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Abstract - The microbiological transformation of lithocholic acid Ofi-hydroxy-5d-choianlc acid) into 

3\:, 15d-dlhydroxy-jd-chulanic acid by Cunnlnghamella sp. is investigated. The structure has been 

determined on the basis of tvo-dimensional lH-NMR. 
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Although mlcroblal rransformation of a variety 

of steroldal compounds has been wel! studied’. 

little knovledge 1s available on the hydroxyla- 

tlon of bile acids. Vhile most scudiesonmlcro- 

bial transformation have been done with respect 

to rhe cholesterol metabolism 2.3 , fev reports 

have been published on obcalnlng useful bile 

acid derivatives. 

Since Danzinger et al. 
4 

and tiakino et al. 
5 

discovered that I-hydroxy derivatives of 5~- 

cholanic acid. I.e. ursodeoxycholic acid (30. 

7B-dlhydroxy-5d-chalanic acid) and chenodeoxy- 

chollc acid (3~. 7a-dihydroxy-55-cholanic acid) 

are effective in dissolving cholesterol gall- 

stone and they have been used successfully for 

pdtlents of gallstonedisease,more attention has 

been raised on the hydroxylation of bile acids. 

In the course of our studies on the biotrans- 

formation of bile acids by means of fungi6. a 

fungus Cunninghame!la sp. ST-22 was isolated 

from acid soil at Bangkok.Thailand fn 1982. and 

vas characterized by its ability to convert 

Iithocholic acid into mot-e hydrophilic compounds. 

In this report we described the structural elu- 

cldation of rhe main product as 3a. 15fi-dihydro- 

xy-ji<-cholanic acid (Figure 1). 

Ynb~-- mm 
Figure 1. Conversion of lithocholic acid into 

3a, 156-dlhydroxy-56-choloanic acid 

Results and Discussion 

The microbfologlcal transformation was carried 

out in submerged culrures of Cunnlnghamella sp. 

ST-22 containing 1 g of llthochollc acid, 40 g 

dextrin. 12 g asparaglne. 3 g KCI. 2 g KH2P04. 

0.5 g C&IL *2H20. 0.5 g MgS04.7H20. 1 g yeast 

extract and 0.1 g each of CuSOL*5H20. FeS0;7H20. 

Na2Ho04*2H20. YnS0,,‘6H20 and ZnSO 4.7H20 per e of 

the culture. After 6 days of cultivation at 30-C 

on a reciprocal shaker, the product was fsola- 

ted by extraction with ethyl acetate. The ethyl 

acetate extract was chromatographed twice on a 

silica gel column using first ethyl acetate-2,1. 

4-rrimethylpentane-acerlc acid (10:10:2. v/v/v) 

and then chloroform-acetone-acetic acid (5O:lO: 

0.6, v/v/v) as eluent. The material was crystal- 

lized twice from ethyl acetace/hexane to afford 

white crystals (475 mg. 31.0 % yield). The homo- 

geneity was checked by high performance liquid 

chromatography and the crystals dissolved in 

methanol showed a single peak. The compound, 1, 
25 

m.p. 185.5-186.j”C and [a], +3.4 (cl. EtOH). 

was shown to have molecular formula C2&HL00,, by 

elemental analysis (Found: C. 73.38 Z; H. I\!.30 

%. calcd. for C24H4004: C. 73.42 %. H. 10.27 Z) 

and mass spectral data of molecular secondary ion 

mass spectrometry7 [(H + Sa)+ at m/z 415 and 

(H + H + glycerol)+ at m/r 485 1. Considering 

that the starting material was llthochollc acid 

(C2/,H40“3) v _ 1 was assumed to be a dIhydroxy de- 

rivative of 56-cholanic acid. The IR spectrum 

of 1 which exhibited absorption at v 
-1 

“aX (nujol) 

3280 (bonded OH) and 1700 cm (C=O dimer) sup- 

ported the above estimation. Further confirma- 

tion of the structure came from the 
13 

C-NM of r 

(Table 1) which showed 24 signals. By 

INEPT 
13 

C-Y& , i was found to contain 3 methyl 

carbons, 10 methylene carbons. 8 methine carbons 

and 3 quaternary carbons. 1Ls methine carbons 

2843 
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Table 1. 13C-NHR data a) for L In CD3DD. 

l-&H2 37.3 (t) 

2-&H2 32.3 (t) 

3-CHDH 72.7 (d) 

4-&H* 42.1 (t) ') 

5-CH 43.6 (d) 

6-&H2 28.3 (t) 

7-cH2 26.8 (t) 

8-&H 36.4 (d) b, 

9-&H 42.2 (d) 

10-C 35.9 (s) 

11-Q12 21.8 (t) 

12-C_H2 42.9 (t) c, 

13-C 

14-CH 

15-CHDH 

16-&H2 

17-CH 

ID-CH3 

19-&H3 

2D-CH 

21-cH3 

22-cH2 

23-&H2 

24-COOH 

43.6 (s) 

62.4 (d) d, 

70.6 (d) 

31.2 (t) 

61.5 (d) d, 

15.2 (4) 

24.0 (4) 

33.0 (d) b, 

18.9 (9) 

36.6 (t) 

31.9 (t) 

178.0 (s) 

a) 6 in ppm ( ); multiplicity in off-resonance spectra. 

b). c) and d) Each assignment may be exchanged. 

showed QJOH resonances (70.6 and 72.7 ppm) and xy derivatives9. comparison of several charac- 

one quaternary carbon showed GOOH resonance ters of 1. i.e. m.p.. [a] 
25 
D , retention time on 

(178.0 ppm). From the data mentioned above, 1. CC or HPLC, and Rf values in 9 solvents, with 

is concluded as dihydroxy derivative of X3- those of known dihydroxy derivatives 9-11 indi- 

cholanlc acid. cated that 1 is the new compound. Therefore, - 

Although there already knownseveral dihydro- we investigated the ‘H-NMR spectrum to assign 

II 
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Figure 2. Two-dimensional J-correlated H-NHR spectrum of 1 



15/3-Hydroxylation of lithocholic acid by Cunnittghamelkl sp. 2845 
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Figure 3. Two-dimensional J-correlated 'H-NHR spectrum of 1 

the position of the hydroxy group other than 3a 

fn this compound. In 300 PMz ‘H-NMR spectrum 

(C6D6:CD30D. lO:l, v/v) follovfng resonances 

were observed: 3.98 (lH, m. J-5.56 Hz, aOH). 

3.52 (1H. m, Jax_ax-g.42 Hz. 313-H), 1.00 (3H, 

s, 19-CH3). 0.92 (3H. 8. 18-CH3) and 0.88 ppm 

(3H, d, J-8.30 Hz. 214X3). Prom the down 

field shift of 18-CH3 resonance (0.92 ppa in ; 

from 0.65 and 0.73 ppm in lithocholic acid 

methyl ester and 3a. 12a-dihydroxy-Sg-cholanic 
12 

acid. respectively) , the hydroxy group other 

than 3a in 1 seemed to locate either at 116. 

126. 156. 168 position. Furthermore. the J 

value of 3.98 ppm signal suggested the location 

of the hydroxy group on 5 membered ring. Thus s 

for the position of the hydroxy group. 156 or 

165 was most probable. To confirm the position 

of the hydroxy group further. we performed the 

two-dimensional J-correlated 
1 

H-NMR spectros- 
13 

copy of 1 (Figure 2). in which 3.98 ppm 

proton showed the coupling with 2.28, 1.36 and 

0.65 ppm protons. The strong coupling betveen 

2.28 and 1.36 ppm protons (J-10.9 Hz) indicated 

that each proton was the geminal proton of 

methylene carbon. The 2.28 ppm proton exhfb- 

ited the one more couplfng with 0.9 ppm proton 

(resonance J). Based on these couplings. the 

r ‘I’ H H I I 
partial structure of -F-F--C-y- was 

OH ; 

demonstrated. This structure further ellml- 

nared the possibility that the hydroxy group 

may exist ac IIf or 126 position. The 0.65 

ppm methlne signal furcher showed the coupling 

with 1.82 ppm signal (resonance i. Fig. 2). 

This 1.82 ppm proton should locate at C-20 when 

the hydroxy group locates at 1613. or at C-8 

vhen the hydroxy group locates at 156. Because 

the resonance arising from the C-20 methinepro- 

ton was at 1.56 ppm (resonance k. Figure 3) 

evidenced by the coupling with methyl protonsat 

C-21 (0.88 ppm. resonance e). the 1.82 ppm slg- 

nal was assigned as 8-H. From this assignment 

the 0.65 ppm signal was determined as C-9 

mcthine signal, thus indicating the location of 

the hydroxy group at 151’3. The coupling between 

1.56 ppm proton and 0.88 ppm proton was further 

confirmed by the dffference spectrum between 

coupled and 0.88 ppm decoupled spectra. In con- 

culsion Cunninghamella sp. ST-22 converts litho- 

holic acid into 3a, 15B-dihydroxy-55-cholanic 

acid. 

In our knowledge this compound Is the first 

bile acid derivative containing 156-hydroxy 

moiety. The pharmacological study in detail is 

in progress. 

EXPERIMENTAL 

InStrUmeRtdtlOR 

IR spectra were recorded as NuJol mulls, on a 

Hitachi 215 spectrophotometer. Uass spect ro- 

metrical measurements were performed using a 

Hitachi RMlJ-6E or Hitachi M-80 mass spectro- 

meter. Optical rotations were determined with 

a DIP-181 polarimeter (Japan Spectroscopic Co. 

Ltd.). Elemental analyses were performed by the 
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analytical center of Applied Chemistry (Faculty 

of Engineering. Osaka University). 13 
c-NMR 

spectra were obtained at 25 MHz using a JEOL 

IX-100 spectrometer. One-dimensional and two- 

dimensional 
1 

H-NMR data were obtained with 

Nlcolet NT-300 spectrometer at 300 MHz. High 

performance liquid chromatographic analyses of 

the product were carried out with a Trlrotar- 

II (Japan Spectroscopic Co. Ltd.) equipped with 

Zorbax-ODS column (DuPont Instruments). Sol- 

vent used was methanol-water (73:27, v/v. pH 3 

with H3P04) with detection at 210 nm. CSS 

chromatography was performed vith a Hitachi163 

equipped with FID. A glass column 3 mm x 1 m 

2 2 Silicone DC-QF-1 on Uniport HP 80/100 mesh 

was used, col. temp. and inj. temp. 22O’C and 

240°c, respectively. Samples for CC were de- 

rivatized with hexafluolo isopropanol and tri- 

fluoroacetlc anhydride according to the method 
15 

of Imsl and Tamura . 

Cultlvstion of Cunninghamella sp. ST-22 and 

isolation of the cumpund~. 

The cultivation was performed either with 2-4 

Sakaguchi flasks on a reciprocal shaker (120 rpm, 

3O’C) or with a 10-f. Jar fermentor (type W- 

500; L.E. Marublshi). For jar fermentation. 

the pH was kept at 7.0 vlth 3 N HCl and 3 N 

NaOH, the temperature at 3O”C, the aeration 

rate at 1.0 vvm. and the agitation speed at 300 

rpm. 

For silica gel chromatography of compound r. 

Wakogel C-300 (Wake Pure Chemical Industries, 

Ltd.) was used. All solvents used were pur- 

chased from connnercial sources and were used 

without further purification. The typicalpurl- 

fication procedure of 1 was as follovs: Nine t 

of culture broth was adjusted to pH 3 with 3 N 

HCl. followed by the extraction vlth 18-E of 

ethyl acetate with vigorous mixing for 2-3 hr 

at room temperacure (1.53 g of r). After dry- 

ing ethyl acetate layer with anhydrous Na2S04, 

the extract was concentrated by rotary evapora- 

tor (5OOC). The oily material was dissolved In 

the minimum amount of ethyl acetate-2.2,4-tri- 

methylpentane-acetlc acid (10:10:2, v/v/v) and 

was chromatographed on a slllca gel column (3.0 

x 96 cm) using the same mixture as eluent. 

Fractions of 10 ml were collected and were ana- 

lysed by TLC (ethyl acetate-2.2.4-trimethyl- 

pentane-acetic acid. 10:10:2. v/v/v) and gas 

chromatography. Fractions containing the com- 

pound 1 (711 mg) was mixed. concentrated vith s _ 

rotary evaporator, and was rechromatographedon 

a silica gel (chloroform-acetone-acetic acid, 

50:10:0.6. v/v/v) column (3.0~ 96cm). Frac- 

tions containing compound iwere mixed (527 mg). 

evaporated to dryness by rotary evaporator 

(50°C) * end crystallized twice from ethyl ace- 

tate/hexane (475 mg. 31.0 X yield). 
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