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F. k ELCRERILORIBNZ D D56 R 10 3 BRI
. KPEAE M AR 72T /L~ L TORS AR O 7=
DL T HEBAERONZTHZEEZBIRRLTWA, ZivE
TIZ/KPEF$E~7 V7R (Megabalanus rosa) D~ /L5~
N L 7T (BEEHINERRRRAS & 2 > NI H) A TR
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ST 4—TCHEELT-, L7F o OY T =y MiiiE%z SDS-
RYT 7T IR VESIKE (PAGE) & MALDI-TOF &
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BELW 3°,5-RACE {EICEHH RS T Lo TR E
L7z,

2. 2 ##HHZIKBRA DIERK

T H7 VRO cDNA T4 7 F)—D PCRIZE>TBRA
?O DNA ZFHRIL , R/ 4% — pET32a% W CTHRELT T2
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##/K (0.5 M NaCl/11 mM KCI/50 mM MgCl,) Zf# FHL T
1157121, TIAF 72— (¢ 30x 10mm) (2 A T3
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2.7 HREBOHE

PRI V2T Ifl DA A7 8t A% BRA %3t
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Fig. 1. Comparison of amino acid sequences among PPL and other homologous animal lectins. PPL: Penguin wing oyster

(Pteria penguin ) mantle lectin, STL: steelhead trout (Oncorhynchus mykiss) egg lectin, WCL: white spoted charr (Salvelinus

leucomaenis) egg lectin, SAL: cat fish (Silurus asotus) egg lectin, SUEL: sea urchin (Anthocidaris crassispina) egg lectin.

The CRDs located in the N-terminal, middle and C-terminal region are represented by N, M and C, respectively.

PPL-2a
PPL-2y
PPL-28

PPL-20
PPL-2y
PPL-2B

-AFCSQYLTKVGGNGGGAFDESSLSSNGDITAIQVECGNVETS IKVKYGSTWGTKHGWGA
AQQCTMNLPLSGGSGGGAFSDADFVSKGLITKVQLECGPFFTSIKVRYGTTWAPKHGWGQ
AQCPAFMSKRFGGLKGGAFTDKSKANNGDITAIRMECGTHLTAIQFRYGNVWGPKHGWGR

SHCSNYFTRGNQTTYTLEDGEY ITGATI THNKYVNSIIFKTNKRNFAKCGWSTGAKSTTI
SNC DNWWKRGSMKEYTLGANEY ITGATVSHGKY INSVTLTTNKKSFDKCGSGQGTTDTIT
SNCGIWWTRGKKVSYNLAPREYISGATISYGDYVNSVRIKTNKRKLPKCGSSKGEKSKSV

PPL-2a
PPL-2y
PPL-2B

TGRHLKYINGRSGC IVDSLSLYWPQWS
NGRRVMYFKGRSGC IVDAFQLYGPTW-
SGKRLKYVQGRSGC IVDATQF YWPTW—

PPL-2a - PPL-2B3 51% homology
PPL-2o - PPL-2y 52% homology
PPL-2f3 - PPL-2y 48% homology

Fig. 2. The amino acid sequences of PPL-2 subunits

-313 -
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THEHER R E R LT,

1.6r
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1.2r
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0.41

S

0.21
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3. 2 MEHEAREMHER

BRA (FW b, AT 8 N BUESH (307,
313, 314, 323, 405, 418, 419, 420 7¢&) (25 BIFnEE
Fib | @~y —2AIR0T 4T 7 MUNBDRE S X Rk
ZorSTeiolz (Figs. 3, 4), BRA-2 1T o2-6 f A LIZT T
NWERE SRR L CTREA LA, a2-3 fEA LIS TVERIZIE
EREEA R o7, BRA-3 1T o fifE L= FEE TR S
DITFY = AIZFRNBIFMEZ TR LT SR 7 VRIS
WA Lol SR7 VAL ZF 2 (BRL) IE Lewis®
& Lewis® (TR VELRITEZ FF> Tz,
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Kx 10 (M)
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Glycan No.

Fig. 3. Bar graph representation of association constants K, ( = 1/Ky) of BRA-2 and BRA-3 toward N-linked glycans. The

small Arabic figures correspond to the sugar numbers indicated in Fig. 4. Large Roman figures at the bottom represent types

of glycans: glycan numbers from 002 to 017, high-mannose-type (group I), from 101 to 203, agalacto-type (group II), from

301 to 420, galactosylated-type (group III), and from 501 to 602, sialylated-type (group IV). N-linked glycans: from 701 to

739, glycolipid-type glycans (group V), and from 901 to 911, others (group VI).

-314-



N-linked glycans

002 003 004 00% OOj 002 OO% OOﬁ< 01? 01%
01 015 01 017 101 102

TYEE Ry
Rk kg

Glycolipid-type glycans

701 702 703 704 705 706 707 708 709 710
GA3(Lac GA2 GAl 6'Sialac  GM3- GM3- GD3 GM2  GM1 GDla
) 80  ee0 SO0 O, Neusf® Neut® o 0 PP
711 712 713 715 716 717 718 719 720 721
GD1b GT1b GQ1lb Gb3 Gb4 Forssma 2'-Fuclac A-tetra A- A-hepta
N A o &
722 723 724 725 726 727 728 729 730 731
B-tetra  B-penta LNNT Galili LNFP-IIl, Le*LNDFHII  LNT LNFP2LH LNFP-II, Le’Le
pe

W o P o o P Y
732 733 734 735 73 737 738 739
pLNH LNH LNnH bGallac pGal,Lac  bGalsLac bGalslac B-
Others
901 902 903 905 906 907 908 909 910 911
LN1 LN2 LN3 LN5 GN3 GN,4 maltotrio Sialyl Le* Le'Tetr T-

Waﬁgﬁwmmsemﬁaﬁi”{y

Symbols | © GIcNAc @ GalNAc = B-linkage
© Man o Glc
e Gal @ Fuc
® NeuAc @ Xyl
@

NeuGc = a-linkage

Fig. 4. Schematic representation of PA-oligosaccharides used in this study. The reducing terminals are pyridylaminated.

Symbols used to represent pyranose rings of monosaccharides are shown in the box at the bottom of the figure.
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3. 3 INSTM1EBRDEKEDHESHE

~ A A D BRI (Fig. 5) 21— —BEf%EE T
BIZRUT= (Fig. 6), B'EJE (a, ¢) TIHEMER TR XA
FRMBLELSI, M5 CIIAR D S D& 2 Mh
STENOEIT/2D LT — HFANZEL R LI SBTE D /)
faEa Oz, —J7 . NERE (b, d) O HRmICIIH
A& 2 S, F, b IR T3 il
IR ThH o7, SHI IR HSEE X BRE T
HECHKET 7T A MEREH L2 AH, REEAR

BEOBBENOELNTT SABRDRE— N IHE
EORHDHIL, 3 EELEIEOEO IO S D%
AELEETHDBIER DD -T,
3.4 REAILIILBERILLERSHOBRE
~A_TADEKRGZ T CHIK L TRIZAHE~ ) w7 A
Z WA Bl R HPLC ToriEte . 7/ BRELS ot 3528
(2D PPL-2 L7z, L7=A3>C, PPL-2 (%, 7R
® BRA L[AIERIC, A~ N> I Ao E L TONAAIRT
VB —a ZBE L QWD EDRIBES T,

Fig. 6. Laser micrographs of surface microstructures of the nacreous layers in (a) and (¢) good- and (b) and (d) bad-quality

shells
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THTVRINS LT~ L F L7 F L (BRA)
(IR ER IV 2 DS S DT BB E S i, 2
DOIEZIINYARLVE T I AN TS AL, &<
|\Z BRA-2 OIEMEITHRS, BT Tl 13 pg/ml LA E, #%H T
1% 2 pg/ml L ECHEIEZ R U, ZOZ8ET a7y
YAROEN TNV A NSV, ZO~R Y7 ZAR%
454U T BRA2 WEASN TWAEFEEL—H$5 Y, 2
hr— L ELTH Yz BSA TIIREA LR s LA EIX
HHALT, BRA IR TH o7, FTIIR &V Tibdh
LA TRNTAE S, VA MERTIE BRA IZE-> T
RENZEILL CHLERTIIE LT b N2>,

J1 VA MRHEIZ BRA % 1.7 pg/ml OFEFE THNZ T
e CIZRE T BREE T A B2V, T FE (D-7 v
I, D-AT7MY, A YaRE) | LT X =
L-EZF D BEOY L-T AT ARG L%
DBOLITZ, TRbDH | ZTNHO ARy FITITE D
SRIEM RS2 — 05, PR T BRI IXBREE
ISR ST,

BRA f#7E FChEa bL7cEZ DAY AN ET 72
T AN Z SEMIZXVBIZE LT (Fig. 7). J/LH A Mt i
Tl BRA (TR TR T 5855 & A PR D
EDN LIV, BRA MO FFEAI/ERL TS
ZEDRIBEI NI, BRI LTZE 4713 BRA DB
INMZEENIEND &R LT, 773 FAMEHE T, KR E
BRA THRLU TR ST SRR b 2 R Rr L7223 SR L
BRA TIHERIKSCHRR O RBLAN RS b 3 B DAL T,

IKPESEAFHEBN ) DR TIREE I V2D D> B D H B~
R 7 ZOAERLS IV TEY | A s bfilEc b2 A~
N7 2T FF BN G EINTND, T I 7 R0
ORI A~ Ny 7 2AZ[EEL LT T AR ET T
DORLT 2 F W THLHF M 2B EIL LT MR
R B~ Ny 7 AR EIST RS D b T a8l
LT, FFUBIOS MU OMIEICH B N—FF AL [E]
FR7eRE S RBIC B LR BB, IR ORE I ETIE
MFAZFEERR AL, T T AR EER RS H2H
N3, FERATILE NI o T2,

Fig. 7. Calcite formed in the presence of BRA-2. (a) SEM images of calcite crystals formed in the presence of BRA-2 (0, 3, 7,
10, 13 mg/mL). (b) Confocal microscopic image of calcite formed in the presence of 13 mg/mL FITC-BRA -2/BRA-2 (1:1

by wt).
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4.%F &,

AR ANERENG, Bl DFERE S REAS D 2
DL 7F 2 PPL-1 & PPL-2 - HARBEL TR PR 2D
2ZL7z, PPL1 (3E8#L 27 F @ RBL 77U—IZ,
PPL-2 (3L 7T DT VgL 7T 77—
ZBLTWAZER ), “HEETHL AT
IR R 7 F LV BENTFEL CODZED BN
7poTz, LU, PPL-2 &, l@H OV v B igkly 7 F
MFFO~L )= ARH T M= AT DR BRI A K
> TW/, PPL-2 O L{KH1E % Molecular Operating
Environment (MOE) Z H\ T #IIL7= (Fig. 8) , ¥ 1V
WL 7 F L DHIG, <2 ) —ARE SR BT D Heltuba
T —AEG R R TH L X N e~ VT T IT
TARNAERRLTZE A BERE AL e R TS
TEY, 17, 1337 Gly, 1347 Cys, 1357 Ile, 137 {\%. Asp
&L By y Tl 92 /7 Gly, o TiE Asp 23FEREFGHALIZBE D
STWBEEZBND, /—F T uyhBL T AZ T
2y hOFEFRDS, PPL-1 & PPL-2 [X~S0 A OIS
JELAFELTHEY, PPL I NAAIRTI B —Tar 28D
SRR EMBRE R Z D ORI - SR E CTRIZLCWDEE
265,

~ I A HBNANCH LB E AL —F—BEEE S X
FRIEHTEIEE CEBRIE TR LIS, 773 T A M i
D 3 ECAIPED N D SR D 765 A LS TEERE D

REERBEDOEWEALHL, ZOERIITAH~ N
VI A RER T BH L G ORSREME D 585 2 55,
Frbbh, FCSHBE~ N v AR T HEA LR
DRSO AN LD RLOHIE THY | F
F.BRA 3L PPL O~ /LF AL TF o DWNTEA
Sk, ORI SR RE A R D Z L3 FAC Z3HT
IZES THBLMNITAR T2, EDIT, ZNHD Y FIZE-> TR
ER A1 D AOFRE IR SARIC AL T D2 &b HBRGE
HELCTHITFHZENTED,

BRA (ZIZREETI V20 I S EZ T R PR R & i
EBLEMEH Y, BRA OHESERRE A EA7 (CRD)
DL EZ I D EAE LB EE T i, b
FEREOZbb Kbz, ZNHDRE RN, BRA DR
TN G EAGRIEN L 7 T 0 i Yo 1 S B 7R A
T THHN CRD LIXH eI ER B> THEH
ZBND, HIEERE FITC-BRA ZUSINL CARR L 7=/ b
Tl VYA NG A D JEARER 0 i s RTE L Tl 42
ST, Thebb AN A RNEmIAREBOERMIC BRA 23
FBAL, BRADME A LT IR DS IEED | fEE LR
BB SRR L ORI R DAL N DL E 2 Hb,

5. $%DRME
AT, ATV B — v CERRAE) %,
HERALATONDEEL TO~ N IR0 T, KL

154 Cys

1551le

156 Asp
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Summary

Calcified hard tissues and skeletons, such as various shells and pearls, provide structural support and
protection for many marine invertebrate phyla. Calcified shell layer is composed of two polymorphs of calcium
carbonate, aragonite or calcite, and an organic matrix. The organic matrix is though to function in shell formation
(biomineralization) by determining structural properties such as crystal type, size and shape. The matrix, which
consists of various proteins, polysaccharides and proteoglycans, can be separated into soluble and insoluble
fractions. In this study, the modulating effect of invertebrate lectins, and organic matrices on the crystallization of
calcium carbonate was investigated. The multiple C-type lectins isolated from the acorn barnacle, Megabalanus
rosa, inhibited the nucleation and growth of calcium carbonate crystals. The crystals of aragonite and calcite
were formed in the presence of lower concentrations of lectins. The morphology of the crystals was examined by
optical, electron, confocal, and FT-IR spectroscopy.

Microstructure and orientation distribution of aragonite crystals in the nacreous layer of Pteria penguin shells
were examined. Helical patterns drawn by growth forefronts of the nacreous layer were observed by a laser
microscope for good-quality shells, whereas no clear pattern was observed for bad-quality ones. The aragonite
crystals in the nacreous layer of the good-quality shell seem to be harminocally oriented along a crystallographic
direction. Novel lectins, PPL-1 and PPL-2, were isolated from the mantle of Pteria penguin by affinity
chromatography and cation exchange chromatography. PPLs showed sequence homologies to unique lectin
families and characteristic sugar-binding specificities. PPL-2 was detected in the organic matrix of the shells.

The obtained findings indicate that lectins play an important role in biomineralization as organic matrix

components and can be applied to artificial crystallization in the sect of nanotechnology.

-320 -





