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Studies on Carbohydrases in the Pyloric Caeca of the Salmon,
Oncorhynchus keta*

Hiroshi UsHivaMa, Takeshi Fuisimori, Takeshi SHIBATA
and Katsuji YOSHIMURA**

Abstract

For the purpose of obtaining some informations on the function of the pyloric
caeca and the culture of salmonoid fishes, a study was made of carbohydrases in
the extracts from the pyloric caeca of the salmon, Oncorhynchus keta. -

(1) The activities of a-amylase (EC 3:2-1-1) and a-glucosidase (EC 3-2-1-20)
were demonstrated in the extracts, but not S-glucosidase (EC 3-2-1-21), S-frueto-
furanosidas: (EC 8-2-1-26) and cellulase (EC 3-2:1-4). That of S-galactosidase
(EC 3-2-1-23) was slightly.

(2) The amylase was fractionated on DEAE-cellulose column. The partially
purified enzyme has an optimal pH of 8.5 and temperature of 20°C, but is very
thermo-labile.

(3) A comparison was made of the amylase activities of the extracts from
the digestive organs of various fishes. The ratio of the activity of the pyloric
caeca of the Salmon, Oncorhynchus keta: the intestine of the Carp, Cyprinus
carpio: the pyloric caeca of the Cod, Gadus macrocephalus: the intestine of the
Flounder, Kareius bicoloratus was 1 :411:29.5:9.5.
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3. BRIEOME

(1) HEhEzsE

£ 5ETHE % Somogyi-Schaffner-Hartman @ 51 123\ T o7

ZEYIK: maltose, lactose, sucrose 35 L F salicin (W FHLFESIES) 1T Fh 0.013M
ML, %7 soluble starch, glycogen 3510 dextrin (\7h b F1% bl 28D 13 1% HKIC,
CM-cellulose (Pharmacia ##) % 1% BEHCHHL 7=

EEORE: EHEEK 2ml LU 0.2M BREEK (pH 7.0) 4ml 2HBHICRY, 36°C o
1EME M 5 43[4 preincubation L, BsEik 2ml Mz FREESCRIGRIEOVWTRAELZERL 72
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Amylase ORIE{ % blue value 3 iz & YV EIE L7z, '

AsE: REEIZ 1% soluble starch 2ml 317 0.2M S#EEE® (pH 8.0) 1ml Y, i
IZEEFH 1ml fnz 30°C € 30 RIS X ¥ 72t%, MEOHREY &\ T blue value #Hi%E L7z,
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ERD DEAE-¥ L v — X4 4 »v&#Hdk (Pharmacia #8) 2 EEEVTHY — 5B ICHEBETHR
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2. Amylase OBEIE & UHER

(1) Amylase g

vy WK RO 5 b - 2 biEM O amylase OB ¥R E T54DIC
DEAE-v Lo —ZiZ& Y 7u~ v 757 4 — 24580tz ¥TRMTOMIIE 0 OFHEHENT ¢
PUBKLRABL, FOMKIZ 10 580 0.006M ) X-HREE W (oH 8.6) Ko R %
EOTBELT, TOLBY 10ml 2 0.006M ) X-EEEEE (pH 8.6) Ti#E{LL /- DEAE-%
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Table 1. Digestion of various carbohydrates with the extract of
salmon pyloric caeca.

Enzyme solution was obtained by extracting the ground salmon pyloric caeca
with 5 times its weight of 1% NaCl. Reaction mixtures contained 4ml of 0.2M
phosphate buffer (pH 7.0), 2ml of substrate solution and 2 m! of enzyme solution.
They were incubated at 35°C for 30min., and the amounts of reducing sugar
produced were measured by the Somogyi-Schaffner-Hartman’s method!®. The
substrate was used concentration of 0.013M for maltose, lactose, sucrose and
salicin, and that of 1% for soluble starch, glycogen and dextrin. CM-cellulose
was used as fine suspension of concentration of 1%

Substrate Activity Enzyme responsible for hydrolysis
Polysaccharides:
Soluble starch + Amylase
Glycogen + Amylase
Dextrin + Amylase
CM-cellulose -
Disaccharides:
Maltose +
Lactose weak + a-Glucosidase
Sucrose - B-Galactosidase
Glycoside:
Salicin -
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Fig. 1. Chromatography of the amylase of pyloric caeca on DEAE-cellulose
Acetone powder of salmon pylorie caeca was extracted with 10 times its weight of 0.005 M
Trig-HCl buffer (pH 8.6) and centrifuged. 10mi of the supernatant was applied to the
column (2x15em) equilibrated against 0.006 M Tris-HCl buffer (pH 8.6). Elution was
accomplished by the suceessive application of 0.0056 M Tris-HC! buffer (pH 8.6) having (1)
OM, (2 0.1M, (8 0.3M and (4) 0.5M NaCl at the points indicated by the vertical
arrows. 4-ml fractions collected at a flow rate of 20 ml/hour; temperature, 4°C
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ZEVEHE pH 130 7.0 THHEHEL T2, FEESDEULFECL VAR LB FRE
DREREL/B T3P, 7 a-glucosidase DZE pH 134 7.0 TH 2O TRTHDHEIMZ X » THE
L7434 0ZE# pH 12 amylase D A Ti2in{ a-glucosidase DEWHRFT T2 b LRI NS,
EHEEE: OFIABROEBBIOVTHRELY. H3XIVELARIE K 20°C B Z8#8E
BYET D, FRECHCTEINEEL 30°C KEHIDITHBRKIDOWTUTREFEE M
80°C TholeicH TH B, ZORENOBRIBHEINLOICERICTRERECRY, ZEREN
20°C 2k Lizb DR IS, 1MUY oy B R amylass (28T L TIERIZT
FETHY, b0°C iZ 30 4T expose 15 & FDOFEMDOREINELHN D LHBEINI,
3. {tifiM i O amylase JFiEDELE ,
RS, < ZBIREROESOERCHECARCEL TW22, EMsoREICLuE=Y
T ADTHLEEIT TS a-glucosidase 35 X (' amylase HIFEL, THOHDOFEMEIIEAMKD
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Fig. 2. Relation between pH and activity of Fig. 8. Relation between temperature and
partially purified amylase of salmon pyloric activity of partially purified amylase of
caeca

~ salmon pyloric caeca
Activity was assayed at 30°C for 30 min. Activity was assayed on 1% soluble

on 1% soluble starch starch for 30 min. The buffer was used
®: 0.08 M Tris-HCl buffer 0.1 M phosphate buffer (pH 8.0)
O: 0.1M NaHCO0y-0.1M Na,CO; buffer
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20 amylase EHIILEFIHOHMEL DY F XD amylase FHELS V T F7-FE pH 2R
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Table 2. Comparison of the amylase activities of the extracts from
the dig stive organs of various kinds of fishes

Enzyme solution was obtained by extracting the digestive organ of each fish
with b times its weight of 1% NaCl, and diluted with 1% NaCl as required prior
to use. Reaction mixtures contained 2ml of 1% soluble starch, 1ml of 0.2M
phosphate buffer and 1ml of enzyme solution. They were incubated at 35°C and
respective optimal pH for 30 min., and the activities were measured by the blue
value method!V.

. . Activity
. . . 1 VeV
Fish Digestivs organ Opz?l?a o gggnglu . DBY: /g
organ wet wt.
Salmon Pvloric 4.5 20°C 2.8
Oncorhynchus keta ¥y caeca . .
Carp .
Cyprinus carpio Intestine 7.0 35 30,000
Cod : '
Gadus macrocephalus | EYioric caeca 7.5 45 2,150
Flounder .
Kareius bicoloratus Intestine 8.0 35 700
E #

4 PR O£ YL FIFREO—B & L TR REEsR O R T iobhiie,

1. 3 o4 #EfSRkm KR amylase 35 L U° a-glucosidase DFF A HEE X N 28, S-gluco-
sidase, B-fructofuranosidase 35k U° cellulase (23 Hiiins o7z, —F F-galactosidase (337 7s
e bRED B,

2. DEAE-t/A '~Xi2k > THAHCER X1/ amylas: OFH pH X 8.5, ZFEEIL 20°C
ThY, BHFERIITREETH %,

3. fMiEA BN LBE D amylase [EHOHIIDEDT L Tholze YUY HIFIE: 2 185:
27 ST {1 AL/ B=1:411:29.5:9.5

B IR, REOBRRI S - b EE AR TR L EAREE £ b CICAZE SIS
LET.
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