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Abstract Inhibition of sex pheromone production has been 
observed after topical treatment of pheromonal glands with 
DMSO solutions of 2-bromohexadecanoic acid, in three lepi- 
dop term insects: .Ypo(lopteru litluralic, 'l'haum~itrgow pitjocccm& 
and nom& mori. It has been shown that this effect was brought 
about by action 011 the reductases and acetyltransferases of 
the final steps of the pheromones biosynthesis. Other halo- 
fatty acids, such as 2-fluoro- and 2-chlorohexadecanoic acids, 
were less active than the above bromoderivati\ve whereas 2- 
broniotetrddecanoic acid and 2-bromooctanoic acid exhib- 
ited activiL,es quite comparable tO the c;-16 b r o n l o a c i d , ~  
These results indicate that bromosnbstitiition is very impor- 
tant for this inhibitory action and chain length is of secondar) 
iInporlalice.-Hemanz, D., G. Fabrias, and F. Camps. Inhihi- 

moths by Z-halofatty acids. ,/. Liibid Krr. 1997. 38: 1988-1994. 
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a step in or prior to fatty acid synthesis. However, i l l  

(;hl?rsode,xi.l l;hCLl&,y (6) it has been proposed that  BAN 
affects a desaturation step, whereas in ,ypodoptrra liltorclli,s 
(7) 3 Thaumetopoea pit?ocampn ( 8 )  9 and Hombyx ,no?i (9) 
this neuropeptide appears to act at the last steps of the 
biosynthesis, such as reduction of fatty acyl nwieites. 

We anticipated that the development of specific in- 
hibitors of the enzymes affected by PBAN would be ail 

interesting putative procedure for insect biorational 
control by blocking the sex pheromone production. 
Our interest in this topic led us to search for candidate 
inhibitors from the corresponding literature in the field 
ofmammals, Thus, in previolls articles ( 1 o) we reportc.tl 
on the activity of several cyclopropene fatty acids, pat- 
terned after sterculic acid, as highly efficient insect de- 
saturase inhibitors. However, although these derivatives 
clearly inhibited the desaturation of selected labclctl 
precursors in the sex pheromone biosynthesis of' S. 2it/o- 
).~.1is (10) and 7'. pilyorampa (8 ) ,  the production o f  thc 
natural pheromone was r i o t  perturbed (8). I n  fact, 
these negative results were in agreement with previous 
results of our laboratory suggesting that fatty acyl reduc- 

tion of sex pheromone productioxl in fenlale lepidopteran 

Many lepidopteran female sex pheromones are bio- 
synthesized from fatty acids by peroxisomal P-oxidation 
in conjunction with specific desaturation, reduction, 
arid acetylation reactions (1). It has been shown that in 
many moths sex pheromone production is controlled 

tide (PBAN), a peptide hormone produced in the sub- methyl estet-; ( ;c:,  gas-liquid chroinatography; (;(:-MS, gas-liquid 

isolated and sequenced from brains of different insect itOring. ( :onlpo,~n~s  al'e ahbreviatetl: 2 ~ ~ .  ~ ( i : ~ ~ i d ,  ~ . I , ~ ~ ~ , ~ , ~ ~ ~ I ~ ~ ~ ~ ~ ~ .  
species, is a 33 amino acid peptide with an amidated decanoic acid; 2RI-8:Acid, 2-brornoocranoic acid; 2Br- I4:Acid. 2- 

sequence homology in all the species s o  far investi- (13,13,14,14,14p~.,) (z,E)-s,I ~ - t ~ t ~ ~ ( ~ ~ ~ ~ [ i i e t l ~ , a t c . ;  t i , i r i  i - 1 4 : ~ ~ .  

------~ 

by the pheromone biosynthesis activating neuropep- Al,bi-eviatioti~: DMSO, dimcthyl sulf'oxitlc; FAME, h t t y  ;icitl 

esophageal ganglion. This hormone, whicll has been chromatography COLIpled t o  Inass spectronlerly: PBAN, phel-<)- 
nione biosynthesis activating neuropeptide; SIM, selected ion I I I W I -  

carboxyl terminal portion and exhibits a high primav hl~omoL~tradecanoic aCid; 2(:I-16:kid, 2-chlol.oliexad~~~iti(ii(, ;lCid: 
2F-1 ii:Acitl, 2-tluorohrxadcc;:rioir acid; d-,%9,El I -14:Mc., IncthyI 

methyl ( 14,14,14-?H J ( B ) - 1  1-tetl-adrc~noate; tl . ,%l 1-14: Mr, mctll)l 

tl j l  I(i:Acirl, perdeuirratetl 1~exadec;inoic ;:rid; d , , % l  1-  16: Mc, perdeli- 
tcr.atecl Inrthvl (z).Il-hex;lt~eeenoatt 1 \.14:()f3, (z,/;)-<),{ I-[(.- 
ct.;ltIrcaciien-I-oI: %<),El I-I4:oAAc, ( 1 I I -tell.;ltfcc.~~(ii~~11!.1 ;!(.e- 
late; t i . , l . l : ,k ' id ,  (l+,I4,14-'H!) tetradrcicnoic ;icid: djEl  l - l .+; t \< ' i ( i ,  
( 13.1 3 .  I4,14,14-'H ,) (E)-l  I tctrad~enoic.  acid; I3:O.Ac. lrid(x\l .I( e- 

gated (2).  

differences in the mode of action of PBAN as far as 
transport, target site, and the particular enzymes acti- 

reported that in Aqprotmnici wlutin(ma (.?), f - I ~ l i m ~ ~ r j ) ( i  
Z P N  (4),  xiid Mnmp,ytra Drussirau ( 5 )  the peptide acts at 

The studies carried out in  different illsects revealed ( I,4,14,14-?H5) (z)-1 1 -  Lecradeccnoate; l J : M C ,  methyl tridCC:aIlOaiC; 

vated ill the biosynthetic pathways. Thus, i t  has bee,, 
l ~ l l e ,  

'Tci w l i o i i ~  cot i - e ~ p ~ ~ i ~ ~ l ~ ~ n c e  slioultl I K  ,ttltliv.ss<xl. 
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tases but not desaturases were activated by PBAN in the 
sex pheromone biosynthesis of these insects (7, 8). 

A literature search of possible inhibitors of reductase 
enzymes revealed a recent report on the activity of 2Br- 
16 :Acid (2-bromohexadecanoic acid) and its deriva- 
tives as nonspecific inhibitors of membrane enzymes in- 
volved in lipid metabolism in mammals (11). Because 
fatty acyl reductases are membrane-bound enzymes 
(12), we envisaged that 2Br-16:Acid might impair the 
production of natural pheromone in those species in 
which reduction of acyl moieties is the hormone con- 
trolled step in the sex pheromone biosynthetic pathway. 
Therefore, we undertook the investigation of the puta- 
tive activity of 2Br-16:Acid on sex pheromone produc- 
tion by the female Spodoptera littoralis (Lepidoptera: 
Noctuidae), one of our model insects, to extend our 
previous preliminary studies on 0-oxidation inhibition 
by this compound and other a- o r  0-halofatty acids 
(13). Additionally, the inhibitory effect of 2Br-16:Acid 
on sex pheromone production has also been investi- 
gated in two other species: Thaumetopoea pityocampa and 
Bombyx mori. 

MATERIALS AND METHODS 

Insects 

S. littoralis specimens were reared in our laboratory 
as reported elsewhere (7). B. mori pupae were kindly 
provided by Dr. Bernard Mauchamp (INRA, Lyon, 
France) and T. pityocampa pupae were supplied by the 
Spanish Instituto para la Conservaci6n de la Naturaleza 
(ICONA). All species were maintained in a 16 h:8 h 
light: dark cycle. Only virgin females were used in the 
experiments. 

Chemicals 

Dimethyl sulfoxide (DMSO) was obtained from 
Sigma (St. Louis, MO) , perdeuterated hexadecanoic 
acid (d:l, 16 :Acid) and ( 14,14,14-2H4) tetradecanoic 
acid (d,l4:Acid) from IC Chemikalien (Munich, Ger- 
many), and 2-bromooctanoic (2Br-8 :Acid), 2-bromo- 
tetradecanoic (2Br-l4:Acid), and 2Br-16:Acid from Al- 
drich Chemie (Milwaukee, WI) .2-Chlorohexadecanoic 
acid (2C1- 16 :Acid), 2-fluorohexadecanoic acid (2F-16 : 
Acid), 2-bromohexadecan-1-01, (%,E) -9,ll-tetradeca- 
dien- 1-01 (Z9,E11-14: OH) and ( 13, 13,14,14,14-?H5) 
(E)-11-tetradecenoic acid (d5El1-14:Acid) (7) were 
synthesized in our laboratories. 

Treatments 

Znhibition ofdesaturation reactions. These bioassays were 
performed as described in previous articles (10). 

Briefly, 60 min before the onset of their second scotc- 
phase, S. lzttoralis females were immobilized under net- 
ting and their pheromone glands were topically treated 
with 0.1 pl of DMSO (controls) or 0.1 p1 of DMSO con- 
taining 1 pg of 2Br-16:Acid. After a 30-min incubation, 
the suitable tracer in 0.1 pl of DMSO was topically ap- 
plied to the glands and the insects, still immobilized, 
were placed back in the rearing chamber. Glands were 
excised 4 h later and processed for fatty acid methyl 
ester (FAME) analysis as indicated below. Tracers used 
were: (Z)-11 desaturation of hexadecanoic acid, d7,16: 
Acid (4 pg); ( Z ) -  and (E)-1 1 desaturation of tetradeca- 
noic acid, d314:Acid (1 pg) and (%)-9 desaturation of 
(E)-11-tetradecenoic acid, d5Ell-14:Acid (1 pg). 

Inhibition of acetylation of Z9,,El1-14: OH. S. lzttoralis fe- 
males were decapitated 1 h before the onset of their 
third scotophase and their pheromone glands were top- 
ically treated with a solution of 2Br-l6:Acid (0.1 pL, 10 
pg/pL in DMSO). Controls received 0.1 pL of DMSO. 
After 30 min of incubation, treated and control glands 
were dosed with a solution of Z9,Ell-l4:OH (0.1 pL, 
10 pg/pL in DMSO) and tissues were dissected 30 min 
later and processed for pheromone analysis. The exper- 
iment was carried out in the light. 

Inhibition of sex pheromone produrtion. Thirty min be- 
fore lights-off, intact 2-day-old S .  lzttoralis females were 
immobilized and their pheromone glands were treated 
with serial dilutions of 2Br-16:Acid (0.1 pL, 1 to 100 
pg/pL in DMSO). Controls received 0.1 pL of DMSO. 
Insects were released at the beginning of the scoto- 
phase, placed back in the rearing chamber, and their 
pheromone glands were dissected after 2 h and pro- 
cessed for pheromone analysis as indicated below. Ex- 
periments with other 2-halofatty acids were similarly 
carried out. 

All the experiments that involved PBAN stimulation 
of pheromone production were performed in the light 
with decapitated insects as follows: S .  littoralis 2-day-old 
insects that had been decapitated 1 h before per- 
forming the experiment; B. mori, I-day-old insects de- 
capitated 24 h before the experiment, and T. pityo- 
rampa, 1-day-old insects decapitated 16 h before the 
experiment. In all cases, 30 min before the beginning 
of the dark period the immobilized females were 
treated with 0.1 pL of a solution of PBr-16:Acid in 
DMSO ( S .  Eittoralis, 20 pg/pL; 8. mori, 100 pg/pL, and 
T. pityocampa, 100 pg/pL). After incubation with the 
inhibitor (S. littoralis and B. mori, 30 min and T. pityo- 
rampa, 3 h), insects were released, anesthetized by brief 
cooling and injected with 10 pL of a solution of PBAN 
in Meyer and Miller’s saline (1 4) (S. littoralis, 1 pmol/ 
pL; B. mori, 0.4 pmol/pL, and 7: pityocampn, 5 pmol/ 
pL. Pheromone glands were excised either 1 h ( B .  mori) 
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or 2 h (S. littoralis and 7. pityocampa) after the injection 
and processed for pheromone analysis. 

Preparation of extracts 

For pheromone titer determinations, individual 
glands were extracted with 100 pL ofhexane containing 
10 ng of tridecyl acetate (13:OAc) as internal standard 
(1 h,  room temperature) and the samples were analyzed 
by GC-MS as indicated below. 

For FAME analysis, glands were directly submitted to 
base methanolysis as described elsewhere (15). Methyl 
tridecanoate (13:Me) (10 ng/gland) was included in 
the hexane for extraction to allow quantification. 

Analytical methods 

Analyses were carried out by electron impact GC-MS, 
using a Fisons gas chromatograph (8000 series) coupled 
to a Fisons MD800 mass selective detector equipped 
with the following fused silica capillary columns: non- 
polar Hewlett-Packard HP-1 (30 m X 0.20 mm I.D.) or 
polar SGE BP-20 (30 m X 0.20 mm I.D.). Helium was 
used as carrier gas at a pressure of 15 Psi. Source tem- 
perature was 200°C and injector temperature was 
250°C. Unless otherwise indicated, analyses were per- 
formed under the selected ion monitoring (SIM) 
mode. Specific analytical conditions were as follows. 

Pheromone analyses. Individual gland extracts were ana- 
lyzed on the HP-1 column that was programmed from 
80°C to 280°C at 10"C/min. The ratios between ions 
corresponding to the pheromone component ( (Z,E)- 
9,ll-tetradecadienyl acetate (Z9,Ell-l4:0Ac), 252; 
(E,Z) -10,12-hexadecadien-l-ol, 238) and the internal 
standard (13: OAc, 182) were calculated. Analyses of 7. 
pityocampa pheromone extracts were performed under 
SCAN mode and the ratios between the areas of the 
peaks corresponding to ( Z ) - 1 3-hexadecen- 1 1 -ynyl ace- 
tate and 13:OAc were determined. 
(Z)-l I Desaturation of djl 16:Acid. Croups of two pher- 

omone glands were extracted and methanolyzed and 
the ratios between ions 297 and 228 (molecular ions for 
perdeuterated methyl (Z)-11-hexadecenoate (d2!,Z1 1- 
16: Me) and 13:Me, respectively) were determined. The 
HP-1 column was used with the following temperature 
program: 80°C to 170°C at Fi"C/min, 15 min at 170°C, 
and then to 280°C at 10"C/min. 

(2)- and (E)-1 I Desaturation of d i l  4:Acid. Individual 
glands were extracted and inethanolyzed under usual 
conditions and the ratios between ions 243 and 228 
(molecular ions for methyl (14,14,14-2H:1) (Z) - l  l-tetra- 
decenoate (d3Zll-14:Me) and methyl ( 14,14,14-2H:3) 
(E)-11-tetradecenoate (dSEll-14:Me) and 13:Me, re- 
spectively) were determined for each isomer. The polar 
BP-20 column was used with the following program: 

80°C; to 170°C at 2"C/min, 10 inin a~ 170°(:, a r i d  t l i c . i i  

to 260°C at .S"C/min. 
(Z)-)_Y Desaturcltzon ofdif31-14:Arict. Individual glaritls 

were extracted and rnethanolyzed under stantlaid 
conditions and the ratios between ions 243 and 228 
(molecular ions for methyl (13,13,14,14,14-'H-,) (U)- 
9,ll-tetradecadienoate (d5Z9,Ell-14:Me) and 13:Mc>, 
respectively) were determined. The HP-1 column wiis 
used with the following temperature progmm: 80°C t o  
170°C at 5"C/min, 15 min at 170"C, arid then to 280"(: 
at lO"C:/min. 

RESULTS 

Inhibition of sex pheromone production 

As shown in Table 1,2Br-l6:Acid inhibited sex pher- 
omone production in S. littoralis in a dose-dependent 
manner, as concluded from the ratios between ions 252 
and 182, corresponding to Z9,E11-14:OAc and 13: 
OAc, respectively, in the GC-MS analyses. 

Other 2-halopalmitic acids, such as 2C1-16:Acid and 
2F-16:Acid were assayed. As shown in Table 1, whereas 
2C1-16:Acid caused a 74% inhibition of pheromone 
production at 10 pg/gland, it was not active at 1 pg/ 
gland, as occurred with 2F-16:Acid at both doses. Like- 
wise, 2Br-14:Acid and 2Br-8:Acid exhibited activities 
comparable to 2Br-16:Acid at doses of 1 pg/gland. 

In another group of experiments, the effect of 2Br- 
16:Acid on PBAN stimulation of sex pheromone pro- 

TABLE I.  Inhibition of sex pheromone production 
by 2-halofatty acids in S. littornlir 

~ 

iug 

0.33 9.10 t 1.13" 1 t i  11.1. 

1 2.5 t 0.Y 9 71 
10 1.8 t 0.2h 9 79 

2C1-16:Acid 0 7. 1 t 0.8'' 13 

10 1.8 t 0.8" 4 74 
2F-16:Acid I 14.8 2 3.8'' I I  11.1. 

2Br-14 :Acid 0 11.8 -t 1.1" I 1  
1 2.5 i- 0.3'' 9 79 

2Br-8 :Acid 1 4.0 2 0.6' 9 66 

2Br-16 :Acid 0 8.6 i- 0.04" 20 

1 8.8 i 2.2" 11 n.1. 

1 0 6.7 2 1.5" -1 n.i. 

- 

Relative amounts of pheromone were calculated as the Iatios 
(252/ 182) X 10, where 252 and 182 are the ahundance of ions corre- 
sponding to Z9, Ell-14:OAc and 13:OAc, respectively, in the CX- 
MS analyses. Results are given as means ? SE; n.i., no inhihition ob- 
sewed; n, number of replicates. 

, , ,For each experiment, significant differences between means 
are indicated by different superscript letters; unpaired two-tail t-test, 
i'5 0.05. 

0 I) # 
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TABLE 2. Inhibition of PBAN stimulation of sex pheromone 
production by 2Br-16:Acid in S. littoralis, E .  mori, 

and T. pityocampa 

Amounts of Pheromone 

Species DMSO n 2Br-15:Acid n % Inhibition 

S. littoralis 22.0 2 3.8 4 8.9 2 2.9" 4 60 
B. m n i  12.4 2 2.3 8 0.5 ? O.Ob 7 96 
T. pityocampa 2 1 4 2  35 10 48 2 14' 14 78 

~~ ~~ ~ ~ 

Amounts of pherotnone were determined from the GC-MS anal- 
yses as 10 times the ratios between the areas of the peaks correspond- 
ing to the pheromone component and 13:OAc. Results are given as 
means 2 SE. Treatments were performed as indicated in Materials 
and Methods. Doses of 2Br-16:Acid were: S. littoralis, 2 pg; B. monand 
T. pityocampa, 10 pg. Incubations with the inhibitor were carried out 
for 30 min (S littoralis and B. mon) or 3 h (T. pityocampa). Amounts 
of PBAN injected were: S. littwalis, 10 pmol; B. mori, 4 pmol; T. pityo- 
campa, 50 pmol. Pheromone glands were dissected 1 h ( E .  mori) or 
2 h (S. littoralis and T. pityocampa) after PBAN injection and extracted 
for pheromone titer determination. 

" P = 0.033; ', P = 0.0004; ' P = 0.0001, differences between means 
were statistically significant; unpaired two-tail t-test. 

duction was also tested. As shown in Table 2, in S. litto- 
ralis females 2Br-16:Acid caused a 60% inhibition of 
PBAN ability to induce pheromone production. This ef- 
fect was also observed in two other moth species, B. mm' 
and T. pityocampa, which produced significantly less 
amounts of pheromone when injected with PBAN after 
treatment with 2Br-16:Acid as compared to controls. 

Inhibition of desaturases 

The effect of 2Br-16:Acid on the (2)-11 desaturation 
of hexadecanoic acid was investigated using dJI 16 :Acid 
as substrate. As shown in Table 3, the ratios between 
ions 297 and 228, corresponding to dggZ11-16:Me and 
13 : Me, respectively, were similar in extracts from glands 
that had been treated with 2Br-16:Acid and in controls. 

Likewise, 2Br-16:Acid had no effect on the (Z)-9 de- 
saturase of (E)-l l-tetradecenoic acid which was in- 
vestigated using d5E1 1-14:Acid as tracer. Thus, in the 
GC-MS analyses of FAME extracts, the ratios between 

the ions 243 and 228, corresponding to d5Z9,Ell- 
14: Me and 13: Me, respectively, had comparable values 
in glands treated with 2Br-16:Acid and in controls 
(Table 3). 

Finally, S. Zittmulis pheromone glands treated with 
2Br-16:Acid and further incubated with ds14:Acid pro- 
duced amounts ofboth d3Z11-14:Me and d:{Ell-l4:Me 
not significantly different from controls, as concluded 
from the similar ratios between the ions 243 and 228, 
corresponding to d3Zll- and d3Ell-14:Me and 13:Me, 
respectively, obtained for each isomer in the GC-MS 
analyses (Table 3) .  

Inhibition of acetyltransferase 
The amounts of Z9,Ell-l4:OAc extracted from S. Zit- 

toralis females that had been treated with Z9,Ell-14: 
OH (1 pg) after a 30-min incubation with 2Br-16:Acid 
(1 pg) (mean -+ S.E.: 3.82 ? 0.84 ng/gland, n = 10) 
were significantly lower than amounts produced by con- 
trols (8.57 ? 2.05 ng/gland, n = 10). In a similar exper- 
iment, the amounts of Z9Ell-14:OAc obtained from 
insects that had received 2-bromohexadecan-1-01 and 
then Z9,Ell-14: OH at the same doses were significantly 
lower (3.89 +- 0.65 ng/gland, n = 12) than amounts 
found in controls (9.90 % 2.32 ng/gland, n = 13). 

DISCUSSION 

In S. Zittooralis, Z9,Ell-l4:OAc, the main component 
of the sex pheromone, is biosynthesized from hexadeca- 
noic acid by P-oxidation followed by sequential (E)-11 
and (2)-9-desaturations and final reduction and acet- 
ylation (Fig. 1) (7). 

In a previous article we reported on the inhibitory 
effect of 2Br-16:Acid on chain-shortening of 16:Acid 
in the biosynthesis of S. littoralis sex pheromone (13). 
One of the aims of this work was to test the effect of 

TABLE 3. Inhibition of desaturation reactions by PBr-16:Acid in the biosynthesis 
of S .  littoralis sex pheromone 

M+/228 

Desaturation Reaction DMSO n SBr-16:Acid n 

(2)-11 desaturation of d3,16:Acid 2.2 2 0.3 7 3.2 t 0.7 9 
( a -11  desaturation of dJ4:Acid 5.0 2 1.6 13 3.9 % 0.9 11 
( a -11  desaturation of dJ4:Acid 3.0 t 0.7 13 3.3 2 0.6 11 
(2)-9 desaturation of dSEll-14:Acid 35.7 2 8.2 10 28.3 t 6.0 15 

M' corresponds to the molecular ion of the desaturation reaction product (297 for dmZ11-16:Me, (2)- 
l l  desaturation of d,,16:Acid; 243 for dqZ11-14:Me and dgEll-14:Me, (2)-11 and (a-ll desaturation of dJ4: 
Acid and 243 for d5Z9,E11-14:Me, (2)-9 desaturation of d5Ell-14:Acid); 228 corresponds to the molecular ion 
13:Me, which was used as internal standard. The area of each ion was calculated in the GC-MS chromatograms. 
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.cr 16: Acyl . .  
2-9 \;" El 1-14:Acyl * Z9,Ell-l4:Acyl 3 

14:Acyl ' k 211-14:Acyl ___) ElO,E12-14:Acyl j 
U 

Fig. 1. Bio3ynthctic pathway of S.  littoralis sex pherornone blend. C O I I I ~ O U I I ~ S  art '  thc acyl derivatives of 16: Acyl, hexadtcanoic acid; 2 I I - 1 t i :  
Acyl, (Z)-1 I-hexadecanoic acid; ZS-l4:Acyl, (Z)-Y-tetradecenoic acid ant1 so on .  The rcacrions i n w l v x l  arc: (a-1 1 desat~iration (7,l I ) ;  (/,)- 
I I dcsaturatiori (El  I ) ;  (a-9 drsatul-ation (Z9) a i d  a-oxidation ( - X : ) ,  Open ar row indicate reduction and ncrtylation. 

2Br-16:Acid on other steps of the sex pheromone hio- 
synthetic pathway of this species. 

2-Bromofatty acids or their corresponding CoA esters 
have been shown to exert both specific (1 6, 17) and 
nonspecific effects (1 1, 17, 18) in biological systems. I n  
the last case, authors claim that the inhibitory propel-- 
ties of 2-bromofatty acyl compounds are caused by the 
ability of the acyl chains to associate with membranes 
and, thus, to interact closely with membrane proteins. 
We therefore tested the effect of 2Br-1 ti : Acid on desatu- 
rases, other intrinsic membrane proteins involved in 
the biosynthesis of moth sex pheromones ( I ) .  X coni- 
plex system of clesaturases is involved in the biosynthetic 
pathway of S. 1ittorali.s sex pheromone (7) : a (Z ) -1 1 de- 
saturase of' hexadecanoic acid, a (Z ) -9 ctesaturase o f '  
(E)-1  1-tetradecenoic acid and two specific (Z)- and 
(E)- l l  clesaturases of tetradecanoic acid. One of' the 
above-mentioned enzyme activities was affkcted by 2Br- 
16:Acid. Therefore, it appears that the effect of 2Br- 
16:Acid on the insect biosynthetic enzymes is rather 
specific depending on its affinity for an acyl-chain bind- 
ing region of the enzyme. 

Because, as mentioned in Results, PBr-l6:Acid inhib- 
ited sex pheromone production in S. 1illomli.t whereas 
desatur-ation reactioiis were not affected, othcr cn- 
zyme(s) acting after the formation of thc dimoate 
intermediate should be inhibited by the hromoacid. 
Candidate enzymes were the reductase and the acetvl- 
transferase ( 19). 

Reductases are also membrane-hound cmzymes that 
transform acyl-CoA thioesters into the corresponding 
alcohols, which are imrnediately transformed into thc 
corresponding acetates by nonspecific acetyltransfer- 
ases (20, 21). To check whether the acetyltransferase 
was inhibited by 2Br-l6:Acid in S. littomli,s, pheromone 
glands werc incubated with the l>romoacid and then 

with Z9,Ell-l4:OH and the amounts of the resulting 
Z9,E11-14: OAc were then measured. I n  order to avoid 
intrinsic production of natural pheromone, these 
were performed with decapitated females (22). These 
experiments revealed that acetylation of Z9,Ell- 14 : O H  
was inhibited by 2Br-16:Acid. At this point, we caiiriot 
conclude whether 2Br-16 :Acid or  2-bromohexadecan- 
1-01, resulting from its reduction, is the actual inhibitor, 
as inhibition of the acetyltransferase by the bromoalco- 
hol does occur (D. Hernanz, unpublished cxperi- 
ments) . However, anaIyses of methanolyzed extracts o f  
pheromone glands treated with 2Br- 16 :Acid failed t o  
reveal the presence of any 2-bromohexadecan- 1-01. Be- 
cause, as will be discussed below, the reductase enzyme 
is also inhibited by 2Rr-I 6:Acid, i t  seems unreasonable 
to think that the kromoacid will he rcduced into thc  
corresponding alcohol and, thereforc, i t  appear's that 
in vivo inhibition of acetyltransferase by 2BI-lli:Acid is 
caused by the acid itself-. 

Likewise, also in the processionary moth, '1'. pilyo- 
ca.mjDa, 2Br- 1 6 :Acid impaired PBAN-stimulated sc'x 
pheromone production. In this species, the sex phero- 
monc biosynthetic pathway from palmitic acid invo lws  
desaturation, reduction, and acetylation reactions to  
give (Z)-15-hexadecen-ll-yriyl acetate and it has hecn 
shown that the regulatoiy neuropeptide acts also at the 
level of reduction of acyl interniediates ( 8 ) .  

Fatty alcohols resulting froin reduction of acyl deri\;a- 
tives arc never found free in acetyltransferase-coti- 
taiiiing pheromone glands as they arc immediately 
acetylated to the corresponding acetates. Therc+'ore. S. 
tiltom1i.s and 7'. pityocmnpcc were not good models t o  in- 
vestigate the effect of' 2Br-16:Acid 011 the reductase, a s  
the resulting alcohols cannot be monitored. Therefore, 
these experiments were conducted iwing R. mor;, whose 
pheromone gland lacks acetyltransferasc rnzynr  ;mtl 
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reduction of (E ,Z  )-10,12-hexadecadienoic acid to 
(E,Z)-10,12-hexadecadien-l-ol, the main pheromone 
component, is the last reaction of the biosynthetic path- 
way ( 2 3 ) .  Furthermore, such reduction is the step acti- 
vated by the neurohormone PBAN (24). Therefore, 
should 2Br-16:Acid have an inhibitory effect on the re- 
ductase, it would interfere with PBAN ability to stimu- 
late sex pheromone production. Again, in order to 
avoid production of intrinsic pheromone, these experi- 
ments were carried out with decapitated females (22). 
The results obtained clearly showed that pheromone 
production was almost abolished in B. mm’females that 
had been treated with 2Br-16:Acid before PBAN injec- 
tion, thereby indicating that reduction of the (E,Z)- 
10,12-hexadecadienoyl moiety into the corresponding 
alcohol was inhibited by the bromoacid. 

Our next step was to investigate the influence of a 
halogen atom and chain length on inhibition of sex 
pheromone production in S. littoralis. First, the activities 
of 2C1-16:Acid and 2F-l6:Acid were determined. As 
shown in Table 1, these activities were considerably 
lower than those of the bromoderivative. On the other 
hand, 2Br-14:Acid and 2Br-8:Acid exhibited activities 
quite comparable to those of the C-16 analog. These 
results indicate that bromosubstitution is very impor- 
tant for this inhibitory action and chain length is of sec- 
ondary importance. 

In  conclusion, we have demonstrated that topical a p  
plication on the sex pheromone gland of different 
amounts of 2-bromohexadecanoic acid and related de- 
rivatives thereof reduces pheromone production in the 
three lepidopteran insects so far investigated, S. litto- 
ralis, 7: pityocampa, and B. mori. This reduction appears 
to be mainly originated by inhibition of enzymes impli- 
cated in the final steps of the biosynthetic pathway, such 
as acyl reductases in B. mori and, probably also in S. Zittv 
ralis and T. pityocampa, although in these last two insects 
inhibition of acyl transferases cannot be rigorously ex- 
cluded. The present results might be useful for applica- 
tion as biorational methods of insect-control by pre- 
venting the sexual communication of the insect. In 
preliminary behavioral studies carried out in a wind- 
tunnel, S. littoralis virgin females treated with 2-bromo- 
palmitic acid were clearly less sexually attractive than 
untreated females to males of this species, in agreement 
with the above reported decrease in sex pheromone 
production. The results of these studies will be reported 
elsewhere. Further studies along this line are being pur- 
sued in our 1aboratories.M 
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nica Grant AGF-95-0185, Comissionat per a Universitats i Re- 
cerca from the Generalitat de Catalunya Grant SGR95-0439, 
SDEQ S. A. Grants CDTI 94-0329 and DGTI 94-583, and a 
predoctoral fellowship from the Generalitat de (:atalunya 
to D. H. 
Manusoipt rereived 21 April 1997 and in rmisrd form 10,lunr 1997. 

REFERENCES 

1. Roelofs, W. L., and L. Bjostad. 1984. Biosynthesis of lepi- 
dopteran pheromones. Bioorg. Chem. 12: 279-298. 

2. Raina, A. K. 1993. Neuroendocrine control of sex phero- 
mone biosynthesis in Lepidoptera. Annu. Rev. Entomol. 38: 

3. Tang, J. D., R. E. Charlton, R. A. Jurenka, W. A. Wolf, 
P. L. Phelan, L. Sreng, and W. L. Roelofs. 1989. Regula- 
tion of pheromone biosynthesis by a brain hormone in 
two moth species. €‘roc. Natl. Arad. Sri. U.S.A. 86: 1806- 
1810. 

4. Jurenka, R. A., E. Jacquin, and W. L. Roelofs. 1991. Con- 
trol of the pheromone biosynthetic pathway in Helicovmpa 
zea by the pheromone biosynthesis activating neuropep 
tide (PBAN). Arch. Insect Biorhem. Physiol. 17: 81-91. 

5 .  Jacquin, E., R. A. Jurenka, H. Ljungberg, P. Nagnan, C. 
Lofstedt, C. Descoins, and W. L. Roelofs. 1994. Control 
of sex pheromone biosynthesis in the moth MomesLra bms- 
sirae by the pheromone biosynthesis activating neuropep- 
tide. Insect Biochem. Molec. Biol. 2 4  203-211. 

6. Alstein, M., M. Harel, and E. Dunkelblum. 1989. Effect of 
a neuroendocrine factor on sex pheromone biosynthesis 
in the tomato looper, Chrysodeixis chalcita (Lepidoptera: 
Noctuidae). Insvrt Biorhrm. 19: 645-649. 

7. Martinez, T., G. Fabrias, and F. Camps. 1990. Sex phero- 
mone biosynthetic pathway in Spodoptma littoralis and its 
activation by a neurohormone. J. Hiol. Chmz. 265: 1381- 
1887. 

8. Fabrias, G., M. Barrot, and F. Camps. 1995. Control of 
the sex pheromone biosynthetic pathway in ‘I‘haume&opoeu 
pityorampa by the pheromone biosynthesis activating neu- 
ropeptide. Insert Biorhem. Molrr. Riol. 25: 655-660. 

9. Arima, R., K. Takahara, T. Kadoshima, F. Numazaki, T. 
Ando, M. Uchiyama, H. Nagasawa, A. Kitamura, and A. 
Suzuki. 1991. Hormonal regulation of pheromone biosyn- 
thesis in the silkworm moth, Rombyx mon (Lepidoptera. 
Bombycidae) . AMl. Entomol. Zool. 26: 137- 147. 

10. Fabrias, G., L. Gosalbo, J. Quintana, and F. Camps. 1996. 
Direct inhibition of ( Z ) - 9  desaturation of (E)-11-tetra- 
decenoic acid by methylenehexadecenoic acids in the bio- 
synthesis of Spodqtma 1ittorali.s sex pheromone. ,I. I,ipid 
Res. 37: 1503-1509. 

11. Coleman, R. A., P.  Rao, R. J .  Fogelsong, and E. S-G. 
Bardes. 1992.2-Bromopalmitoyl-CoA and 2-bromopalmi- 
tate: promiscuous inhibitors of membrane-bound en- 
zynies. Biochim. Biophys. A h .  1125: 203-209. 

12. Riendeau, D., and E. Meighen. 1985. Enzymatic reduc- 
tion o f  fatty acids and acyl-CoA to long chain aldehydes 
and alcohols. Experktin. 41: 707-71 8. 

13. Rossell, G., S. Hospital, F. Camps, and A. Guerrero. 1992. 
Inhibition of chain shortening step in the biosynthesis of 
the sex pheromone of the Egyptian armyworm Spodopirm 
littoralis. Insect Riochrm. Molpc. Riol. 22: 679-685. 

14. Meyers, J., and T. Miller, 1969. Starvation-induced activity 

329-349. 

H m a n z ,  Fabrim, and Cumps Inhibition of pheromone biosynthesis 1993 

 by guest, on June 17, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


in cockroach Malpighian tubules. Ann.  Entomol. .YO(. Am. 

15. Bjostad, L. B., W. A. Wolf, and Mr. L. Koelofs. 1981. Total 
lipid analysis of the sex pheromone gland of the red- 
banded leafroller moth, Argyrotaenia urlulinant~, with ref- 
erence to pheromone biosynthesis. Insrct Biochpm. 11: 73- 
79. 

16. k a k a ,  B. M., and J. M. Lowenstein. 1979. Inhibition of 
fatty acid oxidation by 2-bromooctanoate. ,I. Biol. C'hrm. 

17. Buechler, K. F., and J. M. Lowenstein. 1990. The involve- 
ment of carnitine intermediates in peroxisomal fatty acid 
oxidation: a study with 2-bromofatty acids. Arch. Riochum. 
Biophys. 281: 233-238. 

18. Pande, S., A. Mi. Siddiqui, and A. Gatterean. 1971. Inhibi- 
tion of long-chain fatty acid activation by P-bromopalini- 
tate and phytanate. Biochim. Biophys. Acta. 248: 156-166. 

19. Fabrias, G., M. P. Marco, and F. Camps. 1994. Effect of 
the pheromone biosynthesis activating neuropeptide on 
sex pheromone biosynthesis in Spodoptera littoralis isolated 
glands. Arch. Insert Biorhrm. Phyrsiol. 27: 77-87. 

62: 725-730. 

254: 3303-3310. 

20. Kestmmn, !<..I., M. Herrig, and A4. E. AitygAlr.. I!M7. ' I ' c I -  
niinal acetylation in pheronione biosyntht 
brassicrip I>. (Lcpidoptci-a:Nt)ct~iidae). ~ ~ / J P ~ ~ P u / / o .  43: 
1033- 10:<4. 

21. Teal, P. E. A,, and J. H. Tumlinson. 1986. cli~rniinal strps 
i n  pheroiiione biosynthesis b y  H d i o l / y  r1ii~wr~/.c a i r 1  / I .  
z i a .  ,/. (Jiurn. I.;col. 12: 3.53-36.5. 

22. Martinez, T., arid F. Camps. 19X8. Stimulation of' sex phcr- 
otnone production by head extracts i n  s'$odofilon /i/lorrtli.c 
at different times of the photoperiod. Arch. /n.rn./ /3io//iPtn. 

P t i y d .  9: 21 1-220. 
23. Ando, T., T. €lase, R. Arima, and M. Uchiyania. 1!18H. Bio- 

synthetic pathway of bombykol, the sex pheromone of' 
thc fkmale silkworin nioth. Agti2c. Niol. C h ~ m .  52: 473- 
478. 

24. OZAW~,  R. A, T. Ando, H. Nagasawa. H. Kataoka, m d  A. 
Suzuki. 1993. Reduction of the acyl group-ihc critical 
step i n  bombykol biosynthesis that is regulated in vitro by 
the ~ieiiropeptide hormone in the pheromone gland 
of S o m f q x  mom'. Hiosci. Bioturhnol. Niorhrm. 57: 2 1 14- 
2 147. 

1994 Journal of Lipid Research Volume 38, 1997 

 by guest, on June 17, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

