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ABSTRACT

A ¢DNA clone (GenBank accession no. CF924621) homologous to aluminum induced
protein gene was isolated and characterized from Codonopsis lanceolata (CIAIP). The CIAIP
is 906 nucleotides long and has an open reading frame of 711 bp with a deduced amino acid
sequence of 236 residues. The CIAIP shows high homology to A. marina (84%), G. hirsutum
(83%), V. radiata (83%), A. thaliana (80%), B. napus (78%) and T. aestivum (68%). The
deduced amino acid sequence of CIAIP also has homology to the N-terminal end of plant Asn
synthetase. This region does not contain the active sites of the enzyme and the significance of
this conservation is currently not clear. To investigate the expression of CIAIP against
several heavy metal stresses, we treated the sliced tap root of C. lanceolata with various
heavy metals. The expression of CIAIP was increased by 25 uM AL(SO:)s in proportion to
incubation time and also increased by 50 uM CdCl..
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(Haug, 1984). =%t aluminum =4 &
A7 8T Ao 1111 ge 523
aluminumeol] 2]& 3 &
EF WAl 7H8-3E aluminum
3 F2] o] S Al Al ]J_(Clarkson, 1965), 4] &
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Z+-2-3} 11 ¢l t}(Cakmak and Horst, 1991; Yamamoto et

al., 1997).
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c¢DNA(Promega)S 4] 8lad RT-PCR (bio-online,
Top-pfuTM)& 3 3t th 3 F-ZAFE acting A}
23] © ™, actin primer= (forward) 5 CGT GAT
CTT ACA GAT AGC TTG ATG A 3’ ¢} (reverse) 5
AGA GAA GCT AAG ATT GAT CCT CC 3’ & A&
3} a1, CIAIPA A9 primerE 5 TCC ATG GTA

HydA Aluminum Induced Protein f42ke) £&)

243 A A o

PCR 272 96CollA4] 1023t pre-denaturation&
3 3 96°C ol A 30%, 55 oA 30%, 72°C o A] 30
2 30 cycle 33t 72Cell A 1087 A & F
0.7% agarose gelol] A7) A 53l A2 FFsty

o}

TGT TGG GAG TGT TTA GCA G 3" 1} 5" CAG GAT
CCT TAG CAA ATG CCA CAT ACC 3’ & A}&-314
RT-PCRE %3] 5} o}

cDNASHA] Z27A & 57C9 A 108 7F RNA
denaturation A Z1 § 42C A 1A 7HES cDNAE

kX1 &3 94 C ol A 5EZE reverse transcriptase S £

=}

Zaot ¥ 1

Uy 494 202 A2 cDNA library 2 3]
100070 2] clones &4 38} t}. 2} positive cloneS-ol|

1 GGCCATTACG GCCGGGGATG TCTTTAACCT TCAATTCTCA AGAGAGGAAA
o1 AAAACAGTCC GTGTGTGCTT GCATATATAC GTATAGAATA TACATATAGC
101 AAGCGAAAGA GAGTTGTAAG CTTTGCAAGT ATGTTGGGAG TGTTTAGCAG
M L GV F S S
CTCAATAATG TCGCCACCGG AGGAGCTGGT GGCTGCCGGT AGTCGAACAC
S I M SPPE ELV AAG SRTFP
CGTCACCGAA GATCACGGCG ACGGCGCTGG TGAACCGGTT CCTCAAATCA
S PK I TA TALVY NRTF L K S
AACGCTTCGG CGGTGTCCAT GCAGGTCGGC GATGACGTTC ATTTGGCTTA
NASA VSM QVG DDVH LAY
CACTCACCAC AACGAGTCCC CGTCCGCTCC CAGATCATTT GCGGTTAAAG
THH NESP SAP RSTF A VK (D
ATGAGATTTT CTGCTTGTTT GAGGGAGCAC TAGACAACTT AGGTAGTCTG
E T F CLF EGAL DNL G S L
AAGCAGCAGT ACGGTCTCTC TAAGTCTGCA AACGAGGTCG TTTTGGICAT
K 0 QY G L S KS A NEVV LV I
TGAGGCCTAC AAAGCTCTTC GCGACCGGGC TCCTTATCCT CCCAACCATG
E A Y KA LR DRA PYP PNHV
TTGTGGGACA TCTGGAAGGA AATTTTGCAT TTGIGGICIT TGACAAGTCA
V6 H L E G N F A F VVF DKSS
ACCTCGACAT TGTTTGTGGC TACCGACCAA GCTGGTAAGG TTCCGCTATA
' S T L F VA T DQ AGKUY PL Y
TTGGGGAATC ACTGCTGATG GGTATGIGGC ATTIGCTAAT GATGCIGAIT
W 6 I T A D G Y VA F AN DATDL
TGCTGAAAGG TGCTTGTGGC AAGTCACTTG CTTCTTTCCC TCAAGGTTGT
LKG ACG KSLA SFP QGTUT
TTCTATTCCA CAGCAGTCGG AGAACTTAGA TGCTATGAGA ATCCTAAGAA
FYST AVG ELR CYEN P KN
CAAAATCACA GCCGTTCCTG CCACTGAGGA AGAAATCTGG GGGGCTAAAT
K I T AVPA TEE EI W G AKTF
TCATGGTTGA AGGGCCAGGA GTTCTTACAG CCACAGAGTA AAGATCCTCT
M VE GPG VLT A TE =x
CGTTAGATCT CCATAAATTT CCCTGTTGAA GGATATGATT GCATCAAATG
AAGGGC :

151
201
251
301
351
401
451
501

551
601
651
701

751
801

851
901

Fig. 1. The nucleotide sequence of CIAIP gene. Underline indicated primer for PCR amplification. The amino acid
Underline is Asn synthesis site.
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Table 1. List of CIAIP registered in other plants

Species Gene Amino acid Nucleotide GeneBank Lineage
residue identity(%) accession No.
Codonopsis lanceolata CIAIP 236 - CF924621 Plant
Avicennia marina 236 84 AF363286 Plant
Gossypium hisutum 236 84 AAQ74889 Plant
Vigna radiata ARGI0 236 83 T07820 Plant
Arabidopsis thaliana At5g19140 234 80 NP_197415 Plant
Brassica napus bali 244 78 T0O7830 Plant
Triticum aestivm wali7 270 68 1.28008 Plant

C. lanceoclata
A. razina

G. hi rsutum
V. radiata
A. thaliana
B. napusz

T. aestivun

¢. lancecolata

Al. z2¥ing

G. hirsutun I

V. radiota FUEIFCLE .
A. thalisna 51 ¥ IFCLFE 2

B. napus 61 "L,TFCLEQﬁihLa

¥. acstivun &0

€. lanceolaka 121

A. marina 122
G.hirgutun 121
V. radiaka 121
A. thalianae 121
B. napus 121
T. aeskivun 120

€. lanceolata 181
A. narina 181 i

rsg@crﬁ T

G. hirsutun 197 X FEORIEYITAGIGLE
V. radiata 181 |8 ]

A. Enaliana 181 |3

0. napus 181

LT B E

T. aestivun 180

¢, lanceolata 226 PR P - _— 296
A. marina 226 Pusmommasososssacmuss 536
G . hirgpkbun 226 —_ z36
V. zadiata 226 ; ¥-- - - 237
A. thaliana 226 HEEATULAD cmsocmmasoeasasaseoas 254
B. napus 226 BETCOFLENESERIXIALI-—————-——m—— 744

?. aestivom 240 RLCRUAKOTPFVCRUNFCKIMOQFACATLL €70

Fig. 2. Comparison of the amino acid residues among CIAIP isolated in other species. Identical amino acids are shown

in white against black.
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C.lanceolata

V.radiata (T07820)
G .hirsutum (AAQ74889)

B oA Aluminum Induced Protein f4#ke] £z

A.marina (AF363286)

0.1

_f A .thalian

T.aestivum (L28008)

B.napus (T07830)

Fig. 3. Phylogenetic tree of CIAIP gene based on the nucleotide sequence.
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aluminum induced protein cDNAZS CIAIPZ ] & 519
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N-terminal A]§8 2l = pea (Tsai and Coruzzi, 1990),
asparagus(Davies and King, 1993), Escherichia
coli(Scofield et al., 1990)¢} human(Andrulis et al.,
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EA 8k Y ThFig 1).
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Fig. 4. Expression of CIAIP in Codonopsis lancelolata. (A) Roots of C. lancelolata were treated with AI** 50 uM for 0,
0.5, 2, 4, 24 and 48h. B. Roots of C. lancelolata were treated heavy metal stress 50 uM CdClz, 20 uM CuSO;, 50 uM
Fe:>0;s, 100 uM NaCl for 2 day and heat shock at 42°C for 4h.
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