shows that one of the two rings was
cleaved. Moreover, further degradation
of this metabolite occurred; thus, when
washed cell suspensions were incubated
with p-chlorophenylacetic acid, a yel-
low-colored product accumulated. This
product had an absorption maximum
of 379 nm in neutral to basic solutions
which disappeared upon acidification.
Nevertheless, no chloride was released
microbiologically.

Furthermore, when a suspension of
the cells was incubated with 1,1-di-
phenyl-2,2,2-trichloroethane, a product
appeared that was identified by its
melting point, infrared spectrum, and
by mass spectral analyses as 2-phenyl-
3,3,3-trichloropropionic acid. The infra-
. red spectrum showed bands at 1700
and 690 cm—?! characteristic of an
aromatic acid. Mass spectrometry
showed (i) a mass of 252; (ii) the loss
of HCI, carboxyl, and chlorine from the
parent ion; (iii) a base peak at mass-
to-charge ratio (m/e) 102, represent-
ing a loss of three chlorines and a car-
boxyl; and (iv) a peak at m/e 77 for
the phenyl ion. One of the two rings in
this substrate too, therefore, was opened.

It has been reported that DDT may
be converted by Culex trasalis larvae to
p-chlorobenzoic acid (6). Although no
such intermediate has been observed
to be excreted by the bacterium, it has
not been excluded either. Nevertheless,
the evidence for a role for p-chloro-
benzoic acid in DDT degradation must
be considered as equivocal in view of
the lack of a rigorous identification of
the compound.

The present findings that diphenyl-
methane, p,p’-dichlorodiphenylmethane,
and 1,1-diphenyl-2,2,2-trichloroethane
are attacked, that at least one and
sometimes both of the benzene rings
are cleaved, and that there is extensive
microbial modification of the chemicals
focus attention on the ultimate fate of
DDT in soil and water, environments
that have received enormous quantities
of this insecticide. Microorganisms un-
der anaerobic conditions are capable of
converting the parent pesticidal mole-
cule to compounds of the kind metab-
olized aerobically by Hydrogenomonas

-sp. (1), so that a biological model now
exists for tracing the pathway of DDT
decomposition in nature.
D. D. FocHT
M. ALEXANDER
Laboratory of Soil Microbiology,
Department of Agronomy, Cornell
University, Ithaca, New York 14850
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Peptides with Juvenile Hormone Activity

Abstract. Peptide derivatives of juvenile hormone analogs which show substan-
tial hormonal activity for certain insects were prepared. The most active compound,
L-isoleucyl-L-alanyl-p-aminobenzoic acid ethyl ester, was up to twice as active
as juvabione. Like juvabione, the peptide analog showed selective action on

pyrrhocorid bugs.

The juvenile hormone (JH) analogs
are mainly aliphatic or monocyclic
sesquiterpenes or aliphatic monoter-
penes attached to para-substituted aro-
matic rings. A few examples of active
compounds without isoprenoid structure
include dodecylmethylether (I) and
insecticide synergists of the sesoxane
type (2). We were interested in poly-
peptide chains that bear a general
resemblance to polyisoprenoids and
have prepared and assayed several pep-
tides which mimic selected terpenic
and terpenoid models.

The first compound investigated was
the methyl ester of 3,7,11-trimethyl-2-
dodecenic acid (compound 1), which
is active on both hemipteran larvae and
pupae of the beetle Tenebrio (Table
1). Its partly peptidic counterpart (2)
was prepared from amino acids L-valine
and L-alanine attached to a short-
chained, unsaturated, dicarboxylic acid
ester, One end of the molecule contains
the necessary —CH,*C(CH,)*CH*COOR

structure, which in many straight chain
terpenic analogs is necessary for JH
activity (3). In addition, compound 2
contains a carbomethoxy group on the
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Table 1. Juvenile hormone activity. The values indicate the amount of the substances (micro-
grams per specimen) which caused formation of half-larval (hemipterans) or half-pupal
(Tenebrio) adultoids. For topical applications we used standard 1-41 drops of acetone solution
and for injections 1 ul of olive oil; freshly molted last instar larvae or freshly molted pupae

(0 to 20 hours) were used for the assays.

Pyrrhocoridae Pentatomidae TTen;Qrionid?e
Compound Pyrrhocoris Dysdercus Gr ;2’ Zg;;m“ — enebrio motitor -
apterus cingulatus A Injections Topical
Topical Topical Topical (pupae) (pupae)
(larvae) (larvae) (larvae)
1 5 10 100 1 10
2 > 1000 > 1000 > 1000 > 1000 > 1000
3 0.5 0.5 0.8 10 100
4 0.5 0.5 > 1000 > 1000 > 1000
5 0.5 0.2 > 1000 > 1000 > 1000
6 5 5 1 0.3
7 100 100 > 1000 500
=+ Juvabione 1 0.5 > 1000 > 1000 > 1000
Methyl farnesoate 50 50 50 10
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other end of the molecule. The bioas-
says (Table 1) revealed that compound
2 had no juvenile hormone activity
even when tested in high concentra-
tions.

We next investigated JH analogs
containing an aromatic ring. As a
model compound we selected the
geranyl ether of p-hydroxybenzoic acid
(Table 1, compound 3) (4). As the
peptidic counterpart, we prepared the
ethyl ester of L-isoleucyl-L-alanyl-p-
aminobenzoic
Though this substance shows an over-
all similarity with 3, especially with
respect to the general size of the mole-
cule and the locations of the alkyl sub-
stituents, some of the methylene groups
of compound 3 are replaced by =CO
and —NH— groups. Isoprenoid juve-
nile hormone analogs are already
known in which methylene groups are
replaced by both =CO (5) and —NH—
(6) groups.

In contrast with 2, compound 4 ex-
hibits substantial juvenile hormone ac-
tivity for pyrrhocorid bugs when
dissolved in olive oil and injected or
when dissolved in acetone and topically
applied on the body surface of freshly
molted final (5th) instar larvae. Doses
of 0.5 ug in topical applications cause
the appearance of half-larval adultoids.
This activity for the Pyrrhocoridae is
similar to that found for the model
terpenoid compound 3. It is somewhat
more active than juvabione and much
more active than methyl farnesoate,
farnesol, and many other terpenic JH
analogs. Like the juvabione-type com-
pounds, the peptidic ester 4 shows a
high degree of specificity and appears
to be inactive for the pentatomid bugs
or for the Coleopteran Tenebrio. As
far as we know it is the first peptide
with JH activity.

The JH activity of some terpenic
compounds can be enhanced by intro-
duction of one or more chlorine atoms
(7). We therefore exchanged the amino
group of isoleucine in 4 for the chlo-
rine atom (by chlorinating deamina-
tion) (8) to obtain the ethyl ester
of 2-chloro-3-methyl-valeryl-L-alanyl-p-
aminobenzoic acid (compound 5).
This substance showed approximately
the same activity as the original tri-
peptide ester 4. Consequently, no po-
tentiation of the hormonal activity was
realized by the introduction of the
chloride atom. k

Replacement of the ester group in
aromatic juvenile hormone analogs by

2 OCTOBER 1970

acid (compound 4).

the methylenedioxy group often causes
a shift in species specificity. Such com-
pounds are generally more active on
pupae of Coleoptera and less active on
Hemiptera. As an example of this type
of compound we selected the 3,4-
methylenedioxyphenylether of geraniol
(6) (4). We prepared an analogous
compound to our tripeptide ester 4
with 3,4-methylenedioxyaniline instead
of the ester of p-aminobenzoic acid.
This  isoleucyl-alanyl-methylenedioxy-
aniline (7) showed decreased activity
for the hemipterans and low but definite
juvenile activity for Tenebrio pupae.

Our results document a pharmaco-
biological similarity between determined
isoprenoid and peptide compounds with
respect to JH activity. The data suggest

“that the relations between structure and

activity may in principle be similar in
both peptidic and isoprenoid JH
analogs. : ,

M. Zaorar
Institute of Organic Chemistry and
Biochemistry, Czechoslovak
Academy of Sciences, Prague

K. SLAaMA

Institute of Entomology,
Czechoslovak Academy of Sciences

Mueller-Lyer Illusion: Effect of
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Age, Lightness Contrast, and Hue

Abstract. Mueller-Lyer figures produced by lightness contrast (white on black)
and by hue contrast in the absence of lightness contrast (red, yellow, green, or
blue on gray) were presented to subjects aged nine to adult. Contrary to Piage-
tian expectations, the illusion magnitudes resulting from the colored figures did

not decline with age.

Piaget (/) has argued that the well-
known diminution of the Mueller-Lyer
illusion with age (2) and with repeated
trials (3) is due to an increase in per-
ceptual activity which involves decen-
tration, or comparative looks at various
parts of the figure. I proposed (2) that
the decline in the magnitude of the
illusion, at least under conditions of fix~
ation using a small figure exposed tach-
istoscopically, is due to the decline in
sensitivity to contours which are pro-
duced by brightness or lightness con-
trast (2).

The research reported here shows
that there is no decline in magnitude of
the illusion as a function of age when
the Mueller-Lyer figure is produced by
hue contrast. The Piagetian explanation,
therefore, is not a necessary one, al-

though it may be sufficient under cer-
tain conditions.

Piaget says, “If our schema is cor-
rect, an optico-geometric illusion has
to do with unequal densities of en-
counters on the elements of the figure,
and thereby with their incomplete
couplings. It follows that compensa-
tions which lead to a diminution of
errors must consist in an equalisation
of the density of encounters and in the
completion of couplings: and it is pre-
cisely in such a situation that we may
expect to find repeated explorations
and improvements with practice” (7, p.
147). He also says, “. . . the absolute
value (of the illusion) itself depends
on the relative completeness of the
couplings, so it is understandable that
these ‘primary’ errors diminish with age.
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