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Summary

BackgroundCyn d 1, the major allergen of Bermuda grass pollen, consists of a number of
isoforms.
ObjectiveTo examine the extent of sequence variation of Cyn d 1 isoforms at the molecular
level.
MethodsA Bermuda grass pollenlZAP II cDNA expression library was immunoscreened
with anti-Cyn d 1 monoclonal antibodies. The reactive clones were isolated, subcloned into
Escherichia coli, and sequenced. Some of them were expressed in the yeastPichia pastoris
to obtain recombinant Cyn d 1 proteins.
ResultsTen cDNA clones were obtained, all these clones encode the full length of Cyn d 1
protein. Their deduced mature proteins can be grouped into: the long ones with 246 amino
acids, and the short ones with 244 amino acids. The last two amino acids (AG) of the long
Cyn d 1 are deleted in the short Cyn d 1. The remaining amino acid sequences share more
than 98% identity; a total of nine amino acid variations were observed. Two recombinant
Cyn d 1 proteins (rCyn d 3–2 and rCyn d 5–4) with three amino acid substitutions showed
differential IgE-binding profiles.
ConclusionThe present study extended our understanding of the primary structure of
isoforms of Cyn d 1.
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Introduction

Bermuda grass (Cynodon dactylon) pollen (BGP) is an
allergen of worldwide importance, and Cyn d 1 is its
major allergenic component [1–4]. The group 1 allergen
of BGP has molecular weights (Mr) of 32–34 kDa and
isoelectric focusing points (pIs) of 5.6–7.3 [5]. Using two-
dimensional gel electrophoresis, 11 isoforms (nine acidic
ones, a neutral one, and a basic one) were observed [5].
Previously, these isoforms had been characterized at the
protein level [5]. The acidic Cyn d 1 has higher Mr than that
of the neutral and the basic Cyn d 1. All the isoforms are
allergenic since they react with human IgE in sera of

BGP-allergic patients, but the neutral and the basic Cyn d
1 have higher IgE-binding capacity than that of the acidic
Cyn d 1 as demonstrated by an inhibition of IgE binding
assay. With the use of monoclonal antibodies (MoAbs) [5],
it was revealed that all isoforms of Cyn d 1 share a common
antigenic determinant whereas the neutral and the basic Cyn
d 1 have their unique ones. Data obtained from N-terminal
sequencing analysis disclosed that these isoforms have
similar but not identical amino acid sequences.

The primary structure of Cyn d 1 has recently been
reported by Smithet al. [6] who isolated and characterized
several complementary DNA (cDNA) clones encoding Cyn
d 1. None of their clones contained the known N-terminal
amino acid sequence of Cyn d 1, and the 50 ends of these
proteins were subsequently cloned by the anchor polymer-
ase chain reaction (PCR).
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In addition to elucidating the primary structure, the study
on isoforms of an allergen is important because amino acid
substitutions of the primary structure of a protein may
change its antigenicity. The present study extend our
knowledge on isoforms of Cyn d 1 at the molecular level.
A total of 10 cDNA clones containing the full length of the
Cyn d 1 were evaluated. A comparison was made among the
nucleotide sequences as well as the deduced amino acid
sequences and between those reported by Smithet al. [6].

Materials and methods

Immunoscreening of the cDNA library

BGP obtained from the Allergon AB (Carthage, MI, USA)
and International Biologicals (Piedmont, OK, USA) were
pooled for the mRNA preparation. Poly (A)þ mRNA was
isolated as previously described, and the cDNA library was
commercially obtained from Stratagene (La Jolla, CA,
USA), prepared from BGP mRNA in the Lambda ZAP II
expression vector via EcoRI site. The immunoscreening was
performed as described by Shenet al. [7]. Briefly, a primary
library of 1×106 recombinant phages was amplified to
generate a higher titre of 109 plaque forming units. About
1×105 phages were used to infect theEscherichia colistrain
XL-1 blue, plated on LB-medium plus 10 mM MgSO4 and
incubated for 4 h at 428C. Nitrocellulose filters presoaked
with 10 mM isopropyl thiogalactoside were used to induce
the synthesis of fusion proteins. The proteins were allowed
to bind to the membranes by a further incubation at 378C for
3 h. After washing, the filters were blocked with 1% (v/v)
bovine serum albumin in TRIS buffer (20 mM, pH 7.5, and
150 mM NaCl). The filters were incubated with anti-Cyn d 1
MoAbs at 48C overnight. The filters were then washed with
Tris buffer and incubated with 1 : 5000 diluted (v/v) alkaline
phosphatase conjugated goat anti-mouse IgG (Jackson Lab)
at room temperature for 1 h. After washing with TRIS buffer
containing 0.05% Tween 20 (v/v), the positive clones were
detected by immersing the filters in the specific substrate
colour development solution.

Sequencing of the cDNA inserts

Positive plaques were picked with a Pasteur pipette and
purified by repeating the above procedure. In vivo excision
of the pBluescript phagemid from the Lambda ZAP II
vector was performed as described by the manufacturer
(Stratagene). Inserts containing pBluescript SK(–)
phagemids were excised from the bacteriophage lambda
ZAP II and transformed toE. coli XL 1-Blue MRF0 cells.
SORL cells were used to plate the rescued phagemid. DNA
for sequencing was purified by Wizard Minipreps DNA
purification System (Promega Corp., Madison, WI, USA).

The inserts were sequenced by dideoxy chain termination
method using the walking primer strategy [8]. The
commercially available T3 and T7 primers (Stratagene)
were used.

Amino acid sequence analysis and pI prediction

The sequence was deduced by using of the PC/GENE
sequence analysis program (IntelliGenetics, Sweden).

Expression of Cyn d 1in the yeast Pichia pastoris system

The test was performed with an EasySelectTM Pichia
expression kit (Invitrogen Corp., San Diego, CA, USA).
The coding region of two long Cyn d 1 cDNA clones (3–2
and 5–4) was amplified by PCR with EcoRI site at the 50 end
and XbaI site at the 30 end. Oligonucleotide primers used
were 50TTAGAATTCGCCATCGGCGACAAGCCA30 and
50TTGTCTAGATCAGGCTCCGAACTGGAG30. The PCR
was performed with an initial denaturation at 948C for 4 min
followed by a successive 25 thermal cycles of denaturation
at 948C for 30 s, annealling at 508C for 70 s and extension at
728C for 30 s, and finally elongated at 728C for 4 min. The
PCR products were purified, and were directly inserted into
the multiple cloning region of pPICZa Pichia expression
vector. The resulting Cyn d 1-pPICZa constructs were
arranged in a linear alignment with Pme I, and were used
to transform into P. pastoris strain KM71. The
transformants were then grown for 2 days at 308C in
buffered minimal glycerol-complex medium. The
expression of the recombinant Cyn d 1 proteins was induced
with methanol (final volume 0.5%). Three days after
methanol induction, the cells were pelleted, and the
supernantants were collected and analysed with SDS-
PAGE and Western blotting as previously described [5].
An aliquot of 10 ml (20 mg) of the purified protein was
loaded onto wells of 11% SDS-PAGE. Western blots were
probed with mouse anti-Cyn d 1 MoAbs and sera from
patients allergic to Bermuda grass pollen, followed by
horseradish peroxidase labelled antimouse Ig, or antihuman
IgE [5].

Results

Ten cDNA clones were obtained. The coding region of the
clone 3–2 with 1269 base pairs was completely sequenced
(Fig. 1). After the deduced amino acids were compared with
the known N-terminal amino acid sequence (AIGDK) [5],
the first amino acid of the mature protein was identified to be
the 123rd deduced residue. The methionine encoded by
nucleotides 289–291 appears to be the putatitve initiation
site of the Cyn d 1 protein since the nucleotides around it
(AGAAATGGC) are 78% identical to the plant’s initiation
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of translation consensus sequences (AACAATGGC) [9].
For the other nine clones, the nucleotides encoding Cyn d 1,
and the signal peptides were sequenced.

All the 10 clones contain the full length of Cyn d 1. The
nucleotide sequences encoding these 10 full length proteins
are shown in Fig. 2. They can be separated into two groups.
Six clones (3–2, 5–4, 8–13, 8–8, 33, and 6–6) contain a
long Cyn d 1 with 738 nucleotides whereas the other four
(clones 2, 4–8, 9–4, and 9–9) contain a short Cyn d 1 with
732 nucleotides. These two groups of cDNA clones differ

mainly at the 30 end with six nucleotides (GGAGCC)
missing in the short Cyn d 1. In addition, their nucleotide
sequences were similar to each other, only a total of 27
variations were identified.

Figure 3 shows the deduced amino acid sequences of
these clones. For comparison, three partial Cyn d 1 proteins
reported by Smithet al. (CD1, 23B, and 3B) [6] are also
shown. Besides the two additional residues (GA), only nine
variations were identified among all the 10 deduced pro-
teins. They were at positions 16 (G or N), 54 (V or G), 89 (V
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Fig. 1. The nucleotide sequence and
deduced amino acid sequenc of cDNA
clone 3–2. The amino acids identical with
the N-terminal amino acid sequence
previously reported [5] were underlined
starting from the first residue.
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Fig. 2. The nucleotide sequences of 10 Cyn d 1 cDNA clones. Horizontal bars (–) represent the identical nucleotides.



492 Z.-N. Changet al.

q 1999 Blackwell Science Ltd,Clinical and Experimental Allergy, 29, 488–496

Fig. 3.The deduced amino acid sequences of Cyn d 1 cDNA clones. In addition to our 10 cDNA clones, three cDNA clones (CD1, 23B, and
3B) reported by Smithet al. [6] are also included. Horizontal bars (–) represent the identical amino acids.



or I), 119 (K or P), 130 (E or K), 180 (K or R), 185 (D or K),
202 (P or R), and 224 (Q or A).

The signal peptide of clone 3–2 consisted of 26 amino
acids (Fig. 1). Figure 4 shows the deduced amino acids of
the signal peptides of 10 cDNA clones and that of clone
14C1 reported by Smithet al. [6]. For clones 5–4, 4–8 and
9–9, part of their 50 signal peptides were different from that
of the others. They seem to represent artificial sequences
that presumably ligated to these clones during cDNA
synthesis and library construction. The remaining seven of
our 10 clones contained similar signal peptide. The same

leader sequences were shared by three long Cyn d 1 clones
3–2, 8–8, 33, and a short Cyn d 1 clone 2. In addition,
clones 8–13 and 9–4 had deletion of four amino acids (–
22th to – 19th residues), and clone 4–8 was lacking of the –
12th residue.

Recombinant Cyn d 1 proteins

The presence of recombinant Cyn d 1 proteins (encoded by
clones 3–2 and 5–4) in the culture medium of the yeast
expression vector after induction with methanol is illu-
strated by SDS-PAGE (Fig. 5A) and immunoblotting
(Fig. 5B–D). As shown, the nonrecombinant construct
secreted no protein (Lane 4, Fig. 5A), while recombinant
constructs 3–2 and 5–4 expressed secretory proteins (desig-
nated rCyn d 3–2 and rCyn d 5–4) with Mr of 27 kDa,
34 kDa, and 41–49 kDa (Lanes 2–3, Fig. 5A). A purified
native Cyn d 1 was used as positive control (Lane 1), while
two anti-Cyn d 1 MoAbs were used in immunoblotting
(Fig. 5,B,C). MoAb 4–37 reacts with a sequential epitope on
all isoforms of Cyn d 1 and MoAb 1–61 reacts with an
conformational epitope on the basic and the neutral Cyn d 1
[5]. As shown, MoAb 1–61 reacted with all the three
components of recombinant Cyn d 1 proteins (Fig. 5B,
Lanes 2–3). On the other hand, MoAb 4–37 reacted with
the 41–49 kDa and the 34 kDa components of both recom-
binant proteins (Fig. 5C, Lanes 2–3), but not with the
27 kDa component which appears to be a degradation
product. These two recombinant Cyn d 1 proteins (rCyn d
3–2 and rCyn d 5–4) share a similar reactive profile while
reacted with the same MoAbs. However, their reaction
profiles with IgE in the pooled serum of BGP-allergic
patients were different (Fig. 5D, Lanes 2–3); the degraded
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Fig. 4. The signal peptides of 10 Cyn d 1s. 14 C1 is the sequence
determined by Smithet al. [6]. Asterisks (*) indicate deleted
residues.

Fig. 5. SDS-PAGE patterns and immunoblotting profiles of recombinant Cyn d 1 proteins. Purified natural Cyn d 1 (lane 1), recombinant
proteins rCyn d 5–4 (lane 2) and rCyn d 3–2 (lane 3) secreted into media and secretory proteins from nonrecombinant yeast control (lane 4)
were separated by SDS-PAGE (A), transferred onto nitrocellulose membranes for immunoblotting with MoAbs 1–61 (B), 4–37 (C), or IgE
in the pooled serum (n¼ 9) of BGP-allergic patients (D).



27 kDa component of rCyn d 5–4 was with human IgE-
binding capacity while that of rCyn d 3–2 was not. Neither
of the recombinant Cyn d 1 proteins reacted with non-
specific MoAb or human IgEs of pooled normal serum (data
not shown).

Discussion

The present report was designed to evaluate the extent of
sequence polymorphism of Cyn d 1. The cDNA library was
constructed from BGP obtained via two different resources,
and the cDNA clones were screened by immunoassay with a
mixture of MoAbs 4–37 and 18–53. MoAb 4–37 is against
an epitope common to all isoforms of Cyn d 1 [5], and
MoAb 18-53 has recently been found to be against a
sequential epitope on the 46–64th residues of Cyn d 1
[10]. All the 10 cDNA clones encode the full length of
Cyn d 1 (Fig. 2).

The last six nucleotides (GGAGCC) were deleted in the
short Cyn d 1 (Fig. 2), hence it is lack of the last two amino
acids A and G (Fig. 3). This is in agreement with report of
Smith et al. [6]. The signal peptides of the Cyn d 1 protein
contain 26 amino acids, and that some clones had deletions
of the – 22nd to – 19th residues (Fig. 4). This had also been
observed by Smithet al. [6]. Our data revealed that these
two kinds of signal peptides (the 26 amino acid and the 22
amino acid) were found in both the short and the long Cyn d
1 clones.

However, the last three amino acids of the signal peptides
of all our clones are GSC which agree with the ‘-3, – 1’ rule
of signal peptide [11] while those identified by Smithet al.
are RVV which deviates with this rule [6]. The ‘-3, – 1’ rule
states that residues at these positions are small and neutral
amino acids, and those aromatic, charged, and large polar
residues are absent from these positions.

The signal peptides of the long Cyn d 1 and the short Cyn
d 1 are with 96% to 100% identity (Fig. 4), and the N-
terminal 244 amino acids of the long Cyn d 1 share 98.7% to
99.2% identity with the short Cyn d 1 (Fig. 3). These two
forms of Cyn d 1 may derive from different alleles of the
Cyn d 1 gene. Isoforms of a number of pollen allergens had
been studied by cDNA cloning [12–18], they differ from
each other from few amino acids to more than one fourth of
the complete amino acid sequence. Although the isoforms
of some allergens have the same number of amino acids,
four isoforms of Pha a 5 were found to consist of 294–320
residues [17]. In addition, the study of the N-terminal 1–20
amino acids of Phl p 6 revealed that one isoform contained
two additional amino acids (EG) [19]. It seems that some
truncated proteins exist in the isoforms of grass allergens.

The group 1 allergen of many grass pollens has been
sequenced. However, it is difficult to assess the extent of the
polymorphism since the data were obtained from one or two

cDNA clones [13,16]. Using 10 cDNA clones, the present
study identified 9 amino acid variations out of the 246
amino acids of Cyn d 1. In addition, the amino acid
sequences of our deduced long Cyn d 1 proteins and that
of a partial long Cyn d 1 CD1 determined by Smithet al. [6]
are with 97% identity, while the deduced partial protein of
short Cyn d 1 23B determined by Smithet al. [6] is 100%
identical to the 46th to 244th amino acids of our clone 2.
These data suggest that Cyn d 1 is less polymorphic. Both
the group 1 allergen and the group 5 allergen are important
major allergens of grasses. The polymorphism study of the
group 5 allergen of canary grass pollen showed that four
isoforms of Pha a 5 were with 19% to 60% amino acid
variations [17].

However, Smithet al. had also identified another partial
short Cyn d 1 that was deduced from their clone 2B [6]. This
partial Cyn d 1 showed only 81.4% identity with the 110th–
244th amino acids of our short Cyn d 1; these two clones
differ by a total of 25 amino acid residues. Since clone 2B is
truncated, it remains unclear whether it encodes Cyn d 1
protein or represents a protein with lower Mr but with
similar C-terminal amino acid sequence as that of Cyn d
1. It has been reported that the N-terminal and C-terminal of
Phl p 6, a specific allergen of timothy grass pollen, show a
54% identity to an internal part of the group 5 allergens [20].
On the other hand, clone 2B may represent another type of
Cyn d 1. The cDNA library used in the present study was
constructed from mRNAs of BGPs from two different
companies, Allergon AB and ABI. BGP used by Smith
et al. was obtained from the Greer Laboratories [6]. It is
highly possible that our cDNA library did not contain the
mRNA sequence for clone 2B. Our previous study revealed
that the content of the Cyn d 10s basic isoforms varies in
different lots of BGP [5]. The fact that both rCyn d 3–2 and
rCyn d 5–4 reacted with MoAb 1–61 (Fig. 5) which is
specific against the neutral and the basic Cyn d 1 discloses
that the mRNA of these isoforms are present in our cDNA
library.

It has been established that the neutral Cyn d 1 and basic
Cyn d 1 are more allergenic and antigenic than the acidic
Cyn d 1 [5]. The amino acids A and G deleted by the short
Cyn d 1 protein are both nonpolar and noncharged, the
shortage of them will not influence the pIs of the mature
proteins. The pIs of three deduced proteins (2, 4–8, and 5–
4) were predicted to be more basic than that of the others,
and clone 5–4 was the most basic one since at residues 130
and 202, the amino acids varied from E or P to K.

The recombinant proteins derived from clones 3–2 and
5–4 showed differential IgE-binding profiles (Fig. 5). The
fact that the degraded 27 kDa component of rCyn d 5–4
reacted with human IgE while that of rCyn d 3–2 did not
suggests that amino acid variations between these two
proteins had affected their IgE-binding capacity. rCyn d
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3–2 appears to be with less IgE-binding capacity than that
of rCyn d 5–4; this was confirmed by a competitive test with
a dot-blot immunoassay (data not shown). Most B cell
epitopes are conformation-dependent, analysis of the sub-
stitution of residues that will cause change of the conforma-
tion and lead to the degraded recombinant proteins to be
with different IgE-binding capacity is ongoing.

Smith et al. had also obtained a recombinant Cyn d 1
protein CD1 from the yeast expression system [6]. The
immunoblot profile of their recombinant protein with an
anti-Cyn d 1 MoAb is similar to that of our recombinant
proteins with MoAb 4–37; two components with MW of
39.8 and 30.2 kDa were found. Interestingly, their data
showed that the degraded component of their rCyn d 1
failed to bind human IgE.

The knowledge of the extent of polymorphism of an
allergen is not only with academic interest but also with
clinical importance. In addition to the IgE binding capacity,
different cellular responses had been found to be caused by
the amino acid substitution of the isoforms of an allergen.
The substitution from tyrosine to histidine at position 50 of
Der p 1 influence its reaction with T lymphocytes in about
30% mite allergic patients [21]. In addition, some isoforms
of Bet v 1 are with low IgE-binding capacity but high T-cell
stimulating ability [22,23]. Therefore, the inclusion of the
particular isoform in immunotherapy is essential [24,25].
The various isoform of recombinant Cyn d 1 proteins can
serve as useful reagent to study the effect of sequence
polymorphism on the T cell epitopes of Cyn d 1.
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