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Abstract: The biosynthesis of the lactone moiety of acaterin was studied using Pseudomonas sp. A92.

Feeding experiment with (2R S)-[1-13C]glycerol revealed that glycerol is efficiently incorporated into the
branched three-carbon unit (C-3. C-4 and C-5 nositions) of acaterin and its vprecursor, 4 <_:|1rinhvdrn_
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acaterin. Further feeding studies of (2R $)-[1,1-2H,]- and sn-[3,3-2H,]-glycerols showed that two
hydrogens at the sn-C-3 position of glycerol are incorporated into the C-5 position of the two
compounds, whereas those at the sn-C-1 position are completely lost during the transformation. These
results suggest that acaterin is biosynthesized vig a tetronic acid type intermediate. © 1998 Elsevier
Science Ltd. All rights reserved.
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Natural compounds having a 2-penien-4-olide and relaied skeletons have been fo

und in a varety of
organisms. ! This class of secondary metabolites can be classified into two types with respect to the oxidation
state of C-3, i.e., compounds with a 3-OH group (tetronic acid) and compounds with 3-H. It is reported that the
biosynthetic pathway of carolic acid (a tetronic acid type) involves the condensation of a fatty acid derivative and
a C4 compound of TCA cycle such as succinate.? Another example of this family is protoanemonin (a 3-H type
coﬁmund) whose biosynthetic origin was reported to be o-ketoglutaric acid.3 However, most metabolites of

this class appear to be biosynthesized via condensation of a fatty acid mmety and a three-carbon unit. Indeed,

proposed as the origin of the three-carbon unit although this h

lgh this has not been proved

Acaterin (1), isolated fr Iture broth of Pseudomonas sp. A92 as an inhibitor of acyl-CoA: cholesterol
a':},rlt.rans.e.e\w,5 is a 3-H type of compound. We have recently reported the isolation of 4,5-didehydroacaterin
{2\ and ite canvarcinn inta 1in P an AQ2 6 Tn thic naner we deccribe the recults of biogvnthetic studies on the
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Although feeding of f 13C-acetate to P. sp. A92 resulted in negative incorporation, a longer chain fatty acid,
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ee-carbon unit, indicating this unit should be derived from another source.

{1-13CJSuccinic acid was then fed to the organism in order to compare with the result reported for carolic
acid.2 However, no significant incorporation was observed into 1 and 2. By contrast, (2R S)-[1-13C]glycerol
was efficiently incorporated into 1 and 2.7 It can be seen from the 13C-NMR spectrum of 1 (Fig. 1) that the
signals of C-3 (8 149.3) and C-5 (3 18.9) were enriched. Similarly, C-3 (8 136.3) and C-5 (8 97.6) of 2 were
enriched. These results indicate that glycerol was incorporated into the branched three-carbon units of 1 and 2

without prior degradation,
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C-NMR spectra (CDC

Fig. 1 13,75 MHz) of 1 (top) and 2 (bottom) derived from (2RS)-[1-* BClglycerol

In order to obtain further information on the glycerol metabolite which should be the immediate
biosynthetic precursor of 1 and 2, feeding studies of (2R §)-[1, 1-“HZJ and sn-{3,3- “HZ] glycerois were carried
out.” The 2H-NMR spectra (Fig. 2) of 1 and 2 derived from (2R S)-[l,l-‘Hz]glycerol showed that deuterium
is located at C-5 (8 1.44 for 1 and 8 4.91 and 5.22 for 2) of the two compounds, butnot at C-3 (H-3 of 1, &
7.20 and H-3 of 2, § 7.22). The 2H-NMR spectra of 1 and 2 derived from sn-[3,3-2H,]glycerol were

essentially identical to those from (2R S)-[1 ,I—ZHZ] glycerol. These results indicated that the C-5 carbon of 1 and

2 comes from sn-C-3 of glycerol whereas the C-3 carbon originates from sn-C-1 of glycerol. The fact that no
deuterium was observed at the C-3 position of 1 and 2 indicates that the sn-C-1 carbon of glycerol has to be
oxidized to satisfy this rananirement dinrino tha h:nevnthnc <8 The oxidation of sn- of elvcerol is in

Nl ¥ 8 & dul.l\)lj ikl A\t\iuu\tlll\fll\r \lul‘ll& A UIVUJ adva IJ llllllll s \.r A2 S bll LA RS lu Fe Ry

1.
U
On the basis of these data, we would like to propose that the condensation of a C,, polyketide precursor
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and a glycerol metabolite havin
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3-H type acaterin via reduction followed by dehydration (Scheme 1). Ttis noted that a compound corresponding
to the siage of the above reduction was previously reported. 2 An alternative mechanism whereby condensation
of an C; aldehyde, i.e., glyceraldehyde, takes place and then the resulting C-3 alcohol is oxidized to form the
tetronic acid can not be ruled out at present. In either case, a tetronic acid type intermediate seems to be involved

in the formation of acaterin.
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Fig. 2 2H.NMR spectra (CHCl, 61.5 MHz) of 1 (top) and 2 (bottom) derived from (2RS)-[1 ,l—sz] glycerol

In conclusion, the present studies showed that a glycerol metabolite is the precursor of acaterin, an

udies on the exact siructure of

—

tetronic acid derivative wouild be the biosynthetic intermediate. Further s

precursor are in progress in our laboratory.

C;o polyketide
precursor

Scheme 1 Postulated biosynthetic pathway of the lactone moiety of acaterin
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. A 500-mL flask containing (2R S)-[1-13C]glycerol (30 mg) and the medium (100 mL) which is composed of

glucose 0.1%, soybean meal 1%, peptone 0.5%, CaCO5 0.2%, lauric acid 1% was autoclaved. After
inoculation, the flask was incubated on a rotary shaker at 25°C and 190 rpm for 2 days in the dark. For the
2H-labeled glycerols, 50 mg of ecach substrate was used. (2R S)-[1,1 -2H2]- and sn~[3,3-2H2]—glycerols were
prepared from racemic and (25)-forms of methyl 2,3-isopropylidene glycerate, respectively, in two steps

(reduction with Li/ lAlD and acidic deprotection).



