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Leafphotosynthesisis㎞owntobea臨ted

bythelevelsofenvh℃nmentalnitrogenwhere

theplamtSaregrown1).Itisalso㎞ownthat

Nitrogenassimilationneedsacarbonso皿rceto

Plroduceaminoacid2).Thus,interaction

betweencarbonass量milationandnitrogen

assimilationisoneofthemostimportant

factOrsregU且at血9P互antgrowth,iitparticular

undere且evatedCO2conditio孤s,The

suppressionofphotosynthesisbyCO2

enrichmentisassociatedwithadecrease且n

totalleafni1ぼoge皿content1),Thissuggeststhat

theelevatedCO2conditionmayaffectthe

assimilati⑪ 鷹alldtranslocatio藍 ζ)fcarboRand

mtrogens⑪ 購Tces.

Ithasbeenimpossibletoconductdynamical

studies且ntra蝕slocationandpartitiol盛ngof

fixedcarbonassugarsandtakennitroge血as

aminoacids.UseofPositronEmittingTracer

ImagingSystem(PETIS)caglvisualizethe

real。timemovementofthesecompoundsand

biosyntheticproducts2)・3).Herewerepo館the

resultsoftwoeXPerimentSfbrriceplants:

effectSofnitrogensupPlytosoilwateron

i3NOI"繍'3NH4+購 蜘;ararmsl⑪ 。at重⑪nof

iiCO2
,13NO3辱and査3NH4+㎜derelevatedCO2

conditions.

Exgeeriments

Rice(QyzasativaL.cv.Nipponbare)seeds

weregen皿inatedinwaterandcultured

hydroponicallyinagrow血ohaniberw丘tha14-

hlight(25・C)/10-hd誼(20・C).rlh・

procedurefbrproductionof且3NO3",13NH4+

and1ICO2wasdescribedelsewhere3).

})EffectsofnitrogensupPlytosoilwateron

15NO3'and皇3NH4+uptake

l3NH4+wasfedtotherootsofriceplants

cultivatedfora㎜onthunderdis"nct

conditions:controE;4daynitrogendeficiency;

pretreatmentwithO.3mMNH4+正br2藍 繊er

4-daynitrogendeficiency.Meanwhile,皿3NO3'

wasfedtotherootsprctreatedwithO.3mM

NO3'for2hafter4-day樋troge龍deficiency.

2)Tr磁slocationof互1CO2,13NO3

and13NH4+underelevatedCO2conditions

A鉦erriccp1購tswereculturedont叩water

fbr3weeks,halfofthegroupwastransferred

toambient(40Pa)cond且tions,andtheother
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2.29 Positron imaging analysis of assimilation and translocation 

of carbon and nitrogen sources in rice plant 

S.Otsuki, Y. Sonoda, S. Saiki, S. Matsuhashi* , S. Watanabe', 

N. S. Ishioka*, T. Sekine* and l Yamaguchi 

Graduate School of Division of Biological Sciences, Hokkaido University, 

'Ocpartment of lou-Beam-Applied Biology, JAERl 

Introduction "N0 3' and "NH4+ uptake; translocation of 

Leaf photosynthesis is known to be affected "C02, "N03' and "NH4+ under elevated C02 

by the levels of environmental nitrogen where conditions. 

the plants are grown". It is also known that 

Nitrogen assimilation needs a carbon source to Experiments 

produce amino acid ". Thus, interaction Rice (Oyza sativa L. cv. Nipponbare) seeds 

between carbon assimilation and nitrogen were genninated in water and cultured 

assimilation is one of the most important hydroponically in a growth chamber with a 14-

factors regulating plant growth, in particular h light (25°C) I 10-h dark (20°C). The 

under elevated C02 conditions, The procedure for production of "NOT, ''NH4+ 

suppression of photosynthesis by C02 and "CO2 was described elsewhere", 

enrichment is associated with a decrease in I) Effects of nitrogen supply to soil water on 

total leaf nitrogen content", This suggests that BN03' and "NH4+ uptake 

the elevated C02 condition may affect the "NH4+ was red to the roots of rice plants 

assimilation and translocation of carbon and cultivated for a month under distinct 

nitrogen SOllfces, conditions: control; 4-day nitrogen deficiency; 

It has been impossible to conduct dynamical pretreatment with 0,3 m1v1 NH4+ for 2 h after 

studies in translocation and partitioning of 4-day nitrogen deficiency, Meanwhile, "N03-

fixed carbon as sngars and taken nitrogen as was fed to the roots pretreated with 0.3 mM 

amino acids, Use of Positron Emitting Tracer N03- for 2 h after 4-day nitrogen deficiency, 

Imaging System (pETIS) can visualize the 2) Translocation of "CO2, "N03 

real-time movement of these compounds and and"NH4+under elevated C02 conditions 

biosynthetic products "", Here we report the After rice plants were cultured on tap water 

results of two experiments for rice plants: for 3 weeks, half of the group was transferred 

effects of nitrogen supply to soil water on to ambient (40 Pal conditions, and the other 
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halfもoelevI鵬dCO2(140Pa)condi廿o獄sfor4

weeks,13NO3'and13NH4+werefbdtotherooIs,

andllCO2wassuppliedatthemiddlepartof

theneweStandsecondneweStleavesthrougha

andaresult辻lgPET亙Si血age(right).
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ofradioactivityatthe玉)CfoTdififerentcultivationcenditions:control(△);4-daynitrogen

deficiency(◇);pretreatmentwithO.3mMNH4+f()r2hafter4-daynitrogendeficiency(口);

pretreatmentwithO.3mMNO3'for2ha丘er4-daynitr()ge昇deficie耳cシ(○).
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half to elevated C02 (140 Pal conditions for 4 and "C02 was supplied at the middle part of 

weeks."N03" and ''NH4" were red to the roots, the newest and second newest leaves through a 

descrimination center (DC) 
PETIS image 

Fig. 1 Schematic of the present positron imaging experiment for a rice plant (left) 

and a resulting PETIS image (right). 

20rr========~------------, 

15 

o~~~~ 
o 10 TlDle(min) 20 30 

Fig. 2 UN translocation from roots to the descrimination center. Curves show the accumulated 

of radioactivity at the DC for different cultivation conditions: control (6); 4-day nitrogen 

deficiency CO); pretreatment with 0.3 roM NH4" for 2 h after 4-day nitrogen <;leficiency (D); 

pretreatment with 0.3 mM N03" for 2 h after 4-day nitrogen deficiencY CO) . 
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quvettofeediLCO24).PETISmeasurements

werepe㎡formedinthesameCO2conditionsas

attheforegoingcultivationst#ge.

鼠es闘 艮電慧 農頁]巨dld韮S¢思】且SS量0置1

1)EffectsofititrogenSUPP亘ytos⑪ilw飢{謝on

互3NO3'a血d13NH4+uptakel尉 慕ure夏showsa

PETIS且mageobtainedfor!3NH4'F.Yrotlyk亡hese

i韮lagingdata,thet重m¢ 疇ours儲 賦13N

radioactivityatthedisc】rkEwk重n勒 輌⑪離ee1keew(DC)

2)was・b嘘ed飴rthedl飾r疇 慮 騨wettta・ent

cond重tions,asshowninFig.2,Thisrevea宣ed

thatthcpretreatedricewithO,3mMNff4+{br

2hafter4-daynitrogendieficiencyftrm(薫 重he

pretreated1iceplantwi血 ⑪.3m嫉NOぎfbr2h

a負er4-daynitrogendefiQkencyabs⑪ 由 磁 ㎜ ⑪re

amo㎜tsof13Nthroughouttheexpe曲e鶯tthan

thecontrolplantand血eplantculdvatcdina

4-daynitrogendeficiencycondidon,This

suggeststhatuptakeofnitmgensources丘om

rootsisinducedbyanincreaseofthenitrogen

contentaroundtheroots.

Itisposs且blethat血isinductionofNH4+

uptakeiscausedbyhigha岱nityNH4+

trartsporter(OsAMTI;2)whichisinducedin

NH4+-treatedricerootsaf胎rnitrogen

deficiency5),AnalysisofmutI甑a瞼d

transgenic1重ceofOsAMTI∫2genewi1且verify

thehypothesis.

Theobserveduptakedelaybetween13NO3-

and!ヨNH4+attheDCmayresultfrom臨efact

thatNO3'istranslocateddirec{iywitho朋t

metabo且ism,whereasNH4+needstobe

aSSimilatedintOglutamineattherOOtS2).

2)Translocationof1℃02,13NO3冒andi3NH4+

underelevatedCO2conditions

Thcresultsof極sPETISa岨alysisdetected

nodeferenceintranslocationof且3NO3',13NH4+

and置1CO2between血erioeplantscultivatedin

theambientalldelevatedCO2¢onditions(data

notshown)、Althoughthee且evatedCO2

conditionmaynotaffect血etranslocationof　
血esecompoundsdu血gaperiodoftimeas

shortasonehour,fUrther鰍perimentswillbe

鵬ededtoconf㎞thispぬ ¢籍omenon.

Refe『e醜ces

1)H,Nakano,A.MakinG、T、Mae,Plant

Physiologyll5(1997)191-198.

2)S.Kiyomiya,H.Nakanishi,H,Uchida,A,

Ts両i,S.Nishiyama、M,Ftatsubashi,H.

Tsukada,NS、 亙shioka,S.WatImabe,T.Ito,

C.Mlzuniwa,A.Osa,S,Matsuhashi,S,

Hashimoto,T.Sekine,S.Mo貞,Plant

Physiology125(2001)1743-1754.

3)N.S.Ishiok4H.Matsuok亀S.Watanabe,A.

Osa,M.Koizumi,T.Kume,S.Matsuhashi,

T.Fujimura,ATs頭,H.Uchida,TlSekine,

JoumalofRadioanalyticalandNucfiear

Chem量stry239(1999)417-421.

4)S.Mats曲ashi,S.Wata囎be,N.S.Ishiok亀

C.M重z画wa,T,Ito,T.Sekhle,TIARA

AnnualReport(2001)90-93,

5)Y.Sonoda,A.Ikeda,J,Yamaguchi,Rice

GeneticNewsletterl7(2000)89-92.

一102一

lAERI-Review 2002-035 

quvet to feed "C02'). PETIS measurements 

were performed in the srune C02 conditions as 

at the foregoing cultivation stage. 

Results and discussion 

1) Effects of nitrogen supply to soil water on 

"N03' and "NH4+ uptake: Figure I shows a 

PETIS image obtained for "NH4+. From these 

imaging data, the time-cow'se of ''N 

radioactivity at the discrimination center (DC) 

2) was obtained for the different pretreatment 

conditions, as shown in Fig. 2. This revealed 

that the pretreated rice with 0.3 mM NH4+ for 

2 h after 4-day nitrogen deficiency and the 

pretreated rice plant with 0.3 mM N0 3' for 2 h 

after 4-day nitrogen deficiency absorbed more 

amounts of "N throughout the experiment than 

the control plant and the plant cultivated in a 

4-day nitrogen deficiency condition. This 

suggests that uptake of nitrogen sources from 

roots is induced by an increase of the nitrogen 

content around the roots. 

It is possible that this induction of NH4+ 

uptake is caused by high affmity NH4+ 

transporter (OsAMTl ;2) which is induced in 

NH4+ -treated nee roots after nitrogen 

deficiency " Analysis of mutant and 

transgenic rice of OsAMT1; 2 gene will verity 

the hypothesis. 

The observed uptake delay between "N03' 

and "NH4+ at the DC may result from the fact 

that N03' is translocated directly without 

metabolism, whereas NH4+ needs to be 

assimilated into glutamine at the roots2
) 

2) Translocation of "C02, "N03' and "NH4+ 

under elevated CO2 conditions 

The results of this PETIS analysis detected 

no deference in translocation of "N03', "NH4+ 

and "C02 between the rice plants cultivated in 

the ambient and elevated C02 conditions (data 

not shown). Although the elevated C02 

condition may not affect the translocation of 

these compounds during 4 period of time as 

short as one hour, further experiments will be 

needed to confmn this phenomenon. 
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