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Functional analysis by the in vitro crystallization experiment on
the organic matrix protein included in the shell of Crassostrea nippona

IKEDA, Daisuke*, TAKAKURA, Daisuke* and SAMATA, Tetsuro™

Abstract

Molluscan shell consists of complicated structure called shell microstructure, which is
composed of two polymorphisms of calcium carbonate crystals, aragonite and the calcite together
with a tiny amount of the organic matrix (OM) secreted from the mantle tissue. Experiments have
been conducted specifically to investigate the nacreous layer, which mainly comprises aragonite, and
has a specific geometry, in order to gain an understanding of the effect of OM on shell formation.
Several hypotheses of the nacreous structure formation have been demonstrated such as the
compartment hypotheses (Bevelander & Nakahara,1969) ,the template hypotheses ( Degens,1976,
Weiner,1979) and the epitaxy hypotheses (Neuman & Neuman,1958, Crenshaw & Ristedt, 1976,
Wada,1980) In contrast to the nacreous layer, information about mineralization of the calcitic foliated
layer is very limited. In spite of the recent report on the genes encoding the OM components in the
foliated layer (Sarashina and Endo,2001 ; Samata er al., in press),the process of the foliated layer
formation is left a matter open.

In the present study, we attempted to elucidate the process of the microstructure formation of
the foliated layer, focusing on the function of the specific molecules in the oyster organic matrix by in
vitro crystallization experiment. After decalcification by acetic acid, the soluble and insoluble organic
matrices were extracted from the foliated layer of C.nippona. The insoluble organic fraction was
further treated by alkaline and 2-mercaptoethanol, resulting in separation of the mercaptoethanol
soluble fraction (MESM).

The crystallization experiment was performed by adding OM components in the supersaturated
crystallizing solution. When the MESM and the WISM were added to the crystallizing solution,
calcite crystals with similar morphology of thin plate to those of the foliated layer of C.nippona were
inducted on the WISM.

These results may present new concepts that we think may well have implications to the
biomineralization process of oyster shell.
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1. FX
EMIHSDOREHLZ D20, WP SEET DT
ORWEOBER R EE LT, R4 L EREDH»S %5
KL, $T%bH/NAF 3 %25 (biomineral) %
W3 5. EhoiTid, @Ak (H), Wik, &, &,
PNER 7 &N B, W X HIHIBRO K 2 N1 F 3
AT V=T a VEY, OB, FEBEEYHS
BRI W2 ETELOERIIA LGNS,
AR O M HFNE, WA AR, ok ARE & [ b
T, REEA VT Y L (CaCOs) DR CRERLER DI IK
%479 . CaCOsf#hicix, JfA (calcite), 7 F L
fi (aragonite) M O/NF 5 4 I (vaterite) o 3 Fi3
OREMSETEPHEAT D, 2055, FHRAIdRdDRE
L7k T, 7T VA, NT T4 NONICAEE RS
MmiC 72 b, CaCOsks i, V¥ 7 oA F v
(Ca2*) L jMA + >~ (CO%T) A MMRED & &
WIS N, ZOBIL, <7284
Mg2*) %< aEhsi3s, 7T VAPERS
RV EPERMICHEH ST 5 (e, 1990).
FRAREN W) D3R TIX, &% (Crassostrea nippona),
R % 7 # A (Patinopecten yessoensis), 7 I X H A
(Pinctada fucata) DHVE R EWIHHADIRIEL,
B ORFOBRKIET I LAPLE SN TS, #%
UL, BRI S & IENR 5 CaCOstE i DA L
ML REE D DI SN T W B, B RO %
13, 1920~19304FE A1 2213 T @ Schmidt (1923, 1924),
Boggild (1930) @ i #1922 WF 321245 £ O, Kobayashi
(1964,1994), Dauphin (2000) 12XV, 7 I L ik
WS 7 B HERMEE (nacreous structure), 28 7
Mg 3% (cross lamellar structure), # & & fE &
(composite prismatic structure), J5 A & &b 2 5
T B ZEIRME & (foliated structure) , B8 A% A %
(prismatic structure) 7 &, BAEF TIZ, F18FE%H
DB E DT ER EN TV 5,
WAREN OB DI, FRAPICE TN D AR
8% »/827 8 (organic matrix = OM) 2%ATER O
FEICES L TCwb EE 25N Tw5b (Crenshaw,
1972). OM 2, 2 MO ED D OIS 5.
B—Dbolx, TEMED Y V7 ETh 5 A
38 (soluble organic matrix = SM) T& b, 71
REWD S 237 HTH D AEEAEEE (insoluble
organic matrix = ISM) T& 5. L HH i o o OM
X, SM & L T nacrein (Miyamoto ef al., 1996), N
16 (Samata er al., 1999), N66/N14 (Kono er al.,
2000), Mucoperlin (Marin er al., 2000), ISM T &
MSI60 (Sudo e al., 1997) HHE SN THBY, B
W& o OM I, SM & L T Aspein (Tskamoto et
al., 2004), Prismalin-14 (Suzuki et al., 2004), ISM

Tld MSI31 (Sudo et al., 1997) G E N T 5.
iz d, FERMEETIX, % T4 A (Pyessoensis) O
MSP-1 (Sarashina and Endo, 1998,2001) & 4 7 #
¥ o MF44 (Samata et al., in press) 7% SM W12 &
HINTWL.

FLERRE, PEAENEE, JEIRNEE 7 & OB ARG &
DOEERL, REAWTHS. L, HEMED
IR BRI I B LT, ARRIRENC X 0 v 22
ZED, MRS, HEMEEZERT LT
JX— b+ X v bih (Nakahara, 1980), ISM E D 4F%E D
AR O ZFHET 5 OMMPFIEL, ZOHk
PAZHE DI S, EHAEE 2B % §H A3

(Kalisman et al., 2001), ISM _E CHESA RS % K
12, OM 25fE g ML 2 M5 ¥ &
¥ —it (Weiner and Hood, 1975) 7 & D X 9 ARG
PRORSIN TS, —J7, FERMGETIE, R7ZI20M
DOEEND 7 L, in vitro FEBRIZ BT 5 FIRFEE DI
DRI O D v,

AW T, EREEZROA TR Z2H L L,
AR O OM % 5 HE L, APEBALRIE L o & 5 AL B
WaE M, invitro BB T OM ORREEZHEC T 5 2
EERRMTz. T2, TOBREDL S, FRIRFEE R
AR Y R VAN

2. BRI LUEBRAE
1) BREE2> /78 (OM) O - B2

A 0HFOBKE, ¥4 T2k )ik %
s ==y Lk, BEREEFa— R AS—T
WCoHHEL 7. ARG ERE DD, srHEL7:
BRI 1 %sodium hypochlorite KA 123045 [ L,
KPR, HEAKTHEL, WL, 208k, @ik
F AT 2 L AFUERTHARIRIC L7z, BRI L7232 1k20
g %2200ml DZRAKIZHEIEL, 5 %HEERE C pH &
4.0 L, 4CT2 HMBIK L7, BKfE, BLX
i % EPEIEAK No.l (ADVANTEC, Tokyo, Japan) T
AW/, BEEBENHEVE—2AF 2—7 (6K
x4k, Tokyo, Japan) 2B L, &R ORERED K
FEND FTAF R PCTEN 24T 572, BT
T, L7224 0M %, 9,600xG, 305, 4TCT
AT o 72 LR, I O BRI A R
(WSM) & BAREEARIVE 2 ik L7-.

FERELK TSN ISM %2, 1%7T ¥ E= 7 KiE
W T pH 28.0~9. 01 L7227 v 7 ) &
T, W, A¥—F— L THEBLLEES T IV A1) L
EATo 7z, ZOMBRE OB, LEOT VA YT
VAR (ALSM) ik 7 v 7 ) ANEEA B
EEE L.

TH Y HHETHE SN ISM %, 62.5mM Tris-



HCL (pH6. 8) /2-mercaptoethanol ¥ #400ul 12 ¥ fi#
L, 1HEmesz457-72. TOBEHEET N 7Ly
7 MF (ATTO, Tokyo, Japan) C, 15,000% g, 30
45, 24CTmLL, EEDOANAT T Y ) —VTE
PR (MESM) & AN (ISM) & 2508 L
72. MESM %, ¥ 4 7 g 2 ~ — 3 (Nihon Millipore,
Tokyo, Japan) (2Tl L 7.
2) SDS-PAGE

10% Polyacrylamide gel & e-2¥ ¥ = I (ATTO,
Tokyo, Japan) % T, MESM 3 & OV ISM o %
DG HE R AT o 720 AT OB & W2 R, Tk B
Sample Buffer (0.5M Tris-HCl/10% SDS/5% 2-Mer
/10% Glycerol) 20ul IZ¥&fF L C, 14 Hmss =
7o 7z, INEMLPERE T 15, KK TEEG L7z O % jkE)
JHFEE LTz, 3kENE20mA O E R IZ T
MAT > 72, kB, & TOHH A2 v T CBB

(Coomassie Brilliant Blue) %%, Negative %

(Fernandez-Patron ef al., 1995), Methyl Green %%
f&, (Cutting and Roth, 1973) B X OF Alcian Blue 3¢
%47~ 72 (Wardi and Michos, 1972).
3) ISMIZEEhBHEDH B

ISMHPTOXFF Y OHFMEEMERT 2729,
Horowitz et al.(1957) ® % F ¥ i (M2) %3
12, WISM % 2N NaOH, 50C, 2.5 [0 K 55 i
%, 33,900xG Tl L, HiFELkE (35 Hin)
EOMT L EE MW GEH, 1972). EiF i,
ISMIZHEET H2FF Y UANOREDOER D729,
Supelclean™ ENVI™-Carb (SUPELCO, Bellefonte,
PA, USA) #Hwv, F#L 7.
4) FR-IR 4

SEEL72OM @9 5, MESM & ISM ORERE 757122
W, ¥F Vs Eo RO % FT-IR Magna-
IR750 (Thermo Fisher Scientific, Kanagawa, Japan)
THHM L7z, BB, 100658 @ KBr L {RA& LT
Ly &MY, 4000 —400cm 10K THAT L7z,
g e LT, FF 8 (FDGHIE TR a1,
Osaka, Japan) & [ABkoD )70 THAT L 7-.
5) X iROITEET

X AR Il 47 2 JDX 80107 (H A & ¥, Tokyo,
Japan) ZHWT, WEBEXELISM EFF o X#H
T 24T > 72, 3T SfRiE, X7 — b fEE25. 00,
A by T4, 008, A v T v TR0 05K, I
#13. 008>, % 7 £40.00kV, % 7 #20.00mA & L
7z,
6) in vitro &SRR EER

in vitro ¥ I FEETIE, Tio 3HEO 7 v &
A RICTHT o 72, (NCa2* &2 LMK L, KERT
YEZT AT COZ G L, OM O % ffr 3
% J2 Bk (Belcher et al., 1996 ; Wada ez al., 2004) .

(EERNICT I VA E A9 11 OFEITEK S
NBZFETICOM ZBEMT L2 LT, OMDOT 7 L
HETRADOLEHA~DOEE % /3 5 F2E.
(3)CaCOsAMERE M ITTE K S N2 I OM %2R L
T, WO pH OZEALZBH L T, AKLIZRITT
OM DYEH % fBHT 3 % 95k (Wheeler et al., 1992).
TyEAVRATALL) (24R~¥ 4270 FL— DB~
1 &£ C— 1|2 ammonium bicarbonate # %250mg A
n, vz VEFEHLTH2S, BEESmm O RE T
7z. 5mM CaCl2, 1.5mlZH: & LT, A—2, B-
2, C—2, D20y VOREMHLZ. HEHI,
SM%Z2ml OB ERALT, HN—=FF AL TH
MR E72ISM & & B ICEmL 7.
7ytMd T XFT L2)10mM CaClz/10mM MgCla/
12mM NaHCOs/KiAi# % Filter Papers No44T5 it L
72b0%, BHEE LCH#Ef L7, ERHE T v &4 VR
T A1) EFBROITEICTERML 7.
7yvtM4 AT L3)  Wheeller & (1992) @ in vitro
PR A IV T DB R EBR O FFI IOV TR E
17 o 72, 20mM NaHCO3/K & i % 20mM NazCO3/K i&
T, pHZS.TICHE L. T OB 3ml &£10mM
CaCl/KiE# 3 ml Z2IEL, DW.E72ESM ZiinL
7. SRR O pH OZAL % BRI E L7z,
ABORMAE

MESM %, #SIEREE O Z 2o R @
L7z, @I, 0.04ug/2ml, 0.2ug/2ml, 0.6pg/2
ml & L7 ISMIE, #8—# 5 2 E oS4 TR
W IS L7z,
EROBEFE

TR S 7z, &I ) <V R T — T
W85 BHS (OLYMPUS Co., Tokyo, Japan) 2 T 5%
L7z, SIS X B ORE T, BR IR
OB, AT A X, R, fRoEE2IE L
7z,
R ORER

in vitro $ESIE R EFR TR S N7z oo
121, XORREIPTEE JDX8010M (H AR E Tkl &t
Tokyo, Japan) % MW7z, Wiz, A& —MAE
20.00~25. 00, A b > 7fE40.00~50. 00, A v
7 v 7E0. 05, EFIERG3. 008>, 45 #)H40.00kV,
HHM20.00mA Tlro 7z, MW HRELT, AU F
R RICBIS 5 XM AT b 47 - 72,

3. BR
1) SDS-PAGE

AEERAL D B X7 MESM ICDWT, ZhZ
1L SDS-PAGE %175 72 %5 %, Negative Jefts, Methyl
Green 4¢3 & O Alcian Blue 312 & 1), 52kDa &5
WCHHE 22N > AR S 7z (1),
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1 A7HFEREED S L /2 MESM B4 O SDS-PAGE 1%, LaneM: ¥ —H—
& L X7 HE, Lane A: Negative % &, Lane B: Methyl Green % &, Lane C:
Alcian Blue %8, Lane D : Stains All &

R

BB B REd

_ Y A
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2 FT-IR ##riC & % WISM & chitin O FEER
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,mhmwxfﬁﬂmmmmmm

s.ee is.en 2s.08 35,00
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H3 XAREHFAHIC & B WISM & chitin DEEE

2) FT-IR

RGO MESM B X OFISM kT, (ZIZREBD
E—r Ry =V snr. $4bbH, 1680~1600
em~ 27 2RI, 1580~1510cm~-127 3 N1, 1200
~1250cm 127 X FII, 1000~1100cm ~ 21 AH 24
THE— 7D S N7z ISM & MK L 72 3k
T, RGOSz, REISEONI S
% FT-IR THHT L 22458, 1000~1100cm ~ 1 HE 12 A
ML= Ao LN (M2 —a). HERE L
2% F UHES T, 1000~1100cm =~ HIHHICH NS 5
¥ — % L 895cm 1A 2 chitin (XA D ¥ — 7 A3
Hoh/: (K2 -b).

3) XAREF A

FFUTIE, 20=9.6, 19.6, 22.5|12¥— 27 50
S5Nn7z (M3 —-a). #FDISM#EIZO>VTIE, B
Bhv—27ixBoshzhro7 (K3 —b).

4) ERWRER

in vitro ¥ SHE R EBR CEBENICTER SN T I L
A, sHIRREROEET, BIK, BT LA ROERE
B9 5. F7o, WEMIER SN AL, R
SPATIUBE OGS TH 5.
TyEAIRATALT)

COzil g % — IR S T T O IR T BRI
X B RIS S N7z g, AT ETE 2w L,



SHROERE R L. X BAP GO RN S, 2
DRI TTMATH D Z EDPHEREINTZ. OB
12, MESM %, %ﬂ%ﬂ0.04ug/2ml, 0.2ug/2
ml, 0.6ug/2ml &I L 72356 1210%, @ 38 m 5
HlZo, ISM EiZ ﬁ/ﬁ‘iéﬂ%%uuﬁiiiﬁbﬂbf:f)i,
OB RIEAHMN 2 D DI, LA
MO LNz, TS OEEE, X ARBIPT AT O RS A
L, HRATHDH I EDRER SN
TyEAYATL2)

7 T VA TR AR TR I LR S 7z
Mg, BT T, 79V A I HMBANI 1 0%
BTHAEL TV, IR 0L, X BRI o
WEPS, TIVALIMATH L EDMERS N
oo T VA RO SERRRIZ, MESM %, Zh
%nmmgmLamwmmmemmMLt

e, imEo¥meE L1, KRKoTIVAHE
SEATIUGBTEAR O T A DI ASTED B o 7z,
¥ 72, ISM E 12 MESM %, Zh Z10.04ug/2
ml, 0.2pg/2ml, 0.6pg/2ml RN L 7=8E120%, @
wEOMINE & 1, FHOROFE PR I Nz, 20
fih % SEM CTHIZET 5 & B E 1P A O TR E% 1
DZENHENMI o7z (M4)., ETHIT, O/
d,Xﬁ@ﬁﬁﬁ#%ﬁ%Ef&%:&ﬁﬁ%én

4% WISM & MESM % J5 it A7 T e B A i3
Lﬂ & (I CO2EEZ BAAICT L5HTTD
FER) 121E, MESM Z 3 L7236 SR & L7z &
i & FRED LR DM S &, TEFRIROKE AT S
72, RSO, XBEFTONORENS, HiF
ATHAHZ EDHER SN,

TyvtEA Y ATLSZ)

WG e LT DW.2 RN L2254, #in
@D pH 13 8.0CTH - 72. DWIRM 345 &apHiT
[ L#k o, 1554 %12 ciﬁuiﬂm3ifTW¢Lt.
M%M%ﬁ%tt A2, pH oAz
59, 1540121, %%%#F&ﬁ@ﬂtpwzf
otz

1vkm B6B8S56

15kU X7,50808

4 in vitro f& %
AL 715

Rk K Bk T MESM & WISM %
BICHRK S h7=#E5% D SEM /&

4, ER
OM DWW T

AR OBMIE IG5 5 & &b OM i
5, TNETI, b;%zofﬁiﬁ@ﬁk SR S Tn

% (Sarashina and Endo., 2006). < ® #1121, Aspein
(Tsukamoto et al., 2004) ® X 9 12, OM % 43§
HHER P CTHOZED mRNA OB I N TS
bOD, BEPTOFEIHEREN TR ND DL D
505, FNHD% EEfkhic T?ETZ) Rl S
NTwa., 60 0OM BT, HBkEL & B
WO SM B HER L TB V) ENS DAL Ok
50 OMBFTIZOWTOHEDKITKZ ST E LA
T Thbh, R THAL LA THFOERKE D
A5, MSP-1 (Sarashina and Endo. 2001) & MF44
(Samata et al., in press) »5, 7z, € AN AL DY
Bk L ARG S, ThEh, MHGISE
MCP162%# 5 S Twb  (Ikeda et al., in press) 72}
THb. TN TITHARY THE S 7z OM K
D HziE, MSP-1, Aspein, Asprich 7 &d X 912,
Asp CE L RWERYESY v 7 BB HEE LTS, B
WRiRWZ LI, TS0/ v 3781k, TIVH
OIS N2 IR 1 7 & O AR & 7 1%
FRINTBLT, Har oK S s EREER
B SR 2 5 OAFER I N TS, i, Samata
et al.(in press) X, £ T X OBRMEKIEEICHG T 5
OM O—FETH %5 MF44D— KM % P L7z 7S, &
DOHMIEIZD Asp BEmICHE TN Tz, ThHDZ
LiE, HRABREKROEKIZ, Asp ICE NS v %
ZEARERIICESG LTWD I EERIR LTV D
—75, Wheeler (1992) i, 71 % (Crassostrea virginica)
DOFART O OM 25, w0 ¥ ERIL X7z Ser 55
B Asp BIEE G AR, OB 25, CaCOsis
HH@%&%E’\& WHEL, MmRkEOHHEZTLI L
BRAEIKICHEG L Twb e EL. A5 TH4
(Patinopecten yessoensis) O MSP-17T &, 9~10+
FroY) YBALETF — 7R EINTBY, V) YEbo
WEEEIRIEEINTWS, LA2L, TIXHA%LED
BRSO RIS 925 OM R icB L Cid, &
JBERY) VLD ¥ R B E S hTw
Wiz, ) YBILT I RO T A SRR ISR
HOBRTHLWEEEAVREENS.
INFETIZHRIN TV LRAEIEICE S35 SM
Bisr D% < 1E, CBB 4Rl gufa 22 & 05dH o Yl
BETHROEINDLDS, OM ¥ V287 EodIZZmBit7 3
JBREAENERITE VDI, CBB Bl gt
THEROINZVES D HFET 2% (Gotliv et al.,
2003). CBB X, JEIARHETY v X7 HISHEET S
72, & 7 BOABMIMBIAIZIIHETE 2. #



Betn T 72, REMEERA A V3 vy OB BT
KB TE WD, BET I BEAEIBIRICS
VR OMHNIZIEE L Tw v, RFZETHW A T
HF DORERIE O MESM D52kDa #5545, CBB 3
B TREBEINLEPoT. S0, YT IVIBEAHNE
7N Z R VRIS VS E e ¥ OB BB
bDF Uy EE Yt § 5 DI L7z Stains All §efh
A7) 2 LT XD, TR A 5 MESM H d52Da
WA EMRIT 52 LIS Lz, ZOSIE, ) Vi
%Yt 5 Methyl Green 4efe & BVE 2 o 2 bide % 4
19" % Alcian Blue 32t l2xf L C, v detah )i sl
BN s, BEC) YBbIh, B2 2%
A2 GOy VNV ETHLEEZONS.
ISM 5 & ¥ 7> & DESEM

AT HFORERE T O ISM IZEY] =7 VikE B
LHe TOFNVEHIN—T 5 LTRSS sE, T
XA A HERE RO ISM OBEICHE B o, # TR
WO BEIRICEI T 5. Weiner and Traub
(1984) &, Arrina rigida O FERJE b @ ISM @ )%,
SHRB-FFTHY, T -T14TaA RS
VONTE LN VN ENREAT AETIVEIRIBL
Twh. Kwon 5 (2002) 1%, FF > % X#HREITT
ST BHE, a—FF 12260=9.6,19. 6145 1Y 2%
V=27 0BT 52012 LT, B-FF ~TliE, 260
=9.1,20. IR B E— 7 ABBROLN B E LTV
. 72, WH Q972) &, ¥ % FTIR THM
5 &, 890cm USRI ¥ — 7 25B0 B b
CEERHELTVS, Z0D, ABZETIE, A TF
FOERBEFDOISMIZFF v BEINLINE ) %
Miald 5720102, 2ME LB O ISM %, X a3t
EFTIRICTHAT L7z, LA L, XHEHGH 55
%, HELRE—27 138 5N L o7, FTIR 525
b, FFUICHFRKE SN 5890cm ™ YED ¥ — 7 1%
BOOSNGhole, 2O ENL, £ THF0ISM
&, FFUPERSE LTI SN TV RV e
EIN. —H, ATHTXFOISMOT I J BRI,
TaxYH A4 OEKEO ISM O FEE 5 E Eh b MSI
60T RECE LD EINTWS (Samata et al., in
Press). Z®OZ &1, ZERMEE & Bk E O ISM 12,
TEESFROBAIROKE X FEO D DD, ML 4E R
BB ORELENTVDLZ EEZRLTWAS.
ISM D7 VAR D B IR~ OFIRZEALIE, 7ax
AR EOBEFATIIRONGZWA THFIHAFDODL D
T®HbH. L»L, Addadi & (2006) &, A.rigida ®
HEEORIZIE, FF &2 FARETSISM & ISM O
M2 N7 IVIROWENFTHELTEB Y, AT
Ensicon, BAKSHTISMICWEAET %l g%
RIELTWAE, 20720, FEREO WISM b 20 ¥

W7 FVICEPOEZL2 R TGS THL L %
ZbNhb.

invito IEREREBRH,»SEZO N B 1 THFDOM
DHEEE

7 I VA TR TR C O I BT g,
ISM F A ZEIRME 3\ H5 A DI RE & F50 7 A1 i 12
HPOK AT SNz, TTESHOREE, Z Ok
DOFRWEH S ) LIl SNz, ZoJRa
MR OEAZY Y BL S 7z MESM 2585 L Tw5
WREMEAVRIE S N7z, O ORREE LTIE, IR
REE IR OIS 2 BT 2812, ZORELYF
B p L g S iz BEIRE o MESM &, SDS-
PAGE O#ER X 1, 52kDa i kB S h B2 H—
WA HMAIENHLENTHL., T2, T3 /WM
WM ORER LY, FIRE O MESM & WISM A8 —
WD RN W £ S /REN TS (Samata er
al., in Press). VLl X Y, 2MEMWEIZX 5 TISM »»
5 &S 5 52kDa JE B A28, BEIRAE E 0 AR
MEEZER T2 LTEERAESTHLEEZLN
5.

—7J5, XHEPHZX Y, HEEERERTHLESh:
SEBCIR OGNS, TTRADOAP SR IR TnwL 2k
B SHIITholz. 2O LI, MESM 121%, J5f#
FDHZE FHET HEENH L ERRIBELTEY,
FEEITHEHENA.

—7i, CO2fE% — IO &M T TOH AT
FHEIC X AR ERTIE, 7y B 7 OB X
55 X7 EOEMN.T, ISM LI EHCIR O #5813
WENLhoT, TOHRFEL, FURTENERELL
RETIETFAIROKE BATER ST W & 2R L
TWh EEZLN, ¥ 37 BO AR ED OM O
FEREDFEIRIC L » THETH LW REEAVRIEE NS,

ISM 1%, in vitro 5 MTEIRFEBR DGR 2 &, TR
OB 2 KT % BT, MRERICE 5 To
THELTHGLTWwS EEbNS.

ARG LD, £ T HFOISM MK 5 BIRE
@ MESM ®52kDa W7 A3 SR & 2 X9 % 1. CilE
LW HTTHAHIENRBINTN, EREO
WSM, ALSM O 5 28 A& 7212+ irbhTh 5
T, BBOY R EFRELTwDL bS]
B, TNEFNOWGDOERS % 58 LT, invitro ¥
TR FEBR CAIITSE & RO BEBREMAT % 17 9 L ED D
5.

5| A 3zk
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