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C;,Hs,0,: €, 82.05; H, 11.11%.) Oxidation of ii with a
CrO,;-Py complex [12] gave a ketone. mp 180-182° IR
pRuelem ™ 1710, 845. (Found: C. 84.86: H, 11.50. Calc. for
Cy H,;,0: C, 84.9: H, 11.32%.)
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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 cycloartenot is found in photo-
synthetic plants and algae [1,2]. Fungi have been
considered to follow the pathway operating in animals.
Support for this conclusion came from the isolation of
lanosterol  from  Saccharomyces cerevisiae [3],
Phycomyces blakesleeanus [4] and Aspergillus fumi-
gatus [4] and from the demonstration of 2.3-
oxidosqualene-lanosterol cyclase in cell-free prepara-
tions of Saccharomyces cerevisiae [3] and Phycomyces

* Published with the approval of the Director as paper No.
5829 Journal series, Nebraska Agricultural Experiment Sta-
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blakesleeanus [6]. 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, 8]. The conclusion that lanosterol is the
first polycyclic precursor in fungi is based on a
generalization drawn from the three species men-
tioned above which contain lanosterol in detectable
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 sterols [9]. However, in rat liver,
cycloartenol is not metabolized to 4-desmethyl sterols
whereas lanosterol is utilized [9]. To our knowledge.
lanosterol and cycloartenol 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 sterol biosynthesis for Uromyces
phaseoli, which is an obligately parasitic fungus that
differs taxonomically from the fungi mentioned above.
Cycloartenol and lanostero! have not been detected
among the sterols of this organism [10]. A second
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objective was to determine if either of these sterols
were preferentially utilized by the fungus.

RESULTS AND DISCUSSION

first

Trapping of radioactivity in the polycyclic

compound

Lanosterol or cycloartenol (4 mg) and squalene-
[™C] (2mg, 1.06x10°dpm) were emulsified with
24 mg Tween-80, and 5 pmol NADPH, dissolved in
1ml 0.01 M Tris—HCI buffer, pH 7.5, were added to
the emulsion. The mixtures were preincubated at 23°
for 5 min followed by addition of 4ml of a 10000 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 50%, respectively. The incubation
mixtures were saponified and the unsaponifiable ma-
terials were subjected to TLC with Et,O-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 cyclohexane—
EtOAc (90: 10) as the solvent. Again the zones co-
chromatographing with lanosterol or cycloartenol were
removed and extracted with CHCIl;. 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-radicactive cycloartenol
was added. After evaporating the CHCl,, the residues
were acetylated and the steryl acetates were
chromatographed on AgNO,;-Si gel TLLC with CHClx-
HOACc (200 : 1) as the solvent. The zones correspond-
ing to lanosteryl acetate or cycloartenyl acetate (iden-
tical mobilities) were removed and extracted with
CHCI;. 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 vacuo. 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 ¢ 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), MgCl, (5 mM), MnCl,
(2 mM) and 0.5mg 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.
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Table 1. Radioactivity associated with lanosterol and cyc-
loartenol after incubation of Uromcyes phaseoli homogenate
with squalene-[**C]

Cold trap Lanosterol Cycloartenol

Initial weight 18.85 mg 19.50 mg

Specific radioactivities
of acetates (dpm/mg)

Before

recrystallization 7.62+0.26 4.48+0.25
After 3

recrystallizations 7.51£0.27 2.21+0.25
After 5

recrystallizations 8.07+0.26 0.45+0.25
After 6

recrystallizations 7.97+0.26 0.00+0.25
Melting point 129-130° 123-124°
Literature value 129-130°* 122-124°%

* 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 pumol ATP, 8 umol NAD
and 48 umol EtOH dissolved in 0.1 ml 0.01 M Tris—
HCI buffer, (pH 7.5) were added [11]. The reaction
was stopped by adding 8 ml 2N 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 CHCl; and acetylated. Acety-
lated products were chromatographed on AgNO;-
Si gel TLC with CHCL,-HOACc (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 uredospores, Uromyces phaseoli (pers.) Wint.
var., typica Arth., were produced as described by Trocha and
Daly [12].

Homogenization of uredospores. Uredospores (1 g) were
homogenized for 1 min (MSK homogenizer, 4000 oscillations
per min) in a 50 mi bottle containing 5 g glass beads (I mm
dia) and Sml .01 M Tris-HCI buffer, pH 7.5, During
homogenization the bottle was cooled by liquid CO,. The
homogenate and glass beads were washed with 1 ml buffer
and the wash was added to the homogenate. which was
centrifuged at 1500 g for 20 min. In some experiments this
supernatant was used while for others this supernatant was
centrifuged at 10 000 g for 30 min and the resulting supernat-
ant was used for incubations.

Chromatography. TLC was performed with 0.75 mm thick
Si gel G or 15% AgNO;-Sigel plates. The bands were
detected by spraying with Rhodamine 6G and viewing under
UV light. GLC was performed with stainless steel column,
(2 mx 3 mm) packed with 1.5% OV-17 operated at 270°; the
carrier gas was N, at 60 ml/min.

Radioactive assay. Samples were dissolved in 10 ml of a
soln of PPO in toluene (4 g/l). The samples along with
background blanks were counted to give 98% statistical
accuracy. The efficiencies were determined by the external
standard channel ratio method.

Lanosterol. Commercial lanosterol (70-80% pure, Sigma
Chemical Co.) was purified by acetylating and chromato-
graphing the products on AgNO;-Si gel TLC with CHCl;—
HOACc (200 : ). The lanosteryl acetate was saponified and
the resulting lanosterol was recrystathzed (2 %) from MeOH-
CHCl5, mp 137.5-138° (lit. [ 13] 140°).

Cycloartenol. Cycloartenol was isolated from sceds of
Strychnos nux-vomica [14]. which were a gift from Penick.
Inc., Lyndhurst, NI. U.S.A. Seeds (600 g) were ground in a
mill and extracted with CHCl; in a Soxhlet apparatus for
48 hr which yielded 52g fat. The fat was saponified by
refluxing for 2 hr with 500 ml 2N KOH in EtOH and the
non-saponifiables. extracted with petrol-Et,O (1 :1), were
dissolved in petrol-Et,O (3 :1} and percolated through a
column (1.5 cm internal dia) of 95 g AlL,O, (Brockman grade
L/111). The column was eluted with 2.51 of petrol-Et,O
(3 : 13250 mi/hry and 150 ml fractions were collected. The
cycloartenol containing fractions (TLC) were pooled and
acctylated, and then purified on AgNO;-Si gel TLLC (CHCl,-
HOAc. 200 1), The cycloartenyl acetate (400 mg) was
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eluted with CHCl, and was then recrystallized from MeOH-
CHCl;. mp 123.5-124°, hit. [14] 122-124; saponification of
the acctate followed by recrystallization (2x) from MeOH
gave cycloartenol. The mp of the recrystallized product after
overnight dryving in vacuo at 65° was 115° sharp, lit. [14]
115% The purity of the isolated cycloartenol was found to be
more than 98% on GLC. The standard cycloartenyl acetate
used in the GLC and TLC was obtained as a gift from the
Steriod Reference Collection. Chemistry Department. West-
field College. Hampstead, London: through Nat. Inst. of
Health, Bethesda. MDD, U.S.A.

Squalene-['*C). Squalene-['*C] was synthesized by incubat-
ing. anaerobically, bL-mevalonic acid-[2-"*C] with a S, pre-
paration of pig liver. as described by Popjak [11]. The
squalene-['*C] isolated from the incubation mixture was
purified on an ALLO. column [11].
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