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LATERITIN, A NEW INHIBITOR OF ACYL-CoA: CHOLESTEROL

ACYLTRANSFERASE PRODUCED BY Gibberella lateritium IFO 7188
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A new inhibitor of acyl-CoA:cholesterol acyltransferase (ACAT), designated lateritin, was
isolated from the mycelial cake of Gibberella lateritium IFO 7 1 88 by successive purification procedure
of solvent extraction, silica gel column chromatography and reverse phase HPLC.Spectroscopic
analyses of the compound yielded 4-methyl-6-( l -methylethyl)-3-phenylmethyl- l ,4-perhydrooxazine-
2,5-dione as the proposed structure. Lateritin inhibited rat liver ACATactivity by 50% at a
concentration of 5.7 fiu. This inhibition was time-dependent and irreversible.

The existence of macrophage-derived foam cells loaded with a large amount of esterified cholesterol
is a prominent feature of the early lesion of atherosclerosis. These cholesteryl esters are synthesized

from fatty acyl-CoA and cholesterol by the enzyme acyl-CoA:cholesterol acyltransferase (ACAT)1}.
In the course of searching for the inhibitors of cholesteryl ester formation in macrophages, we found
several compounds, including acaterin as an inhibitor of ACAT2).Further search led to the isolation
of a new ACATinhibitor, lateritin (Fig. 1), from Gibberella lateritium IFO 7188. The present paper
deals with the isolation, characterization and biological activity of lateritin.

Fermentati on
For the maximal production of lateritin,

G. lateritium IFO 7188, obtained from the Institute
for Fermentation, Osaka, Japan, was grown in
Sakaguchi flasks at25°C for 3 days using the medium

containing 3% glucose, 1%soybean meal, 0.3%
meat extract, 0.3% polypeptone, 0.3% yeast extract,
0.05% KH2PO4, 0.05% MgSO4-7H2O and 0.01%

CB442 (an antifoam, Nippon Oil & Fat Co., Tokyo,
Japan). A typical time course of the fermentation is
shown in Fig. 2, where the production of lateritin

Fig. 1. The structure oflateritin.

Fig. 2. Time course of the production of lateritin.

(å¡) pH, (o) lateritin.

G. lateritium IFO 7188 was grown at 25°C in a
500-ml Sakaguchi flask containing 100ml of the
medium by shaking at 120 strokes/minute.
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was monitored by HPLCanalysis of the acetone extract of the mycelial cake.

Isolation
The mycelial cake obtained from 2.4 liters of the cultured broth was washed with water and extracted

with three 700 ml portions of acetone. The acetone extract was concentrated to about 100 ml and extracted
with three 100ml portions of dichloromethane at pH 3. The solvent layer was dried over sodium sulfate
and concentrated to dryness, giving 460mg of an oily residue. This material was applied to a silica gel
column (15 x 140mm, Wakogel C-200). After washing with «-hexane-acetone (9: 1), the column was
developed with 460 ml of w-hexane - acetone (4 : 1). The active fractions were combined and concentrated
to dryness, giving HOmgof an oily residue. The residue was dissolved in methanol and subjected to
preparative HPLC using an Inertsil PREP-ODS column (20 x 250 mm, GL Sciences, Tokyo, Japan). The
column was developed with acetonitrile - water (7 : 3) and the active fractions were combined and extracted
with dichloromethane at pH 3 after removing acetonitrile by evaporation. The dichloromethane extract was
dried over sodium sulfate and concentrated to dryness to give 48 mg of purified lateritin. The purity of
lateritin was examined by a combination of chromatographic (TLC and HPLC) methods. The conditions
ofTLC and HPLCwere: TLC, Rf0.61 in a solvent system ofw-hexane-acetone (1 : 1) on a silica gel plate
(Kieselgel 60F254, E. Merck, Darmstadt, Germany); HPLC, retention time 17.5 minutes on a Inertsil
PREP-ODS column, 6x250mm, GL Sciences,

developed with acetonitrile - water (7 : 3) at a rate of
2 ml/minute at 40°C and detected by UVabsorption
at 200 ~ 280 nm using a photodiode array detector.

Physico-chemical Properties and Structure
Elucidation

Lateritin was obtained as a light brown oil. The
physico-chemical properties of lateritin are sum-

marized in Table 1. Its IR spectrum is shown inTable1. Physico-chemicalpropertiesoflateritin.AppearanceMolecular formulaSI-MS (m/z)HREI-MS(m/z)Calcd:Found:UV A*°XHnm (e)

IR vĈKBrJ cm"1Light brownoilC15H19NO3262(M+H)+261.1365forC15H19NO3261.1275(M)+

202(8,390),258 (228)2955, 2923, 2865,1738, 1652,1364, 1174, 1100,1054, 1012

Fig. 3. IR spectrum oflateritin (KBr).
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Fig. 4. XH NMRspectrum oflateritin (CDC13, 270 MHz).

Fig. 5. 13G NMRspectrum oflateritin (CDC13, 67.9 MHz).

Fig. 3, and *H and 13C NMRspectra in Figs. 4 and 5, respectively. The data from SI-MS, HREI-MS and
13C NMRanalyses oflateritin established C15H19NO3as its molecular formula. The *H NMR,13C NMR
(complete decoupling and DEPT) and 13C-1H COSYspectra of lateritin revealed the presence of three
methyl, one methylene, one aliphatic methine, five aromatic methine, one aromatic quaternary and two
carbonyl carbon atoms as well as two methine carbon atoms bearing polar substituents (summarized in
Table 2). The signals of five methine carbons (<5C 126.74, 128.51 and 128.88) and one quaternary carbon
(Sc 136.65) in the NMRspectra suggested the presence of a phenyl group. The geminal-coupled methylene
protons at 3H 2.97 and 3.38 (/= 14.5 Hz) showed spin couplings with the proton of TV-linked methine at
SH 5.5l (7=4.8 and ll.8Hz). Spin couplings were also observed between two methyl signals ((5H 0.41,
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Table 2. *H and 13C NMRdata for lateritin.
Position 3C (67.9MHz) Sn (270MHz)

2 169.90 -
3 57.34 5.51 (1H, dd, /=4.8, ll.8)

4-CH3 32.34 2.99 (3H, s)
5 169.34 -

6 75.46 4.89 (1H, d, /=8.43)
7 29.68 1.99 (1H, m)
8 17.47 0.41 (3H, d, /=6.60)
9 18.26 0.85 (3H, d, 7=6.96)
10 34.75 2.97 (1H, dd, /=11.8, 14.5),

3.38 (1H, dd, /=4.8, 14.5)
ll 136.65 -

12, 16 128.88 7.2 (1H, m)
13, 15 128.51 7.2 (1H, m)
14 126.74 7.2 (1H, m)

Spectra were measured in CDC13at 25°C. TMSwas
used as an internal reference (3 0.00). /=Hz.

/=6.60Hz and 5H0.85, /=6.96Hz) and one

methine signal at SH 1.99, which in turn coupled with
the signal of oxygen-bearing methine at SH 4.S9

(/=8.43Hz). These results showed the presence

of two partial structures, -CH2-CH-N<and
(CH3)2CH-CH-O-. From the HMBC and COLOC

data, the geminal-coupled methylene protons at SH 2.97 and 3.38 showed long-range couplings between
the aromatic carbons at Sc 136.65 and 128.88 (Fig. 6). The long-range couplings were also observed between
the methine signal at 3H 5.51 and the carbon signals at dc 136.65 and 34.75. The iV-methyl proton at SH 2.99
coupled with the carbons at Sc 57.34 and 169.34, and the methine proton at SH 5.51 showed couplings with
the carbons at 3C 32.34 and 169.34. The methine proton at 3H 4.89 showed a long-range couplings between the
carbonyl carbons at Sc 169.34 and 169.90. From these results, it was proposed that the two partial structures
are combined to form, through ester and amide bonds, a substituted 1,4-perhydrooxazine ring as shown
in Fig. 6. This structure was further confirmed by the analysis of fragment ions in HREI-MSspectrum
(Fig. 7). From these observations, the structure of lateritin was established to be 4-methyl-6-(l -methylethyl)-
3-phenylmethyl-l,4-perhydrooxazine-2,5-dione as illustrated in Fig. 1.

Biological Activity
ACATInhibition

ACATactivity was assayed using microsomes prepared from rat liver as described previously2) with
slight modifications. As shown in Fig. 8, lateritin inhibited ACATactivity by 50% at a concentration of
5.7 /iM. This inhibition was irreversible and time-dependent. Thus, as shown in Table 3, ACATactivity in
microsomes treated with lateritin did not recover from the inhibition even after sequential washing of
microsomes by centrifugation. Preincubation of microsomes with lateritin resulted in time-dependent
inactivation of ACAT(Fig. 9).

Inhibition of Cholesteryl Ester Formation in Macrophages
Macrophages take up and degrade modified lipoproteins such as oxidized low density lipoprotein

Fig. 6. Long-range couplings observed in the HMBC
and/or COLOCspectra of lateritin.

Fig. 7. Mass fragmentation of lateritin.
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Fig. 8. Inhibition of ACATactivity by lateritin. Fig. 9. Time-dependent inhibition of ACAT activity
by lateritin.

Rat liver microsomes (16.7mg/ml in 150him

potassium phosphate, pH 7.4) were preincubated at
37°C for 15 minutes in the presence of the varying
concentrations of lateritin. Subsequently, 30 fA of the
mixture was added to 20 [A of the mixture containing
150mMpotassium phosphate, pH 7.4, 0.2mM bovine
serum albumin and 0.25 mM[14C]oleoyl-CoA (10,000
dpm/nmol) to initiate the enzymereaction. After

incubation at 37°C for 70 seconds, followed by adding
0.25 ml ethanol, cholesteryl [14C]oleate formed was
extracted with lml of «-hexane. The extract was
concentrated to dryness and dissolved in 50/xl of

«-hexane containing 25 fig of cholesteryl oleate as a
carrier, and a portion (40/il) of the sample was

submitted to TLC2). The spot of cholesteryl ester was
visualized by iodine vapor and their amount was

determined by scraping the spot off the chromatogram,
followed by scintillation counting. Each value

represents the average of duplicate determinations.

fable 3. Irreversible inhibition of ACATactivity by
lateritin.

X K. t ACATactivity in microsomesMicrosomal , ,. . .
,. (pmol/minutes)washing

(frequency) without lateritin Lateritin-treated

0 81.0 31.4
1 84.9 28.2
2 77.0 32.1

Rat liver microsomes (16.7mg/ml in 150mM po-

tassium phosphate, pH 7.4) were incubated at 37°C for
1 5 minutes in the presence or absence of38.3 fiu lateritin.
Subsequently, aliquots were removed for ACATassay
and remaining portion was washed by ultracentrifuga-
tion with buffer containing 150mMpotassium phos-
phate, pH 7.4, and 80pMbovine serum albumin as
described previously2). ACATactivity was determined

as described in the legend to Fig. 8. Each value represents
the average of duplicate determinations.

Rat liver microsomes (16.7mg/ml in potassium
phosphate, pH 7.4) were preincubated with 0 (à"), 12.6
(O) or 38.3 /im (å ) lateritin at 37°C. At the intervals

indicated, ACATactivity was determined as described
in the legend to Fig. 8. Each value represents the

average of duplicate determinations.

Fig. 10. Effects of lateritin on the incorporation of
[14C]oleate into cholesteryl ester and triacylglycerol

in macrophage J774.

J774 cells were grown as described previously3* and
received oxidized LDL (100 /ig protein/ml) and 0. 1 him
[14C]oleate (10,000dpm/nmol) in complex with

albumin. After incubation at 37°C for 3 hours in the
presence of the indicated concentrations of lateritin,
[14C] oleate incorporated into cholesteryl ester (à") and
triacylglycerol (o) was determined3*. Each value

represents the average of duplicate determinations.
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(LDL), and cholesterol in the lipoprotein is re-esterified in the cells. Treatment of macrophage J774 cells
with lateritin resulted in marked inhibition of cholesteryl ester formation as measured by incorporation
of [14C]oleate3) (Fig. 10). The inhibition was 50% at a concentration of 8.5 fiM. Under the same conditions,
synthesis of triacylglycerols was not significantly affected. In addition, lateritin also affected neither surface
binding, uptake nor degradation of oxidized 125I-LDL (data not shown).

Discussion

In the present study, we have isolated a novel substance, designated lateritin, from G. lateritium IFO
7188 as an inhibitor of ACAT.Recently, several compounds of microbial origin, including purpactins4),
acaterin2), enniatins5) and glisoprenins6), have been reported to inhibit ACAT. These compounds inhibit
rat liver ACATby 50% at concentrations ranging form 20 to 120/iM, while IC50 value of lateritin was
about 6/iM. Amongthese inhibitors of which the inhibition mechanism is disclosed, lateritin is the first
irreversible inhibitor of ACAT.Lateritin inhibited cholesteryl ester synthesis from [14C]oleate, whereas
it did not affect surface binding, internalization and degradation of oxidized LDLin macrophage J774.
Thus, lateritin is a selective inhibitor of cholesterol esterification in the pathway of oxidized LDLmetabolism
leading to cholesteryl ester formation in macrophages.
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