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Abstract: Incorporated of CsNitr1-L-transgene in rice plant was 

showed to active and  transport NO2
-
  from cytosol into  

chloroplast. With a PCR method screening of CsNitr1-L gene 

were  confirmed which the CsNitr1-L-transgene have 

amplification band, while the plant were not contained 

CsNitr1-L gene, there are no amplification band. Some strain 

were obtained and got a seeds. Almost CsNitr1-L-transgene was 

raising in all parameter test, such as plant height, tillers number,  

respectively. The accumulation of  NO2
-
 in the leaves of 

CsNitr1-L-transgene was lower compared with wild type.  

CsNitr1-L is a cucumber NO2
-
 -transporter gene that located in 

chloroplast membrane have been transformed into japonica rice 

cv.  Nipponbare. A series experiments was carried out to 

understand the expression- CsNitr1-L-transgenic rice. The 

seeds were cultivated to observe the activity of 

CsNitr1-L-transgene with medium containing NO3
-
 or NO2

-
 as 

inducer. Agronomical test, like tillers number and plant height 

were observed and compare with non CsNitr1-L- transgenic rice. 

While the NO2
-
 content in leaves were analyzed with capillary 

electrophoresis method.   

 

Index Terms: Nitrite Transporter, rice, Transgenic, Nitrate, 

Nitrite. 

I. INTRODUCTION 

The importance of nitrogen in crop production has been 

documented well. However, a better understanding of several 

aspects of nitrogen   metabolism     is needed to make more 

efficient use of fertilizer nitrogen in crop production, and yet 

have a minimal impact on the environment. Usually, the 

inefficiency of nitrogen losses in application are caused by 

dentrification, leaching and ammonia volatilization [1]-[2]. 

The utilization of nitrogen in almost crop plants are use 

ammonium or nitrate and mixture as nitrogen sources. Based 

on this utilization, there are plants that having to like 

ammonium, such rice plant, Arabidopsis, and white spruce. 

While cucumber is prefer to nitrate as nitrogen sources. The 

while in the aerobic agriculture field, nitrate is major form 

which the mean soil solution concentration of NO3
- is around 

6.0 mM compared with 0.77 mM for NH4
+ [3], however, the 

utilization of such nutrient is not maintained well. Therefore, 

in the modern agriculture system requirments of such 

nutrient was obtained by dependence upon the massive 

application of N fertilizer which approximately 85 million 
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metric tons per annnum worldwide [4]. In the cultivation of 

rice, it can concume nitrogen about 10% of globally for 

different crops [5]. 

In the future, it is challenging to create the NO3
- -use 

improvement by high assimilation of nitrate nitrogen. In the 

assimilation of higher plants, firstly nitrate reduces to nitrate 

by Nitrate Reductase (NR) in cytosol, then nitrite reduces to 

ammonium by Nitrite Reductase (NiR) in chloroplast [6].  

Nitrite ion as intermediate product is toxic to plant cells 

[7]-[8]. It assumes that transports across the chloroplast 

inner envelope occurs by the transport of the protonated form 

of NO2
-, HNO2 [9], or by the uptake of the NO2

- ion [10]-[11]. 

Some studies was carried out that transporting is caused may 

be by a protein transporter for NO2
- , However, 

knowledgement of this transporter is not understanding yet. 

A nitrite transporter gene have been founded and cloned 

that localized on chloroplast envelope from cucumber plant, 

CsNitr1-L [12]. And it is used for transformation of  rice 

plant by Agrobacterium tumefaciens infection method. Since 

cucumber plants is nitrate plant, but rice prefer to 

ammonium, we consider transgenic rice plant can utilized 

nitrate as well as use ammonium. 

II. MATERIALS AND METHOD 

Gene-transferring binary vector, pIG121Hm, harboring 

genes for hygromycin resistance and intron GUS in the 

T-DNA region under the control of CaMV35S promotor was 

used as control (Fig.1). And replacing the GUS gene at 

XbaI-SacI site by cucumber nitrite transporter (CsNitr1) 

gene (Fig.2). Both vector, then introduced  into 

Agrobacterium tumefaciens strain EHA 101 by 

electrophoration according to [13]-[14].  

 
Fig.1:  pIG121Hm::GUS construct 

 
Fig. 2:   pIG121Hm::CsNitr1-L construct 

Mature seeds of Japonica rice cultivar Nipponbare were 

dehulled and sterilized by 70 % ethanol for 1 minute, then by 

50 % Sodium hypochloride 

for 30 minutes. After rinsed 

with steril distilled water, the 

steril seeds were placed into 
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N6-callus induction media and incubated at 28oC under 

continuous light.   

 

 

At two weeks cultivation the calli derived from scutellum 

were sub cultured for 4 days and used as materials for 

transformation. 

The rutine procedure for transformation of rice plants 

were carried out as according to [15]. The single colony of 

cell line from Agrobacterium containing both CsNitr1 gene 

and GUS gene were suspended with AA-medium 

supplemented with 10 mg/l acetosyringone [15]. Freshly sub 

cultured embryogenic calli were submerged in that bacterial 

suspension for 3 minutes. Calli were then placed on to 

co-cultivated medium and incubated for two days in the dark 

condition. After washed with sterile water, which containing 

500 mg/L carbenicillin, transgene-calli selected on selection 

medium containing Higromycin for two weeks at 28oC under 

continuous illumination. The selected-proliferate calli were 

then transferred onto regeneration medium and regenerate 

plants transferred onto root induction medium for stability of 

rooting. The plant-transgene  were placed on the vermiculite 

and allowed to maintain in the green house until maturity 

and to get seeds. 

Genomic DNA was isolated from the leaves of transgenic 

plants with ISOPLANT method from TAKARA, the manual 

were given by the company. Transgenic plants were initially 

screened by the polymerase chain reaction (PCR) analysis to 

confirm the insert of gene. Five hundred  ng of DNA were 

amplified by which  primer that used were: 

 

R: 5'-GAACCATGAGCTTGATG-3' 

F: 5'-AGGGAATGGTTACCAT-3' 

 

To grow rice plant were cultivated hydroponically 

according standard procedure from Internatiomal Rice 

Research Institute, IRRI. Surface-sterilize rice seeds was by 

70% ethanol for 1 minute and by 30% Sodium hypchloride 

for 1 hour. Then wash thoroughly with several changes of 

distile water and allow the seeds to soak at 380C for 24 hours. 

The sterilized seeds were germinated into plate containing 

kimwipe paper  with distile water as netral nutrition. Two 

days germinated plants were transfer into pot that containing 

Yoshida medium with N-free. After two weeks old, seedlings 

of nearly uniform size  were selected and transplanted in a 

pot that was filled with small stones containing medium with 

various nitrogen sources [15]. Renewal of culture solution 

was performed once a week and  all cultivation were 

incubated on green house. 

The accumulation of NO2
- and NO3

- in the leaves were 

analyzed by capillary electrophoresis according to the 

procedure that given by [16]-[17]. a hundred mg fresh weight 

of leaves were grounded with 50 ul of 0.1% SDS. After added 

with 500 ul of chloroform, the extract were centrifuged at 

18,000 x g for 10 min. The aquous layer of solution then used 

to determined NO2
- and NO3

- content. 

Uptake of NO2
- and NO3

- were determined by following 

the depletion of NO2
- and NO3

- from the induction medium. 

The concentration of NO3
- was assayed by a NO3

- electrode 

meter (HORIBA-D23l ). While NO2
- concentration was 

measured by colorimetric method. 

III. RESULTS AND DISCUSSION 

Screening of CsNitr1-L gene was confirm by genomic 

PCR which transgene that contain insert gene are amplified 

with specific primer, CsNitr1-S-33-567R. As shown in the 

Fig. 3, CsNitr1- transgene have amplification band, while 

wild type there are no amplification.  

 

Fig. 3: Genomic DNA (500 ng) was used as template for PCR amplification of 

CsNitr1-L fragment. The reaction mixture (10 l) run in 1.5% agarose gel with 

DNAA size marker (M). Lane indicating wild type and number of strain (from 

left to right). 

 

 
(a) 

 
(b) 

 
Fig. 4: Effect of CsNitr1-transgene on height of rice plant supplemented with 

NO3
- 
(A) and NH4+ (B) as sole nitrogen source. Absis indicating days of 

transplanting and ordinate is plant height was measure in cm. 

 

When CsNitr1-transgenic rice cultivated on medium 

supplemented with 3 mM NO3
- as sole nitrogen source, the 

plant height is more taller compare with wild type and 

GUS-transgenic rice (Fig.4a), but the plant height of 

CsNitr1-transgenic rice were as tall  as wild type and 

GUS-transgenic rice when cultivated with NH4
+ as sole 

nitrogen source (Fig.4b). 
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The growth rate of CsNitr1-transgene show increasing 

when cultivated at 2 weeks (Fig. 5), but wild type or 

GUS-transgene was inhibited. 

The tillers number of CsNitr1- trangenic rice is more 

active than wild type and GUS-transgene when cultivated on 

medium supplemented with 3 mM NO3
- as sole nitrogen 

source (Fig. 6). 

 

 

Fig. 5: Nitrate utilization of CsNitr1-transgenic rice supplemented  

with NO3
-
 as sole nitrogen sources at 2 weeks. 

 

 

Fig. 6: Ability of tillers number on CsNitr1-transgene induced by NO3
-
.  

The plant were induced at 1 month old after transplanting. 

 

The accumulation of NO2
-
  in CsNitr1-transgenic-leaves 

were more less one forth than wild type (Fig. 7).  

 

Fig.7: Accumulation of NO2
-
 and NO3

-
 concentration in  

CsNitr1-L transgene-leaves 

IV. CONCLUSION 

Nitrate is one of major form of nitrogen which it taken up into 

the roots cells and can be stored temporarily in the vacuole. Some 

portion of them were assimilated both in the roots  and leaves. One 

key of the primary assimilation product is nitrite,  since  its 

accumulation caused toxic to plant cells. 

We considered that  the accumulation can be lowered,  when the 

nitrite in the cytosol can be transfer into chloroplast by nitrite 

transporter that localized in the chloroplast.  

CsNitr1-L was induced by present of NO3
-, indicated that after NO3

- 

was assimilated and reduce to NO2
-,  this intermediate product can 

be transport more in the CsNitr1-trangene in comparison with wild 

type and GUS-transgene.  

The accumulation of NO2
- was less in CsNitr1-transgene than 

wild type indicated that some portion of  NO2
-  was transport into 

chloroplast suggested that  nitrite transport activity of wild type was 

low comparing with CsNitr1-transgene. This mean that there are 

activation of NO2
- transport  in CsNitr1-transgene. 
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