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Studies on activities and localization of membrane-bound enzymes
in the cell membrane of toad skeletal muscles. Tsunehisa SATO
(Department of Physiology, The Jikei University School of Medicine, Tokyo)

Membrane-bound enzymes always have the relationship with such the functions of muscular
cell membrane as its excitatory phenomenon, active transportation of substances with ATP
splitting and distribution of localized ions. Action of Mg-ATPase or Na-K ATPase in the
cell membrane, for instance, has been investigated, and existence of such the membrane-
bound enzymes as adenylate-kinase, AMP deaminase, etc. has been reported by C. R. Dunkley
et al. In the pressent experiment by use of intact toad muscles, AMP deaminase activity
could not be observed but activity of ATPase or that of adenylate kinase could. Furthermore,
by use of separated sarcolemma the existence of AMP deaminase could be observed. Con-
sequently the experimental results mentioned above suggested that active sites of membrane-
bound enzymes might have their own different localizations. As for sarcoplasmic reticulum
separated from toad skeletal muscle fibers, similar results to those of the above sarcolemma
were obtained. They manifested very high enzymatic activiies. On the other hand, sarcolemma
could be observed to take Ca ions. The determination of lipid as analysis of sarcolemmal
chemical component, revealed that most of it was composed of phosphatidyl choline,
phosphatidyl ethanolamine and triglyceride, and a little of cholesterol, which were also almost
the same in analytical result of sarcoplasmic reticulum. Further studies on the pressent

subject are now in progress.
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R R AT, TOREEICED X D LR
RBFFEL, %, T active site DFIEM
B, FOXO5koT v 55 2R+ 5HE
T, SEOEREITR ofc. Vo BKEIELHE
AL BN, BUCEENESE 20 T
<, HETEREICHZTHEE LTEMS,
BETDOMBOERE DB, Th 0L
AL, SEZAEMENEEL ZRIGLT,
Tk, BEoOAEPHEREEANCEBE Ly
BN o B TH 5.

I.% & 75 &

1. Intact muscle 75 &Rz sarcolemma @

toad skeietal muscle, €g.100g
(240ml of 50mM CaClz, pH7.0)
mincing and nylon net filtration

tittrate residue
4.000Xg,30sec

l 4,000Xg, 30sec.

3up. ppt.
|

(300ml of 25mM NaCl, 2.5mM di-Histidine chloride, pH7.4)
stir and stand overnight at 5°C
4,000xg,30sec

sup. ppt. N

|
(300ml of water, pH8.0) 5 times
4,000X g, 60sec.

sup. ppt.
(intracalfular materiais) |

(300mi of 500mM KC1)
4,000Xg, 60s3ec.

sup, ppt.
| S times
(300ml of 25mM NaCl, 2.5mM di-Histidine chloride, pH 7.4) repeated

repected

A L = okRE

EHEREW L LCRAESN~ (Bufo vulgaris
Japonicus) & v CEBRET 2 - 2. Tihb
%, Intact muscle % Fv7z3E8R T, F<oD
PR R B U o ditic z - TEIRE L,
JalR % I < BT, KBk E UIWT L7z, K304
Bl U7, RELAEEYHE L T, Ringer #&
CEELT, ERic L. F7-, sarcolemma
PRCEERTEFAROFECL - T, KEH
W 21TR - 72%, BEHETROELT,
o UHEE LK 5C, 150mM NaCl %K
whr%, D. L. McCollester!D & 5B
L7-IBA2 0 FEE% FHvT, sarcolemma %5
W17 (Fig. 1)

WHO%ESIX 25mM NaCl, 2.5
mM DL-histidine chloride iz {2
L7 3kt & #yas (37°C, 30 min) #4T
¥, 5C, 1 BRERE Lk, Kil
HEThokmich s, ZOFECE
- T Lz sarcolemma b, B
AT o7 b 0 L OEERIEN: & N
DAERREIC X > CHigT 5 & (Fig 2),
B I BRI X D BERIEE KT 28
BESN. 0L LUTHE L
sarcolemma %, X b IZHRELHERED
mIVREI L. Thbb, Gl
JeEBEMSE G Fig. 3 A (X 1500) 12
Aoz ko hBEBERLTS. &
LIZIERLTHET S L, b3,

sup. ppL.
|

(300mi of water,pH7.4)
10,000X g, 60sec.

10times
repeated

sup. ppt.
{Sarcolemma)
Fig. 1. Isolating method of sarcolemma. After homo-
genizing of toad skeletal muscles, the homogenate is poured
over a nylon net stretched across the top of a 1000 ml
beaker. The muscle cell segments in the homogenate are
concentrated by a centrifuge. The supernatants are discarded,
and the pellets are incubated in proper quantity of 25 mM
"‘NaCl, 2.5 mM DL-histidine chloride solution at 5°C for 48
hrs. Then they are resuspended in distilled water and cen-
trifuged. The supernatant is decanted. The above mentioned
process of suspension and centrifugation is repeated. Thus
the intracellular material is dissolved in distilled water, and
separated from sarcolemma which is sedimented in a pellet.

B OREBE R BES h 5 (Fig.
3B x2500).

S Xz, M L7z sarcolemma ik
Fig. 4 A (x1500) LR bhd X 5 1T
HWREEL TS, S bIIEKLTH
B/LTH, EEEIBRE s L L v
(Fig. 4 Bx2500).

Sarcolemma AEEZEREICB VT, IX
WHEARPBEIEEE R E,
Hy 3 GPERICBEShS. 0k
FRIEFE O MR T. Kono® b
ko THcHE ShTrs. o2&
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<, myofibril DETFMEG Fig. 5A) » 2
fEITHE K L 72 sarcolemma 0BT BEMMEEE:
negative staining (Fig. 5B) it & » T s h
%X 9ic, collagen (Fig. 5C) o4 E 7
sarcolemma 3L E W 7. T H OO BT
Gilgix, SFO X RAEEITR - THREZ T
WL, oz,

T b b, myofibril (Fig. 5A4) 1%, BiEE
& LT, BT, pH7.4 1785 Lic 6 %
TVE—~NT AT e FERvT, 605HZERT
BE L. 2T, BEEL LT, By
7—T, ki pH 7.4 \caiik L= m@ibt =
SUL2%EIRE v T, &biz 0°C, 604y
M, BEEITR -7z, =0, ethyl alcohol 35
&£ O acetone DAYREISIE T, JK¥E, Bk % IE

scontrol
atreated in 37°C
for 30min
o
100mg
1851 °
"""""""" I
r"——”
1o}
sl
L N N . A
o] 30 60 20 120
time in min
Fig. 2. Released Pi in media surrounding sar-

colemma. Two materials of sarcolemma, one of
which was treated in 25 mM NaCl, 2.5 mM DL-
histidine chloride solution for 30 min at 37°C and
the other of which was treated at 5°C for 48 hrs,
were incubated in the ATP-added Ringer solution,
and then the inorganic phosphates of both materials
were analyzed.

Fig. 3. Minced skeletal muscle fragments in 50
mM CaCl, after nylon net filtration. Note the
presence of the cross striations in B.

Fig. 4. Phase different microscopic pictures of
prepared sarcolemma.
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Fig. 5.
fibres.

Table 1. Lipid compositions. Running the ex-
tracts of both sarcolemma and sarcoplasmic reti-
culum by TLC, lipid compounds of each material
were analyzed. Our values of toad was referred
from the analytical results of bull-frogs obtained
by Koketsu and from those of rabbits by Hotta.
Their indicated values in this table were expressed
in percent (W/W)

Compounds Sarcolemma S::fi‘:ﬂlﬁ:\mc
Toad |Bullfrog| Rabbit Toad
Cholesterol ester 10% —%| —% -—%
Triglyceride 7.7 9.0 - 21.5
Cholesterol 3.3 {300 4.0 3.0
Phosphatidic acid 1.9 3.0 — 3.4
Phosphotidyl ethanolamine {21.7 |1 0.0 {31.3 23.4
Phosphatidyl choline 46.1 [24.0 |51 434
Phosphatidyl serine 7.1 6.0 7.2 54
Sphingomyelin 1.3 | trace | 5. —
Phosphatidyl inositol - trace - -
Free fatty acid i 8.0 - -
Glycolipid - 2.0 - -
Lipid-peptid complex - 10.0 — —

ATz o7, 2w, 3EHE Epon i aE
L, NE, EAEIT R o k. $BIE uranyl
acetate % 15438, lead nitrate #2043 [E{EMA L
T, b3, double staining #1{T/z »7z.
EE R ERk Iz L. K. B. (Sweden ) o w1
FSewAru r—aEBCE. ¥, BYHE
e JEM7 (BABETHR A& HR) zHA
#-. Sarcolemma (Fig. 5B) 3 X (¢ collagen
Fig. 5C) b 3, negative staining I &

Electron microscopic pictures. A : Skeletal muscle ; B : Sarcolemma ; C : Collagen

o TREEITR ol Tibb, REHCEEK
Pz T, WRREREEBL, chiFEBEOHKS
VI AT VB2 %Y P 6.8) &M T R
Liz. Z0BERrae U VERR oY —
FAy Yo T, Bl BTEBSHCLD
BE L. 2w T, EFEMEEORRE LT,
EOHEBRCEELEEEE L T v 2EEE
Floch oW X - Thitd, TLCie TR L
724%, % spot IHHIL, FAEEREW 21Tk
ST, T OSYFERM Table 1 wiRLiz & 5
1z, sarcoplasmic reticulum (Toad), rabbit sar-
colemma (JEH2 B) & RO MHER R L,
bull-frog sarcolemma (L. G. Abood? &) & ik
WiE Y BolfEER LT B BT,
sterol, triglyceride DENELLPETH D,
DK, EHLEHRFETEOLY THD.

2. Nucleotides 7%/ Ringer #%iz X 5 intact
muscle, sarcolemma D JI7K4 R DT

% = v J8 Ringer ¥z nucleotides % ¥&fiF LT
HERALE. pH 13 K. Abmed® & o FBHFER
#HE2Ic LT, ATPase EHEOE v pH 74 &
Uiz, FEBRE 3 2T 200 ©f7iv, EiF,
sampling LC, SMBOERETh>Tc. EE
v Fiske-Sabbarow 0 FEDIC X » TEREL
#z. Nucleotides O HEIER 7 v = v T 57
4= X - T, ol BEHNL ecteola-

chole-
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cellulose, F&BH#iz i3 n-buthanol/acetone/acetic
acid/5 % ammonium hydroxide/water (3.5 :

25:15:15:1.0) %\, K. Randerath o5
B2 X > TTh o7z, #OFEE, RE4E (Table
2) 13 K. Randerath?? o ZEFERICIEEIOE %
ALTw3.

DT, BRESNICHEWRED spot EZEMEK
CHEH LT, ZhZho RIS HEdk
EBRL, TOBRRKBAEOEREEZRD T, HE
POEEE AR & R Lo B, £ oEBEr fel
L (Fig. 6), EE&&E 1T o7,

3. Sarcoplasmic reticulum ¢ gg#l

Sarcolemma % 3Rl LW & FliE 0 Fikd A
WHARE S < OB E B Y H L, 80 mM KCl
IR (0mM Tris-HCl #2%&% pH 7.2) iy
%, waring blender ¢ 14y[, homogenize L
7z. Z® homogenate % 1,000x g 154yfE3E2L
L, %o supernatant % 9,500x g 4043f3, =EIb
LT, % supernatant % & 5 iz, 36,000x
g 120 FREEL LT, £ sediment % 50 mM
KCl %% (20 mM Tris-maleate {%%&7}% pH 6.8)
iz suspend L7z4%, B0 36,000 g 12043f,
BWIE L. oo sediment A3 sarcoplasmic
reticulum ThHB. Zh 5D material DFEE
% Lowry #3®ic L 0 il L.

II. & 8% MK &

1. Intact muscle % ] » zJEEERIGIEDE
B

Intact muscle # ATP ¥ Ringer W% H
VT, incubate U, #EEEfH91c medium % sam-
pling L7z. 200 ATP 0GS558
oL (Fig 7), OB E->T, ATP X
BB L, AMP BREicAR S5,

B D ARk FIRRIC BB O REBIT A - T HE
MLTeson@gsahiz. 2vc, AMP &
Jn Ringer ¥%#% Fi\v>C, incubate L, AMP o
TR DN ESBOEREBE Lie. Thb
b, medium 2@ ruv~v + T3 74 -2k -
TR L2, AMP o single spot 732 Hh
DB TH o, i, EEBOARLELLE

Table 2. Rf values of nucleotides. After measure-

ments in Rf values of ATP and some other

nucleotides were carried out after running them

10 cm at room temperature

Solvent : n-Buthanol- Aceton-Acetic Acid—=5% Ammonium
Hydroxide - Water’ (3.5:2.5:1.5:1.5:1.0)

Adsorbent : Cellulose Powder, Type MN 300

Compound Rf
Adenosine -5~ triphosphate 0.06
Adenosine-5~ diphosphate 0.13
Adenosine~5 - phosphate 0.24
Inosine-5- phosphate 0.16
Adenosine 0.585
Inosine 0.486

e ATP:at 259mu wave length
4 IMP:at 249m u wave length

’
/
/
J

Eo

03}

o2t
@
Q
c
[~
F=]
°
o
w
F=1
o

o.1r

0.0 L L ) .

[¢] 5 10 15 20 uQ/mi
concentration

Fig. 6. Standard curves of ATP and IMP con-

centrations. The spots of ATP and IMP which
were run in one dimension of TLC, were solved
in distilled water. By use of the coefficient of optical
density and microgram extinction at those two
wave lengths, the concentrations of ATP and IMP
were determined.

BEhhrolk.
2. Sarcolemma % F\ 7z JEEERIEME D EER
Intact muscle # v 72355k L R sar-
colemma % ATP ¥/l Ringer % % F v C
incubate L, ATP o%fkiz b ONCEREE D&
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BR 2 R BT B b, RO R R
O L & b 1 exponential L. &
7z, ATP 3WiRk, WL, ADP 4Rk, 2
<, IMP o&m» 8 & b e (Fig 8). &
iz, AMP % Ringer & v T sarcolemma
% incubate % &, EHEBEOEMITEIRD
Lhiyv. L»L, AMP &gz L, —
%, IMP o&RsMEFERNC, & hicke

M
Dicons
7.0

6.0F
5.0
4.0F
3.0
2.0f

1.o-

/
/

ST B DERIBE S hie (Fig. 8).

T BOERR X ERESE & LT, ATPase,
adenylate kinase, AMP deaminase DOFFEFELZ R
LTv5.

3. [ERER T 3 EARERIOZE
a. Intact muscle % Hv-E4&

BEEEH GRESRR) Of 4 OREOHIK

¢ intact muscle ¥ —ERE, LHE L %,

« amount of ATP-
2 amount of AMP

1

. L
o 30 60 90

Fig. 7.

L L s L
120 150 180 210 240
time in min

Conversion of ATP to IMP in media surroundng intact muscles. Initial concentra-

tion of ATP was about 3mM in Ringer solution.

HM/10mg
8.0
70}
6.0}
sof
a0}

Nucleotides produced

- 80} (a)

o—o amount of ATP

A--A amount of ATP : treated by HCIO4sol. (both sides)

e—e amount of ADP

e---6 amount ot ADP : freated by HCIO4sol. {both sides)

A : Conversionof ATP to ADP, AMP and IMP in toad sarcolemma. After treatment

Fig. 8.

HM/I0mg
80|
701
60
50
40+
30

Nucleotide produced

00 . , L
O~_30 60 90 120 150 180
F A time in min

AMP decreased

-s0f (8

amount of AMP .
&--A amount of AMP : treated by HClO4s0l. (both sides)
&—a amount of IMP .
@---5 amount of [MP : treated by HCIO4 30l (both sides)

in the dil. HCIO, solution for 10sec at room temperature, the obtained sarcolemma was
incubated in the ATP-added Ringer solution, and compared with control material. B :
Conversion of AMP to IMP in toad sarcolemma. Sarcolemma treated by the same way as
in A, was incubated in the AMP-added Ringer solution.
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ATP #hn Ringer %% \C incubate L,
R ICERE S PIE LcER (Fig 9), K
BT, AEBESECLOTIE, —RICE

O Control
M X 0.00I N HCiO4
/[00,"g ® 0.0I0N HCIO4
B 0.100N HCIO,
6.00r A |.O0OON HCI04
500
z
T 4.00r NG
v &
g . Y Tt Y
e 1&\
x 3.00r W~ X
. *\\
\_\.\‘
2.00 - ~-
.00
L1 I 1 L I 1
0] | 2 3 4 5 min.

Treatment Time with Perchloric Acid

Fig. 9.  Released Pi in media surrounding in-
tact muscles. Intact muscles were incubated in
ATP-added Ringer solution for 30 min after treat-
ment with HCIO, solution in various concentrations
and periods. Produced inorganic phosphate was
analyzed.

HM/10mg
50+t
40Ff
30+
20+
1ot /.- .-

00 . . A ——

30 60 90 120 150 180
time in min

Nucleotides produced

-10}
'2,0'
_30t
-aol
-50}
_so}
-70t

ATP decreased

(A) °

o—o amount of ATP

X%---% amount of ATP : treated by HCIOasol. (out side)

o—e amount of ADP

o--- omount of ADP :treated by HCiO4sol (out side)

Fig. 10.

BEOARNEA Lc. BRECKESIT LK
> T, BERTEEOKTIBES hie.

DX 5 AN, BASEEERLE sarco-
plasmic reticulum % 72 E5BR b FREOER
TH 5 Z L N Ikemoto®) Bz X -~ THE S
w5,

b. Sarcolemma % i\ =&

AL U7z sarcolemma % EMEEELYAHK (0.05
N) iz 1070/, AU L (Pl o L), ATP 7z
500z AMP #in Ringer #% % T incubate
L, #EE:Egic sampling L7z, % O medium
o> nucleotides DEEEIT2 -7z (Fig. 8).
TORCIREN B X 5 I, HLDICHERERE
HOBETIE £ & N e, > FIFEMILED
sarcolemma ZEHH U 7z. Thbb, VB
BHAG % mincing U7z, BHEEZRERAWK (0.05
N) iz, 10%fH, WL, RROFEICEL T,
sarcolemma % EF#l L 7-. Z ¢ sarcolemma %
v, ATP 7 b 0tic AMP 300 Ringer #%
BT, TR EEEBET S & (Fig.
10), BEFABLEICH # L T, ATPase, AMP
deaminase {EHEDKTRP 500 TH D L2
9.

»M/I0mg
sof
40
30t
20+
10
00 + L 4 1 1

L N

30 60 90 120 150 180
ERE AN time in min:
-20¢t

~30
-40+t
-50r
~6.0 |

Nucleotide produced

AMP decreased

(B)

A—a amount of AMP
A---A amount of AMP : treated by HCIO4sol. {out side)
®—a amount of }MP
m---s amount of IMP : treated by HCIO4sol. (out side)

A : Conversion of ATP to ADP, AMP and IMP in toad sarcolemma. After

fragments of minced skeletal muscles were treated in the HCIO, solution for 10sec, sar-
colemma was obtained through the process explained in Fig. 1. It was incubated in the
ATP-added Ringer solution and compared with its control. B : Conversion of AMP to IMP
in toad sarcolemma. Sarcolemma obtained as well as in A, was incubated in the AMP-

added Ringer solution.
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4. Sarcoplasmic reticulum EE5ERDEER

Sarcolemma ! [F#%kic ATP #l Ringer %
JAwT incubate L, ZORERE R L
Fig. 11). # o FEE, sarcolemma P [FlEic,
ADP, AMP, IMP & &R »BlEE s h, BH
OERFROFLUMELZER T2 L &bz, 20fE

mM/L
1.0
o9or O ATP
® ADP
0.8 A AMP
W IMP
0.7
c 0.6
.2
€ 0.5 ¢
o3
Q
o
3 0.4r
0.3
0.2+
0.1 F
90 120
time in min
Fig. 11. Conversion of ATP to ADP, AMP

and IMP in fragments of toad sarcoplasmic reti-
culum. The fragments of sarcoplasmic reticulum
were incubated in the ATP-added Ringer solution.

Table 3. Comparison of sarcolemma with sar-
coplasmic reticulum for ATPase activity and Ca
uptake. Furthermore influence of oxalate on those
activities is shown

ATP ase Activity Ca Uptake
(released Pi)

MM/mg protein/2min AM/mg protein /2 min
I mM Oxalate I mM Oxalate
- + - +

Sarcolemma | 1.17x10°|1.44x10°|1.43x10°|1.01x10°

Sarcoplasmic
Reticulum

I.OOXIOO 8.70x10" |2.86x107|3.88x1 07

MIXIER 108 <, 1B, incubate #iziZ,
ATP @rh e Ri#mn IMP cifgs iz, I
B, B OBRABERER 840 pg/ml ThH 5.

5. Sarcolemma I3 X (% sarcoplasmic reti-
culum DEESEFEME L Ca uptake o Fhiig

523, ATPase 3EM:D il Gi, sarcolemma
1% sarcoplasmic reticulum 2T, FEFITE
W b AABIER X M7z (Table 3). %7z oxalate
(1mM) OF&EL2H» 5 &, BIECEROETH
B v 8, 8 T3 ATPase JEHEN DK
ToEmzZRLTwS. ©&ic, Ca uptake
EBTIREE R b T2ic Ca uptake 234 5
7. L» L, oxalate iz T Ca uptake |z

BOERXARIT DR E D - . Zhicxl
T, #%F o Ca uptake X3{H » #72,000 £ T
oxalate iz 5 &, SO CHMOEAMERL
7z.

V. BT BER

ATP yin Ringer ¥ % B\ C, intact muscle
% incubate U7 TIX, Fig. 7 xR Lk
5iz, ATP ot AMP OAeRSBESN
7z. L2 L, C. R. DunkleyD &0 Bk T i
AMP Ly sbiemyfsh, 280 IMP o4
REBE LTS, Z0RIEREREY L,
ElicEz bhdZ Lk, EREBWOREEICL
IREBRROERTH S, Thbb, FEEOH
Wi EiWix Bufo vulgaris japonicus ThH Y,
C. R. DunkleyD & o fi v 28#n% Rana
pipiens schreber ThHB. T OWERITITESE
ERELT, 2&¥ 0 X ) nEREREZ T
5. ¥ bbb, Rana catesbiana @ intact
muscle Z AMP &0 Ringer &% v T
incubate 3% &, 7Y OBOEREDEAEN
BERahi (Fig 12).

w2122 BB T L 1, sarcolemma %
W= EE ¢, ATP-ADP—-AMP—IMP % %
Wit AMP—IMP iR & i &k 5 3 fRiER %
T, IMP 84 &h 3 (Fig 8). Z0HEL
Y AMP deaminase {% sarcolemma Pyfil iz @
HEDOTEENRD B LERBLTVSE. 20
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REMERTIENRT, BAEHAITH S 005N
HCIO, ¥%5#5% F\~, sarcolemma D4}k N
AR E NI L, £ OBEREMED active site ©
THER g U7 (Table 4), 31z, AMP
deaminase IENRNCTEET %5 &L bR 5.
Ebi, BSMilo HCO, FIRIC X 3 ERFRHIL
#H (10B[E) oBATH, PR VEEOETRS
BEshaz b bEEEIP VTS L
Zzbnh B, ¥2ikk, ATPase JEMIIIENS
BWRCHEET 3 E2 605, %k, BEROE
B v HCIO, Bk EEZ 28 1L T
IR U723 B Tk, AMP deaminase ¥&41x
Fh EFIGE R, & Lizas, ATPase 3
control [z Fb_THI50% DiEME M LT\ 5.
X bz Fig. 9 G;r& N3 X 5z, intact muscle
#F HCIO, sz v ¢, L+ % &,
ATPase {E:0EANHHEENS. ZhbHDE
2 ¥ v sarcolemma JMAjo> ATPase X3Ljeh
CBEbhTwaeE L b 5. LEOERX
Y, sarcolemma DEEFZERIT OV TIY, ATPase,
adenylate kinase, AMP deaminase D7F7E% Fl
BTdLebic, ThbEBESED active site O
T 2T, ATPase &3 g4 Mallc AMP
deaminase JEIEIENRICTFET 5 LEx b
5. JEEESE D active site I3 558k L LT,
D. S. Beattie?¥ i3 rat liver mitochondoria %
digitonin 4Lz & - T, outer limiting mem-
brane ORIFE ETEMSIC X > THRL,
P OEBEREEZ B LT v 5. E7z, M.
S. Jones®™ 23 swelling-shrinking-sonication
method # B\, rat liver mitochondria g3
TEMED active site ZHFZEL T v 5. ZOfuc
b, &I SRR o WT, BTEMEE
I X BBEDRER, ATPase FEMH AP
CHEETS L@E LTS, 4%, Zhbok
BEHEE LT, JEEEFE D active site 0 FTEMEIC
DV, S HIEREED. EOBERRIC
B LT, D. L. McCollester® &% rat Fikf @
sarcolemma % i\ 7= EEiIc L v, ATPase n7fF
EERBLTCS., LiL, BEREERORE
F, TENLERERLTYS, ¥, I

pM/IOmg

6.0

5.0

40

30r

1 L Il L 1 1

(o] 10 20 30 40 50 60

0.0

time in min

Fig. 12. Released Pi in media surrounding
intact muscles. Intact muscle of Rana catesbiana
was incubated in the ATP-added Ringer solution
and inorganic phosphate was produced. In toad,
however, it could not be produced.

Table 4. Conversion of ATP or AMP to IMP.
A, B and their control were incubated in the
ATP-added solution or the AMP-added. ATP or
AMP was poured in those three sarcolemmal
materials, which brought to reduce their nucleotides
and produced IMP. The values of the above split—
nucleotides and produced IMP in A and B mate-
rials were expressed in percent against the values
in control. A : Sarcolemma (out side treated by
0.05 N HClO, solution), B : Sarcolemma (out and
inner sides treated by 0.05 N HClO, solution)

CONVERTION OF ATP TO IMP CONVERTION OF ANP TO IMP

JATP CONSUMPTION| PRODUCED IMP | AMP CONSUMPTION| PRODUCED IMP
INCUBATION TIME

(i A P w| “e] Bl Ao Be| Ao P
30 | 97.0[39.6|00.0 455 58.7 | 20.4 [ 00.0 | 00.0
60 117.0 {600 | 00.0 | 72.8 | 52.2 | 20.7 | 00.0 [ 00.0
120 76.0 | 65.5 | 00.0 | 41.7 | 441 [ 17.1 | 185 12.1
180 81.7 {62.5 857 |35.749.226.3|196]|125

J. Heffron® 5% Rana Temporaria &B#ES
sarcolemma # V7= ERIC L v, BFEESR
DHEROFHEETEL TS, ZORETHE
#2347 72 -7z sarcolemma ¢ O, consumption
DERRFERE B LTS (RER).

Xz, sarcolemma } sarcoplasmic reti-
culum DEEFRL HNIC Ca uptake % HlzL
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THB L, ATPase ZH.0E LIcEESER CidFh
CEMO BN ET L, EHEO T, Al
Fi W, BEREHCHCEERLTOS,
Ca uptake ¥ ATPase {4 Ll £ 2, BiE
T, BERELIBVEERLTCS. &
N OHOMEE, FE OATENBEICHEYE b
D, HiEREE, BERlEEE Ca ofifit zh
En, roBREEELHROE, RO T
3 5%EE L v X 5. Sarcolemma o Ca uptake
LT, K Hotta bid A v ¥ ¥&fvic
EBRIC LB &, ATP oFEiCHD bF, TER

EEREZHLEL TS, L L, K Koketsu®.

bit Bull-frogh i EEkic X v, Ca uptake
BELTCS. Sbic Na, 20t KOWR
fic X v, Ca uptake 23R+ 5 & bBIEL
v 5. %, isolated frog sartorius muscle
(K. Koketsu®” &) # v, K, Ca JEEOEAL,
% 5\ % cocaine, EDTA %ML T, Cats
) release ®ET 5 2 LT X - T, sarcolemma
0 Ca AR L OB BMEDOLLERIEL T
wa. .
B4z, sarcolemma O#EMELHREIC L - T
REROEHE T b 5 RELEE LUIHERI,
J. M. Tobias® psEesRib iRy ik, BRAEEY
M B3 CIRETEMEOBERR LV E
2 72l 7 DAL & R —B L T
5. Eic, BEEAL, BHEMEORREHHT
ZwiTiE, A+ vORE—4H, & bICEE
WkrEz s hwe. T L Shaw?9), L. E.
Hokin®®) BBZEXETNVEE B L, THVF
~ERELT50R, BORBOHTSS. &
s F e g, ATPase {EME S RRANC
HEETHLELDND. L@b,%ﬁ@%%
i Xiug, BsMEic b ATPase 2 o B
EWSTFEET B L EL bhvs. Eic, EES
BT 5 carrier » ion OFEEMOEANTOE
BT, EEiCX - THHESNL TS5,
Daniell-Davson % %% J. D. Robertson® o
EEFAMCREND L) BRERCE DA
BoEE L 208K ERERE 2 R LT,
ion % carrier BHBEICHEETEHOTHAS

3 DEEREENE L £ ORERET 5EE

. ZHHDE L DOREE » b 2 kKEET IV

%, D. O. Rudin 580 5, BEMEHREY

B EIM) nzborkfERL, O, AELE
JBERBECHImLT, 44 Vg, e
HOBWEZ L T ATEZFR T2 L3 T
. & big, NLoREEE Fflic EIM
Mz T, MEEEM(LLEE, chymotrypsinic
I o>TET 3 &, EIM oRIMICH A5 &
kb5 L, BEEFIEC EIM JIETCR -
TLlEo7. 20X 57 R C. Bean b DEERR
I 0, EAES D RN b A KIRER
BB R R TR Ay e EIM 2SS L Cw
ZEEREBLTCYS. KT, £EEL, o
X5 hiEETH B0k, HCO, KBl
SERFRIALEIC BT B NI OBERIEM 0F LK
T, EIRESICIT B cholesterol nFAEIC
RUIEERR, BRIMUOHERESRIEEOTFE
&, B LR TLEEZES TH 5.

V. B #

M OBEBIS, EASMIOA F v DRy
—5545, ATP 053 fF% tEo T YR O Reghi%
SR EZ BEE, ThbOBEOHEHE & IREER
REOBENEZEL Srk 2. EE, S5
DB L » T, ATPase DFEMEEEH &
nTwva. & biz, C R DunkleyV &3 ATPase,
adenylate kinase, AMP deaminase & DEEFETE
PEAHRBOMIC T 2 L 2 EEL, ERE
FORERCHTREEERE L. 22T,
ZHE I BEEREEOREE OME, S 51K
sarcolemma } sarcoplasmic reticulum O##EE
HPEELWE R BRET L7z, 2 OfER, ROME EER
R E % 7.

1. Sarcolemma % FHHIL, ZDEZERITIX
ATPase, adenylate kinase, AMP deaminase &
M OFEAEE B LTe.

2. Intact muscle % v ¢, sarcolermna 4
{ilic ATPase 75 HONC adenylate kinase &

ﬁgmu LTC.

3. BAZHAIZ M v T, sarcolemma D4}
e boie, PAMUZLEL, BEROEBERE
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PEE B L 7z #55E, sarcolemma SMElOEERIE
PRI R TIKRL, %72, AMP deaminase
BRI OBTFET 5 & L 2T L.

4. Sarcoplasmic reticulum OEEFERIL sar-
colemma LIELILTH Y, Lid, FoEHEE
EhDTHE.

5. Sarcolemma } sarcoplasmic reticulum
@ ATPase % 2 Ca uptake % H@gd5 L,
BEEE CHE L, Kz Ca uptake 2B\
T, B TEWEEZR L.

6. LML LT, IREADPTHEREITR
o2 #ER Tk, phosphatidyl choline, phospha-
tidyl ethanolamine, triglyceride A3 K¥B453% L
W, cholesterol {ZHE®H T, BroEBEIH
TV oMM E 7 v & OFEEICOWT, &6
R RERETH 3. £k, ThHLOME
DEEAEIX sarcoplasmic reticulum (Z2>vT
b, FRERBROEENZ DT,

WO RS, KIAERE RS & O R
2o BB R EECESEM T 5 L & b
2, ERE BT, »5HWAHIEIFREEED R
7o REFIE—BhEAR, WML, RKAR=HL,
EHFENEL, SEREFITO> DE#HE L
7.
¥k, AMAOESL S EKESRL, H46E4:
B SRAT SO RIBMMEE, CEHEHEIR [H
B O AT PSRRI v THRERL
7.
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The use of *Cl and “C-inulin for the determination of
erythrocyte chloride concentration and trapped
plasma in the centrifuged hematocrit in the rat

Mamoru FUJIMOTO * anh Koh HIGAKI **

* Department of Physiology, Gifu University School of Medicine
** Department of Physiology, Kyoto Prefectural University of Medicine

Chloride ion has been known to distribute
both in the intra- and extra- cellular spaces
in any organ or tissue of the body, interacting
the cation- and anion-balance)2)3)9). The red
cell is one of the representative materials into
which CI~ ions can penetrate in exchange for
HCO;~ ions® in association with a change of
intracellular pH®. In order to know the exact
ratio of intra- and extra—cellular fluid volumes,
a number of attempts were made to measure,
directly or indirectly, the amount of trapped
plasma within the column of packed cells in
the centrifuged hematocrit tube?)®910)11)12),
There has been few report in which inulin is
used as an indicator for this purpose in spite
of the most useful indicator for the determina-
tion of extracellular fluid volume. Generally,
the endogenous cellular components (e. g.
hemoglobin, P, %*Fe) may not be used in
abnormal situations such as presence of massive
hemolysis. This paper is concerned with the
method of determination for the trapped plasma
and intracellular Cl concentration of red cells
by a simultaneous use of “C-inulin and 2%¢C]
in the rat.

Sixteen healthy male rats weighing 200~
250 g of wistar strain were used in this study.
After intraperitoneal administration of sodium
thiopental (25~30 mg/kg body wt), Na®*Cl was
injected into the femoral vein at a rate of 5
nc/kg. After allowing 2 hours for equilibrium,
about 4ml of blood was drawn from the
abdominal aorta into a heparinized syringe,
which was served for measurement of hema-
tocrit in duplicate, counting radioactivity with
a gasflow counter, and chemical analysis of
plasma for Cl with Cotlove's titrator!3). Hyper-
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chloremic acidosis was induced by intravenous
infusion of 0.3 N HCI (5mM/kg) in 5 rats and
additional 5 rats were infused with normal
saline as a control. In determination of the
plasma, *C-carboxyl inulin (in 1~ 2 gl) was
added to one part of blood (0.5 uc/ml) and
mixed gently. Then, the blood was centrifuged
at 3,000 rpm for 30 min with 15cm radius in
Wintrobe tube. After reading hematocrit, plasma
was separated from blood corpuscles. One-fifth
ml of sample (plasma or whole blood, both
1C-labeled and nonlabeled) was dried up on a
planchet under infra-red light and served for
radiological examination. Self-absorption coeffi-
cient was determined preliminarily and specific
activity of Cl was confirmed to be identical
between plasma and red cells. The trapped
plasma, (TP), and Cl concentration, [Cl], in the
red cell were calculated according to the follo-
wing equations ;

Cy ¢ inulin=Cy ¢ (inulin+Cl)—Cy » ¢,

Cp ¢ inulin=Cp « (inulin+Cl)—Cp » ¢,

TP (%)= _%WP—.' 1?1;11111:11 x 100—Pet

Ces o= Cw » c1X100—Cp « ¢y (Pet+TP)

Het—TP
(Clle =(Cl) » 287 o1
P®Cl

where C denotes radioactivity corrected for
self-absorption and back-ground ; suffix w, p
and c represent whole blood, plasma and red
cell, respectively ; and plasmacrit (Pct 9)=
100 —hematocrit (Het 9%).

Data obtained from normal 6 rats without
saline infusion are listed in Table 1. The mean
value for hematocrit is 46.9+1.89 and that of
trapped plasma is 1.79+0.09%with respect to
the whole blood volume : i. e. plasma is trapped
in packed red cell mass by 3.8% of hematocrit
value. This is in accordance with those obtained
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Table 1. Trapped plasma volume in centrifuged
hematocrit (3,000 rpm, 30 min, 1,500 g) in the rat

reliable since they calculated from the other
data which had been initially obtained to
estimate whole body Cl content. The error
correctable for the trapped plasma lies in the

[Clle [Cllc ~ i ,
Rat No g/d '10‘13 (@Bq/l  (mBg/l range f’f 1 .3 mEq/] less in the final con
%) (%) Plasma) Red cell) centration of intracellular Cl ion. Thus, the
I 12 o1 103 ) realization of test condition with respect to the
5 19 174 107 519 acid-base balance and of the exact procedure
3 47.8 1.88 105 50.4 for space technique are essential for the
4 485 1.65 109 53.0 validity in the determination of intracellular
5 45.0 1.70 108 514 components.
6 47.0 1.90 106 52.2
M 46.9 1.79 106 52.7 References
veD. 18 0.09 9 T 1) Higaki, K. & Fujimoto, M. (1969) J. Physiol.
Soc. Jap. 31, 164-172
Table 2. Cl Concentration of plasma and red cells in normal and acidotic rats.
Normal Acidotic
Clle (Clic [Cle [Clic
Het-+TP C/P-Cl , [ Het-+TP C/P-Cl
Rat No . 7 (mEq/l (mEq/1 Rat No . 7 (mEq/l (mEq/!
(%)  Ratio “plasma) Red cell) (%)  Ratio “plagma) Red cell)
1 47.7 520 106 50.6 1 53.0 489 109 53.3
2 45.2 494 103 50.9 2 45.0 495 109 54.0
3 47.5 493 107 52.8 3 43.5 475 114 54.2
4 434 AT72 105 49.6 4 39.0 523 115 60.1
5 44.6 503 108 54.3 5 42.6 .506 111 56.2
Mean 45.7 496 106 51.6 Mean 44.6 498 112 55.5
+S. D. 1.7 016 2 1.7 +S. D. 4.6 .016 3 2.5

by dye dilution method and other isotope
technique®®1OIDI2), The above data were
derived from the centrifugation at 1,500 g that
is used most commonly in practice. Jackson and
Nutt!$) pointed out that the trapped plasma
volume becomes negligible by increasing the
centrifugal force up to 4,000 g. This was also
observed in our experiment in which a high
speed centrifuge with 9,000~11,000 g was used.

Effect of metabolic acidosis induced by HCI
infusion on the exchangeable Cl concentration
in red cells are shown in Table 2. The mean
(Cl)c is 51.6+1.7mEq/l and 55.5+2.5 mEq/l
for normal rats and rats with hyperchloremic
acidosis, respectively. The data indicate that
(Cllc is increased by hyperchloremic acidosis
to approximately the same extent as extra-
cellular Cl concentration. Cotlove and Hogben!®
described 55~64 mEq/kg red cell mass for the
total Cl concentration in circulating red cells
of mammals (rat and dog), but these are less

2) Yoshimura, H. (1965) Proc. 23rd Int. Congr.
Physiol. Sci. Ser. No. 87 189-206
3) Otsuki, Y. (1963) J. Physiol. Soc. Jap. 25, 176-184
4) Schwartz, W. B. (1966) Proc. 3rd Int. Congr.
Nephrol. Vol. 1, 148-157
5) Jacobs, M. H. (1962) Circulation 26, 1013-1021
6) Fujimoto, M. (1970) J. Physiol. Soc. Jap. 82, 247-
248
7) Armstrong, W. D., Singer, L. & Dunshee, B. R,
(1952) Proc. Soc. Exptl. Biol. Med. 80, 630-642
8) Vasquez, O. N., Newerly, K., Yalow, R. S. & Ber-
son, S. A. (1952) J. Lab. Clin. Med. 39, 595-604
9) Ebaugh, F. G. Jr., Levine, P. and Emerson, C.
P. (1955) J. Lab. Clin. Med. 46, 409-415
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B. (1954) Proc. Soc. Exptl. Biol. Med. 85, 172-174
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R. (1954) Proc. Soc. Exptl. Biol. Med. 87, 81-85
12) Huang, K. C. & Bondurant, J. H. (1956) Am. J.
Physiol. 185, 411-445
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(1958) J. Lab. and Clin. Med. 51, 461-468
14) Jakson, D. M. & Nutt, M. E. (1951) J. Physiol.
115, 196-205
15) Cotlove, E. & Hogben, C. A. M. (1962) Iz : Mineral
Metabolism by Comar and Bronner, 2B 109-173



(J. Physiol. Soc. Japan (1970) 32, 331-332)

A possible role of olfactory lobe of goldfish in visual
discrimination performance

Eiichi IWAI, Susumu SAITO and Torao HASHIMOTO *

Department of Physiology Fukushima Medical College, Fukushima

Many studies2) have indicated that removal
of the olfactory lobe in fish does not produce
impairment of visual discrimination learning.
In fact, it has been assumed that the olfactory
lobe of fish involves a purely olfactory function.
Recently, a small number of investigators3)4d,
however, have reported that olfactory lesion
results in visual disturbance, although the nature
of underlying visual disorder still remains
unclear. In view of possible characteristics
involved in the testing procedures employed in
the previous experiments, including both the
studies with the positive and with the negative
result, we have assumed than the olfactory lobe
in fish might be involved in much of an
inhibitory mechanism rather that in visual
learning mechanism, per se. The present study
attempts to identify the above possibility. For
this purpose, goldfish with olfactory lesions
were studied for retention of a simple color
discrimination in two different kinds of testing
situations ; one group being performed by “go-
left, go-right” testing procedure, and the other
in “go, no-go” testing. Because, apart from
“discrimination, in itself,” implied in either
testing, it may be interpreted or proposed that
a well-established performance in “go, no-go”
testing situation is implicated in a stronger
inhibitory processes further than that in “go-
left, go-right” testing does, so far as one and
the same discriminanda are employed for each
testing.

The testing was performed in an individual
light-blue plastic tank, 29.0x24.5x11.5 cm. In
either testing, discrimination was between a
yellow and a red rectangle, 1.5x 12.5 cm. The
yellow rectangle was the positive cue and
response to it by tapping with the mouth was
rewarded with one or two pieces of small

* AFHK—, WE &, BRES  BRER
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worms. While, the red rectangle of the same
size was the negative cue, and selection of it
was neither rewarded nor punished. A given
goldfish (about 10 to 15 cm in length) was tested
by one of two different types of testing pro-
cedures mentioned above. In “go-left, go-
right” testing, these two discriminanda were
presented simultaneously 8.5cm apart, and
response to the yellow was scored correct. In
“g0, no-go” testing, on the other hand, the
discriminanda were presented successively, one
or the other in accordance with a pseudo-
random sequence, and response to the yellow
rectangle (rewarded) and no response to the
red rectangle (unrewarded) were scored correct.
In either testing, discrimination was performed
for 10 trials a day until the fish attained the
criterion of 45 or more correct responses in
50 trials. Soon after establishing the criterion,
the fish were operated under urethane anes-
thesia. Following a recovery period of about 5
to 10 days, the subjects were retested until the
same criterion was reestablished.

In “go-left, go-right” testing situation, none
of fish with lesions of the olfactory lobe did
show a significant impairment relative to the
unoperated control fish. In “go, no-go” testing,
on the other hand, the results obtained were
inconsistent, with some operated fish exhibiting
almost no impairment relative to the unoperated
controls, and the others showing a marked
visual deficit. This difference appeared to be
quite distinguishable. In fact, the examination
of the extent and locus of the olfactory lobe
lesions revealed that only the fish which had
bilateral damage extending into the posterior
portion of the olfactory lobe had a significant
impairment, while the fish in which even the
unilateral posterior portion remained intact
were not significantly affected (Fig. 1). Further-
more, it was found that, although the fish with
the lesions of the posterior olfactory lobe could
not relearn the visual task in “go, no-go”
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Fig. 1. Group mean scores of visual discrimina-

" tion relearning, as studied in “go, no-go” testing
situation. Groups were divided on the basis of
extent and locus of olfactory lobe lesions : Posterior
group had bilateral damage extending into posterior
portion of olfactory lobe, while anterior group
remained the posterior area intact. Black bars and
open circles indicate group mean trials and errors,
respectively. (F) denotes failure to relearn after
500 retraining trials. N ; number of subjects in
each group.

testing, while one and the same fish could
easily relearn that task in “go-left, go-right”
testing situation.

From these results, it may be concluded that

the posterior portion of the olfactory lobe, not
the entire lobe, serves an inhibitory function
for visual performance, but that it is not
involved in visual discrimination learning, per
se. Damage to this area might conceivably
result in disinhibition, and thus the fish with
damage to this area responded to both the
positive and the negative cue. Our recent
electrophysiological finding seems to support
this conclusion inferred from the above be-
havioral study ; an electrical conditioning sti-
mulus of the posteroventral portion within the
olfactory lobe significantly suppressed visual
evoked responses recorded in the tectum which
were induced by a test stimulus of the con-
tralateral optic disk, Whereas, conditioning
stimulations of any parts within the olfactory
lobe other than the posteroventral portion were
ineffective at all.
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Gas-blow and medium-flow method for stable recording
of electrical activities in the sliced mammalian cerebral
tissue n vitro

Takanori FUJII, Satoshi KUBO and Yoshihiko IWASE *

Department of Physiciogy, Kyoto Prefectural University of Medicine, Kyoto

Sliced mammalian brain tissues have been
widely used in studies on the cerebral meta-
bolism in wvitroD2. Electrical activities in
isolated brain tissue were first recorded in the
slice of prepiriform cortex by using the incuba-
tion method in which the brain slice was laid
on a nylon mesh immersed in the medium
(Krebs-Ringer solution) saturated with 959, O,
and 59, CO, gas mixtured). This method,
however, was not appropriate for stable record-
ing of electrical response for a long period.
This resulted from the inconstancy of the
short-circuiting effect of the medium, and also
from the change in the rate of oxygen supply
to the slice as the amount of medium covering
the brain slice was not stationary throughout
the experimental course.

The present report deals with a device which
was improved in order to eliminate the troubles
mentioned above, tentatively named gas-blow
and medium-flow method. Brain slices from
prepiriform cortex of guinea pigs, about 600 sz
in thickness, including lateral olfactory tract
and olfactory tubercle were prepared by the
technique of Yamamoto and Mecllwain®. Im-
mediately after isolation, the brain slice was
placed on the nylon mesh spread in the middle
of a glass funnel, where the nylon mesh was
soaked just previously with the medium. The
medium immersing the slice was drained away
through the stem of the glass funnel (Fig. 1 A).
Then the slice was covered with a thin film
of the medium flowing continuously from one
side through a thin polyethylene tube at the
rate of 0.5 ml/min. The medium given to the
slice flowed along cotton filaments placed on
the slice very sparsely and sucked out from
the other side through a pipette connected to
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the filter pump. This procedure kept constant
the flow rate of the medium’ surrounding the
slice, while 959, O, and 5 ¢, CO, gas mixture
was blown up gently from the funnel stem
towards the slice. The glass funnel was warmed
in the water bath kept at 37°C. Gas-blowing
and medium-flowing was continued for 45
minutes without any other treatment to obtain
the recovery of the slice from the damage due
to incision or metabolic disturbance.

Bipolar stimulating electrode was placed on
a frontal part of the lateral olfactory tract
(LOT), while the recording electrode was placed
on the olfactory tubercle of the sliced prepiri-
form cortex (Fig. 1B). A typical response
induced by a single stimulus is composed of
three components : initial spike (IS), negative
potential (N), and positive potential (P) as shown
in Fig. 1C. IS is a negative potential of short
duration (about 1 msec), N is the most prominent
negative potential of long duration (about 20
msec), and P is a positive potential of low
amplitude and longer duration (150~300 msec)
directly continuing from negative potential.
The relationship between the gas flow rate
and the amplitude of the negative potential is
presented in Fig. 1D. The negative potential
held a constant and maximum amplitude, even
when the rate of oxygen supply was decreased
down to 100ml/min from the initial 150
ml/min. However, at less than 100 ml/min,
the potential gradually reduced in amplitude
corresponding to the decreasing rate. Flowing
of the gas mixture, therefore, was fixed at the
rate of 150 ml/min in the following experiment.
Next it was studied how long the brain slice
responded to a long period of repetitive stimuli
of 0.5Hz. For the first 45 minutes after setting
the slice on the device, the negative potential
of each response was low and increased
gradually in amplitude, probably suggesting
recovery from damages due to the incision.
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A : Principal part of the revised equipment to record electrical responses from

sliced brain tissue. The medium and oxygen gas were continuously supplied to the slice. B
and C : Electrode assembly on the slice from the right prepiriform cortex and an example
of the evoked response, respectively. Abbreviations are in the text. D : Relation between the
amplitude of the negative potential and the flowing rate of 95% O; and 5% CO, gas
mixture. E : A graph showing stability in the negative potential. 0.5Hz repetitive stimuli
were given for six hours. Amplitudes are expressed as a percentage of the average of ten
responses at 90 minutes after setting the slice. Vertical bars represent ranges of amplitude
in ten responses at each time, while black circles are averages in the ten responses.

Then the negative potential reached a maximum
and stable amplitude after about 45 minutes
and maintained its value for six hours or more
(Fig. 1E). The range of variation of amplitude
was within + 4 9 after reaching the maximum
value. These results suggest that oxygen gas
might dissolve physically into the medium
flowing along the brain slice and then the gas
flowing around the tissue plays an important
role in keeping the slice alive. Besides, it was
possible to record the evoked response from
thick brain slice over 600y in this gas-blow
and medium-flow method, although the res-

ponse was barely recorded in the preparation
over 400z in thickness by the incubation
method?.
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1. [& ATP-ase & gk

B : BRAI4542 3 A31H 4745 1:30-5: 30
B ¢ AR Rk
BE ik 2

HRERHMARES e LERE B B 4

1. FRE DR

WEBR O T, BB BHE VS KB
Wit bEEH ST v 7z, Ussing (1952) o s
BRI D LD ERSE TR, VMEWEEKD
BEoBRCEALCIORBBEIRG . L
UEZ DD DI>WTHRBIEE » BT,
BTED X5 mB SRR T S b Tw b5
BHEL LT, BELABLTHRL L HARET
H%5 (£ 1). Brown (1966) i X % BEBhimE D
EETD, RTRTBEBOFEEL VS - L2384
FENRTWS.

BETHHRE DM O B IB iR O 21T, e
OPRIL o HEREOMIE A ESS X h 4. Pardee
(1969) iz Lichs» THR SEFIFITIIE (@) #ili
EWHE (EH) OREERREL v LS, b) &
PN C OB DI, (o) fd Ui LB o
(d) a DRIB~DOEHDOETT, (6) =31 ¥ —ftfa
LOIBE T H B, BEFWMIAETO Nat
& K" OREBi% TId, Na*, K*-ATPase 23, )
LO&RER S —F B LB ANELTH S
L5Bbhd. coz iz oEOMRIE
2DEME, FHESZI5L TV 5, KEs
NWEeBNBLEMEMRCDILTVE. ZOEED
MR OREE, FILOMNS, 7 ftbod> ATPase H34E
BRI ST AR R Kt oW CH C .

2. Na*, K*~ATPase OFH +EES1F

Na*, K* DREBMEHERE & Uik S0E A
W2 Hokin o phosphatidic acid cycle 75—k
BOWIZER Shicss, 53T OHOM S 1Mo
S, TR EWTLT Nat, K~ATPase 23585,
i (Skou, 1957), 7 r~ X7 v XN TE.

Skou VIBANDWEME & U Claied # = Maia
DIREEIZRALH, T hid, % T Nat #

* 1.

1) EHEWREOER
a. RMfareR (phagocytosis. E¥ & b

z %)

b. SKHBIZIER (pynocytosis. WD & b
Tz %)

2) i (R R K WEKD “transmembra-
nosis”)

i. fB{K (carrier) & #54 L T D%
a. BOFOEK @R, HE s vy
binding protein)
b. &S5 FDHEEK #ED kinetics 5 L
BN THWT, ElZE v EBbh3)
ii. JEiZi# (transmembranosis)
a. BEFOA4Y (EED /N 238
LT?)

b. HIEE"WE (lipophile) (EolsE/E%
BLT?)

VTR T B S WO it —FEBRFE T <
BEDA #OEAMRECTH - 72 ¢ & LEHERD
. ik, Mg* Dbic Na*t & KY 2Rz L
b —EECTEK+2% ATPase 7EMHZ23ED,
Zhps, Nat & K OWA 4 v OrsHiseghis
BERTIRS DTRAVHERE L. Z0Exi
IhiE Nat & K* 13 ATP KED7z o OiE#:
b4 AV ThH D LERNT, FOKBRLF—iT
X0, (LEZEO» D) ABEOBE & v 5 2Ll
ZOTLRHREEBETIS B L VI EOMKS
boTELRS.

L& L Skou O WieDIE 3 7 v vV — AE &
DT, BESIVEBECREST 5 & OFEERXRIG
TWwiz. %7c intact OFF U7 & IIAE S hT
WEDT, 44 VEREREFLLE. 7275 Nat
& K* @ synergeticity D35>, w731 v psEE
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HERPERECTOEE TS &5, XL 0N
BEOX FBL TV,

Post (1960) 13771k TD Na*, K¥-ATPase
TEREE LT, MEOMHEROIE 2 /i L
o Fhbby oS4 v OEMERE (Ki), K
2 Na* ORRHERE (Km), K* % NH Cft
BELS55z 280, kL FRRG L OFE T
BLTWSEZ L%, BAFTEHLURER LK.

BT L OB T3 Nat K*-ATP-
ase {EME & Nat PEHURE O e AIBR S Hhviz.
ZLRHFMER TR b, vHFSHE AN O
Na*, K* £ A VHRDOBVHD > b %, 2=
HD X5 CARDOEVDDOETHRDOKRE I LE
COMREERTTIH LTS,

WA MO T CHRIERAED A F v EHFE2E
25z Lk Y, ETO in situ OEEEDA F
VAR YNSRI OS D & DERD
bhiz.

3. Na*, K*-ATPase D5l

RS B — g1, Mg ™ oBic X % ATPase
FEMESSETE L (Mg*+—ATPase, “J5fF ATPase”),
Nat ¢ K'Y pHizcchz—BEEitss o o,
F11xE8ED Nat, K*-ATPase &5 E&EKRD

LDOPTOEFRBD o7, RERFT LYV
JeEI X VI SHEALICIERT 5 L DERDRS
iz, RESROIRET > & Nal B Al
Z 1 (1963), fhopthiz bEA L T (1965, £ 2),
BESINBCEET AERETHDLRRLE.
WEMEdH 5 Na*, K'-ATPase TiIfg B P hERD
LLTEENTIRWSD, eV VIFEORE,
R & % Mg*t*-ATPase & DB E7-FH
BN E gaiav:, Nal QBEUMES CIEERD 2 2 ».
FEREMEERERE D 2 TWT, ZhEZD
BROKRETH B0, EIiEROEMYEEHE
X BOPToEERBBNATWS. BE, BN
TEFEYERAER & D T X D 1000 ¢ moles
Pi/mg protein/hr 2 £ T OEH WV G OHE M
»% (Skou, 1969). FREDH T ALMT, T
HfiE e LCRBEN EoE®REZ LTS .
AT onT, 10 a~e OFKBERMLE TS
X5 KSR DILAHAREMY, —EE LT
BHEELSS. LHLZOBETRLDX S K
ERBEEFRVE S5 THY, Nat, K-ATPasel
P LEAME DD TH DL LTH, —CRECH
Conlz LEHDOEKRE LTESREDODI K

>

B5.

x= 2. Purification data of the ATPase from several tissues of the rabbit

Specific activity in the

presence of

Tissue

Recovery of
/—/\—ﬂ

Mg Mg—l—l\-l\a—l—K Activity Protein
(# mole Pi/mg protein/hr) (per cent)
Brain Microsome * 15.0 48.5 (100) (100)
Enzyme 0.0 168 60 16
Microsome * 18.0 63.5 (100) (100)
Enzyme 74 208 69 21
Kidney Microsome * 20.0 53.0 (100) (100)
Enzyme 11.0 178 60 16
Intestine Homogenate 2.9 2.9 (100) (100)
Enzyme 7.1 31 12 1.1
Stomach Homogenate 1.0 1.0 (100) (100)
Enzyme 3.7 14.0 18 1.3
Heart ** Homogenate — — — —
Enzyme 114 59.7 — —
* Washed microsome  ** Rat heart

Each tissue was homogenized in 10 volumes of cold 0.32 M sucrose solution containing
5mM EDTA at pH 7.4. Microsomes were prepared from the tissue homogenates as
described by Schwartz et al. (1962).
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4. Na* & K* Ok

ZOFEFETO Nat & K OB EE 55
AT, TOEABMNOBEIEERZ L THS.
L LEROIERBRWE SRS 50T, &k
BIOCMXCEZEREKRT S Nat & K LofEs
DHERETHORLFALY. BES (1968)
W pH 2% x CiEMREIET 5 EB» 5, Nat i
HHE K e pK 22+ 5k R R
Bli. 7222 pH6 DITFTi KY & iz &
D, BETED5PHEELEELESZ LN, Th
tkz @ pH T3 Nat B RETcH LD
KEBTRK 0L THLER{LIhS (“HY, K-
ATPase”) &\ 5 RRBARETH 5.

Na* & K¥ zowTo Hill-plot 13 n>1 ¢
»HY, 4% allosteric effector Py 3%
Elez O oA A vieid s pK ERIEE T X
- TET 55 & (RS, X1, 1969), #En
BECHH EE2TRBLTNVS.

5. U vERbrhR &

BERWX ATP okifiEm= 3L ¥~ Y VR B
- T, Nat {kfFEic Y vERbXh, K* k-
ALY vERb XS . Y VERDERIX T VL
Y VEROMEE b0z & AR I (BEF451965,
Hokin 1965, Post et al. 1966). %z C—&D K&
BRIIRD X 5 IKiRE SRz,

Nat K*
E+ATP—EP—>E-+Pi

LR EP 2 vEHLENIBER AT . BR
% ATP® ¢35~ SDS CliA{t, ¥ /L@
XD EP® g4 T H5E—~DE~7%2552 L5
TED. ZOY~ 7 STFRMBOFITHEYEL, £
LGAHT, B/ r< b X D A—RBrEEET
50 b, BH—DH5FHEKTHS (BB, 1968,
X 2) Lo ULEaEOEERBBI S LA LD
EP), EP; @ 2 BEBEN S, chidg vy
@ conformation DZE(LICHET S DD LRI
ha.

ik, REWEERTHEY 731 voiE
TETRERY VEILX 5 ) VB DR Z 52 L5
HEIh T3 (Albers 1968, Post 1969, ik
1969).

Ou
E+Pi2—EP22,
ZDEP % ATP » 4RI 5dDL E-72<

B2 35 1 23 5710 20 4

c'gSNCN}er) *
1. Na*, K* jgEicowTo Hill-plot. A0
EifE: K*=14mM (—&) ©Na*t 2%k, £F
D 4A1% Nat=140mM (—%) © K* 2%k, ¥
I LSRR Vv ORE.

Iaxlo’cpm

°'i7 / \ Iaxlo’cpm
BM \N,//’:/h "\\\\w
. ~ \ b

w25 50 7 100 125 150
Fraction number

X 2. V vE bRk (EP32) o 7 LiFg. Se-
pharose 4B . EAREZw<t. THIX. B
¥~7 a, b, c DEHHOHE/ <. B, D, it
void volume ODFLE. ¥ — 7 O¥FIi: Kav. B/
R MRAFOY — 71k, BRSHETE U 7o Pi%
CE5dho.

[{l—/xoT, =% L¥—1, Zv-7@ confor-
mation A L CHEIESPWHET H D, FE
BZEDTNVS.
6. [E#51% L ATPase
i. Na*, K*-ATPase \3E)ip#0lac vk —i%
HI72H3, FEYD & IREH DITEE LG TRV &
B, zoBREgmELoT W EICERE b
DHDRDOPH LILiE.
. o b0 s LTEREDOR S 4 v
(HCO;™ %) #&itk{t. ATPase, ffify, fd¥ciz—
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BHEOLOH FF Vv CRE XIS ATPase 25

ShTnbd

i, Na*, K*-ATPase 0 “UEIL” ORHS
#E ST (Glynn). WHHELOFHT K

PBECERECL, Natow: dEEECTS L
ADP+Pi—ATP BT 5 E WS . e LRI

P2 Dk yHATHEINTHT, BACHEN

TRV

iv. L ~ULTi: Nat, K*—ATPase 1%,
EEZ L > co-transport TIEAT S Nat OEH
RUEHBE LToElziEs o & Bbhb.
Na*, K*~ATPase D—F5 DA A v ZDdH O Ml
WRCBEPb>T (o x1E¥7 3 /E) Na*,
x-ATPase » U C{ERATHWREMI, A%< ED
—RCIIRD LRV E S THD.

2. WEDCETIHMHEOEER
——-b?«dl# Py )y— éﬂ@uttft———

E%ﬂklof FENLRBRNTWEOLY T
BB ORIGE, ARBECERRBREL LT,
o DEMBFOBEER—~FHE L TE k.
HEEREEME LTHRECEWDh Ty 5 5 DI
VI, RIMBRSEEMERSY, Elo, 1 —RA MR
KBEREBSEAI N TV 5. FEOFMIRK
JSAH & F O RENE, 7o& 213 carrier model,
permeaSe model, transporteur model 7 T HAFE
EhTHY, FOVWTHICRE VT, SCAREER
EmWis, >, turnover capability %ﬁ“g“%ﬁﬁﬁ%
EHOFERZIEHRL TWHYD,

;hB@%er%wr FHBEFER ST

, “UIE DRI b - 7B H-carrier” DL
im%%% b5 i, BREENREO—
ORIERF > z L wiss 5 . AR, i
CEF5, FOL5 NEHEEEL L OBHORER

¢

Out |Membrane in

Facilitated

Diffusion S ¢ S
Active

Transport S ¢ S

>— Energy

Group o

Translocation 5 @ . S P

[ 1.. Transport system.
S : Solute, C : Carrier, ~P : P-donor.

R AR

e S

DOERBEMEFEOSBELITONT
w5,

JEZE O R, fﬁﬁ%%o%%E@?ﬁa
BEROEBEHLPLTVS (K1), M1RE
TV BHB=00FEERRE, Wihd, BEWE
DSFEECEFE LIS TH Y, T, K
JIEDRIBIC b > T, WhikA{EEEEE DEE
7. Zh i s L, group translocation DT
i3, BEBESH, REEE (555E40REE
OERERZEDT) T, REOLERE
LBy TALTWBZERRSTERD, &k
i, vAERT ) =)L ¥ LY VEBIREDED Y v
By, ATP {KFEOVAT73vorrey vEIh
RIS? B bhTnsd

Group translocation OWEEEAE T 5 K
system VX, B—, BiindoTiR R, HL0
EEEH, VEV2AFTHEERTHD, €D
FOHL LB —2DRTFE LT, WHDORBEE
EHTHAEACHFESMEESLTYS

KEEHCBTBEHT 7 b—2ARe, HL DT 3/
OB ERE L Tk, fE3K X v, active trans-
port @ system PMEIVTWHZ L BHIDBRH T W™
#z. Group translocation DR & £ BRTH, b
Rz &ERw OBORIZ, 25T LU HEM
DO TERL, BEOBE®RKE T VR 2EER
THDHLEBRINTVS. EDX S5 RBERT
B, WEEE DL OFNFE RS v LRI
CTOBBBEOEERMTHAS LEDPhS. %
LOBERGERTL, chiFENTEAL
%5, AHHLEAREZAN T LRSS,

BN HhT
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Heppel iz X% Osmotic Shork #:9 &, zh
DEZOHRER LY, BEBFRO—EFLEDbNh
L4 DHEABASRRE SN, XBE, ¥
FIHOHWERE X b, BUXhEEER
Ti&, #27b—R, FA2~R, T 5E )~
A, AFNP-HZFI/ ¥ F, Fa—xz-1-P,
UDPG, vq4 v, Fryy, 7A¥=yv,
BEL, TOBBUERELLT SRS T 58R
PR Xz,

BEECX - oy, #RbEhicrss b+~
A, BLUOrA YV EEBERE, 2 FE3H5~
CTRECKEMEATHY, HHEE 1:1 OfE&
BERRTS . BAR=sVF—KEET, 2
i€ A v 2ER LIV RBMEENTH B .

ZDFRD I LIAPWSIT S, BEEEE,
FfAESE R FET o 2B EORFR L
TRILE— LSRRI v ST BT LRED,
turnover capability & BREERELINS SNh5

ZEMBRINLD. ZhHOERRRL, KIEH
DI X 0 % SR 7-&RY carrier BEESE KD
ETR, REBEOZEDEEBEORTEESHROM
AHIEREERR L72bDTH B2 2R TIOT
»5. FELOBRMEIT b & S HEEERETN
WX, WEOEER, BT, )V VBLREEESD T
WIEBEICHT 5 —o0RFEE R LicdoT
»HBY.
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3. FERE, F¥EEO Na* (kEitseE)#£ (Cotransport)
EVWDHWBIHAEERICONT
FIbRBEEHE—EmEgE B ®

NERLBIRIE COREDHE, 7 3 ) BOBIN
SERBE, ERLWREQRICE > CfTkbh
THD, poZoigik, EERBIENAH IS
{EEL TV B DT, [ERAIY I FEBNI%E DI
LLTHRORTETVS. L LEOkh%OMmIE
WL, 48 Nat, K* oft@i#Ec>»w i d
NTWBEBF LIV AR R 2HMEE
WECHLPITE > TETWS. ZhHHETD
W, 7 3 BROREBNREOKE AT, Sk,
B ElowTtie Nat sSSEELEVELLRE
bRE, ThLEEMEORRE LR Nat %
B & o vk ik SR Sy, W& ORI ER
MHEERBRR O SETHSE. SHEERIIT 3
e Na* 13, Bo{FRCHE L HaEzE

WY BRI, HBOEKLEEL, —BOBEARK

ERRLCERTS L0ELPENTHS. MiE
RCZ DX 5 e cA o7 Nat 1z, Nat #v o
DIEFNC X » THIfas e kA H &, #fgp Na*
REECELFEe b B55%, Mlafnstio Nat
IREZPEEE (B-Na' 48684 4) OIEkOB

PYEER R L C, HOREETOR, 73 /8
DOLEDIREEZATREICL T W B 2EL BT
5. BHEZO XS LA OBRTH LT cotrans-
port (Stein?) 2\ 3 £FHE 2 ST 5 38,
cotransport (EEIC X HE, T I JERDO_LDIRE

COERMENARHC X o TRIALS AL R ok H

H= R ¥ — DNEEREST 3 /B0 %
B IN D DTV, R 5D D FE
EEAEVE Brown® MSMEELTVWA X 5 gL
F i3I BRE O REBNI L OB DI THh 5 v 0
L. UL LB LREIREE S &7 D 8
WEOF LWER & RSt 7o 5 2 v,
Cotransport 13— DEREEHET, 2DX 5 B
DOERERR T D 5 DEIT I D DARTD SRR
BEP DIEH SN T Wb, FTOEKWELE L
THLP > TERDDTHS. EHE, 73
7 BORI BT, /NG TERIEHBR ORI ik
-7 3 7 BIRERDS 1, Ehalich fRkgfmin'
RN RO TDOT I 7BDOLEVRK, Fv b
BRIEAG DD & ) RABY 1 b RROBAE S EE
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ENTETED, £ OBEBWEO LY Rk
HBLic—2DEMHENRRIOIESDTHS S
LEZDNTETWS., FEBIRTIRIEEL LTMNE
W3 B EERE R LT cotransport DHEE, ¥k
ICLOBEELBRLEZLONIBEIESR (Wb
W BIEEM) ToWTHERL, S SITBRME
DEEBEREOF BT W TABRORRBELS
BHREM DS B LEHN LIz ERS .
NETOES*O Nat &EE  /PMETRERR
DO¥ETIE D-glucose, D-galactose, D-xylose £
IR DN MESERE LW IBEQERICE » TRBEITK
IEh5 @EH2SE). Zh oD 5 WIRER
DEER D » L EBEORBME T bh Ty
LR O/NEHBAS L ORBORE SR, LRl
D2k — L S TF ST T 1B X - TR
L, LEMIENORESRDEL, HEAMKLD
WD BIRECERSh, SRR ERR TR
THREIRIERIN TS, Lz - Tk
ZBBLTOLERNE LYV HREDOP T, RDIE
iR R ORI FERE T O Y mE T
BBEVx 5. Sk Nat BRBET2E, 2D
o b D IRERETE T ¥, Lich > THIIEAN®
EIRESRTRS, transepithelial @ kb IWikikid s
2B i%%. TbbRIFRECKT 5 HER%

mM/L 6-Deoxyglucose

1.  6-deoxyglucose (fU#f = hif< , FeBhm%

DHEIND—FEDETIVEE) OEpEEE & KA
rh D[R YETR E DE#% (Lineweaver Burk B 7 & » 1),

- BIOCT ORI XIET medium-Na* REDH
& (Crane et al.9).

i Na* BUATHBLZ LBbH5. Zhib
D1, 2/mEA A v Nat &0 55
HOEEVv. B4 F Ve o THERSERDDIRR
WD .

smig O R EERSE, 4, 6-dinitro—O-cresol £
THHT DL, oLV EREEEL Ml Eh
5. L L, fraifigcd, Nat2aibme,
& Nat #% & CRITEZEBL COMERA~DED
LYVRBEBRLE T 5 &, Na* BFET RO
FHBEPTKTHB?. /NG EEIAlE S AL
OEFEE AA BELEZLNDS » bW, ARE
DOEBEREEEME D TRV, Na* BFE
T5E, RBEMERT b & D RLBZEINT 5D
T, RV EERRS L, Nat itk » TR
ENLEEREESETE—DRAT vy T LCH
ETHLEERT.

BEBIHIT RS S A RS OIEEEE & £ OREDKE
BERER DMEE & © B i 1 Michaelis-Menten
kinetics BRORER 25 B B hv, L OBfRE%E Line
weaver Burk AR L7z ->T7ry v T35,

1 1 1 Km

N T Vo T Vam

ORTERIND X 51 1/V 3t 1/5) ORRITE
BWHIE 5. VxS OMnkEE, Vi XS OK
KEEERE, (S) 13S oEE, Km BR»TFD
Michaelis E#. FRBEARFLCO>VTHLL
B TRY, FRBDT &b HRER LR
ORI OEIIE, DAEELERH LT
WHLUTE, ThiEeT 2 EEPEETHLE
2BNTETWS. SHRD Na* REZEIR
ELLTwL L, ZOEMBORHESEIRA L
> TL 5. ThbbRAPTO Kn BEvwiER
Lrxoehd. zhiexl, EROME Lo
B, Tihbb Vi BIRZESR (K1), 20D
Z & BIEEAOREICRT 2EMMEE Na® RE
BEWEAERLE VLS. Y FOEIE
KEEECIE net @ Nat #ig (BR) 77 v 7
2 LGB (Isc) X 0kdeT7 5 v 7 R L
B—BT 575, BEBICHE Sh B s
x5k, Bosic Nat kB0 ARk
z BN, o Nat BIRHENGI2>WTIRFAT
TR DOERTZ Bz net OEORINE &
ZE 1: 1 iEVWEBERBRE NS . Thb
DEEH b, Crane 99 H 2 DA<, RlIFH
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RofEHEMkizix Nat &8T5 site 350,
B, Na* WEVWHEERZRSIELT, 0
EEZELEV, HE-Na'™Hk (XSNa) 0=
BEHAKREUR TS L VEREALS 5
Xowisn sz, AN Nat JRE Na*
RV TICE » TERL R Ich B555%, XSNa O
AT OFAG A Nat)s/(Nat) py=[S]) e /(S) 4
WIEVIRER, T7ebh Slwid Bla kv dE
WIREB TR T 5. Tinbb Z ORICITEES
b= R F—PRENl &b, TOH
BEBFH =V e ¥ —H#%AKR 0 PETH
BEEFNTIS] O_k b WA FE L 72 59,
O=J. e dpatTna « dpna>0

Js Ive 3 EREREE, Nat @ net 075 v 7
A, dpts, dpna VXS, Nat O{LZERF VY v L
% (&, nOoCCBEEMNOBET OBRER
LT 5B).

fEE&D Nat site iz KY 23888 99 10 )
&, K* %0 site # 5HT 5, S OffE%
ET B LR LDLITESDEY. L
Teho THIRAN OB KIRE T & & i FHRED
Bln/Bls DlEEEDH X 5. »<TH
N ERECER SN SITMIERTIE, fE
BEEOL SNSRI T5IEY, HRAEBE
ELTRBEMCDEEOE THELY, (k¥
RF VT v VARG » TSR L TW
.

FEOERER : Na* (kiFt: 0L BRRE WX DY
ATWEE S % s, FRc Nat o b
CHifZHE - T O BB EU BHR,
transepithelial #7-1% transmural i % B BAL
EREELDD (FHY 28). c0BEMNZELES
WX DBHEMEITISOMEBINE A TY
5. LOBMIREDHE SN EWECL » TOR
FEEXh, »o Nat, S OREEIIOLEES —&
widE, Soinflux THAILIZKE X2RT.
BEOBAIREERYITEE X v 5 D-glucose, D-
galactose TIIFRICRZ % 78, FEEBIVCHES
75> D-mannose, fructose Tk z S (E3).
FEIBC X BEAE T I 7 BT X AEMITIEERD
B b i cd 5, BRE, 7 3
7 BRRIE CYXARINAY T TR v, SOREERE
Na* IRE L EMOKA & X O fHlicix, Michaelis-
Menten HOBZRAR BN, ST I2ELTD

CELL MEMBRANE

. -
CELL FLUID
CELL FLUID
17 Velocity
Tiout) = Eiin) MEDIUM
m out) v {in) f '| high Na®
: :
t )
) 1
1
1 1
1 1
r 1
! 1
' ;
/ : |
y . . .
iy ouny . a-lcel ; R L (medism)
Km Km [T 5|

X 2. E-Na—{E{&DO=E#H Sk (ternary complex)
WROBAR (F), 3 X CHEEROFER 31
BRIFFERNS © ¥ (S) 3 X 8 Na* REOREK

(Crane®),

Km & Nat REZED B EBAL, K4 CRT
n< Na* izxtd 3 Km i 8] @ LR - T
ST B, FTinbh APD FAWHED Nat, S &
PHEVERZ S XE LB OEET HHMEE T
HEEIRT. B, ERET T —HREAL
REMIERTBRELT, RHTHERTS. i
VREIAECR AR & e P ICE T AT itk
230LEbh5.

RSN, —BERXBAZEEELDTER
HSiHS L7k & C, phlorizin 28R < iRbn3
% F 7o RN OBREZ R T S L ED
eflux F5H &tz Nat @ eflux & [FEHz#ins
5. T OR—EEICEE OBBRER L N &
DOBENMELOWBEFHF IS, & & sugar-
outflow potential L{FFRL T\ 5238, R 74X
Na & v FIHEHCT B #H% R Nat & S ol
AR X BB EBIAER O L 7 5, T
T U BB LSRR S phlorizin 1T X » TR
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‘Fructose Glucose: PR i
P SmM : SmM . : i
Voo b
/
, i 1 P 1
Mannose Glucose, A
- 5m P .
NN ———
: P |
i Pl :
Sucrose Glucose! !
SmM- . i . i
1 : Y : i
v : | H .
P : : .
I : : :
: : 15mV
: s
1 = 4
i ¢ i
RN :
T L 10min
X3 AEEONGENNENECRIIET

B 5 </ME (+-=3818). Fructose, mannose
OINE EEIME Sh VW EERN, EH
i X5 D-glucose TIXE AL RERMIBEAL
DMk T 5. Sucrose VIEFERLADERE
INS B R FEAET L % % (Hoshi and Koma-
tsull))_

1.2} aj
1.0}
os}
1
aVs
0.6 .
o
- oW
o.4}f ’
O
. o/ '/05 mM Glucose
0.2t/ ~— o —
--------------- ey
e
by L 1 i L N
0.4 0.2 ) 0.2 0.4 0.6 0.8 1.0
1
. {Na)
4. BEREER O K & X (4Vs, mV) & me

dium-Na* JEEORR, X OThick3 5 RERA
Werp OYERE OFE. HXBEM X R7oE-Na“tiE
Ve % 7%+ (Hoshi and Komatsu'®). ##lix mEq™
x 100D H 2.

REEWXOMEEF

Glucose - TPhlorizin
: ¢

i

T TN

Rmv]
10 min

5. EEREFHTORMREME £ ORE
Uickeiffic3sir 5 phlorizin 8¢5 (REIRMD 7
UK RE O BRI T X D&T3
WERERL. FEEMFELEL R R, *Na, ¥C-
glucose effluxes o[RSk Z % (Hoshi and
Komatsu!®),

3% (countertransport) 3z L, —iBM:ICER >
BAIRER 2 IR X 1 net O=ZBHAKROBEBE
CHERIHDIOLIFHEEINS . BT ORI
ZERARORATREICE S HE O HELHIRE
ROBERTH B EEHER LD S . (RBIREL
DIEMT B H7sHaRE (¥ 7213 transconcentration
effect) Bz DL 5 BEFTTCREHTRL> 5 X
515, Lo CTHkBEMOREEOEY &
LB AR E 7T cotransport OREAVI X
haX5cilibhns.

RIFEIZ3(+ D phenol red &k (5i) © Na*
REY : BRI HEYOOFRIR £ 7213 EE
slice ZF W77 3 7 E VAR IMN D Nat
KEMETH Y, AREHICVNE & RBROEFIC X
S TWB EEZDNG . —FEEBOREES I
COWCDBA A VIR L TR - I RAR
B, EREBHCX H5WORMEILT LI —
FETF, XSICEMEEA 4 v ORECOWTIE
FH I JHEBIRTWEY. £ Thhvbhidd
R a3 (phenol red) OB & D AL KT
L5 Nat, K* REOREZKKE (&8) T
RN EER, OSBRI EEMNTRELT
W5 Nat ch b, oA+ vidh i
BEWEELRBIFELTWE LD REX. ¥z



RE B & 3X o M i 8 T

SR Na* BEZEIKETELD5ERM S,
e DB OBERMEOHAOIML , WEDOK
KEE Vmax WERLET, BiEROBRERCNTS
Km 23k A& 72 5%, Km i3 Nat JBE0D 2
FH ST AERER T EBALN LR
7o, 7 K kg ¢ Nat R icEET 55
4 @ phenol red O#IEDORIER, EF KYRE
O (2 OREEBRNCIIR 10005525
CIRHE, W Eh 52, MR BRIMSIIT
BEESRIR) ERA-T, RiRES
T ERMARC D, COMEANERORED
S Nat EELRWE R 5F, »o P-
amino R OHEEC X » TH T 5EEWEH O
BE, B A 4 VHROBE b EK-Na* i)
HTL L FUBEThH . ZOFEPLHEX
% &, Natiffeik 0B A Al o &Rl o
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Ji& (peritubular membrane) iCfFEL TW5B X 51T
BhbiLs. COETOMEERNS Nat £ D co-
transport ‘T A5 L5z &1k Nat IREDIER
OFER D> BIRD TA DI X 5 B bhs.

L& L cotransport M5 TH 5L HEIT 572
DIV X Bz, Na* 2phenol red @ influx & X
O efflux B, WREALOFAL & HAE
ThHDH, TNLRIHSRITEILTHS.
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FIEMERFEBREBESRCEMLT

RRERER S memegE K OB Of  F

Neurosciences Research Program (M. I T.) %
O 2 EMRRIEA L EESs, RE (1969)
DOETHA2IB»58B8B @H»iF T, B1H
(1966) D& & L [#k, KE D= = F FA% (Boul
der) TfTizbhvic. &R TIRIPREOKEH—
B (ki) B Thiesimliz. ST
CHEERE L.

SEOSMEIN 160 4. 2 LLFED L5
ThHoteBbh b, MREEEEFILL 5D
o, WwEby, ADhE, 4, 27EE
¥, BFIYE, MRS, Fat, ks
&, MRREE, OERRE RIS H B R S
BEMERBBML TV, Lhidrkh b3 LA EH
WL B TOBESBFiEShAd o Tk L,
F. O. Schmitt DIF:EHROERIL, MR
DFFA~DVOIFEES L LT, Bnilo THER
ZOAF (L CHFUSNLORRST), Bt
DB OHEFROEMMS SEH L WEEHEITS &
LRMFET S, LS -72L5TH5. B
FEEDFEE T 5 Delbriick # 1x %, Onsager,
Eigen, Nirenberg & v 572 7 —~LEBEH I
2XBL, PRLBRWTRLIELY, k¥, b
SWIAELE L Voo, XD EBWLRSE» LD
BMTHBZ L, ZOHEFLHPCERL TV
S5E5cBbhiz.

58{biE T4 (Intensive Study Program) o443
ATX5, 20BRIE 3IAMOLZE U T
YITE Ch 7. BH, FiOBREIZSM
HEENPHEL T, HEL LRIV TORRS
fTinbtv, FRIIIN—~ FTesrnTERENRE
DT —=< DI VRERIYT ABRFTLTED DR,

SR

FRHIOMEOHE L, BERRLST —<ITDOV
Ty, LEZATD, AFIUANOEEFCX » T
Niz. ZOED, £ VEDY AORENLTRE
HRE D DB THRINI.

FFHIB X, Nauta & Karten (& 3z ML T.)
DBHEROELDOHBELZMEE OSLH LR

CTAEDE R BT 7o, Nauta 23, EfL 0 BEET
neostriatum %5iB{L 1 neocortex HMRFEET 5 & X
TR HBEROBHEEOEIE®BFL 22
3, TOEPIET L —~RRFERCKIBLZOITE

“wi , Karten % suprathalamic visual system i

LiE»>T, RFEoBBTEOND, RindH
BB D “homology” DRIEZH T, T inhE
BREMP -z, RKTHDHH, CORHED7 A20R
7 RellERREEZTL> 7D T, 7VED
ERKECSHDET, &0 v S5 A —HEH
FETDZ LSBT,

L2213 HER/ NERE (organella) BE¥ % R
%% Lehninger (Johns Hopkins Univ.) & Davis
(Harvard Med. Sch.) i X » Tfflsbhiz. Wi
NhEE LTHERISL Mg ek L LcsET
& - 7293, Lehninger 253 2 v F U 7 O34
R, TOROHEE L METHOBT, =FNL¥—
R OBBEL S onw L, Davis (XY &Y
—LDOWRE, LARERARLDTPLEEI VR
RSB EEE Ls. Z 2T, BifE Wisconsin X
ZTERPOBREREELD, V&V~ sDEH
W2 AL BRI R (MBI XIBE) 25
A Eh, BREBOTw.

O F FROWHEEE BT T % 3ET Robertson
(Duke Univ.) & Bloom (N. I. Mental Health) iz
X - T Xhi-. Robertson ZRIEZE COHREE
BFELIch e, PhEBOWRETHEONLIE
TEOBBEBEWBL T, ¥ F T AOMIMEE L
EEBEFOBERICOVWTHRAL TWic. 54N
FTTdHAS5 2, presynaptic terminal DRERICEE
RURY7siEE A, ¥ 7z synaptic cleft =4 /LRD
BEPBHEIND Z E2REL, EEMEOKE
BB oW T HEEBRE D <L L Ty hBkiE
ofe. BEBEEEZ b 2HETE It v 3,
synaptic vesicle 73 quantum FOELEHIEBRTH
EHESPEOWTHFTRE L T v 7. Bloom
VAR LN RSB ER T X A EERFI AT
LY, BTHEAMETI VS OFHRMS 2
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bhs e, EfEbFTREL TV,

S AOYELEE T X HEOBBECOWTD
SBIEIIRE T - 7z Delbriick (Calif. Inst. Te-
chnology) 13V ¥ FoEREOWEILFWHE AL E
L WA WARED LT, &L CEEOA
Vil %, Mg A v BREOME
PIIRIEES L7. T Eigen (Max Planck
Inst. Physic. Chem., Géttingen) V¥, & 5 & D
HAEWEOERE LT, BOTAm Y A4 XV
carrier L oOWTE LRk, 1AV EDRERITE > T

carrier > F O AREESABCEE T, HAT’

ESL Tl carrier HF 0V Td—A—¥ =2 VH
BILT 5, FLTA A VIC L DR carrier-
ion complex o stability constant & X » T &
5, LVWiELREELEL. BT fEbh
carrier $F DT F N T U CHBCEHZED,
XBRID AN = RAPERECHE S o
NE—FEE O LR L, ERRRAC DA
&V OERRHS 3 VDB OE S Tfibh D LR
T, REFKFEVIHRETD 2.

724 Y VBRI W T %, Shepherd (Yale
Univ) & Rall W.LH) B L . ¥ e k-
Neurophysiol. (1968) wHEINMALZHLL
LB TH - 1nd, LOMERBIE, BRItk
“C mitral cell O#kZe#E & granule cell DRHIAZE
HEOMETEF kT Y+ 7 A 473% b (dendro-
dendritic synapse), ﬁ'ﬁ%bﬂifﬁ%%ﬂﬁ%@‘é’&, x
DREECRINCRESNE AN EEES, TO
PAEEMEORBITIEPELT LA /E
RZUBELLEY, V33D THD. IHIT,
—o@ granule cell DREHIREF 23 LR mitral
cell offikzeRE: v+ 7 ABELTWBDOTIO
RREEHEE LCESE, L b 0B
mitral cell OHfIEOREEZ PR LFT L HBES
LW, EiE80 Renshaw MiEH OO K EW
#]% trans-hillock type X IEHEDIZWL, MBIk
D4 1% pre-hillock type LIFENNS 5 THSB 5 &
$20E 1 7-. Shepherd DT <7 Y Villdd
IR DR B ATV B D TRV LERIEL T
Wie. COEEWRT =7 Y VA OBREENS R TE
P BM»IC INWEE, IEECBIREVHEZET
b5, ThEERES J5 s, dendro-den-
dritic synapse OB T mitral cell o il @
vesicle 7%, granule cell DREID LN/ FT

HBHEVSFRRLE, field potential DIEHTRER L
CEEALIEE>TWHDT, b LEENRGE
HEEDTRLVWEVSHIREZRSY X b »
7-. = ® dendro-dendritic synapse o [HRE & BE
LT, B Cajal itk » CTHRIBXhic=o—w Vv
DB (theory of dynamic polarization) %
FRFEEHRDDOTIRL L, MIEEZEALCX -
“C receptor zone, trigger zone, conduction zone,
effector zone 75 & & EEINICHE T 2 DXL L 7%
WEA S EvSEmbRShTwic.

T QBT Y7 OREELEEE 1T D v T Bunge
(Harvard Med. Sch.) #3455 ® Nichols % Y v
AQERBCET I EFROPEDEDTHFIHL,
Cohen (Univ. Oregon) \Z3FHEB ) & MEHEEI WD
=L —mYOENWE, WEOTEZ — v OIE
HLNEBEHAROMEL bEEST TR .
RS IMT oV T Scharrer (Albert Einstein
Coll. Med.) & Waurtman (M. L T.) O#EI S
D, BEIEIEHE, BREK, IREEL O

. neuroendocrine transducer cell O & #¥EEL,

D= o —m v EHBLOoDHCE L. B
Bz ovTiE, WIEEAEER LT, T
AN OIES BEEITFLELTCRELRZIDTHS
5 LHRL TV,

Sensory transduction OFREL, HERE B
BRICOWT, WTh b RBREME L LIERS
7. Reichardt (Max Planck Inst. Biol. Cybern.,
Tiibingen) X -~ = Q#ER i€ 2\ T, photo-
receptor DFE, photochemical reaction D@FE,
receptor potential 5 A4 7 WEHR S h B
By, —FORSZRRNCHMAL, XEF—>
- photochemical reaction 2SEZ 5 Z &, AL
L RO E DN E — v LIRMRRERHAL 5
B ERRCTWIZ, BT, HEBIST
T~ OESFREGHCHAEL, ZOERPL
HMERICRT D perception (M) DORIEIC

FTCERLTCREFShiz#lRTh 7o, BER

75T, Schneider (Max Planck Inst. Behav.
Physiol.) 7% silk moth ¢ sexual olfactant 7z ¥
LiERAEEOREY Ui, LT DIET, percep-
tion, 78y, 158y, social communication B3
LEIES 8 ADHEB L X » TfTbhicZ L&A
LT5.
WIFBDOY VRIS KA THED, THRET



D6ODT —~=TiTis b, 2Oz -1
DIDDYVERIY LY, L L THEREIINV-V
D3 OBRLNENFETFTLTED DI,
[ Recognition and Control at the Molecular
Level
I Communication and Coding in the Nervous

System

=

Development of the Nervous System

=

Aspects of Molecular Neurobiology

V Neural Subsystems and Physiological Ope-

rations

W Determinants of Neural and Behavioral

Plasticity

EPDYVYREIY ALOWTIERBHGOETER
Wi, EEOHBELAET LY 0&i2»T, Bl
X DNE R R L.

Developement of the Nervous System

VRV AL (MERROREE) OHFEHEIL
DAESH embryologist T, FiLdIRERNS
BT MREBE D 2 Telked, TORNED
BOTHLES LIBREOMNEDTHT. &
FTCERINAMALBR» LELH INDD
ThHAH5D, WO ELRR - L EEIEECH
I SEERE, FOMEOEZH X VWEInL DD
E o, Lkl OEBOWEE b IMi
BEZ, TREALFECHECE VHATER
PEHDIVES TR H D, <k P. Weiss
(Rockefeller Univ.) £ V. Hamburger (Washington
Univ., St. Louis) DX 5iz, T D45 B CRERE
ZRTTERAOT TN TORERE, ThiZF
BRBH > TREFRIED o o, Weiss 1413+
TRIFZHBL5EZBBTDIrrbST, Shii
LEMWFERECE < L L, THSILEmS
BAZSBHLEZVER > Twizl, 4% BERD
6 BFTD LIFFEREE > TwE. LA LSDES
135 D AT VR 2 BRI E 2 IR B I WER
CELTWEDT, FRITVWAMELERSE
DETE, RFTCHMEOERSY L Evwoil,
LELCE BN,
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