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Swoboda et al.

the intine, and an outer wall, the exine, which protect the pollen from harmful environmental
influences, such as desiccation and irradiation, during distribution. The outer wall consists of

very elaborate, three-dimensional patterns and is interrupted by openings called apertures'
Thó number, distribution, and architecture of the apertures vary between plants and can be

used to classify anc-l identify tree pollen by light microscopy G6).
The collection of air samples and the analysis and identification of pollen are of

importance for physicians and patients. The allergist needs to know which species of allergenic

poil"rt a.e p.esé.t in the atmosphere, the number of allergenic pollen grains in a given volume

òf air, an.l the time and spatial variations of concentrations of airborne allergenic pollen.

Measurements of pollen loads during certain periods of the year permit prediction of allergen

exposure, and such information distributed to allergic patients can help them to avoid

"*p,ru... 
(44). Knowledge of pollen loads during certain periods and in certain countries also

allows allergic patients to plan their vacations and traveling schedules (45). However, since

there may be vÀriations of the allergen contents in pollen grains and since allergens may also

be released via submicronic particles, it is important to measure and quantify not only tl-re

pollerr grains but also the concentrations of the released allergenic molecules (46,47).

An interesting correlation between date of birth and sensitization against certain pollen
has been clescribed. Childrer-r who were born in early spring and summer are more frequently

sensitizecl against birch and grass pollen, respectively (48,49). There is also compelling

eviclence thai sensitization to certain pollen (".g., birch) is more frequent in children exposed to

heavv pollen exposure early in life than in children who have experienced mild pollen

exposure (50).
A number of methods are used to collect and quantify pollen in the air (51). The most

wide.lv used technique is the Rotorod " Sampler, a rotating-arm impactor that recovers

airboine particles on two rapidly moving plastic collector rods, which are coated with silicon

sreasc. Tire Rotorocì systerrl measures the average pollen concentration during the sampling

periocl but fails to detect variations in concentrations within this period. In contrast to this,

volumetric traps allow continuous isokinetic sampling and record variations in the

cctncentrations of pollen during the sample period. The collected samples may be counted

on the basis of poilen morphology. Unfortunately, morphological counting usually does not

allow cliscrimination between very closely related pollen species. Alternatively, collected

samples can be analyzed with antibodies for quantitative determination of the allergenic

mglòcules. As mentioned above, the latter has the advantage that, in addition to pollen-

associatec'l allergens, allergens that are released from pollen and become adsorbed to other

carrier particles (e.g., aerosols) can also be measured. In this context it has been reported that

pollen ?r.,- birch and related trees can release allergens by a process of artificial pollen

gerrnination, which occurs when pollen are exposed to humidity (Fig. 2) (26). Furthermore, it

Figure 2 Humidity induced release of al lergens from abort ively germinated alder pol len. On contact with rain

water al lergen-containing part icles are l iberated from ruptured pol len tubes. Field emission scanning electron

micrographs after immunogold label ing for Aln g 1. The rectangle in (A) marks an area comparable to the area

showÀ in higher magnif icat ion in (B). Bound Aln g 1-specif ic antibodies were detected with secondary antibodies

coupled to col loidal gold part icles, which appear as white dots [bars represent 5 prm in (A) and 0.25 pm in (B)].

Source: From Ref. 26.
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immunoscreening of an expression cDNA library that had been constructed from mature birch

pollen. Using thE same app.oach, a series of iree cDNAs were isolated, including Bet v 2

(profilin), a highly cross-reactive birch pollen allergen and th.e first.known plant actin-binding

protein (59); Bet v g and Bet v 4, both calàium-bindirig biryh pollen allergens |(042); and Aln g 4'

à calcium-binding pollen allergen from alder pollen (63)'

Using the sécànd (the pùA-based) stratégy, oligonucleotides.constructed according to a

previousry determined amino acid sequence:#" alérgen are appried either for PCR clo.ing

or for screening of cDNA libraries. The pcR opp.ou.f, was usèd to clone the major poilen

alergens from alder (Aln g 1), hornbeam (Car b i), and hazel (cor a 1) (6446) and to isolate

cDNAs coding for the major olive pott"t-, alierg_en,_ole e 1; olive pollen profilin, ole e 2; and the

major privet pollen allergen, Lid -" 1 (67-6^. Iurther apphèation of this strategy nearly

completed the spectrum oioliv" p?lt"r-, allergens (70). In contiast to this, cty j 1 and cty j 2, the

major allergens of Japanese cedar, were obàined by DNA-based.screening of cDNA libraries

(77,72).on the basis of sequence similarity at the protein and nucleic acid level with the maior

birch porlen alergen, Bet v 1, an RT-pcR ípp.ou.h was used to isolate cDNAs coding f.r Mal d

1, the major apple allergen; Api g 1, the t-,.,à;ot celery allergen; and Pru av 1' the major cherry

allergen. These important food íil.rg"rl, *-.1:^p_toducecl as recombinant proteins and their

..orr1r"u.tivity to Èet v 1 was demonstrated (73J5)'

Table 1 gives an overview of tree pollen allergens, their biological functions, and

characteristics. rnà rp".trum of tree pollen and tree nutàìì".g"t-tt has further been re-"rewcd rn

several publications and there or" ,àrr".al allergen databasés that are continuously updated

regarding new allergens (70,123:126). The troÀ"p1g"^91_!l: ry.o.ld 
Heaith Organisation/

International Union of Immunological societies WÉo/uIS) Allergen Nomenclature sub-

committee (www.allergen.org) suÀmarizes those allergens that have been submitted to the

aliergen nomenclature- subcómmittee by researchers for approval and registration' The

structural Database of Allergenic Moteclles (sDAP) from the unlversity of r-exas Medicai

Branch offers structural data about allergens. The Allergome database (www'allergome'org)

represents a frequently updated and ùlt-kept allerge"n database that contains published

allergen sequences and published studies using aller:gen molecules. A useful summary of

..rr.àr"rtty available allergen databases can be found in à review article by Mari (72O'

The rapid progr.rí in the field of recombinant allergens holds promise that most of the

traditional allergen raw extracts will be replac"g by t..ol*bitlant aliergeus, which cover the

complete epitop-e repertoire of the extracts (32,727,728).

BIOLOGICAL FUNCTIONS AND STRUCTURAL CHARACTERISTICS

OF TREE POLLEN ALLERGENS

Application of molecular biology techniques. to allergen characterization has permitted the

determination of the moleculal charactéristics of most common environmental allergens

during the last two to three decades (lz7).The DNA and deduced amino acid sequences can be

obtained by sequencing of the allergen-encoding cDNAs 3n{ lnus 
allow comparisons with

sequences aepóited ii databases. Ùsing this afproach,.the biological functions of various

allergens can be cieduced. For examplel it *u, ior,t-td that the cDNA and the amino acid

sequence of the major birch pollen alie.ge.r, Be-t v 1, showed significant sequence homology

with a group of proteins that were fouid to be upregulated.when plants were wounded'

infected, or subjec'ted to stressful conditions, and u.àotamgly these proteins were designated

pathogenesis-related proteins_(PR proteins) (58). Altho"gn,,to..date, there are no definitive

experimental data to support that the family of Bet v l-relited allergens contribute to the plant

defense system, it is possible that they have protective functions 
,J29). other functions (e'8''

RNAse activity, lipid carrier) have beér-r claimed for the Bet v 1 allergen family on the basis of

in vitro 
"*p"ti*"nts 

and structural data (130-132)'

Numerous Bet v l-homologous allergens have been identified in pollen of trees

belonging to the order Fagales t" g.]Ah g 1, a"lder; Cor a T,hazel; Car b 1, hornbeam; Que a 1'

white oak; and Cas s 1, chestnuti ir". #ww.allergen.org). Figure 4 displays the relationship

among Bet v l-related plant allergens on the basis of ùqttence identities. Almost all of the

proteins contain ..orr-i"u.tive Igi epitopes. However, lt it also known that even birch

pollen contains proteins with higlir"q.r"rl* identity to Bet v 1 but without relevant allergenic

Tree Pollen A

Table 1 Tr

Species

Fagales

Betula verrt

Alnus glutin

Corylus ave

Carpinus bt
Castanea s
Quercus al'

Hamamelid

Platanus at

Scrophulari

Olea europ

Fraxinus e;
Ligustrum'
Syringa vu

Plantaginal

Plantago le

Pinales

Cryptomer,
japonica

Chamaecy
obtusa

Cupressus
arizonict

Cupressus
sempen
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Table 1 Tree pollen Allergens Cloned and/or Characterized to Date (Continued)

Swoboda et al. Tree Pollen Allergens

( A )

Species
Common
name Allergen

Function and
similari ty MW (kDa) References 4Juniperus ashei Mountain

ceoar

Juniperus oxycedrus Prickly juniper

Juniperus virginiana Eastern Jun v 1
red cedar

J u n v 3

Pectate lyase; CrY j 1 related

Polymethyl galactu ronase ;
Cry i 2 related

PR5: thaumatin-l ike Protein
Ca2--b ind ing prote in ;  Bet  v

4 related
Pectate lyase; CrY j 1 related

PR5; thaumatin-l ike Protein

J u n a l

J u n a 2

J u n a 3
J u n o 4

Z+J

55.7

30
1 B

43

116,117,121

1 1 8

1 '19

120

122

122

sB"ffs
Spices

Coriander
tsel l  pepper

Fennel
Parslcy

Altergenic molecules are listed according to their taxonomical orders (underlined) 
fl:lqÎÎ:::::1T,","t:",:i:"qf , \ l l v l  v l t l  

l l v  |  |  l v r e v u r v u

common name), designations according to the world Health organization/lnternational unron of lmmunological
. , ^ i ^ l - r + a  /  i n

#ì"i l r '^ì ;é;; i , ìr"r. '"rr* éuo.-ornri t tee (wHo/tuls), functions and similari t ies, molecular weights ( in

kDa), and references or accession numbers are displayed'

"PR, pathogenesis-related protein.
oWHO/t U t S (www.allergen.org) database.

"Al lergenonline (FARRP) (www.al lergenonline.com) database.

g HE

o E
r - O
g o E ó x > o
È 6 ì6 E E' ,  s re 

"  
€g = _ 0  È g o ?  E . =  6 t r 8  L

l n o o o - o ó 9 - ò o - ' c L o o
< ò Ò È ó d = o '

B i r ch
Hazel
Alder
Hornbeam
Beech
Apple
Cherry
Apricot
Pear
Medicago
Pea
Soybean
Tomato
Celery
Carrot
Asparagus

Figure 4 Sequence identities (%) between Bet v 1-homologous proteins from different sources. The percentage

of sequence identi ty between Bet v 1-+elated al lergens from various sources is displayed'

activity (133). The existence of these hypoallergelic Bet v 1 isoforms and of nonallergenic

proteins with high sequence homology ío'Bet ,, i (tg+) clemonstrates that sequence homology

per se cannot predict with certainty irhether a protein is allergenic or not. The latter aspect is

also important because it is impossible to predict with certÀit-tty the allergenic potential of

j"',"ti.utty modified plants exclusively 01tÀe basis of sequence homologies of the transgene

iulth g"t't"s coding for known allergens (135)'.,

Table 1 givls an overview 
"or tree pollen allergens grouped according to botanical

classifications. Each of the different trees coirtains a spectrum of allergenl. Howgver,.it appears

that certain allerglnic molecules occur in clifferent tiees as proteins with significant sequence

homology and cíoss-reactive epitopes. In p;eneral, it is potàlbl" to identify certain groups of

Figure 5 (See col,
:rder Fagales as w,
Jescribed to date. c
f ruits, vegetables, n

:'ees, grasses, and

:ross-reactive all
Car b 1,  and Ca
These allergens
-rnrelated trees b
:eactivity might

A second
:inding protein:
,r ' i th the reasse
-trrv-mol€cular-r
listributed and
-'f botanically un
rr olive pollen p
:r'en human prc

The birch l
. ) i e e 3 ( 8 8 ) a n c 1
.rnalysis of the
:',inding motifs t

39 3B 40 + t 49 54 55 5B OU 59 66 69 79 B1 83 1 0 0

40 41 4A r+o 53 53 55 59 b J 59 69 92 82 1 0 0
A 1
+ l 39 40 40 50 50 52 55 6 1 57 b 4 67 1 0 0

39 +z 40 40 5 1 56 56 o1 5B 66 6B 1 0 0

39 41 +l 49 q 7 54 6 6 70 t 4 74 t l 1 0 0

39 40 45 47 50 3 l 54 70 79 76 1 0 0

40 A E 49 c l 3 l B4 76 '100

37 44 C U 50 6 ? c l 52 1 0 0
? 6 39 40 A A 54 50 50 1 0 0
A Q 36 40 42 b o B3 1 0 0
29 a? J Y J Y 70 1 0 0
J4 40 4 l 1 0 0
43 .tt 40 1 0 0
óz c l 1 0 0
33 1 0 0
1 0 0
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highly expressed in mature pollen (60), contains three EF-hands, the olive pollen allergen Ole e

s ind thecypress pollen ailàrgen Jun o 4 contain four EF-hands (95,720), whereas Bet v 4 and

Ole e 3 contain two EF-hand-calcium-binding motifs (67,62). The calcium-binding allergens

with two EF-hands have been founcl in a variety of pollen from botanically unrelated trees,

grasses, and weeds, and represent another famiiy of trlgnty cross-reactive allergens (Fig. 5C)

<"f +gl. It is important to norc that calcium-binding allergens are- predominantly expressed in

pollen but noi in other plant tissues and are therefore responsible only for pollen, b-ut not for

iood cross-reactivity IgÈ inhibition experiments indicate that there is also extensive IgE cross--

reactivity between mòmbers with different numbers of EF-hands (143). IgE recognition of

calcium-binding allergens is enhanced in the presence of calcium, and calcium binding causes

a conformational chJnge resuiting in higher thermal stability of the allergens (144). The

calcium dependence of igE bindir-tg rrgg"Jts that patients are preferentially sensitized against

the calcium-bound allerlens 0441. tÈe- first thrée-dimensional structure of a two EF-hand

allergen, namely of the two EF-hand allergen from timothy grass lfhl p 7), has b.":" resolved

by X:ray crystallography. This three-diménsional analysis provides further insight into the

structure and colfórÀational changes of these highly cross-reactive allergens and suggests a

l igand-b ind ing  func t ion  (145) .

Another"group of pollen allergens is represented by the major olive po]]en allergen,

Ole e 1, whichit1u.àr high sequence-identity and cross-reactive epitopes with alle^rgens from

closely related trees of tné Oleiceae family, ash (Fra e 1) (99-i01), privet (Lig v 1) (69), and lilac

(Syr v 7) (702), but lacks cross-reactivity with homoiogous allergens from other plants. The

Oíe e 1 pollen allergens are glycosylaied proteins and their glycan moieties seem to be

involved in the anti[enic and"aile.genic pròperties of these allergens. However, so far no

functional role is assigned to these allergens (70).

In the division óf Gy-r'rospermae, two separate groups of pollen allergc'ns have been

iclentifiecl (724): the pectite lyases and the polymethylgalacturonases. The major Japanese

cedar pollen allergen C.y j 1, the most thoioughly studied member of the pectate lyases-

(105,106), clisplays"high slcluence homology ut-ta tgÉ cross-reactivity with major.allergens of

other trees from the órder Pinales (..g., Jàpanese cypress, Arizona cypress, Italian cypress,

mountail cedar). Interestingly, sequeice ldentities oi nearly 50% were aiso found with the

major ragweed allergens, tÈe'pectate lyases Amb a 1 and Amb a 2 (724,146), but no cross-

,"u.tirrity with these"allergens was desóribed. The second major allergen from Japanese cedar

pollen, C.y j 2, has been classified as a polymethylgalacturonase, with cross-reactivity to

iromologoús'pollen allergens from other *ètrr6..r of the Pinales (107,108)' Database searches

further ierreaied sigr-rificint sequence homologies ( - 40%) of Cry j 2 with poiygalacturonases

known as grass poil"rl allergens (Phl p 13) (147) and with polygalacturonases associated with

fruit ripenirg iniom ato 1621), but no ielevant lgE cross-reactivity seems to exist between Cty j

2 and these enzymes.
Table 1 gives an overview of so far characterized tree pollen allergens and provides

information about their sources, biological functions, molecular weights (kDa), and references

about tl"reir description. Features that all tree pollen allergens have in common are that tl'rey

represent low-moiecular-weight proteins or glycoproteins that.rapidly elute from poilen after

coitact with aqueous solutions (148). The use óf immunogold_ electron microscopy reveals that

these allergens are mainly intracellular proteins, which either elute from pollen or, under

certain .or-rditior,s, are 
"*p"u"a 

from pollén by rupture or abortive pollen germination (25,26)'

Analysis of the three-dimensional stiuctures-of important_pollen allergens does not identify

structural motifs that are common among all alleigens. However, these studies show that

cross-reactivity between allergens is based on structural similarities (fr49).

CROSS-REACTIVITY BETWEEN TREE POLLEN ALLERGENS

During the last decade the most common allergens have been identified by molecular cloning

and pioduced as recombinant allergens (22). I; this context, IgE inhibition studies performed

with purified recombinant allergùs have greatly enhanced our understanding of cross-

reactivity at the molecular level (22).

Figure 54 illustrates as an example the cross-reactivity within the group tf..B"l v l-related

allergen"s. Allergens containing ..ori-."active IgE epitopes have been described in pollen,
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ln vitro diagnostic tests equipped with recombinant marker allergens--to facilitate the

selection of patie-nts for immunoùè.upy with birch pollen - and gras? Poll:l extracts are

available from diagnostic companies^ ànd can currèntly be used by clinicians (www

.meduniwien.ac.at/a-llergy-research-christian-doppler; Publications).

TRANSITION FROM ALLERGEN EXTRACT+ASED DIAGNOSIS AND THERAPY

TO RECOMBINANT ALLERGEN-BASED DIAGNOSIS AND THERAPY

The rapid progress of allergen characterization through the application of molecular cloning

techniques^haà provided récombinant allerg"r-,, .orré.ing most-allergen sour:es, including

trees. Recombinant allergens allow determination of the individual sensitization profiles of

allergic patients, u pro."rl, that has been designated component-resolved diagnosis- (CRD) (33)'

rne àiagnostic infórmation obtained by CRD is more pre_cise than diag"9t1? based on extract-

based methodology. Extract-based diagnosis will only identify potential allergen sources but

does not provide"íny information regàrding the disease-eliciting allergens within the given

allergen source. In órder to utilize ihe full spectrum of recombinant allergens for allergy

diagiosis, novel forms of multiallergen tests aie under development (156). some of the new

tests combine chip and microarray iechnology whereas others simply utilize nitroceliulose-

based test systemi for the elucidatíon of a pat-ilnt's reactivity profile in a single test (156-158)'

In addition, recombinant allergens have bèen incorporated into established quantitative and

automated in vitro allergy tést systems, where ihey allow a more precise quantitative

measurement of specific IgE and IgG.
Using these recomÈinant ailergen-based tests, it has been possible to 

.dissect 
the

sensitization profiles of patients from irarious populations (47,42,159), to monitor the develop-

ment of allergies from early childhood to adultliood (160), to investigate the.development of

IgE profiles during the natural course of allergic disease 061), and to study the effects of

oil".g"t-t-tpecific immunotherapy Q67-764)'
Recombinant allergen-Èised tests and CRD have resulted in several interesting

obse^,ations regarding tte pathogenesis of allergic diseases and the potential mechanisms

for allerg.rl-rp".ifl. irrl-.rtlotherXpy. The moniioring of IgE and IgG responses during

allergen-lpeciilc immunotherapy irir reemphasized the importance of specific blocking

antibodies for the success of aliergen-specific immunotherapy (167,762,764). The finding that

alierger-r vaccines induce a highl| het'erogeneous immune- response against the individual

components in the vaccine has underlineJthe need for improvement of therapeutic ailergen

preparations (164). Moreover, it appears that iniection of àllergen vaccines may induce IgE

reactivity against new allergens in iàated patients (763,765). AltÀough the clinical relevance of

these findings has not beericonfirmed, theie data support the idea that patients would benefit

from treatment according to their individual sensitization profiles.

The conc"pt or trúting allergic patients according 
-to 

their sensitization profile with

purified .u.orr-rbir-rant allergéns, te"rmed component-resolved immunotherapy (CRIT), has

therefore been proposed (33i. Durlng the last few years, several candidate molecules have been

developed by recómbinant DNA tòchnology (22,166). These molecules are characterized by

strong$ redúced allergenic activity, while f-te[ e.pitopes and immunogenicity (i'"', capacity to

induó'protective Igdresponses)'are maintained (162-16s). The recombinant hypoallergenic

allergen derivative, hu,r" b""r, evaluated in vitro in experimental animal models and in in vivo

provocation testing in patient s (22,766). The human work verifies reduced allergenic activity'

The first immunoih".opy study with recombinant allergen derivatives was performed with

hypoallergenic derivatùLs of the major birch pollen allérgen, Bet v 1 (151,152,169-771), and

subsequently several other successful immunotherapy sìudies have been performed with

recombinant allergens (24).

SALIENT POINTS

o The most relevant tree pollen allergens are derived from wind-pollinated trees

belonging to the order Fagales (e.g., Èirch), Scrophulariales (e.8', olive), and Pinales

(e.8., cedar and cYPress).
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