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Abstract

Peanut is one of the most allergenic foods. It contains multiple seed storage proteins identified as allergens, which are responsible
for triggering IgE-mediated allergic reactions. Ara h 1 is a major peanut allergen recognized by over 90% of peanut sensitive popula-
tion. The objectives of this study were to isolate, sequence, and determine the structure and organization of at least one genomic clone
encoding Ara h 1. Two 100 bp oligonucleotides were synthesized and used as probes to screen a peanut genomic library constructed
in a Lambda FIX II vector. After three rounds of screening, four putative positive clones were selected and their DNA digested with
SacI. A unique 12–13 kb insert fragment was released, confirmed positive by Southern hybridization, subcloned into a pBluescript vec-
tor, and sequenced. Sequence analysis revealed a full-lengthAra h 1 gene of 4447 bp with four exons of 721, 176, 81 and 903 bp and
three introns of 71, 249 and 74 bp. The deduced amino acid encodes a protein of 626 residues that is identical to the Ara h 1 cDNA
clone P41b. Several well characterized elements for promoter strength were found in the promoter region of Ara h 1 and include two
TATA-boxes (TATATAAATA and TTATATATAT) at positions−89 and−348, respectively; a CAAT-box (CAAT) at position−133,
a GC-box (CGGGACCGGGCCGG GCCTTCGGGCCGGGCCGGGT) at position−475, two G-boxes (TAACACGTACAC and ATG-
GACGTGAAA) at positions−264 and−1808, respectively; two RY elements (CATGCAC and CATGCAT) at positions−235 and−278,
respectively; and othercis-element sequences. In the 3′ UTR, a poly-A signal (AATAAA) was found at+2350, two additional stop codons
(TAA) at +2303 and+2306, and TTTG/CTA/G motifs. Three introns and a potentially strong promoter could explain the high expres-
sion of theAra h 1gene. Amino acid sequence comparisons revealed high sequence similarity with other plant vicilins, member of the
cupin superfamily.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Peanut (Arachis hypogaeaL.) is a source of some of the
most severe food allergens. It is estimated that three mil-
lion Americans (Sicherer et al., 1999) and 1 in 200 of the
UK population (Emmett et al., 1999) are allergic to peanut
and tree nuts, and approximately 125 of them die each year
in the USA from accidental ingestion (Burks et al., 1999).
However, the only therapeutic option available is the avoid-
ance of peanut.

Peanut allergens are seed storage proteins belonging
to two major globulin families: arachin (legumin) and
conarachin (vicilin). They accumulate to high levels in the
developing seeds (Kang and Gallo-Meagher, 2002) and
might serve as source of nitrogen and amino acid during
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seed germination (Higgins, 1984). Multiple peanut aller-
gens have been identified at the amino acid and cDNA
levels. They are: Ara h 1 (vicilin), Ara h 2 (conglutin), Ara
h 3 (glycinin), Ara h 4 (glycinin), Ara h 5 (profilin), Ara h
6 (conglutin), and Ara h 7 (conglutin) (Burks et al., 1991,
1995; De Jong et al., 1998; Kleber-Janke et al., 1999;
Rabjohn et al., 1999; Stanley et al., 1997). Arah 1 and Ara
h 2 are classified as major allergens because they are recog-
nized by serum IgE in over 90% of peanut-hypersensitive
patients. Ara h 1 is amember of the vicilin family with
a molecular weight of 63.5 kD (Burks et al., 1991). It is
resistant to heat (Maleki et al., 2000), stable to digestion,
and highly structured at the secondary level (Koppelman
et al., 1999). Two cDNA clones have been identified as
isoforms of Ara h 1 (GenBank accession nos. L34402,
L38853).

To date, only peanut allergen Ara h 2 has been sequenced
and characterized at the genomic level (Viquez et al., 2001).
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The understanding of the structure and organization of this
and other allergen genes will help in optimizing our overall
goal of silencing allergen genes for the development of an
hypoallergenic transgenic peanut.

In our current study, we describe the isolation and cloning
of a gene encoding the major peanut allergenAra h 1. We
have determined the structure of the gene and identified
several transcription factor motifs which may play a role in
regulating the expression of theAra h 1gene.

2. Materials and methods

2.1. Construction of synthetic oligonucleotides

Two synthetic oligonucleotides were constructed based
on the published cDNA sequences of peanut allergen Ara h
1 clones P41b and P17 (GenBank accession nos. L34402,
L38853). The first oligo, Arah1(1): (5′-CCGCCAAC-
CCGGAGACTACGATGATGACCGCCGTCAACCCCGA-
AGAGAGGAAGGAGGCCGATGGGGACCAGCTGGAC-
CGAGGGAGCGTGA-3′) was deduced from the 5′ end and
corresponds to nucleotides 331–420 of Ara h 1 cDNA clone
P41b and 266–356 of cDNA clone P17. The second oligonu-
cleotide, Arah1(2): (5′-TTCAACTCAAAGGCCATGGTTA-
TCGTCGTCGTCAACAAAGGAACTGGAAACTTGAAC-
TCGTGGCTGTAAGAAAAGAGCAACAACAGAGGGG-
ACGGCGGG-3′) was deduced from the 3′ end and corre-
sponds to nucleotides 1391–1490 of Ara h 1 cDNA clone
P41b and 1320–1419 of cDNA clone P17. About 10 pmol
of each purified oligonucleotide were [32P] end-labeled as
described by Fermentas Inc. (Hanover, MD, USA) and used
as probes to screen a peanut genomic library.

2.2. Isolation of peanut Ara h 1 genomic clones

A peanut genomic library constructed in a Lambda FIX
II vector was screened with both [32P]-labeled probes us-
ing plaque hybridization protocol (Sambrook et al., 1989).
In brief, DNA from phage plaques were transferred to du-
plicate sets of nylon membranes (Perkin-Elmer Life and
Analytical Sciences Inc., Albany Street Boston, MA, USA)
by a plaque lifting method. The phage DNAs on the mem-
brane were denatured, neutralized, and cross-linked. One
set of membranes was used for each probe. Low-stringency
prehybridization (42◦C for 3 h) was conducted in a so-
lution of 20× SSPE (30%) + 10% SDS (5%) + 100×
Denhardt’s solution(5%) + 5% sodium pyrophosphate
(Na4P2O4·10H2O) (1%) + 10 mg/ml salmon sperm DNA
(1%). During hybridization, individual labeled probes
were added to a solution of 20× SSPE (30%) + 10%
SDS (5%) + 100× Denhardt’s solution (1%) + 5%
sodium pyrophosphate (Na4P2O4·10H2O) (1%). After
overnight incubation, the membranes were washed at
42◦C for 15 min in 6× SSPE+ 0.1% SDS, followed by
15 min in 2× SSPE+ 0.1% SDS and 15 min in 0.2×

SSPE+ 0.1% SDS, and exposed to X-ray film (Kodak,
Biomax TM, MS, USA). Two additional screenings were
performed as described above except that the tempera-
ture was raised to 50◦C. At the end of the first screening,
24 putative positive clones hybridized to probe Arah1(1)
and 16 with probe Arah1(2). However, only six clones
were simultaneously positive for both probes and only
those were selected for a second screening. At the end
of the second screening, 16 clones hybridized to both
probes and 8 of those were confirmed positives by a third
screening.

DNA was extracted using the Lambda Kit protocol (Qia-
gen Inc., Valencia, CA, USA) according to manufacturer’s
instructions. Purified DNA was digested withSacI at 37◦C
overnight (Sambrook et al., 1989) and electrophoresed on
a 0.65% agarose gel. One insert fragment of 12–13 kb
was released, and a Southern hybridization was performed
with each of the [32P]-labeled probes using high-stringency
conditions at 65◦C in HyperHyb buffer (ResGen Inc.,
Huntsville, AL, USA) as previously described (Viquez
et al., 2001).

The positive fragment was subcloned into pBluescript II
SK(+/−) vector (Stratagene, La Jolla, CA, USA). The liga-
tion reaction was performed at 4◦C for three days and trans-
formed into one shot TOP10 cells (Invitrogen Co., Carlsbad,
CA, USA). Positive colonies were selected by blue-white
color selection and the presence of the 12–13 kb Ara h 1 in-
sert fragment in the plasmid was confirmed after digestion
with SacI and Southern hybridization was performed using
both probes as described above.

2.3. Sequencing and sequence analysis

Positive pBluescript clones were purified as previously
described (Viquez et al., 2001). DNA were sequenced in both
sense and antisense orientations using standard sequencing
primers, T3 and T7, as well as primers specific to the Ara
h 1 sequence. The sequencing was performed with the ABI
PRISM (Dye Terminator Cycle Sequencing Ready Reaction
kit using AmpliTaq DNA Polymerase, FS) at ResGen Inc.
(Huntsville, AL, USA).

Nucleotide sequence analysis and homology searches
were performed using the BLAST and BLAST 2 sequence
tools (Atschul et al., 1997; Tatusova and Madden, 1999).
Determination of the protein leader sequence was per-
formed as previously described byGrierson and Covey
(1988) and Nielsen et al. (1997). Amino acid sequences
were performed using DNASTAR and MEGA version 2.1
programs (DNASTAR, Madison, WI, USA). The Reverse
Position Specific Blast (RPS-BLAST) program (Atschul
et al., 1997) was used to determine the presence of the con-
served cupin domain within Ara h 1. The Ara h 1 promoter
region was analyzed for putativecis-elements by matrice
analysis using the Transfac database and the Matinspector
Program (Biological Database, Braunschweig, Germany)
(Quandt et al., 1995).
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3. Results and discussion

3.1. Structure of the peanut allergen Ara h 1 gene

We report here, for the first time, the isolation, se-
quencing, and structural organization of a genomic clone
encoding the major peanut allergen, Ara h 1. Eight putative
genomic clones were isolated, one was sequenced and re-
vealed a full-length genomic clone (GenBank accession no.
AF432231) of 4477 bp long.

Based on the DNA sequence information, the Ara h 1
has an open reading frame of four exons of 721, 176, 81
and 903 bp, and three introns of 71, 249 and 74 bp. Exon
1 contains the coding information for the first 240 amino
acids of the protein, including the putative signal peptide of
27 amino acid residues (Fig. 1). Exon 2 codes for 59, exon
3 for 27 and exon 4 for 300 amino acid residues. When
the exon sequences are read continuously, they code for a
polypeptide of 626 amino acid residues.

The coding region of Ara h 1 iscomprised of 1878 bp
and revealed 100% and 97.8% nucleotide sequence homolo-
gies with Ara h 1 cDNA clones P41b and P17, respectively.
Therefore, it is speculated that the genomic Ara h 1 clone
isolated in this study is the one transcribed to produce the
mRNA for cDNA clone P41b.

The three introns identified in theAra h 1 gene are of
the class III like most plant introns and are rich in AT-rich
regions (Grierson and Covey, 1988). They are 73.2, 73.5
and 79.7% A+ T rich for the first, second and third intron,
respectively (Table 1). All the splice junctions between exons
and introns of the Ara h 1 respect the AG-GT consensus
sequence rule (Lorkoviæ et al., 2000; Grierson and Covey,
1988). The consensus sequences at the 5′ and 3′ intron border
of legume genes areGT(AG)AG(CT) and T(TCG)CAG,
respectively (Häger et al., 1996). Sequences at the 5′ border
of the three Ara h 1 introns match the consensus sequence,
while only intron 1 and 2 are conserved at the 3′ border and
match the consensus sequence (Table 1).

3.2. Promoter region of the Ara h 1 gene

The 5′-flanking promoter region of theAra h 1 gene
is 1926 bp long and contains several conserved sequences
motifs important for gene expression. Two putative TATA
boxes (TATATAAATA and TATATATATAT) were identified
at positions−98 and−357, respectively. The first box is
100% identical to the consensus sequence for plant genes

Table 1
Size, percent A+ T and sequence characteristics of the three introns of the peanutAra h 1 genomic clone

Intron Intron/exon boundaries Size (bp) A+ T (%) Nucleotide position

1 CAAG/GTATCAAAT · · · TTGGATTGCAG/G 71 73.2 812–882
2 TGAG/GTACCTCTT· · · TGCTTCACAG/G 249 73.5 883–1058
3 CAAT/GTAAGCAAA · · · TATATACAT AG/G 74 79.7 1308–1387

At the intron/exon boundaries the splice-sites are in bold and the conserved sequences are highlighted in gray.

(TATAT/AA 1–3C/T) (Grierson and Covey, 1988) (Fig. 2).
Most TATA boxes in plants are generally positioned around
16–54 bp upstream of the ‘cap site’. However, it is not un-
usual to observe plant genes such as the peanut lectin gene
(Law, 2000) with a TATA-box at position−95, and the soy-
bean actin gene with a TATA box at−99 bp (Grierson and
Covey,1988). TATA-boxes are important for the positioning
of RNA polymerase II and to initiate transcription of protein
producing genes.

A putative CAAT-box was located at position−137
from the start codon or 34 bp from the first TATA-box
(Fig. 2). Its sequence is in agreement with plant consensus
(CCAAT/AGGA) (Grierson and Covey, 1988). A GC-box
was identified at position−475 and characterized by a
G + C-rich (88%) region of 34 nucleotides. This is of par-
ticular interest because of the similarity between this region
with the monocot-specific promoter (MSP) element. Thus,
the MSP motif is not a specificity of monocots, but it is also
found in dicot genes. Several copies of this motif, consensus
5′-RGGGCR-3′, have been associated with the transcrip-
tion of the riceU3 gene (Qu et al., 1996) and small nuclear
RNA genes (Connelly et al., 1994). Inspection of this motif
(5′-CGGGACCGGGCCGGGCCTTCGGGCCGGGCCGG-
GT-3′) reveals six repeated sequences of the MSP consensus
sequence. We believe that the GC-box found in the Ara h 1
promoter is likely to be a binding site of a regulatory ele-
ment and with similar function to those found in monocot
plant genes. Two G-boxes (TAACACGTACAC and ATG-
GACGTGAAA) are located at positions−264 and−1819,
respectively. The G- and GC-boxes are the most widely
cis-acting elements in eukaryotic genes used for transcrip-
tion (De Vetten and Ferl, 1994). Two GATA binding motifs,
both with consensus GATGATAT were identified at posi-
tions−439 and−1329, respectively. GATA binding motifs,
consensus T/AGATAA/G, have been associated with the
tissue-specific expression of several genes (Jepeal et al.,
2003). An A-box-like sequence, consensus TACGCTT, was
identified at position−1013. DNA sequence motifs con-
taining an ACGT core specially in A-, C- and G-boxes have
been identified as binding sites for plant basic leucine zip-
per (bZIP) proteins, which are known to play an important
role in the efficiency of gene transcription (Izawa et al.,
1993; Foster et al., 1994). Moreover, AT-rich sequences
were identified within the promoter region at positions
(−758 to −747; −824 to −813 and−1122 to −1113).
AT-rich regions have been reported to enhance gene ex-
pression (Strömvik et al., 1999), therefore these regions
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  -81  cctccctccatcatttcaccatccacactcataataatcatatatattcatcaatcatctatataagtagtagcaggagca 
    1  ATGAGAGGGAGGGTTTCTCCACTGATGCTGTTGCTAGGGATCCTTGTCCTGGCTTCAGTTTCTGCAACGCATGCCAAGTCA 

M  R  G  R  V  S  P  L  M  L  L  L  G  I  L  V  L  A  S  V  S  A  T  H  A  K  S
   81  TCACCTTACCAGAAGAAAACAGAGAACCCCTGCGCCCAGAGGTGCCTCCAGAGTTGTCAACAGGAACCGGATGACTTGAAG 

S  P  Y  Q  K  K  T  E  N  P  C  A  Q  R  C  L  Q  S  C  Q  Q  E  P  D  D  L  K   
  163  CAAAAGGCATGCGAGTCTCGCTGCACCAAGCTCGAGTATGATCCTCGTTGTGTCTATGATCCTCGAGGACACACTGGCACC 
       Q  K  A  C  E  S  R  C  T  K  L  E  Y  D  P  R  C  V  Y  D  P  R  G  H  T  G  T   
  244  ACCAACCAACGTTCCCCTCCAGGGGAGCGGACACGTGGCCGCCAACCCGGAGACTACGATGATGACCGCCGTCAACCCCGA 
       T  N  Q  R  S  P  P  G  E  R  T  R  G  R  Q  P  G  D  Y  D  D  D  R  R  Q  P  R   
  325  AGAGAGGAAGGAGGCCGATGGGGACCAGCTGGACCGAGGGAGCGTGAAAGAGAAGAAGACTGGAGACAACCAAGAGAAGAT 
       R  E  E  G  G  R  W  G  P  A  G  P  R  E  R  E  R  E  E  D  W  R  Q  P  R  E  D   
  406  TGGAGGCGACCAAGTCATCAGCAGCCACGGAAAATAAGGCCCGAAGGAAGAGAAGGAGAACAAGAGTGGGGAACACCAGG
       W  R  R  P  S  H  Q  Q  P  R  K  I  R  P  E  G  R  E  G  E  Q  E  W  G  T  P  G 

T 

 487  AGCCATGTGAGGGAAGAAACATCTCGGAACAACCCTTTCTACTTCCCGTCAAGGCGGTTTAGCACCCGCTACGGGAACCAA 
       S  H  V  R  E  E  T  S  R  N  N  P  F  Y  F  P  S  R  R  F  S  T  R  Y  G  N  Q   
  568  AACGGTAGGATCCGGGTCCTGCAGAGGTTTGACCAAAGGTCAAGGCAGTTTCAGAATCTCCAGAATCACCGTATTGTGCAG 
       N  G  R  I  R  V  L  Q  R  F  D  Q  R  S  R  Q  F  Q  N  L  Q  N  H  R  I  V  Q   
  649  ATCGAGGCCAAACCTAACACTCTTGTTCTTCCCAAGCACGCTGATGCTGATAACATCCTTGTTATCCAGCAAgtatcaaat 
       I  E  A  K  P  N  T  L  V  L  P  K  H  A  D  A  D  N  I  L  V  I  Q  Q 
  730  ctaattctattctaaactacatatattttgttgcttgatacatatgattcattggattgcagGGGCAAGCCACCGTGACC 
                                                                     G  Q  A  T  V  T   
  811  GTAGCAAATGGCAATAACAGAAAGAGCTTTAATCTTGACGAGGGCCATGCACTCAGAATCCCATCCGGTTTCATTTCCTAC
       V  A  N  G  N  N  R  K  S  F  N  L  D  E  G  H  A  L  R  I  P  S  G  F  I  S  Y   
  892  ATCTTGAACCGCCATGACAACCAGAACCTCAGAGTAGCTAAAATCTCCATGCCCGTTAACACACCCGGCCAGTTTGA
       I  L  N  R  H  D  N  Q  N  L  R  V  A  K  I  S  M  P  V  N  T  P  G  Q  F  E 

Ggta 

  973  cctctttcttttcacatatatattcaagaggaatgttaggaggccagcaacttttgtaatttgtagttatcaaatagtcat 
 1054  tagtgatgatattaatgttattaataatgattttaatggtgtaaaattttatctaatggttcattttttttttttgataca 
 1135  tgttggtcagaatttaacaaattactggtcctagatttttcttatattcaattctcaattatcatcttacatgttgcttca 
 1216  cagGATTTCTTCCCGGCGAGCAGCCGAGACCAATCATCCTACTTGCAGGGCTTCAGCAGGAATACGTTGGAGGCCGCCTTC
          D  F  F  P  A  S  S  R  D  Q  S  S  Y  L  Q  G  F  S  R  N  T  L  E  A  A  F  
 1297  AATgtaagcaaatgtatcataattaggaattaaaataacgtatcatgttataataaacttataatatatatacatagGCG 
       N                                                                            A   
 1378  GAATTCAATGAGATACGGAGGGTGCTGTTAGAAGAGAATGCAGGAGGTGAGCAAGAGGAGAGAGGGCAGAGGCGATGGAGT 
       E  F  N  E  I  R  R  V  L  L  E  E  N  A  G  G  E  Q  E  E  R  G  Q  R  R  W  S   
 1459  ACTCGGAGTAGTGAGAACAATGAAGGAGTGATAGTCAAAGTGTCAAAGGAGCACGTTGAAGAACTTACTAAGCACGCTAAA 
       T  R  S  S  E  N  N  E  G  V  I  V  K  V  S  K  E  H  V  E  E  L  T  K  H  A  K   
 1540  TCCGTCTCAAAGAAAGGCTCCGAAGAAGAGGGAGATATCACCAACCCAATCAACTTGAGAGAAGGCGAGCCCGATCTTTCT 
       S  V  S  K  K  G  S  E  E  E  G  D  I  T  N  P  I  N  L  R  E  G  E  P  D  L  S   
 1621  AACAACTTTGGGAAGTTATTTGAGGTGAAGCCAGACAAGAAGAACCCCCAGCTTCAGGACCTGGACATGATGCTCACCTGT 
       N  N  F  G  K  L  F  E  V  K  P  D  K  K  N  P  Q  L  Q  D  L  D  M  M  L  T  C   
 1702  GTAGAGATCAAAGAAGGAGCTTTGATGCTCCCACACTTCAACTCAAAGGCCATGGTTATCGTCGTCGTCAACAAAGGAACT 
       V  E  I  K  E  G  A  L  M  L  P  H  F  N  S  K  A  M  V  I  V  V  V  N  K  G  T   
 1783  GGAAACCTTGAACTCGTGGCTGTAAGAAAAGAGCAACAACAGAGGGGACGGCGGGAAGAAGAGGAGGACGAAGACGAAGA
       G  N  L  E  L  V  A  V  R  K  E  Q  Q  Q  R  G  R  R  E  E  E  E  D  E  D  E  E 

A 

 1864  GAGGAGGGAAGTAACAGAGAGGTGCGTAGGTACACAGCGAGGTTGAAGGAAGGCGATGTGTTCATCATGCCAGCAGCTCAT 
       E  E  G  S  N  R  E  V  R  R  Y  T  A  R  L  K  E  G  D  V  F  I  M  P  A  A  H   
 1945  CCAGTAGCCATCAACGCTTCCTCCGAACTCCATCTGCTTGGCTTCGGTATCAACGCTGAAAACAACCACAGAATCTTCCTT 
       P  V  A  I  N  A  S  S  E  L  H  L  L  G  F  G  I  N  A  E  N  N  H  R  I  F  L   
 2026  GCAGGTGATAAGGACAATGTGATAGACCAGATAGAGAAGCAAGCGAAGGATTTAGCATTCCCTGGGTCGGGTGAACAAGTT 
       A  G  D  K  D  N  V  I  D  Q  I  E  K  Q  A  K  D  L  A  F  P  G  S  G  E  Q  V   
 2107  GAGAAGCTCATCAAAAACCAGAAGGAATCTCACTTTGTGAGTGCTCGTCCTCAATCTCAATCTCAATCTCCGTCGTCTCCT 
       E  K  L  I  K  N  Q  K  E  S  H  V  S  A  R  P  Q  S  Q  S  Q  S  P  S  S  P  F 
 2188  GAGAAAGAGTCTCCTGAGAAAGAGGATCAAGAGGAGGAAAACCAAGGAGGGAAGGGTCCACTCCTTTCAATTTTGAAGGCT 
       E  K  E  S  P  E  K  E  D  Q  E  E  E  N  Q  G  G  K  G  P  L  L  S  I  L  K  A 
 2269  TTTAACTGAGAATGGAGGCAACTTGTTATGTATCGATAATAAGATCACGCTTTTGTACTCTACTATCCAAAAACTTATCAA 
       F  N  *
 2350  TAAATAAAAACGTTTGTGCGTTGTTTCTCCAAGAAAGGTGTGGCGCTTATGGTTTTTTATTTATACGAAACTAATTAAATA 
 2431  CATCATAACGGCAAAGACCTCTTATTATGTAATTTTCTTTTAAAAAATATAGACTGCCAAAATATATATGAATATTTACAT 
 2512  GAACAAGTCAAATGGAATACTTGTTGAGACATATCTCATCGATCCTATCTACTAATTAGTAGATACAAACATATTT 

Fig. 1. Nucleotide and deduced amino acid sequences of the genomic clone of the gene encoding peanut allergen Ara h 1. In the ORF, uppercase letters
indicate exon sequences and lowercase letters represent introns. The, start codon (ATG), stop codon (TGA) and polyadenylation signal (AATAAA) are
underlined. The 27 amino acids putative signal peptide is italicized and underlined. The deduced amino acid sequence is below the corresponding DNA
sequence.
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EXON 1          EXON 2         EXON 3         EXON 4 

GAMYB

G-Box

DOF DOFDOF

ATHB1

GATA DOF

Enhancer

DOF G-Box

GATA

DOF

DOF/ PBF Enhancer

P

TATA- Box

TATA-Box

DOF

DOF

Enhancer

CAAT-Box

GC-Box

A-Box

+1

ATHB1

P P

bZIP

-1926 tgatgatagtctgcagtagagaaattggttccaacagaaaattaggttttccatttttacacagagtagcatttttgaac

-1846 ggcagctgctcattttttcatcgttggatggacgtgaaatttggacagtagactcttcatatcttgttcttcatagttgc

-1766 tgccacattgtgttgtgagtgcttccatactactgttgtattggatatttgtgttatttttgctgatagactctttcaat

-1686 aatgtctaggagaatagtagataatcaaaagcttaattatgaagaaaaagagaaacttaaacgaaaagataaatgttggt

-1606 taaaactgttgattattccaatcttttcccaatagaataaattatgccccaattattttatcaatatgttaattaggaat

-1526 gaacattttggagattgtatcataagttttaattaagaatgtgattactttgtttccatagttggattatcttttgtaga

-1446 ataacgagggtataatctctaatatacatttgtcggccttaggttgtgttattaatgcttctcatacggtaccacaactc

-1336 tgtagttagagcttgcgattatattgtacagaatagagatgatatcaaaaagaaagaaggagcaaattaaacgtatgtga

-1286 tgtttaaaggatatgaaattttggtcaatgaagacatgtatgatttcgcttgtgatacgcagatacgctaaaaggcaagc

-1206 caataccgtaaggtaggggtgcatatgtgccgggtgaagtcgggtttgatgtgacccagacccgatccgaaatatacacc

-1126 gggtttatttattagacccgaacccgaccctagacccgatgaaaccaatacactttcgggccacaattataccgggtaaa

-1046 aaccgggtgaaaaccgggccattaacattacattacgttgataccttcttgtaagctagcatgtaaaaatatccaaattt

-966 tcaagactccaaccattatttaacatggtaaaattcacttagaaaaatataacaaaaaccaacccttctttaaaattaaa

-886 gcataaccacaatccatactaaagcaaaaccacaatcaatactaatattgtctaataataccaaatatttaaatcaatac

-806 aaataacacaatattatgcattagtctaaagtcttatgcattctaaacataaaatattaacttatagtcttataatgacg

-726 taataaaacaaaatattaaagtttacaatacttaaattccacataagaatagtcatgatccatcactaataacacaaaat

-646 attaatgccaccaggccgacttcgggtgacccgagctatggcccggacccgacccgaaataatgaccgggtctatttttg

-566 agacccttacccgaccctaaacccgatgaaatcataccaaattagcccctaaaatgttcgggaccgggccgggccttcgg

-486 gccgggccgggtctgtgcacccctaccgtaaggatagctgaatgggtgatgatattttatcaaaagacaaaaggaatcca

-406 tcctgtatgtgcagtggaaccttttgcccagacaatggagtgatgaacattatatatatcgccgcgtccatcaccataca

-326 tatccaaagcaaaaaatttaacaaatactgaaccccaattgccatgcatattaacacgtacactctctatgtcaatgtgt

-246 ccaccatgcaccacaatccatccatctcttgtttatctctaagccaagacctagtgttgttgccacctcacatttctcaa

-166 tttcaacactcgtcaacctgcatgccactccaatgcccaagtgtacatccatatcatcctaacgcaactatataaatacc

-86 actcacctccctccatcatttcaccatccacactcataataatcatatatattcatcaatcatctatataagtagtagca

-6 ggagcaATGAGAGGGAGGGTTTCTCCACTGATGCTGTTGCTAGGGATCCTTGTCCTGGCTTCAGTTTCTGCAACGCAT

M R G R V S P L M L L L G I L V L A S V S A T H

RY-2

RY-

(a)

Promoter region 

-1926

(b) 

1

Fig. 2. Schematic diagram of theAra h 1 gene and sequence of the Ara h 1 promoter. (a) TheAra h 1 gene is composed of four exons and three
introns. The promoter sequence between nucleotides−1926 and+13 is shown schematically. (b) Nucleotide sequence of the Ara h 1 promoter region.
The initiation start site (ATG) for the Ara h 1 is bolded and shown as+1. The putative TATA-boxes, A-box, CAAT-box, GC-box, G-boxes and RY
elements are bolded and underlined. Putative binding sites for transcription factors are boxed according to their position. Partial nucleotide of the first
exon with its corresponding amino acid is presented.
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may be considered generalAra h 1 promoter enhancers.
A motif (TGACGT) was found at position−731. A simi-
lar motif was determined in the alpha amylase gene from
Vigna mungo(Yamauchi, 2001) and has been associated
with the large family of transcription factors, such as the
leucine zipper (bZIP) proteins (Tabata et al., 1989). Fur-
thermore, two other sequences matching the RY elements
or legumin boxes found in conglycinin gene (Prieto-Dapena
et al., 1999), a box involved in seed-specific gene regula-
tion (Bustos et al., 1991), were located at positions−235
(RY-1, CATGCAC) and−278 (RY-2, CATGCAT), respec-
tively. RY elements have been related in the expression of
seed’s-specific genes and storage proteins (Bäumlein et al.,
1992; Chamberland et al., 1992).

To date no peanut allergen promoter has been iden-
tified. Sequence analysis of this promoter revealed the
presence of 17 putative DNA sequences with similarities
to well-characterizedcis-elements. The most prominent
matches identified include those to the consensus binding
sites for Dof proteins, for Gamyb, for Athb1, for P, and for
Pbf regulatory elements (Fig. 2).

Thus, the presence of TATA, CAAT, A-, G-, GC-boxes,
AT-rich regions and the identification of several transcription
initiation sites suggest that the Ara h 1 promoter is poten-
tially a strong promoter. Further analysis will be necessary
to characterize theAra h 1gene promoter and to understand
the underlying molecular mechanisms of the transcriptional
regulation ofAra h 1gene expression.

3.3. The 3′ flanking region of the Ara h 1 gene

About 300 bp of the 3′ UTR were sequenced. A puta-
tive polyadenylation signal (AATAAA) was located 84 nu-
cleotides from the stop codon (ATG) (Fig. 1). This signal
is highly conserved in higher eukaryotes and plays a role in
positioning the poly-A tail at the end of the mRNA. Both
the position and the distance separating the poly-A signal
from the stop codon (TGA) are conserved between the ge-
nomic Ara h 1 and the cDNA clones. Additional termination
codons (TAA) were observed on the genomic clone at posi-
tions+2303 and+2306 or 30 and 33 bp downstream from
the first termination codon (Fig. 1). Studies have shown that
some plant genes have several termination codons, but it
is not clear which one is preferentially used (Grierson and
Covey,1988; Berghoefer and Kloesgen, 1996). The region
downstream of the poly (A) signal is T-rich and contains
several TTTG/CTA/G motifs. These motifs have been asso-
ciated in signaling 3′end formation in other plant poly(A)
signals (Rothnie, 1996).

3.4. Amino acid sequence analysis

It was recently revealed that most food allergens are clas-
sified as either a member of the cereal prolamin super-
family or of the cupin superfamily (Breiteneder and Ebner,
2001; Dunwell et al., 2000, 2001). The cupin family is

characterized by a common�-structure thought to have orig-
inated from a prokaryotic ancestor (Dunwell et al., 2000,
2001; Khuri et al., 2001; Mills et al., 2002). Most cupins
have a single domain however double domains have been
identified among seed storage proteins (Dunwell et al., 2000,
2001). This structural motif is present in legumin plants
such as peanut, soybean and walnut. Peanut allergen Ara h
1 belongs to the cupin superfamily (Mills et al., 2002) and
contains two domains of 143 and 123 amino acid residues.
Motif 1 has 20 amino acids residues for domain 1 and 21
residues for domain 2. Motif 2 has 16 amino acids for both
domains. The domains are separated by an intermotif region
of 19 amino acids residues for the first domain and 45 amino
acids residues for the second domain. Each of the motifs
contains a single histidine.

Plant food allergens have been classified base on their
amino acid in three major groups: the prolamin, cupin and
cysteine protease superfamilies (Mills et al., 2003). Several
seed storage proteins with known allergenecity belonging to
the cupin family have been also identified as pathogenesis-
related (PR) proteins (Hoffmann-Sommergruber, 2001). Re-
cent experiments performed in our laboratory revealed that
Ara h 1 protein has trypsin inhibitory activity of 682 TIA/mg,
and thus, we speculate that in addition to being a seed stor-
age protein, Ara h 1 may function as a PR protein and may
play a role in the plant defense mechanism against pests and
insects.
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