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Abstract—Cerulenin 1s a potent inhibitor of fatty acid synthesis from '*C-labelled acetate i leaves and develop-
g seeds of Crambe abyssmica. The antibiotic 1s equally mhibitory on the elongation of [1-"CJ-oleic acid to
erucic acid wiiich 1s the major fatty acid of"the seed There 1s no signiticant mhibition of fatty acid desaturation
i exther tissue Acylation of lipids 1s not a primary target of cerulenin’s action

INTRODUCTION

THE ANTIBIOTIC cerulenin, (2S)(3R) 2,3-epoxy-4-0x0-7,10-dodecadienoyl amide, is a potent
inhibitor of fatty acid biosynthesis in yeasts,!"*** bacteria®* and rat liver.* It is reported
to inhibit § keto acyl thioester synthetase in all the systems studied so far with the one
exception of the Type 1I, palmitoyl CoA elongating, system of M ycobacterium phlei.* Evi-
dence for this inhibition has been obtained from studies on homogeneous preparations
of f-ketoacyl carrier protein synthetase 1solated from E. coli.> The antibiotic has been
shown to have no effect on either the biosynthesis of nucleic acids, proteins or cell walls,
or the exogenous respiration of yeasts.! It has little effect on nucleic acid or protemn syn-
thesis in E. coli® except under conditions where cell growth has stopped. The data pre-
sented mn this paper are concerned with the action of cerulenin on fatty acid and lipid meta-
bolism of leaves and developing seeds of the crucifer Crambe abyssinica. The seeds are of
particular interest since they contain an oleyl-thioester primed fatty acid synthetase whose
product 1s erucic acid [docosa-cis-13-enoic acid].® The effect of the antibiotic on this sys-
tem will make an interesting comparison with the effect on the sub-group of the Type II
fatty acid synthetases found in E. graciis and M. phlei.*

RESULTS

Cerulenin inhibits the synthesis of fatty acids in both Crambe leaves and maturing seeds.
The effects on [2-'*C]-acetate uptake into lipids are similar in both tissues. Cerulenin (1
or 2 umol) inhibits *4C uptake nto leaf lipids by 77 and 82%, and into seed lipids by 80
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and 83% respectively Examination of the patterns of mcorporation of radioactive fatty
acids into mdividual lipid classes demonstrates that cerulenin does not aflect the acylation
of polar lipids, typical of leaf systems. (Table 1) or the neutral lipids typical of seed systems
(Table 2). The uptake pattern of [1-1*C]-oleate into acyl lipids 1s essentially the same with
or without cerulenin, 1n both plant tissues The activities of all the Iipids m both leaf and
seed incubations, with [2-1#CJ-acetate as substrate, are reduced considerably n the pres-
ence of cerulenin. The antibiotic causes the greatest reduction n those lipids which nor-
mally have high activity, such as phosphatidyl choline which shows rapid turnover of fatty
acids 7 Thus inhibition of fatty acid formation will cause a more pronounced reduction
in the activity of such lipids and also 1n rapidly accumulating Iipids such as seed triglycer-
1de.

TABLT | DISTRIBUTION OF *C-ACTIVITY IN Crambe LY AL LIPIDS

[2-'*C}-Na acetate [1-14C]-Olewc acid
(umol cerulenin. g tissue) {(umol cerulenin,g tissue)

0 2 4 0 2 4
Total Total Total Total Total Total
hpids lipids hpids lipids lipids lipids

nCt (%) nCi (%)  nCt (%)) Lipid class nCt (“.) nCr ) aCr (5

726 165 134 Total ipids 1750 1701 1766

290 40 99 60 78 58 Neutral lipids 990 56 1021 60 954 54
102 14 21 13 21 16 MGDG 53 3 51 3 35 2
94 13 23 14 21 16 PE {06 6 85 5 106 6
22 3 5 3 4 3 DGDG + PG 18 I 17 I 35 2
167 23 10 6 5 4 PC 530 30 476 28 3§30 33
51 7 7 4 5 4 SQDG + PI 53 3 S1 3 53 3

Chopped leaf (0 S g) was mcubated 1n 5ml of 005M Hepes buffer at pH 74 with either [2-'*CJ-acetate at
20 uCi1 (3 34 umol)/g of tissue or [1-'*CJ-oleate at 4 uC1 (0 64 umol)y/g of tissue

Key monogalactosyl diglycennde (MGDG), phosphatidyl ethanolamme (PE), digalactosyl diglveeride
(DGDG), phosphatidyl glycerol (PG), phosphatidy! choline (PC). sulphoquiovosyl diglyceride (SQDG), phos-
phatidyl mnositol (PT)

TABLF 2 DISTRIBUTION OF '*C-ACTIVITY IN Crambe SEED LIPIDS

[2-'*C]-Na acctate [1-"*C]-Oleic acid
(umol cerulenin g tissue) {rmol cerulenin g tissuc)

0 2 4 0 2 4
Total Total Total Total Total Total
lipids Iipids f1ipids lip1ds lipids lipids

nCy °4) nC1 () nC1 (“s) Lipad class nCi (°,) nCi (") nC1 °)

753 152 129 Total lipids 1277 1423 1467

255 34 18 2 8 6 TG 240 19 168 12 159 i
56 7 17 Iy 16 12 FFA 592 46 727 51 806 55

101 13 35 23 33 26 DG 87 7 94 7 96 7
33 4 21 14 21 16 MG + PA 22 2 26 2 27 2

306 41 60 40 50 39 Polar hpuds 6 26 410 29 380 26

Halved seeds (0 5 g) were mcubated in 5 ml of 005M Hepes buffer at pH 74 with erther [2-'*CJ-acetate at
20 1C1 (3 34 umol)/g of tissue, or [ 1-**CJ-oleate at 4 uCi1 (0 64 umol)/g of tissue

Key triglyceride (TG): free fatty acids (FFA), diglyceride (DG) monoglyceride (MG), phosphatidic acid (PA)

There 15 very little effect on the distribution of '*C-activity in fatty acids when cerulenin
1s present m [2-'*CJ-acetate mcubations of either leaf systems (Table 3) or seed systems
TNiCHOTS, B W James A T and Brittr J (1967) Blochem J 1404, 486
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(Table 4) tissue, which suggests that the major site of action of the antiobiotic 1s on the
fatty acid synthetase systems. Oleate metabolism in leaf is mainly directed towards desatu-
ration to linoleic and hinolenic acids (Table 3). Desaturation of [1-}*C]J-oleic acid 1 the
presence of 1 umol of cerulenin is inhibited by 8%, which is only 1/10 of the inhibitory effect
on fatty acid synthesis. This indicates that cerulenin is exerting a minor effect on desatu-
ration.

TABLE 3 PER CENT DISTRIBUTION OF '*C-ACTIVITY IN FATTY ACID METHYL ESTER OF LEAF LIPIDS

umol Cerulenin/

Substrate g tissue 4s 160 16 1° 16 13 163 180 181 182 183
[2-'#C]-Acetate 0 20 286 48 54 27 34 238 211 82
2 10 250 56 69 <01 31 303 187 94

4* - e

[1-1*C]-Oleate 0 788 161 51
2 806 150 44

4 886 §4 30

* Not determined due to very low !*C-activity Incubation conditions as Table 1

Crambe seed fatty acid metabolism is orientated towards erucic acid synthesis {Table
4). Oleate desaturation is not so active in the seed and its inhibition by 1 umol of cerulenin
is only 4%. Exogenous [1-!*C]-oleate elongation to erucic acid 1s normally rather poor
compared to erucate synthesis from acetate, probably due to poor permeability of the sub-
strate. Despite this, Table 4 shows an 819 inhibition of the elongation in the presence of
1 umol cerulenin which compares with 80% inhibition of total fatty acid synthesis at the
same antibiotic level

TABLE 4 PER CLNT DISTRIBUTION OF !*C-ACTIVITY IN FATTY ACID METHYL ESTERS OF SEED LIPIDS

pmol Cerulenmin/
Substrate g tissue 14’s 16’s 180 181 18 2 18 3 20°s 22’s

[2-'*C]-Acetate 0 09 131 38 183 114 23 94 408
2 66 130 35 177 73 20 94 406
4* - - — -

[1-**C]-Oleate 0 752 131 40 37 37
2 821 138 26 07 07
4

882 81 29 08 <01

* Not determined due to very low '#*C-activity Incubation condition as Table 2

DISCUSSION

It has now been demonstrated that cerulenin inhibits fatty acid synthetase systems m
bacteria,* yeasts,? rat liver,* and leaves and seeds of higher plants. The antibiotic 1s a speci-
fic inhibitor of f-keto-acyl-thio-ester synthetase in both the Type I, ACP independent syn-
thetases, of yeasts, mammals and certain bacteria, and the Type II, ACP dependent synthe-
tases, of bacteria, algae and plants. This inhibition of fatty acid synthesis has occurred 1n
all acetyl-CoA primed systems that have been examined.

The position 1s not so clear with synthetases utilizing long chain acyl-CoA primers. Two
palmityl-CoA primed ACP dependent synthetases (sub groups of Type II) have been stud-
ied by Vance et al ;* that from Euglena gracilis 1s inhibited by cerulenin whilst that from
M ycobacterium phlei 1s not affected, even by high levels of the antibiotic
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There are several plant and algal synthetases which are primed by unsaturated fatty
acid-CoA esters These include crucyl synthetase i Brassica seeds®® primed by oleyl-
CoA, dihomolinoleyl-CoA synthetase” primed by linoleyl CoA in Euglena gracilis and
arachidonyl synthetase” primed by »-hnolenyl-CoA n Porphyridium cruentum and Ochro-
monas damica Erucyl synthetase is the only one of these mono. di or tri-enoic acid primed
synthetases to have been tested against cerulenin. and erucate formation was inhibited to
the same extent as 1t was 1n other susceptible systems

Cerulenmn has been shown to be a potent mnhibitor of @ wide range of saturated fatty
acid synthetases from a variety of sources. mcluding the plant examples reported n this
paper The antibiotic also inhibits the elongation of a monocenoic substrate which poses
the question of its action on clongation of polyenoic fatty acids Finally desaturation of
plant fatty acids are not affected by this antibiotic

EXPERIMENTAL

Cramre afry ssorrca plairts were growir ot greermioorses o @ daily armmmom of 12 5 hight' Seeds were removed
for incubations between 12 and 16 days post anthesis Young open lcaves were detached fiom Crambe plants
before flowering occurred [2-'4C ]-dcctatc and [1- (T -oleic acid were obtained from the Radiochemical Centre,
Arrerstiarm Frecats G pE | i stcate were done using §5 g of
either chopped leaf or halved seeds in 4 mi of 003 M Hepes buffer at pH 74 at 10om temperature in hght for
4 hr Cerulenin, suppl!ed by Dr S Omura ofthc Kitasato Institute, Japan. was tested at 1 ymol (44 5 pg/ml) and
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