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C,,H,,02: C. 82.05: H, 1 1.1 I”%.) Oxidation of ii with a 4. 

CrO,-Py complex [12] gave a ketone. mp 180-182”. IR 5. 
,,;;;r’ cm ‘: I7 IO, X45. (Found: c‘, 83.86: H. I 1.50. Calc. for 

C,,,H,,<O: (‘. X4.9: H, 11.32’%>.) 6. 
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INTRODUCTION 

Dichotomy at the point of cyclization of squalene has 
been well established in sterol biosynthesis; lanosterol 
is the first polycyclic compound in the biosynthesis of 
sterols in animals while cycloartenol is found in photo- 
synthetic plants and algae [I, 21. Fungi have been 
considered to follow the pathway operating in animals. 
Support for this conclusion came from the isolation of 
lanosterol from Saccharonz yces certwisiae [3], 
Phycontyces blakesleeanus [4] and Aspergillus fumi- 
gatus [4] and from the demonstration of 2.3- 
oxidosqualene-lanosterol cyclase in cell-free prepara- 
tions of Saccharomyces cereuisiae [5] and Phycomyces 
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blakesleeanus [h]. Furthermore, other lanostane-type 
structures have been found in some of the wood- 
rotting fungi [7] but cycloartenol has not been de- 
tected in any fungi whose sterol contents have been 
determined (7, Ii]. The conclusion that ianosterol is the 
first polycyclic precursor in fungi is based on a 
generalization drawn from the three species men- 
tioned above which contain lanosterol in detcctahlr 
amounts. 

It has been observed previously that photosynthetic 
organisms synthesize cycloartenol, yet both lanosterol 
and cycloartneol are utilized equally well in the synth- 
esis of 4-desmethyl stcrols [9]. However. in rat liver, 
cycloartenol is not metabolized to 4-desmethyl sterols 
whereas lanosterol is utilized [S]. To our knowledge. 
lanosterol and cycloartcnol utilization studies have not 
been carried out for any fungal species. Thus the 
purpose of this work was to determine the first 
polycyclic product in steroi biosynthesis for Uronryces 
phased, which is an obligatcly parasitic fungus that 
differs taxonomically from the fungi mentioned above. 
Cycloartenol and lanostcrol have not been detected 
among the sterols of this organism [IO]. A second 
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objective was to determine if either of these sterols 
were preferentially utilized by the fungus. 

RESULTS AND DISCUSSION 

Trapping of radioactivity in the first polycyclic 
compound 

Lanosterol or cycloartenol (4 mg) and squalene- 
[‘“Cl (2 mg, 1.06~ lo6 dpm) were emulsified with 
24 mg Tween-80, and 5 p,mol NADPH, dissolved in 
1 ml 0.01 M Tris-HC1 buffer, pH 7.5, were added to 
the emulsion. The mixtures were preincubated at 23” 
for 5 min followed by addition of 4 ml of a 10 000 g 
supernatant of the homogenate of uredospores of 
Uromyces phaseoli. After 2 hr at 23” the reaction was 
stopped by adding KOH and EtOH to final concentra- 
tions of 10 and SO%, respectively. The incubation 
mixtures were saponified and the unsaponifiable ma- 
terials were subjected to TLC with Et@hexane- 
HOAc (70 : 30 : 1) as the solvent. The zones co- 
chromatographing with authentic lanosterol or cyc- 
loartenol (identical mobilities) were removed and ex- 
tracted with CHCI,. The concentrated CHCl, extracts 
were rechromatographed (TLC) with cyciohexane- 
EtOAc (90 : 10) as the solvent. Again the zones co- 
chromatographing with lanosterol or cycloartenol were 
removed and extracted with CHCl,. To the material 
isolated from the lanosterol-trap experiment, 6 mg 
non-radioactive lanosterol was added and to the cor- 
responding extract from the cycloartenol-trap experi- 
ment an equal amount of non-radioactive cycloartenol 
was added. After evaporating the CHCI,, the residues 
were acetylated and the steryl acetates were 
chromatographed on AgNO,-Si gel TLC with CHCI,- 
HOAc (200 : 1) as the solvent. The zones correspond- 
ing to lanosteryl acetate or cycloartenyl acetate (iden- 
tical mobilities) were removed and extracted with 
CHCl,. To the material isolated from the lanosterol- 
trap experiment, 10 mg non-radioactive lanosteryl 
acetate was added and to the extract from the 
cycloartenol-trap experiment an equal amount of non- 
radioactive cycloartenyl acetate was added. Solvents 
were evaporated and the residues were dried over- 
night in UCLCUO. The steryl acetates were then recrystal- 
lized from MeOH-H,O and their specific radioac- 
tivities were determined (Table 1). The purities of the 
steryl acetates were confirmed by mp and GLC. In two 
other similar experiments the initial specific radioac- 
tivities were lower but again the specific radioactivity 
of lanosteryl acetate became constant and that of 
cycloartenyl acetate dropped to zero within five re- 
crystallizations. 

Preferential utilization of lanosterol 

The 1500 g supernatant of the homogenate of 
uredospores of U. phaseoli was incubated with a mix- 
ture of lanosterol and cycloartenol. The incubation 
mixture contained Tris-HCI buffer, pH 7.5 (0.01 M), 
ATP (3 mM), NADPH (1 mM), glucose 6-phosphate 
(3 mM), nicotinamide (30 mM), MgCIZ (5 mM), MnCI, 
(2 mM) and 0.5 mg each of lanosterol and cycloar- 
tenol. The sterols were suspended in the aqueous 
media with the aid of the detergent Lubrol PX (32 
mg). Total incubation volume was 8 ml after the addi- 
tion of 5 ml of 1500 g supernatant of the homogenate. 

Table 1. Radioactivity associated with lanosterol and cyc- 
loartenol after incubation of Uromcyes phaseoli homogenate 

with squalene-[‘4C] 

Cold trap Lanosterol Cycloartenol 

Initial weight 18.85 mg 19.50 mg 

Specific radioactivities 

of acetates (dpmimg) 

Before 

recrystallization 7.62*0.26 4.48*0.25 

After 3 

recrystallizations 7.51*0.27 2.21 ztO.25 

After 5 
recrystallizations 8.07 zt 0.26 0.45zkO.25 

After 6 

recrystallizations 7.97xtOo.26 O.OOzkO.25 

Melting point 129-130” 123-124 

Literature value 129-130°* 122-124”T 

* Melting point of lanosteryl acetate [13]. 

t Melting point of cycloartenyl acetate [14]. 

Incubation was carried out for 3 hr and at the end of 
the first and second hour 24 p,mol ATP, 8 pmol NAD 
and 48 pmol EtOH dissolved in 0.1 ml 0.01 M Tris- 
HCl buffer, (pH 7.5) were added [ll]. The reaction 
was stopped by adding 8 ml 2 N KOH in 50% EtOH. 
A blank was prepared in an identical manner except 
that the reaction was stopped at zero time. The un- 
reacted lanosterol and cycloartenol were then isolated 
from the unsaponifiable materials by TLC (Et,O- 
heptane-HOAc, 70 : 30 : 1). The zones cochromato- 
graphing with lanosterol or cycloartenol were re- 
moved, extracted with CHCI, and acetylated. Acety- 
lated products were chromatographed on AgNO,- 
Si gel TLC with CHCI,-HOAc (200 : 1). Appropriate 
zones were removed, extracted with CHCl,, concen- 
trated and analysed by GLC. Lanosteryl acetate and 
cycloartenyl acetate had retention times of 17.6 and 
20.8 min, respectively. The relative concentrations of 
the sterols were determined by calculating the peak 
areas by triangulation. For the zero-time-blank a lan- 
osterol : cycloartenol ratio of 1.01 was obtained and 
for the 3 hr incubation the ratio was 0.548. 

Other experiments with slightly different 
homogenization procedures yielded similar results, 
that is, an appreciable decrease in lanosterol relative 
to cycloartenol in the unmetabolized sterol pool was 
observed. Thus lanosterol was preferentially utilized 
by the fungus, and it is assumed that it was used 
mainly for 4-demethyl sterol productions. 

The data presented provide evidence that lanos- 
terol is the first polycyclic product in the biosynthesis 
of sterols in U. phaseoli, a Basidiomycete. Thus the 
results support the hypothesis that lanosterol is the 
first polycyclic compound in the biosynthesis of sterols 
in diverse classes of fungi. The preferential utilization 
of lanosterol by the fungus shows that it may be closer 
to animals in respect to 4,4-dimethylsterol metalbol- 
ism, since animals can utilize only lanosterol, whereas 
photosynthetic organisms are able to utilize both 
lanosterol and cycloartenol to synthesize their domin- 
ant sterols. 
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EXPERIMENTAL 

Bean rust uredospore5, Urornyces ph0wo11 (perh.) Wint. 

var., typica Arth.. were produced as described 13) Trocha and 

Dal> 1121. 

Homo~mizarron of uredmpnrec. Uredospores (I ,q) were 
homogenized for I min (MSK homogenixr. 4000 oscillations 

per min) in a SO ml hottic containing 5 g glass heads (1 mm 
dial and 5 ml O.Oi M Tris-HCI buffer. pi1 7.5. During 

homogenization the bottle was cooled by liquid CO,. The 

homogenate and glass beads were washed with I ml buffer 

and the wash wa\ added to the homogenate. which was 

centrifuged at I500 g fnt- ‘70 min. In wmc experiment\ this 

supernatant was uwd while for others thr\ aupcrnatant wa5 

centrifuged at 10 000 g for 30 min and the resulting supernat- 

ant wit5 used for Incubatmnr. 

(‘i~rofnccro~rcrpl~y. TLC wa\ performed wth 0.75 mm thich 

SI gel G 01 15% AgNO,-Si gel plates. The hands were 

detected by spraying with Rhodamine 6Ci and \lewing under 

UV light. GI_C was performed wth \tainle\z steel column, . 
(2 m x 3 mm) packed with I .5’% OV- I7 operated at 270”: the 

carrier gas wab N, at 60 ml/min. 

Kadioucticc trvwy. Samples were dissolved in 10 ml of a 

soin of PPO 1n toluenc (4 g/l). The samples along with 

background blank\ were counted to give 98% statistical 

accuracy. The cfficiencb h.erz determined hy the external 

standard channci ratio method. 

Ixr~osferol. Commcrciai ianostcroi (70~liO’% pure, Sigma 

Chemical C‘o.) was purified by acetylating and chromato- 

graphing the products on AgNO,-Si gel TLC with CHCI,- 

HOAc !2(10 : I). ‘I‘he lanostcryi acetate ~;ls qmnificd and 

the Ic\ulting ianosterol was recr)~taliwed (2 * I tram MrOH- 

C‘H(‘I,, mp 137.5-333” (lit. j 131 14O’i. 

(‘y( lotrrwr~ol. C)cloartenol u as isolated from weds of 

.Slry( I~nos II[~*-cornictr [I-r]. which \\ere a gift from Penick. 

inc., i.yndhurst. NJ. U.S.A. Seeds (600 g) \bere ground in a 

mill and extracted with CHCI, 1n a Soxhiet apparatus for 

38 hr which yielded 52 g fat. The fat wa\ saponified h> 

rellusing for 2 hr with 500 ml 2 N KOH in EtOH and the 

non-~apollif~ables. cxtractcd with pctro-Et20 i I : I ), wcrc 

dissolved in petrol-Et,0 (3 : I) and percolated through a 

column (I .5 cm internal diai of 95 g A1201 (Brockman grade 

Il/ill~. ‘rile column was elutcd with 2.5 I. of pctro&Et,Cl 

(3 : I j(250 mi/hr1 and 150 ml fractions wcrc coliectcd. The 

cycioartenol containing fractions (‘IX(~l wcrc pooled and 

acctqlatcd, and then puritied on AgNO,-Si gel TLC CCHC’i,-- 

fiOAc. 200 : 1,. The cycioartenyl acetate (-100 mgl was 

eluted with CHCI, and wa\ then recry\tnllized from MeOH- 

CHCI,. nip 123.5-124”. lit. 1141 122-~ 124; saponification of 

the acctatc fulioweti by recry\taiiization (7 x I from MeOIl 

gave cycioartenol. The mp of the recqstalhxd product after 

overniyht drying in L‘~,CLIO at 65, was 115’ sharp. lit. [ill 

I 15’. The purity of the isolated cycloartenoi was found to he 

more than YX’% on Gi_(‘. ‘I hc standard c!cioartcnkl acetate 

used in the (;I~<‘ and ‘1‘I.C’ \\a\ obtained a, a gift from the 

Steriod Reference Collection. C‘hcmistr), Dcpartmcnt. Wc\t- 

lieid College. Hampstead. London: through Nat. inst. of 

Health. Hetheada. MD. IJ.S.A. 

Squ0lcnc-[“Cl. Squaiene-1 “Cl was svnthesized by incuhat- 
; IL ing. anaerohicall~. IX -mc\alnnic acid-[_- (‘1 u’ith a S,,, prc- 

paration of pig Ilver. a\ descrilxd hy Popjak [ I I]. The 

quaiene-[‘%‘I isolated from the mcuhation mixture was 

purified on an Al,O, column 11 ! 1. 
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