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Abstract-Fermentation of cholesterol with a culture of Corzolus hzrstus yielded a mixture contammg 7-oxo-cho- 
lesterol and hydroxylated-cholesterol derivatives Preparation of a possible precursor of antherldlol, 7-oxofucos- 
terol, by this fungus was also examined 

INTRODUCTION 

OUR ATTENTION has recently been focused on the biosynthesis of steroidal hormones, ecdy- 
sones’ and antheridiol, a fungal sex hormone from the water mold, Achlya h~sexualis.~~~ 
We now report the results obtained during the course of a study on the metabolism of 
cholesterol by the microorganism Coriolus hirstus (IF0 4917). 

RESULTS 

Aerobic mcubation of cholesterol added to a 3-day-old C. hlrstus culture gave after 5 
days three hydroxyketone metabolites, A, B, C and two dihydroxy compounds, D-l and 
D-2. The mam metabohte, C, m.p. 170-172.5, C27H4402, presented the characteristic 
bands of an a&unsaturated ketone [IR(CCl,): 1676 and 1634 cm- ‘, UV (EtOH): 239 nm) 
and of a hydroxyl group [IR(CCl,): 3460 cm- ‘1. In the NMR spectrum of compound C 
there were singlet signals due to the protons of the angular Me groups at C-18 (6 0.69) 
and at C-19 (d 1.21) which agree well with the values CC-18 (6 0.68) and C-19 (6 1 17)] 
calculated4 for 3/I-hydroxycholest 5-en-7-one(l). Finally, the metabohte C proved to be 
identical with 3/3-hydroxycholest-5-en-7-one(l), by comparison with the physical properties 
[m.p., (~)u, UV] of an authentic sample 5 The other hydroxyketone metabohties, A, m.p. 
191-195” and B, m.p. 161-162” were identified, from their physical data, as 6/I-hydroxy- 
cholest-4-en-3-one and 6sl-hydroxycholest-4-en-3-one, respectively.6 The metabolites, D-l 
and D-2, showed a charactertstic blue colour on TLC after spraying with 50% H,SO, and 
were mseparable by PTLC and column chromatography. The MS of the mixture had a 
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peak at III,O 384 (M +- 18). Indlcatmg that these mctabohtes were monoh~droxq-cholesterol 
derrvatlves The mixture was benzoylated and separated by PTLC to g~vc two cteryl dlben- 
roates. The less polar dlbenzoate (D-l dlbenzoate). m p 151- 154’ and the polar one (D-2 
dlbcnloate), m p. 177- 174 were confirmed to be Identical. by comparison with the physl- 

cal properties [m.p_ (x)(,, UVJ of authentic samples,’ with cholest-5-en-3fi.7x-dlol dlben- 

zoate and cholest-S-en-P,7B-dlol dlbenzoate, respectively Thus. the mctabohtcs D-l and 
D-2 were proved to be cholest-S-en-3/I.7r-dlol (2) and cholest-~-en-311.7/i-dlol (3). respect- 
lvel> Only 7-hydroxycllolesterol among these metaboiltes has prevlousl! been reported 
as a mlcroblcil transformation product of cholesterol ’ 

Presumably the 7-hydroxqcholesterols were obtained from cholesterol by an enzymatic 
process m C ~zw\~u\ However cholesterol and A’-?-ketostcrolds can also bc hqdroxylated 
by autooxIdatIon ” “’ Therefore we attempted to verify that the aho\c metabolrtcs cvere 
formed by enrymatlc processes The extract obtalned after the aerobic lncubatlon of cho- 
lesterol m C’ /WWS culture at 30 for 5 day\ was purified b> PTLC’ to remove the residual 
cholesterol and so gl\‘e the metabolltc fraction TINS material was then trunethylsllylated 
and analysed by GLC, which showed five peaks correspondmg to compounds A. B, C. 
D-l and D-I? (see Table I) Aerobic tncubatlon\ of cholcstcrol 11~ the malt medium and 

TAW 1 GLC ANALYSIS Of STFROI[lAL HLTAHOI 177 S 
I_- _______~~ 

Sterotd RR, Yield of Stelolds (“,,) 
__-__- 

A-TMS (68-hydroxycholest-4-cn-3-one) 5 03 I so 
B-TMS (6r-hydroxycholest-4-en-j-one) X 32 0 41 
C-TMS (?P-hytilorcv~holest-5-cn-7-(~n~l 6 13 2 6X 
D-I-TMS (cholest-&-3/i, 7x-dial) I 00” I 29 
D-I-TMS (cholest-5-cn-_i[j 7fl-d10l) I 3’) 0 96 

--__ 

Column condltwns 5’:,, OV-21001~ Gaschrom Q. 3 mm x 100 cm glass colunm, wlumn temp 230 The stcr- 
aids ~crc analywd <+b theit TMS dcrwatlves 

* ? 30 m1n 

m a C Irrruu5 culture pretreated by heat (100 , 5 mm) aerc performed as controls. The 
extracts of both control mcubatlona were treated as above, but showed no peaks on GL( 

analysis corresponding to any of the metabolites This mdlcates that the above metabolites 
must be formed bq cn7ymatlc reactIons As an extentjon of these studies we mvestlgated 
the preparation of a posslbli: precursor of antherldlol, 7-oxofucosterol. bq fermcntatlon of 
fucosterol [stlgiiiasta-S.E-24(2X)-dlen-_i/i-oll with C hrr\tus The fermentation of C IIWW~S 
culture with fucosterol gacc: products which showed a slmllar pattern of spots on TLC 
to that of the cholesterol mctabohtes There were three UV absorbmg spots (A’. B’ and 
C’) and one spot (D’) showing the blue colour after spraymg with 50”,, H,SO, These meta- 
bolrtes: were separated bq PTLC The MS of metabohtcs A’, B’ and (” had the parent peak 
at 777/e 416 and a strong peak at III,I’C~ 328 (M ’ -98) which probabi! occurred b) a McLaf- 
forty rearrangement of the side cham due to the 24-ethylldcne group ” The metabohte 
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D’ had the parent peak at m/e 428 and a strong peak at m/e 330 (M+-98). From these 
findings, the metabolites of fucosterol are assumed to be 7-oxofucosterol, 7-hydroxy- 
fucosterols and 6-hydroxyfucost-4-en-3-ones. 

EXPERIMENTAL 

M,Ps were measured on a Kofler hot-stage apparatus and are uncorrected MS were measured with a JEOL 
JMS-D 100 and NMR suectra were recorded on a JEOL MH-100 m CDCI, with TMS as an internal standard 

Convers~n of cholest&ol by C hlrstus The fermentation medium con&ed of malt extract (20 g), dextrose 
(20 g). peptone (1 g) and water (1 htre) C hlrstus was maculated mto 100 ml of the medium contamed m a 
500 ml Sakaguchl flask and incubated at 30’ for 3 days on a reciprocal shaker To this culture was added choles- 
terol (50 mg) in dloxane (1 ml) and the mcubatlon continued for an addItIona 5 days at 30” The contents of 
55 Sakaguchl flasks were filtrated the combined broth saturated with NaCI. and then extracted talce with EtOAc 
(5 1) to give 1 017 g of the broth extract (be) The mycehum was extrac.ted by repeated soakmg m Me,CO and 
decantatlon After evaporation of the Me,CO the restdue uas partItioned between EtOAc and saturated NaCl 
soln The orgamc layer afforded the mycehum extract The crystalllzatlon of the mycehum extract gave 366 mg 
of cholesterol and 2 151 g of the residual mycehum extract (me) The combmed extract (be + me) was subjected 
to SlhCt+ gel column (3 x 27 cm) chromatography Elutlon of the column with 7 5’:, (v/v) EtOAc m n-hexane (1 
htre) yielded cholesterol (553 mg) After elutlon with lo’% (v/v) EtOAc m rt-hexane (1 litre). the column was eluted 
with 20”/, (v/v) EtOAc m tl-hexane (2 I ) to give fraction I (325 mg) contammg three metdbohtes A, B and C 
This fraction was further purlticd by PTLC (s~hca gel 60 PFZ jj developed with EtOAc-trhexdne (I 1)) to give 
compound A (58 mg, R, = 0 38), c.ompound B (16 mg. R, = 0 31) and compound C (95 mg, R, = 0 24) The 
column was then eluted with 40’:, (v/v) EtOAc m n-hexane (1 5 1) to give fraction II (112 mg) contammg D-l 
and D-2 Fraction II was benzoylated to give a mixture of the dlbenLoates, which were separated by PTLC 
(slhca gel 60 PF2i4 developed with CHCI,) to afford D-l dlbenzoate (28 mg. R, = 0 78) and D-2 dlbenzoate 
(26 mg, R, = 0 72) 

Metaholrtr A (6B-hydro*ycholert-4-en-3-onr) Recryst from n-hexane, needles m p 191-195”, (?)A’ + 29 4’ 
(c, 0462 CHC13) [lrt’ m p, 192-195”, (Y);’ i-31 8’1 (Found C, 8094, H, 11 07 Calc for CZ,H,,O, C, 8083, 
H, 1098%) NMR (CDC1,) 6 074 (3H, s. C-18 Me), 1 36 (3H, 3, C-19 Me), 432 (IH, t, J 44 Hz, C-6), 5 76 
(lH, s, C-4 H) IR (Ccl,) max (cm-‘) 3625, 1680, 1615 [ht’ IR, NUJO~ (cm- ‘) 3360, 1670, 16121 UV (EtOH) 
238 nm (E = 13000) [hth UV (95:‘; EtOH) 239 nm (E = 13000)] MS M+, 400. M+-15, 385, M+-18. 382. 
M’-side cham, 287, M’-side chain-41, 246, M+-side cham-42, 245 

MetaboliteB(6whydrowycholest-4-en-3-one) Recryst from MeOH, needles m p 161-162”, (x)6’ +77 2” (c. 0 167 
CHCI,) [lit 6 mp 163 5-164”. (;()A’ + 8001 NMR (CDCl,) 0 72 (3H, 5, C-18 Me) 1 18 (3H, s, C-19 Me), 4 35 
(lH, q. J 12 6 Hz, C-6 H), 6 22 (IH. d, J 2 Hz, C-4 H) IR (Ccl,) max (cm- I) 3400, 1670, 1620 [ht ’ IR, 
NUJOI (cm-‘) 3355, 1665, 16171 UV (EtOH) 243 nm (6 = 16200) [lit’ UV (95’;6 EtOH) 243 nm (E = 14700)] 
MS M+, 400, M+-15, 385, M+-18, 382. M+-side cham, 2X7, Mf-side chain-41. 246, M+-side cham-42, 245 

Metabolzte C (38-hydroxychole~t-5-rn-l-one) Recryst from ether-pentane, needles m p 170-172 5”, (r)h3 - 106” 
(c. 0 634 CHC13) [lit ’ m.p 171’, (s()~ - 113’1 (Found C. 80 74, H, 10 93 Calc for C,ZH,,OL C, 80 X3, 
H, 1098%) NMR (CD’&) fi 0 69 (3H, 5, C-18 Me), I21 (3H, s. C-19 Me), 3 71 (lH, m, C-3 H), 5 72 (lH, s, 
C-6 H) IR (Ccl,) max (cm-‘) 3460, 1676, 1634 UV (EtOH) 239 nm (E = 12700) [ht ’ UV (EtOH) 237 nm 
(E = 13400)] MS Mt. 400. M+-18, 382, M+-18-15, 367. M+-side chain. 287. M+-side chain-42, 245 

Metabollte D-l d~benzoate (cholest-5-en-3P, la-&o/ dtbewoate) Recryst from n-hexane, m p 151.. 154’. (a)&’ 
-965” (c, 0707 CHCI,) [lit’ mp 155”, (c()g - 114”] NMR (CDCl,) 6 073 (3H. s, C-18 Me), 1 13 (3H, F, 
C-19 Me), 490 (IH, ,w, C-3 H), 525 (IH, 111, C-7 H), 575 (1H. d. J 5 Hz, C-6 H). 746 (6H, w), 800 (4H. m) 
IR (Ccl,) max (cm-‘) 1720, 1604 UV (EtOH) nm (E) 230 (26300). 275 (1530) (lit’ UV 230, 272 nm) MS 
M+-122,488, M+-122 x 2. 366 

Metabolrte D-2 dhenzoate (cholest-S-en-3P, 7/?-dlol dtbenzoate) Reqst from n-hexane, needles m p 172- 174, 

(a);’ + 102.’ (c, 0 144 CHCl,) [lit ’ m p 174’, (a);” + 92’1 NMR (CDC13) H 076(3H, s, C-18 Me), 1 18 (3H, 
s, C-19 Me), 490 (lH, WI, C-3 H), 5 35 (lH, hd, J 8 Hz, C-7 H). 5 40 (lH, d, J 2 Hr. C-6 H) IR(CCI,) max (cm- ‘) 
1720, 1605 UV (EtOH) nm (E) 230 (27400), 275 (2120) (ht ^ UV 229. 272 nm) MS M+-122, 488, MA-122 x 2, 

366 
Hydrolysrs ofdlbenzoates Alkaline hydrolysis of the dlbenzoates gave the origmal dlols 
Conoerslon offucosterol by C hlrstus Fucosterol (30 mg) was treated accordmg to the procedure described 

for the converslon ofcholesterol The crude extract (20 mg) was separated by PTLC (slhca gel 60 PF2sd. 20 x 20 
cm, 1 plate developed with EtOAc and n-hexane (1 I)) mto five frractions (trace amounts of four metabohtes and 
8 mg of fucosterol) 
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