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INTRODUCTION

Many studies have been made on the analysis of protein patterns and amino acid com-
position of Bivalvia of Mollusca (Hujita et al., 1968; Ito, 1959; Konosu and Mori, 1959).
In Gastropoda analysis of amino acid of Korean slug and land snail has been studied by
Kim et al. (1983), and the protein pattern of Bivalvia by SDS/PAGE has been reported
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by Choi and Ha (1985). But there have been few reports dealing with the protein pattern
and amino acid analysis in Cipangopaludina chinensis malleata.

In this study, it is attempted to analyze the amino acids in the characteristic protein
bands in order to obtain the essential data on the protein composition of each tissue of the
mud-snail by SDS/PAGE. The molecular weights of protein of tissues are estimated by the
personal computer.

MATERIALS AND METHODS

Adult mud-snails, Cipangopaludina chinensis malleata, were collected for two months
(August and September) at suburbs of Kyungju, Kyungpook, Korea.

For sample preparations, the muscles, testes and ovaries of animals were dissected out
under the stereomicroscope (Olympus, Japan). Each tissue was diluted ten times with
62. 5 mM Tris-HCI buffer (pH 6.8) containing 2% SDS (sodium dodecyl sulfate), 5% 2-
mercaptoethanol and 10% sucrose. They were ground with sea sand in mortar dishes. The
brei were filtered through Whatman No, | filter paper and dialyzed against 62,5 mM Tris-
HCI (pH6.8) by a dialysis membrane (250-7U, Sigma) at 4°C. One volume of the dialyzed
protein was added to the 9 volume of the Tris-HCl buffer (pH6.8). The mixture was
heated to 100°C for 2 min and then cooled. A small amount of sucrose was added to the
mixture and bromophenol blue was used as a marker.

The SDS/polyacrylamide gel electrophoresis was performed according to the method of
Laemmli (1970), in which resolving and stacking gels contained 10% and 3.5% acrylam-
ide, respectively. Twenty pl each of samples was layered on the sample slots of the stacking
gel. Electrophoresis was performed at 100V for 5 hours at 4°C by using the vertical slab
gel kit (Manhattan, Korea).

The electrophoresed gels were stained with 0.1% Coomassie brilliant blue R250 in a
mixed solution of 45% methanol and 10% acetic acid for 2 hours at 37°C, and destained
with a mixed solution of 12.5% isopropanol and 10% acetic acid for 24 hours by replacing
every 8 hours with a fresh destaining solution. They were fixed in a 7% acetic acid solu-
tion and scanned with a DMU-330 densitometer (Toyo, Japan) at 570 nm.

For the estimation of molecular weights, lysozyme (Mr. 14,300), p-lactoglobulin (Mr.
18, 400), trypsinogen (Mr. 24, 000), egg albumin (Mr. 45, 000) and bovine albumin (Mr.
66, 000) (Sigma) were used as marker protein.

On the basis of the methods of Peacock and Dingman (1968), Loening (1968), Swank
and Munkers (1971), and Neville (1971), the estimation of molecular weights was modified
to be suited for computer program. A personal computer system which was included key-
board (Apple II Comote DAEAM, Korea) and printer (SMD SX-85 CA, Japaan) was used.

For the amino acid analysis of the charateristic bands after SDS/PAGE, the proteins of

the characteristic bands were eluted using the modified disc-electrophoresis kit. The gel
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slices containing the band of interest were put into the long glass tubes (30%0.5cm). One
end of the tube was sealed with parafilm. The stacking gel was then poured into the tube.
Every slice and stacking gel in the tube were allowed to be embedded and polymerized.
After polymerizaton, the parafilm was removed and a small dialysis membrane-sack made
and filled with electrophoretic buffer was fastened with rubber bands over the end of the
glass tube. Running was conducted at 100V for 24 hours at 4°C. The eluted proteins within
the membrane sack were obtained using a syringe. A new glass tube (60x0.5cm) was
prepared and sealed at one end of the glass tube by heating. The sample of 5ml was injec-
ted to the glass tube after being diluted 2 times with 6 N HCl. The mixed sample was
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Fig. 1. Relation between the molecular weight of marker proteins and their mobilities.
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degassed for 90 sec using a vacuum pump (Wyzenbeek and Staff, Chicago, U.S.A.), and
then the other end of the glass tube was sealed by heating. The sample in the glass tube

was hydrolyzed for 24 hours at 110°C. Amino acid was analyzed with an high-speed auto-

matic amino acid analyzer (Hitachi, Model 835-50, Japan).

RESULTS

The estimation of molecular weight of each band became possible by the use of the

computer program.
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Fig. 2. Protein pattern of adult female muscle.
alphabetical order; protein bands. *: amino
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Fig. 3. Protein pattern of adult male muscle.
alphabetical order: protein bands. *: amino
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The protein patterns of the muscles and testis are shown in Figs. 2~4, and that of
ovary which contained an embryo growing before the development of the shell after fertili-
zation, is shown in Fig. 5.

The protein patterns of both the male and female muscles were fairly similar. Particularly
the intensity of the band F (Mr. 44,500) appeared strongly in the female than in the male
(Figs. 1 and 2). The larger quantity of proteins contained in the male and female muslces
was found in bands L (Mr. 71,700), G (Mr. 46,500) and 0 (Mr. 107,900), and the in-
tensity as shown by the absorbance 750 nm decreased in the order of the bands 0, G and L.
The protein bands in the area of over. 39,700 dalton was denser than those of low mole-
cular weight.

Table 1 shows the result of the amino acid composition of bands D (Mr. 39,700), L
(Mr. 71,700) and 0 (Mr. 107,900) that are marked with asterisk in the protein bands of
the female muscles.

Table 2 shows the amino acid composition of the bands C(Mr. 28,900), D(Mr. 39,700),
G(Mr. 46,500), L(Mr. 71,700), M(Mr. 94, 100) and 0(Mr. 107,900). These bands are
marked with asterisk in the protein bands (Fig. 3) of male muscles.

The protein pattern of the testis did not show any characteristic bands and the quantity
of proteins was not as large as the other tissues such as that of muscle (Figs. 1 and 2)
and of ovary (Fig. 5), but protein bands were distributed rather evenly in all the ranges
of molecular weights (Fig. 4). In addition, the intensity of the protein in the testis was
generally weaker than those of the other tissues. The result of the amino acid analysis of
eluted protein bands i (Mr. 34,600), p (Mr. 57,000), r (Mr. 71,700), s (Mr. 80, 300)
and t (Mr. 82, 100) is shown in the Table 3.

The quantity of proteins in the ovary containing the embryo and oocyte before the dev-

Table 1. Amino acid contents of the asterisk-marked bands in Fig. 2.

D L (0]
amino acids
means+S.D. means=S.D. means+S.D.

glutamic acid — 0.222-+0. 015 —
glycine — - 0.118+0. 010
cysteine 1. 427+0. 084 0. 867+0. 049 —
valine 0. 04510. 002 0. 045%0. 003 1. 082:+0. 098
isoleucine 0. 060£0. 002 0. 059:+0. 004 0. 076 0. 006
leucine 0. 074+0. 006 0.078%0.101 0.1500. 017
phenylalanine 1.579+0. 281 1. 8944-0. 006 1.49640.170
lysine 0. 084+0. 007 0. 079 0.125%0. 009
arginine — — 0. 081 1-0. 607
proline - 0. 091+0. 009 —

S.D.; standard deviations. Means indicate mg% of amino acids.
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Table 2. Amino acid contents of the asterisk-marked bands in Fig. 3.
C D G L M (e}
amino acids
means+S.D. means+S.D. means+S.D. means+S.D. means+S.D. means+S.D.
aspartic acid 0. 313=0. 047 — — - - -
threonine 0. 0604-0. 007 — — — — 0. 0874:0. 009
serine — 0.223+0.038 0.0810. 009 — 0. 088=%0. 009 0.029:£0.004
glutamic acid 0.2260.038 0.307=%0.050 0.069=%0. 007 — — 0.14520. 023
alanine - 0.3832-0. 058 0.2690. 042 — 0. 238+0. 038 —
cysteine 0.04840.006 0.718+0.091 0.52814-0.078 — 0.49840. 067 0.524+0. 061
valine 0.039+0. 005 0.053=40.006 0.0370.004 1.203+0.222 0.031%0.004 0. 035:=0. 004
isoleucine 0.044:£0. 006 0.060+0.005 0.042-+0.005 0. 080+0. 011 0.035-0.004 0.034+0.004
leucine 0.04140.006 0.06410.006 0.054+0.006 0.10440.024 0.041%0. 006 0.049+0.003
phenylalanine 2.910+0.408 2.306+0.309 1.38940.219 2.088%0.309 1.457+0.209 1.33620.209
lysine 0.10340.009 0.096--0.011 0.063+0.008 0.1110.008 0. 088+0. 010 0. 05510. 006
histidine — — 0.033+0. 005 — — —
arginine - — - 0. 042+0. 006 -— —
S.D.; standard deviations, Means indicate mg% of amino acids.
Table 3. Amino acid contents of the asterisk-marked bands in Fig. 4.
i p r s t
amino acids - —
means+S.D. means+S.D. means®S.D. means*S.D. means+S.D.
aspartic acid 0. 037%0. 003 — — 0. 0354+0.004 0.05530. 006
threonine 0. 0824-0. 005 — — — 0. 0971:0. 016
serine 0.03140.004 0.2010.019 0.078+0.009 0.125-+0.027 0.028+0. 001
glutamic acid 0.11840.020 0.0370.004 0.061+0.005 0.040%0.005 0.100£0.009
glycine — — — 0.162+0. 027 —
alanine — 0.4261+0.041 0.265+0.037 0.345£0.048 —
cysteine — 0.943-+0.108 0.602:+0.087 0.05940.007 0.0560. 007
valine — 0.046+0. 005 0.03740.002 0.054:40. 006 —
isoleucine 0.035:+0.004 0.053+0.004 ©.049:0. 005 - 0. 03520. 004
leucine 0.03540.003 0.066+0.007 0.053+0.006 0.04474-0.005 0.0342:0.002
phenylalanine 1.709+0.209 2.488::0.376 1.293--0.197 0.701+0.091 1.9130.265
lysine 0. 059-+0.007 0.097--0.008 0.0502:0. 004 0.048+0.005 0.070::0. 006

S.D.; standard devitaions, Means indicatec mg% of amino acids.

elopment of the shell increased in the order of the bands s, p and k... etc. The intensities

of the bands appeared in the order of p, s, u, and k... etc. (Fig. 5). Protein bands marked
with asterisk (Fig. 5), including a (Mr 12, 200),

(Mr. 71,700), s (Mr. 80,300), u (Mr. 98,500) and x (Mr. 112, 900),

K (Mr. 37,100, p (Mr. 57,000, r

the gel band and their composition of amino acid was analyzed (Table 4).

were eluted from
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Table 5. Protein patterns of Cipangopaludina chinensis malleata.

T tissue [ ] ovary
~—._ female muscle | male muscle testis (containing
M.W. T ‘« _ﬁ embryos)
12,200 : a
13, 000 ! b ‘
14, 000 e A e S PRSP Coernninne -
15, 600 RO d e e, iR
16,700 e |
17,900 et e B cooreeveerreiannenam N I
22, 000 ‘
25, 200 1 g
28, 900 R T C ..................... — !
31, 600 h
34,600 i
36, 200 ! j
37,100 e K eeeeerrenieneean —
39, 700 e D oo — ‘
41,500 - B o 1 N
45, 500 P T F ..................... —y
46’ 500 P R R G .................... —
49, 800 I m
52,100 #‘————«—-—I"{ SIS USSR ¢ PN -
54, 600 [ o
57, 000 l I D e =
59, 700 IR I evveeeereneemenenns [N PRI IVIERRRTETT —
64, 000 e re e esane s eaaaaas J e —
68, 500 et e ) QIR EETI SRR IR —>
71,700 - L e r -
80, 300 e e S eeeereerieeninn ,
82, 100 t !
94, 100 P R TR R PR PRE T M ..................... —
98, 500 e N m e e e u —
105, 400 ‘ et ene e Y ereeeeee e =
107,900 - —0 e w— - —
112,900 — e P et Lo X — s
alphabetical orders: bands of tissues (see Figs. 2-5)
«-——- : the band which appears in all tissues;
e —» * the band which appears in some tissues;

M.W.: molecular weight (daltons), rounding off to the nearest 100

When the occurrence of protein bands in each tissue is compared, the bands b, ¢, i, m, and
t occurred only in the testis and those in the ovary only were a, f, g h,j, and o. Those in
both organs were the bands d (Mr. 15, 600, k (Mr. 37,1000), 1 (Mr. 41,5000), n (Mr.
52,100), p (Mr. 57,000), r (Mr. 71,700), s (Mr. 80,3000, u (Mr. 98, 500), v (Mr.
105, 400), w (Mr. 107,900) and x (Mr. 112, 900). Table 5 compares the occurrence of
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the protein bands in various organs tested. But the molecular weight of the band 1 equals
to that of the band ‘E in the male and female muscle. That of the band n to that of the
band H of the muscles. That of the band r to that of the band L of the muscles, and that
of the band u to that of the band N of the band N of the muscles. Those of the bands
w and x equal to those of the bands O and P of the muscles, respectively. While the bands
of ¢ and q in the testis did not appear in the ovary, they had the same molecular weights
as those of A and I in the muscles, respectively.

DISCUSSION

The protein patterns in various tissues of adult Cipangopaludina chinensis malleata show
slight difference from easch other, but the pattern and quantity of protein were similar in
the muscles. The results are in good agreement with that of Choi and Ha (1985). In their
study, Scapharca subcremata and Scapharca broughtonii showed similar appearance in the
protein patterns of the muscles. Thus, on the basis of these experimental results, it appears
to be hard to identify the sexes by analyzing the proteins of the muscles with the method
of SDS/PAGE. However, when randomly selected protein bands are eluted for the analysis
of amino acid, it is interesting that even the bands with the same molecular weight could
have different compositibns of amino acids as revealed by the repeated experiments. This proves
that even the protein with the same molecular weight could have different compositions of
amino acids. Therefore, it could be emphasized that studies on the sequence of amino acids
should be done within the framework of the analysis of the composition of protein.

The testis and the ovary have their own characteristic protein patterns. The testis pro-
duces many sperms through the spermatogenesis and spermiogenesis (Choi, 1985; Kim and
Choi, (1986). During the process of spermiogenesis, the cytoplasm of the spermatid contai-
ned much more ribosomes consisted in ribonucleic acid (RNA) than the protein synthesized
from ribosomes and many lysosomal vacuoles underwent the exocytosis (Kim and Choi,
1986). Owing to the condensation of the nucleus and the glycogen-containing glycoprotein
and glycolipid (Anderson and Personne, 1970) being so much in the tail part of sperm, it
is natural that the protein in the testis was less detected than the nucleic acid.

The oocyte in the ovary generally produced much of the yolk protein, which, according
to Choi and Jo (1983), was also produced not only in Marphyra sanguinea but also in insect
oocyte (Choi, 1977). Jang and Lee (1981) reported that the synthesis of protein remarkably
increased during the blastula and gastrula in sea urchin after fertilization. This reveals that
protein increases in proportion to the development of the oocyte and the embryo. In the light
of this, it is natural that in Cipangopaludina chinensis malleata, the species of ovo-vivipari-
ty, much proteins appear in the ovary containing the developing embryo before the develop-
ment of the shell. The analysis of the amino acid in the characteristic bands also shows

that the quantity of protein in the testis is the smallest, while the composition and that of
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protein in the ovary is the largest. Thus, the protein pattern of this species has its own
characteristic band, and it is shown that there appear more variation in the order of the
testis, the ovary, and the muscles, and quantitative compositions in the order of the ovary,
the muscles, and the testis.

Because the personal computer easily performs the estimation of the molecular weights,
in the future study the molecular weight of the characteristic protein band in the different
tissues should be compared with each other. Furthermore, the composition and the sequences
of amino acids which are contained in the protein with the same molecular weights should
be studied and compared with one another. The difference in the development of this species
according to the stage of growth and the terms divided by season should be studied more,

ABSTRACT

The male and female muscle of the 16 major bands in the protein patterns of the tissues
of the mud-snail, Cipangopaludina chinensis malleata, were almost similar, and the bands E
‘(Mr. 41,500), H (Mr. 52,100), L (Mr. 71,700), N (Mr. 98,500), O (Mr. 107, 900) and
P (Mr. 112,900) had the same molecular weights which appear in the muscles, testis and
ovary. But it showed that the testis and the ovary had their characteristic patterns, and it
was also observed that, besides the bands common to all tissues, the bands which appear
both in the testis and the ovary are about five: the bands d (Mr. 15, 600), k (Mr. 37, 100),
p (Mr. 57,000), s (Mr. 80,300), and v (Mr. 105, 400).

The result of the amino acid analysis showed that the quantity and composition of amino
acid appeared, as the protein patterns did, in the order of ovary, muscles and testis. This
reveals that in the ovary a great quantity of protein which appears in the whole body was
investigated, while the testis contained only little protein due to the phenomenon of mor-
phogenesis in which sperms were developed through the condensation of the nuclei.
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