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Studies on the Processing of Rapid Fermented Anchovy
Prepared with Low Salt Contents by
Adapted Microorganism

1. Biochemical Characterization of Proteolytic Bacteria and their
Extracellular Protease Isolated from Fermented Fish Paste

Yong-Jun CHA and Eung-Ho LEE

Department of Chemistry, Changwon National University,
Changwon 641-240, Korea

In this study, the biochemical characterization of strong proteolytic bacteria and their ex-
tracellular protease isolated from fermented fish paste were experimented for the purpose
of industrial large scale-production by accelerated fermentation. The results obtained were
as follows: Among 4 strains isolated from fermented fish paste, B. subtilis p-4 and B. liche-
niformis p-5, which grow well at 40T, pH 7.0 and 1% of salt contents, were the best pro-
teolytic bacteria and were shown 0.48 hr™?, 0.49 hr™! of specific growth rate in TPY me-
dium, respectively. Maximum enzyme activity of B. subtilis p-4 was 335nmole-Tyr/min.ml
after 30 hrs and that of B. licheniformis p-5 was 300mmole-Tyr/min.m! after 28 hrs of sha-
king culture. Purified protease produced by B. subtilis p4 and B. licheniformis p-5 showed
maximum activity at 50C, pH 7.0 and molecular weight were estimated to be 18,000, 30,000
by sephadex G-100 gel filtration, respectively. These were supposed to be a kind of metal
chelator sensitive neutral protease from the result of high sensitivity against EDTA, o-phe-
nanthroline and metal ions such as Cu?*, Ni#*, Zn®*.
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Table 1. Characteristics of the proteolytic strains isolated from commercial fermented anchovy

Strains Strains
Test items Test items
p1 p3 p4 p5 -l p3 p4 pb
Cell morphology’ rod rod rod rod Tween 80 hydrolysis + + + +
Gram reaction + - + + Utilization of
Spore formation + + +  + citrate + - + +
Motility + - + + glucose + - + +
Indole - - - = arabinose + + + +
V-P test + + + F xylose + + + +
Methyl red - - - - mannitol - - -
Nitrate reduction - - + + Gas from glucose - - - -
Oxidase test + + +  + Salt tolerance at 30T
Catalase test -+ + + + 10% + + ++ +
Hugh-Leifson{glucose) pH range for growth
fermentative + - + 5.0 + + + =+
oxidative + - + + 9.0 + + + +
Casein hydrolysis + + + + HC ratio* 30 3.0 35 38
Starch hydrolysis - + +  +

* Diameter of clear zone to that of colony on skim milk medium

Table 2. Amino-nitrogen contents of rapid fermented
anchovy with proteolytic strains isolated from
commercial fermented anchovy®* (mg/100g)

Incubation time(hrs)
3 8 12
Control 72.7 115.6 1436
p-1 1024 128.8 163.9
p-3 82.1 128.8 173.1
p-4 88.6 171.0 2155
p5 89.7 144.3 208.0

* Amino-nitrogen content of raw fish is 40.3 mg/
100 g

lusEol2ta o, (1977 % A HZA N A
£ v E F Bacillus$o) N¥EE 1~7% A
T X protease®A o] 7HE E Tk s4c) wiak
X B. sublitis p4 B B. licheniformis p-5 & A3
3o WigAH FA4& zAEETh duAdPdA
TPY W x|9] pHE €3N w9 F4 2 54
24¢ ST EAHA F ¥F EF pH 7.0, 4004
74E S35k E pd T ASE A9 1~10%
oA AL 53] 3%904 714 Fasige
W, BAEAL 4G 1% 22 FstoH, p-5
T8 e 49 1% F2dA 354 2 52408
g0l ¥t B dHolHe ngEY s2E

ol &% SALAT FHolmnE AL ¥
ZAA A3 Ao 27 Fig 19 Fig. 29
2o F o5 BEF 24 27)d 4te) pH @40}
Ao LG FUMge wal pHE 70 3
222 =234 o4 p4 & HFEEr}
0.48/hr, p-5 T& 049/hro 24 Hrf Fa7A L
< EF 12AegeH, A E48FEE p4
2 p-5 T 27 335umole-Tyr/min.ml, 300nmole-Tyr
/minmliZ ol¥ 8T 5 NFe 4 304203 28
AlZke] T,

F20| HA|: B subtilis p4 R B. lcheniformis
p-5 #A 9 proteaseE HA37) 3t sephadex
G-10022 Z7§ ZHNA Aodzts HAg Ax
= Fig. 33 49} 2k AA8Ao] eyt 3 =
HA @AY 50% o4& Uehle Eag 3
9 FEY F EAEN YL ANEE 9oy,
¥ FY 2822 A column chromatography
€ 3¢ 25 9 938 APt olw e AL
AAHPE BW Table 357 2o FAZE ZEL
Ao HEHE 12 BYS W pd L p5 F A
AA=E 2tz 25480 L 86v) 71k ch.

AMZ A2l £0|M: B subtilis p4 R B. licheni-
formis p-5 T2 protease= Fig. 5, 6914 Y =
pH 7.0 R 50Cell A} Aol 714 ko 30~45C
HHANME pd4 F protease= HEA e 70~80
%, p-5 T proteaset 80~90% 2] FEFL W)

365



HHE - FER

a3 F&ole ¢ ekl g SoldE B
d Table 49 Z°] p4 & proteases Fe?*, Co?*,
Ca?*, Mgtt, Ba?*, Na*, K* o] &d] 9s) 2484
o) 23)8 FUFHALH NiZ', Zn?t, Cu** ©]&9)
&M A = AT p-5 T protease™ Fe?, Cat™,
Ba*", K* o]l 92 ZAo] F7FHJL Nit,
Cu®* ol & o3 AsfHY a2 F TF9
proteaset= EDTA ¥ o-phenanthroline 1 mM %
of o3 ZsA AHEtedl, Morihara(1974) 2]
X3, Yasunobu®t McConn(1970) 8] 2 ¢} 8] 33}
o 2 v, & 4¥o*9 F protease metal che-

lator sensitive neutral protease®] &3t& HAo=
A9 o2 EFIMAY bovine serine
albumin(M. W. 66,000), carbonic anhydrase(M. W.
29,000), horse heart cytochrome C(M. W. 12,400)
E )43} sephadex-G 100 AH A E2]HH
£ v|zg 27 Fig 7049 2ol p4, p-5 T pro-
tease] A S 242} 18,000, 3000022 FAHHRN
th ol & F(1986)% E 5(1988)°] BaF o
HH RAZAA EEE SHIRHTY metal
chelator sensitive neutral protease?] ¥2}%3 Y|
aetRA A v AIAE B

N
(=)
T

—
A

—
(=)

[
U

Bacterial growth(on at 420nm)o—o

o~

o U
’

.

=

]

S

—
[oV]
(=]
[

2

Prateclytic activity (nmole-Tyr/min.ml)

*——e

=
o
S

8 16

%
incubation time Chrs)

32 50

Fig. 1. Changes of bacterial growth, pH and proteolytic activity of produced crude enzyme by B. subtilis p-4 during
the shaking culture at 40T in TPY broth(pH 7.0).
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Fig. 2. Changes of bacterial growth, pH and proteolytic activity of produced crude enzyme by B. licheniformis p-5 du-
ring the shaking culture at 40¢ in TPY broth(pH 7.0).
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Fig. 3. Gel filtration of protease produced by B. subtilis p-4 on sephadex G-100 column(0.01M phosphate buffer,
pH 7.0, mixed 0.1M NaCl).
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Fig. 4. Gel filtration of protease produced by B. licheniformis p-5 on sephadex G-100 column(0.01M phosphate
buffer, pH 7.0, mixed 0.1M NaCl).
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Table 3. Purification of the protease produced by B. subtilis p-4 and B. licheniformis p-5

e Total? . 5 Specific? Yield Purified
Purification step Enz activity Protein activity (%) fold
Culture p4 108.45 112 0.22 100 1
filtrate p-5 101.25 1.09 0.21 100 1
Ammonium sulfate p4 61.14 231 2.65 56.3 123
precipitation p-5 60.20 222 3.01 594 146
Sephadex G-100
column chromatography, p4 19.71 0.12 548 18.1 254
pooled sample p-5 21.56 0.27 177 213 8.6

U Total activity(u mole-Tyr.eq/min) =protein x pooled volume x specific activity

? Protein(mg/ml) was calculated with standard curve of bovine albumin (values at 660 nm X regression
equation)

3 Specfic activity (u mole-Tyr.eq/min.mg-protein); proteolytic activity/concentration of protein
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Table 4. Effect of metal ions and chemicals on the activity of protease produced B. subtilis p-4(p-4) and B. liche-

niformis p-5(p-5)

Concen- Relative activity (% ) *** Concen- Relative activity( %)
tration p-4 D5 tration p-4 p5
Control 100 100 Control 100 100
FeCl, 1 mM 112 103 EDTA-2Na 1 mM 24 17
CoCl, 1 mM 117 93 o-phenanthroline 1 mM 2 0
CaCl 1 mM 111 101 2-mercaptoethanol 1 mM 96 114
MgCl, 1 mM 110 99 SLSs* 1 mM 91 81
BaCl, 1 mM 108 109 DTNB** 1 mM 113 111
NaCl 1 mM 107 91 Ethanol 01 M 117 100
KCl 1 mM 107 101 Lactic acid 1M 77 100
AgNO; 1 mM 76 80
NiCl, 1 mM 58 67
ZnCl, 1 mM 54 93
CuS0, 1 mM 48 56

*SLS: Sodium Lauryl Sulfate

*DTNB: 5, 5-Dithio-bis(2-nitrobenzoic acid)

**¥ Regarding as proteolytic activity of control was 100%, expressed that of a sample added metal ions

and chemicals, respectively
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