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Multiplicity of tissue esterases in Pieris brassicae (L.)
(Lepidoptera, Pieridae)
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Tissue esterases of Pieris brassicae were classified into 14 groups according to
their relative electrophoretic mobilities in polyacrylamide gel. The haemolymph,
midgut, fat body, and integument showed marked differences in the esterase
patterns so produced. The different regions of the larval midgut contained
esterases in different titres. The tissue containing the greatest number of esterase
isozymes (11) observed at any stage of development was the integument of late
fifth instar larvae. At this stage the dorsal parietal fat body and haemolymph
contained 8—10 esterases. The haemolymph esterase pattern underwent distinct
changes during development: ecdysing fourth-fifth instars had only four esterases,
late wandering fifth instars eight, and 2-day pupae five. Slowly migrating esterases
were prominent in the haemolymph and more rapidly migrating esterases in the
midgut.
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1. Introduction

Because of their wide range of substrate specifici-
ties and their great heterogeneity, insect
esterases have recently been subjected to
extensive study. These studies have revealed
that the esterase pattern of insects undergoes
striking changes during development (LAUFER
1961, VELTHUIS & VAN ASPEREN 1963, Cook &
Forcasu 1965, SiMoN 1969, BrRIEGEL & FRrEy-
voGeL 1971, AaMAD 1977) and that differences
exist between different tissues (CLEMENTS 1967,
BrieceL & FRrREyvoGeL 1973). Much of the
recent interest in insect esterases is based on
the demonstrated role of certain carboxylester-
rases in the degradation of endogenous juvenile
hormone towards the end of the last larval
instar (WHITMORE ¢t al. 1972, WEIRICH ef al.
1973, KramMEr & DE Kort 1976a, 1976b).

In the present study polyacrylamide gel
electrophoresis was used to examine devel-
opmental changes in haemolymph esterases and
esterase variability in some metabolically critical
tissues of the cabbage butterfly, Pieris brassicae
(L.). The study complements an earlier one on

soluble esterases during the embryogenesis of
P. brassicae (TURUNEN 1977a).

2. Material and methods

Pieris brassicae were from our laboratory-reared stock
(16L : 8D, 23°, 65 % R. H.) maintained on a recently
modified artificial diet (Turunen 1978). Larvae of a
culture reared under a diapause-inducing regime were
fed on the artificial diet at 11° under natural light:
dark conditions (September—November inclusive, 60°
N).

Haemolymph samples were obtained from ecdysing
fourth-fifth instar larvae, 2-day post-ecdysis fifth instar
larvae, late wandering fifth instar larvae, 2-day pupae
and l-day adults. The samples were diluted to 1 : 20
with cold 40 %, sucrose solution and used for electropho-
resis. Parietal (dorsal, pigmented) and perivisceral
(ventral, non-pigmented) fat bodies and the integuments
of late wandering male larvae were dissected under
cold 0.9 % NaCl solution. Similarly, four consecutive
sections of the larval midgut of 2-day post-ecdysis fifth
instar males were dissected under the saline and rinsed
clean of contents. All samples were homogenized in the
saline, and centrifuged at 10000 g for 30 min at 4°.
The supernatants were used for electrophoresis. The
samples (3 ul of haemolymph in 60 ul, 1/4 integument
in 100 gl, 1/25 midgut in 50 xl, and 1/5 of each midgut
section in 50 ul) were spotted to each tube in a 40 %
solution of sucrose. All techniques used in acrylamide
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gel electrophoresis and esterase staining have been
described (TuruNEN & CHIPPENDALE 1977). Cholin-
esterases were determined after the method of
Karnovsky & Roots (1964).

3. Results

Distinct differences were seen between the
electrophoretic patterns of haemolymph esterases
at different stages of metamorphosis (Fig. 1).
For comparison, the two major esterases detect-
able in newly oviposited eggs are shown (Fig.
1A). At the time of the last larval ecdysis the
haemolymph contained only four esterases,
with relative mobilities (Rm) between 0.25 and
0.51 (Fig. 1B). Early fifth instar larvae (already
feeding) also had only four haemolymph
esterases; the three most rapidly migrating of
these had mobilities identical with those present
in mature fifth instar larvae (Fig. 1C). Com-
parison of cultures reared under diapause-
inducing and diapause-inhibiting conditions
suggested little or no difference in the haemo-
lymph esterase pattern of early fifth instar
larvae. In larvae nearing the end of the fifth
instar and preparing for metamorphosis, the
number of haemolymph esterases was greater.
The most notable change was the presence of
several slowly migrating esterases in the haemo-
lymph of mature fifth instar larvae (Fig. 1D). The
concentrations of the slowly migrating esterases
decreased again after pupation, but the complete
absence of these enzymes in pupae was not
verified (Fig. 1E). The haemolymph of newly
emerged adults (Fig. 1F) contained two major
esterases (Rm 0.33 and 0.38) apparently
identical with the two major esterases of pupal
haemolymph.

In mature fifth instar larvae slowly migrating
esterases appeared simultaneously in the integu-
ment and haemolymph (Fig. 2A). In these
larvae, the integument contains both enzymes
that migrate slowly and several that migrate
rapidly, their total number being 11, i.e. higher
than in the other tissues analysed. A com-
parable pattern was observed in the dorsal
parietal (pigmented) fat body (Fig. 2B), al-
though there the slowly migrating esterases were
found in relatively low concentrations. The
parietal fat body contained esterases with the
same mobilities as those of the ventral perivis-
ceral (non-pigmented) fat body. However, the
two tissues appeared to differ in the relative
titres of the esterases, and some enzymes found
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Fig. 1. Ontogenetic changes in the haemolymph (B—F) esterase
pattern of Pieris brassicae. A: Eggs (1 day after oviposition), B: male
larva at the time of the 4th-5th larval ecdysis, C: 2-day 5th instar
male larva (diapause culture), D: wandering 5th instar male larva,
E: 2-day male pupa, F: 1-day male adult.

Cl

in the parietal dorsal tissue appeared to be
lacking from the perivisceral ventral tissue or
present only in minute amounts (Fig. 2C).

Of all the larval tissues the midgut probably
contains the highest esterase titre. A typical
pattern of midgut esterases of a 2-day fifth
instar larva is shown in Fig. 2D. The esterases
are not evenly distributed along the midgut.
When the four quarters were examined separat-
ely, overall ‘esterase activity was highest in the
anterior quarter, decreasing in the following
order: posterior quarter, third quarter, second
quarter (Fig. 2E, F, G, and H). A slowly
migrating esterase was found in highest titre
in the posterior quarter (Fig. 2 H).

Six esterase bands were distinguished in the
soluble fraction of the adult head (Fig. 2I).
With acetyl thiocholine iodide as substrate, at
least four bands exhibited activity. Two of
these had the same mobility as the esterases
shown with a-naphthyl acetate (Rm 0.23 and
0.30). The other cholinester- hydrolysing bands
moved more slowly (Rm 0.007 and 0.02). The
functions of these esterases may concern the
degradation of cholinester transmitters in the
central nervous system.

The esterases found in the different tissues
of Pieris brassicae, with a-naphthyl acetate as
substrate, may be grouped according to their
mobilities in acrylamide gel. Such a grouping
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Fig. 2. Esterases in various tissues of 5th instar larvae of P. brassicae.
A: pooled integuments of 2 late wandering male larvae, B: pooled
parietal fat bodies of 3 late wandering male larvae, C: pooled peri-
visceral fat bodies of 3 late wandering male larvae, D: midgut of
a 2-day 5th instar male larva, E: 1st, F: 2nd, G: 3rd, H:4th quarters
of the midgut of a 3-day 5th instar male larva, I: 145 of the pooled
heads of 4 one-day post-ecdysis female adults.

is arbitrary and has been made here merely
to emphasize the differences between the tissues
(Table 1). Some groups may include two
distinct esterase isozymes present in a single
tissue (for example, group IX in the integument,

Table 1. Tissue esterases of Pieris brassicae.
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group X in both midgut and integument).
Further, it is not suggested that the esterase
isozymes classified in any group are identical
in the different tissues; in fact, different esterases
may have similar migration rates. According
to the electropherograms, slowly migrating
esterases are prominent in the haemolymph,
and rapidly migrating esterases in the midgut.
The esterase patterns in the fat body and the
integument were closer to the pattern in the
haemolymph than to that found in the midgut.
Towards the end of the last larval instar slowly
migrating esterases were observed in the midgut
tissue also, although not in as high a con-
centration as in the haemolymph.

4. Discussion

The changes in the isozyme pattern of the
haemolymph esterases of Pieris brassicae during
the fifth instar suggest that the slowly migrating
esterases have a specific function or functions
before pupation. Such esterases (Rm 0.07 and
Rm 0.15—0.16) were not found in larval
haemolymph during the fourth-fifth larval
ecdysis or early fifth instar, and their con-
centrations appeared to decrease markedly after
pupation. In late fifth instar larvae slowly
migrating esterases are present in other tissues
beside the haemolymph, e.g. in the integument

Esterase Observed Tissue and stage of development stutied

group’ mobility Egg Haemolymph Midgut Fat body Integumen Head
I 0.01—-0.02 - - - - — adult?
II 0.02 —0.04 - 5th instar 5th instar —_ 5th instar -
III 0.06 —0.07 2 & 3-day 5th instar — 5th instar 5th instar -
v 0.09—0.11 1 — 3-day 5th instar — 5th instar — —
v 0.13-0.15 2 & 3-day 5th instar — 5th instar 5th instar -
VI 0.16—0.18 - — - - 5th instar -
VII 0.20—-0.25 s 5th instar 5th instar® — — adult?
VIII 0.27 —0.29 & 5th instar — — — —
IX 0.30-—0.37 1 — 3-day 5th instar 5th instar 5th instar 5th instar adult?
X 0.36 —0.44 3-day 2day pupa 5th instar 5th instar 5th instar —
XI 0.41—-0.48 3-day 5th instar 5th instar 5th instar 5th instar adult
XII 0.47—0.54 3-day 5th instar 5th instar 5th instar 5th instar —
XIII 0.52 —0.59 — - 5th instar 5th instar 5th instar adult
XIV 0.65—0.72 = - 5th instar - — -

1 Each group may include more than one type of esterase (see text).

2 Probably a cholinesterase.

3 ‘Midgut esterases VII—XIII have been tentatively characterized as carboxylesterases (Turunen 1977b).
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and fat body. These esterases (or esterase) may
be the enzymes responsible for the hydrolysis
of juvenile hormone (JH) observed to occur
before pupation in several insects (WHITMORE
et al. 1974, SANBURG ¢t al. 1975, KrRAMER &
De Kort 1976a, Vince & GiuBert 1977,
Brown et al. 1977). JH-hydrolysing esterases
could contribute to the rapid decrease in
haemolymph JH activity observed in P. brassicae
at the time of the larval-pupal transformation
(Varjas et al. 1976).

The different tissues of fifth instar larvae
exhibited characteristically different patterns of
esterase isozymes. These data complement the
previous results of CLEMENTs (1967), obtained
with starch gel electrophoresis, and provide
details of esterase distribution within metaboli-
cally critical tissues. The present results showed
about 11 esterase isozymes in the integument
of fifth instar larvae, in contrast to the 3 found
by CLeMENTS. The data suggest that the majority
of the tissue esterases in the midgut, haemo-

lymph and integument are carboxylesterases
(CLeMENTS 1967, TURUNEN 1977D).

The - esterases of the dorsal parietal and
ventral perivisceral fat bodies also differed in
fifth instar larvae of P. brassicae. Possibly these
differences are only quantitative. The ventral
tissue (adjacent to the intestine) is white,
whereas the dorsal tissue (lining the body wall)
is pigmented, the green to yellow hue probably
resulting from dietary carotenoids and the colour
of the aureomycin added to the artificial diet.
This selective accumulation possibly indicates
some metabolic difference between the two
tissues.

Several of the midgut esterases are probably
concerned with extra- as well as intracellular
digestion. The three major gut wall esterases
of P. brassicae were found by CLEMENTS (1967) to
be secreted into the intestinal lumen, and
comparable secretion of midgut esterases has
been observed in other species of insects (Cook
et al. 1969, TurRUNEN & CHIPPENDALE 1977).
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