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Some insect larvae have a remarkable ability to digest and utilise keratin, i.e. highly cross-linked protein material.
Extensive investigations about the digestive mechanism of these insects have already been carried out but the actual
course of keratin digestion by the insect pests is still under discussion. Investigations of moth and beetle excreta by
amino acid analysis and polyacrylamide gel electrophoresis should shed more light on this subject. The present paper
describes such comparative studies of larval faeces excreted after feeding with non-mothproofed and mothproofed
wool, using low concentrations of two stomach poisons as moth- and beetle-proofing agents. It has been found by
amino acid analysis that all excreta examined contained a mixture of peptides and free amino acids. Most of the moth
excreta were rich in free cystine and histidine whereas the beetle excreta contained much free cystine and arginine.
Only the brown house moth (Hofmannophila) proved exceptional in this respect. Gel electrophoretic analysis of
excretq proteins showed a different pattern of breakdown of wool proteins by the principal wool pests. The
electrophoretic patterns permitted a differentiation between the types of larvae.

INTRODUCTION

The ability of some insect larvae to break down keratinous
material is certainly unusual, and extensive research on
exploring the digestion of these insects has already been
carried out, e.g. by Linderstréom-Lang and Duspiva [1],
Day 2], Waterhouse [3], and Powning and Irzykiewicz [4}].
The general assumption concerning the digestive mechan-
ism of wool pests is that proteins with disulphide cross-
linkages need to be reduced or modified before enzymatic
digestion of the separated protein chains is possible.
Waterhouse [ 3] investigated the specific conditions in the
larval gut of the genera Tineola, Aftagenus and Anthrenus;
an alkaline pH mid-gut was shown to be generally charac-
teristic of all Lepidoptera and not just those digesting kera-
tin. The pH of the wool-digesting dermestid larvae
Attagenus and Anthrenus was found to be near neutral. So
digestive juices may facilitate wool digestion but probably
play no crucial part in this process. The ability to maintain
reducing conditions in the mid-gut juices is the only unusual
feature known to be common to keratin-digesting insects; as
far as is known the mid-gut juices of other insects are
oxidising. The very low redox potential in the Tineola mid-
gut has also been found in dermestid larvae of other
keratin-digesting insects. This can partly explain their spe-
cial ability to utilise keratin as food. Complex mixtures of
proteinases and peptidases were found in the digestive tract
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of Tineole and some of them were characterised by
Ward [5].

The effect of selected diets on the mid-gut protease activ-
ity of beetle larvae has been investigated by Baker [6]. Thus
many investigations on exploring the digestive mechanisms
of some wool pests, especially Tineoia larvae |5], have
already been undertaken, but the actual course of digestion
still raises questions.

A wide range of commercial moth- and beetle-proofing
agents enables the effective control of keratin-digesting
pests, though there still remain some unsolved problems,
e.g. in the methods of application of the different products
and their biologically active ingredients | 7]. The efficacy of
mothproofing agents yaries with respect to the wool pest,
e.g. Hofmannophila larvae cannot be controlled by
economic application levels of the stomach poisons chlor-
phenylid and sulcofuron, whereas pyrethroids have proved
to be extremely effective against this pest [8]. Furthermore
pyrethroids are much more active to Tineola than to certain
species of Anthrenus {9].

It has been well established that keratin-digesting insects
can develop a resistance to certain mothproofing
agents {10.11]. So an investigation of the influence of
mothproofing on the digestion of woocl pests could be a
useful tool in elucidating these problems, Fundamental
research activities, aimed at a better understanding of the
biology and physiology of wool-eating insect pests, are
necessary to establish the exact biochemical mechanisms
involved, enabling environmental problems to be tackled in
novel ways [12]. A broader analytical study of moth- and
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beetle-type faeces excreted after digestion of mothproofed
and non-proofed wool, with regard to the breakdown of
woal proteins by the main keratin pests, is reported in this

paper.

EXPERIMENTAL

Source of excreta

Larval excreta separated from wool fragments were
obtained from Ciba—Geigy cultures of Tineola bisselliella
Hummel (webbing clothes moth), Tinea translucens
Meyrick (case-bearing clothes moth), Hofmannophila
pseudospretella Stainton (brown house moth), Anthrenus
flavipes Le Conte and Anthrenus flavipes var. seminiveus
Casey (furniture carpet beetles) and Attagenus piceus
Olivier (black carpet beetle). Anthrenus flavipes var. semi-
niveus Casey is a colour vartety of Anthrenus flavipes Le
Conte.

Wool fed to larvae

Undyed standard wool fabric (as usually taken for biological
screening assays at Ciba—Geigy) was fed to larvae to obtain
excreta derived from non-mothproofed wool. The same
fabric, treated with low concentrations of chlorphenylid or
sulcofuron (in the range of the minimum effective concen-
trations for the different type of larva and moth- and
beetle-proofing agent) was fed to larvae to obtain excreta
derived from mothproofed wool. All wool samples were
administered without yeast impregnation {12].

Application and analysis of moth- and beetle-
proofing agents

Chlorphenylid (Eulan U33, BAY) and sulcofuron (Mitin FF,
CGY) were applied to wool fabrics by exhaustion from a
blank dyebath. The amounts of mothproofing agent on
wool were determined by established methods [8,12].

Amino acid analysis

Amino acid composition and protein content of the excreta
and of the wool fabrics fed to larvae were obtained by total
acid hydrolysis. The content of free amine acids was investi-
gated by extraction of aliquots of excreta with a buffer used
for the amino acid analysis. The amino acid compositions
were determined quantitatively on the analysers Biotronic
LC6000E and LC5000 by the method of Spackman, Stein
and Moore [131.
One-dimensional polyacrylamide gel electro-
phoresis

Excreta and woal fabrics fed to larvae were analysed by
SDS-polyacrylamide slab gel electrophoresis in a discon-
tinuous tris(hydroxymethyl)aminomethane/glycine buffer
systemn, according to their molecular weights. Samples were
prepared in SDS—buffer/mercaptoethanol mixture and
protein separation was achieved using a linear poly-
acrylamide gradient (7.5—17.5%) in a Bio-Rad Protean I
slab cell. The gels were calibrated with a mixture of standard
proteins and the proteins from the wool and the excreta on
the gel were located by Coomassie Blue staining [ 12].

RESULTS AND DISCUSSION

Amino acid composition
Comparative amino acid analyses of excreta from different
moth and beetle species have not previously been men-
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tioned in the literature. Meckel [ 14] attempted to determine
the influence of chromium-treated and untreated wool on
the feeding behavicur of the webbing clothes moth
{Tineola) by analysis of the acid hydrolysate of the moth
excreta. He could not find any protective effect of the
chromium-treated wool against Tineola. Powning [15]
investigated the amount of cystine in the excreta of Tineola
and of some dermestids by acid hydrolysis.

No results are at present available in the literature on the
determination of free amino acids in excreta. Amino acid
analysis of excreta from moth and beetle larvae, fed on
different treated wool fabrics, should allow the interpreta-
tion of the breakdown of wool in these test insects. For this
the amino acid compositions of the acid hydrolysates of the
excreta and of the waol fed to larvae were determined. Fora
better understanding of the processes that occur in the
digestive tract of the different insect species during the
breakdown of wool, the amino acid content of the excreta
was also analysed without acid hydrolysis. By this method it
was possible to determine quickly to what extent moth and
beetle larvae are able to break down wool proteins to
peptides and amino acids. Furthermore this method
showed which amino acids are absorbed or excreted by the
larvae.

The acid hydrolysates of the wool fabrics used in the
study {Table 1) were similar to those of the moth and beetle
type excreta (Tables 2—3), except that the amino acids were
present in different proportions. Except for the Hofman-
nophila excreta, all excreta proteins were found to contain a
high proportion of glycine and cystine. Generally the beetle
excreta contained more of these amino acids than those of
the moths. In many cases increased contents of histidine (in
the moth excreta), arginine and proline were found. In

TABLE 1

Amino acid compositions of the acid hydrolysates
of wool fabrics (untreated and treated with stomach
poisons) obtained by total acid hydrolysis

Composition (mol%)

Chlorphenylid ~ Sulcofuron

Amino acid Untreated treated treated
CysOgH 0.1 0.3 Q.4
Asp 6.6 6.5 6.5
Thr 65 6.9 7.0
Ser 11.3 119 12.1
Glu 12.2 130 13.1
Pro 6.8 59 6.5
Gly 9.2 8.5 8.6
Ala 58 5.8 58
Val 54 6.8 5.6
(Cys), 6.7 5.9 6.0
Met 0.4 0.4 0.4
lle 2.9 29 31
Leu 8.0 7.9 7.9
Tyr 4.0 3.8 39
Phe 32 29 2.8
Om

Lys 3.0 2.8 2.7
His 0.8 08 0.8
Arg 6.9 7.0 6.9
Lan 02 0.2 0.1
Protein content

in the acid

hydrolysate (wt%) 90.2 87.6 87.1




TABLE 2

Amino acid compositions of the acid hydrolysates
of the excreia of moth larvae fed on untreated (A),
chlorphenylid-treated (B) and sulcofuron-treated
(C) wools obtained by total acid hydrolysis

Composition (mol%)

Tineola Tinea Hofmannophila

Amino acid A B C A B C A B

CysOqH 28 22 21 07 08 06 06 0.6
Asp 48 49 49 55 52 64 6.8 6.6
Thr 44 49 55 59 57 67 6.7 7.3
Ser 84 69 91 85 97 105 114 116
Glu 7.5 6.8 93 101 100 121 127 152
Pro 77 66 85 o666 73 78 8.8 8.4
Gly 246 276 189 163 1ol 114 122 87
Ala 27 26 37 55 37 49 5.0 56
Val 25 49 50 4.3 4.7 6.1 58 4.6
(Cus)a 155 120 115 136 131 76 6.9 6.9
Met 02 02 02 04 04 0.3 0.2
lle 19 14 18 23 19 27 23 3.0
Leu 4.9 4.0 59 6.4 6.1 6.8 55 6.6
Tyr 13 10 12 19 17 21 2.6 25
Phe 1.6 28 26 25 24 26 1.8 2.0
Orn 19 03 02 0.1 0.1

Lys 2.5 1.9 2.2 2.8 2.4 2.8 2.8 2.7
His 42 54 25 21 28 20 1.6 0.7
Arg 21 26 43 48 46 59 53 6.2
Lan oy 17 09 04 12 07 0.8 0.5
Protein

content

(with) 21 23 32 43 46 51 33 56

(a) Chlorphenylid treatment: 0.1% o.w.f. (1.0% o.w f. for Hofmannophila)
{b} Sulcofuron treatment: 0.4% o.w.f

TABLE 3

contrast to this, the hydrolysates of Hofmannophila excreta
showed a fairly balanced breakdown of the amino acids in
the wool proteins. The protein contents of the hydrolysates
of excreta from larvae fed on untreated and treated wool are
summarised in Figure 1.
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Figure 1 — Protein content {in wt%) of the acid hydrolysates
of excreta, obtained by total acid hydrolysis

Amino acid compositions of the acid hydrolysates of the excreta of beetle larvae fed on untreated (A),
chlorphenylid-treated (B1 and B2) and sulcofuron-treated (C) wools obtained by total acid hydrolysis

Composition {(mol%)

Anthrenus (Casey) Anthrenus (Le Conte)} Attagenus

Amino acid A B1 B2 C A Bl B2 C A B1 B2 C

CysO3H 0.2 1.7 1.8 1.2 0.1 1.7 0.9 16 01 01 1.2
Asp 39 1.9 1.8 32 3.5 1.8 2.3 2.6 31 4.0 4.0 4.8
Thr 44 2.3 1.6 31 3.7 1.5 1.9 2.4 3.0 3.5 4.1 5.1
Ser 6.6 45 3.0 4.4 6.0 2.7 34 3.3 43 53 6.0 7.0
Glu 7.5 4.4 29 50 6.2 2.0 3.0 3.4 48 53 59 7.9
Pro 37 1.1 3.0 33 38 0.9 1.7 2.7 3.6 3.7 4.1 54
Gly 30.4 52.7 55.9 423 385 61.7 55.8 49.6 395 34.5 32.7 27.8
Ala 2.9 1.8 1.8 25 2.7 1.6 2.0 19 22 3.0 3.3 35
Val 34 1.5 0.7 2.7 29 0.7 0.9 2.4 2.4 3.3 3.3 4.6
{Cys)y 17.2 147 18.0 129 175 18.2 204 158 23.0 24.2 22.1 12.7
Met 0.2 0.1 0.2 0.1 0.1 0.2
lle 1.6 1.4 0.7 1.3 1.4 05 0.7 1.0 1.3 14 1.6 2.0
Leu 39 3.3 1.8 31 3.5 1.4 1.6 22 2.8 36 3.9 4.9
Tyr 1.7 1.3 0.6 1.0 1.4 0.5 0.7 0.7 1.5 1.7 1.6 1.5
Phe 1.3 1.3 0.6 1.7 0.9 0.5 0.7 1.4 0.9 1.3 1.0 2.2
Orn 0.1 0.1 01 0.2 0.2 0.1
Lys 1.6 1.6 10 1.7 1.4 1.0 1.3 2.1 2.1 1.8 1.8 2.7
His 0.6 0.4 0.3 0.8 0.5 0.3 0.4 0.7 0.6 0.6 0.6 0.8
Arg 8.4 3.6 4.0 9.1 59 21 22 57 4.3 25 3.7 5.0
Lan 0.3 0.1 0.4 0.4 0.2 0.7 0.2 05 09 0.1 0.2 0.5
Protein content (wi%) 53 47 41 48 55 39 40 41 41 33 33 42

(a) Chlorphenylid treatment: B1 0.1% o.w.f.. B2 0.2% o.w.f.
(b} Sulcofuron treatment: 0.4% o.w f.
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In general the acid hydrolysates of the excreta were
shown to have a lower protein content (20—56% protein by
weight) than that of the wool fabrics fed to the larvae
(87-90% protein by weight). Tineola excreta contain very
low amounts of protein. Similar amounts of proteins were
found in the excreta of both Anthrenus species. Effects
specific to the kind of species and wool treatment seem to be
important in this case.

Peptide-bound and free amino acids were determined by
the total acid hydrolysis method. The amino acid values
were not corrected for decomposition during hydrolysis.
Also the protein content of the acid hydrolysates was always
lower than that of the wool fabrics or the excreta them-
selves. Qver the period of acid hydrolysis at least 10% of the
amino acids were degraded [12|. Additional information
relating to completeness of the digestion was obtained by
determination of the content of free aminc acids in the
excreta of the moth and beetle species; the method for
determination of free amino acids used has been described
elsewhere [ 12].

The excreta were found to consist of 1-19% by weight of
free amino acids (Figure 2). These percentages of free
amino acids are included in the protein content values given
in Figure 1, and should be subtracted to obtain the amounts
of peptide-bound amino acids in the excreta.
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Figure 2 — Total content (in wt%) of free amino acids in
faeces, excreted by larvae after feeding on untreated and
treated wool (for key see Figure 1)

The amounts of individual free amino acids in the faeces
of larvae after feeding on untreated or treated wool are
shown in Figures 3—5. Only those amino acids present in
amounts greater than 5 mol% (based on total weight of
excreta) are shown. Faeces of moth and beetle larvae
excreted after feeding on untreated wool (Figure 3) contain
a high proportion of free cystine, except for those of Hof-
mannophila. Significant amounts of histidine and proline
{the latter in Hofmannophila excreta) are also present as
free amino acids in the moth excreta, although relatively
little arginine is present, the opposite is the case with the
beetle excreta. In addition to these analyses, the amounts of
free amino acids in faeces excreted by larvae after feeding
on chlorphenylid-treated (Figure 4) and sulcofuron-treated
(Figure 5} wool were determined. In this way the influence
of small amounts of stomach poisons of two different types
on the digestive system of the insect larvae could be
examined. Very low concentrations of feeding poisons have
been shown to be sufficient for influencing or inhibiting the
mechanisms by which the digestive enzymes act in the
insect gut [7]. Changed amino acid compositions of those
excreta would be expected. In the excreta of the larval
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Figure 3 — Content (in moi%) of free amino acids in faeces
excreted by larvae after feeding on untreated wool
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Figure 4 — Content (in mol%) of free amino acids in faeces
excreted by larvae after feeding on chiorphenylid-treated
wool (0.1% o.w.w., 1.0% o.w.w. for Hofmannophila) (for
key see Figure 3)
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Figure 5 — Content (in mol%) of free amino acids in faeces
excreted by larvae after feeding on sulcofuron-treated wool
{0.4% o.w.w.) (for key see Figure 3)



species fed on the two differently treated wools similar
behaviour with regard to the absorption or excretion of free
amino acids was found (Figures 4 and 5) as with the excreta
of larvae fed on untreated wool (Figure 3). But effects
specific to individual species and wool treatments seem to
be important, see, for example, the composition of Hof-
mannophila excreta after feeding on differently treated
woo! fabrics.

The amounts of free cystine for all examined excreta from
larvae fed on untreated and treated wools is summarised in
Figure 6. Generally the beetle excreta contain more free
cystine than the moth excreta, although Hofmannophila
excreta contain virtually no free cystine.
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Figure 6 — Content {in mol%) of free cystine in faeces
excreted by larvae after feeding on unireated and treated
woo! {summary of the Figures 3-5)

The results of amino acid analyses of the excreta can be
summarised as follows. In the excreta of moth and beetle
species, after feeding on untreated or treated wool, a mix-
ture of peptides and free amino acids was found. Further-
more nitrogenous degradation products such as urea and
ammonia were identified, although some peaks in the
amino acid chromatograms could not be interpreted defini-
tively. The amino acid compositions and the total balance of
peptide-bound and free amino acids in the excreta showed
that absorption and excretion of the amino acids varied
according to the test insect used and the wool fabric fed. The
amino acid compositions of the faeces of larvae fed on
chlorphenylid- or sulcofuron-treated wocl, compared with
those fed on untreated wool, displayed a somewhat differ-
ent pattern of keratin breakdown. With the exception of
Hofmannophila, all larvae excreted a large amount of cys-
tine as peptide-bound and free amino acid. As the sulphur
content of the wool keratin is in great excess of the nutri-

tional requirements of the larvae | 3|, much of it should be
excreted. Powning | 15] has already found that the sulphur
from digested wool was excreted mainly as cystine rather
than as sulphate. Recent investigations have tended to con-
firm and supplement his results.

In the digestive tract of the larvae certain enzymes are
thought to be able to eliminate cystine, histidine and
arginine, but until now such enzyme systems have not been
investigated. Furthermore it could be possible that the di-
sulphide bonds of wool, because the different pH condi-
tions in the larval gut | 3], are first reduced and then reoxid-
ised, possibly under the simultaneous influence of digestive
enzymes. So a cysteine—cystine reoxidation may occur in
the hind-gut of the larvae before the faeces are excreted;
nor can reoxidation by air after excretion of the reduced
wool be excluded. High concentrations of cystine in the
excreta may also point to the fact that wool fractions with a
high cystine content, e.g. the exocuticle, are more difficult
for the larvae to digest than the components of wool that are
low in sulphur. This seems also to be confirmed by recent
scanning electron microscopic investigations of the ex-
creta |12} Additional trials involving feeding larvae with
different components of the woal and subsequent amine
acid analysis of their excreta should throw further light on
this area.

In comparison with the excreta of other larval species, the
composition of Hofmannophila excreta showed another
pattern of digestion. Smaller concentrations of cystine, prac-
tically exclusively peptide-bound, were extracted. Obwvi-
ously the Hofmannophila larvae possess a different
biochemical digestive system. This could be an explanation
for their relative insensitivity to normal concentrations of
stomach poisons |8]. Hofmannophila larvae are many
times bigger than the other types of moth larvae, and their
aggressive feeding behaviour has been demonstrated | 8].
These factors probably influence the different amino acid
composition of their faeces.

Polyacrylamide gel electrophoresis (PAGE)

As a sensitive analytical method, polyacrylamide gel elec-
trophoresis is suitable for the comparison of protein frac-
tions as well as for the detection of protein damage, etc.
Particularly for the investigation of skin and fibrous proteins,
PAGE represents an essential separation method [16,17].
For one-dimensional SDS-PAGE several systems have
been described, with the Laemmli system | 18] proving a
suitable method, especially for the separation of keratins. In
this paper SDS—PAGE investigations of excreta proteins
from larvae fed on different treated wool fabrics are
described. The aim was to examine to what extent the
larvae break down the wool proteins and how much
keratinous material is excreted unchanged {with regard to
molecular weight) after the digestion. Such investigations
have not previously been conducted.

Separation of the §-carboxymethylated excreta proteins
in the SDS—PAGE system was not successful. A possible
reason for this may be that the protein fragments excreted
by larvae are too small to be separated by a gel gradient of
7.5—17.5% acrylamide. This gradient only separates pro-
teins with molecular weights down to about 10000. On the
other hand, a repulsion between the anionic dye Coomas-
ste Blue and the S-carboxymethylated proteins, because of
the negative charge on the carboxylic acid groups intro-
duced by S-carboxymethylation, may occur and inhibit the

JSDC Volume 103 May/June 1987 217



detection of the excreta proteins by this dye. Therefore the
excreta proteins were extracted in SDS—sample buffer/
mercaptoethanol mixture and further analysed in the thiol
form. The Laemmli method, as modified by Bowden [19],
was found to be very effective for the separation of excreta
proteins. The electrophoretic patterns of the SDS-soluble
proteins of excreta, as well as of the wool fabric fed to larvae,
are shown in the Figures 7 and &

A P i £

1 — Fed on chlorphenylid-treated wool
2 — Fed on sulcofuron-treated wool
3 — Fed on untreated wool

Figure 7 — Electrophoretic patterns of SDS-soluble proteins
from wool fabric fed to larvae (B}, and from excreta of Tinea
(C), Tineola (D) and Hofmannophila (E} moths (standard
proteins 94000-14400 mol.wt (A))

1 — Fed on untreated wool
2 — Fed on sulcofuron-treated wool
3 and 4 - Fed on chlorphenylid-treated woot

Figure 8 — Electrophoretic patterns of SDS-soluble proteins
from wool fabric fed to larvae (A), and from excreta of
Attagenus (C), Anthrenus Casey (D) and Anthrenus Le
Conte (E) beetles (standard proteins 94000—-14400 mol.
wt (B))

Gel electrophoretic separations of excreta proteins (thiol
form) by SDS—PAGE show protein bands of different
intensities that are stainable by Coomassie Blue; the bands
are in the molecular weight range of 12000 to 64000.
However, protein components of lower molecular weights
that are not detectable in this gel electrophoretic system,
cannot be excluded. With the help of this analysis a differen-
tiation between the larval species is possible. The excreta
proteins of all the species show reproducible and individual
electrophoretic patterns, with all having protein bands sug-
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gesting similar molecular weights. One or more bands stain-
able by Coomassie Blue, specific to the larval species were
found for the moth species around molecular weight 26 000
{(Figure 7), for the furniture carpet beetles between 23000
and 33000, and for the black carpet beetle between 26 000
and 28000 (Figure 8). Altogether the electrophoretic pat-
terns of excreta proteins of the dermestids show more sepa-
rated protein bands than those of the moth species. The
protein patterns of the excreta and of the wool fabric fed to
the larvae show some identical protein bands, having
molecular weights partly in the range of low sulphur kera-
tins, i.e. in the range 40000 to 68000.

As can be seen from these patterns, only very small
amounts of the protein components of high molecular
weight {which are characteristic for wool proteins) are still
present in the excreta proteins. Thus it could be assumed
that the moth and beetle larvae have degraded these high
molecular weight proteins to a great extent. Additional
PAGE examinations are required to determine whether the
protein components of low molecular weight in the excreta
proteins arise from breakdown of the high molecular weight
wool proteins. Similar distributions of molecular weight in
the excreta proteins from larvae fed on treated and un-
treated wool suggest that woals to which low concentrations
of stomach-poison mathproofing agents have been applied
are digested by the larvae in the same way that they digest
untreated wool. Possibly the stomach poison influences
only the amount of wool digestible by the larvae. It may also
be possible that the concentrations of the feeding poisons
applied to wool are insufficient to allow a differentiation
between the patterns. On the other hand, the Coomassie
Blue staining may be too insensitive to differentiate differ-
ences in the protein patterns of excreta from treated and
untreated wool. This will be further investigated using a
more highly sensitive silver staining method.

Tineola (webbing clothes moth) and Tinea (case-bearing
clothes moth) are known as the most destructive keratin-
digesting insects, followed, in order of activity, by the An-
threnus dermestids (furniture carpet beetle) and by
Attagenus (black carpet beetle). The different breakdown of
wool proteins by the moth and beetle larvae is demons-
trated by the electrophoretic patterns differing from one
another. Two dimensional PAGE (the first dimension being
non-equilibrium pH gel electrophoresis, while the second
dimension is SDS—PAGE) has proved a suitable method for
the more specific characterisation of excreta proteins and
results are reported in full elsewhere [12].

CONCLUSIONS

Fundamental research work on the biological and biochem-
ical mechanisms enabling the larvae of several moth and
beetle species to break down wool and other keratinous
material is a prerequisite to the effective control of these
textile pests. Nowadays this is assuming greater importance
in view of the concern being expressed about the ecological
impact of biclogically active mothproofing agents. The
results presented in this paper demonstrate that amino acid
analysis and SDS—PAGE examinations of excreta proteins
are suitable methods for the characterisation of digested
mothproofed and non-proofed wools. All excreta contain a
mixture of peptides and free amino acids. Most of the moth
excreta are rich in free cystine and histidine and the beetle
excreta contain much free cystine and arginine. SDS—
PAGE investigations of excreta proteins demonstrate differ-



ences in the breakdown of wool proteins by moth and
beetle larvae. With the help of the gel electrophoretic
analysis of excreta proteins a differentiation between the
test insects is possible.
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