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Summary 

Three species of dermestid larvae (Anthrenocerus australis, Anthrenus 
verbasci, and Attagenus piceus) are shown to be capable of digesting wool. 

The midgut of these species is simple, without differentiation into zones, 
- and the epithelium consists of simple columnar cells, together with nidi of 
regenerative cells. A peritrophic membrane is present. The midgut of aus­
tralis and verbasci. is virtually devoid of tracheae, and although the midgut of 
piceus is better supplied, its tracheation is comparable with that of Tineola, 
which is poorly tracheated compared with many other insects. 

Examination under polarized light of wool in the digestive tract shows that 
many fibres are disintegrated as they pass down the gut. 

The pH of the midgut approximates 7.0 and the oxidation-reduction 
potential falls in the range - 190 to - 230 mY. 

The highly reducing conditions in the dermestid midgut reduce the disul­
phide bonds of wool keratin, permitting attack by proteolytic enzymes. Most 
of the cysteine thus produced is not degraded further and is excreted. 
Dermestid larvae, therefore, only under exceptional circumstances produce 
metal sulphides after ingestion of appropriate salts. The faeces remain of normal 
colour except when a coloured cysteine-metal complex (Co) or reduction pro­
duct (Te) is formed. By contrast, in Tineola larvae, portion of the cystine 
is degraded further by a process that appears to be partly chemical (high 
pH) and partly enzymic (a desulphydrase, capable of splitting off H2S). 

Available evidence indicates that neither dermestid nor Tineola larvae are 
capable of digesting the water-insoluble fraction (fibroin and sericin C) that 
forms the bulk of the silk fibre. . 

I. INTRODUCTION 

A considerable amount is now known of the processes whereby wool is 
digested by larvae of the clothes moth Tineola bisselliella (Day 1951a, 1951b; 
Linderstrj1Sm-Lang and Duspiva 1936; Powning, unpublished data; Powning, 
Day, and Irzykiewicz 1951; Waterhouse 1952a, 1952b). However, except for 
some observations of Pradhan (1949), the record that at least some spedes are 
unable to digest spongin (Arndt 1931), and the record of the presence of free 
- SH groups in the midgut (Duspiva 1936), there is no information available 
on the physiology of digestion of dermestid larvae. These larvae, together with 
Mallophaga (chewing lice) and the larvae of a few species of moths, are the 
only animals thought or known to be capable of digesting keratin. The re­
port (Stankovic, Arnovljevik,and Mataverlj 1929) that the crop juices of a 
hawk, but not of a vulture, were capable of digesting feather keratin requires 
conflrma tion . 
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It is of great interest, therefore, to examine the mechanism of keratin diges­
tion in dermestid larvae, and to determine whether it follows the pattern 
already established for Tineola larvae. A number of features of digestion in 
dermestid larvae are described herein and these enable a comparison with 
Tineola to be made, which indicates both similarities and important differences. 

II. METHODS 

Almost all of the experiments were carried out with three species, Anthre­
nocerus australis (Hope), Anthrenus verbasci (L. ), and Attagenus piceus 
(Oliv.), although Anthrenus vorax (Waterh.) and Dermestes maculatus Deg. 
were also used in some experiments. All cultures were. maintained in "Agee" 
jars containing a layer about 1 in. deep of a diet of casein 83 per cent., finely 
powdered yeast 15 per cent., cholesterol 1 per cent., and Hubble's salt mixture 
1 per cent. Folded pieces of woollen fabric (air-dried after dipping in a 
suspension of 5 g. finely powdered yeast and 0.25 g. cholesterol per 100 mI. 
water) were placed on top of the powdered diet. The gauze tops of the jars 
and the upper surface of the fabric were sprinkled lightly with the active ingre­
dient of "Dimite,"O which prevented mite infestation without apparently affect­
ing the insects in any way. Adults were kept under similar conditions but 
transferred at weekly intervals to fresh jars, producing larval cultures of approxi­
mately known age. Adults were also supplied with drinking water and 15 
per cent. honey in water in cotton-wool-plugged tubes after it had been found 
that they lived better in the presence of free moisture. . All stock cultures were 
maintained at 30°c' and 75 per cent. relative humidity. 

In the dye and metal feeding experiments single larvae were kept at 30°C, 
and 94 per cent. R.H. (over a saturated solution of potassium nitrate) in indi­
vidual gauze-covered tubes with a piece of treated fabric. The woollen fabric 
(either unreduced, or with disulphide bonds partially reduced by brief treat­
ment with 0.5M sodium thioglycollate at 40°C. and pH 10) was first dipped 
in 70 per cent. alcohol to ensure wetting, washed in water, and then steeped 
in a solution of the desired compound in a filtrate of the yeast-cholesterol sus­
pension mentioned previously. The treated fabric was air-dried before use. 
This procedure of keeping single larvae in tubes was necessitated by their 
rather irregular feeding habits. Thus, for some days before and after moulting 
and, indeed, at other times also, larvae might cease to feed. By examining. the 
tubes daily for faeces it was possible to select larvae whose alimentary tract 
was filled with the food in question. 

When highly coloured food was present in the beginning of the midgut 
this could be seen through the cutjcle of the metathorax and first abdominal 
segment if the larva was examined ventrally under CO2 anaesthesia. This 
proved a useful check on the colours of pH and redox indicators in the midgut 
of living larvae . 
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III. REsULTS 

With relatively few exceptions, which are specifically mentioned, australis, 
verbasci, and piceus larvae gave similar results in the experiments listed below. 

(a) Morphology of the Alimentary Canal 

Several authors (Braun 1912; Lison 1937; Mobusz 1897; Pradhan 1949) 
have dealt with various aspects of the morphology and histology of the alimen­
tary canal of dermestid larvae. The foregut and midgut (Fig. 1 (a) and (b)) 
are simple, uncoiled, and possess no crypts or diverticula. The hindgut first 
runs forwards and then turns back upon itself to lead to the anus. There are 
six malpighian tubules which, after running to various regions of the abdomen, 
become associated in two pairs of three. These two groups then fuse and dis­
appear, where the hindgut bends back on itself, into a sheath investing one 
side of the hindgut, and thus produce the cryptonephridial arrangement charac­
teristic of the larval malpighian tubules of many Coleoptera, Lepidoptera, and 
ant lions (Lison 1937; Wigglesworth 1951). This arrangement is thought to 
play an important part in the conservation of water and salts. The anterior 
end of the hindgut in dermestid larvae is attached to the cryptonephridial 
sheath where it becomes enlarged in the region of the rectum. 

Mobusz (1897) considered that a peritrophic membrane was absent in 
Anthrenus verbasci, although Aubertot (1934) recorded for Attagenus pellio 
the presence of a membrane that became more distinct and multiple-layered 
as it passed down the gut. It is true there is no well-defined membrane aris­
ing at the level of the oesophageal invagination. However, in the species 
examined in the present study (and particularly in piceus-Plate 1, Fig. 2) a 
membrane enclosing the food is clearly visible in the posterior half or two­
thirds of the midgut. In piceus the membrane can sometimes be traced almost 
to the anterior end of the midgut, in verbasci it is often difficult to trace it 
anteriorly beyond the middle of the midgut, whereas australis occupies a 
position intermediate between these two species. Where it is first visible the 
membrane is rather diffuse in nature and its origin is uncertain. From the 
middle or posterior third of. the midgut onwards, however, it becomes rela­
tively tough and well defined and can be removed without damage with en­
closed food. Its mechanical properties under these conditions indicate that 
it is an organized structure and not merely epithelial debris loosely enveloping 
the food. 

(b) Histology and Tracheation of the Midgut 

The histology of the midgut presents no unusual features. As observed by 
Mobusz (1897) there are small groups of regenerative cells, each separated 
by a variable number (5-20) of simple epithelial cells (Plate 1, Figs. 4-6). 
The latter have a conspicuous striated border, a small centrally placed nucleus, 
and a fine uniform cytoplasm with few or no granules visible with ordinary' 
staining techniques. When granules were present they occurred in the cyto­
plasm between the nucleus and the gut lumen, but were not restricted to any 
particular region of the midgut. When tested by the Gallamine blue method 
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for calcium (Stock 1949) and by the rhodizonate method for barium and 
strontium (Waterhouse 1951) positive staining of the granules resulted. The 
granules also gave a weakly positive test for phosphate (cobalt sulphide 
method). Koehler (1920) reported the presence of numerous granules of 
calcium· carbonate and oxalate in the midgut epithelium of Dermestes ful­
vescens, although it is not clear whether larvae or adults were examined. If 
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Fig. I.-Ventral aspect of alimentary canal of dermestid larvae with hind- . 
gut rotated slightly to show entrance of malpighian tubules. (a) Attagenus 
piceus. (b) Anthrenus verbasci. A, anus; F, food mass in hindgut; FG, 
foregut; HG, hindgut; MG, midgut; MT, entrance of malpighian tubules 
into gut; PM, peritrophic membrane; X, entrance of malpighian tubules 
into cryptonephridial sheath; Y, region of attachment of anterior hindgut 

to cryptonephridial sheath. 

larvae were used, either this species differs from those examined in the pre­
sent study or the granules may be due to the diet (unspecified) upon which 
her insects were reared. It is of interest also to record that Braun (1912) men­
tioned a narrow zone of granules near the lumen border of the midgut epithe­
lium of Dermestes lardarius larvae. The entire midgut epithelium appears 
to have a uniform structure and Bodian staining does not reveal any polymor­
phism of cell type as in Tineola larvae (Waterhouse 1952a). The entire epithe­
lium is renewed at each moult (Braun 1912; Mobusz 1897). 
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It has already been noted that the midgut tracheation of Anthrenus and 
Attagenus larvae is less well developed than that of Tineola larvae which, in 
turn, has poor tracheation in this region compared with that of some other 
Lepidoptera (Day 19516). Examination under dark field demonstrates that 
the midguts of last-instar verbasci and australis are supplied with very few 
tracheae and, occasionally, apparently with none at all. When tracheae are 
present they generally occur at the extreme anterior and posterior ends of the 
midgut, they branch very little, and they reach only a small area of midgut 
epithelium. The vorax midgut is better tracheated than either of these two 
species, although even it is supplied with only a few tracheae. Very occasion­
ally in verbasci tracheoles are coiled upon themselves in an unusual fashion 
(Plate 1, Fig. 3) and the same tendency, although less marked, was also ob­
served in vorax, australis, and piceus. 

The tracheation of the piceus midgut is quite different, since there are 
many tracheae, which supply air to a good deal of the surface of the midgut 
(Plate 1, Figs. 1 and 2). Even this tracheal supply cannot, however, be re­
garded as particularly rich, since it is not unlike that of Tineola larvae. The 
maculatus midgut is more richly tracheated than any of the other species ex­
amined and it would appear to be more nearly comparable in this respect 
to the midgut of many other insects. 

( c) Microscopical Examination of Wool undergoing Digestion 

Pieces of wool in the digestive tract vary in length from about 40 to 120 11-, 

the average size increasing somewhat with advancing larval development. 
When the digestive tract is examined under polarized light the wool in 

the anterior portion of the midgut is seen to be strongly birefringent. Further 
down the midgut many of the wool fragments have lost much of their bire­
fringence, although others are little changed. The conspicuous and abrupt 
change in birefringence observed about one-third way down the midgut in 
Tineola larvae (Day 1951a) does not occur in dermestid larvae. This may 
be due, in part, to the fact that the wool is not "packeted" and firmly enclosed 
throughout the entire midgut in a well-defined peritrophic membrane as in 
Tineola. As a result, some mixing of wool fragments by peristaltic movements 
may be permitted. 

In the posterior third of the midgut and in the hindgut partly detached 
scales can sometimes be seen and striations are conspicuous in many of the 
fibres, due no doubt to the removal of some intracellular cementing substance. 
Most, but not all of the faecal pellets contain wool fragments in various stages 
of digestion. Most of these fragments are either conspicuously striated or the 
original wool fibres have broken down into slender microfibres. 

The presence of incompletely digested wool in the faeces is, perhaps, not 
surprising in rapidly feeding larvae, which may produce as many as 300 faecal 
pellets per day, although 30-100 is a more usual number. From counts of 
faecal pellets produced after removing feeding larvae from fabric and from 
feeding dyed fabrics, it appears that food may frequently pass completely 
through the digestive tract in 8-12 hr. at 30°C. (cf. 8 hr. for Tineola (Day 
1951a) ). 
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(d) The pH of the Digestive Tract 

Table 1 shows the results obtained when larvae were fed on fabrics im­
pregnated with saturated solutions of pH indicators. The contents of the entire 
midgut generally had a pH of 6.8-7.0 (green with brom-thymol blue). There 
was a certain amount of variation, however, since in a small proportion of 
larvae phenol red, and less frequently cresol red, exhibited a pinkish orange 
col01P' in the midgut. If the gut wall of these larvae was punctured and the 
contents spread out it could be seen that neither indicator was displaying its 
full alkaline coloration, which was readily produced on addition of dilute 
alkali. It appears therefore that at times the midgut pH may be as high as 8.2. 
On no occasion did thymol blue change colour, indicating a pH of less than 
8.4. Pradhan (1949) records the pH of the midgut contents of Anthrenus 
vorax (= fasciatus) as 6.8. 

TABLE 1 
pH OF ALIMENTARY CANAL CONTENTS OF THE MAJORITY 

OF INDIVIDUALS OF THREE SPECIES OF DERMESTID 
LARVAE 

Indicator Midgut Hindgut 

Brom-phenol blue >4·0 >4'0 
Brom-cresol green >4'6 4·4-4·8 
Chlor-phenol red >5·8 <5·8 
Brom-cresol purple >6·2 <6·0 
Brom-thymol blue 6·8-7·0 <6·7 
Phenol red <7·8 <7·6 
Cresol red <7·8 <7·8 
Thymol blue <8·4 <8'4 

Range 6·8-7·0 4·4-4·8 

The pH of the hindgut and faeces was 4.4-4.8. However, in occasional 
larvae of australis the value ranged to lower than pH 2.0, some faeces from 
these larvae being red and some yellow after feeding on thymol blue. 

The zone of pH change between midgut and hindgut varied a little, ac­
cording to how recently before examination food had passed on. Normally the 
change occurred about the level of entry of the malpighian tubules, but occa­
sionally it was slightly further down the hindgut, particularly in australis. 

When larvae were fed on fabric treated with dilute indicator solutions 
there was little colour visible in the midgut, although the contents of the 
hindgut were often definitely coloured. This suggests that indicators may be 
absorbed by the midgut and either discharged into the hindgut via the mal­
pighian tubules or the hindgut epithelium. However, in none of the larvae 
was there any visible accumulation of indicators in the gut epithelium or in 
the malpighian~ tubules. 
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( e) The Oxidation-reduction Potential of the Digestive Tract 

The results obtained by feeding oxidation-reduction indicators with the 
diet are shown in Table 2. If the midgut pH is taken to be 7.0 (Table 1), the 
fully reduced colour of potassium indigo disulphonate and the partly oxidized 
colour of brilliant alizarine blue indicates a midgut potential in the range 
-190 to - 200 mY. (Hewitt 1950). 

TABLE 2 
OXIDATION-REDUCTION POTENTIAL OF THE ALIMENTARY CANAL CONTENTS OF 

THREE SPECIES OF DERMESTID LARVAE 

I 

I E'o at pH 7 (mv.); 
Condition of Indicator in 

Indicator 
Midgut Hindgut 

I 

I-Naphthol 2-sulphonate indophenol +123 Fully reduced Oxidized 

Thionine +.63 Fully reduced Oxidized 

Methylene blue + 11 Mostly fully reduced Oxidized 

Indigo tetrasulphonate 46 Fully reduced Oxidized 

Tetrazolium blue Fully reduced Reduced 

Indigo trisulphonate - 81 Fully reduced Oxidized 

Indigo disulphonate -125 Fully reduced Oxidized 

Brilliant alizarine blue -173 Partly reduced Oxidized 

Phenosafranin -252 Oxidized Oxidized 

Range -190 to -252 mV.1 +260 mY. 

In individuals with a pH of about 8.0 (see earlier) a potential in the 
vicinity of - 230 m V. is indicated. 

Methylene blue gave somewhat anomalous results, some of the fabric in 
the midgut exhibiting a pale bluish grey coloration. This, however, was very 
much paler than the deep bluish grey coloration of the ingested food, indicat­
ing a considerable degree of reduction. When the larvae were dissected under 
0.1 per cent. triphenyltetrazolium chloride no pink or red colour was produced, 
this differing markedly from the results obtained for Tineola larvae in which 
reduction occurred (Day 1951a). The negative results in dermestid larvae may 
possibly be due to the absence of sufficient endogenous substrate in the gut 
for reduction to occur under these conditions. 

Little is known of the systems responsible for the maintenance of reduc­
ing conditions in the midgut. It is highly probable that cysteine is present, 
since the contents give an intensely positive nitroprusside reaction for - SH 
groups. Furthermore, both Pradhan (1949) and Powning (unpublished data) 
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record the presence of cystine in the faeces of dermestid larvae. Ingested 
tetrazolium blue is reduced in the midgut but this reduction probably cannot 
be effected by cysteine at the pH (7.0) of the digestive juices (Rutenburg, 
Gofstein, and Seligman 1950), although G, Rogers (personal communication) 
obtained reduction of the related triphenyltetrazolium chloride in the presence 
of 0.08M cysteine at pH 7.4 and 35°C. Hydrogen sulphide reduces tetra­
zolium blue quantitatively, but evidence from metal metabolism (see below) 
suggests that little or no H2S is formed during digestion in dermestid larvae. 
The production of the blue formazan may probably therefore be taken as evi­
dence of dehydrogenase activity in the midgut (Rutenburg, Gofstein, and 
Seligman 1950). 

In the hindgut a potential more oxidizing than + 260 m V. is indicated. 
As a general rule the indicators were not accumulated in visible quantities 

by the epithelial cells. However, methylene blue is accumulated by some 
larvae in the epithelium of the anterior fifth of the midgut, and by others in 
the posterior half of the midgut, although in most larvae no accumulations 
were seen. Occasionally the cells of the malpighian tubules. and fat body 
adjacent to the midgut contained oxidized methylene blue. Oxidized indigo 
disulphonate was accumulated by one australis larvae at the very posterior end 
of the midgut. 

(f) Metal Feeding Experiments 

Larvae were fed on woollen fabric impregnated with many of the salts 
used in the Tineola digestion experiments (Waterhouse 1951a). Faeces pro­
duced after ingesting the great majority of salts (e.g. those of Ni, Fe, Cd, Cu, 
Pb, Hg) were not, as a rule, any different in colour from those of control 
insects, even when the impregnation solution was concentrated (e.g. 15 per 
cent. NiS04 • Where the fabric was coloured by the impregnation treatment 
(e.g. HAuCI4 ), the faeces had the same colour as the fabric ingested. A small 
number (less than 0.5 per cent.) of larvae gave anomalous results in that dark 
faeces were produced when they were fed on lead or copper-impregnated 
fabrics and these larvae apparently produced sulphides. It is clear, however, 
that, with these possible exceptions, the larvae do not produce metal sulphides, 
which are so characteristi~ of the metal metabolism of Tineola larvae (Water­
house 1951a). By transferring the larvae that had produced what are pro­
visionally regarded as sulphides to thymol blue fabric it was shown that there 
was no correlation between capacity for sulphide formation and unusually low 
pH of the faeces (see earlier). 

It appeared at first to be an anomalous result when larvae fed on fabric 
impregnated with 5 per cent. cobaltous chloride or saturated (3 or 4 per cent.) 
sodium tellurite or tellurate, had dark brown or black food respectively in the 
midgut and hindgut and produced brown or black faeces. However, on mixing 
equal volumes of MilO cysteine and MIlO metal salts in either maleinate buffer 
at pH 6.9 (Smits 1947) or, if the buffer was incompatible, in water, cobalt 
produced a soluble dark brown reaction product and sodium tellurate slowly 
formed a finely divided black precipitate. Sodium tellurite produced initially 
a pale yellow precipitate that later blackened. Salts of other metals produced 
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white or nearly white precipitates (e.g. Zn, Cd, Sn, Pb, Hg, Ag) or lightly 
coloured or colourless solutions (e.g. Ni, Mn). Copper produced a light grey 
precipitate and iron a hydroxide-like precipitate, sometimes preceded by a 
transient blue colour. The implication is that metal-cysteine reactions may 
occur in the digestive tract of dermestid larvae, in contrast with sulphide forma­
tion, which is the predominant reaction in Tineola. Where the compounds are 
light in colour (all elements tested except cobalt and tellurium) the uric acid 
and other materials present in the faeces mask their colour and the faeces 
appear normal. 

A search in the literature revealed that cobalt forms several complexes 
with cysteine, the cobaltic complex 

(K2Co+++( OH) (-SCH2CH( NH2 )COO-h)2 
being the most stable, being soluble and having a dark, yellow-brown colour. 
The pH and oxidation-reduction potential in the dermestid midgut are such 
as to permit this stable complex to be formed. Its formation depends upon 
the presence in the complexing molecule of a - SH group and a - NH2 group, 
although there is some doubt whether a - COOH group is also involved 
(Albert 1952). Thus thioglycollic acid will produce a brown cobalt complex, 
but not cysteine ethylated at the - SH group. Cystine alone gives no colour 
reaction with cobalt (Michaelis 1929; Michaelis and Barron 1929; Michaelis 
and Yamaguchi 1929; Michaelis and Schubert 1930; Schubert 1931). It is 
highly probable that the dark brown colour produced in the dermestid gut 
following ingestion of cobaltous chloride is a complex formed with the cysteine 
or cysteine-peptides produced by digestion of keratin, particularly since the 
material responsible for the colour in the faeces was water-soluble as is the 
cobalt-cysteine complex produced in vitro (Kendall and Holst 1931; Shinohara 
and Kilpatrick 1934). 

The formation of a white crystalline mercury-cysteine complex from mer­
curic and mercurous salts and from metallic mercury is recorded (Barron, 
Flexner, and Michaelis 1929), as is also a red, weakly coloured (in dilute solu­
tion) nickel-cysteine complex (Michaelis and Barron 1929). Iron, copper, 
and manganese catalyse the oxidation of cysteine to cystine by the formation 
of complexes (Michaelis 1929; Michaelis and Barron 1929), but there is no 
indication that highly coloured stable complexes are ever formed with these 
metals. The results of feeding metals to dermestid larvae, therefore, are con­
sistent with the hypothesis that metal-cysteine reactions occur in the midgut. 

Little information is available on the nature of the black material formed 
by feeding sodium tellurite, although it may be metallic tellurium, since this 
substance is readily reduced to the elell).entary condition. After larvae had 
fed on the tellurium fabric for some time a small zone of cells at the anterior 
end of the midgut sometimes became dark with accumulated material. How­
ever, the amount accumulated was too small to permit histological localization 
in the cell. Where food was present in the foregut, it was black, and mixing 
of the contents of the foregut and midgut by peristaltic and anti-peristaltic 
action could sometimes be observed. When larvae were fed on ferric chloride 
fabric and tested by the Prussian blue reaction, ferric iron could be demon­
strated throughout the midgut, there being no regular zones in which par­
ticularly large concentrations appeared. 



DIGESTION OF WOOL BY INSECTS. VII 453 

(g) Comparison of Cysteine Breakdown in Dermestid and Tineola Larvae 

From evidence presented above and by Waterhouse (1952a) it appears 
that hydrogen sulphide is produced at least transiently by Tineola larvae, but 
not by dermestid larvae, its source being the cysteine formed by digestion of 
keratin. A greater degree of degradation of cysteine in Tineola than in der­
niestids is supported by the analyses of Powning (unpublished data), who 
found that piceus faeces contain about 12 per cent. cystine, compared with 
6-7 per cent. for Tineola larvae. 

This difference in capacity for cysteine breakdown may be due to the 
possibilities that H 2S is liberated at pH 10 (in Tineola) but not rapidly enough 
(or not at all) at pH 7 (dermestids) to produce visible sulphide formation, 
or that Tineola larvae possess a desulphydrase capable of splitting off H2S 
from cysteine (Fromageot 1951; Symthe 1945), but that this is absent or very 
weak in dermestid larvae. Irrespective of the presence of a desulphydrase it 
is highly probable, from what is known of the ease of cleavage of carbon­
sulphur bonds (Tarbell and Harnish 1951) that cysteine and cysteine peptides 
would liberate H 2S very much more readily at pH 10 than at pH 7. How­
ever, there is some evidence that splitting of H2S in Tineola larvae is, in part, 
under enzyme control. It is known that cysteine desulphydrase is completely 
inhibited by O.OOlM (or less) hydroxylamine or semicarbazide (Lawrence and 
Symthe 1943). When Tineola larvae were fed on woollen fabric that had 
been soaked in a 10 per cent. solution of either inhibitor plus 5 per cent. nickel 
sulphate, some nickel sulphide was produced in the midgut and appeared in 
the goblet cells and in the faeces. 

However, the amount of nickel sulphide produced was distinctly less, 
and the colour of the faeces far lighter, than in controls on nickel sulphate 
alone. Larvae fed on inhibitor plus lead acetate fabric showed a similar, but 
less marked inhibition of sulphide formation. When Tineola larvae were fed 
on silk that had been immersed in solutions containing 5 per cent. nickel sul­
phate and 1 per cent. cysteine hydrochloride, or 3 per cent. methionine or 
glutathione with and without 10 per cent. inhibitor, there was, once again, an 
indication of some inhibition of sulphide formation in the presence· of inhibi­
tors. In spite of the fact that larvae feeding on all inhibitor-treated foods 
produced fewer faeces than usual (and hence ingested less food and nickel 
sulphate) there were clear indications that sulphide formation was being inter­
fered with. Furthermore, since these experiments were carried out, the pre­
sence of a desulphydrase has been demonstrated in vitro using extracts of 
Tineola larvae (Powning, unpublished. data). 

The results with silk and sulphur compounds suggest that there is more 
than one H2S-splitting enzyme present, since cysteine desulphydrase is unable 
to split H2S from methionine (Fromageot 1951). Alternatively the enzyme 
may be a non-specific desulphydrase unless the methionine and glutathione 
are first transformed to cysteine in the larval midgut before H 2S is split off, 
which is improbable. 

Lower concentrations of inhibitor (5 or 1 per cent.) produced progressively 
less marked effects. This is possibly due to the fact that the inhibitors may 
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easily combine with other compounds in the"larval gut and may not be avail­
able for desulphydrase inhibition. The continued production of small amounts 
of sulphide in the presence of inhibitor either indicates that inhibition is in­
complete or that a significant amount of H 2S is liberated under the alkaline 
conditions (pH 10) by a purely chemical reaction without the intervention 
of an enzyme. 

( h) Digestion of Silk 

Raw silk thread consists of two homogeneous strands of water-insoluble 
silk fibroin (forming some 75 per cent. of the fibre) cemented together and 
surrounded by sericin. Sericin may be separated into three components, two 
(sericins A and B) being water-soluble and the third (sericin C) water­
insoluble. Sulphur-containing amino acids have not been detected in silk, 
although there is a small amount of inorganic sulphide associated with sericin 
C (Shaw and Smith 1951). 

Ever since the work of Abderhalden (1925) it has been believed that 
larvae of Anthrenus museorum are capable of digesting silk. However, there 
are several features about his experiments that throw doubt on the validity 
of this claim, at least so far as silk fibroin is concerned. Firstly, Abderhalden's 
analyses, which showed the sulphur content of his museorum larvae to be 
0.5 per cent., suggest very strongly that the silkworm cocoons on which they 
were bred were contaminated by other materials. It is possible that they 
may even have contained dead pupae. Secondly, he was unable to detect 
microscopically any digestion when silk was incubated with larval digestive 
juices, although digestion "appeared" to occur if the silk was first ground 
as finely as possible. Thi~dly, it seems highly probable, in view of their well­
known sterol and vitamin requirements, that the silk on which the Anthrenus 
larvae thrived for several generations was' contaminated by other materials, 
which would not only supply growth factors, but may also have provided the 
proteins etc. required for development. More reasonable are Abderhalden's 
statements that larvae would not develop on pure silk fibroin or on . Canton silk. 

When australis larvae were transferred to degummed silk (i.e. sericihs A 
and B had been re'moved) they ingested it readily. Microscopical examination 
under ordinary and polarized light failed to reveal any indicati()n that the 
fibres had been attacked by digestive enzymes. The faeces consisted almost 
entirely of undigested silk, which showed many 'signs of mechanical damage 
caused during ingestion, but their size and form, includirig indentations 
caused by incomplete severing of the fibre by the mandibles, appeared to be 
identical in the midgut and in the faeces. Similar results were obtained with 
larvae feeding on clean, empty silkworm cocoons on which they lived many 
months without increasing in size and produced large numbers of faeces co~­
sisting mainly of undigested silk. In view of the high content of tyrosine in 
fibroin (some 10 per cent.) it seemed possible that, if digestion of silk occurred, 
any tyrosine in excess over metabolic needs would appear in the faeces, jnst 
as cystine is present after feeding on keratin (Powning, unpublished data). 
However, a Millon's test on a O.IN HNOa extract of faeces from silk-fed larvae 
indicated that tyrosine was absent. There is thus no evidence yet available 
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to indicate that silk fibroin is digested, whereas there is good evidence that 
certainly no more than a minor amount of digestion takes place. 

The position with regard to sericins A and B is rather different. Because 
of their water solubility they would be expected to be removed from the raw 
silk fibre during passage through the alimentary tract. It remains, however, 
to be shown whether the water-soluble sericins are actually degraded by the 
digestive enzymes although their amipo acid composition (Shaw and Smith 
1951) suggests that this is probable. On the other hand, Duspiva (1950) found 
that, although the sericinase-containing fluid regurgitated by the silkworm 
moth just before emergence dissolved the sericin and softened the silk, very 
little breakdown of sericin could be detected. 

The position may be summa~ized, therefore, by saying that, whereas der­
mestid larvae may be able to obtain some nourishment from the water-soluble 
constituents of raw silk, they do not appear to be able to digest processed silk 
(sericin C + fibroin), which forms the great bulk of the raw silk fibre. Avail­
able evidence indicates that this statement applies equally well to larvae of 
the clothes moth, T. bisselliella. 

IV. DISCUSSION 

It is clear from these experiments that some species of dermestid larvae 
are capable of digesting wool and that, although the basic mechanism of diges­
tion (reduction followed by enzyme attack) is similar to that in Tineola larvae, 
there are some notable differences in digestive physiology. 

The histology of the midgut is simple, without differentiation into zones 
as in Tineola. Tracheationof the midgut is virtually absent in australi~ and 
verbasci, but in piceus is comparable with that of Tineola, which has relatively 
poor midgut tracheation (Day 1951b). This is not surprising since it would 
be difficult to conceive how intensely reducing conditions could be maintained 
in a midgut which is well oxygenated by means of a plentiful tracheal supply. 

Some notable differences are evident when the present results for the pH 
of midgut contents are compared with those for Tineola larvae (\Vaterhouse 
1952b ). Firstly, no regions of varying pH were detected; secondly, there was 
no visible accumulation of indicator in the midgut epithelium of dermestid 
larvae; and thirdly, the midgut pH was very much less alkaline, falling within 
the range 6.8 to 8.2, compared with 9.8 to 10.0 for the most alkaline region of 
the midgut of Tineola. It appears that midgut pH may be more characteristic 
of the taxonomic group (although not necessarily 6f the order) to which a 
species belongs than of any unusual food habits possessed by individual 
species (Waterhouse 1949). 

On the other hand, the midgut potential of - 190 to - 230 m V. is not 
very different from - 250 to - 280 m V. recorded for Tineola (Waterhouse 
1952b ). There is no reason to doubt that woo] is effectively reduced at pH 7 
and - 200 m V. in the dermestid midgut and it is possible that the materials 
responsible for the reducing conditions may also activate the proteolytic 
enzymes present. Lennox (1952), for example, has found that hydrosulphite 



456 D. F. WATERHOUSE 

is less effective than bisulphite in promoting the digestion of wool by papain­
urea in neutral solution although it is the stronger reducing agent. 

It appears therefore that, in dermestid larvae, the disulphide bonds of wool 
cystine are rapidly reduced under the neutral reducing conditions encountered 
and that cysteine or cysteine peptides are formed as a result of the simultaneous 
action of proteolytic enzymes. The occurrence of this process is supported by 
the demonstration of an intensely positive nitroprusside reaction in the wool 
undergoing digestion. 

There is good evidence that the breakdown of cysteine does not proceed 
as far in dermestid larvae as in l'ineola larvae. In Tineola larvae, H 2S is pro­
duced in the midgut (partly chemically and partly enzymically) as can be 
shown by. the formation of characteristically coloured sulphides from metals 
ingested with their food (Waterhouse 1952a). In view of the greater insolu­
bility of most metal sulphides than their cysteine complexes, it is unlikely that 
appreciable quantities of metal-cysteine compounds are formed in the Tineola 
midgut in spite of the fact that cysteine is freely available, as evidenced by 
the presence of some 6-7 per cent. cystine in Tineola faeces (Powning, unpub­
lished data). In the majority of dermestid larvae no sulphides are produced. 
Coloured faeces are only produced by elements (Co or Te) that were found 
to form deeply coloured reaction products with dilute solutions of cysteine. 
The salts of most metals do not produce strongly coloured metal-cysteine com­
pounds and these resulted in the production of normally coloured faeces. 
Furthermore, although the figures cannot be compared directly, the fact that 
there is twice as much cystine in piceus faeces as in Tineola faeces (Powning, 
unpublished data) lends support to the belief that, in dermestid larvae, 
cysteine is not utilized to the same extent as in Tineola larvae. 

The small proportion of dermestid larvae (both australis and piceus) that 
produce faeces apparently containing metal sulphides poses some interesting 
problems. Insufficient larvae have been detected so far to determine whether 
their midgut pH is higher than usual (i.e. whether this group is also responsible 
for the few pH records of about 8.0) and hence approaches more closely that 
of Tineola larvae. The differences in cysteine breakdown by Tineola and der­
mestid larvae and possible sulphide formation in occasional dermestid larvae 
are under investigation. 

It is apparent from the absence of mortality after feeding on fabrics con­
taining lead, mercury, etc. that dermestid larvae are capable of detoxifying 
many metals, .although this problem has not been investigated specifically. 
Where detoxification occurs the process is somewhat analogous to that of 
Tineola larvae. Instead of insoluble sulphides being produced the metals form 
undissociated complexes with cysteine or cysteine p.eptides, which are either 
insoluble or, if soluble, exert less toxicity than the metal in ionized form. It 
is interesting that this detoxification appears to be no less effective than that 
in Tineola larvae, although fewer compounds have been investigated. How­
ever, it is possible that the long period of starvation dermestid larvae are able 
to survive may account for the low mortality produced by some of the treated 
fabrics. 
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EXPLANATION OF PLATE 1 
Fig. I.-An area typical of the most richly trachea ted portion of the midgut of A. piceus. 

. Dark field. 

Fig. 2.-Typical tracheation of A. piceus midgut of starved larva, showing portion of con­
tracted peritrophic membrane. Dark field. 

Fig. 3.-0ne of the occasional tracheae supplying the midgut of An. verbasci showing coil­
ing of tracheoles. Dark field. 

Fig. 4.-L.S. midgut of An. australis larva showing simple epithelium, regenerative nidi, 
peritrophic membrane, and food in lumen. Mallory. 

Fig. 5.-T.S. midgut of An. australis larva showing epithelium and peritrophic membrane 
in more detail. Mallory. 

Fig. 6.-T.S. midgut of An. verbasci larva showing nuclei of epithelium, striated border, and 
fragment of peritrophic membrane. Bodian. 
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