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Abstract-Cerulenm 1s a potent mhlbltor of fatty acid synthesis from “C-labelled acetate In leaves and develop- 
mg seeds of CamBe aiiyssmrca. Tiie antlbiotlc IS equaiiy mhlbltory on the eiongatlon of Lf-“*CJ-oielc acid to 
erucx acid wiixh is the maJor fatty acid ot^the seed There 1s no slgmticant mh&&on offatty acid dksaturation 
m either tissue Acylation of hplds 1s not a primary target of cerulemn’s actlon 

INTRODUCTION 

THE ANTIBIOTIC cerulenin, (2S)(3R) 2,3-epoxy-4-oxo-7,10-dodecadienoyl amide, is a potent 
inhibitor of fatty acid biosynthesis in yeasts,‘v2,4 bacteria3s4 and rat liver.4 It is reported 
to inhibit /? keto acyl thioester synthetase in all the systems studied so far with the one 
exception of the Type II, palmitoyl CoA elongating, system of Mycobacterium phlei.4 Evl- 
dence for this inhibition has been obtained from studies on homogeneous preparations 
of /?-ketoacyl carrier protein synthetase isolated from E. c~li.~ 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 protein syn- 
thesis in E. cd3 except under conditions where cell growth has stopped. The data pre- 
sented m this paper are concerned with the actlon of cerulenin on fatty acid and hpid meta- 
bolism of leaves and developmg seeds of the crucifer Crambe abyssinzca. The seeds are of 
particular interest since they contain an oleyl-thloester primed fatty acid synthetase whose 
product 1s erucic acid [docosa-cis-13-enoic acid].6 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. gracdis and M. phlei.4 

RESULTS 

Cerulenin inhibits the synthesis of fatty acids m both Crambe leaves and maturing seeds. 
The effects on [2-‘4C]-acetate uptake into lipids are similar in both tissues. Cerulenin (1 
or 2 pmol) inhibits 14C uptake mto leaf lipids by 77 and 82x, and into seed lipids by 80 
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and 83% respectively Examination of the patterns of mcorporatlon of radloactlve fatty 
acids into mdlvldual lipid classes demonstrates that cerulenin does not affect the acylatlon 
of polar lipids, typical of leaf systems. (Table 1) or the neutral hplds typical of seed systems 
(Table 2). The uptake pattern of [l-14C]-oleate into acyl lipids IS essentially the same with 
or without cerulenin, m both plant tissues The actlvltles of all the hplds m both leaf and 
seed incubations, with [Z’V]-acetate as substrate. are reduced considerably m the prcs- 
ence of cerulemn. The antiblotic causes the greatest reduction m those hplds which nor- 
mally have high activity, such as phosphatldyl choline which shows rapld turnover of fatty 
acids ’ Thus mhlbltlon of fatty acid formatlon will cause a more pronounced reduction 
in the activity of such lipids and also m rapldly accumulatmg hplds such as seed trlglyccr- 

lde. 

TABLI- 1 DISTRIBI;TION OF _ “C-~crrvi~y ih Crumbe Ll-AI l.lFws 
______ 

[2-‘VI-j-Na acetate [ I-14C]-Ole~c acid 
({tmol cerulenmg tissue) (/lmol ccrulenm,‘g tlasuc) 

0 2 4 0 , 4 
Total Total TOtdl Totdl -Total Total 
hplds lqxds hplds hplds lqxds lipIds 

nC1 (‘:,,) nC1 (‘I,,,) nC1 (P;) LIpId class nCi (“,) nC1 (“b) nCi (:‘,I 

126 165 134 Total hplds 1750 1701 1766 
290 40 99 60 7x 58 Neutral lrplds 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 PIi 106 6 85 5 IO6 6 
22 3 5 3 3 3 DGDG+PG 18 I 17 I 3s ’ 

167 23 10 6 5 4 PC 530 30 416 3x 583 3; 
51 7 7 4 5 4 SQDG + PI 51 3 51 3 53 3 

Chopped leaf (0 5 g) was Incubated m 5 ml of 0 05 M Hepes buffer at pH 7 4 with either [2-‘4C]-acet‘ite at 
20 &I (3 34 pmol)/g of tissue or [1-14C]-oleate at 4 $‘I (0 64 pmol)!g of txsue 

Key monogalactosql dlglyceride (MGDG), phosphatidyl ethanolamme (PE), dlgalactosyl dlglvcerlde 
(DGDG), phosphatldyl glycerol (PC), phosphatldyl choline (PC). sulphoqutnovosql d]glqLerlde (SQDG), phos- 
phatldyl mosltol (PI) 

[Z-‘“Cl-Na xctate [I-“C]-0ltx acid 
(Llrnol cerulenq’g tlssuel (/cm01 ccruicnu~g tlssuc) 

0 2 4 0 ? 

-Total 
4 

Total Total Total Total Total 
lqxds hplds hplds hplds lipids lipId 

nC1 (“:,) nC1 (“,,) nC‘l (“,,) LIpId class nCi (“,) nC1 (“,,I nC1 (“,,) 

7.53 152 129 Total hplds I277 1423 1467 
255 34 18 12 x 6 TG 240 19 16X 12 IS9 II 

56 7 17 II 16 12 FFA 592 46 72: 51 X06 55 
101 13 35 23 33 26 DC 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 llplds 336 26 410 29 i80 26 

Halved seeds (0 5 g) were mcubated m 5 ml of 0 05 M Hepes buffer at pH 7 4 with elthcr [2-“‘Cl-xetdte at 
20 ~CI (3 34 /lmol)/g of tissue, or [ I-‘“C]-oleate dt 4 /ICI (0 64 fimol)/g of tissue 

Key trlglycerlde (TG): free fatty acids (FFA), dtglycerlde (DC) monoplyccrlde (MC), phnsphdtldlc xld (PA) 

There IS very httle effect on the distribution of l4 C-actlvlty in fatty acids when cerulenm 
IS present m [2-14C]-acetate mcubatlons of either leaf systems (Table 3) or seed systems 
~ NK HOI 5. B W. JAMII A T dnd BKI I I K J (1967) B~oc/ler~ J 104,486 
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(Table 4) tissue, which suggests that the major site of action of the antlobiotic 1s on the 
fatty acid synthetase systems. Oleate metabolism in leaf is mainly directed towards desatu- 
ration to linolelc and lmolemc acids (Table 3). Desaturation of [l-14C]-olelc acid m the 
presence of 1 pmol of cerulemn is inhibited by 8% which is only l/10 of the inhibitory effect 
on fatty acid synthesis. This indicates that cerulemn is exerting a minor effect on desatu- 
ration. 

TABLE 3 PER CENT DISTRIBUTION OF L4C-~~~~~~~~ IN FATTY ACID METHYL ESTER OF LEAF LIPIDS 

Substrate 
pm01 Cerulenm/ 

g tissue 14’s 16 0 16 l9 16 l’t 16 3 18 0 18 1 18 2 18 3 

[2-14C]-Acetate 0 20 286 48 54 27 34 238 21 1 82 
2 10 250 56 69 101 31 303 187 94 
4* 

[1-“C]-0leate 0 788 161 51 
2 806 150 44 
4 886 84 30 

* Not determmed due to very low “C-achvlty Incubation condltlons as Table 1 

Crambe seed fatty acid metabohsm is orientated towards erucic acid synthesis (Table 
4). Oleate desaturation is not so active m the seed and its Inhibition by 1 pmol of cerulenin 
is only 4%. Exogenous [1-14C]-oleate elongation to eruclc 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 81% inhibition of the elongation in the presence of 
1 pmol cerulenin which compares with 80% inhibition of total fatty acid synthesis at the 
same antibiotic level 

TABLF 4 Pt R C‘LNT DISTRIBUTION OF 14C-ACTIVITY IN FATTY ACID METHYL ESTERS OF SEED LIPIDS 

Substrate 
blrnol Cerulenm/ 

g tissue 14’S 16’S 18 0 18 1 18 2 18 3 20’S 22’s 

[2-‘4C]-Acetate 0 09 131 38 183 114 23 94 408 
2 66 130 35 177 73 20 94 406 
4* .~ 
0 75 2 131 40 37 37 
2 82 1 138 26 07 07 
4 882 81 29 08 <Ol 

* Not determined due to very low 14C-actwlty Incubation condltlon as Table 2 

DISCUSSION 

It has now been demonstrated that cerulemn inhibits fatty acid synthetase systems m 
bacterla,4 yeastq2 rat liver,4 and leaves and seeds of higher plants. The antibiotic 1s a specl- 
fit Inhibitor of P-keto-acyl-thlo-ester synthetase m 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 m 
all acetyl-CoA primed systems that have been examined. 

The position 1s not so clear with synthetases utillzmg long chain acyl-CoA primers. Two 
palmltyl-CoA primed ACP dependent synthetases (sub groups of Type II) have been stud- 
ied by Vance et al ;4 that from Euglena gracih IS inhibIted by cerulenin whilst that from 
Mycobacterium phlez 1s not affected, even by high levels of the antlbiotlc 



There are several plant and algal synthetases which arc prlmed by unsaturated fatty 
acid-CoA esters These include crucyl synthetase m B~~rss~tr seeds”.8 prlmed by oleyl- 
CoA, dlhomolinoleyl-CoA synthetase” primed by lmoleyl CoA in Eu~~lerz~r gruczlzs and 
arachldonyl synthetase” prlmed by ;4molenyl-CoA m Yo,.l?h!,~rdrlrr?l ~~nfun~ and Ocko- 
I?ZOIZNC tlumcrr Erucyl synthetase is the only one of these mono. cl1 or trl-enolc acid prlmed 
synthetases to have been tested against ce~ulenm. and erucate formation was mhlblted to 
the same extent as It was m other susceptible systems 

Ccrulcnm has been shown to be a potent mhibltor of a wldc range of saturated fatty 
acid synthetascs from a variety of sources. mcludmg the plant examples reported m this 
paper The antlblotlc also mhiblts the elongatron of a monoeno~ substrate which poses 
the question of its action on clongatlop of polyenolc f:itt!. acids Fmally desaturatlon of 

plant fatty acids are not affected b\: this antlhlotlc 


