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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 

from hiato-.c.mical 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 generally accepted that the two processes involve 

reactions catalysed by one and the same enzyme, tyroøinae 

(Pryor, 194, 1940k; )son, 1955a) • It is likely that this 

enzyme has the ability to catalyse two important sequential steps, 

the conversion of tyrosine to an ortho-dihydrozyphenoll, and this in 

turn to a corresponding orthe-quinone. When oatalyatng the second 

step, the enzyme is often referred to as a polyphenol oddaee. 

Since there is still room for controversy over whether one or two 

separate enzymes ure involved, the term phenolase complex has been 

used (Mason, 1955a). 

Whereas there is strong circumstantial evidence for tyrosinass 

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 insects, and since that time little 

advance has been made in this sphere. Notwithstanding, it seems 

certain / 
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certain that the enzyme is involved in the hardening and melanising 

processes. 

In most insects, the degree or hardening of the cuticle 

and the  amount of melanin deposited in a fixed pattern are fairly 

constant for a given species. An oxcepti)fl 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 illustrated by the gregarious and 

solitary phases of the same species. 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 apparentli equally hard, although evidence on this 

point Is rather ØO3rOS 

In view of the above considerati)nsp the occurrence of a 

nonmelariiaed mutant, or N.1jn0, strain of the Desert Locust 

Schistocerca earia ForskRl aug;ssted that it might be possible 

to induce the formation of melanin patterns in these albinos by 

experimentally Introducing phenolic substrates of the phenolass 

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 onsequently that tyroaiflaOe was present. 

When / 
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When hardening and melanin deposition occur, it has been 

contended that the two processes take place simultaneously 

(Wiggl.awrth, 1948). This 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 teat 

whether the albino condition was due to the absence of the phenolaee 

complex or the appropriate substrate. If the phenolase co plex was 

present, then was the albinism due to the absence of a substrate 

necessary for melanin formation but not for cuticle-hardening? If 

so, the reason for albinism in this insect wo1d 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 coiplex. 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 enyme  involved in the natural processes. 

That a technique for inducing the formation of melanin patterns 

in albino locusts by experimentally introduced substrates was devised 

opens the way to the use of labelled substrates to follow the 'osaible 

routes, and deposition, of the substrates in the living insect. By 

utilising albino locusts as a medium for study in this way, it seemed 

likely / 



likely that tfl• problem of which substrates the insect is capable of 

employing in the hrdening of cuticle and the deposition of melanin 

could be approached from a new angle, when experiments were 

accompanied by detailed hiatochaical and histological studies of 

natural and treated cuticles. 

Enzyme inhibition studios have also been made on ?jlor!Lta 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 separate 

processes catalysed by the same enzyme complex. 

It is interesting to recall that in the last few years bio-

chemists have devoted a great desl of attention to the fact that 

quinones are widespread in cells. It has now transpired that a 

quinone referred to as coenzyme Q appears to be implicated in 

oxidative phosphorylati)rl. It is also likely that tyrosinaee is 

involved. In view of the accumulating information on the polrhenol-

polypbenoloxidaee system, any new a preach to studying the exDreaei:rnO 

of this system in insects is therefore always likely to have wider 

implications. 
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In this study, the Desert Locust s  Schist,220gra 10961JA 

Forskl and the blowfly, khormia terrae-novae were used. The 

albino 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, 197). 

In this respect it differs radically from the lightly melanised 

form, soji&&Xia, of the normal strain, which can be forced by 

crowding to increase the extent of its pigmentation until the 

insect is almost entirely black. This deeply pigmented state is 

typical of the wild type in the areg&Kia phase. 

Cultures of the wild strain were maintained in this laboratory, 

using standard breeding techniques (Hunter-Jones, 196). However, 

for some cc pletely unknown reason, it has been impossible to maintain 

the albino strain here, despite every atte pt to provide suitable 

conditions* The only explanatic'ns that can be given are that there 

was either lack of some critical bumidity condition required by the 

albinos, or insufficient numbers of albinos present in the cages to 

promote successful breeding. When relatively large numbers of 

alinos 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 / 



parasites were were £our.i in equal quantities in both wild and albino 

strains. It is unlikely that this common locust infection could 

have been responsible for the looses of albinos unless they were 

more susceptible to the adverse effects of the paraaitcc. 

This difficulty in rearing the albinoa might, however, have 

been associated with the lowered vitality of albino animals in 

general. That this condition was the case in the albino insects 

was reflected in the extreme ease with which even minute injury 

could kill the albino S. grearia. This susceptibility unfortunately 

also presented considerable difficulties when experiments were 

performed on the albinos. 

The blowfly, F. terrae-ncyae was maintained in large nuabers. 

The eggs 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 immerain technique devised for experimentally introducing 

agents into the living insect entailed 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 haemocoel by passage through the cuticle. 

Further details of this technique are given in the secti n dealing 

with the experiments carried out on melanin-induction in the albinos. 

Tyrosinaee inhibitor tests were largely carried out on the 

blowfly / 
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blowfly larvae. The inhibitor was injected in solution in saline v  

from an IAg].aM  micro-ayringe, using a No. 30 needle. Although 

there was usually some alight loss of haemolymph from the puncture, 

the wound healed rapidly. To off-Pat the loss of inhibitor, the 

needle was left inserted in the insect for a few aecondj to allow 

Vie 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 weighing known 

deliveries of fluid. 
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Since various names have bee' eed to describe the enzyme 

system responsible for melanisation and the hardening of the cuticle 

in insects, some difficulty is experienced in defining precisely 

the nature and functions of this system. The term 'ohenolase complex' 

has been used by Mason (1955a) in the sense of its embracing uthat 

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 ortho-dihydroxypheUOlD to quinones as a dehydrogenation, 

since Dawson and Tarpley (1951) have pointed out that this process 

is better regarded as an oxidation on the grounds that it cannot be 

performed anaerobically. 

The phenolase complex catalyses the oxidati. n of mono-phenols, 

for example, tyrosine and para-cresol, as we].l as ortho-dihydroxy-

phenols such as oatec 1, 3, 4-dihydro3ypheny].alaflifle (dope), and 

proto-cateolmic acid. The ability of the complex to catalyse these 

two distinct reactions has led to attempts to separate two enzyme 

components, one catalysing the oxidation of mono-phenols, the other 

the oxidation of ortho-dihydroxyphenole. Up to the present, the 

evidence is strongly in favour of both theee reactions being 

catalysed by one and the same copper-protein enzyme (Dawson and 

Tarp].ey, 1951). Further auport of this conclusion is provided 

by! 



by the results of recent work by Kerteam and Zito (1957). In 

using electrophoretic analyses, they shoved that the purified 

active fraction from mushrooms was hoxogeneous, and that solutions 

of the fraction gave a single, sharp, symmetrical peak in the 

cdimentation pattern obtained in the ultracentrifuge. 

The adjectives cresola.e and catecholase have been used 

to designate the types of reaction with which the phenolase complex 

is concerned. It shows creeo].ase activity when the øbatrats is 

a mono—phenol, and catecbolaae activity when oxidising an ortho-

dihydroxyphenol (Mason, 1955a). 4milar2y, the terms polyphenol 

oxidese and dopa oxidase have been applied to an enzyme catalysing 

the oxidation of ort dihydroxyphenolB to quinonee, or to higher 

pro&ots, when no cresolase activity is apparent. But in such 

cases it is likely that a monophenolase activity may have been 

overlooked, since this activity is much less rapid than the 

catecholaae one (Dawson ani3 Tarpløy, 1951). 

The enzyme, when it occurs in vertebrates and insects, is 

ue'ial1y referred to as tyrosinase (Brown, Ward and Griffin, 19591 

Pryor, 3.94(; Richards, 1958). Dawson and Tarpley (1951) regard 

polyphenol oxidese and tyrooinase as the same enzyme. In the 

11.erature on the phenolaae complex in insects, however, the terms 

po].yphenal oxidase, tyroainase, and phenolase complex all appear 

to be used without resort to defining what is understood by the 

term used. Wigglemarth (1957) uses the names polyphenol oxides. 

and/ 
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and tyroainase in the sense that they are synonymous. Donnell 

(1958d) used the term polyphenol oxidase to indicate the phenolase 

activity in the .picuticle of insect, and tyroainase for that in 

the blood. This distinction is probably drawn from his 

observations showing that the mono-phenol tyrosine in the blood 

of blowflies is oxidieed to dopa, while the oxidation of this ortho-

dihydroxyphenol seems to be confined to cuticle. Mason (1955a) 

prefers to regard the enzyme in the insect blood as identical to 

that present in the epicuticle. However, these different usages 

may have been applied simply to emrthasise the points these authors 

wished to bring out. 

It seems, therefore, that the term phenolase complex is 

synonymous with tyrosinase, or polypheml 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 creaolase to catecholase ratio may vary widely, and 

it can be affected radically by extraction methods (Dawson and 

Tarpley, 1951). It has also been anggseted that the enzyme in 

the epicuticle of DrosoDhi]a may have a different substrate 

specificity from that in the blood (Ohniehi, 1954). 

The term phenolass complex has therefore been used in this 

thesis in the sense that it is an enzyme system which has the 

ability to catalyse two distinct steps in the process of hardening 

of insect cuticle and of me].anogenesie. 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 conversi )fl of the amino-

acid tyro sine to di_hydroxyphenyll5mlne (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 involved in 

the hardening of insect cuticle, are largely derived from dopa-

quinone (Mason, 1955a, 1959; Fitzpatrick and Kukita, 1959). The 

nature of the later intermediate stages in aelanogenesie and in 

cuticle hardening or eclorotisation is still open to controversy 

(Mason, 1955a, 1959; taaunobu, 1959). 

Fukuda (1956) has demonstrated the conversion of phenylalanine 

to tyrosine in the silkworm, Bontbrx mon. The first step in the 

conversion of tyrosine to a oorrespond.ng di-hydroxyphenol involves 

the inaertin of an hydroxyl group into the ortho position. This 

yfr].ds dopa. Tyroeinase catalyses this reaction as well as the 

conversion of dopa to its quinone (Fig. 1, I - III). Since the 

enzyme catalyses both these oxidation reactions aerobically, and 

moreover since those roacti ne cannot be brought about anaerobically 

by utilising reducing agents such as methylene blue, the enzyme is 

beat regarded as an oxidass in this case and not a dehydrogenaae 

(Dawson and Tarp].ey, 1951). The conversion of dope to dope-

quinone is sometimes described as a dehydrogenation (Mason, 1955a), 

but it is beet to avoid this, 

From/ 
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From this stage, there is a divergence in the reaction chains 

of the processes leading to melanisation and eclerotisation. To 

take aelani.aation first, dopa-quinone is believed to undergo a 

rapid spontaneous ring closure, to give initially leucodopachrocie, 

or, as it was often called in the older literature, Hallachz'ome 

(Fig. 1, IV and V)1 Fora long time this red substance was thought 

to be identical to a similarly coloured pigment in the annelid 

from which the name of the pigment was derived. This 

synonymiy, however, is invalid (Brunet, 1959). The pigment in 

Mal a 10 stable, while the dopaohrome formed in the aelanogenetic 

sequence spontaneously goes on to be converted into melanin 

(Sumner and Somers, 1953). It is possible that the conversion 

into melanin might take place without depending on further assistance 

from tyrosinase. It is likely, however, that the enzyme may be 

involved in the conversion of 5, 6-dihydroxyindole to indole-5,6.. 

quinone. From dopacbzx*e, further reactions involve the loss of 

the carboxyl group and the formation of indole-5,6.-quinone, which 

is thought to produce melanin ultimately by a process invo1vin' 

polymerisation (Fig. 1 1  VI - Ix). The suggested ways in which 

the still obscure later reactions occur have been reviewed in 

detail (Mason s, 1955a). 

The sequence of reactions at present accepted as fitting 

most satisfactorily the evidence available, is øhovn in Fig 1. 

This reaction chain (Mason, 1953a, 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 tyroainase in invertebrates and plants 

from that in. vertebrateø, the tyroeinase in all organisms is 

operating in the same general way (Mason, 1955a). In fact, 

a great deal of the work on the chemistry of tyroaine8e has 

been done on the extracts obtained from fungi, mainly th wild 

and cultivated mushroom, and Nie&zrospora (Dawson and Tarpley, 1951; 

Sumner and Somers, 1953;  Horawits, 1956; Gast and Horowitz., 

1958). 

In the process of hardening of insect cuticle, a different 

eerie, of reactions Is thougit to take place. It was Prior 

(1940a, 1940b) who first proposed a plausible explanation for 

the way in which cuticle became hardened. His model experiments 

were based on the hardening process associated with cockroach 

oothecae. The protein of which the ootheca in mainly composed 

is secreted by the left colleterial gland of the female. Mason 

(1955a) misquotes Pryor on this point. When initially produced 

by the insect, this protein is in the form of a viscous solution. 

liowever, Pryor concluded that the right cofleterisl gland gave 

rise to an ortho-dihydrozyphenol which, ii the presence of an 

active phenolase, produced quinone suatanoee which tanned the 

proteins to form a hardened ootheca. The Liner details of how 

the ortho-quinone precursor was released from its initially 

inactive / 
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inactive form occurr.ng as a gluaoside in not the right gland, 

but the left ones were later presented by Brunet and Kent (1955). 

Cohen (1950) mentioned that hydroquinone, a dilydroxypheno1 

regarded bV Dennell (1958c) as Important in protein tanning in 

the blewfl.y, occurs as the glucouide azizitin in the bearberiy 

(Er'icaaeae $ gtotanbiea GPO  , and oertsi' other plants. 

Considering the theories involving tyrosinase and phenols in 

oxidative enzyme systems in plants (Baker and Melou, 1943), it 

is tempting to speculate whether arbutin is involved in Fmoh 

cycles, 

Brunet and Kent (1955) showed that Pryor had been mistaken 

in interpreting the occurrence of a very weak chromaffin reectin 

in the right gThixl  of the cockroach as indicating the presence of 

a dihydrnzyphenol. The cause of the weak roect1n is not known. 

Brunet and Kent elegantly showud that although the dthydroxyphnnol 

came fron the left j1ai1, it was not in fact free in the secretion. 

Only when the aecretin of ther.1:-;' ht gland was mi=d with that of 

the left was the d1bydrorph.no1 fortied. It was also shown that 

the phenol existed as a glucoside, alongside the structural protein 

of the ootheca, and a polyphenol ax.tdase, in the secretL of the 

left cofleterial gland. The aecreti Z'roa the other gland 

contained a i .g]ucoaidase which, in the formation of the ootheca, 

split the giticoside of protocatechuto acid. The liberated 

dihydroxyphcnol was subsequently oxidised by the poly7henol oxidese, 
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and th resulting quinne tanned the protein of the ootheca. 

In an attempt to characterize in detail the ortho-quinon 

immediately responsible for the hardening of the protein of 

cockroach ootheca and insect cuticle in general, Pryor (1940s., 

1940b) was able to eliminate both tyrosine and dopa as being 

the immediate precursors of the quinone, although not eliminating 

then as members of ?ossible related reactins. He further proved 

that the unknown precursor of the hardening qiinone had two 

hydzoxy groups in the ortho position, and had a carboxyl group 

in a aide chain. Of the alternatives possible fr'nn the evidence 

then available to him, he suggested that the tanning phenol was 

3,4-dihydro3yp1' -ienylaoetic acid, whose quinono watt d be formed by 

tyrosinaae o::idatiri and would then tan the protein of the ootheca 

or cuticle. 

Several times 	ou and since Pryr' s eperimenta, various 

similar phenols have been deilAonstrated 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 

pr'oduotii'. of 3,4-dihydroxybenzoic acid, usually called proto.. 

cateohuic acid (Fig. 2). All of these intermediates can produce 

ortho-.quinor*, but it was not clear whether ali of these q.zinon.e 

could react with cuticular protein. Richards (1958) rejects the 

view that all of the ;o$8ible quinones in insect cuticle can tan 

proteins, and on the basis of the work of Hackman (1953a, 1953b, 

1953o) suggests that Pryor was aleost certainly in error in 

assuming / 



assuming that the quinone of 3,4-dihydioxyphenylacetic acid could 

link proteins in cuticle or ootheca. Richards (ls) agrees with 

the view that only the quinone of protocatechuic acid can link 

proteins. This argument is based on the theory that the quinone 

structure of this molecule makes the carboxyl group sufficiently 

reactive to allow the molecule to possess two reactive sites. 

Such an activation would not be oaible with longer side chains 

such as that of Pryor' a 3,4-dihydrozyphenylaoetic acid. However, 

Hackman (1958) states categorically that not only protocatechuic 

acid, but the various 4-substituted dihydroxyp}ienols such as 

3 ,4-dihydroxyphenylacetic acid, should be capable of linking two 

or three protein chains in the presence of a poly-phenol. oxidasa. 

This information now makes it possible to undextand how 

tyrosinase may be involved in cuticle hardening, when consideration 

of the mechanisms involved is resumed from the point where 

tyrosinace actiDn on tyrosine had led to the formation of dopa. 

While melanogonesia involved internal structural changes  in the 

dope molecule, it appears that for cuticle hardening to 000ur, 

dope must be deaminated, to release., eventually, protocatechuic 

acid, or possibly some other similar acid in the group shown in 

Fig. 2. So far as I 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; Dennell, 1958d), and there some no 

doubt that they are formed. There remains the question of 

whether or not they are derived from dope. 

The / 
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The protocatechuic acid found in the cuticle is believed to 

be oxidiaod to the corresponding ortho-quinone by the tyroainaae 

In the epiouticle. Thence, the ortho-quinons is believed to 

diffuse inwards through the cuticle to react with proteins, cross-

linking them to give a resistant, relatively insoluble mass. 

Spectroscopic evidence for this process has been obtained (Fox, 

1953; Hackman, 1953c). 

There is little ..greont 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 ooplez 

dihydroxyphenols to suggest that the quinorie which tans the 

cockroach ootheoal protein does so by 11-nk(ng to the imirio groups 

of the protein backbone (Fig. 3, I) and to the amino groups of 

basic side-chains (Fig. 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 formol, treatment which does 

not block carboxyl groups. No tanning on addition of extracts of 

r.ght colleterial glands, or of ortho-.benzoquinono, which he had 

shown to give closely similar results to the natural agent, took 

place. Pieces of left gland added as controls 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 '(-.he polyhenol oxidase of the treated left gland inactive, 

on 
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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-bensoquinone, 

would seem to substantiate that the blocking of the imino and 

amino groups prevented tanning. 

Hackman (1953c) agreed that the linkinC 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 (1953*, 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 

(1953o) proposed the method of involvement of the tanning quinone 

shown in Fig. 3, III, in preference to Pryor'a suggested methods  

(Fig. 3, I and II). 

An alternative hypothesis involving the participation not 

of orthoquinones, but of para-quinones, was put forward by Donnell 

(1958d) to explain the results of his work on the chemistry of 

blowfly cuticle. 	This suggestion required that ortho-b.nzo- 

quinone, formed by the tyroainaa-catalysed oxidation of cat echol, 

in turn oxidised the para-dihydroxyphenol, h3droquinone to its 

quinon.e. Mason (1955*), in considering the :oasible reactions 

of quinones, showed that this reaction in osaible in biological 

material. Donnell (1958d) then postulated that the para-quinone 

derived / 
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derived fron the hydzoquinone links aul groups of proteins as 

shown in Fig. 3, IV. He substantiated the hypothesis by shoving 

that larval blowfly cuticles artificially tanned in hydroquinone, 

on hydrolysis, yielded an aninophenol indistinguishable from that 

recoverable from naturally tanned cuticles. 

It is therefore conceivable that two types of aclerotisation 

are present in insects, one method using an ortho-dihydroxyphenol, 

the other a para-dihydroxypaenol. Thus far, however, the 

involvement of para-dihydroxyphenola 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 unknown phenols in 

small amounts in cockroach oothecal fluid. The occurrence of 

para-quinonee in insects, ?iowaver, seems ti be fairly cznon, but 

hitbertofore their Lanction has been ascribed to the production 

of nôdoua materials used probably as defence mechanisms (Pa'vn, 

1958; 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 scierotiaation. 

Details of how this occurs are not thus far knowij it is even 

doubtful whether the form of bonding between chitin and protein 

is chemical or physical (Richards, 1958). 

There are some variations on the these discussed so far. 

Hackman and Todd (1953)9 cited by Mason (1955a), have suggested, 

for example, that after ortho-bensoquirne has been linked by one 

bond/ 
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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 undergo indole-. 

formation (Fig. 3, V). This process is closely similar to that 

involved in the melanin formation reacti. ,n (Fig. 1, IV). This 

sequence of events is regarded by Hackaan and Todd as be 	capable 

of forming substances with a general absorption of light, but 

limited in its occurrence in nature by the decree to which ortho-

benzouinone is formed and can take part in cross-.linkir, between 

proteins. 

It has also been suggested that ac1erotizatin might 

involve the enaymia oxidation by phenclane of the phenolic groups 

forming an integral part of the protein precursor of scierotin 

(Brown, 1)49, 19501 23lower, 1950). The evidence for this is 

at present regarded as inadequate by Mason (1955a) who in cautious 

oi accepting the possibility of such a process; Dennoll (1956) 

is sympathetic towards the idea, but indicates that it cannot be 

regarded as proved. The concepts discussed i: this .octir are 

sumaiariaed in lig. 4. 
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In the literature oxi !.sect cuticle, iiany ter 	iavc been  

used to deecri.e its various coiponent layers. Hard cuticles 

have been described as "heavily ohitinised", as if the poly-

saccharide chitin was responsible for the hardness and ohenical 

stability of the cuticle. Dennell and i1a1z.1: (1953), as well an 

Richards (191), 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 been adopted in this thesis. It is as 

follows. 

The insect is regarded as being enclosed in an 'integument". 

This is composed of a single layer  of cells, which secretes distally 

a "cuticle". The layer of cells is bounad proximally by a 

"limiting" or "basement" memrane. The cellular layer iii called 

either "epidermis" or "hypoderzniu". Although the epidermis 

signifies the origin and functions of thi3 layer, Lower prefers 

the term hypodernia because it indicates the position of the 

cellular layer relative to the cuticle. 

In the cuticle itself, two major sub-divisions are 

recognised. The outer of these two regions is :nown as the 

"epicuticle", and the inner as "procutiole", a term suggested 

for this purpose by Richards (191). So far, however, the 

latter term has not found general acceptance. 

The 
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i.'Iic epicuticie is very thin, of the order of loss than 

three aicrortq it dose not apareitly contain chitin. 

Uowev z-, Zrishnan (195h) reported that chitin is present in 

the epiouticie of soorpiona, sxxi it may yet prove to be present 

in the epiouticle of some insects. 

In cuaparison with the epicutic]a, the procuticle is 

re1at..v.ly Very thick, it is accepted now as being capable 

of dierentiating into three sub-layers in the fully developed 

otgicle. That one which is chemically unchanged after its 

initial deposition by the epidernia is the wendocuticlem, a name 

derived original '.y from the fact that this region almost always 

lice innermost of the three sub-layers. When the cuticular 

cpwntu of a uuo-layer are hardened, or eclerotig.dR, or 

fltniII by quiznoid materials, and are impregnated by materials 

such as sterol, which seem to participate in the hardening process 

(Dennell and kalek, la, lb), the changed layer is knojn as 

the ezocutioie". The tera, again arose originally from the 

occurrence of such a layer in the outer region of the procutiole. 

The exocuticle is commonly amber, brown or black in colour. It 

is also refractory to staining (Idoharda, 1,58). 

Inter!nediate between these two conditions is a pro.iticl. 

Which Liae ueen impregnated but not solerotised. Thin stains with 

acid dyes, much as acid fucrisin (Lower, l95t) • When such a layer 

is present, it is called the "sitaaoautiole". 

All / 
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All three sub-layers of the prooutic].e are found in the 

cockroach, Peritlancta (Dennell and Malok, 1954). In 3arcoth4a, 

on the other hand, the aseocuticle is seen only for a very brief 

period during the conversion of the final instar larva into the 

puparium, and is not extensively developed (Dennell, 1947). 

When the sub-divialone of the epicuticle are considered, 

there is aeon to be little agreement among authors. Mich of 

this is due to the lack au yet of a sufficiently wide range of 

studies, and the doubt that prevails over the chemical cor position 

of the substances which form the various sub-layers. Wiggleswortb 

(1947, 1949) recognised four layers in the epicuticle of the blood-

sucking Ueiaipteran, Jthotni, as well as in that of the mealworm, 

Tenu1ric. The layer next to the exocuticle was termed the 

"cuticulin layer", and was thought to be lipoprotein; the next 

layer, ric in polyphenols, was called the "polyphenol layer". 

Outside this was a 	layer", which was in turn protected by a 

"cement layer". While the cuticulin and polythenol layers were 

believed to be concerned closely with the hardening of the newly 

secreted cuticle to form meso- or eo.ucutic1e, a water-proofing 

function has been ascribed to the wax layer. The cement layer 

is probably protective, as the method employed for demonstrating 

its presence tacitly implies. 

This method involves immersion of the cuticle in zzjnoniaca1 

silver nitrate solution, when the polyphenol layer is regarded as 

being / 
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being able to reduce the solution to give metallic silver. 

If the polyphenola are covered by wax, then no reaction will 

be obtained unless the wax is removed by cold chloroform. 

However, if the wax in turn is protected by a cement layer, 

cold chloroform will not remove the wax. The cent can be 

removed only after boiling tho cuticle in chloroform for an 

hour. Consequently, if a positive reactrn in obtained to 

the silver solution after both cold and hot chloroform treatment, 

then it is assumed that no cement layer is present. If, on 

the other hand, only boiling chloroform is capable of exposing 

the underlying polyphenols, this is taken as implying the 

occurrence of a cement. The nature of this cement has not been 

clear, but the latest work on it by Bement (1955) sugrents that 

it is composed of a shellac-like material. 

Dennel]. and J4alek (1953, 1955) do not iree with 

Wigg].eeworth' a suggestions regarding the structure of th 

epicuticle, and do not admit the evidence for a distinct polyphenol 

layer as being adequate. In its place, they see a *paraffin layers. 

Lower (1956) takes the view that it is not yet practicable 

to erect a rigid terminology for the epicuticle. However, he 

does suggest that distinctive layers found to be present in any 

particular species of insect should be named according to their 

chemical composition. 

In the light of these consideratiine, 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 rem ain attached. 
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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 albino strains of chietocerca £re2.arta were 

examined. 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 all thetars, although the me].aniation was much reduced 

in the adult. Macrocopicallyp these patches appeared black, 

and were not altered by removal of the epidermis. They were 

retained in e:xuviae, and therefore were not components of the 

endocuticle, which is dissolved by the moulting fluid during 

ecdysis. 

The extreme outer surface or the cuticles of both strains 

displayed similar patterns at a micro-level (figs. 5 to 7). On 

whole mounts of cuticle these patterns were seen most easily over 

the melanin patches of the wild strain, but, under very carefully 

adjusted illumination such that excess refraction was deliberately 

introduced, they could be seen to cover virtually the entire 

outtcle. A useful method of demonstrating the pattern in iolatizi 

from the procuticle consisted of heating the sample of integument 

in concentrated nitric acid vary gently, until the procutiole only 

just dissolved. The acid was then cooled, and poured quickly 

into a large volume of cold water. The epiouticle renaming 

after this treatment was very hydrohobio, and floated on the water. 

There / 



There it 00 id be washed to remove all traces of the acid, and  

auL.uequcntiy mounted by floating on to a slide. After drying, 

the epicutiole then showed its pattern distribution very clearly. 

Airing the process of removal the thin epicuticle expands its 

ar&a by about twice, and therefore no estimations of size of 

the units of the mioropattern were ever made on isolated samples, 

out always on the intact total cuticle. Comparison of the 

itol&t1e with the Ja jj.tu eiiieuticles showed that the variation 

in iiinropattern ei.out to be described was not an artifact due 

to the removal proceap. The isolated epicuticles provided 

bet Lr material for photographing the micropatterna. 

The unite of which the patterns were composed were called 

flplaquea*t, such a term being descriptive without introduoin any 

pre-conceived ideas as to their origin or structure. The only 

disadvantage of the term lay ir, that it was also used by 

Wigloworth (1954) to describe inucii larger areas of the cuticle, 

in ihorniva, but no parallelism between the two uses is intended 

here. lliu plaquesoz the taicrupattern or the 1ouet opicutic].e 

could be divided into two types* in one, each plaque was polygonal, 

with fairly sharply angled margins, and frequently with one or more 

pointed projectLina 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 from the posterior femur, areas composed entirely 

or! 
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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 tyce. There was no correlation visible 

between the areas showing any particular type of plaque and the 

underlying structures., b'2t there was a tendency, albeit not highly 

developed, for the melanin-containing spots Of the wild abdominal 

scler!tee to be overlaid by epicuticle containing a very high 

percentage of multiple...apinod polygonal plaques. 

To try to detect polyphenola in the cuticleg, they were 

subjected to a series of teats involving the use of amuniacal 

silver nitrate bison, 1936) • When pieces of integument with 

epidermis attached were treated with the iilver nitrate aolution, 

silver was deposited in the eiderajs. Th2 silver first beoace 

visible on the out airfaoes, and at the front of each abdominal 

tergite (11g. 8). At the seine time silver was also laid down it 

the anterior border of the aternites. The silver deposited 

extended from these sites. On the tergitee, the deposition 

extended along the anterior margin, and then spread backwards. 

On the venter, it spread backwards from the anterior marin, and 

laterally from the out surfaces at the position of the mid-ventral 

incision used 	o,en the insects. 

After fifteen miraitea, all of the tergal enidermis was 

silver-stained except for a postertor margin of about one millimetre. 

About two-thirds of the ventral area was stained in each segment. 

In / 



dr,16 	 Lim" 

low 	 sun 

Ylgur. 9. 1!__e of various treatment* it wild aM .1bie 

cuticum with oniso.1 d1ar aitrat., Top .i slbth 

sympbl aiddis vow wild iJapJ bottom rw Wild adult. 

Left ool 	pi*4r.tati aiddi. as1 - 

With GOU ohl*r.fsra for onu lmurj right oslisa 	e.trastait 

with beiliag ohlos.ior , or on. boure 



40 28 OD 

In forty minutes, alit all of the ventral qidermis contained 

deposited silver, but the narrow posterior margin of the tergites 

remained unstained, as did the epidermis under the white lateral 

tergal bar of the wild strain. These areas were stained only 

after immersion for one hour in the amxnoniacal silver nitrate. 

When the toot was performed on the integument of albinos, 

the eae kind of reaction was obtained, aM the time intervals 

were the same as those for the cuticlec of the wild strain. 

Remove], of the epidermis from the integument after treatment 

resulted in the loss of most of the colour visible macroscopically, 

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 chloroform pro-treatment, but after 

iimersion for thirty minutes in freshly prepared ammniacal silver 

nitrate solution, showed a faint colouration. This colour was 

distinctly intensified after pro-treatment by cold chloroform for 

one hour, before transfer to the silver solution. The use of 

boiling chloroform resulted in a much stronger general colouration 

of the cuticles. The macroscopic effects of the various treatments 

are eumiaried in Fig. 9. There was a slight indication 

macroscopically of a lesser degree of oolouratin in albino 

material. The reasons for this were sought microscopically. 

Examination / 
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ExenLinatjoi shoved that cuticles which had not been treated 

with chloroform after re oval of the epidermis had no deposit of 

silver on their outer surface, except where there were abrasions. 

Here the polyphenols were exposed and as a consequence the silver 

solution was reduced. The procutio].e deposited silver in a layer 

some twelve microns below the surface of the epicutio]a, corresponding 

to the junction of the endocutic].e and outer procuticle. This 

was 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 stained prominently, as shown 

in Fig. V. The appearance of the plaques on the surface of the 

cuticle was not altered by the silver treatment on the whole cuticles. 

Some of the longer actac shoved some areas at their bases, or near 

their tips, whore silver had been deposited strongly. Whether the 

deposition near the tips of some of the stouter, but ahorter, of 

these setae represented an effect due to their tips being highly 

permeable, as suggested by Ficharda (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 contiriity 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 / 
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the albino took place on thc surface of the epicuticle, but in 

the wild strain there was a alight argentatiin reaction on the 

epioutiole. 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 (is. 10 and 11). 

A much lesser response at epicuticular level was obtained in the 

albino (Figs. 12 and 13). This suggested the presence of small 

quantities of polyphenola. These reactions L! the locusts were 

very much less intense, however, than was found in pieces of 

cockroach cuticle treated similarly. 

Tie deposition in the erxiocuticle/outer procuticle junction 

was not removed, or visibly altered, by the hot chloroform 

treatment. Also, silver was detectable 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 or the 

response in the "sub-epicuticular 11  layer to mall spots, of the 

order of one micron diameter, and in such a position, suggested 

that the silver was being deposited in the extreme outer ends of 

the pore canals, and possibly in the extreme inner layer of the 

epicuticle. Since the pore canals oould be demonstrated to stain 

with ammoniacal silver nitrate applied according to Lison' a 

technique (p.46. ) to sections of the outicle, and since the 

epicuticlo in these sections took up the stain slightly, it seems 

that/ 
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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 epidermal cells, in 

the ducts of the dermal glands, ar in esal]. spots which may 

represent pore canals (Fig. 14). 

Varying the time of exposure to the silver soluticn 

showed that essentially similar results were obtained irrespective 

of whether the duration was ten or thirty minutes. The 

activity of the solution used in the tests was checked before 

and after use by the addition of a mints crystal of catecho].. 

Copious deposition of silver 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 albino locust. The pore canals in the outer procuticle in 

both types of locust also reduced the silver solution. When the 

cuticle had not been pro-treated with chloroform, on'y the inner 

ends of the pore canals stained, while the epicuticle stained 

very weakly. Treatment with cold chloroform slightly increased 

the power of the epicutiols to reduce the solution. Hot chloroform, 

on the other hand, removed any protective cement layer present, so 

that the outer ends of the pore canals and the epicuticle itself, 

in exposing more reducing substances, caused the deposition of 

eoniderabi.y more silver. 

The/ 
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The a bino seeated to posses leas reducing material in 

both its epicutiole and its pore canale. This observation 

confirms the findings from applying Lisonle argentaftin teat 

t3 sections of cuticle, as described on page 48. 
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Since the mature cuticle of the insect may ue regarded as 

an endprou.ct of a process cat1ysd by tyroeinase, cmuiderab].e 

importance may be attached to diecuvering 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 ulid and albir* loctwt strains to various tests 

were Investigated* It so tapenod that th.t. revealed in the 

cuticles examined the presence 1' structures Lthert,o seldom 

encountered in inceot cuticle, art iot, to my knqi].ede, reported 

previously in Cwthopteran cuticle. Ties particuLar gtruoturee 

were coraon to boVi the wild and a1bito insects. However, 

zitniftcat differences were also foind betwecu the staining 

yeaottons of the cuticles of the to atraLns of locusts. 

In the teats, acipies of cuticle were taken krom 	oaen, 

1i soiaa cases, thoracic tegites provided t1e cuticle. 

abdominal cuticle e chosen because i is relativ&,. 	licated 

by apodoo. It has a more uniform general trctu, on 

important c:nsideratin èien oomper±eona are to be made between two 

trsinu of insect. Abdominal cuticle can alao be removed as a 

complete ring, so sections of this inc1uce both the ecicriter and  

the arthrodiv.I cezrar'es. One can therefore test simulttneously 

cuticle in varying states and degrees of haz4onlize, under identical 

c onditions* 

When 
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When the cuticle was removed, it was washed and carefully 

clauncul to get rid of any attached traceao and fat body. It 

was then placed in Dubo8cq—braail fixative solution kept at 60 1 0. 

for one hour. The fixative was then allowed to cool to ram 

temperature, but the material wao I ext in it for a further twenty—

tour bouri. The fixed material was then washed several tie 

in /U t1iyl alcohol over a period of 48 hours until most of the 

ieflow residue due to the - icric acid in the fixative had been 

washed out. Next, the material was brought up through the 

alcohols, usualy three hours in each. These were followed by 

xiiol for three hours, or overnight, when the material was passed 

through three cangcs of 56 1 C. melting point paraffin wax. 	hen 

cooled and triumed, the block was sectioned on either a nuridge 

ioc4ring icrotoue, or a ocnc5r Rotary )4icrotome, usually at eight 

niic.t ia ectiin thickness. 	This thickness was chosen after some 

exper.uent as being that which gave good clariy of detail in the 

aecti,ne without lead..ng to excessive shattering of the cuticle 

duü to the kjikfe's dilficu.Lty in cutting the hard riaterial. 	In 

this work, it was never found possible ooneistetly to get ptriect 

sect fl5, due to shattering of the cuticle, and narts of it then 

gouging the remainder of the embedded material. Allied to this 

was the aoblew of delamination of the cuticle by separatin of 

its component layers. However, these problems were nut particularly 

significant from the ,oint of view of this hiatoohemical study of 

the 
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the cuticle as their effects were relatively localised in any 

given section. 

Subsequent de-waxing and hydruti )fl of the sections  

followed normal routine methodso 

Characteristics of unstained sections of the cuticles 

In the wild strain, the general appearance of unstained 

sections of its cuticle was as to be expected in a hard-bodied 

insect. The usual division into epicuticle, an outer, non. 

laminated portion of procuticle, and an inner, laminated region 

of procuticle was seen clearly, even in the absence of staining. 

The epioutiole, in this locust, however, is very often difficult 

to distinguish eonoluuively in the mature cuticle. It in of 

two to three micronb 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 close to the 

surface of the main mass of the section. This feature indicated 

the presence of the epicuticle in these sections. 

In the wild strain, the unstained outer procuticle, which 

was found to be composed of mesocuticle and exocuticle, was 

homogeneous. It averaged about fifteen microns in thickness. 

However, a prominent lwnellar structure was present in the endo.. 

cuticle, which was twenty to twenty-five microns thick. 

In these sections,, there was a regular fragmentation of 

the exocuticle and menocutiole, but not of the endocutiele, in 

most / 
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aot cases (Jigs. 16 and 17) • This fragmentation was firdt 

thought to be some artifact due to sectioning this brittle 

cuticle. However, a more thorough rwl1nation revealed that 

while the actual breakage of the exocuticle and reeocutic1e was 

due to shearing from the cutting process in theee layers, there 

was a xtruoturs1 arrangement which produced lines of weakness 

in certaI: mreaa of the cuticle. These sites were predominantly 

In the mid.dorsal and aid-ventral lines, or just above the level 

of the white tergal bar of the tergitea. Moot of the photographs 

used to illustrate this thesis were taken of these regions, to 

illustrate siultaneu*1y the staining reacti'ne of the cuticle 

layers and of these areas of wen-knees in the cuticle. These 

lines of echani& weakness have been named "fracture lines" in 

the text from now on. It will be seen later in this eectim that 

they could be distinguished even in intact cuticle by their staining 

reactions. 

In this text, the description of the pouter, non-laminated 

procuticle 5  embraces the eoouticle and mesocuticle, the sinner, 

laminated procuttcle 5  the endocutiole. The term 'arthrodial membraneTM 

is used in the anatomists' sense as a junctional area between 

the rain platen of the body, either between segments, or between 

the eternite and tergite of any one segment. The term 'plura1 

region* has been used to describe the more flexible cuticle between 

the sternits and tergite of the same segment. 

Sect ions / 



- 37 - 

Sections of the pleural region of the wild strain locust 

were mainly composed of endocuticle, displaying typical lamellar 

structures 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 

pleural cuticle accurately, but it seemed to be within the range 

of three t13 five microns. This lover did not show any tendency 

to fragmentationt 

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 sane. But thore 

was a ieee marked tendency for the albino cuticles to fragment 

during sectioning. The structure of the pleural cuticle 

resembled that of the wild strain. 

Reactions of the puticles to variusntaina 

Acid Fuohøini 	One of the stains whiCi.& haa been employed by 

various workers to determine the nature of the components of 

ctiole is acid fuohain, one of the dyes present in )(ailory' a 

Triple stain. It is usually accepted, for example by Dennefl. 

and Ha]ek (1956), that this dye reacts with protein impregnated 

with an ortho-quinons. This situation corresponds to that found 

in Lower' a (1956) inesocutiole. In the present work, the acid 

fuohain was made up as a 1% solution. The cuticle to be stained 

was exposed to the dye for two minutes. 

The/ 
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The greater proportion of the pleural cuticle of the albino 

was ornpletely refractory. However, an extremely thin outer layer, 

about ne to two microns thick, was strongly fuchainophil. Moat 

of the outer procuticie of the eolerite regions was deeply stained,, 

except for some areas bordercig the epiouticlo. In contrast to 

the reclte in the wild strain, the outer layer  of the opicuticle 

was easily demonstrated to be fuohainoohil. The erIocuticle was 

at most very weakly stained. The epidermis remained refractory. 

The cticle of the wild strain reacted similarly to the dye, 

except that the outer regi i of the procuticlo of the acleritos 

could be further divided into an inner strongly fuchein-apositive 

part and an outer £uc.ieinophobe one. The latter had fuohainophil 

triangles running vcrticalli through it, dividing the unstained 

layer into many regular blocks (Fig. 18). These triangica and 

blocks were present on tergite and aclerite alike. The term 

triangle" in this oonnotaticn refers to those regions in the 

exocuticular layer which retained staining properties rea.nbling 

those of the m.eooutiol., as well as, to ss extent, those of 

the endocuticle. 

The dpicutiQle r& ned refractory throughout most of its 

thickness, but an extremely thin outer layer, approaching the 

limits ta of ret3Olution of the oil iaieraion lens, was seen to be 

fuchein positive. The epidermis did not accept the stain. In 

those areas uf this cuticle which showed fragmentation, it was 

conspicuous that the fllcheino7hil triangles in the exocuticle were 

always involved in the line of fracture. 

These / 



-'9- 

These results began to suggest that an ecutic1e and a 

mesocuticle were present in the wild strain . grwaria, in the 

homogeneous outer procutiole. Further, it was suspected that 

exocuticle development in the albino lagged behind that of the 

wild strain in extent. 

Aniline Blue I Orange Gs Aniline Blue distinguishes between 

untanned and tanned cuticle since the stain reacts only with 

baaophil protein (Lower, 1957b). This stain may also be used 

in conjunction with Orange G. When examined after two minutes' 

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 detcribed. 

The endocuticle stained blue. The epidermis and other soft tissues 

were strongly blue. In the pleuron, the fuchein-positive thin 

outer layer stained yellow. The endooutic].e 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 eclerite, 

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 endocuticle. Only the pleural spines stained very 

slightly yellow. 



1' 

WISLDSd in iuid,lth.1i 1a Iran 

o.n.p. 	t' a2ia.tad 

acmt1o]m. 

QO 

Pigurs Z. A1bia aftlt 

tic1., stain" is 

9i4*nhdn'e Iron  

atoqiin. 

G.n.po outs n.n-

lanlnated procuticle. 



Heidenhain' s Iron liaeatoxylinz Donnell and Malek (1954a),  using 

cuticle fixed in alcoholic Bouin, showed that Heidenhain' a Iron 

Hanatoxylin stained both the hardened but uncoloured region of 

the exocuticle, and the epiouticle. 

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' a Iron 

Haematoxylin, the latter method was used, section thickness was kept 

below ten microns, and xylol was used for clearing (Gatenby and 

Beams, 1950). After mordanting in 	iron alum for thirty minutes, 

the sections of cuticle were stained in the haenatolin 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 endocutiele showed no reaction. In 

comparison, the albino cuticle was lees 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. 

osinas 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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samples of both strains of locust cuticle. Alcoholic solutions 

were used, and sections were stained for thirty seconds. 

&trperieingly, a very distinct difference between the 

reactina 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 inner half stained very strongly, 

but the outer basically did not. Further, the latter region, 

although predominantly unstained, showed stained triangles running 

from the outer surface to the junction of the outer and inner 

layers of the outer procuticle, and these triangles could normally 

be seen to have their bases on the junctional interface between 

the outer and inner procutiolee. Significantly, however, where 

exoouticu].ar fracturing occurred, the breaks were always precisely 

down the middle of the cosine—positive triangles in this outer 

cuticle. The boundary between the inner 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 1575r was lees sharp. The epicuticle showed 

inner stained and outer unstained layers. 

The reactions were the same in dorsal or ventral aclerite. 

The endocutiole of both aclerite and leura1 membrane was stained 

about half as deeply as the inner layer of the non-laminated 

prooutiole. The outer region of the pleural membrane stained 

relatively strongly, suggesting its similarity in eoeine affinity 

to/ 



There seems to be no record of previous work using eoeine on 

cuticle. This may be due to the stain's solubility giving different 

results from the seine material at different times. However, when 

used on a strictly controlled comparative basis, it would seem to 

have some use in demonstrating variations between cutioles • Vvhile 

the precise interpretation of the chemical basis underlying the action 

of the stain in the cuticle is not ]aioi.ai, 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 deductin, the data obtained from eoaino staining of albino 

material can be provisionally interpreted to suggest that there is 

less exo cuticle development, and correspondingly more development of 

mesocuticle, in the albino. 

Lowq'!.sio&tne silver atai: Lower (1957a) published a technique 

for rendering permanent the results of iodine staining of insect 

cuticles. In this paper, he stated that the binding of iodine into 

the cuticle was most strongly developed where phenolic groups were 

present. But he emphasised that plant and vertebrate material known 

also to be rich in such groups failed to respond; and that the precise 

nature of the reactin with insect cuticle was not known • On the 

basis of these observatiana 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 combination 

of these phenols with other cuticular components did so. 

The / 



The results results of his oii work he summarised by stating that 

only a "limited number of materials respond. Only exceptionally 

are the endocuticle and the cutioulin 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 epicutiole appears 

always to be strongly iodophil". The reactions given by this stain 

were described by Lower. lodophil regions were stained deep purple 

to black. The remainder of the cuticle was a pale pink, or 

colourless • Various soft tissues, especially muscle, may also be 

stained. 

On considering these observatino, 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 

method was elucidated. I,ower'a oosnent, "... the technique has enabled 

me to define regions in the cuticle which other techniques tried have 

either failed to do or did so less effectively" encouraged the hope that 

use of the new method might prove rewarding • Unfortunately, he did 

not specify to which regions he was referring in the remark quoted, 

nor were any references given in either this paper (Lower, 1957a) or 

in another where he clacusses the results obtained from the technique 

(Lower, 1957b) 

The method precntcd for rendering permanent the ioLophilia 

of sections of insect cuticle involved the replacement by netallic 

silver / 



-42- 

to the inner layer of the outer procuticle. The epidermis was 

stained a pink typical of eoaine. 

Comparison of these results with those from albino material 

showed that there was a wide difference in eoeine affinity between 

the two strains of cuticle. In the albinos, the aclerite 

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, ar4d was more intensely 

coloured than the endocuticle. The entire outer procutiole, in 

fact, stained like the mesocuticle of the wild strain. In a. 

few eniaU areas a slight difference in intensity wan found, but 

this was exceptional. It was difficult to distinguish the 

epicutiele in these sections, but it was believed that this was 

due to its inner layer staining like the outer procuticle. The 

outer epicutic].e 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 light. The extremely retractile nature 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 endocutiole was weakly stained, but the otter 

margin accepted stain more strongly, as in the wild locust. 

There / 
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silver of iodine bound from solutions of th latter ele -ment. 	hen 

the halogen is replaced by a noble metal, most uncertainty about the 

fading of the image can be eliminated. 

The various reactins of Lowerls technique required, first, 

the conversion by silver nitrate solution of the iodine in the cuticle 

into insoluble silver iodide • This halide was then reduced by a fine 

grain photographic developer, 14"0  U, made up according to the standard 

formula distributed by Messrs. £Lforcl, Ltd. The metallic silver so 

obtained was in&ensified by gold chloride toning, while, subquently, 

any halides still present were removed by sodium thio sulphate solution. 

After this, any,  "unwanted coloration due to the reducing agent" 

(Lower, 1957a) was removed by bleachind in alibtl.y acidified potassium 

met abisuiphite solution. This bleach is commonly used in photographic 

practice to keep silver imaeS free of etxanoous precipitates, and it 

is presumed that this function is that intended by Lower. 

Those solutions in the iodine-silver process which required 

particular care in their preparatiin were made up as foUow. The 

iodine stain was prepared by grinding toether one gram of e1ientl 

iodine with two grass of potassium iodide. Small portions; of distilled 

water ware gradually stirred into this until all the solids had 

dissolved. The volume was then made up to l(.i •.l • with distilled 

water • The I. D. II developer was prepared according to the 

published foruuila. The usual precautions with rsrd to preventing 

oxidation and precipitation of isetol were taken. 

The / 
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Thu aciified pota.rn ium metiii1phite solution rdred to 

be prepared immediately before use • One gram of potassium meta_ 

biilphite was dissolved in 50 ml. of distilled water, 1 Ml. of 

concaitrated hydrochloric acid was added, and the total volume made 

up to 100 ml. with distilled water. 

Working with this combination of solutizinc rj.ired scrupulous 

cleanliness, and very careful washing between the various solutions 

to avoid any spurious precipitates. 

The procedure used on the deparaffined and hydrated sections 

of cuticle consisted of fir; t staining them in the iodine solution 

for ten minutee • After rinsing thoroughly In distilled water to 

remove any free iodine which might react with the subsequent solution 

to form a non-specific precipitate, the seoti.na were passed Into a 

U 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 18G. in I • D • 11 developer. After washing the eotizna 

again in distilled water, they were intensified in a 0.1 solution 

of gold chloride for fifteen minutes. Further rinses in distilled 

water were followed by fixation, in the photographic sense, in a 3% 

solution of sodium thiocuiphate in distilled water, for two minutes. 

Lower pointed out that this time nut not be •3xceeJed, Av the 

thiou1phate tends to detach the secti i fro:. the slides. The 

section. / 
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tilled water, and cleared for two minutes in the acidified 

potassium nietabiulphite solution. They were finally washed, 

1, and mounted in bel sari a 

LI  wild strain cuticle (Figs. 21 to 26). Lower' s method ielded 

r 	.iiich varied according to the position of the cuticle on the 

body. In general ., the outer layer of the non-laminated procuticle 

stained a deep purplish black, wltUe the inner layer  of this region either 

did riot, or h,)wed a :ollowisb- or broiuh-purple colour • In this 

latter la;er the pore canals were promin3nt due to their buing darkly 

stained (Fig c. 21 0  26). The andocuticle stained a lijht purple. 

The inner epicutiole was refractory, but the outer was str3ng1y $tajned. 

Superimposed on this general pattern was the variation due to the 

source of the cuticle • Just dorsal to the pleural border of the 

torgite, the denre tain1ng trtvered about half of the thicImess of 

the non-laminated outer procuticle. At the niid-dorsal reion, however, 

the stain distribution had altered so that the outer ono third of the 

non-laminated procuticle was staIned • Exact meauromont and daicription 

of this staining was co.pl1cated by the fact that it was not possible 

to focus the darkly-5tained regions of the outer cuticle, jut as it is 

not possible to focus the so-called "light line" in the coluimar 

opithelial coils of some legu.ninou5 seeds (Morris, 1928). A similar 

effect in cuticle has been noted by Lower (1957b). 

In, 
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In the pluron, tot of the cuticle stainecL weak ptxple. 

The extreme "face and spines were highly rel'ractilS and apparently 

unstained- 
When this condition wan compared with that in the albino, 

various diffrencea ernered • The amount of dark staining in the 

outer procuticle was relatively less • While the outer one-third 

of the non-laminated proeuticie had been stained in the wild cuticle, 

only the outer one-fifth was stained in the albino (i'ig. 2'7). 

The pleural cuticle s virtually unstained, exct that a roiou 

about two to three microns thick at the outer surface stained 

atr nly • The opines on the pleural cuticle, like those of the 

normal insect, ronained  unstained. In apocomos, it %Ais also 	ible 

to see the range of staining reacti us noriaUy seen from one nide 

of the cuticle to the other (Fig • 28). The inner mass of an apode0 

was black, sugiesting it was an exocuticular type of matoriti. 

Surrounding thu was a trenlucent-JflhlOW brow region sgetive of 

affinitios with the inner noo-laminated procuticle • 	b turn 

bounded by the weekly purple IDtainLU on.ocuttcle. 

a arjGjAgfin tjati To cov,are the occurrence of rcin 

agents, including melanin  and its propigmonte, in 9ectimr. of the 

cuticle of wild and albino a1lts, a histooharnical teat of 

eff..cauj was required. Such a test was cie&oribed by Liam (196) 

in his classic work, ama the teo1iiqie has been widely used to 

demonstrate / 
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'.te the occurrence of reducing substances in insect cuticle. 

The tt ie 	tae 'e oit. ' 	of 17 ii'r by re'' in' a;e:its, 

uuai1y c polyheio1 nature, from annonl-acal silver n trate 

('ontana's solution) according to the formulas 

2Ag(NH3) OU+R = 2Ag+H0 + 4 NH3 + HO, 

where R reireaenta the reducing agent. 

Immediately Fontana' a solution is used, criticisms may arias 

unless every care is 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 also must not 

be used on unseotioned blocks of tissue, as there Is then considerable 

risk of non-specific deposition of silver at sites which are not in 

the least degree argentaffin (Lison, 1936). 

Safeguards are needed in the handling of the stain. Apart 

fro the need for careful preparation (Lid.e infra.) of this easily 

spoiled solution, the material being stained must never come hear 

or above the surface of the solution, when massive deposition of 

silver usually occurs; and staining bottles must be kept tightly 

shut as far as possible, and in darkness. 

When all these conditions were øatisfied, Lison considered 

it safe to accept the results obtained. He quoted the results of 

earlier workers and their opinions to substantiate this statement. 

When / 



. fixatives used on the tissue before sectioning would be of 

e is little risk 

)36) used Bxin fixative. 

The Duboscq-Brazil derivative of the Bouin formula was therefore 

considered satisfactory for the work on adult material described in 

this thesis, while, when the potential colouring effect due to the 

rio acid was fnd to be undesirable, 74 ethanol 

Lrio nylLphal cut ide c. 

:)raffined, hydrated, and washed carefully in distilled water. 

They were then placed in the ammoniacal silver nitrate solution, 

in a tightly ntoppered staining bottle. This bottle was wrapped 

in black paper, and was stored for 36 hours in a dark cupboard. 

The slides were then transferred to distilled water, and given 

severaj. rinses • The stain was toned by imluor$ion of the sections 

in a 0.3$ solution or gold chloride for five minutes. They were 

then fixed in a 5 solutioa of sodium thiosuiphate for two minuteso 

Since counterataining was not required,, the slides were next thoroughly 

washed to remove the tbioculphate and thus to prevent any subsequent 

compledng with silver, dehydrated, and mounted in Canada Balsam. 

To prepare ontana' a solution for this stain, concentrated 

ammonia / 
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Figure 30. Wild adult cuticle, 

stained by Liso& s method. The 

reaction is strong, and virtually 

restricted to the outer third of 

the non—laminated pro cuticle. 

The epicuticular plaques stai 

deeply, and their relationshi 

to the remainder of the cuticle 

is clearly ahOwfl 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 cuticle, 

shown above. 

2&Of&.. 

Li 

o.n.p. - outer, non—laminated procuticle; end. - endocuticle; 

ep.pl. - epicuticular plaques. 
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:1 iil the heavy precipitate was just re—dissolved. To this wa then 

:ied, drop by drop, 5% silver nitrate solution until a persistent 

te solution was balanced, the 

paremouflt importance for the success 

the stains 

eøulta aomwbat smiler to those described for Lower' a 

n.que were obtained with IcLon' a method. In the wild cuticle, 

exoc 'tide in general gave many foci of dark brown stain, separated 

by ielat.lvely unstained areas (Figs. 29 and 30). The extent to which 

this c ].our extended downwards into the cuticle again varied côneiderably. 

In the stained areas, pore canAls could with some difficulty be 

distinguished as even denser staining strands. The stain in them 

sometimes ceased abruptly in the areas beneath the argeritaifin layer 

of the cuticle, and suaetimes persisted to a level considerably 

further down through the cuticle. The e'icuticle stained a reddish 

brown, but such lees intensely than the stained foci in the outer 

prociticle. The epicuticle was not dircontinuous, although over 

the densely stained areas of the procuticlo the eplouticular stain 

appeared thicker than between theme The plaques were strongly 

etathed, and their relationship to the underlying cuticle 'was easily 

seen (Fig. 30). Endocuticle and hypoderais were not stained. The 

pleuron showed affinity for the stain only in the tips of the 

larger spines. 
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he strongest reactin was in the epieuticle. The roi1E of the 

outer rocxtic1e o1c t}:e 	ir, the epicuticle varied from a weak 

purple ttth t r reactin • Thc .:octiole was not stained, nor 

was the pleuron. Apocemes were rendered almost black (Fig. 33). 

In the eclerite cuticle the acetsbula of the setee and the surrounding 

rinds of superficial nense organs were rendered strong purple. The 

presence of these locolised areas of intense staining confirmed- the 

validity of the weak reacti ~ns from the remainder of the cuticle. 
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to determine which of the aubtano.a accepted 

as being substrates for tyro3inaoo ja yjz (Sumer and Somers, 1953) 

could be used by the macat in me1ieattt, various eubatrates were 

introduced into the unie1nioed strain of the Desert Locust. Since 

solutions cannot euocenL'u1].j be injected into this strain of 1ocnt 

In more than a f' percent of canes mt bout, a technique had to be 

devised to overcome this probleme The method was as follows* 

The wax on the abdominal c'tic1e wne removed from the surface using 

cotton wool misted with ehlorof'orm • The de-waxed abdomen nnd 

posterior 1ec of the locust were then passed through a ring of 

'P1ttcene" which clots].y fitted the bo. The Insect was arose-

pinned down to the plasticerie, and its de-ved abdomen and posterior 

loge were d.tped below the eurfce of the solution to be tested. 

In this position, the test lnaeot uns able to move its front loge 

wi& head normally. 

This method had several advantages. It did not Involve 

wounding of the insect, as in the case of Injections • Thus the 

violent fluctuations In body metabolism associated with even minor 

wowiding (iggleaworth, 199; iusernF'n, 1949; Williams, 1952; 

o1zieideruum and Wi11iwt, 1953)  were 9vAd9d,, and the phenolae 

complex / 
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cJrIlE4 WaE 110 ac. L.J 	 :t, 

or removal froni the inaet, as as dome in 

U larval cuticle (Iraenka]. and Rudall, 1947), 

v1jj.. 	 The cuticle is remote from all co'trol 

br Lo 	 i i difficult to 	 how thic my be affecting 

the result t of expirinents hen the cuticle has been removed, 

post-mortem changes mj be preeit, and oawot be ignored. By 

subjecting the cuticle,, while it was; £till an the living inuct, 

to various eurjmente1 tratmc,ut, the r ulta would therefore 

seem to be much more reliable. 

In exploratory eVeriments with the iaiom tehnipo, 

usiflg 1q20 solution of &ibtrates in distilled water, teat albinos 

survived for only three to five days • However, survival was 

prol*igod by incceaaiug and variing the c1catratiDns of sodium 

chloride in test aolutiiso 	sufficient sodium chloride wag 

used to bring the total Ciflc3Ztraticfl of oxornrl solutes up to 

the In osete si'rvivad for at least oro inatr, 'xeot -rhi xoopt1a11y 

toxic compounds such o o-oizouinxie were used. Not only was 

survival prolonged, but it was also possible to obtain the exrvIae of 

th6 test animale for microscopie examination. 

In the immersion a en 	the effects of ostechol, 

3 ,4-dthydroxypLenrlalan1ne (uopa), tyroine, and protoctechuic 

(.3,/+-dihydroxybenoio) acid wera tetod. 3thr subutancea ui 

were h croci.tnone, a i-ij. -  ;rhoiiol of the came pirical fzla 

aa/ 
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and trptophan, an aromatic amino acid possibly linked with melanin 

jnthei (Brunet, 1959). Where these substances were not soluble 

to the extent of producing W20 olution, &aturated solutionr were 

used. 

All experiments were carried out at room teuqerature of 

18 1 C. to 20 1 C., and, when nocesai'y, the insects were left in a 

constant temperature room (18'C.) overnight and throughout week-ends. 

Control insects were also exosod to the substances tested 

on the de-waxed insects. some, however, were de-waxed with chloroform, 

and suspended in air • This oltro1 is an important one in view 

of the fact that chloroform is listed by Bodine an Allen (1941) as 

one of the substances capable of activating pro-tyrosinane. Some 

insects were de-waxed and put in 0.13M. s&Iine so1utim, without 

added substrates, thus keeping the total osmotic pressure of the 

control solution the same as that of soluti3nia containing salts as 

well as test substances. Controls which had not had their abdomens 

de waxed were also immersed in the so1utioii • In none of these 

controls was a change in pigmentation detected. 

The saline solution in which certain control insects had been 

immersed for severel days was tested for the presence of ortho-

di_h,rroxyphenols which might have been released from the insect. 

Addition of dilute ferric chloride solution to s solution containing 

ortio-di -bydroxyphenols, followed by the addition of sodium bicarbonate, 

gives / 
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gives firt 	r 	 which is changed to a red or urple on 

addition of tne bicarbonate ((ohn 1950) • The test give nogative 

resultso 

iimmr 	citccjg, 

&tbirioa immersed in catechol t1uticzi developed a 6ti'1g 

pigmentati n pittern (Figs . 38 o 43). The initial deposit was 

discernible sse distance above the lover mrrgin  of the tergitos 

of the abdomen as bran patches. This uns rol1oed by the 

development of smeller areas or colour, the liminal spots of 

Nickercon (1956), along the posterior' border of the same targites. 

Pig itatir also became apparent at the same time on a litidinel 

area parallel to, and centrally coifloicont with, the mid-doi-ual Line 

of the abdomen e Small streaks and spotc of colour airo occurr3 

on the central region of each side of the ter gite. The area, In t 

albino oorrosporidine to the hits 1atcri. 1onitudinel tergal bar in 

the wild 1nect (Figs • 35 end 36) did not produce a denosit. C 

the venter, about tho saw time as the more enercil tu'oiai or the 

tera was appearing, strong bars of rather diffuse br'on devaloped. 

These bare ran longitwilnaily an each vide of the etrniteD, but did 

not fuse in the longitudinal mid line (Pig. 39). No sub-pattern 

within the two blocks on any 3ne sternite was coteetod. 

The overall pattern was produced In 24 to 48 hours, 

thereai'tor remaining apparently cmstsnt in distribut.i, but gr'&nl1y 

gaining intensity. Hover, a deposit as dense end black an that in 

the/ 
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the vii 	rd 	t. 	 .c'iJL. 	 J..bino • 

oo1ur was a dark b.ro.n. 

This overall abthaitial pattern developed in all the insects 

tested* However, thn tst inseato were allowed to remain in 

catechol for a longer period, up to fourteen days, dapicUng on their 

poti in the u1tln c;cle, not all of them deposited iaelanin in 

the no -immers ed anterior Legions. The percentage that did was 

abt 1 to 15 .0*  - WILea the pattern developed in the thorax it 

invariably involved a darkening of tlia posterior half of the pro-

thoracic shield, varying in different incUvi.uals frim a light to a 

very ciOSp brown (Figs. 41, 43) • 	all sclori:Les in the midcfle of 

the face became a yard dense bron (?ig. 42). S=e involvement of 

small sc].erites of the thorax was also fresnt. the final pattern 

was very closely simUar in distribUtloi to that ilutratd by 

Goodwin (1952) as occurring in iil. strain chitocua grgiri 

raised at 40 1 0. At this temperature, the wild strain develops its 

minimum nie].anin pimentatin, and it eemc that the albinos hava :en 

forced to change from zero .olanisatizm to that minimally occurring 

in the wild strain. 

Just which biochimical phenomenon is responsible for the 

prevention of the expression of Liielaniaation in the untreated alino, 

id iihAlaer it is an extra-developed version of the naturally occurring 

pigment control mechanim remains to be examined by the biochemimt. 

The locati.m of the induced pigmentation In the catochol 

immersed albinos was seen to be exo- or epi-cuticular, as on maulting ., 

the / 
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the exnvia retained th induced colour • T,ihen t intact integument 

was removed from the Insect and whole-unted for microscopic 

examination, it was in part scraped clear of all epidermal 

contituents, and in the remaining areas was allowed to retain 

these cells • Removal of the etjdermis reaultod in the loss of 

all the insectorubin present, but did not destroy the induced 

pigm-.rntatin, thus further confirming the latter to be in the cuticle. 

This applied to 311 the cuticles showing induced pigmentation, 

irreanective of the cc,lution in which tho, !sd been immersed (Opo 

data on effect of tyrosine, P. 63 ). 

Close examination of the relative positions of the pigmented 

areas in the intact cuticle again showed that the colour was located 

very close to the urface of the cuticle, that is to say, the outer 

exocuticle and epicuticle. Examination of sections of the cuticle, 

described fully on p • 69, cnfirme1 this. 	wevor, it was more 

ainifioont that the pigment was not laid down in an even deposit, 

but as a pattern which, at micro-level ., resembled a scaling. This  

is showa in Fig. 44. Thu resemblance of this pattern to that in 

the cuticle of the wild strain E. gi-earia is clear. Patterns of 

this nature have been attributed to the activity of the underlying 

cells (Kramer and ikigglasworth, 1950). (ki this view, it is therefore 

likely that the cells of the epider- th3 of the albino locust were 

controlling the deposition of pigmit in the overlying cuticle. 

thether this was duo to direct control from the epidermis, or to an 

earlier / 
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orrjitr 	1. 	nonci r I of 	 i.ti:;1 02 	r4Icia 

anzye, oaiuiot be resolved by the experiments described here • Ga 

the other hmd, it is obvione that the pi&cait pattern is ur1ike1y 

to be the to atitozidattm of the eatochol and ridot depo5itim of 

colour., Pince -'ne wot1d then expect a diffuse brown colour ovor the 

artjre cuticu.1.' t!urface, 

was no cmtant 	pho1o.toa1 di.t'terenoe teat,b10 

between the areas of c1rite cuticle which bear mthoed pient, 

and those whtoh remained co1our1e • This does not rule out the 

pOEaibilitj that ..uoh differonoos may ozit • It does,, however, 

cggeat that any oontroUix influence: boteen the rcias ir. an 

a ph;sioloioa1 rather than i otructural level. 

In order to preys that tho depocit1n of aolouz' In the 

albino att.er oateohca treatmt wav iridaed :0lase-Oatalised, 

two inhibitore of the enzyme syetem were tested • Use of pen,1. 

thiourea at ooneentratjns th the imez'ai coliti oI7 lO. 

did nt chane the rate zf depositii of ac1nin or altuT txo 

1nCoed p :ontatiiipattern. 

Lt 2.5 x lOM., ho;ever, phenylthiouroa noticeably slowed, 

but did uot ctop., the Inchotin of m3lanin (i'tg. 45). This 

oonc1:in is based on the obtvati...n that albinos in catechol with 

2.5 x 	phenyitbiourea took three de.ys to develop the 

intensity of ine3.anin deposition as developed in otrol de-waxed 

al3.noe dippid in catuchol lack1n the inhibitor in two uaJ. 

Pen4thiou.rea in the ebserica of cateohol did not inthce pimcntatiii. 

Eodium/ 
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odiain cictij1ditiLioc.rcWate gave compab1e reri.1ts to 

phenyithi Dur 1. 

U 	10 214. or 10 34. co1atini of ethyl carbetto (urethane), 

which is not ,ecifically listed as a tyroni.iase Inhibitor, did not 

inhibit the induced p1inentati n • : .ither aid its presence in test 

solutions cntaining catechol prevent them turn..n,6 broi. 

The catechol olutionn used in the ixmeri3n oxp;rimit vith 

albino tocu rts eventually tirnsd br.zi, which colour wa cpicuous14 

more intense than that developed by autoxidatim n catechol rDl1tins 

in control tubes without insects. This 	 geto t...at the presence 

of tho insect hd inereaed the rate of oxidation of the ctibho1. 

By itFeif, this fright be regarded as of little rinificnce, but 

importance of this observatin s brought out when it ns not--d that 

in the presence of either phenyLthiourea or sodium diethy1dtiocrbainate 

in the oluti -n, there aa a redtatiou in tre intensity of the 

colouration d'veloped. The presence of 10I!. inhibitor in solutions 

effected only a €itht but constant dilautioa • 	hm tho on&itrition 

of the inhibitors was raised to 2.5 x 10 2M. for phylthiurea, or 

10 2M. for aodun dieth7ldithiocRrbnate, the intensity of the tro 

colour of the solutions did not exceed that of the con Lol without 

insects. In these controls, attoxc1ation was slight. 

Tho urvival of the insects in these solutions containing the 

inhibitor vme related to the crtoEfltratiin of the inhibitor • In 

the case of phmylthiourea, the higher ortcctratins, 2.5 x 1O N., 

were / 
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which time the controls vere all alive • The inhibitor had this 

effect without the presence of cateehol. The lower concentration,, 

10 x cave forty percent mortality in six days. in the case of 

t:Ae sodium dieth'1dithiocarbsmats, this currelaLi : ,ii seemed to be 

less marked. 

The immercin oltiuns tt the ü. d of eight days were teLed 

for the presence of ortho-d droxjpheno1s with ferric chloride and 

sodium bicarbonate. This test coniiraied the presence at this time 

of excess unchanged catechol in the volatianso The presence or 

absence of sdjuin chloride in the imrnorsian o1utions made no 

difference to the rosulc of these tat* 

hen thee dar1cnins in tjjj  cuticle  of the catechol-treat.ed 

albino locusts took place, it remained to prove that they were ie1anio, 

aiid not merely fortuitous depoviti.:)nE of insectorbin or other pigmentse 

ince there is no satisftotory ositive test for mianin, all proof 

obainoc depended on. the failure of tile pient to respond positively 

to tostc for other pertinent subotarces. 

The most obvious nitarnatie to the pit' s being melanin 

by experimental induction was that it was thsectorabin, an orene to 

brown piMflt normally present in giiiLocrca, 	iwny other 

Orttioptera (Goodwin, 1952). On this asuntpticn, it would have oocn 

deposited as a rospone to the imciersion of the thect in catechi. 

Thi. seemed a case of rethc 	 since insectorubin is a 

pyrrole / 



-62- 

Nevrthe1esr, it it fiwic closclj associated with the areas of 

integumcut depositing melanin 1  but always in the 

epidermis (Nickeraon, 1956). Inecctorubin wao easily removed 

by treatment with 5% v/v. hydrochloric acid in absolute ethanol, 

or % v/v aciu iicrthano1 • In these roagita, mjlaniu was 

unchanged, while the in.cctorub1n-prtein cinplax turned pink, 

uit. was removed (Goodwin,, 1952).  R1att3d to this teat. !r the 

effect of nuneric'Uy low pH, an affect which Is not found on 

melanin • When treated with 20 pnrts of hrdroohloric acid in 100 

parts of water, the former pigmant was changed to a bright orange-red. 

in ie tste :ith 	ethoriol. Scic i.:thol, or loi, H, 

t h 3 induood i. tatjrn in th treated &ILi1rIof red urci:ged. 

The insectorbin naturally oocrrin in a1bino& became red, and 

leached out. Conoequently, it emed proved that insectorubin was 

not responsible for the chaned aspect of the cuticle in t c ibinos. 

Certain pigments found in locusts are carotenoLs. These 

re froueut]. jr yellow or pink substances derived almost directly 

frit pitmente in the food p1ntø. They are at rnot only slightly 

altered chemically by the insect, but may be coinlexed with a protein, 

thus -telding variations in colour (Goodwin, 1952).  These pigments 

therefore eeened unlikely to be responsible for the dull brown colour 

of the treated albinor, but co.l h; bjoctive1y ri1cU ut by their 

solution in aloohola end acetone (Goodwin., 11)32). The induced 

browninj / 
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brovning of the albino 	unaltered In thce reagents. 

Of the remai1ng pigments fomd in locusts, in)3ctoverl4fl 

is absent In the fifth bstr R-re& 	hoppers of 

but preacmt in the golit arik . The complex is restricted to the 

blood, and pla,s no pert in the general pigmatatin (Goodwin, l92). 

Therofore, it &enod proved that the intuced colour in the 

albino cuticle was clziin, oion to be a highly inE].ub1e, stable, 

ururUy dark-coloured oigraent. The fact that the induced pttorn 

mirrored so clocaly that of the wild strain reared at high 

teiieratures substantiates this con ciurion. 

S 

Lheu t ,rc.sine was used ab the substrate in the induction 

eerienL, the results obtained were sizailar to those when aeng 

catechol, except that the pat -ẁ arn developed at a much slower rate. 

In adcition, tho deposit of melanin wio lass intense. 

Leap a Colatixis did not inauoe pimont deposition • Thi s is 

arprisi.g conid 	at copa is aioi to give rise to inelanin 

(Nason, 1955a).  In solution, cLopc tends to autoxidie qjtickly, and 

precipitates are deposited in the crevices of the immersed insects' 

be die a • 	hethor trosinase in the insects' cuticle is also coupled 

with thin oxtanoous depocitiz*i is an open questi. 

Li onsidering the apparent lack of effect of dopa an the 

aL4no cuticle, it ict not .e overlooked that in some of the oases 

which / 
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• An inthcei pirun.tatin 

irag at a comparable rate in 	albinos tested would xiot be 

uJ the present technique. 

iiorsion of the test a1bino in 'rtho-benzoquinone resulted 

- ing  very ha. This compound was aso very quickly 

o-benzoquinone is hihlj toxic, zLxd reaec-s weddili 

roocatuchaic acid, 	n the case o' Lpa, dtd not, when used 

-rate in the i.crsia experimcints, iace the deooitin of 

in the teet aLbino :. llhizq compound was thought to bo 

implicated with tLc proce. f hrdeii of caticle • T1O results of 

einiring histologically the cut iLe of albinos treated with proto- 

catechuic acia are presented later Li 	:LO tLi5. 

'ryptophan is itU.ised by ifl$tCtC to 5YZ 	Sif. 	kJ'U.flG 

types of pigment (Forrest, 1959). Ap 	ntly, a ceamecti:n sec;--S to  

exist tWO1 the zjnthasis or Acaurenine igxnint and that f aeai1.n. 

?orrea. (195)) pointed out that tyros..naee may be involved in the 

conversion of hjuroxyynurexaixxe to brown aratins • He adds that no 

specific onzyme for the oxidation of 3-nydror urenine has yet bo 

iso1rtxA, out that trosiie, in the presence of :ill :;tm of 

dopa wi.11 briLi6 about 	u oivati ii Of -iuro j 	uino to 

xcithormatin • These results were obtained in J& vi tro experiments*  

Forrest / 
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nt t vjyo. 

run-t, in conversation with me about his wrk, pointed out 

- , T)tovhan was involved in the pro4icti3rt of y-e1lo' imts 

)ir1ae acti-ri back to dopa, the ari.nopbenol itself being 

ised to aa1nopherioxnzone. Thie lct compound could then 

:J)lYeXi0 to form. ommochromes • He subtnt1&ted this view by the 

tork, ihic.i e-i that if tyroine was prQvldsd ror 

°Ai the follicles of red hairs .,a black pigmnet war forred. 

:ievor when the aminophenol derived fr'i tryptophan was provided 

along with tjro irie a red pigment ac produced until the for.er  

u.bstrate was used up, t be l'o 	ir t!e 	oitieni of a black 

pimeit produced from tyrosine. l is ntortng to recall that 

Dennell (1958b) derntmFtrated that t toihn could be rr-specifically 

hydroxylated br blowfly larval cuticle t fo:in piwent preCurror8 of 

the 1naronine type* 

It 'ia ocib10 thai that tr-jptophan might be invol-ied with 

the prouctic'n of to bron pimento in the outiclo of albinos 

innoed in cateohol. • The fact that It wae not osible to inhibit 

complotel.; the rroduction of this pigment by the ae of tyrosinase 

inhibiLri lio suosted that a process not c.talysod by t1roinaso 

might be producing pigminto derived from tryptophrn. 
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• ..j.j in the ctic1a. TLo Infaroace t, be drawn touk this is that 

e owditJoiv of the experimemit ,  was incapabla of 

	

ate for mel&dn £oratit • 	ether wav it oob1e 

t 

was not considered of surficicat relevance to the prcseit ork 

- 	 tsd ro utUicd by t albino 

to 1r do melanin deposit tr.ng2.y a"ests that tjrosinaae is present 

apite the nctuz'al lack of mianin in these inaect • However, 

laccase, a copper-protein emc similnx t t,'rc 1uasa, i ufLen 

present along with trocinase • This is the case in pinte (Lawsi 

and Tarpley, 1951). x1je tc enzjmos were distL-igiishad by colorimetric 

method.s since iaoc 	inl ike tj oal.nose, can catalyc t4e ,  cadd9ti -in 

of njurao;uinone, cjihycxojvyphenoj 	oh differs frim 3techol in being 

the par& insteid of 1.ho ortho Isomer • Zasnobu (1959) ha& confirmed 

this differenoe. 

The work o etneil (1958b) i 	:hn 	h _roi.e can 

be proacei In the otic1e of blowfly larvae • This perad1rthorphenol 

was formed r n-ensaticaUy from pa_tjrosixie. Although it could 

not / 
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t.d. 
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>. o:1 L 	d 	 j;i 1  J• 5; i, .:.. 

ozticad, in the iaz'vae, to the pt-quinio In the 

pZ'5eLAeO of ortho-b oqj4nnrie, Utrivd fra ..he tyx'1no-

caulysod oztcLati1 or oat.okzo1 (14m 9  1955a3 inell, 195Ea). 

It ium=zim of the albino in 4croqu1nit resulted In 

the dapoitin of igmit In thi cutiule, it voila tigest the 

pibilXtè' 	).nacge belu invo1d. •4lternativo1y, if 

dopoitii or a Coloured uiterib1 did wit occux, it wu1d aiCeA, 

w1ea a pigent uas dpouitod when catuchol and tjiosine ucma 

provided, th.t t 	Inaa.cith1yesd the pzoceeeee • But it 

to ..e kept in gLnd tnt he proviaix of oxoeee hdquinczne ou1 

result in the torrntLm of p&rarbeamoquinona kr oxic.ati. duo to 

the proc of cuy ortbo(%th2orL.)6 A'ee in the 	• Th.ir was 

unJkeI.y, boiiever, in the iitou1t cuticle, tInee, it mV to- 

d, tlic,, L-

th heXcs. ; 	 CtiCJ.O. 

tthcn hyd 	iivts wai pro 	as a sulo,,ralle 	ate on 

1ho aiuoe, pirriott depot4ts vare n t laid óohn in tc cuticle 

Ih). This cug6eats that the poeits derived Xr- tyosine 

an cateco1 Li 1t1L tests z'e 6ue to reactLnr cata1yied by 

tjoiIna, and that 1iecaas was riot 3.nvolvoc.i. In support of thiø 

iD the oaorvatin that ]ciae onot estslyee  the insertim of a 

b'crcxzjl grmp in.o a fjocitim ortho to that in a ionobyorio pL.)f101 

(t.nou uid larplay.. 1751) • The iAiliwalm of roaine by the 

albinoc t.e fn a i.i*,lanin pigment eould not thofore have beeti &to 

to lccaae. 
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-.o1ut1'n 

cftc-r i'.cr,'.in for seven Cais. The tt ao1utnn tr the tib 

than onined to detuxniiie ¶Tb:theT eny o 	didroçhGno1e vem 

pz'etrt, 8iflC' thej rdixt ho b 	;rouaed r thterajon bets  

the icts and the h1roquino. When dilute ferric chloride was 

added to the test 1utI n, a rnuzi<r green colour 	produced. 

Th.i. :jicrtc± 	 : 	, 	 c 

or :Jnh./rc)no 	.-: , 1(150) . 	. re: 	urple r  L' 'r 

prouced when rocliw bictboucte ''ti 	cThd. Thic indicated the 

ab once of orthc—cihyCiroojpbcno1 t. 
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After the albino nymphs had been forced to deposit melanin 

in their cuticle, it remained to check the precis, location of 

the pigment, and to discover whether the inductions had led to 

significant changes in the histooheaiotry of the treated cuticles. 

Also, the effect of protocateohuic acid on the albino integument 

was investigated. 

The cuticles used were fixed in 70% ethyl alcohol to avoid 

the addition of any spurious colours, as is possible when Bouin 

fixative is used. Othrvte, standard techniques as described 

in the section on the histology of the adult cuticle were used, 

with a similar series of stains. 

In control nymphs, no pigmentation was seen in sections of 

the cuticle. 8tzizoturally, the outer procutiole was homogeneous, 

while the inner was prominently lamellar. Both showed pore canals, 

more no the inner procutici.. Regular fracturing of the cuticle 

could be obtained hare, and was similar to that in the adult, again 

confirming that more than more chance was involved in this process. 

Cuticle derived from nymphs which had been treated with 

protocateohuic acid for thirty—six hours showed no difference from 

that of the control. 

In cateohol.-ti-eated insects, the outer procuticle showed 

deep/ 
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ocuticle and the epicuticle. It was fairly sharply demarcated 

om the underlying portions of the cuticle. Perhaps the most 

:gent single piece of evidence to confirm that this colour 

sented that of the pattern seen macroscopically on the 

t insect after treatment was the absence of colour for some 

-- 

both treated albinos and wild individuals (Figs. 35, 36, 38, 

, 44)0 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, pigment was also plentiful, but elsewhere the density was 

lower. No changes were seen in the arthrodiaJ. cuticle (Pig. 48). 

Some precipitation of coloured material occurred In these 

experiments involving catechol, but in sections the recipitates 

were seen quite clearly to be surface contamination, occurring 

especially in the groove of the pleural Junction. It was impoasibie 

to confuse them with cuticular colouring. 

Reactions to various stains 

Acid Fuoh2ins Acid fucisin on control albinos gave intense 

staining / 
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;ut strongly stained blocks in the inner regions of the outer 

-- 	 - 	•.: 	 -• 	- 	-• 

tain in the outer procuticle was present predominantly in the pore 

canals. The inner epicuticle stained, and its morphologically 

7iickset, fuchein-positive areas overlay those most intense area. 

1: I 	• ter procuticles 

is pleural cutiole and the endoouticle of the extreme anter.or 

- - 	 - 	- 	- - -- 	 - 	- 	 - - - - 	'r. 	In these 

- - 	- 	- 	- 	-- - 	- - - - - - 	 - - 	-. e was as strongly 

:.tchsinophil as the inner procuticle of the eclerite. 

-- r e  protocatechuic acid treated cuticles differed iarply 

ironi tae controls in reactin to acid fuchain. The stain was present 

in only traces in the general endocuticle, and was totally absent 

from the outer portion of the outer procutiole. The inner half 

of the outer procutiole, however, reacted very strongly indeed 

(Fig. 50). 

The epicuticle shoved no affinity for the fuchain, unlike that 

in the control. If the slides were grossly overatained, still no 

fuchein was taken up in the epiouticle, but soft tissues and endocuticle 

were forced to take up the stain. The inner half of the outer 

procutiole in such oases was no intensely coloured as to appear purple. 

In the pleuron, the endooutio]a, as in the controls, was 

totally / 
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chin distribution in the catechol-treated albinos was 

1 7 circumscribed. The stain in this material, 

virtually restricted to the inner half of the 

o tr 	tic ft. 	ray -o 	 ':- l intervals were seen, 

turc 1 	 bic 	oae (Fig. 51). 

pleural endocuticle was unstained, and sharply 

from the fuohein-positive outer layer, The anterior 

erior margins of the terga shoved a less clear-cut 

localisati'n of the stain, which was fairly uniforaly distributed 

throughout the outer procutiole, and faint or absent in the 

endocuticle. 

Apiline Blue/Oran2e 1s Control albino material stained yellow 

almost in its entirety (Fig. 52). This reaction was in line with 

the unexpected staining of most of the cuticle with acid fuchsin. 

The inner half of the outer pro cuticle of the ecleritea stained 

more strongly with Orange G. than did the outer half. The inner 

procuticle stained a uniform yellow. 

In the pleuron the endocuticle stained blue. The pleural 

surface was yellow only in a thin layer, and in its spines. 

Apodwes had a central unstained core, suggestive of true exocuticle, 

surrounded by a yellow-stained area. The .picuticle was not easy 

to distinguish, but appeared to be positive to the Orange G. 

Soft tissues stained blue. 

Thia/ 
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uuu.L oakaat. 	oi rwting waa changed after 

th protocatechojo acid. The response 

.e almost uniform., but remained more 

enge than that of the endocutiole, which was now lees strongly 

with Orange G, and showed Signs of blue admixture (Pig. 53). 

J *iparison with control material therefore showed that the 

radically altered, although this 

in the outer procuticle, 

catec hal-treated cuticles showed an even greater change 

ieneity within its various layers (Fig. 54),  Most  of 

the cuter procutiole stained yellow, but between the induced pigaei:zt 

;rtth 

no detectable yellow, unlike the previously described materials. 

Neither of the treatments given to these cuticles in life 

altered the reactina of the hypodermic, or other soft tissues to 

Aniline B1ue/OranG. However, the results obtained from the 

above two hiutochetnie.l tests shoved very important changes had 

been induced in the cuticles. 

Lower's iodine-ilyor stains This teat 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 outer procutiola. This was broken in continuity 

by triangular rogi ns of weaker staining, so that the general 

appearance / 
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appearance suggested a eeries of elongate trapezia separated by 

relatively aia1l triangles (big. 55) • £xaaination 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 trapeaia corresponded 

to the poeitior of lines of fracture, where these were present, 

and otherwise occurred at regular intervals of the same order as 

previously described. 

The endocutio].e stained weakly. The •piouticle was 

stained strongly (Fig. 56). 

The source of mechanical veacnees in the fracture lines 

could be seen to advantage in this series of slides* At any one 

point of fccu, 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 setas 

had straight wall., 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 Ieaci s tj more caenge in structure in tieir neighbourhood 

than seems to have been appreciated. 

In the pleural cuticle of control albinos, the endocutiole 

was totally refractory, and the surface reglo: showed only slight 

traces of stain. 

Perhaps the most striking difference between the inner 

procutic lee of pleuron and eclerite lay in their Smobilityl. 

This descriptive term was applied to an optical phenomenon present 

in the endocuticle of the aclerite, though not in the pleuron, 

when Lower' a staining method was used. In the endocutiole about 

ten to fifteen hemoothu  layers alternated with an equal number of 

"z'uugh" layers, parallel to the surface of the cuticle. on 

focussing throughout the thickness of the section, the smooth 

layers shoved no appearance of movement, but the rough layers did. 

The layers  were so arranged that when a Rrough  one appeared to 

move one way on being focussed, the next simultaneously 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 seem to 

be due to some more deep-seated property of the ]amellaoe Such 

stratification is probably universally found in this situation, 

but within the lamellas in this cage it seemed that there was 

some orientati>n of the molecules along definite directins. A 

similar condition is found, at a higher grade of organisation, in 

the layer, of nematode cuticles (Bird, 1956). 

The/ 



The a ai ently fibrous nature of the lamellas in the albino 

locust could be seen in the separate rough layers as a serious of 

tiny apota which moved laterally on focussing. That they did so 

at equal speed in opposite dirooti >ne aiggasted that they were 

arranged at equal angles to the path of light in the aeoticn. 

The smooth layers, in comparison,, would be those whose fibres lay 

parallel to the plans of section. 

It is important to note that the 'mobility' in the albino 

cuticle stained by Lower' s method was not found when otherwise 

identical material was examined unstained, stained in Aniline Blue, 

Eosin., or Haali; and only very slightly when the slides were 

stained in Acid Fuchsin. In the last, the effect was restricted 

to the innermost few lamellae, and to very localised regions of 

the integument. Therefore, it would now to be an effect 

dependent very closely on the staining method used. 

The protooat.chui.o acid treated albino material showed slight 

differences from the isontrols. In the endocuttcle, there was no 

staining. Ptu'thermore, the 'mobility' in this region of the controls 

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, 

Moot of the pleuron was unstained, except a thin outer layer, 

the outer epicuticle. The external openings of the pore canals 

also reacted. 

The/ 
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The pattern of etal til  ng in the cuticle of albinos imnierad 

In oatecbol was similar. In the andocutiole,, there was no 

'mobility', and the pore canals stained faintly (Pig. 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 sta4led pore canals. The areas of cuticle between the 

main blocks named not to lack pore canals, but those present 

stained much more weakly. 

Lison' s arentaLTin teat: In controls, the results were somewhat 

similar in appearance to those obtained by Lower's method. Cater 

procuticle and outer epiouticle were a strong brown-purple (Fig. 58). 

The endocuticle was not stained in either aclerite or pleuron. 

The pleural surface stained weakly, as it did ala in the albinos 

treated with protocateohuic acid. In the latter, the erxloeutiole 

was again refraotory, but the outer procutiole differed by being 

strongly stained in the outer half while being only very faintly 

stained in the inner half (Fig. 59). The epicutiele was unchanged. 

After catechol treatment, the whole outer procuticle, and the outer 

regio;i of the pleuron stained very intensely (fig. 60). The outer 

procutiole of the solerite seemed always to be divided by a very 

thin non-staining layer, the outer of the two stained regions thus 

formed being the more intensely coloured. 

Demonstrati n / 
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Denonatrati n or triangular areas of different stain affinity 

van not aa convincing with Lieon'ø method as with tower's. In 

local regions the affect could be detected, but this was exceptinal. 
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Low teperatures encourage, in general, the deposition of 

melanin in insects (Kennedy, 1956). A pre-roquisita for albinoe 

to produce a melanin pigment pattern under the influence of 

exposure to low temperatures was the presence of an essential 

phenol-phenolase system 	The results of the immersion experiments 

indicated the presence of tyrosinase. Although it has limitations, 

Baker's test (Baker, 1956) showed that tjrosine was present. 

Exploratory experiments were conducted by exposing eggs of 

various ages to temperatures from 10 1 0. to 4 1 C. for periods ranging 

from one to seven days. It was found that these conditions of low 

temperature did not induce the deposition oi pigment in the insects 

which emerged, txceseiv.l.y long exposure of the eggs to such 

temperatures resulted in a high mortality rate. 

Exposure for three weeks at 20' C., d.esite subsequent exposure 

to 30 1 C., also resulted in a high mortality rate, but it was 

significant that the survivors produced a melanin pattern to a 

varying degree. A typical series to illustrate the results is 

shown in Fig. 61. A wild strain locust of the same stage as the 

test albinos may be compared. However, wild strain individuals 

vary in their patterns. The one serving as illustration shows an 

average pattern, under the conditions of breeding used in this 

laboratory. 

It / 



It J1 	 '* atern induced in the albino by 

'C. resembles that of 

. wild type.  The pigment appeared, in less extensively melanised 

tiuI , 	o1ated areas in sites which oor'reaponded to those 

Lt intense pigmentation in the wild strain occurred. 

o more extensively developed patterns were induced, the areas of 

pigment spread. For example, on the thorax the pigment areas 

coalesced so as to resemble more closely the wild pattern. The 

coalescence of pigment areas on the abdominal cuticle was obicured, 

to some extent, in the living albino by the presence of the 

inaectorubin.protein complex. When the latter pigment was removed, 

the induced pigment remained. That the induced pigment was melanin 

was confirmed by the tests for melanin already described. 
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Attention was namt focussed on the noeøibility of determining 

whether the tyrosiflase in the times derived from wild strain locust 

nymphs was more active than that from albino nymphs. It was 

reasoned that if the activity of the enyae in the albino was 

suppressed by inhibitory influences, the enzyme might dirnlay an 

activity near ta normal in a brei kept at a fixed pH, and containing 

an adequate amount of suitable substrate. In addition, excess 

substrate might, of itself, activate the enzyme  (Dais and Erwayl  

1946). 

A nnown weight of locust tissue, includ L ng cuticle, was 

homogenised in Sore n€n t  e buffer at p11 66 to 6.7. The pH was 

measured using a pH meter an veil as a comparator. The homogenate 

was filtered and diluted with buffer. Equal weights of vet 

tissue, albino or wild, were maintained in each sample. 

The substrate used was cateohol, at a fft.1 c ircentratin 
'-2 

of 1.25 x 10 14., the substrate being dissolved in buffer at p11 

6.6. to 67. Five millilitres of this solution were put in 

matched colorimeter tubes, and a five millilitre sample of the 

brei was than added to each tube. The optical density of the 

solutions was measured invaediately on an LE.L* colorimeter fitted 

with a green filter. Buffered cateohol solution acted as a control 

to indicate the effect of autoxid&tion of the substrate, and distilled 

water was used as a standardising solution for calibrati n of the 

stability of the colorimeter. 



44 

43 
o o 

p1 

	

.a 	4-4 

	

r4 	a) 
Co 

a) 
C44 

o 

0) 

	

•H 	.. 

	

Q) 	r4 

	

•4 	0 

C) 

	

si 	(D 

	

o 	4-3 
Cd 

	

CO 	C) 
a) 

	

p1 	U) 

	

4-) 	• 

Cd 
p1 

	

-) 	0 

	

C) 	4) 

cd 
a) 

	

a) 	a) 

	

i 	U) 

	

4) 	( 

	

cd 	p1 

-11  
a) 

4.)  
U) 

C) 

	

rj 	0 

a) 

	

p1 	43 
02 

a) 

p1 

4) 

cd 

-'-I 

p1 
4) 
C) 

a) 
a) 
-C 
4-) 

0 

co 
a) 

0 
p1 
-C 

'-.4 

a) 
-C 
04 

V 

4) 
V 
p1 

Cd 

C.) 

i R1.61 NO It1ACT + IU9I10 1 M.C.ATECHOI.. 
• WS E)CTRRC.? + 1161110 2 M.tAT(CHOL. 

O flLlNo EW1RCT + %Lsx,oM,crEeHoL4o.315%loM.l(tN. 

x R LB I NO E*rRAcr 4 125 *to4M. CTECHOL,4- I. 3S x IoltI eINU I4IOUR. 	
POINTS ONt.f. 

. I.Lto M. CP1aCHOt. 1- O•15'IOi'1. ICJ CONTROL. 

o I3.5*gO 	C R CkaL-RUTQ%DRTIOM CONTROL 

on ul 
C.) 
0 
r- 
0 

304 
f1 

—4 
rn 

z 

m 
3 

to 
TIME A MINS. 



As the oxidation of cateohol took place the increase in light 

absorption was measured. Control solutions containing only albi-no  

extract and buffer gradually altered in their light absorption. 

The use of these extracts therefore meant that a correcti 'n had to 

be applied to allow for this variation. The light absorption 

values in the extracts of wild nymphs did not alter, in the absence 

of substrate. The results of the experiments are summarised in 

Pig. 62 	In this graph, all the curves are corrected to cospaneate 

for the elteratin in the absorption values of albino extracts. 

The plate of the Increments in light absorption of the breis 

against time show that the activities of the tissues of the two 

strains towards catoohol are of the same order. Light absorption 

due to autoxidation of the eateohol in solution is very small, and 

this made little difference to the values estimated for the extracts 

acting on catecliol. 

Since cyanide will inhibit both oytochroiae o:idase and the 

ph.nolaae complex (Sumner and Somers, 1953), the use of potassium 

cyanide in theee t eta vo id indicate only whether an oxidative 

enzyme was operating. To rule out any possibility that the cytochrome 

system might be involved, ph.yiourea we also used • This 

substance inhibits tyroalnase, but not cytocbrome oxidae or aiccinic 

dehydr3genaae (Dubois and Erway, 1946) • Potassium cyanide was used 

at a final concentration of 0.375 x 164. 9  and phonyithionrea at a 

final concentratioi of 1.25 z lCi'2)t. The results are shown in Fig. 62. 

It, 
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It will be ..en that phezlthiourea completely baited the oxidation of 

the catechol by the tieaue homogenates. Cyanide at the concentration 

used depressed the oxidation. 

One is t1wraforc drawn to tile conclisi-- athat the tiasue 

hoogenatee derived from both the wild and albino strains of locust 

nijmpbn will oxidise eatecho].. It some also that the tdati-n is 

an enzymatic one, and the enzyme involved is tyrosinase. Moreover,, 

the cnz'matic activity ie similar in breis derivd f'rc wil" or 

albino locusts. 
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Reducing conditions in the epidermis of insects have been 

suggested as the mechanism whereby the expreseiin of the phenolaae 

complex has been suppressed (Dennell, 1947). This effect is due 

not to inhibition of the enzyme,, but to the reduction of the ortho-

quinonea formed by its activity, in the presence of ascorbic acid 

(Dennell, 1947). Baldwin (193) stated that if ascorbic acid is 

present in a test system where tyrosinase is acting on tyrosine, 

no melanin formation will occur until all the ascorbic acid has 

been oxidised. Consequently, it was of interest to compare the 

relative amounts of ascorbic acid occurring in the wild and mutant 

strains of locust. 

Since a comparative result was desired, a simple technique 

due to Levine (1936) was used. Levine tested the ability of 

various substances to reduce sodium seisnite to brick-red elemental 

selenium in neutral, acid, and alkaline media. He found that, of 

the many substances he tested, acidified sodium selariite solution 

was reduced in the cold by only ascorbic acid. The neutral and 

alkaline solutions could be reduced by many other agents in the cold. 

In the present 1.do?k two epplicati us of Levin& e technique 

were used. In one series of experiments attempts were made to 

measure / 
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oasure ooioriaetrioa1ly the amount of oelenium produced when locust 

blood or tissue extracts were added to acidified selenite solution 

However, this was not possible, for two reasons. 	hen the acid 

solution was added to the blood, or tissue extracts, the presence 

of the acid caused precipitati n of protein in such cpiantities as 

to block the possibility of the detection of colour change due to 

any selenium produced • \dditionaU.y, since the selenium was being 

released in its elemental, form, it tended to precipitate at very 

low 000entrati n, colloical, ruapensi n not being maintained* 

As an alternative to the colon otric method, which had 

proved able to detect 0.008% v/v of ascorbic acid in solution in 

nthetic mixtures (personal findin) , trio even simpler teo1mqu. 

of Levine (1936) was used, whereby he merely added the sal en its 

solutins to the toot tissues to detect, non-quantitatively, the 

presence of various groups of reducing agents • Since the indioati:n 

specifically of ascorbic acid had to be done in an acid medium, the 

tests on the locust naterial using this method Involved the addition 

of pieces of tiieue to the acidified sodium eslenite solution. 

Considerable care had to be taken, however, to exclude 

spurious colours similar to those due to the presence of elemental 

selenium • The acid nature of the soluti,ns caused the insootorubin 

present in the nymphal epidermis to temima Its bright red colour 

(Goodwin, 1952). This tended to mask szW reaction due to selenium. 

Control / 



Contra], material exposed to twenty parts of hydrochloric said added 

to 100 parts of water gave a good Indication of the extent to which 

the colour due to the effect of the acid in the selenite reagent on 

the th.ectorubin was Involved. Along with this, if the test solutions 

were left with the tissues for several days, the insactorubin pigments 

were gradually removed, when all doubt as to the iclicati : of 

spurious responses from this source was eliminated. 

The acidified selenite reagent as specified by Levine (1936) 

contained two per cent sodium semite, to each 100 ml • of which were 

added 20 a]. • of concentrated hydrochloric acid. Albino tissue and 

wild nymphal tissue were added to samples of the reagent. Controls 

were exposed to acid in the absence of selenite. 

The wild nymphs showed some alight precipitation of selenium. 

In the epidermis it was not easy to detect, but where compressed 

wLi riirLt, woro examined, the colour became more 

51L'1L1U.! 	:1,,o preipitated on the glass of the containing 

vessel s  -nc hppened in tho colorimetric experiments when sytAhatic 

mixtures were used to estimate the efficiency of the technique as an 

indicator of ascorbic acid • The wild control material in acid, but 

without aelenite, 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 

was not easy to pinpoint the dpositim In thin layers of tissue, such 

as/ 
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as the epidermis, unless severel thicknesses were crinkled together. 

The alass of the containing vessel oarriod a vubstantial deposit of 

selenium. This response was totally lacking in the acid-only controls, 

and oontrol samples of selenite solution withut added tissue showed 

almost no spontaneous 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 

On the basis of these results, it is hoped to do further work 

t measure quantitatively the extent of the difference in ascorbic 

acid content between the two inecta, using the method of Lahaffert 

and Kingsley (1954). 



orraa-ipv. 'iintersCa1liphoridas) pupatoE there are two phases 

of development visible. The first starts with the oontractin of 

the larva to the puparia]l, shape, a process which takes only a matter 

of mitutos 	Then, aa iiobility beams  o,ep1ete, eight transverse 

me1in1n bends appear m the puparina • The second phase, occurring 

after torrnatt of the bade has bocone ettdctively complete,, 

oonslats of the hardening.. and the deposition of the gen.rel 

background oolour, of the cuticle. 

The obeervati 'n that regionally rtriotad mcln ,nation occurs 

here bofora ec1erotiøatiot beoomea apparent would, of ittjelf, suggest 

that the two processes are distinct • However if it were possible to 

Inhibit one of the processes differentially, good evidence would be 

provided that they can act independently of each other J& yiva. 

But the *orr nature of the reacti 'na makes this difficult because 

both sclerotieatiim and melenieaticm depend an the same ensyme, 

tyro,S.naas (Mas:*, 1955a; Wlggloawrth, 1957), fl, d, in 	vir1y 

stages, the precursors of both processes are idntica1. 

It was an the blowfly are, an insect closely related 

to jh" tL a.  that fraenkel and Rude].]. (1947) d*nciictrated the parent 

ibatance for aclerotieatin to be tyro sine. They showed that there 
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was a fall in tyrosine content of the blood at pupation which Was 

paralleled by the increase in weight of the puparium, when this 

latter increase was corrected for the lose to be expected in the 

doamination and degradation of the amino -acid to the simple aromatic 

acid, ortho dihydrobenzoio acid. This acid was thought to link 

adjacent protein chains after it had been oxidised to the corresponding 

quin me by tyro sinase. 

The evidence for this sequence of events is mostly indirect, 

and is based on the fact that this acid was, and is, commonly regarded 

as the one derivative of tyrosine and dope which possessed the neceaary 

chemical property of having two reactive sites siheeby it could become 

joined to two separate protein groups • And free protocnteohuio 

acid could be isolated from the hardened cuticle in considerable 

quantities • This letter tact has now led Dennell (1)58a; 1958b 

1958c; 1958d) to propose that protocateohuic acid in not responsible 

for tanning. He argued that if it were used in this way it would 

not be so plentitul as a free substance in the cuticle. 

Consequently ., Dennofl suggested that some other system is 

Operating in the blowfly cuticle, and proposed that non specific 

hydrolation of pare 4floins, phanylalanine, or perhaps even 

tryptophan, is producing, not protooateohuio acid, but hydroquinone 

and cateohol • When cuticle hardening takes place, he visualised 

the tyrosinace in the epioutiole of the blowfly oxidising the cateohol 

to/ 
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to on o-ben zoquinone • Thice ortho -qjiincxio than oxiL i see the hyciro - 

quinone, the latter not a tyrosinase substrate, to para-bensoquinone, 

which in turn reacts with, and tie, the proteins of the cuticle. 

The catochol, a a result of the oxidation of hydroquinone, is 

regenerated. The free protocateohu.ia said present in the cuticle 

was seen as being derived from denat ion end degradation of dopa. 

In other words, Dennell (1958d) saw the cuticle as being tanned, not 

by ortho_dihjdroxyphenol a but by para-dibydrovphenol a. 

To explain malin formation s  Donnell postulated that dopa 

from the blood is oxidised by the epicuticuler tyroinaee without 

undergoing the non-specific hydroxylation process, and thus gives a 

precipitate of melanin according to the normally accepted chain 

(Fig. 1). This process would not require daauiinaticm of the dopa, 

as ring closure in the molecule is an important step in the process 

of melanin formation. 

Logically, it could be that both non-specific hydroxylation 

and the normally accepted domination and degradatizi processes are 

both present In normal cuticle hardening in the blowfly and possibly 

in other insects. However, this interpretation does not allow of 

blocking the processes of hardening or melenisatim selectively, as 

the same enzyme is still participating in both reactions to produce 

oxidation of dihydroqphenOl s to quinones. Although its involvement 

in the oxidation of hydroqu.tnono is indirect, it would appear to be, 

nevertheless / 
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nevertheless, essential. Therefore,, if the enzyme re blocked, 

reduction in the hardness of the cuticle oo1npared with that in 

controls should result, and be accompanied by a comparable suppreuicm 

of melanin £orzaatin • It iu not easy to see 1  on the other hand, 

how suppression of the t'roainaee activity could lead to inhibition 

of melanin formation while not having any apparent effect on cuticle 

hardening • lot Donnell (1938d) reported just this effect In Phomj& 

at pupation when the troainase is blocked by phanyithiourea. 

Since this result was so unexpected to the present writer, it was 

decided to repeat this experiment to try to discover whether any 

similar effect existed on the background melanin formed in the 

puparia as they aged. It was also hoped to extend the use of 

inhibitors as rep crtea by Donnell (1958d) to include others such 

as sodium diet byldithiooarbamate. 

Phormia was particularly suited for this experiment in 

view of its depositing its melanin bands very quickly and before 

any apparent solerotisation takes place. Background melanin In 

visible only after more ixtanded periods of time. Any effects 

on either banding or ealerotisation wld therefore be easy to 

detect • If the larvae contracted prior to pupation, and were 

unable either to deposit melanin or to solerotise their cuticle, 

it was not clear whether this would be detocteble • Intermediate 

stages, where some degree of reduction of the process of hardening 

was accompanied by recognisable variation from the normal shape of 

the/ 
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tho upariwn, coupled with lack, or redaction, of melanin, were 

the best prospect for detection of the effects of the inhibitors 

under these ciroumtenoea. 

jUlatlAs in jUg g&IM01-n b2nc1s of 	pria 	nat 

iefore preparing a prolonged series of experiments to try 

to elucidate the expression of tyroaivaae in Fbg=a 1rvae and 

puparia, Information on the noxelly occurring variation in the 

banding and background colour of these stages was necessry. 

Random eanaplee of puparia were taken from the breeding cages. 

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

and that the background colour wo1c1 be very dark. However, this 

was not the case • Not only did the intensity of the bands vary 

between indiviüuala, but melanin was often totally absent, leaving 

a treaslucent, light brown puprium • The presence of such variation 

added considerably to the difficulties of experimenting with these 

puparia, because it was impossible to obtain uniformly pigmented 

controls. 

In order to investigate more closely the relationships 

beteen the various aspects of darkening and hardening In those 

puparia, they were divided into those '..hich had been vacated by the 

adults, and those which had not • The empty ones were further 

divided somewhat arbitrarily into two groupas those which were 

lighter in general appearance, and those which were darker. The 

dividing / 
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divi(Lng Lne bt.;eea the gr oLy z  wac =bj ctivo, and was chosen 

to be a fairly rich bro'..si cojour. In this w,  WMlinations  

within the two aeries might y1tici differences in the proportions 

of banded and unbanded individuals, if the aeaimtion were made 

that the pupaz'ia which were darker overall would also have atr3nger 

bandiri • If, on the other hand, this correlation did not exit, 

it would be suggestive that melanin gxpreagion in the puparia was 

undergoing a variatim in control with time • In other words,, if 

some puparia formed strong bands, and the tyrovinase in their 

cuticle was than for some reason rendered baa active, for example, 

by products of its on activity, the background melanin would be 

relatively wak. Conversely, lightly melanteed bands might exist 

due to a low irtjtial tyrosinaoe activity at the early stages of 

pupation, followed by a later increase to boost the background 

colour • several other combinations of colouring could exist. 

It should be possible ., therefore, from examining the puparia to 

tell whether band and background melanisation varied independently. 

Of the sixtj-five puparia in a partirnalar sample, fourteen 

were act aside temporarily, because they were not empty. Of the 

fifty-one empty puparia, twenty-eight were classified as dark, 

and twenty-three as light, but  it may be emphasised that this 

differentiation was merely subjective, and was cr4lflned to the 

actual sample • The light and dark puperia wero then cxamined 

for / 
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for the presence or absence of bands,, or variatinø in banding 

intensity. The rou1ta are shoun in the following tables 

PUPAItIA 	 LIGHT 	DARK 	DEAD 

Banded fully 

No % 14. No. 

9 64.3 12 	52 1657 

Banda reduced, but 
eveni? dj'tributed 5 21.8 0 0 1 72 

Bands vory reduced, 
or irregular 2 8.7 2 7.2 0 0 

Bands absent 4 17.4 5 7 4 	28.6 

Pps2'ia totally 
black 

- 

5 17.E 0 0 

T 23 99.9 28 994 14 100.1 	- 

iotnotea - contains only light pupariwa In the sample of 
dead puparia 

This tab]. a shows that any combination of intensity of 

background colour in the pupax'Inin can occur alongside any decree 

of banding • It also Indicates that there is little difference 

in the type of banding variation between the dark background, end 

light background, puparia. The figure indicating the absence of 

reduced bands In dark puparta is not rearded as having much meaning, 

as the darker background masks differences between the levels of 

banding, so that only a major reductj.on becomes sufficiently obvious 

to be accepted as valid. 	Similarly, the very dark pupae could not 

be read at all. 

The, 
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The column headed "Dead" lists those pupria in the ori.ginal 

sample which re still closed • All were opened and found to be 

non-viable • Two oontainod dead adults, the remainder only de&sioated 

].srva]. material • It is interesting to note in paaving that it was 

almost always tomc] in experiments with these pupae that those which 

had died early In the pupal Stage were completely dried out, although 

kept under oonditioria identical to their living, tally hydrated 

counterparts. 

Although the figures fr.m this particular examination of a 

random sample of unoperated insects do not include any dead puparia 

showing very re&oed or irregular bands, these were coimonly seen in 

other sampler, and in iminjeeted controls in different experiments. 

The edstenoe of variability of this nature and ect.eut In 

Phomia immediately raised problems in estimating the effect of 

inj 3cted solutions in subsequent expariment • But its preatmoc 

also yielded information on the nature of the changes in the cuticle 

of the puparium, whiah Qould be obtained in no other ay. That 

background jaalanin can be produced more or less independently of 

band melanin and vice yerjj is clearly obvious • The factor which 

does moSt to suggest the causal relati.chips between the two 

processes is time • As band melanin is always produced c.xiaiderably 

before background melanin, there is ample opportunity for any 

mochmii / 



Figure 63. Terato1oica1 effects on the pigmentation In phormia 

puparium and adult. The imbalance is similar in both instars. 



- 94 - 

mechanism supporting or suppressing tiroa1nac to dcc%v ., or be re - 

inforoed, before the general beckgrotnid darkening process takes 

plane. That viable puparia with no bands or general blackening 

could exist ', and show no obviouc lack of hardening,, suggests that 

even wh(in maximum natural ripprevvicn of melanin was occurring, 

cuticle hardening was not appreciably affected. The total absence 

of all melanin from some puparia also revealed that the strxctiral 

colour of the non-melnnieed but ae].orotised cuticle was a very ,  

light brob*1. 

Teratojoical variants occur ocoaei)nally in Phorm ia . Of 

those found involving asyiaietry of pigasntatiun, it was seen that 

similar effects were carried in both puparium and adult (Fig. 63). 

That abnormalities of this nature could occur without detectable 

effect on the hardening of either pi,ariel or adult cuticle, and 

without introducing structural abnormalities., would seem to assist 

interpretatim of melanogenesis and sclerotiaatijn as Independent 

processes. 

Another naturally occurring phenomenon In thoMis, involves 

the correlation between the size of the T,uperium and the degree of 

baflding developed. On examining the puperia used in variou 

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 absence of Injected solutin • To 

o)nfirm / 



- 95 - 

confirm this impz'esei3n objectively, the puparis fro-M batches of 

500 larvae used in particular exporimeate were measured after 

eclosion of the inlElgos. 

The lengths of the puparia were estimated uncer a binocular 

microscope • The length used was that between the ant crior border 

of the puperium after the cap had split to release the adi -It, and 

the basal ring of the posterior processes. 

Analysis of the results showed that in unl4jected ocEltrols 

the fully banded puparia were very significantly 1onr than the 

unbended ( 	J .31). Sinilarly, larvae injected with O.0C2 mul., 

or 0.004 rI., o saturated solutimns of phenyithiourea in 0.75% 

saline showed diffGr8rLtN5 i size between the banL'cd wid u.baed 

groups siif: 	 .i.. 	i. 	-. 	 tod with 

equivalent vol': 	 - 	 size etween 

the groups of beaded and mbeaded larvae was of the aame highly 

significant or or 

Coirqarison between groups injected with cmprab1e volumes 

of saline or phanylthi'xtrea showed no zigu.tficant differences 

between the samples, nor did these samples differ fmn the crols 

significantly in size • This oorrelatian of bndLr with size of 

the larvae does not seam to have been noted before. Its presence 

adds another interesting facet to the study of the oxpressirn of 

the phenolase complex in ineots • Whether the cize of the larva 

and/ 



and the degree of banding it dieplacs rit, pupation are crtwnlly related, 

or whether both are dependent on some common controlling mechanism In 

larval growth and development, cannot be suggested at present, but it 

would appear unlikely that mere size could affect th3 degree of 

handing directly to the extant it was found in Pbormi. 

Effects of low temperature on melanin_patterns inrmi 

Many inects show an iirnrease in melanin depoaltion it 

majutalued at lower tevçeratures (Kennedy, 1956; Wtggleaworth,  1939). 

Conseiently, iZ PhuruLla larvae at the stage just prior to pupation 

were kept at temperatures much lower than those in thich they were 

normally bred and iaint&nd in the laboratory, it was hoped to show 

an increase In the intensity of the mslanogtieeja • If e'xch a reaction 

to cola could be obtained, it would help to substantiate that the 

background colour in the puparia of these Lilee was indeed melanin. 

It has not been poveible to find conclusive proof in the literature 

thtt the black bends and background darkening on Phormaia are the to 

melanin, arid reliance has ag&in been placed solely -  on the evidence 

obtained personily by the tocbniis described for proving the 

Induced pigmentation in albino locusts to be melanie • Additional 

corroboratior bj ictIrn of ?boi2 to c016 would therefore be 

helpful. 

ar].y attempts to achieve this result by continuous 

eori.we of late larvae to temperatrea of 5 °C. failed, due to 

mortality / 

I 
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mortrflt; C 	larvae, and 	1.ibiIit; t 2-irn a einitictmt 

nnbor of pupria at this degree of cold • 1.z in the eq,ortiaente 

with co.c -treat,ient of albino lcurt ogg, ci oouipxoine vas ctruk 

bj OXpOBin the larvae to 5 °C. for opproxJ.iately twelve hours per 

to 15 °C • for tho rrnaiztder of the dailj period. tkkder 

thee omditioe puparia wore formed very readilya .1ierae papse  

at 30°C. took ab'ut five to .3* dsya to produce 4ult, those 

treated at 5°C. / 15 °C. took eevent.ert to nineteen days. The 

yield of imgoe 	the puarmn was of the rder of CO. 

The x'eoulta f this oporinient indicated that i 

increase in the 6arkaning of the pupuria took place In reotire 

to low t.patinee. This wee sew in partiouU2' in the bk . 'omd 

colom', and subject to the cpaliZication tdat iuoreaod bickrotmd 

tended to aask bond v.r.2tio1, &Uo in the bic.&. 

The point of major citgnifioeroe La this ez. riint to thit 

the cold brought up the general body ablour oo pmm.1nmt11. This 

very strongly corroborates that thc use In6Ied tie to 

melanin • It also 	haiaea that the z o/ibttrate system  

reapcaisibla for genal salmin prodUctim ir ddely distributed 

over the otic1o, and in not restricted to the regtne vbioh 1n 

dose gejeuiin bonds in the ;hit* pups* iirtoo it is this oema  

entyme which in repmv,lb1e for the protuctin of tanning qiines, 

it wo1d, ca this latter UO12t 1  be O*)90ted t be preact over the 

vhole/ 



whole axes, and this as a conseqzonoe on].j emphasiFS the neeci to 

merLtand how melanin comes doii, in the ci'tro1 inecta, first 

of all in  well—defined bawls before it does so over the whole cuticle. 

NT-74 MIT 

The method used in attempting to inhibit the tirosinaO in 

the larvae was simple inj ection of various oonoentrati ns of the 

inhibitors, pbenyltlxioure& (Dubois and Erway, 194t) and sodium 

dietbyldithiocarbamate (Nazon, 1935a). Donnell (private counv.nicatic'n) 

stated that he injected 0 #05 ml • f a 0.01 }. solution of phenyl-

thiourea into larvae within a day or two of pupation. Under these 

condition a, he was able to demonstrate that band forat ion Tine 

blocked in the pup&riwz, while the clerotisatin involved in 

pupariwn—formatton proceeded. 

In the present work it was not foufld rosrlhle to use M-1ch 

large volumes e 	This amount of inhibitor gave lOCY% mortflhit7 of 

the injected larvae. The most obvious reason for this was that 

tho ralatively vast amount of solution injected distended the larvae 

grorsl,r, and they never recovetfed. Lesser volumes were tried, 

doiii to 0 .00k n]., and the eonoentratiotis were increased in other 

experimits with different volumes to aiturated oliit ions of 

phanyithiourea, which are 0.025?4, at room temperature. It soon 

became obviou that it was preferable, for r'axinam survival of the 

larvae, to use the asturated solution in vn811er volumes • Ccaitrols 

were / 
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were run with samples of uninjected larvae, and larvae injected with 

a volume of 0.75% saline equal to that of the inhibitor used • Since 

all inhibitors used were dissolved in the same 0.75% saline, this 

secciid 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 %igg].esworth (1934 9  1954) has shown that such a mechanical effect 

is predominant in the control of ecdysis in Rh9dnius pr2iLMg 

(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 sny or-an miht affect pupti ri could 

not, nevertheless, be ignored. 

Any effects of injections on the banding were read at 

pupatin, and after eclosion of the ixnagoa. Tests were made to 

confirm that those latter readings were valid by immersing the cast 

puparia in bensene, chloroform, or water, to eliminate any colour 

due to trapped air or to other possible structural effects. Puparia 

were not read when the adult inside was approaching full development, 

as the presence of the adult masked the true puparial bands. 

Another technique tested to detect any effect on banding 

was 
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C 	r1 	iit •z1i.ie1 a _ntractian O1 the 

larva tmtil the I2e1*I 	bands an the pupaz'iw 1kro just detc,øtablo. 

Afterthia the tine to ooi1te developamt of the bands i. read, 

c1 the reuttu of both mearurammto oempered beteon o:,ntro1 and 

the vn'iow gr ojp treated laxveo • In this iai,  aq alowllng,, 

th h not tot11y Inhibiting, effect of the inhibitors shmad be 

1tetb1e, frimvot', thin tucbn.tcjue suffered fvon its coot in 

t be aecurate, t time was=ewents had to etert 

pr'ct 0017 fr,in the pariwi of i4tial ccntraoti e Jilesa the 

1rvso v'e ezarnLnd ourj five atnutc ttiiti requ1reont cuid not 

be ret. 

It wag  ao: fin that the oecttoi' f the results prevented 

t!ttn techiiqte boing of much um,- hare • Citro1 ueeato cienoed 

to de,ocit bands thirty t forty-five jIrnttes after initial 

ont.ractir*, Pt rcxe temperature, titi the vertour groups injected 

with osi me as c xtro1, or phy1thtouree av Inhibitor, shoved 

times of the same orctare The time for fill ciei.lopeot of the 

binds for the taJrit, of puparia in ill theøe grmvpe iae fr 60 

to 120 dnutes, 4th the 	idng tor, 	 o  

grotp it 100 t, 120 'dnut. Of those groups of 	however, 

all thoved insects producing no bznda, and sow produced bands 

MI11 after :rah lmgor periods, althono. this 1tt.r 'oeu'renoo 

was relttiva1y rare. 

ithin / 
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ithin the limits of this tec)micpao, therefore, it is clear 

that thre ue 	's; in the t 1 nin8 of band formati:rt in the 

l.rvre c :ritthiij inhibitor from those found In the contro10 

utsjt phari4lth1cur: It has already been noted that it was 

not poible to use 0.05 ml. of 0901 N. phenylthiourea in this 

tiork. The larvae i.ued with this volume of inhibitor all died 

quickly. Consquerit1y 0.025 ml at 042 M. per larva was tried, 

thur kaeing th abcoluto w:ount of ph1thiourea injected oarstant. 

r ver h.th mortality was encotiterod. This diaorepecy 

between the reslts of tenn1l' a work mid of thøce presented here 

sugsted that the method of culture of the larvae in m" case was 

not rti fct.ory, and every care was taken to eliminate crowding 

to ntpp2,y fresh rdiwn opioisly, to try variations in the 

coni-n,orlti ,xA of the medium, and to pick out for eermentttt 

only tbote 1rvae which were fully fed nnd mirating. 

•'Lftcr'thip thore was still no worth-while survival f.11owing 

In:ectt nc of 0,025 ml. • of 0.02 N. soluti.ons of phenrlthiouraa, mid 

none at sU after 0.05 ml. • of 0.01 M • toluti ,r . Therefore, 

experiments were performed using saturated soluti-mv. of phenyithiourea, 

0.025 '. Varyin4 amounts were injected, from 0.002 ml • to 0,025 in].., 

un, inj ctina of corremp -mding volumes of 0.75% imline an cntrolS. 

In this case, it was soon clear that the inhibitor, at the volumes 

which permitted survival of the insects, was having no detectable 

effoct / 
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Tti 	f the bn': in th puparia. 	.oLmd spOtE 

at the site of tnjocttn were aiwayc ntelaniead. No viable misshapen 

pari 	re obtained, as was the case when sodium di ethyl dith.tocrbamat* 

was used. 

Dno11 (1958d) ".entinned that t.olverd Jones had informed him 

trt pnpr.tin in 	çoph 	 wa not prevented Woti of 

pc4tittour'" 	At the ttiie the wrk was done, the only explanation 

for thte 	t' 't the -ojt of tnhibitor u&ed was not ffii'flt 

(7 . '11, 19d). Preventiurt of pupation might have been øpøøtOd 

on the r'un5 thz4 t roine activity was believed to be required 

for th production or tairning q.iinonee to convurt the larval cuticle 

of the fits1 inster into the puparium. If the enzyme was inhibitsd, 

then 'utiDfl vo.i1d be expected to be upset, or prevented. No 

rort1 n 	undo f my  chge in the backgrDufld oolouratin of the 

roJ.ting pupnria, which, tmlkke those of Phornii, do not have bands 

of melonin. 

the failure in the work done here, on _______ 

t) block bnndin; or iclrroti6ation by the use of phenylthiOure$, 

it was therefore of interest to epand a short time confirming this 

finding of C1vrd Jones, arui endewonring to find out wheth0cr the 

fncl colour of the puparia in EIRMh1an was altored. 

Pccordingly, 0001 c1 • of a saturated solution of phenjlthiOure* 

in 0075% saline was injected into the larvae of 	poohz..a Qfl&r.!. 

This/ 
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This jx&rticular vole was chosen on the beats of results previous] 

obtained from work oniiknlaia as being that iont likely to exercise 

an effect on the tyroaiz*es in the larvae without causing total 

mortality, and the choice was found to be justifiede 	Some 

considerable mortality in the .xperiaentel animals was encountered, 

being evidenced by their puparia not yielding adults, although 

almost all the larvae pupated. ilowever, a loss of insects as 

puparia was a3.rj present to a leausr degree in the controls. 

Further, the control adults emerged over a period of three days, 

although the larvae uaed in the experiments had been chosen 

carefully for cessation of feeding. The injected insects yielded 

igoe in the same period as the controls. This confirmed that 

the injected larva, of rconh&ra c&rnaria under the conditions 

used could pupate, and it was found that the background colour, 

under the see conditions, was wi.lt.r.d. 

The conclusion would seam to be that phenyithiourea injection 

into two further dipterous species, iAXognbaza, carn.aria and Pharmia 

iaizu' does not prevent pupation. When coupled with the 

results of Donnell and Colvard Jones, the apparent conclusion 

would be that Calliphorid larvae show a mechanism of tanning in 

their cuticle, when they are twdergoiug puperium for!natin, which 

is not tyrosinase catalysed. However, such a conclusion would be 

contrary to such other evidence (Yrs.nkel and Rudall, 1947; 

Deunell, 1947). £ such 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 s  it was 

necessary to look more closely into the details of phenylthiourea 

concentration in the operated insects, and to compare this figure 

with that found to be satisfactory in I& vitro work. To carry 

this out, no attempt was made to measure directly the final 

concentrati n of pher'lthiourea in the larvae or pupae. An 

estimate of sufficient accuracy for the purpose in hand was 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 s  

the puparium formed is of such a shape that its volume can be 

estimated from linear measurements. It is virtually a cylinder 

whose radius and length can be measured under a low power 

microscope. 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 nhonylthiourea for tyrosinaae inhibition was 

present in the larva after injections such as those described 

above, all estimates of body volume were iiiade 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 ends. In this way, a figure utilising the maximum dilution 

wo1d be obtained for the fins], concentration of any injected 

solutions. Similarly, the larva, were assumed to consist entirely 

of water, an assumption which again gave no reason to under-estimate 

the dilution of the inhibitor by the body fluids. 

The measurements of tie defined puparium used here verel-

Length overall, excluding posterior processes, 8 mm. s 

Maximum diameter ... ... 	*00 	... 	 ... 	 3.5 mm. 

Therefore the volume of the defined puparium was 0.077 ml. 

If 0.025 ml. of 0.025 N. phen.ylthiourea 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 N. 
0.012 

.i.3 
= 6.1x10 H. 

This figure in the mnri= used in the experiments. 

Similarly, if 0.002 ml. of 0.025 M. phenyithiourea were 

injected, the final concentration of phenyithiourea in the larva 

-4 
is ... 	... 	..• 	..• 	... 	... 	... 	... 	= 6.3 x 10 	H. 

This figure is the minimum used n the experiments. 

Noting again that theee 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 enzyme inhibitors. 

On/ 
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On considering in detail the findings of other workers using 

specifically tyrosinase and phenyithiourea, the work of Thiboii 

and Erway (1946) above that the final concentratine estimated 

here were not too low to inhibit tyroainaae. These authors 

found that 50% inhibition of tyroeinaae I& vitro could be obtained 

by using a final ooncsrtreti rn of 2.5 x 10 H. phenyithiourea. 

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 conaideratio', to note that 

Dubois and Jry quoted a figure of 10 mg. per kilo of body weight 

as being "an uniformly fatal dose" for the rate used in their 

experiments. When the minimum dose giving 100 mortality of 

the hc,rinia larvae was calculated, a miniinwa figure of approximately 

1250 ag, per kilo body weight was indicated. Whether this radical 

difference in lethal level between mamnml and insect can be 

interpreted as mirroring differences in delicacy of bonioeoetaai 

is a moot point. Jenkins (1960&, 1960b), working on the effect of 

mammalian goitrogene on planarians, shoved that exposure of these 

animals to concentrations of phenylthLtourea equivalent to 76 mg. 

per kilo, for ten dais, did not have a significant lethal effect. 

This figure in already almost one order of diaena.t:nL .4gher  than 

that ensuring total mortality in rate. Such an indication helps 

to corroborate the estimations of the lethal level in Thormia. 

The / 



The oly conclusion fro the results of the experiments 

reported on the injection of phenyithiourea into Phormia and 

the comparison of the estimated final concentrations of the 

inhibitor in the insects, aena to be that the tyrosinase in 

the thasota used here was not being inhibited, due perhpe to 

the Inhibitor's not being able to reach the epicuticular enzyme, 

or that alternatively the inhibitio si was reversible. These 

possibilities are argued in detail more aproriately in the 

discussion to this thesis. 

Effects of sodium diethvlditniooarbamates Since the use of 

phenylthiourea in the work presented .iere had failed to bring 

about inhibition of the banding in F1oriin puparia without 

affecting scierotisation, it was decided to try to do so by 

the use of another inhibitor. This was sodium diethyldithio-

oarbamate, listed by Mitson (1955a) and Lerner and Fitzpatrick 

(1950) an an inhibitor of the phenolase complex. If it were 

injected into late khormia larvae, and the pattern of results 

obtained was similar to that when phenyithiourea was used, then 

some confirmation of the inability to block melanin fornatin in 

these insects in preference to the solerotisation process would 

be obtained. 

When experiments were done with sodium dietrlditi.toon.rbamate, 

using constant injection volumes of 0.002 ml., and varying the 

concentration injected from 1073 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 lCT 14. to 2.5 x 10'4  X. as estimates for the 

final ooncentxatiina of inhibitors in the insect. Using a 

constant concentration of 1(12  M., and varying the volume injected 

from 0 • 002 ml • to 0.01 ml., estimated final concentrations were 

from 2.5 x lCr4H. to 1.25 x 10" 14. 

In these latter experiments, a distinct trend was seen 

towards the formation of misshapen puparia. When 09002 mlL, 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 was used fewer puparia were formed, and these 

varied from the typical pupariwn to types shoving less contraction 

and streamlining theA controls. If 0.01 ml, of inhibitor was 

injected., the resulting puparia were rarely typically shaped, most 

being elongate, and showing *ore clearly the epinose areas of the 

larvae from which they had been derived. These misshapen puoaria 

were brown, and could not be reliably differentiated frorn control 

puparia in colour. Since working with this amount of inhibitor 

introduced heavy mortality, only 25% of the larvae injected 

produced puoaria. But, of these, all were unbar*led. All, 

nevertheless, like those of the groups with lower 'oiuiae 

injected sodium diethyldithiocarbariate, showed a typical black 

apot/ 
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spot at the site of injection. The larval types of puparium 

were capable of producing living adults. These adults appeared 

normally developed and coloured, but were very short-lived in 

comparison with control adults produced in the a&ne experiments. 

The results of this experiment indicate several conclusions 

of interest. The mortality of the larvae, and the reduced 

viability of the adults from the injected puparia, 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 considerations of the 

involvement of tyrosinase in both eclerotisation and aolaniaation, 

it is possible to prevent melanisation without blocking cuticle 

hardening completely* iwever, this affect is obtainable only 

when the amount of inhLoitor injected is very close to that giving 

total mortality. The discrepancy between DnneU' a (1958d) 

obtaining melanin inhibition without preventing pupation in 

?horntia, when using phenylthiouraa as inhibitor, and the inability 

in the present work to duplicate his results, in the more puzzling 

in view of the fact that suppression of melanogeneaie 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 expreesi ', but could 

not be induced to do no under the influence of phenylthiourea. 
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fect3 of catecho].: since catechol had been found to be capable of 

exercising such a strong effect on the melanin producing s ~ sten in 

locusts, it was of interest to confirm that Phox.ta larvae could 

metabolise this substance. On injection of 0.01 ml. OT 0.02 ale 

of 3 x io72 it6 cstechol, the larvae were all killed in lees than 

twenty-four hours. The larvae all turned dark brown, and then 

rapidly became an intense black. 

Tests for ortho-diphenolu in the dead larvae by treatment 

with ferric chloride followed by sodium bicarbonate gave negative 

results in all cases. Th.0 therefore suggests very strongly that 

ortho-dthydroxypbenole were absent from the dead larvae, as control 

tests using volumes oi catecho]. identical to those injected into 

the larvae gave the strong green and purple colours indicative of 

oitho-dihydroZyphenols (Cohen, 1950). 

Th.8 experiment does not prove that the injected øubstance 

was oxidized, but merely that it was metabolised. Since c*techol 

is capable of acting as a substrate for tyroainase, an enzyme 

plentiful in blowfly larvae just before pupation (Donnell, 1947; 

Fraenkel and Rudall, 1947), it seems logical that oxidatirn of 

the Injected catechol can explain its removal, and also that this 

oxidation aide the production of the dense blackening of the larvae 

on death. DenneU (private communication) has subsequently informed 

me that injected cateohol is oxidised by Calliohora larvae, and that 

the insects all died quickly. The results from experiments on the 

two genera therefore agree closely. 
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DcuIc 

In studying a problem which has 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. Bovever, the arrangement suggested for 

the various steps in the formation of melanin is generally 

accepted (Mason, 1955a). The participation of quinonea, 

derived fru.'.t tyrosine, in the process of tanning also seems 

certain. 

Views on various details of these processes have not been 

so readily substantiated. For e&iple, there in some uncertainty 

as to whether the phenolase complex responsible for cuticle 

hardening resides in the epicuticle (Donnell, 1947; Melek, 1952). 

Mason (1955a) and i4ackman (1958) maintain that while the evidence 

brought forward for the theory that the tyrsinaae in the eidermis 

of the young dipterous larva Is later transferred to the inner 

epieutio]e is reliable enough, the methods used can be faulted 

because they are not specific. It is admitted, however, that 

the view that tyrosinaae is present in te epicutiole is consistent 

with eclerotisation being initiated at the outer surface of the 

procuticle, before it extends inwards. It might be interesting 

to learn, nevertheless, whether the positive reaction to the Nadi 

reagent / 
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reagent used to beats tyrosinaie might not also be given by 

quinonea that were formed in the epidermis before being passed 

to the outer surface of the proouticle. 

The question of whether ortho- or para-quizxrnea are 

responsible for tanning or hardening remains to be answered 

unequivocally. The work of Pryor (194(*, 1940b), and of 

Brunet and Kent (1955) strongly suggests that ortho-quinones 

are responsible. Dennoll (1958a, 1968b, 1958c, 1958d) puts 

forward in detail a camm for the participation of pars-quinones. 

Karison (in a discussion in a paper by siackman, 1956) contradicts 

Donnell, saying that work on the incorporation of tyrosine-2-0 

into the puparia of ailinhora indicates that dopa is incorporated 

to a high extent, without lose of the side chain. However, it 

is not clear whether Karleon may not be measuring the incorporation 

of dopa into melanin in the cuticles. Nevertheless, if dope is 

indeed being incorporated in ouch a relatively unchanged state 

into the puparium, Dennell'a argument 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 

Donnell and Karison, and investigate whether the radioactivity 

in generally labelled para-tyrosine injected into GalUohora 

larvae could be recovered from bydroquinone and e-st
. ' Sr  

cuticle, or fron the aminophenol derived from hydrolysis of 

puparia. 

The' 
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The results of the present work show that in the wild strain 

of Se  4jfi12ceM& gre&aria the enzyme has led to the formation of a 

fully tanned but colourless ecutic1e in the outer region of the 

outer procuticle. The inner layer of this region is retathod in 

the aesocuticular condition, as demonstrated by its affinity for 

acid fuchein (Lover, 1956). The staining of the inner procutic].e 

by Aniline Blue, and of the whole outer proc'aticle by Heidenimin's 

Iron Haeaatozylin agrees with the interpretation of a three layered 

cuticle in the wild strain locust. 

In the albino, the fuchsinophilia indicated that the 

exoau+iole was less developed. Since the regions which were 

fully eclerotiaed were adjacent to the epicuticle, it is likely that 

the SUp7ly of the  tanning phenols is derived from the epicuticular 

region. A reduction in the formati. of exocuticle in the albino 

was also shown by the results from the use of eoaine. However, the 

action of this stain on cuticle is not known, no the reiults are 

really acceptable oni,y on a comparative basis. This stain 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 cuticle to Lower's 

staining technique is not known (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 

way / 
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way in which the phenolic material was bound into a structure. 

However, the significant depression of the reaction in the albino 

compared with that in the ecuticle of the wild strain may be 

explained in two possible ways. Either there in a reduction in 

the absolute amount of phenolic material, or the material may be 

combined in a manner which renders it incapable of reacting with 

the stain used. Since the apodemee, representing exceptionally 

hardened parts of the cuticle, were strongly iodophil, it is 

likely that the stain reacted most readily with structures which 

shoved a high degree of tanning. On this interpretation, it is 

therefore possible that while the outer half or third of the outer 

proouticle derived from the wild strain resembled exocuticie, only 

the outer one-fifth or lees of the outer orocuticle of the adult 

albino resembled exocutic].e. That this exocuticular region of 

the albino cuticle also took up acid fuchein suggests that it was 

not fully tanned, as was the case of the exocutiole of the wild 

strain. 

If we accept Lison's argentaff in method as a means of 

demonstrating the presence of reducing substances of the polyphenol 

type, a comparison of the results of using the method on the 

cuticles of the two locust strains indicates that the cuticle of 

the albino contains considerably less polyphenols than tat of the 

wild strain. 

When the results of the different staining testa described 

are/ 



are collated, there is a very strong ir1icati3n that the albino is 

not producing an adequate supply of polyphenola in its epicutiiiar 

region. As a consequence s, the exocuticle in the albino can be 

formed only on a scale below that found in the cuticle of the wild 

strum. Such an explanation fits in with the results obtained. 

It does not sxplain, however, why the requisite quinonce are not 

being produced, 	ihetb.r the epicuticular tyrosinase is absent or 

deficient in supply was not deducible, but total absence of the 

sniao would seem to be ruled out by tne presence of a carte- In 

degree of hardening. It may be that a restricted supply of 

substrate from the blood and epidermis is reepoiwible for the 

Limited amount of tanning which takes place. Partial inhiht Ion 

of the action of the blood tyroainaae on tyrosine to provide dopa 

for the epiouticuiar ensyee might also explain the results obtained. 

It is interesting that the albino had a higher content of ascorbic 

acid than the wild strain. This eubstane has been implicated as 

a reductant of the quinones formed by trosinse. Its presence 

in the albino suggests that tyrosir3ase expression in this strain 

may owe at least some of its modification of expression to the 

atcoric acid. 

Since the methods adopted in the past were wmble to povide 

answers to such questions, It seeasd r.,oØgible that a method 

designed to introduce excess substrates of various kinds into the 

albino so that it could utilise them 	viva might give results 

which / 
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which void elucidate the nature of the processes responsible for 

melanin deposition and the hardening of the cuticle. Injection 

methods are undesirable because of the effects .n body metabolism 

(Williams, 1952; Schneidere.n and Williams, 1953). In any case, 

the albino locusts succumbed to the after effects of being punctured 

with a needle. All atteapta to Link the blood streams of the 

wild and albino nymphs by parabiocis, a technique which has been 

so helpful to trisect ph.yaioiogists, were unfortunately unsuccessful. 

The only alternative seemed to lie in passing the test substrates 

directly through the cuticle. There is now a grov5.ng odr of 

evidence to show that substances can cross the intact cuticle, to 

enter the baeisocoel. For example s, Ra.Jinder (1947) showed that 

large quantities of water co Ad be transported through the cuticle 

or prioiansti. Organic substances ouch as acetic acid and other 

were also readily transported. However, ether, bethg a fat solvent, 

could at the sane time have been radical ly altering the structure of 

the cuticle. Glycerine failed to penetrate the cuticle* 

Eisner (l%l) does not state explicitly that acetic and caprylic 

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-. 

benzoqui.none entered the insect raridly, and was lethal. The 

concept that the various compounds tested were penetrating the 

cuticle and entering the haem000el was supported by the fact that 

the / 
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the anterior region of the aluino, which was not in contact with 

the teat solutions of catechol, produced a pigment pattern. The 

prolonged survival of the test albinos, moreover, indicated th'.t 

such pigment 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 citicle of these insects, the most puzzling result was 

the inability of the insect to utilise 3,4-dthydroxypheflylalaflifls 

(dopa). One woild have expected this compound to 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 nt prove to be the case invites explanation. This, however, 

is not easy to provide. One may recall that Yammobu. (1959) 

showed that mushroom tyrocinase cataiyeet dopa oxidattn one 

thousand times less rapidly than it, did the oxidation of catechol. 

It wo:ld be interesting to learn whether the tyrosinase in the 

albino has the sa .e relative activities towards these substrates. 

Preliminary results obtained from estimating the activity of Ureic 

towards dopa seem to be in line with this possibility. ilowever, 

teats with breis are not the most reliable means of obtaining 

informati2n having a bearing on such questions. 

The inability of the albino to utilise protocatechuic acid 

to lay down a deposit of melanin in its cuticle is in agreement 

with / 
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with the accepted cono1uin that, in insects, this copound can tan 

cuticles without, at the same time, being implicated with the process 

of Lia f;: ti n. In the test albinos, the degree of hardening 

of the cuticle was increased by the added protocatechulo acid. The 

results obtained in the immersion experiznits also confirm the view 

that tanned cuticles need not necessarily be coloured (Donnell, 1958d 

Hackman, 1958; Mason, 19b). 

Whether trypto,han can be utilised only at an exceedingly 

slow rate by the albino for conversion to a iaelania product, as 

suggested in the case of dopa, it is difficu1 tu sa. On the 

evidence produced, it is certain that either this, or the complete 

failure of the albino to use the amino-acid, was reflected in the 

absence of a pigment deposit when trjptophan was introduced. 

The results obtained with cateohol as the test substrate 

reveal two important changes in the cuticle of the test albinos. 

Tanning is increased, as BLOi particularly by the results or using 

acid 1'ucbsln stain • And secondly, a pattern of pigine:t in lai ioia, 

that ornforms closely to that naturally present in the wild strain 

locust. In addition, the development af the pattern howe a 

remarkable resemblance to the way the pattern develops in the wild 

strain locust. 

Another feature of ooidarab1e importance airo arises from 

these results with catechol. • nereas tLe incrtaed tanning effect 

on' 
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on the cuticle was uniformly distributed, melanin deposition was 

restricted to regins where t'"w colour was relatively intense. 

The extra tanning of the cuticle would not seem to result in any 

colouring of the cuticle in those rogi.s where melanin was not 

deposited. 

It seems likely that in the albino there is a lack of 

requisite quinones for changing the mesocuticular conditixx to 

an oouticular one • iIiason (1955b) showed that proteins Joined 

by a single bond to a quinona nucleus, the oatecho1ic-protein, 

cannot act as substrates for phenolases. They can be oxidised 

to the qiincmoid-protein state only if there is a high ortho-

quinone to protein ratio, te ortho-quincna carrying out the 

oxidatim while itself 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 derivatives 

That the albino cuticle is predomlnant.l.y of a masocuticular 

nture may be due to the presence in it of proteins, which, 

although combined with an ortho-qu.inone, are not in fact fully 

tanned. According to Mason (195b), this could be explained 

by the supply of free quinonee, formed in the epicuticular region  

containing the tyrosinase, being insufficient. 

In view of the above oonaiderati3n8, it seems therm that 

one of the fttnctione of the quincmes in the wild strain is to 

convert catecho].io-proteins to quinonoid-proteine. It is likely 

that / 
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that the quinonee formed in the opicuticuler region in the presence of 

tjro&iinaee carry the gnk-mava oxidizing energy to the impregnated 

proteie in the outer proautiolø s mere, the rUiflOfleB oxidi!G the 

proteins to the uinouoid-protetn Etate, utdie they are themselves 

roduoocl to djhrdorhcio1s • On this view, the occurrence of large 

amcnnte of free protocatoclmio acid in the tamed Maria of blowflies 

(tenoe11, 15d) might represent the spentenergy-carrier coupling the 

o.d.ative )O'r of the epiticular toinaee to the u-tyroeineae-

oxidisable catecholi(>-protains of the outer layers of th cuticles 

Oa the beets of the results of the present work on both the 

albino and wild strains of ].ocuct one is therefore draun into 
1' I 

concluding that the wild cuticle, although basically colourless, is  

tanned. Halek (1957) cams to the eeate oon01usicas In PeAition, the 

results i]d seem to favour the view that in the raa cuticle the 

two processes of me1artiation 'md 1erotietti.n might be em able of 

proceeding independently, despite the me enzyme bailr. , r involved in 

the titial reactiens of both rcjceEsis. 

The inhibitory studies on Ph2MUq designed to throw further 

light on the question of to what extent molenthation could be 

distin.uiahed fro& the process of hardening of the cuticle, gave 

results which were guected* Ph4riita deoosite relenin in the 

pupsrlum prior to this structure becoming truly hardened. Here then 

presumably were the two processes takine place sequentially. 

meU (1958d) reported that he hd obtained results ahoulng that 

the / 
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the depodtion of the meiEziin bands in Zh2aLa could bo bite y-

phen4thioures without interfering with the sibaequt hardening 

of tho pupaziun. 

For several reaac pertinorit to the present work,, an 

particularly to the work on the axpari!nsntal induction of aii1n 

patterns in albino locusts,, as already discussed., inhibition studies 

were carried out on the pnarxolaa system operating in ZholalS. 

Hover, it was dicconcertfuig to find tiiat with thin insect the 

results obtataod by Lennell (195Cd) could not be repeated, as had 

beei hoped. However, if bodium diethyld.itPiiocarbaivate was used as 

the tjroainase blocking agent instead of phenyithiourea, at couonntrationa  

aoproching a lethl level, it was possible to obtain cor: eponding 

re suit s . 

It is ciniftcnt that, In the pzpex'ia af unvi- reatea 	IAi, 

there taa a wide range of variatim in tha intenaity of the bonding. 

At one oxtreino, blmds wore formed., along with an intense dopositim 

of black-  bno}ground melanin • At tho othr, no bands at all we 

produced, and In aciditi a no nulthi was deposited in the background. 

Further, oven, uhi bending occurred, the backiod molanin dopoit 

ted: to be of varied Inteieity. In other words, variation in the 

Intensity of bonding seeaed to be independent of the cegree of 

Intensity of the beckround melanin coloratin • This iuOst, 

therefor, that in Pipmi.x the rmunf -' 	LrL 	v i1ble rr 

not / 
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not be fixed. Or if it is, it is likely that tho ability to utilise 

it varies fr .Lcjvidwa1 to individxn1 	liowever, as the result. of 

&iow, it was poeibloto intensity the depoitixi of 

backgrounZ melanin by expo ring the late larvae and pupae to low 

tev,eure3 • Untortwiat.lr, there is no intoration that points 

to how low tenperatu.ros might be resjmib1s for causing a greater 

development of aelarJn. 

It is intereutLn to recall that Hackman tmü Todd (1953) b!ve 

uugested that an ortho-quinone liniced by one bnd to a protein might 

be able to undergo ring closure and oidati, no mentioned seller, 

to give a clerk-coloured compound. Tey a].o pointed out that the 

extent of this occurrence must be affected by whether there were 

adj aent ml=-group  aa Lallo for linkage to the cilrione • If there 

wore adequate groups, then tLe ci4nono wrji.1cj be cqected to Join to 

these • If, however, there were few such roup available, it iuld 

not be poseible for this Unkge to occur., end, imar ttie circutanoee, 

ring c1ocu?e night take pirce, to give a preducu with general abEorttion 

of light. 

It is cignificit that in 	the b.ckrund ierkeniiig 

of the cubicle occuri fairly lt. J-. puparial development, uhen most 

of the Eo1erotiati*1 hs been cnipletad* in suoh a cuss, the nuibsr 

of djaw-.t siter. 	 for qzine 1irLkae uoUd be low, and 

c*iseqjient]j mechi -t-: of the t7pe proposed by loun and odc1 

(195:3) vailrl be favoured. The process would øtill require the 

presence / 
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prorfnce of c.cti'je tycini:r, not t 	 tlo ctecho1_;!'teins, 

'i ''Zfl (i55h) h 	f. flOt t'n 	 of t. 	o, but 

otho-quinanos at the oeicutiole. These ortho pinanes 

would ti be able, if present in ralatively high crnccmtration, to 

oxiejiE;3 the catacholic protein to the cxinonoid proteii (Masan, 195b). 

The fact that puparia showing a stron development of the backroind 

colour cruld also be totaU' unbanded suggests that if the above 

meohanicm were opsratlno to produce gierel melaniatio!i effects in 

otni, the active enzyme necessary ma not able to nroduoe banding 

at the same time. Ccmsequently, the puzzle as to why those bends 

were not produced remainu an unbroken as before. 

The non-banded pup-aria with no background inelnin might, an 

thiv interpretation, be regarded as a result of the overall depression 

of tyrosinase activity. This hypothesis implies that a lesser degree 

of sclerotisati-'n may n1so be present. such an effect war not 

detectable, but it is extremely difficult to find a method of 

measuring the degree of ccl erotiaation. Attempts to do so uvLng the 

Xoung' a Modulus, M. of the cuticle failed, due to the reduction in 

extend.bility of the Rclrtied cuticle ofhrr4,  beir o 

that the methods used, whereby cccteflsion of loaded samples of cuticle 

was measured microscopically, could not read the extenaicri a produced 

in the tanned cutio.le on loading. It was, of course, c mparatvely 

etraight-forwrd to moasuxe the modulus of larvel cuticle l-m the 

breadth / 
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breadth of any epront, when fieiwas renging from 1469 z i& dynes 

pci' Vqo cm. t, 3.3 X 107  'nec per vqi cmo uere obtained (Peruanal 

. 	nibiirn imeaetely citifirii the ola&tonic aature 

of the untwined cuticle, such a range of M  being hihly ohuracteriL-tic 

of olt1 'xere (ftacr, W111Fuv, Vordea and llc!4orria, 195) • Under 

these Conti itI?12, Ilookele Lov is obeyed only daring very 1112.Ued 

degrees or 	• Intoz'ta1 yield v].tiee are low, mid this can 

be awkward in attempte to obtni.n acctjrte values of M, pnrticu1r 

care twork within the elagtio 1L'n.tt of the cuticle beinG esezit! -J. 

In te pupaz'ial cttticle, a very different state of nfrairs  

exists, when nil latwic propertiec are btddca by the relati'vel'y 

rigid nntai'u of the tanned proteins. -.hrL sclerotizatLin ocour, 

it ia no longer ',oe'ibl', with the teohriiuea ugiod, to 'aire the 

a odu].tu of thu cuticle, and thic to actrblish whether the 

Modu1u might be used *u en index of the degree of oolerot.eati • 

There ii,, therefore, na objective proof that uncanded puparia '.:ith 

no b1Q3rOUnd melanin ire, or are not, fully  &c].orotieed, although 

ubj ective obrvati ma stoat that they are not altered in 

hardening L'raw the nor-ally pigrnited cea. 

To retum to the work M phyithiourea iiij eeLin into 

it umad seem to be proved, frm the diicieion of the 

ectimited fthCl a--aew.trations of the inhibitor in tho inneet, 

that the czicontrutic cf i,benylthioures in the larvae and pupae 

118.8/ 



wao not too lov to Inhibit tyroainaoe. It now remains to ezp1r.ifl 

thic inubility to stop the .e1anieati0rL. 

It is  no1i that in the blood of the blowflies Q1112h 

and 	 at pupatim there to a high acricentrati ,-xi of tyrosine 

c1 tjroalnaoe (Dennell, 1947 freenkol and !dal1, 194?) • It t 

th.refoie logical to aaine that there i a similar occureno* of 

these eubtaraoe in gWaiNig a cloe].r allied genus • In other wordzi  

the phenolae$ in the blood Is in the preeonoe of a large aiomt of 

aubetrate, but Is,, i,nedliate1r prior to papatirm of the larva, x'o1€ 

to act on it • At pupation, the tjro&ine I oxidied to Caps. 

The ra1.o uZ L1,4 activity of the t,rorinaoe ia now claimed to be 

under humoral o'introl (Karla, -& #  198). The dopa then moves; into 

the cuticle, i.bere, according to earlier teorioa based on Pryorle 

(1940b) concepts of tanning, it would be ueeinntod and degraded to 

produce protocateoluic acid. However, the mechanium whereby thin 

i die i& not ewn, lit 1L3CCU (1958) points out that an  exceac 

of ortho-quinQAOU coJ. bring about Via reaction • In iezinefl 1  c 

on the other hand, (i.ennoll, 195ed), dopa in the cuticle 

of the bioLTV larva can undergo n- ececific hjdrorlcti n to form 

hrddnone and p otocatocic acid; but it can also be used by 

tyroins-o 1.. 	uA3icaucla to produce melanin- 

if it is accepted that dopa i prothood in the blood of 

gbgrW& larvae jwt prior to pupatimp then injected phanyithiourea 

mar block tyr lnaeo in the blood wit h*it having iviy approolebl.e 

effect / 
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.ffect on the eupplj of nibetretea to the cuticle, if t 

forrnatin has been eoilotoct. Ttriifore, the next sta&e at which 

Lo.lanogeneaie and oc1erotiattn In the lrva can be blocked is 

that whore the epicuticul.r tyroainaee onverta ciopa to dopa-quinone, 

or catcchol, derived from non-ctecific bydrorlat. i f ortbo-4prosine 

or 6opr., to ortho-bonzocjuiuone. If the pheyithiotLr inj cctd into 

the blood i opab1e of periaeating the cuticle, and bloo.king the 

enzo in the epicuLicl, then hardontg nnC,  melanin product:i -  should 

be prvanted, rarc]lue r whcthr in!ihitton of the blood t1rostnaee 

had been uccesful, end ragareleas of whether tnuing nvolve 

protocatecbui acid or r"rociuinone. 

Such an inhibition way not found in the present work. 

E1iiler1y, Co).v&rd Jonoc (pornal co:iunicrtion to Dorriell, 1958d), 

u.sg ub1e to block puperinm forratinn in fare pbij 	 by 

injecting phcriylthiourea, and Lennell (198d) 	unriblo to block 

puprzriwn formation in Ce11r. This erieo of findingi is not 

oaar to uierntond. In the present work, injections were nir t 

various times before pupotiin, ou.ch that adequate inhibition of the 

frrnaUn of dopa in the b1ooc ua rected t hwe been achived. 

Novertholce, the end result unchang9d. 

The fact that dopa can be oxidised by cytochrorne ozidase 

(Zimmerman 1159)  must be kept in mind in this ccmection • ividence 

rard'n'. 

 

this rctIn appears t be ecnty. Altbouh citochrDme 
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oxidase in the e!Jid3ruic might conceIvLbli oxicio 	IL il.nt eaiy 

to see ho.: it coul'i effect, the prodactioi of art bozoqinai üi the 

it therefore appears that two possible elnatIon exirt for 

the Inability to block 1aniatin in thepriia larvae. Tho 

simpler is that the injected phcmylthiourea ia app.iod too late 

to prevent the formatin of dopa in the blood, and was not able to 

reah the epicuticu].Rr phenolase to block günoae and melanin forrjiticn. 

This interpretati n Is contra-inc4icated, however, by oxperLin!it in 

which feeding 1arve of ioria were injocted with the inhibitor. 

At ti,.--, t stagc, it is in.ovn that dopo has not yet been formed from 

tyroine (Iennel1, 1947), L*x, of those larvae pupt1ng, there was no 

inhibit1i of banding apparent. Ha-.-ever, both controls and injected 

ainute tend to proaico more unbended forms wn trçi are forced to 

cease feeding earlier than they would o if lot b th medium. 

The econd q1.iti rcquiroi that the iiiitiori f tyrosinase 

be not rol, or cn be vrsed* iv.dooe c.necrn 	t.Ia poaibility 

cmeii from virious ourceo • Wbois and irway (1946) found that in 

ja vitM experiments,, the intbitian of irod.ace from potato by 

phciyithIourea was not rcversod t ta hour • But those workers 

also cote the ree '..].tu of i3ernheiw and Bernheirt (1944), wiero a 

reversal of innibitn was found, and the effect wa also ci;covorod 

to be dependent . 

Allied t 	qJ::i 	 :rz 	Y4tczak 

(4959) and l;ojtczak and Ghmurzneka (1960. liiose authors were 

studying / 



-.128-'. 

Otukj,,jAg the inhibitiQn = yjtM of the torn: of thc ux rAh o  

QS"q&jg 	 and fow U.at while variaw - :u*bztanc,m including 

t1ioura inhibited the anZyme at first, the inhibitit qa1c1y 'ian 

?eve?ued, aad that the activity or th 	zjma oou.l- r3iJ1, £tL 

&urpacu, the activity of uninhibited 	tr']. samp!ei • Th.t .revcn'l 

In the ca.c of tirca too] tw to three høuxg. 'ftei usthg .,dium 

,1dithLoar*Tnato as inhibitor, these workt!ro fric, that 

trovinaas fr'm wcx wotha raiied iti ctiit; In the s"e tr 

XtgO • This abIlity,  of the ca" to ragairk its activity 	ot 

tound hen vor high c. ceitati ne of the inMbito'e ie used, 

that in the CftCnof tliiouroa being z 1 ,10 

If such a roveracl of inhibiti 	as occurring Jr the 

pInERIj 1V3O and puaria aAar irjttin with pt.on73.th1ourra or 

t}c. 1 . ' 'tfet in the f-r..r case, ,:am, arAhylllt'-,ioeart-~mate,

ci the 1iznitz'orhe effect iu tL- -  ietto: c n BUY 

It uaa for thin re" t'(,-)t atteps tiara mcde to meavure the ,  cfi'ccts 

of the inhibitors on the timzg of Land fonti 1 Uo ptpnti 

ecziice of theta i.icte., lhe reeult&, howavr, 	tht oven 

this tocmine wrtc nt capable of oh1n: •y appare t effct on 

the b=dimg otter inecti oA tht 1erv.o with rnj]t'irea. 

It in clear, therefore, that the e'.o1ae oo:ip1.ex in 

.xuecta is a. e7ete ,  who expreiin2 re mot oar' to o].uciate, 

but in view of the overeU rosults f t.c roert workp ra  Is 
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iic.o c C  .iii titative1y 	1.:uiati ii 	c 	procea8 

of b.ren1xig of the citicle seems capable of differential control by 

the in oct • 	lthoub in the oexly stages of work on ineot cuticle, 

this i.aa rcarded as being improbable,, evidence is accumulating in 

support of such a conclucin • The noxt question to be pod is how 

the differential control of the two processes is brought about. 

There i a groat deal t be 1ned about the phenolaae corlex 

bcfro the nr t forthcoming. 
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SU•R - 

1 • Current concepts of the Involvement of the pheno1ae complex 

and its substrates and products in the production of 

malanogene eta and solerotisation in insects are discussed* 

2 • A non melanised mutant of the Desert Locust, EcIthtocrca 

grogaia is described, and designated as "albino ", although this 

does not imply that the pher:olaae 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 un.tch reducing material 

as the wild insect. 

4. Histological tests,, to demonstrate the degree of aclerotisation 

present, indicate that the albino cuticle is less heavily 

aclorotised then is the case in the wild strain • A corresponding 

reduction i found in  the amount of reducing substances present 

In sections of the outiclee • Information derived from the use 

of/ 
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of a relatively recently developed "iodopbif technique demonstrating 

as yet unspecified combinations of phenol with proteins agrees with 

the other tests in suggesting reduction of the amount of phenols in 

the albino cuticle • The sawation of the various histological 

teats Indicates that in the mutant strain there is a strong 

reduction of true tanning, combined with total absence of melanin. 

But the albino cuticle is impregnated and therefore corresponds 

predominantly to the meeoouticulsr Cc)nditifl. 

5 ,  The albino is used as a unique experimental snimal in which to 

study the effects of various substrates of the phenolase complex. 

This is done by means of a very simple technique developed to 

introduce substances in solution into the insect by means of 

immersing the dewaxed abdomens of living nymphs in solutions 

of the chemicals to be used. 

6. When catechol or tyrosine are uiod as test substrates, the phenol as 

in the albino cuticle causes the deposition of a well-defined 

melanin pattern. The induced pattern is stronger with catochol 

tbn with tyroe!iie. It is suggested that this is due to the 

widely-observed higher activity of the pheo1ae complex towards 

diphenols than towards monopuenole. Proof of the melanie nature 

of the Induced pigmentation is presented. That the inductions 

are catalysed by the phenolase coipleX is proved by the ability 

to inhibit them partially by addition of phenylt;iourea or sodium 

diethyldithiocarbamate to the immersion solutions • Imben the 

final/ 
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final concentrations of either of these Inhibitors is 	N., no 

effect is new on the melanogenetic process, but when the final 

concentrations arc 2.5 x io2 ., a dictinot, though not total,, 

inhibition of melanin producti. -.n i obtainable. 

It is shoin that 3,4-dihydrovphenylalanIna does not have any 

melanin-inducing effect on the albino locust, contrary to 

predictions based on its being an utilizable substrata of the 

phenolase complex. It is suggested that the lack of induction 

Is due to the bstrate' a being o4di3od at n relatively much 

slower rate, such that the present tech tiq1e would not be 

u.tficicntly sensitive to detect the effect • Evidence from 

other workers is quoted to support this hypothesis. 

3,4-dihydroxybenzoic acid doa not induce any colouration in the 

albino outicie, either in cUcrcte patternc, or generally. 

Histological examination of albino cuticles treated with catechol 

and protocatechuic acid show that radical changes in the chemical 

nature of the cuticle have occurred. The melanin induced by the 

catochol is visible In the epicuticle and outer exocuticuler 

rcgis. The results of several staining teclmiques indicate that 

the originally mosocuticuler 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 exocuticujar 

condition • That portion of the albino procutiole corresponding in 

anatomical / 
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BflatOIXLiCa poLtiofl to the rocutic1e of the wild ztrain, is not 

affected by the conditions which converted the outer regions. 

These effects on the degree of aclerotisati n of the cuticle are 

apparently identical after treatment with either cat echol or 

3 ,4-dihydroxrbenzoio aoid. 

9 • It is pointed out that the lack of genera], colour induction in 

the cuticle after treatment with catechol or 3,4-dih3jdroxybensoic 

acid is good evidence to support the growing body of opinion 

that solerotisation need not obligatorily involve concomitant 

colouration of the tanned cuticle. 

10 • The ability to Induce melariisatiun in clbino loit0 by oocure 

of the eggs to low temperatures is reported,, anCl used an additional 

evidence for the presence of both phenolase complex and its normal 

substrate(s) in the albino, although their interactiin is apparet1y 

very much reduced. 

Comparison of the relative trosinae activities of breis of wild 

and albino locusts indicate that there is no significant difference 

betwoei the two strains, under these col2ditionE. The presence of 

the onzyoe in the albino is therefore further Indicated. 

The process of pupation in Phoriai-torrØ ljovae is briefly dezcribed. 

Melanin is produced in this insect at two different times; it is 

laid don as a series of eight trausvrae bands 1ri&diate1y after 

larval contraction, and before aolerotinatin is apparent. It is 

also / 
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also laid down over the wtiole cuticle later In pupal life, after 

most of the ao1orotisetin has been completed. The types of 

variation occurring naturally in this 13euonce of events gives 

evidence that the amount of melanin deposited on either occasion 

is iadepuwcent of the amount laid down on the other • Both would 

appear to be independent of the degree of sclerotiation,but it is 

pointed out that them is not yet any reliable objective method 

of measuring the decree of solerotisation • Some doubt as to the 

amount of aclerotisation present in any puparium must therefore 

remain • It is siggested that the dark colour developed later in 

pupal life may be formed by oxidatio if oatecholio-protelne to 

form coloured compounds. 

It Ia I3ho%.n to be possible to Increase the intensity of the general 

melanin by exposure of the late lrwvee and pupae to low temperatures. 

This reea with te common observation that lower temperatures tend 

to increase melanin production in insects. 

The injection of solutions of phenylthioursa in various concentrations 

and In various volumes into Phermia late larvae did not permit of 

blocking the action of the phenolaso complex towards melanin b3nd 

formation in preference to rclerotiaat ion • The reasons for this 

are di..cued, when the result is seen to be not unexpected. 

The injection of solution of sodium diethyldithiocarbamate into 

simUar lnrvae permitted of blocking melanin band formation In 

preference to solcErotisatlon, but the effect was marginal. 

16. / 
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An unexpected and somewhat puzzling finding is presented, where the 

size, measured as the length, of J)g1'!nia puperia is found to be 

c1oe].y correlated with the presence or absence of bands • This 

effect is present whether the larvae be unoperatad, or injected 

with various volumes of phenylthiourea or saline. 

Catechol injected into Eh2MJ late larvae is rapidly metabolised, 

and kills the larvae • They become a very intense black after 

death. 

Injection of phenylthiourea into =Cgqhag1L larvae in doses which 

are approaching the lethal limit does not prevent ec1erotisatin. 

The results of the various experiments arc dicueSd • lb 

suggestion is presented to explain the inability to block melanin 

formation and eclootiation in Zho=ia lrve and puaria, and 

ac].arotia&tiofl in EsrMhaqa larvae • This explanation is based 

on the biochemical findings of' other workers on the phenolaae complex 

in insects, where the enzyme vas found to overcome in a relatively 

short time, its inhibition by various Inhibitors • Since the 

experiments using these inhibitors in the present work,, and 

similar experiments reprted from the 1iterture, vere run over 

considerable periods of time, it is suggested that the enzyme under 

these conditions was overcoming the effect of the inhibitors. 

Throughout this thesis, the evidanes available has tended to 

point towards the two aspects of the expression of the phenolase 

complex / 
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complex in Insects, namely, melano6enesis and sc1erotiation, an 

being independent pr000aaee. The belief is ereaaed that work 

on the problem of differentiating botwecr the two processes is 

aocwratLt1xig sufficient evidence to mad this oci1udci more 

widely accepted than it Is at preaent. 
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