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Abstract

Type 1 hypersensitivity to peanut proteins is a well-recognized health problem. Several peanut seed storage proteins have been identified as
allergens. Ara h 3, a glycinin protein, is one of the important peanut allergens. Although amino acid and cDNA sequences are available for Ara
h 3, there is not information at the genomic level. The objectives of this study were to isolate, sequence, and characterize the genomic clone of
peanut allergen, Ara h 3. A peanut genomic library was screened, using’Ryend-labeled oligonucleotide probes designed based on cDNA
sequences of Axh 3 and Ara h 4. Four positives lambda FIX Il clones were obtained after four rounds of screenings. Digestiacwith
resulted in two fragments of 1.5 and 10 kb hybridizing to the probes. Both fragments were subcloned into p-Bluescript vector and sequenced.
The Ara h 3 gene spans 3.5kb and consists of four exons, three intf@rg] 8 flanking regions. The open reading frame is 2008 bp long
and can encode a polypeptide of 538 amino acids residues. Sequences analogous to a TATA-box (TATAAAT), CAAT-box (AGGA), G-box
(TCCTACGTGTCC) and severals-elements were found in the promoter region. In thed®vnstream region, three polyadenylation signals
(AATAAA) were identified.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction Peanutlike many plants contains intrinsic allergens. Seven
peanut allergens have been identified as seed storage proteins
Food allergy is a major health problem in Western coun- members of vicilin (Ara h 1), conglutin (Ara h 2, Ara h 6,
tries. Epidemiological studies have shown that the preva- Ara h 7), glycinin (Ara h 3, Ara h 4), and profilin (Ara h 5)
lence of sensitization and clinical allergy to food is increasing families. Glycinins, 11S globulins, account for about 50% of
(Hourihane et al., 1996; Thompson and Chandra, P00 the total seed globulin fractioBgilinson etal., 200R Arah 3
prevalence of peanut allergy in the US population was esti- and Arah 4 cDNA's (GenBank accession nos. AF093541, and
mated at 0.4% for children and 0.7% for adul&r@ndy et AF086821, respectively) have been described as two variants
al., 2002; Sicherer, 2002Peanut accounts for the majority of the same gene. Arh 3 is &7-kDa protein recognized by
of food-related allergies associated with fatal food-induced 45% of patients with peanut hypersensitiviBabjohn et al.,
anaphylaxis Thompson and Chandra, 2002; Ewan, 1998 1999. Ara h 4 is61-kDa and recognized by more than 53%
Peanut allergy is increasing due to its ubiquitous use in many of peanut sensitive individual&leber-Janke et al., 1999
food products. This raises new concerns for peanut hyper-  No information is available on the genomic structure and
sensitive individuals because accidental ingestion cannot beorganization of peanut allergen gene, Ara h 3. We previously
avoided. reported on the genomic characteristics of peanut allergen,
Ara h 1 (Viquez et al., 200Band Ara h 2 Viquez et al.,
2001). In this study, we are describing the isolation and the
* Corresponding author. Tel.: +1 256 372 4171; fax: +1 256 372 5432.  Structural characterization of the genomic DNA of peanut
E-mail addressaamhwd01@aamu.edu (H.W. Dodo). allergen gene Ara h 3.
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2. Materials and methods Madden, 1999a)b Amino acid sequence alignments were
_ _ undertaken, using the ClustalW program. Signal peptide anal-
2.1. Isolation of Aa h 3 genomic clones ysis was performed as described Kielsen et al. (1997)

o ) . Cis-elements were identified, using MatInspecQuéndt et
The genomic library used in this research has been 5 1995.

previously described iquez et al., 2001l For library

screening, two specific 100bp probes were designed

based on conserved regions of published cDNA se- ; ;
3. Results and discussion

guences of peanut allergens,aAn 3 and Ara h 4. The’5 suits Iscuss!

flanking oligonucleotide used as probé-¢ggcggttacattga- 3 1 Nycleotide sequence analysis of the open reading

gacttggaaccccaacaaccaggagticgaatgegeeggegtegeeetetCtcdfame (ORF) of the At h 3 gene
ttagtcctccgecgcaacgcccttcgtagy-3corresponds  to  nu-

cleotides 78-177 of the Arh 3 cDNA and 147-246 of Four positive clones were isolated from the peanut ge-

the Ara h 4 cDNA. The 3flanking oligonucleotide used  qmic jibrary after screening with twd3P] end-labeled syn-
as probe (5gaggggacgggcteacgtgcaagtegiggacageaacyy-ihetic probes, and sequenced. The sequences were identical

caacagagtgtacgacgaggagcticaagagggtcacgtgctigtggtgccacagysy revealed a full-length genomic clone (GenBank acces-

aacttc-3) corresponds to nucleotides 1191-1290 of the Ara g no. AF10854) that spans 3828 bp in size with an ORF of

h3 cDN2A and 1260-1359 of the At 4 cDNA. The probes 5008 by that comprises 1614 bp of coding regions and three
were P2P] end-labeled as described by Fermentas Inc. introns of 594 bp total.

(Hanover, MD). About 300,000 plaques of the recombinant  1he ORF starts with an ATG codon (position +1) lo-
lambda FIX Il peanut genomic library were screened, using ~5teq within the first exon and ends with a TAA codon
plague hybridization protocol as previously described by (position +2209) within exon 4Fjg. 1). The nucleotide
Viquez et al. (2003)Four positive-hybridizing plagues were  goqences surrounding the start codon match the plant
isolated after four rounds of screening. Lambda DNA from ¢,nsensys for initiation of translation for plant genes
each plaque_ was extracted, using a lambda kit from Q'agen(ANNATGGC) (Grierson and 6vey, 1988; Joshi et al.,
Inc. (Valencia, CA). 1997; Joshi et al., 1997; Lukaszewicz et al., 2000

Alignment with the published cDNA sequencéddber-
Janke et al., 1999; Rabjohn et al., 198Bowed that the Ara

Lambda DNA from putative positive clones was digested N 3 9éne has four exons (289, 293, 645, and 387bp) and

with Sacl andXbal. These enzymes were selected because three introns (339, 87, and 168 bjig. 1). Similar struc-
of the presence of their restriction sites within the multiple tUres have been identified in other glycinin genes in soy-

cloning region of the Lambda FIX Il vector. Digested DNA P€an, such as Gy1, Gy2, Gy3, Gy4, and GMe(sen et al.,

was electrophoresed on a 0.65% agarose gel and transferred?89- ) ) _ o
by capillary action to Hybod N + nylon membranes accord- Plant. introns are knoyvr) to be non-coding regions rich in
ing the manufacturer’s instructions (Amersham Pharmacia). 2denosine (A), and thymidine (Tgéank etal., 1990; Goodall
Prehybridization (30 min) and hybridization (2 h) were per- and Filiowicz, 198% with splice junctions aE the left of Bor-
formed in HyperHyb buffer (ResGen Inc., Huntsville, AL) d€r (3-GT-3) and right or 3border (3-AG-3) (McCullough

at high-stringency conditions (6&). The membranes were and Schuler, 1993All exon—intron junction sites present in
washed 3 times for 15min in 0.4 SSC + 0.1% SDS at the Ara h 3 gene conformed to the GT/AG rulable J as
65°C. The final wash was in & SSC at room tempera- shown in other plant genes including the major peanut aller-
ture, and membranes were exposed to X-ray film (Kodak, 9N 9ene, Aah 1 {iquez et al., 2008 Ara h 3 introns are
Biomax™ MS) at room temperature overnight. Analysis of rich in A + T content Table ). The gxonllntron boundaries
the X-ray film revealed that twSacl and oneXbal- frag- of the identified gene are more highly conserved at the 5
ments hybridized to both probes. The t8acl-fragments ~ Porder (CAAGGT).

of approximately 1.5 and 10 kb in size were isolated and lig- 1€ Presence of functional introns, exonic-border se-
ated separately into thBacl site of a p-Bluescript vector ~ dUences and the strength of the promoter have been associ-

(Stratagene, La Jolla, CA) for DNA sequencing. ated with higher expression of mMRNAdrkovic et al., 200].
The nucléotide se’quences were determined by the ABI Whether the presence of introns enhances the production of

PRISM (Dye Terminator Cycle Sequencing Ready Reaction the Ara h 3 protein is currently unknown. However, the fact
kit, using AmpliTaq DNA Polymerase, FS) at ResGen Inc. that 3 introns were found in the genomic sequence of another

2.2. Subcloning and sequencing

(Huntsville, AL). major peanut allergen gene,&h 1 {/iquez et al., 2008
’ could suggest that they might play a critical role in the ex-
2.3. Sequence analysis pression of these two major peanut allergens.

The fourth and last exon contains the termination codon
Sequence analysis was performed, using the BLAST and(TAA), which is conserved between theah 3 and Ara h 4
BLAST 2 sequencestooléltschul etal., 1997Tatusovaand  cDNA sequences.
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-660 taataattttgtataattcaaactctttct
-631 ttctttcttgcattataaaagtaaattttattgagttataattaacttatataaacttgtatgccaaaaaaaacttgtatgtgtagcagg
-541 tctctaatatttataagattaaaaatttataaaatctaaaataaataaaataattttaaaaaattaattaatattaattaaaaaaattaa
-451 ttatctaacattattcatgtttaaattactcaactattctagtactctaatgattcatatcgttgtgtggtgttcccaaattcaatttge
-316 attctttctactcaaactattagtaacgcgccccatcaggtgctgcagaaaaacagagtattccattgcattaaacaatgcatctaaccy
-226 gaaaattaggcatcagcaagaaaagaaaagaactgaagccgtgcatgcgtggtcccctttgtgcagaaatcctcagatgcatgecttatga
-136 tgatcttatagagatgctttgtgaggtgtaacgcaggaagggtgccatagccatgcatgctgaagagtgtcacaaatgctctectacgtg
-46 tcccttecttcacccectetegeccctataaatcacttgettectcattettetettcatcacaaccacagcaataacaataatagcagece
1 ATGGGTAAGCTGCTTGCGCTTTCTGTTTGCTTTTGCTTTCTAGTC CTGGGAGCTAGCAGCATCTCCTTCAGGCAGCAGCCGGAGGAAAAT
M G K L L A L S V ¢ F C¢C F L V L G A § S I S F R Q Q P E E N
91 GCGTGCCAGTTCCAGCGCCTCAATGCGCAAAGGCCTGACAACCGCATTGAATCGGAGGGCGGTTACATTGAGACTTGGAACCCAAACAAC
A C Q F O R L NAOQIR P DN RTITE S E GG Y I E T W N P N N
181 CAGGAGTTCGAATGCGCCGGCGTCGCCCTCTCGCGCTTAGTCCTCCGCCGCAACGCCCTTCGGAGGCCTTTCTACTCCAATGCTCCCCAG
Q E F E CA G VAL S R LT VL RRDNAILIRI R P F Y S N A P Q
271 GAGATCTTCATCCAGCAAGgttattactactttttcgtattattattgtcaattattctttattctccctcaaatgattgaatttaatta 1
E I F I Q Q G
361 ttaatttgtacactcactaaacttactaagattttataagaatttccgtttgacatgaaaaaaacaactatgttaagtcatgtattttta
451 tatcaaaattatcgaaaatgagtaaaataacacgtgcatttgtacaaaaataatatgatataaaaataatattatatcaaaaatatgtta
541 aataacacatgcattcgtacaaaaataatattatagctaatttggtgaatttaatttatacatataaaatatatatgatgacatacagGa
631 AGGGGATACTTTGGTTTGATATTCCCTGGTTGTCCTAGCACATATGAAGAGCCTGCACAACAAGGACGCCGACATCAGTCCCAAAGACCA
R G ¥y ¥ G L I F P G C P S T Y EE PAQ QG R RHOQ S Q R P
721 CCAAGACGTTTTCAAGGACAAGACCAAAGCCAACAGCAACAGGATAGTCACCAGAAGGTGCACCGTTTCGATGAGGGTGATCTCATTGCA
P R R F O G 0 DOQ S Q 0 Q ¢ bsS H © KV HR F D E G D L I A
811 GTTCCCACCGGTGTTGCTTTCTGGATGTACAACGACCATGACACTGATGTTGTTGCTGTTTCTCTTACTGACACCAACAACAACGACAAC
v p T G V A F WM Y N D H D T D V V A V 8§ L T D T N N N D N 2
901 CAGCTTGATCAGTTCCCCAGGgtatatatatgtttcaatctcattcgttatttttggcatgtgcatatatatcatgaaggaatggtgaca
¢ L D O F P R Intron IT
991 attaataatacataacagAGATTCAATTTGGCTGGGAACCACGAGCAAGAGTTCTTAAGATACCAGCAACAAAGCAGACGAAGAAGCTTA
R F N L A G N H E Q E F L R Y Q Q Q S R R R s L
1081 CCATATAGCCCATACAGCCCGCAAACTCAGCCTAAACAAGAAGACCGTGAATTTAGCCCTCGAGGACAGCACGGCCGCAGAGAACGAGCA‘\
P Y s p Y s P Q T Q P K Q E D RE F S P R G Q H G R R E R A
1171 GGACAAGAACAAGAAAACGAAGGTGGAAACATCTTCAGCGGCTTCACGCCGGAGTTCCTGGCACAAGCCTTCCAGGTTGACGACAGACAG
G Q E Q ENE G G NI F S G F T P E F L A Q A F Q V D D R Q
1261 ATATTGCAAAACCTAAGAGGCGAGAACGAGAGTGACGAACAGGGAGCCATTGTGACAGTGAGGGGAGGCCTCAGAATCTTGAGCCCAGAT
I L. Q N L R G ENE S D EQ G A TI VTV R G G L R I L S P D >>
1351 AGAAAGAGAAGGCAGCAGTATGAACGTCCCGACGAAGAAGAGGAATACGATGAAGATGAATATGAATATGATGAAGAGGAGAGGCAACAA
R K R R Q Q Y E R P D E E E E Y DE D E Y E Y D E E E R Q Q
1441 GATAGAAGGCGTGGCAGGGGAAGCAGAGGCAGCGGCAATGGCATTGAGGAGACCATCTGCACCGCAAGTTTTAAAAAGAACATTGGTAGA 3
DR RRGIRGSRG S G NG TIEZETTICTA ASF K KNTI G R
1531 AACAGATCCCCTGACATCTACAACCCTCAAGCTGGTTCACTCAAAACTGCCAACGAGCTCCAGCTTAACCTTCTAATCCTTAGGTGGCTT
N R S P DI ¥ NP QA G S L K TANUEUL Q L N L L I L R W L
1621 GGACTTAGTGCTGAATATGGAAATCTCTACAGGgtttgtactttctctttttctatgtttttttagcaatatatactatcatttttaagt

= o T

Intron I

09 O % o

= o -

G L S A E Y G N L Y R ]_IntronIII
1711 attaaattttaaatactaatgctataagaataaaatgttaactactgttgattaatatcgataaaaaggattacattagacatttattta
1801 catattgaaatgtgattgcagAATGCATTGTTTGTCCCTCACTACAACACGAACGCACACAGCATCATATATGCATTGAGGGGACGGGCT
N A L F V P H Y N T N A H S I I Y A L R G R A
1891 CACGTGCAAGTGGTGGACAGCAACGGCGACAGAGTGTTCGACGAGGAGCTTCAAGAAGGTCACGTGCTTGTGGTGCCACAGAACTTCGCC
H VvV QQ Vv D S NG DRV F D EEUL Q E G H VL V V P Q N F A
1981 GTGGCTGGAAAGTCCCAGAGCGAGAACTTTGAATACGTGGCATTCAAGACAGACTCAAGGCCCAGCATAGCCAACCTAGCCGGAGAARAC
vV A G K s Q S ENF E Y VAF K T D S R P S I A NL A G E N
2071 TCCTTCATAGATAACTTGCCGGAGGAGGTGGTTGCAAATTCATATGGCCTCCCAAGGGAGCAGGCAAGGCAGCTTAAGAACAACAACCCC
s F I DN L P E E V V A N SY G L P R E QAR Q L K N N N P
2161 TTCAAGTTCTTCGTTCCACCGTCTGAACAGTCTCTGAGGGCTGTGGCTTARaaacaagcgtgacatgtatgtgtgttatccactacatac
F K F F VvV P P S E Q S L R A V A *
2251 atactttttgccacaactgaataatacataataataacgagaataatgtagttttatttttgtagtgtgaataagaatacaaaggggcat
2341 tgatgcctttttgtttaagctataagatcggaatgtaatgtatgtgcaatgagcagcatcgatctggagaaaaccttttgcgggaaaaac
2431 ttgaataaaagaagggatggtttaacgcagccagatttgtctttgtttccteccttetttettttttettttttettttttetttttttga
2521 taaaacaaacttgaaaagaatatcaacaacacaatatgctcacattttcatttaggaaactccgaaagtccatttgctaggatttctagt
2611 caagcacgcactataaaatcgcgacaattcaattttaacatgcatgcatggtacatatagccttgcttatggtcattgatgacttaccaa
2701 cataaatccaatttttacatttaagatgtcaagttttgggtgtagagatcgattctcgcatcgecctgaataaaagatttcaggtgggtcet
2791 tttttttttttttttttttttgggttaaaagagtaatcctaaagaatcaaacggtcaacctttcgcgaatattataacaagttgtcaaat
2881 aaatcaaatataaaatctaataaaaataattttttatgaatttgatttgaaagattcttttaattaaattttaaatatttttatttttaa
2971 cagtttttatcttttttttttcttatattaagggttgctgcaatgttggtactttctctcttcaaaaagaaaaatatccaatccattcat
3061 taatggcctgaaaaatgaatacaatggtccaatttcaagacaaaaaagcattcttaagtgtgaagttgatgagtaatattattttatggg
3151 aaagtataatgatcc

5 O X oM

N

Fig. 1. Nucleotide and deduced amino acid sequences of the genomic clone of the gene encoding peanut alle@éBéxaBank accession no. AF10854).
Uppercase letters indicate exon sequences and lowercase letters represent introns. The putative CAAT box, TATA box, start codon (ATG), skof) codon (T
and polyadenylation signals (AATAAAA) are underlined. The putative signal peptide is italicized and underlined. The deduced amino acid sbglemce is
the corresponding DNA sequence.
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Table 1
Exon—intron splice junctions of the At 3 gene
Exon no. Exon size (bp) Sequence at exon-intron junction Intron no. Intron size (bp)
5'splice donor 3plice acceptor
ATC CAG CAA G GA AGG GGA
1 289 Le GIn  GIn gttattactactttt. .tatgatgacatacag Gly Ag Gly | 339
TTC CCC AGG AGA TTC AAT
2 293 Phe Pro  Arg gtatatatatgtttc .aataatacataacag Arg  Phe Asn Il 87
CTC TAC AGG AAT TTC AAT
3 645 leu Tyr Arg gtttgtactttctct. .gaaatgtgattgcag Asn Ala Leu 1l 168
4 37
3.2. Nucleotide sequences analysis of the untranslated important for protein translocation to the vacuole of the cell
regions (UTR) of the Axh 3 gene (Martoglio and Dobberstein, 1998This amino acid signal
peptide is present in the Ath 4 cDNA sequence; therefore,
3.2.1. 3 Upstream promoter region one can postulate that the transit peptide was not removed

About 660 bp of the promoter region were sequenced. A after post-transcription for the Arh 4 protein, and this ac-
putative TATA box was found at positior64. The TATA counts for apparent differences betweema Ar3 and Ara h 4
box (TATAAAT) matches the established consensus sequencewhich are in fact variant of the same gene.

for plant genes (TATAT/AA3C/T) (Grierson and Gvey, Analysis of the deduced amino acid sequence showed that
1988. A CAAT box (AGGA) is located at positior-146 bp the encoded protein has 93 and 91% amino acid identity with
from the start codon o+ 78 bp from the TATA box Fig. 2). peanut allergens Arh 3 and Ara h 4 cDNA's, respectively.

This box is 100% identical to the consensus sequence forThere is 96 and 95% homology at the nucleotide level with
plant genes (AGGA). Previous studies have shown that theseAra h 3 and Ara h 4 cDNASs, respectively. This high homol-
two elements are important for RNA polymerase Il bind- ogy suggests that these proteins are potentially the same and
ing and for the initiation of transcriptionMcKnight and that apparent sequence differences are the result of partial
Kingsbury, 1982. Another regulatory sequence was a G-box proteins, sequences misreading and/or sequencing errors.
(TCCTACGTGTCC) at positior-88. This box is important Comparison with other seed storage proteins showed that
for promoter activity and has been associated eis-acting the deduced amino acid sequence of Ar3 has conserved
element playing a role in gene’s transcripti@e(Vetten and regions with glycinins in the following specieArachis hy-

Ferl, 1994. Eleven putativeis-elements were located within  pogaed.. (94%) andGlycine Max(60%); and legumins from

the Ara h 3 promoterHig. 2). theVicia (50%). These similarities highlight the potential for
cross-reactions between these proteins and peanut allergens
3.2.2. 3 Downstream region which can be clinically significant.
About 954bp of the RTR was sequenced. Three Analysis of the primary amino acid sequence of Ara h 3

polyadenylation signals (AATAAA) were identified at posi- also provides information on the presence of two main sub-
tions 2434, 2768, and 2899. The first polyadenylation signal units of the cupin superfamiy. The cupin superfamily com-
is located 222 bp from the stop codon. This position is similar prises a family of proteins with or without enzymatic activ-

to the polyadenylation signal found in &h 4 cDNA Kleber- ities possessing a common beta-barrel structure that can be
Janke et al., 1999In addition, the 3flanking region has an  divided into two groups based on their ancient domain con-
85% nucleotide identity to thé 3TR of the published Arah  tent, the simple structure with a single domain and the com-

4 cDNA sequence. plex structure with double domainBgnwell et al., 200D
The presence of the two cupin domains and their respective
3.3. Analysis of the deduced amino acids motifs confirms that the protein encoded by theAr3 ge-

nomic clone is a member of the cupin superfamily. Several

The deduced protein of 538 amino acids residues has aallergenic seed storage proteins have been identified as mem-
calculated molecular mass of 61.7 kDa, which is comparable bers of this family including 7S globulins of soybean (beta-
to the molecular mass 57 and 61 kDa oBAr3 and Arah 4 conglycinin), peanut (conarachin; Ara h 1), walnut (Jug r 2)
proteins, respectively(leber-Janke et al., 1999; Rabjohn et and lentil, and the 11S globulins of peanut (arachin; Ara h 3),
al., 1999. and soybean (glycininMills etal., 200). Conserved regions

A computer analysis of the coding region reveals the pres- with glycinins and legumins include amino acids 37-204 and
ence of an N-terminal transit peptide of 20 amino acids 369-515 of the As h 3 deduced amino acid sequence. These
(MGKLLALSVCFCFLVLGASS) enriched with hydropho-  conserved regions correspond to the two cupin domains pre-
bic amino acids that make up 55% of all residues. Leucine is viously identified for the Aa h 3 protein iills et al., 2003,
the most common amino acid (25%). The leader sequence isand suggests an evolution from a common ancestor.
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(a) EXON 1 EXON 2 EXON3 EXON 4
.
3-UTR
Promoter region l
-660 +1
(b) DOF/PBF DOF DOF/PBF
-660 taataattt:gtataattcamttgcatttta
-600 ttgagttataattaacttatataaacttgtatgccaaaaaaaacttgtatgtgtagcaggtctcta
-534 atatttataagattaaaaatttataaaatctaaaataattttaaaaaattaatt
-468 aaaat:aattatctaacattattcatgtttaaattactcaactattctagtactct
-402 aatgattcatatcgt:gtgtggtgttcccaaattcaatttgcaaactattagt

GAMYB
-336 aacgcgccccatcaggtgctgcagaaaaacagagtattccattgcattaaacaatgcatcfaaccy)

DOEF/PBF
-270 @aaaLLaggcaLcagc hgaaclgaagecgtgeatgegtggteccctitgtgeag

DOF AGGA-Box
-204 aaatcctcagatgcatgcttatgatgatcttatagag@ftgctttgtgdggtgtaacgcaggaaggg
G-Box
-138 tgccatagccatgcatgctgaagagtgtcacaaatgctctectacgtgteccttccttcaccecect

TATA-Box
-72 ctcgcccctataaatcacttgcttcetcattettcectecttecatcacaaccacagcaataacaataata

-6 gcagccATGGGTAAGCTGCTTGCGCTTTCTGTTTGCTTTTGCTTTCTAGTCCTGGGAGCTAGCAGC
+1
M 6 K L. L,.. AL S Vv C ¥ C F L V L G A S S

Fig. 2. (a) Structure of the peanutah 3 gene. Thick boxes indicate exons and a line between them mark introns. (b) Enlargement of the promoter region
showing several putative regulatory elements. The initiation start site (ATG) for #hé Biisbolded and shown as +1. Partial nucleotide of the first exon with

its corresponding amino acid is presented. The putative TATA-box, AGGA-box and G-box are bolded and underlined. Putative binding sitesgtiotranscri
factors are boxed according to their position.
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