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W Z 3L OBREOFERH SN TV B, AT
1, Schopfer (1932) i3 il ih protease %, Rogers(1940) |%
B B2 O Jf; amylase %, von Brand (1952), Fairbrain
et al. (1957) RIS DR BER &, F7o/MR(1954) &
ZRHIZOCTIHIERE L T 5. Z0MEHOBIEE
{Z X Y ipHIz % amylase, invertase, maltase, pepsin,
lipase 7x & OFFEOFEP#ME SN T3, —F enzy-
me inhibitor & L Tix, Weinland (1903), Hezog(1905)
Marvin ez al. (1963) 12 X ¥ pepsin, trypsin, chymotrypsin
inhibitor 23 Eh T 5.

EF(1964) 1%, =XKW g (Ascaris lumbricoides
suum) ORERHE D amylase, esterase |20\ Tk L7
B3, & DI R IR OB O B X OEEFRIERIC
DV TEEMR R 21 B fo 4 liE, protease {EFH L,
amylase {EfiE L N7 OBEZEHM AR R Yico T
MlLicoTHET 5.

amylase {EF

i b R I amylase R % 45 BERAEET
BT L, TTRBRR, Kk oEEks, £of
D amylase {EFI&HT %%, £72%® amylase O
HIXED X5 7b 0h BT 5 72wk D EBRET
ic.

ISR AT & AT, Zha AT Al
KT 2RI FR URIEESR & L7z,

A. amylase {EMEHIE

1) Somogyi Nelson {:(1945)

FEE LT 1.2 % MW 72 5TNC 5 % saccharose
& R ARl ol & JE Le.

B

a) $FRIE NaHPOs - 12H.0 71g, WAEEH Y v
LF PV U L40g 24 700m]l Dkic Lt 1IN @
NaOH 100ml %%, 2>V THH#RLARES8g @ Cu
SO4- 5H2O % 80ml oskiz & Lizd 0% hiz THmE

L, &Iz NaSOs(fEk) 180g #inz 4z 11 24
S 1~2HMEBLEZOL, FEOEETIESL THEE
AR TFT 5.

b) Nelson #FE (NHi) :MoO450g # 900 ml D7k
CENL, ZTHICEHEE42g 22T XRfL, &
52 6g @ NaNAsOs- 7Hz0 % 50ml oKz & LT
Iz %. 24~48 ] 37°C @ incubator HZ B4R E
IR I RET 5.

BiEE: -

1.2 %¥EHEBBYATE (£7213 5 % saccharose) 1ml,
M/20 phosphate buffer 1 ml 33X U 1 ml %1%
37°C T incubate §%. % LT AT T 5 4R nst
LTRSS RS S ¥ 5. Zofk0.5ml %75k 3
ml & HSRHK 0.25 ml DIRWETIC AR, FhICKERE S
VYU AiE0.25ml %, X<iEFITS. ZHzE 2000
pm T2 ~ 3 pmlabiBEEs. 2o LE2ml 2Ly
N/10 HCl & %% N/10 NaOH < pH 7 |[Zifg L4
& 10ml L33, Zd2ml %L 5T Folin Wu 0
BECANS. Zhic2ml ORREEZ ML, +2icdh
LT B KIS T 10 SyRIEVS, HiAk T3 ~ 54
HL, Zhic Nelson I 2ml iz <3,

DICHRBKE 25 ml DOLIE THIZ T 660 mp THoa
%

FRAE A -

R glucose d—E L # IEREICHERL L, MUk % v
THFR L glucose #it 10, 20, 30, 40 3 L1850 pg/ml
BRI 2 15 D _ERREREERIC L7235 Tofa S 8 660 my
CTHEL, EERREMR L. chE Fig 1l TR
Life.

2) Fehling Lehmann Schoore #: (DL F FLS L)

BeEk

pH 5z U7z 1.2 % tEIRg Ak 10ml % 100
ml O=A7 722 2k v, 37°C OEERKTIZ AR,
T 5. ZHICHIREESRE 1ml 2 Ah, 30 SRR
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Fig. 1 Standard curve

&4 7-1% Fehling RED 7 v h ViR 2ml 20z, HAT
25 LE bICHARP TlRHAIL, 30%IK{IER Y 7 A
W% 2 ml, 25 %RfiE 2 ml %0z ik L 7<Ik5E £ 0.05N 7
FHEEF N Y AETHEET 5. BlICEERI L Fehling
REOTA D VEERE L b D%, blank L L7z

HRR L7 oo % glucose it & L TR b T HHULARL
BTG mg = 1.62x (blank {HEfE —RBRFEM) T
H5.

B. {AlgiEf o amylase %

W AR & BT & AR L7e Db, Rk &bk
122 T Somogyi Nelson #:T amylase {514 % Hl7E L
Tk % Table 1 RT3, EEIEHERZL, 20

Table 1 Liberated glucose pg per ml of body fluid

using sacchrose as substrate
(Somogyi-Nelson method)

Sample glucose pg/mg
supernatant 4.8
supernatant 4.2
sediment 1.2
sediment 1.0

amylase X FESHEICBITTs b0 EEBbhs. 72 F
LS iz X v AR LR ehER % Table 2127325, Lk
W 1ml 2 ) 3mg FiIEOBEICHE (glucose & LT) DA

*1.2g OB Merck §) Z/hEOKICEREL
50 ml OPEARTICHRLICMZ DL, 5 yRETH LA
4% pH5 @ buffer 25ml # X U7k &M% T 100ml &
5%

Table 2 Reducing sugar produced by body
fluid using starch as substrate
(F. L. S. method)

No. glucose mg
1 3.56 mg/ml
2 3.24
3 2.92

EAHIE Sz B, »TFhd 3045[ @ incubation
ThD.

C. amylase OME

1) amylase »FEjE pH

pH 3.5 iZ lactate buffer,pH 4.0~5.5 {Z acetate buffer,
pH6.0~8.0 iZ phosphate buffer, pH9.0~10.0 % ‘borate
buffer %\, Wb ARERE O amylase DFEE pH %
A VB & VT, Somogyi Nelson # & FLS
THIE L L5, Fig 2, 3 it & 5ic pHSKHE

100

50

4e0 5.0 6.0 7.0 8.0 9.0 10.0
v
Fig. 2 The effect of pH using starch as substrate
(Somogyi Nelson method)

Iz peak BA BN, FTOEM pH 13M5.0 T H oz
Fea— FIBERIZ X Y, i a-amylase & T pH
ZH#EET % 2 Table 3 (23t 2 &  Wildy amylase (% pH
5TicE®E pH #H L, Ziuk Bacillus, Rhizopus
BIO Aspergillus @ a-amylase L [FUEE pH 2F
T5Z LB LTz,

2) amylase D%ZE pH

RRERE & 4% pH Ik buffer )B4 L T 30 43H 37°C
THELDOL, HELIERASEERE Table 4 T
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o RTH, pH 4.5~9.5 0T BHEEH X BET o7k
2, FHLSLo pH 8 THEERSBEI L. L
H3-0 T R D {KfEIE amylase @ %€ pH 1x & b
pancreas <PMEJ% D amylase IZFHEL L 7R % SR L7z

3) amylase OZEERE

R > amylase DEFRE &K 572, 20~60°
C T incubate L7205 FLS #:ic kv AplBThE 2k
kiR E Fig 4 (@R3237°C MhEIC 2 O RSHRE

50

100
3.0 ho 5.0 6.0 7.0 8.0
»H
Fig. 3 The effect of pH using starch as
substrate (FLS method) 50

Table 3 Optimum pH of amylase

Enzyme Optimum pH
Bacillus dextrinogenic 4.5—6.0
” saccharogenic 4.8—5'2
Rhizopus delemar 3.5
” niveus 3.5
Aspergillus niger 4.9—5.2 20 20 4O 50 60
1" oryzae 4.9—5.2 . ]
% e— 5.4 Fig. 4 Optimum temperature
Qospora 5.6 EHETAZ ERHHALE
Malt 4.7—5.4 4) Cl—’ Cattiz k 5%@
Pancreas (Human) 6.9 g =& d
Pancreas (Pork) 6.9 {A=% % aceton dry powder & L, ZH#% ion ex-
Saliva (Human) 6.9 changer ZH\T Clr&frE L. ZOXkERE, £H
Ascaris suum 5.0 i
RIRHEKICER LI b o 0WlEIc 2T Clmic & 5 38
Table 4 Stability-pH of amylase Table 5 Effect of chlor ion
Enzyme Stability-pH Enzyme Cl~Activation
Bacillus dextrinogenic 4.8—10.6 Bacillus dextrinogenic +

” saccharogenic 4.0— 7.8 " saccharogenic -
Rhizopus delemar 5.4— 7.0 Rhizopus delemar —

” niveus 5.5— 7.0 7 niveus —
Aspergillus niger 4.7— 9.5 Aspergillus niger —

" oryzae 4.7— 9.5 " orpzae —
Endomycopsis 620— TD Endomycopsis —
Qospora 6.0—10.3 Oospora L
Malt 4.9— 9.1 Malt i
Pancreas (Human) 4.0—11.0 Pancreas (Human) +
Pancreas (Pork) 7.0— 8.5 Pancreas (Pork) H
Saliva (Human) 4.5—11.0 Saliva (Human) H
Ascaris suum 4.5— 9.5 Ascaris suum =
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Rt L. ZOfEE% Table 51Tk L7cas, Rk ®
amylase % Cloic k> TESEMEL S e, WRITHEBR
% EDTA W+ % LIEMRERICHET S Z L b,

lz%f LT Ca** {x Table 6 iz7"3 10 { 1R

Z ® amylase

Teble 6 Calucium protection of amylase

Enzyme Ca** Protection

Bacillus dextrinogenic
” saccharogenic

| %

Rhizopus delemar
U niveus

Aspergillus niger
" oryzae

Endomycopsis

Oospora
Malt

Pancreas
Saliva
Ascaris suum

S B P RREER

ERZFT 0L Ebhb. Rogers HITIKIEA D am-
ylase DREEAFEF bV 7 AIC X5 activation L

T % BRAREH O A3 EM pH X Y T U TREEKE
F h U ¥ AD activation [XEZ bRV
5)  SfRERY B X OSREREE X D A7 amylase O

HE

EiEHE D amylase |2 X % 3 fi#4ERk4) % paper chrom-
atography {2 £V, fi® a-amylase, S-amylase 3 XU
glucoamylase &Mz L7z. Z DfER%E Fig. 5, 61T/ L

“ieeno o P @
N Y

B L 1T Y

2 1 2 3 s r # 3 %

Taka anylase A [-azylase Glucoazylase

Fig. 5 Paper chromatography of amylase
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Fig. 6 Paper chromatography of a-amylase

. BakEPD I BARI - FREERLLZE, 2&
Eb*ﬁ?@k 5, 3ERNWHME, 4FANEALED
M TH»D. Fig. 5, 6 DAMTAFE LTS E ¢l-
ucose » maltose @ spot T 5. [-amylase |X HHIH»
5 maltose DERAH BN S5, glucoamylase % gluc-
ose DHERKT H. a-amylase [ZHIH D FRAD K T,
maltose 1%, ZHI VA, FOHKEIC maltose &
glucose A3ERET 5. RO amylase 1%, F— MR
F0 5 Tl maltose, glucose (378 LT, a-amyl-
ase T3 5 B. subtilis %, Pancreatine &[EU X 912
BT % at randam ICHYWTFT B L5 I Bbhs. £k
paper chromatography D#ERIX, Zh 5D a-amylase
LIFLALAERETRT O LR SN S.

WICARIRIR amylase 12 X % R GMRERMEZ, ZD
paper chromatography 7z 50Nz FLS & Tauber Kl
einer # (LI T.K. HELRET) L ol S5 &
Table 7 iz753 X 9 7 dextrin & maltose THY, E b

Table 7 Hydrolysis product by each enzymes

Enzyme Product

Bacillus dextrinogenic dextrin, maltose

” saccharogenic glucose, maltose
Rhizopus delemar maltose

” niveus maltose
Aspergillus niger maltose

" oryzae maltose
Endomycopsis glucose, maltose
Qospora dextrin, maltose
Malt dextrin, maltose

dextrin, maltose
dextrin, maltose
dextrin, maltose
dextrin, maltose

Pancreas (Human)
Pancreas (Pork)
Saliva (Human)
Ascaris suum

Table 8 Limit of hydrolysis of amylase

Enzyme Limit of hydrolysis
Bacillus dextrinogenic 35%

" saccharogenic 70%
Rhizopus delemar 48%

" niveus 48%
Aspergillis niger 48%

" oryzae 48%
Endomycopsis 50%, 97%
Qospora 37%

Malt 38%
Pancreas (Human) 45%
Pancreas (Pork) 45%
Saliva (Human) 45%
Ascaris suum 50%
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¢> pancreatin “PHEJE amylase 7% ¥ D a-amylase &¥f
PILTwB RSN D. —FHZ D amylase 1T &
BHKRSIREDOIREZ <% L, Table 8 TR+ X 9 izl
BTt LTIRA 50 % D 5% =3 ic k£ Y, o a-am
ylase L IZIFERUHEENEONZ. KSERLI—F
BRRIE L ORI, Fig 7 IR LED, ZORE®D
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8

20
80
70
60

40
30
20

10
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Hydrolysis Degree,%

Ascaris suum amylase

Sus scrofa pancreas amylase
Sus scrofa saliva amylase
Human saliva and rat amylase

Malt amylase
Bac, subtilis amylase
Taka-amylase A

——— -

Fig. 7 Relation between iodine color and
hydrolysis degree

3, i i A fEi% @ amylase |X pancreas <° saliva @ a-
amylase & [FRRAME ZRTZ 2B L7

6) BT X BAWE

a-amylase [ZBHHC L VHEFEEShB L Vb EDT,
%3 i o fRRRHE O amylase oW, BB X B%
EERZITOR. Thbb ERRICAEBREZH30%
LhBX A, 30 HMEHR LD, BLTED
BB OEEEZRIE L. Z ORI Table9 iRt X 5
Iz, {KEEHE amylase |X, i a-amylase & [RU <
I Sz, —7F B-amylase X° glucoamylase 1%, %%
EEIRBEVEVDRATWEDT, Z @ amylase | a-am
ylase L Bbhb.

7) {KiEjE amylase D glucoamylase {HE

fkl&i% amylase OSYFRERY) L LT, FiC <7k
51z glucose 2338 5172 DT glucoamylase DHFEFEE
BEVRODERZIT O
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Table 9 Starch adsorption of amylase

17

Enzyme

Starch adsorption

Bacillus dextrinogenic H
" saccharogenic =

Rhizopus delemar
” niveus

Aspergillus niger
1" oryzae

Endomycopsis

Qospora

Malt

Pancreas (Human)
Pancreas (Pork)
Saliva (Human)
Ascaris suum

P

glucose mg.,=

Hydrolysis degree %

w
i

F.L.S.

50 1

4o 4

30 7

20 A

10 7

Enzyme units

Fig. 8 Caliburation curve

¢ 37¢, 30min.

T T T T
20 4o 60 80
Enzyme units

T

100

Fig. 9 Hydrolysis degree of body fluid amylase
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0.5 %¥stERGTElE, pH 5.0 @ M/20 acetate buffer,
BRUEEREIEZ 37°C T30 SHEHE®z0b, F.LS
e T.K ECXVHEELL. ZofERIE Fig 8 TR
T X5, TK HETRIEESED ORT, SMERY
% glucose DARTHEWI EARHEPALK. Lied>T gl-
ucoamylase DFERFBEEINS LD EBbiIL5.

8) ESRHLAL L Bl o iR D B R

F.LS. #icky, BERHEMLBHERLO BEREZRD
7z, Z OfERIX Fig. 9 1T/R L7z#3, B-amylase &R 3
/J}ﬁ*ﬂﬁn‘ﬁﬁ‘ EBohiz. B AKX B-amslase 1T X 54
i Aiiih S

protease {EF

i i A5 protease iEMEZRTZ L%, §TiC Carpe-
nter & (1957) °—# 5 (1959) @k VRESh TV 5.
¥7-Z @ protease |%, i@ pH 1 5.0~6.0 IcH D,
catepsin & protease THH 9 L BT 525, {KiE
{8 D protease FEIEIZ DV TR EEHAR 6. £Z
TEH AR D protease IHHED JWEZ KD X 51T
HTHIC.

WIEE -

1) Formol #:1 9% casein & Mecllvaine buffer MDjE
% 5 ml Iz i (3 f5MF) 1.0ml 20z, 37°C 2T
2, 6, 24FFRIfER &®, Z01ml 29 s~ Y v
0.5ml Hichnz, M/100 NaOH THIEF 24 % $HE
+5.

2) Folin #:

19% casein & Mcllvaine buffer ®iEi% 5 ml 127
fRIEE 1.0ml i1z, 37°C 12T 2, 4, 6 R EA &
¥, 0.4M WY 7w — ) LEEEE 4.0ml A0z IEET
3. JEW 1ml i20.4M fREEF ~ Y 7 4 8ml, Folin 3
Fiml #hnz, 2047/ 37°C THRE S EHHIEZ 660mpy
THAEERT 5.

A. KR o protease JEME

Z OFERT Table 10, 11ITRT X912, WTFhoH
TEHE T protease {HMHIX A O L2 D7z.

Table 10 Protease activity of body fluid
by Folin Ciocalteau method

pH of substrate

& 5.5 TS
Blank Reaction Blank Reaction Blank Reaction
2hrs 0.115 0.118 0.110 0.112 0.110 0.108
4hrs 0.111 0.115 0.110 0.115 0.100 0.102
6hrs 0.120 0.120 0.120 0.125 0.110 0.105

Table 11 Protease activity of body fluid
by Formol method

pH of substrate
5.5 7.5

Blank Reaction Blank Reaction Blank Reaction

2hrs 19.45 19.45 9.12 9.15 2.58 2.58

6hrs 21.0 20.5 9.40 9.45 2.80 2.75
24hrs 21.20 21.25 10.00 9.90 3.35 3.20

blank OfEAE <, AIEEFICIZLED peptide 2377
ET3L0LEbNBDOT, KEKEF D peptide & T.
C.A. L 0%, Folin Bz HIELE. =
JEHE % Table 12105472, £S5 D peptide 23FEFEL,

Table 12 Determination of peptide in

body fluid
TCA mol Peptide absorbance
0.2 0.420
0.4 0.335
0.6 0.212
0.8 0.160
1.2 0.085

T.C.A. JBENREL I 5IT L= v EELET 2 2 L
A L7z,

—F 5 (1959) 13 fAfEHED protease Gk % WG L
TV, EHE, ThickKL, BERETHD. T
DFERIZ OV TIE, % 112 Marvin, Reodes /N 573
4 LT\ 5 trypsin inhibitor, chymotrypsin inhibitor
NEET B2 L. 2124/ D peptide BFET H7cd
RS O RIEHE A ST PIZ B\ T, proptease 22T H
Llicia sk 5Z L. &3 ICHBRIRD protease
FHEEREMEEZ AL, casein A E IIXMEAL I wZ
L, ¥z protease JEHEN /NS L, SEARMIC K
ek o peptide ZAFNTIR~72 X 5 IHEH TE L, For-
mol #3 L U° Folin B X BER FRElc LT vwaix
LoEREZONS. FH20HABAL LTHRRZ LT,
BRI 27 ) OEEAR 63 Z b LI
ahs. 753 OB L LT, Flury e al. (1912)
PR T B8, MEH AR D polypeptide SRR %
BIET AT v ki3 ELERT 2%, 74 7Y vigktL
TIREAPEETHZZ LAELLL—BGREINS.

WFRIZ LT H RIEIE T protease HIFEIZIE inhibi-
tor <2, §%® peptide & protease D4yffE7n & DOULEE

PRED LD ICBbh 3.
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1) EdBAiEiE EE L TEOLRE B o
FERBFET 5.

2) Z @ amylase XD B a-amylase & 48 A%
FEEAER—ThbY, LHADT aamylase &Ebh
5. ZOEHE pH 1%, FHEEWM: a-amylase 23 pH 7.0
BhEIiZ®H B Dizxt L, & @ amylase 1Z5.0f5ET & D,
%7 pH 13 4.5~9.5 Tho7c. Fic Clic Xk » B
Sh, Catt it ko TIREERZRT 3.

3) protease {E41Z Formol ¥, Folin #EDWTFHIC
IOoTHPEEN LD, ZOFREICOVTIE try-
psin inhibitor, chymotrypsin inhibitor 7z & DK%
z2 b3,

B
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ON THE ENZYMATIC ACTIVITIES IN ASCARIS BODY FLUID II.

YosHio HIRAOKA
(Department of Parasitology, School of Medicine, Gifu University, Gifu)

The previous report in which the author (1964) demonstrated amylolytic action in ascaris

body fluid, dealt with no details on its enzymological natures. The present work is an extension

of the previous one in an attempt to elucidate them. The results obtained were as follows :

Y]

In ascaris body fluid especially in its supernatant amylolytic action similar to that of

alpha-amylase found in vertebrates was demonstrated. The pH optima of ascaris amylase was

around 5.0 while that in vertebrates was around 7.0. The action remained stable when incubated

in media with pH ranging from 4.5 to 9.5 at 37°C.

It was activated by Cl- and protected by Ca**.

2) No proteolytic activity was detected in asearis body fluid by means of either Formol

or Folin methods.
in the fluid.
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It is presumably due to the presence of trypsin and chymotrypsin inhibitors





