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ABSTRACT

The NDKI1 is an ubiquitous enzyme that transfer phosphate groups from triphosphate
nucleoside diphosphates(NDPs) in eukaryotes and prokaryotes. We isolated and
characterized a ¢cDNA encoding a nucleoside diphosphate kinase 1{CNDK 1) in Codonopsis
lanceolata. The CNDK 1 is 444bp long and open reading frame of 447bp with a deduced
amino acid of 148 residue. The CNDK I has an ATP binding site in 12~16 residue and
phosphohistidine intermediate in 115 residue of amino acid sequence. Although several
NDK 1 genes have been cloned in plants, but little is known about the functional significance
of this enzyme during plant growth and development. The CNDK I shows the identities to
Arabidopsis thaliana (71%), Oryza sativa (715%), Glycine max (79%), Brassica rapa (77 %),
Mesembryanthemum crystallinum (85%), Spinacia oleracea (83%), Pisum sativum (82%).
The CNDK 1 of C. laceolata have a closer relationship of Glycine max and Pisum sativum at
the phylogenic analysis.
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494 tjgo) 2o 2 A ZH cDNA library 2 5 A B3 o] A]FAE Arabidopsis thaliana (71%),
B 647bp2] CINDK! FAAE Aot o= d) Oryza sativa (75%), Glycine max (79%), Brassica rapa

1 atcastttotgotgottotaacotoaaacoogaaagagactactagyoctgoaasatoatcac
61 agasacaacgllGGAGCAGACTTTTATCATGATCAMGCCTGATGGTGTCCARAGAGGCTT
1 M E ¢ T F I M I K P D G VvV Q R G L
121 GGTTGGTGAGATC ATTAGTAGATTTGAGLAGALAGGTTTCTTGTTGAMMGGTTTGAAGCT
18 v ¢ E I I 8 B F E K K 6 F L L K G L K L
181 CTTGRATGTGGAACAATCTTTTGCCGAGAAGCATTATGCAGACCTTTCTGCAAAGCCGTT
39 L N v E ¢ &§ F A E K H ¥ A D L S A K P F
2941 CTTCGGGGEGCTTGTTGAGTACATTGTCTC TGGCCCTGTTGTTGCCATGGTTTGGGAAGS
59 F ¢ ¢ L ¥V E ¥ I ¥V 3 ¢ P VvV ¥V A M ¥V W E G
301 TAAGGGAGTTGTGAAAACTGGAAGGACAATCATTGCETGCGACAAACCCTGCTGCCTCTGC
79 K ¢ vV v KT ¢ R T I I 6 A T N P A L 5 i
361l TCCTGGCACCATCCGTGGTGATTTTGC TATTGACATTGGCAGGARATGTCATTCATGGGAG
=]=] P &6 T I R G DD F A I D I G R ﬁ Vv I H G 5
421 TGATGCTGTTGAGAGTGCAACTARAGAGATTGC TCTC TGGTTCCCGGAAGGTGTTGCTAL
119 D A ¥V E 3 A T K E I A L W F P E G ¥V A4 N
431 CTGGLAGAGCAGCCTTCACTCTTGGATCTATGAATGAgaaatgeatcttatgttyayott

1389 w 9 3 3 L H &3 W I ¥ E «
541 trtattacatgttgtttatggttattocctttaagygatcatatgaattitgactgattga
601 acttattatggttattatgittttagtcttocttgtaaaaaaaaaana

Fig. 1. The nucleotide sequence of CINDK I gene. Underline indicated PCR primer.
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Fig. 2. Comparison of the amino acid residues among NDK1 isolated in other spcies. Identical amino acids are shown in
white against black. The square is a ATP binding site. The histidine residue at the putative active is masked with an
asterisk. Arrowhead shows a serine phosphorylation.
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(77%), Mesembryanthemum crystallinum(85%),
Spinacia oleracea (83%), Pisum sativum (82%) 5 T}
E 2 EA oA wE R NDK1F & FAA S 71A
3 3l TH(Tablel).

A A B2 647bpE B 3 o] 635bp F-E] 12
e B2 otdld Al 27t EAStE AE B
3, 71bpE Al R ZE 2 2 3l 515bp TGAS] =ZA =
Eo® 3+ NDKI1 AA A]E 29 cloned o] Y
A3, AA) 647bp] Al A A2 EE 14870 <] of}n] At
£ 7}4A Open Reading Frame(ORF)E ¥ o]t}
(Fig. 1). 1487)] o}n] = Ate] ORFE E A dle] BH

gl

Table 1. List of NDK 1 registered at other plants.

12~16¥H A} o}u|:=%Fe] ATP binding $| X] (Matsushita
et al., 2002)F 7}X) 3L Y11 115 A o}o] =4t ©}
2 HEAAAE ¥F5H o2 YUY E
phosphohistidine intermediate(Gilles et al., 1991)7} &
Ao

Serine phosphorylation= &0 & &4 3} 3l &4
9] 715 < Zevha €8 A v (McDonald ef al.,
1993; Otero et al., 1999), $-8] 7} Aol oju = A+S
B 67HA 2} 117H A o] serineo] 9 x}3lx1 ¢ ow
(Fig. 2), Al & ol 4] Nm23-H19| & 44 3 serine
phosphorylation”} €] %] 3} 22 (McDonald et al., 1993),

1
—

Species Gene Amino acid Nucleotide GeneBank Lineage
residue idetity(%)  accession No.
Codonopsis lanceolata CINDK 1 148 Plant
Arabidopsis thaliana NDPK 1 148 71 AF077641 Plant
Oryza sativa NDKR 151 75 D16292 Plant
Glycine max NDK 1 149 79 Q39839 Plant
Brassica rapa BcNDK 1 148 77 AB071599 Plant
Mesembryanthemum crystallinum NDK 1 148 85 081372 Plant
Spinacia oleracea NDPK 1 148 &3 D10659 Plant
Pisum sativum NDPK 1 149 82 AF191098 Plant

Brassica rapa (BAB86292)

0.105
0.018 [0.038] 5057 Mesembryanthemum crystallinum (081372)
0.044 0057 Spinacia oleracea (Q02254)
— : Oryza sativa (Q07661)
Arabidopsis thaliana (P39207)
0.326
Codonopsis lanceolata
0162 037 Glyci (Q39839)
ycinemax
0.033 0.049

0.307 550 Pisum sativum (P47922)

0.1

Fig. 3. Phylogenetic tree of NDK 1 gene based on the nucleotide sequence. Phylogenetic analysis is based on the
deduced amino acid sequences of NDK [ from various species. The tree was generated by ClustalW (ver. 1.4) and
phylogenetic tree (DNASIS MAX ver. 1.0). The ¢cDNA sequences used for amino acid translation was retrieved from
GenBank. The respective accesion number is described next to plant name.
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Fig. 4. Expression of CINDK [ in codonopsis
lanceolata.
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phytochrome®]| 3t vl 7§ &2 2 2}-8 3} 31 (Tanaka et
al., 1998), Pisum sativum L. cv. Golf9] g &A=
19004) o] 22 NDK7} £ 3} (Lubeck and Soll,
1995 ), gk &o) 24 27} A 4sted NDK7F 8+
"Hotn B39 vl Qdvh(Ling et al., 2000). =3+ H 2
AT AT 93t A FL] FH g 2H3= 7T
(Cipollini et al., 1997), AALS 2 3}E 7] 5 (Postel
1993), )14k71¢] Mol & Enfjste @A
(Engel et al., 2000)5 NDKs+= 5& 2] A A A% 73
= BAN] dobm BT 4B A
(Choi et al., 1999), UV-B 1 9]
Al & A D (Zimmermann et al., 1999), T 2% gr&
(Nato et al., 1997; Nevikava et al., 1999)%} & & o]
d otz B 5 Q). Arabidopsis thaliana9 A = H:0:
o] 2E g 2o tfjA NDK 27} SR 22 Q15 4F-
A AEY 29 A AA(ROS) =, superoxide (02),
hydrogen peroxide (H:20:), hydroxyl radicals (OH)<] &
do] EolE1 BHA 2EH 2(H0,)9] s NDK
10] ¥ o] Zr1dvhn B 5 ¢ (Moon et al.,
2003). @A NDK 1] i8]+ H:0:8] ~E ¢ A0
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