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We have isolated a full length <DNA clome encoding the mujor glycoprotein allergen Lol a1, The clone was seleeted using 4 combination af immunao-

logical screening of a cDNA gxpression library und PCR amplificntion of Lol pl-specific trunscripts. Lo/ pl expressed in bacteriu as  fusion praiein

showy récagnition by specific [E antibedics present in sera of grass pellen-allergic subjects, Northern analysis has shown that the Lo/ ol trunseripts

are expragsed an!y in pallen of fye-grass. Molecular cloning af Lai ol provides i molecular genetic upproach to study the suur.turc—funcnon rclallon- '
: ship of ullergens. ‘

. Lolivm pesenne; Allcrgén; ¢DNA cloning: Nucleotide sequence; Amino neid sequence

LINTRODUCTION .

Hayfever and seasonal allergic asthma due to grass
pollen.allergens are environmental diseases that afflict
~up to 25% of the population in cool temperate ¢limates
[1-3]. Although a degree of cross-reactivity has been
described among antigens from different grass species
[4-6], it is well established that rye-grass antigens are
the most reactive allergens [7,8]. The most prominent
allergen in rye-grass pollen is group 1 or Lo/ pl (IUIS
nomenclature [9]), This has been shown to be the majar
IgE-binding protein [7,8), Elevated levels of Lo/ pl-
specific IgE have been detected in sera of up to 95% of
grass pollen-allergic individuals, and thus of major
clinical significance [7,8]. Other clinically significant
allergens of rye-grass include Lod pll, 111, IV [9] and the
newly identified Lo/ plb [10]. _ ,

Lol pl is an abundant acidic glycoprotein of M; 35
. kDa [B] and pI 5.5 [10], located in the ¢ytosol of the
pollen [10,11]. The amino acid sequence of this allergen
has not been reported, although short sequences from
.an N-terminal and an internal peptide fragment have
been determined [12,13]. In this paper, we report the

cloning, expression and sequencing of a full lengthz

cDNA clone encodmg Lol pl.

Corre.spondence addres.s. R.B. Knex, School of Betany, University

of Melbourne. Parkvillg, Vlctona 3082, Australia.
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2. MATERIALS AND METHODS

2 1. Plant marerials and anffbody probes
- Pollen af Lalium percnna was collecied from plants ﬂowcrmg in
Melbourne, and stored in liguid nitrogen until used. MAbs 40,1, 21.3

and 3.2 are specific for Lo/ pt, and their preparation and chnraclerlza-

tion have been deseribed elsewhere [4,10,14-16]. IgE antiboclies ware

‘from sern of grass polien-allergic individuals, as determined by skin

prick test and/or RAS'T‘ (Rudloailcrgosorbem test).

2.2. Isolation of poiien proteins and mmmnob/ornng o

Soluble proteins were extracied from rye-grass pollen by vigorous
shaking in PBS (150 m™, pH 7.2) containing 1 mM PMSF, on ice for
3 h. Conditions for electrophoresis and immunoblotiing with MAbs
were essentally as described [16). For 1gE antibody binding, blots
werg incubated in allergic sera collected from at least 4 patients with
high RAST scares for grass pollen, pooled and used diluted 1:5 in
TBS/0.5% BSA. The bound 1gE was detected using '*1-labelled anti-
human IgE (Kallestad, USA) essennally as descnbed by Ford and

Baldo [8). .

2.3, Purification of Lol pla for N-terininal sequencing

- Lot plwas isolated using preparative isoelectric focussing (Rotofor,
BioRad, Richmond, CA) followed by SDS-PAGE (A, Avjiogh and
M.B. Singh, unpublished dat), The allergen was recovered from .
SDS-PAGE gels by electroftransfer (90 V/2 h; 4°C) onto poly-
vinylidene difluoride (PVDF) membrene, (Millipore, Bedford, MA) -
[17]. Proteins were visualized by staining with Coomassie brilliant
blie R-250, washed extensively with deionized water {17] and sub. .
Jected to sequence analysis {17,18]. Amino ﬂCld residues are given us
ing the one lefter notation.

2.4, cDNA library and immunological screening

Poly (A*) mRNA was isolated essentially as deseribed [19]. ¢DNA .
was synthesized [20] and cloned into the EceRI site of the vector
Iambda-gt 11, Immunologieal screening was done by plating the
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SDNA library, and screcning duplicaie filiers wlile MAD 48,1, using

peraxidme-labelled antl-maung g assecandary antibody, The plaguics
that were antibady. posltive an baih of the duplicare Mliers were pick:
& off, purified, 1hen rephated and rested Yor binding 1o athar MAbDs
as well @ IgE antlbedio,

2.5, Nuelemide sequencing
. The ¢cDNA clane L3R wax [xolated frﬂm the phage, and subcloned
inte pQEM.3Z vectars (Promega). DNA sequente was deiermined by

desuble.araneed sequentin;ea-rled ot by the dideaxy chain lerming- .

ton methad (1], usiag T?7 DNA palymerase (Pharmacia). PCR

nmphﬂed DNA was claned [nta MY vectar lor mdmw eQueneing -

using sequenaie (LS Hiachemicak),

2.6, Ofimmmlmudex

Oligonleatides used in this study are shown in Table l Anﬁhur
Primer (AR}, Anchar Linker (AL) and Anehor Template (AT) have
been deseribed previously 122), LpA-3 and LpA-S were derived from
the sequence al the Lol pl ¢DMNA clone 13R, Sequenging primers were

derivad from the ingrnal sequence of PCR-generated clanes, Al
cligomers were purclmsﬁd fram Research: Genetles (Huntsville, Al

USA).

2.7, Polymerese chain reaction (PLR) cloning
Full length ¢lones encoding Lal pl were abinined using a medifica-
tion {22] of the ‘Anchored PCR (23;24]. Double stranded ¢DNA was
synthesized from | g of wtal RNA with the cDNA Synthesls System
(Life Technologles, Ine., Gaithersberg, MDD, USA) using olign dT ns
u primer, blunt ended with T4 polymerase and bluac end ligated 1o
sell-annenled AT and AL primers. Linkéred eDNA (3 41 from-d 2041
reaction) was mixed with 100 pmol each of AP-and LpA-S primers,
10 4l of 10X reaction buffer (GeneAmp kit, US Biochemicals,
Cleveland, OH, USA) and 0.5 al of T. aguaticis polymerase. The
misture was brought to 100 4] with déionized water and amplified for
25 cycles as deseribed [22]. Briefly, the first 5 cyeles consisted of
denaturation at 24°C for | min, anncaling at 43°C (or 1.5 min, and
polymerization at 70*C for 1.5 min, The last 20 cyceley were as stated,
except that annenling was at 55°C. 0.01 volume of the primary PCR
was then reamplified with oligomers AP and LpA-3 as above. LpA-3
Is nested (Internal) relative to oligomer LpA-5 used In the primary
PCR. DNA from the secondary PCR was recoveréd by sequential
chloroferm, phene! apd ehloroform extragtions, precipitated with 0.5
val, 7.5 M AmoAc and .5 vol. isopropancl: DNA fram the pellet was
digested with Xba | and Pt 1, run on a preparative low melt gel, and
ligated into Xbha 1/Pst |-digested M13. ‘

3. RESULTS

3.1. Identification of Lol pl by' immunoblotting
- The recombinant clone (13R) was isolated using Lo/
pl-specific MAbs, which provides evidence of its rela-
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Fig. 1. Immunablot analysis of I3E and MADb binding 1o Lot pl pro.

acins from rye-grass pollen. M, (kDa) is.denoted on the lefr. 120 g of

pollen proteins were loaded per lane. Laf plis denated with anarrow.

Lane |: SDS-separation of total rye-grass poiten proteins {stafning Is

with Coomassle britilant blue R-250); lanes 2-5: hinding of MAbs ar
18E on Western blots of total rye-grass pallen proteins,

ﬂonship 0 the‘nativ.e allergen. On Waestern bllols‘of'
pollen proteins, MAbs 3.2, 21.3 and 40.1 show strong

“affinity for a 35-kDa protein (Fig. 1). This protein

showed high specificity for IgE antibodies from pooled
sera of grass pollen-allergic individuals (Fig. 1). All the -
MAbs and IgE used in this study bound strongly to the
Lol plreferencestandard provided by NIAID (National
Institutes of Health, Bethesda, MD; data not shown).

3.2. N-fermr'nal.scquence af Lol pI ‘ ‘
We purified Lol pl by two-dimensional gel elec-

~ trophoresis involving preparative isoelectric focussing.

in the first dirnension, followed by SDS-PAGE of the
individual fractions. This procedure successfully

: Table 1

. Oligonucleolide sequences

Nugleotide sequence

Oligomer Strand - Nucleotides

AL ‘ 5' p-AATGATCGATGCT = - . meeee e

AP 5 GGOTCTAGAGGTACCGTCCG . - e e

AT 5! GGGTCTAGAGGTACCGTCCGATCGATCATT : amanan _ | memmee ‘

LpA-1A ‘5 GGAGTCGTGGGGAGCAGTC cading 671> 689

LpA2 5' GOOAATTCCATGGCGAAGAAGGGC coding : 442-> 438

LpA-3 ‘ 5" CCCTGCAG TCATGCTCACTTGGCCCGAGTA ~ non-coditig - B10<-827
- LpA-§ ‘ 5! CCCTGCAG ATTATT]GAGATCTTGAG non-coding 867 <-884

LpA-9. . : 5' GTGACAGCCTCGCCGG non-coding 181 <-167

LpA-10 §' CCGTCOACGTACTTCA nen-coding $82<-607

AL and AT are synthetic linker oligonucleotides containing Xoa 1, Kpn I and/er Cia I restriction sites [22). The AP sequence is contained within
the AT oligomer [22]. LpA-IA, -2, -3, -5, -9 and -10 correspond to the coding or non-coding sequence of Lo/ pl, as indicated, LpA-2 contains
an fco Rl restriction site, while LpA-3 and -5 contain Psil restriction sites added for cloning purposes.” All restriction sites are underlined,
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; ~20.
CA1TAAGCAGCAACCAACAhLTTChHGACAAG ATG@iﬁTgCTfCTCGTCGGTEGIECIG.

5 8 § V¥

=il 1
GTGGTGGCGCTBT?EQCCGTSTTCCTGQGCAGCGCGCATGGCHTCGCGA&Q@TACCAGCG
v

VAL‘FAVFLGS.\H A ¥ M B ¥
| 10 © 20 ‘
GGCCCCMCMCACGGCCGAGTACGGCGM:MGTGGCTGGACGCGLMAGCACCTGGTA?
G B M

T K E ¥ G D R W _L.OA %X

a0 40
GGCAAGCCGNCCGGCGCCGGTCCCAAGGACARCGGCGGCGCGTGCGGGTACAAQG&CGTC
6 X B I G A G F ¥ DK G G AN C G ¥ K BV

- 50 : - 60 '
'GACANGGCGCCGTTCAN GG CATGACCGGLTGEGGCAACACCCCCATCTTCAAGGATEGL

D K AP P NG MT G EC G NT F I F K D @

el
CGTGGCTLCGGCTCCTGCTTLGAGNTCAAGTGCACCAAGCCCG%GTC@TGCTCCCGtGAG
R & ¢ 6 8§ C F E T K C T KP E 8 € 5 G E

80

100
GCTGTCACCGTCACAATCACCGAFGACAATGAGGAGCCTATCGCAGCCTACCACTTCGAC

AV T VT I TDDNEERTPTI! AP YRTD
: ' 13R
11

. 120 >
CTCTCGGGCChCGCATTCGGGTCCATGGCGAAGAAGGGCGAGGAGCAGAhGGTCCGCAG&

L 8 ¢ ¥ MF G S M A K K G E E Q K L R §

e 130 . . . 140
GCCGGCGAGCTGGAGCTCCAGTTCAGGCGGGTCARGTGCAAGTACCCOGACGGCACCANG
A G E L ELQFRRVEKTCEX Y ?PDGT.X

180 2 ‘
ccsAcATTCCACGTCGAGMGGcrrccxmccccncnccrcccmrrcrcamucnc
P TFHVEEK ASHNPHNTYLAMILLYK

170 185
GTCGACGGCGACGGTGACGTGGTGGCGGTGGACATCAAGGAGAAGGGCAAGGATRAGTGG
VD &GP G DV VAV D' I KE KOGIHKD KW

' 190 200 .
ATCGAGCTCAAGGAGTCGTGGGGhGCAGTCTGGAGGATCGACACCCCCGATAAGCTGACG
! EL K E S W6 AWV WR I P TPDKTILT

210 ‘ o 220

GGCCCATTCACCGTCCGCTACACCACCEAGGGCGGOACCARATCCGAAGTCGAGGATGTC
G P F T VR ¥ T . T B 6 G T K S E YV E DV

230 ' 240

ATCCCTGAGGGCTGGAAGGCCGhCACCTCCTACTCGGCCAAGTGAGC&AGRRG"GG&GTG
»

1. P E O W K A D T S5 ¥ g A K ‘
ATCTTCTTCCHATCAGCTTAATTTTGACTCB&GATCTCAAATAATCCAGCCGCACATATA

TACGRGGCGGTGAGACRTACRRGCTCCTCCAT#hGThTATTCRTTCATGCCGTATAGAGA
GGAGAAAGATGCCTGhATAAGAGTTTGAGGTCGAdACCTTGTGﬁGAAGTGTATATAGGAG
GAACCCAATCTGGCTCCATCTTTCTTTGCTCGCACCGTGTACTGCTAAGGTTATCTTCTA
hCAGGCCAGATTAACCTACTATCTAATATATGCBACGTA&GGTCATTTTCCCTAAAAhAR

Lolpl nhydropathicity profite

100 ‘ 200
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separated Lol pl (p! 5.5) in sulficient quantities far N-
lerminnl protein sequence ana\yiii The sequence ab-
tained was as follows: ‘

IAKVPPG PWI TAEYGDKWLD AR7Terr

Thissequenee it analogous ta that repmcd by Cotmm L1
al. [12].

1.3, Isolation of cDNA clones

The ¢cDNA expression library was sereened for clones

that expressed epitopes recognised by MAbL 401,
Screening of a tolal of $x10' plaques yielded 18
immune-posilive clones. “These clones were  plaque-
purified, and screened for IgE binding using sera from

grass pollen-ullergic subjects. Four clones were found -

1o express proteins with affinity for IgE antibodies, Of
these, the ¢lone 1IR (~ 0.8 kb in size including poly
(A)” tail), bound strongly to MAbs 40.1, 3.2 and 21.3,
all known to preferentially recognise Lof pl.[10]}. Thus,
the clone expresses an allergen as defined by recognition
of IgE from sera of allergic individuals’ and was
deslgnmed as a putative Lo/ pl clonc. :

4. Nuc!eo:ide sequence of Lol p/ ‘
¢DNA clone 13R, selected by expression screening,

contains 764 nucleotides. There are 146 amino acids in -

the open reading frame (ORF) aidd the predicted M, is
16.2 kDa. The translated amino acid sequence ter-
minates with the 28-aming acid sequence described by
Esch and Klapper [13]. Since this clone ¢xhibits strong
Mab and IgE binding, the sequence contains both an-
tigenic and allergenic epitopes,

However, mature Lo/ pl has an approximate M, of 35
kDa, so the translated reading frame is apparently not
full-length. Clone 13R also lacks the NHa-terminal se-
quence defined for Lo/ pl {12), confirmirig that it is a
truncated clone. Full-length Lol pl clones were obtain-

-ed by PCR of rye-grass pollen RNA., Primers based on
synthetic linker sequences and Lo/ pl-specific sequences
derived from the 3' end of clone 13R were used to
generate these clones.

The nucleotide seq_ue’nce of Lol pl is shown in
Fig. 2a. There is an open reading frame (ORF) of 789

bp starting with an ATG initiation codon at position 33
and terminating witn a TGA stop codon at position 822.-

This ORF, which has a 64% GC content, corresponds
- to a polypeptide of 263 amino acids (M, 29.1 kDa). The
proposed translation initiation site and its flanking se-

quences (nucleotides 29-37) shareﬁ?% identity with the -
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Fig. 3. Tissue-spevific expressidn af Lo! p! in rye-grass polien. Nor
thern blot analysis of total RNA from rye-grass pollen, seed, [eaf,
_ root and inflorescence using 13R ¢DNA as a probe. -

:‘consensus plant segquence : AACAATGGC {25]. The

most critical nucleotide, a purine at position -3, is con-
served. Sequence corresponding to the 13R clone starts
at nucleotide 474,

The predicted protein sequence has a hydrophoblc ‘
putative signal peptide sequence of 23 amino acids
(Fig. 2 a,b). This is indicative of a mature processed
protein of 240 amino acids (M; 26.6 kDa). The amino
acid composition from the deduced sequence, rich in
glycine and lysine, is in complete agreement with
previous data obtained by amino acid analyses of Lo/ pl
protein '[26,27]. There is a single potential N-
glycosylation site having the characteristic Asn-x-
Ser/Thr motif (residues 9-11}) in the hydrophilic region
of the mature protein (Fig. 2b).

-

Fig. 2. cDNA, predlcted amino acld sequence and hydropalhlmty proflle of Lol pl from rye-grass pollen {a} The nucleotlde and deduced amino

acid sequence of Lol pl The deduced amino acid sequence represented by the single letter code is shown below the DNA sequence, and begins
at the first potential in-frame initiation codon. The open reading frame continues for 263 amino acids and ends with the TGA stop codon denoted
- by an asterisk. The putative signal peptide is indicated by negative numbers. Underlined amino acids were identified by protein microsequencing
‘(this report; and [12 13]}. The arrow indicates the start of the 13R sequence. (b} Hydropathicity prome of predicted amlno acid sequence based -

on the method of Kyte and Doolittle 1351 wuh a wmdow of 7 amino aclds
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A search of existing data-bases showed no similarity
between the deduced amina acid sequence of Lo/ pl and
-any other known protein. The Lo/ pl nucleatide xe-
quénce was compared with that of the newly identified.
Lol pib [10] and no sequence homology was observed.,

3.5. Expression of gene for Lélﬁ pl in varions rye-gr&s.é ‘

tissues : o :
To determine the tissue specificity of Lof pl gene ex-
_pression, we examined the level of spegific transcripts in
varlous tissues. Northern blots probed with ¢cDNA 13R
showed hybridization to a single abundant transéript
(=~ 1350 bases) In pollen (Fig. ). Hybridization was
- nlso  observed to similar sized transeripts in in-
florescence, but no hybridization 10 any transeripts in
‘rye-grass seed, leaf or root was observed (Fig. 3).

4. DISCUSSION

In this report we describe the cloning of a ¢<DNA se-
‘quence encoding an allergen from rye-grass polien,.
Several fines of evidence confirm that clone 13R cor-
responds to the major glycoprotein allergen, Lol pl.
First, the clone was immunoselected from the lambda-
gt 11 expression library using a MAb that shaws high
levels of binding to Lof pl. Second, the polypeptide en-
coded by the ¢cDNA clone was recognised by IgE an-
tibodies from pooled sera of grass pellen-aliergic in-
dividuals. Third, a segment of the deduced amino acid
sequence of the clone corresponded to the 38-amino
acid tryptic fragment of Lo/ p1 (YTTE GGTKS EFEDV
IPEGW KADTS YSAK) described by Esch and Klap-
per {13]. Finally, the pollen specificity of transcripis

Lol p IA
S Lol p IX

Lol p IIT
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hybridizing with 13R, ix consistent with tissue specifict.
ty. of Lo/ pl antigens, ns observed euriier by im-
munoblotting [10). ' ‘
© The N-terminal sequence of Laf pl, was not detgered
in the ORF of the 13R clone. However, full length
clones obtained by PCR amplification, encoded an:
amino acid sequence which corresponded with the N-
terminal sequence of Lof pl {{12]; and this paper). The
longest ORF is 789 nucleotides long, which corresponds
te o protein of 263 amino acids with a lender sequence
of 23 amino acids. The molecular mass for the mature
form of Lo/ pl {240 aminc acids) was caleulated 6 be
26.6 kDa. This would suggest that 24% of the 35 kDa
molecular mass of the pollen protein is due 1o post.
translational modifications, ‘ ‘ ,
The Lol pl signal peptide has some motifs common to

other plant signal peptides, especiglly those of secreted

plant enzymes, e.g. amylase {28]. The motifs close Lo
the cleavage site show some similarity with those of
signal peptides which direet proteins into the lumen of
the ER for giycosylation, ¢.8. VLL...FL GSAHG'in
Lol pl and VLL...LS ASLASQ' in -alpha-amylase
28], The ~1 and -3 rule for the prediction of a leader se-

quence cleavage site [29) is that amino acids at these
positions should be small and neutral: G and A in Lo/ .
Pl ‘ ‘

The deduced aming acid sequence of the full length
Lol pl clone contains both the N-terminal sequence [12]
and tryptic peptide fragment sequence (L3} previously
reported for Lol pl, as well as the N-terminal protein se-
quence of Lol pl reported here. The N.terminal se--
quences ([12]; and this report) helped define the
cleavage site between the leader seguence and the

mature form of Lo/ pl.-

KIA‘ 154
AR[PVERTVERG i
TKVDLTVEEKG 10

Lol p IA BNPN!’LLILVKYV‘DGDGDVVRVD!KIKGK@KN 186
Lal p 1z !DERNLALSZ»K!NEGDSMASVILK!HG!N!H 43
" Lol p ITI anan’r:.vl."u:a!-rnpdnTLnu‘v‘:Lnoluca'B:n 42

Lei p 1A 's}':.‘ne'swqavup.:u"rpbx:.-rarrq-vavw'rlsc c218
Lol p 1r Al kel agvpﬁ‘::xsn;axxusrur‘arvs:xn kL
boi p 121 B B |M|T|K|N N«LH!VKSAR!LTGPMH!‘HI‘LS‘KGG 75

ZolpIA . TR|SEV[EDVWIPEGWRADTSYS[AK 240
wolpit |ERHVEDODVYVERACERVETT YK R ‘ ‘ 31
Lol pitr |MBNVEDEVIDE Talpirlvelklryre =y Co C ey

"Fig. 4. Homologies of Lol pl with Lel pll and 1. Alignment of deduged amin-o‘ acid sequence of Lol pI wilh reported seqguences of Lalpll 128)
and Lol £ [27]. ldentical residues are shown in bold letters. These residues and other similar residues in the three sequences are indicated b
‘ : boxes. The following residues were considered similar: A,8,T; D,Ei N,Qi RK; LLM,V; F,Y,\W, : :
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Our results show that the 28 armino acid tryptic frag-
ment sequence YTTE GOTRS EFEDV [PEGW
KADTS YSAK [13] is located at the COOH-terminus of
this allergen. We also found that the entire 97 amine

“acid sequences of Lof pil (0] and Lol pIlT [31] have

strong homology with the COOH-terminal end of Lo/

pl (Fig. 4). Lol pl has 48% homoiogy (33% identity)
with Lo/ pll and 44% homology (26% identity) with
Lol plil, while Lo/ PI1 and Lol pHI have 73%

- homology (59% identity) which each other. However,
despite strong hamology between amino acidy 145 1o
240 of Lol pI with the amino acid sequences of Lo/ pll
and Lol plll, no serological cross-reactivity has been
detected between Lol pl and Lol pll nor Lol plll (32).
Immune responsiveness to rye-grass poilen allergens
in‘the human population is significantly associated with

the histocompatibility leukoeyte antigen (HLA)-DR3
(33.34]. One interpretation of this finding is that HLA-

DR, or closely linked class 1] molecules, may be par-

ticularly effective at presenting certain allergenic deter-

minants to T cells. Ansari et al, [30,31] predicted that
the 28 amino acid scyptic fragment isolated by Esch and
Klapper [13] may include an HLA-DR3 restricted T
celi/Ea recognition site. Both Lo/ pll and Lof plll have
sequences homologous Lo this tryptic fragment and An-
sari et al. proposed that the Lo/ pl T-cell determinant
‘may be shared with Loi pll and Lof ptIl [30,31]. This
.may explain the concordant rcsponsiveness of patients
to Lol pl, Lol pll and Lo/ pIII [33,34}.

Now that the amino acid sequences of Lol ph, 11 and
[1I are available it should be possible to experimentally
determine the T- and B-cell epitopes of these allergens
using synthetic peptides based on their scquences.
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