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The status of blue-green bile pigments of butterflies, and their
phototransformations

by M. Barbier!
Institut de Chimie des Substances Naturelles, CNRS, F-91190 Gif sur Yvette (France)

Summary. Blue-green bile pigments are found in adults or larvae of many species of butterfly. They are
reviewed here. In contrast to the presence of biliverdin IX «a 1 in some insect species, many Lepidoptera contain
pterobilin 2 (biliverdin IX y), phorcabilin 3, and sarpedobilin 4, derived from 2 by cyclization. Pigments 3 and 4
are members of a new natural family of heterocyclic systems which can also be obtained in vitro from 2, by
irradiation under visible light. This review presents the information so far available about the chemistry and
biochemistry of these pigments, together with a discussion about the possible biological significance of their

photosensitivity.

Introduction

For a long time, the blue-green colors encountered
among Lepidoptera have been thought to be due to
the diffraction of light falling on specialized wing
structures. This is true in many species, for example
for the so-called ‘metallic’ blue colors found in the
Morpho group, but it is not absolutly general. Accum-
ulation of chlorophyll from the feeding sources has
been believed to be responsible for the green color
observed in the integuments of larvae. It was only in
1940 that Wieland and Tartter? succeeded in isolating
the blue-green bilin from the wings of several Pieris
species; this tetrapyrrolic pigment was named pterobi-
lin. Later, in 1952, Hackman? demonstrated that
pterobilin was also present as a circulating pigment in
the hemolymph of larvae belonging to the Pieris
family, where it occurs in the form of a high molecular
weight chromoprotein. Biliverdin IXa 1 had been
detected before among Orthoptera, Cheleutoptera,
Dictyoptera, Odonata and Planipenes*-11,

After a series of investigations on insect bilins belong-
ing to the IXa series, as mentioned above, structural
determinations were extended to the pterobilin group.
In this review we present the results of chemical and
biochemical research performed in our laboratory
during the last 13 years. A discussion about hypo-
theses concerning the possible biological significance
of this group of bile pigments in Lepidoptera is
added.

Biliverdin IXa 1

M=CH3, P=CH,-CH>-COOH

The chemical structures of the blue-green bile pigments
of Lepidoptera

The structure 2 was established in 1968 for pterobilin

obtained from Pieris brassicae'® '3 relating this bilin to

the IXy series, and it was the first demonstration of a

natural IXy tetrapyrrole. A screening among Lepi-

doptera imagos and larvae!® (27 species) showed
pterobilin to be present not only in Pieridae but also

in Papilionidae and Nymphalidae. During the course

of this systematic search, 2 new blue-green bile pig-

ments were isolated; the 1st, from Papilio phorcas, was

named phorcabilin and the 2nd, from Papilio sarpe-

don, was named sarpedobilin'*!>. Structures 3 and 4

were established for phorcabilin!® and sarpedobilin!’

indicating that these bilins could be formed by some

internal cyclizations of pterobilin. The 2 substances

are the first members of a new family of natural

heterocycles derived from a tetrapyrrolic pigment.

The screening was later extended to a total of 100

species!® (10 families) and it underlined the wide

distribution of pterobilin, the relative scarcity of phor-

cabilin and the rarity of sarpedobilin. This last pig-

ment is found in all Papilio sarpedon subspecies

investigated, in Papilio weiskei and as a minor com-
ponent in some other butterflies. Phorcabilin is rela-

tively abundant in Attacidae of the Actias group,
Argemma mittrei, Graellsia isabella and Antherea per-
nyi (larvae), and also in trace amounts in some
pterobilin-containing individuals. The statistics, on
the basis of the Lepidopteran species examined so
far'418.19 indicates that about 72% contain pterobilin,

15% phorcabilin and 5% sarpedobilin. In Noctuidae
and Geometridae, the green bile pigment often
detected in larvae or adults is apparently of a dif-
ferent type, which is quite unstable during chemical
treatment. At least in the case of Thaumetopoea
pityocampa®® it could be related to the usual IXa

family. Among the Sphingidae, Euchloron

megaera'»1® has a deep emerald green color, due to

an unidentified (hot) water soluble pigment which is

not a tetrapyrrole and is possibly derived from a plant
food polyphenol.
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Pterobilin 2
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Phorcabilin 3

Phorcabilin 3

M =CHj, P=CH,-CH,-COOH

Sarpedobilin 4

Photo-isomerizations and photo-cyclizations in the IXy series of butterflies bile pigments: from pterobilin to phorcabilin (left) and from

phorcabilin to sarpedobilin (right).

Biosynthesis of Lepidopteran bile pigments

The biosynthesis of pterobilin 2 from lebelled glycine
has been demonstrated in Pieris brassicae'>. By
various experiments using labelled precursors!®?2122
the following scheme has finally been established:
acetate—» glycin— J-aminolevulinic acid— corpro-
porphyrinogen-III» protoporphyrin IX— pterobi-
lin— phorcabilin—» sarpedobilin. This scheme is
identical, up to protoporphyrin IX, with the biosyn-
thetic pathway generally found among vertebrates.
The main differences are noticed from this point, in
connection with the specific oxidative cleavage of the
porphyrin ring in the y position in butterflies, instead
of the usual a position. The mechanism of the in vivo
transformation of pterobilin into phorcabilin and
sarpedobilin is still unknown. In spite of the easy

photo-conversion (see under) of pigment 2 into 3 and
4 by visible light in vitro, such a mechanism has not
been demonstrated in vivo; what is more, the chromo-
protein of pterobilin from Pieris brassicae is photo-
resistant to cyclization of the bilin and the interven-
tion of an enzyme cannot be excluded. Another
possibility would be a phototransformation occurring
in the free form of the bile pigment at the moment of
larval moulting, as the biosynthesis has been shown to
be more active at this time.

Phototransformations of the I1Xy bile pigments

A reaction has been discovered!®:23.24 showing the in
vitro phototransformation of pterobilin 2 into phorca-
bilin 3 and of the latter into sarpedobilin 4 under the
action of visible light. The special features of the
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isomerization-cyclization reaction in the IXy series®*
are connected with the possibility of the addition of
the 2 vinyl groups in the central pyrrole rings, to the
neighbour pyrrolic nitrogen atoms. The same reaction
is observed with the non-natural IX$ bilin?> where
only 1 of the 2 vinyl substituents in a good position
cyclizes under similar conditions. The following
scheme summarizes the situation for the in vitro
phototransformations of pigment 2 (pterobilin):

2 3 4
(pterobilin) — (phorcabilin) —— (sarpedobilin)
Ist cyclization 2nd cyclization

Concluding remarks and hypotheses concerning the
biological significance of butterfly IXy pigments

The bile pigments of butterflies represent the only
known occurrence in nature of bilins belonging to the
IXy series. The ‘raison d’étre’ of this particular meta-
bolic feature is unknown and the phototransforma-
tions observed in vitro have not yet been established
in vivo.

A role in the larval development of Pieris brassicae
has been proposed?6-2 and represents a valuable
hypothesis. In this scheme, pterobilin would act as a
photoreceptor for the red wave-lengths of the visible
spectrum. This would correspond to a biological clock
connected with the day-night relationships and hence
with the determination of diapause in larvae. Such a
mechanism could be bound to the 1st step of the
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phototransformation; that is, the photo-isomerization
of pterobilin at the methen bridges, as found with the
plant phytochrome. A molecular basis for metering
time through pigments present in membranes has
been emphazised?!; the whole mechanism being relat-
ed to the existence of ‘chronogen segments’. Vuil-
laume et al.’?-** have shown that the photoreceptor
role of pterobilin could be connected in Pieris brassi-
cae integuments with the production of ATP.

Similar questions concerning the biological signifi-
cance of such bile pigments when deposited in Lepi-
dopteran wing membranes have been discussed
recently?®, They certainly play a role in crypsis3® both
in caterpillars and butterflies, as the most frequent
background in nature is of course due to the chloro-
phyll in leaves. In butterflies, there is evidence for
morphological modifications of the scales?®® which
ensure a better exposure to light in pterobilin-contain-
ing species, suggesting that the pigment fulfils a
photoreceptive function. A hypothesis has been pro-
duced which suggests that this could be connected
with a system of heat transference within the butterfly
wing.
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