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BA . FZ2EHrI5E) EBHEBETEOBH) WREHR) ITKFET 5D,
PEis w2 EE) GEEER) TKFET 200 AL L TR 5o, COREE M
AT AT, YRy ) — v FOFOREGERLENL, fERENICFES -7y
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[TT8#1H% & L TDRIZRFIEFRBEDIFL) - S5/

PABESEsREE G A, C OESR OIS E) 2 E B EE O F A SRt L 7o
D, FOEEE A A 5 Tildk L, TOMEER 7 ) — TG Lic, Lichi-
T, WA el s Lickh, EEOFOEFE 7 ) — v EORTRZDE
B affiid 2 2 EMAEL S 5 o, T OFEBOBT 2 X141TR9

AREO M TEEIKISITRT A, 227 ) — v EIcME S i oMY O BEER ) %

REL. TOIRESRDZ s =7y MCBEIdT 5 E2H-EE L

X14. EBREERTE

RoLave—

CCDA A5

BRTF1RTL— - \

.

A
avta—4

AEDEITIEE

Target GO

Movement
; 1.0s I1.0s, | 108V 155 Y |£ ----- | >

Hold Hand-Cue

SRR I | e B e B | (R © IV | R 1 W; b
L o N N
Hold Hand-Cue Target-Cue Go Movement
EEOFOEFTEL, ARBOBBZMASELH-DIC
DEROEH KRR

QFNHEBZLDHMBOEA~ADI TH
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CREST “Waa1s”

Z O EZ T O EH) HE AL E) & bt U 7o, & OFER. EERTEHIIE O 5B 3
KEOFOEH HETE L, 27 ) — v LORREGOER R %2 KM 5 & D KE
NTHBEMPSPITIE T, Ty EEHFEOEE)E R 7 ) — VTG 7SRRI
KET20TIEEL, FORRBERIT 2EEICIKGFT 2 EbHOMEL -
(416

H16. EHRFMILEHORE 2L —a AT

(a) MEGERRT H#iEH (b) FOERZRRT Sl

n=23 n=2
17 1
ormal View Inverted View ormal View Inverted View
08 " Eyb ° @/f 0.8 | Movemen ' :@ bof
ual .'

06 —{ Movement }@f’bf 06 —
0.4 0.4
0.2 0.2

07 T T T T I U T T T \ \

-2000 -1500 -1000 -500 O 500 -2000 -1500 -1000 -500 O 500

(ms) (ms)

(2) WFPEBCROA®REITT S h D3R

COMERERIC L > Ty FHEA A = VIT L > THESNZHEOHIEA  EEhFTE
L > TITONEEENIHS ML 5T, B b THRIKOFIFEINTTHON T 2 A[HerE
WEWOT, SR DOHEMHERST MEPHLETH 5, & 5ICX DEFRFDOE 5%
HH L CTATORBEZRH T 2 L VWO IGHNFTEO SR bEESN S,

3—5 “Hifli EB I IZ T AIREREEBY DN K™ FHEZV—TF)
(1) MENE B L ORE
Fij 98 D AR EK BE 258 1 )y 1 A1 5 13 AT UEAREY (frontal eye field; FEF). fli /2 HREY (supplemen-

tary eye field; SEF). Hilfili /€ IRE} (pre-supplementary motor aarea; pre-SMA) ICFAET 5
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[TT8#1H% & L TDRIZRFIEFRBEDIFL) - S5/

E#EZBND, Lo L, pre-SMA [ZIREREBIE G T34 < | effector D EBALI A L
WHIEIRICEE S 4 2 AfREE b I N TV B, AEIZ NS DFIHZRD ¥ A 7 %2
A HEHT. Yvic by Ay E03[E 0 ZuRIREKEE) (saccade) & FE 73 - 72lHFF T
e 2RE%E 5 2 oo 4] saccade D 0] 2 FIRAFHRIC K O FE/R Ly SIOlOETT#2 13
IBICIRE L TR L S ¥ o, 2 OEBEEOMEITIRI ZXN7IT/RT,

Memory-guided
(5th - 8th trial)

Re-fixation

Center-out
saccade
(<0.5s)

Central
fixation
(1.45-165)

@ Next sequence

[_ Other Sequences : U-L-L, U-R-R, U-R-L, L-L-R, R-R-L:I

Z OENFFICFEF. SEF. pre « SMAD Sfflfalih®) 2506k L 7o € OFEER. FEF T3,
#150% DARRAA S AT D A EIRE T MARL (rank; {7 & FHITFEME L 7222) 1T D AR
SR E LD TOHTH - 7o, 1o, Jilml IRAME ISER S A . R
FEahic, THIKK L, SEFCTlEN AMD A, NELLD A Z O ISR 72 fifass
ZHA SN, 2RE LT HRIE D GNANICE RTINS 2 5 - 72, pre-SMA Tl
J7 NSRS A & o o TDET . AR D A ISEIR P 7Sl 25 (24%) HL 5
N 1ty 1 P £ T VA e S R A o Vo o S e

wicy MEL b DT, NEF (sequence;fi by A7 E) ZIEEE T2 &, HFIC
IR 7SS SEF 12 52 < (21%)+ FEF, pre-SMA Tld, T D& 5 SHlaixs « 7
%TdH o1 LIchHio> T, IRBKES) Z LS TTE O HIHENIC IIRIBARED T 1 O3RN &
NZTNFRIE - 15 %9 5 T LD - 7o, FrITHiTH 2 EE) EY (3 saccade D 7 [A] 75 & D
ZERIERAN OB G130 s < BB FERONERF . NEF /2 & O R RBRICBhEL Tw b &
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CREST “Waa1s”

fham S 7o, S 5IT, 3[EDsaccade Dsequence A H T 5 & Hefl] DELB] DR FTITHF
ITHRWIEE) 2R g /N 2oy — Z s Hi i R E B B I B s v i,

(2) BHIEHER D ARIITF SN DR

R D IR ERGE B) B AREY (3 0E R ATEAIREY & A2 AREY & ShTuwieds, T omgEic
TR S EBE & IRBGER) 2 5 O TEIEIC BS54 5 S EM o LT85 7o, FRICA
NI OEENCBE L Cldy FEoES) & IRBGES) O 1B 54 % C LRI TH %,
TDX I, BRI AR DIV, “Effector Independent” 7SR DEFAERE, &
SRS (LB . HIN - EA CoME oS %ROERI SN 5,

3—6 “EfEMBORHELE" FHEZ IV —T)

(1) FRENE B L R

iMic 81 2 BRI MRS THBREOREETH 5, £ MED» D TE BN DG
HICH SOV ATENAETH 5 T & id, OEPEEIMI» SIS EN TV b,
BIERORZEL I VORICHEAT 52 TH A S e CORERIZEL 7odic, AWFET
BFREEEEZED ETic, F27 L EEDRIEICE S W TIROENEZ REFETd 55
Y VISR U Z QBRI O s B % i3~ 2 KR 2% E L e, TOHMD
DI, —EOEIEMEEFE L. T OREBETRICEFEZAES 2R/ELELL 1,
FWIEEE L= 28 h, B2 02T RINTEVED ¥ 7 F b % HE i
M (1.4~7.58) & LTH A&, BIfERGD v 7 F v e 52 7o, BifEIR320~46F)
T, ZOWIRIZ—o DEE (2 & Z1E, L S—HL) Z5EIKIET % & 5 IS5 12,
CNEFNE L o, IRANGER - 28{E (fc & A, voy—[alL) ZshIiE s, D
%, [A—@EEsEIKIET 2 E, b O —2DOEEESRIKET 2 & 5T, sEl5->2fE4H
ODEEEIKIES 2 4 20 AR5 Z fe, FVIZEIC—BfEZ4Rl Tl L7z 0 (H5%)
6lalE THIET 5 T & (H5%) Hd - teh, TD XD 18R - BEDRE & IEEfE
(S[ED) DA TIEBITER Q0~46F) IC3BEEZEFBP >/, LB >T, DY
2 7 O ENE IEFcuelc DO W T W 2D TIE7 < [BIEL (digital cue) ITIRIEL TW 5
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[TT8#1H% & L TDRIZRFIEFRBEDIFL) - S5/

EHER S N7, oy 1E» 550 F TOBIERFICERE S N R X D activity 1T & 2
RN > 72D Ty BEET DlcuellE > TV AAREE G EWEEZ Sz, &
D FEERHE O TR 2 K181 /R T,

BRITERZELEICBEEIYVEALRE

Trial Movement
Start Go Onset Reward

_;____1.4-?.55__:\1 l l
IIIEEIIIII_!!!I

1

o e Time
e e ———
|
4

[TT 1T 11T~
512 34 512-~-
| 20- 465

TURN PUSH TURN

i
1723

DX S digital signal OIEFHRLEIC ZRTEARTE 2SR5 92 ThH A 5 LIRE L T,
RTBERTEFIN OIS B it 2 FE L 7, L Ly S OEIEEHRLIED ¥ 2 7 oEfidic
B CEAERE T 2 M5 3. AR DT H - 7o BIEERBIEEN RS
N7z FEHTAREDSE T, L b, sSHOM. BORHEREMHEICRE L Thic, €D
B 2 X1912R T Fllld a, b, ¢, d e FZT0En1EE, 2[H, 3[EH. 4\H. 5
[0l H OEIEE 1T S #EfEBRERIC B VT FERINITIEEI L TwWa T ENRTIN S, T
5Dk D ICH—DNERE T 2GR S Ko nicn, EEOREEERIT 5006
LI o F RN, 2KE LTI-5hloeToRBBEFICRE SN TV,

B OSBRI 4 — v (GABA\L £ 7% —7 T =2 b)) ZEA L CTHfELE
W2 BN N S 2 & BIfEQRIBRNICIEZA R S s h - fehiy IEFTE (5
B DKIE) OHRBEFWITHED Lz Lichi-> Ty sERREIERLIEICSE54 5 &
fmmas o,

107



CREST “IN&EHS”

19, EMEEBICHEMICHIEL TEENT SO 55

cell a cellb cellc celld cell e

0 inn bl sl L i

@ ot i il s bl
N i, bt ol L
mmmmm

Go Wait GO WE -
start start 500 msec

L L7Shs 5 SO DEIE 5D T B B E DL IS (L FIIHHTE = 2 —
B OEBABES N, Lichi- Ty HITHRTE @BIEEEIRO R S h T L 53
B &S B A WD WA, EEEIIC RS L BIEOY D B AL B 5\ i, R
0 U B IS IR & HEE S N B

(2) BHIEHER D ARIITF SN DR

[P RBIS R OGS & L CRBISN TOWAHFEDRERIEZ, 1 v /¥7 PIBRE
WD LEEDND, TNMHSEEETEEICE S - e, BHAZEKE 9 5 Z{ED[A]
HMEVIHIETRESINTOWEIERE S A5, TORREB. ¥IVAKICE T 2 HEEO
7a I AT EARENDED, FREBHIID L O — i1 RIU & 8 2 TR~ D Wt
FFREMPHIRF SN S,

3—T7 "HIARITEFIC B 5 ERIEE & SRR O M SR O 7 Vv —T)
(1) BFENES & TR
HEHRICHE D CBERB OB Z ., (E5DOXE D o B FRMILE TR O M,
R OMEIT & 2 BPFIFIRO AR, IEOHE(G & FITL L HIRERINIC L, T <
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[TTEI#HIEHR & U TDRIBFIEFHBEDELT ) © F1ENE

NOBREITH T 2 MISEB O ENREZ FFICHRET L 7o C D HINICEE L 7o FEBREREI1Z
UTNTH 2z, yVichd sV IRAOEN (EIEHR 2. 6Fd 503 ATF (BEE
) AT K - TENSE 24O EFRELZEM L 7o, BRATOR 7 Y — v ZEHLT
WaELALVTNPICEMNADES &, HRICHE Cuez 52 7o, HlHcuedH T
3G OBEHLBEROIER T, MM R GFLLEFOMAERE Lic, G0An»RH
PUADALEIC L > TR LTc, DX BHEHFETE. 1SHRERT2EEL S &I
ZERIEHR & SRBREZNEARRNIC 52 2 T &R, & 5IT15H % IC B EHE
Cuez 52, T DRMEICENERIGESE 54 1
C DR TR & X201 789,

B20 (Arm —Target Instruction)

e o
pre 0% 0V, 00, OV QDB T o et

“Left Arm’ "Right Target’

‘Left Target’ Right Arm’

(Target —» Arm Instruction)

* SHTEARTEY O O REARE 2 & ZHOMIEEE Zidix L 725, T OZHPITE O
THE—FRBE _DcuellHd 2I0ENROoNIH, £ DINEZH W IEMA O ZERFIAL
EZXBT5bDTH -7 FHDLBIEFMEREXRST 5bDTH -7, T O
fLOMI T, FRHIMED 5 WIETFOMEICINE T M3 D TH - 7o Tz L,
E#EDOTFRE O MM ZERIINLE H 2 W IFTOALE D cue ITIHE T BffildnZ < AL
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CREST “Waa1s”

PUfg D cue DALEITINE 3 5 fllfic 13 LRI 1)
DIsh o to, THD BRGNS . BIfEIC
WEIITHFROBERZNM L TVt EF R 5,
F . Dcue DGEIE. HW UM OALE TN
L AL RO IRANC 7S D AFAE L 72
2. ZOBMITIRIEEAE RSN - P
o offifdoftic, HFTHIERZIS.
HEVERAEFTEENENS &Vt H)
fE20bDEZBY 3 EHERSMassE a2

ST, T OIEENA. 2 Sk ) WM ORI
HOKAORREE N bDTH ST & RN
HO»THh D, TDL D BIEHFIZX211C

RTM, TNO6DE BEBOTMITHEAEL o, LIk - THIEATERIT A - 7B 13
ISR O BERIER EMES — 7 v b OIEHR & BRI OEHR) ~Efash, &
HIZZNEDHESNT, BERRAERS NS & VS — O BRABES hiC &
2785, £ OBEOIEHMAEICE W TiE, AISARTE O IEHI S [ H > TRE O
BAETE 5 E 54 5N b,

(2) RS BRMFEIN IR

AEAATEF DI AMUES (46%7) 108 1 2 BERED SR RMEIC S LW TERFE LV TH
n. OO modality 1ZX 2 fHEZE. @FHREIREF RS, QEEAEmRL, &
T3S D - 1o, T OWFEAER T, BISARTE OF A & A T HAE S sEEZE 2B S
LD F N EERLEEREOETERTE VI HMANE LD T, SHREN0S
OB & I LI 12 BERE & SR 2 IFE DR S 2 L b 5,
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[TT8#1H% & L TDRIZRFIEFRBEDIFL) - S5/

3—8 “BL&m ABHVEGH M I 35 2 B AT O WHMEBL” FHEZV—T)

(1) WFENAE B L OBER

RIEARTEFIC B U 2 BT H OWIEIR Z < TN TV B3, ERDIHFRIRENED/ ¥ 5
A= —DPNEEHET L EEPRT -~ LTE 7, MO T 5 EE 5
R E M DZRRIE. & I 3HREREEORE S EZZET 5L &, TOLHBIET
FPED 120 b - EZEBITHNGZ. K OHREINCETHT 2 2 &2 HRNRLET
NETH D, TORARNEZ 2HFEEE Ly SIKTOBERHE A2 7R E L,
HROBEE LT 2R 3. BEZBIG S 2 RNCEITEDNET & %l 4 2 LB &
50 NED/NG =V ISBE 8B & RO Y — v aflid s LT, TN6
ZHT 3N AT EREPELTL 2, TOHT T —{bEid, D BUBITHIE
DEESIEN T 7c ERB T ENTE B, TDXHEA T T — (LIPS EE 15 5 HE
AHGE LT, BISEATE OMMIQEEh A 508k L 7o, v AL <. BIESEEO#BED
WInhrE, EE5%cue s LTiThE R, 12M0RFET, 4AbEFES5E25A. Th
NCHB T 28EA2 ARFEITd 5 2 A2 —2D1y b (1GT) & L, idlEs 12

X22.

o T e AABB: Paired Repeat
—° [ [ — =
MIF NG OATI)—LRE Push-Push-Turn-Turn

Pull-Pull-Turn-Turn

Turn-Turn-Push-Push
Turn-Turn-Pull-Pull

ABAB: Alternate
Push-Turn-Push-Turn
Pull-Turn-Pull-Turn
Turn-Push-Turn-Push
Turn-Pull-Turn-Pull

pull +———— push

AAAA: Four Repeat
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CREST “IN&EHS”

/!

4[| OGN E 1. OF—BIEOKIE. @2EHIEOZSH B, @2RHED K E5
BoLFhp ORI 5 — v izh 7 T ) — (LT B T LB TE I, T OFBRBEO
Tkt 2 X2212 7R 9

COFHIT B VT, BfEe e (B{ERG LT O RiTSARTEY O Mluih 8 % Gl i
HrLtco COBHTHE LGS 13— O RE LBIfE, & 5V I3fE UBifEo KiE
Vo REEICEIRI TS 0 BIfEOE S s — v A BB 2EEE R L, Linb,
C OIEEN BN ER G O BEfR BRI HEBL L 7o 0T SEBNETE O BESAL A SO L 7o MiaiE
BLEAOND, TO KD EHIEIEE) O F % X231TR 9 #MlldA,B,CIETNTNGE
NGy — v, SERIEN Y — v, Sy — v OBfEREERIIL TV E, ORI
FRTHAATEP AR IS D W T Frc SIS 2 RIR Wi s b O S e n 5o

/5\olternate selective . Tum-Push-Turn-Push

i Turn-Pull-Turn-Pull
<= = Push-Turn-Push-Turn
25 — ”~

. S~
Wy ey : Pull-Turn-Pull-Turn
i T
I e
S : >\Others

0

05s

Paired selective
% i~ Tumn-Turn-Push-Push
Pk Turn-Turn-Pull-Pull

Push-Push-Turn-Turn

=271 — Pull-Pull-Turn-Tum

2

— Turn-Turn-Turn-Turn
: Pull —Pull —Pull - Pull
——=i> ~ Push-Push-Push-Push

(2) BFERCRO AR S 2R

FHEMREIC Y7 > Ty —EHOBFEH IO A 7 ) —{bLASHisERTE OfHEEEN & L T
K EIN B EVHHEIE, BEEARTE O EIREERER I LLWEHAZ /6T 6D THhH
D, SHOBEHHYICE b EZHO AR O I HER T 2 s B,

112



[TT8#1H% & L TDRIZRFIEFRBEDIFL) - S5/

[FHEF — LI KB RXKRMILY R F]
1. Hoshi, E., Shima, K., Tanji, J. Neuronal activity in the primate prefrontal cortex in the
process of motor selection based on two behavioral rules. J.Neurophysiol. 83:2355-2373

(2000)

2. Fujii, N., Mushiake, H., Tanji, J. Rostrocaudal distinction of the dorsal premotor area

based on oculomotor involvement. J.Neurophysiol. 83:1764-1769 (2000)

3. Shima,K., Tanji,J. Neuronal activity in the supplementary and presupplementary motor
areas for temporal organization of multiple movements. J.Neurophysiol. 84:2148-2160

(2000)

4. Hoshi, E., Tanji, J. Integration of target and body-part information in the premotor cor-

tex when planning action. Nature. 408:466-470 (2000)

5. Wang,Y., Shima,K., Sawamura H., Tanji, J. Spatial distribution of cingulate cells pro-
jecting to the primary,supplementary,and pre-supplementary motor areas : a retrograde

multiple labeling study in the macaque monkey. Neurosci. Res. 39:39-49 (2001)

6. Mushiake, H., Saito, N., Sakamoto, Y., Sato, Y., Tanji,J. Visually based path-planning

by Japanese monkeys. Brain Res Cogn Brain Res. 11:165-169 ( 2001)

7. Hoshi, E,, Tanji, J. Contrasting neuronal activity in the dorsal and ventral premotor areas

during preparation to reach. J.Neurophysiol. 87:1123-1128 (2002)

8. Sawamura, H., Shima, K., Tanji, J. Numerical representation for action in the parietal

cortex of the monkey. Nature. 415:918-922 (2002)
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CREST “Waa1s”

9.

10.

1.

12.

13.

14.

15.

16.

Fujii, N., Mushiake, H., Tanji, J. Distribution of eye- and arm-movement-related neu-
ronal activity in the SEF and in the SMA and Pre-SMA of monkeys. J Neurophysiol.

87:2158-2166 (2002)

Sakai, ST., Inase, M., Tanji, J. The relationship between MI and SMA afferents and
cerebellar and pallidal efferents in the macaque monkey. Somatosens Mot Res. 19:139-

148 (2002)

Wang, Y., Shima, K., Isoda, M., Sawamura, H., Tanji, J. Spatial distribution and density
of prefrontal cortical cells projecting to three sectors of the premotor cortex. Neuroreport.

13:1341-1344 (2002)

Ochiai, T., Mushiake, H., Tanji, J. Effects of image motion in the dorsal premotor cortex

during planning of an arm movement. J Neurophysiol. 88:2167-2171(2002)

Shinomoto, S., Shima, K., Tanji, J. New classification scheme of cortical sites with the

neuronal spiking characteristics. Neural Netw. 15:1165-1169(2002)

Isoda, M., Tanji, J. Cellular activity in the supplementary eye field during sequential per-

formance of multiple saccades. J Neurophysiol. 88:3541-3545(2002)

Ninokura, Y., Mushiake, H,. Tanji J. Representation of the temporal order of visual ob-

jects in the primate lateral prefrontal cortex. J Neurophysiol. 89:2868-2873(2003)

Isoda, M., Tanji, J. Contrasting neuronal activity in the supplementary and frontal eye
fields during temporal organization of multiple saccades. J Neurophysiol. 90:3054-

3065(2003)
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17.

18.

19.

20.

21.

22.

23.

24.

[TT8#1H% & L TDRIZRFIEFRBEDIFL) - S5/

Shinomoto, S., Shima, K., Tanji, J. Differences in spiking patterns among cortical neu-

rons. Neural Comput. 15:2823-2842(2003)

Ninokura, Y., Mushiake, H., Tanji, J. Integration of temporal order and object informa-

tion in the monkey lateral prefrontal cortex. J Neurophysiol. 91: 555-560(2004)

Hoshi, E., Tanji, J. Area-selective neuronal activity in the dorsolateral prefrontal cortex

for information retrieval and action planning. J Neurophysiol. 91: 2707-2722(2004)

Isoda, M., Tanji, J. Participation of the primate presupplementary motor area in se-

quencing multiple saccades. J Neurophysiol. 92:653-659 (2004)

Wang, Y., Matsuzaka, Y., Shima, K., Tanji, J. Cingulate cortical cells projecting to mon-

key frontal eye field and primary motor cortex. Neuroreport. 15:1559-1563(2004)

Hoshi, E., Tanji, J. Differential roles of neuronal activity in the supplementary and
presupplementary motor areas: From information retrieval to motor planning and execu-

tion. J Neurophysiol. 92:3482-3499(2004)

Isoda, M., Tsutsui, K., Katsuyama, N., Naganuma, T., Saito, N., Furusawa, Y., Mushiake,
H., Taira, M., Tanji, J. Design of a head fixation device for experiments in behaving

monkeys. J. Neurosci. Methods 141 : 277-282 (2005)

Ochiai T, Mushiake H, Tanji, J. Involvement of the ventral premotor cortex in control-

ling image motion of the hand during performance of a target-capturing task. Cerebral

Cortex (2004) in press
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CREST “Waa1s”

25. Saito, N, Mushiake, H, Tanji, J. Representation of immediate and final behavioral goals
in the monkey prefrontal cortex during an instructed delay period. Cerebral Cortex (2005)

in press

3—9 “TRMKEE - KM IE AR ) 236 28 Bh R D A5E - LBERE”
(& 7V —F)
(1) PFFENE B L OWCR
VOV DOFTEAEEC 31 9 2 E BB EE > O RINFERRE ~ D ATTHE O G 4 pik i
HIFH) B & CERUEESERICHT T A 2 ik 0, TRIMEIE-KIMREER#HES | 1ck
o 2 EEER O (mE « EHREO P A 2 S T Lico 9785, MREIFII > o #
RERUIC H2 75 2 B BAEGHET 2> © D AT id. RINERRL O AT T H 2 BREIR EHIR T
RICBOWTHWITH S LS BOBOEM I Yy — v 2R L THmd 208, Adish
% IR 13 T D ZERITECY] & BEREFIN A ICE S VW32 RAITE 2 L L S fEim a7,
F—GEH) B P KB EEE B R AIER IS sk 4 2 & DT B S R EE) O i
Fzo b5 5, b9 103 meEHECEFFERAEICHRK T 2 DT,
ALt & ONHIRF P R RTH S & OARIRFIC L DEFE s N 5 EH), H 5V IEHF
BB LA EE) R E SN D & O SEME S EEER IS T 5, REO1D EIHE
ST PR BCEET EP WIS B RTE A ICHR L, EHo T e s 5 3 v
BN, PVE. b5 WV IEE)FE S EOEIRIEREICBRT 2 D TH 5, 1FoNTIHE
AR e IR ELITRRTE I R L 72,

(2) WHEHCR DA BRI S 53R

KIBCE & ARMM AL D FEREIHEBEIC > W T, BEREEBE L — 7" D FEAN 78 Rigak & #H 5B
fROBEARE LT, —IKEEE IV — 7, EFRE L — 7', wlEEBE v — 7 wIREE
ST L — 7B K ORIEERTE v — 73 T NS NAEAE Ly SEIBIIC 372 B (0 2 o 5
CEDBPSDLEL 5 12, RIBESHRIZ. TNThON— 7 OWREA RN 2 T & 23
SN B, RIMER (SRR AR O EESMIRTH 21E0 0D TS, 2D

116



[TT8#1H% & L TDRIZRFIEFRBEDIFL) - S5/

TRREEDT HREEEDHH
EAIED (CMAC) BI{EER (CMAr)

Bt B EBNEF (pre-SMA)

HRESRETEFYIAIER (PMdr)

ERLEZATE EAIER (PMdc)

RERIESNRTEF EAIER (PMvc)

—REHFH (M) HEEHTF (SMA)

HIRORETNITH 5 2 &6, T ORERRIN IR IR OZW L iniIicH 7 7sa]
BEME 2Rt 2 D TH B,

3—10 “HrRBCEEEN Y O BERERI RS (R SV —T)

(1) NS B L R

ZEfH K3 K OIEZE R A O 7o B RESR AT & Go/No-go FRRIERE Z 4 Vi
Ak L. BEEZRITR O b L ORI EEE A S H—2 = o bilEr A, O
AT F—ZM LT 5 EiTabn L. £=% — R/ (L& - A0 h) &
U < EFEZERIN (B 5 h0R) OF0300 0 fl B % 3 S A C2llERan 5,
2B DFDD D RIFAF L ThNFF -2 L (GoaliT) . R - T+ -2 L
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CREST “Waa1s”

e 5 & No-goadfT). MMMAE5Z oMb, TOX I LT, 2RI
9% =a—n v IBEZLETE, RABGRIC B U 7R & B RE I B L 72
Zayit U CREid A C EAEEICS B, T DFER. Go D> No-go DHEERZ1T 52
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ED P W s
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fedic, T OEHICBET 2 @i (WE P ) ICERE AT 2 BAEEEZHE - TV 5
EfREFRT = 5 (attention for action)o F 7o IR EEBEVIHIELIC X, 2 HOHE
HI D EIRE &I GoakfTH No-go ik fTO EH S I RINICIEE T 2 =2 -0 v b
ZHBIEE SN, 0L =2 —ovid, FEICHT 2 I8 OEHERE RS 5
LfFFRC = % (response selection)o i, Goilkf TOBMGERNC R KIEEIMSIERT 5 = 2 —
v v SHARBCEET T OWRE7S T s < BRI SRS A L TWi, b b,
TR B E B EF oW RIS & MR T RS 5 2 BERE R 2 - TH D . W
W GA o NTAFRICE D CEIFEIC, BfFERIRE 249 2 AFRIBITT 4 5 =
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(2) BHIEHER D ARIITF SN DR
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EHMEZICILTE. OWHWY 2 "8 S0 LB OREFE 2 FBROF RO W E S
L LCoEEl bR s 5,
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(1) FRENEB L ORCR
ATEERTEF (3. TEIFRBHOMANLIER, WO EREMOEAEH L L TXbLH TERE
BALEZ DTS EHRA S ENTE S, ASHRTE 3L < BHTA « MIEEGE B LU
iz Rl & o O ESEY . EHBEAE 25 M L T2 o DlEHRkE —IES)
IRIET Do TO XD IT, AIBAEEIC ZEHOEFPRIHEMEE SHFEAL TB O, itz
DRAFICTESIGERE & RFF S N 2 RS0 L TV 5, St ORI L 5 &
ESGEE D S B KMk B D N RIEE 1< ALiE 9 5 i e EB) B ik B EE ) ) i
i, EEFEH O BRMICECBIS L, BIfEORERINCHE > T, KD EKRD H 517H)
Ny — v, BT A C LBtk L, s, KRIEERO AN ALiE 3 2 E B
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A DFER A2 EE T 5 &, K26DAIT/R L 720 BGF B Sg & v 13, & L ABIC
RUTHESTEEAEFVLE LTLDHEYITH 3 Eftam S iz,

(2) WFFERCR DA RIS S 2 R0 R
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méo

(759 - MIHF —LICKBREEMRLY A ]

IRSE 5

1.  Miyachi S, Lu X, Inoue S, Iwasaki T, Koike S, Nambu A, Takada M. (in press) Organi-
zation of multisynaptic inputs from prefrontal cortex to primary motor cortex as revealed

by retrograde transneuronal transport of rabies virus. J Neurosci.

2. Kita H, Nambu A, Kaneda K, Tachibana Y, Takada M. (2004) Role of ionotropic

glutamatergic and GABAergic inputs on the firing activity of neurons in the external

121



CREST “Waa1s”

pallidum in awake monkeys. J Neurophysiol 92:3069-3084.

3. Fujiwara-Tsukamoto Y, Isomura Y, Kaneda K, Takada M. (2004) Synaptic interactions
between pyramidal cells and interneurone subtypes during seizure-like activity in the rat

hippocampus. J Physiol 557.3:961-979.

4. Takada M, Nambu A, Hatanaka N, Tachibana Y, Miyachi S, Taira M, Inase M. (2004)
Organization of prefrontal outflow toward frontal motor-related areas in macaque mon-

keys. Eur J Neurosci 19:3328-3342.

5. Tachibana Y, Nambu A, Hatanaka N, Miyachi S, Takada M. (2004) Input-output organi-
zation of the rostral part of the dorsal premotor cortex, with special reference to its

corticostriatal projection. Neurosci Res 48:45-57.

6. Isomura Y, Fujiwara-Tsukamoto Y, Takada M (2003) Glutamatergic propagation of
GABAergic seizure-like afterdischarge in the hippocampus in vitro. J Neurophysiol

90:2746-2751.

7. Isomura Y, Ito Y, Akazawa T, Nambu A, Takada M (2003) Neural coding of "attention
for action" and "response selection" in primate anterior cingulate cortex. J Neurosci

23:8002-8012.

8. Kaneda K, Imanishi M, Nambu A, Shigemoto R, Takada M (2003) Differential expres-
sion patterns of mGluR1 @ in monkey nigral dopamine neurons. NeuroReport 14:947-

950.

9. Fujiwara-Tsukamoto Y, Isomura Y, Nambu A, Takada M (2003) Excitatory GABA

122



10.

11.

12.

13.

14.

15.

16.

[TT8#1H% & L TDRIZRFIEFRBEDIFL) - S5/

input directly drives seizure-like rhythmic synchronization in mature hippocampal CAl

pyramidal cells. Neurosciencce 119:265-275.

Hatanaka N, Tokuno H, Hamada I, Inase M, Ito Y, Imanishi M, Hasegawa N, Akazawa
T, Nambu A, Takada M (2003) Thalamocortical and intracortical connections of mon-

key cingulate motor areas. J] Comp Neurol 462:121-138.

Akazawa T, Takada M, Nambu A (2003) Activity and distribution patterns of monkey

pallidal neurons in response to peripheral nerve stimulation. Neurosci Lett 339:161-165.

Nambu A, Kaneda K, Tokuno H, Takada M (2002) Organization of corticostriatal motor

inputs in monkey putamen. J Neurophysiol 88:1830-1842.

Kaneda K, Nambu A, Tokuno H, Takada M (2002) Differential processing patterns of
motor information via striatopallidal and striatonigral projections. J Neurophysiol

88:1420-1432.

Kitano K, Cateau H, Kaneda K, Nambu A, Takada M, Fukai T (2002) Two-state mem-
brane potential transitions of striatal spiny neurons as evidenced by numerical simula-

tions and electrophysiological recordings in awake monkeys. J Neurosci 22:RC230 (1-6).

Isomura Y, Fujiwara-Tsukamoto Y, Imanishi M, Nambu A, Takada M (2002) Distance-
dependent Ni2+—sensitivity of synaptic plasticity in apical dendrites of hippocampal CA1

pyramidal cells. J Neurophysiol 87:1169-1174.

Takada M, Tokuno H, Hamada I, Inase M, Ito Y, Imanishi M, Hasegawa N, Akazawa

T, Hatanaka N, Nambu A (2001) Organization of inputs from cingulate motor areas to

123



CREST “Waa1s”

17.

18.

19.

20.

21.

22.

23.

basal ganglia in macaque monkey. Eur J Neurosci 14:1633-1650.

Hatanaka N, Nambu A, Yamashita A, Takada M, Tokuno H (2001) Somatotopic ar-
rangement and corticocortical inputs of the hindlimb region of the primary motor cortex

in the macaque monkey. Neurosci Res 40:9-22.

Takada M, Kang Y, Imanishi M (2001) Immunohistochemical localization of voltage-
gated calcium channels in substantia nigra dopamine neurons. Eur J Neurosci 13:757-

762.

Matsumura M, Nambu A, Yamaji Y, Watanabe K, Imai H, Inase M, Tokuno H, Takada
M (2000) Organization of somatic motor inputs from the frontal lobe to the

pedunculopontine tegmental nucleus in the macaque monkey. Neuroscience 98:97-110.

Takada M, Matsumura M, Kojima J, Yamaji Y, Inase M, Tokuno H, Nambu A, Imai H
(2000) Protection against dopaminergic nigrostriatal cell death by excitatory input abla-

tion. Eur J Neurosci 12:1771-1780.

Tokuno H, Hatanaka N, Takada M, Nambu A (2000) B-mode and color Doppler ultra-
sound imaging for localization of microelectrode in monkey brain. Neurosci Res 36:335-

338.

Akazawa T, Tokuno H, Nambu A, Hamada I, Ito Y, Ikeuchi Y, Imanishi M, Hasegawa
N, Hatanaka N, Takada M (2000) A cortical motor region that represents the cutaneous

back muscles in the macaque monkey. Neurosci Lett 282:125-128.

Hatanaka N, Tokuno H, Nambu A, Takada M (2000) Direct projections from the

124



[TT8#1H% & L TDRIZRFIEFRBEDIFL) - S5/

magnocellular division of the basal nucleus of the amygdala to the principal part of the

cortical masticatory area in the macaque monkey. Brain Res 854:220-223.

e
Takada M, Hamada I, Tokuno H, Inase M, Ito Y, Hasegawa N, Ikeuchi Y, Imanishi M,
Akazawa T, Hatanaka N, Nambu A (2003) Corticostriatal projections from the cingulate
motor areas in the macaque monkey. In: The Basal Ganglia VI (Graybiel AM, DeLong

MR, Kitai ST, eds), pp 419-428. New York: KA/PP.

Yamaji Y, Matsumura M, Kojima J, Tokuno H, Nambu A, Inase M, Imai H, Takada M
(2003) Differential reductions in dopaminergic innervation of the motor-related areas of
the frontal lobe in MPTP-treated monkeys. In: The Basal Ganglia VI (Graybiel AM,

DeLong MR, Kitai ST, eds), pp 159-167. New York: KA/PP.

Nambu A, Kaneda K, Tokuno H, Takada M (2002) Partly converging but largely segre-
gated corticostriatal projections from the primary motor cortex and the supplementary
motor area. In: The Basal Ganglia VII (Nicholson LFB, Faull RLM, eds), pp 147-153.

New York: KA/PP.

Takada M, Matsumura M, Kojima J, Yamaji Y, Inase M, Tokuno H, Nambu A, Imai H
(2002) Protection against nigrostriatal dopamine cell death by pedunculopontine
tegmental nucleus lesions. In: The Basal Ganglia VII (Nicholson LFB, Faull RLM, eds),

pp 67-76. New York: KA/PP.

125



CREST “Waa1s”

3—13 “RICHIE UL ATGRIIC B I HiEGHFORH” HEn s —TF)
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G LTl sTE 28 S EICEESEEE L TVE ] VO KEREILT, O
irEHIE Lz, £9°, "HHO < Hh 7 ¥OVIREKGERIC X 2 B HEERRE (ODVS) &
IRERGESE) 1 X 2 B UGERE (ODR) %X 1TH1 D ¥ v O RSARTE /M & = 2 —
o v ihRE) e LRk - T L 72, ODVS TR FEHPLDINIC Y — 47y b & & bl FRIHA
RRENBEDT, =7 v MERDPBELINE, —HDODRFETIEY =47 v b
RERDADBIEREINZDT, & —47 v MEREFSBEZ D, 7220, EE5088ETH
BIEHAICIE s — 7y PLEOZER A ) BERS NS, HEICBET =2 -0
IEE T LicE 2 A, FHPOFBICEIET 5 =2 — 0 Y DZHODVS TX D i
WIEBN 2R T EMD oo, Fho, BIE= 2 — v Y ORI ODVS O A (T E AL
EEZR LI, IN6DT—51d, BAMPFCTHHERS KX 5 &, Fic, #R

X27
HIBE AT EF DK B IS B 1T BV R 44

dIPFC D F E 71 1% B =B 8947 B)!lf# (dynamic behavioral control) :

1. AKRISIECTz A 51D:3E R (input selection) o

2. ANDRE(T—FTAEY) EIL—IL (SRERER) ICEIGEYIGTE G EIFERO £
(generation of behavioral control information ),

3. TEHHROIT —FN\VIBEROMBFETNICEDANBRCITBFIEEROT VT T—F

(updating of input-selection/control-information),

Various input

Input-selection

Control/operation
of other brain regions
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L7 Z2 R 20078 4 £ ) @WENSHITT 5 2 EARET 5,
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3—14 “ITRA L HMMOFE T2 X2 ICB T AT ORE” FEOSINV—T)
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28 DL-Rw o o
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Dela o7
~ Cue f
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IT1 ] o =
a “ ] 0.55 jm.Rw
<Ts L
IS Condition|
0.5s
1.5s »
2 ) iQr))
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Tg ck Rw2 Tg Rw1 Rw2
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BRI EE AR T HAERET B,
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EWDOED 7o 2B LN EE DL >TVRY, COEICTVa—F9 57
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ENRES NS,

(2) WFERCR DA RIS 250k

AITHZ M,
X29
a Task procedure
Rule-cue Reward
Cue (RC) Go  Confimmation
Delay1 Delay2
Fixati Im N .,
ixation Rvi (D1 0O (D2) — o ddé . a Eﬂ%qa)ﬁq:-e)b_
o ¢ 2 0 o 1 0 IWERTRS HOEBETVF
"W — “E =]
158 - 2s lﬂ: 2s o cj 2s Huh |~"¥7£
08s 06s <04s 1s
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. . bicueDiEFETHMEE
oV — JAJ o — M{j La;g:ﬁriz::m %&ﬁ?o
L °oQ — 4 o ViSRRI Sk cerd
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¢ Saccade condition
© cHYh—R&EH
Pro-saccad
R e i
o Vi <
‘{:: - Anti-rial:cade

E30 Sensory memory ISERENEAFDFEEZ (TS

cue D1 R D2 o

 CueDfIBEZHEIR
gTAH-1—AVDE
GibrEE)

¥

Pro-saccade|condition

Anti-saccade condition W

Preferred cue condition { s Large reward condition

+ D(t) :directional index
+ CueD 7 RlEEN DFEIR

Non-prefemred cue condilion{ ____ypSmall reward condition

Rpref (t) _&mpref (t)
Rpref (t) + Ieunpref(t) ,

Cue DI RG D2 |[Go D(t)=

. D)IED1HAI=hi=Y%
| BEE
Large reward condition * #EMi%{cF—Gﬁ%(:i%

{ ——— Small reward condition %ﬁ
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E31. Motor memory [XEREND 22 &% Z1F7470>

D1 RC D2 Go

e M—a—OYDEH
EE

o= + D(t) :directional

Pro-saccade condition i sndition |nd ex
» Saccade direction
Preferred cue condition { > Large reward condition ) 7 \%U B, jj ) ?b*aﬁ
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b —
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o o I
| H e | \M . Dt)ED2sIz Y
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TEM ORI E (PFC) (3IMRZERIMT: 7 —+ v 7' x £ ) @IS L TE0D ., PFC
= a2 — 0 v OZERLERED GABAZEERZ N LIclflic X - THETi a5 T &
LI TE e, T T, IRBGEENELENIGHE (ODR) %2 X T O )L O35 7 HIPFC
12« GABA, FHEH] (BMI) % RIFTHTICHET A LTy SRERIT DR % it L 72,
Z DFER, BMIOFEAIC L > TODRIFEDOZITHEES e ([K32), TNHDT &
5. GABA, KB EIMUPFC O S HZERIMEY —F v 7 4 E VICEHETH 5 C
LRI NS,

RIT, £DX D84 » r — AR L 7oL & EE) T R E H oV nicEn 5 o
DEROPICT B2, F00 0 fIAIE & EE) F RN TH BEET ¥ F 4 o 5 —
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AR TN OB i L 7co £ ORER, MIBHWIRNCEC 29 v r— FDREA LR
T 0 TR T 0 REIC, BT IER T X E A S T EMBNh - 1k
(K33)s 2D ED S, BAMIPFC 1X GABA, ZEMEKZ /LTy T30 0 flIHA~D X
Y A — BB L T80 0 RIS A 721811347 5 -~ X588 2 KOG £ Tl
5 EICHEERBEEERIcT I ENREIN S,

E32. FIEAEHAOBicuculine FAKS—FyrABNSYor—FE BEHMG
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Oculomotor delayed-response (ODR) task L4
=]
o o o
a oo
. . / 'l o o g o of
a o o
o o
o
ITI (1s) Fixation (1s) Cue(0.5s) Delay (4s) Saccade (<0.7s) 70 T FP: Fixation Point
2-dimensional eye trajectory Percentage Direction
of fixation breaks of fixation breaks e S
egree;
Fixation braaks 360
=
315
A
s 2707
predrug = 2
Normal saccades E 225 ®
5 180 @
E 136) ¢ . S
0 ¢ :
A Fixation breaks .
postdrug %H— s, ¢ o
¥ a8 2
i i Normal saccades 0 45 90 135 180 225 270 315
w0

Target {degree)

r=0.731 (p<0.001)

B33. Bicuculine [CKYFERINTI=YvH—FIL. Cue RO EARBFI(X
CuelZAMS3H, DelayBAI R IEERLI-AMICADN D,

Delayed anti-saccade (DAS) task

|} . « 180° | O o oo
FP
ITI (1.5s) Fixation (1s) Cue (0.5s) Delay (3s) Saccade (<0.5s) o
210° 70 dog dog
FP: Fixation Point
Cue period Delay period
other for the cue
other
for the ta(gg/e (14%) (20%) (16%,
for the cue
(80%)
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