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SUMMARY

The nutrition of food is traditionally emphasized to human beings so
far. In accordance with the development of improvement of living levels,
the functionality of food is recently highlighted and studied in the field of
food science. A peptide hydrolyzed from protein has biofunctional
activities such as antitumor, antioxidant, opioid, antithrombic,
antihypertention, anticholesterol activities, etc. Fermented seafood has been
used as a very important role in Korean dietary life and may contain
various biofunctional substances. Fish sauce, one of the fermented
seafood, contains a lot of amino acid and peptide hydrolyzed from fish
protein during fermentation. There are many disadvantages in the
production of fish sauce; long fermentation period, use of high salt
content, food safety, and marketing.

The objectives of this study are to develop the enzyme and microbial
starter to shorten the fermentation period of fish sauce and to enforce the
functionality of fish sauce. In addition, the functionalities of peptide and

microorganism in fish sauce are also investigated.

Chapter I. Development of Functional Enzyme

1. Biofunctional activities of low molecular weight peptides from anchovy
sauce

Biofunctional activities of peptides purified from anchovy sauce fermented at
15£3 T for 1, 3, and 5 years, respectively, were investigated. 1 year-fermented
anchovy sauce showed 3 peaks on gel permeation chromatography pattern, while
3 and 5 year fermented anchovy sauce showed 4 and 5 peaks, respectively.
Longer fermentation period, lower molecular weight of peptides on gel
permeation chromatography pattern. Antioxidant, antitumor, and ACE inhibitory
activities of low molecular weight peptides were increased with increasing

fermentation periods. Antioxidant and antitumor activities of peptide peak 3 from
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3 year fermented anchovy sauce were the highest with 34 and 44 pg/mL of ICs
values, respectively, while ACE inhibitory activity (ICsy, 32 pg/mL) of peak 3

from 1 year fermented was the highest.

2. Antioxidant activity of low molecular weight substances from anchovy
sauce

Antioxidant activities of low molecular weight biocompounds purified from
anchovy sauce fermented at 15+3 C for 5 years were investigated. 5 year
fermented anchovy sauce showed 5 peaks on gel chromatography pattern.
Antioxidant activities of peak 2 was 82.7% followed by peak 1 (42.6%). Main
antioxidant compounds of peak 1 were glutamic acid and lysine, but peak 2

were not confirmed by amino acid sequencer.

3. Purification and Characterization of Bacillus Subtilis JM-3 Protease

from Anchovy sauce

Salt and acid tolerant bacteria, Bacillus subtilis JM3 was i1solated from
naturally fermented anchovy sauce at 15£3C for 3 years. B. subtilis JM3 was
cultured in MRS media with 10% NaCl concentration at 37C for 8 days in a
shaking incubator at 150 rpm. Protease activity was the highest in 40~60%
ammonium sulfate fraction. Protease showed three peaks on ion exchange
chromatography  patterns and purified further through gel filtration
chromatography. Yield of purified protease was 5.33% and its purification ratio
was 3D5.56 folds. Peak 1 protease showed a single band on SDS-PAGE and its
molecular weight was 20,000 Da. Km and Vmax values were of B. subtilis JM3
were 1.75 mg/mL and 318 unit/min, respectively. Optimal temperature for
protease activity was 60C but optimal stability temperature was 30C. Optimal
pH for protease activity was 5.5. B. subtilis JM3 protease was stable at pH 5.
0~5.5. Therefore, B. subtilis JM3 protease was a acid protease. Relative activity
of B. subtilis JM3 protease was 69, 21, and 1.3% at 10, 20, and 30% NaCl
concentrations, respectively. The best substrate for B. subtilis JM3 protease was
azocasein followed by casein. TLCK was the strongest inhibitor followed by
DTT, but NEM did not inhibit this enzyme. B. subtilis JM3 protease was,

therefore, presumed serine protease like trypsin type.
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4. Purification and Characteristic of Bacillus megaterium KLP-98

Salt-tolerant Protease Derived from Squid Jeot-gal

Salt and acid tolerant bacteria, Bacillus megaterium KILP-98, was isolated
from naturally fermented squid Jeot-gal purchased in a local market. B.
megaterium KLP-98 was cultured in MRS media with 109 NaCl concentration
at 37C for 5 days in a shaking incubator of 150 rpm. Protease activity was the
highest in 40~60% ammonium sulfate fraction. Protease showed two peaks on
ion exchange chromatography patterns. Yield of purified protease was 15.3% and
its purification ratio was 18.83 folds. Peak 1 protease showed a single band on
SDS-PAGE and its molecular weight was 64,000 Da. Km and Vmax values B.
megaterium KLP-98 protease were 2 mg/mL and 283 unit/min, respectively.
Optimal temperature for B. megaterium KLP-98 protease was 60C but optimal
stability temperature was 30C. Optimal pH of B. megaterium KLP-98 protease
was 5.5 and this enzyme was very stable at pH 5.0~6.0. Therefore, B.
megaterium KLP-98 protease was a acid protease. Relative activity of B.
megaterium KLP-98 protease was 73, 33, and 4% at 10, 20, and 30% NaCl
concentrations, respectively. The best substrate for B. megaterium KLP-98
protease was azocasein followed by casein. NEM was the strongest inhibitor
followed by TPCK, but 2-Mercaptoethanol and DTT did not inhibit this enzyme.

B. megaterium KLP-98, therefore, protease was presumed cysteine like protease.

5. Purification and Characterization of Salt-tolerant Acid Protease from
Fungus, Asp. sp.

The microorganism producing salt-tolerant acid protease, isolated from the
Korean traditional soybean paste, was identified as Asp. sp. 101. The enzyme
was purified to homogeneity from the culture supernatant of Asp. sp. 101 by
ammonium sulfate fractionation, ion-exchange chromatography on
DEAE-Sephadex A-50, gel chromatography on Sephadex G-100, and
SDS-polyacrylamide electrophoresis. The specific activity and the purification
fold of the purified enzyme were 2,301 unit/mg and 11.6, respectively. The
molecular weight of the purified enzyme was 25000 Da on SDS-PAGE. The
optimal pH and temperature for the enzyme activity were pH 6.5 and 50T,

respectively. The enzyme activity was relatively stable at pH 4.5-7.5 and
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temperature below 40C. The protease was relatively stable at 5 and 10% salt
concentrations. This protease was inhibited by Ag2+ and Zn2+, but, activated by
Cu”" and Mn®". In addition, enzyme was potently inhibited by EDTA and PMSF.
It was conclusively considered that the purified enzyme was a serine protease
influenced by metal ions. Km and Vmax values for hammastein milk casein

were 1.04 mg/mL and 124.84 unit/min, respectively.

6. Purification and Characterization of a Novel Protease from Yeast,
Saccharomyces sp.

The microorganism producing salt-tolerant protease, isolated from the bakers’
yveast dough, was identified as Saccharomyces sp. B10l. The enzyme was
purified to homogeneity from the culture supernatant of Saccharomycessp. B101.
by ammonium sulfate fractionation, ultrafiltration, ion-exchange chromatography
on DEAE-Sephadex A-50, and gel chromatography on Sephadex G-100. The
specific activity and the purification fold of the purified enzyme were 4688.9
unit/mg and 18, respectively. The molecular weight of the purified enzyme was
estimated to be 33,000 Da on SDS-PAGE. The optimum pH and temperature for
the enzyme activity were pH 85 and 30T, respectively. The enzyme activity
was relatively stable at pH 6.5-85 and temperature below 35°C. This protease
was relatively stable at 10 and 15% salt concentrations. This protease was
inhibited by Ag® and Fe”, and on the contrary, activated by Mn”. In addition,
the enzyme activity was potently inhibited by EDTA and PMSF. It was
conclusively considered that the purified enzyme was a serine protease
influenced by metal ions. Km and Vmax values for hammastein milk casein were

1.02 mg/mL and 278.38 unit/min, respectively.

7. Quality Characteristics of Anchovy Sauce Manufactured with B.
subtilis JM3 Protease
Crude B. subtilis JM3 protease from naturally fermented anchovy sauce was
purified in 40-60% ammonium sulfate fraction. In order to accelerate the
fermentation of anchovy sauce, each 2 and 4% Crude B. subtilis JM3 protease
was added to 6 month-ripened anchovy sauce, and it's quality was analyzed. pH

was at constant during hydrolysis in all samples, while lactic acid contents of 2
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and 4% protease added anchovy sauces were higher than control. The
amino-nitrogen and volatile basic nitrogen contents of anchovy sauce with 2 and
49 proteases were twice higher than those of control. Anchovy sauces with 2
and 4% protease increased the hydrolysis rate by 27 and 329%, respectively.
Browning degree of anchovy sauce with 4% was the higher than 2% and
control. Anchovy sauce with 2 and 4% proteases was good iIn sensory

evaluation of color, aroma, and taste.

8. Functionality of Anchovy Sauce Peptide hydrolyzed with B.

subtilis JM3 Protease

Peptide was purified by ultrafiltration and gel permeation chromatography
from anchovy sauce hydrolyzed with B. subtilis JM3 protease. Control, 2 and
4% proteases added anchovy sauces showed 5, 6, and 7 peaks, respectively on
gel permeation chromatography patterns. Total ACE inhibitory activity was the
highest on peak 6 (43.75%) of anchovy sauce with 2% protease, followed by
peak 5 (34.82%) of control. Total DPPH radical scavenging effects was more
than 50% in all samples. Total cytotoxicity was the highest on peak 3 (44.12%)
of control, followed by peak 5 (42.04%) of anchovy sauce with 4% protease.

9. Hydrolysis Characteristics of Anchovy Muscle Actomyosin with B.

subtilis JM3 protease

The optimal pHs for Alcalase, Protamex, Flavourzyme, and B. subtilis JM3
protease for the hydrolysis of anchovy actomyosin were 7.5-8.5, 7.0-8.0, 5.0-6.0,
and 5.5-6.0, respectively, while the optimal temperatures were 45-55, 50-60,
45-55, and 50-607C, respectively. Relative activities of Alcalase, Protamex,
Flavourzyme, and B. subtilis JM3 proteases were 30.3, 65.1, 35.2 and 55.29 at
20%6 NaCl concentration, respectively. Protamex showed the highest proteolytic
activities, followed by in order of Flavourzyme, Alcalase, and B. subtilis JM3

protease.

Chapter II. Development of Functional Microbial Starter
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We isolated three bacterial strains, JM-1, JM-2 and JM-3 with proteolytic
and fibrinolytic activity from anchovy sauce. Among the 3 bacterial strains,
JM-3 showed the strongest proteolytic and fibrinolytic activity. Bacterial strain
JM-3 was gram-positive rod, motile and formed endospore. The 16S rRNA of
bacterial strain JM-3 was amplified by PCR and then its sequence was
determined by ABI 310 genetic analyzer. The 16S rRNA sequence of bacterial
strain JM-3 was compared to BLAST DNA database and identified to Bacillus
subtilis with 99% of homology. The optimum temperature, pH and NaCl
concentration for growth of B. subtilis JM-3 were 40°C, 50 and 0%,
respectively. The optimum temperature, pH and NaCl concentration for
proteolytic and fibrinolytic enzyme production of B. subtilis JM-3 were same as
optimum conditions for growth. At 202 of NaCl concentration which is common
NaCl concentration of fish sauce, B. subtilis JM-3 showed about 60% of
proteolytic and fibrinolytic activity of 0% NaCl concentration. From above
results, we found that B. subtilis JM-3 will be able to used for starter of
functional fish sauce. The cell free culture of B. subtilis JM-3 showed
antioxidative activity with 879, strong antibacterial activity against L.
monocytogenes and 88.9% of growth inhibition rate on the stomach cancer cell
of human.

The amount of Amino—N was continuously increased during fermentation
period of Gajami-Sikhae added B. subtilis JM-3 . When the 20% of B. subtilis
JM-3 was added to Gajami-sikhae, the amount of Amino—-N was dramatically
increased on third day of fermentation.

The amount of Amino-N was continuously increased during fermentation
period of Anchovy sauce added B. subtilis JM-3. Especilly, When the 109 of B.
subtilis JM-3 was added to Anchovy sauce, the amount of Amino-N of it was
higher (above 100mg/100g ) than that of control.
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2. 34 A E H HEA S EHEL

QTEE F FAFANA FAHEHE 2 F L acidphillus, L. bulgaricus, L.
casei 59 FEE-S sarcoma 180 ¥} Ehrlich carcinoma 57 A|ZE Hol A+ =&
54 Fols W FHAEY FAS AL FdEy ® et a8 |
AA A4t a7 58 HERNAT 7). AF57A fAbre] zte gt a o] #
3 AT FEEAE (U7-53)S ddeR 3 Zoja, FAhtg
sioh. Gram *A Akt 9] A EH 9 FAE peptidoglycan-<
N-acetylglucosamine® N-acetylmuramic acid® T4 5 o] ¢=d o]E5o] &=
O] w= ggotaAds 7td Aow FAHHACE Hoseno 5
o] NDEA 5 o8 71#] Edwie]&dd s dEdMo|edgo] oS 1
AR A7 S eI E St Reddy & (50) - AbA
2 ALE A4S FergdAdo] glleoy a4 E2E FAEE SHAES DNA d4 A
et FAE FAAA a3t Aotz st Bogdanov 5 (48)2 L. delbrueckii
subcep. bulgaricus®] A¥4Y peptidoglycan®] A4S JAsts AL LAY
a1, o]  peptidoglycane tE Lactobacilli ¢ MEHWS FA3= <lxlo]w o=

muramyl peptide® T4 %ol At} Muramyl dipeptide®} I =4 = superoxide

anion?} HyOx5 AJAdste] MEE AMEgittar &8 ok (53). AT &4
% B-glucuronidase, nitroreductase, azoreductase 5= W HATEE S L EA R
Ags s A FAd9a oA v fav $ L. acidophilluss 74 0.2

o] g&Ado] AsteEval o} (54, 55).
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ot %o = angiotensin I converting enzyme [EC 3.4.15.1.]7} #odabm@ o]
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HEosle] g3 2285 dl: angiotensin I (octapeptide) & A g3}, T3k
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e A&k th
. A& A peptided] A A

NA S sulfosalicylic acid= AGE#Wst th3 4ToA PM10 (MWCO 3,000)
membrane filter (Amicon, Bedford, MA)ES A}-&3}o] dhelolx} 3}ic}. ghe] o] 3ol
S 40TCoANA 7ets=3 3 Bio-gel P-2 (Bio-Rad, CA)E %23 column (2.6 x
70 cm)ell Al 0.5 mL/min®] &0 = GAste] 280 nmolA F3 =5 FA5 Ho)

T3 =2 50%°]7¢] fractions poolingdte] Aol Abg-sAT

t}. Peptide—nitrogen S

Peptide-nitrogen®] Z74< Umemoto?] 71 biurety @™o <3te] =434}
Z, AEE 7 IS Agde 242 05 mLA Hsil /7T 45 mLA S 7He oy,
Sk Alg ol = biuret Al 1 (0.4% CuSO4 8% NaOH, 0.2% glycerin)= 5 mL #
7balel A &2 thE A do| = biuret I (8% NaOH, 0.2% glycerin) 5 mL
E #H7Mete B w72 8t Blanke A58 U4l S7FF 5 mLE AHESES
o}, Ao A 2A1FF HESAIZl & 545 nmoll A FFEE =43Fe] peptide-nitrogen

s Tkl

2. NaCl &=

A 59 NaCl 3% 242 Mohr ¥ o=2 =4a¢it)

a. st 84

Linoleic acid® AF&3lo] Hayase and Kato WH®<& Al&3sle] =459}

N

linoleic acid 1 g% ethanol 20 mLo] &3i3t1r UdA TEZ ZAHE A5 1 mLE
A 7F3FaL 0.2 M potassium phosphate buffer (pH 7.0) 25 mLE #H7}3F t}s 37C
o 4 24A17F Wwkx|EFSITtE o] &S 25 mlL chloroform (2~33])o2 FE3 %

acetic acid 25 mL=Z &3|st¥th. 23 KI €9 1 mL& H7Fsha 1 w3F A& &

5 #3F Aol WA g T/ 50 mL 2 1% A AAGS 2~392 7}
stal 0.01 N NaxS:038.2 A ste] gatstgdd& skt

Hh A
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I A AZFe S AlE2F28 (A2, da)dA 9
sttt FMEFTE AAAA FaElg SNU-1 (A&distu, st=)s A3 o] &3}
o}, GAIE SNU-12 100 unit/mL<9 penicillin-streptomycin® 10%¢] fatal bovine
serum (FBS)7} sti% RPMI 1640 8jA| S AF&-3}e] 37C, 5% CO- incubatorol A]
Hifstdnt. vikE Z4zbe] hAlEE dFdol 2~33] wiAE wEEFH 75 mL
cell culture flaskel] 5 mLA dAZFo =z B3tsto] F9l8t3 AL 6~74 nlr} A
Hlj &3} H A A3 AF-&-3F A T} 3-(4,5-dimethylthiazol-2-y1)
2,5-diphenyltetrazoliumbromide (MTT) Assayel &3+ Asjay L Ao o
g Ao GAE AFANERE =487 918te] Carmichael et ale] Wl
weh P (MTT Assay)& SAAT SEAZE 96 well platec] 1 x 10°
&

T2 Axse] 20 S Hryete] 37T,

In vitro 3¢H43

5% CO- incubatoroll 4] 96A] 7k wjksldtt. o719 5 mg/mL MTTE&Y 20 wE A
Zbelkar oAl 919 e 7oA 4A1ZF ¥ e gErdh ol AS AR (8,000 x
g, 10 min)ste] A5 dS AAL 7} welld dimethylsulfoxide (DMSO) 150 ul=

bol ot

ol

7hsled 3047F W & ELISA reader® 550 nmolAl F3=8 54

ge T

i

%2
+

A}. Angiotensin converting enzyme (ACE) A3 &A &3

ACE A3184 Z4S Cushman and Cheung®l W7o st} ZAst4r}. =
E7)19] 3o A oA E EEE AHAS Alm 1 go 400 mM sodium borate buffer
(pH 83) 10 mLE 7}3F o5 5ColA 24A17F ksl & A2 (8000 x g, 30
min)dte] A& A5 NS ACE angiotensin [ A3 EAE AFES T AJE 100 ul
of ACE 49 20 uL 2 0.1 M sodium borate buffer (pH 8.3) 200 uLE 7}3F ¢}
S 37CoA 5F7F preincubationstith. ol 7]o] 71&A =4 05 mM His-His-Leu
(2.14 mg/mL) 200 uLE #7Fstod 37ColA 30&3F w471 3 1 N HCl 250 uL
=2 7bslo] wbgS AXA|ATE o] 7|9 ethyl acetate 2 mLE 7}&te] 15%7F w3k

& 9AEE (8,000 x g, 5 min)ste], FEd 1 mLE FH3Arh o] s HE 2%
3] AxA1Z1 1 1 M NaCl 3 mLE 7Fste] 8313 th 228 nmoll A
stel ACE A &d& Aitstsdnt
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3. A3} ¢ 1

7}. Peptide®] HA 2 &4

20 ton2] Wy SAx (156£3TC)olA 1, 3 E 5d HAAZ]l HAAA] AEA &
A 9] gel chromatography 235 Fig. 1-39 YeEFAT 13 54 HEA (AL 37
o] peak, 311 % 5 =AAAIZl HAAAL 247 4 F 579 peakE UEWAT =
A 1d HXHA (Fig. 19 peak 1 2 2 & (L&A peptide) =4 59 (Fig. 3)
oA A7) 7} Faste] FHEE (peak 3-5)2] A EAF peptide?] A OZ WHHAS
S 4 4 drh. 23 2R gel chromatography AollA &4 7|7ko] A4E A E =
peptide7} Wol AAEHAY] wEol A Etel] HA e @wd 9 uF A peptide”t
A7bAsta s W wAdEo] EHjehe w R adel o8] Fal Hol A &AL
peptides A/dstAthar Bl 1, 3 =]
S 77 298, 435, % 510% =2 54 7|Zro] A= peptidee] A #o] =kt

al

TE (25*30%)9/] /Sloé% A]—%E,‘].7] Lq]'E‘ﬂ] /\g

A AA 2 peptidee] FA &

Ao 9%e Aujd AAstelor Bk B 2@ A§F Bio-Rad
P2 gel® Aol 4T oF 26%004 022% olshm ErbHom vhEo] 4
Hol et Aol FFe TAel® EAIZF 99tk B} (Table 1),

1, 3 2 59 A4 HAAA HEA peptided] FatstaAde 7hzh 564, 90.3 2
1853%= %747|3te] A= S7hstslen, 53] 5d %A @A A peptide®] F&
Arsted e 1 2 3d sART 77 33 2 21w A% E8kth (Table 1). 5743713k
7kl & peptide 3] F7he A &2 HlE ks ol AA F7F
gk olfr= AEA peptided TF =2 SIS T S & F AUtk Peak
g9 599 54 peak 2 (84.7%), 3 49| peak 3 (62.9%), 51 <4 <]
peak 1 (42.6%), 1d &9 peak 2 (387%) w22 =2 FAE YEUYAY. 19
u vl (specific activity)2 39 %4 peak 3 (1,462.8 % - mL/mg), 5 <4
peak 2 (1,2833), 1'd %74 peak 2 (6242) 2o & 33 %49 peak 30 7} %
7 YERTE Yamaguchi et al.®™e giFgm e g47 pFRAZ BB

oM A 2.5-3 kDa Abol 9 peptide”} @4kstgdo] 714 Holwvhar Bl &)

0

L o

-

117
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o
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8 - peak 2

peak 3
6 - peak 1

Albsorbance at 280 nm
N

) 500 1000 1500 2000 2500
Volume (mL)

Fig. 1. Gel permeation chromatography pattern of peptides purified from
anchovy sauce fermented at 15+3C for 1 year.
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Fig. 2. Gel permeation chromatography pattern of peptides purified from
anchovy sauce fermented at 15+3C for 3 years.
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Fig. 3. Gel permeation chromatography pattern of peptides purified from
anchovy sauce fermented at 15+3C for 5 years.
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dom, Kim et al.®”& 7}a1n] gelating 89 o] 7 utS o] 83}e] 10 kDa, 5 kDa 2
1 kDadl 9& A2 THAIA 4 7 E T 4= 500-1,000 Dael 7F
Fadll=o] a-tocopherol® .t} &4kt o] 10% AX v E=dvhal Btk E3

e d 9f casein 2 W albumin & A7}

o
o,
o
>
oty
ot
ox,
rlo
=
—t
Q
3
=)

B12 (MW 1,350 Da) Rt} okzr & BExae 717 FEoA 71 =gron®
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gelatin 7} LOHE«] 45 2EY o & BAE oA FdAkstd o] gt
HuEa 9 . Park et al.®& Symphycladia latiuscula®) 2o t)at 342ks}
Aol gk AFollA FHES ICe 3.14-1544 pg/mL=

E3] HAd43kA] (L-ascorbic acid ¥ a-tocophenol) % A dHAkslAl (BHA 2
BHT)9] ICs= Zh7F 122 ¥ 1.28, 1.06 % 321 pg/mL=E A Avtar H skt
oA EAAA {2 peptide®] ICs2 34 pg/mL (39 %74 peak 3), 66 pg/mL
(59 %A peak 2), 80 pg/mL (13 %A peak 2)2 HA ditsiAl 2 A ts)
Al HlafM = w2 S-S YEAAT, AR ZAA7F 100% 8 A peptidet o4
7] wjitoll ¢ AAF peptides EU W ICxats UERE Aow FHHETE ©
10,000 daltons ##}eFe] 4+ frame EA7FFEE S a-tocophenol® H|<=3F &4t

AL Az Qo gray garbeRaEe 49 1,000 daltons © &9
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o

Tl wek zelzk Y. Capelin®] FA7HERsZol A GAE 4709 peptide
T FTollA e AT wme FNSFEAHE HEhA L, 2709 FRAE o}
T ok s Ed S vElen, YA 149 FEdllA= prooxidant &4

cehigitha sed®, 2 AHAE ol FASHA peptide FFl mel G

8R.70% = =477
2 3dnth 747 oF 57 E 168 AE =QUTE Peak ¥ AL 5 &9
peak 2 (54.80%). 39 %49 peak 3 (49.16%), 5 <A 9] peak 1 (15.27%), 14
=439 peak 2 (10.76%) wo = =kom, H &4 (specific antitumor activity)
2 39 =49 peak 3 (1,143.3 % - mL/mg), 5 =< peak 2 (8303 % -
mlL/mg), 1d <49 peak 2 (1736 % - mL/mg)e] 22 =gt} (Table 1). W
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e
fols
i
K
{0

o

b EFo] e A E =4 2AF AdoA g9 2 H2A uege =

= AbeRe] ShAlE SNU-1ell tisiA Al asts veblie, oldo] ICa 7t

7k 1,338 2 7562 pg/mLolemY A% kg ELe FZE X 10-100 ug/mL
Apolell A aHeta Al S VRSt sk, B A3 9] el peptide®] ICxe 39
%4 peak 3°] 44 pg/mlLZ B H A FEERT ol I 43 FoEA
S Ul ddsA "HA AN E 573 FdEdS 7 2 (peptide)o] & A
e Aoz AYEHAT Lee et al'Ve 7hute] 2 E o)1 = 8FF peptide

7b E2AgTa slem, Al e ofmxAF (Asp, Asn, Phe)o®E o] Fofxl

dipeptide”7} 5 3¢ peptideztal st oy oA P95 2 A AT H S

o
o
-
)

sAEe] ZAA 2 AN WAFF BAE vhehle ol EAldc

© Aol wrElA glovt Aue B4 FHE olFolAA %m Jui®,

d

Z}. Angiotensin converting enzyme (ACE) A3 &4
A oy AFo=zHE ACE A& peptide’t ¥ % AHAAFHIZ Jqoy o=

ACE A3l peptide® 254 2 WEH ofvlwike fsti glo} §al=st v

(Table 1). Peak ¥ gatslaAde 1\ A9 peak 3 (97.8%). 51 &4 2] peak 1
(93.2%), 3 =4 °] peak 1 (91.8%), 5 =4 9] peak 2 (84.9%) ©O & ofF &3k
on, UmXA peakEx AdHoR =2 ACE A4S Yep ATt BACE A3
k4 (specific ACE inhibitory activity)< 13 %42 peak 3 (2,126.3 % - mL/mg),
39 =49 peak 1 (1,7325 % - mL/mg), 113 =249 peak 1 (1,378.3 % - mL/mg),
5 =49 peak 2 (1,287.0 % - mL/mg)e] T2 2 =8t} (Table 1). 1500 <5
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27t E B ACE Ad ZgoAes gl R rlE peptided] FH"7 2
g ZaMo e 9o o agu k. sixFe ACE dAlza A7 WeA
ol Ag TheEsiAlzto]l AoJAHA peptde-nitrogen S SR o
ACE &3 #2389t E3 Fujita and Yoshikawa "= o Serdlde] A 879
ACE A3l peptideE W23t oy &AL peptideo] wet o]zt dom o]F
LKPNM peptidex= ACE¢] ¢Jd} LKPE ®Ea5AS 2 ACE A& &A & 8urt
=okom Adg Fudet X841 captopril®] 91% =] ACE As|&A S e
yltkar itk ACE A&l 848 peptide-nitrogen A ZF3x #A#Ho] dA|vt
peptide®] el o & Qg worow B AP E e At 48

Aria 2.

i)
2

4, A&

SA717F (1, 3 R 5ol tE HAAMAH O EHE F=3 peptides= A A
A A 1de] HAAAL 37, 4 3de FAAAL 47, 4 5 AR
570¢] peakE ZtZt YEtHATE A 7ol AeE HARA 9] peptidew A& A3}
¥ 9lem™, gel chromatography’de] FrbE-o YElyth A 7|3te] thE HEx] Az
S 2RY FE3 peptides® A& (343}, 3¢k, ACE A &) 543717k
AeE S sk, 53] kst H dEAd & 1G] 24 34 H 44 pg/mLsl 39

=erou, ACE Asf|&4d 2 ICxel 32 pg/mL]l 19 =74 peak

=
3ol A =k AAsd "AAA ] AELA peptide= Hold @S ztu
s
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dg olg¥x v a8y JAEdaEA F b g o] €%+ a-tocopherol®
A5 v 7bA ) A g olekE o] &l ojA Y] Aleke g oA HAFASA L A

e
o)

2F7H 3 g AAH)GY, oju it I peptide= UIEAQ T LB %

_L4

(metal chelating agents)(Q W' 9 hydroperoxidesE imine'? o2 A35S 717 ghal
stgAolth, kA Ee] FagdTE ogauAd® eyt gyteie
s 7}x}u1<“”, capelin®”, 15011 5o FaslgEA B FFH o] Y1 WA AH
o] g4 FRWix s g3} ke AT dou HASA dx AR
gatsl 24 2 olo] pREM B ApE = Aol

mEta] B Afd s HA H4 EX 93 < ]

PN
‘:!i‘
o] grtslEA S Eal - AAlste] ks @ pFREHS 33U
2. g 2 vy

7 As

E 2] 20 tonell T 30%9] A& 7Fshe] 15+3Tol A 533 A AR (F1]4F,

E£X)S AR A3t Peptide AAlol AFE-%¥ Bio-Rad P-2 gel2 Bio-Rad
(Califonia, USA)el A T3t A3dol AFEE v A Aok B5F S35 AFE3LS
=

. AR A8 EAY AA

Ao wmRY A AuddEde] FAYHLS Fig. 1o YAt 5, o
A1S sulfosalicylic acid® AT wste] 4TolA PMI10 (cut off, 3,000 daltons)
membrane filter (Amicon, Bedford, MA)E A}-&3}o] dhelojz} 319 E}. gkejof 1} 3t

o] el S 40T ZFdEs=3 T Bio-gel P-2 (Bio-Rad, CA)E %3+ column
(26 x 70 cm)S AF&3te] 05 mL/mine] F&02 &% AT %% 1S 5 mL¥
kol 280 nmollA] F3EES A4t HYSFH =2 50% o9 fractionS pooling

Anchovy sauce

!
Precipitatation of protein by adding the sulfosalicylic acid
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(50 mg/mL) to anchovy sauce
I
Centrifugation (12,000 x g, 20 min)
l
Ultrafitration (cut-off 3,000 daltons)

l
Gel filtration chromatography (Bio-Rad P-2 gel)

l
High performance liquid chromatography

l

Biocompound

Fig. 1. Flow sheet for the purification of biocompound from anchovy sauce

3ttt dAatat Al o] =L peakE A ©WAIE Vydac Cig (7.5 x 250 mm, Japan)<
o] g3t FiE Al on, EFYPxae gy i A &v; 01% TFA/H0
(pH 2.2), B €4, 0.1% TFAE 233t 100% CH3CN, B &9 F=+4); 0 —
20% (40 min), F<; 2.0 mL/min, 373; 220 nm, =5%; 40C. 83 o) o3|
248 e peaks tHA] Capcell Pak Cig (7.5 x 250 mm, Shiseido, Japan)oll Z;
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4] ¢
Y, B &4 FE=ul; 0 — 15% (45 min). 22k A A<
t}A] Capcell Pak Cis (4.6 x 250 mm, Shiseido, Japan)ol Z+Z} %

< HYxdo® AAgA. & % 9Ege 12 A Y, B &99 F=u);
0 — 10% (30 min), #%; 1.0 mL/min. 3% AAJA &Ae] Hol'd peakE ThHA]
Capcell Pak Cig (4.6 x 250 mm, Shiseido, Japan)oll z+z} #&3lo] they & &
oz AAstdn. & 2 g2 12 AA 59, B &9 F=4; 0 —
10% (30 min), %5 05 mlL/min. AA|o] AF&3F High Performance Liquid
Chromatography (HPLC)E= Waters Model 486 (Waters Associates, Miliford, MA,
USA)& AFE3stl e HPLC-grade$ water®?} acetonitrile TEDIA (Ohio, USA)
Aboll A etof AR SESI T

7} A gato] T 2o Felmdon FARAL. Su, f%, HLe 1A FAG
A
7V 7

t}. Peptide—nitrogen St

Peptide-nitrogen®] Z4< Umemoto?] 7N& biuretd ol <lsle] =43}
ABE F e Addel zt2E 05 mLA #Hdtal S/ 45 mLA S 713 g,
Sk Al ol = biuret Al 1 (0.4% CuSO4 8% NaOH, 0.2% glycerin)= 5 mL #
7Fetel A W R o2 Ald o= biuret O (8% NaOH, 0.2% glycerin) 5 mL
S H7kste] B WS 2 39t Blanks A58 Al F/F4 5 mLE AFESS

o}, Ao A 2A1ZF HESAIZl & 545 nmoll A FFE=E =43Fe] peptide-nitrogen

ul, A3t & A

Zy Al=m9] 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicalell ™3t 2A g3 =4

2 Blois #H%8 214359} Methanol2 %2 ZA3 A& 4 mLE Hslx,
]

0.15 mM DPPH 1 mL¢} &&3ste] A-2oA 30%3F 1 3

ju)

3k thg 520 nmeol A &3
TE5 #743l4, DPPH radical 21 &4 [Reduction of DPPH (%) = (A= A+
o] FHE / UETY FEFE) x 100]& FoArh

v, Peptide®] M€ ZA
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HPLCol A HFE AAZ A5 peptide AE ZAL Protein sequencer
(Shimadzu PSQ-1 protein sequencer, Japan)S AF-&3Fo] ofn Al S B3}

At

3. 243

et

-ty

b, AEZPERY FA 4 54

20 ton®] tE sAE (16+3T)olA 5 & sAAIZ HEAAA] A2 A
A 249 gel chromatography Z23Z Fig. 20 UehAth 5 <A Hx 3L
chromatography ol A 571 €] peaks WeEFHATE. A3l AH83 Bio-Rad P2 gel

w Aol 100-1,800 daltons Abolel EAtFS AAL 4 A= HS AYil 3l

o

Fig. 204 peak &o] F¥hio] yehd A& FapgFo] Fgiro=z b
o= FA4¥o] Ay 5d A4 HEA AR peptide-nitrogen o] U
pg/m)ot FAAZXZE FF (10825 pg/ml)ste] HEd A&3tdS o HA §&2
510%= thAi vrtth (Table 1). d&H o2 HAAAL 5% (25-30%)2] A A
ALY el AEEASA Awe dFS AU AAspelof gk B A
of A}&3F Bio—Rad P2 gel> Al59] A4 oF 26%°1A 0.003%= E3Hqoz
vto]l A A e 2ge] dFS FAISAT (Table 1).

ftlo
N

ot
ol
o

F ksl A4S 185.3%010 21 peak 2 (84.7%), peak 1 (42.6%), peak 3 (26.2%),
peak 4 (13.8%), peak 5 (12.1%) 22 =2 S YelyArt G2 dd v g
(specific activity)2 peak 27} (1,283 % - m{/mg)Z peak 1 (3804 % - mé/mg) =
peak 4 (3286 % - ml/mg) Ht} o}F =2 g& YrEtlo] peak 27} 7HE 54T &
2atad e e Atk Yamaguchi et al®e diFai A Eaw shpiEe AR
B E FTolAd EAHE 25-3 kDa Aol 9] peptide’t &4tat Aol 7 gojwitia
B st em Kim et al'”e 7121 gelating 9ol 3puks o] &ate] 10, 5 ¥
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Fig. 2.
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Gel permeation chromatography pattern of biocompounds purified
from anchovy sauce fermented at 15+3°C for 5 years.

Table 1. Antioxidant activity of low molecular weight biocompounds from

anchovy sauce fermented at 15t3C for 5 years

; .. Specific
Peptide . NaCl Antioxidant Lo
. . Yield . o antioxidant
Biocompound concentration concentration activity L.
(mg/mL) (%) %) (%) activity
mg/m
& ? ? (% - mL/mg)
10.825
Raw D 100.00 26.200
(0.270)
Peak 1 0.112 1.03 0.003 42.6 380.4
Peak 2 0.066 0.61 0.003 84.7 1283.3
Peak 3 0.172 1.59 0.003 26.2 152.3
Peak 4 0.042 0.39 0.003 13.8 328.6
Peak 5 0.160 1.48 0.003 12.1 75.6
Total 5.10 185.3
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Table 2. Antioxidant activity of low molecular weigh biocompounds from

anchovy sauces fermented at 15C for 5 years

. Antioxidant activity Sequence
Peptide 1st HPLC 2nd HPLC 3rd HPLC 4th HPLC .
(%) analysis
2C2 3CH4 48 Glutamic acid
Peak 1 1C1
2C3 52 Lysine
3C2 30 NoV
2C6
3C5H 30 NO
Peak 2 1C2
2C8 3CH4 4C5H 30 No
Y Not analyzed 2C9 No

1 kDa

ul

B Zo A & 500-1,000 Dagl 7}



2= =

hFdd 9F casein @ W albumin & A7} EE)
BI2 (MW 1350 Da) Bt} (b & Ea3g 74 gRex 744 mghon™)
gelatin 7FFE8l= 9] A= ARG ¢ & ZAE A kst ol
s Q' Park et al.*’e Symphycladia latiuscula® %= t)at ksl
el digt AFlA FEE [Cod 3.14-1544 pg/m =2 YERSTHAL 3klon, &
3] HA33kA] (L-ascorbic acid 2 a-tocophenol) % $HAldAkel#] (BHA 2
BHT)9] ICs2 77} 1.22 ¥ 128 1.06 ¥ 321 pg/m= FAHHJTL H IS

w dare] dAAA Fl peptidedl A 7HE e FbsEAd S UERY peak 29
IC52 66 pg/me (5% 578 peak 2)22 A AbsiA]l 3 g aakshAlof &A=
v g el gA e Als 2 7F 100% A A peptldeﬂ obu 7] wiitel
A A peptides Htt @& ICoats UEE Aoz FS5¥th oF 10,000 daltons <

Aol o frame EA7FFEHES a-tocophenol® H] <=3 3& 2eEAd S THA 3

oot

Jou® gay FavteRHEel A$ 1,000 daltons ©]Fte] EAFEFol A Ak
sgdo] =g WA dAe] BuOHZ % 893 % §asaty ol ) 1k
gabstZ e Bk 1000 daltons ©13+] peptided 2o & FAEFAA W o] =
Lol Ade dFgs aHshA &2 oFdo] du oSsuwA L 2 F&ol2
Billsor FqASEAH S HEHUY, S50 d e aFol& TR wet A
o] 7} Wt}® . Capelin® &7} RalEol Al HAS 4719 peptide & FolA st
He] gFel A E=2 A EAA S YEA L, 270 fFel M= ofF oFgk a4ts)
g4 vl o, ywA 1719 gl A= prooxidant 4 & YEFHAT L B}
Aeu B A E o|gt FAMEHA peptide EHO wil FtstEg e Aol
ez gl

1 % 28 HPLC®E AAg A3E Table 2| L}E}LH%D}. o Eel e A A
¥ data (peak)7} 838 &fvtar #Fasle] dataE A A A= kA 1%}
HPLC A Aol A peak 12 671, peak 2% 99 A4 peakE YElR oW 1 5 &
AstaAd S YERH peak (1 C 1 in peak 1 and 1 C 2 in peak 2)+= HPLC=Z 2z}
A A TE 22k A A o A peaklgl 1 C 12 & 1170, peak 29l 1 C 2= & 9719
M peaks YEFHATE olF A4S UEH peak (2 C 2, 3 in peak 1 and 2 C
6,89 in peak 2)v= =7} ¥ AL HIE sequenceE AR oW, &=V o

AL Al 3 H 43 HASA sequence +A1S SFTE Table 2014 YERA 23}
#o] peak 1914 &bt Ad S YEld 22 ofn =4kl glutamic acid 2 lysine©]
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ATk 18] 3 peak2+ sequenceitA o] A koki=d| o]+ peptidett ofv]=2ke} th
€ s de FAHHY A dystd olfe= A(R=EXAN)S Bol §
Fretar g7l wiZel ool AtskE WAsh= =]l Wol A, I HA
4 Soll AU 2¥ed B3 FASEAES AL 7] Wl Aew Ho
Atk dRkA o2 ofn A4k amine WHE 2 sulphur groupE©l hydroperoxide}

&3
oo
ol

}o] imines, sulphides, thiosulphinates, sulphoxides® #Aldlo] ditateAd S
ZFA A Qvh(12). agez 2 Ao AHAE glutamic acid % lysine< imines
FAste] st S 7L Aot Bk Ao VS AEE sto] 117] o=

= A4S w, 10789 ofm|i=ibo] FAkstEAd S YERSI oM,
71 % histidine, tryptophan, lysine¢] 73t &X4& 71A]3 ¢J+=d 4k glutamic

acid 2 alanine &< YA 3t ks dAd S YEMN I TH26). ol ofv] =4k A

SIS EAT AgstEA ol 2tstd 13 it EAS QAo zA ikt
A yeldttar 3th(26). 53] histidined sl 1+ peptides F5%RE oYy

2} histidine®] imidazole ring®] A% radical®] &-#(27) T+ hydoxyl radical %

singlet oxygens &3(28)3}o] &3l E A S JHA = Ao w LA A o] Sk

AN EAEe FAEL D AHEAAS FA Rerh29), W B

g Tt E

N FEEA el HA

HAoh oksbd vl g A 2N (Maillard reaction) EZEL 3413 & Al &
|ore NTHA kil 7] wWitolth30,31). 1 olf = &

Mo Qleto] AEHTIAl WA o] ¥ 7] wE o] th(32).

5 A HA AR o ZHE dhelofa} H gel permeation chromatographyZE
st AAS WGP EADL 5709 peakS VEFUTE XA o] AR a2
AEA el ed 2 peak 2 (84.7%) F peak 1 (426%) o= =2 A4S U
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Z
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A 3 A "HXAA 73 Bacillus subtilis JM3 & £ 3]

sxo A 2 B4

1. Introduction

Since the long coastal line of the Korean peninsula provides a variety of marine
products for human consumption, fermented fisheries foods have played an important
role in Korean dietary life. The typical fermented fisheries foods in Korea are divided
into three group ; Jeotkal (fermented fisheries), Sikhae (fermented fisheries with cooked
cereals), and fish sauce. Fish sauce is actually the liquid part of Jeotkal and has been
used as a condiment for rice dishes. The manufacturing procedure of fish sauce consists
of mixing small uneviscerated fish with high salt concentration and storing the mixture
in sealed vessels at ambient temperatures or underground for a period of 6~18 months.

Long fermentation period for manufacturing fish sauce results in waste and high labor
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costs. Because most of microoganisms except for some halophiles can not grow up very
well in high salt conditions, it usually takes a long fermentation period to manufacture
fish sauce. Therefore, there has been much interest in accelerating the fish sauce
processings to reduce production cost by shortening the digestion or fermentation
periods. The studies of shortening fermentation periods were carried out by increasing
temperature and adding accelerating agents such as enzymes, starter, and fish intestines,
etc.

Various fermentation enhancers such as koji, fish intestines, and enzyme have been
used for accelerating the fermentation of fish sauce. Among them, koji is most popular
accelerating agent and has been used for manufacturing anchovy paste (Cha et al., 1994),
horse mackerel sauce (Chae et al., 1989), Alaska pollack scrap sauce (Kim, 1998), sardine
sauce (Lee et al., 1988), and anchovy sauce (Lee et al., 1939). Even though koji is usually
used as fermentation enhancer for soy and fish sauce, it has some problems ; low
activity in high salt and low acid conditions, need to culture microorganism,
contaminations, etc. Furthermore, bacteria or their enzymes are only of minor importance
during the digestion because of the inhibitory effect of the high salt concentration
(Orejana and Liston, 1981). It appears, however, that bacteria play a role in forming the
distinct flavor and aroma that, in turn, determine the quality of the fish sauce (Beddows,
1930).

Recently, some researchers have been looking for natural fermentation enhancers such
as squid viscera (Kim, 1999) and squid liver (Yamazaki et al., 1992). But, fish sauce with
accelerating agents showed lower quality such as flavors and tastes than naturally
fermented fish sauce. Fish sauce manufactured with accelerating agents resulted in more
strong fish ordor and bitter tastes than naturally fermented fish sauce (Choi et al., 1999).
This difference between fish sauce with/without acceleration agents might be come from
the different kinds of peptides produced by different hydrolysis of fish proteins (Choi et
al., 1999). Therefore, in order to solve these problems and shorten the fermentation
periods of fish sauce, an alternative processing should be necessary.

Enzymes have been used as processing aids in the manufacture of food products to
improve their quality, solubility, and stability for centuries (Whitaker, 1994). About 5096
of the enzymes used as industrial processing aids are protein hydrolases which have
been used in a number of industrial applications including laundry detergents, feed,

leather treatment, silk degumming, cheese making, chill proofing, meat tenderizing,
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fermented sauces, and the production of pharmaceuticals (Maugh, 1984). Therefore,
Many types of proteases (acid, neutral, alkaline) have been studied in the food industry.
Acid protease are a well known group of proteolytic enzymes that play an important role
in the food processing industry (Ward 1983). There are many reports to use enzymes
for shortening the fermentation period of fish sauce and improve its quality. Choi et al.
(1999) manufactured fish sauce accelerated by various proteases. Kim (1999) used
enzyme to make fish hydrolysate by enzymes for manufacturing fish sauce. Orejana and
Liston (1981) manufactured patis (a fish sauce, Thailand) accelerated by trypsin. But
these reports were not studied the salt-tolerent acid protease.

High activity proteases were purified from soy sauce halophiles, such as Bacillus
subtilis CCKS-118 (Choi et al., 199a), Bacillus subtilis CCKS-111 (Choi et al. 1996b),
Bacillus sp. (Choi et al., 1997), Halobacterium sp. (An et al., 1990), Halomonas sp. ES
10 (Kim et al., 1991), and Aspergillus sp. FC-10 (Su et al., 2001). Kamekura and Onishi
(1974) reported that optimal NaCl concentration of Bacillus sp. protease was 0.5M NaCl.
But there 1s no report to get a strong salt-tolerant acid protease from fish sauce
microorganisms survived in high salt concentration (=>25%). The objective of this
study was to get a salt- tolerant acid protease from naturally fermented fish sauce.
Therefore, strong proteolytic bacteria from anchovy sauce with 26% NaCl fermented

at 15£3C for 3 years was isolated and its protease was studied in this paper.

2. Materials and Methods

Enzyme preparation Anchovy sauces fermented at 15+3°C for 1, 3, and 5
years, respectively, were obtained from Poong-mi Food Company (Sokcho,
Kangwondo, Korea). The strongest proteolytic bacterium was isolated from
anchovy sauce fermented at 15£3C for 3 years. Medium for the isolation of
proteolytic bacteria from anchovy sauce was MRS agar with 2% skim milk.
After inoculating 0.1 mL of anchovy sauce, this medium was incubated at 27.5T
for 48 hrs. The highest transparent colony was isolated, identified by genetic
mapping method (Moyer et al., 1994; Wise et al., 1997), and innoculated in MRS
liquid media with 10% NaCl. Five hundred mlL of medium in a 1 liter
wide-mouth culture flask was innoculated with 10mL (3.3x10° CFU/mL) aqueous
Bacillus subtilis JM-3 suspension prepared from an 3 day old (37°C) MRS liquid
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media. Culture was incubated at 37C for 8 days in a shaking incubator at 150

rpm.

Protease purification. Culture media from individual shake flasks were
filtered (Whatman No. 42 paper), combined to a volume of 2,000 mL, and then
centrifuged at 12,000xg for 15 min. The supernatant was precipitated by
increasing ammonium sulfate concentration by 20%. The precipitate in 40~60%
ammonium sulfate fraction was dialyzed (10-kDa cutoff membrane) against 20
mM sodium acetate buffer (pH 5.5) at 4C overnight. The fraction was applied
to a DEAE-sephadex column (2.6 x 30.0 cm) equilibrated with the same buffer.
Proteases were eluted from the column by application of a 20 mM sodium
acetate-buffered (pH 5.5) linear (0 to 1 M) NaCl gradient at 1 mL/min.
Fractions containing greater than 50% of maximal peak activity were pooled and
dialyzed against 20 mM sodium acetate buffer, pH 5.5. Pooled fraction was
concentrated by ultrafiltration (10-kDa cutoff membrane, Amicon Co., Beverly,
Maine) to 35 mL and then chromatographied on a Sephadex G 75 (Sigma
Chemical Co. St Louis, Mo) gel filtration column (2.6 x 90.0 cm) equilibrated
with 20 mM sodium acetate buffer, pH 5.5 at 0.1 mL/min. Fractions containing
greater than 50% of maximal measured activity were pooled and concentrated to

50 mL. Enzyme was purified to homogeneity based on SDS-PAGE.

Enzyme assay. Protease actuvity was assayed with azocasein (Sigma
Chemical Co., St Louis, MO) at 25C in 20 mM sodium acetate buffer, pH 5.5,
as described by Ninojoor et al. (1985). The absorbance at 345 nm was
determined and the equilibrated amount of tyrosine was calculated from the
tyrosine standard curve. One unit of the enzyme activity i1s defined as the
amount of tyrosine hydrolyzed per min (Fig. 1). Casein activity was determined
by the modified method of Iwata et al (1986), and its activity was expressed as
the absorbance at 280 nm. N-CBZ-Phe-ARG-7 amino—4-methylcolumarin
(Z-Phe-Arg-NMec) and N.-CBZ-Phe-ARG-7 amino-4-methylcolumarin
(Z-Arg-Arg-NMec) activities were determined by the method of Barrett and
Kirschke (1981). The assay mixture was composed of 1.25 mL of assay buffer,
0.25 mL of 1 mM Z-Phe-Arg-NMec solution, and 50 ux¢ of enzyme solution.
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Fluorescence intensity was measured by excitation at 375 nm and emission at
460 nm on a fluorometer (RF-5301, Shimadzu, Tokyo, Japan). The amount of
free aminomethyl-coumarin (AMC) was determined from a standard curve.
Benzoyl-L-tyrosine ethyl ester (BTEE) and p-tosyl-L-arginine methyl ester
(TAME) activities were determined by the method of Erlanger et al. (1961) and
their activities were expressed as the absorbance at 256 and 247 nm,
respectively. Relative activity is defined as the amount of hydrolyzed substrate

per the amount of substrate hydrolyzed by 1 unit of trypsin.

Protein determination. Protein concentrations were determined by the method
of Bradford (1976) using bovine serum albumin as the calibration standard. The
relative protein contents of chromatography fractions were estimated by

absorbance at 280 nm.

Gel electrophoresis. Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) (Laemmli, 1970) was conducted for the determination of protein
purity and molecular weight. A running gel (T 12%) was prepared with distilled
water, 1.5 M Tris—HCIl (Bio-Rad, California, USA) (pH 8.8) (25% v/v), SDS(Bio
Basic Inc., Toronto, Canada) (0.1% w/v), acrylamide (Sigma Chemical Co., St
Louis, MO) (12% w/v), N,N'-methylenebis acrylamide (Bio Basic Inc., Toronto,
Canada) (0.32% w/v), ammonium persulfate (Sigma Chemical Co. St. Louis. Mo.)
(0.05% v/v) and NNN’N’'-tetramethylene-ethylene diamine (TEMED) (Bio
Basic Inc., Toronto, Canada) (0.05% v/v). A stacking gel (T 4%) was prepared
from distilled water, 0.5 M Tris-HCl (pH 6.8) (25% v/v), SDS (0.1% w/v),
acrylamide (4% w/v), N,N’'-methylene bisacrylamide (0.1% w/v), ammonium
persulfate (0.05% v/v) and N,N,N’ N’-tetramethylene-ethylene diamine (TEMED)
(0.1% v/v). Proteins were diluted (1:4) with sample buffer (0.065 M Tris-HCI
buffer, pH 6.8, containing 10% glycerol, 1% SDS, 0.005% bromophenol blue, and
196 2-mercaptoethanol) and denatured by heating at 100C for 4 min. Proteins
were then loaded onto 1 mm thick gel and run in a buffer of 0.6% Tris, 2.9%
glycine, and 0.19%6 SDS, pH 83 at the current of 120 V. Following
electrophoresis, gels were stained with 0.1% Coomassie brilliant blue G-250 (Bio

Basic Inc., Toronto, Canada) in 40% ethanol and 10% acetic acid, and then
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destained in 40% ethanol and 10% acetic acid. Molecular marker (MW-SDS-70)
(Sigma Chemical Co., St. Louis. MO) for SDS-PAGE consisted of bovine serum
albumin (66 kDa), chicken egg albumin (45 kDa), glyceraldehyde 3-phosphate
dehydrogenase (36 kDa), carbonic anhydrase (29 kDa), trypsinogen treated with
PMSF (24 kDa), trypsin inhibitor (20 kDa), and a-lactalbumin (14.2 kDa).

Kinetic parameters. K, and V. values for Bacillus subtilis JM-3 protease
acting on azocasein were calculated by linear regression analysis of
Lineweave-Burk, double-reciprocal, plots of initial velocity data obtained under

the conditions described above.

Effect of temperature on enzyme activity. The effect of temperature on
protease activity was determined by the method of Ninojoor et al. (1985). After
adding 250 uf of protease to 500 pul of 196 azocasein solution which was
equilibrated to each temperatures (10~807C) for 30 min, protease activity was
determined at 345 nm.

Temperature stability. Temperature stability of protease was determined by
incubating protease at each temperatures (10~807C) for 30 min in advance and
then protease activity was determined according to azocasein method (Ninojoor

et al., 1985).

Effect of pH on enzyme activity. The effect of pH on protease activity was
determined by the method of Ninojoor et al. (1985). After adding 250 ¢ of
protease to 500 w1l of 196 azocasein solution which was equilibrated to each pH

(5.0~8.0) for 30 min, protease activity was determined at 345 nm.

pH stability. pH stability of protease was determined by incubating protease
at each pH 50~8.0 for 30 min in advance and then protease activity was

determined according to azocasein method (Ninojoor et al., 1985).

Effect of NaCl concentration on enzyme activity. The effect of NaCl

concentration on enzyme activity was determined by adding 250 wl of protease

to 500 wl of 1 % azocasein with 5~30 % NaCl.
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Effects of inhibitors on enzyme activity. The effect of inhibitior on enzyme
activity was determined by mixing 250 wl of enzyme solution to 250 0 of each
1 mM inhibitors; p- toluene-sulfonyl-L- lysine chloromethylketone (TLCK),
tosyl pheny alanine chloromethyl ketone (TPCK), NEM, DTT, and
2-mercaptoethanol. This enzyme-inhibitor mixtures were incubated at 37 C for
20 min. Relative activity was determined at 345 nm by adding 500 @l of this
mixture to 1,000 wl of 1% azocasein solution and then by incubating at 25 T
for 30 min.

3. Results and Discussion
Purification of Bacillus subtilis JM-3 protease

The focus—-enzyme for this study was the predominant cell-free salt-tolerant
acid protease in NaCl-supplemented cultures. Halophile isolated from anchovy
sauce was Identified as Bacillus subtilis species by genetic mapping method
(Fig. 2) and named as Bacillus subtilis JM-3. Protease activity was the highest
in 40~60% ammonium sulfate fraction. There were three peaks on ion exchange
chromatography pattern in which peak I had the stronger activity than others
and eluted between 0.65~0.7 M NaCl gradient (Fig. 3). Bacillus subtilis
CCKS-111 protease from traditional soysauce in Korea showed three peaks on
DEAE chromatography pattern in which peak 1 was the higher activity than the
others (Choi et al., 1997), which was the same to above result. But Bacillus
subtilis 1.Y-353 protease from fermented seafoods (anchovy paste and shrimp
paste, etc.) showed two peaks on DEAE chromatography pattern in which the
strongest protease (peak I) eluted between 0.16~0.19 M NaCl gradient (Lee et
al.,, 1991), which was different from in this study. Enzyme is usually eluted as
one peak on gel filtration chromatography in this study (Fig. 4), but Bacillus
subtilis CCKS-111 protease from soysauce showed 2 peaks on gel filtration
chromatography, which was unusual case (Choi et al, 1997). Purification fold
and yield of Bacillus subtilis JM-3 protease were shown in Table 1. Purification
fold and yield after ion exchange chromatography step were 16.8 and 6.17%,
repectively, whereas those after gel filtration chromatography, 35.56 and 5.33%.
Purification folds and yields were diverse depend on a kinds of Bacteria, 50.6

and 0.8% in Bacillus subtilis CCKS-111 protease of soysauce (Choi et al., 1997),
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733 and 6.5% Bacillus subtilis LY-353 protease of fermented seafoods (Lee et
al., 1991), 140 and 14% in Halobacterium sp. of salted seaweed (An et al,
1990), and 37.7 and 11.0% in Neosatorya fischeri var. spinosa IBT 4872 (Wu et
al.,, 1998). Bacillus subtilis CCKS-111 protease from soysauce (Choi et al., 1997)
showed lower specific activity than our study. Therefore, purification fold and
yield of protease might be different depend on a kinds of microorganism, culture
medium, and culture conditions, etc. Purification and yield of Bacillus subtilis
JM-3 is considered to be a little low because MRS medium with 10% salt
concentration contained glucose for microbial nutrient. Therefore, in order to get
the maximal yield and activity of protease, selective medium for proteolytic

bacteria need to be used.

Molecular weight of Bacillus subtilis JM-3 protease

Enzyme was purified to the homogeneity based on SDS-PAGE (Fig. 5).
Therefore, there was no necessity to carry out further purification step.
The molecular weight for Bacillus subtilis JM-3 protease was 14,600 daltons on
SDS-PAGE (Fig. 5). The molecular weight for Bacillus subtilis CCKS-111
protease was 28 kDa (Choi et al., 1997).

Effect of temperature on Bacillus subtilis JM-3 protease activity

Protease activity increased from 40C up to 60T, but after then decreased
significantly. The optimal temperature of Bacillus subtilis JM-3 for the
hydrolysis of azocasein was 60C (Fig. 6). Based on the results of Bacillus
subtilis LY-353 protease from fermented seafoods (anchovy paste and shrimp
paste, etc) in Korea (Lee et al., 1999), and Bacillus subtilis CCKS-111 protease
traditional soy sauce in Korea (Choi et al., 1996), the optimal temperatures for
all these proteases were 55C which was almost same temperature to this
study.

Optimal temperature of Neosatorya fischeri var. spinosa IBT 4872 acid
protease (Wu et al., 1998) and Halophilic Halobacterium sp. proteases from
salted seaweed (An et al. 1990) were 35 and 50C, respectively, which were a
little lower than that of Bacillus subtilis JM-3 protease in this study.

Temperature stability of Bacillus subtilis JM-3 protease
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Temperature stability of Bacillus subtilis protease was shown in Fig. 7.
Bacillus subtilis JM~-3 protease was stable at 10~307C.

The temperature for optimal stability of Bacillus subtilis JM-3 protease was
30C. This enzyme was unstable above 40C. Its relative activity compare with
at 30C was approximately 50% at 40C. Temperature for optimal stability
Bacillus subtilis JM-3 protease was much lower than optimal activity
temperature. This discrepancy might be attributed to protective effects of the
substrate at high activity temperature (Jiang et al., 1991). The temperature for
optimal stability of Bacillus subtilis JM-3 protease was similar to that of
Bacillus subtilis globigii CCKS-118 protease from traditional soy sauce in
Korea (Choi et al., 1996).

But, optimal stability temperature in this study was lower than those of
Halobacterium sp. protease from salted-seaweed (An et al, 1990) and Bacillus
subtilis LY-353 protease from fermented seafoods (anchovy paste and shrimp
paste, etc.).

Effect of pH on Bacillus subtilis JM-3 protease activity

Relative activity increased up to pH 55 and then decreased significantly. The
optimal pH for the hydrolysis of azocasein was b.5 (Fig. 8). Bacillus subtilis
JM-3 protease had high proteolytic activity at weak acidic conditions (pH 5.0~
5.5). Therefore, Bacillus subtilis JM-3 protease was a acid protease. The
optimal pH of Bacillus subtilis protease JM-3 was similar to that of Pacific
whiting protease (Thomas et al., 1994).

But, optimum pH of this enzyme was lower than those of trypsin-like proteases
derived from shrimp, pH 8.0 (Jiang et al., 1991), hepatopancreas protease from
crawfish, pH 80 (Jeoug et al., 2000), Bacillus subtilis globigii CCKS-118
protease, pH 9.0 (Choi et al., 1996), and Atlantic menhaden muscle, pH 7.0
(Choi et al., 1999).

The ideal substrate for Bacillus subtilis JM-3protease. Therefore, which was a
specific substrate commonly used to assay trypsin-like enzymes (Doke et al.,
1987). Relative activity of azocasein and casein were 100 and 989,

respectively. Protease of Bacillus subtilis JM-3 showed low activity on
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Z-Phe-Arg-NMec. Z-Phe-Arg-NMec and azocasein are a good substrate for
cathepsin B and L, cysteine proteases (Barrett and Kirschke, 1981), but some
trypsin-like serine proteinases also can hydrolyze them (Barrett and Kirschke,
1981; Kinoshita et al., 1990; Doke et al., 1987; Thomas et al., 1994).

Protease did not hydrolyze TAME and BTEE, which were model substrates for
trypsin and chymotrypsin-like proteases, respectively (Choi et al., 1999). These
results suggest that Bacillus subtilis JM-3 protease are serine protease like

trypsin type.

Effect of inhibitor on Bacillus subtilis JM-3 protease

The effect of several known proteinase inhibitors on Bacillus subtilis JM-3
protease was shown in Table 3. Bacillus subtilis JM-3 protease was completely
inhibited by 1 mM TLCK, specific inhibitor for serine type protease (Salvesen
and Nagase., 1989). Also, Bacillus subtilis JM-3 protease was inhibited slightly
by 1 mM DTT, specific inhibitor for trypsin-like protease, followed by in order
of 2-Mercaptoethanol, specific for trypsin-like protease and TPCK,
chymotrypsin-like protease, respectively. Bacillus subtilis JM-3 was not inhibited
by 1 mM NEM, specific inhibitor for cystein protease (Doke et al., 1987).
Atlantic menhaden protease, serine type protease, was inhibited by 1 mM TLCK
(Choi et al, 1999). The activity of four anionic trypsins from crayfish
hepatopancreas were inhibited about 50 % by 1 mM DTT (Kim et al., 1992).
Wolz et al. (1990) reported that sulfhydryl reagents had strong inhibitory effects
on Astacus protease in order of DTT, 2-mercaptoethanol, and glutathione.
Protease of The protease from Atlantic menhaden was inhibited by 5 mM
2-Mercaptoethanol (Choi et al, 1999). From the substrate specificity and
inhibitor studies, Bacillus subtilis JM-3 protease are serine protease like trypsin
type. Trypsin has been reported to have a molecular weight between 20 and 25
kDa (Keil. 1971). The molecular weights for Bacillus subtilis JM-3 protease was
lower than those reported for trypsin-like proteases; 24 kDa of white shrimp
(Penaeus setiferus) (Gates and Travis. 1969), 20.5 kDa of rock crab (Brun and
Wojtowicz., 1976), 24 kDa of Japanese spiny lobster (Galgani and Nagayama.,
1987a), and 24 kDa of crayfish (DeVillez and Johnson., 1968). There are other
reports that trypsin had higher molecular weight: 33.5 kDa of the midget gland
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Table 3. Effect of substrate on the activity of Bacillus subtilis JM-3

protease
Substrate Concentration Relati\(/g/o)%ctivity
TAME 1mM 0.00
BTEE 1mM 0.00
Azocasein 1% 100.00
Casein 1% 98.07
Z-Phe-Arg-NMec 1mM 52.01
Z-Phe-Arg-NMec 1mM 0.00

* Relative activity is defined as the amount of hydrolyzed substrate per the amount of

substrate hydrolyzed by 1 unit of trypsin.

Table 4. Effect of inhibitor on the activity of Bacillus subtilis JM-3

protease.
Inhibitor Concentration (mM) Relative §ct|V|ty
(Y9
TLCK 1 0.00
TPCK 1 69.95
NEM 1 100.00
DTT 1 38.56
2-Mercaptoethanol 1 5232

* Relative activity is defined as the amount of hydrolyzed substrate per the amount of
substrate hydrolyzed by 1 unit of trypsin.
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of crab, Callinectes sapidus (Dendinger and O’Connor., 1990), 30-31 kDa of
Antarctic krill (Osnes and Mohr., 1985), and 28~30 kDa of krill (Kimoto et al.,
1983).

Kinetic parameters.

The K, and Ve values of Bacillus subtilis JM-3 protease were caculated
from Lineweaver-Burk plot (Fig. 11). The K, and Vi values were 1.75 mg/mL
and 318 pM - minfl, respectively. The K, and Vna values of Bacillus subtilis
globigii CCKS-118 protease were 1.242x 10*M and 25.99 ug/min, respectively
(Choi et al., 1996). The K,, and Vi values of Neosatorya fischeri var. spinosa
IBT 4872 acid protease were 0.44% and 0.02 mmoll-' (Wu et al, 1998). K, and
Vimax values of trypsin purified from dark flesh fish were 49.28~98.30 uM and
1.85~357 unit/min, respectively (Cho et al, 1996). Vpyuw/Kn value, the
physiological efficiency value, of Bacillus subtilis JM-3 protease was 181.6 uM -
mL - min ' - mg . The Vyw/Km value of the four crawfish proteases were 243.5,

432.6, 309.6, and 387.9 uM 'min' (Jeoung et al., 2000).

4. Conclusions

Salt and acid tolerant bacteria, Bacillus subtilis JM3 was isolated from
naturally fermented anchovy sauce at 15+3°C for 3 years. B. subtilis JM3 was
cultured in MRS media with 10% NaCl concentration at 37C for 8 days in a
shaking incubator at 150 rpm. Protease activity was the highest in 40~60%
ammonium sulfate fraction. Protease showed three peaks on ion exchange
chromatography  patterns and purified further through gel filtration
chromatography. Yield of purified protease was 5.33% and its purification ratio
was 35.56 folds. Peak 1 protease showed a single band on SDS-PAGE and its
molecular weight was 20,000 Da. Km and Vmax values were of B. subtilis JM3
were 1.75 mg/mL and 318 unit/min, respectively. Optimal temperature for
protease activity was 60C but optimal stability temperature was 30C. Optimal
pH for protease activity was 5.5. B. subtilis JM3 protease was stable at pH 5.
0~5.5. Therefore, B. subtilis JM3 protease was a acid protease. Relative activity
of B. subtilis JM3 protease was 69, 21, and 1.3% at 10, 20, and 30% NaCl

concentrations, respectively. The best substrate for B. subtilis JM3 protease was
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azocasein followed by casein. TLCK was the strongest inhibitor followed by
DTT, but NEM did not inhibit this enzyme. B. subtilis JM3 protease was,

therefore, presumed serine protease like trypsin type.
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2Fsh= acid protease®] AAZFA R ZASHH AHo] #I AF H 5 (1987)9
Aspergillus fumigatus A-127} A2F8}= acid proteased] EAle| 33 A <o 5
(1990)¢] a1% <94 Halobacterium sp.7} A2Fski= protease?] 543, v 2
o] sl wrgAForNE HEd A Ao 2854 9 9 2o A3
AT A5 (1991)e] Halomonas sp. ES 107} A4Fel= alkaline protease®] AJ4kol] 3
Sk A7 HuE A 9ty Bacillus megaterium®] A= Gl R g 4o 3 A
T 2% Yoshimoto (1983)% 9 Bacillus megaterium 32| Proline iminopeptidase?]
AA 2 S #g AU RaEASE, 1 fde 2 519959 Bacillus
megaterium®] A3t y-cyclodextrinase®] A A ¢} EAJo 3k A, Ray (2000)
9] Bacillus megaterium® betaamylase®] A ¢} EAdo]| #s AF & F=2 T
3l Eael #gk A7 diFEolth wEkA, 2 AFolM e 2o AE Vﬂ a3
Ate 8] il HAg Aleto] Aikets dlEsiasd] A4 2 SA4S AT

&ttt

12
o

i =<

2 4 ($= A, Ae)s 7Y Fddoer ARgsslt 2o A A
A By Gl ARsso] Aok e AEufx] (skim milk 15g, bacto peptone
5g, yeast extract lg, sodium chloride 100g, bacto agar 15g, distilled water 1L)E
ARg3te], 37 TollAl 48 A7t wiFate] #& sttt

U #F g 2 a4 A

A A S AFgele] #E 3 S 20mL skim milk broth ®jA|ol &3l 37
Col Al 72 AzbEE Aol A widd & wgel 10 mL (12 x 10" CFU/mL)&
Aeuf el H7bate], 37 TollA 543 &l (150 rpm)at et 543 v gk 5
ke 4T A AAEY (4500 rpm, 15 min)3dte] bacteria cell= A A 3} t}.
Ammonium sulfateE %= (0-20%, 20-40%, 40-60%, 60-80% % 80-100%)=
wE st i ddo] 7 =2 #3S 20 mM sodium acetate 58
(pH 55) 10 mLel] &3|AlA ZEg Ao T ALE3ATE, 28 AN 4T A2
A 2441759 A (10 kDa cutoff membrane)S 3 ¥ 39]oj3} (10 kDa cutoff
membrane, Amicon Co., Beverly, Maine)E 3}ttt 3ol & zgsrde

DEAE Sephadex A-50 (Sigma Chemical Co. St Louis, Mo) column (2.6x30.0 cm)
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oA 0~1M2 NaCl #ulE &3] &=3t9 . Ion exchange chromatography©ll Al
7 =e dwlR g EAl zh= peak? 50% o]l EE O 47He BRE T Gel
(Sephadex G-75, Sigma Chemical Co. St Louis, Mo) chromatography colum
(2.6x90.0cm)ol A £ 0.1 mL/mine & 20 mM sodium acetate buffer (pH 55)=
A AT

t}. A 719 % (Electrophoresis)

Sodium dodecylsulfate—polyacrylamide gel electrophoresis (SDS-PAGE)®
Laemmli (1970)¢] WX & A3tk =, running gel (T 12%)2 1.5 M Tris-HCI
(pH 88) (25% v/v), SDS 0.1% (w/v), acrylamide (12% w/v), N,N’'-methylene
bisacrylamide  (0.32%  w/v), ammonium  persulfate  (0.05%v/v)a 2
N,N,N’ N'-tetramethylene - ethylene diamine (TEMED) (0.05% v/v)& <331
a1, stacking gel (T 4%)<2 0.5M Tris-HCl (pH 6.8)(25% v/v), SDS (0.1% w/v),
acrylamide (4% w/v), N,N’-methylene bisacrylamide (0.1% w/v), ammonium
persulfate (0.05% v/v) ¢+ N,N,N’ N’-tetramethylene-ethylene diamine (TEMED)
01% v/v)E Egste] AHgedvt. A" 24843 sample buffer (0.065 M
Tris—HCI buffer, pH 6.8, containing 10% glycerol, 1% SDS, 0.005% bromophenol
blue ¥ 1% 2-mercaptoethanol)@} 1:4= &3FataL 100To A 4827 S8 7198t
geloll loading ¥+ % 0.1% coomassie brilliant blue R-250 (Eastman Kodak Co.,
Rochester, NY) ¥} 40% ethanol % 10% acetic acid® &3+ v} 40% ethanol
2 10% acetic acid® ©A39 . Molecular markerZ+ MW-SDS-70 (Sigma
Chemical Co., St. Louis. MO) & ¥ +3% 02 AME35le] ExES ALEeA

2}, ‘?l‘ﬂ‘.’,‘:_‘ A % (determination Protein)

ey g S Bradford (1976) H & AH&sESlal, bovine serum albumin® &
T 5.'”’&'% e @ kS ALEEA

v, 484 =4 (Enzyme Activity)

HA T a4 AP EE azocasein WHOoE FA3 T (Ninjoor et al.,
=, 0.02M Sodium acetate buffer (pH 55)° 1% (w/v) azocaseine <!
0 ImlE Zhete] 2ol Al 1A wEEAI F 5% TCA 3mlEs 7hate]
S-S Ax A 71 & o3} (Whatman No.41)dte] 345 nmolA FFEE =AHA

g4 949 uniteE 7] &) azocaseine 1+ &<t 7FEESe] 1uM9] tyrosine
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= AAsts S 1 unit®2 A8kt (Fig. 1.).

v, A &% (Optimal temperature)
10~80C HYolA 30E7+ WAl & 48 AH S
218 Ninjoor (1985)% 9] azocasein WH oz =As 3t =

2 77t Mg ewol A WA F BA FEDYS YA

Ab, &% 9] otAHA (Stability temperature)
T4 2xd dg kS A7 et aAgdS 7Hte] &% 10~8
0CoA 3059t X3 thufst & Ao 71843} vbgA AL g4 #&E

A2 azocasein WY (Ninjoor et al., 1985) 0. 2 =43}t

ol. ¥4 pH (Optimal pH)

49 FH4 pHE <olx7] 98 718dS 24729 buffer (pH 5~6+% sodium
acetate buffer, pH 6~72 sodium phosphate buffer, pH 7~8& Tris—HCl)ell &3
ANZt. pH7F M2 g8 712890 42 HUlste] 37CA 3085 wrgA 2

% azocasein W'Y (Ninjoor et al, 1985)0.2 & A9 FEIAHS AT

2. pH A A (Stability pH)

B8] pHel Wi ks S4sk7] fskel 471 pH7F v& buffer (pH 5~6
+ 20m M sodium acetate buffer, pH 6~7< 20mM sodium phosphate buffer, pH
7~82 20m M Tris-HCD<} &7 22 &9 a489ds 37T 3025 2 E

3tA1 71 & azocasein WY (Ninjoor et al., 1985) 0.2 &4 IEFA S =A31¢T)

ZF. dF5=9 93 (Effect of NaCl)
T2 952 (0~30%)= sk 1%69] azocaseing AMg3te] 37T A 30%%
_]

oF WFS-Al7l & azocasein WY (Ninjoor et al., 1985)0. % 4o HEIAS =4

7}. 7] A E o] A (Specific substrate)
i 7| A Eol A N-CBZ-Phe-ARG-7amino-4-methylcolumarin
(Z-Phe-Arg-Nmec)¥ N,-CBZ-Phe-ARG-Phe-ARG-7 amino-4-methylcolumarin
(Z-Arg-Arg-Nmec)< Barrett and Kirschke (1981)¢] ®H o=z ZA3Ath =
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1.25 mL¢] buffere] 0.25 mL 1 mM Z-Phe-Arg-NMec¥ 50 po] &ANS H7lst
o]  Fluorometer (RF-5301, Shimadzu, Tokyo, Japan)< AF&3te] 375 nm
(excitation)?} 460 nm (emission)ollA] ZA3FAt}h. Benzoyl-L-tyrosine (BTEE,
ImM) ¢} p-tosyl-L-arginine ester (TAME, 1mM)+ Erlanger (1961) 59 ®9 o
2 =4t 47 FAEE 2563 247 nmol A SASFA L FE FAL 1 unit
o] trypsine]l 71&AE& ThEEsste ds VIEo®E ato] et Azocasein
(1%)2 azocasein %W (Ninjoor et al., 1985) o2 &4i9o Z=3%
casein (1%)< Iwata (1986)5 2 e FA ] AR&stATE zh2be] 7142 37T
NA FAaENT 30E¢ HSA F 52N S FA4sA 249 dHQl unite
7141 azocaseing 1i- &< ZhrEsiste]l 1luMe tyrosines St AS 1

unit® A elst At (Fig. 1.).

ox

[e) =]
& 24e g,

. Af A P (Effect of Inhibitor)

aagye gk A FFS Lotr 7] skl AAl ImM Tosyl -
L-lysine-chloromethylketone (TLCK), tosyl phenylalanine chloromethyl ketone
(TPCK), 2-mercaptoethanol  (ImM), N-ethylmaleimide (NEM, 1mM),
Dithiothrditol ( DTT)E Ab&3ate] 37CelA 208 =<t w3t & 34 &A=
1%°] azocasein®l AafAlet A AAF EigHS FHIbste] 3

4 =,
TCAM B0RET WSANF Eh BEBY YA

sk s £ (Kme Hdl 985 % (Vmax) azocasein
e gAS =AH3} T Lineweaver-Burk® 2] (Dixon and
Webb, 1979)o] we} Axbeldth 0.5~4%2] azocaseing 7] @& 3lo] 37ColA 30

BEok B8N WeAA Fad AEBAL AU
3. 4% ¢ n@

7F. #579Y FA.

Aol AZA EHYFTF dMEs ol A} dS FF

ro

A3 Bcillus
megaterium= Y3 % o™ (Table 1). Bcillus megaterium KLP-98% ™3}t
Bcillus megaterium KLP-980] A4tdls= g 49 A 29 pHE ZHzF 37C ¢

pH 5.5°] 31t}
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. g4 AHA.

Ammonium sulfate 40-60%2] &2l 7H 2 A4S UYWAY Jon
exchange chromatographyold = &4 o] Q= 2709 peak’} YERSTH (Fig.
2). a4agol & 2719 peakt 0.67~0.79M NaCls%= T8} Alo]ol A LEFSETE
Ion exchange chromatography A %2 AAl& (fold) 2 yields Z+7; 6.37%
165%°] ATt (Table 2). d& b LEAF (EAAY AqeA)e=zy g
Bacillus subtilis LY-353¢] @l &3 & &+ ion chromatography 0.16~0.19M NaCl
o] Atolo A 27H9] peakE HEHUHASHW (o] &, 1991), 3= HF WHFHFo=H
B %83  Bacillus subtilis CCKS-111 ¥R sash ion exchange
chromatography’dol A 3719] peakE YEIAT (H &, 1997). @4gdo] & F
Ml peak F Aol 7FF & peak (Fraction No.25~36)5 pooling 3t
Shephadex G-75 (Sigma Chemical Co., St. Louis. MO) colum (2.6cmx90.0cm)®l
214399 3L gel chromatography oA &4 Ao & 119 peak (Fraction No.
37-45)5 AAY (Fig. 3.). &429 gel chromatography AA& 2 vyield:= Z+7+
188, 15.3% = HA At} (Table 2.). Bacteria®l F7ol W& AA &Y yielde
ity kA 2ol 7b el tiFbg el A 2l § Bacillus subtilis CCKS-111 w3
laie 5067 08% (H &, 1997), siit A& HaAFolA F2d Bacillus
subtilis LY-353 @l &4 733 3 65% (o] &, 1991), afib=olA el
Halobacterium sp.o] @9 EHErE 140 3 14%°o 2 YEstoew (oF 5. 1990),
Neosatorya fischeri var. spinosa IBT 48729 2+ @l B g4+ 3779 11.0%=
AA AL BAskdth (Wu 5., 1998).

o. A7l gF.

Gel chromatography® AA 3+ Bcillus megaterium KLP-98 T E3|§ A=
SDS-PAGEE Ah&stel Zx% 3 AA=E ZAsAvt (Fig. 4.). Bcillus
megaterium KLP-98 Tl & &4+ SDS-PAGEo|A ©d3t bandZ Y EFG O
g4 FAE2 64 kDaol %l th. Yoshimoto 5 (1983)2 Bacillus megaterium®]
MRS Eae) EAARe 60 kDao® R Itk Wonnop & (2001)¢] 7ham] 2%
o A %3t cathepsin L2 &A% 39.8 kDa® WElSES ™, Thomas 5 (1994)2
thA ok - (whiting)ol A F%3F cysteined cathepsin® EA#E& 288 kDal &
Hiuxom 2 Ay AyHc & FAFo 2 ey
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Table 1. Purification yield of Bacillus megaterium KLP-98 protease from
squid Jeot-gal

Total Total Specific . Purificatio
Volume ] . .. Yield
Step (mL) Protein activity activity (%)
(mg) (U)* (U/mg) ° fold
Crude 2,000 1,234 1040 0.84 100.0 1.00
extract
Amonium
sulfate 14 814 1000 1.23 96.2 1.46
(40~60 %)
DEAE
(Peak I) 40 32 172 5.36 16.5 6.37
Sephadex
G-75 120 10 159 15.86 15.3 18.83

* One unit of the enzyme activity is defined as the amount of tyrosine

hydrolyzed per min.

25 ¢

15+

y =0.0023x +0.0072
05 ¢ Rt =(.9999

Ahsorhance at665nm

0 250 500 750

Concentration (unitimL)

Fig. 1. Calibration curve of standard tyrosine solution.
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—&—Absorbance at 280 nm 10

—e—Enzyme activity
—e—NaCl (%)

Absorbance at 280 nm
Absorbance at 345 nm

Volume (mL)

Fig. 2. Ion exchange chromatography pattern of Bacillus megateriu

KLP-98 protease derived from squid Jeot-gal.
0.016 0.03
-=-0D
0.014 —e—enzyme activity
0.025

0.012
g 002 2>
o 001 =
© =
o~ o
;(_é 3+
Q 0.008 0.015 GE)
2 ' 2
EE 8
— w
8 0.006
o 0.01
<

0.004

0.005
0.002
0 0
5 55 105 155 205 255 305 355
Volume (mL)

Fig. 3. Gel permeation chromatography pattern of Bacillus megaterium
KLP-98 protease derived from squid Jeot-gal.
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. A% (Optimal temperature).
Bcillus megaterium KLP-98 ©@¥l -] g 4o H A 2%+ Fig. 5.9 YeER A
Bcillus megaterium KLP-98 @ &3] & A-= 60CoAA 7H B

=2 FEIH S
of FRom 60Tl dele JFE=SA=7F sropxth gk 10~30T HelolA vl
G- e JEGAHS BYom 40~60T AtoldA] S =T st en 60T el A
= A AES2AS A ¢F 5 (1990)e] 1% 3 9A Halobacterium sp. %
wl

W ase HToA HALesE et en, ¢ 3 f (1999)9] W+ 29
Syncephalastrum recemosum PDA 132-27} A tel= proteaseiﬂ AA 2 EA4 A
Tl A+ 50~60C, Fukumoto (1967)5 ¢l Rhiz. chinensis® 4t @9 Fs]aiv
60C, # 5 (1988)2] Penicillium citrinum C-39° 2]3] Aate 24 whl )& 4
= 65CAAA 247 HA2=E Yl 2 Ay fF

Bergkvist (1963)9] Asp. oryzae®] ©Widlaihe] HAX=7F 50C, A 2 v
(1979)2] Aspergillus awamori U-37} AAksE A4 ol &2

2 e 2 AdEges U¥e 2E5EE e AT

d

}. €% QFA A (Stability temperature).

Bcillus megaterium KLP-98 @l 2& &4 9 &% <t X S Fig. 6.9 YEFHA
Lo W3t Bceillus megaterium KLP-98 thl &) &9 etAA L 40T 7HA
FEd] S GAEE YEHJA o 40T o) xddAs &40 3438 wolA]
= AL s =7} AAv}. Beillus megaterium KILP-98 thul &) &
ZRT 2% dAHA e ofi= a4 NS WA incubation = 2}
FERTE 7| A3 Zo] W Eo AEaA He HARE APolA 71do] a4E
HEsle] gA47F Ag FHE AS oqWdtan Buskdth (Jiang 5, 1991).  ©]
(1984)°] Rhodotorula glutinis AEW A4 Sl aset 8 5 (19799 A4 ¢
MRl Eavt LA S50C7HA FES @48 UEWta Rusigdoen #H 5
(1988)2] <AF-el A= acid protease’t 70CE 7|Ho2 3t g4l 343 @
¥t Baustit. H 5 (1987)9 Aspergillus fumigatus A-1

ATolAE 60CE 71@2; sto] aagygo] HAs] Wolxlthal Harste] & A
ol 2l Bcillus megaterium KLP-98 & Ealgs7F %o ¢ 7743 vk3-8 1}

Be s 5 gsivh

pE4 AR AN

.ﬂ

vk, H3 pH (Optimal pH ).
Becillus megaterium KLP-98 @l i3] & 4~ o] HZ pHE Fig. 7.9 e AT



Table 2. Purification yield of Bacillus megaterium KLP-98 protease from

squid Jeot—gal

Total Total Specific ) Purificati
Volume ] . . .. Yield
Step (mL) Protein activity activity (%)
(mg) )* (U/mg) fold
Crude 2,000 1,234 1040 0.84  100.0 1.00
extract
Amonium
sulfate 14 814 1000 1.23 96.2 1.46
(40~60 %)
DEAE
(Peak 1) 40 32 172 5.36 16.5 6.37
Sephadex
G-75 120 10 159 15.86 15.3 18.83

# One unit of the enzyme activity is defined as the amount of tyrosine

hydrolyzed per min.

Bacillus megaterium —
protease

ovine albumin, 66,000

Egg albumin, 45,000

lueraldehyde-

3-D-dehydrogenase, 36,000
Bovine carbonic anhydrase, 29,000
ine pancreas trypsinogen, 24,000
Soybean trypsin inhibitor, 20,000

e milk a-Lactalbumin, 14,200

Fig. 4. SDS-Gel electrophoresis of Bacillus megaterium KLP-98 protease

from squid Jeot-gal.
(A) Bacillus megaterium KLP-98 protease (B) Standard
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Fig. 5.

Fig. 6.
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B
o
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Relative activity (%

()
o
T

10T 20T 30C 40T 50C 60C 70T 80C

Temperature (C)

Effect of temperature on the activity of Bacillus megaterium
KLP-98 protease derived from squid Jeot-gal

60 r

40 |

Relative activity (%)

20

10¢ 20¢C 30¢C 40C 50¢C 60°C 70°C 80¢C
Temperature (C)

Temperature stability of Bacillus megaterium KLP-98 protease
derived from squid Jeot-gal.
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N
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pH

Fig. 7. Effect of pH on the activity of Bacillus megaterium KLP-98
protease derived from squid Jeot-gal

120

100

[e]
o
T

Relative activity (%)

N
o
T

Fig. 8. pH stability of Bacillus megaterium KLP-98 protease derived from
squid Jeot-gal.
pH 5ollA+= a4 EAo] 50%o =2 YEY L, pH 55004 100%<S WERW AT 1

ol’del pHelM= mAagAe]l AstEs Ade deEllew, o ZA3ziH
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Bcillus megaterium KLP-98°9] @+l &g 4= A4 pHolA Hu A4S e
= A R gAIS & 5 gt o] (1986)¢] Aol A acid protease’} pH
6.0014 HEAd S vetlltta Hiaste] & ARy fAg A3E 2o H 5
(1988)2] acid protease= pH 3.5014 & & (1987)¢] Aspergillus fumigatus A-12
of o8] AxtE acid protease= pH 25~3.0 Aolel A HUl&AdS et B

ag] & AdHET Wibd o]l A3k proteased S & 7 AT

AL pH SHA A (pH Stability).
Bcillus megaterium KLP-98 @l &3]3 42 pH SHEA LS Fig. 8.9 YERS
t}. Bcillus megaterium KLP-98 @ Z3l g4+ A d 92 pH 5.0~6.07HA 1]l
A e GRS UEUA oY 2 o]t dEed e pHAlM= 2457 AA
AstE ATt H S5(1987)9 Aspergillus fumigatus A-129] A @l &) § A= pH
20~4.0014 &4 Ao] ettt H a3}
Bcillus megaterium KLP-98 @ E3]g4 Hoh ¢ W G GolA g Tds
Bo]FEdY o 2 (19999 wWF F#: Y Syncephalastrum recemosum PDA
132-2¢] @ulis g4= pH 2.0~6.0H 91 Aol kst Gzl
A= vl g4o] wrokthal ®arste] AP HET H2 9] A A <k
A4S BYvh T F 5 (1983)9] Penicillium citrinum C-399] @3] &4

pH 3.0~45%" floll A <tAstATL B arskith

rr

ol. 45 %59 9% (Effect of NaCl).
Bcillus megaterium KLP-98 @l Ea| g 4o o Fxo tish 932 Fig. 9.
of Yetidlth. A =7t $71E5E gaggdo]l Yol e AIdS YEdd o,
AE = 20%, 25%° X = Bcillus megaterium KLP-98 @3] & A~ 77} 33%,
520 Ea FHL UERATH o F (1990 BE &
ket protease®] 54 ATeA ATt SRS E 24840l AstEH AT
Hauste] 2 A FARE 43S YEbdllth Heu & (1993)& HAZ5FEH F&=3
cathepsin Lol 5%9 dFxLoM®E 67%2 =SS Zh=va Hidl o o
S (199D)®] Bacillis subtilis LY-353 ¥R E4E 1%9 A% %= &
2} B 38t Y. Beillus megaterium KLP-98 Tl E P FAE =0 %19 oo
NE g @AETA] dof 9lo] 1AL Hrlsle] Az Ad 2L o

AAx SE3] & 7teEs & 5 3 Hoj Xt
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Z. 71 A E o] A (Substrate specificity).

Bcillus megaterium KLP-98 @l 23]l g 4o 7|2 Eo]4 2 Table 39 YERY
A}, Bceillus megaterium KLP-98 @ &3] & 4= azocaseinol A 100.07% % 7}
2 IFESAA S YEUWA L Z-Phe-Arg-Nmec©] 9556% = FHAZ =2 A&
Bt} Z-Phe-Arg-Nmec®} azocaseine cysteined| 2] tx 2l 7| dolgtar H iy
Fom AR trypsinAle] TAEE o]E5S VRt M AT (Barrett and
Kirschke, 1981). Wonnop & (2001) Z-Phe-Arg-Nmec©] 7}A0] 54 F=
3l cathepsin LY tE A 7dolgta RustHth trypsinAdle thE A 72 E
TAMEoI M= ofg IELA S, caseinl A+ 719 FE2do] yeuA] fid
Chymotrypsin®] thix4 7]&<l BTEEAAM = k&2 Ao ety okt
o] Az mFo]  Hol  Bceillus megaterium KLP-98 WWRSE A=
7-Phe-Arg-Nmec?} azocasein®l 4] &2 dalEs] A4S YW EZ cysteine
Faw FAEH.

o
R

S

z. A A el 9 (effect of Inhibitor).

Bcillus megaterium KLP-98 tHl & & 4o thdt A s#]e <3S Table 4.9
Uebdidth. AsiAl2E TLCK, TPCK, NEM (N-ethylmaleimide)) DTT %
2-Mercaptoethanol S AF&3+$ 2™, cysteineAdl 2] WHEZA AsfA1Q] NEMo| 23|
71%%2 71 2e AsE Tt trypsinAle]l thEAQ A& A2l TPCK ¥ TLCK
o /] ¢Fzte]l A= wWkgko i}, 2-Mercaptoethanolol A= A& S YERAA L,
cysteinede] AEEHS DTTAAE A+5adE Jelugdo = 5 (1995)9
cytotoxicity of a cysteine proteinase of adult clonorchis sinensis AT %= F=
¥ cysteineZl &247F NEMell o8 A& wekriar B skl em, Doke 5 (1987)
< NEMe©°] cysteineAld] Wiz A<] AHajAleta Xt th. Tomas & (1994)2]
Pacific Whiting protease 7ol % cysteineZl &4¢ A A5A¢l DTTS
EDTAC M= Zsass BEattal Bausislvh 9o 7[d5od 43 AsiAl 2
glo] A3 = Wl Bacillus megaterium KLP-982 cysteineZe] WA 242 F
Aozt B 5 (1995)¢] Aol A= cysteineZ] &49] EAaFo] 24 kDalZ U
Elton 7 5 (19959 A cysteine paotease of Paragonimus westermani eggs
Gl g 4 Aol = cysteinel &4 o Aol 35 kDal® yEbgTh T F
S (1992)9] cysteine proteinasesparganum A-7-ol A % cysteined] &4 2] Fx}#o]
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Fig. 9. Effect of NaCl of Bacillus megaterium KLP-98 protease derived
from squid Jeot—gal.

Table 3. Specific substrate of Bacillus megaterium KLP-98 protease

derived from squid Jeot-gal

Substrate Concentration Relative activity (%)’
TAME 1 mM 40.04

BTEE 1 mM 1.24
Azocasein 1% 100.07
Casein 1% 0.22
Z-Phe-Arg-Nmec 1 mM 95.56
Z-Arg-Arg-Nmec 1 mM 14.45

* Relative activity is defined as the amount of hydrolyzed substrate per the

amount of substrate hydrolyzed by 1 unit of trypsin.
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Table 4. Effect of various inhibitor on Bacillus megaterium KLP-98
protease derived from squid Jeot-gal

. Concentration Relative activity
Inhibitor *
(mM) (%)

TLCK 1 28.6
TPCK 1 18.4
NEM 1 7.1
DTT 1 127.1
2-Mercaptoethanol 1 142.9

* Relative activity is defined as the amount of hydrolyzed substrate per the

amount of substrate hydrolyzed by 1 unit of trypsin.

20

1V (mL/ 1Gunit)

2.5

1/Azocasein

Fig. 10. Lineweaver-Burk plots for the hydrolysis of azocasein by
salt-tolerant protease of Bacillus megaterium KLP-98.
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1. Introduction

For many years the fermentation industry has used microorganisms to produce
antibiotics, amino acids, enzymes and other useful biocompounds. These
microorganisms, which have been isolated from the environment and then
mutated to increase yields of the desired product, have proved safe to
handle[16]. Almost 60% of industrial enzymes are proteolytic enzymes produced
in plants (papain, ficin, and bromelain), animals (pepsin, chymotrypsin, and
trypsin), and microorganisms (fungal acid, fungal neutral, fungal alkaline, fungal
milk coagulant, bacterial neutral, and bacterial alkaline protease). 70% of them
are produced in microorganisms. According to their characteristics, the proteases
produced in various strains are used in baking industry, photographic industry,
brewing and fermentation industry, protein hydrolysates, gelatine industry for
cheese and casein, meat industry, leather industry, and enzyme detergents,
etc[9]. Bacteria and fungi are mainly used for the industrial production of
enzymes. Among the fungi, the genus Aspergillusis the most important one,
especially the species A. niger and A. oryzae. The majority of industrial
enzymes are proteolytic enzymes([13, 21]. Aspergillus oryzae belongs to the A.
flavushas played a pivotal role as a starter to develop the traditional
fermentation foods. A. oryzaecan produce the large amounts of various
hydrolytic enzymes such as amylases and proteases in solid cultures or
submerged cultures. The acid protease (E.C3.4.23) of A. oryzae is considered to
be most important in producing the delicious taste of soy sauce by hydrolyzing
raw materials. A. oryzae, therefore, offers promise as a host for extracellular
protein production. [14] With increasing demand of protease in processing of
protein foods, high activity of proteases 1is required to reduce processing
expenditure and to improve product quality. A. oryzae was identified as the
most important microorganism in producing high activity of protease among
wheat bran koji, soybean Kkoji, mackerel, sardine, anchovy, squid, fermented

anchovy, fermented squid, and soil. Fish sauce uses traditionally a high amount
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of salt (= 25%) which inhibits the growth of microorganism and enzyme
activity, thus prolongs its fermentation period. Therefore, in order to shorten the
ripening periods of fish sauce, a salt-tolerant and acid protease is needed.

In this study, the purification and characteristics of the salt-tolerant acid
protease from Aspergillus sp. 101 was isolated from traditional korean soybean

paste.

2. Materials and Methods

Microorganism and Cultivation

Asp. sp. 101 producing a salt-tolerant acid protease was isolated according to
the method of Tsujita and Endo[23] from traditional soybean pastes that were
purchased from local markets and households in Korea. Asp. sp. 101 was
cultivated in 500 ml Erlenmeyer flasks containing 200 ml of culture broth
consisted of 2 % defatted soybean flour at 27 C for 4 days in a shaking
incubator at 150 rpm.

Assay of protease

Enzyme activity was determined according to the modified method of Anson[7].
1 ml of enzyme solution was added 5 ml of 0.6 % casein solution in 1/15 M
phosphate buffer, pH 55 at 37 C for 10 min. The reaction was stopped by
adding 5 ml of 0.44 M trichloroacetic acid (TCA), and the solution was allowed
to stand for 30 min. The resulting solution was then filtered with Whatman No.
2. 2 ml of filtrate was mixed with 5 ml of 0.55 M NaZCO3 solution and 1 ml of
1 N Folin reagent, and then the mixture was stood for 30 min at room
temperature. The absorbance was measured at 660 nm with spectrophotometer
(HP 8452A series, HEWLETTPACKRD Co. USA), which was converted to the
amount of tyrosine equivalent by applying a standard curve. One unit (U) of
protease activity was defined as the amount of enzyme releasing 1mol of

tyrosine equivalent per 10 min.

Estimation of protein

Protein concentrations were determined according to Lowry[l0] with egg
ovalbumin as the standard. During column chromatography, concentration of

protein in the fractions were monitored by measuring their absorbance at 280nm.

Enzyme purification
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Unless otherwise specified, all operations for the purification of the extracellular
protease were perfomed at 4 C.[11]

Fungal cells were harvested from the 500 ml culture broth by centrifuging at
5000 rpm for 15 min. The remaining culture supernatant was collected as a
crude enzyme solution, and ammonium sulfate was added to precipitate an
enzyme. The resultant precipitate of crude enzyme was dissolved in 20 mM
NaOAc buffer, pH 55. The crude enzyme solution was dialyzed against the
same buffer for 48 h at 4 C, and then concentrated by ultrafiltration (M.W. cut
off 10,000 dalton). The concentrated enzyme solution was applied to
DEAE-sephadex ion exchange column (35 X 50.0 cm),preequilibrated with the
same buffer, and eluted with NaCl gradient of 0 - 0.5 M in a flow rate of 04
ml/min at 4 C. Active fractions containing greater than 50% of maximal peak
activity were pooled and concentrated by ultrafiltration. For further purification,
gel filtration with Sephadex G-100 column (1.6 X 70.0 cm) was succeedingly
performed in the same buffer at 4 C. The concentration of protein was
determined according to the Lowry method[10]with bovine serum albumin as

standard protein.

Molecular Weight Determination

The molecular weight of the enzyme was determined by SDS-PAGE with
standard proteins (Sigma Chemical Co., St. Louis. MO) consisted of
phosphorylase B (M.W. 110,000), bovine serum albumin (M.W. 90,000),
ovalbumin (M.W. 52,200), carbonic anhydrase (M.W. 36,200), soybean trypsin
inhibitor (M.W. 29,000) and lysozyme (M.W. 21,400). SDS-PAGE was carried
out according to the method of Laemmli[9].

A running gel (T12%) was prepared with distilled water, 1.5M Tris-HCI
(Bio-Rad, California, USA) (pH 8.8) (25% v/v), SDS (Bio Basic Inc., Toronto,
Canada) (0.1%6 w/v), acrylamide (Sigma Chemical Co., St Louis, MO) (12%
w/v), N,N'-methylene-bis-acrylamide (Bio Basic Inc., Toronto, Canada) (0.32%
w/v), ammonium persulfate (Sigma Chemical Co. St. Louis. Mo.) (0.05% v/v)
and N,N,N’ N’-tetramethylene-ethylenediamine (TEMED) (Bio Basic Inc,,
Toronto, Canada) (0.05% v/v).

A stacking gel (T 4%) was prepared from distilled water, 0.5M Tris-HCl (pH
6.8) (25% v/V), SDS (0.1% v/V) acrylamide (4% w/V),
N,N’-methylene-bis-acrylamide (0.1% w/v), ammonium persulfate (0.05% v/v)
and N,N N’ N’-tetramethylene-ethylenediamine (TEMED) (0.1% v/v). Proteins
were diluted (1:4) with sample buffer (0.065 M Tris—-HCl buffer, pH 6.8,
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containing 10% glycerol, 1% SDS, 0.005% bromophenol blue, and 1%
2-mercaptoethanol) and denatured by heating at 100Cfor 4 min. Proteins were
then loaded onto 1 mm thick gel and run in a buffer of 0.6% Tris, 2.9% glycine,
and 0.1%6 SDS, pH 8.3 at the current of 120 V. Following electrophoresis, gels
were stained with Coomassie brilliant blue R 250, and then destained in 40%

ethanol and 10% acetic acid

Effect of pH and Temperature on the Enzyme Activity

The proteaseactivity of the enzyme was assayed at various temperatures of 20
70 C and pH 55.The enzyme activity was also determined at an optimum
temperature and a pH range of 3.510.5, respectively in citrate buffer for pH 3.5
45, phosphate buffer for pH 55 75 , and in glycine-NaOH buffer for pH 85
10.5.

Effect of pH and Temperature on the Enzyme Stability

The enzyme solution was stood for 30min at the pH range of 3.5 10.5 and
room temperature, and concurrently incubated for 30min at a temperature range
of 20 70 Cin water bath and pH 5.5. The protease activity was assayed at pH
55 at 37 TC.

Effect of NaCl concentration on enzyme activity.

The salt-tolerant proteaseactivity of the enzyme was assayed at 5%-20% NaCl
concentrations and pH 5.5.

The effect of NaCl concentration on enzyme activity was determined by adding
500 ul of enzyme to 500 uf of 0.6 % casein at 5~20 % NaCl concentrations.

Effect of Metal Ions and Inhibitors

The effects of metal ions were investigated by using AgNO3, BaCl2, CaCl2,
CoCl2, CuS0O4, FeSO4, KH2PO4, MgS04, MnSO4, and ZnSO4. The effects of
protease inhibitors were also studied by using ethylenediaminetetraacetic acid
(EDTA), iodoacetic acid, phenylmethyl sulfonylfluoride (PMSF), 24-dinitrophenol,
2-mercaptoethanol, and O-phenanthroline. The purified proteasewas preincubated
in the absence and the presence of bivalent cations such as Mg2+, Ca2+, Co2+,
/n2+, Ba2+, and FeZ+and other inhibitors with a final concentration of 1 mM in
1/15 M phosphate buffer, pH 5.5 for 30 min at 40 C. The protease activity was
measured at pH 6.5 pH and 50C. The remaining activity was expressed as a

percentage of the activity compared with control.
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Measurement of Kinetic Constants

The kinetic constants, Km and Vmax for the hydrolysis by the purified enzyme
were determined by Lineweaver-Burk plot[12]. Casein dissolved in 1/15 M
phosphate buffer, pH 55 was used as a substrate at various concentrations of 1

10 mg/m

3. Results and Discussion

Purification of Asp. sp. 101 protease

Asp. sp. 101 was inoculated in 2% defatted soybean flour and cultivated for 5
days at 27 T in shaking incubator. The crude enzyme prepared by c.f.g. 5000
rpm, 15min. The protease was purified from the culture supernatant of Asp. sp.
101. An ammonium sulfate (40%6-80% saturation) precipitation was done on the
crude enzyme. The precipitate was dissolved in 10ml of 20mM NaOAc buffer,
pH 5.5, dialyzed against the same buffer and then put onto a pre-equilibrated
DEAE-sephadex column (3.5 X 50.0 cm). The fractionation of protease by ion
exchange chromatography on DEAE-sephadex A-50 was first performed, as
shown in Figure 1. Active protein peaks could be obtained which were eluted
from the column with a salt linear gradient in the concentration of 0-05 M
NaCl. Most proteaseactivity was mainly detected on the relatively large protein
peak that was first eluted with 0.2 M NaCl gradient, and minor active protein
peaks were eluted with 04 M NaCl gradient. Gel filtration chromatography
profile 1s shown in Figure 2. Only one large protein peak with protease activity
was separated. After the final purification step, the purified enzyme had a
specific activity of 2301lunits/mg protein, which indicated that the enzyme was
purified 12-fold with approximately 7 % vyield (table 1). The electrophoretic
patterns of the protein eluents from the active protein peaks for each
chromatography purification were investigated on the SDS-PAGE gel (Fig. 3).
The active crude enzyme from Asp. sp. 10lexhibited a few protein bands on the
SDS-PAGE gel. However, the electrophoretic pattern of the active protein peak
from the gel filtration chromatography showed only one protein band (lane A) in
Figure 3. This result indicated that the proteins of different molecular weight
without any protease activity in the active crude enzyme were removed through
the final gel filtration procedure. In addition, it was assumed that there existed
two types of active enzymes having a different charge and the same molecular
weight, since two active enzyme peaks were separated from ion exchange

chromatography and identified as one active enzyme band on the SDS-PAGE
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and gel filtration step. For the following experiment in the present report, the
active enzyme that was purified by gel filtration from the main large peak of

ion exchange chromatography was employed.

Molecular Weight

The molecular weight of the protease finally purified through gel filtration was
estimated to about 25kDa by 12% SDS-PAGE, as shown in Figure 3. This
value based its Rfvalue by semilogarithmic graph of molecular weight versus
relative mobility, Fig. 4. It was lower than that of the alkaline protease, 29kDa
[6] and internal acid protease I and I, 60kDa and 42kDa, respectively [23].
However, it was similar to the molecular weight, 23kDa of proteinase from
Aspergillus flavus. [8] pH effect on the activity and stability of Asp. sp.
101

The optimal pH for protease activity was determined at pH 3.5-10.5. The
enzyme had the optimum pH 6.5 (Fig. 5). The enzyme activity was relatively
higher in the acidic region than in the alkaline region.[13, 19]
The pH stability of the protease was also investigated at pH 3.5-10.5 by
measuring the residual enzyme activity. The enzyme was more stable in the
acidic region, pH 4.5-6.5 than in the alkaline region, pH 7.5-10.5. Thus, the
protease from Asp. sp. 101 was considered to be acidic protease. According to
Lim et al. [18], the stability of protease from Aspergillus saitoi was very
stable at pH 3-6.3 at 30 C.

Effect of temperature on the Asp. sp. 101 protease activity and stability
The effect of temperature on the activity and stability of the protease also
determined at 20-70 C and pH 6.0. The optimal temperature for the enzyme
activity was approximately 50 C. (Fig. 6) This is the same result of Lim et al.
[18] in which optimal temperature for most acid protease was at 45-55 C. Asp.
sp. 101 protease was reasonably stable up to 40 C and its stability sharply
decreased at higher temperatures(Fig. 6), which was the same results of Chal[20]
and Lim[17]. The residual activity at 50, 60, and 70 T 40, 25 and 20%,

respectively.

Effect of Salt concentration on Asp. sp. 101 protease on activity and
stability
Effect of NaCl concentration on Asp. sp. 101 protease activity and stability

was shown in Fig. 7. The protease was decreased greatly as NaCl

117



Table 1. Purification of salt-tolerant acid protease from Asp.sp.101

Total Total Specific o
Purification o , o Recovery | Purification
activity protein activity
Steps , (%) (fold)
(Units) (mg) (U/mg)
Crude S.N.T 97270 490.7 198.22 100 1
Ammonium sulfate| 21229 19.4 1094 .27 21.82 5.52
Ultrafiltration After
o 13351 10.8 1236.2 13.72 6.23
Dialized
Sephadex A-50 8913 5.24 1700.9 9.15 8.57
Sephadex G-100 6581 2.86 2301 6.75 11.59

The enzyme assay for the proteolysis was carried out with 0.6%

of casein in

1/15 M phosphate buffer, pH 7.0 at 37 Cfor 10min. The reaction was stopped by

0.4 M trichloroacetic acid and stood for 30 min. Then, it was filtrated and mixed

with 1 N folin reagent. The absorbance of the reaction mixture was measured

at 660nm. The enzyme unit (U) was defined as the amount if enzyme producing

1 mol of tyrosine per 10 min. The protein concentration was determined

according to the Lowry method.
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Fig. 1. lon exchange chromatogram of protease from Asp.sp.101
on DEAE-sephadex .

protease activity, unit/ml(O)

The protein sample was applied to the column (3 x 50 cm) equilibrated with
20 mM of NaOAc buffer, pH 55. The protein was eluted with 0-0.5 M of the

NaCl linear gradient at the flow rate of 0.4 ml/min at 4C. The fraction volume

was 2 ml.
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Fig. 2. Gel chromatogram of protease from Asp.sp.101 on
Sephadex G-100.

The protein was eluted through the column (1.6 x 70 c¢cm) equilibrated with 20
mM of NaOAc buffer, pH 55 at the flow rate of 0.3 ml/min at 4C. The

fraction volume was 3ml.
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&

Fig. 3. SDS-polyacrylamide gel electrophoresis of protease from Asp.sp.101.
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M : Molecular marker, A : Asp. sp. 101 protease, B : Crude S.N.T
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Fig. 4. Molecular weight determinant of the Asp. sp. 101
protease by 12% SDS polyacrylamide gel electrophoresis.

Purified enzyme (O) ; Size marker (@) : phosphorylase B (110kD), Bovine
serum albumin (90kD), Ovalbumin (52.2kD), Carbonic anhydrase (36.2kD),
Soybean trypsin inhibitor (29kD), Lysozyme (21.4kD)
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Fig. 5. Effect of pH on the activity and stability of the Asp .sp.101
protease.

The enzyme activity (@) was assayed in citrate buffer for pH 35 4.5,
phosphate buffer for pH 55 7.5 and in glycine-NaOH buffer for pH 85 10.5,
respectively. The enzyme stability (O) was measured by incubating it for
30min at the various pH values and 30TC. After the incubation, the enzyme
assay was performed in 1/15 M phosphate buffer, pH 5.5 at 37C.
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Fig. 6. Effect of temperature on the activity and stability of the
protease from Asp.sp.101.

The protease activity (@) was assayed at various temperatures of 10-60C
and pH 7 in 1/15 M phosphate buffer. The enzyme stability (O) was
measured by keeping it for 30min at the various temperatures and pH 7, and

the enzyme assay was performed in 1/15 M phosphate buffer, pH 7.0 at 37C.
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Fig. 7. Effect of salt on the activity and stability of the
protease from Asp.sp.101.

The salt-tolerant proteaseactivity (@) was assayed at various NaCl
concentration of 5-30% and pH 7 in 1/15 M phosphate buffer. The enzyme
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stability (O) was determined by adding 500 xf of protease to 500 wxf of 0.6%

casein with 5-30% NaCl.
concentration increased. Salt-tolerant protease activity was determined at 0-30%
NaCl concentrations and pH 6.0. and it remamned at 5 and 10% NaCl
concentration, enzyme activities were survived by 80 and 50%, respectively.
This was similar to the result of Fukushimal24]. This suggests that the Asp.
sp. 101 protease can hydrolyze anchovy protein in anchovy sauce with more
than 25% NaCl concentration. The salt stability of the proteasewas also
investigated at 5-30% NaCl concentration by measuring the residual enzyme

activity.

Effect of Metal Ions on the Enzyme Activity

The effects of metal ions on the proteaseactivity are shown in Table 2. 1 mM
Cu2+ and Mn2+ increased the enzyme activity by 84-97% compared with
control. On the contrary, Ag2+, K+, Zn2+ and Fe2+ inhibited protease activity by
12%, 7%, 14% and 15%. Ca2+, Mg2+, Co2+ and Ba+ showed inhibitory effect on
the protease activity. This result was similar to the result by Choi[19]. Thus,
the acid protease from Asp. sp. 101 was not under the influence of relative

activity by metal ions. [2]

Effect of Inhibitors on the Enzyme Activity

The effects of protease inhibitors were also determined at 50C and pH 6.0.
(Table 3) Asp. sp. 101 protease was inhibited by 1 mM phenylmethylsulfonyl
fluoride (PMSF), which was specific for serine protease. EDTA and
o-phenanthroline also inhibited protease by 52% and 16%, respectively.
Especially, EDTA was the strongest inhibitor, followed by in order of
phenylmethylsulfonyl fluoride, o—phenanthroline, and lodoacetic acid. In general,
EDTA and o-phenanthroline has known to remove the essential metal ions from
the enzyme molecule to inactivate the enzyme. This indicates that the acid
protease from Asp. sp. 101 1s a serine protease which requires metal ion group

for the enzyme activity. [3, 4]

Enzyme kinetics

In order to evaluate the kinetic constant of Asp. sp. 101 protease, the initial
velocities of the enzyme reactions were determined depending on various
concentrations of the casein substrate. As shown in Figure &8, the Kkinetic

constant, Km and Vmax was determined by using a Lineweaver-Burk plot. The
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reaction properly followed the Michaelis-Menten kinetics[12]. Km was 1.04

mg/ml and the Vmax was 124.84 unit/ml. Km value was similar to 1.3 mg/ml

Ion Metal Relative activity(%)
Control 100
Ag2+ AgNO3 &8
Ba2+ BaCl2 101
Ca2+ CaCl2 97
Co2+ CoCl2 109
Cu2+ CuS0O4 184
Fe2+ FeSO4 85
K+ KH2PO4 93
Mg2+ MgS0O4 98
Mn2+ MnSO4 197
7n2+ 7nS0O4 86

The reaction mixture, consisted of 0.5 ml enzyme solution and 0.5 ml metal
ion solution (1 mM), was incubated at 25? for 30 min and the residual
activities were assayed. The results were expressed as percent (%) relative

activity to that of none.

Inhibitor Relaitve activity (%)

Control 100
Ethylenediaminetetraacetic acid (EDTA) 48
lodoacetic acid 92
Phenylmethylsulfonylfluoride (PMSF) 53
2,4-Dinitrophenol 100
2—Mercaptoethanol 100
o—Phenanthroline 84

Enzyme was incubated in 1/15 M phosphate buffer containing various reagent
for 30 min at 257. The residual activities were assayed by the
spectrophotometric method as described in the text. The results were
expressed as percent (%) relative activity to that of none.

aEDTA : ethylenediaminetetraacetic acid, PMSEF: phenylmethyl sulfonylfluoride.
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Fig. 8. Lineweaver-Burk plot for hydrolysis of casein by
protease from Asp.sp.101.

The enzyme activity was assayed with various concentrations (1-10 mg/ml)
of casein in 1/15 M phosphate buffer (pH 7.0).
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of the alkaline protease [15], and similar to 1.11 mg/ml of Rhizopus

oryzaeprotease[1].

4. Conclusions

The microorganism producing salt-tolerant acid protease, isolated
from the Korean traditional soybean paste, was identified as Asp. sp. 101. The
enzyme was purified to homogeneity from the culture supernatant of Asp. sp.
101 by ammonium sulfate fractionation, ion-exchange chromatography on
DEAE-Sephadex A-50, gel chromatography on Sephadex G-100, and
SDS-polyacrylamide electrophoresis. The specific activity and the purification
fold of the purified enzyme were 2,301 unit/mg and 11.6, respectively. The
molecular weight of the purified enzyme was 25,000 Da on SDS-PAGE. The
optimal pH and temperature for the enzyme activity were pH 6.5 and 50T,
respectively. The enzyme activity was relatively stable at pH 45-7.5 and
temperature below 40°C. The protease was relatively stable at 5 and 10% salt
concentrations. This protease was inhibited by Ag” and Zn®’, but, activated by
Cu”" and Mn”'. In addition, enzyme was potently inhibited by EDTA and PMSF.
It was conclusively considered that the purified enzyme was a serine protease
influenced by metal ions. Km and Vmax values for hammastein milk casein

were 1.04 mg/mL and 124.84 unit/min, respectively.
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1. Introduction

In soy—sauce processes salt-tolerant yeasts and enzymes are very important
for the flavor formation. Most grow actively at higher salty condition than those
optimal for bacteria; hence it usually easy to keep large-scale cultures of yeast
free from fast growing, contaminating microorganisms. In addition, a new
process using immobilized salt-tolerant yeasts has been developed and shown to
be very effective for accelerating the flavor formation. However, many strains
have been developed to suit a specific need.[17][18] Among halotolerant
microorganisms, it have been known for the bacteria producing protease,
including Halobacterium salinarium, Bacillius sp., Halobacterium halobium,

Halomonassp., etc[19] and their characteristics for the protease were
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investigated. In case of yeast, there was only reported on producing of
extracellular protease from Saccharomycopsis lipolytical20][21] and several
strains isolated from traditional mejul22]. But excepting Zygosaccharomyces
rouxii[23] as salt-tolerant vyeast, very little was known about studies on
production of extracellular enzyme.[24] With increasing demand of protease in
processing of protein foods, high activity of proteases is required to reduce
processing expenditure and to improve product quality. Therefore, In this study
we isolated a microorganism enduring on high saltycondition and investigated its
biochemical properties and electrophoretic patterns of both the membrane and
soluble proteins to identify the strain. Also, In order to understand better the
potential roles and uses of protease in food bio-processing, the purification and
characteristics of the salt-tolerant protease from Saccharomyces sp. B101 was

executed.

2. Materials and Methods

Microorganism and Cultivation

Asp. sp. 101 producing a salt-tolerant acid protease was isolated according to
the method of Tsujita and Endo[23] from traditional soybean pastes that were
purchased from Ilocal markets and households in Korea. Asp. sp. 101 was
cultivated in 500 ml Erlenmeyer flasks containing 200 ml of culture broth
consisted of 2 % defatted soybean flour at 27 C for 4 days in a shaking
incubator at 150 rpm.

Assay of protease

Enzyme activity was determined according to the modified method of Anson[7].
1 ml of enzyme solution was added 5 ml of 0.6 % casein solution in 1/15 M
phosphate buffer, pH 55 at 37 C for 10 min. The reaction was stopped by
adding 5 ml of 0.44 M trichloroacetic acid (TCA), and the solution was allowed
to stand for 30 min. The resulting solution was then filtered with Whatman No.
2. 2 ml of filtrate was mixed with 5 ml of 0.55 M Na2CO3 solution and 1 ml of
1 N Folin reagent, and then the mixture was stood for 30 min at room
temperature. The absorbance was measured at 660 nm with spectrophotometer

(HP 8452A series, HEWLETTPACKRD Co. USA), which was converted to the
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amount of tyrosine equivalent by applying a standard curve. One unit (U) of
protease activity was defined as the amount of enzyme releasing 1mol of

tyrosine equivalent per 10 min.

Estimation of protein
Protein concentrations were determined according to Lowry[10] with egg
ovalbumin as the standard. During column chromatography, concentration of

protein in the fractions were monitored by measuring their absorbance at 280nm.

Enzyme purification

Unless otherwise specified, all operations for the purification of the extracellular
protease were perfomed at 4 C.[11]

Fungal cells were harvested from the 500 ml culture broth by centrifuging at
5000 rpm for 15 min. The remaining culture supernatant was collected as a
crude enzyme solution, and ammonium sulfate was added to precipitate an
enzyme. The resultant precipitate of crude enzyme was dissolved in 20 mM
NaOAc buffer, pH 55. The crude enzyme solution was dialyzed against the
same buffer for 48 h at 4 C, and then concentrated by ultrafiltration (M.W. cut
off 10,000 dalton). The concentrated enzyme solution was applied to
DEAE-sephadex ion exchange column (35 X 50.0 cm),preequilibrated with the
same buffer, and eluted with NaCl gradient of 0 - 0.5 M in a flow rate of 04
ml/min at 4 C. Active fractions containing greater than 50% of maximal peak
activity were pooled and concentrated by ultrafiltration. For further purification,
gel filtration with Sephadex G-100 column (1.6 X 70.0 cm) was succeedingly
performed in the same buffer at 4 C. The concentration of protein was
determined according to the Lowry method[10]with bovine serum albumin as

standard protein.

Molecular Weight Determination

The molecular weight of the enzyme was determined by SDS-PAGE with
standard proteins (Sigma Chemical Co., St. Louis. MO) consisted of
phosphorylase B (M.W. 110,000), bovine serum albumin (M.W. 90,000),
ovalbumin (M.W. 52,200), carbonic anhydrase (M.W. 36,200), soybean trypsin
inhibitor (M.W. 29,000) and lysozyme (M.W. 21,400). SDS-PAGE was carried
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out according to the method of Laemmli[9].

A running gel (T 12%) was prepared with distilled water, 1.5M Tris-HCI
(Bio-Rad, California, USA) (pH 8.8) (25% v/v), SDS (Bio Basic Inc., Toronto,
Canada) (0.1% w/v), acrylamide (Sigma Chemical Co., St Louis, MO) (12%
w/v), N,N'-methylene-bis—acrylamide (Bio Basic Inc., Toronto, Canada) (0.32%
w/v), ammonium persulfate (Sigma Chemical Co. St. Louis. Mo.) (0.05% v/v)
and N,N,N’ N’-tetramethylene-ethylenediamine (TEMED) (Bio Basic Inc.,
Toronto, Canada) (0.05% v/v).

A stacking gel (T 4%) was prepared from distilled water, 0.5M Tris-HCl (pH
6.8) (25% v/V), SDS (0.1% v/v) acrylamide (4% w/v),
N,N'-methylene-bis-acrylamide (0.1% w/v), ammonium persulfate (0.05% v/v)
and N,N N’ N’-tetramethylene-ethylenediamine (TEMED) (0.1% v/v). Proteins
were diluted (1:4) with sample buffer (0.0656 M Tris—-HCl buffer, pH 6.8,
containing 10% glycerol, 1% SDS, 0.005% bromophenol blue, and 1%
2-mercaptoethanol) and denatured by heating at 100Cfor 4 min. Proteins were
then loaded onto 1 mm thick gel and run in a buffer of 0.6% Tris, 2.9% glycine,
and 0.1%6 SDS, pH 8.3 at the current of 120 V. Following electrophoresis, gels
were stained with Coomassie brilliant blue R 250, and then destained in 40%

ethanol and 1096 acetic acid.

Effect of pH and Temperature on the Enzyme Activity

The proteaseactivity of the enzyme was assayed at various temperatures of 20
70 C and pH b55.The enzyme activity was also determined at an optimum
temperature and a pH range of 3.510.5, respectively in citrate buffer for pH 3.5
45, phosphate buffer for pH 55 7.5 , and in glycine-NaOH buffer for pH 85
10.5.

Effect of pH and Temperature on the Enzyme Stability

The enzyme solution was stood for 30min at the pH range of 35 10.5 and
room temperature, and concurrently incubated for 30min at a temperature range
of 20 70 Cin water bath and pH 5.5. The protease activity was assayed at pH
55 at 37 TC.

Effect of NaCl concentration on enzyme activity

130



The salt-tolerant proteaseactivity of the enzyme was assayed at 5%-20% NaCl
concentrations and pH 5.5.
The effect of NaCl concentration on enzyme activity was determined by adding

500 uf of enzyme to 500 8 of 0.6 % casein at 5~20 % NaCl concentrations.

Effect of Metal Ions and Inhibitors

The effects of metal ions were investigated by using AgNO3, BaCl2, CaCl2,
CoCl2, CuS0O4, FeS0O4, KH2PO4, MgS04, MnSO4, and ZnSO4. The effects of
protease inhibitors were also studied by using ethylenediaminetetraacetic acid
(EDTA), iodoacetic acid, phenylmethyl sulfonylfluoride (PMSF), 2,4-dinitrophenol,
2-mercaptoethanol, and O-phenanthroline. The purified proteasewas preincubated
in the absence and the presence of bivalent cations such as Mg2+, Ca2+, Co2+,
7/n2+, Ba2+, and FeZ+and other inhibitors with a final concentration of 1 mM in
1/15 M phosphate buffer, pH 5.5 for 30 min at 40 C. The protease activity was
measured at pH 6.5 pH and 50C. The remaining activity was expressed as a
percentage of the activity compared with control.

Measurement of Kinetic Constants

The kinetic constants, Km and Vmax for the hydrolysis by the purified enzyme
were determined by Lineweaver-Burk plot[12]. Casein dissolved in 1/15 M
phosphate buffer, pH 55 was used as a substrate at various concentrations of 1

10 mg/m

4. Results and Discussion

Saccharomyces sp. B101 was inoculated in 2% defatted soybean flour and
cultivated for 2 days at 30C in shaking incubator. The crude enzyme prepared
by cfg. 5000 rpm, 15min. The protease was purified from the culture
supernatant of Saccharomyces sp. B101. The supernatant was precipitated by
increasing ammonium sulfate concentration by 20%. An ammonium sulfate
precipitation was done on the crude enzyme, as shown in Figure 5. Protease
activity was the highest in 60-80% ammonium sulfate fraction. The precipitate
was dissolved in 10 ml of 20 mM NaOAc buffer (pH 5.5), dialyzed (10-kDa
cutoff membrane) against the same buffer and then put onto a pre—equilibrated

DEAE-sephadex column (35 X 50 cm). The fractionation of protease by ion
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exchange chromatography on DEAE-sephadex A-50 was first performed, as
shown in Figure 6. Active protein peaks could be obtained which were eluted
from the column with a salt linear gradient in the concentration of 0-05 M
NaCl. Most proteaseactivity was mainly detected on the relatively large protein
peak that was first eluted with 0.2 M of NaCl gradient, and minor active protein
peaks were eluted with 04 M of NaCl gradient. But Saccharomycopsis
lipolyticaextracellular protease[32] showed one peak on DEAAE chromatography
pattern in which the strongest protease eluted between 0.1-0.15 M NaCl
gradient, which was different from in this study. Active fractions of active peak
from the ion chromatography were collected, and continuously applied into the
Sephadex G-100 gel column which was equilibrated with 20 mM of NaOAc
buffer (pH 5.5). Filtraion profile of the protein eluents through Sephadex G-100
column (1.6 X 70 cm) are shown in Figure 7. Only one large protein peak with
protease activity could be separated. It was agreement with result by
Saccharomycopsis lipolyticaneutral proteasel[35]. Enzyme is usually eluted as one
peak on gel filtration chromatography in this study, but Saccharomycopsis
lipolytica protease showed 2 peaks on gel filtration chromatography, which was
unusual case[32]. These purification procedures shown above are summarized in
2. After the final purification step, the purified enzyme had a specific activity of
4688.9units/mg protein, which indicated that the enzyme was purified 18-fold
with approximately 3% of its yield. Purification folds and yields were diverse
depend on a kinds of Yeast; 5.7 and 51% in Serratia marcescens metalloprotease
from soill47], 122 and 4.4% in pathogenic luminous Vibrio harveyicysteine
protease from diseased tiger prawn. Bacillus sp. KSM-K protease[49] from soil
sample showed lower specific activity and yield than our study. Therefore,
purification fold and vyield of protease might be different depend on a kinds of
microorganism, culture medium, and culture conditions, etc. In order to get the
maximal yield and activity of protease, selective medium for proteolytic strain
need to be used. The electrophoretic patterns of the protein eluents from the
active protein peaks for each chromatography purification were investigated on
the SDS-PAGE gel, as shown in Figure 9. The active crude enzymefrom
Saccharomyces sp. B101 exhibited a few protein bands on the SDS-PAGE gel.

However, the electrophoretic pattern of the active protein peak from the gel
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Fig. 5. Effect of (NH4),SO4 pricipitation on the specific activity of the
protease from Saccharomyces sp. B101.
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Fig. 6. Ion exchange chromatogram of protease from Saccharomyces sp.
B101 on DEAE—-Sephadex.

The protein sample was applied to the column (3 x 50 cm) equilibrated with 20 mM of NaOAc
buffer (pH 5.5). The protein was eluted with 0-0.5 M of the NaCl linear gradient at the flow rate
of 0.4 ml/min at 4C. The fraction volume was 2 ml.
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Fig. 7. Gel chromatogram of protease from Saccharomyces sp. B101 on
Sephadex G—100.

The protein was eluted through the column (1.6 x 70 cm) equilibrated with 20 mM of NaOAc
buffer (pH 5.5) at the flow rate of 0.3 ml/min at 4C. The fraction volume was 3ml.

Table 2. Purificarion of novel salt-tolerant protease from
Saccharomyces sp. B101
. Total Total Specific L
Purification o . o Recovery | Purification
Steps activity protein activity (%) (fold)
(o]

(Units) (mg) (U/mg)
Crude S.N.T| 248411.77 956.55 259.70 100 1
Ammonium

83311.76 49.01 1699.80 33.54 6.55
sulfate
Ultrafiltratio
n After 28989.41 14.01 2069.48 11.67 797
Dialized
Sephadex

14968.76 5.34 2800.60 6.03 10.78
A-50
Sephadex

7698.82 1.64 4688.87 3.10 18.06
G-100

The enzyme assay for the proteolysis was carried out with 0.6% of casein in 1/15 M phosphate
buffer (pH 7.0) at 37C for 10min. The reaction was stopped by 0.4 M trichloroacetic acid and
stood for 30 min. Then, it was filtrated and mixed with 1 N folin reagent. The absorbance of the

reaction mixture was measured at 660nm. The enzyme unit (U) was defined as the amount if
enzyme producing 1 mol of tyrosine per 10 min. The protein concentration was determined Table

filtration chromatography showed only one protein band (lane B) in Figure 8.

134



This result indicated that the proteins of different molecular weight without any
proteaseactivity in the active crude enzyme could be removed through final the
gel filtration procedure. In addition, it was assumed that there existed two types
of active enzymes having a different charge and the same according to the Lowry
method. molecular weight, since two active enzyme peaks were separated from
ion exchange chromatography and identified as one active enzyme band on the
SDS-PAGE and gel filtration step. For the following experiment in the present
report, the active enzyme that was purified by gel filtration from the main large

peak of ion exchange chromatography was employed.

Molecular Weight

The molecular weight of the protease finally purified through gel filtration was
estimated to about 33 kDa by 12% SDS-PAGE, as shown in Figure 8.
Therefore, there was no necessity to carry out further purification step. This
value based its Rf value by semilogarithmic graph of molecular weight versus
relative mobility (Fig. 9), indicating that the enzyme is a monomer. It was
higher than that of the alkaline protease(27-30 kDa) from Saccharomycopsis
lipolytica CX161-1B[31] and extracellular protease(30 kDa) from Candida
lipolytical32], respectively, but lower than that of antarctic yeast candida
humicola extracellular protease(36 kDa)[33], Saccharomyces cerevisiae Protease
B(43 kDa)[34] and Saccharomycopsis lipolytica neutral protease(42 kDa)[35].
However, it was similar to the molecular weight (32 kDa) of alkaline proteinase

from Yarrowia lipolytica 504D.[36]

Effect of pH on the Activity and Stability

The optimum pH for protease activity was determined over the pH range
from 3.5 to 10.5. As shown in Figure 10, the optimal pH for the hydrolysis of
casein was 8.5. Saccharomyces sp. B101 protease had higher proteolytic activity
at weak alkaline conditions (pH 7.5-8.5) than at the alkaline region(> 8.5).
Therefore, Saccharomyces sp. B101 protease was a alkaline protease. Optimal pH
of Saccharomyces sp. B10l protease was lower than those of alkaline

extracellular protease produced by Saccharomycopsis lipolytica CX161-1B, pH
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Fig. 8. SDS—polyacrylamide gel electrophoresis of the protease from
Saccharomyces sp. B101.

M : Reference protein : phosphorylase B (111 kD), Bovine serum albumin (73 kD),
Ovalbumin (475 kD), Carbonic anhydrase (33.9 kD), Soybean trypsin inhibitor
(28.8 kD), Lysozyme (20.5 kD)

A : Crude SN.T

B : After Sephadex G-100 chromatography (purified enzyme)
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Rf

Fig. 9. Molecular weight estimation of the enzyme by 12% SDS—PAGE.
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Purified enzyme (O) ; Size marker (@) : phosphorylase B (111 kD), Bovine serum albumin
(73 kD), Ovalbumin (47.5 kD), Carbonic anhydrase (33.9 kD), Soybean trypsin inhibitor (28.8
kD), Lysozyme (20.5 kD)

9-10[31], alkaline proteinase from Yarrowia lipolytica 504D, pH 9.5 [36].

When investigating the enzyme stability at various pHs, Saccharomycessp. B101
protease exhibited high stability within a range from neutral to weak alkaline
pH (6.5- 85), but lost its activity above pH 85 (Fig. 10). Similar results have
been reported for the alkaline serine protease from Aspergillus terreus [45] and
a novel protease from Bacillus cereus KCTC 3674 [46], yet these enzymes were
mnactivated at pH 7.5, implying that the enzyme from Saccharomycessp. B101 is
more stable within a neutral pH range. Thus, the protease from Saccharomyces

sp. B101 was also considered to show the properties of neutral protease.

Effect of Temperature on the Activity and Stability

The effect of temperature on the activity and stability of the protease also
examined in the range of 10-60Cat pH 7.0. As shown in Figure 11, the
optimum temperature for the enzyme activity was approximately 30C. This
optimum temperature belongs to a range for Saccharomyces carlsbergensis M15
protease as 30-35C as reported by Cichosz et all37], and Candida humicola
extracellular protease[33] and Aspergillus terreus(IJIRA 6.2) alkaline serine
protease[45] were 37C, which were a little higher than that of Saccharomyces
sp. BI101 protease in this study.

The purified enzyme was stable up to 40C and its stability sharply decreased
at higher temperatures (Figure 11), which showed its non-thermostability.
Temperature for optimal stability Saccharomyces sp. B101 protease was higher
than optimal activity temperature. The 60, and 25% of residual activity were
shown at 50, and 60°C, respectively. Thermal inactivation was observed more
rapidly at 40C. The temperature for optimal stability of Saccharomyces sp. B101
was agree with that of Saccharomyces cerevisiaeproteinases by Annal38]. But,
optimal stability temperature in this study was lower than those of Bacillus sp.
YG95 proteolytic enzyme from traditional Me—jus[49].

Effect of Salt on the Activity and Stability

Effect of NaCl concentration on protease activity and stability were shown in

Fig. 12. Relative activity of Saccharomyces sp. B101 protease decreases with
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increasing NaCl concentration.

The result of salt-tolerant protease activity was examined in the
concentrationof 0%6-25% at pH 7.0, and it was resulted that the 90 and 70% of
residual activity were shown at 5% and 109, respectively. This result was
similar to the result by Fukushimal39]. These results suggest that the protease
from Saccharomyces sp. B101 can hydrolyze anchovy protein in anchovy sauce
with more than 15% NaCl concentration. The salt stability of the enzyme was
also investigated in the concentration of 5-25% by measuring the residual
enzyme activity. As shown in Figure 12, the purified enzyme was stable up to
15% and its stability sharply was decreased, that is, relative activity of purified
protease was lessened with increasing NaCl concentration. But, optimal stability
salt in this study was lower than those of haloalkaliphilic Natrialba
magadii(formerly Natronobacterium magadii) extracellular serine protease in
hypersaline environments (>15% NaCl)[50].

Effect of Metal Ions on the Enzyme Activity

The effects of metal ions on the protease activity are represented in Table 3.
Under the conditions employed, Mn2+ with 1 mM increased the enzyme activity
by 5% when comparedto the control of absence for metal ion. On the contrary,
Ag2+, Cu+, Mg2+ and Fe2+ showed somewhat an inhibitory effect. Ca2+, Zn2+,
Co2+ and Ba+ had no inhibitory effect on the enzyme activity. This result was
similar to the result by Choi[40]. Thus, the protease from Saccharomyces sp.
B101 was not under the influence of relative activity by metal ions. [32][36] The
salt-tolerant protease activity (@) was assayed at various NaCl concentration of
5-25% and pH 7 in 1/15 M phosphate buffer. The enzyme stability (O) was
determined by adding 500 wf¢ of protease to 500 uf of 0.6% casein with 5-25%
NaCl.

Effect of Inhibitors on the Enzyme Activity

The effects of other protease inhibitors were also examined in 1/15 M
phosphate buffer at pH 6.0. The results are shown in Table 4. The enzyme
activity was inhibited by protease inhibitors such as phenylmethylsulfonyl
fluoride (PMSF) with 1 mM, which were specific for the inhibition of serine
protease. Therefore, the enzyme from Saccharomyces sp. B101 can be classified

as a serine protease based on its sensitivity to PMSF. EDTA and
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o-phenanthroline showed a inhibitory effect on the enzyme activity. Especially,

the inhibition effect of EDTA was shown to be the strongest among the
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Fig. 10. Effect of pH on the activity and stability of he protease from
Saccharomyces sp. B101.

The enzyme activity (@) was assayed in citrate buffer for pH 3.5 4.5, phosphate buffer for pH
55 75 and in glycine-NaOH buffer for pH 85 10.5, respectively. The enzyme stability (O) was
measured by incubating it for 30min at the various pH values and 25C. After the incubation, the
enzyme assay was performed in 1/15 M phosphate buffer (pH 7.0) at 37C.
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Fig. 11. Effect of pH on the activity and stability of he protease from
Saccharomyces sp. B101.
The protease activity (@) was assayed at various temperatures of 10-60C and pH 7 in 1/15 M

phosphate buffer. The enzyme stability (O) was measured by keeping it for 30min at the various
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temperatures and pH 7, and the enzyme assay was performed in 1/15 M phosphate buffer (pH 7.0)
at 37C.
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Fig. 12. Effect of salt on the activity and stability of the protease from
Saccharomyces sp. B101.
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Ton Metal (1 mM) Relative activity (%)
None 100
hezt AgNO3 73
Ba2+ BaCl2 101
Ca2+ CaCl2 96
Co2+ CoCl2 101
Cu2+ CuS0O4 83
Fe2+ FeSO4 54
K+ KH2PO4 93
Mg2+ MgS0O4 92
Mn2+ MnSO4 105
Zn2+ ZnS04 94

The reaction mixture, consisted of 0.5 ml enzyme solution and 0.5 ml metal ion solution (I mM),

was incubated at 25?7 for 30 min and the residual activities were assayed. The results were

expressed as percent (%) relative activity to that of none.

inhibitors used. In general, EDTA and o-phenanthroline has been known to
remove the essential metal ion from the enzyme molecule to bring about the
inactivation of the enzyme. Thus, This indicates that the protease from
Saccharomyces sp. B101 is a serine protease which requires metal ion group for
the enzyme activity. The dual sensitivity to EDTA and PMSF, though
uncommon, has been reported certain other bacterial and fungal proteases. It

was in good agreement with earlier published values.[31]1[32][41][42]

Enzyme kinetics

In order to evaluate the kinetic constant for the proteasereaction by the
purified enzyme, the initial velocities of the enzyme reactions were determined
depending on various concentrations of the caseinsubstrate. As shown in Figure
13, the kinetic constant, Km for the proteolysis was determined by using a
Lineweaver-Burk plot. The reaction properly followed the Michaelis—-Menten
kinetics. The Km was evaluated to be 1.02 mg/ml and the Vmax was 278.38
unit/ml. The Km value obtained was similar to that (1.3 mg/ml) of the alkaline
protease as reported by Bae [43], and it was in agreement with the Km value

for the protease from Rhizopus oryzae [44]. Vmax/Km value, the physiological
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efficiency value, of Saccharomyces sp. B101 protease was 272.9 unit/mg.

4. Conclusions

The microorganism producing salt-tolerant protease, isolated
from the bakers’ yeast dough, was identified as Saccharomyces sp. B101. The
enzyme was purified to homogeneity from the culture supernatant of
Saccharomycessp. B10l. by ammonium sulfate fractionation, ultrafiltration,
ion—exchange  chromatography @ on  DEAE-Sephadex  A-50, and  gel
chromatography on Sephadex G-100. The specific activity and the purification
fold of the purified enzyme were 46889 unit/mg and 18, respectively. The
molecular weight of the purified enzyme was estimated to be 33,000 Da on
SDS-PAGE. The optimum pH and temperature for the enzyme activity were pH
85 and 30T, respectively. The enzyme activity was relatively stable at pH
6.5-85 and temperature below 35C. This protease was relatively stable at 10
and 15% salt concentrations. This protease was inhibited by Ag2+ and Fezﬂ and

on the contrary, activated by Mn”". In addition,

Reagent (1 mM) Relaitve activity (%)
None 100
EDTAa 66
Iodoacetic acid 9
PMSFa 75
2,4-Dinitrophenol 99
2-Mercaptoethanol 98
o-phenanthroline 50

Enzyme was incubated in 1/15 M phosphate buffer containing various reagent for 30 min at 25?.

The residual activities were assayed by the spectrophotometric method as described in the text.
The results were expressed as percent (%) relative activity to that of none.

aEDTA : ethylenediaminetetraacetic acid, PMSF: phenylmethyl sulfonylfluoride.
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Fig. 13. Lineweaver—burk plot for casein by protease from Saccharomyces
sp. B101.

The enzyme activity was assayed with various concentrations (1-10 mg/ml) of casein in 1/15 M
phosphate buffer (pH 7.0).

the enzyme activity was potently inhibited by EDTA and PMSF. It was
conclusively considered that the purified enzyme was a serine protease
influenced by metal ions. Km and Vmax values for hammastein milk casein were

1.02 mg/mL and 278.38 unit/min, respectively.
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A A7 H A %S Conway unit H(39)S thh FHse] g 7o)
Atk =, "AAA 10 gl THF 90 mLE 7Hste] 1 & F<F wnkgh & o=
(whatman NO 2, England)® o] #A] At} Conway unit &2 of 3o} 1 mL 2 3}
ZFo] KoCOz 1 mL, WA= 001 N HoSOs &4 1 mLE 242t ¥l 37Coll A 3 A

m\l
B\
o2

A

o
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7F WA Z th Burnswisk (0.07% methyl red, 0.01% methylen blue) A A]2FS 1-2
2 H7be e 001 N NaOHZ AAet, 3wAelr] diaze g2 ANAS
&3] ALk T

filo

A}
0.14 X (b—a) X fxX d
VBN (mg%) = X 100
W
w, A5 FA, a Al59 HAFEF (mL), b, T2 AAHF (mL), f; 001 N

NaOH¢®| factor, d; 3] ujj 4~

Ab. ot =8 F & (NHz-N)

Fomol ¥ (40)o.2 ZFA3At. =, A AA 5 gol /T 250 mLE 7}
30% =oF wyksl & wwHkge) 25 mLE 0.1 N NaOH &o =% pH 85% FA3}
L, o7 wlE pH 85% ZA|g formaldehyde €< 20 mLS 7}ste] pH 7} Yo}
A 01 N NaOH &9o=z pH 857h# thA] AAsrh 2 2oz 01 N
NaOH &4 TAIFAS AArete] oned] A4 (NHe-N)F &S v A S A}

&oto] Akt

a <X 0.0014 X f X 250 X

olu] :=ef A A& (mg/100g) = 1000
5 X 25

a; 0.1 N NaOH #4 mL, f; 0.1 N NaOH <] factor

o, ZWE

A7 w9t dstE dAE el (Micromembrane filtration: pore size
0.45 um)3k ‘jr% 23333 =7 (Shimadzu model UV-2101 PC, Japan)E Al-&3}o]
453 nmel A A&t (41).

.]
2)
o] HA-L SPSS (Statistical Packages for Social Science, Michigan Avenue,

Chicago, IL., USA)E ©]£-3}o] Duncan's multiple comparison test® 95% 2% %
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oA felaE AF e

3. 243

et
K

=

7}, pH 2 R W3

bt Al el wE pH 2 ZAbEFe] Wsk= Fig. 1o UdEpiidth diz+ 2 2
4% 4279 pHE Zh7 5.90-5.89, 590-598 % 590-5.98= L‘rE‘rVLOtﬁ o =
T ke ARkl WE p
ANZAA pHE ta 7tz #ad oe, 1 & dA45sS FA5A
Kim et al. (42)2 ©@¥2d R a4 d HX]AA L] peptide &
ol B3 AFellM gl ELE W pHE A 7I3FEte] 61-6.7%
A7 idvkar Bar splon, B Aol Al AR A UEd AT BAE

go x2Te A SRS AlZEA el 1.39 mg/100g o= YE}oH 1 & 7}
TR AIZE setell= Aol wistE gl (Fig. 1). 2 H 4% &43H7M T+
FEd] 0 AR A 1.39 mg/100gol A, 7heiEdl 10 AlzbAel 2k 1
15 °
<

mg/IOOgOi 27}—5—}213}7} o Q= 7}#‘:'0]]/\] 7F Zolo) A L

al
A FFS FASAE, o= Felohwita g e f/1EA9 $F4E

[e)]
wjFolgtar Hol Xt} (42).
. olu 8] FAe W3

g Aol me obmwE] Aol Wkt Fig 20 YEAAT 2T, 2
2 4% ST opnieE] Wit ZhgRE 0AZFA o 661 mg/100g0 2 5

152



6.2

—e— Control
61 - —O— 2% B. subtilis IM3 protease
' —w— 4% B. subtilis JIM3 protease
I i
5 60 _ N
5.9 -
58 T T T T T 1
0 5 10 15 20 25
Hydrolysis time (hr)
1.8 -
—e— Control
_ L7 —0— 2% B.subtilis JM3 protease
=y —v— 4% B.subtilis JM3 protease
o
—
~
(@]
S
N—r
S
(&)
©
(&)
=
(&}
@©
_I -+
1.3 -
12 T T T T 1
0 5 10 15 20 25

Hydrolysis time (hrs)

Fig. 1. pH and lactic acid content changes of anchovy sauce hydrolyzed
by B. subtilis JM3 protease at room temperature at different
hydrolysis time.
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Helom, ot ARzl B obrlw Arue Wt gt 2 2
o

4% ZAFATTE 7 ES 221kl ZH2E 762 2 798 mg/100g o2 F7Fel Sl
I 5 7R AR Bete] dAFEES FAEAT. RS AAdxnrr FH

e )
SYE AR T8 vFReuR, 4 Fol FFo| TS ARA A2
29l opver) Waape] oxie] zrlo] AFH FFE WAA {9 (24), Kim et

Atk B A A AMES HAANAL 67147 ST AFLE =L ol -
Aorde vl e, E3F B subtilis M3 SR 4 H7be olun®] 2
A2%S AA Z7PAN AT o)+ B. subtilis JM3 @R 3] & A7} WX actomyosin®l
didte] 20% NaCl s=ol A% 55.2%°] HEE4S Jetylen (Fig. 12), & A9
oA ALEH %'1@131% 6 MY s49 AFoE FEAFd= vFe] SddF @
wWadol EAE Aoz AZtEW welA B, subtilis JM3 S 247 AFEY
AFS A w2 Aow BT (43).

T Al gtell wE g d )] WskE Fig 34 WERAT Az, B
subtilis JM3 @l g4 2 9 4% H7Fr9 7hits] 0AIHAl g A d e
& 154 mg/100go. = SAHNoH, 7+ 7] 10/ 189 mg/100g 2
2 Z7hstur A gs o T b4 12 F7tell W& Wake glodth 2
2 4% EAaFNTFE JAEES 24 ARGV AaTEE 220 2250
mg/100g 2.2 F7tstdth7h #ae g, 1 F dAFES fFAsAT sl
Azre] W A A71die FUbe olvwmE WA Wkl Ao dAF L

7] A4 530.7 mg/100g ©] A Th

14
a Bastglen, & AEeAM AbgE "HA AL 671dt sA4dE AEew fTA

Mr
%
>
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900 ~

—e— Control
850 —O— 2% B.subtilis JM3 protease
—v— 4% B.subtilis JM3 protease

800

750 A

700

650

Amino-Nitrogen (mg/100g)

600 -
0 5 10 15 20

Hydrolysis time (hrs)

T T T

Fig. 2. Amino—nitrogen content changes of anchovy sauce hydrolyzed by
B. subtilis JM3 protease at room temperature at different hydrolysis

time.

400 ~
350 - —e— Ccontrol
—O— 2% B.subtillus JIM3 protease
—w— 4% B.s subtillus IM3 protease
—
2 300 -
o
o
H
—
2 250 4
£
Z
g 200 -
150
100 T T T T T 1
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Hydrolysis time (hrs)

Fig. 3. VBN content changes of anchovy sauce hydrolyzed by B. subtilis
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JM3 protease at room temperature at different hydrolysis time.
& Tt R EY W

7hEas] Al M2 7hEE =S Fig. 491 YERSICE oz AS- 7F
A el whet 19.17-21.30% M= S8 H 0o, 2 % 4% a7t Tt
al 0 AlZHAlol 19.17%° A 7Fisl] 2 Al Aol Zbz 27 3 32% o= FUtsh
H, 71 5 sA7IgbEbe] oft FrFeklth Kim et al (46)2 A7F &3t} B A
g 71d FZAE o] &3 A AHolg ARl Azl B ATolAM 544 15UA Asp.
oryzae 1+ A AE H7FE AojuldAle] TlFEdEE 40.6%°A2H, Asp.
sojae 7rAE FLAE FH71E AL 368%= YEUA o, B Ao ALE3E B
subtilis JM3 @&l &4 4%5 H7Ee dA AR el as 32% o2 AR
B3s HEAT. HA TheEel AR 2A1ZbA o] A Aol ik o B A A
ol AHAstE Hl &S xR 2 R 4% TAHTFTAA 2H2E 76.2, 829 9 85.8% %
2 Yelytt g E9, B. subtilis JM3 @R g4 2 F 4% "7 R
= 77y = 0.2627x° - 4.1269x° + 20.142x + 3.8748 (R® = 0.9476), v = 0.1784x> -
2.7601x° + 13.357x + 89419 (R* = 0.9569) 2 y = 0.0417x’ - 0.6482x" + 3.0781x +
1698 (R* = 0814422 Yeiytow, A4 AF RHE 224 09476, 09569 2
08144% £ AdAAE e 24 T9 v &2 obv=d d4% x 3
JhEEa] A zrolth 2 2 4%9] B. subtilis JM3 @RS g A HIlo] o3 b
M 7k AR dAastEES obr e HA (762 R 798 mg%) # IEA 9
71 A~ (220 2 250 mg%)9] SEHS F7HAH oM, B, subtilis JM3 @5 g 4 0

FEIL FEFE 2o M RAESE e A

2
o Hr Mo

2

3 Alztel wE oAxle] AWM= W3lE Table 101 YERH AT 453 nmol A
T2 UsgE o 4, dWxTY A
TR AIZE Sokel ®Wsh= gldth (Table 1). 2
w3l 271 15980, ksl Eetell kgt Frhske] 6
603 2 1.632&8 UElsto (Table 1), &2 A7 S 9 7h5-Es] A3
= Ehenh AT, 2 2 4% BAFETETe MR AR

of WE ZAWEE 247 Y = 00016 Ln(X) + 1.598 (R*=0.9584), Y=0.0033 Ln(X) +
1.15981 (R*=0.9205) 2 Y=0.0246 Ln(X) + 1.6005 (R*=0.9272)0. % UEtytomn &2
Ty @2 453 nmol Ao FEE FA, x g2 JhFRaAltelth 1e Al 4% T

PHE2E AMG BANR 7127 0024602 T P 2% DRI ELES

_1
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SR REEEE

50 -

Degree of hydrolysis (%)

10

—e— Control
—O— 2% B.subtilis IM3 protease
—w— 4% B.subtilis JM3 protease

H21] 0.0016 % 0.0033°] Hlaf 15 H 7Tvl= E3kow, ol TA HIL

Hydrolysis time (hrs)

Fig. 4. Hydrolysis degree changes of anchovy sauce by B. subtilis JM3

protease at room temperature at different hydrolysis time.

Table 1. Browning degree changes of anchovy sauce hydrolyzed by B.

subtilis JM3 protease at room temperature at different hydrolysis time

Hydrolysis time (hrs)
Sample
0 2 4 6
Control 1.598¢2 1.599@ 1.5088 1.5992
2% protease 1.5982 1.601° 1.601° 1.603P
4% protease 1.5982 1.629¢ 1.622¢ 1.632¢

& b ¢ Means in column with the same superscript are not significantly

different (p<0.05)
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w7k FksivkE AS ovdch ose Zwol Yot o
Ho} g AR F bl shNE BAQ gmyel, of,
7}

in)
ol 3|4l Ay ¥ carbonyl 33t=o] o A (ZW)

O

{0

(46), B. subtilis JM3 @l a4 7ol ¢
& Faol 93 gwAo] spaRe Hol AEA
peptide R ofw|=A4ke] o] F7FE QY] wjitoletil AZFEojXIth Im et al. (42)&
s W AR = Ao AWl BE A 6 MY SA "x AR B}

£ AT 16 oty wusger, ¥ Ade) FHE (T 15981600,

¢

2 NA JHRee AR #sHAL AE Table 1o YERAT dix2F&
Aol vdlizE A s, B subtilis JM3 ©EE A 7Fell Hs] gk Bl gk
thate] o WS Wbtk 2% EAHIITE 4% EAFIETO] wlE) b 2
ol thale] W& HrIE wgtom ol 4% EAHIFTIF B AR u ARow
F4 5= AEA peptide ¥ ofv] 8] HawFo] ©]
et al. (A2 A7 tel FAHA ] Jreo] Wt= 0.9%H el WstE Bt
i Eden, B AFdAME mute] s fFoHd Aol uyERUA gglkth
(p>0.05).

>
it

=

G ARl oA Fglet WA @R (B, subtilis JM3)e] Fg] - AAd ai
2 =4 671dAe HAlel HTbsto] oY 7HA FEAEAS £48d. pHe B
subtilis JM3 9B F A H7bg D R Az w2 wWaElteE ¢, ke

e o R Es AT AL ek obvwe Ak, AUAAIALE 2 7

= =
FEdlEs S as HrhoE o | vl E=otom, dREE 4% §4 A
Zbrell A=A SAHEAG TRz b =A vERE 2 ARbAel BedAbE
AN A auEeaa HrvE & % ostel A 2 3UkE Ay
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Table 2. Sensory evaluation of anchovy sauce hydrolyzed by B. subtilis
JM3 protease at room temperature for 2 hrs

Sample Color Aroma Saltiness Taste
Control 1.5% 2.82 2.62 2.0
2% protease 2.2 3.3 2.72 3.2
4% protease 2.3° 3.8 2.62 3.5¢

& b ¢ Means in column with the same superscript are not significantly
different (p<0.05)

* B! very acceptable, 4: acceptable, 3: moderate, 2: unacceptable,

1: very unacceptable
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g3 QB ool BHFF T 48, FAUA A§ ¥ FHZY A0S o)
WASRLE o e 744 UBYLS FAE peptided AN Aoz SelA
ATk (1), 53] ABLEAEF FAARE Aepol=, A 2 23S ek )
T3 PEL H4 R AFE Ader N HEOE I, U3 ¥ ACE A
a2 Augye bE 9k AoR 7R Age A3 9@ Ay
A% FolA 1 owge] e 30 AWowd HARAR, A4AR D o P
48 Fol ged, o F HNEwARN APATS nAFFE WAD BA} A

Agkel WPAAL obn 323

Hel A A &l dv AAHOE, Jeong (3) LGS ARSHA XA edlEt W
Aot ASAM, HeEd 2 ARHY FHTE 2dT 5 dew A I
o] Z&o] HYaiN L FWAstE e # JQuim Bt wEb n8e A
A7 T2 S-S HEWA gt sldE s AR AT I
HgeHAe HEST D AFEAT 5o Il Fad dojgt & 5 Udvh n¥EY
9 YFES AA st de 2EHA 24 Y99S Renin-AgiotensinZl7F F &
gh Jas dddsta e AeE oAAI 9low, of7]d = Agiotensin coverting
enzyme [EC 3.4.15.1.]Jolgt= a47F #osta e Aoz dHA Ak (4). A

Zo EA8t Je= B F 9 decapeptide®l Angiotensin [ 2 H<to] HojxH
A EH = reninoldtes =Hol os) Aol HwW, o]Z o] angiotensin
converting enzyme (ACE)°l ¢]3s] C Zte] His-Leuo] @A Uito=ZA dad
T A8l A+ angiotensin N2 M= m A St AskQIAR] bradykinins
%]Oi/ﬂ dfo] AsstA "k (5). webA ojgi g ACES 2745 A

el == aginotensin 9] AFE AsAA dto <
A %E}. ol¢} A3l 1960@ ] Ferreira (6)2 Bothrops jararaca®st
© 2 X ¥ bradykinin potentiating factors (BPFs)#}+= bradykinin®] ¥H%-
olztE WwAstH o Bokle (7)2 ©]#l o] bradykinin®] +#3] 2 &

A giet= S w3 Wtk Schaeffer et al. (8) BPFs
%] o] o nonapeptide‘ﬂ teprotide (BPF%)% SEABle], ol Aol HejA 1™
ZeHA "ojrmdus AS W Wtk 18 Y teprotides A
A ghatel] QlolM e Yog aE ‘/}E‘rlﬂ‘?i A9, peptide©] 7] ol A oo
A AT 1 5 7)™l iE WA A8 FAREy wease)
carboxypeptidase Aol st 7] A2l A 322l D-benzylsuccinic acid ¢+e] A A
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M EAo &4 W9, aFAAME Zn' o AFT F e AMERE SIUIE ze
enalaprilo] 7= 1o, adgte] #3 = e A3 (1988)9 4= ACE A s}

A nd

N

| 5419 first choice® QIAsHA HAT (9). ACE A3fjAl= o} 71A]
T FEe 3grEo] /W ¥ (Imidapril, Trandorapril, CS-622, Temocapril,
CV-3317)ol YA T o] AL captopril?} S A Z, oJH AL prodrug type
= 3 xe =38 vudstth @A, AF8E SolA ACE AsladE vede A

Fo=z oy 7k AFdwAe] g4 VMR EZEE doAX peptideFE T4
2 F2 A9EL e (10-12), ACE A&l peptides E&lste] ofw| =it vid-&
At o5 7122 peptides 33tH o2 FAste] Asarte WA= C 2N
2ok opn|=qke] kel tigk A F XA E A v FaksAl e AbstE WA s
U AdrTE E4S $Hste Aom a1 27zl wet ApEatbske] AMfnkeS
4 aAZE, WAstES RledZd R st =84 A=
FHrbstE B A, AEAbstel] qlolA g Z@d AsjAler EA FAEsE 28-S ST

x o

A= AeA D 22 SAAALAE A7 8 singlet oxygen quencher %

¢

==

oft

4
et
T
o
@®L
odt
2
ot
2
e
v}

>

A F aFew EFHEdH, AA primary e
chain-breaking antioxidantZA] #|Z gtjZ3} Hbgslo] ¢ & st AIEZ w)
= I+3 E4 secondary Hi+ preventive antioxidant®A] ©™E mechanismol
93] AFASLE AAAX T = 2AFoE EF ¥t (13). Primary antioxidant® 2ol
How kAT fozds wE7] 98 AFE FeguZd FAAAE ATTForA
AM-Eo] AGE AA st AsAikstE Heth ol g PEfo] FqASAl=
¥ =3 E 24 a-tocopherol¥ I %A (14) % quercetin¥} caffeic acid 52
flavonoidAl (15)7} €& A It} Secondary antioxidant® w53 A @A it
3t 292 e x @A 9 primary antioxidant®] &332 Z7}A17] A Y} prooxidant
o FAE AT olHg dHie]l &4sHAl= a-tocopherol¥ L primary
antioxidant®} s 2-8& 74+ AAA (15) % ascorbic acid (16)5°] ATt ik
A AbghEEg-Ql Ao At F2 =L 2y o o HAE AF E‘rﬁlﬁo]‘%
Oz o3l FAitstEo] A a7 AdfAor dojus RSO R o5 HEA
FatstA 7 EA e = #H=4d OHZI7F §A19 #el7] F&AZA 2Este] &
A Abae] 27] GAle] BAE FElvlEe] A vH EXAE FAHGES st
Abstagg AAlsHA "k (16). o2 d FASAlE 4F e FEE, FE,
AAE 5ol flavonoid ®+ phenol 3FHE = thFE EA %0 =3 &

= S 84 Pt Ao peptideo| A= Akt o] Wl
ATH (17, 18). dwtd o=z akstAl= A FakstA o FgdrtsiA=z 7+

A

o

o
oX,
L
=
fol
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=4, g4 3Ak3A 21 butylated hydroxytoluence (BHT)S 7] &2 A) == oF HHAY
of #ojst= AoRE HI FHo] (19) FHold ditksiAl g vls] F2&o=z Q3]

wAA Hal gl vhd, AAZdAs A= F2go] Ao glol AE HUbE e of

~tocopherol®] 79 & 7}A 7 2| G o)k o] & A Aefo=m A A

skl o] 7hto]l -5
2]

AL oF 75%7F & X 2, g
T Ay F #do] Aot (20). e HA gl g Be AT A= &
Tobal §F A el dhefA s el A YA B Az oAM=

5 i ekA Eetal dom, A Fafstal ERHoE s HAZ F A= A
22 FAAY AT Al oSt o] vl Fagh A AT (21). AA
oGS e BEAEE g Frdcte dwEsias

phytic acid (25, 26), isoflavones (27-29) & °] o™ 53] genisteine H| 3
T isoflavone di-e] &9t EHo] ok AF7F Ha ¥ vt (30). MTT teste
Mosmann (31)o] ¢]a} 7Ht¥ colorimetric tetrazolium assay &%, &< w77t
ol ShAlE AGAA EdETE SAE Hilso] FE S Ao TSR
B2 7HA A AR AAbsbr] dEve dAe] oy o] mjuA FhHekal e
717F Yol Adger = 9lon wixpmAor Ay AS AL 5 drpsE Ao

AolA §hel 712 Aol Wol ARSE I T (32).
2. A5 2 WY

7}. Peptide9] A A
(1) Peptide B A
M-S sulfosalic acid= A|FHWste], 4 CollA Amicon® PMIO(MWCO 3,000,
USA) membrane filter& AF&3dto] &ejofa} apqith. ghelof 3t gk of ghes 40T ol
A s 53 ¥, Bio-gel P2 (CA, USA)E %38 column (26 x 70 cm)& A}
0

23lol2 05 mL/min® $£0% &3 AAd. ojuy LM 5 mLA uol 280
nmol A FFEE SAHISY

Lowry "% (33)2 AF831% 3L, bovine serum albuming ¥+ °
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(1) ACE A% &5H
ACE €42 Chsuman and Cheung (34)e] WHo] 95t A3 =,
Al

Angiotensin- [ A3 &A= E7]2 duoA oA E = AAS Alxm 1 go 400
mM sodium borate buffer (pH 83) 10 mLE 713 & 5 TolA 2447+ nlwksh
QAR (8000 ¢ g, 30 mindte] P& AEAG ACE RN 0R AL

t}. A= 100 pLel ACE &4 20 uL ¥ 0.1 M sodium borate buffer (pH 8.3)
200 uyLE 7}8t t}s 37 ColA 583t preincubation A|ZTh ol 7]d] 7224 05
mM His-His-Leu (2.14 mg/mL) 200 uL=S Z7}ste] 37 CeollA 30&7F wks-A171
< IN HCI 250 uL& 7}8te] w85 GA A AT 7] ethyl acetate 2 mLE 7}
sto] 16%7F wwkslk oS YAlEE (200 x g, 5 min) 3t9], 5 1 mLE FHsS
oo o] e A @Hd] AxAZ 5 1 M NaCl 3 mLE 7hshe] &3l ohg 228
nmel X FZFE=E S-S tha AL S ol &sto] ALkt

ACE inhibition (%) = (1- S/C) x 100
S; AR F33%, G blanke] 3=

(2) 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical & A %H-&
7zt Al5.°] DPPH radicalel tst &~A 83 54 Blois WH (35)& AHE3HSA
th. Methanol® %8 A% A% 4 mLE #3}3, 015 mM DPPH 1 mL9} &%
Sho] A 2oA 3077 WA v 520 nmollA SFFE=E =43t DPPH radical
27127 [Reduction of DPPH (%) = (A& Agl+9 F2= / vx79 F45%)

x 100l 73k

o d4ed
1) MEF

Aol AT AEFE AF Sus wew vad A gl duet

HAAEF SNU-1 (A=distal, AL)S A3 SNU-12 55 ColA 30 #
7 <9x]8]3% Fetal bocine serum (FBS)S 10% #7Fg RPMI-1640(Life

Technologies Inc, USA)uf Ao 1% penicillin-streptomycin (Life technologies Inc,
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USA)3} 20 mM HEPES bufferES A 7}3ste] 37 T2 5% COs incubatorell 4] 72 hr
&2t v sk

(2) 3-(44,5-dimethylthiazol-2-yl1)-2,5-diphenyltertra- zolium bromide

(MTT) assay°ll & dA=E 54 53

SNU-1° thgh Azl Alx 5A4& 57438t7] 918ke] Carmichael et al (36)
o] el wal MTT assay2 AA8¢th SNU-1€ 96 well platel 1 x 10
cells/wello] = A 180 pLA F4g v, A= (10 ng/mL)2 =S A8
well platedl] 20 pL H7}sk tFS 37 T2 5% CO: incubatorol] A 72 hrs<F vj <k
Atk (2= SFHTE AFESAT). 72 hr i & ALk 2 ol 5 mg/mL
FLE2 Az MTT (Aldrich Chem. Co., USA) €945 3 well T 20 plL® 92
> ZF well ¥ DMSO (Dimethyl sulfoxide) 150 pL& 7}’5}04 ELISA reader
(Molecular Device Co)® 550 nmollA JFFEES Aol AAdxay
[Cytotoxity=(tHZ= 7] FHE=-AIGA YT FFE)/HET9 FFE=]E T35 A
¥ 54 E49 AxRE skt

ol
2

(o
mlm

Olr
—_

3. 2% € 1%

7}. Peptide®] gel chromatography

&7, B subtilis JM3 @¥EsEsr 2 2 4%S  H7ME  AAY
gel-chromatography Z¥% Fig. 1-3° uYeWoed, Wzt 57 (peak
1:195-280 mL, peak 2: 430-465 mlL, peak 3: 560-600 mL, peak 4: 675-725 mlL,
peak 5: 810-870 mL), 2% B. subtilis JM3 ©WE g2 A7+ 67] (peak 1:
215-250 mL, peak 2: 430-90 mL, peak 3: 545-570 mL, peak 4: 580-625 mL, peak
5. 675-745 mL, peak 6: 840-890 mL) , 4% B. subtilis JM3 @ &3] a4 H7F+
= 770 (peak 1: 185-265 mL, peak 2: 410-450 mL, peak 3: 475-520 mL, peak 4:
530-560 mL, peak 5: 565-595 mL, peak 6: 620-676 mL, peak 7: 750-825 mlL)<]
peak’} YEltom o]l# 3t Ay= g4 Hrlbel o8] 1EAF peptide’t & H o
A A2l peptides Weol A Aoz HY 53] ulZx9 peak 2 % 39
peptide”} B. subtilis JM3 @& g 4ol oJdjAx Ha Ho] 2% T4 H7F+= 3
ME, 4% EA A7+ VIR FHEHAE Ao®m FAHEHZY. wes B
subtilis JM3 @R g A= FyA o2 MR polypeptideS 7Fr-E38] Al A oW,

_I]J
AN AAE ARA peptides A BEA Y (R 2 P 9T 7
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9 Ao AztEoA.

1. ACE A &4

B. subtilis JM3 @9 Ea] &2 H7bel o8] AAdE WA AA 2 peptidee] ACE
Al &S Table 191 YEFAATE Specific ACE Al &AL i z7-29 4% peak 5
(34.82%), 2% a4 A7} peak 6 (43.75%), 4% &4 7= peak 7 (26.34%)
ol A 7Fd =tk F ACE Aal&d2 =4 2 2% H7F9 25 specific &4
I 728 peakol A AY o 4% HIFHE peak 5 (29.46%) A 7+ =9k
o} Yeum et al. (37)2> ACE A3l #&o= dde] stFH b= 1 F9 peptide
o Firoll W& FFel Avta B 3o, Lee et al.(38) 5= =+ ACE ¢
A Ao mlHAe] A st A7) o] A WA peptde-nitrogen HS S
7bet oy ACE &3 #HAasdva stgon, B Ao Axto] 9ojq % ACE
A egde T Aol vt gkt T3 ACE As|&ddd zkel7t v A2
Zhsfel oate]l A E peptide®] AbE ZHolup Fx 9 1 oW Abe] wjg o]
27 gitez wolin. £9Ee F ACE Ad@Ee] o2 2% 5L A7
197.329)7} N2 (10751%) 2 4% &2 A7HF (16160%)9] 1a) ACE A e 24
o] =gtom, ol ACE Asfjaxss uvetle AdEd =do] 7ta Ho
peptide At&E TFx27F @A 7] witolgtal B ZTh (37). Yeum et al. (37)2 &4
of o3k 1T <5 @M JpERAES ACE A28l #dk ddqtolA oA
b= ICoe 95 ng/mL= YEbsttha B sl em, Kim et al.(39)2 EA|
S 9 TRl E] ICoe 45 pg/mLE vERgtha Basgich 2 A A
&2 peak 5 (Specific ACE inhibition activity @ 34.82%), 2% =A% 7}-9]
peak 6 (Specific ACE inhibition activity : 43.75%) 2 4% &2 7F12] peak 7
(Specific ACE inhibition activity : 26.34%)°] $loiA] ACE As|&/do] =kom,
o] B¥E9 +x Y sequence 77H & HEFA17F dositty AZE)

|

t}. DPPH radical &4 #&

Specific DPPH &ttjZ AAZAd 2 27, 2 9 4% a4 H7F9] peak 5, 6 2
7ol 4 94.11, 9091 % 97.00%°. = 7} =k, & DPPH #uZd AATL x4
o] A9 specific A & peakoll A ALY =ghow 2% EAFH7FFE peak 2
(92.98%), 4% & 2H7FPE peak 3 (103729%) 0.5 744 =9t} (Table 2). 232
o] & DPPH &tz 7A@l & 4% EA2FH7H (67499%), 2% A AH7H
(51390%) @ DET (42613%)¢ 02 %7 Jehkon] ot wuMPais A7iw
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o] 7hFRE HWA U] st Fefe] peptide’t A E 7]
3]

wWEoleli AZET. wE wE P8 Zolx DPPH T2 A7 #4& 50% o4
o2 wghow, ol Ao &Il peptide B ofv|mate] FH-Ek7] Wi
olg}il Holzlth S Kim et al (40)2 di7¢] 3y ©@¥lds 7k gA¥=E 7
AR TR gl dakstedgd 2 vt et @akst S v AuaaArt 8l
thar stlem, ojH ek A= v]E e Aol Rt opyet 2 g 4vF yHel 2gs
= Ad 797 g27] wiied N 2 5l Cude] fAst= ofn =it FR7F 7
g B gakstgdAo] thEA YEbd Tt B gtk Yee et al (4D oiFTH
A5 pepsine® ThEEAAIZ TR Ee] At EAS AT A9, gzl
ujsl oF 80% A Fatstd/dol =dvhal skl o™, Yamaguchi (42)= a2
S E4E AR ThrEEslE SolA £ 25-3 kDa A}O]Q peptide”} &

Ahstebd o] ZHd Holwivkar WA skitt. Krogull et al (43)2 A4 3p&E<Q @9
4, peptide B ofv]:=tbe AA A o= 4bst7E dojubH, pH, %E, FEg4 2 A
stE AL AsiAle] EA of ol wel dAkstEAd o] zpolrh utkal ®
t}. Park et al. (44)& Symphycladia latiuscula®l FZ%o] 3k a2kal 3
3 AT A FHES ICope 3.14-1544 pg/mL=Z YERGTha stglon, 53 A
Akl (L-ascorbic acid 2 a-Tocophenol) % 3H4d4F3kA] (BHA % BHT)9
ICso> 2H7F 1.22 2 128, 1.06 # 321 pg/mLE SAHJTL Bt & A+
o %= tix=7+ peak 5 (ICs : 531 pg/mL), 2% YW EH a4 7+ peak 6
(ICs : 5.29 pg/mL), 4% S A4 7F+ peak 7 (ICs : 515 pg/mL)AA =2 4L
Hetlom, A aabstAl 9@ g abstAl el Hlsjd = oF 5w Ax we &4
= B3 Kim et al.(45)2 7] AgdE gelo e o]&3sto] 10 kDa, 5
kDa 2 1 kDa?l %S Ad= F3AA 42 Ztedaie SolA £2% 500-1000
Da¥9] 7}tdll=©] a-Tocopherol®t} d4tsls o] 10% A% o =Jvhal B i3k
o

o™, Yamaguchi et al.(111)2 tlFet¥ld {7kAQ] L ol bHEalo] 7ha=1-3)

2o i3t 3g4H L vitamin B12 (MW 1350 Da) Bt} 7k 2 BEx=2S 714 g8
oA 7Hg motow AZdE JlFeRdEY ASs axRT ofE 9 2 22X g7

oA BAslE Aol =gt B stk B A = FASSAHS JpA=
peptide®] +AF&2 1,000 Da W= Az, AR S T3 Ex=F S 2 o}
oAb Aol Bk A7 28 oz AR ET
B

Specific cytotoxicity= ™72 4% peak 5 (38.29%), 2% &4 #H 7+ peak
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Fig. 1. Gel permeation chromatography pattern of peptides purified

from anchovy sauce fermented for 6 months.
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Fig. 2. Gel permeation chromatography pattern of peptides purified
from anchovy sauce hydrolyzed by 2% B.subtilis JM3 protease at
room temperature for 2 hrs.
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Fig. 3. Gel permeation chromatography pattern of peptides purified
from anchovy sauce hydrolyzed by 4% B. subtilis IM3 protease at
room temperature for 2 hrs.

Table 1. Antitumor, antioxidative and ACE inhibitory activities of peptides
purified from anchovy sauce hydrolyzed by B. subtilis JIM3 protease
at room temperature for 2hrs

Peptide Protein Specific Total ACE Specific Total Specific Total
Sample (mg/mL) ACE inhibition Reduction of  Reduction of Cytotoxicity Cytotoxicity
inhibition DPPH DPPH
(%) (%) (%) (%0) (%) (%)
Peak 1 0.22 0.18 4.02 2.65 58.26 0.88 38.97
Peak 2 0.10 2.46 24.55 8.94 89.36 1.71 34.13
Control Peak 3 0.14 1.49 20.91 6.49 90.91 1.55 44.12
Peak 4 0.02 11.61 23.21 46.75 93.49 7.62 35.07
Peak 5 0.01 34.82 34.82 94.11 94.11 38.29 38.29
Total 107.51 426.13 190.58
Peak 1 0.26 0.41 10.71 2.47 64.21 1.76 34.76
Peak 2 0.10 4.11 41.07 9.30 92.98 4.92 37.88
206 B.subtilis Peak 3 0.16 2.37 37.95 5.71 91.32 0.76 9.31
JM3 protease Peak 4 0.17 1.50 25.45 5.06 86.05 2.61 34.76
Peak 5 0.04 9.60 38.39 22.11 88.43 14.49 39.02
Peak 6 0.01 43.75 43.75 90.91 90.91 15.61 15.61
Total 197.32 513.90 171.34
Peak 1 0.33 0.58 19.20 2.51 82.95 0.83 21.02
Peak 2 0.17 1.16 19.64 5.69 96.69 2.77 35.17
Peak 3 0.19 1.32 25.00 5.46 103.72 1.98 28.51
4% B.subtilis Peak 4 0.22 0.85 18.75 4.71 103.62 1.36 23.36
JM3 protease Peak 5 0.15 1.96 29.46 6.38 95.66 3.60 42.04
Peak 6 0.18 1.29 23.21 5.29 95.25 2.76 37.57
Peak 7 0.01 26.34 26.34 97.00 97.00 34.76 34.76
Total 161.6 674.99 222.43
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6 (15.61%), 4% A7} peak 7 (34.76%) A 7FF Zdth ¥ cytotoxicity =
peak 3 (44.12%), 2% #H 7} peak 5 (39.02%), 4% 7% peak 5 (42.04%)°l
A 7Fg =9kt (Tabl 3). &8 Ee] utigk F cytotoxicity= 4% HAFH7F-
(222.43%), dZ=7 (190.58%) H 2% SAH7F (171.34%) wo =2 =74 YERS
B E2] & cytotoxicityd] 2 4% BA HFI7FF (22243%)7F 7HE =kow ) Uhe
o= x4 (19058%) % 2% &4 H7F (171.34%)wo=2 =9t Chung et al
(46)2 T g A Fe GAET gk A 54 A AgelA 28 Hgs F
=5 % AT ves FEE2 A HAE SNU-1e tiefA 44 oA 23
= etz st oer, oju ] IC5e 27t 13.38 ¥ 0.756 mg/mLel %t} Yang
)0}

et al 472 A& &A= R 4T Az FF Tl it AFelA g =2

=252 10-100 pg/mLAFeloll Al SNU-1°] gt setadAgd S vehidota HW st
gom B AFA thET9 peak 5 (Specific cytotoxicity : 38.29%) = 4% & A

A7 peak 7 (Specific cytotoxicity : 34.76%)¢] ZAxe} A AFeS YEA
=

4. A&

&+, B, subtilis JM3 @WESHEA 2 @ 4% HIFFY HAAAE gel
chromatography el A, z+zF 5 6 ‘3‘! 7709 peaks UYEFUSITE 2% B. subtilis
JM3 @l alas H7bow T B 4% bl Blsl & ACE Asfigdel =
vt = DPPH &Yz AAFS tlx7, 2 ¥ 4% B. subtilis JM3 TR g4
A7bel A B 50% o] 24de YEdt AT peak 3¢ F cytotoxicity
© gl ad 7kl mldke] =tk

5. F1&d

1. Yoshikawa, M.F., Tani, F. Ashikaga, T., Yoshimura, T. and Chiba, H. 1986.
Purification and characterization of an opioid antagonist from a peptic digest of
bovine k-casein. Agric. Biol. Chem. 50, 2951-2984.

2. Seki, E. Osajima, K. Matsui, T. and Osajima, Y. 1993. Separation and
purification of angiotensin 1 converting enzyme inhibitory peptides from
heated sardine meat by treatment with alkaline protease. Nippon Shokuhin
Kogyo Gakkaishi. 40(11), 783-791.

3. Jeong, S.H. 1994. Agionstensin converting enzyme and its inhibitors.

Medicine Information. 9. 152-158.

173



4. Saxena, P.R. 1992. Interaction between the renin - angiontensin - aldosterone,
and sympathetic nervous systems. J. Cordiovascular Pharmacology. 19(6),
80-88.

5. Manjusri, D. and Richard, L.S. 1975. Pumonary angiontensin - converting
enzyme. J. Biol. Chem. 250(17), 6762-6768.

6. Ferreira, S.H. 1965. A Braerykimin protentiating factor (BPF) present in
venom of Borthrops jararaca. Brit. J. Pharmacology. 24. 163-168.

7. Bokhle, Y.S. 1968. Conversion of angiontensin I to angiotensin I by
cell-free extracts of dog lung. Nature. 220, 919-925.

8. Schaeffer, T. Engel, S.L., Gold, B.I., and Rubin, B. 1971. Inhibition of pressor
ettect of angiotensin (A-Z) and augmentation of bradykinin (B) by synthetic
peptides. Pharmacologist, 13, 215-220.

9. Ondetti, M.A., Rubin, B., and Cushmen, D.W. 1977. Design of specific
inhibitors of angiotensin-coverting enzyme. New class of orally active
antihypertensive agents. Sci. 196, 441-444.

10. Maruyama, S., Suzuki, H., and Tomizuka, N. 1985. Effects of Zinc ion on
inhibition by angiotensin 1 converting enzyme inhibitor derived from and
enzymetic hydrolysate of casein. II. Isolation and bradykinin—potentiating
activity on the uterus and the ileum of rats. Agric. Biol. Chem. 1915,
1405-1409.

11. Miyoshi, S., Ishikawa, H., Kaneko, T., Fukui, F., Tanaka, H., and Maruyama,
S. 1991. Structures and activity of angiotensin—coverting enzyme inhibitiors in
an a-zein hydroly sate. Agric. Biol. Chem. 55(5), 1313-1318.

12. Satio, Y., Wanezaki, K., Kawato, A., and Imayasu, S. 1994. Antihypertensive
effects of peptide in sake and its by products on spontaneously hypertensive
rats. Biosci, Biotech. Biochem. 58(5), 812-816.

13. Ahmael, S. 1995. Oxidative Stress and Antioxidant Defenses in Biology.
Chapman and Hall. New York. pp. 25-42.

14. Hodnick. W.F., Milosavlfevic, E.B., Nelson, J.H., and Pardini, K.S., 1988.
Electrochemistry of flavonoids. Relationships between redox potentials,
inhibition of mitochondrial respiration, and production of oxygen radicals by
flavonoids. Biochem. Pharmacol. 37, 2607-2611.

15. Hudson, B. J.F. and Lewis, J.K. 1983. Polyhydroxy flavonoid antioxidants for

174



edible oils. Phospholipids as synergists. Food Chem., 10, 111-120.

16. Bendich, A., Machlin, L.J., Scandurra, O., Burton, G.W., and Ingold, K.U.
1986. The antioxidant role of vitamin C. Adv. Free Rad. Biol. Med., 2,
419-444.

17. Yamaguch, N., Yokoo, Y., and Fujimabi, M. 1979. Antioxidative activities of
protein hydrolyzates. Nippon Shokuhin Kogyo Giakkaishi. 26, 65-70.

18. Suetsuna, K. and Osajima, K. 1989 Blood pressure reduction and vasolilatory
effects in vivo of peptides orginating from Sardine mucle, Nippon Eiyo
Shokuryo Gakkaishi. 42(1), 47-54.

19. Branen, A.L. 1975. Toxicology and biochemisty of butylate hydroxyanisole
and butylated hydroxytoluence. J. Food. Sci. 37, 873-875.

20. Doll, K. and Pet, R. 1981. The Causes of cancer, quantitative estimates of
avoidable risks of cancer in the United States. J. Nat. Cancer Inst. 66,
1192-1308.

21. Cho, K.J, Lee, Y.S. and Ryu, B.H. 1990. Antitumor effect and immunology
activity of seaweeds toward Sarcoma-180. Bull, Korean Fish. Sci. 23(5),
345-352.

22. Kennedy, A.R. and Little, J.B. 1981. Efects of protease inhibitiors on radiation
trans for mation in vitro. Cancer Res., 41, 2103-2109.

23. Yavelow, J., Finlay, T.H., Kennedy, A.R., and Troll, W. 1983. Bowman-Birk
soybean protease inhibitor as an antidarcinogen. Cancer Res. 43, 2454-2459.

24. Elair, W.H., Billings, P.C., Carew, J.A., McGandy, C.K., New berne, P., and
Kennedy, A.R. 1990. Supression of dimethylhydrazine induced Carcino-genesis
in mice by dietary addition of the Bowman-Birk protease inhibitor. Cancer
Res. 50, 580-587.

25. Shamsuddin, A.M., Ullah, A., and Chakravarthy, A.K. 1989. Inositol and
inositol hexaphosphate supress cell proliferation and tumor formation in CD-1
mice. Carcinogenesis, 10, 1461-1469.

26. Shamsudolion, A.M., Elsafeel, A.M., and Ullah, A. 1988. Supression of large
intestinal cancer in F344 rats by inositol hexaphosphate. Carcinogenesis, 9,
577-584.

27. Coward, L., Barnes, N. C., Stechell, K.D.R., and Barnes, S. 1995. Genistein,

daidzein, and their B-glycoside conjugates, antitumor isoflavones in soybean

175



foods from American and Asian diets. J. Agric. Food Chem. 41. 1961-1966.

28. Okura, A., Rakawa, H., Oka, H., Yoshinari, T., and Monden, T. 1988. Effect
of genistein on topoisomerase activity and on the growth of
[Vall2]Ha-ras—transformed NIH 3T3cells. Biochim. Biophys. Res. Commun.
157, 183-189.

29. Peterson, G. and Barnes, S. 1991. Genistein inhibition of the human breast
cancer: Independence from estrogen receptors and the multi-drug resistance
gene. Biochim. Biophys. Res. Commum. 179, 661-669.

30. Tiisala, S., Majuri, M-L., Carpen, O., and Renkonen, R. 1994. Genistein
enhances the ICAM-1 and its counter receptors. Biochim. Biophys. Res.
Commun. 203, 443-448.

31. Mosmann, T. 1993. J. Immunol. Method. 65, 55

32. Park, J.G., Kwon, O.J,, Kim, S'W. and Kim, J.P. Tesssting of LAK cell
activity using a tetrazolium-based colorimetric (Mtt) assay. Kor. J. Cancer
Association. 19 (2), 68-78.

33. Lowry, O.H., Rosebrough, N.J., Farr, A.L., and Randall, R.J. 1951. Protein
measurement with the folin phenol reagent. J. Biol. Chem. 193, 265-275.

34. Cheung, H. S. and D. W. Chshman. 1971. Spectrometric assay and proterties
of angiotensin—converting enzyme of rabbit lung. Biochem. Phamacol. 20,
1637-1647.

35. Blois, M.S. 1958. Antioxidant determinations by the use of a stable free
radical. Nature. 26, 1119-1200.

36. Charmichael, J., Degraff, E.G., Gazdaar, A.F., Minna, J. D., and Michell, J.B.
1987. Evaluation of a tetrazolium based semiautomated colorimetric assay,
assessment of chemosensitiviy testing. Cancer Res. 47, 936-943.

37. Yeum, DM, Lee, T.G., Byum, H.S., Kim, S.B. and Park, T.H. 1992.
Angiotensin-1 coverting enzyme inhibitory activity of enzymatic hydrolysates
of makerel muscle protein. Bull, Korean Fish. Soc. 25(3) 229-235.

38. Lee, HO. Yoon, HD. Jang, Y.S., Suh, SB. and Ko, Y.S. 1999.
Angiotensin-I converting enzyme inhibitory activity of algae. J. Korean. Fish.
Soc. 32(4), 738-746.

39. Kim, S.B.,, Lee, T.G., Park, T.B.,, Yeun, DM. Kim, O.K. Do, J.K., and

Park, Y.H. 1994. Isolation and characteristics of angiotensin I coverting enzyme

176



inhibitory activity of peptic hydrolyzates of anchovy muscle protein. Bull
Korean Fish. Soc. 27(1), 1-6.

40. Kim, S.K., Choi, Y.R., and Park, P.J. 2000. Purification and characterization of
antioxidative peptides from enzymatic hydrolysate of cod teiset protein. J.
Korean Fish. Soc. 33(3), 198-204.

41. Yee, ]J.J., Shipe, W.F., and Kinsella, J.E. 1980. Antioxidant effects of soy
protein hydrolysates on copper—catalyzed methyl linoleate oxidation. ]J. Food
Sci. 45, 1082-1083.

42. Yamaguchi, N.S., Naito, S., Yokoo, Y., and Fujimaki, M. 1980. Application of
protein hydrolyzate to biscuit as antioxidant. J. Japanese. Soc. Food Sci.
Technol. 27, 56-59.

43. Krogull, M.K. and Fennema, O. 1981. Oxidation of tryptophan in the presence
of oxidizing methyllinoleate. J. Agric. Food Chem. 35, 66-70.

44, Park, H.J., Choi, J.S. and Chung, H.Y. 1998. The antioxydant activity in
extracts of Symphyocladia latiuscula. J. Korean Fish. Soc. 31(6), 927-932.

45. Kim, S.K., Lee, HC. Byun, HG., and Jeon, Y.J. 1996. Isolation and
characterization of antioxidative peptides from enzymatic hydrolysates of
yvellowfin sole skin gelatin. J. Korean Fish. Soc. 29, 246-255.

46. Chung, K.S., Yoon, K.D., Kwon, D.J., Hong, S.S., and Choi, S.Y. 1997.
Cytotoxicity testing of fermented soybean products with various tumour cells
using MTT assay. Kor. J. Appl. Microbiol. Biotechhhnol. 25(5), 477-482.

47. Yang, Y.M., Hyun, J.W., Lim, K.H., Sung, M.S., Kang, S.S., Paik, W.H., Bae,
KW., Cho, H., Kim, H.J, Woo, ER. Park, HK, and Park, J.G. 1996.
Antineoplastic effect of extracts from traditional medicinal plants and various

plants (IlI). Kor. J. Pharmacogn. 27 (2). 105-110.

gud 2 54
1A &
FAREAE (B3 2 A o Fel AP st AggozA P W

177



] 1-5%% ol#o4 Atk (1). °] & =

o

=
v

i~

rJ

Aol 60-75%, 1|l

=
)
o

el

[ai3
=

4Fe TA Fad o

v} 2]

I e

Aol

ki3

1] H|

A

>

=1
N

ofe] Fut A, pH

=

2]

T
Tor

o

fite)
o
el

rvze]
ol
e
N
T
N
ol

o
i

L
ool
=

—_—

0
®
;O_l

tE=7] w3

p
o

vze)

AJr

1ok 3). wheba A A A

F7] $1%k Ao

e Avs

-
R

A &= 1A

sho] ol

el ol

o

or
o
il

oo

=
;Qn_

Gol

o

ol

el

0

N

9/]

one-factor-at time-method7} &% o] kvl T8y WHFEo] 435

one—factor-at time-methodel] 2]

R =
g wole oyt wepy old @

o]
PR

al

ol
=

o

X

ol

®°

3=
™

~

Zoju) 7]

W el one—factor-at time-methodol] &

%4

A

%

O]
true optimal condition®= 3% 4 Qlt} (3). 21HE=E

o]
A%

=
T

o
0

)
H

a9

3l

To] ol

il

W e
(Response Surface Methodology, RSM)°|
= Selete AEAY

dew (4), ol

ﬂ.ﬂ
ol
i)

B
i

=)

g v (6). ¥

&
W= ATl wol $84

k

ol
=

3}

Ik
l
=

A

’d melanoidin®] A
=ZE4 wUEHY (10),

=
[¢)

A BUHE (7), 7]

EEEE

=1
=

=3k (9)

0

s

il
N

ol

(8), Mol Z ¢ o]

Nfo

—

AgFomn AR 7N Qe Anmy

70
ool

—_
file)

i

God)

o

&

R

=0

A=

2.

178



7}. 2] actomyosin®] W& B. subtilis JM3 S EF & A9 G
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Crude actomyosin< Kim et al. (2)¢] WHE th FA3I] F=3A =,
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W 2] actomyosin®] ™ E gl Ao EISFAAES Kim (12)9 #HES i
A3ste] APt 5, actomyosin 0.5 mLol B. subtilis JM3 2 A chul i
49 05 mL % 50 mM sodium phosphate €&8&9 15 mLE #H7}slo] water
batholl Al 1A17F &<t W33k th3 10% TCA &< 25 mLE 7F8le] ®ES-& A A A
Ak 1" o A8 (3,000 x g, 20 mjn)‘é‘]—oi Fgk dsdS 280 nmolA &
.84 A (unit/mg)S 1 # 9 24 @A 1 mgo]l 1uMe]
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B. subtilis JM3 2 Al @WEs] &4 HA pHE F37] 98t 50 mM
acetate buffer (pH 4.0-7.0), 50 mM phosphate buffer (pH 4.5-9.0) % 50 mM
tris—-HCl buffer (pH 7.0-10.0)& 217} Ab&3ste] aagdd S w2t SA A
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[e]
(Engraulis  japonica)®] %&  Hstel  AE wpdstar of 7)o Hulj R

chloroform/methanol (3:2, v/v) &g NS 7tsto] o] 7% oA 24A1 7+ WA T
52 Agste] AME HFsd Az 2 owpstal 200 mesh AR AE 2¢s
A5 G AR s, o7 10¥1 e SHTE 7Fste] st EdlE AR A=

(2) 438 ¥gAd 2 44 24
BE ¥ design, data A ¥ FHZ3li= Design Expert (State-Easy Co.,
Minneapolis, USA)9] software2 AF&3t3th pH, &%, 788 Az 2 24 &
Lo thate] Wk EH 24 (Response Surface Methodology, RSM) (13)o] 2] ZA

A3 tF. Quadratic model 2 stepwise regressione F-testE 9] AF&3}%th

ol

3. 27 42 1F
7b. B X actomyosin®l W& B. subtilis ]M3 GHEFH A2 9] Qg
1) 842 % 2 w2 X7+e] 93t

B. subtilis JM3 @9 i3] 34 Protamex, Alcalase % Flavourzymes 43|

actomyosin®| W&ol 27} 1-5 mg/mLe] W= H71sld S W WA E = tyrosine
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A g g4 TR A9FTFS Fig. 1o YeERdch

Flavourzyme % B. subtilis JM3 YW Zslgais 84 5% 3.0 mg/mL7HA] &=
tyrosine A/ @o] F7etH ot 1 o)) FRoAE A dAS S UES

£ 3 mg/mLE FH7tste] wEEAIZES WSAA  HESAIRRe] wE

tyrosine A3 & F3FEE Fig. 20 Yeplom, W& AZF 60274 AL 243
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(2) pH 2 %9 9%

pH W3le] W& tyrosine A ZFS Fig. 109 YERATE  Alcalase: pH
75-8.5, Protamext pH 7.0-8.0, Flavourzyme< pH 5.0-6.0 A}e]elA] tyrosine A3
Aol 7 E=kon  (Fig. 3), NOVOAlelA H gk Alcalase, Protamex %
Flavourzyme® #2% pH =71 (pH 8, 7-8 % 55-65) ¥ FAFsH AadS e
t}. B. subtilis JM3 @ E& &A= 55-6.0 AFo]ol A tyrosine A ZFol 713 =
o} (Fig. 4). Kim (15)9] ¢ AA¥ B. subtilis JM3 G| g4 54 3
Aol A HA pHE 55 F-olgta X stgoen, B g BE HA a4 4
o} AR B HEATE & WEte] WE tyrosine A=Y W3E Fig.
119l YERSATE Alcalase, Protamex % Flavourzyme< Z+7Z} 45-55, 50-60 2
45-55 Teoll A tyrosine A #o] 714 =kem™ (Fig. 5), NOVOAFel A H gt
Alcalase, Protamex % Flavourzyme? #H?% &%= %7 (50-60, 50 % 50-55 C)¥}
TAFEE AaS YJEeEl AT B subtilis JM3 @ E&] & 42+ 50-60 Col A tyrosine
A eFo] 71 =kth (Fig. 5). Kim (15)¢ ZA¥olA = A AAHE B subtilis
JM3 gl sl gie HA 2% 50-60 Coldttal Hastglon, EAFe] FiF

(3) NaClell &% 4%

W2 actomyosin® 7FFEEE ] v X= NaCl 359 932 Fig. 69 Yebd
gadAM FasteE A4S YERY

t} NaCl 5% =7} & g4 AL e
Fom 20% NaCl 3%
65.1 2 352%¢° FE=FAS Ye ATt B, subtilis JM3 @ Es &A= 20% 9
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Fig. 1. Effects of enzyme concentration tyrosine production from anchovy

actomyosin.
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Fig. 2. Effects of hydrolysis time on tyrosine from anchovy actomyosin
with B. subtilis JM3 and commercial protease.
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iAol ko o]= Protamex %
Alcalases  AlwtolA #ol® AHAl &EA4AZ endo typeel IR F Ao,
Flavourzyme< F3ololA Ea® AA ahz2A dld 7p=EeA YAds &9
o

S AAB7] ekl ALEEE exo typed] ©WMEER EAFAME T4 5A

A e T R B subtilis JM3 WS B A A o] Al SRS E Ao H
3 vt 2AE UEd AL AAA ol 8Al BAEY AR bl AA maTt of
RS AA Z4AE AFESRY] WEez Azt dwrtAe] g g4agd
(A/C)H A = Protamex+: 0.19%, Alcalaser 0.14, Flavourazyme+ 0.122 Y EFE
o, A/CHlA Protamex”’} 7Fg &37F F4th 2 APdAMe YA &S
AA = & Ao FolEugx: AAAel 7H A5 er ueHojor & Aow A7z
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—v— Flavourzyme
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Fig. 3. Effects of pH on tyrosine from anchovy actomyosin with B.

subtilis JM3 and commercial protease.
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Fig. 4. Effects of temperature on tyrosine from anchovy actomyosin with
B. subtilis JM3 and commercial protease.
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Fig.

Relative activity (%0)
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5. Effects of
actomyosin with B. subtilis JM3 and commercial protease.
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35
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Table 1. Evaluation of commercial proteases for anchovy actomyosin

Oot. T Concentration of
. Tem
Protease Opt. le) P ) protease ActivityZ) Cost A/CY
(mg/mL)
Protamex 7.5 50 3 3.16 16.5 0.19
Alcalase 8 55 3 1.98 13.86 0.14
Flavourzyme 6 55 3 1.42 12.21 0.12
B. subtilis IM3
5.5 55 3 0.79
protease

Y Optimal temperature and pH of each protease were suggest from proteolytic

activities for anchovy crude actomyosin from anchovy

? One unit of the enzyme activity is defined as the amount of tyrosin

hydrolyzed per min

» Enzyme activity per cost
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A 24" 2 4

W 2] actomyosin &3 o2 TR EA 7] Protamexgr B. subtilis JM3 @
Ealgsre §4FAS 0.8 Unit/mgl 2 A3 & HWXS dhwldo] tfsk 723
ol 7] 9l8to] Design Expert (State-Easy Co., Minneapolis, USA)<]
softwareE Ab&3dte] 25709 AFFE whso] vl FA A Protamex 3 7F-
RolA EA R &%, pH H IFFRS ARt wE VleRdles 44
25.46-31.58% Atelel WS 7HAaL deH, 84 5%, 2%, pH 3 7HEs] A
7ve ZbZE 29, 60 C, 8 ¥ 6 hro& ZH3 A5 7IRa =7} 31.58% o2 713
=7 vl (Table 2). B. subtilis JM3 SR F A A7) dojA &4 5
&=, 2%, pH B ZhEEal] ARt wE b= 24.37-29.08% Atole] RS
A B4 %, 2% pH R 7beda Alkbs A2 2%, 60 C, 4 2 6
hro2 243 Age] 7Feisl® (DH%)7F 29.08%° % 7Hd Edth (Table 2).

Protamex A7}t B. subtilis JM3 @¥&E& a4 H7Fo vla] oF 25% A=
7t =7 =9kth Protamex 2 B. subtilis JM3 T E-&) & 40 9]”3& 7ha 55
o] tisk ANOVA %= Table 3o YEFHIATE w2 probability & =2 Lack of
Fit 3t2 2 quadratic modelS 293 modelo]lgtal H o]z t}h (Table 3). Protamex
2 B subtilis JM3 9HlESHEAL TR, 2%, pH % JFEEE] A wE
constraint coefficient #t<& Table 40 YWetH At 7hiaf o thek Protamex %
B. subtilis JM3 ©¥WE 3] &4 F =9 constraint coefficient (2.02588 % 1.92977)+=
<+5%(0.05162 2 0.035232), pH (1.06963 2 -0.49773) 2 7} A17F (0.24088 2
-0.62398)9] constraint coefficientzgt Rt} =4 YEE o o] A2 Protamex % B.
subtilis JM3 @l g 4ol F2r7F XS dd s 7teRest=d o] pH, =
= B 7beRel Alztel Wla 2A FEFS vAle Aew Az XIH Protamex
A7Fol oA ZheEsel s vAe T SEET Ao AadAE dof
w7l S8 F Wb 3 AdA S =AEEAY 25 (Tem) ¢ Protamex &&= <F
9] #AE Fig. 69 Yttt 50-60C H-ZolA &4 5% (Protamex)7} &7
2 29-31%¢ 7t EE Jelggon, §4 % (Protamex) ¢ pHO 4
(Fig. 6)ol = pH 7-8 HZoA E42F% (Protamex)’} 7145 7t 27}
Z7FskA k. ol# sk A3 Protamex? HA pH % %% 7 2 50 C HFLo]7]
gl Aoe® HAXT (Fig. 3 2 4). 7FEEsiAlzl (time) 2 84 5%

N

|
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(Protamex)¢}e] #4 (Fig. 6)dlAE 7FEEA 7] wWE 7R es Z713HA

o, FheEI SHEFE tedlEs 28%o® SUbsA U A Aaskslh
7beitsl Al (Time) 2 2% (Tem)¢ke] A (Fig. 6)ol A+ =% 2 Akl
E AA#AA = yHERYR @9kt Protamex &40 93 EEE] o] WA 2o 9lof
A ST 2 4 RFEE0Y] AeeS dAT AolE ‘/]rE]rIHM_—U% (p<0.0107),

~ T
o]g]dt RSM Z#=ZEE dojx o]z bAA 2 d (Quadratic Model)& the-3} 2t}

DH (%)= 21.9861 + 593855 x A + 0556615 x B - 1.96777 x A’
(R2=0.882805, p<0.0107), Where, DH (%) = Degree of hydrolysis, A (%) =
Protamex, B = pH

1%%‘5%“%%@] o5t doJX Protamexol 93 A 7l 271, 225
= 1.24%, 7ha el AR 3.82 hrol itk
s g HIFol A 7}‘?%};]101] FHFe A F =5
T AT ARAAE oty S8 7 oAt 3 AdAE =4 stskdth
= (Tem) ¢ B. subtilis JMS g g s FEete #AES Fig. 7o YER AT
50-60C H-ollA &4 F% (B. subtilis JM3 protease)’} S7F&E45 28-29% 9]
7brasl =8 YER )\}\»——11] &% %% (B subtilis JM3 protease) ¢ pHS 34
(Fig. Mol = pH 4-5 FolA E45% (B. subtilis JM3 protease)’} =7}
2 7R =t Sr1skgh oleld Ay B subtilis JM3 @S g a0 H A
pH % 2%+ 55 % 50 T H<o]7] &l o= Bzl (Fig. 3 2 4). 7t
B3| A7F (time) 2 &4 % (B. subtilis JM3 protease)®te] #A (Fig. 7)ol A=
]

ARl mE tepdne %—7}6‘}?4 Fgrov], RAFEIL FAAEE )
FRamE 2% X FAASHATE Aidgh SR A (Time) 2 &%
[e)

(Tem)<ke] &7 (Fig. Mol %= =& “% Ao g AdaAE dErdA gkt
B. subtilis JM3 ©¥liEaf g ol ofgh Zhaf o] WA A lojA Sy 9 7}
WFEEe dEaee dAg 54 1S YERA T (p<00107) ol gk Wk

A dydzRy fdojxl

o
)
oi‘l
O_l_l
1>
[z
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o
o
Q
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=
Q
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=
o
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°

DH (%) = 2998 + 184 x A - 071 x B - 3077 x A® - 115 x AB
(R*=0.834065, p<0.0241), Where, DH (%) = Degree of hydrolysis, A (%) = B.
subtilis JM3 protease, B = pH
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T 2R, =& 55 C, pHE 592, S45%E+ 1.82, 7} ol AIZE2 472 hr
o] ATt Protamex 2 B. subtilis JM3 @R g rs HA S 7EEAZ o
HA o2 HAK el Es A 71E9 st 2delA B =
S EES 98 7 Ao, YA BAYE =5 Jdow AT

4. A&

Alcalase= pH 7.5-85, Protamex™ pH 7-8, Flavourzyme< pH 5-6, B. subtilis
JM3 @el R F A= 55-6 Alolol A tyrosine A =o] 7FE EHkth Alcalase,
Protamex, Flavourzyme 2 B. subtilis JM3 @i & A= 45-55, 50-60, 45-55
2 50-60 CTeolA tyrosine A &Fol 7 =okvh whSEARZAIH &t dof
2 B. subtilis JM3 @R g o] o3k A JleRE 21, &5+ 55 C, pH
592, g 1.82, 7hel] AlREE 4.72 hrol it

o
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Table 2. Responses of dependent variable to the hydrolysis conditions for
Protamex and B. subtilis JM3 protease

Enzyme DH (%)
concentration | Temp (C) pH Time (hr) B. subtilis
Protamex
(%) JM3 protease
0 45 6 1.0 25.41 25.40
0 60 4 1.0 26.41 23.21
1 45 4 6.0 28.21 29.25
2 30 8 6.0 25.16 27.07
0 45 6 1.0 25.41 25.40
0 60 8 6.0 22.98 26.25
0 60 4 6.0 24,87 24.37
2 60 8 1.0 25.48 25.16
0 30 4 6.0 25.41 24.21
0 60 8 6.0 25.48 25.40
2 60 8 6.0 31.58 28.46
2 30 8 1.0 25.16 28.66
0 30 8 .0 25.16 24.49
1 45 4 6.0 26.75 29.04
2 60 4 1.0 31.53 29.44
1 60 6 6.0 29.92 26.75
2 30 4 1.0 31.85 28.85
2 60 4 6.0 29.86 29.08
2 30 4 6.0 28.66 27.71
0 30 4 1.0 25.48 25.40
2 30 8 1.0 22.29 25.80
0 30 6 3.5 25.31 25.42
0 30 8 1.0 26.75 26.10
1 60 6 6.0 27.81 28.25
0 30 6 3.5 25.21 25.20
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Table 3. ANOVA table for nonlinear midel of anchovy protein hydrolysis
by Protamex and B. subtilis JM3 protease

Enzyme Model |[Selection|Source SS DF MS | F-value | Prob>F
Protamex | Q” S |Model 131 14 9 | 4.52 |0.0107
Residual 20 10 2
Lack of
] 5 5 1 0.33 |0.8737
Fit
BSPY Q S Model 167 14 11 3.59 ]0.0241
Residual 33 10 3
Lack of
] 18 5 3 1.31 | 0.3864
Fit

V' BSP = B.subtilis JM3 protease, 2 Q= quadratic, S= stepwise
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Table 4. Constraint coefficients expressed as pseudo values of degree of

anchovy protein hydrolysis by Protamex and B. subtilis JM3 protease

Degree of Hydrolysis

Fact Constraint Fact Constraint
actor actor

coefficient coefficient
A = Protamex 2.026 A = BSPY 1.930
B = Temp 0.051 B = Temp 0.035
C=pH 1.069 C =pH 0.498
D = Time 0.241 D = Time 0.624
A? 1.337 A® 3.073
B? 0.376 B’ 1.955
C* 0.558 o 1.582
D 0.997 D? 1.843
AB 0.430 AB 0.156
AC 0.490 AC 1.153
AD 0.149 AD 0.525
BC 0.259 BC 0.028
BD 0.275 BD 0.159
o) 0.192 o) 0.494
R? 0.8634 R 0.8346

V' BSP = B.subtilis JM3 protease
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of pH, temperature, time and concentration.

192



29.8413

28.6218

314111
29.7145
27.4022 N\
AN 28.0178
26.1827

26.3212
=
O 249631

T
0O 24.6245

8.00

2.00

B.subtilis JM-3

statt 314111
207145 207145
28,0178
280178
LD IKALAL
263212 % """ 05 'O 26301
S 205

T
O 24,6245

6.00 6.00

60.00
1.00

B.subtilis IM-3

1.00 30.00
Fig. 7. Degree pf anchovy protein hydrolysis by B. subtilis JM3 protease

as a function of pH, temperature, time and concentration.

193



5. F1Ed

1. Suzuki, T. 1981. Fish and Krill Protein. Applied Science Publishing, London,
pp. 1

2. Kim, 1S., Choi, Y.]., Heu, M.S., Cho, Y.J., Im, Y.S,, Gu, Y.S., Yang, S.G., and
Park, JW. 1999. Peptide properties of rapid salted and fermented acchovy
sauce using various protease. 1. Hydrolysis of anchovy sauce and actomyosin
by various protease. J. Korean Fish. Soc. 32(4), 481-487.

3. 0171%F - olALE - AFTZ. 2000. HFE Al wERrHEA ] &8 AEH
¥} k4], 33(1), 33-44.

4. Gontard, N., Guilbert, S., and Cuq, J.L. 1992. Influence of the main process

i
-

variables on film properties using response surface methodology. J. Food Sci.
57. 190-196.

5. Myers, RH. 1971. Response Surface Methodology. Allyn and Bacon Inc.,
Boston, USA. pp. 127-137

6. Lee, G.D., Kim, HG., Kim, J.G., and Kwon, JH. 1997. Optimization for the
preparation condition of instant rice gruel using oyster mushroom and brown
rice. Korean J. Food Sci. Technol. 29, 737-744

7. Lee, G.D., Kim, ].S., and Kwon, J.H. 1996. Monitering of dynamic changes in
maillard reaction substrates by response surface methodology. Korean J. Food
Sci. Technol. 28. 375-383

8. Lee, G.D. and Kwon, J.H. 1998. The use of response surface methodology to
optimize the maillard reaction to produce melanoidines with high antioxidative
and antimutagenic activities. International Journal of Food Sci. Technol. 33,
375-383.

9. Lee, SB., Lee, GD. and Kwon, J.H. 1999. Optimization of extraction
conditions for soluble ginseng components using microwave extraction system
under pressure. J. Korean Soc. Food Sci. Nutr. 28, 409-416.

10. Lee, S.B., Lee, G.D. and Kwon, JH. 1999. Monitoring of extraction
characterisrics and comparison of extraction efficiencies for ginsenosides in the
microwave-assisted process under pressure. J. Ginseng Res. 23, 164-171.

11. Kim, H.,, Lee, J.S., and Cha, Y.J. 2002. Processing of functional
enzyme-hydrolyzed sauce from anchovy sauce and soy sauce processing

by-products. 1. Optimization of hydrolysis conditions by responce surface

194



methodology. J. Korean Soc. Food Sci. Nutr. 31(4), 653-657.

12. Kim, H.R. and Pyeun, J.H. 1986. The proteinase distributed in the intestinal
organs of fish 2. Characterization of the three alkaline proteinase from the
pylotic caeca of mackerel, Scomber Japonicus. Bull. Korean Fish. Soc. 19(6),
547-557.

13. Box, G.E.P. and Benhnken, D.W. 1960. Some new three level designs for the
study of quantitative variables. Technometrics. 2, 455-461.

14. Cho, D.M., Heu, M.S., Kim, HR., kim, D.S., and Pyeun, J.H. 1996. Kinetic
analyses for enzymatic properties of trypsins purified from dark fleshed fish. J.
Korean Fish. Soc. 29(1), 64-70.

15. Kim, W.]J. 2002. Purification and charterization of Bacillus Subtilis JM3
protease from anchovy sauce. Ms thesis, Kangnung National University.

16. Brown, D.H. and Smith, W.E. 1990. The Impact of Metal Ion Chemistry on
Our Understanding of Enzymes. In "Enzyme Chemistry”, 2nd ed., Chapman
and Hall, London. pp. 227-243.

17. Lee, D.S., Heu, M.S.,, Kim, D.S., and Pyeun, J.H. 1996. Some properties of
the crude protease from fish for application in seafood fermentation industry. J.

Korean Fish. Soc. 29(3), 309-319.

195



N 4 & 7]sd DjM= (Starter)Q| 4t

A LA EAAR o SAEAATY 2 L 5

AT A A ddjele]l Apdglel ¥ EAxE(Korea National Statistical Office,
2000)0l st o ff Fofjoll ofgk Aol 1915 AFAstaL 9low, f-2vete] 7
G R TS 4 4D st A Thstol U?}EP g ool ok AFgE] 1
AE At Atk 3 Fofol] ot Ao+ SR AFHS 5o i
Aog dejx] glom, 1 dddorE ndYI w9 74?47} A4 deloz HA(Kil
et al, 1993)¥]oA|aL qth & DS AR vk S - AdS
HAsaL glom o] & of B2 AbgtEo] ARl ol2AY B Ha le= AA o]

A A&
o

o]
ok ¥ QlAlE A Wl A Polub Ax AL PATe] % Fojel &
Z

7] 1% ol SeoE AA(Fibrin)e WA HsEl o2 A4 A A BT
Folw BasA @x A e G Aol deldn) BAES) M Az
e ofF Ao AR v YAl Hol Aole] 5EL WelFonA ¥ zHow
o Qe YFE W ke THFE AVEA HI, o] dste] Fuuo] WAL Ao
A Bucte o AuA Reli S, HMESA o Wl B4 mE AHH AP
o Qelow AgetAl Hrh olefdt o] Aol WYL A ASAL, Atk ol
A7 wojnl 24 AAG] AP Frhow Awole] Az W(Mihara et al, 1991

Nakajima et al.,, 1993), ¥W¢] =(Kim
< dHy Fo] 7 Y= g &3

et al, 1991) 22]aL 7 2](Lee et al, 1993)% &
o] ol w3k AgEol s A o,
&

FHoE AeREAFYL 22 NES ZEdoZiE e A - SEAES] 2
of gk A7(Sumi et al., 1987, 1995)7} &tstAl &= gy 53] g T a2 E9
il A AR o =R A2 FTFY T LB S a4 old a4E AAlst
= RS0 EgE%tkeE B a(Nobuyoshi et al, 1992; Choi et al, 1998)& F&-g
T sirt ol WA A o] AYPEFE S E5E7HA] G- AALEE g RS A
st AR Aom A bdaith= 44 ARE AAbskE Ao® 1A Fof F-%)
ol dg HAA S ol S B ofy e} H&ol oM MAFA fvhe= A
= 7HAAL 3i7] wiEel ot

A HA L AT dol(fEf)E AFste] Arbast 24 2 mAEY Ag 9s)
of A7V} B - A" Ao HdE wHgEoer EEI gty ofdo] FH-3HY
RZFYH I g, AXY FAsEY 2HEE e AMEEH A st sV F
nAE 719 aazrgo] fste] oSl do] ofe] FE o] peptide® 3l o
X AR 0 FH|E A ERE oy} 3 dstAet, EAFUHE sl W
A5 ada ZE F59Y FX 53 22 AW AU sES e AL
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g, £G4 AuAT AES HE RARE 59
2 Wohstel AgSAT. AR5 ZHE AOACU9%)] Wl Fohel EFEHw
MO Pehgla 275 3TCAA 48A7 M%T Fol Sk,

AT A =48 v 2 DeMan, Rogosa, Sharpe agar(©]3 MRS agar,
Difco. Co)E AH&stR L, @A ikt A S48 MAZE $d vix]
10%°] NaCls #7bsto] AR&stAAth. Ao S48 dubAl o] A S43
T WH o7 kg o 15T 275ColA T2A17F vkt Fo] =A 313t

JN

aRSt #3olo AFF A WARE SHUH, Konob) WA (Table 4-DE A
gaga, 594 Aust Pl AFF 4 MAZE T WAl 10%9]
NaClg A7kste] Abgalich, awsh gdol5e 24 duAdel s 5743

2 7
LS o R st o, 15T 27.5Tol A 72413 v Fgt $o A3t

Table 4-1. Composition of the Konoi medium

Ingredients Concentration
Glucose 10 g
Bacto peptone 10 g
Yeast extract 5¢g
Potassium phosphate monobasic 5¢
Sodium chloride 100 ¢
Thioglycholic acid 10 g
Bacto agar 18~20 ¢
5~10% fish sauce 1000 mL

¥ pH not adjusted and autoclaved at 121°C for 15 min.

jus)
_
o
O'rr‘

o #rel w9 2

1, 3 18 597 4% EAAACZREY vy 2 WyoR #FE s

Aot 2% skim milk(Difco Co.)& 71 MRS agar ¥ 3o HAAA 100 e =
D Aol oste] FEFE 275TolA 48 AlF wigkst & ould Fajedol 9l
= 3 dFE Yo Z+-z IM-1, JM-2 283 JM-38ka gt o] 24
wEE #FES MRS AW 24A17F o] wiekgt Fo]  wjFeld It
glycerolS 4:1°] A &33te] "3 2 mL vial tubed] 530 -85CoA HT
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@5 JM-1, ]M-2 18|31 JM-3E Brain heart infusion broth(¢]&} BHI broth,
Difco Co.)ell H&3Fe] 37Tl A 24413k #]Fgt $¢] Hanging drop methodel <] 3
A AS B3] $5A4S AH AR, Gram GMNE Este] 79 *E.gEH oo
Aol 2 #=2E 9] © W malachite green &S 71éto] 60%7F FH3I Fo] XA

v
Hol - 72 wAs

H~

(2) A=, sty 54

(7}) Catalase A&

2732 BHI agar )] 2] ] ] Z 38} o 37COﬂ}\~] 24X 7F njj &k 3k ?—Oﬂ 3% <] HzOzoﬂ
WFolo] #S HEE] s AAHANE BREGT

ot AL

(U4) Glucose=ZHF-H 7}~ A

875 Durham¥@o|l & Ad#Fe] GYPU% glucose, 0.5 yeast extract, 0.5
peptone) AA Ao HFSF] 37TCAA 1~343F wjgdstdaA wjd 7~ Ao 5
g #E AT

(t}) Indole A4
T FE 1% tryptone nutrient broth ¥} X] o] &3t 32TCoA 2 uj| F

A7k
Kovac's AloF 5 mLE Al@# 7|9 wet Zelig A st 7HHAl &5
?Gx]o}oq AH@O J/}zlo}ﬁ x%z\ﬂoi mo}uﬂ ok o7 ,q.ﬂo} r,}

o i

MN r9:

(2}) 71eF A4 Alg
ONPG, gelatin 94314, Cirtated] o] &% urea® o]& o3 esculin #ao] 3, VP

reaction, Nitrate reduction Z18]3l T2 o]&o] #3+ ALd2 API kit (API 50
CHB, Bio Meriex Co., France)E A}-&3le] #2319},

199



BHI A ujxo| Al wjekdt 72 #E5S 4000xg, 10837 94 Egsle] #42 o
3, 71 pelletS TE bufferd] @&3 % 40 pl9] lysozyme2 3 7Fske] 30T A 30
=]

b HES- Al 7131, o] & A= Bioneer?] AccuPrep TM Genomic DNA extraction

(2) =% DNA¢ PCR

PCR 4F$9 DNA thermal cycler (Perkin Elemer Co., USA)ES A}&3lo] 31890
o, 6F (5'GRAGTTTGATCMTGGC: corresponding to positions 6 to 23 of
Escherichia coli 16s rRNA)2}F  1492R (3'GGTTACCTTGTTACGACTT:
corresponding to positions 1474 to 1492 of E. coli)E primer® A3
(Franco et al., 1998).

HES- 2 AL 94T oA 187F denaturation, 53Coll 4] 2%-7F annealing, 72 Col A 2%
7F extension, ©]#] g WSS 13]2 3lo] 303 A A8t PCR products: 7]

% (agarose gel)S E3alo] #7], AASAT).
(3) 16S TRNA S&A=te] 997 d HA

22, GAg PCR producte] 4714 <ES E24317] 93te] Big Dye Terminator
Cycle Sequencing Ready Reaction Kit (Perkin Elemer Co., USA)®4] sequencing
reactions  AAISATE W F#Hste] & PCR  mixtureE thermal cycler
(GeneAmp PCR System 2400)°] % 3L 96C (10 sec), 50T (5 sec), 60C (4 min)E
132 3&to] 253] 2 A8ttt Sequencing ¥AS ABI 310 genetic analyzer?
protocolell whekA] A Al S T

(4) 16S rRNA sequence®] Hl1l % 54
ZF 7+2] 16S rRNA sequenceE National Center for Biotechnology Information

(o]} NCBDel 4 A-&3t+= BLASTIN 2.0 (BLAST DNA database search service,
www.ncbi.nim.nih.gov/BLAST/)¢] %2} database®} Hlul FAsto] & FA3H
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2~ =

Halobacterium <53 Pediococcus, Sarcina, Micrococcus, Saccharomyces <53}
e TR BN Sol ISt nust fAE ATz AN, £

ANAL A 7]l A7 EEA 9 duld B o] g dEo o dto
S @01 e e, sAo] APHEA ERF] o] %‘i%%i %
Abatol] ofgh wrart xPEHA 5o ABS wEthE B i(Cha et 1983) <}

= o) %A}?:s} A3z Azhe oA

1, 3 28 a 537 A3 xR ogZHE 2% skim milk(Difco Co)ZE #7}3k
g RS A 3 Fo FF(IM-1, JM-2,
TFE9 FHstA 5A4S Table 4*201] YERH AT 3
ram-positive®] @itito X WAEAE P, EeAol A
colonyt= $-frel &332 e cream |2 HFo] A HAA XPF/}% e wEed
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4
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(2) A2, AFets 54

T
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5} 1L, Decarboxylase®} Urease 1731 Oxidase= A4FelA] &= vk Catalaset
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Fig. 4-1. Viable cell numbers of bacteria from anchovy sauce fermented for 1, 3

and 5 years.
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Fig. 4-2. Viable cell numbers of lactic acid bacteria from anchovy sauce

fermented for 1, 3 and 5 years.
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Fig. 4-3. Viable cell numbers of fungi from anchovy sauce fermented for 1, 3

and 5 years.

Table 4-2. Morphological characteristics of bacterial strain JM-1, JM-2 and

JM-3 isolated from Anchovy sauce

JM-1 JM-2 JM-3
Gram stain +1) + +
Form rod rod rod
Spore + + +
Motility + + +

1), positive
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Table 4-3. Comparison of physiological and biochemical characteristics of
bacterial strain JM-1, JM-2 and JM-3 with those of B. subtilis and B. pumilis

Characteristics JM-1 JM-2  JM-3 B. sutilis. B. pumilis
Oxidase - - - - -
Catalase + + + + +
ONPG - - - - -
Esculin + + + + +
Indole - - - - -
VP + + + + -
Gas production on
glucose
Citrate utilization + + + + +
Gelatinase production + + + + +
Nitrate reduction + + + + -
L-arabinose + + + + +
- + + + + +
Acid from b xylose:
D-mannitol + + + + +
D-glucose + + + + +
B. subtilis ]M-3: 1 ggcgtgectaatacatgcaagtcgageggacagatgggagcettgetcectgatgttageg 60
B. subtilis KL-077: 31 ggcgtgectaatacatgcaagtcgageggacagatgggagettgetecctgatgttageg 90
B. subtilis ]M-3: 61 gcggacgggtgagtaacacgtgggtaacctgectgtaagactgggataactccgggaaac 120
B. subtilis KL-077: 91 gcggacgggtgagtaacacgtgggtaacctgectgtaagactgggataactccgggaaac 150
B. subtilis ]M-3: 121 cggggctaataccggatggttgtttgaaccgeatggticaaacataaaaggtggettcgg 180
B. subtilis KL-077: 151 cggggctaataccggatggttgtitgaaccgeatggticaaacataaaaggtggcttcgg 210
B. subtilis JM-3: 181 ctaccacttacagatggacccgeggegceattagetagttggtgaggtaacggetcaccaa 240
B. subtilis KL-077: 211 ctaccacttacagatggacccgeggegeattagetagttggtgaggtaacggcetcaccaa 270
B. subtilis ]M-3: 241 ggcaacgatgcgtagcecgacctgagaggegtgatcggecacactgggactgagacacggee 300
B. subtilis KL-077: 271 ggcaacgatgcgtagccgacctgagagggtgatcggecacactgggactgagacacggee 330
B. subtilis ]M-3: 301 cagactcctacgggaggcagcagtagggaatcticcgcaatggacgaaagtctgacggag 360
B. subtilis KL-077: 331 cagactcctacgggaggcagcagtagggaatcttccgcaatggacgaaagtctgacggag 390
B. subtilis JM-3: 361 caacgccgcgtgagtgatgaaggttticggatcgtaaagcetctgtigttagggaagaaca 420
B. subtilis KL-077: 391 caacgccgegtgagtgatgaaggttticggatcgtaaagetcetgttgttagggaagaaca 450
B. subtilis ]M-3: 421 agtaccgttcgaatagggcggtaccttgacggtacctaaccagaaagecacggctaacta 480
B. subtilis KL-077: 451 agtaccgttcgaatagggcggtaccttgacggtacctaaccagaaagecacggctaacta 510
B. subtilis JM-3: 481 cgtge 485
B. subtilis KL-077: 511 cgtge 515

Fig. 4-4. Bacillus subtilis strain KL-077 16S ribosomal RNA gene, partial

sequence.

Length = 1501, Score = 961 bits (485), Identities = 485/485 (100%),
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Fig. 4-5. Proteolytic activity of Bacillus sp. JM-1, JM-2 and JM-3 in skim milk
plate at 37C for 48 h.

C: BHI broth (negative control)

B: Bacillus subtilis ATCC 6633 (positive control)

1: Bacillus sp. JM-1

2. Bacillus sp. JM-2

3: Bacillus sp. JM-3
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Bacillus sp. JM-39 4714 &< Fig. 4-4° e AT

16S rRNA sequenceE NCBIoA A& 3= BLAST DNA database search service
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IM-3 E Bacillus subtilis®t 100%°] A&ds Hole SAFTS=E YERT. o
Ads EYE HAHANA g g Eiddy dd &8 24 A=
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) 3o Yl =z 3N &A1
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A
He
e

2% skim milkE #-Fg MRS Aol A FeldFE5] dwd Fa g
st A3 = Fig. 4-59 1,}5}14}041:} B. subtilis JM-13} JM-2914+= 27 15 mme}
17 mme FHsS ##ZS = Ao, B subtilis ]M-3= A7 20 mm=zE 7+
SA vEy 7HE Ade wild Eejgd S UrER LT

A

g

ftlo

S dAgAenNEH £ ¢ T ol FaA@ 2 I &3 2o A
d8AR, B osubtilis JM-3°] ## 4 &kt pHE AN A¥E Fig. 4-6°
B AT

Choi et al. (1988)-4 g giFERE B aed Eedds 7HA
o) A AAeE7F 37740C Abolgithe Rarst Kil et al. (1988)e ol&to] =%
A wEl® W & & A Bacillus sp. KP-6408¢] HA A% 7F 40T o]
A= BaLel fFASHAl YERS T

B. subtilis JM-3% pH 5%l A 74 w2 A4S Belom, pH 4 olstolA s A
ol E7Fsskalal, pH 9 o]/de] &7el s Aol AdlE we AoRE
Elwktlh o83 Ay X 7R BHad proteaseE AAFEFE o8 Bacillus %9
*é%‘fﬁﬁoi I T FE 52 FeAYITe HaE (Lee et al, 1991;
Jang, 1992)3+= tha Aeolg pH SA4S YetWSlth B, subtilis ]M-39] A A%
AdsEE AR 29E Fig. 4-700 HLEWME} B. subtilis JM-3v= 29& 7}
shA] & ATl 7 FEskA ARt e, A4 12% H7 A= Ao
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Ao fgort, 12% o1l el wWF 109744 4ol AslE wATh 2
elut WAl FakEel whekA 2 A Sshel, Wi FRAM 09 An FolE
20%2) A9 HTANE A9 Bk e AFT o 60%7H4 e

SN R INE !

v}, B. subtilis JM-32] =z

A

1) %
B. subtilis JM-39] @94 R gih Askel nA &= 2= S Fig. 4-89 LER
At 15750CN A Ml RE AR Tol A B Fal@de ngom, 40THA 7
A4 A B4L dehl

(2) pH

B. subtilis JM-32] vz REsjgh Aakol] n A= pHOl 9SS Fig. 4-99] ek
WAtk pH 45 A19g pH 57994 wjekst A3 oA diid Faldds Heo
v, pH 5ol Al 7 Z=Est €4S veEt ST

(3) /\]Oéh_tj
B. subtilis JM-39] @il d B34 Aile] vl
ERIA T A9 5% 0720%00 A nll &F st
AEE HrehA &> AT A 7}78

_Q_

o yul = ‘i]_
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EFU AT
4. A&

ojel Az E uw B subtilis JM-39] T T4 A HAALLEE 4
0C, 4 pH= 5 191 HAs= 0% °l3U E} o8 g A¥= B. subtilis ]M-39]
HA A=A dAse AR Y wAEo] Aistes oA g
AT (Kwak et al, 2001 A Adz1y Hg &4 A2 Wels IA Zol7}
Uz ¢=th= B (Mah et al, 2001)9F 22 43S o2 UeHt 1
g1} Kamal et al (1995)9] B. subtilis7} A 4Fst subtilisin® 54 -& 3betst A+
o= Ho =4 A W7 40T, pHe 75 oldts B9k Ahn et al
(1990)2] B. subtilis7} A4F8l= protease] HA YA 2712 40T pH 125 o]
e B T3 vuskdS w, HA a4 AN 2e dXs9 ey, B osubtilis
JM-39] H# FAAA pHE 5 F7o2 Aoz e gs »in i

@71 oA G

Bacillus sp.©] AAtsts @A Falaihs T4 Y vt_"%H
Fho HA Aol AW E4F8AHS 71A = alkaline protease® &E A gtk

(Horikoshi, 1971; Chang et al.,, 1988; Tsuchiya et al., 1991). ool ®t&}of
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Fig. 4-6. Optimum growth temperature and pH of B. subtilis JM-3 isolated from

anchovy sauce.
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Fig. 4-7. Optimum growth NaCl concentration of B. subtilis JM-3 isolated from

anchovy sauce.
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Fig. 4-8. Optimum temperature for the proteolytic enzyme production of B.
subtilis JM-3.
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Fig. 4-9. Optimum pH for the proteolytic enzyme production of B. subtilis JM-3.
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Fibrin (2#) &3] &4 Astrup and Mullertz (1952)2] WS ¢
of s =43}t Fibrinogens 0.3%7F ¥ %% 10 mM <Sl1Akek=
dd3s] F|A]7]aL, o] fibirinogen AAFEEFE N 10 mLE H¥o| i1, 45TE
A 1% Hegtd&ds s Hrbstel Fd] &3 ¥, thrombin 100 units
(Sigma Co., USA)E FH7lstdrh ol& oA 1A HAx WA ste] 13bd
fibrin 3ol AAFe] FH(AFE 2 mm)ES & F oA Fadd Ao AE
gt Ay 5L Als 50 uLE F538Fe] 37TColA 1041 wigst & JAH= 79
gl A7|2 249 HrE Hlwskith

I dEz+te EHA dAd A0 plasmin (1.0 U/mL, Sigma. Co., USA)<
ARSI AL, A4 ERTFE Ei BHI HAMIAE A 59 5% A&ttt

N

( ANZ2l Eoll S

(o]
8 2 SH(%) = : =
< < plasminS 21Y )

L) FFBY Z4F FF L W W
it 24

A do] Alg%o]% Indicator organismE< KCTCe ATCC=ZHE Fo
kol AL8-3}1 o™, Vibrio sp.= 3%< NaCle] #7}% o] % nutrient broth mediu,

[e)
o] 5 A3t A+ nutrient brothE A}&3Fe] 37TColAl 24417 ZAnjeF At &
B9l 49+= 30T 2 MRS brotholl A 48A13F Al dsle] Aol 2831
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(2) A3 i

O FddAe] HF2 Agar diffusion method® Mueller hinton agar(MH)E A&
sto] FHsgke] A7]5 SA ke WHoR AAsslt

@ #AzxEHAZ MH agar plateo] e ¥ o]z Indicator organism 100 W& =&
Haol oste] HEed F AE 5 mme 7HE Fol 74 Als 50 WE =4
A HFsto] A 219 A 2o ® vt

@ %A PETEE 5 units® Penicillin-Streptomycing AF&3FA 12, SANZ TR
+ 93t BHI brothE A89} &% AME-sFA T

o akstgs 54

(1) Al&59] FH]

TedT 5 owd B dd &8 @ M =S B subtilis JM3=
BHI broth mediumel F&3ste] 37CeolAl 24413 wjFst & A4 &3k (3,000
rpm, 20 min.) A AT B2} 3000 Da.9 filter? $Fe] o] 7}sle] Ex=F 3000 Da.
o] o] SN o HE(045 w)dte] AR 2 ARSI T

(2) A3 Wy

D 34359 =4S Hayase and Kato(1984)¢] "ol olste] #Hitst&ErES =4
sho] Azl Absl oA & (%)= YER AT

@ AZrEg =39 linoleic acid 1.00gS A3 & ethyl alcohol 20 mLE 7}sl4]
%3] Feola 0.2 M A4EeES8 A (pH 7.0) 25mL< 7tste] &35k

@ A= 1 mLE H7tete] 50CoA 40 rpm/min®] Z1 02 24A13F A5 AkskA 7]
g T4 Wyel wEl #AkstEIrE B4 ST &4 tlE7-% BHI brothE Al
59 T Hrtste] AdAsdh

Vogel Bonner JJ/\HH 7<] = YFE 5 ggar 152 700me] =7l =<l A, glucose
=5 A, Vogel—Bonner FHufx 100mE 121 C, 2557+
247k dargn 2 e WA E 60 71X HHM xﬂ SE Ao R st

(2) Soft agar

0.5 mM L-histidine® 0.5mM D-bioting i3t 843 RS0 10me# Al ¥l
w=eka 121C, 1523 Eatet §, Wiste] Wdare] HE8T Soft agare 200
ml S#ZFe] AZEZ gt~ 30] NaCl 0.6g, agar 0. T 100mE ¥ 121C, 153

ﬂ
o[}J
42
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v skt AFE A ™o Wardk histidine-biotin £ 10mME 37 C®E 7F23}9]
soft agar 100meol] 3 7}sko] AF-E-3F3 o)

(3) Mold&=4
Aol AMEE Wold EHEE AFoy oS vtd 2@ w HAste
3-Amino-1,4-  dimethyl-5H-pyrido[4,3-blindole  (Trp-P-1)¥ 2-Amino-3,-8-
dimethylimidazo-[4,5-f] quinoxaline(MelQx) (¥ Rl KEL SEELYT A8y 2%
2HE FAd)E dimethyl sulfoxide (DMSO)Z 1.0 ppm¥ 0.5 ppm &H& zpzF vt
T F AEAA 4 Ag el 0.1me” 58t 18] 31 N-nitrosoamine & o] ¢
] =l PAR= e 2 N-nitrosodimethyl- amine(NDMA ) ¥}
—nitrosomorpholine(NMO)& ZHF+=2 10ppm¥ 20ppm &S 717} wEo] 5

@ o Ao

Z

(4) FRlold&Hd =4

B. subtilis JM3 v 2] gk ol

3 &AL preincubation method(‘Ff ik, 1990) 2

AstAt HA 05me S9 mixet 0.1mle] S. typhimurium TA 98 v g S A&
Hold= o] ojn Fof e AP Y & A F 37CoA 2087 21

&gttt o] 225 Table 2, 3, 40 Yebd AXH 2 A@F9 A2 HAAst
ok & 2mee] soft agarE #H7}ate] HA glucose HHH FAufx|of] R 37 Col
o

243 wjFete] gAE 57 colony & S48

ol

ROE o N

R

(5) "z
sAdETEAE HoldE4 di4 DMSO 01mtet A& ol <

FHF 0.1mE H7t
st oH, FAYETEAE WHoldEA 01met Alm Al F/FS 0.

Imt= 37bat

6) ol oAl &e] A
ol A &-& el Ao ofale] Tagit.

a: WoldEde 9t HH colony
b WoledEdel A5s 287 42 59 colonys
c @ AAEFA colony

ok, ACE A&l &3 =74

(1) Angiotensin-converting enzyme(ACE)2] ZA|
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S FgAiha AR B
S (pH 8.3, 400mM NaCl)
10,000 rpm, 30 min.)3}e] &

ACE(Sigma Co.)& t&3 22 A8 34
719] SR RE AL ofAE AR 1go B4
10 mLE 7}8to] 5Tl A 24X 7 nlyhsl & A1 g
S AAde Ws Hsto] Algseith

(2) 23 ¥

Y
2
ofi >

—~

@ B. subtiis JM3 ¥ =99 d9473 @4 S Cheung and Chehman(1971)¢]
Wow ACE &4 Aslayds 54 L}

@ AP Aslo] ALgHol7 B AR 100 mol 0.1 M AEg el 200 WS
7beh F 20 ) ACE & 20E F7hete] 37ColAM 583 W8kl

Eis |

@ o] g9 7]Z(Hip-His-Leu, 2.14 mg/mL) 200 plE 7} & t}A] 37Col A 30
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HjeF 2o A 3A17F B v kst Fol o]E 2000 rpmoll A 1587F Y4 # 2]k
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Table 4-4. Design of antimutagenic test of B. subtilis JM3 culture against
Trp-P-1 with S. typhimurium TA 98

Concentration of sample and adding volume (S9 mix+)

Sample code B. subtilis M3 1.0 ppm
D.W. (ml) DMSO (mf)

culture (mf) Trp-P-1
Negative control 0.0 0.1 0.0 0.1
Positive control 0.0 0.0 0.1 0.1
A 0.0125 0.0 0.1 0.0
B 0.025 0.0 0.1 0.0
C 0.05 0.0 0.1 0.0
D 0.1 0.0 0.1 0.0
Trp-P-1 only 0.0 0.1 0.1 0.0

Table 4-5. Design of antimutagenic test of B. subtilis JM3 culture against
MelQx with S. typhimurium TA 98

Concentration of sample and adding volume (S9 mix+)

Sample code B. subtilis M3
DW. () 01 ppm MelQx DMSO (mf)
culture (ml)

Negative control 0.0 0.1 0.0 0.1
Positive control 0.0 0.0 0.1 0.1
A 0.0125 0.0 0.1 0.0
B 0.025 0.0 0.1 0.0
C 0.05 0.0 0.1 0.0
D 0.1 0.0 0.1 0.0
MelQx only 0.0 0.1 0.1 0.0

Table 4-6. Design of antimutagenic test of B. subtilis JM3 against NDMA
and NMO with S. typhimurium TA 100 (S9 +)

Concentration of sample and adding volume (S9 mix+)

Sample code B. subtilis M3 .
D.W. (ml) Mutagen Medium (mf)
culture (ml)

Negative control 0.0 0.1 0.0 0.1
Positive control 0.0 0.1 0.1 0.0
A 0.0125 0.0 0.1 0.0
B 0.025 0.0 0.1 0.0
C 0.05 0.0 0.1 0.0
D 0.1 0.0 0.1 0.0
MelQx only 0.0 0.1 0.1 0.0

® A4 34 wE° Adriamycin(Sigma Co.)S ¥4 tz+E AFEsIE oY, &
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AUl z72 U+ BHI broth 2o AF&3t9t. tx #5F 2% B subtilis ATCC
6633 = Alg o AR T3 Wol ot A|XEHAR wYF FEHE
A-8-3F S T}

® FFdA 2% E ofel Ak ot 31T
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AolA Eld HelvFEe 4 & @4 AAHA & wdds IdE AHE
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Table 4-7. The fibrinolytic activity of B. subtilis JM-1, JM-2 and JM-3 isolated

from anchovy sauce

Sample

Relative activity (%)

B. subtilis ]M-1
B. subtilis JM-2
B. subtilis ]M-3
Plasmin  (positive control)

BHI broth (negative control)

60
90
110
100

Fig. 4-11. Fibrinolytic activity of B. subtilis JM-1, JM-2 and JM-3 in fibrin

plate at 37C for 10 h.

C, BHI broth (negative control); P, Plasmin 1.0 U/mL (positive control); 1, B.
subtilis JM-1; 2, B. subtilis JM-2; 3, B. subtilis JM-3
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Fig. 4-12. Optimum temperature for the fibrinolytic enzyme production of B.
subtilis JM-3.
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Fig. 4-13. Optimum pH for the fibrinolytic enzyme production of B. subtilis
JM-3.
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Relative activity (%)

0 3 6 9 12 15 20
NaCl concentration (%o)
Fig. 4-14. Optimum NaCl concentration for the fibrinolytic enzyme production of
B. subtilis JM-3.

Table 4-8. Inhibitory spectrum of the antimicrobial substance produced by
Bacilluis subtilis JM3

Indicator bacteria Clear zone (mm)
Gram-positive
Staphylococcus aureus ATCC-25923 0
Bacillus subtillis ATCC-6633 14

Bacillus cereus KCTC-1012

Lactobacillus acidophilus KCTC-3140

Listeria monocytogenes 20
Micrococcus lutes ATCC-9341 16

Gram-negative
Escherichia coli ATCC-25922
Escherichia coli O157;H7 ATCC-43889
Enterobacter aerogenes ATCC-13048 16
Salmonella typhimurium KCTC-2058
Salmonella entritides
Vibrio cholerae KCTC-0139
Vibrio parahaemolyticus ATCC-2210001
Vibrio vulnificus KCTC-2987

o O

o O O o O

Yeasts
Saccharomyces cerevisiae CBS-1200
Candida albican 17PL76
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Table 4-9. Antioxidative effect of produced enzyme solution by Bacilluis subtilis
JM3 on oxdation of linoleic acid by oxygen method (50C, 24 hrs)

Additive NaxS,03 POV(mL/¢g) Index(%)
Control (D.W.) 38.5 770 100.0
Negative control (BHI broth) 36.0 720 93.5
B. subtilis JM3 culture 5.0 100 13.0

Table 4-10. Antimutagenic specificity of B. subtilis culture against Trp-P-1 and MelQx
with S. typhimurium TA 100 (S9 mix +)

His" revertant CFU/plate
Trp-P-1 MelQx

Amount of B.

subtilis culture
(mL/plate) Trp-P-1  Sample + Negative MelQx Sample + Negative

only Trp-P-1 control only MelQx control
0.0125 501 454 40 242 235 28
0.025 501 497 40 242 251 28
0.05 501 489 40 242 227 28
0.1 501 504 40 242 239 28

Table 4-11. Antimutagenic specificity of B. subtilis culture against NDMA and NMO
with S. typhimurium TA 100 (S9 mix +)

His" revertant CFU/plate

Amount of B.

NDMA NMO
subtilis culture

(mL/plate) NDMA  Sample + Negative NMO Sample + Negative
only NDMA control only NMO control

0.0125 476 401 23 563 552 32

0.025 476 327 23 563 403 32

0.05 476 287 23 563 324 32

0.1 476 232 23 563 253 32
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Table 4-12. ACE Inhibition effect of produced enzyme solution by B. subtilis
JM3

Sample ACE inhibition rate(%)
B. subtilis JM3 culture 90
Negative control (BHI broth) 90

Table 4-13. Inhibitory effect of produced enzyme solution by Bacilluis subtilis
JM3 on the growth of SNU-1 cell using MTT assay

Samples Growth inhibition rate(%)

Bacilluis subtilis M3

1/16 dilution 42.6
1/8 dilution 41.9
1/4 dilution 43.4
1/2 dilution 57.3
Not dilution 88.9
Bacilluis subtilis ATCC6633 52.8
Adriamycin
0.005 mg/mL 93.0
0.001 mg/mL 79.9
05 pg/mL 73.11
01 pg/m 34.3
0.05 pg/m 26.9
0.01 pg/m 18.15
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Table 4-14. Change in the number of Total aerobic flora during the fermentation of

Gajami sik—hae

Fermentation period (day)

Starter(%)
0 3 6 9
0 1.3x10° 4.1x108 1.1x10° 1.1x10°
1 1.6x10° 1.1x10° 1.2x10° 7.7x10°
10 5.6x10° 1.2x10° 7.0x10° 8.6x10°
20 2.9x10° 8.3x10° 1.1x10° 1.2x10°
q7)= 2.7x10% 1.1x10° 3.4x108 1.0x10°

Table 4-15. Change in the number of latic acid bacteria during the fermentation of

Gajami sik—hae

Fermentation period (day)

Starter(%)
0 3 6 9
0 5.7x10* 6.0x107 5.3x10” 7.7x10°
1 1.1x10° 2.4x107 8.3x10’ 8.4x10°
10 9.3x10° 8.8x10’ 5.6x10’ 8.5x10°
20 1.1x10° 1.4x107 4.8x10" 1.3x10°
A7 6.9x10" 3.2x10° 43x10° 4.4x10°

Table 4-16. Change of crude protein during the fermentation of Gajami sik—hae

Fermentation period (day)

Starter(%)
0 3 6 9
0 17.16 17.06 17.54 17.45
1 18.16 17.51 16.63 17.68
10 16.56 16.29 17.24 17.45
20 15.78 15.82 15.64 16.36
R7NE 18.80 17.74 18.04 18.34

231



pHO 2t molx @glth B3, /1§ &4 9UAle 4674 stobd s AnE 2
ek 4 5 (1994)9] 24o] Aslo] B Aol AT pHAF 109 whol d50lshE hebyt
o w3 shelid, B AL orth &3 B Ushdth e ol ¥A
o) %A 719 pH 55756(c] % A998 vla) we FAolm, oeld e A4
Az A AAEE FF L AR 4AAHRON hE YR BY 7w
f712k0] ol s Aol Aslolehy zH,

gt 7pAte Al e o] A F9 A% (Acidity)e] W3

A gael 44 Fo AE(Addi)s] WeHE Fig. 4-169 etk 44 712
whE gkl TS FA 0%l E %4 69 Arighe e, A 4
FAME %4 6944 AE vhehiRlot thxTel wste] whokeh 53, #A] 20% #
AFANE 394 AT 35S i, 624 AdE 1el3 9UAE Fo 1 77
8 WolWg vehileh A S04 A ol %4 Fo pHEsE F2 34 44
g AHE WAL S L 5 AR

o Zhatvi A el o] 4 & obr| Bl E 4 (Amino-N) 9] W35}

Zbbw Al & T ofv kBl A (Amino-N) ¥HE Fig. 4-17¢ YeERATE 23
=4 T otvmEl AAawe MEE 74 AP TOA FEE] SUbete Aow yEuEe
Ho9dA el Higs YeERHAY. 58] B. subtilis JM-38 20% H7hek 7hAbv] A & <]
A5 =4 394 opm el Ao kel FAD FUlete] o] wol duide] Eafd
Host= Ao Al HET) o] $(1983) ZpAu A Al A %4 154744 ofn) wE

Aol AdiE Uit Busigi 2 dde 47130 2A st A 23
o] &5l

i)

uh A A %4 Fe) TBAGS W

A A8 %2 Fe TBARS] WatE Fig. 4-180] Yehith TBA @l Wshe A
AWHAES dehiEd @A 0%1% BTN %4 69l HUAE e
10%, 20% 181 Q7152 A ARTFANE 904 ANE dEhiad o= 4 5
(19949 940 A Aol B AFelA 44 59 wol HuAZ vhehd A F4)
@ A9 ek

AL AAAE A e %4 Fel VBN ghel s

ZpAm A 44 F9 VBN #e WalE Fig. 4-199] Yehggich VBN zheo] Wsls

232



7
6
5 -
4 t
I
o
3+
—O0— 0%
2 t 1%
—A—10%
1+ —— 20%
——ANV|E
0 1 1 1 1
0 2 4 6 8 10

Fermentation period (day)
Fig. 4-15. Change of pH during the fermentation of Gajami sik—hae

2000
" 1500 |

£ —O—0%
E 1000 ——1%
S —A—10%
g —o— 20%
< 500 f —o— 7%

0 1 1 1 1
0 2 4 6 8 10

Fermentation period (day)
Fig. 4-16. Change of lactic acid during the fermentation of Gajami sik-hae (mg %)

233



250

200

S

o> —0—0%
£ 150 %
=

S —A—10%
g 100 ——20%
< 57|

50

0 L L L L
0 2 4 6 8 10
Fermentation period (day)
Fig. 4-17. Change of Amino-N during the fermentation of Gajami sik-hae (mg %)

60

\
J

(@)
= —0—0%
g ——1%
< o
+ 0
|_
——%V|&

0 1 1 1 1
0 2 4 6 8 10

Fermentation period (day)
Fig. 4-18. Change of TBA during the fermentation of Gajami sik-hae (mmol/g)

234



250

200
? —m—1%
= —a— 10%
= 10 | '
——20%
—— U5
50
0 1 1 1 1

0 2 4 6 8 10

Fermenration period (day)
Fig. 4-19. Change of VBN during the fermentation of Gajami sik-hae (mg %)

919k ol =4 394 HoE dEA. A 20% H7HelAE 644 AE

235



Ehieleh. o 5(1983) o ZpAmAsel B AFdlA 14dAel HE debdty B
AR, 71 o]FEE AAE SrbETha Bagt o, & Ao A= dA 20% 7t
TE A9t ZE AT 394 o]F2e= 43 o= AAE e ATH

oﬂi ‘JrE} X lﬂJ—

K 2 Eson s e %4
S AidoR £4717] BoldsE ey AdE Uehgleu,

o &
[
Flf
01

& wA 0%l e 54 64 Hojghs UEhd
U %) Ngqaloﬂﬁ 3 694 HdE L}EM%MJ% & gtol Hlste] wrokth Ea
A 20% 7*7HL°1V15 394 FAT s HEhidaL, 694 HAE 1ela 9YA
wol #2435 €& Yehhith
A o) opveE] Ao wWste A4 AP TA e SUkeke Aow v
9 Aol Holghs YERSIT 53] B. subtilis ]M-3%5 20% F7tet 7pApw] 2] 6
S a3 o) ofu| e A Ao drEko] FAE] Z7)E ).
o] Wste AAASAEE Uehded T4 0%, 1% H7Fel A sS4 69t
A S JERNQ I 10%, 20% 183 A7 H7be AP T A= 9dA HoES
EF 2Tt
VBNe] #tel Wate goh 2ol 44 3946 HhE Yeh ek #A 20% H7HrolA
= 6dAl HAdE HERHAT

H1
?L

= o X ool
Uj lo ol
> on

ol
e

d

e

al

AT, W ofZH). 1994, Aol Aol As] she]l #E A+ Bull
Korean Fish. Soc 27(4), 3667372.

AR, g, o] H . 1987, 7hApm| A HE e #ojstE mAE wEd A
Kor. J. Appl. Microbiol. Bioeng. 15(3), 1507157

olds, ZHlx, dFH, A3, &ehH. 1983, 7RAbH] Ao #g+ WgE Kor J.
Appl. Microbiol. Bioeng. 11(1), 53-58.

Ay, olFey, 4. 1992, A= ALY AE7kAu Asje] Aw HIbrETol
e A4 T ook AR Wl @3 A Korean ]. Food Sk Technol. 24(1),
59-64

A 4 A Bacillus subtilis JM-3Z Starter® ©| &3 EX]

236



o

)
—_

i)

N
B

)

oy

o
en

&+

beg F0aAzA ol

7
K
<

=K

1989), A& Az

=4
o,

=13
=)

AT S 5,

s

o

3 T mAEAe] dstl

A~
'_l-"

s

=4

1983; =Fe} o], 1985),

1990)©]

] WA v

b2 % gk,

o -
= zr

o

R4

gt B. subtilis JM-3

I B R

TolA = 2

)

Jo

wA
Ar

A=

7FoAl B

ol

—~
o

ol 2.2%, 9+ 1.6%, pH 6.9

3)
=

9]

< 929 %, 3

42 17.3%, A%

27 mg/100g . t}.

uy &)
|

ks

71.3%

ke
T

VBNzt

1}, Starter?] A=

5,000rpmel] A 30

ko3
T

1

ks
-

oF

S 20TolA 48413 i

Bacillus subtilis JM-3

5|
pul

ERdiany

=
=

el 1, 5, 10%

2

a1

o

o

A7}

Starter?]

G

7lel 1kg 2 3

Fel 20Tl A A

S

¥

1%, 5%, 10%= <

Ao A=)l MRSA

o,

—_
fite)

vzl

N

o

olo

ofy

0

N
il

0

=)

—

0

ke
T

semi—microkjeldahl, A4+

[e)
e

o

1990),

237



soxhlet¥, 9%+ MohrH, pH= pH meter(Istek 730P)Z =743} %1t}

uh, obr] B A A (NHo-N) o 578

olul =] A= TNBSH(Alder-Nissen, 19792 Al2E 500u) 8435t 2mLe]
0.2125M sodium phosphate buffer2} TNBSA|¢FS 21 50 Coﬂ A 307 HEe A 7]
% 0.IM sodium sulfitedyddors 2mL H7}sle] 18-7F wwtk 3 420nmel A O.D. %t

g 2489 Llewcined ol 4% EEINE Bo v E

Ab A 971 AA4(VBN), TBAS =4
A d71E 4= Conway unitE AR&Ste] mFEiiwiew SA0a TBAE

Turner Ho & =435t

oX,

ST e Mf?@r ZAarit o] W3l= Table 4-173 4-189) JeEbQlet. 4
z27] Adge "HAAAY A|xo A Startere] H7ME It tlx2TFE A9
Starter @7}?011*1 10'CFU/mL o)) A yebstth ol &4%7] ofv:ef 2
29 VBN Fto] =4 et Ao 7 nFo] Startero] 93t ko2 Apzhe)
A ARTolA 159 A7IA A A s Fhaste] 209 A el= Aol WsrE gldt o=
AE R ZA S Al kg Xﬂiﬂrxéz S dE Aol WE XA A2
ol o “eEfE BoRE Hoxth dF S

S(1994)E TAFE o] &3 EXAE H£ATE ATold AiEsE 100 o2

of

H

A 40D A A Aol WEkrF gllal, 409 o] Foll FrFetthal B aiskd o)

L3k o] 5(1983)9] WH X ZALE o] &3t o+ AlF U AF] AHulAdEe| 3k
AJME AitsE o2 A3 25%x10° CFU/mL 9o MAs ZHAisitia v
A Th BAF e

v}

22X 7)7v0] 2ol w}g} A3 Z7 sle] 209 R s glE2TE 25%10°
CFU/mLS YeER 3, 10% H7F ol AE 59x10° CFU/mL & uEebgth o] 5
(1988)2] Ao A RAATFL & 3044 7-4 10° CFU/mL A =74 Z7}stcial 1w

’

X %7] = 1.8x10° CFU/mL ~ 3.0x10° CFU/mLZ UElyto
o] o
10

e}l fAbe A3E YElIY Zakete] FU7FR Q1% lactic acid9t f-714E S 7
2 Q& pH7F AA3] PolAl= AL & 5 ATk 49 FHo JFS v =
At T7FE #8084 AAA T, %719 Startere] H7FE st Ao wghe}

A Ao e AAAL] AR 24 Table 4-199 2ok $FRFFS 71.3%,
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g sheke 17.3%, A HFE 9.29%, 3 EdHe 22%. 9% 1.6%, pH 6.9, VBN#
£ 27mg/100g = }EFWE

o A4 #4359 pH o ¥}

AR AR o] g RgFe] pH o Wl Fig 4-200 YeERNRITh pHE S/ 370
= ®E Starter #7F7olA pH 58760 S FAAS, A 77e] Aol H
webA A Zaste] 20940 s HETE AdE A APl pH 5708
Yelgth 53] 5% e tolA pH 5662 7 SA yEbsth AE o] v 8|
pH7} 7ZHA4she ol & At F2d 9% lactic acid®] 71 & F7ItECl &

A e] g Fe] ofnxmEld e WHsle & (2000059 e AAle] of
M dh 54 Ay L2 EW o] doll = =255 olneHd A
o] o] vrolx i, TNBS W2 A9 dAsIAttE BiE A3l TNBSHe|
o3 ofm| e A Ao s SA AT

HA AR g 7]7be] e ofm e A A o] FhEFe] Wsk= Fig. 4-219 YERHS
o oopu g AiaE ERFE AL A Starter H7FrAlA =A UERSTh g R
M T2 Startere] HA7IZE A x7|oE o] e AHA Lol i o] o] A
A Ry

protease] Xh%ﬂ ofs) AAE frejofv]mibe] Ko i %P UA = AL
T oJAEe] dFoz oPdHuA =A Yehd Aoz FAHECD 1I5YAdE B
Aol A FAg 27}‘2 UEtdlo] =4 20 AAZEA 45 @%6} itk 53,
20%°] 7ol A= tHxTtol Hlke]l 100mg/100g ©lde] & Afols H vk &g
21 5(2002)9 HAAE Az R FAF ] B Aol A Koji & H7FSE A
TF FAe 292 e 58], 4 208400 A 5(2002)9] Koji e #H
7b AN E ol 4321mg/100g Eutk o ¥ A3A771.8mg/100g & e AL,
W5 (1994) tAlal vl ES o] 83 WA Ade K #ek Ao A
O% o & ohuxeej i s YeESTE Alg HX AR 9] ofn e d i
F2 600mg/100mL 522 AL Ao (FAE AL, 1994) & AFol A=
Hth E=A vEyth 4 3o #oste ARolgtal FAEE ofv|keH Ai
o] ke 5%, 10/4 Starter #7Foll A &A1kl wEl F7kskE Ao® Hol
A4S FAATE Ao Azdr.

=

£UQ‘~‘PE

Table 4-17. Change in the number of Total aerobic flora in salt-fermented

anchovy sauce during fermentation
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Fermentation period (day)

Starter(%)
0 5 10 15 20
0 3.3x10* 5.2x10° 2.1x10° 4.3x10° 2.5x10*
1 6.8x10 4.2x10° 1.3x10° 7.6x10° 5.3x10°
5 2.5x107 9.7x10° 7.4x10° 6.3x10° 8.2x10°
10 2.1x10° 8.3x107 6.2x10° 3.8x10° 5.9x10°

Table 4-18. Change in the number of Latic acid bacteria in salt-fermented

anchovy sauce during fermentation

Fermentation period (day)

Starter(%)
0 5 10 15 20
0 1.8x107 4.2x10* 5.8x10* 5.1x10* 7.2x10*
1 2.5x10° 4.0x10* 4.6x10* 5.8x10" 5.3x10"
5 2.5x10° 3.7x10* 4.8x10* 6.3x10° 8.2x10°
10 3.0x10° 4.5x10* 6.0x10* 3.8x10° 6.9x10°

Table 4-19. The contents of proximate composition, VBN and pH in the

anchovy sauce

Moisture Crude protein  Crudelipid VBN
) Ash (%) . . pH
(%) (%) (%) (mg/100g)
713 22 17.34 9.29 27 6.9

240



- 1%

—— 5%

pH

—o— 10%

0 5 10 15 20
Fermentation period (day)

Fig 4-20. Change of pH in salt-fermented Anchovy sauce fermented by B.
subtilis JM-3.
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Fig 4-21. Changes of Amino-N content of Anchovy sauce fermented by B.
subtilis JM-3.
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nl A3 F2o] VBN el W3l

A Fe] VBNO| 3k Fig 4-22¢9F 2tk S 2700 = ol % 7(43.68mg/100g)
] Hlslo] Starter®] FH7Ftol A © =7 et o 57| 3ke] dojlel whe} o
ZFoME sk F7E B o Starter M7 A SN E A 1084 F43
S7He Bt 53], 10%9] Starter®] H7brolA 7HE =4 Wk ol W 59
(1994) thA b v =& ol &3 FX A A KA ATelAe 2094 ¢ VBN
(60mg/100g) K.t} =2 ZAAE Yelfdeh dubd o2 Starter M7F+9 VBN
of o] Hla} AN =A Yetu= Ao Hop Aol F31Ha vk 4z
=3

vl A3 F2o] TBA el W3l

A S TBA kel W3l Fig 4-23°] YeER . TBAZES Awe] Aty &
A8k o7 ] v} o] e AkE<Ql malonaldehyde©] A Y=
0.120X+0.004(r’=99.74) EF=x4S Sl FAeAT. A x7]d= 100gE 700
1g~1600pg = HlaLA vre S UEyglth 47130l dojAs R A EF 9 TBA
o] ¥igle gx2TE AL A AAFdA =2 FUHEES UEUdeY, 1 de
=38l AArh olg} e A= Ao EajitEo] aldehydert @A o] &A1
E T whgo] oste] dojdt JIF How F

et 4E9 $459 TBA
el wstel #ato] Sihuber (1958), Bildack(1972), 3 5(1973) o ¢stH dA 7|7t
AAe FAtt 1 olF gadta wa stg. Awdon REs dHeta
= A4S WE dET woh Starter W7HFOIA 53] 10%e] W7ol A
74 A e Ao wel 456 ol @rkn Azt

4. A2

ool AnE QokstH A x7] ATFE AR A XA Startere] HIFE
olate] 272 A9 % Starter F7Fol4 10'CFU/mL ©]4+e] =74 vhebykt),
Aatae 4 %7 £ 1.8x10° CFU/mL ~ 3.0x10° CFU/mL® et o %4 7]
Zrol Aol welk AA3s F7kste] 20U AdlE xTE 25%10" CFU/mLS 1
BRI, 10% H7Fol A 59x10° CFU/mL &% vhebyttt,

pHE A Z7|d & EE Starter ® 774 pH 5876.0 & At o, <4
717ko] Aoj el mekr MAs] Faste] 20 A= TS ALfd d Al
A pH b.7¢let= uetskth ofvl=d] dis x5 A9dd & Starter 3 7F-ol
A=A e 15 A= e AdTelM 543 S7hE dERel 4 20
AAA AL FASA sttt 531, 20%2] FA7bel A=zl Hlske]
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Fig 4-22. Change of VBN in salt-fermented Anchovy sauce fermented by B.
subtilis JM-3.

120
100
=)
8 —0—0%
o
(=] —a— 1%
E & —a— 5%
Z_ (o)
m —e— 10%
S 40
20
0

0 5 10 15 20
Fermentation period (day)

Fig 4-23. Change of TBA in salt-fermented fermented Anchovy sauce fermented
by B. subtilis JM-3.
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