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ABSTRACT

A study was undertaken ‘o identify and quantify the gpecies of 3
gaseous nitrogen oxides (NOx) produced by young leaves of Glycine
max . {var. PNR §779) during the in vive nitrate reductsse assay.
A close association between pitrite acoumlation, which was highest
under these conditions, and the level of NOx evolved by the leaf
tissue was found fo exist.

Similarly, experiments conducted in the absence of leaf tissue

revealed 8 strong dependence of NOx  evolution wpom  mitrite

cencentration.  The level of gaseous nmitrogen oxide cowpounds
evolved was also found to be closely associated with gas flow rate

and incubation mediun pH. N
L E

Furthernore, nitrogen diaxide was found to evolve readily from .

nitrite containing solutions. This sugkested thet some of the NOX et 1

prowaced by soybean leaves under the in vivo nitrate reductase assay
was nitrogen dioxide derived from the enzymatic reduction of nitrate
by mitrate reduct The ion of nitrite to
nitrogen dioxide occurred independently of any enzyme.  However,

nitrogen dioxide constituted only 2 small portion of gaseous )
nitrogen oxides produced by leaf tissue during the in vive NR assay
with nitric oxide accounting fov the major fractien.

§trong evidence suggests that an NADPH specific constitutive nitrate

reductase is responsible for the production of nitric oxide however
stoichiometric studies conducted do not conclusively support this
hypothesis.  Although the importance of an enzymatic reaction cannot

et T S—



be refuted results obtained in this study clearly show that a
chemical resction must be Luken into consideration as & possible

mechanism responsible for the NOx evolubion pheromenon observed

voung soyhean leal tissuc.
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FNTRODUC ON

One of Lhe mador Pasbors invaived in Inoreusing crap production is
aitragen fortiitzer,  The wijovity of crop plants are specifically
bred bo ensure higb ylelds in vesm 1e Lo nibvogon fertilizars, Dig
to the rapldly wisiog cosk .. ‘trogen levhilizers, extensive
resoarch has been conduoted In s field of  plank  wibvogen
motabolism ih wn efforl te gain n olearer understanding of blant
witrogen use afliciansy,

The importance of nitvogan in plani Rrowss and development s
undisputed et 1L haw nal yel boa possible be stwenat For all the
nitrogen that la Laken up by uhe plant.  Seveval mechenisws whereby
itrogen omn he lost frow piants have boen suggested.  Whevess
valural abssisglon ov wechanionl removal of  plant  conpenenta
coRBLILNLTE an  jmporbant nflvogon lass (Viets, 1986), bhe losa of
gasaous ¥ by wrop planys osnnot b ignored,  Gaseons niltrogen loss
has boen reported Ly several workers (Btutbe und Weiland, 1974,
Wolland und Btatle, 19791 looker ol wl., \O0%; da %ilva and Stubte,
1981 a4 mnd by Stube el ale, 1879}, fthe evolwtion of won-siewental
nitrogan by u sovhesn evop hus bean roported Lo he as blgh ws 4%
kg/ha (8tulle el al,, 1970},

Alace thn dost of nitrogen T

Lilter Uhirankons Lo be bhe sajor
Tnctor Limikiog Incrensed foud ewtierivity b Lo thisd Rorid
Comteles (Cremsweld, 1909] to (o close At offlgiant e of
nitrogen by orop planke ta ossunlinl,

Hogbenns, an lmporkanl probain crep,  ara grown buommy pats of Lhe

world. Bovenbdy b wns veportod thal large guantibios of nlLrogen
oxide gavee sve evalved fvom Lho Juaves of thle logume o responso
to hevbioide Leaatmenl (Clespor, 1995 1), 37 the wwaunt of nitrogon




tesl by this plank 1n Lo e vediced a clearer tnderstanding of the

factars gonkeolling tnopdatic witrogen melabolisi is neoded.

1L wan bws fhe ale of  Lhis project ko gain an lusight into the
Taclora  aflrebing the pilroken oxide gas ovolubion  phenomenon

observod o tlysing max.




The nseimilatory reduckion of nitrale involves the conversion of a
inorgunic nitroxen to the reduced form of
The aneouia Lhen combinea with cecbon compounds
e nitrogenaus nosponents of Lhe call.

are vesponsible for the
stepwlse reduction of nilrale to nitrite and ammonin:

HMeyer nnd Schuize (1894} proposed a reduction of

niteale whieh juvolved a seanence of 2-elechron steps:

RITRATI = NETIRVTR <) MYPONTTRITR —) HYDROXYLAMLNE 5 ANHONEA

tw fore .
i
nssiniiation
(NR) and . .

{1)

(2)

e st



Supnort  for this pabhway was obtaived with the discovery in
Neurosporn of four enzymes euch bransferring two electrons (Nason
and ‘tukohashi, 1968].

Subsequentiy, 3L wns mhown thab representative Cungi and higher
plants auch as Newroapera and soybean contain & number of enzymes
which cabslyse the redichion of nitrate to ammonin by way of nitrite
nud hydrogylamine.  Nason (1966} postulated Ghe presence of an
undeteated  intevmelinte hetween nitrite and hydroxylauine on the
assumption thak 2-nlectron charges are invoived in each step.  Thim
compound wonlit have a uitrogen atom of oxidation number +1.

RUTRATE oy NITRIMR -y 7 3 UVDROXYRAMING —) AMMONIA  (3)
Hoy~ HOz+ Mz g

+5 + + -1 -3

A now sequonce of intermediates was proposed by Fewson and Nicholas
11951} nlter thee had workedl on micro-organisms and higher plants.
They  proposed  thh  nibrate  sssimilation (end preducts ere
i brogenotis cell consliluenis) and nitrake dissimilation (nitrate is
used inskend of nxvaen, empecinlly nader anaeroblic conditiens, as
the Lerminal hydrogen sccepbor) are linked.  This pathway invelved
Liree g=clectron ateps oud kwo  transfers of a single electron
{Fewnon wid Nicholas, 1981 Fewson, 19603,

FEII DT S—— ]



NITRATE SNETRITENUPRIC OXLDE—)NLEROXY L3 [IYDROXY LAMINE -3 AMHONTA
M- No2" o [ MizoR Nils

)

These pathways have not been universally accepted due to the
instability and toxleity of Uhe proposed Intermediates (Kessler, ot

2
1064).  Teday only nitrike is accepted as an intermediate in the !
reduction of nilrate Lo awmonin (Beevers and fugeman, 19693 lewitt, .

1975} and Lhos the aceepted paliway is:

N . .
VULRATE ———3  NUVRITE ——)  AMHONIA %) . N
2 Nitrate - Nikrite Reduotion
T
S
2.1 Kitrake Reduciase (NR) ¥
The earyme common Lo aldan, higher plants and fungl ocatalysss the !
reducldon af nitrate hy ceduced pyridine nucleotides fn accordance :
with the equation:
”kd_: NOa= b NABLENT 4 -y Nozm o+ NAD(RY + 20 (G}
! N
Theee aubclasses of NAD(IHI enzyhes have boan distinguisled based on |
Lheir prefevential utilisation of NADI (reduced nicobinanide adenine ;
i 1
¥ [




g

PG

dinuelootide) or NADMI (reduced wicobinaside adenine dinurleotide .
phosphate) ter B © 1.8.6.1 s syecific for ¥ANN B G 1.6.6.2
wetiises ok NANE and RADMNG  and B G 1.6.6,3 is specitic for
BAUEL The  enayne extracted Crom most higher plants ubilised NADH .
a8 the alectpan dowae,  This ancoificity is wot nbsolute {Vennesland v
snd Guervers, 19767 Hagoman and fieed, 1980; Guerrero et al., 1981). ;
The sionltanoons oceurrence of bwo different nitrate  reducing 3
ensynes, one  HADI and the obhier ¥ADPl-dependent, has been reported ‘.

in soyhean lenves (Rvans and Nason, 1958; Robin et nk., 1986) and in L .
young vire noodiings (Shen of al., 1976),

L.ike mapy Flavoprateins, nilrate pedictase catalyses n diaphorase or
NADLIGH dehvdpngonse eenction tn sddivion to bhe reduotion of
altrate by redueed  peeldine pucleotide.  The diplhorase activity -
represrabs the [onelion of the flest (NAD(P)i-ackiveting) moiely of L 4

Ilhe romnlee.  Itm action loads Lo bhe reduction of NAB(PME by '
extnehyone ¢, Tervicvanlie, or obher oxidanta, 'he second (nibrate-
amlivaling) maiety of Ve compley operates independently of pyridine .
suclonible sud reaulis in Uhe reduction of nitrate by retuced

finvion av vinlogons, Yotly woleilen prrticipnie Jointly and
aorquentialiy in Lhe teansfor ol eleckrons  from NAD(P)I to nltrate
[Losndn amd Guoerero, 1079},

2edn froathetic dronps . [

The  analyals of bighly paritied BAG(FW - WR from difTerent
oreanisms has shown lhnt FAD  {Flavin  adenine  dinueleotide},
extonheone (=607 ~ud wolvhdenua (Mo} are constitaeuta of the enayme,
The apluach  holoensywe  §a compostd of o pyeidine  wcleotide -
extochrame ¢ reduclnar hended noncovalently to o molybdenmm- .
euntaining silpnil (Nol mr and fewiLk,  1979).  Nokton and lewitt

£1979)  provosed  Lhal the  holookayme has  fonr mubunits having
eytoeleame o roductase netivity mwd owe  nolybdenum-containing
conptex,

B me e s P s ria E—



Tungaten salts tan b incotporabed into the ennyme as a replacemenl
Far malyhdenum,  lnder Lhose cond

Lions the enzyme is incapable of
redusimg niteate bl pelains 1ts disphorase activity (Notton and
flewitl, 1872),

The suifhydrgl droup foomd on Lhe enmywe Trom higher planks is
hetleved ta be inveleed in hinding the pyridive nucleotide {Schrader
et al., 1968).

2.1.0 Hochanism of Fnagme Caknlynis

The molybiowun dowstn in Uhontht Lo be ghe site where nitrate binds
nil is vedweed {fusrvern b al., I88L),  NHowever, bhe main redox
changes of No dneing roaveo sction rewning undefined,

the nelfve parlictualion af evtochrowe h-G67 In the catalybic
aclivity of the sngvmo juvolve - fts rcednotlion by BAD(KIE  end
ooxidntfon by nitéa.e (Losada and Guorrero, 1079).  The position of
the beme geeun within (be ensymnlde electron trausport chaln le
wlnowng  alkhowh 118 slte of ackion sugdests Ghek 1t ocours
hobwarn FAD ad wol yhdeniu,

The  flov of electrons  from RABEM ko nitrabe through NR hes been
pletuved ast

NARCEHE - LRAD - 3 evb BaBiT——wp Mo) —) NOD® 183




2.1 Inhibibors

e Anovande  tabibibors of nibmabe veducbeee nre sodhwm azide
{Mad2) nod potasslom oyanide (WON),  Jdolly nud coworkers (1976)
veported Uhnl theae conpownds fnhlbited bobh the NADBI and  NADI
niteale reduclasen nresent in soyhean leaven,  the Snhibition of bhe
¥R nf thiorall vutgnris hy ION ooeurs se o resulb of the (formabion
of A ninhle enmplex hatuoen BN and Lhe reduced onzyme (Lorimee el
al., 711 the vrdueed onzvae conbluss wilh NCN to Form a product

which is Inac.ove e nibpale ceduckion bub  wiieh rebning foil
diapharasn aerivily,  Bafomonson and caworkers {1473) suggested Lhat
aitrale, which {nkihils Fhe ranclion of the reduced enzyme with HON,
dorn a0 by mainiaising Lhe ensgwe In the oxidised state.  lowever,
il s boen roporied thal evanide mor nnly blada to the NK ennyme
bt pausew a apbilling ad lonaening ol Ghe nomponent parls ol  Lhe
enzyar {Raplan el al., 1004),

¥itrile, the product of nileate reduction, is an  inbibitor of
RARCBIN - R (Vounesinmd nod donpreyn, 1978}, The inbibibion iw
reveraibly  eompotjLive with eespoet o ulteate In Uhe ensyme of
Chlorella vilgarin (Solomonson aml Vennesland, 1972).  lowever, the
affinile o #R for aileile was  fosnd Lo be lower than that for
witpate,

Jolly el Tnlheet {(1978) isolated o NAME ~ BR  Isbibltor from  young
noybeatt Tenven.  Thov sngiostod Lhal bhie aite of Inhibilion was at
e pedieed flavie sdentne dimelrolide - NR o veaclion  since
fnldbiiion ol HAD eybocheone ¢ reduatase did ok oo, Yhe
iohibiinr did wot  eospele wilh siteabe swd was found to  be
fonet Lented Ty Fight and aetlvnted in the dark,

¥
|




2.2 Miteibe Reductane (NiR)

Fervedoxin =~ niteite vedoetnse (B ¢ L.7,7.1},  Lhe second enzyme
camponent of Lhe phakasynthelic  ilvate-roduolug  system cpbalysoes

the peduction of nileite Lo mmonin,  Fervedoxin {Fd} serves ns Lie

electpran doior alter being cotduead by reduced pyridine nuciectide.

Buzm 4 B B Bed, + WP =3 MbY 4 6 Fd. Ox. 4 320 (8)

The reduckion invalving slz rlectrons consbitutes an unuaually high
nuaber far o sotisn cataiyaed hy only one ensyme.  The idenbity of
the intermec  ax ja unkmown amd it ts  beljeved  that no

inkernedintes nre eeloascd during bhe reaction.
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2.4 DProsthetic droups

Nurphy ok al.,  {19%4) have shown thab Lhe absarptlon specteun of NiR
15 primueily dun to aleoheme, an  fron-porphyrin proathebio group.
sirohene contalnn 4 rediocd porphyrin with elght carboxylate side
chaltm,  Tho presence of an [ron-enlfur conber in highor plant
altethe pedictane Ban hoep repacked (Apsrlcio et ale, 1976). 'The
irou-sulfur confep proathatle growp tn spinach uiteibe vednobase has
been  ddenbiflel 18 Lebrmiueloar eluater 4fe-dg (Lancaster ok al.,
1470),  Furthoraare TL tns hoen ceported thal bhe  splasch nitrite
seduclane fian ane  iron-sai e center o one aivolieme per cnzyme
natorule (Yrn and Kamin, (9779,

2.2 Hr

o lam of Eunyee tntalysis

HStpite veduatane f9 a alngle probaln whioh catalyses the reduction
of nitrite bo nmmwep)a withew, formablon of free intermediates.
fiawovar, an eizgne hound Ho-sonplox {Figure 1) e been postulated
ar A Juterzadinbe tn Vhe cauveraion of altvite to anmonin cabalysed
by Che apinack anzgme (Apariclo et ul., 1976). The cusywe appence
In anpply aix elecirans Lo ane wibribe nolectle in tapid steps of
e eluel o oach Yegs ol al., 1980}, IL s Lhought thal slivoheme
werses an o the sfte af inlnaction bekween nitribe reductase nnd
mibatrales or compel 1ive nbibikors sl Canetions i She  entalytic
peileetion of nitetle to hedroxylaming Lo anmonla {Figuee 1) (Vexa
and Kmbn, 19773, s fhe patheny of clockeon Flow from reduced

Frrrodoxts In pitelle reduclase aconte st
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2.2.¢ Thibitors

fnrbon  monoxide (€0} s an offective dnhibitor of nitrile reduckane,
€0 forns a complox with Ihe poduced  splonch Nik which i then
fneapsble af eeteeing  nlkrile Lo ammonln (Vogs and Kamin, 1077).

Dissoeinlion of Ihe complex ocwurs in khe prosesce of oxyden

vesudbing  n the veeovers of  bhe wibribe redusing  activity.
Hitribe,  hvdvoveiomine amd evanlde prevenl Bhe reaction of NIk with
0 and thie Lhe fublhition af Lhe cnayme nobivity.

The inlzbliind by evapide nppoars 1o he of Ghe competibive Lype wilh
reapert to pileite Top HHU (Ve of al., 1980},

2.0 Borymo Loentisnbion sl the Provialon of Reduatant

2o Rosyan Localinnlion

In Iravos, uitrite pedueinse has dofinitely been logntlsed fn Ekhe
ehlarnplast  aien  wlact chloropinata cne pholoreduen atded nitrite
willomt enzyme neidd{Lions (4371in, 19745 lewitk, 19760 Wallagrove ok
aly, U795 Neves and futensn, BT The luendisatlen of nilrale
reduckage wlihin the eell ja gtid} controvorsial,  Nikeale reduchase
st found te Lo eloeely pepociatel wilh oy eebl meabraies
(MEr i, 1974). Jloweeer, fooyars alid fiagonsn (1972) suigestod bhat
dnving eldoroplant  beniadfon,  mgnes poemd 1y asaociated with the
orgaalle may Teak i, Twa, e posaibilihy Vsl NR 1 looaked in
The ehloroplast eannal be jgnovod, A wosbrane nanocinlion of Nt has

alan been pomstented by ather anthors  (owlke,  1976; Bubs  and
dnrkson, 1877),
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Irovision of Red

fhotosyntheals hos been  shown Lo Stimiiale nibenbe ntilisntion in
algne aml highor planls {Hecvers and ibutoman,  1972), Klopper and
his coworkeva (1971} and Beavors nnd lngenns (1873) hive formuinked
o scheme  conpiing varioun slsges of nlbeate  assinilation Lo
photnsynthesis, The reduction of niteate Lo nitelte o Linked Lo
Tsah! tneongh o shulble of reediced oarbon  compounds (og. 8-
phosphatlyerraldebyde}  oceurring  bolween  the chioroplnsk and the
cytoptupn,  Theae compowids nee Fequived for e reduction of
niteate,

Ritette podyctlon 1n more closcly Linked o the Light veactions of
pholosynlhests Whae nitenie pedoction sinece (L o the products of
these peantlons which il roggives fap its  fusctloning. This
statement in supported by Lo fapl thib witeile reductase s located
withit  the  chioroplast  nad  nses  ferpedoxin a8 o rveduckand
(Yeuneslmd and twecerra, (8705,

o he eame of nilente  pednelase wibh its Likaly  cylonlasmio
tnealion,  bhe eifect of (el s hadbrecl [Hecvera and Hagenan,
19720 Yenneslnad snd Goosierac 1974) The role of 11ghl In nitrake
actabalisn cny he divesl iy alieibuted o Jts role in ihe provislon
al veduetanl iy neneyelir  photophospliorslalion,  llowever,  the
ndtial  eednetngl of  neneyelie photophoaphorglalion 1o NANY,
wherran Lhe elentpon donoe for nileate rednction ta NAME contlening
thedmprobable direet tivoivement  of Lght in nikeale melabaiiam,

furthermape, (e ehloropiast manbeane 18 rolaklvely  ispermonhle Lo
pvridine  pietrolides tins Lhe geserstlon of NADUI withly the
ehlnrapiast 1ol fowel by 1a Leangfer to the eyloploss where  NADH Qs
peaditeot noema wntikely. kdeppre nnd sowarkers (971}, on Lbe baais
af bath fn vivo and in o vileo oxportwenla,  gnegested  Ehal  nowe
produels of  pholasynthests wigraled from  the  chloroplast to Lhe
c¥loplasm,  Tn the exloplam 1he phonphoryinted  inlernadinles of,
(rloae ghosphales wee welabodised by siveoiylin enxpmen,  As a

e et st
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Mageman, 1972)

Klepper ®% aly (197))  fowwl

reduet s, infilleation with

ant FHelt tie aume  eerponse.
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wowetated  beeond Lo briese
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Sicholnn e enearkerr (1976}
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st Erienrbeest e aotd erets
e bl 0 g B laAeel A

v vields AL The

nowehowiee Wiepahy  pedueiag

At echoweln,

Ghe
uae,  NAUN L generntod.  Thus bhe

eytopinsmic  NAD-denendent

sdortron voner Tor niteale reduetore beoouwss avel lable  (Beevers and

that leal discs  InCilbenbed with

atseolvtie  lutormpdintes  aGiwelated  dark  soserohlo  nltrate

citeic nold ayole lnbeesedinbes did
Sawhney aml coworkers (1978 D)

maticed o pensiderabie sttandatlon of In vive MR sobiviby with

aml organle acids,  Thus,  NADI
phospisbe  dehydrogenase slep of
tleate vedustion.

proposed  Lhal  cyloplsswic walole
veduetank  for nitrate rediction.

fhmever,  the caallibeies ot this reaction favours the Tormabion of
matabe el s A significnt necwmilation of NADI fn the cytoplusm

seagtdon  prodo oxaloncetnte lu

ns 1180 beew mudneated.  Tf bhla le

for the Etemnaport of roductant
he wrtopinsm,  She 8)le of MR (Nalk
ntioghondrinal wenbrane seens Lo be
Jeolides  (Pajwer; 1976}, fhe
vorks HAUL Lnte Lhie  cytoplasm
aiomc Palwor (1976} sudgestod thab
Inlepacdinkes  ponebrale  She  plant
wd malate, Dy the oyloplnen malate
redtuend pyeddine pualeobldes  Lhan

tecomea nendiable for ntlento voduetion mi exalonoctale relurng bo
the mirachondrln, Time B otainaectale/minte alle  conablGnbas

ragtlenients con be oxporbed From Che
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the

A nuaber of NADH-generating mechanisme can

malate dehydrogenase catalyses the converaion

et al., 1983; Kow et al., 1982).

nitrate assimilation and carbohydrate
hosphute putlvay which ocours in
reduced product of the pentose

soduckion rather Lhan with the

is 32

support pitrite reduction in the chloroplest (Lee,

the cytoplasa.

This

extra-nitochondrisl malute dehydrogenase (Palmer, 1976).

involve malate ie.
of

melate to

oxaloacckate and malic enzyme catalyses the oxidative carboxylation
of malute to pyruvate (Lee, 1960). It is as yot unclear which of
i i groblen is

turther vomplicated by the presence of m intra-mitochondrial and

It has beain suggested that s close relationship exists belween
metabolism vis the pentose

iloyever, the

1980;

NADI vd, Ox,
NADPH X d, Red.

Ferredoxin oxide-reductase

~
HADP' Nappl

byt
X N0z~

Nigrite reductase

Figure 2, Nitrite reduction using NADPI generated by Lhe
oxidative pentose phosphatc pothway.

phosphate pathway is NADPH so 1L
scess Lhat this pathway would be move directly involved with nitrite
reduction of nitrate {Lee, 1980)
(#igure 2). A sbuttle system hased on dihydroxyacetone phosphate/3
vhosphoglycerate could bring in reducing pover from the cytoplasm to

en-Shalon

(10}

y
o
!
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2.4 Regyistion of Nitrabe Reduetion

Begvors il Hageman  (19GY) conciuded thnt the rate Limiking ennyme
fn the reducblon af nikrate (w nitrabe cedyctase.  The Jovel of
nlteite reductase In diffeenl colla ond bissnes is usually much
bigher Lhan Uhnl of nlteale reduclase.  Fhevefore, Ghe nccumslution
oF uilvite nnd ammonin te seldomly observed, wherens nitrate levels
are Troguenl1g high {Gnorersa o al., 1985, Thus most studies
capcecned  #ith Lhe regwialion of nitrate reduction huve been fooused

ot nileule eeduclose.

2.1.0 Subaicate Avuilabilily

The prevision af substeate Lo Lhe wibrate-reducing system has an
fmportugt  fusetion i conlre)ling Lhe rate of in vivo nilrate
reuction,  and hoper,  untake, storads nud translocabion of aibrate
nre important  aspects  eonenrted with the cegulation of Lhe process

(Bervers and fingewan, 19721 Oaks, 1979},

Ritrate pkake

Enteance of aitrate inty different organisms nppears o be medinted
by apecific earviers whose operalion, usnafly depentdont ou melabolic

nitenie,  sltows for acewmuinlion of witrale,  futz and  dnckson

mmev of nilrate reductase

(1977} proposed  Lhal o neshrase bond G
opans & il wonbraae nud acts i n earcler for wikeale  Lranspoct.
An ATPnac in visinglwed nx lining olosely nssocinked wibh tha nibrate
reductase Lotener,  Thie wenld suggesl Uhab nileale  Lvaveport:
nobivity mud nileate eeducbase sellvity are Pnclions of the samc
moluoile,  floweyer,  uilrate uptake has been showt to avone tn barley
seedlinge whinh did ok develop any mltnilicesl smount of NR




activity b0 infiuence nhsorption {Ruo and Rains, 108},

furlheynove, photosynthetically prodsced malnte appenrs Go control
nitrate  uptake  since  mainte decarboxylation in roots ylelds
Iearbouale Sons which exchange for nitrate in bhe soil solution
tuereero ol al., H80 Hewitl, [976).

(horgauie witeogen  wnainilation produces iU of OU-.  liowever any
B er O produced in exeoss of that required Lo wainkain
evloplasaic pil most be weubtraiisod.  The assimilabion of wik

rate has
hoen found 6 he coupled Lo Lhe formabion of atmost owe Ol per NO3=
{Rven and 8mkih, 1976}, (6 fins been sugdested hat oit regulalion
ering niteate assimjialion in vonts orours mainly by bhe excrelion
of i~ ions iuto Lhe &all sslution.  The biochemical pil stat,
Anather pli vegalntion nechmiism,  In less  important in Lhe roots
rolstive {o Lhe shosts nud invalves the produckion of strong ovkanic
(walie} arldy from neutral preenvaors.  Phese sclds ave stored  in
the waenale  or Leansnovled via the phloem inlo the rools and

eventanlly inte (he auil solution {kaven and Smith, 176},

Alornge and Melabalic Pools of Nitrale

Forrari b ab. (1973) augestod Ll bhece nre Lwo dislines poole of
sitrate (n piepe celfs, o lecde storage pool, not accessible Lo
poduntion,  aud nsaall motabolla puo! which is  readily  reduost by
Hit, b e prosence of monobydroxy sleohols,  ONP (2,4~
Dinltrophenot} nud pyrazole 1l wng found Lhat onge the mebnholic
poni wis exhaustod 1L was veplonished by leakage From Lhe mlorage
ponl (Horenel of abe,  190H), Subbaiskahel  and eoworkers [1979)
sugronted  Mint 0 manbiv af cachobydrales which gonerate NADE bring
about pone

owpinte reduetion of endogavons nlirale, Whus, ailbough
Lo distinel pools of ulleabe do exisl it would spnesr thal bhe
stornge pool s alse rendily uynllable  for  reductlon  under




i

contli Lions of mufCicienl reductant enevgy nvailablliby.

Pf hes goneendly hoen thought bhal Lhe vagnoles consbilube the site

of witrale slovage.  Macbinoin and coworkers (1981) successfully
lsointed aud purified Lhe lavke central vacuole of baciey mesophyl)
calia, Al Lhe nibeale in the protoplast was conbalned in bhe

vacuoles,

2.4, fabalrele Induc

Tn iher planls, nilrale reduclose is usvelly considered to be a
subnteale Tudneible nyslem Uieevers aml llageman, 1972; 19495 lewiby,
Srivastavn, JUAG; Weay and Filwer, 1970).  In a typical
ayslem, Lhe ensyme nollvily incresses Linesrly after 0.6

dour of altrnte swpply, reaching n maxfwom after 3 - A lours.
Howevor, Asbloy el al. (1975) reporled Lhnt in wheat scedlings a
alover uilrnte uptake ocevered during tho fivst 3 hours relative to
the next A honrs.  The 0.5 lhour lag vhnse churacteristic of a
typien! doducieg  sysien  is Lhought to represeni Lhe Lime baken for
aplake amb Lransloesiion ol allenle and the expresaion of NR

specilic denela} (Hrivestava, 1980}, Zielke nod Rilver (18971} used

fabeilod niteale 1o ghow Lhal silrate-induced MR acllviby results

Tros do noye synbhenis of the protein,

llowaver,  copsiderahle  chzene levels have hoen reryried o plants in
the uhsonee ol plieste ns 15 Lhe ense in aoybonn (Nelson el al.,
1983F, Replan and covorkers  (108d] rudgented  that Nit moy be o
producl-inducible cuzyee,  urlher nluadies Led Uhew Lo believe Uhak
witrile conld be an activntor of aibeato reductese vabher than an

Jwluver,




Cyolohesinide and other fuhlbitors of protein synbhemls acting ot

W Level of Lrseslabion wenally inbibik increnmes In the ucbivity

of nitrale smi nitrite reducisse dn response o nibvate supply  in
bigher blamts (twerrero oL al., 1981)  This fndicatos that in
Uisther plagts hobh rnzvres of Lhe nitrato-reducing  pabhway are
syntliealsed on 408 cytanlagmtc ribosomes.

Llght ' has o profowst effect on niteate webaholism slnce 1k
influeneny (he level ol NR, fhis effect of light s apparently nok
rolalod 1o n ehange in eloalvon donor singe nssays were carried oul
in vibro in Lhe progence of cxcess cofaclor  (Beevars and  [lagewan,
1972}, Nitrato loeated In mlorage compariments (vacusles) makes it
inelfealive an an tnlneer. it is postulnted Lhat illueinalion conld
incresue FR - Ievels in Lhe Lissne by Tucreasing Lhe accessibility of
nilrate Lo Lhe Tnducor slte (Beovers aid Hogeman, 1972},

2.4, Jod Product lintression

The offrel of ansagluw awd geins ackde an polential mui producks of
niteate agaimiiatjon, on nitenle pesindialion, has Leen examined
vonentedly (Srivastava, 1980),

1L bas ooy veported Lhat when nmmonium  §s supplied wilh wilrate,
Ethe aubsleale indueLion of the enzyme is Iwhibiled, llowever, other
vorkers failed Lo dewonsirabe inblhiLion of NR nclivity by omwonium,

Phus, 1L bas heen postulsted Wik ammonbun may tahibil NR aclivity
by Vimiting ihe wplake of v oteale.  Peeguson and Boliwcd (1969)

Tound that mswonlus  wiw  prefermbially  laken up from  solubions
coulaining  ammonium and Witente,  Allornalively, msmonlun may also
e Wil BR synbhesln,  dehneon (1474) vepovted high levels of

peeforned BR - presursor i amwoniue geows Ohiovella.  Control by

inley
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nmmensim of NI Ls nol costviciod ko the post-tronalustional level bul
s afeo post-Lenpseriptiomal alnee & preformed miA for NE has now
toow {antated { ammoniu grove eclls of different evkaryotlec blise
(hinkly nd gyeebt, 1977}, ¥hus, bhe NR-specilic witNA Ln ammonivme
wrown coils 18 ok only eeseul Dt §4 tn alas belng Lransfoted wnd
amwoutum or A wetaboiiln 4

srenfy  interfors with Gie asseably of bhe
fonekive proteln progurmar Inlo sctive  emayme by iahlbiGing
ayuthenisn of an tackivaine' proteln requived for Lhla nssenhly
(Gnereeen ok nl., 1981},

A i the cuse with assonium,  ealuo nelds may tnhibic MR activity by
tnhibiling any ol the stepa From uptake of nitenle Lo Lhe synthesis
anth aetlyity of the enzyue (Srivastava, 1950}, This however, has
ol hwen shewn to geonr 1o all edses.

fptake  of pilesin from solutlons  coulaining bolh aiteske and
ammonium hna ben Lownd o areur only aftet the concentration of the
ammontun bnd docronamd marked)y.  Phe dwerdinte Jnhibitory eflect of
naronlus 3a b-§leved to heoon aileate upbake wilh  inacGivation or
ropresaing af  nileate reduebee Aelivity ogourciog ni a lngor slage
(Bvretl amd dnrvia, 19685, Cresewed] and Syretl {1079} found  thab

In Lo distos Phaeodrely b (eicoenutem the prosence of smmonbum in
the mediun produced an fsnediale  reversible  inhibition ol nitrate

nerumulalion within Lie colls,

Woveraibin  fnnelivallea of BE tas Leen ohmeeved in Chlorells
vulgarls botlt in vieo and Ju vitro,  AddiLion of nmmonin Lo celle
srowing en ntleate  reesnibad v acoumsistlon ol innclive ensyme,
whirh wna tdenidfled ar o the HON complex o the reduced  onzywe
(hovtmer ob nde, 19741, 1L bus hoen proposcd het amwonia exerts
BaoeEreel e dpeacliealion  level ol NK by wncoupling
phalorvnthetie phosploryintlon,  This would tead Lo Incrensed lovels
B0 HADIL o ADD (adesonine fliphogphnie},  The notive foem of
the enrvme {ocidiaed nlete) s ponvorted inke n redueed innctive
torm when inewbaled with NADN,  This  process Is  ewbmuced in  Lhe




2)

prosonge of oyanide op AN Lxehevarrin ob ale, 1984}, Oyanide may
act ps an yncoipler (Vennosland mid Guereero, 1979}, The reduded
Tarw {ipactive) i rvapldly  ecbivated  when  oxltised  uming
ferrievnalde ar by exposive Lo hlve 1ight (Behevareia et al., 1984).
The revorsibie renclivailon of Nit has been  peporked in Chlorella
fhoriaer ehoal., 1813) and i nize tenves (iclovaryin ek ale, 1984},

An alterwative mechaniss for nileate retiuclase interconvarsion has
hoou peoposed By Uinppare anl covarkers (J870), Thoy reporled  tint
Ghbormiln Iumea ME b5 uaed ivated by ammonla and oblier uncouplers af
photnghasphoreatlon die (o fheronse in Lhe redieing pover  (NADID
mwl A decvpane in the ehorey ehnrge (AT {adononise beiphosnhate)
aF the enll, e syuernist e sffoel of Kl ad AP on Ghdoredla
NIl revpe

aiilo insetivalian neens to e speeific for Lhese twn
muelonl idna (Chapren ol al,, 1978}, Ko coopernbiviby vas reported
betuoen  HAMDL and AMP [ndennsine mouophoaphate) ar ATP, or betwoen
BADIME il ADF,

Wheress {he faolation of an bamobive foem of MR which can e
practivaled by ntidanla lna boon eeeorded in Ghiorotln (orlaer ot
aboy 19743 £his ban vot Been denonalealed T highor planks 14 hng
ees muggesied Gt f1 the nitrale suinty Lo the N& evnyaa In the
whont. lonl was fnbervunted Lhe MADE Tevel lu Lhe cytoninsn would

appenr to Lo suffieient o fuaclivale L {Aryan ol ab., 1803).  The
fesel ol NADN shewn 1o thdrbienlo MR EH0 WN) i8 In Lhe  enngenbrakion
Pate vepoeied Far Hhea edierd poefeotide o the teal call (M et
nley J985 stereard nwd tadfTat (1T abtatued & puriDiod BE Prom
whoat Jorves with ok for AN of 8% oM,

Aryry b eowarkerg (18K} vepopted Lhat o fow Jovel ol cyanide
whieh vemnited {n n amad @ tatdiilion of Lo whenl

el MR, maikely
enbanerd  Ha fnselivndlon 1o Lhe prosence of NADL  This indiontos
that the ¥AWI inactivatlon of whoat feal NK soudd be mediaged by  Ehe
hisdlng of cymntde &0 Lhe molybdenum of Lhe reduced enayme na s
bren ddogonstenled for Ghtoralin {Yonmesinml and Guereave, 19790},

: v
4 :
i
1
b .
:
R
“
.
¥ .
e
i




PG| LT v gy
Prath =¥

g

Walt cowarkers (1987} slaled thab ADP ucbs #8 n negabive

veprassor of the enngwe niirate reductane.  Hoth in vivo and i

el

vitro  studios were comtueled rhowing thal AV inhibited ¥R nobiviby.
They reported Lhal wnder  suneroliic  gonditions nikrite accumifnted
and on Lrangtor Lo oxyden Lhe aceusuisked nibrive was reduced.  Wabt =
ot al. (I987) proposnd  thal Ghis phenomenon nrose due Lo bhe .
veatricled sapply o redarinn eguivalents fur nitrite reduction in
U plealid npder dark anacroble  condltlons, Thus  nikrlte
acesmilaked. Hubaeguonl exposive Lo oxygen resoved this resbriotion

tomling 1o Vhe veduetion of Lhe ncossulabed nivrite. The capaglly
ta reduce (e sevussinied nitelte was [ound to be dependeut on the Y
warboliydeute akatun of Uhe Jeal Limave {Wail ok nlio 1987). N

240 Tkt and Gascoun Envivonment,

The deal in vive WX aseay ls routluely perforwad weder dark N
nnaerohls  rondilionn by Telioving sitrite sceumidabion In the leal . :
tlmwan and/ar ansay nediwe.  Aeroble condfbions fuve been found to SR
Gubthit U necumsdatlon of o1l tu Uhe dark (AUKIns and Caneu,
61, Ieesuse niteltn asrluiintion by leal Lissue was nob observed . N
mdey dnrk o sernble eonditions (Canvin nnd AUkina,  1074) the e
inbihitory affect of otemen on the ju vIvo HR assey was  conceded Lo o

e n divect elfpet o nibaie eeduction (AUkion aud Canvin, 1975 o i
Sanviv and Afking, 10743, 1 wan Poad Bhet 10 wltoshomdelnl

octintion o MAWE s johibited milrate reduction can seour wnder . )

dark aopnliie copdtlions,  Vhis obwervalion dod ko the audgeskion
Lhat  campolltion for raboedmt cqnlynlenla {fron BADH) hebween oxygon
e wilenin pae conmiltute o cemulakory wechanism,  Thus when
wliinednodiedal  oxidabton af RAMN Jg inhibited Lhe reduolant bhocomes e
aynblabie fop nitrale rrduction,

Riteatn I ngslmllabol (o nefup=§ tn Ghe Jeal iy the light {Omavin . N
el Alkdone 4874), 17 duek wLoshondetat voplration e huhibd ked
dneimg pholosynbhenls thon  the toquivemest of Llght for tlévate
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retiuetion cne fe Liy oxplained.  Rioppee amd cowerkers (1971}

nbacrved bhat  triesn  phosphates, synbhesised In the chloroplust

e

dnring carbon  diaxide nssiuiistion ave Lransported Lo e eyloplasm
whore  they  goncpate AP by bhe  glyceraldehyde-d-phosphate
dehydrogrinse  stop of atlyealyadm,  This resnibs Ju on Increase in
ATE Tevnls wilhin the eyleplaen,  (Hgh levels of ATE in turn inbibit
Lhe mitochioadeisl elnelron ehaiu.

Planis have {wo sources of ATP: milochomdried vespirabion {davk) and
photophouphorylat ton  {1ight), When sufficlent ATP  hns  boen
gensealml by photpphosphoryinlion,  mitochondrial respirakion s
inkiblted  (Bawh el al., 198 & amd b)) Inkibition of
milochondein]  ngidation of NAME By high AP may Cavour nitrate

predictinn wider  aeralibe condilions. fhus nitrate appears bo
Paetlon e an o ablovaalive elechron  aceeplor ko oxygen for NAUH
tanuereated by 1he eitvie acid eyelo sehydvogennses) (Sawlmey ok al.,
197/ b, Thin meclaniss snsuces Ghak ulieele nssintlablon opours
onl¥ in tight nmd thie Uhe aceamtintion of Loxle lovels of nibuike
o the dipk 18 asolded {Sawlney ok nb,, 1978 aoand b)),

fhe eetlular Jorallon of NAM penduclion Cor nilrate redushion didl
el appear i e Inporiasl (Sawlney el al., 1978 & and b). NHawever
Canvin s oo TI97R) prosenled evidencn anggesiing thab the NANL
produeet in the eyioplnss was used for nlivete reduellon under dack
comltliong,  lohibition i phoaploryinbion slte 1 proventa Lha
nxidalion of folen-nitochondrial NABN.  Tn Ghla cese, nibrate
veduetion Lo Lhe dark wader aoroble  condiilons was not prowobod
(Crpvin and oo, 1978}, labibitlen ab phophorylation site 1)
proventa  the oxidation of  bokh  Inlra~uiloshondriol mnd  extra-
altosdondrlal NADL (Palwor,  1978), This resulted in nibeite
Cormation Jn alre aconrring al rates siwline ko Liose achieved under
nanenble eondillons, Thowe  obsevveblons lmply Lhal  wibrale
veductfan iy adr js peoacted only whed Lhe axidaklon of syloselle
VA by the  oxbenewtlochondrind NADIE dohydeosennse  ha inhiibiled
(admer, 1976},




Haing wheab (friticom neshivum L) Reed nud Canvin  (1982) reported
Phat albeile assiwilation by lenf protoplasts is aivictly Ligt
dependont, and no tona ve ansintlakion of nikrite osenrs under dark
acveobit  eowditina, ‘These  oheervations  snpport the concept Lhat
oxyRen nrovenls nileite serwilaklon by leal protopinskts In the dark
in vive MR namsay by an bnhihilion ol niteake reduction nnd ot by a
stimtlalion af nilrile asainiintion,

Althongh 11 hias hoen shovn Liml pitedbe rednetion ts sl

ciobly Ught
dopendeat; (Reod aud Caneln, 1922 Gaovin and Abkine, 1974} nitrite
vrditetion enn also peews W (he duk howevere ot n o reduced rate
thann ekl 18], NiEeils allowed bo acounulnte in leaves during
dark mnaerobic incobniion wis losly reduced when the leaves cane
futa eontaet wilh nxvten,  Loxs of wilrite from spinach feaves (Munn
eloateo 1978 nud collon Jeaf dises (Radin,  1978) hos been shown to
acene smder davk accabie condivions.  This sreabos an interesbing
sltuatdon anes nlirale 1s unl roduced under dark nceabila  condibionn
(Faxein and Alkina, 19740 M el wl.,  1979) nilrite vonld ot be
meprereit fn e protitesd, s Uhe phystolegionl  mignificsuce of
davk necabie piteite coduoting is diftleuit to wnderstand,

Mo noeumsintien of wilrite {n fhie eblaropinsl imber durk annerobio

eamiitions cosulls iu tie acldiffent ion of (bn slvomn,  Pnreseld and

ementk (LR} poperted Ehal niteite allows for an lodiret proton

frauntor werone Lhe shveinne by peans of o nilrovs ncld (NOz) -
niteite (N0z ) RbaIties  the aporal fon of Whin shubtie casulba in
fhe eottapne of the prabon seadieal between Lhe Atrawn anl  tho
external mpaces  OLher wetkers (iekdt of nie, 1078 hwve sliows bhab
U umlant o canans alkalvantion iy the ateosa sad A nebd)toakion
I Vhe Shyioknia spien,

Lee  (R97R) poalatated that  muder annervhio condibiona the nitrate

nssimiintion palhway In voots could  represent o wajor rowte ltar
dlsposal ol eeducing powse arining From glyanlyris,  Mhin was Yound

(o bo the eape Y Lhe vooks of maise gerdiings,  Geny and  Cresswo)l
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{1982)  tannd that annervohic eondibiows stlatlaked the utillantion of
axogeiong wiirale dbove the fovel fousd inder aarvolite condlbions,

bry el nl (JBE) peported  thet o rogts  incubnted ander  anacrobic .
condttions  or  lu  lhe nweescneo  of mcouplors of oxidubive
whorphareinl lop acenmitlnie abiiile e & vesuil ol an Inhibttion of
Gitpite  rednel ion, Onder dhear couditions  a vanidt deptation of
wlgenao-i-phanplinte (R61) by eselaod whent and pan roole  oscnerad
tore ab wle, 19ALL, QL in proposed Lhat the depeosalon in (6P
Iovols yeuntta Trow Lhe aperation of the 'Pegbour Bffoct'.  how ATR

legpla nriaing snder annerah

comlitlons  stimulate
phespholrstokinase, Lhe koy vogulalory ensyme of the giyealytie
patlwny,  thin dn Leen remtlla e an o incrensed flow of carhon
comppde theowgh glveniyarn,  The diversion of UGP away lrom fle

plaslad dewls fn plieite weommdation through n decling tn e
produetion ol ericing equivelenla (AP requived by BiR, -
womepnbml vin ihe oxBdslive ponlose  phosphele pathway,  Dry and .

counpbrps (19813 fonnd n deiinilo eorenlallon botweon fhe loval of

GRI and njLpite neenmulaljon b pea renl tissue, S B

Thus, AT appears to pessisie the eaie of nlbrile redvekion through al
Hs affeel my e glyen)sisc ehavae, phosphofraetokinnae.

e wpsoc Al lon betwonn aifeite reduekion mnd Bhe  oxidative peubose
phoaphate pativay In o feaven was suggenled by Bamnrao and covorkers
LB, They veported (hal wder dark agroble conditions NADPL mey
nek naoa eoduetant. For niLeite veduellon tn leavos. A nlkellp
vodooing ryaion nvolving Vhe reduclion of Tervedoxin by NADPH via
FRRARE  oxitorednstane haw boon proposrd fhow ok ade, 1921 Bone
Stubon ot al., 1003),

Undor  dark  anapsehie comiiiionn U NADE generabm) within  kbe R
wltochondrin ean roduen oxtloncelale Lo melsbe vin a reversihlo o

walate dehviborensae pencl fon (Wiskiohe 1877}, Nethcing cquivalenls
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in the Parm of walabe can thon he exported to Lhe eykoplase (rom Lhe
altochopdeln via bl wnlsie/oxaloacebabe shuttle (Wiskich, 1977).
tme the witochonlein]l - crloplmem  malnte/oxalonsetate  shuttie
eaniies  [he ogidaltion ol Entea-mitochondeial  NABK Dy the nitrobe
motabolie ronpaetaenl to ocear ander dark anaerobic conditions.  in
the nhaonge of oxysen eyloplagmic NADI fevels ncreuse lending Lo
tie stisnfagion of nirale peduetion (Sawhney ol al., 1978 b;
Nivhelna ok ni., 1976).

4 Witrogen 0 - {a} [HOx) Gnst Rvolutlon

A1 Light sl Gnseoun Yavlronsent

The eninbllity sf the in vivo peocedsre Tor esbimabing in xitu NR
acliviby dapondn by paet on 0o slofchionetrie  relabionship  bebween
miteste  painelion sl nitelie accumtlabion duriug  Lhe essay,
Klopper {{875: 1978 &, b) woported  Lhat, photussnthietic inhibitor
herhictden inberfere fu the peduclion of nitrite by green «al
tigmue,  Thess herbicides sen known Lo block electron Clow  within
the ehjopaplast  and  Hma Lie sleclron donor Tor niteile veduclase,
fortedocin, eannol be eeduned,  Nitesle reductass  losater  oulside
the ehlnpapinal ds ol dleeel 1y dopendent wpon pholospulhietlc enerky
Rbepper ok aly I9T1) aml s niteale reductlon can continug  when
witedta podsetion s inhibited resulbing In Ghe ncounulablow of
ailette, An bnerense In wilrile  concenbrabion  wlthin e

hlnenpinal eeanlie o acidifleallon of the strome (Pureseld ok al.,
1Ty,

Alr uneing of  berbieide-lroaled goghean  loves  resulbed  du
conlulfon of MO mwd M feolicctivety NOx).  Kiapper (1970 )
vepneted Lhal. evolukion of KOx was  proportional to ihie herblolde
concentralion nd wan eloscly velated to leal ullribe,  Nitrlo oxkle

(M) sromr 1o be Lhe primary ans eyolved aince nltrogen dioxide




180z} is kvown to he readlly soluble in sgueous solutlon (Klepper:
1979 at 19871.  Howevor, MO ls approximsbely 1.6 times more waber
soluble than axysen.  Thus  Kiepper (167% n) postafaled that a
cortaty portion of O temaing within the celt solution where 1t
reacts with other metaboliles.

Mulvaney awl Uigomas {1984) bkove ueslioned the identity of khe
Wilrogert oxide kases moposed by Rlepper (1979 o). Mss
spectronelry, witeasialnl  spectroseopy and ¥-labelled nitrabe was
wned v hese wackees o fdrnbify the & compounds evolved by  soybean
toves.  They pewsrled Mhml upder surk annerobic conditions in the
presenee of pitente, neetaldehsde axine and nitrous oxide {Nz0}, bwo
new products of nileale ceduclion were produced.  Subsequent studies
buee [niled (o idenidly seetaldelads oxine ns o conprunn evolved by
<nvhens leat Liaue (enn and <o e, 16083 Klemen. 19871 Poan

sty Warpay LIHEY reperieil 1F o % oo a0 wers i prennarmant N

componude evolved,  Deapile w b anding the tdeniily

0§ the easepia eompound evo nlioned  compuinds
an, {9805 Deas aad

linppor,  19H5 Klenper, 14R7),  Thun tue convenklonal method of

aen dpriemi Crom nilrate  {halvaer

drsappining N8 aeLivily by meequeing nite b secuanlntlon in Lhe in
vivo annay nf yonyg soybran lerves may e ol

lingemon, 19811,

cading  (Mulvaney and

Jnpper apd eovnlkers (laeper, 1880 Nelson ot al.,  1983; Ryan el
Al 1A linve veporied the teudw bion of nitrogen oxides (NOx)

duping uns peding of (e in viva IR asaay of snybean leal seclirna.

Duping he in vivo ameay of young soybean lenves a similar evulution

of 4w v reparted  for conditions which veselled in di

erent,
Iovelin af nierite peenmulation {iacper, 1981} This sugrestod Lhat
vopliLiona olhor  than nitrite conventralion were iegelatiog or
Himtl i 40X evolution.  fowever, in Lhe presenve of Lighi, when
niteite wecumsiation wns wininad, no Mo evolntlon  oocurred
indiealing  that  witelie eecupulation is wssenuisl helore NOx
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to he readily wolubie in aqueous solution {Klepper,

(802} is known
1670 nr LU7). However, MO is spproximeiely 1.5 times move water
soluble  Lhan oxygon.  Thus  Klepper. (1979 a) postulated that a

cortaiu porlion of NO remains within the cell solulion where it

veagts will other metuliol ites.

Mulviory awl llngeman  (1984) have guestioned the idenliby of the
o5 proposed by Klepper (1973 ). Mass

spectroscopy and  N-labelled nitrute was

nilrogen exide o
speckromelry,  lleaviolel
used by these vorkera Lo identily the N compounds evolved by soybenn
They roppried thal nmler dark sweerobic conditlons in the
o

toavon.
presenee of pilexle, acetaldetivde oxine and nltroes oxide (N20),
Subsedirent studies

now prednels of Nibeale eeddctfon were produced.
by

have Fatied lo identily neeinldebyds oxine ns o conpound evolved
19867 Klepper, 1987). Dean
il

anvboan Inal Cigane theme and Uneper,
awl Yarprr [{985) roporisd thal O and W20 wera the predominant
Despite the conlroversy surcounding the identiby

enmprinds svolend,
nenbioned compounds

0l Jhe dneeous chpponnd evaived all Lhe  above
aee derived fenm nitrale  (Molvaney nwd Unseman, (4847 Dean and
Hupper, 1986 Rlepper,  (UR7), Thus the eonventlonnl melbod ol
Ackheity by nensuelng nitrite accumsiation in the in
(Mulvaiey and

dnteymining Nt
vivo assnv ol vouut soybesn leaves miy be  misieading

Iingenan, 1984).

and cownckers (pper . 19815 Nelson ob al., 19833 Rynn el

Mnrper
ouuetion of nibrogen oxides (NOX}

al.,  [983) have peporled Phe
Auring wns purging of the in vive NR assny of soybenn leal seclions.

During \he in vivo assay of young soybian leaves A similar evolubion
reported  for conltions which resulbed in  different
This swgkested iy

af ¥ox wan
foyels af nitrite accumuintion (arper, 16t}
conditlons olher than pitefte concentration were cegulabilng of
Pimitiog #9x  evolation,  flowever, iu Lhe pregence of Light, when
witelle acewsintion e minianl, e MUY evelublon  osowrved

indienting  Lhal  witelle ncewnninbion is essential belore NOx




evolulon was possible. A hilgher rate of NOx evolution was
asmociated will dark anacrobic condiiions compared bo dark nerolsje
comditions.  Mhis sudgested Lhat  the NOX evolution was ab  the

axpense ol nitrite pecimalation (Marper, 1981,

Peap  avt Wncgre {{O86) examined wembers of the Slynine species {ap.)
and nlt Wi the mxcenbion of the Nk mukants evolved NOX  gases.

Ofher speales which evelve Nox are olassilind together wibh tie

Hlyeing sp.  tn bhe same  sidiamily  (Papilionoidese) ond  Leibe
(Mhwscolones of Lhe Tawily Leguninosae. The evolution of N
comnounds fina #lso heen reported Tor non~leguminose crops  growing
wndor normal condi)ians  (Stolke amd Heiland, 1978; Neilund and
Savte, 1979, Blutte o al., 19795 llaoker o al., W80} da 8ilva and
Stulte, 18R n, h] however Lhe idenkity of Ghese oxidised and
rorlyecd canpagnds hng nob yob boon ostablivhed,

Rz Hechanismy

Althonghl tio vonot fon moohanisasist beadine fo Nox ovolubion are s
set aumown Lo sebools of Lionghl have cnerged.  Klepper {1974 n)
tna paslutated thai the acewmilated ailrite s norersymebically
rosuend Uy NOY wharenn apper H8L] and bis aasociaben believe bhal

w anzite reaetion s remvnnible,

Riteie exide mol iivomm oxide have been idenklfied ns producks of
nileite  geduction by  Pnamfomouas  norwginosn oyt oxddnse
troppneytochanme ool o¥idorndeelase, & 8 0.9.3.2)  dturing
dissiailalary  denitvisiontian  Tnvelving the follewing possihie
veneiion anquesice (Wharion ahd Wointeaul, 1080},

NUBS =D Nz~ =) MO e Np ) ey N2 (i1}
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The sitrile reductase fsalaled frowm Peeudomonns aeruginons was [irst
identiried ns w cytachrome o ogidase bub trler demonibrated to be a
nileiie reducinme na wetbl {Yawinakn ¢t al., 1961},  Hven If the
purlfled HUL also calalvses Lhe vedueiion of NO L need not Cmnction
in viwn np Ehe mojor NO redichase of V.o noruginomn, A disbinet N0
veructame Tram V. neruginosn fhma nok Dbeen isolaked (Wharton and
Wolnirnub, 1UBG),  However, Payne et ab. (197)) lsolated fhree
feactions Crom extrncts of ). perfectomarinus which reduced: I,
uilrite to NOY %0 NO Lo N20 and 8. N20 Lo N2 respactively.
This woull  sngeesl Vhal an N0 ceducluge pay be present (Wharton and
Welukrauh, [480).

Kueanen e E{1fork (1972) Yaolnted Prendomenas cytochrome oxjdase,
n dimerie proteln compased of Lwo Jdenlleal subunits each conbaining
e e foen ol one d baow. fthe enzyme  [uncblions I terminal
sleetron  Lrausfor of eells of .

eruginonn growu anserobleally in
Lhe pressten of glirnle, 1L entalyses Lhe onec-elecbron reduction of
nilvite to WO (Yomanshn el oal., 19610 In comnon with other
Leeniunt aeidnses Poowdononnn  eybochrone o oxldnse hlnds Lo

elnasicat srspientory fnhihifors,

the
thie oxidnse activity of the enzyme
Bolme Juhibited by bots evanide aod  carbon  monoxide, whevews the
nitrite  peduelase activitv, althongh sirongly inhibiked in Lhe

penaenen of U {8 smalincted by 00 (Yomanaka el al., 19610,

Awnrt Ueom easning maxigem sickls and  spocific activibies
etavmest, aaerohic  candil jons

of the
also vesull in slgniticantly Rreuter
sabuble enzyme  pelease compired  Wilh  soroble  comllLlons,
At oiringin

Thus
appoars to Tavonr the produotion of seluble Pseudomonau
eetneivonn ¢ axblane,  whoveas the mesbrane=hownd ensyie 18 produced

o a grealer extonl fn ihe presenee of air {Parr ek nl., 1976).

Nitpogen osidefs} evolntion 1 assosialed with consbitublve NR

aotivity Tu physlologically vouns  aoybean leaves (larpar, 1981);
Hnlaon e oat.,  TOMB) M nekivity of mosl planl specles is useally
expr

caard only when niirale fa present in the growbh  medix,




llowavnr,  soybean blants  contalned monsurnble leal NE activity when
Kpawrt on fteoa o Uhe aheence o nilreate {hadmy et al.,  1976),
ftenves  of  wreasgrown sovheal mitanle lach constibabive MR nckivity
agd when grown on nibrate, Ihe witanbs have approsimabely 50% of Lhe
witdalype Mt aclivity (Nelsos ob af., J958).  These Uindings
indicaled (hat the docressed NIA in leaves of nitrake yrown mutants
was due Lo tho absence of constitulive NRA (Nelson wh al., 1083).
Thus n rlese genelie wul biochemical relakionship exlsls belween NOx
avolution amt constilntive NI activity. Posaibly u regulutory fene
for Lhe snlral of both constitutive NR agsivily and N0x  evolubion
may be bnvalyed (Ryan el al., 1963).

The unemnl presence of constitulive nileate reductase activiby s
raulised 1n Lhe youngeal feaves in wild-type plants  (Hacper, 10815
folson el wi., 19H3),  Subsequently sbudies have showy that 50% or
nece al tids aetlclle b tke vang leaves in consbitulblve [Melson e%
afe, 1941 Yhese Findings correlated well with the enriier work
done an aovhoan lenses by llarner and Nagewan  (1972) in which  Uhey
showrd Vsl BRA (mensured as grow Eresh welght per hour) was highest
In the upnernost fonves and derfined as distanes Crom Lhe top of  Lhe
planl Juevensed, A& sintlar Leend was [ollowed by NOX evolubion: bhe
vonngest lonvas af wild-lvpe sovhonn planks  evolved mossurnble NOX
nntl ng the leayes aged, NOX eveluilon dropped tonsiderably (Neison
ol ab., 19r3).

The NR ourymn mosl common to higher plants ubilises NADN and has o
pit optieom of 7.5, 14 haa heon designaled NADIINR (K C 16,6, 1),
Honw

vy Keane and tnson (1988) Pleat isolabed soybean MR and  they
reported  Lhal Ve enaxgn conlid oLilise NADDH and NADD aqually well.
Ther it bwum pif for the eanyae waw G0, Subseqvent)yo wo forms of
£ an NABCPHITNR with &
high Ko Pop woes wnd an NADHENR wilh o low fm for nitente (Jolly el

al., W6). dolh Uiese oneyres had nopll optioum of 6.5, Soybean

B sere Ganinbed  Lrom segbemn fonl exbrac)

mlant leaves Ineking constfiutive ¥R possessed n nllrate-induoed NR
whieh was aetlve with NAME and had a pll ovtinan of 7.6 suggesting
thal the mutanl ¥R form wes gindlae Lo Vhe one Tound in the  lesves




af mosl. plants (Robin oh al., 1005},  Subsequently bhe NADN:NR
(7.5} tyne was nlso Cound present n wild-type plants.  This MR
Torm lind not prevlonsly beea Comnd tu Lenf-extracts of soybenn.  The
NADCPIENE Coriny mosl AcLive with NADBH at gt 6.6 was lsolabed from
wilt-type plunts yob was absent frow the mubants,  This would
andgest thal BAD(RIMINR Ls e consblbutive MR (Robin et al., 1985),

Subsequently, Nean and lniper (1984) provided [urther support [or
the uvolvemsnt. of constitntive W& in this phenowenon.  Although
they undeplook aeveral purificalion nrosedures they were mable to
aeparnte Lo NOY eeolulion activily Ivom the constlbutive NADVH-NR
{el BR) netivity,  Thus Loy conctuded that, this provided strong
evidence Lhat lhe twe nekivitjes were associsted with the same

enzymn.

I wonid appesr thab considernble evidence supporbs the involvement
of i conslilubive HR in Lhe evolution of altrogen oxides Crom
soyban Jeaves,  flawever Klepper (1979 ) postulaked that a chemicsl
venction was responsibin, e stated thet following herbivide
tyrabmenl Uhe accumuiatod nikelile nanenzymically rencted wibh plant
metaboliles dn the Ireal Liasue with Lhe resultant evolutlon ol NOx
anses,

Sinitarly, Andorson and bevige (1986) repo

¢ Ghat when high
conceptrations of witrite bl ncoumuinted or weve added to the
snllure wod fum contnining Nitrosumonngy auropuen,
ehemodeo i Fiention, (e naneuzgmnbic decowposition of nitrite, ws
roapnnalhin for prodi Uion ol bhe M0 {prodoninant forn) snd K20 that
was ohsorved,

The dneoleonon’ nf n mechsise based solely on & nonenmyeie renction
tn the productlon af Chese gnses cannnt be ignored when studylng  the

chenistry of the ullrogen oxlde conponnds,




Niteous neld (D2}, & weal achl (K = 4,6 10-1}, decomposes veadily
it water {Buerant, 1962) amd VF present in high concentrationn the .

toilowlng reactlon oceurs {Jully, 1864}

2o = M+ Mz b lld Kp = 187 atwet

am -

Furlhereors,  sitrous nexd is nn oxidizing adent oud this prope
igler anidie comitHons:
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Congldering the Toliowtnt cunniions 1L becomes porsible Lo obbain an
oulInut ton of varions nltragenous apecies which ave prement.

-An = wdR Jwoll
ol

4g = =hF A B duolet (18}
AND

Ag = RT fwex - RP lay

. 2
by [T (20)
nm
. n2
.« RT In—— s - uFAR (21)
Kl

Ir A% 38 kiown an estimate of lnaz mml Inm gan be wade,  The
vortous ¥ apeeins in U different oxidalion stales ave  represented
by m and n,

-
]

T
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tngeanss Nitrogen Oxide(s) (NOx! Bebormbuntion

ol chomlent and Inslrunenlnl wolhods of analyaly for oxides of
uilrogen,  nusely nilele nglde (KO} and nitrogen dioxlde (NOz) huve
bren  devetoped, The  inatrumental wealysls wothods  bnolude
cleckrochenicnt Insbruneota (Rontenbnch aud Kibng, 1962; Killer et
Al 1971} dafeared mneclvoscopy  (Hlaels and Malers,  1961);
client luminescenee detoetora (lavaie ek nlvy 1970);  alivavioleb
apeelroreopy: mass apectropelry aml g sheonabography.

Ao Oxidining Renentn

Sieer annl comman anebstfeal  lechniques for bhe eatimation of
nitesgen agiden are speeifie 1o albrogen  dioxide, quantilative
octdat s of niteie sxide in reguired belere lts delerminallon,

tn procefires Tusnlving oxidatlon af 80 Lo 802 by Llquid oxidnute,
the oxidalion is nauntly poplarmed by Clow melhods In which Lhe ®ns
anuple in bubhiled  throwgh  gnassashing bottle or bube contninlng
Vi osidisint veagenl {Chene and Gremser, (865, Holulions of
vobngsiun permnomsl ol boey ueed oxtensively ed.  %,5% solnilon
0 205 aulplnele aebt Crhonaa, 19562 lloblings,  1837) or n ssburated
polansium permamanate solution It a misture of  phosphorie and
alphurie artds (Wek and gieatwan, 1967}, The fab
veporied Loty easentinlly gl lalive  oxbdallon (> 97%) of

tele oxide al soneontpatione dovn Lo 6.0 von wilhoub nltrogen

or oxldunt was

dingide boing nbsored,

Avkdirten polauatin povanginate  solutlons deied on Lo glass Cihve
paper (K is, 1064) or stlass Demds {Gnkhown and Brocka, 1866} hnve
bren auggestod ag axbilanl s,




k2]

dedb o KOx Tramsing Solutiun

Griess-Yallzmwn longenks

Hilrte oxjde jlooil bw elemicnd v, celablvely lnerl und conssguently
Tow apoeific vhemionl mothods bave heen developed fer Ghis  gas,
Theveroes, aitpfe oxlde (ND} I8 convertied by the preoxidiser to
uitrogen dioxide (Mo}, the nllvoson dloxide resdily reacks with
wntor In Ube  teapping sslublion lo fors nilrite {N0z*) nad nilrate

(K=} ions.

2tz P et =) MOt ' Hoa - o (22)

Albon 11973) voported hat he abundante of euch lon depends on  the
salution eowdtitions peavntling,  Doan and Haeper (1986) slated that,
althangh the exact ratio s wnknown,  the reactlon  favaurs  NOz-

Enrmation ovar M3 Locinton

the cheajeats nsed by Ve tranpping solutlon bo mensure NOx ave
drvived from the Geiess vosgenl for Lhe nibrite jon (Griess, 1470).
The  eoaction  ta based o Lhe dinsotionlion of mn aromatic amine by
nitrite in acid selntfon Toliowod by coupling of the dlnge  compoutd
®Uh an o avemalle  anine ar plienel Lo Forw an Intonsely coloursd ngo
dyec the orlgband Griess poagenl vontning  swlphmnilio seid (Lo
dinzol tant oy compaund]  and oCniphbhy lantue (Lo caupling uompouml)
i anlpharie seld solutbon, A medified Torn of bhe original  driers
peagent wns o produeed Dy Sadizean CH54) and has bocome known na Lhe

Urtenn-Baltzaan peagent,
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The dinralisation agent wav ~ltier he  sulfanllomlde or asulfantlic
netd,  Lyshkow {1HGR} repovted  hal  meiCnniiomide proved more
anltabie {n Loems ol rake sud intens)

of colonr development. e
orfrinn)  cound b resstoiib, o naphlhylaming wny be ropaced by Ne(1-
naplibhy by=ethylovedlamine dlbpdroshioride,  Bolber atabilily of the
vomgont snlulion wes oblafued by eeploylug bhe latber compound
Chyshkow, 19651, Nineen! eclds bnibit Lhe dlnno reabion and  Lhe
only  swilible orduile achls are acelle and Lartacie beoause of bhelr
solubilibys  Tartarte neld wis found Lo be superior bo aceblo nold
with rvespeet Lo pale aml intenaily of colour develaprent (Lyshikow,
106R),  Nowevor, oxalic (fheistie ok al., 19/0) and eitele sckl
(ot ler et xl., 1960} nve alsa been enployed.

A fuether  dmsrovesenl by he addition of Z-naphthol-3,0-disulphonic
neid disefinn anli {R-snil} to the reagent. was  repovted  (Lyshkow,
11 7he Resalt mendueed an inceeased rake  and Intensity of
eolour Formnlion, A higher  absorplion eifieloncy ab very low
nitrngen  dfotide conrentralions wan nlse obaerved. 1% is theorised
thnl the R-gall romples fo Lo dingotised coupound as a pralininary
winl dmi does nob peodien nodye,  the dinsg-R-sals complex reacts
wilh N wphlhy Li=otielenod tamine dihydrochloride alnost
inatantanessnly,  Thig the eotome enbnngesent 1a Lhouthl to ocutr ns
noveantl of preveuted decornssition of Lhe dinsolised  nlernedinbe
priop fo eonpling with vhe dismine dibpdeochloelde (Lyshkow, 19066},
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111 MATERIALS AND METHODS

1 Plent Materisl and Growth Conditions

Seeds of Glycine mux L. (var, PNR 5779) and Lupinus polyphyllus were
planted in vermiculite in plastic trays and watered daily with
deionized water. A nutrient solution (Appendix 1) containing
nitrute-nitrogen was added to the vater every alternative day once
the first leaf had expanded,  Plants which were reguired for
experivents in which the constitutive lorm of nitrate reductase was
under investigation wers walered with a nutrient solution in which
urgn was the only source of uitrogen. 4 compound inhibiting
witrification {N-serve) wis added to the deionized water of the urea
grown  plants. The plants were maintained in a phytotron chasber
wadvr cunivolied conditions of 14 lours light at 840 uEinsteins/m?/s
a2/

£ duy/olght temperature regime, ‘The relative husidity im
chazher wns 702 during the light period and 80X duving the dark
period.

The + firat fully expanded trifolinte leal of the soybean planis and
youngest lupine leaf was used in all the experiments.

Sceds of Zea msys (var. Ciba-Geigy 4141} and Pisum sativem (var.
#eteor) were souked overnight in water whereby a sulficient supply
of oxygen wms sxintained. Thereafler they were planted in
verniculite in plastic trays. Arachis  harts seeds were planted
directly finto vermiculite In the trays,  Doth the maize ond
groundnut  seedlings were grown st 14 hours light at 250
uBinsteins/m?/s ol 28/22°C day/night temperature regime. The
pbytotron chamber hed a relutive humidity of 70X during the day and




BOX during the wight. They were watered dally with tap wakter to
which wns added, on alteruntlve days, a nubrient solution {Appendix
1) contalniug niteabe-nitrosen.

‘the second lully expanded teaf of the malze plants and the youngest
Leal of the gromdvut. plants was used Lo condnct the experiments.

The pea goedlings were placed in n phytokeon chamber in which the
controlted conditions snre: 14 hours 1ight at 250 ubinsteins/m/s at
20/159C  day/nikht temperature regime.  The relative humidity was
naintained st 702 during the lighb period and 00% during the dark
pariod,  Matering of Lhc pen plants was undertaken twice a weck

using tep water and & nutrient solubion (Appemdix 1) conbaining

nitrate-nitrogen.

fhe experiments were undertuken using the youngest Cully expanded
leaf of Lte pea plans.

2 Coloriaeiric Assuys

2.4 Nitrato Colorimetsic Aasnys

Tie salicylie ncid method developed by Cabaldo and coworkers (1975)
wes  the method predosinantly emploged ko messure nitrabe. This

nethod s based on Ghe [nrantion of & vomplex duving nibration of
saticylic acid under highly ncidic conditions.  The complex absorbs
wxinnlly nt 410 om in basic solutions (pif 12}, Aliyuots of 0.1 ml
were plpeted into tesi tnbes and mixed thoroughly with 0.4 ml of G%
(u/v) salioylic nefd o concenbrated sulphuric acid,  After 20
minubes b room Lemperalure, §.5 mwi of 2 N NaONl was addad slowly in
order Lo raiee Lhe pil above 1Z.  Alter the sosples bad cooled t
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room Lemperature the uhsorbunce was meusured s 410 nm  against
ealibration curve {¥igure 3).

Ansatbaace (410 wrh

asl

o1F

Py - e
0.2

0 01 a6 o7 10

Nilrate Concentration {umol/0.2 mi)

#igure 3. Nibeate Calibrablon Gucve.

of bitrate-t way bhat developed by loe {1978},  ile used n cadmivw
cobuer couple to tedsce ulbrate o wit

a

A turther colorimetric melhod which wrs used for the detevmination

e, 'he effectiveness of
this couple in vonverting nibrake-N te nibcite-N is shogn in  Figure




nitrate concemtration is

1y ining nitrite
1980}

using potusgium nitrite stundards.

Nitrito-N Cono. jug N/ mi) 10™%

[} 2 4 a 8

Nitrate-N Conc. {ug N/ ml)

then indirectly nssessed by

agaiust a calibration curve (Figure 5 a and b) prepared

s

Y iy

Recovery of Nitrate-N ns Nitrite-N using the Copper

Cadmivm Method.




2.2 Nitrite Colarimetric Assny

#he anly colorinetric assay employed to messure nitrite levels was
vhat based  on e work publfehed by liageman mid Keed (196D},  They
voparted that in a ptrongly scidic wediwm, wi

rite reagis with
aulphanlamide  te  form  a  dissoniun  coppound  which reacta

auanbitaively with N-t [-naphkhy))-ekhylevedianine ¢ihydro-chlovide
L form a strougly colowved sso  compound.  Adlguobs of 1 nl of
sample wern added to 1 i awlfanilanide solubion (1% (w/v} in 2 N
1) To rhis was added, ol of N-(i-naphthy))-ethylenediamine
dihwdrachloride solntion {0,923 1w/v) In distiiled water).  The
colour  was allewed te drvelop for 15 ninutes whereafter the
absorbance al 540 vn wns deterwined,  Potassium nitrite standards
were wsed Lo produce a enlibratlon curve (Figure 5 a and b).
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20

Absorbance (640 nm) 10”3

Figure 5 u,

0.8 1 16 2 25
Nitrite Concentration {nmol/ml)

Culibratien Gurve for Lower Nitrite Concentrafion
Range {0 - 2 amol/mi).




Apsorbanos {540 nm}

0.8

. n . . .
0 & o 16 20 R6 80
Nitrile Concentration {(nmel/mi)

Figure § b, Oalibeation tuveve for Nigher Nlirite Concenteation
Hange (G ~ B npal/el).

8 Nikeabe and Niketle BxLraclion Exporimentn

The morl  soitable ol for Lhe exbraction of niteake and aitrite Crom
rovhoan, grenndurl apd  fanlae leal  Lisene  was  delermined  usiig
Indsreed Trayons Tes loduetlon prasudures wore Invosbigaletd;  vaouun




hours  or

induction
LowelLing,

{ntiltrabion (0.2 pollg for 40 seconds
Szuetion wmedium {25 wit potassium nitrate) followed by immersion in
the induction medium in the presence of light and oxygen for 3-4

slbernatively,

nltrate solutlon ln the phytotron chamber.

veriod,
weighed and i

repented 3

Limwes)

of the

induction by floating op 2% mM potassium

erged  in

altrate and nitrite levels dotermined,

on completion of the
the leaves wec dried by blotting with paper
& 0.1 K potassiua phosphate
butfer and placed inte a-boiling water bath for 20 minutes.
values investigated renged from 5.5 to 9.

The pHl

Aliquots were removed and

3.1 pil Experiacuiy
Table 1. Inducbion of Groundaut Leaves by Vacuum [nliltration
tollowed by jmmersion in laduclion Mediwm. Boiling at
Different pil.
Batling pif Nitrate Bxtracted Nitrite Extracted
. nmol/gwt)
5.5 4628 1 415 15 0+ 2
6.0 6215 1 1700 wox
8.5 7362 & 892 19 3 1
7.0 5680 & 1668 M o203

(4 roplica

tions of each)
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Table 2. Laduotion of Soybean Leaves by Vacwum Infilirabion N s
followed by imwersion in Induction Medium. Uoiling st
Bifforent pi.
loiling pli Nltrite Extrasted :
(nmal/gfwt)
.
5.5 362 & 20 2 i
. 6.0 397 & # CREA
6.5 s 1 19
7.0 11
“
14 veplicasions of each) s
Table 3. Lnduction of Soybeun Leaves by Floating on Induction Lo
HedLum.
%
S,
501 1ing pt Nitrate Exteacted Nitrlte Bxtracted LI ‘
nm0}/glHL ) g
5.5 LU T | a1 ¢ 2
5.4 W op 2 2 % 2
6.5 676 & 58 1 8
7.0 1 16 6 £ 12 .
{4 replicattons of each) .
“
}
]
¥ < il .. )
f




Table 4.
Medium,

ITaduction of Groundnubg by Floating on Induction

lBoiling pit

Hitrate Bxtracted

Riteite Extragted

amol/glwt

3180 & 501
6078 1 66
8404 & 1057
3084 + 308

e B

N~

(4 replications of each)

‘Table 8. Induction by ¥loating
Induction Mediua,

of Lupinus Leaves on Lhe

Balling pl

Ritrate Extracted

witrite Yatracted

{nuol/gtwt)
5.6 36202 ¢ 2000 25 & 1
6.0 28720 & 1318 28 2 6
8.5 20018 & 4486 2 & 1
7.0 34742 4 5997 %ot 9

{4 replications of each)

USRI Sa———
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Yaetun Tuft)seation of woybenn Jenl tissue followed by lmmerslon in
the  dudvebion sedive was {mim Lo be wowibable ainge high levels of
nibeibe geennalaled in the loaf Glasus sa n vesult of looalised dnek
condiLlong ocenrring  {Tnbie 2)¢ Farkhermove, viaihie hruising of
the leal timsie vesulbed, Inductlon by Cloating the leaf tlssue on
the uitrabe contnlning mediom ablevisted Lhje prohlen (Tahle 3) and
was thus the yrocedive adopted throwghoul Lie study unless obberylss
atnted.

freeapective of  ludicliv procedure used, alknllue condibions when
hoilisg, weve foand Lo ho more  Tavesrabie for nlbrlbe exbraction
Trom the Jeal Iisswe of nll plank anecios (fuhiles |, 2, 3, nnd 6).
Stallavly hagher exieaction pli'a veaulbed v a  higher recovery of
teal nltealey fiovever the lalter teend wos nob g elearly deClned,

the  fevels ol nlteate extracted Prom soybean tenf' Lissue (uble #)
weg el dover fhan thal  extto ted  Crom groumduut  (Tuble 4) aud
tupineg {Talte §) Juaves,

PP



Tabie 6, Bxtraction of Mitrite and Nitrate from Leaves at

[
Speciny toiling pil Kilrite Extracted Nitrate Bxtracted
( [

wupines 7 3%+ 8 35026 & 4438
8 61 & 1 46180 #2444
9 66 + 3 51097 & 6082

Groundauts 7 21 & 0.06 31z ¢ 636
8 31t 4 3388 £ 116
9 v Al & 3 4304 & 706

{4 replicetions of each)

Extraction of nitrate and nitrite from leaves ab more alkaline pl
{7-0) appearad to be higher {Table §) howover inLerferance due to
the Increased ex!raction of leaf pigments ocourred.

3.2 Nigh Pressure Liquid Chrowatography {(HPLC)

Jigh prossure Llguld chromutography was undertaken Lo measurs the
efficiency of the oxtraclion procedura for nlivake fram the laal
tissue, Brunsslck and Cresswell (1986) roported Lhe presence of

d planl which nterl wlth the NPLC
detormlostion of nitvite. 'hus the daterminabion of nitrite using
thls procedure was not uadertaken.




Trdtced soybean leal Lissue was hoiled for 20 misutes in 20 ml
potassivm phosphate buffer. After an aliquot {supernatant fraction},
bud been removed the leaf tissue was homogenised (homogenised
fraction} for 16 seconds wsing = ultra turrax, The homogenised
somples were breabed with 0.058 M ¥280+ snd centrifuged in a Beckman
desktop (medel T9-6) centrifuge,  This cnsured the removal of
protein. which would otherwise interfere with the high pressure
Liquid  anion exchange chromatographic determination of nitrate
{Beunswick and Cresswell, 1988),  The carrier solvent used was 20 mH
potassivm phosphate (ph 2.95 - 3.00).  The chromatograph was run at
1.7 wi/min, 1200 - '2000 psi, with the elution profiles being
recorded at 214 nm, 0 ~ 1.0 absorbence renge.  Samples of 15 ul
were injected.  Dilution of the plant extracy (0.25 - 0.2x) had to
be undertaken to ensure that readings remained on scale.

Slandard curves weve prepared in the presence of the respective
media {Figure 6 A, B, and C).




Figore 6.

&l

Standard High Pressure Liguid Ghromstograns
(A = Blanks G = 0.5 ugNO3=/U.Inl; € = 1.0 ughos~/C.1nl).




Fable 7. Extractlon of Leaf Nitrate by Botling {Supernmtant)
suth by Orimding nfler Bodling {(Howogenimed) as
Neasuved by e IPLG.
Species toiling plt Nitrate Exteacted bitference
(umol/glivt)
Fupern. Tlomogen .
Sosheans b5 782 664 799 802 47 138
899 874 849 774 50 100
7.0 1628 675 1561 976 28 300
400 205 026 890 73 376
Gronwtuts 6.5 764 744 896 963 131 329
68l 749 696 100 L11 361
6.0 559 130 741 300 182 170
0% 568 798 044 44 476
6.5 1020 122 1163 377 143 265
1265 997 983 065 272 932
70 907 071 122), 725 a1 654
788 206 1164 24 976 219
Dty omess 6.5 130 680 1423 741 393 061
1036 001 1719 436 684386
[R] U6 117 159 226 490 109
08 UGG 1446 572 738 506
b.6 J10U 927 1867 285 768 368
i 747 1610 230 729 43
7.0 Ann 422 1159 475 200 954
940 213 1707 170 765 957




he dilference in the level of nitrale measured in Lhe supernntent
na opposed b0 bhe bowoseniand Fragtion of poybean leal Lissue was
low,  thus Indieating Lhab the 20 minute boiling period was
suiligient

o ensute  the extraction of this compound from bhis
specios {Table 7).  lowever thls extrnchion procedure was found to

e inclfective lop Whe feal tissue of hoth groundnuts snd lupines
sinee Lie bomotenined samnle contnined a warkedly higher nitrale

tevel rojative Lo the supernabank fraction,

4 Nitrogens Oxide {NOx) Praming Procedure

At Trapping Anparstus and Solutions

ALL the nitrogen oxide trapping experiments were conducted using the
apparatas an jllusteaked in Figuve 7. The leaves were immersed 3n
the relevant incnbation medism contained in the experimental tubes.
The experimental twbes were wesled wilth normak Gorning quick-Tit
bubblers.  Malnkenante of dack conditions was achieved by wrapping
Ue exporimental tubes in aluminivm foil.  The experimental tuhes
were Lhereafier placed In o constant Lemperntore waterbath at 280,

The fubos  coubaluing  the loaves were connected in series firsk o
tho nilric oxddiging Gulor each contnining A0 mi of the oxidising
reagent: 20 Wl concenlraled sulphuric acid; 50 mi concentrabed
phosphoric anidy 6 8 notassiud permangannte; mnde up Lo 2 liters
using delonied waker (huck snd  Stratwann, J467).  These were
followel by 3 = b fuben cach conlrining 00 wi of nltrogen oxide
neid; 0,76 i snifanilontde; 0.026
8 digedtum 2-naphblio =Y, B=disultonate) 0,026 & n-l-naphkhylethylene~

trapping sololion 17.6 ¢ Lavla

dlamine @ikl dissoived in ) Hter detanised water) {llarper, 1981},

Pueging of  bhe experiweninl apparatus with bhe nitrogen gas wos




Ing machine (M, WoslhoLP Olig Hochus). The
rule of #ns flow employed during nil the experipents ranged from 700

undertaken using o gas n

Lo 00 sl/min,  Yhe durntion of the exporiments ranged frow 10 - 30
winutes ducing which Lime Lhe nitrogen oxlde gases evolved werc
Lrapped.  Wherens the oxddising bubes were [ikbed with normal yuick-
it babblers, the Leapping lubes were fibted with quick it hubblers
vhich had boen modified Lo bave scinbed glass ends. This ensured
efCicient teapning of Lhe evelving gases.

Colour wae allowed La develop Tor ab Jeast 15 wimukes before
absarbnnce at B4 sw wns  weasuved agninsb o oculibration curve
(Flauve 8) prepaved nsing potessium pikrite atondards,




Trapping Solution
{Griess-Salzman Reagents!
NOT— NG »M05

*rn0, )

NO— 10,
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Oxidizing Reagent

Incubation Tube
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Flgure 7,  Exporimental Apparabus,
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(KMnO, ) (Criess-&almin Reagents)

NG—HG, NO7—NG; 3G

=

S%




oa

Absorbonga (640 nim)

006

oish

/

—

Flgure 8,

axiilising
fovel ol

disti)Intion
descelhtig the mensureant of tulleato and nitrito}-N Lo alkeline

O o2 o8 04 os 08
Mitrite Concsntralion {umol/ mi}

Koy Callbeation tueve,

A2 WiLrogoen Rewainlng fu Lhe Oxidiging dobutisg

e anani W ieatdon of the asonnt of nlivegan remnining bahind fn  the
soliblon  mud  Uhie voRniting In an undarestimablon of the

nvolved wns andoetnken. A modiflentlon of the
proveduee peiorked by Yedesco and  Keewey {1672),




"The

Msllalion  Leehnigies - ooloyad by Bremper  (L966)  were  also

ernansamn e atoaw

patasalus #olulions, was developed.

incotporated.

‘the developed wrogeture waR  employel Lo delormine  Lhe level ol
inornnic alivogen conpounds  remnluing  in Lhe oxidising molukion
after  incubatfon with fmineed (chp. {11 sectlon & 1) and nonpinduced
(supplicd  wilh 6 ab nilrate) soyhean tonf wnbocial,

A28 NOx Trappiog KEClciency Kxperinonts

4.1 Delovivad Rater

A discussed (ebp, 11 reelion 3.3,0 ) altrle oxide is oxidised to
uitrogen diogide belorr ronehing tho  teapplug solution.  Allen
{1813} roported that Lhe dissaluiion of nllrogen dioxide in water
wauld b expoeted b vlold equivalesl guanbities of niteito and
witrate lans, T extent of the dissolutlon had Lo he detormined.
The suifasilinide method {chp, 111 seation 2.4) waw eaployed to
dolermine Lhe concenteaifon of witeits {n the water teap.  Twe
colortuelric  peaeedures were wsed Lo minlyse the level of nitrate
prensat des anliuyile and conpor-cadnipn  {ohp, 110 ssetlon 2,1}
melkods,  The nibrale  concenteallion was aiso determined vaing tho
A (ebp, 111 soction 3,21,

A48 reapping dolutivn

Yhe afFieienor of Lhe  feapeing sotullon al eapluciug  bhe  gases
avolylmg  from  an bienbation wedium wns  determliod uelng Ghe
apparatug JElustented dn Figuee 10 A 26 ¥ KNOw  solution preysred




wslog a p o oohake baffers wlb 6,6, was contnined within  the
incubnkion tubes.  The  oxperimont was  conducted wnder nnaerobic
eandibions.

4.4 Phyaical Pactors Affocting NOx Evolubion

The apparates §(luskealod In Figure 7 ins employed Lo determine the
effock of il 15,6 = 78], niteite voncentration (0 - 60U mM) aml gos
Tlow fate (100 ~ 836 wi/nin) on NOX evolublon.  in ench ocase the
facubntion mediun ecrolsted of & bulfered 0.t N potassion phosphate
I for, The wvolvisie uwiteogen oxide(s) Kasen wore  mansurad
calprinetrionliy (ehu, (11 anchlon 4.1},

The effeel of phosphate finfTer pit on nitroken oxlde evolution was
slan eopduebed 1o fhe prosenen of Inaf material.  Nouindnead soybean
lenl gisnn (chos 11} seclion 5.2} was vnoma inllibrated (0.2 mullsg
for A sorands repeaked 3 tiees) with a 0,01 M phosphate huller, o
8.8« 8.0, coninluing 5 mM KNGz prier Lo incubablon under
anaerahionia.  The prosedurs an outlined in ¢hnptar (11 sectlon 4.1
wns (e followed,

A6 Naluyo of the Bvolvion tas

The nfure of  ihe evolvisg N cowmpounds  (rom u buflered nibrite
motution [pH B0} contnining no lenf watorial was  dotermined. ‘the
Lubies wepe  tacubaled wnder nnneroble conditions  In the presence or
nbaenee of an axidiabng solulion (N0 9 ROz},




§ LN VIVO Nikrate Reductaso Ausays

5.1 induction Experiments

In the inductlon experiments the .esves were supplied with 25 ad
potassius nibrate for 3-4 hou e in their respective phytotron
chiambers.  Whereas the soybesn and pea leaves were flosted on Lhe
induction medium, Uhe out edges of the maize leaves were immeriad in
#pecimen tubes cantainlng the nltrate solution.

Alter pxcoss moisture had been removed from the surfacd of the
leaves by blotbing with paper Lowelling their weight was recorded.
The experiment way then undertaken using the apparatus demeribed in
chapler 111 secbion 4.1 whereby the incubstion medium consisted of
0.1 K potassius phoaphate bulfer with a pil of 6,5 The experiment
wia  concluded with the extraclion of nitrate and nibrite in the leaf
tisgue by boiling for 20 minutes in Lhe incubation wedium. The
levels of each nitregencus compound  was then determined
colorimebrically {ohp. 110 sectlon 2.1 and 2.2).,  The level ol NOx :
ewlyed  during  the  incubutlon  perlod  was  measured
speckrophotomatrivally (ehp. f11 secticn 4.1},

5.2 Non-Tnduclion Exporiments

Trifolluten oblainad from urca grown soybesn plants were oxciacd,
wolghod snd jmmorsed in the %0 &l inoubation mediwe contained ln the
cxpérincatal lubow, The incubution medium consisbed of 0.1 W or
0,01 M potasslun phosphabe buftar with o pll of 5,5 unlass otherwise
stated.  The concentration of potassium ultrite, when added to tho
fnowbalion medium, ruiged Crom 0.25 @M Lo 26 wt.  The experiental
Appuratuy an descrlied In chapter 111 secbion 4.1 wan employed.
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On completion of tlie incubabion period the leaf tissue was boiled
Tor 20 minutes in the incubation medium and aliquobs removed for the
determinabion of nibrite levels (chp, 11f seotlon %.2) within the
extragt, ‘““his determination was only poseible in those cases where
lower levela of nitrite vere user in the incubation sedium. The
smousk of nitrogen oxide yases evolved during incubation was aiso
monsurad (ohp, T1! secbion 4.1},

6 Inhibitor Studics

vo inorganic inhibitors, potassium cyonide (KON) and sodius azide
(Nas), wepe employed to limit the smount of nikrile praduced
endogenoualy under the condibions of the in vivo nitrate reductase
ngsay. 10 both casus the concentration used was 20 wM. The induced
leaves wore drid by blotting with paper towellinmg,  weighed and
pluced into beakers containing 0.1 M potassiun phosphate buffer Lo
which had beon addod bhe Inhibitor and 13 cthanol.  Entry of the
inkibitors  fnto  tho  leaf tiwsue was Cacilikabed by vacuum
infiltration at 0.02 welg for 40 scoonds.  This infiltration
yrocedure was vepeated 3 Limes.  Prior to incubation the leal Lissua
wis ngain dried using yeper towelllng and  placed into  Ghe
oxperinental lubes (Flgure 7) contalning 20 ml 0.1 M potasssiun
hospliakg hulfer,  Ln Ulose casos where pobassium altrite was udded
lo the Incebatlon medlum tho comcanbrabion uscd vas 26 mM.  The
procedure os described Lu chupber TIT scation 5.1 was then followed.

The experiments ware terminabed by placing the experimontal tubes
contalning Lhe leaves lnto u bolling waterbath lor 20 minutos.
Therenftor Lho leal nitrake and nitrile levela were deternined
coloriwotrically {ehp, IIT saction 2.1 and 2.2).  The NOx evolved
during tha incubabics period was also messyred {ohp, 111 section
.13
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7

Poiling Studies

The sccumulabion of nitrite under dark anserobic conditions by
induced leal tissue was inhibited by the prior boiling of the leaf

amsterial, ‘

Excised induced leaves were dried, weighed and placed into beakers
to which wes added 20 al boiling deionized water. After boiling in
a boiling water buth for 10 wpinutes the leaves were dried by
blotting with paper towelling and transferred to the experimental
tubes conteining 20 @l 0.1 M potassium phosphate buffer. The
concentration of potsssius nitrite when added to the inoubation
vedium wag 26 mM.  Incubation then proceeded as described in chapter
11 section 5.1, The evolved NOx gases were messured

colorimeteically {chp, LIl section 4.1}.

8 Comparatjve Studies

The nitrogen oxide evolution ability of two obher species, Piaua

sativum and Zea mays, was examined.

8.1, Pisum Sativum

Leavos of pon seedlings were supplied with nitvate as desoribed in
chapter 111 section 5.1, After the leuf tissue had been blobted dry
using poper Lowelling Lt was weighed. Therealter the leaves were
vaouus infiltrated wilh 0.1 M potassium phosphate buffer containing
1% ethanol following the procedure outlimed in chaupber 111 section
6 After drying bhe leal matorial was placed into the experimental
tubes conkaining 20 ml 0.1 ¥ putossivm phosphate buffer (pH 5.5 or
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7.5}
was foliowed by incubation under the conditions of the in vivo

wikh or without the addition of 25 ®M potmssium nitrite. This

nitrabe reductuse assay using Lhe avparatus illustrated in Figure 7.

8.2 Zeu Mays

similarly the induced leaves {chp. IIf section 5.1} of maize
seedlings were dried (as described in the previous section), weighed
and  vacuue infiltrated with 0.1 # potassium phosphate bulfer
coulaining 1% ethunol {chp. 111 section 6).  The leaf material was
incubated under dark wnsercbic conditions in the experimental tubes
employing the spparatus described in chapter ITL section 4.1. The
sume incubstion wedium described for peas was used.

9 1IN VITRO Hitrale Reductase Kxperiments

9.1 Optimus pll Studies

Sophenn plants were supplied with pitrote one day prior to bhe
experisent. The youngest fully expanded trifoliates were excised.
ALl subsequent procedures were performed at 49G.  The leaf material
was honogenised using o Wareing blender in 6O mM TrisiCl buffer (pH
8.5) containing 10 uj FAD, 1w DPP (DL-Dithiotbreitol), 1 mM PHSF
(Phenylmethylsulfonyl flnoride), 1 wM EDTA (Bthylonediumine tebra-
ncelic acid disodium salb) and 1 ub NazMoOz at 1 g fresh weight per
5 ml extraction buffer.  Alter filtering the homogenute through twa
inyers of wmyelin cloth the fillrate was centriluged (Sorval RO-5B
refrigorated svperspeed ceptrifuge) for 20 minutes at 16 000 rpn {29
000 g). A supermatant sample of 15 &l was loaded onto an
equilibrated Sephiadex G25 column {21 x 1.85 on)  (Bronawick and
Cresswell, 1986), Nitrate reductase eluted with the void volume of




the column at 32 - 44 nl (Brunswick and Crosswell, 1986).

The in vitro nitrute roductuse sssay was conducted over a range of
p's.  The assay consisted af 0.1 i NADH/NADPH and 1 o4 KNO3 {final
concentralion},  Both reagents were prepared using a 0.1 M potassium
phosphate buffer.  After incubation for 30 minutes at 30°C the
reaclion wes terminated by the addition of B0 WM ainc acetate (final
concentration}. The Cinal dilution of the enzyme extract was 10x.

The optisum pil for the activity of the NR enzymes was sssesned by
colarimetrically determining the amount of nitrite (chp. 1II section
2.2) produced during the aseay.

9.2 Gulibrrlion of & Sephadex G25 Column

loaf Lissue obtalncd from urea grows plants was extracted at 1 g
fresh weight per 4 ml exbraction buffer (ehp. IIl section 9.1},
After Clliering the homogenate through two layers of wyelin cloth
the filtrate was centrifuged {Sorval RC-5B refrigerated superspeed
oentriluge) for 20 minutes st 16 000 rpm {28 000 g). Forty
millililers of the supernutunt was londed onto u Sephadex G25 column
(36 x 2.5 am). A [raction coliector was then used to colleet 150 ml
ag 5 ml sumples after Lhe 75th ml had eluted. All procedures were
conducted at 4G, o

The elublon of proteln peaks was measured by reading the sbsorbance
of esch fraation at 280 nm.

The in vitro ¥R mesay was conducted on each fractioh in the presence
of 0.1 wM NADH and 1 &M KNOa (Pinal concentration). ‘The
consbituenty wer prepared in 0.1 M potassium phosphate buffer (pif




6.8).  After lncubation at 30°C for 30 minutes the reaction was
terminaled by the pdditlon of 50 wM zine acetate (final
concentration) follawed by boiling for 3 minutes. The production of
nitrite was Laken us a measurement of NR activity and was determined
colorinetrically (chp. 11 section 2.%). "

The presence of factors which may interfer witk the nitelte sssay
(Brunswick and Crogsvell, 1986) was examined by adding 0.5 nl of
ench [raction collected [rom the Sephadlex G25 column to a range of
nitrite stundurds,

9.2 I VITRC HOX Evolution

teaf Lissue obtained from urea grown soybean plants was extracted in
the ratio of 1 g fresh veight to 4 ml extraction buffer. The
extrackion buftes had been propared us in chapter III section 9.1
wiih the exception thal 5 ud FAD was used inatead of 10 uH FAD.
After hosogenlsation of the leal maborial the homogensbe was
filtered through two layers of myelin cloth. The Piltrate was
contrifuged (Sorval RO-0B relrigerated superspeed cenbrifuge) for 20
minubes ub 15 000 rpm {29 000 g). A 20% and 50% snmonium sulphate
suturation ntep lollowod whereby the extract was centrifuged between
ench step,  The §0% pellet was resusponded and loaded onto a
Sephudex 625 column.  The in vitra R assay was conducked on the
elutent; under dark anacrobic conditions.

The: onzyme dssay consisted of 3.2 M sodium dithionite snd 0.2 mM
wouy) viologen (Dalley eb al., 1082) prepared in F sM sodlug
bloarbonate {Joily et al., 1876), e pii of this solubion was 7.3,
he ussay was conducted with Lhe appurabus employed in the in vivo
MR exporimcote (Figure 7). Aftor ke reaction was alloved to
proceed for 30 minukes ab 30°C it was terainated by aerating the
asiay mixture followed by the addition of 50 m# sino acetate snd




boiling for 3 minutes. fhe final dilution of the enzyme extract wam
Hx.

The evolved NOX gases were measured spectrophotometrically (chp. IIT
soction 4.1},  The loss of niteate from bhe agsay with the
conconittant production of nilrite wes detersined colorlmetrically
{chp 111 sectiona 2.1 and 2.2},

9.4" ¥ VITHO Stojchionebric Studies

i Vitro ic studles were on congbitutive NR

which had been purified according to the method developed by
Cumpbell and Kruy (1083).  Trifoliutes of urea-grown soybean plants
were ground to & [lse powder in liguid nibrogen using a pestle and
wortar. ‘The powder was then transferred to a Wareing blender and
honogenived in 25 md Trislicl bulfer (pH 8.5) containing 3 wN OTI, 20
uM PAD, 2 aM EDTA, 3 M PMSF end 10% Clycerol at 1 g fresh weight
ver 3 ol oxtrschlon huffer. ‘The homogenate was filtered through two
tayers of myelln cloth snd the filtrate centrifuged as deseribed in
chapter 111 section $.3,  This was followed by protein grecipitation
using 20% and 50X aswoniuz sulphate saturation steps. The 50%
pellet wng resuspendod (n 100 ml column bulfer (50 wd phosphate
buffer ab pll 7.6 contaiuing 1 aM BD¥A, 10 mM cysteine, 20 uM FAD).
Thereafter 50 nml KB blue-Lrisacyl M sffinity medin was added to
Lhis suspension.  Binding of Ni to the affinity media was promated
by continuous etivring for 30 minutes.  The blue-trisncyl ¥ was then
poured inlo & buchoor Fumnel und wushed with 500 wl of column
butfer. The coustitublve NR was clubed with 6 uM NADPH alter the
affintly wedia had been poured inko & coluan,  Stoichiometria assaye
were thes conducted on the sollected ensyme Iractions,

The MR wssny conslsted of & oM KNOs and 100 uM NADPR.  Bobhk reugents
were propiied uslog 0.1 M phosphate huffer at plf 7.5,  Aflter




incubstlon for 15 minutes at 30° the reaction wes terminated by
addition of 50 mM zinc acetabe {final dilution).

9.5 Measurcment of Protein Levels

Thu. results oblained in the in vitro NR experiments were exprossed
on a milligram protein (ag P) basis.  Protein levels were determined
colorimotrically using the Coomassie blue binding wothod (Scopes,
1984}, 7o each aliguob of 0.1 ml, 5 ml of Coomassie blue reagent
wug  added, The absorbance was read at 596 nm after 2-30 minutes
against a standard curve prepared using Albumin {Figure 8).

Absarbance (895 nm)
25

2
) !
1
05
o A )
o 2 @ ® 8 10 120

Protein Concentration (ug/0.1 ml)

Flgure 9. Prokein Calibration Curve. v




1V RESULTS

1 Devalopmont of New Distillstion Procedure

it was found that the distillation procedure employed by Tedesco and
Keeney {1872} to determine the level of nitrogen remaining in the
oxidisinv solution was unsuitable,  On average omly 30X of the
niteate  initially supplied wag recovered after distillation (Table
8). Thus = modilied form of their distillation procedure had to be
developed {Tables 9-12).

Table B. Effectiveness of Tedesco and Keeney's Distillation
Procedure (1972) in the Recovery of & Range of
Nitrate-N Standords.

[Standards Titrated Calculated % Recovery|
Voluse Concentration
{ugd/m1) (m1} {ugh/ml}
0 1.50 % 0.4 21.0 x 1.98 '
62.5 2.80 3 0.18 39.2 4 2.28 29
125 1,66 & 0.0b 63.7 & 0.70 i
250 6,35 4 0.16 88,9 * 2,10 27
500 1173 £ 0.20 164.3 z 4.02 20




Table 9. Recovery of 500 ugh/nl ss KNO3 (¥) and 500 ugh/ul as
(NH4)280s (#) alter Substituticy of Reduced Fe by

bevarda's Alloy (DA) in Tedesco and Keeney’s Pistillation

Frocedure.
X

Mdivives | Ticeated Yol Caloulated Conc. % Rocovery

. (m1) {ugh/ml}
#0,5g Fe 2.90 % 0.10 203 % 7 41
*0.5¢ DA Excessive Frothing
0,28 04 1230 & 2.60 71 + 182 158
0.24 Mg | 6.65 3 0.0 w66 1 4 03
0,2g DA +
*0.2g Mgo 8,20 ¢+ O 434 0 [k

The substltution of reduced Fe by Devarda’s Alloy was found to be
unsuccesgful (Table 9).  Depontling on the amount of Alloy employed
during Uhe distillation procedure eibher excessive frothing {0.3g
DA) was obyerved of the level of nitrate-N recovered was higher
{0.2¢ DA) than that initially supplled.




Table 10,

. Kaeney's Distillation Procedure.

Tine sud Temperaf
Nitrate=N,

69

Substitution of Reduced Fe by 0.2 ¢ DA in Tedesco and
Effect of [ncubation

ture on Recovery of 500 ugh/mi as

Thcuballon Titrated Calculatod % Recovery
Conditions Volume Concentration
(al) (ugt/wl)

Distitl immed. 8.7 869 122
100°0/15 min. | 10.9 & L1 | 1626 & 154 236
10000/90 win, | 9.9 2 0.4 | 1319 & M 206
809C/15 min, 9.2 1288 188
809C/30 min, | 20.8 & L& | 1456 & 84 321
26°G/15 mln, | 18.5 ¢ 0.5 946 & 35 119
2°0/30 mln, | 5.9 & 0.7 826 4 98 95

Zero 2.5 350
L

An attompb was made Go
Moy (0.2 B/, by alte
incubation period {fable 10

increase the effectivity of the Deva
cing the incubation  tewperature
J+ lowever, it wus found that the

of nitrate-N recovercd wae higher Lhan that whioh  hed

origlnally ndded,  Simila
Lhe continued use of this A

» results were obtained in Table §.
1loy was ceased.

rda's
and
level
hoen
Thug




‘fubie 11, Recovery by Distillation of 500 ugN/m} as KNOx from
Alkaline und Aoid Pobassium Permanganste Solubions in
the Prasence of Reduced Fe. Incubabion ut Two

Difleront Tamporukures.

1ncubation Titroted Caloulated % Recovery
Gonditlons Volune Goncentration
(n1) (ugh/nl)
tero
Alk. 1000C 2.8 19.6 !
ALk, 259 2.1 7.0
Aoid 1009G 1.9 1.3
Acid  26e¢ 2.5 17.6

500 ugh/ul aa KNOs

Ak, 100°C 15.7 108.9 I
Ak, 2500 0.4 66.8 12
fotd 1000¢ 2. 436.1 8 !
Actd 2800 34,4 210.8 15

1n the mothod described by Tedesco sad Keeney (1072) an alkaline
pobagsiin  pocmangunato solublon was employed.  Mowever, DBuok and
Suratmunn {1087} favuured an aojd potaselum pavmsiganate solubicn.
The relative effogtivity of the two solubioms in Lhe presence of
reduced Fe and in inavion with diflerent i

was  Gested (Tablo 11). It waa found Ghat the gald potassicm




permanganate solution {(Buck and
bigh {ncubstion temperature

Stratmann

) 1967}

ragovery of nitrabe-N from the exidising solubion,
wore Lhen used %o defermine the most effective {ncubation time ie.
0 minutes (Table 12).

togethor

with

(100°C) wus more favourable for the

These conditions

Table 12, Bffect of Incubation Tine on the Becovery by
bistiliation of 500 ugl/nl us Nitrate-N from Acid
Pobasalun Permanganate Solutlons.

Incubatton Titrated Calculed % Recovery
Tine Yolume Concentration

(a0} {ul) (ugh/ml)

tero

i 0.25 & 0.06 1.6 & 3.5

30 0.25 £ 0.05 | 1.5 & 3.5

500 ugh/ul ag KNOz

15 8.05 & 0.05 | 423.5 % 3.5 81
a 6.90 & 0,10 | 183.0 & 7.0 93




Thus the developed distillebion prooedure:

% mls scld KMnO4 solution

1 a1 standand or sample

Beduced Fo (smount must be detornined) y
laubatton ab 2009 for 30 minutes

Distill after adding 10 wl 5 N MaOil

Titration with 0,006 N 2801,

Table 13, ECliciency of Developed Distillation Procedure ab
Recovering u Kange of Nitrate-N Standards.

mdnrd Titrated Caleulated % Recovery
Volune Concentration

{ugh/nl) {m1d {ugh/ml)

2 0.2 14

62,5 1.00 + 0.10 70.0 & 7.0 90
128 1.85 £ 0. 129.5 & 8,5 92
250 445 & 0.06 2415 & 3.6 a1
500 7.08 + 0.26 439.5 & 17.8 96

Althovgh the developed procedure was found Lo be elffective In the
recovery of a range of nitrate-N standards (Tsble 13), subscquent
experimonte  {Tuble 14) showed that 1 g of reduced Fo  wam
insufflelont Lo onsure Lhe complete w “dotion of reduced nitrogen
spocios to oamonia. T4 was found thab Lhe reduced ko dograded when
ant stored in & desicoater. I not sulfiaient 'good’ reduced ¥e was
nsald the oxidiniug solution fafled to tuen brown during heating and
the racovary of nilrate-N und niteite-H was markedly decrensed.




Thus the exact amount of reduced Fe which was to be used for a

speailic series of experiments

found to be 3g (Table 14}.

tested for

nitrogen standards (Table 15).

effectivity at

noeded to be delermined. It was
Thereafter the developed procedure was
recovering & range of inorganic

Table 14, Recovery by Distilletion of Nitrogen Standards

{250 ugh/ml).

Bifect of Anount of Fe.

Amount af Fe Titrated Calculated % Recover;
Volume Concentration
(s} {a1} (ugh/nl)
803 1 6.8 238 28
k) 7.3 256 94
5 4.2 287 104
K60z 1 6.8 238 98
3 7.5 263 9
5 7.9 277 9
AN }250¢ 1 7.8 263 28
3 1.5 263 97 !
5 8.2 287 104
18
21
2%
T 1




Table 15, Recovery by Distillation of KNO3, KNOz and NHs B
Standards in the presence of 3 g Reduced Fe. .

Standards Titrated Galculated % Recover, .
Yolume Concentration

(ugh/ni} {al) (ugh/ad) .

KO3

100 35 & 0.01 120 ¢ 4 100 . .

260 8 280 102 .

500 M 2 04 504 5 11 %6 .
KNO2 "~ .

100 3.5 123 100 s -

250 8.0 £ 0.3 278 3 9 102 g . o

500 15.0 & 0.3 525 & 11 100 L
(M4 Y2504 ’ 0o

100 2.8 123 100

250 8.3 + 0.3 209 & 11 106 A

500 15.4 & 0.2 539 & T 103 ™

L .
2 s 2 .
25
26
|




2 NOx Tropping Efficiency Experimenty

Table 16. Nibrogen Remuining in Oxidising Solution aftem B
incubation of Noninduced Trifolistes in the Presence
of Mitrate for J0 minutes at 28°C. Conducted under

Dark Anserobic Coudltions. o
"
Replications Galculated Concentration s
(ugh/ul.30 min} e
27.13 £ 1.34 - il
27,42 & D.82 -
21,42 & 0.82 L
27.42 & 0.82 ’ “
2% . .
¥
. | |
t
|
!
M 1




1
o
fTable 17. Nitrogen Remalning in Oxidising Solution alter .
Incubabion of Induced Teritoliates for 15 Minutes at
289¢.  Conducted under Dark Anaerobic Conditions.
Replications Caloulated Concentration) e
(ugh/ul. 15 min} i 4
1 2113 3 1.52
2 28,95 & 1.46
Blank 26,28 & 175
o
The level of nitrogen cospounde evolved by the soybean trifolistes | . i
wng which romained in the scid potassium permanganate oxidisimy N
solution was found (o be negligible in bthe presence of noninduced .
tritoliates {Tsble 16} and very low for induced soybesn tissue .
(Table 17}, , Nl
. \
W N

The volume of oxidising solubion required to emsure maximum colour
developrent in Lhe Lrapping solution was found to be B0 ml (2 tubes).




' Tuble 18. Dissolution of N0z in Water,
(Nitrite Determination by the Sulfanilimide

Hethod. )
‘
Nitrate Method Nitrite Trapped
(average) \

Eaployed {umol/glut.16 min}
Salicylic Acid /
Gopper/Cadniun 0.248 3 0,090

P LB /

The dissolution of nitrogen dioxide in water resulted only in the
production of niteite (Table 18).  Nitrate could not be deteoted.
Thus most of the NOx guses evolved by the leal tissue and oxidised
to N0z Would be mesaured. [n this way an undecestimation of the
anount of gases evolved would be minimal.

pars were in the presence of the
Leapping solution {chp. IT1 section 4.3.2). Experimentally it was
found hat of tha 164 nmol NOz* lost from the incubntion solution
137 ol Noz~ could he racovered in the trapping solution, Thus the
elfioloncy of the Lrappln. procedure was calcvlated to be alnost 90
%




3 Phyeical Factors Affecting Nitrogen Oxide (NOx) Evolution

The eoffect of the flow rote and
of nitrite on the evolution of nitrogen oxide(s} gases

was Cxamined in the absence of leal material.

incubation medium pil;  gas
consentration

3.1 &[fect of lncubation Medivm pil on NOx Evolution

NOX Evnlution {nmol/ml. 12 min}

[ 60 85 7.0 76
incubation pH

Figore 10, Effect of Incubution Medium pH on NOx Bvolubion under
Dark Anasrobic Conditions.

Presence of 25 nM KNOz.

Incubation in the

B




NOx Evolulion {nmoi/ml 12 min}

160

85 80 a5 70 76
Incubation pH

Figuee 11, Effect of Incubation Medium pil on §0x Evolution under
Dark Aercbic Conditions. lncubation in the Presence

of 25 wM KNOz.

The evoluglon of nltrogen oxide gases from a wedium
altrite was markedly affected by ¢he incubstion pis
acidifieation (pil 6.5 and bolow) of the medium resulted
lavels of NOx boing ovolved {Flgure 10 ond 11},
Nox avolution wnder neidle conditions ik

containing
Increaged
in  higher

The prosotion af
pavtloularty interesting




since the in vivo nitrate reductsse assays were conducted using sn
acldic incubation medium. Acidic conditions were csployed since
nitrite uptake into the plant tissue wus found to be favoured by low

plt {unn et al., 10791 Gray and Cresswell, 1961},

Table )Y, Recovery ol Nitrogen Dioxide and Nitrio Oxide at
Ciffecent Inculiation dedium pH in the Presence or
. Abuence of fhe Acld Permunganute Oxidiser. Experiment
Conducted using Nonluduced Soybean Trifoliates Supplied
with & oM K¥O3.

ncububion Medluz | Absence of Oxidiser | Presence of Oxidiser
it {Nitrogen Bloxide} Nitric Oxide)
{001 /g LWL 15 min) el

5.5 1.02 1.64
6.0 0,91 1,72
6.5 0,36 1.89
7.0 0.18 1.87
7.6 0,03 181

Fhosphate huffer pil also markedly effected the evalution of gascous
altrogen oxides [rom leal tissue (nominduaod, vscunm fnfiltrated
with & mi RNO3).  Inoreased aeldification of the incubation modium
pronoted the conversion of nitrite, which was found to acoamilated
ppdor theme conditions (Tuble 22), o nitrogen oxide {Table 19).

As the il of Lhe medius became more alkuline nitrogen diexide
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productlon Crom mibelte decroased markedly, On the other hand at . ,
lover pll vaines colour developsest in the Lrapping solutlon was
obtalned. Howevor, jnclusfon of an acid oxidiser under these
couditiany Lucrensed colour development {n the HUX trap. .

3.2 EITock of Potussium Nilrike Goncentration on NOX Evolution . i

NOx Evaiution {nmol/mi+12 min)

i
. g
Yo
. v .
. N
f
. ot
G L .
0 W 200 0 400 500 3
Nlielte Concenlration {mM)
#lgure 12, BCfeob of Differont Concentrabions of Potassium ' .

Niteite ab pli 8,0 under Durk Anneroble ComdiLions on
NOx Evolution,




An in
dncubstion medium i
(Figure 12), A particularly sharp rise in gas evolved vcourred
botween the concontrations of 15 sM and 50 mh. At even
oncentrubions the increuse In NOx ovolution is not as warked.

ingrense the gconcentration of potassium niteite in the

Tollowed by an incresse In NOx evolution

higher

3.3 Rffect of Gns Flow fate un NOx Hvolution

HOx Exgiution (nmol/ml, 10 min}

200

100 200 400 500 700 800
Gas Flow Rate {ml/min)

Figave 130 Rvolubion of NOx as Affected by Different Gas Flow

Rates, Inaubation in the Presence of 25 mM XNOz.




Nitrogen oxide gas evolutlan was showa to be directly proportionsl N

to the gas [low rate {Figure 13},

3.4 Nature of Lhe kvolving Gas

Tablc 20, ¥Ox Evolutlon from a Buffeéred (0.1 M potassium
phogphate) Potussium Nitrite (25 mh KNOz) Solution in
the Prosence or Absence of an Oxidising Solution. .
Conducted at pli 6.5 at 28°C under Dark Anaerobic
Conditlons in the Absenco of besf Tissue.

-~
— B
Troatnent NOx EBvolution e
(am0l/81,12 nin)
Withoul Oxldiaing Solukion A
+ KNQz 183 t 1§ E sl
: N
¥
Without Oxidising Selution B ¥
- KOz 14 .
With Oxidising Solution
+ KNOZ 08+ 1
3
#ith Oxidiglng Solution '
= KNOz 11
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Nitrogen oxide guses were trapped by the driess Saltzman trapping
solution both i# the presence and absence of an oxidising solution
(Table 20}, The lower levels obtained in the presence of an
oxidiger. would suggest thab Lhe polasaium permunganste is converting
the HOz o n NOX compound which remnins undetected by the trapping
solukion.

1IN VIVO K v Reductase {HR) Exporimenta

In vive nitrale roductase exper’snts were canducted using induced
{ultrate protroated) snd noninduced wurea grown sosbean plants.
Several workers ¢, 1981; Melson et al., 1983) helieve that the
conslitntive MR w..yme, ®hlch s oexpressed in the ahsence of
nitrate, s rosponsible for the NOx evolving phenomenon ohserved in
noybeun lenf Lissue. Howaver, the Inducible NR enayme which is
only oxpresset in Lhe presence of silkrate has not been direcily
associated with Lsia  phenomenon, irrespoctive of Lhe enayme
rosponsible it has been generally accepted that nitrite accumusabion
s & prerequisile for nltrogon oxide gag cvelution to oceur,

1t waw found that lrcespestive of whobker the planks bud been
suppliod with wibrale prior Go incubntion tha level of nitrogen
otide gasca evalved was conslatontly bigher under dark anserobic
vanditionn (Tables 21, 22 snd 23},

4.1 NiLrile (0,25 &M KNO2) Motnbolinm by Nominduced Leaves

Leal  tissue whioh ,had had o previous oxposure to inorganic
nlirogon, Ghus possessing only the conskitutive form of the nitrate
retduclaso  onuyio, wns  swpplied with nitrite in the medium during
Inowbaiion,




Table 2. {ncubation under Dark Amserobic und Dark Aerobic

Conditions of Urea Grown Soyhean Leaves.

lincubation Conditions Nitrite Utilised , NOx Evc ution

Gmr—eem(um01 /&1L, 30 min )]

D+ Ne 0.580 % 0.007 0.048
B+ 21X 02 0.431 & 0.061 0.025

95 % Confidence Limits.

Nitrite utilisation from bhe {ncubation medium i  .ars .o be wora e

efticient under dark anaprobic conditions as opposed ir devk serobic .

conditions (Tubte 21),  PNevertheless even though Ihe prousren of

metsbolieally available aitrate could not be detected iu <he lewf

Lisgue {data not shown) nitrogen oxide gus evolution waw found to
octur (Table 21},

The calculation of uncertainties for tables 21, %2 and 23 was
undertaken by stalistical evaluation and s givan with = 96%
sonlldange (2 standard deviationa). .




Table 22,

nitrate during incubstion.

Incubntion under Dark Anserobic and Dark Aerchic

Leal, tissue which had bad no nitrate pretreatment,

4.2 Nitrate {5 wM KNO3) Motabolisw by Nominduced Leaves

Gonditions of Urea Grown Soybean Lesves.

thus possesaing
only e consbitutive nitrste reductase rnzymes, wea supplied with

wouditiond,

nitrite accumulation

lovwer

occurs

lovel of NOx gus evolution {Table 22).

under  dark
acconpanied by

Incubation Exogenous Nitrite NOx

[Conditions Hitrate Produced Evolved
Reduction
E————(umol/glwt, 30 min)

D4R 10,716 £ 1,20 0.015 £ 0,007 | 0.15 £ 4,016

b ¥ 21% 02 20,004 % 4.13 0.003 £ 0.0003 | 0.04 0,009

95 % Confidence Linmits.

dark  serohic conditfons Pavour nikrate utilisation  from the

incubation medivm yet this is not reflected by the lavel of nitrite
aceumulated by the lenf tissue under Lhese conditions (Table 22).
Although nitrste utilisabion is

anuerobic
a higher




87 . g
Nitrate Metabolism by Induced Leaves
Leaf tissue which had been supplicd with nitrate for 3-4 hours prior by
to i thus ing the full 1 w0 nltrate §
reductase enzynes {constitufive wud inducible forme), wus incubated . -

iv a mediem lacking any form of imorgsnic nitrogen,

Table 23, Incubation under Dark Anserobic ond Dark Aerobic
Conditions of Urea Grown Soybesn Leaves after
Induction for 3 Hours on 26 wht KNOz. ¢

-
Incubation Nitrate Nitrite NOx 1 g
[congitions Utilised Produced Bvolved .
s (UBOL/EENE L 15 miR ) o

B+ Nz 7.47 & 0.32 1,74 + 0.37 | 0.36 & 0.03 3 :

b+ 2iz G2 4,33 ¢ 0.11 6,70 3 G.02 0.14 i .04
., ¥

. V. ;

95 % Confidence Lin.is. . R

The utilisation of nitrste by leaf tissue possessing o large
internal pool of metabolioally avallable nitrate was grestest under
dark  unuerobio conditions (Tahkle 23}, Similarly, the fevel of
niteite uccumulabed during incubation wis highest under dark
anaerobic conditions {Table 23).

Rosults obtained from similar experiments (Dreasler, 1985) revealed

Uit the levels of nitribe accumulated Ly induced soybean leaf
tlssue incubated in the light were markedly lower than those N




obtained frow leaf tissue incubated in the dark.  Whereas no nitrite

sceumufated under light aerchic conditions low levels (0.004

umol/gfwt.30 min} were extracted [rom leaves incubated wunder light
anabrobie conditions. The higher levela extracted fromw leaves

{0.048 umol/glwt.30 min).

5 [nhibitor Studies

tahibitors vere employed Lo limib the mmount of nitrite accumulated
Internally by induced soybean trilolistes under dark anaerobic
condivions.  in all the experiments conducted it vas found that NOx
evolugios wig highest when potassium nitrite (26 oM) was supplied
uxoéulmusly to the incubation medium {Tablew 24, 26 and 26).

uncler anaerobiosis was accompanied by higher levels of NOX evolution




5.1 Control Exporiment

Tuble 24. In Vive Nitrate Reduclase Assay of Induced and ,
Nonlnduced ‘Soybean Trifolintes in the Presence
or Absence ol 25 mM KNOz.

Troataent nitial Nitrite Nox
titrate Accumulated Bvolved
{0 L /B ML, 12 AL )y

[Nonind. . L3 2

Nonind. 4 KNOZ [ 396 & 39

46000 & 5000 1021 1 200 | 708 £ 97
+ KNOz o 1043 & 226
[bufter + KNGz %4 5 80

Nitrogen oxide gas evolution in the absence of exogenously supplied
potassivm nibrite way greatest from lesf tissue which had been
subjected Lo nltrate pretroabrent (Table 24).  Although this trend
s in accordance with the resulls obtained in chapter IV section
4.3, the lovels of nibrogen oxides evolved by induced leal tissue
differ sackedly in the two subs of experiments.  This can be
atbeibsted Lo Lo fach Lhat Lho exporiments perforned under soction
4.3 were conduated vsing leal tissue obtained from uren grown plants
whepeas  Lhe results discusaed here relate to experiments in which
lenf materinl was obtained from planta grown on nitrate.
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6.2 Sodium Axide aud Potassium Cyanide

The nilrate reductase enzymes of higher plants are particularly
sensitive to reagents which react with metals. In this respect
cyanide and szide are especislly offective (Hagemsn and Reed, 1980},
Both oyanide and axide inhibit the terminal activity of the NR
ansyma complex (Yenneslund snd Guerrero, 1679). The imhibition of
soyboun MR by oyanide involves the binding of CN- to the reduced
torn of molybdenus (Mo} with the subsequent production’ of an over-
reduced, nonactive Mo (Nelson ek ul., 1988).

Table 26, Ia Vivo Nitrate Reductase Assey of
Induced Soybesn Trlfoliates in the °
Fresence of 20 mM KON, 20 oM NaNa
and 25 wM KNOz.

v
“reatsent Nox Evolution
(nmol/gewt.12 min)
ind. + KON
Tnd, + KCH + KNO2 244 & 94
ind, + fiada 2 5 § .
tnd. + NoNa + KNOz 190 & 43
Bulfar + KNO2 171 2 36

Bolh  inorganic inhibitors employed ie. potuszium oyanido and sodium
anide blooked tis ovelution of nlbrogen oxide gases {Vable 25) and
nilrite wes lound not to acousnlate. However the former was more
olfective sl Inhibiting the produckion of bhe gas.




5.3 Bofling Exporiments

Hiarper (1981} bolled soybesn leaf tissee and found thab even bhough
he had infiltested the leal tissve with nilrite he waz unsble to
deteot the evolution of nitrogen oxlde gases. This he nttributed to
the inaotivation of Ghe cnzymen whioh he belioved wore responsible,
for production of theso gases.

Table 26, {n Vivo Nltrate Redustnse Assay of
Bolled Induced Soybean Trifoliates
in the Presence or Absence of
25 pM KNOZ.

Trealment NOx Bvolution
{nualfgfut, 12 win}

tnd. + Boil, 8 & 2
Ind, + Doll. ¢ KNOz an
Buffar + KNGz 43 4 42

fn accordance with Harper's (1981) work nitrite accumulsbion could
mot be detected und the ovolutlon of NOx gases was fownd %o bo
negligible !n bolled wsoybean Lrifollates wnder durk  avacrobic
condibions (Table 26).  However when niteite wag sdded to the
{nubation medium NOX cvolution was obtaited. '




6 Compurative Budien

6.1 Pean

able 27,

92

Nitrogen Oxide Gas Bvolution by Induced Peu lLoaves
unter Dark Anaercbic Conditiona.

Treatment Nox  Evolution
{nm02/gEWE, 30 min)
tnd. 23 2
Ind, + KNOz 487 £ 46
Butfer + kNOz 521 % 18




6.2 Maire

Table 28. NiGrogen Oxide Gas Kvolution by Induced Maize, Leaves
under Burk Anaerobio Conditions.

Treatuent Nox Evolution 1
{nnol/gtwt, 30 min)

Ind, % o+ 3
nd, + KNOz 638 & R0
. Bufler + KNO2 621 : 18

Nitrogan oxide gaw evolubion by both pea and malze induced leaf
tigsue {Table 27 und 28) was found to be lnsignilicant relaLlve to
the amount evelved by induced soybean loal Lissue (Tables 23 and
24}, Hosever as was shown in previous experiments (Table %4, 25 and
26) when nitrite 1t ‘added to the Incubstion medium NOX ovolution
dogs occur,

7 1N VITRO Nilrate Reductase Experiments

The tn vitro nitrate reduclase nssay was undertuben usivg the
appuentue 1liustrated in ¥igueo T to determina whether Lhe enzyme
could evolve altrogen oxide games, Prior te Lhis investlgation It
beouna necessary Lo perforn preliminary studies inta the optimum ph

s
4
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a : b
tor cnzyme nckivily (Table 20), specifio ackivily of the anzymes
(Toblo 29) and to culibrale u suibuble Scphadex GZ5 column {Flgures
14 and 16} N
#
7.1 Spesific AcLivily and Optlsua pi! of bhe Soybean HR Ensymer
i
Table 28, Spocific Activitles of NADI-NRe und the NADPI-NR
Enzynen Hengured over a Range of Assay pli's, e
(8 = superastont Crastloni P = peilet) >
-
Asany pif Spacific Activity RN
{awol NOz-/mg Protein.d0 min} N
ADIE i
Column 5 5,493
5.5 18,218 o
7 25,288 -
7.5 24,360 * .
8 20.258 .
81 7.5 2,821
no| s 3,052 i
|
{
uanp 3
Coluan| & 0,065
1,130
1,475 H
0,646 H \
0,409 o
1,403 . ;
0,871 :
. o

o P DR



the spacific uctivitles of the nitrute reductuse enzymes dilfered
vparkedly according Lo thoir reductant wspecifiolty.,  The NADH-NR
spocilic ennyses produced mora pibrite within theie pl optimun runge .
relakive to the NADPU-NR onzyme meumured over the same period of

Line {Tuble 28). W L

The o optlea for the achivity af the three nitrale resluctase . .
cnuymes present kn soyboan leal tissue all uppear to be pli 7 (Table i
29).  he il optinus of the constltutive NADN-NR enzyme (pl) 6.5) may
he concesled by thut of the inducible NADH-NR enzyme (ofl 7.5).
Simijariy, the highost activiLy of the comstitutive ¥AUPI-NR enzyme
wuy found to ha at ot 7 and ool pll 6.5 as s reported in tho
titerature, P

1.2 Cailbravion of Bephsdex G25 Coluss and Delerminatlon of
Interference with Nitrite Assay by Elutant of the Calibrated

Coluan N
Y
Brunawick and Trosswoll {1986) reporled the prosence ol endogenous * o B
loul cosponenla whigh interfered in Lhe colorimetric deteemination N R
of ulirite which accumaloted duving the it vitro NR assay. 1L was N

tlus niecessary Lo delernina whethor the proceduren (chp. 11T section
9) o bo used In the ourrent sbudy would be affected by these
raclors.

e el k] et Ane e s arersmclt—
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Fable W0, Iniwpierenen wilh ihe fnlorlwobric Ritrlke Assay by
the Soxbemn Lont hebeast Blubed Fron o Sophadex (26
Lodwmi, "
ratbion Hombor Peveent Incrosse or Deereaso
I Mhe Blope of e .
Mtrite Shandard tirve - .
t 207 *
28 o 5
* 0.52 & B
1n T K et
i LG * -
12 2,07 ¥
&} 260 % .
W 1,56 *
181y 2,07 ¥ i
w 240 %
21-23 2.7 % - Al
227 186 * .
w 200 * v .
L] 165 # .
an D) .
L .
Horer ¥ = deereaae in slope rolailive Lo Lhe nikrite atandard N
cupve,
£ = lunprane in alope velative 1o U ndbrite alandard
enree, s
: .
i .
; "
i)
SR ——
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Figuer 14, Kintlon Proille af frotein Peaks from Lhe Unlibrated

Senlindex 125 Coluwmy.
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0

75

g Nitte Produoed {nmot/mi»20 min)

12 9 4 6 6 7 B 9 W
Fraction Number

#igure 15. Blution Profile of Nitrate Reductese from the
Caiibrated Sephadex €25 Column,

‘the altrate reductase enzyncs eluted with the void volume {fructlons
1~ 12) of the coluan ab 80-126 wl {#igure 15},
to the relovant prateln peak (rigure 14),

This corresponded
Although 150 ml in total
wera collected no or very little interference with the nitrite
colarimetele sssay wos obtained {Table 307.

P
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1.3 1N VITRO ¥0x Evolation

4
Table 31. NOx Bvolution from the In Vitro Nitrate Reductase

Assay.

Experizent Nox Evolution Specitic Activity
{nwol/al) (nmol N0z-/ag P.30 min)|

suffer +

Enzyze Extrach 1928 3 0.517

Baffer +

Enzyae Extragt +

4y + RaDith, 1.452 & 0.186

Ensyme +

MY+ NaDith +

Kioa 1,384 % 0.517 2,226

MV = methyl vielogen and,
Nalith = sedium dithionite.

These cesulte {Tuble 31) suggest that the enzyme present in urea
groyn soyheon leaves is capable of producing nitrogen oxide gases or
alternatively the nitrite produced due to the activity of the
oltrate reduothse is being chemically reduced to o nitrogen oxide

compound.




Table 32.

Nitrate Reduction and Nitrite Acoumulation by
Partialiy Purified Constitutive Nitrate Reductase.

itrake Reduced (Nitrite Accumulated % Recovery
e (umol/ng Protein.30 ninj——3
7.87 & 1.06 5.74 £ D0.21 5

The, presence of & stoichiometric balance between

nitrate reduction

und nitrite accumulation could not be obtained {Table 32).




¥ DISLUBBION

L Bfriciency of the ¥ilroden Uxite(s) Oxidising and Trapping
Procedure

The valiitvy of experimental data depends grestly on the efficieny
of the apparatus and procedure  employed.  Mlma the experimental
Byatem {Figuee 7} used  throughout the study wes exmmived ho
detesmine it's operaliut elficlenay with vespect to the parameters
weasured.  The lmporbani perageter tn this project being nibrogen
nxidela).

An previeualy discussed ¥he nltrogen oxide pases produced by &
bulfared inewsaiion adium gonbaining either soybean leal tlssue or
atteite  in wolubion are oxfdised Lo nitrogen dioxide arler lo
trampive in Urings Sallzoun resgents. 1t ia possible thet s certsin
proportion of thwese nikrogen compoudds cemain in bhe oxidialng

golution thus roaulbing in an undires! thon of the umount of NOX
#nses ovolved,  The level of wudetected wilrogen compounds remaining
in the acld patassiss pocraggesnte Bolubion was moasured alfer a
wodifled distiilntion progeturs {chp. 1V section 1) based en bhat
repovted hy Tedesco and Breney  11972) hnd  been  developed. The
exprrineptel  data abows  thal no inceganic nitrogen combounds weve
detectad Wishin the o bilser ofter incubnblon of nonindnged tent
thesne  (Tabie 18) wherena low levels were moanured lu Lhe poLassinm
vermpgaate aolulion aq the presenon of ludiead  Gritolintes  (Table
"y, fhe lutber miy Be atbributed to the higher levals of NOx
suaes evolved by soybean lonees shich Wad wivvabe protreatment.
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tor

The rengents responsibie colour development In bhe Ctrapping
salublon ie, firioss-Bailwman  rengenbs ara specille for the nitrite
Jon,  llowever Allen (1973} stated Chat dissolution of mnitrogen
dioxlde (product Al he pokasatua pechonganste oxidation yenstion)
neours in the pres nee of water vlelding both nitriteé and nitrake
domn, ‘the extenl of {he dinsointion was fnvestigated. [0 support
of Nean and farperfs (1BUG) statewent ik was Cound GLhut no nitrate

conld bo debected (Tahle 18) by any of the thvee progedurcs employed.

2 The Rffecl of Govtain Phvatenl Facters on fteogen Uxide Gnn
lvolution From & mffered Polassium Ribrike Soletlon.

The ovolulion of WOx was fownd Lo be atfected by the pll of the
the
Ineranaing acidiby of and nibrite

inenbnlion wading, (he goneentration of pokassius nibrite wit

solution amd e wny §low rato,
eoncontratlon in the lnenbatton odinm rosulted in grenter levels of
vitragen oxidaln] graes belug peaduced (Figuees L0, L1, 12 and Tuble
1), These pesuite coprelnte woll with Lhe chemignl belaviour of
e nltrivte  lon in sobukien. Under neldic conditions the
eai3ibrinm between Hhe niteite ion (N01=) aud niteows ackd  (INOz)}
vonld he shifled  Lowsrds Vhe Intboe compound, 1L was veported by
Mtly (Y98A) thal when  nilrous  aeid s present  in  high
roneentratinne 1, decompnsea pendily ko nitric oxide (MO} and
Bltvagen diaxlde (M), Vhese progucts have beon tdentilied as  the
nitpeen oxide(n)  cumnonids  evolved by soybean trifolintes wherehy
nitrie oxide predominanta,

The offect of phosphate Imffer pll on  gnsequs nibrogen  oxide
produstion  in Uie presenes of feaves ander dark auaeeobie condiblons
wig preastod by acidily (fabte 18he Tuls Dnding suggested that the
Mix  produced by {he leaves resufbed from the convarsion of unstable
plielte bo allvogen dincide.  lowever ns condibions bHooame wore
atkalioe n shaep eedacbion  |n nitrogen dioxide produckion from

nltrito vas obreeverl (Tabie 18] during the in vivo nssay.  An
R
r. i
o ’
Ead
i e i ]
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The vengents tor gofour d

t in the brapping
wolubivn  le. GrieswHallzmnn  reagents are epecifle for the nitrite
Jon,  dlowaver Allen (1898} shuted thed  diseolvtion of nitrogen
dioclde  [producl of  Lhe potnssise perwanguiate oxldablon reaction)
ogeurs 10 the progener of water yleldduwg both witeive sod nibrabe
fong. The axkent ol the dissolubion was lnvesbligabed,  Tn subport
of Dean and lnenes's {{986) stubegent 16 vag fonnd  Ghet wo uitrate
eould he delocted (Toble 18] by sy of the three procedures emploged,

2 the Bffent of Lerhain Phivelen! ¥nctora on Nitrogen Oxide Cas
eolution from n Wwfiored Polaznium Nibrike Solution,

The cvalulion of HX was Touwd ta be atfertod by the p of the
Lacubaf jon modlim,  the ronceubrabion of pobaseivs wierite wivn the
solutlon aud the sas floy rabe.  Tneror ‘g aoldlby of mwd plbeiva
enneenteatlon i Fho ineobalion wediup ropul i Ln geeater Levale ot
nibengon oxkdels) xases bolw prodneod (Figeres 10, 11, 12 o fable
1), Yhean pesults corpeinlo woll witlh Lhe chamical behaviowr of
(e pibeite Gon In o sofution. Under neidic conditiona the
et Lbeive botunen Vhe sltrile ton (8027} apd nikeona acid  (JNOz)
would Be Skifted {nwamin the intier compomnd, 1% was reporbed by
deliy (1984) et when  wiirews  aeld 1s present  in high
caneontent fons £ droompoes vosdily Lo mivric oxide (ND) and
altrogoy dioxiie (M2).  Ihese praduste have been ddanbified as  the
uliemgen oxide(s) compomndn evalved 1y sorhaws Le{Folinten wlievony
altrie oxife predoninants.

Ahe offeel ol phemphale buffer b on gnsoous ulbvoson  oxlide
swodiiet inn in the presence of Joaves amlor dark anacveebld gond!bions
W promated by aeddity (Yable 181, Thix Pinding swtested bhal the
Nix o prodieord Ly Uk leaves verabod Trom the couversjon of unstable
ulleits to pltrogen dloxide,  However s condibions bacame more
alknline & sbaep eolwetfon tn witvogen  (loxide production from
nihrilo wan obsorved (fable I8 duving the in vive omsay.  An
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oxidigor did mou weed to be included to obbain colowr in the
trupplng solution under acidic conditions. llowever the inclueion of
the acld oxidiser resulted in increased colour development.  This
suggestad that anabher species of gaseous nitrogen oxide was present.
in the gus strean coming from She soybean leaves. .

Similarly, the level ol gaseous nitrogen oxide(s) increased with gas
Clowrrate (Figure 13).

2.1 Nature of Lhe Evolving Gax

1t hag genorally been accepted by nll workers that the most nbundant
gugeous N compouad derived from acoumulated nibrite within the v ‘ﬂﬁ‘g .
soyboan leal Lissue during the in vive #R assey ls nitric oxide s
(N0} Aw proviously slated the ovolving nitria oxide is oxidised N
Lo oitrogon dioxide {NOz) by the acid potassiun permanganate
solutlon prior to venching the trapping sciution. The colour Al
rasctlon withln the teapping soiution is specllic for nitrite lona. N o

The exporimentul data {Tuble 20) chtained would suggests Lhat the W
evolving gns is nob nitric ovide. Experiments conducted in the
abgence of an oxidiging solubion prodiced a colour reaction within
the trapping solution which was typicwl of that cbserved in the
prosonce of nitrite (Table 20), lowsver this cemnot be considered
us conclusive evidenco thakb a compound other than nitric oxide was
produced since nikrile is readily converted to nitrogen dioxide.

27 el L e adatstenn e oS



31N VIO Birate Hoduekase Anway of Hoybenn trifolintes

Bl Bxbractios of heal Riteale nmt Nileiie

Peler to cominclng esperivenis  velased fo the Inerganle nibrogen
molabolisn af leal Ligsws it vian wecessary Lo determine Lhe optimum
condilons Tor the oxtraction of the slivabe and nitrite oontained
within khe leal malovink,

Geaves otained  from  growdnut, lupine and soybean plante were
supplisd with wlivate prior §o exbraclion loilowing one of fwo
pracadiren ke nlther be fuilially vocme {nftleating  fodloved by

immersion  in the induetion modinm or by Flontiug on khe industiown
medium,  the father sroraluee was fotnd to be more favonrsbie (chp.
111 seetdon 3,10,

Terospnerlve ol the indielion proceduve employed wove alhnline
oxtpaction rondtliong favoured the exbragtion of nlbeite from the
Anad thamun of abl plant wpecics (fablen L, 2, @ nnd 5}, Although a
almiiay tvend for wiirmie exleaction was obbtained, [t was ot
aloarly delineit wud Une high pressute Ligudd chroxatography (IPLO)
W onprloyed.

e BILE data {Table 7) obtaieed showed  that  wherons  Lha loillng
axteaelion  wwosedwss  {rhp. 110 koctlon §) oesred  Lhe  Gobal
rxtrrelion of niteale fron soybean teifotiates a sindlar trend  gonld ¢
not. he ahlained for deousdunl mid fipine lenves. s, aduhengh
Inttialty  theee  Ireme  apreion were  cxamined, due Lo prohlews
meonalered Ty the extesetion of foorganie niicosgen gomponnda from

Fhe graswliwt aod Sonhpe Ionves Lie projech was eoni oot on  soybenn

wlants oniy. Z
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3.2 Luorganic Ribrogen Motuboliew snd Nitropen Oxide(s) Gus

HvoluGion in Hoybean 'eifotintes

8.2.n Inorganic Nitrogen Motubolism

Nitrate reductlon was Found Lo oomur ander durk aerobic conditions
ITables 22 and 23).  7This stamls ln direct opposition to the widely
held helief thal nibeabe reduction is steictly light~dependent.
{Eanvin and Alking, 19747 Alkins and Canvin, 1975; Sowhney ot al.,
1978 n wnti by Gaavin wnd Woo, 1979; Woo and Canvin, 1960; Reed and
Dauein, 1982}, Thus Lhe assimilabion of onltrate under dack
conditions occirs alomt o photosynthetioally independent pathway.
he tireakdown af cartohydenben nag be Luvolved in this process (Row
et ni., 1982).

Bark inaerobic conditions nnd bhe thereupon resulling nceumvlation
of uStrile by lea’ Lissue bas bren the basis of the in vive MR
sagay.  Hetremivatlon of nitrite levels should bhus, theoretically,
provide a dicreh measmremont of the amount of nitrate rednced.  The

relevant  rxprriments  condueled (Tables 22, 23) falled to produce a
aloichionetrical relalicnship betweon nileate disappearsnce  and
piirite accummintion mugtestlng  that nitrite reduction proceet-
undar dark spaerobie conditions.  This was supported by the findin,
that sibeite ukifisation snder duark anacrobic condibions oceureed in
the alisence af w meintolienlly aotive nitvate pool [Table 1),
Howgver, Lhe possibility thek nibrate nay be derived (rom the
oxidntiaon of ammonium e hypolhesised by Math snd Cresawell (1987)
and Sehiolrs (1986) was nol taken into cormidevablom.  Alberustively,
nitrsle veduclion vir r palhway nob lnyolving the formabion of
niteite conld he ¢e imder those condltions.  The evalulion of
nltrogen oxide gaales b the protuck(s} of bhis patiway.

The aocunulakion of nikeite uuder dnck  annerobls asndittons (Vable
28y ean be abbribuled ko the Almultaneows ocomrene of lwo
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protessen  hwvolelnt  bhe  mitoehondrla. in whe Iirst ingtance,
annerohiosls inhibits witochondrinl oxidablon of NADH.,  Thies NamI
eail redice oxaloacobate  bo malate  vis o reversible  malate
delvdvorennne teagtion wiihig the sitoulondrla (Wiskich, 1U77), 'he
veduedng equivalents in bho Foem of malsbe Lhen beosme avallable for
nlteste cetfucbion fn Lhe eytopisam vin Lhe walaLe/oxsloncebnbe
shuttle  (Palmer, 1976; Winkichs 977}, bno to khe inureased
avallability of BAUE under dnck  suserohic condltions bhe rate of
nitente reducktion exeoedy that of nitrite reduotion. This leads o
the secumelabion of nilelie,  Secondly, comlitlons leading Lo the
inhibition of bthe mitochondrinl ressivabory electvon chain reault in
u depresaion ln the ATFZABP rablo.  low ATE leveln in Lure stimulate
the activity of Lhe Rkey glyeolybic ensyma, plioaphofructokinase.
Than wider Awoerobse conditions, nil avellablo carbon compounds ars
chasnniled through glycalynis lor the genevsblon of AT in whet is
kuown ag (he Prstewe BPPeck'.  Thas osowrs  ab the wxpense of
nitrite vaduction via the axldative pentose phosphate poblway in  Lhe
ehioroplaat (Dey o aloy 1B, Thia srgunent was supported by the
fimting thal under eondilions Pavourisg nitrite scenmulation, a
vapld depietion I 1w iovels of glucose-b-phosphate ccoursed (Dry
b b, 984D

ttueose-Gepivsphate,  the aubatente of  the  oxldabive pentone
phomphate patheay, is oxldined Lo Corm NABEI under dark sevohlic
eanditionn.  The NABPIE so genoraled serves as nn olestron denor  For
Uie  peduclion o [eeeedoxdn by bhe  Ferrodoxin  oxido-reductase
renction (Kow et nlo, 1902 Hen-ghalom ot nd., 1988),  Mhua nibeite
roduetion enn proceed under dack aorobic conditbions.

3.2.h Nox Bvolutlon

‘Me proronee of  high levols of wikelte within bhe leal tlesue
{Yablos 82, 83 wnd 24} or Inoubablon medium {Tablee 24, 25 ad  26)
were  fount Lo nccompany  NOx  evelutlon suggesling tlwb  the NDX




ovolving wyntom muy reprement a meohanian whoreby tho accumulation
of toxic levels of nitrite can be ¢vercome.

Klepper (1979 &) suggested thab the mechunism responsible for the
evolution of nitrogen oxide gubes from soybean leaven im based on o
venction. aupport; for this hypothesis was

obtuined when nitrogen oxide gas evolution wam observed from nltrite
containing medlus {r tha absenca of leal material (Figures 10, 11,
12 and 13 and Table 20) and from a buffered nitrite medium
containing leal mmterial with inbibited nitrate reduction capacity
{Tallos 24, 26 snd 26).  Simllar vesulba wore oblained by Anderaon
and  Levine (1988), They reporbed the evelution of nitrogen oxide
gnses from 4 Nitrosomonas curopaosa culture &8 a result of Lhe

ronenzynatic decomposition {chemodenitrificakion) of high

concenirations of nisiile.

An engzymatic mechanism wus proposad by larper (1981) who stated that
HOx gas evolullon In Giyeine max invelves one of the hhree nitrale
reduclam onzymes found in the leaves of Lhis logume. IL was later
whown  that NOX evolution appesred to bo associated with bhd
conatitutlve NR (NADMIl specifie} uctivity in young coybean leaves
{Kelson el al., 1983; Ryan et al., 1083; Dean and iarper, 1888).
The close association bolween consbitutive NR and NOx evolulion im
supported by the 76% recovery of reduced nitrate as nilrite {Table
3237 lowever Ghiw cannot be Laken as conclusive evidence that thiw
enzyme ia responsible for NOx phenomenon.

The resulls obtedned {n this stady isdloste thal a nonemeymabic
mechanian iy operetive, llowever the lmporiance of an enuymabic
mechanisn s been clenrly shown by other workers in the Cield,
Thus 1) 3s proposed Lhab bobh & nonenzymatio and enzymatic  mechanism
vpersie resulting in the NOx gas cvolubion phenomenon commonly
chuerved in youny soyboan loal tissua,

P ———



Witrogen oxide gos evolubion snd the occurrence of constitutive
niteate reductases are phenomens linited to the physiologically
young Tully expanded leaves of the moybean plant,  Thus it would be
expected -that the highest rates of nitrate reductase activity are
cxbibited by these lesves {Harper, 1381},  Conseguently, young
soybenn trifolistes supplied with nitrate either prior to (induced)
or during (noninduced) the in vivo MR assay shoutd be able to
capidly reduce the available nitrate to nitribe reaulting in a
marked increase in nitrite conceatration within the tissue.  These
Jevels may mot be attainable in older leaves of the soybean plant,
in sogbean mutants lacking one of the three nitrate veductises or in
othier species which possess the normsl complement of the NR enzyme
fe. the inducible nitrate reductase enzyme only.  The great
enzymatic polenbial of soybesn leaves to quickly furnish high levels
of nitrite {Klepper, 1979 o) wag illustrated by work published by
Nicholss and coworkers (1976), In experiments conducted under dark
conditions they obtained in vivo nitrate reductase activities of up
t 100 umole 02/ gIwt , hour or 77 ug NOz-/ gEwt , min for the
soybean varieties they studied.

Duta published in the literature (Klepper, 1979 a; 1987; Harper,
1981) and experisental results (Figure 12) obtained in this study
show that the evolution of NOx gases is dependent on nitrite
concentration, Purzceld and coworkers {1978} have demonstrated that
sitrite facilitates a decresse in Uhe pH of the stroma due to the
functioning of the nitrous acid (HNOz) - mitrite (NOz-) shuttle. As
seatLioned previously the decomposition products of nitrous acid, a
weak ucid, in water (Durrant, 1962) sre nitric oxide (NO) and
altrogen dioxide (NOz) both of which have been identified as the
gaseous N compounds evolved by Soybean trifoliates. The acidic
conditions prevailing in the stroms as a result of the operation of

the ghultle [avours the evolution of these N compounds (Figure 10

wd 1.

Further cvidence in support of a nonensymatic (ROz-————3 NOZ)
redpction of nitrite was obtained when it was found that the




evolution of nitrogen oxide(s) occurred in the abmence of
ametabolically avajloble nitrate (Figeres 10, 11, 12, 13 and Tables

20 and 21).  This indicates vhat the NOX compounds are derived from

nitrite which was supplied exogenously. Kowever the possible
forwation of nitrate by the oxidation of ammonia derived fron amino~
N {Scholes, 1988; Watt and Cresswell, 1987) wos not taken into
consideration during this study.

Thug it is ovident that the phenomenon of nitroger oxide gas
evolution is based on the occurrence of two reactions : an enzymatic
and & nonenzymalic reaction. However, the question whether these
reactlons occur separalely or simulbaneously remsin to be answered.

The nitrale reductases present in the young soybean leaves sllaw for
the rapid accumulation of nitrite in the presence of an unlimited
supply of nitrate.  The high levels of nitrite srising as a
consequence ol this enaymatic reaction results in a decréase in the
stroma pH due to the operation of the nitrous acid-nitrite shuttle.
This event is folloved by the reduction of nitrite by chemical
reactions since the acidic conditions prevailing within the stroma
greatly promotes Lhe nomenzymatic decomposition of the high levels
of nitrite.  The products of this latter reaction ere predominantly
uitric oxide and nitrogen dioxide.

Nowever, racently ean and Hacper (1988) reported that the
constitutive NR enzyme belleved to be responsible for the NOx
phencucnon hes a higher alfinity for nitrite that for nitrate, Thus
it is possible that, under Lhe conditions described in the previous
paragroph, the accunslated nitrite i» reduced to NOX by both an
enzymatic (constitutive NADPH-NB) and nonenzymabic  pathway.
iovever, in Lbis case these pathways will oceur simultaneously.

HOx evolution was not observed in Pisum sativum (Tuble 27) and Zea
mays {Tuble 28) smince these specles possess only the inducible
nibrate reductase and not the constitutive nitrate reductases also
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Zound Lo be present in soybean trifoliates. Thus they sre unsble to
bulld up the same level of nitrite within the leaf tissue in the
same period of time when supplied with nitrate.  However when
niteite is supplied exogenously to the incubation medium  NOX
evolution ie observed (Tables 27 and 28), The latten observation
once agnin underlines the importance of high nitrite concentrations
as 4 prerequisite for the evolution of these gases.

Similarly the absence of nitrite accusulation, due to the use of
inhibitors and the bo..ing of ‘the leal tissue prior to incubation,
resulted in the ahsence of NOx evolution except in those cases where
nitrite was supplied exogenously to the incubation medium {Tables 26
and 26),

4 IN ViTWO Nitrate Reductase Aosay of Soybesn Trifoliates

4.1 Eniyne Studies

The ibree nltrate reductases present in the leaves of soybean plants
were found to differ in their ph optisa. The two constitutive NR
enzymes vwere wost active at pH 6.5 {Jolly et al., 1976) vhereas the
inducible NR, common to most higher plunts, preferred oH 7.5 (Rohin
ot al., 1985}, However, the optimel pH for the sctivity of the
three soybean NR’s ull appesred to be pH 7.0 (Table 29). The
failure to oblain the pH optima of the nitrate reductases as
repocted in the literature may be attribuied to factors which
modified enzyme extroctability and the relemse or activation of
endogenous inhibitors during Lhe extraction process.

Thus, olthough peaks in nitrite acousulation were obtained with
respeck Lo the specilio activities at the reported pH optime (6.5
and 7.5 Cor NADH-NR; 6.5 for NADPH} of the individual isozymes,




higher levels of nitrite were produced at p# 7.0 (Tabie 29).
Nevertheless, the enzymes differed In their ability to reduce
nitrabe during the in vitro NR assay. The inducible NR and the
constitutive BR which preferably utilise NADH a5 an clectron domor
both had higher specific activities compared to that mgasured for
the consbitutive NADPH-NR.  Tnterestinply it is the latter enzyme
which is believed to be responsible for the evolution of nitrogen
oxldes (Streit and Harper, 1986).

enzyse wilh such a low specific activity is able to evolve the high

It is queationable whether an

levols of NOX cospounds which have been reported, However, this may
he .explalned by work undertakes by Dean and Harper (1988) in which
Uiy found that the consbitutive NADPH-NR has @ higher effinity for
nitrile than Cor nitrate,

4.2 IN VITRO Nox Evolubion

A culibrated Sephadex G25 column (Table 30 and Figures 14 and 15)
wua esployed to obtaln desalted nitrate reductase enzywe required
for incubation of Ghe enzyme under dark anaerobic conditiona. The
data obtained {Teble 31) suggests that the comstitutive nitrate
redugtese enzynes are responsible for the evolution of NOX gases.
Yowever) as discussed previously the role of the enzymes may be
nuinly concerned with the reduction of the available nitrate. This
resulls in the accumulabion of nitrite. The further reduction of
nitrite could then proceed via & nomenzymatic pathway which does not
include the involveoent of enzymes.  Alternatively, the [ucther
raduction of nitrite could procced via a nonenzymatic pathway and an
enayaatic  pathwey NADPH-HR)  both

{constitutive ovcurring

almulbancously,




CONCLUBIONS

Present research investigeting the phenomenon of Nox evolution by
soybean ylants is concentrated on establishing the mechanism(s)
lovolved.  Thls research has wainly been focused on the canstitutive
¥R enzyme since 1t has been reported thak soybeen watents lacking
this enzyme do not evolve nitrogen oxide gases,

Although the preseént study has been unable to refute the role of
constitutive 3R as a mechanfsm, it has clearly questioned whether in
fact, the NOx evolution phenomenon can be solely abtributed to an
ensymatic reaction. The ipvelvement of a nonenzymatic reaction
cannot be ignored since NOX evolution was ohserved in the absence of
biological muterial when o high concentration of nitrite was
available in the incubotlon wedium.

Further rescarch needs to be onducted using  the  purified
constitutive MR enzyme to estoblish whether in fact a stoichiometric
relationahin betéeen nitrste reduction and nikrite accumulabion oan
be obtained.  In this way the importance of this enzyme in the
nitrogen oxide(s) gas evolution phenomenon may be established.
However, the possibility thab other enzymes may elso be inplicsted
way not be lgnored since {t has bean reported that the cytochrome
oxidose of certain microorganisms produces nitric oxide and nitrous
oxide during niteite raduction.

Furthermore, the prusence of a similur NR enzyme compllment {two
constitutive and one induceable form) in other organisms needs to he
establlshed, This is particularly important in those plant spacies
and microorganlsms which have been veported to produce nitrogen
oxides. These Clodings could then bs employed to obtain u clearer




underskanding of
#ikh the developmenk of the NOX evolution plienomenon,
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the possible ovolutionary advastages assoeiated
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AUPENDIX |

Long Ashton Nutrient Solatien

Chenicals stock
tg/1)
Micronutrients
Natl2 @04 220 0.8
Wgs0s Tz0 6.9
HnS0( 0.223
Gusos 520 0,021
g0y ey 0,080
Haito3 0.188
(Niis Johor 024 41120 0.004
CoS01 THz0 6.003
NaGL 0.585
Mucronulrients
KNOs 50,5
Calhualz 4.0
Urea 48,048
ek 3.0
catl 66.0
K2804 21,76
(Mls 12804 108.0
urea grown plants were supplied wikh wrea as the sole mource of
nitrogen while sitrate grown plants vere aupplied with nitrate

nitrogen only.
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