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Histochemical Detection on the Ontogenic Development of
Digestive Enzymes in the Intestine of a Juvenile

Sea Cucumber Stichopus japonicus

Motohiro Smmmizu*, ITkuko Mixami*
and Kazuhiro Tagamasur**

Abstract

Activities of digestive enzymes such as peptidase and lipase were histochemically
detected in intestines of adult and cultured juvenile sea cucumber, Stichopus japonicus, in the
determination of ontogenic development of the digestive activity for proteins and lipids.
The intestines of specimens larger than 0.008 g body weight were dividable into three parts
such as anterior, mid and posterior intestines, while those of specimens smaller than 0.004 g
body weight were undifferentiated having a thin layer of flattened epithelial cells.  Although
adult specimens had well-developed villi in all intestines, young spuvimens showed some
variations among the three intestines in villus-development : villi of the anterior and mid
intestines developed somewhat earlier than that of the posterior intestine.

Peptidase activity was conspicuous in the digestive epithelium throughout all intestines
in specimens larger than 0.9 g body weight, but revealed some variations among the three
intestines in specimens smaller than about 0.2 g body weight ; the activity developed earlier
in the anterior intestine than in other intestines. However, in even flattened digestive
epithelia of specimens smaller than 0.004 g body weight, the peptidase activity was confirmed
to exist. Lipase activity was observed to be intense in the anterior and mid intestines
throughout all examined specimens, but it developed somewhat later in the posterior intes-
tine.

The results obtained in the course of the present study suggest that small, juvenile S.
Japonicus has already provided the digestive enzymes for proteins and lipids, and their
activities advance as the villus-formation progresses.
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Text-fig. 1. Relationship between the body weight and the intestine weight in Stichopus
japonicus. (A) Eighteen specimens ranging 0.03-82.35 g in body weight, (B) Twelve
young specimens of 0.03-1.60 g in body weight.
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Table 1. Histochemical devection of peptidase and lipase activities in the
digesvive epithelium of intestines in young and adult Stchopus

Japonicus.
. Peptigase activity Lipase activily
Body weight
(g) .
Anterior Mid Posterior Anterior Mid Posterior
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0.043 ++ ++ + . s .
0.032 4 + + Py P +
0,010 + * + 4t 4+ +
0.008 + ++ +- Rl A *
0.004 + +ie ot .
4,002 + e P +
0.001 + +i- P .

The enzyme activity is represented as svrong (4 ), medium {4 ), weak
(+) and negative {—).
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EXPLANATION OF PLATES

PLATE 1. Histological micrographs showing the development of intestines in adult and young
S. japonicus.
C: connective tissue, B : digestive epithelium, L: intestinal lumen, P: peritoneal
epithelium, V. villus

Fig. 1a. A cross section of the anterior intestine in an adult specimen (82.35 g body weight).
The digestive epithelium forms well-developed wvilli.

Fig. 1b. A cross section of the mid intestine in the same specimen as Fig. Ja. Extending villi
occupy largely a lumen space, having expanded hemal lacunae (EH).

Fig. le. A cross section of the posterior intestine in the same specimen as Fig. la. The
connective tissne develops widely beneath the digestive epithelium.

Fig. 2a. A cross section of the anterior intestine in a young specimen (0.008 g body weight).
Villi partially develop in the digestive epithelium.

Fig. 2b. A cross section of the mid intestine in the same specimen as Pig. 2a. The digestive
epithelium forms a thin layer of flattened cells and have no villus.

Fig. 2c. A cross section of the posterior intestine of the specimen of Fig. 2a. The connective
tissue under the digestive epithelium is not developed.

PLATE II. Histological micrographs of intestines in young S. japoniceus of various sizes.
C: connective tissue, E: digestive epithelium. L intestinal lumen, P: peritoneal
epithelium, V: villus

Fig. 3. A cross section of the anterior intestine in a young specimen (0.193 g body weight).
Villi have been well developed but have no intestinal hemal lacuna.

Fig. 4. A cross section of the anterior intestine in a young specimen (0.903 g body weight).
Elongating villi largely occupy a Jumen space and have well-developed hemal lacunae ().

Fig. 5. A cross section of the mid intestine in a young specimen (0.903 g body weight). The
digestive epithelium forms relatively thick villi, and the lumen is occupied with food
remnants,

Fig. 6. A cross section of the mid intestine in a young specimen (5.41 g body weight). Villi
grow in length and number, and the connective tissue forms a firm layer,

Fig. 7. A eross section of the posterior intestine in a young specimen (0.193 g body weight).
Villi and the connective tissue are less developed.

Pig. 8. A cross section of the posterior intestine in a young specimen (5.41 g body weight).
Villi are well-developed and the connective tissue forms a thick layer. Muscles are also
well-developed forming a firm layer facing the peritoneal epithelium.

PLATE ITI.  Histochemical micrographs showing peptidase and lipase activities in intestines
of adult and young S. japonicus.
C: connective tissue, E: digestive epithelium, L: intestinal epithelium, M: muscle
layer, V: villus

Fig. 9. A cross section showing peptidase activity on the mid intestine in an adult specimen
(82.35 g body weight). Peptidase activity is intensely detected in the digestive epithelium.

Fig. 10. A cross section of intestine of a young specimen (0.002 g body weight). The digestive
epithelium shows peptidase-positive reaction, containing many positive granules (arrow
head).

Fig. 11. A eross section of the posterior intestine showing lipase activity in the same specimen
as Fig. 9. Lipase-positive reaction is intense in the digestive epithelium.

Pig. 12. A cross section of the digestive epithelium showing lipase activity in the intestine of
a young specimen (0.008 g body weight). The digestive epithelium, especially the apical
cytoplasm shows an intense lipase-positive reaction (arrows).
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