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Histochemical Detection on the Ontogenic Development of
Digestive Enzymes in the Intestine of a Juvenile
Sea Cucumber Stichopus japonicus

Motohiro Sarmizu*, Ikuko MikamI*
and Kazuhiro TAKAHASHI**

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 specimens 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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AEHOKERBETTbRTEY, Br=a 0B LENSRE, ALSH, AT
LEEBECETAEBER L EHE/ IR TS (FEEE, 1937; 351, 1937; HN A, 1954;
GHE, 1979; BEHS, 1980; 7Nk, 1982; /Mbk-FAH, 1984 ; Mi#E S, 1984; HIE, 1990), LA
L, ERT A EESGECHEMCET SMER Y, #r~aoBEM o TREH EORM
BEAENBEIRT5,
HBEERPFOMMEFE« OBBERENREY CHEA I TXLEBEIrORRENL, <=0
R ELTHFOEDUNERIRTVS, Lasl, ZhE0RRKRERIIAEZEE S RE, EA,
FRZOATH T 2 b KBEEETHRHOEM L LTREND B, Fhil, HAF, ATEHR
BAVCBEEXIR, FOEHECOWTEHOKERRECHIE v & — CRBA TR TV, L
L, 7= BEOMLENRET AR v, 7= aE Yy SLBMEEY oW BRI
T 5 4 2R A (Lawrence, 1982), = 7 < = (Stichopus japonicus) -2\~ TiLHE
(1963) BSRAEDIBT 2,3 DIMBERDOFEXHE L TV BDARTH b,

KFRTIE, <F <2035 LENOREA/ABRELMEBENT, i~ ~a20BrEsH
(VBEE (N7 FF—ERBIVY A—¥) OFRBERL oA EBILFERCELhETH I &
AT,

mEEHE

AERTRABERISRERE v & — (ILEEFHRTE) CATNCEREE SRR
56 H Ar b 1 EX DR~ > < = (Stichopus japonicus), ¥ 30 (EE ({&E, 0.001-541¢g) # A
Wit, ¥, WBELTEME~F <, bEK (FE, 8238-132g) Ao, UTB~<3HE
T, AE, BEEOHES L CBOMBENLCHE/ER (RT7F5—€, U 1—¥) oKL
#H@ﬁg&ﬁofCo

GEH LUVBEEDAE

> v 2 DERKGEHERTID B, KEXAELC, 0%, RAMGESR Y
LTHEELRE L, DEBEEAORRKEC Y Erh TV 58 (RE) OEKR TN LB
UL, AEKGEE<ROBRVCTEEXZEL 7.

RO FaESR

BEIWCBEY 77 VR TUREEEL, 80% 742 —AhTRIFLI, TOBRBFEDO =4
s =Bk, BRERT, 574 VICEEL, Tum PR RER L, It ~< b %2y v-
A VvREFEL, XRCTHRELL,

Ll 2 St Al 2:bi s

Bai#aCod7 e v lREEBEELAE 01M Y vEEEK (pH74) THE L 109,
Py AR —ABBLT20% ¥ vy b v — ARCIAKEB L E THE L. (W 4C), D&k, T
KRB (Tissue-Tek, Miles Inc.) B L, 10 ym OBFMETA X ER L CRTF X —E€R L VY
= EE OB ERR BT LT,

=7 g & — EEEOKRBIZEE (1959) ftva S FRIEERT, ¥V S —EiEEOBRE I XHE-.
FHE (1975) i\ Tween i TfT oz, WThOPEIBRBIX =2 -2 1T 77 —A L oy ¥
YR L, MEROEEHEIMRLAOREEOIBYOEEIT L DTy, HEME (#), Bt
(4), BB (+) BIUBRE (—) 04 BB, vk, MBERRIGOXMB L LT, #80°C
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OEBHTIC 15 SHBRL, BRYBELCEBRTAZAC IR & & CBRRE T > 7,

i 7
HEERICHE S BEBOEN
< F = A MEOIE, MBI X VEEVIECENT A, SROLERCATIEECHD, K

EORELLTHERYAVIORIRETHS (58, 1992), £ CHAEYAEREOREL LT

DFFEEOBFERF L, =F <23, GEEMOMEGZENELL, RUBLEBBOBEER
THRERBEENRLORI,

HE L BEROBMRY Textfig. L IRt BRAEOHIMCH - FOBERYHL, RkL S0
R =7~ =2 ({KH, 0001-82.38g) THEMICE VCEOHBN A b (Textfig. 1-A), ¥ =, #
F=a2DEh (FE, 0001-1.60 g) TRHZFOMICEILEWIEDOHEMRRD St (Text-fig. 1-B),

g nRE

BRI hcE b~ < 20BLER, ohORBELRETCRIEHEBIICE TR, &%
HCE (B Lok, BB LTl i~k L, FiiscECmi (582 i) LTE
ANELCBBEREA L, ARRTRAHOK Y D LE—BEHE oLl £—dhiinbg
B chhE, thUERPERBEERESTCEELT -7, Bk~ < 20k & B
RIEEFROBBE LY RL, ThbOREE (M) EREMAERMEENISRD, £< OBELTRL
T3 (Fig la), ~BOBEIHE~AELHEL, Eif L CEHCHBRYRF Gy R, LE#ER
PHBECET 5 EHECRERESBSREEL, BV (97 um) BEBEYHRLTV-5, BED
EERETCREEREEAFEELCHD, B TRd, BB~ TEERETHD, §, B
DT, BABEANERLESO TR, TOMEBRFBCEL ~BORMEIEECRbhi
(Fig. 1b), ¥ 7=, Mo LMl LA BIRE =+ > ViDL RL, =4 v viFEFEREY &
TH5HIEL L DD b, BETE (MEEER) AEEW80um ThH, TOAREREED,
BRFOBE T ETV5, COHABOMMICIAEEEBELFEL, BATIEE LT
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Text-fig. 1. Relationship between the body weight and the intestine weight in Stichopus
Jjaponicus. (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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BhhTV 5B,

B L EAMN KR, TB iR UEREBREY TR T, BERRBEND L, BREORELS
P& o Tote (Fig le), — 77, MR KB A B X E LEEY 5D (B2, 160 ym),
BB L, PBCERRBCREEL TS, T, NEREEMBOEBETME (REET) ik
R EFEEM AR L, UL, MR SERCE], FBCERE ETH D,

<=2 0BEEEE, 00280 DTRICEBMAROh DM, HERCH S BEEOR
EREBRIAWM TEP R 5T\ (Fig 2),

BB REE0002g LT TR —Bo LML YD, BMEARDLhL -, FE 0.004-
0.005 g DHEF < = TiE, NELRCESHCPROMENRED LR, FE0.0B8gD DT, &
DEVRENLRNE S A5 5 X 5l - Tuwic (Fig 2a), Eic, K& 0.193 g T, #MEIR
EL, FEMROBHMICEERED 3V MIRoBE,R L B bhis (Fig 3), K& 0.36g
DREF < a ML ERICF=4> VERYETIMEALSHREL OV, AENNgDHOT
i, MILERIELLREEL, BAERTFoEWVHRELILHETHED bh T (Fig.4), ¥7-
18E L 2o ME O HEEE B I IR L B ILARBE AR bh, bRBRRF =+ v
D3% < GA LT\, FE 160 g Ll D ~ 2Rl LEBIRG L BRERFEOEBE L RL
T 7,

I EE 006 g LT CRMENARD LT, FHE EEEBXAABEYIRIBEA T (Fig
2b), fKE 0.193-0.90 g DHEF ~ = OF B TRHAWKCETIL 7z, LEBEHEOBVREINGREIL
(Fig. 5), Btk <=2 TROIB X 5 kBEHCA Y MAKBERIIVBEIh 5 DIFE 1.60g L)
rototh -7 (Fig 6),

BBIAEE 006 gL TOLDOTE, BEAEMEERLA LV IETHCEIEOTOE M
ENROhDEDHRT, %< OB FHE—BoME,LLH 5 ERAAEYR D EA TV, &
F01Bg0 LD TCHRAFTICHEOEENRDBH (Fig.7), 090gD0 b D TR I Y EL OFOE
VIRENMEE I, BE 1.6-30g ORI THRERFOR LB I VWL, hESL g ETIZ, BD
BUCRENSCBEIR, BEBLRELCRY, BETH THABLEILZEL, 8508
DEIXBRFIRECHE LA UEHEYEL Tvio (Fig 8), ¥, WEEL RO TE FHkE 3
DK & Rk, FEEEERL T,

¥, {5 0.001-0.90 g DFEF < 2 DIFABE I LRI b V ER X AYWRENED LR
IRLDE GEREORTH - 1,

HIEBROBEBILFNRER & 36

<F == ({fH,0.001-82.38g) DBHEBTHEINIRTF L - LRI V) - EiEROHHA
1REE#® Table 1 10, /233, 468 0.004 g AT oM+ = 2120 T, BB RBEE-CcHl, &
BIUEBOSHNVFRERI D, B2, #fc2 5L (BRIGETRLTH S,
RTF&—EH

Bk~ =aTiE, B, BB BIOBEBOVThoOBEMERICEERT 58 —¥iEER
@b it (Fig. 9), BERERTAILER (21 rEOREBEC L) LTEDLI DN, #HLt
Heth, BcHEETMREEN M CIERETRL, BREOWMAIERNELE L -, T, L
~T ¥ & — CHEER AR T 5 MR, FECS < BDbhi,

K 0.001-0.004 g DHEF = 2 BHT TR RV F £~ ERIGITHBEHREL TRD bhich
(Fig. 10), BMTITRBEB LB AN S o1, ¥, I TRRT 5 4 — CHBSEN AL 0L
BRI RD b hic, 4% 0.008-0.193 g TR THRED, b, BRI THVBERESLRED
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Table 1. Histochemical detection of pepuidase and lipase activities in the
digestive epithelium of intestines in young and adult Stichopus

japonicus.
Body weight Peptidase activity Lipase activity
(g)
Anterior Mid Posterior Anterior Mid Posterior

82380 +++ ++4+ +++ ooy ey e
5411 ++ Py +t +++ -t .
3.053 ++4 ++ +++ +++ ++ ++
1.600 44+ ++ ++ ++4 ++4+ ++
0.903 +4+ ++ ++ +++ ++ +
0.601 ++ ++ +H4+ ++ +++ 4
0357 ++ ++ ++ ++t +++ +
0.193 +H/+ + + +++ ++ ++
0.055 ++ + + +H+ ++4 +
0.043 ++ ++ + ++4 o +
0.032 ++ + + 4 ot .
0.010 + + + +++ 4 +
0.008 ++ ++ +/- +++ +++ +
0.004 + +- e+ N
0.002 + +- +++ +
0.001 + +- o, .

The enzyme activity is represented as strong (4 ), medium (4 ), weak
(+) and negative (—).

bhic, E 0.36-0.90 g TIRBLIROM LM CHBERIESEE L (RO bh, il THE
B8, &, BB TELBVEAIPRE L, £FE 1.60-3.06g Db DT, BB THL, F, &
B CHREREOCBREERIENRD b i), &EMCREET < 3 ITEVIREBE R » TV 7o 4E 5.41
g DfEF = 2T, B, PRI VEBOVWTh LA < 2 LA, M ERCECBEREENR
wbhhtc, itk HF~2BRBEOABTHOL ILLBMEGC~7F 8 - YBERUGE R L 1,

) X—EM

BiEr <=2, B, &, #BEOVThoOBLERE T AERIREICHE BRIEESR
»bht (Fig 11),

BAKRFEECH, PRI VEBOS RV EEHF <= (&, 0001-0004g) T3, BLES
Bichic b ) A —EEENTED bR, B ThERME, #HcH-ER RS bR, ZOH
LA 0.008-0.90 g DHEF <~ = TH R h, V- —¥RJGEHET, BTl (Fig 12), BB T
Ehot, BE10gL Lo >~ 20B RSV TRBSBo ML EEIZEG & @AEoME-
) R — EEERTED BRI,
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£ =
I IANEE L BERNER

~r <2 DKBELBERECRECHBMNR S (Text-fig. 1-A, B), # (1963) ik~ <20
GEIAEECEITOHENRDS EHEL T3, Thil, FEIERROBMELRY, FRKE
AL CTBOERI T LT 25, & (1963) ZH(LEER L HERER L OMICSIEOM
BAH5 LR TEY, BHILEEEOHMIBIMTE 2HOBPKE JOWEME L ERYRT
boLEZLND, ¥, BEEOHMMIGERMHLAL TERNC AL TW5ZE0b, &
BN GEHEMCA CEHERCEAL T b0 EBbh b,

Y7 INERES L UlIHH{LAED

Btk < = 2 OBEBRIEANCHBEA,» LML LK, % A8, SEER»rLES
BEDIETE D3I T\ 5, BB, TBHIUCEBOVTFhicksWTbABREENREL, %<
OMEXZHRLTH Y, B, FRTEETH -, HILREONELERCR LA SBMER
— BRI O BRINETEE YL L CRINERY EF5 0BT T3 EEHbh T3 (Il
T, 1971), T hik, & (1963) bBRXT B LS ~Fr~aBoORELEERIHILERE L TOB
EXEL, FOMBOEMEIRINERL LT @A L TWBEELZLRD, —F, RTF5—
¥ (BABESHEEE) IV ~—¥ (BHoBER) oRERIBG~ <2 BL2B0oM L
Bzl bh, BUCEBRERETL W, 20z i, BiE<F < 20BRd, +, £ouvTh
OB CLEAER L VR 0BT 288D EBLCW5EEL2bRS, Ll, BB
I, PR ERBOBEI D, BB TOMED R, FRCENELSD EBbhb,
KRR TOBRMET = 2 OFRIE (1963) »EFEHCBEH LR FF—ERBIP=RAF 7 —
£ (el oHEER) OEBASMERELACLAEbDET L 5,

L 6 » AOHEMERE D BIF IR (FE, 0.36-090g) ® 15ED b D (FE, 1.60-5.41
g) TRBIEROHETHEROZGES TABORELADEV-ERIFITEBRENCHE~F <=
LRERBRTHD, RTFLA—ERBLIVY A-—XOHMBRERLRABCRDLRLEND, Th
LOf=r <=2 3EAER L UREBOHEL BIEEYTIHLTW5EE 2605, L,
Ukt 6 » Bo~F <2 THREOBWH (FE, 0.19-0.30g) TRHE, BBk 5MEL
B AR X OCTABIIERNERETH ), N7+ - E¥ESELFEOEV- B E~EDL -
oo o TIhbOHF 2 TREY LOBMERCEOBSNRGECE- 05 REL L
BEodoiclb~hEL, BABEFBENLEIVL -5 L Bbhs, BRELIGEOE
<=3 =a ({§E, 0.001-0.008g) TiL, MELK, F&88&K LI OHARORZIHEILETLIRTIH
HBRTEY, X758 —LiEN S BISc g0, &, #Ecisd, EaEOH
NI ELRE STV EELLRS, LAL, HELESAHELERL TWiRVW—BoMk
HHLESBETLIRTF 4 —LEELRBH LN, Biifci~75 5 - EBHEN YT 58K
BELCBEOhIZ b, BEAEYRRTIBBIESL V3 LEbRE, ¥, Zhbof
= F = a TR ) A — iGN, FBRCEDLhAELS, Biro®T28NIIEAE
SRREL DT TFICEBL TR EE LR,

Kawaguti (1964) BB BE Y 588 T, << 20B LEARCBETEE S VBN Y
RS, ThEYHEIBRENWE L E 2 T\5, F7z, Feral-Massin (1982) % Holothroids ®
7, BBoMEE B T Ay, ooy (RB 1) «5WE%%H 7% Enterocyte (134
B REDTB, i, BEBHOB LRI IEERMECRE L AAERL AR Oh, b5
DEREERILBRRED S OWERIUCBIRL T 5 0SS H 5 (Fuji, 1961 ; Bamford, 1982),

— 6 —



BKo: f#~r<a2BicktsBIEBEROABILEHRE

rhifr, XBE T4 VIFHER D B IR T F F — Y ERBER RSN, T ED BRI
OB EOME, I hEoBNAETAMBOBEYHOLMC TS0, BlsgEL
_ATOHFLVCEHENLETH D,

Bt 5
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EXPLANATION OF PLATES

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

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

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

Fig. lc. A cross section of the posterior intestine in the same specimen as Fig. la. The
connective tissue 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 Fig. 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. japonicus 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 lumen space and have well-developed hemal lacunae (H).

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

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

Fig. 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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PLATE 11
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PLATE III
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