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ABSTRACT

The muscle of abalone, Notohaliotis discus (REEVE), and top-shell, Turbo cornutus Solander, were
examined for protein composition.

Then paramyosins which are known as one of the important structural protein of the muscle fibrils
were isolated from the both muscle and their physico-chemical properties such as solubility, salting-
out behaviour, intrinsic viscosity, ATPase activity, etc. involving amino acid composition and N-terminal
amino acid residues were investigated to elucidate phylogenic characteristics more intensively from the
viewpoint of comparative biochemistry.

The analysis of protein composition resulted in the following estimations: abalone muscle; water-
soluble protein of 22 %, salt-soluble protein, 34%, alkali-soluble protein, 20%, and stroma protein,
24%, and top-shell- muscle; water-soluble protein of 16%, salt-soluble protein, 30%, alkali-soluble
protein, 29%, and stroma protein, 25%, respectively.

It is demonstrated in sedimentation analysis that paramyosin and myosin-actomyosin account for
approximately 65% and 35% of the salt-soluble protein of abalone, and that the composition of both
sediments in top-shell was approximately 70% and 30%, respectively.

The ultracentrifugally homogenous paramyosins isolated essentially according to Bailey’s ethanol-
dried method from both of the muscle showed a S;,,w of 3.14s for abalone and a S;(,,w of 3.50s for
top-shell.

The both paramyosins were commonly rich in arginine, aspartic acid, and glutamic acid, while
scarcely contained proline and tryptophan, in rough accord with the other paramyosins thus far reported.

It is clear that these gastropod paramyosins showed of having the characteristic N-terminal amino
acid residues such as N-aspartic acid, N-valine, N-serine, and N-threonine in common.

The abalone paramyosin completely salted in with KCI beyond 0. 35 and the top-shell paramyosin
beyond 0.30gt. The abalone paramyosin was salted-out between 18% and 30% saturation of ammonium
sulphate and the top-shell paramyosin between 229% and 299% saturation.
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The intrinsic viscosities of abalone and top-shell paramyosins at 25°C were estimated respectively to
be 3.1 dl/g and 2.6 dl/g showing somewhat higher than the values for some other paramyosins from

lamellibranchs.

In regard with the ATPase activity, the paramyosin specimens did not exhibit any significant

activity over through the pH conditions of 5 to 9.5, irrespective of the presence of Ca" or Mg".

So

was the case with the abalone paramyosin prepared by a slightly modified Bailey’s wet-extraction

method.
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discus(REEVE) (fKH : 147~220g, thE 1 A2 7.6~
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" vateral
view

Fig. 1. Dorsal and lateral views of the sampled
part of abalone with shell removed.

[SampTed part]

Fig.2. A lateral view of the sampled part of
top-shell muscle with shell removed.
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Fig. 3. Analytical procedure for estimating protein composition of gastropod muscles.
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(1) Ethanol-dried methodol| {kBt ## : Bailey
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#, 0.04M KCI . 0. 025M tris-HCI, pH 7.0 @KL
Z S5H T %, BHBEE A9 AH da2E5
a2 &% 28 FESd An dus nEoR B
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Muscie
minced
washed with 0.04M KCI
cfged.
Residue .
dehyd. with olc. & ether
cfged.
dried in cool blow
Cried muscle powder
extd. with M KCl \24hr)
cfged.

x5

}xz

‘Residugs—
dit. ppt. between 04~0.IM KCI
cfged.

Precipitates

dissol. in LOM KCI

digl. against O.5M KCl

cfged.,

quperm*on’r

salt-out with I8~30% .;m

X3

{NH412S04 (top sheil: 20~32

cfged. Yo}
Precipitates

dissol. in 0.6M KCI

Paramyosin fr.
ML ALY

Fig. 4. Procedure for purification of gastropod
paramyosins prepared by ethanol-dried
method.
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Flg.5. Procedure for purification of natural
paramyosin of abalone muscle.
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BE 8 BEY BREKRAA BEE AAKE 29
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S BB ket mIES AR zElm 1/2
cystine-& Moore(1963)¢] Fiko) e} perfomic acid 2
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AP BEREBKZA Z BEIEA &5 5584 &
mm3lel BFY FDNBE B&EA73, =4 fEHoh
Es g ed 3E4 EEste ELoESY 92
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O ﬁ%fﬂfﬁﬁiq &-& Rockstein and Herron(1951)¢]
Hied) #eA migstdes wE (e RE R
A o EEE gEitd.

283 99 SHdA £ =E RKEEL ATP-2Na
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Paramygsin sdln. ( Prot. Qty. . ca 200mg)

Sampling dialyzed against cold redistit, water
Ciged’
¢ Erecipitates
odded equal amount of NgHCOs 1o sample
ONP-Prot. ¢ added 24ml of 5%FDNB in E1OH
vigorousty stirred in the dark for 4hr
added 10Oml of purified ether and stirred
L 5x ( Cfged
. Precipitates (DNP - Protein)
addad (Oml of redistil. water
Clarification 5x ( Cfged
a Precipitgtes
dshydration odded 10m! of puritied acetone
of DNP-prat. | =z, ( Cfged
added [Oml of purified ethyl ether
3x ( Cfged
Precipitates
dried with cold blow
dehydrated -in vacuum- desiccator with P0Os
dssiccant
- Vacuum-dried DNP= profein
weighed 50mg of DNP-protein into test tube
added 3m! of 6N HCl to the test tube
sealed the test tube in vacuo.
hydrolysed in the thermostatic eléctro- furnace
for 3, 20, 40, and 60hr. respectively.
Hydrolysed DNP- amino acids
tr(_msfer into the brown test tube
dilute to O.5N HCI
extr&‘DNP—amino acids with ethyl ether
‘water _sol. DNP-amino acids Ether sol. DNP-amino acids

concértrated with vac.
‘evaporator

washed with HCl- aciditied water
transfered the ether layer to herz- flask
dried ether with cold blow

removed dinitro-phenol with the use of
mills app.

dissolved in acetone

|Applied to 2-dimensional paper chtomatography]

Fig.6. Procedure for analysing the N-terminal amino acid residues of gastropod paramyosins,
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Table 1. Protein composition of gastroped muscle

Sample  Body weight Fractions of protein
water-sol. salt-sol. (structural protein)  alkali-sol. stroma

g % % (%> % %
Abalone 147~220 22 34 ( paramyosin: 22 20 24
1 actomyosm: 10
myosin HE]
Top-shell 143~162 16 30 { paramyosin: 22 29 25
\ actomyosin, 8
and myosin’ :

EEEHAEY 22 A%, 49, 25 22 Bl G AEMES S EERESY 82 ag gy
¥l WoE SRR A Bel el T Baba(1959)  WIBHES S EEAMES S £33 (%] 54%, 4
7 & B By EEEOBY M 25LEYg B 27 §5 59%c¢1dF o] #£B+ Migita(1959)7F #H&
olglvh, adlm o] BFRE T AEFEY XEER BEY A BWotchdiotis giganta) FHALE JHIES
BB B 3% Kot 8f% Libd) otk Bl Qe o, BANESe] 48%%n #&n = Tak-
o] *}(Shimizu and Simidu, 1960). ¢] HFE=Z =2 ahashi and Tanaka(1961)+ 43¢ REGY Bk
Bol EREFEY HAPAE BEEAEZA oJRdAdE ESY Bl 59~77%n #EY HBRES v ERA
FEE L E BPALtE 4 we) SAEn Y, g, AEa &=t HEAA HHIY & BEREE
HEhA AR 492 BEEY SRS B2 KA 49 A8d ABEMRESY 5 Ied BREAE
B Y AR B "4 g9dsitta 44 9 ERe BEYl Bttd ERosiE ZET £R
Het, —mlmer B XEEAEY 4B BBz WERERL Fig.7 ¥ Fig.83 2+
o B B BREC] dutm Relxiw, a¥la Fig. 70 A e upe} o] AR KBEHES D

Fig. 7. Sedimentation patterns of the water— and salt-soluble fractions of abalone muscle.
Photographs were taken at 33,000 rpm on the way to the top speed and at 0, 10,
30, and 51 min after reaching the top speed of 55; 430 rpm (right to left)."Solvent:
0.6 M KC1-0.025 M tris-HCI buffer, pH 7.0. In each photographs, the patterns
of salt-soluble(above) and water-soluble(below) fractions are seep. '
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Fig.8. Sedimentation patterns of the salt-soluble fraction of top-shell muscle. Photographs
were taken at 0,10, 30, 50,and 70 min aftgr, reaching the top speed of 55,430 rpm
(right to left). Solvent: 0.6 M KCI1-0.025 M tris-HCl buffer, pH 7.0.
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Fig. 9. Salting-out curve of the salt-soluble
fraction of abalone muscle with amm-
onium sulfate. Temp.: 2~4°C.
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o EFTAHTS

BES R

BT £ 20% 9%41~3% °] 9 == #E (Milstein, 1967)
o HEE | A3 F EREY) gy 49d A=
Z2F 9= HR G

Bailey4] HiE$ 27 tiE % ethanol dried method
o {3t Fg@et W paramyosing NS N M

. Eoar Egr
o =2 = A= =
A (Fig. 10) A& Eaeo 1.85, &% Faeo

1.702.2 4 Warburg and Christian(1941)¢] $45¢]
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Fig.10. UV-spectra of gastropod paramyosin in -
0.6 M KCI-0.025 M tris-HCl buffer;
pH 7. 0.

e, @O Rt ASFig 1D £37
(Fig. 12)7} &%  #9 3s9] WRRREEA B9 peak
E 2yx, wEA BANS XS RRe #ilse

Fig. 11. Sedimentation patterns of abalone paramyosin prepared by modified Bailey’s
ethanol-dried method. Photographs were taken at 10, 30,50, 70,and 90 min after
reaching the top speed of 55,430 rpm (right to left). Solvent: The same as in
Fig. 8. In each photograph, the upper and lower traces are taken for comparing
the difference from protein concentration. ’
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Fig. 12. Sedimentation patterns of top-shell paramyosin prepared by modified Bailey’s
ethanol-dried method. Photographs were taken at 24, 36, 48, 60, and 72 min
after reaching the top speed of 55,430 rpm(right to left). Solvent: The same as
in Fig. 8. In each photograph, the upper and lower traces are taken for compa-
ring the difference from protein concentration.

Fig. 13. Sedimentation patterns of natural paramyosin of abalone prepared by modified
Bailey’s wet-extraction method. Photographs were taken at 10, 30, 50, 70, and
90 min (right to left) after reaching the top speed of 55,430 rpm. Solvent: The
same as in Fig. §. In each photograph, the upper and lower traces are taken for
comparing the difference from protein concentration.
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Table 2. Comparison of the amino acid composition of gastropod paramyosins with

those of some other paramyosins

Moles of residues/10°g-of protein

Lamellibranché S

‘Amino acids. . Gastropods -
Abalone Top-shell Aulacomya®? Pinna*?
His 6 7 7.67 4.5
Lys 62 59 70 64.5
Arg 101 91 89 79
Asp 107 99 119" 111
Thr 35 39 38 22
Ser 46 45 55 49
Glu 188 167 292 173
Pro 0 0 0
Gly 25 25 14 12
Ala 88 97 80 102
Cys(1/2) + 2 5 2.5
Val 30 36 22 35.5
Met 11 16 15 15.5
Tleu 37 - 33 25 28"
Leu 100 97 94 103%
Try 13 14 13 147
Phe 9 9 5 . 8.5
Trp 0 1 4
(NHy) (106) (108) (124) (116)
Total 858 837 877 824

-+1 Milstein (1967)

+2 Bailey (1957)

Table 3. A comparison of the charged groups on paramyosins of gastropods and some

lamellibmnchs (residue/10%g protein)
____Acdic S . Basic
Samples Glu Asp Total Amide NH, Free acid Lys Arg total Chge Glu/Asp Lys/Arg
/Gastropods
Abalone 188 - 107 295 106 189 62 101 163 26 1.8 0.61
Top shell 167 99 266 108 158 59 91 150 8 1.7 0.65
Lamellibranchs
Venust? 169 114 283 110 173 62 81 143 30 1.5 0.77
Avulacomyat? 222 119 341 124 217 70 89 - 159 58 L9, 0,78
-+1 Kominz (1966) +2 Milstein (1967)
o tkate] sEED A E3k £ehe] paramyosin® M~  charged grouprt L% etk A€ BRI}

4 HEHIE & T JddH =*®), 2KEE) e
o2 A E2 lysine/argnineftvl 0.8 B2 1.04]
JhAhd ) It JERHS paramyosing £y 0.61 5%
€ 0.6554 ¢k e ghg vl Aol #H#hel =t
¥, Table 391 A& HREA A& 42, 232
oM EEES Aulacomya magellanica A Venuse) ¥ 5} of
vl =29 charged group®E el Sl W
groupd] Hdl4 & 9 [FREE 2MEHRLAE
gE 2ged, o B #H5ld Kominz(1966)+&

—1

charged

|-
PN oy

&£

EFasx stg o), MERIAY paramyosind 2#H
Y oA Kdtd BRECE oAl Al HS
e 2 HoEelwh. aEm EMiolv] = FH Glu/Aspd
e AEA 485 £% 1.8 1. 724] glutamic acid
b A4 wel REEa 9o o 32 Venusrt Aula-
comyas) Hitel E ERV g Rl

-84 paramyosing] o}v| LEEAMRY RS AE
& e —irE Al 3 ¥ ¢ Woods and Margaret
Q9707 =2 B AL (Notohaliotis ruber)9]
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paramyosin &2  o}n| AR S AIES o] BHEe A
o] glglont w4k #ER el 9l = (Pyeun, 1971).
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Fig. 15¢] wbepll e, fuaksme Re) =& N—3t
wrike) HIE-L Table 4¢) v}l upo) e}, A1 Ha}
£.%¢l paramyosin-& H@ 0 2 40EERT Ak RSt
=, DNP-aspartic acid, DNP-valine, DNP-serine
' DNP-threoninee] 7} weo] #Egoms =&
3t 42k o paramyosine] BT 4ES) obul e KihE:
e Z2 g o] MRS 2 WKEH paramyo-
sin®] N—Kuiih s BRI fER {£32 Bailey(1957)
%= Pinna noblis®] paramyosing DNP—ifoz il
Eo g o N—FKufoh b= destn @wmEs)
gdom, Kubo(1961)% %ol &7 HEMES HR
protein Az 4] JIEIY-¢ ¥ DNP-leucine, 3--&
DNP-isoleucine, DNP-valine, % DNP-alanine¢] &5
H H5TE 0.1 mole PITE =g etn #RiESTH
I, = Milstein(1967)-& 7RE Aulacomya magellanica
8 AN paramyosin® N—KHHE WESdL
= DNP-alanine, DNP-glutamic acid @ DNP-glycine

s o

DNP-Asp

DNP-TI
DNP-Ser he

DNP-val

TWO- dimensiongl e

ONE - dimorisiongl ==
Fig. 14. Two-dimensional paper chromatogram
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yosin. DNP-protein was hydrolysed

for 40 hr.

Developer: gne dimensjonal=toluene 40:
pyridine 12: ethylene chlor—
hydrin 24: 0.8N NaOH 24
two dimensional=tert-amyl-
alcohol layer saturated in
sodium phthalate.

—

TN
.

DNP-Asp

CPDNGLTM

DNP-Ser )

DNP-Vai

two-dimansionq) ——e

one-tditensional —ew—a
Two dimensional paper chromatogram
of DNP-amino acids of top-shell para—
myosin. DNP-protein was hydrolyzed
for 40hr.

Developer: The same as in Fig. 14.

Fig. 15.

Table 4. N-terminal amino acid residues of para-
myosins from gastropods determined
by the fluorodinitrobenzene method

Time of DNP-amino acids No. of
Samples  hydrolysis detected moles/ MW
Chr.) of 10°
Asp 0.043
3 Ser 0.027
Thr 0. 004
Abalone
Asp 0. 069
40 Val 0.036
Ser 0.032
Thr 0.019
Asp 0.079
3 Ser 0.011
Thr 0.023
Asp 0. 108
20 Val 0.055
Ser 0.022
Thr 0. 107
Top-shell
Asp 0. 108
40 Val 0. 089
Ser 0, 082
Thr 0. 084
Asp 0.102
60 Val 0.101
Ser 0.018
Thr 0.082
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Fig. 16. Reduced viscosity of abalone paramyosin
at various protein concentration (0.6 M
KCI-0.025 M tris-HCl buffer, pH 7.0;

25°C).
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Fig. 17. Reduced viscosity of top shell param-
yosin at various protein concentrations

(0.6 M KC1-0.025 M tris-HCI buffer,
pH 7.0; 25°C).
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Fig. 19. Salting-out curve of top-shell para-

myosin with ammonium sulfate(Temp. :

2~4°C).
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Fig. 23. Centrifugal equilibrium patterns of the purified abalone paramyosin. The pattern
of synthetic boundary cell (left) was taken at 16 min after reaching to 12,290
rpm, and the pattern of multichannel equilibrium cell(right) was taken at 90 min

after reaching to 14, 400 rpm.

Fig. 24. Centrifugal equilibrium patterns of the purified top-shell paramyosin. The
pattern of synthetic boundary cell (left) was taken at 16 min after reach-
ing to 7,060 rpm, and the pattern of multichannel equilibrium cell (right)

was taken at 65 min after reaching to 16, 880 rpm.
2.17x10%) sha st Fie] RS 2E9 wa

2.58 x 10°%, Woods(1969) = Crassostrea commercialisZ.
A HED 2R de A 2

A HESE S H '2.‘08><l(‘)5,:1_13',1 Olander(1971) =
Venus mercenaria®] paramyosin. i @EIQS o,
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Table 5. Physico-chemical properties of paramyosins from gastropeds in comparison

with those from lamellibranchs

Salting-out trange Solubility in - Intrinsic Sedimentation

Solubility in Charged groups in

Samples (%, sat. of sal{-soln. viscosity constant MW neutralized  amino acids (No. of
(NHD,S0)  (with KCD() dl/g) (505w water residue/10%g protein)
Gastropods
Abalone 18~30 0.25 3.1 3. 14s )~ 71,000~ almost insoluble 26
Top-shell  22~29 0. 20 2.6 3.50s J 105,000  almost insoluble 8
Lamellibranchs
Pinna adductor muscle+!
23~29 2.4 135,000 almost insoluble
Venus u »  *2
28~40 220,000 almost insoluble 30
Pecten ” v 8
35~40 0.20 1.9 almost insoluble
Aulacomya » v+t
21~34 0.8 3.13s 258,000 almost insoluble 58

+1 Bailey(1956)
+3 Bailey and Riiegg(1960)
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Fig.25. ATPase activity of abalone paramyosin

at various pH values. The paramyosin

specimen used was prepared by the

slightly modified ethanol-dried method

of Bailey.
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Fig. 27. Sedimentation patterns of abalone paramyosin preserved in low temp. for 66 days.
Photographs were taken at 10, 30, 50,70, and 90 min (right to left) after reaching

the top speed of 55,430 rpm. Solvent: The same as in Fig. 8.

In ezch photograph,

the patterns of the freezed (at—20°C) and thawed at 2-4 °C instantly before the

analysis (above), and low temp.

seen.
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