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Purification and Characterization of Bacillus subtilis JS-17 Collagenase. Kyoung-Suk Lim, Shung-Hui
Son, Ho Young Kang and Hong-Ki Jun*. Division of Biological Sciences, Pusan National University, Pusan,
609-735, Korea — Collagenases are generally defined as enzymes that are capable of degrading the poly-
peptide backbone of native collagen under conditions that do not denature the protein. An extracellular
collagenase-producing bacterial strain was isolated from kimchi and identified to be Bacillus subtilis
J5-17 through morphological, cultural, biochemical characteristics and 165 rDNA sequence analysis.
Optimum culture condition of Bacillus subtilis JS-17 for the production of collagenase was 1.5% fructose,
1% yeast extract, 0.5% K:HPOy, 0.4% KHyPO,, 0.01% MgSO; + 7H,O, 0.01% MnSO; - 4H;0, 0.1% citrate
and 0.1% CaCly. The production of collagenase was optimal at 30C for 72 hr. A collagenase was iso-
lated from the culture filtrate of Bacillus subtilis ]S-17. The enzyme was purified using Amberlite IRA-
900 column chromatography, Sephacryl 5-300 HR column chromatography and DEAE-Sephadex A-50
column chromatography. The purified collagenase has an specific activity 192.1 units/mg. The molecular
weight of the purified enzyme was estimated to be 28 kDa by SDS-PAGE. The purified collagenase

has 100% activity up to 55T.
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Fig. 1. Photograph of clear zone of the isolated strain JS-17.
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Table 1. Biochemical characteristics of the isolated strain JS-17

Isolated strain Bacillus subtilis

Contents J5-17 ATCC9799
Indole test
Aerobic condition Aerobes Aerobes
Methyl red test
Voges-Proskauer test + +
Citrate utilization + +
Catalase + +
Casein hydrolysis + +
Starch hydrolysis + +
Gelatin hydrolysis + +
Fat hydrolysis + +

Decomposition of tyrosine
Phenylalanine deaminase

Journal of Life Science 2005, Vol. 15. No. 4 659

th £&4L 10 ml/tube2 E 2350 H(Fig. 2), EAlo] 3
£ 238 34314 ultrafilterationS o] &35} A7}
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Fig. 2. Isolation of collagenase using Amberlite IRA-900 column
chromatography from concentrated growth medium,
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Fig. 3. Sephacryl 5-300 HR column chromatography of the Ba-
cillus subtilis J5-17 collagenase.
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Fig. 4. DEAE-Sephadex A-50 column chromatography of the
Bacillus subtilis J5-17 collagenase.
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Fig. 5. SDS-PAGE of the purified collagenase from Bacillus sub-
tilis 15-17.
Lane 1, Standard (Phosphorylase B; 98 kDa, Bovine
serum albumin; 65 kDa, Ovalbumin; 50 kDa, Carbonic
anhydrase; 29 kDa, Trypsin inhibitor; 21 kDa); Lane 2,
Amberlite IRA-900; Lane 3, Sephacryl S-300 HR (after
ultrafilteration); Lane 4, Sephacryl S-300 HR (before
ultrafilteration); Lane 5, DEAE-Sephadex A-30.

Table 2. Purification of collagenase from Bacillus subtilis ]S-17
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Fig. 6. Determination of the molecular weight of the purified
collagenase by SDS-PAGE.
a, Phosphorylase B (M.W. 98 kDa); b, Bovine serum
albumin (M.W. 65 kDa); ¢, Ovalbumin (M.W. 50 kDa);
d, Carbonic anhydrase (M.W. 29 kDa); e, Trypsin inhi-
bitor (M.W. 21 kDa).
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Fig. 7. Effect of temperature on the collagenase stability.

g3 9t} pHol W3 23 Z3E pH 60~98717 43
< BQA(Fig. 8), pH 7914 Hof &4-& vehhlni(Fig. 9).

3% ojeo] Y@ HAY 54S AES 2%, & I ¥

Total activity Total protein Specific activity Yield

Step (units) (mg) (units/mg) (%) Fold
Supernatant 324,000 33,750 9.6 100.0 1.0
Ultrafiltration 53,550 4335 124 16.5 13
Amberlite IRA-900 22,200 135 164.4 6.9 171
column chromatography
Sephacryl 5-300 HR 9,950 55 189.5 31 19.7
column chromatography
DEAE- Sephadex A-50 3,688 192 1921 11 20.0

column chromatography
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t}. Na', Fe*', Ni** &) st ME ok 40% AE9] T4 27}
BRAL, 53] Sn* &4 selME 60% AR B4 F7}
Byt A% 5 mM] & FRoAE £49 &40
HaE9 3, M, Ca¥, Co¥, Ni¥¥, Hg?' ol tlajis 528
EHE o 30% A= H& adE HHoHTable 3). £49 A
g Ao] 3 B4 2 EE metalloprotease inhibitor?l EDTA
9} O-phenanthrolinedl] 23 430} 3} &)= metalloproteinase
9] 48 el 09, ammonium persulfate, N-ethylmalei-
mide, L-cysteine, NaF, PMSFo] = A 8] 5] 91 ch(Table 4). &
g AAE &40 7]d Solde 483 23 FAE colla-
genasex insoluble collagen (Type I)ol] tha] 712 Eo]|A-&
7 &8 FAE & AAHTable 5).
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Table 3. Effect of the metal ions on the activity of collagenase
from Bacillus subtilis ]S-17

Relative activity (%)

Metal ions T M 5 M
None 100.0 100.00
MgCh 122.0 82.50
MnCl 126.0 63.75
ZnCl 136.6 90.00
Na(Cl 144.0 80.00
FeSO4 148.0 100.00
SrCl 140.6 75.00
LiCl 1373 117.10
CaCl, 130.6 70.80
KCl 117.3 89.20
CoCl, 131.3 65.80
SnCl, 168.6 96.25
NiCl, 1440 70.40
CuSO4 124.6 93.75
HgCl 1453 65.42
BaCl, 121.3 91.70

Table 4. Effect of some reagents on the activity of collagenase from Bacillus subtilis J5-17

Reagents Class Concentration (mM) Relative activity (%)
None 100.00
Ammoijnium persulfate 10 23.54
L-cysteine 10 16.14
N-ethylmaleimide 10 16.37
B-mercaptoethanol 10 135.87
SDS 10 39.68
NaNj3 10 13.68
Na;HAsO;4 10 177.58
NaF 10 10.76
Sodium thioglycolate 10 81.23
KMnOy 10 4440
O-phenanthroline . metalloprotease inhibitor 10 58.30
PMSF serine protease inhibitor 1 42.60
EDTA metalloprotease inhibitor 10 21.75
Pepstain A aspartate protease inhibitor 1 91.03
Leupeptin serine/cysteine protease inhibitor 1 92.00
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Table 5. Substrate specificity of collagenase from Bacillus subtilis

J5-17
Substrate Relative activity (%)
Collagen (type I) 100
Elastine 0
Gelatin 15.2
Casein 0
FALPGA (B4 714) 0

2 %

Collagnase= 4 collagen?] triple-stranded helixg& &
T 4 = protease2 A A S} FE(EE) T AN FH7F
A collagene] APAF7} AE9 o]Fd oF Fag JTE
&1, £F 2 olE collagen 712& wEA 23T
A 7gE e £ dFdAE gitRdA H&ste A
X 2 RE collagenaseE AAshs #FE £28te Bacillus
subtilis2 FAH o0 ©|F Bacillus subtilis JS-170)2F B
&} T}, Bacillus subtilis J5-170] A 4+3}= collagenase?] # 3
A AL 1.5% fructose, 1% yeast extract, 0.5% KHPOsq,
0.4% KH,POs, 0.01% MgSO; - 7H,O, 0.01% MnSO; - 4H0,
0.1% citrate, 0.1% CaCl, (pH 7.0)2] v} ol 4 30°C, 200 rpm
o 72A7F Z¢t wiokste Aotk A z=7AAM Bacillus
subtilis JS-17¢] A48l collagenaseE Amberlite IRA-900
column chromatography, Sephacryl S-300 HR column chro-

=

matography, DEAE-Sephadex A-30 column chromatography
& AA 28 - BAst, 2ol A 849 549 dstd 4
Edgct AAY collagenased] H]EA L growth medium
oA 1921 units/mg@ 1, 11%9] FEE dojpon A
& 28 kDao|lth. BB collagenase= 55C74A& 100% 2]
48 FASGAT STAME 60% Fxe) B2 FA3HA
t. =& pH 6.0~98¢A 60% ol’4e] &A4S FAFA
BAY collagenaser= metalloprotease inhibitorql EDTAS}
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