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Abstraet

These experiments were performed to investigate the culture condition, characteristic of crude enzyme
;and the heat resistance of the acid protease by Aspergillus awamori U-3.

The results obtained were as follows:

1. The optimum culture temperature and time on wheat bran medium and defatted rice bran medium
~were 30°C and 72 hrs, respectively.

The optimum amount of added water was 100~120 % on wheat bran medium and 100~130 % on de-
fatted rice bran medium.

2. Of the these various ingredients, addition of KNQj, glutamic acid and glucose on wheat bran
medium and addition of KNO3, (NHy)2 SO4, glucose, lactose, KH,PO; and MgCl; on defatted rice bran
-medium were very effective.

On wheat bran medium, concentration of addition of glucose, KNOjz; and glutamic acid were 3.0~
4.0 %, 0.2~0.4 % and 1.0 %, respectively.

3. The optimum pH for the enzyme action was 2.4 %, the optimum temperature about 45°C and the
-stable pH range 2.0~5.0, The enzyme was stable below 50°C and was inactivated rapidly above 50°C.

4. The addition of CaCl, and CaSO; as the heat resistance agents showed the slight resistance.

5. When the enzyme solution added with the heat resistance agents (CaCly; and CaSO;) was heated
for 10~30 minutes at 60°C, their remaining activities were decreased largely above 20 minutes and The

"heat resistance effects of CaCl, and CaSO, were not observed almost at 80°C.
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Bty protease & fEHSHE pHol whel EeM:
protease, i protease, alkali f protease . 1}
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1. #R@% - Aspergillus awamori U-3 (kX
B R8sl REHEE)

2. EAEH ol ERWHE

okt 2= wheat bran medium 3 defatted
rice bran medium & f#F33lgE o
1) Wheat bran medium

wheat bran: 5g
tap water: 5ml

2) Defatted rice bran medium

defatted rice bran: 5¢g
:5ml

b gmE A BAde =f Setkad Y
151bs A 40 437 MERER HREE 185&F
AE3to] 30°C A A ma3sich. B FEEEEN)
W RS LU SRS 72 B S,
AR BAS EE Ll4= wheat bran 3} defatted
rice bran o] ¥3}e] FHAES 100% = 35l

3. MXe WM :

% $EEZ 30 100 ml o) EWAS Himst
Homogenizer 2 2 43R w4l 3o} BERE Milish=z
10,000 rpm 2. 2 10 7R BOSHES # REES
B oz MY

4. BEETH ME

tap water

Milk casein < BB 2 3} Anson-FK[F#H:16,17>
of uhe} BEREMS WESIETh

1) HBEBRK

Hammarsten casein & 0.6%7} = A Mcllvaine:
buffer soln. (pH 2.7)o] &8 A 715 5°ColA HE
A S .

2) Protease activity &] HIE

EHFE 5mio] 249 1ml & sk 37°C e
A FERESHA 10 4 KEAZ F 0.4 M. TCA.
soln. 5ml & fnéle] KRES hik A7z 37°C oA
20 30 MRS % MBS Z WK 1ml & B
33 0.55M NayCOs soln 10ml ¢} Folin reagent( 3
A 1mi & 3] & BES # 37°C o EHR
KHEAN A 20 50 BEAgch o] KEER A5t
660 my 9] FEo 2 WREE JESA

Blank = R¢EFE¥Eo] 0.44 M TCA soln & sty
BREOES HBAD % ki o] Emsla
WIS WEIUT. BFDHEE Blank 9] 30
A BEES BmEoz R

5. el &EHG

R w2 ERENS #EE FEE
A3t 24p5H 3-8 1208507 A RSS2
g 3te EEslg o, BER HAKRS] BEE ¢
7l Bt 60%ol A 140%7HA HkES Fe) sl
ERSG T, =3 £E BSS GmIgs =9
ER4gEd oAe BESE 2] 539 EREHR
F(0.2%), HESFFEA%), KFEHEQ%) 2 &
PR (0.2%) 5 FASEHO Hinste ZESIE o

6. BERel 54

AR BRIEM ®XAE REEAS 47
Bite pHe ¥, BEY B8, HEEHE, pH
FENE 9 RS WMEdE BRS BiEsid.

KBER o 3%

1. BEsRel &P

1) BRI B8

EFREE AT EEMSEFE BREES
WES SR Fig. 13 gov 30°CoA 728
EaFe] BES EHE veEddch Euwe
wheat bran medium 7} rice bran medium o] 4] My-
riococcum sp. O] ILREFRIS oF o] 144 BRjole}t
3. 3kl e, Ichishima 5092 36°C o] 4] 62~64

 B5ME SE3Es Asp. saito 9] protease EES A

F=d A4 FEsdz gz, 8098 Rhix
Japonicus $S-62 0] Ur|-E LMol A BBiLEm
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Fig. 1.
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oA 7kA HE= E-& HAgiel Himste 30°C
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s FAKES] B BI%EE 203 Ichishima £09
& Asp-saitoi &= 50~70 %) A protease 2] 4z ol
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120%9 #KEe] HEM S #HEtdEd &
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Fig. 2. Effectof the Amount of Added Water on.
the Protease Production
—(O— Wheat bran medium
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AA A3 BRI glucose & BEE 2] 5t

winsle RERS &8s Table 29 o] Hinfk
= 8.0~4.0 %o] LTk,

Ichishima 5492 Asp. saitoi &] protease 4z ol
RHEES oA e & BRe A gste
3 3glon, #ADL Rhiz. japonicus S-62 9] pro-
tease 2= 8ol fructose®V sucrose o] -l HF o=

Rhiz - oryzae 9] 79 glucose & Nzt #IEMo]

Qs agieh ol sharel HiskiRel Fhngsmel o
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Table 1. Effect of Carbon Sources on the Prote-
ase Production,

Protease activity (0. D.)
Carbon sources Wheat bran | Defatted rice-
medium bran medium
Sucrose 0.312 0. 241
tarch 0.284 0. 255
Glucose 0. 425 0.339
Lactose’ 0. 358 0.352
Myoinositol 0.321 0. 257
Maltose 0. 312 0.176
Galactose 0. 256 0.237
Control 0. 390 0. 261
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Table 2. Effect of Concentration of Glucose on
the Protease Production(on wheat bran

medium).
Co';fg;;a(t%x of Protease activity (0. D)
0 0. 390
1.0 0. 425
2.0 0.428
3.0 0. 450
4.0 0. 446

4) EHEFRES Ak

kgl £4& &M EFEFES 0.2 %4 Fhnst
o 30°C oA 72 B5R 1EET KR Table 35 7
2 1] wheat branmedium ) ) KNO; £} (NH,) ,HPO,
7}, defatted rice bran medium o] A} KNO; ¢}
(NHy) ;S04 7} #cBiye1 ¢l t. wheat bran medium
A A% EHFE KNO & sl Hinstd R
B HEFEx Table 49} 2o| BF FINBEE 0.2
~0.4 %1},

HREREY) FnRAl M HEE 2o Ichi-

shima 59L& Asp. saitoi, Asp. usamii 7} NH,Cl

Table 3. Effect of Inorganic Nitrogen Sources on
the Protease Production.

Tnotganic nitrogen Protease activity (0. D)
sources Wheat bran | Defatted rice
medium bran medium
(NH,)250, 0. 300 0. 340
NH,Cl 0. 255 0. 285
NaNO; 0. 240 0. 290
(NH,4) HPO, 0. 405 0.195
NH,NO; 0. 298 0. 245
KNO; 0.435 0. 315
(NH,) 6MorOz 0. 380 0. 210
Control 0. 390 0. 261

Table 4. Effect of Concentration of KNO; on
the Protease Production (on wheat bran).

o HInZ, Asp. saitoi, Asp. aureus’= NaNoz 9)
HInZ FAlE: protease o] A@sg EmAR Tt 3
et KfHkl 4 gkl KNO; 9 ¥
7t %3 BRI ol #UD] R X
m —Bstz Y

5) HHEERRS FmR%

£8 BHREREE &% 1%4 whoat bran me-
dium 3} defatted rice bran medium o} FEindle] 72
BR 3E3EE #32E Table 59 7o)
medium o] 4 &= glutamic acid ¢+ albumin o] SRy
o]glon], defatted rice bran medium o] A& %
RS el A ¢gtet, Wheat bran medium o] 4
BRSS! glutamic acid & EEH=Z FHindld &)
BREEMBEE 1%, #@X= Rhiz oryzae
7} albumin 3} casein o] N, Ichishima 50N
NHg-citrate 8} NHy-tartrate o] ¥inz Asp. saitoi
9] protease 4 S WINAZ T St z, BEA®®
= k8 BER sodium glutamate o] ¥hne alka-
line protease ] #4:@ES A WAz Gz J2E=
¥l KBk A = protease ZFES HHE I WmAR
o

Table 5. Effect of Organic Nitrogen Sources on
the Protease Production.

wheat bran

Organic nitrogen Protease activity(O. D)

sources Wheat bran | Defatted rice

: mediun bran medium
Defatted soybean 0. 350 0. 205
Glutamic acid 0. 450 0.183
Polypeptone 0.105 0. 095
Casein 0.130 0.183
Urea 0.135 0. 069
Albumin 0. 410 0.196
Yeast 0. 340 0. 261
Soybean meal 0.315 0. 255
Control 0. 390 0. 261

Table 6. Effect of Concentration of Glutamic
acid on the Protease Production(on
wheat bran medium).

Coﬁﬁrg:?;%gn of Protease activity (0. D)
0 0. 390
0.1 0. 398
0.2 0.435
0.3 0. 438
0.4 0.434

53?:;?3323 ((;ﬁ) Protease activity (O. D)
0 0. 390
1.0 0. 445
2.0 0. 381
3.0 0.326
4.0 0.314
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6) EREEY BnFE

£H SREET RS 445 0.2 %9 B
Sk 30°C o A 72R5RT 35S #5s Table 75
7o vl wheat bran medium oj = $HES B B
St o}t defatted rice bran medium o] 4] &= KH,
POy, Mgely, MgSO; 2 CaCl; &) iz RN
o, LIRS IS e STk 2 KHPO,
£ W|ime Asp. oryzae 9] protease o] :fEel],
Rhiz. japponicns S-62020) glola] NagHPO, 9}
NaH,PO, ¢ Fine protease 4ol BRAYe e
‘w], Ichishima %092 NaH,PO, 9] FEme Asp. sai-
Lo 8} M protease 8] EEe] 4] HRE 2
Skebz spvh ol Sixto] MmN MmsiRot
GEA L W% 2 SRS £R #HEEE A
2.8 Bps

Table 7. Effect of Inorganic Salt on the Produc-

tion.
. Protease activity (0. D)
Tnorganic salt Wheat bran | Defatted rice
medium bran medium
CaCly 0. 376 0. 300
HHPO, 0. 270 0. 250
KHPOy 0. 283 0. 350
NaPO, 0. 295 0. 235
NaH POy 0.273 0. 285
MgS0, 0. 309 0.319
MgCl, 0. 270 0. 325
Control 0. 390 0. 261
2. HERY Hi
1 pH 9 g8

‘Mcllvaine buffer soln 2 f#F3Y HEBE S pH
% BE pH 2 JEETY o protease 9 &S W
EE HEe Fg.35} 2ol KE pH & 242 F
FHFE T B protease o BEch
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_Jjapanicus, Rhiz. tritici, Aspiniger F19] protease
= pH3. 0494 & EHE Zetdn 92, X
W= Trametes sanguinea &) protease & opt. pH
= 2.5 /PE®E Asp. macroporys
protease & opt. pH 7} 2.5~3.0, HES %2 Rho-
do. glutinius No. K-24 protease & opt. PH = 2.8,
HFRO= Pen. rubrum, Pen. purpurogenum 2}
B protease & B pH 7} 3.5tz sl A&
B 488 protease ¥ acid Protease 24 ©}
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Fig. 3. Effect of pH on the Protease Activity.
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B RezEehe] 60°C A e # 55 %, T0°C o A=
#1 80 %7t wimH Rtk sEEhel WY ARE
¥ HH®% Pen. purpurogenum protease 3= pH
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Fig. 4. Effect of Temperature on the Protease
Stability.

— 161 —



#:-2 50°C 71A) o] i, 55°C o A 104 pEA= &i%
gHels g s, HHEDL Asp. oryzac 9] acid
protease &} alkaline protease = 60°C o) 4] 10 4rh
BEZ BEEES 28 A stgen, Rhi.
chinensis proteaseV= 60°C LA T @z A 15 43R
WHEEE ZESY, 65°C A& 20 %7F 4i5E A
g3 stgivh, FEMIT 48 E protease T Lk
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protease £} alkaline proteas B.c}& [if#ko] @A
5 2oFx glg,

3) HES g

20~60°C ol A B¢RIEHS HES #HRE Fig.s
9} Lon] ARRS REREEE 45°C Aol
o}, Rhiz. chinensis protease®2] opt. temp. =
60°C J4t, Asp. oryzae protease® [, [ = 50°C,
M= 45°C, Pen. pnrpurogenum Protease® = 55°C,
Rhiz japonicus S-62 protease!®¥ 40°C, Mpyrio-
coccum sp. 8] protease®E  55°C gtz dhgl o}
KBRS protease & 45°C A 2A] —RBRVL.E 9
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Fig. 5. Effect of Temperature on the Protease
Activity.

4) pH 25t

pH o ZEH:& A Holol BRI 1 mid
Mcllvane buffer soln. 1ml & jste] 5°C oA 24
Wi HES # pH ot 247 B 25 B #
e BmAEES WEs £RE Fig. 65 7o) pH
2.0~5. 080l el A S e glen pH6.0
LB A= @Al AEMAE AT, % pH Y
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Fig. 6. Effect cf pH on the Protease Stability.

Wt E »l Paecillomyces varioi protease® 2] pH
HEMEL 2.0~6.0 Mucor pussillus @) BILEEF
D= Rhiz. chinensis proteaseDi 2. 8~6. 5,
Pen. purpurogenum protease¥E 2.5~6.0, Asp.
saitoi protease5%= 2.5~6.0, Rhiz. japonicus S-
62 proteaseU?= 2, 5~5. 00) et ] FEEHk
9] Witk protease = ©]E R protease &} 7o) EE-
el A ZaEsthg v

5) Mi#ERER

(1) &6 BES WinE

Bk 1mlo] ZREA 1ml & stz &6 fish

~Tuble 8. Effect of Various Salt on the Heat
Resistance of Protease.

Various salt Rem:é?ilvni%yl();g)gease
NaCl - 24.11
Na,S04 7.9
KNO; 5. 90
NaNO; 17.70
NagCO3 5. 90
CHeCook 10. 52
KH,PO, 21. 80
NaHzPOq 16.93
CaClz 43.59
CaS0, 39.75
KCl1 11. 54
K250, 19. 49
Non addition 15. 39
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#I% 10mg A FHmekel 60°C oA 10 5 BB
#% BEEES WES fKRE Table 83 2] W
##l CaClp ¢ CaSO; 7} 44 43.59 %,39. 75 %
o] BAEEES e gk
B E@= ] protease o CaCly, NaCl,‘ gly-
cine, agar-ager 3% 0.1 %, 0.5%, 1.0 %A Esn
#ed 50°C, 55°C, 60°C = 1547 in&ugEEshe
BN S WES #E NaCl, glycerine & %R
7t 9o} CaCly 9} agar-agar = REFAE et
ok stgon #RGYe Rhiz. japonicus S-62
protease 9] fif #4314 NaH PO, o KHPO, 7+
mEE A4 Egtoke sFg=dl KB#RS pro-
tease o] okl NaH,PO, 9 KHyPO, 9 M%)
BEe 2R RETF A9+
(2) mngsiael HE
FERIE 1ml o) 7@Kk 1ml & etz K4 CaCly
9} CaSOs & 10mg¥ Fimsted 60°C o 4] 10~30
o1 mEEES % BESRT WER BRo
Fig. 73 7+om CaCly & CaSO, & vhztol 204+ LA
Bl A= Bkl 27 WA H A

40{-
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Relative activity (%)

Time (min.)

TFig.7. Effect of Heating Time on the Heat
Resistance of Protease.
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(3) imzuERY ME
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oA WA Ag vEhtA gt

Aspergillus [Biiih Asp. awamori U-3 7F acid
protease 9] :jEAEe] BHET O BHLE A
B opmees D MRERS S BESET oS
e HRE A

1. FAEEREEE 30°C, RBSENRE 72
R, EERAKES wheat bran medium o) A+ 100
~120 %, defatted rice bran medium o 43 100~
130919 ¢k,

2. £% PUSrh wheat bran mediun of = KNOs,
glutamic acid, glucose 7}, defatted rice bran me-
dium o] &= KNOs, (NHg)2S04
KHPO, © MgCl, & mmoh 3] #hRayel e,
wheat bran medium o] Al 7} #hPRAIQL  glucose,
KNO; ¢ glutamic acid 8] & FIMEEE &%
3.0~4. 0%, 0.2~0.4%, 1.0 %°] 3},

3. AEERS A BE pHE 2.4, RBREE
45°C yst, % pH fEME 2.0~5.00] 2, 50°C
LTFNAE syt 2 MedAds &REH] T
e =i

4. AR B A BEEES MBGREE
#Hat s CaCly ¢ CaSO, /b G749 Mt RE vt
B S

glucose, lactose,
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5. WIEEIE FEMSEs 60°C ol A 10~30 7 5E
g 205 LlkolAye EBHRe BiFEiEHl A
BAS AL, WEEIZA CaCly 9t CaSO4 & HE
o] t}Zo] 80°C o] A& MEHEE A9 daleh
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