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Optimal Conditions for the Production of Salt-tolerant Protease
from Aspergillus sp. 101 and Its Characteristics
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Abstract

Aspergillus sp. 101 was isolated from the Korean traditional soybean paste for the production of a salt-tolerant
protease. The optimal condition for the production of a salt-tolerant protease was determined with various energy
sources such as carbon, nitrogen, and protein, and at different culture conditions such as temperature, pH,
incubation time and NaCl concentration. The most favorable organic nitrogen sources were 2% defatted soybean
flour (DSF) and soy protein isolate (SPI). Optimal pH and temperature were pH 6.0 and 25~27°C, respectively.
Therefore, Aspergillus sp. 101 protease was a mild acid (or neutral) protease. Protease production was the highest
at 0.1% concentration of CaCOs;, K2ZHPO,4 and Arabicgum. Aspergillus sp. 101 could grow in culture medium
at 15% NaCl concentration and produce a salt-tolerant protease even at 7% NaCl. The cell mass and protease
activity of Aspergillus sp. 101 cultured in a modified medium was comparatively higher in Czapek dox and
protease producing media. Hence, Aspergillus sp. 101 protease can be utilized in soy or fish sauce industry
as a salt-tolerant protease starter.
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N =2 2 o] &HI Ut G EHEALE o] &5 Tl s
EaA AEZe olsuld BIE 5o AR ST
AHo 7 o]fEH A= EhAE UAZ dEak (7)) %2 Zu g AZXE®), AEd ] sl o
(protease, ©F 59%) 2 ©F3}E1-3) a4 (F 28%)7} & Zu] &A1 A=9,10) 5ol R Yo aHY §45
& At Yot SR a s Aol lojA FFole o] & o] &3t WL A BE(SAH)E AZ3 LA vlste F
< Mucor pusillus(chymosin th-& 2Hd Tl Zaj a4 4 o], At 5ol FAFIEA A x V1S @A F e
kol o] &)} Aspergillus sp. & Rhizopus sp.(t)F2a A o= EFata AHdstY Aldle wlv|shH, 23] &7
F 2| A 2§ Dl Falaio] At o] 8t g ARG 7154 PEol= Aol g aiT) ol
TS o] &S AUt Wol AP grh(1,2). AF7A o] &1 U= AA O]U}(IO) T R g a0 Akl o
DAE AR F Lo i) o]&Ha e nAEdE o] A& Ea AT, 48H Fol HlFo] AAujoz
Penicillum janthinellum, Aspergillus oryzae, Candida al- AEE g3t Aol OE]HPZ‘] ot} A ulF2 AAHZA o]
bicans, Paecilomyces varioti, Rhizopus chinensis, A, Al 2="sle] o)t o A Ate] Thaahe, LA Hl) Yol A
Aspergillus saitoi, Endothia parasitica, Mucor pusillus, gZoz yow uydH7IE] AY gl 59 FHo] J&
Penicillium notatum, Penicillium roqueforti, Penicillium U, #3079 wle Jojrs mrgdelete At Ael
duponti, Tramdups sanguinea, Aspergillus niger 5°] 2 A wfFol] AAu ol 23t FAAYYHLS A st
tH3-6). A. oryzaee 28 ¢k A4 a LAk o] &5 o] A &t
o] ¢ko ™ mylase, protease, 1 i cellulase 53 2& E} mEtA] B Ao A= AR o]o] WA s
3 §AE Bu|slEZ VMR ELY =83 YA A405 AASE Aspergillus sp. 101 @2 o A wj] x| ol A
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Aspergillus & #2835t Aspergillus sp. 1012 H 34

ok 27 AT 5 e e HAa3] ddRAS 7R
H A ZH Czapek Dox(NaNO; 0.3%, K-HPOs 0.1%,
MgSO4-7H20 0.05%, KCl1 0.05%, FeSO4-7H20 0.001%, su—
crose 3%) ¥l A (Difco, MD, USA)S AF&3}3 T 181l 1L
A vl =21 PDA (potato extract 0.4%, dextrose 2%, agar 2%,
pH 56) H}A|(Difco)ell A Bl g 2] BEL ¢ AgH)
Ao TFE JES F 27°Coll A 497E v st 41°Coll BE
St A 27) it Alhu) <k sh T

Halo formation

il Baso] 45 nAEY] Ade 27°C A 7Y
7+ v oksk AbAui Aol 0.1% Tween 80 5 mLE 713 & 1
g9 CaCOzE 7téte] myteliet. ol & Fi 202 FYo
F}(glass filter 17G2, Advantec, Tokyo, Japan)3+ thS-, of ot
< 3,000 goll Al 1027+ A& sta Aol B SR/
2 7}ste] RS} oF 1.0x10° CFU/mLS] dete
t}h o] dgH 0.1 mLAS ZH7t # 3k Halo 33wl =]
A2 HEFSEAL 27°Coll A 3U 7 vl & v x]249] colony
ol T o] bt As AT FETOE AL
™, o]% HC ratio(FH &2 =7]/colony?d Z7])7} =& A
< AT Halo 47432 Agul =] (Triton X-100 0.1%,
yeast extract 0.2%, skim milk 5%, agar 2%, 20 mM sodium
acetate buffer, pH 5.5)9 A1 T&3}H 2 (13), °|& HH|H
(Olympus CH30, Olympus Optical Co. Ltd., Tokyo, Japan)
£ o83ty FeH #FES T3 FB TAHFATA.
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EAA 0 2 X 2% defatted soybean flour(DSF) 7] &8 %]
o] 9dF=Z A glucose, fructose, xylose, ©] 3= A cello-
biose, lactose, maltose, sucrose L8] i TF3FEA dextrin
2 soluble starchE Z}7Z}F 1% 3718k 250 mL AFzt& ek~
el 100 mLY ZA|sko] HE7E & 27°CeollA 543 J&
i Fet & A8AAE SAEAT FU12 LA 2 A albu-
min, beef extract, casein, DSF, SPI(soybean protein iso-
late), skim milke} F7]12 AU 2= KNOs, NaNO;, NH/CI,
(NH)2SO04, (NHy)NOsZE 217} 2 2 0.1%4 H71stHer,
FE 7198 MgS04, CaCOs, KoaHPO4, FeSO4, CuSOE 0.1%
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TEo WE 5484S SHSAT
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A 1583 QAR st AedS xRN0 E ARSI

CHHSs e &4
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casein 7] @& (pH 55) 5 mLol] 4N 1 mLE Yo 37°C
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05 mLE ¥ol vh3-& FXA7]1 A0l A 303t HX|A
71 ¥ Whatman No. 2& o|#&}{th. 19 2 mLo] 055 M
NaCOz&< 5 mL9} Folin A|2F(1:3) 1 mLE g o] 37°Cell A
3087 A7 T2 660 nmol A FFE=E A I
2849 Ao 37°CAA T4 1 mL7F 108 &
tyrosine 1 pmolg F#A17l€ AL 1 unit= d5ch

CHHA g
A Hge Lowry 52 W 16)9 wel egg albumin
A2 Agae] 44T wERHo R By g
AL AT 244 #4 FY 9id FE= UV
spectrophotometer(HP8452A, Hewlett-Packard, Palo Alto,
USA)E AHE-38t 280 nmoll A 43 F3 =2 skt
REPSE
Aspergillus sp. 101+ A7 2 @B a4 Aikel] 11X
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Fig. 1. Effects of incubation temperature and initial pH on the production of Aspergillus sp. 101 protease.
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Fig. 2. Effect of incubation time on the activity of Asper-
gillus sp. 101 protease.
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Table 13} 2t} G492 A 1%
7ZF &AAS 1% H7FSka 27°Coll A 5¢Y
g eF 3 A3} sucrose E xyloseE A3 tJRE-E2]
Ao AS 8h8A 0] ZA FASAT o] Kim 5(1)
o] A oryzaewt W ATt X G A0R BtE o3}
o] gAAAto] A& E = o] 4} carbohydrate repression©]
AR Aoz Holn, HiA| 24 F9] 7|Ad A &4
ko] FRHE ALV dWbF o2 A Y w3l
Festal, glucoseel 28l E’\«] ALko]l A H = glu-
cose repression®] 9 wjEolZlx FHAL 724D
A7t wel &ALk FUle e Et] g7l el &
g FE(DSF)# E ) FgW(SPDS 2H2t 2% 371 Al &
280l 7 =itk ek ol AAYL IR aEL
warel 74 Eoha AZEth WA A oryeae T W%

E—&

Al Gl RS g a0 Aite] HlXE oY TR/ i
3+ Yaichi 5(18)9] AFolA 1% caseing B2 YO E A&

3tAS o EE T (05%)°] 1.58 U, A F(1.3%)

Table 1. Effects of various energy sources on the protease
production of Aspergillus sp. 101

Source Component Relative activity (%)

Control (2%, w/v) DSFY 100
Cellobiose 68
Dextrin 60
Fructose 73
Carbon Glucose 60
1%. w/v) Lactose 81
’ Maltose 59
Sucrose 96
Soluble starch 57
Xylose 93
Albumin 136
Beef extract 126
Organic nitrogen Casein 111
g(2% W/V)g DSE 241
’ SPI? 272
Skim milk 108
Polypeptone 113
KNO3 82
Inorganic nitrogen NaNO; 60
NH4Cl1 98

0,
(0.1, w/v) (NH)2S04 109
(NH,)2NO3 76
MgSOy 61
Inorganic salt CaCOy 122
KyHPO4 124

0,
(0.1%, w/v) FeSO, 33
CuSO4 30

:Defatted soy flour.
“)Soybean protein isolate.

°] 1.39 U] A4S H]l AR FARE 475 Yeh Sl
t}. PDA v Ao EA Yo 22 soybean flour(defatted with
hexane) ¢} skim milkE 22t 1% 3 71ske] 547 v 3 &
484 2449 += Fig. 3% Zoh dulRdaite] ks
3 A2 A EX Y FEo] skim milkol] HIs] &84 0]
€53 =2 24745 YA ol dFawdd s
7149 EolAo] e RO R Ktk F7|EAYS vR| 9
A7FlAE W BAaAL vXE QeSS AT RY] 95t

=3
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Fig. 3. Effect of protein sources on the activity of Aspergillus
sp. 101 protease. Skim-pH 6, 7: 19 skim milk in PDA culture
medium adjusted to pH 6 and 7. Soy-pH 6, 7: 1% soybean flour
in PDA culture medium adjusted to pH 6 and 7.
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, A/de] v pHell whet Ade] Wste 5440]
H, FAAHEGANZ Bo] AMEEHI A=, oA
o] Ao NS U0 2N A EAHE Sl
2 AZAHEY}. =3 Aspergillus phoenicis2} Aspergillus
awamori2F-E] 2 dthild B Agbel WA= AW
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Fig. 4. Effect of arabic gum concentration in culture media
on the activity of Aspergillus sp. 101 protease.
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Table 2. Comparison of acid protease activities and cell
masses based on Czapek dox, protease producing, and modi-
fied media

Czapek dox Protease  \podified
Content . producing .
medium medium  medium
Activity (U/mL) 0.1£0.02 19+21 6455+45

Cell mass (mg/mL) 0.14+0.03 0.23+£0.03 0.26+0.04

Medium composition (%)

NaNOs 0.3 — —
KoHPO4 0.1 0.1 0.1
MgSOq 0.05 0.05 —

KCl 0.005 - —
FeSO47H-0 0.001 — —
Sucrose 3 - -
Defatted soybean flour — 1 2
Skim milk — 2 —
CaCOs — — 0.1

Arabic gum — — 0.1
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Fig. 5. Effect of NaCl concentration in culture media on the
activity of Aspergillus sp. 101 protease.
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Fig. 6. Effect of NaCl concentration in substrate on the ac-
tivity of Aspergillus sp. 101 protease.

Fig. 7. Identification of Aspergillus sp. 101 protease. (A),
Growth of colonies cultured on PDA medium with 0% NaCl; (B),
Growth of colonies cultured on PDA medium with 15% NaCl.
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