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ABSTRACT

Digestive enzymatic compositions and activities in digestive diverticula of the three species of bivalves were
investigated in this study. Mytilus galloprovincialis, Saxidomus purpuratus and Tegillarca granosa which were
collected from southern coast of Korea on November 2010, were used for analysis. Amylase and cellulase
occupied approximately 95% of digestive enzymes in digestive diverticula of M. galloprovincialis, S. purpuratus
and T. granosa. The amylase and cellulase activities were 2.6 and 0.8 U/mg in M. galloprovincialis, 2.4 and 8.8
U/mg in S. purpuratus and 7.3 and 11.8 U/mg in T. granosa. And protease activities in digestive diverticula of M.
galloprovincialis, S. purpuratus and T. granosa showed the lowest values to 0.00019, 0.00028 and 0.00022 U/mg,

respectively.
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ojujshFolA A2 Azl EE|A AstEoes F7 33
A 23S AR Hed, ol 78 el AEA T
TAEES AEHE 7HA7] wigel olF k] S1g 43}
1#to] Hgsjr), wpebA o|vis{iE A3t (digestive
diverticulum) ¥} B4 (crystalline style) ¢ 43}a4%5
o] &-3lo] 3}ehA 42315 317 =t} (Reid and Sweeney,
1980; Brock, 1989; Ibarrola et al., 1998; Alyakrinskaya,
2001).
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Mytilus galloprovincialis, Saxidomus purpuratus,

(Owen, 1972; Morton, 1983). 337142 E45 ¥4
e AEE o] Eu|Hgells a4t FrE o] glo] F&
ME2] 431755 7HA} (Lobo-da-Cunha, 1999). A3HA|
L 1R Wslela Foh A A il Sl aA|
o] A ¥ A]2H (lysosomal vacuolar system) = Y|E3}1
slol $lollA] Hol iAo AlEe] AslelA Y EAE 55}
+ AZJ £3E5 293t (Owen, 1972; Morton, 1983;
Lobo-da-Cunha, 2000).

oufjslF-2] BHAle] 3t A7+ FE T3 a4
HAlof] 24 o] 2kEo]A 9l o1} (Horiuchi and Lane, 1966;
Wojtowicz, 1972; Trainer and Tillinghast, 1982;
Albentosa and Moyano, 2009), XZolx AFHx|,
Mpytilus edulis°l|4] B-mannanase Man5A%] 3x-44 Z
ATz} 4382 EA (Larsson et al., 2006) 3} B]ghx7),
Peronidia venulosa® toxin-transforming enzyme¥}
sulfo carbamoylase®] 543} AA| (Cho et al., 2008) &
¥ 7 S @77k A e

SpAE, o]visl oA ehA 43k B} A& olsEr] 93
A asplda) GHAN Abo]o] dztaA] 2 o]52 A|lE 9
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OIHIH= 38 At Astas 4 ¥ 45

A3}ol] T3t AR} F e}
welr 2 AFe A o]visliFe] b Aslel] 2HE 1
Fol  AM2MbHel ANz o & AFEEx|,  Mytilus

galloprovincialis, W&\, Saxidomus purpuratus % %
9 Tegillaca granosas WHLE 7|E9 o5 gAY &
234 AT (Ju et al., 2011) °o F715ke] 23] 43}
2434 EAS EAsGIh

R

-

A
20l A48 AFANEA, A 9 meke 20109 119
o eliere] o4 dAxtelq Azlalgon, o 52 A, 271
W $alel] A8 28de] HFFE Table 19] ehie

2.4
1) S48 BN
o] AR AE AFeEA|, Ax) 2 awat
o YA N BAE 80T AL YETIN E4 T F &
)=
B

g F9lnk AEste] Eaalol AHgshaih

b

é

Agd %E-’F (ice cooling, 4C) 2 mlZ 2 1800

YHaNa®). o]T 4 c, 6000 rpmelA 30+ <t AAlE-e 3}
o Asds zaLY R o]l BE Alge 4 A4F
Agox sl 80T AL WEaLed Basiglct
Azl 23tgs SAEAL B A (Multiskan®
USA) & ©9]£3l9 amylase,
cellulase, chitinase, laminarinase: o] &3¢l 540
nmel|A SHEE 5431, proteaser 410 nmolA &7
E5 £A319t}h. Amylase E42 Bernfeld (1955) 2] W'H
5 o] &3l Rl e cellulase 242 DNS procedure
(Miller et al., 1960) -»] 1 chitinase 42 Monreal
and Reese (1969) < J’H, 18]31 laminarinase 42
Somogyi (1952) ¢ "PHe o83t FAsigld. 18
TG-Lipase 242 p-NPP ¥ (Hung et al., 2003) & ©]
S3lo] FA3AT) a3k E A B AREE A, e 2,
A7 22 98] sl £FE Table 200 tebilck
hAl2- BSA (bovine serum albumin) & EFEAE A}
-8-3= Bradford (1967) "< o]-8-3te] AFslgict

Thermo Scientific,

Table 1. Sizes of the specimens and weights of digestive diverticula used in the analysis

Species N  Shell size (mm) Total weight (g0  Body weight (g Ddw (Wt, mg)
Mytilus 30 SH 63.89 19.27 9.67 0.43
galloprovincialis & 6.34) (+ 4.93) = 2.37)  0.09)
Saxidomus 30 SL 83.41 152.62 51.29 0.94
purpuratus (& 2.08) (= 12.04) ( 4.24) ( 0.11)
Tegillarca 35 SL 35.50 16.0 3.49 0.12
granosa (& 1.47) (& 2.09) (* 0.55) (* 0.05)
Ddw, digestive diverticulum weight; SH, shell height; SL, shell length; Wt, wet weight.
Table 2. Absorptiometry of the digestive enzymes in the analysis
Temp. Incubation Supernatant
Enzyme pH Buffer (0 time (min) Standard volume (1)
0.01M Maltose
Amylase 6.5 citrate phosphate 30 40 (5-200 xg/ml) 50 x 4
Cellulase 6.0 ‘50m1\./1 55 30 Glucose 50 x 4
sodium citrate
Chitinase ~ 6.0 CO-2M potassium o 60 NAG* 50 x 4
phosphate
Laminarinase 6.0 0-IM sodium 37 60 Glucose (0.1%) 50 x 4
acetate
. 0.2M potassium
Lipase 6.0 phosphate 25 20 pNP 50 x 4
Protease 5.0 0.1M potassium 55 30 Tyrosine 50 x 4

phosphate

(10-400 g g/ml)

*0.1% NAG, N-Acetyl-D-Glucosamine
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Fig. 1. Enzymatic compositions of the digestive diverticula in Mytilus galloprovincialis (A), Saxidomus purpuratus

(B) and Tegillarca granosa (C).

23

1. &3ta o] A4

Az A3 A3 a4E amylase’} 71.8%%
714 =9tk Cellulase: 22.1%% F WAZ =2 FANE
el o, chitinaset: 3.9%2 TA¥]E UElIIL lipase:
2.2%9 FA¥E JegWth. 181 laminarinase$}
proteasex= 27t 0.06%, 0.01%% & FAvE el
(Fig. 1, A).

Az M= cellulase’} 76.2% % 714 =9t} Amylase
= 20.8%% F WAZ 22 FAUE Jeldlon, lipase:
2.2%°] 748 JERIT chitinase= 0.9%2 TAHE Y
eldltt. 221 laminarinase®} protease: 727t 0.01%,
0.002%% A wi$- W& 7485 Yebdll (Fig. 1, B).

mwuke] A3l 43l& 4 cellulase’l 58.2%% 7V =
oth Amylaset 36%% T WAR =2 FAHE YL
W, chitinase®} lipase= 2.9%% 722 TAU|E yepich
Laminarinase®} protease= 77 0.04%, 0.001%= "%
W@ FAEE Yeld (Fig. 1, ).

2. &3l 20 FNE

AFAGAS] A9 £8Eie] BAEE amylase’t
2.6 (£ 0.2) UmgZ 7P =9t} Cellulased] 4=+ 0.8
(= 0.17) Umg= T HAZ =95°2H, chitinases= 0.14 (=
0.011) U/mg?] B4 =2 el lipase: 0.08 (= 0.009)
U/mge] #4=E Yeldicl. Laminarinase: 0.002 (+
0.0001) U/mg, proteaset= 0.00019 (+ 0.00002) U/mg=
Aoz vk B4 w S Jeptt (Fig. 2).

MEANe 23bd A3ladel BATE cellulase’} 8.8
(£ 0.25) Umg® 7P¢ =Stvt Amylased] BAE+ 24
(+ 0.13) UmgZ 5 WA 29kom lipase: 0.25 (=
0.01) U/mg?] FA=E Yell 1 chitinasex= 0.1 (= 0.01)
U/mge] #A=E Yepftl. Laminarinasex= 0.001 (+
0.0001) U/mg, protease= 0.00028 (+ 1E-07) U/mg=
A v B E Vel (Fig. 3).

Enzymatic activity (Uimg)

Fig.

Enzymatic activity (Ufmg)

Fig.

Enzymatic activity (Uimg)

Fig.

wake] aspid astase] 2
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2. Enzymatic activities of the digestive diverticula in
Mytilus galloprovincialis. Vertical bar: SD.
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3. Enzymatic activities of the digestive diverticula in
Saxidomus purpuratus. Vertical bar: SD.
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4. Enzymatic activities of the digestive diverticula in
Tegillarca granosa. Vertical bar: SD.
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OlIH= 35 AstWH astaa +

0x
He
oy
0x
H1

(£ 3.59) UmgZ 7F¥ =t} Amylased] A=+ 7.3
(£ 0.37) U/mg=Z F HAZ =3k2r, chitinase: 0.58 (=
0.062) U/mg®] FA=E eyl lipaser 0.58 (= 0.1)
U/mge] #4=E Yepdicl. Laminarinase: 0.008 (+
0.0011) U/mg, proteaset= 0.00022 (+ 0.00002) U/mg=
@ B3RS Y (Fig. 4).
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g
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ojnishFE2] A Aste FE dwAe sl &
EAE T3] o|FofA |, astate] 7Y AR
MA| et Hol  Fo uwlebx ZepAlct  (Brock, 1989;
Ibarrola et al., 1998; Alyakrinskaya, 2001; Albentosa
and Moyano, 2009; Ju et al., 2011).

Faldel]  AMAEE gkt o]msiRal
pullastra®] ZHA= amylase, cellulase, laminarinase
59 23ta4E sked, ¢] 7ke-dl amylase’} AA<] oF
75.4%% 7P wew, x7tde] AAsl=  Ruditapaes
decussatus®] FHANAE amylase’} 92.6%% A3}
ol2]gt amylase®] TAH|e] Aole AEBAFFAES] <ol
x3djEct 7] @] wEe]t} (Albentosa and
Moyano, 2009).

Zsljo] AMAsl= A FEx], Mytilus galloprovincialis
s} MxAM, Saxidomus purpuratus 183 F7 el A3}
= 9, Tegillarca granosa®] FAANA amylases}
cellulase®] 4wl 27 87, 89, 85% vt (Ju et al.,
2011). & AFolA o] o|uisiF-o] L3bydelA amylase
9} cellulase?] T4¥]= 93, 97, 94% % oA B} &2 3t
5 B3t o|A3 A3t amylases} cellulase?] &2
342 Crassostrea virginica, Rangia cuneata 181
Geukensia demissa (Brock and Kennedy, 1992),
Cerastoderma edule (Ibarrola et al., 1998) W Mytilus
chilensis (Fernandez-Reiriz et al., 2001) ¢} 7+& t}& 3
A A A = B s Gl

2 d7Ax, 3% olsllFe] Asb¥delA amylases}
cellulase®] T-4®]+= 93, 97, 94% = E7tel #lzt AJol&
Fo|A] okstrth. BpAINL, AsldelA] o]E9] EASAEE A
5] (2.6, 0.8 Umg) 9 A= (2.4, 8.8 U/mg) 2t
Z7kdoll AAjsl= aet (7.3, 11.8 U/mg) ol &l 29t
olg|g Avf= =zl o AFaHA| et Mxr) Bep 27t
MAele make] ASAEFAES] L350 =52 9v|E)
= Aoz g

oluig| R o] T8 Holdal ARAFFAEEY] AZ
He Ffsl7] SAste] cellulose FIEAE  o]-E-3k=t]
(Alyakrinskaya, 2001), A|Z3lg=], HNxs) @ muhe] g

Venerupis

Ao A cellulase -2 77+ 2.2, 0.85, 2.3 U/mgl 2 B3
=t} Ju et al., 2011). 3FA|RE 2 AFoA A3pdelA
2434 E 27 0.8, 8.8, 11.8 Umg® Yeh} A&
FAE el AFsFA e Lsbld Bk g
Aol A Eow, Axet muteMs FHAGdAM Rk
L23pildelM =5 Aoz A=)

ojufs ol A Ak} Al 4ske] Fo H9l= Fof wet
tha 2}o]Z Rol=d|, Lima hiansolA A3} whla 43}
= F2 &2sdelA dojdt). kAT, Mya arenaria®)A
23pd ak ofye} flell Mz o] 52 A28 4317} o] F
At} (Reid, 1966).

A=), N @ matl| A GHA (Ju et al., 2011)
9} ® A9 43y protease TAEES v|wRH, AF
sl FHARcE AsbdelA < 28 &t dkA
Mzfe}t matel A= A4 oF 3ul &34t

FHANA protease B+ AFsEA o w AN
+ 8ull, 2wk 9ul) =gko} (Ju et al., 2011), & GF-ollA]
Zof| -2 431939 proteased] FAEE FEE Alo]E 1B
o]2] <ksket. of&# lipase®] =T AFIEA (0.08
U/mg) 2t 727 (0.25 U/mg) Bt} 27bdfoll AAsh= amf
(0.58 U/mg) oA AdjAez =& 245 B3t

Owen (1966) < AAEElA 7|d7eEsle L3kl
EABIE Al o dojdrla sigick 3Rk, AT,
Mytilus edulis 23MAAT2] 423129 AZA 75504
13} 2po]aFol <]gt 743t chitobiase o] B x|}
(Sumner, 1969). Chitinase$} laminarinase®] 42 H-%+
A olullsll 59l Placopecten magellanicus (Wojtowicz,
1972), Pecten maximus (Stark and Walker, 1983) %
Crassostrea virginica (Smucker and Wright, 1984) <]
FHA} sl RuEgich

X3 chitinase$} laminarinase?] 42 x|F3|d=], 7|
2 9 meke] YA A RuFgled, o]5e] 242 F
24 olufisli el AFsEA A TP =9k Ju et al,
2011). °]& ®4°] S £ A7 Ade} vjwsd, A%
sz e] Aol FHANA Hokor, Mzslel muelA
L &3delld =2 3 24 chitinase?} laminarinase

B oA AAAEe Fol W Aol vehc,

2

2 o

2 AT 3FY] ouisiRE Wt R Ashide] Aslas
T4 2 e dfsl] 2RI Aol AR o] vlis)
T AFalE], Mz 2 maeln, o]&E gk dlitell
A 20109 11¥el] ARG A=), Az, mte
23S FAEe 43t 4 = amylased} cellulase’} oF
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95%% S AAsg 2shddelM  amylases)
cellulase &=+ AFdF2]+= 2.67 0.8 U/mg, N7+
2.4%} 8.8 U/mg, 222 7.37 11.8 U/mgglch. 28| 43}
o] £3t&4 718l protease?] BAEE AFEA,
x|, maeA zkzF 0.00019, 0.00028, 0.00022 U/mg=
71 ket

@A 2

o) e AFATATS] 20119 Ao ehehsate
QAFA el SJ5to] 5150 m, ool A e,
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