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Abstract

Introduction: Cry-consensus peptide, a recombinant T-cell epitope peptide for immunotherapy of Japanese cedar pollinosis, is a linear peptide
that does not have disulfide bonds because no cysteine residue exists in the molecule. We examined whether a sandwich enzyme-linked
immunosorbent assay (ELISA) could be performed for linear peptides such as Cry-consensus peptide. Methods: The 3-dimensional conformation
of Cry-consensus peptide was examined by 'H NMR analysis. Nineteen monoclonal antibodies (mAbs) that recognized various domains of Cry-
consensus peptide were established to use in a sandwich ELISA. The relationship between the recognition sites of mAbs and the sensitivity of the
ELISA was investigated to optimize the selection of the combination of the capture and the detection antibodies. ELISA inhibitors in serum and
plasma were also studied to improve the stability and the sensitivity of determination. Results: '"H NMR analysis of Cry-consensus peptide
suggested that Cry-consensus peptide molecule had no portions with rigid conformation. The sensitivity of the ELISA showed a good correlation
with the distance between the respective binding sites of the capture and the detection antibodies. Human serum albumin and a1-acid glycoprotein
strongly inhibited the binding of the capture mAb to Cry-consensus peptide in a dose-dependent manner, and heparin also inhibited the binding in
the concentration at which it is used as anticoagulant. Taken together, the findings indicated that an optimized method showed good linearity and
minimal variation from 0 to 1000 ng/ml of Cry-consensus peptide. Discussion: These data indicate that this method is useful for monitoring Cry-
consensus peptide concentrations in plasma or serum.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Recently, several immunogenic peptides have been
reported as candidates for immunotherapy of allergic diseases
such as asthma, atopic dermatitis and pollinosis (Carneiro et
al., 2004; Immonen et al., 2005; Jahn-Schmid et al., 2002;
Janssen et al., 2000; Smith, Alexander, Kay, Larche, &
Robinson, 2004; Sone et al., 1998; Takai, Mori, Yuuki,
Okudaira, & Okumura, 1999; Vrtala et al., 2000). These
peptides have relatively short and linear sequences, and their
quantitative determination is accordingly often very difficult
in biological materials such as blood and tissues. ELISA is
one of the most sensitive measurement methods, and has high
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specificity since it is based on antigen—antibody binding.
However, applying this technique to clinical and preclinical
samples also poses several difficulties due to the features of
these peptides.

Antigen recognition by antibodies is a very specific reaction
that targets antigen-binding domains having rigid conformation,
and thus ELISA is preferentially used as a method to determine
the levels of various native proteins. In contrast, some
recombinant proteins with unique sequences, such as T cell
epitopes, exhibit low reactivity, and therefore improvement of
the assay is often required (Shin, Lee, Kim, & Hahm, 1996).
Cry-consensus peptide (Fig. 1) is a recombinant peptide
consisting of linearly-joined T cell epitopes which were selected
from the major allergens of Japanese cedar pollen (Sone et al.,
1999), and it exhibits weak binding to the monoclonal
antibodies established thus far (our unpublished data).
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Fig. 1. Amino acid sequence of Cry-consensus peptide. The T cell epitopes (C1#43: 1-13, C1#22: 16-28 and C1#17: 74-88 from Cry j 1, and C2#37, 38: 31-49,
C2#17, 18: 52-71 and C2#14: 91-105 from Cry j 2) are joined linearly with an arginine dimer motif between each pair of epitopes. The MHC class II restriction
molecule for each epitope is as follows: peptides C1#43 and C2#17, 18: DPB1*0501, peptide C1#22: DRB5*0101, peptide #C2#37, 38: DPB1*0201/DRB4*0101,

and peptide C2#14: DRB5*0101 (unknown for peptide 74—88).

Here, we report an ELISA method for Cry-consensus peptide
determination with mAbs specific for Cry-consensus peptide.
The 3-dimensional conformation of Cry-consensus peptide was
confirmed by 'H NMR analysis. Combinations of mAbs
displaying different epitope specificities were identified and
used to quantify Cry-consensus peptide in human serum using
capture ELISA. Validation of the use of this method for
quantitative determination is also discussed in this paper.

2. Methods
2.1. Human plasma

All subjects who donated blood for plasma preparation gave
informed consent to participate in this study, which was
approved by the Ethics Committee of Meiji Dairies
Corporation.

2.2. NMR spectra of Cry-consensus peptide

Complete denaturization of Cry-consensus peptide and
lysozyme (control protein) was performed in D,O solution by
gradual heating, and NMR spectra were recorded at 25-95 °C
on an Inova 500 NMR (500 MHz, Varian, Palo Alto, CA, USA).
The chemical shifts of signals were measured relative to the
D0 signal chosen as the internal standard (4.8 ppm).

2.3. TAK-201-specific monoclonal antibodies

The anti-Cry-consensus peptide mAbs listed in Table 1
were established in our laboratory and purified from the
ascites of BALB/c-nu/nu mice (CLEA JAPAN Inc., Tokyo,
Japan) that had been injected intraperitoneally with 1x107
cells/head of hybridoma clones producing the indicated mAb
following Pristane (2,6,10,14-tetramethylpentadecane, Sigma-
Aldrich, St. Louis, MO, USA) injection at a dose of 0.5 ml/
head. Starting approximately 1 week after hybridoma
transplantation, the ascites were harvested using a syringe
with a 19G needle and then were pooled for purification of

the mAbs. Following filtration to remove debris, the mAbs
were purified from the pooled ascites using a HiTrap Protein
G Sepharose HP column (Amersham Pharmacia Biotech AB,
Uppsala, Sweden). The epitopes recognized by mAbs were
identified by conventional ELISAs using plates coated with
each T cell determinant.

2.4. Combinations of mAbs for the sandwich ELISA

The assay was a conventional sandwich detection with a
capture and a detection mAb. Horseradish peroxidase (HRP)-
conjugated E1.163 mAb (E1.163-HRP) was firstly chosen as
the detection antibody. Briefly, the ELISA plate (PolySorp,
Nunc, Roskilde, Denmark) was coated overnight at 4 °C with
mAbs in 0.1 M carbonate buffer, pH 9.5 (K8.280, K6.208,
K8.238, K8.212, G1.635, G1.432, E1.163, G1.67, and K6.121)
at 1 pug/100 pL/well, respectively. The plate was washed and
then blocked with 200 pl/well of 10xdiluted BlockAce
(Dainippon Pharmaceuticals, Osaka, Japan) for 1 h at room
temperature (RT). After washing the plate again, the calibration
samples spiked with 0, 5, 50, and 500 ng/mL of Cry-consensus
peptide were added to the plate for 1 h at RT and the captured
Cry-consensus peptide was detected by biotin-conjugated
mAbs (K8.280, K6.208, G1.635, E1.163, and H1.429),
respectively, and followed by streptoavidin-peroxidase/N, N,
N’, N'-tetramethylbenzidine (TMB) detection. Among these
combinations, biotin-conjugated E1.163 mAb was relatively
sensitive, therefore E1.163 was selected to conjugate with HRP
for preparing the detection antibody.

In the studies to investigate inhibitors of Cry-consensus
peptide determination, K8.238 mAb was used as the capture
antibody. The capture antibody was adsorbed overnight at 4 °C
to the ELISA plates at 10 pug/ml in 0.1 M carbonate buffer, pH
9.5 (100 pl/well). The plates were washed and then blocked
with 200 pl/well of 10 x diluted BlockAce for 1 h at RT. After
washing the plates again, an aliquot of the test sample (100 ul)
was added to each well, and the plates were incubated for 1 h at
RT. The plates were washed once more, and 100 pl of E1.163-
HRP was added to each well at an appropriate concentration.
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Anti-Cry-consensus peptide monoclonal antibodies

Clone Recognition site in Cry-consensus peptide sequence (see Fig. 1)

K8.280 C1#43-(RR)-C1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C1#17-(RR)-C2#14
K8.32 C1#43-(RR)-C1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C1#17-(RR)-C2#14
K6.208 C1#43-(RR)-C1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C1#17-(RR)-C2#14
K8.238 C1#43-(RR)-C1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C 1#17-(RR)-C2#14
K8.212 C1#43-(RR)-C1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C1#17-(RR)-C2#14
E1.237 C1#43-(RR)-C1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C 1#17-(RR)-C2#14
E1.262 C1#43-(RR)-C1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C1#17-(RR)-C2#14
E1.431 C1#43-(RR)-C1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C1#17-(RR)-C2#14
El.156 C1#43-(RR)-C1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C1#17-(RR)-C2#14
G1.635 C1#43-(RR)-C 1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C 1#17-(RR)-C2#14
G1.432 C1#43-(RR)-C1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C1#17-(RR)-C2#14
E1.584 C1#43-(RR)-C1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C1#17-(RR)-C2#14
E1.72 C1#43-(RR)-C1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C1#17-(RR)-C2#14
E1.163 C1#43-(RR)-C1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C1#17-(RR)-C2#14
G1.67 C1#43-(RR)-C1#22-(RR)-C2#37,38-(RR)-C2#17,18-(RR)-C1#17-(RR)-C2#14
K6.121 Unknown

H1.162 Unknown

H1.205 Unknown

H1.429 Unknown

The underlines represent the recognition sites of mAbs.

Isotype of the listed antibodies except for H1.205 is IgG1 and that of H1.205 is IgG2a.

RR: an arginine dimer motif.

The assay plates were further incubated for 1 h at RT and then
washed, and bound E1.163 was developed with a TMB
Substrate Kit (Pierce, Rockford, IL, USA) and detected at a
wavelength of 450 nm. The results were the mean of duplicate
determinations.

2.5. Optimization of the ELISA

For investigation of the optimal conditions for Cry-
consensus peptide determination in blood, the ELISA was
performed in the presence of several inhibitors present in
plasma or serum samples as follows. Cry-consensus peptide
solutions (100 ng/ml) were prepared in the following matrices:
human plasma, human serum, 0.1 M citrate buffer (pH 1.5),
0.1 M phthalate buffer (pH 4.0), 0.1 M carbonate buffer (pH
9.5), and phosphate buffered saline (PBS, pH 7.2) with and
without human serum albumin (HSA, 5-500 uM), al-acid
glycoprotein (a1-AGP, 3—-30 uM), 0.3% sodium citrate, 10 U/
ml heparin, 50 mM ethylenediaminetetraacetic acid disodium
salt (EDTA-2Na) and 50 mM ethylenediaminetetraacetic acid
dipotassium salt (EDTA-2K). The results of the sandwich
ELISA obtained with K8.238 and E1.163-HRP mAbs were the
mean of triplicate determinations.

2.6. Method validation

Cry-consensus peptide concentration in plasma was mea-
sured using 10-fold diluted plasma with phosphate buffered
saline (pH 7.2). The reproducibility of the calibration curve was
determined for Cry-consensus peptide over the range of 0 to
1000 ng/ml. The reproducibility and freeze-thaw stability were
measured in groups of five identical samples respectively
spiked with Cry-consensus peptide at different concentrations
within the calibration range. The variations in background

substances in plasma were examined with plasma from 6
healthy volunteers.

3. Results
3.1. Cry-consensus peptide has no rigid 3-dimensional folding

The 3-dimensional folding of Cry-consensus peptide was
analyzed by '"H NMR. The '"H NMR spectra of Cry-consensus
peptide showed no signal in the ranges indicating conventional
conformations of proteins, and the patterns of the chromato-
grams were almost identical at all the treatment temperatures
examined (Fig. 2a). In contrast, the signals indicating the 3-
dimensional folding of lysozyme were diminished at 95 °C, a
condition causing the denaturization of typical proteins, and
then were recovered by refolding at 25 °C (Fig. 2b). Similar
results were also obtained from our preliminary experiment
using CD analysis (data not shown). These data suggest that
Cry-consensus peptide has no 3-dimensional conformation
within the molecule, and this result is also supported by the fact
that the amino acid sequence does not include cysteine residues.

3.2. Recognition sites of Cry-consensus peptide-specific mAbs

The epitopes recognized by the mAbs we obtained are listed
in Table 1. A total of 19 mAbs were obtained; but the binding
sites of 4 mAbs (K6.121, H1.162, H1.205 and H1.429) were not
identified. Half of the mAbs binding to the C-terminal region of
Cry-consensus peptide recognized both the peptides C1#17 and
C2#14, and therefore, it was considered that these mAbs bound
to the domain joining these peptides, which includes an arginine
dimer motif. We chose the E1.163 mAb as the detection
antibody based on the results of testing various combinations of
the mAbs (data not shown).



4 D. Kozutsumi et al. / Journal of Pharmacological and Toxicological Methods xx (2006) xxx—xxx

(a)

Refolding at 25°C u ‘

95°C j\\,

85°C vy
75°C N

65°C AW

55°C AW

45°C N,

35°C i J'\KL

25°C N

Refolding at 25°C .‘MAM
95°C ol

85°C A
75°C AJNULM A~ w}«
Mﬂ Yo
55°C il Moo M
0 il
35°C sl My
B b ) gy

1 10 9 8 7 6 0 -1 ppm

D RRRARAARARSAABOLRRI LAY RRa ARy
11 10 9 8 7 6 5

Fig. 2. Analysis of the 3-dimensional structure of proteins by "H NMR. Both Cry-consensus peptide (a) and lysozyme (b) were heated from 25 to 95 °C in D,O and
were then cooled to the initial temperature for refolding. Bold lines indicate the peak areas showing signals of proteins deriving from their 3-dimensional conformation.

3.3. Relationship between the spacing between the recognition
sites and the sensitivity of the sandwich ELISA

The sensitivity of the sandwich ELISA was investigated
using combinations of the E1.163-HRP mAb and the other
mAbs. As shown in Fig 3a, mAbs of the K-series binding near
the N-terminal or the middle regions of Cry-consensus peptide
showed relatively high sensitivity in comparison with mAbs
binding near the C-terminal or to unknown regions. The
sensitivity was related to the spacing between the recognition
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Fig. 3. Relationship between the spacing between two antibody recognition sites
in the Cry-consensus peptide sequence and the sensitivity of the assay. (a) The
mAbs listed in Table 1 were added at 10 pg/well to 96-well microplates as the
capture antibody. Captured Cry-consensus peptide (100 ng/ml) was detected by
the E1.163-HRP mAb binding to the C-terminal epitope of Cry-consensus
peptide (C2#14) as described in Methods. (b) Relationship between the assay
sensitivity and the spacing of the two antibody recognition sites of the capture
and the detection antibodies. Distance is the number of T cell determinants
between the recognition sites of the two mAbs used in the ELISA.

sites of the 2 mAbs with a high correlation coefficient (0.93).
These results indicate that the sensitivity of the sandwich
ELISA was improved by the appropriate spacing between the
recognition sites of the capture and the detection mAbs in the
primary sequence of Cry-consensus peptide, perhaps through a
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Fig. 4. Inhibitory factors affecting Cry-consensus peptide determination. The
ELISA for Cry-consensus peptide was performed with K8.238 mAb as capture
antibody and E1.163 mAb as detection antibody, under various conditions.
Serum proteins and anticoagulants were added to PBS as a matrix, and pH was
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serum consisted of pooled materials from healthy subjects. DW; distilled water,
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mechanism similar to the avoidance of steric hindrance in
folded proteins.

3.4. Sandwich ELISA inhibitory factors in human serum
samples

The binding between the capture mAb (K8.238) used to coat
the plates and Cry-consensus peptide was strongly inhibited
when Cry-consensus peptide was mixed with human plasma
(Fig. 4a), and therefore we investigated whether common
molecules present in blood samples acted as inhibitors of this
assay. As shown in Fig. 4a, the sensitivity of Cry-consensus
peptide determination in plasma was further decreased by the
addition of a plasma fraction with molecular weight of greater
than 10 kDa, indicating that proteins in plasma might inhibit the
detection of Cry-consensus peptide. Therefore, the contribution
of HSA and a1-AGP, major plasma proteins, to the reduction of
the sensitivity was examined. HSA and a1-AGP reduced the
sensitivity strongly at their respective physiological concentra-
tions 500 and 30 pM, and the inhibitory effects were
concentration dependent.

Next, the effects of anticoagulants included in plasma
samples and the optimum pH of samples were also investigated.
Among the anticoagulants examined, only heparin markedly
inhibited Cry-consensus peptide detection, while the others did
not interfere with the detection in the concentrations at which
they are used as anticoagulants (Fig. 4b). The maximal
sensitivity was obtained at pH 7.4, and under acidic conditions,
K8.238 mAb exhibited almost no binding to Cry-consensus
peptide. Taken together, there results imply that plasma samples
for this assay must be prepared without heparin and must be
diluted at least 10-fold with neutral buffer to obtain precise
results, because a1-AGP, which interferes with the assay, is a
protein involved in inflammation whose concentration varies
widely under physiological conditions.

3.5. Validation of the method of quantitative ELISA
The calibration curve of Cry-consensus peptide mixed with

plasma was reproducible in the range 0—1000 ng/ml of Cry-
consensus peptide, with a high correlation coefficient of >0.99.
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Fig. 5. Reproducibility of Cry-consensus peptide determination. Reproducibility
of the assay was determined at concentrations of 10, 100, 500 and 1000 ng/mL
Cry-consensus peptide. Spiked Cry-consensus peptide in five identical samples
was measured for successive 5 days, and the mean accuracy of resulting values
of the assay was calculated.

As shown in Fig. 5, the reproducibility was examined in groups
of 5 identical samples spiked with Cry-consensus peptide at
respective concentrations of 10, 100, 500 and 1000 ng/ml, and
showed good results: 20% accuracy at all concentrations
examined. Repeated freeze-thawing in plasma did not influence
the stability of Cry-consensus peptide. Background factors that
might vary among individual plasma samples obtained from 6
volunteers did not cause variation of the assay results (data not
shown).

4. Discussion

There are many reports demonstrating the usefulness of
sandwich ELISAs for the determination of proteins (Arilla et al.,
2005; Gearhart, Middlemore, & Terry, 2006; Na et al., 2005;
Njemini, Demanet, & Mets, 2005). However, all of those
proteins contain cysteine residues in their amino acid sequences,
and thus generally fold into a rigid conformation through intra-
molecular disulfide bonds. These rigid structures are essential
for efficient recognition by antibodies, because the specificity of
antigen-antibody binding is dependent on the existence of the 3-
dimensional domains on the surface of molecules. However, the
application of ELISA for linear peptides without rigid
conformations has not been thoroughly investigated.

Cry-consensus peptide is a 105-amino-acid polypeptide that
lacks cysteine residues and has a linear, non-rigid conformation
(Fig. 1). Because of this feature, it was anticipated that the
sensitivity of ELISA for Cry-consensus peptide measurement
would be relatively low. The specificity of the assay is
indispensable, especially for the determination of Cry-consen-
sus peptide levels in blood samples. In practice, the lower limit
of Cry-consensus peptide detection by an HPLC method is
approximately 2 pg/ml (data not shown), and thus while this
ELISA is not as sensitive as conventional sandwich ELISA
methods in general, it is superior to methods of measurement
such as chromatography.

The findings of this study suggest that even for linear peptides
such as Cry-consensus peptide, the sensitivity of ELISA is
dependent on not only the amino acid sequences of sites
recognized by antibodies but also the spacing between the
recognition sites (Fig. 3). Generally, the sensitivity of sandwich
ELISA is influenced by steric hindrance of antigen—antibody
binding (Butler, Peterman, Suter, & Dierks, 1987; Cepica,
Yason, & Ralling, 1990). It appears that in particular the
avoidance of steric hindrance is essential for the establishment of
sandwich ELISA for linear peptides with flexible conformation.

In the clinical or preclinical studies during drug develop-
ment, the existence of inhibitors of antigen—antibody binding in
plasma or serum is often a severe problem that interferes with
determining the precise concentration of target compounds. The
present study revealed that the ELISA for Cry-consensus
peptide was also influenced by plasma proteins and by heparin
used as an anticoagulant (Fig. 4). Especially in samples from
patients with allergic diseases, it is important to consider the
effect of a1-AGP on the assay, because a1-AGP levels in blood
vary widely depending on the state of inflammation in vivo.
However, our findings indicated that the inhibitory effect of ac1-
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AGP was avoidable by 10-fold dilution of plasma or serum
samples. In contrast, the inhibitory effect of HSA was not
preventable by such dilution, but the plasma concentration of
HSA is relatively constant among samples from various
individuals, and therefore accurate values can be calculated
using a calibration curve produced from tests with control
plasma or serum as matrices. Taken together, our findings
indicate that Cry-consensus peptide in plasma or serum can be
measured accurately if 10-fold diluted samples are used and
even if anticoagulants are present, except for heparin. Under
these conditions, our examination of the accuracy of the
determination showed good results regarding the repeatability,
the reproducibility, the freeze-thaw stability and the lack of
effect of plasma variability. The improvement of the sensitivity
of this assay may be worthy of further study. Further, we think
that the findings provided herein will also be useful for the
evaluation of other clinically relevant linear peptides being
developed as potential drugs, and also for linear peptides with
non-clinical applications.

Acknowledgements

The authors are grateful to all of the volunteers who
participated in this study.

References

Arilla, M. C., Ibarrola, 1., Mir, A., Monteserin, J., Conde, J., Martinez, A., et al.
(2005). Development of a sandwich-type ELISA for measuring Pla a 1, the
major allergen of Platanus acerifolia pollen. International Archives of
Allergy and Immunology, 138, 127-133.

Butler, J. E., Peterman, J. H., Suter, M., & Dierks, S. E. (1987). The
immunochemistry of solid-phase sandwich enzyme-linked immunosorbent
assays. Federation Proceedings, 46, 2548-2556.

Carneiro, R., Reefer, A., Wilson, B., Hammer, J., Platts-Mills, T., Custis, N., et
al. (2004). T cell epitope-specific defects in the immune response to cat
allergen in patients with atopic dermatitis. The Journal of Investigative
Dermatology, 122, 927-936.

Cepica, A., Yason, C., & Ralling, G. (1990). The use of ELISA for detection of
the antibody-induced conformational change in a viral protein and its
intermolecular spread. Journal of Virological Methods, 28, 1-13.

Gearhart, D. A., Middlemore, M. L., & Terry, A. V. (2006). ELISA methods to
measure cholinergic markers and nerve growth factor receptors in cortex,

hippocampus, prefrontal cortex, and basal forebrain from rat brain. Journal
of Neuroscience Methods, 150, 159—173.

Immonen, A., Farci, S., Taivainen, A., Partanen, J., Pouvelle-Moratille, S.,
Narvanen, A., et al. (2005). T cell epitope-containing peptides of the major
dog allergen Can f 1 as candidates for allergen immunotherapy. Journal of
Immunology, 175, 3614-3620.

Jahn-Schmid, B., Kelemen, P., Himly, M., Bohle, B., Fischer, G., Ferreira, F., et
al. (2002). The T cell response to Art v 1, the major mugwort pollen allergen,
is dominated by one epitope. Journal of Immunology, 169, 6005—-6011.

Janssen, E. M., van Oosterhout, A. J., van Rensen, A. J., van Eden, W., Nijkamp,
F. P., & Wauben, M. H. (2000). Modulation of Th2 responses by peptide
analogues in a murine model of allergic asthma: amelioration or
deterioration of the disease process depends on the Thl or Th2 skewing
characteristics of the therapeutic peptide. Journal of Immunology, 164,
580-588.

Na, H. J,, Jeong, H. J., Shin, H. Y., Kim, N. S., Um, J. Y., Hong, S. H., et al.
(2005). Sopoongsan inhibits mast cell-mediated anaphylactic reactions and
inflammatory cytokine secretion. International Archives of Allergy and
Immunology, 139, 31-37.

Njemini, R., Demanet, C., & Mets, T. (2005). Comparison of two ELISAs for
the determination of Hsp70 in serum. Journal of Immunological Methods,
306, 176—182.

Shin, S. Y., Lee, M. K., Kim, S. Y., & Hahm, K. -S. (1996). Use of multiple
antigenic peptides as coating antigens in detection of antibody. Molecular
Cell, 6, 169-175.

Smith, T. R., Alexander, C., Kay, A. B., Larche, M., & Robinson, D. S. (2004).
Cat allergen peptide immunotherapy reduces CD4(+) T cell responses to cat
allergen but does not alter suppression by CD4(+) CD25(+) T cells: a
double-blind placebo-controlled study. Allergy, 59, 1097—1101.

Sone, T., Morikubo, K., Miyahara, M., Komiyama, N., Shimizu, K., Tsunoo, H.,
et al. (1998). T cell epitopes in Japanese cedar (Cryptomeria japonica)
pollen allergens: Choice of major T cell epitopes in Cry j 1 and Cry j 2
toward design of the peptide-based immunotherapeutics for the management
of Japanese cedar pollinosis. Journal of Immunology, 161, 448—457.

Sone, T., Morikubo, K., Shimizu, K., Komiyama, N., Tsunoo, H., & Kino, K.
(1999). Peptide specificity, HLA class II restriction, and T-cell clones
specific to either Cry j 1 or Cry j 2, the major allergens of Japanese cedar
(Cryptomeria japonica) pollen. International Archives of Allergy and
Immunology, 119, 185-196.

Takai, T., Mori, A., Yuuki, T., Okudaira, H., & Okumura, Y. (1999). Non-
anaphylactic combination of partially deleted fragments of the major house
dust mite allergen Der f 2 for allergen-specific immunotherapy. Molecular
Immunology, 36, 1055—1065.

Vrtala, S., Akdis, C. A., Budak, F., Akdis, M., Blaser, K., Kraft, D., et al. (2000).
T cell epitope-containing hypoallergenic recombinant fragments of the
major birch pollen allergen, Bet v 1, induce blocking antibodies. Journal of
Immunology, 165, 6653—6659.



	Enzyme-linked immunosorbent assay of a linear, recombinant peptide designed for immunotherapy o.....
	Introduction
	Methods
	Human plasma
	NMR spectra of Cry-consensus peptide
	TAK-201-specific monoclonal antibodies
	Combinations of mAbs for the sandwich ELISA
	Optimization of the ELISA
	Method validation

	Results
	Cry-consensus peptide has no rigid 3-dimensional folding
	Recognition sites of Cry-consensus peptide-specific mAbs
	Relationship between the spacing between the recognition sites and the sensitivity of the sandw.....
	Sandwich ELISA inhibitory factors in human serum samples
	Validation of the method of quantitative ELISA

	Discussion
	Acknowledgements
	References


