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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 polleRZAP 1l cDNA expression library was immunoscreened
with anti-Cyn d 1 monoclonal antibodies. The reactive clones were isolated, subcloned into
Escherichia coliand sequenced. Some of them were expressed in theBjieh&t pastoris

to obtain recombinant Cyn d 1 proteins.

ResultsTen cDNA clones were obtained, all these clones encode the full length of Cynd 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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BGP-allergic patients, but the neutral and the basic Cyn d
1 have higher IgE-binding capacity than that of the acidic
Bermuda grassQynodon dactylon pollen (BGP) is an Cyn d 1 as demonstrated by an inhibition of IgE binding
allergen of worldwide importance, and Cyn d 1 is its assay. With the use of monoclonal antibodies (MoAbs) [5],
major allergenic component [1-4]. The group 1 allergenit was revealed that all isoforms of Cyn d 1 share a common
of BGP has molecular weights (Mof 32-34 kDa and antigenic determinant whereas the neutral and the basic Cyn
isoelectric focusing points (pls) of 5.6—7.3 [5]. Using two- d 1 have their unique ones. Data obtained from N-terminal
dimensional gel electrophoresis, 11 isoforms (nine acidicsequencing analysis disclosed that these isoforms have
ones, a neutral one, and a basic one) were observed [Himilar but not identical amino acid sequences.

Previously, these isoforms had been characterized at the The primary structure of Cyn d 1 has recently been
protein level [5]. The acidic Cyn d 1 has higheg an that  reported by Smittetal. [6] who isolated and characterized

of the neutral and the basic Cyn d 1. All the isoforms areseveral complementary DNA (cDNA) clones encoding Cyn
allergenic since they react with human IgE in sera ofd 1. None of their clones contained the known N-terminal
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In addition to elucidating the primary structure, the studyThe inserts were sequenced by dideoxy chain termination
on isoforms of an allergen is important because amino acidnethod using the walking primer strategy [8]. The
substitutions of the primary structure of a protein maycommercially available T3 and T7 primers (Stratagene)
change its antigenicity. The present study extend ouwere used.
knowledge on isoforms of Cyn d 1 at the molecular level.

A total of 10 cDNA clones containing the full length of the Amino acid sequence analysis and pl prediction

Cyn d 1 were evaluated. A comparison was made among the
nucleotide sequences as well as the deduced amino acithe sequence was deduced by using of the PC/GENE
sequences and between those reported by Sghéh [6]. sequence analysis program (IntelliGenetics, Sweden).

Materials and methods Expression of Cyn d Ih the yeast Pichia pastoris system

The test was performed with an EasySel¥ctPichia
expression kit (Invitrogen Corp., San Diego, CA, USA).
BGP obtained from the Allergon AB (Carthage, MI, USA) The coding region of two long Cyn d 1 cDNA clones (3-2
and International Biologicals (Piedmont, OK, USA) were and 5—4) was amplified by PCR with EcoRl site at therid
pooled for the mRNA preparation. Poly (A)MNRNA was and Xbal site at the’3end. Oligonucleotide primers used
isolated as previously described, and the cDNA library wasvere 5STTAGAATTCGCCATCGGCGACAAGCCA3 and
commercially obtained from Stratagene (La Jolla, CA,5TTGTCTAGATCAGGCTCCGAACTGGAG3 The PCR
USA), prepared from BGP mRNA in the Lambda ZAP Il was performed with an initial denaturation at°@for 4 min
expression vector via EcoRI site. The immunoscreening wakllowed by a successive 25 thermal cycles of denaturation
performed as described by Shetral. [7]. Briefly, a primary  at 94°C for 30 s, annealling at 5T for 70 s and extension at
library of 1x10° recombinant phages was amplified to 72°C for 30's, and finally elongated at 72 for 4 min. The
generate a higher titre of 1plaque forming units. About PCR products were purified, and were directly inserted into
1x10° phages were used to infect tAscherichia colstrain  the multiple cloning region of pPIGZ Pichia expression
XL-1 blue, plated on LB-medium plus 10MmMgSQO, and  vector. The resulting Cyn d 1-pPIGZ constructs were
incubated for 4 h at 4ZC. Nitrocellulose filters presoaked arranged in a linear alignment with Pme |, and were used
with 10 mv isopropyl thiogalactoside were used to induceto transform into P. pastoris strain KM71. The

the synthesis of fusion proteins. The proteins were allowedransformants were then grown for 2days at°@G0in

to bind to the membranes by a further incubation &@%r  buffered minimal glycerol-complex medium. The

3 h. After washing, the filters were blocked with 1% (v/v) expression of the recombinant Cyn d 1 proteins was induced
bovine serum albumin in TRIS buffer (20umpH 7.5, and with methanol (final volume 0.5%). Three days after
150 mv NacCl). The filters were incubated with anti-Cyn d 1 methanol induction, the cells were pelleted, and the
MoAbs at 4°C overnight. The filters were then washed with supernantants were collected and analysed with SDS-
Tris buffer and incubated with 1 : 5000 diluted (v/v) alkaline PAGE and Western blotting as previously described [5].
phosphatase conjugated goat anti-mouse 1gG (Jackson LaBh aliquot of 10 ul (20 ug) of the purified protein was

at room temperature for 1 h. After washing with TRIS buffer loaded onto wells of 11% SDS-PAGE. Western blots were
containing 0.05% Tween 20 (v/v), the positive clones wereprobed with mouse anti-Cyn d 1 MoAbs and sera from
detected by immersing the filters in the specific substratgatients allergic to Bermuda grass pollen, followed by
colour development solution. horseradish peroxidase labelled antimouse Ig, or antihuman
IgE [5].

Immunoscreening of the cDNA library

Sequencing of the cDNA inserts

Positive plagues were picked with a Pasteur pipette antﬁ2 esults

purified by repeating the above procedure. In vivo excisioriTen cDNA clones were obtained. The coding region of the
of the pBluescript phagemid from the Lambda ZAP Il clone 3—2 with 1269 base pairs was completely sequenced
vector was performed as described by the manufacturgfFig. 1). After the deduced amino acids were compared with
(Stratagene). Inserts containing pBluescript SK(-)the known N-terminal amino acid sequence (AIGDK) [5],
phagemids were excised from the bacteriophage lambdthe first amino acid of the mature protein was identified to be
ZAP 1l and transformed tdE. coli XL 1-Blue MRF cells.  the 123rd deduced residue. The methionine encoded by
SORL cells were used to plate the rescued phagemid. DNAucleotides 289—-291 appears to be the putatitve initiation
for sequencing was purified by Wizard Minipreps DNA site of the Cyn d 1 protein since the nucleotides around it
purification System (Promega Corp., Madison, WI, USA).(AGAAATGGC) are 78% identical to the plant’s initiation
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of translation consensus sequences (AACAATGGC) [9].mainly at the 3 end with six nucleotides (GGAGCC)
For the other nine clones, the nucleotides encoding Cyn d Inissing in the short Cyn d 1. In addition, their nucleotide
and the signal peptides were sequenced. sequences were similar to each other, only a total of 27
All the 10 clones contain the full length of Cyn d 1. The variations were identified.

nucleotide sequences encoding these 10 full length proteins Figure 3 shows the deduced amino acid sequences of
are shown in Fig. 2. They can be separated into two groupshese clones. For comparison, three partial Cyn d 1 proteins
Six clones (3-2, 5-4, 8-13, 8-8, 33, and 6—6) contain aeported by Smittetal. (CD1, 23B, and 3B) [6] are also
long Cyn d 1 with 738 nucleotides whereas the other fourshown. Besides the two additional residues (GA), only nine
(clones 2, 4—-8, 9—4, and 9-9) contain a short Cyn d 1 withvariations were identified among all the 10 deduced pro-
732 nucleotides. These two groups of cDNA clones differteins. They were at positions 16 (G or N), 54 (V or G), 89 (V

11 31/11
GTC GAG GGT CCA CCG CGG TGG CGG CGC TCT AGA ATA GTG GAT CCC CCG GGC TGC AGG AAT

v E G P P R w R R S R 1 v D P P G C R N

61/21 91/31

TCG GCA CGA GCA TTG CTC CAT CTC GAC CGC GCT GTC GTT TCC TCC GAC TGA TAA TTC GTT

S A R A L L H L D R A \Y v S S D * * F v

121/41 151/51

CCG TTA ACT AGG TGT GTC TGT GTA TCA TTC TCT TGT GTT ATT AAA GTG TTG ATG ATT CAA

P L T R C v C v S F S C v I K v L M I Q

181/61 211/71

ATG ACG ACT TCC AAT CGA CAA TTG AGT AGT AGT ACC ACT TGT GTT TGT GTT TCC TCC CTT

M T T S N R Q L S S S T T C v C v S S L

241/81 271/91

GAT TCA GAA GAA ACC TCG TGC CGA ATT CGG CAC GAG CAG AAG CAA GAA ATG GCG CAG ACG

D S E E T S c R I R H E Q K Q E M A Q T

301/101 331/111

ACG ATG AAT CAG AAA CTG GCG CTG GTT GCG GTG CTT GTG GCT ACG ATG GTG GCC GGC GGG

T M N Q K L A L v A v L \Y A T M v A G G

361/121 391/131

TCG TGC GCC ATC GGC GAC AAG CCA GGG CCC AAC ATC ACG GCG ACC TAC GGC AGC AAG TGG

S C A I G D K P G P N I T A T Y G S K W

421/141 451/151

CTG GAG GCC AAG GCC ACC TTC TAC GGC AGC AAC CCG CGC GGT GCC GCC CCC GAT GAC CAC

L E A K A T F Y G S N P R G A A P D D H

481/161 511/171

GGC GGC GCT TGC GGG TAC AAG GAC GTC GAC AAG CCT CCC TTC GAC GTC ATG ACC GCC TGC

G G A C G Y K D v D K P P F D \Y M T A C

541/181 571/191

GGC AAC GAG CCC ATC TTC AAG GAC GGC CTC GGC TGC GGC GCA TGC TAC GAG ATC AAG TGC

G N E P I F K D G L G C G A C Y E I K C

601/201 631/211

AAG GAA CCC GTC GAG TGC TCC GGC GAG CCC GTC CTC GTC AAG ATC ACC GAC AAG AAC TAC

K E P v E C S G E P v L v K I T D K N Y

661/221 691/231

GAG CAC ATC GCC GZCT TAC CAC TTC GAC CTC TCC GGC AAG GCC GGC GCC ATG GCC AAG

E H I A A Y H F D L S G K A F G A M A K

721/241 751/251

AAG GGC CAG GAA GiT AAG CTG CGC AAG GCC GGT GAG CTG ACT CTG CAG TTC CGC CGC GTC

K G Q E D K L R K A G E L T L Q F R R v

781/261 811/271

AAG TGC AAG TAC CZC TCC GGC ACC AAG ATC ACC TTC CAC ATC GAG AAG GGA TCC AAC GAC

K C K Y F S G T K I T F H I E K G S N D

841/281 871/291

CAT TAC CTG GCG CTC CTC GTC AAG TAC GCC GCC GGC GAT GGC AAC ATT GTC GCC GTC GAC

H Y L A L L v K Y A A G D G N I \Y A v D

901/301 931/311

ATC AAG CCC AAG GAC TCC GACT GAG TTC ATT CCC ATG AAG TCG TCC TGG GGC GCC ATC TGG

I K P K D S D E F I P M K S S W G A I W

961/321 991/331

AGG ATC GAC CCC AAG AAG CCG CTC AAG GGC CCC TTC TCC ATC CGC CTC ACC TCC GAG GGC

R I D P K K P L K G P F S I R L T S E G

1021/341 1051/351

GGC GCC CAT CTC GTC CAG GAC GAC GTC ATC CCA GCC AAC TGG AAG CCA GAC ACC GTC TAC

G A H L v Q D D v I P A N 1 K P o] T v Y

1081/361 1111/371

ACC TCC AAG CTC CAG TTC GGA GCC TGA GAG ACG ATG ATC CTC CAT GCA TAT CCT CGC CGA

T S K L Q F G A * E T M I L H A Y P R R

1141/381 1171/391 i .

TTG CAA GGG CTC ATA TAT GAC ATG TGC GTG TAC GCA TCT GTC GAA TAA GCA TCC ATA TAT Fig. 1. The nucleotide sequence and
%201?401‘3 L 1 Yy b M C V ‘1’231‘/‘4115 v B * A S I ¥ deduced amino acid sequenc of cDNA
GCA TGA GTT TAA TAT TTC TTT TTA TTT CCC CCC TTC AAT TAT ATG TAC ATC TCA ATG TGG clone 3-2. The amino acids identical with
?261;4”" * Yy F F L F P P F N Y M Y I § M W the N-terminal amino acid sequence
AGA GTT ATG previously reported [5] were underlined
R VvV M starting from the first residue.

© 1999 Blackwell Science LtdClinical and Experimental Allergy29, 488—496



Sequence polymorphism in Bermuda grass polled91

'
~

GCCATCGGCGACAAGCCAGGGCCCAACATCACGGCGACCTACGGCAGCAAGTGGCTGGAGGCCAAGGCCACCTTCTACGGCAGCAACCCGCGCGGTGCCG 100

VOEDAW®DPDU W
et
@ - e
w

COVENAW®D®DUNW

'
@ aN
w

VWO ENGOW®D®OUW

VWENAW®®OU W

VCOVOENAWD®U W

[N
N ®HEeN
w

VOEeENAWDOUW

]
[V

VOBENAW®D®DUW

741

VWOSNAW®D®DUVW

Fig. 2. The nucleotide sequences of 10 Cyn d 1 cDNA clones. Horizontal bars () represent the identical nucleotides.
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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 Smittet al. [6] are also included. Horizontal bars (-) represent the identical amino acids.
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3-2 MAQTTMNQKLALVAVLVATMVAGGSC 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,

5-4 FKKKKKRKT------------------ clones 8—13 and 9-4 had deletion of four amino acids (-

8-13 ————Fkkkk__________ A-—————- 22th to — 19th residues), and clone 4-8 was lacking of the —
12th residue.

8-8 --——------—---————

33 —mmmmmmmmmmmmmmmmmmmmmeees Recombinant Cyn d 1 proteins

6-6 -V----------m———mmm— oo The presence of recombinant Cyn d 1 proteins (encoded by

D . clones 3-2 and 5-4) in the culture medium of the yeast
expression vector after induction with methanol is illu-

4-8 GTR----------- ¥o--A------- strated by SDS-PAGE (Fig.5A) and immunoblotting

Qol  —m— kR ______ Aecmmmm o (Fig.5B-D). As shown, the nonrecombinant construct
secreted no protein (Lane 4, Fig.5A), while recombinant

9-9 _vector --------- A------- constructs 3—2 and 5—4 expressed secretory proteins (desig-
nated rCyn d 3-2 and rCyn d 5-4) with Mf 27 kDa,

14cl ------mmmmmmmmmoe- A----RW 34kDa, and 41-49kDa (Lanes 2—3, Fig.5A). A purified

Fig. 4. The signal peptides of 10 Cyn d 1s. 14 Cl is the sequenc@atlve Cyn d 1 was used as positive control (Lane 1), while

determined by Smitretal [6]. Asterisks (*) indicate deleted WO anti-Cyn d 1 MoAbs were used in immunoblotting
residues. (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 Cynd 1

orl), 119 (K or P), 130 (E or K), 180 (K or R), 185 (D or K), [5]. As shown, MoAb 1-61 reacted with all the three
202 (P or R), and 224 (Q or A). components of recombinant Cyn d 1 proteins (Fig.5B,
The signal peptide of clone 3—2 consisted of 26 aminoLanes 2—3). On the other hand, MoAb 4-37 reacted with
acids (Fig. 1). Figure 4 shows the deduced amino acids ohe 41-49 kDa and the 34 kDa components of both recom-
the signal peptides of 10 cDNA clones and that of clonebinant proteins (Fig.5C, Lanes 2-3), but not with the
14C1 reported by Smithtal. [6]. For clones 5—-4, 4—8 and 27 kDa component which appears to be a degradation
9-9, part of their 5signal peptides were different from that product. These two recombinant Cyn d 1 proteins (rCyn d
of the others. They seem to represent artificial sequence®-2 and rCyn d 5—-4) share a similar reactive profile while
that presumably ligated to these clones during cDNAreacted with the same MoAbs. However, their reaction

synthesis and library construction. The remaining seven oprofiles with IgE in the pooled serum of BGP-allergic
our 10 clones contained similar signal peptide. The sameatients were different (Fig. 5D, Lanes 2-3); the degraded

A B C D
1 2 3 4 1 2 3 4 2 3 4 1 2 3 4
M,
(kDa) .
51 -
L ——
27 -

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 serumn(=9) of BGP-allergic patients (D).
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27 kDa component of rCyn d 5-4 was with human IgE-cDNA clones [13,16]. Using 10 cDNA clones, the present
binding capacity while that of rCyn d 3—2 was not. Neither study identified 9 amino acid variations out of the 246
of the recombinant Cyn d 1 proteins reacted with non-amino acids of Cyn d 1. In addition, the amino acid
specific MoAb or human IgEs of pooled normal serum (datasequences of our deduced long Cyn d 1 proteins and that
not shown). of a partial long Cyn d 1 CD1 determined by Sméttal. [6]
are with 97% identity, while the deduced partial protein of
short Cyn d 1 23B determined by Smig¢hal. [6] is 100%
identical to the 46th to 244th amino acids of our clone 2.
The present report was designed to evaluate the extent dihese data suggest that Cyn d 1 is less polymorphic. Both
sequence polymorphism of Cyn d 1. The cDNA library wasthe group 1 allergen and the group 5 allergen are important
constructed from BGP obtained via two different resourcesmajor allergens of grasses. The polymorphism study of the
and the cDNA clones were screened by immunoassay with group 5 allergen of canary grass pollen showed that four
mixture of MoAbs 4-37 and 18—-53. MoAb 4-37 is againstisoforms of Pha a 5 were with 19% to 60% amino acid
an epitope common to all isoforms of Cyn d 1 [5], and variations [17].
MoAb 18-53 has recently been found to be against a However, Smithetal had also identified another partial
sequential epitope on the 46—64th residues of Cyn d Ehort Cynd 1 that was deduced from their clone 2B [6]. This
[10]. All the 10 cDNA clones encode the full length of partial Cyn d 1 showed only 81.4% identity with the 1't0
Cynd 1 (Fig. 2). 244th amino acids of our short Cyn d 1; these two clones
The last six nucleotides (GGAGCC) were deleted in thediffer by a total of 25 amino acid residues. Since clone 2B is
short Cyn d 1 (Fig. 2), hence it is lack of the last two aminotruncated, it remains unclear whether it encodes Cyn d 1
acids A and G (Fig. 3). This is in agreement with report of protein or represents a protein with lower, Mut with
Smithetal [6]. The signal peptides of the Cyn d 1 protein similar C-terminal amino acid sequence as that of Cyn d
contain 26 amino acids, and that some clones had deletioris It has been reported that the N-terminal and C-terminal of
of the — 22nd to — 19th residues (Fig. 4). This had also beefhl p 6, a specific allergen of timothy grass pollen, show a
observed by Smittetal. [6]. Our data revealed that these 54% identity to an internal part of the group 5 allergens [20].
two kinds of signal peptides (the 26 amino acid and the 220n the other hand, clone 2B may represent another type of
amino acid) were found in both the short and the long Cyn dCyn d 1. The cDNA library used in the present study was
1 clones. constructed from mRNAs of BGPs from two different
However, the last three amino acids of the signal peptidesompanies, Allergon AB and ABI. BGP used by Smith
of all our clones are GSC which agree with the -3, — 1’ ruleetal. was obtained from the Greer Laboratories [6]. It is
of signal peptide [11] while those identified by Sméhal. highly possible that our cDNA library did not contain the
are RVV which deviates with this rule [6]. The -3, — 1’ rule mMRNA sequence for clone 2B. Our previous study revealed
states that residues at these positions are small and neutthht the content of the Cyn dslbasic isoforms varies in
amino acids, and those aromatic, charged, and large polalifferent lots of BGP [5]. The fact that both rCyn d 3—2 and
residues are absent from these positions. rCyn d 5—4 reacted with MoAb 1-61 (Fig.5) which is
The signal peptides of the long Cyn d 1 and the short Cyrspecific against the neutral and the basic Cyn d 1 discloses
d 1 are with 96% to 100% identity (Fig.4), and the N- that the mRNA of these isoforms are present in our cDNA
terminal 244 amino acids of the long Cyn d 1 share 98.7% tdibrary.
99.2% identity with the short Cyn d 1 (Fig. 3). These two It has been established that the neutral Cyn d 1 and basic
forms of Cyn d 1 may derive from different alleles of the Cyn d 1 are more allergenic and antigenic than the acidic
Cyn d 1 gene. Isoforms of a number of pollen allergens hacCyn d 1 [5]. The amino acids A and G deleted by the short
been studied by cDNA cloning [12-18], they differ from Cyn d 1 protein are both nonpolar and noncharged, the
each other from few amino acids to more than one fourth oshortage of them will not influence the pls of the mature
the complete amino acid sequence. Although the isoformgroteins. The pls of three deduced proteins (2, 4—8, and 5—
of some allergens have the same number of amino acidg,) were predicted to be more basic than that of the others,
four isoforms of Pha a 5 were found to consist of 294—320and clone 5—4 was the most basic one since at residues 130
residues [17]. In addition, the study of the N-terminal 1-20and 202, the amino acids varied from E or P to K.
amino acids of Phl p 6 revealed that one isoform contained The recombinant proteins derived from clones 3-2 and
two additional amino acids (EG) [19]. It seems that some5—4 showed differential IgE-binding profiles (Fig.5). The
truncated proteins exist in the isoforms of grass allergens.fact that the degraded 27 kDa component of rCyn d 5—-4
The group 1 allergen of many grass pollens has beereacted with human IgE while that of rCyn d 3—2 did not
sequenced. However, it is difficult to assess the extent of theuggests that amino acid variations between these two
polymorphism since the data were obtained from one or twgroteins had affected their IgE-binding capacity. rCyn d

Discussion
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3-2 appears to be with less IgE-binding capacity than that Cynodon dactylonJ Allergy Clin Immunol 1995; 95:1206—
of rCyn d 5—4; this was confirmed by a competitive test with ~ 14.
a dot-blot immunoassay (data not shown). Most B cell 6 Smith PM, Suphioglu C, Griffith 1J, Theriault K, Knox B,
epitopes are conformation-dependent, analysis of the sub- SllngthB. Clonllng and expression in yeast Plghla pastoris of a
stitution of residues that will cause change of the conforma- gologuc:ially active ”formJ ?Af”Cyn gl_l,lthe maﬂgggéggsggﬁf
tion and lead to the degraded recombinant proteins to be 4§rmu a grass potien. ergy &iin Immuno P IEeT
with dllfferent IgE-binding CaPaC'ty IS ongom_g. 7 Shen HD, Choo KB, Lee HH et al. The 40-kilodalton allergen
Smith etal. had also obtained a recombinant Cyn d 1 4 candida albicans is an alcohol dehydrogenase: molecular
protein CD1 from the yeast expression system [6]. The ¢loning and immunological analysis using monoclonal
immunoblot profile of their recombinant protein with an antibodies. Clin Exp Allergy 1991; 21:675-81.
anti-Cyn d 1 MoAb is similar to that of our recombinant 8 Au LC, Lin SB, Chou JS, Teh GW, Chang KJ, Shih CM.
proteins with MoAb 4-37; two components with MW of Molecular cloning and sequence analysis of the cDNA for
39.8 and 30.2kDa were found. Interestingly, their data ancrod, a thrombin-like enzyme from the venom of
showed that the degraded component of their rCyn d 1 Calloselasma rhodostoma. Biochem J 1993; 294:387-90.
failed to bind human IgE. 9 Lutcke HA, Chow KC, Mickel FS, Moss KHF Scheele GA.
The knowledge of the extent of polymorphism of an Se'f’“:;’&;é?igg;“?ﬂg” é:odon differs in plants and ani-
. . L. . mals. ; 6:43-8.
allergen is not only with academic interest but also with, , o "7\ “ram ME, Liu CC, Chi CW, Peng HJ, Han SH.
cI.lnlcaI importance. In addition to the IgE binding capacity, Using monoclonal antibodies to characterize a sequential
dlffereqt cellullar responses had bqen found to be caused by epitope on the group | allergen of Bermuda grass pollen. Int
the amino acid substitution of the isoforms of an allergen.  arch Allergy Appl Immunol 1997; 114:258—64.
The substitution from tyrosine to histidine at position 50 of 11 von Heijne G. How signal sequences maintain cleavage
Der p 1 influence its reaction with T lymphocytes in about  specificity. Mol Biol 1984; 173:243-51.
30% mite allergic patients [21]. In addition, some isoforms12 Perez M, Ishioka GY, Walker LE, Chesnut RW. cDNA cloning
of Bet v 1 are with low IgE-binding capacity but high T-cell and immunological characterization of the rye grass allergen
stimulating ability [22,23]. Therefore, the inclusion of the Lol p. 1 J Bio Chem 1990; 265:16210~1S.
particular isoform in immunotherapy is essential [24,25].13 Rafnar T, Griffith 1, Kuo M, Bond JF, Rogers BL, Klapper
The various isoform of recombinant Cyn d 1 proteins can PC- Cloning of Amb al (Antigen E), the major allergen family

serve as useful reagent to studv the effect of sequenc of short ragweed pollen. J Biol Chem 1991, 266:1229-36.
- 9 . y q f4 Silvanovich A, Astwood J, Zhang L et al. Nucleotide sequence
polymorphism on the T cell epitopes of Cyn d 1.

analysis of three cDNAs coding for Poa, p. IX isoallergens of
Kentucky bluegrass pollen. J Bio Chem 1991; 266:1204—-10.

15 Griffith 13, Pollock J, Klapper DG, Rogers BL, Nault AK.

i . Sequence polymorphism of Amb a | and Amb a I, the major
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