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HERODUCFIO}

ILight is the energy source on which plonts and
ultimately all living organisms depend. In addition
to its utiligation in the process of photosynthesis,
light has an ipportant regulstory role in plant growth
and development. Virtuslly every phase of plant deve-
loprent, and many othar ghyaiolégieai phenomena, not
intimately involved in development, are subjected to
rshotocontrol independent of photosynthesis. One of
the photoreceptors to recelive light signels from the
environment to translste it for the developmental
processes, is termed as phytochrome. A vast number of
light-controlled plant reaponses are now believed to
be phytochrope mediated, However, the agtual gechanism
by which P, . (active form of phytochrome) transmits its

gensory message to the cell remsins obascure.

Nitrate reductase {(E.C. 1.6.6.13 RAD(PJH : nitrate
oxidoreductase) is the first ensyme involved in a series
of reactigna lepading to inorganic nitrate assimilation,
Although it is substrate induced, the induction of nitrate
reductase hes been shown to be depoendent on environgental
factors like 1ight. 1In 1972, Jones and Sheard reported
altogether s now offect of 1ight on nitrate reductase.
According to them, this enzyre 18 controlled by phytochronme,



The terminal bdude of pes when exposed to as.short
duration of red light chowed an increasc in the
nitrate reductusc activity. This effect could be
reversed dy the far-red light.

Recently, Duke and Duke (1978} reported that
modulation of the nitrate reductase activity is not
directly influenced by photesynthetic photoreceptor
and thét phytochrone is involved in the photocontrol
of nitrate reductase activity. It was reported fron
this laboratory, induction of nitrate reductase wes
mediated through phytochrome in etiolated whent
leoves {Janaki, 1978).

" In the present investigation, an effort hes boen
made to study whether the nltrate reductase activity
in maize is under the control of phytochrome and if
so, what ic the mechanism of sction of this pigment
on the induction of this enzyme.



Phytochﬁoms is & reversiblo blologienl switoh
activated dy light. It has been isolated and purified |
from a number of specles dy several groups {see Bripgge
and Rice, 1972). It is a blue-green chromoprotein, and
is present in small guantitics in almost all potentially
autotropic plants. Two principal fores of the molecule-
Py (red sbsorbing, Amax = 660 mu) and Py (far-red
ebsorbing, )\ max = 730 nm) are dlat&nguiéhable-on the
baeis of thelr adbsorption spectra and blological response,
P, i considercd to be the biologically inactive form,
whereas F, . 1s the dlologiocally active form, f.e.
capable of inducing a measurable diologlienl response.

The two forms sre reversidbly interconvertible by
red and far-red light {“"phototransformstion®). In
addition, whersas the F,. form is stadle in the dark,
Fgp ©8n revert thermally te Py (“dork reversion®) or
undergo an irreversidle loss of thotoactivity {”destruetian‘).

Thegse properties of the phytochrome cystem are
traditiorally sumparized in the following scheme:

660 nm
Pp of Pggq <Zamsssdp, or Ppgg ~=> biological display
730 nm r
]
1
QL\\\\_Eiiif’/////{ destruction
reversion %
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. Two typcs of phenemena have boen attriduted to
phytochrome, the so called *induction-revorsion® and
*nigh irradience response® {fohr, 1972).

displaye Induced by a brief pulse of low intensity
red 1ight and revorsced by far-red pulse {Borthwick,
1972). The photoreversidility of the response is
classically accepted criterion for establishing
phytochrome invelverment in a process. Quantitative
increase in the magnitude ef the induced response
with increasing light dose is 1nterpra$ed as being a
function of the degree of gkotncénveraion-of P, to Py
f.e. the more quanta, the more P, is converted into

Pgp 2nd, therefore, resulting in greater response.

High Irredisnce Regponse - In action spectral
studies of many photoresponses with prolonged irradiation
period, the maximum sction ie, howover, locallized in the
blue and forered region of the spnétrua.‘e.g. hypocotyl
elongation 1h logtucs sativg seedlings (Hartmann, 19866).
Such a responce hag beoen termed as *high irradiance
respones® and choracterized by the mognitude of function
of irradiance, leck of photoreveraibility and reciprocity
failures. |



Par-red mediated HIR hae been explainced by two
hypotheses: (a) Phytochrome is the only photoreceptor
involved (geg Hartmonn, 1966); {(b) it arises by an
interaction detween Py, and photosynthesis, ?mi-‘
cularly S I (gee Grill and Vince, 1970).

Hartmann {1966} proposed that HIR responses are
brought about by phytochrorme, by maintaining a law hut
relotively conotant level of Pg.. the maximun effect
achicved close tc 720 nm when Ptr/Ptct equilibrion is
about ¥, Since HIR ém irradiance dependence
{Lange et al.. 1971), it has deen interpretcd am a
conscequence of cycling between P, and P {Hartramn,
1966) or alternntely to formetion of excited Fem
molecule-P, ., (kohr, 1972; Schopfor and lohr, 1972)
which is more effective thon Pp. (ground state). The
equilibrium constant of Pfr is a function of the rate
~ of photochemical turnmover of Fe.e and therefore of
irradiance. Hecently, Schafer {1976) and Esncinelld
and Rablino {1975) have advanced a model of HIR based on
capacity of Py, form to bind to membranes {Quail et al..,
1973a; Karme gt gl., 1974; Rarme, 1977). Schafer’s
rodel essentimlly consclsts of a scheme which propose
that HIR 1o controlled by Pg, receptor complex maintained
under condition of plgment cycling. GRancinelll end Rabino
(1975) observed thot under cyclic far-red treatrments,



angnitude of anthecyanin synthesis of cabbose anﬂ.muat&rﬁ
scedlings deponds on the totnl dose. Further, cyclic
trestments were found to be as effective as continuous
far-red light, if tctal radistion dose is equal and
applied over egual pericd. The reciprocity relationship
is valid under cycl;c far-red treatment.

The poasibility of a second photoreceptor, deslde
phytochrose, in HIR has becn raieed by Grill and Vince
{1970). The evidences in favour of such porticipsation
are mostly dased on inhibitor studies. FPhytochrome-
medinted anthocyanin bﬁoayntheais 1s inhibited by-ﬁﬂz,
dinitro phenol and antimycin A which are known inhiditore
of cyclic photophosphoryiation (¥P) (Hargulles, 1§62;
Schneider and Stimson, 19713 1972). Salicylaldoxime, _
inhibitor of PS I has been shown to inhidit light-induced
snthocyanin formation (Gludici de Nicols et al., 1972a).
Further support for photoaynthetlc perticipation in HIR
is based on development of photosynthesis under continuous
far-red 1ight (Schnelder end Stimson, 1971, 1972; Oelze-
Karow and Butler, 1971 DeGreff g% al.., 1971).

Evidences for non-involvement of photosynthesis also
care from the inhibitor studies, Greening inhivitors, like
chlorasphenicol and streptomycin, enhance anthocyanin
formation {Kancinelli g% al., 1974). Eddy and ¥spson {195t)



deponstrated that KK;.-inhibitor of cyclie FP~ has mo
effect on photo-induced anthocyanin synthcsis. Duke

gt al. (1976) reported m negotive correlotion detween
greening and anthocyanin blogynthesie in malice seedlings.
Furtherzore, under far-red lipght, chlorophyll synthesis
is minimal {Iohr, 1972; Kasoncr gt gl.. 1972), and
anthocysnin diosynthesis can de correloted to phytochrome
lovel (Drumm gt gl.., 1975).

Atterpts %o rationalize the vast diversity of obsoerved
photoresponses in terms of u molecular pocheninm of phyto-
chrome action have resulted in recent yesrs in tvo major
hypotheses -~ differentisl gene activetion hypothesis
advanced by lohr (1966) end the nembrane permenbility
hypothesin of Hondricks and Borthwick (1967).

Ehyvtochrome ag a Rermlator of Gepne Expression - This
hypotheosis sesks to explain phytochrome acticn through the
activation, or repreascion, of specific genes. The sudzequent
changes in cnsyrce levels are held to be responsibvle for the
amplification, and the specificity is determined by the
differential status of the genome of the particular cell,

Kost of the evidences in support of thic hypothesis
is baned on the inhibition of Ffrnmadiated regsponsc by
substances known to inhidit nuclelic ecid (Carr and Reid,
1966; ohr and Bienger, 1967; Dittes £t 8l.. 19713 Drucn
£% al.» 1971) and protein symthesis (Drucs g% al.. 1971,1972).



Fig, 1 ¢+ A gencral model 1lluotrating the hypothosis of
difforential gene activetion and reprecsion as
" the mode of action in differentiel induction end
represeion of enzype synthesis of Py, (After
Schopfer, 1977).



Pr<— Rtr
V- A
\ .
\ ‘ . .
active -
\\ ®
\ N . : induction of
\ ~-p [/ Potentially active\ _ _ _ _ o e
\»\‘ / genes (Pgr) enzyme synthesis
“o\ repressible —— — _gprepression of
genes(Pfr) : enzyme synthesis
inactive ‘
genes
<« . »» 6§ 99
patternof primary pattern of secondary

differentiation differentiation



b=

Benide tho use of inhibitors, by donalty labelling method
also it bhe boon optoblishoed that phytochrome controlled

fe nove synthegia of gono ensynmes (Lcton nnd Schopfer, 1974
Attridge, 1974; Acton et nl., 1974).

Jriticien of this appronch is draodly two fold., She
data so far obtaine=gd prévide no direct evidence that gonetic
netivity ls, inf aet, oltered, lat alonc that ?fr intoracts
with gonouo. This hypothogis doce not oxplain the rapid
action/rapid oxperssion phenomena. {Jot only src thego
responacs ore nore rapid than would be expectod from
genstic rafulaﬁinﬁ, but in sone ¢ gop Bt Igaat havoe proved
ingensitive to tranpcriptional nd translational inhibitors
(Wsintraub and lawson, 1972; Sattoer ond Calston, 1373).
Fhytochrone induced changee in wembrane, on the athervhané.

~ceount for even the mcst rapid phytochrome medistod phenonona,

Sone of the phytochrome-controlled reaponses have o

lag period of only 1-5 minutes, such ag nyetinrgtic novos
ment of Iirosa loaflois (Fondvicllo et al., 1366], or

att chront of exelsed mung been root tipon-to negatively
chargod glass surfoce {(Tennda, 1968}, To oxplein such
responsca, idendricks ond Sorthwick (+367) suggosted that
the prisnry action of phytochrome may take place via

some chnnges in functional propertics of monmbranes. Ferheps,



Fig. 2 ¢+ Tho transport fector hypothesis for phytochrone
action, Active phytochrome is considered ‘ta be
locoted in monbranes in which it acts to control
transport of 58 gecond necgenger X, from one slde
to othery; X io then able %o intcract with my
proceasses {After Smith, 1975). |
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in & variety of cellular membrones, enanating from a

single, funderental membrane alteration could afford the
opportunity for changes in ion flux, activostion of membdrane
bound ensymes, gltered compartmentalization, release of dound
horpones, and so on. Furthermore, a phytochronme nﬁmbrsnev
assoclation affords tho possibility of a photocoupling
function for phytochrome in the KiR. Any or all of these
eizght lend nl:imately 6 a;tareﬁ gene oxprescion,

Smith (1970, 1975 end 1976a) has proposed a model
which envisges thet phytochrone is locslized in mecbranes,
and acts by regulating transport of some lmportant metabolites,
perhops a second messenger, which may subcequently ellcit
photoresponse. Haupt end Welsenseel {1976) speculeted Pop
may function as caa* carrisr in membranes,

Erv=Padiation Throush Acetyvicholine - The occurrence
of acetylcholine {ACh) in plants was discovered as early
a8 1953 by Flelder in Orptaesus. Since then, saveral
reports have appesred confirming this finding. Jaffe {1970)
deponstirated phytochrome-tediated concentration changes of
acetylcholine in mung dean root tips and such changes
have also been detected in moss callus (Hartcanm and
Kilibinger, 1974). ACh miciced the phenomenon of red light
pediated root tip attachment to negatively charged surface, '
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and the red light cffect could be offectively blocked by
acelylcholire inhibitors {(Jaffe, 1970). Jaffe proposed
that aaétylchaline ooy act as the local hormone regulating
phytochrome-nediated phenomena st the perbrane level,

Kany other workers could not find eny involvement
of ACh in cthor photoresponses- e.fl. nyctinastic leaflet
movement in Albizzis (Sattor gt al.., 1972), induction of
phenylalaninearmonia lyase (Kasemir end Lohr, 1972),
flavanoid level {Saunders and HeClure, 1972) and ATP level
(Krishner ot gl.. 1975). Tenada (1972) suggested that ACh
pay function by its ‘cation Interforing capacities. -
Kapemir and iohr (1972) proposed that ACh effect may be
restricted to plants or organs in touch with water.

Though thore are several proposals to explain phyto-
chrome action, any single hypothesis alone can not explain
211l phytochrore medinted responses, So the primary molecular
mechaniom of phytochrome action remaine an unresolved

gquestion.

The enzyre nitrateo reductasse is involved in the
reduction of nitrate to nitrite. Nitrate reductase hase
been shown to be molybdo-protein and has a molecular weight
around 500 K - 600 K (Beevors and Hageman, 1969). HRitrate



reductnse is auhatfata inducible cnsyne. In aedition to
substrate i.e. nitrote, tho davelopmeﬁt of nitrate
reductace petivity depends on moveral gonetic, ontogenetic
and envoronmental factors, 1ne1§dlng iight, hormones snd
supply of other fores of nitrogen. The exact pechanise
by which 1ight controls the level of nitrate roductase
8till io not ¢clear. Fhytochrore has been implicated in
light induction of nitrate reductase activity by Jones
ond Sheard (1972, 1974) and Johnson {1976).

The first reoport on phytochrome-pediation of nitrate
reductase induction came from Jones and Sheard (1?72).
Thoy demenstrated crhancement of nitrate reductase sctivity
by 5 minutes of red light treatment and which wes reedily
reversed by inmedicte exposure to fhtbrcﬁ‘light. They
alse reported increase in levels of nitrate reductase after
exposure to blue 1light for a briecf period, The cffective-
ness of diue light was intermodiate detwoen thoce of red
and farered light. These light treastments oxclude the
poosidility of ghotosynthesis as a process contributing
to induction. Under these conditions, induction is shown
to be reversibly controlled by red and far-red light, an
effact sseribable to the pigment phytochrome.

Johneon {1976) alsc reported that 5 minutes of red
1ight irrsdiction lesds instaneously to 455 incresse in

13
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nitrete réduetase ensyre activity in §§ngﬁigwglyg; Ehis
increase was incensitive to cycloheximide}whereas in the
sere spocies, eyclohexiride inhibits induction of nitrate
reductase by nitrate. Thus, it sppearcd that light ant

nitrpte acted through different mechanisms in controlling

nitrate reductase activity.

Jones, and Shenrd {1975) demonstreted that although
pﬁytoehrome nediates incresased uptake of nitrate in pea
terminal buds as well cs cousing an increase in nitrate
reductone activity, incéeased nitrate itcelf 4id not
lead to further increcse In nitrate roducicce. DGimethyl
sulfoxide and sugars did not crhonce the induction in dork
~ when nitrate uptake weo greastly increcsecd by theoo
chenicals and iiaht enhancement of nitrate uptake did
not occur before the induction of nitrate reductsse. So
thoy concluded that incressed nitrate availability is not

the cpuse of phytochrome-medlated enzyme inercsse. An
.alternata theory suggected thot light controls the
polyribosome level mnd the capacity for smino acid
incorporation in.yretein‘synthesis {Jordan ond Huffakor,
19723 Travis gt pl., 19701 Travis and Key, 1977).

Trovis gt gl (1970}, Trovic and Key (1971) ocuggested
that 1isht-induced incresse in polyriboscme level produce

8 none-specific offecet on the rote of nitrate reductase



synthesis. Pine and Klein4(2972) and Smith (19?6) have
shown that polyribosone level is indeed controiled by
phytochrome in heak lenves. So the reversibility control
of nitrate reductace activity by red ong forerod lights
ray, therefore, be both o result and 8 partial couse of
effects on protein syntheasis in general.

4 further suggestion propoced by Sawhney end Haik
(1972) is thot redox changes taking place in greening
tiseues a8 @ result of Hill reection create conditlons
for the cenhanced rate of synthosis of the ﬁnzymé. Such
& mechenisn cloarly need not invelve phytochrome a;nce
phytochrome modistod responses ean be promoted under
conditions in which photosynthesis does not aecur’{hrlef
. light exposures).

Jordan and Huffaker (1972) inferrcd that reduction
of nitrate reductace dy light in etioloted bBorley lenves
depend upon the dovelopmont of photosynthetic CO, fixation.
In égniraat._éanea and Sheard (1973} showed that the
1n¢ueiion in etioclated pea duds, after 5 minutes cxposure
to white 1light wae o high proportion of the total induction
after 2 hours of continuous white light.

Johnson (1576} hus shown that cycloheximide ¢id rot
inhibit enzyme activity which wos medisted by phytochrome
significantly in Sinspis slba. 1If the enzyme is ascayed

15
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in the cotyledons irmedintely after 5 rinutos of red
1ipht treatmont  there o o 45% increcase in the cextrecte
oble activity, without any lag phaseo The repidity of
these responses, snd no leg porded ataongiy suggest, dut
' doos not prove, that the transcriptional control ioc not
involved in the induction of nitrate reductace. Ard it
aleo seems inconcelvabdle that the instoneous response
tc n short dose of red light caon be due to an increcsed
rato of ensyme synthesis. In fect, neither the nitrate
nor phytochrome mediunted responses are inhibdbited by the
addition of tungsten st the onset of the treatment, It
suneests that eoither nitrate induction may mot involve
synthesis of the whole of the protein moeity of the
encyne or else of protein synthesis required for the
response 16 not the aynthesis of nitrute reductose.
However, incresce in nitrate reductase activity by
continuous irradiction alght be due to the increase in
the pretein eynthenia.

Analogous red and for-red roversidble offects have
boen shoun for a mundber of other ensymotic activities in
oticloted peas. Bottomley (1970) choued thot the activity
of nuclesr RHA polynorase in pess vas increaced by red
1ight, and the offect was reversed by far-red 1ipght. The
developuent of polyribosomes and the amino acid incorporating
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activity of isolated ribosome, was shown by Williams end
Hovelll {(1968) to be enhanced more by red than dlue light
in‘etiolated seedlings.

Jones and sheard (1977) elso reported enhancement
of nitrate reductase activity by blue light in eticlated
pes tersminal buds. After 5 ninutes light expooures.
{white light, red, far-red, blue), there was no significant
differﬁécea in the effectiveness of the different wave
bands, indicating that enly a small quantity of Fgy was
reguired to saturate the control exhibited via phytochrome,
However, in 2 hours of continuocus irradisticn about 4OF
more enzyrme activity wos induced in extracts of terminal
buds expoved to white and blue lights when compared to
continuous irrsdistion with red and ferered 1ight. The
greater offectivenens of blue light during prolonged
expocure points to the operation of so called "High
Energy Reaction”, thich probably involves the action of
plgments other than yhyinehraae.

Although the mechanism of bBlue 1light action remains
unknown, the effect of dlue light may heve implications
concerning overall mechaniem of light regulation of nitrate
reductase, The effect of dlue light induction of nitrate
reductase is not only confined to stiolated peas, dut also



18

oceurs in green corn grown under photosynthesising
conditicna,.

Recently, Duke and DuXe (1978) reported that
medulotion of nitrate reductase activity is not directly
influenced by photosynthetic photoreceptors and that
rhytochrome is involved in the photocontrol of nitrate
reductase activity in maize, Their results also indicate
that light qnaiity_at the ond of day influences doth
nitrate reductase’activity during right as well as time
required to resch maximal nitrate reductase activity
during the next photoperiod,



L Baterial gnd Grpwth Condticns

Freeh cecds of maize (Zea pays ver shaktl) were
odtained from the Indian Agricultural Rescarch Inotitute,
llew Delhi, and stored st bet.: in dessicator.

Sceds of uniform slze were selected and kept under
running tap water for shout 18 hours. Isbided seeds
were thoroughly wached with dictilloed water. These were
then grown in petridishes for 6 days in complete darkness
on roint absorbent paper in & sced gorminator maintained
at 27 % 106, Seedlings were auppne}d once a day with
nitrate free Hoagland’s modified nutrient solution, the
composition of which is given delow:

Componition of Hpagland's socl
Sglutiony 1
Stock solution 1H
m1/L
iﬁlzﬂlq 1
Hgs0,, 2
Selution 2s
Trace elements
rpe
B 0.5
En 0.5

Zn 0.05

19



Cu : 0.02
Lo 0.01

Selution 3» |
Pe tartarate {atock solution 0.59) usedind/L.

A dally scroening of potridishes waos done and éngerainated

ond infectocd secds, 1 any, were rocoved. 411 operations
excert expericental trestments were conductcd under 4in

agreen safe light.

Apiecl leaves exciscd from 6 day-cld plants were
chopen as the exporimental matorial .

Samples of excised etiolated aplicenl leosves were
flozted in 35 rl of incubation wmedium (60 =k Kﬁcal
either 1n_dark or in light as indlcated in Tables and
Pipures. For each trestment, approzimately 250 ng
aplcaI-Xeaves were émpleyndi All trentoents wore
replicated at leoot twice. Al) incubatlions were currled
ocut st a ﬁ§nstcnm tempoerature of 25 3_1“6.

Idght Sources

The green safe 1izht wos obtaoined through 8 layers
of agrecn cellophane paper from & cool white fluorescent”
tube light. The Iintensity of 1ight et the plant level
was never more than 1 p¥ em™2. Red 1ight was obtained
from two tungsten lamps (100 and 60 watts) wropped with

20



two layers of red cellophane paper. %he gnténaity of
red-light at the helight of secdlings wos 500 pW cm“?.
.The 1light from 2 300 watt ratleetor‘lamp was filtered
thréugh 8 ¢ of continuously flowing tap water and a
6534759 filter to obtain fare-red light. The intensity
of fafbrﬁd.light was 140 W cﬁ'a st the plant level.
w¥hite 1light was obtained by three cool white fluores-
cent tube lights. The intensity of white light at the
2& ?ewperﬁturg dguring all
these treatments were maintoined at 25‘1,1°0. |

rlent level was 1200 nW cm

Enzyms Fxtrection
Apical lesvos were yeroved from the incubation

sediuen st aiffaraﬁt time intervsls, washed and dried on

e blotting paper antd ico-ehllled. The chilled tissues

were homogenized in 2 ml of 50 a¥f Tris-HCl buffer,

pH 8.5, containing 3 aft BDTA and 3 w2 cysteine. The
homngenats wan centrifuged ot 20,000 x g for 20 minutes

| at 0°C. The supernatant was employed for the determina-

tion of enzyme activity.

Enzyné Apeax

Assay of nitrate reductose was performed assentially
according to the procedure of Hageman and Hucklesdy (1971).
The mssay mixture contained the following: 1 ml of 0.1 W

K-phosphate buffer, pH 7.5, 0.2 ml of 0.1 M KKO,; 0.2 ml

N\ 238



Fig., 3 ¢+ Standard curve for Eﬁ; .
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of EADH {1 mg/ml). In control tubes NHADM,was onitted.
The reaction was started by the addition of 0.2 nl of
the enzyme extract. After incubating for 15 minutes
at 30°C the resction was stopped by the addition of
0.1 m} of 1 ¥ sinc acetate solution. The resulting
precipitate was removed by centrifugation. One md
aliguot was taken from tho supermatant for color
development, 7o this 1 nl of sulfanamide (iﬁ in 1.5 K
HC1) and 1 rd of 0.0% D-1-napthyl-ethylene-diamine
dihydrocholride were added and sllowed to stand for
15 minutes, Optical denaity at 540 nm was determined
in Bausth and Lanb Spectronic 20. %he aansénxrntion
of nitrite formed was calculated fron the standard
curve (Fig. 3 J. Nitrate reductase activity is expressed

&8 nanonoles nitrite forged for 1 mg protein for 1 hour,

for detcrmination of protein 0.2 ml of aliquots of
oell frec extracts were precipitated by esqual amounts of
10% TCA. %he precipitete wao collccted by centrifugation.
The pellet was diesolved in 0.4 ml of 0.1 K RaCON end
protein was estimated dy tho nethod of Lowry g% al. (1951).
Theo adsorbancy at 500 np was meagurcd with Spectronic«20,
The E5°° values were then convorted to nméuntrnf protein
by means of a otandard curve obtainusd Dy using bovine

serum albumin (Fig. 4).
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Flg. & 3 Standard cum§ for protein estimation.
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All inorgenic chemicsle were of yesgent grade
and wers odtained from British Drug House {India} or
E. Berck, Darmstadt, Germasny. HNADH and cycloheximide
u&e obtained from Sigma Chemical Co., St. Louls, EO,
UeS.443 actinomycin D was obtained from Calbiochem,
Los Angeles, Callf, U.S.A.

25



Experiments weres unfdortaken to detervine the role
of §h3techroma in induction 0: nitrate reductaase in
etiolnted malize,seedlings., Aricsl leaves vere taken
as the cxperirentsl rateriel, As stated aarliak,
(ﬁateriaisanﬁ Rethods), six-day-old seedlings have been
enployed for all trontments. | ]

‘, P X  .“ - }t‘.:""s‘.'* LA D
Beductage ACRiviSY
Etiolated, excised leaves were incubsted in induction

medivm, These nere exposcd to red light for 5 minutes and
returned to dariness., After 4 hours nitrate reductase
activity was measured., Ae tan be seen in Table 1, irradis-
tion of excleed leaves with red light for 5 minutes increased
the nitrete reductase activity by 3428, In different sets
of expgrimeﬁts t&e increase in nitrate reductase activity
varied from 2508 ato 400%.

%o find out the cffeet of far-red light, excised
leaves in induction medium were irrsdiated with farered
»1ight.fbr 3 minutes. After irradiation, leaves were
transferred to dark for 4 hours befors the assay of the



)
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EFFECT OF BRIEF IRRADIATIORN OF RED LIGHT OR NITRATE

BEDUCTASE ACTIVITY

Excised leaves fyom 6 dey-old dark grown meize

 seedlings were floated on induction medium (60 oM
Kﬁﬂ3)'anﬁ exposed to red 1ight for 5 minutes. After

treptment, leaves were transferred to dark. 4R1trate

. reductasse activity woo sssayed aftor & nours. HNitrate

reductase activity is expressed as nanomoles nitrite

formed/mg prntcih'%/hrri.

Traatuments Spreific

Relative

activity activity
{2)
Dark 4 hrs 69 100
Red 1light S min + 246 32

Dark & hours




EFFECT OF BRILF TREATUENY OF FAR-RED LIGHT Ol RITHATE
REDUCTASE ACTIVITY

lLecves oxcised from 6-doy-0ld dork grovn uairze
geedlings were flooted on induction rmedium, Brief
trentoent of farercd light mos e,i&an to thene lecaves
before returncd to dorkness. Nitrote reductace
activity was measured after 4 hours. Ritrate reductase
activity is exzpressed as nanorcles nitrite formed/
og protein r/mr~l,

Treatoents Specific Relative

activity activity
{55)
Dark & hro ©8.07 100
Par-red 5 oin + 99,04 101

dark 4 hrs

28



‘Pig. 5 ¢+ Effect of briof irradiation of far-red light
on nitrate: reductase activity.
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entyme sctivity. The data in Table 2 (Fig. 5) show that
5 minutes fore-rod light had no effect on the nitrato
reductase activity.

Az io eovident from Table 1, five minutes of red light
irradiation incressed tho nitrate reductase activity., %o
find out the time required for moxirum induction of the
engzywe, oxcised leaves were irradicted with red light for
5. 10 and 15 minutes and kept back in dark for b hours
prior to acsay of tho enzyme activity. The deta presentcd
in Table 3 (Fig. 6) indiestod that red 1ight irradioction,
for a poricd of gmore than 5 minutes, did not enhance the
nitrate reductase activity; Prolonged red light irradintions
{f.¢. 10 and 15 ninutes) lcd to & f2ll in the enzyme
activity as coupaered to 5 minutes irradietion.

Since the brief tremtments with red light (Tsble 1)
gshowaed thnt there is a groster increase in the nitrate
reductase activity as compsred to dark, Cxperirents were
undertaken to see 1f the effect of red light could be
reversed by forercd light and vice verss to sscertain
the involverent of phytochrorme in the induction of nitrate
reductase. Dord end white light treatnents were kept ao
controls. The data pregsented in Table 4 indicate that



EFFECT OF DIFFERERT DURATION OF RiED LIGHT IRRADIATION
O RITRATE RELUCTAGE ‘m‘fi‘ﬁf Iy

Leaves, exciped from 6-day-cld dark grovn raize
seedlings, were floated on induction medium, Treat-
monts vore given to those leaves ond trenafbxre& to
dark. The enzyne getivity was assayed after 4 hrs.
Hitrate roduotase activity 1s cxpresscd as nanowoles
nitrite formed/mg protein”l/mp~1,

Treatments Specific Relative

activity nctivity
()

Dark 4 hrs 97.14 100
Red 1ight S5 in + 341.28 351
dark & hrs

Red 1ight 10 min + 285,18 272
dark & hrs

Red light 15 oing 228.04 235

dark 4 hras
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Fig. 6 3+ Effect of different duration of red 1light
irradiation on nitrate reductase sctivity.
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REVERSIBLE LFFLCT OF RED ARD PAR-RED LIGHPS ON NITRATE
REDUCTASE ACTIVITY

| Excised lcaves from 6-day-old dark groen mnize
seedlings were flosted ion induction medium, Trent-
ments wore given to these excised leaves. After
irradliation, these vere transferred to dark. Ritrate
reductase activity wao measured after & hours, Ritrate
reductage activity is eipreeseé as nanomoles nitrite
formed/mg protein~i/mr~%,

¥reatments Spoeific Relntive

activity aegégity
Dark & hre 82 100
RL + dark & nhrs 252 306
BRL + FRl: + dork 4 hrs 38 46
B P >
Continmuous white 728 885

/

light & hrs : i

RL: ~ Red light 5 miny FRL = Far;ﬁed Light 5 min,



Pig. 7 + Reoversible offect of red and for-red lights

. on nitrate reductsse pctivity.
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increase in the nitrate reductace activity osver the dark
control is s function of gquality of light to which excloed
lecves were exposed cventually. HNitrste reductage induction
in white light {continuous] wes, howover, found to de
greater than red light tresteents {Fig. 7).

Earlicr experiments showed that red light hag an
erhancing effect on nitrate reductase activity (Tadle 1).
To fird out the lag period and optirmum durotion for the
induction of nitrate roductane, after red 1ight trentrent
for 5 pinmutes pateriels werc transferred to dark, After

aifferent intervals, enzyme octivity wos peasured. This :
revesled thnt there was & log phase of sbout 30 ninutes,
and after that there wes sn Ingtaneous increasse in the

enzyre sctivity upts 4 hours, and then gredual decrease in
the engyme activity. 4After 18 hours the red 1ight effect
was completely diminiched (Fig. 8B).

Earlicr experimonts showed that ezpocurs to farered
1isht for 5 minutes did not enhance the engyms activity.
To find out if the HIR rcoponse ia operative in the nitrate
raﬂdctaﬁe induction, kinetics of nitrote reductase gotivity



Pic. B s+ Kineticn of nitrate reductase activity after
5 pimutes red 1ight treatoent.
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Pige. 9 1 Kinotics of nitrate reductase activity under
continuous far-red light trentoent, '
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under continvous far-red light was studied. This study
revesled thet there wes s lag phase of about 30 mirutes
and aftor thet instenecus incresge in the enzyme activity
upte 4 hours {similar to the kinetics of red light)

. occurred but after 4 hours there was a gradusl decrcase
in the nitrate reductase activity. However, in ccontraat
to red light kinetics, after 24 hours, teoo, nitiate
reductase activity was greater than the dork controls.

On turning off tho far-red light at the 6th hour, the
enzyme activity declined sharply but was still zmalntained
nicher than the dark controls. This experiment indicated
that contimuous far-red light was essential to maintain
nigher levels of nitrato reductase mctivity (FPlg. 9), or
Fg, was involved in the synthesis cf nitrate reductase.

Expericents were conducted with an ain 1o study
whether acetylcholine mimics the phytochrone in the

snhancenent of nitrate reductase activity. The cffect of
peatylcheline was seen in etiolated, excised lesves.
Expgenous acetylcoholine {iﬁ'bﬁ) brought about an enharce-
ment in the nitrate reductace sctivity in exciced lesves
{Table 5), dut zagnitude of increase in the nitrate

reductass activity by acetylcholine was comporatively less

.



ETFECT OF ACEIYLCHOLINE ON RITRATE REDUCTASE ACTIVITY

IR DARK

Exclsed leaves, from S-day-old dark grown maize

) -_b
seedlinge, vwere flooted on induction medium, 10 R
acetylcholine was supplied in the induction medium,

"Encyme setivity was measured after & hours of incubation
in the dark., HKitrate reductase activity is expressed
as nanomoles nitrite fomd/ag protein” /hr"'i

Tresteents

Specific

Relative

sctivity activity
{$)

Dark & hrs 52.07 100
Red neht Swin 4+ 209.8 525
dark & hrs

Acetylcholine 5 min+ 63.4 121
dark & hres

Acetylcholine for 113.72 218

4 hrs in dark




Fig. 10 3+ Effect of acetylcholine on nitrote reductase
sotivity in dark.
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than the spagnitude to phytochrone mediateg nitrate
reductace induction. Howevor, if scetylcholine was
suppllied exoganously for a brief perlod it did not
enhance the nitrate reductase activity (Fig. 10).

To decipher the stote of tronseripticnal and
tranalationai control durling induction under continucus
far-red 1ight, inhibitors of RKA and protein synthesis
were studied. R |

_ Effect of Agtinopyein D - Excised leaves woro
supplied vith actinomycin I in the induction mediun.
The enzyre activity was measured after 4 hours continuous
farered light irrecdistion. For one set, for the first
two hoursg actinonycin D wzs supplied to the medium, and
after that ﬁaterial was transferred to actinomycin U free
pedive and vice versa for another scot. As shown in
Table 6, sotinomycin D was found to exer: significanmt
effect on the nitrote reductace netivity if supplied in
the firot two hour-period, howsver, if it wae supplied
after on set of the irradfation for last 2 hours, it
did not have any significent effect, 1If sgtinoryein D
was suprlied for the full 4 hour period, it atmost
totally inhibited the induction of the enmyme (Fig. 11).



TADIE 6

EFFECT OF ACTIRQIYCIR U ON FRYTOCHROME-HEDIATED IRCREASE
IN RITHATE REDUCTASE ACTIVITY IN EXCISED LEAVES OF LAXZE
Icaves excised fropm 6-day-old durk grown majize

seedlings were floated on induction redium and
transferred to continuous farered ii.ghh 1% ne/ml,
actinonycin D was supplied with induction medium &t the
onset of far-red irradiatiﬁn or a8 indicated in table.
Enzyre activity was ausayed after & hours. HNitrate

- reductnge activity ie cxprenced as nanomoles nitrite
formed/mg ;ﬁmteinf'"‘/h;l,

Treatments Specific Relative

activity activity

{s)

Control {continuous)
far-red without 561 100
inhiditor 4 hra) .

2 hrs . -Aoti ein D+ 544 97
2 hrs cetinomyein D -
2 hrs sctinonycin D + 333 s

2 hrs -actinomyein D

Activoryein B 4 hWrs 41 7
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FPige 11 & Effect of sctinomyein D,
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EFFECT OF CYCLONEXIBIUE ON FHYTUCHROIR FEDIATED IRCRRASE
IR DISRATE RUDUCTASE ACTIVITY IN BXCISED LEAVES OF BAIZR

leaves, oxcised from G6-doy-o0ld dork growsn secdlings
were flosted on induction nedlium and transferred to
eontinucus for-rod irradistion. 20 ug/ml cyeloﬁeximiﬁe
was supplicd with induction mediovm at tho onset of fare
red treatoment or es indicoted in table. Nitrate
reductace activity weo messured after & hrs. Nitrate
reductace activity is oxprecsed as nanopmoles nitrite
foreed/ng protein’%/hé"i.

Treatnents : Sepeific Reliative

activity activity
()
Control {contimous 610.93 100

far-red light 4 hre)

2 hre Cycloheximide + 121.42 20
2 hrs ~-cycloheximide

2 hrs -- cyclohexinmide + 102.00 . 17‘
2 hrs cyclohexiaide

4 hrs Cycloheximlde 7 0.0 ¢

44



Pig. 12 Effect of cycloheximide.
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- To find ocut the possible

role of protein synthesis, stiolated, excified leaves were
supplied with cycloheximide in the induction medium., The
snzyrme activity wns meoacureod ofter contirmocus farered
1ight irradiation for 4 hours. In one set cycloheximide
was supplied for the first 2 hours ond then transfeorred
to inhibitor free induction medium for another 2 hours
and vice verss for another set. Cycloheximide, 8 known
inhibvitor of protein synthesis, toteily inhibitecd the
nitrotes reductase sctivity Lf it wés supplied for the
full & hour period (Filg. 12). However, even if it wes
supplicd for sny 2 hours im the b hour period, there was
a‘eigniticaﬁt decrecane in the enzype activity (Table 7).
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BISGUSSION
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Light plays an important regulatory role in the growth

and development of plants., Since the developrent in dlo-
chemical terme is an orderly sequence of chonge in encyme
complemont and modulation of activities of certain key

enzymes, it bocomes imperstive to undorstond the mechanisn

of sction of light at tho enszyme lovel in order to
decipher the relationship detween light and development.
The synthesis of a number of enzymes hos been reported to
be regulcted by light, elither directly or through the
mediation of phytochrome {Schopfer., 1972). The~mech5n1&m
by which phytochroze controls activity of ensyme is
currently under inteonse debate (iiohr, 1972; Spith, 1975
Schopfer, 1977). In the present investipation, attempts
nave been made to find out whether the nitrate reductase
activity in malze 15 phytochrome mediated and slso to
decipher the possible mechanism of acticn of phytochrore
on the nitrate reductase activity.

When the excloed, etiolated lesnves of malgze were
exposed to & short treatment of red lisht, more than 35075

enhancenent in the nitrate roeductase nctivity was obgserved

(Teble 1). However, far-red light irrsdistion of similor

durstion was found to be incffective {Table 2). Red lignht

has also been repar;ed to enhonce the nitrate reductase



aeiivity in pea terminal buds (Jones ond Sheard, 1972),

in ructard ceedlings (Johnson, 1976) end in palve

geedlings (Duke anﬁ-ﬁu&e. 1978). Besidos, tho nitrate
reductase, red 1light has slse bdeen reported to increase
sctivity of many other enwymes, for example, 33% increase
in nctivity was odbserved in ascorbute oxidase (Drumm 8% pl..
1972) after 24 hours of treatoont, 1627 of increase in
phenylalanine acronia lyase after 4 hours of treatment
{Schopfor and Lohr, 1972) and 65 increase in peroxidase
activity‘giter 24 hour's of treatment (Sharma st al.. 1976) .

The established operational criterion for the
involvemonrt of phytochrope in light mediated responues
reguired that 2n induction effected by red light can be
fully reversed by subzequent pulse of far-red light
{Eohr, 1972). 1In the present investigotion, the dota
obtained fulfilled this critorion for the involvement of
phytochrose in the modulation of nitrate reductase in
excioed leaves of malze. Here, it was found thaot fore
red -1izht negates the action of red light and vice versa,
an increase in nitrate reductese cctivity is g function
of quality of l1ight to which the plants were last exposed
{Tsdble 4}, 4inslogous red and far-red reversidle cffoct
has dbeen shown for peroxidace ensyre in etioleted maoize
shoots (Sharma g% al.. 1976).
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In snother sot of experiments, where reﬂ 1ight vas
given for 5, 10 and 15 minutes (Table 3}, it was found
thot 5 mirutes of irradiation was sufficient to saturate
the photoresponse exerted hy‘Pfr. By prolenging the
duration to 15 minutes, the nitrate reductsse sctivity
declined, fhia drop in the nitrote reductase activity
zay be due to a stimulntion of some secordery processes
in the excised leaves which may have affectod the

nitrate reductase activity in one way or the other.

After 5 minutes cxposure to red light, the nitrate
reductase activity incressed after a lag period of
30 mirutes and raacheﬂ-apéiﬁnm at & hours, following which
the sngyme activity declined. The gresence of lag ghasa
before the increase in the enzyrs aetivity points that
the effoct of phytochrome is not instonecus dut requires
building up of a potential to initliate the photoresponse,
The exlstence of lag aleo rules out the possiblility of
direct photoagetivation of enzyme as reported by Johnson
{1976} in nustard secedlings. At 4 hours, the rate of
snezyme synthesis could Be greater then the rote of
doegredation, which can account for the maxisum activity
of nitrate reductame at & hours. After this perioed,
the rate of degradation of enzyme could be greater than
the rate of synthesis, due to which probably the cnzyme
activity declined,
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fravis et al. (1970), Travis snd Key (1971), suggested
that light induced-incresse in polyribosomd lcvel produce
a non-specific effect on the rate of nitrate reductase
synthesis. Pine and Klein (1972) heve shown that polysoma
level is controlled by phytochrorwe in besn leavaé. The
incroase in nitrote reductase gctivity by red, far-rcd
1light in oaize leaves may bBe due to the increase in level
of polysomes l.o. protein synthesls. Presence oziiag
phase also supports this ldea in the present investigation.

An alternative way to confirm the involvement of
phytochrome in a photoresponse 1s to demonstrate the
*High Irradiance Responuce' (HIR-Hartmann, 1966; BFohr, 1972;
Schopfer and Rohr, 1972y Schafer, 19763 Rsbino et pl.. 1977).
The cnhancement in the nitrate reductese sctivity in excised
caize leaves irradicted with continuous farered light,
demonstrated the operation of HIR, confirming phytochrome
involverment in the photoregulation of the nitrste reductasge.
Cnder continuous ferered light the nitrete reductase activity
increased after a lag pericd of 30 minutes and reached sone
what steady state level at & hours (Fig. 9). Although the
leg phase was sipilar in farered light and dark trested
zatorials, a marked difference in the enzyme activity was
obaerved only after 2 hours. The presence of log phase
dbofore the enzyme activity rules out the poasidility of
direct photoactivation of ensymes as has been reported for
peroxidaee in spinach (Panel and Greppin, 1973) and slso in
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membrane vesicles ieolated fror Cugurbixs pepo {Penel gt 8l..
1676}). Lost ¢f the phytochrone-medinted enhancepent in
enzyme octivity is precedod by s lag phose e.g8. 2 hours

for inorgﬁniﬁ pyrophosphotace in salze {(Butlor emd Benett,
1969) and 3 Iwnrs for ascorbate oxidace (Drump ¢t F-3 O 1972)
ond 3 houre for poroxidace (Shorma gt al., 1976). Lohr

{1972) assuped thet the lsog phase can be expleined By the
tice nocessary to tanke genos sececssidble to fore-rod irradiation,
thereforo, no log phase tan bhe dotected in case of cecondnry
irradiation. Husult (1978) has shown activation of inactive
phenylalanine armonia-iyase in cotyledons of Baphorus sativua.
and saggaaté,that this lag phase ia relsted to the critical
level of P, ., which is about 27 & 3% of maxirum content

of Py, ond the presence of lag phape is accounted only if
Pyot Content ic below the eritical levol. The slow decrease
in enzyre octivity con de cxplaincd by twoe points. (1) In
the later phase of farercd irraﬁi@t;on Pgy loses its
effectivencen or (11) this effect could be duc to sore
inhibitory processes which are triggored by continuous fare

. red, which in turn affects tho enzyme activity.

The termination of faréred 1ignht after 12 hours of
»irradia:iun brings about & decrcase in the nitrete
reductace activity although it ie raintainod at a higher
Yovel than the dark control. Since the terminetion of far-
red leads to deciine in Pfr level due to P2r decay



{Butler g% s)l.., 1963), one cen correlate enhancement in
the nitrate reductsse activity and piesenca of Pfr in the
enzyne. In other words, enhancement of the nitrate
reductase activity requires continuous prosence of Pon
in the systen. |

The sxogenous supply of acetylceholine cnhanced the
nitrate reductase activity in dark when given for prolonged
period, whereas, if it was supplied for a short period,
it wos ineffective {Tadle 5). The msgnitude of enhancerent
was, however, always less than that obtained by 5 minutes
of red 1ight or continuous far-red light. The involvement
of ACh in phytochrome medinted photoresponse can be
unequivocally considered only Af it satisfies the following
eriteria: "

t. Exogenously supplied ACh should mimic the action of
phytochrome and kinetics of response induced dy it
should be similar to the kinetics of photoresponse,

2. The inhibitors which are known to affect the ACh level
or counter their sction should mullify the phytochronme
response.

In the precent investigation, we have not studied ACh
action elaborately. So slthough ACh enhanced the nitrate
reductase sctivity in dark, it cannot be congidered as a
mediator in phytochrome response unless it follows the
above points.
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One obviocus prediction of differentlisl gene activation
hypothesie 16 de nove synthesis of ensyme molecules in
positive photoresponse under the influence of Fg.. Evidence
for this has come mainly from the use of the inhibitors of
transeription (Carr snd Reid, 1966; Mohr snd Bienger,

19673 Dittes ot al., 1971s Drumm g% al.. 1971) and trens-
lation {Drumm et 2l., 1971y 1972). These inhibitors elither
reduce or prevent the phytochrome effect. Iin thegpréaﬁnt
investigation, actinomycin D snd cycloheximlde were used,
If actinomycin D was supplied contiruously for & hours

the time requircd to get the maximum sctivity, it inhibited
the nitrate reductase activity by 93i. However, if
petinomycin D wos supplied after 2 hours after the on set
of farered irrasdience, there was no significant decrease
in the engyme activity. If it was supplied for the first

2 hours, the enzyme sctivity was inhibited by 40%. This
showed thot RNA synthesis is necessary for the Induction
of the engyme essentially takes place in the first 2 hours
in the 4 hour period of enzyee aynthassik.

Cycloheximide, a known inhiditor of protein synthesis
completely inhibited the ensyme activity if it was supplied
for the complete 4 hours. If it was supplied for 2 hours
{elither first 2 hours or lsst 2 hours), 80% of inhibition
of the ensyme activity was observed. This indicotes that



the enzyce w28 synthesized on aytaplasmic ribosoros.

Innibition of enzyme octivity with‘actinomyalnfv
and cyclohexinmide sives on idea that increase in nitraote
reductase aet;vity undoer caﬁtinusua far-red lignt 1o due
to de pove synthesis of enzyme. The use of inhibitors
althouzh suggest possihle involvement of RKA and protein
syntheels, bdut no peans provides a proof that such a
mechaniam is operative in wivo. Infact, cycl’ohexiﬁide
shows too omeny slde offects ipn vive .€.8. iﬁhihitién.ﬁf
ion uptake, respiration {Ellis and RacDonsld, 1970) end
many other metsbolic processes {(¥e Hahon, 1975). %o
Justify its direct role in protein synthesis,
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~ The nitrate reductase activity in Zea‘payg is
rogulated by phytochrome (P, ). A brief irradiation
of red 1ight to excised leaves lead t¢ enhancement in
the nitrete recuctase activity in excisod leaves, whereas
the similer periocd of irradiation with farered light wos
found to be ineffective. Fhytochrome participastion in
thia photoresponse vas established by roversidility of
red light effect by far-red light. The kinetics of the
nitrate reductase activity was followed efter irradiation
of red light for 5 minutes and under continuous far-red
_light, where phytochrome operates through *high irradiance
reaction®. The enhancement in nitrate reductace activity
was preceded by 30 minutes lag and reaehed'maximna at
4 hours in both the caces. The kinetics of enhancement
in nitrate reductase activity was essentially that of
photomodulation, as 1t deperndied on continuous presence
of Ppp in the system. Exgenously supplied aﬁutyleholine
enhanced = nitrate reductzse sctivity in dﬁrk.

The role of tranceription and translation in phyto-
chrome mediated cnhancement was also investigated.
Cycloheximide, an inhiditor of protein synthesis in
cytoplasm and actinomyein D, an inhibitor of REA gynthesis
repressed the enhancenent of nitrate reductase activity



by 100% and 935 rospectively. These resulte point

thot that phytochrome possibly regulntes nitrate

reductase activity at tmmri&ti.cn&l and trﬁm_-';
lationnl lovels.
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