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Developmental process of digestive system in Japanese eel larvae

Tadahide KUROKAWA*, Tohru SUZUKI™"**

Abstract To improve the larval rearing technology, the ontogeny of pancreatic exo-
crine function and its endocrine regulation systems were examined in the early larval
stage of Japanese eel. The eel pancreas starts to synthesize the digestive enzymes by
8 days post hatching and the endocrine systems for the regulation of pancreatic en-
zyme secretion develop synchronously with the development of exocrine pancreas by
the first feeding in eel larvae. Moreover, the digestive tract of eel larvae recognized
Aquaran (freeze-dried shark egg powder) as a nutrient, and that the exocrine pan-
creas secreted digestive enzymes into the intestine and began to synthesize digestive

enzymes in response to feeding.
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Table 1. Identified genes from unfertilized eel eggs.

ST « 35K it

Germinal vesicle breakdown Cell membrane

maternal mRNA D7(1)

Cell cycle human putative membrane protein(1)
cyclin B1(3) Enzymes

CDC2 kinase( 1) cathepsin S(1)

CDC20( 1) serine protease( 1)

Cell growth glutathion S-transferase( 1)

proliferation associated cytokine-inducible
protein CIP29( 1) DNA topoisomerase I(1)
Apoptosis uracil-DNA glycosidase( 1)
apoptosis regulator NR-13(2) Protease inhibitor
survivin( 2)

Transcriptional regulators Transfer proteins
TATA-binding protein( 1)

ras-related nuclear protein Ran-a(2) protein beta isoform( 1)

ras-related unclear protein Ran-b( 1) Histones

e(y) 2 homologue( 1) histone H1(2)
CCAAT binding transcription histone Hil-like(5)
factor-B subunit (1) histone H2A /e(1)
RNA-binding protein histone H2A/z(1)
cold inducible RNA-binding protein(2) histone H2B(9)
mago nashi(2) histone H3(2)

small unclear ribonucleoprotein F(1)
small unclear ribonucleoprotein E( 1)
pre mRNA cleave factor I subunit(1)
Repairment of DNA

SNM-protein( 1)

Cytoskeletons

dynein light chain(1)

prothymosin( 1)

tight junction transmembrane protein claudin A(3)

E-1 enzyme, ubiquitin activation enzyme( 1)

pancreatic secetory trypsin inhibitor( 1)

phosphatidylinositol transfer

Non-histone chromosomal proteins

Mitochondria proteins

cytochrome B(3)

cytochrome C oxidase subunit 1 (4)
cytochrome C oxidase subunit I (16)
cytochrome C oxidase subunit M (6)
NADH dehydrogenase subunit I (1)
Others

cacium-and integrin-binding protein CIB( 1)
GM2 ganglioside activator protein(1)
Unknown functions

mouse RIKEN cDNA 1810020E01( 1)
mouse RIKEN ¢DNA 2310020H20( 1
mouse RIKEN c¢DNA 2310004B22( 1)
mouse RIKEN c¢DNA 1600013p15( 1)
human clone MGC19825( 1)

human hypothetical protein FLJ20643( 1)
human hypothetical protein FLJ10342( 1)
human KIAA0101(1)

human similar to RIKEN c¢DNA 2010208K18( 1)
human similar to CGI-130 protein( 1)
human ¢DNA DKFZp686N1651( 1)

No homology

Similar to sperm specific antigen(1) (12)
High mobility group protein BOX2(1)

single strand D box binding factor(1)
Nopp 34 uncleolar phosphoprotein( 1)

Numbers of () indicate number of clones in this analysis.
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Fig. 1. RT-PCR analysis to expression of pancre-
atic enzymes in eel larvae and adult pancreas (left
photo) and whole mount in situ hybridization of
10 dph eel larvae with antisense probes of pancre-
atic digestive enzyme genes (right photo). (a)
trypsinogen, (b) amylase, (¢) lipase. Arrowheads
indicate the positive signals in the larval pancreas.
Scale bars indicate 1 mm. (Modified from
Kurokawa et al., 2002).

Fig. 2. Distribution of CCK and PYY cells in
Japanese eel larvae at 8 dph. Arrowheads
indicate positive signals. br, brain; ey, eye;
in, intestine. Scale bars indicate 25 um.
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Fig. 3. Digestion of marker proteins by eel
pancreatic extract.
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Fig. 4. Digestion of Aquaran proteins by eel
pancreatic extract. Arrowheads indicate the
two types of vitellogenin.

WITE D —HIE1I0ALN TS nichs, &5 —FE8H
3600 bEFE LTV (Fig. 4o

RIiT, VT MTT7 7V ADRIKSOREMTH B L3
SRR 2 b 2T L 7o v - FRERE
T, SR L I ZHEEHEL KR, 5 vy
BHLEEIZDEONETOIVITNON TSNS, -
- (Fig. 5)o

INoDTENPS, v FFHADHILECE T SH
{LBEIIE, & v o0 BORMEEIEEW D, & aZhE
HONREES IRV & D SR S N i,



60

ST « 35K it

Incubation time (min) at 25°C
0 10 2030 40 50 60 60

Heparin — B

Chondroitin sulfate —.. ,

Heparan sulfate———

-

Hyaluronan —

Without pancreas extract

Fig. 5. Digestion of marker mucopolysaccharides by eel pancreatic extract.
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