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Amino acid composition of organic matrices in anomalous
matters secreted by the epithelium on the outer mantle

surface inside pallial line*?
Koji Wada

Such various structural units of a shell as pellicle, periostracum, prismatic
layer, nacre and ligament are secreted by different parts of a mantle during normal
shell growth, respectively, and are conspicuously different from each other in organic
and inorganic constituents. The outer mantle epithelium, which is commonly respo-
nsible for the formation of nacre, sometimes produces periostracum-like organic
sheet in Hyriopsis schlegelii. If a shell was broken in bivalved molluscs, the broken
part could be repaired by the molluscs. Experiments (Rasshach, 1912; Tsujii, 1960 ;
Beedham, 1965) have suggested that the secretive function of the outer mantle
epithelium does not be specific and is alterable in the pfocess of shell repair. Similar-
ly, it has been reported that the outer mantle epithelium regenerating pearl sac
epithelium produces organic matters, prismatic and nacreous layers in the process of
pear] formation (Rubbel, 1911 ; Kawakami, 1952 ; Tsujii, 1960).

The purpose of the present paper is to solve (1) whether the secretive function
of the outer mantle epithelium which is responsible for the formation of nacre and
calcitostracum during normal shell growth is alterable in certain circumstances and
(2) whether the organic matters contained in the anomalous layers produced accord-
ing to the alternation of the secretive function of the epithelium would be corre-
sponded with that of natural periostracum and natural prismatic layer of the shell, if
the secretive function of the epithelium changed.

Materials and Method

Materials used in this study were as follows :

Periostracum-like sheet In the shell of the freshwater bivalve Hyriopsis schle-
gelii, periostracum-like sheet is sometimes secreted during the growth of the nacreous
layer. The sheet is thick and light brown. The sheet which was formed near the

* Koji Wada. Amino acid composition of organic matrices in anomalous matters secreted
by the epithelium on the outer mantle surface inside pallial line. Bull. Natl. Pearl Res.
Lab. 17 : 2053-2058 . 1973.

t Contribution No. 201 from the National Pearl Research Laboratory, Japan.
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inner surface of the nacre inside the pallial line was analyzed in this study.

Deposits A glass coverslip was put in the central area between mantle and
shell valve in Crassostrea gigas. The coverslip was taken out 16 days after operation,
which was done in Ago Bay on the 22th December, 1968. Hard light brown sheet
formed onithe coverslip was used as materials.

Regenerated sheet A small piece of shell, 2 x 5 millimeters square, was cut off
from the shell inside the pallial line by using a fret saw without damage of mantle
tissue in Pinctada fucata. The mantle which covers the broken part does not shrink,
as the mantle tissue is firmly fixed on the shell with pallial muscles. The operated
oysters contained in a cultured basket were hung from a raft at depth of 2 meters for
40 days. The pearl oyster repaired the broken part with soft yellow-brown sheet by
about 40 days after operation. The first regenerated sheet repairing the broken part
was used as materials. This experiment was carried out in Ago Bay from September
to October in 1970, when the sea water temperature of 2 meters depth varied in a
range from 21.6 to 26.9 °C. ;

The above-mentioned materials were decalcified with 3M acetic acid and were
hydrolyzed according to the same procedures as that reported in the preceding paper
(Wada, 1966). Amino acid composition of the hydrolyzates was automatically deter-
mined using a KLA-3 type Hitachi Amino Acid Analyser.

Results

Amino acid composition is shown in Table 1 for the periostracum-like sheet, the
deposits and the regenerated sheet as compared with the organic matrices of some
structural units of each parent shell.

In Hyriopsis schlegelii the amino acid composition of periostracum-like sheet
formed by the epithelium on the outer mantle surface inside the pallial line during
the growth of the shell nacre indicates the pattern just like the periostracum secreted
by the mantle edge. That is, large amounts of glycine, tyrosine and proline but
small amounts of aspartic acid, serine and alanine are found in the organic matrix of
the sheet. The light brown sheet was not mineralized.

Deposits secreted on inserted glass coverslips are mineralized in most specimens
and differ in appearance from the structural units of the normal shell of Crassostrea
gigas. Figs. 1A and B show the surface of different parts of the deposits, indicating
that the part in Fig. 1B is developing in the honeycomb structure similar to the
Prismatic layer produced by the mantle edge (Fig. 1C). - The prismatic layer-like
deposits consist of organic substances having large amount of aspartic acid, glycine
and alanine. In Crassostrea gigas the amino acid pattern suggests that the deposit is


bos
長方形


Table 1.

Amino acid composition of the organic matrices in the shells, periostracum-like

sheet, deposits, and regenerated sheet (amino acid residues per 1000 total residues)

Materials Hyriopsis schlegelii Crassostrea gigas Pinctada fucata

amino aciin._| Forostre- | cumdtke | Prigmatic | Caleitost | pepogity | Priomatic | nacres [Resgperated
Cysteic acid 4.1 + 9.6 9.1 16.2 14.0 15.4 28.1
Aspartic acid 45.9 27.8 129.1 392.9 121.0 71.9 140.5 110.8
Threonine 8.1 7.9 24.7 10,7 31.8 20.7 10.1 38.9
Serine 26.1 29.6 92.0 183.9 81.5 64.5 55,5 53.1
Glutamic acid 18.0 11.8 52.5 31.8 82.4 31.7 4.7 68.4
Proline 52.3 90.1 53.7 17.1 54.7 59.5 15.0 93.5
Glycine 343.7 338.9 121.5 224.9 91.2 230.0 217.2 104.4
Alanine 5.7 10.2 197.6 10.0 166.0 35.8 203.3 35.4
Cystine +

Valine 25.7 38.2 38.7 10.5 44.3 57.2 21.7 63.6
Methionine + + + + 4.5 15.5 8.6 8.6
Isoleucine 29.3 54.7 33.1 4.0 39.5 60.2 15.3 59.9
Leucine 24.8 15.5 38.6 8.0 44.3 63.5 72.2 63.6
Tyrosine 244.1 180.2 71.6 45.9 55.5 122.5 44 .6 57.6
Phenylalanine 58.7 82.7 62.2 5.2 70.3 44.9 34.9 42.5
Lysine 23.0 31.8 20.8 22.6 29.6 48.6 32.7 47.3
Histidine 43.8 38.5 16.3 1.7 18.7 20.3 + 18.7
Arginine 46.7 41.8 38.1 22.0 48.5 39.3 68.3 105.3

* The nacre was obtained from the central part of the shell inside the pallial line.
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Fig.1 The comparison of the superficial structure of deposits and normal prismatic
layer. x 170

A. Unmature sheet of deposits.

B. Mature sheet of deposits.

C. Prismatic layer produced by the epithelium on outer surface of the
outer mantle fold.

the prismatic layer, as seen in Table 1. The prismatic layer of Crassostrea shell
possesses the same structure as the prismatic layer of Pinctada shell but differs
markedly in amino acid composition from the latter. As to the amount of aspartic
acid, glycine and alanine, the organic matrix of the prismatic layer of Crassostrea
shell is rather similar to that of the nacre of Pinctada shell.

The regenerated sheet which is not calcified has large amounts of aspartic acid
and glycine residues. These amino acids are rich in the natural organic matrix called
conchiolin from molluscan shells. The most conspicuous pattern of the regenerated
sheet is the larger contents of arginine and proline, and is different from any organic
matrices of the normal shell of Pinctada fucata.

Discussion

Histological (Rassbach, 1912; Tsujii, 1960) and histochemical (Beedham, 1965)
studies indicated that the outer mantle epithelium to form nacre in a normal shell
secretes yellow-brown or brown periostracum-like organic substance in the early
stages of shell repair, as often found in the initial stages of pearl formation and
during the normal growth of shell nacre of freshwater bivalves. Beedham (1965)
and Tsujii (1960) have therefore stated on the base of the regeneration experiments
that the secretory properties of the outer mantle epithelial cells are not specific
between the different parts of the mantle in Anodonta and is alterable in some
conditions.


bos
長方形


Wada, K. Amino acid composition of organic matrices 2057

The following considerations may be allowed from the present study. The epi-
thelium lined on the outer mantle surface, which forms nacre for Hyriopsis schlegelii
and calcitostracum for Crassostrea gigas, secretes periostracum-like organic matrix
during normal growth of the layer in the former and prismatic layer on glass covers-
lips put between shell and mantle of the latter. These possess large amounts of a
quinone-tanned protein. In Pinctada fucata the outer mantle epithelium, which is
responsible for the formation of nacre, secretes neither periostracum nor prismatic
layer in the initial stage of repair of the damaged shell. Instead of these shell
matters, the damaged part is repaired with yellow-brown organic substance which is
rather similar in amino acid composition to organic pearls cultivated by the parent
oyster (Wada, 1970), But Wada (1964) has reported that eosinophil organic gran-
ules similar in staining property to the interprismatic matrix deposit on glass covers- .
lips put inside the pallial line between the shell and the mantle in Pinctada fucata.
Moreover it is well known that a few of compound pearls*, which are sometimes
produced in pearl culture of Pinctada fucata, is composed of alternation of nacreous
and prismatic layers deposited around an inserted pearl nucleus. Accordingly, it is
not affirmable that the outer mantle epithelium of the speices secretes nacre in every
condition.
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Research Laboratory for his kindness and to Professor H. Hatano of Kyoto University
for his useful advices and kind guidances.

Summary

To investigate whether the epithelium lined on outer mantle surface is specific in
secretion properties, amino acid analyses were made on periostracum-like sheet
anomalously formed in the shell nacre of Hyriopsis schlegelii, deposits occured on glass
coverslips inserted between the shell and the mantle in Crassostrea gigas, and early
regenerated sheet repairing a damaged part of shell in Pinctada fucata.

The amino acid pattern of the periostracum-like sheet formed anomalously in the
nacre inside the pallial line of Hyriopsis shell is similar to that of the organic matrix
of periostracum formed by the mantle edge. The epithelium which is responsible for
the formation of calcitostracum inside the pallial line of Crassostrea shell secretes the

* The pearls consist of two or three of organic matters, prismatic and nacreous layers.
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prismatic layer on glass coverslips put between the shell and the mantle. On the
other hand, the regenerated sheet repairing initialy a broken part of shell inside the
pallial line in Pinctada fucata is very similar in amino acid composition to the organic
matters of organic pearls produced by the parent oyster, which are appeared to occur

in pathological states of a pearl sac epithelium.
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HUBRBEXREBNS BB 2R T 2E ML FIA L S8 b 5 KEBRBETH 5, B2
KR KBS OBBRERANE, BAC— ORI % A e EOEGEREN L2 L LT,
BELDEEREOES Y RL & Tk, o221, BEOEETR, BEOFELREDS
1, BIEEEOBN OSBRI RE RS TbND, Lalihhb, Z2BAEEDE
RYRERLC RS - CEHEMNCAEETE 2BBEEMN 2 RRNCREILL X5 LT 5K, £k
OBRIELMF RISV TR INARR LR TR, BEHRSOSWEAES 5 WRE LR
ORTORKEOHUAHELEL T, HHRORBENERIN T BELENT 501B
DF LRABD %,

COF LB 2 AR T Db oo T, (WAEKKTHYILAR ST BHREBERE, Q85D
L2 EHERET B0 BAHKE, QoURE2HAET AT, B W mRE %
X2 5 RBMEMER E 2 ERYZEHNEA»PSMEL BRI ERE, BSMRA2S5
2%, 2T BT, ABOHRBER, AR NFoBEc e b AEENTLEEMBEO
EBRS LEARNOBE, ERSCHE L 2 EEMAMOAR O WK ORE L K E i
MEb STy, AROMBREELEATIE, Dl 4 2o0E RN OWNT
RHE LM TE B,

ARz HRTI2AEEDL AR R ICEROUBRBELBEEL ¢, BL i EvHVWTE
COMABRINTE TS, AEEO/NE LEME, NE LM, X 0RiEREE
DOESBFER TORE LM B o, alkaline phosphatase (Manigault, 1939 ; Bevelander
and Benzer, 1948 ; Kado, 1954, 1960 ; Beedham, 1958 ; Tsujii, 1690) < acid phosphatase
(Kado, 1960; Bevelander and Nakahara, 1966) »3E:E&(L32E o\ LA L2 M B
Exh, ¥FRAEEORBREREEYX 2 5 RE 2348402 (Jodrey and Wilbur, 1955;
Maroney et al., 1957) e4afkAEES (B » {4, 1959; A4, 1957, 1958, 1959; a3 » B
5F, 1963) OE»LHEEIN T3,

END oMK X B &, AEELRMKEKS 77 5 alkaline phosphatase iz HBEBHE
DA S MBS T 5BERO 1 oTH D (Kado, 1954, 1960 ; Beedham, 1958 ; Tsujii,
1960), ZrREt2 7 2 % A8 R%E (Maroney et al., 1957 ; Wilbur, 1960) & FER 453

* Koji Wada. Enzyme histochemistry of mantle tissue of some bivalves. With English
summary, p. 2073. Bull. Natl. Pear]l Res. Lab. 17 : 2059-2074. 1973.
T BN EBAFRFERE No. 202. (ENLEIRTFREHE 17 1 2059-2074. 4848 )
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(Jodrey and Wilbur, 1955; 3 « /4, 1959; &, 1957, 1958, 1959; iLJF « #§%,
1962) Th A3 Z EMEHINTWS; Lil, 2, 30EEZBRWT, AZBECBER
DL DL TWAELRFEBNRL TV,

COMERAEEOS MRBEELRET 5D Ch-TbDT, FEOMHEIIN
B E AR EE LTV E0E2EEO KA O W TERMBEEC L » THELZDD
Th b,

KEBRMMLIFTE

ERWCIL 2~ 3ELEDT 3 ¥ H 4 Pinctada fucata, 1 ~ 2 LD K 54 34 H 4 Mytilus
edulis, 2 ~3FEHED=H* Crassostrea gigas ¥L X2 ~3FELDeFvF Chlamys
nobilis # '\ iz, BN =BEERREE IS 5 ERM LT HEHEEREHOE,A BE
TH2MBRETLTCERLCHE -7 I¥HA, AV FLEELODBRLMAEL T
TebSHFAHA, = FAI19714E10H12H 219728 7 248 L BRE L 2,

B2l LB L, AEBEL»DRENR I OBEAEICEL, $2X6mDFIR
CHIOED, BHARFERICOFTIET, F34TA4R« 7T+ b ¥YTHRLk nhexane
AL, RECHEBELR, HELeHHzERAREEL, # —20C th-TH%
cryostat N, EX5~8¢ OEMRFEHEEIFEL, 254 F/ 52 Lcihf, #
BCERL .

Table 1. Incubating mixtures and procedures for the demonstration of various enzymes.

Enzyme Incubating mixture Procedure
5.0mg naphthol AS-MX phosphate
Alkaline 0.25ml DMF Fixed for 10 min. with 109 form-
hosphatase 25ml distilled water alin and incubated for 30-60 min. at
pbhosp 25ml 0.2M tris buffer(pH 8.5) room temperature

30mg Fast Red Violet LB salt

5.0mg naphthol AS-TR phosphate
Acid 0.25ml DMF Fixed for 10 min. with 109% form-
hosphatase 25ml distilled water alin and incubated for 2-3 hours at
phosp 25ml 0.2M acetate buffer (pH 5.2) | 37°C.
30mg Fast Red Violet LB salt

1.0ml 0.06M sodium succinate
Succinate 2.5ml 0.29% Nitro-BT

dehydrogenase| 1.0ml 0.2M phosphate buffer (pH 7.4)
0.5ml Ringer’s solution

Incubated for 1-2 hours at 37°C
and fixed for 10 min. with 10% for-
malin.

0.1ml 0.5M sodium DL-lactate

Lactate 8%?& 82% II:IIQII%-BT Incubated for 2 hours at 37°C and

dehydrogenase 1.0ml 0.2M phosphate buffer;(pH 7.4) fixed for 10 min. with 109 formalin.
1.3ml.. distilled ;water

NADH ggx{ géﬁ%%iﬁ%‘fgg‘n (2-3mg/ml) Incubated for 30 min. at room tem-
dehydrogenase| 1.0ml 0.2M phosphate buffer (pH 7.4) 11)8ratfure arll.d fixed tor 10 min. with
0.8ml Ringer’s solution % formalin.
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b oo, Table 1 KRUEFEI & »C, ksiEEE% & LT alkaline
phosphatase (Burstone, 1962) 3 X ¢f acid phosphatase (Burstone, 1962), % %=fpi/k%E
2% & L C succinate dehydrogenase (Barka-Anderson, 1963), lactate dehydrogenase
(Nachlas-Walker-Seligman, 1958) i X & NADH dehydrogenase (Barka-Anderson,
1963) DIEFA R 36 T In - Too % To, —¥BDEIH1210% F v = ) ¥ TL04IEE L, hematoxy-
line-eosin %k ¢X alcian blue (pH 2.2) et 2 B i, BIEEEE QIR L HERBEEL .

=g =3

BRCHELICAEH L DI AEEOLRINE, PEBLCABO 3 2o 548
ORI CREREREMCERD, Ta ¥ 1 OAEERABOIEREI R KEL,
hematoxyline & X < ;’gi b, alcian blue T3 2 HKHBERAZERN/ATR O LRI
bies THEERISHEL, AZROFLBE TCREAMBPES BET 5, FBEEOE
RRN 2o LR AAE L TRONARES X N EORNE L BB, F 7 eosin
wiFgeL, alcian blue it binWRi %2 b oRMlaRFEAT LET, BOELID
RRIEHT CTHRENCEET 5, 459 F4 041 OAERETE, ABFREOREL, hE

Fig. 1 Anatomy of the mantle tissue of bivalved molluscs. CA, central area ; IF,
inner fold; IME, inner mantle epithelium ; IS, inner surface ; ME, mantle
edge; MF, middle fold; OME, outer mantle epithelium; OF, outer fold;
0S8, outer surface; P, periostracum ; PG, periostracal groove; PM, pallial
muscle ; PZ, pallial zone; S, shell.

OAE T RFITTHES EH L, BEN OEILEEEN DBREEORB AT TEE
T 5. ZEROBANTEINEDORK & OBEEE I » TEEFRICE S, HKERERAE
EANE LS HEL, ABTREE TABR S, BREN 2 OMBRAE, 8 (&
RLREMERE LOBEL LK) LA HEONIAE R BB > THMHL, eosin
g s Bhd S oM SAEENAEE O ERMBEMACEE SN EL, ¥RNER X
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CHBOLETernd BN %, wHF TR, SOOHREVWCHEFLHKEL, 7
AYHTA OB ERTHE Y, HMEARRAEEOLB b » THET %, BRR
%z b oMBRNEOANTNE, hHELABONELZEE ), t4 7 FONERE, NE
BIEECRESREL, HREILRD, TRICIZEHI—E OB CAERE RIS - T
1A X, W OBONSWBRWLERSEL TWD, EEERTAEBATE R X
RELTW?S, BERENZ IOMESABORNATEE, $IOTEONTEEEE Y

Alkaline phosphatase (ALP)

AR HER L REONER 1z, ALP ORGER EEEECOZEET, +0%
EOMNIGRECHERB CRD NN, Bl - TrOBF2RIT 5,

TavyA 4 OHNEETE, TEAE LR, BeBohisbEBendTamT s
LM, 83X OCABOET DAERBEBANOBTEHS b 5 AE LR Fig. 1) ©
ALP os#wRIbRZ bR Fig. 2 A B), 7T ABEL e cRALERE DL ONE L
R & BB A& bve (Fig. 2D), Basal Cell OfIEORIGIZHE L i\ve TO
g, SABONSINEO FEMEE ikt AELEEMES X CAEBEAE ER#RC
BORIEHED bRiess, M, eosin it 2 B84 oK, EAEEBR X
CHRERREETH %, Fig.2CR7av 44 oAEBEbEAE MBIk T 5ALP
ORHERZRLEZDDT, BEELEAMROBELECEDOND, 7TAKBREL Mt
EEREERREB CTH - edd, 479 F4 454 OANEIE LR & o ek Sz
HEEHRChSEEOERALLN, bW wBRL o LFMRETRRISREL B
Wos, RARTH B, <A+ DAERTR, ARONHNEE O - FHEEL h@ANE L EM
fa (Fig. 2E) ciniEna b, hi@s\m LA o NS fiE o ko Ek:
RhEELRWLEETHD, Basal Cell ONERBREORIEERT. THLOEI 2K

Fig. 2 Alkaline phosphatase activity.
A. The mantle of Pinctada fucata, indicating positive reactions of the enzyme in
the epithelium. x 30 :
B. High activity in the distal edge of the epithelial cells (E) on the inner surface
of mantle of Pinctada fucata. x 240
C. Strong activity in the distal edge of the epithelial cells (E) lined on the outer

surface of middle fold of Pinctada fucata. PI, brown pigments contained in the
epithelium. x 450

D. Strong activity of the outer epithelium in the central area of mantle of Pinctada
fucata. x 120

E. Strong activity of the inner epithelium (E) of middle fold of Crassostrea gigas.
x 240

Fig. 3 Acid phosphatase activity.

A. The mantle of Pinctada fucata. Note higher activity in the outer mantle epi-
thelium (OME) than in the inner mantle epithelium (IME). x 30

B. The bottom of periostracal groove formed between middle (MF) and outer (OF)
folds of Pinctada fucata, indicating high degrees of enzyme activity in the epi-
thelium of the folds. x 240

C. Strong activity in the outer mantle epithelium (E) of Pinctda fucata. x 240

D. The inner epithelium (E) of inner fold of Chlamys nobilis. x 240
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SHAERERHBOEERE S BWAREET, SRR, SaEks X 0B REBR
Hch s, FEMBIETS ALP FBHR T a ¥4 OEA LEBICHEORE LS X5
N2, b4 v FOABETRE, AENEOHR»BEBICH 5 ERHICHRWEER LD
N, zoMoBHo LFHRECPEELNLFWEERZBON B2, AEEATLEHM
a0 K ISEAE EEHEO KIS X THRWEI SR BN S, v, BELL4EHOR
BRBRETH 3.

Acid phosphatase (ACP)

BERCHERLESKAOAER co ACP ORIGIE, FRMAKCHREBELRTH, Bl
o THRFINLRDERS,

TavH A ONEETKE, THONAELEHE, KohRasbERendTtamT sk
FZHmne (Fig. 3B), A%EAE g & o hick{ LM (Fig. 3C) (k&L
EF o hFEEIR3) CRIGREL, AEENE LEAROEERRRLHV. S iE
WE EFIRCPEERNL2RHWEERALN, ARORATE FEZHE, FERN
LR, % XA ERDMBOAE - EEREO K RRFEY (Fig 3 A), LEMiEcs
% ACP oiE#R, AZBEAE CREEOELEEZ0MEOERE B, hEs
HRAEEAR CRBEHSEORIENERELARCABN D, AFHF 441 DHNEET
W, AEAELRERORIGEREETE - 725, COBSER FEHROERREL S
CAHBTH Bo <A+ T, HEENELEMEOEEI RSB, AH LIS X
T3 0oDEONATEO EFHEOKINEED THV. b4V FONEETIE, AEON
AMEo Ll Fig.3D), AFANERHOLEME, B CAEENELEEAROK
B b <, PRORATEO LR, BN EEEESAEEA T LERROE
MBS B, ik, BEL-4BEHOKKHR, HRMEE, BAER, sivgkrk
HTdh B,

Succinate dehydrogenase (SDH)

AZERIC KT 5 SDH OFEHE LB X » CTHRF RN R0 B3,

TavH4AOAEETE, WREAGO DRI LERCE S FERRCERCHRNEEY
AL, EIE-> CRIGEEL &5 (Fig 4A), NBORATEE O EZMKE, hENEL

Fig. 4 Succinate dehydrogenase activity.

A. Strong activity in the outer epithelium of middle fold (MF) of Pinctada fucata.
x 120 .

B. The inner mantle epithelium (E) of Pinctada fucata. x 240

C. The outer mantle epithelium (E) of Pinctada fucata: x 240

D. Strong activity in the epithelium lined on the inner and outer surfaces of middle
(MF) and outer (OF) folds of Mytilus edulis. x 120

E. High degrees of enzyme activity in the epithelium of mantle of Crassosirea gigas.
x 30

F. The inner mantle epithelium (E) of Chlamys nobilis. Note no activity in the
basement membrane (BM). x 240

G. The outer mantle epithelium (E) of Chlamys nobilis. Note cells with strong ac-
tivity under the epithelium. " x 240
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R, AEEAEEEEE (Fig.4B), %X o EmiE s Bhh Mk L ok
e, AMONATEO L EEE, AEEAT EEAE Fig 402K RMERK B
R HIHNE OIS 55 AT, eosin iFg1 B MIEHTH 5, £
Bk 5 SDH ofEky, HRAEO RS MRS CEOMTIOREYE L EEAK
BB TRRHmL, AEROPAHEE CREEESEORGFERELARLEZBNS, 45 Y
A 44 TR, AEAELREREcESRVERLRL (Fig.4D), NEANELEZHEE,
hHEOWA TR O LM (Fig. 4D), AEAELEMERE (Fig.4D), &I UHRMRKT
2RRVBEERT. ABEATLZAROBEREERWLELS V. LEMBIKET
LEEREM I, ARATTCRBRWEEREEESARC R b, AEE LOChBONETRE

L ERIDBWEERADN D, 4 TR, AEHE LR Ik AERSE L

R CREbHREIERA SN (Fig 4 E), 0Mho¥ps O kLMl X O REHOTE
PR, BEFERIOACRELZME I DS 7 RCREL R TOoRME, &
AU ETR, ARAELEERREE ekt AEEAE EEME Fig. 46 gk,
T Ofh OIS O Lz Fig. 4F) 5 L CHARBORIBEHEE LW L2R5HE L, KK
M B BORIER bR a8, RERIRETH 2, LRMicsT2 SDH ofF
HREEQERE 2 LEECHY, &P, BERTTOBETRETH 5,

Lactate dehydrogenase (LDH)

AER S X X LR s) 5 LDH oK% SDH o %t & EANCIGIESR U T
D5, BlLX > CREROBECESET 2,

Fihbb, Tavy4 (Figs.5,AB) ez v ¥ (Figs.5C, D) o4, LDH oKk
%13 SDH 0z h 24 —KT 50T L, 253 % 444 LA +TR, BROGRE
ACRIERICTH 58, AEEO L DWBAOWTHTH SDH ofF#s LDH piE:
I DRI R BB, i, BERBEL T TOEBETRETS 5.

Fig. 5 Lactate dehydrogenase activity.
A. Strong activity in the epithelium of mantle of Pinctada fucata. x 30
B. Positive reactions in the epithelium of middle (MF) and outer (OF) folds of
Pinctada fucata. x 120
C. The inner mantle epithelium (E) of Cklamys nobilis. Note negative reaction in
the basement membrane (BM). x 240
D. The outer mantle epithelium (E) of Chlamys nobilis. Note cells with strong acti-
" vity under the epithelium. x 240
Fig. 6 NADH dehydrogenase activity.
A. The mantle of Pinctada fucata, showing strong activity in the outer mantle epi-
thelium (OME). x 30
B. Higher activity in the outer mantle epithelium (OME) than in the inner mantle
epithelium (IME) of Pinctada fucata. x 120
C. Strong activity in the epithelium of middle (MF) and outer (OF) folds of Mytilus
edulis. x 120
D. High activity in the epithelium (E) on the outer surface of outer fold (OF) of
Crassostrea gigas. x 120
E. Strong reaction in the outer epithelium of outer fold (OF) and outer mantle epi-
thelium (OME) of Chlamys nobilis. x 30



Table 2. Activity of the various enzymes in the mantle tissue of marine bivalves.
' A. Pinctada fucata

Enzyme
Alkaline Acid Succinate Lactate NADH
phosphatase phosphatase dehydrogenase dehydrogenase dehydrogenase
Epithelium of outer mantle surface
Central area - + + + im
Pallial zone + NI + 4 i
Outer fold
Outer epithelium H + + SHTPSTA
Inner epithelium 4~ Hm 4t + + o~
Middle fold
Outer epithelium Ho~H e~ e~ A~ ina
Inner epithelium + + - H+ nn
Inner fold
Outer epithelium =+ + + - H
Inner epithelium A~ + H+ 4 TR
Epithelium of inner mantle surface
Pallial zone =~ fit 4 e~ He
Central area + + + + H+
Mucous cell — — + + o
Muscle — — 4 + 3
B. Mytilus edulis
Enzyme
Alkaline Acid Succinate Lactate NADH
phosphatase phosphatase dehydrogenase dehydrogenase dehydrogenase
Epithelium of outer mantle surface
Pallial zone + o~ 4~ H + NTITIE
Outer fold
Outer epithelium - 4 H S 4
Inner epithelium i g~ L o~ TN
Middle fold
Outer epithelium - 4 + He RIPONIE e
Inner epithelium + + e 4 i
Inner fold
Outer epithelium + + H 1 i
Inner epithelium + + L o~ Hom e
Epithelium of inner mantle surface N
Pallial zone =+ * + A~ + 4
Mucous cell — - + + L
Muscle — — H 4~ i
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C. Crassostrea gigas

Enzyme
Alkaline Acid Succinate Lactate NADH
phosphatase phosphatase dehydrogenase dehydrogenase dehydrogenase
Epithelium of outer mantle surface
Pallial zone a~+ o H +- H
Outer fold
Outer epithelium +~H L HH +- H
Inner epithelium + N 4L + it
Middle fold
Outer epithelium +~ L +- + +
Inner epithelium Hea 4 T L + T
Inner fold
Outer epithelium H + N1 - +
Inner epithelium e " NiR 4 +
Epithelium of inner mantle surface
Pallial zone o~ 4 as +
Mucous cell - - i 4+ +
Muscle - - + ot i
D. Chlamys nobilis
Enzyme
Alkaline Acid Succinate Lactate NADH
phosphatase phosphatase dehydrogenase dehydrogenase dehydrogenase
Epithelium of outer mantle surface
Pallial zone a~+ 1 s HE H
Outer fold
Outer epithelium + L i H H
Inner epithelium -~ L~ + - H
Middle fold '
Quter epithelium on O 4 - -
Inner epithelium =+ n H Nis H#
Inner fold ’
Outer epithelium o~ e 4 H- -
Inner epithelium + L +H- H Ht
Epithelium of inner mantle surface
Pallial zone + H NIUEIS - H
Mucous cell - — L L L
Muscle — — Hem - TS i
Keys: {=Strong activty ; +=Moderate activity ; +=Weak activity ; —=No activity ; £ =Indistinct

W P AL BEEA ORI E 1 —H Hs

6902
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NADH dehydrogenase (NADH)

NERE R L O LRt 5 NADH o383t 2 oobhikEEEorh s & A
HIIGERUTH 525, HHEOBRERMRDER %, .

TaYHA OAEECE, SMENE EFME & 2 ekt < AR B oTE 2
W< (Figs.6 A, B), Zotho#fs o LMK dAEEBPLEEED TREE LR
To BRMEMBPEAESORIGIIZRRm O hER, HEEEEE S BARIEE2RL,
eosin (CiF 43 % BRI L BB RN Th 5, LMl B 2 BRERR, SEES
ECTREEHEORGAREREELACA bR, hEAGERAEEAT CREEMNREREE
IDRWBHESRT. AT FA K51 OHAEETE, LoD TH ERHBETHRWEES
RNTH, TR LEREOEEAE L EY Fig.60), HRAKIRBELR
3o LEMilak} 5 NADH o, BEMERETL DR, v+ TR, AER
AELEHECEDRCEERERZRL, ThI DABERCE 340 EREEbBWRIEY
77 Fig.6 D), chbPAOED O LEHEOR R hEERNLRET, HREARE
PRBNWEARTRT, TR ET 5 NADH ofEM iz, ABAEeAEEONATE
TREEAZORBIAFEVEL KA LN, AENE TRELMIT, HEAETRELM
LEETENENERRE, b4 v £ OMEB TR, SMEHNELRHE L - hick< 4
Eﬁﬂﬁk&%%ﬁ%%ﬁhﬁ%ﬂ&Bh?%@@@%ﬁ@i&%@@ﬁm%ﬁh(ﬂﬂ
6E), Brsiiig OEER SR, MEEREL 55, EEMERERETH 5, LRERKC
B HWMRER R, AEEATGCEERSORERERES KRB, AEBBENETX
JBREETHE. ok, BRLLLEOR &m%ﬁfﬁéo

utmﬁ?#%& ELTT%&ZKT?O

z =

BIEKICBEL T, ABRCHHE T DEEROBEHB DRI HDMEINT WS, IohT
b, ALP vcoln“cn'yja b@%&ﬂzméb AW EH'E Kado, 1254, 1860; Beedham
1958) =% Ca (Mamgult 1839 ; Bourne, 1843; Kado, 1954) o RIS T3 & & 23%
b, AROC EAERSTHHEBIN TS UNEAE, 1954 ; Tsujii, 1960),Beedham
1T & B HFE O i B O ABBICO\NT ORI 7 (1958) 1%, #Ez% ligament @3
Emm%ﬁ%ﬁ%?éi&ﬁ@%ﬁ%%ﬁ%%%wﬁm?%ﬂﬁh%ﬁiﬁﬂ@mz&P
PERWEELRL, BEL) KERYEC &, ¥ ALP BERGHEBEORELE THRNO
CRLTY RERAMIEOREMNCRILES = 2B bk L, AL LM fid
% ALP 3 Ca oW BB otE L BET 5 0Tlakl, BREOSWICEE TS
T EEMERL o, Kado (1960) 1t ALP oHEXIZ 5 2.7z Ostrea gigas OANERE @ *Ca
@ﬁﬁaQ%%%%%mwﬁm AU?@%ﬁmibﬁ@W«Ca%E%&W?%®m%
B aoThn, ﬂé%lbﬂm@«EEE%Ca%ﬁM?6®K%@L%@i%®1
DTHB LML TS, ABEAELERED ACP o##licowTix, Bevelander
and Nakahara (1966) O#l&%% 5, FNIC L 5 &, extrapallial fluid dich — 3 v
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FHEEALZEA, AELEERES -3 V2 MlafmcEi L ¢ lysosome ©HEHEL,
lysosome 23T % FUEE S ACP iEE»BD T\wb, —7, Jodrey and Wilbur
(1955) 1% Crassostrea virginica OHEEMAM: @ homogenates @ kK oy TIEREE %
DOIEWZ TR, HNEEMRBC TCARBOFELMENELET ST &, 8L UHEEOFRK
REBPEBOLGKEERBICHEETHC 2R L%k,

AEoBER I, ROBERAEROMEBER L » TUEEORER»RD Rir- T
523, ALP = ACP 7Y oks iR OEREAZERO LEARCHE > TRD LR,
Lavd EEMREEAREROBVRIREZRL, AZEKRO EEMREEBRERCH - T
SWBLOBNOETERLBEEEATHD LERTED,

Thbb, BELEZZKAOAER RIS ALP oFERRE B0 EE2WEBEL, *
OAHRERBBELELR TS, Lird, ALP oFE#r kMR O&E Lk
RObND, AEENEO LEMBREEENEZSML, EFORELEE > B WS
VEEN L CARKEET S, cOLRMROAHRECIS O microvilll 233:#E L <
B, T4V =KX BHE (Wilbur and Jodrey, 1952; 3R « #th, 1954; H « %
2, 1956) R 0RHEEBEL AR KL LLED Ca 22HCHBANRKT S & L 2R
BLT\Wb, —F, AEEAEO FEHEE extrapallial fluid 25W L, ESédntc
OHBROBE»BERT D C &b, BAE, »25EHR X UM A\ E K
FOEHREEZBEL CAWINTHELE LD, TOLICPEORI, ZROBRAK L
EiEoBmEREMNET ALP 0 R WEESRDbNEL T &k, HBRER LW BEATH
THRLE, AERENELRARO BERECSAT S ALP 4 R K X b aap~ o Ca
(—BHC R EBRE, Be2fB4 4 ) ofi¥xe, AELEHBOEHMERCHHETS
ALP wiha & b ARV L OB~NERYELZHWT 5 OBEETIHEERO 1 2L Bb
ns, )

Lysosomal enzyme &L T® ACP o7 a v F41 AEEATOMNBIC X 2EROBE
X, TR OEBTH LA INAEERAROY - VERNEOHEEOMNBI
X 5ZLBEECHBEEZRL A BbE(T S, Golgi zone BNEHE XN, EWINH —
I VRTORESBALNS EEMEOREMIERE K ACP 0B \WERIATE THED
b, E-MBEEEL DERINEI 04 FE&R lysosome NEkHED BR5 (Na-
kahara and Bevelander, 1967) z & &nb, AEEAR ERERRZERDE OHWME
e, ARENoBABK, KEERS, &5 WKEERS 2N E ORI,
BRETHEHESEESR, ACP @Ak & HENL ZEEES OMBERN COMEICE#EL T
W3 EEZ BB, )

TCA FkicB3 % SDH, BEZRoMETEH 5 LDH, B L UOBFEEKRE L TS
RicB53+5 NADH /sl ofkRBROFEE AEE LR (RRETCsT 5
mitochondria OHEAH IR OBECAEE LOMNBETrLED R b)) THEELENT
e, SWRELRCDMEAELARERSCKERT 2 vy -2 T3 T8 o REE
LHARERTEENRIERB L TERARB I L 2BHTHTHE55, Lnd, TC
THT 5 R#@HE CO, MEREVORBEOEELUEFE CcH A5 ¢ a8 Wilbur (1960)
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OHMENLBRETE %,

T DD, ROLD EHEENASEOBENSEB LN, BELeeBHILI VT, ACP
ofERR ALP oFEk X v s ik, Kado (1960) 43 Ostrea gigas ONEBETE
TEMZRAERERE KL TS, ARYWE ST 3 LEMao ALP & ACP ofF
i, ARCEEN2BRYIE (ELLTERR) 0FWT I v 74 TERYEOD DV
v AFREeAVFIOBL, FA-BTRERBYOSWESS WAER EOMETEN
MEEA RSN, LL, ALP & ACP o2 BM L oS EY ERS & THEE
BARGUWUL T BB R Niabh > el LRBATH o Teo 728, F~BR
DFRTCELDOWTCEL2BT &L LT, AEELOMBEIC X 3EREEOMHTH LRI XE
CX->ThithBR->TEYD, BLX > THRMBHRERTHREL > T, Thb 0K
HEEZRDHBETHIE, ChOHORBREFIERTEINE ) »r AOETEES L OB
THEN, B HBREROMBEL LCTRARL, KPCEFRTIREEBMNEBERETS
B LTCOAERBE LRMBOKEZELNMC TS C ERRINCEERMEDL 2T
%o

= #

D Tav¥y4, a59FA4H4, v %, BICEATFONEEQE K, )V A R4
v FYIERED, AEEBEZK RIS alkaline phosphatase, acid phosphatase, succinate
dehydrogenase, lactate dehydrogenase, 3 X ¢8f NADH dehydrogenase ®43%45 & & O
)i i A= ) (e EaN o

2) Alkaline phosphatase & acid phosphatase ORIGIIAEE LEMHECHF SR
T@» b, acid phosphatase @iEM: I alkaline phosphatase @iEM: X b dIERIHIKC
MEERDs » oo

3) Alkaline phosphatase @EM:IE BRI OELMRICMEL BDLR, HERLED
MNECXLIMRATEEORERAEOERICL -~ ThikDERS,

4) HBERCE#EEST 5 RO acid phosphatase o iE ¥ kMl = WMAUR
B, ABREDRL LIMBANLTKEELTW3EE 2505,

5) Succinate dehydrogenase, lactate dehydrogenase, ¥ X ¥ NADH dehydrogenase
DENFISHBAERE O LR, BCHRCELE, BDbhi,

#t i3

RMrksichied, AFRCEADEE L tORROBA LS 2 b E L EEIER
WRAKRFTER, IEOCICHKIRES WS & AR ORM % B b - /o B AR RS HEH— K&
HBATRHOBRERT 50 Ele, EAERK Sl > THRAREHLEELZTI - BAE
RIRZEHE LB eI BRET 5,
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Summary

The localization and activity of various enzymes in the mantle tissue of Pinctada
fucata, Mytilus edulis, Crassostrea gigas and Chlamys nobilis were investigated by
histochemical methods.

Fresh frozen sections were prepared in the cryostat at—20 . The demonstra-
tion of alkaline phosphatase (Burstone, 1962), acid phosphatase (Burstone, 1962),
succinate dehydrogenase (Barka and Anderson, 1963), lactate dehydrogenase
‘ (Nachlas et al., 1958) and NADH dehydrogenase (Barka and Anderson, 1963) was
carried out following the methods shown in Table 1.

Alkaline and acid phosphatases are present only in the epithelium of mantle
tissue of the marine bivalves, though the degree of activity differs remarkably be-
tween species and even between parts of a mantle. Strong activity of alkaline
phosphatase is found in the distal end of the epithelial cell (Figs. 2B, C), and
acid phosphatase activity is high in the distal cytoplasm.

The activity of such oxidative enzymes as succinate, lactate and NADH de-
hydrogenases tends to be much higher in the epithelium of outer mantle surface
than in the epithelium of inner mantle surface (Figs. 4, 5 and 6), in all species ex-
amined.

The results Obtained in the present investigation are roughly summarized in
Table 2.
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101-106.

Kado, Y. 1954. The distribution of alkaline phosphatase in mantle tissue of bivalves. Jour.
Sci. Hiroshima Univ., Ser. B, 15 ; 183-188.

Kado, Y. 1960. Studies on shell formation in molluscs. Jour. Sci. Hiroshima Univ., Ser. B, 19 :
163-210.

F&ES 1957, 7a Y #4 OWBECHEICBES 2 55—, MRRTFIC DT, HKEE 22 626-630,



2074 B 2 B % 9 #® FHFI484F

F4E= 1958, ¥EEE M RO RIBERLRICOWVC, HKE 23 1 738-742,

Kawai, K. 1959. The cytochrome system in marine lamellibranch tissue. Biol. Bull. 117 : 125-
132.

Manigault, P. 1939. Recherches sur le calcaire chez les mollusques. Phosphatase et precipita-
tion calcaique histochimie du calcium. Ann. Inst. Oceanogr. 18: 331-426.

Maroney, S. P., Barber, Jr. A. and Wilbur, K. M. 1957. Studies on shell formation. VI. The
effects of dinitrophenol on mantle respiration and shell deposition. Biol. Bull. 112 ; 92-96.

Nachlas, M. M., Walker, D. G. and Seligman, A. M. 1958. J. Biophys. Biochem. Cytol. 4. IPE
g\, EkiEXR, AN 1970, [EREHLE] (@ASBE) p 11SL v BIA.

ERE 1962, Ta YA A4E S RERERED FEMRCE T Z 0 - I vRFOERIC DN T, HiIK
LR 8 © 879-883.

Nakahara, H. and Bevelander, G. 1967. Ingestion of particulate matter by the outer surface
cells of the mollusc mantle. J. Morph. 122 : 139-146.

INEEHE c HEVES 1953, 4 4 F a v A4 (Hyriopsis schlegelii) @5’¥§ﬂﬁﬁf}ﬁﬁk§ﬂcﬁ’\ﬁé Al.
kaline phosphatase 237 (F#). BhiEsk 62 : 26-29.

HRIEE « B FET 1957, 45Ca 2RI 2 Bk SCARERO EBBOWRE. 714 vV —+ 78
RRIFARE : 307-311.

Tsujii, T. 1960. Studies on the mechanism of shell- and pearl-formation in mollusca. J. Fac.
Fish., Mie Pref. Univ. 5 : 1-70.

G - IR 1963, AR NUHERERBREOME V1. AEEOMBTR, HICEFREFARIC
DNVT. ZERVKFIKERIPILE 51 371-377.

Wilbur, K. M. and Jodrey, L. H. 1952. Studies on shell formation. I. Measurement of the rate
of shell formation using Ca45. Biol. Bull. 103 : 269-276.

Wilbur, K. M. 1960. Shell structure and mineralization in molluscs. in 'Calcification in Biolo-
gical System’ Amer. Assoc. Advance. Sci. : 15-40 (Washington, D. C.)



=EHOMMER G A .
TavHAGEOEET

W

%u i :ﬁ
K Bk OB OZE OBR

. T 3% 44 Pinctada fucata (Gould) DYtk OEEEBR LT IR RHER, Ik - K
(1952) #SEEHIER Monas sp. #FAVWTHE LAEE TH S Ld7Rbl LIS & e b by,
WMEDOATHEBERRREY, ALREAYOBHEEMELCERENED 5 bR HER K &
> TRAIRTHBC NI ETHinVs ZHESEDATHT B AT LA EEL T
2 ORFRE D H 50, BN dHEcR 308 THES D, T - KE(1963)
RIBEBIE QIR EEE LT, ) YEOHA T RREERECET 500, b) &
RDGHEDERNIC E D ARBREBRD S Db bRDE Lk, COELENLTS L,
FRHEE OHR 2 ED 5101k, @) LERYBFEEEOREERC X 2 BERECERS
JOCEERYEET L HEREDRBL Lichs L, b) REREEL 35L&, YEOK
OB S X R R RH ORI X 2 REFERS OFR & LI RE ) Bk
RAREL, hoRMAREerks HEOBEROENBIENRD LKD), bbbA,
WEOERRA R L L - THESETLCHRbh3<ESDTHA5, thETOL
5, ZHAOEA, RARCRTIMATTLREOHEL LD L EHARERRETEH S
b, MECOWTIFEDOHFELX LLI 2 2B WIRETH 5,

B E CIRTHEAMEDHRE LT X VbR THRiD i diatom, green algae %
X ¢f naked flagellates 7z & O @M EETH 5 (FE « kB, 1963), AEkzhb
ORERE L L’C Chaetoceros calcitrans, Chlorella sp: %8 X-O8 Monochrysis lutheri % F\»
TTa v 4 YEANOBREERZITRY, FO0EEZEET i b nE ciioz
Wﬂ@@é@ﬁﬂmﬁmohfﬁiéhfhé%ﬁmT3Vﬁ%%ék%éf@i6L&
AR, ¥elELORBRYTRVETOERE Tk,

%i%ﬁtﬁK%b¢ﬁn®%A%%xBﬂ#&*[*@ﬂn%mkﬁﬁﬁ§$ﬁﬁi
BLO@EH, 820 CEELEEKFERFRSMCERN T2 L L bie, Chlorela.
sp. o TWREWENFULEKERERREHFREFETcRLE L LT %,

ME&ERCHE

EHEHC A (,\T'-,;Eﬁﬁﬁ ﬁﬁﬁi%}: LTk D Monochryszs luthert, 2) Chaetoceros calczt
rans ¥ LU 3) Chlorella sp. 2 A\n7e. (Table 1), H#EKRIZ 1) & 2) oW PES

‘ % Katsuhlko T. Wada. Growth of Japanese pearl oyster larvae fed w1th three spec1es of l’l’lICI'O-
" algae. With English ‘summary, p. 2082. Bull. Natl. Pearl Res. Lab. 17 : 2075~ 2083 1973

- T EEEKFIFEHTESL No. 203, (B HHKHIZEF#ELT © 2075—2083, HFI4E48T) |
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Table I. Micro-organisms used in feeding experiments
with larvae of the Japanese pearl oyster.

. A ximat
Species pgirzoex(lpr‘r)la € Cell walls
Monochrysis lutheri 7Xx2.5 No
Chaetoceros calcitrans 4%x2 Yes
Chlorella sp. 2-4 Yes

BWaEDEELRS DR, 3) koW TIREKYs 1 v 7 Aia e (Tables T, M),
1D BIY 2 onwToXESI% Table IV ic;rd (Persons et al, 1961; Ogino, 1963;

Table II. Composition of culture medium used
for Monochrysis and Chaetoceros.

Ingredient Amount
NaNO3 100 mg
NaHPO, 14 mg
Na2SiOg 10 mg
NaHCO3 12.6 mg
Clewat 32% 500 mg
EDTA-2Na 18.1 mg
Vitamin Bi2 2 ug
Vitamin B; 80 ug
Biotin 0.2 pg
Sea Water 1000 ml

* Clewat 32,1 g; (Fe, 3.8 mg; Mn, 7.7 mg : Zn, 1.6 mg : Cu, 0.07 mg :
Mo, 6.3 mg; B, 24.7 mg; Co, 0.17 mg ; EDTA, Some)

Table III. Composition of culture medium used for Chlorella.

Ingredient Amount
Ammonium sulfate 100 mg
Calcium Superphosphate " 15" mg
Urea 11 mg
Clewat 32% 25 mg
Sea Water 1000 ml

* See Table II.

&R, 1969, BERHKIL70~80°CTI0HMMEIC XD, FAHBEARBO AT Y 5 X0k
LI AROE VRTOBT va — v XD EE L e, HERWSNOES20~25°Clc Bk
ST {BIR 2 T3000~5000/v » 7 2 DBHBEANT I X BBH Db LT 2%, TR
DEHEENLENEBE 5 VREAL TR E L BAOEMYRY Kk Uiz, HREER
$FKHT 10%cells/ml & U, ZRHRISH DI 2X 10%cells/m]l g B Lz, BA L T
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Table IV. Chemical composition of micro-organisms (%)

Species Protein| Carbohydrate Fat ’ Ash ’ Authers
Monochrysis lutheri 49 31.4 11.6 6.4 Parsons et al, /61
Chaetoceros calcitrans 343 R 6.0 32.5 | Ogino, /63
Chaetoceros simplex 22.8 21.8 18.1 35.2 Kanazawa, /69
Chaetoceros sp. 35.0 6.6 6.9 28.0 Parsons et al, /61

5438 FNEFNOBEEASBRS I L, ZOAHPCOHERES L b
%ice MERHNIEEIKE & HICAB AP 2 o HRMBERYEOERE L X » TR,
HEDRERFE ENFRBICALIZRIVBETa Yy A1 BEEZAWE, ZHKE
FI2ARFIIRB L2 DR Y = ) P v —% 2 L€ — A — KB 1 £HERE20MEK/m] CIAEL,
MBOBECHHN 285U CERZ2AE L, ZEZR3IBBATKE 2 feBEEL (B
HREEFEER L e > CL0EAE/mD), H5 EELIBRE L B & kefB ks No. 2575 v
7 Vhy PEABNVTKBL, TORCEELTTR->%, HEEKEAREAL THL—B
ML LEERABNZSO%, #— ) v VRIEER (W5r) 88X CRIMRBARER (15W
2AR)RBLTCHLMER L, AF KRk s L eibWE s+ <4 v % 100 ppm
"ML, HBREOE -4 —TKEBFEHINLY 4+ —F —"ZAPREEETCRL, Vi
— 2 —N2ERFKB LD 2~3°C BWERENAL CTRAEKSEHEINS X 5EEL
Too BRNLE - 2 fThb?, HAERBRTCEILETHERECR > ko B KEL26~28°C
THoTre WEDERR 4 BERENA, BKkOK, REKDHLR KA F2ENTHE
EACER LD 5BESOBMLTI 790 4 —4 —THRE, REXZAEL 2o RBAEMH
BB ERKTEOS, EB 1 TREX20MEE, %@21@%Em@wabt0%@ﬁ§
LEEORVWRAAEHICA - BT Lk,

¥ S

=81 (INMETR298~8A22H) FANKOARRBY BRI OWTAHLORFig. 1
THb, BRBEOWTRRE LBEEKREEEN 2R LD TCLUTREROWTERXRS
r Lt b,/ Chaetoceros RD2IHEHDF -2 BRAIL72d D TH %, I EEE DD
N & LERBCHAREERAS WAEDK A & — X hEEMBI R > T, EEE
k- TERBCHENR LD S, thOORRZAEIHOEREXRAL TRDbT L
Fig.20 X i b, ¥ FEMTCEEL 2EBARDWT AR B &, Monochrysis & Chaetoceros
PE2RBAERILULERERR L8, K% 8 U T Monochrysis D PR ERE
BREV, Chlorella BERAL3BEO ) bTRLERSBEN >k, RICEALTEREL
REARZDE, BOEED Lb 5 DIk Monochrysis & Chaetoceros O BASHREKX T&
HE & b ERRERS D 2R L, WNT Monochrysis & Chlorella DIES& L icd DR
IR, 3BHATCE2ERSORBELRES, Chactoceros ¥ Chlorella DIBESR %54,
Monochrysis-+ Chlorella [X s X T8 Monochrysis+ Chaetoceros+ Chlorells X WX T D21

BECOAERALELBL THEOLEED I 2> 2 Monochrysis+ Chaetoceros [X & KZEMN
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X X MONAS (KOBAYASHI & YUKI, '52)
- 6—o MONOCHRYSIS'
..-.a CHAETOCEROS

X
&—-— GREEN ALGAR(CHLORELLA) . ey
a——a MG e

. M+C /}f; P
o C+G -
vy M4C04G X
CONTROL

8
'
b

LENGTH

MEAN

100

O ;_j\/_; 1 1 - 1 I
5 - 10 15 29 25

DAYS APTRR  FERTILIZATION

Fig. 1 Growth curves of larvae in cultures receiving different micro-organisms - -
(Experiment 1, 1971. Jul.-Aug.). Plots were based on mean length of 5
larvae from each culture with exception of 20 larvae at 25th day.

M : Monochrysis lut/zéri, C: Chaetoceros calcitrans, G : Chlorella sp., Control :
Unfed Culture.

mean length

0, 10Q 150 200 A
[ —— T I M
I =— YT IA
[ B |7 /]m*‘g
= T T4 rwC+ g
[ = | SRR 1%, 77 C+Q
[ = WEH N 777727///44 49
[

=R V7774 cont.

1

[0-5 E=6-9 CI9-13 E347 017 212155 day

Fig.2 Growth of larvae in Experiment 1. All data and letters
are same as in Fig. 1. i

2T, BRNAERTRESH VT VS, CI2IBEEEClR5 @k, 5 HOKT
KRR R20f8K & EEAR R B 5700, BAER LNEFRCRET 0 EH 5N, &
BERERBATERK TR E COERERNL I PRI T ENTELLEbNR S, ER
KT TORRD DARNMICER B & Monochrysis DA - eKDEREN X <, #ic Chlorella
DEEXR B DV EBREEENE N, %% Chaetoceros 122 TILTHE © this i ol
Lo T D, fds/bk e K (1952) HEEMEER Monas #HVTHELZBORD
AR O X\ Culture No.1 offRE % Fig. 1 KRKKRLTH%, chikarys ) —r 4y
7 TCOREBHECTHY, AEHELAEIOER & RS Rinh T 5 XRER 5 555,
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MPOERCPLRENVELON, AEAHCESBIORBRD) bEEDIhr>kdbDE X
AP REREL>TWB, .
%%ﬁZ (192FE8A1TE~9A11H) EB 1 LERRELOWTEROER DE WE AT

A + T T
X X MONAS (KOBAYASHI & YUKI, '52)

o—o MONOCHRYSIS -
®-.....x CHAETOCEROS . : g

200 [ &—~0 GREEN ALGAE (CHLORELLA)
}1 A—h MG

E —-—o MN¥C
e o0 C+G
) o-——v M+C4G
¥—9 CONTROL
g
g
100 [

Vs 10 15 20 25

‘DAYS  AFTER  FERTILIZATION

Fig.8 Growth curve of larvae in cultures receiving different micro-organisms
(Experiment 2, 1972. Aug.-Sept.). Plots at the 26th day were based on
mean length of 10 larvae from each culture. Other conditions and letters
are same as in Fig. 1.

2k 5 (Figs.3,4), ER1 TAONLBOZRZ DN WHEENHcE Monochrysis
Ro&ER L, Chaetoceros ROEREBEV, LALLM OAKOER AT RMC
%ML, RTHKIX Chaetoceros RDFNRKELEEL TWD, Chiorella BiKX 3
T OEBEX LIA DR IELE O Monochrysis % Chaetocercs [X & KERWEERTL T3,
EBRKTETOERLbIEM o, Fig 4 kit~ X 5 RlEcicb, 28NS ERD

mean length

O_\/\ 1QO 150 ZQO H
—— o] 7777778 C
C E | RN 7 2m
I — I WZZZArm+g
—— ] VZZAM+Cg
I = YZZZ4mC
I—— — PR VI3 ¢+ 9
BT 1/ 19
Ap =] I f 7 cont,

v

C10-5 E5 510 C014 314180 11822022223- 26 day

Fig. 4 Growth of larvae in Experiment 2. All data are 4as in Fig. ‘3
and the letters as in Fig. 1. ‘
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L LT Monochrysis % X % Chaetoceros # L TH+N S QBSBER OEENRTFT IR TED,
Chlorella X DEENE N, %7z Fig. 31ei bivd X 5w/ « #3 (1952) @ Monas T
OHBEM L HBEL A ¢ABTOLYHE2EBEL CAROARED I - R EEULELEE
2N TN 5,

REBEERCOWTEEICEHE Lk -7, RENEOBOBE TR, EHhl, 2%
BUTHCBEABZROARBL EREAbNLH - e,

E =3

EER1CER2TRTEAEIERUEXZALCAD LI CEDRN, E-olBAUEREY
Brc itk CRRAECIHENEORNETERTHE {IEHINTRET
5 k. (Davis and Guillard, 1958 ; 5 « k5B, 1963; Walne, 1963 ; Bayne, 1965), =
WAEOBEOEY, EHEKOKEDHLT»OHER X CHEREHOMBERBK X D XEM
PREEB Y CZEN DT Lind, AEAOEBRCTRERTEor > kRIBRL TS D
DLBbhs, BICERENRE ONAENEBRKTHER 1 Traildoy, £ 2 TR
1804 I ¥FTHEEL TR, HHBKNCRERS 2EARDEK E - CTHIA TR YE R
FEELTOWEEWRE S, Iberhb@EREKkOKE R & Otk ER CHEND -
felZr Bz b TEs (Davis, 1953; Walne, 1964),

mean length

O_JVI 1QO 150 ZQO rrl‘»}cJ
[ —m
[ 1¢
C —_1m+g
[ ] m+c+g
[ ] C+g
C 1 g
C ] cont

A

Fig.5 Mean growth of larvae in Experiment 1 and Experiment
2. Plots are based on mean length of larvae at the time
when each culture in two experiments was finished.

0L IRERL LER2 TCREERERTOERFENER > TR WRH 55,
CRLDORERREhDTHBENCRTT I ¥4 SECERMEELZELL TS LEL
THEROBRZEHNML TR, ThbbER 1 ER2DERK TR I CORERD
g w2 ZENXACHEL & (Fig, 5), ERYPMAHERT 1L BEEH 25, —BRbAE
BOXWKBPAERPCEL R ECOEROTHEREL VI T L TEEYED D,

Fig.b cabhd X i, ERETEZ COLEERENDT % LHERX B ONEA 2 EE
1 ofER Fig.2) L -2 FAlci b, 3 inhbbBMBEE ¢ Monochrysis, Chaeto-
ceros, Chlorella DIETH b, BEBRELETIE Monochrysis- Chaetoceros X3 d X <,
Chaetoceros—+ Chlorella K235 HBE N, TNOLORERENDT B &, Monochrysis DA -7z
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XKOEEDIWOREINL-TED, RNT Chaetoceros OEKEDN X L, Chlorella A -
ZRAWFRSEEREN,

Davis and Guillard (1958) 3. Venus mercenaria & Crassostrea virginica OO0
BL2EOBMBE 25 2 BB ERM» D, Monochrysis & Isochrysis HREUREEE & LTk
I, BALKEAR T © 2w Dunaliella, Platymonas %% 723 DML D L WikE %
RUEEHRELTWS, Monochrysis KO \WCIRERTHF 0%, Ha2 o 2 A OE
BeLTHAVWLN, TOMEREDLNTWS UM%, 1968; £ « 1, 1970; H,
1969 ; e « fl, 1970; FE)Il, 1971; £FEE « fis, 1973), AEOT 2 ¥ 41 OEBTDH Mo-
nochrysis (AEHLERTH BT LD BN,

ZHREYEDEREELLTINETHANDNRELETATHE, 1) HEINI BN LK
FIONEGHBHETELT &, 2) RBREXREPHLTHS2ETH T L, 3) HlAEL b
- TdHENT L, 4) FEYHERPER LW &, REBBT B TS (Davis
and Guillard, 1958 ; Ukeles, 1971), zh b0 5 b 3) KOWTHRIKEOBIK X 2R
DU DEEBBIC X 58\ %35 5 X 5 ¢, Davis (1953) ® Loosanoff and Davis (1963)
ek, Chlorella in ¥ OMIESE T 5B TCHEET D Mercenaria X 5 i
EBb30, Tt HETER N Crassostrea O X 5 B THH10p Ll Lok &
ETHREBEERRT32C 2B TE5300855L0W5, 4E0OTavH 41 TOERRTI,
MBEER D - 28R D 5 B Chaetoceros 1% 1% & Fain s Monochrysis /b L4 %234 <
NictERMAE AR L, Chlorella FEERMEMEMED » 72, UL LS Fig.2, Fig4
b3 L5k, HEORLEMRT bbb ERKREL R-Toabix, HFreEk 1 Fig. 2)
T, Chaetoceros X Chlorella %5 2 e K Tl ORicd b WEERZ BTz,
QT ENLHEEOTE, TOEIAEOBRLbTEE, REVMOT 2 Y544
o b QBRI Chlorella DIELRIRAEN AR, K& < fn- THERB
BABET 5T ERNTEBHEELLND, b ORBERMEN V5 —EinE O LER
FELTWELEIPDEVEISDDEELNED, TRLoWTIHRERES 5 Wk
YEOEEBRBL L 2ZER RSB EBEINIZINETHS .

Hdr e flh (1970) BRI v F s v A YAERBEORHEE» S 2 CroEIREELAR
DEE XD Monochrysis lutheri 35 X < }EHX§;}’L Chaetoceros calcitrans Tn & OFEEE
FRHFF0 ISBRER RS> L, ZHASEREL ToERBESRED LTS
Chaetoceros MERINTWORGEDEEBRECEZRCRRET S LB 1, FFER
Loosanoff and Davis (1963) o3 Z# A& ic & 5 R ERER O ZRE S EHEEOE
TEHEDHEINBZIT ENRTE B LBRNT WD, AEEDER TR Chaetoceros calcitrans
X T AV NAYERI v F a9 H A DBRLERD I ER Lk, T2 Y4135
BRI/ aFa v F1ECETRD 35, EENCEEEFNRELEVESBD, 55
WEET - 4t (1970) OV SAEOEERBERI T OMEOMIcd 20y,

SHOBMBEMHMERLEBELT, Ta v A1 PERNERPECHEL, To4R
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BHE L, 52 7B 1) Monochrysis lutheri, 2) Chaetoceros calcitrans 3 XX
3) Chlorella sp. T, ANBELINENERSZVEEALTHRS L, BIERDO IS
> ERXONERE COERBTHIT % & Monochrysis B % 5 \WXIBA L 2K D4
EML <, T Chaetoceros, Chlorella DIETH - feo MPIE R H 3 52 = FH 1 Chlo-
rella %5 2 kR OERNB I RN OR, EROBFKLE» LR L T, B4ENHOBRE T
HILBNEERCRF TS T LICRAT 5 & Ebhik,

Summary

Larvae of the Japanese pearl oyster (Pinctada fucata (Gould)) were fed with 3
species of micro-algae to determine their relative value as foods. The algae used were
the naked flagellate Monochrysis lutheri, a diatom Chaetoceros calcitrans and a green
algae Chlorella sp. (Table I). Twenty thousand D-shaped larvae were rearedin a 2/
glass beaker in a water bath in a dark room. Aged sea water used in all cultures
was filtered (Ca. 5 ), treated by ultra-violet light and received about 100 ppm of
antibiotic kanamycin. The culture water was replaced every second day by straining
off the larvae with a plankton net. The water was enriched either with a single
species of food or with a mixture of different species. The foods were supplied at a
concentration of 10* cells per ml (1st-12th day) or 2x10* cells per m! (13th-25th or 26th
day). A mixture of different foods consisted of approximately equal number of each
species. The algal cells were not separated from their culture medium (Tables II,
III) when added to the larval culture. The larvae were sampled for growth measure-
ment every 4th day. Each culture was finished when the larvae with the best growth
rate in a series of experiments reached the full grown stage.:

- The results of experiments are shown in Figs. 1-5. There is a difference in the
results between Experiment land 2. This may be due to a difference in the larval
broods, the quality of sea water and physiological state of the food algae. These effects
are difficult to reduced. A mixture of Monochrysis lutheri and Chaetoceros calcitrans
provided slightly better growth rate than did any of these foods singly or any other
mixture of foods. Monochrysis and Chaetoceros were also shown to be the good single
foods for larvae. The larvae fed with Chlorella sp. showed the poorest growth rate-
among larvae in all cultures. It was estimated from the growth curve that, although
the Japanese pearl oyster larva at the first developmental stage cannot utilize algae
such as Chlorella with a cell wall; these foods can be fed and digested by the older

Jlarvae. ' .

I wish to express my sincere thanks to Dr. P. Walne, Fisheries Experiment

Station, Conway, U. K., {or his correction ¢f this English manuscript.
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Studies on the Mineralization of the Calcified Tissue in
Molluscs—XVII.

Acid Polysaccharide in the Shell of Hyriopsis schlegeli

Koji WADA** and Tamotsu FURUHASHI***

It has suggested histochemically that acid mucopolysaccharide-protein complex participates:
in the initiation of mineralization of some bivalve and gastropod shells at the time when
there is no shell mineral®®. As a further study for elucidating the significance of acid
polysaccharide in shell mineralization, the chemical composition and distribution of it were

examined on the shell of Hyriopsis schlegeli.

The periostracum and organic matrix of nacre obtained from decalcified shells were
digested with “pronase” at pH 8.0 and 50°C for 6 days and subsequently with trypsin at pH
7.5 and 37°C for 5 days, respectively. Acid polysaccharide was then separated from the
digested organic matrices by the cetyl pyridinium chloride treatment as shown in Fig. 1.

Fraction A which contains acid polysaccharide has a large amount of protein but little
amount of hexose (Table 2) and it seems to be an acid glycoprotein with sulfuric ester. The
acid glycoprotein is detected in the organic matrix of the nacre (mineralized layer) but not
in the periostracum (non-mineralized layer) as seen in Table 1. From the above results, it
is supposed that the sulfate group of the matrix is in some way involved in the start of
mineralization of molluscan shells.

SRR AEL P LT %0 £D 3 bH B LDIPHELTE Y, Db DIXEMEL Cnig
o BRSO ST AR AR E T & o TRIEELABEEOF T LIS, BT 5 BRI
EENRLEREAIGA L WS OBREE L RSB b, Fgpticdic» TEEREOERE
PEMCLERNCLERL, Bk s 2 SEEOBERLIEER IR T 5%,

BB ORBTLOCIIn, BED ISP LVWBOBBEECERE L EHRED X 5 gk
Pt s BRE I A EREBEOTAE LXEV R 5 2 L EEHD? wRl s h, ¥Biksa%
RN 5B E E M A FRERCHTHEE LTV 5 2 8 AN wRah, o X offF
Bhied B FEEEL BRI O SRR R 5 O HRANCE) < LB I h T B b,

R, BESIVERECE Th2BAED 7 7 BEREI L VBEShTHBYY, Lo, BiES
BRI TGRSR 2 OBE L BRIEE S TH A IBE e\ o 23513 WADAY ok ks
PEERL2E L, RENSERIETE, LrbABWNRUABREDDIA o a v 71 A%
FERFORY, B HRBC oW TS EEOFELRE L 2T o DO THRET 5,

* ESEBEMERTER No. 184
** E BT (National Pearl Research Laboratory, Kashikojima, Mie-ken, Japan)
ke fhfe T ¥t &t (Seikagaku Kogyo Co., Ltd., Kurihama, Kanagawa-ken, Japan)
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KRBEMHBIUHE

SEEEME ERCHLMRHIEEREEMICAERTA A ¥ F 2 v A Hyriopsis schlegeli B o5y
ERIVERBOERRS THB. ARANELHAKTE R IZEEY, BBK TS BEETERL
Tro BEROBIKIT 3SM B TR\, HARKEEZZRL, 280 ERBKEBICE - - HBRE OEHER
SR Viey FPTHE LD, EEBRIEER SN TV IREY DHERE Lic. IUE L ERB ORI
2 B REEKCET T Gep 1EEK) BREE 2RV ThD, Fvr— 2~ ANRER L, —F,
BRRIZ & b7n o CRBE LS S fe o BB BBUME X b 3 L, BRENEES LTV 5 BREBOEERS
BHIVITCERRETEISHEEEL, BEYIHELico S8 Lo BITRBAK T+t > THUREE %
BT BB Uiz, .

B EEOBE  ERLORERSIUCERBOREES M D Fig. 1 OJEFC Lichi» THBESERE
YEUSEE B Tibb, RERYO 2g ¥ ALK TERL, Thith 100ml OfSEKCEEL, &R
SREES T e —¥ ] (BIHEER) % 2mg oz C&2 L, pH8.0 T 50°C 1z 6 A ffRE, 100°C
< 10 SR, AFERISIHE Y T v dmg B0k, pH7.5 € 37°C 5 AMRELT. Zh
5 OBEMEI TR b AFd — VRN L T ok ROTTEYEELREL, €12 Fv sy
o — TRANTHAS L OBEKC LTHEREh 2 BREOER, BHRARYREEKELT 50ml L
o

BUSEEOSE  BonFRBERES OmERIZ oW TEF L Y P=v s e 2 r Y F (cpc)
TV 2RSS G OSHEE 1ot (Fig. 1), $7ebh, &K 50ml i 5% cpe KKz
Loolig, bikolilatd U oK T2EY 100ml & U, REEEN 0.8Mit/is k)
ik P U Y Ak ik CHoER Lotk 37°C C L RIIE Ui, M4m0 o#E (10,000xg) LCH
@, 0.1% cpc & 2.1M #Hfbr + U v %KD 50ml T 30 HHILE, AFCHKELTETS cpe
OUWBE TR Uico Wil 351 50ml © 2.1 M ks + v v 2ADBK 0.1% cpec &78) AR TED

Organic matters

Add deionized water. Incubate with “pronase” at pH 8.0 and
50°C for 6 days and then with trypsin at pH 7.5 and 37°C for
5 days.. Dialyze.*

Inner solution

Add 5% cetyl pyridinium chloride (cpc) solution and then NaCt
to make the NaCl concentration 0.03 M. Keep the solution
at 37°C for 1hr. Centrifuge at 10,000g for 10 min.

| : !
Sup. Ppt.

Extract twice with 50 m! portions
Extract twice with n-amyl alcohol and dialyze.* of 2.1 M NaCl solution containing
0.1% cpc for 30 min. Filter.

|

Inner solution Filtrate Ppt.
l Lyophilize. Extract twice with n-amyl alcohol to remove residual cpc
and dialyze.*
Fraction B’ Inner solution
‘ Lyophilize.
Fraction A l

Fig. 1. Separation and purification of acid polysaccharide from organic matters of the shell.

* Dialysis was carried out against running tap water and then against deionized water
each for 2 days.
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SEUMBE Ulc, WPRE S L, IRBETS cpc XRETBIDIE n-7 47 Va3~ LO%R LR His
MELIEEL, A 30 FEEELLEKEBEYED, BU -7 sAT7Aa— L THREBEEREDR LI,
KBB4 A% v 7B AR, HAKBIOCREKCHLTE2 BARERL, AREBEERHEL TH ml &
L, kR L (Fr. A), .

—7%, 0.03M BEAROLELASCRE LA CLEYETFRL, -7 s A 7A3—ATELIER
BICIRENEY 2 Bk o ieofcld, KB Fr. A LEBCEN, B FEEERLe Fr. B,

ZDXS5LTHE Fr. A IBEESEFZSBEELEELBRDDT, - OESTO W TFRERK
B LEDR— R~ e< } T 7 4~ BT O,

NRHE

1. B ESEOTER Polin #% K ih, EENECIAMET LT vEH T, ~FY— 2
(X Anthrone Mz X b, s 2—~RA L LCHIE L e ~% V3 vik Elson-Morgan %% v, s 1=
H3IVELTRIE L. #5272 b4 3 vOEERE Cessi B4 Fus, 5B = X 7 41X Ba-chloranilate
EP R L oTER L ,

2. FHRESKEE: KPR CGEEBSEZE KK 8)%4\, 0.1M -y o vBE (pH 6.1) T
12vjem C 90 SRKEIL, BELT 0.125% A A v in—D=FAT7oa— A BRTRAE L, F
L HEEFH No. 51 2/ L7,

3. R——pmrw b7 4 — BREOTEMIIRD &R VT ok, Fr. A % 1N HSOs T 100°C,
6 RT3 fEES BaCOs Crhfll, MOLSHELTHE LI A EEYRZEF v r — 2 —it Al P05 LT,
N=T R~ s YV e R . K (50:30:2:18) & RBAFIE UCTRRIET 40 BRIBR, BEsHauEE T
R,

Table 1. Amounts of fractions A and B s =
obtained by cpc treatment from the EROFBEIC L oTA o2 v 54 BBROSFE
periostracum and orga'nlc ‘matrlx FOEEE OB S SRS AEES Fr. A &
of the nacre of Hyriopsis shell
(mglzg dry material). Fr. B @mé”g Table 1 k:, :h&@@%@'ft%
. Wik% Table 2 W ZrhFHiRLico ERBOER

Material
\ Periostracum orggzicé‘?:l):'csrix oL p 0.87% o Fr. A 45 1.6% o Fr.B#%
Fraction BHEL D, B CRTES & bR
-g tr;“; ) g"; ¢, EBED Fr. A & 0.18% o Fr. B 84138

¥iole THEROEMETh L EEEY ST,

Table 2. Composition of fractions A and B from the periostracum and
organic matrix of the nacre of Hyriopsis shell (per cent on dry
basis of each fraction).

T — Material | Periostracum | Organic matrix of nacre
Component T Fr. B Fr. A Fr. B
T
Crude protein (as BSA*) 8.52 28.60 66.00
Hexose (as Glucose) . 13.80 0.11 6.31
Hexosamine (as Glucosamine) 5.11 2.78 1.57
Galactosamine 0.67 1.32
Sulfuric ester 3.31
Inorganic sulfate 1.50

* Bovine serum albumin.
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Fig. 2. Schematic electrophoretic pattern of the acid polysaccharide separated
from organic matrix of the nacre of Hyriopsis shell. The arrow indicates
the position where samples were applied.

Table 3. Determination of carbohydrate in the periostracum and organic matrix of
the nacre of Hyriopsis shell by paper chromatography.

Material Galactosamine| Glucosamine Galactose Glucose
Periostracum Fr. B + -+ +
Nacreous organic matrix Fr. A + + +

ERBOFBRRTIBEBEOSEFENFBLEL, ~F VAR BLALEERVORXL, BED Fr. B
HMBDO~F V—RE~FVHIVvEESEL, ERBOHERBRSICH~DS LIFEC AW INEAERZ S0
FPRESKIOREE (Fig. 2), BERBOBERS D Fr. A WL A4 SV FL— TSI A X 7 v~
S—BBHED ARy b HERBIRIN, WThOESS Fr. BRIZAZ 7 r=o—%B24 5 AKXy Miftlo
EHBOBEES D Fr. A TALRIA &£ 7 n<o—ifilk= A 57 MVCHEES S LE L2 b bt (Table 2),

ZFoARy VATHRD = v Ve g & VERBIC R THBIERL2E,

FRENOEGO Fr. A & Fr. B Ok _—~—yn~< 757 4 ~CTHE LIRS Table 3 iR
Lico BEED Fr. A RWEHF S 7 bH3 Y, sFAravyiy, 527 —A0HD, BEO Fr. B @ixs
Sy LIV, FrayIv, SAa—AREgEh5,

% =®

RERNG, £F €Y=y aerul ¥ (cpe) MBI Lo THER Fr. A WIIBEES THIEE
LTk, chdBEAESFENEBECEL, ~FV—A%BEALEERVHRBEEs/ Va2l eFa v
Zxz bh, FRESKBOER b2 v Ve VR LIRS BN B, 2V Fea F VRN A &
Fa UK A DRBREBRRTCEE LW E ORI, COROAEE 2 Y FrqF vREENT LA Ein\s
LSOV ORRERN S VBB TE B0 —F, Fr. B GBS BHRORHL RSP, LOERSEA
Fy~ALEOETH Y, BHRBEFERT D Fr. B WSS E0BREY S0 L, BEo Fr. B
HSBEDO~F Y I VEEET B, LaL, WTFho Fr. B 4 B—io5 Tt <, S8H, B8k L
DREWEELZ B b,

DEoBEEND, BBREYETS7 Y 27 e 74 VAERBOEBESCHEET 32, BREQIIELE Lk
WEBX Do T DFERIZ WADAY nfFiroted F 2 Ui A O EBRERRS ORBLEATIRER L B
—FH LT3, Tiebhb, BESHERIERBO X 5 b LB E TR s BREECILTHEEL,
L Ui W BRED X S RBOFEERRIL 2, 3 OBIARKRFIEFEE LV, vk, BERPORBRLSER
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D5 > R, SIMEISSY 1T x> Crassostrea virginica ® R bIBoEBRS T CikiE3Ih
T\ 5o

BE, Bo Ca RBhC R\ T, MEEIXKD X 5 nBEEAREZE LT 5 LIBRIh T2 Tihbb,
Heh « WL ORI LoC, HBEYET 2 A 2EBARSED Ca LEAL, SHEELLHWEH, A
B BB Ca e 8T 5 = LR SR, —7, ABOLINS-KRoG1SY 3 REF 4 58 5, WaDAY
3R LA L ORIRA T D A= 7 5 A L TORBEMHLOBZEN L, Ca KHORKERTH 2 ¥4y
e HteoT, MEEEY BT AREEAIABREDOMERYHET - DCEELREXETLILHEELT
Whe LnL, ZOBEEED X OESNBERCEER I OOV TUL, BEOEME LRI« D
OB, L2 AT, KERTELREELE TS 7Y 2 7 e 7 vABAERHTE, SHES A
%Y 5 wikiFE o BREMEBIATE TR T5 35 L, ZOBOEEESICS Th HMEEN HRY
YL EEEE LTV AR BEETE LW THA 5,

= #

1. 4rxavrn4 8% 3SM OFBTRIK U TEBLRER JOCERBOBFTERS»H, €F1 )
T=vaesw ) FABR I DEBESEREL S FE L,

2. WA ETSE/ ) 27 e T 4 VIXERBOFEBEEFCHEE LY, BECIE LA EEELR V.
3. BEIVBLAESELA 27 v —BEHT, TOERDIE~FY - ALEEELGRY, HYE
DAF VY I VEEETHN, THEBE-RI T, S8E BRELIOEAMEEL RS,

4, BRBOBEBHBEIRBEE 7V = w74 vORE), SEOEAELSEEL MO IESYE
Ezbhbe
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Studies on the Mineralization of the Calcified Tissue
in Molluscs—XVTIII:

Acid Polysaccharide of Mantle Mucus of
Some Marine Bivalves

Koji WaADA** and Tamotsu FURUHASHI**

Sulfomucopolysaccharide-or acid mucoprotein with sulfate group is detected in
mantle mucus of some bivalves*™™, and is considered to act as a calcium carrier and
provide calcium concentration high enough for the growth of shell minerals at the
site of mineralization®. Histochemical and biochemical studies have suggested that
the inner and outer mucus of the mantle of Pinctada fucata show metachromasia
on staining with toluidine blue and are very similar to each other in their amino
acid composition”. If the acid mucous substances play the above-mentioned functional
role in the calcium metabolism of molluscs, the mucus does not always form a shell.
To answer this quesion, biochemical analysis of the acid polysaccharide was made
on the inner and outer mucus of the mantle of Pinctada fucate and Chlamys nobilis.

Inner mucus adhered on the inner surface of the mantle and outer mucus secreted
between the mantle and shell were collected with an injector. In each case the dry
mucus obtained by addition of ethyl alcohol was digested with “pronase” at pH 8.0
and 50°C for 72 hours and subsequently with trypsin at pH 7.5 and 37°C for 72 hours.
Acid polysaccharide was then separated by the cetyl pyridinium chloride treatment
and analysed as described in the preceding paper?.

Theée amount and chemical composition of fraction A containing acid mucopolysac-
charide are shown in Tables 1 and 2. The fraction contains a relatively large amount
of sulfuric ester and a little amount of protein, but not chondroitine sulfate, as shown
by paper electrophoresis. Galactosamine, glucosamine, galactose and glucose are
detected in fraction A of both the inner and outer mantle mucus of Pinctade fucate
by paper chromatography (Table 3). The fraction seems to be composed of sulfo-
mucopolysaccharide or sulfated polysaccharide-protein complex.

From these results, it may be concluded that the presence of the acid mucous
substance with sulfate group is necessary to induce shell mineralization though it
does not always induce it. )

RRGHEFESAE_ER 2 53 MK extrapallial fluid 5 SEBT 505, WE EEAT 5%
B BIRER LIS\ o SAEBEOPMIEC EN T D& h 5 KR DBBX & { B 5 Dhs, TR OEBUE
* B REFEFEM No. 185 ' |

* E 3 BBk %P7 (National Pearl Research Laboratory, Kashikojima, Mie-ken, Japan)
wok A fp S T s &4 (Seikagaku Kogyo Co., Ltd., Kurihama, Kanagawa-ken, Japan)
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£ ELIL T A2 EEAAE R R RIS/ 5700 OBBLER TSI LT e Oy, HBHWMLEA
TEERT A 5 LEGTEMER R 00 LW 5B, 2Pt oTRIEFNABEETHY,
OV TSRS O&RE BT 5 L CL EE MR RETH 5, ‘

L AT, NEESUE LR O SERT 5 AREDL, £L{0BETT 5 VA, S IBDRET
FREAETHD, WThoBRBRe 5B 0BEC Lo THO T b, i, TavH 4 o0 k51T,
SEBZD OO SR DIXFBEEIARL, oMM EENMUE LR OB WEL, BIXT 5 VERRET
HEHLI D D, EETEUCDREEY Vv v 2 G ORABSEHHRILS  OFRZB IS>TH LA TED,
BFEZROWBIC BS54 5 Mg 0B REIE o THWRT 2L bh, H2VIEHRDOIBEEL LR T
Vo ’ .
BLEDOANThHD WADAY IAEESMROLT 3 7 BEEE B0, 2 LI 4AYRC BT 289
Lo 2 BRCHVCTRFIBETF L LTERT 5 L2 bh 2Bk BEEAOSBL Ticw, FOBELHEAEY
BEBEOATTHE %o CRRLT,

REBEMESLUHFE

EEBME  REBCDH s ERWERN S EEEERREOEA Lo ) T THEL TR T 2 Y H 4
Pinctada fucato ONEEPMSEERS I e 42 X451 Chlamys nobilis DABEN T SW X LT
I HEE Fh FhED TERICH L, SAEBSAIERTE, BV-EHehy ARAAEC R ol Eg -
HE L ORMCHEA, SEEASESEALRWX S ICES L b ERGRE (Favy 1 L7 S5V E
MO HEEBIR, et v EHN A CATRE, b s EARERIR) 2 bR TR Uiz, SEEA IR
BRIEHS Y Fo PRI T 2 v 7 P IR ENBA LW 5 EE L A ERPIEECEE LT
TR & BRI SIS TR Lo

BESEERORME SRR TR ER SBE=F AT AT — Ak ik TE bR B IR BOS
BE, BRK=FATAI— L CHlE BEEFYr— &2 —C AR, 8K VBRETEBBRLTHS, 5iE2 w i
WO THULSESAY S LA EY B, +Tihb b, FERWEY FThFEh 50ml oK B, BRgo
1/1000 EEOEEER 7 e —¥) (BIFMEFEE) 2 inx TH®, pH 8.0 T 50°C iz 72 B:RMmE, 100°C
T 10 SRS, BEE X SR Y S VR ERYO 2/1000 BB, pH 7.5 T 37°C 1© 72 B
BE Lo ChOOBRLEIITIEY LR WTRL P Ad — LSRRI L T ot « ORI
¥4 AF VST~ TRAN, WABIOCBEXKCHLCZhER 2 BEEN, SRR BREERLT
50ml = L%,

BUSEEONE  E° LA, BOhAEEROBEKC OV TEFL s EIUE YA mY
¥ (cpé) AV BERMEEEE O MY ¥ Tieotco Tods, SE L Fr. A B X0 Fr. B imounCigiEg?
L DT L L TEEDT, PERBERIKE), ——2r~ 757 4 — D5

| # ]

LEROFHE LT, 72 ¥ H A ONEEASIERR & ¢ 4 7 £5 1 O EBS AR &2 5B bh

Table 1. Amounts of fractions A and B obtained by foREES Fr. A & Fr. B OiE

cetyl pyridinium chloride treatment from & F DY Tablel XU 2 12

mantle mucus (mg/g dry material), R Uteo SRt LSO B 215

Material Pinctada fucata Chtamys TiEoe DT, Fro A offivn g

N Bz Tz indolce ThZhOR
Fraction ~_ Inner mucus |Outer mucus* | Quter mucus*

¥ Fr. A 136 » =B 0FLE

A 45.24 °0.34 10.41 BRTEEL R B~E Y F S VRS

B 88.18 33.04 16.74 2 EOESEBILE A EFLTT

* outer mucus=extrapallial fluid. X HADE L2 55 13 LD,
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Table 2. Composition of fractions A and B of mantle mucus (per cent on dry basis of each

fraction).
Material Pinctada fucata Chlamys nobilis
Inner mucus Quter mucus Outer mucus
Component Fr.A | Fr.B | Fr.A | Fr.B | Fr. A | Fr. B
. Crude protein (as BSA¥) 5.85 4.97 5.52 2.50 9.51 4.04
Hexose (as Glucose) 9.75 42.90 14.80 75.94 2.46 10.63
Hexosamine (as Glucosamine) 12.59 2.54 18.55 1.93 6.66 1.22
Galactosamine 1.27 — 5.00 — 1.22 —
Sulfuric ester 19.04
Inorganic sulfate 4.96

* Bovine serum albumin.

¥t ZOEMI-ThIBEEERE,
1 Fig. 1 13 Fr. A Lo =a v e {5
; VIR TFIRESRE CHE LR TH
Bo =2V FuAF VIRBECHE DB TH
B35 ML OV I A~ TR A X
v O—BEHERTAMy MY, bAYFE
#4 OHEBSHUIERSE © tailing LT

Inner maaitle mucus of
Pinctada fucata

‘Outer mantle mucus of
Pinctada fucata

‘Outer mantle mucus of
Chlamys nolilis

N B 2OEBIE, TR ETAORMTEVK X
-Ghondroitin sulfate ¥Ry _ .

A CE=BH &R+ LL, FARCKES

. - +  ®l Fr. B iuTho SEEKKR T 2

Fig. 1. Schematic electrophoretic patterns of the &7 v<o—Thot, Table2 04

acid mucopolysaccharide of mantle mucus.
Arrow: Origin of electrophoresis.

RS X OTFRERKEI 0¥EEI2 5, 4+
EBRHE D Fr. A TZbh5 A1y

Table 3. Carbohydrate of the acid lysaccharide of TANEL B AR ET T

able 3. Carbohydrate of the acid mucopolysaccharide o - N

mantle mucus of Pinctada fucata detected by paper THR=ATAMC LB EER
chromatography. 2% (3

—RIER == r= )

Material Galactosamine|Glucosamine| Galactose | Glucose ST 4~ LY, TavHA
Inner mucus + + + + DI EBEPSHAERR O Fr.
Outer mucus + + + + A OFERREL, TOKERY

. Table 3 iIZR Lo SMEIERN
HEE L OAEC GBI TN BRI F 2 b3 v, oIy, T2 b—R, Fla—R
T ERBHEL, BUORBEY DB Loibhrbe ok, 7 =¥ 4 OIEBRRRIZI~F Y — 2, KT
na—APESER DR B, A HERBERC RS WA Lic 7 ) = — & VB B3R % O,
TR OBEERG TH BT B Tlel,

% - B

BEORIKIEELEEL T, THROHEERK LRSI, HRRL 2 & 4 LIRS
HETE L2 BEHOFENMRE IR TV 5, bbb, Hb« BHHY 1 Ca LES LLRBELE TS
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BHEEHENT a v 1 ONEFENBERCESECHFEL, cOEABN Ca LFEFLTWAZ LE2RALNIT
Lico BRS? 47 av 54 ONBERERS L0 45 a v ¥4 ONEBICRER - = SEENSBCHTFEL,
Z OB TR CHE T 54 REERKEE O Ca RSB BRT 2 Rk x Bl L o
¥, EAHE MUY SEREBHOMIRCE S 2 AT 7 & —CEEERD, BrEAEY K ORE
FEEEA LI Capiany 7 2 —EDEREZ CHEE LERBRKILCES T 5 LG L. L2AT L
HOBFFEIV TR S AEBPAMUE OV TR 5 IR T B0 2R A L THHRTR0 T o,
TCRHEE TR L 51, MRAEFEPANBEAECSB IR B b rdibbd, BREENIE
COLBRENDEELEET B L, NEEOFUWEL S RBRIHESh sHiEE & LIBT3 DI,
SEBERRIE S X AR 2 2 ERSBEL, £ OLEER Y B bt 3 3 HERD b,

SEDOERT, SHEMED S XN 50780 2 PRI &AM & A HEESTEE TR 4 B L TR
HeLlze %72, BESEEOSHCHIOTEFA €YV D=y a e srl F(cpe) vy, BRESEEY
—B cpc & DEAKE LATREYE LTHE, %IC cpc XBRET 5 HETHME LI, FOBR, Tavw
4 DI EBEAAE R & MU e EElo iR & = S840 LB & 2 284 LS L BERE
—50, BELEL DR E—%ELR, rAar v, RBEVEBRSLTHEELLR S, A, et
v &7 A OHEBESMUTTHIRC b BI 2D 5 RIS EERDE L LB = SHEG LB LIRS
BHREET BN, chbOTHMEDHAEERRIC 2 v FeldF VIRBAEEL TV A0 E 5 0d, BRXE
DFER, WM OB B L _

LSEOERERE 72 v H A O NEEAMIERRD 7 3/ BERS EC £ BH LT W5 & 0
| WADAY DHEL RIS B L, DI EbT 3 ¥ AR TSR ORI I 5 X 4B & A
B SWIhAHE L AW E CBU LIRS b 3 LB TE S, & LOWORINELBLTH
Dl LRFET BB, FWHOERRS N RRAERER L LTELL, RBOWRSh B edcdbBlicsk
i w5 Z E BRI E e B E2 AT, T YA 4 OAEBEARNE L L SMUE EE & iR E
N B & DETHY DR b, BELLERHROEB X Lo TN poBEERICEL bh s tEL b b,
—ﬁ,QMWDﬁ%ﬁ%ﬁEm%#%ﬁifvtabfé,%w%eﬁﬂﬁﬁoﬁm%m%?bﬁ?ﬁ%ﬁ
IS B b, SO BERS IR L EREEMT s AEFERAE CEL TP, R 2o T
RSN T AHNEEIMIACEET 2 THA 5. BBV, = OMFIIECIL B DTS 5 Mo

o BELEENE SN, TOMRERTIRHIUTEEEENUR SN, LI REBy vy o o088
FEREAE B ic B, WADAY'D AR Lic k 51k, RBEHNEL FICHFELTWIRWIECE, 24
e~ —BHEOBREER—WBMELETS 7Y 3 T a7 4 VI BREM O RER Y BRT S
DA < LI/ TE %o »

= #

1. 7av#4, eA v EFAONEE»LITWENICHR A EHBRCEREL, tFL ¥ =vas
2w ) FEROTEESEEY FHEL.

2. TaYHA, eFUETAONEREEL D SWIR I, WThAREA 2 Sk LER LR
B LEREERETE,, SEEASCESEYEURADTH %,

3. 7aviA OHNEEPSMUERED Fr. A o527 431y, Srayiv, ##57 b—2A, F
Moz — A E ORI SRtz '

4. 7= vi 4 ONEENMERE & AMIEEREE BU LIRS » b 5 1B TE 5,

X Bk

1) K. Wapa: This Bull,, 33, 1007 ~1012 (1967).
2) TREIEW e WHE, R R, 86, 1122~1126 (1970).
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Shell and Pearl Formation

Koji WaDA
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Fig.l : Schema showing metabolic processes involved in shell and

pearl nacre formation.



DR AL CRBEIINET 50 MEMUF AL, B EESE OMICEEL, MREBFBRA 2T
CRABIECHREL, APSMESIEE SV LET U ABEICEARIEEbD TRETESATV 3, 25
DWBEL 720) K — 2 PHIREP EF 2L, TN YEBREO HRAOEINES 124 5 h, DHOKKKY L&
EICHAET B0 E RUIEEINER A ZREEIC I R A EREIC S HERD S h, KRB TEHOK & 52
far&d 2, 20k ) IHEE & HBRE O LRI OBMERE SO B OB A SRR 0 2 hIcEHULTE
D, HEELCEHRRO LEMRIER, 2RIV Z0EARLELOESTFMEL AN - BEE LTRIET
BLEXHNB, EILEMBIED LHRILEEREY D 5 5, & /- LEHIRRE R RE S hTCa &
WhRE LTHRICHEL 2MRaD 2wzt 225, EERMIECab T T B LE X SN B .20 i EESE L
BOARRE S 55 i & RIS (S ERIN & 4T 4 > T W B WTREE bR & h e
i) R - AHRMEORBEER oMK
B# - EBRIBRORBIZE OREE Iz - THES N, %2 ORBXR13Wilbur % & U'Tanaka and Hata-
no™ 2k > THER & W7t BT IE EICREE L HREBORBEHITOVT, BB EICanREHER IZoWn T
BUTW3, COMEORRICEE® OB X & ME TR L AERARE Fig. 110RT. Zhick 3 & Emst
bR R E BRI AL O, ARERARMEOSR LS E LR TN, Sz Lm0 5
ATICESTEN L S CICEBMIZHR S h, S OBIIRE Sh S0 b & ORI LR
Bad 5 4 TR EAMIIMERMERT. ZONWMEOTN 2 5 VRV IIER - EHUR ICBEST 24
FATEEhABRHENETHY, FRRBEYTH SNV VROZZ VBEABAOEL ) AREI IV YT
BFEERCLIBEARCAER L TVWETHS I, 7 TV BEKDY 5HH & 1 i2CO D—EFIT B &
B OBMELARR I & 0 EE TR - BRIV B A RBY ORBE R RAT 5, Rl s2 o L
—EORBEHIROEHREPLERREOMEZ B IIZ T TCEL, ZOBTERL 2BFE - EEROMB
FIzEEgR SN B, ' '
4 B ERORRCEBRE
DlEicd~z&k S 1o UTRR - EBROMBWEIZER, BHEsh, BESNS 20 EENIIHER S h2gmito
BRI END L, RIFHEFCERM - HBRR ZOXWM» S—EORME AN L TREL, £HIIE-T
E—FWMIERT 5. R EROBELEBRORRIREREOIH I SERT B L, BHY» 5 OBRERED
ML LT MLl TIRWES A, EETFOMEIC &) I T80 L BB L AREL 2 3,
) B osE
ERRRIIEREDER LZD
BERLVIBEBEETHIS, &

A
ERERES E RS E R B 7//%/} %
N N ol 7
LTS 5 s R BMARE Z 4 4% “”WV//é?”% 4

ERELT 5, MfansBH

Bz & » THE S M-3R ICHREE
RO ERRARE THFTE L
Vo b LERIORERBERIZL -
T HRAY AR B B BRE AV W

BB B % 51, BIRILERD

S T — R R A L
TARBBEBRAPSTEHRENS,
S OB RS R e ©
%, BMEY U CIERT EFEIIM //

itk o TAREN-EEHTH
29 LMBTE D, REEMOR . Flg- 2 : Schema showing the process of crystal
Bt oss, »h3%EER formation in nacre.

— 47—



+ 2 4 H12 Abolins-Krogis 1 *Wada®® [z ko THRE N, Ay 7u<v Y THBMOBMES ) IBASET L L
EEBMTHIZEFNRMEEN,
—7, Bevelander and Nakahara 19 >Wada 2 |Zmantle-shell preparation # X {f pearl sac-nacre prepara-

tion ML) % fERK, SEMILDIE ISR HTFAET 2358 OMRTEK E TR OFBRRE 120V TRANIZIRE L,

Wada ™ IZHBKBHRK I B BRERMER L ZOREDBREEFIE2 0L ) ITBH L 2. Zhick 3 &, Ak

BIERICER > THRH O
—AEALTAS 7O~
YT BB EE R 2 K
T35, ZOBEKERIIES
& D% B BFE T AR i
DHBERIFEETEY
—PELTHEL BEEEEE
AT R WRIROEE %
5 (Fg.3), ZDEABRE
T, AEMLEEY DL -
TuwCa el L, (Ca®)
- (COT) iR AR O
THMT 5, HLWVERIT
HREORTT TR E
hi-gER o (001)H 2B
U-BRE Y — bIcEARm
g e L TFET AILod
THERD (001)E 2 L
THZ 3 (Fig.2A), LOE
THEBRL =8 L WERIEIL
12> T E L (Fig.2B),
A TIRE L HBE Y —
FOEEIZH S5 U TRD
Rtk (SLpriis) o—A &
%% (Fig.2C), #i L W5 &
HFOEREZEY 7T
WIZECE L, interllamellar

IZIR-> THRET 5
B% Z O #& H OHEE LTI
MEINWEFLRET 5,

L WEE S SRR T,
RATHEGKOEERIZZ D
dhife 2 5 shNiE S THEAT B
WO EIC &) EEFH
ISR I & T 5(Fig.2D),
20D bORBHDIXHK
L, £33 DIEEWIC
BAL, TORROERD
HIR, #&iks LU (001)

matrix

i RSy

Fig.3 : An electron micrograph of an ultrathin cross-section of pearl
sac-nacre preparation showing the mineralization front of the
nacre in Pinctada fucata collected in August. Organic sheets
are generated in the secreted fluid and are nearly parallel

to mineral lamellae in the layer. x 29,000

=

An electron micrograph of an ultrathin cross-section of pearl

Fig.4 :

sac-nacre preparation. No organic sheet is fomred in the secr~
eted fluid in hibernation and the mineralization front. of the

nacre is breaking by dissolution. x 21,000



HR->TVBAT Yy TIWER L ADBOL ORI Y MEEA LS EICKRE 22, HRES — b &
(001) EIZRE T 5 & 54 DE(LIEHIE L (Fig.2E), #5& fintercrystalline matrix #0A CREREE & 4T
SECHEFEICKE LTS (Fig.2F), Z0O&FR, KEVEHE (001) @4 b - - RIREELICKET 3,
ZOREBETEERI T L VENEELLIIILEY, HBOERIIL->TEVWEERBE 2> (001)&EIZ LI
LIFBHN S, #EREEDERIELADShBIz0nsTREOEEELE I,

i) BRMEMOBER

KHEFEEOHVET T 5 LB - ABREMZEREL, Bk AROERIIEY T 5, 2 ORI &
BEBLOMEE LTV ARWITIIEREY - P OERIEBAD S h v (Figd), ZhETTESEBKESR
EOWBEEIBD 5N 5, '

5 ¢ 37

B# - EBROGHE ST 3B OFHRER, FEWLLSOEREENES, BREER, BROK
BLERLEOMBFDPBEVRELPICE-TE e, B, EYOEEL & & U TEREEOHYCEE 28 5 »iC
L&) ETABAFZEMSHTHOATEY, CHCEER IS ZEh R, EETROSHREL LU
HEMOBN S 5 VIIENEMN L SHBEYDEE - EBEEMEZ - T LT3R B THE ), )
FTb 2L, 2H)LAEEREMISTFIIST 3R ENRRIEREHIC ST 2 BELEEEEM AR T 220
LHBETRIELZVEERNEARE 52 T3,

X 79

1) H. Nakahara: J. Fac. Sci. Hokkaido Univ., Ser. V[, 13, 268~270 (1957).

2) K. Wada : in “Profiles of Japanese Science and Scientists ” (H. Yukawa, ed.), 227~ 244, Kodan-
sha, Tokyo (1970). ‘

) HEEE . EITEIRFTR, 14, 1765~ 1820 (1969).

4) FIWEE® . ELEBRPHR, 16 ,1949~2027(1972).

) WEE— - EHEIEE: S£EER 1, 171~177 (1947).

6) K. Wada : Bull. Natl. Pearl Res.Lab., 7, 703~828 (1961).

FEEH . EILEBRTR, 8,948~1059 (1962).

G..Pannella and C. Maclintock :J. Paleontology,42,64~80 (1968).

G. R. Clark 1 : Science, 161, 800~802 (1968).

S . Tanaka and H. Hatano : Rep. Nippon Inst.Scient.Res. Pearl, No. 73, 1~ 8 (1963).

i M [FEERTE] REEYT - 10E), 431~ 442, EHEFEEEK, 33 (1969).

E. Kniprath : Histochemie, 25, 45~51 (1971).

thE e 0 ELEBRETR, 8, 879~883 (1962).

14 G. Bevelander and H. Nakahara . Biol. Bull., 131, 76~82 (1966).

15 K. M. Wilbur :in “Calcification in Biological Systems” (R. F. Sognnaes, ed.),15~40, AAAS
(1960); in “Physiology of Mollusca I” (K. M. Wilbur and C. M. Yonge,ed.), 243~ 282, Acade-
mic Press (1964).

16 FIEER : [FEEENR] GEEET - i), 399~430, EHEME M, R (1969).

17 A. Abolins-Krogis : Acta Univ. Upsal., 20, 1~22 (1963).

19 K. Wada : Bull. Natl. Pear! Res. Lab., 9, 1087~1098 (1964).

19 G. Bevelander and H. Nakahara : Calc. Tissue Res., 8, 84~92 (1968).

20 K

@B E s ge

. Wada : Biomineralisation (in print ).

—49—



ZEREERART®S
%05 E iK% EH
FITE o S RN
Bl Rl #& 1L i i i

RIRTHER R X SREEMT 4 —58
HI R A 7 7 HIREDRI bR &4




Bulletin of the National Pearl Research Laboratory

117
August 1973

<

CONTENTS

Wada, K. Amino acid composition of organic matrices in anomalous
matters secreted by the epithelium on the outer mantle

surface inside pallial lin€ ....ccoecviiiiimiiminnnnriiniiiniinniieiiinnn

Wada, K. Enzyme histochemistry of mantle tissue of some bivalves........

Wada, K. T. Growth of Japanese pearl oyster larvae fed with three

species Of MICro-alZaE «vvevrrrrrurieiirrrneuiinnieieeeeiiiiiiniiienieaiineenes

The originals published in other journals

Wada, K. and Furuhashi, T. Studies on the mineralization of the calcified
tissue in molluscs—XVII
Acid polysaccharide in the shell of Hyriopsis schlegelii

Wada, K. and Furuhashi, T. Studies on the mineralization of the calcified
tissue in molluscs—XVIII
Acid polysaccharide of mantle mucus of some marine bivalves

Wada, K. Shell and pearl formation

National Pearl Research
Laboratory
Kashikojima, Ago-cho, Shima-gun
Mie Prefecture, Japan



	外套膜中心部の外面上皮が変則的に分泌した物質のアミノ酸組成について―和田浩爾

	外套膜の酵素組織化学による研究―和田浩爾

	三種類の微細藻類を与えたアコヤガイ幼生の生長―和田克彦

	軟体動物の石灰化組織の鉱物化に関する研究-ⅩⅦ.イケチョウガイ貝殻における酸性多糖体の分布―和田浩爾・古橋保

	軟体動物の石灰化組織の鉱物化に関する研究-ⅩⅧ.外套膜が分泌する粘液の酸性多糖体―和田浩爾・古橋保

	貝殻・真珠の形成機構―和田浩爾




