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Abstract. Japanese cedar pollen allergen Cry j2 is a causal allergen of seasonal pollinosis in Japan. To analyze B cell epitopes
of Cry j2, we established two human-mouse hybridomas secreting IgM class human monoclonal antibodies to Cry j2. A pin-
peptide enzyme-linked immunosorbent assay with synthesized icosa peptides showed that 404-117 monoclonal antibody bound
to peptides #11–13 with cry j2 amino acid sequence of 101F-L140. Detailed analysis with octa peptides and alanine substituted
peptides indicated that an amino acid sequence of 118FKVD121 was an essential for antibody binding. When K119 (Asn) was
substituted with alanine, 404-117 monoclonal antibody did not bind to the alanine substituted peptide. We concluded that the
118FKVD121 sequence might have a very important role in early recognition by Cry j2-specific B cells, which could act as
antigen presenting cells.
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1. Introduction1

One-tenth of Japan’s population is reported to be al-2

lergic to Japanese cedar pollen (pollinosis) [1,2]. Ma-3

jor Japanese cedar pollen allergens Cry j1 and Cry j24

were identified with sera from patients, and cDNAs of5

the allergens were cloned [3–5].6

In a previous study [6,7], we established three7

human-mouse hybridomas secreting IgM class anti-8

Cry j1 human monoclonal antibodies from patients’9

peripheral blood lymphocytes by infection with10

Epstein-Barr virus followed by cell fusion with mouse11

myeloma cells. A pin-peptide enzyme-linked immuno-12

sorbent assay (ELISA) with synthesized pentadeca13

peptides showed a peptide with an amino acid se-14

quence of LYTVT NSDDD PVNPA was found posi-15
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tive, and tetra peptide TVTN was identified as an es- 16

sential sequence for antibody binding [7]. 17

Cry j2, another major allergen of Japanese cedar 18

pollen, is reported to have an enzyme activity of poly- 19

galacturonase [5,8,9]. Molecular weight of Cry j2 is 20

45 kDa and has homology to Cha o 2 allergen of 21

Japanse cypress and Jun v2 allergen of Eastern red 22

cedar [8,10]. In this study, we established two clones 23

of human-mouse hybridomas, and found that one clone 24

404-117 secreted IgM class monoclonal antibody to a 25

linear epitope of Cry j2. We analyzed fine structure of 26

the linear epitope with octa-peptides and alanine sub- 27

stituted peptides. 28

2. Materials and methods 29

2.1. Preparation of peripheral blood lymphocytes and 30

transformation of the lymphocytes with 31

Epstein-Barr virus 32

Antibody levels against Japanese cedar pollen of 33
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sera from several patients were measured as des-34

cribed [7]. Peripheral blood lymphocytes (PBLs) were35

prepared from peripheral blood from two donors by36

discontinuous density centrifugation on Phycoll Paque37

(GE Healthcare, USA) [11]. The PBLs were washed38

twice with ERDF medium (Kyokuto Seiyaku, Co.39

Ltd., Japan) and were then suspended into ERDF40

medium (106 cells/ml) supplemented with 10% fe-41

tal calf serum (Sigma-Aldrich Japan), Cyclosporine A42

(0.002 mg/mL, Sigma-Aldrich Japan) and 1/10 vol-43

ume of culture supernatants of marmoset B95-8 cells44

containing Epstein-Barr virus (EBV) [11–13]. The cell45

mixture was then plated into 96-well micro culture46

plates (105 cells/well). The medium (ERDF medium47

supplemented with 10% FCS) was changed every two48

or three days. After two weeks of the culture, trans-49

formed cells (B-lymphoblastoid cells, BLCs) were50

transferred to 24-well plates and cultured for four to six51

days. BLCs were then transferred to 6-well plates and52

cultured for three days. Finally, the BLCs and culture53

supernatants were harvested and stored in frozen.54

2.2. Preparation of Japanese cedar pollen extracts as55

allergens56

Japanese cedar pollen grains were obtained from Fu-57

nakoshi Co. Ltd (Japan). Cedar pollen grains (340 mg)58

were suspended in to 3.4 mL of 0.125 mol/L NaHCO359

solution and rotated in 15 mL plastic tube at 4◦C for60

16 h. Mixture was then centrifuged at 15,000 rpm for61

10 min. A supernatant was buffer changed to phosphate62

buffered saline (PBS) by gel filtration with PD-10 (pre-63

packed Sephadex G-25, GE Healthcare) and protein64

concentration was determined.65

2.3. Enzyme-linked immunosorbent assay (ELISA)66

Affinity-purified Japanese cedar pollen allergen pro-67

teins Cry j2 was purchased from Funakoshi Co., Ltd.68

Allergen solutions (cedar pollen extracts or Cry j2)69

were diluted with 0.05 mol/L NaHCO3 (protein con-70

centration of 0.0001–0.001 mg/mL), 0.05 mL of the71

solution was pipetted into 96-well ELISA plates (Sum-72

itomo Bakelite, Japan), and the plates were kept at73

4◦C for 16 h. The allergen solution was discarded and74

the plates were then blocked with a blocking reagent75

(Block Ace, DS Pharma Biochemical Co. Ltd., Japan)76

for 1 h. The plates were then washed three times with77

PBS containing 0.05% Tween-20 (PBS-Tween). The78

culture supernatants (0.05 ml) of BLCs or hybridomas79

were pipetted into the wells of the ELISA plates and80

incubated for 1 h at room temperature. The plates were 81

then washed three times, and 0.05 mL of secondary an- 82

tibodies (anti-human IgA, IgG, IgM, and IgE, 1/2,000 83

dilution, Biosource International, USA) conjugated 84

with horseradish peroxidase (HRPO) were added to 85

the plates. After 1 h of incubation at a room tempera- 86

ture, the plates were washed six times and HRPO activ- 87

ity immobilized on the plates was measured by adding 88

0.1 ml of substrate solution (0.3 mg/mL 2,2′-azino-di- 89

(3-ethyl benzthiazolin sulfonic acid) (ABTS), 0.03% 90

H2O2 in 0.1 mol/L citrate buffer pH 4.0). 91

2.4. Cell fusion of BLCs with mouse myeloma cells 92

An 8-azaguanine-resistant (HAT sensitive) mouse 93

myeloma cell line, SP2/O, was cultured in an ERDF 94

medium supplemented with 10% FCS and 0.05 mmol/L 95

ouabain to obtain an ouabain-resistant cell line, SP2/O3. 96

BLCs (2 × 107) secreting IgM class antibodies against 97

Cry j2 and SP2/O3 cells (2 × 107) were fused in 50% 98

(v/v) polyethyleneglycol (Sigma-Aldrich Japan) [6,7, 99

14,15]. The fused cells were then plated into three 100

96-well microculture plates. Hybridoma cells were 101

selected in O-HAT medium (ERDF medium sup- 102

plemented with 10% FCS, 0.1 mmol/L hypoxan- 103

thine, 0.0004 mmol/L aminopterin, 0.016 mmol/L 104

thymidine, and 0.0002 mmol/L ouabain). Antibody- 105

producing hybridomas were detected by ELISA and 106

cloned by limiting dilution. We obtained two hy- 107

bridoma clones named 404-117 and 15-382-3. Because 108

antibody secretion of the clone 404-117 was not sta- 109

ble, we needed repeated cloning to maintain antibody 110

secretion. 111

2.5. Analysis of epitopes of a cedar pollen allergen 112

Cry j2 with the multi-pin overlapping peptides 113

A series of overlapping icosa-peptides, based on 114

an amino-acid sequence of Cry j2 precursor protein 115

(shown in Fig. 1) by repeating the shift of every ten 116

amino acids in the direction from N to C terminus 117

(Fig. 2), were synthesized. Those peptides were syn- 118

thesized on a multi-pin apparatus (Mimotopes Pty Ltd. 119

Australia) by the solid phase synthesis method with 120

immobilized C-terminus and acetylated N-terminus. 121

Diluted supernatants (0.1 mL) of hybridoma 404-117 122

or 15-382-3 were pipetted into a 96-well vinyl micro 123

plate, and the multi-pin peptides were placed on the 124

plate and reacted for 1 h at room temperature. The 125

multi-pin peptides were washed with PBS-Tween and 126

then reacted with diluted anti-human IgM antibody 127
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Fig. 1. Amino Acid Sequence of Japanese Cedar Pollen Allergen Cry j2 1-22: Signal peptide, 23-45 and 434-514: Propeptides, 46-433: Poly-
galacturonase UniProtKB/Swiss-Prot: P43212.1.

Fig. 2. Sequences of the Synthesized Cry j2 Icosa Peptides.

conjugated with HRPO. After washing, HRPO activity128

bound to the multi-pin apparatus was measured with129

ABTS substrate solution. After the incubation at room130

temperature for 5 to 30 min, absorbancy of the reac-131

tion product was measured at 405 nm. Shorter overlap-132

ping peptides (deca and octa), and alanine-substituted133

peptides were also synthesized for the detailed epitope134

analysis.135

2.6. Ethical statements136

Ethics approvals were obtained from the Medical137

Ethical Committee of the Tamagawa University (N27-138

5, 2015). This study was conducted according to the139

principles of the Declaration of Helsinki.140

3. Results141

3.1. Epitope analysis of Cry j2 with overlapping142

icosa peptides143

Two human-mouse hybridoma clones, 404-117 and144

15-382-3 were established by fusing EBV-transformed145

human B-lymphoblastoid cells from two patients al-146

lergic to Japanese cedar pollen with mouse myeloma147

SP2/O3 cells, and binding of antibodies were ana-148

lyzed with synthesized icosa overlapping peptide of an149

amino acid sequence of Cry j2. As shown in Fig. 3, 150

404-117 antibody bound pin #11 and 13 strongly. The 151

sequence from #11 to 13 peptides was underlined in 152

Fig. 1. Contrastingly, 15-382-2 antibody did not have 153

any significant binding to Cry j2 isoca overlapping 154

peptides. Those results suggested that 404-117 anti- 155

body bind to a linear epitope and 15-382-3 antibody 156

might recognize conformational epitope(s). 157

3.2. Epitope analysis with shorter overlapping 158

peptides 159

Figure 4 showed the result of binding of 404-117 an- 160

tibody to octa peptides of Cry j2 amino acid sequence 161

107F-Q128. The antibody bond to octa peptide from 162

#4 to #7 broadly. Pin #4 and #7 had a common se- 163

quence of 119KV120. 164

3.3. Epitope analysis with alanine substituted 165

peptides (alanine scanning) 166

To evaluate which amino acid was essential for bind- 167

ing of the 404-117 antibody, we synthesized a se- 168

ries of alanine substituted peptides of deca peptide 169

115HFTFKVDGII124. When the K119 was substi- 170

tuted with A (alanine, Fig. 5A, Pin#4), the 404-117 171

monoclonal antibody could not recognize the pep- 172

tide. In the case of two neighboring amino acids 173
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Fig. 3. Pin-peptide ELISA of Cry j2 Icosa Peptides with 404-117 and 15-382-3 human monoclonal antibodies Synthesized overlapping icosa
peptides (#1–#51) based on an amino acid sequence of Cry j2 protein were reacted with 404-117 and 15-382-3 human monoclonal antibodies.

Fig. 4. Pin-peptide ELISA of Cry j2 octa peptides with 404-117 human monoclonal antibody Octa peptides were reacted with 404-117 human
monoclonal antibody.

Fig. 5. Pin-peptide ELISA of alanine substituted deca peptides with
404-117 human monoclonal antibody One amino acid (A) or two
amino acids (B) of the deca peptide with a sequence of HFT-
FKVDGII were substituted with alanine (alanine scanning), and syn-
thesized peptides were reacted with 404-117 human monoclonal an-
tibody.

were substituted with two alanine molecules (Fig. 5B), 174

substitution of 118FK119 (#2), 119KV120 (#3), and 175

120VD121 (#4) decreased the binding of 404-117 anti- 176

body. Those results strongly suggested the 404-117 an- 177

tibody recognized 118FKVD121 sequence of Cry j2. 178

4. Discussion 179

As we described previously, IgM antibodies on the 180

B cell surface were thought to play the role of antigen 181

receptors [7,16]. When certain antigens bind to IgM 182

antibody on B cells, the B cells incorporate the anti- 183

gen molecules and process the antigen by proteolytic 184

digestion. The processed antigen peptides are then pre- 185

sented on a class II major histocompatible complex 186

(MHC) molecule on the cell surface. The complex 187

of the antigen peptides and class II MHC is recog- 188

nized by a T cell receptor on the T cell surface, and 189

the T cells secrete specific cytokines (e.g., IL4 and 190

IL13) to induce the B cells to an IgE-secreting plasma 191

cells [17–19]. The IgM antibody on B cells may play a 192
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very important role in the Ig-class switch from IgM to193

IgE.194

In the present study, we analyzed B cell linear epi-195

tope of Japanese cedar pollen allergen Cry j2 with two196

human IgM monoclonal antibodies. Whereas 15-382-3197

monoclonal antibody did not bind to icosa Cry j2 over-198

lapping peptides, 404-117 monoclonal antibody bound199

to the linear sequence of amino terminus region. Epi-200

tope analysis with deca and alanine substituted pep-201

tides suggested the sequence of 118FKVD121 had a202

key sequence of the Cry j2 linear epitope. This B cell203

epitope sequence could be a good tool for analysis of204

B cell-T cell interaction on Cry j2 recognition. BLAST205

analysis of the FKVD sequence showed several natu-206

rally occurring proteins having the FKVD sequence,207

including bacterial enzymes, human vascular adhesion208

protein-1, and tomato serine/threonine-protein kinase209

and L-ascorbate oxidase. Because the core epitope se-210

quence FKVD seems to be too short and it is not211

clear whether the 404-117 human monoclonal anti-212

body binds to proteins having the FKVD sequence, the213

larger hexa or octa peptides would be candidates for214

blocking peptides of immune response of the allergen-215

binding on B cell surface with the 404-117 monoclonal216

antibody.217
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