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Electroencephalographic studies on classically conditioned defensive
reflex and avoidance lever-pressing in the dog Kensaku MivamoTto
(Department of Physiology, Osaka University School of Medicine, Osaka « Present address : Depari-
ment of Medical Psychology, Dokkyo University School of Medicine, Tochigi)

Six dogs with implanted cortical and subcortical electrodes were trained to press a
lever to avoid electroshock to a hind leg. Intracerebral stimulation at low frequency was
delivered as an “indifferent” or a “CS” tracer. Changes of EEG responses to the tracers
prior to the voluntary lever-pressing or the conditioned avoidance lever-pressing were
examined by continuous frequency analysis. (1) Evoked potentials to the tracer stimula-
tion were changed just before the conditioned defensive reflex, the voluntary lever-press-
, ing and the conditioned avoidance lever-pressing, regardless of the site of the tracer
stimulation. (2) The cortical and subcortical structures (Hippo, RF) seemed to be involved
in the neural circuit responsible for the avoidance lever-pressing, whereas the sensori-
motor cortex may be essential in the circuit for the alimentary lever-pressing. (3) 'The
avoidance lever-pressing and the EEG response to the “CS” tracer were influenced by
the internal inhibition (experimental extinction, inhibitory after-effect of the negative
CS to the positive CS, delayed conditioning). The inhibitory mechanism was discussed.

{J. Physiol. Soc. Japan (1975) 37, 45-60)

key words : conditioned defensive reflex, avoidance lever-pressing, evoked potential,

EEG-frequency analysis, internal inhibition.
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Fig. 1. Changes in frequency components of EEG responses to “indifferent” tracer
(electrical stimulation independently of conditioning, which must produce no overt
behavioral response but enough evoked response in the cortical and subcortical areas, to
VPL at 13.5c/sec, 0.05msec, 5V) prior to spontaneous stepping, Dog 364. VPL =nucleus
ventralis posterolateralis ; SA =gyr. sigmoideus ant.; SP=gyr. sigmoideus post.; L =gyr.
lateralis ; ES =gyr. ectosylvius ; Hippo = Hippocampus ; CI =capsula interna ; EEG =electro-
encephalogram ; EMG =electromyogram ; 1. FL =left forelimb. (A) : Original EEG records.
(B): Six EEG traces in (A) are respectively frequency-analyzed in corresponding leads. Ver-
tical lines in each record show onset of stepping movements. Note the increase or decrease
of the frequency specific components (6.5, 13.5 and 27c/sec) and iso-hippocampal theta
(4.5 or 5.5c/sec) components just before a weak stepping (a) and powerful one (b). See
text for explanation. Abbreviations are the same in the following figures.
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Isec

Changes of evoked potential (Ep) to “CS” in posterior sigmoid gyrus (medial

area : Fy, lateral one : F,) induced before the avoidance lever-pressing. “CS” was the
VPL-stimulation (13.5c¢/sec, 0.05msec, 5.5V) in (a) and Pu-stimulation (7.5c/sec, 0.06
msec, 6.5V) in (b). r. FL =right forelimb ; Pu=putamen. Note that, except F; in (b), the
Eps were changed to low voltage activity before the lever-pressing EMG.
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Fig. 3. Changes in frequency components of EEG response to “indifferent” tracer (VPL
stimulation with the same parameters in Fig. 1, with no overt behavioral responses) prior
to the appearance of voluntary lever-pressing movements in Dog 364. Dotted lines in
each record show onset of the classical defensive EMG (CR;) and solid lines show onset
of the avoidance lever-pressing EMG (CRy). Note the increase of fundamental component
(13.5c/sec) in F2 (SA3-SPj) lead and the change of iso-hippocampal theta component (4.5
c/sec) in F;(SA;-SP;) before the defensive and the avoidance EMG activities.
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Fig. 4. Changes in frequency components of EEG response to “CS” tracer (electrical
stimulation to VPL with the same parameters as “indifferent” tracer) in Dog 364. Note
remarkable decrement of fundamental frequency component (13.5c/sec) prior to CR; (dot-
ted lines) in F;(SA;-SPy), O(L:-Lz) and CI leads. Slight decreases of the same components’
in Fy, F;(SAs-SPs), O and CI, and clear increase in hippocampus were shown before CR;
(solid lines). Note the difference between the changes of 13.5¢/sec component in CI from
those in Fig. 3. S
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Table 1. Areas where the EEG responses-
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prior to the avoidance lever-pressing in five
experimental animals
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. Fy, O, Hippo, Pf, VPL

» §, Hippo, RF, CI

362 OR, PF, VPL

P ]

364 CI,-VPL

|

CT, SpERisEninic BfRs < k@i, RE
AR EHE Fi, F) OREIZEICSF VLT
BlicBfTL TRk Le. Fy, F 0&RE 53, fil
DEEEAEF O, T) 72 b Vi REATHBEE
(Hippo, RF, CI, CC, LP,, Pf, VPL) ¢ £7z[A
BOERER L. 202 LIiXERHER LV
LITEBND&iE51) B8 & U2 ORITIRIE, HER
IURE THEDENLFRASMT 32 L%
AT 5.

F. EHEESZAVHLITEONGIESERICE
1 % B E

b BT O T, EBRAEED B W ILER
&S, &Stk CS oftng & oEs
oz icky, FAFLITERL, ©
b BHNEILEREE S e BEAICRBIT DK
BELE LR,

1. EBRHEE

WEEERICH R CSIBiREMic X - T
£ 55, HEK VPL o 13.5c/sec Hilif
“CS” tr—¥—b UCEREMESR VIR LITE)
BEMEST etk BIER TITR - e EBRIGTY
HBROTHEBTiX, Bz US2E525
o BITEREBRT 5 L, LiTo K Of,
EReL CR 2RL, TORRIABLETRS R
WRATAE b T, Bk CR BEEL, Ricik
EREOEGAMTICBIT Lz, 0k 5 ikiEE
HIEOTT, LIELIEEFEOBLBEROEAL
7 CR B"H#E+ 5%, Fig. 5 ixzo 1Ho

RERISE X U ORBESITOREERLT

5. JHERORERITH Fig. 4, SRH)
b iz g o HEFIH o CR HEH Fig. 5,
WHEF o CR HEH) BT AEHL»ED
2, zh 50 CR i3dkic ¥ » 72 {FA—o
“CS” P v—F—IT X o THERE Wiz [EHEE~
FAMULTHTHI b 22bEY, Thbo
2RFI SV TORAEESITOBEIZ, <k
HEAF RSO L THEXZE D 5.
b, HERTH Fig. 4 o Fy, O, CI iy
#cix, CR, (5% HERic 13.5¢/sec R 4y ©
B2 HZbh, CR, (E&) Eificiz, Fi, F
OwrkvTh¥ririEsd, £ Hippo ik
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Csi VPL(I35 cps) 27 = 30 +
Dog 364  EMGILFL)
' il Séé
ESi-
Fig. 5.

R |
EEG v‘MWMMMWNNMWWM

':JA

i i

Cl

ES. H|pp01

Appearance of CRs shown by Dog 364 in the early stage of experlmental

extinction. In contrast with the EEG changes in the control trial (Fig. 4), increases of
fundamental frequency component (13.5c/sec) were shown in Fy, F;, T and Hippo EEGs
prior to CR; (dotted lines) and decreases in F;, F,, O, T and CI ones ]ust before CRj3 "

(solid lmes)

fﬂﬁkﬁ}mﬁkmﬁ%&énto)kﬁb, {ﬁ%*
® CR B4 (Fig. 5) Ti%, =0 X 5 fEE
BobhT, & LAMEM LT CR, B
o F, Fy, T (ES-ES,), Hippo 0B i 5
REKERDL. £, CR, oEfNcE, Fy
F,, Hippo isB4ic BIBeIC K+ 5 B &
L, flsosEs (T, CD) Tixte LARMERSED
bhiz.
x4 (Fig. 6) T3,
# CR, osefizilikictlinyv, MERKIRICH
wTiE, Fy, Fo Bt CI DEARPRS O HE
FELLBBL, CR HZ (Flg 4, Flg 5)
LB S RS e,
2. ZEWSRM:ST

Bz (CC) o 7.5¢c/sec Hljggx “CS” rv—
F—L LT, S0P DEREL ST ETRofk
B (No. 360) oiEd CR o Rk L 72 0 EEE
SRR E Fig. 7 R, EEHERICE
WU L EREE OB RS CRy (R#R) 2358
TLTHDN, ERESZA#HL CR, (EH)
BEHETS. ZOEHERTIE, b3

—7%, HEEBOKRMIcKI5 CRE -
pigatt CR, 7z b G ElgE

IR (CSoERBARARE X Y AR LCR,
 OHBREAET) KBV TR, KEBIURE
TR RES TS B, CS SRR
B X220 HE L7 CR, (88 ; =L 0B
&) ERiovbw s, BEM (;mora‘“w
B EEREOB) TRRMEOBIRIEISED b
N, T5c/sec BAPRRS TSP T WD
L7z LxL 7z 28 5, CR, OERITIE, 20
7.5¢/sec fR43iE (SA-SPy) KBV TOHhEL
WK L. Rk, Z02ERABERS (15
c/sec) 1t (SA,-SP), (SP,-ESy), (ES-ES,)
" X0 (OR-RF) B oW L7z BT, %R
My — & WRsy (4.5c/sec) 1 CR;, DERTICH
W, BB THrE <z (OR-RF) 3 X Ut Hippo
Bic sV CERHICERE L 3 0 @D Lh
T
‘¥kiz, Table 2 :onﬁ Table 3 EEERL
OVEERE o Pyl 1@z 3T CR, (Table 2) 7
b Nz CR; (Table 3) ic 5647 L TS E
LU 7= iR E R4 O b v~ —FFIBALIC O
TORBEELDELDOTHS. WRENEE
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5—6 v Linte
Extinction 6-7 i
Avoidance Lever-Pressingl-) [3 — [Jeer -t —O oo T Il m—
CS:VPL(13.5 cps) 27 - 30
Dog 364 EMG(LFL)
EEG  wtevmirmmmndedsiedopomiene A3t s\ oA 13S N nibti{o oot
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Fig. 6. Disappearance of CRs in the late stage of experimental extinction. In com-
parison with those cases of CRs appearance (Fig. 4 and 5), poor amplitude of 13.5¢/sec
component were shown in Fy, F; and CI EEGs.

WL ot sif AN

il sec

RF —CRa' T 13 ~14
Rep  AVVAWAL-"714 - 16 s anlvid
EMG(R) e 16 - 18 oo -
Lowr - Lover ; Iy - . e
pd Pt e, . —
= SAt-5P SA1=SPz SP2~ES: ESi-ESz OR -RF Hippo CRo
7 Fig. 7. Delayed CR and concomitant EEG change obtained from Dog 360. The latter -

{b&R L7 4L 1%, CRy

was characterized by alteration of earlier inhibitory phase and latter excitatory phase
during “CS” application. On this dog the “CS” (CC stimulation ; 7.5 ¢/sec, 0.03 msec, 6 V)
was applied 30 sec; the defensive EMG (CR;) appeared about 20 sec and the lever-pressing
(CR;) about 25sec after onset of the “CS”. Explanation in text. CC=corpus callosum ;
OR =optic radiation ; GL =corpus geniculatum laterale ; RF =midbrain reticular formation ;
C. Ra=corona radiata.

O%’éa Fh F2: Ty

Hippo XU RF ¢34, CR, oA L E
EFRETH Y, KiCHBED LeREERI AV
LiTBI OB A L R LRI ELR A B hi.
3. BatE CS Miimic X 3 CR ol
3BT, bk bR ERNEERK
T CS LRtk CS Lok E R LT

#%, Btk CS 2 EPM, B CSIKETLTE
25z LT X, BiECSpBrhick Bt
CS R X ETHIEMBHREL L. oL
DR Tk, Bz CS LT
LREVIFLERL, BEEZEELLISELE
2B, Z0kdn—@tEoREKEOE, SR
FRkES i, Wt CS 2B CS ofiic
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FATHIHm L 72T kv ¢, Btk CS st
LT CR B38Eb i, #Bizczhdo CR %
Tkt CS ik > TERicEflEhk.
DL > HBIECE Y, B CR, 2AREEIH
HlEhaicix, o3P B i 5FE—4%&4
TOREAESI A LITBBSIH S5 CBE

Table 2. Areas where frequency-analyzed
EEGs were affected by internal inhibition (experi-
mental extinction, delayed CR) before the defen-
sive EMG of CR; in 3 experimental animals

REITEEOK 2 50 EEEE L. Fig. 81
BIMESR S i bEE CS o3 L < ERkiz CR 28
HBR U 7cxt BB T, Bk L 20 REREFRL
Tvw5. BLZOEFEBHICRLEE (Fig. 4)
LRY, I SLEBRL 30T, B
i CR, o IRE 2 Y, < icEREECR,
PELhZLDTHS. hdvz, Fi, F. Bk
U Hippo i 381} % Bk i, D~ 5 IV H

Table 3. Areas where frequency-analyzed
EEGs were affected by the internal inhibition

Dog CS  EEG affected area  Internal inhibition before the avoidance lever-pressing of CR,
VA FI,F2 Exper. extinction ‘
1 VA F1,F2,VPL Delayed CR Dog CS  EEG affected area Internal inhibition
VPL F1,F2 Exper. extinction o s
cd F1,0,CI Exper, extinction
VPL Fl1,F2 Delayed CR 2 CI F1 ~ Exper, extinction
2 Ccd o, T,RF Exper, extinction Hip F2,0,RF Exper, extinction
Hip F1,F2 Exper. extinction RF F2,0,CI, Hip Exper, extinction
cc F2,Hip Delayed CR cC F2 Exper, extinction
Hip  F1,F2,T,RF Exper. extinction cc F2 Delayed CR
Hip T,CC Delayed CR 3 Hip T Exper.»gxtmctmn
3 OR F1,F2,T E : : 5 ORa T,RF Delayed CR
OR Fo.RF D:f:;egxégctmn RF ¥1, ¥2, T, Hip Delayed CR
RF F2, Hip Exper. extinction RE . R Exper. extinction
RF F1, CRa,Hip Delayed CR
— VAR
S SP ’ AR A
Shs — spsmm i -
RF ML " i :
. 27 — 30%40».4-..- .
Hippoe mmmnwww-w : '
EMG(HFL) —&—«‘ - EMG(IFL) L
EMGIFL) e+ £eG MMWW#WKWWWWI :;
PCS i i SAI-SP: SAs—SPs Hypo
S
4 -5 ; A Wl coant
5-6 o e
6 -7 ’
13 — 14 '_
Avoidance Lever-Pressing(+] 27 = 30 !
Positive CS:VPL(I3.5 cps)  EMGIIFLI m‘"
Dog 364 EEG A oy —lsec
RF Hippo2
Fig. 8. Conditioned avoidance lever-pressing appeared in Dog 364. A control trial to

positive CS (VPL stimulation ; 13.5c/sec, 0.05msec, 5V) before the inhibitory trial of
Fig. 9. Hypo =hypothalamus. Note the decreasing and increasing phases about 3 sec prior
to appearance of the CR in F; (SA;-SPy), F» (SA3-SP3), Hypo and Hippo,-EEGs which is
shown by fundamental and harmonic components,



56

EMG(cFL)

[El R~ &L LT B D INIR YRR ZE

EMGUFL) . : - - - .
EMG(LFL) EEG  smmivakma AR rmsromoms st s it -
© PRes . SAI-SPi SAs-SPs ‘Hypo - - L
% : :
NGS - 4-5
: - 5-8

. 6-7
27 — 30-seertear N HDIANGPIOIIND e st ot oo tothrd Somttote
EMGILFL} -

EEG  srivmasritindvommmmmivi oA imitesitosovplydmsel:
: RF Hippoz 7

Fig: 9.- A case of inhibitory after-effect of negative €S (Hippo, stimulation ;100 c/seq, .,

0.1 msec, 3V) to positive CS (VPL stimulation ; 13.5¢/sec, 0.05msec, 5V), Dog did not .

press the lever even to the positive CS when it was preceded by the negative one for

4 sec. Note that changes of EEG response to positive CS were similar to those in F; and

Avoidonce Lever—Pressing(—)
Positive CS:VPL(3.5 ¢ps)
Negative CS:Hippor(I00 cps)
Dog 364

wlsec T

F, but not in Hypo and Hippo as shown in Fig. 8, although the CR was completely

suppressed.

LfT8) (Fig. 4) BAIOZHICELILC 5.
L Lidb, Fig. 8 tlb I &, EX
FRRsy (135c/sec) IE&MTHRER (EH) ©
BE L D2 ~3HURIIEMBRY BB » 5
h, ZORIZZ OREGOEMMBRDITRI NV
WLABRHET 5. ZoBi% (2 HEEb)
X, = &z F;(SA;-SP;), Hypo % X 1% Hippo
TEOHEMIIBER TH o7z, &Ik, TOfHRA
EIRERS (27c/sec) 22 TH F, BIO
RF T@bbhic. LiLiass, Fig 8 iR
LicRIToxOR 17 ©, Fig. 8 LRA—0B#
CS offic#y 4 BRI CS M m+ 2 &

%13, Fig. 9 R+ 2 & &, $m3sai: CS

(Hippo,, 100 c/sec Fij#%) it < 10 0 B 1
CS (VPL, 13.5c/sec Hll#) <%t LTELRDEHI
ki EMG IEmghsdtic i biRB 2 &S, CR 1315%
LicIFlE hiz. ZORAOREELL CR R
HELT AV 22bET, Fi BXIUGF,

R THRROMEBH Fig. 8) 0T L EHAH

BIUORBAERS O 2 HEELER Lz Lid
#HXh3. &b Fig. 9 okoRfFicBw

T, B CS 2522 vCB%ECS o BR -
THLE, B Fig.8 oBarE-k<E
BN CIEREICEREE R A AL & 2 iz

BERET B BB R Lz,

N.® . =

TeDRXD TR T &K, WE OB
B RAATBIO BRI bh 5 MEEL 2 B
bR TBILRELDTHETHZ 2D, &
BFFRICE T RiE»® L Fkkic, hv—¥%
—BERCT, bBRED = =—n VEEERIE
U, ZOX 5 ICHMEhicf T T, fbh5st
HRFARLITEIZ £ T 5 DESEMN,) 2D
N3z rick 3BEELEFLPCT S BT
R4 O AR BT B AT s o T2

Lo bAEBR T, JiRIEOE T b
N AREE MR F VPR LB, PFEStRE
72 b GG KEEENESR F AV LITENIC O
TEROFECRESER2TZ. ZhbofT
BOMBICHEITLT, RE, RETHEECRE
T3 DESHESL EHE N v—F i 5
EREOELLE LTOThoOBERIc LB DB Z
ERTE. 20X ) RATHIRBE O BEKK
D5 BT, & ki BT (Hippo, CD) o
HEAPRS (135c/sec) OEALOB AR Iz 2
T, BERTTE) L &H1TE & ORIcHBR I 2= R
BHohiZ LRERShS. BOEICB

TRRIEZ L, BERSIAFLOSRE, =

OEBHBRICE LT, T UTREAMEOEL
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»EfF+ 5 (Fig. 3) olexL <, CR
ﬁ«&wﬁum%ﬁumgﬁgﬁﬁm
BOHI 5T, RETHMEOERAR
BlLER & L A CRBICHET L

Table 4.
monly to different “CSs” prior to the alimentary lever-
‘pressing in 7 experimental animals, 6 of which were
used in this experiment of avoidance lever-pressing )

Areas where EEG responses changed com-:

(Fig. 4). FETHEPEEc>vT D%

i, iz Yoshii et al.1D12)14)15)16) 33 ggg
RUEHORENGS X CRENEE 30
KR OFRGBTRIC BT % RS - - %

CSs - Commonly changed areas
RF, VA, VPL F1,F2,0,P, T
Cd, CI, Hippo, RF F1,F2,0, T .
CC, Hippo, OR, RF F2, Tt
Hippo, LP1, VA, VPL F1,0,T
OR, Pf, VPL . F1,F2,Pf
GL, VPL Ft
Cl, VPL

%, BKEERE & CMERLSM 3t
+TBZ L EIEHLZ.

BB eV TR L <, &’E‘F’F%J:
DCBNE BRI - v — Y — & 52 %
A, FORBCRKIET 55 7 Mk < NESHE
By BINESH B 5, KicEbh B
L EMG ic /T L T OB RGO E(L
BREDOLNDZ R, FBarO b v—F—HIEEALIC
Bk 7 <, DEBEAL BIBORL (L0
RrcHlgk 52 Th, VobREUEBERTE
Pr) WHECZZERELONDG. T OWAHEE
DITENOFHBIC KRG TR TH B &
2 57551F, Tablel CHbREI LS, H
BEERF AR LTBIO I, REMEES)
5 (Fi, Fo) 0z by, oo ESR O
T) 75 & ONic OB T4t (Hippo, RF, CI, CC,
VH,Hlfa&aUrmt%ﬁﬁmﬁﬁ?é
ZERRBERTVS.

DT LK i”k%ﬁoﬁﬁﬁ“&”
LB >V TORBE BT Z Lick )
—BH s »ici 5. Table 4 13A&gEH: CR 24
FLUTH b v—y —HIBELc bBr e B L
Jeifhiz, Table 1 LERICE LD S O TH
3. BEHSINVFLOEAE, ELLTHRE
FR (T b I R R EEEF F, F.) 851
T3 (Table 4) izxtL, &L A ERICEY
émw,bm%ﬂbﬁﬁéﬂmbriﬁbt@
B AR LFTB 084 (Table 1) izid g8
ko A% 53, RETHEE (2 &ic Hippo,
RE) v ¥+ 5z L BEHEh 3.

AEBROBEN D, 727 b I EREE 5 VR
LATEhIC BNt 3 MR 2R+ 5 Z &k T
B, Ain L kb EREEE CR o MBIk, &

F1, ¥2

BRIVCEATHEERELBML, &L IKE
T o Hippo # X O RF i3 [EgEE~ 2 3 L CR
DERICEELT, SHLOTEERFEEZELT
wWHLtEZLNLD.

&bz, [ERETHICE L“C'?"Th_%ﬁéﬂf_
EMRICL Y, FHECBT 3REERFSh
53X 5icEbha. Rich et aloix, B
X OGMHIH s & EBREM DR TERERDOZN
LIRELBN, b5 U DRI B E8RE
B dishiex X2k, PE-KEE ¥
B, RERBEEED 3 W BAMUEE FTEo v
ok EticEEE 5L 5 L, 2 OEMERG
BEEESR o T L 2HE L 7. Rich et
al® iz X hiZ, BEMA v NV ZARRBEMEE
b RR B R TR T~ I B & ¥
% &, ZzZhb Eidelberg et al.h 0 EEKREK %
BUTURR WEHE-PRR) ~RBHL, KT
BERNERZIC X o THRETH-PRMES B E
WASIEZT B, b DRI LDASIT
X > CEBERIGORITICHER “BigS0” 28
BRI LELZOLRLTWS. ZDX5iC, #
R D 2 VIFERRERIB 3 2 BB SRR
B EROBE A D = X aick > CEFShS
LRER TV 3 A, ZhicBELT, R
i (Peretz®), WfE-¥E (Moore et al¥), F
Pk (Robinson?), HEKPAIE (Thompsond,
Thompson et al.9), Vanderwolf®) 7z. ¥ nig{E
REoT, EBRIGREES RS HED
BB, LELERD, Zhdo#EHRIzE T
SR L L TRERIEEZ Av-Tv 2 0lext
LT, ABFECB TREPNESAKEZ v T
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BY, EREENRE 5 EEEELTYH, Rich
et aldD v 5 R AERICB VW TEbh
IREROBRBC /B LS5 EBbh3. £
oz, CS 25272 vFhoRBE TS
M@l TESMEMH ) B RN Lo SR R
HARF AL CR OFRE b i E 0RBICHE
E+3ERCHHLEX DR LE, EREESY
MPLEBITEIO £1TI0 X, KL EATHEE
(z & iz Hippo, RF) X5 L, b 0fEE
BLTV30THAH. 2O LixELLTK
BarkEgs F, F) 2EETseExohic
BEHERT VIR LITEIOHA (Table 4) LEL

HEL, EEMECROKH L L THEEEH
3.
BRSO RBILEHEICIS VT, REE
BRRIER B L CHBRHROES MRS S
ZeBERREN T3, KRERTIE, ERY
HEOFEBPIZH b i CR HE#F Fig. 5) i
DT DR R AR ESE O BEE(L L EE
i 5 CR HBi (Fig. 4) oz hix, FicH
— CS izxt4 5 CR ERIOBERETH 31D
PHb6T, MEOMICHESED b, &
bz, EEBEEOKY i B i 5 CR nifkfy
(Fig. 6) <ix, CR Wi (Fig. 4, Fig. 5) o
BEEL2< Ry, akESHHF F, F)
BXURA C) BEOEEFERDIEL < B
Bl ZoZ tixEEHEoRECLY, B
EAENETL, b2 CS LTI
LTEhic B 5 2 kRIS RIE S hin{ o
TekER, CS BE5ExbhTH CRAHEALEL
olcbEZILRS.

HEELG ST OBRE, EH CR o HBRIc kT
T 5L & BEHO > DRz o I BRI
BB oh 2 2 Fig. 7), ZoBRKEXFE—FY
D EBLEESFICIE V- CR—» CS izxtL,
BT 5RRBREBE L LERRT 5.
FThbb, HEHCR HBRcB X 2 EHET L
HIEHE TR, REB L CRE TRk RENE
AL, Zhicki< BEM (F#TRLe CRi
B RLR) <X, BREMER2 . B
B o ¥ Tk, MEESFOELRERSS (1.5

c/sec) iEElIEHICBV TIREEE L, BEH TR
W L7z, Licdd-> T, PRAGICEARBERS S
wHEhTe s/, KBk CR (EMG) 2
EHIhT5. zhwx, EREESIAEHL
BT 3 LK FERRRR (2 0EEH
L UTHRESH RS 5) ICHlILBRS TSR
o—RHECFEAE LiciER, CR OB M
Eh, TRk BERCEC TR, fHillki#
ErPpRsh T CR 2 liBlLctExbh
3.
Btk CS 2 BTMicim&E ¥ sz tick T
Zokic 5z 2B CS exi+ 5 CR XLl
WS h eBe Fig. 9), zo L oRAMNE
EHFORERIG, LIt OEEERS O
{ei, EhEEE<FAEL CR, o HE S S
AT 3icb2pbb T, CRBHE LR
% (Fig. 8) DAL L BB 7o fhlik-BE O
2HIRBACBD bz, Z0Z kb, B
##: CSHhnic & 3 CR, o#pfilix, FEMESMHIE
x5z kicky, REAVFLEEET S
HREOHRERIBIES I, 22 b b
3, FEATORMEEARIM I X B HELIRERRE D
BB D 285 (ZHaMEEFSh TR VE
) wRBEL, FOHIEBENEOROEMES
BRI OERP B T HERT 2R, KB
#HCR Bl s hic b Ex bR 3.

V. & #

BEBIUVRETICBEERE EIAALREA X
EPHCT, ERiETCRIANVEREIESBRE~D
BRVEMTE I LEET S, BAE
SHIBL (7.5 B 5\ ik 13.5¢/sec) & “RE” b
V=B XU “CS” hr—3%—1 LTHWY,
BEE MR X U CR R ABULITBNIC AT 5
BBV TS AR B 21T,
IS DORFAMUITE L b e hickfTT
BFEEAGRHHRBROMEELEREL, &
HE LR C B0 RV LITE O
FRAE L g L.

1. EZFOMHICIE, ERREESS VT LITE
HATLT, BFEFRE (E%REOBERES
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e BEbhes, Kzl A LHERL
TRENVLOPLAEENE & 72 b, XFAFL
ITBIDHEEORBTHEE L.

2. WFholEmioBaed, vv—%
—RRiC T B B, RETOFRRKGE S
PEEIEENI B IC RN LIRATL TEfE L
7z,

3. FEESWORME » b, “RHE” bv—
P = DRFA=-F—FEETE L3 K,
“CS” v—F—iciEl LTca, BNy
VI UATEI &R & 720 o e BRI E T BB
~EEREZ BbREZLICEY, EREORY
NRLUESZFE LBk, REBXURET
B EPLITIRIE S W TRE VI LITEIR R b
hBaZ &Rl Thywz, ThbO#EES
REREMESF AT LIBT3 2 L BTRRSh
7z,

4. BEEMESFVELICEITT 5 MR
BB F VR LEEITENC T2 et &
KT 5L, BiEFoHAKE, L LTREM
HEENEF (Fi, Fo) 23845 L 7o (Table 4) oic
HL, BEOBEWIFEDABLT, AL
Wit Ey 5 % B THrE (Hippo, RF) 3
2+ % (Table 1) Z L B3 LMICShie.

5. ERWEEDES, REKEOKTEZA
U, BEOEREIIREMLL, <AL
BicBET 2 AR EIK SIS S hin IR o el
B, CS 252 T CRBHEALBRLI o2 L
EZzoh3EE 2.

6. ZEH CR o4, oiilFE & B> K5
Sh, rofEfEics v TiE, FAFLIZS
W3 B Sk R FHE R E e L, IR EE S
By >—IBMEIC T L iER, CR o
BELLEEZDNIREL X

7. Btk CS 2tk CS wiefTs¥ 5z kic
X 3 CR oz, Btk CS itk v FlERHE O
HREBRARE S I br2b b T, RITH
I BoR LicketE CS iz & 2 HlIE SRR
CS nEFHTLERTsBRETHELELDN
BREE 2.
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Ca-binding protein in intestinal smooth muscle

Haruko MATSUMOTO, Hideyo YABU and Eisaku MIYAZAKI *

Depdrtment of Physiology, Sapporo Medical College, Sapporo, Japan

In the previous papers®®), we reported
that pig intestinal myosin B showed a
typical Ca-sensitivity which was diminished
by the mild trypsin treatment. From the
results, the existence of protein component
which is similar to the native tropomyosin
in intestinal myosin B was speculated. This
communication demonstrates the apparent
presence of a Ca-binding protein in in-
testinal smooth muscle.

All the preparative procedures were car-
ried out in the presence of 0.5 mM dithio-
threitol at 0~4°C. The pig's intestinal
muscle layers from the jejunum and the
ileum were rinsed in 0.99 NaCl and chop-
ped with scissors into small pieces. The
chopped muscle (100 g) was blended using a
Waring blendor in 2volume of a 0.05 M
KCl solution containing 40 mM Tris-maleate
buffer (pH6.8) and left to stand 1hr. The
suspension was centrifuged at 15,000 x g for
30 min, and the supernatant (“extract”) was
fractionated by (NH,),SQ,. Four protein fra-
ctions were precipitated between 0 ~25%,
25~40%,, 40~60% and 60~709, saturation
of the salt, and a still large amount re-
mained in supernatant at 709 saturation.
The precipitates were collected by centri-
fugation (10,000x g, 15 min) and suspended
in a small volume of water. These four
suspensions and the supernatant at 70%
saturation of the salt were then dialyzed
for 24hr against 0.3mM NaHCQ, The
dialyzed solutions were centrifuged at
15,000 x g for 30 min. The Ca-binding acti-
vity of each supernatant was estimated by
equilibrium dialysis. The 40~609, fraction
which was very viscous and showed the
highest Ca-binding activity, was then chro-
matographed on Sephadex G-200 column,
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Fig. 1. Sephadex G-200 column chromato-
graphy of (NH,),SO, 40~60% fraction. Experi-
ment was carried out at 0 ~4°C. About 25mg
protein in 3ml solution (0.2M KCl, 0.3mM
NaHCO;, 0.5mM dithiothreitol and 1 mM NaNj)
was applied to a column of dimensions 3cmx
125cm equilibrated against the same solution
and eluted at 13 ml/hour, One fraction was 15
ml

As shown in Fig. 1, the chromatography
resulted in four major peaks, I, II, IIT and
IV. The Ca-binding of them was determined
on the fraction No. 8, 19, 39, 54 (showed in
Table 1). Among them, peak II (No. 19) which
showed the highest Ca-binding activity was
used as “crude Ca-binding protein prepara-
tion” in this article. Further, the purity of
peak II was examined by disc electro-
phoresisD on which pH in the running gel
was adjust to pH7.50. There were two
bands which standed close to each other.
Protein concentration was determined by
the biuret method, standardized by the
micro-Kjeldahl determination of nitrogen
content. Ca ion concentrations were control-
led by the ratio of EGTA/CaEGTA®, with
a total EGTA concentration of 0.5mM.
The yield and the Ca-binding activity of
each fraction were shown in Table 1. The
extraction of muscle residue with low ionic
strength solution (0.05 M KCl, 0.5 mM dithio-

.
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Table 1. - Purification of Ca-binding protein
Preparatiye. stage Yield . . Bound Ca Relative bound Ca
S . (mig protein/100g muscle) (rmoles/mg
1) Extract 3300 1.7 1.00
2) .{Mi4)7S0, Fractionation : o :
0-25% 1non 0.234 0.20
25-40 % 560 0.115 0.10
40-60 L 560 4.48 " 3.83
60-70 % 440 1.96 " 1.67
70 % Suparnatant . 500 -0.013 - oo
3) Sephadex G-200 column .
chromatography of (NH4)ZSO4
40-60 % fraction .
Peak I  (Ko.8) ! N 150 0 : 0
Peak 1T (No.19) 7)) 3.9 . 1.8
L . : (4. 93 at pla 7. 53)
Peak 11T (No.39) S0 - 0.9 "0.67
Peak IV (M0.54) s 2.01 . 1.73

Protein-bound Ca was determined by equilibrium dialysis. 1 ~ 4 mg protein, dissolved

in 1ml buffer (0.5mM dithiothreitol, 1 mM Na azide, pCa 5.21 and 40 mM Tris-maleate
buffer at pH 6.8), was dialyzed for 48 hr in the cold against 4 volumes of the same buffer,

to which 0.04 zc/ml 4Ca was added. The dialysis tubing was pretreated with EGTA: -
solution and exhaustively washed with the delomzedlwater Bound Ca was determined
from the difference between inside and outside rad1oact1v1ty Relatlve bound Ca was
expressed as a ratio of bound Ca to that of extract

threitol, 40 mM Tris—maleate'buffer at pH
6.8) yielded approximately 3,300 mg protein
for 100 g muscle. 15~209, of the protein
was recovered 'in the (NH,),SO, fraction
between 40~609 saturation. During this
salting out step, a large quantity (about
509%) of protein precipitated between 0 ~259,
and 25~40%, showing definitely lower Ca-
binding activity than that of 40~60%
fraction (<1/20). The supernatant at 70%
saturation showed almost no Ca-binding.
Relative bound Ca of 40~609, fraction was
3.83. After purification by Sephadex G-200,
the Ca-binding activity was concentrated in
peak IT in which the relative bound Ca
increased to 11.8. Bound Ca (13.9 nmoles/mg)
of this peak was slightly lower than the
value reported for skeletal native tropo-
myosin?. Bound Ca (4.43 nmoles/mg) at pCa
7.53 was increased about three-fold by the
elevation of the free Ca concentration from
pCa753 to pCa5.21. In this point, this

Ca-binding activity was similar. to that of
skeletal troponin?. 30~40% of the protein
of (NH4) SO, 40~609 fraction was recovered

in the peak TI, and the yield was 200~250
mg per 100 g muscle. Our yield was in the
range obtamed for skeletal natlve tropo-
myosin®,

From these results, it is probable that
this Ca-binding protein in peak II. cor-
responds to troponin or native tropomyosin
which shows the Ca-binding activity in
skeletal muscle. As shown previously, this
protein was still heterogenous according to
examination by disc electrophoresis and
required further purification.
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