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Purification of crystallization inhibitory material of
calcium salt from a scallop shell
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A crystallization inhibitory material of calcium carbonate was purified from the crude extract of a scallop shell.
The inhibition pattern of this inhibition material was the same as that of lithostathine, could inhibit the growth of
calcium carbonate crystal. This inhibitory material was purified by ethanol fractionation and column chromatogra-
phies on both of DEAE-TOYOPEARL 650M and DEAE-TOYOPEARL HW-55F. The molecular weight of purified
crystallization inhibitory material of calcium carbonate was estimated to be approximately 2.7 x 10° according to gel

filtration chromatography.
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IR & CaClaZRIBH O BUS I & ) CaCOs O U BUS (NaHCO3 + CaCly — CaCOg § + HCI + NaCl) % #&12 LTI o 7o
CaCOs DM IS DS EAT T IS4 R $ 5 HCI TRIS O pHAME T $ 5, 20 mmol/1 NaHCOs /KB (pH 85) 25 mliZ
k&7 EBEDOOMMEBE 500 u RN L, THCERT S, 0%, 20 mmol/] CaCl/KiE# (pH 85) 25 mlZ MMz,
pHOBBZLZME LTz $72, 3 ¥ bu—n& LTEHBEORDL D ICERKE AV, T2 pHOET 28 L
FBEAEEI0%E LT, Thayrua— e LTHWRESKROBEE20%L LT0%DpHOEEZRTRO S /37
HiBE%ICs & LTIEH DB E 1T o 720 IREIZ25TCTH S,
3. (Y Ry FHBEBE]L gz LTHI A5 VL0725 122 mld05 mol/1 EDTA-2Na/RBH (pH 8.0) &M
2, X5ICHINSES PR XEL-DIKE T CEEE L H W THER: 4T, Duty cycle 40%, out put control 3, 8 min)
L7z 0%, Wil % #0508 (4T, 27700 X g, 10 min) L, B 5h7: EEARKZ 10 mmol/1 Tris-HCI#RHEH (pH
85) \ZHF LCEM L7ze BT S L CldDialysis Membrane, Size 36 (Wako Chemical USA, Inc.) & v 7z, $7z, 8
WL BT A N7 38 % Polyethylene glycol 20000 CTHRK T A Z L& VAT oo # U N7 HBEOFEIR 10
mmol/1 Tris-HCI#&H# (pH 85) W Tiro 7
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L7249 A (25X 70 cm) T %45 720 10 mmol/1 Tris- HCHEH#® (pH 85) TF#L (1.0 ml/min, 160 min) L
KB AEEALN. BHIZ0-10 mol/l NaCl, ##E10 ml/min® ) =775V b Tiinlze 757 ¥ a3 id40
ml& L7z 280 nm THRIEE 728 V82 O ¥ — 2 %40, 10 mmol/1 Tris- HCI#E M (pH 85) 120 L TEM L, iR
MERIEEDOWE Z 1T o 720

KIZ, BIEEERLZES%01-05 mol/l NaCl, ##10 ml/minDAFy TIA4 X755 ILY MTliolee &
7527 ay (40ml) 75280 nm THRIBENAS V7 EDOY — 2 %40, 10 mmol/1 Tris HCURE W (pH 8.5) 123
LCEMN L, BHBREEONE 21T 72
4-3. FIUABIOTETZT 14— BAA 70 7T 74 —CTHLNEROFE D o 255 2 DEAE-TOYO-
PEARL HW-55F %484k X L7=47 9 4 (15%99 cm) THME %17 > 72. 0.15 mol/1 NaCl% &% 10 mmol/1 Tris-HCI#E
% (pH 85) CTPH{L (0.15 ml/min, 833 h) LEF %A L7z #H120.15 mol/1 NaCl % %&¢r 10 mmol/1 Tris-HCI#%
B (pH 85), W#0.15 ml/min TV, £757 v a ¥ (40 m) 25280 nm THRH SN2y V7 B -7 24
%, 10 mmol/1 Tris-HCUEHE# (pH 85) I L CEMT L, BMRERHOWEE T o720 T, BHOSTFEOWHED
BHRY - EHBTAZ LI D RBONFREEHE L, EEHHE L LT, Rabbit muscle phosphorylase B (Mr.
974 k), Bovine serum albumin (Mr. 662 k), Hen egg white ovalbumin (Mr. 45 k) & Soybean trypsin inhibitor (Mr.
215 k) 2w,
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% Fig. 1 Effect of the crude extract on calcium carbon-
7.8 ate crystallization. Activity was measured by
’ monitoring pH in the course of reaction. The
76 calcium carbonate crystallization was per-
: formed by mixing 25 ml of 20 mmol/l NaHCO3
(pH 85) containing 500 u! of sample with 25
7.4 ml of 20 mmol/1 CaClz (pH 85).
Symbols: @ Control (distilled water), B Crude
7.2 o é e 1'0 i5 extract (final protein concentration was 1.5 u

. g/ml)
Time(min)

KIZ, Fig 210RLAL I, 3y b= VoREEOpHDZEMICET LT 2 KISFES minBIHMMY (&5
YOS EBELX LT, 15ug/m) 2BMT AL, TOHOpHDET 2451k S BILMGIEMN 2RI 2 EPHRTE
7o COBORBANY Y ADOEB L2 ERNEFEMBCBE L, REBAI NV Y Y L O IE Aragonite, Vaterite &
Calcite DE 2 RT I LM LN TWAD, Fig 3WRLA L) ICAKIEEE15 minfk F Tikid & A L5 Vaterite T
HY, —EB Aragonite WEIERTE /oo ISBIZAS minBIZHMMY ERIML, F0%10 minFoRiX, a3 bu—n
D5 minEOEFMELIFIEFFRLTHY, a¥ bu— V15 minFkOMBRENELLBELT, Bohizh by T AEKRL
WA IRBAI V7 AOBREREEZIH L TR EEZ N, Tz, —BRBELTHITE A LD Vaterite ThH
D, —EREESD DD DORENELDITL AL b o fzo — MM I3 5T Vaterite 2 & Calcite N de A3 L &
Y AR RALIEIME ORI OBET, ZOETFIH SR ELZONS, 2B, IV PO VOBEIT ISR
* —BEMIET 5 & Calcite DAV BILZ TE 72,
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Fig. 2 Inhibitory activity of extract on calcium car-

bonate crystallization The calcium carbonate
crystallization was performed by mixing 25
ml of 20 mmol/l NaHCO3 (pH 85) containing
500 u 1 of sample with 25 ml of 20 mmol/]
CaClz (pH 85).
Symbols: @ Control (Distilled water), B Crude
extract (final protein concentration was 1.5 u
g/ml) was added when crystallization started
at 5 min (arrow)
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Fig. 8 Scanning electron microscopes of CaCOs crystal obtained from Fig. 2 results. The bar indicates 10 um.
(A): Control (after 5 min), (B): Control (after 15 min), (C): Crude extract (after 10 min at time of the
crude extract added), (D). Control (over night)
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Fig. 4-(A) Anion-exchange chromatography on DEAE-TOYOPEARL 650M (Liner gradient). The ethanol
fraction (50 to 70% saturation) was placed on column (25 by 7.0 cm) equilibrated with 10 mmol/]
Tris-HCI buffer (pH 8.5) solution. The adsorption proteins were eluted with a liner gradient of NaCl
(0.0- 1.0 mol/l). Each fractions was 4.0 ml. Flow rate was 1.0 ml/min. NaCl concentration
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Fig. 4-(B) Anion-exchange chromatography on DEAE-TOYOPEARL 650M (Stepwise gradient). The ethanol
fraction (50 to 70% saturation) was placed on column (2.5 by 7.0 cm) equilibrated with 10 mmol/l
Tris-HCI buffer (pH 8.5) solution. The adsorption proteins were eluted with a stepwise gradient of
NaCl (0.1-0.5 mol/l). Each fractions was 4.0 ml Flow rate was 1.0 ml/min. NaCl concen-
tration
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Fig. 5 Gelfiltration chromatography on DEAE-TOYOPERAL HW-55F. The partially
purified extract after anion-exchange chromatography was place on column
(1.5 by 99 cm ) equilibrated with 10 mmol/l Tris-HCl buffer (pH 8.5) solution
containing 0.15 mol/l NaCl. Each fractions was 40 ml Flow rate was 0.15
ml/min.

Table 112K % FHEMKL kgZ B E L, FHEREIVBONLY VS0 BBERLWICICo% R Lz, SR
TICsDED/NES L D, *ERALIENEEAEL o TWA I LD MR TE . T2, Fig 61R LA L) ICBEHMDS
FROY VN BEBHNY — YR RBT S LI0E ), RERTHEL WAV Y Y AEKRLIHYEOSTRIZH
2Tk EHETE

REEAN Y7 AOMRLE S CICHERREZINRIT AL CL Y, BRIPOAINVIIAALF VIREOEAPE O,
HEARNTOH NV 7 ARIUEER E LT TE 5, 72, SEHBONZA VY Y MEKRLARIWER, ERROY
V3 LRSI E Td 5 Lithostathine (Mr. 14 k), Statherin (Mr. 8.0 k) % Nephrocalcin (Mr. 14 k) & BT 5 &5
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Table 1 Summary of purification of CaCO; crystallization inhibitory material from a scallop shell

Protein Total relative
Step Volume concentration protein ICs0 activity
(ml) (mg/ml) (mg) (ug/ml)
Crude 260.0 0.529 13754 0.065 0477
Ethanol
fractionation 65.0 0.890 57.85 0.062 0.500
Anion-exchange
chromatography 1025 0423 43.36 0.043 0.646
Gel-filtration
chromatography 30.0 0.700 21.00 0.031 1.00
A scallop shell powder used was 1 kg.
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Fig. 6 Estimation of molecular weight of CaCOj crystallization inhibitory materials
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Symbols: @ Standard materials: (1) Rabbit muscle phosphorylase B (Mr. 974 k),
(2) Bovine serum albumin (Mr. 66.2 k), (3) Hen egg white ovalbumin (Mr. 45 k),
(4) Soybean trypsin inhibitor (Mr.21.5 k), O Sample
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