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旦.gntroduct量on

Morethan70%ofthew◎rld,sriceis

producedinin重ensive玉ycultivated,irrigated

paddyfields.亙nflo◎dedpaddyf藍elds,重hebulkof

thesoilishypoxicoranaerobicand重hemajor

formofnitroge簸avai玉able重oplants量s

ammonium.Riceplantsevolutionallyacquired

theability重oberesistant食otheseco簸di重io1}s1).

ThisisinmarkedcontrasttomostweU-aerated

agriculturalsoi至sinwhichnitrateis重he

predoi孤inantinorganicnitroge益species.

Ammoniumisthepreferred鰍 髭rogenspecies

takenupbyriceanditissx…periortonitrateill

termsoffertilizere鎗cie難cyi鍛paddyfields2).It

hasbeendemons重ratedthatinfluxofammonium

intoricerootsgraduallyincreasedbetween

2xユ0'6andlx10"3Mexternalammonium3),

indicatingthatriceplalltsmayacclimate霊othe

externalammoniumsupPlybyahering

propertiesoftheiramrno1}ium童ranspor重systems.

Tbstudytheregulatio1}ofammo難iumup霊ake

intoriceroots,threealnmo簸iumtra蕪sporter

genes(Os,4M7フ ノ1,1∫2and1∫3;Ω り～za£ativa

塑 〃101?1:Ui71老7●anspol惚r)wereisolatedand

examined4'5).OsAMTlsbelo獄gtoAMTIfamily,

containingllputativetransmembrane-spalmi1ユ9

domains.Southernblo重analysisandscree難h}gof

ther三cegellomedatabaseconfirmedtha重with

OsAMTI;1-1∫3出ecompleteAMTIfamilyof

ricehadbeenisola亡ed。He重erologousexμessio韮}

ofOSL,・Yt4Tlsin重heyeas宣Saccharoy?2yces

c81・8vご∫加 εmutant31019bshowed重hatalhh!『ee

OsAMTlsexhibi宣ammoniumk'al3sportactivity.

Northernblotana董ysisshowedadis翻ct

expressiGninshootsandrootsforO∫AルfTl;1,

root-specificandammonium-i曲cible

expressionforO&4L酸7フ ノ2,androot-specifica!}d

ni{roge11-derepressibleexpressionfor

Os/th4Tl∫3.

Real重imemo1}i重o加gofa艶mon沁m

translocationinricebyPETIS(positronemit伽9

trace罫imagingSyStem)de艶 ◎nStra宣ed鋤aCtive

upt・keandm・v・m・nt・famm・11ium6).H・ ・ew・

showtheattemptofreahimemonitori難gof

ammoniumtr鋤slocationus加griceforwi玉d-type

andtransgenicplan重constitutivelyexpressi擁9

0&4Lハ4Tl∫2gene.

2.Exper豊 鵬e漁 亘gereced腿res

2.亙Tr蹴sge寵 騒ce

The35Spromoterofcauliflowermosaicvirus

(CaMV)frompBI221wascolmectedwithORF

ofOsA.MTI∫2cDNA.Ricewas重ransf◎ 鋤edby

theproceduredescribedbyHieietaL7).

Trallsformantsofriceweregrow1}illgreellho魏se.

Hygromycinresistanceofriceseedli三}gswas

assayedandscreened.】E蓬01nozygousplantsf◎ 罫

thet1'ansgenewereusedill重heexperiments.

2.2P翫 翁醜重Mager豊a翌saPtdGrow苞 畳皇C◎ 釦陸《璽聾宣量◎鑑髭s

Rice(0り ♪zosaiil/aL)seedsweresterilized

andthendloroughlyrinsedinwater.Seedlh}gs

weregrownhydroponical玉yfirstilltapwate罫for

aweek,afidthellillnitrogen-freenutrient

scluti・n,whichisdescribedinthereference5).

2.313NH4やSyntkes蚤 §

Theradio宣racer蓋3N(half-life=9.96mh})was
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1. Introduction 

More than 70% of the world 's rice is 

produced in intensively cultivated, irrigated 

paddy fields. In flooded paddy fields, the hulk of 

the soil is hypoxic or anaerobic and the major 

form of nitrogen available to plants is 

ammonium. Rice plants evolution ally acquired 

the ability to be resistant to these conditions1
) 

This is in marked contrast to most well-aerated 

agricultural soils in which nitrate is the 

predominant inorganic nitrogen species. 

Ammonium is the preferred nitrogen species 

taken up by rice and it is superior to nitrate in 

terms of ferti lizer efficiency in paddy fields') It 

has been demonstrated that influx of ammonium 

into rice roots gradually increased between 

2xl0-6 and lxlO·' M external ammonium'), 

indicating that rice plants may acclimate to the 

external ammonium supply by altering 

properties of their ammonium transport systems. 

To study the regulation of ammonium uptake 

into rice roots, three ammonium transporter 

genes (OsAMTl;1, 1;2 and 1;3; Qryza ~ativa 

ammonium transporter) were isolated and 

examined'-') OsAMTls belong to AMTI fami ly, 

containing 11 putative transmembrane-spanning 

domains. Southern blot analysis and screening of 

the rice genome database confirmed that with 

OsAMTl ;] -];3 the complete AMTI family of 

rice had been isolated. Heterologous expression 

of OsAMTl s in the yeast Saccharomyces 

cerevisiae mutant 31019b showed that all three 

OsAMTls exhibit ammonium transport activity. 

Northern blot analysis showed a distinct 

expressIOn III shoots and roots for OsAMTl;1, 

root-specific and ammonium-inducible 

expression for OsAMTl;2, and root-specific and 

nitrogen-derepressible expreSSIOn for 

OsAMT1;3. 

Real time monitoring of ammonium 

translocation in rice by PETIS (positron emitting 

tracer imaging system) demonstrated an active 

uptake and movement of ammonium6
). Here we 

show the attempt of real time monitoring of 

ammonium translocation using rice for wild·type 

and transgenic plant constitutively expressing 

OsAMTl;2 gene . 

2. Experimental procedures 

2.1 lransgenic Rice 

The 35S promoter of cauliflower mosaic virus 

(CaMV) from pBI22! was conllected with ORF 

of OsAMTl;2 eDNA. Rice was transformed by 

the procedure described by Hiei et aI.7
). 

Transfonnants of rice were grown in greenhouse. 

Hygromycin resistance of rice seedlings was 

assayed and screened. Homozygous plants for 

the transgene were used in the experiments. 

2.2 Plant Materials and Growt h Conditions 

Rice (Oryza sativa L) seeds were sterilized 

and then thoroughly rinsed in water. Seedlings 

were grown hydroponically first in tap water for 

a week, and then in nitrogen-free nutrient 

solution, which is described in the reference;'; ). 

2.3 13NH. + Synthesis 

The radiotracer "N (half- li fe = 9.96 min) was 
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producedinthecyclotronatTIARAbyproton

irradiationofwater.Thisprocedurewas

describedindetail6).

2。4A】rMIPtkonlwmtr鋤s亘oca重 茎o盤activity

搬easure醗e麗 わyPET亙S

Tbs重udy13NH4+uptakeandtranslocation

丘Omr◎OtStOwhOleplanち 亡herOOtSOfaSingle

pla鉛twereplacedina16cmheightglasstest

重ubetha重contained20韮nLofculturesoユution

withnitrogensource(0。015mM(NH4)2SO4).

13NH
4+(50MBq,carrier-freein6mL)was

addedtothecuhureso至utio烈aftersynthesiswith

gentleaerationforimmediatemixing.Theligぬt

intensitywas500μrnolm剛2s瞳1unlessotherwise

described.ThePETISanalysisperformedunder

ambientcollditionsdescribedi礁detai玉6>.For

nitrogen-deficiency重reatment,Pla飛swere

在ral1Sferred亡Ocu玉 亡ureSO1面OnW量thOut磁Ogen

sourcefor3days.

2●5A醗 】neo亙樋聰maAda貰 醜董甑03c量 《至謹e重er篁簸量葺x3豊量o亙N

畏}ycI途璽}i盈旦arcye夏ec勧ro】1>恥0嚢resis

NH4+andaminoacidsweregri鎗dingroo重

tissuesinO.01NHC至at4。C.Furtherprocedures

aredescribedinthereference6).

3●Res9旦 重Saコ筆d匡亘)董SC1露SS皇0亙3

Wesucceededinproductionof重he舳3sgenic

riceexpressingOsAMTI∫20RFunder

constitutivepromoterofCaMV35S,designa重ed

asOsAM7フ ノ2senserice.Twotransgenicヱines

wereestablished,whichcaUedSla薮dS2.

QuantiねtiveRT-PCRanalysisrevealed重hat

transcriptforOsAハ4コ ワ ノ2is!nuchaccumulatedin

theS2Plantcomparedtotha重in重heS1(da重anot

Shown).

Tbevaluatetheabili重yofuptakeand

assimilat圭01}ofammoniumi呈}theOsAMT2∫2

sellserice,quantitationofammoniuma惣d

glutamineillrOOtSaf重erammO漁mtreatll3el3t

wasexamined(Fig.1).Levelofammoniumin
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Fj9.1Levelsofammoniumandglutamineinroots

quantifledbycaplUaryelectrophoresisa負er

ammonium重reatment.Nitrogen-deprivedplants

(wi】d-type,WT;SlandS2)was窒reatedw価 α 玉5

mM(NH4)2SO4for4hrandsublectedtothe

quantitatlon・

reotsoftheSIandS2plantswasapproximately

1.4-fddand45-fbldhigherthanthatinthe

wild-type(Fig.1A),whileglutaminewasalso

accumulatedin1.4-fo】dinbothSIandS2plants

(Fig.1B),indicatillgthatOverexpressionof

ammoniumtransportergeneIeads重oefficient

uptakeofaln董noniuminriceplant.

ToconfirmtheabiIityoftheO&tSMT7∫2sense

ricehavingefficientup重akeofammonium,shoo重

tra!islocationof13NH4+fromrootswas

performedbythePETISanalysis(Fig.2).

Nitrogen-deprivedSIa1ユdwild-typeplantswere

transferredtoO.015mM(NH4)2SO4for30mh}

alldthensubjectedfo重heradioactive13NH4÷.A重

45minaf重ertheradioactivea買}monium

treatme斌,13Nsignalwasdetecteda重 重he

baseme蹟ofIeafsheathinthewild一 重ype(Fig2B

and2C),whereasthesignalwasdetectable量n

mostpartsoftheSlplant(Fig.2E翻d2F).

Accumulationofthesignalattheleafsheath

wasremarkablyenhancedintheSIcompared冠o

thatinthewild-type(F量g.2G),Tl}eseresults

indicatetha重overexpressionoftheOsAMワ フノ2

resultsinenhancedabi玉ityforuptakea難d

translocationofalnmol)iumfrolnroots.
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produced in the cyclotron at TIARA by proton 

irradiation of water. This procedure was 

described in detail 6) 

2.4 Ammonium translocation activity 

measurement by PETIS 

To study 13NH/ uptake and translocation 

from roots to whole plant, the roots of a single 

plant were placed in a 16 cm height glass test 

tube that contained 20 mL of culture solution 

with nitrogen source (0.015 mM (NIL.),S04)' 

13NH: (50 MBq, carrier-free in 6 mL) was 

added to the culture solution after synthesis with 

gentle aeration for immediate mixing. The light 

intensity was 500 flmol m"s' unless otherwise 

described. The PETIS analysis performed under 

ambient conditions described in detail6
) For 

nitrogen-deficiency treatment) plants were 

transferred to culture solution without nitrogen 

source for 3 days. 

2.5 Ammonium and amino acid determination 

by capillary electrophoresis 

. NIL. + and amino acids were grinding root 

tissues in 0.01 N HCl at 4'C. Further procedures 

are described in the reference6
}. 

3. Results and Discussion 

We succeeded in production of the transgenic 

nce expressing OsAMTl;2 ORF under 

constitutive promoter of CaMY 35S, designated 

as OsAMTl;2 sense rice. Two transgenic lines 

were established, which called Sl and S2. 

Quantitative RT-PCR analysis revealed that 

transcript for OsAMTl;2 is much accumulated in 

the S2 plant compared to that in the Sl (data not 

shown). 

To evaluate the ability of uptake and 

assimilation of ammonium in the OsAMT1;2 

sense rice, quantitation of ammonium and 

glutamine in roots after ammonium treatment 

was examined (Fig. 1). Level of ammonium in 

A B 
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'" ~j{) ~ OWT 
~ 

"" ::-2 
~ i IJI;2 

!' 
~ 6 

8 
~ i 4 

~ , 
~ . 2 ~ 

~. 0 

~ 0 

+NH' 
4 

+NH + , 
Fig. 1 Levels of ammonium and glutamine in roots 
quantified by capillary electrophoresis after 
ammonium treatment. Nitrogen-deprived plants 
(wild-type, WT; S1 and S2) was treated with 0.15 
mM (NH,),SO, for 4 hr and subjected to the 
quantitation. 

roots of the Sl and S2 plants was approximately 

l.4-fold and 4.5-fold higher than that in the 

wild-type (Fig. 1A), while glutamine was also 

accumulated in 1.4-fold in both Sl and S2 plallts 

(Fig. 18), indicatillg that Overexpression of 

ammonium transporter gelle leads to efficient 

uptake of ammonium in rice plant. 

To confirm the ability of the OsAMTl;2 sense 

rice having efficient uptake of ammonium, shoot 

translocation of 13NH/ from roots was 

performed by the PETlS analysis (Fig. 2). 

Nitrogen-deprived Sl and wild-type plants were 

transferred to 0.015 mM (NH,),SO, for 30 min 

and then subjected to the radioactive "NIL. +. At 

45 min after the radioactive ammonium 

treatment, "N signal was detected at the 

basement of leaf sheath in the wild-type (Fig. 2B 

and 2C), whereas the signal was detectable in 

most parts of the Sl plant (Fig. 2E and 2F). 

Accumulation of the signal at the leaf sheath 

was remarkably enhanced in the Sl compared to 

that in the wild-type (Fig. 2G). These results 

indicate that over expression of the OsAMTl;2 

results in enhanced ability for uptake and 

translocation of ammonium from roots. 
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Fig.2Uptakeandtranslocationof13NH4÷fromrootsto

shoot(AtoF)andtlme-coursestudyoftranslocationof

13NH
4+1煎01eafsheath(G)i録OsAMT7;2senserice.A

toC,wild・ ・type;DtoF,Slplant.AandD,phot◎;Band

E,radioactlveimagingbyBAS1500;CandFPBTIS

13N -imaglng .

Wefocusedontheinitialstepsofammonium

uptakeandtranslocationi11rootsinthisstudy.

However,theammoniumtranslocationwouldbe

alsoregulatedbythenitrogenstatusviaa

consequenceofinternalnitrogencyclingand

remobilization.Furtherstudieswillbe1ユeededto

evaluatetheidea.
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We focu sed on the initial steps of ammonium 

uptake and translocation in roots in this study. 

However, the ammonium translocation would be 

also regulated by the nitrogen status via a 

consequence of internal nitrogen cycling and 

remobilization. Further studies will be needed to 

evaluate the idea. 
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