[ISSN 1 0031-9341

JOURNAL OF THE PHYSIOLOGICAL SOCIETY OF JAPAN

L 8
KRR ¢ Il o B HE L HF
5 e

WA B A AT 5 fast 35 KO slow il = = — r Vit 5
jdﬂ&.ﬁ@ﬂlbﬁ@ﬁﬁaﬂ{i .......................................................................................... 587

A D L T o Ty L o et o o R o S a2 N L 600

KA DITE A Bk RS
H—= a2 — v VBB EEAE L OB ORK )
AAEIR A EE RO T EAHIAZ DT (5 2 4)

RO  FAGEHET - EORI R T (1
AABIS R L TR (PR

fi  YNGVE ZOTTERMAN g% Looss (FRRE=LE)

iﬁ %57@ J 171 Pﬁ%ﬂfﬁﬂ%gﬁgi@} .................................................................. 610

. [Exifiaﬁ]

J. Physiol. Soc. Japan




/ NASADEFAEA L -RKD 70— X — 5 — B4 / N

<D NARCOMATIC =& §% I 7 5+

NARCO

REF VD - N AS QT LXHART-0012HE (4% B)
ERFELI-FARFVIRT—5001E ZnETOE _ e .
BERDERN LU EMNATC, FLBE gy noa s EALSLOZBE
A i — b . °
S ARELRS)ECA, TNV mmRlr o L RRCEBTE £7.
EOERICLY . MELOTO—7AEHNTHA o e et e 5
— RS DTS < . R T BRMEL R TT O LERARBE LTHRETT,
EATE T e " W /%7 P THLEVICEFITY,
° l7°u = 7RI < CHERS THAM S SHIRA &
HNYOTEOMERGAFHERBT R TEECABIATLET, j

-

AABAEE

oA — —fY Q] A TI0L EFEFREEAMES-2- 1250361 1(03)254-00520%)
=1t AL #R(011)752—0176, /i #4(0222)75—2514, % 3R(0762)23— 4648
: B #B(075)241 —3908-9,/ KPR (06) 305—6328

2 7 2 (052)524 — 5408 5
TOKAI IRIKA €O, LTD. ;" & (0s22)93—2163 % 1(0899)21 —3015,/48 F(092)472— 3800

BFRREOREFEELERNICE= S —

SKEA-VOXHEE A‘Vﬁi 7,-7‘.5.—

AL EYIRIMAE & R D S i
BREEZWET 52 212k » T, £lih ¥ 2~

v MRS AL B BBk DOMEFTE (a-v02)
% /CL §E¢9“
AR  WR660nmDIE ML THY

Z D 1L’\T: ZA =B R S TR B/ = B S 7))
"))U’dm%(ﬁ SRECHEWE T, LED (39654
—F) iz D, 70— Z—F a2~y b
REL, U717'J7\\/7 T 7 CHEAE
@%%HJ}JEEQ:L“C TP INA=FIZa-v02
HAL (ml 02/100ml blood) TFRL T,

B A8 ﬁIE}E

At TI01 REETFREAXAMEI-2-120U/ 580 2(03)254-005261)
/\*I AL BR(011)752—0176/fli #(0222)75—2514 % 3R(0762)23~ 4648
B E(052)524—5408, /5 #R(075)241 —3908-9,7 KPR (06) 305—6328

TOKAI IRIKA cO., |.TD. & $(0822)93—2163/% 1#(0899)21 —3015 /1% m(osz)uz—zsooj




CHEAATEEE (1982) 44, 581-586)

B IR O % B & B B

& L & [

ERC O WToMme i, B R0, T 7o b
B, 1950GEDHn B E » T-REIRPTZE O B
RiCis - TEERCER IR TE L. F0O/], [E
IRBFZEE, (R b i\ TRV R 2 4D
BIEREELTE . EBW T — st LT
AN THZ LRAOBIT LTl wATT
BDECHIBEECREL LI ThiedTH
%. L2 L, & Samuel Johnson (g ¢
AR )M3004FEL B FRE LichIE»"4 L
RPI NI LRGN XL Usd i TE A

ZOFEEE RPN ELT LT, £

DL EFREZTENCOWCORESR, &
OWRELRHBL TV, W) & 2 Th
B DX RREND, B, MEROEEE
CELT, WSOhDRMIMREIhS LS5
otz 5D LEMRVZIE, BHoaTso
T BIR D BNFEETHORA I L5 E
BThb.

ZZT, A THHRANEVHTEY LD
BF 1201k, WIS 2 & 5 RfE O A
T2 BT 2 A CEERIEH 5% T
hBEEZTHBENLTHS. LT, ¥
TR, AR D 220 TORER 723 &
UTHREER X E VDI D, TOH EAREINDT
BirbA& T, KD omiEamEEc oW T
DRI DEBCONTEZEORL R RRB &
3 5.

R & F

MEIR DR T 20 TER Licw o
1, A4 ADREMEHE Claparede(1905) »i42ng
LicHEIR @ biological theory T& 52, #I11EE
RaBES LI X SR T3 D 0pifiAfE s L
TERLTHB. THADURS DTS L b

B RFIR S — BB
5 B #® X

T T, £37ebinwicdiIR % © T H
51 EVWHIDTHB. T2 TlE, HERZEER
B LHINT, TROHEFRE LT T3
ZEMNHFAI TS,

Claparéde o # &, Holzapfel (1940)%, Tin-
bergen (1951)'*, Hediger (1969)% & \»» %2
ethologist 7z% OB A\ FEIRSTE) D A RER I
*iXo ¥ ) LIERH L T\ 5. Tinbergen i3, &
B oBRERY, BIREFECTED bh b REER-<
R—VEFELIERLTHS.

ethological /T DA T 7n {, RS
RIS B Ch, MERE AL BTz &
BEVDOBIEENT 7 —FTHBEEREL
7z ® 1% Moruzzi (1969)” © % 3. X b iT,
McGinty (1971)" & #igA:BEER)Ie 55 — &
LHER LT, Moruzzi & [E URM% 3% X T \»
% . P FLEN Y O PRI REAR o MR MR, A
DXSARITB LR T A X - TRD
ISHEFETED

e REIR 2 ANRE & BT Lic X - T
CHEFIRE ENBD.

#lic, MEIROITE <% — v 1%, ethologist
E 2 W Lci5id it operative model »ER{RS
52 E&NTES.

B2, EROTEENT 7 v — 73 kH
b @YU THD. TEREENCHERTES
EHEORBEBRENLTH S, MiEHEE”RD
BRHID 5 I LLIOEENT, AHRD 5\ i
HERORBOBS & BE ST o\ LT
BLTFLv. LT, TEIEHN T 7 r —
FiL, EREOBSENAETE O—RERII L
1R 5 I8 E D EID 5 2 LRI,

RE 7 RIECH BT Z 5 & = DRERITE)
BEBE, W OnDHIEbI}AE LR T &
B BIM I X a3 ELEEMEEL, &
SLAVEL, BUOE L, <L lnb. B2



582 FRIR DBRE & 7

H:EEZEHAUTTE5 LT3, Bl
LTEIGT 5. BRIz LR Abhic
W B3R L ERRITER S, RIS S RS
Wag L, BRRELIWATE. BRIP IR, [E
LM PA LTS, B4 | ERTEORK D
T, EHREOHESE, Bl SERBED
NHEBRS. T ORKROML L AREIR LTI
TW5.

DX 5k 2 DIEROTEI 4% &, B
/M appetitive act & consummatory act &
PHIEB LI REBITED N F - vid o T
5. i AIREA(2E 1 #H) i appetitive act 23
X bhb.

LA L,. &0 X 5 IefTEN BRI R A e b
DT, MOKRETEHCLALDNhS. ok
2, BRAE, HUV, I A0 linE
ATECUTEIC LS LTS, 55 %%
DITRERR X 0 12l LA KRR OARFMMETE
EBARMR D BB, Lichi o ¢, [EIR
o appetitive act IXfEARICXT 32 ZER 2 B b &>
LT hdh, EREROHECBFEILLh
I Tibnbic. BEYWALNCTHD
i, FEHRD consummatory act ¥4 & T
» 5. consummatory act {IARETEIOEDH
BEEH#EL S 2HENIERIENDLTHS.

Rl = Lz, appetitive act 12§t < MEIRAME
it, consummatory act AT - TWBZ &
FRTIR- & D LEER . ThrfERE
& DA O B IS ARETE) & DEEAR AR T
Hb. kizX, BRTEBTR, ‘Y RoO0
ARAhE &b, HE, W, Hh, PR
E—HEORSTEEH VG L THEBA LTS

Lo L, EEfR® consummatory act % 7\ 3>
e A L. BEIRE; o homeostatic 7o TR0 5
Wb BBcBERT5Z L ThD.

B ORERC B AL EBEHD 5L, &
P XimbhTnboi, BLFEHRET
b5, MERIZICER, BEEELT57D0F
BELCELLTERZED VW 5. 2 D ER
T, VABEREEFES LN 5ERE S On
WHIOREIR (KIE) TH o TebFEL DT ENTE
5. U AREIREE O BREHEABS Y X< A D
EEHBRLTCL LW oD D. bz,
v 4 FEAREE O (R SR GRS R e
BT, BRI oIk Tndb. DEDH Y
AEIREF I = R L F — R0 A TR EAL
e TWwWh. b b TRBEEGERTEFRALT
W5, VARBRCIIFETHELL 2O S.
2 OREGE LB OWR IR 5 % EEH IR
48 carotid rete T, ZhiC X - T, EBEREH
5 OKSERE X BB BRHCTHND. v
AMEIRIERE, 2Tk B 2 FRRAIH IR
B OEBHINRMET L 3BT, &
iz =2 L F —REFOFER EF X if E R
D=FAF —FFEE 5RO BEZ Vv AR
TETTHZERERSD. Tibh b, VaAER
i3 1 ooE R BiEA RN LT AR 708
BThDEVCIERND, VAR ER O
consummatory act & B3 LixFE4THA
5.
MEREBANE T 5 LB IO ERIE L O
74— FAy 7EBR Y - T, BEESET LT
Wl Z 0BT, consummatory act AR
BEENTNUHIhS &, HBNK VAR

Sleep as a Chain of Appetitive and Consummatory Acts

appetitive act : seeking a sleep place,

assuming a sleep posture,

ete.
consummatory act ; relaxed posture
( immobilization )
non-responding

modified by learning
during NREM sleep

innate
during REM sleep
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REM sleep

Sleep-waking cycle

Locomotion to sleep site
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desynchronization

- PGO waves
- Rapid eye movements
- Atonia
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Motor cortex control of fast and slow motoneurons innervating
forelimb muscles of the cat. Yosuke KAwA1 (Laboratory of Biomechanics and
Physiology, Faculty of Liberal Arts, Yamaguchi University, Yamaguchi, Japan)

Intracellular potentials of forelimb motoneurons of pyramidal cats were recorded by
glass microelectrodes following repetitive stimulation of the contralateral pericruciate
cortex, and patterns of the postsynaptic potentials (PSPs) evoked thereby were analysed.
The motoneurons tested were identified by antidromic invasion from either of the
following nerves : long (lo. T), lateral (la. T) and medial (med. T) heads of triceps, anconeus
(Anc), biceps (Bi), deep radial (dR), median (M) and ulnar (U). The motoneurons were
classified into fast and slow motoneurons on the basis of the duration of afterhyper-
polarization (AHP) and the axonal conduction velocity. All of Anc and 65% of med. T
motoneurons were classified into slow motoneurons. On the other hand, 35% of med. T,
849 of lo.T and la. T motoneurons were classified into fast motoneurons. About 709
of motoneurons innervating Bi and wrist controlling muscles (dR, M and U) were
classified into fast motoneurons and the rest into slow motoneurons.

Repetitive stimulation of the pericruciate cortex produced predominantly inhibitory
PSPs (I-type) or mixed PSPs (M-type) in 67% of Anc and 569 of slow triceps
motoneurons, while it evoked predominantly excitatory PSPs (E-type) in 97% of fast
triceps motoneurons. Thus, patterns of PSPs in elbow extensor (Anc and triceps)
motoneurons produced by cortical stimulation were in general excitatory to fast and
inhibitory to slow motoneurons, similarly to the case in hindlimb motoneurons. In dR,
M and U motoneurons, cortical stimulation produced E-type (84%) or M-type (16%)
PSPs in fast motoneurons, while it evoked M-type (55%) or E-type (45%) PSPs in slow
motoneurons. Patterns of PSPs in these motoneurons produced by cortical stimulation
had a tendency similar to the cdse in triceps motoneurons ; excitatory components of
PSPs were predominant in fast motoneurons and inhibitory components were mainly
observed in slow motoneurons. In most fast and slow Bi motoneurons, E-type or
M-type PSPs were observed when the precruciate area was stimulated. With post-
cruciate stimulation, however, excitatory components became smaller and inhibitory
components were marked and changes in the pattern of PSPs were observed in 37%
of motoneurons, as compared with precruciate stimulation. Thus, in Bi motoneurons,
the qualitative difference of patterns of PSPs evoked by cortical stimulation in fast
and slow motoneurons, as observed definitely in triceps motoneurons described avobe,
was not clearly recognized.

key words : fast and slow forelimb motoneurons, motor cortex stimulation, patterns of
PSPs

U B EERER A 4 o B 4 (slow twitch
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SR HE (fast twitch muscle fiber) &, & SCCHEEE & BEMER = o — v VIV
Sh, ¥bI, MREERE, RBHBENM
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slow Bfj= . —r VESEIRT & 9. £
D%, Burke” (3% = O TREEG OB —EF)
= a—u VIEHALREINERENDLEE L GE
B=a—r v RREIR, COB—RECLD
FF SN D AR (A5 BAL, muscle unit) DR
HE ICIGEREERNS L L b, Z0EE)
=2 —r Y OHMBEABEMLOEEFT LT,
B —3EH) ¥ A7 (motor unit) ZRERT S FHHAL &
EE= o — v vONHE L REEOT RN
PR, BH=a— 2 vOBRBORL X T
AL O R BB A E T 5 2 LIXEE
THHH, IHEIECEBEN (5 1 7S,
slow twitch) DEE) = = — = V%, INEEHE
ERNEA (84 7 F, fast twitch) OEE)= o
— B YR TEREEEREHE {, AHP off
FERAREWVERIE DS Z EXHL Mt »
. &2 A TR T HHBRMERT R LT
X, XDRABEND D AR B
CHFRLRT VB9, —7, HEHESIER
3% LR OTRHERCE LT %< 0%
ENRHZ BRSNS, FEOER = . — v viIK
THRREEEBT H 5\ 3 SEEBR OB
OB LT, YADOEMBFIEOWTHENS
hicRXx s, fast Eg=o—w v (BHE
) AR, slow EBy = = — v v (e 7 2
AMEIAEE & IR T3, = Wt LT
F 2T D X 5 AR TRl, BEE
st UCRa, st LCimlniag 292
29)35)38)) %OEEEGTI"?‘/V k ,—i;\ - @&%@*ﬁiﬁ}:
XBEEZDLRTEIDIE, U Licaih,
Bt = CREEBT o B ¥ X v EEG O
EEj= 2 — v VEBRIIDVF T AR EM
(PSP) -2 2 — v @b h, EACRENE,
I IEME T e, fast BB = - — v N2
FUEN:, slow EFy= . —r il TchH B
ZEMNBH IR,

RIS OEBY = = — » ek 3 5 EEST
ORI, * 2BV TRLIFIN S, #HBE
BOER =~ — v v EFA UL BYHCRE, 5
CHEMETH B EERTWBM. U Lk
b, BEFxa THEIhiLo AL B L,

BRABC X VFRINLHEMN, Y+ T AKE
fiz (EPSP) 13, L=/ ES X ORED
EEj= 2 —r vREL K DR, RUEHOEER =
o — v VYIEHETHY, —F, Wk TR
#EA (IPSP) XAMEOEF = = —» viL %
SBEIRBTEFELME IR, Z2T
APZE, * 2 ORKHFOER = = — = VIEX
T 5 BKEEBF ORI RN, BB OE
Bj=a-—wm v CTHLMCIRIX 512, fast &
Bjza—rvislow Eij=o—r v ETHE
IR B O TIZis\W s & 5 BRIR kT 5
DT IebDTH 5.

I.¥ 8 5 &

EERIT NV P AALE R - P Y YA (R
v 7 % —n) 30mg/kg FEREPIC S L CRREE
LIeAkE 2.5~5kg DOMERERE & = 2 iz
FEEARIEYE Y T I vick DIEBHELTAT
R A 1T - 7. B DRRITH 136~39C D
FRCH 5 X 5 cHER L. EERT ORI
X, SERER O ZIs bR R R S IEEMLT
% EREB R T D O THIPHCHEERE D Z D
FHREFAND oD, SRR TR MR E
BT RERT O v~ TRl Y18 L.

FETHES, EMEE S XN YRR
BEEA DML THCABEMN TN L, FEE
BEE, REMES X OEPHEHBES O
CLTHBEYIRT U, Y57 mERIRC X - CGE) =
= —r VERRAET LD, FOHIiRy TR
FHRTBEC L VESHW L. EH=8H%2%
BT smMEtiz i roBns, RAE AMUER
FIOREEL TR THUECH/BEL TR L
7.

FHUTEE 4 2 D5 2 ol ¥ THESER R
EXDEHL, 36~38Cold 574 v 7 —
AFRCRE L CER B, TRTOFMRE
JOHRIYWeTEL T T TH- .

SHAIA Y B B 2 By B (Hassler & Muhs-Cle-
ment X5 47 5)O0RBERL, Kbt
ARV Y VR THR LRER 150pm 0 A7
VVARF—AE YA, 1.5mm ofSE YR
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FHEe 6 5, WAMIS AT 4 5D Ft24R T
ReEF L CRBEER» D 2~3mm O
CRALR. BHLUCKEERIY ) v OB
WEEIRR B, RIS BRI & L, REIE
BE LR R ks e Bl # R R
0.2 msec, BIRMHE 50~500pA DIELPE <1 A
AV, B 2~ 4 FoRKERE (4 E 400~
600Hz) % 5% 7=, EEFORBMAARE LHERX
hz PSP oz —voRGREHESEA411,
T 200~500pA ORIHARE CTHF S hic PSP
B b U e, _

HE) = - —r VOMAAEML, 2M7=v
BA7 D v A%l UTcIEd 10~20MQ o % 5
AN E VTS Ui B O REE)
BaERE LIcMBNBAORFEETT S 1
z, W ATSlET - .

ARERC B THNIGER) = = — = Vi B
R (Bi), 45 (Anc), EBE=EST (PIHIEE
med. T ; /MilEE 1a. T & X OKEHE lo. T) o3&
B=a—-rv, BIOHHOHLET 5 R
FHRE(dR), EhmRE(M), e (U) o
B=oa—wrvThH5.

Table 1.

I. #& S

SERRE Uic 132 Ao SR OES) = -
—m IR E TOREDDD LSz | T
ThRIZEHEED 85m/sec IETH b, 2o
AHP o E:ing 0% 80msee Kk 4 D% fast
= o — v VIEHGE L. —F, WRiEER
EH 8bm/sec KiiTH b, »vo AHP D Hiins
M2 80msec L End DIz hbd 2008
FA—Z—=DWTRh—FORENHREIND
HD% slow Egj=—rw v LTHELE.
Table 1 13l EoF#E K-S\ H8E LIES
=2 —r VORREGERE & AHP O R
OFEY, £HTLONIGEE = 2 —» VO
LEBERR LB DO THS. ink, slow 5EE)=
2= B VEGEHLICA2EDES == —r VD5
B, BIREEEE L AHP ofEEEV-Th
A EEOEECHE Licd D322 TH - fo.

A, HEAFI oM ( ERM=ZES R X O ES)
PR THER = 2 —m v

Fig. 1 3RS 5 \ 13l e B E BT o
R L Y HRGOEE = - —» VIEFER I h

Ranges of axonal conduction velocities and durations of AHP for fast and

slow forelimb motoneurons. Motoneurons were classified into fast and slow types on
the basis of the criteria described in the text.

popes of med. T 10.T & la.T  Anc Bi dRU&M
ACV 93-109 93-147 — 87-111 89-128
(m/sec) (99.3) (113.8) (99.4) (103.2)
Fast - -
as durations 40-75 40-80 — 40-70 40-75
motoneurons o
(msec) (62.0) (63.8) (57.7) (57.2)
number of 7/20 26/31 — 25/35 32/43
ACV 72-90 62-100 75-85 82-100 65-101
(m/sec) (81.1) (88.6) (81.0) (84.3) (88.4)
sI -
ow durations 60-160 85-100 82-135 50-90 50-100
motoneurons o
(msec) (98.5) (94.0) (102.0) (72.0) (776)
number of 13/20 5/31 3/3 10/35 11/43

ACV : axonal conduction velocity, AHP : afterhyperpolarization. Motoneurons are
represented in abbreviated form ; med. T : medial triceps, lo.T : long triceps, la. T :
triceps, Anc : anconeus, Bi : biceps, dR : deep radial, U : ulnar, M : median. Mean

values in

parentheses.
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Intracellular potentials of motoneurons innervating medial(med.T, A-C and

D-F), lateral(la. T, G-I) and long(lo. T, J-L) heads of triceps brachii. Left column(A, D,
G and J) : antidromic spike potentials following stimulation of peripheral muscle
nerves. Stimulus artifact is indicated by a triangle. The upper beam in each record
shows impulses recorded from the surface of the cord dorsum at the C,; segment, the
calibration in the lower right corner being not applicable to these records. Middle
column(B, E, H and K):afterhyperpolarizations (AHPs) following stimulation of the
peripheral muscle nerves. Right column(C, F, I and L) : postsynaptic pocentials(PSPs)
evoked by repetitive stimulation of the contralateral pericruciate cortex.

A EMOZREMTHS. Fig.1A, D,

G L J i REARELRIR LSRG, BWRTI
HETORETHS. Hills LOHBITTHE L
TWIRWDT, RIBAFE R IE 5 [,

B o S AMED EPSP A b h, RIEAGHE K
BHEHEED A4 7B R R T W 5.

Fig.1 B, E, HXK¥F @k A1 7 EBA
Tt  #RS BEM (AHP) 2 7R 3. AR TH
i EB=BA N OES) = = — = V2060
55 9B, BREEEE R X0 AHP ok
BRIV b A X iR slow EE = - —
ryOSBEEECHESL, Fig. 1ALt Bk
ha L ERIEERE N ERWE L AHP o
B R <, o 46 b EREEE
EH B\ ik AHP oFERH O W3 hh—J5n
SEFREELTER L, 1364 slow EFj= = —

v v iepEShiz(Tablel). %7, 2¥H(3
B) TEBHN, HHOEF =2 —r 34T
slow # gy = - — v viIZHEH S hie. =75, L
BE=EGAMUIES L OREDEE) = = — v VI
31472661 (Table 1) 23, X i ~icsrigE
¥ X b fast g = - — v VEGEIh, @K
EEHEENE < AHP o s 2 Eho e
(Fig.1 G, H, J&K). &b, EH=EH
PRI DER) = - — = v O D (20615 7 4,
Table 1), X XB RS EEE Y v fast B
B=a—rVEHEIRB3LDRHo (Fig.1
DLE).

FEEET LT 58541, 7 200pA~
5002A DI TR E S 2 T PSP 0z —v
BEAN, IHLRBEY 100uA~50pA TET X
2T PSP 2R bRELSFRINHABELFN
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fo. FIBGBERETE®Th PSP otz —v
I LA EEET, KEIOHZRWD L

L OBE, Bricbles TREIDRIESE
L\ PSP 2RI, REERE OB
I DEE = — v VIZEREIRA PSP iz, ®
Tt (B2 B) B & e GR 1) Bl 23 RAE
LT\ £D 2 — /32 g TOHREH
BLEHEC 3 oD A TRSE T X 2. T
bbb, 3R 2 h - EPSP % X 0t IPSP ifis%
B OIRES ImV kb2 5E LB A %
(mixed)PSP % 1 7 (M-type) & LT% £,

W — OBMAOEIES ImV RiOSHE
XY PSP % 1 7 (E-type) & % \ ik il
#: PSP x4 7 (I-type) D\ ~TFhhD x4 7
WK L. AR IR A & L CH#E A
30msec & CD PSP i oW CigNTo. BEEE)
BoBcr viEg=a—rvEFER I N D
PSP o B M, F—E CR#E 52 T
LTSI L 0 b T FEATR LRI L ek
BRREWH L, KR HEEBEERERI LT

BieeeREWHANL LRI, —F, MR
B — TR E I A R L AR 0 I MR
BREs S LLERD, HOMifs o
FEOBE YR TI2ER =2 —r VBT
1k, KEEEHFOWBMENRE - CH PSP 0
Ra = RE T LidTeh o o [ORG
DHEH = o — v VTIE, BRBRBZEL, +
FIEAH LRI ORI TR PSP D& — v
B L Bin A B i,

L= AMEE(Fig. 1 C)ds X O 0
Boa—r BT slow EEj= o — v T
FHEEIhcb 0T, UK EESE O
W X b, £ I-type B % 1t M-type ©
PSP 73 %4 U7-(166Ip1141). —75, fast JEB)
=a—v VEGEINCANEOE = 2 — =
vicik, £ & LT E-type » PSP(Fig.1 F)#t
FRIN(THFO6H). MHMUEHS LORED
EEj= o —rviREBWT, fast EEj= o —nm v
A I hicd o (266]) Tk 3 X T E-type
(Fig.1 T&L)Tchy,slowlEj= o —» viT

200
© med.T
o lo.T
A la.T °
150F o Anc )
L 4
b1 e o
g =
1 - o
00 A o .
. o [ - =]
28 go oo e
|:|A a ne
o a ‘a O o o e ey
50 ' B g '
[a} o]
6 8 10 12 14 16
msec/m
Fig. 2. Plotting the durations of AHP (ordinate) against the times required for

conduction along 1 meter of motor axons(abscissa), for motoneurons innervating medial
(med. T, Q), long(lo. T, []) and lateral(la. T, A) heads of triceps brachii and anconeus
(Anc, ). Patterns of PSPs produced by stimulation of the pericruciate cortex are
shown by open, half filled and filled symbols which indicated E-type, M-type and

I-type respectively.
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Fig. 3.

Plotting the durations of AHP (ordinate) against the times required for

conduction along 1 meter of motor axons(abscissa) for deep radial(dR, O), ulnar(U, V)
and median(M, [']) motoneurons. Patterns of .PSPs produced by cortical stimulation are
shown by open, half filled and filled symbols which indicate E-type, M-type and I-type

respectively.

SEE NI D(561)Tix E-type (461) $ %
Wik M-type (141) Tho 1o

Fig. 2 3 F=W% X O 0EE) = - —
B VOERIEE VT, 4 v AR Im O
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Lo KEESHFOBLPM © X B PSP
DAR—VEHRTRLIELDTHS. KEEE
Bt K ERB X 5 PSP 02 % — v i3 E-type
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T3, ZOFMD, BREZEERE S AHP o
FeGThRERE] & ORI HBIBERY B 2 = L HFED D
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HEj= o —» v) T3, I-type ¥ 7213 M-type
D PSP BR&FERIN, —F, WMEREEEE
&L AHP oFHERHAECERH =2~ v
(fast E@= > — = V) Ti, Eic E-type ©
PSP 3R INB Z Lok,

B, FeFE0B & TR T 5 EEH =2 — =

V.

Fig. 3 i3E & LTFE OB & » XA T 5
BkE, REMES XOEPEROER = o —
v oW, Fig 2 EABOBE T7ebb,
hREERE O H & AHP o Rl & OB
Ry KEEPH T OBKHBIc X5 PSP 0 x
—VERRRFRLELDDTHS. chb0EH =
a— B VTS XN ISEEREI X D, 436
32617 fast 3EH) = - — v VIRGE I h, 114]
Hislow E B = . — v vie3E I h - (Table ).
BB EBNE ORI KR LB (326 5H274]) » fast
HE =2 — v vt E-type D PSP 23X L, 4
B (3261 5 ) iw M-type © PSP %R L
to. M-type @ PSP »i& b i fast i = =
—r VR WTUL AHP O ReER L R
o tc. —7, slow Egj= - — » v Tk M-
type( 6 #1) & % \ i3 E-type( 5 #) > PSP 23%
FIhi. ok, fast 8 L slow EEj= - —
r VICER Iz M-type © PSP iz k&
B CTHRBERS H RS CERT UCER
Sh, »OoWHlERS X b b EEERS 0T
DREWBID L T,
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Fig. 4, Intracellular potentials obtained from
two motoneurons (A-D and E-H) innervating
biceps brachii. A and E: antidromic spike
potentials following stimulation of the biceps
nerve. The upper beams give the same kind of
records as in Fig.1. B and F : AHPs obtained by
stimulation of the biceps nerve. C, D, G and
H : PSPs produced by stimulation of the contra-
lateral pre-(C and G) and postcruciate(D and H)
cortices. The stimulus artifact(A, B, E and F)
or the first stimulus artifact (C, D, G and H) is
indicated by a triangle.

C, INBagIoJE# (L5 ) & 2l %8
B=a—rv.

LB THE OME) = 2 — v Vi, S EFEIEN
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Wm0 fast BB = o —r vnbBLRL
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Fig. 5.

Plotting the durations of AHP (ordinate) against the times required for

conduction along 1 meter of motor axons (abscissa) for biceps motoneurons. Patterns of
PSPs produced by stimulation of the precruciate cortex are shown by open, half
filled and filled symbols which indicate E-type, M-type and I-type respectively.
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Wi Bbh, TFEEORI CraifltEk
LIS & Tn o Toh, TR ORIk
(Fig. 5) & LOBEHOFH T hOBE T,

FH=FEg0ER = = — 2 VIEEWTADBR
X 57z fast 8L slow EB = = — = VKT
% PSP o2 2 —vO'BHHEE (Fig. 2) 35
i REIhichs o
SEFARIC L _EG OB == —r v D)
B 4 BT FERERERE T E-type, + FiE%
A C I-type © PSP MR I hvic. ABge
ERWCERW=HN, Bkl oXEE LTFE
DBy E X TELT HEREE MR, REMRL X0
EFRMEOER) = - — v v Tk, RGO
BE LR CRB G (RIS X O RIHERE)
Th, TFENTETFERBORBCER =
a—r VYFEETS PSP 02— vk
BHITRE I hich e T, BB OE
By = - — v viex T 5 REXE ORI, o
WG OEE) = - — v VIR L CTETRERSD
nd Uhisys. BRI DRA, #mErd
THFIZ RS HHE LTRSS b i ik
Asanuma & Sakata® 12 X » C—EDORIMEG D
EF)= o —r VY TTTRREEIR TS, L
L7, fhloin < 4EFR Rikuss o EE)
== VYERBWTIRETZ ENTEd-
fo. THIEAWKEROMHRE (KFge ciddhdk
$ a2 ThH b, Asanuma & Sakata OFFZETILIE
YRR 2 THB) BHBHVIIEERBOBIDE
ERELZBGNRDN, CO/RCEL T EH
CE5HBO I N LETHAS5. Nieoullon &
Rispal-Padel*V i3 piEr, IR F = O REE
BF e, FRIhGES LMz
X o THNTz. 30 ORI B EEE ORI
THERBIhIBXIEHENE L, HETER
ThHhoHZ &, BIOEMHREL S bTHRER
PRk ELE LCTHFEINTAHI Z kLI
—7, TFHEMBOREBE LB 22
BoREMI b LAMENESR LY, TF
WHETORLERE LFHR R 2 REWIZRET
BHIEHRE DR MATTHETH D &\ 5 |ER %4
bhaY. dbhi, PrBERELETTILE
BTo#EESHMREROEEY THER LTh
i binuwa, A & —MiHEEams
LOBBALER = 2 — v VIERS LIETHED
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EZRVPBEELTCWBLDEEL BRS.
EROZEL, BESOER = 2 —» ikt
35 BEEBE ORI R, B = E G o
fast g = o — = v OEIE L UCHER, slow
HER = o —w vy CREE LTI TH D, F
R OEE) = o — = vk 5 L FEKER, fast
BLO slow EB) = = — r vicKT 2 EBHFO
RBHROBRHERIFEECED R, *7,
ELLTCFEOBEE TR T 5 fast & L O
slow B = = —» VCL FhRFVZ — v
NER BRI, L L, EWTIEG O fast 8 X0t
slow EEj= o —r VIEEWTZFD L 5 73
Z = VITHBRII R S hish o 7. Licaio
T, fast 550 slow 3EBf= = — v viestd 2
KEEBFN DD v 7 ARSI OBRIERMN,
HEHOER = o — 2 VIZB W T EDEES T
—RILTE DR DOWTRERELTTIRIE, X5
CESHEOMENDETHA 5.

C. BB OB BEER

AR ENT, EREZBEGOEH = — =
YIRS B BB B ORI Bk, ko
{ fast By = o — = vigE & UCEEH, slow
EH =~ vRBREE LTS &
PHBECRHE IR, ZOfBREPEFHEAO
BREFEROBEANDELZE LT A X 5. Henne-
man &3ERIPFRE B2 G ME L T R
RORHBE L BNIAER? D, Ehj= o —nr
ViR b RB R~ il ok & X
Lichio CEBMEI B LW 5 v XD FEE %
RIEBL, SOREMFRADES = 2 — = v
DATTS VA AOFEI Lzt 5 E3HE LTy
5% L Liehs, Eii=.—rvicsds
LETDOYFTRAATINED X 5 In—i2ORER%
FoTwa LizBES\Ch 5 5. Walmsley
7B LEE) = - — » VOBIBIEFT, o
RESIIVDIULA, EB =0 —rvieids
YT AATOEBHR L FOEFRL O 5 1
TOBRIC L » THIEBERD L5 2 LaRT
BBEHETWS. Ib, F =2 OBEESOED
=L, —n \/y:%b\vc&g?fpﬁs)zﬂ, jlﬁ&&)u)z-bz)
WX EGEBNERY Y ofBuE, L A AE o

slow B = o — » VIZRIHIEIBER S D B3 s
PSP %R L, KB fast BH) = = — = viciT
BB Oy PSP 25545 = 03T
CHREIRTHS. AEDYF TAANDA X
—=vi¥, e O [ BAFHG R\ WT, BE
BRI - TRICEBMLS o E B, %
I, SHENEMLIc: XIERLIhBE
By RAL T 2 ER DA B LT B
ST, KRR 5 _ ER=HEG O
HEH) = 2 — v VKT B R ERE O R R
3, ChbDEREABDOD 2 —vThHBE &
HRLTWS. 20X 57s, KEEETHLO
AT fast L slow EBh= o —m vk I
ETHEOER L, fast EH) = = — » vaVESL
MICIEBMEI MBS EZRELTE Y, oh
TERGEHNER IS L5 IR s \WT
BHHETHDEELLRS. LT, k
B Lo XOFREL, —D EfrRns 0
AN X BIEBECE, HTFLILTOER =
2 —RYVIIEAIAS VDT EE 2
bhs.

V. & #

1) B~y b E R — VR D8R 3
2% HV, AR BB B I O BB X
DHBEREINIY I 7 ABBEAL (PSP) % #2132
B DO FIL G DB = o — = VIO WTHH L,
FEERE» OFEWES = 2 —» v T5%
EHFER A Ef = - — v VI ORE
EHE S L 00 AHP offfriic X - ¢, fast
= 2 — 2 VB BT slow EF= o —w v
DT HE I, REEEEOFMc
X DFFHEI NI PSP i3, BEM: x 1 7 (E-type),
Wk %2 1 7 (I-type) &8 & #: PSP x4 7
(M-type) o 3fHE/EIh

2) Wk XONEER(65%) o L =EEG
FIBEDER) = o —» VT slow EBj= . — w2 v
oI hie. —J7, K&K B4%)DEER X
O MU OES) = = — = v fast EHfj= . —
v YEoEEhis. REEBF OB L v -
BIZBH R L ORGOER = = — v vIREBER X



598 kR OEH) = = — » Vi B RER

iz PSP o2z —vix, THEHOER = —
e v CHEIhEY S, fast BH=o—r YV
CirErEEN, slow EEj=2—r v TRE
ELTHEIMETH - T

3) FLLCFHOBX TR T HHFREM
&, REMELEHRHEOER) =2 —r v DOT4
943 fast Eg) = = — = VIZ, 26%1% slow EH)
= . —mvFhERGEI. KEEE
OB XV EELE LTFEOBE 2R T 53
B=ax—rvRFRShI PSP © 4 2 — v
11, BENRS fast B = 2 —» VIZBWLT
EHCTHD, WHMERS W slow EBj=x2—w
VEBWTELFRIh, LHE=HEHOES =
2a— R VYRBTBAE - VIED o T

4) FHE_BEGOER =2 — = VX T1%N
fast SEH)= = — © VI, 29% i slow H B = =
—r VGRS R REEBHTOTFHEATH
oRFE X b, FHETHEGO fast X slow
EEh=.—r VEFEREIhL PSP 0z —v
3, KEFC RV TREN ¥ R A M B
Th b, FFEERBONBC X b RS
ZHBELhAANEML, TFEEORIB
< PSP 022 — v HELT HHNR L DRI
L, WTFhoRHBEOBETH, L=
DEE = - — v VIEEWTHABRIX 5/ fast
5 YOt slow g = = — » Y2k} 5 PSP ¢
2 —vOBHBEIBEECIREI Wit o
1. ‘

B33

B RAESL, REBEEBEERE -
HFHE BRI AF AR EBCRL X ) BHORY
B ET. i, KAEBYEEY L HEROY
B o IUn KFEBFE-REORE BEE,
FAYEBSE—REORARZYHEB LUK
EEEREECDLE YV ERHOEYRLET.

AHTOBEEO—IE TRIEE A A A 2 H
=, 7 A%£(1979, AT % V)RR WTHEE
L.
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%P BRERNAERRESRERTHE - v 2 - 2FHEE
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1. BIBREE R E VR0 K EEE R
FEHEREE CRRERE AR, 4£EEH)
ZEEERERBC X > R 2EIFME D kv
v RWAMEE R A UCHB, 5\ ikiEE) Lk
TREEEORHER YN LTHRET 0 ZhET
RBHBDLZANE. £ T, FEELICT » P2
U, B RIE O BIB RS R AR TR ) & BIEREE
DR NE VIR JIETEECOWTREN:

THIE B 5\ LB R BE D F i o2 E BRI
C, BIBLRGEOE RS EIEmL, £
DERFIBHENL D= R 7Y VE /I A=EERTY
vOSUBHEK L. FHLINT5 L, Thifok
BRBOZNEG Licote. Tiobb, ZORE—
B A et R ST B B Y C IR T B S SR Y
HEL, ThPBMOFETHELT S LV 5.

—7, FThSoEEEERMPEC, BITHERE
AR L, Thicffh=x7 ) v
LD Lic. FREAYNIT 5 & 2h b oMl RIE
e Rt RIS b - 1.

PEns, BRETIERORES XOFERELE
Eas L, SIEREE AR Y BUE T ¥ it
REtEAE T 5. FHAETRIRRLDOI 2
BHORBBMALTREL I ), BEBHREOHRAHET
HEEZLRA.

2. HETERRARIERIRICKD GH G BICxEYT D
BIREE TER I HIRYHEEE

mEEER, BIEHE, $HiAXEE (BEX HHW
B, )

fhpiE R v e v (p-GH) BE i SUK TP
# (vmh) oB&HMCEATS. LaL p-GH &
F#E (5~105H) & LAY, PIMHET#
5 ~105CREBZRT. ZOFRLFW A% — ik
a-methyl-p-tyrosin (a-MT) FifLES » FBH 5T
4EH)E pentobarbital FFEE T DT » P TH B 5.
vinh Jj#rhic p-GH 23 LF Ui\ 2T 5 H
T, Y4 AZ—RMET» + &% BOTARER % 17
fo. WMSBIIEROOFIMER LT O vmh 5

B &, RIHOELEN T - T ARBAZEEL, 7
A Uie. SR T (ha) BUERIMIBER
3 3 = ZEFC TR ORIREK T & BR% » EXE
L, i3 whit & ACAEY Ui, TR L RIBET
10/ i@ a-MT (250 mg kg™!) T E L BEE ©
p-GH HBhya#x fz. ®W5&E C ik p-GH 3+ L
BeTRTHI05wKEE (150 ng ml™) 2R L.
ha B © 1t p-GH Bk TH @ &5 (540 ng
ml™Y) wEL, COBREFREDS L. DLEoER1D
vmh FIBEFIRKR TR EERE O SRIF =0 —» v
RIEMALT B EEL bR, Al REK TR
W L& iy p-GH b iz 7 Lisv o
¢, vimh #I8Gc k%5 SRIF = . —=» v o ST
AN TEOTIRBRLLOMUENEELELEL
bLhb.

3. PIREES v MTRIRORES R HE—ENES
B IC & DEIEE

BRI &, EOmA, HREEEF GhEEX, %
fack:i)

REBERCKT BT » TR oMES#H
TR L (SRR FRSR), € 0EH%16 mm B
B ERgE Lic. b Ca? 23 1mM o4
ik, MRREOKEE L, MRoBXBZERT, b
DRI D LEBEDO Y — P RENEE7 S AT D
FEELTCLE 7. ZOE, W oroffisE L
et Wwithd, ELAMSFBELTCLESR —,
Ca?* 23 0.1 mM DFE I, MlaoE5EL<, M
fogh &7, S0%UE o Ml npHE L. %
to, HEBL 7S AEELTEY, AFHHLE
Rfgnte. 4208 rZ bR, EilnEEh
RWTOHRSHFECIROZENLETHS.
FD(=7 4 7ex75v), 10mM L kD Na- &
VEE, FSYw—n, TV VRS IENET I/
B, A2V v, rh=v, EGF, 04 mM LIF
D Catt, 2D 5% Na-e L ¥ vEIL 40 mM & 5T
DNA SRe &L EET 525, 10 mM L Lig&SBED
K-va v vER, NaCl ¥i0x KCl cEX#HL 52 &
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¥ &

NCEI. o, BEWM « amiloride % fnx 5 &
DNA G2l & iz, “hboo ik, DNA &5
iy, (EEDHO) WAk Nat BE RN
DETHBLZ ERRB LTS, b+ vV EF
WS & OBIE OV TIE S, M B E L
U,

4. FYHZRNAZRHZMEEO 1“C-2DG HL Y AH
DEEIEA

FiHEE, FHE 2, KRE— GEREX, F24
)

REIA VAN APEE L 2DG BDARE L OBIGRE
JOM D iAHE EHN D ALK & DB & 31 X e,
UC-2DG ( 2 pCi/ml) DA otz ~ AL FIrhT, 1
HUCRDSARCREISE ML, 1~50Hz p—
ERBBOLE DO S & TR AR T fTha . © 4557
WLUCERE, @ PR T 5%, @ MK TI054,
Ft, @ EHEARCI55, 905, 135 5%% TR
RERILDOE, sr<) VERKE TR EFNREES,
BlE L. tobl, SRBOHAL LOKEHEB
SHifa AR L, Ry v v — & —CHE—HE—E
— B oW TE DAL DR B AME Lic. @ iow
T, BREXH 7 4 VATHF—1FSH 75 7 12
L, 2V €a~F—CHEMEAT>T, MHARHZD
MAREERD. FERIT, O ronTix, MoRARLE
BISEREE OB CERMCHAI L. -5
FTIT TR VFV—v g VR E T VTR
5B, EFARE X 5 H 0 RSO EHIE A T L
72, @, ® oWk, 1, 10, 20Hz TH~, KA
IR L3t L, RSB AR A b, PR
#45~905CIIFEIFI Lz (1.9 n mol/cm?, 20 Hz).
LR 0 ASRITRIHER0GH S & LERRR LT
5. @ CHERR L3t HEin L, B R SEER 135 45T
0.8 n mol/cm? %18, FHMTLTEMLELHS. B
LB OHER: & OPSERTRER I h 5.

5 Cl 44 vEfi0&E s GABA {EH

FbAnER, KA B Cuk, B, H—E3H)

25 57F—¥(03%) L+ Fovv (002%) % &
LY Vv H R C20~305 37T CCUE Licy v = v
SN PRI A B Bt L. WEIBEBE X b B—
TR ATB & PR X D BEBER, SO Na, K & Ca
% Tris, Cs, & Co CEhLhEBHBRL, FiMary
#REEE o Cl % 4 7y Cs-aspartate ¥ (5mM
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EGTA 4 &ir) CHML, ExEs 14 vE Cl o
A Lictk, GABA &AM RIS 2 el (1) Hifap
S ClRE o Bibiext35 Cl PR o 251k,
(if) GABA X »C#HEE h f Cl Bz~ picro-
toxin f¢ B 0%z bicuculline OIHIZIE @ % 25 \s,
(iil) #ifEPIsto Cl %fBoksEA # v (Br, I, NOs) i
B Uickio GABA [RE B OB THEM O
B, (iv) pentobarbital = X5 GABA {E/H D{RHERD
BEWE Uiz, ¥7c pentobarbital ¢4, Cl BAZ
#REELYBZE, T LTLOEMS picrotoxin T
RBROCHFEI IS &5 BB DR RISV TH#
ET5.

6. EEMZEIED Na F + 2L

RHE O, e, JEHE, EES K,
BE, Z5—rk2R)

RN ER b Y, BHEMRE L ONEE
% Na & ¢ X A5Fix, BAEELOESTTHS L
EX bR TWBTRE, LORKIRIEREOE,NS
V. AR ZRLOEEHEL A LT LR REH
Bicd, WRMMEAEEL, KTThbEHEME
%, BEAEARLERNCEE TS 2 L cambh bt
EWEIb L, Thick - T Na BiEo 5 521k
EHE L.

TR A, RNA &5 % BT 5 ER LR a-
amanitin, actinomycin D, chromomycin A;, 3'-deoxy
adenosine 7g K& EtelEmWrh TR TS &, RO
HEGERCHH S hic., LaLiah s, HEBER
SEIEG, IEARIT control DHE & { HNEITED
L otc. RNA A5 & HE Lo fiEigc s
T, Na 2.84 7@ Vmax 3ZHeHES LTk, =
i, Na &+ & 3 A OEPBA Lic LERTE 5.

HRMIR AR, VAR Y — ARET BEEERYIHET
LUAEWEE LTS &, AREROBEIM
#HMxh, Na 224 70 Vmax 3 Lic. L Lk
IR B PEEMIERTE CTH -1, ZhbOB%Es
b, Nas o 30 0 H5FRET 0EBARBRELET
TEBRTWAEBHBES T EEZ T VWL Ebh 5.

1. FEHEEOREES Y DL « F+ RUICHTS
{EH

PrepEsc, SRILSEIL, B W (BETA B $
—4EH)

JEFER DT 2V v A, F ¢ 2 AT HERE LR
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$THEOERHAME L. A3 vReFe vkl
HelsER % 1 7 ELR PR SRAE IR B R R AR PR 1
C SRR LTORERYIHT S ChEREMEE
ECHENB L, RAZXBROAZEAD L, HREER
L&D . Tihobhbr b Y v ABHRO R L I
FTHEWSZ RS, COREBCEYOBELIT W
KB REEESY S BVTHENE. S_AER L
BUEHEIEF18% &b\ fe. TORE, » YV va
BREMHT 5 7« vEBRTRIEOHEIE, Tichbit
HEEEH0LHAL TR D, F Vv A EHRAIHE L
Ty vy 7EEE, PREEBINES LM LT
Wighote. CoZ ki, oA Y vaD
EBECH LT, Tihebbr bV v A« FpRrol
HBE LTWwWBZ LR LTV 5.

8. AN BRMIREOI A F v

INREE] (BREX, SB4ERM)

BEDA A Vv F ¢ T AOBESEBEENPRT, B
FE ST Noise #2373 & Patch clamp BB
=X - T, single channel current OFIE I AIFE & 7
b, single channel © conductance D K& X, £
BHPo> kinetics 2ABILCINICZ ETHD. W5
WRHRIED 1 4 v F » F A ORI b h b DTk
BEBXh2o2H5. TF Az v (ACh) TEIFF
fiE7e~=7 4 vARLOOHITaLT 3 viRHER
ET B0, FhCET LTl LB 58 <2 Na, Ca
KEEES R OREYTTEI®D. 7y FEIFHE
OFRER 7 =<7 4 Hilae ACh %5 BHE L
5 &, BEE FENCRSEST D0, CoL &S
BEMCER DL EDRBEIRD. & OBHNIES)
OHHFEIC XY, 7 r~7 4 vHilaD ACh acti-
vated channel @ single channel conductance {3}
23 PS, mean open time I 40 msec (31°C, —60mV)
LHEE X i (Kidokoro, Y., Miyazaki, S. & Ozawa,
S. (1982). J. Physiol. (Lond.) 324, 203-220.). [RE
DFEEBRH Patch clamp it HbhTEbh, 7 r—=
7 4 vl ACh activated channel o single
channel conductance (¥ BRHEROTH &I13IF%
L\ A%, mean open time {310fEL) 3 B\ 2 & hks
w3h5.

9. FRBOF+RXNEAF/T7
W F (BEHA, B)
ZRBOF v AT EZCHBEDON? Fh

FOEEEE VR BleDh, HBHWLY VIRETH
BOM? Lokl EXE5DEIATHOEET
H5. bhbh B EECBEGRD» 5 FEMRc>
W, B UCHEBRMBEF « FARSBOMN?
b LH B EThELOFFRHREIML? Lol
BCEAYECTIIR Y ED T ¥, & Hudspeth
LIXFEMBEOERCERORVRALN AL D Z &
BEELT\5., 7 Hama o i3ASMEOLSE
W2 VRIERRDLRINE EXBREL DS, &
IATHEREH LEREYRT7 37 7ra v FPRILE
it TPL (P Y kRAKRA 7 o5 F) 2 DPI (kA
R4 7 UFF) EBDTRVCEAMTREATHZ &
UP-NMR X hfEREh, chbiEr TPI 24
BDATED2 v 72 Vv A, BIXOF 27 b AflfRE
OREBRPRIB ST 5 ARIGE K E BB X
FEF o EBlbh . T2 Thhb hik TP,
Bz olEliBo—onthicy v TPL 2NEEE
AR T B EdEHEN. b LEETLRD
WEhi3F » XA VOREh 5 BAHEE DS, T
iR TPI 49 v TPL 3 NEARP LT
B L3R Sh. L LEEMRbFEE LT
BOBNEOCTRRHERATH B, SHOMBPEE
EFfou,

10, BEMEOBRICKITDIAFVF v+ 2 NOE(L

BEie— (BBREX, #—43)

PRARE L« DIRBLLRELEA 4 v F ¢ F b
BEL, WHREOBBTRD L > hEBRATLER
. V)i X % induction : Xenopus DA IAIP
K+30mV #iz sBsEEv e Tnwb L, 14EE
T Na 5+ ¢ F 0% (BEHRIEN ) induction X b
(Kado & Baud, 1981). 2) JPEuBR kT 521t ¢
1 =¥ + FTHOBHBRBCEVTKF + 3 4 &
activate T AEELL LV SAH, 7 AOHEFEM»H—30
~=—20mV & F»T < % (Miyazaki, Ohmori &
Sasaki, 1975). 3) SR HTHEL: a) =T A
DloZREKK Ca F + 2 AOEMREMNT 5 (Yama-
shita, 1982). b) k¥ Jid Ca ionophore 1= k 5 H A
THRC, 34 LT NaBRuE 2 2Ll b, Ca
BB T 5. Na BHiROBMO—IWLH 4= 7 Na
# » 2 ADFHK L B (Kozuka & Takahashi, 1982).
4) FREOMRFEERABC KT 25k a) v Sy
74 0B K ATHKNIE X 5 B A5
T, BMEBOFRETRENBEDF{LE b Na 5 5
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FABHE L TL % (Hagiwara & Miyazaki, 1977).
b) k¥ PROZREH 20T, REREIN w FET S
Ca 54+ 11X WAL, T kinetics & A+ v&
PR DRI B adult type © Ca F ¢ FABFESH
< % (Hirano & Takahashi, 1982). =i & D%k
%, BEAOSEOMIN 2 5 = X &% fRIT 570D
b, ARRBRKLELLNRS.

11. Reconstitution and Genetic Analysis of
Transport Systems

Yasuo Kagawa and Peter J. F. Henderson (H
BEX, f—kib s v 7V » UK, £

In order to understand the molecular mech-
anisms of ion-linked transport systems, such
as the H'-ATPase,

symporter, it is necessary to (1) identify (2) purify

H*-oxidase and H*-sugar

(3) sequence and {4) determine secondary, tertiary

and quaternary structure of the transport pro-

tein(s). Genetic methods can contribute to (1), (2)

and (3); examples are the identification of the
Escherichia coli H*-galactose and Ht-arabinose
symporters using deletion and transposon inser-
tion mutants, and the cloning and sequencing of
bacterial ATPase genes using plasmid technology.

Reconstitution of the functioning transport pro-
teins into proteoliposomes provides an assay for
purification procedures (1), and then a means of
investigating secondary, tertiary and quaternary
structure (4) free of interference from other pro-
teins. Examples are the reconstitution of PS3
H*-ATPase, PS3 H*-oxidase and E. coli H*-
galactose symporter. Hwoever, if the protein(s)
cannot be crystallised, then biochemical investiga-

tion of higher orders of structure, (4), is much

&

w & 603

(1-3).

The more physiological technique of inserting

more difficult than the preliminary stages,

microelectrodes into macroliposomes containing
reconstituted transport proteins may be a useful
way to investigate functions of ion-linked trans-

port systems,

12, /BRIFRIE $8/Nat iRk o5 FiitE

BIEDT, &8 W K, B, F24RH

NG b B AR TR O /Na® SEiRsa k13 [
PRAMCIEE W dova DHERF ST 5 LR OFL0RS
OEBBE B ¥ CRIlEAN © BEERT 5. 0o/
Na* RO S TRRE R RS 10D, BlFRE
YENEE LTHEREH L, SbethhbREAY
M L CATIREE DAL, BERET»> Tk
Bt 2 AT D EGOFH AL . Bk ORI,
FPFoENMEE 006% FAF v a —AR, S84V
(05 mV/mg HEH) TUMELUIHERRARELTE
LEFEBEL, KT Triton X-100 % TN S
AL Lic, BHBOEAM L Triton X-100 2k
4%t Bio-Bead SM-2 7 5 A%f#H Uiz W\
THE{LE A% Bio-Gel A-5m » 5 & T % A B
L, X bz chromatofocusing column (pH i 7 ~
4) BELTHEL, £\ TOBRBEERD
LEAEHYRE L. CoFER LD, BXEsy
LOEARS TR, SEAKW PHLS Th 5 LR
EIht, “h¥ SDS i CHMETS L1607k LV
8HHXN P vOHTFEies, MFIA vEATHE
B U7 ROBERSHEEIERE TR LT S TR & &
v, Hill FEEHw22 Liss. 2O EnBBHETAE
RS FEI~ITHTH Y, MBBRBRAOH TEEK
ENBHHOLBERINSG. Ficidfkid phlorizin fi4
ErLIBESHEAL L VOTREEKEE-THWEZ &
HEEZh 5.
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Hezc,—DODrOo¥EEBELEOME
BAMIEARSBNERE)

FIREERC BT 2R LEY#% 2 5 ECE
Bl LR ET L L — = — e v R
T REPBEMTAILE, ThLETFHIOR
BIhbbMRBEEAMAT L THA Y. B
EOWTIIhET, REEY, TBHERL
IUOBMBLHFEC L - THENED LR TE
Twb. FLAEORBRERTFE L TH—=.—
v YRS OFERABEREY, TOBRBELLE
WAL XS &SRR LIRS & AP
BEFOESEERE UTRERAfThbh?
IOl TETWB. APIRMS6FEE D B
13, PIRERELTRMT O EESECPRESE
e SR LT BReBREYE T =2 —r %
FTREL hbdi @ ¥DX 5 RHEEN
BEERFO) @ LORFIREESMIE 5 2
@ ZD=2—mrVyEHLTEDL S AN
ETCWBDMh, FLEDOTLFHFLTHILT
WD DT O TR M 7 b O TS RE
M RERELEM LT 3MREMLZT T
{, BEEER IOCHERABTEOHEMEKL Y
BDLHLIETHZ L ThH- e

A (, Mk, RER(E), #E(EE), &
RE(CASE), BIKTHORH, NF, IUTF), @5
(H) B LOABEE (HIF) D5 CTRPRiF
okl =2—rv, {L2FF = . — =
Vv, XFFVELE= vy, EHEESIO
HEFERABCEEL WS =2 —r Y, ED
DD CINE= 2 — v Vi EOER R R
BEMCRER, BREOBMAH MR
L, BRELTVBL OBIEMEBER L. DTRH
P 3 0] i e A A

MR MM L DI RBOMHERC L 5 3%k
TETETEEL OFNETh BT B RED
AV —RMNEETS. B (FAD) sk
EEBREREG R v S v TRz ik

MK R — e BB
K i %

b fifa0 BB BB T — & N — AANDIRE
LATREIC Lic. & TcE{GBER & AR i
IS EERLO—FKLEThb L VEBELYS
DEHLTRET -7 HEF (FEILK, &) i3kekE
JiE RSB I V) A G B O FE B TR T
KEBH TORF 2T 7. 7854, 1o X
& 34 Is EEEE D 8 Mo T,
ERG wxi3 2 KHE o BhfEikH 12 7 log ¥fL
Bz HE LIRS, ¥ kHEE—ERG IRIE
B LOREIEE BB IE RN D Y, ZLHD
BAL%AR L. L LRACRBEREOT7 7 €
LY F=TR—TmWRAEEE LrROhT,
Lichi» CZhRibDRBRIEBRERBC D5 D
DEELZI TS FHAEHH &RRKD
AIRRELRFE L O MRISTCRE LY
FAFE b OMEMBEERAL, “2h ¥ &
Mi” LRSS Z ofifaoBR eIz AR
HBNTZ Y 7 MRS IE AN b Al D #hiR B SRR
CAATBERZEAE v F 7 AR, #
Rk, Mlatk, BRUHTELSD CTREMD
ANERL X5 Rx%. @ igMbaogikse
RTR RO ARG E TR T 08 O 4R BR
Bao<l b, ZHREPREEER . REBREER
THEREREHRBCIRPRE LN DD v 7
AR, ERCRERMRE My > SR
PR TH. COWME XL & LG Y
AL 20X 5 C&AOBEBKIIMOBHEEY
DEIRETED, BOTERcHBEEEY L
ZEEBb Uic IR (BRK, I0) i3, Hi%
—HMi=a2—r i HRP %#BAL, RB%
DIFBAMBEEARD DR = 2 — = vBIRZER
DL, 12avt.—-x—-tTVAIAT%
BEL IbrEe=x—@HEL 2EHELYE
REOIDLTCED LS5/ —F T 2T vART AT
AL BOhicERIFE =2 —-r vk



K1, A:SCNEMLYHE oS ANCIEE TSI » b VMH = o — v vOJSREGL. filE
P HRP %A LRI hic = o — v VT 6 RKOBIRISREN H B, BEME TH%. B A
O 1RoBHRZEGE LK. spine (L) E L2 5. C: SCN JEc g LisyWwWMH =
a—wr VYOJREF. HRP Hfi=. —r v, 2ROEHMRZSE A b OFUEMIE T, %iEc spine

APTE. i 50 pm,

BRI X D v T AR R RN,
R TR TCRT T B & & ORI oL A
bzt KA Lk, B) 7y Mg o SCN
& VMH & o g miig 2 a5 0 g A Gl
NTRDOFERS 2 7= MlNEA L g TE
96{fio> VMH = o — v vipl8ffld = o — w3
SCN o LTl ~ 5 7 AM: EPSP % 3%
LI Thd=a—rvic HRP #ifilariE
ALTLONK1LA, Besmofiiatkey3
Hema—uvyRLTWA., ZD=.—r vk
% ORIk ZER A H L, B spine 2 LT
WA (Type ). )5 SCN i Liswv = o —
vyl Clom LT w5, RO MiaskT 2
ok LE L, g o spine L
AL Twigw. P (BILEHEK, &) 37
F VMH Py o glucoreceptor = o —wm v &
non-glucoreceptor = o — v v & HRP # iy
AEA LY. glucoreceptor = . —we v (X2
A) Ao Mgk &4 < OBRIREELHE LT
W5, —JF non-glucoreceptive = o — w v
(B2 B) gpmoifatkchs (Typell ). B
kK ENBERERORER L D, SCN 25
TEEoMEEKEEY L TS VMH = & — v v
1, #eherie glucoreceptor T4 » multipolar

S

2. Sy VMH ji4ic 4 b v 5 gluco-
responsive (A) & non-glucoresponsive (B) = .

—m v HRP #ilamasl. fE 50 pm.

MWT, TOMEBEENT » FDERY XATPK
CIEH I EEREE R LB Z ERRB LT
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WA Lk, 8 BREYRIETT » M
EMAGaAn T eFra ) v T 3 2 REYHE
r AEEN, GABA L) A7 Fvr ) Vit Xk
BIEHEA N ZZ T b & &R B LTSN
B O TBEENTIIE L b L i Lie. W
T O(EHEEXR) &, T PERTERMEEE R
KEAWCT, EREROREE LT 5H
BEER IOEEE = o — = v OIREZ LR
RS EE Lic. BE M TREEE R X
DA B X OV ke < BUEE OBk R L,
v 7 AATEE D RBEOINEELRT = 2 —
e vREI R, BFERCREEE LR
LC=a—e vKEBREOH YR L. Zh
B =2 —w a0 HRP, 8B MIEPIEA
B L ORISR A X, TERE LR
BAE LIS R T~ 2. 8 (5K, I) &
i (R, I Bk, =2 — e vOFEO
BEEHIZ BN E LT ERLEOME L LT
D= — e VEREETHOERNEE LA L
72 1 oOFEE 2354 x190EF e EAL L,
R 206 v T L b R FE S &
LT, BELANYTAERDIOL, O3 X
3, @ =y PH S TR, @ v
e 774 =V rOFBEB IV RLOM
HFEREEZLT, BEOMBLEE L. ¥
b, BREOEFIT, @ LEWELE D

PR {5 AR,

—n VR

BHZELEST, =a—rBoOUIHLO
WHAHR L. FLTO, @ oMM bk
FEE 0 ~60D 75 % L & WEAEE U CR (e TR
LEEe, B3 X 51, O @ oMon
%, P-tile 0.8 o L&\ B, T 300 L
TOMEREREG DWMEEIT -, SR beE
FrLTELR=y VERT OB L
EOFERND, = —w VRO 3 RICAIEETT
eThsHd LfEm LI

PR ~72 X5 @i iuds i i e % e i
W H8EHERTFELLTH = - VLT
W B LTS A T OTURE L OV TR
THT LR, BELHEPTHS. L1LT
BN IFIERE, FIRIER O AR
T B2 OMIEEL S 2 5 LTo 4o~
BREELY 5250 B2 b5,
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BABRAHICDNT (B2

T T BARLBEERE N PEORELKY, Jt¥EE, B, B, FEHHRo
HRFABEZYEPOMBREROFELE KD Y EEIERICEL TR 27,
FERRCIEERFABZEHERORENRET L, HES ABRKIERETEL
TBYET.

TORBAHRAL B1E) 22T E LR, FFEKE LTI, BET
PFLORRAREBBECRLET. ZOEOTRIHALEZNE L 2¥E b> TH
R DREE LIz BT .

REFHEERTOARVE 41X, BMSTEINRANBETICHRAAEZETLTT

EBEOERTBHEVVIZLET.

WRFIS74E10A 1 H

W



608
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BAEBPHYER - LEORKERAT

T BAEBEHES « LEOREY, SHE8A9
Bz 5o EHRHE, &y PLTWBEZATT.
Fhic LTh, FEEX DV I IMRTKEROBERE
EEVL, LrdKILBHEE T Licz & %S
BUTwIT. BDTHREL W EEFEER X
CEBELOEHFEOLILOBILBELET 5 KRE T
7.
fEx i, BRSSE A ALEBFEELREREOMEL
FLOHEEL UTHDY EFoh Th b 240K 23
hELi, bie, TOBBOAL—YHEFERTAS L
KENEFCHBLENTEBL L5 BbhET. £
BT h-EISEOBRSE BETREZEVD) T
HABSEREEIE Tk BE = ANVB AAELEF
7—, ZOMBE=8t7 /EE, LW AEDOHT, B
ABEOHEBIIMOBIFOMEE & FFC—ECILE
FHER, TECIAY, SOLEHOHEHES LV
BB 3SERBRT S L L, BALE¥ SO organ-
ization % [RLHATHINE L. = Ok, &%
BAEG L LEEERAR W COFELRNbR T ¥
Liz. BRIEL VW EE, BEEE L EORH S
b, WilFL L LTOERIHEL- T, YRDkE
FOEI LML TERBAKBENRTH -1 LB

hET. Z0X5hnED, BHK/L- CERoEE
FECHO LB T ERA.

18824 1ciy, AARAL LTHD COABERITHA
RhbvELlk. COENBELDESHFEFRY
D, ELKERBAEBRFEFELR LDV EEBVWE
T. BRELT, #AEEHELYERE LT, BE
ERELORERLOOCELIE L O BAEEES
AEEASFERERLE L. Z0E&wriY, HAOD
EREE, RRKORABE SRR b Eihc
itz ERA. FRCHEALTV BT, HLEBES,
FHRS, BEREORFCIELLEDEBLEH D &
BATLED, BVHHOZEEDSZETTHEL &
HEMLORFVIMCEETHE0 2 M 5 &
N, TOBKRNLH BAEEOKEREE LToRFERS
HDCRBLE L.

&1L ¢, Edward Sharpey-Schafer §f o #&
2, History of the Physiological Society during its
First Fifty Years 1876-1926 % =i L, HEE4LEY
£ %517 5 The Minute Books EEEOTIES LI KT
RS ZFRETHY ¥ L.

(BEHHR)

BAEBRRQLEBERHER

HRAFESLCER LR CHlrI D BARYESZD
FHIPELE L TEBEORSVHAINBIET Th »
1o, Zo¥, K¥F IVCEFEOLEBFRLOFE,—
- TBRETARETHEEF -, KIEIFED
AR TOLBLOBI, “hhbEFEBYORESY
HBLiTaicvhEnwd it »>T, &1 EoMT
Li-EB¥ORRENLOBERFATH A, T
EXroFRKEYEE L CABEEECA-T-EH,
RELAEDEFORFRETH ERI»T. XD X
5 LTCHALBELNMY LD TH -1, KX
CRELZOFBRTRENEND Z ERRELLOFE
BoEENKRO—FHOBELEY EH EVS T ET, 1%
&) LS BOREL IRl TDX 5
CHREEEE LTV B, b5 LATEnEbik
W, M LReEE b bW E WO RN 4 LB

b bR, ERCAEBRYEHHE VD, EERE
LBHOET Y, TOFIBRKE LTHRME, RBER
EDINEENFIT IR D L. % LTIRRILIMEDR
KCoBREDI, EFOETENOD BEEIX b
T, KAREBESHPIERCRIL I, Ek0oBE
BHYCEREVWI SO B T, EEBRFLHEOK
B, MAEESJOBFROFEO I [ L LTTNTO
B rRRbH bl ot. BRIRIF-7T 3B H
LT, B, £53AE A cBLBf»LER
Hi%, FBIEEELOR L5 O TA AAA Bt
W5 DRRT Lo BRIIEETH - 1.

B ORZEDOESARTEM LA BRI BT BHE—
OEBFMETH LD, ARENOTNTOLEEY
OEB R Ll bR EEL D TH - it
HTLL L5 hieh ot RNEEELRELC L
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ERFEED L 5 —OOBEAMEFIFEOHE—TH
b, BRAGBEERC LY, KPR, ®ic g
B W a2 B U AR BRSO BRI LA SR
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HHROTH%.
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YNGVE ZOTTERMAN % & % L O &

Zotterman H¥Fi13E5 3 G130 (1), 198207,
Wenner-Gren Centre O[5 T LARL DT bR
Ak Shic, FESAY, YPRRHEIRLET, v
LELESTRIERCT LTEbhiclDZ ETha.
TZERGL, BB DA ML L DA DBTIDG L
F0HELLIh 3 A31H, Stockholm oD
PLUEETLDONCE Y B inhihti.

SR D = O LWE 1 i EBRER CRIE
Zbhicork 3 I6H 0B o = & TR & F
ARt oo, EAEPMABER, BIELB-> TR
NlcZ EREEHEEOOND 5 hh o Tnfe. L
UFERILRIFT, fES S ThBRE»T T bhi
Wh S Thote, LGREEIZA D, — <A HFSK
PHBAESCITLEHE A TE bR LTz
DT, Thhblin2 r A, ¥3piteizohs
WEWE TR ETho k.

Zotterman 4413189849 § 20 H Sweden o
Vittern Wi % - 7= Ostrogothia #j T 4= & WA 4R
I ICGRIN. ZOELWITTEEFRE - HE
GON—YREEHE LT, olikiihsz Lxth
FEVLDORE LA LTl bhiz. 1916 4 Karolinska
WISERT DRI AL, 1925 2t S hufe A 2
TR R R e e DI RS, 3 CIRI919E I
4 F Y A Cambridge J & Adrian #iF % 77T
TR T TR bR B, =L DH—FE» B
A v ADFF T S hic o § 1925 48 Adrian
WERETOZ L ThbH. ThITBE—RESZERNBR
R FE L ERROOERTHD. coPEEd &
i, Adrian & Zotterman OF4E4DS, BE AR
PHEEINBEFE OV THEAPIHEELZRA DM S
Ricz E3RMbhTwb, i, 159 A8
. Sir Thomas Lewis % & J£J o MigiE R o X,
A. V. Hill ## L Wi osdtt s o L

WIIRBRRE BT BRI, AF ) A 5 b REIR
Zotterman 4E4: 13194048 Karolinska JFZ8ff o 4: B2
Bl#d%ic, 1946481013 Stockholm o FESTLE A0
A BREET b O ERBI R O BT BT S, 19654R 158
ERFEEND FCHEBEORMEIT L L OERTIR
s BEIED OO bhic, Z ORELEDOFFED R
W, BRRRE, R, R, SR X oRUE 4T
FETH T, BELOEFEE BT bR, Zhist
WO D OROMERGR, PBERE, =5 5/,
M EFRET7: & o EFEMTFIRC DT, Bk L= Pige
BRzHT oIz, ZhbEmFri+ 28R L b
%< OEBMIEDL S CIEHEE S CE bR 5.
19604%, Zotterman 2 3 EERIET A HiBE L
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7- Wenner-Gren Centre HMAFlOHHBEECRT I
Tk, —HoEEy vREC Yy ARBELTI bR
EEMPFATRETCHAL . ChOEEYVAECY A
ORI, BAEME ST TS e D30EH R
FEh TN 5.

Zotterman e fEEHE L, T Rbh 2 £ T,
EERHRO = 3 A F — AT D F F i LB O
Bea oo bha ditie, EROGEHEEORBEONR
Wfhx X EBEICIACE oS0 T b, &<
W I9TME X b B4R, EEVEERES (IUPS) of
ErLTHEE ShED, EQeiipEHosEERRED
fodb s x O TENL, DR HEE TS - %
ERABD L TER. SO HAKOEBEDLDITD
< BhoThEhc X b, Zotterman Sz pR19765E H AT
B E b E Sl A L TR bR 5.

Zotterman e TR X CHE, T h
hBET, L EBRETRCERLRe Lol T
Bhhihomo =, —ARFR0b & v i
Emmelin #9556 0 0 JhiX, Zotterman S5
VrEREL0GEE, Bhod Bkl ORE-TEkD
Rt dEE, BlodsEronwTr Yy Ry avEE
LTo bhiesd, S8 TEinFoRPEi, »28
cETh, T AabhB Ly BRiE T, FokHch
foo Tk bhitiz, Emmelin % 13, oy vREyYy
AT T OIS TR T A X D,
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terman 454 @ EEERCBEERO v vAEY Y AR
TLEot, COYYESTANTERD, SElE
o4 A230H, EEY LoATEACEI .
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HITWEE S, MBOE L ThotcbBL L O, FER
FERL A AR L UL R W s, WK
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WO BN, PHEaif UaRIIEIHE 5.
HalLEEHL, Enci Ly nfl et Shict
EOT TS L FAOIR RS, Zotterman 4542 DA
DR RS R & » TR E RIS TE
B, EofiEE, ToFEFRKAThhibhOR
BwHlEATHAD. LBLHERLI 5.
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SR Lic, Am—F VEHESMNL B ERACE
B2, SR 1E, 1408 LB asie, »
= RIS S IR U, SRR ST B4
Hi72% 5 Thh. AT, Zotterman Jatkiy = oI H
HyrEhic s LEAEEATE bR, Zodd,
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