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p I was recognized as a c\steine firok\!-«e was that its
homologue from the papaya. ]>apa!!5, had :^revKiusK heen
doeuniented to induce sensiti/atuxi in factory workers
who inhaled papain dusi during its prcKiuction fora meal
tenderi/er [12] or in consumers [13:, Siniiar sensiti\aties
have been reportetl to develop in the pTodi.iCi!i.>n or use ol'
othei" etizymcs such as siibtilism .n detergents [14].
chymopapain used for treainicnt o[ \hpped discs [15] and
amylase in bakers allerg) I_I6|. Fiun-on:ncntai allergens
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Asp f 1 [I8| vxiiose euoto,\!c activity is mediaicd hy
eaialyiic eleavage of ribosomai RNA |_14], Mosi of the
vem^m allergens are also enzymes (2(jj, Olher allergens
whose !->(>ssU>]c moiectilar fnnetions could be hypoihc-
s!/ed 10 assL-il sen îti7atii.>n are Mii.\ ni 1 and Fcl li \. The
major unnary proteiiis. -i la globulins, whieh coinprise
the mouse allergen Mus in I have extensive sequence
homology with a family (sj'lipid binding proteins appear
to be transporters wilh ligan*.! activity i\)r a vLiricty oflipid
nioleeulcs possibly ineiiiding plieroinones [2 1 J, One ofiiie
etiams of eat alleigen Fel L!\ has see]uenee homoiop.y v-'ith
u'.ergiobulin an anii-inliamiiKiiory whieh both mhibiss
pl'iospholipase A2 and has steroid binding functknis [22],

The i'unciion or mechanism ;>!' aetion o\~ m̂ .̂ si of the
aeroallergens !Yoni ĝ -ass and ueeds K no', known ho il is
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Anoihei prohible example is ihe actin-hindhig prolilin.
^k'l >- il. froni hireli pehen |24], Some food allergens
'AUhoui en.'':!!e .;cn\ity ;y\; :he ion transport pioteins i-
laetaibunim from milk. i.>(uU 1 from cod an<i ihe allergens
parvalbuiniiK ovalburein and eonalbuniin !Y(nn eggs [20|.
AJihough the ehirontmitl haemoglobin shows that not ah
iillergens are enzymes '•i is possible that it eould be
presented in a speeial wa\ includJTigin association \sitli an
eni/ymt.', C'?ri;m'̂ :\ attempts ics !V!>rodnee prolonged
allergic responses in expernncntal aninials ha\e been a
problem. Ihe sutcomc of such experimems has been
u-an^ieni Igi: prodnction folicjued by tolerance unless the
exposure was eoupied with some treatment lo upsei ihe
ho[iieostaMs of the ininiune system. Sueli co-stimnh
inehided the Lidjuvant aluminium hydr(>xide. penussigen.
oesiradiol aiul niirogen dioxide |4|. The meehanisnis bv
which bkslogjeal aetivuy could iniiuence the immniso
system are dixx'rse whieh is in keeping with the range oC
en/ynies whieh become allergens, Tiiey may aei b>
altering epithelial pc[-meabilit> or the eellular or matrix
iigands alfeeiing cell migration or direetK on eells. Signal
transduction eouid be caused foi* example b\ ailostenc
changes (tr eross-iinking produced by hydrophobic inter-
actions between or withm modified receptors. The inter-
action of the en/ymes vvith substrate or ligands such as
protease inhibitors eould also iniiuence the presentation
and proecssing of antigen, in tins respect ihe administra-
tit)n oi' antigen coupled to the protease inhibitor xi
maeroglobuiin has already been shown to increase the
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Table 1. D. pteronyssinus allergens

Der p I
Der p 11

DerpXn
Der p IV
Der p V
DerpW
DerpWU

MW
(kDorMr)

25
14
28/30
56-60
15
25
22,26,28

Function

Cysteine protease
Probably lysozyme
Trypsin
Amylase
?
Chymotrypsin
?

IgE binding
frequency (% sera)

80-100
80-100
70-100
40
40
40
40

Sequence

cDNA [7]
cDNA [32]
N-term [9]
N-term [10]
cDNA [30]
N-tcrm [1]
eDNA [31]
(provisional)

* Values vary with different reports depending on methods, extracts and types of patients.

proliferative response of T cells to antigen [25]. The
production of proteases and protease inhibitors by T
cells, NK cells and mast cells indicates that they may play
a fundamental part in immunoregulation. Finally, Fin-
kelman has shown that immunizing mice with active
papain induces 10-30 times more IL-4 and other TH2
lymphokines than the injection of non-activated papain
[26],

An alternative view is however that since many proteins
are enzymes then many enzymes will be allergens. The
fact that the allergens which are enzymes have a wide
variety of activities supports this contention by showing
there is no special pathway to allergic sensitization. For
the mite the special property of the enzymes may simply
be that they are secreted for digestion and become
incorporated in the dung ball which facilitates their
dissemination and delivery to the mucosa at high concen-
tration. Der p I has for example been documented to be
present in dung balls at the very high concentration of 10
mg/ml [27]. The probability that the digestive enzymes of
the mite would be allergens has been used very effectively,
particularly by Stewart, to separate a number of hydro-
lytic enzymes by substrate chromatography and demon-
strate IgE binding [28]. In the case of amylase and trypsin
this has led to the purification and N-terminal sequencing
of significant allergens [9,10], Yasueda et al. have also
taken full advantage of substrate affinity purification by
using this to incontrovertibly distinguish chymotrypsin
from other allergens including the group III trypsins [1],

The publication by Yasueda et al. [1] describes one of a
number of significant mite allergens characterized
recently so it is perhaps time to take stock of the progress
in this area. It is especially useful that the IgE binding
activity of chymotrypsin was described in comparison
with Derp I and Derp II, The group I and II bound IgE in

almost 100% ofthe sera and their strong reactivity was
confirmed. The reactivity to chymotrypsin was less
frequent, 40%, and considerably weaker. Studies with
Western blotting [2] and those of Stewart et al. [9] with
purified mite trypsin have shown that nearly all patients
recognize the group III trypsin allergens but like chymo-
trypsin the degree of reactivity was considerably less than
to Der p I [9], It is possibly this lower reactivity which
resulted in the conclusion of Heymann [8] that only 17%
of patients had reactivity to DerfWX since subsequent dot
blot immunoassays have shown that at least 70% of
allergic sera react with this allergen [29], Other character-
ized allergens with binding frequencies similar to chymo-
trypsin are Der p IV and the '15 K' allergen described
from the analysis of a cDNA clone [30] and which is to be
designated Der /? V by the allergen nomenclature com-
mittee. A further allergen with the same IgE binding
frequency has similarly been described from a cDNA
clone [31], The clone encoded a 22 kD protein but
interestingly antibodies to the cloned allergen reacted
with Mr 28, 26 and 22 K components in mite extracts as
determined by Western blotting. The chymotrypsin
would now be designated Der p Vt and when published
the allergen described by Shen will be Der pVU. Table 1
summarizes these developments.

Studies with Western blotting and other electrophore-
tic techniques are difficult to interpret because of varia-
tions in the allergen concentrations of extracts, the
influence ofthe denaturing conditions on the allergenicity
and the lack of quantitation. There are also variations in
the migration of allergens due to different conditions used
in different laboratories and run to run variations. They
are nevertheless interesting to compare with the results
obtained with purified molecules. The recent study of
Ford et al. [3] showed that in a series of 14 patients eight
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showed reactivity to one to two bands, six with three to six
bands and three with a larger number mckiding one with
reactivity to at least 13 components, l'ove\ and Baldo [2]
identiiied fractions with liigh frequency reaciivity, f-'rac-
lions of Mr 95. 54 56. ,i2-3()- 26. 16 ami 15 K had over
40';'o or greater reactivity while mosi other fractions
showing less than 10%, The Mr f6 K band in their
conditions corresponds to Der p II (MW 14131) and the
15 K to Derp V defined by moiecuhir cbning [30]. The 32'
30 K iVaetionsarc Dcr/fill and it is u^mpting to speculate
that the 54 56 K bands correspond to Der p IV.
Chytnotrypsin would now be responsible for reactivities
in the 25 27 K regions along with Der p 1 which does not
read well by Western hlotting and ihc proposed Der p
VII,

Although unproven, the allergens characterized to date
could account for most of the high frequency reactivities
foufid by Western blotting. The most obvious task ahead
is to document the importance of these allergens com-
pared to each olher and lo whole nnie extracts both in
terms of IgF binding and T cell acUvaiion. it will be
possible to make a comparison of nonuitie responses lo
the major and less significant allergens and fhe structural
knowledge oi' the allergens will psxnide a base for
developing recombinant and peplidc-based allergens or
mt)dined allergens for immunotherapy lo what are prob-
ably all the important allergens. The use of a trivalent
preparation of purified allergens train limothy grass for
immunotherapy has already been exnniined by Osterballe
|33] and it was not elleclive but rccciii data on the grass
allergens suggest the preparation wov̂ ld he deficient in the
group I grass allergen and should be rc-evaluatcd. To
conclude on a different note, the sequence for most ol'the
Fw m I allergen Trom Furoglyphus iruiyiwi has been
obtained from genomic DNA [34], The sequence is about
SO'!'-.) homologous l obo th /> r / I und /J<T/J I as they are to
themselves. Residues conserved in the Dermatophagoides
allergens tend to be conserved m Ew us I and non-
conserved residues were most oflen ihe same as one on
either Derf\ or Derp I. Since ii has been reported that this
species can reach at-risk levels in 25"o o{ homes in some
regions [35] there is a need to develop E. maynei specific
allergen constructs, for example speeies-spccific peptide
epitopes to determine the importance of primary sensiti-
zation to this mite.
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