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BhRES 9958

BT BRI X BN T AERERLIE O VRS & Hle

B - RAR T GRACKFERFBRRFHER)
JERBFZEE M BA GEERER B RZE 7R
KB FT RAERFERFHRZEHEM)

EREELY NI BOBEENRIINI D LB RN T 2HEER 2R
L, TOREERZIZIVY I F—FUBECEER EORFYEICK > THBEN
B, ¥ NI EREMIFEREOEREREOHAZHET D EZ2FFREETD
ETHLMNI Lz, ZOXDEHEY & EEgA 4> EOMEIERE, £FITBIT
BAERNIEONAAIZSTUE—2a N ES>THEETH S, EXIE, KERKE
7 57 2V R (Megabalanus rosa) DY) > )NEDEEY VNV ERD THHCY AT
L7 F 2 (BRANH S h— 272 E OE#ICKESEEEDE T TR, WIVYILE
OBEAFIIREEICH B ) /R TOREITHOREFICEHE, BEROFIEICHEEH D
TEEBRAIEELTER, AMETIE, YONVEEZDOHHIICLD NI D
LEESCEZEDOIERAEEOMBALFIHEZBEMNELT, THT7IOVROERETD
% 2 %7 Y R(Balanus rostratus) DY) > )\¥& 5 BEEL 72 7))V 2 LR {GRE
EZEREHEEEVWL 7 F O BRLOLKEEZRIAL, BRAEDHRICK > THEIGTE
HHEERETZIEEDIC, INSDOLIZFONAIN I T LERKBEOBEICKITT
EEEHRAN, ,

HIY M= EDWERIEMEICHN T LA F D ENBEET HBRLIE, 22 kDady
Ta1zy MDFRISSHEE TRES A Y —2FKRL, IONZEREL THERESN
TWiz, 712y MII82Y I JBEENS D, Y HTIVRMNSHEEL /2140
kDa®BRA-2(1737 3 /) B E) & 1N64 kDa®WBRA-3(1387 X / Eg &%) & DFEIZ46
% & UN15% DFRIEMNHA 517z, BRA-2EBRA-3121325% DR L 22 Van Z &n
5, BRLEBRA-2IIFR UM EEGTF NS TFELLZEZZ 5N5,

BRA-2EBRA-31%, 0.01 meg/3 miPA EDEE THEAEMKE NI > LOIER{LE
FAZELED, ZO10fZEETHBRLED Y hO—)L & L THWEZBSAICIXHEE/ER
Mg I NN o7z. BRA-2 &BRA—SE?&??% T THREAIN T LDEREIEZITD
L, WABZEHEN-FEO/NS IERNER L. T 5ICBRA2ORT T >0 fFY
DI*FICLD, BRixsBEEZEDEENER L. —F, BEERAEZRI AN/
BRLTI, FRENFAZABROEEEZFE > EEENELZ, ZOXD7BRL
EBRAD IV MERERALICH T BIERAOENE, N1 ROoNs—7O07 4 —)b
RANIIIA TV ERBTHINNVRZINEBRETFEABEICO DT I ) BERED
SR EFEITRE LTz,
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BIBrged - A T GRAERZERFBLRFHIGER)
FERBFFEE NI BN GRALREFERFEBE R I IER
KB FF RACRFREGRENZER)

1. WEEM

AT DA F NTFET I A VDG TR & 7l AR L TR LTL
KO0, NEDS DZERRIC L ZBNREFZD 5101, FAHP1 oh 5T
L7ZCPPD K D78 71)V 0 AR O RL ZRET 2 MEORIANE S TH 2 (1), &
FEOW, REYINIEIREDRRY >IN EDORMITE )V Lk R
EERAN D2 I EERML, VEEELTOMETIIY VISV BEHRR EBEERD
RE OB, ZVIVy I PPN K BHEEROER, AEORER S OEYE
DB ETDNTHENE, £, BRY ONNVESH m%m%ﬁﬁwim&mﬁw
MAZHEETZ &, DEYOREIZL > TERZD DEENEILD Z BB SN
7o

—7, ZOXDIZEHY) & EHEA A EOMEERIZEEICBT 2 AKRIEONA F
SFRTVE—TaIEETHL I EDREINTE -, EESE, KERBET S
7 2 (Megabalanus rosa) DY) VINEDEBELY VXNV ERDTHBHCHA T Lo
?/@R@#ﬁ7ﬁ% — AR EDFEHEITHE SR FE DT TR, NI AEDE
BIFRERIC H D U 2 /SR TOMBITH O EICE E, LSRRIV RO HIHIC 5
5 ERIEE L),

BUFETI, &2 NIBEETDREIIT LD TV MR SACIZE OV ke
DA EHIEZERNE LT, THT7OVRDERBETIZSD S I %72V iR(Balanus
rostratus) DV 7NN S BEEL 72 )V Ak B CRREER R - L 2 F
DILEEZMEH L, BRAE DB K D EFEHMEBEERFTIEEBIZ, 2hb
DV F WD LEHEROBREBIIRIETHELR AN,

2. WFEHE
2.1, IRTVYRLYF OB AL
TIAZTA =IO NT T T4 —EFIEBRBI O N5 T 40—tk TI %
TOVRDY) N0 m)MN S H 5 N — kSR L 2 F > (Balanus
rostratus lectin, BRL)%58 mg®Et L7 (3), BILH I RFHI RAFIULL
BRLZ1 mgd DMV, V87057 —¥, UI) T RRTFHF—F, FELY S
ISR DBERIIMIL, RN T -7 7 VBEO(LERYIENC & B WL 5T
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7ze

NS DSRYEZFNEN, TSKeel ODS 120TH 5 A E0.1% MU 7)VA OEkEE/
7 b= VAR OWREARA HIEE# o PSR SERE O NS
7 4 —(HPLCO) THHEEL 7z,

2.2. BRLOLTKKEEN

Mg L - X T F RETA 26 M HCIH, 110°C, 228K RS, AR L7ET
2 BEY TN IO RTHEERMELTT I/ BEARMT 21T o7, 73 B
RSNISA T OFA >y — LI —THH L, BRLOZLREEZRE LTz,

N Kooy —707 4 —)iZKyte &Doolittle (1982) DAIEIC & o TIER L
7z

2.3. SV LERESCREEM ORE
pHEBHEEBCGEEER TH %A, UTOFIETHI Y LEERLEEF
MzERE Lz, KIStV #8H0.1 me)z 7 L7z ATH#HK(0.5 M NaCl/0.011

M KCI 2.91 mL&1 MEAEA)IV S L/KEERKR0.03 mL2E A, 20C, 1053 WIME L

2o 50 LH20TITERES THNZ0.4 MO EEKFR T b U W LKIEKR0.06 mLZ
ZANU(EE3.0mL), AEICpHAY v hEEF S, RIS ZERIERKT
20°CITAR S U T30 D RIS 2B Lz, H)L 3D AR ORI & BN HA
B ENTPHME T T 50T, pHZES.5IRREFT 5 DICIHE L 720.1M NaOHE %
REEFEYICRCER U 72,

2.4. KERODER B

5N BRI DOIET, BERHREE )V > Lin 5 R U Tz fE RO E
12, Korex X#EARY MIVIEHRNITILE %538 L7z AIIS-4200EE R E T IHME
(10 kV)TERE L 7, ‘

3. WHAER

IRTDYRDY NS BEEL 72120 kDad L2FBRLDH T b —Af
BIEMICIIHIN I DA F LB BEE LTz, 22KkDadY 712y M3 THISSHEE
THREY A Y —&BRL, INNLEFELUTBRLAEREIN TV, 712y
NZ1827 X JBFEEMN SR, HNTRIIEIAFAVEEZEET, 8DDHTA
FUREEFLTWEFE. 1) THTIVREN S BHEL 72140 kDa®BRA-2J (64
kDa®BRA-31%, TNZNL737 IV BERHA L1387 XV BIREDY T2y b5
BRIhTn3@., TN5OLREEZBRLE RT 2 &, 46% K U15% DR M
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MMAS5NT=, BRA-2EBRA-3OY T 12w MEOMREMEIZ25% TH D, BRLE
BRA-2IIF CHIEETFN S TFHMALLZEZEZIB5ND, 8DDEIAF UIFTXRT
REZINTHD, BRA-2EDHEN S, BRLOCYs-23&Cys-b4idd 7 1= w M
SSHEEIZ, Cys—57&Cys—68, Cys84&Cys—176, Cys—152&Cys—16813H 71
Zv MASSHEEL T —TZ2ERL TS EEZ 5N 5, BRA-2DASN-391213N
—Yt?)lxﬁ)l/:*ji vy X2 =X, TOA—ANBRAHEHENMNES L TW5, BRL
T ZNICHRINT AL BICNAESEMESH O O > 3 ZEFNE /R <, NEKED 54467
Ica > 28 ABFIASn-GIn-Ser RO o7z, LA, BMITEE L TB 5T,
DFHOMOMEIC BFEHOBSIIRB I NN o=, b, IXTIVRNSIZ
BRA-SIZMIGT DL I F U INETDEZ AR DN TWRL,

BRL, BRA-2, BRA-3EUMEMIET IV T I P (BSADH I AR L EE
A zHRz, BRA-2EBRA-31E, 0.01 mg/3 mlPA FOEEE CiEfMREE )L ™ A
Dtz HE L2, TO10fFBE THBRLEBSAICITEEERANBEZ I N
Mo 7=(Fig. 2).

ZDBRLEBRAD )V AR O#ERACITH T BEH OBV ERFTT 572D\
A RO =707 ¢ —)V&E{ER L 7= (Fig. 3). BRA-2&BRA-3IICKIHERIZ2D D
KREBEKERAAS ZFL, ZIITHIVT T AEE L & B REE & R MN R
LTWAETFHIENS, BRLIZD2DDKERBEKERAA ONAENEZHDD,
BRA-2IZHANZ E/NE L, o, TFERCHNT /NI BEKERAAL 0D
DlzinoT=,

FHEYENENGS, BREFREE ) 2D AERN SR I H RIS 2 -
TR MIER S N5 (Fig. 4a) ZHNETOWETRLUIEEDIC, &2 N0 BHHY
DRI L > THEEZOERNEES N, BROREDEL Lo/, FlxIE, NE
TIWT > DINISA e TIE, 7 XLADEAER- EEE b ORENER L
7=(Fig. 4b)e 71V A ORERALITH U THRWAEER £# DBRA-2 £ BRA-3,
K UOBRA-2IERBNMN DI 572 5% BATH HBRA-12I{EIETRBE I I LD
fEEb T &, ARV HRERO /NS SR NER L= (Fig. 5), —7F, FHEME
MRS > 7ZBRLTIE, FRENIEAZEHBIROFEZE - -S4 U
7o :

5L N BRI E RV RFTEERBIRT 572012, BRA-2DE
627 2oz Uiz, BRA-2OY 712w MZlidMet-73 & Met-106 2377
T5, RALTT OHMICED, NEKIENSTIMETOY T 1w MESESEEE0146
WREMNSIRHWi &, SSIV— T OMetFRE DG & N 7222885 5 72 5 10058 5 0
A ESNz, ZNHCB-1RUCB-2EHmA LM OfEICED, ZNETEIT
I SICERBRLREREFORENERL = (Fig. 6).
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4. BEBIVSHBROME

TNETIRKREY NVE, SIATIVTI >, INETIVT >, KFNXIEZ
BaDTOT7—PTHEL, B5NEY 2T ENRYI OIS L&t
BB 2T, TORENS, RTF RO AERERCEEERIC,
TOFY —VOREEREMECE I HENERNRFEBLTND I EEHLNIK
Uiz. BRY NTBEMBY DNV NEkERACREERE, 57 v—X, &
W0 TR EDEMICE > THRIRD 5. & 2N EXMRNDH I
MEEECREERE, RTFRICEENBE TN I VBELIIT ANTE VB E
HITI A EOHEERICEDbDEEZBN, BE, RTFROT I REZV))
53 F—VTHUKRAET 5 EREEAANER L. X5 ICHERRIEICBT 5%
M OERIMERN S, 7 >/ ARGV DO RED ERTE T T2
REROBREEEF TS ERREMIAS T, FFETIE, FONRVBES
ISR DN LSRG EER OB 2 X 5ICEE L <N, RERbH
BT HEDI, NMAIXTUV—a @b EFRILTWA2EED 7Y
W RS BEE LT LY F L DM e & A T I & o T RS R OB
2{1o7z,

AT L S A R EVE R & B OBRA-2R UNBRA-3 &, T 5 ORI
WK S B 12 b D 5 FHREEANE < RWBRLO LIS £ KT 27 3 /B
BET, NI ERET BHRD )V ERRET EUBICEORE
Li=®MTable 1TH 2, Y T1Zw M FEAETHS E, BRAIFBRLED 20~
0%L< TNHDT I ) BESDETTH B, 2DDSS)— TN 5 e 2 MR
#4121 2 (CRD)ANTIZ40~90% %1y, BRLICIE, BEHEDHEEICEETHEE
2 5NBHIV I LA T IHEESEA(GIn-149, Asp-151, Glu-156, His-171,
ASp-17T)MFRTHREETNTHED, Tho07 3 ) BEREER< &, BRAIIBRLO
T0~120% %< HIVSIAA T ERELIBT I JBEREEZEAL TV, N
5D EMS, BRAODHIL I ©ERSBICREERIZL 7 F G & 3R
%, DFRICHTT NIV E N EBRERERT UMDY IV BEEICKS TH
HLTWBEEZLNS,

LML, fERLEEERZRSBVWEATY, ¥ NIEERTF RIkREFD
FIV Iy MESE RO RO S HEERL, BEVEEESLIRTSED, B
V3 WIS R O R TRIERE & R T F REBEO SRR, TR E /R R D E B/ El
FHoTNBEEZLND,

PEDZENS, ¥ VNI BEETDHRID I LERERCREER &
BREADEEDR X ZFMCTET 5 2 LIk 5T, IV LADBENS O
I, EEOEGOMNIE, EREREELEDSHNORBNHETES,
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(a)
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Fig. 3. Hydropathy profiles of BRL (a) and BRA-2 (b). Numbers of the amino
acid residues are shown at the bottom. Data presented as hydrophobic and
hydrophilic portions are plotted above and below the vertical line,

respectively.
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(A)

(B)

Fig. 4. Scanning electron micrographs of calcium carbonate crystals. (B) The
crystals were formed in the presence of gluten hydrolysates.
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(A)

(B)

Fig. 6. Scanning electron micrographs of calcium carbonate crystals in the
presence of cyanogen bromide fragments derived from BRA-2. (A) CB-1, (B)
CB-2.

-302-



11 13 3

Inhibition and regulation of calcium carbonate crystallization by
protein hydrolysates

Koji Muramoto, Tomohisa Ogawa and Takako Naganuma
Graduate School of Agricultural Science, Tohoku University

Summary

Various protein hydrolysates showed inhibitory activities on the crystal
growth of calcium carbonate. The activities increased by treating the protein
hydrolysates with glutaminase and by the adition of sodium chloride, lactose,
etc. Such interactions between calcium ions and organic compounds are
important for biomineralization. In fact, the multiple lectins (BRA-2, BRA-3),
which are a group of sugar-binding proteins, from the hemolymph of the
acorn barnacle (Megabalanus rosa) inhibited the crystal growth at a lectin
concentration of >0.1 mg/30 ml. A galactose-binding lectin (BRL) was also
isolated from the acorn barnacle (Balanus rostratus), however, it had no
inhibitory activity. Thus, the amino acid sequence of BRL was determined to
explore the structure-activity relationship in terms of the inhibition of the
crystal growth of calcium carbonate. BRL was composed of identical subunits
of 182 amino acids. BRL was 46% identical to BRA-2 and 15% identical to
BRA-3. Therefore, BRL and BRA-2 may have evolved from the common
ancestor gene. The distinct activities of these lectins may attribute to the
number and the localization of acidic amino acids and their amide forms on the
surfaces of the lectin molecules, that interact with the growth sites on crystal
surfaces.

Observations by scanning electron microscopy revealed modifications of
the size and the morphology of the calcium carbonate crystals grown in the
presence of various peptides and proteins. In the presence of peptides and

“proteins, the crystals seemed to be less well crystallized and smaller, and they
showed smooth edges unlike the crystals obtained without peptides and
proteins. In conclusion, protein hydrolysates play important roles in
regulation of crystal growth, including nucleation, rate of growth, orientation,
size and overall morphology of crystals.
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