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Purification and Characterization of Collagenase Produced by Staphylococcus aureus }]-11 Isolated from
the Human Skin. Jin-Kyoung Lee, Hae-Nam Kim', Ho Young Kang and Hong-Ki Jun*. Division of
Biological Sciences, Pusan National University, Busan, 609-735, Korea, Department of Beauty Care, Masan
College, Masan, 630-729, Korea — A bacterial strain, identified as Staphylococcus aureus JJ-11, producing
collagenase was isolated out of 40 persons having skin troubles. S. aureus JJ-11 produced collagenase
optimally in the media containing 1.5%(w/v) gelatin, 1%(w/v) yeast extract, 04%(w/v) K;HPOy
0.005%(w/v) NiSOs - 6H:0 at 37C for 18 hrs. The collagenase produced by Staphylococcus aureus Jj-11
was purified at 6.66-folds purity through application of chromatography with Amberlite IRA-900 and
Sephacryl 5-300 HR columns. The molecular weight of the partially purified enzyme was estimated
to be 62 kDa by SDS-PAGE. The protein exhibited optimum enzymatic activity at pH 7.0, and showed
a stable activity at pH 4-8: The optimum temperature for collagenase was at 37, and activity was
mamtamed upto 40 C. The enzyme activity was slightly elevated in the presence of dlvalents such as,

Fe2+ Co* and Ba®.

However, the activity was inhibited in the presence of Sr** or Hg The inhibition

of activity by O-phenanthroline and EDTA suggested that the enzyme may contain metal which is
required for activity. The enzyme showed the highest activity when insoluble collagen (type I) was

used as a substrate.
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Table 1. Biochemical characteristics of the isolated strain JJ-11

Contents Isolated strain  Staphylococcus
J-1 aureus
Aerobic condition Facultative Facultative
aerobes aerobes

Hemolysis +7 +
Novobiocin resistance _
(MIC*>1.64g/ml) B
Catalase + +
Casein hydrolysis + +
Starch hydrolysis - -
Gelatin hydrolysis + +
Fat hydrolysis + +
DNase test + +
Mannitol test + +
Growth in NaCl

0% + +

5% + +

10% + +

15% + +
*MIC (Minimal Inhibitory Concentration) : &4 A& Az ¥ &

** + : positive, — : negative
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Table 2. Analysis of GPI (Gram Positive Identification) Card of the isolated strain JJ-11

No. of

Well Medium Abbreviation Positive Negative Active ingredient Result
1 Pepetone base PB Blue Clear Peptone, Glucose +"
2 Bacitracin BAC Blue Clear : Bacitracin +"
3 Optochin OPT Blue Clear Ethythydrocupreine hydrochloride +7
4 Hemicelluase HCS Blue Clear light blue Hemicellulase -'
5 6% Sodium Chloride 6NC Blue Clear Sodium chloride +
6 10% Bile 10B . +
5 40% Bile 40B Blue Yellow Bile "
8 Esculin ESC Brown-black Light-yellow Esculin Ferric —
9 . Arginine ARG Blue Yellow-green Arginine monohydrochloride +
10 Urea URE Blue Yellow-green Urea -
11 Tetrazolium Red TZR Pink-red Clear 2,3,5tripheny! Tetrazolium chloride — +
12 Novobiocin NOV Blue Clear-light blue Novobiocin -Sodium Salt -
13 Dextrose DEX Dextrose +
14 Lactrose LAC Lactrose -
15 Mannitol MAN Mannitol +
16 Raffinose RAF Raffinose —
17 Salicin SAL Salicin -
18 Sorbitol SOR Sorbitol -
19 Sucrose SucC Sucrose +
20 Trehalose TRE Trehalose -
21 Arabinose ARA Blue Clear-light blue Arabinose -
22 Pyruvic acid PYR Pyruvic acid +
23 Pulluan PUL Pulluan -
24 Inulin INU Inulin -
25 Meibiose MEL Meibiose —
26 Melezitose MLZ Melezitose -
27 Cellobiose CEL Cellobiose -
28 Ribose RIB Ribose -
29 Xylose XYL Xylose -
* 4 : positive, — : negative
Hi2t X710 }2 Collagenase Mils AE Table 3. The optimum culture conditions for collagenase pro-
A A HA ok A17+S AR s a4 AL duction by S. aureus JJ-11
L Ao A vk A7) e 840 B4E HESL A5 Medium (w/v, %)
EQS AuE A3, Fig 104 2= vpsk 2o collagenase Gelatin 15
Ha A4k glolAE o 18A17hE AT el Al YA Yeast extract 10
& el 95 BebA 18412 collagenase $4) 3 NS+ 610 0005
A vk Alzto g AR5 T gAY, 24, § F% ol Other Conditions
g #HA A A 24S JE 234 pH 70, 37CE Y Initial pH 7.0
Eftti(Table 3). 9 ASEE &4 A48 WA =247 7 Temperature 37 C
A Tlg FA719 AFE71E BYo aad 84 F Culture time 18 hrs
o4 Z7sta.on pHE 70004 o 65747 Z23He 7 Aeration 200 ml of medium per 500 mi flask
2 4 AgchFig. 1). £3, 9% 453 AT $300¢
A1 collagenase Ed& ZA}3) A3} vk AHZolo] A Collagenase?| AH|

Za84NE Amberlite IRA-900 column chromatography
2 AAG A3, Fig. 2014 BE wie} 2ol 84 F9]7} 50~
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Fig. 1. Collagenase production and cell growth by S. aureus
JJ-11 at optimum culture conditions.
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Fig. 2. First Amberlite IRA-900 column chromatography for
collagenase of Staphylococcus aureus JJ-11.
Column size 1.8 cnx15 cm, equilibrated with 50 mM

Tris-HCI buffer (pH 7.4), fraction volumn 3 ml, flow
rate 0.5 ml/min.
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Fig. 3. Second amberlite IRA-900 column chromatography for
collagenase of Staphylococcus aureus JJ-11.
Column size 1.8 cnx15 cm, equilibrated with 50 mM
Tris-HCI buffer (pH 7.4), fraction volumn 3 ml, flow

rate 0.25 ml/min,
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e mo
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250 pf/min®] & 0.2 &ZA17 th(Fig. 4). o] u) ?:‘01%_‘
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1.37% S h(Table 4).
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Fig. 4. Sephacryl 5-300 HR column chromatography for colla-
genase of S. aureus JJ-11.
Column size 1.8 cnx53 cm, equilibrated with 50 mM
Tris-HCl buffer (pH 7.4), fraction volumn 15 ml, flow
rate 0.25 ml/min.

Table 4. Purification of collagenase from S. aureus JJ-11

Total Total Specific .
i, . - Yield
Step activity  protein  activity (%) Folds
{units) (mg) (units/mg) ‘”
Supernatant 120474 1,340 8991 100 1.00
Ultrafiltration 30,684 269 114.07 2547 127
1" Amberlite
IRA-900 6,020 2786 21616 500 240
2" Amberlite
IRA-900 3438 845 40710 285 452
Sephacryl
$300 LR 1,656 277 59805 137 666
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Fig. 5. SDS-PAGE of the partially purified collagenase of
S.aureus J]-11.
Lane 1, Standard (Phosphorylase B ; 98 kDa, Bovine se-
rum albumin ; 65 kDa, Ovalbumin ; 50 kDa, Carbonic
anhydrase ; 29 kDa, Trypsin inhibitor ; 21 kDa) ; Lane
2, Sephacryl 5-300 HR ; Lane 3, Amberlite IRA-900.
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Fig. 6. Effect of temperature on collagenase stability.
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Fig. 7. Effect of temperature on collagenase activity.
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Fig. 9. Effect of pH on collagenase activity.

A3 A< metalloproteinase?) A& 71Hth 53 Fe®*
Co™, Ba” ZA)3]ME 5 mM FEANE & S4E
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alloproteinase®] £4-& R {cH(Table 6). 12|31 , gukA o
Z collagenase”} #3813 4= = g 71l s 249
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Table 5. Effect of the metal ions on the activity of collagenase
from S. aureus JJ-11

Relative activity (%)

Metal ions Added metal ion Added metal ion

@ mwp) 5 mv)

None 100.00 100.00
MgCl 96.22 91.09
Mn(Cl, 101.16 102.31
ZnCly 110.02 83.82
NaCl 100.53 82.15
FeSOy 136.12 120.52
SrCl, 91.86 71.07
Lici 106.05 102.33
CaCl 117.17 100.27
KCl 107.18 99.09
CoCh 122.47 118.13
SnCl, 105.34 92.55
NiCl; 101.23 98.27
CuSO, 105.27 98.37
HeCly 95.59 72.67
BaCl, 147.56 122.25

Table 6. Effect of some reagents on the activity of collagenase
from S. aureus JJ-11

Reagents Concentration  Relative activity
(mM) (%)

None 100.00
Ammonium persulfate 10 84.44
L-cysteine i 10 85.67
N-ethylmaleimide 10 86.18
Bmercaptoethanol 10 76.15
NaNj3 10 9247
NaHAsO; ' 10 ' 96.24
NaF 10 76.15
Sodium thioglycolate 10 : 97.29
Pentachlorophenol 10 84.59
O-phenanthroline 10 ' 324
KMnO, 10 86.46
PMSF 1 62.68
EDTA 10 32.28

Table 7. Effect of various substrates on the activity of collage-
nase from S. aureus JJ-11.

Substrates Relative activity (%)
Collagen(type 1) 100
FALGPA 0
Gelatin 50.4
Elastin 175
Casein 25.7
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