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Major allergen Phl p Vb in timothy grass is a novel pollen RNase
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Abstract A ¢cDNA coding for the major group V allergen Phl
P Vb was isolated from a timothy grass pollen cDNA library by
immunoscreening with a specific monoclonal antibody. It was
discovered for the first time that the recombinant Phl p Vb pollen
allergen after expression and purification has ribonuclease activ-
ity. High homology of Phl p Vb to other group V allergens in
grass pollen indicates similar function. By RNase activity gel of
natural pollen extract of timothy grass and consecutive Western
blot analysis of the excised proteins, the RNase active bands were
shown to be group V allergens. Additionally it was demonstrated
that an homologous protein to Pkl p Vb in the mother plant could
be induced by salicylic acid. This indicates that group Vb aller-
gens may be involved in host-pathogen interactions because in
pollen they are quickly exported RNases and in the mother plant
they depend on a hormone which is related to expression of plant
resistance genes.
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RNase activity; Salicylic acid

1. Introduction

Major grass pollen allergens induce allergic rhinoconjunctiv-
itis or bronchial asthma in more than 90% of grass pollen
allergic and nearly 40% of all Type-I allergic patients [1]. The
physiological function of these export proteins has not been
clarified until now. In ray grass pollen, group V allergens are
located in the starch granules [2,3]. The potency of these aller-
gens is related to the fact that they can be released into the
environment from the pollen with the starch granules and thus
are small enough to enter the human airway to induce an
IgE-mediated response in asthmatic patients [4]. These aller-
gens represent a highly variable group of proteins which can
be distinguished in timothy grass pollen by molecular weight
into group Va =38 kDa (more basic proteins) and group
Vb = 32 kDa (more acidic proteins) [5,6]. Cloning and sequenc-
ing of group Va ¢cDNAs revealed a homology of more than 85%
among these allergens [7-9] indicating that they are isoforms
of a gene family in related grasses. The physiological function
of group V allergens in pollen grain is still not understood. It
is proposed that some pollen allergens may play a role in recog-
nition of pollen grain by its specific plant stigma inducing an
inhibition reaction on the stigma surface in case of incompati-
bility between heterologous plants [10,11].

In this paper we report the complete cDNA and deduced
amino acid sequence of Pkl p Vb and describe, for the first time,
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that this allergen shows ribonuclease activity. By inducing tim-
othy grass inflorescence with salicylic acid and consecutive
Western blotting we present evidence that Phl p Vb is possibly
related to host-pathogen interactions in the mother plant.

2. Materials and methods

2.1. Monoclonal antibodies ( Mabs), immunoscreening

The ¢cDNA library was constructed in a A-Zap phage vector as de-
scribed earlier [9]. Immunoscreening of the cDNA library was per-
formed with Mab Bol [12], which recognizes Phl p Va and b in crude
pollen extract. Mabs BG6 and Bo9 [13] identify only PA/ p Va and
Phl p Vb, respectively. Both are markers for internal group V allergen
differentiation in timothy grass pollen.

Positive clones were plaque purified by several rounds of immuno-
screening. Plasmid pBluescript was excised in vivo from isolated phages
by co-infection with helper phage R408 (Strategene, La Jolla, USA),
plated, and plasmids were amplified from single colonies, followed by
plasmid preparation (Plasmid purification kit; Qiagen, Chatsworth,
CA, USA). Insert analysis was carried out by EcoRI and No:I digestion
and electrophoretic separation on 1% agarose gels.

2.2. ¢cDNA sequencing and subcloning

Double-stranded DNA of positive clones was first sequenced in both
directions according to the dideoxy method of Sanger et al. [14] with
a T7 Sequencing Kit (Pharmacia LKB Biotechnology, Sweden) using
universal and reverse primers, both commercially available. Among
recombinant clones, pPHLP5B1912 was then identified by comparing
its deduced amino acid sequence at the 5" end of the cDNA sequence
with the previously sequenced N-terminus of native P4/ p Vb [15]. To
determine the complete cDNA sequence, pPHLP5B1912 was restricted
either with PstI, Xhol or Sall and fragments were sub-cloned into
pBluescript plasmid for further nucleotide sequencing.

2.3. Purification recombinant Phl p Vb

Mature recombinant Phl p Vb was constructed by PCR amplification
using pPHLP5B1912 as a template and two sequence-specific primers
(5-CGCTCATATACCGCGGATCCC and 3-ATATAAGCTTTCC-
TCTGAAGGAAGGCAACCC), by performing 30 cycles with 30 s at
95°C, 30 s at 53°C, 1.5 min at 72°C. The PCR product was purified
from 1.2% agarose gels, restricted with BamHI and HindIII and ligated
into the expression vector pQE9 (Qiagen, Chatsworth, CA, USA). The
correct reading frame was controlled by sequencing, and the recombi-
nant protein was purified on a Ni?*-NTA-resin column according to the
instructions of the manufacturer (Qiagen).

2.4. Gel-filtration of Phl p Vb

Phl p Vb was further purified using gel-filtration on a Superdex 7S
HR 10/30 column (Pharmacia LKB Biotechnology, Sweden) at room
temperature. A flow rate of 0.6 ml/min of 50 mM sodium phosphate,
150 mM sodium chloride and 200 mM arginine, pH 6.0, eluted PA/ p
Vb at approximately 15 min. 20 s fractions were collected over the peak
and pooled as appropriate. UV detection was done at 280 nm on an
HPLC system (Kontron Instruments, Watford, UK) with a fraction
collector.

2.5. Purification of natural Phl p Va

Natural Phl p Va was purified by affinity chromatography using Mab
BGS, specific for group Va grass pollen allergens, covalently bound to
a HiTrap NHS-activated affinity column (Pharmacia Biotech, Sweden),
according to the description of the manufacturer.
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2.6. Isolation of RNA

We extracted RNA from 5 g timothy grass pollen or 2 g inflorescence
by a slightly modified method of Walsh et al. [16]. Pollen or inflores-
cence were ground in liquid nitrogen and broken with a pestle and
mortar, suspended in 50 ml extraction buffer (400 mM NaCl, 50 mM
Tris-HCI, pH 9, 5 mM EDTA, pH 8, 1% SDS, 10 mM DTT, 10 mM
heparin, 1| mM aurinotricarboxylic acid) and 25 ml phenol/chloro-
phorm/isoamylalcohol (PCI; 24:24:1) followed by homogenization
with an Ultra-Turrax (Janke & Kunkel, Ika-Werk, Hamburg, Ger-
many) and centrifugation. The supernatant was extracted twice with
PCI, and twice with chloroform/isoamylalcohol (24:1). RNA was pre-
cipitated with 2 M LiCl (final concentration). Purification of mRNA
was done as described earlier {9].

2.7. RNA degradation on agarose gels

Ribonuclease A (RNase A, DNase free) and human placental ribo-
nuclease inhibitor (RNasin) were purchased from Boehringer
(Mannheim, Germany); RNA markers were from Gibco-BRL (Gaith-
ersburg, USA). 2 ug of RNA or 1 ug of mRNA were incubated in
RNase-free water with different substances for 45 min at the appropri-
ate temperature. The mixture was then separated on a 1.2% agarose gel
stained with 0.003% ethidium bromide.

2.8. RNase activity gel

RNase activity gel was done according to Yen and Green [17], per-
forming SDS-PAGE containing 2 mg/ml torula yeast RNA (Sigma
Chemical Co., St. Louis, MO, USA). After electrophoresis the gel was
washed with 25% isopropanol in 0.01 M Tris-HCI to remove the SDS,
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Fig. 1. Nucleotide and deduced amino acid sequence of the cDNA
insert of pPHLPS5B1912. Numbers indicate nucleotides (upper line) and
amino acids (lower line). The N-terminal sequence 100% homologous
to native Phl p Vb is underlined (sequenced by Edman degradation
[15]). The broken line indicates a possible polyadenylation signal.
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Fig. 2. Deduced amino acid sequence alignment of PA/ p Vb with six
different group V isoforms which belong to four different grass pollen
species. PHOI_L_V from Holcus lanatus (Schramm et al. (1993) EMBL
Nucleotide Sequence Data Library, Z27083); PLOLPIX from Lolium
perenne [3]; PPOAP_IX._41 and 60 from Poa pratense [7]; PPHLPVA
from Phleum pratense [9]; PPHLPV from Phleum pratense [8]. Numbers
indicate amino acid residues. Hatched boxes show identity and homol-
ogy, lines (-) are gaps in the sequences produced by the aligning pro-
gram.

preincubated in 0.1 M Tris-HC], incubated in 0.1 M Tris-HCI for 45
min at 56°C, and afterwards stained with Toluidine blue (Sigma; 0.2%
in 0.01 M Tris-HCl) and finally destained in 0.01 M Tris-HCL.

2.9. RNase activity assay

RNase activity was determined according to Barna et al. [18] with
modifications. Proteins were incubated with 1 ug timothy grass RNA.
After incubation, 1 vol. 4 M LiCl was added to the mixture. It was
stored at 4°C for at least 3 h and then centrifuged at 12,000 x g for 12
min. The supernatant was diluted and absorption was measured at 260
nm. One unit was defined as the amount of protein causing an increase
in absorption of 1.0 after 30 min incubation at 56°C at pH 6.5.

2.10. Protein extraction from pollen, SDS-PAGE and Western blot
Proteins were extracted from 1 g timothy grass (Artu Biologicals
N.V,, Lelystad, The Netherlands). Pollen was incubated in 55 ml of 0.1
M NH,HCO; buffer (pH 8) for 30 min at room temperature. After
centrifugation for 30 min at 17,000 x g (4°C), the supernatant was
dialyzed against double-distilled water, lyophilized and dissolved in
appropriate sample buffer for SDS-PAGE. In a further procedure the
extracted pollen proteins were applied to an R Nase activity gel this time
using a gradient SDS-PAGE according to Neville [19]. Regions show-
ing RNase activity were excised from the gel and gel pieces were applied
to a vertical 12% SDS-PAGE [21]. After electrophoresis proteins were



Fig. 3. Analysis of RNase activity of recombinant PA/ p Vb and natural
Phl p Va in a 1.2% agarose gel with 2 ug mRNA of timothy grass
inflorescence, stained with ethidium bromide after incubation (45 min
at 56°C) with H,0, 2 ug RNase A, 2 ug recombinant Phl/ p Vb alone
and with 32 U RNasin, 2 gg natural Phl p Va alone and with 32 U
RNasin, or 2 ug bovine serum albumin (BSA).

electroblotted onto nitrocellulose membrane by a Fastblot apparatus
(Biometra, Gottingen, Germany) and stained with antibodies as previ-
ously described [6] and finally cut in strips. The strips were stained with
India ink and auro dye. Immunostaining was performed with Mabs
Bol, BG6, Bo9, all specific for group V allergens in timothy grass, and
with patients’ serum in a procedure described earlier.

2.11. Induction of pollen and inflorescence proteins by salicylic acid
(S4)

Timothy grass inflorescence was harvested from wild plants 10 to 2
days before anthesis, grassheads cut from the stem and immediately
ground in liquid nitrogen and stored at —80°C until further use. Induc-
tion of PR proteins was done according to Yalpani et al. [20]. In brief,
5 mg pollen or 2 g of grassheads were incubated at room temperature
for a specified time with 500 ul or 30 ml 10 mM potassium phosphate
buffer (pH 6.5) containing 1 mM EDTA and specified concentrations
of SA. After centrifugation for 30 m in at 17,000 x g (4°C), the super-
natant was dialyzed against double-distilled water, lyophilized and dis-
solved in appropriate sample buffer for SDS-PAGE. SDS-PAGE was
done according to Laemmli [21], followed Western blot and immunol-
ogical detection as described above.

2.12. Computer analysis

Sequence data were analyzed on GeneWorks and PCGENE Soft-
ware (Intelligenetics, Geel, Belgium) and on DNASIS Software (Phar-
macia LKB Biotechnology, Sweden).

2.13. Nucleotide sequence accession number

The nucleotide sequence of pPHLP5B1912 has been submitted to the
EMBL Nucleotide Sequence Data Library and assigned accession num-
ber Z27083.

3. Results

3.1. ¢DNA and deduced amino acid sequence of Phl p Vb

The recombinant clone pPHLP5B1912 was isolated by im-
munoscreening of a timothy grass pollen cDNA library with
monoclonal antibody (Mab) Bol. Fig. 1 shows the nucleotide
and deduced amino acid sequence of the identified open read-
ing frame of 840 bp predicting a molecular weight of 28,142 Da.
A possible polyadenylation site is indicated. pPHLP5B1912
was found to code for Pi/ p Vb by a 100% identity of the first
20 N-terminal amino acids (Fig. 1, underlined) to the sequence

A. Bufe et al./| FEBS Letters 363 (1995) 6-12

of natural Phl p Vb previously sequenced by Edman degrada-
tion [15]. Additionally, the fusion protein of pPHLP5BI1912 is
recognized by patients’ IgE antibodies, Mab Bol and Mab Bo9
(data not shown) of which Bo9 is known to be specific for the
acidic isoform Pkl p Vb [13]. The putative leader peptide of 17
amino acids is 60% identical to the signal peptide of Lo/ p IX
[3], a group V allergen of rye grass, which was shown to be
targeted to the amyloplast in pollen.

3.2. Homology of Phl p Vb to other group V allergens

The homology among group V grass pollen allergens se-
quenced so far is 75-92%. Fig. 2 shows an alignment of seven
different group V isoforms which belong to four different grass
pollen species. The sequences spanning the central region be-
tween aa 68 and 239 of PAl p Vb determined by us are highly
constant within the different proteins. The two amino acids at
position 127 (alanine) and 128 (lysine) are missing in the four
basic isoforms (Ph! p V, Phl p Va, Poa p IX/41 and Poa p IX/60).
This is the region of the Mab BG6 epitope which only recog-
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Fig. 4. Analytical HPLC flow sheet of Ni-chelate purified PA/p Vb (N)
after elution (A) and HPLC purified Pkl p Vb (P) after collection,
pooling and concentration of fractions 8-12 over the peak (B). mV,
voltage; min, elution time.
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Fig. 5. 12% SDS-PAGE of the Ni-chelate fraction (N), the shoulder
fraction (S) and the HPLC purified fractions 8-12 (P) of recombinant
Phl p Vb. non-red., non reduced; red., reduced with 3% S-mercap-
toethanol. M, marker.

nizes Phl p Va but not Phl p Vb (data not shown). The N- and
C-terminal part of group V allergens exhibit the variable do-
main mainly characterized by genetic deletions rather than by
single amino acid exchanges.

3.3. Ribonuclease activity of Phl p Vb

Recombinant PA! p Vb, which was cloned into the expression
vector pQE expressed as a six histidine non-fusion protein, was
purified via a Ni-chelate column. The purified allergen was
incubated with timothy grass mRNA at 56°C for 45 min. The
results in Fig. 3 show that mRNA was completely degraded by
purified recombinant PA/ p Vb, an action which was inhibited
by the RNase inhibitor RNasin, clearly visible as a complex of
mRNA and the allergen at the top of the gel. In a gel-shift
experiment it was revealed that recombinant PA/ p Vb and
mRNA form a complex which, compared to Phl p Vb alone,
has a reduced mobility in native polyacrylamide gels (data not
shown). To exclude the possibility of contamination with other
RNases, further purification of the recombinant protein was
performed. The HPLC flow sheet of the Ni-chelate purified PAl
p Vb in Fig. 4A shows the protein peak eluting after about 15
min partly mixed with additional products indicated by a peak
shoulder appearing just ahead the major peak. 20 fractions over
the major peak were collected. Fractions 8-12 contained the
completely pure Phlp Vb, as shown in Fig. 4B. The SDS-PAGE
gel (Fig. 5) of the non-reduced and reduced Ni-chelate purified
Phl p Vb (N), the HPLC peak shoulder fraction (S), and the
completely purified PAl p Vb (P) additionally demonstrates the
purity of the recombinant protein. It also shows that S seems
to consist of aggregates which obviously bind to native soluble
recombinant Phl/ p Vb. In a Western blot of this SDS-PAGE
gel (data not shown) the shoulder peak aggregates mainly
bound to a group V Mab. We suggest that these aggregates are
in part so called ‘early quitters’, that is, not fully translated
recombinant PA/ p Vb fragments.

Fractions N, S and P were applied to an RNase agarose gel
(Fig. 6). N and P degrade RN A nearly completely but also show
complexation with RNA. S has no RNase activity but seems
to complex slightly, indicating that it still contains small
amounts of complete P4/ p Vb.

3.4. Ribonuclease activity of natural Phl p V

Affinity purified natural Pkl p Va degraded the mRNA only
partly, the activity being inhibited by RNasin (Fig. 3). No
complexation of Phlp Va and RNA was observed. It is possible
that the allergen could have lost its activity during the purifica-
tion process. To analyze whether just extracted pollen allergens
show RNase activity we isolated proteins from timothy grass
pollen and applied them to an RNase activity gel. Fig. 7 dem-
onstrates that pollen extract contains at least four different
RNase bands. In order to determine whether the bands at 38
and 32 kDa represent group V allergens these RNase active
bands were excised from the gel and reseparated on an SDS-
PAGE gel for further analysis in Western blot using different
group V specific Mabs.

The results show that the RNase active band at 38 kDa,
which was excised from the gel and stained by India ink and
auro dye, consists of two proteins. The upper band at 38 kDa
is recognized by Phl p Va specific Mabs and runs at the same
molecular weight as the allergens in the timothy grass pollen
extract. The lower band at 38 kDa also runs in the range of
group Va, but is only bound by patients’ IgE antibodies, indi-
cating that it is an allergen but probably does not belong to the
group V allergens. The RNase active band at 32 kDa is recog-
nized by Phl p Vb specific Mabs but again there is a smear in
a slightly lower kDa range bound by patient’s IgE antibodies.
Additionally, as is also seen with the recombinant protein (Fig.
6), natural Phl p Vb tends to form dimers and higher aggre-
gates. The immunoreactivities of the excised RNases are
weaker than that of the original proteins in the pollen extract

kb
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nhbha D

Fig. 6. Analysis of RNase activity of recombinant PAl/ p Vb, the Ni-
chelate fraction (N), the shoulder fraction (S), and the HPLC purified
fraction (P) on a 1.2% agarose gel with 2 g mRNA of timothy grass
inflorescence, stained with ethidium bromide.
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Fig. 7. RNase activity gel of timothy grass pollen extract (Extr.) and Western blot of pollen extract (Extr.), the 38 kDa RNase active band (38) and
the 32 kDa RNase active band (32), stained with India ink (lane 3), auro dye (lane 4), Mab Bol (lane 5), Mab BG6 (lane 6), Mab Bo9 (lane 7) and
patients’ serum (lane 8). Lanes 1 (anti-IgG and IgM) and 2 (anti-IgE) are controls of the second AP conjugated antibodies.

which can be explained by the small amount of protein which
is excised from the gel.

3.5. Quantification of RNase activity

The RNase activity of timothy grass pollen extract is 3030
U/mg and is thus 1000 times lower than pancreatic ribonuclease
A as shown in Fig. 8. Only parts of it can be attributed to the
group V allergens as the pollen contains additional RNases
demonstrated in Fig. 7. Recombinant PAl p Vb has an activity
of 830 U/mg and makes up about 25% of the whole extract
activity. Whether this is comparable to the activity of the natu-
ral allergens remains unknown. In summary the specific activity
of recombinant Phl p Vb is low compared to other known
RNases.

3.6. Induction of Phl p Vb in pollen and inflorescence
RNases in plants can be involved in plant resistance proc-
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12 o
10
8 -

units of ribonuclease activity

6
4
2 4
0
2

T T T T T T T 1
10731072107 10° 10' 102 103 10* 10%
ng/ml protein
Fig. 8. RNase activity of recombinant PAl p Vb (filled circles) and

natural timothy grass pollen extract (open triangles) compared with
pancreatic RNase A (open circles).

esses. We used the plant hormone salicylic acid (SA), involved
in induction of plant resistance genes [22,23]; incubation of
timothy grass pollen and timothy grass inflorescence with in-
creasing concentrations of SA was carried out over a period of
16 h. In grass pollen it did not lead to an additional release of
group V allergens, as determined by Western blot with the
anti-group V Mab Bol (Fig. 9A). In contrast, induction of
timothy grass inflorescence (Fig. 9B) led to the release of a
protein at 32 kDa, which was recognized by the group V spe-
cific Mab. The group V specific protein exuded from the plant
had its maximum at a concentration of 10 ug/ml SA. The
release was reduced again at 20 ug/ml SA. The 32 kDa protein
in the 10 ug/ml SA fraction showed immunological reactivity
with allergic patients serum IgE, but not with group Va Mabs
and only faintly with group Vb Mabs (data not shown).

4. Discussion

In this paper we present the cDNA clone coding for PAl p
Vb, the acidic isoform of group V allergens in timothy grass
pollen. Its relationship to this group of major allergens was
defined by immunological reactivities with Mabs and by N-
terminal microsequencing [5,15]. By comparing cDNA se-
quences of a number of group V clones it was confirmed that
the heterogeneity is caused by genetic variations, a feature
possibly reflecting the character of gene families. Similar obser-
vations have been made with major tree pollen allergens. A
substantial number of isoforms of the major birch pollen aller-
gen Bet v I were isolated by PCR technology which showed
sequence variabilities influencing the immunoreactivity of the
different isoforms [22]. The variable regions of group V grass
pollen allergens are located at the N- and C-terminal parts of
the molecules. These variable regions were found to bear IgE
reactive epitopes in Phl p Va [9]. The existence of variable
immunogenic structures may explain why patients’ IgE reactiv-
ities to isoforms of group V allergens may be individually differ-
ent.
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Fig. 9. Western blot of timothy grass pollen extract (A) and timothy
grass inflorescence supernatant (B) after 16 h of incubation with differ-
ent SA concentrations probed with Mab Bol.

The function of the group V allergens in grass pollen had not
been elucidated until now. Sequence identity and homology of
Phi p Vb to other proteins of known function were not found.
We here present data that a protein released from the mother
plant of timothy grass pollen after stimulation with a salicylic
acid, a signal hormone of plant resistance [23,24], is highly
cross-reactive with the group V pollen allergens. This strongly
suggests that a group V allergen equivalent could be involved
in host—pathogen interactions, although we did not demon-
strate direct pathogen induced activation. Hodgkin et al. [25]
suggested that some host pathogenically induced proteins may
be evolutionarily and functionally related to plant R Nases. This
led us to examine whether group V allergens in grass pollen
have ribonuclease activity. Indeed our experiments suggest that
group V allergens of timothy grass pollen, and possibly homol-
ogous grass pollen allergens, are RNases, or at least show
RNase activity. It is obvious that there exist a number of
RNases in the pollen extract, of which the group V allergens
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are only one. Concerning the natural Pl p Va and b, it is still
tempting to doubt the ribonuclease function. The activity seems
to be rather weak in our system although there are two lines
of evidence; (i) the activity of the affinity purified PA/ p Va and
(ii) the excised band from the yeast RNA-containing SDS-
PAGE gel which showed immunological reactivity with a group
V specific Mab. With the highly purified recombinant PA/p Vb
protein we present clear evidence for RNase activity of a group
V allergen. The activity of the recombinant version is low com-
pared to known RNases. This fact could have been influenced
by either the purification procedure, the refolding conditions
of the recombinant protein, or perhaps unknown post-transla-
tional differences between the bacterial and the natural protein.
On the other hand comparing the RNase activity of the com-
plete natural pollen extract with the recombinant Phl/ p Vb
shows the activity of the recombinant protein to be 25% of the
natural extract. This might reflect the approximate quantitative
relationship between Phl p Vb and the other RNases in the
pollen extract, as shown in the RNase activity gel using yeast
RNA. It could also indicate the different specificities of the
pollen RNases.

It remains an open question what physiological function the
pollen RNases may have. As we have seen, the group V aller-
gens seem to be similar enough among different species in
certain sites on the molecule to show a degree of immunological
identity, but they are sufficiently diverse in other sites. This may
reflect the genotypes of the plants concerned, a fact leading
Knox et al. to the hypothesis that these proteins may be in-
volved in recognition processes between the different species
[10]. Only recently it was demonstrated that recognition sub-
stances can be proteins with ribonuclease activity [26], like
S-locus RNases in tobacco plants which induce self-incompati-
bility (SI). Yet these SI proteins are part of the plant stigma
whereas group V allergens are part of the pollen. We can only
add to speculation about the role of the pollen RNases in
grasses.

Further research has to reveal the physiological function of
these RNases in the pollen-stigma interaction, and elucidate
whether this function in itself influences the induction of allergy
in humans.
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