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ABSTRACT

This study was examined digestive enzyme activity in the crystalline style of the three species of bivalves. Bivalves
used in this study were Tegillarca granosa (n=61), Mytilus galloprovincialis (n=30) and Saxidomus purpuratus
(n=30) and collected from southern coast of Korea on May 2010. Digestive enzymes activities in the crystalline
style were assayed in spectrophotometer. Amylase and cellulase occupied approximately 90% of digestive
enzyme in crystalline style of T. granosa, M. galloprovincialis, and S. purpuratus. And protease activity in
crystalline style of T. granosa, M. galloprovincialis and S. purpuratus showed the lowest values to 0.02, 0 and
0.08%, respectively. Digestive enzyme activity in crystalline style of three species was measured in the order of

cellulase > amylase > chitinase > laminarinase.

Key Words: crystalline style, digestive enzymes, Tegillarca granosa, Mytilus galloprovincialis, Saxidomus

purpuratus
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olufeli o] £3prA2 F8 Holdal AEAFFAEES

A (crystalline style sac) oA k3t 43}
gk A (crystalline style) 5 7h5o] A3}=)
£o] o]&3t} (Reid and Sweeney, 1980; Brock, 1989;
Ibarrola et al., 1988; Alyakrinskaya, 2001).

olufsli o] FHAE T Fo AFALSS Foll o
g} t}4 Aol]E Bolt). Crassostrea virginica, Geukensia

demissa, Macoma balthica, M. mitchlli, Rangia

¢

cuneata®| A= amylase, cellulase, laminarinase 5 F%
eeslEs Pela4sERE 7AEY (Brocka and Kennedy,
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1992). &A%t Cerastoderma edule (Ibarrola et al.,
1998) ¥} Ruditapaes decussatus 2 Venerupis pullastra
o] gl wgdlE Elatel protease® A=
(Albentosa and Moyano, 2009).

FHAe AstaAEE 5] B AFELS Strombus
gigas®| 7H1747 FHA A A4 2= e} pHol| w2 w3}
= w3lda4e] #A  (Horiuchi and Lane, 1966),
Placopecten magellanicus?] 23173z} gwxol A g3}
= Hdlaxe] A (Wojtowicz, 1972), Telescopium
telescopium 2] FHA| 743} T43HE (Alexander et al.,
1979), Mya arenaria A2l amylase &4 (Trainer
and Tillinghast, 1982) 5-°] 1%t}

shAE olsh B Sy AFRE HE5F< Nesiohelix
samarangael] A3} cellulase Ao ozt AlZ3}3t
2 W WA 238 AT (Jeong et al., 1997, 1998) 7}
b= ¥ olusl R A Astaitel #gt A7+ AF-sleh
weba] 2 dFellA e oo 3}8HA Aslel] 2SS W
o] MAuHoe] M7 v mu, Tegillaca granosa, AZ3le

2], Mytilus galloprovincialis X =27, Saxidomus
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OlHIHZ 352 HEHM Astaea
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A

purpuratuss WAL E A L3tasdtd EA e s
FAFsGiTh

R

1. A=

Ao ARgE oluisiFE Ex709 (Arcidae) o
Tegillarca granosa, <37 (Mytilidae) o A|53|HA,
Mytilus galloprovincialis ¥ "2} (Veneridae) < 7=
AN, Saxidomus purpuratus©]th. °]5<2 20104 54 &
ek o=l A ZH7t 61, 30, 3070415 ARSI A
o] z7)9} A FFH2 Table 19 Yepdlon A
o Y& Fig. 1] vepic

2.4
1) S48 24

FHAE £5754 (ice cooling, 0C) 2 mlE Y1 1,800
rpm2Z 187} #2358}t (homogenizer, SHM-7211
YHaNa®). ©] 3 47, 6,000 rpmel|l4] 30% 53t 941 ¥
sto] Aods xEANOR o]tk RE Nue 7t 54

10

FAgo7 FH3l 80T AL YEd RAstgdd
A kel %‘é% SEs TEEEA
(Multiskan®Thermo  Scientific, US.A)E  ©]43}d]

amylase, laminarase, chitinase, cellulase:= |t &4
Aol 540 nmoilA 55 ZA3191, proteasex 410
nmollA FFEE 3}"&“/}. Amylase 42 Bernfeld
(1955) o] HPEE o]83te] EAsIGle

2 Somogyi (1952) ¢ ", chitinase 42 Monreal
and Reese (1969) o ws o]&3le] #A43)ick 18|
cellulase 42 DNS procedure (Miller et al., 1960) =
wgto | Trypsin 42 Erlanger method (Erlanger et
al., 1961) < "HE o83}y, TG-Lipase A2
p-NPP method (Hung et al., 2003) & & o]&3}]
A3l ARSE 71, w2, AIZE 2B S8l
T8 T Table 200 velilcy. A2 BSAS 25+
A7 AM$-3= Bradford and Reid (1967) -8 o] &3}
d=Fstoict.

i

]
=3
al

o, laminarase A

2) SHEA

Table 1. Size of specimen and weight of crystalline style used in analysis

Specie Shell size Total weight Body weight Cs* weight
pecies (mm) (g (mg, wet weight)

Tegillarca SL 36.37 + 2.284  16.59 + 1.478 3.58 + 0.598 0.021 + 0.007

granosa

Mytilus

us SH 64.27 + 6272  21.93 + 4.549 757 + 1.264 0.041 = 0.010
galloprovincialis

Saxidomus SL 83.53 + 2.210  140.68 + 19.516  48.04 = 5.721 0.182 = 0.029
purpuratus

*Cs, crystalline style; SH, shell height; SL, shell length.

Fig. 1. Morphology of crystalline style of Tegillarca granosa (A), Mytilus galloprovincialis (B) and Saxidomus
purpuratus (C). Aam, anterior adductor muscle; Am, adductor muscle; Cs, crystalline style; Dg, digestive
gland; Es, exhalent siphon; F, foot; Fi, filament; Is, inhalent siphon; M, mantle; Pam, posterior adductor
muscle; Sa, stomach; Ss, crystalline style sac. Scale bar: 5 mm.
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Table 2. Absorptiometry of digestive enzyme analysis of crystalline style

Temp. Incubation Supernatant  Protein
Enzyme pH Buffer (C) time (min) Standard volume ( z21) assay
0.01M Maltose
Amylase 6.5 citrate phosphate 30 40 (5-200 s g/ml) 50x4
Laminarinase 6.0 0-IM sodium 37 60 Glucose (0.1%) 50x4
acetate buffer
. Bradford
Chitinase 6.0  2M potassium 25 60 NAG* 50x4 and Reid
phosphate buffer
(1967)
Cellulase 6.0 50mM 55 30 Glucose 50x4
sodium citrate
Protease 5.0 0.1M potassium 55 30 Tyrosine 50x4

phosphate buffer

(10-400 g g/ml)

*0.1% NAG, N-Acetyl-D-Glucosamine

FAARL AL One-way ANOVA testE AlA|3}o]
Duncan's multiple range test (Duncan, 1955) 2 &g+
Z i 7k AP < 0.05) = SPSS program (Ver.,
14.0) 2= ZAsdch

2

wul AFsga], N dRAE P AdEsE
amylase$} cellulase’} ¢ 90%= dl¥-+& A3l 2
gla meh, AlFga], Nzl GHAE % Astas
% protease] A =7} 7P yigken 717k 0.02, 0, 0.08%
2 Jebdt (Figs. 2, 3, 4).

wute] xS A A3lE4A BAEE cellulase
(67.55%) > amylase (20.56%) > chitinase (11.75%) >
laminarase (0.12%) 2] €22 Yelgr} (Fig. 2). A5
Ao+ cellulase (57.82%) > amylase (31.54%) >
chitinase (10.51%) > laminarase (0.183%)<] =22 €}

Amylase
—_
=2} Laminarase
£
=] M Chitinase a
= 23
2 o Cellulase
=
=1 M Protease
o 2
L]
©
£
E a
g1 0.7
f=
i} I b
0.004
0
Amylase  Laminarase  Chitinase Cellulase Protease

Fig. 2. Enzymatic activity of crystalline style in Tegillarca
granosa. Vertical bar: SD.

-1

wow (Fig. 3), AxAME cellulase (63.08%) >
amylase (28.91%) > chitinase (7.88%) > laminarase
0.05%)2] 2.2 Jehdt} (Fig. 4).

—_ Amylase
o
£ Laminarase
=3
a B Chitinase
> a
£ B Cellulase 33
2
t,' 2 W Protease
Q
v
=
T
E
gl
c
. b
0.005
0
Amylase  Laminarase  Chitinase Cellulase Protease

Fig. 3. Enzymatic activity of crystalline style in Mytilus
galloprovincialis. Vertical bar: SD.

4

_ Amylase
[=2]
£ Laminarase
= 3
=) m Chitinase
=
é‘ M Cellulase
2
Y 2 W Protease
]
1%
k]
[ b
Bl 0.85
g [
w 0.39 a
E3 a 0.08 c
0.0002 T 0.0009
0]
Amylase Laminarase Chitinase Cellulase Protease

Fig. 4. Enzymatic activity of crystalline style in Saxidomus
purpuratus. Vertical bar: SD.
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o

olujsl|F-2] o] W L3 57} 7)HAe} W 7]
A ] A-gol o3 =it oujslRe] WA HelMe] &
)AL EeA 4stEoe olE9 T2 Holdlal AlEAt
TAEES AxEHE sty $gk ek Asbr|zte] da
slcl. webA] o]uisiRES BHAldelM AEEA Filas
Z 3 FEAE el &gl olgsA o
(Alyakrinskaya, 2001).

& AFeAE o|visiFe &304 Tkl 3hehA 43l
ZAE o] AMaie] AR oE mu, Tegillarca
granosa, AF3F2|, Mytilus galloprovincialis & 7| x7,
Saxidomus purpuratuss Aoz 3} 43lel 24
ol #Ho] gl BFHAY] 4stase] S ARSI

3% EF JHAE FA%e 4skadE  amylasedt
cellulase”’} <F 90% 42|E AR5} 2w, chitinases
7.88-11.75%, laminarinase~= 0.05-0.13%% #}x|3}3it}.
12Xl Crassostrea virginica, Rangia cuneata 18]1L
Geukensia demissa®t 7149l Macoma balthica$} M.
mitchelli ¢ BAA A amylase?] 20| AA| g3t
HEre] B4 F 30-10%% = v&S e, cellulase
= 15-27%, laminarinase™ 14-47%% Yebyir}. 283 3
712 gpsts Eelase] AL AR O F1kel fA
stgon, Lspilldela Rk gHAloA ZAdo] o ESith
ol WAl Astass o|uisiFe AE] AslelA Fa
gh s sl 2R ofde} AlRY 43t ® #ej3)]
wFolgta Btk & AEY BedtE Sellad 242 I
Aol 3] #r]%l a4 e} F=o] glrh= Zo]t} (Brocka and
Kennedy, 1992).

Fernandez-Reiriz et al. (2001) < Mytilus chilensisE
AA R AAAE A AR A3 AHE dotres A
oA EA% £3ta4e] B4 F cellulase?} 7P =7 Ut
o). ®3F Albentosa and Moyano (2009) & <1+ A3}
zslfel]l AAsle wWdte) o|wis}F{-al Venerupis pullastra
o] g Ao A amylase, cellulase, laminarase % amylase
A0 75.4%%F V¥ =93 =79 A8 Ruditapaes
decussatus®] 73-%- amylase &4l¢] 92.6%° 23t} E3+
protease/amylase ratio= Ruditapaes decussatusit} V.
pullastra| A #5- =4t). ol& ABATFAES Fol =
shefjEet 27kdel wo] ¢l7] wiioletal s}5ict. Albentosa
and Moyano (2009)= amylase &4°] cellulase &4 X
o} A3 & ¥ Fernandez-Reiriz et al. (2001) <
cellulase E4¢] amylase &4 Rt} 2uj7leF =2 AS
Bolyut opel AA el Felak F 57.8-68.2%%F

24 8kGiet. 919 7 A Aael|A ol gt B4 Aol
2o] 249 Aolz A=)

olufsiFellA  chitinase®] Al diF A=
Crassostrea virginica®] 3HA)A chitinase?] A4
(Smucker and Wright, 1984), Pecten maximus (Stark
and Walker, 1983) <} Placopecten magellanicus
(Wojtowicz, 1972) 9] 43}Alo|A chitinase®] A4S A<
sfas 7] Zolrs|rl ek F reu]e] AstAeA
chitinasex AEF# Wtk T3 Sumner (1969
Mytilus edulis A3HA|Te] A3MA|E9] AEA =Sl A
7¥3t chitobiase B2 WAsGI= ol 14} glo|aFel
93 Relgka stk 182 Owen (1966) = AAl5Eol
A ZIRIZbEE e 2shtel] EAEs Aol o8l Lot
o stk

E A7 A7, 3% o)vjshF-e] FHA A laminarinase™
0.05-0.13%%  wl% 9k 3lA]%t  Placopecten
magellanicus®] 3HA|} A3l do)A laminarinase: &
< @4< E3iok (Wojtowicz, 1972).

et AFHEA], Azl GHAE e 5124 F
protease?] A== 27} 0.02, 0, 0.08%% ©rila -3
ot vjusA WA yepg), GHA} ofv|eitke) whad)
= AEe® FAHNTE ARl YAt (Bailey and
Worboys, 1960; Doyle, 1966; Albentosa and Moyano,
2009). 13y o4 AAEo] FHAY a4 HFt #4
< AYspr|=  PAWF (Horiuchi and Lane, 1966;
Wojtowicz, 1972; Trainer and Tillinghast, 1982), Judd
(1987) & Alslstae BwlAle] T i A7 A<
Stk Judd (1987) & Al kA FAEe] glon,
sty etgo] ol 9HAE 7= Macomona liliana,
Pholadidea spathulata 183 Perna canaliculus$t $-=
H1 ©@go] e FHAE 2 Crassostrea glomerata,
Chione stutchburyi 5§ 157Fe] FEOA Tl oA Alo]
o ate]A ek B sjglet

Reid (1966) + Lima hiansol| #3t QoA =93} o
WY sahe F2 2sUdel 2ablRel ARAZAIA AL
vl 237} dejus Z& 1Asgla, whdel Mya arenaria
oA A} A7l 2] AR Bt o}
Yzt HellA AEe] 437} dojube AL dAsigich

olg A Aol AgH AztEirEe] E4o] AR b o]
e AAA E ak ojyel Hol e F5 Y AR w
g} H3}y] wlFo|t} (Seiderer et al., 1982; Fernandez-Reiriz
et al., 2001; Albentosa and Moyano, 2009).

E Q7o AR ol 329 ANBAE vl wuke
2ZbE 4 10 m7bAl S AE, asls 23kl 4] 40
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me| 27} 4lel A 21 AFH A= 20dTE 24
20 m Afo]e] 7)Ao F-ztste] A2ttt (Yoo, 1976). ©]E2]
747 okxAS Yoon (2003), Noh et al. (2006),
Fernandez-Reiriz et al. (2001) & 7|52 % 53 29,
AAH o7 sl Lalas S i Falas 24
o] Ao]& Kol A BrIes T AU YLR o] &3l
olujslF2] AAA] Bl HolPE-o] FRet Avto] las v
gt

ATk, o] 59 A3laso] BAE o WHd] 24k S5
Me  asptidst JuAe Azt B4 v}
SDS-PAGE®] ©J3t f4 7 isomere] o A7} 2o
& Ao g =)

2 o

AT 3% oviuiFE R JuAle] 43las
Aol Al zAlslTh B Al AREE owiuliFe A
(n=61), AF;HFA n=30) 2 /HE7 n=30) °|4, °l&
< gk Flictell A 20104 5L AR FHAL] A3}
A Y P42 FEREAE olgssith mul, AFEd
2, MEAe FHAS ?—/‘4‘55]3; A23&E4E amylase}
cellulase”} °F 90%= 25 AA|slg). 28]l 2e |
FalE=], Nz ‘%*E'ixﬂ— T3 43k84 5 protease
o] A5} 7P Worew, 77 0.02, 0, 0.08% % YERSITH
FHAE A Adlas R

amylase > chitinase > lamlnarmase-J &0

% 325 cellulase >

° % epgt
#Ae| 2

2 7 AguiHEE)e AR P (F=AHE:
WISE #5 ‘a‘ A1 AE) 2t A XA A7 EH AL
(RTIO5-01- Aoz FaEglon, ofd FAt=givr,

r® R
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