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Abstract: Inhibitors of farnesyl-protein transferase (FPTase) have the potential of being anticancer agents for
tumors in which ras is found mutated and contributes to cell transformation . From the screening of the extracts
of an endophytic fungus isolated from living leaves of Berberis oregana, we have discovered the
tricarboxylated alkylsulfate, oreganic acid (1), as a potent (ICsg = 14 nM) and specific inhibitor of FPTase. Its
desulfated analog (4) was less active (ICsg = 3.3uM). The trimethylester (2) and its desulfated analog (3) were
inactive. Copyright © 1996 Elsevier Science Ltd

Ras (p2!) proteins are post-translationally farnesylated on a carboxy-terminal cysteine. Farnesylation is
required for Ras membrane localization which is essential for cell transformation. Inhibition of famesylation
would, therefore, alter the membrane localization and potentially oncogenic effect of Ras. Therefore, FPTase
inhibitors have potential utility as anticancer agents for tumors in which Ras is found mutated and contributes to
cell transformation.! We have reported a number of inhibitors of FPTase - e.g. chaetomellic acids,? fusidienol,3
actinoplanic acids,? cylindrol A,5 preussomerins 6 and barceloneic acid? - from microbial sources. Our
continued screening for novel non-peptide natural product inhibitors of FPTase resulted in the discovery of a
tricarboxylated alkylsulfate, oreganic acid (1), from the extracts of an endophytic fungus isolated from living
leaves of Berberis oregana. Oreganic acid is a novel, highly potent (ICsq = 14 nM) and specific inhibitor of
FPTase. The mode of inhibition is competitive (Kj = 4.5 nM) with respect to FPP.8
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Isolation
Size exclusion chromatography of the methyl ethyl ketone extract of a 1.6 L solid state fermentation of
the unidentified endophytic fungus (MF 6046) resulted in the elution of FPTase activity in a broad band. The
active fraction was chromatographed on a reverse phase C-8 column to give oreganic acid (1) as a gum (399

mg/L).
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Structure elucidation

Oreganic acid failed to produce useful data by any of the mass spectrometric methods (+ and - ion FAB,
ES], CI, and EI). Reaction of oreganic acid with diazomethane gave a trimethyl ester (2) which was used for
structure elucidation. Positive and negative ion FABMS of 2 gave ions at m/z 575 (M+K) and m/z 535 (M-H)
respectively. Negative ion ESI gave an ion at m/z 535 (M-H). High resolution analysis of the M+K ion in the
positive ion FAB spectrum gave a molecular formula of CysH44010S for the trimethyl ester; the molecular
formula of oreganic acid is therefore Co2H33010S. The EI spectrum of 2 did not give a molecular ion but
showed a parent ion at m/z 438 resulting from a facile loss of H2SO4. The !3C NMR was in consistent with the
mass spectral derived molecular formula. From the examination of the 'H NMR spectra of 1 and 2, it was
obvious that this compound had an unbranched long fatty chain, substituted at both ends. The !H NMR signal
at § 1.24 integrated for twelve methylene groups. Lack of a terminal methyl group and the presence of a triplet
at & 4.08 resulted in the placement of the hydroxy methyl group at the terminal position bearing the sulfate
group. The 13C NMR indicated the presence of three carbonyl groups (8 166.76, 169.82, and 170.43) and a
single tetra-substituted double bond (8 125.31 and 146.34),

The C-19 methylene protons ( & 3.41) gave HMBC correlations (Figure 1) to two carbonyl carbons (8
166.76 and 170.43) and to both olefinic carbons (§ 125.31 and 146.34) and allowed the placement of the C-20
and C-21 ester groups and the C17-C18 double bond relative to this methylene. The placement of the third ester
group (C22) on the olefinic carbon (C17) was established from the HMBC correlations from the C-16 vinylic
proton (16-Hp; 8 2.34) to the C-22 ester carbonyl at & 169.82. The methyl ester groups were assigned based on
their HMBC correlations to the respective carbonyls.
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Figure 1: HMBC correlations (JCH = 7 Hz) of 2.

The structure was further supported by the removal of the sulfate ester as follows. Refluxing of 2 in
dioxane for 3 hr afforded exclusively the desulfated compound 3 (similar treatment of free oreganic acid
resulted in a complex mixture). As expected, the terminal methylene group was shifted upfield by ~0.4 ppm in
the 'H NMR spectrum of 3 compared to 2. Based on all the evidence discussed, structure 1 was assigned to
oreganic acid.

Biological Activity
All four compounds were evaluated in the human recombinant FPTase in vitro assay?:10 and the result is
shown below. The free acid (1) was most potent (ICsg = 14 nM), removal of the sulfate (4; ICsg = 3.3 pM) or
methylation (2; ICsg = 10.6 pM) diminished the biological activity. The desulfated trimethylester compound
(3) was completely inactive at the highest level tested (>20 uM).
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Experimental Procedure
For general experimental procedures see refs 6-7.

Producing Fungus

The producing fungus was an endophyte, isolated from living, surface-sterilized leaves of Berberis
oregana (Berberidaceae), collected from near Lord Ellis Summit, Humboldt Co., California. The fungus could
not be identified because of its nonsporulation under laboratory conditions. The fungus (MF6046) is maintained
in the Merck Microbial Resources Culture Collection, Rahway, NJ.

Fermentation Conditions

The production medium was formulated as follows (g/L): sucrose, 75.0; tomato paste, 10.0; malt
extract, 5.0; (NH4)2SOy4, 1.0; soy flour, 1.0; and KH,PO,, 9.0. This medium was prepared using distilled water,
the pH was adjusted to 7.0 by adding NaOH; 50 mL of the media was dispensed into 250 mL Erlenmeyer flasks
plugged with cotton before being autoclaved at 1219C for 20 min. Production flasks were inoculated with 2.0
mL of vegetative seed growth and were incubated at 250C, on a gyratory shaker (220 rpm, 5.1 cm throw) for 8
days. At the time of the harvest, contents of fermentation flasks were homogenized with 40.0 mL of methyl
ethyl ketone (MEK), shaken for 30 min and the extracts pooled.

Isolation

The methyl ethyl ketone extract (1.6 L) was fractionated on a Sephadex LH 20 column (1.5 L) and
eluted with methanol. The FPTase activity eluted in a broad band. The active fraction was further purified on a
HPLC column [Zorbax RX C-8 (22.4 X 250 mm), acetonitrile-water (0.1% TFA) 40:60]. Three major peaks
(tR = 9.64, 12.99, 30.32 min) were collected separately to produce three active fractions. Despite collection of a
single peak during the preparative run, the three active fractions all contained varying ratios of a set of 3 peaks
when examined by analytical HPLC under identical conditions. This could be attributed to the existence of
multiple charged species under the chromatographic conditions due to different pKa values of the carboxylic
acids and the sulfate group. 1H NMR study of the three active fractions in CD30D indicated the gradual
appearance of a triplet at 6 3.5 ppm with concomitant decrease in the intensity of the triplet at 8 3.99 ppm due to
solvolysis. The compound was stabilized by esterification (vide infra) and the ester was used for the structural
elucidation.
Oreganic acid (1). Light brown gum, IR (ZnSe) viax:, 2920, 2852, 1772, 1719, 1620, 1468, 1219, 1072 cm-1;
IH NMR (CDCls) § 1.28 (24H, brs), 1.58 (2H, m, CHp), 1.66 (2H, m, CHy), 2.50 (2H, t, J = 7.6, 16-CH3),
3.73 (2H, brs, 19-CH»), 3.99 (2H, t, J = 6.6, 1-CH»).
Preparation of Oreganic Acid Trimethyl Ester(2). To a solution of 1 (5 mg) in Et;O (1 mL) was added three
drops of CH;N; in Et;0. The solution was stirred at room temperature until disappearance of the starting
material. Solvent was evaporated under a stream of nitrogen and and residue was filtered through a silica gel
plug eluting with 25% MeOH in CHCl;. Oreganic acid triemethyl ester (2, 4.0 mg) was obtained as a white
wax. IR (ZnSe) vmax: 2921, 2852, 1732, 1436, 1242, 1217, 1109, 964 cm™!; 'H NMR (CDCl3) § 1.24 (24H,
brs), 1.43 (2H, m, CHj), 1.63 (2H, m, CHy), 2.34 (2H, t, J = 7.6, 16-CHy), 3.41 (2H, brs, 19-CHj), 3.69 and
3.74 (3H each, s, 20 & 21-OCH3), 3.79 (3H, s, 22-OCH3), 4.08 (2H, brt, 1-CH3); 13C NMR (CDCl3) 3 25.80,
27.54, 29.27, 29.29, 29.38, 29.43, 29.50, 29.56, 29.61, 29.66, 29.73, 29.76, 29.81, 29.88 (C2 to 15); 31.41
(C16); 33.74 (C19); 52.37 (20 C-OCH3); 52.56 (21 &22 C-OCH3); 69.91 (Cl1); 125.31 and 146.34 (C17 and
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18); 166.76 and 170.43 (C-20 and 21) 169.82 (C22); HRFABMS m/z 575.2102 (M+K, calcd. for
Co5H44010SK: 575.2292).

Preparation of Desulfated Compound (3). A solution of 2 (5 mg) in dioxane (1 mL) was refluxed at 100 °C
for 3 hrs. Evaporation of dioxane under reduced pressure and filtration of the residue through a pipette filled
with silica gel and elution with 25% MeOH in CHCl3 produced 3 (3.4 mg) as a colorless wax; IR(ZnSe) viax:
2918, 2851, 1725, 1473, 1293, 1229 cm™1, 1040; 'H NMR (CDCl3 ) § 1.28 (24H, brs), 1.43 (2H, m, CHy), 1.56
(2H, m, CHy), 2.34 (2H, t, J = 7.6, 6-CHj), 3.41 (2H, brs, 19-CHy), 3.64 (2H, t, J = 7.6, 1-CHy), 3.69, 3.74,
3.79 (3H, 5, -COOCH3); ESIm/z 479 (M+Na), 495 (M+K).

Preparation of Desulfated Oreganic Acid (4). A solution of 3 (2 mg) in acetone (1 mL) was stirred at room
temperature with LiOH (6.0mg) overnight. After evaporation of the solvent under reduced pressure, water was
added. Citric acid (10%) was added after cooling to adjust the pH (pH = 5). The product 4 (1mg) was extracted
into ethyl acetate. IR(ZnSe) vmax: 2923, 2853, 1733, 1437, 1268, 1201, 1075 cm™!; 'H NMR (CD30D) § 1.29

(24H, brs), 1.52 (2H, m, CHy), 1.57 (2H, m, CH»), 2.63 (2H, brt, 6-CH3), 3.22 (2H, brs, 19-CH»), 3.53(2H, t, J
=7.6, 1-CHp); HR-El m/z 414.2551.
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