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Introduct ion

Mercurialis anntta is a 40- to 60-cm-high weed of the
Euphorbiaceae family, widespread through E,urope, North
America and norlhern Africa []. Its pollen is small (25 by
22 ptm),tricolporated and reticulatedl2l. lt is wind poll inat-
ed, and its f lowering period is long lasting and varies wide-
ly; in our area it extends through winter and spring [3].

Sensitization to M. annuapollen (positive skin tests, spe-
cif ic IgE and provocation tests) has recently been reported
in patients from the Mediteffanean areas of Spain and Italy

14,51. Some of these patients had clinical rhinoconjunctiv-
it is and/or asthma related to the M. annua poll inating season
and some were monosensitized [4, 5]. On the other hand,

Abstract
A multicentric study was conducted to evaluate the frequency of Mercurialis
annlta pollen sensitization in several areas of Spain and to select a population
sample to characterize the main allergenic components in M. annua pollen. Pa-
tients were recruited from six hospitals in Spain. Out of 420 patients sensitized to
pollens, 195 (46.4%) showed positive skin tests to M. ennue, thus evidencing the
high level of sensitization to the pollen of this plant in Spain. Thirly-seven sera
with RAST class values to M. annLta >3 were selected for SDS-PAGE immu-
noblotting analysis. Two main allergenic components with molecular weigths of
15.8 and 14.1 kD were detected in 59 and 5lo/o of the sera. respectively, and they
were identif ied as profi l ins. Isolation of the relevant allergens was made by affin-
ity chromatography on a poly-l-proline -Sepharose column, followed by gel f i l-
tration and anion exchange chromatography in the micropreparative SMART@
System. A significant but low antigenic cross-reactivity between M. anntra and
Olea europaea, Fraxinus elatior Ricintts contmunis, Salsola kali, Parietaria jtr-

daica and Artemisia vulgaris was demonstrated by several in vitro techniques.

cross-reactivity between M. annua pollen and pollen from
Olea europaea and grasses has also been reported [5]. Two
main groups of allergenic proteins, with isoelectric point of
10.2 and 5.0 5.5,  were previously ident i f ied by immuno-
blotting, using sera from l3 patients sensitizedto M. annua

l4l
Taking into account the high incidence of sensitization to

M. qnnua pollen found in our area, as already reported in a
previous study [4], we attempted to conduct a multicentric
trial to assess: (l) the prevalence of sensitizationlo M. an-
ruta pollen in other areas of Spain; (2) the characterizatron
of rnajor allergens of M. annua, based on a large population

of patients, and (3) the degree of antigenic cross-reactivity
with other pollens prevalent in our area.
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Patients and Methods

Patienls
Patients wcre recruited from the outpatient al lergy units of f ive

general hospitals of Spain, located on the nofthern Mediterranetrn
coast (Hospitalct dc Llobregat and Tarragona), on the southern Medi-
terranean coast (Elche), on the Atlantic coast in southern Spain (Hucl-
va) and inland (Segovia). Over 6 months, al l  new patients accepted for
respiratory allergy study had a prick test performed with one single
batch of M. unnuu pol len extract. M.-urtnuu-specif ic IgE was detcr-
mined in patients with posit ive skin tests. Only sera with radioal lergo-
sorbent test (RAST) class values > 3 were selected t 'or studies of cross-
reactivity and characterization of major allerger-rs.

Methods
Prepurulion rtJM. annua Pollen Extruct. Pollen was collected from

M. unnua specimens in the Barcelona area during Fcbruary 1993. Col-
lected pol len was proccsscd as previously dcscribed [4].  Pol len col lec-
t ion revealed9T% pr-rr i ty, and pol len extract yielded 2.1 g of al lergenic
n"raterial/100 g pol len. Protein content rneasured by Lowry's method

f6l was 74'% (wlw). Cìarbohydrate content rneasured by the anthrone

[7] and orcinol rnethods [8] was 12 (w/w) and 14'% (w/w), using glu-
cose and xylose as standards, respectively. Al iquots of lyopl i i l ized ex-
tract of the same batch were used for all in vitro and in vivo tests.

Skin Tests. M. annuu pol len extract was di luted in phenolatecl sa-
l ine solut ion at concentrat ions of 0.1, 1.0 and 10.0 rng/ml according to
García-Ortega et al. [a] . Standardized lancets ( Phazet uncoated lancet,
Pharmacia Diagnostics, Uppsala, Swcdcn) wcrc uscd for prick test.
Histaminc dihydrochloridc (10mg/rnl) and phenolated sal ine were
used as positive and negative controls. Results were recorded after
15 min. The rnean whealarea produced by each al lergen concentrat ion
was plotted as a function of the al lergen concentrat ion in a log-system.
The allergen conccntration eliciting a wheal eqr-ral to the one prodr"rced
by histaminc (10 mg/rnl) was defined as I histaminc equivalent prick
unit [9].  I  unit  was found to be equivalent to 0.788 rng/ml of al lergen
extract.

RAST. Solid-phase antigen was obtained by coupling thc extract
solut ion to the 6-mm-diameter CNBr-activated paper disks according
to Ceska and Lundqvist [10]. RAST was performed according to Wide
et al.  [1] with Phadezym RAST reagents (Pharmacia Diagnostics)
fol lowing the manufacturer 's instruct ions. RAST rvas performcd Lrsing
the fol lowirrg sol id-phase al lergenic extracts' .  M. unnuu, Lol iunt pe-
t'enne, Artemisia wrlgaris, Purieturia jut{uicu, Sulsola kali, Ric'inu.;
c:ottttttttnis and Olea europaea.

SDS-PAGE Immuruthktl/ing. Sodiuni dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) was carr ied out as described
by Laemmli [12]. Polyacrylamide concentrat ions of 12.5 and 370 were
used for separating and stacking gels, respectively. Prote ins dissolvcd
in 0.125 M HCI-Tris buffcr (pH 6.8) wcre dissociated with 0.1% SDS
and 5o/o (v/v) p-mercaptoethanol by treatment at 100'C fbr 5 min.
Twerity micrograms of protein estin'ratcd by Bradford's mcthod [3]
were applied per well .

After electrophoresis, gels were stained by dif fLrsion in 0.1% Coo-
massie bri l l iant blue R-250 dissolved in methanol/acetic acid/dist i l led
water (4: l :5). Destaining was also performed by dif fusion in the same
mixture without dye. Separated protein bands were electrophoretically
transferred to polyvinylidenc difl uoridc rncrnbranes ( Imrnobilon-P,
Mil l ipore, Mil ford, Mass., USA). essential ly by the method described
by Towbin et al.  [4].  Immunochemical staining was performed by
first blocking the Imrnobilon membrane with 9% (w/v) defatted milk

in 50 mM Tris-buffèred sal inc (TBS) ( l  h at 37"C). After three washes
with TBS. the blots were incubatcd with 0.5 rnl of r,rndi luted hr-rman
serum (16 h at 4"C). The blots were washed three t imes with TBS and
incubated with 2.5 ml of 1:25 di luted rabbit immunoglobulins to hu-
man E-chains (DAKO, Glostrup, Denmark) conjugated to peroxidase.
Bound peroxidase was detccted by the addit ion of 3 mlof f teshly pre-
pared 0.06% w/v of 4-chloro-1-naphtol solut ion (Bio-Rad Lab, Rich-
mond,  Cal i f . .  USA) and 0.01% (v /v)  H2O2 in  TBS.  Af ter  30 min,  the
blots were r insed in dist i l led water and air-dried. Antigen-antibody
binding was identi f ied by purple-stain deposit ion [5].  Analysis of
electrophoretic components was perforn-rcd by image analysis in the
Bio-l  mage System ( Mil l ipore ).

SDS-PAGE immLrnoblott ing usin-e rabbit serum anfi-Helianthus
(rnnuus profilin was pcrformed according to the same procedure but
r-rsing antiserum di lutcd at 1:3,000, l :30,000 and l :300.000 and an
l:1,000 di lurted anti-rabbit lgG peroxidase conjugatc.

Agurose Isoelet'trit' Focusing. Isoelectric focusing was perfonncd
on Isogel agarose plates (FMC Bio Products, Rockland, Me.. USA),
over the pH range of 3-10, and 20 ptg of protcin were applied per lane.
Tlre isoelectr ic point (pl)was estimated from the rnigrat ion of a set of
proteins with known pl.  The result ing elcctrophoretic pattcrns were
evaluated by irnage analysis in the Bio-lrnage System (Mil l ipore).

P r o tl u c' Í i o rt o /' E x p e r i rn e n t u I A n t i.s e ru. I mmuni zati on was perf-orm-

ecl according to Gallar-t  ct al.  [16] in whitc male adr-r l t  New Zealand
rabbits. Weekly inject ions of l0 rng of M. unnuúl extract (f ieeze-dried

rnatcrial),  with Freund's complete adjLrvant, were given subcutaneous-
ly. Aficr cight inject ions, the animals were bled, and the serum col lect-
ed. Antiserum against purifìecl profilin fron-r sunf'lowct' (Heliunthus

nnnuu.s) pol len was obtained according to the same schedule but in-
ject ing lmg of protein per dose. This profì l in r-rsed as reference had

been previously isolated and identi f ìed by amino acid microsequenc-
ing of internal peptides (to bc publ ished elsewhcrc).

ELISA Inhibit ion. Enzyrne-l inked immunosorbent assay (ELISA)

inh ib i t ion was done accord ing to  Mar t ínez et  a l .  [7 ] .The M.  unnuu
pollen cxtract was dissolved to an optimal sol id phase concentrat ion

[8] (0.125 mg/ml) in 0.1 M carbonatc-bicarbonate buffer, pH 9.6 and
dispensed (100 ;.Ll/well)  in polystyrene microdi lut ion plates (Maxi-

sorp, NUNCI. Roski lde. Denmark). After sol id phase coupling, inhib-

itory extracts of M. utlntta, L. perenne, P.iuduic'u, S. kuli, A. wlguris,
R. t'ontrnunis, O. europaect and Fruxinus exc:elsior were dissolved in
PBS-Tween 20-bovine serLlrì  alburnin at difÈrent conccntrat ions
(0.6-20.000 pg/rnl) and dispensed (50 pt l /wel l) ;  rabbit scrlrm anti-M.
unnttu pol len extract di luted 112.660 (50 pl/well)  was added. Plates
werc incubated fbr 3 h (roorn tcmperature, moist chamber) and super-
natants rcmovecl and washed as beforc. Swine y-globLrl in fract ion anti-
rabbit immunoglobulins, aff ini ty puri f ìed and coniugated to horserad-
ish peroxidase (DAKO), was then used, and peroxidase activi ty was

rncasured with a substrate solut ion of 3-dimethyl antinobenzoic acid,

3-rncthyl-2-benzothiazol inone hydrazone [9].  Optical densit ies at
600 nm and concentrat ions of inhibitor antigen were correlated by l in-
car regression. Inhibit ion perccntages were calculated on and plotted

against this concentrat ion basis and the antigen concentrat ions needed

for 50%, inhibit ion (Ag:,,)  calculated.
Douhle Dilfitsion. Double diffusion was perfonned according to

Ouchterlony and Nilsson [20] using a suppor-t of 1% (rv/v) agarosc in

0.05 M pH 8.6 barbital buffer. 50 mg/ml (fieeze-dried extract) of al-
lergcn fiom each of the following species were uscd: M. annuu, L. pe-

renne, P prutense, Dac'lvli.; glomerulu, A. wtlgurís, P..iutlaic'a, S. kuli,
Plunlugo lanc'eolaÍa, R. c:ommuni.s, H. unnuus, O. europueu, F excel-

sior, Ligustnmt wtlgut'is and undiluted M. unnuu rabbit itnmunosera.
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Passive immunodif ÍLsion was carr iecl out for 48 h and wasl icd once
with 5% (w/v) tr isodium citrate (1h, room tempcrarure) and 3 t imes
with sal ine. After drying, agarose-protein staining with arniclo black
was perfonned.

sDS-PAGE Immunobktting Inhibition. Aliquots of the dilLrted
l:10,000 anfr-M. annuu rabbit antiserum (lgG imrnLrnoblott ing inhib-
i t ion) were incr-rbated fbr l0 min with equal volumes of the dif fercnt
pol lcn extracts, at a f inal conccntrat ion of I  mg protein/ml. Ivî ixtures
were then centrifuged and supernatants incubated with M. unnua-blot-
ted polyvinyl idene dif luoride str ips, f 'ol lowcd by immunodetection as
describcd in the sDS-PAGE immunoblott ing scction, but usrng an an-
t i-rabbit IgG pcroxidase conjLrgatc (DAKO) di lured l :1,000. The
amount of spccif ic IgG bound to each str ip was estin"rated in terms of
opticaf density detectcd in thc Bio-hnage analyzer.

(l h r o nt u t o g t'u p h i c' P tu'if ic' a t i ct n o /- P r o f ì l i n The fi rst step in profi l i n
purif icat ion was accomplished by aff ini ty pr_rr i f icat ion in a poly-l-pro-
l ine (PLP) clNBr-activated Sepharose column, as described by Lind-
berg et al.  12l l  .  Brief ' ly, 2 g of CNBr-activatcd Sepharose 4B (pharma-
cia Biotech, Uppsala, Swcden) were swollen in 100 ml of I  mM HCI
for 15 n'rin. The resin was then washed in a filtering fìurnel (approxi-
mately 7 ml) and sr-rspendcd in two volumes of the coupling buffer
(0 .1  M KHCOT, pH 8.3 ,  0 .5  M KCI) ;  30 rng of  p lp  (M,  5 ,000,  ICN
Biochemicals, Aurora, ohio, usA) were dissolved in 2 ml of dist i l led
water for 12 h. Nonsoluble material was discarded and the supernatant
was added to the resin suspended in coupling br-rf fer. The mixture was
lcft at room temperature for 2 h. After blocking of active gror-rps and
washing of l igand excess, the result ing PLP-Sepharose conjugated
was mounted onto a lx21cm colurnn and equil ibrated with pBS.
Chromatography was carried out at a flow of l0 mlih; 500 mg of M.
annuo pol len extract were dissolved in 2.5 ml of PBS and applied to
the column. 150 ml of the unretained f iact ion, containing most of the
protcins, wcre col lccted. T'he adsorbed f iact ion (mainly prof i l in) was
later eluted in 70 ml of 6 M urca in PBS.

Proteins co-cluted with profì l in were removed by high-resolut ion
chrornato-eraphy in thc SMARTTNT system (Pharrnacia). A gel f i l t ra-
t ion column, Superdex 75 PC 3.2130, was used. Sarnples were appliecl
at a concentrat ion of 20 nrg/ml in 0.05 M phosphate buffer, 0.15 M
NaCl pl{ 7.0 (PBS), and injected rvith a 20-prl  loop. A f low rate of
20-prl /min was rnaintained dLrring the wholc chromatographic process.
The column was cal ibrated with a sct of proteins of known nrolecular
r.l,eight. Chromatography was done at 8"C. An elr-rted pcak front gel
f ì l trat ion corresponding to prof i l in was analyzed by chromatography
in  the SMART system us ing an an ion cxchange MonoQ pC 1.6/5 ,  co-
lumn. A l incar gradient elut ion from 0 to 1.0 M NaCl was applicd.

Results

Prevalenc:e
During the first stage of the study (6 rnonths), 420 pa-

tients sensitized to pollen were recruited from five different
areas of Spain. Of these, 195 (46.4%) showed a positive
prick test to M. crnnua pollen extract. The prevalence ob-
served in the different areas studied varied widely; the low-
est prevalence was detected in Hospital de Llobregat, an ur-
ban area on the northern Mediterranean coast. where 28o/o
of patients sensitized to any pollen were also sensitized to

M. anruta, and the highest in E,lche, an urban-rural area on
the southern Mediteranean coast, where the prevalence
reached 54o/o in patients sensitized to any pollen. Only 3 pa-
tients in all were monosensitized to M. annua pollen. The
195 patients sensitized to M. annua included 98 males and
97 females, with ages ranging from 5 to 5l years, who suf-
fered from rhinoconjunctivit is ( t39 patients), rhinoconj unc-
tivit is and asthma (51 patients), asthma (3 patients), allergic
cough ( l  pat ient)  and ur l icar ia ( l  pat ient) .  RAST class >3

was found in just 37 sera. Only these sera were used for the
experimental stage of the study. RAST scores to the differ-
ent pollens studied for the 37 sera are shown in figure l.

Allergen C haracterization and Purification
SDS-PAGE immunoblotting of 3l sera with RAST values

> 3 and its allergograms evaluated by image analysis (Bio-lm-
age analyzer, Millipore) are outlined in figures 2aandb. Forty-
two different lgE-binding components were detected. Two
bands of 14.l and 15.8 kD were revealed in 5l and 599lo of the
sera studied, respectively. Both bands were presumably profi-
lins, since they were able to bind IgG from a rabbit polyclonal
antiserum anti-H. annuus pollen profilin by SDS-PAGE im-
munoblotting. These profilins were firstly fractionated by af-
finity chromatography on PLP-CNBr-Sepharose 48 column.
An eluted fraction from the PLP-CNBr-Sepharose column
corresponding to proteins bound to PLP was then applied to
the gel filtration column (SMART system), and the eluted frac-
tion conesponding to a 17.5- to 19.7-kD interval with maxi-
Írum at 15.8 kD, and containing relevant allergens, was further
chromatographed by anion exchange chromatography.

The elution profi le showed one sharp peak which eluted
at200 mM NaCl (peak No. 1 in f ig.  3)  containing the two
relevant allergens. Analysis of the SDS-PAGE pattern cor-
responding to this peak (Bio-lmage analyzer, Mil l ipore)
demonstrated two components with molecular weights of
l4. l  ad 15.8 kD. Both proteìn bands bound rabbi t  IgG ant i -
profilin from It. annutl.î as proved by SDS-PAGE immu-
noblotting (fìg. a). Isoelectric focusing of anion-exchange
purif ied components revealed (figure not shown) three dif-
ferent bands with pls of 4.5, 4.1 and4.9, respectively.

Anion exchange purif ied proteins responsible forpeaks I
and2 (fig 3 ) were again chromatographed by gel f i l tration,
in order to estimate the native molecular weights of this
fraction; both gave rise to a single peak which corresponded
to 15.5 kD (prof i le not shown).

SDS-PAGE imrnunoblotting of purif ied profi l in proteins
incubated with human sera from selected sensitized patients
demonstrated two igE-binding components with 14.6 and
15.8 kD (fig. 5), together with other bands at around 30.0,
43.0 and ó0.0 kD

Val I verdú/G arc ía-Orteg al Martínezl
Martínez/Esteban/de Mol i nalFernand,ez-
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PRU/ml

>17.5

Fig.1. RAST scores to dif ferent pol len al-
lergens obtained with the sclected 37 sera
showing M. utltllto RAST values > 3.
PRU: Phadezym RAST r-rnits.

A nti geni c Cro s s - Re ac tivitl,
Antigenic cross-reactivity between M. annua and some

other common regional pollen allergens was assayed by
means of E,LISA inhibit ion (fig. 6), using a rabbit antiserum
antr-M. annlta pollen extract. All the heterologous extracts
layed within the same range of inhibitory potency, far from
the degree of inhibition caused by the M. annua extract. The
homologous extract (M. annua) gave rise to an Agr,, value
of 0.006 mg/ml, while the heterologous extracts originat-
ed much higher Agt,, values: F excelsior 20.4 mglml, L.
perenne 3l.7mglml, P juclaica 37.lmglml, A. vulgaris
44.6 mglml, O. europaea 100 rng/ml, R. commttnis 148 mgl
ml and S. kali 416 mglml (the last three values were indeed
extrapolated ones).

Double diffusion using antr-M. annua rabbit serum re-
vealed five strong precipitating systems when homologous
antigen was used. One strong precipitating system was ob-

served with Ricinus, Fraxinus and Olea, while a weak pre-

cipitating system was observed with Salsola, Parietaria,
Artemisia and Phleuru. No precipitating systems were ob-
served with the remaining extracts.

In order to contrast the E,LISA inhibit ion experiments,
and also to detect the protein fractions responsible for the

antigenic cross-reactivity, SDS-PAGE immunoblotting-in-
hibition experiments were carried out using the rabbit anti-
serum ant i -M.znnua ( f ig.  7) .

In the obtained IgG immunoblotting pattem, the homol-
gous (M. annua) extract completely abolished the IgG bind-
ing, while the other pollen inhibitors reached lower inhib-
ition levels, ranging from the 80% caused by P.judaica ex-
tract to the 260/o inhibition of L. perenne. Overall, the IgG
binding inhibit ion affected mainly the 94.0- to 30.0-kD in-
terval.

a

o a a a

a

a a a a a o

a a a

o l a a

a o a a o a a a o
l a

l a a t a

a a a a a a

a l

a

a a a

a a a

a a a a a

a a o a a a

a o

a a a a

a o a

a a a

o a a

Mercuriali, Parietaria Artemisia

M. annua : Al lergens and Cross-Reactivi tv In t  Arch  A l le rgy  Immuno l  1997; l  l2 :35ó ló4 359



1 2 3 4 s 6 7 4 9

t t t t t t t t l

Serum reference

l o  1 1  1 2  1 3  1 4  1 5  1 6  ' 1 7  l 8  1 9  2 0  2 1  2 2  2 3  2 4  2 5  2 6  ? 7  2 A  2 9  3 0  3 1  3 ?  3 3  3 4  3 s  3 6  3 7  M

l l  I  l l  |  |  |  t t t t  l t  t t t  |  |  |  t t l  t t t  t t t  * o ,

_ ;
-  6 7 . 0

-  4 3 . O

-  1 4 . {

M o l .
Weight

8 0 , 5
78 ,4
75 ,8
73 ,7
7 1 , 9
6 9 , 9
6 7 , 9
6 5 , 6
6 3 , 1
62,1
6 1  , 5
5 9 , 3
5 8 , 0
54,2
52,7
49 ,8
48,4
4 5 , 5
44,4
43 ,6
4 1  , 1
38 ,8
36 ,7
3 5 , 6
34,7
32,7
3 1  , 6
29,1
2 7 , 5
26,8
2 5 , 9
23,2
2 1  , 9
2 0 , 8
1  8 , 5
1 8 . 0
1 7 , O

>  1 5 , 8
>  1 4 , 1

12,9
1 1  , 6

b  
1 0 , 8

SERUM REF.

7 3 4 5 6 7 8 9 t0 l 1 I 131 I tó 20 2l ) 7 232425 26 21 2E2930 3 l 3233 3435 36 37 t -H tsG. o/o

1
2
2
3
I
3
4
7
6
1
5
5
I
5
7
7
3
7
4
7
5
6
7
3
4
6
4
1 2
4
7
9
4
5
3
7
1

1 8
22
1 9
1 3
5
4

3
5
5
8

22
I

1 1
1 9
1 6
3
1 4
1 4
22
1 4
1 9
1 9
I

1 9
1 1
1 9
1 4
1 6
1 9
8

1 1
1 6
1 1
32
1 1
1 9
24
1 1
1 4
I

1 9
3

49
59
5 1
35
1 4
1 1

Fig.2. a SDS-PAGE immunoblotting of M. annud pollen extract incubated with sera from 37 patients with RAST
>3. M: Molecular wcight marker (kD). b Al lergogram. Image analysis of SDS-PAGE immunoblott ing by the Bio-
Image system.
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Fig. 3. Anion exchange chromatographic profile of the 17.5- to 19.7-kD gel filtration fraction from M. annlre
pol len. SDS-PAGE of fract ions I and 2 were revealed by si lver staining.

Fig. 4. SDS-PAGE immunoblott ing of M.-unnua-purif ied profi-
fin, using rabbit profilin antiserum (anti-M. annua profilin) at three
di f ferent  d i lu t ions.  ( l )  l :3 ,000,  (2)  l :30,000,  (3)  l :300,000;  C:  Mem-
brane incubated with a controlrabbits serum (not immunized animal):
M - Molecular weight markers stained with Amido black B.

Fig.5. SDS-PAGE immunoblott ing of M. annuo purif ied profi l in,
using sera from sensitized patients. Con'espondence of lane numbers
with serum references from figures 2a and b is the following (lane
number/serum Reference): l/1, 212, 314, 416, 5111, 6129, 7132. N - M.
annua strip incubated with negative control serum; M : molecular
weight marker revealed rvith Amido black B.
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Fig.6. ELISA inhibit ion curves of a pool of rabbit anti-M. annuo sera using M. unnua extract in sol id-phase and

different pol len extracts as inhibitors.

Fig. 7. SDS-PAGE immunoblott ing inhibit ion using rabbit an-
fi-M. unnud serulî and different pollen extracts. Lane 1 : Noninhib-
i ted control;  lanes 2 9: inhibit ion caused by M. unnuu, O. europaea,
L. perenne, P.juduit'u, S. kali, A. wtlgaris, R. t'ouuuunis and E erc'el-
sio4 rcspectively; lane N - M. annua blot incubated with nonatopic
serum; M : molecular weight markcr revealecl with Amido black B.

Discussion

M. annua sensitization was prevalent in all cl imatic areas

studied. In fact, sensitization to this pollen ranged from 28

to 54oh of all patients sensitized to pollens in the areas stud-

ied. These results differ from those reported by Ariano et al.

[5], who found a lower prevalenc e (0.9%) in their area.

SDS-PAGE, immunoblotting performed with the sera of

37 M.-annua-allergic patients revealed the presence of two

bands in more than 50o/o of sera tested (fi5. 2a, b) at 14.l and

15.8 kD. Of note, an IgE binding band at 17 kD was detected

in49o/u of patients' sera, which was not investigated furlher.

Apart from these three bands, thirty-nine were revealed

with a lesser frequency.
In a previous attempt, the native proteins which gave rise

to the 14.l- and 15.8-kD bands were satisfactori ly purif ied

by a combination of gel filtration and ion exchange chroma-

tography in the SMART system (data not shown). Howeveq

once the relevant allergens were preliminarily identified as

profilins, a more efficient method for their isolation was fol-

lowed. The combination of a first affinity chromatography

step, on a PLP-CNBr-Sepharose column, followed by
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SMART gel filtration and anion exchange chromatography
(fig. 3 ) permitted the isolation of the major allergens with a
high degree of purity, as already achieved for other pollen
allergens l22l The bands observed at around 67.0 kD are
contaminant arl ifacts which usually appear in silver stain-
ing of gels, presumably due to skin keratin contamination,
and not to protein contaminants from the analyzed peaks

l23l Following international guidelines on the nomencla-
ture of major allergens 1241, we propose the denomination
of Mer a 1A and Mer a lB for  the 15.8- and l4. l -kD protein
components of M. ennua pollen, respectively. Both proteins
were demonstrated to be profilins according to three differ-
ent criteria: specific binding to PLP peptides, IgG binding
from a rabbit antiserum anti-sunflower profi l in (ftg. 4) and
dissociated and native molecular parameters. SMART gel
fi l tration results of these components showed a similar mo-
lecular weight in their native forms. Moreover, profi l ins pu-
rified as described above were incubated with sera from se-
lected patients (fig. 5 ) demonstrating that the IgE binding
showed at - l5 kD in the SDS-PAGE immunoblotting of M.
annua whole extract was due to the identif ied and isolated
profi lìn and not to other comigrating allergens. IgE-binding
bands at around 30 and 60 kD are probably due to dimeric
and tetrarneric forms of profi l in, according to recent data
publ ished by Babich et  a l .  [25] .

These authors analyzed affinity-purified profilins by
SDS-PAGE,, not only the band at 14.8 kD, but also extrane-
ous higher-molecular-weight bands (primarily at 30 and
58.5 kD), which showed actin-binding capacity. According-
ly, they postulated the human platelet profi l in self-associ-
ation as a physiological way by which monomeric profi l in
forms tetramers which are the relevant high-affinity actin-
binding form. Under this postulate the IgE-binding band
found at -43 kD in the M. annua profi l in SDS-PAGE im-
munoblotting could also be due to association ofthree profi-
l in rnolecules.

Profi l ins belong to the farnily of actin-binding proteins,
which have recently been identif ied as allergens in various
different sources, mainly vegetables and fruits, being in-
volved in a large number of allergic cross-reactions [26-
28]. In spite of its panallergenic character, profi l in has not
been considered a major allergen in any of the sources stud-
ied so far 1271. Howeveq in the present srudy, profilin has
been revealed, at least from an in vitro point of view, as a
relevant allergen in M. onnua pollen being detected as an
IgE,-binding component in more than 50oA of the sera stud-
ied.

The chromatographic and electrophoretic behavior of
the two copurif ied allergens indicated their physicochem-
ical similarity in tenns of molecular weight and net charge.

These results suggest that both components could be iso-
forms originated by differential glycosylation or by pro-
tease action as already pointed out by Vall ier et al. l29l -

to explain the doublet band of celery profi l in.
In a previous repoft [4], we identif ied a relevant allergen

with pl 5.0, which could correspond to one of the profi l in
isoforms described in the present repor-t.

ELISA inhibit ion and double-diffusion using experi-
mental immunosera proved to be comparable, allowing us
to observe a high degree of reactivity when the homologous
system was used, and clearly lower cross-reactivit ies when
heterologous systems were used. Results obtained by EL-
ISA inhibit ion and double diffusion techniques indicate that
there is a significant degree of cross-reactivity between
Mercurialis and Olea, Fraxinus, Ric'inus, Salsola, ParieÍa-
ria and Artemisia, in spite of being species which belong to
unrelated phylogenetically different families such as: Eu-
phorbiace ae (Mercurialis and Ricinus), Oleaceae (Olea and
Fraxinus), Chenopodiaceae (Salsola), Urlicacea e (ParieÍu-

ria) and Compositae (Artemisia). However, low inhibition
percentages (not higher than 260/o) and low Agre values
were shown by all the above-mentioned heterologous anti-
gens. In fact, more than thousandfold higher concentrations
are needed for 50% inhibit ion in heterologous experiments
as compared to the homologous one. A very low degree of
antigenic cross-reactivity was demonstrated between M.
annue and L. perenne. These results partially differ frorn
those reported by Ariano et al. [5], which showed a high
degree of allergenic cross-reactivity between Mercuriali,s
ar-rd Gramineae or Olea, by using sera from 7 subjects that
were polysensitized to pollens such as O. europaea and
grasses which showed RAST scores being equal to or higher
than those to M. annua.ln the present study, we analyzed the
structural homology between the different pollen extracts
using rabbit antiserum raised against M. annua allergenic
extracts in a close system, to avoid possible interferences
due to polysensitized sera.

The results obtained by inhibit ion of the M. annua SDS-
PAGE immunoblotting ratify those observed by ELISA and
double diffussion, that is, there is a significant but low ex-
tent of inhibit ion of the IgG binding to M. annua extract by
the heterologous systems with respect to the one produced
by the homologous one (MercurialisJ, being attributable to
the 94.0- to 30.O-kD interval (f ig. 7), a molecular weight
range in which the most relevant M. annua allergens are not
present. From the results obtained with the three above-
mentioned techniques, it can be concluded that some but not
many corìmon epitopes exist in the allergenic pollen ex-
tracts analyzed in the present study.
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The results presented in this study strongly suggest that
antigenic cross-reactivity between M. annua and other pol-
len extracts does not lie on the profilin molecule to a large
extent, although it is probably present in the studied pollens,
but on other allergens of higher molecular weights. Accord-
ingly, further studies should be focused on the role of such
M. annua proteins in cross-reactivity phenomena.
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