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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.ah 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 Il vector. After three rounds of screening, four putative positive clones were selected and their DNA digested with
Sad. 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-l&ngth 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 identicahth the A
clone P41b. Several well characterized elements for promoter strength were found in the promoter regéh &fad include two
TATA-boxes (TATATAAATA and TTATATATAT) at positions—89 and—348, respectively; a CAAT-box (CAAT) at positior133,
a GC-box (CGGGACCGGGCCGG GCCTTCGGGCCGGGCCGGGT) at positidns, two G-boxes (TAACACGTACAC and ATG-
GACGTGAAA) at positions—264 and—1808, respectively; two RY elements (CATGCAC and CATGCAT) at positie#85 and—278,
respectively; and othais-element sequences. In the BTR, 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 seed germinationHiggins, 1984. Multiple peanut aller-
gens have been identified at the amino acid and cDNA

Peanut Arachis hypogaed..) is a source of some of the levels. They are: Ax h 1 (vicilin), Ara h 2 (conglutin), Ara

most severe food allergens. It is estimated that three mil- h 3 (glycinin), Ara h 4 (glycinin), Aa h 5 (profilin), Ara h

lion Americans Sicherer et al., 1999%nd 1 in 200 of the 6 (conglutin), and Aa h 7 (conglutin) Burks et al., 1991,
UK population Emmett et al., 1999are allergic to peanut ~ 1995; De Jong et al., 1998; Kleber-Janke et al., 1999;

and tree nuts, and approximately 125 of them die each yearRabjohn et al., 1999; Stanley et al., 199&rah 1 and Ara

in the USA from accidental ingestioB(rks et al., 1999 h 2 are classified as major allergens because they are recog-
However, the only therapeutic option available is the avoid- nized by serum IgE in over 90% of peanut-hypersensitive
ance of peanut. patients. Aa h 1 is amember of the vicilin family with

Peanut allergens are seed storage proteins belongingd molecular weight of 63.5kDBlurks et al., 199} It is
to two major globulin families: arachin (legumin) and resistant to heatMaleki et al., 2009, stable to digestion,
conarachin (vicilin). They accumulate to high levels in the and highly structured at the secondary leviébgpelman
developing seedsK@ng and Gallo-Meagher, 20p2and et al.,, 1999. Two cDNA clones have been identified as
might serve as source of nitrogen and amino acid during isoforms of Am h 1 (GenBank accession nos. L34402,

L38853).
* Corresponding author. Tels:1-256-372-4173; fax:-1-256-372-5432. To date, only peanut allergen &h 2 has been sequenced
E-mail addressoviqguez@aamu.edu (O.M. Viquez). and characterized at the genomic lewdb(iez et al., 2001
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The understanding of the structure and organization of this SSPE+ 0.1% SDS, and exposed to X-ray film (Kodak,
and other allergen genes will help in optimizing our overall Biomax TM, MS, USA). Two additional screenings were
goal of silencing allergen genes for the development of an performed as described above except that the tempera-

hypoallergenic transgenic peanut. ture was raised to 5GC. At the end of the first screening,
In our current study, we describe the isolation and cloning 24 putative positive clones hybridized to probe Arahl(1)
of a gene encoding the major peanut allerdega h 1. We and 16 with probe Arahl(2). However, only six clones

have determined the structure of the gene and identifiedwere simultaneously positive for both probes and only
several transcription factor motifs which may play a role in those were selected for a second screening. At the end

regulating the expression of thhga h 1 gene. of the second screening, 16 clones hybridized to both
probes and 8 of those were confirmed positives by a third
screening.

2. Materials and methods DNA was extracted using the Lambda Kit protocol (Qia-
gen Inc., Valencia, CA, USA) according to manufacturer’'s

2.1. Construction of synthetic oligonucleotides instructions. Purified DNA was digested wiSad at 37°C

overnight Sambrook et al., 19§%nd electrophoresed on
Two synthetic oligonucleotides were constructed baseda 0.65% agarose gel. One insert fragment of 12-13kb
on the published cDNA sequences of peanut allergen Ara hwas released, and a Southern hybridization was performed
1 clones P41b and P17 (GenBank accession nos. L34402with each of the {2P]-labeled probes using high-stringency
L38853). The first oligo, Arahl(l): (BCCGCCAAC- conditions at 65C in HyperHyb buffer (ResGen Inc.,
CCGGAGACTACGATGATGACCGCCGTCAACCCCGA-  Huntsville, AL, USA) as previously describedviuez
AGAGAGGAAGGAGGCCGATGGGGACCAGCTGGAC-  etal., 200}
CGAGGGAGCGTGA-3) was deduced from the &nd and The positive fragment was subcloned into pBluescript Il
corresponds to nucleotides 331-420 oéAr1 cDNA clone SK(+/-) vector (Stratagene, La Jolla, CA, USA). The liga-
P41b and 266—356 of cDNA clone P17. The second oligonu- tion reaction was performed af € for three days and trans-
cleotide, Arah1(2): (5TTCAACTCAAAGGCCATGGTTA- formed into one shot TOP10 cells (Invitrogen Co., Carlsbad,
TCGTCGTCGTCAACAAAGGAACTGGAAACTTGAAC- CA, USA). Positive colonies were selected by blue-white
TCGTGGCTGTAAGAAAAGAGCAACAACAGAGGGG- color selection and the presence of the 12—-13 kb IAd in-
ACGGCGGG-3) was deduced from the’ nd and corre-  sert fragment in the plasmid was confirmed after digestion
sponds to nucleotides 1391-1490 ofaAn 1 cDNA clone with Sad and Southern hybridization was performed using
P41b and 1320-1419 of cDNA clone P17. About 10 pmol both probes as described above.
of each purified oligonucleotide weré?P] end-labeled as
described by Fermentas Inc. (Hanover, MD, USA) and used 2.3. Sequencing and sequence analysis
as probes to screen a peanut genomic library.
Positive pBluescript clones were purified as previously
2.2. Isolation of peanut Arh 1 genomic clones describedViquez et al., 200). DNA were sequenced in both
sense and antisense orientations using standard sequencing
A peanut genomic library constructed in a Lambda FIX primers, T3 and T7, as well as primers specific to the Ara
Il vector was screened with boti2P]-labeled probes us-  h 1 sequence. The sequencing was performed with the ABI
ing plaque hybridization protocoS@gmbrook et al., 1989 PRISM (Dye Terminator Cycle Sequencing Ready Reaction
In brief, DNA from phage plaques were transferred to du- kit using AmpliTag DNA Polymerase, FS) at ResGen Inc.
plicate sets of nylon membranes (Perkin-Elmer Life and (Huntsville, AL, USA).
Analytical Sciences Inc., Albany Street Boston, MA, USA) Nucleotide sequence analysis and homology searches
by a plaque lifting method. The phage DNAs on the mem- were performed using the BLAST and BLAST 2 sequence
brane were denatured, neutralized, and cross-linked. Onetools (Atschul et al., 1997; Tatusova and Madden, 1999
set of membranes was used for each probe. Low-stringencyDetermination of the protein leader sequence was per-
prehybridization (42C for 3h) was conducted in a so- formed as previously described Wgrierson and ©Gvey
lution of 20x SSPE (30% + 10% SDS (5%) + 100x (1988) and Nielsen et al. (1997)Amino acid sequences
Denhardt’s solution(5%) + 5% sodium pyrophosphate were performed using DNASTAR and MEGA version 2.1
(NayP204-10H,0) (1%) + 10 mg/ml salmon sperm DNA  programs (DNASTAR, Madison, WI, USA). The Reverse
(1%). During hybridization, individual labeled probes Position Specific Blast (RPS-BLAST) progranit§échul
were added to a solution of 20 SSPE (30%) + 10% et al., 1997 was used to determine the presence of the con-
SDS (5%) + 100x Denhardt’'s solution (1%) + 5% served cupin domain within Ara h 1. The &h 1 promoter
sodium pyrophosphate (N&04-10H,0) (1%). After region was analyzed for putativeds-elements by matrice
overnight incubation, the membranes were washed atanalysis using the Transfac database and the Matinspector
42°C for 15min in 6< SSPE+ 0.1% SDS, followed by Program (Biological Database, Braunschweig, Germany)
15min in 2x SSPE+ 0.1% SDS and 15min in 02 (Quandt et al., 1995
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3. Results and discussion (TATAT/AA 1—3CIT) (Grierson and Gvey, 1988 (Fig. 2).
Most TATA boxes in plants are generally positioned around
3.1. Structure of the peanut allergenadh 1 gene 16-54 bp upstream of the ‘cap site’. However, it is not un-

usual to observe plant genes such as the peanut lectin gene
We report here, for the first time, the isolation, se- (Law, 200Q with a TATA-box at position—95, and the soy-
guencing, and structural organization of a genomic clone bean actin gene with a TATA box at99 bp Grierson and
encoding the major peanut allergen, Ara h 1. Eight putative Covey,1988) TATA-boxes are important for the positioning
genomic clones were isolated, one was sequenced and reef RNA polymerase Il and to initiate transcription of protein
vealed a full-length genomic clone (GenBank accession no. producing genes.

AF432231) of 4477 bp long. A putative CAAT-box was located at positior137
Based on the DNA sequence information, the Ara h 1 from the start codon or 34bp from the first TATA-box
has an open reading frame of four exons of 721, 176, 81 (Fig. 2. Its sequence is in agreement with plant consensus

and 903 bp, and three introns of 71, 249 and 74 bp. Exon (CCAAT/AGGA) (Grierson and Gvey, 1988. A GC-box
1 contains the coding information for the first 240 amino was identified at position-475 and characterized by a
acids of the protein, including the putative signal peptide of G + C-rich (88%) region of 34 nucleotides. This is of par-
27 amino acid residue$ig. 1). Exon 2 codes for 59, exon ticular interest because of the similarity between this region
3 for 27 and exon 4 for 300 amino acid residues. When with the monocot-specific promoter (MSP) element. Thus,
the exon sequences are read continuously, they code for ahe MSP motif is not a specificity of monocots, but it is also
polypeptide of 626 amino acid residues. found in dicot genes. Several copies of this motif, consensus
The coding region of Aa h 1 iscomprised of 1878bp 5-RGGGCR-3, have been associated with the transcrip-
and revealed 100% and 97.8% nucleotide sequence homolotion of the riceU3 gene Qu et al., 199%and small nuclear
gies with A h 1 cDNA clones P41b and P17, respectively. RNA genes Connelly et al., 1994 Inspection of this motif
Therefore, it is speculated that the genomi@Ax 1 clone (5-CGGGACCGGGCCGGGCCTTCGGGCCGGGCCGG-
isolated in this study is the one transcribed to produce the GT-3) reveals six repeated sequences of the MSP consensus
MRNA for cDNA clone P41b. sequence. We believe that the GC-box found in the Arah 1
The three introns identified in th&ra h 1 gene are of promoter is likely to be a binding site of a regulatory ele-
the class Il like most plant introns and are rich in AT-rich ment and with similar function to those found in monocot
regions (rierson and ©vey, 1988. They are 73.2, 73.5 plant genes. Two G-boxes (TAACACGTACAC and ATG-
and 79.7% A+ T rich for the first, second and third intron, GACGTGAAA) are located at positions264 and—1819,
respectivelyTable J). All the splice junctions between exons respectively. The G- and GC-boxes are the most widely
and introns of the Aa h 1 respect the AG-GT consensus cis-acting elements in eukaryotic genes used for transcrip-
sequence ruleLorkoviee et al., 2000; Grierson antb@y, tion (De Vetten and Ferl, 1994Two GATA binding motifs,
1988. The consensus sequences at ttenf 3 intron border both with consensus GATGATAT were identified at posi-
of legume genes ar&T(AG)AG(CT) and T(TCG)@AG, tions —439 and—1329, respectively. GATA binding motifs,
respectively Hager et al., 1996 Sequences at thé Border consensus T/AGATAA/G, have been associated with the
of the three Aa h 1 introns match the consensus sequence,tissue-specific expression of several genaspéal et al.,
while only intron 1 and 2 are conserved at tHd8rder and 2003. An A-box-like sequence, consensus TACGCTT, was

match the consensus sequentab(e J. identified at position—1013. DNA sequence motifs con-
taining an ACGT core specially in A-, C- and G-boxes have
3.2. Promoter region of the Arh 1 gene been identified as binding sites for plant basic leucine zip-

per (bZIP) proteins, which are known to play an important
The B-flanking promoter region of théra h 1 gene role in the efficiency of gene transcriptiotzgwa et al.,
is 1926 bp long and contains several conserved sequenced993; Foster et al., 1994Moreover, AT-rich sequences
motifs important for gene expression. Two putative TATA were identified within the promoter region at positions
boxes (TATATAAATA and TATATATATAT) were identified (—758 to —747; —824 to —813 and—1122 to —1113).
at positions—98 and—357, respectively. The first box is  AT-rich regions have been reported to enhance gene ex-
100% identical to the consensus sequence for plant genegression $tromvik et al., 1999 therefore these regions

Table 1

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

Intron Intron/exon boundaries Size (bp) AT (%) 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.
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-81 cctccctccatcatttcaccatccacactcataataatcatatatattcatcaatcatctatataagtagtagcaggagca
1 ATGAGAGGGAGGGTTTCTCCACTGATGCTGT TGCTAGGGATCCT TGTCCT GGCTTCAGT TTCTGCAACGCAT GOCAAGTCA
M R GRV SP LML L L GI L VLASVSATHAIKS
81 TCACCTTACCAGAAGAAAACAGAGAACCCCT GOGCCCAGAGGT GOCT CCAGAGT TGT CAACAGGAACCGGATGACT TGAAG
S PYQKZKTENPC CAQRTCLIOSTCOQOQETPDTDITL K
163 CAAAAGGCATGCGAGTCTCGCTGCACCAAGCT CGAGTATGAT CCTCGT TGTGT CTATGATCCT CGAGGACACACT GGCACC
QKACES SR CTI KLTETYDPRCVYDPRGHTGT
244  ACCAACCAACGTTCCCCTCCAGGGGAGCGGACACGT GGCOGCCAACCCGGAGACT ACGAT GATGACCGCCGT CAACCCCGA
TNQRSPPGERTRGROQPGDYTDDUDTZ RTR RGO QPR
325 AGAGAGGAAGGAGGCCGAT GEGGACCAGCT GGACCGAGGGAGOGT GAAAGAGAAGAAGACT GGAGACAACCAAGAGAAGAT
REEGGRMWGPAGPRTERTET RETEDMWRTG QPR RTETD
406 TGGAGGOGACCAAGT CATCAGCAGCCACGGAAAAT AAGGCCCGAAGGAAGAGAAGGAGAACAAGAGT GBGGAACACCAGGT
WRRPSHOQQOQPRIEKI RPEGRTETGTEG QEMWGTTPG
487 AGCCATGTGAGGGAAGAAACATCTCGGAACAACCCTTTCTACT TCCCGT CAAGGCGGT TTAGCACCCGCT ACGGGAACCAA
S HVRETETSRNNPTFYTFPSRRFSTR RYG GNDO O
568 AACGGTAGGATCCGGGTCCT GCAGAGGT TTGACCAAAGGT CAAGGCAGT TTCAGAAT CTCCAGAAT CACCGTATTGTGCAG

NGRI RVLQRFDO QRS SROQFOQNTLTI ONHT RI VQ
649 ATCGAGGCCAAACCTAACACTCTTGTTCTTCCCAAGCACGCTGATGCTGATAACATCCTTGTTATCCAGCAAGE at caaat
| EAKPNTLVLUPIKHADADNITLVI QO

730 ctaattctattctaaactacatatattttgttgcttgatacatatgattcattggatt gcagGEECAAGCCACCGTGACC
G QA TV T
811 GTAGCAAATGGCAATAACAGAAAGAGCTTTAATCTTGACGAGGGCCATGCCACTCAGAATCCCATCCGGTTTCATTTCCTAC
V ANGNNRIKSFNLWDEGHALRI P S GF I SY
892 ATCTTGAACCGCCATGACAACCAGAACCT CAGAGTAGCTAAAATCTCCATGCCCGT TAACACACCCGGCCAGT TTGAGGE a
I L NR HDNONLIRVAKI S MPVNTWPGO QFE
973 cctctttcttttcacatat at attcaagaggaat gttaggaggccagcaacttttgtaatttgtagttatcaaat agtcat
1054 tagtgatgatattaatgttattaataatgattttaatggtgtaaaattttatctaatggttcattttttttttttgataca
1135 tgttggtcagaatttaacaaattactggtcctagatttttcttatattcaattctcaattatcatcttacatgttgcttca
1216 cagGATTTCTTCCCGGCGAGCAGCCGAGACCAAT CATCCTACT TGCAGGGCT TCAGCAGGAATACGT TGGAGGCCGCCTTC
DFFPASSARDI QS SYLlLQGFSRNTILEAATF
1297 AATgt aagcaaat gt at cat aatt aggaat t aaaat aacgt at cat gt t at aat aaactt at aat at at at acat agGCG
N A
1378 GAATTCAATGAGATACGGAGGEGT GCTGT TAGAAGAGAAT GCAGGAGGT GAGCAAGAGGAGAGAGGEGCAGAGCECGATGGAGT
E FNEI RRVLLEIENAGGEI QETERGOQQRRWS
1459 ACTCGGAGTAGT GAGAACAAT GAAGGAGT GATAGT CAAAGT GT CAAAGGAGCACGT TGAAGAACT TACTAAGCACGCTAAA
T RSSENNEGVI VKV S KEMHVEZELTKHAHK
1540 TCCGTCTCAAAGAAAGGCT CCGAAGAAGAGGGAGATAT CACCAACCCAAT CAACT TGAGAGAAGGCGAGCCCGATCTTTCT
S VS KK GSEZEEGDI TNWPI NL REGEWPUDTL S
1621 AACAACTTTGGGAAGTTATTTGAGGT GAAGCCAGACAAGAAGAACCCCCAGCT TCAGGACCT GGACATGATCGCTCACCTGT
N NF GKLFEVIKWPDI KU KNPQQLQDLIDMMLTC
1702 GTAGAGATCAAAGAAGGAGCTTTGATGCTCCCACACT TCAACT CAAAGGCCATGGT TATCGT CGT CGTCAACAAAGGAACT
vV El K EGALMLPHFNSIKAMVI VVVNIKGT
1783 GGAAACCTTGAACT CGT GGCT GTAAGAAAAGAGCAACAACAGAGGGGACCECGGEGAAGAAGAGGAGGACGAAGACGAAGAA
G NLELVAVRKEUOQQQR GRRETETETEDE D E E
1864 GAGGAGCGAAGTAACAGAGAGGT GCGTAGGTACACAGCGAGGT TGAAGGAAGGCGATGT GT TCATCATGCCAGCAGCTCAT
E E GSNREVIRRYTARLI KEGDVFI MPAAH
1945 CCAGTAGCCATCAACGCTTCCTCCGAACTCCATCTCGCTTGGCT TCGGTATCAACGCT GAAAACAACCACAGAATCTTCCTT
PV AI NASSEULHLIULGFGI NAENNUHRI F L
2026 GCAGGTGATAAGGACAATGTGATAGACCAGATAGAGAAGCAAGCGAAGCGAT TTAGCATTCCCTGGGTCCCGTGAACAAGT T
A G D KDNVI DQI EKQAKUDLAFUPGSGE QV
2107 GAGAAGCTCATCAAAAACCAGAAGGAATCTCACTTTGTGAGT GCTCGTCCTCAATCTCAATCTCAATCTCCGTCGTCTCCT
E KLI KNOQKESHVSARPOQSQSQSUZPS S PF
2188 GAGAAAGAGTCTCCTGAGAAAGAGGAT CAAGAGGAGGAAAACCAAGGAGGGAAGCGTCCACTCCTTTCAATTTTGAAGECT
E K E S P EKEWDI QEEIENO QGG GIKGWPLILSI L KA
2269 TTTAACTGAGAATGGAGGCAACTTGTTATGTATCGATAATAAGATCACGCTTTTGTACTCTACTATCCAAAAACTTATCAA
F N *
2350 TAAATAAAAACGTTTGTGCGTTGTTTCTCCAAGAAAGGT GTGECGCTTATGGTTTTTTATTTATACGAAACTAATTAAATA
2431 CATCATAACGGCAAAGACCTCTTATTATGTAATTTTCTTTTAAAAAATATAGACT GCCAAAATATATATGAATATTTACAT
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 lette
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 DN/
sequence.
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EXON 1 EXON 2 EXON 3 EXON 4

@ F s -

Promoter region ¢
-1926

(b)
GAMYB
-1926 tgatgatagtctgcagtagagaaattggttcfaacagagaattaggttttccatttttacacagagtagcatttttgaac
G-Box
-1846 ggcagctgctcattttttcatcgttggat ggacgt gaaatttggacagtagactcttcatatcttgttcttcatagttgce

-1766 tgccacattgtgttgtgagtgcttccatactactgttgtattggatatttgtgttatttttgctgatagactctttcaat

DOF DOF
-1686 aat gt ct aggagaat agt agat agi Caaaagct tjaat t at gaaact t ag@acgaaaagat gaat gt t ggt
ATHB1 ATHB1

-1606 taaaacfgttgattattccaatcttttcccaatagaataaattatgfcccaattatiitaf caatatgttaattaggaat

-1526 gaacattttggagattgtatcataagttttaattaagaatgtgattactttgtttccatagttggattatcttttgtaga

-1446 ataacgagggtataatctctaatatacatttgtcggeccttaggttgtgttattaatgcettctcatacggtaccacaactc

GATA DOF
-1336 tgtagttagagcttgcgattatattgtacagaat agajgat gat atlcaagaagaaagaaggagcaaat t aaacgt at gt ga

-1286 tgtttaaaggat at gaaattttggtcaat gaagacat gtatgatttcgcttgtgatacgcagat acgct aaaaggcaagc

-1206 caat accgt aaggt aggggt gcat at gt gccgggt gaagt cgggt t t gat gt gacccagacccgat ccgaaat at acacc
Enhancer

-1126 ggdtttatttattal gacccgaagacccgatgaaaccaatacactttcgggccacaattat accgggt aaa

-1046 aaccgggt gaaaaccgggccat taacattacatt écgt t gataccttcttgtaagct agcat gt aaaaat at ccaaattt
P

DOF
-966 t caagacmt atttaacat ggt aaaat t cact t agaaaaat at aacaaagaccaacccty cttt aapattaaal
Enhancer
- 886 aaccacaat ccat act aaagcaaaaccacaat caat act aat at t gt ct aat aat accpaat at t t aaat faat ac
DOF/ PBF Enhancer bZIP
-806 aaataacacaatattatgcattfagictaaagtcltatgcattctaaacafaaaat attagcttatagtcttataatgacd
DOF

-726 [tlat aaaacaaalat att aaagtt} acaat act t aaat t ccacat aagaat agt cat gat ccat cact aat aacacaaaat
-646 attaatgccaccaggccgacttcgggt gacccgagct at ggcccggacccgacccgaaat aat gaccgggtctatttttg

C-Box
-566 agacccttacccgaccct aaacccgat gaaat cat accaaattagcccct aaaat gtt cgggaccgggccgggcecttcgg

GATA DOF
-486 gccgggecgggt ct gt gcacccct accgt aaggat agct gaat gggt[gat gat ait t fat caaaagacaaaaggaat cca
TATA-Box
-406 tcctgtatgtgcagtggaaccttttgcccagacaat ggagt gat gaacat t at at at at cgccgcegt ccat caccat aca

DOF RY G-B
-326 t[atccaaagcaajpaaatttaacaaat act gaaccccaattgccat gcat att aacacgt acactct ctat gt caat gt gt

-1
-246 ccaccatgcaccacaatccatccatctcttgtttatctctaagccaagacctagtgttgttgecacctcacatttctcaa

CAAT-Box TATA- Box
-166 tttcaacactcgtcaacctgcatgccactccaatgcccaagt gtacatccat atcatcctaacgcaact at at aaat acc

-86 actcacctccctccatcatttcaccatccacact cat aat aat cat at at attcat caat cat ct at at aagt agt agca

-6 ggagCa?TGAGAGGGAGGGTTTCTCCACTGATGCTGFTGCTAGGGATCCTTGFCCFGGCTTCAGFTTCFGCAACGCAT
+
MRGRVYVYSPL ML LL GI L VL ASV S ATH

Fig. 2. Schematic diagram of th&ra h 1 gene and sequence of theaAh 1 promoter. (a) Théra h 1 gene is composed of four exons and three
introns. The promoter sequence between nucleotielE826 and+13 is shown schematically. (b) Nucleotide sequence of tre lAd promoter region.
The initiation start site (ATG) for the A h 1 isbolded and shown ag1. 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 nudheofidst of t
exon with its corresponding amino acid is presented.
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may be considered gener@fa h 1 promoter enhancers. characterized by a comm@nstructure thought to have orig-
A motif (TGACGT) was found at position-731. A simi- inated from a prokaryotic ancestddnwell et al., 2000,
lar motif was determined in the alpha amylase gene from 2001; Khuri et al., 2001Mills et al., 2003. Most cupins
Vigna mungo(Yamauchi, 2001 and has been associated have a single domain however double domains have been
with the large family of transcription factors, such as the identified among seed storage proteidsiwell et al., 2000,
leucine zipper (bZIP) proteinsTébata et al., 1989 Fur- 2001). This structural motif is present in legumin plants
thermore, two other sequences matching the RY elementssuch as peanut, soybean and walnut. Peanut allergen Ara h
or legumin boxes found in conglycinin gerferieto-Dapena 1 belongs to the cupin superfamilii{lls et al., 2003 and
et al., 1999, a box involved in seed-specific gene regula- contains two domains of 143 and 123 amino acid residues.
tion (Bustos et al., 1991 were located at positions235 Motif 1 has 20 amino acids residues for domain 1 and 21
(RY-1, CATGCAC) and—278 (RY-2, CATGCAT), respec-  residues for domain 2. Motif 2 has 16 amino acids for both
tively. RY elements have been related in the expression of domains. The domains are separated by an intermotif region
seed’s-specific genes and storage protdd@itlein et al., of 19 amino acids residues for the first domain and 45 amino
1992; Chamberland et al., 1992 acids residues for the second domain. Each of the motifs
To date no peanut allergen promoter has been iden-contains a single histidine.
tified. Sequence analysis of this promoter revealed the Plant food allergens have been classified base on their
presence of 17 putative DNA sequences with similarities amino acid in three major groups: the prolamin, cupin and
to well-characterizedcis-elements. The most prominent cysteine protease superfamili@dills et al., 2003. Several
matches identified include those to the consensus bindingseed storage proteins with known allergenecity belonging to
sites for Dof proteins, for Gamyb, for Athb1, for P, and for the cupin family have been also identified as pathogenesis-
Pbf regulatory elements-{g. 2). related (PR) proteindHoffmann-Sommergruber, 20pRe-
Thus, the presence of TATA, CAAT, A-, G-, GC-boxes, cent experiments performed in our laboratory revealed that
AT-rich regions and the identification of several transcription Ara h 1 protein has trypsin inhibitory activity of 682 TIA/mg,
initiation sites suggest that the &h 1 promoter is poten-  and thus, we speculate that in addition to being a seed stor-
tially a strong promoter. Further analysis will be necessary age protein, Aa h 1 may function as a PR protein and may
to characterize thAra h 1gene promoter and to understand play a role in the plant defense mechanism against pests and
the underlying molecular mechanisms of the transcriptional insects.
regulation ofAra h 1 gene expression.
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