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Ultrastructure of the Digestive Diverticulum of
Saxidomus purpuratus (Bivalvia: Veneridae)

Sun Mi Ju 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 Saxidomus purpuratus were described using light
and electron microscopy. The digestive diverticulum of dark green color 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 membrane-bounded granules of
high electron density. Digestive cells are columnar in shape, with development of microvilli on the free surface.
Pinocytic vasicles, lysosomes and numerous mitochondria were observed in the apical cytoplasm of digestive
cells. 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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ojufsh o] Hol¥el= F= opPlv|E o] &3 AFAle] F
)2 A (de Villiers and Hodgson, 1993; Gosling, 2004),
ol iFFol AR opriule} £l AA e Al
ok 47 AxE TR AolEAL 92 RuiAL o)A
A7 0.1 pm o] HolgL AslEo] AL T3 FEoE
HAd=Aeh, 912 EjAl 2o] ke A7 0.1 pm ©|3k]
HolgL A3PFo s R o]Rex 43t o]FoAlT).
3ol miEd EAELS oA 9 S F8 dreE
wjAd =} (Owen, 1955).

ojujsliFell A AEe Azl 224 AstEcE F2 348
A 23S AXA =Hed, ole T8 Helsldl AEA F
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71&o] FQslr] wigo|t). webA ouisiRES L3yt
A (crystalline style) ¢ &ztaiE o] &3l 34
42315 4331 =t} (Reid and Sweeney, 1980; Brock,
1989; Ibarrola et al., 1998; Alyakrinskaya, 2001).

ojujsi oA 3tehd 4315 B} 2 olaslr] $FiAE &
s} A Aol ddtaA 9 Azl GHAle] A
X9 &3te} Q9= vAlF2E FHr) sk

olujsF-o] gl #HY AF+= Cardium edule
(Owen, 1970), Pecten maximus (Henry et al., 1991),
Mercenaria mercenaria (Eble, 2001) % 2|53,
Mytilus galloprovincialis®] A3MAA|Z vl A2 H3kR
3 (Dimitriadis et al., 2004) 7} $loH, o]52] A3t A
A E FA)e] F7]14 W3} (Zaldibar et al., 2004) 2} A3}
A2  B-glucuronidase$} hexosaminidase] 3t
(Izagirre et al., 2009) <177} Ry=| 3 gt}

sAlel, g qdgke] Fadk AAA olmisiFal sz,
Saxidomus purpuratus®] 337 437123 dHg Fx
A ARE golE £ gl Mzsle 239 4l oF 40
m7HA] A A8z g7} (Veneridae) ] 314 o] wlish o]t
(Kwon et al., 2001).
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Fig. 1. Anatomy of the visceral mass of

Saxidomus  purpuratus.  Abbreviations:
Css, crystalline style sac; Dd, digestive
diverticulum; F, foot; G, gonad; Pd, primary
duct; Sa, stomach.

webr] 2 AT ME AxAfe] A 23pr)AS ofse)
7] f15te] Al bl sjtsl gl vl eA SAS 33

W ARER| S ol gtel F]Aslsiek

R

2 Aol ARE AxAe oA dH st (34°297
48.13" N, 127°45" 57.2” E) 2 x3}djolA 20104 5Y°]
ARt Aol A 2> 2 80.7 = 3.1 mm, A
% 1244 = 19.5 gl AA 20740k

Nz 243} Zt1E vernier calipers® 0.01 mm7}H4]
SAstglon, AFI 52 AAALE 0.01 g7HA SA3
Aok W Z1eAIs} ashid, 919 AAE sFele] &<
sF-EvEE Este 71A skl
Feten| 4 FEAAS Al &E Bouin 499 2447 &
1A3te wlEld AHHeT 5 pm FAE A5EHA
Mayer's hematoxylin-eosin (H-E) ¥} Masson A1%<%4]

i

o 12

2 alcian blue-periodic acid and Schiff's solution
(AB-PAS, pH 2.5) 3} aldehyde fuchsin-alcian blue
(AF-AB, pH 2.5) k3= AAHSIch 2231814 w3 5 A
dAEe] AMA3l% #AL Pantone” Formula Gulde
(Coated first edltlon 2002; Pantone Inc., USA) & 7]&
o TUES BE <ol B,

FHA A=) A (TEM) A 3 A2 A EF phosphate
buffer (pH 7.5) 2 $+2A7] 2.5% glutaraldehyde £ 3
2417t ZoF A wAslF 0w, 0.1M phosphate buffer (pH
7.5)% 2054 33 A 2 ¥ 1% osmium
tetroxide (OsO4 Sigama) # 24|17t FoF ¥

A% F

0.1M phosphate buffer® 20%% 33] Axsly, oet&-S
olg3te] WA E St 1 F o FA] AR Eof g
Z 1 xzm 5749 semithin sectione toluidine blue® <
Aste] Fatdn| g oz Wiyl 1 F, TEM ¥ AH2
ultramicrotome (MT-X, RMC, Germany) & ©|&3 F7
70 nm= ultrathin section 3t T} uranyl acetate-lead
citrate2. 2 QA5 TEM (H-7500, Hitachi, Japan) <
2 sl

FARARRZ (SEM) AR 23bids Id F
TEM #2& SjgAss} 22 e A Aejsigict. 2
amyl acetate® 30%-4 23] 2|33}y, COp 7}2% JAAx

(critical point drying) ¥ vl 1+
ion particle coating) 3}¢] SEM (JSM-7500F, Hitachi,
Japan) °% ¥3lglc}

Eof Zo]& =3 (gold

A519] 1530k (Fig. 1), o111 TAREAN 2ol
919} Q1A% B 79l hagho mie olhad @ Asa
AR $AH AEA TSR T4 93t (Fig. 2.

2) w)A 7=
MESIDRES AR c}—r4 a3tAlREe] 2ol A
Fxolch, Zzke] x3AAATL 7] AT 9o T Au]Zo]

£ o|FL e Fxolth o]F AFdME 971 EY
23AEE 78S 5 9} (Fig. 3, 4).

SA7RANEES H-E 94 2%, 23AEEF vpvia]
Z 4 3l H-E A4 st 371432 vehde &
g 439 Az} & 7AH, AEA = e 39714

< vepllch AlZAe] el o] #Ee d3ska g9l
t}. o] #AHEY WF-E2 H-E 34, Masson *‘}?"é*ﬂ
AB-PAS (pH 2.5) W5~ % AF-AB (pH 2.5) uFg-ollA =
T¥Aew Jehth (Fig. 4). skw, 4% #3Ee H- E
qA Az, Azt 24 (256C) o2 YElten (Fig. 4A),
Masson 45 AlA= AAH (2200) o= Yelsitt (Fig.
4B). 183 AB-PAS (pH 2.5) W (Fig. 4C) ¥} AF-AB

(pH 2.5) 13- (Fig. 4D) °lX+= 242 F24 (2665C) 7 F
24 (318C) 22 Yl o]F e FA9 v|3s}t A
TE T e & 5

= .
23AARE] £ TS AFF g Fo sl F3E
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Fig. 2. Light microscopical feature of the duct system between stomach and
digestive diverticulum of Saxidomus purpuratus. Abbreviations: 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 Saxidomus purpuratus. A: Showing the numerous digestive
tubules (Dt). B: Showing the basophilic cell (Bpc) and digestive cell (Dc) in the
epithelial layer. Abbreviation: G, granules.

Fig. 4. Light microscopical feature of the digestive tubule of Saxidomus
purpuratus. 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. Abbreviation: L, lumen.
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Fig. 5. The ultrastructure of the basophilic cells in the digestive tubule of Saxidomus purpuratus. A: Section of
the well-developed rough endoplasmic reticulum (rER) and Golgi complex (Gc). B: Section the
homogeneous fine granules (Hg) in the Golgi cisternae lumen and mitochondria (Mt). C: Section of the
heterogeneous fine granules (G) in the Golgi cisternae lumen. D: Section of the heterogeneous granules of
high electron density in the Golgi cisternae lumen. E: Showing the membrane-bounded secretory granules
of high electron density.

A9 Gt Qg A, ATAL Pl e Al
AT g @3 A& HE G464 48 397148 o
o

S
E‘rb“v} AEA el AR o] B35S HE
, Masson 494, AB-PAS (pH 2.5) %5 % AF-AB
(pH 2.5) Wh3olA 25 FxA0 2 ettt (Fig. 4). 314
ok, A4 H3E52 H-E GA6dA <3t 24 (256C) 2=
Eltom (Fig. 4A), Masson A5 Aol A= 2214 (220C)
© 7 Jeptt} (Fig. 4B). 183 AB-PAS (pH 2.5) #kg-o]]
e 32 24 (2665C) 22 Ueh) £4 HANEAS 3
& 4= 9lglen (Fig. 4C), AF-AB (pH 2.5) WHolA=
F2A (318C) 27 Yeht w33 HAEAE IIF 4
9t} (Fig. 4D).

TEM 2 27, 39714429 AAAQ] AAEEE &
A Eol| w8l =2 Holglom, AlEA ﬂﬂ—fﬂoﬂ sl A
FARow FHo AEET} A= 9l x
Aoz s FHA¥A, FAA 2 wu Ul EZx=
o] AA|Et giglew, oAF Eu|HgEe] =k ¥
APz AEA 3ol $)A5 T
Fis AAste] AR EE dgken, 9] Fofolls AR
7F =3 F2E qle] 33l (Fig. 5A).

AEA L] ofe] F-9)o)A A3 FHREA 9} FA A ]
W= ol 53] FAA Fx29] YWlAe o8 @A +

;Ao A A G M o)

v 7] PAFA o] Fel=El ey A FAA 2 WA A
Adwst vy A3 5 2e|AFsEe] #EER, 1 F o]
5 HHEE 2)e AR ETt SR8 vl EA]A
el A AAUE 7} =3 wkE 7pAl TR A o] fu)akE] ¥
gz A=l (Fig. 5B-E).

23 A e 23AEE ARAFIAES ) Az A
A 5= 59719 Ee 1] ‘;h Holict 2 Ao
Fogell x5k, o] Yi= A é?ﬂ Az} o]y q A o] T
glo] FEEdch AEAds AAHo R Saf|aA7) EE3}
I Qe olEX 53], Al ZH%ZLE XSG
(Fig. 6A). AHrHels tha] mlAlgRe} AR o] sl
dglem (Fig. 6B), AEZE Idels FAlnA Lz 34
u) A azke] “942” W ure} o} (Fig. 6C). A=A AL
A= 2 et E]Ei‘: glo}, WA EA| Y v]iA|Eo]
ek 28| Al REe] WEe Ad A AlEA
AHeME S4EEe] =AY (Fig. 6D). 3 Axd s
7b =& A A3 TR B AR G A5 E
o] AIEA Aol Al Fel=] gl viAA A5y} T2k 7}
He agen], difdto] AAUREsE B FHgEelyld

(Fig. 6E).
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Fig. 6. The ultrastructure of the digestive cell in the digestive tubule of Saxidomus purpuratus. A: A columnar
digestive cell. B: Cilia (C) and microvilli (Mv) on the free surface. C: Cross section of cilia showing the "9+2"
microtubular system. D: Well-developed mitochondria (Mt) and microsomes (Ms). E: High and low electron
density of granules (G) in the cytoplasm. Abbreviations: Cm, central microtubule; Ly, lysosomes; Pm,
peripheral microtubule; Pv, pinocytic vesicle.

-

ol o] Azt Ak, 9], For FAH jlon, 9
= J_EP“E"Ur Az =] %“/}. 23S flet 49 B 7
5 datadelA F3El ojakaydt ojakagtelA F3tEl
ii}"df‘ﬂfd—‘%"l Aol Sle AFAH Fxoltk (Owen,
1956). o|ggt &3lde] Fxo] #e|AE=  Placopecten
magellanicus (Wojtowicz, 1972), Pecten maximus
(Henry et al., 1991), AF3E=a],  Mytilus
galloprovincialis (Robledo and Cajaraville, 1996),
Bathymodiolus thermophilus, B. brevior and B.
heckerase (Logan et al., 2008) ¥ t&, Gomphina
veneriformis (Park et al., 2010) oA ®.1.% u} 9)c}.
= ATelME Mesle adide] dakido] $lek 2
sol Qiglow, ashide dakaydt ojakay 12 43}
/‘“ﬂﬂr—ﬁ A= 7ol Bus o|uisiFET FARE 3
g4 Exe wad.
°l ol &AM ARAEES SAVA R} 43}
AEZ FEEY s/ HAEE #0758 7H AIERE A
29| 2342 doeid, a3AEE F2 F5 2 ARY &3t
7152 9dsls AEE BRuEe 9ttt (Owen, 1972;
Morton, 1983; Henry et al., 1991; Eble, 2001;
Dimitriadis et al., 2004; Robledo et al., 2006). Mya
arenaria®] A3M0A AFATEL IFP o7 AFHA =

HAgRE] WdEo] glon AEA= nEZEEo} £
WAEA, ZAA 59 gkt AEY 2|dE 43 9
¥4 (multivesicular body) & 7}#It} (Pal, 1972).

7}e]R) 52l Pecten maximus®] A3ZPAA|E- EulA| e}
23N EEE FAE] e, BAZES HAEA}
Z wdwle] 9ic), 18] A3l A amylase} cellulase
2 lysosomes] A2 E’,"’]ﬂc’qx]“} i Fal 249 A
et A EE EAL Qllch £HEEL S99 23T
2 A xiﬂ'ﬁ]‘— 7)5& 7ML olF AsEE AT
Hog A UW]‘%FJ} wEo] glom, A A9
AZANNE 227} = o FH AEAAE &

I by 2okl FAAE 1B vhokel DAY SsiAAE
o] #el=]9lt} (Henry ef al., 1991).

Az st RE JA TN EET L34
27 A ek Eﬂf‘]"ﬁ‘:} ol TRVNIHNEES ¥
v7% ak olde}t F47) e THAH, TR71AI RS
s =LA FAATE ] el EAjska gt
o] AR EsE 22 FuFgEe] FekEo] EAls=T
B-glucuronidase®l] A I B} o] TUA
A ZeA B-glucuronidase’} A= AMALS 153 A
ot} (Dimitriadis et al., 2004). £3AIEE] A EA =
A2 SAEE 435 F8ke Ssadet AAd=r}
W& AR 22]a JojE] FeE EAshe g aA
Eo] EAgtT o]F AlZ] & AR AEAeE A idy &
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AAEe] Sk, a3AEe] GalaAl T 545
2 o|3oA AAHTY (Robledo and Cajaraville, 1996;
Dimitriadis et al., 2004). 23 A EEL2 TP F A4
off mAlgR} s o] glow, A4} 37 AEAdE &
s|aAle} v EZEEolEo] WaEo] glo] AFA] F+ %
2375+ Yeple vAl7x2A 54E 230 (Robledo et
al., 2006).
Bathymodiolus 42 ‘;"Z] = °3| Al ii}/ﬂ"ﬂ/‘i 59714
A 2E3} 23|20l &
R i A1 v g 2
9l 2RLEAG o) AAE HHec) A
SRS x5 950l e Fol wel v Aol
Halch, B. thermophilus®t B. brevior+ tloFdt 4314
e wolk FHo2 she AR AR 2 o)
A A5k, B. heckeraset= A|EANA L3liAde WA= A &
ARk WAl 23 o]FRto g Aol Y] FAES TRdt (
Logan et al., 2008.)

AT A, Mol L] LstAlTel] EAsHE
/‘1]3‘: o FE FA9 v3s gk AE-g dsle Ao
2 Fal=gl) 28)x TEM #4 29, 33714412 =4
22H, 2AA, vEZ=e]ol 4 #uAE 5 #7169 v
AFz4 545 ded A2 43185 diehs Zew ye
stk /\i}/ﬂ]}_b AR, S|, %—’t‘“ 4 rEZE
ole] Wit 5 ¥ ¥ 43l A H EAE B A2
i J—ﬂﬂ oe B AoE el 7]l Bk ofuls)
= (Owen, 1972; Morton, 1983; Henry et al., 1991;
Eble, 2001; Dimitriadis et al., 2004; Robledo et al.,
2006) 7 AR 23S 2.

ru‘I ofy

o2, m1m P Huorlo Mo

oluFe]  Aspilgeld HwlEHE FL& LstEase
amylase, cellulase, chitinase, laminarinase, lipase,

protease’} 21t}  (Ibarrola et al., 1998;
Fernandez-Reiriz et al., 2001; Albentosa and Moyano,
2009).
7o AA5= Ruditapes decussatus®}t Z3lejjel] A
A3l= Venerupis pullastra©l|x A3H4de] F2 43&4
amylase, cellulase, laminarinase, protease® X 1 %|
o, ¥ ¥ ZF amylased] 24°] 7% =itk R
decussatus®] 73%-, amylase= 61.8%%2™, V. pullastra
o = 41.9%% YEPEt} (Albentosa and Moyano, 2009).
olg|gt A= vAlT2A SAHEF A3l Hoks u, AlE
94 2315 ks SRS AEY 23leE
AATEY BHLATE T2 GRHE PAELT
%%61»: Aoz wetsleh wepd A Afols 2
spge) askis BAS B5to] ol AL BT

32 r1r _1

Pl X

Nz 23] sl F-std 729 vlAdT2E B3 o
AL o83t ZAEgl Axdlle I o4l
A 2010 5] AR SSIT) AFePd g 50w A
& %Eﬂl %ilﬂt% zh o2 §jsh ARl Ak
A7ke) 234414
33 AulseR 1“‘ 71*%11359} iihﬂisi o] F-01A
o B/ 2 A5 oR AshaXe] wjs] A
Egrh AEAel: & e 2HLEA, ] vE
2=l 2AA % AARET} 21 Te TP SR Es
ot sloiet AT % %%%‘Olt%, Al e
27} H—L}% °of A *ﬂ *H—oﬂxﬂ% %iE, %% iiﬂ

> 2 &

s
)

>

B~

i}mﬂlﬂl §:°ﬂ7l*“ﬂi9} J_E} l'% liﬂ J-E}Q}
AEY] 23} AFslA] £3}=]31e-S on ‘JE}
7LA|.__| ==
o] =% 20104% Agdhstm sheadn] A4 o3}
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