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i nsee i -hail inhatic esters was tested
The enticement of several dipterous insects to straight chain aliphane este . E
N - - . : - W
under ficdd conditions by means of a filter paper trap permeated with an asce nding flos
. = -
of chemivcals.  “The snucturally related compounds were simultanecusly exposed in A grou)

} o ineee Tour inseot
and their activitivs were mutually compared by the nuinbers of trapped inects. Four in

apeies respeetively gave a precise choice 1o chem structures within a ihu:ird ‘s.mp_'::
which shilied gradually from specics to specics; the favored I(umpmmtls wr.u- h(‘.\}. l.rut.a;lu.: 3
for Neophstlomyza sp. (Milichiidac), octyl butanoate for_Siphenella sp. {(.I\lur-_\ind.:r‘;._ irxlt_.l
hexanoate for Foreiponyia sp. A (Ceratopogonidac) :mdldcc}'l hrx_.mu:lt-.-‘ for -Ilr"(ﬂ‘?_”?m
sp. B, The attracting activity of the compounds o the insect spcng:s \':mr‘-:i. in (IIAII l.l't;\l
ways according to the responding species, with r[rspr:l.t.n the 1otal chanri length as we as :I::
lenggth of either the aleohol or acid moicty and the pﬂ_slllnll oljlhc functional group in mole

cules of the same leagth. The results are discussed in the light of the current conception

on the mechanism of insect ollaction.
INTRODUCTION

While different types of chemically baited traps were tested under ficld conditions,
the adhesion of a large number of small flies to the surface of ﬁltt‘r});\;:(‘u' traps per-
meated with an ascending flow of aliphatic esters was ob:scn-cd. i‘}ai'ilxcr m\;r‘:shg:\-
tions revealed that the species and numbers of r.n?lurm:l insects \':n'ut-d according o
the structure of the compounds. A systematic experiment was l]ll.‘f‘.i performed through-
out the inseet flight season with saturated, straight chain, ailplia.uc esters; compounuds,
whieh were related in respect to wotal carbon number or pusmon.or an cster group,
were simultancously exposed in various combinations and .lhr. rcl;u:j.'t- activity r:l L';l'r:h
group was evaluated on the basis of the |‘|umbcr of trapp:c‘l insects.  The d‘lls(,.'l‘llnll'l.j';l:.i\..'lc
ability of several dipterous insuets, wluc.h were c:mght. in large n}m:l:cn .s:mll \’\ Ilf..l
could he regarded as discretc species of the genera Diptera was indeed highly pre-
cise and species specific.

MATERIALS AND METHODS

Test compounds. Straight chain aliphatic esters were synthesized by relluxing an
cquimolar mixture of an alcohol and an acid in benzene containing a catalytic amount
af p-toluenesulfonic acid. Refluxing for 16 hir was accomplished by means of Soxhlct's
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extractor to which a layer of anhydrous magnesium sulfate was positioned in the mid-
dle part of the assembly. The reaction mixture was treated in a conventional way
and distilled. ‘The distillate was checked by GLC and, if nccessary, redistilled 10
single peak purity.  Molecular structure was then confirmed by IR spectroscopy.
Trapping fprracedure.  Filter paper strips (10060 mm) rolled into a cylindrical
shape (approx. 30 mm in diam. and 60 min in height) and set into petri-dishes (15
mm in depth and 32 mm in diam.).  Structurally related compounds were simul-
tancously exposed in a group. These were respectively poured into the petri-dishes, in
amounts of 5 ml per dish.  Each petri-dish was placed into a larger petri-dish (90 mm
in diam.). Fifty ml of water was poured in the larger dish and covered with 10 ml
ol liuid parallin.

A shelter covered with a zine roof (97 x 97 cm) placed at a height of 100 ¢m above
the ground was erected in the middle of a yard (29 x 14 m) overgrown with common
weeds such as field horsetail, curlydock, common chickweed, and large crabgrass among
others, at our campus in Komaba, Tokyo. Three to five inverted Hower pots (13 cm
in height) were placed in a circle at intervals of 20 em inside the shelier.  The filter
paper traps were placed on the pots and left exposed for onc or more days. The po-
sition of the pots were randomly interchanged at 2 hr intervals for single day experiments
and once per day for those experiments greater than one day duration. A\ constant
duration of exposure could not he maintained since those esters containing #-10 car-
hon atoms were extremely volatile and this precluded the possibility of any long run
testing within this group and also because the period for obtaining catches sufficient
for assessment varied according to scason, weather and temperature.  Nevertheless,
the duration of exposure gave no substantial influence on the relative activitics of the
lures which were simultaneously tricd. The chemicals in the petri-dishes were pro-
perly replenished as they dissipated for the duration of test.  Besides providing a su-

stained flow aof vapor, the wet surface of the filter paper trapped small dipterous in-
scets by theiv legs or winge.  The layer of liquid paraffin in the outer dish retained
insects which dropped from the surface of the filter paper and trapped additional nu-
mbers of inscets flying near the trap.  Tests were carried out 35 times during periods
of Sept. 1-15, 1970 and May 18-Oct. 25, 1971.

Grouping and identification of captured insects. Captured inscets were collected with
a needle and divided into groups having the samme external appearance under a disscct-
ing microscope. The collections were inspected by taxonomic specialists for con-
firmation of group homogenicty and identificd as Neoplyllomyza sp., Siphonella sp., For-

cipomyia sp. A and sp. B, Conioscinella sp.  Although the Siphonella sp. was captured

in a male-female ratio of 50 : 50, males were not caught for the other specics. :_—
S
RESULTS [~
&
The activities of C,4-C,, esters having the same numbers of carbon atom in both ‘_‘i
alcohol and acid moicties were initially compared (Fig. 1); run C with the combination =
of 6.6, 7.7 and 8.8 and run D with combination of 5.5, 6.6 and 7.7. In cither case,
6.6, hexyl hexanoate, was the preferred ester for both the Neophyllomyza sp. and the  ~_
Siphonella sp., thus the Cy, esters and their neighbors were selected for further investiga- l..:z’
tion. '

Isomers of the C,, esters, having functional groups located at different positions ;)_J
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Fig. 1+ ssumbers (ordinate) of Neaphyllomyza sp. (@) and Siphonella sp. (C)) captured on and
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constitution: k.n (abscissa), an ester of Cy aleohol with Cyy acid.

were compared (Fig. 2):  the 6.6 ester was favored by Neophllyomyza sp. while the 8.4

cas preferred by Siphonella sp.. : o
csmr’l"\]:: '[:::I:i\filly‘_of 1’14. :rc octyl butaneate to which Si shorella sp. vesponded [avor aljl?
was compared with those of four homologues, shorter or longer by two carbon atons,
in cither alc-:)lml or acid moicty (Fig. 3), with 6.6 included to recheck the result 1|;
Fig. 2. Whilc Siphonella sp. continued to select the B.4 esters, Neophyllomy=za sp. showed

a preference for the €y, esters. ; P ‘
£ The activities of a scrics of Cjq csters were compared, with the functional group

placed in different positions (Fig. 4). Neophyllomyza sp. favored the 8.2 and 6.4 esters,
while Siphonetla sp. showed preference for the 7.3.

-

R. Sucawara and T. Muto

(:] —J T/16 (:}
300}~
—— i T/21=23
— N 8/16=IT
. o, 8o ---P 9/8—10
a S
w -~
g g
>
= 200} \
o \
< \
o o \
- \
o
% Ve
ES V4
3 1oof- \
z o z“ \
L ‘f 1 a__.-s
% =
B H h-= /! '\ o
/ N \
[e] 1
Pt 1 i b4 D) e} —
44 62 64 66 B4 54 63 64 B2 65 74 83 B4

. @ — 5 9/28
. @ o
160}-
- D v
o 100
w -
: : — MBsi—4
2 sol- 2ok ——=0 8/21-24
q - L]
o ls
= 60
w .
S i 80
3
a0l o : =
z 2 .
i 4 40|- ‘\‘
20} ~
" o B 6'\ l\‘
b \o___-c . s
&, N e ch s o S
74 83 84 B85 94 6.4 104 i24 |44

Fig. 5-8. Numbers (ordinate) of Neophyllomyza sp. (@) _Siphnella sp. (Q), Coningeinells sp, (),
Fw(ip?m)-m sp. A {_-}.. :lm:l Foreipomyia sp. I (A) captured on and arcund cylindrical filter-paper
traps impregnated with aliphatic, straight chain esters with a general constitution: k.am (abseissa), an
ester of Cy alcohol with Cp, acid,

The activity of 6.4, a structure favored by Neaplyllomyza sp. was compared with
those of four homolozuces longer or shorter by a C. unit, in cither alcohol or acid moiety
(Fig. 5). Once again, Neophyllomyza sp. and_Siphonella sp. were highly autracted to
the 6.4 and 8.4 esters, respectively. '

The activity of 6.4+ was compared with that of those homologues longer or shorter
by a C; unit and the activity of 8.4, with thesc homologues shorter by a C, unit in
ci:h_cr alcnhnfl or acid moicty (Fig. 6). Although somewhat complil.:all:d. primary
choice was given to 6.4-6.5 by Neophyllomyza sp, and Forcipomyia sp. A, while 1o 6.4
7.4-8.4 by Siphonella sp..

The comparison of the activity of 8.4 with homologues shorter or longer by a i
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Fig. 9—12. Numbers (ordinate) of Neophyllomyza sp. (@), Siphonella sp. (O),_{{?r!i_o_s_.r_:';rr{fa_ sp. (%K)
Fom?;om)-in .ap A (A) and Forcipomyia sp. B (A) captured on and around cylindrical ﬁll‘rr-pnpcr
traps impregnated with aliphatic, straight chain esters with a general constitution: k.m (abscissa), an
ester of Cy alcohol with Cg acid.
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Neaphyllomyza sp. and Forcipomyia sp. B, were compared (Fig. 10, test in 1970); the
chain length selected by Neophytlomyza sp: was C,;~C,,, somewhat longer for Siphonelta
sp._and still longer for Forcipomyia sp. B, respectively.

The activities of C, (carbon number favored by Forcipomyia sp. B) comprising the
functional group shifting along the main carbion chain were compared (Fig. 12); 8.10-
10.8 csters were selected clearly.

Representative members of Cy,_ 4 esters were compared in Fig. 12; 10.6-10.8 esters
were preferred by Forcipomyia sp. B.

DISCUSSION

An overall analysis of the results revealed some noteworthy aspects of the inter-
action between the chemical and biological species.
First, the optimal chain length for cach insect species was dete

rmined by simul-
tancously exposing homologues differing by a C, or C, unit; the optimal length for

Neophyllomyza sp. are Cya from Figs. 3 and 5 and G, from Fig. G; for_Siphonella sp.,
C,, from Figs, 7 and 9 and G2 from Figs. 3, 5 and 7, although C,,, C,, and C,. were
not distinguished well in Run N of Fig. 6; for Forcipomyia sp. A, Cy, from Figs. 6 and
7 and Cy, from Fig. 9; and for Forcipomyia sp, B, C,;_,q in reference to Fig. 12 together
with Figs. 10 and 11, Although the number of captures and repetition of runs were not
sullicient for Conioscinella sp., the optimal length may be estimated to be about C,,
from Run J of Fig. 3.

The second neteworthy point is the ability of insccts to distinguish the position
of the ester group in molecules of the same legnth.  In the runs of Fig, 2 performed
with C, esters, Neopliyllomyza sp. gave a definite choice to 6.6, but were not responsive
to &.4 which was, on the contrary, favored by Siphonella sp.; in the runs of Fig. 4 using C,,
esters, the former species selected 6.4-7.3-0.2, while the latter was much less sensitive
to 8.2, even though responsive to 6.4-7.3; Forcipomyta sp. A, also favoring approximately
the same chain lengths as the above two species, was indifferent to both 8.2 and 8.4
and showed a preference for the more symmetrical forms, i.c. 6.4 and 6.3 as shown
in Fig. 6; Forcipomyia sp. B showed responses to both 8.10 and 10.8 among the C,,
as indicated in Fig. 11,

The diversity of activity of these compounds dependent on molecular size and
shape as revealed in the above analysis scemed 0 be a new additional cxpreimental
verification of the site-fitting concept of olfaction well documented by Astoore et al.
(1969}, Krorring and Meape (1971), 'Tar ctal. (1971), RoeLors an Comeau (1971)
and Bocit and Suearer (1971).

It might deserve attention to mention that the paired compounds are related by
exchanging carbon and oxygen atoms next 1o a carbonyl group and thus similar con-
tours of molecules are precisely  diseriminated by the insccts:  Neophyllomyza sp.
preferred 6.6 1o 4.8 {(Fig. 2, Run F), 6.4 10 2.8 (Fig. 4, Run 1); Siphonella sp., 8.4 to
2.10 (Vig. 2, Run E) and 6.6 to +.8 (Fig. 2, Run F); and, Forcipomyia sp. B, 10.8 to
6.12 (Fig. il, Run R}). Such a significant cffeet of the position of ~O- in respect to

—fl':- on the activity suggests that some physical andfor chemical interaction between

a possible receptor site and an attractant olecule, which has successfully landed
there by virtue of its well fitted complementarity to the receptor face, must intervene to
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trigger elfective impulses, as has been referred to by Karka (1970) in his cnmpfrhcnsi\'c
discussion; in this stage of interaction, the vibration of molecules, parlicul;xrl}: in the far
infra-red region as proposed by Wrignt (1963) or conformational d.islm'u.m.l of the
receptor surface might ply a role.  For Neophyllomyza sp., the decrease in activity from
6.4 1o 6.6, rom 6.4 to 6.5 and from 6.4 to 6.3 is moderate as compared with that fmn_:
6.4 to 8.4, rom 6.4 1o 7.4 and from 6.4 to 5.4 respectively, when read I'rnml l{l||.15 G
(Fig. 3) and K (Fig. 5), Run N (Fig. 6) and Run P’ (Fig. 6). This wouid implicate
the alenhol moicty as the more important in alluring ability. On the other hand,
for _Siphonella_sp.,_ the acid residue seems to be more significant as indicated by a de-
crease of activity from 8.4 to 6.4 and from 8.4 to 7.4 less than that from 8.4 m.B:QI ;:nd_
from 8.4 10 8.3 in Runs G and H (Fig. 3) and Run § (Fig. 7) as well as the activitics ol
8.4, 6.4 and 6.6, decrcasing in this order (Fig. 5, Run K). Interestingly, of the two
kinds of insccts highly sensitive to 6.4, Neoplivllomyza sp. became indifferent to 8.4 which
had been extended in alcohol chain length but was favored by Siphouella sp., :
in turn the latter species hecame insensitive to 8.2 that had been shortened in its acid
chain length but was favored by the former species.  Also, for Forcipomyia spp., the
alcohol moicty is more important, as judged by decreasing orders of activity:  for
A, 6.5, 6.4 and 7.4 (Fig. 6, Run N) and 6.6, 6.5 and 5.6 (Fig. 9, Run U); and for B,
10.6, 10.8 and 12.6 (Fig. 11, Run T and Fig. 12, Run V).

A similar trend may be found in the following works:  Tasmro ctal. (1964) showed
the acid residue to be essential for the attractancy of butyl sorbat in the European chalcr.
The activity of octyl butyrate to Fespula spp., more tolerant to the change in alcohol
moicty than that in acid moiety is revealed by the analysis of the data by McGoveRN
ct al, (1970). Roerors and Comeau (1971) pointed out the acetyl group to be cs-
sential and the alcohol moicty to be somewhat variable in their discussion on synergists
for RiBLuRe. Also, Brus et al. (1971) showed that shortening of the longer alkyl
chain by a C, unit docs not impair the ant alarm-releasing activity of natural 4-methyl-3
heptanone as contrasted to a marked decrease in activity following a similar shortening
in the shorter alkyl side.  Our results likewise indicate that the acuvity ol ester homo-
loucs is more closely related not only with the acid moiety, as was shown in the
response of Siphonella sp., but also with the alcohol moicty as induced from the above
analysis of the responses of Neophyllomyza sp. and Forcipomyia spp. Compounds, even
il optimal in total carbon number, frequently succumb in activity to congeners, though
next to optimum in the total chain length but more suited in the length of the more
important maiety; the activity may be dominated by the length of the more important
moicty no less than by the total chain length.  Furthermore, it is speculated that access
of the ester group and the terminal methyl group of the more important moicty to the
corresponding active sites of a receptor would be a necessary (but not suflicient)
condition to clicit a response in insccts, even if the physiological events following such
a favorable orientation of an attractant molccule over the receptor surface shiould be
another problem.

Finally, the molecules of choice for each inscet, varying from one species to another
lead us to imagine for the odor receptor, like a varicty of morphological traits charac-
terizing insect speceis, a macromolecular structure under genic control, as has been
indicated experimentally by formalin denaturation by Ripprrorp (1970). It is
expected as well that the above mentioned aspects of the interaction between aliphatic
esters with the simplest constitution and the Diptera species remote from human life

while

-
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would be tenable in still other combinations of chemicals and insects.
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