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Studies on the Change of the Digestive Enzyme
Systems with Growth of the Fish, Plecoglossus
altivelis TEMMINCK & SCHLEGEL
By
Kaoru TAKESUE

It would he of interest to know more of relations of digestive enzymes to
different types of alimentary strutcure and the adaptations of digestive enzymes in
food-habits.

The present paper deals with the investigation on the change of the digestive
enzyme with growth in order to know the relations between the transformation
period of their food-habits and the change of the chief digetive enzyme (Amylase,
Lipase and Trypsin-like enzyme)in each organ. But, the analysis of the distribution
of the carbo-hydrate-splitting enzymes in each part of the digestive organ Waé done
only in aduit fish.

The results can be summarized as follows:-amylase could not be detected, but
trypsin and lipase was able to recognized at a period of about 4—Bcm in body
length. It appears that amylase enters their digestive enzyme system when
the fish attains to the transforming period the vegetarian. The activity of amylase
increased more remarkably than that of the other enzyme groups at their adult
stage.

Among those carbohydrate-splitting enzymes, such as, amyvlase, maltase,
gilycogenase and invertase which may be distributed in each part of the digestive
organs, those of first three were recognized in all parts of organ, stomach, intestine,
liver & pancreas and pyloric coeca, and the activities of these enzymes were
remarkable at the part of pyloric coeca, on the contrary, invertase could not be
detected in any parts of the organ.

T 2OEEEFRD E LT TH S, & LTEHROMBECE M L7z @8 EORE
MEEMEOD ZHEAEE~OBBELYEDREOC—D &L O0CEARITEbILA, £ 2 TRAD
IH bR RC 2 O (EIEROS IR E G R LFEUOFCERT 2 LITXDOT, FAOHE
FRIC NG BREFA BRI A O— BT MF B3RP & LR AL 707,

T 2 OREICHS BREORLICH T, AR (1923~24) DIZATIRE Letk, 80H

*oOKEBE RHREEBLOE 1933%gl0F, AR/KEREPE, MEZRREGEIDICCHER

— 89 —



230 2 & & BIKEDER 3(3)

OB C T HEEE R OEBOBCEENT, FE (1933)2 RiEE#EOEEOZL
CEE\nT, BICARBORBELNCEACETER - MHE (1934~33)% 9 [l (RFEHE) RU
T OMEHOREND o —HHLRORE L AMHOBLICH\WTIARE (1935)%, B
(1938)® HOFMAT RS Do AR LIEEHEL OBRCEWTRFRFRE 202 b O
o ARAOI C EETR & AHESE L BT b ATIH R L 2SO b T SR
WHT LR IN D T THREDNRRIC X O CHOABOEELEET R ORI & AN
OEAER & T, RE AP RERORF L NEORILORE Y b e biC iR
FEOVEEEREROBMNCC ZNESEHFREOEBEREEHEL b, BoRflhnEEHEL
HE AT LB END, AT WC E OWEILRETICHIET D RKIC IS R T 5k
L7eiER, BIEFERCEZRRZBENED 2 OO T OB HET %, :

FRTFNC N BimkE & et 52 O N7 AR SR RHRE L A OE LR ICERT %0 &

Fk i DRI AR E & R OB ¥ 50 R UK ERSEEIR N R E LT L,
% L OEREWHTR T 0 © \We ARSI H S R ORI RIS, TR
—BRECICE LB %o BBICH IO E Y b [ BRIk BEEE BR 5 O 35 B K U AT g 1 A
b2 OB DY vz Y\ w b LB L s B B

# o8 kK &

AR T CEAE, BB TEROHEER S Lze BECH D EEHEREILOE
BRCiE, EMEOEEEE Bon 52 FHEEN S cmd b 6 cmOFFH T (I B R IEE T, 39,
12, 18cmic K4« iE L d Oy IESHilloT, migT, FBF2842 208 L4 8
B29HOMIC B MICE DEEE LS DT\ WTHER Lz BEREAFAENELETIROELC
WILSHNED Y TRBRCRELRE, Ty » =~ 7 o TOIELClK - Bifg Lzd © (F
PR FERSICERRIESRS Y - ~C 3 ABMELCHRSEEL, &1 7 —OEtEH
(100mesh/inch) B L7x b O¥% H\nico

WLEE HOREREAK - EHE (195107, AH (193605 9 T OOt s E O
L7z R #E U -C TR O < 720720

T i 7~ BT 1 BENEERHAKRLOce. BEERE (LFE. P. &8F) 50mgci
FEH L LT 10%NaCl ik 5 ce. 7 AnSorensentfsm Rk Em# (pH=6.0) 10cc. ¥
Iz CT31°C, 24B:EME(E L2BE. P. ZiRET HoWB L, ZOWKE100cc. iE
LB 2R LR 20ce. b\ ~C, Bertrand B CTHELE Y FE L WCHET 2EF
¥y mgTHEDb Lo )

Vot VR T A VB Ler 1 — 7 HiBcc. , E. P. BOmg i LR URIEAD &
LC20%CaCle it 1ec., 3% 77 @ K 1ec. % Af, BNNH4Cl - NH, OHFEERK
(pH=8.7) 10cc. %Hiz38°C, 12RHH(L L2, RHT+ 2 —r20cc. RU=~—7
r10ce. WL 1% T~ 75 v A vEREIEREL LT, YoNT v 3 — v EKOHE
FCHSE L OB EHEROE T ce. #TEb Lo

P Ty v BRESE B % A v Bee. , E. P. BOmgicSovensen OVAM BEERH (EE
W (pH=7.9) 10cc. %Mz 33°C, MHLFEIL Lz, 10% 7 4 &+ 1 F 1 BRAR20cc.
TM2BHROH ¥ A > IEEEL, KT 100cc. WHEE L-CELBRBEHERK20cc.
it Kjeldahl 30 X b WA SRTEE LN T mg T=b L.

— 0 —



fit (Plecoglossns altivelis T. & S.) ot BICfE 9 M {(VEBEFRow{bicgh ~C* 291

RAOEILRESCHIT AT LT~ -~y K - A —F - 7y aFF—EO
EERNERCE TS, fs%”l.»%mﬁf‘/@‘r@ﬁﬁ%\ 1 %W 10cc. , ~n b ~+ 1 %A1 Occ.
S vAha—~¥]1%EKSce., , Va3~ ]1BERELOcc. FPEELXL, &7 i1 —~2RE
OHAIER & LT10%NaCl #E#%10cc. kN2 /2o B Sorensen O 14sM  BEEREE ERENK
10cc. (pH=6.0, 6.3, 6.8)*19 RUE{LAREHO E. P. 50mgr{FA2431°C**,
ABFFENEE L2BEB L, ZOEK Y 100cc. WHEE LTEBRELHIKROR, 20cc.
T Bertrand B CETTETYTEE LANCHENST 5 Cu B mg TFb L,

WK T 2l FEEE T ¥ BERE Lk %@#ﬁ%b,%mﬁﬁﬁ%ﬁﬁﬁ% <%t
vt —nlee KMz 7o

2 B # R

L 2BECw ¥+ 32pH o=
SHEATFEERE 12cmBE X VERE. P. ¥HEBAL, 7O50mg-30%E b * OpHCHt
W 35°C OEEBCANEINOOE I koo 2ORET « 7 ~¥BHETIZ6.0—6.1,
V- EREEETIAS.T, TV Ty v BREETIRT .9 B (1) .

Table 1. Influence of pH on Amylase, Lipase and Trypsin.

Amvylase Lipase Trypsin
pH Activity* pH Activity®* pH Activity ***
5.0 11.34 8.3 0.76 7.5 3.47
5.6 18.639 8.5 0.85 7.9 3.55
6.0 21.46 8.7 0.87 3.1 2.32
6.2 19.99 8.9 0.69 8.3 1.29
6.6 17.09 9.2 0.46 8.6 1.26
7.0 14.53
* Reducing Sugar Cu in mg

#% Titer difference in cc. (l/|ON KOH)
##®%  Soluble Nitrogen in mg.
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Table 2.  Influence of temperature on amylase, lipase and trypsin.

Enzymes temp.°C Amylase activity® Lipase activity™* * Trypsin activity™® **
20 14.98 0.56 2.31
30 26.11 0.78 3.16
33 24.82 0.82 3.51
35 22.01 0.84 3.44
38 17.00 0.83 3.09
40 10.26 0.77 2.89
¥ Reducing Sugar cu in mg
* ok Titer difference in cc. (l/lﬂN KOH)
*® kK Soluble nitrogen in mg.
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S LR T E,
* kO (1935 12 X b, 2 W SREIDGOC, T 25 ~YHBEEOEFEEEY TOF VA L.

— 91 —



292 2y b= 7 BOKEEBTER 3(3)
PLEORER T BT NIEE 350 (T bo
Table 3. Optimum pH and temperature on amylase, lipase and trypsin.
‘ Amylase Lipase Trypsin |
Optimum pH ’ 6.0 8.7 7.9 |
Optimum temp. °C 30—31 38 33—35
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Fig. 1. Showing the change in three digestive enzymes accompanied with
growth of the fish, plecoglossus altivelis.

Table 4. The change of three enzyme activities in each total length accompanied with growth,
. Amylase Lipase Trypsin
Stage Total length in cm. maltose in mq. titer difference in cc. | soluble nitrogen in mg.
1 5 —— 0.19 3.15
2 6 51.85 0.41 3.71
3 9 89.54 0.47 3.87
4 12 115.85 0.84 3.93
5 18 136.23 0.93 3.98
Control* — 19.39 0.11
#Stage 4. boiled for 10 mins.
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Table B. Distribution of the carbohydrate-splitting enzymes in the digestive systems of
the adult Fishes.

Glycogenase

Amylase cu in mg. | Maltase cu in mg. | lnvertase cu in mg. cu in.ma
Stomach 34.22 19.32 — 9.75
Intestine 30.64 19.01 — 9.23
Liver pancreas 40.29 21.79 — 25.15
Pyloric coeca 75.02 37.92 — 38.00
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