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.'Mleriicnic cxlracls ist>!alcd from natural sources are
complex niixuires ol' numerous proteins and (,)ther
molecules. Their composition ditTers greatly in aller-
genic as well as nonaiiergenic material. Allergenicitx
depends on tlie mateiial used, uluch varies accord-
ing lo en\ ironmenlal conditions in the case of pol-
lens, according to phase of maturation in the case of
molds, and according to the species of mites. t\pes
(if pets, etc. Some extracts, too. ma\ contain major
allergens m insuflicient concentrations, may be con-
taminated with unwanted components [o which the
patient is not allergic, or htnh. Furthermore, impor-
tant allergens nia\ be lost during extraction because
i>rthe high acti\il\ otprtMcascs ci)puriried with the
allergens or the protease nature o( some of the al-
lergens. In addition, biochemical and imnuun)chem-
ical procedures ol' protein purification are relati\ el>
costly and time-consuming, [-or all these reasons,
interest has been focused in recent \ears on recom-
binant l)N.\ RNA technolog} as an effective alter-
native.

During the last 6 \ears, an astonishing number oi"
proteins with allergenic characteristics ha\e been
produeed b\ reeombinant methods (Table 1 and
Fig. 1). ln this way, not only can pure allergens be
produeed more easil\, but these methods have also
proved to be a powerful instrument in characteriz-
ing the molecular and biologic features of allergens,
W hereas complete amino acid sequences of only a
few allergens of low mol, mass of 5-15 kDa {Lol p
II (1). Lol p 111 (2), and Ole c I (85)) have been
obtained by protein sequencing, application of

eomplementary DNA (cDNA) cloning, followed by
DNA sequencing, has yielded complete amino acid
sequences for many more allergens, including those
with a higher mol, mass (15-70 kDa). In partieular,
the method of polymerase chain reaction (;PCR) led
lo a dranialically increased yield of recombinant al-
lergens (RA). but not all of them showed the same
immunologie properties as their natural counterparts
(5, 27. 81, 83, 84), Fxehanges of a few amino acids
ma> considerably change the immunologie charac-
teristics of allergens in their T- as well as B-cell
epitopes. Therefore, molecular biology methods lead
not onlv to full primary structures (amino acid se-
quences) of allergens, but also to information on
their capacity to induce immune responses. Further-
more, computer-aided sequence comparisons could
be used to unravel biochemical properties and bio-
logic functions, a development which, in turn, may
lead to better understanding of allergenicitx. Because
the list of cloned and sequenced allergens increases
from month to month, new classifications of nomen-
clature, B- as well as T-cell epitopes. and functional
properties have had to be established and should be
constantly updated with new results (4).

Recombinant methods

The term ""recombinant technique'' may be under-
stood as the molecular cloning of DNA that con-
tains at least partial nucleotide sequence coding
for a protein or protein fragments. The method
of "cDNA-cloning" cotnprises the isolation of
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Table 1. Complete cDNA-cloned and sequenced allergens

Allergens Authors Month/year of publication

Pollens

Betvl

Lolpl

Poa p IX

Ambal

Lolpl

Lolp"\b"
Ambty
Bet VII
Amb a II

Carbl

Horvl

Alngl

Coral

AmbaV

AmbpM

Lolp 11

PhlpM

Dae g II

Phi p Ml

Hoi 11

lea m XI

Phi p 11

Lolp\'
PhlpXl
Parjl

Cry] I

Bet V III

0/eel
Phi pi

Foods

Sm a 1

Arthropods

Derpl

Dol my

DerpV

Derpll

Derf I

Derf 11

DerfW

Eur ml

Api m

Myrpl

Dol m\

Ves V V

Vertebrates

Fel dl

Can f III

Protists

Can a i

Aspfla

Aspfl

Cla h ill

Breiteneder et al. (8)

Perez et al. (57)

Silvanovich et al. (66)

Rafnar et al, (59)

Griffith et al. (33)

Singh et al, (67)

Gosh et al, (29)

Valenta et al. (80)

Rogers et al. (62)

Larsen et al. (44)

Mena et al, (48)

Breiteneder et al. (6)

Breiteneder et al. (5)

Gosh et al. (30)

Gosh et al.

Sidoli et al, (65)

Vrtala et al, (86)

Roberts et al. (60)

Peterson et ai.

Schramm et al.

Staiger et ai, (73)

Doleceketal, (19i

Ong et al. (56)

Valenta et al. (94)

Costa etal. (16)

Sone et al, (70)

Seiberler et al, (63)

Lombardero et al, (45)

Laffer et al, (42)

Menendez-Anas et al, '

Chuaetal. (14)

Fang et al, (26)

Tovey et al. (76)

Chuaetal. (12)

Dilworth et al, (18)

Trudinger et al, (77)

Yuuki et al. (93)

Kent etal, (41)

Dudler et al, (211

Donovan et al. (201

Soldatova et al, (68)

Lu et al, !46)

Morgenstern et al, (50

Spitzauer et al, (72)

Shen et ai, (64)

Moseretal, (51)

Arruda et ai, (3)

Zhang et al.

07/89
09/90
01/91
01/91
02/91
02/91
05/91
08/91
10/91
06/92
10/92
12/92
04/93
06/93
09/93*

0/93
/'93
/93
/93*
/93*
/93
/93
/93

02/94
03/94
03/94
08/94
08'94
10/94

02/88

10/89

02,̂ 90

01/91

01:91

05'91

11/92

12/92

01/93

04/93

10'93

1V91

03/94

11/91

07/92

11/92

01/94*

* From "Genebani< database".

messenger RNA (mRNA) from the organism under
investigation, and the transcription of the RNA into
complementary DNA (cDNA) by the retroviral en-
zyme reverse transcriptase. After cloning in suitable
vector systems, allergen-encoding clones can be

isolate mRNA from the source matet
(mite, pollen, etc)

Prepare single stranded
cDNA by reverse

Design primers on the basis
of the /V-terminal sequence of
the protein

PCR amplification of singie-
stranded cDNA by the
degenerate pnmers

i
Clone the PCR products in
pCR2000 and sequence the
clones to identify the clone of
interest

\

\ Phage

Prepare an expression library
in vectors such as /.gt 1 1 or

Sreening of the library 1

monoclonal antibodies
specific to alleraen of i

Subclone if necessary a
sequence DNA clones

Fig. I. Schemati
lar cloning and

High-level expression clonin
and immunologic characteriza

c representation of mcthcids
equencing of allergens.

identified by hybridization, or by antibody screening
of cDNA libraries with IgE-containing sera from
allergic patients or monoclonal antibodies. The nu-
cleotide sequences of the inserted cDNAs can be
used to deduce the amino acid sequences of the
cDNA-encoded proteins (Fig. 1). cDNA cloning
methods have produced several deduced amino acid
sequences of allergens, as listed in Table 1.

For the construction of cDNA libraries, the iso-
lation of mRNA is of great importance. In the case
of pollen allergens, pollens, but, surprisingly, not
male inflorescences, roots, or leaves, are the tissues
chosen for mRNA isolation, despite the fact that it
is sometimes difficult to get an adequate yield and to
avoid copurification of nonnucleic acid material(s)
interfering with the cDNA synthesis (58). mRNA
encoding allergens from mites, molds, and pets must
be prepared from somatic tissues. The quality of the
isolated RNA has to be controlled carefully. This
can be done by Northern blot hybridization with
DNA probes known to contain sequences encoding
the protein required. If such a probe is not available,
as frequently is the case, the mRNA can be sub-
jected to in vitro translation (7, 74); the products can
be detected by immunoblotting methods, using
allergen-specific IgE antibodies from allergic patients
or monoclonal antibodies (8, 12, 13, 39, 66, 67, 76).
The immunoscreening method with IgE antibodies
has been shown to yield good results and seems to
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be a prerequisite when epitopes are believed to be of
confbrtnational nature. In the ease of a single eon-
formational epitope, //; vinu.' translation methods ean
prove the presence of full-length, allergen-encoding
niRNAs.

eDNA ean be synthesized with eommereialiy
available kits. Beft)re eonstruetion of eDNA librar-
ies, the amount of DNA can be amplified by PCR
(Fig. !). However, this method requires knowledge
of" the partial sequenees of" the protein requested ibr
eonstruetion of" the oligonueieotide primers. PCR-
ampiified allergen-speeilic DN.A ean then be cloned
anci sequeneed, and the identitv of the cloned pro-
tein ean be verified h\ eomparison of the deduced
amuK^ aeid sequence with the ,V-terminal amino
aeids of tlie protein in qtiestion .Mternativel}, the
cDN.A can be cloned into an expression vector, and
the Igl>binding properties of" the recombinant aller-
gen ean be studied by comparing it with its natural
eounterpart. liiis method of" eloning has been suc-
eessf"u!l\ apphed to ma.nv allergens.

Biochemical and biologic properties of
allergens
Sue ;sf"ul eloning and sequenemg of alleriien-
eneoding e D N A s have enabled us to deduce the
respective amino acid sequenees and to compare
these secjuenees with those of ahead) deseribed pro-
teins with known f"unetions. In some eases, signifi-
cant se\|uence homologies with weli-descriheci pro-
teins or prc)tein families have l^een diseovered. Ihe
attraetive assumption that the allergens possess
flmetions similar to those deseribed f"or the homok^-
gous proteins has led to some new ideas as to why
a bioehemieal or biologic propertv might prxxiisptise
a prcUein \o become an allergen. As suggested bv
Stewart et al. (75). the j^resumed pri>teolvtic aetivit)
ot"the major mite allergens Der p ! and her j 1 mav
î e crucial f"or the penetration of"n)ueous membranes
î ) tiiese moieeules. a peneii'ation whicli then ma_\
lead io sensiti/ation

Amino aeui sequenee liomoiogies of more than
80",, were f"ouiHl among the major tree pollen aller-
gen f"aniil>, Bci v 1, Aln i; I, Cor a 1, and Car h I (5,
6, 37, 44, 78), antl a distinct f"aniil) of" "pathogenesis-
reiated proteins" eneoded b) "disease-resistanee re-
sponse genes" (8) f"rom the bean {'^'^), parslev (69).
pea (28), and potato (47). W hereas in pollens these
prtneins are alw ays expressed, the synthesis of the
pathogenesis-reiated proteins in piants is indueed bv
w ounding, mierobial or f"ungal inf"eetions, heat shoek,
and chemical or other stress signals (89). It may be
of interest tliat molecules similar to Bet v 1 and to the
other major tree pollen allergens are not uneomtrion
and ean be deteeted in fYuits (apple (22), pear, kiwi)),
nuts (hazelnut and walnut (36)), vegetables (earrot.

celeriac), and spices (aniseed and caraway seed
(Hirschwehr et al., in preparation)). Although pro-
teins of the other pathogenesis-reiated protein fami-
lies show clear functions (chitinases, glucanases,
proteases, protease-inhibitors, etc.), at present, no
biologic properties of the i7-kDa ailergen homo-
logues are known. However, provisional data (40)
indieate that environmental pollution, especially car-
exhaust fumes, might lead to enhanced expression of
Bel V I in birch poiien and other tissues of birch. This
tnolecule eould then act as a stress protein, but,
unfortunately, also induce enhaneed IgE synthesis in
genetically predisposed persons. Observations in
Japan (38) that the incidence of pollen allergies is
eonneeted with ear-exhaust fumes support this hypo-
thesis (91).

A eross-reactive allergen with mol. mass of
]4 kDa, was eloned from birch pollen (79, 80) and
later Irom grass poiien (82). This i4-kDa allergen
was identified as a cytoskeleton-assoeiated protein,
profilin. It is a highly eonserved protein, obviously
present in all eukar\otic eells, and, by interaction
with actin. it is involved in cell structure and move-
ment, and eell division. In tiian, high concentrations
of" profilin ean be found in platelets, macrophages,
and mast eells. Under normal conditions, no profilin
can be detected in the circulation, but in the course
of" inilammators processes, ineiuding those of alier-
gie origin, reiex ant amounts of protilin ma\ be re-
leased and ma\ act as an antigen capable of driving
tlie immune response against e.xogenous as well as
endogenous profilins. .Although the amino acid se-
quence h(Miiolog\ between bireh and human profilin,
albeit signiiieant, is not high, this moleeule eould be
one ofMlKise which might initiate IgE autoreaetivity
(80).

Epitopes of allergens

hpitopes of antigens are classified as either B- or
'T-cell reaetive epitopes. Each antigen seen b\ the
immune system is recognized by its three-
dimensional (3-L)) strueture b\ imtnunoglobulins (B-
eell epitopes), or. after ingestion and proeessing b>
antigen-presenting cells (APC), as small peptide frag-
ments bonded with tnajor histocompatibiiity cotii-
plex (MHC) elass II tnolecules by T eells (T-eel!
epitopes). T-eel! epitopes are not eonformational,
hut sequentional; as such, they do not usually react
with allergen-specific IgE antibodies. A prerequisite
for the identifieation of epitopes is knowledge of the
primarv strueture (atiiino aeid sequenee) of the al-
lergen in question. Overlapping peptides can then
easil) be produced b> recombinant DNA methods,
i.e., by expression eioning of overiapping cDNAs,
produced by either sequential deletions or random
iYagmentation of the eDNAs, and, after that, by the
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synthesis of tiie corresponding peptides in Escheri-
chia coli, yeast, or mammalian cells. Alternatively,
smaii or iarger peptides may be chemicaliy synthe-
sized. Epitopes can then be detected in vitro b\ anti-
body assays (direct or inhibition ELISA, R./\ST,
histamine-reiease assays), by T-ceil proliferation, or
by tests in vivo (skin tests, other provocation tests, or
immunogenicity in animals).

T-cell epitopes

T iielper (TH) ceiis have a cruciai roic in the controi
of the IgE synthesis (55, 90). The allergen-specific
immune response starts with the uptake and pro-
eessing of antigen by APCs and with the binding of
peptide MHC eiass II compiexes on APCs by T-ceii
receptors (TCR) on aiiergen-specific TH ceiis. The
TH cells become activated to proliferate and secrete
iymphokines when costimuiatory signals are pro-
vided by the APC. In contrast, T-ceii nonrespon-
siveness ean be secured if costimuiatory signais are
absent, or by supraimmunogenic doses of antigenic
peptides. Because administration of peptides corre-
sponding to T-ceii epitopes (minimum iO-i2 AA)
ied to T-eeli toierance to the compiete antigens in
miee (9, 15), and similar observations (i.e., T-eeii
nonresponsiveness) were made in the case of human
T-ceii ciones (31, 34, 43, 54), it is currenti) beiieved
that immunodominant T-ceii epitopes of an aiiergen
couid aiso function as strong inducers of T-eeii non-
responsiveness in man (87). Therefore, mueh atten-
tion has been focused on the deiineation of func-
tional regions of an aiiergen with respect to their
eapaeity to stimuiate T-eeii proiiferation /;/ vitro.
During the last 4 years, peptides eontaining T-eeii-
reactive epitopes have been determined for the major
aliergens of grass poiiens (iO, 57, 7i), tree poliens
(23-25), weed poiiens (62), mites (35, 52, 92), eat
(32, 53, 61), and bee-venom phosphoiipase A^
(11,17). Most typieally, aiiergen-specific T-cell
clones from allergic patients were produced with
natural allergens and then used to map the epitopes
w ith overlapping peptides covering the v\ hole amino
aeid sequenee of the allergen. Other approaches,
however, have focused on the total potential T-cell
repertoire in the eirculating lymphocyte pool, and
T-cel! lines and peripheral blood mononuclear cells
(PBMC) have l̂ een cuitured with dodekamer- or
eikosamer-ovcrlapping synthetic peptides instead of
T-cell clones (10). It turned out that most, if not aii,
allergens contain multiple T-cell epitopes (11, 17,
23-25, 35, 52, 53, 61, 92), although some of them are
more frequently recognized. Furthermore, recogni-
tion of these epitopes may be restricted to various
MHC class II molecules, making the situation even
more complicated. These findings imply that, for
each patient, all individual T-ceii-dependent epitopes

of an aiiergen should be identified and ineluded in
peptide immunotherapv (IT). However, it is tempt-
ing to speculate that some so-called immunodomi-
nant epitopes may be sufficient to tolerize TH2 cells,
activate THl or T suppressor (TS) ceiis, or both
toierize and aetivate. It is of interest that three
studies, aithough eonducted in two countries with
different populations, located a single immunodom-
inant T-ceii epitope on Loi p I, a major allergen of
the crass Lolium perenne. at .^A 193-206 (H), 57,
71).

B-cell epitopes

Despite the rapidly inereasing number of reeombi-
nant aliergens (RA), far iewer igE-reactive B-cell
than T-eeli epitopes have been established, although
some B-cell epitopes on allergens have been discov-
ered to reaet with monoelonai antibodies. The
epitope-mapping by monoelonal antibodies mav be
valuabie ibr the deteetion and quantification of al-
lergens in aiiergen extracts and for the characteriza-
tion of isoailergens (moleeuies with simiiar molecu-
lar size and function and >67",, identity of amino
acid sequenees). Only in the case of monoelonal
antibodies that reeognize the same epitopes as IgE
antibodies would their reactivity pattern be of inter-
est to researehers. Knovv ledge of IgE-binding B-eell
epitopes may be of great interest ibr several reasons:
to inerease the specificity and sensitivity of diagnos-
tic tests bv including molecules with such epitopes,
to distinguish B-cell lYom T-eell epitopes, to under-
stand the trigger meehanisms of IgE-sensitized mast
cells and basophils, and, finallv, to test the hypothe-
sis that some diseases, such as intrinsic bronchial
asthma, are caused by IgE-reactive autoantigens. As
mentioned above, IgE antibodies characteristically
reeognize ailergens bv their 3-D structure (conibr-
mational epitopes). Some allergens might even con-
stitute an epitope //; tttio: this seems to be true in the
case of Bet v I (variant 1 of isoallergen Bel v 1). Onl\
cDN.As eneoding the entire open reading frame
could be isolated bv screening expression libraries
with patients" IgE. Eurthermore, cutting the Bet v I
encoding cDNA with BamUl in the middle of the
cDNA and subcloning the iragments in expression
vectors did not lead to expression of IgE-binding
peptides. This corresponds to data showing that
cleavage of Bet v I v\ith trypsin or thrombin destroys
its IgE-binding capacity (unpublished results iVom
our laboratory). .Mthough, in theory, T-cell epitopes
do not bind to IgE, recent data have shown that
small peptides can bind to IgE and subsequently
bloek (as monovalent haptens) or trigger basophils
or plateiets. In addition, T cells can produce
histamine-releasing factors, thus priming basophils
and mast ceiis for IgE-mediated reactions.
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The opportunity to use R.As for epitope mapping
has shown that the natural allergens and the RAs
share IgE-binding B-eell as well as T-eeil epitopes.
Eurther investigation will be necessary to deteet all
relevant epitopes for the improvement of diagnostie
as well as therapeutic proeedures.

Use of recombinant allergens for diagnos-
tic and therapeutic purposes
DNA teehnology offers the possibility of produeing
well-defined allergens m large quantities for use as
diagnostie and therapeutie agents. At present, there
is no doubt that only a few reeombinant moieeules
are sutfieient for diagnosis of pollen-, mite-, mold-,
pet-, and Hymenoptera-indueed Type I allergies. The
aeeuraey of tests with KAs will improve signifieantly
in the near future, beeause not only defined mixtures
of ailergens. but also major as well as important
mint)r allergens are separately available for IgE-
binding assays, skin tests, and basophil degranula-
tion tests. The diagnosis of allergie eonditions will
eertainly be mu(.:h more reliable, beeause some natu-
ral allergens are rapidK denatured during their ex-
traetion and storage (e.g.. apple) and are not avail-
able in the diagnostie test systems. Other natural
allergens may exist t>iily in ver\ low eoneentrations
in tlie extraets (e.g.. eypress pollen ailergens). and
some allergens are destroyed beeause of the enzy-
matie aetivit} of proteins in the allergen extraets.
I'urtherinore. (he use of single R,'\s. such as the
profilins. ma\ funetion as an effective marker tif se-
vere atof\\ or pro\ ide a useful iool to eharaeterize a
patient's sensitivit} to single allergens (e.g., Bel v I
or lici i l l homologues in fruits, vegetables, nuts, and
spiees). EinalK. the use of single RAs. as opposed
to v\liole natural allergen extraet. ean give impi)rtant
inf(Mn)ati(MT before 11 is started, beeause it has been
shown that patients allergie to several allergens are
poor respiMiders to 11 (3b). I low ever, there are some
disad\ aiUages ctMineeted with the use of R.\s. It has
been shown that some RAs show less IgE-bindmg
capaeit) than those of the corresponding natural al-
lergens, lhis is quite clear beeause of the existence
of man\ isoforms of allergens with different IgE-
binding eapaeitN. Therefore, it is neeessar\ to use
only R.\s winch ha\e been shown to possess the
same immunologic characteristics as their natural
eouiuerparts. Instead of eloning many more isoailer-
gens, onh those detected by immunosereening and
established in their allergenicity by histamine-release
assa\s and T-cell prolilbration tests should be used
for diagnostie purposes.

.Although IT with R.\s cannot be en\isaged at
present, major allergens produced by eDN.'\ tech-
nolog\ max be added to commonlx used natural
extraets to eertify standardized quality. In addition.

RAs allow the application of tailor-made allergen
preparations in IT. This concept seems to be of
particular interest, beeause, at present, patients re-
ceive during IT large numbers of proteins (including
allergens) to whieh they are not allergie. In this way,
they might even become sensitized to new allergens.
Moreover, RAs could be polymerized more easily in
order to reduce the IgE-binding eapaeity but still
retain the T-eell receptor activity. These modifica-
tions were impractical in the past because several
ailergens and impurities were present in varying eon-
eentrations in each extract, making it difficult to poly-
merize al! molecules to a similar degree. Eurther-
more, although oral IT has been used for deeades,
evidence of the efficacy of this therapy eould not be
established. By means of pure RAs as whole or par-
tial moleeuies, reevaluation of this type of therapy
seetiis to be possible. R.As may be useful here be-
cause very large doses can be easily produced, and
specific delivery systetns may help to target the al-
lergen on the gut-assoeiated lymphoid tissue thought
to be important in the generation of orally induced
tolerance.

In addition, there is the opportunity to construct
live vaecines: eDNAs eneoding f̂ or allergens ean be
inserted into nonpathogenie microorganisms and
orallv applied. Allergens produced by these micro-
organisms could be released at immunoeotnpetent
sites in the gut and influenee the immune response
by seleeting THl-like responses in man. However,
the nsk of IgE-mediated anaphylactic reactions has
to be considered if B-eeil epitopes are released and
recognized b\ mast-eell-bound IgE antibodies. Onee
again, eDN.A teehnolog\ using eDNAs eneoding
only T-ceil epitopes couid overcoine these difficul-
ties.

EastK, IT with T-eell-reaetive peptides derived
fYom allergens seems to provide another form of
treatment to induce peripheral T-cell nonresponsive-
ness. However, it must be taken into account that a
speeihe T-eell epitope vaccine might provide help for
TH2 eells, possibly by indueitig the costimuiatory
signals of .XPC. and actually boost IgE production.
.Additional!}, an excessive DTH (delayed-type hy-
persensitivity) reaetion eould be started by activa-
tion of THl eel!s. C!iniea! trtals will have to prove
the usefulness of this type of treatment, espeeially
whether a limited number of allergen-specific T-cell-
reactive epitopes is sufficient to turn oflf T-eell re-
sponsiveness to the comp!ete a!!ergen, and whether
this !oss of T-ce!! responsiveness wou!d lead to a
significant reduction of̂  synthesis of allergen-specific
IgE antibodies. If this proves to be the case, a new
era of IT mav beain.
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