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Abstract

In order to develop the production and application of cholesterol oxidase, a cholesterol degradation bacteria
which produces a remarkable amount of extracellular cholesterol oxidase has been isolated from Korea traditional
salt fermented flat fish The isolated strain was identified as a strain of Bacillus sp. based on its morphological,
physiological characteristics and cellular fatty acid compositions. Experiments were carried out to optimize the
condition of cholesterol oxidase production using Bacillus sp. SFF34. Bacillus sp. SFF34 was shown to give the
maximum yield of cholesterol oxidase in the medium containing 2.0% glucose, 0.5% yeast extract, 0.02% MgSO
4+ TH/O, 0.025% K,HPO,, 0.15% NHNO; and 0.2% cholesterol. The optimum culture conditions, temperature,
initial pH and agitation speed were 30°C, 7.0 and 150rpm, respectively. The enzyme production reached a
maximum level at 24 hrs of cultivation(2.42 U/nf).
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Table 1. Morphological and physiclogical characteristics
of isolated strain SFF34

Morphological characteristics
Form

Rods

Size 03~06X%14~2.1 m
Gram stain +

Mobility -

Spore formation +

Physiologocal characteristics
Catalase
Methyl red test
V-P test
V-P test(below pH 7.0)
Indole production
Starch hydrolysis
Gelatin liquefaction
Utilization of citrate
Hydrogen sulfide production
Gas from glucose
Urease test -
OF test Fermentation
Oxidase test +
Pigment production -
Optimum growth temperature 25 ~ 35T
H 40 ~ 100

p
Acid from glucose +
Growth in 5% NaCl d

d, weak:

L T T

+, positive: -, negative
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(34.76%), C15:0 iso (16.05%), C17:0 iso (1201%) %
C17:0 anteiso (11.87%)2 et} o)4ke] wjopsha,
A2EE B4 W AT AP $4E B2 8
&} Bergey’s Mannual of Systematic Bacteriology (28)ol
Zled &% 715 w2t $AF 23} Bacillus sp.
Ee 1 fa7es RS0 BeAdS Bacillus sp.
SFF342 %33t

Table 2. Carbon utilization of isolated strain SFF34

Carbon utilization
Cellobiose
Dextrin
Trehalose
Arabinose
Raffinose
Xylitol
Arbutin
Erythritol
Dulcitol
Ribose
Maltose
Galactose
Adonitol
Rhamnose
Fructose
Mannitol
Inositol
Glucose
Xylose
Sucrose
Sorbitol
Lactose
Melibiose
Methanol
Ethanol
Glucosamine
Glycine
Salicine
Succinate
Gluconic acid

+, positive; d, weak;
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Fig. 1. Fatty acid composition of the SFF34 cell wall.
The fatty acid analyzed using Hewlet-Packed model

6890A gas chromatography and MIDI Aerobe
method, Chem Station ver 4.02
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Fig. 2. Effect of temperature on the cell growth and

cholesterol oxidase activity of Bacillus sp. SFF34.
After bacteria were cultured in a cholesterol
medium at various temperature for 24 h on the
shaker, cell growth and cholesterol oxidsae activity
were assayed in Materials and Methods. The
cholesterol medium is composed of 0.1% cholesterol,
0.5% yeast extract, 0.0001% FeSO4-TH20, 0.025%
MgSO0s - TH20, 0.025% KsHPOs,, 0.1% NH¢NQ;. O -
O. Cell growth: @ — @, Activity
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Fig. 3. Effect of initial pH on the cell growth and
cholesterol oxidase activity of Bacillus sp. SFF34.
After bacteria were cultured in a cholesterol
medium at various initial pH at 30T for 24 h on
the shaker, cell growth and cholesterol oxidsae
activity were assayed in Materials and Methods.
The cholesterol medium is composed of 0.1%
cholesterol, 0.5% yeast extract, 0.0001% FeSO;-
TH30. 0.025% MgS0q4 - TH20, 0.025% K:HPOQs,, 0.1%
NHaNO;. O — O, Cell growth: @ — @, Activity
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Fig. 4. Effect of shaking speed on the cell growth and

cholesterol oxidase activity of Bacillus sp. SFF34.

After bacteria were cultured in a cholesterol
medium at various shaking speed at 30C for 24 h
on the shaker, cell growth and cholesterol oxidsae
activity were assayed in Materials and Methods.
The cholesterol medium 1is composed of 0.1%
cholesterol, 0.5% yeast extract, 0.0001% FeSO; -
TH,0, 0.025% MgSO4 - TH20, 0.025% KyHPO,,, 0.1%
NHsNQ;. O — O, Cell growth: @ — @, Activity
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Fig. 5. Effect of cholesterol concentrations the cell growth

and cholesterol oxidase activity of Bacillus sp.
SFF34.
The bacteria were cultured in the cholesterol
medium supplement with various concentrations of
cholesterol. Cell growth and cholesterol oxidsae
activity were assayed in Materials and Methods.O
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Table 3. Effects of various carbon sources on the
cell growth and cholesterol oxidase activity
of Bacillus sp. SFF34

Carbon sources(2.0%) Cell growth(600nm)  Activity(U/mg)

Fructose 271 195
Sucrose 2.38 1.56
Rhamnose 357 207
Ribose 024 071
Raffinose 4814 2.18
Galactose 310 2.02
Lactose 221 1.74
Mamnitol 212 1.42
Glucose 4.83 238
Inositol 227 1.69
Arabinose 349 1.74
Maltose 395 1.89
Xylose 294 0.56
Inuline 038 048
Soluble starch 037 042
None 1.88 1.83

The bacteria were cultured at 30C for 24 h in a liquid
medium containing 2% various carbon sources instead of 2%
glucose in cholesterol media(2.0% glucose, 0.5% yeast extract,
0.025% MgSQy - TH20, 0.025% K:HPO4, 0.1% NH:NOs. 0.0001%
FeSO4 - TH20, 0.1% cholesterol). Cholesterol oxidase activity
of the culture supernatant was determined by the method of
Richmond.
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Table 4. Effects of various nitrogen sources on the
cell growth and cholesterol oxidase activity
of Bacillus sp. SFF34

Table 5. Effects of various inorganic compounds on
the cell growth and cholesterol oxidase
activity of Bacillus sp. SFF34

Cell

Concentration Cell growth Activity

Nitrogen source(0.5%) growth(600nm) Activity(U/mb) Inorganic compound %) 600nm)  (Ujmd)
Tryptone 2.17 1.74 0.05 1.57 1.56
Soytone 2.44 1.86 0.10 1.65 1.89
Peptone 1.47 1.54 Amonium nitrate 0.15 1.70 1.9
Yeast extract 1.64 1.97 0.20 1.72 1.7
Malt extract 0.55 0.49 0.30 183 . 14
Casamino acid 0.57 021 0.010 1.50 1.52
Skim milk 0.60 034 Di o Tvc 0.015 1.62 1.67
Polypeptone 097 046 pofassium hydrogen 0.020 1.66 175
phosphate
Beef extract 1.07 0.78 0.025 1.68 197
The bacteria were cultured at 30T for 24 h in a liquid 0.030 1.62 1.88
medium containing 0.5% various sources instead of 0.5% 005 1.61 1.42
yeast extract in cholesterol media(2.0% glucose. 0.5% yeast ! ! ’
extract, 0.025% MgSQs- TH:0, 0.025% K.HPOs 0.1% 0.10 1.68 1.46
NH:NOs, 0.0001% FeSOq - TH20. 0.1% cholesterol). Cholesterol Sodium chloride 0.15 1.86 1.64
oxidase activity of the culture supernatant was determined
by the method of Richmond. 020 L77 156
0.30 1.67 1.46
27| ME0| A3t : Bacillus sp. SFF349] cholesterol 0.10 L7413l
oxidases] 4N FA Al BIAE A% $7) 4 Ammonium sulfate b
o e ZARE] $984%]  cholesterol W] 040 168 LI3
(cholesterol 0.1%, yeast extract 0.5%)o zZ}t& 7] A 001 1.69 1.62
29 HF 552 g2 s I F WY Mgenesiom sulfate gg i;; ijg
AA Y o] cholesterol oxidase?] A4S =33 A= 0'04 1'57 1'41
Table 58} 20} 1 Az, 4@ AR F7] AE 0.(.1)1 1:35 1:30
Zo]A] ammonium nitriateE A7}5F AL cholesterol 0.002 1.86 1.40
Ferrous sulfate
onidases] 4l B4l 7M3 £A vehton FEE 003 241 1R
= & 0.005 1.70 .11
0.15% 2 A0 Aol 1.9 UmiE 7} &
%Y of FEire] FAo] /mé '}’o 31-:7']] 0.005 154 27
el 2 fgegE  025%9]  dipotassium
Calci hloride 0.010 1.65 1.66
hydrogen phosphate®  d7}A] #AJo] 197 Ulnd, ctum con 0015 16 13
003%2] magenesium sulfateE H7}Al 187 Umie] & 0.020 152 116
Norne 1.43 1.49

o2 ®lwd wA Yeigch zexn 29 sodium
chloride, ammonium sulfate, ferrous sulfate, calcium
chlorideE 27}st 3% cholesterol oxidase®} TAN-S:
7o HlmA] B 84S YehliAY 548
BE BRATE AR UeEt

s Alztel A

ol oA ZAEF HZH wjA] ZA(Cholesterol 0.2%,
yeast extract 0.5%, MgSOs - TH,O 0.03%, K,HPOs
0.02%, NHJNO; 0.2%, cholesterol 02%)3} % uj<¥

The bacteria were cultured at 30T for 24 h in a liquid
medium containing 0.5% yeast extract, 0.1% cholesterol.
Cholesterol oxidase activity of the culture supernatant was
determined by the method of Richmond.

27N 5 ASH Hho AN ANHoE
BA3 AT Fg 63 20 1 2, 79 A%L
Wk 2409 W Hie] 45L Yo, &
20 BAE WY 24 AU o 242 UnE 743
A UEton 1 ojfe) Azt ztadts 3%
2 Yeidleh olald Anhe Lee S0 BRd
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Fig. 6. Time course of the cell growth and cholesterol
oxidase activity of Bacillus sp. SFF34.
After bacteria were cultured in a cholesterol medium
at 30T, cell growth and cholesterol oxidsae activity
were assayed in Materials and Methods. The
cholesterol medium is composed of 0.2% cholesterol,
0.5% yeast extract, 2.0% glucose, 0.2% NHiNOs,
0.02% KHPOs, 0.03% MgSOs- TH0. O — O, Cell
growth: @ -— @, Activity
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