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Characterization of the Organic Matrix Protein in the Freshwater Pelecypod Shells

Sung-Bin Park and Dong-Hyon Cho

Department of Biology, Kangweon National University, Korea

The electrophoretic and immunological analyses of organic matrices in the shells of freshwater
bivalves were made in order to elucidate the biochemical characteristics and species-specific differ-
ences of the applied shells. The water-soluble and insoluble matrices of four species of freshwater
bivalves, Anodonta fukudai, Unio douglasiae, Lanceolaria acrorhyncha and Corbicula fluminea, were
used as analytical materials.

There was non-identity in immuno-affinity between anti-soluble matrix (anti-SM) and anti-insoluble
matrix (anti-ISM) sera against the organic matrix of Anodonia fukudai.

The SMs of four species (A. fukudai, U. douglasiae, L. acrorhyncha, and C. fluminea) showed the
differences in the precipitate arcs at the level of family, though ISMs did not show differences.

In the electrophoretic analysis, all four species had two SDS-electrophoretic bands of SM, of which
molecular weights appeared to be lower than 55,000, whereas the native organic matrices of four species
had higher molecular weights than those from SDS-electrophoresis.

Only calcium ion among many ions in extrapallial fluid (EPF) caused SM to change into insoluble
molecules, thus the EPF pretreated with Ca** did not form the precipitate arc when did the immuno-dif-
fusion with anti-SM serum. ISM precursor may be polymerized into macromolecules like periostracin,
a precursor of periostracum, judging from the similar polymerization patterns in 0.1 M Tris-formate
buffer (pH 3); they may be made insoluble macromolecules due to their strong nature of hydro-

phobicity.
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o, ol Apg-gh o b ukes of ] rp -3} e ublo g
Aluefahed s sbell A - olwl 42 RelEholc),

2l A o Al 8- 10% EDTA (ethylenediamine-
tetraacetic acid)eb 10 3w/ vnl &8 o] 24 &
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5,000 el 4ol Faleke Zaigt 4 Al g 317 olol| 4]
o ofztell 2mlE SH4o 501 8FR 24 FAg &
cha] Akl RF o 2 80% 1A 9 4dste] AAES FF
5[0 24417k 7bA o 2 3abed] FEATSted 15,000 rpmed]
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(pH 8.3)ol SDS% 0.1% 2. #2471 Al#stATE, %
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Folin-Ciocalteu® (Lowry ef al., 1951)°c. 2
s 210 7P7ﬁ o BV 5% K
=5 4-r% T % 6Tl Aset HiE
°J Freund’s complete adjuvantSl} 0“7{] 43ke] 5Tl
ISMe] Fafoll & sfztdol 4] F2ld ISME W5 7
2% 3 Ag5 3447 2mge 1ml adjuvanto) & e}
Al gAY E —r] g Fatol o 7 AlR-3lodtd,
3 109 H E71¢ BEEhlRol A £ st
TollA 14] 7& 24 7] & 1,500 rpmell 4 10-£7F €
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48417} oA H-g-A ]AD}(Ouchterlony and Nilsson,
1973).
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mMZ w| A 2] EPFell % 7}sbeict, =3 CAH(carbonic
anhydrase; E.C. 4.2.1.1) 7} F7)ef Aol 7 x& o3&
k7] Al o Frmekel A ¥ eE CAH (Sigma, 1981)
9} CAH H=ZEH
Carriker and Chauncey, 1973; Dawson ¢t al., 1986)=
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g & weddabel ARESEo
A7) 5L, gl A o] B2] 5 polyacrylamide #
714575 50Col %3 0.9% agaroseZ ol Yo &
3l % o] polyacrylamide” f{Eio] 1cm "oj=l 4
agarosedol Y F& B2 ubEo] stk
7o}, od gl A E e Clausen(1969) wHt ol #3}9d e},
4) Ferguson plotol 2|8t £EFRHEe 4FRAF
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Halulal o 014‘1‘8}@ t}(Hedrick and Smith, 1968;
Oxford, 1973), ZFwhlA 2 = o-lactalbumin(M.W.:
14,200}, carbonic anhydrase (M.W . 29,000), chicken
egg albumin (M.W.: 45,000), bovine serum albumin
(M.W.: &%= 66,000; _&88-= 132,000), urease (M.
W.rol Bhall = 240,000; (U248 480,000)% AF-8-51
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o] g-SMH A 7} 2+ SMEH BAES viEb & A
2} 3%2] EPF% Ferguson plot2 $13 =5 A7)
5 (Sigma MKR-137, 1981) % 3%, 0.9%
ol A A o] g-SMa A} & 7bulS8 1]7] 27 of -7
5ol vhe} o2 3-SM ke 718715 Fole] B
FEb A7) g el vl A A ExEkE T (Fig. 11),
o] Bl wldzls|dx HOL oz /‘]i% polyacryl-
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22 atEo] Kjeldahl (Rand ef al., 1976)°)
ol whl dderg salgh A HEE 1g9 ool
£ 14.36 mg, @7+ 1453 mg, 25+ 12.78 mgo|
Zuk AL 6.13mge2 FHHEF 359 T 14%x )
qkelste] ek el o] Zxk= Wilbur and
Simkiss(1968)7} A&t s zt£e] oA gdetel 0.
01~10%%} Prices(1976) 2] 714 ol vl s ol 4] o3 £
1.4~21.4% 8ol glch, Krampitz(1982)] 9] skl
BRI EHMESES 2~3%7) Hcka g

10% EDTAe] ofal] s 7tell | B2js] oo = & 4~59¥
84 F-7]of AL SDS-A 7| °4£*L°ﬂ 41 Fig. 15} Fig.
29F Fo] Helglole} 4% nF SMe| Wi =4 2004
vhERstomd 7h i © o) 4322 o] A ool 4] vhERE ASM
-l = oF ASM-24 = 7} 55,0003 26,0000]19) v, 7+
N LSM-1#H =2k LSM-20l == 54,0002 30,000, =
CSM-1HH = 9} CSM-2¥1 =+ 49,0005 28,000 45 2 7t
Zubet 270 e wi= ) o=k 25,000 Hxo] Rapak xo| 4
Ao, zev sl SMe USM-14 = 7h 55,000,
USM-2u1 =7 47,000 2 o] F=pgke v}eluio], -
wf 2ol 7k 8,000 utol] oF=| 9l vk (Fig. 3), thaj oz &

Apgkol 5t A Al ol 4ol 4] 2 50,000

4
[o}
&



~ROKEE CHEME BRAN AR ROH Bt

o ovlEbdlem) xpekel e 5L
USM-2ull = (M.W.:47,000) at-8- A 9|3},
o] H-zpekni 2l 25,000~ 30,00001 34

Ferguson plotelf ¢] s -3+ 4 SMCWL"%IQI Bzleko
Fig. 119 ¥ &REHNA & 4 ek o FA& ¢
< A S A9 gt A3 352 EPFalel 3lw SMe| o
-SM & ol diste] 10 HAHE ERR O]
Fu®(Fig. 6, 7 7 %9 EPF& ¥x7 &
polydcrylamide ol A % 742 =70 2 A 7|9 53 %
agarose Zlo|l o] o] 9F-SM ) 2} i) 7
7t ohE Al vebst A el 2 &7 E 0] £-5lod
A48 FAbgel ek (Fig. 11, Aoz} 339 SMell g
F AR t A o] 7} 2] 2k 250,000(ANS-1)
7 450,000(ANS-2)o]mf, 277} 2F 200,000(LNS),
akZ ) 7F oF 350,000(UNS) A % o| o} (Fig. 11).
SDS-A71ed 5ol o8l Faid SMulc o] ¥ajekec} 4
Aoz i e|of 7% ANS-29 = (M.W.: 450,
000) = ZatAl vfEbsk i (Fig. 5), ANS-1#E (MW
250,000) - % oF ERFE A L EEeh ##
zAe] A el wl=nt »katlr(Fig 6:7.
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Lo mipolelel Aellab: sl el flel wbd
(Harrap and Woods, 1964) ¢ %= ok7) shs] =] ¢r7v}
obuldlele] v BEzb7h 222 PAGE(polyacrylamide
gel electrophoresis) Aboll 4= ®2]5] 2] oh=cha o &4
gk 4= olvh, zeful Agh AHwiabs AREskel 7pshAl gt
ol 4] ghgl Al g ol Al g el o (Waite
et al., 1979) o &3 vh& vl Aol w|s) Alv}s] 7o 4
444l ISM il dlo] 4 io w vpxlelx SDS-2 43

e e eg el sleleH(Fig. 120] 1), thakeke] ]

4] Agell ARofv)a] dskar kel whelolis Fe-1ul
=olo]  Fe-3 (M.W.: 75,000), Fe-6(M.W.: 52,000). Fe
7M. W.: 51,000) = Fe-9%M.W.: 20,000)5 Y.+ 574 €]
W ol g 4 oleloh(Fig. 13), o] A&l Al 4bg:

_oj! (pH

= S o)
A R
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ek (Fig. 1291 2), ob4] o] Al 8% Fifiofd 2417k 4
21k - AAl#-2] (10,000 X goll A 5-2) shod Ab-5-od 7} 3]
AEg 2t7b Arledgsld AdEdol 4= Fe-5(M.W.:
58,000)¢} Fe-8(M.W.: 40,000) 2% %] wl =7} Jep}m
(Fig. 12¢] 3), A" EelA = Fe-2(M.W.: 77,000)2} Fe
-1l = b viebd ol (Fig. 129) 491 5), 364 7F Al 2o v}
%8 Algt Fe-Dl=s} 745 7h ka2l H-=}b3F 67,000
o] Fe-4ll =7} vjelyteh(Fig. 129 6), aleba Alnl4k
S A A3 % tris-formate <+ (pH 3)o) %o}

2. O,
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B 5
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+% Bl 2 BAMS 430k 4 9 4 9ol
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o] 44 (extrapallial fluid; EPF) 2] &3 ol
gl 7k mA) G F el o] wod 3lall-S-2 Fig. 4oll4] & 4
et A o] 3-EPF& A (anti-EP) -2 EPF2lol Al
F) 3} 9] %

5 0.0
7\‘:1 7oLﬂxl"6“"

& (visceral hump; V), $-&2338 (foot ;
atypabale] 2 2] (mantle edge; ME) ol 4] &
wlo| lelWR el #hEERE (mantle; M) 2t
(gill ; Gyell A= Ao A7Burg-S & 4 g9l

Fig. 14+ i A o] 9] =43t EPF2} 54 5}o] %‘%% A
718 EPFo| ato] & 2.4 -A7[od5 o2 otoli Ho|r},
2 A3 43 EPFe] Wl == 11707} vlelyt oo (Fig.
14¢] EBD), 4 $o) E-2, E-3, E-5, E-6, E-75 u.5
5709 o SREEVE Fobslel ok (Fig. 1491 EAD),

ole} 7o 8o thalo] sH-ISM & A 3} 7bat wpo.o-
HER = B S22Z 9 (Fig. 17) o5 H 4319 vdl &4

g w2 i polol 4% 1209 W= vhebgte o (Fig.

obhu] 27

u“r_‘;.

W =T

d
r
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NEJ%ﬂ%%é%iéﬂ%ﬁﬂé & A5t 3-1SM
UG WS A4 W WA E dEhle B
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(Fig. 17), zr&{v} EPFul &
E}Jz algd 2l o] Eulsizlzie] (M
271 P52 ck(Fig. 17¢] ME), )
EPF @40 sl %ot} 4el (ME)ol 4 42 4 2418
o Urhe] 2 st gkt

) o] §-SM &S 2 =
4 Al719 k2] EPF(EP)oll A=t 27}19
o (Fig. 18) 4 A (anti-SM) &
-2)& WEhR] e A 9-oh wekh R
ahall AL JEREEH (non-identity) U
EPF(DD) ¢} 3-SM(anti-SM) Akelell ¢l3= SMx}t ISM
A 7dol A & 4 loh(Fig. 209) =odsb4k 24 7)) Fig.
189] SA-2 A 7o+ Fig. 192 &-SM(anti-SM) »}

-ISM (anti-18) +3t& A o] K-S 5 F o3} EPFE el

T

(F+EP)oll w83k 3 2deiol + ISM#} SA-27} 419}
A5 4 (identity) & ol 0.2 720 4ol g siol
a4 odolreh, o] AR w7kl 4l SME el gh wl Al
o) ISM-g 43k el A-rAl b gt Ao A
Zhgle}, o| 4= ISM#F SMej 4 g atalddef olin slo
A ztgled, E3] periostracini} %-o| 53} (polymeriza-
tion)o] A otz ISM2] S8l 4 AifEst (Fig. 12)+

speel s alel

W 7ks) e},

WSM (Fig. 100 408 4% olcba

EPF&o] 9liz tzollol o) SM-2 off o] &
-SM A} gsle] EEMS Mo Folom 7hae)
4%~ 7% polyacrylamide” & #7453} 5. (Fig. 62|

B) Site Aol 1064a AxA g Fuis A} i
HisA 7o) 5 vhehi ol ok (Fig. 621 A), o] $-91¢) RM.
> 0.09014 0.17 Abelell olch, ubaliz 13503 4
(Fig. 7¢1 B)3 o 41 Sl Az7bsp kel vhehy
ook (Fig. 721 A), o] ¥-214= RM.o| 0.14¢]2ivt, 7] %-
7E AR Ak shalgh Aat ubas] SMel s

]
Wl Ao o ek

350,0000] 94 #hzmo] SM-P- 9F 200,000

YO paaoleh(Fig. 112) LNS9H UNS),

e el EPFe] SM Al ol Sl all o Gt 6
b okas et el SM el Sowtelsal <] ok
vhufas dved gl s 8% polyacrylamide i1 4 R,
M. 0.040 7% Lol 4152 0.07, 6% tell < 0.8,
V1AL 5% Alol] 1] 3= 0.2801 2olv) Fig. 51, o vl
el b g lel SR el A A abekol @k 45000001

oF 4| &c}(Fig. 112] ANS-2), o] 24 sz} 3
227} EEEEA A

o
=

.—‘]:* %}}—LLO] ALEL?;] ;'3_ R
s 7ke] SMA R o2 Aodshe 7/3 Fas=1

polyacrylamide ol % 7]d
6 3} 7 A abolof| A &-ISM & %
wol 391t} (Fig. 82 B). | 9149
B 7k Aol 4 78] 0.6& viERd ow (Fig. 119 NAD

Fzpere o2k 100,000 4ot A zkd o2 EPFolel

ol SMe} ISM A -Fa o Axhul o] Ex8ke SMo|

s8] am], A ele) AS 4u) ol A Ael7) wkr)
EPFell & Zg2ddebdd-e Jedtritel st &7

(Crenshaw, 1972a; Samata and Krampitz, 1982) 5}
a-SMa el 1mM2 Z4S 2218 EPFe} =43}
EPFell ¢} ofd obals Uelhl=x 5 ¥otch o1 Ax:
Fig. 207 7e}, w|3)2] EPFol 4+ 5 7hel 47005 u
tluf Al ub 2hg-8- 5 2] & EPF (Fig. 202] CC) ol 4+ ISM
g EPF(Fig. 202] DI)oll~+=

ERCRL RIS o ST

SM 2ef) vbadeh, 9lel vl 5 4 (non-identity)
S vhebdl SMo) ISMA 2ol = 2ol o {ERiRgHHo)
Whoskeld Aol S4e] chchi A9 ebdgn, =

3 Fig. 1604 % 4= el 2 2ol &-SMEAHL 4
ol glu
L

Aok opd A Ao M A E el R] o
Fig. 162] &}-1SM & %] o] fER s A 3ol A 4= o A o] ¢}
-ISME A (anti-1S) o] s xlel ) A ol 4 HH[EE
Mol APE e Fo] SME T Abolol 4 &

~ oA 4= ol niu] ISMS E7ke] FHo] Bz
IOCIS—LI':A C%}A]r‘ 'T AkL]"

TEh g obagbral, FRER Ak

vl I’L" OI"I‘L srol -84 ool el ofwl g5
Ll—fl» Al kel stel glel ofvlle 4l 1mMat 5 mME

't EPFell 3 7h3h § ah-SM 34 ) SRR

AulvhiFig. 210, o1 At fejolrli dbel] o
A wshel edstel,

Yogh ITmM el Aol . FgRi S sl ghefis whodl

<IO~

b o
I D“L -

B4 Flo el

e Crenshaw, 1972a; Wada and Fujinuki, 1976;
Wilbur and Bernhardt, 198412 3b-SM3l %ol 2 al
SM o phlgiel od akn sl AglvhiFig, 223, ébxlub gl

stolqtel iz @ SMe) ek 2 & glelvhFig.
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239 Z, 7 Zs). =
il kol e we] A ofol & e 4579 2
7} 9l aeb= Aol

EPFoll s #hEwtoju} Rt EES Melgt 2 abe 3
-SMA 7ol o} F-&l wahg #2152 (Fig 249 SP;
Fig. 229 N1z} N5), 53] i3 el 2.3 CAHe
EWES 1 mMoll 4 = &3t
1960; Carriker and Chauncey, 1973; Dawson et al.,
1986) 2 2] 3t EPF(Fig. 252 AZ)<t A3 CAHE #
7}k EPF (Fig. 242} CA)oll 4 +tefu} -SMe| A7)
ol = obF&l Wl 3tk Freeman and Wilbur
(1948) = sh 23 A2 CAH7} glols dojudela ek,

SM% 4bx} dzbelol ek BAEMS dotxr] 93
EPFe| ¢l & o] §-5lo] ofzbe] pH W3}E & A2

acetazolamide (Freeman,

oks7l EPFoll 417} o471 Al & a-SMu A
A7 AAL A ARAE WA R

(Fig. 25¢] HPs} LP), 1.2 SM2 23} pH tﬂ;%oﬂi
aﬂ;} 73 = E'.BHZ]O] o oL,g] o} r;}-
* %=

KiEtE BE (soluble matrix; SM)2 Cho % Park
(1982) ¢} EPFEF &EH= EPFHRHES (Cho
et al, 1985) 3 2-& Zag ¥ch & R g
Foll 4l gHgl o] et Asiatel i o] §-SM & A
7o As sl szl eb atz el A nk SM A7k 7}
vebgts, 2ot 8 A el SM AR E vehi R
orotrh(Fig. 15). 9w &M L (insoluble matrix;
ISM) 2| 7%= Ag olnn] 4% 257 ISMEH] 53
49 Hol(Fig. 16) 7} oh2 A Aol AR E o}
bW}, o]il 7 3}= Hare and Abelson (1963-1964,
1964-1965)0] #r % 3 HEEE7F 23 HERRAT 7t
Zo zhe fro) AL hala gleka gt A wsh
Hog QA5 o thz| T wets A7y
Aol Ho] Aejdt zlo|gt Pietrzaks
(1973) 2] 7} "2 ISMol| Z3sledol & e g Alzty
o,

SMat ISMe] g Aol 22 Foll s & A5
Vel e A2 F Eale] #zd dollA] slse] e A
7} geiole A Abeh, shubeted ISME s 7] A bl 3
o kil {Waite, 1983), SM-& s Z-ad=kof | ot

o
—

o
a

-\

utol
[o]
e A A

)

feH (Wheeler et al., 1981; Sikes and Wheeler, 1983;
Wheeler and Sikes, 1984\01] o3tz wi-olct,

54 SMO] FraFold F85E AL SMo| 57}
lehe Sa we MHE Be il ohdr A%
o, ol A Zure AgAQ 2AE
Akiyama (1966), Degens % Spencer (1966)2} Degens
et al.(1967)9] A7l 4] & 4 Qlch, ofol w2 H=
of oo = fbE o7 HA & UA N T A ol
T2E PRIy FaEe wEe o Y B R

Aol ek sisich, olal e v Fof ol
shrkel §71 848 FAaal ISME A 5ahi b Fof
Solow e Fagsls 2 Zled s 28 Ao
2 woluh Al ez EAlehlAl A ol 242
89 3 SMe| s7ras WE) Aol ofdrt
5o, SME AsAgold HWstE @ Aoz Azt
Kobayashi(1980)

AT T O
o} 7oA AL wh gt ffﬁ&ﬂ%‘* ofzl 2 of A
ghol glxlat A olol 5o 7L SMe| o eFstol
Sq A9F2% A3 gleban #eh, ofel AR o

o] Mo}, f7|ofAY ofv|abe Bh7od g3 WAl ¢

(Mitterer, 1966) 3. #-2ollx E-7-sli, HEkER
Histol| o&Fdo] & SM %2} (Watabe and Wilbur,
1960; Wilbur and Watabe, 1963) &= ifkHtig o 2 o}
9¥ *Hi-c’r g7dell AGEA = FEolA It glelA
Foll A THs = A 2ok, 53 FFolA Foe

l Cpele A0e A g Gapel Aok 3
apebe) Ak solut,

A7 4EF G- ISMYAE oy 24l 4]
S8 3E2230s) dabl HMAES et (Fig.
17). shebd] HEHHMS ISME ofd 347 9le A
o5 A Al 33 2] 1Ml Higiel ¢
A3 271 % A7 e YEoleh oher $F ol H 2 Ay
B(gutol 4 A4H4E AT Bl F4AHE Aol

van der Borght =) van Duymbroeck (1966)0] 2]sl] =t
A=, £&4 B4k (byssus) & ESVE I b
oz °] -‘-°ﬂ Zghe}= A (Waite and Tanzer,
1981; Waite, 1983) .2 12 o} ISM A +AH < RN
H15] = Zo] obdx] of o-7aledol Eulet

Beedham and Owen(1965)2 ISMeo| &af4do] A
A2 s Holl 7]i= (quinone) ©.2 17 5lo] 884
2ol ISMe 2 fka , o]el] u] o] wo} o

S atet E

3wl



ku} /Lg Hj

il

ol -SMa A of RigIRHER A Fehd 5+ o A

74 (Fig. 18) % &8 A 2ol gl& SA-2 A7+ ISM
o] 84 ATAY 7HAE A (Fig. 19).

ISM-& SMa} gl Aol 4 JERIE M (non-identity) 2
¥o] o2 (Fig. 19 Fig. 209 2 Aoil4 anti-SM
# DIrbol) A2 ohE F25 7lx 2 3l& 7hsdde] 2
o, % chiadol ofm| ko] Abelzh ke AL
3] 9t} (Simkiss, 1965; Meenakshi et al,
1971; Weiner, 1979),

Fig. 209] 3-SM3Ho]| Z+x5 2|3 EPFo|A A
Aoz vdehdzl ge AL, SMe Aol ofsutE AL
2 FFeplate] B2 2w ¥xbdA (Simkiss, 1965;
Meenakshi ef al, 1971; Weiner and Hood, 1975;
Weiner, 1979; Wheeler and George, 1981; Krampitz
et al., 1983)0]7] wlfoll ol&l ofu] :mAb-9) 7t Zgat A
3hslo] SM bl of 2274 W 3l7] wifol vEht= &
Ao g A 71-5,]1;]. ol# AL AA Vel 7 e,
SMe 247 Agsle] wlsAel sl A2y
o} 1416}04 (Wilbur, 1964; Wada, 1968) HEkEAE
(Watabe, 1965)% atEchis 7lo] obeizivch, =3 siehE
oln) e Ab-2 st Aol FFE v AA] Rehha FolE

o] (Wilbur and Bernhardt, 1984) 2 A &A% &l

ool 3t

fl

ofu) x AL2 gh-SMa A o] HgEAHe o7l o 38 T3
ottt} (Fig. 21), SME BEME 712 A= w4

(Wada, 1980)°]xut o} & 27} ool &= W aHE e}
WA 43 71el Fahe B 27F oFolZelvt ofdl 2
7} okolol ofs W3 W= A (Fig. 20, Fig. 23)2
Zaat SM Abele ofwl {EfERME wF-of ohdsh A
z+¥ o},

EPF& E43} 7)o} 748z &=ol =2 o] f
X Pietrzak% (1973)¢) EPFehiA 7)o 5ol = o] 4f
ol As ol A AR ¢n vzobs A3 EPF 2
o] ol fEo] ohE Exlo} HAME A3 Az w
Aty FAHL ol APAdel oFchs
Misogianes and Chasteen (1979)2] 7 #oll 4] & 4= 3]
Zo| SM = t}& EPF ohl A 3} 74472 7 goll o] ¢t EPF
chl A e) mAA wiskE Agztslch, w3 5o HEE
B A s = AHEe-S hRIshy] $ & s 2472 o)
2] 4] EPF o] &40l ¥3tE
Neff, 1969), o]l ute} EPFe]
t},

o]a{ aL

Zw (Crenshaw and
chl A T B)sle 7 7

NE - .

=3 Fig. 1404 F4% & sz =
7193 %3 EPF&} 8-SM& A o] A 7bth & vie}
(Fig. 5,6, 7) 2} 719 dAs+ 2L ZAdre] SMoll A o
o] SMEAL7} Eall%l Arel 2 Bo] EAfsh= 77 3t
A9l A Aot o]z A2 EPFoll 4] =l 7k A7y
o) A-7-A & ghal gk A 2, H7[d-5g SMe 9127} EPF
49 g-SMA et k= 7 (Robert and Young,
1980) 2 At 22|y Zg& A2 g EPF(Fig. 20
°f COlM = ISM A7 Z3kAl vhebta F43
EPF(Fig 209] DI)oll A& ISMA 74l 7} glo] %] 4=t o]
= SMell M ebe Abubsls A rfolrh, 1 819l Fels)
A xlat g 2415 7hA 0}"]‘ 4ol
SMz} el 2413 22l Al 2% JERES i 22715 vl
Zl otm] i Abe] wEo. ISM(Beedham and Owen, 1965;
Meenakshi ef al., 1971) #+9] z}o]of 4} vhefu)i= A 3p
AzkE ek ISMS SMA & 24
A5 2A 7w Brde ol

Bk #5A 0.2 SMo| o] Fof ¥ ai7x

w9 2] 7} z]

1_}30

oﬂ 212-3 Ii ol } 1 j”7}»
LfHol]A
el

7Lr_ 7]. L;o} =]

A7sl= 28 (Wilbur, 1972; Erben and Watabe,
1974) & @ebs AR F o™ Baio] QxS el
Gordon5-(1980) o4 4] ISMe]| sfj7H4] #bol] 4] SMat} -2
g A S S s RS WA B g
ISMAFA el BAHS ISME Anlabez 28144
ISMe]  #g iz Fel«z s 0IM
tris-formate €43 (pH 3)oll o] Al.2ol ulxjdlm 4
Zke| zdol] whel 3t 2 W3k o) #als] ol (Fig.

12), ole} 72 W3+ periostracume] Q)
periostracine] EhH A w]sioH(Waite eof
al., 1979; Waite, 1983), wtat ] ISMgl$ 4]
periostracinz} 7%= o & tto} tanning 8ol ¢laf 4+
B maoTrE = sbeAdel v (Beedham, 1954
Meenakshi ef al., 1971; Crenshaw and Ristedt, 1976;
Waite and Andersen, 1978, 1980),

SDS-#A71d s or -3 f7elde] FA}eFE
Krampitz§ (1976)2] <3-7-9} v]<=ak4] 50,0000] 4% 2
Al A= Zgen, F F57 vebdo(Fig 1, 2, 3),
Zeefvt skl Aol G a-e Auks] xol(Fig. 11) 7
s A o] L EAELSMY 7HEAE AR
(1972b) = SMe| H=}Feko] 160,000, 2] 3. Wheelers
(1981)-2 Z o] 12l Crassostrea virginicac] 4 170,000
Heo £& SM ks shelsld

o3 4]

-tl] Crenshaw

._._10._.
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EPF&of falako] & SMol 43} 7 ghalod
ol =l BFFEER Hodslal i EA35)
= AVER x-A] 7} 2ol &5 BhAlo| o] HulE x4 E
» 2 (Florkin and Besson, 1935; Jodrey, 1953; Cren-
shaw, 1972a) EPFe| o] 2 zAoll W g5 Fof F7|viA
Pzbrb 9l 2ol uhel A 7y Aol o siA He e
B A7 EC) el 2AALL A W RE Y 4
FHH ol ¢l 3k 71 (Wada and Fujinuki, 1976; Wilbur
and Saleuddin, 1983) &2 o] A= c},

5 L]

PRIKEE A% B AR (organic matrix) ?) KiE
I8 (soluble matrix; SM) # AiAM  #/% (insoluble
matrix; ISM) ] BB 3 of S0 w-E @ik
85 o EEokgh ) BB iEE Folod ohea 72
& RS Aol

1. SDS-A7dsez peld sz SMe| FfF+=
W3 4zl olsisiol 4 25 phdolslon HFRE

zAaE 207 M2 wiEsldn i R] 358 vlmE
afol & ¥ oith, wlul EPFoll4] 22]3t *ESMQ?
SDS-# 719 5ol olsl 74 ¥
2 vebytet

2. 4% 459 ISM2 F-ISME A4 25 HFH
PEVE M (identity) & Xod 9ot SME AAHE A9
g AR 3Tl Auk G A T AAE R T A
THEE A8 o 7 ddd BREHHEEAME A
He A2} 3% u|s] vl o]sle] FHekL w o)

3. SM3} ISM9] s -2 HEHsEAH (antigen-
antibody affinity) ol 4 JEFEE % (non-identity)$ e}
Wol A2 b2 ERL siz|1n 9leS ohA|alddcn),

4, ISMe] a4 oje] ATl A #REHZA A
nb kA RS VPERA L

5. A& Aeis EPF& 8- SM 3 Aol ek gl
A3 Aakgol A HE RS Vel A g2 b, &

gt EPF= g-I1SMaE A 2 a8l a3 25 epd

0

lo ro Fu a2

_?L
SN
I
I
>
o
i
9

1

—

N
o
e
o
)
o
—

6. ISMuheiae) 5A2 Aujabeo 2 Mmigh F A

2] 7ro] Holzlol] wel B E o] E nHEAZ HElslel )
= d% oF 4= 2lglr

et hPFOﬂa A5} A E A7 EWE S

N ERIEE S0H -

o] Bol

ZAetn, -ISME Aol Al ks vebd
FEBHHAAN A= O FhE ekl
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BSA PK MG USM CSM ASM

Fig. 1. Electrophoretic patterns of Unio and Corbicula proteins on SDS-slab gel.
BSA : bovine serum albumin ; PK : pyruvate kinase ; MG : myoglobin ; USM : SM of U. douglasiae ; CSM : SM

of C. fluminea ; ASM : SM of A, fukudai.

- LSV~ 2 W

+ ILSM LIS LIS LSM LIS MG CAH CEA BSA
Fig. 2. Electrophoretic patterns of Lanceolaria proteins on SDS-slab gel.

LSM : SM of L. acrorhyncha ; MG : myoglobin ; CAH : carbonic anhydrase ; CEA : chicken egg albumin ;
BSA : bovine serum albumin,
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Fig. 3. Molecular weight calibration curve for SM of 4 species of bivalves by SDS-electrophoresis of Fig. 1 and Fig. 2.
Abbreviations are bovine serum albumin (BSA), chicken egg albumin (CEA), carbonic anhydrase (CAH), myo-
globin {MG), SM No. 1 and No. 2 of A, fukudai (ASA-1 and ASM-2), SM of L, acrorhiyncha (LSM), SM of
C. fluminea (CSM), and SM of U. douglasiae (USM).
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Fig. 5. Immunoelectrophoretic patterns used anti-SM
Fig. 4. Radial immunodiffusion patterns of the tissv serum of A, fukudai with EPF of A. fukudai as
lysates of A, fukudai for anti-serum (ANTI-EP) antigen to identify bands of SM.
against extrapallial fluid of A, fukudai. Electrophoretic gels are used 5%, 6%, 7%, and 8%
EP means extrapallial fluid ; F : foot extract ; polyacrylamide gels, and » indicate the electro-
V : visceral hump ; G : gill ; ME : mantle edge ; phoretic bands of EPF precipitated by anti-SM
M : mantle. for different gel concentrations.
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Fig. 6.

Fig. 7.

i
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BPBal. e
B
Radial immunodiffusion (A} of anti-SM serum
(ANTI-SM) against SM from shell of A. fukudai
with electrophoretic gel (B) of EPF of L. acro-
rhyncha.

. indicate precipitate position of anti-SM serum
for 10 sectional gels (B) by immunodiffusion (A).
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Fig. 8.
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Radial immunodiffusion (A) of anti-ISM serum
(anti-ISM) against ISM purified from the shell of
A. fukudai with electrophoretic bands (B) of foot
tissue lysate of A, fukudai.

D indicate I1SM precipitate position among 10
sectional gels (B) by immunodiffusion (A).
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Radial immunodiffusion (A) of anti-SM serum (ANTI-SM} against SM purified from shell of A, fukudai with

electrophoretic gel (B) of EPF of U, douglasiae.

. indicate precipitate of anti-SM serum for 13 sectional gels (B) by immunodiffusion (A) ; cis crude EPF of

U. douglasiae.
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Electrophoretic patterns of standard proteins for Ferguson plot. Arrow indicates percents of gels.
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Fig. 11. Molecular weight calibration curve for native

*18"

SM and ISM through Ferguson plot.

® indicate standard proteins ; a-lactalbumin,
CAH (carbonic anhydrase), CEA (chicken cgg
albumin}, BSA (bovinc serum albumin), and
Urcase and O are native ISM moleccular weight
(M. W.} of A. fukudai (NAL), native SM M. W.
of L. acrorhyncha (LNS) and native SM M. W.
of U. douglasige (UNS).



Fig. 12,

Fig. 13.
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—- »é% —
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SDS-gel electrophoretic patterns of formic acid-extracted ISM of A. fukudai, Tracking dye front (BPB) is
indicated by arrows ; Fe arrow heads : no. of electrophoretic bands ; 1 : crude ISM in formic acid ;2 : ISM
run immediaately after removal of formic acid ; 3 : centrifugation supernatant run 2 hr after removal of fo-
rmic acid ; 4 and 5 : centrifugational precipitate (ppt) run 2 hr after removal of formic acid ;6 : ISM run 36
hr after removal of formic acid.
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Molecular weight calibration curve for A, fukudai ISM in shell extracted by formic acid of Fig, 12.

1 ¢ crude ISM in formic acid ; 2 : ISM run immediately after removal of formic acid ; 3 : centrifugational
supernatant run 2 hr after removal of formic acid ; 4 : centrifugationa! ppt run 2 hr after removal of formic
acid ;6 : [SM run 36 hr after removal of formic acid.
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Fig. 14. Urea-electrophoretic patterns of A. fukudaj before and after dialysis.
EBD : extrapallial fluid before dialysis ; EAD : extrapallial fluid after dialysis ; FAD : foot tissue lysate after
dialysis ; FBD : crude foot tissue lysate of A. fukudai ; F is no. of foot tissue bands ; E is no. of extrapallial
fluid bands ; » indicate major protein bands of EPF after dialysis ; [} ; major protein band disappeared after
dialysis ; =: bromophenol blue (BPB).

Fig. 15. Radial immunodiffusion patterns of anti-SM Fig.lé'. Radial immunodiffusion patterns of anti-1SM

serum (ANTI-SM) of A. fukudai with extra- serum (ANTI-IS} A. fukudai with foot extracts
pallial fluids of Unio (1), Anodonta (2), Lance- of Unjo (1), Anodonta (2), Lanceoraria (3),
oraria {3), and Corbicula (4). and Corbicula (4).
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Fig. 17. Radial immunodiffusion pattern of anti-ISM Fig. 18. Radial immunodiffusion patterns of tissues of
(ANTI-IS) with tissue lysates of A, fukudai, A. fukudai with anti-SM serum (ANTI-SM)
EP means extrapallial fluid ; F : foot lysate ; against SM purified from shell of A, fukudar,
V : visceral hump ; G : gill ; ME : mantle edge ; SA-T is SM arc and SA-2, ISM arc judging from
M : mantle lysate. Fig. 19,

Fig. 19. Immunodiffusion test of EPF (EP) and foot Fig. 21. Radial immunodiffusion patterns of anti-SM

extract (F) of A. fukudaj with anti-SM (ANTI- serum (ANTI-SM) against SM from shell of 4.
SM} and anti-ISM (ANTI-IS) against SM and fukudai with EPFs treated with free amino
ISM purified from shell of A. fukudai in order acids,

to identify SA-1 is SM and SA-2, ISM ; anti- C : crude EPF of A, fukudai ; Gl : EPF treated
ISM serum (ANTI-IS) forms immuno-identity with 1 mM glutamic acid ; C5 : EPF, 5 mM glu-
for SA-2 of anti-SM serum (ANTI-SM) in mix- tamic acid ; A 1: EPF, 1 mM aspartic acid ; A5:
ture soln {F + EP) of foot extract and EPF, EPF, 5 mM aspartic acid ; GY5 : EPF, 5 mM

glycine,



Radial immunodiffusion patterns of EPFs preteated with Ca™ {CC) and dialysate (DI} of A, fukudai with

Fig. 20.
anti-SM against SM purified from shell of A. fukudai in order to test calcium-organic matrix complex,
C means crude extrapallial fluid of A, fukudai ; DI : EPF after dialysis ; CC : EPF with calcium ; F : foot
extract ; P : foot extract in urea ; B : EPF in urea.
Fig. 22. Radial immunodiffusion patterns of anti-SM serum (ANTI-SM) against SM from shell of A. fukudai with

EPFs pretreated with MgCl, (M), NaHCO3 (N), and MgCl, + NaHCO3 (NM).
C : crude EPF of A. fukudai ; M1 : EPF treated with T mM MgCl, ; M5 : EPF, 5 mM MgCl, ; NM : EPF, 5

mM NaHCO3 ; N1 : EPF, T mM NaHCO3 ;N5 : EPF, 5 mM NaHCO3.
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Fig. 23. Radial immunodiffusion patterns of anti-SM serum (ANTI-SM) against SM from shell of A. fukudai with EPF

pretreated with ZnCl,.
C: crude EPF of A, fukudai ; Z1 : EPF treated with 1 mM ZnCl, ; Z5 : EPF, 5 mM ZnCl;.

Radial immunodiffusion patterns of anti-SM serum (ANTI-SM) against SM from shell of A. fukudai with
EPFs pretreated with carbonic anhydrase (CAH) purified from bovine erthrocyte (CA), and with the shell
powder of A. fukudai (SP).

C : crude of A, fukudai.

Fig. 24.

(az)
N

//// it
F%ZS. Radial i]mmunodiffusion patterns of anti-SM serum {ANTI-SM) against SM from shell of A. fukudai with

) EPFs prktreated with acetazolamide, acid and base.
‘ C : crugle EPF of A. fukudai ; AZ : EPF pretreated with 1 mM acetazolamide ; LP : EPF with acid ; HP :

EPF with base,



