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lntroduction

IV{olecuiar characterization of atopic allergens by re-
combinant techniques may provide well-defined proteins
for diagnosis and therapy of al iergic diseases [1].  Any diag-
nostic or therapeutic approach that uses recombinant al-
lergens depends on the fol lorving prerequisites: ( i)  natural
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Diagnosis of Grass Pollen Allergy
with Recombinant Timothy Grass
(Ph leum pratense) Pollen
Allergens

Abstract
In order to establish a test system for grass pollen allerg,v based on the use of re-
combinant allergens we chose timothy grass (Phleum pratense), a widely spread
grass, as a mociel. From a lambda gt11 cDNA expression library that we had
constructed from pollen RNIA of timothy grass (P. pratense), tve had obtained
rvith serum IgE from a grass pollen-allergic individual 60 IgE-binding ciones.
By dift-erential testing with sera from difterent grass pollen-allergic patients,
we selected three distinct ciones encoding Phl p I (group I), Phl p V (group \')
and profilin from timothy grass, which rvhen used together allowed the diag-
nosis of grass pollen allergy in 97 out of 98 tested grass pollen-allergic patients
employing a simple plaque lift technique. This recombinant test based on
plaque lifts containing allergen-B-galactosidase fusion proteins was compared
with IgE immunoblots using crude pollen protein extracts from timothv grass.
Both methods were in good agreement rvith RAST scores and cl inical data. and
proofed to be useful for the diagnosis of _qrass pollen allergy. Our results fur-
ther indicate that a l imited panel of only hvo recombinant grass pol ien al-
lergens, Phl p I  and Phl p V, together rvi th the plant panallergen profi l in could
be sutficient for the diagnosis and possibly immunotherapy,' of srass pollen
allerev.
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allergens and recombinant al lergens should possess com-
parable antigeniciwilgE-binding capaciry and functional
propert ies (release of histamine from basophilsimast cel ls
and capabil i r ,v to st imulate al lergen-specif ic T cel ls).  an' j
( i i )  i t  is essential to show that a reasonable numbe r of rele-
vant al ler-gens can be defined.

In a previous stui ly on recombinant birch pol len al ler-
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grns [2],  we lvcre able tcl  shcrrv that iree poìlen al lerw can
be d iagnosed rv i th  thc use of  only  two recombinant  b i rch
po l i cn  a l l c rgcns . f Je t  i  I  13 land  b i rch  p ro i i l i n .  r  no r .e lp lan r
panalle rgen, de sign ared Bet y I I  [+-6]. The f inding rhar on-
l ir  trvo recornbinant al lergens were suff icient for the diag-
nosis of tree pol len al lergv encouraged us to establ ish .such
a diaqnostic model f ' rr  grass poi len al iergv as well .  The ma-
jor grass pol len ai lergens were f irst characterized bv pro-
teinchemical and immunochemical methods and foúnd to
be similar in dif terent grass species in terms of antigenic-
ityllgE-binding capaciqv [7] and primary structure (high
amino acid sequence homology) [8, 9]. iVfore recentlv, sev-
eral grass pollen allergens were characterized by molec-
ular cloning techniques [10-13] and found to be highly ho_
mologous befween different grass species. In contrast to
tree pollen allerg,v, grass polien-allergic patients shorv
IgE-binding to a large panel of differenr groups of grass
pollen al lergens. Two-dimensional electrophoresis and
Dl'lA sequence analysis revealed that even within one
group of grass pollen allergens isoforms with different
isoelectr ic points can be identi f ied [14].These data create
a very complex and puzzling picture regarding rhe number
and diversity of grass pollen allergens.

In order to charactertze a defined and limited paner of
grass pollen allergens for diagnostic and therapeutic pur-
poses, we chose timothy grass (Phleum pratense) as a
model. Timothy grass allergens are rvell characterized.by
protein and immunochemical techniques [9] and are
widely spread in Europe. From a cDNA library that we
constructed from timothy grass pollen, we courd isolate
and characterize the cDNAs encoding the most imporrant
allergens of timothy grass [15]. Three of these alrergens,
Phl p I, Phl p V and timorhy grass profilin rogether with a
fourth clone (clone 53) coding for a novel grass polren al-
lergen with IgE epitopes different from the above three al-
lergens were tested for IgE-binding with 98 grass pollen-
allergic patients. we found that only three recombinant
timothy grass pollen allergens , Phl p I and phl p V together
with the timothy grass profilin were sufficient to diagnose
grass pol len al lergy in97 out of 98 grass pol len-al lergic pa-
t ients.

Materials and Methods

Pollen Protein Ertracts from Timothy Grass (p. pratense)and
[gE Irnmtmoblots
Pollen trom timothy grass (p. prarense), determined to be 95%

pure was obtained from Allergon (Engelholm, srveclen). protein ex-
t 'acts were prepared as described [16] and subjected to sDS poly-
acrylamide gel electrophoresis according to Laemmli t l7l .  1 mg pol-

lcn pr:oteins from t imothyqrass lverù ac,pi ie d ro a 20 cm r,r ' ic le _rlel an,
b lo t t cC  on to  n i r r oce i l uL ' sc  (Sch le  i chc r  &  Schue l l ,  Dasse l ,  FRGt ILS
Ni t roce l lu lose was cur .  in ro  s t r ips .  incubar :d  ' .v i th  I  :10 d i lu t ior rs  o f  pr
t ients  sera in  50 mr l . lsod iurn phosphate buf fer .  pH 75,0._5% Twcer
20.05% BSA,  0 .05% sodium az ide and bounc IsE was c le tectec l  rv i t l
a  r rs l - labe led ra t rb i t  ant i -human [gE ant ibot i l '  (Pharmacia ,  Uppsal r
Sw'eden)  as descr ibed [1ó] .

Prepuration oi Nitrocellulose Filters Contuinin,g Recombinant
Timothy Grass Pollen Alleryens and tgE Derection
Recombinant lamb<Ja gt11 phages capable of expressing th,

cDNAs encoding the major lgE-bindine port ion of pht p I ,  phl p \ t
t imothiz grass profi l in and a novel grass pol len al lergen, designatet
c53, were isolated and characterized [15]. Eschenchia coli y 1090 in
fected wi th  recombinanr  phages and phaee lambda gt l l  w i thout  in
serted cDNA (negative control) rvere plared on LB plates containinr
100 prg/ml ampici l l in. Phages ivere induced to express recombinant al
lergens by overlay with nitrocel lulose tì l ters BAB5 (Schleicher ct
Schuell ,  Dassel, FRG) that had been soaked in 10 m,V/ isopropyl-B
th iogalactos ide ( IPTG;Sigma,  St .  Lou is .  \ to . ,  USA) as descr ibed I i9 ]
Nitrocel lulose f i l ters were rhen cut into sectors. and lgE-binding as
says were done as described for the IgE immunoblots.

Characterization of Grass Pollen.llleryic Patients
98 grass pol len-al lergic patients were characterizecl according tc

sex, age, symptoms and RAST scores to gtasses. The panel of patient:
comprised 48% females and 52vc ma\es The age distribution was a:
follorvs: 36Vo < 20 years, 37Vo 2I-30 years. l2Vo 3I{0 years, 9% 4I-5(
years, and 6Vo > 50 years. 100 patients suffered from rhinitis, 96 pa-
t ients from conjunctivi t is and 30 patienrs from asthma during thc
grass pol len season. From 98 _grass pol len-ai lergic individuals, l i
showed a RAST score < 3 and 85 patients a R{ST score > 3. All pa
tients with RAsr scores > 3 showed strong positive skin prick tests.
Three patients with dif ferent al lergies were included to ensure speci-
f iciqv of the test system. Patient number 16 suffered from asthma anc
had elevated total IgE leveis (RIST 2E5 lUiml), parient 65 sufferec
from Nir* contact dermatit is and patient number 101 reacted in
RAST tests only with tree pol lens (RAST >4). Number L}Z repre-
sents a serum pool of non-grass pol len-al lergic individuals.

Results

IgE Testing of Grass Pollen-Alleryic Patients with
Blotted ltlatural rimothy Grass (P. prarense) Allergens
Using timothy grass pollen elirracr prepared as cle-

scribed [16] and SDS polyacrylamide gels [17], prominent
bands were found in the regions of about 54, between 25
and 35, at 18 and bebveen 1-t and l0 kD (tì_q. l). This extracr
was also blotted to nitroceliulose and used for IgE detec-
tion of allergens with sera from 98 _srass pollen-allergic in-
dividuals and 3 control persons with. according to RAST
and clinics, different allergic sympro ms. 95To of the pa-
tients bound with their IgE to rhe proteins in the region of
25-35 kD corresponding to group I i20l and group V al-
lergens 191,75% displayed IgE reactiviry with the 54-kD
components known as group IV allergens [21] and about
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-  j aZ  ga i ' c  [ tF  r , : r r c t i v i t v  t i r  p ro rc ins  rn ig ra t ing  in  thc  rcs ion
oi  iL) - i4  kD i is  de: ;cr ibed i -or  group I I  anC group I I I  a l -
iergerrs 120,2,21as,,r 'cl l  as proi i i in [ó].  With se rum IgE irom
cat ients iv i th  no qress pol len a l lere l  bur  e lcvatcd rotaI  IgE
lnumbe r  ?6)  and rv i th  a Ni r+ contact  dermat i t is  (number
ó5), no IgE, binding w'as found with t imorhl ' '  grass al ler-
Ecrìs. Patie nt 101rvho acccrding to RAST should represe nt
Ir exclusive tree pol len-al lergic patient reacted rveakl.v with
profi l in from t imothy grass. The normal serum control i02
:rnd the butfer control 103 also gave no IgE reactiviry on
the b iots .  Gras pol len-a l lerg ic  pat ients (pat ients No.37,39,
40.42,44,45,71.74.16,79 and 97) ' ,vi th weak cl inical symp-
toms, RAST classes < 3 and weak skin prick test also
showed weak igE reactivit,v with biotted timothy grass pol-
len al lergens.

IgE Testing of Grass Pollen-Allerytc Patients with
ir{itrocellulose Filters Containing Recombinant Phl p I,
Phl p V Timothy Grass Profilin and Clone 53
The same panel of patients that had been tested wirh

natural timothy gfass pollen extracts was tested for IgE
binding to recombinant Phl p I, Phl p V, timothy grass pro-
fil in as well as clone 53 that encodes a novel grass pollen
aliergen and lambda gtlTlE. coli proteins (negative con-
trol). In brief, we found that three recombinant allergens
Phl pI, Phl pY and timothy grass profilin are sufficienr for
the diagnosis of grass pollen alier_ey in 97 out of the 98
grass pollen-allergic patients tested. Patients 24 and 32
showed strong and exclusive reactiviry with timothy grass
profilin. Clone 53 represents a novel grass pollen allergen
that does not share IgE epitopes with anv of the other
tested al lergens. Although this al lergen rs ' :cognized by
serum IgE of 65% af the grass pollen-alle ratients, rve
could not iclenti fy any patient that reacte,r ,usively with
this ai lergen. IgE reactivirv lvi th non-recoi i ì i ; inant phage
proteins (sector 5) could not be observed in any case. Pa-
t ient i9, a patient r,vi th lorv amounts of IgE antibodies
(RAST class 1.6) and moderate cl inical symptoms (rhi-
nit is) during the srass pol len season could not be identi-
f ied with the recombinant al lergens. This patient reacted
oniy rveakly wirh group IV allereens on the IgE immu-
noblot.

Comparison of rhe IgE-Binding Partern of 98 Timothy,
Grass Pollen Aileryics vt"ith Ìtlatural and Recombinant
Grcss Pollen Allergens ttntl Conelation with R.4ST and
Clinical Paramcrers
Comparing the intensity of IgE reactivi ty of the testeo

patients rvith natural and re combinant al lergens, we found
exceilent correit t ion. Al l  patients rvith strong IgE binding

Fig.1 .  Coomassie  br i l l iant  b lue-s ta ined ge l  conta in ing an aqueous
protein extract from pol len of t imothy grass lP pratense). The molec-
ular rveight marker is shown on the left  side of the gel.

to natural timothy grass allergens also reacted strongly
rvith the recombinant proteins, and these grass pollen-al-
lergic patients showed severe clinical symptoms during the
grass pollen season, positive skin prick tests and high
RAST classes. Patients with less severe symptoms during
the grass pollen season,lvith lorv RAST class and weak IgE
bindine to natural timothy grass allergens on the blot (pa-
tients 37, 39, 40, 42, 44, 45. 7I, J 4, 76, 9i and 101) rveakly re-
acted with the recombinant allergens. In case of patient
101, RAST tests rvere not able to diagnose grass pollen al-
lersy although weak clinical symptoms (rhinitis, conjunc-
ti 'ritis) were seen during the grass pollen season. Patient 79
rvas the only patient rvho reacted exclusively rvith group IV
allergens on the IgE immr.rnoblot and therefore coulci not
be detected with the recombinant test svstem.

Discussion

Preparation of al lergen-containing protein extracts is
mostly achieved by applyrng aqueous extraction methods.
This procedure seems to mimic the event rvhen pol len
comes into contact with the mucous membranes of the re-
spiratory tract and liberates allergenic proteins. Most of
the pol len al lergens identi i ' ied so far are hydrophil ic pro-
teins of lorv molecular rveights (5-70 kD) and seem to be
qr.r i te resistant against proteolyt ic degradation [23]. i \que-
ous prote in ertracts frorn timoth,'- grass pollen (fig. 1) shorv
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Fig.2. Grass poi len-al lergic patients were tested tor IgE reactiviry
on IgE immunoblots containing natural p. pratense allergens (upper
panel) and with nitrocei lulose sectors ( iower panel) containing re-
combinant Phl p r (r), Phl p v (2), profilin from timothy grass (3),
clone 53 from timothy grass (4) and lambda gt1l without inserted
cDNA (negative control) (5). patients are numbered on the r ight side
and were tested with the recombinant allergens as above from the left
( i)  to the r ighr (5).

prominent protein bands on coomassie-stained gels at
molecular weights that correspond to the major allergens
(fig. 2). The major allergenic components horvever can
poorly be distinguished on IgE immunobrots because dif-
ferent allergens are tound at nearly identical molecular
weights. For example group I and group V [9,20] allergens
as well as group IVIII allergens and protìlin [6, 20,22]pos_
sess very similar molecular weights. clearly, such crude
natural protein extracts cannot be used tor a specific diag-
nosis of allergy againsr a particular allergen. In addition,
natural grass pollen protein extracts used for RAST and
skin prick tests contain a broad variefy of allergens (group
I [20], group V [9], group ll/group III [20, 22], group IV
[21] and group IX t12l allergens) that represenr difterent

IgE-bincl ing identi t ies and can even be furrhci- ,- i is
guished in to d i f ierent  isoforms [4] .  Despi re th is  ouzzl
variei l ,  of dif ferent grass pol len al lergens, rve tr ieci tc
tabl ish a diagnostic modei of _qrass pol len al lergy basecj
a reasonable number of  rve l l -def ined recombinant  a l l
gens. For this purpose, rve constructed an express
cDNA library from timothy grass pollen (p. pratense ) z
isolated bv screening with serum IgE from grass pol l
al lergic patients al lergen encoding cDNAs. Differen
testing of these clones rvirh sera from 30 different gr
pol len-al iergic patients al lowed us to select four cror
that represented dif ferent al lergenic components. Di
sequence analyses and comparison of the deduced amj
acid sequences of these clones with already known
quences, as well as testing of these ciones with differt
antibodies led to their identificarion as phl p I, pht p y a
profilin from timorhy grass [15]. The fourth clone so
designated clone 53 represents an al lergen with lgE-bir
ing properties different from the above three and bou
IgE from 657o of the tested grass pollen-allergic patier
No correlat ion was found befween binding of patients' I
to this recombinant protein and binding to group IV
lergens on IgE immunoblots. This set of four recombina
timothy grass pollen allergens and control proteins frc
E. coli Y1090 infected with a non-recombinant pha
lambda gtl1 was then used to test well-documented gl
pollen-allergic individuals. In addition, all these patier
were also tested on IgE immunoblots with natural timot
grass pollen allergens. In all cases tested, we found that t
patients displayed comparable IgE reactivity to natural
well as recombinant allergens. Moreover, we found tl:
three recombinant allergens (Phl p I, pht p V and timot
profilin) could be sufficienr for rhe diagnosis of grass p(
len allergy. Using the three recombinant allergens, \
were able to detect 97 outof 98 tested grass pollen-allerg
patients. Since one patient with weak IgE reactivity
group IV allergens could not be diagnosed with the r
combinant test system, the addit ion of a recombina
_qroup IV allergen has to be considered. Clone 53 seer
not to represent an essential component of such a te
since we could not identily a singie patient thar display,
exclusive IgE reactiviry to this protein whereas the pla
panallergen profilin [6] should be included because se
eral patients can be tound rvho react exclusivery with tt
allergen. since profilins of different plant species sha
IgE epitopes, they are even useful for the diagnosis of tr,
[2], weed [6] and food [24] allergy and may allow to ide
tif patients with multivalent aller_Qy to distantly relatr
piants (pollen and plant-derived food). Low represenr
tion of profilin in total grass polien extracts that are ust
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:rr)r RAST tests ma,v" be the reason rvhy patient 101 couid
i rot  be ident i i ied as grass pol lcn-a l lerg ic  in t i iv iCLra l  by ' the
Iì. \ST technique airhoush IgE, bindins t i i  prcrf i l in from
rimothv grass rvas observed.

Patients 39, -10, 45 and 76 seemed to react more stronglv
rvith imnrunoblots containing crude t imoth,v qrass pol len
extracts than with the recombinant proteins, ivhich might
be due to the lack of  the one or  other  component  in  the re-
combinant test s,v*stem. Further improvement of the re-
combinant test system may be expected by including addi-
t ional recombinant t imothy grass pol len al lergens or by
purif icat ion of the recombinant proteins. The results ob-
tained with the recombinant al lergens however indicate
that recombinant techniques may improve in vitro al lergy
tests by precise characterization of the allergens evoking
an IgE response in man. The possibi l i ty to define a l imited
panel of recombinant al lergens for each patient may also

a l low the  sc tuo  o i  new therapeut ic  concepts  based on  the
use of  dei ined al lcrgcns for i rnmunotherapy. The data we
obta ined so  fa r  f rom the  compar ison o f  recombinant  and
n a t u r a l  t r e e  p o ì [ c n  a l l e r g e  n s  c o n c c r n i n g  t h e i r  I u E - b i n d i n g
capac i ty  l2 l  and thc i r  ab i t i t v  ro  rc lease h is tamine f rom ba-
sophi ls of  a l le rgic pat ients v ia cross- l inking of  h igh af f in i t i r
Fc e receptors [6]  may encourage the use of  these mole-
cules to improve future diagnosis and probably therapy oi
a l le rg ic  d iseases .
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