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Purification and Characterization of Cholesterol Oxidase Produced by Streptomyces polychromogenes
IFO 13072. Kim, Hyun-Soo*, Lim-Shik Seong, Kyung-Hwa Lee, Yong-Jik Lee, In-Seon Lee, and Tae-
Shick Yu. Department of Microbiology, College of Natural Science, Keimyung University, Taegu 704-701,
Korea, "Department of food science and technology, College of Natural Science, Keimyung University,
Taegu 704-701, Korea - Streptomyces polychromogenes IFO 13072 was used as a strain producing cholesterol
oxidase(EC 1.1.3.6). The conditions of cholesterol oxidase production were investigated. The optimum com-
position of medium for production of the enzyme was 1% dextrin, 0.5% casamino acid, 0.1% KH;PO,, 0.5%
NaNOQOj and 0.05% MgSO4 (pH 7.3). The enzyme was purified specifically by cholesterol affinity column
chromatography with a yield of 23.2%. The purified enzyme showed a single polypeptide on SDS-PAGE and
the molecular weight was estimated about 52,000 daltons. The optimum pH and temperature of the cholesterol
oxidase were pH 7.0 and 37°C, respectively. The enzyme was stable in the range of pH 6.0~7.0 and 25°C. The
cholesterol oxidase activity was strongly inhibited by metal ions such as Hg?" and Fe?* and inhibitors such as
dithiothreitol, mercaptoethanol and isonicotinic acid. The Michaelis constant(Km) for the cholesterol was
found to be 25 mM by Lineweaver-Burk plot analysis.
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Table 1. Effect of carbon sources on the production of choles-
terol oxidase.

Carbon sources Cholesterol oxidase activity (munit/mL)

Dextrin 38
Fructose -
Glucose -
Glycerol -
Lactose 22
Maltose 29
Sodium acetate 28
Souble starch 21
Sucrose 28
Xylose -

Table 2. Effect of carbon sources concentration on the produc-
tion of cholesterol oxidase.

Carbon sources Cholesterol oxidase activity
concentration (%) (munit/mL)

0.5 19
1 38

37

3 33

0.5 20
1 29

36

34

0.5 -
28

29

3 30

0.5 21
28

23

3 19

Dextrin

Maltose

Sodium acetate

Sucrose
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Table 3. Effect of nitrogen sources on the production of choles-
terol oxidase.

Nitrogen source  Cholesterol oxidase activity (munits/mL)

Organic
Beef extract 40
Casamino acid 40

Corn steep liquor -
Malt extract -

Peptone 33
Soybean meal 19
Tryptone 34
Urea -

Yeast extract 36

Inorganic

Ammonium chloride 18
Ammonium nitrate 23
Ammonium sulfate 31
Sodium nitrate 35

Table 4. Effect of nitrogen source concentration on the produc-
tion of cholesterol oxidase.

Nitrogen source Cholesterol oxidase
concentration(%) activity(munits/mL)

0.5 40
35
29
33
31
27
0.5 35
33
24

Casamino acid

(I VS S

Sodium nitrate
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Fig. 1. Affinity column chromatography of the cholesterol oxi-
dase on cholesterol column.

The concentrated solution(2.582 units/mL) from 30-80% satura-
tion of ammonium sulfate was applied to cholesterol affinity col-
umn. After washing with phosphate buffer(pH 7.0), protein was
eluted with 0.1% Triton X-100 at a flow rate of 5 sec/drop. Pro-
tein concentration in the elute was determined by Bradford
method.
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Table 5. Summary of purification of the cholesterol oxidase.

Purification pfgfgiln a;(i)\t/?iy ig;f/f; Purification Yield
0,

step (mg) (units)  (units/mg) (Fold) (%)

Culture broth 167.8 142.2 0.85 1.0 100.0

(NH4)2S04

fractionation 20.5 53.0 2.58 3.1 373

(30-80%)

Cholesterol 14 330 244 288 232

column

Fig. 2. SDS-polyacrylamide gel electrophoresis of the purified
cholesterol oxidase.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of the
cholesterol oxidase was performed with protein of each purifica-
tion steps. The gel was stained with coomassie brilliant blue R-250.

Lane A : Standard protein

Lane B : After cholesterol cotlumn by 30%-80% ammonium sul-
fate precipitation.

Lane C : After 30%-80% ammonium sulfate precipitation.
The standard proteins and their molecular weight(M.W.) were as fol-
lows: phosphorylase b(M.W. 94,000), albumin(M.W. 67,000), oval-
bumin(M.W. 43,000), carbonic anhydrase(M.W. 30,000), trypsin
inhibitor(M.W. 20,100), o-lactoalbumin(M.W. 14,400).

Laemmli[23]—°»] ubell F3le] 12.5% SDS-polyacrylamide
gel A7]93-5L S350}, Fig. 2(lane B)ol|Ae} o], £
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A=t £ E4he] ExERE &A% 23 Fig 39049}
7o) 9F 52,000 Dad el Z o2 FAHL. o= WAL
el Kamei 5912 Streptomyces violascens?’t A5}
% cholesterol oxidase®] ®A}&Fo] 61,000 Da, ©] S[14]
9] Streptomyces sp. HSL613¢] AALSI= &40 Exlgko]
59,500 Da, 7 S[11]2] Streptomyces sp. No. 47} Al
3= 4] Balgko] 60,000 Daclele Bie} zle]E 1}
el gl2v}, Inouye =[26]0] B g o2 WA 4al
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Da Hobs opdr 2he Z7)9] ARE Hyd =3 ude
ol9lo] T}E o] A= §A4o] ¥XBEC 2 Shirokane
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Fig. 3. Determination of molecular weight of the purified cho-
lesterol oxidase by SDS-PAGE.

The standard proteins and their molecular weight(M.W.) were as fol-
lows: 1 : Phosphorylase b(M.W. 94,000), 2 : Albumin(M.W. 67,000),
3 : Ovalbumin(M.W. 43,000), 4 : Carbonic anhydrase(M.W. 30,000),
5 : Trypsin inhibitor(M.W. 20,100). O; standard protein, @; purified
cholesterol oxidase.
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Fig. 4. Effect of temperature on stability of the cholesterol oxi-
dase.

The enzyme solution was preincubated in 100 mM phosphate
buffer (pH 7.0) at various temperature.
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Fig. 5. pH stability of the cholesterol oxidase.
The enzyme solution was preincubated at various pH range.
The used buffer system were : 50 mM citrate buffer(pH 4.0-5.0),
50 mM phosphate buffer(pH 6.0-8.0), S0 mM glycine-NaOH buffer
(pH 9.0-10.0).
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Fig. 6. Effect of temperature on the cholesterol oxidase activity.
The enzyme activity was measured at various temperatures.
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Fig. 7. Effect of pH on the cholesterol oxidase activity.
The enzyme activity was measured at various pHs.
The buffer systems employed were identical as described in Fig. 5
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Fig. 8. Determination of Km value for cholesterol oxidase by
Lineweaver-Burk plot.

The used cholesterol concentrations were 1 mM, 2.5 mM, 5 mM,
10 mM and 13 mM.

Velocity(V) was expressed as specific activity (units/mg)
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Table 6. Effect of metal ions on the cholesterol oxidase activity

Metal ion(1 mM) Relative activity(%)

None 100.0

CaCl, 97.15
CdCl, 96.21
CuSOq4 60.52
FeCl; 39.27
HgCl, 16.61
MnCl, 106.85
PbCl, 93.83
ZnSO, 98.58

The enzyme activity was measured by Allain method.

Table 7. Effect of inhibitors on the cholesterol oxidase activity
Inhibitor(1 mM)

Relative activity(%)

None 100.00
p-Chloromercuribenzoic acid 69.41
N-ethylmaleimide 100.27
Isonicotinic acid 22.37
EDTA 103.20
2,2"-bipyridine 103.70
PMSF 104.38
Iodoacetic acid 101.76
Trichloroacetate 100.80
o-phenanthroline 100.00
8-Hydroxyquinoline 92.69
Mercaptoethanol 8.65
Sodium azide 90.18
Dithiothreitol 0.04

The enzyme activity was measured by Allain method.
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