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Isolation of Cholesterol Utilizing Bacteria
and Their Degradation Pattern

Choi, Min-Ho, Do-Hyun Jo and Yun-Hee Park*
Department of Biotechnofogy, Ajou University, Suwon 442-743, Korea

Abstract — Six bacterial strains capable to grow on medium containing cholesterol as sole carbon
source were isolated from soil, pork fat and cheese. Three of them were tentatively identified
as Rhodococcus species, Rhodococcus sp. CD-1, R. sp. CD-2, and R. sp. CD-3. All the isolates showed
a varying amount of cholest-4-en-3-one as the degradation product, and three strains of Rhodococcus
spp. showed rapid degradation of cholesterol. Radioisotopic studies revealed that cholesterol was
degraded to non-sterol hydrophilic compounds via cholest-4-en-3-one, and presumably to CO,.
These strains showed two distinct patterns in further degradation of cholest-4-en-3-one. By one
group, B. sp. CD-1 and R. sp. CD-3, cholest-4-en-3-one was rapidly converted to non-sterol inter-
mediates without significant accumulation of sterol derivatives in the culture broth. In contrast,
by another group, R. sp. CD-2, the substantial amount of cholest-4-en-3-one was accumulated indica-
ting a lower conversion of the compound to the next metabolites.
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cholest-4-en-3-one, androstendione(AD), androsta-
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Cholesterol2 SigmarHUSA)8] A58 28319l 3,
=9 4= 3AE [4-YCl-cholesterol> Amer-
shamAHUSA)2} A| &£, cholest-4-en-3-one? andro-
sta-1,4-diene-3,17-dione 8] X FF ° 2+ SteraloidsA}
(USA)¢e] A| &8 AF8-3lgic). Ethyl acetate, chloro-
form =2 F7]8vit JunseirkJapan)2t MerckAb
(Germany)® &5 % 13 Aok AR&-slgdrd TLC
BAe 9)ste] 2143k TLC platet= Sigma*HUSA)$]
precoated silica gel TLC plate(20X20 cm)-2 AH-&
stalch oY FAA FEHFS AP 8 o
o] 7= scintillation cocktail solution-& 2.5-dipheny-
loxazole(PPO) 5g, p-bis-(o-methylstyryl)-benzene
(bis-MSB) 0.125 g, aqueous solubilizer 2 Beckman#|

e

(USA)4] Bio-solvt™ 160 mi -5 toluenedl] =¢j 1/7}

HE% & 4% AHgsteich wix) Azl Difcor}
(USA)e} Sigma+HUSA)S] A &8 AM8-3loic

AME BT

Bk ol 5 f3 Helde 2 RE cholesterol S
Fredebantl o g o) g-dt vtejejel 60-7F 8]
B Age]| ApR3lgl o, o|& 3T+ Rhodococcus
sp.& FFAEG AL, YA 3FF= FAR] E
sledc}. ] Rhodococcus®] E41-5 8\ wst7] 3t =z
AR Ered FAFgEA A FHRL-8
(Korean Collection for Type Cultures)=2FE| 2o
w2 Rhodococcus equi KCTC 9082, Rhodococcus rho-
dochrous KCTC 9086, 22|35 Rhodococcus erythro-
polis KCTC 10625 A}&-3}gich

Cholesterol 238 739 £a| ¥ 5%

Cholesterol 2] 3ol ¢l F#F5 Hulslr]
A3 A Ao Eof HA| v|A|, A= I JF Fe
A5 5 AH3

EokAla+= 3 g F &l 100 mi2] mineral salt me-
dium(MSM, NH,NO; 1.0 g, K.HPO, 0.25 g, MgSO,-
7TH,0 0.25 g, FeSO,-7H,0 0.001 g, DW 1!, pH=7.0)
AN 12417k Tt AR F AXAF| L L A E
o 84822 0.1% cholesterole] &5 MSMoj|
A &ato] Aehul o{30CT, 150 rpm)dteict. =H=] uv] A
o} A= 2 AH AREE 03~05g% 5mie 0.1%
cholesterol &+ MSMell &£t njefslic), 52
Fo A AAAE vfehd wfofell 2 F-od wiR|d] 1%
2 33 ubE-3led Ak wikgt F HFHOZ trypti-
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case soy agarel @ wlokdle] colonyE A<¢ich tf
LAl colonyES Alddled - Felsln A3
A}-8-3ld ok,

2] 72 FAL Bergey's Manual of Systema-
tic Bacteriology(20), Chemical Methods in Bacterial
Systematics(21), Methods in Microbiology(22), ~1]
I Staneck(23)9] ¥ & 7|ER sle, E-eldF
cholesterol -39 3 e}, Gram-stain, colony Y
Zt, cell wall sugars, diaminopimelic acid isomer
w4, mycolic acid %4, casein, tyrosine, xanthine
#3123, catalase test 59} AL F& FTAH3c)

Cholesterol 23l 52 3 Sa CHAIQ] BA XA}

HHQF . B8] 752 cholesterol H-3fx2, H& A&
R E 5AE ZAEH] fdte] dx e} 34
0.1% cholesterole] % yeast extract mineral salt
medium(YEM, Yeast extract 5.0g NH,NO; 1.0g,
K;HPO, 025g, MgS0,-7H;0 0.25g, FeS0,:7H,0
0.001g, DW 1!, pH=70)6) 27+ 1% HE3 ¥
3 7F #elel e30T, 150 rpm)3lgit) ola] 59 o
A AL $]3)e] oF 50,000dpme] =4 4= H

20 FZ0l| 25t BEE vlekals F=EnuE
22lslo] free sterols, conjugate sterols, non-sterol
hydrophilic compounds®. ¥-#3}slgic}t. Free ste-
rols+ v oFeloll E2Fe] ethyl acetates 21 ZEk3l
T AEE(3,000 rpm, 10W)3te] =RaE Ay
pasteur pipette ©.2 ethyl acetate & Hz|sl:= 3}
A& 33 ukE- Ar]sted F£319it)h Conjugate ste-
rolst= free sterols-5 F%3&F wjokalol| 20~25%(w/v)
2] NaCl& 7tsted #3471 % H,S0,& 3H7uke&
7tete pHE 1 o]8k2 341, ethyl acetated #
7belod Retg F dalte]sle] F FelE Al 2
e85 pasteur pipette o2 ¥-2|&l= A5 33
ubE Alx|sle] F=%3lgdvh. Non-sterol hydrophilic
compounds<+- free sterols %3} conjugate sterols
T MRS AR e wlgdE non-sterol hydro-
philic compounds® A}-2-3toic} wiel & zled ra-
dioactivity+ ®lj FH-S- A ek Hsled &3 s}

Thin layer chromatography{(TLC) . Free sterols
FEHE 7HF xR F 05mi8 ethyl acetateol)
Folal 50C AF:7ollA &A1) silica gel TLC
plateol| 4 cholesterol, cholest-4-ene-3-one, androsta-
1,4-diene-3,17-dione(ADD)2] Za5E 2} &4 AN s}

2 F3g 43 ALg3l9la, jodine ZV)E AR 2]
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Liquid-scintillation counting{LSC) . &2 A uf<f

o}, non-sterol hydrophilic compounds+ wWjA]-& <)
Aok #3131 1, free sterols, conjugate sterols+ ethyl
acetate®= % §F AdAHIHE I ol dAHS F
slo] scintillation cocktail solution® 433 liquid
scintillation counter(Packard 1600TR, USA)E 5%
¢ A 8lo] dpm(disintegration per min). 2. & radio-
activity 2 &3 st} lodine vapor® 2471 TLC
plate= %€ & Z} band %2 dHezA2 F& F,
counting vialell @3 F U3t W 2 2 radioactivity =
Z-2) sodt.
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Cholesterol &8 2| 2] ¥ &3

S Bae) e A A, Az 9 Uf 5o
Z RE] cholesterol enrichment culture techniqueZ
AL4-3}lo] cholesterol S £ 4o Zalo] Al5-3

+= dtdjg]o}lE Helstdc)t A AEAe] g oko g HE]

A5, A Bl A 2RY 148 A 228y 105 54
Z 610 FE TruEdly F4HE H3 5EAE 24
&Fsi ).

e 7 6Tl hEte] dE: et 4 B
gy EAL ARy A3 37FEF Rhodococcus 4
(Genus).e.2 BH FAskY, Rhodococcus sp. CD-1,
R sp. CD-2, R. sp. CD-32 ztzt " slqic) vn A
37T 43R 3-3ksdeUI-1, Ul-2, UI-3). Rhodo-
coccus sp. CD-1, CD-2, CD-3¢} d| & 58 A48l
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R equi KCTC 9082¢] #1334 HAL Table 19
viebf ol ol

2] #3F2e| cholesterol 28 53 dH|lm
2]§} #59] cholesterol £3] H#& do}ld 7|
$ste] N2 TF Rhodococcus equi KCTC 9082, R.
rhodochrous KCTC 9086, R. erythropolis KCTC 1062
2} §+4] 0.1% cholesterole] 3-/-% YEMei| A4 vl of3)
% cholesterol -3 X E 243l th 30C oA 3
A7Zb vt F Fr[ B £EI T FAHeR
2338 A R sp. CD-1, R sp. CD-2, R sp. CD-
3+ zFz} 32 o]ulel| ufjekeied| 7} cholesterold)
97%, 100%, 100%%E -afste] #al sHo| 3}
s}, Ul-1, UL-2, UI-3¢ %< 2F7F 52%, 78%,
43%5 F-sisted Hal o] HH F2 oz
elwdc} gk E FF2 AFESE R equi, R rhodo-
chrous 1213, R erythropolis~ 232+ 94%, 85%,
100%& B3l 3}9icHTable 2, Fig. 1).

ube 2)o}2] cholesterol £-3] 52 o EH%’J' BIE
B Watanabe £(24)-& vlg|, g|eo]#H ] =5%
A E o R BE] Rhodococcus spp.2) & 2] 5}
g 7}A] dx dF9 €74 cholesterol -a:HH e
=228 A 1695 10757} 100%)| 71743 3
dsES 7HAAL e85 Eastgdr) Arima -64(6)¢]

£ 150009 Fre olAdEel diste] 2 A
A A S AREsted TUZE wfA|d], HAR
cholesterol®] 20% |4} ¥-8l3t A5+ 2864 F<1 2
o] & 18757} 50% o] Fsldisivia Mt
o). Peterson(1)&] <&d-¢ll 4= cholesterol®e] 0.1%
2714 mineral salt mediumell A Streptomyces 37

de AT

Table 1. Taxonomic characteristics of the isolates and reference strains

e ot

R equi KCTC 9082

characteristics R sp. CD-1 K. sp. CD-2 R sp. CD-3
Gram stain positive positive positive positive
Color of colony orange orange orarnge pink
Aerial mycelium — - — —
Substrate mycelium - — — —
Acid from glucose — — — —
Cell wall sugars Ara, Gal, Rib Ara, Gal, Rib Ara, Gal, Rib Ara, Gal, Rib
Diaminopimelic acid meso— meso — meso — meso —
Mycolic acid -+ + 4 +
Decomposition of casein — — — —
tyrosine — + — +
xanthine — — — —
Catalase + + + +
+: positive, —: negative, Ara: arabinose, Gal: galactose, Rib: ribose, Glc: glucose, Rham: rhamnose.
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Table 2. Cholesterol degradation and composition of degradation products of the isolates and reference

strains (%)
. Reszc%ual Chole- Chole- Ur_ugien- Conjugate NOH_S{QWI Degra-
Strains Radio- tified hydrophilic . Recovery
.. sterol stenone sterols dation
activity sterols compounds
Blank 97.0 95.3 0.0 0.0 2.8 1.7 4.7 103.0
R equt 81.3 6.1 48.5 3.5 4.9 15.3 93.9 093.8
R. rhodochrous 43.3 15.2 7.8 3.0 3.5 12.6 84.8 93.3
R ervthropolis 214 0.0 6.4 0.0 3.8 9.3 100.0 91.1
R sp. CD-1 25.0 2.9 2.1 0.0 3.0 15.5 97.1 94.0
R. sp. CD-2 60.9 0.0 31.5 0.0 3.5 17.2 100.0 85.7
R sp. CD-3 36.9 0.0 13.5 3.6 3.6 8.3 100.0 78.6
Ul-1 71.5 47.7 2.0 0.0 3.3 109 52.3 88.6
Ul-2 61.0 22.4 2.5 0.0 3.7 26.7 77.6 89.1
Ul-3 89.9 57.3 1.5 0.0 10.5 25.8 42.7 105.8
®
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Fig. 1. Chomposition of Cholesterol degradation products by the isolates and reference strains,
Each strain was incubated in yeast extract medium with 0.1% cholesterocl at 30C for 3 days

1: Rhodococcus equr KCTC 9082, 2: Rhodococcus rhodochrous KCTC 9086, 3: Rhodococcus erythropolis KCTC 1062

F5 647t wiokale] zZ+7k 32%, 81%, 100%7} F-8)
ook Baslgich o) F2] Az} wiws) B 4
W Aol A 2l §t Rhodococcus sp. CD-1, R sp. CD-
2, R sp. CD-3+= "4~ =& cholestero]l 3 53§
713 #F 54, cholesterol®] X-3)] Ex]o] o]f 7}
Aol sl FFE 2 5 Ak

Cholesterol &3l CHAl AL22| &H

7t w32 wjekd-E ethyl acetate® FZ3F free
sterolsg TLCZ ¥-A43% Ay} A& HESRA ¢
blankol| M+ Fal|AbEe] velbR] gk chole-
sterolite] &l o, 75 wjst Aol

25 cholest-4-en-3-one-2 A3l o] =3k R sp.
CD-3, R. equi, R. rhodochrous— =3t 7lo g H
a]x 3“,»:]..5.._.. Aﬁﬁ‘]a’].:}:] chJr ] mg;g% %Ré_}xl%
-8 cHFig. 2).

Cholest-4-en-3-one °]2}2] o]xe] R 31(12, 14)el
9]3te] %l cholesta-1,4-dien-3-one, androsta-1,4-
dien-3,17-dione, androst-4-en-3-one & Hol AE-&
HEHA st A58 AMAE AMHsER] e Al
ol = =4 cholest-4-en-3-oneE v} 53 1~27}1%]
Ay el HaiEE9t AE2EA296,7,18,19), 2
AElo| A HaliHE 2 cholest-4-en-3-onewte] A=
AL o] 552 cholest-4-en-3-one o]%2] Hsaj<
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Fig. 2. Thin layer chromatogram of free sterols of cholesterol degradation products.

Sepalation of degradation products was carried out on silica gel plate using chloroform: ethyl acetate (95:5, v/v)
Standard A: androsta-1,4-dien-3,17-dione, B: cholesterol, C: cholest-4-en-3-one, X: unidentified sterol

1: Rhodococcus equi KCTC 9082, 2: Rhodococcus rhodochrous KCTC 9086, 3: Rhodococcus erythropolis KCTC 1062

o} weh 39 ek o wjokels REAel A
£ Agede A2Ex 24 Aoz 223 4 g

o}

Cholesterol 231 CHA} =FH2l H|m

7z} #52] cholesterol #-3 HALE 2=A}sl7] 98]
0.1%2| cholesterole] &% YEMell <} 50,000 dpm
o] [4-¥C]-cholesterol-s #7}8l= £ 4 F-Adue
Ab-g&led o), vl ekall.& free sterols, conjugate sterols,
non-sterol hydrophilic compounds® &332 &
3131810, free sterolst v}A] TLCE Es)] 7+ AX
o2 B3 F 72 H-1E2] radicactivity & 24 stgith

w2, 347k vh kg ok & I 2 ARt ul <k
%1 2-2] radioactivity ¥ 35 v|w3}lsicHTable 2, Fig.
1). ¥ 55 HE3A %2 blankell A+ vk A3l
radicactivity®] 97%7} 34 JF-o|lx Holglgoew &
7] 8w FEol &3 R Esiel TLCE %3] chole-
sterolo] &3l ¥ A] 3L ol 5§ Halsleh =
conjugate sterols 3%2} non-sterol hydrophilic com-
pounds 2% = A% radioactivity== F5 3} o A
7)< background o2 3t 1y, 7} 455
57 Aol A= R sp. CD-1, R erythropolis )
45 A€ Aol vzl F radioactivity”} z}7} 25%,
21% 4F geol Ui, R sp. CD-3, R. rhodochrous <)
45 Z2H7F 37%, 43%7F FeJslgleny, 109
‘T"FI"'] A4E 61% WA 9% st radio-

activityZ7} el sloA], #HE He| #H7IgE radio-
activity2} vk ¥ Zhed radioactivity®] z}pele] st}
& radioactivity 7} Wl R oA Al A E S-S o4 S
olsich 1ElF, free sterolsa= cholesterol, cholest-4-
en-3-one 12|31, sh}e] =|&ql FA(R sp. CD-2
R equi, R. rhodochrous)E T3 9-& Bk Conju-
gate sterolsol| A= 3% WA 11%2 radioactivity 7}
4= 1, non-sterol hydrophilic compoundsel]+=
8% WA 27%2] radioactivity?} &=} ole])
A3 =2 cholesterole] cholest-4-en-3-onel = 4k3lE|
Z. steroid ¥ F+Z2E A2 4 Qe A2 AH 4
e}sle 4=8-Alal non-sterol intermediates®= A3y
A, 74]'*"“5]’” & A oA COE =3
e FAHg 4 glgdr} Stadtman (72 Al
A Mycobacterium-5- [ 4-"*C]-cholesterol T+ [26-
4C J-cholesterol®} wf<k3l-& uff [4-*C]-cholest-4-en-
3-one3} M“CO,ol|l A radioactivityZ7} &5 9-L-2

a3ty v AE-2] cholesterol Aol 33+ Sih
(9, 10)2) A7 Hiel A= cholesterol®]| cholest-4-
en-3-one 522 45 ¥ side chain®] #3442
A androst-4-en-3,17-dione¢} =i, A ringz B
ring®] d]i #F3A 2% propionaldehyde®} pyru-
vate2 Fal¥E o)1 W 313ledc), o] o cholestercl®
4 B4+ pyruvate®] carboxyl group .2 ZA3}A
X} Peterson 5(8)-2- cholesterol®] [“C— )7} ®EA
%ol wet CO,2} non-sterol hydrophilic compou-
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ndsel| M 8] &S deldny R} wela], 2
d&del| 4 2] non-sterol hydrophilic compounds: 9]
=3 Mg 7| 2E sl 1 3 2E Fyslo}l &
Zolrt.

RE AT 5 A
el S Fel] Rl leg H oo
radiocactivity, %Fed cholesterol®] oF A
4-en-3-one®] <F conjugate sterols2} non-sterol
hydrophilic compounds®] ool A= 7] wz} 2

°l= Eglow, ofs #F2 F3l AL cholest-4-
ene-3-one ©]%-9 RallciA ol 4] xbolo] ulz}

= Frie] 2Fe2 g 4 elsicHTable 2, Fig. 1).
R. sp. CD-1, R sp. CD-2, R sp. CD-3, R equi, R
rhodochrous, R. erythropolisS w8l H o] o=
2571 cholesterol-& cholest-4-en-3-one 0.2 4l3}s}
912, cholesterol?] 3] F=e] 72 100%] 7}
7 el A= FAdsidc)l 28y Rosp. CD-1, R
sp. CD-3, R. rhodochrous, R. erythropolis5- E3+8h=
A A “1Ho) A= cholesterole] cholest-4-en-3-one
o2 AbEE 5, sterol B3 o] Hart o F

Alal CO8F 784 EARe] Hall7) gis) o) F
14 sterol A F7F fAMEEC] A9 WA gk}
ol2l= 2 Mo 8 R sp. CD-2, R equi s ¥E%sl=
A Lo A= cholest-4-en-3-oneo] WAIE F

o] F o] F-3l mAo] stz Fdf vy @
%2l cholest-4-en-3-oneo] nfakollel &2 =]9)c}),
ol2} fFAE 5Ade] Arima 5(6)2] <oA% %
A= et o] 52 cholesterol2] ¥-s <kalef wie} 3
7}A] 2F o8 FEFilodc)h AHA 13 E cholesterol
w8l F-| i F-Foll s El=d], BalAbE 2 A A
cholest-4-en-3-oneut-& Z-43sl¢l o] ule|z]o}, whAd

wao] el ARe|M d¥bdom ilepyic)
THA 15 -& cholest-d-en-3-oned} 74 cholesta-1,
4-dien-3-one-S A slgdvl o] FE Shreplomy-
cesoll dFstalct MWHA 258 cholesterole] Abck
8] F-all=jo sterol AFL F7F AMES 7R o
5A8 7FR|A ql.ew, Arthrobacter simplex, Bacillus
voseus, Bacillus sphaericus, Brevibacterium lipolyti-

cum, Corynebacterium equi, Mycobacterium avium,
Nocardia erythropolis, Streptomyces rubescens 5-o] o)
25 siukshedc).

o] 218}t cholesterol ¥l uh2]2] z}o]E Ro} chole-
sterol 47| 52 o2 ALg-8}7]of| = steroid A2} 3t
) AFARE-o] @Al 9k R osp. CD-1, R sp. CD-32
gl Aol o felsleleln wRrgc,

2 RelMe HY AHAAE RaushA] ko, ol
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T=9 cholesterol oxidase B4 E-E £A13F At
R sp. CD-2= A3] 9% cholesterol oxidase
BHEE 71 Ae® elt cholesterol oxidase
A4t Sells ol 82 wigk 33 HrlEglon, o
59 cholesterol oxidased] A= §&4He &4
o] &, AHA 3 A7} 2lEy Foll,

2 2
AHAEAe] ok A} vlA, 2 E =0 28 ¥E] cho-

lesterol-2 Y BFAR O E o] Lslo] A-B-5}= ulE
2lot 6778 welsiiict. o] #FEe] WehshH, 4

speha], el BAE zAlsle] o] F 3FFE
Rhodococcus species® ¥ =AHsla, 2+2F Rhodo-
coccus sp. CD-1, CD-2, CD-32.2 v 3}lich

7F #3-9] cholesterol #3582 30T o A] ujok
slm A AR A3 Rhodococcus spp. CD-1, CD-
2, CD-3+= 39 Fl Ay 100%E Fdlsier, »
= 1FE°] 72 ®a4HEE cholest-4-en-3-oneS
A Adslic). 22y}, cholest-4-en-3-one ©]3-2] 13
Al = el el djapbae]  zfelzp glo]
A, Rhodococcus sp. CD-1, CD-3+= cholesterol®)
cholest-4-en-3-one 2. F. 413}=] & mallo] Hg)rl o

FoARHA A BalZol ¥a)rl gubsled gterol
A HARES o] )R] ekekond, Rhodococeus
sp. CD-2+ 8§k & cholest-4-en-3-onee)] Abciak o}
Ciol A cholest-4 en30ne ol F o] RalctAz} Al
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