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Abstract. The previous findings that the group I and III mite allergens, and amylase present in mite faeces
are hydrolytic enzymes has prompted a study to determine whether this material contains other enzymes which
could be allergenic. Thus, spent growth medium devoid of whole Dermatophagoides pteronyssinus mites was
shown to contain glucoamylase, lipase and lysozyme in addition to the cysteine protease, serine protease and
amylase activities associated with the above allergens, respectively. All of these enzymes are probably associ-
ated with mite digestive processes. They were rapidly solubilised, heterogeneous with regard to charge (pl in
the range 4-8) and demonstrated maximum biochemical activity in the neutral pH range. Three serine prote-
ases were detected and comprised a chymotrypsin-like, a trypsin-like and an unclassified enzyme with pI of 4.1
and 5.3, 8.5 and 7.1, respectively. Only one cysteine protease was observed, which paralleled immunochemically
identified Der p I in a variety of assays. It was shown to cleave at lysyl residues and could be inhibited by the
specific cysteine protease inhibitor, E-64. The remaining serine proteases, glucoamylase, lipase and lysozyme

represent potential allergens.

Introduction

Allergy to the house dust mite has been shown to
be associated with both childhood and adult asthma,
and many studies have been devoted to the character-
isation of the allergens involved. Recently, a major al-
lergen, designated Der pl, from the clinically impor-
tant mite Dermatophagoides pteronyssinus was cloned
(1] and homology searches using the sequence data
obtained indicated it was a protease belonging to a
group of enzymes which have the amino acid residue
cysteine as an integral part of their catalytic site. Puri-
fied Der p I was later shown to be proteolytically ac-
tive [2] but only after treatment with a reducing re-
agent such as dithiothreitol (DTT) or cysteine, a char-
acteristic feature of such enzymes. Subsequent
analyses have demonstrated the presence of such an
enzyme in house dust samples which correlated with
immunochemically determined concentrations of
Derp 1 [2].

More recently, N-terminal amino acid sequence
analyses of the mite allergen Der f III from Derma-
tophagoides farinae [3] and its equivalent, Der p III,
from D. pteronyssinus [2] showed that they demon-
strated approximately 50% homology with the inver-
tebrate and vertebrate proteases trypsin and chymo-
trypsin [2]. These enzymes belong to the group of pro-
teases which have serine rather than cysteine in their
catalytic site and are, therefore, unrelated. Further
biochemical studies have suggested that proteases be-
longing to this class of enzymes are present not only
in extracts of D. pteronyssinus and D. farinae [2, 4, 5],
but also in house dust samples [2].

A variety of enzymes (including proteases) from
several species of mites have been previously de-
scribed. Initially, these data were derived from studies
designed either to determine the degree of trophic
specialization in the economically important storage
mites or to study the mite digestive system per se. In
this regard, extracts of Glycophagus spp., Acarus spp.
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and Tyrophagus spp. were shown to contain proteases,
esterases, lipase, glycosidases, cellulase, amylase, lyso-
zyme and chitinase [6-11}], but the determination of
the allergenicities of these enzymes has not been vig-
orously pursued.

Limited enzymatic analyses of mites from the ge-
nus Dermatophagoides [12-14] have been performed
and have revealed a similar array of enzymes. Sub-
sequently, the allergenicity of a sub-group of the en-
zymes present in D. pteronyssinus was evaluated in a
mite-sensitive population. However, in this study, the
enzyme esterase, acid and alkaline phosphatase, ami-
nopeptidase and a variety of glycosidases appeared to
be non-allergenic [14].

Further investigation of other mite enzymes and
their allergenicity seem warranted, particularly those
involved in mite digestion. Such enzymes are likely to
be present in mite faeces and, therefore, respirable.
The studies described in this report detail enzymatic
analyses of extracts prepared from material devoid of
whole mite bodies, but enriched for mite faeces, as a
prelude to a study of their potential allergenicity. In
addition, the number and properties of the mite pro-
teases, particularly those belonging to the serine class,
were assessed, as were the distinguishing properties
of mite amylase and glucoamylase.

Materials and Methods

Mite Extracts, Patient Sera and Chemicals

Spent growth medium (SGM), devoid of whole D. pteronyssi-
nus mites, and unused growth medium were kindly provided by
Commonwealth Serum Laboratories (Parkville, Australia). Ex-
tracts of these materials together with Derp 1 were prepared as
described previously [15], except where stated. General chemicals,
synthetic protease substrates, protease inhibitors and enzymes
were purchased from Sigma (St. Louis, USA) except where other-
wise stated.

Enzyme and Enzyme Inhibition Analyses

Protease

Non-Specific Substrates. Protease activities were determined
using a non-specific, insoluble diazotized collagen substrate (Azo-
coll; Calbiochem, Sydney, Australia) [16]. Cysteine protease activ-
ity was determined after activating the samples with DTT. The re-
sults were expressed as OD 520 nm.

Specific Substrates. Specific tryptic and chymotryptic activities
were determined using the synthetic arginine substrates N-a-ben-
zoyl-DL-arginine p-nitroanalide (BAPNA) and toluenesulphonyl-
L-arginine methyl ester (TAME) and N-benzoyl-L-tyrosine ethyl
ester (BTEE), respectively [17). In addition, the capacity of mite
proteases to cleave at lysyl residues was assessed using N-carbo-
benzoxy-L-lysine nitrophenol ester (CLN) [18].

Protease Inhibitors. A variety of serine protease inhibitors were
used to assess the complement of proteases in SGM. The inhib-
itors included aprotonin (Trasylol; Bayer, Botany, Australia),
phenylmethylsulphonyl fluoride (PMSF), soybean trypsin inhib-
itor (SBTI) and benzamidine (which, in contrast to the former in-
hibitors, reacts only with trypsin-like enzymes). The capacity of
the cysteine protease inhibitor, trans-epoxysuccinyl-L-leucyl ami-
do-(4-guanidino) butane (E-64) [19], to inhibit protease activity
was also investigated.

Amylase (EC 3.2.1.1)

Amylase activity was assessed using agarose containing 0.25%
(w/v) soluble potato starch [11]. The activity was determined by
reference to a standard curve constructed with SGM previously
standardised using a commercial assay (Phadebas; Pharmacia Di-
agnostics, Sydney, Australia) according to the manufacturer’s in-
structions. The results were expressed in U/l of samples or U/mg
of protein.

Glucoamylase (EC 3.2.1.3)

Glucoamylase (1,4-a-D-glucan glucohydrolase) activity was de-
termined by measuring the release of glucose from 0.6% (w/v) sol-
uble starch [20]. The glucose was determined by the glucose ox-
idase method [21] using commercial reagents (Trace Scientific,
Baulkham Hills, Australia). The results were expressed in units,
where 1U represented the release of 1umol glucose/min/ml of
sample.

Cellulase (EC 3.2.1.4)

Cellulase (1,4-B-D-glucan-4-glucanohydrolase) activity was de-
termined by measuring the release of glucose from 40 mg/ml (w/v)
microcrystalline cellulose (Merck, Darmstadt, FRG) at pHS.
Samples were incubated with cellulose and the glucose released
determined by the glucose oxidase method. The results were ex-
pressed in units where 1 U represented the release of 1 pmol glu-
cose/min/ml of sample.

Lysozyme (EC 3.2.1.17)

Lysozyme (N-acetylmuramoylhydrolase) activity was deter-
mined using agarose gels containing Micrococcus lysodeikticus
[22]. The concentration of lysozyme was determined by reference
to a standard curve constructed using hen egg lysozyme.

Chitinase (EC 3.2.1.14)

Chitinase (poly [1,4-B-(2-acetamido-2-deoxy-D glucoside)]-glu-
canohydrolase) activity was measured using the insoluble sub-
strate chitin-azure [23] suspended in 0.015M phosphate buffer
(pH 6.2). After incubation at 37°C, the samples were centrifuged
and the OD of the supernatants measured at 510 nm.

Lipase

The glycerol tributyrate-agar plate method [24] was used to de-
termine the presence of lipase. The data were expressed as the di-
ameter of lysis obtained in millimetres.

Determination of Enzyme pH Optima

The pH optima for mite serine and cysteine proteases were de-
termined using the appropriate enzyme fraction isolated by Se-
phadex G-75 (Pharmacia) gel filtration. The pH optima for mite
lysozyme (measured using a commercial assay: Testomar Lyso-
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Table 1. Biochemical and physicochemical characteristics of
mite enzymes

Enzyme pH optimum pl MW
Cysteine protease

(Derp 1) 7 5.8-7.5 25,134 [1]
Serine protease

(Der p 1II) 7-8.5 4.1-8.5 28,000-30,000

Chymotrypsin ND 41-53 ND

Unclassified ND 7.1 ND

Trypsin ND 85 ND
Amylase 6.4 4.3-6.8 52,000
Glucoamylase 6-7 4.5-6.9 52,000
Lysozyme 6.2 4.4->8 10,000
Lipase ND 5.3-6.3 52,000

MW data obtained from Chua et al. [1] and this study. ND =
Not determined. pH and plI data represent either discrete values
or ranges.

zyme Mono; Behring, Marburg, FRG) and glucoamylase were de-
termined using SGM.

Kinetics of Enzyme Release from SGM

Aliquots of SGM were incubated with gentle manual agitation
for varying periods of time (5 to 2 h) in the presence of 0.06 M
phosphate buffer (pH 6.4) containing 0.003 M Ca(Cl,. Elution was
stopped by immediately centrifuging the sample and removing the
supernatant. The supernatants were examined for the enzyme ac-
tivities described above (with the exception of lipase), and activity
plotted against time. The minimum time taken for the appearance
of maximum enzymic activity was then determined.

Gel Filtration Studies

SGM was fractionated by gel filtration on Sephadex G-75, and
the apparent molecular weights (MW) of the enzymes determined
as described [25] using the MW standards; bovine serum albumin
(BSA, MW 67,000), ovalbumin (OVA, 43,000), chymotrypsinogen
(25,500) and cytochrome C (11,700). Appropriate fractions were
pooled, dialysed and freeze-dried.

Analytical Methods

Determination of Isoelectric Point. Isoelectric points (pD) of en-
zymes were determined either by chromatofocusing or by iso-
electric focusing (IEF). Chromatofocusing was performed at room
temperature [26, 27] and IEF was performed using a preparative
electrophoresis cell (Rotophor; Bio Rad, Richmond, USA) at0°C
according to the manufacturer’s instructions. Appropriate frac-
tions were pooled, dialysed and freeze-dried.

Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis
(SDS-Page). SDS-Page analysis was used to determine the appar-
ent MW of the radiolabelled proteases and was performed essen-
tially as described [28]. The apparent MW of the proteins were de-
termined by reference to a standard curve constructed using: BSA,
OVA, glyceraldehyde-3-dehydrogenase (36,000), carbonic anhy-
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drase (29,000), trypsinogen (24,000), SBTI (20,100) and lactalby-
min (14,200).

Protease Labelling with 1,3-°H Di-Isopropyl Phosphofluoridate
(*H-DFP). The number and apparent MW of serine proteases
present in SGM were determined using *H-DFP (Amersham,
Amersham, UK), as described [29]. SGM was fractionated on Se-
phadex G-75 and three fractions were each labelled with 1.87 mBq
namely: a sample from the ascending region of the serine protease
peak, a sample from the descending region of the cysteine pro-
tease peak and a sample from a region containing both types of
protease activity. The labelled proteins in each fraction were as-
sessed by SDS-PAGE and autoradiography after processing using
fluor (Amplify; Amersham).

Organomercurial Affinity Chromatography

The capacity of the enzymes to bind to an organomercurial
coupled to Sepharose 4B via accessible sulphydryl groups was de-
termined as described [30] using SGM. Bound material was de-
sorbed with 20 mM cysteine-HCI. All fractions were examined for
enzyme activity as described above.

Immunochemical Methods

Derp 1 concentrations in column fractions were determined
either by fused rocket immunoelectrophoresis or single radial
immunodiffusion using a rabbit anti-Der p I antiserum (15).

Results
Proteases

Demonstration of Proteolytic Activity

Cysteine proteases generally require activation
with a reducing reagent such as DTT before enzymic
activity can be detected. The optimum concentration
of DTT required for maximum cysteine protease ac-
tivity expression in SGM was found to be to 1.5 mM.
Both cysteine and serine protease activities were de-
monstrable in SGM using a non-specific substrate, but
neither activity was detected in unused growth medi-
um. The pH optima for the serine and cysteine pro-
tease activities using SGM were found to be 7-8, and
7, respectively (table 1).

Characterisation of Individual Proteases

Gel Filtration Studies. SGM was subjected to Se-
phadex G-75 gel filtration chromatography and frac-
tions examined for non-specific protease activity as
well as specific, trypsin- and chymotrypsin-like activ-
ities in the presence or absence of DTT. In the ab-
sence of DTT, a single, gaussian peak of general pro-
tease activity was demonstrated which eluted with an
apparent MW of approximately 25,000 (fig. 1). This
peak corresponded with the proteolytic activity de-
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Fig. 1. Sephadex G-75 gel filtration fractionation of proteases
present in SGM performed in 0.05 M sodium acetate buffer
(pH 5.5). The bottom panel shows the protein elution profile de-
termined at 280 nm and the non-specific proteolytic activity pro-
files determined before (4) and after (03) activation with DTT.
The middle panel illustrates the proteolytic activity determined
using the synthetic arginine substrate BAPNA before (W) and af-
ter (O) activation with DTT. The top panel shows the location of
Der p 1 as determined by fused rocket immunoelectrophoresis and
cysteine-dependent proteolytic activity determined by subtraction
of the non-cysteine-dependent activity from the combined activity.

tected when using both a trypsin substrate, BAPNA
(fig. 1) and a chymotrypsin substrate, BTEE (data not
shown). In the presence of DTT, a broader peak of
protease activity was observed which encompassed
not only that previously detected in the absence of
DTT, but also activity associated with material eluting
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Fig. 2. Organomercurial Sepharose 4B affinity chromatography
of proteases from SGM. The arrow indicates the application of 20
mM cysteine to elute bound material. The top panel shows the
protein absorption at 280 nm and the concentration of Derp 1
measured by single radial immunodiffusion. The lower panel
shows the protease activity determined using the insoluble sub-
strate, Azocoll. The protease activity in the unbound fractions was
determined without prior activation whereas that in the bound
fractions represents activated protease due to the cysteine in the
elution buffer.

with an apparent lower MW (approximately 12,000).
This extension to the initial peak of protease activity
was not detected using the specific trypsin and chy-
motrypsin  substrates. Immunochemical studies
showed the cysteine protease activity in each fraction
paralleled the presence of Der p I (fig. 1).
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Organomercurial Affinity Chromatography. An orga-
nomercurial affinity matrix was used to isolate the
cysteine protease(s) from SGM. A protease(s) bound
to the column and was only eluted in the presence of
a reducing reagent (fig. 2). Immunochemical studies
showed that this activity paralleled the presence of
Derp 1 (fig. 2). The activity in the unbound fraction
was found to be associated with serine proteases.

Protease Inhibitor Studies. The specific serine pro-
tease inhibitors aprotonin, PMSF and SBTI were
shown to completely inhibit the proteolytic activity in
SGM with the exception of the cysteine protease, but
the maximum inhibition achieved with the specific
trypsin inhibitor benzamidine was only half that
achieved with the more general serine protease inhib-
itors. The minimum concentrations of each inhibitor
required to effect maximum inhibition were 0.2 uM,
4mM, 0.3 pM and 5mM, respectively. The specific
cysteine protease inhibitor, E-64, completely inhibited
the cysteine protease activity associated with purified
Der p 1 (at1uM), but had no effect on serine protease
activity.

IEF Studies. 1IEF of the proteases over the pH
range 3-10 demonstrated four peaks of protease activ-
ity under non-reducing conditions, with pl ranging
from 4.1 to 8.5 (fig.3, table 1). When specific sub-
strates were used, chymotrypsin- and trypsin-like ac-
tivities with pI of 4.1 (major) and 5.3 (minor) and 8.5,
respectively, were found (fig. 3, table 1). In addition to
these proteases, a further serine protease was detect-
ed which was neither chymotrypsin- nor trypsin-like
(pI 71, table 1). When cysteine protease assays were
performed, three peaks of protease activity were de-
tected with plI in the range of 5.8-7.5. The major cys-
teine protease activity was found to have a pl of 6.4
(fig. 3). Further assays showed that the cysteine pro-
tease cleaved at lysyl residues (fig. 3) and immuno-
chemical studies showed that the cysteine protease
activity identified using either substrate paralleled the
presence of Derp I (fig. 3).

Protease Labelling with 3H-DFP

Equal volumes of serine and cysteine protease
fractions (with comparable protease activity), togeth-
er with a mixture of both, were labelled with 3H-DFP.
The radioactivities (cpm) for a 5-ul aliquot of each
fraction were 2920, 3 and 437, respectively. The appar-
ent MW of the radiolabelled serine proteases were
determined following SDS-PAGE and autoradiogra-
phy. Five bands with apparent MW of 15,000; 18,000;

28,0005 30,000 and 31,000 were observed, although the
first two bands were broad and faint. A similar distri-
bution was seen for the mixture of proteases, but
bands were absent from the cysteine protease frac-
tion.

Carbohydrases

Amylase, Glucoamylase and Cellulase. Of these en-
zymes, only amylase and glucoamylase activities were
found, but since it is known that both enzymes can re-
lease glucose from starch substrates, it was possible
that the glucoamylase activity was due to amylase ac-
tivity per se. Physicochemical studies were performed
to distinguish between the two enzymes.

Both enzymes were similar with regard to pH opti-
ma (6-7; table 1) and apparent MW (52,0005 table 1),
but other physicochemical studies indicated that the
tWo enzymes were separate entities. Thus, the bulk of
amylase activity was precipitated in the 0-60% sat-
urated ammonium sulphate fraction, whereas the bulk
of the glucoamylase activity was precipitated in the
60-80% saturated fraction. Similarly, chromatofocus-
ing (table 1) showed that whilst both enzymes were
heterogeneous with regard to charge, the pl of the
major peaks of amylase and glucoamylase activity
were 4.8 and 5.4, and 6.3 and 6.9, respectively. Further
studies showed that amylase, in contrast to glucoamy-
lase, bound to an organomercurial matrix (fig. 4), a
finding in accord with the known properties of other
amylases [31].

Lysozyme and Chitinase. Of these enzymes, only ly-
sozyme was detected, and it was shown to have a pH
optimum of 6.2 (table 1). It was precipitable with am-
monium sulphate in the range 50-80% saturation and
was shown to have an apparent MW of 10,000 (ta-
ble 1). The pI was determined by chromatofocusing,
and the enzyme was found to heterogeneous with re-
gard to charge (range 4->8; table 1) with the major
peaks of enzymatic activity eluting with pI of 7.9 and
>8. The majority of the enzyme did not bind to an or-
ganomercurial affinity matrix (fig. 4).

Lipase

Lipase was found in SGM and shown to have an
apparent MW of 52,000 (table 1) and demonstrated
charge heterogeneity by chromatofocusing (range
5-7; table 1). The pI of the major peaks of enzymatic
activity were found to be 5.3, 5.7 and 6.1. The ability of
lipase to interact with the organomercurial affinity
matrix was not investigated.
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Fig. 3. IEF analysis of the proteases present in SGM over the
pH range 3-10. The bottom panel shows the non-cysteine-depen-
dent proteolytic activity obtained using the non-specific substrate
Azocoll and the pH profile. The middle panel shows the non-
cysteine-dependent proteolytic activity detected using the trypsin
arginine substrate TAME and the chymotrypsin tyrosine substrate
BTEE. The top panel shows the cysteine-dependent proteases de-
tected using Azocoll determined by subtracting the OD values ob-
tained under non-reducing conditions from those obtained under
reducing conditions. This panel also shows the proteolytic activity
obtained using the synthetic lysine substrate CLN under reducing
conditions.

Release of Enzymes from Mite

Faecal Pellets

Experiments were performed to determine the
time taken for cysteine and serine protease, amylase,
glucoamylase and lysozyme to be eluted from unex-
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Fig. 4. Organomercurial Sepharose 4B affinity chromatography
of amylase (top panel), glucoamylase (middle panel) and lysozyme
(bottom panel) from SGM. The arrow indicates the application of
20 mM cysteine to elute bound material. Fractions were examined
for enzyme activity and protein as described in the text.

tracted SGM on the assumption that these enzymes
were present solely in the faecal pellets. The data ob-
tained indicated that all of the enzymes were released
rapidly and that maximum activity was observed after
40-60 s extraction.
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Discussion

Analysis of D. pteronyssinus SGM revealed the
presence of a wide range of enzymes including amy-
lase, glucoamylase, cysteine and serine proteases, li-
pase and lysozyme. Similar findings have been report-
ed for a variety of other mites [4-14], but the present
study extends these observations by demonstrating
that these enzymes are also present in mite faeces and
are, presumably, of gut origin. As faecal pellets repre-
sent a significant source of allergen including the Ccys-
teine protease Der p 1 [1, 2, 14, 32, 33] and are thought
to be the vehicle via which most mite allergens enter
the respiratory system [32, 33], the detection of other
rapidly eluting enzymes in such particles suggests
these too may be allergenic in susceptible individuals.

The proteases present in SGM were studied in
some detail in an attempt to determine their diversity
and specificity prior to assessing their allergenicity. In
this regard, only one MW species of cysteine protease
was detected, and this paralleled immunochemically
detected Der p I with regard to MW and pl. The syn-
thetic substrate data indicated that Derp 1 cleaves
proteins or peptides at lysyl residues, but not at argi-
nyl or tyrosyl residues, findings consistent with the
known behaviour of other cysteine proteases from di-
verse sources [18]. It is probable that Derp I repre-
sents a digestive enzyme although the presence of cys-
teine proteases in the alimentary tract of inverte-
brates is rare [34]. Teleologically, however, it may
reflect the presence of a reducing environment in the
gut which not only contributes to the disruption of
disulphide bonds in the keratin present in skin
squames, a major food source for this arachnid, thus
facilitating digestion but also to the activation of the
enzyme per se.

At least three serine proteases were detected com-
prising a trypsin- and chymotrypsin-like enzyme, and
a, thus far, unclassified serine protease with pl of 8.5,
4.1 and 7.1, respectively. Although the actual apparent
MW of the individual proteases were not ascertained,
SDS-PAGE and gel filtration studies indicated that
they were in the region of 30,000, findings consistent
with those described for the D. farinae allergen, Der f
IIT [3] which, on the basis of N-terminal sequence
studies, was shown to be a serine protease showing
approximately 50% homology with both trypsin and
chymotrypsin [2, 3].

SGM was also examined for the presence of carbo-
hydrases, and in this regard, amylase, glucoamylase

and lysozyme were detected. The finding that amylase
was present in mite extracts is consistent with earlier
observations which showed that it was present in sev-
eral diverse species of mites [6, 8, 11, 12], although to
our knowledge, glucoamylase has not been previously
reported. Both amylase and glucoamylase are known
to hydrolyse starch to release glucose but data from
several physicochemical studies indicated that they
were separate entities.

The demonstration of lysozyme in SGM is consis-
tent with data reported for extracts prepared from
storage mites [10]. In many vertebrate and inverte-
brate species, this enzyme is associated with defence
against gram-positive bacteria where it hydrolyses
B-(1-4) glycosidic bonds between N-acetyl-D-glucos-
amine and N-acetyl-muramic acid in bacterial cell
wall peptidoglycan. Recently, however, it has been im-
plicated in invertebrate digestion [35], and it is feasi-
ble that the enzyme performs a similar function in
mites. In D. pteronyssinus, lysozyme was shown to be
of similar size to lysozymes from both insects, mam-
mals and birds, but chromatofocusing data showed
that the mite enzyme was not as negatively charged.
In addition, and in contrast to other lysozymes, the
mite enzyme did not possess chitinase activity.

Of particular importance to the study of mite al-
lergy is to determine which of the enzymes present in
mite faeces are allergenic. Studies from our laborato-
ry indicate that not all enzymes are allergens [14] but
it has been clearly shown that the cysteine protease
and at least one of the serine proteases are allergenic
and, in addition, recent immunoblotting studies
showed that purified mite amylase is also allergenic
[36]. The allergenicities of the remaining serine pro-
teases, glucoamylase, lipase and lysozyme is unclear,
but empirical analyses of data from mite immunoblot-
ting studies indicate the existence of allergens with
MW ([37, 38] similar to those reported for these en-
zymes. In addition, preliminary, unpublished studies
using specific affinity matrices suggest that both mite
trypsin and a mite lysozyme rich fraction are allergen-
ic in radioallergosorbent assays. Interestingly, mite ly-
sozyme shares several properties with the allergen
Der p 11, such as MW, basic pl and precipitation be-
tween 50-80% ammonium sulphate saturation, and
further investigations are being pursued to see if the
two components are related.

It has been shown that cysteine and serine prote-
ases, amylase, lysozyme and amylase from animal,
bacterial and fungal sources are important allergens
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in the context of occupational asthma. It is not known
whether this reflects increased exposure to these
agents or, alternatively, reflects both increased expo-
sure to agents which are not only allergenic, but also
biochemically active. It would now appear that mite
faecal pellets contain a similar array of enzymes, a sig-
nificant number of which are allergenic, and it is fea-
sible that other enzymes contained therein will be
shown to be allergenic. Combined, these data raise
the possibility that, in certain circumstances, there
may be an association between enzyme activity and al-
lergenicity.

The possible nature of this association is unclear

but recent in vitro studies from our laboratory have
shown that the cysteine protease activity of the al-
lergen Der p I can induce epithelial permeability in a
bovine lung epithelial model [39] indicating that, for
example, the proteolytic nature of an allergen could
contribute to the sensitisation process in vivo by facil-
itating passage of the allergen (and perhaps bystander
molecules) across epithelial barriers. Further investi-
gation of the allergenic activity of enzymes and the
enzymatic activity of particular allergens seems war-
ranted.
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