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Studies on the formation and secretion of amylase

by Aspergillus oryzae (Part I)

- Yukihiko Nakamura and Shiro SUGAWARA

(Department of Agricultural Chemistry,

Faculty of Agriculture, Hokkaido University)
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Amylase o ERESZEL <X BHC#EOn08E
DFTHIL T S,

L.E. Hokins (1951) 2B oIS 20 5 BB
e, glucose FFIEDMAE TS b HD amylase 4=
BOSORARDT 7 BEERL %, ALM
MR T o BRYETIE, HTE (19564) ST k5
L2 Asp. oryzae G, maltose LIS oRIEN
TR OBNS Z 0 b, BEHIERETS S EL,
EICAHEE, BRoBECoOSHEL, iz P. Shy
&9 (1951) ¢x Asp. niger OBCHIEELIFEL T
VWhe LLEAREED(1952) I X % ¢ Bac. amylo-
liquefaciens jzjAcix glucose, pyrvic acid, sue_
ciic acid 3 WhcREHETS b F BEE ORI
SHRRERD TNV EHE LT b,

Sy Asp. oryzae ok homogenate jZ ) %
S B PRk oE E o R Y R o THE
T 5

i

x B B R
BBMHERU L
T3 BT B DD S G 540 <, glycerin
RSEYR &+ 5 -SpUEHNC A Cisgh & amylase & 2:ps
U7\~ St amylase % 4% YR homogenate
BT, HERYED 5 o i Ui,

* RO EREIERCET s HE G-
B QL RBSNER RS E

17 41 glycerin 30g; NH.NO; 5g; K,HPO, 2 g;
KCl 0.5g; MgS0,-THO 0.5g; FeSQ, 0.0lg /¢
LI EETH IO ThH Do T ORI TREE T
2ece ZERML, 80°C cy 50 MflilEsa+ %,

Bifk homogenate |3, W THSEIA% HEOME
KIZCEEB L, #510%: Waring blendor (=3, &
NEBEKER L 2l o2 HH Lz,

SHERHHT—2T, 200ce =f47 5 % 2/ homo-
genate suspension 10 cc (858 & L<¥g 50 mg); M/
16 gkt 15 cc(pH 6.8) RUHERT~&WHEE N L
&% 30ce &L, 30°C, 24BpHifto, 24 IS
B, [8%%% sheEESR(exogenous enzyme) & 1, BifK
EAKERER T ¢ > o THRSLIR L M/10 EEERE AT (PH
5.0)10 cc CHE L REFSE (endogenous enzyme)
ELTHVW%,

amylase YEF OHIBIIEEKE b ce; 125 sol. starch
10 ce; M/10 Eiteiemng (pPH 5.0)10ce oW X b
10 ce & & o [ (40°C, 30 43) FiEDOBITHOE Y
RDBo WoOMIER/ I, HHED IZ & % Somogyi
EHEA R\, amylase oM N/20 NaS.0; of
ERTHEb LU AIbHUBORRER ORI ATIRI LR
5T See BUSEMRIC X% N/20 NaS.0; fielo 6
55, PIEBESRIR 2 fE LR & D TFIR L,
EERIEE ¢
§1. EERUESSEROTE

RO AR maltose KX sol. starch LIt
KERSLA-ELR). IFIREOE 2 EH
W% ¢ Jodoacetate o ¥RINIC X b BEOIE
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B R E

BElx HEREERUCTHEEO amylase

BRI

B OoE OH
| exo. “ endo. | total
glucose 2.34 0.18 2.52
fructose 1.20  0.04 1.24
mannose 1.08 0.06 1.14
galactose 0.90 0.16 1.06
(none) 2.64 0.20 2.84

g
exo. endo. total
maltose 16.80 0.66 | 17.46
cellobiose 1.80 0 1.80
trehalose 2.16 0 2.16
sucrose 1.68 0.26 1.94
lactose 0.24 0.08 0.32
(none) 1.4 0.18 { 1.62

(hs%E# 100 mg)
B2k FIEMFILCERHEAD amylase

2R
EFREFEE
l exo. ‘ endo. i total A
maltose 28.20 | .02 |31.22 | (100)
acetate 5.28 | 0.98 | 6.26 | 20
oson 0.90 0.14 1.04
osazone 1.32 0 1.32
bionic acid | 0.54 | 0.06 | 0.60
(none) 0.60 0.06 0.60
Btk
; exo. ( endo. ‘ total : %
sol. starch | 24.54 ' 0.78 '25.32  (100)
acetate | 450 0 4.50 18
butyrate | 1.86 | 0.10  1.96
benzoate | 5.46 | 0.26 572 23
(none) { 0.66 | 0 l 0.66

(BB R H © 44 100 mg)

SfEriH Ly amylase o&Epe < HHIZ R
WD T ERVESRL VELLE AL A
AL 5, BT, BEIC X 05N EE ST
BERERORMC X oCd, EFFE TR acetate,
BT acetate, butyrate Jz0¢ benzoate iz AT%

Tat
30

20F

10

0 0
4 8 12 PN 24
O glucose; x maltose; [] sol. starch.
— T 17— EVEE; B
BIR BWHBRLT 15— CvERRE OBF
i il
mg

100
X

5

1256

0

T =
BEEHEIK L U,
Jodo-acetate M/100 #r#e,
2R Jodo-acetate o 7 1T B NG ER
L7 37~ EER L OBE
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hEhd 2BREERNEIRD bhi(E2H),
§2. HHEAED amylase £pERE

B3R HEMRO amylase EEFHF

exo. endo. total
pyrvic 0 0.02 0.02
suecinic 0 0.06 0.06
malic 0 0.02 0.02
tartaric 0 i 0.16 0.16
citric o | 0 0
acetic 0 [ 0 ! 0
(none) 0 | 0.16 - 0.16

(F#Es#4 Na-# 2 LT 100 mg)

E4X maltose FEfEIZ 0 2 AR D
amylase 2ERGIC RIT 58

exo. endo. | total 2%
pyrvic 31.80 | 1.64 33.44 | 82
succinic 38.04 | 2.24 40.28 | 98
malic 13.20 | 0.50 13.70 | 32
tartaric 44.82 | 3.52 48.34 | 118
citrie 38.28 | 1.60 39.88 | 97
acetic 47.40 | 1.44 48.84 | 119
(maltose, only)! 88.28 | 2.64 40.92 | (100)
(none) 0.90 | 0.24 1.14

(maltose 100 mg; FH#rr# Na-#2 & LT 50 mg)

A58 3 Fc i 210 < sy Krebs’ cycle 24 %
N5 X5 AR EETI: amylase EROHD
FH & 137 B, amylase 2UERINESD X 5 S
B-CiE (38 458), tartaric K¢ acetic acid (&gt
%% malic acid (3R EEBEHIE IR T & & 234D
f et
§3. 7I/EBRUEEED amylase £RICEIFT

=7

casein OEEMIKGEHREDT ¢ 2 BRR-GH (L-lysi-
mne; L-histidine; L-glutamic acid ; DL-serine ; DL~
valine ; L-proline; L-leucine; L-aspartic acid; 1-
phenylalanine; glycine; L-asparagine; L-tyrosine;
L-tryptphan; L-alanine; DL~isoleucine; L~methio-
nine; L-arginine; L-cystine; DL-threonine) % Z%/&
LT amylase B BRShT, 73
7 BEHOBEITRCHRBE TS S, amylase o2k
TS X 5 AR T (B8 5 3%) cysteine »3
#4930 22 HHNT 2 LIONIBEIR LD it s

EHELTE X7 b 0BEd 6K T 8B
LD RTEH D7,

#m5% maltose ARG ST ¢ JBEUT
: ) BiR-aoamylase BRI RIS T RS

exo. endo. | total A
L-lysine { 61.38 | 3.70 | 65.08 | 106
L-histidine 55.98 | 2.82 | 58.80 96
L-asp. acid 61.98 | 3.94 | 65.92 | 107
L-glut. acid 60.30 | 3.56 | 63.86 | 104
L-phenylala. | 56.64 | 3.00 | 59.64 98
glycine © 57.80 | 2.96 | 60.26 98
L-tyrosine 54.72 3.60 58.32 95
DL-isoleucine 56.50 | 3.28 | B5B8.78 95
L-arginine " 56.64 | 3.34 | 59.98 | 97
L-alanine _ 54.60 | 2.88 | 57.48 93
L-cysteine © 41,34 | 1.32 | 42.66 69
amino acids . 61 78 | 4.60 | 66.38 | 108
(maltose, only) 58.56 | 3.00 | 61.56 | (100)
(none) 1.74 | 0.26 2.00

(maltose 100 mg; 7 3 » E 30 mg)
%
E6Xx EHERU~N7F . © amylase
BRI RIS R

exo.  endo. total

Egg albumin 4.08 0.16 4.24

maltose + egg albu. 33.72° 2.16  35.88
maltose 4 peptone ~ 35.22 1.78  37.00
(maltose, only) 40.74  2.40 43.14

(none) 3.42 | 0.14  3.56

maltose 100 mg
. {WEoBA 100 mg
(’%E‘Ew’““’ “{am s 50mg>

§4. WFpia> amylase RIS T 3 BERUHME

EEEREDBE

Wi amylase RS RIETGE L LTS
BoOBEST 5 REMET L PHOEE LR BT
F KU 8 ) .. DNP, Jodo-acetate, Na,;HAsO,, K-
AsO; o, KiAsOs 239 b < B e 40 LIERE
M/30 e 3x10-3M o¥RImC k b 60253 &
h, W5 ke K;AsO,, Na;HAsO, o
524 amylase Qg EHIHT %5, DNP dFEEET
WEME T S X b F 2 miix 3x10* M Gy 50 22
- %95, Jodo-acetate (235 2[R i 37 Licin<



26 B AREEEHRE

MEWER RS by, oL A0 D {EER LT
%o Ein, 24 BREENC AT L EfA homogenate E o
i amylase HEROIHFWEHOXE %5 4 01T &K
FLC% (7 BRI amylase (22 < RS
7)o
Amylase Zpiaiie 15 Jodo-acetate =jd
TiE, HARBRLIMRIOL oL TRkEWERRL
Tw5BH, Lin LT B L bh 5 X&FED
HE: DNP, K;AsQ;, Na,HAsO, &[EZEciigs
h<Tkbh, Lo Jodo-acetate iZiA-ciEd i< H4E
ENRTWEEEIR). HkEIFRCHRT 24 KEHED
BEIED LOEEEFRL TS 3085525
3¢ maltose ¥ LCEELEBETS S,
2 7% DNP, Jodo-acetate, K;AsO;, Nag
HASO, @ amylase Epticsi+2%E
& (HERE M/30 friols)
[

€xo0. Eendo. \ total | A %g“‘
(none) 1 1.62|0.22 | 1.84 76°
(maltose, only) . 43.74| 3.20 |46.94 (100)| 76

DNP{ 3x10-*M 41.52| 3.38 ({44.90| 96 | 72
1.5x10-*M 43.68 | 3.36 [47.04 | 100 | 78

Jodo- { 3x10-3M 53.10(10.10 |63.20 | 135 | 82
acetate|1.5x10-°*M 51.30| 8.54 {59.84 | 129 | 84

Na,H { 3x10—3M 42.12) 2.62 (44.74| 96 | 69
As0411.5x10-3M 47.94| 4.00 |51.94 | 111 | 78

$x10~5M 16.20| 1.66 17.86| 38 | 57
KAsOs{y 5X10-+M 4140 | 4108 |45.48| o7 | 66

(maltose 100 mg; BimsiE M/30; fifafs 52mg)

& 8% DNP, Jodo-acetate, K3AsO;, Nag
HAsO, amylase Z:giic 5+ 2 B
(BRI S 558)

exo. endo.| total | 25

Bk
&

DNP 3x10—4 M| 5.82 7.06/12.88| 52

Jodo-acetate x 10~ M| 11.94/13.80 25.74 105 | 58
Na,HAsO, 3x10-3M| 3.18] 0.38 3.56| 0|38

g

K;AsO;  3x10-9M| 2.40|0.28 2.68| 035
P g UM 40.74| 2.40 43.14 61
(maltose, only) 15.48 9.06 24.54 1100y 68

(none) 3.42( 0.14 '3.56 | 51

(maltose 100 mg; Bemptisy L; 6500 Btk 45 mg)

T RLOEBFE Y o WilklE» amylase iz Eg
ST L LIEBON TS DA, RICHERETRE & 45k
L OBRIC DO WTRE L COBEYSEIRELVES

#93% DNP, Jodo-acelate, K;AsO;, Na,
HAsO, o X 8o mE

] WO | B W
DNP { %@mg’é% 97,1 8.7
—4 '
8x10M| % j01.3 87.5
Jodoac. { " %%— 100.4 72.9
-3
Sx10mM 99.6 | (139.1)
Na,HAsO, { " %\g» 100.4 47.0
-3
8x10M 0 1024 93.2
K;AsO, { " 3—1% 114.2 (117.9)
-3
Sxigm=My Y | 1Ll | 2L
M
% w { 7 o] 100.8 52.7
« 0] 101.8 71.2

4 RiZTTo B3XcR <k incubation flask opy
23z homogenate-maltose-phosphate ¢%oT, ¢
DS ETBEEOUREET L M AERERITE D L,

PSRN T\~ %, #L T total amylase %
1/45 M oiEREIREIC AT peak value 3551, B
BRiE T o < IR U7zl 30 22 ZEgisfK T LT

EXO.
TOTAL
25

x 10—2—~M-Phosphate
#% : maltose 100 mg.

BIR HMEBEOT s I - EERCRE
% (1) buffer ¢ LT phosphate
DDA : .
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EXO.
5 TOTAL ENDO.,
TOTAL —D
o —
A
& gxo

30f
- x 18
a ENDO. o x--="
%= 14
20 Ve
x-*’ 8
x° Absence of citrate (EX0.)
or s ; (ENDO) 12
a
11
'0 A i n
10 0

20 30
x 10-3—M-Phosphate
2 . maltose 100 mg.
Citrate i3 citrate-NaOH(M/10) buffer
ELTHHELE,
AR BMEEE0T 5 - CHERCKE
3 8545 (2) Phosphate + Citrate o154

20 ¢

10}

7
pH

g : maltose 100 mg.
pH % final pH.

BER 73~k pH olE

% (k32 oigd, final pH [ 3IsEBEOEL £ 5
BETLEENIZAC pH 5.1 T35, CoRE
@ pH T8 5 ®iTx7 Lcin amylase 4573
FREE D)0
SARDIC_LEIORBREM TR, BREOIREE TR
I D S B HE F LT 5 2 LIEE Do

F % flask oROBEE T —BICT 5 1 DI R
EORSEY M/10 citrate buffer cfocC®5 &,
HARCR L i BEREOREOMER X 5 E0NE
125 EEAZS R Tds citrate (3 3 FR
CEAFR X VLN amylase zgicsd L
%ﬁ%%éi’ﬁ? X PR

FRORIC, CHOOEBIEEL 0 Z 2, amylase
O 2R & ST IE D 8 CL A medium o
BENRCERLTL 5 37Tl %, €T
—ff] & L CHEREEEY —EIC LT, ChICEADOR
o KCl %L ico amylase o4&tz s
WE ORI 5 6 R L, Bl KCl BEo
RCBHERCGE SN SBERENERL, BESRE
T BITHECLWh B b SRR, kel T
KCl #8m » c R EIRHAL T 5o

EXO. ENDO,

Z2 : maltose 100 mg.
Phosphate M/30; pH 6.8

O LML 7 I 5~ ¥R & oEfF
(KCl g onE)

% ®

PEEOWEISHIERY, FORERINDEEFRIZX O
“attack” IR BNEFHEOFET HRCERS RS
L—RNITE L bh . EELORREIICR T,

.
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amylase DI Lid/z HB7%\ maltose HEE &7
BB amylase fERgHESH L, Ho glucose &op
BpEs, A-glucoside #4% 43 % cellulobiose, e~
1, 1-glucoside #t& o> trehalose, X Khio sucrose,
lactose [CR-CIRERFREIRD bRV, CofER
{335 homogenate = } % amylase it o1, 4~
glucoside linkage 12383 2 SR L Z XL b b,
M amylase TOWTHEIH NG & Z 5 TED
glucose, citric acid, pyrvie acid 3 amylase =@
OO Eh I RFEFTE S LEATHBD, FH
ZRETT Krebs® cycle 28 % h 5 5 EHIBRE L
T3 7BR BHEZIT N b & EEEEY ALk
L.

weo>TieE homogenate |z )}z amylase Ao
7B ORFBIITER 5 = F L ¥~ & LCTR7 < %
80 linkage ZEFT5 3 0BT S C L5
b5, CoOZ LRI LRBET Y oSN INE
72\~ maltose B U OBz AT amylase %
ERELBDBIDNRELZENRLEIRELS.

F 7z, jodo-acetate Dfn<, R IFPHEE Lin\ hiHE
DOIEETIH S W B854, jodo-acetate ¥R 7w
oI LT, amylase B AEN DL, BHTD
T X 0 FEBE B R CO SRR EELDS
5L DT, #E homogenate RTIT, SEIEE
DEFFEHER X 01k, TR ODELEF DL oDt amy-
lase ZERUICE#EMBEIRE G L5 LB,

RICHETET 3 VBRICT & 7 BERATERAINT LA E
amylase ZERITEE L RET, cysteine (3B S5
BEEhED B 5% T T ¢ 2B < L QTR
T 75 ADEBI T, CoHEX b, AR
BRI AC, amylase BENIIRETR(L-SH5 5
P AWM I oW E e &2 b, Fiz,egg
albumin OIS HEEE S bic ~7 b v EETEL
HERVETELDH TS, ChboEXh, Bacls
S T2, KA i: amylase o
precursor & h\ 5 NFEEOREEREKIHLEL, &
D DHs e-l, 4-glucosidic linkage 243 2HEG L
OEANT X o amylase ¥ LCEMEBCHUWIRT
HHIDEEZ LS.

DNP, Na,HAsO,, K;AsO; %3 amylase g H
EFEL, BBEOMRS DR CRHIED CHEE T HEE
FARTC L DBRBRMTE» ORER L OB
BESCBIRENS. Lol jodo-acetate 237:8%
YER &3 ST HORI=# 0 AR A K TE LH T

BT b3 T, Fe < ik oxidative phosphoryla-
tion ¢, MR EEL V53D EEL LR
%o 7ti5 amylase (3 CO; Sfdcire £Ksh
72\

Kz, FRTITPERE oML amylase DR
{HET 5 25 TS S, BREED IZL5LE
MEOBE, WY 5 20 e &I LoWE:
HHEME O L 27 bR EEHEL TV 5, 4
L34 homogenate 7 %3EELEDEERTCIIHR
B ML S LBE T ERBICERR ., s, B
Eatais amylase ERURBHSET 5 & & 2340, Ho
veronal buffer % Fi\v iciE&icik citrate buffer »
[Flg% amylase ERIRFGTED, THhHLDEL D
2 AT HERIEN: amylase fEpIZBESIZ S B A A
FHZBHED & D THG LB, BARITHC, &
By, ARRE M RE ORMSBRE O T 51z
TENE A 2R E T L5 0T, S5 IR RN
OEMIT X % amylase B OB D LE
b5,

tHRoFEEEEL T, # 3, 4 XX &y
amylase =gk homogenate @iz L Cu~5EEHID
PR RS R ERYET A LIEBELNTH Y,
ZIEE 6 i A C—BREEBtC R S h v b, BlbiE
B &hiz amylase HIfEINC W ENLEE, b5
FEERM OB OMBRED R L RS WEDPEN L
THD, CHIER L BBEESOERC ISR
B, PYHBEENN oS —BIZT 5 &, GiE
EHBC R L DR LIRFICHT S S, Ho total
amylase [SYRBEOCECERT b 5 0 LGWOLE
MR ERFC AR e R 5 3 0 & bit 5,

L3 i

1. 3P homogenate (= X% amylase Z:pRizix
BREEN & Ll w7 maltose LISNZIREpRah R
<, maltose FOBISOBEMRT b EREF S PR
B bz,

o amylase oAk ix -1, 4-glucosidic linkage
T 5 EIER TS 5,

2. ERERIIERT oS <, maltose Lok
TEZAC acetie J¢ tartaric acid (I{E#E1 malic
acid (35&< BHET 5,

8. 7 & /ERDEEFRIEIED bhY, maltose
AT L cysteine pRHET B LSS S E Y
A&, BEEEURT T I VB LEAKTS
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4. DNP, K;As0O,, Na,HAsO, i amylase 5%
THEL, BERE G ERICEET S ERHABMIL
7=, dJodo-acetate [ZRHEEL 7o\, HERIEIL Tiizlofd
SRR E LeN,

5. amylase o:piidEHIOPEIREIC KT
Eh, BENSRLS 5 LHEPICRESh SRR
DEIL, X, GWEE 5 LIZRRHCERE
RS S, |

X B

1) L.E. Hokins: Biochem. J. 48 (1951) 320.

2) HHIOME - ERIE - R RRPIERE T
(1952) 36.

3) HLME - AMAE=: 24k 28 (1954) 227.

4) P. Shu and A.C. Blackwood: Can. J. Botany
29 (1951) 113.

5) tAB—RD - UIARE: BRIy HOT A
7 (1952) 3.

6) JPhBRiEE - HBEE £4p 28 (1954) 171.

Summary

The mechanism of the formation and secre-
tion of amylase by homogenate of Aspergillus
oryzae *has been described.

1) Amylase was formed only when maltose
or starch was substrate. Monosaccharides,
and disaccharides other than maltose were all
ineffective. In some derivatives of maltose
and starch the increase of amylase content
was observed, though it was low level.

Consequently the amylase formation is ada-
ptive to «-1,4-glucosidic linkage.

2) Organic acids were all ineffective when
they were sole C-source. In maltose-contai-
ning media malic acid showed strongly in-
hibitory action, and acetic and tartaric acid
accelerated considerably.

8) The homogenate exhibited no ability to
synthesize the amylase protein from amino
acids or protein under the experimental con-
ditions. In maltose-containing medium, cys-
teine inhibited ca. 30 245. Other amino acids
showed neither increasing nor inhibiting
action, and protein or peptone reduced the
amylase formation. From above results it is
supposed that under the experimental condi-
tions amylase-protein did not synthesize from
the N-compounds of low molecular weight
and consequently that there exists a certain
‘‘specific precursor-protein” in the homogena-
te. . . -
4) Amylase formation was inhibited by 2:
4-dinitrophenol, Na;HAsO, and K;AsO;; and
the inhibitory action increased in absence of
phosphate. It seems that phosphate takes .
part in the formation of amylase. To supply
phosphate, however, did not increased the
formation. Jodoacetate exhibited no inhibi-
tion, while the sugar consumption was sup-
pressed.

5) The formation and secretion of amylase .

. was greatly concerned with the concentration

of substances in medium. In higher concen-

tration, to limited degree, the homogenates -
discharged more amylase in the medium than

the lower concentration. The total amylase

(exogenous and endogenous) increased with the

concentration, and it is therefore supposed

that secretion stimulates the formation of

amylase.



