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A.Ch - Acetylcholine 

Act a - Act11l0Jll1C1n 0 

CHI - CJ'clohex1m1d.e 

HIR - Hlgb irradlance reapoMe 

Vl - Eolarl'tJ 

NAI»l - Nicotinamide adenine 
~ . 

41nucleot1tte, recluce4 rorm 

~'rr - Par-re4 absorbing tor~JY 
of phJtochrou. physicJ.oGicallf 
active form 

Pfr• - Bxcl ted state ot P tr 1'ora 

.PP - Fbotophoepbor,rlat1oft 

Pr - Red abaorblng f<trm ot 
pb7UChro118 

PSI - Photflayo,em 1 

Ptot - Total pbytochrome (P r. + P fr) 

ifCA - t'r1chloroacet1c ecld 



Licht .is the energy eource on tlhich plnnt& Emd 

ultimatel' all 11vinc oreanlams depetUl. In ad.cUtioa 

to ita util1sat1on in tbe process of photos,nthesls, 

light has an important regulatory role 1n plant growth 

and developtaent. Vlrtually every phase of plam. cJeve

lo,Pcent. and many ot"er p)\Jelological phenoraena. J\Ot 

intimately involved 1n development. are subJected • 

photocontrol independent of photosyntheste. OM of 

the photoreceptor& to receive light ai8Nila :from the 

en't'lronaent to translate 1 t for the 4eYelopaental 

. proceesae. ie termed aa phytocbrome9 A vast tmmbor of 

llgh't-controlle4 plant reaponau are no• believed to 

be ph_Jtochrome mediated. However. the eetval mechanism 

bN which P~r (active tom of phytochrome) traneln.lta lta 

sensor¥ aeasage to the cell reulna obacure. · 

Nitrate reductase (B.c. t.6.6.1J RAD(P)H • nitrate 

ox1Cloreductese) is t.ho first ensYttte involved in a series 

o1 reactiono leading to inorganic n1 trat.e asslmllation. 

Although it la substrate induced, the induction o~ nitrate 

reductase has been Shown to be dependent on anvJ.nmanental 

factors lllte light. In 19?2, Jones and Sheard reported 

altoaether a new off'ect of light on ftltrate z:e<tuct.ese. 

Accord.lng to them, 'this &ntlym& ls controlled by ph)'tochrome. 



The te1"1!11n.al buds ot pea wben exposed to a. short 

duration ot red light ehond an increa~o in the 

nitra'te ~uctase act1v1t)*. This effect cou14 be 

reversed by t:he tar-red 11gh1. 

Recently. Duke and Duke ( 1978) reported that 

modulation ct the n1 trate reductase ec't1v1 ty is not 

dir-ectly 1ntlue:nced b;r pho'tosynthe'tic pho'toreceptor 

and thst phytochrome is involved 1ft the photocontrol 

of nitrate reductase aetlvlty. It was reportect f:rom 

th.ie laborator7• lmtuctlon of nl'tra'te reductase was 

ae41ated ~brough ph,tochrome in ·etiolated Wheat 

lenvea (.Janak1,. 1976). 

ln. the present 1nves't1gat1on, an ef'fort hae been 

made to study whether the n1 trate reduetase acti vl t~ 

1n lllfdze is under the contzol ot pb,Jtochrou and l.f 

so, what is the mechanlSID of action ot th1e plf;aerrt 

on the induction o~ this eftsyme. 
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fbxtoctaro• - G!M&:fll libBEIQlU:II'ti!Jt 

fhytochrome is a reversible blologlcol awitoh 

activated by llght. It. has been 1solatecl and purlt1e4 

from a llWIIber of apec1u b.V several groupe (see Brlooa 

and Rice, 19?2);. It 111 a blue-green cbmaoproteln, aJ'ld 

le present ill alll811 quant1't1()8 1n alaos't all potentially 

au"totroplc. plan1s. ·Two pr1nolpal tones of the molecule-

p r ( rect aboorblng, A maa • 66o a) artc1 P t-r < rar-nd 

absorbing, )\ IIU a ?30 ma) are d1s't1ngulshable on the 

baSis of their abaorpUoa spectra and biological response. 

P.,. 1s cohaldereel to be tbe 'b1olog1cally 1nact1ve form, 

Whereas P ftt is 'tbe biologically active toJ:ta. l.e .. 

capable of 1ndue1ns a measurable blolog!,cal response. 

The two forms are reversibly int•rconvertible bJ' 

rect en<1 far-reel light ( •photo'traMtcmaa'tioa•) • In 

aad1 tion, whereae 'thit Fr :to11a ls at able ln tbe d.al'k, 

f fr can revert thermally 'to Fr ( •ctnrk reversion•) or 

3 

undergo an irreversible lou of photoactivity (•destruction•). 

Theee properties of the phytochrome system .are 

trad1 'tlonaUN au.mmarl zed ln the follow1n,g echuet 

660 ftm 
P,_ or P66o =-..•--'iliftr or P?)O -~ b1o10&1cal display 

?)0 nm ,. 
I 
I 
I 

: destruction 
\y-

p• 
tr 
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!lwo typc-s 'of ptlenemena. have boen attrJ.buted to 

pJ\7tOchrome. the so oalled •11'\duction-revoraion• .81'14 

•high 1rractlance response• ( G:oh.r. 1972). 

lmttaASlaD a Bexcalao BUlllADtll - Those are 

dtaplslfs indUced bJ a brief pulse or low 1ntens1 t7 

.red light an4 revorscd by tar-red pulse (Borthwick. 

19?2). Yhe photoreverc1bU1 t.y or the response ta 

classlcall¥ accepted cr1 terlon tor establ1eMn.s 

phytochrOme involvement 1ft a process. Quant1tat1ve 

increase 1n the ~tude of tho 1ft4uced response 

w1tll increasing lich't close 1e 1ntetpre'ted as be1n& a 

fUnction o.f the degree of photoconvenlon of P r to f tr 

i.e. thfJ more quanta, the 110re PI:' is converted 1nto 

P 'fr end, therefore. resulting 1n greater response. 

Hisb +radiance BtiPOnso •• - In action epec'tre.l 

studles of m&JU' pho'toresponaea wl tb prolonged 1rndln't1m 

perlod. the maximum action 1e. however. locallsed in tbe 

blue and tnr-red ree1on of the spectrua, e.g.. b~Poeotyl 

elongation 1n ltftC'tuea pa;tl,yg seedlinee (Hartmann. 1966). 

such a responce has boen 'termed as *blab lrradlance 

response• and characterized by the magnitude of function 

of 1rracl$.ance. leek of pbotoreYera1b111t)r aftd rec1proci'tJ 

failures. 

4 



Par-red mediated HIH bas been explnit:od b)' two 

h,ypotheaeat (a) Ph)"tocbrort-e 1s t.be onlJ photorecep-tor 

involved (J!!S Hartmann. 1966) t (b) it arises by en 

lnterac~lon bet~een Ptr and pho~osynt~enla~ P~l
oulerl.J' PS 1 (AU. Orlll end Vlnce. 19?0). 

Harblann ( 1966) propoee4 '\tint RIR responses are 

brought abou't by phytocbnme. by maift'taln1ng a low but 

rela't1ve17 conatant level of P~. the maxi.J.mm eftoct 

achleved close to ?20 .• when Ptt/P-tot equ1Ubriua 1a 

about ~. Since HIR show 1rra41ance dependence 

( ~.efts• .11 .11• • 19?1 ) , it bas been interpreted as .a 

cormequence of c)'cl.lns between P tr and P r (Hartenn, 

1966) or altorna'telJ to to.metion ot excited ,Pfr 

moleoule-P frO (Jr»hr, 19?21 Schopfer ond l:aohl". 19?2) 

whlch is 110re effect1ve 'theft P f'r (grouncl state). The 

equlllbr.lwo constant of P tr ls a function of 1he rate 

of photocherelcal ~vor of P tr* and therefore ot 

irradlance. Recerrtl;r • Schafer ( 19?6) and ~nclnel11 

and Rablno (1975) have advanced a t10ttel of HIR based on 

capac! tJ ot P tr tone to bind 'to memb,- an e s (Quail .11 .ll• • 

19?Ja• ~nac d Ill·• 1974t ttlarlte, 19??). Schaf"er•e 

a.odel eseent1a11~ cone1sts of a scheme which propose 

ttm't HlR 1o controlled b7 .P tr receptor complex main-tained 

under ccmdl 'tion of plgment: CJCllng. taanc1neU1 and Rabino 

( 1915) observod 'that un4er c)'CUC far-red 'treatments, 

5 



11q,nJ:tude of anthocyanin aynthesla of cab'bt!Jee 8J"ld mustard 

;aoedlJ.ra&s dep~ncls ;on the total dose. further • cye-llc 

treataente were found to be aa effective aa continucrils 

far-red ligh't. if total radiation dose le equal and 

appll.ed. over equal period. fhe reclprocl t.v rela.tionahlp 

1e vali<l under cycllc tar-red u-ea<tment. 

The poas1bl11 t7 ot a second. photoreceptor • beside 

phytochroae. 1n HIR has bem re.1ee.d 1q Grill and. V~e 

(19?0). The evidences 1n favour of auch particlpatlon 

are •stlJ' based on 1nhlb1tor a'tbdlea. Pbytochrome-
+ 

mediated antl'tocyanln biosynthea1a 1a 1nhib1ted by rm4 • 

cU.ftitro phenol ancJ anUm.rc1n A which are known 1nh1bltora 

of cro11c photophoepboeylat101'l (iP) (Mareu11ea, t962t 

Schneider a!'Jd ~'tillSOn. 19?1t 19?2). Sallc,rlaldox1me. 

1nh1'61tor of PS 1 1\aa been ahoa to 1M1b1't llght•1nduced 

anthocpn1n formation. (Gludic1 de fii.cola et al •• 1912a). 

Further support for photosrnthetlc part1c1.pation 1nH1R 

ls based on deYeloPJtent ot photosJn~hesia under continuous 

tar-red 11ght (Sehite1der end Stlmson. 1911. 19?2t Oel'le

Karow 81\4 Butler, 1971 t UeGreff .at al•. 19?1). 

Evidences tor non-involvement of' photoeynthesla also 

eam.e froa the 1nh1bltor 81.Udies. Greenlnt; inh1b1t:ora, like 

ehloraQphenicol and streptomycin, en!lance anthocyard.n 

forma'tion (bnci1'utll1 .tl Al•• 1974). Edd7 ancl h.paoft (1951} 
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demonstrated tbat m;.-1m1bi~r of cyc11c.PP- has no 

effect on pho'to-11\duced anthocyanin &Jft'thcsls. Duke 

a1 Al· (1976) reportect a necat1ve correla'tlon between 

greening and antbocNanln bloe,ntheeis in malee soe411nga. 

Furthermore. under far-re4 llgh~, cbloroph)fll SJ'fttheaie 

la einllaal (t'~hr. 19?2t tl!<B:aonor d. Al·• 19?2), and. 

an"thoc)'flnln bioayn'theei& can be correln"ted 'to phJ'tochrome 

love! (DJ"Umml At Al· • 19?5). 

A'ttemp'ts to rat1onallce the vaS't diversity of oboervett 

photoresponses ln 'tems of a molecular mecbenlfllb o'f phyto

chrome action have resulted ln recent Jean in t¥.'0 maJor 

hypotbeaee - d1tferent1el gene activation 1\Jpot.hesls 

advanced b)' mohr (1966) end 'the membrane pen:enb111t7 

hJPOtheeio of llendrleks and Dorthwlok (196?). 

fJnrtqchmn. Ill I Desalt tat at 9181 ~IUm • Thls 

h)'POtboais seeks to explain phytochrome acticm through the 

actlva'tlon, or represo1on. ot· spcc1t1c genes. The subaequen't 

ctaanc.es in anzJme levels ere held to be reapon$1 ble tor 'the 

emp11f1cat1on, and t!'le speclt1c1 'ty ls det.ena11'1ed by 'tbe 

d1ffe~1al otatus of the genome ot the particular cell. 

i:ost of the evidences in support of thJ.c hJPO'thealo 

le based on the ifthl.bltion of P~r•mediated response by 

substances known 'to lnhlbi't nucleic e.c14 (Carr 8.1\4 Relet, 

19661 t'Iohr and. Biengor. t96?a Dlttea d al•• 1971t J>nu:m. 

,d Al·• 19?1) and protein sJJ'ftheslo (Dnn::m .11 Al·• 1971.1912). 

7 



Pig. 1 • A general model 1lluB"trnt1ng the h)'po'the&ls ot 

41f'torent1al gene activ·e<tJ.on and repression ee· 

' the moue of action in differential induction an4 

repression of eft$Jlt& spthesla of P tr (Af~.r 

Schopfer, 19??). 



~-----=----~~~ 
repressible 

genes(Pfr) 

induction of 
----•enzyme synthesis 

---~repression of 
enzyme synthesis 

'' . ,, pattern of pnmary ' " ,, pattern of secondary 
differentiation differentiation 
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Boa1do tho use of 1nh1bltors, by d~noit.y lnbelllng method 

nleo lt b"1a been aetnbliobod tb.nt phJ'tochrome eontroll.ed 

J1!. nQYo ayu.theeis of sooo euyoea (Acton nnd Schopfer. 1974; 

Attr1dc;c, 1974; Acton et 2-l.•t 1974) • 

:rtticiso ot this nppro~eh 1a b~odly two fol4. ~e 

data so tar obt'!llned provido no direct evidence that gone tie 

nctivity is, tnr act, oltGrcd. let alono thnt Prr interacts 

wltb goDo!llo. Thi.a hypothas1s doc-a not ozplnln tho rapid 

act1on/1"9pid oxperseion pbenooena.. Oot only ere t..'looo 

reeponoos ore ~ore ropid than would oe erpectod from 

9 

gen:,t1c re.,-.-·ulation,. but ln soco C<·aoa at least b~vc proved 

inoenal t1vu to transcl'iptionrtl tnd tr:lnsl~ tiontll 1nhib1 tore 

(welntraub aDd ln.wson. 1972; Satter and Galeton. 1973). 

Phytochrooe induced chaneee in cet!lbrane. on the other band • 

r-ecount tor even tbe most Npld phytochror.le medtatod phenooena. 

Sooe of tho pbytoehrome-controlled responses hsvo n 

lag period ot only 1·5 ttirn.ttcs.- such oe nyctin'1et1o :Oov.:

ment of Llz:osa loaflots (Fondv1ollo .!l.al•• 1966}• or 

att-~chJ&ont of oxcisad QW'lg bean root ti'l)l)----to necattvoly 

cbArgod glass ourfoco (~node.- 1 968}. i'o e!rpl.atn such 

reeponsoa., ilondrieks and Borthwick ( ~ 367) sup_JJostcd that 

the pr1t'"lr7 action of pb.ytochroC20 rtn7 take place via 

so~o ctnngea in functional properties o£ mombrnnes •. t'erhsps • 



Flg. 2 • Tho 'transpor& fac'tor hypothesis for phytochrome 

action. Activo phytochrome ls considered to be 

l.ocn'ted in membrallee in which 1 t e.cte to control 

transport of a eecond meeseneer x. from one slde 

to other, X lo 'then able to interact wl 'th fl18ft)f 

processes (Alter Smltlt. 1975). 



INNER 
COMPARTMENT 

OUTER 
COMPARTMENT 

xoyA 
Biological action 
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ln a variety of cellular membranes. emannt~ng from a 

elngle. f\mdemen'tal oembi'Gne alteration cou14 afford the 

opport.un1t,. for changes in 1on flux,. activation o~ membrane 

bound. enzyme1;a. al'tered compartmentallzatlon, release of bound 

hormones, and so on. .Furthermore, a phytochroae aeo~e 

aseoclation affords tho poss1bU1 ty of a pttotoooup11ng 

tunetlcm for phJtochroae 1n the HlR. A.'n1 or all ot these 

dght len<l ul 'tlmn'telJ to a1 tered gene oxpreeslon. 

Sa1th (19?0. 19?.5 end 19?6a) baa proposed a model 

which envlagos ttwt pbytochroce ls loceUzed .1n membranes, 

and acta b)' regulating transport of .soaae important metaboll 'tea. 

perhaps a second mtUJBet\Ger. ·which ey eubsequentl)' el1clt 

phot.oreaponee. Haup't end Welaenseel (1976) speculete4 Ptr 

ma~ fUnction aa ca2't carrier 1n membranes. 

f.rr•KidlaSlszQ Dn.vab, MISXl:s;ballnt - The occurrence 

of ace'\rlchollne (ACb) in plants was discovered as earl)' 

ae 195) bJ P'le14er 1n Omtaegua. Since then. aeveral 

reports have appeared con1'lm1ng this flnding.. Jaffe (19?0) 

demonstratea phJtochrome-~atcd concentration changes of 

ace't71cho11ne 1n mune, bean root 't1:ps and 811Ch cbangea 

have also been detected in moss callus (Ha.nmarm and 

K111blnger. 1974). AOh micdced the phenoaenon of red llght 

me41ate4 root tip attachtaent w MgatlvelJ Charged surface. 



and 'the red. ll@.ht effect could be ottectlv~l¥ blocked by 

aeetylcholir.o inhibitors (Jaffe. 1910). tlaffe proposed 

that acetJlcho11ne tDaJ act as the local hor110ne regula~ins 

phltocttrorae-me41ate4 phenomena et the membrane level. 

~other woliters coul4 not find 8ft~ involvement 

of ACh ln othor pbotoresponsee- e.s. n,yct1nast1c leanet 

mcweaent 1n Al);d.aua (sattor .d al·• 1972), induction ot 

phenJlalan1neaeaon1a ll'aae (Kasemlr end Lohr, 19?2), 

tlavano1d level (saunders nnd ttcClure, 19?2) end ATP level 

(ltr1ebner .d. .11• • 1915). Tal'U\da ( 19?2} su8f1ested that ACJ\ 

~ function b7 its ·eation 1nterfor1ng capac1t1ee. 

Kaoemlr and lllohr (1972) proposed that ACh effect may be 

restricted to plants or organs In touch wl th water.. 

12 

~ouah thot:"e are several proposals to ~jxplain phyto

chrome action. any single hypotbes1s alone can no't explain 

ell phytochrcme mediated. responses. So 'the pr11D8%7 ttOlecular 

mechanlem of phytochrome action remains an unresolved 

question. 

l!ll!Qtl &uiRGHII. AJld ltp iiP&YlA11M J!Y fbxgpbrut 

'lbe enzyme n1 trate reductase is involved ·in 'the 

re4uct1on of 1\J:trate to n1'tr1te. Nitrate reduc'tace hae 

been shOwn to be mo~bdo•prote1n and han a molecular weight 

around SOO K - 600 K (Beevors and Hageman. 1969). R1trate 



• 
reductase is substrate inducible enzyme. In actclition ~ 

substrate i.e. nitra~o. tho d~velopme~t o£ nitrate 

reductace activity depends on several genetic. ontogeneUc 

and envol"''nmental faotore. 1nclud1ng 11sht, homonoa and 

euppl)' of other forms of nlt.f'OGen. ~e exact mechanism 

by wb1c'h light controls the level of nl trate roductnae, 

nt111 1o not clear. fhytochroee has been 1mpl1catec1 in 

light 1n4uct1on ot nitrate reductase activity by Jonee 

t.m4 Sheard (1912. 1974) and. Johnson (1976). 

The first report oft phJ'tOctl!':Oae-me41at1on· cf n1 trate 

reductase lnctuction came from Jones and Sheard ( 1972). 

fheJ dGl:lOnstm'tcd enhancement or nitrate reductase act1v1tJ 

bJ 5 IJ1:mttea of .red light treatment ard whlcb wo.s roa41}lf 

reveJ"8od by lmmedlnte exposure to far-red liaht. The)' 

also reported increase in levels ot nitrate reductase after 

exposure to blue_ llcht ~or a brief period. ihe otfect1ve

neae of 1tlue llght us intermediate between thoce of red 

and f'ar-Hd 116)tt. These 11gbt 'treatments exclude tbe 

poaa1b111-ty of photoQnthet.tis as a process contributing 

'to inductlon. Onder 'theoc concl1t1orw. induction ls shown 

to bo revere1bl1 controllecl by red and f'ar-red 11{Iht, an 

effect ascribable to ~he plgment pbrtocbrome. 

Johnson (1976) also reported that 5 mnutee ot red 

liGht 1rradht1on leads lnstar,leOuelJ' to 4s; increase .lJ'l 

13 
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ftltreto reductase en~e activitN in §ir»Pift Alp. this 

increase was J.ftseno!:tlve to C1Clohextc14e whereas in the 

OO!!:.e epoc1os. cyclohea1m14e 1fthib1ts. 1nttuct1on of n1.trato 

reduc'tase bY n1 tl"ate. ftwa, 1 t eppearfX! 'thot llc,ht aft4 

nitrate aote4 'throUGh dltferent mechan18DlS 1n con'troll1ng 

nitrate reductase actlvitJ. 

Jonea. end b"henrd ( 19?5) d:omonstra'ted that a1 thoueh 

pl\ytocllmme mediates increased uptake of nl 'trate 1n pea 

terminal 'bQd.e as well as causing en increase 1n n1 tr-e"te 

reductase activit~. increased D1:tt'"a'te itself' di.d not 

lead to further increase 1n !'d.:tra'te rc<luctnoe. DlmethJl 

sulfoxide and sugars dld not eJ'lhtmce the induction in dnrk 

wben l'd:trate uptake wae Q"eatly incrensccl bJ tbct1o. 

chemicals and l.l&ht onhancement of n1 'trate uptake dicl 

not ocour bofore the in4uet1on of 1U.tra'\e reductase. So 

thcr concluded tbat increeee4 n1 trate ave1lab1li ty is M't 

the cauae o.r phJtoe1\romo-mediated e~)'me lncrceee. An 

a1 tomete tlteory euggeoted ttw,t ll(lh't cotrtrole the 

polyribosome level and the capac1 ~7 tor amino acld 

1ncorpora.t1cn in prc'toin ayntheele (Jorctan and Huffaker., 

1912t Travis d Al·• l9?0a i'ravls and key. 19??). 

Travis .&1.11 (19?0), ~vis and KeJ (t91tJ GV.Bcested 

that 11ctrt-1ntt~ced increase in polmbosome leYel produce 

o non-ape~lfic effect on the rote ot nitrate reductaae 

14 



SJJlthesie• E>ine and Klein (1972) &M Smitl\ (19?6) have 

shown 'thnt polrribooome level 1s indeed controllect b)' 

P".Y'tocbrorne in bean lenvce. so the reverslbUi ty control 

ot n1 trate reductase ectlvl ty b7 red end for-rod 116ht.e 

ma;J, therefore. be botb a result 81!4 a partial cause of 

effects on protein oynthosie 1n general. 

A further sut;.nosticn propoced b.J Sawhne¥ and Nalk 

( 1912) 1$ that. rettox chan~ee taklna place 1n gnentng 

tissues as a result of Hlll l"'8et1on create con41 tlons 

for 'tho Oftbance.d rote of synthos.1s of the enQme:. Such 

a mechanism clearly need not involve ph.J'ochrome since 
" 

phJtocbrome anodia'tod responses can be prottOtet.l under 

eoncU tiona 1n which pho'tosJntttesle does not occur {brief 

114ht esposUI"$8) • 

.Jordan and Hutfakor ( 1972) interred 'tbnt reduction 

of nltrete reductase by llgb't in etiolated barle7 lenvee 

depend. upon ttto dfJVelopattmt of photosyftthetic C02 f1xaUon. 

In cpl'ttroot • .JOJtefl and Sheard (19?3) showed that the 

lftttuct1on in etiolated pea buae. after 5 minutes exposure 

'to whi 'te linh:t wee o high p~~eportion of 'the 'total imucti.on 

after 2 hours of continuous white light. 

Jotmaon (1976) has shown 'tho:t c)'ClohexJ.eide 41d not. 

inhlbit enqme activity which lmB mediatod -phytochrome 

slgn1f1cantl7 11'1 §lMplg .il.llaa• 1f the enzyme ls aaeQed 

15 



• 
in the CO~Jle4ons. immediately after 5 rn1nutoe of red 

11eht 'treatment . there 1o o 4.- 1ncrcane ln tho ex.trect

oble activity. without any l~g phase. !'be rop1c:l1tN of 

thene responses. and no lag porlad otrongl)f sucgest. but 

dooe not prove. that the transcriptional control lo not 

involved 1n 'tho induction of nltra't-e rcduetace. Aft4 lt 

also seems iftconeelvable that the instaneous response 

to a abort dose ot red light can b& dUe to an 1nere.Dae4 

rate of enqme synthesis. In .feet. nel thor 'the· n1 tra'te 

nor ph,Jtoehrome •d1nted l'e&ponees are lnhlblted bN the 

ad41t1on of tUftQ.sten et the onset of the trea'ttlent. It 

suegeats that el'tber nJ:trate induction rao;y not involve 

aynthe.s1s of tbe whole of the protein moe1 t7 of t.he 

en&yme or else of prc:rteln syntheo1s required for the 

response is not the synthesis ot n1 trnte reauctnae. 

However. increace 1n nl'tra:te .re<luctaoe activit~ 1>7 

contlnucue 1rrad1ot1on mieht be due 'to the increase in 

the protein s.yn~hee1o. 

Analogous red am far-re<l revere1 blo otfeo'ts have 

been sho'tm for a number of other enzJmS1:1c actlvi Ues in 

e't1oleted pea.a. Bo'ttoml~ ( 19?0) nhou.ed thnt the activltJ 

of nuclear tmA polNJllOra&e 1n peas waa lncr.easecl by red 

16 

l.1ght. and the otfect. was reversed bl tar-red. 11f!ht. ftle 

development ot pol.J'riboso~&ec and the amino aclct incorporating 



acrt1v1~ of isolated ribosome. was shown - b1111atta end. 

novelll (1968) 'to be enhancect snore by red 'ttum blue light 

1n etlola'tod eeedl1n,.s. 

Jones e:n.cl ~"heard. ( 1917) also reported entumceaent 

ot n1"trate redUctase actiY1~7 b7 blue light in etiolated 

pea terminal bUds. After 5 minutes 11gh't expoour-ea . 

(white 11aht. red, far-red. 'blue). then was no a1gnificent 

41fterences in the ettect1venesa ot the different wave 

banda • 1nd1catift8 -that .rmllf a small quaDU'tN or P tr waa 
J 

requlre4 to sa'turato the control exh1b1te4 Yla pb)rtoehra~e. 

However. in 2 hours of ccntlnuoue 1ft"a41e.t1cn about 40S' 

more el\Q1te act1v1t7 was. lncluced 1rt extracts .. of temiftal 

buds expooecJ ~ wbi te ami blue 11cbts when compared to 

con11nuoue lrradiatioft with red an4 far-red light. fhe 

greater effect1veneas of blue light during prolonged. 

exposure J)01nu to ~h• operation of ao called "lfigb· 

Energ Reaction•. Which probably tnvclvee the action of 

p.lgmtmta other 'Chan phytochf"'JDe. 

Al.tbougb tbe mechanism of blue 11ght action re~Dalns 

Uftlm.otllft, the effect o~ blue light lmlJ tmYe lapllcatlcne 

COftCemlng overall meohmlisa of light regulation of nltra.te 

reductase. The effect or blue 11gbt iftduetlon o~ ni tra'te 

reductase lo no't OlllJ confined to etiolated peaa. bvt also 

17 



occurs in green com grown under pho'tosJJttt:esid.n,g 

cond1-ticne. 

Recen'tly. Duke and Duke ( 1978) reported. that 

moctu1Bt1on of nitrate reductase act1V1tJ ls no't direc~l.J' 

influenced b7 photofU'Mbet-lc r>hotoreceptora and 'tbat 

p~toch~ is 1n'10lved 1n tho pbotocontrol of nitrate 

reductase ac'tlvlt,- in maize. 'Their results also lndlce'te 

'that llfl,h't qua11t)' at the end. ot <ley intlucmces bot:b 

nitrate reductase 1aetiv1t7 4\trlng ftlght as well as t1me . 

requ1re4 to "ach II!I!Ut1mal nitrate reductase activltJ 

during the nex't photoperiod. 
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flnnt ialJlrill a f.iDUdb QaaS!t.iliDI 

Preeh seo4s of maio (Z!§ .maa. •ar ohakt1) wen 

obtained tr:erc tt\o Imian Asr1cul tural Recoarch lnnt1 tute. 
0 

tlew Delhi. and utord at 4 C in desslcator. 

Seed& of urdf"orm si:-e were oelected end kept t.mder 

running tap water tor about 18 hours. l.mblbed seede 

ltlere thorOU€,hly wa&hf!d witb dioUllo4 water. These were 

then grown in petrldiehos tor- 6 days in complete darkness 

on moist absorbent p~r 1n a aee4 germlnator u1nta1nect 
0 

nt 2? :.t 1 c. .Seedlings were supplied once a day trl'th 

n1t.rate free Hoagland•e ~t~Cdi:tled nutrient solution, the 

coQPOs1tlon ot ..:hicb 1s g1ven below• 

Conrss1Ulon tt. Hats:&.W • 1 wuilsm• _ 

SglSliPD .J.• 
stock solution ua 

KHiPO 4 
mgso4 

NPY9D 3• 

Trace elements 

B 

am 
Zn 

1 

2 

ppm 

o.s 
o.s 
o.os 
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Cb 

me 

jQlgtJ.cm J• 

0.02 

o.ot 

Fe 'tartarate (stock oolutlon 0.5)$) U:Oediml/L• 

A daily scrotm!ng of petndiahea na done and ungemi.nated 

nnd infoctcd seeds. 1f any. uere ~vcd. All operaUcM 

excet::t experl.lteratal trea\menta were conducted under 41m 

c,reen aaf'e llg,ht. 

Aplcol leaves excised troe 6 daJ-old planto v:e~ 

ef!oaen as tho experimental material • 

lmttMSHD tt ixcJ.su AP1Rftl JdmYea 
Ssmples of exc1se4 etiolated. ep1eal leaves were 

tloa•ed 1n 3S ml of incubation medium ( 60 d1 Mo3). 

el tber 1n dnrlt or in light as in<llcated In Tables and 

P1nures. For each trefltmerrt. approximately 2SO ffG 

aplcal leaves were emplored. All 'treatmerrte wore 

replicated at leao~ t1dce. All incubations were ccrrled 

out at a eon.stcnt. ~empora-ture o£ 25!. 1°C. 

LJ.Sb! §MDII 

!he r~on nate 116ht was ob-tained. throu£)\ 8 layere 

of llftGn cellophafte paper from a oool whlte tluoreacent~ 

tube light. The 1ntens1Q of liGht at the plant level 

tree nEver moro 'tharl i pw cm·2• Red light was obtained, 

from two tungsten lamps (tOO and 60 watts) trraf.iped with 

20 



'two layers of red cellophane, paper. the 'nttmn1't7 of 

red•lleht at the height ot eeedllngs wse soo Jl..W Cftt. -
2 

• 

. The lteht frotn a )00 watt reflector lamp waa 1'11 tered 

t!U-ouch 8 CD ot continuously flo1'11ng 'taP. water Q.ft4 a 

C·BS-1$0 filter to obtain tar•recl light. Tho lntensitJ 
' . -2 ot tar-red -lil!h't wee t4o p..W ca · &t tho plant level. 

White 11gbt wae obtained 'b1 three cool ~hite fluores

ccmt tube ligbta. the 1nftens1 '17 o~ wh1 to 11sM at the 

plan't level was 1200 ~ ca-2 • \'aperature ct11.r"ing all 

these ~reatmeftt• were maintoine4 at 2S ~ t 0c. 

10ua mraaun 
Apical loavoa were rettove4 from the lncubation 

\ 
ud.J.ull at difterel'lt time 1ntelt"Yals. washed and 4rle4 O-ft 

a blotting paper an4 1ce-chllle4. The chilled tiasuee 

were homogenl:ect 1n 2 ml ot SO d Trla-NCl buffer. 

pR s.s. conta1ft1"4 J 11M Bll5!A and 3 d CJ'S'telft&. fbe 

b0110{lene'te was centri.tuged at 20.000 a s for 20 einutea 

at o0c. The supematant .aa emploJed tor the de'termlfta

tion of enqme ecti¥1:t7• 

IQumg Aoau 
Assay of nl trate roouctat:~e na performed essent.lallJ 

accorcllng 'to the prooecture ot Hagqan and Hucklesb)t" ( 1911) • 

The assaJ mlxture contained 'tb.e fcllowingt 1 ml of o. t 51 

K-phoep'hate buffer. pH 1·5• 0.2 m1 o£ 0.1 &1 Kl\Ol' 0.2 m1 
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Fig. J I 
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STANDARD CURVE FOR N62 ESTIMATiON 

STOCK SOLUTI?N=0.02 }J moles/mt NaN02 

0.32 

N02 Nono moles 



of lWlH (t me/mlJ. ln control 'tUbee rwm.was omitted. 

'lhe reaction was started by tho add1 tlon of 0.2 m of 

the el'lZJ&$ extract. After incubatln,g for lS m.lnutes 

a~ )0°C the reec'tion we a stoppect by tho c4dl t1on ot 

0.1 m1 ot 1 M a1nc acetate solution. fhe resul~1na 

preclp1 tate was reno\Jed by centrlfugntlon. One ml 

aliquot wae taken from the supernatant for color: 

development. 7o this 1 Ql. ot sulfanamltte (lS§ 1n t.S " 

RCl) and 1 14 of o.o~ r.-t-naptbJl-ethylGne-dlamine 

dlbJdrocholrJAe were added end allowed to atan4 for 

15 mS.nutes. Optlcal denelty at 540 nm was determined 

in Bau~h en4 Lamb Speo:tron1c 20. fhe concentration 

of nitrAte fonned wac calCUlated from the etan4nr4 

curve ( 1-"ig. :r ) • ltltrate reductase act1v1 t7 1s expressed 

as nonomolee n1 tr1 t.e forced. tor t mg protein ~or 1 hour. 

Emi•lD idls!tt1on 
For cletcrmination ot protein 0.2 m1 of al1quots of 

cell tree extracts were preclpl tated b.r equal amount• ot 

1®& TCA. ftte preclpl'tate wao collected. by cen'tr1ftlgatloft. 

~he pellet was cU.esolve4 in 0.4 ml of 0.1. M bOH end 

protein was estlmo:ted b7 tho methocl of" LowrJ at Al· ( 1951). 

'lhe absorbaney at SOC nm was meewrccl wl th Speetron1c•20. 

The B
500 

values were then converted to omount of protein 

bJ means of a standard. ourYe obta1nod blt' using bovine 

SGI'WD albumin (Pig. 4) • 
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Pig. 4 • S'tandard. curve tor protein eatimation. 
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Chtai&Jt1a 

AU inorganic checlcals were of reagent grade 

and were obtained from Br1t1sh Drug House (Inclia) or 

E. ~k. DariU3tadt. Germ&J~J. ltADH . and eyclohex1Jd.cte 

were ob-tained :from SJ.gma Chemical co., st:. Loul8. ~m. 

u.s.A. a act1noeyc1n D was obtained from Calb1ochem. 

Loe Angeles. Callt. U.S.A. 
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Experiments were undertaken to detel"'!ine the role 

of phytochrome 1n Uuivct1on of nitrate reductase 1n 

etiolo'ted, malz.ef'soedll.nga. AJ:-1Cal 1.,-aves were 'taken 

as the experlcental material. As stated earlier 

( tatorlals ant! tlethod.s) • eia-dQ•old seedlings have been 

fi!nPloyed, for all 'tl'(H'ltrae1\ts. 

ittes:S gt M•t XrM'tnft11 ot AM\ Licht. sm l§.SatA . 

Btd'URSIU . AAU.vUr 

26 

Etiolated. excl.sed leavee were incubated in· induction 

mediwo. flheso tfere exposed 1'.o rea 11aht for S llllnutea an<l 

re'turned to darkness. After 4 houra n1 trate reductase 

acti.v1"ty wae measure4. As can be seen 1n Table 1. 1rrad1a

t1on of eacleed lea'Ve& with re4 light tor S minutes increased. 

'the nltre'te reductase activity by 34~. In 41f'tere.nt .sets 

ot experiments the increase 1n ftltra~e reductase activity 

varied from 2~ ato 4om&. 

§tfegt 9t Bdtt frttSMn'o Af fnr-Rstd 1-:J.rM 2D .11Smb 

Bldvsuu. ·AstlyJ.;g 

to find out 'the cOffect of far-red ll&h't. excised 

leaves 1n lndl.tction medium were 1ned1ated wi U\ far-reel 

l.lght f'or .S ld.nutea. Af~or 1rre<Sia-tioJ'lt leaves were 

transferred to dark tor 4 hours betore the assay of the 



EFFEC~ OF B.R1EP 1RRADlA?lCN OF REJ) LIGHt on lilCZR.4TB 

REDUCTASE ACflVl~l 

Bxc1eed leaves from 6 4ay-ol<l dark arcnm mal ae 

seedl1nss "ere .tloate4 on lnduc~lon aediu.m ( 60 d 

'003) ar.t1 ex.poaect to red llgbt for 5 minutes. .After 

·treatmtmt. leaves \'ft'il"e 'transf•rrcd to dark. N1'trate 

. reductase act1vlt.y was aesQ«t after 4 houra. Nitrate 

reductase activ1 ty is expreaee4 as nanomolea n1 trite 

tomed/mg pro-tein -l 1M-·l. 

freatments 

Red light S ld.n + 
Dark 4- hours 

Spcc1f1c 
act1vitJ" 

246 

Relative 
activi-t)' 

(fl) 

tOO 

)42 
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EFFECT OF BRIEF "i'RE.A~ OF F.AR-RliJl tiGl!i' 011 ~I.i'MTE 

RmlUCTASB ACTIVITY 

Lenves oscised rrom 6-d.By.old dark grown mait'.-e 

eee411ngs \1Gl!"e flontecl on lmiuctlon ~tedium. Brief' 

traatment of far-red 11(th't wns eJ. ven to 'theoe leavos 

be:fora re'ttlmod 'to tlarknens. 11 tra'te reduc'tase 

aet1v1ty was ceasured after 4 hours. U1trnte reductase 

actlvl'tJ ts eapJ'essed as nanoeolee nitrite fomed/ 

me proteir.-1 /br -t • 

Treatments 

Par-red: 5 rain • · 
4arlt ,. b1"S 

Spec1t1c 
activi'Q 

98.07 

Relative 
actlvit.J 

(SI;) 

t.OO 

101 
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Flg. S • Effect of brief 1rradletion of ~er-red light 

on nltra~~reductnse activit~. 
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1. Dark Control 
2 5 min Far-red light 

1 2 
Treatments 



enQM actlv1't7• The ctata 1ft ~able 2 (Flg~ 5) ehow that. 

S minutes far-red light had no efteo't on 'the n1 'tra:to 

reductase activity •. 

itted At P1Utanl DyaSism. Pt Bt4. UihS. D. ftilmla 

Bt.!ludaM MSlXJ.tx 
As 1s ev1deftt fl"'a S'able 1. .five minutes or rrecl 11ght 

11Ta41at1on increased tho n.ltJ:>a:te reductase actlv1t.,-. Yo 

fiftd out the 'tim() :nqu1red for maximum induction o~ 'the 

enqme, exc1aect leaves tt&n 1nad1eted wltb red 11gbt for 

s. 10 and 1.5 minutes and kept. back in dark tor 4 hours 

prior to as~ ot tho enqme activity. «.rbe 4a'ta preoento4 

1n Table ) (!'·ta. 6) lmticatect tttat red llaht irradiation, 

30 

for a perio4 of more than S minutes. 414 not enhance the 

nitrate reductase activity. Prolonged red light 1rrad1nt1ons 

(i.e. 10 and 15 minutes) led to a feU 1n the ensyme 

actlvlty as cocpered to 5 mlnutes 1rradie~1on. 

IW'W Pt: Bd aml far-Best lrJ.&JB. at lilmH Rmtw;tase APt1Yi:b 
S1nce the brief 'treatments with red light (!able 1} 

showed 'that tbere is a c;reater 1ncreane 1n 'the n1 trate 

reductase ac-tivity es compared to dark, e.xporlmente were 

undertaken 'to see lf the ef.feet of red light cou14 be 

reversed bJ' .for-red litlhf. and v1ee voraa to ascertain 

the J.nvolveent of pbytoctm:u:e .1ft the lnducticm of nit-rate 

reduc"taee. Dorlt end whlte light treataents \':ere kept as 

controls. The data preoert'ted 1n Table 4 1nd1cats that 



BF.FECT OF DIFFmt~"lf OOM1'10fJ OP JlliD LIGHT lilRADlATIOr.I 

Otli NITRA);E ~:UC'I'~E ACTIVlft 

Leaves, exclsed trcm 6-d&7-cld dark gro~ melze 

see<tlings.. .ere floatEKl on induction medium. i'reat

mnnte ~ore glven to these leaves and transferred to 

dark. fl\o eneyme activity was assayed atter l;t. hrs. 

131 trate reduc-tase acti vl ty ls expressed. as nanomoles 

n1 trite foftned/mg protein •t /hr-1. 

Dark 4 hrs 

Red light S min + 
darit 4 hra 

Red llght 10 ll1n + 
4ark 4 hrs 

Red light 15 m1n i" 
dark 4 bra 

Spec1f1o 
act1v1t.J 

97.14 

)41~28 

264.t8 

228.04 

Relative 
act1v1'tJ' 

(~) 

100 

JSt 

272 

2.35 
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Plg. 6 • Effect~ of different. d.uret1on of red llpt 

1rrad1ation on nitrate redv.ctase aot1v1tJ. 
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tmVKRSIBLE hJ·'FhCT OF Rm AND PAR-RED LIGHfS OH !tlTltttfB 

RJWUCTASB AC11VI!Y 

hcieed leavea !'rom 6-da)'-olct dark gror:n mai£e 

.s&edlings were flonted ion J.nduc'tion aedlum. Trea:l

mmta were 6lven to 'these exclsect leaves. Af'ter 

irractlatlon. "these were tranaferrecl 1:o dark. Nitrate 

reductase act! vi 1\J' was •aaurecl after 4 hours. R1 trat e 

reductaue aetlvlty ia expreused aa nanollOlea n1tr1to 

fomed/mg protein -1 /hr-1• 

Treatments Spcc1t1c 
acttvlty 

Dark 4 hre 82 

RL + dark 4 hrs 252 

BL + PiL • dark 4 hn 38 

RL + Fat + BL + 354 
dark 4 hra 

Cont.lnuoua White ?28 
light 4 hrs 

Relative 
ae'tlvity 

(S') 

100 

)06 

46 

432 

ass 
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Fin. ? t .Rcvers1.ble of'tect of red .an4 far-red l.1€,ht:a 

. on nltrat• reductase eotlvitr. 
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• 

lneroase 1n 'tho nitra-te reductace activity .ever tho dark 
~~ 

control ls a fUnction of qua11 ~ of llc.ht to whlch exc1oe4 

leDvea were exposed eventuall.s. tU~te reductase induction 

in Wdte light (cont1nuoue} ~. however, found to be 

greater than rod light tz>ea~nts (Fig. ?) • 

lUDetlca 2t .lf.L$r&SiA ~~ Ag~.\¥1!1 Wll" 5 D1n Rfd Li&l!.t 

fD·diiJtt 
Earlier experimenu ahowect tha't red 116b't hac an 

eMancing e:ftect on n1trn'te re«ucta:se act1v1t7 (Table 1). 

to flncl out 'llHt lag period and optimum duratloJf for 'the 

1nduot.1on of n1 trate reductone. after red ll{.bt 'treathnt 

for S mlntttoa caterlole wore transferred to dark. After 

411'ferent 1nteJ"Yals. en:yme ootivitJ tree llleasured. This 

rcweal.ed thot there wae a log pbe.ee of about )0 rninu'tes, 

and after that there waa 8ft lnetaneoue increase 1n tho 

en~ ectivl'J' upto 4 hours, and t.tten gradual 4eer$aee 1ft 

the eneyme act.1v1tr. After 18 hours the red. light effect 

was completely dimlrdehecl (Pig. 8). 

KJ.tJl:tiGI at ftitrtSI BdleSau AIS1!1tx at~ GonSLimcm• 

ht::Bn J1kbS iua!iatDt 
Earlier o:perlaonte ehowed. that ezpooure to far-rc4 

light f"or S mlnutes dld not enhance 'the enZl'JC9 aot1v1tr. 

To flnd out tr the HIR reeponse ta operative 1n tho nl t.ra"te 

rec~uctane 1nCluc~1on. k1ne'tica of nltra'te reductase aot1v1t,J 
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Fig. 8 t KbleUca of nitrate rectuc'taae activit~ .niter 

.S mtnutee red 116ht 'treatment. 
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'P1g. 9 • Kinotlca o'f n1 tra'te reduo'tsse act.1v1 'tN Uftder 
continuous far-rod 11G.ht treatment. 
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und~ ccrrtln.uoua far-reel ligh't. was etu&Ued;. Thlo study 

revealed that there wae a lag phase of abou-t )0 ldnutea 

an4 attor tl't.at lnsteneous increase !.n the eneyme activity 

upto 4 hours ( s1m1lar to the ld.ne'tlctt o' reel llah.t) 

occurred but after 4 bours there waa a gradual decrease 

in the nitrate re4uctaee act1vl't,. However. in ccntraet 

to rec1 lll;l"lt k1Mt1ca. atter 24 hours. 'too. fti trate 

reductase ac't1v1ty waa greaur than 't!\e dark controls. 

On 'tuming of't tbo tar-red. light at the 6th hour. 'the 

enzpe act.iv1 t)' dec11Md aharplJ but tras sun tta1nteined 

hlGher than the dark ccntrole. '!bla experiment 1n41cote4 

that continuous tar-red ll&bt was essential to ~taln 

higher levele of nitrate reductase act1v1ty {Pig. 9) •. or 

P tr was involved. 1n the aynthes1s c t nitrate reductase. 

i'(t;l At. AcgUJpbgllnt PIJ JW;mte i§JtuS3'Ut AQSJ.vUx .In 

lim 
Bxperlmenta were conducted wJ. th an ala to stud~' 

wbetb&r ecet)l'leho11ne m11D1ca 'the ph.ytochro~~& in the 

enhancement ot nitrate reductase oct1v1tJ• !'he effect of 

acetJlcho11ne was seen in etiolated.. excised leaves. 

Hxogenous ecetylcbo11ne (10~) broQ&ht abOut an enhar:.ce

ment 1n the nitrate reductase act1vit7 in excised leaves 

(Table .S) ,. bu't magn1tude o~ increase in the nltra'te 

re4uct.aoe activity b7 ecetylchol1ne was comparat1Ye17 less 
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EP"FECT OF ACB"!YLCHOLI~ Oft NITRATE REDUC~ASB .AC!liVIft' 

1N DARK 

ExcS.sed. leaves. froa 6-d97-o.ld dark grcnm ma1u 

. -seed11nga, were noated on inductlon medium. 10 14 

acetylcho11ne was eupp11e4 1ft the induction me41um. 

Enarme aeUvltJ waa aeanre4 ,after 4 houra ot 1ncuba"t1oa 

1n the clark. 1'i1tra.te reductase at:t1v1't1 1a expressed 

aa nanomolea nltrtt& fo~c.g preteln-1/hr-t. 

Dark 4 bra 52.0? 100 

Red Ugb't S mn + 299.8 S25 
dark 4 bra 

Acet~leholine S Bin+ 
dark 4 l'lrs 

6).4 121 

AcetJlchollne ror 
4 hra ln 4at"k 

11).72 218 
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1J.e. 10 • £ffec't of acewlchol1ne en I'll 'trote reductase 

actlvltJ in dark. 
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reducta:ce induction. Howevor. lt 8CC't71Chol1ne waG 

supplied exo~enouoly ~or a brief' period 1 t d!ct not 

enhance the nltrate reductatlo ac'tivl'ty (Fig. tO). 

UUAGS at :tmoanattsn a ZDmlleSisau IDblJ211:Qra 
'fo decipher 'tho state of tJ"Cnacrlp'ticrse.l and 

tronslaticnal control durift6 1nt1uct1on under continuou-S 

fer-red light. 1nh1b1tors of lm.A and protein synthesis 

were etudled. 

iU.;S .at. Allin9•1Aia. D - Excised leaves woro 

supplied with actinomycin D tn the inductioft medium. 

The eneymo act1vity was measui"Cd after 4 hours continuous 

ta!'l-red 11eht irrndlatlon. For one set. tor the .first 

"t~ hours actiftoQJcin D wae supplied 'to the medium, and 

after that mator1al we.s trans.ferre<l to actifiO&ycin D tree 

eedlum end vlce versa ror another aot. As shown in 

Table 6. actiftOm)'Cift D was tcun4 to exert alsnlflcam 

effect on 'the n1 trote reducta~e actlvlt)t 1f supplied 1n 

the flrnt tt10 hour-period.. hotJever. 1,. it was nupplled 

af'ter on set of tho 1rrad.la't1on flor ln&'l 2 hours. 1 't 

dld not haVe 8nJ a1gnl:f1can't effect. If •tlnoQJcin n 
was supplied for 'the full 4 hour period. lt almost 

tcUtlly inhibited 'the lftduetion ot the ena,yme (Pl{t. 11). 
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Ir~ mf.HA1:8: REPUCTASE ACTlVlft In UCISED LEAVES OF li'AIZE 

r~vea excised from 6-da,--old <lark erown uize 

seedlings were f'losted on induction me<llum and 

trauferrcd to continuous far-red 11r)lt. tS JW/.ml. 

actinomycin ll was euppUed wl~h 1n4uct1on ae41um at the 

onset of far-red 1rrad1at1on or aa indicated 1n. table. 

Enz.yme act1Yi.'t$ fts an88J" att.er 4 hours. fli'trate 

· rectuctaoe actiVity 1e GXpre&oed es rumomolee nitrite 
-1 -t toraed/ma protein /hr • 

Control (ccn'tlnuous) 
:far-red w1 thovt 
1nh1b1 'tor "' bra) 

2 bra . -Aot1::Jcln D + 
2 bra "o'tinoayo n D 

2 hre Actinorqcil'l D • 
2 bra -ac'tlnomycin n 

ActlnoCNCln D 4 bra 

561 

544 

''' 
41 

Rele:tlve 
act1 v 1 "tJ"

(~) 

100 

9? 

S9 

? 
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Plg. 11 a .Effect of actilloaayc1n D. 



-....... -lc ·-
.!! 600 e 
0.. 
.tn 

~ 500 
IN 
0 z 
: 400 
0 
E 
0 

~ 300 
c 
s:: ·-

.... 
u 
<t: 100 w . 
E 
;:>. 
N 
c:: 

UJ 0 

1 Continuous Far- red control (4 hrs ) 

2 First 2 hr (-Act 0)+2 hr (Act D) 
3 First 2hr(Act0)+2hr (-Act 0) 

' ' hr Act D 

1 
Treatments 

43 



EFFEC~ OF CYCLOHJW.&lluE Ott fHYTOCHRO.tliB fQ>Jll.AiEU liWUF.ASR 

In t:IiRAi'B RJ:DUC..~E AClflVIft liU BXCISFJl LEAVBS OF tlA.IZB 

Leaves • oxc1sed trom 6-day-olcl dark OX'Otm seedlings 

were tloate4 on inaucUon med1u• and transferred 'to 

contittuoue .tar-red 1rrad1at1on. 20 Jte/ml CJOlohed.tdde 

was supplied wl tb 1n1lucUon mectia a't tho onoet of 'fer

red trea~t or as 1ndlcnted 1n table. N1tra'te 

rettuctaoe a~tivit7 wao meaB11rtWl attezo 4 bra. IU.trn'te 

reductase actlv1'tJ' le express:ed as mmomoles nitrite 
-1 -1 f-orae<l/ma protein /hJ:: • 

Control ( c~ntiftUOUS 
tar-red. llebt 4 hre) 

2 bra CJclahexlelde • 
2 hra -cyclohub1de 

2 bra - oycloheS.J.m14e + 
2 hra oy.clohexldde 

4 hr8 Cyolohex1a14e 

Sepcl:tlc 
ect1v1'Q 

6t0.93 

121.42 

102.00 

o.o 

Relative 
a.ctlv1tJ 

(%) 

100 

20 

17 

0 
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Plg. 12 I 
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if{M't pf Cxsloh!xim1£lt - to find out the possible 

role of protein 81ft'Chea1o. etiolated. exo16ed leaves were 

aupplle4 w1 t:ll cyclohalld.de!l in the J.ftduct.icm ae4.1um. ~e 

en~ aot1v1~y woe aeesurod after conttnucue tar-red 

light. 1l"l"A41~'tlon for 4 ttoure. ln one set QJclohezimide 

was supplied tor the tlrs't 2 hours nncl then 'transferred 

to 1nb1bltor free 1ftduct1on medium tor another 2 hours 

and vice versa for cmot.her set. Cycloheximide, a known 

!nhlbl'tor of protem s1ft'tl\eala. 'to'tally J.rah1b1te4 the 

nl'trete rettuo'taae ect1v1tJ 11' 1t waa supplied .for the 

full 4 hour per1o4 (Plg. 12). However, even lt 1~ •• 

auppl1e4 tor MJ 2 hours in the 4 hour period, 'there was 

a. algnlflcant decrease ln 'the ertZJH aotlvlt)f (!'able 7). 
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Light plays an important regulatot•.v role 1n the growth 

and development .of plant&. Since tho 4tWelopmant in bio

cbemlcal term& is en orderly sequence of change 1n en~ 

complemoftt and modulation of act1v1t1ea of certain ker 

en~es. it becomes imperative to understand the meehan1sD 

or sction ot light at 'tbo en~ level in order to 

decipher the relationship between light and development. 

The synthesis of a number of enzyme• hn• been reported to 

be regutcted by 116ht. either dlrectl7 or through the 

mediation of J)~toohrome ( Schopf'er. 1972). The· mecbtmle 

by which phytochrome controls aetiv1tr o~ en~ae is 

currentl~ und.et intense debate (trohr, t9?2t SJU.th, t97Sa 

Schopfer • 19?1). In the present lnvest1t;at1on. at.tem,pts 

1\eve been made to find ou-t whether the nitrate reductase 

act1v 1 t)' ln mal ze 1s phytochro• aectiat.ed. and elao to 

decipher 'ho possible mechardDJ of acrt1cn ot phytochron:e 

on the rd. tcra'te rectuc'tase act! vi tJ' .. 

tnum the excised. etiolated leaves of malu aere, 

exposed to a short treatment of red lit;h't. tDOre 'than J.SO% 

enhancemen't in 'tho n1 trate rec:tuctaae actlvi ty was obse"ed 

(Table 1). However. far-Hd light 1rra41at1on of a1m1la:r 

duration was found to be 1nefteet.1ve (Table 2). Re4 light. 

haa alao been reported to enhance tho n1 trate reductase 



act1v1ty in pea terminal buds (.Jones and Sf!earct. 19?2), 

ln e.uatanl eeedlinea (.Johnson. 1916} and 1n Jnai -ze 

oee411nne (Duke ano Duke. 1978). Besidoa. tho nltra.te 

reductase • red llght has also ~n reported io lncreas• 

ac't1v1t;r of ~ other enQ.mea. for ex:aq;;le. )~ increase 

in activity was obse:r?ed 1n ascorbate oxldase (Drumm .11 .Ill•• 

19?2) after 24 hours o£ treatmon't, 16~ of increase 1n 

phGn)'lelaftine ammonia lyase after 4 hours ot treatment 

(Schopf'or an4 t:ottr. 1972) and 6~ increase in peroxlcteu 

activity -~tter 24 hours of treatment (Sharma s&AL·• 1976}. 

The established. operational cri terlon for the 

involvement o.f pttytochl'ome in light raediated r•aponeea 

required tha~ an induction ertected. by red 11aht can be 

tully reversed bl' subsequent pulse ct far-red 11l!ht 

(mov. 19?2). 1ft tho present. 1nveat.1nnt1on. the data 

obtained tult1ll..S this cr1 terion ~or 'the 1nvolvemnnt of 

phytochrome in the modulation of n1'trat:e reductone in 

excloed leaves of mal,ze. Here, 1 t was f'ound that tar-

red·l~ht negates the action of red light o:n4 ,lee versa. 

an increase 1n nitrate reductase sct1'¥1'tJ ia a fUnction 

of quality or llsht to Whlch the plants were last exposed 

(Table 4). Analogous red an4 .far-red nverslble ottect 

has been ohotrn for peroaldaoe enqme 1n etiolated maize 

shoots (Sharma Jd. .11• • 19?6) • 
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In anoth&r set of experiments. where red 111$h't was 
• 

given f'or .s. 10 and. tS minutes (fable )). it was f'eunct 

th~'t s minutes of ir:radia:tlon was suft1c1en't to Gatura'to 

the photorespo:nse exerted by P tr• B)' prolonging 'the 

ctum'tion to t.S mf.ftutes. the n1 trate reductase act1v1 ty 

declitled. ~s drop 1n the nitrate reductase activlt7 

mar be due to a st1muln't1on of some secon4aey processes 

in the excised leaves which msJ have atfec'tecl t.he 

l'l.ltra'te reduc:taae actlvi~)l' ln one way or the other. 

After S mlnutee ez.posure to red light. th~ nitrate 

reductase activity increased after a lea periOd o.t 

30 almat:ea and reache4 optimum a't 4 hours. following Which 

the enqme activi"ty 4ec11ned. The presence ot lag pttao 

before the lnereaae in the enzyme aetlvi ty polnt.s 'that 

the effect ot phytochrome is not 1nstaneoua but requires 

b'Uildlna up ot e potential to lnltlate 'the pho-response. 

fte existence of 18.4 also rules out the pon1b111 't7 of 

direct photoaet1va'tion of .enqme as reported bJ Jofmaon 

(19?6) in mua'tard seedlings. A~ 4 hours, the rate ol 

enzyme synthesis could be greater 'than 'the ro-te o~ 

degradation, wblch can accouft1~ for the maximum act1v1t7 

of nitrate reductase at 4 hours. After thla periOd, 

the rate of degradation of enzyltle eoul4 be greater than 

'the rate of 87ftthee1a, due to whlch probablJ the enqJD.e 

activi-ty 4ec11ne<l. 

49 



50 

• • 
Travis .11 al• (19?0). ~ravia and Ke)f (1971). SU£&eated 

'that llght 1nduce4-1noreaue in polyr1bcsod level produce 

a non-specific effect on the ra~e of n1 trate reduc·taae 

syn~heaia. Pine ancs Kle1n (19?2) have sho._n "that pol)'some 

level is controlled l'lY phytochrome 1n bean leevu. !he 

increase in n1 trate reductase act1v1tJ' b1 red. far-:rc4 

11&h't in maiee leaves M1 be clue to the increase 1ft level 

of polJsomee l.e. protein &Jfttbeals. Presence ot log 

phase alae supports this 14ea 1n ~ho present 1nveet1g&t1on. 

An alternative way to confirm 'the 1nvolve~ten\ ot 

phytochroae ln a pho'tOresponse le to 4emonatrate the 

•H.tgh Irrad.iarlce li-espoMe" (HlB-Hartmaftnt 1966t mohr, 19?2t 

Schopfer and. J:ohr, 1912t Schafer. 1976• R.ablno d .f!l· • t9??). 

The <mttanceaent in the nltra1.e reductase aetivitJ 1~ excised 

atalse leaves l.rradi~ted wl'th continuous 1'ar-re4 lig,ht. 

demonstrated the operation of HIR • conf1rmlna phytochrome 

involvement 1ft the photoreplation of' the nitrate reductase. 

Uftdcr cont1nuoue far-red 11&ht the n1tre~e reductase actlvl'tl' 

1noreae.ecl af-ter a lag per1o4 ot 30 l'Dlnu'tea and reache4 some 

wbat atead.y eta~e level at 4 houra (Flg. 9). Although the 

lag phnae was slmllar 1n tar-rod. llpt and dark treated 

mater1al.a. a oarke4 d1fterence in the enqae actlv1t7 waa 

obsol'Vecl only after 2 hours. Th& presence of lag phase 

batore the enqme activity rules out. the poss1bU1tJ of 

direct pho1osct1vat1on of eneymea as hes been l'"eported: for 

perox14aee 1n spinach (Panel mut Greppin. 197)) an4 also 1n 
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meabrane vesicles ieolat.cd hoe Cwt~ElQM P.GpO (Penel .c1 Al·• 

19?6). tlost. ot ~he pbJ'toehrome-me41n'tetl enhancell'Jeftt !n 

en~yae oct1v1t7 is preceded bf a log phnee e.g. 2 hours 

for inorgbnic Plrophoophntaee in maize (Bu~lor and Benott, 

1969) ertd ) bourG tor ascorbate oxidase (Drua a al·. 19?2) 

end 3 hours tor poro»<1.4noe (Shona as. al• • 19?6). t:ohr 

(1972) aaourt~ ths~ the leg phase call be explelnod 'b7 the 

tkc necessary to ooke genes acecse1ble to 1'er-ro4 lrradlatlon, 

<tberetoro, no loa vhase can be 1leteo-ted 1n case of oeooftdtu:7 

irrad1at1on. Huault· (19?4) has shotrm activation of inactive 

phen,lalanine awmonln·l~aee in cot,ledons o' BiRhADRD aaSlypg, 

and sucseste that this lag phase 1a relate4 to the cr1t1cal 

level of P'to't' which ls about 2'11 )j£ ot max1mua ccmtent 

of· P tot and the presence or lag phase .18 accounted onl)t 1f 

P tot; con-tent is below 'the crt tical levol.. The slow ·decrease 

1n cm.srma activity can be ezpla1no4 b7 ttro polnts. (1) In 

th& later phase Of far-reel 1rra41at1on Ph loses ltB 

effectiveness o:r ( U) th1e effect coulcl be duo 'to some 

1·nh1b1tol7 processes which are triggeretl by continuous ~ar-

. red. tfhlch 1n tum affect:& -o enQme act1v1t)'. 

'tho termination of ttar.-rett llght after 12 hours of 

.lrradi~. t1on br1n&a about a decrease ln 'tho nl 'trete 

r:eductase ectlvit.J al'thOUSh it 1s t:aintalno4 at a hie)lel" 

level than fte dark control. Since tho term1nat1on ot tar

red leads to 4ec11ne 1n P ~ level due to P :tr dM&N 



(Butler .1.1 !!1•• 1963). one can correlate enhancet!len~ 1n 
. . 

the n1trnte reductase act1v1ty and presence of Pfr 1n· the 

enqme. In other worct.e, enhancaent of the n1 tra'te 

reductase ac~1v1'tJ' requires conUnuous proset\CG of Ptr 

in 'the Qstera •. 

flte exogenous auppl7 of noetylc.bollne enhanced the 

rtltra'te reductase ect1v1t7 in derit when given for prolol\684 

period, whereas. if 1 't waa qppUed. tor a ehort pcr1o4, 

1 't was ifteffectlve (~able S). Yho caagn1 'tude of enbance&ent 

was. however, always lese than that obtained b)' S mi:nutes 

of red light or continuous f'a.r-•red light. The inVolvement 

ot 4Ch in ptt,ytochrome mediated photoreaponse con be 

unequivocall.N considered on11 lt 1 t satiatles the tollowirtg 

cri,eria• 

t. Baogenoue~ wpp11c4 .ACh should alalo' the ac'tion of 

pbytocbJ:'Ofle and kinet1ca ot · response 1n4uced by 1't 

ehou14 be similar to the klnetlca of photoreaponse. 

2. The 1nh1b1tors Whlch are known to affect the ACh level 

or coun"ter their action should nullity the phTtochrome 

response. 

In the preoent imes'tigatiot'h we have no't atudled .ACh 

action elaboratel~. So altbougb ACh enhanced the nl'trate 

reductase act1v1t,- 1n dark. it Ca.nJlOt be conSidered as a 

mediator in pbyto~hrome :response unless it follows 'tbe 

cboVe points. 
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One obY1ous prediction ot d1fferen"t1al gene actlvatlon 
• 

hypotbeala 1a 41 Jld2 fl)'nthes1e ot enspe aolecul.ee in 

J)O·Sl ti¥8 photoreaponse under the in.tlutmce 0~ P fio• EV'ideiiC8 

tor this bas come aa1nl7 tro• 'the uoe of 'the 11\hlbltora of 

1:raMcr1ption (Carr and Relet. 1966t llloJ\r ancl Menger. 

1967• Dlttea .11 Al· • 19?1a Dl'Uifa .11 al•• 19?1) and trana-

1et1oD (Drumm e't al •• 197lt t9?2l. 2hese: J.nhlbiton either 

reduce or preve~t tho phytoebrome ett'ec't. 1n the present 

tnvea'ti&at1on. actinoJQ'c1n ll and CJ'Clohe:ad.elcle were uaed'. 

lf act~cln 1) •as aupplled continuoual$ for t; hours 

tbe time requlrcd to get the maxiDJm ectivit.J'• it 1rd''ilb11:ecl 

'Che nl'trat.e reductase activity bl' 93P. Ro•ever. if 

actinoe,rcJ;n D waa supplied after 2 hours aner tl'te on eet 

of tnr-reci 1nacliance. there wae no a1enJ.t1carrt decrease 

1n tho enQ'me ac1:1v-J:t,-. If 1t •as supplied t"or ~he first 

2 boure. the enzyme aet1v1 t7 waa 1nh1bl'ted iq --· t'h1s 

showed thct .RKA eyntheals is neeesaar.v f'or t.he lnductiol'l 

of the en~ easentlallJ takes place 1ft the first 2 houra 

1n t.he 4 hour period. ot ens3JMt BJnthes1e. 

Cyclohe.xltdde. a known 1nb1bltor of protein s,ntheeie 

completely 1rm1b1ted tho eneyme ectlv1ty lt l't wsa aupplled 

for 'the coJDplete 4 hoUJ"e. lt 1 t was aupplled f'or 2 hours 

(e1'thor first 2 hours or last 2 houre). a.- ot lnh1b1t1on. 

of tbe ens7me ac.tivit.y was observed. Ns 1nd.leatee tha't 



tbe eneymc was synthesized on cytoplasmic rlbosomos • 
• 

lnhlbi'tlon of enzyme ac't1vi'tJ with aet1rtorqc1n D 

and cyclohex1elde elves an idea tt\at Jm:rease 1n nitrate 

reductase activl ty under continuous far-red 11g'!o!jt 1e due 

to a mq aynthes1e of enqme. !'he use of 1ntt1bi tor.s 

although sup..gea.t possible 1nvol vement of RNA aft4 pro'teln 

&Yftt1\ea1e, bUt no means prov14ee a pro6f thnt suCh a. 

mechen10Jil 1s operative .ill Jim. l:Afec't. eyclohex1c1de 

shews 'too VJ&ny sJ.c:te c~trects ill Jll!a . e.g. inhibition of 

1on uptake, respira-tion (El11s ~nd ~cDonal<l. 1970) end 

mGJW o~her metabolic processes (Ito u:.arum. 19?5). to 

3ust.lfy 1 ts direct role 1n protein &yftthesi_a. 
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The ni tra'te reductase act1Y1 'ty in J& •uza ls 

roeuJ.nted b7 pJI7toctu:."ome (P tr). A brief 1rrad1at1on 

ot reel light to exc1oe4 1eav0a lca4 to enhancement 1n 

the nitrate re11uctaee activit)' 1n exo1sod leaves. whereas 

the si•llar period of 1rra41at1on with far-red llght was 

founct 'to be 1neff'ect1ve. Ph)ttochromo part1c1palt1on in 

this pho'toreepoftSe was establlebed 'bN reveralb111t7 of 

red 116ht etfeet bJ tar-red light. 1'1\e ltlnetics of the 

nitrate reductase act1v1ty •• followed etter 1rra41at1on 

ot reel 11s~t tor S alnutes ana under contl:mtoua far-red 

light. where phytochrome operates throuah •b1gh 1rrad1ance 

react,ion•. The erlhaneemen't in nitrate reduc-tase actlvlty 

was preceded. b7 )0 minutes lag and reacbecl maXimum at 

4 hours in bOth the casea. ~e Jtle.e<tics of enhancement 

in n1 trrate reductase activit)' was eaaent1al17 that of 

photoaodulatlon. aa lt depended on. continuous preaonce 

of' f>tr in the SJStem. Bxgenousl.J' supplied actrtylcholifte 

enhanced. n1tra~e reductase aot1v1tJ 1n dark. 

The role of trnm:criptlon ana translation in pl\lto

chroee aed1ate4 enhancement waa also investigated. 

c,-clohexlmlde. an 1nh1b1 tor of protein syntbos1s ln 

cytoplasm an4 actinomycin D, an inhibitor of RB.A synthesis 

repressed the enhaneenent ot nitrate reductase ac~ivltJ 
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by 1~ .and 9~ respect1VelJ• These resulte point 

tbat ·that phftocbrome possibly regulntea ni~rate 

reductase act1'V1~¥ at tran~~Cr.1pt1onal and traM

lational lovele. 
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