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Abstract

Seed storage proteins commonly comprise various groups of multiple isoforms encoded by different gene families. Arachin (11S globulin),
conarachin (7S globulin) and conglutin (albumin) are the three major storage proteins in peanut (Arachis hypogaea L.). In order to isolate
peanut seed storage protein genes, we sequenced and analyzed more than 400 randomly selected clones from a cDNA library derived from
mid-maturation stage cotyledons of peanut. Our analysis indicated that arachin isoform precursors were encoded by at least five genes,
whereas conglutins were encoded by more than six genes. The full-length cDNAs that encode isoforms of five arachin and six conglutin
precursors were obtained. Among these cDNA clones, the deduced polypeptide of Ara 1 has about 99% similarity to that of peanut allergen
Arah 3. In addition, the deduced amino acid sequences of three conglutins, AhCONG 1, AhCONG 2 and AhCONG 5, are identical to those of
peanut allergens Ara h 2.02, Ara h 2 and Ara h 6, respectively. Our study identified four new members (Ara 2 to Ara 5) of arachin family and
two new members (AhCONG 3 and AhCONG 6) of conglutin family in peanut.
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1. Introduction

Developing seeds accumulate massive storage proteins
that are used as a source of amino acids during seed
germination and seedling growth. Based on their solubility
in various extraction solvents [1], seed storage proteins can
be classified into four groups: soluble in water (albumins),
dilute saline (globulins), alcohol/water mixtures (prola-
mins), and dilute acid or alkali (glutelins). Storage proteins
of legume are mainly composed of 11S globulins (legumin),
7S globulins (vicilin) and albumin [2,3]. Albumins are
divided into two major classes, napin and conglutin. Napin
2S albumins are a class of small (1.7-2.2S) sulphur-rich
proteins. In most species, napin 2S albumins are synthesized
as a single polypeptide that undergoes a number of
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processing steps to produced two subunits linked by
disulphide bonds [4]. Napin 2S albumin exists widely in
the seeds of dicotyledonous plants. Conglutins show high
sequence homology to proteins of napin 2S albumin family.
In contrast to napin 2S albumins, conglutins exist as a single
continuous polypeptide chain in peanut seeds [5].

In peanut about 87% of the seed protein is globulin
consisting of two major fractions, arachin (glycinin) and
conarachin (vicilin) [6,7]. Peanuts have eminent nutritional
properties, but can cause severe, type I hypersensitivity
reactions. Several different peanut allergens and their genes
have been isolated. The peanut allergens Ara h 1 (including
Arah 1p4lband Arah 1 pl7), Arah 2 (including Ara h 2.02
and Ara h 2.0), and Ara h 3/Ara h 4 could be assigned to the
vicilin, conglutin, and glycinin families of seed storage
proteins, respectively [8—10]. Ara h 1 and Ara h 2, both of
which are major allergens, are recognized by serum IgE
from over 90% of a peanut allergic patient population. In
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contrast, Ara 3/Ara h 4, Ara h 6, and Ara h 7, which are
minor allergens, are recognized by about 40-50% of the
patient population. Ara h 2, and the minor allergens Ara h 6
and Ara h 7 show high sequence homology to proteins of the
conglutin family from various dicotyledonous plants [9,10].
The genomic structure and organization of peanut allergens
Ara h 1 p41b [11], Ara h 1 p17 (B subunit of conarachin)
[12], Ara h 2.0 [13] and Ara h 3 [14] have been reported.
Besides the peanut allergens, one cDNA fragment encoding
an arachin isoform (accession no. AF125192) and one
encoding a conglutin isoform [15] were also isolated.
However, no information is available on the other members
of peanut arachin and conglutin gene families.

The partial sequencing of anonymous cDNA clones
(expressed sequence tags, ESTs) has become the method of
choice for the rapid and cost-effective generation of data on
the coding capacity of genomes. More and more genes have
been isolated using ESTs. In plants, this method was initially
used for the model species Arabidopsis thaliana [16] and
Oryza sativa [17], and has subsequently been used in many
other plant species [18-21]. Peanut EST project has been
initiated recently in USA [22]. In this study, we report the
identification and analysis of new members of arachin and
conglutin gene families, four complete cDNAs encoding
arachin and two complete cDNAs encoding conglutin
precursors though EST analysis.

2. Materials and methods
2.1. RNA isolation and cDNA library construction

Total RNA was isolated from mid-maturation stage
cotyledons of peanut (Arachis hypogaea L. Shanyou 523)
using TRIZOL Reagent (GIBCOBRL, USA) according to
the manufacturer’s instruction. The synthesis of cDNA and
an adaptor ligation were performed using the SmartTM
cDNA Library Construction Kit (CLONTECH). The
resulting cDNA was directly subcloned into the ATriplEx2
vector and packaged using MaxPlaxTM lambda packaging
extracts (Epicentre Technologies) according to manufac-
ture’s guidelines. The resulting primary library contained
5 x 10° pfu.

2.2. DNA template preparation and sequencing

The conversion of a TriplEx2 phagemid to a pTriplEx2
plasmid involved in vivo excision and circularization of a
complete plasmid from the recombinant phage. A total of
2 pl phage (5 pfu/ml x 106 pfu/ml) was combined over-
night with 200 wl of BM25.8 host cell culture and the
mixture was incubated at 31 °C for 30 min without shaking.
LB broth (400 wl) was added to the mixture, which was
incubated at 31 °C for an additional 1h with shaking
(225 rpm). Finally, the infected cell suspension was
spread on a LB/ampicillin plate to obtain isolated colonies.

Well-isolated colonies were randomly picked from each
clone and plasmid DNA samples were prepared separately
using the E.Z.N.A. Plasmid Minipreps DNA Purification
System (Omega Bio-tek, USA). The plasmid DNA was
stored at —20 °C. Purified plasmid DNA was sequenced to
obtain the 5’-end sequence of the insert with a modified
SMART primer (5'-CTCGGGAAGCGCGCCATTGTGTT-
GGT-3) and Applied Biosystems BigDye Sequencing Mix.
The sequencing reactions were separated on an Applied
Biosystems 3700 DNA analyzer.

2.3. Analysis of ESTs

Sequencing with the modified SMART primer produced
sequence directly from the 5'-end of the insert, hence no 5'-
vector sequence trimming was required. Each sequence
obtained was edited using Vecscreen (http://www.ncbi.nlm.
nih.gov) to remove flanking vector sequence and assessed
manually to determine sequence quality. Comparison of the
DNA sequence tonon-redundant protein sequence databases at
the National Centre for Biotechnology (NCBI) was performed.

2.4. Cloning of complete cDNA

Complete cDNAs of storage proteins were cloned by
contig or RACE. The 5-RACE and 3'-RACE synthetic
oligonucleotide primers were constructed based on the EST
sequences of storage proteins determined from the analysis
of ESTs. The synthetic oligonucleotides were usual 26-30
bases in order to make sure their specificity. cDNA synthesis
was performed using a SMART c¢DNA library construction
kit (Clontech) which included an Oligo sequence (5'-
AAGCAGTGGTAT-CAACGCAGAGTGGCCATTATGGC-
CGGG-3') and a 5-PCR primer (5-AAGCA-GTGGTAT-
CAACGCAGAGT-3’). The PCR products were directly
subcloned into the pGEM T-Easy vector (Promega).

3. Results and discussion
3.1. Analysis of peanut storage protein ESTs

As an approach to isolate genes encoding seed proteins,
over 450 random cDNA clones were sequenced and
analyzed from the cDNA library which was constructed
from mid-maturation stage cotyledons of peanut. Useable
sequences were obtained for 414 of the clones, and seventy
ESTs of arachins, conarachins and conglutins were isolated
(Table 1). The abundant expressed genes were also shown in
2D PAGE (data are not shown), including Ara I, Ara 2
(encoding the isoform precursors of arachin), Ahy o, Ahy
(encoding the @ and S subunits of conarachin), and AhCONG
1, AhCONG 2, AhCONG 3 and AhCONG 4 (encoding the
isoforms of conglutin). The other arachin and conglutin
genes had lower abundant expression than those mentioned
above (Table 1).
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Table 1

ESTs of arachins, conarachins and conglutins derived from developing peanut cotyledons

Protein Gene name Accession no. Clone numbers Rate (%) Peanut allergen
Arachin
Ara 1 AY 722685 8 1.93 Arah3
Ara 2 AY722686 6 1.45
Ara 3 AY 848698 2 0.48
Ara 4 AY722687 1 0.24
Ara 5 AY 722688 1 0.24
Conarachin
Ahy a AY581850 3 0.72 Ara h 1 p4lb
Ahy B AY581849 4 0.96 Arah 1 pl7
Conglutin
AhCONG 1 AY581853 9 2.17 Ara h 2.02
AhCONG 2 AY722689 18 4.34 Arah 2
AhCONG 3 AY722690 9 2.17
AhRCONG 4 AY 848699 7 1.68
AhCONG 5 AY849314 1 0.24 Arah 6
AhCONG 6 AY722691 1 0.24
Total ESTs 414 16.9

Seven ESTs of conarachin were cloned which could be
divided into two types, Ahy o and Ahy . Immunoscreening
of the cDNA expression library with conarachin antibody
also obtained these two type cDNAs encoding conarachin
isoforms in our lab [23]. The genomic structure and
organization of these two genes have been reported
previously [11,12].

3.2. Cloning and sequencing of arachin cDNAs

Three full-length arachin cDNA sequences named Ara 1,
Ara 2, and Ara 3 were obtained by contig. Other two full-
length cDNA sequences named Ara 4 and Ara 5 were
obtained by RACE. The Ara I translated peptide has about
99% similarity to that of peanut allergen Ara h 3 (accession
no. AF093541) and about 88% similarity to that of Ara h 4
(accession no. AF086821). Each legumin-like globulin
precursor was predicted to be processed at a consensus site
by an asparaginyl endopeptidase [24] and split into an acidic
large subunit (A subunit) and a basic small one (B subunit)
linked by disulfide bonds. The deduced amino acid
sequences of arachin isoforms and their signal peptide
sequences, cleavage sites are shown in Fig. 1. The putative
signal amino acid residues, molecular masses and isoelectric
points of the large and small subunits from the precursors of
five deduced amino acid sequences of arachin isoforms are
showed in Table 2. Ara 1, Ara 2, Ara 3 and Ara 4 are
synthesized with signal peptide of 18 residues. The deduced
molecular masses of the large subunits in these proteins are
about 32-39 kDa, whereas all of the small subunits are about
20.5 kDa. In contrast to the other arachin isoforms, Ara 5 is
synthesized with a signal peptide of 20 residues and consists
of eight conserved tetrapeptides (DDRR) in its large subunit
(Fig. 1). In the mature protein, the deduced molecular
masses of the two subunits of Ara 5 are 50.3 and 23.5 kDa,

respectively (Table 2). There is no methionine in A subunit
and B subunit of Ara 3. In comparison, there is only one
methionine residue in the A subunits of the Ara 1 and Ara 2,
but there is no methionine in B subunits of the arachin
isoforms. In contrast to Ara 1 and Ara 2, there are six and
five methionine residues in B subunits of the Ara 4 and Ara
5, respectively, but there is no methionine residue in A
subunits of the arachin isoforms.

The phylogeny tree based on the amino acid sequences of
118 globulins from different species indicates that the Ara 1,
Ara 2, Ara 3, Ara 4, Ara h 4, and Ara 6 (accession no.
AF125192) isoforms share closer genetic relation with that
of Group-I glycinin gene, whereas the Ara 5 is evolutionary
closer to that of Group-II glycinin gene in soybean seeds
[25] (Fig. 3A). As predicted from the deduced amino acid
sequences, the peanut arachin isoforms could be divided into
three subfamilies, the first subfamily includes the Ara 1, Ara
2, Ara 3, Ara 6, and Ara h 4 isoforms, the second and the
third subfamilies contain the Ara 4 and Ara 5 isoforms,
respectively. Percentages of sequence identity between

Table 2
Comparison of the deduced amino acid sequence of five arachin isoforms

Arachin isoforms

Aral Ara2 Ara3 Ara4 Aras

Total residues (aa) 536 537 531 484 662
Cleavage site SGNG RGNG RGNG FNNG GRNG
Signal peptide residues (aa) 18 18 18 18 20
MLS residues (aa)” 332 333 327 289 428
MLS mass (kDa) 39.0 39.2 38.1 32.1 50.3
MLS pl 5.3 52 5.0 52 5.0
MSS residues (aa)” 186 186 186 177 214
MSS mass (kDa) 20.6 20.4 20.7 20.6 235
MSS pl 6.1 6.5 7.1 5.7 8.0

4 Mature large subunits.
® Mature small subunits.
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Fig. 1. Sequence alignment of precursors of a soybean glycinin (accession no. P04347), peanut allergen Ara h 4 (accession no. AF082861) and arachin
isoforms. The amino acid number for the last residue in each line is listed on the right for each arachin. Broken lines in the sequences represent gaps introduced
for best alignment. The cleavage site of the putative N-terminal signal sequence and the consensus asparaginyl cleavage site that splits these aligned
polypeptides into A (acidic) and B (basic) subunits are indicated by scissor symbols individually. Four conserved cysteine residues, DDRR repeats and four IgE-
binding epitopes (E1-E4) are shaded. The epitope amino acids that led to decrease in IgE binding when altered [26] are shown as the bold and underlined

residues.
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Signal peptide sequence %a

MGKPFFTLSLSSLCLLLLSSACFRITSSK. FNECQLNNLNALEPDHRVESEG GLIETWNSQHPELQCAGVTVSKRTLNRN 79
MAK.LLELSFC.FCFLVLGASSISFROQPEENACQFQRLNAQRPDNRIESEG GYIETWNENNQEFECAGVALSRLVLRRN 78
MGK.LLALSVC.FCFLVLGASSISFRQQPEENACQFQRLNAQRPDNRIESEG GYIETWNEPNNQEFECAGVALSRLVLRRN 78
MARK.LLALSVC.FCFLVLGASSISFROQPEENACQFQRLNAQRPDNRLESEG GY IETWNPNNQEFECAGVALSRLVLRRN 78
MAK.LLELSFC.FCFLVLGASSISFRQQPEENACQFQRLNAQRPDNRIESEG GYIETWNPNNQEFECAGVALSRLVLRRN 78
MAK.LLALSVC.FCFLVLGASSVTFROQGEENECQFQRLNAQRPDNCIESEG GYIETWNENNQEFQCAGVALSRFVLRRN 78
MVIGPFRLSLC.VCLVFLTSACFGTRLEESFNECQLDRLNALTPDNRIESQG GITETWNSNHPELRCAGVTLLERTIFEN T9
El
GSHLPSYLPYPQMIIVVQGKGAIGFAFPGCPETFEKPQQQS. . vuvvun SRRGS.RSQOQLODSHOKIRHFNEGDVLV 148
ALRRPFYSNAPQEIFIQQGRGYFGLIFPGCPSTYEEPRQOGRRYQSQRPPRR LQEEDQSQQQQ . DSHQKVHRFNEGDLIA 157
ALRRPFYSNAPQEIFIQQGRGYFGLIFPGCPSTYEEPAQQGRRHQSQRPPRR FQGQDOSQQQQ . DSHOKVHRFDEGDLIA 157
ALRRPFYSNAPQEIFIQQGRGYFGLIFPGCPSTYEEPARQQGRRHQSQRAPRR FEGEDQSQQQQQDSHOKVRRFDEGDLIA 158
ALRRPFYSNAPQEIFIQQGRGYFGLIFPGCPSTYEEPRQQGRRSQSQRPPRR LQGEDQSQQQQ . DSHOKVHRFDEGDLIA 157
ALRRPFYSNAPQEIFIYQGSGYFGLIFPGCPGTFEEPIQGS, .EQFQRPSRH FQGQDQSQRPL, DTHQKVHGFREGDLIA 155
GFHLPSYANYPQLIFIRQGNGVFGVSLPGCPVTYEEAESQSREDRRORIVIK RESE . QEQEQQGDSHHKIYHFROGHLLA 158
IPLGVPYWTYNTGDEPVVAISPLDTSNENNQLDQNPRVEY LAGNPDIEHPETMQOO. s v vvvv v vvnnnsnsss Q00K 208
VPTGVAFWLYNDHDTDVVAVSLTDTNNNDNQLDQFPRRFNLAGNHEQEFLRY QQQSRQSRRRSLPYSPYSPHSRPRREER 237
VPTGVAFWMYNDHDTDVVAVS LTDTNNNDNQLDQFPRRFNLAGNHEQEFLRY QQQSR. . .RRSLPYSPYSPQTQPKQEDR 234
VPTGVALWMYNDHDTDVVAVS LTDTNNNDNQLDQFPRRFNLAGNHEQEFLRY QQQSR, . . RRSLPYSPYSPOSQPRQEER 235
VPTGVAFWLYNDHDTDVVAVS LTDTNNNDNQLDQFPRRFNLAGNHEQEFLRY QQQSRQOSRRRSLPYSPYSPQSQPROEER 237
VPHGVAFWIYNDODTDVVAISVLHTNS LHNQLDQFPRRFNLAGKQEQEFLRY QQRSG. .o vvv i i vennns RQ... 214
IPAGVPYWSFNYGNEPIVAITLLDTSNLDNQLDPSPRRFY LAGNPEEEHPETQOQ0P. v vvvvvvvnnnnnnns QTRR 219
SHGGRKQ. . . .GQHRQQ.EEEGGSVLSGFSKHFLAQSFNTN . EDTAEKLRSPDDERK. .QIVTVEGGLS . VISPKWQE. . 2n
EFRPRGQHSRRERAGQEEEDEGGNT FSGETPEFLEQAFQVDDRQIVONLWGENESEEEGRIVIVRGGLR . ILSPDGTRG. . 315
EFSPRGQHGRRERAGQEQENEGGNI FESGETPEFLAQAFQVDDRQILONLRGENESDEQGRIVTVRGGLR . ILSEDRKRRQ 313
EFSPRGQHSRRERAGQEQENEGGNI FSGETPEFLAQAFQVDDRQILONLRGENESDEQGAIVTVRGGLR . ILSPDRKRRQ 314
EFSPRGQHSRRERAGQEEENEGGNT FSGETPEFLEQAFQVDDRQIVONLRGENESEEEGAIVTVRGGLR . ILSPDRKRG . 315
. .SPKG.....EEQEQEQENEGGNVESGESTEFLSHGFQVN . EDIVRNLRGENEREEQGRIVTVKGGLS . ILVE. .. ... 279
RHGQHQQ. . . .DEYGSQGEEEGNNVLSGESTQLLAHAFGVD . EEIARILONPPEQTKD. QIVRVEGGFRDVIS PRWGEGK 293
E2 E3
DEDEEYGRTPS 294
320
322
323
................................... 320
................................... 284
QYEDELEERQRQPPRRDEQGKGYDYDDDRRPRHRQDPYREGDEDDRRPRGSR QGQGRGYDDDDRRPGQYEEGEEDDRRPR 373
A subnit E subnit
"
YPPRRPSHG.KHEDDE, , .DEDE, . . . EEDQPRPDHPPQR 348
YEYHEQ. ...DGRR 349
YEYDEEERQHDRRR 355
. .YEYDEEERQQDRRR. . 356
.YEYDEE....DRRR.. 349
................................... 302
RSSRPKRQGRRHDDDDRRADEDDRRGYDD BERRPDEDDRRGY DDDERRPDDDDRQGYDDDDRRPRWSSRPKGQGRNGVEE 453
E4
NICTMKLHENIARPSRADFYNPKAGRISTLNSLTL.PAL.RQFGLSAQYVVL YRNGIYSPDWNLNANSVTM. TRGKGRVR 4217
TICTACVKKNIGGNRSPHIYDPQRWETQNCHDLNL. LIL. RWLGLSAEYGNL YRNALEVPHYNTNAHSIIYALRGRAHVQ 429
TICTASFKKNIGRNRS PDIYNPQAGSLKTANELNL. LIL. RWLGLSAEYGNL YRNALFVPHYNTNAHSIIYALRGRAHVQ 435
TICTASVKKNIGRNRSPDIYNPQRGSLKTANDLNL. LIL.RWLGLSAEYGNL YRNALFVPHYNTNAHSIIYALRGRAHVQ 436
TICTASVKKNIGRNRS PDIYNPQAGSLKTANDLNL. LIL. RWLGLSAEYGNL YRNALFVPHYNTNAHSIIYALRGRAHVQ 428
TICTATVKMNIGKSTSADIYNPQRGSVRTVNELDL. PIL. NRLGLSAEYGS T HRDAMFVPHYNMNANSMIYALHGGAHVQ 382
TLCSPTLVEDIARPSRADFYNPARGRISSANSLTF. PIL. RWFQLSAEHVLL YRNGIYSPHWNNNANSIIYGLRGEGRIQ 533
VVNCQGNAVFDGELRRGQLLVVPONPAVAEQGGEQGLEYVVFKTHHNAVSS . v vevv v vrvnans 483
VVDSNGNRVYDEELQEGHVLVVPQNFAVAGKSQSENFEYVAFKTDSRPS IAN FAGENSFIDN, . 489
VVDSNGDRVFDEELQEGHVLVVPQNFAVAGKSQSENFEYVAFKTDSRPSIAN LAGENSFIDN, . 495
VVDSNGNRVYDEELQEGHVLVVPONFAVAGKSQSDNFEYVAFKTDSRPSTAN LAGENSTIDN. . 496
VVDSNGNRVYDEELQEGHVLVVRQNFAVAGKSQSDNFEYVAFKTDSRPSIAN LAGENSVIDN. . 489
VVDCNGNRVFDEELQEGQSLVVPQNFAVARKSQSEHFLYVAFKTNSRASISN LAGKNS YMWN . 442
VVNSQGNAVFNGVLREGQILLVPQNFAVGKQAGNEGFEYVAFKTADRASPAT SSKCLGESPLMFSSMLLAFET IKSVLSN 611
. .VIPSEVLSNSYNLGQSQVRQLKYQGNSGP.LVNP. ........ . 516
I . LPEEVVANSYGLPREQAR . QLKNNNPFKFFVPPFQ . QSPRAVA 530
.......... LPEEVVANSYGLPREQAR . QLKNNNPFKFFVPPSE.QSLRAVA 536
.......... LPEEVVANSYGLPREQAR . QLKNNNPFKFFVPPSQ.QSLGAVA 537
.......... LPEEVVANSYGLQREQARQQLKNNNPFKFFVPPSQ.QSPRAVA 531
.......... LPEDVVANSYGLQYEQAR . QLKNNNPFTFLVPPQDSQMIRTVA 484
TMETRPLWSLLMI PSMGLNVVINLNHNNNAQVDSKNNDGSRLWWPSS. ITIK. .. 662
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Signal Peptide sequence

443

ARCONGL  MAKLTILVALA.LFLLAAHASA.RQOWELQG...DRR...... CQSQLERANL RPCEQHLMOKIQRDEDSYGRDPYSPSQ 69
ARCONG2  MAKLTILVALA.LFLLAAHASA.RQOWELQG...DRR...... COSQLERANL RPCEQHLMOKIQRDEDSYERDPYSPSQ 69
AhCONG3 ~ MAKSTILVALL,ALVLVAHASAMRRERGRQG...DSSS..... CERQVDRVNL KPCEQHIMORIMGEQEQYDS. ... . . . . 64
ARCONG4  MAKSTILVALL.ALVLVAHASAMRRERGRQG...DSSS..... CERQVDRVNL KPCEQHIMORIMGEQEQYDS. ... . . . . 64
AhCONG5  MAKSTILVALL.ALVLVAHASAMRRERGRQG...DSSS..... CERQVDGVNL KPCEQHIMORIMGEQEQYDS . ... . . . 48
AhCONGE  MVKLSILVALLGALLVVASATRWDPDRGSRGLRWDAPSRGDDQCQRQLORANL RECEEHTRQRVEQEQEQEQDEYPYSQR 80
Ara h 7 MVKLSILVALLmLLWAsATPWDPDRGSRGSPWDAPSRGDIDQCQRQLQFANL PPCEBHMPRRVEQEQEQEQDEY%FR 80
E E
AhCONG1  DPYSPSQDPDRRDPYSPSPYDRRGAGSSQHQERCCNELNEFENNQRCMCEALQQIMENQSDRLQ. GRQOEQQFKRELRNL 148
ANCONG2  DBYSPS....00vve.n. PYDRRGAGSSQHQERCCNELNEFENNQRCMCEALQQIMENQSDRL). GROQEQQFKRELRNL 136
F:\iT0(e) (e R YDIRSTRSSDOQQRCCDELNEMENTQRCMCEALQ QIMENQCDRLQ. DROMVOQFKRELMNL 124
BROONGE wemauemaveanes man YDIRSTRSSDOQQRCCDELDQMENTERCMCEALQ QIMENQCDRLO. DROMVQOFKRELMNL 124
ARCONGS  vivevrernernennnnns YNFGSTRSSDQQQRCCDELNEMENTQRCMCEALQQIMENQCDGLO . DROMVQHFKRELMNL 108
BNCONGE  Guvevvvrnnnenenns SRGRRPGESDEDQEQRCCNELNRFQNNQRCMCOALQ QT LQNQSFRFQODRSQLHQNGEGAQEL 144
Bra h 71 Ghevemmrdis SRGRQPGESDENQEQRCCNELNRFQNNORCMCQALO QILONQSFWVPAGQEPVASDGEGAQEL 144
E3 E4
ARCONGL  PQQCGLRAPQRCDLEVESGGRDRY 172
RhCONG2  PQQCGLRAPQRCDLDVESGGRDRY 160
ARCONG3  PQQOCNFRAPQRCDLDV.SGGRC. . 145
EhCONG4  PQQCNFRAPQRCDLDV. SGGRC. . 145
AhCONGS  PQQCNFGAPQRCDLDV, SGGRC. . 145
EhCONG6 ~ APELRVQVTKPLRP.......... 158
Ara h 7  APELRVQVTKPLRPL......... 159

Fig. 2. Sequence alignment of conglutin precursors in peanut seeds. The amino acid number for the last residue in each line is listed on the right for each species.
Broken lines in the sequences represent gaps introduced for best alignment. The cleavage site of the putative N-terminal signal sequence is indicated by scissor
symbols. Conserved cysteine residues, which probably form intrachain disulfide bonds are shaded. Three IgE-binding epitopes (E1-4) are shaded. The epitope
amino acids that led to a decrease in IgE binding when altered, [9] are shown as the bold and underlined residues.

members in first subfamily range form 88-96%, but percent
identities between members of different groups are less
than 70%.

Peanut allergy is a serious IgE-mediated health problem
because of the increased prevalence, potential severity, and
chronicity of the reaction. Rabjohn et al. [26] have found four
IgE-binding epitopes between 10 and 15 amino acids in Arah
3 primary sequence. These epitope motifs are designated as
epitope 1 IETWNPNNQEFECAG), epitope 2 (GNIFSGFT-
PEFLAQA), epitope 3 (VTVRGGLRILSPDR), and epitope
4 (DEDEYEYDEEDRG) [26]. Epitope 3 was recognized by
serum IgE from 100% of the Ara h 3-allergic population,
whereas the other epitopes were recognized by serum IgE
from 25 to 38% of the Ara h 3-allergic population. Mutation
analysis of the epitopes revealed that single or critical amino
acid changes within these peptides could lead to a reduction or
loss of IgE binding [26]. As shown in Fig. 1, Arah 4, Ara 1,
Ara 2, and Ara 3 have nearly identical four epitopes, whereas
Ara4 has only three epitopes (epitope 1,2, and 3). Besides Ara
h 4 and Arah 3 (Ara 1), Ara 2, Ara 3, and Ara 4 could be the
new members of peanut allergens. Compared with other
isoforms of arachin, Ara 5 also has three similar epitope
motifs (epitope 1-3), but some critical amino acid residues are
mutated in each motifs. These mutations may lead to
complete loss or decrease in IgE binding. Further analysis is
required to determine whether Ara 5 is an allergen. If the
epitopes of Ara 5 have reduced or lost IgE binding, it is
possible to alter the Ara h 3- or Ara h 4-like allergen with a
reduced IgE-binding capacity by mutagenesis.

3.3. Cloning and sequencing of conglutin cDNAs
In most species, napin 2S albumin is synthesized as single

polypeptide precursor and splits into two subunits, which are
linked by disulphide bonds after processing. In contrast to 2S

albumins, peanut conglutins including Ara h 2, Ara h 6 and
Ara h 7, exist as a single continuous polypeptide chain in
seeds [5,10]. Six full-length cDNA clones encoding
conglutin precursors, AhCONG 1 to AhCONG 6, were
sequenced in our present study. Fig. 2 shows the deduced
amino acid sequences of conglutin isoforms. AhCONG 1 to
AhCONG 5 has eight conserved cysteine residues in their
translated peptides and is synthesized with signal peptide of
20 residues. In comparison, AhCONG 6 has six conserved
cysteine residues in the translated peptide and is synthesized
with signal peptide of 21 residues similar to the peanut
allergen Ara h 7. AhCONG 1, AhCONG 2 and AhCONG 5
translated peptides have 100% identity to the peanut allergen
Ara h 2.02, Ara h 2.0 and Ara h 6. AhCONG 3 translated
peptides has 98% identity to that of AhCONG 4, whereas
AhCONG 6 translated peptides has 70% identity to Arah 7.
The putative signal amino acid residue numbers, molecular
masses and isoelectric points of the mature proteins from six
deduced amino acid sequences of conglutin precursors are
showed in Table 3. While the deduced AhCONG 3,
AhCONG 4 and AhCONG 5 mature proteins contained

Table 3
Comparison of the deduced amino acid sequence of six conglutins

AhCONG (conglutin isoforms)
1 2 3 4 5 6

Total residues 172 160 145 145 145 158
Signal peptide residues (aa) 21 21 21 21 21 20
MP residues (aa)* 151 139 124 124 124 138
MP mass (kDa) 180 16.6 148 148 145 165
MP pl 55 55 55 53 50 6.1
Number of cysteine in MP 8 8 10 10 10 6
Percentage of cysteine (%) 53 5.7 8.1 8.1 8.1 43

Number of methionine in MP 3 3 8 8 8 1
Percentage of methionine (%) 1.9 2.2 6.5 6.5 6.5 0.8

# Mature protein.
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Fig. 3. Phylogeny trees. The phylogeny trees were built up with MegAlign
program from DNAMAN software based on the amino acid sequences of
storage proteins from different species. (A) The Arachis hypogaea arachin
isoforms were compared with the 11S globulins of Sesamum indicum-1
(AF091842), Sesamum indicum-2 (AF240004), Chenopodium quinoa-1
(AY562550), Chenopodium quinoa-2 (AY562549), Vicia faba-1
(X03677), Vicia faba-2 (X55013), Arabidopsis thaliana (NM179134),

the highest amounts (6.5%) of methionine, the methionine
contents of deduced AhCONG 1 and AhCONG 2 mature
proteins were 1.9 and 2.2%, respectively. The methionine
content of deduced AhCONG 6 mature proteins was only
0.8%. Recently, Paik-Ro et al. [15] had isolated the cDNA
fragment Psc 33 whose translated peptide has about 75%
similarity to that of Ara h 2.0 and about 94% similarity to
that of Ara h 6. In contrast, Psc 33 has 100% sequence
identity to AhCONG 4.

The phylogeny based on the amino acid sequence from
peanut conglutins and from the napin 2S albumins of
different species indicates that the peanut conglutin isoforms
could be divided into three classes, class I (AhCONG 1 and
AhCONG 2), class IT (AhCONG 3), and class III (AhCONG
6 and Ara h 7). There is 90% identity within the conglutin
isoforms of the class, and there is 35-5.5% identity between
isoforms of the different classes. Nearly all Arachis species
are diploid, but cultivated peanut is an allotetraploid
(genome AABB). It has been suggested that A. villosa (A
genome) and A. ipaénsis (B genome) are the progenitors of
cultivated peanut [27]. Since peanut Shanyou 523 is an
outbreed line, it is possible that the pairs of similar
sequences (AhCONG 1 + 2, AhCONG 3 + 4 + 5) are allelic.
It remains to be determined if these similar sequences were
alleles of the same gene, or two very similar genes present in
different genomic locations. The phylogeny tree also
indicates that the peanut conglutins are evolutionary closer
to napin 2S albumins in soybean seeds (Fig. 3B). We choose
Shanyou 523 for analysis because it is economic important
and widely used variety in China.

Stanley et al. [9] have found three IgE-binding epitopes
with 10 amino acids in Ara h 2 primary sequence (the same
as AhCONG 2). These epitope motifs are epitope 1
(DRRCQSQLER), epitope 2 (YERDPYSPSQ), and epitope
3 (SQDPYSPSPY), as shown in Fig. 2. These epitopes were
recognized by all patients tested. Mutation analysis of the
Ara h 2 epitopes indicated that single amino acid changes
result in loss of IgE binding. Two epitopes (E2 and E3) that
contain the amino acid sequence DPYSP are necessary for
IgE binding [9]. Besides epitopes 1, 2 and 3, Ara h 2.02
(AhCONG 1) has the fourth epitope (RRDPYSPSPY) that
also contains the critical amino acid sequence DPYSP.
Although there is no obvious IgE-binding epitope in
AhCONG 6 and Ara h 7, the critical amino acid sequence
PYS exists in the region between amino acids 76—8 of these

Bertholletia excelsa (AY221641), Corylus avellana (AF449424), Wel-
witschia mirabilis (Z50780), Coffea Arabica (AF054895), Amaranthus
hypochondriacus (X82121), Pinus strobes (Z11487), Ginkgo biloba
(Z50778), Vicia sativa (Z32835), Avena sativa (X74740), O. sativa
(X54313), Pisum sativum-1 (X07014), Pisum sativum-2 (X02982), Glycine
max-1 (M10962), Glycine max-2 (X15122), and compared with peanut
allergen Ara h 4 (AF082861). (B) The A. hypogaea conglutins were
compared with the napin 2S albumins of Arabidopsis thaliana (P15460),
Glycine max-1 (P19594), Glycine max-2 (AAD09630), Ricinus communis
(P01089), Bertholletia excelsa (P04403), Helianthus annuus (P23110),
Dicranopteris curranii (AAF17602), Sesamum indicum (AF09184), and
compared with peanut allergen Ara h 7 (AAD56719).
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two minor allergens. AhCONG 3, 4, and 5 belong to the
group of peanut allergen Ara h 6. No linear IgE reactive
epitopes were identified in AhCONG 3, 4, and 5. The
locations of these linear epitopes in the three-dimensional
structure were addressed by building a molecular model of
Ara h 2 on the basis of the experimentally solved structure of
Ara h 6. The mutations in AhCONG 3, 4, and 5 proteins
could lead to a reduction in IgE binding. It might be possible
to create mutations in the major allergens, Arah 2 and Ara h
2.02, by mutations of epitopel and deletion of epitopes 2, 3,
so that they cannot bind to IgE, and 4. This raises the
possibility that altered allergen genes could be used to
replace their allergenic homologues in the peanut genome to
produce a hypoallergenic peanut.
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