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hypothesis. Al sactlon cannot



be refuted results obtained in th is  study c lea rly  show that a 
chemical reaction must be taken in to  consideration as a possible 
mechanism responsible to r the NOx evolution phenomenon observed in 
young soybean lea f tissue.
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One of the mn.tnv fuotovs invoivmi in iiici'easIng crop iirorluction is 
uiki'OKOri rui'l. [ I Izcv, the imuovil.y oV crop iilanf.B iii'O apoci ric« 11y 
fii'Bil to ensure It M i ylelilu in i'ubi" iq W til l.voson tort.i I izars. Due 
to l;he rniildly I'islni! oosl: . ; Orogen ('mi-iJ  tiieva, e-xtena! ve
1'eaoni‘oli luia litieii conrlnctml lii 1 -.j  field of n I nn I. n iti^ en
nol.nliolisai in mi Ml fori, tfl Kain » oUnrer iintlorsI.fiiKilng ol’ pifliil. 
ulU-niiRn use ofrlfiiminy.

Thu imiiorhanen of 111l.vô eu i» iihxui. Rrowtii nml ciavslnpmoiil; is 
iin'llspntail ye I. i t  him iuh v i  Iioou lUieslhUi t.o nonmml. I'or a ll r.He 
iiltvogHN Mini: Is taken ii|) liy iIih ijIuiiI:, Stiveral eec.liRnibus «hereliy 
nitrogeii can he lust I'rom lilnnla linve been siiggaskeil. Wh.araos 
miliir/ii. absoieahm ov uiaclinn I nnl i'hudviU oh pinnt. nniupoi.ento 
«nn«(.tUit.r-8 nn mport.nnt nll.riigun loss (Vlsl.a, IDKfi), l.lie loss of 
Uasaoua N Uy v.vnii ploni.s omiudt ini i^norerl. (laseons nitrogen loss 
lias linen rfliiortad liv nuvnrol wnrkori (Htutl.e tuni Wei laiwi, l.!)7H; 
Wuilnml uml Sl.ntLe, |ln<ik«v at. u l . , IW ;  tin tiilvn nml av.nl: lie,
Ititi! n unit hj Stutti) el. a l . , TUq ovolul.ion 11V nmi-elcijientfil
nltrotfoii liy ii Hijvlmim ernp luia Ijviiii ruimi'tuil to li« n« hl^h us 45 
k«/)ia (au itto  ol. n l. ,  111711),

Slficu !.lu> v,f nttvoiiun I'uri.i 1 inur tlirimUiis l.o lie t.lia mnjor
I'Mitop llauhlug I ii(!Pu«H«<t wijiiiii)! i vi l.y In Min Yhlril Kovlil
Cmi'iI.rlftR I , I Will I i t  In v.Utiw Vhnl. ul’ nmiiiit umh „l
nil;i’OKbii l>y ornp iHiml.e in OHKiinl.m I ,

Hoylienns, mi iinjiDi'I.iuit iiri/Unii crui., nra grown in many iian.s of l.lm 
woi'lil. Hoowtl.ly 11. unn ru|iinM.i«l HiaI. larga (jiiiiiitl l.los or nitrogaii 
oxttle KflHsa ui'e ovoiveil I’vnm i.Ho luavi.'ti i>f l.lilu lutiuniL) in raupdiiso
t.o havhlciilti I. run I. buhl liUusnw, V.W1 n). ir  Mm iininiint of iill.roffnii



lers banding of 
is  nemlcd.





obtniiied with the discovery in 
iferring two electrons (Nason

SuliacnuenViy, i t  whs nhoim that representative fungi and higher 
plants such [is NcuroBimrn nml soybean contain a number o f ensymes 
vliich caValsae Uie I'eiluchWni of n itra te  to amnonin by way of n it r i te  
nml liyili'oxylnnine. Nannn ( ItiRG) postulated the presence oC an 
utideler.t.od 1 ntevn.i'vlintr bel.wem n i t r i te  anti Kydroxylamine on the 
nasiiniiLion that 2-PlPCtron olimgea are involved in eftch step. This 
comyrMintl wmiiil liava a. nitvoMH oC oxUiaticm number +1.

NtTiiATB —) NITRITR —  ̂ ) IlYDROXYWNfM —) iVWMONU (3)

HOv NOz- NlljOII Nils

Support for th is  pathway 
Ncurooporn of 
mid Takahoshi, 1966).

ic

A iiow soqiiQiice nf i iiVoi'innrl intes wns proposed by Fewson and Nicholas 
UDfil) n ltc 'r Uioy hnd worked on micro-oremiisres and higher plants.
They iiroposprf that n ltrn te  nssi mi la tio n  (end products are

11 nrnl fi) anti n itra te  d issim ila tion (n itra te  Is
nspd liistciul ol' nxvffr'ii, emiecUU ty under anaerobic oonditions, as
Uip l.rirniiiml hyilrogr-n ncncptnr) are 11 tilled. This pathway involved

nml two hi.'ansl'eis of a single electron
.1 ixmi tiicliolas, Dili); Frwann, 1900).



Those jmtimays hr been univeraaHy
Intermediates (Kess 

i intermediate in

MITROT AHTOiiiA

'] distiiiRuislicd bo 
Joed uIcotinamide



(Ilmiclr-objilp) or NAIJI'II ( rr; liir- il nicoblnnnitld ndenine dinurleotide 
|)lios|ilml;e) Ip! R V. 1.0-0 - 1 is  siiaciCio fo r NAOII; B C 1.6.6.2 
ukXHspa bolli NADU mid NAIII'lli iiml R C 1.G.C.3 is  specific  Cor
NAURU. The unaymp Rxl.l'acl’.orl from most hlizlier plants u tilise d  NADI!
us I hr r Ic rIro n  (Umar. T ills a im o iflc ity  is imk absolute (Venneslsnd 
mill OiiPiTcru, 19?!i; llimonnn ami lined, ii/SO; O'usrrero i?U t t i . , 1981). 
Tlio slmnl l.nnrnns ocniri ouoc of two cliffei'ent n itra te  reducing 
FiixymPHi nun NADU and tli« ol.lior NArjPll-Uencndonti lias been reported 
in snytipnn Innvvs (Evans nnd Nason, 1958; llobln c t a l . , 1986) and In
yoniiB r lrp  nrrdilnits (Hlion o t a l . , 1976),

I.Ike mniiY flavnproloins, n llralp rriliicl.aso catul.vsea n diapliorase or 
SAUU'III ilrhvdroiloniinr rm rl inn In uddi fcioii to l.he reduction of 
nl train tiv rrdurril pvridlno nurlcotidr. The dlnoliornse activity
roprnsriil s flip I mini inn of I hr firs  I. (NAI)( I'lll-octi vatinS) moiety of 
I hr pomnlrm, Its nri Ion I rails lo the roilnction of NAUll1)!! by 
frytnolirritP r, I'errlrvnnlilr, "i- othrr oxirlantH. The spcoiuI (nltrate- 
m-l ival.’me) mmol v nl I ho rnmplrx oppral.ps iiidepcnticnl. iy of pyridine 
iinolonl idp nnd roRiills in l.lio rpcliict.ion of nitrate by reduced 
finvlns nr vinlogens. IU>l.lv moieties participate jo intly and 
soriiiriti tally in tho I ransfor of riot: Irons from NAD(P)il to nitrate 
fl.osniln mill (luorroroi 1979),

2 .1 .a I'riml.lintin (iroupa

Tho analysis of highly pit" I fled NMS(V)ll -  lilt from different 
organisms has shown Mini I'AU I I'lavJ.n adenine diniicleot.lile), 
oyliirhrnmo li-667 and siolyhilonmii (Ho) arc constltnenta of the ennyme, 
Tho oplnm'li I in 1110117,ymo Is omnponnil of n pyridine iiuuJeot.iilp - 
oytnphrnmo r roilunl.asr liourlml npncovnlentjy to a molylxleinini- 
ouiil.aiiiing sill,unit (Nol'nn and Howl I t ,  11179). Notton anil Hewitt 
1 1979) proiioflpil l.lial. 1 lio holooiizyme has four subunits having 
rytorhrnam a roiliictiiap nv LWH.y nnd one molybdenum-containing 
complex.



'I’imgfll.Rii snll.s Caii l i f  IncovDorabml in to the eintymo as a replaoemont
ror no  ........  limlor 111000 romli Uons t.iie oim.vmc is  inoapahle of
mlmihut ni l.i'iUo lull I'oi.nhm its  riiHDliornsc a c t iv ity  (Mottos and 
Howl 11., l!-72).

Tlii' su jriiyilvyl flroup found on tlio fliityiac ft'oiii hieher plants is  
br-iIpvpiI to 1io involved In hlmlim? the iiyniriine nucleotide (Schrader 
e l u l. .  ItiRR).

i . I . l i  Mncliivi I on o f Kn sycifi l.'n tn lyn ii

The nnlylnieuuin domain is  llionzlil l.o lie the s ite  where n itra te  binds 
nnd is mlueed (ilnervnno f t  a l., ] HR I.). However, the main redox 
olt/mi’ i’ R o f Mn ilnrhiU enzvus act.ion remains undefined,

Tim n rlivn  (m rtir  I pal 1 on o f eytonliroiue li-fifi? in the ca ta ly tic  
ai'l Iv l lv  of | lie ennme involve • i ts  reduction Uy NAl)(V)l! and 
rnoxiilnl ion hv n iira .e  (l.osmla and (iuerrero, 1979). The position of 
I lie heme nrmm ul I li111 I lie einsyinnUo electron transport clioLn U 
milmowii! nltlinindi 11h s ll i-  of action suggests that I t  occurs
lielweon Mil and mn I yliili'inm,



'Vw Uioyb>v»<'; iiililliH.ovs o!' n itvn lc  mhiRVnBe are aoillini nxule 
(NnNs) mul imlfisslnei cyimliln (IUIN), jo i jy  iukI coworkers (J97B) 
rniiovl.ml Llml tlir-ae coniiDiinilH liil i lb i l.nl hol.lt Llic NADI1!! and NADII 
nll.iNiI.r iTclacUspa lU'fflfiiil In Hoybrim Isnvph. The Inh ib ition  o f l.he 
Nil n f tiltlorc l In vuliini'in liy IH'N oceiii'B hh a reauib o f I lie Comnitlon 
o f a nInhIp rnmplex IipIwpmi l|(!N nml Min I'riliiccd onzyine (liorimcr el: 
n l . ,  I ' lT il,  'Hip m liiM 'd pi)?yiiii* itomhliipr iiIU i HUN to fore a product 
iililrh  In Inno.ivp fn r n i l r n l r  m liio tlim  lint wliicli retains fu l l  
ilimdli'ivion n r l iv liv ,  Hnlnminnnti nml ronork(*r* (Iti73) RUgHnated that 
n it rn li ',  hIiIpIi In li l l i iln  Hip rpnctimi of I,lie reduced ensyme with IICN, 
doeii no hv mninl nlnlne I lie ennyiee In ll ir  oxidised state, However, 
I I linn Iippii vpiifirled llm l I'vnuhle n- ' only binds to the Nil enzyme 
but rnuspi n n|i| 111 mg nml lininpiiiiitf of l.ho component parts of the 
pnr.ymp [Hnplnn nt »J., IIHM),

N ltr i lP , I ho iirodurl. o f n il rule reduction, Is an inh ib ito r of 
NAUtt'lll - Nil (VinwaUiiii m«l iiupvvpvo, 1979). 'Hie in h ib ition  la 
rpverslb lv prneppt iLivo wllh rpspppl. to u itru te  in the ensyne of 
Chlorplln vnI/(arin (Holowmsmi and Veimpalnnd, 1972), However, the
u f f in l l ' '  o f Nil lo r  n l l r l lp  wan found to Im lower than that for 
n lIra lp ,

Jo lly  and Tnlbrrt. (Mr/ll) isnliil.prl n NAIHI - Nil in h ib ito r from young 
RO.vhonn Innvi-R. TIipv snuilPnlotl that the s I to o f Inhib ition was at 
Hie rnrjiirpd flav in ndpiilnp d hnio 1 eol Idp - Nil reaction since 
iah lb li urn ol NAIHI rvl.orlirow,' p rednntasp did not. omair. The 
lnh llil I nr did mil runnel r- with nl trnl.p and was found to bo 
liia rt I ral mi by ll illt l nml arl 1 vnl.ed ill the dark.



2.2 NJbribo Kmhiulmnp (NIK)

Kpri'prloxlu -  uilu-Mn rrilurl-.iisr’ (I? (1 1.7 ,7 ,J.), the second enzyme 
romimiieiit ol' Utc |)l\nl.oRvnUi"llr. nU.vnl.p-vtnlMu.Ui8 syaten cufcnlyncs 
Dm? rmlnrfcloit ol' ni l.i'l V- [,<j niiiieimln, Kei'i'edoxhi (I'd) serves fin Die 
olnrl.ron donor :iri:p|- hc-lim I'otiucra! by rcduc.od nvriciiiie nucleotide.

TIip ri'durl ion invo lv liiil s ix  " I pi:t;ronn conaLi lutes on miUBimlly Ijigli 
nunlipr fnr n irH nu " i i I n ! | > y  only one enstyme. The liieoI.ll'.y oC
thr* I ni r’ i'siM .’s is  unknown niirl U Is beljeved f.hnt no
Inlpfiiw'ellnips nrp ri'lpiinpil ihiring Dip rpncl.iou.
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alnulp iii'otf'lii wliioli miUUyses Lite vetluoklon



I'/irhnn monnxidp ((Ml Is mi rn'r'nl.Ivp liililljltoi' oC niLri l.n rediitihnne, 
(XI rnrriR a roiepli-x kI l.li I hi- miner'll Rjilimcli Mill which is Ulicn 
iiirnimhIn nf rritnriti« nll.pll.o l.n imaimihi (Vorh mid Kamln, 11177). 
IliRFni-lnl Ion of I lip cmaiili'x oci'iirn hi l:lie in'osnnce of oxyKcn 
I'nmilHiiM III Mir i-pi'iirri-v nf Uie nlki'lto rndililjiiK notlvl liy. 
'I M l' II i', livdroivlnmhin ni'il cvnith! i' i> roven I, l.lir rcmitton of NI It wj hh 
t'l' ninl I him I li" Inlilhl I inn of Mu' I'nsynio ncl;lv I l.y.

Til" inlnliH hii> liv I'viiniiii' ii|)|i"ni'H 
roflpi'i't to ni I vi In joi- Nil! IVnun p

r? s:ont|ip|;J l;ivo Lypc kIU i

2..1 Knisync i.cirnl imiLlnn mill I.lie 1’i'ovinlim of Kodilokniit

Knxynn Uical iiml.lmi

III jf/ivi’i, ulli'ili' rr’ilni'i»«'- Imn dpfinlU’iy liomi ionnl Iseil In lilio 
'•liloroiilnot •mi’-i' iiil/u i i'llUimiibifll.n rrmt iiIioIoi'piIiirr milled nltrll.o 
willi'nil r>nrvmp mldl l.inno IMi I 1 In, Itl'M ; llputl t., IUTTii WnAlsnrovi' til: 
nl., III7HI Nnvm mill Ihu'fnimi, 1117-1). Thi- luciil Innt.ion oC ill l.niLo 
rpduri.mip wllliin lIn- ft II li si.il 1 nont.rovpi'sinl, Nltrnlp I’odncUae 
im-i no! rmiml In ho rlw.plv jinpoclntnil wl 111 miy f-clj mcinbrnneH 
(HI II In, HI'Ml. |lm<nvr-> , |l""V"rn mid Mnaemnii IHI72) miKtfPstod blmt
ilni'Miii (-liIui'iniInnI Ivnlni Inn, r.nxyiiiPH nni'iwl ly nnRnulnlcd mII.Ii t;ho 
i'l-«mtpl1p niAy h-iik nut. Tlinn, i lin |ii)Finlti) 11 l.y 1,1ml. Nit Is lonixlod In 
ihn i-liloi'f)|i|jiiii rmmiii lin iHiioi'Pi!. A npialn-mip minnoliil.ion of lilt hns
nl no liri'ii niin '̂ii U-il liv oil  mil.Imi's (llpwll.t, I!l7li; Until mid
.liirk«on, 11177),



Si;-:::: & ,

I'rovhiioii »r lkilunl.mil

l,l\»U'aynVi«>sls hi>̂  Iv't’ii rIviw Vo nV.iiriiilnVi; nlV.vnke iiiAllBnblon in 
» l.mnr mid higher I'lnnl.H (IIcovpi'.m null llni{omnii, 1H7Z). K l.npnoi' 11ml 
Ills tiowoi'km'fl ll'3 /j} util! Upfiv-'i'H fiml lliiKHiumi I ID'ZU I Imve 1'ornul.ni.etl 
ii srliPMP Cnii|il InK ninnnn al nu'i'H of il l l.rnte nyaluJJiiUloii l;o 
vliohisviithonla, The n-iiinit lim o f  nltrnbo to nil.i'il'.e In llnketl l,o 
hali' I tivoiiRh ii flliiil.l.h- nf rnihicci] oiirlimi timnl’omidH (og, 8- 
lilinaplioiilyrpi'aiiif'liydi-) nronri'hifl linLvopn the chioi’opinsl, mid l-.lm 
cyl.miluM. Tlrqr rmiiimmilit m-r rnqnl ici! for Uio reduction of 
nll.nilr,

N llr l lr  I'i’diirkhiii 1h mil re I'lopply 1 Inked lo !-hc Jliihl; faaol'.lona or 
vlKilosyiilliPHls Ihon nll.nilr mliivl.loii since It  in the prodiiot.B of 
Ih'-sn ions which 11. iv iiiiI ipb fni1 t ka rimutionlnt!. Thla
HliUi-mcul is Hnjijioii.ml liy l.hc I'm:I. Ihnl. nll.vll.e 1‘eihiot.itoo is local.vU 
vi I Itlu I hf r-li|ni'0|ilnHl nnrj nans I'PiTOdox.i n ur a reiJimtnnl; 
(VpuiiPslnml mid IhifiTRra, 11)711),

In III'1 rim" nl n)I n il"• I'PiliirUinc nll;ii U h liknly c.vI.oiiI iihiiiId

lorn! jon, I Iip r-l rctji nl ; li'hl Is I iiiI I i'pcL fllppvpra ami llniiennii,
in“2i VptiiiPBlnnii mill hiipim 'K], Ii)?!)). Tlir in ip of I Mill, in nUriUe
nnlnhnl li<fl cun hi’ i l i w i lv  nl li'llnil.pii lo I l.s rolo in l.ho provinlon 
cif i-Pilni'Uini Ity iioiir.vi'I lr  [iholu|'hos|>lmrylnl.Jon. Ilowt'vgr, t.ho 
lu ll In! mfni'liinl nf ninicyr'l lc j)|iol,n|ihoH|ihoi’yliil.lun In NADl'll,
ulipri'im l.hc f)pr;ir<in 'lullin' I'm- nll.rnl.p rmhictlnfi I f NADII confirming
l l v  iminilmliU' i l lr i ’i 
Knrllii'inni'p, tin' I'hli
lIVl'illllK ' im rii'iil liH'i 
I'h liirnnhiii. lo l lnwi'd I 
innilltl-nil IIPI'D,,; mil l III'
n f hoik In vivo imd

litvnl vphipiiI. of 11 jfht In ntl.rnl.o noUholism. 
il'lii'il. moinlii'/ini' Ih vplnl,I vp|y liB|iprni'nliln l;o 
I him I.Iip KPiipi'ntlon of NADl'll with Id l.lin 
lln I r.'iii'ilpi' In IliP p.vUi|il<mln whprn NADII 1«

  nil niiwiirkevfi ( MlV I ), on I.Iip him In
ii vll.ro ptiiprlaii’nl.a, iin,'HPRl.od tint I. noian 

|j|'0ili|p|.w ol iilinl.iiH.vnI Iii*mIh mlifi'iil.pil from I.Iip chiorojiJnHl, to l.hu
pvI oiiI iihbi, l,i tli" ny(ii|ilniini I hr |)liofi|ilioi'yinLPd hil.Pi'iiodlnteH og, 
iv h w  iilv.itv',,i',VvH uvr ti'-l vt'vri i Saril by «1 yen I yl'm onxymoH. Zio a

"1



o f Uip ikm Iv l lv  nl‘ I;lie v.ytovhisrol.e HMl-tloi'ieTitlnnk 
Rlvocr/Uilnhvdn ili'liyitrnm'iiiiHf', NAtJll is  KoneMitotl. Thtia the 
n xlminr for nil.i-'ili- i'piUiiiUikc Uooones ixvul lubln (Oeevora un<l

iih’ r  p1; n l. I1D7I) Fnuii'l Uml; lent discs LrCI J.krntad with
■I'lvtli- In I Pi-eird in! rs nl,lsni!nl;prl (lurk luinerolilt) ill t'.rata
 .....  I i i f l  ll.rnkloi) Hi tii uH i’ lc: naltl cyole UiUrnedUkcB diil
' 11 i r l  l Hu' Jimr BiiHhiiny ami coworkera (i!l7EI h)

k'ikI n vMisiiWnhlP nl Imnl/U.lun <>!' In vivo Nil uul;l vj l,y wl.tli
  nl iivriivn lr, iivriivnl-p mill nriyililc ntildfl. Tims, NAHM
•i ' iii'il IipvuihI ilin h-lnsi! phoaiiliati! dfiliydroSaiinse sLei) of
<■ I v" 11 Is ulan III H Itiml fnv uILvnVv vpiiuv.t.Son.

I t.'nunrhf'i'n (|!!?(i) iimpuKctl |.lml, cyUoiilusnia wlnW  
p I <i n moiii'po nl rpdiiol.mil. rar iilLrii.I.e I'oilnution. 
'  ruuthUvV'R "I l 'iiR vr-nr'.lnn fnvoiira Vtie rormnliion oC
Ilium «  ..... nPoiiieuIni.Inn o f NADU In blie cyLojiluara

(n o iv iir iuiIpmh Hip ri-iioi.lun proiliicl;, oxuJonceknto 1b

i Miiinndi-liil nvlRln Inr NAIHI linn nlso Ik " ii aiiKncatnd. I f  Uhla la 
» eiprliiiiilHii Binnl pkIhI. fni1 Uip Ir/iliaiioi'k of radiinUnL 

Mil,.,I hi Uip ulUivhmuii'ln In 11«> nyl.oplnem, Uip slLti of NR (Nnlk
I . ,  I'lHZ), fllupn 11 ip iniior lall.oiilinmlrlnl inemhriiiie aoama to lie 
imi'iililn In jivi'ld lnp niiolrol.ldpfi (I'nlniPi’ , IDTti), The 
'••/nmlfwirpl.filp nlml.l In I I'niiHDovl.H NAlUl luLo Uiv v.yfcoptham null 
l ■ .'ii'ii 11nlp hiipIi ii ripflinulniii. I'lilmci' llUVfi) su^xastod lihat 
■ini ' r iriH'lnvrvl' I' ni'lil cvpIp 1 iiU'I'IbpiIIill Pa in 'iictn ite tho Jilunt
■I inn  ni(, uni jiizu'i'i ilin mill mil IHI p, In Uip oyl.o|il.iiHiii muluLQ
'iiim ii vIp I.iIh NAIHI, Tin' M'diici’il iiyi'hllup fiik; I eo I. Iileti Lhen 
m-i nviu I iiIi I-' I'iip ul I in lp  ivilw .lUw iv.nl uMiilonop'-al.R I'cl.ui'na to
  d r ill, Tlmii Nip i i ’tiilniiiipl.nl.iViittliil.r ‘-.il.Llc ooiiatl l-ntfiH

liniiiHin iiIipi'i’Iiv ri-ilnpliu! piiiiIvhIpiiLa non lie rxporl-eii I'l'um Lho



A number o f NAOII-generating mechanisTB can involve malate ie. 
mnlatc dehydrogenase catalyses the conversion of malate to 
oxttionccUflte and malic enzyme catalyses the oxidative carboxylation 
of malate to pyruvate (Lee, 1980). I t  is  as yet unclear which of 
the NADH-generuting pechoni.sms is  operative. This problem is 
fu rther complicated by the presence o f a intro-m itochondrial and 
extra-mitochondrial malate dehydrogenase (Palmer, 1976).

I t  has been suggested that a close re lationship exists between 
n itra te  assimilation and carbohydrate metabolism v ia  the pentose 
phosphate pathway which occurs in the cytoplasm, However, the 
reduced product of the pentose phosphate pathway is  NADPII so i t  
seems that th is  pathway would bo more d ire c tly  involved with n it r i te  
reduction rather than with the reduction o f n itra te  (Lee, 1980) 
(figu re 8), A shuttle system based on dihydroxyacetone phosphate/3 
phosphoglycernto could bring In reducing power from the cytoplasm to 
support n i t r i te  reduction in  the chloroplest (Lee, 1980; tien-Shalom 
tit n l . ,  1983; Kcw c t a l. ,  1982).

Olucose-G-phosphate ------ - p ^ .   >  Ribose-5-phospliate (10)
NADP NADPII

NADPII A l  id . lied. A i  NO,"

Perredoxin oxido-reductase N itr ite  reductase

Figure 2. N itr ite  reduction using NADPII generated by the 
oxidative pontoso phosphate pathway.
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cunilM.lons of s iifr itiie iil. rpilnul.iuit o

II. Ims goiipi'itl ly i ii 'c n  U 'fiu u M  i h n i  l.ho vocuoJos consULiile the site 
of nll.niU1 sl.oi‘««F. Miii?I;i no I »i mill cnwoi-kcrs (] 9B1) Buooessfiilj y 
isiilnUul nuil |iu r if lr i l Lin' lariifi central vncuoto of hm ley mesoiiliy.l) 
cells. 411 l.he ill fin to in Uie nrotoiilufjl wns coiibulneil in the

Subsl.riil.e Imlucil.i

In hlither plnnLs, n il,rule redue.Lonc is  usually considered to he u 
snlini.rnlp huliu 'llilp bvsI.pu llleevera mid llagen»n> Iy72; 1U69; lle u itt, 
jn7!i; Srivnslnvn, ! KHli; Wray nnil K ilnor, 1U70). In a typ ical 
iliflnrh iti syslr'ie, the miaymn natlv l Ly UicrcHses J inearly a fte r O.B 
h o u r  of fii trn l o supply, rrnclii n« a mnxlieiim a fte r 3 - <1 hours. 
lloHovpr, lishloy e t a l. (11)7,1) rp|inrleil Unit In nlieut, seedlings a 
slower u ltrn lp  upl.akp ormivrml during thn f i r s t  3 hours re la tive  to 
the nrxl II hours, 'flip O.B hour lag phase c lu irac tcris tic  o f a 
lyplonl I ml nr I rg aysl.nei Is thought to represent the time taken for 
iiplaki* mid Lninslncnl inn of nil.rate and the exprcsaioii of Nil 
sppc 1 fir. gPiirls) (Hri vim Lava, 11)81) I . Xinlke and I'i Iner (11171) used 
ia l i i 'i ln l  nl I ral n In show that nl 1 rnl.n-l mliuird Nil a c t iv ity  results 
from dr novo nyiil hesis nl tlio prnl.rin.

Ilowrvrr, cm islilrrahli' m 
thr alisriirr nf l i l l r a f r  as 
11)11:1), Rniilnn and rm
prothirl-1 mineII)In pur.yiir, 
nl I r i le  mu Id hr an m

3V0ls have hpon renorLed in plants In 
ease in soylxmn (Nelson el, n l . , 
( I DIM ) suggested that tilt may he a 

icr nfiidles led then to helieve that 
r ol u ltra  to rcduoi.use rather than an



('yoiohexlmJile mid oUinr h ililliiLorn ol' iii'otRl.n aynUteBls aetlim at
Uio Irvol o f l,niiiRlnl,lori n-imll.v inh llilk  incraiiBea in V.lio acbivil.y 
o f N ifivile ami »I I r i  In itiIiil'U sc  In rGajronac to nUrabe aiiniily in 
htttlipr nlnnl.s llliivvmi'i) cL n l. ,  l ‘J!!J). This Ilulicnlos Umt in 
UiSlior plnnls Imtli rnyvnps o f l.lm nlt.rntn-i'o iluclng nutlinay are
syni.lioslacil on HON r fb a o l t tm iU :  r ib n a o m e a ■

i.lglil, liaa n tivnrouiid nflrcC on nitrate meUfrolism skioc 11
inf Uinili'i'H I In- Inypl nl NIL Tills nrfooL of lU h t Is U|l|)Ui'eiiV.l.V not 
minind to n I'luingi* in nloiili'nu tlonor sincp nssnys were carried out 
in vitro in l.lio nrosenno of nxnoss corncLor (lioevera mid llitgemm, 
1S72I. Nil.rntn Ionnl.nd in sl.oiwikg conjinrLramita (vucjnolea) mukes It  
ini-rlonl.lvo na nn inducer. I I  Is postulated l.liot iilinninoLivn oonlil 
IncronHe HU levels In the tissue liy Increusing Llie iiccpssilnlity of 
nltralc to Lhn liulncor site [lloovors anil liegeman, JS72).

Z . 4 . i ;  Jind Ihuiliicl llofvTmiion

Tim I ' f f f d  o f am'Jiihm /mil einiwi «c},Js ns potentia l m il products ot 
nl I m l o iisaiml ini |nn, "li ii i I n il o nsslml lal.ion, lias been examined 
roi'oal oil I v (Srivnslnvii, IIIHIJI.

I t  lins liooii roitorl.rd llml wlion iinimni) lum Is s iw l  ted with n itra te , 
the suhsl.ral o jitdiictlon nl I In- rtm.vmp is i id ii li l  Led, However, other 
workers I at led to drmcmfll riifo  iid ilh l Lion of Nit a c t iv ity  by omnioiiiiim.

Tims, I I  has linen iiosl.ulal ed that ammonium may lull ihi t  NR a c tiv ity  
by lim iting  the uiitnkc of n tral.n. Pergnnon and Hollard ( i 1)09) 
found that ammonium was iircfn i m tla l ly taken u|) from solutions 
noiitaluliiti aumonium and nil.rale, A lte rna tive ly , ammonium miy also 
liite r l' i’i-e will) Nil synthesis. .lolumon 119711) veiiorted high levels of
lireI'oi'iufd Nil iirennrsor in ammonium grown Chiorell.a, Control by



iwimmihtai o f Nil l» uni rosl r ie l rvl i.d v.Iip (icimt-Lr'imnIaljonul level but 
In nl bo iiohI - 1 rmiHCi-I !>l Inmi I hIuci- n pi'ol'onaeil ultNA for NU hns now 
(ippii lunliil.rd In namanlm itiumi I a r:l‘ ilh 'fo rm L evirar.yoUc a! Hue 
( lllnkln mill Hyi'M I., IHY/) ,  'I'lum, I.lie NR-hippc] I'lc hKNA In nmnioiiiiiin-- 
lirnwn c f l ls  Is imi iinlv lu-i'imil lull IL in iilnn hfl.nn LruiiBlaUod mid 
HBinnuhm or n tnr’l dim iI (n l.lii'i'cfir, in tp rfora u it l i tlie a s s e t i b l y  a t  I , l i t}  
iunrl.lvp prnLf-lii |h*<*riii"i«i' UiI o nu ll vc enzyne by Lnlilljl Uliif 
N.vntliMlM nr iin ’ iicLlvuIni'1 pr-jl.c-ln i'cniu I rc-il Cor Uiifl nasumlily 
(Unerrrrn r t  n l. ,  1981}.

An Ik Hi'’ viibi- wll.li nimnitliim, nmlnn nctlila umy In lillit l. Nil a c t iv ity  liy 
i i i l i ih l l l i i i l  miv nf iIip .ilppn 1'i-nm uiiUikc of Lo Lha synLliesia
mu! nrllvU .y  nf I lie niiKyeii- (.'ii'lvnntnvn, 1 ailOl. This hoHBver, lias 
no I l“" ’H sli'iwn I d acmr in n i l  filBM.

I’l'l uko nl nl I n il i- tnmi Hnlnl Inim noiila l ninjl Ijol.li nlLraLc und 
nmmottliiie Ims lnwi Imiiiil In nrviii- only n fle i' Llir cont;en 1.ration of the 
flmmrifWwfr hmJ ( l i ’ t w / i / M l  m rk i'ill v. TIjp Jmst] Inl.e Inlijhil,or,v effeot or 
nmnnnltm m l f |  li-vnd In hr> nn n il nil,p mitnkf w ltli inuct.l vnt Ion op 
r i’nri'SRiiiii nf n ilr ix lp  n-i|iwl ivm hcl.lv I ly  or:riirrinK nl. n I'it, or stane 
fflvr-'l I imil Hnrvtn, iHh.U. c m fiv n tl mt:l Kyrell. {107!/) I'mrul Dial-. 
in I.lie illnUm I'lmcciilm'l.y Inn I rluorniitiim ih r  in-ospiioe of unnon Iupi In 
111" m’-lhim pnkIikvcI mi Iw d h ll. r  rf-vpraHi 1c u ih lljit io n  o l n ltrn U  
ivpumulul ion wHIitn I he in’ lls ,

UpvPralhli' liuu: l.lvn l.lvri nf Hli hns brai ohncrveil in Clilorolln
vnlj’HflH holh In vivo mul In vil.ro. Addition i)f niamoiihi to uellts
Krowliw on nllrnlp itmiiM.i’iI hi nccmmiIntloii uf iniial.ive enxyme,
wlik'li will IdPiii.l I'IpiI iih I.Iip lll'N crunii I ox «[ l.hii red ncud unzyitc
I linihai-r i'|. n l., HIM), 11 inis lippn iii'oiiospd l.lirtL iieiinoniu exertB 
i I.H "lli'i'l oil IJin III'I I vul Inn lpvi‘1 of NU hy niiooii|i I lug
(Oinl.ouvnl |pp| i f  |ilin<i|ilitM'vln| Inn, Thin wouJil leml to Increiifleil levels 
nl' NADU mid ol AIM’ (mlmoni m- fi-d l|ilio«|)ltitU-), The niitlve rorni of
Il|p m r f a r  (tnhJiw rl n h i l r )  Is miMrrrl"il h ih r >  n  rerliiceil jmictivo
I'oris kIipii I nrnliiil i'il wllli NADU, This nrourss ie enliiuceil in the
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Wnl-fc mill cownvkors (IBH7) hUI.olI f.lmt AUI> nets na n naguMvo 
I'cpfPflaot' ol‘ Lhr Piir.y»(‘ nil rnl.p rnluctiiHe. Uofcli in vivo and in 
vllru  aUidiPS wefr niniliicl.i’il kIiiiwUh' UihI; ADI1 ilililljltuil NR uol.lv Uy. 
Tlii’y rt-iini't.i-d l.lwl. itmipi1 mim'iolilc condllilona nlLrll.c uccumuintod 
iiml mi l.i'iinai'vr In nxyilnn l.tir lU'CiimilnbPt! n 11,1-1 Le was I'educeti. Wnlt 
vt, al. 1111117) iii'cmimnl I.luil l.hla |)liQiioBi(-iion tirosa Uue to klie 
N'Hirlrlnil miiiply of rrdnr'lm! cijuIvnlenlB fur iilkrllc  i-tiductlon In 
Dip vIuhI Id niuW dm-ii niim'rohlc conciiLlons. Thus iill,i'l i.a
iicrumiilnl.mli !iiiliBnt|m'nl. rxixisurc lo ox.viien removed Uile vcaLrlotion 
Ipmliin In I lip it iIiii’I Inn of I In’ iirrtmulnLod n 1 U'l Ln. Tile cntiaolLy 
I n  m h i r i '  I )if w.TUoiihili'il nl i rl li> was found to l>e dvi'CildeiiL on the 
eniboliydnilc Hl.nLiin of Uir IpiU l.luwie (WaU, Kl; h.I . ,  11107).

8,4.il liiilh t mid Vnucuim linvl ranmnnl.

’flic 11'« I in vivo Nil nswiy la I'oul.lnv/y uoi'Cormnd u n d e r  d / i r k  
niinpi’n lilr I'i'iidH Imm I jv  M  Inwlim n il Pll.o iu;eumiiliil!on In t.he leuf 
I Inrnv nnd/nr nnnnv umliiim. Afi'olilc condl Uouh tmve boen found lo 
'iiliihM  Hi" nmiimilnUcm o f nil " I l.n In Uio dni'll (M,ldns and Ctviv u, 1 
la»61. Iiri'mmn n i l r l ln  iiHfiieilInl.lon liy leuf l.laaue wns not ol)narveil 
iiihIpi dnili iipvriblr nnnil 11 Inim lllnrivin mill AUlna, 1V7i| ) Lho 
h ililh lln rv  " f l" i ' l  uf nivRr-n mi llio |n vivo Nil nsBtty mis ounoedod Lo 
lie ii dlt'i-irl I ' lfo r t mi nl I ml p m lu rlln n  (AUklna mirl Cimvi.n, 1(175! 
1‘iinvln nnrl AUilim. III'M 1. 11 mw 1‘mmd Mint; I f  iill.ouhoiulfln l
i>t!/J»i Ion n f NAUII Ih In lilh llp il iilLrnl.p reihmUoii oim ocour under 
dark ixi-rnlih' HindlMons. Thin ohRi-rv/illoii lod lo Hie fliieKoali.lon 
t.hnt i im it f 'l  11 h w  l o r  n v lu r h u t  i-ciji! vul piiI h (I'l'iim NADU) between oxyKon 
iiml t t l l i i i l "  muy fmmi 11 nl'- n mnuliil.iiry aif-ulvmlHm. Thus when 
tiffivlinn ili'fiU  nrlrln l Ion / if  MDII ]n Wip vpiliioLnnt bccones
ilvnl lull I r  foi' n it m l r  ri'dnc I I on,

Hll.i'iih' In iihhI isI I hU'iI In nmliin-N In I,lie (enf fn I.Iie (0«»vlii
iviid AMihmc I!l7‘I ) i I f  ilni’k ml U>t:lii)tiilvlnl fPB|>lrtilli)ii la In lillil led 
dnvhui iilinl.nsyiil.liPHlB II ipii i.Iip n:i|iiti'Pinpiit o f 1 Ighl. I’or ii.ttrnta



m liic l liin cun hr imrl. I.v fxiif/Unsd, KJn(i|ini' and c.ot/o i'hcrn t I.VV1) 
oharrveil I, I ml. trlnm: iilnmi-lmLc-fl, syul.licsUnd in  tlio chloronluBU
ilnvlii« imi'hon tlloxhli’ uMsiial Utllm i jii'c knumnofl.HU La the cyl.oiiUmni 
uliri'p Miry un iontl'' ATI' by k!m «l,vaeriUUel!yile-3-|iiioavli«te
ilpliydfoiiPiuiHP sln|i 11V iil.vcnl.vHln, TIUh i'csiiUh In on Incrcnao in 
ATI1 lovnla HlUiin I he rylnpluBiu. High IpvqIh o f ATP In turn InbiliLL 
the miloclin.idf iu l elpcl.ron elm In.

I’ hml.s linvn I wo iinurccH n f ATT1: ml looliondriul i'cs|)i rntlan (dark) mid 
lihotoiihnsiilioi'ylnl Inn 11 l« lil.). Hhen HurrlclcnL ATP lias bomi 
ijNU'nil'nl by pbolnplioHl'liofylnl.inn, ml Loclmmli'inI. I’usiilvaLioil is  
i l ililliltP il (Snwlmoy a t i l l . ,  IlITU n mill b ) . In h ib ition  of 
nUorhnndrlnl nxhlntlmi of NADU by high ATP may favour n itra te  
rrdncftmi c/k/'U' a i ’ v n h i ' -  n m n U i loiis. Thus n itra te  nniienrs to 
rmicl lim nil an n llrn m l ive ali'cl.i'on acooiiLor to oxygon Cor NADII 
(flanrral'-d liv Um c i t r ic  acid cycla iiohyd rogpnases) (Sawlmey ul; « I ., 
lilTfl h i. Thin median I am »iisiii'ns that n itra te  assim ilation occurs 
nnlv In ligh t and t hint I lie nccinniilai Ion of l.uxlr levels oC n ltr l to  
In the rlitrk la avoided IHnwhnrv at, n l., I!l7il a and b).

The ce llu la r local Inn n| NAM1I iifnductlon for n llva to rcdnotlon did 
tiol ii|>i>e«i' In he Imiim'lnnl (Hawlmev cl. «J. , 111711 a and b). However
t'anvln anil Knn 11117111 iirepenlcii evlriencn migeeallng that kilo NADII
|u "dtireil In the cylcplawm wns uaetl for nI Irate rechintion under dark 
coinlll I iihh. In lilb lthm  a I iiliimiihDrylal.Imi s ite  1 proven Lb tho 
nxldnl inn o f I ill rn-ml Indm minnl NADII. In th is case, nlkrnte
i educt Ion In the dark under iicioblc ouml11 Ions was not promoted 
(C'nnvln and Him, 11)711), In h ib ition  at phoidiory.latlon s ite  II 
lii-evenls the oxidation of both liitrii-n il loohomlrlal and oxtra-
m lU i'-h 'W il r ln l  MAIHI il'alen-r, !»7C), This rGRiilteU in n it r i te  
I'oiiinl.lnn In nlc oecnrrlni! nl. rnteii Hliil li ir  to those auhiovoU under 
nnaeroblc eondll Ions, TTicmo iihspvvtttUiiis Imply that n itra te  
m lncl ion In a ir  Is promoted only wlioii Uie oxidation o f cytosol lo 
NADII by the exl.rn-mi l.oolmwlrlal NADII dithydroitennsH Is Inhlbl Led 
(Palmer, l!!7(i!.



Alllmiivli II: Imn 
(|i>ni'ii(|pnk (lii-i'd iiml

"ih ifl inn

. IIJ7H) im iilulnl.nl 
nssl ml litl.lnn nnl.lwnv 
'ilsiwsiil »r ri’ ll!)r-1riit

tlBhii! wheat (Tril;icim  ncnl.lviiia I,,) HbpiI mid Rnnvjii (1982) report,cd 
I hut ill l.ri I o HBHlmlliil lull liv lenf |irol:o!i litsLH is  MtrlotJ.y Ught 
drm’iiclMtl , nml mi low nr ininiml liil.lnn of n i t r i te  occurs under dnvk 
nm dilv miiidl I Inim, Tin’ sc obsprvnt I inis niitipoi'k the oouoepU that 

•' uccumulntlnii liy loul' iirol.opj lists In the dnrk 
in Inhib ition til’ nltrnl.o roducitlon and not hy a 

si imiliU.inn til' iill.r ll.c  nnslml Intlon.

n i t r i te  rodmil.lmi is  s l.r io tly  light, 
mid A tli I us, 19’M) n l t r i  to 

dark howcvor, nl. n reduced rate 
IMmm el. a l . , IH7H), N l l r l l "  nl lowed to neciuniilnte lit leaves during 
dnrk imaemliir inmiliiil Ion mis slowly reduced when the leaves came 
Inin eonlm-t wl I It nxvKoii, U'ss o f ul t r i te  from spinach leaves (Mann 
c l n l . .  1117111 mid uni Ion leaf dines (8ml In, 10711) has boon shown to 

under dnrk aerobic- conditions. th is  creates an interest.big 
s lh in tln ii a lure n llra le  Is uni reduced under dnrk aerobic conditions 
(f'm vhi and Allthtn, I1UI; Hnnii el. n l ., |«79) n i t r i te  would not tin

lirnrliieed. Tima I he physio logical signl ricmicc of 
dark aerohfr i i l l r i l r  i-edueilnii Is i l l  I 'r in i l  I. to iiiiderstnnd.

I'he aeeum'llnl leu nl i t l lH Ir  hi I he rhlcirnplas I, nuiler dark anaevnhi o 
emnlll lone rear 11 a in I In- aeldi I leal Ion of I he slromn. I'nreseld and 

I lllilll repel 1 ml Mini n llr i le  a I Im.'B I'm- an I ml I root, proton 
11 analer ivron-t I he envelope hv rc-ann of n n! troLiri nr.Id (IINOz) -
nil r ile  | Nlli I slml lie . The opepal Ion of fills Rim l.tlo reau Its Ip
I he eo| lapse n| I he Pl'nl.ui c'l adlepl belwemi I he st.rniin and tho

re. Ill her in i l-era lllrldl. nl, a l ., 1:17:1) have nllown that
II luminal Inn eaiim-a nl ta) laal imi In I he sfroina and an acidification 
In I lip Ibvlnlrnhl apiiee.

uiidnr aiiaeroblo eondl l.lona the n itra te  
could represent n major route for 

Inlug from glyanlysin. This was found 
maise aeedlings, lirny and (JroanwoU.

aw#**



(HlftH) I'oiiml lli'il- fliimi'oli I n m id lk ioua Rlii.mulnl-ml the ( it i I Uni; I on of 
nxnKPimus til I nilv- iilmve 11:.- level I'oi'-kI ihkIoi- unrolilti condl tluns.

Dry el. ill. 11 I'll 11 i-eimrled Hint roci Cr Ineii 1m l:crl iimler niiuc rnlilc
niiidl 11nnn or In I lie ni-enen-ie of miccimilei-n of oxld-itl ve
lilioH|iliiu-vhil leu iieeiiamlnl" nil r ile  ns it rcmiM; ol' nn Inlilhltlori of 
ni I r ile  i-ednr! inn. Ihnler I lirR" cnmli Ii Ioiir n rniiirl dcii.letlon of
Kliirnne-1 -iilieiiiiliiiie (mil’) In eveined idirml; mid [ion rool.p occurred
lllrv el. n l., IHllll. II. in iirnpnHcil f.hnL l.lie dP|irfiRelon In (![ll>
levele I-I’in 11 '! I rnn l.lie o/ienU Ion of I. he 'I'rtFlieur Kffncl,1. how ATP
leveln nrlnlnit under mvierohit: ceiidll.lons st.tamlnte
(iliesiiliefriirtelilmise, I lie hey reyu Intnry enzyme of the glycolytic 
iml liwnv, 'lh I n In Uirn r"HUl IH In mi Incre/tHed flow of citrlmn 
I'iW'iimln llii-eiieli ill vi-nlvmn, I'he diversion of Util’ uwny from I,lie 
I'll"! ul Ieiiil.4 In n llril.e  iirniimnhitlon l.hrougli n  decline in the
in-nilnel i-ui n| rednclnn ri|in vnlenl s IN/lDI'll) mini red liy Mill,
ei'nernl ml vi n l.lie ovIU/tUvr peiil.iise nlios phnl.fi imlliwuy. Dry and
itiiHnrl-ern 11 III! I ) found n ih-l lu ll"  no rrelnl Inn he tween the level of 
l!Ri' iiiiiJ nl l.ri I e nor   Ion in pen root l.lHsiie,

Thus, ATI’ npiienrs In je i'iiln le  llie n ile  of n ltr l l.e  reducl.loii through
11« e llr i- l on I lie K lv i-elil h enzVKi-i iilioRpliofruol.ok I miRH.

the iiM'nn Ini Inn he l.wern n il r i le  rrdnol. I nn mid the cxldnttve pnntoeo 
phoipliul.e pnl.liKny In lenveu w/ifl Hiuiiien!ed hy Hmn/irno and coirorhorn
i I till I I. They rrporl ed I bn I unilor ilnrk iiorohlc comlltl.ona NADPIl may
nrl. nn a ri'diicl.niil. fu r n llr il.e  mlunl.imi In lonveu, A nl l.ri to 
reilneim! nynl eni InvolvluR the rniincl ion of ferredoxln liy NADl’il vin 
WtNMtV oxhlnmhielnni' Imv heen pvnpnnriS Ibow oh » l . ,  )!)i) i;  iicn-
tihnloni el. n l. ,  Hill,‘I),

Under dm h itiiiirrchle rmnll I Imi'i Uie NADU genern l.nd wll.hln I; lie 
!il fonlioiiilrln run reduce nxn Iimeol ul.e to unhil.e vln n rovcrnililo 
urn lute dehviii oKenmie renel ion I UI sli I cli, 11177), llednclnH ciju i vnl oiil.fl



WnxMlDiweliake BlmtUJe (Wiskicli, 1 977).

1 ‘ 'I Nl I roHi'ii 0 • ! n )  (NOx) (Inn KvolnMoii

KleDpev ( i l l T J  u)





(NOj) is known to tin m ull ty soliihln in uqueoua 80.L11l.i0n I Kleiiner, 
ifiZti n; iafl?I ■ H o i/ r v r r ,  HO is /iiifiro îiBjiLe.l.v 1. B himes more wnker 
RtiinblP l.tnui o-will'll. I'luis Ulriipei' 11II7H u) poaUiJoteU that a
rrrt.d iii iw lim i <i[ NO rfmiiiriH w itliin  the o e ii solution where i t  
rpncla wiUi other nieLiilral I lea.

Mulvnoi’y nml llnecmnii ( iUIV!) |mv<> iiupgtioneil tlie identity of the
nilrPB'’!' nxicln g:tsoa |U'i>|)ofp(1 by K|p|i|>et' (J979 u). Mass
Hpprl romel ry, ill I ruviolrl. s|ipi'tros'.'oiiy ami N-luljellod nit.nitc was 
naod Iw lliiisc wrkrrR In iili'iitil‘y Hie N corejHJUiida evolved by aoybenn 
ir'dt-ffl. T lii 'y  r i ‘ i«>i‘ lP il I liul imilpi" ilui-k ftiuiei'olilc; cotiititlotis in I.he 
lir'-ir-iirp of IIi I I'Mn, lu'i'lnIilohvilp (ixinic mid ill tfoi-s oxide (NzO), two 
npw iirmlnrla nf nUnvlp rmhipt Irm wore nroJimed. Subaecitieut studi.ea 
Imvc fnl 1ml lo idfnt i iv nrri nldohyilp ox I me ns il compound evolved by 
snvlii'nn Inal Iihsiip tli"nu nml llnrppr, I'Jfifi; Klepperi 1987). Jean
n w l l la r iu ’ r  I ISiHfl) n-iicn I pd I hnl NO ami N:0 »e rp the predominant N
fnnnHinndi pvuI vml, Dpspj ip I lip conVroversy siiitoiindine the identity 
nl I hi' flnspmii riimjinnnd pvoI vpcI a ll I ln> almvp mentioned conpomiils 
Rt-» derived fiv>ra nitnilp [Hulvaiiry nml llngpmnn, I *84 i Dean and 
llir|i"T, IWh! KIpjnii'i'i UIH71. Thus l.hp conventional method of 
ij'-l'-iuisiine Nil nrl.lvilv hv nifiviiirl in' n itrltP  nccuiitilivtioii in the in 
vivo nsRnv ol vi'imis s'iyh"Aii Ip/ivbb may In1 misleading (Mul.vnney ami
ItnRPMii, 19111).

Huj-jiit and iviwiii-kprn (Hurppi • 18111; Nr 1 son nt til. , li)8U; Ityun ol.
n l., lOftn) Imvt- i-ppnrl pd l.ltp rixiilnction of uiti'oifcn oxides (NOx)
dui-hiK itns inirnhie of (lie* in vivo Nil assay of aoybeati leut aections.

lliirlni! Hip in vivo assay nf yniiiin Biyhran l.paves a similar evolution 
of Nllx wnsi I'ppor-I.et! im- rcind I tions nhicli rpHiilted in dU'Cecent
IpvpI« of nl tl'i Ip iicviimiilni inn lllai'jipv, i»ll>), Tills auKKested tiuvt
ciinill I Inns nl.lici- I han iiH.i'Hp nontK-iitral.ion ivprn rsevlsl.hie or 
i imi I Ink N')x PVdlnLlon. Mowi'vcr, in I lin iiresonrr of .light, when 
nl 1 r 11 p anviniii' hU. ion h«h minimi, no NUx pvoJ.ul.lon occm'reU 
iildinittliiK Unit nil.rll.p FiiTiimiiiation is essential lie lore NOx
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Tlit- nI I t  11 c roducUiat- lauhil.oil I ron I'nuuilununns uerufiUioaa was t i r s t  
lilunl i I'lnl ii f  « cy t.nehromc axlilnsc lull. I"L rr ilcmombruLed ko lie u 
u l l l - l l f  I-I'ilnrl nstp IIH w rll | YiiwiimliU t it  i l l . ,  1UCJ). Kven If  tlie 
imi'l I I f i l  N1H nl«o m l n I vmi-r I.Iio I'pdwLton oC NO II, need iiot function 
in rWo hr I.he mn.ior NO I'nilncI.uhq nl' V. nomglnuiiu. A di.atinut NO 
ri'iliu-'imi' I'nim I1, ium'iii! Iiiohii lum uol. been iao lul.cd (Wharton anil 
Kpllilnilil), ItlKD), llowfvrr, I'nyn? i.'l; nl.. ( 1U71) .l8olul;e<l lUiree 
fi'm 'l hma from rxl-nv.t.H of I'. iiorlHctorniri.nua which reduced: i ,  
u l l r lt p  l.o HO; 2. No In NyO mill U, N:0 to Nz respetiUvely. 
T ill* wmild sngKPs! I lull mi Nil rpdnuUtae mas I'O nrpsent (Wtmrton tind 
Wcililriinli, I'lHII).

Kiirnnfii mirl lil I fork (11)721 Isiil ivtod I'noinlomon/iB cybociii'oni'i oxiduac, 
n dini’i'li* iun'I.cI ii comixiHed of twii hlcml.hiiil sidinnits eucli cuiihuini.iiji
nun r  Imr-m mid nun il linr-n. The Piizyms UinoLloiiH hi lorminiU
i’1pi:1 run I r/iiiRfcr rtf m l Ib nl' I', iioi u;|jiiuHH Broun nimeroIjlciilJy J n 
I lie iimii'iicn nl' nil rixl'>. II. i-iilalynra l.lin onc-clrcLron induction of 
ii i 11' i I p in Nil (Yiieiiuirliii c l n l., lUti I ) • In coimon wi.Lh other
l.i»rnlniil "liiliiei'S I’liiiililononiiM cyUiuhnime c oxlilnao binds to lilic
dnssii'Al i'r><i|ifrnlnr.v inliIIH furs, (.lie oyiilnse nctivi ty of Llio annyroc 
hi’ ltu! luhI hi I I'd by ljnl.li ci'iiniilr mu! curljoii aionoxide, wliet'eus the
nl I rl 11 ri’ihifl iisi> /ii'l ivi I v, nlUioiiKh fllrousiy InhUill.eil in the 
in i'qi-nrr nl I'M is uiml I'■i-l nl hv I’u (Yimmmkn cl. a l . , 11)611.

Iim rl I ri'in I'lriniiiK Riifia'iM vu'ldn and M|ii-uil'U' ncl iv l l.li»a of I,he 
f-ii’.vmi-ii, nuni'i'xliic ninth I uni'i iiliu i rraul I in alifn I fJ ri/intly Bioul.cr 
uolnhln rnf.vinp rfti'iisr- i nnni'irml wll.li aoruble condJ Lions. Tims 
niiiiMi’ lii-islH miiioui’H In I'aviinr the- iii'iiiIiiiiUdii of solvihle I'HiimlononuH 
ritu 'd in 'H " i- <ivldimr\ whi-ri'im i.liu nifBhriint—liointd niKyne la produced 
I 0 ii Hi ini| i-r f"st i'ii I In Ih f |iri‘Rri)ci' nf n ir  (I'm r ot n l. ,  1976).

Nl I nmi'ii oviil-ls) i-volnl Ion Ih a mnnrlnl.nl wllh oonaLI l.utlve Nl! 
anllvl'.v In ]i|ivh1 i>Iin(irnI Iy ynnnK miybomi Ikiivp.h (lliiruor, 1981;
"r I.nun i.d. n l., IIIIIH). I'll lU'Mvll.y ul' meal, pliuit ii|>ooli?9 is iihiiii 1
i‘X|ii'i'«Fii’il only whon nl I t'n 1 r  Is iirpncnl. in l.lic Kronhh medIn,
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llnwpvr'i', sci.vIjcHn nlmil a roiiUUiicrl ineiisunilile le^C NU activity mIich 
i(i'(p»n mi iicpu Jrr (.lie atiH'riicfi of iillr/tl,e i l.u h n v  a  I; u l . , W O), 
Ippnvfs ol iiitii -Ki'OWM hovIkviii ranl.iuil.p lack coiml.i UiLJve Nit ncUvl Ly 
ami wliPti Ifrnwn nn nl l.ml n , I )ir wil.iuil.a Imvp iipiirox.imabe I y SOX ot the
wiltl-Lype Nil tirl ivil.y INrl.unu cl » l . ,  Illllll). Tlieae L’lmli ngs
imlicalptl 1,1ml l.lm i)nri'i*»»r‘il NIIA in leuvcs oC nlt.raLe grown mtilinnl.a
was iliif In I. hr iilmpiirc- nl' const I tiPli vc NIW (Nelson cl; nl.., 10113).
Thus n i'Ioup u«iio1U: imil hioclipniicul reliiUoualiij) exists between NOx 
I’Vuhil hm mnl roiiBl I Inl ivn Nit iiv.l.l v ll.y. Poaalljly u i'o«iiiatory Hene 
Tor l.lir m ilrn l nf hntli consl Uutjvi' Nit activity and NUx nvoiutl.on 
miy hi’ Invnlvfil (Kyim ol. n l., 11)03).

renali tu llve  n lIra te  rrductaso a c t iv ity  la 
rnitlinm l in l.lii* vcumuosl l i ’nvps In u 1 Id-1 y|i" iilrmts (llurper, 1081; 
Kolmm (‘ I. i i i .,  1'iHS), Xuhsi’fiiiPiii Jy Btmllps hnve shown tlio t SOX ov
moci- n f I Ii;<t n r t . l  i-i I r  I n  I h "  r n m ie  l ^ n f r . i  i s  const i till. I vc /kelson tit 
n l . ,  I MINI. Tlipsp riiiillnux cnri'PinlPil hp|I with the eai^le i' work
iloim on envlipnn Ipiivps Iiv il.n'in'i' mnl llni'eiimi 111172) In willr.h they 
show"'! I hnl HHA (mnnKiirPil ns s mu (‘i'phIi we I Ulii. psr hou !•) was IdKliest 
In th>‘ iijuii'i'ianil lnavf‘S mnl ilf '- l lur’d as t l IbI-.iiiic'- I'ron thp top oC the 
nl mil hirrnnsi’d. A nieil la r I n ’hil was l'i»llo»ed hv NOx pvojution: the 
vmmui-el Innvns nl' I#I III lv i’i> Biwhnan plants evolved mr-nsiinible NOx 
mid ns I lio Innvpfl hkpcI , NUx pvnhil.lun dl’oiipotl conslderuWy (Nelson 
o t n l. ,

Till* Nil onrymp miipl mimmoii to  hUhpi' jilnnl.B u t i I ises NADII uml has n 
pH /ipllnmm ol 7.0. II. Iwis Ijpcii dcslminl.cil NADIIiNIt ( Hi C I . C, (i, I ) , 
thih-'/i-r, KvniiB mnl Nnntm (IUB8) I' lrn t Iso lated suybp.im Nit and they 
VPIxirli'il thiil > hi* <'iizvm" i-niilil v l.il Ian NAOMI wtd NADII sniiaUy w e ll. 
Til" t ' l r t lu t i u t  n i l  n n  U i f  r n x w  m i  n . l ) ,  aiibsmiieiiU.i1, l,iro I'orms of

hleh Kbi Ini' Nl)?- and nn NADII I Nil w ltl, a low Hm lo r tii I,rale (Jo lly  ul.
n l. ,  lUTn). Ilnth IIii‘sp rumyiei-R hivl n nil optlinum of ti.fi. Soybean
niniimI Ipavps I ii/'k I im ninni 11 ul i vn Nit pos.si'nai-d it n i I rnt.e- Imlucci! Nil 
Mhlrli wan acl l»i’ w11 h NAIHI and hud n pll niiUnniM of 7,1) aiiff«Rsl,inK 
I hnl I.In* mnl mil Nit I'nm wns fllml h ir  to I tic oiip I'uniid In the l.ctwes



ol' eiosl. ijI hiiLs lllo ljin ol. n l , , IDUli). SnUaennenhJy hhe NADIhNIt 
(7 .St l.yiiti kiib lilac fount! iirr-aeiik tn vilil-tyiJB plants, Tills NH 
rorn Imil not iirrvJonsly Iwpii I'oiiml lu ienr-nxLi'iicLa of aoyliflnn. The
NAIKI’ llllNIt  ......... nc:LIV" w itii MM)HH at pit U.fi mis isolated from
w ilil- ly jip  p.luiitn ye I. uns iibsenL froai tlie mutants. This would 
mtiMCHl. tliliL HAIl(l')H:Nll Is l.lin conatl Lutive NH (ftolun e t a l . , 19811).

Sulispijiipnt.ly, Hi'an mill iliirix ir ( lilllll) provldeil Curbher support for 
Uir iiivtilvcm-nl. of coiirI.I fn tlvo Nil in th is  plienmeGiion. AltliouRti 
Uic-y nndi’ i'lmik nfvcr/ti nuvl I'lnal.ion jirocpdures l.liey were mialilo to 
snpiicnl.i' Hip NUi nvnlii! Inn nnLI v I l.y [run Clio cansf.l tu tivu NAUI'II-NU 
f r l  Hill ncl Iv i l  v. Thus I Irv  conchulpil tlm t th is  provided al.rong 
(•vlilrnco l-lwl Hip I  wo nrl.lv i t  Jon Here associated with the sane

II would npiipar that rniiHldornhlr evidenoe Huppoi'ts the invoJvrjment 
of LIip rmml.l I ill I vp Nil in Lhu evolution of nitrogen oxides Ct-oii 
aoylipnn JnnvpR, llnwpvcr KifipiiPi- (1978 ft) pus tut al.ee) that a chemical 
m ir t  [mi wax ri'apnnslliin. Kp al.utncf f.liut fo.lJowjng liorb.ic.idc 
1 m ilum iI Lh" nrcmuloti'd n if. iil.p  nniiPiizyelcni ly renoled with yJ.anl; 
mnlnli'ili |na in I lie h'nl' tlns iir with l.hn rcanl l.mit evolution oJ' NOx

Hlttllai'ly, Andi’i'«inn mid l.rviim ( 1911(11 rpported that uhen hii»h 
roni'fn I rnl.iimB of o it r i lr  lintl ncr.ui6iiiitl.ed or were added to tlie 
inilliirr lupdlimi rnnUiliiine NI troaumoima suropa^a,
fhpmndi'iii I j'i I Irni irm, (|ip Ii'in"ii7„>'iiiii l.ir decomposition of n itr ite , wns 
inqprinslhl.' lot- prndu, i inn nl Hi/- no (iii'pdomlnniit fovml mul NjO thnt 
wi.i nhai'rvi'ri'

Tim In vo lvw iv  nf n mi'i li'iiih'ie ininrd solnly on h nonciiK.vin.lt! reaction 
in Mir prndiml.liin nl' l.lrm" Hufiph r.Mi'inl. be iKnored when BludyiiiK the
rhi’nilsl.ry of i.liu nll.roKrii oxiilr romponntls.



Nitrous ;icHI (IlN'Ja I , n w<mk unid (K = 'I, B lO"1), UecomiioacB t'cmJlly 
id m i I / t  ! l ) n r r / w l . ,  IMiiX) / w i l  IT / / r e s e n t  i n  h i g h  oonoonfcratloiiB Uie 
I'oIIokUiK rnncUni) occiii'h (Jo lly , lllt i'l):

21IM1)! = HD l- NUa h HzJ K|) =1.117 ut.m-1

h ir l lii-rmon', nil.roiifl no it is fill oxkllRln« nuenl; mill ti l ls  i>ro|wrty in 
Hrr itl.rr miilri 'i r ii l in  ci’iiill I luim:







J/
H Uxl(lt;(») (NOxJ Dol.oi'nliinl.Uin

We I rlineiicn I niitl ln»l niwi'ii 1 h I eii'I.lioila of muUyalu fo r oxiilos of 
lillrmic-n, iiiiiecly t i l lv ld  nxiili’ INU) mi'l nl t.mi'eii dloxklo (NOz) luxve 
b'-pii i|i-vr'!(i|u'il, Tlif iiiiilriiiiE-ii Utl mmlynla muLliotla Junluilc
(-Iprl rncltcnlcnl liiRl i-iininiil.fl ( l(<inIfiilmcli miil KI luR, 100% | MU Lev el, 
n l . .  I!i7 l ) i  lu l'ram l nni’ t'l I'onijniw (HarLz nml WiiLara, l l lf il) ;  
rlinpi! IwaiiiPRCfHrf r|p| i-cl m'H IVnvnjp cl; n l ., lOlOh ullivovloleL 
niirol roB(:(i|),Vi ranna nni'iil.i'ueol.r.v ami Hav 'jlii'omatoflruiiiiy.

mmlvl iriil Ipuliiihtuns for I,lie ontlmtLloii nC
i-p sin'cl r i f  In ill I.i okpii ilios Itloi iiunnUl UiUlve 
/>xlfli* in 11'linii'Ptl licroi-n l l s  ilpLuniiiiiuLloiii

In iirni'Piliuf.«i luv'ilvlnH nxhliiUoii 11 r NO l r  NOz liy IhnilcI oxiilimi.a, 
i||p n iirln l inn i« iisii't• 11 iipi-I"i'!n"[l hy I'iiiw mol.limls In nil 1 cli Lliu g/is 
fnniifn In IihIiIiIpiI l.liinuiili 11 ims-w'isliitix ImLLlo nr IaiIih UDnLnlnliig 
lli» oslilio im t I'i'iiiii'iil (I'lir'tti1 anil Itri'imiPr, lilllfi). 80111 Lions oC
iminasiun iv-immmmial"  linvo Ihtii iihoi! oxLoiialvol.v <■«. ii.SX soJiit,lo»
In 2 ,'i t  u ii l i 'l ii ir lf  iv lr l IHinnizin. 1 lllili: llol 11 iirs , 1(1:17 ) or « BiililU'nt.otl
|iolnN>iiiin iwi'mniiHiMial r  milul ion In a mUUiro ol‘ jilios|ihoi'lfi and 
Hiiliilmi'ii" i iflc k  (jlnc-li mill SirniMHiiH, 11)07). Ttip ial.lior oxldunb was
n>i«>i'l "il In nl vp phui'i iI In ] I v Kimii I I I  nl. I vo oxIdaLtiin (> 1)7%) ol’

l i ‘ |i- ntlilp  al >'iinr'i>ni rnl imm ilnwn In 0,1 v|im Hllhoul; 111 IroKBti
ilinxiiln tin Ini! nlwnrlii'il.

A i'M ll'li'il ihiIiihnImw iipfniniiuiiimlp snlul.ldiia drlm l 1111 l.u KlnsH I 
imrii'i' (K I)Ih, I :)(l'l I in1 i! I arm IipihIh (Cnlhoiin mill Idwika, l!)GC) 
liru’ii miHi'p.qlpd an 'ix lilanl n.



a.3.b Mix Trmii'inx Bo 1 ii I;1oii

tlr i pub* Bn I Ueni) lioiutenbi

N ILrir ox I dp IU ip II' Ih rlirielviil ly , ro liik lve ly  Uiecli und coiiBaMiionk.ly 
fpw siipoi r ic  vlinnlcal iirl.limls linvp been (ievB.loiiecI fc: kills Kna,
TIippprnppi n i t r ic  nx lik  INtj) la nonvei'lwl by t;lie jireoxidlaor to 
n H i (lien illox ld i' INilz). I’l if nll.t'oifi'n rlioxldc readily reacta with 
wnlpr In l.lir l.miMilim an In I. ion l.o Porm n i t r i te  (NOz'i and n itra te

ZHllg I llzl- — ^ NUz • l NOi- + 211' (22)

Allan (1117:1) ri'norl.pd l.lvil th" nlmmliiirn n i each ion depeiids on the 
snlntion tnniilll.h'iia nrnvn 111 m!. Ucan and Unr|ter (11IIIG) stated that, 
althnnah Hip nxncl n il in la unknown, the reaction I'avoura NOz* 
I"imat Inn over Wh• loiiaallon,

Tin- idinialcala nainl hi I he I I'nitphn; tm lution to nensnre NCIx are 
derived I'roie I he (Irlean reaaent ITir the n i t r i te  Ion ((Irk-Ra, 1U7I)), 
The react.Ion la haseil mi the ilJanotiaatlon ot an aromatic uinlno by 
nl h 'l I '' in 'I'-ld w iln l Ion Pel lowed by t:oii|illn« of the it I in',o r.iimiiound 
wilh an aronial le amine or iilionol l.o fonn an Intonaely coloured axo 
dye, i  he orh ilim l Hi-lean readenl eonlalna aiil|ilmnl I In acid ( Idio 
diaxnl imU Ion coitiiouudl and K -nunUUisilwiktHP (Uto oouitL.Unt utne.ywtiv.tl) 
In an l|iln irie  m-hi Holm Ion, A mod 11’led I'orm of the uelxlnal driers 
I'enkenl wan rrodui-ed by Hal I zitmn I IIIA4) and has become known na the 
llrloHn-finllxmnn renwent,



'-1 '• jJJ '7 '
Tlif (IliizoL IfhI Ion mimil emv " I l.licr lw> sill fmil Inmlile or sii.tfnn) llu  
iirtd , L.vslikow I) Win rpimvl.nd i.luU. Hii.lfmi I l.niiiide proved muro 
muIVUiIp In Inrma nl rule find hikmmlky o f colcmr dnvnloiiiieiiI,. Tlio 
o i'litlunl rnm illim  m w n l,, C< -iimililliyinniino ian,v Im roii.lnueil liy N -(I- 
rmolil.liyIl-rWiyh-iiodUwihin dlliyih'Dulijorlilfl, llol.I.ci' nUdiillLy of l;ho 
m iti-'iil huIiiI Ion wnn nlilnlur.l liy iMniiloylin! tiia InLber oonipoumi 
(I.V«liknw, HlGfi). Milici'itl rrlda  lnlilU H  I,lie dluzo reuution mid Lhe 
nnlv milLulile (irumih: nrldK nre ncel.lu utid U irU irlu beuiuise o f l.lieIr 
HciliiliilU.y. Tni'tnrlc n fld  mn found i.n lio auparlor l.o uueU.u ncid 
wi III rosiuvl. In rill i- mid InI nimI Ly n f colour dcveJ.o|)«ieiil. (l.yahlcoM, 

IIohi’vpc, oxiU tc (I'h i'liit 'u  tik u l . , 1U/U) and c i t r io  uctd
IMnpi jpr i'L u l. ,  lilllfi) Iiiivp a I bo lii'on cmiiloycd,

A rurU ii'r Inmrovtwni. hy U r addition o f l!-nii|)litlioj.-a,a-dlaiiJ.|ilionlc 
a'-hl dhtfiilluni in 11 lli-sa 11 I to llu- rPiutPiil. kuh rsiiurl.etl (l.yslikow, 
I'tilSI, llu- il-aajl iii'riilnm! mi lneri-iisod rato and iul.e iisity of 
rolmtr lorraul.ioii, A liU lior itlisijriiLInn pfftctaney ab very low 
nilrrMii'ii illn tldn  ronr''iil n il ions huh ulao olisci'vcih H  Is LhoDt'lsetl 
Uml I l i"  l l-s 'ill iv.nnini in lJm dlnsiol.iiind [inimroiinil as a iirellmhmry 
■lii'li lull ilni-n nnl- iir<'t!n<:r a dvr, Tlip cl I iizo-II-huI t  complex rauuks 
"-till N I I -inulil.liy11-i’ IhvIpih’iIinnIno dlhydvochloriile ulmoBt, 
hiHlnuliuii'oilslv, Thus t hr vnhmv nnliiliinpniPiiL In khoushl, l,o ucutir iih 
ii i i'im ll of |H'-W(‘!|1 nil ili'i-nf iv m 11 Ion o f I.lie |1 iuzoUHBtl Inl.vrmodluLy 
r r in r  In rc>ii|il lui? iH Mi I lio illnmlup il lliydrociiiovliii? (Lyaldtow, HIGC).

L



1 Plant Materiul and Growth Conditions

Seeds or 01yci.no mix L. (var, PNR 5779) and Lupinus polyphyllus were 
planted in verm iculite in p las tic  trays and watered dn ily  with 
deionized water. A nu trient solution (Appendix 1) containing 
n ilrate-nitrogen was added to the water every a lternative day once 
the f i r s t  lea f had expanded. Plants which were required for 
experiments in which the constitu tive rorm of n itra te  reductase was 
under investigation were watered with a nu triunt solution in which 
uvea wag the only source o f nitrogen. A compound inh ib iting  
n lt r if ic n t lo n  (tf-serve) was added to the deionized water o f the urea 
griwn plants. The plants were maintained in a phytotron chamber
tiiuh.T (toihLrolletl conditions of H  hours l ig h t at 840 uEinsteins/n2/s  
« t 2h/22=C day/iilght temperature regime, The re la tive  humidity in' 

cliazUei- wna 70% during Lhn l ig h t period and 80% during the dark 
period.

The' f i r s t  fu lly  expanded t r i fo l ia te  leaf o f the soybean plants and 
youngest lupine leaf was used in  a l l  the experiments.

Sends o f Zea mays (var. Ciba-Geigy '1141) and I'isun sativum (var. 
Meteor) were soaked overnight in water whereby a su ffic ie n t supply 
o f oxygen was maintained. Thereafter they were planted in
vcrmictilUe in p la s tic  trays. Arachia harts seeds were planted
d ire c t ly  in to vevnieulite in the trays. Both the maize and 
groundnut seedlings were grown a t 14 hours lig h t a t 250 
uBinsteins/mVs a t 28/22*0 day/nlght temperature regime. The 
phytotron chamber hod a re la tive  humidity o f 70* during the day and



fu lly  expanded







dilmU-ot-Ulnrisli' 
colour i.-ns /il



Nitrite Concentration (nmol/ml)

figure 5 a. CtU ibrution Curve fo r Lower N itr ite  Concentration 
Range ( 0 - 2  nnol/n l).



Absorbonoe (6-10 nrn)

N llrlle Conoentrailon (nmol/ml)

FiKui-n S I), Cnl IlivnHon I'ui'vp for lllfilior NUrlbn Coiicenkrntion 
Uniiiir (0 -  Bl) nniol/iil).

Il Nll.niU! mill NUrll.n KxUinicI.Ioii KxiinHneiii.n

Tlir einnl huII.iiIjIp Dll I nr I he nxl.rnctinii of ill l.nil.c mu! nl l.rj lo ['ram 
mvlii'fin. liiwmiliml. mill Intiluc IpiiI' I.Irfiiip m a  (Ini.onnliied uhI.iik 
Intluml Ipiivrti. Twn IniliitU Ion iH'ci -ciliirpH wpro jnvasl.lgnl.cil; vucuvro



in f i l t r a t io n  (0.2 einllg fo r 40 seconds repeated 3 times) 
ImluctAori meiiiun (25 mK potassium n itra te ) followed by Inner 
Lhc induction medium in tlio vroacnce o f l ig h t and oxygen f 

induction by floa ting  on 23 nM pa 
s phytotron chamber. On compietipn 
3 leaves wp- o dried by b lo tting  wit 

towelling, weighed and immersed in a 0.1 H potassium ph

vntuos investigated ranged from 5.5 to 9 
n itra te  and n i t r i te  levels determined.

Table 1. InrlucLion of Groundnut Leaves by Vacuum In f i lt ra t io n  
followed by Immersion In Induction Medium. Boiling c 
D ifferent pit.

N itrate Extracted | Hi 
<=----------------------- (nmol/gfwt) —

e Extracted 

 >

('1 rep lications of each)



. ' .■ v. '

Table 2. InduoUion o f Soybean Leaves by Vacuum In f i lt ra t io n
followed by tuiiiersion in Induction Medium. Hoiling a 
BiCforeiiV |>1U

Hoiling yli N itr ite  Extracted
(nnol/gfwt)

478 ± 19
m  ± 0

H  rep lica tions of each)

Table 3. Induction o f Soybean Leaves by Flouting oil Induction 
Medium.

B oillny pH N itrate Extracted N itr ite  tracked

714 + vi
m  i  2G
676 i  58
723 £  116

(4 replications o f eacli)

■ ■



....

ruble 4. Induction of QrounduuW by Floating on Induction

bo iling pli N itra te Extracted N itr i te  extracted

6D78 ± 466
8404 ± 1057

(4 replications of oaolt)

QQUlng S«l

347-12 + 5987

14 replications o f cucli)

.-v
a-:"

Table 5. Induction by floa ting  o f l.iipinua Leaves on the 
Induction Medium,

N itra te Extracted I H it,r ite  Sxtrncted
f --------------------- (nmol/gCwt)------------------------>



Vnciiim l i l t l l  ti'u liion ol’ Krivhi'nii leal kJnHiie TgJlownU by JiainerBJon in 
Uir- Ivixl'icUiin in'tiVuta unn imintS io  hr mimiU.ablfi shine liiRli I.gvcXb of 
i ilL rllP  lu.'cimmhiloil In Liu- Irn f k.lsaui! Ha n rc a iilt of locmllsad ilork 
voivlll.limsi ncciivrltii! (Vulj I f  %), I'url.heniioL'e, v In i bio IimiI b I ng oC 
Mip I c i f  tlnatio roBiitl.fel. hidnoblon liv I'lonfciiig Uia leu f blasim on 
Vlio iilli'« l.P cm il.n liilin nit'tDiini iij lovlnl.od l.lils |ii-obluni I'l'nliJo 3) nml 
»/ia Unis 111'' tivoGpilino lutojiln l Hiroimlioiil. Uic sLtitly miJeas olilierwlao 
fllitl.pd,

1 l-rpRlirpi |vp nf liulnvLlim iironciluvp iihriI, nJ.Imlliie aoiitiibloim wlien 
liol line, ki-vp fi'iuu] In I in laiii'/' riivmirabii? fov nl l,v) La tixkraoU.on
from Uip ionl lt«siip nl n il nlnrpl. HiKJC.Ioq Cl'iUileH 1, 2, 3, mid fi),
SimlIni'ly Iiib Iipi' PtU-ncl.ioti nil's rPHulLcd in n hiKlu-r reoovery of
Ip'll nl l rnl'■, llnwrvpr Hip Ini I in' trend wna not iia uJ.pnfly iloClneil.

Hip Invpln ol nIli-nIp pxlrncl.pd rrnm nojilienii h-nf Llasue ('hih.lQ 3) 
une mii'li I h m p i- IIhui Mini - r1 1.. .1 "il I'ram uroiimliml. (Tcil)J.o 'I) mid
hipiiiPS (TubIo ID Innvpfl,



' "f,.

TAhle 6. Kxtraction o f N itr ite  and N itrate f io ii Loovei a

Spooiofi lio ilin g  pll N itr ite  Extracted N itrate Extracted

Lupinua ? 38 t  8 33025 ±  #38
8 61 1 16180 +  2444

3 66 + 3 61097 i  6082

Groundnuts 7 21 + 0.06 3312 + 636
31 ± 4 3366 ± 116
S3 i  3 i  706

14 rep llo iitions of ouch)

Ext ruction o f n itra te  and n i t r i te  fron loaves lit  more a lkaline pll 
(7-U) appeared to be higher (Table 6) however interference due to 
i.ho increased ex'm otion o f lea f pigments occurred.

mm
4*

11.2 lliith I'rcHSuro t.iquld Chroeatography (lll’LC)

llib'li prusaure liq u id  clu-oaatocropliy was undertaken to measure the
arricle im y o f the extraction procedure top n itra te  Ccoo the leat
tissue. BruiiRwlok and Crosswcll (19815) reported the presence of
uiidoi!TOiyU8 pJnnt coaponcnta which interfered with the IIPUC
(IfUn'inlnutlcn o f n J trite . Thus the determination of n i t r i te  using 
th is  procedure was not undertaken.



boiled fo r 20 minutes in 20 oil 
i  a liquot (supernatant traction) ,

i  Creaa*eil, 1986). The cnrri 
Dsphate (pH 2.95 -  3.00). The 
1200 -  '2000 p s i1 with the 
21-I no, 0 - 1.0 absorbance 1 

D ilu tion o f the plant extrc



3 % ...

5 ugN()3-/0.1ml: C = 1.0 ugNOi'/0.1m).)



Table 7, Bxtrnetlan of l.cnf N itrate by Bolling (Supernatant.) 
timl ky UvliivSins n[Vev bo iling  ( I'oiiogenised; as 
NttMiii'od by [.ha lll’ I.C.

N lli'a tc lixbrncteil 
(unol/gfwt)

WOC HUB

Ud9 774 
if if i l  975 
02G 690

1)8-1 7:19
sun jao 
7u:i ccb 

1020 122 
1ZS5 997 
1107 071 
7Hti 206

798 04-1 
1163 377 
993 one

1033 001

win m

M23 741 

1-153 226



'Nit! iliL'foretice in tlio ievel of nLtrato mefisiiretl in  tlie auBernnUant 
iva omroast' to Uie brmoimnRixl fraction of eoybean lent llsaue was 
low. l;hua liidlnnklug Mint ttie 20 Minute Ijoll.inR period was 
s iirr in lm it l.o enanre the extraction of l.liis compound from tills  
aiiecips I't’ahlp 7). Ilnwevpv bhls extvncl;Lon iii'ocedure waa found to 
lie InorfccUivp ror I,lie leaf tissue ol' Ijotli si'oiindnnts and lupines 
ninup l.lifi liomonculned aamtilr cnntnl net! a markedly higher n itra te  
level re la tive  to thn auiinniatmit fraction,

4 NitvoRcn Oxido (MOx) TrumiInt! I'rocedurii

1.1 TrivimlnR Animr/iUia ami Solution*

A ll t lir  nitroepii oxulp trniipinS experiments were conducted using the 
iinimi'nl.HF aa Illus tra ted  iti l'ii;ure 7, The leaves were immersed in 
the relpv/mt incnUnkion mnrllun contained In tlie experimental tubes. 
Tito (•xperinenUil V.ilysa x rrr  aroleil Mil.h normal Corning q u lc k -t lt 
Imljhlr-rH. Malili.nimncp of dark conditions was achieved by wrapping 
Ihc* r.w rim piiU il tulips in alimihiinai Toil. The experimental tuhes 
w rp  l.horrat't.ni' iiinfifd In n constant temperntnre wntertiaKli a t 2H°U.

Thfi l.nlins nnnl.ii I n I nK tlip Irnvea ware connected in  series f i r s t  to 
Luo n it r ic  oxidising ltil>r-H nnrh contnining 'ill ml of the oxidising 
renvput; 2U ml cnncrnl rnI ml rii Inhnric acid; 50 ml. concentrated 
|ilioH|ihnric nriid; (ill B nntass Itiw I'evnanganate; mntle up to 2 l i te rs  
using delonlBPil writer I Hud; mid Sti'atmtmn, J!I67|. Theao were
rolloweil liy fi - fi tnhpii panh ciontrtinlng 100 ml of nitrogen oxide 
ti'annhiii solution IY.fi ti l.nrtn ric m ild; 0.7B i( sn I FaniInn.tde; ().02fi
B disc,I tun 2-nnph tlio I -0, ll-di nn I fonate; U.02fi g n-l.-na|)likhy.lethylene- 
dinmlnp til HU 1 dissolved h, I l i te r  delonlsntl water) (Harper, I9U1).

I’liralng o f tlip oxtiprliipntnl HDpavatus id th the nitrogen gas was



mlmitPB i 
Lranneil.

« 
3 
?



Klfiurn 7, rixiinrUonkiil Apimi'iil,;



Incubation Tube Oxidizing Reagent Trapping Solution 
(KMnO^) IGriessr-Salzman Reagents)

NO— rNO^ N O ^N C ^^N C g



Abaorbnnoo !0<lo nrn)

N ilrile Concenlrallon (umol/ ml)

I'litniT II, Ndx CnlIlirnl.ion UurvBi

‘I'Z  HI U'OIIPII Himnhilni! hi l.lic O xlilio iill! iliiliil.Inn

Tlif (dimii ll 'ic fii Ion i)i i.I i p  maomil; in' n I l,roi<oii feinniiiImh behind in i;|iq 
ox iilln lim  hoIuLIoii mill Uiiik I'ontil.ting In mi unilorasl;.liiMiUott of Llio 
levi-l ill' NOx nvolvod wih iindni'Uikon. A oiihV Clniiblon ol' IiIib 
tllaL lJ1 ul.Ion Di'omlnt'i* fiMioi'l-.ml l>y Tetleneo itnd lieeiiey (IU72), 
dnncvlljhtg l.lio lacfiimi'i'ini'iil. nl tn lL fiito  mid iii.l;rito )-N  In tdkii.Uno



DoUisnltm iiGrniuiiSami l;r m hi Lions, wna daveJ-oved. Tlie stems
iIJsl 111/U.lmi Lrchnlriupa - ’ 1'iyotl l)y IH-Hniinr1 ( WGfi) were al.so
liitoi'iKii'Htrd.

Thf ilcvcloped urocmlurp iina i'iii|)loy°il l,o ilQlormUie l.he Level oC 
inorKnulr n iitnH rti (iciniDoimils roaiiUiilnK In Hie oxitlls ln ii hoJ.iiUIoii 
i i f t i ' r  liit.u()nl.hm n id i imiiici'ii (clip. I l l  Hcctfon fir I )  a w l  n o n i iu U ie a t)  
(miinilloil vll.h 0 nM u tl.n ilr)  Hnylinim icmf iml.orlnl.

‘1.3 NOx Trninilni; KlThilcmsy Kxncrimoiitn

1. li. I Udoniitnil HnUir

A» /liBrussot) 1 rliji, 11 Rpr| Inn 3.3,1) ) u| Vvle oxide Ih oxUHsgU to 
ttilrcitm ilh ix l'ln  hfl'nm rPiirliiim  (.lip (.rnpptnx sohil.)oti. Allen 
(I9J3J I'rporl.Pd t luiL l.hp dlnwiliil.lon n|‘ nl U'ogon dloxllie in wntei' 
voi;l(l I j c  In r j/ ' l i l  r'fjuIv/iJmL [jimollbteB oC nikrLbo unci
n ilrn tp  loim, 1 Ii p  dtirutl n f I.I i p  illasohiLhm hod to lie clatornlned. 
Thn m ilrim l l in ldp  mril.iinil I c Ii i i ,  M l BncLlou 2 , ' i )  was u»i)loyeil to 
dpipreini' l.li'1 r-rmrfn (n il I mi nl' n i l r l t o  In (.Iip « tt« r Leap. Wo 
cfilnriiiir'i.rld iii'mi'piIiiits wi'i'p iiBpil l.o iinnlyno t.lio leve l ol‘ n ltra to  
inps^nt I'-, siil h:vl lo ntul mi|>pi'-iiniliiiiiiin (cilip, i l l  scctlon %, I) 
moUioil*. Thf- itU.nil.p (*oncpiit.pnl,loii wns n.lno (letai'iolned uaiuti dho 
lil'M" {clip. I l l  npcl.ion :i,HI,

4.3./! TruppliiR avInLlijn

'Dip n iT lr in iw  nj' Lbo l.viiini.1 n# boIhI.Ioii nl, oniil.ur.liiK the Buaos 
ovolvhu! rrom {in liiciilml.loi! muilliini wua dul.emilnnd using l,ho 
uiniaruUiM 11 iHHLrnLotl In KlKUiT 7. A 26 mM KNOa solution pt'ayiiroil



iirJdh n n ihliiil;i’  Im ri'nri nil II,li, wub contntned w ithin the 
Inruhnl.inii I iiIwb. Thf r'XDr-i'Irinut, wusi coiiductind umlei' nnncrolilc 
nnndikloiiH.

4.4 Phynimil I'ncLovH Afl'ocLini; NOx Kvolublon

H ip niiDnrnl.iia 11 lusU-aU-d in KiKiiru 7 una eai])toyed to detornine the 
pffnoL o f |ill IS.b -  7 .l i l i  n il.i-itp  conceiitrnbion (0 - 500 mM) ami Kna 
flow r iilp  1100 - 8(10 ml/win) mi NOx pvoluLlan. In enoh cnse the 
InfillliiUion npdhiin rrm ls lp d  ol' it tmN'ni'cd 0.1 H |)r,toBgliin iihoanhnl.Q 
littrfcr. The Hvolvhie nl I.i'okpii oxldeUI xnseH wnro mo'iaiirsil 
ro lo i'iiiP lfin iiU v  (rim. i l l  n'’(:l.!on <t. 1).

TIip pfl'cel. nT iihoHiihnir linffp i' pH tin nlU'DKon oxide evoUil;loti wan 
nlnn rnndiiiih'il In I lie ivrnnivn nl' Ir / if  n itl.p rliil. Nniibidncad aoybcmi 
Irnl' hlasim (rlii). 111 Brr'l.luii li.li) was vivcmim In f I ILrnt.oii (0.2 nnllR 
fu r 'ID RprniuiH ri'|ipnl.i>(l 11 Umra} wiLli n 0.111 M |)hoaplmte ImCrer, |)ll
S.S • 11,0, rcmlnlimiK 5 mM KNOs iir io r  to liicubiiU.oii under
imnpmlifiinlp. TIip iiro iW iu'r fin ouUiiipd In chnptar I I I  Heal:Ia n  4 . 1  
wn» ihnn fo i IllWPli.

1. B NnI,uni ol' tlio Kvn I v I mi (inn

TIip iml.ui'P ol' l.hr I'i'iilv liin  N comiiounils Crnn it bufl'c-rod n .ttrlto  
miliiV.Imi liill 5.51 non In I n I m! no loivf nnkoi'tnl mis dnUoriiliied. The 
Lntii'fl wnro hunihiUnl mikIi'I ' uniirrnliIc: ocmcllI,Ions In l.lm iii'mioiirn or 
ixiiHi-ncp nl' mi inlilliiln iS  nolutloii (NO i  NOz ).



IN VIVO N itrate Itcductntio Ausayu

5.1 Induction Kxnerieents

In Uio induction experiments tlio .esvea wore supplied with 25 mM 
VoUssiue n itru te  for 3-4 hou e in  the ir respective phytotron 
clieeborB. Whereas the aoybeon end poo leaves were floated on the 
induction medium, the out edges of the maize leaves were Immennd in 
specimen tubes containing the n itra te  solution.

ACler excess moisture had been removed from the surface o f the 
leaves by b lo tting  with paper towelling th e ir  Height was recorded. 
The experiment was then undertaken using the apparatus described in 
chapter i i l  '.ection 4.1 whereby the Incubation medium consisted of 
0.1 M potassium phosphate bu ffe r with a pH of 6,5. The experiment 
wits concluded with the extraction of n itra te  und n i t r i te  In the leaf 
tissue by bo ilinn fo r 20 minutes in the incubation medium. The 
levels o f each nitrogenous compound was then determined
colorim etrica liy (clip. I l l  section 2.1 and 2.2). The level o f NOx
evolved during the incubation period was measured 
spetitrophotoamtrioally (clip. I l l  section 4.1).

5,2 Non-Induction Kxperieentii

TrlroliiitOH obtained from urea grown soybean plants were excised, 
weighed and immersed in the 20 ml inoubatlon medium contained In the 
experimental lubes. The incubation medium consisted of 0.1 M or
0.01 M potassium phosphate buffer with a pll of C.G unless otherwise 
stated. The concentration o f potassium n lt i- ita , when added to Cha  
incubation medium, ranged from 0.2fi mM to 2fi mM. The experimental 
iijiiwinil.us us described in chapter I I I  section 4.1 was employed.



On completion of Vie incubation period the lea f tissue was boiled 
fo r 20 minutes In the Incubation medium and aliquots removed fo r the 
determination j f  n i t r i te  levels (chp. I l l  section 2.2) w ithin the 
extract, YhLs dotermination uas only possible in those cases where 
lower levels of n i t r i te  were uset in the incubation medium. The 
amount o f nitrogen oxide gases evolved during Incubation was also 
measured (clip. I l l  section 4.1).

6 Inh ib ito r Studies

Two inorganic inh ib ito rs , potassium cyanide (KCN) and sodium aside 
(NaWj), wore employed to l im it  the amount o f n i t r i te  produced 
endogenously under the conditions o f the in vivo n itra te  reductase 
assay. In both casus the concentration used was 20 MM. The induced 
leaves were dried by b lo tting  with paper towelling, weighed and 
pineed Into beakers containing 0.1 M potassium phosphate bu ffe r to 
which hud boon added the inh ib ito r and IX ethanol. Kntry of the 
inh ib ito rs  into the loa f tissue was fa c ilita te d  by vacuum 
In f i lt ra t io n  a t 0.02 anllg fo r 40 seconds. This in f i lt r a t io n  
procedure was repeated 3 times. Prior to Incubation the lea f tissue 
was again dried using paper towelling and placed into the 
experimental tubes (Vlguro 7) containing 20 ml 0.1 M pctasssium 
phosphate buffer. in those cases whore potassium n i t r i te  was added 
to the incubation medium the concentration used was 20 mM. The 
procedure as described in chapter I I I  sootion 0.1 was then followed.

The experiments wore terminated by placing the experimental tubes 
containing the leaves in to a bo iling wuterbath for 20 minutes. 
Thereafter the lea f n itra te  and n i t r i te  levels were determined 
co lo rlieo tricn lly  (chp. i f !  section 2.1 and 2.2). The NOx evolved 
during the incubation period was also measured (chp. I l l  section



7 Ito iling  Studios

CoeparaLivc Studies

The accunulution of n i t r i te  under dark anaerobic conditions by 
Induced lea f tissue was inh ibited by the p rio r bo iling  o£ the leaf 
material.

Excised induced leaves were dried, weighed and placed into beakers 
to which was added 20 nl bo iling  deionized water. A fte r bo iling in 
a bo iling  water buth tor 10 minutes the leaves were dried by 
b lo tting  with paper towelling end transferred to tile experimental 

containing 20 n l 0,1 M potassium phosphate buffer. The 
concentration of potassium n i t r i te  when added to  the incubation 
medium was 25 mM. Incubation then proceeded as described in chapter 
I I I  section 5.1. The evolved NOx gases were measured
co lo rlm c lric iilly  {clip. I l l  section 4.1).

The nitrogen oxide evolution a b i l it y  o f t 
Hativue and Zcu nays, was examined.

3 other species, Pisue

Leaves o f pen seedlings were supplied with n itra te  as described in 
chapter I I I  section 5.1. After the leaf tissue had been blotted dry 
using paper Lowe]ling I t  was weighed. Thereafter the leaves were 
vacuum in f i lt ra te d  with 0.1 M potassium phosphate bu ffe r containing 
12 ethanol following the procedure outlined in  chapter I I I  section 
8. A fter drying the lea f material was placed in to the experimental 
tubes containing 20 ml 0.1 M potassium phosphate buffer (pH 5.5 or



Sim ila rly tlie induced leaves (chp, I I I  section 5.1) o t maize

etlianol (clip. I l l  section 6).

(Plienylmethylsulronyl fluoride)

centrifuged (Sorval R0-5B

A supenintant sample o f 15 ml



the column at 22 -  44 ml (Brunswick and Crosswell, 1986).

The in v itro  n itra te  reductase assay was conducted over a range of 
|i|i' s . The assay consisted o f 0.1 mM NADH/NADPH and 1 KNOa ( fin a l 
concentration). Both reagents were prepared using a 0.1 M potassium 
phosphate buffer. After incubation fo r 30 minutes a t 30°C the 
reaction was terminated by the addition of 60 mM zinc acetate ( fin a l 
concentration). The fin a l d ilu tio n  of the enzyme extract was 4Ox.

The optimum pll fo r the a c t iv ity  o f the Nil enzymes was assessed by 
coln rim etrica lly  determining the amount of n i t r i te  (chp. I l l  section 
2.2) produced during the assay.

9.2 Calibration of a Scphadex 025 Column

loaf tissue obtained from urea grown plants was extracted at 1 g 
fresh weight per •! ml extraction buffer (chp. I l l  section 9.1).
A fter f i lte r in g  the homogenate through two layers o f myelin cloth
the f i l t r a te  was centrifuged (Sorval RC-5B refrigerated superspeed
centrifuge) for 20 minutes a t 16 000 rpm (29 000 g). Forty
m il l i l i t e r s  of the supernatant was loaded onto a Sophadex 025 column 
(36 x 2.5 cm). A fraction co llec tor was then used to co llec t 160 ml 
as 5 ml samples a fte r the 75th ml had eluted. A ll procedures were 
conducted at 4°C.

The e lution o f protein peaks was measured by reading the absorbance 
of each fraction a t 280 mn,

The in v itro  NR assay was conducted on each fraction in the presence 
of 0.1 mM NADU and 1 mM KNOy ( f in a l concentration). The 
constituents were prepared in 0.1 M potassium phosphate buffer (pll



colorine tricaH y (chp. 111 section 2.2).

fresh weight t<

with the exception tlm t 5 uil PAD was used instead o f 10 ut 
Aftci- homogenisation of the lea f material the homogcnate

t;rifuged (Sorvol RC-5B reCrigerated aupcrspecd

luiihudcx 025 column.

1 eiuthy) vlologci) !DulJey eb u l . , 1982) prepared In 95
bicarbonate (.lo lly  o t a l . , 1976), The pi! o f th is  soluti

Nil oxporimentu (Piguro 7). A fter the reaction was allowed t.o
proceed fo r 30 minutes a t 3D°C i t  was terminated by aerating the 
assay mixture followed by the addition of 50 iuH zinc acetate and



bo iling Cor 3 minutes. The fin a l d ilu tio n  o f the enzyne extract was

The evolved NOx guses were measured spectrophotometrleally (chp. I l l  
section 4.1). The loss oC n itra te  from the assay with the 
concomittant production of n i t r i te  was determined colorlmet-rically 
(chp. f ! 1 sections 2.1 and 2.2).

9.4 IN VITKO ato ich ioeetrlc Studios

til V itro stoichiom etric studies were undertaken on constitu tive NK 
which had been purified according to the method developed by 
CnupbeU and Nruy (1083). T rifo lia to s  o f urea-grown soybean plants 
were ground to a fine powder in liq u id  nitrogen using a pestle and 
mortar. The powder was then transferred to a Wareing blender and 
homogenised in  25 nM TrlsllCi buffer (pH 8.5) containing 3 mM DTT, 20 
uM WO, 2 nM k'DTA, 3 eiM PMSF and 10% Glycerol at 1 g fresh weight
per 3 il l extraction buffer. The homogenate was f ilte re d  through two 
layers of myelin cloth and the f i l t r a te  centrifuged as described in 
chapter I I I  section 9.3, This was followed by protein precip itation 
using 2 0 Z  ami SOX ammonium sulphate saturation steps. The 50K 
p e lle t was resiisvcnded In 100 ml column buffer (50 mM phosphate 
bu ffe r at pll 7.0 containing 1 »M BDTA, 10 mM cysteine, 20 uM FAD).
Thereafter 50 ml MtB blue-trisacyl M a f f in i ty  media was added to 
th is  suspension. Minding o f NH to the a f f in i ty  media was promoted 
liy cotttiuunUB BUvrUtg Cor 30 ninutca, ",'V.o b lu e -irisn cy l « was then 
poured Into a buelmoi' funnel and washed with 500 n l o f column 
buffer. The constitu tive NR was eluted with 5 uM NADPII a fte r the 
a f f in i ty  media had been poll rod in to a column. Stoichiometric assays 
were tlicn conductcd on the collected enzyne fractions,

The Nil assay consisted of 5 mM KNOj and 100 uM NADPII. Both reagents
wore prepared using 0,1 H phosphate buffer at pll 7.5. After



Incubation Cor 15 ninutes a t 30° the reaction was terminated by 
addition of 50 mM zinc acetate ( f in a l d ilu tio n ).

3.5 Measurement of Protein Levels

The results obtained in tho in  v itro  NR experiments were expressed 
on a milligram protein (mg P) basis. Protein levels were determined 
co lo rin o tr icn lly  using the Coomassle blue binding method (Scopes, 
1984), To eflcii aliquot of 0.1 ml, 5 ml of Coomassle blue reagent 
was added. Tho absorbance was read at 598 nm a fte r 2-30 minutes 
against a standard curve prepared using Albumin (Figure 9).

Ahsarbonee (595 nm)

Protein Concentrotion (ug/0,1 ml)

Figure 9. Prolo in  Calibration Curve.



1 DovolopocnU of New D iB tillu tio n  Procedure

I t  was found that the d is t i l la t io n  procedure employed by Tedesco and 
Keeney (1972) to determine the level o f nitrogen remaining in the 
ox id is in " solution was unsuitable. On average only 30% o f the 
nitra te in i t ia l l y  supplied mis recovered a fte r d is t i l la t io n  (Table 
8). Thun a modified fora o f th e ir  d is t i l la t io n  procedure had to be 
developed (Tables 9-12}.

Table B. Effectiveness of Tedcsco and Keeney’s D is ti lla t io n  
Procedure (1972) in the Recovery o f a Range of 
Nltrate-N Standards.

Standards

(iigN/nl)

Titrated
Volume

Calculated
Concentration

(ugN/ntl)

% Recovery

0 1.50 + 0.14 21.0 + 1.98
39,2 ± 3.28

125 63.7 i  0.70
6.35 + 88.9 ± 2,10

500 14.73 ± 0.M 164.3 t  4,02
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Tnbie 0, Recovery o f 600 ugN/nl us KHO: {») a 
(NH4)zS0i (#) a fte r SubetitU llo i of 
Dcvardu's Alloy (DA) in Tedeaco and 
Procedure.

' - ; r

/  y

a D is tilla t io n

(ml)
Calculated Cone. 

(ugN/ml)
X Recovery

203 ± 1

Excessive Frothing

*0.'2« DA 12.30 £ 2.60

«0.2g HgO 6.65 * 0.05

*0.2g DA + 
*0,2g HgO 6.20 i  0

■’

The substitu tion of reduced I'e by Dc 
unsnccoBstul (Table 9). Depending on I 
during the d is t i l la t io n  procedure o: 
DA) was observed or the level of n it i  
(0.2g DA) than that in i t ia l ly  s

■arda's Alloy was found to be 
ie amount o f A lloy employed



1% * , a

Table 10, SubstlLution of Reduced Fe by 0.2 tf DA in Tedosco and 
Knoncy'a D ta t illa tio n  Procedure, Effect o f Incubation 
Time and Temperature on Recovery o f 500 ugN/nl as 
Nltrate-N.

100=0/15 Bin. 
100°C/30 Bizi,

80<'C/15 mln,
60=0/00 ain.

25=0/15 mln. 
20=0/30 nin.

T itrated
Volume

13.5 ± 0.5

Calculated
Concentration

(ugN/ml)

1520 + 154 
3379 i  49

An attempt was made to increase the e ffe c t iv ity  o f the Dovavda's 
Alloy (0.2g n i ,  by a lte ring  the incubation temperature and 
Incubation period (Tabic 10). However, i t  was found that the level 
of nitratc-N  recovered was higher than that which had been 
o rig in a lly  added, Sim ilar results wore obtained in  Table U. Thus 
the continued use o f th is  Alloy was ceased.



TnUlo 11. Itccovory by D is ti lla t io n  o f 500 ugM/«il as KNOa 
Alkaline and AoiU Pataaaium Permanganate Solulii 
Uie Pronenco of Reduced I'e. incubation ut Two 
DltPoront. Tonporutures.

1ncubatlon 
Condi fcions

Titrated
Volume

Calculated
Concentration

(ugN/isl)

% Recovery

Kero

Aik, 100=C
« k .  25-C

500 ugN/al oa 103

Aik, 100=0 18
Aik, 20°C 12

Acid tOOou 62,3 8B
4fi

In the nothod tloacribed by Todssoo and Keeney (1072) nn alkaline 
potoesliiB i ia r a m n g i i i ta lo  solution was e m p lo y e d ,  However, Buck and 
SlruUnunn {1967} favuurud an aold iwhuseium pornangiuiahe solution. 
The re la tive  etCeotlvlty o f the two aolutiona In the preBcnoe of 
reduced I'c and In combination with d iffe re n t Inoubutiou tomperutures 
wiib tasted (Table 11). f t  hub found that tho aold potassium



pornunganutc solution (Buck and StratiMinn, 1967) together with a 
high Incubution tenvernture (100°C) was mere favourable fo r the 
recovery o f nitruke-N from the oxidising uolution, These conditions 
wore then used to determine the most e ffec tive  Incubation time ie. 
30 minutes (Table 12), i,

Table 12. Effect o f Incubation Time on the Recovery by
D is ti lla t io n  o f 500 ugN/nl us Nitrate-N from Acid 
Potassium Permanganate Solutions.

Incubation Tltrated 
Volume

Calculed
Conoentrution

(ugN/ml)

X Recovery

Zero

l i 0.25 ±  0.06 17.5 3.5
0.25 + 0.05 1 I . I  i  3.5

000 ugN/nl aa HN03 ■

6.05 i  0.05 423.5 3.5 81
6 .SO ±  0.10 483.0 7.0 93



A fQ m #

Tims the developed d is t i l lo t io n  procedure;

ii nla itcid KM11O1 solution
1 o l standard or simple
Reduced Ko (amount must be determined)
Inaubation #t 101?UC fo r 30 minutes
D is t i l l  u tte r adding 10 n l 5 N NaOll
T itra tio n  with 0.005 N UzSOi.

13. R rric ii'iicy o f Developed D is ti lla t io n  Procedure at 
Recovering u Range o f Nitrate-N Standards.

Standard

(itgN/ml)

Ti trated 
Volume

Calculated
Concentration

(ugN/ml)

X Recovery

1.00 t  0.10 70.0 +
1.85 0.05 129,5 i
3.45 0.00

500 7.05 ± 0.86 439,5 ±

/i 1 though the developed procedure was found to be e ffec tive  in  the
recovery o f a range of nltrute-N  standards (Table 13), subsequent
oxperiisonts (Table I ' l l  showed that 1 g o f reduced Pe was
Insufflo lon t to ensure the complete r t  'uution o f reduced nitrogen ’
speoioH to ammonia. I t  was found that tins reduced I'o dogradod when 
not stored In a desiccator. I f  not s u ffic ie n t 'good' reduced Po was 
itnoil the oxid ising solution fu lled  to turn brown during heating and 
the recovery o f nltrato-N  and n ltr ito -N  was markedly decreased.

-  ’ I



Thus the exact amount o f reduced Fe which was to  be used fo r a 
siicalCic series o f experiments needed to be determined. I t  was 
found to bo 3g (Table 11). Thereafter the developed procedure was 
tested fo r its  e f fe c t iv ity  at recovering a range o f inorganic 
nitrogen standards (Table IS).

Tabic 14. Recovery by D is ti lla t io n  o f Nitrogen Standards 
{250 ugN/ml). liEfect o f Amount of Fe.

Amount o f Fe 

(g)

TitraCad 
Volune

Calculated 
Concentration 

1ugH/el)

X Recovery

KKOa 1 8.8 238
256

8.2 287 104

UKOi S38 88

5 7.9 99

tNUl hS04 1

5 287 101

lilunk 1 0 .5 18
21

‘ 5 28

gar



T a b le  25. Recovery by D is t i lla t io n  o f KIJ03, KNOz and NH4 
Standards in the presence of 3 g Reduced Fe.

Standards 

(ugH/al)

T itrated
Volume

Calculated
Concentration

(ugN/ml)

X  Recovery

K[j03
3.5 ±  0.01

500 ± ° ' 4 m i l .

KNOZ

500 15.0 ± 0.3 1™
(mi4)zso4

500 15.1 t  0.2 S3. ,  ,

Blank
0.7 *  0.05

250
COO



2 'NOx Trapping Efficiency Experiment*

Tabic 16. Mi kronen Remaining in  Oxidising Solution after.
Incubation o f Noninduced TriColiotea in the Presence 
o f N itra te fo r 30 minutes a t 286C. Conducted under 
Dark Anaerobic Conditions,

Calculated Concentration 
(ugN/ml.30 Bin)

27.42 + 0.82



Table I f .  Nitrogen B e a a i i t i n g  in  Oxidising Solution a tte r
Inoubtttion o f Induced T r ito lia te s  for 15 Minutes at 
26°G. Conducted under Dark A n a e r o b ic  Conditions.

A % -

4 ' ,

Calculated Concentration 
(ugN/ul.lS o in j

Tlio level, o f nitrogen coepounda evolved by the soybean t r ifo lia te s  
anti which remained in the acid potassium permanganate oxidising 
Bolution wns found Co be neglig ib le i n  t h e  presence of noninduced 
Uri'follatcs (Table 16) and very low for induced soybean tissue 
(Table 57).

The volume of oxid ising solution required to on 
development in the trapping solution was found t

maximum colour 
80 e l (2 tubes).

■ v



fu tile  IS. Oiesoiution o f HO i in  Water.
(N itr ite  Deterainution by tiie Su lfun ilitiide  
Mot/iod.)

N itra te Method 

Employed

N itr ite  Trapped 
(average) 

(uniol/grwt.16 ain)

S a lic y lic  Acid 

CopperyCadmiUBi

The d issolution of nitrogen dioxide in water resulted o n l y  in  t h e  
production o f n i t r i te  (Table 18). N itrate could not be detected. 
Thus aost or the NOx gases evolved by tlie lea f tissue and oxidised 
to HOa would be measured. In th is  way an underestimation of the 
amount of gases evolved would b= minimal.

Subsoil uent experiments were undertaken in  the presence of the 
Lrayping solution (clip, i l l  section 4,3.2). Experimentally i t  was 
found that o f the 16-1 nmol NO:' lo s t from the incubation solution 
1.37 nmol NOz" could lie recovered in the trapping solution. Thus the 
e ffic iency o f the trappin . procedure was calculated to  be almost 90



3 I’ liyaiiiu l Faot.ora Affnoti.iiB Nitrogen Oxide (NOx) Evolution

The effect, o f the incubation medium pll, gas flow rate and 
concentration o f n i t r i te  on the evolution o f nitrogen oxide(s) gases 
was examined in the absence of lea f material,

3.1 Street o f Incubation Medium pll on NOx Evolution

Incubation pH

Figure 10. Effect of Incubation Medium pH on NOx Evolution under 
Dark Anaerobic Conditions. Incubation In the 
J'renonco o f 25 oM KNO2.



NO EWullon (nmd/ml,12 mini

Incubation pH

Klguro 11. KCCocL of incubation Medium pH on NOx Evolution under 
D a r k  Aerobic Conditions. Incubation In the Presence 
of 20 IBM KNO?,

The evolution o f nitrogen oxide guseu Cron u medium containing 
n i t r i te  was markedly affected by the incubation pH. increased 
ac id ifica tio n  (pH 6.B and bolow) o f the medium resulted In higher 
levels o f NOx being evolved (Figure 10 and 11). The promotion of 
NOx evolution under acid ic conditions 1b pa rticu la rly  interesting



slnco tlia in  vivo n itra te  reductase assays were conducted using on 
acid ic incubation medium. Acidic conditions were enployed since 
tiH ribe  upUiku in to tlie plank tissue was found to be favoured by low 
pll (Huim c t a l . , 1079; Gvny and Cresswcll, 1384}.

Tablo )H. Recovery oC Nitrogen Dioxide and N itr ic  Oxide at 
D ifferent fnculiocion Medina pH  in *  t h e  Presence or 

' Absence of the Acid Permanganate Oxidiser. Experiment
Conducted using Noniuduced Soybean T r ifo iia te s  Supplied 
with 5 mM KNOi.

Incubation Medium 

pH

Absenoe o f Oxidiser 
(Nitrogen Dioxide)

Presence o f Oxidise: 
(N itr ic  Oxide)

1.03 l.M

0,91

0,36

0 . 1 5

0.03

I'hosphate buffer pH aUo nurkodly effected the evolution of gaseous 
nitrogen oxides from lea f tissue (noninduaod, v a c u u m  in fi ltra te d  
with 6 mil KNOs). Inoronsod ac id ifica tio n  of the Incubation modiue 
promoted the conversion of n i t r i te ,  which was found to aco-uimiatod 
uwiior Llieso conditlong (Table 22), tc nitrogen oxide (Table 19). 
An llie pll o f the medium became more a lkaline nitrogen dioxide



production Cron n i t r i te  decreased markedly, On the other hand at 
lower pll vitinoa colour davalopxcnt in  the trapping solution was 
obtained. However, inclusion o f an acid oxidieer under these 
oouditlona liicvcnaed colour development in the f/Ox trap.

3.2 Hrrock o f I'oUasalue N Itriko Concciitrution on NOx Evolution

N0« Evolution 1 nmol/ml -12 mlnj

W rite Concenlrotion (mM)

I'igure 12, KCfeot o f !)irferon t Concaiitrutiona o f Potassium
N itr ite  at pll G.S under Ditrk Anaevoblo Conditions on 
NOx EvoluL'ion.



pu rticu ln rly  sharp

Gas Flow Rate (ml/mm)



T  . 'I  '.'—

Nlbrogcn oxide gas evolution was s h o w n  t o  be d ire c t ly  proportional 
to the got) Clow n its  (Figure 13).

3.4 Nature o f the Hvolvlng Gas

Table 20. NOx Evolution froe a Buffered (0.1 M potassium
phosphate) Potassium N itr ite  (28 mM KNOz) Solution i 
the Presence or Absence o f an Oxidising Solution. 
Conducted at pi! 6.6 at 28°C under Dark Anaerobic 
Conditions in  the Absence o f Leaf Tissue.

Treatment NOx Evolution 
(nmol/®).12 nln)

Without Oxidising Solution
IBS ± 25

Without Oxidising Solution
14

With Oxidising Solution

With Oxidising Solution



Nitrogen oxide gosca were trapped by the Qrleas Saltzaan trapping 
solution botli in tiro preaenco and absence o f an oxid ising solution 
(Table 20), The lower levels obtained in tho presence o f an 
oklrtiser would suggest that Uio potassluti poroangannte Is  converting 
tiie NOz to a NOx coni|x>und which remains undetected by tlip trapping 
tiOlllLlOll.

4 IN VIVO K 1,0 Hetluctasc (Nli) Kxporieents

In vivo n itra te  reductase exper'iM ts  were conducted using induced 
(n itrn tu  protrented) and nonlnd-ced urea grown soybean plants.
Suveral workers r , 10(11; Nelson e t a l . , 1983) believe that the
eofistltu tive NR u-.-yme, which Is expressed in the absence oC
n itra te , Is responsible for the NOx evolving phenomenon observed In 
soybean leuf LIhsuc. llowevop, the Inducible NR enzyme which is
only oxiiroHsod in the p-oacncc oE n itra te  has not been d irec tly
nHHOcULed with th is phenooiBiion, Irrespective oC the enzyme 
ros|ionaiblu i t  has ticcn generally accepted that n ik r ite  acctiou,al.ion 
!h a prerequisite Cor nitrogen oxide gas evolution to occur,

I t  vaii foiwd Hint Irrespective o f whether the plants hud been
supplied with n itra te  p rio r to incubation tho level o f nitrogen
ox I do gases evolved wits consistently higher under dark anaerobic 
ucindltloim (Tables 21, 22 and 23).

4.1 ' N itr ite  (0.25 »M KNOz) Mutnbolitia by Nonimiuuod Lonves

l.cuC tissuo which .had had no previous exposure to inorganic 
nitrogen, thus possessing only the constitu tive torn ol' the n itra te  
roduotaso onzymo, wns supplied with n i t r i te  In Uio medium during 
Incubation.



Confidence U n its .

Taiile 21. Incubation under Dark Anaerobic und Dark Aerobic 
Conditions o f Urea Grown Soybean Leaves.

incubation Conditions N itr ite  U tilise d  j  ttOx Eve ution 
.......-(usiol/gfwt.30 min)' • ^

D , , « .
0.560 + 0.007 
0.131 i  0.061

0.018 + 0.006 
0.025 + 0.004

N itr ite  u t il is a tio n  fi;om the incubation medium « .ars .0 be more 
e f f ic ie n t u n d e r  dork anaerobic conditions as opposed to  dark aerobic 
conditions (Table 21), Nevertheless even though the nreyncn of 
metsbolicaliy available n itra te  could n o t  be detected in Miu leaf 
tissue (data not shown) nitrogen oxide gas evolution was found to 
occur (Table 21).

The calculation of uncertainties fo r tables 21, 22 and 23 u
undertaken by s ta tis t ic a l evaluation and is  gh.nu with s 5 
confidence (2 standard deviations).

■•'X.-



1.2 N itrate (5 aM KNO3) Metabolise by Noninduced Leaves

Louf, tissue which had had no niLrute pretreateent, thus possessing 
only Llie constitukive n itra te  reductase ‘‘nzynee, was supplied with 
n itra te  during incubation.

Tnble 22. (iicuhntion under Dark Anaerobic and Dark Aerobic 
Conditions o f Urea Grown Soybean Leaves.

incubation
Conditions

Exogenous
N itrate

Seduction
Produced Evolved

10.716 > 1.29 
20,001 ± 1.13

0.015 t  0.007 
0.003 ± 0.0003

0.15 t  0 .0 ' te  
0.01 ± 0.003

05 X Confidence Lim its.

Qark aorobic conditions favour n itra te  u t il is a tio n  from the 
incubation medium yet th is  is  not reflected by the Invel o f n i t r i te  
sycUBuluLcd by the leaf tissue under these condition- (Table 22). 
Although n itra te  u t il is a tio n  is  lower under dark anaerobic 
conditions, n i t r i t e  accuaolation occurs accompanied by a higher 
love! of NOx gus evolution (Table 22).



<t.:i N itrate Motuboline by Induced Leaves

Leuf tissue which had been supplied wit): n itra te  fo r 3-4 hours prior 
to incubation, thus possessing the f u l l  complement -,of n itra te  
reductase enzymes (constitu tive and inducible fo res), was incubated 
in a medium lacking any Coro o f inorganic nitrogen.

Table 23, Incubation under Dark Anaerobic end Dark Aerobic 
Conditions of Urea Grown Soybean Leaves after 
Induction fo r 3 Hours on 26 oH KNOj.

Incubation Nitrate N itr ite NOx
Conditions U tilised Produced Evolved

7,47 ± 0,32 0.36 ± 0.05
5 * 211 Oi 0,70 + 0,02 0.14 ± 0,04

95 % Confidence L i i . ts .

The u t il is a tio n  of n itra te  by lea f tissue possessing a large 
in ternal pool o f jeetabolioully available n itra te  was greatest under 
dark anaerobic conditions (Table 2 3 j .  S i m i l a r l y ,  Che l e v e l  o f 
n i t r i te  accumulated during incubation was highest under dark
anaerobic conditions ,(Table 23).

Results obtained from sim ilar experiments (Dressier, 1985) revealed 
that the levels of n i t r i te  accumulated h y  induced soybean leaf 
lilosue incubated in the l ig h t wore markedly lower than those



obtained from lea f tissue incubated in the dark. Whereas no n i t r i te  
accumulated under l ig h t aerobic conditions low levels (0.004 
imol/gfwt.30 min) were extracted from leaves incubated under lig h t 
nnatirobic conditions. The higher levels extracted t r o a  leaves 
under amierobiosis was accompanied by higher levels of NO* evolution 
(0.048 uacl/gfwt.30 min).

S In h ib ito r Studies

Inhib ito rs were employed to l im it  the amount o f n i t r i te  accumulated 
in te rna lly  by induced soybean tr i fo l ia te s  under dark anaerobic 
conditions. In a l l  the experiments conducted i t  was found that NOx 
evolution was highest when potassium n i t r i te  (25 mK) was supplied 
oxogonoualy to the Incubation medium (Tables 24, 25 and 26),



nltra ta  pretrootnont (Table 24). /.Itliough th is  trend

4.3, the levels o f nitrogen oxides evolved by induced lea f tissue •

conducted using lea f tissue obtained from

obtained from plants grown



0.2 Sotllun Atido und I’otosuiuo Cyanide

The n itra te  reductase enzymes of higher plants are pa rticu la rly  
sensitive to reagents which react with metals. In t jiia  respect 
cyanide and azidc aro especially e ffec tive  (llagenan and Itced, 1980). 
Doth cyanide and aside In li i t i i t  the terminal a c t iv ity  o f the KB 
cnayng cooplex (Vomtcsland and Guerrero, 1979). The inh ib ition  of
aoyhtiun NR by cyanide involves the binding of CN" to the reduced 
Cora of iBolybdenu* (Mo) with the subsequent production' o f an over- 
reduced, nonactive Mo (Nelson et a l . , 1996).

Table 25. In Vivo Nlkrucc Reductase Assay of 
Induced Soybean T rtfo lie tcs  in the 
Presence of 20 bM KGN, 20 oH NaNa 
und 25 «iM KNOi.

NOx Evolution 
(nnol/gfw t.12 aln)

Inti. ♦ KCN 
Ind. + KCN t  KNOi

Ind. + NaNa 
Ind. + NaNa <

BoUi inorganic inh ib ito rs  employed is . potassium cyanido and sodium 
anirio blocked tlio e v o l u t i o n  o f nitrogen o x id e  gases Ci'al/le 25) nnd 
n i t r i to  was found not to acouieulate. However the former was more
effective a t In h ib iting  the production o f Lite gas.



6.3 to il in g  Rxporieonta

llflrjiei1 (1981) to lle d  soybean Leaf tissue and Hound that even though 
ho had In fi lt ra te d  the lea f tissue with n i t r i te  ho Kao unable to 
detect the evolution o f nitrogen oxide gases. This he attributed to 
the Inactivation o f the enzymes which lie believed were responsible, 
fo r production o f these gases.

Table 26. In Vivo N itrate Reductase Assay of 
Boiled induced Soybean T rifo lia te s  
in the Presence or Absence of 
25 mM KNOz .

Treatment NOx Evolution 
(nmol/gfwt.tZ Bin)

Mid. + Boil.

Ind. + Doll. + KNOz 

Duffer t- KNOz

in accordance with Harper's (1081) work n i t r i te  accumulation ootid 
not be detected and the evolution o f NOx gases was found to  bo 
neglig ib le 'n boiled soybean tr i fo l ia te s  under dark anaerobic 
conditions (Table 20). However when n i t r i te  was added to the 
incubation medium NOx evolution was obtained.



6 tioapiirutive StudicH

Tnblo 27. Nlkrogcn Oxldo Goa Uvolutlon by Induced lJea Loaves 
unilor Durk Anueroliic Conditiona.

NOx Evolution 
tnaol/gfwb.SO nin)

Ind. + KNOj 

Bu ffo r t  KNOz



Table 28. Nitrogen Oxide Gaa livoiutlon by Induced Maine, Loaves

when n i t r i te  is  added

VITRO NIU'atu lieductaac lixycrioeiitu

ti.liparal.ua Uluatrated in  Vigurn 7 to determine whether tlis enzyme 
could evolve nitrogen oxide guacs. Prior to l itis  investigation i t  
became necessary to yorrorm proliminory studies in to the optimum pH



for enzyme n a tiv ity  (Table 29), specific  a c t iv ity  o f the enzymes 
{Table 29) nnt! to oul Ibrutc u suitubie Soylmilex 020 column {I'igurea 
U nnti 15).

7.1 Specific A c tiv ity  nnti Oiitleue lill o f the Soybean NK Knuynr’if

Table 23. Spoclfie A c tiv itie s  o f NADII-Nlia unci the NADP1I-NH 
KnxyBtiB Honoured over a iinngo of Assay pit's.
(S = supernatant traction; P = potlet)

Asaay pH Specific A c tiv ity  
(nnoi NOz'/m Protolu.30 min)

KADII
Coluen

«  u .

: . n i

KADI’H
Column

8 O .K ,

i.aos
o .m



The spaciClc uctlvlU lea o f the n itr i ite  reducLuae enzymes d irfered 
markedly nccoriling lo fchoir reductant s p e c ific ity . The NADil-NR 
avociri.o onzyees yroducud aoro n i t r i te  w ithin th e ir pi I opt.inum rungt» 
volutive to the) NADPU-NH onzymo ncusurcd over thu auras period of 
LLats (Table 23).

The pH oytlBfl fo r tko a o tlv lw  qC the three n itra te  retluotaso 
cnnyeiua iiroaenL In soybean leuf tissue n i l  appear to be pH 7 (Table 
23). Tlio |)ll optiwia o f the constitu tive NADII-NU enzyme (pH 6.C) nay 
bo conccnlod by that o f the inducible NADII-NR ennyme (pll 7.S). 
SlmUnrly, thu highest a c t iv ity  Of the constitu tive .’'fOI’ll-NR enzyme 
vas found to hfl a t pll 7 and not pll 6.5 as is  reported in the 
lite ra tu re .

1.2 CaiibruUon of Scphuticx 025 Column and Deterelnatlon of
Interference with N itr ite  Ausay by Blatant o f the Calibrated 
Column

Ormuvick and Croaawoll (1086) reported the presence of endogenous 
lou f coBvonenla whioh interfered in the co lo rin e tr ic  deterniiiatioa 
o f n i t r i te  which Accumulated during the lit v itro  NH assay, I t  waa 
Unis nccesHnry to iletcrmino whether tho prooedureu (clip. I l l  sccLloii 
9) to bo used in the current al.uily would be affected by these 
factor*'







Nitrite Produced (nmol/ml. 30 mln)

Fraction Number

figure 15. lilu tion P ro file  o f N itrate Heductose from the 
Calibrated ticphadex 028 Column.

'flie n itra te  reductase enzymes eluted with the void volume (fractions 
1 -  12) o f the column a t 80-125 ml (figu re 15). This corresponded 
to the relevant protein peak (Figure 14). Although 150 ml in  to ta l 
wero collected no or very l i t t l e  interference with the n it r i te  
co lorim etric assay was obtained (Table 30).



Vi
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1 .3  IS VITRO tto-x Kvolotiori

Table 31. NOx BvoluLlon Iron the In V itro  N itra te Reductase

Buffer +
Enzyme Extract

Buffer t 
Enzyme Extract 4 
MV + NaDith.

Enzyme +
MV t  NaDitli +

NOx Evolution 
{nmol/ml)

Specific A c tiv ity  
(nmol NOz'/sig P.30 mini

1.728 + 0.517

1.452 + 0.196

4.354 ± 0.517

MV = methyl viologen and, 
NaDith = sodium d ith ion ite .

These results (Table 31) suggest that the enzyme present in urea 
grown soybean leaves is  capable o f producing nitrogen oxide gaaes or 
a lte rna tive ly  the n i t r i te  produced due to the a c t iv ity  o f the 
n itra te  roduotase is  being chemically reduced to a nitrogen oxide • 
compound.



B E

Table 32. N itra te Reduction and N itr ite  Accumulution by



I  Kfriojoncr o f the NtfciW.eii Cxiilc(R) Oxidleliig Anti Trapping 
ProceiiurB

Tlw vu liiliV v o f exiierlmnital tlatn dBPeinlB greaUy d /i  the effio ieny 
o f the njiiiuratua mil) nvocptfnre erapioyetl. Tima the exDerlmentnl 
Bjatou (t'ig iire 7) lihciI Uivoiiflliout the study «ft8 examined to 
determine i t 's  opernl ma el'l'lcleney with respect to the parameters 
meaaureii. The InpDrL/ml iionusetev in th is  pro ject being nitrogen 
nxidels).

An (irevieualy dlscusseil the nitrogen oxide gases produced by a 
buffered incubation medium contain I rig either soybean len t tissue or 
n i t r i te  In solution ore oxidised to nitrogen dioxide p rio r to 
trapping in  Unless Hnll.smnn reagents, i t  is  possible that a certain 
proportion o f these nitrogen compounds remU.n In the oxidising 
solution thus resulting in nu iinderestination oC the amount of NOx 
gnars evolved. The level of undetected nitrogen compounds remaining 
In the nclrl potassium imrocmgiuinte bo.IxiV.Xoii was measured a fte r a 
modifloil d is t i l  Latlou prnonluro I clip. IV section 1) based on that 
reported by Tedeaco Mill Armey 1)071!) had been developed. The 
ffxprrinieuUtt data ah jus Unit no Inorganic nitrogen compounds were 
detected u lU iln  tin- o: Id lsor nl'ter hiciihnUon o f noninduaed lent 
tisane IT nil in ) fi) whernas low levels were iionaurcti in the potassium 
)>i-niaiiK/ui<il:a solution m i hr, iirraenoo til' Induced hvK'ollnt.os I Table 
17), Tim latf.cr may he a ttribu ted  to the higher levels o f NOx 
gases evolved by soybean loaves which had n itra te  urohj-oatwent.



The i-onsmits I'espoiislblc! for colour ilevelopneiit In hlia Urapnlng 
BnUil Ion UrSnHH-aniVRiiim I'QiiHonkfl nra speci.Clo fo r the n i t r i te
ion. However A1 Inn I ) sLukoil Unit dissolution of nltrojien 
Ulnxliln ( iirmluct l l  l.lir uol.nsflhie (lei'iaanRmiiite oxidttkion vencttnn) 
Dtpiirn iu the urfiH :>np of waU-r yield ing both n i t r i te  ami u ltrn te  
ioim, The fixl.vnl. or I hr diHRohitloii ima iuvestiftnteti. In siinirort 
o f llt-nn nwi lliiri«, i ' ,« I IHHli) at.nteaiont I t  wna founrf that m> iijt ra te  
could ho dol.PctPii (Tiihli- IB) hy mu of tha three nrocfiduroa emulo.vecl.

2 Tbo R ffc r l o f (ipt'l.nln I'hvnUitil I'lictoru on NK.riiiten Uxide <l«n 
livolution from a Ih il' lrm l I'nl.naahiin N itr ite  fiujutluu.

Tlic ovolnl lnii o f Nils wna founU to tie aCfectetl by the pll o f the
ilif illin l ion Bii'rliiip, I hr nrvicrnti ntlon of potassium n i t r i te  within the
susUsUon awl Uip unn I inn m i.r, lrmrn«alnj( oe.idl ty o f mid n i t r l to  
ronrrii!rn l.ioii in ih r  iiirnlml.ion mpdiiiBi rrsu ltcd in jirenter levels of 
nitm Si'ii oxNHbI iinnfH lii’ l iiii iiroiluaed (Figurvii 10, U , 12 ami ’tnble 
!!l). rh r ir  i’psiiIIr fnn '^ ltilp  wr11 with l.hp chcaiinnl helmvlour of 
I hr n lJ f i l r  Ion In snlnl.imt. Under noicUo conditions the 
riltlU ibriiim  lirlw rrn I hr nl ti-l I r  ion (Ndz" ) mul niti'uim nclil (UNO?)
would hr n lilflp ii l.owiinls I hr b ifi.r r  coniioimd. i t  wtis reported by
p)nUy I t'Jhli i.lml. when nll.rous noiil in present tn high 
roncrnl.i'nt imiH 11. di'cnmmnr-.q rrn d lly  to n i t r ic  oxldp (NOI oml 
nitt'oKPu dtcixUlr (NUi 1, 'Ihrsr pr-rrtlii(;l;a hnvp l)nnii Idmi 1:1 Clod ns the 
nllrimrn nsidrlul riniiiiiiiniln pvoivrd hy anybtmu I,rl foliates whereby
nitric oxldp iirrdoninmits,

The rffp o l of iihnnnlmU- bul'Prr |ill on Knaomia iiltro«Qii oxide 
prndiicl Inn in I.hr ppi'hoih’o n f Iravrn iinilpr dark nuncrohio cond i tlons 
w h v.vnra-s-,i'll li:< n r liill.y  VVulitr Vfl), Thin ,:indim( angsestcU Limt the 
Niix Pl'odticrrl liy I,hr irnvrs rPHiilteil from the oonvora.ion of unstable 
n lt. rllp  in i i llm i in i  ilinx ld r, lluwovnv i'.h v.nmtlhiona iieonmo reore 
nllraJ in r n Hliarn mine I. Ion lit ill l.roKcn dioxide lii-otiuaUion from 
i iit r ll.P  whs (iljnci'vrd (Tuliir l!)| dni'liiR the In vivo nasoy. An



T!i<a vcnseiifcs rcsnoiisUilo fni’ ooioiir rlcveioptncnt  In tlie trapping 
Hnlul lun lo. Uvlt'RH-anll.r.win rnnnonks ure eueulfJc Tor the n it r i te  
inn. Ilowovrr ALUm ( IU'i',11 eUikml t iw t clisaoJ.uUon o f nltroflon 
:lin'chln (nroilucL < 'f Um ppi-wmgttiittte ojililntlon renuD.on)
nvotirfl In tiic iirosowi' d!' wnlf-r vU’ Uliwt lu>Ui n ltr ll,e  anti nihruke 
inii«. Tin* n.i Irn I nl I he* il Ihmo I n I; I mi wris InveFtlsnkeil. In winport 
o f llrnii nnrl llni'l’ f-r's ll il l l li)  n|j|!,r'ai<.'i!l it; ivng found Uwt. ho «iA,rt>V.e 
rnnId hr (li‘ i i ‘ i:h'il ITnlih* III) liv mi.v o f the threa procedures emiiloyed.

I  Tliv Brrml. »I' Uri'Uiln I'ltvrloul hiul.orR on NH.i-oKen Oxide (liifi 
RvoiilLUm Cram t\ I'lir iP rn l Vnl.nniilim Ni l;ri l;c tio.iutloii.

Tht1 pvnhil Ion <>!' Fix win fmmii tn he uTfevt.ml by Mie pll o f the 
liirnlu il Inn KTllim, Hip rcnt-r'iiI.ini| ir>ii of poUuteiun I ' lV it s  uikli)n l,)ie 
#o I ii I I mi nwl I lie i(n'i firm  nil.p. hiuroi' 'uv, ooldll.y o l mid n lt r l tu  
rnnf»*iil.r»t. Ion In l lm hirillu il Inn lefiilin) rcim K  ■ ! In ttvcnLcr Uvole ot 
nll.mci'ii ox ld -ls ) nn.sri lir>!inr nroiiiiRpd ( I1'ieuve's 10, 11, 12 ond Tnhl-s
i!>). llmni* i*i»sulls rnri'iM iilp «p|l wlHi IJip chamicHi liflluivioii!' o t  
(Uc n i l r i t p  inn In solution. Undei' iirIiIIo  conilltlone the 
'’ iltillH 'V iiiR Iii-Wpi-ii ihc nll.vll.r* Ion and iiil.i'onfl nolil (IINOz)
iron I cl l i f  H U f i n i l  Uiwivila Dm* Ini tor compound, II; ims reported by 
.lo llv  (hl'I'IJ Umt hIipii nl i  i>mu« milil Is jirewenl; In hldh 
t'om-nnl.r/U Innii il, ilfr'iimi'rini'H voivl 111 Vo n lt i ' lc  oxidp (NO) tnid 
nli.i-nai'n d liix lilr  (Niizl. •||n*8r iiiwUitil.n lwvv> lir-Mi idorihUlod as the 
nllriii'nn oxlilnln ] roiwiinnirln Pvolvrrl liy aoylimw (,v I I'ol' liken wlioveliy 
n lk r ln  oxhjp pwloiithiiiul.R.

Tlti* tiffocl nl" jilinHplinl.r huffpr p|| on itiimioiig nlhi'oMn oxldo 
livmliivt Uni in IIip iirpwnci* nl' Ir/tvpfl iimlpr din k /uiarrDliI.o aoliill I.Ioiib 
»nn  (imunlpd liy nviilil.v Vtn'uln 1U1, Till!' rimlhiK aiiKiiealied Llmt Uie 
M ix  ni'iiifiu'pii liy II',v li'ivvvs I'pmilVml frum Urn ooiivoi'Hion of tingCiibio 
nl l.i Hi* hi nll.p‘oi|pii iliuxlili’ . Ilnnr-vnr' nn doniM tlona liaonma moro 
iilltnllnc n ill'lli*p mliK’I.lim hi u!i.vnnf.v, illoxltio produoMon ft'om 
nll.i'll.p imn nli.-ioi'vpil [TiiIiIp 111) during Uw in vivo nflsny. An



flx id isor did noi need to be Included to  obtain colour in  the 
ti-upplng solution under acid ic conditions. However the inclusion of 
I,tic acid oxid lser resulted in increased colour development. This 
BuSgottUed that another species o f yeseoue nitrogen oxide was present i 
In Uic gus stream coming from the soybean leaves. ,

Sim ila rly , iho level o f gaseous nitrogen oxide(s) increased with gas 
Clowriita (yiyure 13).

i  Nature o f the Kvolving Gas

I t  Ims gonornlly been accepted hy a l l  workers that tlic  most abundant 
gaseous N compound derived from accumulated n i t r i te  w ithin the 
soybonn loaf tissue during the in  vivo NR assay is  n i t r ic  oxide
(NO). As previously stated the evolving n it r lo  oxide is  oxidised 
to TiitrogoTi dioxide iHOz) by the acid potassium permanganate
solution p rio r to reaching the trapping solution. The colour
reliction w ith in the trapping solution is specific  fo r n i t r i te  ions. 
The experimental data {Table 20) obtained would suggests that the 
evolving gas la not n i t r lo  oxide. Experiments conducted in the
absence o f an oxid ising solution produced a colour reaction within 
Llio trapping solution which was typ ica l of that observed in the
presence o f n i t r i te  (Table 20). However th is  cannot be considered 
as conclusive evidence that a compound other than n it r lo  oxide was 
produced since n i t r i te  is  readily converted to nitrogen dioxide.



15 IN VIVO NHriiUi lloduclwuii! Annoy ol’ iluyliemi 'I 'rirol.liikfis

!l. I KxkriicLldii (iI’ lionf NlUrol.n mnl NHvHu

I'vUn1 l.D rmnlnctlim cxDPrldPiils i-elonoil to tins Inorgimlc nl trogen 
NPlnbnHfln o f ["o f l.iawt- 11. wna nnopBSiiry l;o tlotormino the optimum 
coiuUljons rm1 l.h" PxI.iNifittou ciC Uic o itvo te anil n t t r it e  aaiitulned 
w illih i l-lio I piiT mol.Pi'Inl,

Uuwpr obUhmil fynm Hi-oiiiirlnill, lupiun nml floylisnn |il«nte wero 
Buiipllivl iv I Mi nM I'tUr- nvlnv 10 fixtrnctlon Col lowing one o f two 
liropoiliiiv’H |o, n11hri' In- in l i . l i i l ly  vninuie In flU .i'iit iiig  followed by 
immerilnn in I ho nidiwl inn medinn or liy f Ion 11 in! on the Uuluotlon 
anil him, 1 lie Ini te r wnrvwluiv- wns I'onwl to lie mono favourable (chi'. 
I l l  BvoVinn (1.1).

I rrnfui'ioi Ive ol I In- imlm'i i-'n jirocnihiri- emiiloycd kovg nlknllno 
ex iro r l Ion I'oiwll I Idiir fnvouml I he pxtvnolhni of n i t r i te  from l.lio 
InnV 1 Inmm n f n i l  |i|nnl m irriea (i'nlilcn 1, 2, (I nnil 5). Although n
.nlniUc IipmI fu r n I Iru l r  rxl.riiol.lon hub ohtnlneil, i t  iv«b not 
'Mrnrl.v ile fin rif nml l.lum liU li iirrnsiiro Uiiuhl chronntoRriiphy (IIP1.C) 
wns nmployril.

,l’lw' IIVI.ll iln ln ITnble 71 (ililn inril sliowrrl Hint whorons tho liol I l»j( 
exl.vnrl Imi uvi’Tilnvi' (Hip, l i l  nocl.lnn (!) nimnreil tho totnl. 
nxtrnvl Inn o f n l'rn ln  from mylinmi tv lfn lln l.rR  n n ln illn r trend uon.ld 
not he olil.nlneil (or ilroimdiiiil. nml lupine Irnves. Tlmn, nlVhouRli 
lu l l  Ini Iv l,lirw> In ’ ime npnvlon wrvr rxnmlnml, duo to prnhlowe 
rnroiiiil n  r-d hi Mi" m l iw l  imi o f I minimi h: n i l '  >a<?n oompiMimln from 
Mie gnvuulmil nml hmhio livnw i l.lir pro,loot ivun i-on, ., -fl on aoybi-nn



3.2 Liionttmhs Nihi-oiinn MubiliuUim and NILroftnti OxiUe(s) Uus 
Kvoltikloii in aoyliyun Triia lLntne

3.2.a 1 Korean I o Nlbroiion Mvbnlio 11 mb

NlLrafcr! rediicUon iwh fuuml l a  occur mider dark aeroliic conditions 
U’nUlcs 22 and 23), TIiJb aknndB in  d irec t opposition to the widely 
held iw ile f  thal nUral.e reduction is  s t r ic t ly  Unlit-dependent 
(Cnnvln and Atkina, 1974; Atkins and Unnvl.n, 1978; 3awlmey e t a l., 
197B a anti Vi; Onnvln and Woo, 1979; Woo and Caiivin, 1980; need and 
Cnttvln, 19H2). Thus Lhr assieiilntlon of n itra te  under dark 
conditions occurs aloud a iihotosynthekically independent pathway. 
The breakdown o f carliolvsdmlx'R may lie involved in  th is  process (How

Hark anaerobic conditions and the thereupon resu lting accumulation 
o f u i t r i le  by lea1 tissue has been the basis o f tile in vivo HI! 
assay, tietrrm.nation of n i t r i te  levels aliould tlius, theore tica lly, 
provide a d irec t measurement o f the amount o f n itra te  reduced. The 
relevant experiments ••nndurl ed (Tallies 22, 23) fa iled  to produce a
sloiclilomeirScal relal irnship between n itra te  disappearance and 
n i t r i te  arcunulutloii sni'CpaUiiK tlm t n i t r i te  reduction proceed--' 
under dark anaerobic cniidil ions. This wns supirorted by the f.indi,,,, 
I,lint n i t r i te  uI;11 ination under dark anaerobic conditions occurred in 
him aliacncn <if a nr I abol lr.nl Vy active n itra te  pool iTnble 21). 
However, the p o ss ib ility  tlm t n itra te  may lie derived from the 
oxidation o f ammonium as hypolhoaised by Watt and Cresswell (1987) 
and Hfibolrs ( IHflfl) was not taken in to considorutiou, M toroot.ively, 
n itra te  reduction v ii r  pal.liway not involving the formation of 
n i t r i te  could hr .m under these conditions. The evolution of
n ltrillion oxide itiialrw iy lir the proiluot(s) of th is  pntlmay.

The nocuniulal.ion of ni l,rl In under dark anaerobic ooiiditions (Tabic 
83) can bn a l.trilm lrd  l.n the fllemltaneovs ocoui ranne o f two



1wov.e»»e» iu io lv liitt Uic miV.oolionili-la. In tiie S ire t  UintnntlB, 
linnoi'oljiasle inhJlill:si nil l.ocliniidi'loj oxlilatjon ol' NAUM. 'i’liia NADU 
cult rntlunfi ox«lonopl,iiU’ to sinlnto vln n r'evcreilblc im.Uike 
iIpIiviIi'ORcivibp I'pncl.ioii v i l l i i i i  tlm mi Unjhoinlriu iWlakiuli, 11)77), Tho 
vmltivlw! onuiv/ilpiiLn Ui tlm form of iiiiilut.c Lhen fieoiiraa iiviillob.l.e for 
nlt.rule rPtlnrl.lon In Uip cyl.oiiUinm v ln l;lio ninJaLc/axttAonoebnke 
fltn ittio  (I'nlmcr, l!l7l!i Wlnltidi. 111771. Uiio to l;ha i.nurensed 
hv/iI j i ilil lih.v of HAIill iimlr'c ilnrk nnnerobia aonclltiotis l;lio rate of 
nUrnbp ri'iluol.loii p.wppiIh l.hnt nf n ll;i'lte  vcduatlon. 'f ills  j.emis V.o 
I.Iip ncRiiwilntlnii o f nll.r ll.p . Sacoudly, oomlitlona lending to the 
Inhib ition o f blip taltorlmiulrliii. rnu iilnito i'y  eloctron olioln resii.lk in 
a ilriirpRfllon In Uip ATIVMJI* iniLIq. how ATI’ leve.lH in  burn ablniuinte 
khp »el.lvll:y o f l.lto kpy «lycoJykic enzyne, nhospliofruntokliiase. 
Tlni'i tiiidrr nnnrt'fltiic romiI LIoiih, al j. nvitl l.uliJo carbon conpoutida nre 
phnniiplled HiwurIi Klyoolynia for kho Honui'utlon of ATI1 in what is  
known hr I l i f  11'untpiir K ffvc l1 ■ 'Vli.s o-.ours nl. Uig cxiiense o[ 
n i t r i te  rodiwl.lon vin Hip ox lilntive pentoai! iihoaplmtB imthway in tho 
GhioroolnHl (Dry «t. n l, , 1PIU). This nrHunoiik wnn giipporteri by kho 
flm llnS 1,1ml midPr coiidll.loiia fnvouriiiR n ltr ik e  uccwiulat.ton, n 
rapid dpplPl Urn in Hip IpvpIs o f K.Uicose-U-phoaphnto ooourrod (Dry 
n t n l , , 19H1).

iltupoRp-O-pliosplmt.e, i.Iip siuliHli'nto o f Uto oxidative pontoae 
plioapltalo pnt.hway, ih (ix I iIJhp(1 l.o form NAIJWI under dark aerobic 
rniiilll.linm . Th, NAIH'II so uruornlPil serves an mi olcotron donor for 
Uip rpiliicl.lnn nl I nrrpclox I n l),v th« foi'rodox.ln oxiilo-t'eiluctixse 
i'pai:l,lon (Knw nk n l. ,  MJII2; llon-Slialoiii ok n l , . I!)H3), Thud n it r i te
reduction can iii'occed umini' dark imrobic uomUtlona,

li.Z.b NO* KvnlnUon

Thn proRPniiu o f lilu lt IpvpIr of n ik r ltn  hUIiIii tho len f kienuo 
(Tablnn H  *11 anil 2-11 or inuiiljul.lmi nediuia (Tnbinr U ,  mid 2fi) 
wore fouml to acnowimii.v NO* evolution atigRnsi.iim t,hak tho Nl)x



evolving syptom nay voproaent a meoliaiiiuei wlisreby the aocunulation 
of loxic levels of n i t r l to  cun be overcome.

Klepjier (1079 a) suggested that the mechanism responsible fo r the 
ovetution o f nitrogen oxide gases fro ii soybean leaven In bused on u 
noneiizyaatic vcncl.ion, Considerable nupi>orU fo r th is  hypothosis was 
obtiiinud when nitrogen oxide gas evolution was observed from n i t r i te
containing medium l r  tlm absence o f loa f material (Figures 10, 11,
12 and 13 and Table 20) and from a buffered n i t r i te  medium 
containing loaf amtoriid nit.li inh ib ited n itra te  reduction capacity
(Tabloa M , 26 and 26). S te lla r results wore obiaineii by Anderson
and Levine (1980). They reported the evolution of nitrogen oxide 
fjRucr from it Nil.rososonoti ouropaoa culture as a resu lt of the 
I'onomymatlc decomposition (chemoiionitrlficatlon) o f high 
conccritrnt-iona ot n ltilV e ,

An enzymatic mechmiism »eo proposed by Harper (1981) who stated that 
NOs gas evolution in Oiycine max involves one o f the three n itra te  
rv<!ucta». onzyeics found in the leaves o f th is  legume. I t  was In ter 
Hliown that NOx evolution appeared to bo associated with the 
L'onatItiitlve NR (NADPII specific) a c t iv ity  in young uoybeon leaves 
(Nelson c l m l., 1983; Ryan o t u l . , 1983; Dean and Harper, 1088).
The close usooclnt.lon between constitu tive NR and NOx evolution Is 
mippoi'toii by the 75% recovery o f reduced n itra te  as n i t r i te  (Table 
32),' However th is camiot be taken as conclusive evidence that th in 
■•nzyne is responsible fo r NOx phenomenon,

The results oUtntned in th U  atudy iivdlottto Uint n nonenzymitlc 
mechanism lu  operative, However the importance o f an enzymatic 
lei'dianlsw has boon c learly shown by other workers in the fie ld . 
Thua ii. is  proposed that both a nonenzyraatia and onzyrontic mechanism 
uin-rote resu lting In Vito NOx gas evolution phenomenon commonly 
1‘liHerved in young soybean loaf tissue.



Nitrogen oxide gas evolution and the occurrence o f constitu tive 
n itra te  reductases are phenomena lim ited to  the physiologically 
young fu lly  expanded leaves o f the soybean plant. Thus i t  would be 
expected that the highest rates o f n itra te  reductase a c t iv ity  are 
exhibited by these leaves (Harper, 1081). Consequently, young 
soybean t r ifo lia te a  supplied with n itra te  e ither p rio r to (Induced) 
or during (noninduced) the in vivo NR assay should be able to 
rapidly reduce the available n itra te  to n i t r i te  resulting in a 
marked increase in n it r i te  concentration w ithin the tissue. These 
levels may not be attainable in older leaves o f the soybean plant, 
in soybean mutants lacking one of the three n itra te  reductases or in 
other species which possess the normal complement o f the NR enzyme 
ie. the inducible n itra te  reductase enzyme only. The great 
enzymatic poLential o f soybean leaves to quickly furnish high levels 
o f n i t r i te  (Klepper, 1979 a) was illu s tra te d  by work published by 
Nicholas and coworkers (1976). In experiments conducted under dark 
conditions they obtained in vivo n itra te  reductase a c t iv it ie s  of up 
to 10D umole N02-/ gfwt . hour or 77 ug NO;-/ gEwt . nin fo r the 
soybean varie ties  they studied.

Data published in the lite ra tu re  (Klepper, 1979 a; 1987; Harper, 
1981) and experimental results (Figure 12) obtained in th is  study 
show that the evolution o f NOx gases la  dependent on n it r i te  
conccnlraLion. Purzceld and coworkers (1978) have demonstrated that 
n i t r i te  fa c il ita te s  a decrease in the pH of the stroma due to the
functioning o f the nitrous acid (IINO2) -  n i t r i te  (NO2- ) shuttle . As
mentioned previously the decomposition products o f nitrous acid, a 
weak acid, in water (Durrant, 1962) are n i t r ic  oxide (NO) and 
nitrogen dioxide (NO:) both o f which have been ide n tifie d  as the 
gaseous N compounds evolved by soybean tr ifo lia te a . The acidic 
conditions prevailing in the stroma as a resu lt o f the operation of
the shuttle favours the evolution o f these N compounds (Figure 10

Further evidence in support o f a aotieniyisattc (NGv----------------> NOs)
reduction o f n i t r i te  was obtained when i t  was found that the



evolution o f iutr-*geri oxide(a) occurred in  th
oetabo lica lly available n itra te  (Figures 10, 11, 12 
20 and 21). This indicates that the NOx compounds a

absence of 
13 and Tables 

! derived fron
n i t r i te  which was supplied exogenously. However the possible
formation o f n itra te  by the oxidation o f ammonia derived fpom amino- 
N (Scholes, 1988; Watt and Cresswell, 1967) was not taken into 
consideration during th is  study.

Thus i t  is  evident that the phenomenon of nitrogen oxide gas 
evolution is  baaed on the occurrence of two reactions : an enzymatic 
and a nonenzyeatic reaction. However, the question whether these • 
reactions occur separately or simultaneously remains to  be answered.

reductases present in the young soybean leaves allow for 
Liie rapid accumulation of n i t r i te  in the presence of an unlimited 
supply o f n itra te . The high levels o f n i t r i te  aris ing as a 
consequence o f th is  enzymatic reaction results in a decrease in  the, 
stroma pH due to the operation o f the nitrous a c id -n itr ite  shuttle . 
This event is  followed by the reduction o f n i t r i te  by chemical 
reactions since the acid ic conditions prevailing w ithin the stroma 
greatly promotes the noncnzynatic decomposition o f the high levels 
o f n it r i te .  The products of th is  la tte r  reaction are predominantly 
n i t r ic  oxide and nitrogen dioxide,

a##

However, recently Dean and Harper (1988) reported that the 
constitu tive NR enzyme believed to be responsible fo r the NOx 
phenomenon has a higher a f f in i ty  fo r n i t r i te  that fo r n itra te . Thus 
i t  is  possible that, under the conditions described in the previous 
paragraph, the accumulated n i t r i te  ia  reduced to  NOx by both an 
enzymatic (constitu tive NADPH-NS) and nonenzyaatic pathway. 
Howeveri in th is case these pathways w i ll  occur simultaneously.

NOx evolution was not observed in  Piaue sativum (Table 27) and Zea 
mays (Table 28) since these species possess only the inducible 
n itra te  reductase and not the constitu tive n itra te  reductases also

h -  ;



when supplied with n itra te .

reported itt the lite ra tu re  say

imd 7.S Cor NADH-NR; 6.5 for NADPH) of the ind iv idua l iaosynes,



higher levels of n i t r i te  were produced at pH 7.0 (Table 29).
Nevertheless, the enzymes differed In th e ir a b i l it y  to reduce 
n itra te  during t in  in v itro  NR assay. The inducible NR and the 
constitu tive NR which preferably u t il is e  NADU as an electron donor 
both had higher specific  a c t iv it ie s  compared to that measured for 
the constitu tive NADPH-NR. In teresting ly i t  is  the la tte r  enzyme 
which is  believed to be responsible fo r the evolution of nitrogen
ox Idea (S tre it <md Harper, 1986). I t  is  questionable whether an
enzyme with such a low specific  a c t iv ity  is  able to evolve the high 
levels o f NOx compounds which have been reported. However, th is  may 
be .explained by work undertaken by Dean and Harper (1988) in which 
Limy found that the constitu tive NADPH-NR has a higher a f f in i ty  for
n i t r i te  than Cor n itra te .

4.2 IH VITRO NOx Evolution

A calibrated Sophaclex G25 column (Table 30 and Figures 14 and 15) 
was employed to obtain desalted n itra te  reductase enzyme required 
fo r incubation o f the enisyrae under dark anaerobic conditions. The 
data obtained (Table 31) suggests that the constitu tive n itra te  
rcdifctase enzymes are responsible fo r the evolution of NOx gases. 
However, as discussed previously the role o f the enzymes nay be 
mainly concerned with the reduction of the available n itra te . This 
results in the accumulation o f n it r i te .  The fu rther reduction of 
n it r i te  could than proceed via a nonenzyaatic pathway which does not 
Include the involvement of enzymes. A lte rnative ly, the further 
reduction o f n i t r i te  could proceed v ia  a noncinzynotic pathway and an 
esM.yronUo pathway (constitu tive  HADPli-titt) both occurring



COHCHiSlOHS

Present reaaaruh investigating the phenomenon o f NOx evolution by 
soybean ; innts is  concentrated on establishing the oiechanlspi(s) 
Involved, This research has mainly been focused on the constitutive 
NR enzyme since i t  has been reported that soybean mutants lacking 
th is  enzyme do not evolve nitrogen oxide gases.

Although the present study has been unable to refute the role of 
constitu tive NR ns a mechanism, i t  has c learly questioned whether in 
fa c t, the NOx evolution phenomenon can be sole ly attributed to an 
enzymatic reaction. The involvement of a nonenzymatic reaction
cannot be ignored since NOx evolution was observed in the absence of 
b io log ica l material when a high concentration of n it r i te  was 
available In the incubation medium.

Further research needs to be conducted using the purified 
constitu tive  NR enzyme to establish whether in fact a stoichiometric 
re lationship between n itra te  reduction and n i t r i te  accumulation can 
be obtained. In th is  way the importance o f th is enzyme in the 
nitrogen oxide(s) gas evolution phenomenon may be established. 
However, the po ss ib ility  that other enzymes nay also be implicated 
may not be ignored since i t  has been reported that the cytochrome 
oxidase o f certa in microorganisms produces n i t r ic  oxide and nitrous 
oxide during n i t r i te  reduction,

Furthermore, the presence of a sim ilar NR enzyme compliment (two 
constitu tive  and one induceable form) in other organisms needs to be 
established. This is  pa rticu la rly  important in those plant species 
and microorganisms which have been reported to produce nitrogen 
oxides, These findings could then be employed to obtain a clearer
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In liiioynln, I'lam. 1‘livs io l. I'liDtotiyiit.liosIs I I .  Non 
Htirhis \o l.  (i. ililn ib, M mui l.m.slto, li. Iliils , ), 
8|)rim?(!i-Vni'la«. Hurl In.

WAM-adliOVK, II,fl. i I.liAi t',,1, iiikI MIW.IH, II,,I, ( lll7!l).
IllBkrilinl.lon ol' I.Iim Winymu.- oI' N11.muon AHHhil lal,lon 
wll.liln l.tiH I'mi Icual’ Hiil I, 
i'lmil. I'hyalol, (13: Z M - Z i l t i .
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M.l’ ,,  (II1AY, V.M, mill OKH.HStolilil.) (l.K. (111117).
Cnnbi'ol ol' N1 l.val.u mill NH.rii.H Aaalmi InUun liy 
Unrhiilivilrslo lluuorvus, AtlunoHinu Hiiiileol.icUis mid 
I'yvlil Inu Niifiluui.idtiK in I.<?iivi>b ol’ Zlni »myn I,, umlur 
D/ii'k (Jour! i l.iiiim,
1-l.nnl.n \n \  Mfi-Bh-I.

M.l', find I'ilK.HSlTlil.l,, I'.ir, I l l ' l l ' I .
A t.'oiaijui'ison huMititii! I.li-i iil.i liznliHiii i»i bl.oraiin i'col.iilii 
and Kxogeucius NH.fil.u iliii'inii tiueill IiiK KaLulil iulmtinl. In

Plant., i)i! I \ mill Knvlnm. I III

KKILAND, II.T, and STJrPK, C.A. IIV?!! I.
I'yi'n-ilii-ni limiimscoiil. hi l‘ l ui'iin1.1aLliii) ol' Dxldisod and 
li 'ditcec! N I'oi'Bis livulvuil I’roin I’.liml, I'o! ingii.
Crop i n i . II): B-lfi-W/.

v im ,  i'.( i., .ir. um iii).
Qiiurutl hy ShiLtu, i i . ,i, nivl k<il hind, li.T. (11)7111

HIIAIl'rON, II,U. tu„i WKINTHAUH, H,T. (lUHU).
Iclcnti ric« l ion ol' Ni l.i'ic: ux Ide and NikroiiH (ikIiIo as 
I'rodncl.H ol Nil.i i l.ii Kuducl.Ion hy I'siinilouriiuiii Uyl.oijlirome 
Uxlilued (Ni l.ri l.u I'mlnol iihh I • 
llioiiliun, lliniihv. I(»h. I’l-imn. » '/(I) : 't'JU-Wi.

HISKIUII, J.T, (1U77).
WIi.oiilKinill'iHl ilDl.uiiiil I l.u ‘!'rniiti|K)rl..
Aim. liav. I’ lmit. I'li.VHiol. 211: -Ifi-liO.

WOO, K.IJ, mill CANVIH, D.T. (151110).
'I'liu 11(1 lei ol’ Mu inl.o in N i Li'/il.d lioiliicl.inn In 8|ilnncli 
I.BUVCH,

4
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YAMANAKA, T ., OTA, A.



Al’VKNIIIX I

l,onn Aalihon Nutrient Solution

Nicronutrienta

Naila PO-i 3fl2CI 
MgS04 Vllm

irnso-i siijo 
ZnSOj 71120

(Nlk)«Mo,02, 41120 
CoSOi TlhO

MiicromiLrlente 

OalNOa)2

Urea grown plants were supplied wil.li urea as the sole source of 
nitrogen white n itra te  grown plants were supplied with n itra te  
nitrogen only.
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