmentum [15.24]. These obscervations suggesl that a transmil-
ter phenotype of Pitx2' neurons may depend on the rostrocaudal
and dorsaventral axes of the neural tube. Thus, in the brainstem
more rostral to the XIhn, woe woere not able to subelassify cholinergic
interneurons on the basis of Pitx2 expression.

The results of this anterograde tracing study show that cholin-
ergic neurons in the magnocellular RIfare origins of C-terminals in
the branchiomotor nuelei and XlIm., We found that BDA injections
centered in the magnocellular RI' generally labeled bilateral
terminals in multiple orotacial motor nuclei. 'This labeling suggests
that C-terminal origing have bilateral and simultancous connee:
tions to motoneurons in multiple orofacial motor nuelei. In faet,
case M467 (Fg. 2D), in which the tracer was taken up only by asmall
number of cholinergic neurons, showed Crierminal labeling in the
bilateral XlIm, VIin, and Vm as well as in the contralateral Amb. Our
results are in agreement with previous retrograde double-labeling
sludics show ing dual projections Lo Vim and VITm, (o ¥Vm and XITm,
or o VIIm and XIIm [153,19,22]. In the spinal cord, cholinergic par-
tition cells that are known as the origin of C-terminals show a
stromg preferenee for establishing synaptic connections with fune-
tivnally equivalent or related motoncuron pools bilaterally [211].
Lilateral and simultaneous projection of Cterminals therefore may
be invalved in symmetric coactivation of the orofacial muscles.
Although our resulls indicate that O terminals projecling into the
branchicmotor nuclei have to workin a coordinated manner, their
precige nature hasnot been established within each motor nucleus.
Further studies are needed to elarify preforential Crtorminal con-
nections with functionally segregated motoneurons in a nucleus,
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allow ing morc insight into the Crierminal funetion in modulating
motor neuronal behavior including orefacial actions.
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