
-·· 'DI' '1 

STUOtES ON REGULATION OF 

NITRATE REDUCTASE tNOUCTION 
IN GERMINATING RICE EMBRYOS 

Oesserlation sub,;.,ittlld to' the 
JawhariCJI Nehru Univ~rsity 

in por~idl · fuifilment 
tor thti Degrtie of Nastt~r of Philo•OJJhY 

I 

1979 

ANIHESH '.RAY 

t 

SHCOL 01= LIFE SCIENCE$ 
JAWAHARLAL NEHRU UNIVERSITY 

NEW DCLHI-110 067 



ibe res~ 1!10r:lt @041til1n this atss«ttt,st.ton 

hae boo~ ~i~ ®t in tbe SC"ibo-O:l oJ t.U!e Se~es, 

J~lal !l~ unt.ve;:a1tr~ t~ De!Jd • .- tbe ~tk is 

d~nal ona ~ * ·b(Cn ~-«! ·tJO iar. in part. or 

f\lll. fo.r anf ~- ·a~ee Qr ~plcma.·o~ ear· UD.lv~tty~ 

·~~~ 
(A~ RAY) 

( CGU!ldnt.e l 

~'\P~ ~<.t J)'V,,~ ~ 
J\"oi. SiPt'O. Quha ~erf ee 
( su~itor ) 

~~;. . 
. l't'Qf•. st~olh ~--:~~ ·( n~n ) · · · 



I 11 D E X 

PJ!eface ••••••••••••••••••••••••••••Pase 1 

.Acknowledgement ••••••••••••••••••••Pase 2 

ltater1als ana Methods , ••••••••••••••• page 17 

Resol. ts ••• ~ • •••• • •. • •• • •·•. • • • ••• • • • page 25 

Discussians ••••••••••••••••••••••••Page 41 
~ ................................ page 53 

Appaah . .I .......................... .;.page54 

Appendix II •. • ••• • ••• • • •. • • •• • •• •• • .page 55 

Appendix III •• • ••·••••·• • • •••... •• •• .pap 56 

Ap:pend1x 1'!1 •·•• ••• •• •• • ••• • ••• •• • • • • .page 57 

References •••• •••.•••• •••••• ••••••••• page ·60 "'· · 



~ ·wo%!6 (')f. ~~~ wul6 M ~~ to ~ass that x 

~ to f!tJ supevto;#;· Prof• SiPJrS Gu.ba r-lllcb•t.,: fOJ.: oq;l.6~e, 

DUbstatJt;ive: OJ:;f.t;~isn .JZUld · s~coue belp i~ ~·~ ~· ~ttwo 

my er.ctr~ t.~e in this Urd.vQJts~y. x ~ r4so grat~l tto 

nr:. eudbfJ: ~ ·ene· Pt'~t .~. 1)eee.a .eoit t:hdr 1\~ptul. 

sgggf$tiont) dud.~ tho ~it t thank t"J»f• B ~ • Das lot' 

provtd!rq laboll'ttatv ~ inst~~l fad.l,l.l;f• 

' ·xn tbe same bt'eat;h. ; thatk ....-. P. a'swas.- SChool of 
~~- &.··sratt~ SQ!M<les·, f.ot-~oq the ~attons e.nd· 

~ ®'l%Yil'l9- out ehe ~J.ono .. 

1 ~bark. P.rbt• si~osb ~.-~~ nean.- school ot it£~ 
Sd.ellCe$f!. J~~lal NmN Utd.Verrsitw~ fOr his lilt~~. 1n 

lba~tt ere 6\Je to ICs.e s.f.nSbu ea.~ onrl t--U.se sU.mit.n .PaJ. 

for (;\.t3$tst.anee erd r.a.:. Aleca.l'ti.et:" ~t help w1t.b .tu~~a.tiono~ 

Mt'• ~,nge Ram t~tndly g~ the seo!:s ddlu~ed. 

x. um ~tlt:~ to mr ftie:~$# es~ally o. ~vany, 

·it.• Sl'intW~ P., ·GMES~ V.- Ramal$ngatn. s· .. ·ne::;, A• l'J:ipntby~ 

$ .. E ·• Haamtn, .l?. ~i.~,. :;; .a. t'had.~ N. tJdta aid a. Patnaik 

fOt maa.t b~lpf'Ql. S\1\lg-~ons e;nd· q#'.\i;lcim~ &u:~ the~. I 

:nt~ton «.,;sin ••· n~es nf zc. A • ~d.PehY:~ U • nnm~tngam 

·.ttttf 1'1· Deke fot: 4,d.UQ.$.$t't ~egBJrdlnQ the .mode). and £ot: help in 

t;;h$ roat.'hGlltttd .. e&l io~btton en1Dl:', t!• Amift, for COr'.r:-a:t:,.ing 

tQ'l.it1 ~en ln ·~- ~~i<>tiS• 1~-. oanesan l-..lDBly •~ t.he 

f.t.gu:ts~ ~i ~fa GUPta 'k~ndlt Ptovi.ddi materialG prlcn- t:o· 

pul>Ud(f.bicm~. 



k\stly, l utoh. to reglster a :nc>te of ~ltw!e, 

though u~s~ry, t;,o my pat¢tC.s and my 111if~ fOt ell. 
' " ' 

\::he"'i have done :lb.r me, e.speo.t.ally to tbe ~t.er ~o had 

to ~e tho heJ:'dSht.ps tbat J11.lst b(;£n1l the 11Ue c£ a 

ros~t"<b ¢udo."lt .tn xra:tsu.. 

i:' iMncial $UPPOit.. of a R!t.ional sd.once ~·~~ 
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The phen~ of dev~ ant~ cU.f!erent.tatS.on _.. 

&hZ'OUdEJ! ttl l!fiStetY• ~ V$rtous facets of this 1ttt.ensely . 

·interest.tag :es.,Ut are comt.q to •tew. ·the ap~er*lY .eoftfUct• 

!.rig obl...-ttiOJi$· fi"C':R vuioua developmental systetnS~ ana the 

1f.u.1-.t.D;J eoft!~si~a, 'have aaded ~ a ~1tse4 ~Pr>nelettOil 

Of its fa&C.I.t»!lttf4 ~l$tt.t.y'. 

fbe pJ:Obleft Of developmaut iS e p:roblsn Of cell 41fter~ 

enttatton. The watioule for· uacld.ng dOwn· :aeve~ ts,· 
therefore, to· u~el the ~nia. of cell .diffet:~iett.on. 

O.Da opttmtMtical1y ~ •t:. the lattel: p~s wou14 be 

~letely 4ef1hab1e io a.ol.eeulel' terms. ~re the Deed 

for bavtn; a •ENek9menta1 systan ~t may J)e ('U.t1y -.Dable 

to analysis at tl\e. mt»J.ecJ\llU level sa. so ~.· tnauoible 

~ ayetema· m developlug plat. eeq-os live up to our 

ecpect.at~Pn 1a t.hla .tespect! 

'-"IS te dUe ·t.o the feet tbat the pro-lem Of cen 
diffennttat.toa is Jr:edueible to the p.oblem Of ~~ . 

contzo1 0! g•ne exp.ateSSi:on,. to studY iet.,. ~o"~ we 

sbolila loolt at tbe ~io\lr of molecul•~ espec:tally tba 

ene»ne sys:tetns# that. ehotl a ·t~al vat1et$0l'l ll\ttlnt 

4Ufcw:enttatton una•· the 11\fltrei"Jee of 11al'ioue. ~:Dten:tal 

crondlt.tons... An 1«ea1 aodel system sht:AtW ba such that. the 

vawiationa of the eo:arme syst• may be haudle« With tbe 

leaet U:el\tel:\ce on t!be ~t.n; o.rowsq.. sueb a system 

my then be ·used as a baldle to etuay tbe· moleculU' pi'OC:esses 

that C0111l:m1 tte tenpotel vBI"tatton. 



Ute e~ ni.t~ate t'~e~ the f:iJ!'St. en~ :ta 

the NOJ~itnilatoey patl'nfay ~ i.bducible .by its ow 

subs~# pt"QvideS a good system t»· 't«:idl on bl this field· 

·1tae. _.,_ C•lecular we1.9bt soo,ooo ~· 600,000) presetd~ 1Q 

the eytopham of h19be'" plants re~1t:"eS NMit es the ~
ao--.... . . s . ....a · _...,._ 1!'*'"' .-...._.... ............ bS57 ~ ........ mlvbdenum &e -· """'"" <COlli~>~ . ~~ 'toi';'f~..-~ ~ ... 

•lectton ~ters as l.tS. tnt._.l ccmponent.s. ft 1s AOt 

essentt«l fo_. ~natiort end baa beerl. ·~ e •J.wcuty 

enzyrae•.l 

. . . . 1;3;.4 ' . . 
At•~~ ,.,...., .. · '"'"""""'"'" _ ... A-. ....:tw'tc~.,....,. ·· ...,. AI.. . .hf> .a.t.. .. . ·~~ aaqy$ ~ ..... ~ ~~~. """'cn .. \1""-1' ,...e 

a;-egulatton oE ni~ re4uctase b 9e.anl~tr.v $l'lbtyos Of 

~e!~agith!e, eot.ton (§9!1t'Ri\D JlU!U'tfU.L-l2 
el'd l'JW1Q1~• 

Howefttu1• events during early germination of thas(!! pli=.mts are 

not very weU worked Ot.lt. Od the Othat:' hand, Q eonsideJ:>able 

body of kno\<Iledg:e exists on t.bf'4 eat"ly germination events in 

lrlheet. and .rief!• Tbts is espeeielly important because inte~~ 

Ptetation of behaviour of the enzyme system ·would be mu(:h 

aided by a knowledge. ~~ time course of various mae~iee\111.\r 

events du~ng the germination p~ss. 

M>leeular, nvents R~i!!i, oe!J!19at,o-n. Of ,,t>l,W'lt. ~£X2!h 

Gemmination of plant embryos is eharaeterised by a 
' 

· rapid increase in polyribosome and rete of protein synthesis 
5,6 

,.. P.totein synthesis is initiated witb:in 1:5•20 minute$ of 
$;.1#8 

imbibition when water content is as low as 30% • M.?st. of 

the proteins synthesised at t:hls time are essential for 
6 

germination * xa seeds imbibed for such short PGJ:>ioel$ of time, 

~l the eonponents fot' in vitro protein $ynthes1s. c:an be iSOl• 

atea.. Sut. an interosting observation is that the pxotein 
bi. 

synthesis occurring during imbi~.on is insensitive to act• 
l ... 9110 
... nomye .. n-r> ., As a. matter of faet, getminatton of ~ice 



::; embryos were shown t.o be independent. of the syl'ltbesis 

of RNA up to 18 ... 24 bours after the st.aJ;t of imbibition e.l

~l'Pugh RNA synthesis was. deteeted as early ae 9 hours. m 
new rnRN1\ synthests l-IaS .oboerved during the early hours <>f 

germ1natton in wheat. f:.b increment ll'i total RNA was observed 

6 

dut."tng the~ first. 12 hours of qem1nat10tl in ~El-2.,l,u,s ~l.sa.l!"&g:9 
although :t:.aflioac~iva precursors are tnoot:pOrated at. low level 

one recent report.bowever# demonstrates the ocr:m:raneo of ll..'1A 
b\. 

synthesis as early as 30 minutes after imbi,.tion t<1hen the radiO• 

active, inc:ot:pOration data were corrected fotr the 1n.tr&eellula~ 
12 

pool si~.e of the precursor molecules • :mut the extent of new 

RNA $yntheste detected duting this perlod ts very low cotnpat:ed 

13 
A 4rWt"tatic increase in RNA syntllesis at 12 hours of 

3 
qeaninat.ion, as measu~d by incorporation of H-a«enas:1ne into 

RNA wen eoinpen$atea for the change in. ;,.TP pOOl size, has been 

tletec:zted in PhasGOlu.! ,~.G2• 'l'he rete of RNA synthesis is 

rna.xiJl'l8.1 _.... .• at 14 hours, the~. det:ltnes by the 24th bout to 

about 6(.)% ot the mauimal rat.eit The amunt of RNA syn.t.hesised 

per axis also ioo::ei:t.Gc:s at 1 '2 !lours. i"El&cbing a maxtrnurn at 18 

hour .. 

mRNA aynthetlis was Qupposed to Ctm'.t~nea from the 

beqt~ing of germination in Wheat emb~~a ufte~ presoaking 
• 14 

the seeds for 8 bou;t.s .at 2° e • In eontrastt lflhen they 

were 9enninat.ed Without presoaking, synthes:ts of t'RNA was 
l& 

found to be the eai;liost t.re.naertpt:ional event • 



tn ec:cot4ance with the sec:omS obaeX"Vatton.,.. -end Itt 

co~ tD~b& firet:~ mRWA Gyn1tbe$l8 ~ detec~4 after 
16 32 

12 ~~ ()!• oermi.netlon ln rice 1fi On the basis 01 h 

lebellat RNA 1eolatect fJ:Om vermtnatJ .. ng dee enb#yos and ~ 

R&l'tltea on SDS J»1yacrylamtde gel~ al-on; wt.th quantU1cation 

ot ti.boSOllle& an« pzote1n eyntbe&i$., aecr-.tenee Of events tn. 
16 

r.tee embqo qetmiaat.ton ha bean establ1tth$d, a folloW$ • 

P~ein taNA IRa mANA 

o._,_.,_~·~--- ,, • __ ,-·- ._·~,-~_~.$· b., .. - .. _._, __ ,,lill_a.cta 12~a; a4h ·.- '·. • .......... ~"'!!"'"''"'; ____ .. - .. -·~. "J. •.. . . ·. 
nta rnaturet"'on 

of ribosomes 

~e frust;-ettlnv attempts to d.wct -mRNA synthesis eaJ:lV 

tn seed• ~natlen, and tbtf. reouletnq per~#- teGCI not. -arm.• 

oy ••· l'Jrelomet! dUfA. ln eerly ;e.attinet-toa bu• J.:wten ~ 
10#1?·21· 

f.tdla e ~.t of 1abot'ator1u. · 

PASence of oOM1t~ naMA in l!.heat. ts augqe.W on the 

Jlasts of ~rv•t:tou that t:be RNA. f.co.m un;~iMted em'bryoe 

can enh~ &mtftO Gcl4 lneorpor:atton tn eell.-fa. ,systeme, 

th6~ tlu.e ,.,. com.petee vU:h labellfad JDRNA fo~ett at-later 

Gteqc$ of c;e.ntiu\cton on eot:!P11mentary l'e;ioa of •eat mata 

ana ~ the: t.nacttve rlborJOna$ of unoermtnatett ~#YO$ can. 

be activated_ ~q, X,4~~ • An r.tRNA 'known to cede for M e~ 

&pPeartn\l only durintJ Qetminatton may be ~ranecrtbed during 

erab~ny •~ a apeo1f1o a~ end be maintained at: a. uansl• . u~~.n 
ati~lnbibit.a c::o.nc~t'f.OJI until Gat'mlnatton • '~be 

tot:al RHA extract.«t ~~- lY«~ ~- end -~ Of bt:oad. bean 

(Jici!t ~~~f:')'" pea tr&au'fl,..e•t.#~t:l) ana rape •••ts t~J:~~L«t'l~"tS!UOJ) 

7 



exhibit low ie.ve1e of templet.• aettv tty wbln lncubet.ea 

in ~at gor:rn ceU-freo pi.'Oteln aym:h.esidng system. RNA 

e=m pea, ~e s-eed And eye embr:yoa wen f.r:e:etlonatett 
. - 23 

by ~~ on c.ltgo ... dT cellulose eolucme • MOst:. 

Of ~ t::amplate active tu-fA bound to t.be c:Ol\ltnn at; blob 

ionic= s~, indloett:no that 1 t. is polyadeny,la.ted.. Tbe 

WemUftdOJ:' ot· the m>leculea v.tul" u:>t bind to tbe COlumt.~i 

ev.nwbfm past>M ~uoh it GiW'enl Umeth The· P.~lna 
' 

s~tsoa !! vlta:o fcoa t.b$ bm1p1ate act1.w RN'A mt;r:atad 

as ~us bands in pol~lamlde flfillG Gnd r&nged S.n 

mol.eeulN"' wetgbts: f.com to,ooo to 10,000. • bMC!ifl; 

pattema ~ned -..re quite dtffes:-ent- for t.'be t:btee 

epec!es of aee&t tested. Xt wu concluded tJl$t. the· ·dq 

eeetts oc>nta.Ded a sto·•• of 11ltet:rt. lono•liv«t, rea, 
SinCe tbe sto~ aftlA in tbe dey ~ &re not kans

~· t.m:ttl WtQed pel'locte in oettd.rtaUon, ittther the· 

mma may nmein ~ked· 1 or the· tr:e.ns1attoul macbinaJ:V 

may be .l~1ve;or bOth ·the -~ttuatione may h ·~ent.. 

ss.multeneouslr-. 

'lbe n.toaucl$0J>J:Otet.n pert.td.eS 1eol6tea t.coa aq 
aee&J can st.tmuJ.a~ in A~ amtno acto &nett.t:po.ratietn ltt 

' .. 
expedtnente.l erstoma •. 'ltd.s obaen:auon auppotts tho 

notion that either tbe U&l')$;1attonal maehi.~J.tUtV of u:tl;fmUl• 

na~tl ~ ant qulesCEm't or tbe't the ato.nad CJRt-lA 'ln these 

eya.teMs am . .Q:)mJ.mrtmenWi~Jetl t:n tho t.nt.aet ~l~loa ewr 

from the ~lat.tonel ~-.. 

A tnOd.:J.r!arl~lated measen;ttC' fraction from wheat 
' . 24 

;am eepe,rate Stom the ribosomal pellet b.u been i~leted • 

Only ~nol'il'.loaome.s are pnsent in dry wbeat ~and 



. as 
these bave taO det.ect.a'ble emtno aef.d tneo,q,cret.ib.1J . aeS. t1v1 ty • 

t"be. 't;~se Of emlno .ecld im:orporatton· ciS,~ by 

JrJe.:f:lsen;el' !~ion oceu~rs with en initial ·1&9'• ln. contrast, 

k1not.toa of amino acid t,ftCO#'pO%'atlcn with poiy~ts.boacme fr

act.lon 1so1~ duci.D9 gerrn1net10n; where orua. en-a .-lboSOJ'Ie$ 

~· akeady attafcbeti, er:Gi l1neu from tho onset of 1~ 

hatton. ln. a&Jltion.- 1ll eont.I'U't to the polyeoral fractlon, 

tute· ¥neasengv fraction~ ATP amt « Df!U'~ conoem:rat.tou 

~· o£ .M9 ion. rtna11y #· eurlne trtcacbozcyl1c .acid oompl.- · 

eteiY .blocks .s.eem;;et fcaetton t\Ct;tvity. All ttese facta 

po!Qt to the inf~e tbet ribosome attetJbmen~ i.e Ob11gat• 

oq t.o mese~ fr:act.S.On fun.cttotl ana tha1; native !'Jle$Senge#' 

Of ~natea embJyos probably coeur une.t.taQhed to&"~ 

om.a. Pu#'ifled RNA isole.t.ea fi:OID the above ~eager: Ri• 

mul.ates amino ecia i~rat.ion only to a llmt.Ga· extent, 

su.ogesUnv thet otbeJr fecton(pi!'Oteins?) lit at.'UiitiOA ~ 

ANA IQ:\t involved f.D the apnwstoo of ternplat.G et.1vltY• 
·MI. 

~late activi.t.y ~ of ecn.ane,.. ts ma" senslUve.- l:ut inter• 

estlugly enot.~.gh~~ lt f.s elao tna&-k.Uy eansttt.ve «.0 pt-Oltaee 

Gild N-etbf1. mnl•imide. 

lnl~latton of p.cotet.n eYQtbeata 1n eaz-1y phases of 

' ~ntc ter:minatton. is eo.r:related with ti'lfJ. J"aptd ccmven1Qn 

ot e eonstderab~e patt of the a:onortbosome population blto 
tu . .-8.2? 

po1yzo1bo.eomee • '-'hi& event ttt- be e conseq'.tence of 

9 



'c~ •• f 

G 
the mobillsation of preformed mRNA • At .any rate, the 

monos~ to polysome eonven1on takes place $n t:.be •ence 
7 I 25-28; 18~ 9 

·Of enr \ranec~tipt.!on • use of cordyeepin antS 

o(amantt.in bas shc>Wft that preformed mRNA has an impo.ttant. 

tole to play in early ~mninat.lon and that pQlys~ !Oltln• 

atton at this tinte. is independent of bo1:!1 transenpttC~c 

an4 polyadenYlation. ~endence of polysome fe>11t\$tten 

upon &denyla"tion i.t\dicates that. ~wing on stored nudear

tnRNA by poly~enylatlon ts not itlVOlved,.. 'rbel!'e 1s a ltt.tl.e 

uncertainty in this. experiment~ which involves the rneaeu~ 
3 3 

ment. of r~ative incorporations of Hr VJridtne ~"ld H-aaenostee 

in the !ntel"m\1-l sequences of RNA tn the presence or: absence 

of co~in. bee•use the difference in tbe r~lativ~ pool 

sizes of the two precursors have ~t been t.ekea into aeco ... 

rant. ~ dkeclt ev14eooe~s at band.,. bowever.; 1c'fhieh shows 

tbat abOut.~ of storea mtWA and about 3~ of new mRNA 
55 

are polyedenyl.ated in ~t.ton tleedS du~ing early germination. 

SUttllnGJ:ising ·~ above discUssions~ the following per• 

'tinent points emet"ge. ~he ungeminated ~s car~ OV$1' 

li'Oln its $Ulier stages. ~ atoa:"e of mRNA inaet'-ve in ttan• 

s1f;l.t;1on until a $pecified pel'iOd l.n qeminaUon., J\. sharp 

.l'ioe in proteift synthesis and a er.mve:c:s1oa of monosome tQ 

polysome are conseque~s of the presence .Of stored mRWh 

Rew trans<:ript.f.on., or pr>lya&nylatlon of already formed 



~A, are not 1nvo.1ved . 1n thls. A rspid rise :tn protein 

e;ynth.e$1& lead$ to an onset oi RNA syntbes is in the {fermi• 

nattng seeds and the first classes of RNA to be synthesised 

aJ::e rRNA and t RNA· maNA for pxot!eins that are detectable 

quf.te lat.e tn gertninatton are alt:eatly present in t.be ermryo" 
30 

ancl ~beae are aasoaiat.ed in dry seeds of wheet wi~b par. 

tioles having: sedimentation consi:ants which ar.e eithet 

h1gbe~ (about 90s) or lower (about.. 4Ss) than that of the 

rtboso.mesCtibouf! 7.4s),. 'rherefore,. the stored mRNA may be. 

asso~Lated wtth tnact:ive ribosome precurson;. Then e~nee 

tbe phase of t.b.e in1tia.t;1on Of maNA synthesis and a slOl..r 

end st;ea(iy inereaee in the appaaranes of new ril»sorres. 

cC-Atnan1t.1n 1n 3 bow:" getm!nated embryos decreased the 

poly~ content and 1uereased the monosomal fraottol\ 
' 54 

pro.PQJ:t:lonal to tbe coneent.ration of the lnbibitor " t.rrount 

of active ribosotTleS eonpleting a pc>lypepttde cbain also 

4eereased pJ:OpOrtionately. such events sbo\fed a .R!.!i .. E8ftf~~ 
decrease u total cellular mRNA coneentrat.ion, Kowe'Ve~" 

the amount:. o! ril»sOXI'l$-aseoalated mRNA deet'e.ase4 onlf 

mai!1'Jinally and,. ·a& much, .;annat explain the act&.t'lt of inhl.-. 

bit.lon of protein synthesis and fall in po1ysoma1 content. 
54 

1herefore it was concl-uded tilat aubatrate level of m:RNA 

~s not. a r'$te .limiting <Jeterrntnant of protein synt~sts. 
59 

tfbe same has lleen reported in xgqct~CU$ • The resuljte 

~uongly suygest Chat newly synthesised mRNA may .eode for 

1 7 



J!l· facto:r: which activates the. trans~a~~on of preformed 

messengers and form~tion of_ polysomes • 

. Hardly anytbing is known about the mechanism pf. ini,.. 

tiation of macroilole~ular synthe$iS at pr~cisely tttoo4. 

sequel:].ces ~n gerrninati~g .. ~~s.• some pr$~itninary si;~~ies 

tf!lp).ic~te the pl_ant ho~nes, g~l?,erellic ~9id ·StJ.d abscisic 
31 

~cid ... RNA sy.nth.esis.was shown.t<;> be switcl'led on.only 12 

J:lour$ (ifter. ge~inaj;.io~ irrespe_cti'\Te .. o~ t:J?.e preseq.~e of_ 

these acids • . 3 _ ..... But by the 24th ~ur~ the.total..incorpor~tion 

<?f H-uridine. was. dras:t.ically reduced _by_ S:P$cis;i.c. acid,. 

Whil~ markedlY enb?tnced by gibberel:lic ac:f:d .... on.·. the other 
14 -

hand,. .. ?i. stimu~atiQP of. . c-amino_ ac;i.ds incorpor9;tion by 

gibb?rellic _aqid wa~noticed C?-~ e(lrly as 8 hours. . There . 

was. no 4etect9ble infl_uence of absc_isi_c acid for the first 

6 ho~rs,_ but significant _in~ibi~ion waEjnptJ,.c;ed subsequ§lntly. 

R~bosc::>~s _isolated ~ter. six_ hours _at vari~U$ intervals 

frqm gibberel+ic· a<:;:ig treateq embryqs disp,lay 23 -28'J~ hi<;he::

templ€).~e. activity whflre<?-s those from. a,bsci.sic ac:id. t~eated. 

ones showed dec¥;el3.sed. _a.q~i:vity f_rom tne l)ntreateci contro~s. 

It l}as C~:lso _been sbowl'l _from D!'lA-RNA hybr_idiz~t;io_f1: .. E:~Pet;j,.

ments th~t newly synthes is.ed _ rib~ somes eq:e not lie~~ yE;Jt 

prese!'l:t at 12 hottr and t.Qat the .mRNA that are active at . 

this period are not . netvly _synt:;hes;Lsed •.. Th~r~fore the hor

mones. may requl?te the ~ranslation l>t. a me_chanism involving 
22 

RNA synthesis .. Thi.s observation explains why abscisic 



a¢1d does not hove any influence Qn gemtnat1nq wheat 

embryo till a:bo\lt 6 l"lo\u::·s. sud\ et\ldias indicate the poss-.. 

1bla wa)S of£ atta(.'!ki:ng the· p:r;oblem of temporal contJ»l of 

mac~iecular synthesis in ge.r.mi.nating embryo$.f but eiear-

ly more studies aJ;e requ1.red. 
I 

Ri;t.F~~g R~(lt,I<:!;!je t,r;tbGQ,~1nat1,2i. e!Ol'S! 
Nitrate "eduot.ase activity in germioot.ing emb.r:ycs· may 

be induced With n.ti!.rat. in a variety oE p1~ e;ueh as (!()"" 

t.tcn (9,::;fUtt~ ,h1£sutt.nn}, AS~S~mma q1tJ.la22t sun flO'w$1! 

(!fal:ljUltb\ls __ $pn!Bs), soy:bean (glxetne g~> and bat.ley. -. 

The e~ l.s i.tt ro way speeifie to the germi-nation per.tocl 

and may not be essential to the proeess .. 

DeV$lopment of ni tra~ reduet:&as in germi.nsting -cotton 
32 

embryos bas Citn early phase occurring in the aar'k • ·Tbts 

~eaches a pedt at about 24th hour of germinat.io-n. This 

~arly rise t;)f induced nitrate reductase activity decays 

~nd thEm fJhOWs a slow# light depe-naentr rise .teaehing a 

m$X.Un\lfn at ·the thiN dt.ly of geJ:'ttt1.ne.t.1on. An lntereaUnq 

obsetvation 1;;; th&t the ea#ly phase of the enzyme activi t.y 

1$ i.Qsenst. ttve f». ectJ.nonr.tctn•l) 'Whereas both the phases 

t;l.t'e sensitive to cycloheximide. TM eatlY phase-.. where 

th.e ~ctivi ty is inducible at about the 12th hour of O'(at'm• 

inst.1on ie eemintacent. of the euly burst. tn enayme ·syn...-
~ 

thesis eharaeterised by lblei\.J)Ute{l972) .• 

sunflcn1er and soy:been gemlnatitag -embryos did not show 
. 32 

the early phase of nitr-ate .reductase eotivity ,. tolbereas 



4 N . 
buler em! asmas..a app. -~ oont.J.nu.ous levels Of 

the enzyme a.ft:er lt;s iJJCJt.aet.ioa ln .... ly oeadnation. the 

· i~ JJiU"at& ~e acttviey in both t.l'le eyst:e.ma !s 

~ SnbtbS.t.a by eotinomycln'*"D• 

J~1tlnty t.owal"ds .ecu-no1111cin.-n does ~ 91ve ue 

any oew- 1nsS.vht 1ato tbe at.t.et~- Pin~ o£ ell, o• ta never 

cetteir.t Gbout the d~ee of ef£-=tive-ne•e of the inhlbiwt 

~·aNA--~~$~ In 1:.be eo~nsyetem, ect~cln-n 
35 

ha& been show to auppmss mat-a -.evntheste by about. 6b • 

tt; ie tltenfote q'Jlte poasiblo tbet nitrate reductue ·n«NA 

escapes S.tlhtbitlou. by ~i~cln-tn s.eeonaly# p~senr:• of 

pa:-Gfom$d tnR.NA fo• vemtnat.tno •nzrme ace ·well knotfD end 

nit.r:at.e ~eductaae ~nq· be· aootber aeoo •' hand.. There· iti"'· 

ot eou»"Se* the poln.t. tha-t nitl'ate ftd~e 1a mt QSr.Jf!Jntial 
. 

t:o oumt.oatt.on etta u such, Pfttitenee o£ 't• pnfo:med mRM 

i$ Un$xpecta4,1f not. uft\IBUU• 

latecprete.~"'u of the ~ton Of ect:t~in-o- '

~leeoted by the· obse~at1oa that meeM of ap:ptytng the 

tnld.bttor effectt~ 1ttf itlf1ueaoe-.. P~eked e~ l>ehave 
J 

dilfe~ntl'y f«xn. $tJeds q~nat.ed trtitboutt pJ"eSoatnq • An 

1n.t&reet1ng <th41%19 ls tbCll' actirtdmyetn~ undea: theae eon• 

t.Uet.ons :fJr~tly stimuleteci nltrst;e recSuctase oet.lvtty by 
I 

ebout - of the 001\t.I'Ql ,. 

tn t:bQ abnenee of a 41~ domOnstrat.ton of t.be «nith~· 

tei.\Qe of Pl'efo~ mRNA t>f nt tr:at.e reauct.ese tn oenabla~Sng 

ed>eyoa OJ" • 41~ $l~m1cattoe Of 'the pos.s.tb111ty Of alten.fy 

14 



;SYnthesieed ld.U'ate reductase in s~ed&# nothing <:()'0<::

lue.ive may be said- But. the effect of eyc1oh$ftrnlde 

('Which conpl$1:ely blOcks nitrate, ret!luctase actlv1ty) 

ana the l:nsensit.ivit.y towattts ectihOirtYcin•P llave been 

taken t4 be indications of the presence Of prefol'ft'led 
3 

maNA ln translation :t;nhib! ted condi t.ion _. Thts eonclus• 

in the firs$ tbl!ee days o£ oemtnation ir.fot.tc:n lEJ not 

.tnbtbit.ed by a.et1nomyein-D, 1n fact. it is elight.ly aU• 
. 28,10 

mula.ted ,. Bikeldae, syn.thesis of carboxy peptidase< 

(unique to qerminat1on) is · not inhibited by a.etno~e1n-..n 
. 19 

.$n ecu:ly gerrttinatioft • It '\oniS shown that, aetf.nomycin-n 

inht.bite<l tRNA and tRNA synthesis in ~ systems by 

a~ut. 95% e.nd tnRNA by abGut. 7c,t.-

t<lit.tat.e r(fduotase indueible by <::Ytokinin in ge~

minating erribtycs of AS£l!t=e~. spp.. !las been a.hOwn to be 

a dtreot influenea on the Sl•novQ, 'synthesis of the en~• 

rtne by the cytokinin, nther then th¥'0\lgh an indirect 

tnauction vf.a an increase in 1ntraa$llul.u i,W'&ilability 
34,!6 . 

of N03 ion • xt hs.e also been shown t.h$t induc:tton 

Of this <m;tyrne tn excised erribryos of Ag~s+:crntta ei t.ber - r~n.,.,., 

by No- Ol: by benzyla<ienine(a cytokinin) ia insensitive 
3 37 

to aot.illOrl!fCln-J). • 'itlie suggests tbat the eyt0ld.n1n m&.J 

regu.latf.l t:.he· tt"enslatton oi nitr.ate t'eduetase tnRHA• 



HOwever, conclusive evidence of the effect Of the crtok• 
. 32 

Lnin col.lld not be demOnstrated in cotton embryos • 

Apart from t.~ actinomycin•D paradox, a body of 

confusion exists in out: underst..'!nd1ng of the meeban1SJU of 

induction of nit('ate reductase by NO$ j.tself ~ t.rhe en~e 

is also represeible by &mtoni~on, an !~mediate produe...;.. 

t of nitrate metabolism. aotb !nduetton aa t"1e11 as repr-· 

ession appeal;' i:O req.u~e synthesis of RNA. and protein in 
1,38,39,40 

soma systems · • The nodel for the medbanistn Of 

!nduet:tcn is alnost always alon9 the •operon" type ·Of theory 
.i· .....,. - . &.6 h. . * 

, .&.11 whf.~, NOj .is assumed to furac~on as a coiifucer and NH4 

as corepressor. But the le\'els of e.otlon of these two ions 

ere fsr from established. one report is consistent tdth the 
1 , 

pronotion of tranaet-iptton of ni trat.e retluot.ase ·'mRNA ·by N03 
41 

Whe.teas anotha.t in mu.c:osgors shOws that NO$ promotes 

translation of nitrate reauetese mR.Ntu; The lstt$.r worke.:s 

&leo arvue that NH; inhibits mttNA tra~criptioa. 
1 42 

use of 6~thy.t_:-purina gave e <:1rcumatantial evide• 

nee of N03 pro.,ting on the trausaz:t.pttonai laval. Ori 

tho ethel' haaa- r:ap$.d ~•a1ble 1--.tva~on by tfl4 -t tora 

does aot. seem to be d$P~ on RNA •• pJ!'Qtetn w.ftthesta43,. 

~--~ t'he evidences GC'G mainly based Orl £nhtbt~r a~udies. 

Also, ROtbinq ts kl'loW about the levels. of aQt.io.n of NOj &1'14 

NH4 in gernd.Ratlftt embQo• 

·The ,C'egulatiOD of the ~ level ~ vivo may be 

~1iebe4 by ¥eVUiat.ton Of the eynthesis ot the en:zyma ot 

1 6 



tma rapid loss of enzyme activity in t'e$pc.m~e to v~nous 

conditions. One moy postulr.li:e a ePeci.fie or ~\Onapoo!.f~o 

degradation of M active (ilnl:!yme. This ·~ill nec~~et•ily 

1~1 to ·tm itteversib11ll loss of the et$~· tn &.:1Att1on, 

t:m inhibi&oey- Protein binding to an actiVe Pl:'Ofi..$10 roay 

lead t.o a reversJPle Lnaetivat.ion. Rer>ort.s of an e~e 

-t4111eh i~t>evere1blf i~ivnt.es rd.t.rate reaucr:aee are .at, 

luuii:44
..,..9 •. t~ete.ve.r t.h~ meehanisn Qf t~gu.letion¥ the 1Qlt7GJ:" 

lindt of the hal£ ltfe of nit-rate reduceae 10 h!gb~r plants. 

hn$ ~n estitnatc~ to be aboutc 4 .. 3 hour&50• ~hta estimate 

is on the basis of triplo lebell1119 with 15.N-.- 14c- and 
9 . -.4: d.e~.:!; .. ~ """" .. . 
fl111;o amino acids aorl mea.S.U:Etncte w.- ilea&a.ny. $.t.1ft ans inco~ 

porat..ed ra~:11o.a.ctiv.U:y 1n the r.4t~.e reductaeo b~ in 

isopyclltc r.lensie.y gradients. tlor~ver·., ur.;U.vidUal ~APer1menes 
s· 1 ~t half llvos ·for eoJ:n lea~s l as 4b., corn roots ... oa 2,..3b 

and for barley leaves 52tls 9-l2h• The· tutll'i"OVet r~~ of 

n!t~at~ ·thUcs npp~bes that;. t.:>f the procur.sO%:" aminO e.ctd 

Pool.s~ 'rtle:r:efore": the lower est.~ato of 4~3h .ts d~ented pre

fEirG.ble to ·t;he oebot va..Ates mentioneflSO;,S3. 

Obtained .fra'il IAA.X, !1$7 Dclhii weJ:e first dehtJ~ed in a 

eomne~1td debus'ker •. Qnd .stoted dJ::'y .in a de.oiccator e.e rocm 

t.omPerttture.,. · lb~ sOOds 'Wex:e tltashe.d th ot"ouqhly tn t.oci watt;tr~ 

1 7 



t: iollowcd by tht-oc raP~~ t1anhes in ,.,!stille~ 't1otet. AbOUt. 

10 9J1l:• c:lf demu~ket1 se&'is were ket.?t:; in lf&t"k for g~nat!on 

to~· 20 ml of oP?t:OP:n.aec m~ium in a vetrt «~eh ~ 
~51> c 1t1 a ac:c ~or fqr tbe t~ulted Pet:lo-.:1 Of tJine .e 
5 07o:telJ1tLv~ humidity. 

'1!01! lr~1oact.ivG tcrk, the snb~ w~e exeiseet manually 

ff:'Om the seeds ~ 1n mtlloo tmtet and blott$d dtl•• 'ibese 
0: 

we.re Sf¥O.t'~ ¢~0 c unt.il ua~ f.n st-op*~ V'l&ls and each batCh 

~ uS$d t:tithiu 5 day& of excision. Piffl~~n etnb;ryon were 

plt!Qe:!f per 5ml t~~1dt:!rh .~ pt'O(;'!e$$E*'1 aa before-/J•4$;.&Qn . . 
.~P.I ~~ l?()r cn~atic ·~· $t.Udtes~ the ~s 'ti~· 

. . 

isolated in bulk by floetat1ott ion 7Cffo fl.t/v) s.lCtoso accorAiiiJ 

to & met.tloft mOdified fran Johfl$on ~ttl ·st.¢rn (19$1 )G<J• About 

10gm of ~&Js '1ere blcmoo tlfith CZ'Ucb~ 1Qs in e ~ing ble~ 

(101: ~.r ~acely 10 aeeon1s-r '.the Ol:U$her1 P~-E:.S w"et"O wa!b~ 
I 

with c:o1t1 diotilled ~et th~ a metlt ant1 the resulting 

m~etial. on the meab 't'le:te dum~ on to the cold 1$ (~v l 

t'MO~Ose solution. t\~at~t lt'ilterial. floated Q11" uere eol.l:eo

te6 .again on the rnanh.:. ~ 1~ of these t1ere broken P~$ 

of ~$ nlon<:"J ";Lt.'h $Oi!IS -endonve.ttn c:ont.esninatlt~S-.. tbis met• 

bo:l ~(:ed ~ut 3<Jl yt:eld on "'~ basts.-

flor n:u:~aeurcr.tert of Krn. the go-tm1neOt' ~ood s 1::0~ cbil.lod 
' 

wcr .1C(t o.tld tho E!!!ib:ryc>s ·uet'fl cxei:eed mnmtlllly .1n or-der t~, 

r~cn onr:10:s&etm o:mt:emi,ooeton t.a s. min~. All 't;J)~ opel~ 

t1one t-~· o~ied ~ ¢ 4°C *-' 

inzme .. F~&Olc 1be ~o$ were blotted dry ~ groutld 

in 2 ml of ~t~ion buffer (C. ·1 H ~.rrt~C.11 p:tre. 5 at; 4°c) 

7 P. 



·tra<:t, was C·$ntl'ifugGd at 15,000 ~·for 15 mi11Utes in K•24 
' . ' 

.·. · t~.~lq~. n~ ep.eed. eent.r1fu9~ 6t. o~0c toemper~te·• 
J 

1b,k! su.Pernat-nt.lb. W3s us'Gd ~or .~- assay. 
' / 
~ Atlu.1·: Por !oouation stud~&• the •uaytne WGS ause.•· 
hed ncCOJ!'~Li19 t;.Q tbe .P~edu.re o£ aag-.~an and auel-'..lesb!l 
f ' . . 

:; j (1~11 fl t:dt.b. ~ r.iOOi fieat;d.On$~ 11)tl) r-eact Mt.n mi:~tt!'e 
I! 

~~aiood l•O ml of 0~1 M Pata:zsi:t.tm f!\oaph~e :buffer ( ~1.5}"' 

c. 2 ml of o•.l M Km3 and o., 2 m1 t')f ~.o mM NAl'H (fr~sbll( p,:~ 

_par~)l!i ~ 101e6 replt;P~1 by di~111e~ ~atar in ~ contr<>l.. 

The .J!<'eao~J.on. ~ Gta.tt~ by tbe atld.tt:.ion of o. 2 ifl1 of t.he 

CtU1e ~(! ~ra¢. 'rhe react-ion ·• mi~re was !ltlQUbat.etl 

at 3o0c in a vater bath f<.>.r 30 minutes~ et. the eM of t>i':t·£cll 

tihe res::tJ.on 'W~ seoP.Pelt 1'>1 tne er'YU.eion ()f ~~1-.-~;- of 1.o 1i -
etne 6\!etaf+.th Whe Pl!'-$!iP!taee ont(lined lltlls r¢;1lQV.Jif bY ~·, . 

trtAtga~ion eiet.het' .£tt a rt~ table e.op centr1~o(mom~1 T-9) 

tii1t. Ul$K~ GPend Qr ~- K"'"2<& .®.. 7;0CX> t1.llt.~ot 5 mtwt.eo• '1:0 

t-b~ e.t·~llat'.&.n~, 1 ml of sulphanUarn.ifte (1% 1n l·S~ HC.t.) and 

s.o rnl of Otd:t27ft N£!'>: were add~., ~hie resu.l.tel 1n &PPoat'aooca 

of Pink colott~~, Absor}.)ance retlding ~<1at; taken ~ft~r el1Qt4.ug 

1$ m!mt~ f.or fUll c::olo.u: deve:lo~. Ol.~too.l density 

of ·~.ecb :tube <tl1a:6 token again~ thq; roa-~i;V'e cor.t.rQl at $40 
I 

lln·· using aeusd1 ~nd tomb. sr>eeeton~ 20 aPt!Ct.t»tlh~an~~.t. 
! 

'lbe Mt~~ ofZ n£t;.rJ4e wae est.ilnat~1 ~ th~ a,tandard! ~rve . 

(P!q...-1;')~ . 

1 c 
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Pot' mea-~nt o~ runJ~ dit'ect n10niterlng o:£ the dis• 

appe~.cnee of ta:tl:t 'ttaa ee:rried out, at 340 m 1n a G!l@tti 

mQgel 250 e.P~tro.!'Jhot«net~... The oc~t'it,ttol ws ,_thout ~1103 
in Ql:deJi to accou,nt. tot' nitrate !w:let>ei'l:!eflt; t-1.Ml!-o,d.doraflu• 

at~ that tatl!f/ be pre~nt in the eNde e=x-act,• ~- tett..o.e• 

zrat.ure oi the~ ,l.o • l:igbt; ~ euveete wa& mat.·Ultainet1 ~ ~o0c 

~ the r~e.ion ~$ st~ed ther~d.n by ~h$ atidj.tton of 

tM-t.. t"t,eot-e.ac:e 4n wsett>anee with titne at 34o QQ. ~· £ollowe4 

end r~O'ttd~ in the Chart. r:eootder and thxoee sa.vtip~f; W-Gt'e · 

har:lal'$d eim'U~MOUsly by means of -analogue mult.1P1E$~.l.lnit• 
tJr.der $Ch condition-a, the method is nt>h ver:y sen.sieive. Tb-c, 

fate hfqh t;GU:$1t.lvity regJ,on o:f the abso.t'ban:t.;, scale: was 

(:lt3Pl0!/et1 ~m!cb gnvo a coostd~ab1e. tnBttt\lmental nois-e• Indt.,. 

vidual po.1nt..a fot the fit"~ 5 m.t.mt~e: ln the r€\Q~ were th~o 

for6 analy~ bY the le~ squere method of ~rvc flt.tttlg 

arti tln~ slop~ of the bose tit. straight. line ~s eal.Culatt'!d 

ttte" t.h~l':~~lY• 1'hi$ gave the ve!CJCtty of ~he reaeti.on. 
. --~J 

in a.t'l'>i:tt-:t.\""" u!'lits of IJbSOt:banae per un£t of t.tme. 58J' IJ
1
J ·I -z . . . . . . ·. . "2.1-

ba;;S\9 ~~!E$.. 
62

PT:Ot:-ein was eetirnat.ed by' thti!t pr~~ 
Of.~ J£\. Jll·(3,!)SJ.) · as· follows• 0-.-2 ttl of cold 1.PJ' TCA. 

"tllaf) added t.o t.n. crude ~t~ (<>*2 m,l) t.o preetp:ieat:.e tbe pr~ 

tei.n+ 1'hls :wae kE-iPt ·au 4° c ov~tgbt_. • * tbe end of 1111oh 

the p~~ipie.ate wa.e cent..l!'ifu.g:ec~~: t.he supernat.t.u::t. discarded 

·and· tbe fortnet" Ai'$solved in 1*~ ml ot ,.oM tJa m,. l?rcra tb!s 

solut;,ion, <>• ~ ml was Od'~ to 2. 5 ml of solutiOn A ·(eoneaining 

tt:> p~s of' ~ t~2 co3 · tn o•1 M ~oa, o •. t t;>.ad:.. o£ 1"- <b so4-

0.1 Port Of: Z~ Na. '"«~~ero.t'6) and mhtett througbly. Aftet 

~~~ 15 mt~os.. o. 2 m1 o~ l.f l. ttlluteA Polin • e reagent was a~ded 
"~"'"'~ "1--,.~ 

2J· 

;- ,.. .... ,," 
!,r 1~~.~ sh-aken "~11 a~ kept at r(')Qll ten~m;,u:e for 20 miwtes.. ~~ 
< ( \!I~'-""' ) -i 
~ \. -c 

:::;.~..._...;.J soxt>ance reading 11:as taken at soo an. by usi~ Bauech &: LOnb 
, - .. -" Tl'-- 3t~7 
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C:~r«:>.~ Z~ ~llO ~.t1l of ~~ein Y~ Cn~J.Geofi f~ the 

~r.ml'~ CUt'W o=f.door~ ~4th OCA (1.11.')• 2l 

~ U\1:& * ~t~ ~i;vtty of r:atento ~~¢0! e: hco beot1 

·«r:,}Ccnt.c!t ~ the· ~- 01: !d.tt:-1{;~ !~AA'lett:<k·;J OK:Oeein .. 

Sal$1~1~,"~ •. ~~.JJa~Qligf':i,·l.ti.\£¥&t.i• r.ft« hr·vJ.no 
o~ld!.c·~ tllo n!lut.1on :t~O.lr.C ~ wlei;::>1y1~ t:tlo OJJcon<ii 

/ ~em;~,J.on ()£ ~~=e ~ pt;"'tein by t.hek ~r.:~~i\"0 
I 

t?i1u~i~, £~®~* t.be tt;")...."'Ci£1c ~iv1~J ~ cQkulot~ ·OS• 

foU0t1at 

. . . i;:b:~"lQloo o.f ~c~1';c/b~ 
o~Uta OfJtiv~y ._.,~~··• .. " .. ' • ..._.. .......... * ... , ••Hllllll••.t.,.~. ~ J.ooo, 

Ol~Jt'~: os; t"~o:in 

~~r.·~~ :!.n un~c oa e~~lcG c--.:; :;).~'·1to f~Jbw;:lbtf 
vroto~4• 

~~l&QQ L:ii·~~ ~ 25-30 r.s::i:"A:fCJc* c:te1c&4 

cfl~nllil'/ e-'1::'! C'ti~ at •" '!!J~ #.it &•.>t:.ihl~~ ~"tlc:.~e,. <;;•ero 

9l.cet'.A ln 0. s f'.11 ~t:f/~it:b tn 2•0 Q1 (1f ~~~ ... ,;!j w~er: (O.ltlt 

t.l' ?.a) e~~nt.nl.aj !>~At~ ·tJit .... 1,ltziritn ll£'tJ1®1 t-~. o~ot eo 
.,~ b.c~~.~ ~h. C'O:I: einol(l l~l.ltor;. tojtt...;#. of l4C 

.... l~inc ' (~~~io ad~tvttr• 1(1 metAl ~).e) f<tn$ ~jl-~&'"t t'l¢1!' 

~ri Aldl eo1 kr~ fOt ell~ r~.d.s:e-4 ~("z!o:, in t* DO'\ !.n

CU'btlbO:• V'OJ: &ol ~1 r~U!ti(jQ, ttbe ~!b~rs 't:'!r~ Get. for 

.o~L.mcicn for u e':.)(!Cit'$~ t~!.~~ .. $•tlfW.!! c.f l~'1c,... 1e.aetnc 

~ ~tl~ O'M ~~:;.;.; ff.Ot tJt~ ~~~ lit e!1~ c.~'! Cf 'tb1a r>~ 

it"~t. tmo ~0 ~7~~ sleet rlnr..or":t ·t:"!th· ;eyi~t!ltr~ ~-; . 

ft)l.latrof! tv .o t'1aC!l t11tfh t:EL"lt:fi Wf£~ (0..1 t l, ·r}'!. 1,. 0) oorar;QlnJ.tM) .. 
10 oM <;:Qlil le.tcit~ ~~ CtJ~~ t~b ~1it.t ~~1.()4 ~er_. bloeeert 



ffr:y., ~ PlO.C.c.~- ln (h$ tn,l of m~tt£n J:Nff~r: <ff tbo ~ 

~~tJttt:.h atld rJI • ~~- 1•eJ.na (spa:U!e act.,!v.t~~* 1~ 
tACt/~ tto'lc) Wt\s then ~~ t.o n ~inal •~tvtuy of ~~~ 
~ l i~t!t~ ~" so tai.~-h; 

~e ~~$ -~ tb.tm t~$bQtl An colntd 61~411ttl 

"*~~"* ~~·IJtt• b~~~ mAWGllf .t.u a ~l~ ~
uent~ v~'h t.s ml -~ ~ ~- i'CA. iilo tt~e.."il~, ''t!P 
\te ~- tb® Jw~. U c b01llr$l \~~b IOJ:' JO ~m ~«) 

·· ~· '-=~ lil-n!tr .... ~•-~-f>w.t-.,to;;~~o t.-.,........1~"'~ ~.to.,.._ m.IM?- 1.,.~i!t-~4I~·.._..o..A ~V- -.!io+W'" .....,..~ .. _.~,.,~¥ooliovcw ~;i •""'"*:~-. ~~ ~ ..,.._,.,......Ji!Ol;,."'"..,.~U'i-l 

by rt~ then tt&~flleli A.n 1c•• <Jhe t'n:'~itlit.et.Clf wee then 

~~ w-~. ,;Al. f:'ltu in t1 'Gli111POt:e as:tt~ly urilett 

pn~~ flef!t w:t.th •~ i'CA (QolA) cont.n~.~ i.o ._ taale.e 

()f ~~f.w ~!JlC• (lo :ml )~ t.ben vteb colA 1~A 

(!~30 .ttl) fall~ btl 20 ·ml colt1, A~ll.lcll Glt:d~ol. fto 

tt:lADC fib~ A£-11 t;«e ~rrA~ $» an -~ et, sot> c ov~ 

·~ cO\l&~ £It s cal 01 \ZOl\lQU~ tm~~- ~lr=i~ton itlulll 

(o.4g !~,OO.t Q.-0259 ~o.~,. too ml t.ro~~) 'llY £tao~ J.i.~l!l 

sctntil.lCloa cou-~ ~d. ~eav,co. 

v~ st~. l~1intll cou~t.no cff1ctcmr e~teu~ed 
bt fl..'lo ch~l. c$io Qnth<>A tltas s~ ~ be: e• ~~1~~ 

Ot~l ~Jio· 

•• ru01 l~lln.'J.,, e~1~~ ~bM ~- ~:eO: 

al ' 4c .. ·• ebcr~~~ ~ count.ed' tc. 3n -chenMl (A) aM 

in 1•c~ dUl~lUd ·fa) ,~t'~~'"elr• 

'4 



b) ~· ~~. ((:Ptn· in Qha~ Ale~ tn Cb~l n.)~;- ,JU 

c~u;~~. 

e) :Ni.l nult:i!:)ly lubell~ f);~.\cs ·ucre ecu~erl in both tht:t 

ic:b~$• 
l~t ' 

Ai! -tt• ~= "• ~ldoul~~ ~ . ' 

S.t-aO\lnt,• ·in c~• c~ in. ~ d'lannfal• ~. (ePQ ~ 
14c• obannelJ 

.. 'lib ®~.ton . . t~ .14e. cou.~a ln 14c- oba.flnel -. ~t:r:qJ 
q ~:~11~ 10. 14~c• ObtWM11tas negUqtble• 

~ . . ' 

~~--aktW~a~.,. m.'nl, flt1), wlPb~~-~ SSAt: -~~-

:®il~e •. cb,~llhe~1 ~· ttti'E& ~ d:*~· f~'Qa s~ ChE~U• 

cd~,. USA. ~ro:un•s $'tl~~ wa, '*~ ~ V.-9'. ~ 

L~.tt~ .. nelbl• ~~~ ,.., obt.all'Ud fCU.a c~t• 

ccb~ usa. All ~cr:- ~ala u~ 1~ o£ analYt-ical 

g~1~h~t 3Jt & &40- lt.lue~ W#• Obt~ ~- »Nt<:• te~+ 

lfiQII!i 

--~-~~~-~--· ~~, 
~~ t1e:fe oe~~ in t,.d \)~- el~ in . 

. "'~1:' 0# in ·o..cm •toa. ~e't ctv~ ~>~;!$• of (W:ttal~1<.ltt . 

• ebe sar,la ~o tf¥t~ in ~11~1 tat.~ ~ the ctb~ 

ttO.t:O b~c'.!i. ~ rl~~ in Hat.erialtl a,.w,y1 ~""'$• tllt• 

t$-e tQt'~ '* as~etl eu1 G~ittc &attv$ty pJ.ote~ 

&.Jld~ -~-(;m ~ts J Of ~on countinq !tQI dle 

e~ of ti~ t.1itt~ o1 ~,~ ae ~lee <t~ p~.cee 
in· .tt:lg3• ~~1a.blo m.~o ~·~ ~tvl'C'Y •• fOJ!Y? ~ 

n1V ~- abou~ 1? h-~tfJ of ~1nc.ton. t'ho a®tvl.ty 

tmoo --::r~llt :t'~~• eo ~. ~d.tun v~ce wiehm 12 hour•• lb~ 

uux:dam vabl~ (.fJt&~ ·~ ~e u.nifoau tn elm~ eli 

b$.edl~s ~•.?tL~ one t!l~:e itt. was <;utt.e ~ --



Kinetics of Nitrate Reductase Induction by No3 ions. 
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Specific Activity e~i'f.aled in nMoles of N02/mg protem/hr 
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Time denotes hours of germination after imbibitiro 



~,. 'thia b~ch of tiU)eda war,a reject.~ fox- ft,\:Jthcr e~~ 

•t'ltP::t -.k~~ •P~iment~ th~ lev~ Of the enzpte wa.o 

not.;lqed to ~rQP by abOu~ 34~ of tba ~-~ eft.er J$ hours 

· ~- g:~rlllt.iom; · SUt this !1top wan txit. reptnseable. 'l'he 

-~t~ aoe.i \71.ty after: 36 hou-tt) of ~rm1ntt:; ton was tqaot(it 
~ 

becaucS& consit1ereblel!' ~;:obial g~h" not..ic~ atte~ this 

Pat"ior.l• 

lf the se(fic -w-are washed aft.~ 28 bou.rs anr.3 r¢~..,. 

batted ir:1 freeb rnediumt tb~ Lnc'atease in enzYlllG e.<2t:.!V1ty 'faa 
obeeJ:V~ to be only marginal~ 

Xn QrA(:ir, to eest tho possibll~ty mGtbGr -n4.t'.~e t~· 

auct;,aeo ~ttvtty ~J.~ .Ila -~ protein tm"i RNA wne~

os4s'~, the tioe:-1o t~re getttd.n$~ in o.o:a t-t ~ eo~atntnq 

oitrbe~ lS,A:tg.Anl cyclQbedmi~~ o-r a.OjLqAnl ect1~in"() 
foJ: 2-4 hOU.l:'S• \the :cesu1t $ ~ 9~ v~ tn Table.l. As is ev1~ 

ent_. <;yalOhe}t~e canploeoly bloclfo the ~~-ion of 'thQ 

eMymo 1:ut ~in~'-n-oD r:loos n~ sOdll to ba"~e any eff«:e 

at. th·G OO~<:!nt:~ton U(;ed• 

!S+.11(Ki$t;. l£, lJJ&.ggiQ!:l '~i ~~~i,til~§ gg S&l~ClJ!I• 1) ~ 

In ~Qt: to rj.qorouoly verify tltetbez; e..ct.S.nocnye:tn-tt 

boo no offoot tJPQn nlt-t'tti:G ~rlU.Ctas-e $t;t';.lvity i.n 9\"4"mittab,tn';J 

rice errb~OS# the t~ wurse of 1nfiUct,ton· woo fol~ 

in pr~~ of o,.,02f>l Rz.:o3 illOO t.wo eo~~ra.t;.S.ono of aee1~ 

n't"Jcin-t> (12~41 anr1 24 p:gkl) '11\e ref:lu.lt s a1:e p.reoont.ed 

in F1q4' 4. t•b$t s'IJ.CPriail:gly~: n unUorm inotease in nit.ra.to 
'fY' 

~ctnc.e ~l 1$$ ~p/J.c.~b the ~ex"Jm~t:t.$ wove the 

' 7 

c;ont.%.'01 '\Jitb 0402 t>! z;Pi ottly. i'he ~tJ.<IJit7 with ectl~it)-1'} 



JA'b11 ,;ls. E~C~ ,,OF A0'!:l!f.QJ~l£J!•D JJiR CYQl.QJ1PXtMIDE C6 

N I~~,£...~, Rf,J?,UOTASE ACT,Iy Ill; lN g§Rfliii AT .IN G. ~.r2§ ~;;tm YOS 

wtth o.o2 u mo3 
wtth o.o2 u KRo3 + 

20 us/ml Act-D 

With 0,02 M KNO_, 

1Sus/ml C,Clohexim1ae 

The seeds were srown tor 24 hours in either 20 pslml 

Actinomyem•D or in 15 ,ne/ml Cycloheximide, elons with 

0.02 M auo, cr wi tbout the inhib1 tore. Followi.ns tbio 

por1odt the embr;yos ure isolated and nitrate reductase 

asaayed,. Spec1t1e ncti\fity expressed as nmolee N02•/mg 

pro te 1n/ltr. 



Effect of Act1nomyein-D on the Induction of N 1 trate Reductase 

800 

600 

0 

-~- _'o_-
0 

• # 

• 

Fig.4 

12 ps/ml Aetinomyoi_n-D with 0.02 M RN0:5 

24 p.g/ml ~tctinomycin-D with o.o2 M KN0:5 

Control 
Specific Activity expressed in nMoles N02fmg protein/br 
Time denotes hours of germination after imbibition 



t'rMtfi *' ·~ ao ~ ot· u~to&~ ~a;dloes ol ttlo. 

· cO®~knt of cc~in-» -~- bll~. ~1.-(tly· ~~11 to 

~~ .. lo\~ valum ·wltb.Ui a halt~Ua. 
i:fi ~- ~0 ~ \AethU tbe ~ ~Av!~lt Ca.tl~ .be 

~c~ ol."' dlifttl''l -.lth r~>tct ® ttua. ~ ~ ~t.t~ 
~ .. ~~. -· fi __ .,. ~.-A .. ~~ -J.tb ~,.... ~:- ·~· ""'"'el!ti.C'e ........ A-. 
~.w --.,·~ ~ ~~"" ~A<·<~',t 'Y· . -~ .. ' . ¥'... ( .~~ 

·~ to er:eeh ~torJ ~-uot&elt~ tet.l~b-C 

£u ~lt!O.o u.o ·t»i e. "'* .lath· bQlr,. ~ -.1~o • p~ 
' 

-~td .ln 4Jt81• %~ itd.s .!,.~• ae~• to be 1~1~~blVU . 

.• ~ ~~ ·.~ tb~ is ~ JA11~ c-1- to ~ot~ ~nno 

ecti~. bCllt:• 1011~ tit'~- ~ ~~ rDi w!tb. ~~~ 

.oa.u~~·· n~'Vf~S~ it ~1~11 ~ ~'~ (\f~~.Ps. 

tn t:bQ • ht;i~ ~-- -'~~# no tNOh ·p ... .,. me• 
i.OO"t# e~ ~. ~... tie~ ttt~em, WS: t.lb'\1&()t#t.t• lrl 

~~t. !;lie bt'ing G\tt. ·tbo U$em;i$1 !~Uh$ Oi t;.bo -ef:£eata of 

~~1n-n Oft. dl• ~ton of tt~e ;re'iQ.Cea"# ·tl'IQ :~ 

~~~,e ~~lv.:tey t4tb r~~ t.o eOlfJ.t'f:4e ·in tn; coly ~· 

v1ot.~ ege4n$ ~b :m Vitt• s. 
afQUSBIB,JI"Jlf:ll.st.l_.&~.~--

W!~ t)tl:!fl~aal. ~f~-$ o£ act.~·~ /:>t'l ~!"~Q 
I 

r..,-~. c'lv•v ~ ba· ~~ nn. ~1~ ~e~ on «the 
I 

·~al1 ~~f!J oti. ?~ein err~s1s 1¥ ,~~ ~~at44tl an 
i 

\tMlta ~_.be. 7ll~~., tib$J ~o 011 v~c~n ~~ Gb 
\ .. ~: 

~~=~ ~~£l ~in-.:1 ~,~ in Ptf)-~ ~ ~omo Qt· 
' I . 

n~~~ '\;~"C ~&~ ~. ~, ~.to·l~bchtr.tA tho ~ 
' 

Pii~~a it! e~ U! tho~$ uo lobcl1d!~·totr long llOti~:ts 

vtJtt ·'~tno ·GOW$ ~ etten ~ tree,· t~l~, by· a 
\\ •' 

~ :;vlse v~ 't~· .~ ;QCJ..i-1!~ the r-.lo ott' tt"ittlqu ~o 140 

3 c 



Table II. EPFECT OP TRANSPIR TO AO'l'lNOMYOJN-D 00 THE 

.~PUCT~ OJ{ B ITRA1!f .. REDU£T/'i!f 

Hourc noure of With Aot-D With Act-D 
atter trans- Germina- oonc. 12.0 f!s/ml cor1c.1)l.O f481ml 
fer to fresh tion. -· _______ ,.,._ _______ _ 
medium with Sp.Act ~ Act. ~.Act. SJ Act. Act-D 

:;~.16 100 

364·15 111 

443.88 135.6'1 

.'46·72 
459.60 

204.91 

The seeds were first sel'~Unated for different periods 

in o.oa 11 !N01 t then transferred to e ithel' e eolut1cn 
,jll ...-ft.H tw I '2. M j.J.. 

bavin8 0.02 M mo, and_,_ 24 }Jlslml. Act!nom701n D• After 

srowth 1u this period for specified hours, the embryos 

were isolated and tb$ enzyme ass~4· 

Specific ACtivity expressed e.e nmolee 'NO~ ms prote1n/hour 

j , 



Hours_ .. __ __.. 

Fig.S 
Percentage Specific Activity of Nitrate Reductase from 
embryos treated with 12 )lg/IDl ( _o_o_o- ) and 24 Jlg/ml 
( • • • ) -~Actinomyein-D and o.o2 M KNo3 with respect 
to those treated with 0.02 M mo3 only (control) • 

(Calculated from Pigs. 3 and 4 ) 



1ncorpoor~c:d in '!CA Pnte1pitwle, he~ ret,;ist ant (to -
eliminate the pos.s:ll:>.ility of eoutt;,ing ·ll1.'r/ labelled anino 
acyl tR.f~ that. may be fo~) tttaterla.l -wlll b~ a Ai:reot; 

. fu,nction e>f protein tY~hesi$ rate anr1 an itldi~ect; function 
of the total mRNA pool s1~e, 

Uni£o::m let>elU.09 time was establtshed as .a a bQ.u:s 
e!tef: labelling tbe ~:eyoa ~differe-nt periods of t.ltne 
~.,itb 14c.-leucinc a~ter 19 hours of getn\inat.ion as t1e.scr1bed 
to t.he e:oct-ion. on ~~kls & Methods• The results aro 

p;re~~ in ~i.9· '• 
TbQ d~ie labelling experiments wete carded oot. as 

det:.all¢1 Lu Materials &: t~O"l&• The ~esults are g1v1311 1n 
'l'ebie. Ul• In ~able. ·xv- the r$su.lt.:e. at:e ~resseB ae Pe~ 
c~~es of the controlth 

.. ~>'!' ,..... ... ... • ..... .. ...... -·~'- - --

REDBJ·;l~~9.1 .o&.,qECJlX.c..2m1'fi.~ .• 9fo'. ~TE ~~:l!~:;~ 
tatJ:at.e reductaac was induced bf o.~M. KN03 f''Mring 

gemd~io.n. . At the end cf 24 hours, cycf1otu~1m1-:'1e at 
a conc~rl;'!tion of eithert; 25.,0 pgAnl Qr· so .. o )lgkl '-taG · 

aided ~o the mEr1f.um aftt:lit: ~bing tho anbryo& tree of RN03• 
ltmbry6s :<~:1Gt:'O isol&eerl at 1nterv'al$ after 15 mi~tes and 
$p«:tf,i.e aet.iviey of t.he ~.n;tyme detG.lZmined. The .t'eSUlt.s 

are Plotted 1n Piq-~t7 (nJ as wccUJ.e acti"\fity aqa.tnst. tints 
after. et-ditlon of ¢yt:.l0he>timide. F'Ol:r caleulae1on of the 
decay cofl$t,~. the re$Ults are plotte1 as log of apeeif.k! 
t!Otlv.tty v~&us time end the col'$tant 't,ta_e ca:Aculate-1 ~
~ho Glopo of t.he Une c1ev1ded b1t a •. sos, assuming the d«:ay 
to bo a· first o~der pr:ooe.es tiig.7) (bJ. Its· ~ll.lo '\<J.GS found 
to be o ... 19 .{n.·l. 
T{~I!SrlO,~ !£ .$t 

Rm. of the enzyme ~an d~erminod as desctibed in the 
ltet.crWs & t~o:1e. A plot Of the· vel<.>Qity o:f the raae
tion(in atbi't;Jtet'Y un:lts o:f AOO.min ,..lw 1·0'"""1 ) ver:su$ DU.b,ee
r~o eonc¢~rat. ton in molarity of; Xtll;)3 is preaent.~ in Fig. a 
(a) for en~ee itsO~ f~ embryos getminati~ for 1a 
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Cl. 
15: 

600 

40G· 

200 

Hours 
Fig. 6. 

I I 
6 

14 
Activity of c-1eucine (in dpm) in embryos plotted 

against time of incubation in 14o-leucine. 
0 hour denotes hour of germination+ ~ li 
~~< ~·INilo\. 



Sours ot 

sermil'lation BEPES buffer 
(Control) 

20 0.49 
25 0.66 

30 1.10 

Teble IV 

Hours of 

Ccntl'Ol 

100 

100 

100 

HBPES buffer HEPES buf~er 
with o.o2 • mo3 o.o2 a tmo3 & 

12 JllVml Act-D 

o.135 
0.942 

1.?£) 

with !N0.3 onl1' 

21·551 
142.?'2/ 

118.181 

0.225 

1.126 

1.80 

with mo~ & 
Aot-D 

45.918 

170.606 

163.6!56 

Isolated embryos srown in appropriate med1a for spec1f1•d 
14 periods wer-e trsn~erred to t:Nsb media with O.leueme 

(5 p.C'f';A ed poe tor Bnhoura. Fo1low1ns this Pflriod, the 
embryos were washecl free ot 14c-1euc1ne by wqsllin s wi tb 
non-r·ad1oact1ve leucine end diatill·ed water, then trsnsterred 
to eppropr1a'b!J medi.a. co nta1nins -'&-leucine (100 mC~ and 
sro• tor 30 mi.!lutes. At the end of this period, TeA 
precipitable rat!1oaet1v1 t7 was counted as deta11e6 1n 
Moterials end J&ethode. 



Decay Curve of N 1 trate Reductase 

a. b 

1000 ..,, 

1 2 3 
Hours aftor transfer to .Cycloheximide 

· . . F/g. 7 
Specific actj.vity eXpressed as nMoles of NO?mg protem/hr 
Time denotes hours after trsn sfer to cycloheximide 

-·- -·-· 0 

0 0 
0 



Determmation of Km of R itrate Reductase 
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hours and 25 hours respectively. other details are presented 

1n Tables v & VI. Km was calOila:te3 thEOretically from f:he 

for:mula. 

. . (. ) slope ,oa; th~ .lei§F .A:!C!:".Uin.e . . ( · · 
1<m = +fiitercept of· t e least square lliie on Y-ii'Is• ·in arbitrary 

· · . units) 

whioh_bas been deriyEd from MIQIML~MENJ:EN equation (See 

Appendix :r for the derivation). 

'rhe :Km of enzyme at 18 hour of germination (3.2924Xlo-3J 

atbitrary units) was found to be within 95% Bf that of the 

et'lWtne at 25 hO\lrS Of germination (3.1343xJ.o•3 arbitrary 

':J;nits ). A Lineweaver-Burke plot of the data is given in 

Fig. 8~). 



9.table V 

SUbstrate Velocity (l) . 1/Y 
concn. 1n 1n LlO.D x 10 x min 
1 Do, Mean v standartd 

( S) dev !at ion 

o.oo~ o.o420 • 0.000? - 2,.6 

o.o1 0.0496 + 0.0045 - 20.1 

o.o2 0.0541 + - 18., 

o.os o.om + o.oo11 16.7 -

200 

100 

50 
20 

o •. 1o o.o?9' - 12.6 1 10 

14.6.;4 

Table VI 

o.oo, o.o205 + o.oo4; 48.7 200 -o.o1 0.0224 + 0.0024 - . 44.5 100 

o.o2 o.o251 + 0.0012 ~.a so • 
o.o5 o.o,14 + o.ooog - 31.8 20 

o.10 0·0:544 + o.oo26 - 29.0 10 

0.0482 3t2924 
X 10•3 



Determination of Km of Nitrate Reductase 

(Lineweaver-Burke Plot) 
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dr...it . ...-......... ......... ,._ ~,.................... ,t. . ~ 
~· (N..,..,.-. ~ v--~~ J' c• ~• 

hwe hiea ·..U etdteB MIS. ·RPM tl&UI\ .~ada··._.. 
to~· OAl? ~ 12 ~ o~ ~on. & 

~·· .tld;o t).;tme. new~ dao &act. ~IV• 

~tl•$~ ~&ton of l)mt.~ •at ~in • 
!111 mltate, ot uti)*:1.on ·et~ cc¥3Utae ~c.e! ~o® 
tho Pdm<i11 JrJ.~ h.. its !:&e <»d;fJUO\Ud.Y• ltle «u:1y 

~lab~ act1~ thus a-. to bo cek'ttJ Place on 
tJ<~o!l·<m-. .a.e reMud d\RA t~ttebeeis fe:l also 

.be OCL'.Urtiag tll t#he .uly Pf,fto6 of· O~Dlildion lllidl 

ltlfil ·~_,e idllbltdon bY ~~to-o. Shu ~~CseiblltW 
.... __ n~ b- ~....,.---·•u _,.,.1-uf.-! . .lA •""CIJ · ......... ""•·.· ~·~ ... .,.VI'>' .. _.... ·~~.- ~ . .. • ....... ' ~ ... s n~ 

been ~ices ._ e ~· to san• #teA ~4 .. ss. 

2b t:be Ufllt. o• the dxWo ~cba.t .st. t& 

--I'd. to ~ bbat &11 ~~ t.bte ... ~ .. ~ke!t 

~ Q'elm~ion ~make .Ita~· ohly ~

~ 12 ~- of.o..._*>ll lA me. it - .f.s 
~c048f ~ ~ be oo. onJr a&c tbitt l)OI'#od• t~te 

4so ecp~ S~Udl .u ~ to b!t sensitiVe to i~N))&t.on 

bt··~~ 



The ptet::~ent stUdy shOt.;s that. nit.i~te reduct&(le in 

9etminating rtce· snbqo J.e, · :i.nriucible by nitrat.e ·only after 

about 15 hours o:f gettnina.t~ntY ~ig.3). The enzyme activity 

reaches a plateau ~ter abo\i:t 28 hours. 

But surprisingly enough# act.inanyctn-D ilit1 not have 

42 

any id1ibltoJ:Y eff~t on tbe enzyme aet.tvity ('l'$ble Il. -t:her:<.t

GG ·· cyoldhenm.tde did teauce lt to aboUt 1()1}1. of the control, · 

l~vel• 

'rbts resu.le. by 1tae1f .t.s not con::lus!..ve. Uptake Qf 

ac~itcmycJ.n...rt ilas ·not boon ,mea$\lr~. Also,. aet:.1~1n-D 

might. have been inactl~ed 1:)y Jkbis period within the cell. 

The tniDil'A fete nitrate r~ctasG may -also escaPe inhibition by 

accicanyoi.n.-0 at the concent.ra.t.ion \l.sE'rl (20 Jl9kl ). suob 

possibilities e~ never b~ condncingly aet:ttl¢ff ulless direct 

measut"sn~nt on. the tate of nitrate r~etase mtua ~nt.hesie 

io done. tNt due to rU.ffieU··J.tt~s inlu:irEm1;. .in atch studies, 

nnd du.e t.o QOOVail.!b:llttY Of t~e purified enzyme fran this 

source,. direqt measurement c6u1d 1lQt ~ /lone. It.. ·vas hoped 

. h0t·1ever, that some Wot'mation maY" be obta1ner1 fxom the effect 

of actl~oitptp on tho ld.net;.ics of Wuction of this enzyme• 

As. Lodi.oQ.t.ed 4~ F$.9-*4• a p-arad0){1ca1 effect of aeeiro
mtcin.., tiTUs obsetver-l t-ben the 1Mu<=t1on kinetics '!7SS follol.'~'Ed 

~n 1es prese~e·. ·rhe t.ktlo o; onset of th.e iniuct.ion reuai"ned 

.app~ateiy the ~d,- SU.t ttl: ~edtately nft.QX" induot1on. 

the aceJ;vJ.ty rose to··a higher· va.lu.EJ than the cont~l an3 

r~~ a pcalt !J;t &~ 29 hours of getm1nat1(in only to fall 

rapidly r;wen belet'l t.ho.ti of the control by tha 36t.htr hc.:~u~·. The 



· ~~ €o.'U,otd.r~ ~'l01m;s ~G o ~· t.be ,>Ot':eiblllt.Y tb~ the 

l~.to.t oou::~--1-cm * UQbo{>~l. let mle.~ aJt ~ 

' 00~~ at- the bS9heat oont:e.~~ton(it }'O~.t.l til~~~ 

d;. J.®rl:. 7S1t mcn:a ~J.Iiblt:'f aeu1v1t.v thnn ~ ehe- 1er'" 

c~o.:~J:C.lon (l2 p.r;Alll. l!Qt1nomyo~ ul$¢ t'!.t$.f1 not. W1• 

uon;lo ube ef.mtl of 06!-~, ot L~4C~tonf t!lemore,; ~- i'~ 

lo:~t)l o1o:k !UOdt ~- may be 1~1~ t.h!eb oave.s tho 

->t;1CIJ eo::· tc-1ooe1o.~ of ni~e ~-· at :e Pt~$$ h0i1t ot 
q<a;m1~.s.on~ l."bo W.tt.~A.fm ~ !)(! ~tr' ~cher ~ t.~-of 

o~ ec~l~Jt~;r ot tho o~ in r;.r~nnae of ~~.t.~ 

t9 fl1UO to Atn.1Vlo~.•enta1 ¢0ilPeb~o Ot flOC;• 1~h(¢d0c'e.t the 

«~it'• -~- o~~$'1 IJl tttcrru:.e ··eD"1 etan•ierr-~ to o.cUn

~c~ $et tG h('uts• ~o :natlt.$J r.>r~e~«t 1n tnh10_ II 

0r:Q ~lutt'~• ~o J:;o .~~J.Iaaacal Umlt'Hclon•· u~ .• "t'OVet:*'• 

~ ·oet.~~ ~ tbQ. bl."jb~ COS"GtJtf:&i.OD t"firl ~~~ G~ 

t:o p~1Ueo a ~tlM -~ t1. fell ~bin 1 ttouft Qf the tJrem~e;r •. 

Uto :;o~o.fbiUt:t• ~. c4.e.t.a t.b~Jt t;h1a ae~l.n,toey 

cit£~: of eot~i~. on the 4.~1® tU.ncetos !o in~k-~ 

·Co~tfl on !ltiJh!41.oa of cv~l. lt:~e Oi! Prot.,ib r:Y!'ltheoio. 

utflheu-b. tuab ~ry:ccJ.ti.Q effect on ~&ate ~~ase it:,:llOlf• -~ltl ... 

r:tt!!f{ .bb ~t'()alfiaant bCQau~:e fit->:t;.l~~ lo k..~ t;.o ~ 

4.tfCt:'~t'$1t. Acg:re o~ Gff!cce on tho Wl'lthetlio of ~tzfcrooe 
. 3$ .. • .. . . ... 

nr.tl\ tt'-~·'• • An ~tr:t:,'Zt 1~n• ~b~J!'e. t.tGr/1}'1) to· CK!nau~ 

tho o~ra:u. ~e of ~¢U. ~k. J.n the )t"oo~o M4 
h. 

obcan:o oJ ~,l~ Bn4 ln u~q!! (t.~$• 11'hc ttcu-

ults ~ bho l)tlleo l.abel~ c:ti:~tldat~ ~tJ · t.hae · tb_.o is 
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-l\Jl.-

1n pre(';enee of ,..imibit.or (Tables IIX&IV) at 25 an-1 30 boure of 

gcu:ttti.nabiQn. tbile thJ.s result. ia $.n general. agreanent. wtt.b 

~h~ (!.on¢lus1on of ottu;a:s29*~10., it tails to SllP[)OJ:e ·the cont~ 
tion t.h~ ect1'!JOOl'Yc1~ effect; may be in'1it'E.¢e. 

~e ~vc consJ.~et:at:.1one, along with ~he observati® 

that st.J.mula:;ory activity of aQtJ.~in-n declines eharply 

.aft,ot: 2S hours to fall ev<l!n bE!low the conta:ol lovsl by abOut 

4~ w1thl.n 36 hotu::·$ of gez.mtnation# strongly sugge..cn: that . 

. P.tef~ mAli\ may be involv~l tn the induction upt.o f.d: l~st 

. 28 houra .bllt· th-at, after this pe:r:ioA., G tr.dtcb1ng of the a vet• 

lal>lc t.Em:plat.c oco.u:s ab"l new mRtiA (~1~ in-'0 sal'l$it.£vs) 

e.r·e Pr&hrreth ~ereft>re they pl\aso o:e n.tt.rat.e r&'luctase ,. 
f ' 

nctiv1ty ttur:lng gez:mi~ion CrtirJ be d$vtd~' into an early ftl.lle--

scont. (or pr~arat.or:y) p~t'ied up to abOut lS hours. an ·inter-· 

tnediat.G SQtinonyc~ ln~eneieivc; period (Upt.O 29 hours) and 

a lata actinQ.'tlye4n..P sens1t.lve pe:tiorl. 

naulB~ Slt.a mt!ti~ 
Po110t4ng points compUoA fr:em th$ previous wrks e.nn 

ths P!:"Gs(;n11;: st;Udy· are used in an att~t to rlevelo~ a, 

COllerett;. p$.Qture of t.be state of affakes" 

1.) Prefo~ Qlilt?A pmvi~fl9 tho. ma1ox-1t;y of thmanplatoo 

fot trenslat.ory ~'Vit:t up t.o 12 how:s of rice embxyos ge:trn-

1nation16. 

2 i A small propottton of m.tUlA may ba $?~es1soo durir.u.;r 

this Period am may be required for initiation Of trant:JlGtti,Qn 

1 .111! b f' ' . 54 of eti c.tast some <h. t .. e pre . oma-1 mru:tAs • 

3 l New mlUJA. synt.bes'~a comncn:oe at about 12 hcura of 
16 

ge.t't'nLMt ton • 

4 ) Asee®ly o:f new ribosomes commences el ee at 12 hou.r-s 
(L.. 

and thore $.e n tillow ant1 steady io:::reasa in tho nunt.>er of av~• 

lablo d.bOsan@ .followlno this per~. 



5) !5otrate r~ctat36 cannot .be inr~cO"l· before 15 hours 

of ge:.minat1on,- follOWing tbtch te re~heo a plateau raptdly. 

5) T'oa 1n!t!al 16 hours of. n1trate r~tase ~uctio~ 

r>erio!t is ~t:,i.ac:rnyeia--n insens1t1vo.- tut aensit.ive to cycl.o-· 

1l The latter period of the e~o activity is sensitive 

eo ~h act.ia:wn~tcif'i.ir.!l a.~ cyelohex1mi~e. 
An:! mo1~i for Aeses::ibirlg th~ bd\av1a.t~ of nitrnte rt..~ 

cjease tn. ~eveloping rice emb,eyo lllit.Jt irM::orporate all the abOve 

i.buv it t~~l be a$~~ t~ae FJi aero time o;e ~1ootion, 

the only tE1flplat.e availebla £or nitrae.e reductase 1s stable 

and prefo~ mf!tU\• 'lbi$ iX1t)Ulo.t.ton Of tnRUA will rlocay t\'ith 

~ certain rate, ~bich ~dll va.rtJ ldt.h t.ht.J :ve:ricx'l of ge.tlll1Mtion, 

ae!)enr,1ng on tt\<l ilx!rMaing aflo:entration of various R'NAGOG in 

the ee.ll. 

~ ntiUlA ccwe!lt.ratioo at zero hour of getmination is also 

zoro., follW!ny Whidl• it will sh01~1 an increase "<t1ith a. £1:tat 

o.tdsr rate constant;. 

Tilt!:1 Gffcott~~etl co~~nt~£.on of pr~forma:'i~: or newly ~"'n

thotd .. ssrl. rm'UlA foe bitrat.e- rf'Ytuct.a~tZ! 'flll alco rleteJ:m!ne the 

~e of cyn.thooie of we ¢i~ytne ~tith o first orcter Rte const• 

'l'he Gf£&:.!t.ive ~or~cnt.rt.t;.lon of nee;nyable ~o t.;ill in 

turn rJepe~ on its own overall rat.~ of B'JnChceia a~ J.t.s rotc 

of itla0t_1vntion. The t'$(!1 of :.in~tivatton will also Aepentl upon 

tt.s own eon:ercrat.ion snong other th1ngo~ 



i!\e na~ly oy~cdoo"f Qi'UI\ w1l1 eleo ~'f!IJ.t!1J ·with a flr:et 
~o co~nt. Ac:tl$n"ln:J on i~G own con:e~t>et.io..~· 
" tn a"'.1Ltion, there~ of ~ntbesin of cheer~· rilf':l1 
n:l$0 ~ OXJ~tzy1 t.O tiit:;;~fil on rmo ~ Of 1t a"tllallftble 
~ sec.... ~bleb any Sr\Jl:00$0 uttb t.!J'ac .. 

~~a"a&• 
The a..~-'e ~luo.f.o.r..o nre tl~e!' eo :,.,.t. ~"" ~ 

rtcto of aUakto itt the fOitl of· a t»~el (ri.g.,1U• 
(\ ) 

. rnR~mformod trf;f'imtil. , . 1\.er>QYable '*rete t~~aro 
~al ~ivtttion. 
~~1 . i e=lvabl.oa (2) (4) 

(S) In$Ct.i:ve t>r~sot synthesis 
of t~~ nGt;Jf!'aA6e1on 

• IZ!t. i& 
,.hfiia~l& ~ a# $;J1Q J;~;.il!, 

'~~"UrDC•r 
:)001 

~)to~ a 

s~!.s~ ll0• Ini.tlal QOtY:Ol'&t:at.ion of £lrefO:c:te"1 ra nr~ for nitP. 
a=.c ro:~t;,ac~e ab ~""0 bow: of oum~ton. 

n
8

o Co:J:ent.ntit'm nf nrof~"' m.11:!;\ of! rurt intr..;al'lt. of 
tae CRa ( a0 J. 

!\-. a Ci.JQ.:.!<..;t;.retiOQ of ~ly orntbotlict7i -m!'U1A !OJ: nieto.t.e 
~ea:· o e:e ·l!U/ imtl.mt of t;.~ 

c ·c= ;:~l ~o of !)C'CC\lrrlOro fer.- t.bo sytit.~ccin of nov 
lilOf;SCD'J<E U:ll\ c..~ lo a eonaeone. 

n =- CoooetuotJ.on of are1ayeble • ~ e~~ 8!'11 t..~ 
ot t.ime. 

11! '"''1 . 1 .o 0v(t'.r~w. rate c~~~ for the ~eois of ~be emyme 
~tt'-01:1 ie,s .. >r:efO.tn'*4 QtUlA t.~>~O. 



K2 c Ov~l'al.l t:tee constant, for the syt.e.basis of the e~e 

uP<>n "t~ Ile'\4 template~ 
1<'3 .e ~all tat-e consear:i: for the t!l'Ynthcsitr aft new mRNA fran 

1es p~sot pool. 
'1"W' 

K~::J<6 =- t?~t~ad:atton t'ate eol"lStants for the p%ie£Q.tmed ~n..tfl\,mRNA 

respectively• 
1{4 .~ Rat;a constat~ C--ot the itu!J'::t;.tvat 1on of n1b:'atu:~ r~tnse 

c~. 'this 1oolu~es both nonsp~Uic arrt specific ri~ 
gratlon ot the onzyme., 

A &r¥'1 0( ar-e eonst&nts wht::;b de~ri.l:>e some ~epe~ent tievelopm~ · 
tal. P~G$$eS that must influe~e the transcription end t-ran
slation of mRNA. 

J~ #l tima co~ant to~ the ~i.vat.ion of ribOsomes. 

A e~~Jas Of different.Lal GQU&tion$ mey now be oonstweted to 
desod.bc the .b~oviou.t of the ll'tQdol systEm• 

Channel (S) of the mo3el in fig. (11 ) i$ tY1equQtc1y descr
ibod by· the equa,tioru 

d ·'\, .., • -- a tft-.. ~1:) & --~~*··~ ............... (.t.) 
Channels (3) & (6 ). are taken CE!lt'e o~ by thts equatiom 

~~ 

Q\annels (l); (2 }, ·ant"! (4) G£¥ be f!eser~ bl( the agua,t:j.otlst 

tlif ·~:: '*4 t'i +A illtA; (R$ : an J + ~ ~~' • • • ,. ., • • •.,., • • (111) 
at; 

t:nltle ~he fir!% t.wo equatiOn$ are self upltoa.tory,. the 
.t.hittl m~s some el(p~idzu, 

'rha fireto. negative t;~ tn equat1on(ii.t) tleaottbe:s the rate 
of .t.nacttve.t.t.on of f;ha. e~, 'tlbicb. io Obvicusly proportional to 
tts Ot..m c¢fleent,ta.tion~ 

~e aecoM e~ desct.IJ:>es the rate of l:lYntn.esia of. ehe anzYmo, 
'\tlicb .t.s proportional t:o t.be :tot~l amount of t.snplate availehla 
at any instant of tkne·• For- the s~e of generality. provtstOl'l. baa 



9a:l;· boon mfYJe of arr:1 n~rvelo~ntal process. taking pl.ec-o tMe
pendently~ 1il!<zb may have a steady t:irno Aep~ent Qegat.tve 1n
£luen::e on the synthetic rae:e bf incluAing the term# A• ~. 

• • 
The thit't't tct:r.l describes thea rate of eva.Uability of actt-

v~ 'riboscxnes. 
A sOlution to eqn. (i) le~s to the oquetion-

. . ~~- t 
R8 . o 1\:, • e --s • • .,. •• • • •••••••••••• ·~ •••• (iv) 

(1• e ~t ) . • • • • • • • .. • • ,. .. • • • • (v) 

'U£Jil);J the ~at.i,ons (iv) anA. (v ). the solution of equation 

(iti) ma.y be obt.ai.ned ast 

(see 1\PPGn11x l:ti) 

E<Jtt~ion (v..t.), therefore, shou.lt:1 t'lcaaribe completely tbe 
bdtavi~ Q;f n:lt~to reAuot.a!ie act1v1t.y"th time ~~ing getmin-

Ld:. u.s r»w tr:y to lleserib$ 1-ihat. happens \be~ a~inomyc1n-D 
is t:l.Adoo to the $Yst~h· Aet1~&.·~ may be assttttted in th1s 
case to ~t off C)ll t~tl$llt1?~~n-.. Thus,. t.he clu!t:nnels (3 ). {6) 
and (2 ) of ·f tg.. (tJf),. are bloc't0'3~ . 

tTrrie.;- SUQh cotJt.l1t.i<>ns the 9enera1 ~at, ion (iii) r:eGuoe.s to, 

if t= •1t4 rt + kJ.:'\~ + e'* • • '· *. • ~ •. • • •• •• • -'•'• •'·•l• (vU) 

t..tlero Rs ic governoo by ~atton (tvl 

A solutton to (:Kjuat;ion (vii) nla'll l>e '<Jtitten nst 

!I • k ~ (a·~<?~ e·k~}~). 
N -:. -·1-.Q , + 

k4•ks 
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Equation (viii) now describes tb e nitrate reductase 

activity in g~inating embryo in presence of ,actinomyein•D 

according to the m0c1el of Fig. 11. 

t:Ymerical soluf;:LOntJ 1 

librnerical solution of equation (vi) <t>1ere done by computer 

using the following values of the constants, 
. •l 

'k3: == 3.6 h . 
•l k4 = o.79 h 

ks c=k6 = o. o6 

( ref .• 58) · 

~·ig. 7b) 
-1 h ( refs • 1 & 57} 

Values of c, R
0 

• and A have all been taken arbitrarily t.o 

be unity. , 
Figute ~ shot-rs tl1e cmputed values of N in ~~y . 

·units of concentrations plotted against hours of ge:r.:mination, 

for different val~es of flip ea as desCribed by ~JJ (vi) 

The extraordinary resemblance bet~1een these curves and 
the experimenially obtained one in fig. 3 is immediately apparent. 

'lbe theoretical curves sh~w • a lag of 7 to 8 hours, t4hich 
of courf;e is inaccurate becatlse of rough estimation of the var

ious consta.'"lts. But that it shows a lag~ ani! that it reaches 
a plateau~ are themselves strong reminders of the adequacy of 

the mo:iel. 
Further support in favour of the model comes U'len numer• 

ical solution of eqn{riii) is plotted for the same values of 
p as in fig. 9 ($&b} and with 1<:1 = 100 h -l t ref. 62 ). The 
theoretical plot (Fig. 10 ). thou.d'l without the lag, shotiiS a 

peak, followed b1 a decline. 
It seems that, provided the model is fai1"ly adequate, 

one does not neet9 to post;.l(.late a:"! repressor or activa:tor 
for the nitrate reductase enzyme indUction. The kinetic par

ameters are enough to provide the .. actinomycin•D induced peak 
in t.he enzyme activity. 

e. - - ---
.frf. ;I;ctr_i Ol)S F rQm Jihe Hotl e l: 

Apart. from predicting the general behaviour of mRNA of 



Fig. 9 (a) & (b) Computer simulation graphs ot equation V 

Fig. 10 Computer Simulation graphs of equation VI.II 
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~ nitrate J:e:Nctase fronl equations (1v) & (v), the model ~oes 
not prE!SUPl?OSQ art:t tep~s.sot' a~: act.1vator of J'<aeob-r-bnofl type. 
It. bas bE$n -shotm t;bai;. aim?le k1net1c parameters ere enough 

I eo GltPlain t.h~ or>~1y Parado.)tieal re$1lte obtained v1th 
· t~anscr!J>t,ion inhlbl.tot• -
//. 'l'hce· mOO'el. st.tongly fa~re the s 1t.e of action of tb; jr· . . ¥ 

~ . e.a an inducing ag~ at. the translational level, rathet: ~ban at 
' ~bo tra~l:'ir>tiQnal o:- post; transl.ationel level. lt. alsp .tnH.llies 

e. md.tching ovat- oi: t.he p.r:e£ertee1 tsnplate for translation Of 

the emayme i.t:"<Xn ps;eio~ znRNA to newly aynthes,~seA mRNI\• 'lbe 
model also pr~lcts the p.re~ellCe of s flevel.opme~al cloct:wol!k 
mecbnolau ~JlJ.eh qivf3S tise t;.o tbe delay. As a matt~ of fact 
~ eqn(viU) doos not g1vo the delay beoaut"Je essum~ion has 
been roa.A~ that;. act.~ io;;oD a\!PPt:esses the dcrvelor;tnent.al cl~~
work mechf:mism also (.t.e. t;he A•e!ll/1 4 fuct.ot ). 'l'hla as::umpt1on 
may not be Ju.st.if.led bQCau.ae of t-wo reasonot either a<:tt~cin-n 
is unable tO trh1b1t transc;-1~1on re<J.ttred to maint-ain t.hi;;! 

proco-ns, or th't'atthe olockwox:k mecball~ _doec not involve new 
tr~nacriPt.:!on. But ~1at. may· ~ the n.~ure of this <:: J.oel; ~,,ork 

mechanisn. re:nains in the realm of speculatic>$~t Purrisnent.a:lly• 
:t.e. m~ bo argw!Jd that translation of pretomeA mlUJA of ®(!Cific 
kirits may sEt the pe.c{3 in eas:ly g~inat.ion. 
· · The t»ss.tbiliey ~f !ooreased av.a1lab1lttY of 1nt.re.oellulc.Jr 

no; ~ jor the e~1ne 1nduee1on dUring appropriate phae:es of 
getminat.ion has no:t. been ~ludQJ%{ tn this stuAy. If# hO'\!teVer, 
tho ur:Jtalte of tb$ ~Ql.JC~· M ,increasing function ot. time of 
germinatio~ then ~his. factor also may have been eaken enre 
of by the -t~ .ofJt 1Pt ~he mot1e1. . 

'lbe mOdel, howavet: mak~s a rumber of grOs$ assumptions 
a:><ltt f~ using atbit.ral:'Y values of sane of ito ryoraneters. But. 
thec.e vnlueo# it 1s r~og.td.sad, will only dlanrye the seale of 
concentration witllcut :affer:cing the general shapes of the curves. 
The matn ascum;;>tton is thtit the daga:adation rate constant for 



;tho t";d · kintls of RNA ere the t.ama.. AnOther t1$SU1'tlc>tion is 

that the rete of tr~lat.ion of the two mRNAS mey not be ~iif

et"efit• This may be ~J.oul.{)rly emo J.f the prefonnon ntRl~ 

and the new tnRUA al:'e trenscdbe-1 fom t.~ r1iff~ent gene::J• 

zn thfit. casQ~ the PQss.ib1lit.y of ~.ifference in effioiency of 

tho two enzymes may also play a ~le ln. the a.seeya.bl-e ~e 

activity pr¢file with t.ime. But a ~asurement. of l(m of the 

e~¢ et two oiffex-ent por1&.1a of germ.tnatton (lS hours t.tntf 

25 hOlrs) did not show eny sign1fl.aant rl~fferencc within ebe 

o:gped.mental sensitiviey ltrnits• Ulua the argument that ttta 

diffet'-ent enzyrnee ll'ley be 1nvolven during .germinating# fioas 

not hol~1 qc-~rr.1 in the p:r:enent st.ate o:J: limteefl understan41ng. 

A rigora.ts verficat1on of this point '1:7:1 isOlating the cnayrae 

on polya.cJ:Ylemtde ge~or by seme such means! shoulr!l not be Aif£

teult. &os-aibilJ.t.y Of i~~s having almost similar Ktn values 

:t.s st-rong. 
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-..e J)t5~ ~utiy· fOOUSJea on t:.be bEbavJ.otlt o£ -a 
Sltbsbrate ~!J)le ~e, ntt:~e ~:erluet.ase, dut'inJ. t:be 

~ei'mlnablOn p~ ~o 36 hour-e) of rk!$ ~~ lbe 

~e. :!.$· t~le onl.y aft.ec about. 14 bcnas ot 9'~ 
tton. QgclQbedmitle M~ees-8:1 . the ~dt\.ton.. '\het:eas 
.-~ wit-b ~~~ sbO\Icil a ~~ su~irtiuc.e! 

Pbase at. the two QQnt;~at.tons us~.. Iitev~e wrka on 

.r!e:e lltbrrog~ls ~lEd with t.be Pfesed:. ~. have 4d 

tt> tbe ·6fN~~- :ot e id.~-c ~el ~eb ttoe& l:'lOt- ~~ 

-.ppose any indat/!$" ~ ittdhlto~ of the .cl.asoical fl;J'aco~ 

M:>no~ ey:pett •. (lamput« s~'-on of ebe model elo~Y 

prediCUEd ehe ~et"il'Uentel,.fltJdt~e and lll1':/ d~at.ton £tom the· 

Jt~ttl Ol>taln~~ mar .b~ ascrib.S t.t.t experiment.al Urnitetions1t 

'lhe ansl:fds auggest;s t.h~ thE1 ~n6uc1bUit1 ·bt 

t\~:i~JJwn may be $imply e ~s.pec.Utc lCJ.nE.t.tc effect • 
. . 

floweV~* cue J:"eset'V&ions ~e r:equit'~ becauoe an 1m1)lre ~e 

I; liD«l t.b~ght.Ut, tb.- ~uar ••ntJbiie belng ~ive t.o tb~ 
1!a.m.olls warn:tng. "'Do 1lQl':. waste clean thCQ<jits on dil:ty enzymes• • 
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C 'X£ • ., .. , • <~ •. ya.>. <-. .v.): ........... -<.._ .-..) 
the '-.r.-dif!' .. t of the lcMt ,~_,_.. ia ,."" IJ~ • 

,.o-ac 
"' • ._A-.~ 

W\d t:h& ifti:e~cap! on v-.-i•,. 
..e At -ao 

• "'A-aT 

. .. 
Ac I:,Xi. 

6 a!: XL 

( s t:. ~i. 
0 = 'C x.,.,. 

Let. the e'¥'o..\t4n of ttte &41Mt .,. .... laM ._ .....UMd,'-• 

y - MX +.C. ... · ................................. ···(•) 

'II'\ 'th 11 spec.i~( C<LH • (;,')hen 

x" = 5
1

. a.nd v~ • ..1. , 
~ v. 

c.Jhev ... v~ \s -tha Velof)ty fl, h .,.ay.c:dlc ................. 
the c.on·~spondtn' S\Ab,.t.-ca.te C.Onc.-dlf&tton .il 1 tf\-.n 0.. 
~'¥'o.tion (o.) be<OM•• the Lt"-IANo.w•-BtU-.& •• .._.,..__.,_ 

of tt'..e Mid\o•''$ -Mcnt.en'a e~on. ••••'-• (- i;.) 
ia '3tWM by tNt ~ona&itiot\ when, 

y, :0 
i.e. w"- X.t • -L . 

~ . - -
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~.c I -tt.t = k, + .• 
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.... itA"& , I • - k.C 
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Appenr'ix-III. 

dN -ad; · ~~ 
dt = -k4 N +A e \. R.s +Rl";) + e 

.. 

where I dRs -= - k!a Rs 
d.. t _k,i. 

i.e .• R's '::t Roe (,R. • R,. o.! t .. o) 
a.nd R"' !l g'tven b':1 th~ soluJion i."" AppencH)( I. 

Putt i'r)<J the solution of R$ o..nd R"" , ~e ~et , 

dN k N A _olt l -kst ~ c. . -~t ~ ~t - =- 4 +. e Roe +2....(1-e )+e 
cU. . k6 , 

-Jk-4dt[ r .·AR 4--+ k5)t Ak,C c _.ott -t•+ k.)t . 
i.e., N = e .J l oe t k e - e ) 

" ' p,tJ J~cH 1· ] +e e .cU+ 
lnte<3'1CQ,lir"l~ C\nd simpiiryr~ , WQ se.r 1 

AR -rx + ~)t Ak C -oo~. t ~ C -(•+~)! 
N Zl o e + 3 e - A"'» e 

k..,-\-c( ~(~.rD<.) I("(K.c-.c-k,) 

1 ~t I -~< ... t 
+-e. + .e 

K..t+~ ' 
Oeti -:-.·me; , N ::- 0 , o.t t: 0, o.nol ca.lcu.bt i 'flS th• vQ.}tJ€. of I, 

ae set' , • '· ;.~ . . 
··t-: 'H ' 

ARo ( - (.-tt-~;)i -l<..t't. .). . Ak.sC .. ( J!t -t.c..t) 
N::: e -e + ( ).t:J _, 

ko~~- \(.; -t:J.. ~ ~ -trl 

Ak.)C .r #+'<~) t .-k..tt) ! ~t -k4t 
-: \ .e - e +- (e - e J 
~ ()(-4- o( -~) • ~t~ . 
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