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ABSTRACT

The i.¡rvestigations reported in this tbesis were a part of an

overai-l researctr progra¡ule i¡¡, thÍs laboratory to deüe¡m:i:re tho nechan-

isn of, action of benai-nidazole a¡¡d ki¡reüi¡ in dela¡t:ing ùhe onset of

visible a¡d. meüabolic changes occurrj¡g ùrri¡g t'he senescence of detact¡ed

¡uheat leaves.

Prinary leaves of Khapli (triticr¡n dicoccr¡m Sch{lbler) a¡d. SelkÍ¡k

(Triticun aest_ir¡¡¡m L.)wtreat senesci.ng r¡rrder conùLnuous illr¡ni¡ration

r¡¡rder ooutrolled co¡rdi.tions were used to stu{y the effect of bensLnida-

zoJ.e or ki¡etin on (f ) leucíne-C& incorporation into c¡rtoplas'mi c

and ctrloroplastic proteln, (ff) pnotophosphorXrlation by lsolated

chloro¡ùasb fragnents and sn (fff) nicotj.nani.de ade¡rine d,inuslætíde

kj¡ase (aU 2"?"1"23) activity of nheat leaveso

I. Boüh benzinidazole and kineti¡r'naintai.¡red or increased the

protein content of leaves as compared to tbe waùer controls and increased
, 1L

the specific activity of leucj¡¡e-f" inco¡tporation fnto tt¡e protein

fraction wt¡iJ-e t'tre speclflc activity of protein from leaves f,loated

on r¿ater shor'¡ed a less i¡crease or rern¡.ined feÍ¡l¡r eousta.nt, j¡dieatl'ig

that these ùreatmer¡ts accelerated protein s¡mtheeis rather than

inhibit'i¡rg its breakdor{n. However, 1n chloroplasùs, the pnotein con-

tent i¡ benziuldazole Èreated leaves ren¿ined at hlgher levels but

there Ìlras no Íncrease i¡ the speciffc activity of pr.otelnn These

results irdicate that of, at leasü, troo dlfferent sites involved in

the tbenai.nidazole effectt (lrlaygood, E. B" (1965), Plar¡t Ph¡rsiol" 4O:

låiq;2a245) tUis particular effecù of benzi¡cid.azole ar¡d kineti¡ ¡resides

outside the ctrloroplasÈ" 
,O
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II. Studies on the photophosphorylation of chloroplasù fragnents

rpere n¿de ¡ritbout the addition of an a¡tif,icial electron acceptor so

ütlat the systenr st¡ould ¡esembJ.e ttre one occunSag naturally" Dicum¿¡rol

(6 x fO-5lt) 
"ras 

add.ed to ir¡hibj.t AlPase acùivity. ¿ rpùrosrphodoxi.nt

fracúion (Alact<, et al.¡ (19ó3), Proc. Naü1"Acsd..Sci. 5ø¿ 37-tß) isolated

fnon wheat leaves ¡ras also ùested a^d, shovn to accelerate the endogenous

rate of photophosphorylation. Chloroplasü fragnents from leaves f,loated

on water lost fheir capacity to phosphorylaùe wtrereas, tt¡ose fron ben-

zi¡nidaøole treated leaves showed an initial substantial increase,

I\¡rthe¡moreo benzim:idazole r,¡as capable of restoring the capaeity of

chloroplasüs üo photophosphorl¡laüe, especialJ-y in the presence of

tphosphodo:d.nt. A parb of these süudies has been revie¡¡ed brief,ly

by t{aygood (g!!g supra) " Söudies on the tFhotohydrolybict capecity of

ctr.loroplast fragnaents indlcated the rates very similar to ühose of

photopho sphorlrlation.

ITI" Photophosphorylation and lÍAD kinase activity are closeþ inter-

related and the latter enqme was invariabþ, though not si€nificantþ,

more acÈive Ín ber¡zlmidazole treated leaves ad' in leaves grorfir under

relativeþ high lÍ€ht' intensity. NAD kinase $as assaðred by a spectro-

photonetric ard a f,luori.netric method. Doubt r¡ês cast upon the validiüy

of t'he fo¡mer assaü but both methods garre such sirnilar enuJrå¡e kinetics

ühat it is higttly probeble that the rapparentt NAI) ki¡ase activlty as

measured by the spectrophotonnetric method, has some enryuatic signifi*
cêtrro€r Both nethods showed that tt¡e actívity of NAÐ kj¡ase ilas

i¡t¡ibited 5Ø bV pt\ysiologieal concentrations (fO-3f.r) of orthopùrosphate
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a¡d this rdas overcone by .NfP, the fomer befng a substrate and the

J.atùer a product of photophosphorylation. It is speculated aad

supporb'i¡rg evidence is provided ùhat benzi-nldEz.ole inoreases the

NAÐP content of wtreat leaves and ctrloroplasts (Waygood¡ g!þ supra) by

lowering the orôhophosphate content due to its stùmrlation of photo-

phosphorytationn Benzlmidazole g 
"u 

(tO-3u) conpletelg inhibits NAÐ

kin¿se activùty, therefore, it must be a derivative îthich regulaües

the rbenzi.noidazole eff,ectl i.n dreat leaves,
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INTROI¡IICf,ION

Studies in this laboratory harre been prinariþ concemed

with the elucidation of the mode of actÍon ef þs¡zimidazole ¡rd kineü1n

Ín delayiag ùbe visible a¡¡d netabolic changes oecu:ring d.uring the

senescence of detached wt¡eat leaves floated on sater under controlled

conditions. Sone of ùhe physiological changes na¡¡i.fested by leaves

senese5-ng on r¡ater are as follows; (i) rapid loss of clrloroplryll, (ii)
decune in proüein, nucreic acids and sbarch, (Íii) increase Ín free

ani¡ro acids and sugars, (iv) decrease in ATP a¡rd NÅÐP conüents with

a corresponding Lncrease in AÐP and NAÐÍI levels ar¡d fina'lið' (v) ìncrease

5n proÈeo\ybic and hydrolybic en4mes (Person, g! d., ]rg5?t Saru.borski,

et a-1., 1958; tr{ang and Tfaygood, I959t l{aag, g! a1., 19@; Iutishra, t963¡

Crodavari, L966)" These degradative changes can be reversed. by floating

the leaves either sn þsn2imidazole or kineti¡r solution at a concentra-

ti-on of 5O and 5 ng per liter respective\r.

Tt¡is thesís provides an e:cbension to these investigations wtrich

are reviewed in deta:i] later, ¡st¡iIe the most recent studies inclnding

some of the e:çerimental nork reported i¡ this ühesis, have been

fl¡nnarized by l{aygood (1965}. Ttre thesis is comprised of three separate

secüions as descrj.bed below with a general revj.ew of literature, general

discussion and suûnarJr. Methods a¡¡d nateríals, results and discussion

of the results are presented separately in eactr section.

1. TlrE EF'FEgr 0F BmrzI¡@AuoIjE 0N mptEIN STNITTI'SJS

this fuivestigatlon was ¡¡¡rderbaken since it had been shor'rn by

l+
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Person, É gt., Q957), Sanborski, 9L Êt., (f958) and repeated nÂny

tines in this Jaboratory that benzìmì{¿sq}s treatment Íncreased the

protein content of excised. wheat leaves. Samborski, g!. êt., (195S)

i:rvestigated the effect of benz'inndazole on the infection of rust i¡

uheat leaves and amived at a conclusion that benzimidazole treatnent

stimrlated protein synüheeis in lear¡es and caused a drop in free

ani.¡ro acids essential for ¡trst ir¡fectj.on. Ì4lshra (L96Ð reported an

increase in protein content ín detached leaves wt¡ich was nore pro-

found i-n light, than i¡ darkness. It was, therefore, imFortanü to

deùernine whether this increase Ìras due to a¡r acceleration of proteS.n

s¡mttresis or an inhibition of its breakdor'¡n. A soluti.on to this

problen car¡ be obtained by deèermining the raùe of Íncorporation of

leucine-0& irrto c¡Éoplasnic and. chloroplast protein si¡ce leucine

is Sacorporated soleþ in the protein fraction. The results on the

ùime stu{y of leucine-C& i.rocorporation i¡to total a¡rd. chJ-oropJ-ast

protein fracùion of senescÍrrg leaves are discussed jn the first parb

of the thesis.

II. THE EFEEST OF BENUI],ÍTÐAZOI,E ON FTTOTOPHOSTHORTI,ATTON

As has been pointed out by Tiiaygood (1965) there are aü least

ttso di-fferent sites of action in the rbenzi¡id¿zole effectr in de.Ley-

ing senescence and. one of then resides in the chloroplasts, Benzi-

nidazole treatnent sholred a seleeüive effect on chloroptryll netabolism

of wtreat leaves (Wa¡¡e and Waygoodo L959) and naintained hÍgh levels
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of ATP i¡ chloroplasùs (l"flshra, 196Ð. Ar investigatj.on rrras, there-

fore, underbalcen Èo deterroine the effect of benzimidszols on the

photochenical ATP fo¡n¿tion in wtreat leaf chloroplasts. Studiee on

the i.solation of wheat r¡ùrosphodoxÍ¡rt and. its effect on the endogen-

ous rate of photopùrosphozylaÈÍ.on, were prompted. by the report (Black,

.gÈ 41., 1963a) on its ubiquitous occurrence as a natural cofactor

i.n photopbosphorXrlation.

In o¡rder to study the effec{, qf þs¡zìn{dazole on .trIP forn¿ùion

of wheat chloroplasts, lt wes felt necessat¡r th¿ù ttre reaction system

st¡ot¡ld resæble as closeþ as possible to the one occurring naürrra$r"

For ùhls reason, no artificial electron aecepüor was used i¡o tt¡e

preseat sysùem. Ihe resr¡lts on t'he endogenous rete of photophosphoryla-

tion wlth or without tpÈrosphodoxinr in the reactfon sysüem are give,n

1n ütre second part of the ùhesis.

A part of these investigaùions has been neviewed briefþ by

Haygood (1965)"

III. TTTB.EFFECT 0F BnüZryIDAZgrÆ gN NAp ¡miAsE AcrrvrTr

l'[Íshra (1963) reported a n¿rked i¡crease in cytoplas@ic as weLL

as chloro¡ùast NÂDP conter¡t l-n r'*reat leaves senescing r¡nder continuous

iIuni.nation on either þsn¿im{d¿zoLe or kl¡¡etin soLution. Studies on

tJre bios¡müLretic pathrray of NAD in r¿tleaü leaves pnovided f,r¡rther evi-
dence that benøimidazole treatnent favoured a¡r accumulation of radl.o-

activity in ¡UAllF contenb of wheat leaves f,ed trith radioactive precursors

of !üAÐ zuch as, ¿içstiniç acid (carbo¡Vf-C4) or nicoùi¡anide (carboDyl-Cl4)"
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blheaù leaves senescjng on rraüer, horrever, showed a tendency to

acerur¡late nost of the label in NAD rather than NAF fraction (Goda-

vari, 196ó).

th:is invesüígation rÊ¡ìas eoncerned with a stud¡r on the NAÐ kinase

acüivÍty l¡ wtreat leaves w'Íth a vie*r üo oplain the increase in NADP

leve1s i¡ leaves üreated with be'r¡zinldazole. The results on the NAD

kinase activ:ity of utreat leaves uith a possfble regulaüory ¡ssþenisü

in NAIIP s¡mthesis, s¡e sumarized in t'he last part of ùhe thesis'



NEV]tr1{' OF IÏTENATURE



ftEVryf -ç)F TTÎERATURE

T. E'OI.E OF .BENZÏMTDAZOI,E ATüD K]NET]N Xü DEI,ArING SEI\TESCBICE

The process of celI division, growbh, maturity and senescence

are eequential phenomena in biological systems. senescence is the

ulti-nate event of these pnocesses c'rlmipêting the consequence of

metabolic ciranges that occur at cell-r¡Jar ar¡d subcellu].ar Levels"

Although various theorÍes have been proposed to expraln the 1ose of

cellular vitality i¡r senescence, ühe changes i-nstrumentat j¡ ce}lular
tagiJ¡gt are not yet firtly rxrderstood (varner, rgó]). However, recent

theories about taging? are centered pri-marily a¡ound the i-mpairment

of BIIA s¡mthesi-s leading to a graduar decrease in protein contenÈ

essential for the netabolic activity of a ceIL (sacher, Lg6Í}" hotein
plays a vital role in the stn'ctural integrity and the bÍocheu¡.icar

aetivity of a ceLL and any change, either qualitative or quantitativeo

in proteÍn synùhesis is bor¡nd to affect the no¡malcy of a ceIL (Borurer,

I959t Monod, et 91", l9ó3).

The degradative processes lead:ing to fagìng? of excÍsed plarrt

tissues can be appreciabþ retard.ed by tbe adni¡rÍstration of auxins,

indole acetic acid, zcl+-Ð, gibbere'ì]ic acid and growth regulators such

as kj¡etÍn a¡rd benzi¡nidaøole or by the fo¡mation of roots on tissuesn

Gregory and Sanantrai (1950) suggested that during rooù fo¡nation, Èissues

such as l-eaves receive ssrtain root factors necessarïr for the s¡mühesis

of proteÍ:rs' varner, g!. al., (1963) shsr,red. that the course of senescence

in pea cotyledone, tras controlLed by ühe lsignal_se received. from the

axi.s of the seedlings" The bioctremtcal nature of, ùbese factors controll-

I



ing senêscence i¡ the tissue, althougþ ascribed to hornones and auxins,

is nr¡knorn¡n (thinann, L963). Grourbh regulators, such as kÍnetin and

benai-uidazole appear to srrbstitute for naturaL factors in dej.aying

senescence j¡ excised plant tj.ssues" They resenble auxj¡s in pronot-

ing proÈein synthesis, cel1 dÍvision ard rooü or callus fo¡naüion

(Person, 9L. Êt", L95?¡ Richnond a¡d lår¡g, L95?t Osborne, Lg62t Bachelâ¡ìt

and Stowe, L963).

Action of ki-¡eþinn Kinetin (ó-furftry1-aninopurine) ctraracter-

ized as a tcel]" division? factor has not been shotm to be a n¿üural

constituent in plants but ki¡reti¡-Ilke substar¡ces have been reported

from over 4O dif,fereaÈ species of planüs (Helgeson, I96l+)u Beauchesne

(194) was able to isolate a conpound from corn rdt¡lch res@bled adeui¡e

a¡¡d wtrich he for¡r¡d lras more active ttran kinetin in süfmtlating ceIL

ùivision and i¡r pronoting bud f,ors¿tion in tobacco tissue cult'ure.

tZeati.nf (Çl+t irydro¡g-3-raettrylbut-2-eny1 aurinopurine)¡ a cryst¡lline

substa¡rce Ísolated from eorn was also found to be more active tÌ¡a¡¡

kinetin in iüs gror+bh pronoting action (T.etkran, 1963). Ki:retin-lilre

subsüances have been isolated from Feås¡ coconut niJ,k aúd apples

(Rogzfnska, É gl., Lg65i 7.w-ar, É ÊL., I9ó3)o lhlnn, et g!.¡ (1955'19@)

reported, the occìtnence of 6-nethyl aninopurÍne i¡ the ÐNA of Esctrericia

coli and i¡ the RNA of wheat gerttro

The aetion of kj.netin i-rr various plant ti.ssues and organs, is

lmown to be profound, ar¡d diverslfied. In excised leaves anil tissues,

kjnetin not onþ j¡L¡ibits protein degradaùion but also it induces

prot'ein s¡rnthesis (ltoùhes and frrgelbrecht, Lg6Ii Perthier, 1961).
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Applieation of klnetj¡ to excisd Jtanlhir¡n leaves prevents loss of

chloroph¡rll and stimul¿tes protein as welJ. as RNA synthesi-s (Osbor1¡e,

L962). It ir¡duces rooting j¡r the Leaves of Acer rubrr¡q(Bachela¡rd and

Stowe, L963) a^nd promotes anthocyanin s¡rnthesis in petals of Impatiens

balsamina (ig.ein and Hagenr I9ó1). I(l¡¡etin stimrrlates synthesis of CIl,IA

l¡ excised tobacoo pith tissue (pa,tau¡ .et ê1.¡ Lgl?) and barley leaves

(Srivastava ard Trlaren J:g6|).

.åctlgn of Þenzi:d.{azole. ls¡zimi{¿zole, ar¡other growbh faeüor,

has not yet shown to be a ¡,ratwal p1a¡¡t product but benzimid,azole or

Jr6-dinetþ1 þs¿¿imìd¿zole a¡rd. closeþ related compounds have been

reported to be an integral parü of vítanri ns a¡¡d coen?,Jmes (Welssbach,

g!. q1", 1959). Coena¡me 812 has been isolated. fron pla^nt parts such

as, nodules of .&Ider and erctracts of gerninating peas or wf¡eat ar¡d,

lupine plasùse (niewar a¡d. EVa¡rs, Lg6Z arb and c; Fries, Lg6Z).

Tbe acùioa of benzìmidaac¡re is simirat to that of kinetin i¡
na^qJr ürafso Hov¡ever, it appears to be nore selective in its action for
monocoùyled'ons (Wangr É 41., 19ó1), Benzinldazple treatment sti¡r¡lates
protei-n and chlorophyll s¡mthesis in excised wtre¿ù le¿ves ar¡d naintaj-ns

t'he properùy of resista¡rce ùo rust j¡¡ d,etached. Ieaves of KhaplÍ rø!¡eat

(v¡a¡rg arrd waygood, 1959; lfang, g!. Êr,, r9óo; sanborskr, eü. ar., lg5s).
However, iü failed to shov¡ a^qJ¡ presen¡ative effeet on chlorophyJJ of
bean¡ sunflower or tobacco 1e¿ves (Weng, g[ al., f9A), ft also.i.ai.J_ed

to irùibit elongation of etiorated. pea stens (Forsybh a¡rd sanborski,

1960)o ûr the other hrnd¡ ki¡eüin treetment prevents 1oss of chloro-
phyll ånd i¡hibits ceIL elongation in the tissues respectivel¡r d.escrj.bed.
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above (Osborne and McC¡jIa, 1961)"

l{ode of actiolq. The exact role plqyed by kinetÍn and benzimidazole

in delayiag senescence j¡r excised p1a¡t tissues, is not yet firlJ,y r¡¡der-

st,ood. Ttrere is a general agreenent that ùhese growbh factors regulaüe

pnoteÍn metabolism in a ceIL by either exerting their ir¡fluence at RlüA,

DNA and ribosonal levels or W controllÍng en4ynaùic reactions wùrich

participate in proteÍ.n synthesís at cyboplaqnic or organelle levels.

Three possible mecharrisms have been proposed for such a contr"ol; (i)

dírect participat'ion of the grovrbh factor in the RNÄ, or ÐNA nolecule

(Mc0"rla, et a-I., L962i Fox, 1965), (ü) formation of an acùive metabolite

on enÈry in the cel]. (Alivisatos, et "1.¡ L962t Kapoor and tr{qygood, 1965a

and b) or (ü:) i¡tribition of þydro\rbic enzJr&es a¡¡d stimrrJ.ation of

s¡mttretic processes (Osborne, Lg62t Tngle, eL ê1., L965i Srivastava a¡ld

$fare, Ig65t Srivastava, 1965)"

Iï. .4, ST]ES0,ENT_CELI A¡[Ð ÏtS m0[',E]N TI]BNOT&

There is a gradual decrease in protein levels in an r¿gingr 61'

senescenü cello This decline in protein content has been sbown üo be

associated lrith (i) an i¡crease in respiration rate (CiObs a¡rd Beevers,

L955), (ii) a $hifi j¡r netabolic pathr^rays (Iaties, 196lr) an¿ (iii) a

ctrarige in enz¡roatic conrplement (Varner, g! &1., L963; SniILie, 1'962)"

Robinson (fg¡¿) reported. a general increase in proteo\rfic enz¡rmes 5n

mature root cel]s, d, simila¡' increase in the activiÈy of hydrolytic

enuJrmes has been reported in a variety of lagingl tissues (Kessler, et aI"¡

L962t Struster, et aI., L96Z). Hr:-l-me (195S) reported. a neü increase in
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protei-n nitrogen, during climacteric a¡¡d active ripening of apple and

pear frrrits. lire clj¡nacÈeric rise ín G0, production ¡ras fi¡rther shov¡n

to be due to the synthesÍs a¡id j¡rcrease in actÍvity of m¡late dehydro-

ger¡ase (8C"J.1.1.38-40) and. py:rriric carbo:grlase (Ec ó.4,1.1) in
ripening apples (Hu!ne, g! aI., Lg63).

The changes i¡ enz¡rnae comprement associated ü¡'ith ragingr need, not

necessarily be due to de novo s¡nrùhesis and eould be accorr¡rted for as

either a¡¡ j¡rcrease or decrease in the caüa\rbic activity of the exisüing

enzJnnes or their release from Èhe bor¡nd fo¡gn or their conversion into
catalyticalþ active fo¡vn' The evi-d.ence obtained r,¿Lth the use of specific
irù¡ibitors or radioactive smi¡s acids, ind.icaÈes that d.e nqvo s¡rnthesis of
some enzJnaes, does occur in both the uatr¡re and senesciag tissues (see

below) 
"

infiiÞitors. I{atsushÍta (1959) reported a¡r increase in the revers of
RNAase (uc a.?.?.16) fu genninatÍ-rrg wtreat end.ospem and. suggested iÈ

to be due to d,e. novo s¡rnthesis of protein in the tissue. shannon, et
aJ-"t (L9(*') showed that increase j¡r RtrlAase activiüy of corn mesocotyl

tissue courd be prevented by the use of actino4ycin Ð or puroqycin,

" I4uch of the evidence on

protein turnover i¡r senescent tissue, has been provided. by the use of
radioactive am'ino acids Ín protein s¡mtheslso The first direct
evidence for protein turnover in leaves was given by vickery, g! gl.,
(1946). rt was found. that i-soü,opic n:itro gen .from tÉ5-**ooia fed to
tobacco plants, was incorporated into leaf protein in spite of the net
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protei¡ breakdorcn in this tissue. christiensen ar¡d rhimarur (rg49)

reported a¡¡ increase jn protein content v¡ith a comesponùing decrease

i-n free emi-no acids duri-ng the growbh of eccised pea internod.es cul-

tured i-n water. Racusen a¡¡d Foote (1960) fed detached soybean leaves

alterrrately with tü0, .r,.1 Cl20Z and provided. evid,ence that free

amino acids were incorporated into reaf protein at a rate of S per

houro

Ïncorporatj.on of labelled amino acids into protein fraction of

excised leaves, roots or isolated chloroplasts, was sho¡¡r¡ to be ir¡hibited

i¡t the presence of ctrloramphenicol, puronycin or acti¡oqyciJl (Jacoby

a¡rd sutcriffe, 1962; sissakian, et aL., l9ó5), These findings suggest

that mature and senescing cells are capable of protein s¡rnthesis, although

they show an overall declj.ne 5n protein levels"

(c)-jþino acid co¡aple¡¡en!- of senescent tissue. A d,ecli¡e in
protein conùent of n¿ture tissue üras reported to be due to the inaþi:ìiiy
of the tissue to incorporate amino acids into proüein fracti.on (Racusen

ar¡d Aranoff, f954). One of the possibilities that excÍsed tissues or

leaves were lackirrg i¡ f¡ss amìns acid.s, r+as ru1ed, out by the obserrra-

tions of Rogers (Lg|j) and, Racusen, g[ aÅn, (Lgi,l+)o Rogers (Lg|.|)

for¡nd. that leaves treated with sucrou"-cl& were able to incorporate

the radioactivity into every one of the amìno acide ordinarily found

in protein. Free a¡rino acids do not appear to be a lirniting factor for
protein s¡mttresis in senescing leaves. Since enersr in the fonn of ATp

is requj.red for the s¡mthesis (r{ebster, Lgi5t l:g5n as werl as d.egrad.ation

of proteins (Ste:-nOerg and Varrghan, Lg56), it is suggested by MacÐonald,



14

s! d., (1958) and. Ifrrir, et a1., (LglÐ thaü any factor uhich affects

the enerry Levels of senescing leaves is a liüdting factor in proteirr

ElI]lllOV€Ir

A cerl requires energy in the forn of ATp nolecures for bio-
synthetic, degradative and mechanochenical processes (Jacoby, Lg6L¡

Quastel, lg6l+; Arnon, 194). But synthesis of ATp also reqrrìres

enersro Green plants and photosynthetic bacteria are unique in utÍliz-
ing the electromagnetic radiation energy for ùhis purposeo The con-

version of light, energy i.nto the che¡Ticar bond energy of ATF norecuLes

is üerrned tphotos¡mthetic phospborylationr " thÍs process is d.istinct
fron that of toxidative phosphorylationl or substrate phosphorylation

(Arnon and Whatley, 19j4b).

. Amon, g!, d.,
(fg¡¿a) discovered that chloroplasts isoJ.ated. from spinach leaves, uhen

iL}¡ni¡ated u¡rder suitable conditions, were abre to s¡mthesize ATF.

Green leaves r'¡ere shown to contai.n a paucity of ¡ritochond.ria (Esau, Lg53,

Ja,mes and Ðas, lg57) a¡¡d Ísolated. Htrore ehroroprasts, rorithouù the aid
of ¡ritochondria, were shown to synthesize ATp in the u€ht but not, in
darlmess (Arnon, eÈ aln, Lg|,ræ). rù was, therefore, proposed by Arnon,

,9!, d', (1958) ùhat photoche,n:lcal" ATP formation was the rrarn source of
enersr requfred for the biosynthetic reactions in reaveso

The prinary phoùochønicar reaction in photophosphor¡rration con-
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sisted of the following steps:

(i) the absorption of photon by the ¿ssimi]¿tory chJ.oroptryi-l

pÍ.gnents,

(ii) the excitation and expulsion of a¡r electron from the chlorophyal

molecuJ-es,

(iii) the transfer of electron through the cofactors and

(iv) the forrnation of, energy products, such as ATP and I{A3FFI coupled

with electron tra¡rsfer (Árnon, 1961r).

The overal'l process can be su¡nnari.zed as folJ.ows:

r¡ADP + nPi = nATP ".óco..c..o," (Cyc1ic process)

24.ÐP + zPi + 2¡,IADP +ËìHzO = aATP a â{rtDm2 + oa + zll.zo,uo.(non-cycric)"

Cofa.ctors j.n photopt¡osp4o¡:¡lation" Counon tredoxt cherai-cals

such as, netbyl phenozoahim nethosr¡lfate (mm), ferricyanide a¡¡d

indophenol dyes have been shown to support a¡ld stinr¡late the endogenous

raùe of photophosphorylation by isolated chloroplasts (Jagendorf a¡d

.{rrron, 1958¡ Arnon, L963)" These chenricals have not been ¡sao¡n to

occur naturalþ in leaves a¡rd their ¡ole in photophosphorylatlon r¡nder

ph¡rsiologj,cal cor,rditions is uncertain. Converspþ, substances such

as, ascorbater vitern'ln K, FMN, c¡rtochrome c, Nd,ÐP a¡¡d PpsIR have been

reported to occt¡¡ and to catalyze photophosphorylation i¡ chloroplasts

isorated from green leaves (rort:. and Jagendorf, 1961¡ Htratrey, eü g!u,

L955t Giova¡reili and Sa¡r Pietro, L959). A.Ll these cofactors have been

suggested to be involved prinariþ fn electron trar¡sfer reactions rather

tban j¡n ttre phot'ochenui-ca1 .aTP forrnatíon (Black end. sân pieÈro, Lg63c) "

(a)

(b)
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rPirosphodoxinr as a cofactor in pbstopt¡osp-horyþùion. Blackt

g! ê1., (1963) isolated a naürrraìJ¡ occuring r*ater soluble compound

f,ron spinach leaves and zuggested its Í-nvolvener¡t in photophosphorXr-

lation reacÈion of f¡rtact leaves. this substance ca'lled tPhospt¡odoxi¡r

is a the¡mostable compound wt¡ich is abJ.e to catalyze photophosphory-

lation i¡ the absence of ecogenous electron acceptors" It shows a

response to ligbt inùensiùy stmìlar to that shown by other co.factors

and givee a high rate of ATP fomation when used r,rith or without P¡Ë

in the reaction ri:ctr¡re. ålthougþ tt¡e mode of actlon of rpü¡osphodoxi¡r

in photophosphorylation Ís unknovm, it is found to be of cornmsn occurrence

in chlorsplasús as well as bacterj.a-I ch¡ronatophores (Black, g!. af,", 196¡+),

ATPase activity associated sñlth chloë)p1asts" The ATP/AÐP ratio

in the leaves is subjected to a change r¡nder the catalytS.c aeùivity of

a¡r enzðnûe AfPase (EC a.6.L,5)(¿tp - ATIP + Pl). ATPase activity has

been reported to be present i¡ chloroplasùs (Hoch, gL a1., Lg63i Ainron,

l:962] and ceIL free extracts of, blue green alga (Petrack, et g!, 19ó1). The

avai-Lable eridence i¡dicatesthaù there a,re two liglrt-j¡duced ATPases present

i¡r the ctrloroplasts; one requÍres srrlfhydryl com¡munds, Mg# ions, PSÍS and

bri.ef elqlosures ¿e l ight while, the other needs, m{,5, Ca# but noü Mg++

ions and continuous i.Llr¡mi¡ation" Tbe pH optimum for boùh tl¡e aetivities

was tt¡e såne as for photophosphorylation, the lc¡own ir¡L¡ibitors of photo-

phosphorylation such as, sodium fluoride or azide, amonir¡n chloride a¡¡d

2r¿+-di-niüroptrenol have been sþolnr to :¡r¡t¡ibit ATPase activit'y (Avron, 19ó/+).
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.{vron (1962) suggesüed a correlation beÈrreen ATP fo¡uaüion and

iüs }ight-induced þydrorysis in ehroroplasts (referred to as ùheÍr

phoùotrydro\ytic capacity, sectÍou Tr). Morotkorsky a¡d zheskova (i9ó5)

reported a three-fold Íncrease in ATPase activity of chloroplasts u¡rder

the influence of heat and suggested it to be the measure of mecÌ¡ano-

sþo.misal processes rrndergoing in ctrJ.oroplasts, Irrvestigatj.ons on the

light-scatteriag measursûents (Packer¡ gt. Ê1., 1963) shor*ed that

nitochondria, chloroplasts and phoùosynthetic bacteria rrndergoing Gnerry

transfer reactions nantfested. ehanges in the nembrane structure" 
"{,

protein fracùion lsolaüed fnon. spinach chloroplasts strowed fffPase

activiòy asd nar¡ifested strucüural changes in chlorroplasts r¡¡¡der ùhe

ir¡fruence of light' The aged, chloroplasts, howevern d.eveloped. a

requirenenü for ATP to undergo si'ni]-ar cha.nges. These chloroplasts

failed to show J-ight-scattering changes in the presence of anmonir¡m

c!¡.loride ¡ùich is a hrorm i¡tribitor of photophosphorylation. These

results led Packer, .g!. ÊL., (1963) to postuJate t!¡at right-indueed,

ATPase activity was involved iJI the controJ- of süructr¡ral ehanges

assoeiated rr¡åth the elecùron tra¡¡sfer reactions occuming in photo-

phoephorylation,

BesÍdes the light-induced arpases, chroroprasts have been

reported to possess a snal-l a,nount of AÎpase acttvity ind.epend.ent of

light (alack, g!. 41., L963b). This enqm.e is activated. by t{g* lons a¡¡d

h:igh tenperatr¡¡es (trrlesse1s and Baltscheffsþ, I9óO), or by fragnentation

of ehloroplasts by sonication (ilack, É gt", 1963U). Its relationstrip

to the }ight-induoed .{TPase activity is not yet clear (Avron, Lg6t+).
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w, $IADP I,EVEIS AgU NAÐp ST1m{BSIS tN TISSITË

Fornation of N.{ÐF has been unarxi.nousþ shovnr to be a sing}e

step reacÈion caial¡rzed by an enzJme N.{Ð kínase (EC 2.7.L.?3) with NÁÐ

as a substrate. Von Enl,er and Vesbin (193S) reported the synthesis of

$laÐP fron NAD and ATP wtren incubated Ín the presence of crr:de yeast

e:ctracù. $inuilar results were reported by Mehler, et g!"e (rg4s) idtit
the use of crude pigeon Llver fractions. The enuJme pe¿1¿f,ing the

phosphorylaüion of NAÐ to forn NAÐP, was ieol¿ted by Konrberg (rg5o)

fron dried brewerts yeasü a¡rd laùer by elang a^nd Kaplan (f95¡r) gron

pigeon liver. It r,¡as subsequently found to be present in rabbit liver
a¡rd kidney (ttatcfrmane 9ù S!.¡ 1951), rat liver (Greenbauro, gt gl.¡ Lg6il,

aþa (0h-Ha*a and l4iyachi, 1959) and cotyledons a¡¡d. reaves of h:igher

plarrts (Forti, 19óf; Tanenoto, f96l; f9ó6¡; Ogren and Krogmarua, Lg63o

L965; lrlaygood, L965).

The enz¡me isolated fron different sources, shows a sligþü

varlation i¡ substrate specificity" Thus, NAÐ kinase isolaied, from

either pigeon liver or higher plarrts¡ r¡¡¡like yeast enaJrnxe, is higtùy

specific for its substrate reqrrirenents ar¡d eata\rzes the foJJorerjng

reactÍon:

NAÐ + ATP : NADP + ADP ooeooooco.oooooceooo.oooo""."o (l)

uhire, the yeast NaD kinase¡ ilr addition to reaction r, cata\rzes

¡lAÐltl- ÅTP: $åDFfi + AÐP e ôoêooooooooo6ooe oooôooócoo." (2)

Pla¡t N/rCI kin¿se is abLe ùo use IrpFADp to phosphorylate NAÐ to NAÐp

(tananotor 19ó6b) whiIe, broken eel-Ls of, Chlorel]-a e]-lips,,od.-e+ can use
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ej-ttrer ATP or Pi as a phosphate donor (OÈr-Hana and ltiyachi, l9ó3). Tt¡e

sonversion of NAÐP to NAÐltl is cataþzed by an enzyme ttrar¡sk\ydrog€nasef

(nC 1.ó.1"1) according to the folJ.owing reaction:

NADH + u+ + Nâ¡p = NADpfI + NAD + H+ (Keister, eü g!., Lg6z,

tocalizatlon of N49 kinase in tissues. VjILee and Hagennan

(1958) reported, tkre presence of NAÐ kinase in the soluble fractÍon

of hr¡man p.Lacenta arul suggested the exbramitochondrial 1ocalizati.on of

this enz¡me in contrast to the s¡mùhesis of NAD xùlîlctr is located j¡ the

nuclear a¡rd nitochondrial fractíon (tolorton, 19óI; Ilogeboom a¡¡d Schneider,

]jg52)u h leavos, althougþ most of the activity r.ras recovered in tire
soluble fraeùion, ¿ sm¡ll amount icas f,ound üo be associated with

chloroprasù fractÍon as wetl (ogre¡r arrd l{rogmann, L965t rarnanoto, l9ó6a).

NADP level-s- j¡¡ excised_Èisslreso In general, the levels of, NAI)

and NAÐP were reporüed to rsain fairly constant in the mqjorÍty of

aniual and plant tissues with NAÐ in the orldised and NADP predorui-nantly

in the reduced torn (Gtock and Mclean, L955t Greengard, g!, êt , Lg6t+t Hishra

L963t Yanamoto, Lg66a). Certai¡ ho¡nor¡¿I treatmenüs as lre]-l as ragi¡rgr

were shown Èo alter the concentration and the existing balance betwe'en

these trc coenzgmes, ViILee and Hager"rnan (1958) suggested thaù the

s¡mthesis of ÌûADP was under ho¡nonal control. 01ark, g! al., (fgó,t+)

investS.gated the rate of NADP synthesis in precancerous a¡d cancerous

tissue of rat livers" The ca¡,rcerous tissue Èreated ¡riùh carcfnogenic dyes

showed a significar¡t fall ir¡ !¡AÐP + NAÐFH levels over the controls. Hor+-

ever, ühe rate of NÁÐP synùhesÍs as measured by N.AÐ kinase acùivity rras
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f,orud to be appreciab\y higher êr¡ co¡n¡lared to the actual levels

of thÍs coenz¡me in türe tisEue.

Iananoto (L963) obsenred a decrease fn NADItIINAÐF ratio i¡
older leaves of tobacco rdri]-e tttish.ra (L9ó3) shgrüed a decreace nith

ege irl Nå$ÆAIII ratlo and NADP + NåÐIïl eonterrt in rüreeù leaves sênese-

{ng oa nêter.

Groæbaumr eù g!.¡ (1965) measured NÁD ldnaee ecùivity in livers

of raùs ùreated wtüb gl,ucogêor t'h.yroxine and pÍ.trrita.rry gnowüh ho¡mone

and a¡rtved at e conclusion tt¡at ttrere rag ¡þ copel¿tion between

NåÐP levels and $AÞ kin¿ee aotivit'y Ín tt¡e tfssue. Tt¡ere $as a deollae

in NAEP ].evei-s after 3 days of, treaünenü utrlle, NAD ld,nase isol¿ted

f,rom the tisEue shoued no change in aotivity. The levels of NAD ln the

üLE$re ùid not appe€tr ùo lLntù tt¡e rate of NASF s¡mthesf.s as ttre

{nJeatLon of nleotinantde gave a IO-fold increase in S.åE lerrels ¡nlthor¡t

€hoxri¡g atty châÉge tn NADF ].er¡sle. It was oonoluded, fron ttrEse i¡vesti-
gaüions thêt NADF syat'heeis nae u¡der oüher reguletory mocha¡risns.

BeEF1atisn of NADP sy,nShgsis. 1. Availaþillüy of .ATP. Since

ATP is one of the substrates for NADP s¡mttresie, it wae thoWht üo be

Ínplioaùed fn the regulation of NÂI! kånase actlvfty (Uel¡uieh an¿

Gireenbar¡n, 19óI; Greenbam, gL gL., 1965t G$Iock and ücLean, L955ì

Kap.Lan snd, Greenberg, 191*). A correl¿tfsn betwee¡¡ {ÎF and NåDP levels

jn raùs treaÈed u.ith üyroxin, LnsuJ-ia or growth ho¡mone rlas reported

by these r¡o¡rkers. Pnecar¡cerous rat livers showed a decline irr AfP

(ReiA, L962, a¡¡d NADP lovsls but no chqnge in NAÐ kin¿se actfiriùy

(Cler*c, É ÊL., L96't*). Ilowever, Gneenbatu, g! a1., (1965) zuggeøted
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that a decrease in ATP levels rsouJ.d affect the NAÐ kinase activity
as ùhe Michaeu-s eonstant for N/¡Ð kinase for ATp r,ras lg utI (wang

arrd Kaplan , L954) r,rhile that for Nl"firl ad.enylüransferase (ec 2"7 .T.L)

an enzJr¡ne catalyzing NAD synthesis, l¡as 0.46 mM (Kornberg, l95o).

2. Effect oI 1ieht. Tt¡e involr¡enent of líght in NAÐP s¡rnühesis

rvas fi¡st reported by Oh-Ha'na a¡d Miyachi (1959) in Chlorella celf-so

These ceLls luhen e:çosed to light, showed an increase in NAÐp/NaÐ

ratio, r¡nder both the aerobic and a¡raersbic conditions. Urd.er aerobíc

condiüions, however, the i¡rcrease Ín darkness and a decrease in light,

of NAD content in Èhe eells, was al¡nost eqr¡ar to the comesponding

decrease or increase in the endogenous revers of NAÐp + NADFII" NADH

levels were lou in these cells either in light or darknesso

Fì¡rüher Í-:rvestigations r,rith disinÈegrated. al.gat ce]-ls (Ofr+ta¡na

and I'{Í¡rachi, 1963) sho'¡ed that the photochem-ica} conversion of NAÐ

to N-ADP was independent of Arp ar¡d the algal cerls could use pi as

a phosphate donoro thus, the aþa} cells e:posed to light, und.ersrcnt

the follol'ring reactions :

(i) AÐP + Pi ,Tg: Arp oófight A'If oooo.oc..c"n (photophosphorylation)

(iÍ) NrtD + or* **H"se ¡ü¿Ðp + AÐp ,o". (phosphorylation)

uith the overall reaction

(iü) NAD + Pi = NADP eooøooo.ooøoe oûsôo.€.(photoconversion),

NJLÐ arld ìIADP wrdergoing diurnal changes in light and. darloress, rjrere

suggested to control the cdark? a¡¡d tlighte respiratory rn^etabolism in
plants (O¡r-Hana a¡d Miyachi, LgØ)"
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f,orud to be appreciab\y higher êr¡ co¡n¡lared to the actual levels

of thÍs coenz¡me in türe tisEue.

Iananoto (L963) obsenred a decrease fn NADItIINAÐF ratio i¡
older leaves of tobacco rdri]-e tttish.ra (L9ó3) shgrüed a decreace nith

ege irl Nå$ÆAIII ratlo and NADP + NåÐIïl eonterrt in rüreeù leaves sênese-

{ng oa nêter.

Groæbaumr eù g!.¡ (1965) measured NÁD ldnaee ecùivity in livers

of raùs ùreated wtüb gl,ucogêor t'h.yroxine and pÍ.trrita.rry gnowüh ho¡mone

and a¡rtved at e conclusion tt¡at ttrere rag ¡þ copel¿tion between

NåÐP levels and $AÞ kin¿ee aotivit'y Ín tt¡e tfssue. Tt¡ere $as a deollae

in NAEP ].evei-s after 3 days of, treaünenü utrlle, NAD ld,nase isol¿ted

f,rom the tisEue shoued no change in aotivity. The levels of NAD ln the

üLE$re ùid not appe€tr ùo lLntù tt¡e rate of NASF s¡mthesf.s as ttre

{nJeatLon of nleotinantde gave a IO-fold increase in S.åE lerrels ¡nlthor¡t

€hoxri¡g atty châÉge tn NADF ].er¡sle. It was oonoluded, fron ttrEse i¡vesti-
gaüions thêt NADF syat'heeis nae u¡der oüher reguletory mocha¡risns.

BeEF1atisn of NADP sy,nShgsis. 1. Availaþillüy of .ATP. Since

ATP is one of the substrates for NADP s¡mttresie, it wae thoWht üo be

Ínplioaùed fn the regulation of NÂI! kånase actlvfty (Uel¡uieh an¿

Gireenbar¡n, 19óI; Greenbam, gL gL., 1965t G$Iock and ücLean, L955ì

Kap.Lan snd, Greenberg, 191*). A correl¿tfsn betwee¡¡ {ÎF and NåDP levels

jn raùs treaÈed u.ith üyroxin, LnsuJ-ia or growth ho¡mone rlas reported

by these r¡o¡rkers. Pnecar¡cerous rat livers showed a decline irr AfP

(ReiA, L962, a¡¡d NADP lovsls but no chqnge in NAÐ kin¿se actfiriùy

(Cler*c, É ÊL., L96't*). Ilowever, Gneenbatu, g! a1., (1965) zuggeøted
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Ogren a¡l,t Krogmarur (Lg63rLg6t) obsenrsd simil¿r. reversibre

changes in NAD and NAÐP + NADTÍI revels in bear¡ leaves eryosed to

alternate dark and li€ht, periods" Ðetaehed r¡ùreat leaves also r¡r¡d.erwent

simil¿¡ changes in light, a¡rd da¡k periods (Mi.shra, 1963).

3. chanåes in o:çvgen leve.ls. sborage organs sueh as, cotyledons

of bean seeds were reported (Tananoto, Ipó1) üo have 1ow NADP content

and a hlgh NAÐHAAD ratio. These tiszues also failed to show an¡r

isociürate dehydrogenase activity in the absence of e>cogenous NADp.

ïn contrast, high NAÐP content was observeô in the grow:ing parts of

the geruinaùilrg seeds ard in tissues growing wrder aerobic conditÍons

shouring low N/IÐFI/NAÐ ratj-o" These tissues showed the Ísocitrate

d.etr¡ndrogenase actirrity i¡r the absence of ad.d.ed IIADp, ït raras, there-

fore, suggested by Yananoto (1961) that isocitrate d.eh¡rdrogenase

activ:ity r,vas conùrorled -oy 
NAD kin¿se essentiar for NAÐp s¡rrrtheeis

and that NAÐ ki¡ase conüroIled the carbohydrate meüaboLlsn in storage

organs such as cotyledons.

Ya¡aaraoto (1966a) ]ater shoured thaü aerobic cond;ltions uere

esse¡rtial t'o rn¿i¡tain NAÐ i¡r the o:d.dised, state since NAÐF production

roas depende¡rt on higher NAD/NADH ratj.o j¡r the tissues.

/+" Re.dox state of NAÐ. The reduced. NÁÐ rvas reporbed to be a

potent ir¡h:lbi.tor of NAÐ ki.r¡ase acüivity (wans and l{aplan, Lg|,bt Ta.mamoto

1966b)" High levels of NADH were forrnd under anaerobic (uarnanoto, lgó6a)

conditions as roreJ-l as duri'g ragÍngr of bhe ùissue (l.tishra, Lg6Ðu Thus

anything zuch as gaseous condition or enqJme ltranshydrogenêset
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cabalyzLng the reduction of ltlÄD by \i,{DH{, r¡trich j-ncreased the concen-

Ì;ration of NADH Ïras suggested to affeci the IüAD kinase acLivii;y

(faroanoto o L966a) "

5" Iqri shif!" A high concentration of loig- ions (9 nf'l) is

requlred for NAD kinase activity (Kornberg, 1950)" This is reporùed

to be 50 tinies as high as that required for Ï{AD synthesis' It rrras,

therefore, suggested by Greenba.¿,*n, et qL., (19ó5), inat a shift in

ion concentration might influence phosphorylation of I'lÀD to forr-

NADP"

l,lADP breakdor,rn" A balance between the synthetic and degra-

dative processes, reguJ-aies NADP levels in a tissue" The phosphatases

cleaving the 28 phosphate of NILDP have been shor"rn to be preseni in

green leaves (Forii, q! aI", L962)" There are three enzymes respon-

sible for the breakd.or"m of IIADP in plants; (i) IüADP or NADPH-phospha-

tase (Forti, a!, aÌ,, 19ó2), (ii) nucleotide pyz'ophosphatase (EC 3"ó'1.9)

(Kornberg, 1955) and (iii) NADase (IiC 3 '2"2'6)(Kaplanrlp55) r'ihich

caioal.y-ze'r,he foJ_lo-w1rr.q reactions ;

(i) nanp(H) : NAD(H) + Pi 6o6ôoo.o.6 (w¡np(H) phosphatase)

(ii) I{AD(P) + H2O: N},fli] + AI"IP(P)ooooo"(nucleoiide pyrophosphatase)

(iii) N.A.D(P) + H20 : r-i-cotinaraide ì- ÁDPR(P) -F H"ooêêoo"(tl¿oase)

.Arnong these, enzJnr.es (i) an¿ (ij-i) are reiooried to be highþ

active in deconposing I\TADP(H) in plant leaves and their activi-ty

is shovrn to be independ.ent of the redox state of lüAD (Yaniarnoto ,L966a) "



PART T

F.FFECT OF BEITZTMIDAZOTÆ ON }R,OTEIN SÏ{TTIESIS IN SEN&SCING I,EAIIES



lj4ÏeRJ4 jrÞ._Uq j,ryTnaÐq

IL4STS-

First l-eaves of Khapri wheat (Trl!i_c::-q gi_g-o__c*curq schü¡ier)

gro-$n eiiher in the groi^óh charaber or in the greenhouse for Z to j_0

days, r¡¡ere used throughou¿ this investigaiion. The e>çerjmental- con-

ditions concerni-ng each e>qperi,neni are d.escribed ab the appropriate

place in ihe iexË,

nælcs!¡,ea-rgcl clrltrlqe-" E:ccised r-eaves in five gram r-ots were

floaied on either 500 ml- of distil-l-ed rvafer, benzi¡:nid.azoJ_e (50 mg per

lit'er) or kinetin sol-ution (5 rne per liier) in pyrex trays (r2rr wide x

l-8rt long x 2"5ß d.eep), The i;rays r,rrere covered ltrith saran l,Irap and

praced in a growbh chamber ai 2l-o, under continuous il_lumination"

The lighù source -,4ras a banl< of 12 fluoresceni la.rnps (fZZffe), General

¡llecteic conrpa¡ly) oÍ '¡rhite cool light and 6 incandescent J-amps of

'riarn daylight " The light, int,ensity (measured by Generar ElecLríc Light
l"Ieter) used ín each experiment varied betneen ?5o Lo gJO ft-c, a1, the

surface of the fl-oated leaves, The leaves used in f eeding e>çer]-ments

rqere harvested aL zero tl'ne (i-inrnediai;eþ detached) and ai subsequent

intervars of 11 3 and 5 dayso precautions were taken i:o excrude the

leaf sarnples shor,ring any visible signs of contaminaiion"

&edig_q_qgve__*Ê otggeleçg¿¡l€__-eëEe r+pen! Ê . Th e f e eding pro _

cedure fol-lowed by lrrtang tlgig) irras adapted in the experinents to feed

exci-sed leaves r'rith radioactive isotope" The cut ends of d.etached

Ieaves (fe to f5 leaves) r.¡ere placed into 0.3 nL soluiion of

leucine-Cta ç0.01-6 nC/ù : 51jß/n;-) in a vial. The vials krere 'r,hen

illunri:lation atpla.ced in a groirùh charnber ai; plo, under continuous

¿4



25

IJO fb-c, for a period of 5 hor¡rs. Sufficient quarrtities of water

were added to tt¡e vials to protect the leaves from dryí¡g a.fter t!¡e

feedfrg sorution had been absorbed within first 40 to 50 ninutes.

The eqperiments were conducted in triplicaÈe.

Exbraction procedu¡e. At the end of each feeùing period,

reaves were v¡ashed, dried on fÍJ-ter paper and weighed. They were then

cut i¡to -qma'l I secüions a^nd plunged imediateþ in 85É boiJ.ing ethanol prior

to protein e¡<braction¡ using the method of Wang (1g59)" The solutions

were refrruced successively for 30 uinutes, twice in s0ø once in 40É

ar¡d f inalLy i¡ dietrlìed water. ltre alcohol insoluble fraction r,las

ground jn 80ø etha¡rol a¡rd centrÍftrged at 5r@o r¡m for lo minutes,

The residue r¡¡as washed once in each of 801 cord and hot ethanol,

etha¡rol:ett6rl ether (1:I, v/v) and ettryl ether. rt ¡ras then tgrdrolyzed

twice ú¡iith lN Na0H at 90o for IJ ni-nutes. The aliqrrots were combi¡ed

and nade to volr¡ne.

TSOT,ATION OF CITINR,OPL.¡ISIS

(a) For ra4i.oactÍvitv measurenents. Ghloroplasts l¡ere isolated.

fro¡r leaves by the method of Jagendorf a¡rd Awon (1959) o They r,rere

washed. once l¡ the grfnding neòiun se¡taining O.4IvI sucrose, 0"0.IM NaCl

and O.O5M Trie-HC]. buffer, pH 7.5 a¡d' the protein was preclpÍtated with

5fi'IçA' (finat coneentration)o The TCA insoluble fraction was rast¡ed

and þdroþzed u'it'h lN NaOEI aù 9Oo for 15 ninuùes ¡4d nad,e to vslune.
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(b) For ÐNA a¡¡d protei¡ deüemination. Chloroplasts w,ere

isolated by the method of Polla¡d (196&). Leaves were soaked in O.OIM

mgÈe solution tor 2 to lr hor¡rs aù Oo and grorrnd ín a medi¡rm contailing

O.3M sucrose, o.o1M Ca(NO3)¿r C).0S,l Tris-HOI buffer, Í*t ?.9 Ïrith 65

pol¡ru5nyl p¡rrrolldone. Ttre brei v¡as filtered througþ l* layers of

I0eenex tiszue a¡d ùhe filtrate rrras cenÈrifqed at 5r@O lpn for
10 minutes. The residue wês suspended j¡ a solution conüaíning 0.!{
sucrose jJ¡ O.05M sodir¡m phosphate buffer, ÉI ?.5,

The chloroplast, fraction r¡as further purífied by the sucrose

density gradient technlque (Messelson, StahJ. and Vinograd¡ 195?).

Lusteroid tubes (5.o nt capaclty) were layered successively with

1.5 n.l of 7Ø sucrose solution (d ¡'1"3¿Þ) followed by Z"O nI of 50É

sorution (a = 1.22) an¿ 1.0 nl of chloroplast suspension (d ã approx.

1.0ó)n The tubes were centrtfuged at 39r0OO rpn f,or 30 ninutes

(runr¡fng ùi-ue) using a Spinco stri¡gjr€ bucket preparatlve r¡ltra-

centrifuge (uoaet s[ 39r,) rithouü using automatic b¡akes. rhe two

layers separated at the Ínterphasø of 5Ø fllcrooe solution roere collecüed

for IüüA and protein deùe¡ui¡ation.

ÁNALTTICAL PnWEDTTRES

Ðetermi¡ation of 4t4" The procedure snggested by polra^rrd

(196r+). was used f,or the e¡úraction of, lNA fron the ehtoro¡ùaoüe, The

chloroplasù frecüfon was e:rbnact ed st epurise with,hoù nethanolr methanol :

etþl eûher (1:1, v/v) and etþl ethero The residue was treatd ¿t

roon ternperatu¡e with O.5N perctrJ.onic acfd f,or a perlod of 10 minutes.
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Tt¡is acid wastred residue rrnas then used ùo exbract DWA by ¡sa¿ing it
lrith O.5N perctrloric acid at 85o for IO mi¡rutes. The supertatant

ms used for DNA Beasurenents by dlpheq¡rlamine nethod (Brrrton, 195óÌ.

Caü Thyeus DNA nas used as a sta¡da¡d for DNA deùernl¡ation"

Ît¡e residue left after ÐNA exbraction ruas r¿ashed Ín methanol,

met!¡anol:etbyl etJ¡er (J":tn "/v) an¿ etbyl ett¡er Eolution and Wdrolyzed

with l¡ü NaOH for pnoùein deÈe¡mination"

Frotei¡ deternir¡ation" Protein deteminations were nade by

the Foli¡-Phenol reegent of lowryo g! Êt", (f951)o Ctyst¡lìine boviae

a.lbt¡etn ¡ras used ae e sta¡dq¡du

Ohlorqonhyll Seùend¡r¿tion" ohloroph¡rl]. r¡as deternLaed on I gran

sanples of rùeet leaves by the method of A¡aon (1949) as nodified by

liÍactË.nnry (fg6f).

Badloectiv.ity neasurenents. Allqnots of 20 üo 50 Ttl were used

üo measure tl¡e radloactivity using l[uclear Chicago (Uo¿ef No"186)

r*lth a D.47 e¡rd wirdow gas flow cor¡nter sith a nicronil ¡rindow"

Colorimetric measr¡reoentso AIL the colorimetric measu¡rements

were nade by using a r$pecüronic 20t colorÍmeter' Protein sias

measr¡red at 500 rnr, DNA at ó@ q¡ end cbloroptrylJ. at' 652 4p" 0hloro-

pùrylt roras elco measured in Zeíss Speetrophotoneter (Uo¿ef PMQ lI)"



RE.SULTS

r" Eqqr¡:Ln:-cl4-nconponÁTrol{ n\xro rorÅL LÐAF pROTEn.t

The e:cperinents reported in this section v¡ere conducied. on

exci sed r¡'¡heai leaves senesci-ng under continuous iil-urninafion as

benzi;ddazol-e was reported io shor,¡ a pronounced effect on protein

synuhes-;s in light, as conpared to d.arlçness (person, elu* eI", L95?;

Sanrborslti¡ g_t- Ll", 1958; ir[i_shra, Lg63). S-irnifar]y Sùephenson, e! al.¡
(1956) shor.¡ed that incorporaì:ion oÍ rad.ioacfive ainino acids into

proiein fraction of tobacco leaf discs vias great,er in discs subjected

io ligh', 'r,han those maintainec in d.arkness. The resuJ-i;s fron tr¡o

separate exserirnents (I anci II) on the protei n synihesizing capacity

of senescing reaves are given in Table ï" The mean varues of d"ai;a

ìn Table I Logether i¿ith the pe;'centage increase in the specific

acì;ivity and radj-oacùivit¡r recovery are sunnarized in Table fI
I¡nrì Eìm.-o ì\4cqr v ¿rt o

The cÌata in Tabie I shor,¡ ì:hai; there was a consid.erable loss

of proiei:r i-n de|ached l-eaves floa'¿eci on water for J days r,rhereas

reaves treat,ed ¡¡i'r,h benziini-clazol-e or kineti:r mainiained. or even

increased the protein conLent. Tr: all treatmenis l-eucine-ct4 ,ra"

incorporaied into proi:ein frac-bi-on, buN the incorporaiion was considerably

greater in -Leaves fi-oe.-bed on benzimicÌazol-e or ki nei; j:r soluiion, exce.ct

i'ha'L i;he ]<inetin -brea'r,rneni. showecÌ a d.ecrease on i;he 5th day of treat-
inent' The facb i;hai these leaves shor^¡ed. a higher level of protein

rri-r,h a corcespondi-ng increase in the specif ic activi iy¡ indicates

clearl-y i;hat benzj-¡n-idazore or kjnetin accelerates nelr proiein
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irlGl;tlf I. The tncorporati-on of Leucin"-Cl4
Leaf protein of Senescing Leaves,

inio Toial

The lower iines indicai;e the l_evel of proiein
r,;hile ihe upper l_ines j:rdicaie specifiäactivity"



3A

o- Eenzimidozole
o - Kinetin

'6 ;
t-
C'

cijn

g
C'
I
etc
C'to
J

CD

(¡,
o,

.so
o
ù
CD

E

2.34
DAYS OF TREATMENT



D
ay

s 
pe

:r
 g

ra
n 

pr
ot

ei
n

T
re

at
m

en
t 

flo
at

ed
 fr

es
h 

v¡
b 

É
'c

on
tr

ol

In
ne

di
at

eþ
de

ta
ch

ed

T
A

B
LE

 II
. 

Le
uc

in
e-

C
4 

Ír
r"

or
po

ra
tio

n 
in

to
 to

ta
l p

ro
te

in

V
ta

te
r

ng
 p

ro
te

in
 

lo
ss

 o
f 

T
ot

al

of
 s

en
es

cÍ
.n

g 
le

av
es

.tt

B
en

zi
:n

id
az

ol
e

1 3 5

Ir
.1

€ì

3 
"2

)
2.

97

2.
3L

K
tn

et
in

I 3 5

(r
oo

)

co
un

t
co

un
fs

x 
10

2

23
"3

0

29
"0

0

44
.8

0

3.
98

3.
78

3,
6L

B
ac

lio
ac

tÍ.
vi

ty
re

co
ve

re
d

É
 r

ed
 x

¡+

I 3 5

J3
3.

78

À
4

*+
&

r3
3"

70

L6
6.

59

L2
3.

86

4"
80

9.
óo

L3
"7

Q

T
he

 m
ea

n 
va

lu
es

 o
f 

da
ta

C
al

cu
la

te
d 

on
 t

he
 b

as
is

l*
"0

I
t¡

"o
2

3"
91

+

r[
.4

3

S
pe

ci
fic

ac
tiv

ity
x 

IO
2

JL
.l+

2

7J
+

"?
3

10
"5

9

2w
"9

7

24
0.

37

25
8"

27

4"
10

3.
9o

5"
80

ül
cr

ea
se

irr
 s

pe
ci

fic
ac

üi
.v

ity

32
.0

0

T
7.

L7

20
.5

1+

22
"O

7

l+
I.6

5

56
.@

53
.6

L

?J
J+

.2
2

30
5.

0O

20
6"

3L

ln of
T

ab
le

ùo
ta

l

(1
oo

)

I.
t,

Le
uc

in
e-

C
4 

fu
d 

pe
r 

sa
np

le
: 
I.l

? 
x 

1O
5 

cp
n.

19
"3

0

26
"W

L7
,6

3

50
.4

9

63
"5

8

7L
.5

1+

L3
5.

L5

L?
5.

28

].6
7.

53

53
.1

+
2

75
.9

O

52
.3

6

t5
?.

78
L9

8.
ó8

22
3.

56

t6
6.

93

23
6.

87

L6
3.

62

t^
) ts



3z

synthesi-s ra'r,her 'íhan inhibiis protein breakdol.¡n. If protein breakdo',.¡n

r,¡ei:e inhibited b¡r þs¡zimjdazole (or kinetin) the speciíic activity of

l-eucine-C'4 lncorporaiion iuoui-d reraain consiant or the sane as that of

l-eaves fioatecl on r.¡ater (table II, coluarr f). A decrease in radioactiviì;y

in i;he al-cohol insolubl-e fraction as indicated b;' the percenL recovery or
l¡

specific ac-tivity of Leucine-Ct'n inio protein fractj-on of leaves floated.

on wa'ber for a period of I darvs niay be due to the dilu-r,ion of radioactivity

as e result of ihe ìncrease 1n 'Uhe soluble anino acid pools in senescing

leaves (Sanborslti, g! aL", 1958; i"lishra, f98). Fior,¡ever, -bhese leaves al-so

show a decline in total pro'uei n leveis indicating the shift of balance

ior^¡ards i;he breakdoi'rn rather than protei-n syn-r,hesis in these leaves as

co:npared io those treaNed r¡i'r,h ei'r,her benziinidazole or kinetin.

The resu-1ts on the incorporation of radioactiviLy in ihe alcohol

insoluble frac'bion ind.ica'r,ed ihe recover¡r of I2/", 2AÃ and ZLf, of total

leucine-C'* (I"I? x lO/ cp:n) fed i:o each sanple of leaves .fl-oated. on wa'ber,

benzimid.azolc or kirc t,in solui;ion respectively for 5 days (TaUle II,

colu-rnn 5 ) ,

?he loss of protei-n in deiached l-eaves floaÌ;ed on r'raNer is

generaLly the case iriih senescent leaves. The increase or the naintenance

of proi;ein fract'i on in leaves treaied r,,ii;h either benzimidazole or kinetint

has been denonsfra-r,ed repeaiedl,v in ih'i s laboraiory and also by other

workers (Person, g[ af,", L957; P;icirnond and Lang, Lg57; Samborski, et al-",

L95S; Osborne, lg62t l'{ishra, Lg63t i:.io'r,hes, L96t+). Samborski, eJ aL., (1958)

repori,ed a 5O,f" l-oss in insolubl-e n-ii;rogen content of -r¡¿hea.b leaves fioated-

on wa'uer for L2 days i.ihereas leaves ì,rea.i:ed vriih benzj¡lidazole soluiion

sho.r¡ed. no appreciable changes" l"Íishra (L963) reported. a decrease of 23"?'fr

and i9.0/ó respeciively in T,CA j-nsoluble n-itrogen frac'Lion oÍ leaves

floa-bed fot: 2l+ hours on l.¡ater and benzimidazole soluiion. This trend was

continued furthei in leaves senescing on -vrater for þ days r"ùíie, it r'ras



t)
slol.¡ecÌ do'¡m -i.¡i.th benzinidazole ¡reaLment "

A high rate of raciioactitu-Cf4 incorporaùion into protein fracÈion

of I eaves feci ¡¡j-ih tt4O, has been shovrn to be associated. r..rii;h a rapid
proiein turnover in tu.l"" (Hel-J-errust and. Bidr.ieJ-l, L963a), lia4lhir.r-rn

leaf bjades Lreaieci v'¡i'ih kineiin sol-uiion for 3 days shor,red. a h"t+híá

inni-o¡qa fS;ranifì- ln*irzi +\. ryry r -- '1 .t-2\ t* :L^ -^:^ ^F -ì ^---:--- ^14

incorpora-i,ion r'rii;h a corresponcling (5.s3%) increase in pr.otein conient

-','¡hiie -i;hose senescing on r¡afer shoi,¡ed a l+6.23fl (specific Activity
ô^ ^ . ^-2.39 "9 :c .r0 -) and 50 "76/" decrease in the rate of incorpora.uion and

proiein conl,ent respeciively, over zero iime contrors (specific
r\ a* -í .¡i +,- ryl ô -- ì n-21f ^^.^ ^-^-^ ^i{uurv-'-vy (4,¿ x 10 *)(osborne_" Lg62), Sini}ar]y, ,,rheai enciosperm

'i;issue aciive in the accunul-air, oTì o.f siorage proi;ein -!.æ.s shorrn to

ineor.nor-¡te lerrçi¡"-Gl4 r.riih rat,es of about l-gQ ôïrm Íìê-ê rnr niJ-r,¿vv¿suv ¿úqv¿¿ru-v lrru¡r Jd,uc;Þ ul_ ¿LÀ)uu IOv c-ujIl l.ter ifÌg nlj,rogen

{Gralrarn, q'Ìi- a1_" , I96h.) 
"

1),II. LEJCIir,rElC** trIIC0RP0R,|TIO¡T n'tTO CHLOROPLAST pROTEll'J

The chloroplas'r,s used. for protein and radioaci;ivit;r dei,ermina-

i;ion, r¡ere i soia-i;ed in aqneous medi um frorn leaves f ed. lriih l-eucine-
1),C* under conditions si¡¡-ilar to those used for s'r,uùies on Ì;otat leaf

pro-r,ein" The daia in Table Trr (and Figure rr) shoi'r that l-eaves

floai;ed on l¡ater for 5 da¡'s 1ou'u nearly 75'Ã of the chloroplast

proiei:r and ha-l-f of chl-orophyrl conteni. Benz:-r:r-idazo't e treatnent

siowed dol{n i,hese losses by z5'/" and delayed. echlorosise in excised.

ieaves. Boi:h the treatnenis shoi^¡ed. a sindlar increase in the rate

of leucin"-Cl4 incorporation during ihe first ld.-hou-r period r¡rith a

gradual decl-ine in bhe subsequent -r,reat¡nents which ',¡as sharper in
benzi¡ddazole breated i-eaves-
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FIGIIRE II, Incorporation of leucine-C& irrto cbloroplasù
protein of senesci¡g leaveso
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T* ^n-^^-i -r-ri. uujlpaf.-Lson'rii;h the daia in Table I (or Figr.re ï), it is

seen thai (i) senesci:rg leaves iosb chloroplast proieirr nore rapidty

than cytoplasmic protei-n, (ii) protein turnover j-n chloroplasts slowed

do'¡rn l"¡i-i;hi-n 2h hours of de',,achmenù and (iii) benzi¡aidazole treatnrent

main'"ai:red higher ievers of chroroprast protein by retarding ihe

breakdor'¡n raÌ;her than by sti.¡nulai;ion of synthesis suggesting its
pref erentia-L action at the site of cytoprasmic prote-ìn synthesis 

"

Bici-v¡el-l (L966) reported thaÌ; 'r,he isol-ation of chl-oroplasts by iechniques

si¡Èl-ar to those used in the present investigaiion l"¡as found to have

resulted in Lhe loss of a large proportion of neriþ synthesized protein

fro¡n chloroprasts during the ex'r,raciion of the tissue, One of the

possJ-biliiies that the failure ì;o obtain any increase in the s;oecific

ae'biriiy ìn ihe chJ-oroplast protein of leaves treaied with benzj:ulda-

zo'l e due i;o ì;he loss of this nerriy synthesized protein eontaining leu-
1t,cine-c-- can not therefore, be overrul-ed in the presen'r, stud.ies.

Barn¡i and Jagendorf (1966) have shov¡n i;hat isolated irrheatmchloro-

plasis ¡çere abre ì;o incorporaie leucine-cl4 .t the raie of 41"50 x ro2

cpn per r¡g chlorophyll. The rate of incorporation depended on the

physiologj-car conditi-on of the chloroplasts and decreased with age

of atiached Leaves" Thi-s unusuairy hì-gh rate of l-eucin"-cf4 incorpora-

ti-on by isolated l.'¡heat chloroplasts r¡¡as suggested to be due to cthe

hi-gh proportion of labelled proteint, whicli is soluble rether than

a'r,tached io ri-bosomes or ae¡nbratres"

'|lha nonoi c{- anao nf *l^^ hi -ì.. *-+ ^^ ^+r I ^.. ^-l - 
t 

'r¡¿v l,çro¿ou€nce of the high rates of leucine-ca incorporaiion

in'r,o cirl-oroplasi proiein of l-eaves senescing on waier for j or J d.ays

(table rrr, eolumn 8) can possibry be d.ue to the easy accessibiJity

of leucine-C¿4 as a resul-ì; of pe:raeability changes associated i,rith

senescence (Bieleski and r,atiesu Lg63; sacher, f:966) or loss of



2.1/l

si;ruc'"ura1 cornponents (iíaygoodrl-9ó5) " Fragmentaii on of chloroplasts

has been sho¡.¡n to increase the rate of glyci-ne-cr4 o" leucine-G& irrto
protein fraction (Sissakianr 9t- a1., Lg65; Stephensonr e! 41", 195ó).
-l"tho1e chloroplasts of eiiher pea seedlings or tobacco leaves v¡ere abl-e

Ì;o incorporate radioactive amino acid. a'i; ùhe rate of 39 cpn/ng protein"

This rale i+as increased to e00 cpn/re protein in pea seedline chloro_

plasts fragmented by high speed centri.fugation (sissakian, s! *Lg65)"
Â genera.l decrease in chloroplast protein and. chlorophyll con_

i;ent rr¡ith senescence has been reported by other '¡,¡orkers, wood. and.

cruickshank (1944) reporced a rîore rapid loss of chloroplast protein

than from Ì;he remainder of Lhe cel l during senescence of KilrqJ{lr_ grass

bl-ades, I'trang and Vrlaygood (1959) shoi.red. that a d.ecrease in chl_orophyll

con',,en-t of l,¡heat, l-eaves floaied. on -u,iater, r¡rê,s Fr€v€nted by benzinid-azol_e

treatraent' l'{ishra (L963), hoi"rever, reported alnrost no ioss of chl_oro-

plast protein and nucl-eic acids anc a slittle loss of chrorophylr pig-
rnenis in i¡¡heat chJ-oroplasts isolated in non-aqueous ¡nediun from leaves

senesci-ng on water for ó days, and suggested that the breakdou:: of crbo-

plasmic protein was more rapid than chl-oroplast protein in excised l-eaves.

Zucker, e! aL. ,Qg6Z) proved the ¡¡validityn of sucrose mediun

for ihe isol-ation of chloroplasts ancl i'i; also gave consÍstant resul-ts

in the present investigation" Hor+ever, ít appeared- desirabl_e 'r,o check

ihe levels of chloroplasi, proi;ein and DN,{, by using sucrose density

gradieni' techniques to purify Í;he chloroplasts isolated b¡r pollardçs

{l96Ð ¡nethod r"¡hich r¿as sho,øn ''o be more rei iabl-e, The resul-ts are

given in Table IV (and Figure IIf).

bo:.e1fL*QI¡4_ Cpq SiiroSgfhy1}_ggglen! of uheqt ght_o-g_op]asrs, The

da.i:a jn Tabl-e ÏV shor,¡ that protein content o.f chloroplasÈs increased
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FIC'{IRE IfI. CItr-loroptryll, proüeÍn and D$lA content of
chloroplasts from senescing leaves,

Chlorophytl (*e), protein (1le) 
"rrA 

DI,IA (Fe)
calcurated on ihe basis of gra.rn fresh r,re:-[trt or
treated sarrlrles.
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during the fi¡sü 2/ç-hour period of benzimidazole (or kinetin) treated
leaves and shov¡ed a gradual decline thereafter. Á11 the treatnents
shov¡ed a¡r increase iJr chJ-oropÌqrJJ- and. ÐNA content of chloroprasts
during ühis period, Índ:Lcating the synthesi.s of chroropþlr, ïn
the subsequent treatnents, DNA from ell and chlorophyll content from
those seneseing on ruater, ehowed a graduaÅ d.ecri¡e Ín agrement ¡,¡ith
ùhe results i^n Table II.

the leaves usd, for froaÈing e>çeriments lrere gro*,' r¡nder

controlled corditions aü 25@ ft-c ilh¡rulnation (16 hours photoperiod

and I hours darkness) and floated und.er continuous iJlum:ination of
85o ft-c. Tbus, the increase in chtoropl¡yrl content ca¡r be due to
the synthesis of chlorophyll in these Leaves when üransferred from
a higher to a Lower i¡rtensiùy of jlght (naU:nowitch, I95ó). Fornation
of chloroplasts r,riùh a corresponding increase i¡ protein and ÐNA

content is also shov¡n to be dependent on tight (.qmìllie, Lg63;

Rlrodes and rernm, LgSs Brav¡erma¡u, et ar., Lg6zt si.ssakiar¡r gt 3f .r
t965).

Thus, t'he sright differences observed in Tables rrr a^nd ïv,
were due to the ph,ysiological conditions of excised. leaves used for
the floating e>çeriments,
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EFFECT OF BMüZ]T.ÍIDAZOI,E ON PTITIOPTIOSPHORYI,AÎION OF WHEAT

CHIOROPI,.{,5T EBAO.4EIfTS



MATERI/IIS ÁNjD MEIHODS

IulATffiÏAT,5

Firsù leaves of selkirk wtreat (Triticrrn aestirrr¡m L.) grown in
the greentrouse for a period. of ? to 10 days were used, throughout the

investigation.

MEfTIODS

Isolation of chloroplasts. sa,nples of leaves froated. r¡nder

contlnuous illurn:i¡ation as d.escrÍbed in ùhe previous section, were

used for tl¡e isolation of chloroplasùs. Leaves were harr¡ested. at aero

üi-ne (imeðiateþ d.etached.) a¡rd at intervals of r, 3¡ 5 and. f d.ays"

Tlre¡r were weigþed in 1 gran lot,s and. ground in 10 m_l of sucrose medium

containi.ng o.4f{ sucrose, o,orM Nac} and. o.o5}I Tris-HCl buffer, pä ?"5

accorrl5ng to the procedtre of Jagendorf a¡rd Awon (lgj$) " The brei v¡as

filtered ùhrorrgh /¡ layere of cheese cloth and cenùrifi¡ged aù 1@o rp
(eOO x g) for 2 minutes. The supenratant r,¡as recentrifuged. at 30OO rpm

(1000 x g) for 1O mi-nutes. The chloroplasts were suspended i¡r 20 to 25

ml of freshJ¡r prepared o.o2M sodium ascorbate solution pH 1"Ft for 15

to 20 ¡ai:rutes. The excess of ascorbate was renoved by centrÍ-firgation

ar¡d Èhe pellet r,¡as take¡r in 5.0 nI of O.O5M Tris-HCl buffer, pH,l"5.

the suspension lras covered r*ith ah¡minr¡¡a foiJ. a¡rd. stored on ice for
immeùi.ate use. ÁIL nanipulatÍons were rnade at O to 4o, 0h1orophy11

was detennined on 0.1 mr suspension, forlovrlng the nethod. of Arnon

(L9h9)"

41
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Preparatio4 of tpbosphodoxint" lPhosphodoxint was j.solated. from

imed.iately detached reaves using the neùhod of Black, et aro¡ (1963).

Ten-day-ord primary reaves (t@ to 150 grans) were homogenized i,ìrith

5OO ü1 of chi]led acetone in a blend,er for 2 ¡rinutes u:[ùh ühe üariac

set at 30 to I+0 volts. The process Ìras repeated. Z to J times in ord,er

to remove all chloroptgr]-l" The powler r¡ras dried ar¡d ùhen exbracted

with disti]led r.rater at 1@o for 5 ni¡rutes. I,he r.¡ater soluble fracüion
ïras re-precipitated ?¡ith acetone. The precipitate was dissolved i¡
i'rater, re-precipitated Ín cold absolute etþl arcohol ar¡d. used for
purifÍcation by paper chronatogra¡rh¡r.

rPhosphodoxi¡t was purified by using one dirnensionar ascending

paper chronaüograpt¡y (lrltratnan No.3 paper) with n-propanol:r*aterl lS
annoníum þdroxide (JzLr2, v/v/v, pfi 10.6) for pO hor¡rs at room tem_

perature" Ttre fraction corresponùing to Rg 0"4? was eluted with r,later,

re-exbracüed lrith absolute ethanol and the water soluble fraction u¡as

used as a source s¡ rphosphodoxi:rr,

To l¡¡vestigate the effect of benzirn'ld¿sels (or kineüÍn) on the

endogenous levels e1 tphosphodo:cinf wtreat reaves (5 gran lots), were

floated for 6 d.ays under contirruous il}¡nination of 850 ft-c on either
r"rater or solutions of benzi¡idazole and. ki¡¡etin. lphosphodoxin?

fractions Ï¡ere prepared^ from these leaves a¡¡d. were used for spectro*

¡*rotofluori-uetric sür¡dies.

Þfeasurenenü" The stock solution rsas diluüed lo tines wiùh

either o"lN Na0H or QolM phosphate buffer (pn ?.0) a¡¡d used for measur-

ing t'he fluorescence with 3mi¡co-Borman Specürophotofluorometer using
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excitation at 350 mþ and enission at IJO n4:."

Dete¡ninati'on of orühoptrosphates. Orthophosphate rras determined

by the nethod of lfaygood (l9l+B) r.rith KHaFo& soruüion as a starrdard..

These dete¡mi¡ations u¡ere rnade on either tspectronic 2Or or spectro-

photoneter (Zeiss, l,fodel RIe II), at 650 Et ï¡ave length"

B¡riJicatj.on of É2 solution. Orbhophospfrate-Éz soluüion ¡ras

purified according to the meùhod of Av¡on (r96o)n The soluÈion was

ref}uced for I hor¡r at r@o, treated with acid rsashed Noriù A and.

filtered th¡ou€h fÍLter papero The fi].trate îras neutralized rciüh lN

Na0H and rüas diluted Írith potassium phosphate brrffer (Ër ?"ó) provid,-

Íng a solution of 2 pnoles of orthophosphate contaj.ning r pc É2 per

O.L ml o

Photontrosphorrrration by fr+pented chroroplasùrs. The reacüion

svstem. 1t¡e reactlon systern contai¡ed jJl 1.O nl fjJrå.I vo}¡me Ûre

followi-ag components i¡ ïnolesr Tris-Tlcr (N ?.9), tÉ¡ gop (st 6.g), z;
¡rgÉ2, 2, KiffiË'ffieP0¿* (Ét ?.6¡, z (contairring approxÍnatety 1 pc ê\i
glucose, 30; a¡r¿ dicr¡na¡rol 6 rrynolesn The suspension of chlonoplasts

(0"t5 to oo2 11 : ca 30 pg chloroFhyrl) and zæ pg (lj r¡nits) of
yeasù he:rokinase, ïrere added to nake the totar volrrne, in a grass

cuvette of 1 cn fight path" The reaction mi¡ctr¡¡e contained O.I a.l
rphosphodoxin¡ fraction, wtren present" Both dark a¡rd zero tj¡e con-

trols r¡ere included in each reaction.

Procedu¡e. The cuveütes were iIlr¡¡nÍ¡rated. for 3O seconds by a
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2001,1 öungsten lamp givi^ng a J-ighi iniensity of 2500 f,u-c, after

passing through a water filter maintained. at 30o, This was foll-or¡¿ed

by a 3O second dark period. The reaction rr¡as terninated by i;he addii;-

tion of 0,3 ml- of 20% TCA chilted on ice, Each cuve-bte lr¡as then rcashed.

vrith 0,f ¡n-l- r,rater and the reaction miríture (Z,O nf) rvas centrifuged at

JO00 rpn lor J ¡nlnutes " NlP32 formation was measured. by deternining

the incorporation of radioaci;ivity into organi c phosphate fraction

follol.ring ihe methocÌ of ¿vron (I9ó0) d.escribed bel-ovr"

2a
As.rEy--qi_A'1.f'__forna!ion. aliquots of the supernatant froni TCtr

denatured reaction mixture, irrere taken in duplicate in l-0 x I50 mn pyrex

tubes and trrere ì;reaied vr-ith I,2 ¡nl- acetone. The contents were mi:ced in a

Vortex oixer (Scien'uific Ind.usiries, Inc.), and allowed. to siand for

L0 nr-1nutes, The -v'¡ater phase r,,ras treated with O"8 rnl- of water saturated

wii;h a nri:cbure of equal parts of isobutanol and benzene, followed. by

7.0 ml of isobutanoi-benzene mixbure (lzL v/v) saturai;ed. -¡"ith iraier"

Afier phase separation, the luater phase was treated vrith 0"8 nl- of

nnolybdaie reageni: conùaining 5 gra'T ammonlum molybdate ard 40"0 ml-

concentrated sul-fu¡ic acid in 100,0 ml. solution, The aqueous layer

rras washed u.ith 0,O2 ml of 0"0ã{ *ea04 solution, foU-owed by 7,0 m]- of

isobutanol--benzene mj-xLure" The aqueous iayer -n¡as then used for

radioactivJ-iy raeasurements .

The difference between bhe control and sample reading gave the

corrected count while, the counf oí the supernatant after TCA treat-

-^-+ a^.-^:1,^^ +^r^'ì ^^"-*^ i*+.^^J-.^^l mL^ ^^*- 
?')nen!, gave õne rotal- coirnts i-ntrodu-ced" The irmoles of ÀTP-- formed

r+ere calcul-ated frore the foliowing equation:

- -1)ì1mô |,eq A'l'P-* fn¡r¡aÁ :¿ vt ¡t¡çq -
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corrected cpn 3", * volÏne in ttbg afüer fCA*@' vorume used ror assay ^ total cpn inùroduced

Rad.ioactiviùy neasurenents for_ltTÉ2. .&liquots of sarnples i¡
50 FI were dried jl ah¡ninrm plancheüs r¡nder i¡fra-red lighù a¡d. used

for measuríng radioactivity with philipe scaler (totod.el H,rI ¿1035).

Ðeterni¡atiog of A3pase activity. Thg reaction system. The

reaction syste,n contained in pnoles¿ ?ris-IICl (gf Z.gÌ, Ågi USCþ, 5;

ÆP (pn 6.8), Zt and the suspensÍon of cirloroplasts (ca = 30 Ug

ctr-1oropÌ6riJ) j¡r a glass cuveüte of l c,n lìght patbn l{ater rsas add.ed

to uake the final volume of 1.0 n] u

The qrvettes were iIlr¡ntnaùed

for lo ¡a:i¡utes r¡nder conditions sirnilsr to those used. in photophos-

phorylation øçeri.nents. The reaction was te¡ninated by the addition
of cold TCA ar¡d Èhe supernatant ¡rnas used for the d.etern:ination of
orthophosphate"

phosphatase) j.n ohotophosphgtylaüion syste¡n. The complete reaction

systern as that used for photophosphorylaüion,studies, !üas used to
dete¡sine ¿¡" tpùrotoÏrydrolybicl actirity of chloroplast fragn¡enüs except

that t'he reaction systen contai.ned no rad.ioactive phosphate.

The cuvettes were irlr¡ninated for a tota_l of 30 second,s !ì¡:lth

f¡.¡o successive periods of 15 seconds light and 15 second.s d,arkaess

(tot"lling L nrlnut,e reaction), und.er ihe conùitions simil,¿¡. to those

described for photophosphorylation studieso The excess of orthophos-

phate l1berated at the end of 1 ni¡rute was taken as the measure of
I photohydrolybic t activ:rty associated with ctrloroplast f rêgnents,



RESI'LTS

As pointed oui in the T¡rtroduction, the object of this i¡rvesti-
gatÍon was to stuftr the effect of benzinidazole on the endogenous

rate of photop&rosphorylation in v¡tre¿t chloroplasts, accordiagly no

et(ogenous electron acceptors were used in the system. prelinrinary

investigations indicated that the various method.s tried, to isolate

chloroplasts active in photophosphorylation, ¡çere t¡¡rsuitable ralth

the exception of Åvronrs (1960) method usÍng ascorbate and with

dicun¿rol present in the reaction system (Jagend.orf, É ê1., l9ó4)"

The results of the effect of di.cunarol on photophosphorylation in
lùeat chloroplasts are given in Tab1e V"

Tbe effect of dicr¡n¿rol. Tabre v shows a üypical experi-nent

on the effect of dicr¡naro1 on photophoephorylation jn r,Èreat chloro-
plasts. The dEta show that Pi (orthophosphate) rcau phosphorylated.

in the i-i€ht reaction r¿lth dÍcunarol ln the reaetion system rehereas,

it was liberated i¡ the absence of dícr¡maror" sÍ.nce, dicr¡naror

also i¡tribited Pi liboration in darkress, it Ís possibre ühat it
i¡Ì¡ibited ADP breakd,own by Á.Ðpase or by ê üon-specific enzyme wtrieh

also acted as ATPase in light. Anoüher possi.btt'ity of, d.icr¡n¿rol

actitrg as a catal¡rst i¡ the ereetron transfer reaction, cannot be

ï.

h6
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TÁBï.8 V" The effect of dÍcr¡narol on phoÈophosphory-
Lation and the liberation of orthophosophate
i¡ darkness"

Systen*
ilnoles P-i per hour qer ng chIoi,;fwIL

tight#r Ðarloress

ittithout dicumarol

Wùth dicu¡narol

+ 7.0

- 3.?5

* 7"0

+ o"25

Ttre_reaction system contained in lu.ores: Tris-HCr, ÉÌ g.arr+8i
þcg0}2r 2; ADP(${ 6"8)rli K2HpO¿e O, ji glucose, JO-and.
hexokinase (jJ units) and chlolbplast suspension (capaci.ty
50 pg chloropf¡yJ.l) in a fir¡a1 volume of I nl. Chloroplastä
v¡ere not treated rrith ascorbate.

Tl luni^rration at 250o ft-c for 5 ni¡utes follo¡red. by darknessfor 5 minutes. Ða¡k controls were kept in d.arkness for IOni¡rutes. The other conditíons lrere the same as given intl{ethodsr.

+ = indicates liberation of orthophosphate

= indicates utiJ.ízatio¡ of ortbophosphate
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overruled in tbe present system. Jagendorf, et a1., (1961+), hovrever,

suggested thai d:icunarol nigþt be effective j¡ inhibitirrg ATPase

activity rsithout inf¡ibit ing photophosphor¡rlation.

Tt¡e additj.on of d.icunarol, above or belolrr ó x 1O-tr{ was found

to be ineffectivu i¡r sþtaiair'g consisùenü resr¡l-ts (not stroun i¡ Table

V). The endogenous ATP form¿tion genera$r varied. betueen l+ to 1O

pmoles per horrr per ng ctrloropþlI (taUle V) and it roas fr¡¡ther

increased rsit'l¡ chloroplasts treated with sodir¡n. ascorbate (gabte Vt) 
"

In aIL subsequent studíes, t'herefore, ascorbate treated chloroplasús

(referred to as chloroplast fragmenùs) trere used, for photophosphoryla-

tion with ùier:nrarol i¡ ó x l0-qvl concentration in the reaction systen,

but with no other exogenous eLectron acceptor.

GereaL leaves are notoriousþ uasuiÈable for photophoephorylation

str¡dies (Heber, 1960; ¡{:j,fli¡ and Hagman, Lg63). Mlfl-in a.nd. Hagena.n

(L963) reported a faÍJ.r¡re to obtain argr endogenous .ATP formation i¡
n4jze chloroplasts ¡Éth no a¡tificial cofacùors. Shen and Stren (f964)

hor,uever, reporbed 2O to 22 lmoles of AIP for:natÍon (per hour per ng

chloropiryll) raitt¡ wtre¿t chloroplasts in the absence of added cofactors.

Tkrese chloroplasts Here reporbed to possess no ATPase activity wtrich

¡iligþt accounù for these appreciabþ high endoge¡¡ous rates.

Chloroplasts isolated from ûicotyledonous leaves have been shown

to give comparativery hígr¡er endogenous rates a¡rd have been used

exbensivaì'y for photophospiroryl¿bion studies (Arnon, É êL., 1954arb;

Jagendorfr end lnrron, L958; fullfle and lþotkov, L95gt Ayron, f96O¡
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Forbi and Jagendorf, 1961i Wtratley, É Ê1., L963). The endogenous

rates for spinach or ewiss chard clr.loroplasts varSr from 2.2 to 1O

pmoles ATP per hour per mg chlorophyll (Awon, 1960; Jagendorf and

Avron, 1958).

The ro].e o-f ascorbate. The data in Table ll.[ are frcm wt¡eat

chloroplasüs tbat have been treated r,rith sodir¡¡n ascorbaùe to obtai¡r

partialJy f3¡gnrented chloroplasts as suggested. by Avron (1960). The

ascorbaie ùreatment showed a 4 to I fold j¡rcrease in the rate of ATP

foruation in chloroplasts from i.mnediateþ detached leavesn this rate

of photophosphorylation in chloroplasù fragnents varied from.IJ to
p6 pnoles rtTF per hour per ug chlorophyll (taU1e Vt)"

As mentioned j¡r Metbods, these ctrJ.orop.Lasts were prepared by

suspendi¡g them. in 20 to 25 nl of 0.021'i sodir¡m ascorbate for 15 to

2o ¡úrn¡tes in the cold, centrifugÍng a¡rd resuspending them in 0.05!t

lrj.s-HCL buffer, pFI ?.5. lf it is assumed that 10Ø ascorbate ¡erqaìnsd

with chroroplasüs, i-t can be carculated ttrat approxinaùely 0.4 pnoles

ascorbate r{as present i¡ the reaction uj:cbure i-f it had not und,ergone

a.ny degradation. therefore, ttre acceleration of photophosphorylatÍon

by ascorbate, observed in wheat chloroplasts ma¡r be due to its
catalybic aci;Ívity as a cofactor. T¡Jhether ar¡¡r residual del¡ydroascorbate

r,uas oBerating as an electron acceptor renains to be established.. The

possibility of such a labile factor participatjr¡g j¡ the systen is
suggested by the rapid deùerioration of actiui.ty i¡r chloroplasts

stored for ¡nore than t¡¡o hours.
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AdditÍon of ascorbate to either homogenizing nedirrn or reaction

system, has been strov¡n to retai¡ the activiÈy and to stimuJ.ate ATP

fonnation in sruiss chärd ctr,loroplasts (Awon, 1960). These chloro-

plasts showed the rate of 200O to 25@ pnoles {fQz fo¡mation (per hour

per ng chlorrcphyJ-l) as against 1O0O pmoles ATÉ2 ¡*ren PÞtS (O.Og pnoles)

uas supplemented ¡,¡ith sodir¡¡n ascorbate (J-O pnoles) in the reaction

system. Si-nce no otber reducing agenü zuch as cystein or glutattrione

was found üo replace ascorbate i.¡o its requÍrment for photophosphory-

latíon, Ít was suggested that it, influenced some enztme active in AlP

fonnation (Avron, 19ó0)" SÍamd,Égt., (1958) reporbed, the presence of

rmonodehrdro ascorbate reductaser i¡r r¡ashed ct¡loroplasts and proposed

a cata\ybÍc role for ascorbate-d,etrydroascorbate in photopùrosphoryla-

tion, d,scorbaùe has been sholsn to be a cofactor 5^n photophosphoryla-

tion (trlhatley, et ù"t L955) an¿ a. dition of ascorbate Ín concentrations

as low as f,,x l0-qq has been reported. to stinr¡late ATP fonnation j¡t

spinach chloroplasts (Forti ar¡d Jagendorf, 1961)"

Sùnilarþ¡ the use of cystein for the lsolation of maize chloro-

plasts, has been stror,nr to increase the idtial rate of ÂTP foruation

reith PûfS (0"3 pnotes) fron 3 +,o t 45 pmoles ATP per hour per mg ctrloro-

phyJ-l Quiftin and. Hageman, 1963).

TI.

The results of tt¡ree separate experinents conducted üo süudy

the effect of benzintdazole on the endogenous rate of photophosphorXrla-
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tion j¡ r.¡treat chloroplast fragnents, Ín the presence or absence of

r¡¡heat rphosphodoxlntr are given i¡r Table VI.

the d¿üa in Table [r show that wtreat reaves se,nescilg on u¡ater

showed. a general d.ecre¿se in ttre rate of ATÉ2 fo¡mation, ïrith or with-
to¿ tphospütodod-nr in the reaction system. alt*rough additÍon o¡ rphos-

pùrodoxinr increased the initial rate in the najority of treatments.

Be¡rzimìdazole treatment showed a stimulation in tt¡e initia-l rate of

ATÉ2 foroation t¡trich invariabJy et¡oi,rred a fi¡rther Z-fold increase

"i¿5 
tphosphodoxinl i¡ the reaction systen,

The results presented in Tabr-e vrr show that benzimìd¿zels

treatment arso restored, at reast in the presence o¡ ophosphodoxi¡?¡

the rate of photophosphorylation in chloroplast fragnent,s isolated
from leaves senescing on rrater for 3 dAys, The resr¡lts given in
Table 'IIII are the coni;inuation of &perÍ.nent IfI in Tab.Le Vf a¡ld are

presented in the fom given by Waygood (1965).

The chro¡n¿to$aphicaqy pure r¡ùosphod,oxÍnr f,raction shorded,

fhe presence of a few weak rni¡bydrinr positive spots and er¡hanced pi
libenation 5n photophospüro4rlatj.on stud,ies r¿ittr orahophosphaüe. ft is
noü laaor,¡n l*rether an¡r of the cata\rtic activity of ¡úreaù rpûrospùrodoxini

in mÉ2 fo¡mation (Taules vr a¡rd \IIr) *ns due to the ¡ninhydri¡r posi-
tive fraction.

The stimt¡latory effect of benzi¡uidazole on photophosphorylation

appears to be an j.ndirect one since, reaction systens containtng benzi-
nidazore (6 x 1o-3lt) generalþ strowed Liberation of pl (orthophosphate)

ïrhich jnùlcated that it nÍght be i¡rtribitory for photophosphorylation"

Further, Büche1, É 3!", (1966) reporbed the i¡rkribition of sHirle

react'ion a¡¡d rcycligr FÙ¡otophosphorylation ln grasses rrith benzini.dazole
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ar¡d its subsùitution conpounds in concentrations as low as fO-lq. The

rrncoupliRg of ATP fo¡rn¿tion was skrordn to be related to tbe structure

of benzini.dazole subsüiÈution comtrmu¡tds.

Á. decrease in ATP fo¡mation wíth a corres¡ionding decreese in

ATP levels of senescent leaves appæ,rs to be a co$mon phenomenon"

gmillis and l{roùkov (1959) reporbed a decrease in the rate of photo-

phosphorytation from !f 1moles ATP in 9-days old to 9.9 pnoles ATP

(per hour per qg ctrloroptryll), fu Z8-days old leaves of pea seedlings.

Mishra (I9ó3) reported a decrease in ATP lrith a corresponùin¡g increase

jJ¡ ADP eontenü, i-n ct¡-loroplasts of wlreat leaves senescing on water

for 6 days wtrile, benzimidazole treatnent retai¡aed hi€h ATP and Low

AÐP levels in chloroplaste"

Spi^nacb tpürosphodoxinr has been reported to give a Z00-fold

j¡cre¿se jn tÌre endogenous rate of photopürosphorylation fron 1.5

pmoles ATP to 196 pnoJ-es ATP per hour per ng chlorophyll (Black, g! êt.,

L963a)"

The ef,fpct, of phenazÍne nethosr¡lf,ate and adenylatgEinase op photg:.

phosphorylation in chloroplast f.rqgnents f-rgq_igEç4l¿üe]*v detaghe<l,Içêvee"

Ott¡er eryeri.nents were conducted to investÍgate the effect of phenazine

methosu]Jate as s, cofactor for püroüophosphorylation Ín wheat chloroplast

fra,gnents. Aden¡rlate kinase was also i¡cluded i¡r these süudles since

it was sttown to stimr¡late the rate of AW32 fo¡me,tion ln svriss cha^rd

chloroplaet fragnents when supplenented with PlË (0"09 lnotes)(Avron,

19óI)" The results of these lnvesüigations are given in Table VIII.
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TABLE vuI,lhe effect of phenezine methos¡¡J-fate a¡¡d
aderrylate kinase*tÉon photopho sphorylationÍn uh9{ chloroplast fragménts- fr.oä frestrþ har_vested Leaves.

pnoles ATÉ2 forsed per hour per ng chlorophylL
(at, pH ?"S)

Systen

ïncrease Ín the

Nrfz rormed pr,ompil33inll"r*rr."
S control

tonpletelr'

* phenazi-ne methosuLfate

+ tphosphodoxins

* aphosphodoxi¡e + phenazine
metfiosuLfate

f adenylate kinase * phenazine
meùhosr¡lfate

L6"6

o"o

44.O

167 "o

30.0

(1oo)

0,0

265.06

100ó.02

I8O,72

tr rhe reacÈion systern ar¡d conditi.ons were the sa¡ne as given inlabre vf . îhe cofactors utren present. i.¡ere used i¡ thJ forlor+ingeoncenÈratlon: phenazine methosulfatb, O.l pnole; aOeqÊaiekinase, 0.5 p€ *¿ rphosphodoxinrr0.l-nJ. r
*ls Adenylate kinase was dia\rsed. overnight aga:inst distir.¡ed r,raterfo remove a.monium sur-fate fr.om the ãonneiciar p"pr*.i:.on use¿.

PrÍnary leaves of seflcirk wtreaÈ gror,fir i¡ ùtre greenhouse forI days were used for the preparaiion of chrorõphst frrdents.



56

The data in Table VIII show that 8lô5 alone fajled to stinulate

an¡r photophosphorylation i¡ r'¡tre¿t chloroplast fragnents" ltre ad.diöion

s¡ tphosphodoxint to the reaction systæ either alone or with pl6s

l¡creased the endogenoìrs rate by approxirmtefy 3 and IOdoId,s respec-

tive\y. The system ruas also active in photophosphorx¡lation, wtren pMS

r,ras supplæented wiÈh ader¡ylate kjnase although¡ the increase in the

rate rr¡as Rot as great as that obsen¡ed ï¡tth lphosphod,oxinr fraction.

spÍnach or swiss chard chloroplasts have beer¡ shov¡n to give

naxj.¡m¡¡r raües (aOOO to 25@ pmoles AfÉz per hour per qg crr]-orophyll)

of rcJrclict or tnon-cycl1st phoüophosphorylatÍon lrlth P[{s as a cofactor

(Avron, 1960¡ Awon and Jagendorf, l95B)" lfaiae ctrlorop.Læts, however

were reported to show no great response to pÈ6 aLone as a cofactor

(Mif1in and, Hageman t lrg1c.E)" I!1 accord. with the results given Ín Table

E[, rus (¡ x fg-5¡t) in conbir¡aüion r,riùh fphospbodoxjar was stro]nr to

double Èhe raùe of phoùophosphorglation Ín splnackr chloroplasüs (B¡ack,

g! êt , L96Ðo g{mìla¡'þ, ader¡yrate kinase rns reported, to accelerate

ùhe endogenous rate from lO pnoles NIPZ to 6lO pnoles NìPZ per horrr

per ng chlorophyll, when used in conbination ¡rith p!,fs (0.09 pnoles) Ín
srvÍss chani ctrloroplasÈs ïrt¡ich contaÍned neither .[TPase nor aderrylate

ki¡rase activity (Awon, Ig6t).

TLre fallrre to obtain ATÉ2 fom¿tion in wtreaü chroroplasü frag-
ments ?¡Íth P[fs as a cofactor, na¡r be due to e¡¡ increase in the 1:i6ht-
j.nduced ATPase activåty (Hoch arrd l,fartÍn, Lg63i Awon, f96A) (taU1e

u)' Plant I'TPase (ac:.6.1"5) has been strown to act atso on AÐp



57

TABLE rl" The ATPase activity associated Ìrith wheat
chloroplast fragments from senescing leaves"

pnoles Pi liberated per hour per mg chlorophyll
(at pH ?"8)

Treatment
Days

floated Lightx' Ðarhaess

T¡nediateþ detached o 87 "7 ór"9

Water L

?

5

33'o
L3"z

23 "5

l_ó"0

L5,l*

16.L

Se¡simi d¿ssfs

I

{

5

38"0

r8.7

8"0

2"1"O

26.6

8"0

ìÉ continuous irl¡¡ninaüion at 25@ ft-e for l0 ni¡¡utes.
Primary leaves of $elkirk wheat seeùLings grown in thegreenhouse for 9 to 10 dqys were used. for ùhe eryerl-
mentg,

The reaction systen ar¡d conditions were the sa¡ne asgiven in íMethod? under .4,Tpase assay.
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(rutdcar, I9tr4)n The levels of AÐP thus, appear üo tinj.t photophos-

phorylation rrlth PIvf,S in ühe reaction system (Table VIII), as it is
supported by the fact that the addition of adenylate kinase to the

systemrsup¡nrbed photo¡*rosphorylatíon by catalyzing ühe forsnation of

ADP fron ATP ar¡d AMP (ATP + A!{P : Z AÐP). Ttre effect og rprhosphodoxinr

in sbirülat5ng PMS mediated photophosphorylation isrhoÌrever, difficr¡lt
to comprefiend.

ïï1"
SEüESCïNe I,E{IF.

Preliuiruay investigations to detemine the rates of ATp

foruation in wheat chloroplasüs with the use of orthophosphate (non-

radioactive) srrggested the presence of very actÍve ATPase (or aÐpase)

associated ï¡:lth these preparations" It r,ras, therefore, d.ecided to

er<a,nine the presence of this activity Ín senescÍng leaveso The

resuLts of, the ATPaee activlty associêted nith leaves senescÍng under

conti¡¡uous il].un.i¡ratlon on either r.¡ater e¡ þs¡z,imidazole soh¡üion are

given in Tab1e ffi (Fig. IV)"

the daûa Ín Tabre lx (Fig"rv) inatcate that there *ras a ross of

light-induced ATPase actiwity with senescenee, srrggesting a corelaüion

between the stmctural integríty of chloroplasbs and ATPase activity
associated with them' Tt¡e "{rPase activíty Ín darlmess (Btack, g!. ÊI,,
L963b¡ þIesse].s and Baltscheffsþ, 19óO) strowed a¡r i¡itial decre¿se

in leaves senescirg tor 24 hor¡¡s but reurained steady thereafter.

Leaves treated t¿i¿þ þsnz.irnidazole nsinüai¡red both the light-induced

and rderkf arPase acÈírity at slightly hieher levers (taute tc).



FIqtRE IY. ATPase acùivity associated with chloroplast
fragnents from'senescing leêveso



L = Light induced AT Pose 

-D 'ATPose in dorkness

o o Leoveg flooled on woler
o ! Leoves flooted on Bz

Doys of Treofmenl
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As reported in the Revier'¡ of Lj-teraiure, there are Lr,ro light-
induced and one tdarkr é,TPase aciivity associ-a'r,ed with chloroplasts

(+vronrlÇ6d)" of the i:r,io lighb-induced .rLTpases, one requi-res pir,IS

or sulfhydryl conpounds, i,g# ions and a brief exposure ¿s li ght

l.¡hile the other requi-res Pi{s, ca-* ions (but noi ing++ ions) and con-

rinuous lighi" Both the activities have been j:nplicatecl lrriih the

sii'uctural changes in chloroplast menibrane associated with eiectron

iransfer anc photophosphoryratíon reactions (packer, e! ai", Lg63;

Dirley and vernon, LÇ6)ç). The ¡rTpase activity present in darkness

does not change upon raging? and iis rol-e in phofophosphorylation is
obscw.e (uvron, lg6h).

SËSçug_ol.-*ÐI_*9i1__L¡S_l1gLt " The e>peri_

ments reported in Table rx were conducted at pH f.g" revestigations

on i,he eîfeci of pH on ihe .light,-ind.uced aTpase activi-by sho,arn in
Figure v, indicated thai the grea'best aciivity rnras ai pli 6"0. The pH

vaJ-ues bel-or'r this range were not, tested."

Ele!!-gåÈe¡ o4 ATPasa aci;ivity,
Phenazine ineùhosul-íate has been reported to acti-vate i,he light-j-nduced

.riTP-ase aci,ivity (Hoch and i"Iartin, r)6J: {rronrrg6zrlrg63)e i.ihereas, ADp

has been shot'¡n to be a eonipet'i tive inhibitor for PiuIS catalyzed. light-
induced ATPase activity (Airron, Lg6Z). Investigations were, therefore,

conducied to sbudy the effec'r, oÍ both Ð.ÍS and. ADP on the ATpase aci;ivity
of l'¡heai chloroplast fragmen'r,s, The results given in Table,t show ihaf
Plfs as lçeil- as ADP activated. ATpase in lighi; but had no effect

in darl<ness 
" The results al-so indicaì;ecÌ that lisht-



tsTGURE V" The reaction sysÌ;em and condiiions vrere Lhe
sarne as given in Table ltl except ihat chloro-
plasts from irumediately deiached leaves were
used throushout ihe experiment"
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TABLE x" The effect of phenazi.ne methosulfate and Asp
on ATPase activity.

pnoles orthophosphate liberated per hour per ng chi.orophyll
(at pH 6.0)

System Light Ðarkness

Conplete

* phenazine methosulfate
(0.1 pnole)

+ ADp (4.0 pnoles)

w5.L6

190.0

uo.o

87.0

79.o

97.o

The reacÈion system and conditions were the sâme as given Ín
Table IX"

Chloroplast fragm.ents prepared from immediately d.etached. leaves
were used j¡ the reaction system.
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i¡duced ATPase aeüivity assocíated. l¡ith ul¡eat ctrloroplasts, unlike

the activity associated with spinach or swiss chard chloroplasts¡

shorued no requÍrenent for PlfS as a cofactor and sho¡red high endogenous

rates even i¡ its absence.

The ratio of photochemlcal ATÉ2 forrnation to light-induced Alp

hydrolysis at pH 7.8 appears to be approxfunatejJ I for wtreat et¡loro-

p,Last fragnents (t6 pnole t nf.J.?¡t?.? ï¡noles ATp, daüa fron Tab].es

llr ard Ð( respectivel¡), !n üt¡e absence of l!{s as a cofactor, Th:ls

ratio was found to be 50 (AOOO pnoles ÆPZ s¡mthesized/4O ¡noles AfÉ2

hydroþøed) for s¡rriss cha¡d chloroplasts ¡utrich showed a compleüe dependence

on Pl,fs (o"t pnote) for ATp h¡ncroþsis (.åwon, Lg6Ð" petrack a¡rd

T.irr/'arn (19ór) reponbed, úhe rates of 200 pnoles Aifp þydroþsis per hour

per ng chloroplyll, in spÍnach chlorop.Lasts activated by ljght in the

presence of Plis (0.4 ilnoles). The rate of pMS catalyzed photophos-

phorylatÍon i¡¡ these ehloro¡rlasùs, ruas 250 to ?50 pnores ATp per hour

per mg chloroph¡rll.

In conparison rvíth spÍnach or sr¡iss charìd chloroplasbs, uheat

chlonoplasÈ fragments shor,ted. higþ rates of light-j¡rduced ATFase aetivity
¡Ètich uight ae'9owrÉ for the fai-l¡¡re to obtaln photoptrosphorTlation in the

absence of dicu¡narol a¡d also for low erdogenous rates of ATF fon¡ation,
These preparaüions also showed veqy higb fdarkr ATPase activity (Table X)

as compared to that presenü in spinach or s!,riss cha¡ri chloroplasts

(Avron, f]g62t Black, g! a1., Lg63b), spi-nach ctrloroprasts uere reporbed.

to t¡ydroþze 3 t'o ó prool-es ATP per horrr per ng ehJ.orrcphy1.l in darl¡tess

a¡ld thls rate nas increased. to lJ pmoles ATp (hyOroþzed per hour per ag
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chlorophyll) r+itt¡ chloroplast fragnents prepared by sonication (Black,

É EI., 1963b).

nr.

ûie results of the previous experi-nents (Taules Ð( and, x) irdi-
cated higb rates of ATPase activ:ity (ligbt-induced as ¡verl as that
present in darkness) associated wiüh wheat, ctr-loroplast fragnents in
ùhe absence of elt"ber P$ß or sulflqldryl eontrrcrrnds i¡r the reaatÍon

system designed sole{y to determine ATP breakd.s¡¡n ar¡f not ¡ùrotophos-

phoqrlation. Accord.ingþ, it r¡as of interest to compare the r¿te of
ATP (or ADP) breakdorvn in light and in darkness, fn the cmplete system

used for photophosphorytationo Ct¡loroplast fragnents prepared. fron
i-rmediateþ detactred leaves by the ascorbate treatmenü proced.ure, ïrere

used to strrdy the rate of pi (orthophosphate) liberati.on in tt¡e com_

plete systeB iJlr¡ninated r¡¡rd.er different ltgbt, intensitles. Si¡¡ce

.ADP was present in the reaetion system, it Ís not posslble to distj¡¡-
guish the contribuüion of ATFase, ÁDPase or a rol-speci-fic phosphatase

to the brealcdown of, adenine nucleotides, rt is for tbis reason, the
liberation of Pi (orthophosphate) in the compleüe syster aù tlre end

of Ligþt or ?darkt reaction, is discr¡ssed u¡rd.er rphotot¡ydro\ybicr

acùiviùy rather tha¡l åTPase or .A,ÐPese actiuity" The resr¿ts of eryeri-
ments are presented in Table XI (Fig" [I).

The data in Tabre xt (rig"vt) show that pi liber.ation i¡ the

].ight reaction (ùwo successive periods of l-5 seconds light and 15

seco¡¡ds darkress, tsfârr ing 1 ninute), increased ïrith increasing light
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TÂBI.E xr" The effect of right, inüensity a¡¡d darkness onthe thydro\rbicl acùivity of wheat chloropLastfragnents. -

1:moIes orthophosphate per hour per ng chlorophyll
(at pH ?"8)

Light
intensity
for ligþt
reaction
ft-c,

tight (t) Ðarkness

(t;"-;;f rr J"lìr"r I-Ð L-D/2

Xmoles pi
utÍ-Lized/
hour/mg

chlorophyll

5oo

1000

1200

r5oo

2500

35w
4500

+319.O

ao

+l+5L"6

+638.7

+90ó.4

+7?4.O

+967 "a

+638.7

oa

+637 "o
+639,7

+638.7

+639.7

+638.0

-3r9.7

-185.1+

0"0
+L67.I

+r35.3
+329.o

0,3

oc

+L33.r
+379.4

+48?.1

14+51+.7

+ó48.0

ao

(9ó"o)

eo

(ó5"0)

oa

ao

eo

ãR Two successive periods of 15 seconds light ar¡d t5 seconds darkness,ùota[ing I ni_nute neaction.

The re¿ction systen r¡as the seme as that used for photophosphorylation
sÈudies"

L: denotes reactíoa system ilhrmip¿¡ed for I ninute*' (Two suecessiveligh¿ periods iclth two dark period.s).
Ð = Ðarkness for l_ ninute.
ï,-Ð = Pi liberation in I nlnute totat period.
I.-Ð/2 = Pi liberated i.n 30 seconds of ligþt perÍ_od after

subtracting one-half of dark period. (30 seco'ds).
= orthophosphate utilized

+ = orthophosphate liberated



FIGUBE IÍL E'ffect of li6ht intensÍty on the lphotobydroJ¡Éicr
aetlivity of chloroplast fragments in a conplete
photopürosphorylation system n



F
. 
m

ol
es

 P
¡ 

lib
er

ot
ed

 / 
hw

r 
lm

g 
ch

lo
ro

ph
yl

l 
--

-+

r |c
¡ = J .D 5 9.

(, o o

3r
v .'8
o

I I I I t(
,

(r
l o o s (t
l o o

o0 o ()

oF
| 

0r
9l

lll l¡ 
I 

,a
'

*= t+ rD Ø at

o\ o\



67

i.ntensity whereas, the rate was eonstani; in the rdarkr controls (t ninute

da¡hess). The rates of Pi lÍberaùion were higher tha¡r those observed

for AfPase activity in ATPase system (faUle UC). It nay be coincidental

thaù the rate of Pi lÍberation at the Lo¡rest, U€ht, iatensity of 500 ft-c
is almosË identicar to one-half of that in darls¡ess, suggesting but

not proving, that the Pi liberation at 5@ fü-c j.s due prímariry Èo the

breakdown occurri¡g in darh¡ess and ühaü light, inhibits dark ATPase

(or Ä,ÐPase) or faìls to stimuJ-ate it" However, as tbe 1í€ht, intensity

is jncreased, i.t ir¡duces an AIPase (or ADFase) a¡¿ this conponent together

ûrith that l¡ darlaless (O/e) contributes to the total Pi liberation. tu

this basis, the 1:ight-i.nduced Pi liberation is equal to ùhe rate l¡r
tl:lgþt? ninus half of the rate j¡r d¡¡la¡ess" ff the light-induced

ATPase (or AÐPase) is related ùo pùrotophosptrorylaüion, then ùhe value

{LD/ù is a measure of photophosp&rorylation (fíg.Vt),

0¡¡ the other had., if ùhe assrrmption that Fi liberation in light,

or darkness is cata!¡rzed by one en4me is incomeot "nd ligf¡t does not

ir¡hibit rdarkt ATPase (or ADPase) activity then perhaps ühe value IrÐ

is a more varid measure of photophosphoryratÍon. The d.ata for rr-D at

50O a¡d I20O ft-c ere negative f¡dicating phosphaüe upùake Ìüich 1¡o1¡1d

suggest that photophosphorylation occurs onJ¡r at tow:light intensity"

Ttris is srpporbed by the fact that photophosphornrlation eould be d.etected

occasoionalJ¡r a.t ühese lovr Lighü intensities (Tab1e xI, colurnn 6) "

Figure VI shows ùhe effect of Lighù inüensiËy on Pi liberation
Ln the total light period of 1 ninuùe (t) (JO seconds light, and 30 seconds
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darkrress split) and in the light period. of 30 seconds (r-D/Ð. The

dark conürols have also been plotted but of course, show no rel¿tion-

shLp to lÍghù intensÍty. Both the ligþt-jnduced Åtpase (or AÐFase)

values (¡, a¡¿ Un/Zl shoÌt that light saür¡raÈion for ttre ¡naxinr¡n Pi

liberation is l+5oo f,ù-c or above. rt is diffiault to assees rürich

of these data Ís nore slgnifÍca¡¡t but ttre effecü of lÍght intensity

on ATPase (or ADPase) activity indlcates some cêusal relationship

between it, a¡ul photopùrosphorylation as suggested by Avron (Lg6z)"

Jagendorf a¡¡d Awon (195S) showed that lÍght satr¡ration

required for photop[roephorylation ín the conp]ete reaetion system,

depended on ttre cofactors used, Tfith p[,XS (0.O5 pnoles) ae a cofactor

in the system, spinach chroroplasts strowed li€ht, saür¡ration at

I+/+@ ft-c for rapid rates of p[rotophosphor¡rlaüion ar¡d rHÍ]ìr reaction,

wtrereas, f.ight satrr¡aùion aü 15@ ft-c was actrieved ¡rith FMN (o.o5

1moles) as a cofaetor. Tn ühe present systan no exogenous cofactor

rras present althoughr d.icr¡nsrol rras added to inhibit ATPase actirrlty
ar¡d chloroplasts rrere treated with ascorbate a¡d the d.ata obtained

in ùhe e:cperirnents (Tabte rr) nay be typicar of such a system.

Jagendorf and Hi¡rd (1963) reported a tra¡¡sÍent right-induced.

AlPase activity in ehloroplasts d¡ieh showed no requirement for eltt¡er

c.* ior,u or sulftryrdrf,l conpor¡nd.s for aetivationo However, the ligþt-
Índuced ATPase activity was accelerated by a trace of AÐp, Ri ar¡d

pyocyarrine in the reaction systen and shoryed ühe tíme cor¡rse for the

activation identicat to that for photophosphoryraüion. rt is not

k¡tglü whether the activation of Pi liberation by utreat chloroplest
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fragnenüs (tabte XI) r+as due to ATPase simila¡. to that, reported by

Jagend.orf and Hind (1963) or it was d.ue ùo ÁDPase which ruas j¡tribited

by dicunarol at low lieht but aetivated. at high ligbù inte¡lsiùies.

ruith chloroplast ü'aEnents from se.nescing leaves. rù appeared, fron

the results gíven jn Table xr that (i) liberatlon of Fi in ühe right
reactj.on (I-D) could qerre a,Ê a aeasure of ühe rapparenùr rate of
phoüophosphorylation in wtreaü chloroplasts a¡¡d (ii) light, satr¡ratÍon

at lor.r light intensity cor¡ld be used to measure such a rate, The

data i¡ T¿b1e xrr (ftig. rrr) are the outcome of such e:rperÍ-nenùs

designed to measure the rates of Pi liberation in tieht and darlaaess

5n a conpleùe photophosphorylation sysüem used rorj-th chloroplast, frag-
ments from reenescing leavesn Ïeaveg senescing r¡rder continuous

ilunination of 850 ft-c on eithen waùer or solutions of benai¡nidazole

a¡¡d ki¡etirn, were used, to ev¿luate these retes (Pi liberation in t-f))
with those of ¿ff2 formation in senescing leaves (taules VI and VIï).
Sinilar'þr it r+as interesting to compare these rates ¡rrith the ATpase

acùiui-ty of senescing leaves meê$rred rurder contirnrous illr¡nination
in ATPase sysüem (faUte :l).

the data in Tab1e XII sho¡r thaü the liberation of Pi ln a rysten

with ehloroplast fra6nents from leaves senescing on water, st¡oi,red

e gredual decrease either in light or darlicressn Benzim'tdazole (or

kinet'in) treatm,ent enha¡¡ced. the initiar rate (zero üi.ne control) of

Rl liberaùion bot'tr j-r¡ li8ht' and da¡lmess arid maintained it at a higher
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TABLE )ilI. The rates of orthophosphate IÍberation in light
and darkness i^n a complete photophosphorylation
systera with chloroplast fragnents from senescing
Ieaves,

pnoles Pi liberated per hour per ng ctrloroptrylf
(at pH ?,8)

Treatment
Days tight,rÉ(t)

floated (I ninut,e)
Ðarkness (D) (L-D)
(1 ninuÈe) (f ur:inute)

ïnneùlateþ detached +125.0 +25O"O -r25.0

Watear

2**-

l+

7

+ ?g"u

+ 62"50

+L56"25

+125.æ

- ?8'I3

- 6z"jo

Benai¡rldazole

2

4

7

+L56"2O

+231+.3O

+ 98.ó8

+4ó9.?o

J-4¿.80

+148.20

-372"50

-18?.50

- l+9.52

Ki-neüin

2

4

7

+I5ó.O

+535.6

+18?"ó

+625.O

+758.9

+28L.2

-4óg"o

-223"3

- 93.6

the reaction ni:rbure a¡rd co¡rditions were the sane ao given for Tabte XI.
T*¡o successive periods of 15 seconds Iíght, a¡¡d 15 seconds darkness
totarLing I n:inute reaction.
Ligbt iatensity of 1200 ft-c Ïras used for illr¡ninating chloroplast
fragm.ents from Leaves seneseing for 2 days and it was fncreased to
25@ ft-c for those prepared fr"om leaves senescing for t+ tr.o ? dqys.

Primary leaves of serkirk wtreat gro$¡n in the greenhouse for 9 to l0
deys uere used for the ex¡reri.ment.



Frc{IaE vrr. Effect of rages on the rapparentî ortho-
phosphate utiJ-izatlon by ctr-loroplast fragnents
i-n a cmpleùe photophosphorylation system,
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].evel for a period of 4 days. Ilr conparison with the rates of photo-

phospürorylaüion (TaUle VI), these rates show a close simi].anlty, suggest-

ir€ that' the nethod nay serve as a ¡neastrre of tt¡e rappa¡entt rate of

.åÎP fo¡mation i¡ light.

The chloroplast preparations fron leaves seneselng f,or l, da¡rs or

nore, showed the requirement of hÍgher Ligh¿ intensity fon the libera-
tion of Pi irr Light. For üris reason, the light intensity of 2500 ft-c
rÉ¡as used to illtminate the reaction system containir¡g these preparations.

The decrease in the raüe of Pi liberation as læ11 as its d.ependenee on

hi€h light i¡rbensity r,rith tage¡¡ i¡dLcate thaù pi liberation lras

dependent on the structu¡e of ct¡.loroplasts ard it was mediati^ng the

synthetic raùt¡er than degradative process€se

&igure vrr sholrs the difference in pi liberatÍon (r-p) in the

light and dark reactÍon. There vras an acceleration in the rate of, pi
IÍberation witJr benzi¡ridazole (or kinetin) treatnent a¡d it resenbled,

the trend in photophosphorglation rather than ATPase acùÍvJ.ty sbor,¡n j¡r

Figure v. Altbough, the present evid,ence d.oes not pemÍt to state
$hether Pi liberation in fight and darkness ís catat¡rzed by one enzflne

or there are tr'¡o enüitiee respoasible for the ligþt an¿ dark reaction
respectively, Ít suggests that pj. liberation in the conpreüe syste,n

is dependent on ùhe pþsiologÍcar cond.ition of chroroplasts and iù
nay be rerated to the i¡temedlate(s) of phoüophosphorylation as indi-
cated by Arron (Lg6Ð.
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V. EFEECT OF BEISZIMIÐAZOLE 0N @t FBOM EEDWCEIff LEAÏF'

rPhosphodorinr has been reporüed to be a natr¡r¿l cofactor for

phoüopürosphoryletion i¡ j¡rtact leaves (nLack, É 3l.o Lg63a)o Benzi-

midazole üreatnent i¡creased the endogenous rate of photopÙtospholyla-

tion in leaveso It ruas, tt¡erefore, decided to stu{y the effect of benzi-

uridazsle o¡1 tphosphodoxinr levels of leaves senesci¡g t¡nder contj¡ruous

iIlr¡m:ination. Accorrtingþr tpù,rosphodoxi¡rr fraetion was isolaùed from

leaves floated. for 6 days rud.er contj¡ruous illr¡nination of 850 ft-c on

eitber water or solutions of, be¡rai¡uidazole and ki¡eti¡. The resu.lts

of tl¡ese eperS:nents atre given in Figure VÏ[I"

It is evident fr.on Figqre TIII, that eptrosphedoxinr fracüion

isol¿ted from r'lheat leaves gave a fluorescent peak at 430 4r with

the aeüivaùion na¡ri.wr¡n at 350 qr. BenzimidazoLe (or ki¡reüi¡) treat-

ment strowed a slighü increase in the ìnitial (zeto ti-ne control) levels

6g lphosphodoxinr as üreasured by relatíve flt¡orescence. treaves floated

olr r,rater, howerter, shorrred a slight loss i¡ thå,s fraction.

tPhosphodoxint from spinacb leaves, r*as reported to give a

sfigbtly different peak wtrlch r,*as reporbed to be al I+J+O !4x with activa-

tion maximr¡n aþ 358 nq:. (ilack, et a-1., 1963c)o It thus appears, that

rphosphodoxinr preparatj.ons from dj;ffere¡rt plant naüeríals, strow

different fluorescent peaks cha¡acteristÍc of, the spec5.eso



FIGIJRE TIIL Activation a¡rd fluorescence specüra of
wheat rphosphodoxi¡rt o

Solventr 0"1M phosphate bufferrpH ?"O.
Goncentration¡ 10Ø

0: control-i¡nedÍateþ detached

W: floated. on water

Bz: floated on be¡¡øimidazole

Kn: floaÈed on klnetin
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PART ITI

STUDIES ON NTCMINA}4IÐM AÐEaIINE DIN'CTfigfIÐE I{f,NASE

OF !ÛHEåT T,EÅIJË



Preli:ainary eryeriments on NAÐ kinase involved a one-step

systen in uürich NADF formed by the reaction NAÐ + ATp = NADP + ÁÐF,

was reduced by the specific NADP-isocitrate delrydrogenase systen and

measured at, 3ho ¡qr in a spectrophotonetric procedurs siîrúlar to that

of l-Iang and Kaplan (f95À). It r*as noted. that the active preparaùions

were obtained fron wlreat Leaves grown r¡nder high ligþt intensity or

from leaves floated on benzimidazole solution under conti¡ruous illuni-
n¿tion (kinetin ¡ras not tested).

the complete systen akays sho¡¡ed an j¡rcrease in absorbancy

et 340 nqr wtrereas tt¡e controls did not. llorrever, i.t was i-npossible

to sl¡ow NAÐP forrnation usÍng a t¡rs-step system (Kornberg, 1950; tiang,

L955). The activity r,ras intribíted 5oÉ by orthophosphate aü a conoen-

tration og to-3¡t and this i¡ùribition rras overeome by ATp" AÐp a¡rd

NåxEi a.lso intribited the acti.vÍty" The acùivity was later for¡nd. to

be due to increased turbidity in the systern wtrÍch regÍstered. as

absorbancy at 34o ulr, The fomation of eiüher NÄIlp or NAÐFH has

never been dernonstrated directþ in these investigations nor in any

oùher studies reported so far (Kornberg¡ Lgi¡O¡ Ogren and K:ogmannrLgíji

Tanamoto, t9ó6b).

It appeared necessarSr to use a üþre sensitive ¡nethod. for neasur-

iJ¡g NAÐ kj¡ase actiuity. Ttre ffuorÍneÈric procedure of Jacobson and

Astrachan (L957) was fina]þ adopted and the resr¡lts obtained by ühis

method were so sirn:ilar to those arising fr.om the spectrophotometric

nethod that it appeared possible that ùhe turbidity resr¡Jtìng from

the presence of al'l components of NAD kinase system, nlght bave some

75
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en4rnatic signifieance. Accordi¡gþ, some of ùhe erperiments by

speeùrophotometric nethod are i¡cluded in ttre I¿tter part of this
section and the absorbency at 340 ¡qr is refemed. to as rapparent!

NAÐ kin¿se activity.



MATF,BTII].S AìüD MEtrHOÐS

I{ATEBÏAiS

Prinary leaves of Selkirk t¿t¡eat (Triticr¡m aestivl¡n L.) gror,nr

in the gnowt'h chanber at 2ro for a perÍod of lo to 12 days r:nder 12@

to 15@ fü-c light Íntensity (16 nours photoperiod with I hours dark-

ness), l¡ere floated on benzini.dazole solution for p/¡ hours und.er con-

tinuous irlurnlnation of 850 ft-c" The leaves !rcre harvesüed and

þophilized after beiag ki'l led by liquid nÍtrogen. the cr¿de enz¡rue

prepared f¡om the leaf polder Ïras used for $AD binase neasu¡enents

by the fluorimetrie method"

MEITIOi}S

ï" TilE muoRI3{ETBIC ÞfE'nrOD FoR }[AÐ KITASE ruAS]IRE&{EXüTS

The e¡rbraction of eparme. The orbraction procedure as d.escribed

by ogren and lfuognarm (Lg6j) tras used to prepare the crude eazJmeo þo-
phillized ]'eaf powd.er (5@ ng) r¿as ground. i¡l a chJrled, morüar and pestle

with æ rn:L O"O5M Tris-HCl buffer, pH ?.5. fhe brei" uas sti¡red, for 2O

ninutes in the cold and centrlfuged at r$r0@ rpn for 2o minutes. The

pellet rù&s re-exÈracted wlth 5 nl of the buffer a^nd centrifuged, as

before. The combi¡ed superrratant was frozen for 2 days, thar¿ed, ar,d.

centrifuged to re¡þve the greeni.sh precipitate. The clear supernatant

tüas r¡sed as the enzürme preparatíon.

P.rotein au{ctrIorgp4vlI dete{ni¡aati.ons. Tbe protein conüent of

ùhe en4¡ime preparetion was measured, by the spectrophoùometric proced,rrre

7?
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of wårburg ar¡ù christia¡¡ (1941). chroroph¡rrl deüeminaüj.ons r.cere

mad.e on separate fractions of leaf powder followir¡g the nethod of

Arnon (1949). Protein ï¡as meafllred at aóo-zgo rp and ctrlorophyrl

at, 652 ql on zeiss spectrophotometer (uoaet pMe rr) (tiarburg ano

Ghrisüian, I9lù; Arnon, 191s9).

NAD kj¡ase assay. The conversion of NAD to NAÐp by NAD ki¡ase

acÙivity was measured by the nodification of the fluorj¡.etric method

(Jacobson a¡rd Astrachane L95Ð. The method involves the fluorimetric
aeasureùnents of NAÐ renain:ing in the reaction systen fol1owing IsAÐ

kinase activity. The füilÐP fo¡ued is reduced by isocitrate d,etr"ydro-

genåse and a^r¡y ltï¿rÐF$ or N.alH f,orned is destroyed, by acid. treatment.

The fruroescence of NAÐ r¿as deveroped. by alkali treatment (irapran,

et e].r 1951) ar¡d the loss of NAÐ (corrected for ar¡y NAÐR fo¡matjon

i-a the system) was taken as tbe measure of NAÐP foraed by NAD klr¡aseu

The reqgù-ion sy,,!sten. Tl¡e reaction systen for the assaJr con_

teined, i¡r i:noles the f,ollowing components in a f.ina]. vo}¡me of 1.0 ml:

Tris-HCl, N 7.5t 48; ¡€C1rr5; N¡IÐ (prepared, in Tris-ft0t buffer,
pH ?.5)u o-2; nicotinanid.e, zOi isocitrate, loi ATp (neutrauzed to
pH ó.o), 23 Q.2 ng isocitrate dehydrogenase and enz¡rne preparation

(containing 0.4 to 0.8 mg protein). AII assaùrs were run in tripli-
c8,feo The mean of tt¡o øqrerinents xras taker¡ for each enzJ¡me prepara-

ùion"

Prs@gr91 the reaction syste,m i¡¡as j.ncubated, for Jo ninutes at

noon fsnperature" The reactlon was stopped rriüh the addition of 0.2 nI
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50ø TcAr heated. for 2 ninutes at 95o to d,esüroy NÁÐpH (or a¡y

NA!ËI) and centrifuged. to reuove the d.enatured proteín. lhe superna-

taJxt was used to measure tþs ¡e.mainj,ng NÁ.0 in the systern. aliquots

of 0.1 rnl superrratarrt, were treated in duplicate Ì,ith 3.9a-l of 5N

¡[40H, boiled for J ninutes at 1@o a¡rd the fluorescence detenni-ned.

Fluorimetric measurements were nad.e on Turner Fluoroneter (Model

110) with prinary filter No.ILO-8IL (Z-OO) at 36:- qx a¡d the secondary

filter No"lJ.0-821 (ZS) at 485 r4rr using pyrex glass cuvettes No,LLo x
801"

The .gzrue prep.araüion" PrimarXr leaves of Selkirk wtreat were

ground in a mortar and pestre rrltå 5 times (*¡/v) of grinding nedir¡n

contain:lng Onl¡M sucrose, O.OIM IIa0I and O.O5M Tris-[ICt buffer, pH ?.5.
The brei ¡ras filùered through l+ layers of cheese cloth, centriftrged,

at 18r@o rpm. for zo ninutes a¡¡d ihe supernatant dialyzed. for 12 to
1ó hor¡rs againsi; 2@ vo}¡nes of o,o2l,{ KHco3 and o.o03M iff'. The dis,ly-
saÈe ï¡as used for NAD ki¡ase assaðrÇ

Ïn some u'lperiments, ttre diaþsate v¡as further purified by solid
anmonir¡rn' s¡rlfate .fractionation. ltre fraction separating between O to
l*5É saturation rn¡as dissolved in Tris-HCr brrffer, SI ?.5, diaryzed

ovemrighù against O'OZlvf I{HCO3 and. cenùrifuged, The supernatant r*as

used for the ena¡rme assaür.
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aÊÊg[.. The forlovring coro¡rcnents in pnores ]rere used i¡ the

final volume of 2.0 n.l! fris-HCI, pH 7"3t 5ei ¡{gile, 5i nicotinalúde,

4,5; sodir¡n fluoride, Ii isocltrate, IO; N¡¡ (pH 5.0), O.l+i isocitrate
dehydrogenase, 1n¡g and the enz¡m.e (O.l to O"A nI). The reaction ¡¡as

starbed by the addiüion of ATp (üt 5"9, 2.0 pmoles) an¿ the i¡¡crease
j¡t absorbaney at 3åO qr ¡ras reco¡ded, every ni¡rute for 1O ninutes usjng

si-lica cuvettes of I c.n light paúh. NAÐ left, i¡r the reactÍon sysüen

after 1o nri-nutes lras meastred, enr¡rmaticalþ wiütr alcohol dehydro-

genase system (Backer, Lg55a). rJß some experiments, ÌtAÐ ki¡ase
activity (luaonr formed in one-step reaction) was also checked r¡¡:lth

glutaÈhione-$lAÐp spectfie glutathione reductase sysüen (Racker, lgSib),

ïtï. t{AÐ Aryp N_App(H) BREAKÐol{N rN Ï,EAF ExrnAgrs.

Ten grans of freshþ ha¡n¡ested reaves were grou'd. krith a0 e.l

0'15${ KCI-O.O2 u KHCO3 solution. The brei r.¡as fílt,ered through l¡ layers
of cheesecloth ar¡d centrifirged fi¡st at 50@ rpm for 5 ninutes and.

ühen at 18r00o rpn for 2o minuües. The superraata¡rt uas dia\yzed over-
night' against 2@ volunes of o.ozlrf KHco3, centrifuged. ar¡d used as

Ëhe crr¡d.e enuyneo

The chloroplasts separated. after the first centrifirgation were

wast¡ed twice r¡'ith O"O5t{ Tris-HCI buffer, ptrt ,l.js suspended, in 10 nt of
the br¡ffer and used for the assaü¡o

The reaction systen contai¡ed. the follourÍng conpouents 5-n pnoles
in the finar r¡o}¡me of z"o nl¡ Tris-HCl, pH ?.5, 5ei irEcrz, 5i nieotfuanide,
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20; sodiun fluoride, 1; Nmp(H) or NAD (in tris+tGl buffero Éi ?.5),
o"Z or o,zii and 0.2 to 0.5 nt of the en4me preparatlon. Åfter the

íncubation at room, ùenperature, the reaction ruas stopped by heating

at g5o for 1 ninute¡ the denatured, protel¡t was remsved ar¡d IüADP

rffiajni-ng j¡a the supernatanü was dete¡ni¡ed by isocitrate dehydro-

genase system (ochoa, L955)" A-rcohol deþdrogenase was used to
dete¡mine Ì,143 content (Racker, Lgj5a) wbile, either isocitrete
deþydrogenase or glutathione reductase systw (Racker, 1955b) ruas

used to deternÍne I{AÐF[I"

Both nicot'ina¡ride and sodir¡n fluoride are co&ponents of Èhe

NAÐ kinase systen and eceord,ingly were present in this reacti.on

sysüe.n,

IV" OHIIÍOFI{OSE{ATE ÐErErufINÁTIOTgÞ IN LEAJTES.

wheat Jeaves either freshþ han¡ested or those floated on

water or beazi-nidazole solutlon, lrere wei.ghed iJ¡ one gran lots arxt

grorrnd in 5fi TGA chilled. on ice. The brei was centrifuged, at 50OO rpn

for 2 ninutes a¡ld the supernatant was used to d,etemi¡re orthophos-

phate content by the method, of Waygood (lglÉ).
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ï. NAÐ KINAW ACTIV-ITT-I'UI0RI¡IETRIC ME1TIOD

fuelininarXr e:rperiments i^nùicated that the most active enqJrue

preparations were obtai¡ed from leaves floated on benzÍnidazole for

2+ hours r¡ruier conti¡ruous illrrm:i¡ration. Tkrerefore, in severa-l e:çeri-

ments tttese have been designated as controls" The progress of activity

for tbe enaJnrle from such leaves is shown in Table )üII aßù Figure IJ(.

The slowing do¡n¡ of activity suggests the presenc€, ir¡ ttre crude

enaJme of NAÐ(P) rmcreosid¿se (Eç 3.2.2.6) or NåÐp(fI) phosphatase

(Forti, et a.1.¡ 1góZ).

Table lttV ar¡d Figure X strow th¿t there is a linear relaùionship

between protefn concentratlon a¡rd enzünne activiùy" It is ca-lcuLated

from the data (Tabre xrv) 'Llrat approxtunateLy g0 u¡mores NAÐp was

formed per hour per qg protein, 0n the chloroplo¡rrr basÍ.so this ra-r,e

is approximaùejy i 148 ¡rynoIes NAÐF per hour per imole chloropkqrll.

R¿tes of NAÐP fo¡mation close to 6j q¡noles per hour per ng protein

ï¡ere reported in tobaeco and spinach leaves (taroanoto, 1966u)" Ogren

and iftognana (1965) reported 0.2/¡ lmoles NAÐP fonraùion per nÍnute per

1uaole chloropþIl (U"h pmoles NAÐFþour/unole chlorophyll), ù spiaach

leaves" Ttlis rate is alnost 12 times grgder tha¡r tt¡at obsen¡ed. in
wheaü Jeaves"

NÁÐ klnase acÈivily in senescing leaves. liheat leaves floated
on benz;imidazole or klnetin soluüion r¡nd,er a photoperiod of 16 hor¡rs

15€ht a¡¡d I hours darhtess, were reporbed to show a¡ i¡crease in NAÐp

ar¡d N/tDFft levels as co¡opared. to those fLoated on water r¿ùrich showed. an

82
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IABIE ïIII. the progress of NAD kinase activity

ï¡rcubation period
ninutes

quoles NAÐP per
O.8 ng protein

upnoles NAÐP/

lmoles chloroptryll

10

20

30

45

L7

22

27

3A

283.3

366.6

hbg.gh

499"91+

The reacùion systø and e4peri.nental conditj.ons were the same as
given in tMethodsr for the fluorj.netric êssêSo

TABIE l(IV" The effect of en4¡mre concentration on
NAD kinase activity.

Enqyne
ng protein

qmoJ.es NAÐP/
3O nrlnutes

rrynoles ÀIADP/

J0 nlnutes/
lmoles chlorophylJ.

0.1+

0"8

1.2

18

3o

56

ó00.0

500"o

622.o

The reaction system anl e:çeri-nentar condiÈions were the sane as
given for Table ltIII"



FIC¡üEE IX, lbe progress of NAD lcinase acüivity,
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FIG{ffiE J(, The effect of enz¡rne concentrati.on on NAD
kinase aot'ivity.
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i-acrease i¡ NAÐP levers (Mishra, Lg63). Fr¡rthentrore, non-aqreous

chloroplast preparations fron leaves floated on these soluti.ons r¡nder

continuous jrlu¡r:i¡ration were reported to show ar¡ increase in NaDp

]evels. rnvestigations were, therefore, rurderbaken to stuSr tbe

N.AD kin¿se activity in leaves floaÈed for lg hours r¡nder conül-nuous

iJtuni¡pt'ion of 8JO ft-c, on either rvater, þs¡rsìmi d¿zole or kinetin
solution" The rates of NAÐF foruation in these leaves were compared.

to those obsen¡ed i¡¡ leaves floated on benzÍ¡nidazole soluùion f,or

lI¡ hours nnder sim{lar conditions. The results of ùhese investlga_

tÍons are given i¡ Tab1e XV.

Ït is evider¡t fron Table XV, that senescing leaves d.o aot show

afiy signffica¡rt Loss i¡l NAÐ kinase aetivity" Benzimidazole tre¿tnent

did not show an¡r increase in ttre enzürme activlty uhereas, kinetin
freatnent shor+ed a sEghtþ less actiuity as Judged, by the levers of
ITIADP synthesized. rt appears, therefore, thaü the loss of NADP

revels associated ¡ulth senescence (uistrra, tg63; Tananoto, 1963) ard

the i¡crease in NADP(H) Ievels fn leaves treated wlth benz;rn-idazole

(or kÍneti¡) solution (ui.shra, 1963) nqr not necessariJ¡r be due to
t'he respective loss or increase j¡ NAD kinase actfvity of reaves.

Ï¡a accord' with these findings, no cor¡relation betwe-er¡ NADp 1evels

observed in seRescent or ho¡rnone üreated, tissue and NAÐ ki¡ase activíty
associated !¡:ith ùhese tissues, uras reporbed in rat lívers (keenbaum,

Sl-nce

benz'inridazole ar¡d hinetj¡ have been shorn¡n to stimulaüe the s¡ynttresis
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TABï.8 )fV. NAD kj¡¿se activity in senesciag leaves.

Snz¡rne
source

qmoles NADP for¡¡ed
per hgur per ng protein

Foqperiment, No.

rpnoles NAÐP fo¡red
per hour per trmole

ehlorophtj-L
Frçerinent No.

rïII

Gontrol
( benaj rni {azole (2/a)*)

Water (lÉ)*+s

Benøi-nidazole(48)

Kineti-n (l¡8)

75"9

óó.o

70.0

lÉ"0

oo

58"5

42.)

50"7

500"0

l+36"O

l+6ó.0

458,0

390"0

l+36.O

l+22'O

The enz¡rme prepared from leaves floated on benø.imldazole fot 2l+
hours under contÍ¡¡uous illr¡mination of 85O fü-c.
th enqyne preparations from leaves fl,oated on the respective
solution for l+8 hours w¡der simiJar conditi.ons.
The plarits ürere grorû1 in the gro¡rttr charnber for 9 days at âlo-
r¡nder 15@ ft-c (1ó horrrs photoperiod and I hours darlmess).
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of NAÐP(H) l¡r ¡*¡eat leaves and their chloroplasts, lt rnras of inport-

a¡¡ce ùo deter¡rj¡e tbeir effect ùirectly in the NAÐ kinase reaction

systen. Both benzÍmid¿seJs and kineti¡ had previ.ousþ been strown to

irùibit rapparentt NAÐ kinase activ5.ty by the spectrophotometric

rnethod (Figs. lIe and f, discussed. laùer). lhe data in fable )[IIJ also

sho¡¡ that þsnaimid¿zole soluüion at a concentration of 6.O x lO-3pf

conpleùeIy i¡hibits NAÐ kinase activ:ity as measured by the nore

sensitive and vaU.d fluori¡netric method. llouever, this is a relativeþ

high concentration of benzimidazole and the j¡hibition nåJr have no

physÍological signi-fj.caqceu Indeed, this effect eannot be j¡rvoked to

e:cplain the narked increase in the NAÐF conte¡rt of wt¡eat J-eaf ctrloro-

plasts as found by ÞIishra (1963) (see Ïfaygood, 1965)n The i¡Ì¡ibition

of N¿IÐ kinase activity by benzi-nidazole is sinrilar to that reported

for phergrlalarrine d,ea¡o:i¡rase (EC 4.3.1.a) by Zucker (19ó5)n lhis enzJrme

r,¡as i¡t¡ibited Bo þo gM by benzinuldazole aù a concentrati-on of 5.0 x ro-3M.

Since, the author has previousþ shown (taUle Xv)rtbat benzimidazole

treatment did not necessarS.þ show a significant increase in NAD ki¡ase

content of leaves, the effect ef þs¡¿ìmidazole must be i¡direct either

by a derivaÈive, €cgr¡ benzìnidazole nucleoùi.de (Kapoor and Waygood,

L965a) activaüÍng the en4nne or a,s consid.ered. laùer or by its effect

on the orthophosphate or ATP contenù of leaves.

. Âs pointed. out j¡ übe i¡¡tro-

duction to this section, the onJy active preparations showing sapparent¡

lrtAÐ ki-nase actiuity (spectrophotonetric uethod), were obtained. fro¡n

leaves grohn under hÍgh lighü intensi"ty or floated on benzi-nidazole
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solution. Such leaves have lo¡rer orthophosphate levels than those

grown wrder low light intensity or in leaves floated on uater. It

r,vas, therefore, speculated that ortho¡*rosphaüe night have sone regula-

tory effecù on NAÐ kinase activity" Süudies were, therefore, nade on

the effecù of orthophosphate on ?apparentr NAD kj-nase activi-ty and laüer

by the fluorj.neùric assayn As rsill be discussed later, orbhophosphate

i¡hibits rapparentt activity (fig.Xtc) a¡¡d the data in lable ](EII show

that orühophosphate at a concenùration of fO-3tt tuhibiüed by 5@ the

enzJm.e activity det,e¡nined by the fluorineüric method. Ther"e is no

report avajJable (as far as the author is aurare of) on NAt kinase

inhibition by orùhophosphate present in physiological concentration,

in the reaction system"

Orùhophosphate at the concentraÈions more ttrar¡ 2.2 mM, has been

shown to i¡hibit sugar nucleoti.de phosphorylase cataþzir¡g the reaction

ïDP-he;<ose * Pi ---> JÐP * hqcose-l-Pr wtrere X. is a purine or p¡'rinidJne

nucleoside (Cabib, 9L g!,, L965). Sini-larly, pr:rified NrtÐP(H) phospha-

tase from pea leaves, has been reported to be í¡l¡ibited by orthophos-

phate uùen present at the concentratj.on of 5.O x 1O-5¡t (fortl, g! d.,

Lg62)"

The eÍfect of- ATP .oa N{D kj¡Urçe inhibition by orthophosphaþe"

Sj¡rce ortfrophosphate was i¡hibitory to the enzõntre activity, iÈ was

deeided to study the effecü of ATP on NAD kinase acùivity irr overconing

this int¡ibition for tr¿o reasons; (i) ortlrophosphate is one of the

substr¿tes of photophosphogyl,a,tion a¡¡d (ü) ATP has been reporbed to



FIffitRS XIa" Si crrrve for tapparent? NAD kin¿se activity.
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FIGUAE XIb. The effect of ATP concenùration on
?apparentt NAD ki¡ase activiùy,
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FIGURE lüc" ïr¡hibition of rapparer¡tr N/rÐ kinase by
orbhophosphaùe.

FIGURE XId. Reversal of enz¡me i¡t¡ibition by ATP.
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TABLE XITI. The effect of ortt¡ophosphate on NAÐ
kj¡¡ase activity.

Þqpt.
No,

Assay
systæ

nrynoles NADP
per hour per
ng protein

qmoles NAÐP
per hour per

pnole
chJ-oroptryll

ïrù¡ibition of
Nå,ÐP s¡mthesis

S control

Control
+Pi lo-fu
+Pt 10-3M

+Pr 10-fu

19lt.8

000

80.8

L37.6

695.6

o.o
288"52

hgr"3b

(o.o)
100.0

59

29

u Control
+Pi ro-trf
+ Ri 1O-1-I

+Pi 10-E"f

L94.1+

3.2
L05.2

1e2.8

@2.6

9.91

326.99

380.65

(o.o)

98

l+6

37

The reacùion systm and e:çerimental conditíons were the sa¡ne asgiven for lable NIII.
?otassir¡m phosphate br¡ffer (0.ÌM, pH ?.2) was used as ühe sourceof orthophosphate (fi).
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regulate NAÐ kinase acùivity in rat liver tissue (Creenbaun, g!. 31.,

L96Ð. TLre resr¡lts of these e:perimen'i;s are given in Table NVIII.

It is evident fron lable LVIII, that ATP cou.Id overcome, to å,

cerùaiq e:rbenùr the intribiti.on of NAÐ kinase by orthophos¡rhate. ÂfP

in concenùrations b,i4her than 5 pnoles wias f,or¡r¡d ts be slightþ
i"rùibitory i,rhÍch níght poselbly be due to ùbe substrate irù¡j.bition

(Þrpt.No.I). ATP, however, appears to be a controLJ.ing factor for

NA$F synttresi.s i-n senescent, reaves (opt. No.rr). The enqJnoe prepara-

tion fron leaves floated on rrrater for l+9 bours sf¡owed a higher potenü[a}

for NADF s¡mthesis røith a¡¡ increase i¡ A?P levele in the reaction

syoten. It nay be noted that tt¡e samples of leaves used i¡ these trc

erçerirnents (Expt. No.I and. II), were not from tt¡e same lot a¡rd tl¡e

control rates of !üAÐP synthesis j¡¡ these øperirnenüs cgn not, there-

foren be compared. These experi.ments were chosen to show that the

effect of ATP in overeoming the enzJrme fr¡hibition by orthophosphate

¡ras the sane i¡ Ie¿ves floated on either benzi.nidazole solution for

!d hours (bt. No.I) or water for 1l8 hor¡rs r¡¡der contj¡¡uous illr¡nina-

tion (Þ<pt. No.I[).

It was also i.nporta¡rt to deterruine tbat the ATP-orthophosphate

ef,fect was on NAD kin¿se activity and not on isocitraùe deþydr^ogerase

eystem used to reduce NADP f,o¡ned by NAD ki¡aee actirity (tu¿p + ATp =

NAÐF + ADP) in ttre reacùion sysüe.mn The effest of ATp, pi (orüho-

phosphate), ed other cofactors (used in the conprete reaction systen

for I{.ACI kir¡ase assay), on ühe isocitrate detqnùrogenase assaðr, }ras



96

TABLE XWII" The effect of ATP on NAD ki¡ase
ir¡hibition by orthophosPhate"

uquoles NADP fonned per hour per ng protein

lmoles ATP used
Ercpt.

Noo
Assay
systen 2I

rr$
0ontrol

+Pi 10*'3M

c o 158.8

O.O c.

ct ae ao ca oo

5L.2 120,0 L16"0 92.O ',16"O

oa

eÔ

II **s Control

+Pi 104M

58.4

19.o

oa

h:l "o

CO

o0

oo

oo

oa oô

63"0 e o

The enz¡pe prepêred fron leaves floated on benzlmidazole soluÈfon
for 24 hot¡¡s at 85O ft-c,

The enz¡me prepared from a¡rotber ].ot. gl leaves floated on water fa
48 hours at 850 ft-cn
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süudied by the spectrophotometrlc mett¡od (Ochoa, L955)"

firgeffgct of o.rtþophgsph.ðte. ATP and benzi¡nid¿aole on is!,citrate

dekrydr-oFenase syst'g. The results of the effect of Pi, ATP and benzl-

midazole on fhe ise¡cíUrat,e drlþyclrogenåËe syetw, are given in latrle Xn(,

wtrfch shot¡ th¿t neither Pi, ATP nor benzinidazole had ary inhibitory

effect on the assay systern. in question.

Another poesibility, that Pi rcas reacting trith NAO anù thereby

linitlng NAS kinase activity ni€ht' be ruled out on ùhe basLs of the

re¡nrbs of Oolowick, e.t g!., (1951) and criffiths (1964), NAÐ has been

reported to react with orthopbosphate in biologÍcal systons but the

ertstence of such a conpound uas noü deùected by el¡y spectral chaqges

of NAD in the presence of lM prirûår¡r, secondar¡r or tertiary phosphaüe

(Cotowtct<, g! a1."r1951). Gri-ffiths (19&) reported no ehanges i¡r ttre

absorption maxi¡na Ín the region of 290 to 30O n¡r raiüf¡ either phospho-

rylated or non-phosphorylated NAÐ derivatives"

In the presenù i^nvestigatÍ.on, ATP-Pi effect on N"AD klnase was

obsen¡ed by both the fluorLnetrie and spectro¡*rotometric methods

(faUles JryII snd JWIII, and Figs. XI c and d, respectiveþ), and con*

film tt¡e findings that NAD kj.nase activity in s¡treat leaves io regulated

by ATP-orthophosphate }evels.

r I ",?,4pp{Fs{T 
? N,AD KINASE Agf Ïrffrr-SFmcüt0pr{0T0ltfrI,r, IC ¡qrHoÐ

Some of the results obtained by this nethod are given in Tab1es

IX a, b and c and Figures LI erbrcrdrerf, and g and are discussed briefþ.
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TABLE XÐ(. The effect of
benzimi dazole
tem..

orbhophosphate, ATP and
on isoeitrate dehydrogenase sys-

Reaction sysùem
Absorbaney aü 340 qr

after 1O ni¡utes

Control* (0.2 pnoles NAÐP)

+ Nicotinanid" (eO pnoles)
+ ATP (10 pnoles)

J- Pi (10 pnoles)

* benzi¡nidazole (1.6 x fO-z¡t)

Ìrith l[AD (0.2 pnoles)

0.58

0.58

o.5g

o.5g

0.58

0.ol

# The reaction syste'n contai.ned i;he fol].owing components in a final
volume of 2 mI: Tris-I{ClrÊI ?.5, t6 pnolesi tr{€Cl.r I pnoles;
isociÈrate, 1O pnoles; and isocÍtrate detrydrogenáse I ng protein.
The reaction was sùarbed ¡titb 0"2 pnoles of Nd,ÐP solution and the
increase in absorbancy aÈ 340 q1 was recorded for 1O mìnutes.

TABTE ïXs,. $peclffcity of ATP as a phosphate donor for
iapparentt llAÐ ki¡ase activity"

Phosphate donor
Absorbancy at 340 er

after 1O ¡dnutes

ÀTP (l$

AÐP (¿o

Alp (¿n

Grp (¡
urP (5

pnoles)

lmoles)
pnoles)
pnoles

pnoles)

a.275

ooo

0.01
0.028

0.048

The reaction systen was sffne as given
NAD kinase assay. EËzJme preparaùion
leaves, rras used.

i¡ rMethodsr for oapparente
fron fresh\r harvested

GTP =
UTP :

guanosi.ne triphosphate
i¡ridine triphosphate
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TABI,E gb. The
NAD

effect of i¡rhibitors on rapparentt
kinase activity.

Ir¡hibitor
Ooncentration

(final)
Inhibition
É control

Potassir¡m cyarride

Na-P¡rroPhosPhate

Meta phosphate

NAIET

Ðicunarol

Sodium fluoride

Orthophosphate

ADP

5.0 x

5.0 x

-?TO -M

.?
L0 "M

80.00

16.00

7.OO

100.00

I00.æ

0.00

o.00

48.0O

ó8.00

-?xlO-M
-txlOn{

5.0 x lo-qt{

6.0 x ro-fur

2.0 x Io-q'r

5.O

2"O

5.o x 10-fo

loo x lo-fuf

The reaction system r,ras the same as given for Table TXa"
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TABLE XXc. The effect of orttrophosphate on lrIAÐ breakdown
in the presence of enzürxe preparation from
fresh\r hanrested leaves.

Á,bsorbancy a¿ 3/lO ¡ap

trz¡nae assay Expt.lüo.I, Þcpt. No. Tf
control +Pi control +Pi

N.å,Ð kinase O.13 O.O8 0"149 0"065

N.+lD left
(alcohol detrydrogen¿se assay) O"Z5 O.zh O"jj o,57

Total NAD used 0.38 O.3Z O.ó9 O.63j

NAD lost by en4¡matic
breakdown 0.1É O. j4 O.I3 O.2O

AJ.cohol detrydrogenase
control (0.4 pnotes NAD) .. .. 0.8ó .o .o o.g3

ì* Pi used = 5.o x 10jM. The reaction ¡¡as observed for NAD kinase
acùivi.ty for ro ni.nutes, NAD teft Ín the system was then reduced,
by alcohol dehydrogenase system..



FIGURE XIe" Ir¡tribiüion of tapparentr NAD kinase by
ki¡etin in ühe reaction systen.

FIffirnE XIJ. Inhibition of tapparentt N/rÐ kinase by
benz'inidazole i¡ the reaction system.
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FIG{IRE flg, The tapparent¡ NAO kjnase activity as
measured by glutathione reductase assay.
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As shor'¡a in Table lüa, ATP uas for¡nd to be the onþ nucleotide which

showed the actívity as registered by twbidity. Tt¡e lapp¿rentt

actiuity was inhiblted by poùassium cyaruide, sodiun p¡rrophosphate,

metaphosphate, orthoptrosphate, ADP and ![ADH i¡ the reaction systm

(Tab1e l0lb). NASH has beea reporüed to be a specific conpeüitive

ir¡tribitor of NAD kinese (t¡a¡,S and Kap1a,n, L95l+t Wang, L955t lananoto,

1,9ó6b), ùich ler¡ds sup¡nrt to t't¡e argrrnent thå,t tapparentr !üAÐ

kinase activity na,¡r have sone enz¡rnatic significance. Figure XIa

shovrs the optinun pH for the rapparenù¡ activity. The effect of

ATP concentraüfon on tbe rapparentt acùivity is shonn in FÍgure bn

the kineùícs of tt¡ich suggest that AfP nay be a regulaùory factor

for the activity" As ner¡tioned previousJ¡r, tbe inhibition of tt¡e

acüivity by orühophosphate and its reversal by ATP, are sl¡own Ín

Figures XI c and d respecüiveþ" These results are sim:iJ.ar to those

obtained by the fluorinetric method using enulme preparations from

lyophillzed leaves floated on benzimidazole solution for 24 hours

under conüinuous fLluninat,lon of 850 fÈ-c. Figures XI e and f sùrow

tbe i¡Ìtibition of the activity by laneùin a¡¡d benzi.uidazole solution

respective\r. the data fn Figure XI g provide evidence tbat, at

least part of ühe increase i¡ absorbancy at 3i+O íqt, was due to NADP

reduction ar¡d not conpleteþ due to the turbidiüy developed in the

reaction systen, as shou¡n by the use of glutathione reductase systen.

C']utaühione reduetase s¡rsten is not specific for NADPH, buü does

react wi.th t{AÐH very s}owJ¡r, Io thls i¡rvestigation, the aboorbericy

produced ln the NAÐ kinese systen in t'he absence of either isocitrate
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o¡r isocltrate deþydrogenase or that possibþ produced, by the

reductlon of NAD t'o NADII in the prosence of the cn¡de enqJnne prepara-

tions used for NAÐ kinase assayr ¡rras noÈ decreesed by tbe use of
gluüathione reductase assasr (not shown in the Fieure). rt is suggested,

fron the data (rie. xr g) ùhat ühe parbiaqy pr¡rified enzJme ( o ro u5fi
amnoniun sul8aÈe fraction used for the assay), ¡ras able to 6ive the
rapparentt rate of 0.043 pnoles (neOp) per 10 miautes per O.J rng

proüein (5fó nq¡notes/hour/ng protein). These values are almost j.7
times greaùer than ühose obtai¡red by tbe fruorimetrÍc method (ço qmoJe s/
hour/ng protein)(taUle XIV).

spinach or tobacco leaf NAD ki¡ase activiÈy was reported to be

optixn¡n at pH 6.8 (lanarnoto, tg6ób). AÐp has been sborvn to {nhibit
pigeon river NÁÐ kin¿se (wane a'd Kapran, Lg5r+t wa'g, Lg|¡Ð. wang and

Kapra¡r (L95ù reported üre specifieity of ATp as a prnosphate donor

for pigeon llver NåD kinase. S.imilartJr, yeast NAD kinase has been

showa to be i¡t¡ibited l+1É uy sodir¡n p¡rrophosphate at a concentration
of, 2'0 x Io-fo (Kornberg, 1950). .&rr these resurts strougry suggesÈ

theù the rapparentr actÍvity has some enz¡matic signi-ficance.

since ort'Ìrophosphate intribited ![AÐ kinase aetivity, it was

speculated that ber¡zi:nidazole ßight be operating by influencing ortho-
phosphate Jevers i¡r reaves wr¡ich Ín turn influenced, the NAÐ kinase
systm" {sserdingly, e:perioenüs were r¡ndertaken ùo deterrulae ùhe effecü
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o¡ 6s¡¿imidazole on the endogenous levels of orthophosphate i¡ utreat

leaves. In the prelirnina'y e:çeriments (by the spectrophotonetric

nethod) it was noùed that tbere was considerabþ less activity in

older than younger leaves" SÍnce it v¡ould be e:rpected that ortho-

phos$ete levels would jncrease vritb tager, prirnany and secord.ar¡r

leaves were also tested for orthophosphate levels" The results of

these e>çeriments are given in Tab1es XJGa and b and NïII"

The effect of ragel.lbe effect ef ?¿ger on orthophosphate levels

of prinary leaves of Selkirk and Khap1i wheat grown uader greentrouse

conditions, is shovm in Table XXIa. the data indicate that there

Ï¡as an increase with ¡age¡ i.n the orthophosphate content of, leaves

and Khapli r'¡he¿t showed ¿ higher Rl (orbhophosphate) content ttran

Selkirk wtteaù, hiheaù seedlings groln rrnder greenhouse conditions

showed fluctuatÍons in Pi levels in responso to changes in dalJ.y

lighù inbenslties.

The d¿ta in Table llb sù¡ow orthophosphate ]evels of, primar¡r

a¡¡d. second,ary leaves grown ur¡der controlled conùitions at 2Jo under the

Iight intensity of I50O ft-c (fó hou¡s photoperiod and I hor¡rs

dar{cness) " Iù ís evident f'rom the data thaÈ ùhese leaves strorded lor*er

levels of Pi wt¡ich were fi¡rther found to be lower in pri-mary tha¡r i:l
secondar¡r leaves"

Tbe reaction fn photophosphorylatlon is ADP + Pi = ATP" Thus,

Èhe levels of orthophospùrate in }eaves subjected to light are erçected

to char¡ge with changes in the rate of lcyclÍct or taqn*syçli6?
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ÎABLE ffiïa. The effect of raget on the orthophosphate
content of uf¡eat leaves variety Selklrk or
Khap1i.

pnoles Pi- per gram fresh weight

Sellcirk Tüheat Khapli !üheat

il
Age in

days
E¡<pt.l{oo

ïil
Þcot.No.

I
L2

L3

14

15

27 "67
18.4ó

31.05

3L"57

30"59

3Q"59

29.65

30.59

33.1+3

22.26

2h,"71+

3Q"59

33"1+7

4Q.73

32.5g

32.75

29"50

29.58

the .seedlings -r,rere gqo_um .un{e¡ greenhouse condüions.
(natural d.ay-l].gnL r-l I rìnr-natr-on/ "

TABï,8 ïXfb. Ortkrophosphaüe content of prirnary a.nd
secondar¡r leêves of vrheaù gror.rn in the
growbh cha¡nber.

Age in
dafs

Selki¡k WheaÈ

F,rimary Secondary
leaves leaves

Khapli Wtreat

Fri.rnary
leaves

Secondary
leaves

I
9

10
1e

u
L5

8'79

9.63

12.ó8

LO.26

12.01

L6"69

22.tß

2]-"94

11.08

JJ"53

12,58

13 "l+7
l3.73
tg "74

18,?1

18.óO

itlheat seeèlings
150O ft-c light
ness).

Wefe gfOr,rm in
intensity (16

the growbh chamber at
hours photoperiod a¡¡d

21o r¡nder
I hours dark-
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TABLE XXII. The effect of benzi¡ridazole and light
on the orthophosphaüe levels of leaves
(sett*-rt r+heat),

Iot No.
ï¡trheat seedlings grown at
ft-c (1ó hours phoùoperiod

IÏ

å,ge in days

pmoles Pi per gran
fresh weigbt qf immsd-
iately deùached leaves,

n.5 22.O

Leaves floaùed
onJÉ

Water

Benzim'i dazole J-

Lot No"
ï

25.26 23 "t+

r"4 o.g

26"66 ?h.3

0.9 0.ó

?4.3 l_9"1

Dar&¡aess
Loù No,

J- 1I
25.26 z3,t+

L"2 o.g

26.116 2h.3

25.26 23.h,

0.åg o.ó

25,75 ZI+"A

Leaves 23.1+ L7.5

Leaves

i,fediu¡l

Total

Mediun

Tot,al

J+ ûr¡e grarn leaves from each lot were froated on r50 nr of either
r¡ater s3 þsnzimidaz,ole so;Lution for ?A ho.¡¡rs ur¡der conti¡¡uousjJ.}¡¡aination of 850 ft-c or j¡ dar}ness.
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photophosphorylation. An lncrease ån Pi content Írith r¿ger Eråt

possibþ be due to a decrease jrû photophosphorylaùion as a result

of physical or physiological changes such as, the crowding of leaves

or impairuent of the chloroplasû structure. Ttre rate of photophos-

phorylation has been shown to decrease uith ?aget (s¡ntrrle ¿¡¡4

I(rotkov, L959) and tagingr ùissues have been reported. to accumr¡late

Pl32 ro"u is¡to i¡organÍc than in the organic forn (Bieleski and

Iati.es, 19ó3),

Tþe effect of benzimidazole ead light" Ir order to stud¡r Èhe

effect of benzinidazole on the endogenous revels of orthophosphate,

pri-mary leaves of Selkirk wtreat grow¡r r¡nder controLled cor¡ditlons

at 2to under two different rtght, intensíties of, B5o ft-c arrd 30@ ft-c
(16 horrrs photoperiod. and. I hours darimess) respecÈivel¡r, were floated
on eitt¡er r¡¡ater or benzinidazole soluùion tor 2h hours under conti¡u-
ous irluei,nation of 850 ft-c. lt¡e control sets were float,ed for 24

hours in darkness. The resurts of these invesùigations are given

in Table J$Il.

The data in Table JC)LIÏ shor+ that leaves initialþ growr at g5o fù-c
(rot r) showed a slÍght, decrease whereas, those grovrn at 3@o ft-c
(fot' ff) shor+ed. a¡¡ increase in orthophosphate content wtre¿ floated on

water tot 2A hou¡s. However, there was no further change observed in
leaves floaüed i¡a darlsßess" On the otber hand., benaimid,azole treaüed

Jeaves fron both toü r and rr sÌ¡owed a d.ecrease in ortt¡ophosphate

Ieve.Ls when e:posed to figþt but not in darkness. This rbenzi¡midazole
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effectf was more pronor¡nced in leavee (Iot II) i¡xitialþ gnonn at

hi4her Light intensíty (:OOO ft-c, ló hours photoperiod rritb I houre

dar:kness) n Leaves floated on nater i¡ eíther frght or dar'kness, shoned

a greater loss of orthophosphate in tl¡e floating medlt¡m than those

floaüed on benzimidaz,ole solution. Tiuis loss naSr be due to pernea-

bility changes in leaves senescfng on ¡rater (Sacher, L966)"

Thus, a decrease in orthophosphate levels of leaves floated on

benzinìdazole soluti.on uader continuous llluni¡ation, nqy be due to

the increaee fn pbotophosphorylation as shor¡rr in Section fI (fables VI

ar¡d VII). The increase Xn photophospùrorylaüion in these leaves nay

account, for a J.ow PL/ATP ratio r*¡ich could i-nf,luence $IAÐP synthesfs with

a resultalxt increase in NADP(H) conüerrù observed by other vprkers

(uisUrarlgó3¡ llaygoo¿, 1965; Godavarin l9óó)"

Pnlnary leaves of Selki¡k lù¡eaù showed 1.ó x f0-&f orthop[ros-

phaùe per nl fresh juice, lùieh appears to be sufficiently hieh to

fut¡ibit NAÐ kÍnase completely" It is, bowever, possible that the

astivatj,on or inhibÍtÍon of NAÐ kinase nay depend on Pí/ATP ratio at

the site of NAÐP s¡rnbhesis (e.g. in chLoroplasts) and benzlmidazole

treat'nent nay influence ùhese levels with a resulta¡rù süLnuLation in

NAÐF oyatbeeis in leaves e:qlosed ¿q light" As reported earlier i¡ ùhe

Review of Literaür¡re, the NADP/NAÐ ratio undergoes dir¡rnel changes in
green leaves 

"o¿ 
eìgâr wùren oqlosed to alterrnatiag 1igþt and dark

periods (m-i¡a¡na and Miyachi, 19ó3, Ogren and frroepaún u Lg63ilg65¡

$fishra, 1963) and ùhis ratio changes during senescence (Uistua, Lg63t

larnanoto, L963). It is thus, possible that changes i.n Pi-ATP levels l¡
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light and darl¡¡ess or during senescence conürol N"{þP synthesis i¡

leaves.

IV. NAÐ A}üD TüADP(H). BFÃAKD@IN BT WHEAT UflTF E!'IZE{E PR,EPABAIIONS

Investigations on NAÐ ard î{AÐP(H) breakdown Ín the reactisn

system usd fsr Ì{AÐ k''aase actlvity, were pronpted by the fallure ùo

obtcin N.AD kinaee aotfvity by a two-etep noaotion of Kornbon6 (1950).

There wae a 15 to 40É breakdown of, NAÐ or NAÐP(H) wt¡en used rrith

the en4¡me preparations from lyopü¡-ilized f,eaf por*d.er, The restrlts

of NAD aJrd üIAÐP breakdov¡n in tbe conplete reactlon system (contaí.ruing

nicoti¡¡aøide and sodium fluoride used, to ixbibit tt¡e breakdown of N.AD

and ATPase actiultyo respectÍ.velil¡ (Wa¡rg and Kaplan, L95l+t Greerrbarrm,

et aI.¡ 19ó5)) Uy tt¡e en4me preparaüions from lyophili"zed leaf powder

are glven in Tab1es llUII, Ð(IV a¡¡d l0$ wtrereas, those frcm frestrl¡r

harvesùed leaves ar"e given in Table J(XVI"

Breakdo¡*n Êctiylty i"n .senesclne.lepv.es" the rate of NAÐ or

NÂÐP breakdo¡m jn leaves floated on eithor nator¡ þ6¡zimi{¿zo}e or

ki¡etin solution for lÉ hor¡¡s under continuous Íllunlnation of 850 fü-c

is given in table NXIII. The enapne preparatíon f,rom le¿ves floated

oo benzinidaøole soluti,on for 2/+ hours ur¡der siuìiJ-ar conditions was

used as a control"

The data l¡ Table XXIII show that ttrere kras an i¡crease ut¡ich was

more pronounced f,or NAÐ.P than NAÐ breakdo¡¡n¡ in leaves senescing on

water or beazimidaz,ole sofuti.on .for l+8 hours. Ki¡etin treatoent prevenüed
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TABLE XXllI. NAD and NAÐP breal¡down in senescing
Ieaves.

Enzyue
preparation

É loss per ng protein
,_ per 15 ni¡utes
NAD NAÐP

ïncrease i-n breakdown
É control

NAD NAÐP

Control (benz'imrda-
zo].e (2&) ).*

water (48)

Ssnsimid¿zole (49)

Kinetin (48)

h6.o

62.o

56"O

l+1.0

3r.0

58.0

45"Q

39"O

(0.0)

34.o0

21,OC

(0.0)

gó.o0

lr,5.0O

2ó.00

l(- The enz¡ngre preparations used for NAD kinase assaðr in lable XV, were
used to stud¡r the rate of NAÐ or NADP breakdov¡n by spectrophoto-
metric method given in tMeùhodst"

TABLE )Q(IV. The effect of benzinridazole, kJneti.n, AÞ1P and
ADP on the en4roatic breakdown of NADP,

Ø loss of NAÐP
Incubation time in ninut,es re

Conplete systen;É

+ Bz (8.0 x ro-\.r)
+ Iff¡ (5"0 x ro-til)
+ Atvip (Z,j x fO-3M)

+ AÐP (z,i x ro{¡t)

22

?2

22

I9
35

28

28

28

28

3o

'|É' The reaction systæ was the sane as thaù given in tMethodsr. 0"9 ng
protein in the enzJrure preparation uas usedo The incubation r^ras at
roon temperaüure"
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TABLE UV. The effecÈ of orthophosphate on tf¡e en4yrnatic
breakdo¡rn of NAD a¡rd NADP-fluorj-netric êssaðr.

Relative fluorescence
subsira.r,e tmoles broBen

Control *Enz¡rare +Pi"^r,'rith enzJroe Eazy:me Pi

NAD (0.2 pnoles) 39 39

NADP (0.2 pnoles) l+S le8

36

h4

0.0 0.015

0,0 o.ou
x'Er¡zyme preparation shouring the ]-east anount of breakdown activity
r.¡as chosen to study the effect of inorgantc phosphate on the
enz¡rmatic breakdoürn of NAD and NADP" The en4¡rne contalned O.p ng
protei¡ ín the reaction systæ. used for fluorinetrÍc assay.
Incubation ti¡re 3O nd¡¡utes at room Èermperature.

¡-\lsPi used in f0-fuI fi¡ra]. concentraiion,

TÅBI,E XXIII The enz¡rnatic breakdown of NADP(H) Uy teaf an¿
chloroplast preparations fr.o¡n fresh\r harvested
leaves.

Source Incubation Boles recovered Breakdown
of tj.me NAÐP NADPH É control

trzy:ne (ninutes) ffi-ñzlme @ NAÐP NAÐPH

tJheat leaf 0 O"22 0.03 O"25 0.12 8ó.0O 52"O

Supernatant L5 O"22 O.O o. o. 100.0 ó.

ChJ-oroplast
suspensi.on L5 O.22 0"15 .. o o 3I"OO . o

Reacüion sysÈen ar¡d condiüions v¡ere ttre sane as given j¡r sMettrodss.
&rzpe preparaülons fron fresh\r harvested leaves uere used (O"l- to
O.2 nl).
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NAÐ breakdo¡n a¡d reta¡ded l$AÐP breakd,owr¡ as compared to the controls"

The increase in the rate of NAÐp breakdo¡nc 1n senescing leaves floated

on water, nay be responsible to a certai¡ extent, for the J.ow NADP

content obserrred j¡ these leaves by other workers (Mishra, tg63¡ l{aygood,

L965).

The, effect of bgnzinldazole. Si¡etil¡. Atr4P and ADP_on tt¡e

enarmatlc brealcdoqo.f_ I{ASP" I\¡tt¡er øçer5-nents rrretre eor¡ùucted. to

investigate the effect of benzj.n:idazole or kinetin solution on ùhe

rate of the enz¡matic breakdo¡rn of NÁDP by wheat leaf enz¡nne prepara-

tions" ÁÐP or AMP were included in the studies since both t!¡ese

nucleoùides were shorrm to int¡ibit N.AÐ kinase activity (Wang ard

Eaplan, L95ht Wang, L95Ðo The data in Table )tIV st¡o¡r that the IrIADP

breal(dowr¡ was neither j¡bibiùed nor activatd by tbe presence of

either þe¡¡øåmldazole, kinetin or åMP in the conplete reaction

sysüem. AIIP, hor.rever, showed a slight activation in the rate.

The -effect. of orthophosphate on tþe en4matiç_Þre¿Hovm of,

NAD ar¡d NAûF-Fluorinetric nethod" Preli.ninarJr øæeri¡nents on the

rspparentt NAÐ ltrnase activity by the spectrophoüometric nethod

inùiaated that t'here w€ts a sligþt activation of NAD breakdorvn by ortho*

phosphate i¡ the reaction syetem. Ttle results of these eryerÍnents

are given ln Table XXc, It uas, therefore, decided to cÌreck these

resulüs by the fluorinetric method. the resr¡lts of tt¡ese investiga-

tions given l¡ Table ffitf sho¡r that the enzürm¿üic breakdown of $IAD(P)

was slightþ activated by orthophosphate (m-fo). HoneyeF, thi,s
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tions also showed t'he NADP breakdown aetÍvity, utrich $¡as less ùha¡¡ tl¡at

of, leaf preparaüions (supernaÈant fraction). The results erylain the

fai-lu¡e to obÈ¡in a¡y NADP synthesis by a two-step reaction nethod

(Korrnberg, 1950) used for NAÐ kinese assaùr tn the preti^ai-nary erperi-

nentg.
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Ii is reveaied from fhe foregoing resuits j:hat detached v¡heat
ì,

l-eaves re'baineci ihe capacity io incorporate l-eucine-Ct4 i-nto cyLoplasnr-ic

proi;ein for a period of J ciays. Benzimidazole and kinetin treatmeni

enhanced leucine-Ct4 in"o"poration Ínio Ì;otal }eaf prot,ei n by 93¡"i and

Bgli respectivei-y (Table fI, colurnn 8), as compared to ihe increase of

59îí in leaves floated on v,¡ater for the entire period und.er observation.

Thus, benziriidazole a:rd kinei;in ireaimeni; showed an over-all increase of
tl

3t+ii and 30Í res;cectively, in ieuci ne-Ca incorporation and reiained. high

protein conieni as co:npared to leaves floated on rçat,er, These resul-ts

provide a d.irecÌ; evidence that benzi'rdd.azole (or kinetin) *r,reatnrent

naintained high l-evels of proiein by acceferation of protein synthesis

and noL by inhibiiing its break do'n'nu The lower specific activity or the

oe:' ceni recovery of radioactivi-t¡' into c¡-r,oplasm-ic protein of leaves

floai:ed on '¡rater under si;ailar conditions rna¡¡ be due to the dilufion of

iabelled leucine in ihe solubie amino acid pools which have been shown to

increase in 'ohese l-eaves (Sa;irborski, et gf ., 1958; iriishrarLg63)" Ii; is

also possible that most of the leucinu-Ci4 rnay be associated with the

solu"ble aaino acids local-ized in the metabolically inactive pools such as

vacuoles or other cytoplasmic inciusions (Oaks, I965a) and j-s unabie to

parÌ;ici paie in protein s;mthesis, Benzi-r-nidazole or kineiin t,rea'r,neni, on

the o'uher hand, may conirol the size of metabolically active pool or

iransporL ihe accu-mul-ated ainino acids fron ihe inacLive to active pool

essenfial for protein synthesis"

The observed. increase in l-eucine-Cl4 ir."orporation into ihe protej-n

conlenl of leaves fl-oa'r,ed. on benzj:ni-cÌazole (or kinetin) solution inay

result from t'l'¡o possible nechanisms; (í) activalion of protein synthesizing

-Ll-o
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nrnsôif.-¡ ¡nd lii\ inhii-riiinn n1"*-- r--./ rrr¡r¿ururvrr vr êr:l.ifiopepiridase enzymes '¡¡hich caiaWze

ihe breakdoi^¡n of ;ceptide J-inkages " For llant of adequate evidence, it

is noi possib-l e ùo postulaie r*hich oÍ these two inechanisns accounted for

the increase in specific activii;y of leucine-Cr4 which appears io be real-

on i:he basis of hieh protein ievels ¡nainiaineci in'r,hese ieaves (ta¡te I)"

Ài-i;hough a fraciion of radioactiviiy recovered in the protein fraction

ïoay be due to exchange reacLions ('u,Jebsi:er, L955) or iransaminase reactions

bet'¡¡een leucine and relabed amino acids such as valine, isol-eucinee nor-

ieuci ne or pher:ylalanine (Fincha;n and Boul'r, er, LJJ6), the increase in

specific activii;y appears bo be sui¡staniially due io new protein synthe-

sis in i;his tissue in a sinílar rrÍay as that reported. by Oaks (l-9ó5a) in

na1¿e rooi: iips. Any increase in specific activii:y of l-eucine-Cr4 due to

bacterial confa.rnination in benzj-nidazole 'r,reated leaves is com.pletely

excl-uded on the basis of the bacteriostaiic na'r,ure of benzi¡nidazole solu-

i;ion ('v'toitiley, 1t!¡) "

Ilaize roo'r, tips r,rere shov,rn

rapidiy into ì:he precursor pool

s¡zrtlresis (oaks, L965a)" .A-fter

the radioaci;ivity ¡'¿as recovered

a corresponding decrease in i;he

to incorporate exogenous feucine-Cr4

of amino acids active in Pro'Lein

a J-ag of 6 rn:inutes, approximaLely 73Å of

in the alcohol insoluble fraction wiih

al-cohol soiuble fraciion. The preferen-

ùial upi;ake of exogenous ieucine-Ctu by the excised tissue rvas reported.

bo be due to the inhåbition of endogenous l-eucine sSrniþesis (Oaks, 1965b),

as ihe syirthesís of leucine, threonine, lysi-ne and arginine from

aceòate-2-$ta fed to maize root ti'pse ì{as shor,¡n to be inhibii:ed by the

supply of the respective a¡n-i-no acids to the reaction system.



1l_8

In excised r.¡heat I eaves fioa'r,ed under continuous illu¡nination,

there are tr,,ro possible sources of amino acid available for protein

synthesis; anr-ì-no acids derived fron protein breakdo¡m andtthose

s¡mthesized under the i-nfluence of right" i{ellebust and Bidwell (19ó3b)

repori:ed thai' j-n ai;tached wheat ieaves the anino aci-ds used for protein

synthesis in chloropl-asts during photosynthesis, v,¡ere from smal-l pools

of amino acids ùhat recei ved carbon direcLly froni the nev,iþ photoassimil-ated

carbon" It is possible ihaù benzj¡ridazole or kj-netin treatment, through

its protecti-ve effeci on chioropJ-asts (ilaygooc, rg65; shaw and. l.[anocha,

L965) and chlorophyll pigments (tables IfI and IV) ret,ains the capacity

of ieaves to synihesize arnino acids and proteins (rindreyeva¡ 9i e1." u Ig5Lr;

Hel-lebusi and Bídr'¡erf, l-9ó3b) and to synthesize ¡i.TP durirg photosynthesis,

The accumul-ai;ion of alnino acids in kineiin treated areas of iobacco

l-eaves','¡as shor,¡n to be the Eresul-tr and rroi the ecauser of protein synthe-

sis (ltothes and Engelbrecht, l-961-).

The failure to obtain argr increase in l-eucine-C]4 ir."orporation

into chloropiastic protein o.f leaves floateci on benzj¡aidazol-e solution

inay possibiy be due io, at least three reasons; (i) benzimidazol-e i;reat,-

ment did not accel-erate protein synthesi-s in chloroplasùs but only protected.

its breakdou¡n to a certain exbent, (ii) tne exogenous l-eucine-cl4 f"d to

excised ieaves ','ras noi available for protein synthesis in these organelles

due to permeabiliiy barriers or (iii) the ne'r,rly syn'thesized protein

contalning radioact,ive leucine -øas losì; from chloroplasis during the

isolaiion and extraction procedure (Bidweil, l966), ¡Jased. on the first

tr'ro assu,nptions it is j-ndicaied that of, aü least, i-r¡¡o different sites

involved in the cbenzilüdazole effecLs in delaying senesoence in wheat

leaves (-riaygood, L965) fhis parùicular effect of benzjr¿id.azoie (on

proLein synihesis) resides outside 'r,he chloroplasis,
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Investigabions on photophosphorylaiion of wheat chloropiasts showed

i,hat benziinidazole treatment increased the endogenous raie in leaves

floated under conùinuous illuminaiion for a period of 3 days. This rate

was furiher increased by the addition of ephosphodori¡e fraction, to the

reaction systan (ta¡te Vt). Furthermore, benzjmidazofe treatment also

res'r,ored the capacity to photophosphorylate, aù leasi; in the presence of

tphosphod.orin?, in }eaves senescing on wa'uer for 3 days (Table VII). The

increase in photophosphorylation by chloroplasf fragments frorn leaves

treated l,rii,h benzimidazole t mW be due to its preservati'¡e effect on ihe

fine structure of chloroplasts (l'la,ygood, Lra65) and tphosphod-oxinv (figure

VIII) es i"¡el-l- as NADP coni;ent (i'{ishra, tg63; GodavarirLg66), both of r'/nich

act as natural oofactors in photophosphorylai;ion (Btack q! ê_I,, L963; Arnon,

ei al,, 1958)"

The ì;endency of chloroplasts, isolated from ieaves floaled on irrater,

to shor,,u' a decrease in photophosphorylation may be due to eíther the loss

of chl-orophyll pigmenÈs, fine structure, ephosphodoxin.? anri NADP content

or an i-ncrease in hycirotybic enzgmes such as, phosphatases, Roberts (L956u

L963) reporied the presence of a group of phosphatases in nrheat l-eaves with

a narrow substrate speeificity" Investigations conducted in this laboratory

(eatnat and Waygood) suggested a 92i4 íncyease (over zero time controls) in

glucose-ó-phospha'r,ase (EC 3"L,3.9) activity associated. with r,+heat chloro-

plas'bs fr"om leaves senescing on vrater for 6 to 7 days" Benzimidazole and

kinetin Ì;reatment, ho','rever, prevented this increase by 77'Á, It :nay be

noted that in ihe present j-nvesLigation, ËTú2 formed in phoiophosphorylation

rias trapped. as glucose-6 -ú2 ,rnf.h may account for the fajl-ure to recover

any radJ-oactivity in the organi-c phosphate fract'ion in chl-oroplast pre-

parations from leaves senesci-ng on i'¡aler fov 3 days or m'ore,

The radioactivity recovered in the organic phosphate fraction may
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resuJ-t .froro ùhe exchange beiween endogenous ÀTP and r:-32 supplied. and

need not necessarily be due to photophosphorylation, Hoi,rever, the

experimental evidence reported for s'oriss chard chloroplasis, suggesis

the absence of such exchange reaciions in chl-oropiasts (Jagendorf and

Åvron, l95S; .{vron, L96l+), Swiss chard chloroplasts also cÌid not
2a

show any exchange reactions betr+een AIIP and I\T/t in the absence of

ATPase activity (¿v-ronrl-961). l,iheat ch3-oroplasts, however, possess

ac't,ive ATPase (la¡Ie --t-X), .qnpase or non-specific phosphatase(s)

(:tabte XI) and it is possible that some of the label- ot ¿tp32 may have

been iost due to these aciivities even though dicumarol was shourn to

arrest ATPase activíty ùo an appreciable extent (ta¡te V).

Ilenziuid.azole (and kinetin) treatment resul-ted in j-ncreasing the

ephotohydrr:lyti çt activity as i,¿eli as the activity present 1n

darkness in the complete reaction syst,ern used for photophosphorylation

(tai:te XII). rì. d.ecrease in this actívity in chloroplasts .from leaves

senescing on water and its dependence on higher Ìight iniensities with

eageî sugges-b its rol-e in syir'ì;hetic rather than degrada-i;ive processes.

The light-induced ATP-ase activity has been shor^¡n -r,o be associated wi|il

ihe conforrnational changes of chloroplasts und.ergoing electron transfer

and ;ohotochenúcal reactions (Packer, ei; al", L963; Dilley and Vernon,

L96h), suggesting i-'us dependence on fhe Í-ntegrity of chloroplasù

stru-cture" The rphotohydrolyùict aci:ivity as measured by the dj-fference

in i;he ra',,e of orihophosphate liberati on in lighl and darkness, ín a

nOmnlei,c i.e¡ei,ìO' ^tr¡*aa ^-rrn-aÄ 
r^ l^" ì'ì^Ì.: 'ih+^*^'ì+=- í¿ ^ "f.Ciefuvllt,uJ-çuv r çouurvll ÞaVbtreilt Y¡-iJ(JÞçLr iru JU!'\, IJ-ËII u .L.[luvl'lÞ!uJ \roüø ul

conditions of negligibte light-ind-u.ced ATPase activity), rnay serve as

a 'bentative rreasure of photophospho:"ylation in systems such as wheab
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chloroplasts i+ìrich are not very suitabLe for photophosphorylation

studies (ta¡le X:--I, !-ig.VII)" These raies resernbled i,hose of

photophosphoryla'Lion, in r^¡heat chl oroplast fragmenf s from senescing

- 
,- . a 

----\Ieaves ('l_'aÞIe vIl-/.

Photophosphorylation and I{AD kinase activity are close}y

interrelated" High levels of I{AD have been shown to induce senescence

in i'/neat (Godavari o L966) and Elodga leaves (Yoshida, 1961) and benzi-

midazole ireatnent has been reported to reverse INAD effectc in wheat

or Elodea leaves (C,odavari, L966). l{ith ihe naintenance of ATP

generating sysfem benzi¡ridazole treatneni; controls the level-s of

orihophosphate (faUte XXII) and ADP (l.{i-shra, L963) in l-eaves e>posed

t,o light and provi des energy for ITTADP s¡mthesi-s wiÌJr a correspondirg

decrease in l'lAD l-evels " NAD kinase activity was invariably more in

benzin-idazole treated .l-eaves and in I eaves grovm under relai;ively
t"; ^L ì ; ^t^+ -i -+ ^-1r¿ó¡r ¿rór.u rrruvrtsitlu Ogren and. I'rogmann (19ó5) studied fhe steady

state I eveis of nicotina,nide nucl-eotides in bean l-eaves e:çosed to

varying light intensities and shov.red thai: with an increase in light,

intensily from zero t,o 2000 ft-c, there was a decrease in NAD (from

Jf qrmoles to l-B mp:noles/pmoles chrorophyll) and. a¡r increase in NADP

(fron ! np:noles to l-7 nr¡-rnroles/anole chl-orophyll) as weil as light-

ind,uced ITADPH acclunulation (from I nrlrmoles to Ió :rrymol-es/pnole chlorophy-Ìl) "

The conversion of I\JÁD to IIIADP 'øas shor,rn to be .further increased -øith the

corresponding increase jn i;he light in'uensity (Ogren and. ikogmannrlgó5)"

i¡,iheat I'üAD kinase was inhÍbiied 50% oy physioJ-ogical concentraiions
-

(fO-'i,i) of orthophosphate (labie XVII) and. this inhibition T¡ras overcome
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by ATF (Îable xlrru) the fomer being üre substrate a¡d the Laùter

a product of photophosphorylation. rt is specrrlated and supporting

evidence is prorided that' benzinridazole increaees the ÌùADP content of

Hheat reaves by lowering the orthophosphaËe content (taule TXrr) due

to its stinuration of photophosphorylation (taules vr a¡¡d vrr). The

regulation of N.AD kin¿se by ortbophosphate/Atp ratio, is i¡
confomity with the obsen¡etions of otl¡er ruorkers, on diurnal cha¡ges

in NAÐqn$AÐ ratio in leaves oçosed üo alterr¡ating Light, and dark

periods (ogren and lûrogmann, Lg63; Lg6js oh-Ha¡na and Eiyachi, 1963,

tr{ishra, Lg(8i trSaygood, 1965).

I\TAI)(P) breakdown by enr¡rne preparations fron wtreaü leaves, wias

sligþtþ actÍvated by orthophosphaùe (r0-fu) (taules lotÌI a¡rd rxc) but

it was sot of a nagnitude high enougþ to accoturt for the i¡rhibition

of NAÐP syathesis obsenved 1n the preser¡ce of orthophos¡*rate. lhese

results, however, suggest ühe possibflity thet the synthesis and break-

donn of I{AÐP nq¡r be catal¡rzed by one and ttre sa¡oe enqnneo Forti, g! gL",

(1962) reporbed. that purífíed NAÐP(H) pùrosptraùase fnom pea reeves, was

intribited conpetitÍvely by orthophosphete (5 x fO-3U), wtrich nay

suggestr but does not prove, thaù both NaÐp(H) prrosphatase a¡rd IüAÐ

ki¡¿se activiüy nay be nediated by a single proÈein moietyo

The poterrtial for NAÐP synthesis i-n leaves dfd not appear to

cha¡ge appreci.ably úrith r¿ge? or benu,inldazole treatmenù (fa,Ufe XV) an¿

benz'i¡ìdazole per se (ro-3¡t) ix¡r¡ibièed slAÐ kinase (Tabre lilÆ), rcycrict

photophosphorylation a¡rd 'HJII reaetionl (Buchel, É gt.o Lg66). rt
is s'till uncertain uheüher the Íntast molecule or some derivative of
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beuziujdazole is responsÍble for its effect. Prelininary i¡vesLiga-

tions on the incorporation of benzin:ida rr'Le-Z^C4 i¡to ENA fraction

of dreaü leaves fed nnder conülrn¡ous i-Llr¡ninatÍon (for 5 hor¡rs at 85O ft-c),
gave negative results a-lthougþ, sone of the radioactivity nas recovered

i¡ the protein fraction (eatnaf< and i{aygood). !ùar¡S (195p) reported

similar associ.ation of radioaetivity r+ith the protein fraction of

leaves fed $¡'itb benai¡nid.a zoke-}-{,b and suggested. it üo be due ùo the

f,o¡mation of vitanrìn Brr-ILke factor. tr{ang, €ù al.r (19ó1) ft¡¡ther

reported that the Íntacù ¡nolecule of benzj.nidazole was required for

the ?benøi-nidazole effectt obse¡r¡ed in detached leaves and any sub-

stltuüion in either benzene or imi4azole ring was found to be phybo-

toxíc. Altt¡ougÈr no active netabolite of benzinidasole ltas been

recovered fron wt¡eat lemres, iü has been sho¡un Èo conpete with oraùate

for 5-phos,phate*alpha-D-ribosylpyrophosphaúe to fo¡rn benzinldaøole

nucleotide i¡ the' presence of enz¡rnes isolai;ed fron ¡¡heet obr¡ros

(lçapoor and Waygood, I9ó5a). Iü is thus poosÍble that some derlva*

tive(s) of beno.i¡n'idazole is responsible for its effect' on the

processes stuðied in the present i-nvestigation"
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This investigation was underi;aken to siu{y the effect of benzi-

midazole on ùhe synthesi-s of cytopiasmic and chl-oroplasì; protein, on the

rate of photophosphorylaiion and l{riD kinase activity of excised l'¡heat

leaves senescing under continuous iLlu-"nination. Beeause of its sj¡ri-

larit;r i:r action v¡ith benzinidazole, the effect of kinei;in on the above-

mentioned processes luas al-so studi ed in the present investigaij-on,

The salient results i¡r each section are as follov¡s:

1" tsenzi,ni'lazole (or kinetin) i:reai;ment acceierates protein s¡a,ithesis

in detached leaves rather ùhan inhibitine its breakdolr¡n"

2u The incorporation of leucin"-c}4 in-Lo crrtonl--u --.,*asmic protein is

enhanced by 3b"OZit and 29,827á respectively, in leaves 'ureated with

benzi-rnidazole or kinetin solution as coinpared to that in l-eaves

senescing on r¡¡ater for 5 days.

3" Senescing l-eaves lose chloroplast protein more rapicll-y than cylo-

plasndc protein and proiein iu¡'nover in chloroplasts is sl-owed dol,,in

lriihin 3 days of detachnent "

l+" Benzi:-aj-dazoLe treaLment protecis the loss of chlorophyll pigments

and chloroplast profein to an appreciable exbent but fails to

stimuiaie atry prote-in synthesis in chloroplasts of leaves senesc-

ing for more ihan I day under coniinuous il-lrrmination,

5, iihea'r. chloroplasts are unsui'bable for photophosphorylation studies

bui; give beti;er resul-.i;s rvhen treated -r^¡ith ascorbaie solution and

useci r¡iih dicumaz'o] in -the react-ion s.ystem"

6" Benzi-l¡r-idazole treatment enhances photophosphoryia|ion in whea-r,

chloroplast fragnren'r,s " The enhancement is raore pronoirnced 'when

ephoschodo.:cini is present in the reacij-on systen"
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Benzimidazole treatnent restores the rate of photoplrosphorylation

of wt¡eat chloroplast fragnents, at least in the presence ef rphospho-

doxi¡t, even after the systen. has deteriorated during senescence on

wabero

Benzimidazole (or kineti¡¡) treatment nai-ntai.nes the endogenous

tphosphodoxi.¡r¡ conüent at bigher Levels i¡ leaves senescing for 6

days under contínuous iÏLt¡ni:rafion.

The light-induced ATPase activity associated with wheat chloroplast

fragnents is stinulated jn ùhe presence of pherrazine nethosulfate

or irÐP in the reacti.on system ar¡d is decreased with tagi¡gr 
"

An j¡crease in rphotohydro\rbi.cr activity in response to jncreasing

light, intensity and its decrease "¿x¡ 
t¿gi¡.gt of leaves senescing

on water suggest a conelaùion between photochemical synthesis and

hydroþsis of ATP in chloroplasts. Benzimidazole (or kinetín)

üreatnent increasee ¿6u rphotohydrolytj.ct as weLL as the actlvity

present i¡ darkness in a conplete photophosphorylation system of

chloroplast fragnents from senescing leaves"

The difference in the levels of orthophosphate liberation in light

a¡rd dark period in the complete reaction systen erçposed to low

figþt intensity, may serve as a qna'litative measure of the rate

of photophosphorylation in syste.ms such as wt¡eat chloroplasts in

wt¡ich rphosphatasess actiuities predominaùe over photophosphoryla-

tion reacti-ons under high light intensiùies,

NÀÐ lcinase activity is demonstrated in extracüs of v¡heat leaves.

Ttre enzyue activiùy is i¡l¡ibited by physiological concentrations

lo.

11"

L2"
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(10-fu) of orthophosphate or by benzi¡atdazole (6 x fO-3¡,t)

solution in the reaction system.

13. The enzy:ore i¡t¡ibition by orbhophosphate is overcone by ATP

suggesting a regulatory mechanism.

14. $s¡2'imidszole (or kinetin) treatment does not alter the raùe of

NADP synthesls appreciabþ although, it prevents to a cerùaln

errbent, the breakdorvn of NAÐ or NADP in senescÍng leaveso

l;5, The enqymatic breakdoun of NAÐ or NAÐP by wheat leaf enq}'rûe(s)

is slightþ acÈivated. by orthophosphate (fO-1q),

ló, The breakdown of NAÐP i.s more rapid tha¡o NAÐFH breakdom by

r,¡t¡eat leaf enz¡me(s) "

L'1" Benzin'ïdazole treatment lol¡ers the orthophosphate levels in

excised leaves senesci-ng under continuous Íllr¡nination but it has

no effect on orthopkrosphate levels of leaves kept 5n darkness.

18. The rbenz'imida¿qls effecür on protein or NADP s¡mthesis of excised.

leaves appears to be ührough iüs protective effect on chloroplasüs

and acceleration of photophosptrorylation in leaves erposed to

light ruith a resultant, decrease 1n Pí/ATP ratio.
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