
Int Arch Allergy Appl lmmunol 1990;91:419-425 @ 1990 S. Karger AG, Basel
0020-59 | 5 / 90/09 I 4-04 I 9 S 2.7 5 /0

-l ^ (')

4 \  \  l t
/  

\  /  \ l

Monoclonal Antibodies to Proteins from Cocksfoot Grass (Dactylis glomerata)
Pollen: Isolation and N-Terminal Sequence of a Major Allergen
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Abstract. Monoclonal antibodies (Mabs) raised to an aqueous extract of cocksfo ot grass (Dactylis glome-
rata) polleî have been characterised. Mab lB9 was demonstrated by SDS-PAGE and Western blotting to rec-
ognise a major allergen of an approximate molecular weight of 28 kD in this extract, termed DG3, and a com-
ponent with a molecular weight ofbetween 35 and 40 kD in an e xtract of Secale cereale (cultivated,rye) pollen.
The 28 kD component of cocksfoot grass pollen isolated by affinity chromatography using Mab l89 was rec-
ognised by IgE antibodies in 80% (8 of l0) atopic sera, but only weakly by 2570 (l of4) non-atopic sera tested.
N-terminal sequencing of DG3 purified by affinity chromatography, 2 D electrophoresis and electroblotting to
polyvinylidenedifluoride revealed significant homology with a group-V allergen (Phl p V) from tirnothy giass
(Phleum Watense).

Introduction

Plant pollens are the most common cause of sea-
sonal allergic rhinitis. The purification of allergic
components from pollen extracts has been achieved
by standard physicochemical separation techniques
tl -51 and the use of immobilised monoclonal antibod-
ies (Mabs) as immunosorbents t6-8l.The availability
of allergens in pure form has facilitated the determi-
nation of several partial N-terminal sequences [9-11]
and a number of complete protein sequences [12-I4l
by Edman degradation. In an alternative approach,
the complete amino acid sequence of the major birch
pollen allergen (Bet v I) has been inferred from the
nucleotide sequence of a cDNA clone [5].

Comparison of amino acid sequences has revealed
significant N-terminal homology between allergens
from closely related species [16] and has shown that
cross-reactive epitopes on Group-I grass pollen aller-
gens are highly conserved [ 7]. Identification of se-
quence homology with other diverse groups of pro-
teins has allowed speculation regarding the possible
biological functions of some allergenic proteins [15].
In addition, sequence data have permitted theoretical

analysis of the epitopes recognised by T and B lym-
phocytes [8, 19] and the definitive localisation of
these sites by epitope-mapping studies with synthetic
peptides [20].

The pollen of Dactylis glomeratc (cocksfoot grass)
is a major causative agent of hayfever in Europe [21].
A number of allergienic components have been iso-
lated from the pollen of this species 122,231 although
no sequence information has currently been reported.
We have previously reported the purification of a ma-
jor allergenic component, termed DG3, from cocks-
foot pollen by chromatofocusing [2a]. The present re-
port describes the use of a Mab for the bulk isolation
of DG3 and subsequent N-terminal amino acid se-
quencing of the affinity purified DG3.

Methods and Materials

Preparation of Pollen Extract
Cocksfoot grass pollen was obtained from Sigma Chemical Co.

(Poole, Dorset, UK) and extracted with 0.01 M Tris-HC l,  0.15 M
NaCl (pH 8.0) as previously describedÍ241. This extract was dia-
lysed against 0.01 M sodium phosphate buffer (pH 6.a) and stored
at -20'C.
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Serum Samples
Serum samples were obtained from grass pollen allergic and

non-allergic volunteers. Sera were assayed for IgE reactivity with
crude aqueous extract of cocksfoot pollen by chemiluminescent
ELISA according to the method of Stiles et al. [25].

Production and Purification of Mabs
Balb/c mice received 100 pg of crude pollen extract in Freund's

complete adjuvant at 3-weekly intervals. Response titres were mon-
itored by chemiluminescent ELISA. The highest titre animal was
boosted intraperitoneally and intravenously with 50 pg of crude ex-
tract in phosphate-buffered saline (PBS) 3 days prior to fusion.
Splenocytes were fused with NSO myeloma cells according to the
method described by Lowe et al.126l. Supernates from primary cul-
tures were screened for reactivity with crude extract and DG3 by
chemiluminescent ELISA on days 10, 13, and 20 after fusion. Reac-
tive clones were expanded in vitro and ascitic fluid generated by
growth in pristane-primed peritoneal cavities of Balb,zc mice. Ascit-
ic fluid was dialysed against 0.01 M sodium phosphate buffer
(pH 7.0), centrifuged to remove debris, and fractionated by ion
exchange chromatography on DEAE cellulose (Pharmacia) using
stepwise increases in ionic strength according to the method of
Goding [27]. Pollen-specific Mab-containing fractions were deter-
mined by ELISA and zone electrophoresis, pooled and dialysed
against PBS before storage at -20"C.

Enzyme - Linke d I mmun o s orb e nt A s s ay
ELISA was performed on black polystyrene MicrofluorrM mi-

crotitre plates (Dynatech Laboratories, Billinghurst, UK). plates
were coated with I pg,zwell crude pollen extract in 0.1 M sodium
carbonate buffer (pH 9.6) at 4'C overnight and washed with pBS
containing 0.05% Tween 20 (PBST). Remaining binding sites were
blocked for 30 min with PBS containing l% bovine serum albumin
(BSA). For hybridoma screening, 100 pl of culture supernatant was
incubated per well for 90 min at room temperature, plates washed
in PBST and incubated for 60 min at room temperature with
100 pllwell rabbit anti-mouse immunoglobulin conjugated to
horseradish peroxidase (Dakopatts, Denmark) diluted 5,000 fold in
PBST. Fol lowing washing in PBST, 150 pl of chemiluminescent
substrate ( l  mM sodium luminol, 3 mM hydrogen peroxide,
0.14 mM piodophenol  in  0 .1  MTr is-HCl ,  pH 8.6)  was added to
each well and light emmission monitored in a plate luminometer
(ML 100, Dynatech Laboratories). For assaying pollen-specific IgE
antibodies in human sera, antigen-coated plates were incubated
with l :  l0 di lut ions of serum in PBST for 90 min at room tempera-
ture and revealed using a 1,000 fold dilution in PBST of rabbit anti-
human IgE-horseradish peroxidase conjugate followed by chemi-
luminescent substrate addition.

Preparation of Reverse Immunosorbent
DEAE-cellulose-purified Mab was coupled to Cyanogen bro-

mide-activated sepharose 4 B (Pharmacia) using l0 mg protein/g of
dry gel according to the manufacturers recommendations. The result-
ant gel was poured into a 30 x I cm glass column (Pharmacia) and
taken through a3 Mpotassium thiocyanate (CKNS) elution cycle fol-
lowedbyre-equil ibrat ionindoublesrrength PBS(2 x PBS).

Affinity Purification of DG3
l0 ml of crude pol len extract in 2x PBS was applied ro the col-

umn, cycled for 30 min and unbound material eluted with grearer

than 2.5 column volumes of 2x PBS. Weakly adsorbed material
was eluted with 2.5 column volumes oî |  M CKNS and strongly
bound materialeluted with 2.5 bed volumes of 3 MCKNS. Protein-
containing fractions (determined by UV monitoring at 280 nm)
were pooled and extensively dialysed against 2 x PBS containing
0.02% sodium azide at 4'C prior to concentration using Centricon
concentrators (Amicon) and assessment by sodium dodecyl sul-
phate polyacrylamide gel electrophoresis (SDS-PAGE) analysis.

Poly acrylamid e G el Elec tropho re s is
One-dimensional separation of proteins was performed in l5%

cross-linked polyacrylamide gels in the presence of SDS according
to the method of Weber and Osborn [28]. Samples were boiled in
sample buffer (2% SDS, 3%o sucrose, 50/o 2-mercaptoethanol, 0.05%
bromophenol blue in 50 mMTris-HCl, pH 7.0) for 2 min, loaded
onto the gel at l-10 pg protein/lane and electrophoresed at 100 V
in the buffer system of Laemmlí1291. Low molecular weight stan-
dards (Bio-Rad Laboratories) were used to determine molecular
weights of sample components. Two-dimensional PAGE was per-
formed as follows. Affinity purified DG3 was lyophilised and resus-
pended in 9 M urea containing 40/o Nonidet P-40, 50/o ampholine
(pH 3.5-10; Pharmacia), 5% 2-mercaptoethanol and 20/o 3-(cyclo-
hexylamino)-l-propanesulphonic acid. Samples were electropho-
resed in polyacrylamide isoelectric focussing gels (pH 3.5-10) for
l-2h, removed and equil ibrated against 0.125 MTris-HCl (pH 6.8)
containing l0% glycerol, 4o/o SDS, 5% 2-mercaptoethanol and
0.050/o bromophenol blue. The tube gel was loaded onto the SDS-
PAGE gel and electrophoresed as described above.

Western Blotting
Proteins separated in one dimension by SDS-PAGE were trans-

ferred to nitrocellulose using a method based on Towbin et al. [30].
Transferred proteins were visualised by staining with PBS contain-
ing 0.3% Tween 20 and I p,l/ml Indian ink, according to the method
described by Hangcock and Tsang [31]. Unreacted protein binding
sites were blocked by overnight incubation in Tris-buffered saline
(TBS:20 mMTris,0.5 M NaCl, pH 7.5) containing 2% BSA to faci l-
itate immunoprobing with enzyme-antibody conjugate or TBS con-
taining 5% bovine haemoglobin for immunoprobing by radio-
labelled second antibody. Proteins separated by two-dimensional
electrophoresis were transferred to polyvinylidenedifluoride
(PVDF; Millipore) and stained with Coomassie Blue according
to the method of Matsudaira [321. Electrophoretic transfer was
performed for 3 h at250 mA in transfer buffer in a Bio-Rad Trans-
blot cell.

Immunoprobing of Western Blots
After blocking, nitrocellulose blots were incubated overnight at

4'C with Mab ascit ic f luid di luted l :500 with TBS containing l%
bovine haemoglobin. After extensive washing in TBS, the blots
were incubated with 125 I-labelled sheep anti-mouse Ig [33] at
0.21tCi/ml specif-rc activity for l-2 h at room temperature, washed
in TBS extensively and air dried. Dried blots were exposed to X-ray
film (Amersham) at -70"C for 24-72 h and developed according to
manufacturers instructions. Recognition of transferred bands by
human IgE antibodies was assessed as follows: BSA-blocked blots
were incubated with atopic or non-atopic sera di luted l :10 in TBS,
l% BSA overnight at 4"C. Fol lowing washing in TBS, blots were
incubated for l-2 h at room temperature with sheep anti-human
IgE conjugated to alkal ine phosphatase di luted l :5000 in TBS/
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Fig. l .  Western blot analysis of the specif ici ty
of cocksfoot pol len-specif ic Mabs. An aqueous
extract of cocksfoot pollen was separated by
SDS-PAGE, electroblotted onto nitrocel lulose
and probed with Mabs 4Cl0 ( lane l),  6D9 ( lane
2) ,  5D5 ( lane 3) ,  6G7 ( lane 4) ,2B.5 ( lane 5) ,  3D9
(lane 6), 2D8 ( lane 7), I  89 ( lane 8), and ZG4 (lane
9). Bound antibody was revealed using r25I- la-

bel led SAM. CE : Pol len extract stained with
amido black.

C E

BSA. Af ter  washing in TBS, bound ant ibody was detected using
5-bromo-4-chloro- indoly lphosphate, /n i t roblue tetrazol ium sub-
strate [34]  and the react ions terminated by replacing substrate wi th
s top  so lu t i on  (20  mMTr is -HCl ,  pH  8 ,  5  mM EDTA) .

Amino Acid Sequencing

Regions of  Coomassie-sta ined PVDF membrane contain ing
protein bands or spots were excised with a scapel and sequenced on
an Appl ied Biosystems 470 Agas-phase sequencer.

Results

Specificity of Mabs
From a single fusion, l5 pollen-specific antibody-

secreting clone wells were identified by chemilumin-
escent ELISA on the basis of signals >50 t imes above
NSO culture supernatant controls with crude pollen
extract. Ouchterlony analysis of the ascitic fluid oflthe
eight clones giving the highest signals in ELISA (data
not shown) demonstrated that six clones (189, 285,
2D8,3D9, 4C10,6G7) secreted IgG, antibody whilst
two (5D5, 6D9) secreted IgM antibody. Immuno-
probing of nitrocel lulose blots of SDS-PAGE-sepa-
rated crude cocksfoot pollen extract demonstrated
that all eight clones recognised a component of an ap-
proximate molecular weight of 40 kD (fig. l). This
component was also apparently recognised by Mab
ZG4 [26] specific for human IgG, (fig. 1, lane 9) sug-
gesting that i t  may be an ' immunoglobulin binding'
protein or lect in. Mabs 2F.5,3D9, 2D8 and l89 also
revealed a protein of approximately 28 kD with vary-
ing intensities. Optimisation of separation conditions

M W  ( k  D )

-  9 2 . 5

-  6 6 . 2

-  4 5 . 0

-  3 1 . 0

and reagent concentrations demonstrated that this ap-
parent single band was composed of three protein
bands of similar molecular weights, the highest inten-
sity band being of intermediate mobility. This was
consistent with the physicochemical characteristics of
a highly allergenic component (termed DG3) previ-
ously isolated by chromatofocusing 1241, i.e. 28 kD
and pI 6.1. None of the Mabs were reactive with
fusion proteins generated from cDNA clones ex-
pressed in Escherichia coli which have been demon-
strated to encode allergenic proteins from cocksfoot
pollen t351. Immunoprobing of Western blots of
pollen from a number of other plant species with Mab
189 revealed a component of 35-40 kD molecular
weight extract of Secale cereale (cultivated rye) pollen
(data not shown).

Physicochemical and Immuno Characterísation of
Purified Allergens
SDS-PAGE analysis of specifìcally bound mate-

rial eluted from the Mab I 89 immunosorbent demon-
strated it to consist primarily of the 28 kD triplet com-
ponent (fr5.2, lane 2). The reactivity of human IgE
antibodies in atopic and non-atopic sera with this ma-
terial is shown in figure 3. Eighty percent (8 of l0) of
sera from grass pollen-sensitive individuals contained
IgE antibodies specific for the 28 kD protein whilst
only one of four non-allergic sera showed reactivity
with this component and at a much lower level.

N-Terminal amino acid sequencing of the major
staining component of the 28 kD triplet following
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Fig. 2. SDS-PAGE analysis (12% cross-linked gel) of material
eluted from Mab l89 affinity column. Lane I : Cocksfoot pollen
aqueous extract; lane2:3 M CKNS fraction; lane 3 : molecular
weight markers (Bio- Rad).

one-dimensional SDS-PAGE and electroblotting to
PVDF gave two or three different amino acid residues
in the same cycle numerous times, indicative of the
presence of two or three different protein species.
Two-dimensional electrophoresis resolved the affin-
ity product into five proteins of 28 kD with the two
major staining components focusing at pI 6.1 (fig. a).
N-Terminal sequencing of components A and B fol-
lowing electroblotting to PVDF showed that their se-
quences overlapped identically (the first 13 residues
of B with residues 9-21of A) but with A having an ad-
ditional eight residues at its N-terminus (tables l, 2).
Comparison with the N-terminal sequences of a num-
ber of other pollen allergens revealed significant
homology between component A of DG3 and the
Phleum pratense (Timothy grass) allergen Phl p V
(table l, bold face).

Discussion

In this study we demonstrate the use of a Mab, pro-
duced using an aqueous extract of cocksfoot grass
pollen as immunogen, for the immunopurification of
allergenic components directly from pollen extract.
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Fig. 3. Immunoblot analysis of reactivity

- 14.4 of IgE in serum from grass-allergic (lanes
3-12) and non-allergic individuals (lanes
l3-16) with Mab lB9-purified DG3. Lane I :
Pollen extract stained with amido black; lane
2 : pollen extract probed with atopic senrm
pool; lane l7 - molecular weight markers.
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Fig. 4. Two-dimensional electrophoretic separation of Mab
I B9-purified DG3 transferred to PVDF membrane. Principal com-
ponents (A and B) subjected to sequencing are indicated.

Table 1. N-Terminal amino acid sequences of a number of plant pollen allergens

Allergen Amino acid residues

l 0

L

T H A A H
A
A
I
I

K

G  K  A  r ( r ) E ( E ) a  K
( K ) L  M  E  D  r  N  ? ( A )
A H G A G Y T H A
A E Y G D K W L D
A T Y G D K W L D
S D E K N L A L S
S D A K T L V L N
s N w A a N ? M K
S V I P A A R L F

A
(r)
A
?
P
V
v
w
T

G Y  T  H  A
A A  G  G ( K
A N  L  G  Y
I A  K  V  ?
A M  G  D  K
A A  P  V  E
- T  K  V  D
D N  P  I  D
M G  V  F  N

T H
) A  T

A H
P G
P G
F T
L T
S ?
Y E

A A G
E ( E ) A
T H A
? I T
? I T
E  K G
E  K G
R G D
E T T

DG3 component A
DG3 component B
P h l p V
L o l p I
C y n d I
Lol p I I
Lo l  p  I I I
C r y j I
B e t v I

- : Introduced for maximum homology; ? : no residue assigned; O : tentative assignement.

Table 2. Amino acid sequence homology of DG3 components A and B with phl pV

l 0

DG3 component B
DG3 component A
Phl pV

r ( r )E
r ( r )E
T H A

A A G G
G Y  T  H  A  T  H  A  A  A  G  G
G Y  A  H  A  T  H  A  A  H  G  A

(K) A
K A
G Y

(E) a (K)
(E )A  K
T H A

L M E D I N ? A
L
A H

Repeated homologyy region in Phl pV underlined.

Of the eight Mabs selected on the basis of reactivity
with cocksfoot pollen extract in ELISA, four were
found to recognise a 28 kD component by immuno-
blot analysis. Mab 189 also recognised cross-reactive
epitopes on a protein of 35-40 kD from the pollen of
S. cereale. Utilising Mab I 89 as an immunosorbent

to purify DG3 from pollen extract, the specifically
bound material was shown by SDS-PAGE to be com-
posed predominantly of the 28 kD component. This
contrasts with the immunoaffinity purification of Dac
g I by Mecheri et al. l22lwhich resulted in recovery of
a much smaller product (6-8 kD) that retained some
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allergenic activity. The 28 kD protein was strongly
recognised by IgE antibodies in eight of ten grass
pollen-allergic sera tested by immunoblot analysis,
thus allowing it to be considered as a major allergen.
This protein has the same physicochemical and im-
munochemical properties as the DG3 protein previ-
ously extracted by chromatofocusingpal.

The physical characteristics of DG 3 suggest that it
may be distinct from the two major allergens previ-
ously isolated from cocksfoot grass pollen: Dac g I
(33 kD) l22l and 4B\ (24-25 kD) [23]. Since no se-
quence data are yet available for these allergens, and
we have been unable to obtain Mabs specific for these
proteins, the data presented herein represent the fìrst
published amino acid sequence of a cocksfoot pollen
allergen and will eventually enable the identity of
DG3 and its relationship to Dac g I and 4Bl to be es-
tablished.

Two-dimensional PAGE resolved the Mab
I B9-purified DG3 into a cluster of 5 components of
approximately 28 kD but with differing pI (fìg. a).
The two major components showed sequence identity
over 13 of their 21 N-terminal amino acids with A
having an additional 8 residues at its N-terminus
(table l). Components A and B of DG3 may represent
isoallergens, although it is most likely that component
B represents a cleavage product of component A gen-
erated during sample preparation.

Comparison of our sequence data with other
known allergen sequences reveals a significant N-
terminal homology between DG3 component A and
Phl p V (table 2). Ten of the first 15 amino acids of
component A are identical to residues of Phl p V, with
an area of repeated sequence in Phl p V also present in
component A. In view of this sequence homology and
the similarity in physicochemical properties between
DG3 and those reported for Phl p V (29-31 kD, pI
5.0-7.0) [36], it may be appropriate to classify DG3 as
a group-V allergen. However, according to recent
data from Dr. F. Matthiesen and Dr. H. Lowenstein,
the molecular weight of Dac g V is 26-27 kD. Clearly,
further studies are required to elucidate the nature
and the extent of the relationship between these two
components.

Determination of the amino acid sequences of al-
lergens is a prerequisite for answering questions re-
garding the pathogenesis of type-I allergies, includ-
ing the characterisation of epitopes recognised by T
and B lymphocytes. The identification of these epi-
topes has potential clinical application whereby it fa-

cilitates the production of lgE-reactive monovalent
peptides which inhibit allergic sequelae by preventing
cross-linking of IgE receptors [37]. Epitope mapping
studies may also allow the construction of modified
allergen fragments (tolerogens) capable of blocking
T-cell responses to native allergens. Epitope mapping
can be performed in a number of ways but preferably
by testing the reactivity of short recombinant or syn-
thetic peptides. We have previously reported the con-
struction of a cocksfoot grass cDNA library from
which clones encoding a pollen allergen distinct from
DG3 have been identifìed [35]. Using the data gen-
erated in this study, we now propose to re-screen the
library with a synthetic (degenerate) oligonucleotide
probe. This may allow the isolation of a full length
cDNA clone for DG3 and the subsequent localisation
of the allergenic epitopes.

Acknowledgments

The authors wish to thank Dr. Ammanda Wong for help with
the 2-dimensional PAGE. This work was supported by the Medical
Research Council, Wellcome Trust and the Department of Health
(UK) which is gratefully acknowledged. M. Davison was supported
by an SERC grant.

References

I Haavik S, Smested Paulsen B, Wold JK: Purification of a basic
glycoprotein allergen from pollen of timothy by HPLC. J
Chromatogr I  985;32: 199.

2 Howlett BJ, Clarke AE: Isolation and partial characterisation
of two antigenic glycoproteins from rye grass (Lolium perenne)
pol len. Biochem J l98l :197:695.

3 Johnson P. Marsh DG: The isolation and characterisation of al-
lergens from the pollen of rye grass (Lolium perenne). Eur Po-
lymer  J  1965;  l :63.

4 King TP, Norman PS, Lichtenstein LM: Isolation and charac-
terisation of allergens from ragweed pollen. II. Biochemistry
1967:3:458.

5 Ekramoddoullah AKM, Kisi l  FT, Sehon AH: Isolat ion of al-
lergenically active cytochrome c from Kentucky bluegrass pol-
len. Int Arch Al lergy Appl Immunol 1981;65:367.

6 Chapman MD, Sutherland WM, Platts-Mil ls TAE: Recogni-
tion of two Dermatophagoides pternyssinus-specific epitopes on
antigen Pl by using monoclonal antibodies: Binding to each epi-
tope can be inhibited by serum from dust mite-allergic patients.
J  Immunol  1984;133:2488.

7 Ekramoddoullah AKM, Kisi l  FT, Sehon AH: Isolat ion of a
Kentucky bluegrass pollen allergen using a murine monoclonal
antibody immunosorbent. lnt Arch Al lergy Appl Immunol
I 986;80: I  00.

8 Lin Z, Ekramoddoullah AKM, Kisil FT. et al: Isolation and



Dactylis glomerata Pollen Allergen N-Terminal Sequence 425

characterisation of Poa p I allergens of Kentucky biuegrass
pollen with a murine monoclonal anti-Lol p I antibody. Int
Arch Allergy Appl Immunol 1988;87:294.

9 Taniai M, Ando S, Usiu M, et al: N-terminal amino acid se-
quence of a major allergen of Japanese cedar pollen (Cry j I).
FEBS Lett 1988;239:329.

l0 Cottam GP, Moran DM, Standring R: Physicochemical and
immunochemical characterisation of allergenic proteins from
rye grass (Lolium perenne) pollen prepared by a rapid and effi-
cient puri f icat ion method. Biochem J 1986;234:305.

I I Matthiesen F, Scumacher M, Lowenstein H: Characterisation
of the major allergen of Cynodon dactylon (Bermuda grass)
pol len. J Al lergy Clin Immunol 1988;8l:266.

l2 Mole LE, Goodfriend L, Lapkoff CB, et al: The amino acid se-
quence of ragweed pollen allergen Ra5. Biochemistry 1975:14:
12t6.

13 Klapper DG, Goodfriend L, Capra JD: Amino acid sequence
of ragweed allergen Ra3. Biochemistry 1988 19:3j29.

14 Ansari AA, Shenbagamurthi P, Marsh DG: Comparison of am-
ino acid sequences oî Lolium perenne allergens Lol p II and III.
J  A l lergy Cl in  Immunol  1988;81:307.

l5 Breiteneder H, Pettenburger K, Bito A, et al: The gene coding
for the major birch pollen allergen Bet v I is highly homologous
to a pea disease resistance response gene. EMBO J 1989;8:1935.

l6 Borch SM, Sletten K, Hagen AM: Abstract Vl-19; in: l6th Nor-
dic Congress on Al lergology, Tromsó, 1987, p 65.

l7 Esch RE, Klapper DG: Isolation and characterisation of a ma-
jor cross-reactive grass group I allergenic determinant. Molec
Immunol 1989:26:557.

l8 Ansari AA, Friedhoff LR, Marsh DG: Molecular genetics of
human immune responsiveness to Lolium perenne (rye) al-
lergen, Lol p I I I .  Int Arch Al lergy Appl Immunol 1989;88:164.

19 Marsh DG, Zwollo P, Ansari AA: Toward a total human im-
mune response fingerprint. The allergy model. Adv Biosci 1989;
7 4 :65.

20 Atassi H, Atassi MZ: Antibody recognition of ragweed Ra3:
Local isat ion of the ful l  profì le of the continuous antigenic sites
by synthetic overlapping peptides representing the entire pro-
tein chain. Eur J Immunol 1986; 16:229.

2l Balbdo BA, Sutton R, Wrigley CW: Grass allergens with parti-
cular reference to cereals. Prog Allergy. Basel, Karger, 1982,
vo l  30,  p  l .

22 Mercheri S, Peltre G, David B: Purification and characterisa-
tion of a major allergen from Dactylis glomeratc pollen: The Ag
DG I. Int Arch Al lergy Appl Immunol 1985;78:283.

23 Yan Ree R, Clemens JGJ, Aalberse M, et al:  Characterisation
with monoclonal and polyclonal antibodies of a new major al-
lergen from grass pollen in the group I molecular weight range.
J Al lergy Clin Immunol 1989;83:144.

24 Matthews JA, Walsh DJ: Rapid purifìcation of a major allergen
from the pollen of cocksfoot grass (Dactylis glomerata). Bio-
chem Soc Trans 1987: l5:705.

25 Stiles HJ, Bicknell HJ, Matthews JA: A rapid enhanced chemi-
luminescent immunoassay for allergen-specific IgE antibodies.
J Biolumin Chemilumin 1986:l :53.

26 Lowe J, Bird P, Hardie D, et al: Monoclonal antibodies to de-
terminants on human gamma chains: Properties of antibodies
showing subclass restriction or subclass specificity. Immunol-
ogy 1982:47:329.

27 Goding JW: Antibody production by hybridomas. J Immunol
Meth 1980;39:285.

28 Weber K, Osborn M: The reliability of molecular weight deter-
minations by dodecyl-sulphate polyacrylamide gel electrophor-
esis. J Biol Chem 1969:244:4406.

29 Laemmli UK: Cleavage of structural proteins during the assem-
bly of the head of bacteriophage T4. Nature 1970;227:680.

30 Towbin H, Staehelin T, Gordon J: Electrophoretic transfer of
proteins from polyacrylamide gels to nitrocellulose sheets:
Procedure and some applications. Proc Natl Acad Sci USA
1979:'76:4350.

3l Hangcock K, Tsang VCW: India ink staining of proteins on ni-
trocel lulose paper. Anal Biochem 1983; 133 157.

32 Matsudaira P: Sequence from picomole quantities of proteins
electroblotted onto polyvinylidene difluoride membranes. J
Biol Chem 1987 :262:10035.

33 Walker MR, Hardie D, Lowe J, et al:  lmmunogenicity and anti-
genicity of immunoglobulins. XII. Intact light chain and heavy
chain isotype-restricted Vk-associated epitopes. Immunology
1985;55:205.

34 Blake MS: A rapid, sensitive method for detection of alkaline
phosphatase-conjugated anti-antibody on western blots. Anal
B iochem 1984;13ó:175.

35 Walsh DJ, Matthews JA, Denmeade R, Walker MR: Cloning of
cDNA coding for an allergen of cocksfoot grass (Dactylis
glomerata)pol len. Int Arch Al lergy Appl Immunol 1989;90:78.

36 Mathhiesen F, Klysner S, Lowenstein H: Characterisation of
group V allergens in grasses (abstract). J Allergy Clin Immunol
1989:83:294.

37 Sehon AH: Suppression of IgE antibody responses with toler-
ogenic conjugates of allergens and haptens. Prog Allergy. Basel,
Karger, 1982, vol 32,p 16l.

Received: October 2, 1989
Accepted: February 21, 1990

Correspondence to: M.R. Walker, PhD
Department of Clinical Chemistry
University of Birmingham
Wolfson Research Laboratories

Queen Elizabeth Medical Centre
Edgbaston
Birmingham Bl5 2TH (UK)


