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Amotig grasses titnothy pollen allergens ate the best
studied. Through a series of studies Augustin et al, (1—4)
characterized titnotliy pollen atitigens and demonstrated
the existence ol allergens with molecular weight about
14,000 dalton and a to /) tnobilities, Malley et al, (12,
13) later |)arlially purilied otie of these, denoted Antigen
B,

An intensive study of timothy pollen allergens was
initiated by Lowenstein, Weeke and co-workers (6, 7,10,
11, 14, 16) after very powerful tools for the characteriza-
tion of allergenic extracts — particularly QIE (8) and
RAST-technique — but also the more sopliisticated
separation techniques were tnade available. During
these studies titnothy pollen extracts wete tevealed tcj be
cottiposed ol at least 30 antigenic cotnponents of which
12 were shown by tneatis of CRIE to react with patients'
specific IgE (i,e, act as allergens). Four of these allergens
were i,sc5lated, partially characterized by physical-
chemical methods and their allergenic activities verified
by direct in vitro and in vivo tests on patients.

During the past lew years we have continued our
studies on titnothy pollen extract and have included it in
a model for allergen statidardization (9); it has also been
studied in connection with a clinical comparison
between two alurniniutit hydroxide adsorbed timothy
pollen extracts,: Ahitard* SQ_ and the mixture of two

purilied allet gens designated antigens Nos, 19 and 25
(1,5),

It is the aitn of this wotk to repeat the tnain tesults of
our prevfous isolation studies atid to telate this with our
ctMiettt studies — paying special attention to the
idi'titification of alletgetis by tneatis of CRIE, and tfie
importatice of tfie isolated allergens in telation to
clinical experiences.

Four allergens, atiligeti Nos, 3, 19, 25 and 30 (ag 19
atid 25 always remaltied togethet) were i,solated frotn
Iteeze-dried aqueous extract of timothy pollen by
vat ious combitiations of anionic and cationic exchange,
and gel clitotnatogtaphy. The allergens were all of
proteiti natute and contained less then 2% (w/w) itn-
munocheinically detectable imputities. Molecular
weights and pi's wete determitied to < 10 x 10',
15x10 ' , 15x10 ' , 3 4 x 1 0 ' and 3,9, 4,9, 4,5, 9,4,
respecdvely. Antigen Nos, 19 and 25 were detettniiied to
be the major components ofantigen B,

Tlie allergenic activities were verified by means of
RAST itihibition and prick-lests and proved antigeti No,
25 to be cjuatititatively the tnost itnpottant alletgen of
limothy pollen, Immunologically, this alletgen was
sfiown to be partially identical to tfie most itnportant
pollen alletgen from tfiree otfier grasses (7),

Tfie main advantages of this purification study
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Fig, 1, Alle,gogta,iis f,o,n five difleient CRIE-studies
perfo, nu'd o,i titnotfiy allergen extt acts. The colutnns cor-
respotidi,,g to the various classilicatioti numbers (below)
itidicate the pe, centage oFpatients whose IgE reacts to tfiat
allergen. Black patts of columns indicate sttong IgE
bi,idi,ig, Nu,nber in upper left cotner indicates the
nutnber of patients studied.

coinpated to the ptevious ones we,e the simple tnethods
ol ,,ionitori,ig atid detection of itnputities, both based
upon the use of rabbit atitibodies as a stable chetnical
teagent in tfie Q_IE tnetfiods,

Tite isolatio,i performecf was based upoti ou,'
k,U)wledge of tfie allergetiic cotnpositioti of tittiotfiy
pollc, extracts frotn tfiree previous CRlE-stitdies (8, 16)
as well as atialytical isolation studies wfiicfi could predict
the ve,',satility ol future isolations. The ,x'sults of these
CRIE-studies as well as two newly perfor,,ied studies are
given in Table 1 and Fig, 1, The classification ,iu]nbe,s
giveti lo i,,dividttal allergens a,'e consiste,it with those
originally published (14), Tl,e data were in all cases
corrected for non-specific binditig ' " I - algE by using
tfie relevant control sera (ro,ii non-titnotfiy allergic
patietits. An a,'bit,'a,-y distitiction has beeti tnade
beiween ",,ii,ior alle,gens", to which "less then 10% of
tfie selected tiniotliy alletgic patients seia ,x'act": "tnajor
iillergens", to which ",iiore than 50% of tfie patients
1 eac:t and to which more than 2596 of the patients show a

"strong bi,uling of IgE""; atid those iti betweet,, Seve,al
atttigetis did ,,ot show atiy binding of specific IgE but
can still be recognized as potential minor allergens
although the ptobability of Htiding a patient reacting to
them is very low, Tfie allergens to wfiicfi less tfian 1096 of
the patietits reacted also varied co,iside,'ably fro,n study
to study, as did the allerge,is iti the i,itennediate groups.
Only atitigen No, 25 was found to be a tnajor allergen
itl all sitidies. These result,'; of course reHeci the \'arious
con,positions of tfie exttact used for tfie studies atid for
the inmuuiizatiotis; tiie specificity and titre of tfie rabbit
atuibodies raised; atid tfie patietits studied. Nevertheless
this study reveals a cjualitative conelation betweeti the
va,iou,s CRIE-studies petfortned. As stated earlier, CRIE
is a qualitative tnethod which can only be used semi-
qua,,titatively for otie allergeti per se. provided exactly
the satne experi,nental cotiditions ate present. The sen-
sitivity ofthe nielhod, i,e, the ititetisity ofthe radioslain-
i,,g, depe,ids o,i the ,,u,nber ol sites of the ptecipitated
aitiigcn available (or reaction with ,specific IgE and tlie
aliuiity of the various specificities of IgE, The
,,vailability (or IgE (utther depends on tfie density' and
tfie structure of tfie ptecipitate (i,e, timnber of sites on
tfie anligen, molecular weight and affinity of rabbit anti-
bodies),

Siniilarly, exa,nples IVon, the literatuie have shown
ihat purified major allet gens wotk as well as — or even
better tfia,i, co,nplex extracts itl diagtiose,s; but we have
tu) prool of a generally better effect of tteattnent with
ptirified ,najor allerge,is thati with cotnplex mixtures.
This might be explaitied by the difference between
iriggeritig and itnmunizatioti, sitice a general tnajor
alletgen will of cout\se always trigger the hfstamitie-
release f,o,ii the patietits' tnast cells or basophifs and
bitid patients' specific IgE in RAST, Thus, for optitnal
fiypo,sensitizatio,i the individual tnixtute of tfie patient
sfiould preletably be used. For p,actical ,'easo,is it is tiot
jKissible to-day to produce tailored extracts. Only a
carelul use of CRIE will provide the data necessary for
sc-lectioti ol the optimal cotnposed extract for treaitnent
ofthe ave,age alle,'gic patient,
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Table 1
CRIE-studies on timothy pollen extracts

Study

No.

1

2

3

4

5

Ref.

15

8

8

9

16

Patients

Gra.ss treated
patients excltrdec

no

yes

yes

yes

yes

Year of
blood

sampling

1973

1974

1974

1976

1978

n

30

29

9

59

40

Extract used in study

Type

glass
ball
mill"

simple
dialysed
extract *=

simple
dialysed
extract ^

simple
dialysed
extract''

soluprick*

Year of
pollen
harvest

1972

1972

1972

1974

1975

No. ag's
detected

28

29

29

35

18

Extract used for
immunization

Type

glass
ball

mill!"

glass
ball
mill"

glass
ball
mill--'

simple
dialysed
extract''

simple
dialysed

extract of
5 grasses''

Year of
pollen
harvest

1972

1972

1972

1974

1972

No.
rabbits

6

6

6

3

6

''Glass ball Komejgenization of 1:10 (w/v) pollen suspension, 0°C, ionic strength 0.13, pH 8.2, 1 min.
''Extraction of 1:10 (w/v) pollen suspension, 5°C, ionic strength 0.14, pH 7—8, 20 h: centrifugation, dialysis, freeze drying.
'ALK, Allergologisk Laboratoriutn, Copenhagen, Denmark.
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Birch pollen extract was prepared by extraction of I.O g
non-defatted pollen {Betula pendula seu verrucosa) in
10 ml phosphate-buffered saline (pH 7.2) by mild
shaking for 24 h and subsequent centrifugation at
22 000g for 20 min at 4°C (10). The protein content and
die allergenic activity of this extract were 7.9 mg/ml and
100%, respectively. Rabbit antiserum against birch pollen
was raised and used in quantitative immunoelectro-
phoretic methods as described by Axelsen et al. (2). The
crossed immunoelectrophoretic (CIE) precipitation
pattern obtained at pH 8.6 in agarose gel revealed nine
diderent antigens. No cathodically migrating antigens
were ejbserved. Crossed radioimmunoelectrophoresis
(CRIE) indicated that IgE from patients allergic to birch
had allinity for the major allergens (antigens Nos. 2 and
7/8). Fractionation of the allergen-containing extract by
Sephadex G-lOO gel filtration was followed by fused
rocket immunoelectrophoresis (2) or enzymo-
immunoassay (EIA; 9, 11) to obtain the im-
rBunochemical elution profile (Fig. 1). Antigens eluted
in protein peaks A, B and C, with mean molecular
weights of 79 000, 29 000 and 17 000 daltons,
respectively, were the most effective in binding rabbit
antibodies in EIA. Two thermostable (TS) antigens (Nos.
7/8, mw 10 000-20 000) and a thermolabile one (No. 2,
mw29 000) were shown by CIE and fused rocket
immunoelectrophoresis. These results are in agreement
with those of Belin (4). The concentration of the TS
antigens in the pooled protein peaks was determined by
rocket immunoelectrophoresis and the allergenie activity
was shown both by prick skin testing and by the RAST
inhibition method (12). The results are given in Table 1.

Pooled peak C fractions (mw 10 000-20 000; Fig. 1,
Table 1) containing the main aUergenic activity showed
about 5-fold increase in the concentration of the TS
antigen and about 2- to 5-fold increase in the speeific
allergenic activity (per ng of protein) when compared to
the whole extract (9). About 3096 of the total allergenic
activity was recovered in the peak C fractions and less
than 0.596 outside these fractions.

The specilic allergenic activity of the peak B fractions
was 10-300 times lower than that of the peak C
fractions by prick skin testing and by the RAST inhibi-
tion method, respectively (9). The non-paiallelity of the
inhibition curves and the antigenic differences in CRIE
indicate that peak B contains allergens distinct from
those of peak C. In addition, peak B certainly contains
some of the allergens of peak C as cross-contaminating
antigens.

The fractions of peak D showed about 1000-3000
tinu's lower specific allergenic activity than those of peak
C by prick skin testing and by the RAST inhibition,
respectively. Parallel inhibition curves indicate either
qualitative allergenic similarities between the allergens
in these fractions or cross-contamination (1:3000) of
peak D fractions with peak C allergens (1,9).

Our elata do not allow a clear distinction of the origin
ol' the allergenically active components of peak D
fractions. The amount of peptides was doubled during
the long extractiejn (3-24 h, at 4°C) suggesting that also
the active components may be degradation products of
the allergens. Birch pollen allergens are sensitive to
many proteinases, especially pronase, but relatively
t-esistant to carbohydrases and to some proteinases, e.g.
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