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Ultrastructure of the Digestive Diverticulum of Tegillarca granosa
(Bivalvia: Arcidae)

Sun Mi Ju, Mi Ae Jeon, Hyejin Kim, Kayeon Ku and Jung Sick Lee

Department of Aqualife Medicine, Chonnam National University, Yeosu 550-749, Korea

ABSTRACT

The anatomy and ultrastructure of the digestive diverticulum of Tegillarca granosa were described using light and
electron microscopy. The digestive diverticulum was situated on the gonad and connected to stomach by a primary
duct. Digestive diverticulum is composed of numerous digestive tubules. The epithelial layer of digestive tubule,
which is simple, is composed of basophilic cells and digestive cells. Basophilic cells are columnar in shape, and
the electron density is higher than that of the digestive cell. The cytoplasm has a well-developed endoplasmic
reticulum, tubular mitochondria, Golgi complex and of membrane-bounded granules of high electron density.
Digestive cells were classified into three types. According to cell shape, electron density and cell organelles.
However, three types of epithelia was same that striated border was observed in free surface and lysosome was
observed in cytoplasm. The results of this study suggest that basophilic cells and digestive cells in the digestive
tubule are specialized in the extracellular and intracellular digestions, respectively.
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ojush = ol sl whel FAF o]FFHoE FEHM,
AAR] el wel 27 EAE (epifauna) ZF WA (infauna)
o7 T T 4 3t (Gosling, 2004). F2Fd= =,
Crassostrea gigas, 7}2]8], Patinopecten yessoensis, X%
=], Mytilus galloprovincialis, A5H%], M. edulis %
o] 9glom o]EFFo= I, Saxidomus purpuratus, ¥}
A=}, Ruditapes philippinarum, 2%, Tegillarca granosa
o] el olE2 A ] Aol we} Ao]e} 43hr)A
E3 gE Ao A7)

oluisl|Fo] Lspilde 99 A2H # Fx= A 5
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Aol Mz Y& dAAF (primary duct) I o]z
(secondary duct) @ A3}AA|# (digestive tubule) & T
AEle] vk dArTelME e S5E e oAtk
e FF Z5s el askiAe A a3z
715l s Az &3} o]FoiAt} (Owen, 1955).
ShAlNE Al 2e] A3h= w]A AslRve £33 43kt
e 7127 He, ol F8 Holdal AEAd FRAEES
ATHS 7FA)7] wi el o] & #afislr] $13 Asbr)zte] He
3b7] wiolct. weEkA ol e Askldat AL &
sta4E o3t kA 4315 s Ht} (Reid and
Sweeney, 1980; Brock, 1989; Ibarrola et al., 1998;
Alyakrinskaya, 2001; Ju and Lee, 2011).

ojuisi o] Aol #A3t AFE FE A3tasel 4
o] 2Ao] wkoiA glom (Seiderer et al., 1982; Brock
and Kennedy, 1992; Fernandez-Reiriz et al., 2001;
Albentosa and Moyano, 2009), o|vj=|F2] A3}te] w]
ATz B3 A7 Cardium edule (Owen, 1970),
Pecten maximus (Henry et al., 1991), Mercenaria
mercenaria (Eble, 2001), AZ3l9x] (Dimitriadis et al.,
2004) % AMxEAe] 2FAAT ARl #AE BRI (Ju
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and Lee, 2011) 7} 9% # olsolfie] 3o 4sir 4w
Qe T2 Aus vul Aol

weba 2 Q7oA 2 ool AASH o), A olu)
shsel mepe] 3o 431E wr) 2 ofalsl] Slsje] 25
ol et W vl TEA 54 B 0 AR AL ol
ste] )AL ol AR Aolsh Aakstel ulmstur shgl
.

2 ATl AR mRR: oA] ek Agee] (34°39
1.04” N, 127°35" 29.4" E) ¢ Z7elA 20104 5¥e
AAslel. EAel ARS-E RS 7P 35.67 + 1.22 mm,
A% 16.57 + 1.38 g1 AA| 207)A]e]c}.

wuke] Ay Zbi= vernier calipers® 0.01 mm7ZbA]
SAs o, s S5 AAAEE 0.01 g7HA 543}
St g Z1aAlet 23, 919 SAE sliF-sle] f<t
I S-S Fste] 71AsksiT

Feen]d ZEA|ZE A EE Bouin Sl 2447k <k
1A%l elPAAReR 5 um FAR A52H F
Mayer's hematoxylin-eosin (H-E) 2} Masson Ar54 4l
alcian blue-periodic acid and Schiff's solution (AB-PAS,
pH 2.5) #} aldehyde fuchsin-alcian blue (AF-AB, pH
2.5) Hhe= AAekGich 245 8HA vhg- & A A 2] 4
Z3}x #AL Pantone® Formula Guide (Coated first
edition 2002; Pantone Inc., USA) & 7|22 3 HH3E
25 <bell FAIFHCh

FrAAEr A (TEM) XAZEE AL AEE
phosphate buffer @EH 7.5) = SFA7 2.5%
glutaraldehyde $o2 2]7F FoF A 1A oM,
0.1M phosphate buffer (pH 7.5) Z 20%% 33] A5}
o} Z ¥ 1% osmium tetroxide (0SO4) (Sigma) = 247+
Z9t & uAE ¥ 0.1M phosphate buffer® 20%% 33]
AL, olebESE o]83le] QAR Stk 1 F 9
ZA A2 o) 3 F 1 gm F79 semithin sections
toluidine blueZ GAsle Fdn|Ae =z FFsigict o
* TEM ¥ A#HL ultramicrotome (MT-X, RMC,
Germany) & ©]$3 57 70 nmZ ultrathin section &
o} uranyl acetate-lead citrate®® <343}y, TEM
(H-7500, Hitachi, Japan) .3 #&s}gich

FAAARE (SEM) FEARE Aspids I
TEM #2<5 S13 Almel 22 ez A Asigich
% amyl acetate® 30%% 23] A33ly, CO, 7[2% ¢
71% (critical point drying) & vl 1% &<k g0l 52

=

X

g

Fig. 1. Anatomy of the visceral mass of Tegillarca
granosa. Dd, digestive diverticulum; Pd, primary
duct; Sa, stomach; Sd, secondary duct.

(gold ion particle coating) 3F¢] SEM (JSM-7500F,
Hitachi, Japan) 2% ¥23}9ic}

2 n

1. 9754 54

e Dt b e
asde AR vhe ol Baae] Trgo] x
9191 9 el AAshn Ggiek asplde) SRl
Aol 4so] glonl, Aathe Fel 915 Q25
Dsich (Fig. 1). F3ErA A BLAA L3pde
QAR Fxol Do 2y o Aaw D 23MA
52 A9 434 FrE2 450 9t (Fig. 2).
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2. u| A FZ

ko] Aspide ohgre] LstadAlzEe] Bl A
Folch. Z47ke] AstAAlTE 71 ARt gl &5 AulSo] &
o]F I gl Fxolt) o]F AuFoA T AstHES} 59
AAEE T 5 ol (Fig. 3, 4).

23PN £ EELS AT o T 3ol Tl
¥ oS T, ATAL] Aol He
7 9igiek. #7) qle H-E GAA 7t 57145 v
etk A2 el EAskE dite] #HES HE §
Al Masson A5 AB-PAS (pH 2.5) 3+ 2 AF-AB
(pH 2.5) ukgollA 25 3oz velyl (Fig. 4). 314
ol A 352 H-E GQAlA A3 24 (256C) 2Z e}
5o m (Fig. 4A), Masson A5G4 = AAA (220C) &
2 Yyt (Fig. 4B). 18]3 AB-PAS (pH 2.5) ¥h2-olA]
T TE F24 (2665C) & e FA AAEAE Fal
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Fig. 2. Light microscopical feature of the duct system between stomach and digestive diverticulum of Tegillarca
granosa. Dt, digestive tubule; Pd, primary duct; Sa, stomach; Sd, secondary duct.

Fig. 3. Scanning electron micrograph (A) and semithin section (B) of the digestive diverticulum of Tegillarca
granosa. A: Showing the numerous digestive tubules (Dt). B: Showing the basophilic cell (Bpc) and digestive
cell of Type A (Dca), Type B (Dcb) in the epithelial layer.

¢ 4 3l5lom (Fig. 40), AF-AB (H 2.5) gl 2
A (3180) 2 veht vlg3t HABAALT HAT 4 A9

t} (Fig. 4D).

SNEAEES H-E A Ax, 23257 w74
2 5 3ol H-E A4 7 3997148 veile 59
g 439 A7 qlg 7pAH, AEA L] Aol ] 7
= TR Qlch olE Fjle Wi H-E A,
Masson 414, AB-PAS (pH 2.5) ¥+ % AF-AB (pH
2.5) HhsolA B g0 2 eyt (Fig. 4). AR o
3 I35 H-E 94 A7}, o3 24 (265C) o2 et
W (Fig. 4A), Masson 45344 = A4 (220C) &=
Yelygtth (Fig. 4B). 18] AB-PAS (pH 2.5) ¥+ (Fig.
4C) 7} AF-AB (pH 2.5) ¥+ (Fig. 4D) oA 22 FoA)

(2665C) 7 F24 (318C) o7 Yeht o]5 73l F49
v 33t A el S5 o4 Ytk

TEM &% A3}, &stiAl#e] 23t EE
FEE 9k Type A9 23T thee] ARE 74 A%
2 ARoll AEA Ao tad mEZEgolrt EAEH
om, e Fof shtel sl #2 AF AT o] F
A o] Fglo] RN, 3 Flef vho] AT} v
- HEo] #AE Y 2E AEA Adell= A4 A
et w2 oA AglEo] #AE I (Fig. 5A). Al2A
ol A el m|EE=eof, 2HAEA Y n|AAEo
W= Sl (Fig. 5E). Type Bo| A3 ZE 9] vlAlgE
2 AER 2 Fodol AL 9] Yiell= 244
A7} o]y A o] F5lo] 5]t (Fig. 5C-D). Type C

a8

a2 o
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Fig. 4. Light microscopical feature of the digestive tubule of Tegillarca granosa. Showing the basophilic cells
(Bpc), digestive cells (Dc) and the cytoplasmic granules (G) in the epithelial layer (El). A: H-E stain. B:
Masson's trichrome stain. C: AB-PAS (pH 2.5) reaction. D: AF-AB (pH 2.5) reaction. L, lumen.

o &AL A $5 AT 4ee Aot VY E
ket Ao QYo% 39 shel SIS AfEe el
PlAgEs Axe 9o gigieh ATAYel vlEZCelol
ERATA, FAA D el vAREEe] BAR (Fig
5B).

FAALE AAA AALEE 23T Hl) &
Holglon, ATA JUSH WA ATAHoE A
AEE3} QAse] Qgieh. AEAL Aoz dg 2w
a2A, 3AA % B PlEEEelolEe] Asha gigle
W, el AAREsl Fe deEe] BASn (Fig
6A-B). A& Aoz ATA shol slAskga AR 217
Apde] ¥R Axste] AATEL: skor], ge) Fof
ot AR 3 FU Qo] SRkt (Fig. 60).

AEAS] o2 F-9loia] B3R 2ALTA} FAA Sl
DR s, Sol BAA 429 dPelAE ol while) B
wshg FshAe] shalHgieh $4 BAA Sl el
£ ofel w2 Bolshe Waae) Blsigin $4 24

Fx WA AR v #AE ez s
e, 1 F 0% AYES 2719 ARUES} FAska v
Aol EAA $elA] AARE} 3 g A i
4] )3 ge] B3 (Fig. 6D-E).

n &

ojush o] shebA Ash= AlEe] Ashe} A|ZY Asle]
8] o]Fo]Zlt} (Brock and Kennedy, 1992). 4&3}wde] 4
AAABLE T2 TH71ARSS 23R FAE e,
SN EE 54T BBke AER o]59 ARl
2427F s Qo] FE AR A3peE 7MY
(Lobo-da-Cunha, 1999). £3HEE F7]4o 7 W3lsin
Fooh paisl 2 wuu eade) O A2 YTty
ol SlolA Wo] AL AL 23folA e ELE S5}
= AEJ 235 998t (Owen, 1972; Morton, 1983;
Lobo-da-Cunha, 2000).
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Fig. 5. The ultrastructure of the digestive cell in the digestive tubule of Tegillarca granosa. A: Type A columnar
digestive cell, showing the developed cilia (C), mitochondria (Mt) and numerous granules (G). B: Type B
and C digestive cell. C and D: Type B digestive cell, section of the microvilli (Mv) on free surface. E: Type
A digestive cell, showing the granules (G) of low electron density. Dcb, Type B digestive cell; Dcc, Type C
digestive cell; De, desmosome; Gp, glycogen particles; N, nucleus; rER, rough endoplasmic reticulum.

® A s we

& aapirde] Aragio] slst s
o giglen, a3y &
(o)

RE e S I A e e 1A 5
Aoz FA=S A%k ol A ojusiR
Placopecten  magellanicus (Wojtowicz, 1972), =,

Crassostrea gigas (Bernard, 1973), Macomona liliana®}t
Amphidesma australe (Judd, 1979), AFDx], Mytilus
edulis Xu, 2002), 9%, Gomphina veneriformis (Park et
al., 2010), N=7, Saxidomus purpuratus$} AZ3lg=,
M. galloprovincialis (Ju and Lee, 2011) <] &334 EA
3} §ARE A3E ugi

E3, w0 2] 2aARe 95 4]

ofj

o7 59

rlo
ofj

«

1AL} LA EER o] Fo]A Qlglet At &
e HHAEES FE FA n|3s) g RS 3
= Aew =g} 283 TEM 32 A3, 397144
T 2UAEA|, FAA, v EZ=eo} 9 Eu|H]
715 vAlFEA EAE Hol A29 231E @k e
2 etk 2342 o]59] |, ARe} mAlgRe] i
9 A% 2 A2AL vAlTtE 55 7|EeE Al 7 TR
(A, B, C) & 7 & = sldevl, nlAlEE, &3ljaA] 2 A
EFeole] Wi 5 5 9 43} w72 EAE B
AEY 237158 F98hs 2R Yeht 7]2e 2us o]
s} F5 (Morton, 1983; Henry et al., 1991; Eble, 2001;
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Fig. 6. The ultrastructure of the basophilic cell (Bpc) in the digestive tubule of Tegillarca granosa. A: Section of

the well-developed mitochondria (Mt) and

rough endoplasmic reticulum (rER). B: Section the

membrane-bounded granule (G) of high electron density in the cytoplasm. C: Section of the well-developed
mitochondria, rough endoplasmic reticula and Golgi complex (Gc) in the cytoplasm. D: Section of the
granular particle (Gp) of lumen of Golgi cisternae. E: Showing the rough endoplasmic reticula, Golgi complex
(Gc) and granule of high electron density. De, desmosome; N, nucleus; No, nucleolus.

Dimitriadis et al., 2004; Robledo et al., 2006; Ju and
Lee, 2011) ¥} 5413t A9E B9}

olmisife]  Ashilgeld HwlEHe FL& LstEase
amylase, cellulase, chitinase, laminarinase, lipase,
protease’} EuE gt}  (Ibarrola et al, 1998;
Fernandez-Reiriz et al., 2001; Albentosa and Moyano,
2009).

Z7 ol AAs= dtate] Ruditapes decussatuset %
sldjof] MAlsl= Venerupis pullastra®l|A A3hgde] £
43} 4E amylase, cellulase, laminarinase, protease®
BuHgEd, F F 2T amylased] B4¢] 7P 3tk R
decussatus®] 73-%-, amylase= 61.8%%29, V. pullastra
A= 41.9%= YET} (Albentosa and Moyano, 2009).
olg|gt Avf= viAlT2A SAEI A3l Boks w, A2

£3% PP TAHATER ALY 281EE M
AFAEE) falLAEL F2 DHHE PARLEE T

e Ao gk

Ju et al. (2011) = AFsGA, Az, meke] 230
oA amylase$} cellulased] FAu8]= 93, 97, 94%= =7t
o Avkst zpolE Ho|A] Adstrh FpAIRL, AFHFelA o]
o 23 AFEPA] (2.6, 0.8 Umg) & =7 (2.4,

8.8 U/mg) Bt} 7o AAlsk= aet (7.3, 11.8 U/mg)
oA A =gk} ol A= b AF |t Az
A B z27beel] AAlske muke] AEAEFIEY] 43ls
o] 25 njsle AR ddsgich £ Q7 AzeA
vAlF2A SRS Al BokE o, ko] AstAA &
A ES FH7F st AL olge] AFIHAY MR
o} ookt A2y 43 VM e w 5

3t o]l Fe] 3t Azl Azt b olue) 9
A 234 T3t o|FoA =, Al AE oE
3% ol (HeslEAl, Az, 29 oA FHAE 74
3l= 4354 amylase? cellulase’} ¢F 90% &S 2}
Astgem (Ju et al, 2011), =A<l Crassostrea
virginica, Rangia cuneata 12|31 Geukensia demissa2}
ZelAdel Macoma balthica$t M. mitchelli®] Ao A
amylased] Aol A wIE Beate A F
30-70%% £ HlEs YERaL, cellulaseT 15-27%,
laminarinasev  14-47%% YEYct  (Brocka and
Kennedy, 1992).

u2}A] o529 3}t
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