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E-C coupling @ input site Q#/ gL ZDE

RO O B-E B O£
(B HER BER SR AL B B — SR )

A quantitative approach to understand the ultramicro-structure
responsible for input mechanism in excitation-contraction (E-C)
coupling, on the basis of physio-morphological observations.
Toshiaki ARIMA and Masahiro FUJINO (Ist Department of Physiology, National De-
fense Medical College, Tokorozawa, Saitama 359, Japan)

Our morphophysiological studies using concanavalin A-ferritin (Con A-F) have indi-
cated that : (1) an out- and up-ward movement of a movable structure at the luminal
surface-portion of the T-tubular membrane opposite the feet initiates contraction; (2) the
grade of the movement depends on that of depolarization ; (3) the movable structure is
essentially a ‘moving arm’, which is fixed in wall of T-tubules at its fixed end and is able
to be bound to the Con A-moiety of Con A-F particle about at its free end. Calculation
based on molecular morphology and behaviour of Con A-F particle revealed following
points : If (a) the origin of coordinate be the intersection of longitudinal center line of foot
and the surface of T-tubular membrane in the transverse section of the tubules, (b) the fixed
point of the arm is exactly on the surface of T-tubular membrane, and (c) the movement
takes place in the transverse direction to the longitudinal axis of T-tubules, (1) the
location of the center point of the movement of the moving arm is at 5.4 nm in the outside
direction from the origin, (2) the arm is about 4 nm in length and moves by about 2.4 nm
up- and out-ward at its free end upon about complete depolarization.

key words : excitation-contraction coupling, transverse tubule, feet, concanavalin A,

moving arm
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DEE—

PGO (phenylglyoxal) % 4%r Ringer iz —
ERFHEIE L (PGO 402) #%, Ringer Wiz
Lich = v B—igif, EELH L8 L
15mM caffeine %3 % EBAVILZ (caffeine
contracture) DEE Lo T B I b bbb b
7, BB x5 I (Kie X 5 K-contrac-
tion) REJIE 2a7e b ORE 1 K (BB IHEE
BY, excitation(E)-contraction(C) coupling o
) 510, iz = o Il PGO 43 normal
Ringer BEHRMOBEB/HB L ELAL £ D
F EFRI R T, i X » E-C coupling
PRTER BRI X hs v &
i, BELTWAR T PGO RREE T
BTERLY, FOKEE, o v E-C cou-

CEEL 441 A 6 BA)

pling wEHEELES TH S 5 BERK,
WERT 7 e—F, D% HEEYEORENH
KB EEERLTWS. 22T, bhbhid
UC-PGO TME LIz 7 = VB, D%
PGO 1w X v E-C coupling 23ZBRAVIZHNHI X
RTWBEH”D, PGO LESLT WS & v
7% T 5 —EDOEREY Tt » T, E-C cou-
pling D¥ERERIES 2 v 7 RNKREL, Fhix
¥ 30kD o FRBE R, Ex v 7 ThHS,
&p RSB, Tz, PGO it X % E-C cou-
pling DMEIA, FHFD S & B3 B BERE
#z~D PGO DS L »THELT WS Z &
LM EL S Zhbo o ki, E-C
coupling %8 5 BRER, 7R\ L& v 7 Rk
CHE LRI BT (77—
TBH) TENHEDLZEEEHRLT WS,
ZhicE ST, bhibhit glucose-man-
nose (Glc-Man) RO¥EL O X v 7Tk
A3 % concanavalin A (Con A) % \v—#ED
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EEEA [Tl 5Tz, FDEE Con A 11 E-C cou-
pling © input I RATHMCHEETECE
DotV Zoz Eik, B NEE B
T 5Bl E-C coupling @ &0z,
% 1 E-C coupling o input site 23% v, Con
ANRZThCBRPCEE LTS ERERL
T\b. Fo ferritin & # & L7 Con A
(Con A-F)x AWEFHEBECHE LICE
%, FOIAT transverse tubule (T#) o
NEET, Lrd feet AEBCHYB LTS
LW ERLEENEH IR, BT TR
MbhiEocir, =D& &ix feet 23E-C
coupling © % 512 HE 2> b terminal cisternae
(TC) % To®EE, BIH path way, Th5H &\

5Ll THIREALBENLEHRTHD,
Fwms, FHIhi Con A &M E-C
coupling @ input site ‘TH 5 = & DEFEDFE
HThHD.

oD EIE B LTI » 7z E-C coupling in-
put site ® behaviour B35 KB, 5, K1
DEENELREY. CORENL, WEEAE
ST 5 & feet 1B LT plot UAEsERE Lic
BT 5 ferritin O fLED, feet FHAMWOA LA
sy (A, TEORRED) nbkdm (T
BOMNMI) CBELTWDZEEHLIRRL
Twb. ooz &t E-C coupling input site
TRV, EXRSET S &M LD REED
R D ERARBE R E L THEDREWD
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Fig, 1.

T

Histograms to show both a close relation to Con A-F locations to junctional

portions between T-membrane and foot, and a noticeable dependence of the relation to
the grade of membrane depolarization, using single fibers of frog skeletal muscle. Con A-
F-treated single fibers were fixed under both the resting condition (a)and the influence of
almost complete depolarization produced by K-solution containing K+ of 111.2mM
concentration, which is indicated beside histogram!®(b).
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ERARFEEY /v —XT , T8 Ltk
5. BmEThIE, o site REBEMSCE
UCIRErD B < “BRE” & LTIRESTH D,
DR VAZIECBMHEERLTWS &
EEERLTWS EBbhs. Bic, COBXIT
PGO tELkIED OB & EARTEHIh®.
ZDZ EITERDME % v 7 (PGO-protein)
BZDELCH Y, ThBEBMCIE UTER
LTWAZEPEENRTRLTWS LB h
A.
WEE 85 input site TOEERE X
EWIEE, hoXR, TOWROFEHTH e
##mBao E-C coupling process D E#)D step
ELTOBG—BWERE W OFTER, F
1w, trans-membrane control 1zt 5% L
WHRORTR, FhbEROEEEND, b
it Con A-F o ferritin OB 2 FIcgE
LR L, B RGEORBEVWOFHELZIELL
BRoOThiEebinnwk Erle. A#kd, i
BoREE LTHEZEINS ferritin 1 Con A
SFIEEES LTWT, T D4FA input site D
RECHEELTWDEWHBERIC B 5 » b,
ferritin OB)XXEREOHEOFLIEFTHS
ZERIRDBMBTHA.

EAP L BRLBRAEECESE DG
DB L - £, E-C coupling o
input o ¥ 1 DOFEREBL. FIIXLTO
BOTHA.

@ feet DR & THIERE L ORA
REEETHE, ConA DEEEHAT, BIED
Rz, FAX Y TEHUFGEA 2.20m, &
EHE D 23mm OFIOMCELETS.

® WEE SETECHEIBL &4
i3, TORATATES» S TEN /U |~
41nm, [EFEEL Y 3.7nm OFIDOFTICED
bh.

® Con A OFEAMIT, TOKEDME K »
B, KBRGEBI L > ChorEELVBETS &
EZLRT, HE&8%ENL Con A ¥ESE
HEDLONRSBIC X - GEETS, E2
bhb. BEIN ferritin fBO S/ D,

T OBBYEMET, BEIERPIEOREE & 4

L, BHs Con A 2#54 LES 1o0wH
BThY, 0B HEROMBIXEDS B0 ES
WIREKFE L THRESh DT EROEERERT X »
TREIND, EHEIND. 5T, BILE
LR Con A fE4moME R, EER
wHLE LTHRRAH S HIED 2 5L @X
hb.

@ LboEEms TEEREECHEEL, »
DX, COEEDF M TERNEC R U
ThHEFETHE, FOBEEMROMEBITFL
LAl 54nm fHETHD LHEEIRS.

P ED#EREE gy U TFOE 40
TR 5.

() B EBE b HAEE
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(B) MByREREFER
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I. BFOERLLDIEFER

SARVTATN=ABEE A « SRR X 05
BEL Jo B—EHiRRHE (K& 50~100pm, KX
1~2mm) % F\ #=. Ringer (K& 2.7mM,
2.7K L 3#H) P b s pH56 O &fET
Con A-F (43~57mg/ml) #1053 5%, 1B
Hoketc 1%, Fic 10454 3 % glutaral-
dehyde i« X 2 {LFEEEfTiInotc. D& &
O buffer & D EEROBRELEY, 1% glu-
taraldehyde % ¢ =/ IE# Ringer D B%EE
D# 1.1 %, 3% glutaraldehyde ¥ ¢# 2.4f%
&L, RAOEER (1~ 2HBHAN)IER Rin-
ger WHrLDORBEDETHE UL NS LIk
g RREILREFE, ToBBEAGLBRET
SFHRBECIDEEETR . ZOFHREC
I > BTHEEEGER(BEG) BRANGHE0EE
8) »oEbhi ferritin ffEDOEK e A
5 AMEILIREE (rest LW DO THB.
T, Tk ferritin FF O L EIXEEL
¥ 80~90mV DO EIBE I ferritin
BFOMBEZRLTWS (R1oa). o<
i TEEFH R B bh i ferritin © 7577
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7ry b L, BREORETHD. El—7F,
605D (27K) #, EERBEEMATHHC
LR RER LI, 111.2mM K (111.2K & Z#)
&t 1% glutaraldehyde & ZH]T 5 &
CXoTHEYHSEBSE, ZOKBECILUS
BAENRREIRTHAREBCEE (M2)
Li- triad &7 5187 ferritin frF o (2B B
THeAF 7R 1ID Db THB. CDEE
BEDOEI b, BEX & & /v % triad B
E-C coupling D iEHLRECEEI R D
LEZLRDW.

e glutaraldehyde BEEDH#, TR I D
MBI triad OBEBEEEYR, Tthib
NMBORELITR >BE, BoDDHEI T
s triad D ZE LD 2 DFEYI—RE cri-
teria R CEE L. b, W7o
- triad 13T RCTEDOE LBEEE & /e 28
BEXOEBRCEADLIDODLZTHY, Fifeet
BEAETELL AEREIRTV53DDH
THh%b. ferritin ORFEOWEII20GEDEE
k¢ feet FRUDEDER E TERER & DR
*EAE L, TORMD ferritin OFLERET

pH5.6 {lCon A-ferritin

v

& EAEEESF(10~1662) TTRETH S LT X

DTt oz,

HE3 5 ferritin o FOCIZEL 5.5nm O
KBER{b&k% £k & T3 electron dense JoEind
Bh, chiBEGE LTREVWRE LTR
%, 205D EHE L Tcr o H 1mm &b,
B (HEAETH JEM-100C, 4 F=v 1 )
— T = 2 —x—{H) 05X 045nm T
BB, TOSMEORAR X5 ferritin
DEEBIBRBEOEELR Ry Licd 20 Chd
BONMBOREILI R EFEN WY, BA
DPRFEROFHBC A NBD Ay — O 4 R HE
205D EE T 50 pm, fERi#E ¢ 0.25nm)
YEETSE, 1H0 ferritin O FEMC Iz A
DEBENETLTCWDELDE BRI B, LL
Con A LIESHEDREGRERETS L EW, &
¥ o ferritin DSATRBALEBTL T 5 D
T, TO—H—AOREREC kDB
Qis%. M3k ferritin O (£OHLERE
HEce), FA(FAL®), RUFHEFHE (a,
b, ¢) &7

BHECHENE TSR FIX ferritin FfF .0 D

‘\ NSRS NN

R

2sec

1% GA
¢111.2K
:::::-_ | SO00O000000000000000CS
-82mV
¥ \f\;
| I
54min
_ _120mg
imin 1sec

1%GA : 1% glutaraldehyde
111.2K ; 11.8mM KH,PO,

Fig. 2.

49.7mM KHPO,

To show the procedure to both treat a single fiber with Con A-F and produce

membrane—-depolarization followed immediately by fixation, The fiber was immersed in
kRinger containing Con A-F during the shadowed range and transfered at 1% GA 1112K
to a solution containing 11.8 mM KH,PO,, 49.7 mM K,HPO, (final K ;1112 mM)and 1%

. glutaraldehyde,
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electron dense /% T 5. FOD FHE% 4
Fi& 185kD o subunit 24 s X R B
apoferritin 23Fi&, FOD LD 5T BTG 750
kD, pH 4~10 o M- C25%E ¢, £k0 i 11 nm
ETen. —JF Con A i3rpitkC 4 237 (25.5~27
kD o subunit 4 {8-CHER), BT 2 207 (A
U< 2M8) &5 MEEME T2 v rSops
HEBELTWDbDEEZ bR, FOkEX
1R 2 B TH84X40x39nm & ShT\ 52,
X o CHEBECHZ Ui ferritin o8, Bl BN
plot Utc ferritin o drly i X 0§ & A4z,
¥ b E-C coupling ® input site % G133 nm
LAEDEHED B b, D IRLD EEED (LB Kot
BBE % Ry, OB I A B
TEXLDLERDS.

Con A 1% lectin @ rFFCITF Db, &
OSAEBEENR S RSANL LTk hobo),
Bz vy LOMESER <k Gle-Man %o

v
o v A

Fig, 3.

asparagine (Asn) fEETERLE MBS 3 5
lectin & LTIE BTy 5. Con A ot
A AR T DWEREE D SRR L TR
DXBREHTO KR X D 121FR 4 DK TR L
FrEBMIh T\ b6 Con A 4-Fixrik
TAEWE, ERET -2 (pH5.6) © 2 &
HThHN, 2B 4BEY O EHICE -
TSI E - 7o ch v BiF o £ it
=i, ferritin O 5FHRITIS ISR L &
zZ b, BEO EDHSI Con A MfEE LT
LEFRLA B ED ferritin-Con A B4 5% C
DIEEFHIM UL 2 bR b A, EEEHEERD
subunit Z#HZ &% Con A TlY, FOk
EMALE BE Ui i & Con A~
SFREE AL E COMEMARETE . Ak
Con A-F 1% SIGMA ##o 4 o T HFEY
110~120kD (e« subunit, 4B&LEIh3)
DREH L7z Con A & ferritin & 23dhid© glu-

SR e

To explain the procedure to determine locations of Con A-F particle on T-

membrane in transverse sections of T-tubules in electronmicrograph (a). As is shown in
diagrammatic expression (b), the distance of center (@ in electronmicrograph) of ferritin-
moiety from the surface of T-membrane (=) was expressed as a point in the rectan-
gular coordinate system, of which origin (® in a) is the intersection of two lines, the foot-

axis (----) and T-membrane surface.
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taraldehyde %/ LEBEA LT, £OE
MR R e PR X DERDD, BEELL 1
5 1.4 : 1(Con A : ferritin)¢H b free ® Con
A B0 ferritin # H A TWinWE ShTwb.

/

1S3

c
<
[ee]

/
Con A (dimer)
Fig. 4. A diagrammatic expression of a Con

A-dimer, which exists under the condition at pH
5.6, where the present studies were conducted.
Respective arrows indicate the portion where
sugar-binding takes place.

Fig. 5.

Electronmicrograph of one Con A-F
molecule treated with PTA-negative staining.

5 51z %o negative staining (PTA #f) &
BIRT.

& v 7 L glutaraldehyde O &&HERIT—
e lysine(Lys) & ORBREAVBETHDH EH
BENTE H2, Con A © Lys ofirEH Con
A L ferritin OEERTHEHEELDRD.
Con A =it 1subunit (237 {ED 7 3 7 BARIE)
Bl 12D Lys 3% b, ik 4 B0 & &M
RHEETS R BA5-3 % Lys 3{f, subunit Hic
Pexh CHAET 5 Lys 3ERERE 6 @D Lysh
1 subunit EEEHL L%, ferritin L DS
BIRLTCWAbDEEZ OB (K4). DR
RN 4% R50E D, Con A 4T O R
viEie Lys ofa03b5 b, 2O
3z apoferritin(= ¢ Lys 7.5% ) & L
TWHAEEN BB EEL DONREKE R
bhb. B, CofaRARRMEBERI VAL
Wl o &b Con A 4Tk ferritin |
THLERS ISEHBEALTW2 D& Bb
H, negative staining & (K5 ) $ FDHREE
FRLTCWBEEI B2 5. =0 ferritin-Con A #
£i& Con A-BEGEIE S AILIZIE—F LI
BB b, ferritin & #5& LicF D subunit
fl-copERE G O REkEE <, Con A-F o fEf%
Faug ferritin & OREHFR BT 2D T O
subunit fll, ©% »ERET Bt (2&
) c—hErCchBH EBbR .

PlbkDz &b, W OhDORHEEERILD
%00 ferritin o FuL AN B Con A OFEGH
AN E TOBY 2 Bfcllom & L.
COMEHEA 0lnm BALTX Y IERCRET S
S LSRR WA, i 0lnm BARLTEIRE
NBEMER D Y, ZORKMEE LA THE
FTAHEX 1lnm % 11.0nm & LTHE 7.
XoT, 2o 1lnm ERE LTHREIRS
ol Bz Con A-BEEHKE & FBALEED LB
BALTIE Olnm BEOEELHD S5,

¥, A UBETFEEREMLE® CH 5 col
loidal gold % 5nm DK F LT 6~3FD
ConAEE LT WA EEL bR, TORKEM
LOTRHFES S H 0, ZHPDrHEHEE ORKE
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HE e Con A-F 3 X o—gie koD
LD EEELEEL B, ORI W
M.

II. & 7 = &% &

K 6o ax Con A-F XL oA kR 5T
HC D LEARTHhS. coORO#Fr 1
WD fEE st L Con A-F o ferritin
DA, B Ulom OPIROBRE e 45753
BrElinsd. o x Con A-F 7 2z i
OB L ZTF T v F 2 HH L35
&, ferritin D HLEIIK 6D b DO@ TR L
T efiBr bbb o bicins. ZoRcORE
ERFREN, @ukFrREmE A (B cFER L)
CHMLTWDZ ERBERTS. B CHET
5581, CORD “B” OME»HAKF 2
KT RSME LTRAZEih. K60 ¢
13, & Lic Con A-F % 1008 & L, BRI _Lic
TV ERACHMHEE, T 20T Bicd
DTHBH, ZOL&EEE n BTH5EETh
i, T ETERE L B2 D RS OB HE
WCAEWITIE E4 O EMABIE S h, FolfEsss
oM. ¥ Con A-F OEEE&H A
EBEh, ZOREEITIROEBFECHLL It
HERO6D d DBERSHENHD 5 5.

IhbDZEEABELESE, avia—x—
D EE E i 300 FREIhk LT T &
BE LTE SR ferritin O8H(K 1), RO
K 7w s Uic RO WBFRR S (AT iR
By —v) ¥Ehebe, Con A LEHEE O
B EOEELE (¢, b) % 01nm ¥irc, T4 feet
HEEC T 5 Con A-F OfE&EED ik
E (EHFH) 0, RO T OBERDOEEFM (B
/)0, R rhth 1° Bfic ferritin 477
CESLSHREL, TEE RcHEE T % 8
8 Ha v irofEE Con A oiESFHAE
RIE L.

BHECHEIRSBI, YRHDOEZ (§ 20~
80nm) I LT B L& TOREY O Ehi—o
O LIcb D THBHD T, feet DEFEIT
DY OB IHO BT HFETS 1~ 3

a.

Fig, 6. a. A bird's-eye-view to show hemi-
spherical expression of a locus of positions capa-
ble of locating of center of ferritin-moiety of one
Con A-F molecule under the condition where the
molecule is bound to a saccharide ( A ) fixed onto
a plane constituted from T-tubular membrane
and is moved by thermal agitation.

b. A hundred positions capable of locating of cen-
ter of ferritin-moiety in one Con A-F molecule
at the surface of the locus-hemisphere mentioned
in a. Empty circles exist at the surface of this
side of the sphere, and solid circles do at that of
the other side.

c. A projection of 100 afore-mentioned positions
onto a plane, showing that whole projected
points are contained in a semicircle.

d. A projection of 30 positions onto this paper-
plane under the condition where movement of
the bound Con A-F molecule is restricted within
a range around an axis along this paper-plane,
indicating that whole projected points constitute
approximately a plano-convex figure,
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Fig, 7. To show the procedure to determine
the saccharide locations at the T-membrane. The
locations are indicated by the saccharide—Con
A-F junction which is induced on the basis that
the plano-convex figure(called plano-convex plate
representing a range of distribution of positions
capable of locating of ferritin-center), which is
to be constituted of measured points, gives the
junctional points (see also Fig.6 d).

B WHFOEIL?) o feet 2AHFE LB
B (RSB BEREECIITRINCE LA
CHAT) CEE > THREL WS EERS.

= D EE T ferritin Iz OWT L D oIzt
THBHDT, FOHFHHLEE I Con A-
B AS RO MBI OWT AR NS L
5. Lo THRDOEIDORTHAD GDHih
DEH (AEKE) Tk, BEito 150 feet
(1~ 3 @ feet) RO Z ThFh 1 B0
feet RO 1 B O BEGH & KBl L1,

V. MRATkER &R

K 1o a(#iRm8) #R% L& ferritin 0%
Q1L T feet HD feet BAUEHH LT LB D
BRBI, BRZOHTI BT DD
Byies — RS v E R ROF D LR HES.
1, OBISIRELEA R R & FOSTHLEE
R L oD I ER - TW BRI R,
(2)feet H LD LTENRF AICE -7 A ic
BRI LB o ferritin DESER B b, (3)feet
LIz ik ferritin DFEFE L5 2 R0 225
BB, FTHDH. chbDEHEER0MR
MFERMECESETHMTELKROBY L5,
TR oD oLz o 1219
2. Gle-Man RS, X v 22 1LEFD

subunit ELELTWHZ L2 BT 5. 20
5% feet E LI b B, a2 728 Con
A w3 Uiy affinity 28T b, F i,
feet L#fic 7V 2 ROZEEIRMFEFET 5 B 1
1%, Z Zic electron less dense 7n#fE M FEAE
LTn5EEL2D L0, feet B LIt FETS
Con A st LEA\L affinity % 9 foBEgs, %X
vzt Con A-F DS RENFDHESE
ZF 0, WEWHIRE 2T, @AM 0, b5
FACKEMBER LTV B AEEE L B HNRZY
Th5.
CORIEROIET, LD REBO HAIHL
BETRBELERECCLONK 8D a Tths.
BUS OB Te ferritin 2 & FOHAILIE
400 HTBRE. FRODEREND
I, I, I, NBETHE [ BIIERD feet [
DRRIZAE L, £DOBHEA 0; 135 Con A-
Foahmcxbz vElRE- £ B 2
5. RO B Mo e ferritin o RO
0, 0, WEHNEERROAS. %, Con
A-F off&FHAREAcKE {EE, Bic63+
60° (0,%+6,/2) o#iF = DD ferritin m i3
ERENEERD. &Y OB ferritin o Font
Die L, ElRENRAEY RO 5 & bk
Hkm vy, ¥&HT1o0RCHBET51T
SGHBIEFTELOTNH, VBELSTE. 0
AINBFTELSEEF LTCWABR AL, NV
BT » THEN O FET M H K. 2o
L 5w ferritin DEEN4TEDLD E v 5 & &
1, EAEO feet RRICHETE LT feet 1B
HCHH | HLEDDE, 1EfLD feet Fi
i TEAREfic Gle-Man %oy, x v
227 75\ L% O subunit 23 4 M EE LTV 5
LIEIhD. —7, B Ex v 2739k
B3Nk feet ERFER>TWBEEL DL,
1oon foot wox AEDEEY, Bx i
WLZ D subunit 7B, F5E 3 B M
E-C coupling @ A DD RIZT5 L b b
ZXLBbhD. X8 hDR TR LAk Con

A LEESEEOREAS (¢ D) b L, BN 5B

2YRIDNERREIND.



E-C coupling @ input site DO/ N L FDEIRE 67

K8 ® b xRk 111.2K & & % IUEIEENR
BclEzE (M2) L& &o ferritin 054
HMEREYERCIDOTCHB (1D b LR
—&7). K 1o b o cBEE Lich
G0 ferritin D45AiE RS &, [HAECEH
L I, NVEELEI DAL, ThZhr ik
GHET B LIRHERR. —F, DB ZOH
RINI-BEM 0, DFFBBILLTHE,
TR b D GA D — TR FBED B BT E
ETHITTHBHD, ZTORSEHINRYES
e Enb, TRHXEBELRABCEAH
CHHBEERHE LD, BB WIEE V-7 RO
EXPHNCERCO 28BS T A5 BEH R
A EN TR E L DR, JREN R
FZTpiuE, Con A-EEEHIES K% iz Con
A-F RBGER)T5 & ¥, ERCERELTEDE
BEEOHBEOHB R ALh A0 b Lh i
. Zofie ferritin DBECE BIRH, AL
HiiaRE X v 5pm RFO TEFET (£

h X p o THweik Con A-F o 4-FHkn
K&EL, s L Con A-F ganpEEL
BT EhBERAHERY) CEEEE EE
AL Twis hofol &, Fiz4 input
site DB T 5 BZHO%E, LT
BIh, TR OBGHROEN Y ICEEE 52T

BT EbEZLRS.

iz feet Mt LToBEIHH (b) ko
THHE Lz, 50 feet B FEHE (feet o
Dl SrRLE) % FF L35 L feet il
bk (SHA) 5k FF/4 o s 5mE
(D) FRDOERSHEEL Licb DK ID a-
@ (27K), b-@ (111.2K) thB. ZDOev A b
77 sk R & IEEEIRRE (111.2K) ot
EER AR (27K) e~ 10nm Bl EofTo
EROHEMMN B2, i feet LY DA
(RE) Fm FF/A oo A 754 (K9
D a-@, b-@) ¥ B5 L FERE TR I REE
DEERHURLEHCERR B L, K

a. 2.7K
(rest) v
b. 111.2K
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]
|
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Fig, 8,

|
foot |

To show that (1) there exist 4 plano-convex plate regardless of the grade of

membrane polarizations, resting (a) and almost complete depolarization (b), and (2) the
plate locating almost just on foot (II) is moved remarkably (outward) upon depolarization.
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To show that detected positions of ferritin in Con A-F molecule move in a

group out- and up-ward above the foot upon depolarization. With respect to a group (a—
D) of ferritin—positions, which exists over the range from the longitudinal foot-axis (0) to
an outward point apart from a quarter of a distance (FF) between next foot-axis to each
other, numbers of the positions, both total and higher, increases upon depolarization (b-
@). With respect to the other group (a-®, b-@), which exists inward but otherwise
similarly, the situation is reverse from (a=@®, b-®). :

10nm MEREETHS. Thik, TOfHER
% 7 ferritin AT BB Ly Teet
o 10nm Bl EoBEHEBEIMC NG > Tw5
ZEERETS.

b ErELELEDE, [HOD fer-
ritin RSB O B4 EIC G U feet B LA F 2
B EAFMEH CBCBE L L2 500
BLBM LT, FLWEILRETHSL. 20O
BEXAHMCB BB L T 5 &, [HD
ferritin DB EE, ¥ 10nm i bV, B x
VARIDOBEBEIN VN LDERETH
A5, 18 cBbhi-BfE ¢, b, 0, 0,
RO B35 ferritin OEHNEZFRF LT
Wb, EBEo [8o ¢ RO b »nbZo Con A
BAMoBEOERT 24nm o LEREE
L Bh, THIETOEMY x v 2 UK
SRS R ERCEITBE L L E LI
K, FlBofERlA 0, 2ol X vz
LERSTUWBKICRLD L b EXAbED
L, FOEBOHRLREIRDERTEF VD

Table 1.  Grouping of Con A-F —saccharide
binding positions obtained experimentally and
characterization of each group.

Group ¢ (nm) bm)  6.{) 6.() N

2.7 I 15.7 1.5 0 1 22
i ~2.2 2.3 63 120 38
Il -1.9 3.4 =21 178 18
v -13.1 2.5 0 158 13

111.2K I 15.8 1.8 0 179 15
I -4.1 3.7 -5 168 (29)
il -1.4 3.2 0 173 (15)
v -13.4 3.0 0 173 (10)

5o FTRAPODCHEEEH BB \LE VR
P EDTCHMEHBCATHbELCBE L
TWwadneELOLRS. H L, TOBENT
WEEMCELE L, FOEBOF AL TEEE
Hext LEBTHHET5E, TONEIEE
Lic 2 S EH CHRARTYELE T5 40
SAMOEAL RHRI00@ TR LIcH, Alb
BEEX o5 mEE 54nm OFfE RS, Lk
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L, Con A-gglika SAofBiis A omzx
TR (R R OB R Lic Ao &z 0.5nm)
T5% CTOERDMEBECIIDZ>EEERD
doLEbhS. FhK, ZOEHDOMEN
R LinWEl Bz 0B E4ho ZR TN B E
DR ENTHEE B, Pl &b 2B &
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WHZEIXIMNWEE S LETHS.
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FETAEOFREFhOBEYRD, FOEE
DHEFECEIETER-TWAFICHEET S
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112K FE T, I, VEOR ST R#E
QIK)DELR CEIEE Lic. 2OEMDLLH
Laviekiie, TELUADOTIZEIERED LIF
BPRABC T CTEHZE T WA D450 L
T ARMI S, AR TIRARR THIRLD,
ZORD 1o, MEXIUED NGB E
L LTWABEBELNT IR D0H 5020,
D 2 OB L CIERCHEC D IERY RH T
IEE » Tviss.
HIlgEloRE® = v Ca—-X—KAD
L, ZO¥EOHFEATF v ¥ &I ferritin %
SHEIRIDIDODO—FITHD. T, FTDO 3
ab—v g VCBLhSmEEIHm (b) D

AT ALE LTHEERLIONRIZ2TH
5. WThoOR% BT EDGH, LA F
AEHRATHELALER M1, N9) &
TLTHY, ZOPEEOHEL,S LINENT
bR TwabotEbhs., ZOoviar—v
2 VIX¥R 11.0nm O RE e th Th OB
BEINCHBOHEANTS v F ALSHI R
TER L,  LEOREEH MHifcicE il
R BB ETHIE, DM factor #ing v
a2V PFTHRIERIST, bo&ERKE
WHTRIZ b b DL Bbhb.

Zh bDOEREEYE £ 2 CTkic E-C cou-
pling D ATEBOBFLH#ETS. % foot
E_ LD TEE ) LB i — &R} B 1K 32 %
HTwbe#E2% X13). oo B
+charge 2216, ZOBEL DAz C B
+charge 2 1A 5. h HLOBDFHKE X -
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KEST 500, BEEE D k< Befhig
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B (BT ) X h NE & OBEHHHERTD &
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Fig, 10, Positions of both saccharide binding portion which should exist near free end

and fixed end of the moving arm.
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BhTHD>OBEDOFHENECLRS. 1EOHE
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E-C coupling o input site O#/PMESEL FOERE
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BRI TS. 5T, PGO fEHI 2T
PGO wix & OBWHREEIHTLENEH D
LS Mk%. Schneider & Chandler®® 23
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Fig. 11.

Foot-relation-histogram to show possible ferritin—positions, which were ob-

tained by means of calculation on the basis that the respective positions bound by the
four Con A-F molecules are located as obtained experimentally.
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Fig, 13.
tion and is inhibited by PGO (}-).

V. #

(1) iEEEREEO BE, B b,
MO IFEER, BBz v 7 0B
AR (BB R, excitation(E)-
contraction (C) coupling) D¥EFEZ B S 7 1
T3 —HEHDERM D, bhihit PGO(phenyl-
glyoxal) & Con A (concanavalin A) @ %& 2 2%
MRS HIER LT, MRBERC FE T 5

[
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Similar figures to Fig. 9, which were, however, obtained from Fig. 11 prepared

tension

tension

A diagram to explain how input apparatus functions to give rise to contrac-

E-C coupling o input site &5 5 =
Lx RAGH LMY, §ig (PGO) % AT,
bhbhiEED input site # T 5 HE - X
v 37 (PGO-protein) 2 #H L, =it PGO
REDV—RTHFRERDZ L2 RE LY. %
fz, &0 PGO-protein @& /) 7 v —F Ltk
2% E-C coupling #3135 & & & 55 » 7218,
—7, #3% (Con A) iz ferritin ® %54 1L7- Con
A-F % F\», ferritin OB TFHEME (B B
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fegE s bR Con A OB M5 FHi
FIC X T, bhbhiskm( TEEsEH)
o Con A &I BIC X - TEBANC
BICRENSAZ L ABE—EHECRHE L
13~18), = o = L3R EREED E-C coupling input
site iy, —BOBES—BBEREDH D\ LE
B EELBBENRDD LW I EHLEE
YEHRTS. L LZDEFEOB X ferritin
DEENSOE LIIEENIHNTHHD T,
A#5 iz E-C coupling input ORI BT
BE Efk (TEES) OIRE K ferritin H
EfED HFEFT LES 5 LRAARTT.

(2 oW cBEHEE coNEES
BROBYTHS.

@ feethhhOER L TEEEER L DOR
ExERE L, FInb ferritin L ETOD
gy, EA»rDORARoE h TEEEE
Ea@HE (o) (TERASR % +, SR
w—), TEE»LOBIH B o%h TER
Wi s (b) LML, %K A osm
BECHIE Lic.

@ ferritin hh 5 Con A DEEREA K
¥ COEEY, TOSFHIREBEESAE,
R ferritin-Con A &&EHH 11nm &
L, 0 Con A-F-EH&R/ % —5THIH
EEERfFic 7 PHS.6 T—h T THBE L
t-. FoFEE 11nm % 0.1 nm B CEREIC
BETHZERTE I\ D T, THEGEKD
Con A &M BB LTk 0.1nm BfrDZE
Enbbh 5.

® Con A-gEgEEAA(c, b)x 01nm ¥
¢, Con A-F o T#% feet MEEEITH 7
LEEAAEOhRE (ERE) 0, TOREEA
EoXxg@EE (BxA) 0, % B TREL
fo.

(3) T ORPCEE LEEMR LIcE X TR OE
HThH5.

@ zOWBIEREIT—ELE TR LEL
¥, BEOBMBI X > ToAh (Bfito
B X ow) L.

@ WEEREOMHIGESHDOHLREDIRD

BT 5 EA - BEmeibRE 55
REBEDITETHD LTS,

® Con A-F i3fiishbhic—BEDO KB,
RA—o45FHiExFY, TBEELOEER
i, HACEBERICEER L T2,
(L L, BT — 25 brOEENEH 1< X
HHBREFHRN D HHET, BABREIE
CXHLAZESBEBLTWD LER, LORKE
FHEATHHBIRASERINRD.)

(@) LIEw&ESWTERL, ROBREZE.

@ wEEEofE (Con A-HEEFEERE
L0

C b
- kAB(27K) . —22nm 23 nm
EERAE(111.2K) : —4.1nm 3.7nm

®@ wEEEoBHERE (TERNG R
LA RO RO BE & KE LIcHR,
Con A-BESHRE A RO BEIIEREE LO)

‘ 27K—-111.2K
®AR (c @A) :19nm
B HE((b HF) : l4nm
L4 P 1 24nm

® WEEREOEEHROME @DREED
ke, zoEEEN TERERECHFETS &
LIBE)

c : —54nm 58
@ EEmb o ko Con A-MESHHR
ERETORE @oRELESWEER)
# 4nm
() ThOLDOERNDLROBIEMSTRET
HAH5.

@® PGO iz EgEoByX % 5L w #H L,
D& FENFEER D T lHl S h T
B kink, feet B hiciffed s EMEC
U TE < Ex v 7% PGO-protein o
LD0THY, EOBMERIG LK V37
DB FHEEOEFMN E-C coupling DIEE b
<h%b. ©% b, PGO-protein =D % D A3H]
ENEBETHD.

® E-C coupling input site iz 35\~ T, it
SRR X o T Ul BaEEN: Con A &
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WeH X% 24mm P EOBEIE D, E
WAL CO 2 DB EERHI SR NI idb O
EBTHSH Y. XOEE, WhilRERE

LE XA RER R 1/10 L35k 24A )
LOBMRIZ L% PGO-protein A0 5203
mBz Eeins. #il LA PGO-protein o
£ &% triadic gap KIEHHTHEI# Hon
b, BIECOBDOEBNETRCD 2 vy
FALEE TCREZELTWS Z EAHEEX
5. bhibhizfEic PGO-protein £ X
(% 28 nm) 12 #5243 % 4 filament 2% triadic
gap L HFET 5 Hh BEMC preliminary ©
T BH5B RO T 523,

@ ZOFEBEARIEBEMOBNTHIRE
#\ b +charge % H > T B2 CH 5.
HoT, MOBULIZ LI X5 BIREDT)
13, BRI RSB BEHES.
—fgic, BIRZAEHRTHED % ¥ T3t
D HFCEBEE RI R, Bin charge @
Bix L E\VWZx 7 Schneider SOEZ L
extra charge 1%, AEMI%, E-C coupling
BIRT A b0 B UM, RBEOEN
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L SOBRIL, bhbhoR L aElED
B, ALEKNCRIEROBE T X5E
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of motor nerve terminals are prevented by verapamil in frogs. Brain Res. 510 : 289-295
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1. F. Kawasaki, H. Kita and K. Narita (1990) Increases in the amplitude of miniature
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The Sherrington Room Library for the History of Neuroscience
7th_Annual Report Oct.1990-Sept 1991

The Sherrington Library collection is still growing with over 200
items being added to the collection in the past year. The
cataloguing of these and the other uncatalogued stock onto OLIS
(Oxford University Library System) has been proceeding. Help with
the backlog of material was needed and a library assistant from
another Departmental Library was employed for an hour a day for 6
months. This has resulted in 90% of the stock having machine
readable records ready to be transferred to the University Library
Computer. The Librarian will commence transferring these records
in the coming year and anyone with access to OLIS either locally
or through the Joint Academic network (JANET) will be able to
discover the depth and extent of the collection.

Dr Edwin Clarke has been busy during the year advising on
acquisitions from various booksellers and the British Library
Booknet Scheme. During his visits to the Library he has been
working on the donation from Hugh Sinclair's estate and discovering
some of the gems within it. A list indicating the broad dimensions
of the gift is attached to this report, and a more detailed listing
will be available at a later date. An enguiry from Dr. Mark
Chapman, a theologian researching into Sherrington's involvement
into the Troeltsch affair had been unanswered until some very
interesting cuttings and manuscript were found within the donation.
(Professor  Troeltsch, a German theologian had expressed
militaristic views prior to the First World War in Sherrington's
presence and Sherrington, therefore, was unwilling to welcome him
to England after the war.)

Last November a celebration was held to commemorate the 50th
anniversary of the publication of Sir Charles Sherrington's book
of the Gifford lectures "Man on his Nature". Sir John Eccles, one
of Sherrington's most distinguished pupils, who has made an
analytical evaluation of "Man on his Nature", was able to attend
as guest of honour as the celebration coincided with his visit to
Oxford to give a series of lectures at Manchester College.

An exhibition of Sherrington's five books was mounted with a
complimentary booklet prepared by Dr Edwin Clarke, The Honorary
curator and Mrs Linda Atkinson, the Librarian. (The booklet was
sent out with last years annual report). A further small exhibit
was made showing some of the most interesting items from the H.M.
Sinclair donation.
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During the drinks reception, the first Sherrington Room Librarian,
Dr Connie Martin presented to Professor Colin Blakemore a banner
she had discovered in the basement of the British Association for
the Advancement of Science. The banner is embroidered with the
coat of arms of Kingston upon Hull and has Sherrington's name and
the date 1922; this was the year that Sir Charles was president of
the Association so this must have been a banner made for their
annual meeting in that city, maybe for heading the Presidential
Procession. The banner now hangs in the corner of the Sherrington
Room.

Professor Blakemore had arranged for a splendid dinner in Magdalen
College to follow the drinks reception. The dinner was a replica
of one held in 1957 to celebrate the centenary of the birth of Sir
Charles Sherrington and five of the original dinner guests, Sir
John Eccles, Professor David Whitteridge, Professor Charles
Phillips, Dr George Gordon and Dr Brian Lloyd, were able to attend.
A copy of the original menu card and guest list and last November's
card is appended to the back of this report.

Professor Charles Phillips gave a large number of his books to Dr.
Michael Brown with instructions that he should give them to the
most appropriate library. Dr Brown decided to give the Sherrington
Room the first pick of the books and we are extremely grateful to
have received more than 100 very useful books. Among the
collection was MacDoanld Critchley's The Parietal Iobes which the
Librarian had been unable to obtain for the library despite two
previous searches. Dr. Derek Bergel retired from the Department
and gave us some of his books but these still have to be sorted and
catalogued.

Dr Michael Miller, the first graduate student to make extensive
use of the Sherrington Room Library has obtained a post as Head
Tutor of the new college that is being set up in Japan by Saint
Catherine's College.

The year ends with the departure of Linda Atkinson to another
University Library and the welcoming of a new Librarian, Wendy
Saywood. Wendy is a pharmacology graduate from Bristol with an
M.Sc.in Information Studies from Sheffield. She was previously
Librarian in the Mathematical Institute in Oxford and is thus
familiar with much of the Oxford Library systems. Unlike the
previous two Librarians, Wendy will be working full time and this
should enable her to devote more time to the Sherrington
Collection. Under her guidance, with the valued advice of Dr
Clarke the Sherrington Room should go from strength to strength.



A Summary of the Contents of the Donation from Hugh Sinclair

Letters, Papers etc

CSS correspondence with H.M. Sinclair, Denny-Brown, E.G.T. Liddell
Miscellaneous letters to CSS

Papers, letters and memorabilia concerning various honours accorded
to €SS, including receiving his Nobel Prize (1932), the Oxford
Waynflete Chair, his Order of Merit (1924), and the GBE (1922).

Miscellaneous papers and correspondence concerning German
Militarism

Letters to CSS on his 90th birthday and tributes to him

Letters of condolence on the death of €SS, obituaries and
appreciations of his life and work

Papers concerning the sale of CSS reprint collection to H.M.
Sinclair

CERS Correspondence with Lord Cohen, Yale University, concerning
memoirs to CSS

3 copies of the University of Liverpool Recorder
Photographs of CSS and others

Manuscripts of CSS writings, including poetry, and reprints of
articles

Bibliography of CSS

Cup presented to CSS by St. Thomas's Hospital Football Club
Reprints of articles from CSS's reprint collection

Several books including:

The Spinal Cord, reprinted from Shaefer's Physiology,
interleaved copy with authors notes

Shaefer's Textbook of Physiology owned by CSS

Two copies of CSS's Integrative Action of the Nervous system
(one in Russian)

CSS's Life's Unfolding (2 copies), The Brain and its
Mechanism, The Endeavour of Jean Fernel
Selected writings of CSS, edited by Denny-Brown
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Lord Adrian

Dr. R. S. Airken

Dr. C. G. Phillips
Prof. A. L. Hodgkin
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Professor Colin Blakemors
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Mrs Linda Atkinson
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Lady Helena Eccles
Dr George Gordon
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Dr John Stein
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Mrs Cynthia Phillips
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Dinner to celebrate the
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the publication of
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’Man on his Nature’
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