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Increase in the Chlorophyll Contents by Over-expression of GmNAP1 Gene in

Arabidopsis Plant
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In the course of a research concerning the molecular mechanism of hypocotyl elongation that occurs
during soybean seedling growth in darkness, we have generated a number of ESTs from a ¢cDNA li-
brary prepared from the hypocotyls of dark-grown soybean seedlings. Comparison of the ESTs as-
signed a cDNA clone as a putative plastidic ATP-binding-cassette (ABC) protein homologue. The soy-
bean GmNAP1 protein contains an N-terminal transit peptide which targets it into the chloroplast.
The transcription level of the GinNAPI gene was investigated under continuous red light, continuous
far-red light, and complete darkness. The main function of this NAP1 protein is the transport of proto-
porphyrin IX which is the precursor of chlorophyll from the cytoplasm to the chloroplast. The
GmNAP1 gene was transferred into the Arabidopsis under the CaMV 35S promoter. The chlorophyll
level of this transgenic Arabidopsis plant was much higher than the chlorophyll level of the wild type

Arabidopsis plant.
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Fig. 1. Amino acid sequence alignment of GmNAP1 with related amino acid sequences from plants and bacteria. The following
sequences are aligned: GmNAP1, AtNAP1 from Arabidopsis (GenBank accesion No. AAD03441), OsNAP1 from Oryza sativa
(NP_915325), Synechocystis sp. (synABC), Porphyra (porphyraABC), Volvox carteri f. nagariensis (iron-sulfur cluster assembly
protein), Nicotiana benthamiana (non-intrinsic ABC protein) and Ricinus communis (Protein sufB, putative). The transit peptide
to the chloroplast is in red.

& AR e Y=Y SufB G AR v fAF tide®] EA 7= TEEH(Fig. 1 red-bar). °]E9] AFTEE
SHA UEs T =9 SufB A3} FARRE A2 ofvt a9 HEYHY GmNAP12 Ricinus SufBo} 7HE 4540 =
= A& A2 ABC @] 7)o A TA4d 23} < Aoz yega 22 A= NAPEL ¢ 749
A AR ASHUI0]. 4= NAP S ds A& sufBst groupe F/33tAtH(Fig. 2).

9] #}o]H-& N-terminaloll §EAZ &F3h= target signal pep-
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Fig. 2. Phylogenetic analysis of the GmNAP1 protein with the
related amino acid sequences from plant and bacteria.
The phylogenetic tree was constructed using MEGA soft-
ware version 4.0 via the neighbor-joining method. The
numbers in the branches are the bootstrap values ex-
pressed as percentages. Bootstrap analysis was per-
formed with 1,000 replicates and bootstrap values are
shown as percentages.
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Fig. 3. GmNAP1 transcripts analysis by RT-PCR. A: Expression
profiles of the soybean chloroplast GmNAP1 transcripts
in darkness (6 d, lane 1), and in response to high fluence
red light irradiation for 3 hr (lane 2), 6 hr (lane 3), and
18 hr (lane 4). The bottom part is actin transcripts analysis
as a control. B: Expression profiles of the soybean chlor-
oplast GmNAP1 transcripts in darkness (6 d, lane 1), and
in response to high fluence far-red light irradiation for
3 hr (lane 2), 6 hr (lane 3), and 18 hr (lane 4). The bottom
part is actin transcripts analysis as a control.
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Fig. 4. Subcellular localization of GmNAP1 protein. In vivo tar-
geting of fusion protein. Protoplast were transformed
with P355:ABC-TP:GFP:Tnos. Green fluorescent signals
were examined 24 hr to 30 hr after transformation. Data
are representative of transformed protoplasts. At least
two independent transformation experiments were per-
formed with each construct.
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Table 1. Chlorophyll contents of wild type and GmNAPI over-expression Arabidopsis plant (mg/1)
Grown in red light for 10 days Grown in far red light for 10 days = Grown in dark for 10 days
Wild type 1.69 0.245 0.06
GmNAP1 OX plant 2.607 0.635 0.267

28174 GmNAP1©] °f 717
o] 7t AL R ddstdn °ﬂ*o*tﬂi o el A 4%
735 43w, HAFel M G B 150, AH AN
A AeE 26 GFL FFol 22 219 PR S}
&t THTable 1). A 2ol EAst< protophophyrinogen
IX oxidase (PPO)°l| €J3}l protophophyrinogen IX©] 4+8}= o]
protoporphyrin IX¢] o] NAP1dl| ¢J3 &4 stromaZ ©]
Fot] 4527t FAH = AoH|7]. T EE GmNAPI +

AR5} PPO 474 S0 ol714ue] §AA% A7Th
952 ol WA o 48 A0 ARHE volth £9

protoprophyrin IX:= 83 24 Alo]o] AZAGA IS

ot Al2 e vho|th5,16].
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