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of bean leaves (Phasegl-us gglgglåg L. v&r.r Brlttle llax) llrere

studled. Dlscs from flrst trlfoLlate Leaves were floated" otl

water, benzlmld.azoLe, benzyladenlne, klnetln, methlonlne, ethlo-

nine, nlcotlnlc acld., NAD or NADP elther under contlnuous 111u-

nlnatlon or tr"¡r darknêss r

under both cond-ltlons, nethlonlne had no effect on

senêscence, however, ethlonlne, an antagonlst of nethlonlnet

stlmulated. senescence. Benzylad-enlne, klnetln, nlcotlnlc acld''

NAD or NåDp showed chlorotlc effect on thls tlssue under elther

condltlon. In darkness, benzlmld-azole retarded senescence and-

overcane the chlorotlc effect of n1cotln1c acld- and" NAÐ' but

not the chlorotlc effect of benzylad.enlne' On the other handt

benzlmld.azole had. no effect under contlnuous 111um1nat10n.

rd' breakd'own of NAD, uslng carboxyl-I4CThe sYnthesfs and' breakdown o

labelLed nlcotlnlc acld. as precurFor' ln bean leaves followed-

the Prelss-Hand.ler pathway as'ln wheat leaves. Trlgonelllne, a

nethyl,ated. prod.uct of n1cotln1c acld-, lncorporated. 60 to BOft

of the rad.loactlvlty adnlnlstered. The effects of chernlcal-

regulators on NAD metabollsm was also stud.led.. It waS found-

that benzlnld azo\e and. klnetln d.ecreased the NAD/NADP ratlo,

whereas benzylad-en1ne and. ethlonlne lncreased. lt. Benzlnld.azole

was also found to decrease trlgonelllne for¡natlon, when fed wlth

label}ed. nlcotlnlc acld. '
11
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Stud_les ln thls laboratory, by .Godavarl Q966) and.

t{aygood. e! g!" (1968 ) uslng earboxyl-ll+C 1abel1ed. nlcotlnlc

aclcl and. carbonyl*l4C Iabelled. ntcoÈlnamld.e as precursors e

have shorqn that the synthesls and- breakdornnr of NAD ln wheat

Leaves foJ-lorrys a pathway slnlÏar to that d.enonstrated- l-n
:..

human erythroeytes by Prelss and- Handler (L95?', " The maln i':'i':''"

d.lfference ls that trlgonelLlne (N*methyi-nteotlnj.e aeld ) u ."t.
j:,1;;i,:

rshLch ls knovrn to'be a produet of nleotlnLc ael"d netabollsm i''ì:.'

ln plants (Good.r,¡Ln, 1963)u lncorporates 6O*89# at the rad.lo-

actlvlty adnlnlstetred.n i
I':
i

:

Fo1l-owtng the studles of Yoshlda (i-961) ? lt hae been

shown that ldAD aeceleretee the seneseenee of detached- leaves 
,
l

of Elg$gg floated. on 'aqueous ned.tumn Howeveru nleotlnle acld-

lt&s,d.i.seovered- to be a much nore poÈent bleaehlng agent of 
I

i

the chloropÏasts of Elgggg than NAD tshlle nleoÈ1namld.e and-

¡

trLgonel,llne t{ere non-toxlc (Haygood gg g!" o 1968 ) " r', ''..r

.,., ,..

''
: 1:'-: :

The effect of nlcotlnle aeld" and. NAD could. be over- ,,,.:.'

come. by klnlnso sueh a8 benzL¡nld-azole and klnetl-n. These

former studles l{ere eoncerned. wlth monocotyl-ed.onous plants

only and" the purpose of thls lnvestlgatlon was to d.etermlne i.,,.;

vlhetherthesynthes1sand-breakd-ownofNADfo1Iowed-asl-n11ar

pathway !n d.lcotyledonous leaves, for example, bean leaves

(P-þeseglug vulgarls L. ). AccordlnEl¡¡, experlnents slmllar to ', '

i,':it,:

I



those of God.avarL O966) and iÙaygood- et 4" (1968) v¡ere con-

ducted us1ng carboxyl-l&c labe1le¿ nlcotlnlc acld. as & pre-

cuïsor of NAD syntheslso Another precursor of NAD (14C nleo*

tlnamld,e ) was not used. stnee the same pattern of lntermedlabes

ìcts vihên elther'nlootlnlc acld' oremerged. ln wheat leaf extracts when eLtner'nlooEarìrc

nlcotlnamlde was used- as a precursor of NAD syntheslso

: In other experlments nlcotlnlc acld and. NAD vüere

tested- on bean leaf d.lses floatlng on aqueous mecl-l4 to d.eter-

nlne whether they caused chlorosts slnllar to that ln wheat

l-eaves" In acldltlonn several ktnlneo €"8" benulmld-aZoleu

klnetLn ancl benzyl-ad.enlne, were tested to d-etermlne thelr

effecb on ,the seneseence of bean -}eaf dlscs or on overcomlng

tlu possLble aeceleratlng effeets of eertal'n compouncls olx

senescenee e

Slnce S-ad.enosyLnethlonlne ls lmplleated ln the nethy-

latlon of nleotlnlc aeld. to trlgonell-lne (Joshl and- IIand-l-ef,

1960), both methtonlne and lts antagonlst, ethlonlneu .¡{ere

tested. to determlne thelr effect on (a) the retard-atlon or

acceleratlon of senescence ln bean leaf d.lscs and. (b) the dls*

trlbutlon of l&C tn the lnt'ermed-lates of the blosynthesls and-

breakcLown of NAD uslng carboxyl-I4g labell-ed. nleotlnle acld-n

. The experiloents on senescence are d.escrlbed ln sec-

tlon ï and those o-n the lncorporatlon of ll+C nlcotlnlc acld"

ln Sectlon Iï of thls thesls.

i*.-f::å*T!3rf

t:-. : .:: ;:l
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LTTERATSEE REVTEI¡I :

It ls wel-1 known that aglng in leaves ls characterlzed

by a decrease ln chlorophyll eontent and an acqompanying loss

of proteln and. rlbonuclelc acid. these synptons of senescence 
.:.,.: :..1

occur at an accelerated- rate in excised. mature leaves and- ln ::'::;.:':

leaf d-1scs floated on water (Osborne, 1962),

During the last d.ecad-e, several chemieal substances 
iti.

(klnins) have been shown to retard- the senescence ln leaf blade"

ln I95?, Person et aI, d.emonstrated tlnat, bolh chlorophyll d-egra-

dation and proteln loss, ln d-etached wheat leaves, were retarded

by floating then on a solutlon conþalnlng J0 P"P.m. benzlmld.azole.

In the same year, Rlchnond- and Lang (Lgs?) showed. that a slnl1ar

effect could be obtained lf exclsed leaves of Xanthium wer.e

maintained wlth their petloles 1n 5 popnlll' of klnetin solution.

Mothes and, Engelbrecht (i1g5g) sprayed, klnetin on some limlted"

areas of leaves of Nicotlana ahd. reported that the retentlon

of chlorophyll was localized. 1n the areas to which klnetin was

appfled-. Becently, Leopold and. Kawase (1964) found. that the

appllcatlon of benzyladenlne to one or more leaves of bean

seedllngs would. retard- the senescence of the treated- leaves,

but lnd"UCed. the senescence of untreated. treaves on the same

seed,llngs.

In a study of the lnfluence of the nucl-eus on the

netabollsm of plasmolysed Efsgsg leaf ceLls, Yoshlda (1961)

showed, that the chloropì-asts of nucleated protoplasts under-

)
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lfent rapld- senescence, whereås those of enucleated. protoplasts

remalned- green and- were photosynthetlcally active for a long

period- of t1ne. The ad-d.ltion of NAD to the medium caused a

rapld senescence of the chloroplasts of enucleated- protoplastst

but NADF had- no effect. It has been suggested by lüaygood et

al r J968) tfrat the nalnte,nanee of the green eolor ln the

chloroplasts of enucleated. protoplasts 1s analogous to the

effect of benzimid.azole, as also nay be the effect of kinetln

and, benzyladenine (Person et al., 1957; Richnond- and Lang,

and. Kawas, ]-964), Yoshld-a (1961)t957; LeoPold

effect of the nucleus on senescence vüas d-ue to

1s syntheslzed- by the nucleus (Brachet, 1954) '

Hunphrey (11965) conflrmed that the nucleus ls

synthesls 
"

Recently, Go¿avarl (L966) and Waygood. et aI. (1968)

extend,ed these stud.les ln thls laboratory and. d.emonstrated-

that NAD accelerated. senescence ln unplasmolysed. Elodea and-

wheat Leaves, but NADP was not as effectlve as NAD. In addltlon,

they showed- that nlcotinlc acld,, a precursor of NAD syntheslst

wal considerably more effectlve as a breaching agent than NAD.

These effects of NAD and. nicotlnlc acld appeared only when the

tnated-. However, und-er the id-entlcaldetached- leaves were 111un:

cond-ltlons, benzlrnld.azole and- klnetln were capable of overcomt n8

the acceleratlng effect of nlcotlnlc acld. and- NAÐ on the

chlorosls 1n Elodea and wheat leavesr

inplled. that the

NAD, since NAD

Slebert and.

a 'slte of NAD
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In an lnvestlgati.on of the relationship between

nlcotinamld-e nucl-eotid.e content and kinlns in wheat ln this

laboratory, Mlshra ,lgíl) and. Mlshra and. tüaygood- (1968) found.

that the total nicotinamid.e nucleotld.e content was increased

followlng treaËnent wlth klnlns. fhere was a d.lurnaL rhythm ln all

treatments with an lncrease of NADP(H) and. a d.ecrease of NAD(H)

d-uring the photoperiod. and the opposite case in darkn€SSr

However, when lsolated chloroplasts were floated. on water t

they lost alL thelr NADF w1th1n 6 d-ays. 04 the other hand-,

those treated vslth benzlnld-azol-e or klnetln lncreased- or at

least nalntalned. thelr level- of NADP;

In ord_er to lnvestlgate NAD metabollsu, a brlef stud.y

ls d.escribed. here. Ït ls established. that there are four

fundamentally d.lfferent pathways of NAD blosynthesis in organlsms.

(1) prelss-Hand.lerpathway: The exogenous or pr-eformed nicotlnlc

aeld. ls converted lnto NAD via nicotlnic acld. mononucleotid.e and.

nlcotinlc acld- ad.enlne d.lnuc1eotlde (Preiss and. Hand.ler, l-95?).

or Preformed- nlcotin-(2') Nlcotlnamid-e pathway: The exogenous or pref'ormed

anld-e ls converted. lnto nicotlnanld.e mononucleotlde (Preiss, and-

Hand.ler, lg5? ) whlch then becomes NAD (Kornberg, l.95}a). (3)

Tryptophan pathway: Qulnollnlc acld. ls syntheslzed from trypto-

phan and the qulnollnlc ls converted. to qulnollnlc acld rlbonucleo-

tld.e whlch enters ühe Prelss-Handler pathway vla nlcotlnlc acld'

mononucleotlde and NAD ls prod.uced. (1,¡tstrtzut<a and. Hayalshl , 1963),

(4) Aspartate-glycerol pathway: Qulnollnlc acl¿ ls syntheslzed'

from small molecules, such as, aspartaúe and glycerol or relaled'' 
,:

- '- - llr-



substanees, and. lt ls then converted lnto NAD by way of nlco-

ttnlc acld mononucleotlde as above (fsqulth and. I'{oat, Lg66l"

another nlcotlnarnlde nucleotlde, NADP' ls formed from NAD.

Thls reactlon ls catalyzed by NAD klnase' ATF:NAD 2'-phospho-

transferase (E.c.No. 2n? ot"23) (lcornu€rgr 1950b).

Kaplan (196O) has shown .tl,rrat the degrad-ation of the

pyrf-d-lne nucleotld.e is the only biological source of nicotln-

ami¿e, which is formed. by the hydrolysis of the ribose-nlcotin-

amld.e bond- by NAD glycohydrolase (E.C.No. 3,2:2,5), or by
:

cleavage of NAD and- NADP by nupl-eotid.e pyrophosphatases to

produce nlcotinamide mononucleotifle (Ul'lirt) fol-Iowed. by glyco-

hyd-rolase activity" Sarma et al,. (1961 ) and. Joshl and. Hand.ler

(1962) have also ind-lcated. tl¡at a portion of nlcotinamid-e

produced, in vivo by the action of.NAD glycohydrolase may be

ersion toreutllized. by d-eanld.atlon to nlcotinlc acid- and conv

NAD via the Prelss-i|and.ler pathway. Therefore, they presented.
.

a cycllc scheme for the degrad.atlon and resynthesls of NAD whlch

ls lllustrated. ln scheme I.

In the stud.y of NAÐ metabolism in wheat plant fed.

.wlth carboxyÌ-14C labell-ed- nicotlnic acld. and. carbonyl-1þC

labelled'nicotlnamide, Godavari (1966) has shown tnat the syn-

thesls of NAD 1n wheat leaves follows a pathway slmllar to:that

found ln hunan erythrocytes (Prelss and. Handler, 1957 ) and the

cycllc metabollsm of NAD ls slurilar to bhat shown ln Scheme 1.

l+'r:i
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iclhen wheat leaves (tri,ttcun gestlvug L. vârr SeLklrk)

were floated- on water or benzlmid.azole solutlon lor 2 d-ays and-

then fed with labelled- 14C ,rl"otinlc acid. and. nicotinamid-e, the

pattern of lncorporation of rad.loactlvity was sinilar to t?rat ::: ::: : :j l
f.... 'r':

1n tmmed.lately d.etached. leaves except that the incorporatlon

.of the labe1 lnto NADP and. nlcotinlc acld. ad-enine dlnucleotld-e
. (nanp) pool was vislbly greater ln the extracts from benzimi- r,.. ..,,,:,

dazore treated l-eaves (God.avarl, .1966; waygood. et ù, , 1968 ) " i':';:l-t¡'',:.

In subsequent eXperlmentS, three sets of d.etaèhed. leaveS 
,:,,,,,:,i,,,,

Ï¡ere arlowed to incorporate 14c ,rtcotlnamid-e for two hours 
,"" 

"''' '

'i

und_er. contlnuous lllumlnation and then one set of leaves was klll-ed 
i

''

and exüracted- lmmed.iately and- the other two sets were floated-¡¡¡!u¡v*--Yv-¿--'-_i

on water or benzlnld.azole solutlon, respectively, und.er con- 
l

tlnuous lllunlnation for two d-ays. They showed. tinat no slgnlflcant

d.lfference was notlceable ln NAD, NaAÐ and NAÐP but there vùas a

',umu1atlon of id-e nucleo-' g'reater accumulatlon of the label of the nlcotlnan,

t1d.e ln the extract of leaves floated on water and. benzlmid.azole
:

than ln the immed-lately detached. leaves, and that the benzini- i.¡,,,:*i

dazoIetreated-1eavesshowed.agreaËer1abe11nNADPwhi1e

Ieavesf1oated-onwateraccumu1ated.more1abe11nNAD.

Intheb1osynthet1cpathwayofNADfromn1cot1n1cac1d.,

Joshland.Hand-ler(Lg6o)showed.t]nats-ad.enosylmethlonlnewasì..'....'....,.i.
i.:_.1i.:;r:.:.:,::i :::i
,. 1'"

the nain nethylgroup d-onor for the formatlon of trigonelllne' 
,

:

'Goodwin (1963) also showed- that when exogenous nlcot1n1c acid. was ì

:

evels remalned' constant' ìfed lnto pea shoots, the end.ogenous level-s remalned constan¡ '



I but the excess exogenous nlcotlnlc acld was converted- lnto
I
t. t trlgoneLllne. In thls laboratory, God-avarl (L966) and tday8ood

i

aü ê!. (1968), uslng wheat plants, eonflrned- these results and

,j,,,, 
they showed, that the rad.loaeülvlty lneorporated. lnto the trl8o- 

l,ì

Ilorcever, Radmer and Bogorad (1967 ) suggesteð that the

,,i, meühyL group occurrlng at the C-10 carbomethoxy group of chloro- i',¡.',
vLtat 1 

l, ,-,

,j phyll was d.onated by S-adenosylnethlonlne whlch v¡as forneÖ

(1968) supported thls hypothesls wlth respect to wheat leaves.

i It appears that ln the fornatlon of trlgonelllne there '1's

conpetlt1on crlth chlorophyll for the nethyl group from S-adeno-

qYlmethlonlne¡

on the other hand., Farber eü 41. (1961+) founa that

ethlonlne was an antagonlst of neühlonlner slnee ethlonlne

became S-ad.enosylethlonlne at the expense of ATP more rapldly

:,, than S-adenogylnethlonlne formed. from tnethlonlne ln rat lLver.
:'.,' These compounds, meühlonlne and. ethlonlne, were aLso used 1n

thls lnvestlgatton, 1n order to d.etermlne whether or not the

effect of nlootlnlc acld. on senescence ls due to lts nethylaülon

'vv v' ¿t)v¡'v---

,
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u4EE+rALs aND MElHoDs

Pl-ant material-s¡ Plants.ol. Phaseolus vulgarls L. vâ]t r Brlttle

tlax were Srovün from seed-s in vermlculite in pots ln the green-

house at various tlmes of the year. Depend.ing on the seasont

old.firsttrlfoltateleaveswereexclsed.anÖ

washed. wlth d.eionlzed- d.istllled water. Generallyr the fresh

trlfoLlate l-eaves weighed. about 0,98'each and- the nid-d'le

Leaflet was about 10crn 1n length"
\

Cþemic-+is: Kinetin, benzyl-ad.enlne, NAD and NADP r¡Iere obtaine¿'

from Signa ChenicaL Company, St' Louls' Missouri' U'S'A';

nethlonlne and- ethionine were obtalned" from Calblochem' Los

Angeles. Cal1fornla, U.S.A.; benzlmid-azo}e and' nlcotlnic acld-

Ììrere purchased., from Eastman Organlc Chemlcals, Rochester' New

Tork ¡ U.S .4. .

procedureg: For the experlments, bean leaf d-iscs 1.Icm in

d.ianeter were punched from the area beside the nid-rlb of the

bLad-e wlth a cork borèr. Elght dlscs l'¡ere rand'onlzed- and

fl0ated- with the abaxlaL sld.e d-ownward.s on 10m1 0f water

or the varlous solutlons ln 5 lnch d-lameüer petrl d'lshes as

d.escrlbed.. The petrl d-lshes were then placed ln a glass üray,

,covered.'¡rlrth Saran vfrap and- then placed ln a growth ehamber

at ZZ.C elther und.er contlnuous lllunlnatlon or ln darkness.

The llght source was a bank of B, cool-whlte, fluorescent lanps

(FI+BT l2-CW-VHO, SYLVAIIIA) and- 4, warm-dayllght, lncand'escent

1i:.4
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/lanps,wlthatotalllshtlntensltyof1500ft-c.
I
I

li The varlous conpounds dlssoLved 1n the solutlons were
!.

as foLlows: benzlnld-azole (BZM), klnettn (fflq)' benzylad"enlne

(BZA), nethlonlne (mntn), ethlonlne (ETH), nlcotlnamlde-adenlne- ¡',''

, 

t"-"" I 
tt 

"'

dtrnucleotld e (NAD ), nlcotlnanlde-ad enlne-dlnucleotlde-phosphate
I

(NADP) and nlcotlnlc acld. (t'iR). The test solutlons were all

adJusted to pII ? wlth the ad.d.ltlon of 0.1N NaOH and ühe corloêr- 
i.i-,,

tratlons of the compound.s ln each solutlon are stated ln the ir:"

descrlptlon of eaeh experlment. After ?- or ì4-u"r" of lncu- 
i',,,t,

batlon the petrl d.lshes contalnlng the Leaf d.lscs were exanlned, :

thelr appearance reoorded., and then they were photographed-. 
,

i

i

t. ... :

i ,:.,1'.:



EXPERTFIENTAL RESULTS

Effect -of nlcotlnlg gcld, b9nzlmlqazole gnd NAD, ln l-lgh! anp

darkness. It has been shown that benzlnldazole overcomes the

bleachlng effect of elther nlcotlnle acld' or NAD on the chloro-

p1astsofe1therdetached.E1od.ea-orwheat-1eaves(God.avar1'

Lg66¡ waygood et g!., 1968). It was therefqre of lnterest to
:

deternlne whether these compounds had the sâme effect on bgan-

l_eaf dlses. Leaf d.lscs from 20- to 4O-d.ay-old trlfollate leaves

were fLoated. on elther (1) water, Q') a 25 PcPoIIÌ' solutlon of

benzlnld.azoLe, (3) a solutlon conüalnlng 5 x tO-4M nlcottnlc

actd, (l+) a sol.utlon contalnlng 5 x 1.O-l+t'll NAD' (5t a mlxture

of (Z') and (3), or (6) a mlxture of (2') and (l+)o all und-er

elther contlnuous 1L1um1nat10n, or complete d.arkness, for ltl

days. The results are show'n ln Flg. 1, aLthough lt le dlffleult

to see.thelr effects ln thls photograph. Hovçever, und'er con-

tlnuous llIunlnatlon, leaf d.lscs floated on benzlnldazol-e showed

no retard-atlon of senesoence v¡hen eornpared vulth leaf dlscs fl'oated

on watero Furthemore' NAD lnduced' morè. chlorosls than d'ld' ' i

nlcottnlc acld-, and the effect of these two compound's was not

overeome by benzfunld.azole as was the case wlth Elod-ea leaves

(Godavarl, ]1966; Waygood et 3I., 1968)'

In darlnress, bean leaf dlscs floated' on water showed' [ii;:
1- .

Less chlorosls than thelr counterparts 1n 1lght. For those

fl0ated on benzl¡oldazole, lt appeared. that senescence was reüarded-

to a certaln extent. IIowever, wlth NAD treatnent, leaf dlscs

L3



Flg" 1. Effeet of nlcotlnlc acld-, benzlmldazole and. NAD on

bean-leaf d_lscs under contlnuous 111un1nat10n and.

d.arkness for l-ll daYs.

Flg. 2o Effeet of kletln, benzlnld.azole, methlonlner ethlonlne'

etc. on bean-leaf d-lscs und.er contlnuous lllunlnatlon

îor 7 d.ays.

I4
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became flaeeicL and translueent anÔ were dlfflcult to remove

frorn the petrl dtshesu Thls aeclounts for thelr absence from

the photogr'æph" Atbhough nlcotlnle acld showecl chlorosl-s under

thls concllttono lt vras a 1ess poterrt bleachl-ng agent of bean-

leaf dlscs than was NAD" It also appeared that benzlmldazole

overc&me the chlorotle effect produced by NAD or nLcotlnlc acld '

Effect of klnetlno benzlnaldgqsle_o nqqhlolll,lgu e-th1-e41490 e!c'"

1n lleht a-nd. d.arkness" Both klnetln and benzyladenlne have
:--- :- ----
beerr shor¡n to retard. the senescence of varLous dlcotyled-onous

leavesu lnel-udlng bean leaves (Blchnond and- Lang' 1957; Mobhes

ancl EngeS-breehto :rg59; Leopold and Kat¡ase' 1961+)' Aecord-ln8lf '
these eompound.s were tested, to determlne thelr effect on bean*

l.eaf d.l-ses uncl.er condltlons of eont-l-nuous lLl-umlnat1on" DLscs

were floated lor ? da¡'s on solutlon conpalnlng elther 20 p"pnrlo

klnettn (içrn) or benzylad-enl-ne (BzA) u 25 pop"rl, methlonlne

(tiETH), ethlonlne (ETH) or benzlmld.azole (BZM), or 5 x 1O-4yt

l'üAD or NADP' All solut'lons were ad.Justed to pH 7'0 wlth 0'1N

NaOH. The results are shown ln Flg" 2u whlch lndlcates that

dlscs treated. wlth etther benzlmldazole, nethlonLne, NADo or

NADP were not vlslbly dlfferent from those floated- on watern

It was also noted- that NAD dld not accelerate senescence as tt

dose ln Elod.ea leaves (Waygood et gL, n 1968 ). On the other hand ,

dlscs floated. on klnetlnu benzyladenlne and ethi-onlne showed-

some lntervelnal chloroslsu and the forner two treatments Stg-

nLflcantly lnereased the area of the ci.Lscs, The experlment shovsn

ln Flg" J rvas a repetltlon of the experLment descrlbed- above
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end 1l-lu.slrra'ued i-n Flg" 2 except that the leaf dlses were maln-

talned- tn contl-nuous darknê-qso Berrztrni'd azo]-eu methloni-ne' NAD

and ï{ADP showed 1ltt}e oY no effeet" Klneti'n lndueed ê s}leht

ehl-orosl-su but treatmeti'u r'¡1th benzyladenlne ceused & severe chlo-

rotle eondLtl0n vshlle ethl0nl-ne eaused- the leaves became trans-

Iueent.

Effe-e! gg. geËåSã eqnæ.pHglqlgng qt gilgsæl î-9g.uletolF- oA floalg4

þe n-teeg. d,ls-c.å neålø.g-e:l gLqsr g"e.E5-!4ggÆ l]=lyqilryttlqn fot I
d_ffi"" The chemteal *regulatorsu used- ln the prevlous experlments

were tested. at varlous coneentratlons for 7 days und'er contlnuous

lLl-umLnatlonu a eontro] expertment of bean-leaf dLscs floatlng

on nater trr'&S not used- slnce such lea-f dj'scs showed no dl"fferenee

-fron treatment wlth ZS poporro benzl-mLdazol.e, 25 PoÞslllo methlonlneu

or eltlrer 5 x to-ÞFi NAD or NADP"

(a) EeryI-lg!}åãglg and eg!4,lgnlne" F18' 4 cIearlv lndlcates that

varylng the concentratlon of etther of these tt'¡o subetançes fron

10 to 50 papotn" ðld. not lncluce any v3-s1b1e d'lfferences Ln elther

the aceeleratlon or the reÈardatl0n of seneseenee of bean leaf

d.lses "

(b}Benzylad.enlngan-doEþ@Incomparlsonwtthbeanleaf

dlscs floated. on r.¡ater (1lies' 1 and 2), lntervelnal chlorosLs

was evldent al a concentratlon of 5 popollÌ" wlth both test ehe-

mlcals and chlorosl-s lncreased wlth lncreaslng concentratlon of

the chemlcals, up to 25 pnp"rn" (Flg" 5)" As ln the prevlous

experlmentsthe}eafd-lscslncreased.ln.arean



Fi-g " 3 " Eff ect of klnetln, benzlnld- azoleu methlonlne u ethlonlne u

etcgoflbean-leafd.lscslnd-arknessforTd.ays"

F1g. I*" Effect of varlous concentratlons of benz¡nl¿azo1e anù

methl0nlne on bean-leaf d-lscs und'er contlnuous l-llunlna-

tlon f or f d-aYs 
"

L7





Flg" 5, Effect of varlous concentratlons of benzyladenlne and.

klnetln on bean-leaf d.iscs und.er contlnuous lllunlnatlon

for ? claYs E

Flg. 6 Effect of varlous concentratlons of ethlonlne and. NAD

on bean-leaf d.lscs under contlnuous lllumlnatlon for

? daYs0

1B
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(c) EtlrlogÐLe a¡4 NAD. Treatment of Leaf dl,scs rcLth eflrl.onlne

colcentratlons of from 10 to 50 p"pofrl" (nfg" 6)o al-l- resu.lted.

Ln lntervelnal chlorosls slmllar to that obte,Lned vrLth 25 popnllÌo

ethl-on3.neu as lllustrated- ln Flg" 2" Leaf d-5.ses floai;ed on l{-ê"D

d.Ld. not show any dlfference êt ooncentratlons from 10-tl'to L0-3Ì'1,

Ef fqet gg þeuuåPlqg-aale ! tr9lh-!9ptr-Ie-, -W aqd l,.+LP- ggggË Þg-th

coFtlnuoug XllUnJ,n¡lt.l,pl} an-Ö ggrkqggg lgq 1'+ Ëg-ve" In the eanJ-ler

experlments, ln whleh bean-leaf dlscs l'Iere fl.oated' ta1. '1 days

und.er contj.nuous lllumlnatlon or ln d"arknes'sÊ 1t rsas fournd 1;]nat'

benzl¡nld-azolen roethLonlne, NAÐ and N.ADP showed. llttle. oï no eff.eet

(ptgs" 2 and 3). Aceord.lnglp the er-pÐrlment uras repeatedu wlth

two klnd s of coneentratLon of each regulator ancl the tl-rne of

floatLng belng extended to 14r daysu There appearË to be no

slgnlflcant ölfference between thls and. the prevlous experimentu

exeept that the leaf dlscs treated. wtth NAÐ or NADP l{ere greener

than those of the control wa'Uer treatment" Howeveru baeterLal

lnfectlon was found on one or two Leaf d-l-ses of those treated-

v¡lth NAD" On the other hand.u v,rhen leaf dlses wel:e flos¿ted. for

14 d.ays ln darkness (nfg" B)u methlonLne showed- no effesto but

wLth benzlnLd"azole treatnent the leaf dlscs Ìrad ¡rai-ntalned- thelr

orl-glnal green colour" $ilth NAD or NADP treatment the dlscs

were both chlorotl-c and translucent'

Effect of b_enzlmld,azqlg on N{D tfe+linent Lq d.erk¡ges, BenzIml-

dazole has been shov¡n to overcome the acceleratlng effeet of NAD

on the senescence of E1q4¡¡a leaves und.er contlnuous illu¡nlnatlonu



F-ig" 7, Eff eci of floating perlocl on bean leaf d-iscs under

contiiruous ill.u-m,ination f or 1!' clays.

Fj_g" B" EfÍ'ect of fl-oating period on beart leaf d:iscs in

darkness f'o:: 14 da¡'s 
"

20
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lllth l¡ean*leaf d-lses I{AD had. llttle or no effect ln llght (Flg,

?), buf;ln dartrtness &s shown Ln Fig. Bu NAD prod.ueecl a chlorotl-e

and 'branslueent eondLi;1on" The results of an experlment uslnE

dtsce floated for 14 days l-n d-arkness (f'fe" 9) shov¡ed. that

50 popolïio Of benzl-nlciazole overcane to a certa"ln extent the

effeet of 5 x fO-t+M of ll$Ð" At Ïrlgher coneentratlons of NAD

or lower concentratlons of benztnklazole, chlorotle and. trans;

lucen'¿ cond-lÐlon was generalo

E{l.ept qf' þgåfryæggnåqg 9n Þen-z-l,E-Ullàr91e o B9th1o449 Anq N$D

trqqlggåÞ. Slnce benzy'lad.enlne treatuent lnd.uced chlorosls

beayr-Ieaf d-lses when th.ey were und'er eontlnuous lllumlnetlon or

tn darkness0 &n experlment, v¡as und"ertaken to determlne whether

benzlrnldazole, methlonlne or NAÐ eou.Id. overeono th.e aeeeleratlng

ef f ect of benzylad-elne or ehlorosls " Leaf d.i-scs were fl-oated

for ? days on elther I{2Ou solutlon of 25 popolto benzlmldazol-e

or nethlonlnec or 5 x lO:4¡,1 NAD, all test sotutlons rslth and.

wlthout 20 poponto benzyladenlne" Flg" l-0 shov¡s that none o1'

these regulators overcame the effeet of benzyladenlne on bean-

leaf dlses whleh were under contLnuous lllunlnatlon" Although

benzlmld azole malntalned. the green colour of the d-lses ln dark-

ness (Flg" B), tt rvas unable to overeone the chlorotle cond.ltlon

produeecL by benzyladenlne ln darkness (f'fgu 11)" Both roethlonlne

and. NAD accelerated the chlorosls produced by benzyladenl-ne ln

darkness ø



Flg" IO" Effect of benzylad.enine on benzlmldazoleu methlonlne

and- NAD treatments on bean-leaf d-lscs under contlnuous

lllumlnatlon tox I d-aYs"

Flg" 11" Effect of benzylad-enlne on benzlmld.azoleu methlonine

and. NAD treatments on bean-leaf dlscs ln d-arkness for

? d-aYs o

23
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FIATERTALS A_Lp_ [iEEE-oJg

Flal-t- qatpq:elg: Bean ptants (P-Ìrqsgo]-U-q j¡ulggrlg L. v&u"o Brl-ttle

!{ax) were grovrn ln verml-eu}lte ln the greenhouseu Trlfollate

Leavesu lnclud.lng thelr petlolesu hrere removed. for test purposess

Chqml-cals ; Carboxyf-1t+6 labeli-ed nlcottnLe aclcl (speclfle aetl*

vlty u ??"9me per mmole) vsas purehased fron the Rad-j-ochemleal

Cent.er, Amersham, Bueklnghamshlreu Englando

Fee_dj.irg g{ 14ç. nteqtlnlg aglg !9 leer¡q.-Ê; The proeeclure followed-

bo, I{ang QgSg) lqas used- ln these experlments to feed. leaves wl-t}r

rad.loactlve nleotlnte aeld" The cutends of d.etached- petloles

(3cm l-n length) were lnserted lnto small vlals (0"ÀÞ x Zcm) eon-

talntng 0"018¡mole of the radlosctlve eompound.u These experlments

r.rere conducted. ln a growth chamber und-er eontlnuous lllunlnatton

of 4O0f t-c anA 22o for varlous perlod-s of tlne " Suff lcl.ent quan-

tltLes of v¡ater îrere added to the v1als to prevent deslceatlon

of leavesu

Induetlon of sene qqncg ln

senescenee lilere as follows;

leaves; The two method-s used" to lnduce

(a) The trlfollate leaves B,'ere flrst fed wlbh the solutlons as

descrlbed ln Sectlon ï 1n a growth chamber at 22o under contlnuous

Lllunlnatl_on (l+ggft-c) for 40 hoursu Thls u¡as followed. by feedlng

wlth radloactlve nlcoti-nlc acld for 6 hours"

(b) The trlfollate leaves after feed.lng Y¡lth radLoactlve com-

pound. (6 hou.rs) were cut lnÙo snall pleces" These were then

floateô on 20 nI of the solutlons ln petrl d.lshes (10cm ln d-La-

25
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meter) as descrlbed ln Sectlon Iu

placed- ln a groivth ehamber elfher

or ln davkness for 40 hours" The

tlons are stated. ln the seetlon of

The petrl dlshes were then

uncrer eonfinuou-s 1llunlnatlon

concentratlons of varlous solu-

ExperlmentaL Besults"

Extractlqg +nd fraq!1_gn¡et-þg¡ Leaves were eut lnto smal-l sectlons

gnd plunged lnto bo1L1ng gsfr ethanol and extraeted. twlce Ln B5l,

ethanol for J0 nlnutesu folÌov¡ed by |l.Ofi ethanol and then wateru

The alcoholle end ïryâter ext::aets l\rere conrblned and. evaporated- t,o

d.ryness, The resld-ue r'¡ss extracted- wlth chloroform to remove

ehlorophyll"s, carotenold-s and l1pldso The resld.ue v¡as then d.ls-
solved. ln tqater and made to a volune of Jml" Fractlons were stored.

ln the d,eep f reeue o

PaLer chrspatoeraphv and rpdåoêu!-gsrpphy¡ AlLquots of {:he 0u3nl

water soluble fraetlon vÍere streaked on l¡trhatman Nou I p&pero

The chronatograms Ìi¡ere developed ln the solvent (lsobutyrle acld î

Hza r NH4OH = 66zJJzru v/v/vo pH 3"8) for 28 hours by aseend.lng

technlque at 20 n Rad.loautographs sÍere obtalned by exposlng the
chromatogrems on Kod.ak uno sereenu medlcal X-ray flln for two weekso

The fLlns r¡ere developed ¡s1th Eì.onhydrogenon (Kodak D-l9b) x-ray
flIn developer (Hodgenan et al, l-g54) for flve rnl_nutes at 1Bo and_

flxed wlth Qulck-Flx (Edwal sclentLflc Frod-ucts corporatlonu

Chlcagos U"S.Au ) u

Deteetlon of pyrldlnLu¡o comÞounds ; Fyrldlnlum compound.s were

detected by the follov¡lng nethods:



2?

B"

Cu

A" Authentle eömpourlds l{ere used e.s mâ.rkers to ld_entl.f¡' the

eompound-s o

The chromatograms t{ere exposed to the \r&pÕrs of meihyl

ethyl kltone 3 alnmonlum (1r1 Ln v/v ) tn æ elosed glass

tank for about one hour" N1-eotl-nannlde derlvatlves fluo-
resce under ultravlolet llghto but nleoti-nlc ael-d d.erlvatives

do not fluoresce (Kodleek and. Red.d-lu l.g5t),
Chromatograms þ¡ere sprayed- rulth 1Ø plcryl ehlorlde Ln g5%

ethanolu d.rled- at room temperature0 and. e,-rposed to annonla

fumes. After one houru nleotrnle aeld- and. nleotJ.nanlde

turned lnto redd.lsh coloured spots (Ðar',rson et åL" , ag6z) 
"

Measurçmqlt of yaê1oaçt1V_13y_: Radloactlvlt¡" was measu:.s.ed_ wlth
Llquld. Selntlllatlon Speetrometeru Paekard. Tnstrument Companyu

u"snAn n conpounds eorrespondlng to eaoh rsd.loaetlve area or
spot on the rad loautograph vrere cut out from the d.eveloped ehro-
matogra.m. The compound.s were eluteô from the paper r,¡1bh 0"2m1 of
J|fi etnano1 for 4 hours at room temperatu.reu Ten mllllllters of
d.loxane sclntlllatlon fluld,* was added- ancl- the samples r,¡ere eounted

for J mlnutes" Al1 counts were correted- for background " The

radtoactlvLty of 0"Jml allo.uots of the water soluble fraetlons
was also determLned. at the same tlneo

- *===========s===============;===========

*'ScLntlllatlon l-lquld contalned. 1009 of naphthanene u 7g of ?r5

d.lphenyoxazoLe (ppo) and 0"3g of 1,4 Bls (2r5) phenyloxazoþt
benzene (porop) in 1000m1 of P-d-loxane,



EXPEB.TI'IENf¡"L BE.SULTS

Eeegå!ß 1&9. r-,åg"9l.E.l**g-eåd lg åssggågfs*lg Éclegilgg þçsn ]scysg"

Labelled irlcotlnle aeLd (0"Of8¡mole) ruas fed lmmed5"ate1y to freshly

d.etaehed trlfollate-bean le&r'es for perlods of fro¡o 2 to 4.8 hours.

An 0n3ml allquot of the v¡ater solul¡le fraetl-on of the extraeted

leaves was counted and anoti:er 0"Jml allquot wa"s ehromatographed

and radloar:-togræphs nere prepared- as ci.escrlbed 1n lt{ebhods and the

results are shown Ln Flg " lr2" The eompounds rtlere 1d-entf.fled. by

markers and. also by eonparlsoir i:¡1th the red.loar¡tographs of

GocLavarl (1966) and i,lay¿5ood. gå åL" (1968)" It ls clear bhat the

label ln nlcotLni.e acf.d- 1s 1-n.eorporal:ed lnto nleotlnamld.eo trlgo-
nellliree NAD' and- the i-ntermedlates of IT/rD syntkresl.s and breakdown

r+l.thln 2 hours" After 6 hour:s the pool oi radloaetlve nleotlnle
aeld- 1e vlrtually d,e¡:leted.u O-r.lantltstlve measurements of tlre

radloactlvlty ln each eompound are shov¡n ln table ï and some &re

graphlcally lllustrateô ln Flg" 13u /*s r,qlth wheat leaves the

radloactlvlty ln tr5-gonelIlne lnereases from 0 to almost BA% of

the total lncorporated wlthln 6 hoursu the same tlme perl"od ¡ulthln

rvhloh the nlcotlnlc acl-d pool ls vlrtually d-epleted-"

A short tlme course study (nfg" 1I+) shows that nleo-

tlnlc acld. ls rapld-ly ¡retabollzed. by bean leaves wlth lts rad.lo-

actlvlty appearlng ln most of the lnterrned.lates of NAD synthesls

and. breakd.ovrn wlthln 10 mlnutes of feed.Lng" ÎrlgoneIllne ls
labelled. v¡lthln J nlnutes of feed,lngu It appears therefore that

the metabollc pathnays of NAD blosynthesls and. breakdown ln bean

2B



Fig " ).2 " Ra,d- j-oe-utc,gra-phs of the inter'mediai,es of NAll

melaboJ-j.sru after" lireorpora'clori of 14C nleotlni-e

actd ln e tl¡ie eourse str.:.ci;v' f:ron 2'ko 4'B hours"

lIA.m : Ìrlicot.inamicie

NA : I\icotinic acid

\TB : Ni coti.narnid.e :rlbos id e

TRIG : Trigonell lne

NfiN : Ni cotiuarnide mononu.cl eotlde

NAD ; I\icotj-namid.e adellne d-inucl eo'i;ide

I{a"A.D : IrJicotinlc aci,cl adeni-ne d"inu-c'l eotlde

NADP : NicoNinamid-e aden:ine d-inucl-eotJ.d.e phosplTate

2A
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Time (hou::s )

The percentage of various

ln a tlme course stud-y of

IiTAm 5,+0 1.3,24

1{A 42 "7 O L2 ,25

NR þ"00 3"81

TRÏG ' 40"53 6t,tt
ldaR 0"80 1""02

Ni,lN O"?2 0"ó4

ì{AD 2,61 4"11

NraÌ'ilü 0"40 Q"36

NaAD 0"5? 0"56

NADP o"þ1 0"43

Original Streak O"3t 0"34

Tcial Percentage 98 "l+5 9? "8?
Tota1 Countsìi 346,3I9 389,?43

TABLE ]

intermediates
,r .lr

'-C rricotinic

7 "38 11 
" 

¿+l-

2"?6 ),95

5,t3 4 "2?

77 "og 68"59

7,32 1,10

1 ,0l_ 0. BL

2 "gL 2.79

0,4? 0,50

0"58 0"39

o "l+2 0.45

o "26 o "29
gg "28 g+ 

" 55

345,579 2??,886

of NAÐ metabolism

acid incorporation"

r$These values were obtained f:'om
t¡lhich was counted- f or j minutes 

"

10

Lt,70

3 "24
2.99

73 "83
'1"00

O, BO

3 "09

0,44

0"40
a ¿/uo)o

0"28

g6 "43

3!2,97 5

12

1,5 "46 tr "42 3 " 18

L 
" 
B¿l 2.33 r "29

4,64 2"64 L"oz

70.38 75"80 84"86

L"14 o"g1 0"60

o"B1 0"44 !"50

2,1'6 3"62 1"00

0"57 o"3B 0"44

0"50 O"JB 0,3?

0"56 o"3B o,3g

0.31 0"28 0,77

98 "67 . 98 " 58 9Lþ,Bz

255,34o 402,3?3 35?, 650

2t+ l¡QYU

an al.iquot of 0"3mf of water soluble fraciion,
UJ
Õ



Flg" 13" Fluctua.tlons ln the levels of rad-loactlvlty of some

lntermedlates ln NAD rnetabollsm up to þB hours after

lncorporatlon of 14c nlcotlnlc acld-"

I\TA : Nlcotlnlc acld-

NAm : Nlcotlnamid-e

NR : Nlcotlnamld-e rlbosld-e

. TBIG : Trlgonelllne

NAD : Nicotlnamld-e-ad-enlne-d-lnucleotlde

31
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Flg" 1¿+" Rad.loautographs of the lnterned.lates of NAD metabollsm

after the lncorporatlon of 14C nlcotlnic aeld ln a

short tlme course stud-Y.

The abbrevlatl0ns shown al:e the saüe as those ln

Flg" 1-2,

32
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leaves ls ld-entleal v¡1th that formed. ln wheat leaves (Godavari-'

Lg66) 
"

Feed.lgg 14c nteottfrl,e qqlct pîler to- seu-e.sQqEce oq reßlLletll¡s 
"

God.avayl (L966), Fllshra ancl trr¡aygood (1968) and Waygood q! gI.

(L968) have shov¡n trrat benzlnld. azoLe treatment of wheat leaves

lncreases thelr pyrldlne nyeleotlde content especl-alI]' NADP"

Prasad- and- hraygood (unpulrllshed ) have shovrn that NAD lnhlblts

the eonverslon of nlcotlnlc aeLcl to trlgoneIllne n Greenbaum

faLl 1-n NADP and I{ADFH 1n rat llver" Aeeordlngl¡' s serles of

experLments were unclertaken to d.etermlne the effeet of these and

other conpounds on the 1abell-lng pattern after feed-lng 14C ,r1"o'-

tlnlc aelrl to leaves whleh had. been floated on varlous solutlons

elther und-er contlnuous lllun1natlon or Ln darknesso

Tn the flrst experlment the trlfollate leaves v¡ere

d.etached frorn the plant and fed. l4C nteotlnlc acld for 6 hours.

The leaves tdeTe then welghed u eut lnto small sectlons and. floated,

on 20m1 of : (1) 25 pe pomo benzl-mldazole o nethlonlne c or ethlonlne u

The 1abellLng pattern under contlnuous llIunlnatlon

1s shown ln F1g, 15 and- tl:e quantltatlve d-ata are glven ln Table IÏ.

There appears to be no slgnlflcant dlfference betl¡een the, treat-

ments elccept that the tohal rad.loactlvlty Lncorporated. lnto each

(2) 10 popotno benzyla.denlne or klnetlne (3) 5 x fO-4M NAD. After

l¡.0 hours, the leaf sectl.ons

autographs were PrePared- as

were kllledû extracted-, and. rad.i.o-

d-escrlbed. 
"



Fig" L5, Bad.loautographs of the lntermedlates of NAD melabollsin

after feed-ing l&C ,rtcotinLc acld to bean leaves for 6

hours prlor to allowlng them tO senesce on solutlons

of varlous regulators und-er contlnuous lllunlnatlon"

The abbreviatlons are the same as those Ln Flg n L?u

Flg. 16" Radloautographs of the lnterne¿lates of NAD metabollsm

after feedlng lþC ,,l"otlnlc acld- to bean leaves for 6

hours prlor to allowlng tþem to senesce on solutlons

of varlous regulators ln darkn€sso

The abbrevlatlons are the same as those 1n Flg ' !2u

3I+
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The percentage

ln a study of

senescence on

NAD ltletabollsm
Intermedlate

NAm

NA

NR

TRÏG

NaR

NMN

NAD

NaltiN

NaAD

NADP

0r1glnal Streak

Total percentage

Total Counts*

TABLE II

of various intermed.iates of NAD metabolism
a l,r+C nicotinic acicl incorporatton prior to

regulators under continuous illumination"

Control#* BZM

3 "9? 3 "4?

1" l0 o "94

1" 88 l- 
" 
l-4

57 "90 5L "72

1"72 L26
0"91 1"f0

r,g5 r,54

0"41 o "56

0"29 0"30

o"4J 0"5?

o"14 0"2)

7o "70 63 "23

4z3,68o )?0,836

BZI\

4, 3B

r "2t
r "34

52 "gr
1" 14

L,25

2 "13

o ")5
0"31

0 "32

0"14

66 "48

383, OB4

Regulator

KIN

*These values were
t^rhich was counted

**Control solutlon

4 "45

1"28

r "25

53"5L

1" 51

1" B0

1" BB

0"51

o "J9
0,79

0"20

6? .5?

|ot,z5t

IVIETH

4,95

1" B0

. r"97

5+"55

1" 07

1" 04

2 "l+2

0"51

0,36

0"57

0"18

69,42

4oz,036

ETH

4,r3

1.78

2"70

54 ^6L

1" 30

2,27

2 "O?

0"56

0"30

o ")+4

o "7?

70 "28

\zL,45o
obtalned from an aliquot of 0"Jml of water soluble fractiono

for J minutes 
"

consLsts of H2O only

NAD

'l .> lt
) o )'-r

r "20

1" 00

52 .07

1"14

1" 0B

l-35
0"54

0 "36

0"46

0,29

62 "Bj
360 ,320 \á)

\¡t



The percentage

nlcotlnlc acld

NAD Metabollsn
Interned laLe

TABLE III

of various lnterrned,lates of NAD metabolism ln a

incorporalion prior to senescence on regulators

NAm

NA

NR

TRIG

NaR

NMN

NAD

NaltlN

l\aAD

NADP

Original Streak

Total Percentage

Totaol- Countsåt

Control**

B "26 ? "25 12 "l? 9 " 58 13 "45

?"L5 1.&1 2"OB t"ts 1"74

2"52 4.00 I"13 O"?? 2"4?

?2,gg ?B "t2 ?3 " 50 BO.? 5 69 "gO

o "63 o "93 1" 14 o "65 1" 04

0"65 0"94 L"?3 o"+3 0"99

2,62 r,?6 2"5L 2"50 3'g3

o "32 O "39 0 
" 
44 0.31 o "79

0"26 0"36 0"35 0"31 0"41

o,3t+ 0"42 o"4i- 0"46 0"6?

0,19 0,21 o"22 0"19 0"31

90,93 95,?9 96 "o? 97 "r0 95 "70

1+42,?26 320 ,39? 4?3,6t9 4rr , str 263 
' 

67 5

BZM

Regulator
BZA KIN

These values vrere obtalned. from an al-iquot of O,Jml of water
which was conunted fot 5 minutes'

**ConÈrol solutlon eonsl-sts of H2O only

stud.y of 14c

ln darkness o

MBTH ETH

L5 "35

2 "26

4 "62

59 "92

0,96

T "T7

5 "t+3

o "65

0"54

o"66

0 "27
gt,83

232,853

NAD

6"oo

r "26

L,15

82 "27

1.07

? "03

t "72

0"40

0,2r

0"38

0 "t2
g6.ot

47 o ,476
soluble fractlon \¡)

o\
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of the. Intermedlates of NAD metabollsm and. utost partleularly lnto

trl"goleli-lneu 1s eonsld.erably loiser than that found- 1-ir lmmedlately

oe'uaehed- l-eaves (9,1" Flg" 12 and rabre r)"

A slmllar experlmenb i,n eontinuous d.arkness (nf g " 16

and Ta'ble TII ) shows a consld-erably greater labeLllng of trlgo-

nel-llne at almost the same level as ln lmmedlately detached leaves

rvltltout lnduelng sencescence exeept treatment wlth ethlonlne

(nf6 " 12 and Table I) " fn addlttono there rlras a greater porcentage

of rafrloactlvl"ty ln NAD and. Less ln NADP" However, there appeared

to be no slgnlfl.cant d1-fferenee betr,¡een treatmentso

Eeggffg 1þg nrc-o*U3¡r*: e,ql-+ lggetheJl r{-lth ægg¿elq{q.n In thls

experfunent, l&C o1"oblnle aeld was fed- to leaves and.u lmmed-lately

after l'c had been absorbed-, the leaves were then fed. wlbh varlous

regula.tors. The leaves hrere kllled- after 6 hours of feedlng"

The results ave shown ln Flg " A? and- Table IV* The control i.n

water ls not shown ln Flg" l?, slnee the leaves accldenfally lsl-lted
r I'

and absorbed very llttle 14C nleotlnlc acld" Henee the d.ata for
the r'¡ater eontrol ln Table IV ls taken fron the tlme course stud-y

glven ln Table fu

The radloautographs and the quantltatlve data. lnd.lcate

þ]nat, wlth the exeeptlon of nethlonLne treatmentu all other treat-
nente slowed. down the rate of d-lsappearance of l&C ,rl"otlnle acld

(çg" prevLous f lgures and. tabl-es ) " Þluch more trlgonelllne ls formed-

ln the presenee of nethlonlne, whereas less ls forrned- Ln the

presence of benzlnld-azoleu ethlonlne or NAD" Although water
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Fj.g" 17, Radloau.bographs of' the internedia'i;es of NAll

metabolism af ter f eecliirg I4c ,ticotinic aci.d- toge'bher

, with regulators to 'beatl leal'es for' 6 hou'Ïs"

T¡e cc¡centrations of lhe :cegul-ators ¿ìi:e as follov¡s:

Benzimid.e,zole 2 50 PoPorlo

BeirzJ¡]adeníne z 20 PoPolì1u

Kinetj.n z 20 PoP.rrlo

Irlethi-onine ì 50 p"p,IIìo

Ethj-onine 2 50 P, Pulr o

NAD : tO*3U



NF

TRI G

NMN

NAO::

' NlAo
NAÞÞ

EZM METH ETH



The percentage of

of lþc ttrcotinic

NAD I'letabollsm
Interned late

NAm

NA

NR

TRIG

NAR

NMN

NAD

Nalr{N

NaAD

NADP

0rlg1na1 Streak

Total Percentage

Total Ç6r-¡¡1f sìí

TABLE IV

various intermed.lates of NAÐ netabollsm

acid lncorporatlon together with various

COntrOll+'¡.'

7,38

2 "6?

5 "t3
7? "Og

r "32

1.01

,ôl

0,+2

0"58

BZIVI

32,r+

6,I?
g "36

4z "06

0 "95

0,90

4 "95

0"þB

0"80

BZL

74 "95

? "54
6"48

6o "92

o "87

l-"04

4"11

0"43

0"70

0,55

0 "33

97 "92

4?z, 6oj

Regulator
KIN IVIETH

*These values were obtalned. from an allquot of 0"1ml of water soluble fractlon'
which was counted" for J minutes 

"

*æControl solutl-on conslsts of Il2O only

2t "73

4.30

8.23

55,15

0"80

l-"16

4 "37

0,4?

0"81

0"81

0 "39

98,22

403, o4o

ln a stud"y

regul-ators u

o "42 0 "95

o "26 o "49
gg,2B 99,25

)45, 519 4Bo,95o

14 "94

3,t3
10"44

64"0t

1,16

o '71+

3,40

0.38

0,55

0 "37

o "2?

99 ")9
505,743

ETH

r5 "03

6"04

19 "?6

50 "82

L,37

0"81

4,24

0"58

o "62

0 "32

0 "25
gg "84

468, to6

NAD

15 "6t
1) 20
LÉ O k /t

16"18

4j "77

r "+2

1,30

L+ 
"35

r"12

2 "33

0"62

0"44

99.43

42t,720

\¡)\o
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contl:gL breatnen'i; has a hlgh }abel !n trlgonel-]lneu |t should-

be rroj;ed that the dæta !s taken from a d-efferent set of experl-

men¡s " The loyrer amount of latrel ln trlgonelllne wlth NAD freat*

uent rnay be due to the d-l1uölon b)'cold trlgonelllneu trhlch ls

formed from regulator NADu The eoneentratLons of the regulators

are girren tn tlre legend to Flg, L7 s

EgÖlng IAg gåSgLls¿g 4q1-d te leaves Af-leg gqFegcgn^qs-s- rhe

trLfollate Leaves were fed wlth tre.rlous regulatore at tkre coneen*

tra|lons glven 5-n Flg, 1?" After 40 hours they $rere fed- wlth
l&C ,ri*u'¿lnle acld- for 6 hoursu As with t¡heat leaves (God.avarl,

L966 t Waygood e_-lv- ÊIo u 1968 ) ehronatography of tire water soluble

fraetton of seneÊeent leaves v¡as unsatlsfactory owlng to the

lnterieyence preeunabl¡r of other s€f¡êsctlêfi prod"ucts (Flg. 18)"

Aceordl,nglJfiu the nueleotldes were preelpltated by acetone" Two

m1111i-1'ure allo,uots of the soluble fraetlon were aeldlfled wlth

0"1N ËiOl and- 6 volumes of eol-d. (-lOu ) aeetone v¡as added- and. the

mlxture r.ras stored. overnlglnil at *Lso " The whtte preelpltate v¡as

co]leebed by eentrlfugatlonu rqashed. twlce v¡lth cold. acetone and

once v¡tth ether" It was drled- ln a deslceator under vaccum and.

.d.lssolved. 1n 1"0m1 HZo" Bad.loautographs (nfg" 19) were prepared

as d-escrlbed- ln l'lethodse and the quantLtatlve data are glven ln

Table V" The d.ata show that all treatments lncreased the labelIlng

of NAD and N^AÐltr ¡+hen these are compared rqlth the water control u

They were mosf; heavlly Iabe1led. ln the benzyladenlne treatment

but there was also a slgnlflcant labeIllng of NaAD"



Flg" 18" Rad.loautographs of the lnterned-lates of NAD metabollsn

after feed.lng 14g nlcotlnlc acld to bean leaves after

senescence on varlous regulators"

The abbrevl.atlons are the same as those ln Fig" l,Zu

Flg" 19" Rad_Loau.tographs of acetone preclpltated- nlcotlnaml-d-e

nucleotldes from the sane r,¡ater extraets as those ln

I'løn 18".¿ ¿()e

1lr
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TABLE V

The counts of rad"LoactLve pyr1d.lne nueleotld.es Ln a
-t ltof --C nicotinlc acid lncorporation after induction

senescence treated with the followlng regulators 
"

NAD MetabolLsm
ïntermedJ.ate

NAD

NaAD

NADP

Total Counts

Control*

(Fractions used" were 0.3m1,
*Control solutLon consLsts

r,g2o 3, o4o

690

3,8? ,630

BZTUT

7,47Q

356,?60

Regulator

KTN

B, 610

7 ,307

2,6?0

3?+,363

which was counted- for 5 minutes " )

of H2O only

stud.y

of

2,780

T, L9O

1, 340

326, Lt'60

METH

2,?60

L,zto

j\j,680

3,502

6to

1,210

286,Bts

t\)
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Instud-ylngtheeffeetofbenzl-mld.azoLeonchloro-

phyll metabollsm of d.etachecl etlolated. and- green leaves of

Klrapll wheat, wang and- i{aygood. ft959) showed- that benzlmld'a=

zoLe lnereased. the rate of chloroph¡'ll formatlon and deereased

the raüe of chlorophyll destructlon ln both llght and darknessn

Howeveru ln d-lcotyledonous plants, such as beanu sunflower and

tobacco, troJang g! gL" (1961) found- that benzlmldazole had' no

effect on the malntenance of chlorophyll ln 1ea"f tlssue" They

suggested- that tþls ltlnln was selectlve for monocotyledons '

Further rvork has been ôone !n thls laboratory" The

growl-ng aplees of E.lgèe+ were floated on water or solutlons

of NAD0 NAÐP, nlcotlnlc acLd and- nlcotlnamtde ln Èhe presence

and- absence of benzlnld.azole or klnetln und.er contlnuous 111u-

nlnatlon or ln darkness (Waygood gt g!" , 1968 ) " Und-er contln-

uous lllurnlnatlon, both NAD and- nlcotinlc acld- accelerated

chlorosls tn ùtrts tlssue, and nlcotlnlc acld. was a more potent

l¡leachl-ng agent than NAD. Howevero h€lther NAD nor nlcotlnlc

acld. had. any eff ect ln d-arkn€ss s NADP and- nlcotLnanlde had-

llttle or no eff,ect on senescence of thls tlssue" It was al-so

shown that benzlnld azole and klnetln overcame the acceleratLng

effeet of NAD and n1-cotlnlc acl-d on the lnduced- senescence

und-er contLnuous l]lu¡nlnatlon"

In the present stud-lesu leaf dlscs from trlfollate

leaves t{ere fl-oated on elther watern or solutlons of benzlml-

t+3
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rJ-azole, Þleotlnl-c acide NAD or mlxtures of these elther und-er

eontlnuous llluml"natl-on or ln darkness for lle days" It was

shar^rn that both NAÐ and nlcotlnlc acld- sthnulated- senescence

of bean leaf dlscs (Fle" 1)" At the saüe concentratLon (10-3M)

I\TAD appesred to be a more effeetlve bleachlng agent than nleo-

tlnle acld-o Und-er contlnuous llluinlnatlonu benzlmtdazole had.

l1o effeet on seneseerrce retard.e,tlonu nor d-ld. lt overcone the

ehlorotle effeet of NAD and. nieotlnlc acld-"

In d,arknesse benzlnldazole appeared Ùo retard sêri€s-

cenee of l:ean leaf d.lscs and. both l{AD and- nlcotlnle acld lrere

found- to stlmulate s€Ðescêrle€ o Both bleachlng effects were

overeome to a certaln extenb by benzlnld.azole " the results cf

thls expertment are qulte dLfferent from those observed wi-f;h

Elodeg leaves ln wlrlch the effect of NAD and nlcotlnLc acld-

could- be overeome only und-er contlnuous llIumlnatlon (God-avarl,

Lg66; Wa¡,good- e-L *1" u 1968 ) "

The floatlng perlod. of thls experlment, whlch was 14 d.ays,

ralsed, the problen of the artlflclal contrLbutlon of bactevlal-

lnfectlon to the Senescence process, Accord-lngly, the senes-

cence process vlas followed. for a shorter floatlng perlod, f

d.aysu ln 1lght and d.arkness, The results (nfes , 2 and. 3) !ndl-

cated that benzlrnldazol-es rn€thlonlne' NAD and. NADP had. Ilttle

or no effect on senescence und-er both condltlons" Howevern

lt was shown that l{AD dld. accelerate senescence ln Elodea

leaves und-er contlnuous 1IIunlnatlon wlthl-n 3 d.ays (Godavarlu
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1966; Waygood eL 3I" u f 968 ) " On close examlnatlotru lt was

found that a pH factor was probably tnpllca.ted. ln the aecele-

ratlon of senescence by NAD ln Elsdqå leaves" Sluce the pH of

tO-3lt n¿n ls 3"Bu and. the solutlon was not neutral-lzed ln the

experlment on Eloèee leavesu the acldlc pH mlght have exerted

or sthnulated the chlorotlc effect under contlnuous j-Ïlumlnatlon"

The pH of a 50 pep,üt" solutlon of benzlmld.azoLe !s 6'5" The

nlxture of f O*3m NAD and 66 popuï00 benzlmld-azole (God.avarl, 1966)

ls presumed- to have a pH value between JoB to 6"5" Slnce benzlml-

ð-azoLe d.ld- not show any effeeb on Elodqa leaves but overcone ühe

effect of NiAD, the reverslng effect of benzlmld.azole on NAD 1n

that experiment could- have been d.ue to an lncrease ln pH value 
"

In the present stud,les rtrlth bean-Ieaf dlsesu the solutlons ÌÍere

aLl neutrallzed to pH 7 by NaOHu In a 7 day floatlng perlod- 
'

there vras no observable dlfferenee between the effects of

benzlmld.azoleo nethlonlne, NAD or NADP and. tllose of v¡ater

(ftgs , 2 anò- 3) u nor was there any relatlonshl-p between con- 
:

centratlon and- senescence under contlnuou.s lllurnlnatlon (Flgs"

þ and 6),

Klnebln and. benzylad,enlne have been reported. to stl-
nulate gror*th and delay senescenee ln varlous leaves (Kuralsh

and. Okumura. 1956; Mothes and Engelbrechtu lg5g; Leopold and

Kawase, 1964)" In Flgs" 2 and 3n the leaf dl-scs treated- wlth

klnetln and benzyladenlne showed" some lntervei-nal chlorosLs

under both cond"ltlonso but there T{as an lncrease ln the surface
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area of leaf d-lscs und.er llght cond-ltlons " These d-ata tmply

tirat 20 pop"rro of klnetl-n or benzyle-d.enLne lndueed. gror,'rbh and-

clrloi:osls together" Srlvastava (196? ) reported that both ktne-

tln and benzylad-enlne promobed RNA synthesls at 1ow concentratlon

but lrrhlbLt 1t selectlvely at higher coneentrations. IIe stressed

that the concentratLon vias lmportant for thelr effects" Ïn

t¡Is experlmentu the eoncenbratlon of 20 p"pulllo of klnetln and-

benz¡r]¿¿entne may have been so hlgh as to brlng about the chlo-

ro| le effect on bean leavesu bu-t st3.11 lnduced groltth" The

resirlts ln Flg- 5 show that chlorosls was stlmulated. and- areas

of the dlscs hrere lnereased- when the coircentratlon of ki-netLn

and. 'þenuylad-enlne was lncreased. to 20 pop"IIloo Thls observatlon

su-pports the above exPlanatlon"

S-ad.enosylmethlonlne ls lnvolved j-n the nethylatlon

of both the C-10 carbon of chlorophyl-I (Badmer and- Bogoradu

Lg6?) and tlre pyrid.tnlum N of nlcotlnlc acld- (Joshl and Hand.leru

1960)" To examlne thls further, leaf d-lscs v¡ere floated- for

? d-ays on rnetþlonlne and tts antagonlst, ethlonlne, to d'eter-

mlne r.¡hether these amlno aclds regulate senescence e Flgs " 2

an¿ 3 show that nethlonlne had. no effect, but ethlonlne lnd.uced.

chlorosl-s i-n bean leaf d.lscs under both condltLons. Furthermoree

the ehlorosLs vras shown to be related- closely to concentratLon

of ethlonlne (f'fg" 6), Dlscs exposed to nethlonlne for l-4 d-ays

were stlll not af f ected (Flgs " ? and. B ) " Thl-s could be accounted

for lf the anlno aeld. 1s the source of the C-IO rnethyl group of
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ehlorophtsll, ¿¿nd- -¿hus tl.'rere may be sufflelent uethyl-gvoup donor

for elrlorophyJ-l synthests ln leaf tlssues" Farber 9t- q.1-" (1964)

reported that tYrc ree.etion of ethlonlne with ATP to prod.uce

S=adenosyfethlonlne was more rapld than the fovnatlon of S-ad.eno-

sylmethtonlne from methlonlne and ATP ln rat livero thus the

observed bleaehj.ng eff'ee'¿ of ethlorrtne ls assumed. to be d.ue to

ATP d.epJ-etl.on"

The yesul-ts Ln Fig, 7 shov¡ that NAD and. NADP malntalned.

the green color of leaf d.lscs under contlnuou-s lllumlnatlon,

ThLs resï.tlt ls qulte d-lff'erent from thab shol¡n l-n Flg, lu ln

vrhleh NAD tnd.ueeÖ ehlorosls of bee-n-leaf dl-sesu Thus' lt |s

d.lfflcult to deftne the effeet of NAD or NADP on bean leaves"

l{oreorrer, the l¡&eteri.a} lnfect1on w}rleh was found. on t}:e leaf

d-lses treated r'¡lth llAD (Ffg- 7¡ makes the lssue moïe eonfused.

In d.arknessu NAD and NADP dld. stlnulate the appearance

of ehlorosis (nlg" B) ¡ the leaf di.scs beeame translucent and

chl-orotle; Thls c.hlorotl"e effect vlas overcome by benzlmld.azoLe

(Flgs" I and 9)u e. conpound- v¡hlch retarded senescence orrly ln

darkness (f'fgs" B and. 9)"

dlnee benzyladeine was found- to aeeelerate senescenee

und.er both eond.ltlorrsu leaf dlscs were treated- wlth benzlnldazoleu

methlonlneo and l{ADu all vrlth or without benzyladenlne" It s¡as

shov¡n that nethl.onlne and NAD accelerated the chloroblc lnd-uclng

effect of benzylaclenlne ln darkness (nfg" 11)" Benzlmldazole was

unable to reverse the chlorotlc effect of benzyladenlne even



4B

ln darkness (pres " 10 and 11) " Further Ôl-seussl-on abou-t ben-

zyladenlne l'¡111 be glverr in later seetlon"

One of the urain obJeetives of the present lnvesttgatf.on

v¡as to d-etermtne whether the blos¡'¡¡¡¡esls and breakdov¡n of N'qD

Ln bean leaves followed. the Prelss-I{and-1er patþway (f958) as

in rvheat leaves (Godava.rL, 1966), t^Jhen Label-led nlcotlnle ael-d.

was lncorporatecl lnto NAD, the folloviing lntermedlat-,es were

ldentlfied ; nlcof;lnanlci.en nleotlnte aelci.u nlcotlnainlcle rlbosld,e,

trlgonelllne, nleotlnle aclcL rl,i:osld.eu nleotl-namld-e mononucleotld-e,

nlcotlna¡nld-e ad-enlne dlnueleotldeu nlcotlnle aold, mononucleobf"d.en

nlcotlnle aeld adenlne d.lnucleotlde and nleotlnamld.e ad-enlne

d-lnueleotLd-e phosphate (nrg" 13)" These lntermedl-ates are the

same as those rqhteh oeeurreci ln whea'b lesvus (Godavarl, 1966)" the

fln¿lngs that Iabelled. trlgonelline appeared- 5 nlnutes after feed.lng

and. lts radloactlvlty lncreased from 0 to BOft of the totalu and-

that the labell-ed. nlcotlnlc acld pool was depleted ln 6 hours,

were sl¡ol]ar to those of Godavarl (f966 ) rvlth wheat leaves o

These observatlons lnd,lcate that the metabolle pathv-iays of N4'D

blosynthesls and, degradatlon ln bean lear¡'es may be lclentlcal to

. those Ln wheat leaves

In order to lnvestLgate the effect of regulators on

NAD metabollsn, ll&C nlcotlnlc acld was fed. to leaves (1) before

senescence was lncjuced- by regulators, (11) together wlth the

regulators, and, (111) after senescence was lnd"ueed. by regulatorsu

t{hen labelled nlcotLnlc acld- was fed. prLor to senescence by
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regulators und.er llght eond.ltl-ons for l+0 hoursu lt was found'

that the total rad-toaetlvlty, partlculartly 1n trlgone}llne'

nas much lov¡er than that ln leaves ro¡hlch r{ere extraeted, lmme*

d-lately after feedlng (FlS" 15)" However, there Ïras no slgnl*

fleant d-tfferenee betv¡een the varLous treatments und-er llsht

cond.Lttons" Wlth ethlonlne treatment ln d-arknesse there was

.chlorosls and less label. ln trtgonellLne but more label ln

NAD9 relatlve to the water control (nrg ' 12 and- îable I ) .

There was no slgni.flcant dlfference between the other

treatruents ln darknessu It appeared. that llght was i-nvolved.

1n the d-egradatlon of trlgonelIlneu but the regu.lators were not"

Thusu lt seemb L11te1y that ln darkness' thg chlorosls whlch

ethlonlne prod.ueed was d.ue to the reductlon of trlgonelllne

or promotlon of NAD synthesls or both"

When label-1ed nlcoblnlc aeld. and regulators \^Iere lncor*

porateô togetheru 1t was found. tYøþ rnethlonlne lncreasecl trlgo-

ne11Lne formatlon, but benzlmldazoleu et.hlonlne and. NAD d-ecreased

lt. the effect of NAD on trlgonelllne red.uctlon may be d-ue to

the ¿llutlon effect of cold- trlgonelllne, whlch ls formed- from

regulator NAD

l{hen labelled- nLcotlnlc aeld was fed- to leaves after

regulator-lndueed senescencer the resul-ts (rre' 18) were not as

clear as the prevlous ones. After preclpltatlonvrlth acetoneu

the nucleotLde resldue $Ías radloautographed-" The results are

shown 1n Flg" 19, It was not posslble to detect trlgonellLne
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foyiua'i:ion frolr th-ese ehroi¡ato8;l:a-$S" In eaeþ treatmentn il{/i"D

t;nJ NADF lnereased- 'Lo a cer'tÉi-:LTi e:;:EenL coitti;ared- 'u-¡j"tlt the r''l¡'lfer

eontroi_ * The d,ata sl:¡o'¡ed- titat be¿rt: l-earre$ prodrrceld- lelrge:l'

amounts of IrIAD and. ¡lADl? af ter the; i-nd-uctioir of cer.teseerlee F-,s

r-eg'ule"tors thu:n on liiai;era

I¡ii sltr'¿ (.I96'j ) avrd. I,,rei¡r¿çoocl g:lt, *-' ( Ï968 ) si'lÖr'Ied tha i;

NADP and- I'l.p"Dj:!i 'üüeîe Lnereaseci å"n t¡heai: }e¿vcs Ciu:'t-irg a A6 hour

plrgt6peråod u 'i;Ïrat N/¿D and- NÀ.DH i¡retre lne3'essed. af ter I I'iou:rs ln

d.ayk¡1e,ssn &.tiei that t):-rey und,ei:t,;c::tt :ecl.p::'ocaÏ e):ts-nges tn 1i-ght

and- d,arkïless d-'tirl-rig fJenescen'Ûe " The¡r elso sh'ot¡eci thai T:enrl*

nid,auole o:: klnetJ-i-l l,::ereasecl ar mai-trt¿'¿J-rred the NIIDP lerrel l.n

el'r.Loroplasts i.so"I-af,ed. f:ron l e¿ves rsh.tcÏ: had been f loated f or

6 d.ei¡rru o iryorn the f eed 5"rig of J.c,l:eÌÌed. nieo'e Lnle ael^cl or nl-ee-

tlnermlde to Cietaeheel l"eaves of wheat floateci- on elt.her r'¡elter

or: benzlntdauoleo 1t vras fsund that the lneorpor."r¿i:lotr ofl lsrìrel

lnto l{AD r,¡as about t}re såne ln l:oth treatments u i^¡l:ereas lts

lncorporatlon lnto tl'le N/rDP a¡id nleo'cl-rrle aetci- d.lnucl-eotld-e pool^

w€rs greater ln benzlmldazole treated. lea*Jes. Slnee l[ADIr 5-r:d-u-eed

only a sporadle bleeehing of E¿gg,g,g leavesu lt r'vas therefore

sug6ested t|na.L NAÐ iras d-etoxLf !ed. to NADP' and tire ef f eet

of benzlinld,azole on the rnalntenanee of chloroph¡'ÌI was due to

the suppresslon of NAD slrnthesis so thaf: NAD d.1-d not aecunrulate

abovo toxle thresho-Lcl levels (God.averi, L966; Idaygood et åL0,

1968 ) . The Ì,fADilllADP ratto l-1 l:ean leaves r'¡as lnvestlgated. "

The NAÐ/NADP ratlo after eaeh treatment (ta¡te Vl) ÏÍas ealeulated
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Feeding rryC nicotinic acid

to senescence on regulators

contlnuous iIl-u.rnination 
"

TABLE VIJè

NADr/NADP ratio in varì ous treatments 
"

Feeding 14C ,rtcotlnic acld prlor

to senescence on regulators in

d-arkness 
"

Feed.ing 14c nicotinic acid

together with reguÌators.

prior
und-er

Control-*xBZI,I

Feeding lþC ,rtcottnic actd. after

lnduction of senescence treated,

with regu'ì ators 
"

1+"Sj

*Thls table is calculated from Tables II,
*'*Control soluËLon conslsts of, H2o only

Rgggþ_t_or

BZA. KIN TYEÎH

2,?0

? "70

6 "66

4 "zo

2,38

6 "93

6 "tz

+ "25

5,?!

2 "78

5 "+3

NAD

4 "70

7 "4?

2 "Q7

5,Bg

2 "93

5"80

If I, IV and. V"

3 "23

B "23

9 "t9 t3 "25

2 "OB

2 c)<

2,28

7. 01

2 "Bg

\
Ĥ
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from the d.ata In Tables II thru V" Lov+er I{AD/NADP rat1os were

obtalned after treatment v¡lth benzlnldazol-e and. kl-netln In ea.ch

experlment" These results lndlcate that benzlmld azoire and

klnetin lnereased- NADI' formatlono and- confl-rn the results of

Mlshra and- llaygood. (1968) e"nd. tria¡rgood 9å På" (1968)" On the

other hsnd-u hlgher NAD/I{ADP ratlos ï¡Iere obtatned. r.¡1tLl benzyladenlne

an¿ et¡lonlne treatment, whlch lnd.Leates tFrat benz)¡ladenlne and.

ethlonlne decreased- NADP formatlon" It sl,ould. be uoted trrat

the 1oruer NAD/NADP ratlos obtalned- vshen leaves Ì{ere floated oÍI

NAÐ solut1ons uere probably due to the d-llutisvr of the radloae*

tlve NAD by col-d- NAD 
"

I,,taygood- gg aL" (1968) slrovred- thatn ln r,,Iheat l-eeves ì

the effeet of benztmltlazol-e on NAD v¡e'"s d.ue'to lts abtl-tty to

augment the converslon of NAD lnto NADP" Thl.s may not be true

for bean leavesu beçause benzlmldazol-e d.ld not overeome the

chlorotlc effect of benzylad.enlne (nf6" 11)u and NAD and NADP

had- almost the s&me effect on seneseenee of bean leaf d-tscs

.(Fl-gs, 2u 3, ?r. B, and 9)" Under the cond-ltlons used-, NAÐ d-ld-

not appear to be detoxlfled Èo NAÐP,

. When leaves were floated. on varlous solutlons under

contlnuous lllunlnatlon, the ratlos of NAD/NADP were generally

lower than when they r,rere floated ln darkness (faUle IV)" thls

conflrms the resuLts of Þlaygood. qt q]" (fg6A) tnat light stlnu*

lates NADP fornatLon. Gold.thv¡alte and. Leetsch (1967 ) have

reported that the cnemtcat growth regulators lnd.oleacetic acld u
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Zr lr*d-i-ehI11:r.cphenctx,etcei;!.c aci.d o gib'b<,:re 1l il-e: a*-it'i u kine'Ll'n a'nd

bey1zylacieír1r-ne el-ile relailveì-¡* l"neffec.i;^Lr¡e j.n re'';¿r-::crit'tg serregC1eÏ1oe

lir bean prj.rûr:-:ry lea"t''es u.nd-eï i- j-¡qhi ccrn.oitl-ons" 'Ihe ,selle'sùenÔe

re.Les,datiorr is r).epeitcieilD on r+Ì'ijLte 1:Ì,gh-i;" They sugges'bed tirat

lrgkitl-trct-uc'1.i:gpl.iot0S}¡j.l.bkresi¡-leeuscdbhelyreffec.i;ivenessof

gïc;ì,,tth r':egi.r.IatorS ail Seneseencle retg"r'dal:-ïan lt: be¿tr lea'rres t¿

T,he present-, ðaLe shor,¡ that l¡sirzt-n-1-d-er:a\e retå.rdË senesaÊiÎrte itr'

da.::liness u but rro'b utiiler= contirirüouç i}lli'irli-na'úiori'f' a:1ä 'bht¡-s 
' 1t

1s Cioub"¿fuli t,bA.t, 11gh.'ir 1s e. f"¿;.¿'ccr lrivc,lv*cL l-n tl1e ÞÏ-"oee$Fj of

ser.res*ellceø. Lf-ght s''cj.nr:.Ie'Lecì 'i.;i¡1¿*-onci.t,.i-ilne degra.dalticit e.vlC. i'ä/-lDP

forn¿l",clon (Tabi-es ïï e.:nr1 Vf ), hotu=eveits 1te'eanucb'flncl a ve-La:*

ttoirs):rL1: T:etweerr the âl]õe'rr*e of. ¿l bettetr¡rl-är:r.Í4oJ-e ef'fect ofi sêIles*

cen¿Je yetÉ¿-r.ds-tion urrcle:: J-1g1"rt ecr::rd-ii:hon-e atrci the :!-nevesse ln

i;rtgonetl-1-ne de.grac)ation or in NADP form¿"ltlon eau-sied- b¡r J-:i"ght"

The mæJor o,uestlcns &l:lsi"rrg f:com tlr"ese lnvesif,geitLons

are hor,¡ benei-mlclazoIc¿ retaycls sei-iescellce and- ho,;¡ lt overeoaes

ti're eff ects of nLeotlirle acl-tl $ tlAD and- NADP" Tn the present

vrorlrn lt na.$ fousrcl that benztrrldaz:ole d-td not retard- senescelloeî

nor ciid lt o\ieretme tÌ:e ehlorotlc effeoi of irleoti-nlc aeldu

lriAD or jS/-rDP uncLer eotrtLnuous -1-11umli:ati.otr* Ii1 dsrk¡resso tt

dj-d. malntaln chlorophyll eontent and o-"¡er"tonÉ the ehlorotle

effeet of nleotLni-c elode IIAD or NADP. It ls p::esumed that the

mechanism of actlon of benzlmf.clazole tn ai:y c&se shoul-d ìre the

s9.Íre o . Idaygood ()-965 ) f ound. tlta-'i; benzlmlcl azole tveatment of

leaves prod.uced, a more closel¡' tntegrated" structure of th.e
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lnter- and- i.ntra*grana }amellae of wheat leaf chloroplas|su

and- lnereased- the rate of photophosphorylatlon of wheab leaf

chloroplast fragnnen.tso He suggested thatone of the actlon sltes

of benzlinldazole w&s urlthln the chloroplast" Slnce the effect

of benzlml-dazole on seneseenee retardatlon of bean leaves ls

d.lffererrt frorn that of EfqÖeg- or wheat leaves, a questlon

arlse &s to whether the mod-e of actlon of benzlnldazole ln

bean leaves ls s*|n1Ïar to the,t 1n wheat leavesu

Aecord.tirg to present d.atau there are three posstble

meehanlsÍis of aetlon of benzlml-d.azo]e" Flrstlyu on the basls

of 1-ong floatlng perlod.u lt Ls posslble that NAD or NADP l'rlLl

promote bacteri.al acblon which stlmulates the senescence of leaf

cLlses" Irïleotlnlc aclcle a precursor of Nl\D or NADP syntheslse was

converted lnto i{AÐ or NADP and.u therefore, has the salne effect

as that of NAD or ¡ÏADP" Benzfunldazole has bacterLcld.al actlonn

and, c&n reverse the effect of nleotlnlc asld.u NAD or N-ì{DP" If

thls suggestlon ls correct, the stud-y here nay explatn the results

bf !trang g_i ¿!. (1961) and. thelr suggestlon that benzlmld.azole ls

selectlve f or monocot¡rlsfls¡t '

' The second- posslblltty ls thiat the chlorotlc effect

of ntcotlnLe actd.g NAÐ or NADP rsas caused. by thelr converslon ln-

to trlgorrelllneu Slnce the synthesls of trlgonelllne w111 Lower

the eoncentratlon of S-ad-enosylnethlonlne (JoshL & Handleru 1966) 
'

¡,rhlch ls a methyl group donor for chlorophyll formatlon (Radmer &

Bogorad- u 1967J, benzl-mld.azole may red-uce trlgonelllne fornatlon
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(Flg, I?)u and- therefore, malntaln the s-adenosyhnethlonlne

for ehl-orophyll synthesls" Thus, the ehlorotle effeeb of nleo-

tlnlc aeld-e NAD or NADF v¡ould. be overcome by 'benzlnldazole*

Howeveru 
'lt 1s dlffleult to explaln the effeet of benzLnldazole

alone, si-nce a methyl group donoro methl-onlne, had" no effect

On senesoence retard.attoir u lt Seems there ls no requl-remenb to

malntatn the s-adenosylmethionlne content ln leaf tlssuesa

The th1rô posslblllty ls that benzlnldazole ean substl-

tute for the nlcotlnarnld-e molety of NAD to prod.uce benzlmld-azol-e

ad-enlne d-1-nucl.eotld,e ln a 
"ssstl 

on catalyaed by NAD nucleosl'd'ase

(Kapoor and 'rla¡"good, 1965! " The ehlorotle effeet'of ITAD Ls

then reclueed- to some extent by benzlmid-a.zole e

so far, tt has been well shown thet exo8enoÌrs cytoklnlns

ln senesc5.ng leg.ves and leaf dlses lnd-uce synbhests of protel-nu

RNAF J-lpld- an¿ stareh (Anderson an¿ Bowan, Lg66; iilothes and- Engel-

breeht , ;.;g5g; Osborneu ¡1962; Suglurau Umemura and Oots , 1962) u

suppreiss rlbonuclease and- deoxyrlbonuelease actlvlty (srlvastavat

:-:96?), and. prevent the resplratory lnerease rqhlch normally fol-

lows d.etachrnent' (Ferson gå a1-" u I95?) " I{orveveru lt ls d'lff lcult

lo explaln the reverslng effect of benzlmld'azo1e on nlcotlnle

acld-g NAD9 ol NADP" To Und.erstand- the nod.e of actlon of benzl=

nldazole., further v¡ork must be d'one 
"
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1n The effeets of benzlmtdazol-e, benzyladenlneo klnetlno

methlonlneu ethLonlneu nl-cotlnle acldu NAD or IIADP on the

senescence and on the NAD metabollsrn of bean brlfollate

leaves have been stud-led

2, NAD, NADP and. nlcotlni-e acld accelerated- seneseenee ln

darknessu anfl NAD r,.ras a more effeetlve bleachlng agent on

the senescence of bean leaf d-lscs than nleoti-nle a'e ld 
"

3" Irleth|onlne had. no effect; nevertheless, ethlonl-neo &n anta*

gonlst of ¡retltlonlneu eaused chlorosls on bean leat¡es

both und.er contlnuous l-llumlnatlon and- ln d"arknêSso

q" Benzyla¿enlne and kinebln n at the coneentïatlon of 20 PoPellles

aceel-erat.ed. the senescenee and lncreased tlte surfaee area

of lean leaf d.lses elther under contlnu-ous lllunlnatlon or

1n d.arkness e

5" In darknessu benZlnld-azole retarcl,ed- seneseenee of bean

leaf d-lscs and overcame bhe chlorotle effect of nlcotlnlc

acld or NAD

6" The netabollc pathway of NAD ln bean leaves was slmllar to

that ln wheat leaveso follorvlng the Prelss-Hand-Ier pathway

? " LLght stlmulated- the d.egradatlon of trlgonel-llne and decreased

NAD/NADP ratlo€

B, Benzylad.e,nLne and ethlonlne lncreased NAD/NADP râtlou howeveru

benzlmldazole and klnetln d-ecreasecl lt"

g" Benzlnldazo|e reduced. trlgonelllne productlonu but methl-onlne

lncreased, 1t"
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