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Characterization of the Strong Proteolytic Bacteria Isolated
from Low Salt Fermented Anchovy and of Protease Produced

by that Strain

Yong-Jun CHA, Eung-Ho LEE*, Kang-Hee LEE¥, and Dong-Suck CHANG**
Department of Chemistrv, Changwon National University,
Changwon 641-240, Korea

For the purpose of producing low salt fermented anchovy by accelerated method with a st-
rong proteolytic bacteria, in this study, a strong proteolytic bacterium was isolated from low
salt fermented anchovy and its bacteriological characteristics and properties of protease were
experimented. The results obtained were as follows - three proteolytic bacteria, Aeromonas
anaerogenes, Bacillus subtilis and Staphylacoccus saprophyticus were isolated from low salt ferme-
nted anchovy(4% of salt, 4% of KCI, 0.5% of lactic acid, 6% of sorbitol and 4% of alcohol ext-
ract of red pepper) after 40 days fermentation. Among these strains, which grow best at 30C,
pH 7.0, B. subtilis was found the best proteolytic strain and benefit for industrial use as shown
0.95 hr~! of specific growth rate, 89ug-Tyr/hr. mlof maximum activity after 12 hrs culture in
TPY broth. The protease produced by B, subtilis showed maximum activity at 35C, pH 7.0, and
molecular weight was estimated to be 23,000 by Sephadex G—100 filtration, and it was suppo-
sed to be a kind of metal chelator sensitive neutral protease from the results of strong sensiti-
vity against EDTA, o-phenanthroline and metal ions such as Cu?*, Ni2¥, Fe?*. Km value of that
by method of Lineweaver-Burk was determinded to be 0.73% for casein as a substrate.
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Table 1. Medium for the isolation of proteolytic

bacteria
A) Skim milk 20g
Distilled water 500m!
pH 70
B) Bacto peptone 5g
Yeast extract 1g
Sodium chloride 30g
Bacto agar 15¢
Distilled water 500m!
pH 70
After autoclaved at 121C for 15 min., cooled to

50~60C and then mixed A) and B)
oFo 2ol 4 5 guAR 5o B FF
o #a Wye Aderorl % "WXA(E - F

1985) (49 4%, KCl 4%, lactic acid 0.5%, sorbitol
6%, LFHF FLFEE 4%) $A4 404A 9 A
EE 2z #8t 3% oA N DS 180miE 73
I AR o 103 FH4stgon o] IAMAE
whel A S A7t A8 H) A (Table 1)l Conradiy &
2 =23te] 30405C, 48417 wlkEta] MR
colony FHell o] veld AL chuld B
dgdon dgoen o|F HC ratio (FH3e =7
/colony®] A7N)7F £ 4 AE3dch 739 F
AS 93 A¥L2 Harrigan and McCance(1976), Co-
llins and Lyne(1976)¢] whiol wston] 542 Be-
rgey’s manual of determinative bacteriology 8(Bu-
chanan and Gibbone, 1974), Gibbs and Skinner(19
66) R EKS FFLHREK, 1978)9 Ao

IO H{UMEM Al 3 A0 MAH Gty
Agol A T3] Widd BT HEH g4
2318 47 st 4 2xd pHYE € 4%
E30] w2} TPY broth(tryptone 0.5%, peptone 0.5
%, yeast extract 0.3%)°] L& HEd o 1247 A
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72

gujFd F 7 BE 9
o o2 &4 FEE Ha
FateA M Alzkol a}

=
4 9 pHE 2R3l RENY 3

49 F£& U HA : TPY brothel &4 23]
2 BE3F HF wWidzddA g gL &
Aol Hd Luo] wigde A4 (10,000
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lumn(@X95cm)oll Qo 20mi/hr B FELE £54
A tube? 10mi¥ EH3Act 28 H3 A
50% °]4Y €4< Jede S
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APE Ngz sych

FAEN EF 9 HWME Zg o duAFEs
o 8454 &R THGRE, 1956)91 o3 W
Sd FHEO60mm)E SZ3t et g
BEFZAANA tyrosined F(ug/ml oz 43l
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*ﬂ)*‘% Fogw A2 3o Lowrysel W Lowry et

. 19519 wet 660nmel A FFEE FAsHE A
"}3}93\4 a3l GAWSo A pHRA) & &%
€42 Dawsons 2 R (Dawson et al, 1974))
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Table 2. Characteristics of the proteolytic strains isolated from low salt fermented anchovy

Test items Strains Test items Strains
p—14 p—22 p—54 p—14 p—22 p—54

Cell morphology rod rod coccus Utilization of

Gram reaction — + + citrate - + +
Spore formation - + — sucrose + - +
Motility + + + lactose + —

Indole - - - mannitol — + +
V—P test - + + arabinose ¥ - +
Methy! red F — + xylose + +
Nitrate reduction + + + maltose + -
Production of raffinose - -
oxidase + + + glucose + + +
catalase + + +  Gas from glucose - - -
HS + - ~  Salt tolerance at 30C

urease - - - 0% - +++ +++
ammonia from arginine + - 3% ++ ++  ++
arginine decarboxylase - 15% ++ + +
lysine decarboxylase - 20% + - +
Hugh-Leifson(glucose) pH range for growth at 30C

fermentative + + + 55 + + +
oxidative + + + 9.6 - + +
Growth in S-110 medium - - +  Temp. range for growth

Coagulase - - - 10T - -
Casein hydrolysis + + + 45T T + +
Starch hydrolysis + + —  HC ratio* 3.0 32 2.6
Tween 80 hydrolysis + + +

Gelatin liquefaction - + +

Aeromonas  Bacillus  Staphylococcus
Supposed species ..
anaerogenes  subtilis saprophyticus

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

g AR A A 40Y 29 A
A4 1 213mg%)(E - F, 1985)8 23] skim milk
W) el HET g HC ratio”} 2.50]44%1 375
£ dddlgen ol 7o deistd ¢ A4
EAE 2AMEE A= Table 294 2tk HC ratio 3.0
A p—14FL grameA, FL2A XAE FAF
A &xn EF40] dev Hugh—Leifson¥] =] o A
EeFS LAAII oxidase, catalase¥”d, nitrate
49 HSHA S, ARtsEsls 2 2299 A
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22 9kl 3 B. suitilis p—~22). p— 5472 gram
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Aol A A colonyE A AsHe o= Hol Staph-
ylococcus%H 22 FP 501 coagulaseS 3¢ Ao
2 Mo} v A Staphylococcus saprophyticusr
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Fig. 1.Effect of temperature on bacterial growth

and activity of produced enzyme by the 12

hrs culture in TPY broth (pH 7.0).
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Fig. 2.Effect of pH on bacterial growth and activity
of produced enzyme by the 12 hrs cuiture at

30T in TPY broth.
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Fig. 3.Effect of salt concentration on bacterial gro-
wth and activity of produced enzyme by the
12 hrs culture at 30C in TPY broth (pH 7.0).
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Table 3. Cultural characteristics of proteolytic bacteria isolated from low salt fermented anchovy,
cuitured at 30C in TPY broth with shaking

Specific Max. growth Max. proteolytic activity
Generation growth
Species time rate Absorbance Time required Max. activity Time required
(hr) (hr™1) at 420mm (hr) (ug-Tyr/hr.ml) (hr)
Aeromonas
anaerogenes p—14  1.54 045 121 12 68 16
Bacillus
subtilis p—22 0.73 0.95 147 8 89 12
Staphylococcus
saprophyticus p—54 0.60 1.15 211 11 85 14
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Fig. 4.Changes of bacterial growth, pH and proteoly-
tic activity of produced crude enzyme by A.
anaerogenes p—14 during the shaking culture
at 30C in TPY broth(pH 7.0).
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Fig. 5.Changes of bacterial growth, pH and proteol-
ytic activity of produced crude enzyme by B.
subtilis p—22 during the shaking culture at
30C in TPY broth(pH 7.0).
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Fig. 6.Changes of bacterial growth, pH and proteoly-
tic activity of produced crude enzyme by S
saprophy ticus p—54 during the shaking cuilt-
ure at 30C in TPY broth (pH 7.0).
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Table 4. Purification of the protease produced by B.

&2

EWME - RIWB

subtilis p— 22

Purification Proteolytic

Total

Specific

Protein Yield  Purified

step activity activity activity fold
(ug/m)  (x10%ug) (mg/mb  (ug/mg) (%)

Culture
filtrate 80 36.0 1.06 75.5 100 1
Ammonium sulfate
precipitation 1283 141 2.32 553.0 39.1 7.3
Sephadex G—100
column chromatography 210 6.3 0.28 750.0 175 10.0

pooled sample

4 pooled 30_\5
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fraction number
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Fig. 7. Gel filteration of protease produced by B. sub-
tilis p—22 on Sephadex G—100 column. The
column was equilibrated with 0.01M phosphate
buffer, pH 7.0. Elution was performed with this
phosphate buffer mixed 0.IM NaCl, and fract-
ions, 10mi each, were collected at flow rate
of 20ml per hour.
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Table 5. Effect of metal ions on the activity of the protease produced by B. subtilis p — 22

Concentration Remaining activity(% )
Control 100
FeCl; 1mM 42
CoCl2 z 96
CaClz - 110
MgCls ~ 102
BaClz & 100
NaCl 2 106
KC1 2 107
AgNOs ” 65
NiCl2 ” 47
ZnClz 4 57
CuSO4 ’/ 38

Table 6. Effect of chemicals on the activity of protease produced by B. subtilis p— 22

Concentration Remaining activity(%)
Control 100
EDTA—2Na 1mM 20
o—Phenanthroline s 8
2—Mercaptoethanol ” 95
Sodium lauryl sulfate 2 84
DTNB* s 103
Ethanol 0.1M 92
Lactic acid ” 67

* DTNB ' 5, 5—Dithio—bis(2 —nitrobenzoic acid)

3] BAo] A5 ALt Table 69 VERA 5 8hekA)
o o8 EABA AHEJE BE EDTA 2 o—
phenanthrolineo] 93] A9 &3] A= A=)
EolAo) wl AR T2y ol E EH3I Mori-
hara(1974)8] H3E XR™H EDTA, o—phenanthro-
lineo] 218l Z3stA ARE H=
lator sensitive protease® HHF3t0 L™, T Yasu-
nobu and McConn(1970)2 B. subtilis %73 = H|o}
Ao EAL Cattole EAFANA rAFsy Cu?t,
NiZ*, Fe2*5ol o3t Aalgvia i f5ia v
watd B AP B subtilis7t A TadolAs
metal chelator sensitive neutral proteasecl &3l
Aoz FAHAC 2D AYGARZ AxA 27}
B ooghge] Ui ExgAdel 1A AR &
v Ao ol B subtilis p—22¢S A HgH
z2H oA Yiste AoR 7HEHEY g
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