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* Koji Wada. Studies on the mineralization of the calcified tissue in molluscs—XIII. Histolo-
gical and histochemical studies of mucous cells on the inner and shell surfaces of mantle of some
bivalve and gastropod molluscs. With English summary, p. 1295. Bull. Natl. Pearl Res. L.ab. 11:
12831297, 1966.
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HHEAIE DA B LU ED V\J//Mméio BAOWEEOUEAIEST 27001, L%
M, 22FABLOS) 3EBODDDRD & S MM F R L e s (1D 8k
Crfs—Schif (PAS i) (Lillie et al., 1947) (2) W HEALB O PAS KR, (3) Alcan
blue (pH 2.2) (Lison, 1954) (4) 0.01% Toluidine blue (pH 7.0, pH 3.4, pH 2.1),
(5) # FAl#%00.01% Toluidine blue (pH7.0) (Fischer et Lillie, 1954), (6) x F L4},
BLUEALH# D0.01% Toluidine blue (pH 7.0) (Lillie, 1958), BXU(Ne7ru=4
—~ 4 (2400 TRU/ce. T 37°C,12—24W AL H) WL # @ 0.01% Toluidine blue (pH 7.0),

=

# %=
WARI DA 2 AR ORI R ANE 26 Db L RHERIC
llf”b's"é NEZbDbDED 2 ’NC}\ T& 5, HEE J‘u{ﬁu"iﬂﬂ‘ﬂ@#ﬁ%}’(ﬁftxz kY,
B DG (19491 & - TRBERHINE & WE T 7o, WHRALIR & RN I O YL B R E (L &

'{AIT cl: D 3 i 7‘:5/{‘1—‘?0)13'&73 (_ ) ‘C j/L’CTL 90)/; /\fprm&b ) TL J&//r\f i) é@ 753 (}L@,
PETL S DTS R ECHUL TV EADT, TavyH40Eh ol 20T HhEL
Table 1 IZ7R L 770 :

Table 1. Comparison of staining reactions of mucous cells and cells with
large secretory granules on the mantle of Pinctada martensii.

Staining methods l Mucous cells S)(;I;s g‘z;?ullzgge secre-
Haematoxylin-eosin [ purple red
Azan blue deep-red
PAS -+ +H
.PAS after salivary digestion + +H
Alcian blue (pH 2.2) ) —
Metachromasia with toluidine blue pH 2.1 H -

” ” pH 3.4 ! H -

” ” pH 7.0 Ht -
Toluidine blue metachromasia after methylation | — —
Toluidine blue metachromasia after methylation ) " _
and saponification -

Toluidine blue metachromasia after hyaluronidase
digestion -

-‘E['{i&%ﬂﬂ@li Alcian blue [C#7%u1,, Toluidine blue [tk ~THELIVEBD X %2 /o=
—EBT 07T, KRNAREESCKETE 2, MR AEONAmICH S EIF
HIERIE S CIC RRAIIE T RS GBI ICHE LT B0 (Figs. 1-8), £O5RREDE
BAEOANILD BRI, BB, b EoMTEYL, EHRC LICH-DT S
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NTWB, WEMBHIEO HRELZHN, EENCIELTAHLERDESITE B,
A HTEHERIIEORIMEICERICE (RELTHBES,
C DEEII A BB 3513 2 ¥R O RS IS SR BB A S BT R D 3 Dic b
Y IR
Al HEMENLEERSE—CoHT SEE,
2 HF, ~NEYEHA
A2, MEHENERNOBEICEBCE(STT IEH,
T, TSN, XN TAHAA
A3, ¥EMBENRRIFICEICE ( HhT HEE,
FHFIL, TAaYHA
B. $HMRENECAEHZ VENEOVWTANTHELI BEBICL(RELTHS
B,
B-1. #HEMEIMIEONFEICEICI(RELTHIER,
FITHYT, BYFZIHA, 418F%, FTHA, AXFavHiA
B-2. RN EONEICLCRELTHIEE,
by &
C. HEHBEOEENKENCERETEE, - EBE,
S A
Lipl, A-LICABULALLO TS, iR T o+ 54 TEEBEFCREL T 2O
iKhnl, A+ TREBELTHELTBY, HNEELEETLILELRGTEL, 4
HEOREIEETRERHBOEEN Y v/ Y A TRETE L b1, ABAEB LU
WIIC 2 O FIEERIRT 5 LD BEBRD SN, £y IF 7 ol bEoeIch
STEHEBRDOEROMBMBE—ICHEAEL T8, ZORBEERISRIAKETEIE» - %o
HEAEBONEEBIEY v/ VA TIDOIChhh, v T TR 2 DiIChhit, &K
RENFNABL DR EOBMBIUABEAMEOBICED SN, LEL, TV /=Yy
TRBICHOINT, WEMRBEG S DD UAFICET 24 ECH L DB L T8,
THEOAEO LD ICABREOBBICENTEOW A EIEET HZ EBHETH - 1o
AR IENIC 5% A RO NE, O3k & LSRR T O FF I 6
LIcABHICENTEICHULTOWED, TavH4P Ry EHADOI D ICATIKEY
BLDOTHRFELOCDOEBICRNAZ I u vV =22, AT7FavTA0AYHTATA
OESEBRICEBTALOTRERDE VA4 /70w I —%EF % (Table 2 ), —H,
AENRBOSMNEICRET DHEHBONE b 2 Ottt S LEURIC B O TEDRE
THWMCE CEU LTV AN, Toluidine blue 74 pH e T A A 2 7 u<w V=K
BieEsE L, BROBIAEETLLE, A, B, Co3#HIchbIoi5 (Table 3), 472
Ph, ABTRZOABEEHED pH @ Toluidine blue o3t L TR EBOIERE ML 2
gonawV—%21L, ABRNEOMERIEOAR L2 CHUT 2EAT, 7v7=Y,
TaA¥YHA, ~"KIFHAREBINKET S, BEHTIEZONAER Toluidine blue @
GHOPH KL THEBOA X 70wV —% B9 5705, £ O AL NNHEO R ki
DOFNEO—RBICHOEET, ¥¥1, 72/, bd9F, ~NFA L2y, < HFHED
CHICET 4, LKL TCEHTIEZOARR pH 2534 LK Toluidine blue {2k
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Table 2. Data showing staining reactions of the mucous cells on the inner

surface of mantle.
T A type B type
\“\\\\\ Species 7; cornu‘t;s, Hc t;szz-
— otams, AT p () faquatus, C.
Staining methods T atus, P. martensii, P. gzlgas, H. schlegeli, C,
e __attenuata, A. japom'cap reata sp atwsaﬁ

Azan blue blue
PAS o~ o+~
PAS after salivary digestion e~ e~
Alcian blue (pH 2.2) Hr A
Toluidine blue metachromasia pH 2.1 ; H | o~

4 ” pH 3.4 o H ‘ o~

” “ pH 7.0 H e~
Toluidine blue metachromasia after methylation ‘

pH 7.0 - -

Toluidine blue metachromasia after methylation ‘
and saponification pH 7.0 s d~
Toluidine blue metachromasia after hyaluronidase :
digestion pH 7.0 | i o~

Table 3. Data showing staining reactions of the mucous cells on the outer

surface of mantle.

=T i ‘

\~\\\\ Species i A type | B type C type
e H 1 . iT. cornutus, A.B. obtusoides, A.
T P erntea 6.1.";;5’ navicularis, C.no~japonica, H. sch-
Staining methods T~ | TMATLEnsitl, bikis, C. gigas, Pllegeli, C. plicata
— attenuata
T (N.) laqueatus _|spatiosa
Azan blue
PAS A~ + ~ o~
PAS after salivary digestion 4+~ o+~ + ~+
Alcian blue (pH 2.2) ’ H o~ R
Toluidine blue metachromasia pH 2.1 " T b~k -+
” pH 3.4 H o~ o~
” pH 7.0 | H o~ +
Toluidine blue metachromasia after ‘ _ _ _
methylation pH 7.0 !
Toluidine blue metachromasia after ’ L
methylation and saponification pH 7.0 | -
Toluidine blue metachromasia after ‘ ‘ n

hyaluronidase digestion pH 7.0 i it T~
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TYREI NG OEIT, HIUHTRXZHA, FTHA, A5F 3984, A vhIFAHA
72&3:75>C7I/L B 5, UL, Mo NAEZ1% Alcan blue 8G & 0.5% Chloran-
tine fast red 5B O 2 HPpBE B - o—HOEAT A ED DA X - TE DYl
Eizg oz ieE L (Figs. 2, 6, 7), HRIKEGLTIRES S - W IEHIR &0 5
BT INEEDS - f:%ﬂ&ﬁi Beie L Tai Le b (Fige 7), —DORHIIE 28B4 e &
EBLURBICHRTEIAREZEL LB (Fig. 6), I TRELLEHRS B VIR
o DB ;’(%ﬁw’r‘Mt RS L L/{erH’Jthl IO LTWRDEDITH S,

III G (1962) ZMERL 7o & 51T, Shi LIEANNE DO RTEZ I - T o S 7R Fii o 1y
BRI & 18 -» THEDOHE I &ﬂuc‘:@ A DTN B, Wil oY tarE &4t
—’deu RIS B AR LRI b BRI O A S HIEIL T 328 (Figs. 2, 4-8),
Wi o B201d 1 % Alcian blue 8G & 0.5 95 Chlorantine fast red 5B ¢ 2 Hjufa % &
T8 - PR T AN LR S B~ - THEALT B T &73%5 (Fig. 7).

AEPIE & A & DRNOIBR S NIORZ O & # 2 5N 2 Bk o S o Y g &
A US4 Table 4 R U /oo WA F 774, 4 ’7% aUH A, AVATAH
A1 ETIREE LS - TE D, Haematoxylin-eosin Jefa> Azan Yefhic & -~ T4
CPFESROL, PAS FINICHMT, A4/ 0=V =28 100, I, 7/,

ANVHTFIHA, e YF, Bx, ~RORH 415 ETIE Azan Pt X - THRAICYE
b, PAS FURICBMHETH 50, %HO pH @ Toluidine blue |24 5150, —3F, @
IXKT, NFALY, TAVHATIE Azan PeBTREICGEE D, PAS BHIGERL
THIE LT 298, &M@ pH @ Toluidine blue It LT A 4/ 0wy —4 855,

z e

FAXHARA T 50 B4 IO (r(f@“éhi”&)f&f b o 7B & o B U
HAHNTATED (FAh « 28, 1956; JIT, 19565 #iE, FHFH) Bkl Avy
LEEERDUBOITHLTOVE T s, EARERI LM\&;mﬁ WY ADTERAE L
I EEH TS LB n’cc\z) ([-11,].4 <y, 1956), — @ Sulfomuco-
polysaccharides D REILAL 7 i/l WREIC & » TERAE LTS i, 1956) T, &

Fig. 1 Transverse section of the mantle of Hyriopsis schlegeli, showing an abun-
dance of mucous cells on the inner side of mantle edge. IF, inner mantle
fold; IME, inner mantle epithelium; M, mucus; MF, middle mantle
fold; OF, outer mantle fold; OME, outer mantle epithelium. x 27.
Stained with 19, alcian blue 8G and 0.5% chlorantine fast red 5B.

Fig. 2 'Transverse section of the mantle of Pinctada martensii, showing distribu-

' tion of mucous cells on the inner and shell surfaces of pallial zone.
CLS, cell with large secretory granules. x 27. Stained with 19, alcian
blue 8G and 0.5% chlorantine fast red 5B.

Fig. 3 Mucous cells suspended in subepithelial tissues of the mantle of Hemi-
Sfusus ternnatanus, showing the affinity for alcian blue. They pass through
outer epithelium and open on the shell side. MC, mucous cell x 27,

Fig. 4 Outer epithelium of the mantle edge of Anodonta japonica. The secreted

after organic substance and mucous cells were positive to PAS reaction

salivary digestion. x 140,
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Table 4. Staining reactions of the membraneous organic substance in a periostracal groove.

= I
e Species A type | B type C type
— |
T S. barbatus, P. L cormutus, Ay oniica  H.
e (N) laqueatus, navicularis, B. ob- hieoels C’ i
Staining methods I ) q usoides, C. gigas, schiegelt, Dlr-
;‘r martensti P. attenuata lcata sapatzasa
Azan red red -
PAS + ~H b~ -
PAS after salivary digestion + ~+ -~ —
Alcian blue (pH 2.2) e~ -~ -
Toluidine blue metachromasia pH 2.1 -+~ - -
o pH 7.0 b~ - -
Toluidine blue metachromasia after . _ _
methylation pH 7.0
Toluidine blue metachromasia after +
methylation and saponification pH 7.0 -
Toluidine blue metachromasia after o~ _
hyaluronidase digestion pH 7.0 '

Wiy AOREIZIE sulfate BSEHE L TWNAEEZ S NTE (D, 1956; Tanaka and
Hatano, 1963), de Waele (1930) 73 extrapallial fluid &BEA 7414 & B & OEIC
T B 5WME PAS BHMELEADIZNC INEMELIte Tun YEREGE ST
MEAE b - ol L 2 S A S5 AT S (Kobayashi, 1964a, b), il 2 5 v
BHEEBITTIFHI R4 Y ED extrapallial fluid &N TEY (HIE -« FH,

KHE), TaYHAOHEONMEIC S S NIk O 7 2/ Bk (Wada, FIRIT)

15 TS GEFE « F1Fl, KF8%) 13 extrapallial fluid @215 &4 XKML T
Nh, CNODRRICIMAT, B0z v+4 0 »ic7 /8 (B, 1939), sulfated
polysaccharide (Simkiss, 1965), Fhifitm x 57 (G « O, RFHEFE) B ENREIN,
7o sulfatase OBEIICHLIEEAHIKDPOAEOREBEICED S NG (A -

Fig. 5 Secreted mucous substances and mucous cells on the shell side of the
mantle of Pinna attenuata. x 420. Stained with 1% alcian blue 8G and
0.19, chlorantine fast red 5B,

Fig. 6 'The organic substances in the extrapallial fluid and mucous cells stained
in different colours on the shell side of pallial zone of the mantle of Pin-
ctada martensii. Both of them take up alcian blue. x 140.

Fig. 7 'The extrapallial fluid parallel to the inner shell surface and the mucus
coming out from mucous cells suspended in the subepithelial tissue
of central area of the mantle of Pinctada martensii. The extrapallial
fluid far off outer epithelium was stained blue, but the mucus in cells
and in contact with the outer epithelium in greenish blue. Cells with
large secretory granules stained with 0.5% chlorantine fast red 5B were .
unstained with 0.01% toluidine blue of pH 2.1. x 420.

Fig. 8 Outer epithelium of central area of the mantle of Pinctada martensii.
Both organic substances in the extrapallial fluid and mucous cells show
metachromasia with 0.019%, toluidine blue of pH 2.1, but outer epxthehal
cells are slightly stained blue. x 420.
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Ay, 19355 A - NS, 1936) & &3, AAE B LU extrapallial fluid OREWEICIE
BEICKEKNT A A 27 0wV —GHOBE L aZEEBEINTED, LHLb20D
—WEEE T v E A ) VICBIT LT A (BB, 1962; Wada, 1964b) & L xRRL T

5o thIE (1962) i1 extrapallial fluid d1CE % N3 KM EIZAE O/UNIEIC B 2 Kk
R E - THmaENic s g ne P —BHokkRERichk LT, HBEEEOEE
BAERT L EABEL, RENESBZRERICEERST 2 EMEL 2o — 5 Be-
edham (1958a) |3 Anodonta cygnea DAENIEICH 2 HHMIBONBRIHRE 5D
Btk £ o L PR TH D DI, ZOHMUTIC S AR D A & Ostrea edulis > Mytilus
OHAEICHFHZEL TOLREMBORNEI L2 EQH AR L2 EHTHICEAEE
BALEMORL, EHIAEDEBH LD ST AEEHWTH O, BBERCIEIAEDY
KESLTOROEREL /o, Tsujit (1960) 124 27 u~ Y —4 29 B kRO 57
IRREA -, AW EFMEE BB a v+ vi3 400V 22802 LT,
S B S R R ERICEE T A0 TH - T, SO EFEIEREIC > 0 T b
Beedham (19538a) OfismA XL T3,

Alo#EiIc I N, ABRMEOKEROPNZEL Alcian blue %L, 2278
2 V=22 TEBY, MBEEEd - koo 2O EFARIRL 72038, £YEETE
BACHRBFEEE U TV, SIS LT, X247 n<y—2E8E9 5L BERORENE
DABREYERTHEOESH L T B, CHICBT A4 7 F 2944 Tk pH34 BT
@ Toluidine blue ITII X F 7/ =V —A B XU, A7y F a4 0HBREERB
O VFF)VICRFEBIZAFUBEEINTOE (EE - Fil - £56R) c&Eho, 44
F 5 U H A D extrapallial fluid P S BB E A & - 2B & 0 SHEEMNEET 2 L BB T
& h, HEMICH AMBEMIEORNEMNa V&4 ) YVORIBME TH L0 E D LREMETE
o tch, ERABERMA & B - THWE T, 273 < & D extrapallial fluid o 1 k4 & 72
LZOBAEDONI, A4/ aeY—ITAa—HEEZLID, s 7 4 VERTT v
a—nAETE, ~MICHEFRIELRY, £KHEDOINBA R EMLEFLEED .

extrapallial fluid ICEAET 2 HMEREZ 2 v+ 4 ) Y OFBHETH 2 LHEL
T, ZEH (1964 ¢, d) 7EEL L 72 organic crystals & 4 [OK | 7o extrapallial fluid & @
AAy v —DROOMEOENMELZDT VAL ) VLY LSS DOEE 28 - T

Table 5. Change of toluidine blue metachromasia of the organic substance in

the extrapallial fluid during the process of formation and minera-
lization of conchiolin.

The precursor of Premineralized Mineralization Etched mineral crys-

] \\Stage conchiolin in the matrix (=Org- of the matrix tals and mineralized
Species \\ extrapallial fluid anic crystal) layer
P. martensii #H > 4 e — > -+
P. attenuata B e A > e —> e - +
C. nobilis + — + > > > A~
C. gigas e e e R M +~it

* B3 extrapallial fluid POV BEEEEN—EOREL b - LA ABREED, THHhba vF 4
VUEWT BT LI OREEH T,
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‘(ﬂ)( Fra=wy—%ET 5N, # %%HEI%P&EB&T%[EBU e 75>fc&@1§b\)‘ 2wy — 7&
EF 5L, UHEEPRETLILEZDOHFTRIPNRTA 270w P —22 &%
o UL, MIRKL R OBBRHAL LA ZF /a5 2T 5, avF4 1)V
DR & Z OIPLOBIRIT B 24 27 0=V —OMldGENAOHNEKE L DO
AAV O —BHREOBEEAERL TWLAELESD SIS TS, extrapallial fluid
POFEEEAB—EOBES S - LRBEEERICEEL, Th ST 2EBICE
T4af# (Tanaka and Hatano, 1963) it c 2 7 (M « T, RREEK) OFLL
WA MMBESND, T &RENC extrapallial fluid fCE TN 2 FIK SO T 1/ BRI

FNEHETLEHBEBMEOa Yy F ) vOENEEL LS (Wada, HIFIR) ¢ &
»o, avEd ) uihe ZOHMILOMIET extrapallial luid qﬂODﬁiﬁéJﬂzf}ODJf EQ i
THEMBRTE S, COHTHEBEL 72 extrapallial fluidd Yot iR O Z5(LIZ KRN,

AVFEFNVOT I BERTELE SR B S TEL (8Rp Y (Hare, 1963
Wada, 1966a), £ TELRE ZMENEFNEYR ST SN T3 (Wada, 1966b),
T grEEE SN THEEBOa v &4 ) viZERE AR YL, Toluidine blue
KE-Trgraey—4%8920 EHmtEOZIIBLeRICITEL, Toluidine
blue IC & » THL HFRAICET 20, oy (Wada, 1964)0 Tho OfE
Ehps, WEHEIREABYMICEOTEHREESBREYORRRAERTMEL THWEEER
LTWb, §1ihL, Hare (1963) i3z v &4 Y Y OBIESH BV EEEET 3 2 ol
U 7ot & 73R S T N E B B B W I IEL C{ujmbti@ o, Ca* 44V
HBHNE CO5 A F ARG &ED0, MEEAEREHLT 3 AR ESE CicD <
LB EEZ T, — ), Wada (19643, ¢, 1966, Hifflh) B2 &L b -t EHEOEE
DT I BEHICH G LI A 27 0= Y =GRS —2 MBI AE S - itk s o SR
(Wada, 1964d)—SENZIMNCRERIERB M A ER T 2 DI AEBI L 2 v F— %0
ETFFTHY, TLADRYPEREL S Z2DICEDHRMLELZNS E L THEERLT
NWDHERBGB LI, CTTAZ 0=V =3 BLEOa v &4 ) YICKRTHDONEH,

3 BEALERIC IR R MR R DS Bk X LT B (Wada, 1964b, 1966b), L »
BICARIOHRE, "IF7, ~NFA LY, TaviARETEEEEMCER SN
FEORTE E LN D BURO BB T 7 v I U T OB S B L oYk
ZRTICHEPIPDHOT, BA g7 o=V —hE L, COBER, st~k 7ay
ﬁ‘/f OAEOPRIEIC W SNk & BRI M S Nk &R T 2 7 BB & B

FIBNTECEULTOADIC b o, HEWEICH D 5o BBiEyng
JJ)ZL/’C CHBBIHEEBICFBE LTS, Ll de Waele (1930) (2K EEDIC
B ENTOWABRFEOREE LB - THENIZAD, ZOE45 T extrapallial fluid A3FEF X
ﬂfwé T EAMEML, F7 Simkiss (1964) [ZTRMEKIZIREE S vy o L O8EE AL

S 2WEAGATHD, 7 alkaline phosphatase [Z#5FH & L TIEAT 5 RATEND

M lc B 5 LTV aE C EAEML, #1813 extrapallial fluid 5 T4 A4 v A 8T 535
'n¥&bff’s} b, T THBEBEOAKLA BT A (Simkiss, 1965) &5 2T, k&Y

BUAAFRCR L “WRBOMN” RRH LI, Lrdic, HEREEO I ~THEML
?’%@f IR0, Tab b, ERRETHARRBKSBMICALGRNEZEL OGNS B3
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ORI A L e 78—~ 7 7 R ETHPbEERT A&, WPRHRR A2/ aey %
/r“g"FHaf}‘if Lljclz?’% Z c‘:7f)>}ﬂ197’VLTb\Z> (Wada, 1961, 1964a, ¢), TN oD &id,
% §’/f‘ iilc‘: 7&0’(1“ i K&‘fuﬂn&.ﬁ;

m >, LA

ﬁéf
ﬂlj-\\:, ] extrapalhal fluid
¥ DA BB
Lﬁéoo@ﬁ

Y aca

’L% l ”Jé”ﬂ Lﬁct ok 7 ZUJMODIL»UJAM{E :i’ob‘%% 5 7 o /—|3”V{ 0):' /:Fﬂ'
JCE B BRI, w TR (LT oL ¥ — 8] & PR A HILC IR
B CRom, IR, %70 & OB imaznuwofW’ WNCER N TH B,
73%ﬁ4@&<mx57u7/ 22T 5 EOABIOMER, /NE (1949) £ Tsujii
(1960) k27 a¥H 4 OAEDPHOIMIEICH 2 KERABICEENTHWE AV Y
T, Lbbxaso=Y—4AEE ﬁb\/”f\ir\m%»cx(‘% ChIEN, ﬁx&&ﬁ% EoEE
2, TAVHAORBGIIREREBIKL CHIBENA 2702~ R AV el
DEH OO EZ(1964b) & —F L /i, Beedham (1958b) & Dunachle (1962—63)
X Mytilus edulis DFREONEIEBREHICERI NI NTEEBEY 7 v v Tl {8E 508,
Mmia&ﬂmﬁ&&LM%%kO&r LT b, TAYHATHLDE DRI LD
B BOMEITER Uiz,
Hﬁwm@ﬁmﬁMm 20T, MBI EBY 52 OaFReE & HoE RES BN S
SRR IS - TEET AR O, 2O WMBIIAEDEZILH S picd
fd@W@éW{M@&M@lﬂC%&Em%5wi MR ERLEBEL TS L&
. %o FIEANIE D WA FEERICABEYNCEE LT A DIETENLD A 18D - 7o,
( & & extrapallial fluid O 1 55> TH b, extrapallial fluid 25 F N A FBK ST F
*‘T:leJ)H/LJl{ﬂ LT, —EOH#E b vddr ) VICERTAEEZONSES, avE
AV vOgREMIIENICIEL T3 extrapallial fluid o FnE LKL T,

1@\1(‘

N

1 =

D MR oA IRE EBIAEONAE S 5 0 IEETICE - TELY, BT L
B onT b,

2) ARIOBEICHER LT X TORBICENT, AEDNMNEICS 2HEMIEONER
Bt L 0 ZRERAGATOD EEDNDY, A2/ n=wY—0O@RIRBEMTICL - T,
FHAEORAUTEE L SRE T BT EMH B, HILENSI & BT B L, To-
luidine blue @ pH2.1 BLU32ICHLTH 47 uv Y —h 2 LcBEIZDE s
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bR E b - B L 3 BHMAESATVE EEL N D,

3 h&ﬂﬂ@&ﬁ&)%énf,wHWMMﬁmd@lﬁﬁ&m%om% etk & 1
AP TE SR L TE YD, EX, PASBHWE, Bits a2 BMEaT,

4) HEowtEoa v &4 ) I3 extrapallial fluid OFKHE &L U o de it &8
&%umuuvm?m,umwi iMKcﬁm B2, avEd ) voEREEYT

3) ‘7 ::Lr?, /\ﬁ“4§7’\7, ):lﬂ?ﬁ4 TRNT, BREIEPICE S Mo ORI 5’@“
Aa o awY—%E LN, ho4FE o #12 Toluidine blue & pH [tz L T4
CHeF SN, DIDICHERICREE ZRETA 470wV —F B30T,

6) WRIRE DRI LARE O SR LBERE 2 R L 7o

Summary

1) Histochemical investigations were made on mucous cells of the mantle of some
molluscs (Gastropoda and Bivalvia), young periostracum formed in periostracal groove,
and the extrapallial fluid between the mantle and shell valve.

2) 'The distribution and number of mucous cells which show a marked difference
between the inner and shell sides, or various areas of a mantle, appear to have taxonomic
significance (Figs.1 and 2).

3) In all species used in the present observation, mucous substance in the mucous
cells on the inner and shell mantle surfaces seems to contain acid mucopolysaccharides, one
of which appears to be sulfated mucopolysaccharide in the substances metachromatically
stained with pH 2.1 and 3.4 of toluidine blue, but the intensity of metachromasia varies
according to molluscan species and local area of a mantle (Tables 2 and 3).

4) Secreted mucous substances are incorporated in the extrapallial fluid between the
mantle and shell valve (Figs. 5,6,7 and 8). The staining and histochemical properties
of the organic substances in the fluid agree well with those of the mucous substance
in the cells (Figs. 5,6,7 and 8).

5) The organic substances in the extrapallial fluid are similar to the organic matrix
“conchiolin’® of mineralized layers of a shell in staining and histochemical reactions.
However, changes of the intensity of those reactions indicate that acid mucopolysacchar-
ides in the organic substances may decrease but are not lost in the process of formation
and mineralization of conchiolin (Table 5). Biochemical investigations by Tanaka and
Hatano (1963), Wada (in press), and Furuhashi and Wada (in press) also suggest that
a part of the organic substances in the fluid may be lost, later proteins concentrate in the
shell matrix during those processes.

6) 1In Spondulus barbatus, Pecten (Notovola) laqueatus, and Pinctada martensii, young
periostracum formed between the shell and middle folds of a mantle shows metachromasia
(Table 4), but that of all other species used in this study is unstained or slightly greenish

blue in colour when stained with toluidine blue.
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Fig. 1 Absorption spectra of acetone extracts from Ch. Simplex, facces of pearl
oyster (P. martenst) and surface mud.
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Fig. 2 Absorption spectra of acetone extract from smartweed (Polygonum sp.)
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Fig. 3 Absorption spectra of acetone extract from Ulva pertusa and its decom-

posed substance by HCI.
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Fig. 4 Absorption spectra of acetone extract from faeces of P. martensi and
mixture of the faeces extract and HCI.
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Fig. 5 Absorption spectra of phaeophytin. (909, acetone solution)
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Fig. 6 Absorption spectra of acetone extract from Ch. simplex, its decomposed
substance by HCI and mixture of decomposed substance and phaeophytin.
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Fig. 7 Absorption spectra of acetone extracts from smartweed (Polygonum sp.),
faeces of pearl oyster (P. martensii) and phaeophytin.
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Fig. 8 Calibration curve of phaeophytin (90% acetone solution)

4, BEHBBOBERTO T 247 14 F v O

FIROfEEL S, HEEREBICENTIE, TavyHANEkE»SEBRUEYMT S v 7
vz un7 g3, HOERNIKEBNT 7 24 7 4 FricEL, SilthicgsnT
WEIE TSR EELONS, BERAEE L THAIN T BIEEIE, HIESENERT -k
BEMEENE L, BRKOKHGBLTOOMEBTHEOT, TavrH4OHltHEsz v
BHEICEIEINTZORACEFTTE2bDEEZ LN S, LT, BHOERTOT «
*7 4 F VOB, WISOBEMEICHA L THERT A EDEHESNEOT, HEERK
WOBEKRIG ERFAEROIERNO 7 x4 7 4 F BB LU, #RIEE1IRITRL
ek A, BERDPOY 47 4 F v ORESHIT, BBBIERD TEBIEET 505,
WBETE2y FA—FPLVOEIATRERICHELLTHEDBRBOON L, BHHBED
LD BEREPEALDBA T BT, FOBORADIEBDVN, BET Sem NATIE

I

Table 1. Vertical distribulion of phaeophytin in pearl oyster farms at Ugata inlet
in Ago bay in June 30. 1966.
= ‘ ‘

T layer 0~0.5 em | 05~25em | 25~4Sem | 45~65cm

|
station ug/g | uglml pefe | pglml o uglg | opgiml | opgle | pg/ml
T dry mud | wet mud ; dry mud | wet mud | dry mud lset muddry mudwet mud
: b Hue ! | e

! e

Mouth ! | : ‘
(uncultivated) | H 15 18 ‘ 8 | 13 [ 9 - -

Middle area 44 7% % 10 o |9 16| 1
Imnner most | 107 9 64 | 28 | 48 | 25 18| 12

{
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FTTIOMB ERENLL, W 1g 4D 18ug LV HSEVELZRTCELD, FHLN
FTEIRBHLUAL LD GEHOEEE L TR AEROE/LIZRL LERIHRE
AT EMREDONG,

BOW, 7247 4F vBOKENDA 445 L, RAUBIEETIIRERE (g4 D 41ug
(I5ug/ml JEIE) LW HEICTL, PR®IMEFZZ SN LBITHPH TIE 44ug (Toug/ml
W) EB\NEEZRLTO S §7, WAMBRORSREELDOIEL P TV TH,
FREs 1lg 1Y 107ug (95#g/ml BIE) W IBRBICENMEART T TR, K 4.5
cm OFEE THMCHENTIELSOHNESED SN,

C@ivC,mw@mﬁh@7;ﬁ74%/gd@%®ﬁW@%%®%%&m&&mﬁ
ENbo COCLEDVTEHEERDEDOERIC OV TEZDOFRMNAE LB L TH
]I 5

L3 #

BERBIUTavy A4S0 72 F v (7 r a7 o VRREE) 5 eHEE
HeEt Uizo

D W75 v by ofiilicsna 7 s VBLXUZ0OBSRYORBEE 7
AT 4FVOEFENERBE LR, BEDLTav#4 Ofiltighicidas oo 7 4« WOEE
MEDONT 7 24T 4 FUBEETRZCEETD,

(2) BEHHRBOERTO7 247 4 F vi&l2, KRRBREICH~N S & EEEICERD T
BN EDS, HEOEMPEILOIEEELIL VB L C 2D,

Abstract

Absorption spectra of acetone extracts (chlorophyll derivertives) in surface bottom mud
of pearl oyster farm and in faeces of pearl oyster (Pinctada martensi) has been estimated.

(1) Absorption spectra of both chlorophyll and its derivertives were compared with
the one of phaeophytin. It was found that phaeophytin is in the surface mud and faeces
of pearl oyster and chlorophyll is not in them.

(2) As the chlorophyll derivertives in the surface mud of farms were very rich in the
mud of overcrowded farms compare with in the one of uncultivated inlet, it can be said
that the amount of accumulation of chlorophyll derivertives on surface mud is a good indi-

cator of overcrowded cultivation of pearl oyster or superannuation of pearl farm.

X Bk

(1D SR - BEARTARC RER - ALBE 1960, St Eick 57°7 v 7 F v EROWE -~
T b VI A R O BIC DT, RIS K BRI RE9 « 5457,
&) @if W 1963 A REIK T ORY 7 7 v 7 b v OMERZE L EBlligR 7 X VB GO fiT.
RIS RSB AR 415 1 100115,
3) Curne R.I. 1962. Pigments in zooplankton faeces. Nature 193: 956—957.
(4) Gorham, E. 1960. Chlorophyll derivertives in surface muds from the English lake.
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Limnology and Oceanography 5: 29—33.
Odum, H.T., McConnel, W. and Abbott, W. 1958. The chlorophyll “A”’ of communities.
Publications Institute of Marine Science, University of Texas 5: 66—96.
FAREF « BROEZED 1965, B RERE O BIBIRIEFNEL, B LBENCE Y 51KE 5
CIEE MR O FHA LDV T, B IRF#10 @« 12131227,

Strickland, J.D.H. and Parsons, T.R. 1960. A manual of sea water analysis. Published
by the Fisheries Research Board of Canapa, Ortawa. Bulletin No. 125: 107—112.
LEE= 1964, 5 B2V A AR A i o i COLTI. #ARWITERD

HROFEMAEAL L EEHEOHIIC O T, ZEEKSKEEFHIRA L6 (2):145-169.

Vallentyne, J.R. 1957. The molecular nature of organic matter in lakes and oceans, with
lesser reference to sewage and trrestrial soils. J. Fisheries Research Board of Canabpa
14: 33—82.
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HHEBERAO M HBBEMESRT D, BEREEODOMEERN, Tkt
AQBEOETMER, THRENAKAAETIAOOEERERERSNE LI T
Bo Lp LS, RARKBY2K% - HREHOLHIIEOEIEHFICE LWL EEL S
7250, LRLIEHERERLZATEREL, SS5REEINZEGORERTO—HE
WoTbd, COXDTRATICENT, PIAREERCEY 2REBEBEREDX 1T,
BAKEHZORIBPTHERT 2 EBWEEBNIE, BFEORMEEEICE O THERIC
BETHO, FRESENEAOMIITIET D, BMYEEED L D EELREIS
BanbdEBbN b,

T, BT A B IEERE, B, TERKBI BB EECLBD
NEPEER ENERICBOTHE SN > THEM, s T Ao~ EE L
THKMNDO KBNS A ABNCELX DI EITE-T, FNo0&5EMBAICEZ 5
EWMAMAT ERYPENLD, COLDICEKEREEEORN AT A LENH L,

CNETHOKEHEICHETAMEOREIZABICHTEHOTH-T, ZHHIZDH
T2 QBRI (flter feeding) TH Y, T & AE BITO G Z RIFHOH E &
HACEDNHRETHE S DICFEAERINT NI ot EHD—AZRL, Thb
OMEEROPICT B2, 3T, BEIEPBELEICTNS &L ADKERRATRE
A#THRUTHORBELORES LY, %7, Tav#H4oBEBELRIEMcY, i
REWFABRET AT EICIDMEMFEMCY MPL, X51CEh, KEROTavyH41C
Skeletonema® I L UVKFE « K - BROBEWREEKRY 252, TORELSZNFNOHN
B R oHES ARl AT,

PEERAEEAANCBNTE R -0tk A BRSO > THEHAT 272D, £ 0H
BT A KENELSRAOEHEBIURELAE LIELFTBAEHRHENALDEEZ SN,
LHLEDS, TNETONEOREDGBEICHEREMISEEI S DO RESE SN

* Yukimasa Kuwatani and Tamotsu Nishii. Changes in the qualities of breeding water and the
growth of the pearl oyster using the aquarium with closed circulating system. With English
summary, p. 1328. Bull. Natl. Pearl Res. Lab. 11: 1308—1333. 1966.

** BT ECERTTJ0RT ik No. 148 (HE 1y FUEkIFAUF e 11 1 1308—1333. WHFI41411)])
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NIBDTH-T, CHEHESZVEBREI LS 1-00EBEEILHLPICINTOA
Vo BLTAIEL T IYA A DERRICKT Bl EKEREAEZRKD B 70 DICRREETTE -
foo BERELT, HLOMBAEBELLY, Tho 20 TRENEFNSERFELERD
FETH D,

AL T DIk S, AEOBESL5 A O EHERETE KB BKK
HEH%BORBRGICET 2 \BICEIEE L W20y MEEREEL, BXU%x
OB NN e T+ 2K Dr. G. Bevelander XU R IR B
T3,

i

HHE LU FE

# &® B

W2EET Y TAICDO0NT, £T2K200 FEEKh I HORRYIEEDOREET, L
LHREOLNERDLNS bOS0MKAIEY, DNTENSOHEMTE &APER &£ RE
L, ZhE#El15~20g, HKPERS.6~6.7g OHFHNICH 2 b O63MEEHE L L, KB
SEERINE RS 2N EEI A X 10 (ERE) B&U 2, 5, 10, 15, 21 (3%
) @ 6 FEC DT 7o,

RAEEBERLUSE

Fig. 1 LR EBORF o —nBkE (25x25x30em) 3% 141 & LT, #REHE,
FREEELCFEEE L, BRICL DB B LU BO D DIER & 2T15 -
720 BPRHEE X U RICIZAO1S £ Ok A T LEEHBICR IR E AT B2 — v ilo
WHAETL, PFRINCIN9 0EAkEEKEBNG6 £ (HE14.5kg, BH{10600cm®)
D2~Smm E D WA K THRSITHEE L 2 bDE AN, CORGEEER 7M* 2l

a

{zrsm‘m-m»v-rm‘:-x-x- SPETS
g
5

i

C = L

FIv cv FOV

Fig. 1 Scheme of the apparatus used for breeding the pearl oyster. FiV:
Filter vessel, CV: Culture vessel, FoV: Food-supplying vessel, A and
B: Glass tube to ciruculate water, PO: Test pearl oyster in vinyle
cage, a: Air, S: Filter sand.

¥ RERERA S K UEME ARICH T A B 6 M E lc. WB & U CIRRIOETE S RIEOME O A
AT 2%E LA MA T,
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U, BMOKEOFMET S ICHETEEE L EORELIET 270D, BT B AR
FPUCRRE L oo

SRS B R lﬂ&uf,ummf&%b,%@%,$%5+4W—&*of%@ﬁ
kW%ﬂ“MU%&&%&?M&LK”OMH@W?@1H2@&L,1W1E DO
B 10mg” & L7,
qummD”@éﬁ,mw&ﬁlmwmlA)i%&m<MMLfm5m A a B
(Fig. 1,B) (2 1 5 2 DOk 5 (8 ~12i & L U16~200%) I3 HEIIZIKIET 5,
HZEOBERAKREIZINING 1 HAH0.5 LOBAETH -7,
BAREOWEREE LU G M E% Table 1 1CRT,

Table 1. Average weight of test animals and quantity of diet supplied*

Quantity of diet

Content in an aquarium** Average underwater weight per time X 2 time=per day
A — (g) 100 x 2 =200 (mg)
B 6.045 + 0.357 —
2 5.945 -+ 0.498 20 X 2 = 40
5 5.934 -+ 0,237 50 x 2 =100
10 5.951 + 0.138 100 x 2 =200
15 5.992 =+ 0.236 150 x 2 =300
21 5.936 + 0.233 200 X 2 =400

* The diet consists the particles of less than 10x made from the polished rice.

** A : Non-animal but supplied the same quantity of diet as that for 10 pearl oysters.
B : 10 pearl oysters starved, 2-21: Number of pearl oyster contained in an
aquarium.

ERBMELUKE - RREEORE
HofE 1219664 411555 6 A258 2 THEESHMITIL - 70, COMIEOHE, K
HBICHOKPEEOMELTIE -1
E ARE R OIRETET (8~9FF) WKLY, DEFOQIHE » FHEIZ LM > THITL
7o
pH fE, &7 2A&EMm pH B2 L TRIZEL 720
7 # ) B, Dibromo-o-cresolsulphone phthalein (B.C.P.) & 5783 & | T N/100%
BIC X DIEE LT,
COD, s#7h YD TICET 5 KMnO, HEEXTEEL .
7 v E=7-N, Witting ObikiE% W, Nessler 33810 & 5 2% Dubrocq Hifa
FHE R ENCER (BE 430 mp B 2 BokED Ik D REL M,
FERER-N, Griess-Romijn {34 F\» Dubrocq thghE 72 30 ELEET (JE 500
mu) X DRITEL o,
HMiE-N, HW. Harvay JEic X 3802 Y+ = vi3Ex AL, Dubrocq HfadEt#
7oRERE R (B S530mu) ICX DRIEL 7o, BIEMIZENE-N 281,

* LHHOBEBEEEL SO 1EORAKBIRA750cc THY, 20OBISTHLOIBKERHBL I,
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PR HORRE | SAERHH D C IR BEROAKPERBAZAE Lo KhEE
HEEBLIUCZOELRTE2ETH5D DI DN TR (1965)%, ﬁﬁ-@ﬁ(”%ﬁk
ﬁméﬂfm o B, HIEKRTE, #EoasEER, HRHERE AEEEE (W5
WE), AR Es, WHEY 27 btom%,Aw DB T 5 —
IM&L,czﬁW@ELﬂyuM%EﬂMQwﬁﬁ%Qh VBURA S AT B XU BRI DT
BHBAKT 2),

FEKDKEDEL

& H oK, pHE, Tk ), COD, 7ve=7-N, WilgE-N, BiE-No
5413 Appendix Table T 059, ’

1y K@(Egﬂ

& ERAEPICEE Sk, BB SRR N EARIIC KD, Fi
REI L BAGROBEEZIT 19~24°C EF WL EOE AR L,

24
o 22
i
B 20
LR 2 B | [’ 4 [
Il 21 1 1
Apr May
4
o W
-
B2
i i !
21 1 " 21
May Jun

Fig. 2 Water temperature in culture vessel during the test. Arrows show the
work days of present experiment.

2) pHf{E (Fig. 3)

WINOKE S EEBEI~NEHEC AL TRAMK TR T 248, FNnLI%BIEREIK
constant {CIL AN AH LN L, FNORTHROBEICXID 22D/ V—1C5 T 5N %,
L DEEEOAEHRALIKKEH2HBOABKRTH-T, BAEO pHERZNLE
N8.028 LUT7. 925 F 0 T HEIOEI 2 & OMOBOEBERTH - T, 730 H
® PHEIRT.65~7. 720 {10, 72720, BED S B E IS MEHIMOBE kT 2 & &
WICRLEHEERL TS,
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Fig. 3 Change in pH value of the breeding water. Open squares: Food

materials only without any animals.

Solid squares: 10 oysters starved.

Open circles, solid circles, open triangles, solid triangles and cross marks:
respective groups of 2, 5, 10, 15 and 21 oysters supplied the diet.
(The same marks are used in Figs. 4-11 and 14)

1 =
7 ).(‘ ! 'n]
7] ‘Jﬁ\ /\ D/
| @8l D—-—D\D/
e
N
~ \x
T |
[l \‘§A o\o
= ~K —— 3
=S § X/A
] AN /
=
< A ./.
I T—~n —"
R e L e AEIaaatNal
0247 1216 25 32 42 5 73

TIME IN DAY

Fig. 4 Change in Alkalinity of the breeding water.

3) Tk YR (Fig. 4)
Tooh Y ES pHE S ZERENC, 4

ERRIIC32~420 HEHE TRABMICTRT 50, £

DBREIT constant |15 24 AR L T 5, pH {HTI Aﬁﬂ‘#@&’é#@ﬂbt ISR &

2EHOEEKREDE DR - 120,
BOWEBEKIGEWVEZE TELTINAS

TR ETE2EESREC

TR L, 730 ECi3ftho
b0 3%, oMo SEOFEBE kBT LE, 0



1A B RT3 Y A A OAMEEIC L HARBENLEE 1313

05 bIIEENBLIOSAROZNOBRBECTAE TREBNSEWEART Y, 21
DIBHICE< - TV ADBEE SN 5,

4) COD (Fig. 5)

COD It TEMBEKIREL 20D/ v—FIC B2 ENTES, 1 DI13104,
15/, 21O 3WMOEBE KT, BEEHIKENT2.4~2.9mg/L L& <, i “8Ro A
MEE - 2 - SO 4D N 5T 1.3~1.8 mg/L. LR\, BB KIZENENEE
PRIZ 2~~ 3@ peak AL TH D, HORBEHOE D2 EETFEERDE SHE
MABRHEEONELZERT 2L 5TH %,
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Fig. 5 Change in COD of the breeding water.

5 7vx=7-N (Fig. 6)

SREicHs B &, EEBTKOT vE=T -N ZFPRRIICZ D peak & - TED, D,
ZiTEA LT, 6B LBIKIIVTN S 10ug-atoms/L OREEIH 5 WIZENUTOEKR
o TNd, BEERBEBEDOS 5 - 7210(F « 1508 « 2UHO SBOWHEKRET vE2=7 -N
BIBONTHZOMOB A ML TE L, 21O ZNIZ4H BT 60ug-atoms/L I L T
32H Hiz 30ug-atoms/L & 2[m], 158873321 Hiz 30ug-atoms/L, 10fEETIZI6H HIC
40ug-atoms/L & £1[E D peak ZIEFE L T 3, 5%, 15MFTIE COD, HRik-N X
UHE-NORBEERNS AT, 875 (12~160 BHICE1IE O paek BSERIN T
OTEHBOILERESND. T/, 2OMOEO > BEEMEBORET KNS 7 B BHIC 14 pg-
atoms/L & LEITE MEARL TOLOBEHI NS,
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Fig. 6 Change in Ammonia~-N of the breeding water.

6) HifEe-N (Fig. 7)
T7Trve=7-N S[EE, BRI peak 23H D, PIK&K
g b 4 pg-atoms/L PIRARL T 5, 21 « 15 % X O EHE

CRAL T, 2BELIBE D

EHO 3 BEod peak AR

e <, 21T 7 B BT S0ug-atoms/L.,
316 1 Bz 10pg-atoms/L & 73 5T 3

AP TI212 8 B i 17ug-atoms/L, 158

o 10MHTEIZ25H HB L U42H HIC peak 284 5

NBH, ZOMEIZNTNDS 3 pg-atoms/L IR TEHHTEN,

BEEHEEKOT vE=

7-N @ peak O HENIC

TIII6H A E250 H, 21HEET
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10fE « 2118 - 4
101837
“THHERAETH- T,

HERHEOTINER S,

TvE=F7T-N O peak [T E D3O THREEE-N O peak 2345 TIN5,

7 WHEE-N (Fig. 8)
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Fig. 7 Change in Nitrite-N of the breeding water.
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DREIN, 20EITTILEORARIZ LD T, B KINZeKkhEER
NUTHERKPERDO ED2EE6E3H83.58THD, M®E@RE%@ﬁ%iémd
BEEICHL T 0.2079, QUEMOFEKPERES.9Mg) OB ELL, KERICET 54
KPEEOWEB LUV ZOROEBERT N TEZDOHBREED TITIE - 7o
%%%ﬁﬁ@é*ﬁﬂ@Awfﬁ@ b (EE O R Fm 9 WRY, 2 EEE
B < B I SEERBA L CAWICIBE LT peak KL, ZOHRKEICHEL T3,
%ﬁ@pwk&myzmﬁﬁé& Mﬁﬂtwmﬂ&ﬂiamafwéﬁ WL T AR
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Fig. 8 Change in Nitrate-N of the breeding water.
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* 2EBOFEIEED 1 A B AKPEEOHENEZ0.236g L51E IS,
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Fig. 9 Cumulative increased weight per oyster group during the test period,
which weight is weighed in the sea water (the same also Figs. 10 and 11).
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Fig.10 Cumulative increased weight per oyster.
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Fig.11 Change in the increased weight per oyster per day by oyster groups during
the test period.
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BEAEREONTHD, S6~T3AHICHEBSED SN D, 10HBHI 4 ~120 L 32~421H H,
ISEBEE 7 ~120 &32~420 H, 2UEBHZ 7~120 £32~420 B &l #h 21 2 [H 0 peak
BHENE, LTI NLATEBBBICC oNTHFL {RESI D,
EABOERERTHICRSIIHNEE

ERETHICET 35 HRO LAY 4RER, AREER, HHALER (SRR
—HAREE), AEETE, AAGMERSLONEEEERE Appendix Table II,

Fig. 12 1253

BicA 5 X5, 2HEBNOTNOREHEBIZEBOTOHAFENTHRES IV T &R
LT 5 95, %@{L@%E}‘-ﬂ EECBOEZAREOKHRECINOGERE (SHLT) T
750

RICOWT, 2RO O ABRBIMICHREUCBIREEALERL, BIFSRE

ERLUTOED, ZOMHMOBOLDIZHEALHLNE N, EXKSEREBR O 4B
bOIR RSB IS LAY, BB B TRE2M LY TEBICHIBERL,
T EBOAEME L LB L TV A0 a Nz, (Appendix Fig. D),

3k, KhEEORESEICREBEREORDOAH T, BROBMAERICX 2HE
BHAZONTVASDEEZ, EBRKRTHAERY E DR EIERZE L B0,
TOHBEBEEEZNOR ARG PO WMBERLREF Lo, FiE LTI Fig. 13ICRT &S
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GROUP OF OYSTER
Fig.12 Weight of the parts of test animals immediately after the breeding experi-
ment’s end. Wt, Ws and W’m: Wet whole weight, wet shell weight and
wet meat weight respectively. Wm: Meat weight calculated by (whole
weight —shell weight), Wds and Wdm: Dry shell and meat weight.
W’t: Whole weight weighed in the sea water.

Prismatic layer Nacregus layer
N A

Impression of adductor muscle

Fig.13 5 fixed points on each valve for observation and compution on the pic-
tures of growing and etching or dissolving processes on the nacreous
surface of shell.

WEEMBICHEBIRAGRARET AL ICEFNFNS HEED, 5O A% Leitz §
Panphot SO BERNE L HA L CHEMEL, TOoXRAEHEE,»0AT, UIERKE
B ENTNELOBIUHS L RABRBOASNIENGD &, REAHRMSTEDRTH
ZHDBIVZOREICBOTREEENTEHOLNTOENENE TICE L OEBRSTR
PN ERHONE LD, LD2DICKSL, FNEFNABIICER Lz, #RIL Table
2UCRTEBY, HHMERGOHBREBL 2EBTEL L, SHEBETIEA0%, 106115
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Table 2. Appearance rate between the microscopic pictures of growing
and etching or dissolving processes detected on the surface of
nacreous layer of the shell (see Fig. 13).

r Percentage
Content in an aquarium* ‘ Picture of growing I Picture of etching or

‘ process I dissolving process

B \ 39 ! 61

2 | 100 J 0

5 | 60 | 40

10 i 33 3 67

15 | 35 i 65

21 | 30 i 70
* The same as Table l
M« 2UREE TR 72 < 65~T0%, it Tid6ly &i;acb\ o MEFRAR WDﬂOM'

2R 3L OFT IORBA R LTV AA, B DWW TR ARG O %
ERTVR SR 1A h BRI (Fig. 9) SoEICRES AR BRED SN D,

ST

% 3

KEDEICDOINT

SREMBICE 2MEPEEEC 1 B 1 E4D 20mg OFTE o) BBE5LTHD, 2
WM@&Eﬁcnif@ﬁM&kﬁbfmmoﬂﬁﬁ%%%%bfw%c&mééf@
2 B Mo MEBEOMED, HEOBENS L N EEARE 2HDTRIEL, K
HREEIGERT A LBHonTH S, XL, KEWES C%Lcmmmﬁ@ 21k
XBb0D&, MoIPORBERSDORIICLD @@&@2c®wmwﬁéézabﬂéo
W2, HEKDOBEEH VY D LR Z UIGEICE, 825 £ ARy
QMMme%mb,ﬂﬁ(J%MFé@éc&ﬁ%zbn o COBIONTIZAHID
TEBZTRIOTETH S, S EITRMEEO BB SE XU RO R EEDIC b
EDKETAHADWENEKEDE[NICL DAL D E L THEEAED S,
WREOKELKEICDONT

Hgl1¢xbtio ICHER AR 1 D R E B 4~T7 5 HORBIC peak £ AL
L, ENLHBKBICEZ TR~RNEHOMICBRESEE > T b, BEHAROCD LS
RERHAEPEP TRBEEN TV E SICERBRINANTH B0 activity Ak
MEEUYMICBOTHOKEZ S-S LcbDEEL 0N, e “HBEE” SIERY
Do ZBIHIMEBD 2R, RED peak ZHK L TH YD, AOD peak HFIHRDES
Zhit & EBB MY B 2 KEWIFEERER - TBRENZbDEEZ LB,
EBKEICDWT, “fROL” OKEKO pH A, Tk ) IR TE S %
BrrmEEgEeaRrL Tk, 7Trye=7-N, HmE-N, WE-N @Fﬁ I TNHEHE
Vo —, MREMOEE KO pHE, Touh ) EIZ104F - 1501 « 2UEE & Bisgicig <,
TrvEZT-N OERINS 3BICO>HTE L, EME-N OE ‘i21 [HERIC DL THE L,
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&L IKWE-N BUEBIZ 2O TR L, 20 peak HNTAOHLD E -
Tbe HEDZ DL IMRERT, EE L TORERDBEICLZKEDEALHRD T
DETLTHD, TORBABEHORBEEYICLETILBDTHEIEELRL TS, &
QIR EBKONOERKE DR, MR TICEN T HORMIEL B EY
MERRTHY, THEEMOXDICEREARCYRBEOHIOEL L Eh - D L
BINb,

EBRBOKELERECDNT

L 1966)2 B =4 a2 DB ONT, MRESEEREELAGL, S ipHEBXU T

AV EDET L U/J(FI' CRMFRICESES L, BEREDODIZOVEEICRZDORENE
LEilk~Tin 3 FhL{cpksic pH fE, 7Arh )V EOETF, COD, Fre=7
-N, #myiE -N, m@4<@ﬁmu FNENHERTH > TEEMERALDTHA D7,
ENOBESLUTHENT AL EREDAREUREANRIMCERILb0EEZ 5N 5,
§t>kw®wm@%ntwﬁiwrm ZAEEIC KBRS AECBE L5 -TEC
WENFNOEMBENDZIDTH -~ T, HAMBEROANIMY L THHTECEREZON
e FXTHAENT T NTOEKIC DN TSNS 2 AT,

9, EHEKOKENIEEAZET S0, EBREIMED, BIFEREZR U 2 B
BIU, HOE2HEELRBCHRYDOEREERLUICD, TORKBICE L THMEEMS
T RIGRE R -t EEZLOND SEBEEORE KB EICOOTHIEBRE L1, Fig 11
WL 2 @ 1| B P EE 312~16 1 B £42~56 0 HO2E| 0 peak # TR L TH D,
25~321 EIC AR ERIE, S6~73R IR EOHEINNL S11b,, 25~320 H D £k

OFEREEEHROBBEFERMORARIC L2 bDEEZL ONf, COBE © K EIZ
pH EH—IEHIC R D FEL, COD O d ik yJ'IU&T}»/J\Lm’p Z DO BRI T
LABIMO FAELL Td, 56~T3A HORERERIC AKER, &< pHED
T, 7TvE=T7-N icsotu\mlu“ N DA DH - T, 73 A E] CBITDHZENSOMIZLE
REDEERL Tnd, ZRODT &S, BEE L, 2HBEEKICET 256H 8%
TOHBEROBEROEPHBRICESBREL LT ECAOKAMNBRTH L EEZ L
b SHEO 1 BEEEREIZI12~16 1 HIC peak AL L, TOHRETOMEITIH 2
PMREICERBIZEZ, SO~T3RHICIIMEEZRL T b, KEMICIE peak Hifklc pH @
BLOTAVED TR, 7vyea=7-N OBMNRLLNLH, WL HEANEEDHE
T S6REPSMBRBICAPH TE S pHED T, 7vea=7-NEB8XURE-N

Table 3. Critical qualites of the breeding water which brought oysters
increase, maintenance, and decrease in weight.

Lowest limit of factor’s value

Factor \

“ for growth ‘ for maintenance
pH value =7.95 | =7.75
Alkalinity mN \ =1.45 i >1.13
COD 0, mg/L ‘ 2.04= | 3.10=
NH;—N  ug-atoms/L | 5.60== 7.30=
NO,—N  pg-atoms/L | 1.27> | 1.27=

NO,—N  ug-atoms/L ‘ 36102 1 4520=
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Table 4. Diagnosis table on the basis of the water quality criteria in Table 3 to the
qualities of breeding water in every work days and oyster groups. Double
circle, clecircle and crosses mark show the range affiliated by the factor’s value
each breeding water, in which range the oyster might continues its growth,
maintains its body weight and reduces its body weight, respectively.

Time | Number o Ammonia ' ~-.. . . 5:2112
- pH Alkalinity . COD N Nitrite-IN | Nitrate-N | =1
in day | of oyster Y= 0

2 2 © © © © © © 12

5 © © O © © © 11

10 © o | © x o © 10

15 © © © © @) © 12

21 © © O X X © 7

4 2 © © © © © © 12

5 O ©) O © © © 1

10 © © O © © © 1

13 © © © © @) © 12

21 @) @) O X % © 7

7 © © © © © © 12

© © © © © © 12

10 © © © © © © 12

15 © © © @) P © 10

21 © O X % X O 5

12 2 © © © © © @ 12

5 © © © © © © 12

10 © © © © © ©) 12

15 O © © © © Q 1

21 C © O X X X 4

16 2 © © © © © © 12

5 O O © O © © 10

10 O © O X © @ 8

15 P (®) X % X © 4

21 ! X O O X X X 2

25 2 © © © © © © 12

5 © O © O © © 10

10 © | O O X % O 5

15 O © O X X X 4

21 O O O X >< X 3

32 2 ®) © © ©) © © 12

5 O O © O © @) 9

10 X O O % X O 3

15 O © @ X x O 5

22 O O @) X X % 3
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Time | Number ; o ‘ ’;Ammonia o j é‘(;talz
. pH Alkalinity| COD N Nitrite-N | Nitrate-N { O=1
in day 70f oysfer ‘ ‘ Y= 0

2 2 o © o | o o o | n

s o I o o e | o | o | s

10 X O % ‘ X % 1 X 1

15 X O X X X X 1

21 O O % X X X 2

56 2 © © © | © © O 12

5 O O O © | © O 8

10 X O ‘ X X [ © \ X 3

15 X O i e \ X | X : X 1

21 X O i % X X X 1

73 2 O O © X | © X 6

5 X O © X | © X 5

10 X O @) X “ O X 5

15 X O © X ! X X 3

21 X O (@) X J X X 3

oaEBs Y, BAFIKEENTNPBATEREOHEARL TS, 22D, S{HEEDS6
HHI TORBRNOKEOENAEKOBERAMIGT 2D OREBRETHLIEEISND,
PlloZziciko%, FidliBozhEhofii Table 3 [CRL, Th 56 DEE,
TaAYHADKEEEBE BT ZRE & AHFICHT 2 KENHELARTEOEEZ LN S,
SEK, INSOEEFEES LT, Appendix Table I 1278 L 22 &KEEROMHIC DN
T, BEPRETEAHEMICH D020, KRAHET 22 LDTE I %5%@$Q
HeZELOWEARITHEACS I BDEXEL, ISCENSEBEMICE DR S D
@*2,0%1,xfotbf,wﬁaw-ﬁﬁ%mﬁﬁéﬁ?5&7@“%@Twm«
Fig. 14 TR T LD %, FBEROZNFNORMAMSRICB LI TE2ELHMIC2, 1,0
TRY C &3NS 53, Fig. 14 IORLAKERFOEBHEITEHO 1EXD R
wEE (Fig. 10) 303 FHAERER (Fig. 11) Lo »120 OB &
77&Nh b, $9eMEE LT3 Fig. 10 L@k, 2EBOEB K MbAE S 28 L TR
THY, SMHMERNENRMEL LD, 20O 3BREHLINGFL (BRHFIKHIT L
HRLUTWD, &7 Fig. 11 oHMlREE ST 2 &, 2MEHIS0HHASTIHHITH
FTHREBSIUOKEE DITREICGEMAL, SHBERREBIUVKES DICIOEEMS RS
ICHEALL, SOREMMNSTIAEIC Y TEBICE/AL TWE, o 3FHRIVTINSI2AE
SI6HHP T TREDEIENA LD O, KENKSFRIICAELEABAONL, 12
ZD %, 10 TE420 B DI IS ﬁébﬂ%@CﬁbfmﬂiﬂHﬁfm 1L ST
B0, BESICUARHTERZ~S6HOMICELELWVFEENALN LY, KEMCH
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Fig.14 Graphic presentation of the diagnostic results to the qualities of breeding
water in the respective work days and oyster groups on the basis of the
criteria shown in Table 3.

NUMBER OF ELIGIBIE FACTORS FOR THE CRITERIA

FEABBREOLEEZRL TV S, COL SHEEAMRE, FiiokEREECDFRICKS
KEDREWMZW BB OOEEEA L 2D TH L EERL TS, 2L, FHE
BB EZ BEBINTLHE—TR, ghehFhELHKE (O=2, O=1, x

=0) ELTEDW-LHWHEANDOEDTHENSOBEICEEFLOERENDD, d50E R,
HHMEICETBHONRED ZVREIICE, 2N TONRKELEPRICE Z o Bh
SLDOIETIRENZ SO EEZ LN, TNODAK D2V TEHAKRILICHREPBES E
OB,

PR OBHEBRICONT

A5 (1964)0 1%, SE B ORI RO SIRIC X » TRIMCE X e 7 v e =
o A TERE R A R TR MR T X L B &c@@{ WAL SRR TS 2H D
1015 - PR BEA SR (ripened) &0V, FHH LB ABHNTEHE GO S50 8
ORI 2L AECFZET 2, Zik~T3,

AERICBT AEHEBKOT ve=T7-NEXOHEMBE-NOLH) (Figs. 6+ 7) b5 %
NENOPFBADOBRRPMARY 5 &, SEBEOABFIN A20H) SR8 MEITNTN
HEBHER®RGOD H TR OIREBICE L EED A EMT L, LELEBS, HEW
KF@@@%ﬁ&wof%%@ﬂ&%@ﬁﬂ@&%&@&aﬂﬁihfhé Hfs Lo
BHEODIOETEA (2M -« SE T, 7rye=7-N, BB-NIHETOBEH~E
EHTTVIEH ST AEMARL TS, TO& D IEENII IR LSRR H oy
BEUHEERE D GRIC & B3 - THIHBICEE LT A T EART LR, Thoo
e EE L A ARIOHRA « AOEHIMSIE XN TN E A2 WG > T b, —J,
BB ICBHEDLZ OWEEK (0 Lo&E) TR, ¥y 7ve=7-N, HEHR-N
MEL BT 20, TOBRKEOHEMEZ (DML LRSS REIICHA L, &iCT con-
stant S AU AHSNE, COLIBIBEIIBES CKEOEMICE LS HOA
HEMOBNIEEDICE S OTIRIE, FRVBIXOC/KPICHAT 2HNEOMAEERO
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%c%ﬁé%bw m mﬁcxémmm& Cﬂbfﬁ&%i@ﬂ m“&@ﬂkfﬁ
L EERMER S T D, BRIV LEHHEOREL T ve=7-N 2§ & LRt
T5 & Fig. 15 1tRgTEBY &S,

Loz &, FBPICET AMEVOFEREE T LT NICX 2 HBB RS
UL O m¢¢WC%m¢5h&@ﬂ,i@%é&ﬂ?%&C6@ﬁﬂ%mﬁ<m
BoEb542a) 728810367033 MPMAERELEL LTV, sl loBK
»MHT%%ﬁ 20 A8 (GORTHIER) OBBRBMELEETEEEZ LN, e,
BARED I DITHPNCBE BEFR Y ERA L —BoBE (WA Z2MAF0B 1 0T v
= 7-N, Hipg-N ORER) £470H, W4EORLEHBE T 28461 ORI

Numerous specimens

AMMONIA-N

Few specimens

TIME
Fig. 15 Diagramatic representation of the ripening process of filter sand using
the fluctuation in quantity of Ammonia-N in breeding water as an
example.

Table 5. Comparison between the present plan and Saeki’s standard plan
(1958) of the aquarium with closed-circulating system.

Weight
Present plan Saeki’s plan

Culturing oyster (21 oysters) 420 ¢ a a
Culture water

Culture vessel 15 ¢ 36 a

Food-supplying vessel 15 ¢ ;39 ¢ 36 a ;9 a 1-10 a

Filter vessel 9 7 21 a
Filter sand

Volume 10600 cm®

Weight 14.5 kg | 35 a 30 a

Displacement 6 ¢
Total 129 a 32~41 a
Rate of circulation Once per 78 minutes 30-120 minutes
Rate of aeration 2~3 times in volume of circulating water
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A
L.

BHEH (16AF1%) THEOTHAB, LEZSND,

B, KERICHOCEBEBAAEE (1958) L 2AESERt0RME L Kitd 2
&, Table 5 {CRTEBODVITNOEBELZOREBICEEL TS, Fhithbhdbod
HBUNCBDNTELOVEENAONICORPEVORBEDI-DDOKEDE), (pH EB X
CFTNAYEORTETyE=7-N OBID IckRT 2 60T, FBBRRRICET 3
W, ThUMOBHICmA, 0L pHE - TAA ) BEORTEWME-N 0 &R

FICHATASD EEZ 55, closed-circulating system [T T pH R8I U7

711 EED AR h BAHRSDOEEREY ~FOBEERARIVRETICENTE S,
WiB-N 0BT O RS EOTREBRETH 5,
ﬁ@mméﬁmﬁwuomf
PTTIRA I XS 2B LB EBHINThOERPENICBOTKHERO RS
ElLT05, KEDEBASHOEBICHEELBIIFL, SOWKTERBOHAE LS
TETHDORBIC DO TOEEPEHITIBBRE TR OANDIE (S, EBKT
BWCB 5 WOHAEMICONT, CNoZHOLEREICHT 2 Hik - REBIUEHE
WEHEBOHEH L E (Table 6), 2MHEEE10, 15, 2IFEBLOBRBICHEAEEE
DOHBBOTELMLTHAED, BEREBIUSEETRAROE AKX, FERED %

Table 6. The ratio between shell and meat weight in each group of the pearl
oyster cultured in aquarium.

per cent on weight in the air
Number of ‘
S e B* 2 (x) } 5 (v) 10 5 2w
Total weight 100 ‘ 100 100 100 ‘ 100
Shell weight 50.5 48.6 50.3 48.2 } 48.9 48.7
Meat weight 25.5 31.2 ‘ 28.4 28.3 27.9 I 26.4
Calculated |
meat Welght* 49.5 49.7 51.8 51.1 51.3
Comparison between groups
Weight in the air Weight in the sea water***
{
=) — ) x‘ (x) — (2) (x)— ) (=) —(2)
g % \ g. Yo g % g | %
Total weight 3.292 100 3.232 100 0.837 100 0.946 I 100
Shell weight 1.265 38.4 1.555 | 48.1 0.624 74.6 0.767 81.1
Meat weight | 1.561 47.4 | 1.937 | 59.9 ‘
Calculated |
meat weight 2.027 61.6 | 1.677 51.9 0.213 | 25.4 0.179 ‘ 18.9

* 10 oysters starved.
**  Total weight-Shell weight=Calculated meat weight.

% %k

Exchange rate of weight in the sea water to weight in the air was cal-

culated from the sampe in culture farm, 12 Jul. 1966: Shell weight, X 0.493;
Calculated meat weight, X 0.105.
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E #

FHERAEBKELARD, Tavy 4 A2TAMAELT, 2OoMOKEDOELB LT
HOBREBOEMAREL 2. ABKENSODFOT ENEEIN S,
m Zmﬂ®&EEmCMif@£%%%&kmbfﬁﬁ@Eﬂ?%éc&mé,2@

(2) Luﬁ%ﬂ& n’lf =5 ! { axﬁﬁ?bvwlﬂff‘é/{ﬂéia”L’Cb\t&“é’
WEBS IR cﬁ;i< ivity ICEBEHHMPICLZ EDTHY, peak HOD
REOEHEREFEDROHIE S FREY AT X akﬁ®&kmﬁ®ié%@&%i%
N5

(3} HPR D B EFA L kK & it (LMD 8k EokBEO I XD, 1§
FIKAGTRE LT LGB 2 REBLO FEIZ EE L THO R AEREDICRE
TEEEZLND,

4) 2HEBAEEKDOSOH BT TONEREROEEABORESY 725 72D DREIKELHE
EL, 5 HBETEKOSHE T TOXRAEROMEA ARG LS 2 RIESGE OkE
HHe) LT, SEABERKOKEOREGWZN AR A, BWRELT, COKEORWIH
FHOBRE® SR OEBESEY SN, LitokEEEECOFRICX28HE
BHEIBREOFEREMEL LD LD MICH -/,

(5) FBWORMIBEIZ OWT, FBRYOFHSSIRIER L OB/ LR AEDRBREIK
G e A & AORBEED LT 2 HEASHET 28013073 L b b3 3EHEE
BBEELEVD, 2N LOREEET 252 AEREE L, i, HEIKH
ERARYMOBACE BN A BRI BICHN KO BARE T 2881203l
BHEREATROTH B EELZ O NS,

6) HoKhEEDORDRIELELTCHRZOEEILLA LD THD, HOEHOES, %
THREOBEMNETL, DWTHROBWSLY, BRWICIEMICBY 24T0OES
ETs2b0EEbha, 34, AROBERHEERED %%ﬁ”ﬁ@%miﬂMWﬁbé
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Summary

In order to make clear a relation between the property of breeding water and the growth
of the pearl oyster, Pinctada martensii, some groups varying in number of oysters were cul-
tured (Table 1) using aquaria with a closed circulating system (Fig. 1) during a period
of 75 days. The results which were obtained are shown Appendix Tables I, 11, Appendix
Fig. I, Table 2 and Figs. 2-12.

From the results obtained the following conclusions are drawn:

(1) Since a group of 2 oysters on diet of the pulverized rice grew with satisfactory
progress in comparison with those of the previous experiments (Y. Kuwatani, 1964 a and
b), the losses in weight of the other groups on diet of the same quality and volume must be
caused by deterioration in the quality of breeding water (Figs. 9, 10 and 11).

(2) The peaks of average daily growth in the earlier term of the period of the present
experiment may occur owing to both the potential growth originated in the nutritive
substances or the physiological activity stocked when they were being cultured in the farm
and the superior quality of water in the earlier term. The peaks in the later term may be
atributed to the purification of breeding water caused by the treatment of filter sand, and
after that the diminution of growth to the deterioration by accumulation of some substance
which are not to removed by the filter sand (Fig. 9, 10 and 11).

(3) The synthetic diagnosis of the qualities of breeding water in the respective work days
and oyster groups were tried on the basis of the criteria of Table 3 (Table 4 and Fig. 14).
From the result these criteria and diagnostic form seem to be available for determina-
tion of the qualities of breeding water, because a mutual relationship between the diagnos-
tic results (Fig. 14) and the changes of growth of the oyster (Fig. 9, 10 and 11) was recogniz-
ed fairly well.

(4) In the case in which a limited number of the oysters are bred, the volume and its
accumulation of their excrements corresponding to the hydrolysing and nitrifying activities
and the velocity of the development in the filter sand, a ripening period does not appear
necessary for success in breeding. In case however more oysters than above number are
bred, it is necessary to take about 2 months for ripening of filter sand. However if an
optimum number of oysters are cultured after promoting the ripening by supplying the
excess of organic materials, it is sufficient to take about a half month for the ripened of
filtar sand (Figs. 6, 7, 14, 15 and Table 4).

(5) The losses in the under-water weight, weighed in the sea water, of the oysters may
be mainly caused by the reduction of their shell weight, that is by the dissolution of
shell (Fig. 13 and Table 2). 1Inaprocess by which the oyster grows weak, it seems that
the reduction is preceeded by the meat weight followed by the shell weight and the

ratio of the former to the latter ultimately returns to the initial one (Fig. 12 and



11

B

BT A A QKRB IC X 5 KEE LS 1329

Table 6).
X [y
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Appendix Fig. I Two samples from
each group of pearl oyster.

10 pearl oysters starved.

2 pearl oysters on a diet of pulverized
rice. 'The shells have scale-like processes
at their marginal part, which processes
show that the oysters are growing fairly
well.

5 pearl oysters on the same quantity of
diet per oyster as that of a group of 2
oysters.

10 pearl oysters on the same quantity of
diet as above. The shells have no-process.

15 pearl oysters on the same quantity of
diet as above. Outer side of the shells are
grown dull in colour especially.

21 pearl oysters on the same quantity of
diet as above. The colour of the shells
are same state as above.
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Appendix Table I Data on quality of breeding water and growth of the pearl
oyster in the present experiment.

*

A: Non-animal but supplied the same quantity of diet as that for 10 pearl

oysters, B: 10 pearl oysters but non-diet, 2~21: number of pearl oyster

contained.

** Whole weight weighted in the sea water (the underwater weight).
Date Elapsed Ci?ln;er?t - Alkanliit-y coD éAIrllqr?a(il—\INitriti Nitrat:zN (I);lgeefise?é }:t}ie*
. - o ~ - - R
day WT °C aqu‘ilg* mN O: mg/Lﬁ%oms/Lﬁi%oms/L atoms/I| Total g %e;ster g
13 Apr. A 8.13 1.96 1.03 0.0 0.05 5 — -
2 days B 8.10 1.94 1.03 9.8 0.78 148 — -
20.0 - 20.15 2 8.15 1.79 1.21 0.7 0.10 56 — -
8.13 1.77 2.93 4.2 0.14 14 - —
10 8.06 1.96 1.72 8.6 0.39 15 e —
15 8.09 2.04 1.21 5.3 0.55 71 e e
21 8.07 2.09 2.93 18.1 2.71 1060 - -
15 Apr. A 8.10 2.07 1.72 1.6 0.10 9 — -
4 days B 8.01 2.15 1.72 12.7 2.90 495 0.00 0.000
19.2 -19.8 2 8.07 1.92 1.21 1.4 0.00 74 | +0.06 | +0.030
5 8.07 2.06 3.10 1.1 0.14 66 | +0.02 | +0.004
10 8.00 1.95 2.24 2.7 0.44 64 | +0.04 | +0.004
15 7.95 1.80 1.38 3.2 0.68 92 0.00 0.000
21 8.00 2.04 2.07 60.2 12.75 3200 | +0.11 | +0.005
18 Apr. A 8.11 1.88 1.03 0.0 0.00 54 - ——
7 days B 7.95 1.79 1.55 13.6 106.50 800 | +-0.20 | +0.020
19.9-20.6 2 8.13 1.94 1.21 0.0 0.00 90 | +0.14 | +0.070
5 8.10 1.82 1.21 0.0 0.29 259 | +0.08 | +0.016
10 8.00 1.82 1.03 2.7 0.72 189 | +0.25 | +0.025
15 7.99 1.66 1.38 4.5 1.60 480 | +0.32 | +0.021
21 7.97 1.73 3.79 22.7 47.99 4396 | +-0.31 1 +0.015
23 Apr. A 8.07 1.97 0.94 5.0 0.00 60 - —
12 days B 7.94 1.80 1.28 8.5 17.00 3880 1 +-0.29 | +0.029
20.6 - 20.8 2 8.14 1.99 0.94 1.4 0.00 220 1 +0.21 | +0.105
5 8.09 1.93 0.77 1.1 0.12 390 | +0.55 | +0.110
10 8.03 1.76 1.28 5.6 0.62 200 | +0.59 | +0.059
15 7.93 1.68 1.97 5.3 0.41 700 | +1.02 | +0.068
21 7.88 1.60 2.14 14.5 24 .58 7018 | +1.07 | +0.051
27 Apr. A 8.04 2.08 2.48 4.8 0.09 74 - —
16 days B 7.87 1.36 1.62 10.3 1.80 3820 | 0,45 | +0.045
22.0-22.7 2 8.00 1.87 1.62 0.7 0.00 250 | +0.47 | +0.235
5 7.89 1.57 1.45 7.3 0.26 550 | 4+0.96 | +0.192
10 7.85 1.55 2.48 40.9 0.59 1640 { +0.55 | +0.055
15 7.72 1.49 3.50 14.8 10.10 900 | +1.41 ) +0.0%4
21 7.70 1.32 2.65 21.4 4.80 5660 | +1.16 | +0.055
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Due Blpsed | Sorin Al | cop (Ammer Nisie Nt et ol
day WT °C aqlﬁgll* mN O: mg/Lﬁ%oms/Lﬁfoms/Lgtgoms/L Total g. %eyrsterg
6 May A 7.98 1.95 1.40 2.8 0.00 130 — -
25 days B 7.83 1.15 1.63 8.7 1.20 6320 : +0.52 | +0.052
21.4-21.6 2 8.05 1.66 1.40 3.9 0.21 340 | +0.66 | +0.330
5 8.00 1.42 0.70 6.9 0.57 1200 | +1.17 | +0.234
10 7.95 1.32 2.33 18.7 2.10 4370 | +0.70 | +0.070
15 7.90 1.56 3.02 28.4 6.50 5000 | +0.89 | +0.059
21 7.78 1.31 2.79 12.8 3.90 8670 | +1.43 | +0.068
13 May A 8.02 1.94 1.43 0.8 0.00 270 — —
32 days B 7.70 1.07 1.67 5.2 1.10 7850 i +0.50 | 4-0.050
22.8-234 2 7.95 1.53 2.04 3.7 1.05 402 | +0.66 | +0.330
5 7.83 1.40 1.22 2 0.65 1570 | +1.23 | +0.246
10 7.65 1.26 2.24 1.1 1.98 3670 | +0.88 | +0.082
15 7.79 1.50 2.45 30.7 3.28 3850 | +0.68 | +0.045
21 7.77 1.40 2.65 29.3 6.00 7580 | +1.14 | -+0.054
23 May A 8.05 1.89 1.28 2.9 0.00 515 — —
42 days B 7.73 0.99 1.54 7.9 1.86 | 10320 | +0.25 | +0.025
21.5-21.7 2 8.00 1.48 1.54 5.6 1.27 3406 | +0.76 | --0.380
5 7.80 1.13 2.05 4.2 0.65 4160 | +-1.32 | +0.264
10 7.60 1.15 3.21 12.0 3.06 7640 | +1.00 | +0.100
15 7.70 1.18 3.97 14.0 2.83 6320 | +0.89 | +0.059
21 7.80 1.31 3.59 19.7 3.87 5280 | +0.95 | -0.045
6 Jun. A 8.03 1.99 2.30 7.7 0.00 500 - —
56 days B 7.70 0.99 2.30 4.9 1.56 | 11350 | —0.39 | —0.039
22.3-22.6 2 8.00 1.45 1.95 4.0 0.38 3610 | +1.01 | --0.505
5 7.75 1.14 2.07 4.7 0.70 4520 | +1.35 | +0.270
10 7.65 1.34 3.22 7.7 1.15 5830 | +0.41 1 +0.041
15 7.60 1.28 3.22 10.7 1,92 7550 | —0.11 | —0.007
21 7.68 1.37 3.68 11.2 2.56 6350 | —0.37 , —0.018
23 Jun. A 8.02 2.07 1.30 5.1 0.00 540 — -—
73 days B 7.72 1.03 1.38 5.1 1.85 8580 | —0.98 | —0.098
23.7 2 7.92 1.44 1.45 7.9 0.50 5000 | +1.18 | +0.590
5 7.72 1.19 1.73 16.7 0.93 7500 | ++1.15 1 +0.230
10 7.65 1.39 2.39 11.5 0.27 6240 | —0.45 | —0.045
15 7.70 1.32 2.88 11.4 3.60 1 11700 | —0.03 | —0.002
21 7.70 1.46 2.72 11.7 2.00 9300 1 —0.09 | —0.004
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Appendix Table II Whole, shell and meat weights of test animals immediately
after the present breeding experiment’s end.

group of Oyster

10

10
15

21

oysters

non - food

oysters

oysters

oysters

oysters

oysters

| Wet Whole | Wet Shell |, Caleulated ['ygo, nreae | Dry Shell | Dry M
: . Meat weight - ! y =he ry Meast
weight g. | weight g. o. weight g. ’ weight g. | weight g.
19.368 9,785 9,583 4,946 9,286 0.547
+2.180 +0.798 +1.501 +1.267 +0.840 +0.169
22.710 | 11.035 11,650 | 7.085 10,490 0.825
+1.683 1  +0.148 +1.876 | +0.898 +0.126 +0.106
19.418 9,770 9.648 5.524 9.322 0.600
+1.128 +0.536 40,690 +0.557 +0.536 +0.062
19.781 9,531 10.250 5.602 9,039 0.686
+1.758 +0.549 | +1.362 +0.777 +0.500 +0,175
19.571 9.574 | 9.99% 5.469 8.996 0.676
+1.609 +0.517 +1.222 +0.680 +0.459 +0.158
19.478 9.480 9,998 5.148 8.931 0.694
+1.146 +0.549 [ +0,927 +0.828 +0.532 +0.185
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- (1)”14* 5 (6.94) | 7(9.72) | 30 (41.67) | 22 (30.56) | 6( 8.33)| 2(2.78)| 72(100)
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I |9 (11.84) 14(18.42) | 18(23.68) | 19(25.00) | 10(13.16)| 6(7.90) | 76(100)
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ZCTCAMENE, PO C—RTAZTOWHYOHOLBRBOMB A {URT 5 &
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WHEICE - TET LT,
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EOTHEM, L CYHBOEEY L TREE 7~8 HOKBREEN L, LFLd
EL~2 Aok PEaEEMED2MICkE AT oNE L5 THh B,

3. EEINWEEENNE K UE LSRR

& &|T Polydora ciliata QEEJNIHIZY 4~8A O, B S Adhah s 7 AhaITH
5, 10 FHEE CRBEORENMRITINbN S &ili~ths, AE BRI O FE L
EEBIR NS BAEDIEIVIRI, egg sac DEBRILOELHHEZ(LICDNTIEAE L 2ok R,
AN, HBIERICTRTEBYD, RIPREBITREND eggsac DHEEE» S AT, &
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Bk Wik, egg sac O HBIMBEL(L
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NS 2 DOQEWNIRICE Y 5 I dEE KIpHlicaz s (B1ER), S~7THA0EZK
B LEIR O BRI, 55~139kf, & <K egg sac £ » T HKiZ 75~114
&, WEMARORAETH 205, 8 HLIAT] &kt MM R ER TR IC/NE D Bk
L0, KEIOH QEINETIT 40~84 1, egg sac OFH 5 HKIT 55~74 it 13- T,
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20~4917, 50~89fF, L CIOHIPIEE 3 DOWITAEL N ENE LI TH D, 2D
B~ O/ND BT H & S PICHEREOYEBETH O, 86Tl Lo KB D Hfd
BEEFREOENERP AT, BELZORERT, —HOEKTERBENID LD
EEZOND, ZOMBEBDRMICH 250~84TWORIL, BOMEIHORABE L LUE
SRR DRI & 0 & T, FIFEKOBERRL F&KE L, CNICHFEORERECES)
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WEICHBRLLERPHL, BBRORERHIEE U OYERAR Q0~3511) EHIHEKEL
FUNERY (FF) OEBRBO2H L, cnoNEELTARER 12D LEN-T
HET 5. CODBSSHL LOARBBICI AN BEENAE LD ON, BEMNICIE egg sac A8
WU THKREOERNMNEIBEIN S, LLADKRICE 2 LHFEKSEE IO NERIREORE
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BICHFRESEOHRTE GHLT) BLK2 AWZIT TORLENOMEMICA LD S
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XD B, 4~5 FOMERICHET 2 REAKZEMERL TRNEL S, BIEEK
FELFAELHERICOBBICRNEXbTrENoALDOND, S ALIKER
POFE S EEBLTLE D, 6 AICE DRIEKEOFRABHI0~T0, JIEE ORE
T 70~104T & 2 NLFNEREL, DD B0 EO KM NERDENICEST 5,
ChEEBICHERNRADOYRBOEFELENBT D, BT H, 8 FoRELHRE LI~
Abo CTTRHRWIDIZT~9 AIChT COMEKTEFERALTARE L hBMEE (55
~891) DA BB TH 2, COBRIZ3I~S A0BEHTR SO TNIEHHELRL
TS, 6~10H, &<IC7~9 HiKhy TAKICEINT 5. C OBRIZHEICHI -
THEDOIN, ECWHLERCENTELOL ENEEINS,
PlEoESicTavyy 4 B33 Polydora ciliata DRI OBRAL(LHBEZ 3
L, TavHABBICREMOEINCRET 5 REE, 126 HoEichkd s T
KB, VWE1DRBHKEI~LEOENCKRAT 230 (COBEECIK6~9 FICaEic
HiFic Bl %) R oI NIE—BZ OERINCHAE L maRinL 728, ©2->0
BB EETEDEEZ LS,

5. mk E

IR OE A ORRERE OEIRE S G OREHBENIC K » TH7E O WRLREBRE L H
BT LI ENTE S, B2 OEZBENOEHOFEEEERY, TORABHAERL LH
6D LD EHMEMIANSLEDOENE, TNICKD E Polydora ciliata DKETRKEIZEF

7 8B 3 1001121 23 4 5 6 7 8§ 9A
1965 1866
BB ToYHAHEICE TS Polydora ciliata DR
A, T~8HFAT B, 1~28 B L UHKRYEL L ORAER

ST IR VETIEEN, MELFERE UARERTREESIGHLELD, £24KEII
B LT ENES 14.0mm, 10.9mm 753,

% g

Polydora ciliata OENE & ICEEEICH 2 2 RIEHBROLET) (EIREPRE) WBEL T
12, Dorset? (1961) 75 Whitstable /2 London Clay it 4= 3 2 KFIC DO THR
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CTEPD, BHMIIBHLTTa vy 1 HRICiEET20TER R OEDLDNEY, T
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PWAROFLEFCODOTHIBRD 2D 6 ~2 HiCnd THRENICA LR, ZDHbH &L
WEBUELAR203T~88ThHb, chic23<1l~2 ADFAFIE I~ &D
W TENHBELRL T E, CNITEES egg sac ORBIUNKOWDIC I ZENED
BT collicksy 3 AR/ Lo &4, &<Iic7% a4y 4y Bugula sp.

FIEBIEDTRIEVDLEELZ SN D,

CCTHET AEAHIEE L TRMTERS T 2R AL DR BRI DT
et i, BlEoE >R 7avH 4 HE~OREKOELY, HBBELSEERLT, M
FEXEREDDEEY, ZHRUBATE6~9 QIR 20BZETRBOLEEL LN,

£ #

Tav a4 HBC BT 5 Polydora ciliata OFHIHEEA A L 7o

1) AEOREICHEEEROENEZE~9 ARESE L HEL, 3~5ATEHEN
E1E b,

2) $ROHAB~DEENEZEFET~8EAFU~2 A0 20A N5, HFHIL6
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TAXONOMIC MODIFICATION OF AMINO ACID COMPOSITION IN
THE PROTEINS OF MOLLUSCAN SHELLS.

Koji WADA**

A comparison of amino acid composition was made on the proteins from different structur-
al units of two shells of Cephalopoda, of three shells of Gastropoda, and of five shells of
Bivalvia for exploring the taxonomic and ecological modifications in the amino acid pattern.
The conchiolin matrix obtained from a decalcified shell was put in a glass tube containing
2ml. of a 6N hydrochloric acid solution, sealed and then hydrolysed for 22 hours at 110°C.
The hydrolyzate of conchiolin was treated according to an usual way for an automatic amino
acid analysis.

The conchiolin of any given species appears to have a specific amino acid pattern, though
the pattern varied considerably between non-mineralized and mineralized layers of a same shell
(Fig. 1). They may be clearly classified in amino acid composition under the three groups of
Cephalopoda, Gastropoda and Bivalvia.

Such ecological elements as food habits and environments do not seem to disturb the proper
amino acid patterns which the groups of animals possess.

2 v FEAd ) VITEBRPICEEh AEREOIMKT, %5 BERFAMKO LR IoTEARSH, &
WL TR S USRI T h %, ITHSCRI L D, = OMENMHALFEN B 5 B
EAER, IECEDTR— S~ a< 257 4 ~24 07 3 2 BEROLERELNCIh, a2 vE
FYVIRAZVvaTaT 4 vO—FETHLZ LA RENT: (ROCHE et al., 1951; GREGOIRE ef al., 1955;
TANAKA et al., 1960), GREGOIRE ef al. (1955) FHRH, HEERIOEREOER (HkE HEAHE
OB L OEEENHELY o /oy, o vEa+ ) VIIKBEER, <7Fy FEIURZve S
=T Vb b v ARBEDET, oL ARBFUISEENEEE S DT EREL TV, B
Tanaka et al. (1960) (37 = v 1 HREEEa v++ Y v N Fills Lo C K7 s B rhTFh
DNP kL0 F oo v BETH~LER WPhi 70 v vngl, corp NFRcey w72
R EUEEOLEY, FCERCIE Y vE Ut s OSBRI L TV B, TOBA 4 VAR
BT aHLONT I BE SN EBEOBENBC Lo TEOS W EOBEL MBI b io T3
(Hare, 1963; TANAKA ef al., 1963),

—%, avFEF U voT /IR AE—EO BREEN 7] (BEEDHAM, 1958), Hi—HBE kB O R
AR (HARE, 1963), LM RGBT (ROCHE et ol., 1951; HARrE., 1963; TANAKA ef al., 1963;
Wapa, 1966 a, b), & IUFLEEORMERN (RUCKER, 1965) TLh LS ER T2 2 &aEH S
T 5,
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AT, BREHOEY LT JIETHENRE L BRE L, T0B, Thb 3FER JUEBEHIE
57 3 /BB OBSNERC HEFHNERYRDLOT, - Lid THET 5,

WHEB L THE
3/ BERESTCHER LIRS TOTEIERB LICEARDOEE D TH D, TinbbHREZE,

)];%Eﬁés@%&v%@%&@ B = vk ) VT, FOSHESFINCE, B SET Uk BB & S
BIOREMELTIEL TR LLETEDIT L TH B,

& ¥ - SRR 8o EEER
BEE

# 4 & = Argonauta argo AR W OB B 4 v a b ERE

. o . fhorny plate E W Y -

= v 4 H» Sepia esculenta [ - {Spongy body S5 g b =R
IER

5 v 7 = v Hemifusus terneatanus A & ¥ & K B JFE & ¥ TEE

r . e e . 2K B B YW —=m

7 7 v Haliotis discus LTI S {ﬁ % 5 75 :,;L P =EIE

v o> s 4 Cellana nigrolineata & { calcitostracum L A b EEED
IR

BB O B =ER

OBk B W L.,
% 7sarqr £7W

R & 7 5a3A b
=< 7 %  Ostrea gigas 75 v/ v calcitostracum B A Y A b

o~ = 7Y Meretriz meretrix lusolia

A4 a i1 Hyriopsis schlegeli

S Y 0 Pinna attenuata

3 = #H vV Anomia lischkei # 3w 7 b calcitostracum A LY 4 b

BT IR CHISE2 o & 0 T B i a kL, R TECERER L, S OHRD/MNr%
oLy, BWRISGHNIBCEFRFRLEL T2 L 50H%8 (7 (horny plate, spongy body, cal-
citostracum, FREER IOEKE) 2HEEL S L, PKIL 3M ON@EEECERIC T 1~3 BB
Vs, O I~3EPBIRIEA AR U Tce MR L T e = w4 ) VIdZEIBICTHEER L, Bk Smg
Winh X 5ERL, 2ml © 6N EBOASTHIEBEI LD, L T 110°C ERs 22 BEn
KGR B2 feofe, MWK FITBRE T3 EIEREE L CH EfEC 5ml © 0.2N 7= vEEEEET
(pH 2.2) i L, Sl 7z,

%HWHKMAZWﬂuf S B WA R FERL TR I ieDor,

= B # R
ﬁﬁ%%ﬁ%ﬁm%iﬁﬁéﬁm@’MMelK%h%hﬁ,f%%oCh%@'ﬁMe$K%Lt$%
FH1000 Hioh DT 3 EEHEDONE L 0T, FBREORE 2 vt ) o TR ERAET L  EREEO

LR EHENCTNES TRTE FRED X 51l b,
1. IBHBE/T7I/E/HLKE B
1. 7y »v
i) FE §5 4 1k FB:  Hyriopsis> Meretriz > Haliotis> Hemifusus > Sepia

FREREARLEEDR B,
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iii)
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EEBT I /B
T e =T F
SEE S YR
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i) SES Lk
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Hyriopsis > Pinna> Haliotis > Sepia
Anomia > Cellana > Ostrea > Argonauta

Sepia> Hemifusus> Haliotis > Meretriz > Hyriopsis
Pinna > Hyriopsis > Haliotis > Sepia
Anomia > Argonauta> Cellana > Ostrea

Sepia > Hemifusus > Hyriopsis > Meretriz = Haliotis
Sepia > Haliotis > Pinna > Hyriopsis
Argonauta > Anomia> Ostrea == Cellana

Hemifusus > Sepia> Hyriopsis > Meretriz > Haliotis
Hyriopsis > Sepia > Pinna > Haliotis
Anomia > Cellana > Argonauta > Ostrea

Hemifusus> Sepia = Haliotis > Hyriopsis > Meretrix
Sepia> Pinna > Hyriopsis > Haliotis
Argonauta> Anomia > Cellana > Ostrea

Sepia> Hemifusus > Hyriopsis > Meretriz > Haliotis
Sepia> Pinna > Hyriopsis > Haliotis
Ostrea> Anomiaq > Argonauta> Cellana

Sepia> Hemifusus > Haliotis > Meretriz > Hyriopsis
Sepia> Hyriopsis = Haliotis > Pinna
Argonauta > Anomia>Ostrea > Cellana

Meretrix > Hemifusus> Hyriopsis> Haliotis > Sepia
Hyriopsis> Haliotis > Pinna > Sepia
Argonauta> Cellana > Anomia > Ostrea

Hyriopsis > Haliotis > Meretrix > Sepia > Hemifusus
Sepia> Pinna > Hyriopsis = Haliotis
Cellana > Ostrea > Argonauta> Anomia

Sepic > Haliotis > Meretriz > Hyriopsis > Hemifusus
Sepia> Haliotis > Pinna > Hyriopsis
Ostrea > Argonauta > Cellana > Anomia
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1) JE 4L 4 1t B: Hemifusus> Sepia> Haliotis> Hyriopsis > Meretric
i) 79=%4 @ Sepia>Hyriopsis>Haliotis > Pinna
i) p A A rJE: Argonauta> Anomia > Cellana >Ostreq
2. TrAX¥Fov
i) JE 8 % 1t B: Meretriz> Hemifusus > Haliotis > Hyriopsis > Sepia
ity 73 =941 v@: Haliotis> Hyriopsis> Pinna > Sepia
i) v 4 b @ Cellana> Anomia > Ostrea > Argonauta
3. BARFDV
i) 3k 8L 4 1t J8: Sepia> Hyriopsis> Hemifusus> Haliotis> Meretrix
ity 77 =v4 rE: Sepia> Hyriopsis> Haliotis> Pinna
i) #» w4 + B Argonouta> Cellana> Ostrea > Anomia
VI EEMTI/E
1. 7A3¥VE
i) 3k $L W 1k fB: Haliotis > Hemifusus> Sepia> Meretrix > Hyriopsis
i) 73 =941 pJE: Haliotis> Sepia> Pinna > Hyriopsis
i) H a9 4 v Er Ostrea>Cellana > Anomia > Argonauia
2. sz ivEg
i) ZE 4K % 1t JB: Haliotis > Hemifusus > Sepia > Meretrin > Hyriopsis
i1y 735 =94 E: Sepia>Haliotis>Hyriopsis> Pinna
i) H A4 r B Argonauia> Anomia>Ostrea> Cellana
VII. W7 /B
1. s2zHd=v
i) FE 4K W 1k B Meretria> Sepia
ity 735 =94 vJE: Hyriopsis == Haliotis > Sepia > Pinna
ity H A b B Argonauta>Ostreq » Cellana
2. vy RAF v
Argonauta 0L AENENCE B D bz,
3. VATFAV
i) 3E 8 ¥ 1k B: Meretrix > Sepia > Hemifusus > Hyriopsts > Haliotis
i) 73=+41 @ Sepia> Pinna> Haliotis > Hyriopsis
i) #9414 + B Ostrea> Argonauta> Cellana > Anomia

FREEE BERERSIVHARED SHELSG A&7 1 /BOBEREOHEAIFINDOREFRE L TK
RTAE Fig. 1 X 5ic/cs,

WROTRER) b ABEREIEEEDT 1 VIBBEH >V 5 2 LIXHLATH B, F—RBEIER
THRBEMIC T 3 7 BREOR S OELL LS b ot Bzl S, esculenta X EIIEFEL B D
73R ERL, A argo iy Ay D, M. meretrix lusolia DFREE L 254 =V, TAF=2vE
LU VAT A Y DR R E R EERC Lo TER TS0 bh Tz, e C. nigrolineate ®
calcitostracum D7 3/ BHERIIENICSED 7 ) v B IO BED 7L 2 I VvBR H A TY
HETHOERED T ¢ /EMEARE BERL 20 3 RS, H. terneatanus ORREBIL FvA=v, A
Vv, mAYY, AV R YVYEICY Y OHMINCREREYFATHSATHOEREERIIERT
Bh, e v v RERC O THEOREELE L ERE U T B,

PLED X SwavEdsr ) vor s BEBITEEEORERL T 52, BREA BREFRS IUREHED

*REOBMBAEBHETH D,
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200 Glu © 8 )
2, s C
T L S
! W g X é ] ® X X x B
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o B .8 . 089 853 x ’xQ 0‘2
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NAC
L Tyr )
o
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Leu LYS Hig % Cephalopoda
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© ® ,8 X ; QQ‘ ‘xx X QG O Bivalvia
9 g% eEx X ggg °x e
L@@ x % 8 3] .e.
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Fig. 1. Comparison of the relative amounts of 18 amino acids determined in the
hydrolyzate of conchiolin among the three groups of Cephalopoda, Gastropoda
and Bivalvia. The value on the ordinate represents the number of amino acid
residues per 1000 total residues, and A., C. and N. on the abscissa aragonitic,
calcitic and non-mineralized layer conchiolin, respectively.

FHCROCTIRD L5702 LD HNRE, b bIREO = vt ) V3o 2 Phc i U THXEY
k&l b vt =y, FAgx IV, Te )y, AUV, 4V e sy, VOVEBITeAFO Y LR
RS Y e T AF v ERREEL, ERELTASSEVEE, Ss I VBB IUT A K=
RS &R, e AF O vORENPRGET, $RBRRERSED 7 ) v v ELI LRIV
PP TR TS bt % (Fig. 1),

L LE—8H s FA—Fo S, Bk C, v+ ) vo7 3/ BEKAEHHEC X2
Tis b OFB R RTONEDLRL, Gl ) v 7 e ) voSHERIEEC L 221 0 il X
LDENFECHEDON, TORMERETIITAASEVE, SV vy, T2V, vf¥Y, Fr¥VE
IO 72275 =viiB0T, BRETII7ZTAAIFVERS IO /A4 3 vBBICB\ T, ¥-HEETIE
VYV, YoV, ERAFSVRBIOTAFE 2 VT EWTERIER X AEENRBEbhTu s Fig. 1),

BME 2 vEF ) vOT I JBERE OBFRIC oW TR SEE SRS T E o3 U s ot
B, Purd=v, FUvv, S0V, AVl YRBINI S VEROGIMOT I BOMICITA S OHEES
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LD bR X 51 ZI’)*LZQO

% 2

BEEDHAM (1958) (& Anodonta cygnea, Mytilus edulis 45 X0 Ostrea edulis O RE & T OWIH DR 7
B0 BEAEOT §  BHUR A IR LR, BT = ~Mr2“zi>“)7t I/ e aa
//@% e T, FRMHNEBL Y e ) v B I AFF = v OREEREEHEREYED T, BEEEE v
LLeEBAE»BRY, WHABORERT 3 /BRI BRI 28D %%mbt&%&ﬁ%bfma
LS Lo, WabA (1966 b) (23R LIE & SEpfbiEOmBEE® 7 ¢ 7 BECE B L TR thth
DL L 7o o i, W SN AR BT D HBL LI LENEELERL, Fr v Oa%
BleoW Tk » 5 = v BEOSS L EEREERTL@RE Ui, S E = Vb U v 7 3/ BRI D
Ti%, ROCHE et al. (1951) 11 Pinctada margarittfera OB & EEEY, Hare (1963) 11 Mytilus
cali fornianus OFEREE };EJ/H. %, TANAKA et al. (1963) iz Pinctada martensit OBELLE - B EY,
F7- Wapa (1966 a) (3EHRH 2%, ERE2E S IUHFRE 4B B4 68 U C s b st L
tm%,%%m®%kl017\/MmX®~%LE%&?éu&%hmbfVéoL#LRmmma%a
i1 Crassostrea virginica @ 6 Mk JURERE 6B a v A Vv DT7 3/ BEME koo,
73 BB LR OB A AT, ARBEECEHOEC Lo TEL LR EREL T B, —h, B
RE, ERESICEREOHEKBx v+ ) vOBTEMSIESRC IS L, v AREBEOREuLZ
153 3%?0)&5'(4#5% A R LT B (GREGOIRE et al., 1955),

BEREE ORI A LFEOTE TE b S EofRy, (D) 7 5/ BRLRISERE OBk R 2 BRI,

(2) R BEES :LU??Eé«’ﬁ@ﬁﬂK%h%hﬁﬂ%ﬁ@%ﬁm2sbl‘o;hZ)O LOBRLAREREDOT 1/
R O S0 & S EEEC BT 5 RS EFENER Y EMT T 5 L 5w lbha, 4RO aER
PPTRCIDBERRICRT A Z LI TERL, ) AREES @) Bl vEA ) v 7 I/ BEN S
ORI ERBRL D bR LT, BELTOT &/ BROBHAE T Sl chb0ER

PEEL I ERERL OB EEL BhA,

SEIDGHHERILF OGHEE (£3~5%) mbHAT, 7/ BHAROB I hEYZ 4TI THD
EEZ bR, SHBIRBOMELX L TR TAMCMENEIN D EEL L 5,

1) FEHE2, BREESERSIVCHEFESEORREREOT I / BRI LFICHRL, oh
LEMIORBT I /R & T O O EEN S L UEEERBIGRY B Ui

2) BEERSHEHIEEEDT 1 /BHEEY LT 505 BT, TS 3B ThENEEEOGY L
DTWBEEL LR,

3) ABBESAEMOBRRT I BHRC S L TR EFNESEYRA I RVWEEL Bbh D,

# #

Bools, APRCH L CERBERMRELAER SRR, FRART OO A
BRI R E N ST A L (A TR OBYET S, FBERRLIHHYTE
T ABIRFTR MR E 3 LU HBEE, Aicow Tl T o B Re iRt gL, v
i A argo O EERRET I o AWRFIRASTRE ST 5,

X [
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STUDIES ON THE MINERALIZATION OF THE CALCIFIED TISSUE
IN MOLLUSCS—XI.
COMPARATIVE BIOCHEMICAL STUDY ON THE AMINO ACID
COMPOSITION OF CONCHIOLINS FROM CALCITIC
AND ARAGONITIC LAYERS*

Koji WADA*®F
(Received December 13, 1965)

In most of invertebrate calcareous tissues, carbonate is mainly precipitated as the
crystal of calcium carbonate in calcite or avagonite form. From a long time ago,
the mechanism of polymorphic formation of carbonate in organisms has been exploring
by many researchers in the fields of biochemistry, biomineralogy and biogeochemistry
(SAYLORY, STOLKOWSKI®?, CHAVE®, LOWENSTAM®Y, KITANO™).

CHAVEY and LOWENSTAM* have made the very interest investigations on relationships
between the environmental conditions under which organisms lived, and the formation
of aragonite, high-magnesium calcite and low-magnesium calcite in their calcareous
tissues. Recently, a particular attention comes to be payed on the nature of protein
which is termed “ conchiolin” by FREMY® may involve the formation of calcite and
aragonite in molluscan shells (ROCHE et al.”, WATABE and WILBUR®, HARE", WILBUR
and WATABE!®, KOBAYASHI'"-2)  Similarly, certain organic materials seem to play
an important part of formation of calcite under definite conditions provided in a
laboratory (KI1Tawo and Hoop'™). In his biochemical study on amino acids in the
conchiolin from nacreous and prismatic layers of the Mytilus shell, HARE® pointed
out that the ratio of acidic to basic amino acid residues is different between the
proteins present in calcite and aragonite. WATABE and WILBUR® have demonstrated
experimentally the specific property of conchiolin influencing the polymorphic forma-
tion of carbonate in in vivo calcification of demineralized conchiolin in molluscs.

In 1961, the present author'® has assumed that the nature of conchiolin may involve
the polymorphic formation of calcium carbonate in molluscan shells. It will be pro-
hably expected that the significant difference of amino acid composition may arise
throughout between the proteins from calcitic and aragonitic layers which are assumed
to have respectively proper amino acid patterns in all molluscs, if an important factor
influencing the formation of calcite and aragonite is the chemical and structural
properties of conchiolin and its precursor, though the content of the amino acids present
in smaller amounts may also vary widely among different species as in invertebrate
collagens by GRrOSS and Pigz'®. In this problem, the present author would try

*  Contribution No. 136 from National Pearl Res. Lab.
*#*  National Pearl Res. Lab. (FnHE#H, ErBEBEpism).
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here to make clear whether conchiolin acts as a controlling factor of the polymorphic
formation of carbonate in calcareous tissues of molluscs, based on the comparative
biochemical study on amino acid composition of conchiolins from calcitic and aragonitic

layers.

Materials and Methods

Suitable shell constituents of the following species for this study were chosen as
a material taking account of taxonomy, mineral composition and layer structure, and
summarized in Table 1 comparing the staining property of decalcified organic matrix
of the materials by Azan Staining.

Table 1. Mineral phase and staining property of materials used for amino acid analysis.

Species Materials Mineral phase Azan staining

Cephaloboda

Sepia esculenta spongy body aragonite blue

Argonauta argo whole shell* calcite blue~purple
Gastropoda

Haliotis discus nacre aragonite purplish blue

Cellana nigrolineata calcitostracum calcite blue
Bivalvia

Hyriopsis schlegeli nacre aragonite purplish blue

Pinna attenuata nacre aragonite purplish blue

Ostrea gigas calcitostracum calcite blue

Anomia lischker calcitostracum calcite blue

* The shell consists of non-mineralized and mineralized layers.

The amino acid analysis of protein was automatically performed using the KLA-2
type Hitachi Amino Acid Analyzer according to the method reported by SPACKMAN
et al ),

Conchiolins used in the amino acid analyses were prepared as follow: The layers
with mineral phase and structure as shown in Table 1 were isolated from other con-
stituents of individual shells, which were removed from soft tissues, as carefully as
possible except the Argonauta shell, a small piece of them then was washed with
distilled water and demineralized in 3M acetic acid for 1 to 3 days. 5.04:0.5mg. of
the dried conchiolin was hydrolysed in a sealed tube containing 2ml. of a 6N hydro-
chloric acid solution for 22 hours at 110°C. The hydrolyzate of conchiolin was dried
repeatedly on a water bath and dissolved in 0.2N citrate buffer, pH 2.2, for the auto-
matic amino acid analysis, according to the method of TANAKA ef al.'™,

Results

An example of the automatic amino acid analysis curve is shown in Fig. 1. The



297

peak C seen in Fig. 1 is found only in the Sepia and Cellana conchiolins, and takes
place near that of hydroxvyproline but appears to differ {from that of the amino acid
because the unknown peak is absorbed maximally at the wavelength of 570 my contrary
to the peak of hydroxyproline. The small peak corresponded approximately to that
of tryptophane in Fig. 1 was not determined in this study. Amino acid composition

(3504t

Fig. 1. The amino acid analysis curve given by the conchiolin of spongy body of Sepia
esculenta.
calculated from such analysis curves is summarized in Table 2 for the conchiolins
from calcitic and aragonitic layers of shells in Cephalopoda, Gastropoda and Bivalvia.

Table 2 indicates that both calcitic and aragonitic conchiolins have relatively high
concentrations of aspartic acid, serine and glycine residues, respectively, and in each
group of animals the larger amounts of these amino acids may be generally contained
in the calcitic proteins than in the aragonitic ones. Especially, one could find that
a significant difference appears to occur in the content of serine, alanine, leucine and
proline between calcitic and aragonitic conchiolins, regardless of taxonomical or
ecological pattern. That is, aragonitic conchiolin contains relatively larger amounts
of alanine, leucine and proline residues than calcitic conchiolin, and calcitic conchiolin
has higher contents of serine residues but only few number of alanine residues, 10 to
37 residues per 1000.

The ratio of acidic to basic amino acid residues is shown in Table 3, indicating
no significant difference between calcitic and aragonitic conchiolins. In Bivalvia the
ratio may be always much higher in calcitic conchiolin than in aragonitic conchiolin,
but rather inverse relation appears to reveal in Gastropoda. Furthermore it is evident
that the sum of the nonpolar amino acids are always larger in aragonitic conchiolin
(Table 3).

The conchiolin of Cephalopoda, especially Sepia esculenta, may be distinguishable



Table 2. Amino acid composition of calcitic and aragonitic conchioling (amino acid residues per 1000 total residues).

862

\, Materials & T
T Cephalopoda Gastropoda | Bivalvia
. —
. ﬁnﬁs&e . S. esculenta A. argo H. discus C; . MAGTO- H. schlegeli | P. attenuata 0. gigas ; A. lischket

Aminoﬂicid g arag. cal. arag. mclg?.m | arag. arag. cal, E cal.
CySOH 12.6 5.2 6.2 3 1.5 8.3 9.1 i 1.9
Asp 178.5 153.3 267.2 279.9 116.4 167.7 392.9 l 276.5
Thr 61.9 60 22.7 5.9 22.9 14.6 10.7 { 18.1
Ser 96 134.4 20.9 128.6 81.5 ‘ 9.6 183.9 l i78.1
Glu 152.8 78.8 58 24.3 “ 48.7 43.4 31.8 67.2
Pro 51.5 14.8 33.4 7 19 24.9 17.1 5.2
Gly 41.9 118 129 253.6 170.4 146.2 224.9 259
Ala 43.5 30.1 124.5 i1.3 216.6 225.4 10 37
Cys 82.9 \
Val 44.5 52.1 37.1 10 32.9 33.3 10.5 26.7
Met 1.1 1.1 3.9 4 4 - +
Heu 41.6 51.8 15.3 5.6 25.6 4.4 4 8.1
Leu 60 13.4 35.6 i8 68.3 50.7 8 20.3
Tyr 33.3 30.4 22 68.5 22.2 31.4 45.9 26.4
Phe 30 59.9 46.3 53.3 55.5 44.8 5.2 10.6
Lys 83.7 58.8 25 33.4 42.5 24.8 22.6 34.5
His 22.4 37.2 4.1 4 8.3 2.2 1.7 -+
Arg 44.6 18.5 a8. 92.7 63.6 37.5 22 36.4
NH, (22.3) (16.7) (13.8) (9.0) (8.7 (16.7) (15.3) 13.1)

* arag.:aragonite, cal.: calcite.
**  Corrections for the destruction of threonine, serine and tyrosine were not made in this study.



Table 3.

Conchiolin in mineralized layers of molluscan shells (residues of amino acid per 1000 total residues)

Calcite Aragonite
C. nigro- - T oo | . L
A. argo lineata 0. gigas A. lisehker | S. esculenta | H. discus H. schlegeli §P‘ attenuata

Nonpolar amino acids 223 .4 106.2 54.8 107.9 272.2 295.6 421.9 413.5
{(Pro+Met+Val-+Leu

-+ Tleu-+ Ala—+Phe)
Acidic residues 231.1 304.2 424 .7 337.7 331.3 325.2 165.1 211.1

(Asp-+Glu)
Basic residues 114.4 130.1 46.3 70.9 150.7 118.0 114.4 84.3
{Lys+His+Arg)
Ratio of acidic 2.020 2.338 9.173 4.763 2.198 2.756 1.443 2.504

‘basic residues

664
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from those of the other groups used in this study; i.e., the conchiolin from the spongy
body of Sepia esculenta does not have glycine and alanine in such large amounts as
seen in the other aragonitic conchiolins but contains a relatively large amounts of
threonine, glutamic acid and lysine residues, and the conchiolin from a whole shell
of Argonauta argo appears to differ in a rather higher number of cystine residues
from the other conchiolins. The conchiolin from mineralized layers of Gastropoda,
on the other hand, appears to be characterized by the high concentrations of arginine
and aspartic acid residues in no relation to the mineral phase of them, though arginine
is higher in aragonitic conchiolin than in calcitic one in the other groups. The content
of basic amino acids also may be somewhat varied respectively in close relation to
taxonomical or ecological pattern of shell-fishes. It will be noted that the high tyrosine
content is found in the conchiolin from the calcitostracum of Cellana nigrolineata.
The above-mentioned pattern of amino acid composition between calcitic and
aragonitic conchiolins would be more clearly illustrated in Fig. 2.
1oy A ' : ]
aspartic acid seTine prokine
300F ]

|t

200+ y .

r
ioof oy g] a] ]
oL A4 A a:j . ol |

alycine ~ glanine leucine

T -

helooda Bvabvia [ h}da Buabvia  Ceptalopode Bvalvia
9 pﬂﬂs%mpoda o pﬂGas{mpnda ki Gastapoda

Fig. 2. Histograms showing the relative amounts of aspartic acid, serine, proline, glycine,
alanine and leucine between calcitic and aragonitic conchiolins, which are indicated by
white and oblique line, respectively. The values on the ordinate represent the number of
amino acid residues per 1000 total residues.

Discussion

For a long time, it has been considered that conchiolin may be involved the



301

mechanism of polymorphic formation of carbonate in molluscan shells, but we do not
have still enough of fundamental investigations for this problem in organisms. ROCHE
et al.” demonstrated on the base of amino acid analysis that the conchiolin from
prismatic layer differs conspicuously from that of nacreous layer, in Pinctada wmar-
gartifera, and assumed that the proteins are the factor controlling a crystal form of
calcium carbonate. The difference of amino acid composition was also recognized
between the conchiolins in prismatic and nacreous layers of shell of Pinctada martensii
(TANAKA ef al.'”). In their experimental studies on the mineralization of decalcified
calcitic and aragonitic conchiolins in in vive and in vitro calcification, WATABE and
WILBURY suggested the role of the protein matrix to play as the controlling
factor on biological occurrence of aragonite or calcite, and thereafter they'® have
found the difference between X-ray diffraction patterns given by the proteins. Ac-
cording to HARE’s biochemical studies” on the amino acid composition of con-
chiolins from prismatic and nacreous layers of the shells of Mviilus californianus, the
ratio of acidic to basic residues may be higher in calcitic conchiolin (prismatic) than
in aragonitic conchiolin (nacreous). The present author, however, thinks that con-
chiolins included within some prismatic layers are not always the suitable material to
clarify this problem in the study because of experimental errors due to the mixture
of different structural proteins which may be attended with the danger of some
confusion and mistake in interpreting analytical data, as suggested by GREGOIRE'®
and WaADA'™. Accordingly, prismatic conchiolins would be not preferred to use
as a material for exploring the mechanism of polymorphic formation of carbonate if
one could not completely isolate different structural proteins within the layers.

The results obtained in the present investigation indicates that the conchiolin from
the calcitic layers, all calcitostracum except the Argonauta shell, in the three groups
has appreciably large amounts of aspartic acid, serine and glycine residues and very
few residues of alanine, though BEEDHAM®” reported high alanine content in the
conchiolin from outer region of the Ostrea shell, while the conchiolin from the aragonitic
layers with at least one exception of the conchiolin from spongy body of Sepia esculenta
contains aspartic acid, glycine and alanine in large amounts. The most characteristic
patterns are that the aragonitic conchiolin has larger amounts of alanine, leucine and
proline but smaller amount of serine than the calcitic conchiolin has. The higher
number of nonpolar amino acids also appears to be present in aragonitic conchiolin.
The above-mentioned distinction of amino acid composition between calcitic and ara-
gonitic conchiolins will be found in the analysis made by BEEDHAM®” who had
not pointed out the pattern. Such the relation as pointed out by HARE® in the
ratio of acidic to basic amino acid residues may however occur only in the conchiolins
from the calcitic and aragonitic layers of Bivalvia. The fact suggests that the ratio
of acidic to basic residues may rather depend on the taxonomically specialized charac-

teristic. It is moreover found that the feature of amino acid composition between
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calcitic and aragonitic proteins is correlated rather well with the staining property of
them in Azan preparation (Table 1 and 2).

The specialized patterns of the composition of conchiolins, as found in the present
investigation, appear to be maintained consistently in close relation to mineral phase,
irrespective of taxonomical, ecological and environmental elements, which must mean
probably that (1) the physicochemical conditions provided by certain specific amino
acids in conchiolins or the precursor of them, (2) the stereochemical structure of the
protein, or (3) both of these may play in some ways as one of the important factors
influencing polymerphic formation of carbonate in certain processes of the mineraliza-
tion of shells of molluscs.

As described by TANARA e¢f al.?V, BeepHAM?Y, PIEz® and HAREY, the proper
pattern of amino acid composition of conchiolins does not resemble to those of col-
lagens and keratins. In submicroscopic structures (GRECOIRE ¢f @/.?¥) and X-ray diffrac-
tion diagrams (WADA™, WILBUR and WATABE!?, FUJIWARA®"), conchiolins do not have
the characteristic axial periodicity of collagens, 640 to 700A, as well as the striation
along the fiber axis.

The conchiolin of the spongy body in Sepia esculenta appears to differ in amino
acid composition from those in the groups of Gastropoda and Bivalvia. The relation-
ships between the amino acid composition of conchiolin and the taxonomical or ecological

patterrs of animals will be reported in a separated paper.

Summary

1. For exploring whether the protein matrix involved shell mineralization of
molluscs also plays as one of the important factors influencing polymorphic formation
of carbonate, the amino acid composition of conchiolins from the calcitic and aragonitic
lavers of some shells of Cephalopoda, Gastropoda and Bivalvia was done automatically
by the KLA-2 type Hitachi Amino Acid Analyzer.

2. Aragonitic conchiolin with at least one exception of the conchiolin of spongy
body in Sepia esculenta appeared to be characterized by the relatively high concentra-
tions of aspartic acid, serine, glycine and alanine.

3. The large number of aspartic acid, serine and glycine residues and the few
number of alanine may be the characteristic amino acid pattern of calcitic conchiolin
or the conchiolin of calcitostracum.

4. It was consistently probable that the larger amounts of alanine, leucine and
proline but the smaller amounts of serine are present in aragonitic conchiolin, irre-
spective of taxonomical groups.

5. In a group, the number of aspartic acid and glycine residues of calcitic pro-
teins was higher, though there was a confusion in aspartic acid of Cephalopoda.
Similarly, the higher arginine contents were contained in aragonitic protein. except

Gastropoda.
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6. Judging from the above results, it is possible that the protein matrix may
involve directly or indirectly in some ways with the mechanism of polymorphic forma-
tion of carbonate in the mineralization of shells of molluscs. It was also suggested
that certain distinction of amino acid composition among conchiolins appears to occur

in correlation with taxonomical groups.

The present author expresses his sincere thanks to Director S. OrA of National
Pearl Research Laboratory for his kindness and to Prof. H. HATANO of Kyoto University
and Prof. T. Supo of Tokyo University of Education for their useful advices and kind

guidances.
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CONCHIOLIN IN AMINO ACID COMPOSITION*
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Conchiolin seems probably to be formed in the course of denaturation of mucous
substances secreted by the glandular epithelium of shell-forming tissues and to be a
scleroprotein with a small amount of mucopolysaccharides. One could find two groups
of different features of conchiolin in the calcification of shells of molluscs; namely,
the one conchiolin such as the horny plate of Cephalopoda and the periostracum of
Gastropoda and Bivalvia is never mineralized themselves during the process of shell
formation and may serve as a back-plate and substratum for the another which could
induce nuclei formation and subsequent growth of mineral phase. How does the
nucleation of mineral phase occur in organic phase in the mineralization of molluscan
shells?  To answer this quesion, one must first try to investigate the specific property
of conchiolin which is capable for the opening of mineralization in vivo.

It is possible that critical nuclei of mineral crystals may be induced in specialized
sites of organic matrices through heterogeneous nucleation in calcified tissues of
organisms (SOBELY, NEUMAN and NEUMAN®, GLIMCHER®, WaADA®). Many workers
have payed a great attention to certain amino acids of proteins themselves (NEUMAN
and NEUMAN?, GLIMCHER®, HAREY), to certain acid mucopolysaccharides bound with
appropriate parts of proteins (SOBELY, ABOLINS-KROGIS®, WADA%Y), or to acid mucopoly-
saccharide itself (RUBIN and HOWARD) in the mineralization of calcified tissues of
vertebrates and invertebrates.

The present author® .89 has found the characteristic differences in stainability
and histochemical reaction between conchiolins of non-mineralized and mineralized
layers of molluscan shells and demonstrated that the metachromatic substance which
seems to be due to sulfuric ester may involve in some ways the initiation of
nucleation of mineral crystals in vivo. It was furthermore suggested that the nature
of protein matrix may differ between non-mineralized ancd mineralized layers. For
exploring the functional role of protein in the initiation of shell mineralization, this
paper will describe the characteristic pattern of amino acid composition of conchioling
from non-mineralized layer compared with those from mineralized lavers of molluscan

shells reported in the preceding paper!®.

45
*  Contribution No. i%?:from National Pearl Res. Lab.
** National Pearl Res. Lab. (Fuitiiiii: Bz sk 52i)



Materials and Methods

Materials were conchiolins from non-mineralized layers of some of the same
specimens used in the preceding investigation'® and of the other species, and isolated
carefully from mineralized layers by a razor under a magnifying glass before or after
decalcification. Prior to the isolation, periostracal conchiolins of Gastropoda and
Bivalvia could be possibly cleared of sessile animals, weeds and mud.

Hydrolysis and amino acid analysis of conchiolin were carried in the same ways
described in the preceding paperi®.

Resulfs

Fig. 1 shows a typical example of automatic amino acid analysis curve of the
periostracal conchiolin of Bivalvia. The peak C seen in Fig. 1 of the preceding
papert® also appears in the hydrolyzate of non-mineralized layers of Sepia esculenta,
Haliotis discus and Hemifusus ternatanus, the peak D in Fig. 1 in that of the perio-

iy,
i
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Fig. 1. The automatic amino acid analysis curve of the periostracal conchiolin of Hyriopsis
schlegeli.

stracum of Hyriopsis schlegeli, and the peak Z (not shown in Fig. 1) between the
peaks of tryptophane and lysine in that of the periostracum of Hemifusus ternatanus.
These peaks are not determined to correspond respectively to some kinds of amino
acids in this paper. The results obtained are summarized as the number of amino
acid residues per 1000 total residues in Table 1.

Tables 1 and 2 indicate that all non-mineralized layers consist of the conchiolin
having similar composition which differ conspicuously from that of mineralized layver
conchiolin, though the pattern modifies rather widely with taxonomical groups or
species. The conchiolin of non-mineralized layers has relatively higher concentrations
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of proline but consistently lower serine contents than the conchiolin of mineralized
layers has, regardless of taxonomical patterns. In a single group, the smaller amount
of aspartic acid and the larger amount of histidine are always present in non-mine-

ralized layer conchiolin. Although there is found at least one exception of the perio-

Table 1. Amino acid composition of non-mineralized layer conchiolin
(amino acid residues per 1000 total residues)
\ Materialss Cephalopoda Gastropoda Bivalvia
Amino S. esculenta  H. ternatanus H. discus M.hqu%m H. schlegeli
acid horny plate periostracum periostracum periostracum periostracum

CySO;H 8.8 4.7 1.5 24.5 4.1
Asp 142.2 158.5 178 50.8 45.9
Thr 56 43.4 24.1 15.4 8.1
Ser 59.3 51.1 14.2 16.3 26.1
Glu 82.5 107.8 111.4 19.7 18
Pro 82.7 46 80.9 61 52.3
Gly 65.6 92.7 140 322.5 343.7
Ala 87.8 48.1 16.9 10.9 5.7
Val 76 67.1 23.6 23.6 25.7
Met 2.2 + 66.8

Ileu 33.7 58.7 33.7 17.3 29.3
Leu 62.7 71.5 11.8 21.1 24.8
Tyr 62.5 25.8 199 174.5 244.1
Phe 31.3 59.8 \ 48.2 64.9 58.7
Lys 49.1 75.2 i 38.1 19.6 23
His 64.2 15.5 | 14.3 11.6 43.8
Arg 33.3 74 ] 62.7 79.5 46.7
NH; (29.5) 17.0) | (17.4) 8.3) \ 10.9)

* Corrections for the destruction of threonine, serine and tyrosine were not made in this

study.

stracal conchiolin of Hemifusus ternatanus, 25.8 residues per 1000, the tyrosine content
of non-mineralized layer conchiolin is in remarkably high concentrations; 174.5 and
244.1 residues in Bivalvia, 199 residues in Haliotis discus (Gastropoda), and 62.5 residues
in Sepia esculenta (Cephalopoda) per 1000, respectively. One could find that the number
of tyrosine residues may increase with increasing amount of melanin. Glycine is
similarly more abundant in non-mineralized layer conchiolins in a species, especially
puts up about one-third of the total residues in the periostracum of the Hyriopsis
and Meretrix shells (both Bivalvia) in which the aspartic acid and alanine contents
are generally lower compared with mineralized layer conchiolins, though both amino
acids are much higher in the conchiolin from the periostracum of Gastropoda and
from the horny plate of Sepia esculemnta than in that of the periostracum of Bivalvia.
These differences of amino acid composition between the proteins of non-mineralized
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and mineralized layers appears to occur most largely in the periostracum of Bivalvia,
as shown in Table 2 and as illustrated in Fig. 2. Besides it is evident that the
relatively high numbers of methionine and cysteic acid residues are contained in the
periostracal conchiolin of Meretrix meretrix lusoria (Table 1). The amino acid com-

Table 2. The comparison of several amino acids between non-mineralized and
mineralized layer conchiolins of a shell of the same species
(amino acid residues per 1000 total residues).

. Materials Sepia esculenta Haliotis discus Hyriopsis schlegeli
\\* Rt ;
%ﬁ?:slﬁ:,} horny plate ;Spongy body | periostracum nacre periostracum, nacre
Amino acid . non | arag. non arag. non arag.
Asp 142.2 \ 178.5 178 267.2 45.9 116.4
Ser | 59.3 ‘ 96 14.2 80.9 26.1 81.5
Pro ‘ 82.7 51.5 30.9 33.4 52.3 19
Gly 65.6 41.9 140 129 i 343.7 170.4
Ala 87.8 43.5 16.9 124 5.7 216.6
Tyr 62.5 33.3 199 22 244 .1 22.2
His I 64.2 22.4 14.3 4.1 | 43.8 8.3
Acidic amino | 994 7 331.3 289.4 325.2 | 63.9 165.1
acids
Basic amino 146.6 150.7 115.1 118 113.5 114.4
acids
Acidic/basic | 5 - _
residues 1.533 2.198 [ 2.514 2.756 0.563 1.443

* npon: non-mineral, arag.: aragonite,

position ofthe protein from a horny plate of Sepia esculenta appears to differ from
that of the periostracal protein of the other shells used in this study.

The ratio of acidic to basic residues is smaller in the protein of non-mineralized
layers than in that of mineralized layers of the same species investigated but does
not always appear to show such the tendency on the whole of molluscs (Table 2).

The periostracum covered on the external surface of shells of Gastropoda and
Bivalvia, especially in the nappy periostracum of Hemifusus ternatanus, however, will
be in the larger danger of contamination of the rest of sessile animals, weeds and

other organic matters.

Discussion

After FREMY!M had found the presence of the protein “conchiolin” in mol-
luscan shells, amino acid analysis of conchiolin was mainly made in Bivalvia by many
researchers (VOIT'®, WETZEL'Y, FRIGA!®, TANAKA ef «l.'¥) who were and are trying
to determine the nature of the protein. Recently, biologists, biochemists and bio-
geologists are actively investigating the nature and functional roles of conchiolin
on the fields of them (ROCHE ef a/.'® GRAGOIRE e¢f ¢l.'", ABELSON'®, BEEDHAM', PIEZ*,
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HaRE®, TANAKA ef al.?V, AKIYAMA®®, DEGENS and LOVE®™, WADA'). Their results
indicated that conchiolin may differ in amino acid composition from collagens and
keratins, and that they undergo some modifications associated with the mineralization
(HARE®, WaDA!®) and with the locally specialized function of periostracum and
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Fig, 2. Histograms showing the relative amounts of 8 amino acids between the proteins of
non-mineralized and mineralized layers. The number of aminc acid residues per 1000
total residues were plotted on the ordinate. The comparison was made between Szpia
esculente and Argonauia argo in Cephalopoda, between Haliotis discus and Cellana wnigro-
lineats in Gastropoda, and between Hyriopsis schlegeli and Ostrea gigas in Bivalvia,

respectively.
ligament (BEEDHAMY™). BmeDHAM'® and HIirimaN® reported that the conchiolin of
periostracum of some Bivalyvia contains the large concentration of phenolic amino
acids, especially tyrosine, and glycine, which is characteristic of a quinone-tanned
protein. As described above, it would be noted thatthe periostracum of Bivalvia
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consists mainly of a quinon-tanned protein produced by the epithelial and secretory
cells on the inner surface of an outer mantle fold and differ in composition from
the protein formed by the cells on the other regions (BROWN?®, BEEDHAM'Y, HILLMAN?®,

The most interest discussion for the mechanism of nucleation of mineral crystal
in the opening of mineralization in molluscan shells has been made by HAREY
who obtained based on his comparative biochemical investigation of amino acid com-
position of conchiolin from non-mineralized and mineralized parts of the Mytilus shell
the result that the non-mineralized units of the valve and ligament have the very low
content of the acidic residues, and stated that the side chains of the acidic residues
such as aspartic and glutamic acids could provide within protein itself negatively
charged sites to would attract calcium ions, the basic side chains could similarly act
as sites for the concentration of carbonate ions, and thus these side groups in the
protein matrix provide appropriate initial concentration of Ca*™ and CO;~ for the
nucleation of shell minerals,

The findings demonstrate conclusively that the protein of non-mineralized layers
of molluscan shells may differ in amino acid composition from that of mineralized
layers, and also that some modification of composition appears to occur in relation to
the taxonomical significance. For example, the high concentrations of proline and
'tj;f'rosine in non-mineralized layer conchiolin appear to be probably brought about under
biochemical conditions locally specialized in the process of formation of the layer but
may not be the specific pattern of the layer as suggested by the low tyrosine content
of the periostracal conchiolin of Hemifusus ternatanus. Serine is consistently lower
in all groups, and the lower aspartic acid content and the higher histidine content
are found in single groups and species. The number of glycine, alanine and glutamic
acid residues, on the other hand, may be correlated with the taxonomical pattern.

Although it is probably expected that conchiolins of non-mineralized and mineral-
ized layers of all groups of moliuscs are respectively characterized by specific patterns,
in the comparative study based only on amino acid composition of them it is difficult
to suppose whether certain amino acid groups themselves provide in the protein
appropriate sites for initiating the nucleation of mineral crystals and then involve
the mechanism of crystal nucleation in such ways described by HAREY. But it
is likely that some segments of conchiolin charge negatively or positively and then
attract Ca** or COs~~. According to WADA’s histological and histochemical observa-
tions* ® of the organic matrix of molluscan shells, the matrix of non-mineralized
alyers (or eosinophil granules) shows affinity for acidic dve and is not metachromatic
with toluidine blue, whereas the matrix of mineralized layers (or organic crystals)
affinity for basic dye and metachromatic. He” demonstrated histochemically
that the metachromasia of the organic crystal is due to the presence of sulfuric
ester. Further the present amino acid analysis seems to suggest that conchiolin
may be classified under at least two groups of non-mineralized and mineralized layer
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ones in the stereochemical structure. Considering the significant difference of serine
and aspartic acid contents between the conchiolins, it is probable that these residues
may involve in the mechanism of attachement of acid mucopolysaccharides to con-
chiolin, as has been known in chondroitin sulfate-protein complexes*® 20, and acid
mucopolysaccharides must be in the active configuration which can capture basic dyes
and cations in a surrounding solution, in the process of mineralization of conchiolin.
Therefore the present author proposes the hypothesis that when any stable nuclei of
mineral crystals do not exist in shell mineralization ¢# vive, the segment of conchiolin,
chondroitin sulfate-protein complex or acid mucoprotein with sulfate groups, which is
positive to the metachromatic reaction may be endowed with the more effective affinity
depended on thermodynamics or electrostatics for nucleation of calcium carbonate
crystals, and then either locally reduces the value of the critical supersaturation or
locally increases the concentration of CaxCQO:; under some physicochemical and
enzymatic factors of the extrapallial fluid. Accordingly, it seems that any stable
nuclei of aragonite or calcite could not be in duced in the conchiolin of non-mineralized
layers and eosinophil granules under lower supersaturation provided by animals. In
all cases, this problem will be resolved in the further experiments of in vivo and in
vitro mineralization of conchiolin.

The proteins localized in non-mineralized layers appear to be distinguishable in
amino acid composition from collagens and keratins, as in the proteins of mineralized
layers, because of the specific patterns of conchiolin. The conchiolin of the perio-
stracum is probably hardened by quinone-tanning, except the nappy one of Hemifusus
ternatanus.

Summary

1. Amino acid analysis was made on the conchiolin of non-mineralized layers of
molluscan shells, and the results obtained were compared with those in mineralized
layer conchiolin.

2. 'The relatively lower serine content as well as the higher tyrosine and proline
contents were contained in the conchiolin of non-mineralized layers, irrespective of
the taxonomical pattern, though there was at least one exception of the periostracal
conchiolin of Hemifusus ternatanus in which tyrosine was very low.

3. As to aspartic acid, glycine and histidine residues, the similar differences of
these amino acids between the conchiolins of non-mineralized and mineralized layers
apperad to occur respectively in single species and groups. Similarly, the sum of
acidic amino acids was consistently smaller in non-mineralized layer conchiolin in
single species, though such the tendency was confused on the whole of molluscs.

4. The patterne of amino acids of the most periostracum indicates the charac-
teristic of a quinone-tanned protein.

5. The conchiolin of mineralized layers and organic crystals probably appears to
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be chondroitin sulfate-protein complex or acid mucoprotein with sulfate groups.

6. The characteristic pattern of the composition of non-mineralized layer con-
chiolin may suggest the specialized physiological conditions of formation of conchiolin
in the regions of these layers.

7. The taxonomical significance also appeard to be found in some modification
of amino acid composition of the proteins.

8. The mechanism of crystal nucleation in shell mineralization iz wvivo was
discussed in the comparison of the nature of the organic matrix between non-mine-

ralized and mineralized layers.

The present author expresses his sincere thanks to Prof. T. Supou of Tokyo
University of Education and Prof. H. HATANO of Kyoto University for their useful
advices.
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STUDIES ON A TREMATODE PARASITE OF THE PEARL OYSTER,
PINCTADA MARTENSII-IIL
THE METACERCARIA OBTAINED FROM THE SECOND INTERMEDIATE
HOST ARTIFICIALLY INFECTED WITH THE
CERCARIA, BUCEPHALUS MARGARITAE

Seiji SAKAGUCHI**

Several species of fish expected to the second intermediate host of the trematoda were
artificially infected with the cercaria, Bucephalus margaritae, which was parasitic on the
pearl oyster. The metacercariae were successfully obtained from the infected fishes.

The specimens of metacercaria were observed morphologically in detail and compared

with other species of genus Bucephalus reported by other authors.
Morphological observation proved that the metacercaria obtained is classified as Bucephalus

varieuws MANTER, 1940.

FavHALeAn ) TRBRE D LI, 1932 RV Lo TR TRE SN, T 194 i
2% () Y X o T Bucephalus margaritae b G Ehic, 20w n ) 7 OFER ST av i A
BERESE, BEAHFOBCRGCLTEERREI LS, FBRcE L TLRIROBIERNEE
BB, FROLLERINAERUTLIALATRBRTH D, Lt > CTREBOR & rESmET
LOTEETREMEE o T0 5",

AT - OWROEFEYPO T T S, ATHREERK X D BHBBRESOH T THRESN DS
DEENE 2 BMEELRATREOD S Z &, & LRREBOLTUL Y 7 2 v ¥ 4 7 > Atherina bleekeri
M L BEEEOEEY L LTV AL b REELY, 3L E0BORACL D RROFENE LK
HEIES OKIBIZ B\ L ¥ £ = Spratelloides japonicus, » 2 2 F 4 v v Engroulis japonica 7 &
OHHELFOPEBEEC RS TVA T ExEBE LY,

KRT NS OH 2 REIETIRETET A A 221 h ) 7TOBBCOWTHRANS L & LR OEBRIR

W THEZITIe D7,
BT Hedich, HROBSYF A DHREIITET & o B HBRGFERTR BRI & 0N #ig
Hy W oo MR AR RS, (LERZ88E, FURE RS RS 2,

HEMERLTCHE

oI L LT Y T e v A v v R LU RIBNRT DA B~ ~ 5 Epinephelu septemfascio-

tus, 7 3 2 ~F Rudarius ercodes, <~ Acanthogobius flovimanus 7 E % B i, w45 ) 70E

* ErEERERERS 55 134 5 (Contribution No. 134 from National Pear]l Research Laboratory.)
** sy E ek e (National Pearl Research Laboratory.)



313

L7 2vH4 UTBRRLWVY) %KiR 28°C OKigFTHEL, i r) 7 2RAIETHRIEK
HUcb D% EFEOBEAANFEI R, FEERN L 7 ARKEFTRE LcRic A 2w n ) 72 F ORI
PHEDRELUTEELH Uiz, BIZITEE LTAEBEARIZ D\ Tf7>725%, SCHAUDINN ¥s X (¥ ZENKER
J%CE %, DELAFIELD’S haematoxyline, 5 X 0% alum-carmine (= &> THfm LI fEAIZ DT T2

b o
AZEILHY T OREE _
AZENH Y TIXE 2 FHEBEERCKS TEE LTHAPC AL TR L T\ 5, FOEIIREMILY
B2, K& X3 195~295x124~160 ¢ THh 5, GEH HFEH Lz BRI A MiEES 21772 5, 10% {8

FA= ) VTEELIREDAS X1 230~312x84~140 1 THoto,
BEXEERCES VAT L TR D, EOMBESBRIETNEL, FRHEH B L DRIV, O

4 a p . _ W » .
Fig. 1. A metacercaria developed from the cercaria, Bucephalus margaritae
parasitic on the pearl oyster. (x150)
1: An encysted metacercaria found in the musculture of a second
intermediate host.
2: A metacercaria forcibly induced from the cyst.
3: Ventral view of a metacercaria and its extended tentacles.

Fig. 2. General anatomical features
of the metacercaria developed
from Bucephalus margaritae
(% 200)

A: wventral view,

B: lateral view,

C: extended tentacles
ep; excretory pore,

ev; excretory vesicle

gr; genital rudiments,

i; intestine,

p; pharynx, rh; rhynchus
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OB HIEEEPRR LR DR, 20127 pd L FE U RL T2, AEIMRBEL DRTEL, &
370  HBER, WA L b BHAIRS2 To A RROBPECEI STV 5, PHRFEIATHOBESE (rthynchus)
O ETHDOTED, FOFEHTE OEECHO L%, BHEEARC LA LB 3 EH
ATEREIESHEAIL Thbh b, BROFERLE BN AEHO 2 MiEiZEAT 20~27x156~20 1), k%
DI D TR E B BETH O LEEIIET 15x10p 2R3 %, ok, HRABHCLBEEORE L
BENRDLOMNNTHCBREIN S, OB AETHMEREIL I (HBEL 38~48x39~54p 2H
L, 7THEOBFLET D, MFPILEETAD TWB2, BFERY H A~ 77 ATET D LB T 5,

3 Fig, 1-3, 2-C @iR$ X 5 WRAG R & LM ORME» D> T B, I 3, [ 2 @,
BEHm 2 @ Fsi s h T %,

£ %

Al ) TIRRE () 5T X D Bucephalus B ey, ToOH, BE GO TERRCEE
3% Bucephalus margaritae OZAKI et ISHIBASHI |3 anterior organ »\WjT3H 5D T Prosorhynchus
BB T~ETHB) Lk, UL, EHFORBCIILZDeAH ) Tk R end ) TIAS & Hl
BONEBREO—HMENRELTLALOTH DT, BREE) SOTHENELVEEL DD,

Bucephalus BOBROEE L AL IR T2 L RO X 51 b,

hFICEAT % Bucephalus haimeanus LACAZE-DUTHIERS, 1854 Ao w4 Y 7IXEEMCITE
WLTWB2, BR R B QFAEOKE, BEOBERSIVLOMECSTES TS EBHL TV,

XBIZABE B. polymorphus BAER, 18277 % g4 5 L« O M TELUL Tk VAR L O & Bbh
2% BEIREELIIRKATHLZLrLMEBERNELLLbND, UL, 72 v I HFET B 2L
H ) TIREEOBEC JERELRE (& QESWRE) T B BN B TR, 582 hiEEE
DHFEL RGO CHER C 2B Z bR A, D, ORI 2L TESEBRF LW 2B T3,

Table 1. Morphological comparisons between metacercariae developed
from Bucephalus margaritae and Bucephalus varicus.

. Species | \ Metacercariae developed from
“ B. varicus MANTER, 1940 ; B. margaritae OZAKI et
Items . | ISHIBASHI, 1934
Mouth | Posterior part of midbody i Posterio-ventral surface of midbody
. ' . | —
| \ Oesophagus extends anteriorly a
. : b short distance, then turns posteri-
Intestine ; Sac-shaped orly beyond the level of pharynx.
Sac-shaped
I-shaped, extending almost to an-
Excretory I I-shaped, extending almost to terior rhynchus, pore on ventral
vesicle | anterior sucker surface in posterior extremity of
body
e —
Rhynchus having seven muscular
i Seven, usually retracted, each retractile tentacles, each tentacle
Tentacles . tentacle with a large basal and with a large basal and small distal
small distal prong ¢ part. Three dorsal. two lateral,
: } and two ventrio-lateral
) \ Testes tandem in left posterior ;l;hielft?rr;d?gtmdérsréggts;)fsgig?tg%
Genital . side of body, ovary ovoid, directly bo%l the situat%on of cirrus sac
organs ! anterior to anterior testis, cirrus I‘Og;lbl same as that of B
¢ sac in right posterior side of body 5aricusy .
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B. varicus it MANTERY 237 4V 3 0K, AFEHEMBEORED Corane HREUTEBTH B2,
FETn® RHBE 1 v ) Carany equua 2B 2 REBH LTS, KR 2O BT 5 &3
NTOACRECTEELL Tk (Table 1.), M#HIIA—E LB L& LDEEZ D,

= #
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phalus JBR R & R Ui,
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MANTER, H. W.: Allan. Hancock. Pacif. Exped., 2 (14), 335~ 337 (1940).
YAMAGUTL, S.:  Trans. Biogeogr. Soci. Japan, 3, 330~331 (1942).
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1) sEFE: Kk 1, 62 (1932).
2) Ozakl, Y. and IsHiBaSHI, C.: Proc. Imp. Acad. Sci., 10(7), 439~441 (1943)
3) Browgwk: EEBRRAE, 9, 1161~1169 (1964).
4 mUEw: R, 8, 1060~1063 (1962).
5 BOER: kBEE.
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7) Dawgs, B.: The Trematoda, Univ. Press. Cambridge, London, 190~193 (1956).
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STUDIES ON A TREMATODE PARASITE OF THE PEARL OYSTER,
PINCTADA MARTENSII—IV.

ON THE TREMATODA OF GENUS BUCEPHALUS FOUND IN THE
FISHES, CARANX SEXFASCIATUS AND C. IGNOBILIS

Seiji SAKAGUCHI**

In order to elucidate the developmental stages of the cercaria belonging to genus Bucephalus
commonly found in Japanese pearl oysters, many kinds of fish living in pear! oyster farms,
where the pear] oysters were heavily infected with the cercaria, were collected and examined
for the presence of trematoda.

1) A species of trematoda was found in the digestive organs of the fishes, Caranx sex-
Jasciatus and C. ignobilis, and its specific name was identified as Bucephalus varicus MANTER,
19400,

2) This species bears characteristic similar to those of the metacercaria which could be
brought up in the body of some other small fishes or its second intermediate hosts by artificial
infection of the cercaria as reported in a previous paper®.

3) The trematoda was frequently found in the carangid fish caught in pearl oyster farms
heavily infected with the cercaria belonging to genus Bucephalus, while the fish obtained
from cercaria-uninfected farms were always free from the trematoda.

4) The season when carangid fish heavily infected with this trematoda is closely related
to the maturing season of the cercariae, especially to the time when they leave the host
bivalves, '

Judging from the above-mentioned facts, it can be said that the trematoda, Bucephalus
varicus, found in the carangid fish may be identical with the adult form of the cercaria
living in pearl oyster, which has been reported before as Bucephalus margaritae OZAKI et
ISHIBASHI, 19347,

FBEAT a2 v ATFET D2 h ) 7 ORISR AL I CABOREEN S R b5 HTRIUHE
F LT E DAST O RKBLTIER T A s B oIz o T Bucephalus FBRHEOMM AR LG, T ORE,
Carane BO 2o +hnF R 3R,

AR TR OWANT 2 v A FHET 220 b ) 7 HERWCE 2 PHFHECHE ST 220
H 0T EBELERERCH S Z LB I T OEES BT AHIRREL DM 67 2 v I BT
Lanh Y 7 OFERZ LG L ORERA B ACE SO T MG T 5,

BEET2hicn, BROBSEFL LR, KIAHWRET <o By BBeiei KmEHEiL oo

TEEAE % 135 B (Contribution No. 135 from National Pearl Research Laboratory.)
BkWFe 7 (National Pearl Research Laboratory.)
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Fig. 1. Trematode obtained from Caranx sexfasciatus (x80).
1~6: Each stage in development
7: Showing the tentacles extended
8: A tentacle extended in large magnification

A Wbt RO K B AR, (L AS0HE, UK RS R — i b B AL I %
PFRM DL D W TR B EEGR A EILE R, EEERGR S/, # Rk Eii—Ep
K b U ER DL L DT 2 DIFH I 2Tz B TR %0

HEME RS UICHE

Pragc Ot Lz sl a o LR va AR BEER A0S, IR AIRAILE, SMEETS, ZERESNAE 7
S, [FREEERIEEE e D OVCHIREE (R 22877+ 7= Carans sexfasciatus 78 B, —=r=.3
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Fig. 2. General anatomical features of the trematoda
obtained from Carans (x80)
A: ventral view, B: lateral view, C: ventral
view of tentacles extended, D: dorsal view of
tentacles extended, D: dorsal view of tentacles
extended
c¢p; cirrus pouch, ep; excretory pore, ev; ex-.
cretory vesicle, gp; genital pore, i; intestine,
Lc; Laurel canal, m; mouth, o; ovary, p;
pharynx, pg; glandula prostatica, rh; rhynchus,
sv; seminal vesicle, t; testis, u; uterus, v;
vitellaria, vd; vitelloduct
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v, TEILL CREELTINEROT N £ T, STHLASADEF D, RGOS EECH <, F

mmwﬂﬂﬁ i@bf) C% <, BEIRD A E 213 18~24x10~17 pp TEEOLYE LT\ 3, vk, MEORE

TS 7 BOMFPILAE LT AD T 505, REHD MK TR DA AT Ly 5

LT E @f])%«%h@o BRFITIE IR FEET & RO o T B,

AEOLFOEFEHZ 7 a v AL FET LA H YV TAEBRICE 2 PEE TR R T 2L

A0 TR S L, REEORIE, WEOME, BERIOHHEORNE, ST LA
MOBEBE ML T BRTORBE S L UL ORFIRAEERL X4 {—F LT 5,
AL 2R b D4 5 Bucephalus varicus MANTER, 1940 X BIE LE 5,

FENICHT DEEEM

HrFETEE (10 ARIV 12 H) Linr =84k LOwicBiEo Rk E X L FoB s 0BT
Fig. 1 B TH>T, BELIEEIES LTHMEC AL, HENETORENL TV AL ORI
FRPOMELE, BilcERani,

IO EMDBETEHEINI A AR ) TIXENLBRCELSBICEES BT, BRIy, st
TUBRAE T UTHMERCE D, T T AL O LEEEIND,

Table 1. Infestation of the parasitic trematode in the internal organs of
Carany sexfasciatus in relation to its developmental stages.

Items Number of parasites Number osn%agistgﬁsiég stomach

in pyrolic caeca S Total Date and Locality

No. > 800 > 800 4 L8004 <
1 27 ( 87.1) 0@©) 4(2/9 31
2 20 ( 91.0) 1 (4.5) L1 (4.5) 22 Oct. 28, 1963.
3 49 ( 96.1) 00 ) 2 (3.9 51
4 38 ( 95.0) 1@’ . 1(28 40 §§§ESS of Gokasyo
5 18 (100 ) 0 © ) o0 (0 ) 18
6 48 ( 85.7) 2 (3.6) 6 (10.7) 56
7 22 ( 88.0) 2 (8.0) 1(4.0 B s 1963
8 19 ( 86.4) 1 (4.5 2 (9.1 | 22
‘ ' Central area of

9 20 ( 83.3) 1 (4.2) 3 (12.5) 24 Gokasvo Bay.
10 52 ( 96.2) 1 (1.9 1 (1.9 54

* Parasites over 800 4 in body length produce eggs in the uterus.

FHIN, TALINCHETEEER

EROFF oA L~ L= Q0T B8 ER LISz 2 5 L Table 2 oL kh T, i) 705
< ?ﬁé@’%l@%&%ﬁ@%@ﬁ%f‘# 7F Licdh ORIEABOFERNE L, wAh ) 7TOFEDIT LA EZ LR
o WAKIR T F DS RpMEL, TR & L TR XTI T L b Dk R oo B
£ A bR,

i, BEEBCOWTF F = AOFRERIICAROFELE A RT L Table 3 0L B8V THL, Tix
b, FE--ERTL S I = SORERIIC L > TED 1 EH ’9@5}" BB EEN L DD, W, BB
D F = AT TERERFIAR O FAE R L8 2 hME RT3 % 4 £ h ) 7 O HRREEY S R
5L Fig. 3 DXd1ind, CHTEHEDL, wih )7 opkiiny ﬁj}m‘]é EL 788 2 PR

ZEAAYTORAERNEEDTE, TOEBIC = A0FERENHEINL T 503 BEENEDD
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Table 2.

in different localities,

Infection rates of Carang sexfusciatus and C. ignobilis

Ttems ; f;ggfla roayz;izrgf ‘ ) Number of fNumber of | Percent of |
‘ | {nfected with ‘Dataofcollection] fish : fish infected Fish species
Locality - | the cercaria® - examined = infected fish ‘
Tanabe Bay | cC - Oct. 24, °63 18 18 100
: | ~Jan. 29, '65
Hirajo Bay cC  Oct. 2, '63 7 7 100
~QOct, 4, 63 :
Sukumo Bay |  CC  Oct. 2, 64 8 8 w00 [Corans
i i sexfusciaius
Gokasyo Bay | C - Oct. 28, ’63 10 10 100
| | ~Dec. 16, 64
Ago Bay R { Nov. 14, 63 24 7 29.2
| ~Qct. 8, 64
Matoya Bay N ; Oct. 28, ’63 11 0 0
Hirajo Bay cC . Oct. 3, 763 7 7 100
| - ~QOct. 4, 63 Carans
Gokasyo Bay | C | Oct. 28, 63 8 4 50.0  Kgnobilis
 ~Oct. 31, 63 | ;
R | Nov. 14, 63 8 0 o

* Infection rates in 4 years old pear! oysters.

CC: over 30%, C: 10~30%, R: under 104, N: nothing.

Table 3.
in differrent seasons.

- Number of - Number of .

Number of the trematode found in an indivdual of Caranx sexfusciatus

Jrems e b pber of  Number of parasites pocagion in
Locality . examined infected | Range Mean the bay
Oct. 24, ’63 3 3 20~89 46.0 |
. Dec. 16, ’63 2 2 145~181 163.0 I
Jan. 30, '64 8 8 156 ~ 325 256.6 ||
Tanabe Bay " Sept. 20, 64 1 1 15 15 ‘}Interior
Oct. 15, 64 2 2 38 ~45 41.5 |
Jan. 27, ’65 1 1 156 156 1
- Jan. 29, 65 2 2 169~ 206 187.5
Jan. 30, 64 1 1 4 4 ‘ Entrance
Hirajo Bay 9%;:3’4’,6%63 7 7 66 ~273 157.3 Interior
Gokasyo Bay Oct- 28, '63 6 6 | 18~56 36.3 Interior
[ Dec. 16, 63 4 4 19~51 28.7 | Central
' Nov. 14, 63 | 13 6 1~9 3.7 | Entrance
- ~Nov. 29, 63 |
sug. 11, 64 4 0 0 0 | Central
Ago Bay gent 10, 64 2 0 0 o
. Sept. 21, *64 2 0 0 0 ' Entrance
Oct. 15, '64 3 1 3 3 ' Central




321

. b,

28 183
S Q 100 s
.3 7 . 33 % 5
g & ’ 004 5 3
5] & ! 2 @ 3 . ey 4)
25 / ) FEHFI TR TR CT =

h -
%5 /MoB“, %g THAARFET D ey T
.EE 50 i 53 DANTRBYER L >THE
59 f 1004 83 A RN N Y T DIHER B
8 g i 8% EHOER LR LTED
=R @ Oct. B3~Jan. B4] E 5 Bucephal i
§ -48 § L 2 Sept.'6)+~ ont s 2 i BEH 4 Bucephalus varicus

. , . MANTER, 1940 & HESE L7z,

. Q -
@ 8 9 1 o121 el 4 AP TILFID I b =

AT D% LFETHHESE

Fig. 3. Number of trematoda found in a fish, Caranx

sexfasciatus, and metacercaria infection rate of
the second intermediate hosts.

BHEBEOKBCERT D
BECHFETIBEEYREL,

FH AR L O v A=A Bucephalus BRHMRFAEL T WA ExRDR, BELLF V= 0 b2
RERMEORENESR, L OHBEEMIL T s v M1 IFET DL 5 ) 7 OATREER I F>C
Bler 22 h YV TOBELES R LTWDZEND, TART2VYHTIEHFETDE LD ) 7ORRT
5 ERE LR,

7ods, Table 2 REND LB H ) 7 OE L BETIEGEREMREOKENSHE L » =3
DFTNTFABSRE S h, BEEO I 5 TR BOHEROE KB B\ TUX T OFFEERNMEL, )
EBRE (B © X5 CEBEEBENT bR TOARLKETIREENE S ADRAR LD ik, KENE
ARSI BT AEEORERE VY L2 TWAL EE FTLOTHL, Fie, Tabled LU
Fig. 2 wiRT&xh, win ) 7OpREFIICEE SR> 7= QTiZRKBROFEN S L, BB
o T 2PRERCT R A 2w ) 7 ORRRNEE L LB OFLERENE O TCB S
L, AEAT 2V HARHETB L) T EEERBGENRE DI EXR LT D,

DlEoz b, KERT7 a v HPARFET B L H ) 7ORETHHZ LTI LA S Ko &
Ex B,

= L]

L Ah YT DE L EET D EGERES T O KR T 5 BEIC>T Bucephalus BRHROFAIR
EEHEEL, UToHRLE,

1) rH=ABIV0 <AL= ACHWOBBAFER Ih, F#iL Bucephalus varicus MANTER, 1940 L
FE 2 hiz,

2) KRBT Y FICHFETD A5 Y 7R ATRERI B A 22 h ) 7 OBENFNL BMHT 2,
3) EROFH=, wA ACETEEERITEOIMBIC KT AEFREOMBEBLEGHEREY LT
5o

4) FH =2 RACHTEERBOFENET 2 v H AT B e ) 7 ORI & B BERS D B,
PEOHEEN LT a Y HICATET D2 » 0 7OEIE Bucephalus varicus MANTER, 1940 L#E7E
b,

X 3

1) ManTeR, H. W.: Allan. Hancock Pacif. Exped., 2 (14), 335~337 (1940).

2) 0Ozaxi, Y. and IsuiBasHL, C.: Proc. Imp. Acad. Sei., 10 (7), 439~441 (1943).
3) MROWEk: EEEFH, 8, 1060~1063 (1962).

4) RRAER: AREk 32 (4), 312~315 (1966).
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Spiral Growth of Nacre

IntERESTING spiral patterns (Fig. 1) were found on the
growing inner surface of nacre when the fresh inner surface
of pelecypod shells was, observed under a microscope
using a vertical illuminator:The pattern was explained
by invoking the theory of Liesegang’s rings®:®. This
- communication deals with the phenomenon as an aspect
~ of spiral growth.

It has been considered that the shells of molluscs
erystallize in complicated ways from a specific solution
(“extrapallial fluid”’) which is below the critical super-
saturation required for homogeneous nucleation. They
are built up from an organic substance ‘‘conchiolin’
combined with microcrystals of calcium minerals.
Investigations using Laue photographs and polarizing
and electron microscopes revealed that the nacre of
pelecypod shells was not a single cerystal but consisted of
mosaic aggregates of aragonite microcrystals having b
and ¢ axes nearly parallel to the horizontal and. vertical
directions of growth and with the (001) plane of aragonite
nearly parallel to the growing inner surface of the nacre.
Spiral patterns in the genus Pinctada are more often
found in the anterio-ventral regions and the inside regions
along the pallial impressions, where the vectors® indicating
the direction of growth are usually deflected, than in other
flat ventral regions.

The spiral pattern is observed at the edges of mineral
lamellae which emerge on the growing surface of the
nacre. Generally speaking, the highest point is the top
of the spiral from which a ledge descends step by step
outwards. The height of each step of the spirals is in the
range 1000-5000 A, which is equal to the thickness of
one lamella, except near the central parts of the spirals,
where the step height is less than 1000 A. The spirals are
usually nearly circular; their precise shape, however,
varies with the species and physiological condition of the
animal, and from region to region in & single shell. It
was further shown?® that the density of spirals per unit
area, the distance between two steps, and the number of
steps in one spiral depend on the precipitation rate of
calcium earbonate.

Nacre grows by the advance of growth fronts of mineral
terraces which begin from deformed, misfitting or bound-
ary portions on the nacreous surface. Spiral growth hills
are concentrated in particular portions of the surface of
the nacre. ¥For example, in the genus Pinctada, growth
of spirals starts in the narrow parts along the pallial
impression where curvature of nacre occurs during the

(:o;ltglbutlolatron; il;re”i\ra’ational Pear] Research Laboratory, Japan INo. 144,



Fig. 1. Typical spiral growth of nacre in Pinctada mariensii (left, x 85) and in Hyriopsis schlegeli (right, x 50).



_morphogenesis of the shell and where misfit occurs between
two groups of microcrystals of* different “orientations: at
. small angles. In the nacre of Pinctada martensii, new
 mierocrystals tend to grow on the boundary between two
. underlymg microcrystals, though this does not always
ogeur in the nacre of Pinna attenuata. It is thought that
s small amount  of conchiolin condenses along these
boundary regions.
1t is interesting to note that the ratios of right-handed
4o~ left-handed spirals in anterior and posterior regions
of s shell tend to bear an inverse relationship to each
other where the vector of the shell growth in the anterior
region is opposite in direction to that in the posterior
region. When two adjacent spirals have the same sign
they tend to develop into a superior spiral, whereas if
they have opposite signs a closed loop is developed.
These observations show that tilted or twisted bound-
aries at small angles tend to occur between two micro-
orystals or between any two blocks with slightly different
vectors of shell growth which interfere with each other
during the morphogenesis of a shell. Screw dislocations
. ‘then develop, giving rise to spiral growth hills on the
nacreous surface. It should be emphasized that the
spiral pattern of nacre can be reasonably explained by
Frank’s screw dislocation theory* of the spiral growth of
gingle erystals.
I thank Prof. T. Sudo for encouragement and useful
discussion and Prof. E. Suito and Dr. 1. Sunagaws for
their helpful advice. Koyt Wapa

National Pearl Research Laboratory,

Mie Prefecture, Japan.

* Schmidt, W. J., Zool, Jahrd., 45, 1 (1924).

® Watabe, N., Shinju no kenkyu (Japan), 1, No. 2 (1950),..
¢ Wadsa, K., Bull. Nat, Pearl Res, Lab., 7, 703 (1961).

« Frank, ¥, C., Disc. Farad, Soe., 5, 48 (1940).
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