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Abstroct Dust mites are a major source of indoor allergens. They contain a large number of components that react with

immunoglobulin (Ig) E in individuals with al lergies and are capable of inducing sensit izat ion, and alìergic

respiratory and cutaneous diseases. With a significant proportion of the population affected in sonie way by mite

allergies, it is essential that we improve our understanding of these organisms so that control strategies could be

defined and its allergens better understood. Thus, we have initiated a project using the expressed sequence

tagging (EST) strategy to study the major species of dust mites associated lvith allergic diseases, in particttlar, the

American house dust mite, Dermatophagoiclesfctrinae, as well as Blonúa tropicalis, the most prevalent mite in

domestic tropical dwellings. The work has recently been expanded to include 'storage' mites such as Tyrophagus

putrescentiae, Acarus siro, Lepidogly,phus destructor, Glycl'phagus domesticus, Suidasia medanensis, and

Aleuroglyphus ovatus.

More than 50Va of the initial 3000 ESTs from the D. farinae and B. tropicalis dust mites showed significant

matches to known genes and were categorized into eight functional groups (such as proteins involved in

rnetabolism, gene expression, protein synthesis, cell signaling, etc.). Of specific interest, holever, rvere the

hontologs to known mite allergens, in addition to a number of sequences bearing significant homology to

allergens from non-mite sources previously not known to exist in mites. The availability of these allergen

seqlrences has facilitated their expression and subsequent characterization in our laboratory in terms of their

IgE-bi ndi ng reactivi ty.

The wealth of sequence information, generated via the EST project, has also facilitated the identification of

polymorphic forms of allergens, the investigation of differential gene expression under various environmental

conditions via DNA microarrays, as well as the analysis of protein level expression profiling via the proteomics

approach. Additionally, ESTs have also ameliorated the understanding of the phylogenetic relationships between
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mites' and enabled the isolation of gene products crucial for life processes so that mite control strategies can be
more effectively devised. Taken together, the utilization of the EST strategy has opened up numerous new
avenues by which the allergist can engage more effectively in the study of dust mites with the ultimate aim of
developing appropriate treatment regimens for mite-induced allergy.

House dust mites are the most important source of allergens in
the indoor environment. Multiple epidemiological studies have
shown strong causal links between sensitization 'to 

its allergens
and the development of asthma.trr several species of mites are
predominant in the doniestic indoor environment, the most com_
mon being the Dermatophagoides pteronyssínus, D. farinae, and
Euroglyphus nta7,nei, all of which have been shown to be ubiqui_
tous in mite fauna worldwide.t2l In tropical and subtropical re_
gions, another species, Blomia tropicalis, has been shown to be
prevalent.t3'al several other mites have also been shown to be
potent sources of allergens. These include Tyrophagus pLtîrescen_
ticte, Acarus siro, Lepidogtyphus destrttctor, Gtycyphagns domes-
tictts, suidasia rneclanensis, Areurog\-phus or)att,ts, and other stor_
age mites. These mites are mainly present in farming communities
and in stored products (hence their common name, storage mites)
but have regularly been found in domestic dwell ings as well.t2i

Dust mite allergy constitutes a significant health problem
worldwide. It is estimated that in the uS alone, l5 mill ion Ameri_
cans suffer from mite alrergies,lst while in Asian populations, such
as in Singaporei6l and raiwan,tTr up to one-third of the local
population display allergic symptoms as a result of sensitization to
rnite allergens. with one in every three individuals in the popula_
tion affected in some way by mite allergy, it is essential that a
better understanding of the organism be achieved, such that its
allergenic mechanisms can be delineated and control stratesies
snbsequently defined.

To date, there are about 150 DNA sequences, sequence variants
and fragments from various species of dust mites deposited in the
public databases, out of an estimated l0 000 diff'erent expressed
qenes the organism may have (based on a genome size of approxi_
inately 108-109 bp),tsÌ ancl few have been well characterized. A
consequence of this is that efforts to understand the organism and
',earch for control targets have mainly reliecl on empirical studies.
i{owever, despite the fact that this organism is so widespread,
:cologically successful, and biomedically important, very l itt le
irrformation is currently available; specifically only lvo ofits total
potential genomic information has been cleposited in public
Jatabases.

, 2004 Adis Doto Informotion BV. Ail rights reserveo.

l. The Expressed Sequence Tqgging Approoch

In the post-genomic era, numerous rapid and reliable methods
of genome charactenzation and analysis have become accessible
to the scientific community. In view of this, a pilot expressed
sequence tagging (EST) approach was considered and applied to
dust mite research to obtain a larger sampling and overview of the
expressed genomes of several major species of dust mites.

ESTs constitute a useful tool for the identification of nerv
genes. They have also been used to provide both quantitative and
qualitative information regarding gene expression in a variety of
tissues, cells, and organisms, or of various developmental and
physiological (disease vs control) states.te-r8l we have uti l ized this
for the rapid identification and isolation of genes encoding poten-
tial allergenic components in dust mites. In our laboratory, we
initiated the pilot characterization of two major species of mites,
namely D. farinae and B. tropicalis, by EST analysis in the year
2000.tte'22t

our EST approach involved the partial sequencing of random
clones selected from a ),-zAp@ cDNA libraries (stratagen e, La
Jolla, cA, usA). with advances in automated sequencing proce-
dures, we were able to read up to 700 base pairs (bp) efficiently
and latest modifications have even achieved up to l000bp without
anomalies.t23l As in many EST collections, any clone of interest
would have been physically cataloged and stored, and, as such,
longer sequence data from any of the tagged clones could easily be
obtained by further sequencing.

These partial sequences were thereafter processecl to remove
sequences of poor quality as well as to trim off vector seqrrences,
and the edited sequences were queried against a non-redundant
protein database in the GenBank@ database (http:ll

www.ncbi.nlm.nih.gov/) using the BLASTX algorithm. The iden-
tification of homologs was generally based on high sequence
identity over a relatively long sequence of bases. In general, search
results rvith expectation values (E-values) <0.001 were considered

Am J Phormocogenomics 2@A;4 (ó)
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significant identit ies.l First, the optimal E-value to be used as a

valid cut-off point was first evaluated (figure l). Based on the

results, E-value <0.001 was deemed to be optimal, as beyond this

point a constant increment in the number of nonsignificant identi-

t ies would be observed were a less stringent cut-off E-value

chosen. For sequences with significant identit ies, a catalog was

constructed to classify them according to their putative biological

functions. The categories in this catalog were based on Mark

Adams' l99l classifìcation of human brain cDNA librariestral

with minor modifications. These categories include: signaling and

communication, metabolism, defense and homeostasis, structural,

cell surface and motil i ty, DNA synthesis and cell division, gene

expression and protein synthesis, protease and protease inhibitor,

hypothetical protein, unclassified protein and no homology.

Due to the fact that only a small proportion of the genome codes

for proteins (e.g. 3Vo of the human genome), the EST strategy

takes into account that the most important part of the genome is the

protein coding region, and thus sequencing the expressed genome

would give the largest return of biological information per base

pair sequenced.t2sl The easiest way to access the coding regions

would thus be to sequence cDNAs. Hence, the bulk isolation and

identification of dust mite genes via EST would be a worthy

investment for acarologists, allergists, and the medical community

in general. Our preliminary results have already enabled us to

identify numerous new allergens for subsequent characterization

as well as several transcripts associated with a number of impor-

tant l i fe processes.t8l

There are many possible uses for generated ESTs, such as

probes for the isolation of full length clones and the characteriza-

tion of promoters and other regulatory regions. ESTs can also be

used as tissue-, cell-type-, developmental stage-, or even organ-

ism-specific molecular markers, as probes for the identification of

new members of gene families, for physical chromosome map-

ping, analysis of gene expression patterns, and as a useful se-

quence resource for phylogenetic analysis and molecular evolu-

tion.

In this review, we focus on the application of ESTs in allergen

research. Specifically, we discuss their use in the rapid identif ica-

tion of putative allergens and their non-allergenic homologs (or

even putative adjuvants), the elucidation of allergen polymorph-

isms and paralogs, comparative genomic stuclies, and also as a

1  .E -10  1 .E -07 1 .E-05  1 .E -03  1 .E -01  ' l .E+00
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Fig. 1. Criteria for determination of expectat ion value (E-value) cut-off for

signif icance of al ignments. The percent of nonsignif icant identi ty versus E-

value cut-off is shown. E-value <0.001 was chosen as the optimal cut-off

va lue.

means to facilitate proteomic and functional genomic studies on

this orsanism.

2. Ropid ldentificotion of Allergen Homologs

The first complete sequence of a dust mite allergen was pub-

lished in 1988t261 and since then cDNA- and PCR-based cloning

have successfully defined the primary structures of a nttmber of

clust mite allergens. However, the majority of these are from D.

pteronyssirtus, and at the time rve initiated our EST project, only

three allergens of B. tropicalis were isolated and sequenced.

A glimpse into the expressed genomes of both D' farinoe (Der

f) and B. tropicalis (Blo t) revealed at least 30 distinct groups of

putative allergens based on seqtrence homology across species and

even across different types of organisms (including pollen and

fungal allergen homologs). A summary of the various allergens

identified from the EST collection is listed in table I. Through this

collection, we were able to isolate the majority of the major

allergens from both D. farinae and B. tropicolis.t2T'281 These in-

clude the groups 1-15 allergens from both species of dust mites.

Many of these, such as Der f 4, Der f 5, Der f 8, Der f 9' and Der f

13, are newly identif ied homologues from D. farinae, while the

corresponding allergens for B. tropicctlis have not been reported

previously. Of particular interest is the isolation of the Blo t 1,t2el

Blo t 2,12e-3t) Blo t 4,t-r2ì g1n t 9, and Der f 9,t331 allergen cDNA

clones. Many of these have now been full- length sequenced,

cloned, and expressed as recombinant proteins, and have shown to

be IgE binding.tzT-331 A preliminary profi le of the IgE-binding

responses of these allergens using sera of atopic patients from

Singapore (where the mite fauna is predominantly dominated by
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1 The expectation value is defined as the number of different alignments with scores equivalent to or better than the raw score S for an alignment

(calculated by summing the scores for each aligned position and the scores fo. gaps) that are expected to occur in a database search by chance The lower

the E value, the more significant the score.
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Table l' summary of allergen homologs, paralogs' and isoforms identified from lhe Dermatophagoides larinae (Det f) and Blomia tropicatis (Fllo t)expressed sequence tag catalogues

No. Mite al lergen ldenti ty Der  f B lo  t
Current al lergen groups

z

3
Àî

X

9

1 0

1 1

1 2

1 3

1 4

t c

1 6

1 7

1 B
'19

20

New al lergbn groups (mosily pan-ai lergens)

Group ' l

Group 1- l ike

Group 1- l ike

Group 1- l ike

Group 1- l ike

Group 2

Group 3

Group 4

Group 5

Group 5 (paralog)

Group 6

Group 7

Group 7 (paralog)

Group B

Group 9

Group 10

Group  11

Group 12

Group  13

Group 13 (paralog)

Group 14

Group 15

Group 16

Group 17

Group 1B

Group  19

Group 20

Mag29 [Clah 4 homologue]

Asp f  12 homologue

Cop c 2 homologue

Act c t  homologue

Mal f  6 homologue

Ole e 3 homologue

Alt a 6 homologue

Alt a 1O/Clah 3 homologue

Gal d t  homologue

Gal d 2 homologue

Cysteine protease

Cathepsin B

Cathepsin C

Cathgpsin D

Cathepsin L

Unknown

Trypsin

Amylase

Unknown

Unknown

Chymotrypsin

Unknown

Unknown

G lutathione-S-transferase

Collagenolyt ic serine protease

Tropomyosin

Paramyosin

Unknown

Fatty acid binding protein

Fatty acid binding protein

Apolipophorin l ike protein/Mag 1 and Mag 3

9BkD chit inase

Gelsol in/vi l l in

Calc ium-b ind ing EF hand prote in

60kD chit inase

Anti-microbial peptide homologue

Arginine kinase

Heat shock protein 70

Heat shock protein 90 (Aspergiltus fumigatus)

Thioredoxin (Coprinus comatus)

Actinidain (Actnidia chinensis)

Cyclophilin (Malassezia furtur)

Calbindin (Olea europaea)

Acidic ribosomal protein P2 (Atternaria alternata)

Aldehyde dehydrogenase

Ovomucoid (Gallus domesticus)

Ovalbumin (G. domesticus)

X

A

. A
N I

A

X

X

A

A

A

X

X

l \

A

A

X

X

N I

A

A

X

X

X

X

X

N I

A

X

A

A

A

A

A

A

A

A

A

X

A

N I

l\

X

L\

X
A

X

L\

A

A

l \

X

X

X

X

A

A

N I

N I

X

A

A

A

A

A

Z \

l\

A

l \

N I

Continued next page
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able l .  Contd

Mite a l lergen ldenti ty Der  f B lo  I

1

2

)")
\ ^, +

5

6

7

H e b v B h o m o l o g u e e t c .

Pen ch 20 homologue 68kD
al lergen

Ves m t homologue

Che a 3  homologue

Sol  i  3  homologue

s-tubul in homologue

Others

Profi l in

Hexosaminidase/N-acetyl-glucosaminidase (P enici ll iu m
chrysogenum)

Phospholipase A1 (Vespula maculifrons)

Chenopodium a lbum

Polcalcin al lergen

Unknown (Solenopsis invicta, fire ant)

a-tubul ins

For example, l ipid transfer proteins, Hevea al lergen homologue,
al lergen VS/Tpx-1 related family, Api m 6 homologue, etc.

A

A

A

A

A

A

N I

A

A

A

A

A

N I

A

A

A

= newly identified allergen (based on the current EST program); Nl = no recombinant allergens available (not identified); X = previously identilied
Iergen.

ilonúa tropicalis and Dennatophagoides spp.) is shown in figure

I and figure 3.

The EST-based gene discovery approach was also particularly

aluable in the identification of allergens with homology to genes

lom more distantly related species or even across taxonomic

:ingdoms. Traditional DNA hybridization or PCR-based ap-

)roaches often fail to find related genes because of nucleotide-

evel sequence divergence. This phenomenon has previously been

lemonstrated in many genes shared by the closely related nema-

odes, Caenorhabclitis. elegans and C. briggsae. Database search-

:s, sometimes refened to as 'irz silico hybridization', can provide a

rruch more sensitive means of finding related genes, thereby

rllowing much larger inter-species leaps.t:+ì

In our laboratory, we have also encountered this while trying to

rbtain the homologs to the group 1 allergens in B. tropicalisl2el agd

,he group 9 allergens.t3sJ The traditional PCR-based cloning

nethod failed to yield any clones showing homology to these

:tl lergens. In addition, we have previously shown that there was

only low to moderate cross reactivity between the major allergenic

components of B. tropicalis and the Dermatophagoides spp.,t3sì

ihus rendering antibody-based screening of cDNA libraries (using

Dennatoplngoides-specitìc antisera) difficult. With our pilot EST

-'atalogs, however, we were able to identify homologs of these

itl lergens fairly easily. In comparison to other group 1 dust mite

.tllergens, for example, the Blo t 1 precursor protein has approxi-

irrately only 307o amino acid identity with precursors of Der p l,

Der f  l ,  and Eur m l . t2eì

In addition, we were also able to identify homologs to allergens

trom other non-mite organisms such as cockroaches, tree or pollen
(Jttnipents ashei, Jttnipents t,irgíniana, and Prunus aviltm, Hevea

brasiliensis), yeast (Malassezirz spp.), chicken (Gallus gallus),

a 2004 Adis Dotq Informotion BV. All riohts reserved,

yellow jacket venom, fungi (Alternaria altemota, Cladosporiunt

herbanun, Penicillium citrintun, Canclido albicans, and Copriruts

contatus), and fruit (Actnidia chinensis). These allergens were

identif ied as heat shock protein 70, profi l in, enolase, ovomucoid

precursor and ovalbumin, phospholipase A1, ribosomal protein

P2, alcohol dehydrogenase, thioredoxin, hexosaminidase,

cyclophil in and actinadain-like allergen homologs,[2r'22ì and many

were also shown to be IgE bindino.[36'37]

This pilot EST collection has proven to be a valuable resource

for the rapid identif ication and isolation of new mite allergens. It

has also provided us with the opportunity to perform multiple

comparisons among these groups of allergens (e.g. in terms of

cross-reactivity,t:al and the degree of primary sensitization in

different populations) as well as to test several novel hypotheses

pertaining to the phylogenetic origins of several pan-allergens[3e]

and functional relationship between these allergenic components.

With the large collection of ESTs we were also able to deter-

mine which among these allergens would be associated with

atopic disease presentation.t '+01 Although sensitization to crude

allergenic extracts is a diagnostic hallmark of atopic diseases, a

positive response (indicative of the presence of specific IgE) does

not necessarily indicate disease manifestation. An allergic individ-

ual may respond to multiple components from a particular source,

e.g. the dust mites, but which of the individual allergens are truly

associated with disease presentation has never been evaluated as a

whole. The EST collection, combined lvith our proteomic studies

(see section 8), has enabled us to identify the majority, if not the

full panel, of allergenic components from these dust mites, and

clinical evaluation of their association with atopic disease mani-

festation is currently on-going in several populations. Ultimately,

this would lead to a better understanding of the specific compo-

Am J Phormocogenomics 2OO4: 4 (6)
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Fig' 2 sera lgE-binding frequencies and.intensities against (a) Dematophagoides spp. and lb) Btomia trcpibalis allergens In an evatuation of individualssensitive to dust mites (preliminary results.for singap;re). tnciuoeo in tris ianei are tne major Der f a ergens and severar other pan-alergens from D.lar'inae as well as the two major Der f protein components (culicle like non-allergens;. with lhe Blomia tropicatispanel, included are nBlo I .1, Blo t 2_Blo tl5' Blo I 18' Blo t 20' and several paralogous forms of the allergens together wiir the cor€sponding major curicte-tke proiein lnon-a ergen) as a negative.onJJol..Blo l = Blomia trcpicalísiDer | = Dematophagoides faiinae; nÈlo t = naturat purified Blonià tupicatis; nDer, = naturalpurified De matophagoides
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nents that are associated with the disease processes and, thereafter,
to the development of antigen-specific immunotherapy.t4r-431

A further example of some of the work we are now able to
pursue as a result of the wealth of new information gathered on

, 2004 Adis Dolo Informotion BV. All rights reserved.

mite allergenic components is the functional relationship between
some of the allergens present. Take for instance the dust mite
group 14 allergen that was recentry identified as a vitellogenin-
apolipophorin-like protein.tlll vitellogenins are the precursors of

Am J Phormocogenomics 2004: 4 (6)
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egg-yo tkpro te ins inmostov iparousspec ies f rominver tebra tes to

veftebrates. In oviparous vertebrates, vitellogenins are synthesized

in the liver and transported through the blood to oocytes to provide

nutrients in support of early embryogenesis' We have identified

several other vitellogenin-like proteins from our EST collection'

Additionally, we have also identif ied two allergens showing ho-

m o l o g y t o o v o m u c o i d p r e c u r s o r s o r o v a l b u m i n ' n a m e l y G a l d l

and Gal d 2 homologs, the major chicken egg white allergens't361

Whether or not any relationship exists between these three aller-

gens (group 14, Gal d 1, and Gal d 2 homologs) is an interesting

point worthy of further experimentation. It would also be interest-

ing to evaluate the possible cross reactivity between Gal d 1 and

Gal d 2 with their corresponding homologs in the dust mites.

3.Ropid|den| i f icot ionofNon.A||ergenHomo|ogs

Allergens from dust mites correspond to proteins of diverse

f u n c t i o n s . A s i z a b l e g r o u p o f t h e s e a l l e r g e n s , s u c h a s g r o u p s l , 3 ,

4 , 6 , a n d g , h a v e b e e n s h o w n t o p o s s e s s e n z y m a t i c a c t i v i t y

whereas the group 10 and 11 allergens sharecl homology with

cytoskeletal proteins.tl5'461 Some other allergens also show high

homology with glutathione s-transferase, fatty acid binding prote-

in, and heat shock Protein.t+7-4et

There is no unifying theory for why some proteins are allergen-

ic and their biological counterparts are not. For instance' dust mite

g r o u p l 0 a l l e r g e n s s h a r e d h i g h s e q u e n c e s i m i l a r i t y w i t h m t r s c l e

pro te in t ropomyos in .Th ismolecu lebe longs toa fami lyo fh igh ly

conserved proteins associated with the thin filaments in muscle

and microfilaments in many non-muscle cells. However, tropomy-

osin has been shown by several laboratories to be a major allergen

in shrimps,[50-52ì cockroaches,[53's+1 lobsters,ts5] and squid.t5óì Fur-

thermore, Martinez and coworkerst5Tl suggested that tropomyosin

could be the molecule to which the cross-reactivity between cock-

roaches,mites,nematodesandcrustaceanscanbeattr ibuted.

Interestingly, the non-allergenic counterpart of tropomyosin is

present in all living organisms and plays a functional role in the

contractile activities in muscle cells together with actin and myo-

sin, and is believed to participate in the regulation of cell morphol-

ogy and motility in non-muscle cells. we have isolated different

c o n t i g s o f t r o p o m y o s i n t r a n s c r i p t s f r o m t h e d u s t m i t e s a n d i t

would be interesting to determine why one group can be allergenic

and the other not. similar work could also be done with proteases,

as several groups of proteases from the dust mites were isolated in

addition to the allergenic proteases. one example is cathepsin B,

which shares some similar functional features to group 1 allergens'

O 2004 Adis Dqlq Informotion BV' All rights reserved

our EST database has allowed us to rapidly isolate not only the

allergens but also their non-allergenic biological countelparts, and

the data available wil l thus facil i tate the study of their distinct

p roper t ies .Fu l l - leng thseqt rencesof thec lonesof in te res tcanbe

retrieved for some characterization studies strch as Sequence align-

ments, structural analysis, and cellular response' in the hope of

locating clues as to why proteins so similar in identity can differ in

their capacity to elicit allergic responses'

4. ExPression Profi l ing

T h e a n a l y s i s o f c D N A l i b r a r i e s i s a f u n d a m e n t a l a p p r o a c h f o r

t h e s t u d y o f g e n e e x p r e s s i o n a n d h a s b e c o m e a n e s t a b l i s h e d

method for the discovery and analysis of expressed genes. EST

sampling can provide information on the spectrum of genes tran-

scribed in the source tissue and the relative abltndance of these

transcripts, which serves as an effective and quantitative measllre

of steady-state rnRNA levels. This 'electronic northern' approach

has been used to develop expression profiles in a range of rat

cells,t58l invertebrate,t5el and plant t issues't601

These EST collections have enabled the generation of expres-

sion profiles useful for performing large-scale gene expressiott

compar isonsbetweentwoormore t ranscr ip tpopu la t ions , rvh ich

allow the iclentification of differences in expression at the single

gene level. when several cDNA libraries are used in a compara-

tive study, the frequency of occurrence of the various clones can

also be analyzed and compared. For instance, Ablett et al't601 found

that in 5000 gfape ESTs, lSvc of the berry transcripts are special-

ized in the cletense category as compared with l% in the leaf'

whereas t ranscr ip ts invo lved ingenera lhousekeep ing f t rnc t ions

were similar in both tissues.t60ì We found that our D' farinae EST

c o l l e c t i o n c o m p r i s e d m o r e t h a n 2 0 T o m e t a b o l i c g e n e s w h i l e B '

t r o p i c c t l i s h a d o n l y | 4 T a o f t h e E s T s l i n k e d t o s u c h f u n c t i o n s

(general housekeeping genes were similar in both as well). Also,

the number of transcripts for cathepsins and its allergenic counter-

part group I dust mite allergen is far higher in D' forinae than

those identified in B. tropicctlis. Efforts are currently underrvay to

determine whether these differences have any relationship with the

preferred niche environments of each dust mite'

5. Biologic Studies

Microarrays are best suited for determination of the change in

relative abundance for transcripts by enabling the simultaneolts

monitoring of changes in gene expression at a global level' This i:

achieved by hybridization with two differentialty labeled probes

one corresponding to a reference or control condition and the othe'
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-'orresponding to different development stages, diffèrent stimuli,

rr different genetic backgrounds. Alternatively, oligonucleotides

lcrived from the ESTs can be spotted on DNA chips for other

.rpplications.

Knowing where and when a gene is expressed often provides a

strong clue as to its biologic role. Conversely, the patterns of gene

expression in a cell can provide detailed information about its

plrysiological state. For instance, ESTs derived frofn a Brugia

tttalali third-stage larvae cDNA library reveal a multitude of genes

rhat are expressed in nematodes poised to invade the body.t6rl The

ESTs generated from Meloídogyne and Globoclera second-stage

iuveniles provide parallel information for plant parasitic nema-

,odes. It has been said that knowledge of the biology and ecology

11' these mites is the starting point for the design of effective

:rl lergen control regimes.t2l However, the available knowledge is

lather scant, l imited to only pictorial guides for taxonomic identif i-

cation of mites found in homes,t62l and some basic studies on the

life history and environmental effects on the dynamics of dust

rrrites.t63l Hence, we now have the opportunity to embark on

inicroarray-based studies to facil i tate understanding of gene ex-

pression in the different l i fe stages of dust mites, which might

provide some valuable information on genes playing essential

roles in development and matLlration.

Virtually all chan-ges in physiological status, regardless of their

gtrnetic or environmental bases, are mediated by changes in gene

e.rpression. Diversion from normal physiology, for instance, in the

case of stress, is generally accompanied by a plethora of molecular

and biochemical changes, including alterations in gene expression

patterns. The regulation of -uenes is either the direct cause or resttlt

of such modulation in environment. For example, DeRisi et al.tÉal

rr-ported a comprehensive investigation of the temporal program

\)f gene expression in yeast undergoing the metabolic shift frorn

i'ermentation to respiration.

The life cycle of all rnites consists of different stages: egg,

liìrva, nymphal stages, and adulthood. The duration of develop-

nrent from egg to adult and population growth is dependent on

both ambient relative humidity and temperature.[6-s] The optimum

gro'uvth conditions for dust mites are about 25-30"C and 807o

rr-lative humidity. However, the mite A. siro was reported to be

able to complete its l i fe cycle at 5"C with a humidity of 6J.5Vo.t66)

We have observed in our orvn studies that we could hold entire

cultures of D. farinae dust n-rites in an inanimate state for a long

lreriod of time at 4"C and revive them at room temperatLlre

(Lrnpublished data). Additionally, we have noted that mites at

certain stages of their life cycle seem to be resistant to extreme

cnvironmental pressures (unpublished data). Information on the

.:' 2OO4 Adis Dolo Informotion BV, All riohîs reserved.

molecular mechanistns behind these phenomena would be useful

ir-r our understanding of dust mite biology and may ultiniately lead

to the development of novel control measures, r,vhich includes

protocols aimed at the reduction of mite infestation.t6Tl Neverthe-

less, the success of these measures is variable and relies heavily on

empirical observations. Thus, investigating the change in gene

expression profiles at different growth temperatures, humidity

culture conditions, or in unique physiological phenomena as de-

scribed above, might provide some valr-rable insights into mite

control strategies.

ó. Phylogenelic Studies

EST databases can be scanned for sequences coding for the

ancient conserved regions (ACR) that are common to a number of

proteins conserved in different phyla.t6sl more than two-thirds of

the known ACR can be recognized in the Arabidopsis EST collec-

tion.t6el Yan and Gongtuot assembled a complete zebrafish mito-

chondrial l65 rRNA gene from overlapping ESTs. Mitochondrial

165 rRNA has been widely used to construct phylogenetic rela-

tionship throughout eukaryotic kingdorns because of its relatively

rapid mutation rate and, thtts, the high sensitivity for phylogenetic

analysis among closely related species.

Evolr-rt ionary studies on mites have primarily surveyed the

mitochondrial cytochrotne oxidase subunit I (COD gene, and rvork

performed on COI sequences has revealed the population genetic

structure of the species T. urticae throughout its distribution

area.[7r] In our EST collection, multiple copies of the COI gene

were found and, thus, it similar approach could be used to gather

information on genetic relatedness of the different species of

allergy-causing mites from diffèrent parts of the world so as to

generate inforrnation useful for more comprehensive diagnostic

and therapeutic approaches in allergy studies.

7. Assessment of Allergen lsoforms ond
Gene Fomilies

A survey of the clones in our EST database has revealed the

presence of a number of cDNA clones which matched sequences

of known allergens, but which diflered slightly with respect to

their amino acid sequences. This is evidence of the presence of

isoallergens - allergens thzit are very similar in molecular sizes and

biological function but differ by a few residues in amino acid

sequence. We have also seen several groups of allergens formin-e

different contigs or gene clusters that were significantly more

different than just a few nucleotide polymorpli5ps.t;2'731 Thus, the

existence of polymorphisms and multi-gene families necessitate
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their further characterization, as a diversity' is introduced which
may influence allergenicity.

Polymorphisms in dust mite allergens \\-ere first reported fol_
lowing the isolation of f ive cDNA clones of D. pteronyssintts
group I allergen (Der pl) which differed from each other by one to
three nucleotide residues.tTll Though the changes were deemed
minimal, they were significant on rhe basis that any change in
amino acid sequence, includin-e alterations in residues outside T
cell epitopes, has the capacity to profoundll, affect T ceil epitopes.
Moreover, three of the seven reportecr epitopes in Der p I were
found to possess polymorphic resiclues.

Screening of D. pterony-ssirirs cDNA libraries with aDer p 2
cDNA clone as a probe as well as pcR amplif ication of genomic
DNA with Der p 2-specific primers from mites isolated from
house dust resulted in the characterization of severar distinct
allelic variants.tT5l The translated polypeptides differed from each
other by three to four amino acid residues and, interestingly, were
also found in coding regions pre'iously. assigned to T cell
epitopes. Affinity-purified narural Der p 2 proteins were then
subjected to two-dimensional (2D) gel electrophoresis and immu_
noblot analysis in order to address the question of these Der p 2
variants at the protein lever, and 10 isofonr-rs ri. i th isoeiectric point
(pI) values ranging from 5.9 to 7.0 r,,,,ere obsen,ed. Genomic DNA
from D. forinae was pcR-amplif ied *ith Der f 2-specific primers,
and the resulting amplified fragments compared found to corre_
spond to four distinct polymoqphic clones.r,or It should be noted
that the frequent polymorphic positions identif ied in Der p 2 were
at posi t ions 40,4J,11l ,  and l  l7.  whi le those reported for Der p 2
r 'vere at  posi t ions 76, 88, 1l l ,  and 125. I t  is  not  known why the
locations of polymorphisms do nor coincide. despite the high level
of sequence homology between both ailer_sens. arthough this may
be due to the fact that insufficient data exists fbr Der f 2.
Polymorphisms have also been identif ied in Der p 3,r77r Der f 3,t78J
and Der p 5.t;r] In contrast, two isoallergens of L. clestructor group
2 allergen (Lep d2) were isolated. differin_s in l0% of their arnino
acid sequerces,[80] despite the demonstration that their IgE reactiv_
ity in vivo was shown to be comparable. as determined by skin
Prick testing.tst'azl

Based on these studies, it can be obse^'ed that the frequency of
polymorphisms in the allergens studied were. in many incidences,
greater than the 1/10 000 error rate expected from replication
during the construction of cDNAs. N{oreover. the degree of se-
quence variation among the reported isoaller_sens was not usually
found in DNA coding for other eukaryotic proreins, thus indicating
that isoallergenic variation is an unusual occurrence that warrants
further analysis. Another crucial point to note is that mites from

O 2004 Adis Doto lnformoîion BV. All rights resenred.

different environments and commercially cultured mites may dif_
fer with regarcls to the location and nature of the polymorphic
residues, such as in the case of Der p l, where three amino acid
substitutions were present in the environmental mites from differ_
ent geographical locations in Australia and not in commercial
mites obtained from the commonwealth Serum Laboratories,
Melbourne, Australls.t83l ult imately, this becomes a point of con_
cern because commercial mites, in such cases, would not corre_
spond to mites that are responsible for sensitization in the wider
environment.

These observations have lecl us to analyze the nature and
diversity of polymorphisms in clust mite allergens using the EST
collection as a starting point. Advances in high-throughput muta-
tion detection and genotyping technologies,tsa,ssl largely previous_
ly applied to the analysis of single nucleoricle polymorphisms in
the human genome, may provide impetus for the elucidation of the
spectrum of polymorphisms in dust mites from the environment.
Examples include conformation-based mutation scanning and ín
silico single nucleotide polymorphism (SNp) mapping for poly-
morphism detection, and oligonucleotide l igation assay genoryp-
ing, mini-sequencing, homogenous solution hybridization using
fluorescence resonance energy transfer detection, dye-labeled
oligonucleotide l igation, and single-base extension with fluores_
cence detection, for genotyping. These assays seem to be both
adequately sensitive and amenable even for studies using a single
dust mite (unpublished data).

A full underqtanding of the degree of sequence polymorphism
and the presence of multi-gene families of allergenic components
would be essential for the development of therapeutic and diag_
nostic tools for mite allergy. The various naturally occurring
isoforms would, thus, be useful in the elucidation of immu_
nopathogenesis of mite allergy, in view of the observation that
many of these polymorphisms lie within defined r cell epitopes.

8. Expressed Sequence Togs os o Meons of
Fqcilitoting Proteomic studies ond chorocterizotion

very little is known about the major proteins in mites apart
from the aller-eenic components that have been isolated and char_
acterized via molecular biology. Knowledge of these other compo_
nents, regardless of whether they are allergenic or not, may be
useful in our comprehension of host allergic responses, mite
biology, and control. without the EST collection however, it
would have been difficult to pursue larger scale proteomic-based
studies, as the basis of protein identification via mass spectrometry
is the availability of genomic or sequence data. previous studies on

Am J Phormocogenomics 2004;4 (6)
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IgE-binding proteins screened via 2D-electrophoresis and immu-

noblotting, required Edman degradation based ly'-terminal amino

acid seqr,rencing to identify the proteins of interest.ts6l Horvever,

this process is slorv, requires relatively large amounts of protein,

and blocked lú-termini are something that is not uncommon.

Nevertheless, to a certain degree the availability of an EST

database facilitates the mass spectrometric-based identification of

proteins. In our laboratory, we recently generated 2D protein'

profi le maps of several species of dust mites. Without the use of

the EST database, we observed that less than 5 (out of 100) of the

major components isolated from each 2D map could be matched

and identified via peptide mass fingerprinting. However, almost

all peptide mass fingerprint profiles generated from these major

proteins were able to match the dust mite EST sequence5.t87ì

Additionally, we have confirmed several of these matches using de

nov' o tandenì mas s spec trometric sequencin g. tssì

Using a combination of peptide mass fingerprinting, tandem

mass spectrometry, and contiguous EST alignments, we were able

to identify, isolate, clone, and express, several major components

of the house dust mite proteome for further studies. One example

of these is an insect cuticle-like protein that was found to be one of

the most abundant proteins in all dust mite species screened thus

far.t88l This protein was observed to be non-allergenic, and may

even be a very weak antigen despite being a relatively large (40

kDa, pI 7.2), abundant, and soluble protein. Such proteins could

then be used to contrast with dust mite allergens from several

angles, e.g. environmental levels (dose) and exposure, host immu-

nologic response, and their physicochemical properties. The phi-

losophy behind this is that to understand what constitutes an

allergen, one may also need to know rvhat constitutes a non-

allergen.

9. Conclusion

The EST database has revealed a tremendous amount of infor-

mation on potential allergenic components from dust mites, in

addition to facilitating biologic studies with the aim of understand-

ing how to monitor and control this organism. We have extended

our studies to inclucle other mites, namely T. putrescentiae,Í8el A.

siro,[90] G. domesticus, S. meclanensis, and A. ovatus, and it is

hoped that these endeavors will accelerate our understanding of

dust mite biology and reveal the full panel of its allergenic compo-

nents.

@ 2004 Adis Dolq Informolion BV. All righls reserved.
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