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Molecular ageing in bovine plasma albumin I. Exposure of disulfide
bonds in the N-B transition Shigeki SAKATA* (Department of Physiology, School -
of Medicine, Gifu University) .

An accessibility of the disulfide bonds of defatted SH-blocked bovine plasma albumin
(BPA) to reduction by dithiothreitol was studied at 4°C. Upon reduction SH-blocked BPA
acquired one SH per mole in the pH range from 4.0 to 6.0. Above pH 6.5 (the pH range
of the N-B transition) an increasing number of the disulfide bonds became susceptible to
reduction by dithiothreitol. Chemicals, such as KCl, fatty acid, sodium dodecylsulfate
which suppress the structural fluctuation of BPA in the alkaline region decreased the
accessibility of the disulfide bonds to reduction. The conversion of buried disulfide bonds
into exposed ones is interpreted as being due to conformational changes in the N-B
transition (pH 7.0~9.0).

* Present address : 3 rd Department of Medicine, School of Medicine Gifu University.,

(J. Physiol. Soc. Japan (1978) 40, 1-11)

key words : reduction, intramolecular SH, S-S exchange reaction.
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v VM7 7 2 v (Bovine Plasma Albu-
min LT BPA) 12 17{8» S-S#&4 & 0.7{g» SH
#% b b, Brown 5099z &
nine-subdomain structure AR E L TV 3.
BPA 3R (PH 4.5~3.8) TRMEALKRE +
SEPEIKEOERPLR H & h Acki &
FosterD2iz k. v N-F &5 L4 47 b h
7o ZORMLR S BPA 4F D a-helix
BROBODL ED 2 RBEEDBS 3 kikls
DEDDZ ERBEESR TV 3. FlELLT
N YRR (PHT ~9) T3 N2 B+nH*
(N : native form, B : basic form) co~<bh
SEEEB LRI T L BRH & h, Wallevik
Wick vy N-BBEEBLAMNTIDO L. Zo
BEEB I N-F &8~ pH ks 72
5T a-helix EEOBLS N-F&m#ic i R
PRCERGB A T3, (7 N-B iEdEy
FIRT, MOEHAETIIRD bh 2 vWaFA
SH, S-S Ze#afi i X 5 Bk R iR (N-A

il

Y three domain-

(RE#0524E 5 A30A A

isomerization)334049) e TV B, T O
K& ix NZ2A+mH* (N : native form, A
aged form) Thob&h, TORKGAMET
VT2 DEF LR ToR{LBS(Molecular
ageing) IZBE LT3 L& S h Ty 5303
049, 43FpPy SH, S-S MRS BT, 53F
PICHE L M7 S-SR DL THRE~D BH 230
BEThHB LB SN (Sogami 53), o
S-S A DOHFRE~DEHIT OV TORFE
B %2 1% Katchalski® & o thioglycolic acid
iz X 2HELSTIZFBD Bhiz v, Katchalski
ik, SSEEDPBHICKELEE L L b,
BPA 570 @ & & 2401 % FERHER2O3) 7z &
DiEE LKLzl BPA 245 LRIEZ1T- T
Wa. EHZ, ThHFBETHEE L VRV
BPA &, wb &+ 5 KCl, fghifk, Na
dodecylsulfate (SDS) % jinz 7= BPA o dithio-
threitol (DTTP®iz X 5 S-S#EA&DEZEIES H
v, BbheS-SHEROSTFRE~DEHIZS
W L7z,

I.2 8 /5 &
#Edh BPA (Armour #: Lot H72012, F71601)
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%, Chen 51, Sogami ¢ charcoal 4L
B X VIS L, ageing % &iJ 57z 0.03
M P ko KCl #inx pHb5.3~5.5, 4°C 1877
Lic. ¥72°7 570 7 OBEERE 20, BIE
# Triton X-100 ® A - Ty 7> millipore &
(¢=0.454) & IV INEFAE % 1T - 2. BPADJ
£ & v, 20fE5E OB A kT3 EIELE, 2
AR 4°C CEMT 24T » 724, Dinitzis # 7 519
*HAVTifolc. SHEDT v v 7 1%, iodo-
acetamide (Je#:{p2: Lot V2H 9576) # BPA
1 457% 0103 Fokkichnz, pH7.50 (0.20M
KC)4°C <7 AfifTo7z. 7w v 7 ORER,

RS2 & Bio-Gel P 4 (50~100 mesh) & v
44y iodoacetamide # & D PR &, Ellman
DHEOT SHEE G Lic. THHOKIET
e SH K i3sgic 7wy 7 &R Tz SH
57wy s Lz BPAR, EROBITEIT-
744, Dinitzis # 7 5 & BVHEA A+ ~ & 47 -
7. TDXHLTSHER T my 7 LEAA
v 17 BPA » S-SfE&0BTIX, S-SHEA 1
MY »105Fo DTT #hz, 010M KOH,

010M HCl #fHvwpH 2 &b & 4C T1T -
7. ®54# DTT % Bio-Gel p4 (50~100
mesh) # v & V&, BPA o SH EoERE
4T - 7=. BPA 0EE X HSL 139 SIS EEEE
¥HEv, El% =6.67 (279 nm) C¥sE L. pH
ik B st-EE o £ 51 F-78S # v, GK 2026C
(Radiometer #t) DHEAEBEME A VEIE L.

B4 A »7k (deionized distilled water) iZE&
BA A v oEA, mixed bed 2 & OBEHEME
AD I X 51z LI iRk 5 CfF - 724049,

FHHO 2w 7 7 Vi (Visking #) i, 50%
ffn NaHCO, THIBWLEE L6 H L7,

SH Eo sk Ellman 0 50 % v, Tris-
HCI #g#% (pH 8.00, p=0.10) P TIT>7c. &
Dl BPA o435 66,0004 L, 3-carboxy-
late-4-nitrothiophenolate @ 43 F 0% 3t % 3
(412 nm) % 13,600 LCEE L 7219, 412nm
W6 EE 0 RES I E v F 57 EpS-3T & e uEe st
% H\v{Fo7z. 5, 5'-dithio bis (2-nitro ben-
zoic acid) (DTNB) 1z pH 7 Pl CARLER

»20), pH7.0, =010 Y VBEERIC & »»
L, 4°C icfifr LIOEANICEER Lic. S-S #E
& %3855 Uie BPA 0 B4 (279 nm BGE)
# ¥ ot Ellman #Eic X 5 SH &S OO
#HoMEE Leach & Scheraga DFEDE R
7. BPA » S-S#E4n DIT it X 5@t
FU 7R 7y v (TRP) BGORERRIZEILOR
BEIE o (25°C) 121k, Iyer & Klee D S
% i\ 310 nm MR % B3z EpS-3T 2 v T
B L 7z. TRP &gk A sz MPF-3 23055
Y EEEt (radio mode) & v, 300 nmé (A
v Kih; 5~6nm) CHEEL, iy Rl
6 nm THiE L. TRP &%0H E © B,
REOBEOEBE T E DIKEFH AT
Y Licde TR L 729, TRP #bmtmiE
Fi7Erk Chen o HEE4IC L W {To 7.

M. FRELVER

1. BPA » SHEFEIT > T

Janatova 52z kv DINBick % BPA o
SH £o#lE <, SHEOEZ BPA ¥ B IC K
BB LRESN TV 5. IO Janatova
520, Hagenmaier & Foster®ix SH {4
& BPA 0.3%LIE O RETIT » TV 5.
DTNB # BPA 147 »10~404rF 70 %,
Tris-HCl &% (pH 8.0, #=0.10) f TRIEE
FA454554% 1 412 nm ORI T SH Ho¥z e
L, *OBHBEKREEEH N 2. Fig 112
BPA oL SH o 0 Bk & R 7.
BPA (Lot F71601) & SH # D% 0.678+0.11/
4%, Janatova & OFERITK LT, EHE
EER M Z8 Bz d - 7c. DTNB i3 pH8.0
CREETH HENM DN TH P, Janatova
LOMEICB T, EEELOERPICR
WTh 412 nm OEEFED EBO IO T, I
%z 5 DTNB » BPA izxf+ 5k& 2%, SHE
EEICRHT AR B RRHICEE N 7. 4120m
ORI & SR ERA WD L, JixTe
DTNB o HFl L THDMBEL » 25, K
0z 4148 L 7= SH E %k DTNB BE &
R C—E T & - 7= (Fig. 2). T OSHHER
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Fig. 1. SH titer of BPA as a function of protein concentration. (O) DTNB/BPA =10 ;
(M) DTNB/BPA =25 ; () DTNB/BPA =40. After reaction with DTNB for 45 minutes
(10~40 fold), Ay, was measured and SH titers in various protein concentrations were

determined.
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Fig. 2. SH titer of two DTNB-BPA solutions of differing molar ratio of DTNB to
BPA as a function of time. () DTNB/BPA =50 ; (O) DTNB/BPA =140,

Telegdi & Staub®® |z k ¥ amylase » DTNB 13 SH E ot s A5 tcw, £7- BPA X
ks SHEOEELLAVS L T 5. &F D6 XD NEOREIC 5 v, WI0A 0
Rz oFEE SHEOEEZBRY TH W . SFAZLT Bizd 5 SH & L oIBR8
Janatova &5» pH 7.0 TofIER, @ pH © DB EOBEBELRERNBMAL, SH o
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Fig. 3. Time course of reduction of defatted deionized SH-blocked BPA at 4 + 1°C,
Data in dotted line region (----- ) were corrected for the light scattering using leg
(Leach’s method?®), ’
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Fig. 4. pH-Profile of reducibility of defatted SH-blocked BPA at 4 + 1°C in 24 hours.
(O) salt-free solution ; (@) 0.10M KCI ; ([7) 0.20M KCI ; (@) 4SH =4 [no. of reduced SH
groups in salt-free solution-those in salt-solutions (0.10 M KCl and/or 0.20 M KCI)]. «Q
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BPA BEKESEE AR LD EEL b
5.
2. BPA o S-S #& 0BT

Charcoal defatted SH-blocked deionized
BPA o S-S #4% 1045+ DTT iz,
4°C TBILET » 7z. Ellman TRk 28T
&z BPA o SH £0¥% & 7 o BEEE %
Fig. 3 z7&%. pH8.10 T F — # T—F s
27k o T 5851, BTLE N BPA % Bio-
Gelpd %5 L2 LIERHOBAE Lz, 279
nm OWNEIC X5 BPA BESHIC B v T
Leach & Scheraga »F#:2Mz X D WK ELOHE
E2fTob0Ths. ZOHEIETESLE
BPA »{a&sh offE T aggregation 282 L

JerkELE

Jo. BILE N B S-SHEE OBLRE & i
U, 245 CREMICE L ds o7cdd, 2455H
#HoETEN SH Hos pH iz L TRL
7z (Fig.4). pH6350 25 S-S#EED & s
BICHEOERBED & 1 /-, BPA @Al
#5\ T N-F &% (pH 4.5~3.8), BRI (pH 3.6
2.8) BRL, ZOEBICKT 5 EERED, K
FEHEE (@hasy (@hee 75 YO, XS, TR
FE (s (0222 75 E)35)47), %i’éﬁﬁgm)‘“’), ®
HFEMOBOVBE SN D,  OBEERBIX
S biz, N-F, Fi-F, o 2 Brfic b oh, N-
F, B5%13 ionic interface, F,-F, #&#% hydro-
phobic interface DEFZLL A &S T v %1
W FTan Vi TiE, N-Big# (pH
7.0~9.0) & 7R L, (@00, (@)s13®230), [a)e3s™),
[0)o0s, (0)222°9), NMR iz X 3 Cys® o SH iz
Z v Ui 19F ofk2Ey 7 156, TRP {[gho
BHFREO® 72 LOBBBRMS h Tw B
N-F&#, BEEOBEEREO % 5 5 BIER
T, S-S HFEAOBETH © 2{kix Katchalski
OB LIRS bA» -7z, T OMHER
Katchalski &i3sk4L3E BPA 2Hv, £#ix
charcoal defatted deionized BPA % f\ 7= H]
RBELHS. LrLadrd, EHEIToRL
# D BPA 0385 D %R T ik charcoal defatted

b rELBRD. 7$rmeL

SH-blocked deionized BPA & Bagic k& i3
ERORP 21DT, ZOERETH, Thb
%, DTT & thioglycolic acid m#iz X 3 % D
TH5HH. birhic r-globulin » S-S FEE D
BRMERIC B BTG I 8 v T, thiogly-
colic acid (Katchalski &2) » ﬁ—mercapto—
ethylamine HCI3®) o fic KistE DZERED
hTVé.TWﬁ)ﬂT@IHGLﬂiDSS
A 0BT 3 » b h, charcoal
defatted SH-blocked deionized BPA & kil
¥ BPA offficiz KEBZERHBD L N L 5 o
7z (S-SEEo@ETHEOPH Fu v 4 — VX
Zo=o>n BPARTEL0EIB O b h i
2380, ERMEE CEILMEDE RO b o
7%, 7% VT pH6 Tl bakicET
PHEOBANRED b STIRFECERERL
=) 7as Ve T DTIT X v&xsh
7= S-S fE& ¥ (Fig. 4) 1%, Katchalski 50
ERICH Lk L. ZoEi, Katchalski
LAEIEHI L LT thioglycolic acid %\ T
WaTew, Tan VRIOBTOBA & v HREN
Wiy, BPAST0o9 o2 ETF & &, BT
EN3S-SHEABRRELREPEL S Z L ITERT
Z2L0OTHHH.

3. WoXEMGIT A A4 BE, BAA
FEIEMR 7L & OFE

T VAlicsF s D-H ssfucks T, 4
FUmmpEEORMNS BPA 0w b E 2T 53
725 Benson & HallawayDic k v#i&shTw
. ErTaAR VANCE i 54FH SH, S-S
ARG INA Z VBRE OB X Y Ifls 3
Z & % Sogami &3, Nikkel & Foster3d,
Stroupe & Foster®, M 63 X v &S h
Tv 5. Defatted SH-blocked deionized BPA
DY BHEOHFI L THITE- 72 S-SHEE OB
M0 E 0.10M 5 X 08 0.20M KCl F ol
B3t %47 -72. Fig. 4 oEHE2010M B8X
020 M KCl ZETTOETMED 7w 7 4 — v
PRLT v 5. pH7.9 X v S-S&Es
DT RFED b, pHT.2I00 CRE
2@ S-S FE4» masking 23R bhi. F
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72 0.10M & 0.20 M KCl izt S-S & o
BILMICE & W F, defatted SH-blocked
deionized BPA & [Flffic pH 6 37502 & DL
PO BEIMER 2 Wb 7. pH7.9 TETEICT
A F UBREOREBERRD Lo 72 4, BPA
o SH, S-S TR IHDER» & pHB8.0 itk \»
T3, 0.10M KCl 1%z oz S ic i+
BINENG, FOLOIRBFETIOvocE
BB Y 5 B OPEKEC. BPA 047N
SH, S-S z#efiiz, Cys®™ o SH E#ffiic
L# 3 o domain®®N) ¢ 7z hv ¢ Cys* ieigv
domain @ S-S#EE&OBTIThbhb. Lz
>TAFVRECEE L Cys* 0w 6& L S-S
EAEEOBEDY L ED v F 2 2T
niExv. S-SHEAOKIGHEICNT 5 A 4 58
EoRMErvE 2 5 L, 47HW SH, SS&
WSS T 5 1 A4 VBB i X 5 #fili
Cys* EfE~DHETHS 5.

BPA, HSA &7 ic i RpiBgicxt+ 5 3 F¥E
DfEEEA (binding site) 2#E s h Tw
318), i\ binding site i 2 {8 (K=10"~
1098 FEEL T 5. & biciEAIERIC X
v D-H RSP #H & b 2% Hvidt &

Wallevik?9iz L W 4 & T v 5. Na dode-
cylsulfate (SDS) & v =g 772 v & ADy,
(detergent/Albumin=12), ADs,, ADi 7%
co-operative &S & T 5HEHMN Aokt X Y
#HE s iz, o Halfman & Nishida?D,

Sogami %4z X ¥ ADg s {22V TEAMICHF
ge&i, ADoy & ADs i, @ 2 FEHH® binding
site 2#L 5 ho . SDS 4 fRifER L RIAR I
BPA o H-D Z#a )t % KCl o#pflshRic
NRIEE TR S Bl % = A% Benson & Halla-
way?, Hvidt & Wallevikic X v R Hi & v
7-. Lovrien & Linn3Vx SDS iz X » N-Bix
BTBREDOW L X OMAKK S 2 F 2 ER
L. Markus® &3 6 ME=EF iz 317 5 HSA
o unfolding %% AD,, TS 2= EHREL
7z. ERodiElic o T Markus 533 &A 4
VREEERI OB BUKER) LAD
WE (A ViEE) B4TEE i cross-link-
ing L, woXaiMfil LEELT 2 LHALT
v 5. Stearate # AF2 (fatty acid/albumin=
2) o=z defatted SH-blocked deionized
BPA iwinz 3k, Yk o S-SiEsEo
BILMEOIEI 2D e, k7 SDS &k

25 [ T ] T T T T
20 - -
!
0
/
K
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& N
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Fig. 5. Effect of SDS on reducibility of defatted SH-blocked BPA. (——) defatted SH-

blocked deionized BPA ; (O) ADu.s ; () ADyo ; ([J) ADs,.
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Fig. 6-A. Effects of reduction of disulfide bonds of defatted SH-blocked BPA on
tryptophyl fluorescence (the excitation wavelength : 300 nm, pH 7.5, £=0.008, 25°C) (O)
no. of reduced disulfide bonds determined by Iyer’s method?® ; ((]) no. of reduced disul-
fide bonds obtained by the present author’s method ; (@) wavelength of fluorescence
maximum, 2 max ; () fluorescence intensity at A max ; (@) fluorescence intensity at 345
nm.
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Fig. 6-B. Effect of reduction of disulfide bonds of defatted SH-blocked BPA on
tryptophyl fluorescence (the excitation wavelength : 300 nm, pH 8.2, £=0.008, 25°C). (O)
no. of reduced disulfide bonds determined by Iyer’s method?® ; (@) reciprocal of fluo-
rescence polarization at 340 nm ; ((P) fluorescence intensity at 2max ; (@) fluorescence
intensity at 345 nm.



8 Y UIMET LT I VST L TR ]

ko AD,, ADy,, ADs, ®HERZ T v ADy.,
ADyy, ADs @*Eéﬁ:f S-S FEORBEZR
ET 5L Fig. 5 offERx bhi. pHT74~
801 M T TH T b —FOHIEOBFIIAH
2%, Ry pH O M S o Bk
BOCRBETH 5.
4. S-S #EABTICL b o7 BPA © 3%

gLl

Iyer & Klee @ 5D & VT S-SHEES OB
Stttk = BPA o 3 kigEo B L& M~
EBRIIE FURBE A, SYeER (B
EPS-3T), #yesrttEst (HrMPF-3) Z A

BRI L 3l & U 7z. Defatted SH-blocked -

deionized BPA o pH 7.5, 8.2 2317 % S-S#
SDBILE F it -7 Amax (nm), 345nm
B X O Amax TONIRE, BILRIGE OUK
1/p »7%8{k % Fig. 6-A, 6-B z;x4. pH7.5 T
1% 360 ez VBILEIT- e (Fig. 6-A). S-
SHEA1E 360 SytkicK T2EE T & h, ThIC
BT 345 nm 3B L O Amax OB YEEREE O
PEbi-. %7 imax (nm) %339 nm 7> & 360
121% 331 nm & blue shift #§8®»iz. 150

5% S-S FEG K TEEIL & hu 7o BT 345
nm L f imax OBIEIREZIEE —F L &2
v, imax (nm) O b T L o7
S-SELsEToEO TRP o3t blue shift
% Burnstein 510 0 FET, BHEART v
i (width of fluorescence spectrum at
half height (nm) 421/2 & imax % i\ ## #T7
U7z, 421/2 & imax i3 13 (& ERERERL
(Fig. 7), S-SHEADBILE & b KEFBEH
LTw53. o 411/2 & imax %Iz N-F
EBIcB TP~ bictt > TRP &0
blue shift ¢ F#OBEFKTHS. TRP &0
blue shift 1z TRP g4 S-S A DO&ETIT &
D BRI I BB 5 FIC £ B 0B, H 5
iz TRP @gE»8m & hie BPA 4ROk
B rigid M ICIREN B DD THS 5.
Iyer & Klee o direct spectrophotometric
reduction (¢ X 2BLE Wiz S-S HEE DO,
DTT ©o@Eng s LViFE% 17 DINB & H\v
K7k b —T 5 hE», pPH1.5 (Fig. 6-A)
BT 5904y, 1604y, 2455 THEZT o7z,
RIS RV TRATE TIBT S hiz S-S

53+

AXE (om)

52

51

I}
330

] i
335 340
AMax (nm)

Fig. 7. Dependence of half-width of tryptophyl fluorescence (411/2) on wavelength of
fluorescence maximum (imax) during reduction of disulfide bonds of defatted SH-blocked

BPA (pH7.5, £=0.008, 25°C (Fig. 6-A)).
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O
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REEORIT 4.3, #F T 3.1, 1604 T i jiE
% 6.1, %Fx 8.1, 2455y CIIBIHEL 7.2, $BE
X 1032 R L. 20X 5 BT DORRE &I
FEDENRKEL LAEMPED b, £
direct spectrophotometric #:, 23045
BLENES-SEEOER e~ IcEL, Pl
WAMERZ Y o, LA LEROROERRE
R b, pHTE TiTBLEh ? 5 S-SHEEDEK
F72T2h BidEmREShinve v 9EIE
HRLlhvborBbhs., bbb DTT &
A A vKic & » LpH5.6, 10.8 ic &, %oE
Rt ofREL DINB 2 v TR,

5.6 TIXIOBSEHEBME TIZ LA LBRLE a% 7%
Polenic % L, pH10.8 Cidig iEEBMICER
fb&h, 10841212 50% 3 < @ DTT 238
RERMLE D W 2. L7dS- T direct spectro-
photometric #: &, Ty NLVIFEEL DTNB
TRD 2 S-SEE DEDEL reference + L]
O DTT 0 AL LBE LT B b0 L Ex
bHiLa.

5. i

1. £C s DIT 2flvierrn V{H
2 B1J 5 BPA o S-SfE&0B®ITICIE T pH6
&Y S-SIEADOETEDOBEAE R L.

2. BPA o0 b E 2+ 5 0.10 M
KCl, 020 M KCl, AF2, AD,.,,, AD,,, ADs,
75 & TS-SEEROBILIEOTR & B 2.

3. S-S#EE DBz v TRP g EEE
B VBUKIIC 3 2 & 27T 5 TRP &%
® blue shift 2D Shiz. LibELER
BEOHE1/P i S-S HABRTOMHICR 4 L
7eh, UB—E i -7,

Wz D iRy, KIABREL 5 g & e o
Bl o loBHRE BERCERLIBRHOE R &
JFEF. 8T, WHWALHEBAEHE 4R
HEFRICESH 2 LET.
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The effect of previous states of shortening on the
load-velocity relationship in human muscle

Masahiro KANEKO

Laboratory of Exercise Physiology, Osaka College of Physical
Education, Ibaraki, Osaka, Japan

The shortening velocity of contracting
muscle is usually measured by the quick
release method (QR)» or the afterload
method (AL)®®. The main difference bet-
ween them is the active state at the instant
of velocity measurement. The muscle is
fully tetanized before the release in QR,
while it starts contracting from the resting
state in AL. The effect of these different
previous states on the load-velocity rela-
tionship was investigated in the elbow
flexors of six male subjects, ranging in age
of 20~24 years.

The apparatus was basically the same as
described by Wilkie®. A rectangular lever
with long and short arms was used. The
subject in sitting position placed one of his
upper arms horizontally on an adjustable
table, keeping his forearm almost vertical.
A belt around the wrist was connected to a
force transducer and then to the long arm

of the lever (at the level of the wrist) with =

a steel wire. The lever rotated from 140° to
70° from the horizontal as the elbow flexed,

but reverse rotation was hindered by an

one-way gear. The linear velocity of the

lever was detected by a velocity transducer -

(Scheivitz 7L6VT-Z) attached close to the
axis of the lever. The load was hung to the
short arm at 10cm from the axis. A stop-
per supported the lever at the initial posi-
tion of 140° and another stopper held the
end of elbow flexion at 70°. The isometric
tension (Po) or the velocity (V) was measured
always at 90°, around which the maximum
tension or velocity was attained. The quick
release was effected by ‘the release of
electromagnet with a hook, which pre-
viously hooked to the long arm. The
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velocities were measured by both QR and
AL for the loads of 10, 20, 30, 50 and 60%
Po ; firstly from light to heavy loads and
then in the reverse order. The maximum

velocity (Vo) was measured without loads

(0% Po).

Fig. 1 shows the time courses of force
and velocity at the loads of 09, P, and
309 Po. The force fell quickly to the load
level (P) after the quick release, but in AL
it was maintained over the load level for a
relatively long time. The load-velocity
relations are shown in Fig. 2. The velocities
obtained by AL were, in all subjects
examined, greater than those by QR at the
loads above 109 Py, although the maximum
velocity by QR was greater than that by

AL, except two subjects who had the

weakest isometric forces. The measured
values were fitted to Hill’s hyperbolic
equation ;

(P+a) (V+b)=b (Po-+a),

~where P is the load, V the velocity, Po the

isometric tension, and a and b the dynamic

- constants. The constants were determined

by plotting (Po—P)/V against P and fitting
the resulting straight line by least squares.
The constants in the mean for QR were a
=88, b=121, a/Po=0.26 and V=188
(forearm length/sec), while those for AL
were a=14.5, b=191, a/P,=0.43 and Vo=
18.4. It is noticed that the constants obtained
by AL are fairly greater than those by QR
which are quite similar to the constants of
isolated skeletal muscle. The maximum
mechanical powers calculated from the P-V
curves were 151 and 189 Watts for QR and
AL respectively. It is interesting that the
velocity and power measured by AL are
greater at the loads above 10% Po, because
the voluntary contraction in man usually
occurs in a similar manner to afterload

¢
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Fig. 1. The time courses of force (F) and velocity (V) at 0 % Py and 30% P, in the
quick release method (QR) and the afterload method (AL). The arrow indicates the instant
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contraction.

The lower maximum velocity in AL can
be attributed to the time laps from the
onset of contraction to the full active state.

In Fig. 1, left, the shortening velocity
increased rather slowly, probably due to the’

series elastic element as proved by Wilkie9.
In QR the initial acceleration is far bigger
than that in AL, because as described by
Fenn?, the forearm movement begins with
an acceleration determined by Po'/I, where

P, is isometric tension before movement.

and I the moment of inertia of forearm.
Mashima ef @/.» have shown in isolated
muscle that the relative load-velocity rela-
tion and the maximum velocity are in-
dependent of the contractile force or the
degree of excitation if the initial length is

constant. In the present experiment, how-

ever, the effective load is not completely
zero even at 0 % Py, so that a low accelera-
tion in AL must result in a low maximum
velocity. On the other hand, above 109 Po
the higher velocities were observed in AL
than in QR. This could be explained by the
maintained force over the load level in AL.
The effect of inertia of the load was
examined by changing the distance from

the axis to the load, but no difference was
observed in the final velocities, In some
cases, the integrated action potentials of

brachial biceps muscle were also recorded

using surface electrode during entire period
of shortening, but no significant difference
was found between QR and AL. The delayed
release of elastic energy from the series
elastic elementDd might be one of the
causes of higher velocities in AL above
1095 Po.

The author wish' to' thank Prof. H. Mashima for
his encouragement and advice, and Mr. T. Fuchi-
moto for his help.
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M 5T 2 &, 10~305REMEBELE L Twhb
D BINFEDIREEIC /e D25, KICEEL, PS H%
Bl 0.05mg/kg T, BECIE L2k
<, PS, SS Sz 24fFMB I BRI o 72,

S. BFPNHOBROREICLDEL

Wi sF, SRHESCHE, Sk UEHTF (B
KR, B, B4 »
B54E A AAHELRETEWT, WFRNHHE
ITBAERD D, ZOBMETIRECL > TE

>
&

b $% 17

b5 2 2HEL, ZOBLIIFEBEB LR
THEBHIOBMBINC L » TAETHEMEI VK
EVTEERE LR, Ll, FOEREEbIcX
B RO FIEEARIC X » TRABRT 5 A HICE)
WeDT, LA OBRDFE EIRE & DLl
CEDERIZOWTHR. FOERIE, KEED
Blizks T, BEDOLERITX - TADBRZESK
i h, BEOTRICLH - THEDEMER/N
ot Tihbb, BEDERE—BICHRTFN
NOEATE ST Y, REOTRIX—%ic
T OEAEIR B H R E < & LB S
Ehiz. COBAFEERIC AV Af5C 2 5
45°C Dy 40°C DREELTH K & izt
mV 2 S5ER T mV ICEEL. T, ZOBAE
IR —IERTEREEVRLTARS &, A—R
ETHIZ—EOBMERI L o728, F—EE
THRRIBIRALZ RS S IRE—E L Tz, L
S TEMORRETEREFHTLDDDLEEXD
o, DEOEENLD, #V=x, &F1 VLV~
GO, IBEEbICL v lEE2ET 5013, =
DX S RBEMEOFHICXY, WFRINEEIR
ZEL, KESIPHEEMU R /b 5
bOLEZI.

10. ERERICHKTIEDFLRBENTFLO
e

AHEER, WA <F (BIRK, E, $—4H)

7 v b OERWRE» SHOEKZE U T i
L, 2bhicikE C) 5% R) 07— 5%
BRI T 52 20X T, REOHRA L
LTELABLNT WAL F5—DRA, ey
2 BRI UCIIBAL T 223, 7 P ks, Bk
LTRYTIHEBARVOR, ZTOHEEZE LT
T 5 &4k, REHBRRPIKLT 5D NBEL
ELTHES T ERRIURS T L OBAERREHEL
. Tihebb, ERORBBRICIIEEETIR2 HF
P, 2HEER XU IBEHTI 1 TR hThY
5¥5zs, EFRBEEETIEAS FF—-0oR

C+K

Rm
RHISTRETH 500 (K« sk, Rm: HAJS
EE), 288 3FEETLTIL,

= K] 'K2+K2‘C +C2
C/R Rm.C

DRBBEHTHH LA ERHELr L. Th

C/R=
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BOERI, HHRSAKICIE 2EEHOZAY T b
BT, BATR OO0V A V2 HET S
ZLICX 5T, BUDTHRORERDHZLE
TREXE5. Ibie, ZOBARRIE, ~=0X
SHBHRPL=AVYILDOLS REEHWES
T, £BLAEDOTHET LR EBELEDDR
7z,

11. BxX 3 02KHE LIRIEHHEE & OBIR

BAES, A MZF HEIIFEEF (@K
()

&7k4E (TBW) ii{EthkoBRILOERZH
Bt 5 b EETHS. RETEELEKCHE
BEELREERBIC L > TEFHL S 5. ZORR
BRI B HREERCAELBEA BN, &
Bricix Wistar B4 % s 2AL, RETOER
BIXOEHL_AEZELIRRD, DEVITER
(5°C) IBHEX ¥ 7B OEMBIZHIE L 2SR
OEBC—EOHERIER S B0 £ 5 » BREL
7o, B AIEOERE V-ULBETT 5 &Rk
HRIFEBREA L, TBW H&EIHEmMT 5. Tk
EIRENLE * R 3 CIIERIEHREOEL WD &
TBW #1504 bits. Lrs i EDX
5 i gtbic s\ h TBW X RRfglsAE (LBW)
LD (TBW/LBW) i1—ETH o7, S LK
F (100~450 g), i X O X 5 ERREL
7-%% TBW/LBW 24 C OB & v T —&EfE
(0.72) &7 7. BEOX 5ic TBW/LBW 25—
=iER L 5HEE L LT, TBW LAREZERE L OH
BS—ETHBZEPLHPL S 5. BUEOEE
5 TBW 2EIET 52 L X W FELEHOKRE
AERTH S LBW 3 X OCREREREBHET
x5z :BRLE.

12. BEMFEREBEENESR

=R, BIEREF BABEZS (BEA
B, *®E)

MAEBESEEZEEANET 5 2 Lk, OERN
HNokoBxrms LTEETHS. LrL,
SRBEBBEERZETE, KN EEOR & RH
BELE. F0ORD, EAIESELBEEHEL,
—fgc, PR, 2 ESFARAVC MREA
BEX DEMEZRDRA L T & & bhubh
13, fEROBEEROMERZFRL, MEOY YV

F T, RECHEETE 5 BREBEER 2 HEIER
SN, ZOBEBEESEZRAWDE, ROV V
TNEB2~5pl CHESTRET D D, 19DHA
CRELLERX bhiz. BREDREFTHD,
ZOBBEBEEFITFIERACHLS 3O TH
5, BAMELT, BRRIZAVT, BiLET
v, (FRIEE, MMEARE, ORBHESEE
FEoZbaRRcllE L., B X b 8k
BRIMARE OB A b, £ OROMBBES
BEOELEES Z B TER. ThbOMmIEE
BBBEEOMEIE, MBEHREX I kDBEE
BEOSEE L KL TE LT, FlOEERD
FLi. Eim, BT HE TS, MENIEDK
OB X F X G h e T 5 R FORIESFEHET
HBCEEREF LK.

13. #IRERICDOWLT

LA, REEEE (KRaEhA 4H)

BMEBRIC DWW T, BAERE LTEMLED
LEZEZDNTVWAHESRE V. Zhit2 T
Foster ¢ History of Physiology (1901) %% %
5X5k, —RIELLH TV &P RZL
TWb X5 iIcBx5. Thbb Aselli (1622) 1
LOERFERLTZROL 2B b, FTOHER
Galen DMKOEEIH L bhvizic®d, Y v-35%
~DFEBHE 1. Th)s Harvey (1628) otk
EROBEAK X » T, Pequet (73 v R), Bar-
tholin (7 v <~ 7), Rudbeck (R = — 7 V),
Jolive (f £ Y =) 5238, FRIZY vSROMER
i, ZZEHGOEEIRSL. LrLSE
VIR D B AMERT 5 & v 5 Harvey Off&D 7k
B, FRIRITIC DWW T OMBRE, BMHY vAERE
BicXh Tw % & & 1% Cowdry @ Histology
(1938), Houssay ® Human Physiology (1955),
ek, BEE oA B & (1968), Starling O
Human Physiology (1962) 7 & 2R THBH S
TH5ERS. T TTHMEROMEE, HIKIE
Bof&OS &€, BMME, HEM, THY v
SAFITOVWTO—EDOHRETHRITIEL S E V.
5Lk ERDOVWTIERS.

14, FEELEHPVURBELCHTIXEELE
D ¥ DEEHEER
AEMD, BEEF SILEH MEET A/

O
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RN, HkER RIIRE (BREX E 82
AET)

T &3, SRR, EERL E Rk &
L, BM#RZELEE URGEIcRsTh, 4
FEERIC DB L5 5. BRELE MHkiEc Ly
BIEBDREE L0752 LR IRBRINS.
XL CRRERELRT, B, EMRGERE
W& T B AREFR ORMSRRELF) & ER EH2145)
ZonT, BEMREZEAZ LR L. i
1E, B ECHMAEOBEERE LTS,
IREEBBA D EEIT L. 105ME&gH 0%
5 SRR S, BEMRIEEEZEOFESES X
URUE(R 2 5.6 £3.78F), jR#E T 2.93+2.108
Thh, HEDOERD - 7= (P<0.05). /H{E DR
BHERER (/7 r— L7 r<YVviiER/R) &
FEMBIZOWTHEDHBIZA Shish - /2.
T, EFHEOFEEERE L EAMCIZADME
BE2d b, i onCTHECFEEEEHRSE
{Ig BT EMBDL Kz (P00, LaL, &
HTIIEERBERIES SRt o7

15. 1 XOEEE - BERAY & REHEREH

EHRKRER, AR RIIBE (BIK, E,
)

Bl OBNY XA & D, AfkofE i
BCREELREZHEU TV S, —HETERX
NRROEREE LTOREDBRN Y X AET
AHPRIFEE R DIz BV, LT TA X 6§HT,
SR WG TG & B PR < O _LERIRE B i 8
ENCHED AL, EIKEE « ERFRRKECTREHER
DA ER ISR Z T - 7. BMOEH L~ L
DEEZMRET 5 72 T, REME - EHHE
X« REREBIN 2 S EERMY « MR 2 RS L.
I3 ETHERNERAOBEREZLRL, £
HER B, REHBRGEMN SHEEENRE
T, F DB EIFED60~80%1% 3.5~5.5sec it4
THEHEAL, ThaEARELRRE ZE XL 5 h
7o BEHTIEE S DU ) T E MRS &
L7, FHERE MR EEL ©5.563+1.95 sec,
NREM #iC 6.49+2.61 sec, REM #iC 6.25+2.61
sec Lt h, HEEMICHES, BREKSYCERRE
EL P<L00L). —F, MEREBITEERL
~, NREM #j « REM ¥ICHEIES L P
0.005). ARG & NERIEE OM T 13, KL

8% 19

C

e

TEDHEBEND - 7295, BETREP S .
Frh, FhC@RELREGERSE & S hik.
NREM # - REM IO TR F DRBERICHEX
WIed o 7, BEIRGEREICE, Mk FE
124 B L7 (P<0.025),

16. 99 FORMAE MO RHERICD
T

HE B WEET (LEX, &, g4
VY ¥ OIERE IR E R AR S EFEL TE
D, RIERGEEERITESLTWEZ Eizon
TR, THECTHRELTHRABY THS., £2T
B & OERGIR L~ /L TRk L 7o Al 0 iEE)iz ©
WT, TOEFAEEI=- a2 vE.—&—TXk
DEHEIL, % DORERIIDOBEBELKE L DU H
HEREe R+ 75 o000, ERREZAMEOR
SRR RS L. REBORRIIOFSE S
BEREOBRERT S &, BT - HEK
THIEBEEZAMIEO LN bRT, FA—EHiE
THIBEREIDE V. Tib bREEGA B
FHAIEL L, Lt TEOREL TV 55
BTV LIRS, EENERE & TiE
DI-25 BAREL coefficient of variation-id/NXu»
D OREVE, FCBk L AERIE OB ictEin - T
C.V. 3ZFT5d0&, ZHLAVWDIDIL2X
AMEhbd. £5LTHED C V. igEo+rhic
HLThREY. BEORAITIE TR CRBE R
SRPARER C LR LTE Y, BEBKOE
TRELDTHENEY. REBEER 75 A
AT 5 L ETERRE AN TS UL
VKR O Gamma 5 ET 55 DR % 2> 5 -
2, BEIN24 2 DESEEZEMIE © % <
i, BV ko Gamma SRR L.

11. 99 ¥(cHk(F3 LSD #45c L2 EFH
{ERICDT

WHET, HE B (UBX, B $4H)
ARERTE O£ = b=y (5-HT) itk okk
M Ciiat s S-HTEF = = — v v Ol
R DHFHENTWEZ EBRELICEIhT
KTWB2, HIBHETIEECS U 5 2 © 5-HT
system DFEIZOVWCTEEELMICIRT WA
V. FTEAERIE, Z hoE CHBOBREMME
fAoBEEMEIT 52 EBELMZI R TV 5



20 ne

lysergic acid diethylamide (LSD) #5352
Lz X T 5-HT system OFEFLICR T &
20 LT BRdic, T74-7. LSD &k
Wicidb+ 5 &, ERER BEEEROTHZ
Mo TEVERTER L . 20T LSD 24
= URREZAA TR v 9 ¥ ORERRIIC
microinjection ¥ % &, [k, FIEME DOINHE
Libiz, [EIE 7R V%, dose dependent T EF U
7. 2% LSD 5 X B4R LA, AREA
(A ¥ Y V) % 5-HT O#RAEZSC XY, B
BOTEARD b iz, THHOHEE»D,
LSD #5ic X B#R LR, Mo 5-HT
ez a—rYERNLTERLALD D EELD
DRy b h g 5-HT ORI
{hDprBEbhd. £5L7T, »2r5HEDLR
VERGBRIER OB X - T, HESROMHIC X
ST b, EHRORSIKHEKTS L2 b, 5
HT system 1%, {(A{RFAHITRO afferent {iCHFE
TEhDEBEND.

18, BEES v MCREOHDITHIRE LILBE
ERODRAE

KEHER, FRER (BEA B $—4H
Gunn 5 v MI, EREEEVLEVIIELX
DBRINDIEEEEZTTERERRTDHY,
b R OEEEOREBET LE LTERSRT
w5, SE, bhbhi, BEHECIVFREIN
LR IR O RAERE L BT 5 —20A L L
T, B Gunn Z o b (GEBREE : GBEFE /L
HHIREE « +/4) OfF8 0 BEHEAF— TV T 4
— L FFRAVEBLr—2 Ry FERZAVTCER
L, ZOR, BEFH /5y b TR, HEk
SHIESCREN L LN, BET v P TR, 2
7e & & d, KEEHRB X CEBTETRICM S
DREBBELTVBOTIL 78 » 2 L FHEEh
fo. Eie, FRRRCEGEER (RUEHRHE. Wik W
e, WERE, REbR, REE PR IR BUR
TE, BE, W DMHEE) TkIsa) v
TeFNAIFVART =R, SR VERLK
BEEREE R S LIz 25, EULE VBRREK
WFFRD GABA {EBE= = — » VREFRIIC
T SRS TR X h iz, i, EYAY
VBB X 5 ANE YV LE VILES v b OREAT
B OWHRERTR - o8, &HEZ v MT,

2 ) VEEMES = — r VRIZEWT, TH2DfR
{EHERE DB TV B ATREMESS R S huie.

19. S F oL vKBLERAECSLET
=2 —~0Y OEE

R B (BER B, B4

JAT Frry vk . — vV ThEHHHIC
BT A EBRERO—>ThHF v v VIKERLEE
# (TH) BHo4kix, vereviE5ici ¥
Agic i 5. 4iE z oEic v - 7 AER DM
B4 R R Lz, mOMBRHEORTH S
AR 2 LR PR D L S L CEIWICHET 5
L, BRI EWTTHE IO F—3 v« <~
& — o KERLEEBTEEORSBR b, v
AEVZE D THERREINE LA LHESED
nighote. £ THRX D BERZECANT S L
WEIRTND, WL OhDHEBELINCHEEL
72 R T EAMUS, BHE, EREoRmTiy
LA EVIREARGREELLr o7, U, &
Pr=vVom2a—rYTd ARBHEOBRNCT XD
5, 8 B THiEMOHMMASR bW, vilL
EvikEiE, 3ok THERRHENS . £5
R ORLEE= = — 2 vV OYl & b D AT 2B
> BT PR v~ TR X 0 AN A
TR B U MEYIRT L 72ss, Zhick - THEE
VRiEk Ui 5. VRAE VICX BBEIERIT
o T AEHNREEST 5 LEET 5 biE, <
AR E DYl = 2 — r v HOROER
HWIREEThTwineEELLRDS.

20, FizkOZFEECESTIER. 1. £
HIRE R Xk 5 EEE

=E B WEER B oWt ARRE B
BEH (BEKR, B HEH)
FIMFROEEE L ERILT 5 HEEIIABIL TS
BEbH 5D, FhFPNEETEPERREL
Tw5. bhbhIIZEIHE L Kok & OBIfRI
RkdiE- Tk b, Lid-T, Eomphks O
BREWER & LTRSS Ro—KkeEE
U7z, ROERAEL 3 pm ORT-ERE LRV,
5 ~30cm H,0 ORFE T, MmERFEREDE MR
mEks VETFOEE T 5. RIS x10°A BE
L, FRIORBEMERGEEEZEDTHIL EOHE
MR LA ERHC kT 5. BEERLOYE

Cr
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ERE L LT R & 92w O Rtk ic i X
h, BEEKTHMEREE LU CROREE & 1E-
EERBREIC AR 4 5. (A EOMMFREN:, 0.78
ETho/) MEEERMRGICRR S, £D
BMIEMRSHIC Uizhi o TS, RS E & #&E
BT 5. Licnsio T, LT 5155
z5 57, VAOBME VRS - 23tfd
DEEDFRIERIZ DV TYRE AR E &l &+ 1
v, 7o&ziE, R OE « BHROEREY L
T, BILFRRICE T EERHEOET « [F-E &
IR (A E v 5 ~Lik) « BHBEMTIE D -
FPERIGHEIR T 3 & O {2 35-EELS& g
.

2. E&{tAETOEY OEME
WEER B L, %N, AFERM &
B (BEA B, P
EF~E/rEy (Hb) 9FIi3AEECIIfm
RNT 4 Bih-02fe- & UTHET 503, BEEER
L LTSN B glutaraldehyde (GA) % 1] X &
5 &, BELHb §F2WKT 5 2 & MK D
sephadex G-200 7 /LI X Wb oi. 20
Bge Hb iz ow TR LARE, 1) 24
{LOTREEVE Hb 35 X O GA JBIFITIKTEL, TinA
TOMELDERIZ Y bR ET, 2) BE&LYT
IRy VELIKE TR ERERKT 5, 3)
FERETHET IR, Zo5FRIRLE
IO DG TFREET D, 4) B X%
BRI A~ 7 b L TRIEH 75 F & DRI ERRD
bhvigv, 5} RSt SH Kidb§aicBdb LT
w5, 6) JLEEEERIZ X B Schlieren iz Ikt
7z Sz, w=2.1 %% (EWSFD Sa, w=4.285)
DY — 7 PEH & 3L IHWIEE T B8 T L & 14
—VERRT, Ti¥bhois. BAEILSFORE
THRE R MRIT OKLR, 1) BRHEAEOE LY
Bém,  2) ~ARMFILIEROZE L VIET (Hill plot
T n {HEORL B IL5HRIE), 3) Bohr MFE D
Wb, 4) 2, 3-DPG shR OB, ZEDK. L
LofERE, GA KX b BREhAES(L Hb 5
FiE (azBoda=>--azBy FHRABIZ & D, Lid
JEHIC 7 conformation % & L, TWB T &%
RIEL T 5.

22, €sn0 b Ui B KINEEEDOREY

- 21

£

THAA (BECK, ¥F, £H)
REFATLORETY o 5 = /L TH/IMGE
ROBRE (5mM) ¥/ = b+ vic X 5 KRG
AR ZIME LA, 15mM ¥re b 3oy
TREKIRE-SRNERIC S v CK#MRE  J54
R E DA SHERIEAIIED bRkt 5. 2
mM TIIE K IRE CK S0 X f ik
&, HEREEIRD LN, 2D DB D 5
7o 3mM TR K WHERECIL S n g H 5
Wigds o 72 75, B EOKIRE-E St %)
BCOSBHERCHSR L7, DAEORR»BE 7= b
VI X B K iEtesE OMEI 2mM & % 5
h, E7wm bdovic kb KHasie i
ETRMEDET &, MEMETOKRE-ES
o Qi OB, DF D BB ES I b DR
RN OMA L WS ZODIERKERICL 5 T 5
DR, EBETRELLTEEDERDORIC
LD EMBHLIPTL 570 IREPLUFIT R - 72
MERLLI a2 PR 1T & B IR FRAIRE 29 FE o WL R i v 3
THEI b & OEHTH IBRIERE OB
TREIC L DY AR IRE IR HERD b Tk
b, BT X D RHIHE & KiE & v 5 EBg
RV S > ThE s m b+ v Bn—F L7
HEBERRAIR 2R T Z LM SR I B,

2. v Y FAERMFRLEEOM ) REIE
AR 7 BRHEESE (REK, B, $—43)
T4 DT CIREMKNO BRREIZILT 5
&, =302 L—40mV 0§ EASHET 5.
Z O IEBALR SRS VW CHIET 5 &,
91 mV N DIREIERS DS &, FERsELIiT
FIELRv. ZOM/NERILLER X b b IRRSHE
MIEDH K E WD, HFOBE, BED/ 12D
X5 bO TR, REVBAIISED Na %58
EEDESTHHFEL, TORBIZLLAAE
7%, WPEAIINROKZ R T EAEL A
S0, TOREEZE D 5 & FEIHAITE. &
7o, H8ED Ca Zic T LIRIBIIBA L, TR
E%#ED THEBREIRD T 5. 10~20mM @
IRE T, #RIE X £ UM TR (5 ~10
mV) BT T 5. ZhOORENIEEA & —%¢
DVJLCEELGE, BROELELTHEL
N5, BERHEOHERL 20mM Ca fEFITF A &<
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w0, vr S VERTCERE L BFE,»D, K
BRI L WA S D 1 F VikOZE L3S
LTW3eEXOh5, BEMEKR» DERS
NET2FL2Y v AT Frry vinEikik
BEAOAE XZEFHIELBT w v b —OIER
BTHIERTHZ 00, ThOPWEREREY X
sy, BfRWEE X

24, Y EFAEEEAMIEOMEBENCHRET
Na, K &L Cl offR

Wl—E (B&X, B $—4H)

z ol OB IFEMIT, AK—3025-50mV
OfEH D, EE Nat FET TR K REZ
LI/ D ESERE RV, 0%y b KF Distic
Na* % X O°Cl- OB DR EVWERTRE I LS.
Na, K, 35X O ClI™ iz DR DIBKE M % % 5%
L, AhbRErALCHEFlicFET 5 LREL
7o. e Clm o0& 2HET 5 HNT, C- 221
EEAmoE W SCN A A ViR TEBRLE. 2D
55 anion DA THIFRICREN & 7x - 7o LRGE
L, ZOROEEM»B>KE Na OEEZEEE O
BEEUIERL 058 g, 7. ClIm 040
Bl AET % acetate ZRE# D anion (Y
E 7. 7 electrogenic Na-K pump DEE
FET S0, ERIE Na REp kb
7z, k&4 oS Cl- % acetate ICEHRT 5 &
—BE O SEREE U, Cl BREOIVEZR{LIC
W1 —68mV EEAIIE(L L. —F5E Na, —
£ CLIBE OB FCKYREIREELITHL, K
FTAL 4 mVELL7. ZOEK & ClOEE
[z, Hodgkin & Horowicz (1959), Brown,
Walker & Sutton (1970) oBEfR= X » 1 :0.15
LEHE RN DL ORSE S B Y iR iR

BAOIESL LT KY B XY Nat i & b s
#, Cl- o5, 2BEEEDCHI i Lrd
TSR S T,

1) Hodgkin, A. L. & Horowicz, P. (1959) J.
‘Physiol. 148, 127

2) Brown, A. M., Walker Jr, J. L. & Sutton,
R. B. (1970) J. Gen. Physiol. 56, 559

25. 1 3 41 FE/EFIC TS haloperidol D
HHIEhR
SRR % FHHL BEHERE (BEA

b &

, )

A4 A B ABIES 5 O R RGN catch
1, BEIETREMEEEWE serotonin T X o THE
+ 2135 0 T <, ftho indoleamine k X %D
Kl > dopamine 75 & catecholamine I
LOFOELWEIC X » ThHHET S, Thbit
B O Ve FIERALIL S AR AR AR BT & AR
HAEMRRKICARITE, B, BEEK~ODIM
LEWE DAL serotonin BlfE A & dopamine
RBlgE&n#E 2 bhT\wb. )7x dopamine Fi
W L L TCE 5 T\w5 haloperidol (107 M) 1%
BT PR B SURRIT & D IRl L a8, 5t
EHRELAC X s lHT 5. L
2L, Fhicinz o serotonin T X % Mg H L
TRIEEIRE AL, o oheigyT 5. KX
MEEE b7 DT IRE X D 2R BEWIRE DA MR
WEC X 5HBICTT DOREFBASTH B L,
tryptamine Bh#EI% I 4 A9 iC, fthid indolamine
(gramine) & % DOIFLIHE (ergotamine) <2 cate-
cholamine & % DMEEMIEIC X % 5tiEIL 3 T5E
LSRRG T EPb » To. KL sero-
tonin Wik AT % L 3kic, dopamine HiE&
ZHEL, ki EdesTEEXLh
5. Fir, AEPIT XL S serotonin Hif #E HE R 1%
serotonin RFE{LOIMGNIC X B ATREMRE 2 Bh
5.

26. 7 IS © adaptation [C DT

FEREX FHE= (AKX B HEEE)

b2 = A = R ERERE 2 A T, cupula
DlREfi% control T 5ED T & 3 FIEE % K
L, SRS X EBEME K L.
A@Eb b bt phasic component OMEIZ DV
THE%7F 7z - 7=. Phasic component O &
PR OE X ONEIT L Fl L Tk D, Weber-
Fechner OMERNIC X K —%¥ 5. FlEOE(LEE
dl/dt & phasic component DN & DERIL,
FlE DL LEE DA & IS DA A B
528, OB LEER 1.3 mm/sec Ll EiET
% phasic component DS EFICE L. 7
TS DREN 23 ¢ & T BEFEREES X5 L0
8 By DM@ T adaptation 4L/, 777
DIRAL 23 p &7z B RIgkE 13RO o Rl <
FiET % LHEifmae e €17 { & phasic

{>



component DFFHE T B35 bicss, 77 7 DR
REB 7.5 ¢ Ein BRI, X bics 7 7 DIRAA
15 ¢ &7 Bl % adaptation O & JeiGHlIc E
5 &, BMFE R L, phasic component i
LR SR CRIS &R LIz, Lichs T,
{ED 57 5 phasic componet %4:F % receptor
BHET D EH 2 b 5.

21, #HEMH R MU Y B E BREDBBERS
I22T

EREM, BH—T (RBKA B Ham)

BETEESIT, MEESLZ P Y VYSWIE, %
EMRENLCTET 205557, NlEMEHO
JAREHRREI T = = — m v E P2 VHREE N LT
(EFTBHZ LEME L. SR, Th5mmE
ORBLZX > THMENLETAYI VI K B F
WL REREE I > W T IRET 5. ERIIE,
Nembutal [k, gallamine Bk 4 X % F v
7o. " # % + ¥ v 13 radioimmunoassay ‘Gl
HEL, Thé, Hik#83s X ° Heidenhain pouch
DB E DRI OV THME Ui, i+ =
MUV, HROFIE 2 S LI U, i
MT25~350hic Bl & & L 7. BWSnE
VX, FEEIRCRSIIL, RIS TH—RERE L
7ot MR A A b Y ASE A R TR I T O
U7z R T % OB iR IMTER ST, W
BRERS, T+ ARIBNIR MM X - T, MElE
iR Ui,

28. BEIRKA OMEMIC & LIETIHEZ G
DFBICDT

WHEMT, SBERE* (KBK, B, $=48-.
B A E*)

FEEED tone (T3 JIE T RMBTITORE %
BT 5 AT, 2V 78— REREI L7214 %
Z R AR X OSSR IR 3 4 )11
DB Z T - 72, BIEHATENC, MR XU
MRESTALNTIEES R, 1 x 3em Dk E XT,
1~25g DEEDHEREIERLT, 35C ofF
rrpc, 14, 10g-20g-30 g DAERT
R LIREOHEN OMREEZRIT L. T ok
R, AHEERTIE, REHELARBBREONTH
BEZTEIMIL Th, MBITHRT, HEF M
OELMES KOS ET LT, #REEE 23

b % 23

L, BEOMRESET LR, X 5icFmsisk
MR, XD EREASME T L. BikE
BRcd, RERLERPED Shiz. Liks T,
SRR OB NE LR O 8 F 13, KEH
REABMRE 2 T h T h iCBAREE T 2
receptive releaxation #FFDiHKkic X b, BEH
HOMEESMET LT, #ERBRAPEALT,
HEED tonepd LHT BdLELZ N, EEMW
B EAIERIz e, ACX S RBEloBRETH
BELTwa. 3k, ThLOELE, SiEd
FIRMR N 3 » H 15 F Claiskt+ 2 E2H 50
P OP ra

29. ENVE» FOBHERSHICHIT D EERIRD
oE

WEEE, mA #, il R (LK, &
Bk TE)

FAEy P OYMEIL, AN
AT R AIC L - TESIKEZS (TILb,
1976). —%, 4 X TIXHFHEND & TRFES
T, WBHHER S IR OIS RAI R &5 3R
N5 (FHES, 1976). £ TE/LE Y F OHHE
it HEE A OBRE R L O hicar T 5 _BAr
IR DBET DWW TR U7z, (548 (S1~S3)
% 30FbRHRL (20 Hz, 1 msec, 8V) +5 &, HIj
ARSI INEE (AR 100 emH0~200 cmH,0) 25
B ok, L1dd0ix L2 THEHZHMT % &,
FRURHEIE L 2 Bl TR HIE ERFET, 441T
IS0 % AT T L. IRICHEMBIIOY 2 » 7
X BEE LT 541, Thl1l~12 THEZ S
T LT U 7. £ ORER,  IHEER67~
882 1L L. FEEMMIRIC LT, WP O
HRR LS 5T D EORERNSELE
v P OF RS X HEGEBOTERRIE, FF
BOEETIC X 0 BSRIEWHFTHZ L, LcdoT
LRI OHURS B, o R U TEE TS 5%,
REHEELZ I TVWEEELLRS. X5,
RERZEWT, FHMEHPEICE 2 5 72 C
&, s (1976) oG dbbrE2 5L,
ELE P OPHEICE, BIRARA ERS T
TG THH 505, SLIZFHMEAEHS Thi{EE
T5LELZLND.

30. Caerulein O+ 15 ESHINHIc DT
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IESREL, ABHEE, il R LR B
k)

Caerulein i34 X DJA%E, F X CKERG DG
EBAEEXE 50, oddi ENGHR XCEDORE
o+ TieIEmOES 2T 5. C OMFEIER
VISEEERS, HAVIEERMRTHE D
WCRE 2177 - 7. R X O ZHRBEIIT
balloon ¥ X OVEBIBALCRLER L7z, REMRE
D¥EE s X O 0 % 0PIl s & R AR
OEIFIE = OMEI R RSz wt L T A SEhR b
ol B 5 U BEZERE L TRITHSHR
BELNWTFEESRORTH - k. EIEERE
BICOBEBIIRNOZRSIITITH 2B eEgE S
. JEIER X O LIRS IR ORE T
VERSIE AR LS, Fib T i iifl ok S
#ld & - 7=. Caerulein {F51C X 5 TIF+ =t
D34%1E atropine, propranolol, phentolamine @
BETIEMEE LD 2235 C DFRE5ICX-T
L7z, [EEOERRIT T I IBER 2 M
L3S, KPR 0TI X b 2 OMEIEERS
L7z. Atropine i X b BXUFIBIC X 55005
Bl ZEb % & +IIGET OMHI D S 7 b o
7. DEo#R X b, caerulein O+ f5E DN
HIVE R ISR AT B X OV O E ORI & A
FTERHTH BB, —HH~OEEEAD DD D
orEbhs. 0ddi FEHH~OHBEERBFELT
BFCL52DBDTHAS.

3. vL AN OHERICKHTIERHORE]
WNEEX, 2RET (IEEX, $—£E)
BEREEF iT 0\ T OB LM O—I
LLT, MEATHLY Vo ILOHRITOVWT
P B = LT, HERERICE LW IR IFES R
HENBD, TOEHBMEERIX 5D
RETMiLce s, BRNZERBDORSE
T X7z, 400~500g D & 7 = /L DRFHFR & HIHT
Lt HZd- CEHEBEL CUERNORER
Bl Lim & 25, #ROUIMiEiI608 LIN T,
REE, 26~149ml, KE®D 6 ~25%TdH - 7z.
Zhiextl, BEMRE20ERUBRITT 525,
WV T i 7 2 o BRI DR &1, 0.3~16 ml,
HED 0.6~3.6% Th -7z i, BHROTINT
HI0R 2B E 5 &, KT SR O
BEDOSNL X5k, MERLILT, Bk

%

NOREDBS L. 20X 5 RERND, B
WHEC X sEDO LAY, WHEOBR TIIME
7S LS kvorkL T, mEEO S
=DYE, BN ORE RIS 2R
LBSTWBZ &R, Wb Einsi.

32. DEFOWRICKT TS pH $ L UBEHROE
z

R, RAREE (IISEX, F—eE)

7 F DA LEITEGONHECKT 5 pH O
a7~ pH @ 4 & 121X bicarbonate-pho-
sphate, tris-maleate, histidine, HEPES ODfZ{&
Wi#% B\ 7z. Bicarbonate-phosphate 1Xi&#&rh D
Ca OB %4 U Ca 2 EHRICRIFT 2T &8
X7\, Histidine ¥ 72v% HEPES #{fiv, pH
4,0~10.2 EiF T pH 213 &, BRI OR
XXR XA R D EER L DICHERT 5.
b4 Ca yefi 2.5 mM, FIBUERE 6/ 5O T
pH 9.4 DiEH1% pHTA & % 1 D 1.9~32f510 %
4+ %. Tris-maleate 2 - 723HA&d pH 2§ &
BESJIX IS % 43, histidine & H~TIRIJ O
Iy 2EERELL, pHI4EHEWTHET DI
71X pH74 02D 4.T~62{FC E T 5. /i
L, tris-maleate D34, pH 74 THRAET H5RN
1% 0.1~0.2 g & histidine DHPAD 03¢ X b/
X\, SRR 260/ i B & 3R J7-pH B (R 1

" pH DRV HRABEIT 55 TATBIRICIE S B

V. Mk Ca BEEHELAESSFBIEE Y
WMUHE & SERRICR 5. pH 2L RO
EH O OB, Ee AL T CapH &R
BICIEAT DEIC X B E LT, Tl TT
Tixil, Cl 2V &7 2 v ZADB D%\t
fapy pH OZ LR CBRL T3 LIS
5.

38, YLHTNDOFG < PpREY Y Y DEAD
Rz 2T

HHRER (NFEX, 3HEHE)

ER X OVNEEZIEMRET 5 &, U V- SLIRD
HENIIEIR NS, AAREMR LTINS L 8
X 0 OFENZINET 50 NE X D ORAIERET
2% 58BET 5. ERORAIN CRREZEINT
% L/NE R ORISR RERRICELT 5.
PR D B & X VN oIl ik g £ h

v



NELFET 5 &, Vv SRR —8¥ic
WHEh, EMORAMZTIMT S E hooM
FHIEEE LT 5. COBE, BEER (1
Hz DIF) T s v v -SOBoE: 15+ 1
XS T 5. BT X - THERINARGEE 20
RITA T 5 BRI ORI B RN O Bz
FUSAREEREMIFEREL V. —RIonNEMs
R PR OB KE 3T 518 U VLB
L OMROFREH OB ICE L, Rfllo
Ry 320 msec, Al DHE T £ 640 msec
Thote. BVNEVHMECHEMEYINT 5 &,
FAHRI D PR % O BIRT AR s e & B B4t
HET 5. ZOFEREINFEHRENT 2 RERS
TH, SROOBEERERC Y v Lo F
WZERL, Vv vlgom@zosiEcl, =
DI Y VoL RE T U T R o B 13 5
ZTTUTHBHRIRICERT 50 LT, Bt
RDOBEE 1 EHFM % LT UABBOTITLTH
BRiRICIERT 5 2 L 2R LTV 5.

. 1 ROB-KBRSICE 1T BIEFHER S
WO&E|

M E, #EHFERTF (INEEX, $4 )

B OMRRIIC X - TAIBED QRS X O
HEHBOERIINLZEB8HmbRTVS, L
ML, ZOBE-KIBRHFTH T 5EHIHER S IR
DEENZDOVWTIHALPRENT VARV DTZ D
ERRERITIN o T, TOMROAEE>EDL 5T
5. 1. EFREE - BRIKA X OB MFTER, BIRES
DIIRRIBIC X - THBEWREISH OB LR
VE36BI 1 D34FITESINL, fthod 2 BT L.
b5, EALEENG OIED)IZF PR D ZE & g ¢
BEE2IMEEh 5. 2. BHEBC L 5EEM
FEFES O RFHE IR E iRk 5 L O BE R %
ROLBEELTRZS. ¥, ZORKRESIRTE
DTG DE S TGS S RS EHET 525, X
SICFEHREEO® X TOTMIRICITNE L, B
B ~DOIRER S bIHLT S, 3. HEELET
RaEhR E R RIRE, B8 X OSEIR R E AR iR
B OGN PR i OSBRI & > TERERES
HOBRLERFOEMB VSR I EhS. 0%
ROBHEWOE S TRHRBLINTE, ToilkT
5. 4. BBOEBRERLD, BHERSDIRT
RFEMRE S X PR AR OB E L, BRI

23 25

RO E T 5 H-BARBRERHORERICE
EFEHEL LTV B EFERINDETHAS.

3. J v MTLBEPRICHEETIMBEERF&
L URERFICOT

B M. REHN ERsd EE B @
B B Lk, B gk

7y VEEFLEER =%/ LPHERECK -
T, 45%BatE S, T0%8MES, SbTok
H O=DOEBPITHTBE, BBENE, =&
7~V BB ST, Loge ARG o> BATE % 40
TERFBFEL, T0%BES TR ERFHELE
LTWw3Z &pfEREN, T TG LE. 45%
I 5T D IEIRF1E, kinetical 725% T X
D, EHHC DNA GRS 5 2 & 3RS
hic. EzFREC, RNA SRR D, Y
MICERD B, A5BE ST, EIEFSEEE
YET 5 W REMEDSRIE X7z, 5B BT D
W DFE, TR, 24— 2 %23
> DNA Gt LT H IR E2 D22 & a5 in
vivo R CER X, in vivo izl T 3, DNA
B BRI 5 2 RS R, T o
ZEpb, ZORFH, FHiamiEsiEmE o 1
ETHHAReMED, MATBEh5. 5BE I
HETLZMERFDS bo—2%, =& /- k
BEPCHFET 2N, £BTH 5 &
A3, SDS-PAGE iz X R, bhhbinil
ELTEL /L= LD DOWTRER S
HTHR, BELL.

36. 5o MTNBEAES LY HBEX DS
ZFIRFlEDO0T

FREER=, LR, A B (M, &,
)

HENCE T » FFo/Maks XOKES & D4
X hiz4S RNA EH, &dic<w 2fkD
L iMilaooége 2 BZ gl 5 & & 2WE L
(AZA43EEE 89, 140 (1977). 4lEix o Ml
SRR AT O NaRE S X D S8k L 72
RNA (mh RNA LIF#H5) &R T CRl + %
L, BEIAKER S (mh-AS) & L §i8 o BaFl iz
THMEIEESEEXNS 2L, X5IKI O mh-
ASESORES L U O3Bz ok
HEMzOTHRET S, mh AS &4 HEFEH
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H|7EREIY Dowex 1 THF A7 v~ BT 5
&, TEKTIHEBENSES (mh AS-1) KH
SE X, % OWEFEIHEET mh RNA ObyE
BT BT HY 100 58\, YRIC Z @ mh AS-1
ST 7Ty 7 AG10DHFATHETHL
RODES (£ Eh mh AS-1-a~f L IFFf)
Kz b, 05 b LiEoMIECY 2 EE T
PIEFEEVE e B ICEIER X e, e ESD50%H

5%

JEHPEITINE (IDso) 1% 00061 EEEBAT/ml Th
D, 5-7rrwS L (1D=0012) X2
FEMEDE <, E T NEER OB OBRE K
WOHEE T 5 S 13F 2,000 /w2 & 2
. Z @ mh-AS-l-e [ 4X 263 nm iz 2max,
245 nm iz Amin 2R L, 472 300 §7i% o 4 &
OlELHEESNS.
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%%ﬁ%m%zmaxbf@é —fZH%E (A)
(B), #EWE (A) KEVTIL FHIDEVI
BTHE %E#%ména R - Tn5d, &
2T, FMREEEHORFGFRENCHAERM T >
Y ¥HHDDIE, BRI L TRIRES R
RELILBLTH S

BEFERICEVCL, PHRERIS TR
W%Eﬁﬁﬁmchégékﬁﬁ?&%ﬁ&a
EATROBETHBINCRIREIERINEDT
HWETILERD D, —RHI% & BRI L 0E
B, MR ADOD ORBRHFHRED
0% % Bz 554,

#1. IEMS2EEREMRBESHE (EHR EY¥)
% KRR E [ RETeE | BELRsm
EFnﬁH‘fr& fﬂ\‘fﬂﬁ:ﬁ (%) (:FF‘J) (:H:q)
Qg%—f ~ﬁmﬁ (A) 317 81 25.6 986,300 12,177
E 231 59
fj:_#;;+ —*}‘ﬂ;J}f jL (B) 1,680 381 22.7 1,369,800 3,595
g 1,227 241
*F’Y//J-ﬁ E,r)fjh (B) 61 25 41.6 37,300 1,492
Bk g,gé}r}fh (A) 165 55 33.0 175,710 3,195
” —RFE 7% (C) 2,668 521 19.5 787,050 1,511
” —ihF%% (D) 1,864 328 17.6 137,700 420
” LEHEIFE (A) 2,196 634 28.9 208,600 329
” SHERIFE 717 192 26.8 415,920 2,166
2. IEFS2EER IR BR AR ()
. i T = | 12 T
—fER% (A) 712 (32— ) 6 2
713 (f il Ee) 7 2
714 (5 3% 4 35) 6 2
—f&iH7E (B) 712 22 6
713 45 13
714 18 4
HWEWE (A) 712~1714 18 5
—f&WF% (C) | 712 7
713 160 16 } 45,000
714 8
—#HH% (D) | 712 6
713 96 7 } 6,720
714 3
LT (A) 712 11
713 124 15 11,220
714 10
HERTFTT 712~T14 56 15
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FNEEELBHPEARRS S VEMBORERE

2T EISAEERES (IUPS) KSIT19774
7HI8E X D23EIED 6 HE- Y —RFETHE
Xtz ARSICHFE L2 Hitk LT,
B LEES BB 4460BICE XA EY 5 2
5, FEaB%RNL 5 & 50008%#H 7o Bb
N5, KE»SSMLAESBRED 269 HiEL
2. X ORNH[IBIENESE 2 b,

[. BIaRIE Y LR v ROKERTITHDNI, W
OO LICIAIRZEDY LK v % O Dés-
cartes % Lavoisier, Pascal 75 & Z QEODOB# D
SROENRT SN EFATTFERLTL Tw 5 1%
I, WA OEOBEOEASERL, BES
hBBWTH -7, KFHOEFESFESNTY
oS, #METZ ONTLHAREORERDD, X
A EEA R o M. M. Fontaine #{% C,
Ao EIkE Tuft k% E M. T. Mayer
fii4+-> The Physiology of Nations : Nutrition
and stages of development, BT 54 DT, &
Hrh o /AEEEIE & L CidkE Durham @ M. K.
Schmidt Nielsen % -4 ¢ Physiological and
cultural adaptation to life in deserts & Canada
Québec ® M. T. Leblanc 4> Adaptation to
cold climates, 238 OISR SFE U FT TE £
K Madame S. Veil DEESOBTEMRA 1 7
-1 7@ M. H. Schaefer ##i4-¢> Physiology,
Medicine and Society & B3 %HEI S - /2.

MhdES, £BY AR L ORBRIH
oSO HIL - T2,

Sea AT Jussieu D% Y —~ KFE D18
DM TREAND 2 B I68DIBFH H B 1T H
h, EARBELEEZEO TIRBRET)HIH D /M
B CERERESHSONNEEED TEEHE
BTG 5 MREEENEELTDOT I VB
EF DHEIENTOHIZA - TV,

B0 3 ERIFChSOHEOM, HRBIER
Mg RE S D B % Pitie-Salpetriere D105% 4 %
iz, R2OBOERAERRSAAL—, 1000
HRIREONERRB T,

FOREIR OITABIES, AR OAREE,

AR ERE S
ZRAE B K # K

FAR O« Kk, IWOKREHOTEEE O
AR HROER Y EID bhi.

ZDX5ICLT2500E0ERPUEIh 72 D
THoTl.

HFEERTHRBOFREHRE S VA Y = — A5
{LEPT1628, 1025EEOE ThfgS e, Zh
ERTASH, BIRELSOETEED £ 0%E
MiTo oI AR EZ 72 D TH -
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1. X20ER7 A16 8 IC/TEA OBEEAR I
bh, i) FEOSHESEEFSHEE LS.
DRI IR I E O, EEDIERK
EBRTHRRAREL L - 72HT, K K, {4, @
fh, BAS, A H vFFETHERL KL, FHiCE
LpngEnic. BES L ORMEMEIITWE
LOMBNBTE S T, —FHTEEGLLUTREL
B bhTws. REOHEOSIESIITE
$1,500TH Y, EHEOEHKME G. A. B. Kovach
KX b $3,000 KELFLTIZLY EDOFRIRK
Tva., AREIFABTMEZ >V THREHRTDH
%. ii) 21 commissions OHHRHTT b h, T
o 6 commissions DEFESTR L /2. AR
TR commission DZE B FITKRASEFRTE
TERERONELE N e, E 7o Microcircula-
tion and capillary transport, Gastro-intestinal
physiology % XU psychophysiology ¢ 3 com-
missions 2338 S iz,

. &4 (IUPS) of4an 7 A17TH B B K%
Jussieu & TEHEREIOGBHEEL Cfibh
7o. EX D FHRED, BARK EAREK
BR, 11PY ME, B RESHE L.

Sy b EAEER 1) ICSU (ARRE ==
FVvERS) MBI963ERFE L THSEEDHHA
i B LU OBEIRRE S EE» LO¥S
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BB EETH D, FAS~OHFEZ > TAE
BU iz Mo E s b o HEREE T S AEELZ
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Yy —@ T 2~z bATCICSU MRl N 5 D
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T, ZOWRHEE - CREIREL TIE -
7o,

CAVCEE L THR28EA S EBIRT 5 T
2 TWHAYH Y ~FEBESH, D, AL 5(E
Ab, WS 2 0 A FFAT B 58 %0 Y 7R IHR
T2, AW, 5% Buals:, RENSTE,
TR, T WAk S OBE» SARE~DH
R SR aTTe v & v SRR S TR
LT, R&EBH#E219804 8 F 4 ~10H0 Dz fib
NHFERPE L .

MM LA FEE E LTA—2 T Y 7
PURE LIz, 1983 F=—ffics itz h
LFETH 5.

if) 1977~19804E DR ORI TEIRED F T 1
FE108h 2 FITEMI Tt TR, HH L < D.
Denton (#— = } 35 Y 7), A. Trzebski (7 1 v
7V F) BEEh.

ili) & R E OIS EE oW T IUPS

(&5 D)
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& IUPSB (International Union of Pure and
Applied Biophysics) & {77% 58z >\ T ICSU
CEZE L. ‘

iv) TUPS BEELIIKEEAHEYSEHFLCH
[EEBEELERITKL, TOBEIESTATE
B otz SHTOFERBPERIThREFETH
5. 2RI 1 $650 C CTAFTELETH 5.

V) HiES A4 3 H31A 19704 Nobel &% 3%
B L 7¥E @ Bernard Kalz v v F v K¥4E M
BEEIR ORI Z WL, SURTITHS 0 © B AL
HISA 2 Ofth & Jeflt iz T, THEREE B DR
&2 F T RPMEFHOBIR,) @ oW THIES B
Wo. BREOSIREMEE TEKORIE 2756 5
I X h.

(19784 1 F 14 FLIZ X FIR K F ARk — s T
FyBofRy ) CEU T AMBES 25 £
BRELPEUNE & FOECE AN 2 $ o~ & DT
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1. Bk o®&E : BARFORRA T 5
DA 2B L T, 2 E IR
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LT LWL ET. LrL, £DOMDFFITE
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LA L AR CEW R RVERSE 4D 5
L 5EETHS ETHIRETRAS L LTRRK
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