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Amino Acid Composition of the Insoluble Protein in Some Molluscan Shells

Hosaku Kawamara and Yoshiaki Marra

Abstract -

The mineralization of the calcium carbonate in molluscs is thought to be
related to the presence of conchiolin. First the mineral phase of the carbonate of
the shells of three species, Patinopecten yessoensis, Spisula sacharinensis and
Haliotis discus, were determined. Then the conchiolins from the calcitic and
aragonitic layers of each of several structural units of each species were analyzed
to determine the amounts of amino sugar and total nitrogen and the amino acid
composition. The results of the chemical analysis of each structural unit were
compared taking into consideration the polymorphic formatlon of calclum carbonate
and the speclﬁcltles of each species.

All three species had in common a large number of aspartlc acid remdues in the
conchiolins of their shells. In the caleitic conchiolin, the number of serine residues
‘'was higher, but the numbers of tyrosine and phenyla.lamné residues ‘were lower
than in aragonitic conchiolin. A characteristic amino acid pattern was found in
the resiliums of the two bivalvias which were of the aragonite form. Namely,
the amounts of neutral amino acids (Glycine, Alanine, Valine, and Isoleucine)
and sulfur containing amino acids (Methionine and Cysteic acid) were higher, but
the amounts of acidic amino acids (Aspartic acid and Glutamie acid) and basic amine
acids (Lysine, Histidine, and Arginine) were lower in contrast to the conchiolins
of the shell.

Amino sugar accounted for 0.25 to 3.58 percent of the total organic matter.
In particular, Haliotis discus had a higher percentage of amino sugar than the
other two. About 809, of the amino sugar of Haliotis discus was found to be
glucosamine.

HAEORIIRBHI vy 022 ERHE TIEBHREVEBDO FRHRL 250 LBTLN TN 5,
BB BT 5RB vy U aitid Calcite & Aragonite DR 3 2 MEOREBWMEV Mo niBsh,
HoD#ERBic Lk - T Calcite X953 & D, Aragonite £ H5 4D, BIUFR—BEEONEENREE
T Calcite & Aragonite DR/Z 3 ERMEEHE LT3 4D2D 3,

EHIZEROERBELHALSLITTIMEE LT WA A0EBHIOFERA,2RELT, ek
ZHEM, BREEBORLIBOTEEEAKTHS a2 ) L HRT ¢ » BOBEREOE LB I
Ao—E#ETOoRL (RROAME, /M, BERS, BRESRERSIOEELE) 2HobIRLLES
ERAT,

* AEEEEREK A L
(Laboratory of Marine Chemistry, Faculty of Fishevies, Hokkaido University)
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AMBRICIE FRERO 22290 55 5 MOBREE DL EDR TV 3D, Tabb 2%
hbe 9 A EREREBE LI TEIINT, WERIB LT IRASBRERICY - THNT,
MEFELTOBRBA 4 v ERFET 5. HRERZREB Y VL Y 5T L TEERM 2D, C
DEE LRI VY T A BB T S, LIzh o THEEBEROMER Calcite % D 3 O & Aragonite
PLORBETCRARUSTWAZEHHRMING, COX5 LAY HYEFRETOMECLHNE
LU THIZELITON, UTRENZ L35 OREMBEINT V3, Roche 59 pREORE
AFX VDT BEEEL, BREREORLEMRT : JBLBEX R TR EMA 1,
Tanaka®>® & 3EBRICHT 2 —HOELFWIFHEDORT, a4 Y 2Kl & DL k5
THRLUTENPRR S DORBT ¢ /BEREL, 35 IHEKSIOHEROa 24 VHRT 2
#% Starch column %2 iV TER LI, Watabe 5% i3 Calcite #RE2E T2 73 ROAEEHiC
Aragonite D BBOBIK LIz HREEO/ M 2EBAL, d30I EHFRA VL O L BFRICEBILE %
ANB L3 in vivo BL I in vitro DRLET T Aragonite DFFROGESRHM L, BARKHE
M RETH—HF LT3 L 2B LIz, Hare? i3 Mytilus californianus @ Calcite Jls X O°
Aragonite P 5B I %X Y7 RS U 1z, Degens® i2 Gyraulus ttochiformis @
BROAFMEROEL: HOMRELOER 2 BAGL U7 B LPHFE 21T 5 12 Wada™® 3
Calcified tissue OHMLICHET 2 —BEOHR LT, FEORBROFEHLER & 2 plBPOES
RO7 ¢ 2 @lEmE UL 1,

FEIIRETFHA, INFABIE a7y (277 7¢) ZRABNINEBILALEFUDP ¢
IR, 2ERBLIOT { VBEOERYRAETONR B/ OTEDORELRET 2,

HEBLTHE

AEEgeic o3kt &k # 5 4 4 ; Patinopecten (Mizuhopecten) yessoensis (JAY), 994 4 ;
Spisula (Pssudocardium) sachalinensis (SCHRENCK), % X {f=xJ 7 7 ¢ ; Haliotis (Noidotis) discus
(REEVE) OZBRBTH 2, + & 74 4 3L ESRIAD B, vosx 4 12blE b, =7
U e T AR TR U,

HEOME— ﬁﬂ&ﬁ*¢?+ﬁmﬁbrm§bfmaﬁmm AERES IO 2 DMOREHS %
FERBEUIEAE TS, REEINAVFI5 906 —~, HBELERHANTZAEN Table 1 TR
TEAMTAMT 120

O30y —REASTEHR LA I OEEO—ERY L), BV —~# T pH 5.2~5.3 ©
FE LIz 0.25M EDTA-2Na 2H0A THIK Uz BRI BEREROBERSid by 2/
BIA 2o BUKPISR % M U THORENES 25 &, EK EDTA BEEMA THK25E&ICIT
bz, BURKTHELSEE (3000r.p.m., 15min.) UTRESBESHHEL, AT3EEHELT
AELTHPRIVIIF VAT L r — 2 —~PCEBR LI, DMEDERITIZ L OEEBRRE HV I,

X @BEIFEE— 20 U e e ek, 2 oM TRRL, 100 Xy o L OFEEBBLIZLD
PHEDIT, TOMK 0mg PRI 4 FH5ARCHDBOKCBE IR TERL, ERE X BREHFE
To1e

/WP E

TI/BER—2 34 Y 10mg FEBLTT v FNic AR, 6N-E8% 1ml %A 2HREHE L,
110°C OELITRBED T 24 RIS L TIAS B2 1To12. SBRTEFAARBRELBLIELT
By, LBERRT vy — &~ P TORERE L. BESK 1~2 MEMATEDL U, 2Ty
— s —CEET 5o CORMER 3 ERDE L THRETTRMGRE L, SFIBELTI pH 2.2 ©
0.2M- 7 = RBIIKIC IS LT 10ml & L, CORD 1~2ml %7 i 2 B Ute H9FIZ7
: JERHETERE (HSRERT K. K. KLA-IT 33 F KLA-IIT &) % v Spackman 5 0%
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B Ulc o0 MK BT D Cys.** X8 Cys./2 13:BBEEEL% 1T- 128 CySOsH & LT
Ko Try., REMAIMEFTORELLZEUER LD -1, EREDHEI HW s L REE
B 2RI, ’

2PN AR, BEHEPO2L 34 ) L OLERER I Ju sV~ VLR, TER L.

FI/M—a%F Y 20mg % AN-3ET 110°C, 9ERRIIIKAR LIz, SREMC 20T
WABVABRET LI ER COELT CIMKSE2ZIT) OVEET, ZO®HRBELZEL, ROT—ERD
AKictEd UTHR L Elson-Morgan™®® 2k o THEER L.

# ®

1. X@EHCL 2 ENEENE

A SO0 X e X 3 EOEIT#ERIE Fig. 1 WRT@HY Th 3, w275 A OHHK
iz Calcite DA X h k5 b3, BBIHEL X OB - IFHITiZ Aragonite DVEMET ATV 3, d=
3.394, 20=26.2° D/ 32~ 2iL Aragonite DERY — 2 2 FTRNATH 3 L L2 LHhHEL
oo HHX BB HAND LE{LSEE T, ERABEORENL T L 5 tOT, KK
BT VI VLT HBHE B U EXBEF2{T-72. ERHEEIR Aragonite 2R LT
(Fig.1)o 9 3% 4DV TR ABROZEY PHED VI b Aragonite & H R AN T3, 953
ADEHEHIL R 2T HADEN L FIRICKEIEER > bV O LB % (T2, =7 7¢It Arago-
nite %7K U724 Calcite DIEBRSEIREING d=3.035, 20=29.4° D Calcite DEM L ~ 7 2R T KA
wostRHaNn:,

Table 1. Materials used for amino acid ana1ysis and mineral phase
identified by X-ray analysis

Species l Unit of shell | Mineral phase
Patinopecten ventral margin (f#&) Calcite
{?if%‘;nsm adductor muscle Calcite
scar (BRI
anterior and Calcite
posterior ear (§i, EH)
resilium (385) Aragonite
Spisula venfcral margin Aragonite
sacharinensis adductor muscle Aragonite
(SCHRENCK) scar
' nymph (#f) Aragonite
resilium Aragonite
Haliois discus growing edge (& R¥E7) Aragonite
(REEVE) central part (HhR¥43) Aragonite

ORI BCTRROBFLEAT 2.
Cysteic acid: CySO,H, Hydroxyproline: Hypro., Aspartic acid: Asp., Threonine: Thr.,
Serine: Ser., Glutamic acid: Glu., Proline: Pro., Glycine: Gly., Alanine: Ala., Cysteine:
Cys/2., Cystine: Cys., Valine: Val.,, Methionine: Met., Isoleucine: Ileu., Leucine: Leu.,
Tyrosine: Tyr., Phenylanine: Phe., Tryptophan: Try., Lysine: Lys., Histidine: His.,
Arginine: Arg.
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80r @ Patinopecten: ventral margin
40t
—_A . A A A N —A
Qb=+ Y = ; 3
80 @ Patinopecten: adductor musele scar
aof
O " A A A)\. A
80 ) . .
@ Patinopecten: anterior and posterior ear
40t
AL A ~A A A, )J\ A
oL~ ; —F T \
80F @ Patinopecten: resilium

1 AA MMA_A—N—ML———

re
7y

’.\a 80& ® Spisula: ventral margin
OE I A)\ J\.__J\.»A&._A_A_._}L_M_JA_—
n O "" L] T A L / L | L
('}
E 80F ® Spisula: adductor muscle scar
E o1 AA A__M’\_)._J\_A_J\_A_J&__—
o W ™ v v ?
80}' @ Spisula: nymph
o N A o A
0 /o’ - T = v N ~ b
801

Spisula: resilium

O‘
sof' ® Haliotis: ventral margin
40}
Ol T : - 3
80¢ ' @ Haliotis: central part
40} ’
Ol ¥ - v 5 ]
20 30 40 50 60

20

Fig. 1. X-ray diffraction pattern of the shells and the resiliums:pre-treated by sodium
hypochlorite solution

Apparatus: Rigaku Denki Co. Ltd., “Geigerflex”. Condition: Cu (Ka) radiation (Ni-
filtered), Voltage; 35kV, Cuarrent; 15mA, Secale factor; 18, Multiplier; 1, Time const; 1,
Divergence slit; 1°, Scattering slit; 1°, Receiving slit; 0.4 mm, Scanning speed; 2°/min.
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2. BMBLUNEES0I/FFY 07 I/MER

WA R ORRT ¢ BOLBRER (Try. & Ammonia 2BR<) #1000 &L, £7 3 /B
DRED g Tk b > TFRLUI,

REFHA—H2FHARBAILFXY) D7 ¢ /BBEROK I EEE UTI2, Asp. HEERIE
FNTNTREDH 30% LLERED TS, KOT Ser. ik 18~23%, Gly. b5 20~25% %5,
b SEDT § /BTLBRERDK 70% 2 ED TV 5. BHHMIABOT ¢~ BAER L LEET
BZEKRIERBEDLNS, B33V OFRATH S Asp. & Ser. b T 5~6% %
ED 2 IBY mv-oizst U Gly. H3%9 509 ML, 25 c BRTREBFEE LhEIh Ty
Met. & CySOsH ® 2 BOWHOWAFEEE Y 1 VBHEL BILTW3, —HEEET : /B
KT A, WEdtie Lys. VERDITH Y, BEIKAH S CHFOF VIR TH 12,

OB —EHBa 24 ) COEEYIE k2 FH 4 EFRRIC Asp. Thh, 2L0D 43~46% 24
DTHNTERICIER 2T H 4L b LAEL, —FF Ser. & Gly. BRI SWHR TS 523 Pro.,
Leu., llen., Tyr. 3X0F Phe. Bh &7 H 4L h b HL HWCHEEKET ¢ /BO Tyr. & Phe. %
B3N TV 30MGHT, H7r: /B0 7 IO EEL,

B Gly. (J9489%), Met, (#23%) »E 2 L HLEEh TV 3%, CySOsH (%5 15%) &
ESRCHHVMESHT ¢ Y BENTHE, 36 HEMY { Y BROVES LT3 K F
255 AWERYOE - T2 E L —H LT3,

IVFIEL—CORBIRTHADL S iz BROSER» L AE T AL 20T, ARRTRER

Table 2. Amino acid composition of conchiolin prepared from the
Amino acids are presented as gram of amino acid residues per 1000 g of protein

Patinopecten yessoensis
Amino acid Yn?}gﬁ Alclllcll:;g;cg i al;ban%(r)ls(:;g- Resilium
scar rior ear
Cysteic acid Trace Trace Trace 17.8
Hydroxyproline — — - -
Aspartic acid 392.7 324.3 345.8 52.8
Threonine 48.0 15.9 12.4 9.6
Serine 205.5 206.2. 252.1 61.3
Glutamic acid ‘22.5 57.1 40.8 31.7
Proline 44 .4 29.8 34.1 33.7
Glycine 157.5 190.6 180.6 518.3
Alanine 27.8 36.9 226 | 855
Valine 6.8 14.7 4.7 45.0
Methionine Trace 3.8 2.5 <1291
Isoleucine 8.2 10.0 3.3 5.4
Leucine 18.8 26.1 13.9 2.5
Tyrosine : T4 A 5.5 0.8
Phenylalanine 6.9 107 28 38.6
Tryptophan o+ + + +
Lysine 44.9 43.3 59.7 15.8
Histidine 8.8 3.9 . 8.0 Trace
Amide Nitrogen (3.7 (8.5) (14.5) (4.9)
_ Arginine B 3.1 1.0 16.2 2.3
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W, HRED 2 DO ITHT THIZ,

WRT 2 2 ERS B &, TR Asp. (B 25%) Thbh, KT Gly Ala., Ser. 3310 Arg.
VERTH oM. FETFHABILEY N A BT 2 & Gly., Ala., Val., Leu 33X lleuw. DU
DOLPHT : VEBSECEINTEY, BET ¢ VRO Asp. DRV LTWBTE, HEMET:
z@&é}@ Lys. 930724, Arg. MU TN 3 L &M TH 5,

I/7%, 2ERBLURS

Eﬁ%ﬁé—&ﬁwﬁﬁfﬁ%@? 3/ %E, EBREBIVRIE UL, RBiz—EketkerRse
LTarsd ) o 2@ MUz, HEN: 20~30 EEI AR has e ) U 2@M U, #2
% Table 3ITR LI, 73 /HEEDOE, REBOBMASMMERGE7 7y a2 ) Y 2HTRH
Ulze HRRE26HEL 4EE L, RE 200mg K LTEREFN 2ml /02, 110°C T 3,6,
9,12 3 X 0 15 BRRASHE S T IKSIME LI b DD 50 {EH L% Elson-Morgan iz} b HEAEEL
- (Fig. 2), f ‘

IVEFYPOT I VESEERII SBERICHT I VY L U BEROFETE - TRLL, &
FEREIIAVFAY Y 0mg 25 AE—v 7 5 2P CHBSE LI DB BB - 2. OFFi2E:
HIELUIEYTY, ZORHERE 52, ZHKEDRBRBOLSEREEE L 7 VA LT
EHENERFR LIz, IRAIIEE 100mg OV TEEMT UIER 2R LY, ZHEO BB
TRWHL 5 UL SBRIZED SNt (Table 3),

structural units of three species of molluscan shells
excluding of tryptophan and ammonia.

Spisula saccharinensis Haliotis discus
Xg;gil Aﬁ;;s‘gg " | Nymph | Resilium ‘I;ear;rtgrfnl c;r;trrtal
Trace Trace 5.7 | 15.7 1.2 3.8
+ _— — — — _
466.8 439.1 430.7 31.2 251.2 252.9
29.6 32.7 29.1 18.1 18.5 20.4
25.5 28.5 29.2 18.4 93.9 90.6
38.8 46.3 45.0 22.2 51.5 57.5
112.9 83.9 76.8 47.7 31.7 55.8
81.4 91.9 83.8 482.2 145.4 143.2
21.0 23.4 22.3 . 40.5 148.6 156.3
31.1 36.7 32.2 16.0 28.8 25.9
6.1 7.4 56.5 230.8 3.3 4.8
21.6 27 .4 23.2 24.5 12.0 16.8
24.8 27.2 21.4 1.1 28.0 34.9
40.7 44.2 46.2 Trace 30.0 18.7
29.7 31.7 25.7 23.2 33.4 41.1 .
+ + + + + +
59.3 58.4 53.7 12.8 23.3 21.3
2.5 3.1 . 3.1 0.8 1.0 2.0
(8.5) (18.8) (19.8) (5.9) (15.8) (©.1)
8.1 18.0 15.4 9.8 98.2 | 53.9
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Table 3. Total nitrogen, amino sugar and ash content in conchiolins
prepared from shells and resiliums

Total N Protein* | Glucosamine Ash
(%) (%) (%) (%)
P, yessoensis
shell 10.65 66.56 0.26 18.09
resilium 15.41 96,31 0.38 . 1.70
S. sacharinensis
shell 12.65 78.50 1.11 11.12
resilium 15.07 94.18 0.25 0.52
H., disiscus
shell 15.25 65.31 3.58 3.47

¥ Protein (%) =Total Nitrogen x 6.25

Q06

005¢

(o] 3 6 9 12 15

Time in Hours

Fig. 2 Relation between amino sugar in the abalone shell conchiolin
and period of hydrolysis at 110°C in dilute hydrochloric acid

o 4N-hydrochloric acid e 6N-hydrochloric acid

* ®

BROBPIEET IERERSBOEH LS 3 BB FFOLEL LN TV EY, hAPFERDOR
BRI TR, 35AROHBEELET 3T, b LINMNEO—EFTHEEEBALLILE
NOEBEEOY DX D IHMEOERREL Db, ThLDRKOVTHL»ILTISHEND B,
BB TIZERBROEYEI D 2 3 EREROBECEEL TV 3BT IVOT, ABORIK
BT 5 AWENETE IV )V OMRT ¢ VBROERY ) HOFMY 2 AHT T L3
FULERBZ LTt Uh UEBER I 349 207 3 /IR ORI ERNY i Hakags
BN 30T, LOFML Y EROEELFEIC—FBELTIFERE LTHAYTHS 5 LBbh
%, Roche 53 it L hif Gly. & Tyr. DD 7 1 28 Calcite & Aragonite D CIBEBD D 3
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L E%BELTRY, Tanska 5% OHBEROHEICIL TS Phe. & Pro. MEEEIC <, Ala #
ERCHFET AL E 2R, FRAEECBOTHERT : /BRCEESHERDEET I E2TAL
T3, 73 /BB NV~FFNCE L THEET 5 & (Fig. 3), Calcite & Y5 & # 5 B# & Arago-
nite X ARBZS T I EUNHARBALF 4 ) COMREDOEA L, FFo T BPBEECE
{ETN2~E), FEEY : VBBBREREINTVE (U~51E), AOBBHEMOER 7 &
VBB TEDONIY, B2/ 77 BT ¢ VB EEREET ¢ /8O Arg. B0
LUK B, 9NHARTEEERT (VB HMESHE7 L /BUEESIN, BT/ BEAFV T
CEBDBPIIC R EFHARARLT  BDELFEET  BREEET B REEET
B MEMTS o 72, Hare® 28R 7 ¢ 2 BOPTEIRMET ¢ VEBEEERET L BOSHLICH
BUT, COHREEMEDRREM M5 ORI D 5 L ERTRR U, Fig. 3iTRGN3 kS
COMIRFERBER L > T T U RN ZHEETRI L 510 NEARTKROZAETE, +47
HAD5.68, UNH AD6.47 TH B, U4 4 LRI { Aragonite T HRRA = J 7 7 & 552,58 Lo
SEMERR UL, COBMEY : VEBRIEENT : VBORIEREORR RS ST 3 s
BEERTEDOTIREL, P LARBROBOEROKEE 2R b EE LY b ORBEEND 5,
BWEESO X REWF X 3 HEEFOREIIKEERR > MV v 2B X O FRR2RELICS
DIEDVTFNAZFHABIO 934 4 LG HHEE L Aragonite %57 LTz, Stenzel™ (27 %R
DBHERS> DS Aragonite & h HE T3 2 &% X BEHFiCE H S » i U, Hare it Mytilus O
HORESEMNFEL { Aragonite TH AL L 2HE LI, LT =HEO-HKADHEEH Aragonite

600r I M o0 600y 600r
300 1I 400} 400} 400}
()
§ (1ol -
2200 200 200} 200}
@ 1I 1
mn ‘Ingmn llln[mll\:l mm 1y [ 2
0 i — =5 W %P s H
Hydroxy Aromatic Imino
600r 600F 600 L
T B i
9400 400}
g 1 | 3
x
2200 200F v 1
o 1
X I3 ]
F s % —H P S H
Acidic Basic Sulff#'gé:ontal- Acidic/ Basic

Fig. 3. Histograms showing the relative amounts of classified amino acids and the

acidic to basic amino acids ratio

“P: Patinopecten, I; ventral margin, IT: adductor muscle scar IIT: anterior and posterior
“ear, IV: resilium, S: Spisula, I: ventral margin, II: adductor muscle scar, ITI: Nymph,
IV: resilium, H: Haliotis, I: ventral margin, I1: central part
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RREETILER2HOLIR UL, 73 /BHERIZABRS & BT 3 oMKy iRz R L
Asp., Ser., Gly. OB{LHBKENT L, Met, LEOHBEET ¢ /BOES LVEMBEAB L +2
YO LORALERTH -7, BROBAXROBROZN LIS BAROMRZHE TS b D LHEM2
h3, BRMESET ¢ 7BO CySOsH HET 5 LS #ML TV 3 L & i BAKO &S T
ELOREBBZ bDEEINS,

LERE, 7 /EBIVRSBROMEER TR IBR, BN, HRABORNIC L IEHHE
Bohd, LERIIBE > = /7 7 BT 15% OINT—FUIELRUIY, —KEOHEIRCH
L HBETENMETH ), 6.25 PRUNLEHROEAMIZa L 49 LD 94~96% e LT, =K
RO®Ti 66~78% %2 5D 3 RBEY 2V, —HFRABRIZHEOBMKISHEEZRL (11~18%),
HH L 2T U RAZ 0.5~2.5% OEETH 12, KOROEMCVBEERREFES LI Ef A
YOEEETRT LDEDOHEMIX, RIDMEMET-> TOLBVOTHEIRBRS T EBT R,
7 RORERBICHTAIRER SRR LY bERDFVEVERTRL, Aragonite & bR 3B
DF 3 7L Calcite DL DL H b XEKILETTh T 5, 7 VEOREBRY7Yary 4 ) vieD
WT, 43 XMoo+ 57 4~ (Dowex 50X 8, 200-400 mesh, H H) 247v>, BHES %<
—=2aT NS5 T 4 —~TCEEMTUNIER, 43R ABHNE, ~——on=bs5
LD REELDZVvay s VBB LI MOBHERL D 3 5rD/AINE—~22B/BII, Th
BRDVTHIGIFEULSBENEMATLLBMELI. Y arv ) o7 i RO
Y COBFRIIBETH 80% 25D TRED, Fradi vy 2 EOERDTD 2,

= ¥

ZHEEOR® (k2544 (1), vsn4 [11), ko= 7oy [III]) @ﬁﬁfﬁﬁﬁa‘dxvﬁi&
BR324 ) v OERD 2 RN LROEREE,

1) X\EFTEh ABEEEE Lo, (D i@ Calcite, (II) 35Xk 0¢ (IH) it Aragonite f&fh
FeR Uz, ZREOZKEA ) B0 (II) OB#HIE Aragonite FERE %= L1z,

@ RMarx4) - 0OR7T ¢ /BI2 AROSRHMOZRCI I ERN 2507 1 VBRLEEE
B> /BRICBD SN 3. T5bB Calcite BIORAMIL Aragonite BD & DiCHBEL T %7 ¢ /
B8 (Ser., Thr.) »3 2~4 fERE<{ *.%< TNTBLEY, %éiﬁT ] (Tyr, Phe) i 1/4~1/5%
ETdh-o1,

() MEMOERIZ (D VBA*v 7 VEBESRICEA, HEET : VEMWIETH2, (DIE
BHRY /R A8 BT LU REUBESEICES, DY RSPETH B, (1D IRF
W7 /BEEREY L VB Arg. BEOERATH 512,

(4) HEDO7 : /BHERRAROZNERSEITNBE 3 bm%gzpzb% iz Gly. & Met.
DERRHBOBL 2 L £, —FRABBIOERSTH 5 Asp. BB LT3,

(6) HWEMET : /ERNTIMEY ¢ / BOMIERORKES - ORI s T E%&é?ﬁ‘a‘a
HE7R3T, BEMTKALESER L,

(6) & WDEHEit Aragonite DRBIE AT TV ABAERL, fic (II1) kB T#
Qgﬁ!biﬁiﬂ‘i) 272,

L} =

KRRREITICDID 7 ¢/ BASHMTEREAOFEL 2 52 T 230 BRI £ 5F
RE, NEFRKIER & iz HEHAEARLEEoHAE, HEE—802, VSRR REL
BEw o KB & O BT B i) LY BHOEBERT 2, ﬁﬂ%im—%ﬁ
FHEO—A QUR) iwE5 R 5N B 41 EEAETERB ST X 5120
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