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Table 1—1.  Protein composition of myofibrils*
Localization % (.)f the mt?l
myofibrillar protein
Myosin Thick filament 55
Actin Thin filament 20
Tropomyosin Thin filament 5
Troponin Thin filament 3
6 S a-actinin Z line 2
10 S a~actinin ? 5
B-actinin Thin filament <1
M proteln M line <1
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Fig. 2-1. Sedimentation patterns of crude 6S g-actinin
prepared {rom porcine skeletal muscle accord-
ing to the method of MASAKI and TAKAI-
T1®, Photographs were taken at intervals
indicated, after reaching the steady speed 52,
640 rpm, 20°C.

Final concn. : 6mg/ml, 1 mM NaHCO; (pH 7. 2).
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Fig. 3-1. Sedimentation patterns of purified 6 S a-ac-
tinin prepared from porcine skeletal muscle
according to the method of NONOMURA ¢,
Photographs were taken at intervals indica-
ted, after reaching the steady speed of 52,
640 rpm, 20°C.,

Final conen. ; 2. 88mg/ml, 1lmM NaHCOs; (pH 7. 2).
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Table 3—1.  Amino acid composition of skeletal muscle
6 S a-actinin from various kinds of animal
Kind of Residues per 10%g of protein
amino acid Rabbit Chicken Porcine
(a) (b)
Asp 90 85 88
Thr 38 43 40
Ser 39 41 38
Glu 108 116 146
Pro 44 40 32
Gly 64 46 45
Ala 78 67 78
Cys/2 — — 7
Val 51 41 42
Met 20 22 36
1Leu 34 50 56
Leu 63 71 80
Tyr 15 22 28
Phe 28 25 40
Lys 42 50 50
His 16 22 20
Arg 43 48 57
Try — — —
(NHs) — (89) (120)
(a) : EBASHI and EBASHI ®
(b) : MASAKI and TAKAITI 12
MILE SIS, EHEE 40 HREIETD % — Vi T, f, #FH =Y, 7oA T35=2v, 7ors= v

ELEMRISE -~ 7 DLnBd bR, ORI
HREER A RDDETOTS Lt h, REDOWEET
H5H, B6SD6.23S rhi,, *4B6SD6.8S
DR REEER LT,

EESDT 1/ BEHOS BT 5 B 1L, &, BO6S
DIPFER &L 3 — 1 RICRLIcH, ZEx K
LTHRDLE, BD6SD7 3 7 BHIET, 71x: v

o

Myosin

G-actin

a~actinin

Fig. 3-2.
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MEAsABRD. Lol WFEhOBE G O FIH
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LRBNDOT, BOBEICLE6SOT 1/ By
HUCBET 2 BBy, AHICk 5, X LICREM, FE
TEPRERICHKS TR I h a2 Thr 5.
DET 4 A s BRKEINC L D OHTERIY, 3 —

Tropo- SR-

T'roponin myosin ATPase

Disc-electrophoretic patterns of various protein preparations from porcine

skeletal muscle. All electrophoreses were carried out in Tris-glycine buffer
(pH 8.6), employing 7% polyacrylamide gel (5 X60-mm), 3mA/column,
stained with 1% of Amido Black 10B in 7% acetic acid.

Between 1004g and 200ug of protein was used in each run.
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Disc—electrophoretic patterns of various protein preparations from porcine

myosin

skeletal muscle. All electrophoreses were carried out in Tris-glycine buffer
(pH8.6). employing 7% polyacrylamide gel containing 7M Urea (5x60
mm), 3mA/column and stained with 19 of Amido Black 10B in 7% acetic

acid.

Between 100ug and 200ug of protein was used in each run,
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Fig. 3-4. Sedimentation patterns of G-actin prepard
from porcine skeletal muscle according to
the method of EBASHI and MARUYAMA @9,
Photographs were taken at intervals indi-
cated, after reaching the steady speed of 52,

640 rpm, 20°C.

Final concn. : 3.05mg/ml G-actin in 20mM Tris-
acetate buffer, pH 7. 0.
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Fig. 3-5. Sedimentation patterns of F-actin preperad
from p reine skeletal muscle according to the
nethnd of EBASHI % and MARUYAMA
Photogrivhs wer2 taken at intervals indi-
cated, after reaching the steady speed of 20,
410rpm, 20°C.

Final conen. @ 2. 47mg/ml F-actin, 0.1M KCl, 20
mM Tris -acetate buffer (pH 7. 0),
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Fig. 3-6.  Sedimentation patterns of myosin prepared
{rom porcine skeletal muscle according to
the mcthod of TONOMURA et al, ©® Pho-
tographs were taken at intervals indicated,
after reaching the steady speed of 56,100
rpm, 20°C,

Final conen. : 5. 11mg/ml, 0.5M KCI, 20mM Tris—

acetate buffer (pH 7. 0).
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Fig. 3-7. Sedimentation patterns of troponin prepared
from pereine skeletal muscle according to
the method of EBASHI et al, ® Photographs
were taken at intervals indicated, after reach-
ing the speed of 52, 640rpm, 20°C.

Final conen. @ 5. 20mg/ml treponin, 0.1M KCl, 20
mM Tris-acetate buffer (pH 7. 0).
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Fig. 3-8. Sedimentation patterns of tropomyosin pre-
pared from porcine skeletal muscle according
to the method of EBASHI et al. ® Photo-
graphs were taken at intervals indicated, after
reaching the steady speed of 52,640rpm,
20°C.

Final conen. : 2. 52mg/ml tropomyosin, 0.1 M KCl,
20 mM Tris-acetate buffer (pH 7.0).
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Fig. 3-9. Sedimentation pattern of sarcoplasmic retic-
ulum (SR) A'TPase prepared from porcine
skeletal muscle according to the method of
MCFARLAND and INEST ¢,

Photographs were taken at intervals indi-
cated, after reaching the steady speed of 52.
640 rpm, 20°C.

Final conen. : 4. 01mg/ml SR-ATPase, 1% Triton
X-100, 10pxM EDTA, 10p4M Dithiothreitol, 5mM
Histidine (pH 7. 8).
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Fig. 3-10. Effect of 6S gq-actinin on the turbidity

of F-actin at 25°C.

Final concn. : 0. 8mg/ml F-actin, 0. 2mg/ml 6S
a-actinin 0. 1 M KCI, 20mM Tris-acetate buffer
(pH7.0).
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Fig. 3-11. Effect of 6S q-actinin(6S) on the visco-

sity of F-actin(FA) at 25°C.

Final concn. 1. Omg/ml FA(M), FA + 22 pg/ml
6S (), FA + 44 pg/ml 65(@), FA + 66 pg/ml
65 (O), FA + 88ug/ml 65(A). FA + 110pg/ml
6S (A), FA + 132pg/ml 65(x), 0.1 M KCI, 20
mM Tris-acetate buffer, pH 7. 0).
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Fig. 3-12. Effect of 6 S a-actinin on the super-
precipitation of reconstituted actomyo-
sin,

Final concn. : 0. 4mg/m] reconstituted actomyo-
sin, 0. 06 mg/ml 6 S g-actinin, 0.1M KCl, 1mM
MgCls, 1mM ATP, 20mM Tris-acetate buffer
(pH 7. 0).
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Fig. 3-13.  Effect of troponin on the viscosity ol

tropomyosin.

Five milliliters of mixture contained: tropomyo-
sin alone (@), tropomyosin 5mg + troponin('TN)
mg as indicated (x), 0.1M KCl, 20mM Tris-
acetate buffer (pH 7. 0).
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Fie. 314, Effect of troponin (TN), on the super-
precipitation of actomyosin (AM) co-
existing with tropomyosin (TM).

Final conen. : AM 0. 15mg/ml, TN and TM pge
as indicated/ml, 0.1M KCl, 1mM MgCl:, 1mM
ATP, 20mM ATP, 20mM Tris-acetate bulfer
(pH 7.0y, and 1M CaCly when added.
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Fig. 4-15.  LEffect of troponin(TN) on actomyosin
(AM) ATPase activity at 25°C.

Final conen. : AM 0. 15mg/ml, tropmyosin 0. 06
mg/ml, TN gg as indicated/ml(@), 0.1M KCI, 1
mM MgCls, 1mM ATP, 20mM Tris-acetate (pH
7.0), ImM CaCl; when added(A).

ATPase activity of AM alone is indicated as ().
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Fig. 3-16. Thin layer chromatogram of degrada-
tion products from ATP hydrolyzed
by sarcoplasmic reticulum ATPase
from porcine skeletal muscle.

Amounts applied : samples and standard pre-
parations 2pl/2mM each.
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Fig. 3-17. Thin layer chromatogram of degrada-
tion producis from ATP hydrolyzed
by myosin ATPase from porcine skele-
tal muscle,

Amounts applied : samples and standard pre-
parations 2pl/2mM each.
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Fig. 3-18. Effect of reaction time on the liberated
amount of inorganic phosphate from
ATP hydrolyzed by sarcoplasmic
reticulum ATPase at 25°C,

Final conen. : 1mg/ml sarcoplasmic reticulum
ATPase, 10mM ATP,3mM MgCls,0. 1mMCaCle,
0.1 M KCl, 20mM Tris-acetate buffer (pH 7.0).
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Fig. 4-1. Effect of KCl concentration on the inter-
action of 6 S g-actinin at 25°C,
Final conen. : 0. 2mg/ml 6 S g-actinin, 0. 8mg/
ml F-actin, KCI as indicated, 20mM Tris-acetate
buffer (pH 7. 0).
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Fig. 4-2. Effects of ATP and various phosphates
on the interaction of 6 S q-actinin and
F-actin at 25°C.

Final conen. : 0. 2mg/ml 6 S a—actinin, 0. 8mg/
ml F-actin, 0. 1M KCl, 20mM Tris-acetate buffer
(pH 7.0).
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Fig. 4-3. Effect of ATP concentration on the

interaction of 6 S g—actinin and F-actin
at 25°C,

Final conen. : 0. 2mg/ml 6 S g-actinin, 0. 8mg/
ml F-actin, ATP as indicated, 0.1 M KCl, 20mM
Tris-acetate buffer (pH 7.0).
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Fig. 4-4. Effect of protein-ratio in the presence
of 10mM ATP on the interaction of 6
S a-actinin and F-actin at 25°C.

In each sample, the concentration of F-actin was
0.8mg/ml, and the protein-ratio of 6 S g-actinin
to F-actin was adjustde as shown in brackets.
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Fig. 4-5. Effects of Mg?* and Ca?* on the inter-

action of 6 S g—actinin, and F-actin at

25°C.

Final concn. : 0. 2mg/ml 6 S g-actinin, 0. 8mg/
ml F-actin, CaCl; and MgCl: as indicated, 0.1 M
KCl, 20mM Tris-acetate buffer (pH 7. 0).
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Fig. 4-6. Effect of pH on the interaction of 6 S

a-actinin and F-actin at 25°C,

Final concn. : 0. 2mg/ml 6 S g-actinin, 0. 8mg/
m! F-actin, 0. 1M KCl, 20mM T'ris-acetate buffer,
pH as indicated.
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Fig. 4-7. Effect of protein-ratio on the interac-
tion of 6S g-actinin and F-actin at
25°C.

Final conen. : 0. 1M KCl, 20mM Tris-actaete,
buffer (pH 7. 0), 0. 8mg/ml F-actin protein-ratio
of 6 S @-actinin to F-actin was adjusted as shown
in brackets.
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Fig. 4-8. Effect of tropomyosin on the interaction
of 6 S g-actinin and F-actin at 25°C,

Final concn, : 0. 2mg/ml 6 S g-actinin, 0. 8mg/
ml F-actin, 0. 05mg/ml tropomyosin, 0.1 M KCl,
20mM Tris-acetate buffer (pH 7. 0).
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Fig. 1-9.  Effect of temperature on the interaction
of 6 S @-actinin and F-actin.

Final conen. : 0. 2mg/ml 6 S g-actinin, 0. 8my/
ml F-actin 0. 1M KCI, 20mM Tris-acetate buffur
(pH 7. 0).
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Fig. 5-1.  Effects of various nucleotides on the

interaction of 6 S g—actinin and F-actin
measured by turbidity at 25°C,

Final conen. : 0. 2mg/ml 6 S - actmin 0. 8mg/
ml F-actin, 1( )mM nucleotides each, 0.1 M K(Cl,
20mM Tris-acetate buffer (pH 7. 0)
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Fig. 5-2. Effects of various nucleotides on the
interaction of 6 S g—actinin and F-actin
measured by viscosity at 25°C,

Final concn. : 0. 11mg/ml 6 S g-actinin, 1. Omg/
ml F actin, 10mM nucleotides each, 0.1M KCI,
20mM Tris-acetate buffer (pH 7.0).
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Fig. 5-3. Effect of sarcoolasmic reticulum ATPase
on the interaction of 6 S g-actinin and
F-actin measured by turbidity and the
decomposition of ATP at 25°C.

Final cenen. @ 0. 2mg/ml 6 S a-actinin, 0. 8mg/
ml F-actin, 10mM ATP, 3mM MgCl;, 0.1mM
CaClg, 0. 12mg/ml sarcoplasmic reticulum ATPase
in 1% Triton X-100, 10 M EDTA, 10 uM Dith-
iothreitol, 0. 1 M KCI, 20mM Tris-acetate buffer
(pH 7. 0).
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Fig. 5-4. Sedimentation patterns of 6S a-actinin
in 0. 1M KCL10mM ATP,20mM Tris-
acetate buffer (pH 7. 0). Photographs
were taken at intervals indicated, after
reaching the steady speed of 52,640rpm,
20°C

Final concn. : 2. 51mg/ml 6 S g-actinin.
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Fig. 5-5. Sedimentation patterns of 6 S a—actinin
in 0.1M KCl, 20mM Tris-acetate buffer
(pH 7.0). Photographs were taken at
intervals indicated, after reaching the
steady speed of 52, 640 rpm, 20°C.

Final conen. : 2. 51 mg/ml 6 S a-actinin.
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Fig. 5-6. Sedimentation patterns of F-actin in
0.1M KCl, 10mM ATP, 20mM Tris-
acetate buffer (pH 7.0). Photographs
were taken at intervals indicated, after
reaching the steady speed of 20.410 rpm,
20°C.

Final conen. : 2. 47mg/ml F-actin.
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Fig. 5-7. Ultraviolet spectra of bound-ADP to
F-actin.

The ultraviolet spectrum of each sample solution
was measured after the bound-ADP to each amo-
unt of F-actin indicated above had been liberated
by treating with perchloric solution,
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Fig. 5-8. Ultraviolet spectra of various nucleo-
tides bound to F-actin.

After 4. 78mg of F-actin had beed treated with
10mM of each nucleotide for 30min at 4°C, each
nucleotide bound to F-actin was liberated in the
same manner as describid in Fig. 5-7, and then
the ultra-violet spectrum of the resulting sample
solution containing each nucleotide was measured.
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Table 5—1. The amounts of bound-nucleotides to F-actin

Measurement

Kind of '
ind o Wave length  Optical

nucleotide
(mp) density
Control ADP** %gg 8 ‘gé
AMP 258 0.23
ADP 258 0.22
ATP 258 0.33
IMP 252 0. 41

Approximate amount® of
bound-nucleotide to F-actin
moles/60. 000g F-actin

1.00

1.04
1.02
1.50
1.40

% Each amount was calculated on the basis of the finding for optical density given in

Fig. 5—38 and the approximate molar extinction coeffcient,14. 6 for adenine
nucleotide and 12. 2 hypoxanthine nucleotide, respectively.
#*  Bound-ADP to F-actin, before being treated with 10 mM ADP.
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Fig. 5-9. Change in the amount of bound-ATP
to Foactin during course of 6 hours at
4°C.

Concentration in reaction mixture : 0. 75mg/ml

F-actin, 10mM ATP, 0.1 M KCl, 20mM Tris-

acetate buffer (pH 7. 0).
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Fig. 5-10. Amount of bound-ATP to F-actin at
varied ATP concentrations.

Concentration in reaction mixture : 0. 75mg/ml
F-actin, 0.1 M KCl, 20;mM Tris-acetate buffer
(pH 7. 0), various concentrations of ATP as indica-
ted in graph,
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Fig. 5-11.  Amount of bound-ATP to F-actin in
the presence of 10mM ATP at 4°C at

varied concentrations of 6 S g-actinin
or tropomyosin.

Concentration in reaction mixture : 0. 75mg/ml
F-actin, 6 S g-actinin or tropomyosin as indicated,
0.1M KCl, 10mM ATP, 20mM Tris-acetate
buffer (pH 7. 0).
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Effect of troponin and tropomyosin on
the viscosity of F-actin at 25°C.

Final concn. : 0.1M KCI, 20mM Tris-acetate
buffer (pH 7.0), proteins were premixed at the
ratio as indicated.
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ment at 25°C.

Final conen. @ 1. 25mg/ml Factin, 0. 25mg/m!
tropomyosin, 0. 153mg/ml troponin, 0. 10myg/iml 6
S q-actinin, 1mM CaCle, 1M EGTA, 0.1M
KCL pH was adjusted with 20mM Tris acctate
bufler.
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Fig. 7-1. Effect of 6 s a-actinin (65) on the super-
precipitation of reconstituted actomyo-
sin (AM) and F-actin-thick filament
(Thick-F.) system at 25°C.

Final concn. : 0. 4mg/ml reconstituted actomyo-
sin, 0.08mg/ml F-actin, 0.32mg/ml thick filament,
0.0192mg/ml 6 S g-actinin, 1mM ATP, 1mM
MgClg, 0. 1M KCl, 20mM Tris-acetate buffer (pH
7.0).

(@) F-7 75 vEK74 4 4V MIC L DMLE
SECHRE Lz X 51, T AM LB Lrcw
T, MacgBLcF-7 2 vERTA T AYE
DEARICONT, IXOAKAM OB EO %6
Of5 3—1218) & F—0 G Tl i3 %A%
fitens, FORE AN 7—1 Bdns, 5 3—12 ROR5R
LIoRL TR W, CoMBERDE, F-T2F Y
Lk T 4T A Y P ORAFROFHEICET S Bk
VE, AR AM OB X D bk D HNC R T 0K
il 5T BT @D LRI

1) 6Sa-7 25 =vTFoBEFEIELF-77

FUE KT 4 T A Y M X DR




IR 85 6Sa-7 7 5 = v pif 2 -

TmMATP
ImMMgCLL

!'I'hiwk-l"

=4
o

|
i

Turbidity
(Optical density at 660 my:

H-actin
/ 65X a-actinin

0

0 10 20 30
Reaction time min)

Fig.7-2. Superprecipitation of laterally associated
F-actin by 6 S g-actinin and thick fila-
ment system at 25°C,

Final conen. : 0.047mg/ml 6 S a-actinin, 0,18
Smg/ml F-actin, 0. 74mg/ml thick filament, 1mM
ATP, ImM MgCl,, 0.1 M KCI, 20mM Tris—
acetate buffer (pH 7. 0).
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Fig. 7-3. Effects of tropomyosin and troponin—
tropomyosin complex on the superprec-
ipitation of F-aictn and thick filament
system at 25°C,

Final conen. : 0. 075mg/ml F-actin, 0, 3mg/ml
thick filament, troponin and tropomyosin as indi-
cated, ImM ATP, 1mM MgCle, 0.1 M KCI, 20
mM Tris-acetate buffer (pH 7.0).
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Fig. 7-4. Effect of the amount of 6 S a—actinin
(6S) added on the superprecipitation of

F-actin and thick filament system at
25°C.

Final conen. : 0.075mg/ml F-actin, 0. 3mg/ml
thick filament, 1mM ATP, 1mM MgCls, 0.1 M
KCl, 20mM Tris-acetate buffer (pH 7. 0).

6 S a-actinin (6S) was added as indicated, where
1 unit corresponding to 0.0075mg/ml 65, which
is considered as an approximate amount of 63
naturally existing in myofibrils.
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Fig. 7-5. Effects of Ca?* and EGTA on the
superprecipitation of F-action and thick
filament system at 25°C.

Final concn. : 0. 075mg/ml F-actin, 0.3mg/ml
thick filament, 1mM ATP, 1mM MgCl., 0.1 M
KCl, 20mM Tris-aceiate buffer (pH 7. 0).

CaClz or EGTA was added as indicated before

thick filament was added to the reaction mixtuve.
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Fig. 7-6. Effect of KCl concentration on the
superprecipitation of F-actin and thick
filament system at 25°C.

Final conen. : 0.075mg/ml F-actin, 0. 3mg/ml
thick filament, 1mM ATP, 1mM MgCle, 0.015
mg/ml 6 S g-actinin (6S). 20mM Tris-acetate
buffer (pH 7. 0).

KCl was added as indicated before thick filament
was added to the reaction mixture,
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Fig. 7-7. Effect of pH on the superprecipitation
of F-actin and thick filament system at
25°C,

Final conen. : 0. 075mg/m! F-actin, 0.3mg/ml
thick filament, 1mM ATP, 1mM MgcCl, 0.1 M
KCl,

pH was adjusted with 20mM Tris-acetate buffer
as indicated,
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Fig. 7-8. Effects of Ca?*, EGTA and 6 S a-actinin
on the superprecipitation of thin fila-
ment and thick filament system at 25°C.

Final conen. : 0. 075mg/ml F-actin, 0. 015mg/ml
tropomyosin, 0.009mg/ml troponin, 0.3mg/ml
thick filament, 1mM ATP, 1mM MgCls.

CaCly, EGTA and 6 S a-actinin (6S) were added
as indicated, where 1 unit 6 S is quite the same
amount of 6 S as described in Fig. 7-4.
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Fig. 7-9. Effect of Ca?* concentration on the
superprecipitation of thin filament and
thick filament system at 25°C,

Final conen. : Concentrations of proteins were
quite the same as those described in Fig. 7-8,
CaCl; was added as indicated.
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Fig. 7-10. Effects of Ca?* and 6 S g-actinin on
the superprecipitation of thin filament
and thick filament system at 25°C,

Concentrations of proteins and reagents other
than Ca?* and 6 S @-actinin (6S) were quite the
same as those described in Fig. 7-8, Ca2?* and 6 S
were added as indicated.
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Fig. 7-11. Effect of pH on the superprecipitation
of thin filament and thick filament

system at 25°C,

Reaction system was quite the same as described
in Fig. 7-8, except that pH was adjusted with 20
mM Tris-acetate buffer as indicated before thick
filament had been added.
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Fig. 7-12. Effect of pH on the superprecipitation
of thin filament and thick filament
system at 25°C in the presence of Ca**
and 6 S g-actinin,

Reaction system was quite the same as described
in Fig. 7-11, except that 1mM CaCl: and 1 unit
6S a-actinin (0.0075mg/ml) was added before
thick filament had been added to the reaction
mixture.
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Effects of Ca%+ and 6 Sa-actinin on the actomyosin ATPase

activity of the superprecipitate from thin filament and thick

filament system

Actomvosm ATPase actlwty

Reaction condition

none * with Ca2* with 6 Sg-actinin

(g2 moles Pi/mg/min)
0.59 1.68 2.22

Concentrations in reaction mixture: O 03mg/ml F actin,0. 06 mg/ml tropomyosin,
0. 0736 me/ml troponin, 0. 12 mg/ml thick filament, 1mM ATP, ImM MgCl,, 0.1 M

KCl, 20 mM Tris-acetate buffer (pH7. 0).

CaCl; and 6 Sa-actinin were added to the reaction mixture to give a final
concentration of 1mM and 0, 024mg/ml, respectively, before thick filament had been

added,
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Gel volume of superpreciptate from thin filament and
thick filament system

Composition of
reaction mixture

“Thin filament and thick fila

ment( )
(1) + 1mMIEGTA
(1) + 1mM CaCl,

6Sa-actinin

1mM CaCl;
(1) +
(10 units)

Concentratlon in reaction mixture

Gel volume of superprecipitate obtained by centrifugation
at 1,500 rpm for 2min at room temperature

0. 4(mD

0
0.6

0.9

: 3mg/10 m! F-actin, 0. 36mg/10 m1 troponin,

0.60mg/10 ml tropomyosin, 12 mg/10 ml thick filament, 0.1 M KCI, 20mM Tris-
acetate buffer (pH 7.0), ImM ATP, 1 mM MgCls.

EGTA, CaCl; and 6 S g-actinin were added as indicated.

Gel volume of superprecipitate was estimated by centrifugation after being kept

at 25°C for 30 minutes,
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Resume

In the present work, the effect of 6 S a-actinin (6 3) on the post mortem changes observable in muscle

proteins was investigated, using the purified 6 S, prepared from porcine skeletal muscle.

Recently, isolation of a—actinin, one of the regulatory proteins in myofibrils, from rabbit muscle was made
by EBASHI and EBASHI, which was followed by the separation, from this protein, of the three components, 6 S,
10S and 258, through ultracentrifugal analysis, by NONOMURA.

At present, of the above mentioned three components, separated 6 S is considered to be the only component

capable of displaying the biological activities, ----.

binding to F-actin, associating F-actin laterally, leading

F-actin to gelation, and promoting the superprecipitation of actomyosin.

Besides, tropomyosin, whose location in the thin filament in myofibrils has been confirmed, is known to
be capable of inhibiting the binding of 6 S to F-actin as well as the gelation of F-actin.

Although it has been observed that 6 S is located in Z-line in myofibrils, it seems presumably possible that
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this protein may be dispersed in almost all the muscle tissues after its liberation from Z-line, and may play
some important role in the post mortem changes in muscle proteins,

It gose without saying that pork is one of the most important sources of meat in daily life, therefore, in
the present work, purified 6 S, myosin, actin, tropomyosin, troponin, sarcoplasmic reticulum ATPase and the
thin filament and thick filament of myofibrils were prepared form porcine skeletal muscle, and then, some
investigations concerning the characteristics of this purified 6 S, she interactions of 6 S and other protein pre-
parations described above and the effect of 6 S on the superprecipitation taking place by the interaction of thin
filament and thick filament of myofibrils which may be considered as one of the most important factors having
close reation to the tenderness of meat, were performed.

The results obtained were as follows :

1. The 6S prepared from fresh porcine skeletal muscle according to the method of MASAKI and TAKAITI,
and then purifed according to the method of NONOMURA, was found, in some physicochemical properties, to
be homogeneous with and approximately similar to the 6S from rabbit and chicken, seeming to have its proper
biological activities.

2. As the results of some fundamental investigations of the effects of several environmental factors upon
the interaction of 6 S and F-actin, the following items were clarified:

(1) The optimal neutral salt concentration for the interaction of 6 S and F-actin was found to be 0. 1M
KCl.

(2) Ten millimoles of ATP inhibited this interaction completely and the inhibitory effect of 10mM of
tripolyphosphate on this interaction was nearly 502 of that of ATP, while orthophosphate and pyrophosphate
exhibited only a slight inhibitory effect in a reaction-system containing 4 parts of F-actin and 1 part of 6 S by
weight.

(3) The inhibitory effect of ATP on this interaction apparently decreased when ATP concentration
decreased below 8mM.

(4) No calcium ion seemed to enhance this interaction, while magnesium ion enhanced it considerably.

(5) Decrease in pH value from 7.5 to 5.5 enhanced the progress of this interaction.

(6) Tropomyosin remarkably inhibited this interaction.

(7) This interaction was enhanced with the decrease of temperature from 38°C to 10°C.

3. In comparison with the other agents, the inhibitory effect of ATP on the interaction of 6S and F-actin
was most conspicuous, and so the inhibitory effects of all nucleotides appearing in muscle by the degradation
of ATP during post mortem change on this interaction were investigated at a concentration of 10mM,
respectively,

The results showed that, the inhibitory effect was greater in the order given below; ATP > IMP > AMP
> ADP.

Among these, IMP showed an unexpectedly remarkable inhibitory effect, about 50% of that of ATP,
whereas those of the other two were insignificant.

Further, in an effort to clarify the mechanism of the inhibitory effect of ATP on this interaction the
following results were obtained.

(1) ATP seemed not to interact with 6 S, but was found to be bound to F-actin,

(2) The amount of hound-ATP to F-actin increased with the concentration of ATP, but the amount of
bound-ATP to F-actin showed no change with the lapse of time.

(3) Some presumable competition of ATP with 6S in binding to F-actin was assumed, while no competi-
tion of ATP with tropomyosin in binding to F-actin was observable,

It may quite reasonably be assumed that in living muscle in general, ATP may exist in a relatively large
amount, and may be binding to F-actin, but it is a well known fact that in the post mortem muscle the amount
of ATP decreases rapidly by ATP ase existing in muscle tissue, hence the assumption that 6 S may be in pos-
session of the faculty of binding to F-actin readily in post mortem muscle.

This seems to have been confirmed by the fact that, when sarcoplasmic reticulum ATPase was added to a
system containing 6 S, F-actin and 10mM ATP, the interaction of 6 S and F-actin was remarkably promoted
as ATP concentration decreased below 8mM by sarcoplasmic reticulum ATPase.

4. From the results of investigations into the effect of 6 S on thin filament, i. e., troponin-tropomyosin-
F-actin complex, it was found that, the viscosity of thin filament increased as pH value decreased from 7.0 to
5.5, and the addition of Ca?* resulted in the increase in viscosity, and the addition of both Ca?* and 6 S re-
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sulted in further increase in viscosity, while the addition of 1ImM EGTA significantly decreased the viscosity,
making it less than that of the control containing thin filament alone.

The increase in viscosity by the addition of Ca** seemed to be due to the allosteric effect of Ca2* on thin
filament, and the fact that the addition of 6 S to thin filament to which Ca2* having been added resulted in
further increase in viscosity, suggested that 6 S was probably capable of binding to the thin filament having
undergone allosteric effect by Ca?*, and there, on the basis of the observation by electron microscope, 6S seemed
to be binding to almost whole the surface of the thin filament having undergone allosteric effect by Ca®*.

5. At present, it 1s considered that superprecipitation may be brought forth by the interaction of thin fila-
ment and thick filament in the presence of ATP, therefore, an investigation of the effects of several factors on
the superprecipitation brought about by the interaction of thin filament and thick filament has been performed
in the present work.

From the results, it was found that 6 S was capable of enhancing this superprecipitation only in the
following case, where the presence of Ca?* was absolutely necessary, while Ca?* may have bound itself to the
troponin existing in thin filament first, and then this thin filament may have undergone the allosteric effect by
bound-Ca?*.

This seems to have been confirmed from the fact that the promoting effect of 6 S on this superprecipita-
tion was completely inhibited by the addition of 2mM of EGTA, a Ca2?*—chelating agent.

The enhancing effect of 6 S on this superprecipitation increased, as the amount of 6 S added increased up
to 10 times as large as an approximate amuont of 6 S, reported to be naturally existing in muscle tissue.

As to the effect of pH on this superprecipitation, decrease in pH value from 7.0 t0 5.5 resulted in a gradu-
al progress in this superprecipitation in the absence of Ca2* and 6 S, while in the presence of Ca%* and 6 S it
led to a gradual retrogression in this superprecipitation.

Actomyosin ATPase activity of this superprecipitate increased significantly by the addition of Ca%* alone
and much more intensively by the addition of both Ca?* and 6 S.

On the basis of the electron microscopic observation the structure was ascertained to be more compact and
the dispersion density, larger, and further it was confirmed that the gel volume measured by centrifugation was
greater in the superprecipitate formed in the presence of Ca2* and 6 S, as compared with those formed in the
presence of Ca2* alone.

Moreover, the gel volume of this superprecipitate obtained by centrifugation showed no appreciable change
by heat treatment at 75°C for one hour.

From these results the structure of the superprecipitate formed in the presence of Ca2* and 6 S was as-
sumed to be compact, with the suggestion that the larger is the amount of such compact superprecipitate
formed in the presence of Ca?* and 6 S containd in meat, the harder may be the meat.

In such connections, it was suggested that 6 S seemed to play some important role in the tenderness of

meat.

Explanation of plates

Aliquots of the sample solution containing each final concentration as described below, were directly taken
for electron microscopy.
Plate I. Electron micrographs of F-actin filament.
Final conen.:0. 4 mg/ml F-actin, 0.1 M KCl, 0.01 M Tris-acetate buffer (pH 7.0).
Magnification : A ; x 20,000, B ; x50,000.
Plate II. Electron micrograph of myosin filament.
Final conen.: 0.4 mg/ml myosin, 0.1 M KCl, 0.01 M Tris-acetate buffer (pH 7. 0).
Magnification : % 30, 000.
Plate III. Electron micrograph of the aggregate of F-actin formed by 6 S a-actinin.
Final conen. : 0.4 mg/ml F-actin, 0. 05 mg/ml 6S a-actinin, 0.1 M KCJ, 0.01 M Tris-acetate
buffer (pH 7.0). Magnification : x 20, 000.
Plate IV. Electron micrographs of F-actin-6 S @-actinin mixture in the presence of 10 mM ATP.
Final conen, : 0.05 mg/ml 63 g-actinin, 0.4 mg/ml F-actin, 0.1 M KCl, 0.01 M Tris-acetate



Plate V.

Plate VL

Plate VIL

Plate VIIL

Plate IX.
Plate X,
Plate XL
Plate XII.
Plate XIIIL
Plate XIV.
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buffer (pH 7.0). Magnification : A ; x 20,000, B; x50, 000.
Electron micrographs of F-actin -6 S g—actinin complex in the presence of 10 mM ADP, AMP
and IMP each.
Final conen.: 0.05 mg/ml 6 S g-actinin, 0.4 mg/ml F-actin, 0.1 M KCl, 0.01 M Tris-acetate
buffer (pH 7.0). Magnification : X 20, 000 each.
Electron micrographs of F-actin in the presence of 10 mM ATP.
Final concn.: 0.4mg/ml F-actin, 10 mMATP, 0.1 M KCI, 0.01 M Tris-acetate buffer (pH7.0).
Magnification : A ; x 20,000, B ; x50, 000.
Electron micrographs of F-actin.
Final conen. @ 0.4 mg/ml F-actin, 0. 1 M KCl, 0. 01 M Tris-acetate buffer (pH 7. 0).
Magnification : A : x 20,000, B; x50, 000.
Electron micrograph of F-actin ~ tropomyosin complex.
Final conen. : 0.08 mg/ml tropomyosin, 0. 4 mg/ml F-actin, 0. 1 M KCl, 0.02 M Tris-acetate
buffer (pH 7. 0). Magnification : x 20, 000.
Electron micrographs of thin filament (F-actin-troponin-tropomyosin complex).
Final conen. : 0.048 mg/ml troponin, 0.08 mg/ml tropomyosin, 0.4 mg/ml F-actin. The
others were quite the same as described in Plate VIII.
Magnification : A ; x20,000, B; x50, 000.
Electron micrographs of thin filament in the presence of 1 mM Ca2+,
To the sample in Plate IX, CaCly was added to give a final concentration of 1 mM. The others
were quite the same as described in Plate VIII.
Magnification : A ; x 20,000, B; x50, 000.
Electron micrographs of thin filament in the presence of 1 mM EGTA.
To the sample in Plate IX, EGTA was added to give a final concentration of 1 mM. The others
were quite the same as described in Plate VIII.
Magnification : A; x20,000, B; x50, 000.
Electron micrographs of thin filament in the presence of 1 mM Ca?* and 6 S q—-actinin.
To the sample in Plate X, 6 S g-actinin was added to give a final concentration of 0. 032mg/ml.
The others were quite the same as described in Plate VIII.
Magnification : A ; x 20,000, B; x50, 000.
Electron micrographs of the superprecipitate from thin filament and thick filament system in
the presence of 1 mM Caz+.
Other conditions were quite the same as those described Fig. 7-8.
Magnification : A ; x 3,000, B; %30, 000.
Electron micrographs of the superprecipitate from thin filament and thick filament system in
the presence of 1.5 mM Ca?* and 0. 0375mg/ml 6 S p-actinin,
Other conditions were quite the same as those descirbed in Fig. 7-8.
Magnification : A; x 3,000, B; x 30, 000.
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