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ANTRODUCTION

There is an abundant literature on the related processes of
melanin formation and the hardening of cuticle in insects.
Knowledge of the nature of these processes has been derived largely
'tm histo-chemical and histological investigations of cuticles in
different stages of development, or from the employment of chemical
methods designed to differentiate between the various components
of cuticle.

It is mn.lly accepted that the two processes involve
reactions catalysed by one and the same enzyme, tyrosinase
(Pryor, 1940a, 1940b; Mason, 1955a). It is likely that this
m-mmmnwmuwummmtu@mmm.
the conversion of tyrosine to an ortho-dihydroxyphenol, and this in
turn to a corresponding ortho-quinone. When catalysing the second
step, the enzyme is often referred to as a polyphenol oxidase.
Since there is still room for controveray over whether one or two
geparate enzymes are involved, the temm phenolase complex has been
used (Mason, 1955a)«

Whereas there is strong circumstantial evidence for tyrosinase
being actively concerned with the deposition of melanin as well as
with the hardening of cuticle, Mason (1955a) pointed out that the
enzyme had not been isolated from ingects, and since that time little
advance has been made in this sphere. Notwithstanding, it seems
certain /
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certain that the ensyme is involved in the hardening and melanising
processes.

In most insects, the degree of hardening of the cuticle
and the amount of melanin deposited in a fixed pattern are fairly
constant for a given species. An exception to this is in the case
of the locust. Whereas the degree of hardening of the cuticle
appears to be constant, there are obvious differences in the amount
of melanin deposition, as is i1lustrated by the gregarious and
golitary phases of the same gpecies. In the former phase, the
deposition is considerable and this appears to be coupled with a
higher rate of metabolism. In the latter, the deposition is light
or absent, and the metabolic rate is lower (Kennedy, 1956) «
However, the cuticles of both the gregarious and solitary phases
of locust are apparently equally hard, although evidence on this
point is rather scarce.

In view of the above considerations, the occurrence of a
non-melanised mutant, or "albino®, strain of the Desert Locust
Schigtocerca gregaris Forskfl sugiested that it might be possible
to induce the formation of melanin patterns in these albinos by
experimentally introducing phenolic substrates of the phenolase
complex, provided that an active tyrosinase or polyphenol oxidase
was present. Since albinos were capable of performing normal
movements there seemed every reason for supposing that the cuticle
was hardened and consequently that tyrosinase was present.

When /
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When hardening and melanin deposition occur, it has been
contended that the two processes take place simultaneously
(Wigglesworth, 1948)e Thie raised the question of how hardening
could take place in an albino locust, while at the same time melanin
formation was suppressed. Here, then, was an excellent medium for
attempting to study these processes by experiments devised to test
whether the albino condition was due to the absence of the phenolase
complex or the appropriate substrate. If the phenolase coplex was
present, then was the albinism due to the absence of a substrate
necessary for melanin formation but not for cuticle-hardening? If
80, the reason for albinism in this insect would be different from
that in human albinos, in which the enzyme is apparently absent.

The chief aim of the work presented in this thesis has
therefore been to design a technique for experimentally inducing
excess hardening of the cuticle, or melanin deposition, or both, by
the introduction of substrates of the phenolase couplexs In
conjunction with these procedures, it would also be possible to test
the effect of enzyme inhibitors as a means of detecting the nature
of the engyme involved in the natural processes.

That a technique for inducing the formation of melanin patterns
in albine locusts by experimentally intreduced substrates was devised
opens the way to the use of labelled substrates to follow the possible
routes, and deposition, of the substrates in the living insect. By
utilieing albino locusts as a medium for study in this way, it seemed

likely /
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likely that the problem of which substrates the insect is capable of
employing in the hgrdening of cuticle and the deposition of melanin
could be approached from a new angle, when experiments were
accompanied by detailed histochemical and histological studies of
patural and treated cuticles.

Engyme inhibition studies have also been made on m to
try to throw some light on the question of whether the hardening of
cuticle and the deposition of melanin are the results of two uéarate
processes catalysed by the same enzyme ‘complex.

It is interesting to recall that in the last few years bio-
chemists have devoted a great deal of attention to the fact that
quinones are widespread in cells. It has now transpired that a
quinone referred to as coenzyne Q appears to be implicated in
oxidative phosphorylation. It is also likely that tyrosinase is
involved. In view of the accumulating information on the polyphenol-
polyphenoloxidase system, any new & proach to studying the expressions
of this system in insects is therefore always likely to have wider

implications.
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MATERIALS AND METHODS

In this study, the Desert Locust, Schistocercs gregaria
Forskf1 and the blowfly, Phormia terrae-novae were used. The
albine strain material was generously provided by the Anti-Locust
Research Centre in London, This strain breeds true, and melanin
did not appear to be present in any stage of the albinos' life=
cycle. Neither could they be forced to deposit this pigment in
response to extreme crowding (Uvarov, 1957; Hunter-Jones, 1957).
In this respect it differs radically from the lightly melanised
form, golitaria, of the normal strain, which can be forced by
erowding to increase the extent of its pigmentation until f.ho
jnsect is almest entirely black. This deeply pigmented state is
typical of the wild type in the gregaria phase.

Cultures of the wild strain were maintained in this laboratory,
using standard breeding techniques (Hunter-Jones, 1956). However,
for some co'pletely unknown reason, it has been impossible to maintain
the albino strain here, despite every attespt to provide suitable
conditions. The only explanations that can be given are that there
was either lack of some critical humidity condition required by the
albines, or insufficient numbers of albinos present in the cages %o
promote successful breeding. When relatively large numbers of
aliinos from the Anti-Locust Research Centre were obtained and kept
in crowded conditions it did not, however, prevent a high mortality
rate in all stages reared through from egg to adult. Gregarine

parasites /
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parasites were found in equal quantities in both wild and albine
strains, It is unlikely that this common locust infection could
have been responsible for the losses of albinos unless they were
more susceptible to the adverse effects of the parasites.

This difficulty in rearing the albinos might, however, have
been associated with the lowered vitality of albino animals in
general. That this condition was the case in the albine insects
was reflected in the extreme ease with which even minute injury
could kill the albino §. gregarig. This susceptibility unfortunately
also presented considerable difficulties when experiments were
performed on the albinos.

The blowfly, B, terrge-novge was maintained in large mumbers,
The egge were collected on raw meat as often as they were needed.

In this way, uniformity of larval age within any batch was obtained.
The eggs were then transferred to glass jars containing dried milk
and yeast, as a paste made with water.

The immersion technique devised for experimentally introducing
agents into the iiving ingect enta>rled the removal of the wax layer
of the cuticle from the tip of the abdomen. This de-waxed portion
of the abdomen was then immersed in a solution of the agent to be
introduced into the haemoccel by passage through the cuticle.
Further details of this technique are given in the section dealing
with the experiments carried out on melanin-induction in the albinos.

Tyrosinase inhibitor tests were largely carried out on the

blowfly /



- &

blowfly larvae. The inhibiter was injected in solution in saline,
from an "Agla" micro-syringe, using a No. 30 needle. Although
there was usually some slight loss of haemolymph from the puncture,
the wound healed rapidly., To off-set the loss of inhivitor, the
needle was left inserted in the insect for a few seconds to allow
the substance injected to disperse in the blood, After being
injected, the larvae were kept at 30'C. until development to the
adult stage.

The micro-syringe was calibrated by welghing known
deliveries of fluid.



LHE PHENOLASE COMPLEX
Since various names have been used to describe the enzyme

gystem responsible for melanisation and the hardening of the cuticle
in insects, some difficulty is experienced in defining preclsely

the nature and functions of this system. The term "phenolase complex"
has been used by Mason (1955a) in the sense of its embracing “that
pair of enzymatic activities occurring together, associated with
copper-protein, and responsible both for the ortho-hydroxylation

of mono=-phenols, and dehydrogenation of ortho=-diphenols®.

However, this definition has the disadvantage that it regards the
conversion of ertho-dihydroxyphenols to quinones as a dehydrogenation,
since Dawson and Tarpley (1951) have pointed out that this process

is better regarded as an oxida.t.ion on the grounds that it cannot be
performed anaerobically.

The phenolase complex catalyses the oxidation of mono-phenols,
for example, tyrosine and para-cresol, as well as ortho-dihydroxy-
phenols such as catechol, 3, 4~dihydroxyphenylalanine (dopa), and
proto-catechuic acid. The ability of the complex to catalyse these
two distinct reactions has led to attempts to separate two enzyme
compennts. one catalysing the oxidation of mono-phenols, the other
the oxidation of ortho=-dihydroxyphenols. Up to the present, the
evidence is strongly in favour of both these reactions being
catalysed by one and the same copper-protein enzyme (Dawson and
Tarpley, 1951)s Further support of this conclusion is provided

by /
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by the results of recent work by Kertess and Zito (1957)¢ In
using electrophoretic analyses, they ghowed that the purified
active fraction fron mushrooms uu homogeneous, and that solutions
of the fraction gave a single, sharp, :yu-trl.ul peak in the
gedimentation pattern obtained in the ultracentrifuge.

The adjectives cresolase and catecholase have been used
to designate the types of reaction with which the phenolase complex
is concerned. It shows cresolase activity when the substrate is
a mono-phenol, and catecholase activity when oxi.dllji:c an ortho=-
dihydroxyphenol (Mason, 1955a)  Similarly, the terms polyphenol
oxidage and dopa oxidase have been applied to an enzyme cstl.lyliné
the oxidation of ortho-dihydroxyphenols to quinones, or te higher
products, when no cresolase activity ie apparent. But in such
cases it is likely that a momephenolase activity may have been
overlooked, since this activity is much less rapid than the
catecholase one (Dawson and Tarpley, 1951).

The enzyme, when it occurs in vertebrates and insects, is
usvally referred to as tyrosinase (Brown, Werd and Griffin, 1959;
Pryor, 1940a; Richards, 1958)-_ Dawson and Tarpley (1951) regard
polyphenol oxidase and tyrosinase as the same enzyme. In the
literature on the phemolase complex in insects, however, the terms
polyphenol oxldase, tyrosinase, and phenolase complex all appear
to be used without resort to defining what is understood by the
term used. Wigglesworth (1957) uses the names polyphenol oxidase
and /
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and tyrosinase in the sense that they are synonymous. Demnell
(1958d) used the term polyphenol oxidase to indicate the phenolase
activity in the epicuticle of insects, and tyrosinase for that in
the blood, This distinction is probably drawn from his
obgervations showing that the mono-phenol tyreosine in the blood
of blowflies is oxidised to dopa, while the oxidation of this ortho=
dihydroxyphenol seems to be confined to cuticle. Mason (19552)
preferg to regard the enzyme in the insect blood as identical to
that present in the epicuticle. However, these different usages
mayvhavo been applied simply to emphasise the points these authors
wished to bring out.

It seems, therefore, that the term phenolase complex is
synonymous with tyrosinase, or polyphenol oxidase. However, the
enzyme in different organisms varies in its specificity, That
extracted from fungi, for example, has a very low specificity,
while that in vertebrates is highly specific for tyrosine (Mason,
1955a). The cresolase to catecholase ratio may vary widely, and
it can be affected radically by extraction methods (Dawson and
Tarpley, 1951)« It has also been suggested that the enzyme in
the epicuticle of Drosophils may have a different substrate
specificity from that in the blood (Ohnishd, 1954).

The term phenclase complex has therefore been used in this
thesis in the sense that it is an enzyme system which hae the
ability to catalyse two distinet steps in the process of hardening
of insect cuticle and of melanogenesis. The term embraces both
the so-called cresolase and catecholase activities.
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The important function of the phenolase complex in insects,

then, lies in its ability to catalyse the conversion of the amino-
acid tyrosine to di-hydroxyphenylalanine (dopa), and of this product,
dopa, to dopa=quinone., It is believed that the substances which
produce melanin pigments, as well as those which are invelved in

the hardening of insect cuticle, are largely derived from dopa-
quinone (Mason, 1955a, 19593 Fitazpatrick and Kukita, 1959)s The
nature of the later intermediate stages in melanogenesis and in
cuticle hardening or sclerotisation is still open to controversy
(Mason, 1955a, 1959; Yasunobu, 1959).

Fuluda (1956) has demonstrated the conversion of phenylalanine
to tyrosine in the silkworm, Bombyx moxrd. The first step in the
conversion of tyrosine to a corresponding di-hydroxyphenol invelves
the ingsertion of an hydroxyl group into the ortho position. This
yields dopa. Tyroesinase catalyses this reaction as well as the
conversion of dopa to ite quinone (Fig. 1, I - III). Since the
enzyme catalyses both these oxidation reactions aerobically, and
moreover since these reactions cannot be brought about anaerobically
by utilising reducing sgents such as methylene blue, the enzyme is
best regarded as an'oxidu. in this case and not a dehydrogenase
(Dawson and Tarpley, 1951)s The conversion of dopa to dopa~
quinone is sometimes described as a dehydrogenation (Mason, 1955a) »
but it is best to avoid this.

Fron /
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From this stage, there is a divergence in the reaction chaing
of the processes leading to melanisation and sclerotisation. Te
take melanisation first, dopa-quinone is believed to undergo a
rapid spontaneous ring closure, to give initially leucodopachrome,
or, as it was often called in the older literature, Hallachrome
(Fig. 1, IV and V). For a long time this red substance was thought
to be identical to a similarly coloured pigment in the annelid
Halla, from which the name of the pigment was derived, This
synonymipy, however, is invalid (Brunet, 1959). The pigment in
Halle is stable, while the dopachrome formed in the melanogenetic
gequence spontaneonsly goes on to be converted into melanin
(Sumner and Somers, 1953)s It is possible that the conmverslon
into melanin might take place without depending on further assistance
from tyr!aimso. It is likely, however, that the enzyme may be
involved in the conversion of 5, 6-dihydroxyindele to indole~5,6-
quinone. From dopachpome, further reactionsg involve the loss éf
the carboxyl group and the formation of indole-5,6-quinone, which
is thought to produce melanin ultimately by a process involving
polymerisation (Fige. 1, VI - IX)s “he suggested ways in which
the still obscure later reactiong occur have been reviewed in
detail (Mason, 1955a).

The sequence of reactions at present accepted as fitting
most satisfactorily the evidence available, is shown in Fig 1l.

This reaction chain (Mason, 1955a, 1959) applies chiefly to
chordate /



.
chordate melanins. It is accepted throughout an extensive

literature on the subject that, apart from variations in
substrate specificity of tyrosinase in invertebrates and plants
from that in vertebrates, the tyrosinase in all organisms is
operating in the same general way (Mason, 1955a)s In fact,

a great deal of the work on the chemistry of tyrosinase has

been done on the extracts obtained {rom fungi, mainly the wild
and cultivated mushroom, and Neurogsvora (Dawson and Tarpley, 1951;
Sumner end Somers, 1953; Horowitz, 1956; Gest and Horowits,
1958) «

In the process of hardening ef insect cuticle, a different
geries of reactions dis thought to take place. It was Pryor
(1940a, 1940b) who first prooosed a plausible explanation for
the way in which cuticle became hardemed. His model experiments
were based on the hardening process asscciated with cockroach
oothecaes The protein of which the cotheca is mainly composed
is secreted by the left colleterial gland of the female. Mason
(1955e) misquotes Pryor on this point. When initially produced
by the insect, this protein is in the form of a viscous solution.
However, Pryor concluded that the right colleterial gland gave
rise to an ortho-dihydroxyphenol which, i1 the presence of an
active phenolase, produced quinone substances which tammed the
proteins to form a hardened cothecas The finer details of how
the ortho-gquinone precurser was released from its initially

inactive /
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inactive form occurring as a glucoside in not the right gland,
but the left one, were later presented by Brunet and Kent (1955).
Cohen (1950) mentioned that hydroquinone, a dihydroxyphenol
regarded by Demnell (1958¢c) as imporlant in protein tanning in
the blowfly, occurg as the glucoside arbutin in the bearberry
(Ericacese s+ Arctogtaphylog ep.), and certain other plants,
Congidering the theories invelving tyrosinase and phenols in
oxidative enzyme systems in plants (Baker and Nelsgon, 1943), it
is tempbing to speculate whether arbutin is involved in such
cycleas

Brunet and Kent (1955) showed that Pryor had been mistaken
in interpreting the occurrence of a very wesk chromaffin reaction
in the right gland of the coclaroach as indicating the presence of
a dihydroxyphenole The cause of the weak reaction is not knowm.
Brunet and Kent elegantly showed that although the dihydroxyphenol
came fron the left gland, it wes not in fact free in the secretion,
Only when the secretion of the right gland was mixed with that of
the left was the dihydroxyphenol formeds It was also shown that
the phemol existed as a glucoside, alongside the structural protein
of the ootheca, and a polyphenol oxidase, in the secretion of the
left colleterial gland, The secretion from the other gland
contained &< -glucosidase which, in the formation of the ootheca,
opnt the glucoside of protocatechmic scid. The liberated
dih.ydrovpheml vas subsequently oxddised by the polyphenol oxlidase,
and /
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and the resulting quinone tanned the protein of the ootheca.

In an attempt to characterize in detail the ortho-quinone
immediately responsible for the hardening of the protein of
cockroach cotheca and ingect cuticle in general, Pryor (1940a,
1940b) was able to eliminate both tyrosine and dopa as being
the imnediate precursors of the quinone, although not eliminating
them as members of possible related reactions. He further proved
that the unknown precursor of the hardening gquinone had twe
hydroxy groups in the ortho position, and had a carboxyl group
in a side chain, Of the alternatives possible from the evidence
then available to him, he suggested that the tanning phencl was
3y4~dihydroxyphenylacetic acid, whose quinone wou'd be formed by
tyrosinase oxidation and would then tan the protein of the ocotheca
or cuticle.

Several times before and since Pryor's experiments, various
gimilay phenols have been demonstrated from insect cuticle.

These include all the substances to be expected in a logical chain
of reactions resulting in the deamination of dopa, and eventual
productior of 3,4~dlhydroxybenzoic acid, usually called proto-
catechulc acid (Fig. 2)« ALl of these intermediates can produce
ortho-quinoneg, but it was not clear whether all of these guinones
could react with cuticular protein. Richards (1958) rejects the
view that all of the possible quinones in insect cuticle can tan
proteing, and on the bagis of the work of Hackman (1953a, 1953b,
1953¢) suggests that Pryor was almost certainly in error in
assuming /
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assuming that the quinone of 3,4~dihydroxyphenylacetic acid could
link proteine in cuticle or ootheca. Richards (1.58) agrees with
the view that only the quinone of protocatechuic acid can link
proteins. Thips argument is based on the theory that the quinone
gtructure of this molecule makes the carboxyl group sufficlently
reactive to allow the molecule to possess two reactive sites.
Such an activation would not be possible with longer side chaing
such as that of Pryor's 3,4i~dihydroxyphenylacetic acid, However,
Hackman (1958) states categorically that not only protocatechuic
acid, but the various 4~substituted dihydroxyphenols such as
3,4=dihydroxyphenylacetic acid, should be ca;aable of linking two
or three protein chains in the presence of a polyphenol oxldase.

This information now makes it possible to understand how
tyrosinase may be involved in cuticle hardening, when consideration
of the mechanisms involved is resumed {rom the point where
tyrosinase action on tyrosine had led to the formation of dopa.
While melanogenesis involved internal structural changes in the
dopa molecule, it appears that for cuticle hardening to occur,
dopa mugt be deaminated, to release; eventually, protocatechulc
acid, or possibly some other similar acid in the group shown in
Fig. 2. So far as 1 have been able to discover, this mechanism
has not been elucidated. However, protocatechuic acid and various
other 3,4~dihydroxyphenols have been isolated from hard cuticles
many times (Mason, 1955a; Demmnell, 1958d), and there seens no
doubt that they are formed. There remains the question of
vhether or not they are derived from dopa.

The /
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The protocatechuic acid found in the cuticle is believed to
be oxidised to the corresponding ortho-quinone by the tyrosinase
in the epicuticle. Thence, the ortho-quinone is believed to
diffuse inwards through the cuticle to react with proteins, crosse-
linking them to give a resistant, relatively insoluble mass.
Spectroscopic evidence for this process has been obtained (Fox,
1953; Haclkman, 19536).

There is little agreement on the mechanism of this linking.
Pryor (1940a) used comparison of the action of tanning in the
ootheca with results in leather tanning by vegetable couplex
dihydroxyphenols to suggest that the quinone which tans the
cockroach oothecal protein does so by linking to the imino groups
of the protein backbone (Fig. 3, I) and to the amino groups of
basic side-chaing (Figs 3, II). He confirmed the involvement of
at least one of these reactions by blocking the amino and imino
groups of untanned oothecal protein by formel, treatment which does
not block carboxyl groupse No tanning on addition of extracts of
right colleterial glands, or of ortho-benzequinone, which he had
shown to give closely similar results to the natural agent; took
place. Pleces of left gland added as conirols tanned normally.

In the light of Brunet and Kent's later work (1955), it is
clear that the fact that formol-treated left gland did not react
to the right gland secretion might have been due to the formol
rendering the polyohenol oxidase of the treated left gland inactive,

or /
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or to leaching of the glucoside of protocatechuic acid, However,
it still cannot be refuted that lack of response by the treated
left gland to the artificial tanning agent, ortho-benzoquinone,
would seem to substantiate that the blocking of the imino and
amino groups prevented tanning.

Hackman (1953c) agreed that the linking of protein chains
in cuticular tanning is by way of amino groups, and showed the
disappearance of amino groups in the tanning process. Mason
(1955a) emphasised the finding of Hackman (1953a, 1953b) that
the available free amines in the water soluble protein, arthropodin,.
of the insect cuticle are N~terminal amino groups, which are
plentiful in the arthropodin before tanning. However, Hackman
(1953¢) proposed the method of involvement of the tanning quinone
ghown in Fig. 3, III, in preference to Pryor's suggested methods
(Fige 3, I and II).

An alternative hypothesis involving the participation not
of orthoquinones, but of para-guinones, was put forward by Dennell
(19584) to explain the results of his work on the chemistry of
blowfly cuticle. This suggestion required that ortho-benzo-
quinone, formed by the tyrosinase-catalysed oxidation of catechel,
in turn oxidised the para-dihydroxyphenol, hydroquinone to its
quinone. Mason (1955a), in considering the nossible reactions
of quinones, showed that this reaction is rossible in biological
material. Dennell (1958d) then postulated that the para=-quinone
derived /
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derived from the hydroquinone links amino groups of proteins as
shown in Fig. 3, IV. He subgtantiated the hypothesis by showing
that larval blowfly cuticles artificially tanned in hydroquinone,
on hydrolysis, yielded an aminophenol indistinguishable from that
recoverable from naturally tanned cuticles.

It is therefore conceiveble that two types of sclerotisation
are present in insects, one method using an ortho-dihydroxyphenol,
the other a para-dihycroxypnenol. Thue far, however, the
involvement of para=dihydroxyphenols in tanning does not seem to
have been shown in any insects apart from the Diptera, although
Brunet and Kent (1955) noted the presence of wnknown phenols in
small amounts in cockroach oothecal fluld. The occurrence of
para-quinonee in insects, however, seems to be fairly common, btut
hithertofore their function has been ascribed to the production
of naxious materials used probably as defence mechanisms (Pavan,
1956; Roth and Stay, 1958).

It must not be overlooked that the chitin, as well as the
protein, in the cuticle seems to be involved in sclerotlsation.
Details of how this occurs are not thme far krowy; it is even
doubtful whether the form of bonding between chitin and proteln
is chemical or physical (Richards, 1958).

There are some variations on the theme discussed so far.
Hacknan and Todd (1953), cited by Mason (1955a), have suggested,
for example, that after ortho-benzoquinone has been linked by one
bond /
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Pigure 4. Diagras to illustrate the serly reacticns common to both
melanin production and sclerotisation, the point of divergence between
the two processes, and the proigble subsequent resctiong.
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bond to a free amino group of a protein, it may be possible for

it, instead of joining to another amino group, to underge indole=
formation (Fig. 3, V)e This process is closely similar to that
involved in the melanin formation reaction (Fig. 1, IV). This
sequence of events is regarded by Hackman and Todd as being capable
of forming substances with a general absorption of light, but
limited in its occurrence in nature by the degree to which orthoe
i:onaoquimm is formed and can take part in cross-linking between
proteins,

It has also been suggested that sclerotizaticn might
involve the enzymic oxidation by phenclase of the phenslic groups
fenim an integral part of the protein precursor of sclerotin
(Brown, 1949, 19503 Blower, 1950)s The evidence for this is
gt present regarded as inadequate by Mason (1955a) who is cautious
of accepting the possibility of such a process; Dennell (1956)
igs sympathetic towerds the idea, but indicates that it cannot be
regarded as proveds The concepts discussed in this section are

sumiarised in Vige de



In the literature on insect cuticle, many terms have beem
uged to descri.e ite various component layers. Hard cuticles
have been described as "heavily chitinised"™, as if the poly-
saccharide chitin was responsible for the hardness and chemlical
stability of the cuticle. Dennell and Malek (1953), as well as
Richards (1951), however, have done much to stabilise the usage
of terms« A simple scheme based on their views has been outlined
by Lower (1956). It is essentially Lower's view of cuticle
terminology that has Deen adopted in this thesis. It is as
follows.

The insect is regarded as being enclosed in an "integument®,
Thic is composed of a single layer of cells, which secretes distally
a "cutiele"s The layer of cells is bounded proximally by a
"liniting" or "basement" memorane. The cellular layer is called
either "epidermis" or "hypodermia®. Although the epiderais
signifies the origin and functions of this layer, Lower prefers
the term hypodermis because it indicates the poagition of the
~ cellular layer relative to the cuticle.

In the cuticle itzelf, two major sub-divigions are
recogniged. The outer of these two regions is Imown as the
"gpicuticle®, and the immer as 'procutiold'. a term suggested
for this purpose by Richards (1951)« So far, however, the
latter term has not found general acceptance.

The /



The eplcuticle is very thin, of the order of less than
three licions} it does not apparently contain chitin,

Howev:r, Krishnan (1956) reported that chitin is present in
the epicuticle of scorpions, and it may yet prove to be present
in the epicuticle of some insects,

In comparison with the epicuticle, the procuticle is
relatively very thicke It is accepted now as being capable
of differentiating into three mubelayers in the fully developed
Ccuticles That one which is chemically unchanged after its
inltial deposition by the epidermis ig the "endocuticle®, a name
derived originally from the fact that this region almost always
lies innermost of the three sub-layers, ihen the cuticular
componenls of a sub-layer are hardiened, or "gclerotised™, or
"tanned”, by quinonoid materials, end are impregnated by materials
such as sterols, which seem to participate in the hardening procese
(Dennell and Malek, 1955a, 1955b), the changed layer is known as
the "exocuticle®s The teru again arose originally from the
oceurrence of such a layer in the outer region of the procuticle,
The exocuticle is comsonly ember, brown or black in colours It
is also refractory to staining (Richards, 1958),

Inlermediate between these two conditions is a procuticle
which hae Leen impregrated but not sclerotised. This gtains with
acid dyes, such as acid fuchsin (Lower, 1956). When such & layer
is present, it is called the "mesocuticle",

ai/
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41l three sub-layers of the procuticle are found in the
cockroach, Periplancts (Demnell and Malek, 1954). In Sarcoohaga,
on the other hand, the mesocuticle is seen only for a very brief
period during the conversion of the final instar larva into the
puparium, and ig not extensively developed (Dennell, 1947).

When the sub-divisions of the epicuticle are considered,
there is seen to be little agresment among authors. Mach of
thie is due to the lack as yet of a sufficiently wide range of
studies, and the doubt that prevails over the chemical composition
of the substances which form the various sub-layers. Wigglesworth
(1947, 1949) recognised four layers in the epicuticle of the blood=
sucking Hemipteran, Bhodniug, as well as in that of the mealworm,
Jengbrios The layer next to the exocuticle was termed the
feuticulin layer®, and was thought to be lipoprotein; the next
layer, rich in polyphenols, was called the "polyphenol layer®,

tgide this wee a "wax layer", which was in turn protected by a
"cement layer™, While the cuticulin and polyphenol layers were
believed to be concerned closely with the hardening of the newly
secreted cuticle to form meso- or exo=cuticle, & water-proofing
function has been ascribed to the wax layer. The cement layer
is probably protective, as the method employed for demonstrating
its presence taci’t'.}y implies.

This method involves immersion of the cuticle in ammoniscal
gilver nitrate solution, when the polyphenol layer is regarded as
being /



- 3%

being able to reduce the solution to give metallic silver.

If the pelyphenols are covered by wax, then mo reaction will

be obtained unless the wax is removed by cold chlorofornm.
However, if the wax in turn is protected by a cement layer,

cold chloroform will not remove the wax. The cement can be
removed only after boiling the cuticle in chloroform for an
hour. Conuquoﬁtly, if a positive reaction is obtained to

the silver solutlon after both cold and hot chloroform treatment,
then it is assumed that no cement layer is present. If, on

the other hand, only boiling chlaroform is capeble of exposing
the underlying polyphenols, this is taken as implying the
oceurrence of a cement, The nature of this cement has not been
clear, but the latest work on it by Beament (1955) suggests that
it is composed of a shellac-like material.

Dennell and Malek (1953, 1955) do not agree with
Wigglesworth's suggestions regarding the structure of the
epicuticle, and do not admit the evidence for a distinet polyphenol
layer as being adequate. In its place, they see a ®paraffin layer®.

Lower (1956) takes the view that it is not yet practicable
to erect a rigid terninology for the epicuticle. However, he
does suggest that distinetive layers found to be present in any
particular species of insect should be named according to their
chemical composition.

In the light of these considerations, the cuticles of both
the /
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Figure 5. [Epicuticular pattern of wild locust to show how areas
containing multiple-tipped plaques may be surrounded by untipped

plaques. The sample has been removed on nitric acid, and the
treatment is sufficiently gentle to allow setae to remain attached.



Figure 6. Epicuticular pattern ¢f wild locust, after removal
of eplicuticle on nitrie acid, ﬂol‘fthltofthopmw
shove a large area of melanin,



Figure 7. Epicuticular pattern of albino locust. Sample

removed on nitric acid. Several types of plaque are visible,

and no difference is apparent between this strain and the wild

one.
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the wild and albine strains of Jechigtocercs gregaris were
exanined. They showed that the albino cuticle was completely

colourless. The yellow or brown pigments visible externall

in the living insect were in fact present in the epidermis, the
cuticle being transparent, In the wild strain, the only difference
in the colouration of the cuticle lay in the presence of melanin
patches in 211 instars, although the melanisation was much reduced
in the edult. Macroscopically, these patches appeared black,

and were not altered by removal of the epidermis. They were
retained in exuvias, and therefore were not components of the
endocuticle, which is dissolved by the moulting fluid during
ecdysis.

The extreme outer surface of the cuticles of both strains
displayed similar patterns at a micro-level (Figs. 5 to 7)s On
whole mounts of cuticle these patterns were seen most easily over
the melanin patches of the wild strain, but, under very carefully
adjusted 1llumination such that excess refraction was deliberately
introduced, they could be seen to cover virtually the eatire
cuticle. A useful method of demonstrating the pattern in isclatim
from the procuticle congisted of heating the sample of integument
in concentrated nitric acid very gently, until the procuticle only
just dissolved. The acid was then cooled, and poured quickly
intc a large volume of cold waters The epicuticle remaining
after this treatment was very hydrophobic, and {loated on the water.
There /
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There it co.ld be washed to remove all traces of the acid, and
subsequently mounted by floating on to a slide. After drying,
the epicuticle then showed its pattern distribution very clearly.
During the process of removal the thim epicuticls expands its
area by about twice, and therefore no estimations of gize of

the units of the micropattern were ever made on isolated samples,
but always on the intact total cuticle. Comparison of the
ieolaled with the jn gity epicuticles showed that the variation
in micropattern about to be described was not an artifact due

to the removal processs The isolated epicuticles provided
betler material for photographing the micropatterns.

The units of which the patterns were composged were called
“plaques", such a term Leing deacrigtivo without intreoducing any
pre-concelved ideas as to their origin or structure. The only
disadvantage of the term lay in that it was also used by
Wigglesworta (1954) to describe much larger areas of the cuticle,
in Bhodniug, bul no parallelism between the two uses is intended
here« The plaques of ?he sicropattern on the lomust epicuticle
could be divided into two types: in one, each plaque was polygonal,
with falrly sharply angled marging, and frequently with one or more
pointed projections at the posterior; the other series had plaques
which were approximately semi-circular in outline, and lacked the
points found in the polygonal types (Figs. 5 and 7). Often, as
on the cuticle froa the posterior femur, areas composed entirely

of /
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Figare 8, Diagram of the develoment of silver deposition in
the integument of wild or albino nymphe of Lohigtocarca gxesaris.



of polygonal plaques were seen to occur regularly along the length
of the femur, the remainder of the surface being covered mainly
by the semi-circular types There was no correlation viasibie
between the areas showing any particular type of plaque and the
underlying structures, but there was a tendency, albeit mot highly
developad, for the melanin-containing spots of the wild abdominal
sclerites to be overlaid by epieuticle containing a very high
percentage of multiple-spined polygonal plaquess

To try to detect polyphenols in the cuticles, they were
subjected to a series of tests involving the use of sumoniacal
silver nitrate (Lison, 1936). When pleces of integument with
epldermis attached were treated with the silver nitrate solution,
pilver wan deposited in the epidermis. The silver first became
visible on the cut surfaces, and at the front of each abdominel
tergite (Fige 8)s At the same time silver was also laid down at
the anterior border of the sternites. The silver deposited
extended fron these sitess On the tergites, the deposition
extended along the anterior margin, and then spread &charda-

On the venter, it spread backwards from the anterior mar;in, and
laterally from the cut surfaces at the pogition of the mid-ventral
ineision used %o open the ingects.

After fifteen mimites, all of the tergal epidernis was
silver-stained except for a posterior margin of about cne millinmetre.
About two-thirds of the ventral area was stained in each seguent.
In /



Figure 9, Synopsis of various treataents of wild and albine
cuticles with amwoniscal silver nitrate, Top row - albine
nymph; middle row - wild nymph; Dottonm row « wild edult,
Left column - no pre-treatment; middle column - pre-treatment
vith cold chloroform for one hourj; right column « pre-treataent
with boiling chloreform for one hour,.



In forty minutes, almost all of the ventral gpidermis contained
deposited eilver, but the narrow posterior margin of the tergites
renained unstained, as did the epidermis under the white lateral
tergal bar of the wild strain. These areas were stained only
after Mu;on for one hour in the ammoniscal silver nitrate.

When the test was performed on the integument of albinos,
the saue kind of reaction was obtained, ahd the time intervals
vere the same as those for the cuticles of the wild strain,
Removal of the epidermis from the integument after treatment
resulted in the loss of most of the colour visible macroscopiecally,
except that of the melanin patches in the wild cuticle.

Further tests were then carried out on the cuticle by itself
to determine whether the epicuticular components were capable of
depositing silver from its hydroxide. Macroscopically, albino
and wild cuticles without chlorofomm pre-treatment, but after
iomersion for thirty minutes in freshly prepared ammoniacal silver
nitrate solution, showed a faint colouration. This colour was
distinctly intensified after pre-treatment by cold chloroform for
one hour, before transfer to the silver selution, The use of
boiling chloroform resulted in a much stronger general colouration
of the cuticles« The macroscoplic effects of the various treatments
are sumnarised in Fig. 9« There was a slight indication
macroscopically of a lesaer degree of colouration in albino
material. The reasons for this were sought microscopically.

Examination /



Examination showed that cuticles which had not been treated
with chloroform after rewoval of the epidermis had no deposit of
gilver on their outer surface, except where there were abrasions.
Here the polyphenols were exposed and as a consequence the silver
golution was reduceds The procuticle deposited silver in a layer
some twelve microns below the surface of the epicuticle, corresponding
to the junction of the endocuticle and outer procuticle. This
wag in agreement with the results obtained in sections stained by
Lover's technique, where the inner ends of the pore canals at the
endocuticle/outer procuticle junction gtained prominently, as shown
in Fig. 27« The appearance of the plagues on the surface of the
cuticle was not altered by the silver treatment on the whole cuticles.
Some of the longer setae showed some areas at their bases, or near
their tips, whore silver had been deposited stronglye. Whether the
deposition near the tips of some of the stouter, but shorter, of
these setae represented an effect due to their tips being highly
permeable, as suggested by Richards (1958), is an interesting
conjecture.

The cuticles of both the normal and albino strains reacted
similarly to the silver test, except that the abrasion marks in the
albino stained less strongly, and lacked the contimuity along their
length as in the cuticle of the wild strain. :

When the cuticles were treated with cold chloroform for
periods from one to several hours, no deposition of silver in

the /



Figure 1l. Subject and
treatuent as in Fig. 10,
An gbragion mark, where
expoped poly henols have
caused the de osition of

silver ig shown. The
reg:larly occurring spots
along the scratch
represent the openings
of the ducts of dermal
glarde.

Figure 10, 8Surface of
euticle of wild locust,
after treatuent with
bolling e¢hloroforn for one
hour, followed by amonlacal
silver nitrate for thirty
minutes. The reactin is
veal, but decisive. Part
of @ nelanin pateh (meps)
is includeds




Figave 13. Subject and treatment
as in Fig. 13. This ares of the

cuticle sbows virtually o reaction
ia the epicuticle.

Figore 12, Surfece of cuticle
of albino locust, trested with
bolling ehloroform for ome hour,
followed by im-ersion in
anzoniacal silver nitrate for
thirty mimates. Hote relative
pancity of reaction.




.30.

the albino took place on the surface of the epicuticle, but in

the wild gtrain there was a slight argentaffin reaction on the
epicuticle. Similarly, after treatment for the same times with
boiling chloroform under reflux, a weak response over the general
cuticle surface was obtained, in the wild strain (Figs, 10 and 11).
4 much lesser response at epicuticular level was obtained in the
aelbino (Figs. 12 and 13). This suggested the presence of small
quantities of polyphencls, These reactions in the locusts were
very mach less intense, however, than was found in pieces of
cockroach cuticle treated similarly.

The deposition in the endocuticle/outer procuticle junction
was not removed, or visibly altered, by the hot chlorefomrm
treatment: Also, silver was dot:octable very slightly below the
epicuticular surface silver, and estimations on the vertical
focussing scale of the microscope showed the staining to lie some
two microns below the surface silver. The restriction of the
response in the “sub-epicuticular® layer to small spots, of the
order of one micron diameter, and in such a position, suggested
that the silver was being deposited in the extreme outex; Qndn of
the pore canals, and possibly in the extreme inner layer of the
epicuticles Since the pore canals could be demonstrated to stain
with ammoniacal silver nitrate applied according to Lison's
technique (p.48.) to sections of the cuticle, and since the
epicuticle in these sections took up the stain slightly, it seems
that /



Figure 14. The inner surface of the albino locust cuticle after
treatment with ammoniacal silver nitrate, followed by stripping

of the epidermis.

d.degls - apertures of ducts of dernal glands} Pecs = stained pore
canals; C.fie = position in 1ife of interfaces between cella.
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that this hypothesis is not untenable. On the inner surface
of the cuticle, silver was deposited in a pattern representing
the position of the interfaces between the epidernal cells, in
the ducts of the dermal glands, and in small spots which may
represent pore canals (Fig. 14).

Varying the time of exposure to the silver solution
showed that essentially similar results were obtained irrespective
of whether the duration was ten or thirty mimutes. The
activity of t.h. solution used in the tests was checked before
and after use by the addition of a minute erystal of catechol.
Copious depogition of gilver occurred in the solution, confirming
its activity.

The results, therefore, draw one into concluding that
reducing substances are present in the cuticles of both the wild
and albize locust. The pore canals in the outer procuticle in
both types of locust also reduced the silver solution. When the
cuticle had not been pre-treated with chloroform, only the inner
ends of the pore canals stained, while the epicuticle stained
very weakly. Treatment with cold chloroform elightly increased
the pover of the epicuticle to reduce the solution. Hot chleroform,
on the other hand, removed any protective cement layer present, so
that the outer ends of the pore canals and the epicuticle itgelf,
in exposing more reducing substances, caused the deposition of
conzlderably more silver.

The /
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The a'bino seemed to possess lese reducing material in
both its epicuticls and ite pore canalss This ocbservation
confirms the findings from applying Lison's argentaffin test
to sections of cuticle, as deseribed on page 48.



Since the mature cubicle of the insect may ve regarded as

en end-product of a process catulysed by tyrosinase, considerable
importance may be attnched‘ﬁ discovering whether the lack of
melanin in the albino locusts reflected any lessening in the
hardening of the cuticle. Accordingly, the reactions of the
cuticles of the wild and albino locust strains to various lests
were investigateds I% o happencd that this revealed in the
cuticles examined the presence of structures hltherto seldom
encountered in ingect cuticle, and not, to my knowledge, reported
previously in Orthopleran cuticle. These particular structures
vere conron to both the wild and albino ingectss However,
pignificant differences were also found between ihe staining
reactions of the outicles of the two gtrains of locustse

_ In the tegbts, samples of cubticle werse t.alren from the abdomen,
In sone cases, thoracic tergites provided the cuticle. The
abdoninal cuticle was chosen because it is relatively uncomplicated
by apodemese It has & more uniform general strvcturc, en
important congideration when comparisons are to be made betveen two
straing of insect, Abdomingl cuticle cen glso be removed as &
complete ring, so sections of this include both the sclerites and
the arthrodial membraness One can therefore test simultanecusly
cuticle in varying states and degrees of hardening under identical
conditicnse

When /



When the cuticle was removed, it was washed and carefully
cleaned to get rid of any attached trachese and fat body. It:
was then placed in Duboseg-Srasil fixative solution kept at 60'C.
for one hours The fixative was then alloved to cool to room
temperature, but the material wae left in it for a further twenty-
ifour hourse The {ixed material was then washed seversl times
in 70% ethyl alcohol over a period of 48 hours until most of the
yellow residue due to the »ieric acid in the fixative had been
washed outs Hext, the material was brought up thyough the
alcohols, usua'ly three hours in each. These were followed by
xylol for Uhree hours, or overnight, when the material was passed
througn three changes of 56'C. melting point paraffin wex. When
cooled and triumed, the block was sectioned on either a Cambridge
liocking Microtome, or a Spencer Rotary Microtome, usually at eight
microns section thickness. This thickness was chosen after some
experiment as being thal which gave good clarity of detail in the
gections without leading to excessive shattering of the cuticle
due to tha koife's difficulty in cutting the havd material, In
this work, it was never found possible consistently to get perfect
sectiong, due:to shatiering of the cuticle, and parts of it then
gouging the remainder of the embedded material. Allied to this
was the problem of delamination of the euticle by separation of
its component layers. However, these problems were not parti.mhrly
significant from the point of view of this histochemical study ef
the /



Figare 15. Unstained adult locust cuticle to showv the extent
of the epicuticle.
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the cuticle as their effects were relatively localised in any
given section. -

Subsequent de-waxing and hydration of the sectiong
followed normal routine methoda.

In the wild strain, the general appearance of unstained
sections of its cuticle was as to be expected in a hard-bodied
insects The usual division into epicuticle, an outer, none
laminated portion of procuticle, and an inner, laminated region
of procuticle was seen clearly, even in the absence of staining.
The epicuticle, in this locust, however, is very often difficult
to distinguish conclusively in the mature cuticle. It is of
two to three microns thickness, and is shown in Fig. 15. Only
too often it separated from the underlying procuticle, when it
became visible as a highly refractile bar lying clese to the
gurface of the main mass of the section. This feature indicated
the presence of the epicuticle in these sectiona.

In the wild strain, the unstained outer procuticle, which
was found to be composed of mesocuticle and exocuticle, was
homogeneouss It everaged about fifteen microns in thickness.
However, & prominent lamellar structure was present in the endo-
cuticle, which was twenty to twenty-five microns thick.

In these sectisns, there was a regular fragmentation of
the exocuticle and mesocuticle, but not of the endocuticle, in
most /



Pigure 17. Unstained wild
edult cuticle showing
incipient fracture lines
in the outer procuticles.

Figure 16. Unstained wild
eaticle, where the cuter
layers have becoze free
and fallen over. The
fornation of blecks is seen,
their s'mpe not being

to simple fracturing.
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mnost cases (Figs. 16 and 17). This fragmentation was first
thought to be some artifact due to gectioning this brittle
cuticles However, a more thorough examination revealed that
while the actual breakage of the exocuticle and mesocuticle was
due to shearing from the cutting process in these layers, there
vas a structural arrangement which produced lines of weakness

in certain areas of the cuticle. These sites were predominantly
in the mid-dorsal and mid-ventral lines, or just above the level
of the white tergal bar of the tergites. Most of m'pmtom
uged to illustrate this thesis were taken of these regions, to
illustrate simultansoudily the staining reactions of the cuticle
layers and of these areas of weaknees in the cuticle. These
lines of mechanical weakness have been named "fracture lines® in
the text from mow on. It will be seen later in this section that
they eould be distinguished even in intact cutiecle by their staining
reactions.

In thies temt, the description of the "outer, non=lanminated
procuticle® embraces the exocuticle and mesocuticle; the "imner,
laminated procuticle®™ the endocuticles, The term "arthrodial membrane®
is used in the anatomists' sense as & junctional ares between
the nmain plates of the body, either between segments, or between
the sternite and tergite of any one segment. The temm "pleural
region" has been used to describe the more flexible cuticle between
the sternite and tergite of the same segment.

Sections /
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Sections of the pleural region of the wild strain locust
were mainly composed of endocuticle, displaying typical lamellar
gtructure. However, the edge of the pleural cuticle was
translucent and not lamellated, The surface of this pleural
region was intricately folded. It was therefore difficult to
measure the thickness of the outer translucent layer of the
pleursl cuticle accurately, but it seemed to be within the range
of three to five micrens. This layer did notl show any tendency
to fragmentation.

Sections of unstained cuticle derived from adult albinos
possessed the same basic structure as those of the wild strain.
The relative thicknesses of the outer, non-laminated and the
inner, laminated layers, however, were the same. But thare
was a less marked tendency for the albino cuticles to fragment
during sectionirg. | The structure of the pleural cuticle
resembled that of the wild strain.

Reactions of the cuticles %o various gtaing
Acid Fuchging One of the stains which has been employed by
various workers to determine the nature of the components of
cuticle is acid fuchsin, one of the dyes present in Mallory's
Triple stain, It is usually accepted, for example by Deanell
and Melek (1956), that this dye reacts with protein impregnated
with an ortho-quinone. This situation corresponds to that found
in Iover's (1956) mesocuticle. In the present work, the acid
fuchsin vas made up as a £% solution. The cuticle to be stained
was exposed to the dye for two minutes.

The /



Figure 18, Wild adult cuticle stained with 4cid Fuchsin,
OellePe = cuter mnonlaminated procuticle; fepe.ps fuchein positive

regi ns of the exocuticles



The greater proportion of the pleural cuticle of the albino
was completely refractory, However, an extremely thin outer layer,
about one to two microns thick, was strongly fuchsinophil, Mot
of the outer procuticle of the sclerite regions was deeply stained,
except for some arees bordering the epicuticles In contrast teo
the resalis in the wild strain, the outer layer of the eplcuticle
 was easily demonstrated to be fucheinophil, The endocuticle was
at mogt very weakly stained., The epidernis remained refractory.

The cuticle of the wild strain reacted sinilarly to the dye,
except that the outer regin of the procuticle of the sclerites
could be further divided into’ an inner strongly fuchsinepositive
part and an outer fuchsinophobe one. The latter had fuchsinophil
triangles running vertically through it, dividing the unstained
layer into many regular blocks (Fige 18)s These triangles and
blocks were present on tergite and sclerite alike. The term
“triangle" in this comnotation refers to those regions in the
exocuticular layer which retained etaining properties resenbling
those of the mesocuticle, as well as, to some extent, those of
the endocuticle.

The epicuticle remained refractory throughout most of its
thickness, but an extremely thin outer layer, approaching the
limits of resclution of the oil immersion lens, was seen to be
fuchsin positive. The epidernis did not accept the stain. In
those areas of this cuticle vhich showed fragmentation, it vas
consploucus that the fuchsinophil triangles in the exocuticle were
alvays involved in the line of fracture.

These /



These results began to suggest that an exocuticle and a
mesocuticle were present in the wild strain §. gregarig, in the
homogeneous outer procuticle. Further, it was suspected that
exocuticle development in the albino lagged behind that of the
wild strain in extent.

Apiline Blue / Orange Gs  Aniline Blue distinguishes between
untanned and tanned cuticle since the staln reacts only with
basophil protein (Lower, 1957b). This stain may also be used

in conjunction with Orange G. When examined after two mimutes'
staining, found to be the optimum when cuticle from the wild strain
was treated with these dyes, the outer procuticle took up the
Orange G to give a strong yellow colour. The Aniline Blue was
taken up by the fracture-sensitive triangles previously deseribed.
The endocuticle stained blue. The epidermis and other soft tissues
were strongly blue. In the pleuron, the fuchsin-positive thin
outer layer stained yellow. The endocuticle of this region also
took up the Aniline Blue strongly,

In sections of albino cuticle, the outer procuticle stained
yellow, as it did in that of the wild strain, The endocuticle,
however, showed a weak affinity for Aniline Blue. In sections
of the pleuron, the endocuticle, unlike that of the sclerite,
showed a strong affinity for Aniline Blue. However, the outer
layer, which stained strongly yellow in the wild strain, did not
do so in the albino, but was indistinguishable from the blue of the
pleural endocuticles Only the pleural spines stained very
slightly yellow.



Figure 19. Wild adult cuticl
stained in Heldenhein's Iron

Jaematoxylin,

OeNlePe =~ cuter nonlaminated

procuticle.

Figare 20, Albino adult
caticle, stained in
Heidenhain's Iron

Haenatoxyline

OeNlePe =« outer none

laminated procuticle.
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int Demnell and Malek (1954a), using
cuticle fixed in alcoliolic Bouln, showed that Heidenhain's Iron
Haematoxylin stained both the hardened but uncoloured region of
the exocuticle, and the epicuticle.

The stain used here was prepared as recommended by Gatenby
and Beams (1950). Since progressive, unlike regressive, staining
is very unpredictable in its results with Heidenhain's Iron
Haematoxylin, the latter method was used, section thickness was kept
below ten micrcns, and xylol was used for clearing (Gatenby and
Beams, 1950), After mordanting in 3% iron alum for thirty mimites,
the sections of cuticle were stained in the haematoxylin for another
thirty minutes. Differentiation was carried out in 1}% iron alum.

In the wild cuticle, the outer, non-lamellar cuticle stained
strongly (Fig. 19). The endocuticle showed no reaction. In
comparison, the albino cuticle was less easily stained. In that
the method involved differentiation, this result has to be accepted
with reservation. The outer procuticle showed a strong affinity
for the stain, as did the outer region of the epicuticle (Fig. 20).
Only the extreme outer surface, and spines, of the pleural cuticle
from both wild and albino strains stained.

Eogine: This very common cytoplasmic counterstain seems to have
had no part to play in previous investigations of cuticular staining
reactions. For that reason, and because it is normally used to
stain the untanned proteins of cells, it was tested on several

samples /
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mpl;n of both straing of locust cuticle, Alcoholiec solutions
were used, and sections were stained for thirty seconds.

Surprisingly, a very distinet difference between the
reactions of the two cuticles was found. In wild adult material,
the non-lamellar outer layer of the cuticle had affinities for
the stain at different levels; the immer half stained very strongly,
but the outer basically did mot. [Further, the latter region,
although predominantly unstained, showed stained triangles running
from the outer surface to the junction of the outer and inner
layere of the outer procuticle, and these triangles could normally
be seen to have their bases on the junctional interface between
the outer and inner procuticles. Significantly, however, where
exocuticular fracturing oceurred, t;o breaks were always precisely
down the middle of the eosine-posdtive triangles in the outer
cuticles The boundary between the imner stained and the outer
unstained layers of the outer-non-laminated cuticle was sharply
defined, whereas that between eosine-negative and eosine-positive
regions of the outer layer was less lhn.'rp. The epicuticle showed
inner stained and outer unstained layers.

The reactions were the same in dorsal or ventral sclerite.
The endocuticle of both sclerite and pleural membrane was stained
about half as deeply as the inner layer of the non-laminated
procuticle. The outer region of the pleural membrane stained
relatively strongly, suggesting its similarity in eosine affinity
to /



There geems to be no record of previous work using eosine on
cuticle. This may be due to the stain's solubility giving different
results from the same material at different times. However, when
used on a strictly controlled comparative basis, it would seem to
heve some use in demonsgtrating variations between cuticles. While
the precise interpretation of the chemical bapsis underlying the action
of the stain in the ecuticle is not lmown, the results from observations
on wild cuticle suggest that eosine has a greater affinity for
impregnated cuticles than for untanned, non-impregnated protein.

On this deduction, the data ovbtained from eosine staining of albino
material can be provisionally interpreted to suggest that there is
less exocuticle development, and correspondingly more development of
mesocuticle, in the albinos. :

Lower's iodine gilver stein: Lower (1957a) published a teclmique
for rendering permanent the resulte of iodine staining of insect
cuticless In this peper, he stated that the binding of iodine into
the cuticle was most strongly developed where phenolie groups were
present« But he emphasised that plant and vertebrate material Imown
also to be rich in such groups failed to respond; and that the precise
nature of the reaction with insect cuticle was not known. On the
basis of these observations and his several years of experience of
the new technique, he suggested that it was not the phenolic groups
themselves which bound the iodine, but that a particular combinstion
of these phenols with other cuticular components did so.

The /



The resulte of his own work he summarised by stating that
only a "limited number of materials respond. Only excepiionally
are the endocuticle and the cuticulin layer of the epicuticle stained.
Depending on their composition, the contents of the pore canals may
or may not stain. The paraffin layer of the epicuticle appears
alvays to be strongly iodophil", The reactions given by this stain
were described by Loweres Iodophil reglons were stained deep purple
to black. The remainder of the cuticle wae a pale pink, or
colourlesse. various soft tissues, especially muscle, may also be
stained.

On considering these observations, it seemed that differences
in the phenolic composition of albino and wild cuticles of locusts
might be demonstrable by this technique, although the meaning of such
differences would not be clear until the chemistry of the staining
nethod was elucidated. Lower's comment,” ,.. the technique has enabled
me to define regione in the euticle which other techniques tried have
either failed to do or did so less effectively” encouraged the hope that
uge of the new method might prove rewardings. Unfortunately, he did
not epecify to which regions he was referring in the remark quoﬁd,
nor were any references given in either this paper (Lower, 1957a) or
in enother where he discusses the results obtained from the technique
(Lower, 1957b).

The method presented for rendering permanent the iodophilia
of sections of inseet cuticle involved the replacement by metallic
silver / :
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to the inner layer of the outer procuticle. Tl;e epidermis was
stained a pink typical of eosine.

Comparison of these results with those from albino material
showed that there was a wide difference in eosine affinity between
the two strains of cuticle. In the albinos, the sclerite
endocuticle stained the same pink as in the wild, but the outer
cuticle differed significantly. The outer procuticle showed
no differentiation into two sub-layers, ard was more intensely
coloured than the endocuticle. The entire outer procuticle, in
fact, stained like the mesocuticle of the wild strain. 1Ina
few sunall areas a slight difference in intensity was found, btut
this wvas exceptional. It was difficult to distinguish the
epicuticle in these sections, but it was believed that this was
due to its inmer layer staining like the outer procuticle. The
outer epicuticle was refractory. Confirmation of this was
obtained in that pieces of epicuticle which had separated from
the main mass exhibited a pink colour, convertible to purple in
blue lights The extremely refractile nmature of the fragments,
however, made it impossible to see whether they were totally pink,
but focussing through their depth showed that the strong pink
colour was restricted to the interference lines on one side only.
This would suggest differentiation into stained and unstained layers.

The pleural endocuticle was weakly stained, but the outer
margin accepted stain more strongly, as in the wild locust.

There /
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silver of iodine bound from solutions of the latter element. VWhen
the halogen is replaced by a noble metal, most uncertainty about the
fading of the image can be eliminated.

The various reactions of Lower's technique required, first,
the conversion by silver nitrate solution of the iodine in the cuticle
into insoluble eilver iodide. This halide was then reduced by a fine
grain photographic developer, 1. 1l, made up according to the standard
formila distributed by Messrs. Liford, Ltd. The wetallic silver so
obtained was intensified by gold chloride tening, while, subscquently,
any halides still present were removed by sodium thiosulphate solution .
After this, any "unwanted coloration due to the reducing sgent"
(Lover, 1957a) was removed by bleaching in slightly acidified potassium
metabisulphite solutions This bleach is commonly uced in photographie
practice to keep silver images free of extraneous precipitates, and it
is presumed that this function is that intended by Lowers

Those solutions in the lodine-silver process which reqguired
particular cere in their preparation were made up as followss The
iodine stain was prepared by grinding together one gram of elementel
{odine with two grans of potassium lodide. Small portions of distilled
water were gradually stirred into this until all the solids had
dissolved. The volume was then made up to 100 ml. with distllled
vaters The I.D.1l developer was prepared according to the
published formula. The usuel precautlons with regard to preventing
oxidation end precipitation of metol were taken.

The /



The acidified potassium metabisulphite solution required to
be prepared immediately before ugse. One gram of potassium meta-.
bisulphite was diseolved in 50 ml. of distilled water, 1 ml. of
concentrated hydrochloric acid was added, and the total volume uade
up to 100 ml. with distilled water.

Working with this combination of solutions required serupulous
cleanliness, and very careful washing between the various solutions
to svoid any spurious precipitates.

The procedure used on the deparaffined and hydrated sections
of cuticle consisted of fir:t gtaining them in the iodine solution
for ten minutess After rinsing thoroughly in distilled water to
remove any free iodine which might react with 'tho subsequent solution
to form a non-speeific precipitate, the sections were pasped into a
1% solution of silver nitrate in distilled water for ten minutes,
and then washed in distilled water. The silver iodide present in
the cuticle was reduced to elemental silver by developing for ten
minutes at 18 C. in I.D.11 developers After washing the sections
again in distilled vwater, they were intensified in & 0.1% solution
of gold chloride for fifteen minutess Further rinses in distilled
water were followed by fixation, in the photographic sense, in a §5¢
solution of sodium thiosulphate in distilled water, for two minutes.
Lower pointed out that this time must not be exceeded, ae the
thiosulphate tends to detach the sectiwns from the sglides. The
sections /



Flgure 21.

Hild adult cuticle stained by Lower's method. In Fig. 2, the
Mnmhmhwstmumtohmmmimoftmm
laninated procuticle {(0.m.p.)s FPore canals (p.c.) ave visidle.
Block formmation is promounced. Fig. 22 demonstrates that the
eplouticle {es) is stained, and also ghouws that the block formation
seen in Fig. aismt&ohnww,buttogmim variation

in the staining of the cuticle. The photographs differ only in
the plane focussed.

Figure 22.




Pigare 3. Wild adult cuticle staived by Lower's method. In
this case, the expouticle and epicuticle bave seperated from the
romainder of the cuticle in sectioning, end have failen over.
Consequently, the genera’ resction in the cutiecle and the very
strong reactios in the -ore cenals can be differentialed more
conclusively than in intact secticns. The "block formation®

in this area of cuticle is also demonstrated.

PeC. = porTe cansls.




Figure 24 9i)d efdult cuticle stained by Iower's metiod, In
thie sample, the epicuticulsr plagues can be geen, and
differventiation botuween exocuticle and mesocuticle is apparent,

opeple = epiculicular plaques; em. - exocuticle; wmege =
mesocuticle; ends = endocuticles



FPigure 25« VAl adult cuticle stained by lower's method, 4
sample fyom the lateral area of the tergite to demonstrate the
staining reaction of the fracturing pegions, and some modification
of the corresponding regions of the endocuticles



Pigure 26,

20,
7

Figure 26, Vild afult cuticle ctained by lLower's method,
OsNepe ~ outer, nou~-laminated procuticle; pec. « pore canals.

Figare 27, Albino adult euticle gtained by lower's method,
The resebion s much more limited than in the wild strain,
Abbrevistions as in Fig, 26.




gections were next washed in running tap water for ten minutes, passed

through distilled water, and cleared for two minutes in the acidified
potassium metabisulphite solution. They were finally weshed,
dehydrated, and mounted in balsam.

In wild strain cuticle (Figs. 21 to 26), Lower's method sielded
results vhich veried sccording to the position of the cuticle on the
body. In general, the outer layer of the non-laminated procuticle
gtained & deep purplish black, while the immer layer of this region either
did not, or showed a yellowish- or brownish-purple colour. In this
latter layer the pore canals were prominent due to their being darkly
stained (Figss 21, 26)« The endocuticle stained a light purples
The inner eplcuticle was refractory, but the outer wes strongly stained.

Superimposed on this general pattern was the variation due tothe
source of the cuticle. Just doreal to the pleural border of the
tergite, the dense staining traversed sbout half of the thickness of
the non-laminated outer procuticle. At the mid-dorsal region, however,
the stain distribution had altered so that the cuter cne"third of the
non-laminated procuticle was staineds Exact meagurement esnd description
of this staining was cosplicated by ths faet that it was not poseible
to focus the darkly-stained regions of the outer cuticle, just as 1t is
not possible to focus the so-called "light line" in the columar
epithelial cells of some leguminoue seeds (Morris, 1928). A similar
effect in cuticle has been noted by Lower (1957b).

In / '



Figure 38, Albino edult cuticle, stained by Lower's methods
The apodeme reacts very etrongly s coupare with the results
of Lison's aethod on apodemes in Figs 33.



In the pleuron, most of the cuticle stained weak purples
The extreme surface and spines were highly refractile and apparently
unstained.

Vhen this condition was compared with thet in the albino,
vapious differences emergeds The amount of dark steining in the
outer procuticle wee relatively less. While the outer one-third
of the non-laminated procuticle had been stained in the wild cuticle,
anly the outer one-fifth wes stained in the albino (Fige 27)+
The pleural cuticle was virtuslly unstained, except that a region
about two to three microns thick at the ocuter surface stained
stronglys The spines on the pleural cuticle, like those of the
normal i.nsecﬁ, ronained unstained. In spodemes, it was also possible
to seo the range of staining reacti-ns normally seen from one cide
of the cuticle to the other (Fige 28)s The inner mass of an spodeme
was black, suggesting it was an exocuticular type of material.
Surrounding thie wes a transiucent- yellow brown region suggestive of
affinitios with the inner non-laminated prosuticles This in turm
vae boumded by the weakly purple staining encocuticles
Ligam's srgentaffin tosts To compare the cceurrance of redueing
sgents, including melanin and its pmpmt., in gectims of the
cuticle of wiléd and albine adulte, a histochenmical test of mown
efficagy was required. Such a test was desaribed by Lison (1936)
in his clagsic work, mnd the technique has been widely used to
demcngtrate /
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demonstrate the occurrence of reducing substances in insect cuticle.
The test depends on the decosition of silver by reducing sgents,
usually of polyphenol nature, from ammoniacal silver nitrate
(Fontana's solution) according to the formulas
24g (WH3)2, OH+R = 2 Ag +H0 + 4 NH3 + RO,
where R revresents the reducing agent.

Immediately Fontana's solution is uged, criticisms may arise
unless every care ig taken throughout the experiment. Perhaps the
most important source of error to be eliminated is that due to non-
specific impregnation by the solution. To this end, the experiment
must run for not more than forty hours. The solution alsc must not
be used on unsectioned blocks of tissue, as there is then considerable
risk of non-specific deposition of silver at asites which are not in
the least degree argentaffin (Lison, 1936).

Safeguards arve needed in the handling of the stain, Apart
fron the need for careful preparation (Vide infra.) of this easily
spolled solution, the material being stained must never come hear
or above the surface of the solution, when massive deposition of
gilver usually occurs; and staining bottles must be kept tightly
shut as far as possible, and in darkness.

When all these conditions were satisfied, Lison considered
it safe to accept the results obtained, He quoted the results of
earlier workers and their opinions to substantiate this statemenmt.

When /
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When a technique ie so sensitive, it might seem that the nature

of the fixatives used on the tissue before sectioning would be of
importance. Nevertheless, it appears that there is little risk
therein. The original work quoted by Lison (1936) used Bouin fixative.
The Duboseq-Brasil derivative of the Bouin formule was therefore
congidered satisfactory for the work on adult material deseribed in
thie thesie, while, when the potential colouring effect due to the
presence of picric acid was found to be undesirable, 70j ethanol
was used on albino nyuphal cuticless

The method finally adopted in this part of the work can now
be described. Duboseq-Brasgil— or cthanol-fixed sections were de
paraffined, hydrated, end washed carefully in distilled water.
They were then placed in the ammoniacel silver nitrate solution,
in a tightly stoppered staining bottles This bottle was wrapped
in black paper, end was stored for 36 hours in a dark cupboard.
The slides were then transferred to distilled water, amnd given
several rinsess The stain was toned by immersion of the aﬁct:lons
in a 0«d% solution of gold chloride for five minutes« They were
then fixed in a 5§ solution of sodium thiosulphate for two minutes.
Since counterstaining was not required, the slides were next thoroughly
washed to remove the thiosulphate and thus to prevent any subsequent
complexing with silver, dehydrated, and mounted in Canada Balsam.

To prepare Fontana's solution for this stain, concentrated
ammonia /



Figure 29, Wild edult cuticle, stained by Lison's methods The
epicuticle and outer third of the non-laminated procuticle react
intenselys The stain is not evenly distributed in this avea of
the cuticle, but shows the "blook formation® found with other
staing.

OsNePe = outer, non-laminated procuticle; o - eplcuticle;

end, - endocuticle.
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Figure 30. Wild adult cuticle,
stained by Lison's method. The
reaction is strong, and virtually
restricted to the outer. third of
the non-laminated procuticle.
The epicuticular plaques stain
deeply, and their relationship
to the remainder of the cuticle
is clearly shown here.

Fig. 31. Albino adult cuticle,
stained by Lison's method. The
diffuse nature of the reaction

in the non-laminated procuticle

differs sharply from the localised
reaction in the wild cuticlse,

shown abovee.

O.N.ps — outer, non-laminated procuticle;

ep.pls = epicuticular plagues.

end. - endocuticle;
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ammonia solution was added carefully to a 5% solution of silver nitrate
until the heavy precipitate vas just re-dissolveds To this wae then
added, drop by drop, 5% silver nitrate solution until » pereistent
cloudiness appeareds 4t this point the solution was balanced, the
absence of excese ammonia being of paramount importance for the success
of the stain.
Results somewhat similar to those described for Lower's

technique were obtained with Lison's methods In the wild euticle,
the exocuticle in general gave many foci of dark brown stain, geparated
by relatively unstained areas (Fige. 29 and 30)« The extent to which
this colour extended dowmwards into the cuticle again varied cénsiderably.
In the stained areas, pore candls could with some difficulty be
distinguished as even denger staining strands. The stain in them
sometimes ceased abruptly in the areas benseth the argentaifin layer
of the cuticle, and scmetimes persisted to a level considerably
further down through the cuticles The epicuticle stalned & reddish
brown, but much less intensely than the stained foel in the outer
procuticle, The epicuticle was not discontinucus, although over
the densely stained areas of the procuticle the epieuticular stain
appeared thicker than between them, The plaques were strongly
gtained, and their relationship to the underlying cuticle was easily
seen (Fig. 30). Endocuticle and hypodermis were not stained. The
pleuron showed affinity for the stain only in the tips of the

larger spines.
. N7
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Figare 32, Albino adult cuticle, stained hy Lison's methods The
epiouticle staine strongly, but the outer, non-laninated procuticle
is only weakly stained,

0. = eplcuticle; o0.nepe = cuter, non-laminated procauticle;
end, = endocuticlec.



Figure 33, Adult elbimo cuticle, stained Ly Iison's wothods To show
the intense reaction in an apodeme, while the resainder of the pleural
and golerite cuticle is refractory.

P = pleursl cuticle; o « sclerite cuticle; p.spe pleural spine.




In elbino cuticle (Figse 30, 31, 32) there was little staining.
The strongest reaction was in the epicuticles The regions of the
outer procuticle below the maxima in the epicuticle varied from a weak
purple stain to no reactions The endocuticle wae not stained, nor
was the pleuron. Apodemes were rendered almost black (Figs 33).
In the sclerite cuticle the acetabula of the setae and the surrounding
ringe of superficlal sense organs were rendered strong purples The
presence of these localised sreas of intense steining confirmed the
validity of the weak reacti-ns from the remainder of the cuticles
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In an attempt to determine which of the substances ascspled
as being substrates for tyrosinase i yitze (Sumner and Somers, 1953)
could be used by the ingect in melmnisation, veriong substrates wore
introduced into the unmelaniged strain of the Desert Locusts Since
solutions cannot successfully be injected into this strain of locust
in more thmm s fou par@t of cages at bost, a technique had to be
deviged to overcome this problems The method was as followss
The wax on the abdominel cuticle was removed from the surface using
cotton wool molstened with chloroforms The de-waxed abdomen and
posterior legs of the locust were then pessed through a ring of
"plasticene” which cloesly fitted the body. The insect vas cross-
pinned down to the plasticene, and its de-wexad abdomen and posterior
loge vere dipped below the surface of the solution to be testeds
In this position, the test insect was able to move ite front lags
and head normily.

This method had geveral adventages. It did not iumvolve
wounding of the insect, ag in the case of injectionse Thus the
violent fluctuations in body metaboliem essocisted with even minor
vounding (Vigglesworth, 19395 Sussmen, 19493 Willieme, 1952;
Sclmeidermon end Willieme, 1953) were avoided, and the phenolase
complex /
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complex wae not activated into depositing melanin at punctures.
Treating cuticles after removal from the insect, es vas done in
experiments on blowfly larveal cuticle (Fraenkel and Rudall, 1947),
has various disadventagess The cutlicle is remote from ell control
by the insects It is difficalt to imow how this mey be affecting
the results of expariments. Lhen the cuticle has been removed,
post-mortem chenges muy be present, and caunot be ignoreds By
‘subjecting the cutiecle, while it was still on the living ineect,
to varicus experimentel ireatmentis, the resulis would therefore
seen Lo be much more relicble. :

In exploratory experiments with the immersion technlque,
using /20 solutions of substrates in distilled water, test slbinos
survived for only three to five dayse ﬁowm, survival vas
prolonged by inereasing and varying the camcentrations of sodium
chloride in test solutionse Whem sufficient sodlum chloride wes
used to bring the total concentration of external solutes wp to 0.13M,
the ingecte survived for at least one inster, except when execptionally
toxic compounds such as o-benzoguinone were ugeds Not only was
survival prolonged, but it was also possible to obtain the exavise of
the test enimale for mieroscopic examination.

In the immersion experiments, the effects of estechol,
3y4~dihydroxyphenylalanine (dopa), tyrosine, and protocatechuic
(3,4-dihydroxybenzoie) acid wers testeds Other subptances used
were hdroguinone, a &i-hydroxyphenol of the same empirical formula

as /



as catechol; o-benzoguinone, a reagent cspable of tanning proteine;
and tryptophan, an sromatic amino acid poseibly linked with melanin
gynthesis (Brunet, 1959). Where these substances were not soluble

to the extent of produeing M/20 eolutions, saturated solutions were
usede |

All experiments were carried out at room temperature of
18'C. to 20'C., and, when necessary, the insects were left in a
eonstant temperature room (18'C.) overnight and throughout week-ends.

Control insects were also exposed to the substences tested
on the de-vaxed ingects. Some, however, were de-waxed with chloroform,
and suspended in air. This cohtrol is an importent one in visw
of the faect that chloroform is listed by Bodine and Allen (1941) as
one of the substances capable of activating pro-tyrosinase. Some
insects were de-waxed and put in 0.13M. saline solution, without
added subetrates, thus keeping the totsl osmotie pressure of the
control solution the same ae that of golutions eontaining salts as
well as test substaneces. Controls whiech had not had their lbdouda
de waxed were also immersed in the solutionss In none of these
controls was a change in pigmentation detected.

The saline solution in which certain control insects had been
imnersed for several days was tested for the presence of ortho-
di-hydroxyphenols which might have been released from the insect .
Addition of dilute ferric chloride solution to & solution containing
ortho-di-hydroxyphenols, followed by the addition of sodium bicarbenate,

gives /
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Figure 35. ¥ild nymph to demonstrate the ventral abdminsal pattem,

and aleo a nmord extensive degree of nelanin deposit on than in the

nymphs shown in Fige. 34 and 36,












Figare 39. Albine npymph after treataent with catechwl, to show

he diffuse piguentati induced on the sbdoalnal sternites,
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gives first a greon calour, which is changed to a red or purple on
addition of the bicarbonate (Cohen, 1950)s The test gave nogative

resulise

Albinos immersed in catechol molution developed a strong
pigaentation pattern (Figs. 38 Po 43)s The initial deposit was
discarnible some distance ebove the lover mergin of the tergites
of the abdomen as brown patches. This wae followed by the
development of smeller areas of colour, the liminal spots of
Nickerson (1956), along the posterior bordar of the same tergites.
Pigrentation also became apparent at the same time on a longitudinal
area parallel to, ead centrally coincident vith, the mid-dorssl line
of the abdomens Small stresks end epote of colowr also occurred
on the central region of esch gide of the tergites %The area in the
albino corresponding to the vhite lateral longitudinal tergal bar in
the wild ingect (Figss 35 and 36) did mot produce a deposits On
the venter, sbout the seme time as the more genersl brown of the
terga was appearing, strong bers of rather diffuse brown devaloped.
These bars ran longitudinally on each side of the sternites, but did
not fuse in the longitudinal mid lime (Fige 39)s No sub-pattemn
within the two blocks on any one sternite was dotected.

ihe overall pattern was produced in 24 to 48 hours,
thereafter remaining aspparently constent in distribution, but gradunlly
gaining intensity. However, a deposit as dense lnd black as that in
the /
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the wild slrain was not induced in the test albinee The deapeﬁt
eolour wag a dark browns :

This overall abdominal pattern developed in all the insects
testeds However, vhan lest insecis were allowed to remain in
catechol for a longer period, up to fourteen days, depending on their
position in the moulting eyecle, not all of them deposited melaain in
the non-immersed anterior regionge The perceutage that did was
ebout 104 to 15§« ‘Fhen the pattern developed in the thorax it
invariably involved a darkening of the posterior half of the pro-
thoracic shield, varying in different individuals from a light to a
very deep brown (Figse 41, 43)e Suall scleriteg in the middle of
the face became a very dense brown (Figs 42). ESome involvement of
small sclerites ol the Choras wné slso frequent. The final pattern
was very closely simllar in distribution to that illustreted by
Goodwin (1952) as occurring in wild strain [chigtocorcs gregaria
raiged at 40'C. At this temperature, the wild strein develops its
minimn melanin pigmentation, snd it seeme that the albinos have Leen
forced to change from gere uelanisation to that minimally oceurring
in the wild strain.

Just which biochemical phenomenon is respmeible for the
prevention of the expressian of melanisation in the untreated aliine,
and whether it is an extra-developed version of the naturslly occurring
pigment eontrol mechasism remains te be examined by the biochemiste

The location of the induced pigmentation in the catechel
immersed albinos was seen to be exo- or epi-cuticular, as on moulting,
the /
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the exnvia retained the induced colours VWhen the intact integument
was removed from the insect and whole-mounted for microscopie
examination, it was in part scraped clear of all epidermal
consbituents, and in the remaining areas was =llowed to retain

these celles HRemoval of the epidermis resulted in the loss of

all the insectorubin present, but did not destroy the induced
pigmentation, thus further confirming the latter to be in the cuticles
Thie applied to all the ecuticles showing indneed pigmentation,
irrespective of the sclution in which they kad been immersed (Cp.
data on effect of tyrosine, pe 63 )«

Close examination of the relative positions of the pigmented
areag in the intact cuticle again showed that the colour was located
very close to the surface of the ecuticle, that is to say, the outer
exocubicle and epicuticles Examination of sections of the cuticle,
deseribed fully on ps 49, eonfirmad this. lHowever, it was more
significant that the pigment was not laid down in an even deposit,
but as a pattern which, at micro-level, regembled a scaling. This
is shown in Fige 44« The resemblance of this pattern to that in
the cuticle of the wild strain £. gregeria is clear. Patterns of
this nature have been altributed to the activity of the underlying
cells (Kramer and Wigglesworth, 1950). On this view, it is therefore
likely that the cells of the epideramis of the albino locust were
controlling the deposition of pigment In the overlying cuticle.
Whether this wes due to direct control from the epidermis, or to an

earlier /
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carlicr eontrol by the epidersis of Lhe deposition of superficial
enzyme, cannct be resolved by the experiments described here. On
the other hand, it is obvious that the pigment pattern is unlikely
to be due to autoxidstion of the eatechol and randem deposiiion of
colour, since one would then expect a Aiffuse brown colour over the
satire cuticuler surface.

There vap no constant morphclogical difference detectable
between the areas of selerite cuticle which bear induced pigment,
and thoee which ressined colourlesse This does not rule out the
posaibility that such differences may oxists It does, however,
suggest that any controlling influence: between the regione is on
a physiologleal pather than a structural level.

~ In order to preve that the deposition of colour in the
albine after cetechaol treatment was indsed phenolase-estalysed,
two inhibitors of the enzyme system were testeds Use of phenyl
thiourea at eoncentrationg in the imuersim eolubicn of 10 “Me
did aol change the rate of deposition of uelanin or alter the
induced pigmentation pattern.

At 245 x 10 3., hovever, phenyltbiourcs noticesbly sloved,
tut did not gtop, the induction of melaain (Fige 45)» Thie
concluzion ie Lased on The obeexvebtion that albinos in eatechol with
245 x 10 2. phenylthiouvea took three days to develop the sane
intengity of melanin deposition as developed in conlrol de-waxed
albinos dipped in catechol lacking the inhibitor in two dayse
Phenylthioures in the sbeence of catechol did not induce pizmentabion.

 Sodiun /
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Sodium diethyldithiocarbamate gave comparable remilts to
phenylthiourea. ,

Use of 107 M+ or 10 M, solutlons of ethyl carbemste (urethane),
vhich is not specifically listed ss a tyrosinase inhibitor; did not
inhibit the induced pigmentation. Heither did its presence in test
solutions containing eatechol prevent them tuming bwown.

The catechol solutions used in the Lmmersion experiments with
elbino locusts eventually turnad brown, which colour was conspicuously
more intense then that developed by autoxidation in catechol solubions
in contrel tubes without inesects. This suggested that the presence
of the insect had inecreased the rate of oxidation of the catobhols
By iteelf, this might be regarded ss of little significance, but ths
importance of this observation was brought out when it was noted that
in the presence of either phenyithiourea or sodium diethyldithiocarbamate
in the eolutions, there was = icductiou ir tne intensity of the
colouration developeds The presence of 10 M. inhibitor in colubicus
effectad only a elight but constant diminutions VWhen the eoncentra‘bl.oa
of the inhibitors was raised to 2.5 x 10'2H- for phenylthicurea, or
1072, for sodiun diethyldithioearbanate, the intensity of the trown
colour of the solutions did not exeeed that of the control without
ingectges In these controls, autoxidstion was slight. |

The survival of the ingects in these solutions eomtaining the
inhibitor was related to the concentration of the inhibitor. In
the case of phenylthiourea, the higher concantrations, 24 x 107 “Ma,

were /



were lethsl to seventy percent of the insects after six days, at
which time the eontrols were all alive. The inhibitor had this
effect without the presence of catechol. The lower concentratiom,
10 2., gave forty percent mortality in six dayss In the case of
the sodium diethyldithiocarbamate, this correlation seemed to be
less markeds :

The immersion solutions et the end of eight days were tested
for thé presence of ortho-dihyéroxyphenols with ferric chloride and
sodium blearbonstes This test coniirmed the presence at this time
of exeess unchanged catechol in the solutionss The presence or
absence of sodium chloride in the immersion seolutions mede no
différmoe to the resultc of these tostss

When these darkenings in the cuticle of the catechol-treated
albino locuste took place, it remained to prove that they were nmelamie,
and not merely fortuitous depoeitions of insectorubin or other pigments.
Since there is no sstisfactory positive test for melenin, ell proof
obtained depended on the failure of the pigment to respond positively
to testy for other pertinent subetancess |

The mogt obvious alternative to the piguent's being melanin
by oxperimental induction wes that it wes imsectorubin, em orange to
brown pigment normally present in Sghiglogercs, and meny other
Orthoptera (Goodwin, 1952)s On this ammpuch, it would have been
deporited ap 2 responee to the immersion of the lnsect in catechols
Thic seemed n case of reducto mm since insectorubin is a

pyrrole /
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pyrrole derivalive bearing little resemblance chemically to melanine
Nevertheless, it is found closely associsted with the arsas of
Schigtogepcs integament depositing melanin, tut always in the
epidernis (Nickerson, 1956). 'Inéaéturubin was eapily removed
by treataent with 5% v/v. hydrochloric acid in abeolute ethansl,
or 5% v/v. acid mothanol e In thege reagents, molanin was -
unehanged, while the inpectorubin-protein complex twmed pink,
anc wag renoved (Goodwin, 1952)«  Ralated to this test 1= the
effect of numerically iow pH, an e.tfe‘ctr which ig not found on
melenine When treabod with 20 parts of hydrochloric aeid in 100
parts of water, the former pigment was changed to a bright orange-red.
In the teste with acid ethanol, acid methenol, or low pH,
the induced pigmentation in the treated elbinos remained unchangedas
The ingectorubin naturally occurring in albinos became red, end .
leached out+ Consequently, it seemed proved thﬁt ingeclorubin was
not respensible for the changed aspect of the cubidle in the albinoss
Certain pigments found in locusts are carotenoidss These
arg f{requently yellow or pink su_bsbanoea derived elmost directly
from pigments in the food plents. They are st most only slightly
altared chemically by the insect, but may be comnlexed with a pretein,
thue yielding varistions in colour (Goodwin, 1§52)a These pigments
‘therefore seemed unlilkely to be respensible for the dull brown colour
of the treated slbinoe, but eould be 'obgeotivdf ruled out by their
golution in aloohole #nd acetone M, 1952)« The induced
browning /
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browning of the albine was unaltered in these reagents.
Of the remaining pigrents formd in locusts, insectoverdin
is abgent in the fifth instar gregaris hoppers of gghistogerca,
bub preseat in the golitsorise The complex is restricted to the
Md, and pleys no pert in the general pigmentation (Goodwin, 1952).
Theraefore, it seemod proved thet the induced colour in the
albing cuticle wae melanin, known to be a highly insoluble, stsbls,
uguslly dark-coloured pigment. The fact that the induced pattoim
mirrored so closely that of the wild sbrain reared st high
temeratures substantiates this conclusione

then tyrosix{e wag uged as the substrate in the induction

experiments, the results oblained wers similar to those vhen using
catechiol, except that the patlern developed st a much slower rale.
In sddition, the deposlt of melanin was lass intense.

Dopa goluticns @id not induce pigmont depoeitione Thie is
surprising eonsldering that dopa is known to give rige to melanin
{(Mason, 1955a)s In solution, dope tends to autoxidise quickly, and
precipitates are deposited in the crevices of the immersed ingects'
bodiess lhether tyrosinase in the insects' cuticle is also coupled
with this extrangous deposition is an open quesbiun e |

' In conpidering the appareal lack of effeect of dopa on the
allino cuticle, it must not ve overlooked that in some of the cases
which /
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which have been examined catechol is oxidised one thousand tines more
rapidly then is dops (Yasmobu, 1959)« An induced piganentation
developing at a comparable rate in the albinos tested would not be
detected by the present technique.

imasrsion of the test albinos in ortho-benzoguinone resulted
in the cuticle becoming very harde This compound was aleso very quickly
lethale Since oﬂho-bénzoqtﬁnone is highly toxic, and resctpg readily
with proveins to form a hardened conjugate, these results wers to be
expocledes

Protocastechuic acid, as in the casge of dopa, did not, when used
as & substrate in the imuersion experimentg, induce the depositicn of
melanin in the test albinoes This compound was thought to be
implicated with the process of herdening of cuticles The results of
examining histologically the cuticle of slbinos treated with proto-
catechuic acid are presented laster in this thesis.

Tryptophan is utiliged by insects to synthesise lq‘xmreniz;o
types of pigment (Forrest, 1959) Apparently, & conmection seens to
exist between the synthesis of kyaurenine pigment mmd that of meleanin.
Porrest (1959) pointed out that tyrosinase may be involved in the
conversion of Wd;-oxykynm'enino to brow ommatings He adds that no
gpeciiic enzyme £§r the oxidation of 3-hydroxykynurenine hag yet boen
isolated, but that tyrosinase, in the presence of small amounts of
dopa will bring about Lhe oxidation of 3-hydroxymurenine to
xeanthommatine These resulls were obtained in in yilrg experiments.

Forrest /
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Forrest mentioned that it remains to be seen whether this reaction is
gignificent in vive.

Brunet, in conversation with me sbout higs work, pointed out
thet tryptophen was involved in the production of yellow pigmerts,
the ommoehromes, in humen 'red hair. He postulated that an smino-
phenol derived from tryptophan might reduce dopa guinone formed by
tyrosinase action back to dopa, the aminophancl itself being
oxidised to aminophenoxazone. This lest compound eould then - :
polyneriee to form ommochromess He subgtantisted thie view by the
reculls 61’ his work, whisch snowed that if tyrosine was provided I;or
incubation with the follicles of red hairs, a black pigment was formeds
However when the aminophenol derived from tryptophan wag provided
along with tyrosine 2 red pigment was produced until the former
substrate was used up, to he fllowved hy the deposition of a black
pigment produced from tyrosines I¥ is interasting to recell that
Dennell (1958b) demongtrated that trmptophsn could be non-specifically
hydroxylated by bloufly larval cuticle to form §igmmt precursors of’
the kmurenine types

It vas possible than that tryptophan ﬁighh be involved with
the production of ihe brown pigments in the cuticle of albinos
immersed in catechol. The faect that it wams not possible to inhibit
completely the production of this pigment by the use of iyrosinase
inhibi tors also suggosted that a process not catalysed by tyrosinase
might be producing pigments derived from tryplophens

Vhen / '
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when test albinos were treated with txyplophan pigment wes not
deposited in the cutieles The inferance to be drewn ffom biis 1s that
trypbophan, under the conditions of the experimeut was lncspable of
sarving as e subgtrate for melenin formstions Nelther was 1t capoble
of producing pigmeats of the omuo hrome type in ihe test albinoss
It is possible that kynurenine and its relatives vere produced, but
this wag not eongidered of sufficicnt relevance to Lhe present vwork
to warrant investigations by hisbochenical or clromelographic ne‘bho“w

That some of the substrates tested were utilised by the albinos

to lay down melanin deposite strongly suggests that tyrosinese is presemt
despite the naturel lack of melonin in these insectss However,
laccase, a copper-protein enzyme similor to tyrcsinase, ic oﬁ’-u;
present along with tyrocineses Thie is the cese in plents (Dawson
and Terpley, 1951)« The two engymes were distinguished by colorimetriec
methods since lLacease, unlike tyrosinase, can cebalyse the oxidstion
of hydroquinone, a dihydroxyphenol which differs from astechol 4n being
the para instesd of Lhe ortho isomers Yasunobu (1959) has confirmed
this differences

The work of Dennell (1958b) has shown thet hydroquinone cem
be produced in the cuticle of blowfly larvees This para~-dihydroxyphenol
vas formed nMumatim]: from pexe-tyrosines Although it eoculd
aot / |
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not be oxidiesd divectly by tyrosinase (Masoan, 1955a), it was
 omAdiced, in the tlowfly larvee, Lo the pera-guinane in the
présesce of artho-beatoquinane, derived from the tyrosinace-
catelyeed oxlesticn of catoohol (Hasom, 19556 Demaell, 1952d)s

i Msian of t.ha albinog in hydroquinene resulted in
the depogitica of -aupmt in the cubdele,it would suggest the
 possibility of lagease belng imvolveds Alternatively, 47
depogition of & coloured materidl Ald mot veeur, it would euggest,
when a pignemt was dapogited when catechol and tyrosine were
provided, that tyrosinasescatalysed the processes: But 4t had
to e kept 1o mind thet the proviaion of excegs hydroquinane conld
recult in the formetion of pare-beazoquinone by cxidation due te
shé prwmeé of any orthocuincucs fyee in the cuticles Thip wes
unlikely, m,’in‘the interuoult cuticle, sines, if ay ortho-
‘Quinoneg m ‘producad, f.hny wuulC probably have been used wp in
the heprdening of the cutlicleos

Vhen hydroquinone wae provided a a substrabe in teste on

ths “blnos, p:lmmt deposite were not laid down in the gviicle

 (Flge 46)«  This cuggests that the deposits derived from Yyrosine

and eatechol in iientlcal testa were due to resctimp catalyved by

tyrosiaase, and that legcase ves not involveds In support of thls .

is the gbservetion that lagease gannot catalyse the insertim of &
. lvdrcm?mpmanpodtm ortho to that in a nonohyarie phenal-
pum =nd Terpley, 1951)s The whilissbion of tyrosine by the
nhino-torm-mnnhpmtmxdmtmmmm
o laccase.

'.#
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The test insecte were renoved fros the hydroguinone solutien
efter M@siqn for seven daye. The test solution in the tubes was
bl sxanined Lo dstermind fhether Sy oFtho-dihydraypbenols W
presmb, since they might havo been produced by interaction betveen
"She dngects wid She Bydraatadnss When dilute ferris chlorids vas
added to the test solwtiom, a'ugiq green colour was produceds
m; indicated the formticn, in the presemce of the ferric chleride,
d’ qninm'ﬂrono (Cohen, 1950)s A red or ‘purple colour wag not °
| _ produced vhen" codium bheibvhhtk vag addeds Thic indicated the
SRS PP I MR
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After the albino nymphs had been forced to deposit melanin
in their cuticle, it remained to check the precise location of
the pigment, and to discover whether the inductions had led to
significant changes in the histochemistry of the treated cuticles.
Also, the effect of protocatechuic acid on the albino integument
was investigated,

The cuticles used were fixed in 70% ethyl alechol to awvoid
the addition of any spurious colours, as is possible when Bouin
fixative is ueseds Othérwicse, standard techniques as deseribed
in the section on the histology of the adult cuticle were used,
with a similar series of stains.

Sharacteristics of ungtained sections of nvmphel cuticles

In control nymphs, no pigmentation was seen in sections of
the cuticle. Structurally, the outer procuticle was homogeneous,
while the inner was prominently lamellar., Both showed pore canals,
more so the immer procuticle. Regular fracturing of the cuticle
could be obtained here, and was similar to that in the adult, again
confirming that more than mere chance was involved in this process.

Cuticle derived from nymphs which had been treated with
protocatechuic acid for thirty-six hours showed no difference from
that of the control.

In catechol-treated ingects, the outer procuticle showed

deep /



Figure 47. Fymphal cuticle fro- insect treated vith catechol,
OefePe = Outer nonelaminated procuticle; end. - endocuticle;
epsple = epicuticular plajuee




Figare 48. Hymphal pleural cuticle from insect treated with
cateciiol, showing ebsence of reaction in this region. Extraneous

wﬁammvm,umucmd in the text,
opide = opidernis; 0ep./e. ~ outer procuticle and epicuticlej
ext. - extrancous precipitate.
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deep colouration over considerable areas of the tergum, but very
little on the sternal cuticle (Fig. 47). This colouration was
a strong homogeneous brown, occupying the outer border of the
procuticle and the epicuticle. It was fairly sharply demarcated
from the underlying peortions of the cuticle. Perhaps the most
cogent single piece of evidence to confirm that this colour
represented that of the pattern seen macroscopically on the
intact ingect after treatment was the absence of colour for some
600 microns dorsal to the pleural junction on either side., This
region would be occupied in life by the prominent white band seen
in both treated albines and wild individuals (Figs. 35, 36, 38,
40, 44), and the measurements made microscopically compared closely
with those of the width of the band on the living insect, Dorsal
to the white band, the induced pigment commenced rather sharply in
the section, and was strongly developed. Just lateral to the
heart, plgment was also plentiful, but elsewhere the density was
lower. No changes were seen in the arthrodial cuticle (Fig. 48).
Some precipitation of coloured material occurred in these
experiments invelving catechel, but in sections the precipitates
wvere seen quite clearly to be surface contamination, cecurring
especially in the groove of the pleural junction. It was impossible
to confuse them with cuticular colouring.

Beactions to varioup staing
Acid Fuchsins Acid fuchein on control albinos gave intense

staining /
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Figare 50. Albing
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protocatechulc scid,
cuticle stai~ed with
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The endocuticie has
lost ites affinity
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staining in the whole of the endocuticle and diffuse, poorly defined,
but strongly stained blocks in the inner regions of the outer
procuticle (Fige 49)s The stain also attached to areas around the
regularly spaced fracture lines obtainable in the exocuticle. The
stain in the outer procuticle was present predominantly in the pore
canals, The inner epicuticle stained, and its merphologically
thickest, fuchsin-positive areas overlay those most intense areas

in the outer procuticle.

The pleural cuticle and the endocuticle of the extreme anterior
and posterior borders of the sclerites were refractory. In these
places, the thin outer layer overlying the endocuticle was as strongly
fuchsinophil as the inner procuticle of the sclerite.

The protocatochuie acid treated cuticles differed sharply
from the controls in reaction to acid fuchsin. The stain was present
in only traces in the general endocuticle, and was totally abgent
from the outer portion of the outer procuticle. The inner half
of the outer procuticle, however, reacted very strongly indeed
(Fig. 50).

The epicuticle showed no affinity for the fuchsin, unlike that
in the control. If the slides were grossly overstained, still no
fuchsin was taken up in the epicuticle, but soft tissues and endocuticle
were forced to take up the stain, The inner half of the outer
procuticle in such cases was so intensely coloured as to appear purple.

In the pleuron, the endocuticle, as in the controls, was

totally /



Figure 51. Albino aymph trested with catechol, cuticle stained vith
Acid Fachsine

GeBepe = outer mon-laminated procuticle; ends = endocuticle;
eplde = epidermis; mel. = induced melanine




Figare 52. 4lbino econtyol mymphal cuticle stained with iniline
Blue / Orange G. The Orange G is taken up by alsost all the cuticle.
CeflaPe =~ suter non-laminated procuticle; onde = endocuticle;
epide = epldernis.
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totally refractory, while the thin outer layer stained strongly.

Fuchsin distribution in the catechol-treated albinog was
even more sharply circumscribed. The stain in this material,
in fact, became virtually restricted to the inner half of the
outer procuticle, Triangles at the usual intervals were seen,
and any fracture lines present bisected these (Fig. 51),

The pleural endocuticle was unstained, and gharply
delimited from the fuchsinepositive outer layer. The anterior
or posterior margins of the terga showed I less clear-cut
localisation of the stain, wvhich was fairly unifornly distributed
throughout the outer procuticle, and faint or absent in the
endocuticle, -

Aniline Blue/Orange Gi Control albino material stained yellow
alunost in its entirety (Figs 52)s This reaction was in line with
the unexpected staining of most of the cuticle with acid fuchein.
The inner half of the outer procuticle of the sclerites stained
more strongly with Orange G. than did the outer half. The inner
procuticle stained a uniforn yellow.

In the pleuron the endocuticle stained blue. The pleural
surface was yellow only in s thin layer, and in ite spines.
Apodemes had a central unstained core, suggestive of true exocuticle,
surrounded by a yellow-stained area. The epicuticle was not easy
to distinguish, but appeared to be positive to the Orange G.

Soft tissues stained blue.

This /



Figure 53. Albino nymph treated with protocatechuic scid, cuticle

stained with Aniline Blue / Orange G. The Orange G hes become more
strongly restricted to the outer non-lsminated procuticle (Oefepe).



Figure 54 Albino mymph treated vith catechel, cuticle stained with
Aniline Bine / Orange Ge The endocuticle has ceased to accept
Orange G, ané scospts the Aniline Bluse

OuDePe =~ outer non-laminated procuticle; end. « endocuticle;
epid. -~ epidernis; set. - portion of a seta.
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This umusual combination of reactions was changed after
treataent of the albincs with protocatechuic acide The response
of the outer procuticle became almost uniform, but remained more
intense than that of the endocuticle, which wes now less strongly
stained with Orange G, and showed signs of blue admixture (Fig. 53).

Comparison with control material therefore showed that the
inner procuticle had been fairly radically altered, although this
test demonstrated no great change in the outer procuticle.

The catechol-treated cuticles showed an even greater change
towards homogeneity within its various layers (Fig., “4). Most of
the cuter procuticle stained yellow, but between the induced pigment
and the outer surface of the yellow-staining material, there wvas a
narrov unstained some. The endocuticle stained bright blue, with
no detectable yellow, unlike the previocusly described materials.

Neither of the treatments given to these cuticles in life
altered the reactions of the hypodermis, or other soft tissues to
Aniline Blue/OrangeG. However, the results obtained from the
above two histochemical tests showed very important changes had
been induced in the cuticles,
deower®s Jodine-gilver gtain: This test also showed a tendency in
the cuticle layers towards greater homogeneity as a result of the
experimental treatments. The control stained very intensely
throughout the cuter procuticle. This was broken in continuity
by triangular regions of weaker staining, so that the general
appearance /
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Figure 55. Conilrel nymphal cuticle stained by Lower's method.

The anstained triangle shows well in this photograph.

GeNePe - outer non-lamingted procuticle; end. - endocuticle;

tri. -~ ungtained triangle; . - epicuticle.
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Figure 56 Albino nympchal cuticle stained by lower's method,

eplcuticle has stripped off, and the typleal shape of its blecks

be seen, as vell ag ite strong reaction to lower's stain,
L3

@ = @picuticle; O.n.p. - outer mon~laminated procuticle;

end. - endocuticle; epld. = epidermia.
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appearance suggested a series of elongate trapesia separated by
relatively small triangles (Fige 55)s Examination showed most
of the staining to be resident in the pore canals. These canals
could sometimes be seen to be linked together by material staining
identically to the pore canals, running parallel to the surface
of the cuticle.

The triangular regions between the trapesla corresponded
to the poeition of lines of fracture, where these were present,
and otherwise occurred at regular intervals of the samne order as
previously described.

The endocuticle stained weakly. The epicuticle was
stained strongly (Fig. 56).

The source of mechanical weaimess in the fracture lines
could be seen to advantage in this series of slidess At any one
point of facus, the appearance of the incipient fracture line
suggested a section of a coiled duct, and there could be little
doubt that it was to such a structure, with surrounding modification
of cuticular structure and chemistry, that the production of
regularly occurring fractures in certain areas was due. The
large ducts carrying the cellular processes up into cuticular setae
had straight walls, and were always easily visible. The only
other duct of sufficient size to warrant identification with that
in the incipient fracture planes is that of the dermal gland
(Malek, 1957)« It is clear that the passage of these ducts through
the /
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the cuticle leads to more cioange in structure in their neighbourhood
than seems to have been appreciated.

In the pleural cuticle of control albinos, the endocuticle
was totally refractory, and the surface region showed only slight
traces of stain,

Perhaps the most striking difference between the inner
procuticles of pleuron and sclerite lay in their 'mobility'.

Thig deseriptive term was applied to an optical phenomenon present
in the endocuticle of the sclerite, though not in the pleuron,
when Lower's staining method was useds. In the endocuticle about
ten to fifteen “smooth" layers alternated with an egual number of
“rough" layers, pnnllql to the surface of the cuticle. On
focugsing throughout the thickness of the section, the smooth
layers showed no appearance of movement, but the rough layers did.
The layers were so arranged that when a "rough" one appeared to
move one way on being focussed, the next gimultaneously moved the
other way. This alternation of direction of apparent movement
was maintained across the thickness of the endocuticle,.

The pore canals ran straight through these layers of material.
Consequently, the optical behaviour of the cuticle would seeu to
be due to some more deep-seated property of the lamellaes Such
stratification is probebly universally found in this situation,
but within the lamellae in this cace it seemed that there was
some orientation of the molecules along definite directions, A
similar condition ig found, at a higher grade of organisation, in
the layers of nematode cuticles (Bird, 1956).

The /
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The apparently fibrous nature of the lamellae in the albino
locust could be seen in the separate rough layers as a serious of
tiny spots which moved laterally on focussing, That they did so
at equal speed in opposite directions suggested that they were
arranged at equal angles to the path of light in the section,

- The smooth layers, in comparison, would be those whose fibres lay
parallel to the plane of section.

It is important to note that the 'mobility' i: the albine
cuticle stained by lLower's method was not found when otherwise
identical material was examined unstained, stained in Aniline Blue,
Eosine, or Haemalum; and only very slightly when the slides were
stained in Acid Fuchgin. In the last, the effect was restricted
to the imnermost few lamellae, and to very localiged regions of
the integument, Therefore, it would seem to be an effect
dependent very closely on the staining method used.

The protocatechuic acid treated albino material showed slight
differences from the 'goutmla. In the endocuticle, there was no
staining, Furthermore, the 'mobility' in this region of the centrols
had been eliminated, In the outer procuticle, the large black
stained blocks, separated by relatively unstained triangles remained
fairly obvious. But while the pore canal reaction was not altered
from the control state, the background colour was reduced,

Most of the pleuron was unstained, except athiqmterm.
the outer epicuticles The external openings of the pore canals
also reacted.

The /



Figure 57. 4lbino nymph treated with catechol, cuticle stained by
Lover's mothod, The typical unstained triangles are seen. The
presence of stained epicuticular plaques confirms the staining of
the epicuticle by this techniquee.

Oefleps = ouler non-lasainated procuticle; ep. ple - eplcuticular

plague; end, - endocuticle; epid. = epidermis,
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Figure 59 Albino nymph treated vith protocatechuic acid, cuticle
stained by Lison's nethed.
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The pattern of staining in the cuticle of albinos immersed
in catechol was similar. In the endocuticle, there was no
'mobility', and the pore canals stained faintly (Fig. 57).

In all three types of material, it was possible to show
in thin sections and surface preparations that the dark blocks
in the outer cuticle were due to a large extent to bunches of
deeply stained pore canalss The arm of cuticle between the
main blocks seemed not to lack pore canals, but those present
stained mmch more weakly.

Lison's argentaffin tegt: In controls, the results were somevhat
gimilar in appearance to those obtained by Lower's method. Outer
procuticle and outer epicuticle were a strong brown-purple (Fig. 58).
The endocuticle was not stained in either sclerite or pleuron,

The pleural surface stained wealkly, as it did also in the albines
treated with protocatechuic acids In the latter, the endocuticle
was again refractory, but the outer procuticle differed by being
gtrongly stained in the outer half while being only very faintly
stained in the immer half (Fig. 59). The epicuticle was unchanged.
After catechol treatment, the whole outer procuticle, and the outer
region of the pleuron stained very intensely (Fig. 60)s The outer
procuticle of the sclerite seemed alvays to be divided by a very
thin non-staining layer, the outer of the two stained regions thus
formed being the more intensely coloured.

Demonstration /



-n-

Demonstrati n of triangular areas of different stain affinity
was not as convincing with Lison's method as with lower's. 1In
local regions the effect could be detected, but this was exceptional.



Figure 6l The melanin patterns induced in albino nyuphs after
treatnent of the ogge at 20°C. for three weeks. 4 final instar
aymph (¥) of the wild strain is included for cosparisom.




Low temperatures encourage, in general, the deposition of
melanin in insects (Kemmedy, 1956). 4 pre-requisite for albinos
to produce a melanin pigment patiern under the influence of

exposure to low temperatures was the presence of an essential
phenol-phenclase system, The results of the immergion experiments
indleated the presence of tyrosinase. Although it has limitations,
Baker's test (Baker, 1956) showed that tyrosine was present.

Exploratory experiments were conducted by exposing eggs of
various ages to temperatures from 10'C. %o 4'C. for periods ranging
from one to seven days. It was found that these conditions of low
temperature did not induce the deposition of pigment in the insects
which emerged, TIxcessively long exposure of the cggs to such
temperstures resulted in a high mortality rate.

Exposure for three weeks at 20'C., despite subsequent exposure
to 30'Cs, also resulted in a high mortality rate, but it was
significant that the survivors produced a melanin pattern to &
varying degree. A typlical series to illustrate the results is
ghown in Fig, 61, A4 wild strain locust of the same stage as the
test albinos may be compared, However, wild strain individuals
vary in their patterns. The one gerving as illustration shows an
average pattern, under the conditions of breeding used in this
laboratory.

It /
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It will be seen that the pattern induced in the albine by
prolonged exposure to a temperature of 20'C. resembles that of
the wild type. The pigment appeared, in less extensively melanised
albinos, as isolated areas in sites which corresponded to those
where the mogt intense pigmentation in the wild strain occurred.
As more extensively developed patterns were induced, ths areas of
pigment spread. For example, on the thorax the plgment areas
coalesced so ag to resemble more closely the wild pattern. The
coalescence of pigment areas on the abdominal euticle was obscured,
to some extent, in the living albino by the presence of the
insectorubin-protein complexs When the latter pigment was removed,
the induced pigment remained, That the induced pigment was melanin
vas confirmed by the teste for melanin already described.



Attention was next focussed on the possibility of determining

whether the tyrosinase in the tissues derived from wild strain locust
nyaphe was more active than that from albino nymphs. It was
reagoned that if the activity of the enzmyme in the albino was
lupproau_d_ by inhibitory influences, the enzyme might display an
activity near to normal in a brel kept at a fixed pH, and containing
an adequate amount of suitable substrate. In addition, excess
gubgtrate might, of itself, activate the enzyme (Dubois and Erway,
1946)

A knoun weight of locust tissue, including cuticle, was
homogeniged in Soreasen's buffer at pH 6.6 to 6.7, The pH vas
measured using a pH meter as well as a comparators The homogenate
was filtersd and diluted with buffer. Equal welghts of wet
tissue, albino or wild, were minhi.md in each sample.

The substrate used was cateshol, at a fimal concentration
of 1.25 x 10.2)4., the substrate being dissolved in buffer at pH.
6.6, to 6,7, Five millilitres of this solution were put in
matched colorimeter tubes, end a five millilitre sample of ‘he
brei was then added to each tube. The optical density of the
solutions was measured immediately on an E.E.L. colorimeter fitted
with a green filter, Buffered catechol solution acted as & Control
to indicate the effect of autoxidation of the substrate, and distilled
water was used as a standardising solution for calibration of the
gtability of the colorimeter.

ds /
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As the oMn of catechol took place the increase in light
abgorption wvas measured. Control solutions containing only albine
extract and buffer gradually altered in their light absorption,

The use of these extracts therefore meant that a correction had teo
be applied to allow for this variation. The light absorption
values in the extracts of wild mymphs @id not alter, in the absence
of substrates The results of the experiments are summariged in
Fig. 62, 1In this graph, all the curves are corrected to compensate
for the alteration in the absorption values of albino extracts.

The plots of the increments in light absorption of the breis
against time show that the activitles of the tissues of the tweo
gtrains towards catechol are of the same order., Light absorption
due to autoxidation of the catechol in solution is very small, and
this made li.ttio difference to the values estimated for the extracts
acting on catechol.

gince cyunid‘e will inhibit both cytochrome ozidase and the
phenolase complex (Sumner and Somers, 1953), the use of potassium
cyenide in these tcsts wo ld indicate only whether an oxidative
ensyme was operatings To rule out any possibility that the cytochrome
system might be involved, phenyIfhiourea wes also used. This
substance inhibits tyrosinase; tut not cytochrome oxidase or succinic
dehydrogenase (Dubois and Erway, 1946). Potassium cyanide was used
at & findl concentration of 0,375 x 10724, and phenylthiourea at
£inal concentration of 125 x 10°%M, The resulte are shown in Fig. 62.
it /
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It will be seen that phenylthicures completely halted the oxidation of
the catechol by the tissue homogenates. Cyanide at the concentration
used depressed the oxidation.

One ie therefore drawn to the comclusicn that the tissue
homogenates derived from both the wild and albino etrains of loeust
nymphe will oxidise catechols It seems also that the oxidation is
an enzymatic one, and the enzyme involved is tyrosinase, Moreover,
the enzylaﬁio activity is similar in breis derived from wild or
elbino locustse
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Reducing conditions in the epidermis of inseets have been

suggested as the mechsnism whereby the expression of the phenolase
complex has been suppressed (Demnell, 1947). This effeet is due
not to inhibition of the enzyme, but to the reduction of the ortho-
quinones formed by its activity, in the presence of ageorbic aeid
(Dennell, 1947). Baldwin (1953) stated that if ascorbic aeid is
present in a test system where tyrosinase is acting on tyrosine,

no melanin formation will occur until all the ascorbiec acid has
been oxidiseds Consequently, it was of interest to compare the
relative amounts of asesrbic scid occurring in the wild and mutant
gtrains of locust.

Since a comparative result was desired, 2 simple technique
due to Levine (1936) was used. Levine tested the ability of
yarious substances to reduce sodium selenite to brick-red elemental
gselenium in neutrsl, seid, and slkaline media. He found that, of
the nany substances he tested, acidified sodium selenite solution
was reduced in the cold by only ascorbic acids The neutral and
alkaline solutions could be reduced by meny other agents in the eold.

In the present work two epplicstions of Levine's technique
were used. In one series of experiments attempts were made to

measure /



measure colorimetrically the amount of selenium produced vhen locust
blood or tiesue extracts were added to seldified selenite solutdon.
However, this wae not possible, for two reasons. then the aeld
solution was added to the blood, or tissue extracts, the presence
of the acld caused precipitation of protein in such quantities as
to block the possibility of the detection of colour change due to
any selenium produced. Additionally, since the selenium was being
released in ite elemental form, it tended to precipitate at very
low concentrati n, colloical suspension not being maintained.

Ap an alternstive to the colorisotric methed, which had
proved able to detect 0.008% w/w of sscorbic seid in solution in
gynthetic mixtures (personal finding) , the even simpler technique
of Levine (1936) wae used, whereby he merely added the selenite
solutione to the test tissues to detect, non-guentitatively, the
presence of various groups of reducing agents. Since the indicatin
epecifically of sscorbie acid had to be done in an scld medium, the
tests on the locust material using this method involved the addition
of pleces of tissue to the acidified sodium selenite solution.

Considerable care had to be taken, however, to exclude
spurious colours similar to those due to the presence of elemental
gseleniume The acid nature of the solutions caused the insectorubin
present in the nymphal epidermis to assume its bright red colowr
(Goodwin, 1952)« This tended to mask sny reaction due to selenium.
Control / |



Control material exposed to twenty parts of hydrochloric scid added

to 100 parte of water gave a good indiecation of the extent to which
the colour due to the effect of the acid in the selenite reagent on

the insectorubin was involved. Along with this, if the test solutions
were left with the tiseues for several days, the insectorubin pigments
were gradually removed, when all doubt as to the implicatin of
spurious responses from this source was eliminated.

The acidified selenite reagent as specified by Levine (1936)
contained two per eent sodium selenite, to each 100 ml. of which were
added 20 ml . of conecentrated hydrochloric acid. Albino tigsue and
wild nymphal tissue were added to samples of the .rugent. Controls
were exposed to acid in the absence of selenite.

The wild nymphso showed some slight precipitation of selenium.
In the epidermis it was not easy to detect, but where compressed
tissues, such as wing rudiments, were examined, the colour became more
spparent. Selenium was also precipitated on the glass of the containing
vesgel, as happened in the colorimetric experiments when syhthetic
mixtures were used to estimate the efficiency of the technique as an
indicator of ascorbic aecids The wild control material in acid, but
without gelenite, showed no similar effect.

In the albino there was conspicuously more selenium deposition.
In this case, the wing rudiments became strongly brick-red. Again, it
wag not easy to pinpoint the deposition in thin layers of tissue, such

as / |
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as the epidermis, unless several thicknesses were crinkled together.
The glase of the containing vessel carrisd e substantial deposit of
sclenium. Thip response was totally lacking in the aeid-only controles,
and control samples of selenite solution without added tissue showed
almost no sponteneous deposit of selenium in the same time.

It would seem, therefore, that there is significantly more
ascorbic acid in the albino strain nymphs than there is in the wild
onecs On the basis of these results, it is hoped to do further work
to measure quantitatively the extent of the difference in ascorbic
acid content between the two ingects, using the method of Schaffert

and Kingsley (1954).



When the final inster larve of the black blowfly Phormis
terras-novae (Dtptqrucdlbherldu) pupates there are two phases
of development vieible. The first starts with the contraction of
the larva to the puparial shape, a progess which takes only a matter
of minutes. Then, as immobility bseomes complete, eight transverse
melanin bands appeer on the pupariume. The second phese, occurring
after formatian of the bends has become effdctively complete,
eonsigts of the hardening, end the deposition of the genoral
backzround colour, of the cuticle.

The observation that regionally restricted melanisation ocours
here before sclerotisation begomes apparent wuld, of itself, suggest
that the two processes are distinct, However if it were possible to
inhibit one of the procesees differentially, good evidence would be
provided that they can act independently of esch other in yive.

But the mery nature of the reactins makes this difficult because
both selerotisation and melanigation depend on the same ensyme,
tyrosinase (Mason, 1955a; Wigglesworth, 1957), aud, in the early
stages, the precursors of both processes are identical.

It wes on the blowfly Sarcophaga, sn insect closely related
to phormis, that Fraenkel and Rudsll (1947) demonstrated the parvent
substance for sclerotisation to be tyresine. They showed that there

s /
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was a fall in tyrosine content of the blood at pupation which was
peralleled by the inereage in weight of the puparium, when this

latter increase was corrected for the loss to bs expected in the
deamination and degradation of the amino acid to the simple mromatic
acid, ortho-dihydroxybenzoic acid. Thie acid was thought to link
adjacent protein chains after it had been oxidised to the corresponding
guinone by tyrosinase.

The evidence for this sequence of events is mostly indirect,
and is baged on the fact that this acld vas, and is, commonly regarded
as the one derivative of tyrosine and dopa which possessed the necescary
chenmiecal property of having two reactive sites whereby it could become
joined to two separate protein groupse And free protocstecihmic
acid could be isolated from the hardened cuticle in considerable
quantities. This lstter fact has now led Dennell (19582; 1958h;
1958c; 1958d) to propose that protocatechulc seid is not responeible
for tanning. He argued that if it were used in this way it would
not be so plentiful as a free substanee in the cuticle.

Consequently, Demnell suggested that some other system is
éperating in the blowfly cuticle, and proposed that non-specifie
hydroxylation of para-tyrocine, phenylalanine, or perhaps sven
tryptophan, is producing, not pre‘tooct«oc!uic acid, but hydroquinone
and eatechol. When cuticle hardening takes place, he visualised
the tyrosinage in the epicuticle of the blowfly oxidising the catechol
to /
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to ortho-bensoquinene. This ortho_quinone then oxidises the hydro-
quinone, the latter not a tyrosinsse substrate, to para-benzoquinone,
which in turn rescts with, and tans, the proteins of the cuticle.
The catechol, as a result of the oxidation of hydroquinone, is
rogenerated. The free protocatectuic acid present in the cuticle
wves seen as being derived from deemination end degradation of dopa.
In other words, Demnell (1958d) saw the cuticle as being tamned, not
by ortho-dihydroxyphenols but by para-dihydroxyphenols.

To explain nmelanin formation, Dennell postulated that dopa
from the blood is oxidised by the epicuticular tyrocinase without
undergoing the non-specific hydroxylation process, and thus gives a
precipitate of melanin according to the normally accepted chain
(Pige 1)+ This process would not require deamination of the dopa,
as ring elosure in the molecule is an important step in the process
of nelanin formation.

Logically, it could be that both non-specific hydroxylation
and the normslly sccepted deemination and degradation processes are :
both present in normal caticle hardening in the bleowfly and possibly
in other ingects. However, this interpretation &oo not allow of
blocking the processes of hardening or melsnisation selectively, as
the same enzyme is still participating in both reactions to produce
oxidation of dihydroxyphenole to quinones. uw its involvement
in the oxidation of hydroquinone is indireet, it would appear to be,
nevertheless /
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nevertheless, ecssentiale Therefore, if the enzyme were blocked,
reduction in the hardness of the cuticle compeared with that in
controls should result, and be accoupenied by a comparable suppression
of melenin formation. It is not easy to see, on the other hand,
how suppression of the tyrosinase activity could lead to inhibition
of melanin formation while not having smy apparent effect on cuticle
hardening. Yot Denmnell (1958d) reported just this effect in m
at pupation when the T rosinase was blocked by phcnylt'-him.'
Sinee this result was so unexpected to the present writer, it was
decided to repealt this experiment to try to digcover whether any
eimiler effect existed on the background melanin formed in the
puparia as they aged. It wag also hoped to extend the uge of
inhibitors as reported by Deanell (1958d) to inelude others such
ag sodium diethyldithiocarbamate.

Bhormis was particularly suited for this experiment in
view of its depositing its melenin bands very quickly end before
any spparent selerotisation takes place. Background melsnin is
visible only after more cxtended periods of time. Any effects
on either banding or sclerotisation would therefore be easy to
detects If the larvae contracted prior to pupation, and were
unable either to deposit melenin or to seclerotise their cuticle,
it was not clear whether this would be detectzbles. Intermediate
stages, where some degree of reduction of the process of hardening
vas accompanied by recognisable variation from the normal shape of
the /
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the puparium, coupled with lack, or reduction, of melanin, were
the best prospeet for detection of the effeects of the inhibitors

under these circumstances.

Before prepsaring a prolounged series of experiments to try

to elucidate the expression of tyrosinase ‘1n Ebornia lervae and
puparia, information on the norually oceurring variation in the
banding and background colour of these stages was necescary.
Random samples of puparia were taken from the breeding cages.

It was expected that the puperia would all be strongly banded,

and that the background colour would be very dark. However, this
was not the cases Nobt only did the intensity of the bands very
belween individuals, but melanin was often totally absent, leaving

a translucent, light brown pupariume 7The presence of such variation

added conslderably to the difficulties of experimenting with these
puparia, because it vas iupossible to obtain uniformly pigmented
conlrolae

In order to investigate more closely the relationshipe
betueen the various aspects of darkening and hardening in thése
puparia, they were divided into those vhich had been vacated by the
adults, and those which had note The empty onecs were further
divided somevhat arbitrarily iato two groups: those which were
lighter in general appearancs, and those which were darker. The
dividing /
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dividing line between the grouwps wag =mubjective, and was chogen
to be a fairly rich brown codour. In this vay, exeminations
within the two geries might yicld differences in the proportions
of banded and unbanded individuals, if the agsumption were made
that the puperia which were darker overall would slso have stronger
bandings If, on the other hand, this eorrelation did not exict,
1% would be suggestive that melanin expression in the puparia wag
undergoing & veristion in emtrol with times In other wrds, if
somé puparia formed strong bands, and the tyrosinase in their
cuticle Awaa then for some reason rendered less active, for example,
by products of its own activity, the background melanin would be
relatively woake Conversely, lightly melanised bands might exigt
due to a low initial tyrosinese activity at the early stages of
pupation, followed by a ater increase to boost the background
colours Several other combinations of colouring could exigt.
It should be possible, therefore, from examining the puparia to
tell whether band and background melenisation varied independently.
0f the sixty-five puparia in a particulsr sample, fourteen
were set aslde temporarily, because they were not empty. Of the
fifty-one empty puperia, tweniy-cight were classified as dark,
and twenty-three as light, but it may bo emphasised that thig
differentiation wes merely subjective, and was oonﬂnod to the
actual samples The light and dark puperis were then exsmined
for /
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for the presence or abgence of bands, or variationg in banding

intengity. The results are shown in the following tables

PUPARIA LIGHD DARK DEAD
Nos % No« % No. ¥

Bended fully 2. 52 16 57 9 6443
Bands reduced, lut
evenly distributed 5 218 0 0 1 72
Bands very reduced,
or irregul sx 2 847 2 72 0 0 :
Bends absent 4 17+ 5 17.8 A x 28 6
Puparie totally
black 5 1748 0 Q

TOTALS 23 98 | 2 9948 | 14 10041

Footnotes & - contains only light puparium in the sample of
dead puparia

This table shows that any combinstion of inteneity of
background colour in the puparium can occur alongside any degree
of banding. It also indicates that there is little difference
in the type of banding variastion between the dark background, =and
light background, puparias The figure indicating the absence of
reduced bands in dark puparia is not regarded as having much meaning,
as the darker background masks differences between the levels of
banding, so that only 2 major reduction becomes sufficiently obvious
to be accepted as velid. Similarly, the very dark pupas could not
be read at all.

The /
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The colum hoaded "Dead” lists those puparia in the originsl
sample which were still cloced. All were opened and found to be
non-visbles Two conteined deed adults, the rminder only ‘daaniutod
larvel materisl. It ig interesting to note in passing that it wes
almost always found in experimente with these pupae that thoge which
had died early in the pupsal stage were completely dried out, although
kept under conditions identical to their living, fully hydrated
counterparts. 5 )

Although the figures from this particular examination of a
random sample of unoperated inseots do not inelude any dead puparias
ghowing very reduced or irreguler bmnds, these were commonly seéemn in
other samplee, snd in uninjected controls in @ifferent experiments.

The existence of vaeriability of this nature and extent in
Phorpla immediately raised problems in estimating Lhe effect of
injected solutions in subsequent experimentse Bub its presence
also yielded information on the nature of the changes in the cubticle
of the puparium, which could be obtained in no obher way. That
background melanin can be produced more or less indspendently of
band melanin snd yice M4s clearly obviouss The factor which
does most to suggest the causal relationchips between the two
processes is times Ag bend melanin is always produced considerably
before background melanin, there is ample opportunity for any
mechanimm /



Figure 63. Teratological effects on the pigmentation in Phormia

puparium and adult. The imbalance is similar in both instars.
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mechanism supporting or suppressing tyrosinase to decay, or be re -
inforced, before the general background darkening process takes
place. That viable puparia with no bands or general blackening
could exist, and show no obvious lack of hsrdening, suggests that
even when maximum natural suppression of melanin wes occurring,
cuticle hardening was not appreciably affecteds The total absence
of all melanin from some puparia also revealed that the structural
colour of the non-melenised but selerotised cuticle was a very
light brown.

Teratological veriants ocour occasionally in Phormia. Of
those found involving asymmetry of pigmentation, it wae geen that
similar effects were carried in both puparium end adult (Fig. 63).
That abnormalities of this: nature could eccur without detectable
effect on the hardening of either puparisl or adult cuticle, and
without introducing structursl sbnormalilies, would seem to aseist
interpretetion of melanogenesis end selerotisstion as independent
processes »

Another nsturally occurring phenomenon in Phormis involves
the corrclation between the sige of the puparium and the degree of
banding developed. On examining the puperia used in various
experiments on the effect of inhibitors, it became apparent that
the larger the puperium the more likely it was to be banded,
regardless of the presence or sbsence of injected solutions. To
confirm /
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confirm this impression objectively, the puparia fron batches of
500 larvae used in particular exporiments wers measured after
eclosion of the imegos. ‘

The lengths of the puparia vere estimsted under a binoculer
microseopes The length used vas that between the antorior border
of the puparium after the cap had split to release the adult, end
the basal ring of the ,postu'im; processca.

Analyels of the results showed that in unigjected controle
the fully banded puparia were very significantly longor then the
unbanded (P << 0.01)« Similerly, layvoe injected with 0.002 ul.,
or 0,004 ml., of saturated solutions of phenylthiourea in 0.75%
galine showed differences in size belween the banded and unbanded
groups significant at P << 040Ls In the conircls injected with
eqivalent volumes of saline eolution the differonces in size hetween
the groups of banded and wnbended lervaes was of the game highly
pignificant owder.

Comparison between groups injected with comparable volumes
of saline or phenylthiourea showed no significant differences
between the samnles, nor did these samples differ ffgm the controls
pignificently in sizes This correlatioan of banding with gige of
the larvae does not seem to have been noted before. Its presence
adds enother interesting facet to the gbudy of ihe expression of
the phenolase complex in ingects. Whether the size of the lsrva
amd / :



and the degree of banding it dieplays al pupation are causally related,
or whether both are dependent on comeé coumeon controlling mechanism in
larval growth end development, cannot be suggested at present, but it
would eppear unlikely that mere size could affect the degree of
banding dircetly to the extent it was found in Phormias

Effects of low tempersture on melanin petterns in Phormls

Many ingects show a incrosse in melanin deposition if
maintained at lower temperatures (Kemnedy, 1956; Uigglemﬂi, 1939)»
Consequantly, if Phorpmia larvae at the stage juet prior to pupation
wvere kept at temperaetures much lower than those in vhich they were
nornelly bred snd nmaintained in the laboratory, it wms hoped to show
an increase in the intengity of the melanogenesises If euch 2 reaction
to cold could be obtained, it would help to eubstentiste that the
backgromnd colour in the pupsria of these flies wes indeed melanin.

It has not been possible to find conclusive proof in the literature
that the black bsnde snd background dsrkening on Phormla ave due to
melanin, and reliance has sghin been placed solely on .tho evidenee
obtained pargonally by the techniques deseribed for proving the
induced pigmentstion in albino locusts to be melenie., Additional
corroboratian by reaction of Phormia to cold would therefore be
halpful «

farly sttempte to achieve this result by continuous
expocure of late larvae to temperatures of 5°C. failed, due to
mortality /



mortality of the larvas, and their inability to form a signifieant
pusbar of puparia et this degree of colds A8 In the experimente
with cold <reataent of albino locurt eoggs, @ compremive wae struck
by oxposing the larvae %o 5°C. for approximately Swelve hours per
m,@acou%.mmmutmmwm. Under
these conditlone puparie were formed very readilys ‘hercas pupse
at 30°C. took about five to six daye to produce adults, thore
treated ot 5°Cs / 15°C. took seventesn Yo nimeteen days. The
yi6ld of imegos from the puparia was of the order of 80F.

The vegults of thie esporiment indlested that a marked
fnoroape in the daykening of the puparie took place in regponse
'umw.'m-mmmmimamthebm
eolour, and, subject to the qualilieation thal inoreared backgromd
tended to mesk band veristion, also in the baudse
| The point of major vignificence in this experiment ig that
the cold brought up the general body @elour so prominemtly. This
very strongly corroborates that the piguentation usg indeed due to
melenine. It algo emphazises that the ensyme/cubstrate aystem
respangible for genersl melsnin productlon is videly distributed
over the guticle, and is mot restricted to the regims which lay
down welenin bends in the white pupes finco it ip this same
enzyme which iz respansible for the production of tamning quinones,
it would, on this lstter count, be expected to be present over the
whole /
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whole area, and this as a consequence only emphasicses the need to
wmderstand how melanin comes down, in the control insects, first
of a1l in well-defined bands before it does so over the whole cuticle.

The method used in attempting to inhibit the tyrosinase in
the larvae wag simple injection of various concentrationg of the
inhibitors, phenylthioursa (Duboie mnd Frway, 1946) md godiun
diethyldithiocarbamate (Magon, 1955a)s Demnell (private commn icetion)
gtated that he injected 0405 mls of a 040L M« solution of phenyl-
thiourea into lervae within a day or two of pupation. Under these
conditions, he was able to demonstrate that band formation was
blocked in the puparium, while the sclerotigation involved in
puperiun-formation proceeded.

In the preseat work it was not foumd poseible to use mch
large volumess This smount of inhibitor gave 100f mortality of
the injected lervac. The most obvious reason for thig was that
th‘e raletively vast smount of solution injected distended the larvae
groeely, =nd they never recovered. " Lesser volumes were tried,
down to 0.008 mle, and the eoncentrations were increased in other
experiments with diffevent volumes to satursted solutions of
phenylthiourea, which are 0.025M. at room temperatures It soon
became obvious that it wae preferable, for maximum survival of the
larvae, to use the paturated solution in mmaller volumess Controls

were /
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were run with samples of wminjected larvae, and larvae injected with
a volume of 0.75% saline equal to that of the inhibitor used. Since
all inhibitors used were dissoclved in the same 0.75% saline, this
second type of control would give a good indication of the amount

of mortality or abnormality introduced by dilution of the larval
blood, or distension of the body, while leaving the osmotic balance
fairly constant.

This latter possibility of distension effects was considered,
as Wigglesworth (1934, 1954) has shown that such a mechanical effect
ie predominant in the control of ecdysis in Rhodnjug prolixus
(Hemiptera). It would not be expected to be important here as the
moult at pupation is determined considerably earlier in larval life
by the distension of the crop, but the possibility that a second
distension, or compression, of any organ might affect pupation could
not, nevertheless, be ignored.

Any effects of injections on the banding were read at
pupstion, and after eclosion of the imagos. Tests were made to
confirm that these lstter readings were valid by immersing the cast
puparia in benzene, chloroform, or water, to eliminate any colour
due to trapped air or to other possible structural effects. Pupu'h
were not read when the adult inside was approaching full development,
as the presence of the adult masked the true puparial bands.

Another technigue tested to detect any effeet on banding

wvas /



wes to measure the time baken fram the initisl contractim of the
larva mntil the melenin bands on the pupsrium were just detectables
Aftor this, the time to complete development of the bands wns read,
a8 the remits of both mescuracents Gompered betveon oontrols md
the varlous groups of treated larvees In this vay, my eloving, '
though not totelly inhiliting, effect of bhe mhmtm gheild be
detectables  Howover, thir technlque suffered fyem its cost in
time, =5, to be accurste, tho time measurenmte hul to ntm
precisoly from the period of initial contractions uam th. |
1rrvan vere m:mmed avary five niautes thls WM cmld nat
be met ., : ‘

It wag soon fqmd that the seattor of the Mf-a prevented |
this teeinique being of mch use here.  Contred ingects commenced
to depoelt bands thirty to forty-five minutes after initisl
@ontraction, st voom tempersture, md the various groupe injected
~with saline ag coatrel, or phenylthicures ag inhibiter, showed
tinos of the ame orders The time for £al) devalepnent of the
bands for the majurity of puparia in all thape groupe wae fror 80
" %o 120 minutes, with the gontral, uninjected insects Lending to
growp =t 100 to 120 minutess Of these groupe of layvase, howsver,
all shoved inpocts producing no bands, end gome procucsd bandg
only after ruch longer pariods, although this latter cceurrence
vag relntively rare. '

 usthin /
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Within the limite of this technique, therefore, it is clear
that there ware no changes in the timing of band formsti-n in the
larvee containing inhibitor from those found in the controls.

It has elyeady been noted that it was

not possible to uss 005 mls of 0.01 Me pbnnyltﬁ:!.ourea in thise
works The larvas used with this volume of inhibitor all died
qQuicilys Consequently 04025 ml. et 0402 Ms per larva was trisd,
thus keeping tho absolute smount of phenylthiourea injected constant.
Agein, n very high mortality was encomtered, This disorepaucy
between the resulis of Dennell's work and of those preu‘-ntod hare
suggeeted that the method of culture of the larvee in my case uas‘
not seti:-fastory, md svery care wes tekem to eliminete crowding)
fo sipply fresh medium sopiously, te try varistions in the
eompoeition of the medium, and to pick out for experimentation
only thoge larvae which wére fully fed and migrating.

After this there vas still no worth-while survival following
injectime of 04025 mls of 0,02 M« solutions of phenylthiourse, and
nona st all sfter 0.0f mle of 0401 Ms solutiones Therefore,
experiments were performed using Muraﬁod qoluuone of phenylthiourea,
04025 Ms Varying smounts wers injected, from 0.002 mls %o 0+025 mle,
ueing injections of corresponding volumes of 075§ saline as controls.
In this cose, it wes soon clear that the inhibitor, at the volumes
which permitted survival of the insects, was having no detectable
effact / $
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effoct on the plgmentation of the bands in the puperiae. Wound spots
at the gite of injoetion were alvays melenieeds No viasble misshapen
puparia were obtained, as vas the case when sodium diethyldithiocsrbemate
was usede h

Denncll (1958d) mentioned that Celvard Jones had informed him
that pupetion in farcophegs bullata was ndl: prevented W‘ Lnaoct;.m of
phengitiudouroas At the time the vork wes done, the only explanation
for this was thet the asoumt of inhibitor used was not suf{icient
(Daanell, 1958d)s Prevention of pupation might have been empbcﬁad
on the grounds that Atyroainéee setivity was believed to be required
for tha production of tanning r.pj.nmea to convert the lerval cuticle
of the £inel ingtar inbo the pupariums If the enZyme was inhibived,
then pupation would be expected to be upset, or preventeds XNo
pention vap made of sny change in the baclkground colouration of the
romlting puparia, vhich, unlkke those of Ehoxmis, do mot have bands
of melanin. -

Tn view of the failure in the work done hers, on phormis,
to bleck banding or selepotisation by the use of phenylthiourea,
14 was therefore of intersst to gpend a short time eonfirming this
finding of Colvard Jones, and endeavouring to find out whether the
fing) colour of the puparia in farcophega was altereds.

Aecordingly, 0401 mls of a saturated solution of phenylthiocurea
in 0475 saline vas dnjected into the lexvas of Sarcophais Srnaxds.
This /
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This particular volume was chosen on the basis of results previously
obtained from work on _Fhormig as being that nost likely to exercise
an effect on the tyrosinase in the larvae without causing total
mortality, and the choice was found to be justified. Some
considerable mortality in the experimental animals was encountered,
being evidenced by thelr puparia not ylelding adults, although
almost all the larvee pupateds However, a loses of ingects as
puparia was also present to a lesser degree in the controls.
Further, the control adults emerged over a period of three days,
although the larvae used in the experiments had been chosen
carefully for cessation of feeding, The injected insects yielded
inagos in the same period as the controls. This conflmmed that
the injected larvae of Jarcophaga garnards under the conditions
used could pupate, and it was found that the background colour,
under the sace conditions, was unaltered.

The conclusion would seem to be that phenylthiourea injection
into two further dipterous species, garcophagg garnaris and Fhorpls
lerrae-novag, does not prevent pupation. When coupled with the
results of Dennell and Colvard Jones, the apparent conclugion

would be that Calliphorid larvae show a mechanism of tanning in
their cuticle, when they are undergoing puparium formation, which
is not tyrosinase catalysed. However, such a conclusion would be
contrary to much other evidence (Fraenkel and Rudall, 1947;
Dennell, 1947)« A much more reasonable interpretation of the
results /
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results is presented in the discussion to this thesis.

Since it had proved impossible to duplicate Dennell's
results, even when using half the injection volume with twice
or two and a half times the concentration of inhibitor, it was
necessary to look more closely into the details of pboi;ylthionrea
concentration in the operated insects, and to compare this ﬁzuro‘
with that found to be satisfactory in in yitro work. To carry
this out, no attempt was made to measure directly the final
concentration of phenylthiourea in the larvae or pupae. An
ectimate of sufficient accuracy for the purpoge in hand wag made
on the following basis.

When the larva contracts to form the pupa, there is no
change in the volume of the body tissue. On the other hand,
the puparium formed is of such a shape that its wvolume can be
estimated from linear measurements. It ig virtually a cylinder
vhose radius and length can be measured under a low power
microscopes The volume of this cylinder must represent also
that of the larva immediately prior to pupation.

Since the object was to confirm that a sufficiently high
concentration of phenylthiourea for tyrosinase inhibition was
present in the larva after injections such as those described
above, all estimates of body wvolume were made on larvae from
the higher end of the size range, and no correction was made for
the volume error introduced by the fact that the puparium had

tapered /
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tapered endss In this way, a figure utilising the maximum dilution
would be obtained for the final concentration of any injected
golutions, Similarly, the larvae were assumed to consist entirely
of water, an assumption which again gave no reason to under-estimate
the dilution of the inhibitor by the bedy fluids.
The measurements of tie defined puparium used here weres-
Length overall, excluding posterior processes, & mm.}
Maximum diamebter «ee e ses  cas s 3+5 mme
Therefore the volume of the defined puparium was 0.077 ml.
If 0,025 ml. of 0,025 M. phenylthiourea were injected,
Total volume of larva and injected solution = 0,102 ml.
Therefore the final concentration of phenylthiourea in the larva

0.025 x 0,025
M.
" 0.012

= 601 x 10‘3

This figure is the maximum used in the experiments.
 Similarly, if 0,002 ml. of 0,025 M. phenylthiourea were

injected, the final concentration of phenylthiourea in the larva
-l

5 %ab 49 st sea . #89  wER - BEE. e =w.
This figure is the minimum used in the experiments.

Noting again that these figures for estimated final concentrations

of injected inhibitor under various conditions give minimum values,

it can been seen that they fall within what might be called the

"typical range" of concentrations for many engyme inhibitors.

On /
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On considering in detail the findings of other workers using
specifically tyrosinase and phenylthiourea, the work of Dubois
and Ervay (1946) shows that the final concentrati-ns estimated
here were not too low to inhibit tyrosinase. These authors
found that 50% inhibition of tyresinase in yitre could be obtained

by using a final coneentration of 2.5 x 10™'

M. phenylthiourea.
Consequently, any doubt as to whether a sufficiently high
concentration of phenylthiourea had been used in the present
experiments would seem to be dispelled.

It is of interest, in this congideration, to note that
Dubois and Erway quoted a figure of 10 mg. per kile of body weight
as being "an uniformly fatal dose" for the rats used in their
experiments. When the minimum dose giving 100% mortality of
the Phormis larvee was calculated, a minimum figure of approximately
1250 mg. per kilo body weight was indicated. Whether this radical
difference in lethal level between mammal and ingect can be
interpreted as mirroring differences in delicacy of homoeostasis
is a moot point. Jenkins (1960a, 1960b), working on the effect of
mammalian goitrogens on planarians, showed that exposure of these
animale to concentrations of phenylthiourea equivalent to 76 mg.
per kilo, for ten days, did not have a significant lethal effect.
This figure is already almost one order of dimemsions higher tlan
that ensuring total mortality in rats. Such an indication helps
to corrobvorate the estimations of the lethal level in Phomrmig.

The . /



The only conclusion from the results of the experiments
reported on the injection of phenylthiourea into Phormig and
the comparison of the estimated final concentrations of the
inhibitor in the insects, seems to be that the tyrosinase in
the insects used here was not being inhibited, due perhape to
the inhibitor's not being able to reach the epicuticular enzyme,
or that alternatively the inhibition was reversible. These
poseibilities are argued in detail more appropriately in the

digcugsion to this thesis.

83 Since the use of

phenylthiourea in the work presented here had failed to bring
about inhibition of the banding in Phormia puparia without
affecting sclerotisation, it was declided to try to do so by
the use of another inhibitor. This wae sodium diethyldithio-
carbemate, listed by Mason (1955a) and Lerner and Fitspatrick
(1950) as an inhibitor of the phemolase complex. If it were
injected into late Zhormia larvae, and the pattern of results
obtained was similar to that when phenylthiourea was used, then
some confirmation of the lnability to block melanin formation in
these ingectg in preference to the sclerotisation process would
be obtained.

When experiments were done with sodium diethyldithiocarbamate,
using congtant injection volumes of 0.002 ml., and varying the
concentration injected from 10°> M. to 10 ~M., no significant
reduction /
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reduction of the bands on the treated puparia was found. These
volumes and concentrations were such that they gave minimum
figures of 2.5 x 10° M. to 2.5 x 107% M. as estinates for the
final concentrations of inhibitors in the insect. Using a
constant concentration of 10™% M., and varying the volume injectéd
from 0,002 ml. to 0,01 ml., estimated final concentrations were
from 2.5 x 1074 M, to 1.25 x 107 M.

In these latter experiments, a distinct trend was seen
towards the formation of misshapen puparia. When 0,002 ml, of
a 1072 M, solution of the inhibitor was used, almost all the
puparia were normally shaped, and no consistent difference could
be seen between their banding and that of controls. When 0,004 ml.
of the same inhibitor wae used fewer puparia were formed, and these
veried from the typical puparium to types showing less contraction
end streamlining thah contrels. If 0.01 ml. of &nhibitor was
injected, the resulting puparia were rarely typically shaped, most
being elongate, and showing more clearly the spinose areas of the
larvae from which they had been derived. These misshapen puparia
were brown, and could not be reliably differentiated fron contrel
puparia in colour, 8ince working with this amount of inhibitor
introduced heavy mortality, only 25% of the larvae injected
produced puparia. But, of these, all were unbanded. All,
nevertheless, like those of the groups with lower volumes ol
injected sodium diethyldithiocarbamate, showed a typical black

spot /



spot at the site of injection. The larval types of puparium
were capable of producing living adultss These adults appeared
normally developed and coloured, but were very short-lived in
comparison with control adults produced in the same experiments.
The results of this experiment indicate several conclusions
of interest. The mortality of the larvae, and the reduced
viebility of the adults from the injected puparis, indicate an
anti-metabolic effect of the sodium diethyldithiocarbamate.
This effect is apparently being carried over into the adult, but
there is no evidence to suggest whether the injected inhibitor
persisted into the adult. Further, these results indicate that,
contrary to what might be forecast from congiderations of the
involvement of tyrosinase in both sclerotisation and melanisation,
it is possible to preveni melanisation without blocking cuticle
hardening completely. However, this effect is obtainable only
when the amount of inhibitor injected is very close to that giving
total mortality. The discrepancy between Dennell's (1958d)
obtaining melanin inhibition without preveating pupation in
Bhormia, when using phenylthiourea as inhibitor; and the inability
in the present work to duplicate his results, is the more puzzling
in view of the fact that suppression of melanogenesis when using
sodium diethyldithiocarbamate at high concentrations was produced.
It would appear that the larvae used here were not unable to
demonstrate such an alteration in melanin expressio-, but could
not be induced to do so under the influence of phenylthiourea.
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Effecta of catechol:s Since catechol had been found to be capable of
exercising such a strong effect on the melanin producing system in
locuste, 1t was of interest to confirm that Phormig larvae could
metabolise this substances. On injection of 0.0l ml. or 0,02 ml,
of 3 x 1072 M. catechol, the larvee were all killed in less than
twenty-four hourss The larvae all turned dark brown, and then
rapidly became an intense blacks

Tests for ortho-diphenols in the dead larvae by treatnment
with ferric chloride followed by sodium bicarbonate gave negative
results in all cages., This therefore suggests very strongly that
ortho-dihydroxyphenols were absent from the dead larvae, as control
tests using volumes of catechol identical to those injected into
the larvae gave the strong green and purple colours indicative of
ortho-dihydroxyphenols (Cohen, 1950).

This experiment does not prove that the injected substance

was oxidised, but merely that it was metabolised. Since catechol

is capable of acting as a substrate for tyrosinase, an enzyme
plentiful in blowfly larvae just before pupation (Demnell, 1947;
Fraenkel and Mudall, 1947), it seems logical that oxidation of
the injected catechol can explain its removal, and also that this
oxidation aids the production of the dense blackening of the larvae
on death. Demnell (private communication) has subsequently informed
ne that injected catechol is oxidised by Galliphors lervae, and that
the insects all died quickly, The results from experiments on the

two genera therefore agree closely.
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DISGUSSIN

In studying a problem which hasg invited the proposition
of several theories, it is preferable to base investigations,
at least initially, on those concepts which have had substantial
backing. This is particularly necessary in the present work
because there is still a great deal of controversy over the
proposed theories on both melanin formation and the hardening
of cuticle in insects. However, the arrangement suggested for
the various steps in the formation of melanin is generally
accepted (Mason, 1955a). The participation of guinones,
derived from tyrosine, in the process of tanning also seems
certain.

Views on various details of these processes have not been
go readily substantiated. For exzaumple, there is some uncertainty
&8 to whether the phenolase complex responsible for cuticle
hardening resides in the epicuticle (Demnell, 1947; Malek, 1952).
Mason (1955a) and Haciman (1958) maintain that while the evidence
brought forward for the theory that the tyrosinase in the epidermis
of the young dipterous larva is later transferred to the inner
epicuticle is reliable enough, the methods used can be faulted
because they are not gpecific., It is admitted, however, that
the view that tyrosinase is present in the eplcuticle is consistent
with sclerotisation being initiated at the outer surface of the
procuticle, before it extends inwards. It might be interesting
to learn, nevertheless, whether the posgitive reaction to the Nadi

reagent /
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reagent used to locate Lyrcsinase might mot also be given by
quinones that were formed in the epidermis before being passed
to0 the outer surface of the procuticle.

The question of whether ortho- or para-quinones are
responsible for tanning or hardening resains %o be answered
unequivocally. The work of Pryor (1940s, 1940b), and of
Byunet and Kent (1955) strongly suggests that ortho-quinones
are responsible. Demnell (1958a, 1968b, 1958¢, 1958d) puts
forward in detall a cage for the participation of para-aquinones.
Karlson (in & discusslon in & paper by Hackman, 1958) contradicts
Dennell, saying that work on the incoxporation of tyrosines2-0'4
into the puparia of Calliphoxrg indicates that dopa is incorporated
to a high extent, without loss of the side chain. However, it
is not clear whether Karlson may not be num}nx the incerporation
of dopa into melanin in the cuticles. Nevertheless, if dopa is
indeed being incorporated in such a relatively unchanged state
into the puparium, Demnell's nrxmnt that protocatechuic acid
would not be present in such large amounts in puparia if it were
the tanning agent receives additional support.

It would be very revealing to combine the experiments of
Dennell and Karlson, and investigate whether the radicactivity
in generally labelled para-tyrosine injected into Calliphorg
larvae could be recovered from hydroquinone and catechel in the
cuticle, or fron the aminophenol derived from hydrelysis of

puparia.
The /
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The results of the present work show that in the wild strain
of gchigtocerca gregaris the enzyme has led to the formation of a
fully tanned but colourless exocuticle in the outer region of the
outer procuticle. The imner layer of this region is retained in
the mesocuticular condition, as demonstrated by its affinity for
acid fuchein (Lower, 1956). The staining of the imner procuticle
by 4niline Blue, and of the whole outer procuticle by Heidenhain's
Iron Haematoxylin agrees with the interpretation of a three layered
cuticle in the wild strain locust,

In the albine, the fuchsinophilia indicated that the
exocutiole was less developeds Since the reglons which were
fully sclerotised were adjacent to the eplcuticle, it is likely that
the supply of the tamning phenols is derlved from the epicuticular
region, 4 reﬁuction in the formation of exocuticle in the albine
was also shown by the results from the use of eosine. However, the
action of this stein on cuticle 1s not known, so the recults are
really acceptable only on a comparative basise This stein was used
only to demonstrate differences between the cuticles of the wild and
albino strains of the same species of locust.

The precise nature of the reaction of the cutlcle to Lover's
gtaining technigue is net kmown (Lower, 1957a), therefore it is
impossible to verify which phenolic material is taking up the stain.
Lower pointed out that the results seemed to vary according to the

vay /
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vay in which the phenolic material wag bound into a structure.
However, the significant depression of the reaction in the albine
compared with that in the exwcuticle of the wild strain may be
explained in two possible ways. [Either there is a reduction in
the absolute amount of phenolic material, or the material may be
combined in a manner which rendere it incapable of reacting with
the stain used. Since the apodemes, representing exceptionally
hardened partes of the cuticle, were strongly iodophil, it is
likely that the stain reacted most readily with structures which
showed a high degree of tanning, On thie interpretation, it is
therefore possible that while the outer half or third of the outer
procuticle derived from the wild strain resembled exocuticle, only
the outer one~fifth or less of the outer procuticle of the sdult
albino resembled exocuticle, That this exocuticular region of
the albine cutiecle also took up acid fuchsin suggests that it was
not fully tanmned, as was the case of the exocuticle of the wild
etrain,

If we accept Lison's argentaffin method as a means of
demonstrating the presence of reducing substances of the polyphenol
type, a comparison of the results of usging the method on the
cuticles of the two locust strains indicates that the cuticle of
the albino contains considerably less polyphenols than that of the
wild strain,

When the results of the different staining tests described

are /
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are collated, there is a very strong indication that the albino is
not producing an adequate supply of polyphenols in its epicuticuler
region. As a consequence, the exocuticle in the albino can be
forued only on a scale below that found in the cuticle of the wild
strain, Suck an explamation fits in with the results obtained.

It does not explain, however, why the requisite quinones are not
being produceds Whether the epicuticular tyrosinace is absent or
deficient in supply was not deducible, but total absence of the
ensyme would seem to be ruled out by the presence of a certein
degree of hardening. It may be that a restricted supply of
gubstrate from the blood and epidermis is responsible for the
limited amount of tenning which takes place. Fartial inhibitlon
of tho action of the blood tyrosinase on tyrosine to provide dopa
for the epieuticular m might also explain the resulis obtained.
It is interesting that the albino had a higher content of ascorbie
acid than the wild strain, This substance has been implicated as
a reductant of the quinones formed by tyrvsinapses Ita presence
in the albino euggests that tyrosinase expression in this strain
may owe at least some of its modification of expression o the
aucorvic acid,

Since the methods adopted in the past were unable %o provide
answers to such questions, it seemed poselble that = method
designed to introduce excess subsirates of various kinds into the
albino so that it could utiliee them in yivg might give resulte
which /
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which wo:ld elucidate the nature of the processes responsidble for
melanin deposition and the hardening of the cuticle., Injection
methods are undesirsble because of the effects on body metabolism
(Williams, 19525 Schneidermen and Williams, 1953). In any case,
the albino locusts succumbed to the after effects of being punctured
with a needle. A1l attempts %o link the blood streams of the

wild and glibino nymphe by parabiceis, a technique vhich has been

so helpful to insect physiologiste, were unfortunstely unsuccessful.
The only alterngtive seemed to lie in passing the test subgtrates
directly through the cuticles There ie now a growing body of
evidence to show that substances can erogs the intact cuticle, %o
enter the haemocoel, For example, Rajinder (1947) showed that
large quantities of water could be transported through the cuticle
of Periplsnetae Organic substances such as acetic acld and ether
were also readily transported. However; ether, belng a fat solvent,
could at the same time have been radically altering the structure of
the cuticle. Glycerine failed to penetrate the cuticle.

Bisner (1961) does not state explicitly that acetic and cepryliec
acid penetrate the cuticle of cockroaches, but his descriptions
clearly imply that he considers this to be the case. '

In the immersion experiments, it was shown that ortho-
benzoquinone entered the insect rapidly, and was lethal, The
concept that the various compounds tested were penetrating the
cuticle and entering the haemocoel was supported by the fact that
the /
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the anterior region of the aluino, which was not in contact with
the test solutions of catechol, produced a pigment pattern. The
prolonged survival of the test albinos, moreover, indicated that
guch pigeent deposits were in no way the result of a pathological
response.

In turning to a consideration of the effects of the
different compounds experimentally introduced into the albinos
on the cuticle of these insects, the most puzsling result was
the inability of the ingect to utilise 3,4-dihydroxyphenylalanine
(&oya). One would have expected this compound %o have been
converted readily into a melanin which would have been deposited
in the cuticle and there to have produced a pattern. That this
did not prove to be the case invites explanation. This, hovever,
is not easy to provide. One may recall that Yasunobu (1959)
showed that mushroom tyrosinase catalysed dopa oxidation one
thousand times less rapidly than it did the oxidation of catechol,
It would be interesting to learn whether the tyrosinase in the
albino has the sate relative activities towards these substrates.
Preliminary results obtained from estimating the ectivity of breis
towards dopa seem to be in line with this possibility. However,
tests with breis are not the most rolhhlo means of obtaining
information having a bearing on such questions.

The inability of the albino to utilise protocatechmic acid
to lay down a deposit of melanin in its cuticle is in agreement
with /



with the accepted conelusion thet, in insects, this coupound can tan
cuticles without, at the same time, being implicated with the process
of melenin forcitine In the test albinos, the degree of hardening
of the cuticle was increased by the added protocatechuic scide The
results obtained in the immersion experiments also confirm the view
that tanned cuticles need not necessarily be coloured (Demnell, 1958d;
Hackman, 1958; Masan, 1955Db).

Whether tryptophsn can be utilised only al an exceedingly
glow rate by the albino for conversion to & melanin product, as
suggested in the case of dops, it is difficull to saye On the
evidence produced, it is certain thet either ihis, or the complete
failure of the albino to use the amino-acid, was reflected in the
absence of a pigment deposit wvhen tryplophan was introduced.

The results obtained with catechol as the test substrate
reveal two important changes in the cuticle of the test: albinos.
Tanning ie increased, es shown particulerly by the resulls of using
acid fuchesin staine. And secondly, a pattern of pigment is laid down,
that conforms closely to Lhat naturally present in the wild strain
locust. In addition, the developument of the pattem showe a
remarkable resemblance to the way the pattern develops in the wild
strain locust.

Another festure of considerable importance eleo eriges from
these resulte with catechol. Whereas the increased temning effect

on /



-n9-

on the cuticle waes wmiformly distributed, melanin depoeition was
restricted to regi-ns where the colour was relatively intenses
The extrs tanning of the cuticle would not seem to result in any
eolouring of the euticle in those regicns where melanin was not
deposited.

It seems likely that in the albino there is a lack of
requisite quinones for changing the mesocuticulsr condition to
an oxocuticulsr ones Mason (1955b) showed that proteins joined
by a single bond to a guinone nucleus, the catecholic-proteins,
cannot aet as substrates for phenolases. They can be oxidised
to the quinempid-protein state only if there is a high ortho-
quinone to protein ratio, the ortho-—guinone carrying cut the
oxidation while iteself being reduced in the process. This
quinonoid-protein can then re-act with another terminal amino
group of another protein to form a di- substituted derivative.

That the albino cuticle is predominantly of a mesocuticular
nature may be due to the presence in it of proteins, which,
although combined with sn ortho-guinone, are not in fact fully
tanned. According to Mason (1955b), this could be explained
by the supply of firee quinones, formed in the epicuticular region
eontaining the tyrosinase, being insufficient.

In view of the above consideratims, it seems then that
one of the functions of the guinones in the wild strain is lo
convert catecholio-proteins to cquinonoid-proteiness It is likely
that /
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that the quinones formed in the epicuticular region in the presence of
tyrosinase carry the snzyme's oxidising energy to the impregnated
proteins in the outer procuticles There, the culnones oxidise the
proteins to the geinonoid-protein state, vhile they are themsslves
reduced to dlhydroxyphenolee On thie view, the occurrence of large
amounte of free mwmm geid ia the tamned puperia of blowflies
(Deanell, 1958d) might represent the spent energy-carrier coupling the
oxidative power of the epicuticular Lyrosinase to the non-tyrosinase-
oxidisable catecholic-proteing of the outer lsyers of the cuticles

On the basig of the results of the present wrk on both the
albine snd wilé strains of locusts one is therefore drawn into
owcl_udj.ng that the t:';.;.'; ocutialo, although basically colourlese, is
tapned,s Malek (1957) came to the same conclugions In =ddition, the
pesalte would seem to favour the view that in the same cuticle the
two processes of nelmisetion end sclerotisation might be capable of
proceeding indepeadently, despite the same enzyme baing inveolved in
the 1aitial reactions of both processess

The inhibitory stucies on Phormig, designed to throw further
1ight on the question of to what oxtent melanisation could be
distinguished from the process of hardening of the cuticle, gave
results which wers wmexpecteds Phormia deposits melmin in the
puparium prior to this structure bocoming truly herdemeds Here then
presunably were the two proenm taking place sequentiallys
Dennell (1958d) reported thet he had obtained results showing that
the /



the deposition of the melenin bands in Phormis could be halted by
phenylthioures without interfering with the subsequent hardening
of the puparium.

For several reasonc pertinent to the present vork, ana
particularly to the work on the exparimentsl induction of melmin
patterns in albino locusts, as elready discussed, inhibition egtudies
wvere carried out on the phsnolase system opersbing in Phormis.
Hovever, it wap dieconcerting to find that with thie insect the
results obtained by Dennell (1958d) could not be repeated, ss had
been hopeds FHowever, if sodium dicthyldithiocarbemale was used as
the tyrosinase blocking agent instesd of phenylthiourea, st concentrations
epproaching a lethal level, it was possible to obtain corresponding
resultse

It is eignifiemnt that, in the puparia of wntreated Phormia,
there wag a wide range of variation in ths intensgidy of the banding.
At one oxtrems, bands were formed, along with sn intense deposition
of black background melanine At the other, no bande at all were
produced, and in additisn no melsnin was deposited in the background.
Further, even when banding oecurved, the backgrownd melanin deposit
tended to be of varied intensitys In other words, varistion in the
intengity of banding secmed to be independent of the degree of
intensity of the baskground melanin colourationes This suggests,
thersfore, that in Phormis the amount of subetratos svailable mey

‘not /



not be fixeds Or, if it 18, it is likely that the ability to utilise
it varies from individual to individusls However, as the resulte of
fhe ooient worik show, it was poseibleto inteneify the deposition of
bagkground melanin by expoeing the late larvae and pupse to 1&'
temporsturess Unfortunately, there is no informetion that peinte
to héw lov temperatures might be responsible for causing a grester
development of melanine

It is interesting to recall thet Haclman end Todd (1953) have
suggeeted that an orthe-quinone linked by one bond to e protein might
be ai:le to wndergo ring closure and oxidation, ae meniioned earlier,
to give a dark-coloured compounds They also pointed out that the
extent of this occurrence must be affected by whether Lhere were
‘adjseent amino-groups availeble for linkage to the minones If there
were adequste groups, then the guinone would be expected te join to
these. If, however, therc were faow guch groups svailable, it would
not be possible for this linkage to occur, and, wmder thess circmctances,
ring eclocure might take place, %o give a product with genersl cbeorption
of 1light.

It is signifieent that in Phormis the beckground darkening
of the cuticle occurs fairly lsbe in puparial development, when most
of the sclerotication hag been completeds In such a cése, the numsbey
of adjacent sites svailable for quinone liakege would be low, and
eonsequently mechanisms of the type propossd by Haclman and Todd
(1953) would be favoureds The process would ebill require the
presence /



‘123“

presence of active tyrosinase, not to oxidise the catecholic-proteins,
which Mason (1955b) has shoun not to be substrates of tyrosinace, but
to oxidise fveo obbho-quinones st the epicuticle. These ortho quinones
would then be able, if present in ralatively hi.gh eoncentration, to
oxidiss the catecholie proteln to the quinonoid protein (Mason, 1955b).
The fact that puparia ghowing a strong development of the background
colour cculd aleo be totally unbanded suggests that if the above
mecheniem were operating to produce gsmeral melanigation effectsg in
Rhormia, the active enzyme necessary was not 2ble to produce banding

at the same time. Consequently, the puzzie as to why these bands
were not produced remaine es unbroken as before,

The non-banded puparia with no background melanin might, on
this interpretation, be regarded as a result of the overall depression
of tyrosinase activitys This hypothesis implies that a 1e§ser degree
of sclerotisation may slso be presents Such an effect was not
detectable, but it is extremely difficult to find a method of
measuring the degree of sclerotisations Attempts to do so using the
Young's Modulus, M, of the cuticle failed, due to the reduction in
othaimity of the solerotised cuticle of Phormis being so grest
that the methods used, whereby extension of loaded samples of cuticle
was measured microscopically, could not read the extensions produced
in the tanned cuticle on loading. It was, of course, ecomparatively
straight-forvard to measure the modulue of larvel cuticle along the
breadth /



 breadth of any segment, when figures renging from 1469 x 107 dynes
P 8¢« cne to 343 % 107 dyneg per 80+ cme were obtained (Personal
£iz000) s Thooo mamberg lmmedictely confirm the elastomaric nature
of the untanned cuticle, such a range of M being highly characteristic
of alagtomers (Stagy, Willlams, Worden and MeMorris, 1955)« Under
thege enditions, TMooke's Lew 1s obeyed only during very limited
degrees of extension. Intemmal yield valuee are low, and this can
be aukward in attemple Yo obtain seccurate values of M, particular
eere to work within the elastic 1imit of the cuticle being essential.

In the puparial euticle, a very different state of affairs
exicts, vhen nll elagtomeric propertier are hidden by the velatively
rigld nature of the tanned proteinse ‘hen seclerotisation ogours,
it is no longer possible, with the teehnicues used, to weasure the A
Young's Modulug of tho cuticle, end thus to establish whether the
Modulus might be used ss sn index of the degwee of sclerotisatiun,
There is, therefore, no objective proof that unbanded puparie with
nn background melanin are, or are not, fully scleroliged, although
gsubjective observatioms suggest that they are not altered in
hardening from the norrmslly pigmented cness

To retum to the work on phenylthicurea injection inte
Bhoznda, it wvould eeem to be proved, from the dlscussion of the
estineted final concentratione of the inhibitor in the insects,
that the cancentretion of phenylthicures in the larvae snd pupae

vas /



wae not too lov to inhibit tyrosinase. It mov reneins to explein
this inability to stop the melanisation.

It is inown thet in the blood of the blowfliee Calliphors,
end favcophogs st pupation there ip o high concentration of tyrosine
and tyrosinape (Dennell, 1947; Fraenkel and Radall, 1947)s It is
therefore logical to assume that there ic & eimiler occurrence of
these eubstances in Phormis, a closely allied genuse In other uords,
the phenolaee in the bleod is in the presence of a large anount of
gubstrate, tut is, immedistely prior to pupstion of the larva, wnalle
to act on ite At pupation, the tyrosine is oxidised to dapae
The releace of the activity of the tyroeinase is now claimed to be
under humoral cantrol (Kerlson, 1958)s The dopa then moves into
the cuticles There, according to earlier theories based on Pryor's
(1940b) concepts of tanning, it would be deaminated snd degreded %o
produce protocatechuic ascide However, the mechanimm whereby thip
15 done is not lnown, Lut Hickssn (1958) points out that an excese
of orths—quinones could bring about the reasction. In Dennell's
schems, on the other hand, (Demnell, 1956d), dope in the cuticle
of the tlowfly larva can undergo non-specific hydrexylation to form
hydroquincne and protocatechuic acidy but it can also be used by
tyrosinsse in the epicabicle to produce melanine

If it 1s secepted that dopa is produeed in the blood of
Bhormis larvee just prior to pupation, then injectoed phenylthiourea

" may block tyrosinase in the blood without having may epprocieble
effect /
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offect on the supply of substretes %o the cuticle, if the dopa
formation hes been completeds Therafore, the next stage at vhich
malanogenesis and sclerotisation in the lsrva can be blocked ig

that where the epieuticuler tyrosinass Sonverts. dops to dopa-quinons,
or catechol, derived from non- specific hydroxylation of ortho-lyrosine
or dopa, to ortho-benzoquinones If the phenylbhioures injected into
the blood is capable of perneating the cubtiele, and hlécldng the
engyme in the eplcuticle, then hardening md,mvelmin productizn should
be prevemted, regardless of whether inhibition of the blood tyrosinase
had been successful, and regardlegs of whether tamning invelves
protocatechuic acid or hydroquinonee

Such an inhibition wes not found in the prosent work.
Simiiarly, Colvard Jonee (perconal conmmicstion to Demnsll, 1958d),
weps wasble to block puparium formetion in farcophare felculala by
injecting phenylthicuree, end Dtlmnell‘ (19584) wes unable te bloeck
puparium formation in Calliphorss This series of findinge is not
pasy to understands In the present work, imjectiong were mede ab
various times before pupstion, such that edequate inhibition of the
formetion of dopa in the hlood was expected to have been achieved.
Nevertheless, the end resull wes unchenged.

The fact that dope can be oxidised by eytochrome oxidase
(Zimmermen 1959) must be kept in mind in this connection. Lvidence
regarding this resction sppears to be scantys Although cytochrome
oxidage /



oxidase in the epidernis might conceivably oxidise dops, it is not essy
to eee how it could effect the production of ortho-beaZoguinoue in the
epicuticles

1t therefore eppeers that two possible explmnations exlet for
the inability to block nelanisstion in the phorpid larvaes Tho
gimpler is that the injected phenylthiourea was applied too late
to praveat the formation of dopa in the blood, and wag not able to
vromh the epicuticular phenolase to Lloek @inme and welanin formation.
This interprstation is eontra-indicated, however, by 'axperﬁnmts' in
vhich feeding larvae of Phovmia vere injected vith the inhibitora
Ab thet stage, it ia inown that dopa has not yet been formed from
tyrosine (Dennell, 1947), ut, of those lm#a pupabing, there wes ne
inhibition of banding sppsrent . However, both controls and injected
minals tend to pro&noe more unbanded forms when they are forced %o
ceasas feeding earlier than they would do if 1lelt in the medium.

‘The second explmation requires th#t the inkibitlon of tyrosinase
be not total, or can be révereed. Evidanoe eonearning this poseibility
eomes from various sourcess Lubois and Erway (1946) found that Sn
in vitrg experimente, the inhibitisn of Lyrosinase from potato by
phenylthiourea was not reversed ia two hourss Bub these workers
also quote the repults of Bernheim end Bernheim (1944), where &
reversal of inhibition wag found, snd the effect was also dipecvered
to be dependent on the subsirate concentration. |

Allied to this question, 1s the work of Chmurzymska and Wojtezak
(3959) end lojtezak and Chmurzynsks (196&)- Thess authors were
-~ studying /



studyring the inhibition jn yitpe of the tyrocinege of the wax moth,
@olleris mellonslla, and found that vhlle varioue substances Including
thioursa inhibited the ensyme at first, the inhibition quickly vas
revarsed, and thnt the activity of the anzyme could regain, and
gurpass, the aobivity of uninhibited control sampless This reversal
'ia the cage of thlourea took two to Lirce hourss Afler using sodium
disth/1dithioearbanate as inhibitor, these workers found that
tymi.nau from wox moths regained ite activity In the sass time
rangcs Thia ability of the engyme Lo regein ite activity was not
found vhen very high concentrations of the inhibiters were used,
thet 4n the case of thiourca being § % 1072 Me
 If such a reversal of inhibition was oceurring in the
Phornig lervae and puparia after injoction with phenylthlourca or
- eodlum diebhyldithiocarbenate, the lick of effect in the former case,
snd the limitrephe effect in the letler, can be axplained very casilye
It was for thie reescn thai atbempts were mede to meapure the cffects
of the inhibitors on the timing of band formatdon lIn the pupation |
- semance or t!mae inpectee 1The results, howevor, ghowed that aven
m tecinige was not capable of shouing aay sppavent of fact un
ﬂn banding after injection of the lepvae with phenylibicureas
it - It ip elear, therefore, thal lhe phenolase eomplex in
znm is o systen whose expressiong aps not eary to elucldate,
m in view of the overall regalts of tle present work, one is
- aram /
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drewn into coneluding tentatively that aclanisation and the process
of hardening of the cuticle seens capable of differential control w
the ingecets Although in the early stages of work cn insect cuticle,
this vas regerded as being improbable, evidence is accumilabing in
euppoxt of such a conclusions The noxt question to be posed is how
the diffsrentisl control of the two processes is brought about.
There is a groet desl to be learned shout the phenolase complex
before the answer is forthcominge |
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SUMIARY .

1. Current concepts of the involvement of the phenolase complex
and ite substrates and products in the production of
melanogenesis and sclerotisation in insects are discussed.

2. A non nmelanised mutant of the Desert Locust, Schigtogerca
grogarla is described, and designated as "llbino"',‘ although this
does not imply that the pherolase complex is absent from the mutant.

3+ The gross appearance of the cuticle of the albino locust is
compared with that of the wild strain, when the major point
of difference is shown to be the total lack of melanin patches
in the albino. Comparative tests between the two strains
show that the albino does not contain as much reducing material
as the wild insect.

4+ Histological tests, to demonstrate the degree of sclerotisation
present, indicate that the albino cuticle is less heavily
sclerotised than ie the case in the wild strain. A corresponding
reduction ir found in the amount of reducing substances present
in sections of the mtiol;l- Information derived from the use

of /
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of a relatively recently developed "iocbphﬂ' technique demonstrating
as yot unspocified combinations of phenols with proteins agrees with
the other tests in suggesting reduction of the amount of phenole in
the albino euticles The sumnation of the various histological
tests indicates that in the mutant strain there is a strong
reduction of true tamning, combined with total absence of melanin.
But the albino cuticle is impregnated and therefore ‘oomnpendl
predominantly to the mesocuticuler condition.

The albino is used as a unique experimentsl animal in which to
gtudy the effects of various substrates of the phenolase complexs
This is done by means of a very simple tecimique developed to
introduce substances in solution into the insect by means of
immersing the dewaxed abdomens of living nymphe in solutions

of the chemicals to be used.

When catechol or tyrosine are used as test substrates, the phenolaoge
in the albino cuticle causes the deposition of a well-defined
melanin pattem. The induced pattern is stronger with catechol
than with tyrosines It is suggested that this is due to the
widely-obeerved higher activity of the phenolase complex towvards
diphenols than towards monopuenoles Proof of the melanic nature
of the induced pigmentation ie presented. That the inductions
are ecetalysed by the phenolage complex is proved by the ability
to inhibit them partially by addition of phenyltiiourea or sodium
diethyldithiocarbamate to the immersion solutions. Whemn the
final /
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final concentrations of either of these inhibitors is 10 2 M«, no
effect is seen on the melanogenetic process, but when the final
concentrations are 2.5 x 10 ~ M., a distinet, though not total,

inhibition of melanin production is obtainable.

It is shown that 3,4-dihydroxyphenylalanine does not have any
melanin—inducing effect on the albino locust, contrary to
predictions based on its being en utilisable substrate of the
phenolase complexs It is suggested that the lack of indnction
ie due to the ghbstrate's being oxidiged at a relatively much
slower rate, such that the present techiique would not be
gufficiently sensitive to detect the effect. Evidence from
-other workers is quoted to support thie hypothesis.
3,4-dlhydroxybengole acid does not induce any colouration in the
albine mticle‘, either in discrete patterns, or genersally.

Hietological examination of albino cuticles trested with catechol

and protocatechuie scid showe that radical changes in the chemical
nature of the cuticle have occurred. The melanin induced by the

~ catechol is visible in the epicuticle and outer exocuticular

regionss The resulis of geveral staining techniques indicate that
the originally mesocutioulsr condition of the outer portion of the
outer procuticle, corresponding in anatomical position to the
exocuticle of the wild strain locust, is converted to the exocuticular
condition. That portion of the albino procuticle corresponding in
anatomical / A
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anatomical position to the mesocuticle of the wild strain ig not
affected by the conditions which converted the outer regionss
Thege offects on the degree of sclerotisation of the cuticle are
apparently identical after treatment with sither catechol or
3,4~dihydroxybenzoic acid.

It is péintod out that the lack of general colour induction in
the cuticle after treatment with catechol or 3,4-dihydroxybenzoic
acid is good evidence to support the growing body of opinion
that sclerotisation need not obligatorily involve concomitant
colouration of the tanned cuticles

The ability to induce melanisaiion in albino locustg by exposure

of the eggs to low temperatures is reported, and used as additional
evidence for the presence of both phenolase complex and its normal
substrate(s) in the albino, although their interaction is appareatly

very much reduceds

Comparison of the relative tyrosinase activities of breis of wild
and albino locusts indicate that there is no significant difference
between the two strains, under these conditionss The presence of

the enzyme in the albino is therefore further indicated.

The process of pupation in Phormia-terrse povae is briefly deseribed.
Melanin is produced in this insect at two different times; it is

laid down as a series of eight tramsverse bands immédiately after
larval contraction, and before sclerotisation is apparent. It is
also /



s T e

also laid down over the wihole cuticle later in pupal life, after
most of the sclerotisation has been completeds The types of
varistion occurring naturally in this sequence of evenis gives
evidence that the amount of melanin deposited on either ocecasion
is independent of the amount laid down on the other. Both would
eppear to be independent of the degree of sclerotisation,but it is
pointed out that there is not yet any reliable objective method
of measuring the degree of sclerotisation. Some doubt as to the
amount of sclerotisation present in any puparium must therefore
remain. It is saggested that the dark colour developed later in
pupal life may be formed by oxidation of catecholie-proteins to
form celoured compoundse

It is shown to be possible to increase the intensity of the general
melanin by exposure of the late larvae and pupae Yo low temperatures.
Thig agrees with the common observation that lower temperatures tend
to increase melanin production in insects.

The injection of solutions of phenylthiourea in various concentrations

~ and in various volumes into Phormia late larvae did not permit of

164 /

blocking the agtion of the phenolase complex towards melanin band
formation in preference to sclerotisation. The reasons for this
are discussed, when the result is seen to be not unexpected.

The injection of polutions of sodium diethyldithiocarbamate into
gimilar larvae permitied of blocking melanin band formation in
preference to sclerotisation, but the effect was marginal.
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An unexpected and somewhat puzzling finding is presented, where the
pize, measured as the length, of Phormig puperia is found to be
closely correlated with the presence or absence of bandse This
effect is present whether the larvae be w;épmtod, or injected
with verious volumes of phenylthiourea or saline.

Catechol injected into Phormis late larvae is rapidly metabolised,
and kills the larvaes They become a very intemse black after
death.

Injection of phenylthiourea into Sarcophags lervae in doses which
are approaching the lethal limit does not prevent sclerotisation.

The results of the various experiments sre discusseds A
suggestion is presented to ewplain the inability to block melanin
formation and selerotisstion in Phormis larvae and puparias, and
sclerstisation in fargophsga larvee. This explanation is based
on the biochemical findings of other wrkers on the phenolase complex
in insectg, where the emzyme was found Yo overcome In a ralatively
ghort time, its inhibition by various inhibitors. Since the
euperimeﬁt. using these inhibitors in the present work, and

gimilar experiments reported from the literature, were run ove&
considerable periods of time, it is suggested that the enzyme under
these conditions vas overcoming the effect of the iniibliorss

Throughout this thesis, the evidense availsble has tended to
point towards the two aspeets of the expression of the phenolase

complex /
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complex in insects, namely, melanogenesis and sclerotisation, as
being independent processes. The belief is expressed that work
on tyh.‘ problenm of differentiating between the two processes is
aconml ebing sufficlient evidenee to mele this cunclusion more
widely aecepted than it is at present.
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