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Preparation and Biochemical Properties of Actin from Striated
Adductor Muscle of Scallop

Kiyoyoshi NISHITA*

An attempt was successively made to prepare G-actin from scallop striated adductor
muscle by using theé original method of STRAUB.

1) Crude G-actin was extracted from the acetone dried muscle powder of scallop
striated adductor muscle in the same yield as from fish dorsal and rabbit skeletal
muscles. This G-actin preparation was found to be contaminated with a subunit
corresponding to tropomyosin and one or two other unknown proteins on SDS-gel
electrophoresis.

2) It was found that ultracentrifugation of crude F-actin in 0.6m KCl-1 mm
MgCl, at 100,000 g for 120 minutes effectively eliminates the contaminants, while the -
ordinary reversible polymerization performed in the presence of 0.1M KCl-1mm
MgCl, and gel filtration were ineffective.

3) The purified G-actin retains virtually the same ability to polymerize into F-actin
as fish dorsal and rabbit skeletal G-actins upon the addition of 0.1M KCl or 0.1M
KCI plus 1 mm MgCl,.

4) F-actin, obtained in such a way was shown to complex with rabbit skeletal
myosin by the fact that reconstituted actomyosin had the identical characteristics of
natural actomyosin, that is, positive superprecipitation, high ATP-sensitivity, activa-
tion of Mg?*-ATPase activity, and stabilization of Ca**-ATPase activity against heat.

5) From these results, it was concluded that the biological activities of scallop
striated adductor actin are essentially the same as those of fish dorsal and rabbit
skeletal actins. '
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Striated adductor muscle

grind

wash (10 vol. 0.4% NaHCO,)
filter

wash (20 vol. cold water)
centrifuge

Muscle residue

dehydrate (10-15 vol. acetone) 3 times
filter v

Acetone dried muscle powder

extract (20 vol., 0.2mm ATP-0.2mMm CaCl,
—0.5mM 2-mercaptoethanol —2 mm
Tris-HC1, pH 8.0)

centrifuge

£ B F &

TP AYKORE &k & 7 # 4 (Patino-
pecten yessoensis) BRRRHih STRAUB DJ5Ek®
CECTT7ErVBEREAR L, Thbb,
Fig. 1 WRLIcX 51T, #ifis &% 571
T A S CTER L8, 10 558D 04y
NaHCO; #fnx 15°C LUFC 30 5#8# L <k
WL, “BON—CTFBLIE, & OkEL A
3 EELDYL, 20 fEEEOBRK 4°C) %
ZCE, RO (10,000x g, 15min) LTHE
b b HARET 10~15 FREOT7 £ b v

Supernatant (Crude G-actin) (—20°C) % { BER U 7e N BEIT N, #7730
Fig. 1. Preparative methods of G-actin from PRI E PR No. Sc 2 A L CIEFHE Lic,

the striated adductor muscle of scallop. wie, BHBEY Y10 BEEOAT £ b v
(—20°C) © 30 4, XHI 10 FABOERO7 =+ vy 1 BEAEL, AUBEFBLALE, =B
TRE LI, B, 100g OFARMOLH 8~10g 07+ F vHIERAB LI,

T F - OHEE T bV/EHERSg KL, 100ml o 0.2mM ATP-0.2mM CaCl,-0.5mM 2-2
AT rx g —a-2mM Tris-HCL, pH 8.09 %jn%, 0°C T 20 R Uiz, 25T 20,000x g ©
15 DELDEHL, EBLLTH G-7 2757 v e B, 58 O7 2 b viBknd, HABEEN 300mg o
G-7 7+ vHEbIz, BER~27 €+ VISRREEY O G-7 7 5 v ok Fig. 1 @z o
R LT

IFLCORE S vy FERFIAVVINIBLOREY Lo TR L, COHETTM LY
Fp 1A vD ATP BER 1~5 TH b, Ca>*-ATPase {H:i 60 mm KCl, 5mMm CaCl,, 1 mMm ATP,
0.1~0.2mg 3:#>v, 25mm Tris-maleate pH 7.0 OFEED{ LT 25°C AT By A% AIE
Lk, 0.9~1.4pmol Pi/min-mg 3 4> v THofz,

G-7oFomD F-7IFAOERDQRE HE7 77 VvRETHIILESOHED Kb oTHEL
Too Tihb, ABRRREDN 2~4mg/ml © G-7 7 FvOBKERIED, £0 1.9ml X+ ALy Mﬁﬁ
Btk b, 25°C WREHE L THRELIIET 5, % 2M KCL 0.1 ml iz Bt BEgRcs
2O REOBLERE Lico MEFIHBE Qml) oFbBEER 30 Baikoboi A L,

Sephadex G-200 (C kB4 ILF@ 0.2mM ATP-0.2mMm CaCly-0.5mM 2-2 L5 7 b = & /) — L-2mM
Tris-HCl, pH 8.0 -THAWEEE L TFE/L L Sephadex G200 o4 & (2.6x93cm) ki G-7 7+
v 50~60mg (Sml) #HERL, ABKT G-7 7+ vEBHE L, BHEKIR Sml Fo8W|L, i7=-v
Ty METRRABRBEZEE L,

FHR 7 7 b 140 ATPase EERIE, Ca*-ATPase DREREHEOHER LV SDS-%Y 77y
AT 3 PESEKEIEC DWW TUIRERY R\ Tl b 7707, BItROBER L Y ATP REDOHIE
VEEFE B AT O BRI A B BEADIEAFIND i b o T i olh,

£ B &R

STRAUB (e U TR Lich 2 F X ARG D G-7 2757 VIX F-7 75+ v ~DESERI i A v v E
ORESHER Y, BEREWENEELEBFEL TSI EAEDLRE (Bh), Lirl, FOMECONT
FERESRERTERNZEMN SDS-EY 727 VAT 3 FALVBREEKEC Lo Thdb, Tihbh, *
DR % Fig. 2 KRT2, BHMAC eI+ Y VvREET S EEBbRS Y FEEZDOMICHEERFED



v FREEL T %,

G-7oF ORE ZoiTciof G772
T VRN DR ERET S EEENLL,
%% Sephadex G-200 X %% AMPBEITo
#oo T7cbb, Sephadex G-200 o 2.6X93
om % 5 AcH G-7 75 50~60mg AR
L, #APBeFolkiERy Fig. 3 i,
coReREht G775 v OB s~V
By ERaEOMRDT 7y OBEORH
ARV EIRBEYLTEY, FRITODOE—
JESEENDY, RABBRREH#ET BT
i, MRl a~d © 4 B REER
LT SDS-%Y 727 ) AT 3 FEIKEIC §
H Ut FOMERY Fig. 3 oORPOERCDH
PR TRLT, chickbeMl G-7 75 vK
BHETHberAEI FvvEBbhblABER
S oNEiRe— 7L LTERSR (@),
7 7 F VRS T AE2OKRERE~7 (c, d)
CEZED BRIV, UL, e 2 o0HE<
VEREERELTND T ENb Db, LICH
T, 8 G-7 75 VO s A FRIC
S oTCHhET S EBHRRVEWS T L
%o FITRIE, G-7 75 v OEA—EAK
I AEHEOGAYRAI, bl H G-
7 7 5v% 0.1m KCl-1 mm MgCl, D&AT
<, WIBKMEETHEL T 775 vRE
&g, 100,000g T2EEELOMLT
F-7 75V DUy b REDD, RV y b
% 0.2mm ATP-0.2mM CaCly-0.5mM 2- %
AhF =&, —n-2mm Tris-HCl, pH 8.0
3 BEERENTAZ LRI THESSH,
LB G-7 7 F v ERED, ZOEEY —H
o1 G-7 77 VRO SDS-RYV 727V AT
I FAABERER LB E, TOFBELLDOT
L, RECABBLEECHRET L LA
Hisein\ & & 50T,

F o TE BT, SPUDICH B OJED %A
LT G-7 75 v REETTIeR 5 &L AAis,
Tichbb, G775 vE 0.05M KCI-1 mMm
MgCl, D &HETCTERTEAIRRDDL, #
%o KClEEsy 0.6 M THHELT, @2<h
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H T1 1
UN AT™ UN

Fig. 2. SDS-polyacrylamide gel electrophoretic

Protein concentration (mg/ml)

0

patterns of crude scallop actins.

Proteins (approx. 25 ug) were applied to
89 polyacrylamide gel and electrophoresed
at 8 mA per tube.

A-1, A-2, and A-3, Crude actin prepara-
tions 1, 2, and 3; Tm, Tropomyosin; UN,
Unknown protein.

CAa b c d

20 4 60 80
Tube number

Fig. 3. Gel filtration of crude scallop G-actin on

Sephadex G-200 and SDS-polyacrylamide gel
electrophoretic patterns of chromatographed
actin. ’

Fifty mg protein was applied to a column
(2.6x93cm) and eluted with 0.2mm ATP-
0.2mM CaCly-0.5mM 2-mercaptoethanol-2
mM Tris-HCl, pH 8.0 at a flow rate of 12
ml per hour. The protein concentration
was determined by microbiuret method.

Electrophoretic conditions are the same
as in Fig. 2. :

The inserted figures of a, b, ¢, and d are
the SDS-polyacrylamide gel electrophoretic
patterns of the fractions a, b, ¢, and d
respectively. (CA, crude actin).

e | FERBIR L, £, 100,000g T2RMEOSHEL CF-7 75DV y D, Bl
BEDJFET 0.2mM ATP-0.2mM CaCly-0.5mM 2-2 47 7 b =%/ —--2mum Tris-HCI, pH 8.0 sy
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a bcde
Fig. 4. SDS-polyacrylamide gel electro-
phoretic patterns of scallop and rabbit
actins.
a, Purified scallop actin (30 #g) by
SpupicH method
" b, Crude scallop actin (25 pg)
¢, Crude rabbit actin (25 pg)
d, Scallop actin (25 pg)+rabbit actin

(25 pg)
e, Scallop actin (10 pg)-+-rabbit actin

(10 18)
Electrophoretic conditions are the

same as in Fig. 2.

LTBERLTHESL, G-77FviEdl,
ZOF BT Lo THEBi G-7 7+ v D SDS-4
FELNKEIN% Fig. da WiRLicn’, ZOBE
ZXOoTT7 7FvIEBECEHREEN, TXTD
T i- A BITEECHBEEIRTZ EDED D
s,

¥, ®ETFHADHE G-TrFvETHF
D G-7 75 v EERELTSDS-R) 77
Y73 PO ABRKE ROk R % Fig.
4d B IV e R, ERFEESLSFAL
SEECE— Y FLLBHDT, BEDTTE
BEHLHTILLTHB EBbRLD,

DisoEgIy, Fig. 1 OFBEE>TH
BT 79 v X 0 SPUDICH BHOFEEIT
ToTEH LT 75 vEBERLT, F0HiE
B R w17 e otc,

G-7HF 0EG% %7, G775
VE IR G-7 79 v 25°C CRFHE
AR RO 2 D EE LI, XUDIE
G-7 7 v OEAEDHER Fig. 5A) KR,

>

Specific viscosity

w

Specific viscosity

N
<

=
o

20 40 60
Time (min)

20 40 60
Time (min)

Fig. 5. Effect of salts on the polymerization of

G-actin.

A) At zero time, a salt solution (KCl
and Mg) was added to various concentra-
tion of crude scallop G-actin in 0.2 mm ATP
-0.2mM CaCl,-0.5mmM 2-mercaptoethanol-
2mwm Tris-HCI1, pH 8.0.

O—0 0.1M KCI, G-actin concentration

4.3 mg/ml .
- @—® 0.1M KCI plus 1 mM MgCl,, G-
actin concentration 4.3 mg/m/

A—A 0.1Mm KCl, G-actin concentration

2.6 mg/ml

A—A 0.1M KCI plus 1mm MgCl,, G-

actin concentration 2.6 mg/m/

B) At zero time, 0.1M KCl was added
to purified scallop G-actin.

G-actin was purified by the method of
SPUDICH et al.

[0—0 Scallop G-actin, 2.0 mg/mi

®—@® Rabbit G-actin, 2.0 mg/m!

Viscosity was measured at 25:+0.1°C

-using a 2m/ Ostwald type viscosimeter (out-

- flow time, 30 seconds for water).
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Fig. 6. Plots of logarithm of relative viscosity = Fig. 7. Superprecipitation of reconstituted

of polymerized actin versus protein con- actomyosin.
centrations. , Observaton of superprecipitation was
Experimental conditions were the same . made at protein concentration of 1.0
as in Fig. 4. ' mg/m/ in 0.1M KCl, pH 7.0 by addi-
Maximum values of relative viscosity tion of ATP to a final concentration of
reached after addition of KCI, were plotted- 1 mm.
with different protein concentrations at Actomyosin was reconstituted with
25°C. rabbit myosin and purified scallop actin
O—Q Scallop puriﬁed actin i at a ratio of 1:1 (w/w).
®— @ Scallop crude actin A, Rabbit myosin alone
® Rabbit skeletal actin B, Reconstituted actomyosin

FOERETIIE, wEFHAAABRGOME G-7 75V, v FEROGCRESSO7 77 v ERLTE S
1, 0.1M KCl 74X 0.1m KCl-1mMm MgCl, OLBETTELLEST B Lok, iz, MgCly
PEAET B LR\ I R CEA KGR CEF T 2 EA LA L Th 5, Kic, Bl G775V
DEADHE Y Fig. 5B) WRT, CHICL LM G-7 75 i G-7 75 v DBE XD vl DER
PEEAL, %, BUOHECETSZENbh b, 2T F-7 75 VO ABMERELEE LESD
IR E O BE (logr:) PEIRE 7R » b L TR, FOMERE Fig. 6 ILF+, & OEENLE LA
L5, REFHAD G-T 7 FvnbBobhD F-7 75 V3ED 10gn, &l EERE & L EEIE
BV, Ft, FOREREEIET 797X 0 bEHT 75 v OERAEL, FOL, BT 75V 0BEe
By ¥ED F-7 79 vOBELRABRECH DI, HMET 75 Vit Tt v B 3 4 v vED REERAE
BORB B bDOLELbND, o '

IALLLOREAEE R, REFAAERGO P-7 77 v L o RBBREGO 14V v L OEAEEY,
WINERE OB, ATP REDZY L, Mg-ATPase DREMA(LE L0 Cat*-ATPase DIREREHOLILY
BB L UCHET LT, :

P, RXFHADOFR-T 05V v yFO i+ vy RERRT 1:1 TREL, 4°C T—BEkE L,
IR BEE L, 5% Fig 7 R, ATP I 2 SLICRIGBA R L Ts0, 77 ¢
IAVYHRBRIN TS Z LB, »

Wiz, wEFHADET 25V Eo920 34V vk, KCBEY 0.6 M CiEboo, BinsEEkT
EAL, 40°C T—RKE Lictic ATP REZBIE LickEs Fig. 8 wit, T7hh, HERLLY



810

100

[$1) ~3
(=] ul
L 1

ATP sensitivity (%)

N
[3;]
L

0 0% 050 075 100 125 150 Myosin(mt)

150 00 050 0 F-Actin(ml)
Fig. 8. ATP sensitivity of reconstituted acto-
myosin from rabbit myosin and purified
scallop actin.
F-actin (5.0 mg/m!/) and myosin (5.0 mg/
ml) in 0.6 KCl containing 50 mm Tris-
maleate, at pH 7.0 were mixed at various
weight ratios as cited on abscissa. Visco-
sity was measured at 10°C.

Mg~ ATPase activity
(pumoles Pi/mg-min)

05 10
Actin/ Myosin (w/w)
Fig. 9. Activation effect of scallop actin on
Mg2+-ATPase activity of rabbit myosin.
The ATPase assay were performed at
25°C in the reaction mixture of 1mm
MgCl,, 12mm KCI, 0.5mM EGTA, 25mM
Tris-maleate, pH 7.0 and protein, 0.1 mg/
ml. Mg?*-ATPase activity was shown as
pmoles Pi liberation per minute per mg of
myosin.
O—Q, Purified F-actin
0—@, Crude F-actin

FEBRGO I AV ATP BEIR 3 ThHb
B, wEFHFAD P77+ EEELTRS
BT RNRIEELTCVWAIENRTINTNS, =
DBE, M F-7r7xvaBuiclid, B
W77 b 3i4vvo ATP RBEIL 85 b,
IFERECEL T,

T b, ATP BEOHELF CBIEECX
DTC7sFvEIAYVYERAE LR, 0
Mg?+-ATPase {Eik % JE L 7o, ZOHER%E
Fig. 9 T+, FhIRLBE, HREXFHAD
F-77v i v%¥o ixvv EEEL,
Mg?+-ATPase #3# | {iEHlb+ 52, H7 2
FVIC L BIERALIIEELT 7 v OBELD D
DTtz 1L, RIRIRESRWAET 7
FUDBEY, TI/FVENIFYVDLER
CEET D E TR ATIED BEELEODT
TEbh, —7F, BH7 79 vOBFIIA VY
D12 BRIMLIEE, REDEEEkd—
FECE LT, ZOWEOHEILT 75V
DHECRETHLDOTHA S,

HBRBRBIC 2T HADOBEH F-7 75 v L
PHFDiAVVE 1:1 OBELTREASLE
BRLL7 731 vE, YHFDIAYY
o Ca-ATPase @ 40°C iz 3\ 5 REREN:
% BB L. Tiobd, 1xvv Ca*-
ATPase 137 77 v &fEETH L, FLIRE
bxhs w5 EEDLRALUEaREED
£5 & Rad, ZOFERMERY Fig. 10 R
4, %1 Ca*r-ATPase D—KKIHIZ & BRIE
HELHE L, BEDLSHE THPETRT,
ZDERTIL, 40°C TRBIFAHVYFDOIAY
v Ca+-ATPase D&iEREER (Kp) ik 216
x10-% (sec™), BHERR 7 7 b 3 A v VoL
6.9%x105(sec?) 7o, o Ca**-ATPase
EE 30 EREltdhicz &b, &£27
HAOREH F-7 75 v o4F D 3+ vE
IREE LI EAHEDDIS,

% %

& 2 7 H A BTG % STRAUB JRIC X D
T7E VHELL, GTrFVvERET L,
COERIIER Y v FERGR I OCRATH (7
4 FET) TMUbhi G-7 25 v &L KB



R UAEMENEEERETb0TH L L
N, AMROEE» DAL, T OFFEEET
F\T 0.4% NaHCO; THHWAEES L &, B
ExdEEL LEWED, 775 v
ANIBELT7 757 vONRER I W &%
B LCaolenCEEL 15°C LU Chtid
THHEEERL 5, .
FREFHAD G-7 75 VINB-7 75 v ~E
BT DL, TOESEELDETIHEN
HA2BE, VX GTI/FVOBRELIZIER
BENPIENBWTHDHH, TADBEE
PMEGE FiX, EOREIMHCELRBX R
BEERERSROND, Ll, BHE G727
F VT D L 5 el FEEEED b is L DT,
Br b AR ABERGDEEDENTHA
5LBbh5, B, B G775 vERD
SDS-RYT7 7 VAT73IFFLBERE T L 5%
L, teRIFvUvEFULEBRED 2~3 K50
RUDBDBN T\ B, G-7 7 F vV OEEDH
Cieh A ) T~—0 %y Bb¥d I-7 75
VWi FOREDCEE S SEOMIAREC D
LBbhs,
REFHAD G-7 75 vOREEE X LTk
SPUDICH HDHENRETH B T LavbhrD,
BE i 7 7 v BBHISE S, SDS-4°
NEKIKEY W X g,

Logarithm of specific ATPase activity

( relative value)

811

Kp=22x10°

40 80 120 160 200
Time (min)

Fig. 10. Logarithm of Ca**-ATPase activities of

reconstituted actomyosin and rabbit myosin
at 40°C as a function of time.

Actomyosin was reconstituted by mixing
the purified scallop actin and rabbit myosin
at a ratio of 1:1 (w/w).

Incubation of reconstituted actomyosin
(4.0 mg/m!) and rabbit myosin (3.9 mg/ml)
was performed at pH 7.0 in 0.6 KCI-
0.05M Tris-maleate and at 40°C. Ca?*-
ATPase activity was measured in a medium
of 50 mm Tris-maleate, pH 7.0, 5 mm CaCl,,
1mM ATP and protein, 0.2 mg/ml at 25°C.

O—0O, Rabbit myosin

®—@. Reconstituted actomyosin

D G-7 75 VML 2 FVvRERET A UN O ABERS R EET, Zhabd
Bre P-7 77 vk 1 AV v LRI HE, Ca-BREEARFL O &SI T HIRR CRED R,

3Tz KENDRICK-JONES %> SZENT-GYORGYI B X iU, & &5 41 EARMGIEE-ABED Ca i
BB ERGI S OBE LRI, 4> vo Light chain RET 2 EHREIRTHE0-D, &
DREFEC OV CHEAE, AFECHB LT 7 7 v 2 HH L THRLED T 5,

¥, KFECPEDTRIET 747 7 A BIRHEEE» O bAEMENEREETH 7 77 v REHR S

Z & %E@gﬁ L7z

AHNRORTCHIC b HHEE & HEE 2\ oS el E R K EFE T OF BB a b O HR 2

MR R RH R BT 2T,
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