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SUMMARY

We have isolated and characterized the cDNA clone, 19R. that encodes an isoform of a major ryc-grass pollen allergen.
Lol p 'V [ previously referred to as Lol p 1b: Singh et al.. Proc. Natl. Acad. Sci. USA 88 (1991) 1384-1388; and Lol p IX:
Suphioglu et al., Lancet 339 (1992) 569 5727, Clone 19R was isolated {rom a rye-grass pollen cDNA expression library
using grass pollen-specific immunoglobulin k (1gk) antibodies (Ab) from an allergic serum pool. The nucleotide (nt)
sequence of clone 19R potentially encodes a 33.8-kDa protein of 339 amino acids (aa). 1t possesses a leader peptide
essentially identical to the previously characterized isoform of Lol p V (Lol p VA). This indicates a mature processed
31.3-kDa protein of 314 aa, correlating well with the size of the polypeptides revealed by Western analysis of pollen
proteins using IgE Ab affinity purified from recombinant fusion protein (reFP) encoded by clone 19R as solid matrix.
There is no N-glycosylation motif. The protein encoded by clone 19R, designated Lol p VB, has 66.4% identity and
80.4% similarity with Lol p VA. However. a Lol p VA-specific monoclonal Ab, FMC A7, does not recognize reFP
encoded by clone 19R, indicating that Lol p VB does not share this epitope. Cross-reactivity studies using affinity
purified 1gE Ab showed that both isoforms share similar allergenic epitopes. Immunoblot analysis using sera from a
population of 30 paticnts showed that 80% possess IgE Ab that recognize both Lol p V isoforms. Variation occurred
in the signal intensities of IgE binding. Like Lol p VA, Lol p VB is pollen specific and is part of the same multigene family.

INTRODUCTION

Grass pollen allergy afilicts up to 25% of the popula-
tion in cool temperate climates. Of the grasses, rye-grass
is the major cause of these discases due to its copious
production of pollen during flowering (Smart et al., 1979).
Pollen of rye-grass contains 17 allergens ranging in size
from 12 to 89 kDa (Ford and Baldo, 1986). Among these
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allergens, Lol p I and Lol p IX (previously referred to as
Lol p 1b, Singh et al., 1991) have been shown to be the
most important allergens in rye-grass pollen as judged
by both criteria of number of allergic patients responding
and relative amount of IgE binding to the allergens
(Singh et al, 1991). Together, both of these allergens
could almost completely inhibit IgE binding to rye-grass
soluble pollen extract (Bond et al., 1993).

(see INTRODUCTION) and their gene(s) or cDNA: mAb, monoclonal
Ab:nt nucleotide(sy; ORF, open reading frame: PAGE. polyacrylamide-
gel electrophoresis: PBS, phosphate-buffered satine (3.3 mM NaH PO,
2H,0/6.7 mM Na,HPO, G.15M NaCl pH 7.2) rekP. recombinant
fusion protein(s): SDS. sodium dodecyl sulfate; SSC. 0.15M
NaCl/15mM - Nageitrate pH 760 SSPE. 018 M NaCl/lomM
Na,HPO/ I mM EDTA pH 7.4: " (prime). denotes a truncated gene at
the indicated site.
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Fig. 1. Comparison between the eDNA sequences of clone 19R (Lol p
VB) and clone 12R (Lol p VA). A dot indicates identity and a dash

indicates a break  muroduced o maintain maximal  alignment

Numerical values at the start of cach line refer to the number of nt
residues from the A in the start codon. Methods: Total RNA was isolated
from plant tissues accordmg to the extraction method of Chirgwin et al.
(1979). Polyadenylated RNA was isolated as described (Herrin and
Micheals, 1984). A ¢DNA hLbrary was constructed (Gubler and
Hoffman, 1983) and cloned into EcoRI site of the vector 7gt11. All
platings were done on Escherichia coli Y1090, Immunological screening
wits done by plating the ¢cDNA library and screening duplicate filters
with specific 1gE from pooled allergic sera (Young and Davis, 1983).
The bound as detected (Ong et al., 1990) using '**]-labeled anti-
human IgE (Kallestad Laboratories. Chaska, MN). The plagues that
were Ab-positive on both of the duplicate filters were picked ofl, puri-
fied. then replated and tested for binding to IgE Ab from pooled allergic
sera. DNA was prepared from plague-purified phage using the liquid
lysate method {Meese et al., 1990). Inserts recovered from EcoR1 diges-
tion were ligated into pGEM4-Z (Promega, Madison, WI. USA) and
subcloned into E. coli IM109. Nested deletions were made from both
ends of clone 19R using Exolll and SI nucleases (Sambrook et al..
1989). Deletion clones were size selected for DNA sequencing by elec-
trophoresis on agarose gels. All sequencing was done using double-
stranded plasmid (emplates (Sanger et al., 1977). These templates were
prepared as described in the Qiagen manual (Qiagen Inc., Chatsworth,
CALUSA). Dideoxy sequencing was performed using the T7 Sequencing

Kiysner et al. (1992) have reported purification of
Lol p V using immunoallinity chromatography with
mAb raised against Phl p V. 85% of sera from allergic
patients recognized Lol p V. Further, IgE appeared (o
bind more strongly to Lol p V than to the more abundant
allergen Lol p I (Matthiesen and Lowenstein, 1991b). The
N-terminal region of Lol p V is identical with that of
Lol p IX (Klysner et al., 1992: Roberts et al., 1992),
Comparison of N-terminal sequences of Lol p 1X and
other group IX and group V allergens revealed high ho-
mology (Matthiesen and Lowenstein, 1991a; Silvanovich
et al., 1991). In addition, there is antigenic cross-reactivity
between allergens from group V and group 1X (Olsen
et al., 1991). The available data, including sequence ho-

¢DNA, clone 19R, was partially related to Lol p VA (Figs.
[ and 2).

(h) Sequence characterization

The nt sequence of clone 19R contains an ORF of
1020 bp. terminating with a TGA stop codon. The pro-
posed translation initiation site and its lanking sequences
(nt [—10]-[+5]) share 75% identity with the consensus
initiation sequence of monocot plants (Cavener and Ray,
1991). The most critical nt. a purine at position —3, is
conserved. The ¢cDNA has a complete 3-untranslated

region that contains the canonical AATTAA polyadeny-
lation signal (Birnstiel et al., 1985) followed by a poly(A)
tail. The 3-untranslated region also contains the se-
quence ATTTA that may be associated with mRNA sta-
bility (Silvanovich et al., 1991). All these data suggest
that clone 19R contains the full-length coding region.

The ORF of clone 19R encodes a protein of 339 aa
(33.8 kDa). The deduced aa sequence contains a putative
leader peptide of 25 aa on the basis of hydrophobicity
profiles of the N-terminal sequence and sequence homol-
ogy with Lol p VA (Singh et al,, 1991). This suggests that
the mature processed pmtem has 314 aa (31.3kDa).
There 1s no Asn-Xaa-(Ser/Thr) motif indicating that there
s no N-linked glycosylation site. The calculated size of
the protein encoded by clone 19R is within the size range
determined for Lol p V isoforms (28/30/32 kDa). The pre-
dicted pI value for the mature protein is 7.1 (according
to Mac Promass 2 programme).

The Lol p VB signal peptide contains three domains
typical of cukaryotic signal peptides. The N-terminal scg-
meut contains basic aa followed by a block of seven to
16 hydrophobic aa and terminates with four to six rela-
tively polar aa. The signal peptide is identical to that of
Lol p VA except for one aa change (His™°—Tyr).
Lol p VA has been shown to be transported into starch
granules (Singh et al.. 1991). The similarity of the signal

mology as well as antigenic and allergenic  cross-
reactivities, suggest that there is no difference between
group Vand IX allergens. Accordingly, the International
Union of Immunological Societies (1ULS) subcommittee
for allergen nomenclature has rccommended that the
group IX allergens be designated group V; hence the
name Lol p V is used throughout this paper.

Lol pland Lol p V have been shown to exist in multiple
isoforms (Perez et al., 1990; Griffith et al.. 1991b; Smith
ctal.. 1993). These variants exhibit slight physicochemical
differences but possess immunologically closely related
properties. Comparison between the deduced aa se-
quences of the isoforms may help in elucidating the re-
gions  of the molecules that contain  allergenic
determinants. In this paper, we describe the cloning and
sequencing of cDNA clone 19R that encodes an isoform
of Lol p V [rom the pollen of rye-grass. The protein en-
coded by clone 19R is highly homologous to Lol p VA
and has been designated Lol p VB.

EXPERIMENTAL AND DISCUSSION

(a) Isolation and sequencing of cDNA clones
A rye-grass pollen hgt11 ¢cDNA expression library was 155

screened with pooled sera of grass pollen allergic patients. :

Five clones that bound strongly to 1gE Ab were iden-

tified, and plaque-purified. The purified clones gave no 3¢ 5 ‘?’?.”.X‘f‘?f?"r,, Enn s .

signal when tested with non-allergic human sera. The 1 e ng,, TEERKYONTVETLTER \'MmLEVNAJKH{;EFV:\X:\:{l‘f;:tw';/?!;}lexlu

ability to bind to specific IgE Ab in scra of grass pollen-

sensitive patients identified these clones as encoding aller-

gens. The sequences of four clones were identical with

that of Lol p VA (Fig. 1). The scquence of the other ;
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Fig. 2, Cmnpurisou between the deduced aa sequences of clone 19R
(Lol p VB) and clone 12R (Lol p VA). Sequences are aligned and have
Baps uligned to show maximum similarity between the clones. The align-
Ments are the same as those in Fig. 1. The putative signal peptide is
Underlined. Numerical values at the start of each line refer to the number
of au residues from putative cleavage site of the signal peptide. The aa
Sequence alignment was done as’in Fig. 1 (PCGENE).

Kit (Pharmacia} with T7 and SP6 primers according to the manufactur
er’s instructions. Sequence alignments were done using computer }_‘"7'
grams contained in PCGENE (lutelliGienetics, inc., Mountuin Yiew:
CA. USA). The clone YR nt sequence is held in the GenBank database
under accession No. 113083,
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peptides implies that Lol p VB is (ransported to the same
compartment in pollen. This is interesting as Suphioglu
et al. (1992) showed that starch granules released from
rye-grass pollen function as micronic carriers of allergen,
which when inhaled can cause bronchial restriction.
There are two interesting features obscrved in the
mature protein of clone 19R. The N-terminal portion
contains a repetitive sequence of three aa (Pro-Ala-Thr)
and near the C-terminus, the protein contains an Ala-
rich repeat. Repeated sequences generally occur in pro-
teins having a structural function, and Pro+ Ala richness
is a characteristic of several of the known cell wall struc-
tural proteins (Cassab and Varner, 1988). In addition,
Lol p VB protein is expressed specifically in pollen which
suggests an involvement in pollen development andjor
pollen tube growth. However. its localization in starch
granules is intriguing and further research is needed.

(¢) The nt and aa sequence comparisons

The nt and aa sequence scarches of existing data bases
show Lol p V and Pou p V (previously referred to as
Pou p IX, Silvanovich et al.. 1991) allergens have signifi-
cant homology with clone 19R. There is a 79.4% homol-
ogy between the nt coding regions of clone 19R and
Lol p VA. The aa sequence comparison shows 66.4%
identity (80.4% similarity) between clone [19R and
Lol p VA. Poa p V nt sequences share 70-80% similarity
with clone 19R (KBG 31 shares 71%, KBG 41 shares
76.4% and KBG 60 shares 79.5%). The aa sequence com-
parison indicates 65-70% identity. Short and sporadic
similaritics are present with other known proteins but
were not considered significant. The high homology be-
tween clone 19R and Lol p VA indicates that clone [9R
is an isoform of Lol p V. These isoforms might be a
consequence of grass subspecies variation during pollen
collection. In this experiment, the pollen used was a mix-
ture, collected from different plants, and whether these
isoforms are expressed in the same plant or in different
plants is not yet known. Short ragweed plants can express
multiple isoforms and alleles of Amb « 1 and Amb o 11
but do not necessarily express all isoforms of Amb « 1
and Amb a Il in a given plant (Griftith et al., 1991a). In
addition, expression of particular isoforms does not
appear to be related to geographic regions but is rather
confined to individual plants.

(d) Immunolegical cross-reactivity

mAb FMC A7 has previously been shown to bind
reFP-Lol p VA (Singh et al., 1991) but does not show
any reactivity with reFP-Lol p VB. However, IgE Ab
affinity purified using reFP-Lol p VA as a solid matrix.
recognized reFP-Lol p VB. Similarly, IgE Ab affinity
purified using reFP-Lol p VB as a solid matrix, recog-
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nized reFP-Lol p VA (data not shown). These two iso-
forms apparently share epitope(s) that are recognized by
IgE Ab.

The aflinity purified IgE Ab from reFP-Lol p VB were
also used for Western analysis of rye-grass pollen pro-
teins. The purified IgE bound to protein components
forming a triplet of 28, 30 and 32 kDa (Fig. 3). These
values are in good correlation with the polypeptides pre-
dicted by clones 12R (Lol p VA) and 1YR.

MAD PpVI, PpV4 and PpV§ raised against Timothy
grass group V allergen, Phl p V (Matthiesen et al., 1990)
bound to reFP-Lol p VB. However, only mAb PpV4 and
PpV8 recognized reFP-Lol p VA (data not shown).
Similarly, Olsen et al. {1991) showed that both mAb
PpV1and PpV4 recognized Pou p V allergens. Thus there
Is antigenic cross-reactivity between group V allergens
from dilferent grasses.

(e) Relative clinical significance

Lol p VA and Lol p VB showed reactivity with 80%
(24/30) of TgE Ab from sera of a sampled population of
grass pollen-allergic patients (data not shown). Thus we
conclude that reFP-Lol p V in its native statc is a major
allergen in pollen of rye-grass. The IgE immunoblots re-
vedled variation in the signal of IgE binding intensities.
Some patients’ sera showed more intense IgE binding to
Lol p VA than to Lol p VB and a few of them have more
intense TgE binding to Lol p VB than (o Lol p VA. These
differences have also been observed in short ragweed,
Amb a 1isoforms; a minority of patients’ IgE reacts with
only the recombinant 4mb « 1.1 whereas most patients’
I¢E reacts with the recombinant Amh « 1.1 as well as with
the Amb a 1.2 and Amb a 1.3 proteins (Bond et al., 1991).

() Northern and Southern analyses

A Southern analysis of rye-grass genomic DNA re-
vealed hybridization to several fragments when full length
¢DNA of clone 19R was employed as probe (data not
shown). These results suggest that Lol p V allergens are
encoded by a multigene family. Like Lol p VA, Lol p VB
is pollen specific. In Northern blot analysis, a ¢cDNA
probe specific to Lol p VB hybridized to a single tran-
script (approximately 1353 nt) in pollen but not other
tissues (Fig. 4). The size of the transcript identified is
similar to that of Lol p VA (Singh et al., 1991). However,
the specificity of the probe showed the two transcripts to
be different. The level of expression of these transcripts
in pollen is not yet known.

(g) Conclusions
(1} An isoform of Lol p V allergen has been cloned
and sequenced [rom rye-grass pollen. The ¢cDNA of

20 = o

14

Fig. 3. One-dimensional Western analysis of rye-grass pollen proteins.
The positions of size markers are shown at left. In all cases, 10 pg of
rye-grass pollen proteins was loaded per lane. (a) SDS-PAGE of total
proteins stained in Coomassie blue R250. Western blots probed with
(b} total IgE Ab from pooled sera of grass polien allergic patients.
(c) mAb FMC A7, (d) affimty-purified 1gE Ab from reFP-19R and
(e) aflinity-purified Ab from non-recombinant 2g(il as control.
Methods: Soluble proteins were extracted from rye-grass pollen by vig-
orous shaking in PBS and 1 mM phenyimethylsulfonylfiuoride on ice
for 3 h. Conditions for 0.1% SDS-10% PAGE were essentially as de-
scribed (Ong et al.. 1990). Immediutely after electrophoresis, the sepa-
rated proteins were either Coomassie stained or transferred at 4 C to
nitrocellulose {(Towbin et al. 1979). For Igl Ab binding, blots were
incubated in pooled allergic sera or aRinity purified 1gE in PBS contain-
ing 0.5% BSA. The bound 1gE was detected (Ong et al.. 1990} using
*L-labeled anti-human TgF (Kallestad Lab., Chaska, MN). For mAb
binding. the bound 1gG was detected using horseradish peroxidase-
labeled sheep anti-mouse g (Stlenus, Australia). The blot wus developed
using enhanced chemiluminescence system (Amersham Int.. UK) as de-
scribed (Ong et al, 1990). To affinity purify 1gE Ab. ¢cDNA clones in
ngtll phages cncoding allergens were expressed as reFP in E. coli
Plaque lifts containing the reFP were incubated in pooled scra over-
night. washed once with PBS containing 0.1% Tween 20 and twice with
PBS only. The bound IgE Ab were eluted with 0.2 M glycine HCL
pH 2.6/0.5% BSA,U.1% sodium azide. The preparation and character-
ization of mAb FMC A7 have been described elsewhere (Smart et al.
1983). Scra were obtained from grass allergic subjects selected on the
basis of skin prick test and radioallergosorbent test (RAST).

Lol p VB encodes a putative 339-aa protein and possesses
an essentially similar 25 aa leader peptide as Lol p VA.

(2) Lol p VB isimmunologically distinct from Lol p VA
in terms of binding to mAb FMC A7 and mAb PpVl
Both allergens appear to share similar IgE binding
cpitopes.

bp

1353— 4

Fig. 4. Northern blot analysis of clone T9R. A ¢cDNA fragment contain-
ing sequence unigue to clone 19R was hybridized to total RNA of ry
griss pollen (a). leaf (h). root (¢). and seed (d). Methods: Total RNA was
denatured in 20 mM 3-(N-morpholino)-propanesutfonic acid. 30%. de-
ionzed formamide 2.2 M formaldehyde at 65 C for S min. electropho-

rescd in 129 agarose gel containing 22 M formaldehyde. and
electrablotted onto nitrocellutose, The filter was prehybridized for 26 h
at 70 C i a solution containing 2> SSPE.0.5% Blotto 1% poly(cthyi-
ene glycol) 20000 7% SDS and 0.5 mg ml (final volj carrier DNA
Hybridization was carried out for 24 h at 70 C in an identical solution
containing 0.5- 1.0 > 10° cpm ml ¥P-labeled cDNA probe prepared by
random oligonucleotide priming using an oligalabeling Kit ( Bresatec,
Adclaide. Australiad. The filter was washed as follows: (¢) 2 » SSC, 0.5%
SDS at room temperature for Smin. (h) 2> SSCO.1% SDS at room
temperature for 15 pun, (¢) 0.1 x SSC0.5% SDS at 37 C for 30 min,
(d) 1.1 SSC0.5% SDS at 65 C for 30 min, (¢} rinse briefly with
0.1 SSC at room temperature. At these washing conditions, the probe
bound specifically to ¢DNA of 19R but not to cDNA of 12R. The
cDNA probe containing sequence unigue (o cione 19R was prepared
by cleaving full length 19R ¢DNA with Ddel restriction enzyme. resuli-
g m o« 465-bp fragment.

(3) Comparison between the aa sequences of Lol p VA
and Lol p VB reveals 80.4% similarity. Knowledge of all
the aa sequences of Lol p V isoforms and the extent of
polvmorphism will be uscful to determine the number of
allergenic and antigenic epitopes in Lol p V allergen.

(4) Lol p VB is pollen specific, like Lol p VA, and is
part of the same multigence family
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SUMMARY

Using a backtranslated oligodeoxyribonucleotide probe, encoding a conserved molif in insect antibacterial peptides.
wu have isolated two ¢DNA clones from the medfly. Ceratitis capitata. Sequence determination shows that the cDNAs
cncode two closely related peptides which are members of the cecropin family.

INTRODUCTION

Antimicrobial peptides have been isolated from both
invertebrates and vertebrates. They include, among
others, the cecropins (Cec) and the diptericins from in-
sects (reviewed in Boman and Hultmark, 1987; Hoffmann
and Hoffmann, 1990), the magainins from amphibians
{Zasloff, 1987) and the defensins from mammalian poly-
morphonuclear  lymphocytes (Selsted et al, 1985).
Although different in primary structure, many of these
peptides can form amphipathic a-helices and kill bacteria
by attacking the cell membrane, probably through the
formation of ion channels (Okada and Natori, 1985a;
Wade et al., 1990).

Most antibacterial peptides are produced in insects in
response to infection. Among the most potent of the in-

Correspondence to: Dr. C.T. Baldari, Department of Evolutionary
Biology, Via Mattioli 4, 53100 Siena, Ttaly. Tel. (39-577) 293470; Fax
(39-577) 298%98.

*On request. the authors will supply detailed experimental evidence for
the conclusions reached in this Short Communication,

Abbreviations: aa, amino acids(s): bp, base pairts); cONA. DNA com-
D]elm-ulary to RNA; Ceg, cecropin(s), Ctx. ceratotoxin: kb, kilobase(s)
Ot 1600 bp: nt. nucleotide(s). oligo. oligodeoxyribonucleotide; ORF,
Open reading frame; SP. signal peplide(s).

ducible antimicrobial peptides are the Cec (reviewed in
Boman and Hultmark. 1987). Interestingly. the Cec locus
in Drosophila melanogaster has been shown to include the
gene encoding andropin, a male-specific antimicrobial
peptide which is constitutively produced in the ejacula-
tory duct (Samakovlis et al., 1991). Recently two closely
related antibacterial peptides have also been purified
from the female reproductive accessory glands secretion
in Ceratitis capitata (Marchinj et al., 1993).

Here we present the sequence of two ¢cDNA clones
from the medfly Ceratitis capitata encoding peptides of
the Cec family.

EXPERIMENTAL AND DISCUSSION

(a) Cloning and sequence determination of two medfly
cDNAs

We have screcned a Agtll cDNA library from adult
females of Ceratitis capitata for the genes coding for the
female antibacterial peptides  ceratotoxins  (Ctx)
(Marchini et al., 1993). The oligo which was used in the
screening was designed by backtranslation of the middle
portion of medfly Ctx A and Ctx B (Marchini et al., 1993)
using Drosophila codon bias (see Fig. 1). This region con-



