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Abstract 

Résumé 

Hcnry M., E. Boucaud-Camou, Y. Lcfort. Aquat. Living Rcsour., 1991, 4,  19 1-202. 

The digestive gland of Pecten muximus consists, as in other lamellibranchs, of numcrous blind- 
cnding tubules which communicatc with the stomach by partially ciliated main ducts and non ciliated 
secondary ducts. Thc non-ciliated cells of the main ducts arc charactcrizcd by a well developed brush 
border constituted by high and dcnsc microvilli and a strong pinocytotic activity. Ciliatcd and non 
ciliatcd cclls havc a very similar fine structure. The digcstivc tubulcs have a large lumen and contain 
digestive cells at diffcrcnt stagcs of absorption , digestion and excrction, onc part of thc tubules being 
functional while the other is disintcgrating. Thc dark crypts contain the flagellated secrctory cclls, 
charactcrizcd by a well developed granular cndoplasmic rcticulum, and the young immature cells 
which may replacc both thc sccretory and digestive cells. The numerous lipid droplcts occurring in 
thc digestive duct cells and in the digcstivc cclls rcvcal the lipid storage function of the digestivc 
gland. 
Several enzyme activitics involvcd in digestion have been localized in the digcstivc gland. High amylase 
activity and cellulase and lysozyme activitics have been found in the ducts and in the tubules, whcrcas 
no protcolytic activity could be detected histochemically. Somc intraccllular peptidases and glycosidases 
have been localized in thc cclls of the digestive gland, especially in the brush-bordcr cclls of the ducts 
and in the functional part of the tubules. High alkaline and acid phosphatase activities are displaycd 
by the duct brush-border cells and the digestive and secretory cclls. These results show the main role 
of the digestive gland, both in cxtracellular digestion (secretion of thc digcstivc enzymes) and in 
absorption and intracellular digestion and providc information on the respective functions of thc 
different cells within these processes. 

Keywords : Scallop, Pecten maximus, digcstivc gland, enzymes, ultrastructure. 

Micro-unutornie fonctionnelle de lu glande digestiue de lu coquille Suint-Jacques Pecten maximus (L.).  

La glande digcstivc dc Pecten muximus consiste, comme chez les autrcs larncllibranches, en nombreux 
tubules aveugles qui comrnuniqucnt avcc l'estomac par des conduits principaux particllcrncnt ciliés et 
des conduits secondaires non ciliés. Les cellules non ciliécs des conduits principaux sont caractérisécs 
par une bordure en brosse bien développée constituée de microvillosités nombreuses et hautes ainsi 
quc par une forte activité pinocytaire. L'ultrastructure générale des cellules ciliécs ct non ciliées est 
similaire. Les tubulcs digestifs présentent une grande lumiérc et contiennent des cellules digestives à 
différents stades d'absorption, digcstion cl cxcrétion, une partie du tubulc étant fonctionnelle tandis 
quc l'autre se désintègre. Les cryptes sombrcs conticnncnt Ics cellules sécrétrices flagellées caractérisécs 
par un reticulum cndoplasmique granulaire bien développé et Ics jcunes cellules immatures qui doivent 
remplacer à la fois les ccllulcs sécrétrices et digestives. Les nombreuses gouttelettes lipidiques observées 
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dans les cellules des conduits digestifs et dans les cellules digestives révèlent la fonction de stockage 
des lipides de la glande digestive. 
Plusieurs activitis enzymatiques impliquées dans la digestion ont été localisées dans la glandc digestive. 
Une forte activité amylasique ainsi que des activités cellula~iques et lysozymiques ont été révélics dans 
les conduits et dans les tubules mais aucune activitè protéolytique n'a pu être décelée histochimique- 
ment. Des pcptidascs et des glycosidascs intraccllulaircs ont été localisées dans les cellules de la glande 
digestive, plus particuliércmcnt dans les cellules ;i bordure en brosse des conduits et dans la partie 
fonctionnelle de? tubules. I)e fortes activités de phosphatases alcalines et acides ont éti. trouvées dans 
les cellules sécrétrices et digestives. Ces rksultats montrent le rôle essenticl de la glandc digestive, i la 
fois dans la digchtion cxtraccllulairc (sicrition d'cnzynics digestives) et dans l'absorption et digestion 
intracellulaire et fournit des informations sur les fonctions respectives des différentes catégories 
cellulaires au cours de ces processus. 

Mots-clés : Pecten maximu.r, enzymes, fonction, glande digestive, ultrastructure. 

It is well established that the digestive cclls of 
Bivalves engulf and digest food particlcs intracellu- 
larly (see the review of Morton, 1983); but it is still 
controvcrsial whether the digestive process is continu- 
ous (Owen, 1955, 1970; Robinson and Langton, 1980; 
Robinson ct al., 1981; Robinson, 1983; Hcnry, 1987) 
or  discontinuous (Morton, 1956; McQuinston, 1969; 
Mathcrs, 1972, 1976), the controversy being often 
related to the various environmental and expcrimcntal 
conditions. Additionally, the functions of the other 
cell types of the digestive gland arc still under discus- 
sion. Basiphilic cclls arc somctimes considered to be 
a possible source of digestive cell replacement, alter- 
natively thcy may function as mature secretory cells 
(Morton, 1983). In the latter case, this cell type could 
be thc sourcc of cxtracellular enzymes acting in the 
lumcn of thc tubules o r  the stomach, another disputed 
hypothesis. Although many studies have been carried 
out on the digestive tubules, the digestive ducts have 
not been well investigated, although thcy constitutc 
an important part of the digestive gland. Thcy have 
been recognized to havc both absorptive (Mathers, 
1972; Roucaud-Camou et  al., 1985) and storage 
(Henry, 19x7) functions in some species, however they 
may also play a digestive role. Moreover, to our 
knowledge, the digestive gland of Pecten maximu.v 
has rarely been studied a t  the ultrastructural level 
(Beninger and Le Pennec, 1991). 

In an  attempt to answer some of thcse questions 
and to further investigate the controlling mechanisms 
for the synthesis and secretion of digcstivc enzymes. 
wc undertook both ultrastructural and histocnzymol- 
ogical studies of the digestive gland of the juvenile 
and adult scallop, Pecten muximu.~ (L.). 

MATERIAL AND METHODS 

Materials 

Adult scallops Pecten nzuxinzus(L.) were dredged 
in the Ray of Scinc, from a population studied for 
growth, metabolism and sexual maturation ovcr thc 
last 5 years (Lubet et ul., 1987). Juveniles (1-2cm 
diameter) were obtained from the IFREMER nursery 
of Argenton. The animals were maintained for 
48 hours a t  15°C in filtcred (0.2 pm) sea water before 
cxpcrimcntation. Fastcd (48 hours) and fcd (for 4 to 
6 hours with Puz.1oz.u or  Tetru.ve1mi.v) animals wcrc 
used for histology, cytology and histoenzymology. 
These two experimental conditions being performed 
to look for cventual changes in histoenzymology and 
ultrastructurai fcaturcs. 

Methods 
Ilistology 

Picccs of digestive gland (adults) or  the whole sto- 
mach-digestive gland complex (juveniles) were fixed 
in Bouin-Hollande fixative or  saline formalin, dehy- 
drated and embedded in paraffin. Scctions were stai- 
ncd with thc Prenant-Gabc trichrome (Gabe, 1968). 
Elec,rron tnic~roscopy 

Very small pieces of digestive gland wcrc tixcd in 
2% glutaraldehyde in 0.1 M (pH 7.4) Sorenscn buffer 
with 8% NaCI, then post-fixed in 2 %  osmium tetrox- 
ide in the same buffcr dchydratcd and embedded in 
Epon. Semi-thin sections were staincd by Azurc bluc. 
Ultrathin sections were cut with a diamond 
(Diatome). The sections were cut at  SCEM (') and 
observed on  a T E M  (Philips 400 T)  at  C M E M A  (2), 

Faculty of Sciences, Saint-Jérôme, Marseille, France. 
Histo-enzymology 

Pieccs of digestive gland (adults) or  the whole sto- 
mach-digestive gland complcx (juvcnilcs) were frozen 

( ' )  SCtM : Servicc Commun dc préparation des Echantillons pour la Microscopie. 
('1 CMEMA : Centre Commun de Microscopie Electronique et de Microanalyse X. 
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in liquid nitrogen cooled freon, then eut in a cryostat 
(10-14 pm sections) at - 30°C. Substrate film methods 
(Daoust, 1965) were used whenever possible (for amy- 
lase, cellulase, laminarinase and lysozyme, table 1) .  In 
the methods the unfixed fresh frozen sections are laid 
on a coloured film of the natural substrate; after 
incubation in a moistered chamber at 37"C, the sites 
of enzymes are digested and appear in clear ( j l g .  13, 
14, 15). Gelatin, cellulose and starch are filmogen 
substrates wherea~ laminarine and Micvococcus lyso- 
ckikticu.~ have to bc incorporated into gelatin film 
(gelatin was uscd instead of agar preconised in Spee- 
ce's method). Gclatin films were always fixed by for- 
malin (modification of Chrétien's method). Precipita- 
tion methods wcrc used for the other enzymes. In 
these mcthods, the artificial substrate, a naphthol or 
a naphthylamide compound, is cleaved by the enzyme 
action and the free nanhthol or na~hthvlamide reacts . - 
with a diazonium salt to give an insoluble azo-dye. 
Simultaneous coupling was used (tuhlc 1). These 
methods are mostly qualitative. However, the inten- 
sity of the enzyme activity is roughly estimated by 
the rate of digestion of the substrate for substrate- 
film methods, by the intcnsity of the azo coloration 
for precipitations methods. 

Table 1. - Localization of enzymatic activities in the digestive gland of 
Pecten muximu.v. 

Localization 
Enzymes Methods 

Ducts Tubules 

Amylase Shear and Pearie (1963) + + + + + + 
Cellulasc Arnould and Bouchcz- + + + + 

Decloux i 1978) 
Laminarinase 

Lysozyme 
N-acetyl- 
glucosaminidase 
p-glucuronidase 

Acid phosphatase 

Alkaline phosphatase 

Non specific esterase 

Proteases (modificd) 
Chymotrypsine 
Dipeptidylamino- 
peptidase 1 (D.A.P. 1) 
Dipeptidylamino- 
pcptidasc II 
(D.A.P. II) 
Dipeptidylamino- 
pcptidasc IV 
(D.A.P. IV) 
Aminopeptidase 1 

Arnould and Bouchez- - - 

Decloux (1978) 
Speece (1963) (modified) + + 
Lojda et al. (1 979) + + + 
Lojda et al. (1979) - + + (*) 

Grogg and Pearse (1953) + + + + + 
mod. by Gabc (1968) 
Pearse (1953) mod. by + + + + + 
Lojda el cil. (1979) 
Gomori (1952) mod. by + + + + + 
Lojda et al. (1979) 

Chrétien (1965) - - 

Lagunoff (1 967) - - 

Lojda et al. (1979) + - 

Lojda el ul. (1979) + + + - 

Lojda et al. (1979) + + + - 

Moore et al. (1980) + + + - 

- : no activity; + : low activity; + + : medium activity; + + + : strong 
activity. 
(*) Between the tubules. 

RESULTS 

Structure 

The digestive gland of the scallop Pecten rnu.\-ir7zus 
consists, as in other Bivalvia, of primary ducts arising 
from the stomach, followed by thinner, branched 
secondary ducts opening into the digestive diverticula. 
At the light microscopy lcvel, the main ducts classi- 
cally show an cpithelium composcd of tall cclls char- 
acterizcd by a well developed brush border and a 
deep ciliated groove. The cells of the secondary ducts 
possess a lower non ciliated brush border and contain 
abundant lipid droplets. 

On scmi-thin sections, the digestive tubulc are 
ovoid or tubular, and for the most part, consist of 
two distinct regions (Jï,g. 1) .  On one side they prescnt 

Figure 1. - Photomicrograph of a digestive tubule (DT) with two 
distinct regions: in one region (lefi) fiinetional digestive (DC) and 
basiphilic (BC) cclls surround a large lumen (L); the other region 
(right) is disintegrating. 

., ,I wide lumen surrounded by digestid and basiphilic 
cells. In this region, the digestive ' cells contain 
numerous vacuoles and lipid droplets; some fragmen- 
tation spheres also occur in the lumen. The basiphilic 
cells extend from the basal lamina to the lumen. In 
other parts of the tubule, the central lumen is 
occluded. Here, the digestive cells are disintegrating 
and comprise only large clear vacuoles with residual 
bodies. The basiphilic cells lie in clusters within the 
confines of the basal lamina of the tubule. Between 
the digestive tubules amoebocytes are observed. 

Ultrastructure 

The ducts 

At the ultrastructural level, the brush border has 
long and numerous microvilli and demonstrates 
numcrous pinocytotic vesicles ( f ig .  2). The subapical 
zone shows many mitochondria, multivesicular bodies 
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- 
Ligure 2.  -- Elcctroiiiicrograph. Epiiliclial duct cclls (Du<') ~iiiitctl 
hq dcsiiiri\oiiic\ (il). Tlicy prcscnl niici-ovilli (Mv). nuiilcrou miio- 
chonclria (M). t'ex cr~a\ioplasinic lamcllae (E). autophagie vuciiolc\ 
(L'a). tua Ciolgi bodies (Ci) arid ahiindant lipid droplets (Li). The 
\cale bar rcprcscnts 1 liln 

and polysoiiics. A feu. crgastoplasmic lamellae, auto- 
phagie vacuoles. perox~\omes and lipid droplets are 
observcd i r i  the mid cytoplasm. One or two Ciolgi 
bodics are obscrvcd in the Juxtanuclear zone; at their 
haics are soinc derise bodics. The elongated n~~cleus  
coin1,sises mar~inated hctcrocl-isomatin and abundant 

Figure 3. - Illec~roriiicrograph. Ciliatcd ducl cells (DUC) charackr- 
iïetl by long cili;i ( C ' i )  scattcrcti hctwceri tlic microvilli ( M v ) .  The 
ciliai-y roois (R)  arc lotir. and in closc conlact with tnitochrondrin 
( M ) .  Ahu~idant  multi\c~icular bodies ( M V R )  are obscrvcd. Tht 
rcalc bar rcprescni.; I kiin. 

euckiromatin; the nucleolus is round and vol~minous: 
it shows a fibrillar core surrounded by a granular 
cortex. 

In the groove of the main ducts, the cells ( f ig. 3) 
are characterized by several long cilia scattcrcd 
through the microvilli. The roots of the cilia are 
classically in contact with long mitochondria. We 
noticed numcrous multivcsicular bodics in the apical 
rcgion. We sometimcs observed mucus cells bctwccn 
ciliated cells: their apical zone is filled with amor- 
phous, voluminous granules, some of which are seen 
empty in the lumen. 

The cpithelium of the digcstive tubules consists 
of digestive cells, with crypts of electron dense cells 
scattered among them (,f;,y. 4 to 12). 

The digestize cclls 

Diffcrent types of digestive cells arc observed in a 
single digestive lubule, reflccting diffcrcnt phases or  
activity: 

The first type consists of rectangular, elongatc 
absorptive cells extending from the basal lamina to 
thc lumen of the tubule ( f ig .  4). Thcy usually show 
an oval nucleus containing a voluminous nucleolus 
located at the basal pole. The Golgi apparatus, always 
situatcd in the juxtanuclear zone, is small and 
generally horseshoe shapcd. The apical surface 
( f ïg. 5 )  always bcars microvilli with pinocytotic ves- 
icles at their bases. Thcy are easily recognizable by 
their fuzzy coat. Thcsc cells arc united by a belt 
desmosomc followcd by a septate junction. The 
subapical cytoplasm is filled with dense short tubules 
and clear vesicles (,flg. 5) .  In the cytoplasm (,fig. 4 
and 6) we found different types of vacuoles, constitut- 
ing the digestive vacuolar apparatus: large vacuoles 
arc clear and have a more or less rcgular shape. They 
exhibit considerable variations in size and arc always 
located in the apical region. In contrast, the sccondary 
lysosomes are found in the mid cytoplasm. They arc 
characteristically round, large, and have a heterogcn- 
eous content of fibrillar and/or granular matcrial 
(fig. 4 and 6). A11 residual bodies concentrate an 
electron dense material separalcd by a clear halo from 
the limiting membrane. Thc rcsidual bodies of type I 
(fig. 4) contain several clumps encloscd within a large 
vacuole and are bigger than the rcsidual body of 
type 2 ( f lg .  6). These R'B2 are clcctron dense and 
always show a single mass of residues. 

The second type of digestive cell is recognizable by 
the fragmented apical zone protruding into the lumen 
(,fig. 7, arrows). The plasma membrane of the 
spherule has lost most of the microvilli. In the cyto- 
plasm, numerous secondary lysosomes and residual 
bodies of both types accumulate. 

The third type of digestive cell present in the same 
tubule are disintcgratjng digc5tive cells ( f r ,y .  8): they 
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Figures 4 to 6. - Electromicrographs. Digestive cells (DC) in the absorptive-digestive phase. The scale bar is 1 CLrn 

Figure 4. - The cells extend from the basal lamina (BL) to the lumen (L) and show a basal nucleus (N) containing a 
voluminous nucleolus (n). Numerous mitochondria (M), a Golgi body (G), a fcw ergastoplasmic larnellac (El, vacuoles (V). 
secondary lysosomes (Ly2) and residual body of type 1 (RRI) are present. 

Figure 5. - The digestive cclls (DC) are united by a belt dcsmosome (D) followed by a septatc junction (SD). Their apical 
surfaces exhibit microvilli (Mv) with numerous pinocytotic vesicles (p) at the base. In the subapical cytoplasm are denle 
tubules ( t )  and clear vesicles (v).  

Figure 6. - Detail of secondary lysosomes (LY2) and residual body of type 2 (RB2). 
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Figures 7 to 12. - Electromicrographs. The scale bar on figures 7-12 represents 1 pm 

Figurc 7. - Sphcrcs (S) of fragmentation protruding (arrows) i ~ i  the lumen (L) and containing lipids (Li) secondary lysosomes 
(I.Y2) and rcsidual bodies (RB). 

Figure 8. - Part of  the digestive tubule limited by the basal lamina (EL). Note the disintcgrating digcstive cells (DC) and 
srnall secretory cclls(SC). 

Figure Y. - The undiSl'erentiatcd ccll (UC)  is united to the digestivc cclls by belt desmosomes iI)) followed by septate 
junctions. Il bears numcrous ~nicrovilli (Mv). Note the abundance of ribosomes (Ri), the poorly dcvcloped crgastopla~m (E).  
lyso\omci (1.Y). mitochondria (M)  and Ciolgi apparatus (Ci).  



The digestive gland of Pecten maximus 197 

Figure 10. - The pyramidal secretory cell (SC) extends from the basal lamina (BL) to the lumen (L); Lhe basal nucleus (N) 
shows a voluminous nucleolus (n). The cytoplasm exhibits numerous long parallel ergastoplasmic lamellae (E) autophagic 
vacuoles (VA) and secretory granules(SG). 

Figure 11. - Dense and homogcnous secretory granules at the apical pole of the sccretory cell. 

Figure 12. - The prominent Golgi apparatus (Ci) of the secretory cell: remark the small dense Golgi vesicles (Gv) and huge 
secretory granules (SG) showing a more or  less granular content. 

Vol. 4. n' 3 - 1991 



198 M. Henry et al. 

have an cmpty cytoplasm and lack cytoplasmic face, but are also present scattered throughout the 
organcllcs cxccpt rcsidues enclosed in large clear vacu- cytoplasm, thcir content becoming more and more 
oles. Thcy cluster on one side of the tubule; a basal dense as thcy approach the apical pole of the ccll. 
lamina always surround thc digestive diverticula. Secretory cells obscrvcd in the degenerating part of 
Smaii secretory and undiffcrcntiated celis occur the tubule are sma]] and clustered close to the basal 
bctwecn degenerating digestive cells. lamina. 

The r2lectron dc>n.~r crjpt.v 

The clcctron dcnsc crypts of the digestive tubule, 
show diffcrcnt flagcllatcd ccll types principally com- 
posed of undifferentiatcd cclls and secretory cells. 

Thc trn(1iJfircntiut~d cc1ll.s (fi. 9) extend from the 
basal lamina to the lumen and arc united by apical 
bel1 dcsmosomes to adjoining digestive or  sccrctory 
cclls. Thcy are columnar; between thcir microvilli 
occur one o r  two flagella. They possess numcrous 
ribosomes, free ergastoplasmic lamellae, mitochon- 
dria. rare lysosomes and autophagic v:icuoles. The 
dictyosomes are composcd o f  four or fivc conccntric 
thin saccules and small vesicles. The basal n~iclcus is 
round and contains usually one central nucleolus. 

In the active part of the digestive tubule, sccrctory 
cells are pyramidal in shape, flagellated and extend 
from the basal lamina to the lumen. Tliey are charac- 
tcrizcd by an oval basal nuclcus containing a volumin- 
ous nucleolus with a clcar fibrillar corc and a dcnsc 
granular periphery. The cytoplasm is Iilled with long 
numerous parallel ergastoplasmic lamellae, mitoch- 
rondria, peroxisomes, voluminous autophagic vacu- 
oles and abundant secretory granules. The secretory 
granules oftcn accumulatc in thc apical rcgion and 
contain a homogenous concentratcd matcrial (,flg. I O  
and 11). The Golgi apparatus ( f ig .  12) is prominent 
and consists of stacks of saccules concentrically arran- 
ged and clumps of Golgi vesicles. On the cis face, the 
first dilated saccule is electron lucent and shows a 
fibrillar material; the other saccules are thinner and 
contain a dense granular matcrial; thcir extrcmities 
are swollen. Secretory granules are seen on the truns 

1,ocalization of cnzymatic activities 

A high amylasic activity was found in the lumen 
of the digestive gland (tuhle l and fi. 13). Lowcr 
ccllulolytic and lysozyme activities were also found 
(tuhlc 1, and fi. 14-1 5). A high N-acctylglycosami- 
nase activity was locali~cd in the ducts, cspecially in 
the brush-border cells ( f i g .  16-17) and a lower one in 
the active part of the tubules ( f ïg .  16). A P-glucuron- 
asic activity has bccn dctcctcd between the digestive 
tubules, probably locatcd in amcbocytcs ( f l g .  18). 

Non-specific esterase activity was localizcd in the 
whole tissues of the digestive gland and was vcry 
strong in the brush-border cells of the ducts ( f ï g .  19). 
In the tubules, thc activity appeared to be localized 
mostly in the sccrctory cclls ( f l g .  19). Alkaline pho- 
sphatase (fi. 20) and strong acid phosphatase activi- 
ties ( f ï g .  21) were found in the ducts and in the 
tubulcs. 

It was not possible to detect any proteolytic o r  
chymotrypsin activity at  any stage of digestion o r  
tirne of incubation. 

The digestive gland cclls displaycd varying levels of 
intracellular peptidase activities, highcr activities 
being found in the brush-border cclls o f  the ducts 
(table 1 and fïg. 22 to 24). 

Most of the enzymes we detected did not show any 
changes in thcir localization with varying experimen- 
ta1 conditions cxccpt acid and alkaline phosphatase. 
Alkaline phosphatase was found in the ducts and in 
the basal part of the tubules in fed scallops, but  
uniquely in the ducts in unfed animals. Unfed and 
fed animals showed no diffcrcnces in thcir activities. 
Howcvcr, the histochemical methods uscd are more 

Figures 13-24. -- Enzymatic activities revealed by substrate film mcthods and precipitatiun methods with simultancous azo-dye coupling in 
the digestive gland of Pecten musinius(L). 'The scale on figures 13 to 24 represents I00pm. Fig. 13: Amylase activity of the digestive tubules 
of an adult scallop (starch filin colored by iodine reagent). Fig. 14: Cellulasc activity of the digestive tubules of an adult scallop (carboxy- 
mcthylcellulose film colored by nuclear fast red and toluidine blue. Fig. 15: Lysozyme activity of the digestive tubulcs of a juvenile scallop 
(Micrococcus 1y.socleikticus embedded in a gclatin film and colored by basic fuchsin and alcian bluc). Fig. 16 : N-acetyl-glycosaminidase 
activity in the brush border of the secondary ducts (sd) and in the functional part of the digestive tubules (dt) of an adult scallop (naphthol 
ASP-N-acetyl-glucosamine coupled with LBB). Fig. 17 : N-acetyl-glycosaminase activity in a main duct (md) at the brush-border level and 
in the digestive tubules (dt) of a juvcnile scallop (same method as for hg. 16). Fig. 18: p-glucuronidase activity revealed in haemocytes 
(arrows) in the connective tissue of the digestive gland of an adult scallop (naphthol AS-P-glueuronide coupled wiih fast red violet). Fig. 19: 
Esterase activity in the brush-border of a main duct (md) of a juvenile scallop(-naphtyl-acetate coupled with FHH). Fig. 20: High alkaline 
phosphatase activity of the digstive gland of an unfed juvenile scallop-naphthyl phosphate couplcd with FBB). Fig. 21: Acid phosphatase 
activity in the digestive ducts and digestive tubules (functional part) of an adult scallop (-naphthyl-phosphate coupled with fast garnet 
GBC). Fig. 22: Aminopeptidase activity in a main duct (md), ai  the brush-border level, and in the functional part of the digestive tubules 
(dt). (L. leucyl. 4 MNA coupled with FBB). Fig. 23: D.A.P.11 activity in the brush border cclls of a main duct (md) and in the functional 
part of the digestive tubules (dt) of a juvenile scallop (lysyl-alanine 4 M N A  coupled with FBB). Fig. 24: D.A.P.IV activity in the main 
ducts of a juvenile scallop (glycyl-prolyl 4 MNA coupled with FBB). 
FBB: fast blue B salt; 4 MNA: 4-methoxy- P-naphthylamide. 
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qualitative than quantitative, and do not allow to 
detect small differences in activity. 

Little significant difference was obscrved between 
thc juvenile and ad,ult scallops, the two having thc 
same enzyme complement in their digestive gland. 
DAPI, howcvcr, appears more active in the adult 
whilst the juvcniles display higher phosphatase activi- 
ties (fig. 20). 

DISCUSSION 

Analysis of the results of the histochcmical and 
ultrastructural studies carried out on the digestive 
gland allows a better understanding of the processes 
of the extracellular and intracellular digestion and 
absorption in Pecten n~aximu.s (L.). 

The digestive activities found in thc digestive gland 
of Pecten are in agreement with previous reports on 
other lamellibranches: glucanases such as cellulasc 
and amylase have been found in the digestive gland 
of extracts of various Bivalvia (Horieuchi, 1957, 1963; 
Elyakova, 1972; Wojtowicz, 3972). Thc high celluloly- 
tic activity found in the digestive tubules of Pecten 
agrees with the results of Payne et al. (1972) on S'cro- 
hiculuria plana and Rrock (1989) on Crassostreu gig0.s 
and confirms the endogenous origin of the cellulolytic 
enzymes in Bivalvia. Lysozyme localizcd in the diges- 
tive gland could be involved in the use of bactcria as 
food as already suggested for the cockle Ceru.stodc~rmu 
cdule (Conway, 1987). We did not detect any prote- 
olytic histochcmical activity; however a low activity 
has been measurcd in citro (Lefort, unpublished 
result). In Cru.s.so.streu gigus (Boucaud et al., 1985), a 
low proteolytic activity was found particularly at the 
ultimate phase of the digestive process. 

Our negative results for proteolytic activity can be 
explained by the fact that we did not systematically 
follow the enzyme activities throughout the digcstivc 
cycle. Our results on the localization of the acid and 
alkaline phosphatases, esterases, leucine aminopepti- 
dase (arylamidase) are exactly the same as those obtai- 
ned by Reid (1966) on Lima hiun.r which has the same 
stomach type as Pecten maximus (Gastrotctartika) 
(Purchon, 1986). 

Lysosomal enzyme activities were found in the 
functional digcstive cells whereas the degenerative 
cells did not display any enzymatic activity. These 
lysosomal enzymes are involved in the intracellular 
digestion which is known to occur in the digestive 
cell in Bivalvia (Morton, 1983). The nutriments rcsult- 
ing of thc intracellular digestion pass to the hem- 
olymph through the latero basal membranes of the 
cells as suggested by thc alcaline phosphatase activity 
of the basal part of the digestive tubules. 

The observation of the fragmentation of sphcrules 
from the digestive cells agrees with the classical thcory 

(Morton, 1983) of the transport of lysosomal cni-ymes 
to the stomach for extracellular digestion. 

The sccretory cell of the digestive tubules has the 
same ultrastructural features as the exocrine mamma- 
lian pancreas cell; some of the enzymes (mostly glu- 
canases) we detected in the digestive tubules would 
bc secrctcd by thcsc sccretory cclls and would com- 
plete the pool of extracellular gastric enLymes. Immu- 
nocytochemical studies are in progress to attempt 
to identify the enzymes contained in the secretory 
granules. 

Secretory cells and undifferentiated cells are clu- 
stered in crypts which are scattcred evcrywhere 
betwccn the digestive cells, whereas in many Hivalvia 
the crypts arc organized in two, three or four groups 
with well defined localization (Owen, 1955; Summer, 
1966; Owen, 1970; Pal, 1971; Hcnry, 1987). 

In thc functional as well as in the degenerative part 
of thc tubule we observe the cxistcnce of small dense 
cells in the scattered dense crypts. As small stem cells 
located in crypts are usually thougth to bc undiffercn- 
tiated precursors for al1 of the other cell types seen 
in the tubule (Owen 1970, Henry 1987, Beninger and 
Le Pennec 1991) we think that in Pecten, new parts 
of the tubule originating from onc of the scattered 
crypts may become functional as anothcr part of thc 
same tubule degenerates. 

The brush-border cells of the duct displayed high 
enzyme activities likely involved in absorption and 
achievement of digestion (alkaline phosphatase, 
dipeptidasc, membrane aminopeptidase, acctyl glyco- 
saminidasc). Similar results were obtained in prcvious 
studies on the mussel, Mytilus edulis (Janssen, 1981) 
and the oyster, Cru.s.so.rtrca gigus (Boucaud-Camou 
et al., 1985). 

The enzyme activity of the digestivc ducts has 
already been noticed by Mathers (1973) who wrotc 
that the ducts were "an active region of enzyme 
secretion". Similar ideas were shared by Palmer 
(1979), who found that the ducts secreted extracellular 
cxopeptidases. Another explanation, not incompatible 
with the first hypothesis is that the digestive duct 
epithelium could also play a role in intracellular diges- 
tion of large moleculcs. The capacity of absorptive 
epithelia to digest proteins intracellularly is generally 
rccognized (see review in Georgopoulou et al., 1985). 
The incoming countercurrent presumed to carries fine 
particles of food from the stomach to the digestive 
tubules flows along thcse brush border cells (Owcn, 
1955). Larger particlcs fall to the ciliated floor of the 
ducts and are swept outward to the stomach (Benin- 
ger and Le Pennec 1991). A basketwork of smooth 
muscle fibres surrounding the tubules assist in cxpul- 
sion of material from the lumen of the tubules into 
that of the stomach (Purchon, 1971). A large part of 
thc soluble particles is certainly retained and digested 
by these brush border duct cells while thc othcr part 
is engulfed by the digestive cells. The ciliated duct 
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cells which display n o  enzyme activity appear  only 
involved in the  outgoing current.  

T h e  diffcrent stages o f  the  digestive process which 
were here describcd for  the digcstive tubules: absorp-  
t ion a n d  intracellular digestion, release o f  fragmenta- 
tion spherules a n d  lysis were simultaneously obscrved 
in the  same digestive divertiiula in Our experimcntal 
conditions, the animals being kept  in  a constant  

environment in aquaria .  This  suggests tha t  the diges- 
tive process is continuous. T h e  cyclic diphasic 
rhythms described by Mathcrs  (1973) in Pecten max- 
infus reflect tidal fluctuations. These observations sug- 
gest that  the digestive process is cont inuous when 
the food is available (Langton a n d  Gabbot t ,  1974, 
Robinson a n d  Langton,  1980) while it bccomcs cyclic 
when the nutritional appor t  is discontinuous. 
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